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High-Impact	Science	Highlights	(Slides	and	original	papers	are	attached)	
	
Does	nano-water	“freeze”	at	150	K?	
Category:	Enablers		
	
Nanoconfined	water	plays	important	roles	in	many	natural	phenomena	and	has	potential	to	be	
exploited	for	technological	applications,	such	as	water	desalination	or	targeted	drug	delivery.	In	
a	 joint	 effort	 of	 the	 Center	 of	 Integrated	 Nanotechnologies	 and	 the	 University	 of	 Antwerp	
(Belgium),	the	temperature-dependent	behavior	of	a	single	molecular	array	of	water	molecules	
has	been	investigated.	To	this	end,	Xuedan	
Ma	 and	 colleagues	 encapsulated	 water	
molecules	 inside	 ultrathin	 carbon	
nanotubes,	with	a	diameter	 just	able	to	fit	
one	 single	 row	 of	 water	 molecules.	 The	
authors	found	an	unexpected	temperature-
induced	transition	in	the	orientation	of	the	
water	dipoles,	which	could	be	detected	as	a	
change	 in	 the	 emission	 spectrum	 of	 the	
filled	 nanotubes.	 This	 is	 surprising	
considering	Ising’s	paradigm	that	no	phase	
transitions	can	occur	in	one-dimension.	The	
authors	 support	 their	 findings	 with	
molecular	 dynamics	 simulations,	 and	
evidence	the	alignment	of	the	dipole	of	all	
molecules	 in	 the	 same	 direction.	 This	
discovery	 is	 encouraging	 for	 the	
development	 of	 nanofluidics	 applications,	
such	 as	 ultra-selective	 purification,	 single-file	 proton	 transport	 channels,	 and	 mimicking	
biological	membranes	because	the	transport	rate	will	strongly	depend	on	the	configuration	of	
dipole	orientations.	On	the	right	of	the	figure	is	the	measured	photoluminescence	peak	position	
as	a	function	of	temperature,	with	filled	circles	for	water-filled	nanotubes	and	open	circles	for	
empty	 nanotubes.	 The	 observed	 shift	 occurs	when	 the	water-filled	 nanotubes	 are	 cooled	 to	
~150K.	The	left	side	of	the	figure	shows	a	schematic	of	random	and	oriented	water	molecules	
(red	and	white)	within	carbon	nanotubes	 (blue	cage).	The	article,	“Quasiphase	Transition	 in	a	
Single	 File	 of	 Water	 Molecules	 Encapsulated	 in	 (6,5)	 Carbon	 Nanotubes	 Observed	 by	
Temperature-Dependent	Photoluminescence	Spectroscopy,”	was	published	 in	Physical	Review	
Letters	[PRL	118,	027402	(2017)].	
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Novel	Layered	Polymer	Crystal	for	Improved	Transport	
Category:	Enablers,	Storage		
	
Ionomers	 are	 polymers	with	 specific	 functional	 groups	 placed	periodically	 along	 their	 carbon	
backbone.	Membranes	of	these	materials	have	interesting	thermal	and	ion	transport	properties	
making	 them	 candidate	 electrolytes	 for	
energy	 storage	 devices.	 While	 most	
ionomers	 are	 amorphous	 and	 have	
relatively	 limited	 ion	 conductivity,	 by	
precisely	 controlling	 the	 polymer	
architecture,	 semicrystalline	 versions	 of	
these	materials	 can	be	made	 that	exhibit	
improved	 ion,	proton,	or	 small	molecule	
transport	 properties.	 In	 work	 recently	
published	in	the	Journal	of	the	American	
Chemical	Society,	J.	Am.	Chem.	Soc.	(139,	
3747−3755,	 2017),	 the	 structure	 of	 a	
semicrystalline,	 precisely	 functionalized	
(carboxylic	 acid)	 polyethylene	 was	
studied	 by	 x-ray	 scattering,	 Raman	
spectroscopy,	 and	 molecular	 dynamics	
simulations.	 The	 molecular	 structure	 of	
this	material	is	characterized	by	polymer	
chains	that	are	folded	back	on	themselves	in	a	hairpin	at	every	carboxylic	acid	group	(colored	
atoms),	as	detailed	in	the	lower	figure,	which	is	a	representation	taken	directly	from	simulation	
results.	This	folding	and	alignment	of	the	functional	groups	creates	channels	that	act	as	a	two-
dimensional	pathway	where	ion	conduction	is	not	hindered	by	the	polymer	chain	(black	atoms).	
By	changing	the	choice	of	functional	group,	it	should	be	possible	to	further	optimize	the	transport	
properties	for	specific	applications.	
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ABSTRACT: Precise control over polymer architecture
unlocks the potential for engineered self-assembled crystal
structures with useful features on the nanometer length scale.
Here we elucidate the structure of the ordered phase of a
semicrystalline, functional polyethylene having a precise linear
architecture, namely, pendant carboxylic acid groups precisely
every 21st backbone carbon atom. By comparing the results of
atomistic molecular dynamics simulations with experimental
X-ray scattering and Raman spectroscopy data, we find that the
polymer chains are folded in a hairpin manner near each carboxylic acid group, giving rise to multiple embedded layers of
functional groups that have an interlayer distance of 2.5 nm. This is in contrast to other precise polyethylenes, where the chains
are mostly trans within the crystals. Such layers could act as two-dimensional pathways for ionic or molecular transport given an
appropriate choice of functional group.

1. INTRODUCTION
Controlling polymer structure to produce desired material
properties is a fundamental challenge in polymer chemistry.
Recent advances have synthesized linear polymers with
precisely placed associating side groups (termed precise
polymers), enabling control of the polymer crystal structure
and the location of the functional groups therein.1−3 Perhaps a
continuous network of acidic or charged side groups within a
crystal structure would act as a pathway for efficient ionic,
protonic, or molecular transport through crystalline regions of
the polymer and thereby have major implications for
membrane technology.4 Here we demonstrate that a new
chain-folded structure can be achieved simply by precise
placement of acid groups along linear polyethylene (PE). The
resulting layers of acid groups may provide a new route to
effective transport within polymeric crystals.
Ionomers, or polymers with a covalently bound ionic species,

are of current interest as ion-conducting membranes for use as
electrolytes in electrochemical energy storage devices5−7

because of several attractive properties, including nonflamm-
ability,8 chemical stability leading to improved device lifetime,9

and single-ion conduction.10 However, the ion conductivity in
ionomers, which are typically amorphous, remains too low for
practical use. Research on ion conduction in semicrystalline
polymer systems has been less widespread, despite some
promising results with poly(ethylene oxide)-based sys-
tems.11−13 A single-ion-conducting self-assembled monolayer
with high conductivity, composed of densely packed carboxyl-
terminated silanes, was recently reported,4 demonstrating that
densely packed layers of acid groups could be an effective
strategy for producing high ion conductivity. In the present

study, we aim to translate this strategy to a semicrystalline
polymer system. We investigate the crystal structure of a precise
linear PE with stereoirregular carboxylic acid groups bonded to
every 21st carbon atom along the backbone, termed p21AA.
This structure contains dense layers of hydrogen-bonded
COOH groups that may provide efficient pathways for ion
transport, similar to the self-assembled monolayer.
Acyclic diene metathesis (ADMET) polymerization has

produced linear PEs with precisely spaced side groups (e.g.,
bonded to every 21st carbon atom).2,14,15 Studies of these
materials have proven that precise architectures control the
crystal structure and crystallite size with superior preci-
sion.1,3,16−21 In ADMET-synthesized precisely functionalized
PEs, two distinct types of crystals have been reported in detail.
The first are thin crystals (Figure 1a), in which the crystal
thickness spans only one alkyl segment. In this case the
functional groups are excluded from the crystal. This
morphology has been observed in polymers with nonpolar
functional groups that are too large to be accommodated into
the crystal, including ADMET polymers with hexyl branches
every 21st backbone carbon,22 butyl branches every 39th
backbone carbon,23 and others.24

In the second type of crystal, extended-chain crystals, the
functional groups are small enough to be embedded inside the
crystalline regions (Figure 1b), and these functional groups
arrange into layers to optimize the packing. To accommodate
the extra bulk of the functional groups, the crystalline packing
of alkyl segments in these crystals is typically different from the
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Scientific	Leadership:	
	
Dale	Huber,	CINT	SBCN	scientist,	was	issued	US	Patent	20160030920	-	Programmable	pH	Buffers.		
A	programmable	pH	buffer	comprises	a	copolymer	that	changes	pKa	at	a	lower	critical	solution	
temperature	(LCST)	in	water.	The	copolymer	comprises	a	thermally	programmable	polymer	that	
undergoes	a	hydrophobic-to-hydrophilic	phase	change	at	the	LCST	and	an	electrolytic	polymer	
that	exhibits	acid-base	properties	that	are	responsive	to	the	phase	change.	The	programmable	
pH	buffer	can	be	used	to	sequester	CO2	into	water.	
	
CINT	undergraduate,	Randy	Ko,	was	selected	for	as	a	Goldwater	Scholar.	The	Barry	M.	Goldwater	
Scholarship	and	Excellence	in	Education	Program	was	established	by	the	United	States	Congress	
in	 1986	 in	 honor	 of	 former	 United	 States	 Senator	 and	 1964	 presidential	 candidate	 Barry	
Goldwater,	a	Republican	from	Arizona.	Its	goal	is	to	provide	a	continuing	source	of	highly	qualified	
scientists,	 mathematicians,	 and	 engineers	 by	 awarding	 scholarships	 to	 college	 students	 who	
intend	to	pursue	careers	in	these	fields.		
	
Long	time	CINT	user,	Ron	Salesky	(The	University	of	New	Mexico),	has	successfully	defended	his	
PhD	thesis	(DNA	directed	assembly	of	gold-tipped	metallic	single-walled	carbon	nanotubes	into	
electrical	devices).		Much	of	the	work	in	his	thesis	was	work	done	using	CINT	facilities.		CINT	SBCN	
scientist,	Jennifer	Martinez	was	one	of	his	mentors	for	his	thesis	and	served	on	his	committee.	
Ryan	Camacho,	CINT	NPON	scientist,	was	invited	to	address	the	Department	of	Energy’s	National	
Science	Bowl.	During	the	opening	event,	he	gave	a	talk	titled,	“Diamonds	aren’t	forever:	How	
atomic	 imperfections	 could	 be	 the	 key	 to	 quantum	 engineering.”	 The	 theme	 this	 year	 was	
Quantum	Information	Science,	and	Ryan’s	work	was	featured	on	the	cover	of	the	Science	Day	
booklet.	
	
Nate	Mara,	 CINT	 NEM	 scientist,	 received	 a	 Young	 Researcher	 award	 from	 the	 International	
Journal	 of	 Plasticity.	 The	 award	 honors	 his	 contributions	 to	 the	 field	 of	 plasticity,	 especially	
modeling	plastic	deformation	and	the	mechanics	of	metals	and	nanocomposites.	Mara	received	
the	award	at	the	2017	International	Symposium	on	Plasticity	and	its	Current	Applications.	The	
International	 Journal	 of	 Plasticity	 selects	 the	 Young	 Researcher	 Award	 recipients	 based	 on	 a	
combination	of	publication	citations,	service	to	the	journal	and	overall	quality	of	research,	and	
impact	on	the	deformation	plasticity	field.	
	
	
User	Program	&	Outreach:		

CINT	received	210	proposal	submission	 in	 its	Spring	call	 for	proposals	held	March	1-31,	2017.		
This	 is	CINT’s	 largest	number	of	proposal	submissions	 in	a	single	call	since	its	 inception.	 	Data	
collected	 on	 submissions	 show	 that	 increased	 outreach	 efforts	 by	 our	 scientists	 and	 staff	
contributed	significantly	to	this	increase.		73%	of	the	proposals	submission	were	new	while	27%	
were	continuation	proposals.		Academic	institutions	made	up	53%	of	the	total	submissions,	34%	
were	internal	laboratory	submissions,	6%	were	from	Industry	and	7%	other	agencies.			
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CINT’s	Annual	meeting	will	be	held	on	September	25-26,	2017	at	the	La	Fonda	hotel	in	Santa	Fe,	
NM.	 The	 meeting	 will	 feature	 three	 concurrent	 symposia	 focused	 on	 Quantum	 Materials	
Integration,	Soft	Matter	and	Microscopy.		The	meeting	will	feature	two	satellite	events,	a	TEM	
training	session	being	held	on	Sept	24th	and	a	joint	NSRC	theory	session	extending	through	the	
meeting	to	the	afternoon	of	the	27th.		
	
	
News:	

It	is	our	great	pleasure	to	announce	that	Dr.	Andreas	Roelofs	will	be	joining	LANL	as	CINT	Director	
and	LANL	CINT	Group	Leader.	Andreas	will	be	joining	us	from	Argonne	National	Laboratory	(ANL),	
where	 he	 currently	 is	 the	 Director	 of	 the	 Laboratory's	 Lab-Embedded	 Entrepreneurship	
Program	 Chain	 Reaction	 Innovations	 (CRI)	 and	 the	 Nano	 Design	 Works	 (NDW)	 center.	 He	
previously	 served	 as	 Deputy	 and	 later	 as	 interim	 Director	 of	 both	 the	 Nanoscience	 and	
Technology	Division	and	the	Center	for	Nanoscale	Materials	(CNM),	CINT’s	counterpart	at	ANL.	
Andreas’s	 technical	 expertise	 is	 in	 ferroelectric	 thin	 films	 and	 nanoparticles	 for	 ferroelectric	
random	access	memory.	He	holds	a	doctoral	degree	 in	physics	with	highest	honors	 from	 the	
RWTH	Aachen	in	Germany	and	is	the	author	of	47	peer-reviewed	publications	and	15	patents.	
We	are	equally	delighted	to	announce	that	Dr.	Sean	Hearne	from	Sandia	National	Laboratories	
will	 assume	 the	 role	 of	 CINT	Co-Director. Grant will remain Acting CINT Director until Andreas’s 
arrival as Director at which time Sean Hearne will become Co-Director	
		
CINT	held	an	All-Hands	meeting	at	Los	Alamos	on	April	11.	Approximately	60	scientists,	research	
technologists,	and	administrators	gathered	to	hear	a	number	of	important	CINT-related	updates.	
These	updates	 included	CINT	 leadership	transitions	and	the	current	status	of	 the	search	for	a	
CINT	Director/co-Director	to	be	located	at	the	Gateway	Facility	in	Los	Alamos.	New	hires	were	
introduced	as	well	as	an	announcement	of	 five	new	SAC	members.	Additionally,	Sean	Hearne	
updated	 the	 group	 about	 progress	 towards	 triennial	 review	 milestones.	 There	 were	 vibrant	
discussions	in	small	groups	over	lunch	about	the	ways	the	annual	CINT	user	meeting	could	be	
improved,	with	some	of	the	more	facile	changes	to	be	implemented	for	the	next	CINT	Annual	
Meeting.	 	Finally,	there	were	two	strategy	presentations	on	Quantum	Materials	and	the	Brain	
Initiative	before	scientists	broke	up	into	separate	Thrusts	to	discuss	thrust-specific	business.	
	
On	 May	 1,	 the	 National	 Technology	 &	 Engineering	 Solutions	 of	 Sandia	 (NTESS)	 took	 over	
management	and	operations	of	Sandia	National	Laboratories.	Due	to	this	change,	current	Acting	
CINT	Director,	Grant	Heffelfinger,	will	be	moving	to	a	new	role	at	Sandia,	Director	for	Program	
Management,	 Advance	 S&T.	 He	will	 also	 serve	 as	 deputy	 to	 the	 laboratory's	 Chief	 Research	
Officer,	Susan	Seestrom,	who	will	also	lead	the	1000	Directorate	as	Associate	Laboratory	Director	
for	Advance	Science	&	Technology.	The	CINT	organization	will	now	be	under	the	Material, Physical, 
& Chemical Sciences Center, led by Terry Aselage.  Terry will assume the Sandia role on the CINT 
Executive Management Team.  	
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Budget	

	
	
I. Please	see	attached	NSRC_CINT_Monthly_Budget_May_2017.xlsx	for	1-yr	projections	

and	March	2017	monthly	breakdown.		
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placed

associating
side

groups
(term

ed
precise

polym
ers),

enabling
control

of
the

polym
er

crystal
structure

and
the

location
ofthe

functionalgroups
therein. 1−

3
Perhaps

a
continuous

netw
ork

of
acidic

or
charged

side
groups

w
ithin

a
crystal

structure
w
ould

act
as

a
pathw

ay
for

e
ffi
cient

ionic,
protonic,or

m
olecular

transport
through

crystalline
regions

of
the

polym
er

and
thereby

have
m
ajor

im
plications

for
m
em

brane
technology. 4

H
ere

w
e

dem
onstrate

that
a
new

chain-folded
structure

can
be

achieved
sim

ply
by

precise
placem

ent
of

acid
groups

along
linear

polyethylene
(PE).T

he
resulting

layers
of

acid
groups

m
ay

provide
a
new

route
to

e
ffective

transport
w
ithin

polym
eric

crystals.
Ionom

ers,orpolym
ers

w
ith

a
covalently

bound
ionic

species,
are

ofcurrent
interest

as
ion-conducting

m
em

branes
for

use
as

electrolytes
in

electrochem
ical

energy
storage

devices 5−
7

because
of

several
attractive

properties,
including

non
flam

m
-

ability, 8
chem

icalstability
leading

to
im
proved

device
lifetim

e, 9

and
single-ion

conduction. 10
H
ow

ever,the
ion

conductivity
in

ionom
ers,w

hich
are

typically
am

orphous,rem
ains

too
low

for
practical

use.
R
esearch

on
ion

conduction
in

sem
icrystalline

polym
er

system
s
has

been
less

w
idespread,

despite
som

e
prom

ising
results

w
ith

poly(ethylene
oxide)-based

sys-
tem

s. 11−
13

A
single-ion-conducting

self-assem
bled

m
onolayer

w
ith

high
conductivity,com

posed
of

densely
packed

carboxyl-
term

inated
silanes,w

as
recently

reported, 4
dem

onstrating
that

densely
packed

layers
of

acid
groups

could
be

an
e
ffective

strategy
for

producing
high

ion
conductivity.

In
the

present

study,
w
e
aim

to
translate

this
strategy

to
a
sem

icrystalline
polym

ersystem
.W

e
investigate

the
crystalstructure

ofa
precise

linear
PE

w
ith

stereoirregular
carboxylic

acid
groups

bonded
to

every
21st

carbon
atom

along
the

backbone,
term

ed
p21A

A
.

T
his

structure
contains

dense
layers

of
hydrogen-bonded

C
O
O
H

groups
that

m
ay

provide
e
ffi
cient

pathw
ays

for
ion

transport,sim
ilar

to
the

self-assem
bled

m
onolayer.

A
cyclic

diene
m
etathesis

(A
D
M
ET

)
polym

erization
has

produced
linear

PEs
w
ith

precisely
spaced

side
groups

(e.g.,
bonded

to
every

21st
carbon

atom
). 2,14,15

Studies
of

these
m
aterials

have
proven

that
precise

architectures
control

the
crystal

structure
and

crystallite
size

w
ith

superior
preci-

sion. 1,3,16−
21

In
A
D
M
ET

-synthesized
precisely

functionalized
PEs,tw

o
distinct

types
ofcrystals

have
been

reported
in

detail.
T
he

first
are

thin
crystals

(Figure
1a),

in
w
hich

the
crystal

thickness
spans

only
one

alkyl
segm

ent.
In

this
case

the
functional

groups
are

excluded
from

the
crystal.

T
his

m
orphology

has
been

observed
in

polym
ers

w
ith

nonpolar
functionalgroups

that
are

too
large

to
be

accom
m
odated

into
the

crystal,
including

A
D
M
ET

polym
ers

w
ith

hexyl
branches

every
21st

backbone
carbon, 22

butyl
branches

every
39th

backbone
carbon, 23

and
others. 24

In
the

second
type

of
crystal,

extended-chain
crystals,

the
functionalgroups

are
sm

allenough
to

be
em

bedded
inside

the
crystalline

regions
(Figure

1b),
and

these
functional

groups
arrange

into
layers

to
optim

ize
the

packing.T
o
accom

m
odate

the
extra

bulk
of

the
functionalgroups,the

crystalline
packing

ofalkylsegm
ents

in
these

crystals
is
typically

differentfrom
the
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