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Measurements of the Vertical Coherence Length in Neutron Interferometry

D. A. Pushin,"* M. Arif.> M. G. Huber.” and D.G. Cory'

lDeparmzent of Nuclear Science and Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
*National Institute of Standards and Technology, Gaithersburg, Maryland, USA
3Department of Physics, Tulane University, New Orleans, Louisiana, USA
(Received 19 March 2008; published 26 June 2008)

The study and use of macroscopic quantum coherence requires long coherence lengths. Here we
describe an approach to measuring the vertical coherence length in neutron interferometry, along with
improvements to the NIST interferometer that led to a measured coherence length of 790 A. The
measurement is based on introducing a path separation and measuring the loss in contrast as this
separation is increased. The measured coherence length is consistent with the momentum distribution
of the neutron beam. Finally, we demonstrate that the loss in contrast with beam displacement in one leg of
the interferometer can be recovered by introducing a corresponding displacement in the second leg.

DOI: 10.1103/PhysRevLett.100.250404 PACS numbers: 03.75.Dg, 03.65.—w, 42.50.—p
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Figure 32. Sequence of two-dimensional corrected SANS pattern from magnetic sample
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In Situ and Time-Resolved Small-Angle Neutron Scattering
Observation of Star Polymer Formation via Arm-Linking Reaction
in Ruthenium-Catalyzed Living Radical Polymerization'
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Center, JAEA, Iharaki 319-1195, Japan, and *Department of Applied Chemistry, Gmdmre School of
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School of Material Science, Nava Institute of Science and Technology, 8916-5 Takayama-che, Ikoma,

Nara 630-0192, Japan

Received June 2, 2010; Revised Manuscript Received August 12, 2010

ABSTRACT: [n siru and time-resolved small-angle neutron scattering (SANS) was employed for the
elucidation of star polymer formation mechanism via linking reaction of living linear polymers in
ruthenium-catalyzed living radical polymerization. Here, methyl methacrylate (MMA) was first polymernized
with R—Cl/RuCls(PPhs)s/tribuylamine (n-BuzN) initiating system, followed by the addition of ethylene
glycol dimethacrylate (EGDMA: 3) as a linking agent. After the in situ addition of a small amount of 3 to
living linear PMMA, the SANS analysis revealed the following three steps: (process 11-1) formation of block
copolymers (4) and competitive formation of the small star polymers via the linking reaction of 4 and 4;
(process 11-2) star—star linking of the small star polymers into star polymers and putting 4 into the core of the
star polymers, leading to formation of the microgel-core star polymers; (process 11-3) growth of the microgel-
core star polymers (5) via placement of 4 into the microgel-core star polymers. Furthermore, the SANS
profiles, obtained as a function of polymerization time, were guantitatively analyzed with a core—shell
spherical model in order to determine the microstructures of the star polymers: The final reaction product had
an average radius of microgel-core (~1 nm), and average arm numbers N ~ 17.
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(_ontrast Variation

Spherical high density lipoprotein (sHDL), a key player in reverse cholesterol
transport and the most abundant form of HDL, is associated with
cardiovascular diseases.

Small angle neutron scattering with contrast variation was used to determine
the solution structure of protein and lipid components of reconstituted sHDL.
Apolipoprotein Al, the major protein of sHDL, forms a hollow structure that
cradles a central compact lipid core. Three apoAl chains are arranged within
the low resolution structure of the protein component as one of three possible
global architectures: (i) a helical dimer with a hairpin (HdHp), (ii) three
hairpins (3Hp), or (iii) an integrated trimer (iT) in which the three apoAl
monomers mutually associate over a portion of the sHDL surface. Cross-
linking and mass spectrometry analyses help to discriminate among the three
molecular models and are most consistent with the HdHp overall architecture
of apoA1l within sHDL

Courtesy Z. Wu (Cleveland) 10.1074/jbc.M110.209130
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Neutron radiography characterization of an operating proton exchange
membrane fuel cell with localized current distribution measurements

].J. Gagliardo *, ].P. Owejan, T.A. Trabold, T.W. Tighe

General Motors Corporation, Fuel Cell Research Laboratory Honeoye Falls, NY 14472-0603, USA

ARTICLE INFO ABSTRACT

Available online 5 February 2009 Neutron radiography has proven to be a powerful tool to study and understand the effects of liquid
Keywords: water in an operating fuel cell. In the present work, this experimental method is coupled with locally
Neutron radiography resolved current and ohmic resistance measurements, giving additional insight into water management
Fuel cell and fuel cell performance under a variety of conditions. The effects of varying the inlet humidification
Proton exchange membrane level and the current density of the 50cm” cell are studied by simultaneously monitoring
Water management electrochemical performance with a 10 = 10 matrix of current sensors, and liquid water volumes are
Current distribution measured using the National Institute of Standards and Technology (NIST) neutron imaging facility.

A counter flow, straight channel proton exchange membrane (PEM) fuel cell is used to demonstrate
localized performance loss corresponds to water-filled channels that impede gas transport to the
catalyst layer, thereby creating an area that has low current density. Furthermore, certain operating
conditions causing excess water accumulation in the channels can result in localized proton resistance
increase, a result that can only be accurately observed with combined radiography and distributed
electrochemical measurements.

& 2009 Elsevier B.V. All rights reserved.
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(Received 4 May 2010; accepted 5 July 2010; published online 20 August 2010)

Due to low charge carrier mobilities in polymer-based solar cells, device performance is dictated by
the nanoscale morphology of the active layer components. However, their morphological details are
notoriously difficult to distinguish due to the low electron contrast difference between the
components. Phase-sensitive neutron reflectivity (PSNR) is uniquely suited to characterize these
systems due to the large, natural scattering length density difference between two common device
materials, poly(3-hexylthiophene) and [6,6]-phenyl-C61-butyric acid methyl ester (PCBM). Using
PSNR we find a high concentration of PCBM at the substrate and near but not at the air interface.
Herein we discuss the method of applying PSNR to polymer-based solar cells, the results obtained,
and an evaluation of its effectiveness. © 2010 American Institute of Physics.
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Superconductivity in the non-oxide
perovskite MgCNi;

T. He*, Q. HuangT, A. P. Ramirez:, Y. Wangs, K. A. Regan®, N. Rogado™,
M. A. Hayward*, M. K. Haas", J. S. Slusky", K. Inumara+,
H. W. Zandbergen*, N. P. Ong§ & R. J. Cava*

* Department of Chemistry and Princeton Materials Institute; § Department of
Physics, Princeton University, Princeton, New Jersey, USA

T Department of Materials and Nuclear Engineering, University of Maryland,
College Park, Maryland; and NIST Center for Neutron Research, Gaithersburg,
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pﬂu!*memned muq:-mmd )ahl:hﬁ superconducting
with a criticl temperature of 8K This :--umi is the three-
dimensional analague ofthe LnNizB:C fimily ofsupercanductors,
which have critical temperatures up to 16 K (ref. 2). The itinerant
electransin bath families of materials arise from the partial filling
af the mickd d-states, which generally leads to fermmagnetism as
is the case in metallic Ni. The high relative pmportion of Ni in
MgCMi, suggests that magnetic interadions are important, and
the Jower T, of this three-fimensianal compound—1when cam-
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pellets. The pellets were placed on Ta foil, which was, in turn, faed
om an Ak boat, and fired in a quartr tube furnace under a mived
#250f95% Ar and 3% H,. The samples were heated for halfan hour
at §00°C, followed by ane haur at 900 °C. After coaling, they were
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Figure 1 The powder neutron diffraction pattemn at ambient temperature for the sample of
nominal composition MgC, 2sNi; and the perovskite crystal structure for the super-

conducting compound MgCNi (inset). Neutrons of wavelength 1.5402 A were employed
(Cu 311 monochromator), with collimators of 15', 20" and 7' of arc before and after the
monochromator, and after the sample, respectively. The neutron scattering lengths

employed in the structure refinementwere 0.538, 0.665and 1.030 (cm~"2) for Mg, C and
Ni, respectively. Data are shown as crosses, and the difference plot between model and
data shown directly below. The vertical lines (bottom) show the Bragg peak positions for
the MgCNi; phase. The sample contains 2wt% graphite (about 25 mol.%) in agreement
with the nominal compaosition. Positions of the graphite peaks are shown as vertical lines
above those for MCNis. The refinement agreement, weighted profile agreement, and x*
values cbtained were R = 5.14%, R, = 6.39% and x* = 1.258, indicating the high
quality of the structural model.

HUTURE | VOL 8L 1|5 WA 2001 | www aatuar.com
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High resolution neutron powder diffraction: a case
study of the structure of Cg,

By W. L F. Davip'. R. M. Isnersox' axp T. Marsvo?
VISES Seienece Divigion, Buthecford Appleton Laboratory, Chilton, Iideat,
(o (X1 QX VK.
¥ Departmeent of Chemistry and Microcelorinetry Reseaveh Centre, Faculty of Seienre.
Chsakn University. Toyonaka 360, Japan

High resolution time-of-fight neutron powder diffraction has been used to determine
the detailed structure of Cy, as a function of temperature. Rapid data collection
coupled with high resolution has enabled subtle aspects of the 86 K orientational
glass transition and precursor effects of the 260 K order-disorder transition to he
abserved. This surveying capability complements traditional single crystal methods,
The power of the Rietveld method of profile refinement is demonstrated in the
elucidation of the detailed erystal strueture of the orientationally-ordered low
temperature phase and in the evaluation of the departore from isotropic scattering
of the Oy molecnle in the disordered high temperature phase. The counter-intuitive
suceess in obtaining high-order cobie-harmonie coefficients, albeit to poorer precision
than single crvatal X-ray measurements, confirms the efficacy of the Rietveld profile
refinement method. The collapse of three dimensions of diffraction information on to
the one dimension of a high resolution powder diffraction pattern ean still lead to an
impressive amount of structural information that substantiates the assertion made
by W. H. Bragg

‘the second method [powder diffraction], first used independently by Debye
and Hull, can be vsed when the crystal is in powder, and can, therefore be
employed when ne single crystal can be ebtained of sufticient size, All the
spectra of the different planes are thrown together on the same diagram or
photograph, and must be disentangled. This = not as difficult ss it may
BEem ... .
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LiFeP0, and possible lithium pathways. ab, The
pjected alang the [010] (a) and [001] M) directions.
ays are parallel to these directions. The structures
parameters obtained through this work and
Information, Table S1. The structure can be
ponal close-packed oxygen sub-array, in which Li, Fe
gites to form (1) comer-sharing Fe(y octahedra that
distorted two-dimensional square lattice perpendicular
LiQy; octahedra aligned in parallel chains along the
groups connecting neighbouring planes or arrays. The
ellipsoids indicate Li, Fe, P and O atoms, respectively.

Figure 3 Anisotropic harmonic lithium vibration in LiFeP0, shown as green H Egm mm:mmn';f:fm'm ;D;::}m

thermal ellipsoids and the expected diffusion path. The ellipsoids were refined /o one-cimensional diffusion aiang the [010]

with 95% probability by Rietveld analysis for room-temperature neutron diffraction the computational method ™.
data. Expected curved one-dimensional continuous chains of lithium motion are

drawn as dashed lines to show how the motions of Li atoms evolve from vibrations
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Secondary Particlc Produccd at J-FARC
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Need to have high-power
proton beams

Materials & Life Science from RCS
Nuclear & Particle Physics from MR S—
R&D toward Transmutation from LINAC

— MW-class proton accelerator
(current frontier is about 0.1 MW)




