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Contrast as a powerful tool for mitigating the ambiguous 
interpretation of scattering data

Motor in Chromosome 
Motion



• The development of tools for labeling and solvent contrast and 
data analysis now used in SANS and NR. I will not discuss 
spectroscopy, but clearly these methods benefit as well.

• Some examples of how they are used to push the envelop of new 
data challenging the status quo.

• How can we push farther to develop new tools to expand the use 
of neutron scattering into more complex and non-ideal systems?

• Make recommendations of the services and new tools that such a 
facility could provide for “young guns” to challenge the status quo. 

What I want to Discuss



• Lost phase information from the scattering amplitude needs to be 
recovered.

• Methods analogous to isomorphous replacement.
• Two methods are possible to at least partially recover phase, due 

to Babinet’s principle.
– Component labeling.
– Background: dispersion or matrix contrast.
– Powerful approach: combination of background contrast with component 

labeling.

Measurement of scattering intensity tells us, in principle, what 
is in the sample but is ambiguous about structure 



• Contrast variation: Earliest attempts with background contrast with SAXS.
–  1952: Bragg & Perutz determined the volume of haemoglobin from changes in low order x-ray 

diffraction when salt is added to hydrated crystals.1 
– 1965: Stuhrmann & Kriste introduce a theory to extract shape and internal structure from CV-

SAXS, 𝐼 𝑄 = Δ𝜌!𝐼"#$ 𝑄 + Δ𝜌𝐼%&'( 𝑄 + 𝐼)*&(𝑄), implying that CV-SAXS intensity is parabolic 
with 𝜌sol.2

– 1972: Luzzati et al. discuss the implication of contrast variation and the Guinier approximation for 
CV-SAXS and the measurement of the radius of gyration.3 

– 1974: Stuhrmann et al. demonstrate the use of H2O/D2O solvent mixtures in CV-SANS and 
formalize the use of the Guinier approximation as, 𝑅+! = 𝑅"+! + ,
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1: Bragg, W. L. and M. F. Perutz (1952). "The structure of haemoglobin." Proceedings of the Royal Society of London. Series A. Mathematical and Physical 
Sciences 213(1115): 425–435.
2: Stuhrmann, H. B. and R. G. Kirste (1965). "Elimination der intrapartikulären Untergrundstreuung bei der ßöntgenkleinwinkelstreuungan kompakten 
Teilchen (Proteinen) (Elimination of Intraparticle Background Scattering in Small-Angle X-ray Scattering from Compact Particles (Proteins))." Zeitschrift für 
Physikalische Chemie Neue Folge, 46(S): 247–250
3. Mateu, L., et al. (1972). "On the structure of human serum low density lipoprotein." Journal of Molecular Biology 70(1): 105–116.
4. Stuhrmann, H. B., et al. (1975). "Neutron Scattering Study of Human Serum Low Density Lipoprotein (Solvent exchange)." Proceedings of the National 
Academy of Science USA 72(6): 2270–2273.

The tools that we now use in neutron scattering came out of the 
“grand challenge of macromolecular structure.



• Macromolecular labeling by H->D substitution.
– 1959: Crespi & Kratz1,3 (algae and bacteria) & Van Horn and Ware2 (bacteria) 

demonstrate growth in deuterated media with >98% deuteration.
– 1972: Kirste et al. Demonstrates polymer radius of gyration random coil 

configuration in the glassy state of a protonated/deuterated mixture with SANS.4 
• H->D Exchange.

– 1947: Linderstrøm-Lang (proteins).5

– 1965: Von Hippel (nucleic acids).6

1. Crespi, H. L., et al. (1959). "Culture of Algae and other MIcro-organisms in Deuterium oxide." Nature 184(4687): 729–728.
2. Van Horn, E. and G. C. Ware (1959). "Growth of Bacterium coli and Staphylococcus albus in Heavy Water." Nature 184(4689): 833–833.
3. Chorney, W., et al. (1960). "The growth of algae in deuterium oxide." Biochimica et Biophysica Acta 37(2): 280–287.
4. Kirste, R. G., et al. (1973). "Die Bestimmung des Tragheitsradius von Polymethyl methacrylat im Glaszustand durch Neutronenbeugung. (Determination of the 
Radius of Gyration of Polymethyl Methacrylate in the Glassy State by Neutron Diffraction)." Die Makronzolekulare Chemie 162: 299–303.
5. Englander, S. W., et al. (1997). "Hydrogen exchange: the modern legacy of Linderstrøm-Lang." Protein Sci 6(5): 1101–1109.
6. Printz, M. P. and P. H. Vonhippel (1965). "HYDROGEN EXCHANGE STUDIES OF DNA STRUCTURE." Proc Natl Acad Sci U S A 53(2): 363–370.

Deuterium the key for neutron probes of soft matter and 
bioscience. 



It’s 1977: What is the structure of the newly discovered chromosome basic unit, 
the nucleosome? A nexus of tools, methods, technology and the ILL.
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FIG. 4. Small-angle neutron scatter curves of solutions of chromatin subunits. Neutron 
scattering intensities of chromatin subunits from chicken erythrocytes in solutions of different 
contrasts. The contrast is varied by the proportion of D,O in each solution. Data from Hjelm 
et uf. ( 1 9 ~ ) .  

Equation (12) is quadratic with contrast; thus if one plots intensities, Z(s) 
(as in Fig. 4; the intensities are clearly a function of contrast) versus contrast, 
a series of parabolas should result (Fig. 6). The regression coefficients from a 
least-squares analysis will then give the three basic scattering functions 
Z,(s), Z&), and Z&). They are shown for chromatin subunit particles (194 
in Fig. 7-9. As discussed above, I&) results from interpolation to zero con- 
trast and I,($) comes from values determined from extrapolation to infinite 
contrast. 

H2O
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Q/(2π) (nm-1)

• Approach: Contrast variation: 
change D2O/H2O solvent content to 
alter contrast with DNA & Histone

• Contrast variation: Intensity must be 
parabolic with 𝜌sol.

• Parabolic parameters: isolate shape, 
internal structure & DNA/protein 
distribution.

Q/2π (nm-1)
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FIG. 2. The apparent structure of an object as a function of contrast anddeuteration. 
(A) A hypothetical particle with cross section demonstrating a central portion of lower scat- 
tering-length density than the periphery. The particle is shown contrasted against a solvent 
scattering length, psol, which is lower than the average scatter of the particle, 9. The neutron 
scattering-length densities of H,O and D,O are shown. The ordinate is labeled pa@) to indicate 
that the scattering values are absolute. (B) Thesame particle, but with the components making 
up the central part selectively deuterated, raising the average neutron scattering-length density 
of the particle and changing its apparent internal structure. (C) The apparent changes in the 
particle as seen against different solvent densities. From left to right the figures represent the 
form of the particle seen when in H,O, as seen when in a mixture of D,O and H,O such that 
the solvent scattering-length density, A,,,, equals that of the average of the particle, &, and 
as observed in D,O. The equation for the excess scattering-length density of the particle in 
any solution is p(r) = ?of@) + p,(r), as described in the text. 

density in the system; thus (5-7), 

P W  = Pa,@> + P N .  
When defined in this manner the two functions have the properties that 

(9) 

where Vfis the volume of the particle. 

• 5 nm particle known to contain DNA and positively charged histone proteins.
• What is the arrangement of histone and DNA?
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where Vfis the volume of the particle. 
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FIG. 6 .  Variation of intensity with contrast for solutions of chromatin subunits. Several 
representative points from the I ( s )  of Fig. 1 are plotted versus the contrast. The value of each 
s sampled for this example is given in small numbers to the upper right of the curve. The scales 
for the intensities at s = 0.044, 0.069, and 0.099 nrn are in units of 100. Intensities at all 
larger s are in units of 20. Contrast is expressed as fraction D,O in solution at zero contrast- 
in this case 0.51 (Fig. S)-minus the fraction of D,O in the solution at which the intensity was 
measured. The parabolic form of these curves is in agreement with Eq. (12). Data from 
Hjelm er al. (194.  

of the scattering particles can be determined. Furthermore, the slope of the 
line gives V,  if the scattering curve is scaled to intensity per particle, duldQ. 
Vf can be calculated from the measured &,from the definition of scattering- 
length density pp = ZbilVf, if the elemental composition is known. The 
application of this procedure to chromosome subunit particles from chicken 
erythrocyte (19a) and calf thymus (21-23) is shown in Fig. 5 .  The volume 
calculated for subunits is given in Table 111. Determinations of ppfrom other 
biological systems are tabulated in Table 11. Once pp  is measured for a mac- 
romolecule, the contrast 7 = F,, - psor for any given solvent can be calcu- 
lated. 
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Hjelm, R.P., et al. (1978). 
"Utilization of Neutron 
Scattering for Analysis of 
Chromatin and 
Nucleoprotein 
Structure." Methods in 
Cell Biology 18(3): 295–
325.

Hjelm, R. P., et al. (1977). 
"Small angle neutron 
scattering studies of 
chromatin subunits in 
solution." Cell 10(1): 139–
151.



Shape X-Term Internal 
Structure

Contrast variation yields scattering contributions from the (A) shape envelope, (C) 
the internal structure & (B) A/C correlations. 
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XRCryst: 
Richmond et al. Nature 311, 
532–537 (1984). 
https://doi.org/10.1038/31153
2a0
Luger, K. et. al.,
Nature 389, 251–260 (1997). 
https://doi.org/10.1038/38444

Negative x-term 
Shows DNA at 
Larger radii than
Histone.

Oblate ellipsoid
Average radius, 
5.2 nm

Hjelm, R.P.; Ibel, K. et al., Cell, 10, (1), 139 – 151 (1977)

Histone core average radius, 3.2 
nm
Hydrated DNA shell, average 
thickness 2.0 nm
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hensive review of the method as applied to chroma- 
tin structure has been written (Hjelm et al., 1977). 

Neutron Scattering 
Neutrons are scattered by atomic nuclei, each nu- 
cleus producing a scattered wavelet of amplitude 
proportional to the scattering length, bi, of the 
element concerned. It is convenient to visualize a 
group of molecules making up a particle in terms of 
scattering length density, p,(r), which is the sum of 
the atomic scattering lengths of nuclei found in a 
small volume element dr at a position r in the 
particle divided by d7. By adding the bi of all the 
nuclei in the particle and dividing by the real physi- 
cal volume, V,, one obtains the average scattering 
length density of the particle, p,,,, = Cbi/Vr (Figure 
1A). 

By utilizing the large neutron scattering length 
difference between hydrogen (b,, = -0.372 x lo-‘* 
cm) and deuterium (bd = +0.67 x IO-l2 cm) the 
scattering length density of the solution, psO,, can 
be varied continuously by the use of solvents con- 
taining different H,O/D,O mixtures: p,,, for H,O is 
-0.55 x 1O’O cm-*, and that for D,O is +6.36 x 10”’ 
cm-2. 

The small angle scattering intensity from a dilute 
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Figure 1. Change of the Appearance of a Particle with Contrast 
(A) Absolute scattering length density of an arbitrary particle, 
with its cross section having two regions of different scattering 
power. The cross section is shown as it would appear in vacua. 
The scattering length densities are shown for OS0 and HpO. pmean 
is defined in the text. 
(6) The excess scattering length densities of a particle in H,O, 
D90 and in an i-&O/D10 mixture such that p..r = Pmcan. 

solution of identical particles depends upon p(r), 
the difference between the absolute scattering 
length density distribution, p,(r), within a single 
particle and the scattering length density, psc,,, of 
the solvent. From Figure 1, it is seen that the form 
of p(r), varies with the contrast, p-the difference 
between pmean and pa,, at any given mixture of D,O 
and H,O in the solvent. Figure 1 B illustrates this for 
a simple, two-component particle with a region of 
large absolute scattering length density surround- 
ing a central region of low, absolute scattering 
length density. The relative contribution of each 
region to p(r), changes with contrast. The resulting 
changes in scattering intensity with contrast give 
information on the distribution of components 
within the particle. 

Stuhrmann (1974) has shown that p(r) varies with 
contrast, 6, as p(r) = p&(r) + ps(r). The function, 
f&(r), defines the shape of the particle, and is one 
inside the particle and zero elsewhere. p,(r) repre- 
sents the variation of scattering length density 
within the particle about the average scattering 
length density, pmtaan, and is termed the internal 
structure function. 

When D,O-H,O contrast variation studies are 
made, deuterium-hydrogen exchange within the 
particle causes the absolute scatter of the particle 
to change with contrast. To take this into account, 
the equation for the excess scattering length den- 
sity, p(r), is modified such that 

f(r) = i&(r) + dr) (1) 

(Ibel and Stuhrmann, 1975). Here the shape func- 
tion has been altered to become the apparent 
shape function Q.(r) = Cl,(r) - n,(r) describing the 
distribution of exchangeable hydrogen sites within 
the particle. Q(r) may vary considerably within the 
particle. 

Reference to equation (1) and Figure 1B illus- 
trates that the internal structure function, p,(r), is 
observed when psol equals prnean - when the particle 
is said to be contrast-matched. Further, by extrapo- 
lation to infinite contrast, the effective shape func- 
tion, n,(r), is observed. 

The neutron scattering amplitude of a particle 
expressed as a function of s = 2 sin O/h (where 20 is 
the scattering angle and X is the neutron wave- 
length) is the Fourier transform of equation (1) or 

A(s) = P&(s) + As(s) (2) 
Clearly, terms due to particle shape, PA,(s), and 
internal structure A,(s), have maintained their iden- 
tity. The observed neutron scattering intensity is 
equation (2) squared, and the resultant is spheri- 
cally averaged to take into account the random 
orientation of the particles; thus the scattering in- 
tensity varies with contrast as 
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𝐼 𝑄 = Δ𝜌!𝐼"#$ 𝑄 + Δ𝜌𝐼%&'( 𝑄 + 𝐼)*&(𝑄) 



Guinier analysis of the nucleosome yields particle 
volume and density

n Volume determined from the slope
n Average scattering length density from 

the (∆M0)1/2 intercept

𝐼 𝑄 = Δ𝑀(exp − 2𝑅+*𝑄*
3

𝑄* = 4𝜋 7sin 𝜃
𝜆 𝑛𝑚)*

ln
(I
(Q
))

Δ𝑀
(

𝜌̅, = 2.95 ± 0.01 10'(	cm)*

Δ𝑀( = 𝑉, 𝜌̅, − 𝜌"#$

Vp = 249 nm3



𝑅+! = 𝑅6! +
𝑚)*&
Δ𝜌𝑉6

Δ𝜌 "# 10"#$	cm%

• Intercept	(𝚫𝛒=∞)	gives	
Rc,	the	radius	of	
gyration	of	the	shape	
envelope.

• Slope	gives,	𝑹𝒊𝒏𝒕𝟐 =
𝒎𝒊𝒏𝒕
𝟐 	N𝝆𝒑,	where,	𝒎𝒊𝒏𝒕

𝟐 ,	is	
the	second	moment	of	
the	internal	structure	
and	Vc	is	the	volume	of	
the	shape	envelope.	

• Positive 𝒎𝒊𝒏𝒕
𝟐 	implies 

that DNA (larger 𝜌) is 
at larger radius than 
histone.

Rc = 4.05± 0.03 nm
Vc = 313 nm3

𝑚&'( = 1.53 ± 0.07	𝑛𝑚%

Guinier analysis of nucleosome contrast variation data 
yields particle shape Rg & internal structure second moment



Application to more complex problem of a domain 
phase separated polymer by Swelling.

• Network structure: 
– Mechanical properties.
– Thermodynamics of hard and soft segment interactions through 

solvent interactions—self assembly.
– Domain composition and structure. 
– Polymer chain conformations.
– Directly applicable to Estane.

• Contrast variation:
– D/H solvent mixtures allows manipulation of contrast.
– Phase morphology.
– Phase composition.
– Solvent distribution in phases.

• Studies of unmodified polyurethane.



• Segmented polyurethane containing 
immiscible, rigid aromatic, hard 
segments (23 wt%, and flexible, soft 
segments. 

• Chemical linkages constrain phase 
separation into domains ~ 10 nm.

• Hard segment-rich domains are 
multifunctional, reinforcing cross-
links. 

}
m=1-3 n=4-6

OO

H

O

H

O
CO(CH2)4OC(CH2)4{[ ]][

m n
CH2 NCOOCN(CH2)4

Polyurethane (MDI plus chain extender) Hard Segment Polyester Soft Segment

Hoffman, D.M.; Caley, L.E. ACS Div. of Organic Coatings and Plastics Chem. 1981, 44, 686.

Estane™ Binder: Phase Separated, Cross-linked Polymer



… Provides a Determination of Difference in Chemical Composition 
between Matrix and Discontinuous Domains.

ESTANE

Increasing Percent of Deuterated Solvent

0%        25%       50%    75%        100%



• The Porod Invariant: 𝑄, = ∫(
.𝑄* /0(2)/4 𝑑𝑄 = 2𝜋*Φ 1 − Φ Δ𝜌*.

• Plots of Qp/2π2 show the anticipated parabolic form.
• The simultaneous fits of the data give estimates of 𝜌̅ & Φ567.

•
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Mang, J. T., et al. (2008). "Small-Angle 
Neutron Scattering of a Solvent-Swollen 
Segmented Polyurethane as a Probe of 
Solvent Distribution and Polymer Domain 
Composition." Macromolecules 41(12): 
4358–4370.

The Porod Invariant is key to teasing domain composition from CV-SANS



Polyurethane modeled as a network of cores, surrounded by a 
corona of polymer, entangled with a rubbery matrix. 
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Cryo-TEM suggests Ncd mechanism different 
than kinesin

• ADP: weak or 
no binding.

• ATP analogue: 
dimer stacked 
and rotated 90º.

• No nucleotide: 
dimer stacked 
and in register.

from: T.G. Wendt et al. EMBO J., 2002, 21,5969 17

14

TextTextText

X-ray diffraction work shows strong structural 
similarities between kinesin & Ncd. 

• Ncd:
– motor dimer head at C 

terminus.
– stiff alpha-helical neck linker.
– connected by coiled coil 

neck.
– retrograde motion (-).
– non-processive.

• Kinesin:
– motor dimer at N 

terminus.
– flexible beta-segment neck 

linker.
– connected by coiled coil 

neck.
– antigrade motion (+).
– processive.

Molecular motors move cellular cargo along 
microtubules by cyclic movement of the globular 
dimer head group through a sequence of states 
involving the binding of ATP then ATP->ADP.

• What is the binding of the motor in the ATP 
bound state:
– Cooperative binding.
– Both heads bound to the MT.
– One head bound, the other stacked on 

top. 
• Approach:
– Deuterate the molecular motor.
– SANS of complex in 43% D2O/H2O.
– Examine scattering signatures.



• Motor-MT complex in solution 
emulating one state of the cyclic 
motion.

• 43% D2O/H2O: scatter from MT 
disappears.

• Comparison of data with 
computed signatures consistent 
with single head cooperative 
binding. 

Hjelm, R.P., Stone, D.B., Fletterick, R.J. & Mendelson, R.A. 
(2010). Decoration of microtubules in solution by kinesin-14, 
Ncd. Acta Crystallagraphica, D66, 1218-1223.

Result: single  head. 
stacked cooperative dimer 
binding



Enabling polymer response to stress: LANSCE shear cell in cone & plate 
geometry for neutron reflectometry to emulate real conditions in the melt.

Simultaneous torque (200 Nm), 
shear rate (800 Hz) & reflectometry 
Measurements at up to 240 C 
under inert atmosphere.

L.A,.Sasa,, et al., Review of Scientific 
Instruments, 81, 055102:1-6 (2010).
L.A. Sasa, et al. Phys. Rev. E:, 
2011, 84, 021803:1-6.



Yearley, E. et al., Review 
of Scientific Instruments, 
81, 045109-1 - 7 (2010).

Simultaneous torque (200 Nm), shear rate (800 Hz) & 
SANS measurements at up to 240 C under inert 
atmosphere.
Design mitigates slippage and vortex instabilities

…and in the bulk: LANSCE shear cell in Couette configuration for 
rheo-SANS. Together provide critical tests of tube theory. 

Ri - Ro

Incident
beam

Scattered
beam
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• Brush swollen in contact with melt.
• No change for 𝛾̇ = 1.4 Hz .
• Brush collapses for 𝛾̇ =  5, 10.1, 15.1, 20.2 & 30.2 Hz. 
• Returns to quiescent state after moderate 𝛾̇.
• But not after higher 𝛾̇.   
• Chains must overlap. 
• But no correlation with shear rate

L.A. Sasa, et al. Phys. Rev. 
E:, 2011, 84, 021803:1-6.

Dry Brush 

Swollen Brush
& low  !γ

Moderate 
& High  !γ

Rest after
Moderate 

 !γ

𝜙 𝑧  = R S T	R567
R67	T	R567

R(Qz ) =
4π 2

Qz
4

dρ
dz−∞

∞

∫ exp(iQzz)dz
2

Polymer profiles from reflectometry with 𝛾̇: brush collapse 
with reversible after moderate shear



• Anisotropy, when 
present, perpendicular 
to flow direction.

• Indicates elongation 
along flow.

• 𝜸̇ =10 Hz shows 
maximum anisotropy in 
all samples.

• Rotation of elongation 
along gradient direction1 
not observable in this 
configuration.

• 1.Muller, R, Pesce, J.J. and Picot, C., “Chain 
Conformation in Shear Polymer Melts as Revealed 
by SANS”, Macromolecules, 26, 4356-4362 (1993).

Example of shear induced anisotropy 
(114 Kda, PS)10% h-PS in d-PS
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• Polymer at rest fit to 
the RPA and Debye 
random coil. 

• Anisotropy increases 
to 𝛾̇ = 10 Hz then 
returns to Debye 
random coil.

• Polymer chain 
extended along flow 
power law < 2, but 
retains Debye random 
coil viewed 
perpendicular to flow.

Example of shear induced anisotropy (114 Kda, PS)
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Hjelm R.P., et al. (2023). 
"Molecular-scale polymer 
melts response to shear 
in the linear and noon-
linear rheological 
domains: affect of 
molecular weight and 
complex architecture." 
KGK 2023(2): 67–71.



Branched polymer arms limit relaxation 
mechanisms in the linear domain 

Linear d-PBd neighbors

CLF

TCR

Where as for linear chains we have reptation, CLF and 
TCR over 𝑊𝑖	 ≲ 	 𝛾̇𝜏𝑑,the constrains of the other arms 
prevents reptation. Arms can only relax from stretched 
state in the linear domains by CLF (retraction) and TCR.
CCR occurs at higher 𝛾̇. 



Data well into the non-
linear, CCR domain
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Rheo-SANS." Journal of 
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CV-SANS of the structure an IDP:HCNcore (E1-40Cor30) 
chimera complexed with DNA.

• UNM team has produced a hepatitis C nucleocapsid core protein 
with an elastin-like polypeptide, intrinsically disordered protein 
(IDP) to give a protein with chaperone activity and temperature 
dependent coacervate formation.

• Chaperones catalyze the formation of double stranded DNA from 
two complementary hair pin molecules.

• The process involves multiple steps.
• What is the structure of the complex when E1-40Cor30 forms a 

complex with one hair pin DNA.
• The result informs the incipient state of the chaperone process 

engineered chimera.



Case study: CV-SANS on a protein/DNA complex
• Bio-SANS measurement on H protein and D protein-DNA complex.
• Guinier analysis of data on an absolute scale gives I(0) as a function of 𝜌sol.
• Data	show	presence	uncomplexed	protein	and	DNA.

• Modeling	of	the	I(0)	vs	𝜌sol	parabola	indicate	40%	complex	and	incomplete	deuteration	and	H-
>exchange.

• What	can	be	inferred	as	to	arrangement	of	the	protein	and	DNA	in	the	complex?
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1. Luzzati, V., et al. (1976). "Structure of human serum lipoproteins in solution: I. Theory and 
techniques of an X-ray scattering approach using solvents of variable density." Journal of 
Molecular Biology 101(2): 115–127.

• Luzzati et al. (1976) discuss the rigorous criteria for the analysis of CV-SAXS data: the dispersion 
morphology must be uniform to a degree if meaningful parameters are to be determined from the data.1

• However, the result here show the possibility that a combination of specific labeling and CV-SANS and 
careful analysis of the contrast dependent intensity allows for some assessment of the non-uniformity.

• The result is that at least a qualitative answer can be inferred.
• Here we see that the protein must have a distribution of the complex so that it is around the DNA.



Conclusions

• Contrast variation provides for detailed assessment of structure 
and composition in homogeneous dispersions and of domains in 
complex polymer materials.

• Specific labeling in bioscience allows for detailed assessment of 
the relative positions of components associated with their process 
specific states.

• The combination of specific labeling and CV-SANS enables 
assessment of dispersion non-uniformity, allowing for at least 
some assessment of the structure in non-ideal cases. 



What services might be provided
• Characterization: 
– the percentage of isotope substitution.

• Mass spectroscopy.
• NMR. 
• Infared spectroscopy.

– exchange interactions.
• Chromatography. 

• Stock pile of common deuterated molecules for polymer science 
and bio-science.

• Support of collaborative work of new deuterated materials.
• Promote the synergism between facility and the user communities.
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