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Self-assembled surfactant membrane phase:
L, “sponge” phase
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YWhat does an 1sotropic bulk phase do 1n an anisotr




A nearby answer in the phase diagram ...
Generic membrane phase diagram region
A competition between curvature, topology and entropy
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Stacked lamellar phase would fit nicely
against a constraining surface ...
Near surface constraint contributes to F

Expect local effect on phase transition and miscibility gap (L +L; coexistence)




Typical L; and L, SANS at highish volume fraction

e.g2. 35% volume fraction CPCl/hexanol sponge in heavy brine
“12m” SANS instrument - ORNL High Flux Isotope Reactor
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In chosen Q range Structure factor correlation peaks dominate scattering
4 at lower Q: in-out order parameter and domain scattering (L )
[ at higherQ: membrane form factor - first minimum Q~2s /6



¢ Scaling: the sheet equation

Correlation length d for structure of sheets of ¢ — C 6 / d

thickness @ with membrane volume fraction ¢
G. Porte et al., J. Phys. (France) 49, 511 (1988) and 50, 1335 (1989)

For instance:

Zl. G B -
m— ig’%%w d ¢=21¢/Q,.,. = C 6= const

rippled lamellae C , > 1 A
stiff L; sponge C;= 1.5 N
assuming sponge somewhat disordered cubic minimal surface

“Schoen P”

L; and L distorted and fluctuate (excess area) so “typically™:
C,/C,=djl¢p1/d [¢p1~125<15

OK: so the stacked lamellar structure is a little more distorted wrt its “ground state” ...



Dilution (“laws”) behavior of length scales
CPCIl/Hexanol in brine

| Consistent fit params
zg\\Ko/kBT =0.8+0.2
f 0=25.6+0.5A
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Fluctuations damped = ~ideal dilution ¢ >25%

C’ =1=>C",=1.25 £0.04

W. Helfrich, Z. Natuforsch 33a, 305 (1978)
D. Roux et al., Europhys. Lett. 17,575 (1992)

W.A. Hamilton et al., J. Chem. Phys. 116, 8533 (2002)



“Near-Surface” (Reflection Geometry) SANS

Q K

Neutron Reflectometry (NR)
k S

Small Angle Neutron Scattering (SANS)

In an NR measurement mostly R<<1, so ...
what happens to the beam transmitted into a sample ?
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NS-SANS data reduction at constant wavelength

e.g. 35% volume fraction CPCl/hexanol sponge in heavy brine
on HFIR reflectometer MIRROR at ORNL (1D PSD in reflection plane - as per SPEAR)

Correct raw angle/angle data for incident beam (monitor), refraction,
absorption/volume, interface transmissions and converting to (Q,,Q,)
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NS-SANS a lot less sharply peaked — now obviously similar to
sponge bulk SANS signal - and still offset from NR peak.

1-D PSD Correct for transverse (y) resolution: Os = \/Qx * (‘SQy) + O



MIRROR data (collection and) reduction program
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NS-SANS data analysis: PRL 72, 2219(1994) , Physica B. 221, 309(1996) , PRE 60, R1146(1999) ...
NR/NS-SANS data analysis: Hamilton ez al. J. Chem. Phys. 116, 8533 (2002)



Conventional bulk SANS *“12m” SANS instrument A=4.75A (open symbols)

vs. NS-SANS Reflection Geometry cell MIRROR A=2.59A (solid symbols)
Hexanol/CpCl=1.075 in heavy brine
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Interesting looking off-specular scattering isn’t necessarily.

Quick take home corollary: .
Analyze your data & Beware of picture shows.




Specular Neutron Reflectivity Analysis

Scattering length density (p[z])
profile normal to interface:

Quartz (Bg)
Adsorbed bilayer

(expected: since CpCl is a cationic surfactant and
quartz a negatively charged surface)

Symmetric decaying oscillation to bulk
solution membrane concentration (f3,)

Periodicity d,
Exponential decay &,

60 a0 807 [A]

: e Z, offset <> “1°”” in-solution membrane
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More surface “layering”




Dilution law behavior of bulk and surface L, length scales

BULK (again)

SANS & NS-SANS <.
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SURFACE L; STATE

Surface ordering becomes more like L , as ¢ increases

So now what ?



d ¢ =>Co [A]

NR/NS-SANS scan across the biphasic region
Effect of intrinsic curvature alone on surface state

]
¢ curvature
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AOT/Brine topological control wrt T (tune with salf)
Stiffer than CpCIl/Hexanol (double tail & no cosurfactant)
Expect less distortion of scaling by fluctuations



Transition across a miscibility gap: Conventional Bulk SANS

SANS 25% Aerosol-OT in 1.5vol% heavy brine vs T (25-60°C)
SAND instrument at IPNS
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As temperature of initial L; phase is increased an L, quasi-Bragg peak emerges from L; scattering at high Q,
and strengthens as the L; correlation peak weakens, both peaks move to lower Q as T crosses biphasic region
oo’ (Ap)z) 4(1 - cos[Qto]exp[—Qzéf /2])

A

1 3

(t,+1,) Q2(Q2o2 + 2exp(—Q202/6)) { l 0

All you need to remember about this fit: Sponge correlation peak at Q; is described by
a Lorenztian peak of amplitude “B;” in the structure factor term ....

110] = N PO] S[Q]+1, E[



? Peak positions versus T across miscibility gap ?
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L, and L peaks move more or less in unison across miscibility gap

But Ratio Q, / Q, for coexistence varies from about 1.6 to 1.7 across the gap (>1.5 = ¢, > ¢, )

Ratio Q, / Q; between monophasic regions is (0.079+0.001)/(0.062+0.001) = 1.27+0.04
(for CPCl/Hexanol in Brine sponges we found 1.25 +0.04 [Hamilton et al. J. Chem. Phys. 116, 8533 (2002])



L, phase volume f; and volume/mass fraction X; in biphasic region

Isotropic sheet scattering scales as:  S(Q) @ vs. Q/ ¢

G. Porte et al., J. Phys. (France) 49, 511 (1988) and 50, 1335 (1989)

Assuming scaling holds for sponge over biphasic region can show:
Phase occupancy fraction: f5[T] = (I;;[TVI;[T;1)(Q5[TVQ,[T;])
Membrane volume/mass phase fraction: X,[T] = (I;[TVI;[T,]) (Q,[TV/Q,[T,])?
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Very near expected tie line => Scaling still works (similarity), but 1.6-1.7 ... ?

Also phase separation 1s slow (expected p,op > = pDz())



AOT: Temperature gradients are a problem, so ...

External temperature control box
<0.1°C over dimensions of Rcell



NR/NS-SANS for transition across miscibility gap
SANS 25%Aerosol-OT in 1.5vol% heavy brine vs T (28°C-60°C)
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Above and below L, to L ;+L , transition (T,=31.45°C)
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ornl PARAME HR-5ETUF RUH rAaHALYZEE FILES MOTORS GFPFIEBE Pha

2D—ops REDUCTIOM RQ_fits RQ_COMEIHNE INDEY TOFimpoxrt SaNE
Mirroxr 9.2xR

LongDirec tory

ShowConfig i o
ShowRates : - ; 1 5;1.:; (:
GFIB echo " : .

*Backlash ' e i

Sensitivity :

*HEec&ZMOH Hoxrm

*METheta Horm

* marking

EtatsTrack 3
Ecan Cycling

Read: Usol
Beam Status 7
Log note

Zet FileFPaths
Help Files
Close Hindows
FPrint Hindow
Contour Scale
2D Export s CC
Save Graph
GCraph Axes &c

RiplotOptions 4.455E-05 7.215E-B1

finaluyze Reduce| | 5314_M58.TXT/MON-Vsol

SAng=—1.d888% 4.396E-B83 2.933E-81

PSDz=8. 0BMm
Shdz—8 . BBmMM 5315 _M59.THT MONAUsol 1
Eslt=—08.663mm
Eclt=0. 00EmmMm

S5 _z=z——1.808080mm

rogram development menu site {anuthing might happend

P

E315_M539.TXT:

Image Scaling: MonTime & Usol

QFH=-L[BA.88@, 8. 30A1 -8 QEZmin=-0d. 0808 A HO Acceptance Corp

G EA G e R e 1113453 on Sunday Jun 6, 28084 HFIRH&GEG Free mem: 76+65535KkE

SPEARY/Lujan data imported into MIRROR/ORNL




NS-SANS near miscibility gap boundary (2)

SANS 25%Aerosol-OT in 1.5vol% heavy brine vs T (28-34°C)
SPEAR/Lujan (Raw/Spectrum/Vsol 6;=0.62°)
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Below transition T<31.45°C NS-SANS constant

T>31.45°C NS-SANS vs bulk => significant L , at and ~parallel surface
This is not phase coherent with the surface



Beginnings of NR analysis

Surface ordering 25% AOT in D20 brine at 28°C
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AOT is stiffer than CPCL/Hexanol => fewer oscillations

smaller range of surface ordering
~25A pure D20 brine layer at SiO, surface (AOT anionic)



NR across miscibility gap boundary
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Unlike NS-SANS precursor effects ... smaller d,

Critical edge falloff above 31.45°C is consistent with bulk
¢,> ¢ >¢; =>as per bulk L, more hydrogenous lowers sid



Concluding Questions

Why is d;/d_~ 1.7 > 1.5 > 1.25 in biphasic region ?
What are the structural implications?

Shift in surface ordering peak (lowerd,)
asL;/L;+L_ phase boundary is approached?

Actual nature of near surface structures near boundary ?
(fits above 28°C are not very good)






