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Scattering vector dependence of the The reasons that the small angle scattering of the alkane mixtures,
. . contrary to water, ig| dependent are that the alkane molecules are rel-

Sma"-angle Scatterlng from letUI‘E§ of atively large and that there is no exchange of H and D as there is for

hydrogenated and deuterated organic water. In the following the different contributions to the scattering from

solvents the alkane mixtures will be identified and it will be shown how the anal-
ogy to polymer blends of hydrogenated and deuterated chains allows us
to make a more quantitative analysis of the SANS spectra from alkane
mixtures.
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. . . ) . Materials and i t
Condensed Matter Physics and Chemistry Department, Risg Natlona% atena’s and experiments . .
Laboratory, DK-4000 Roskilde, Denmark. The SANS measurements were performed at the SANS facility at Risg

National Laboratory (Mortensen, 1994, Pedersen, 1995). Using dif-
ferent combinations of neutron wavelengths and sample-to-detector

) ) . distances, aj range from 0.02A~! to 0.26 A~! was covered. All
In connection with a contrast variation small angle neutron scatter-
. ST . ; measurements were performed at room temperature. The SANS data
ing (SANS) study of water-in-oil microemulsions, mixtures of hydro-

- . . were azimuthally averaged and normalized by the standard approach
genated and deuterateddecane and similar mixtures of iso-octane y g y P

division of the scattering spectrum o%@® as described by Jacrot
have been measured as backgrounds. For the pure deuterated and fty- : )
. crot,1976). Resolution effects due to the spread in wavelengths of
drogenated solvents the spectra were flat but for all the mixtures tf} - S .
large molecular size of the alkanes give rise to a scattering vector de. < neutrons and the finite collimation were neglected in the present
egdence in the small angle scattergijn region. An ex Iangtion of thivsvork due to the relatively weatf dependence of the spectrum (Peder-
P 9 g region. p sr(?n, Posselt & Mortensen, 1990). The samples were contained in 1 mm
) o . ) o . Fiima quarts cells. We used deuterated iso-octanenatetane from
identified for mixtures of water. The intensity is proportionak(e—1) . . .
) . . Cambridge Laboratories. The decane has a purity aif 99% and the
wherex is the volume fraction of deuterated molecules. Using the anal- .
. iso-octane has a purity ofat 98%.
ogy to scattering from polymer blends of hydrogenated and deuter-
ated chains, the scattering spectra are analysed using the model for
random gaussian coils. For the solvent mixtures investigated in the
st chaten 0% d—decane

present study, the radius of gyration was determined to b 3@
30% d—decane

decane and 2.8 for iso-octane, independent of the fraction of deuter- 0.8 |- ' ’ -
ated molecules. M 51% d—decane

IE 0.6 —M 66% d—decane
1. Introduction L

.
Water is the most frequently used solvent for studies of soft materials. S04 M“M 80% d—decane

Water furthermore has the advantage of giving rise to a flat spectrum =«
in the small angle scattering (SAS) region and is often used for nor-

malization of detector efficiency and to convert the data to an absolute 0.2 |- ]
scale. In small angle neutron scattering (SANS), mixtures @ Bnd 100%
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1.0 T T T T

H,0 are widely used in contrast variation studies. Due to the exchange 0.0 S 1 ! | d dlecone

of H and D in such mixtures the coherent entity is almost point-like, 0.0 0.1 0.2 0.3 0.4 0.5
and no scattering vector dependence is observed in the SAS region. q (,&_1)

The scattering vectai s defined as| = 4 sin(@)/A, whereé is half

the scattering angle andis the wave length. The absense of@epen- 1.0 T T T T T
dence has the consequence that the scattering from a mixturglof D . N x

and HO is simply a linear combination of the scattering spectra from 0.8 W*W" 0% d—isooctane |
pure D:0 and pure HO. . f w 30% d—isooctane

In connection with a contrast variation SANS study on Sodium di(2- —~ W

ethyl hexyl) sulfosuccinate (AOT) microemulsion droplets, mixtures of '_ 0.6 |- 2 519
hydrogenated and protonated decane and similar mixtures of iso-octane ¢
have been measured. The data showed that for the alkane mixtures the:
situation is less simple than for water. For the pure deuterafeand =
hydrogenatedh) solvents the spectra are still flat, but for all the mix-

tures a scattering vector dependence was observed. This was somewhat o | -
unexpected as we usually presume that solvent backgrounds are flat.

d—isooctane

d—isooctane

In the first analysis we assumed that theependence was negli- Howh : : | 100% cli—isooctlone
. . . . 0.0
gible _and_ that the backgrqunds could simply be estimated as a linear 00 o1 0.2 0.3 0.4 05
combination of the scattering from the purandd alkanes. But when q (,&—1)

doing a careful analysis of the microemulsion spectra it became evi-

. . . . . L . igure 1
dent that the information we aimed at extracting on size distribution mall angle scattering spectra from mixturesiaindd decane (top) anti and

and shape fluctuations of the droplets was strongly influenced hy the j jso-octane (bottom). The results of fitting a Debye function to the scattering
dependent backgrounds. For this reason we decided to perform a mafgta are also shown.

thorough study of the scattering from alkane mixtures.
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3. Measurements and analysis (D20) molecule. The three contributions, their sum and the correspond-

In Fig. 1 the scattering spectra obtained from the decane and iso-octall® experimental points are plotted in Fig. 2 for a mixture eand

samples are shown. While the spectra from the pure deuterated or p 2A' in the f h ) | voints foll iaht i
tonated alkanes are flat, it is clearly seen that all the mixtures of deuter- S seen in the figure the expenmental points follows a straight ine

ated and protonated alkanes displaydependence of the small angle which lies far above the theoretical prediction f¢8). We believe that
scattering the reason for the difference is that the experimental incoherent back-

ground also has contributions from multiple scattering and thermaliza-
3.1. Analysis of 1(0) data tion effects which are not included in the theoretical expression.

A simple explanation of the scattering intensity at zero angle from
mixtures of DO and HO is given by J.P. Cotton (Cotton, 1991). The
explanation is easily generalised to mixtures of deuterated and proto-
nated alkanes. The scattering as a function of the volume fraxtdn INO
deuterated solvent is described by:

4 = %(Xt%,inc + (1 - X) b|2—|.inc) O ’ 8 L

1
+ W(Xhlcoh + (1 - X) bH.coh)ZkBTXT 1) 06 [

1
+ X(l — X) ; (bH.coh — bD.cOh)Z,

1(0), 1/cm

wherev is the molecular volumd is the scattering length angr is 0.4 I
the isothermal compressibility.

The first term is from the incoherent scattering and the second and
third term are from the coherent scattering. The second term is the 0.2 I

structure factor of the liquid and describes the scattering due to density

fluctuations in the liquid. It is proportional to the isothermal compress- 000 . . N i)
ibility of the liquid. The third term is due to compositional fluctuations ’ o
and is proportional ta(x — 1). Note that this term corresponds to Laue 0.0 0.2 0.4 0.6 0.8 1.0
scattering for alloy crystals. X, d decane contents
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Figure 3

Figure 2 The scattering intensity at zero angle as a function ofdtieententsx in mix-

tures ofh andd decane (top) ant andd iso-octane (bottom). Experimental
d points, Composition fluctuation (bold dashed line), isothermal compressibility
dashed line), isothermal compressibility (thin dashed line), calculated bac .th'n dashed line), empirical background (thin line) and calculafe! (bold
ground (thin line) and fitted background (bold line) The empirical expressio ine)

for the incoherent background is based on the fit of a straight line to the experi- . . .
mental points shown ingthe figure. 9 P Forthe analysis of thg0) data for the alkane solutions we decided

to use an empirical description of the incoherent background, which
For water there is exchange of H and D. For this reason the moleds based on the measurements of th©HD,O mixtures. The coherent
ular volumev and scattering length used should be for half aJ® contributions are negligible for water and it is therefore assumed that

The scattering intensity at zero angle as a function of th® Pontents< in a
mixture of O and BO. Experimental points, Composition fluctuation (bol
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the experimentall(0) data shown in Fig. 2 are basically the incoherentshown with the experimental data in Fig. 1. We obtained a radius of
background as a function of the;8 contents. Since only the hydro- gyration of 3.8A for the decane and 24 for the iso-octane.

gen give rise to incoherent background for both water and alkane, a These values should be compared to the radii of gyration that can
good estimate of the incoherent background for the alkane mixturelse calculated directly from the molecular structure of decane and iso-
can be obtained by scaling the measurements for water with the dibctane. We calculate the radius of gyration of a scattering object as:
ference in hydrogen density; between water and alkane. We did this

by fitting a straight line to the experimental points from the water mix- Zi bi(ri — R)2

tures and multiplying the slope of this line Withi aikane/ /H water. The Re=\=—F5 (5)
estimates of the incoherent backgrounds obtained by this procedure are

plotted in Fig. 3. The two coherent contributions are calculated accordvhereb; is the scattering length of thiéh atom, r; is the position of

ing to expression (1), and added to the empirically determined incathei’th atom,R = 3. biri/Bis the center of mass of the molecule and
herent background. We used the following table values for the isotheB is the total scattering length of the molecule. We take the molecules
mal compressibilities (Weast, 1982)s gecane = 0.001163 crd/J and  as having a regular structure on a diamond Iattjce with bond angles of
XTiso—octane = 0.001198 cm/J-. The terms, their sum and the exper- 109.5. The C-C bond length was taken as 1&4whereas the hy-
imental points are plotted in Fig. 3. There is a very good agreemeriirogen atoms were displaced along the bonds to a distance of 1.11

between the experimental values f¢®) and the calculated ones. A (March, 1985) from the C atom to which they bond. In the calcu-
lation the scattering length of D was used for the hydrogens and the
3.2. Analysis of |(q) data decane molecule was taken as being straight. We oBRai~4.0 A

A simple analysis of the data in the fujrange can be carried out for decane andRgimes=2.6 A for iso-octane. These are in reasonable
by regarding the alkane mixtures as a polymer blend. For a mixture Gtgreement with the observed values.
fully deuterated and fully protonated polymers and assuming incom-
pressibility of the blend it can be shown that the coherent scattering . Conclusion

given by (see e.g. King et al, 1985): The relatively large size of the decane and iso-octane molecules re-

B 2 1 sults in aq dependence in mixtures of heavy and light alkanes. For
H(a) = (br — bo)"x(1 — X)\_/S’S(Q)’ @ water there is exchange of H and D and the coherent entity is therefore

where the single-chain structure fac®(q) is normalised to unity at almost point-like, and thus ng dependence is observed in the small

g = 0. This means that the measured small angle scattering from %nglr(]e sca:]terlng reglon.. ) . | b vsed Usi
polymer blend is proportional to the scattering from a single chain and The coherent scattering intensity at zero angle can be analysed using

that the best choice for measuring the single chain scattering functio_i?1s”m3Ie model. Tr_'e scattering Is desc'b?q as the sum of coheren_t _and
is atx — 0.5 where there is a maximum of scattering intensity. Thelncoherent scattering. We used an empirical approach for describing

Gaussian random coil model is widely used to model the structure J]or the incoherent background based on the observed scattering from

polymers. The small angle scattering from such a coil is given by thdvater mixtures. The coherent background is a sum of scattering due to

Debye function (Debye, 1947): Fjgpsity fluctuation.s, which is proporti(?rlal to the ispthermall compress-
ibility, and scattering due to composition fluctuations, which is pro-
Fo(X) = E(x —14e7) ©) portional tox(x — 1), wherex is the volume fraction of the deuterated
X alkane. For the studied alkane mixtures the term due to composition
wherex = ¢?R2 andRs is the radius of gyration. fluctuations is by far the dominating of the two coherent terms.
Following the above considerations we decided to fit the following
expression to the experimental data: References
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