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Abstract

Background: Perfumes and flavors are very essential ingredients that impact consumer
perception. The challenge lies in discerning how complex perfume molecules partition
within colloidal domains owing to the number of perfume raw materials (PRMs) used in
one perfume composition. Herein, we have studied the structure of a mixed-surfactant
system comprising a 7-PRM mixture. Specifically, we look at the effect of dilution and

dipropylene glycol on the structure of micelle using small-angle neutron scattering/SANS.

Methods: Five samples were prepared each comprising varying percentages of sodium
trideceth-2 sulfate (ST2S), cocamidopropyl betaine (CAPB), the cosolvent dipropylene
glycol (DPG); citric acid; the 7-PRM perfume accord (phenylethyl alcohol, benzyl acetate,
methyl dihydrojasmonate, dihydromercenol, hexylcinnamic aldehyde, linalool, linalyl

acetate). Samples were analyzed on SANS.

Results: The addition of DPG showed a decrease in both Ra and Rb of ellipsoidal
geometry. The volume of micelle showed a decrease from 68582 A3 to 52169 A3; however,
the volume fraction remained the same which indicates the presence of more micelles in the
presence of DPG. The dilution from 2:1 (Ra=29.34 A; Rb=15.82 A) to 5:1 (Ra=42.06 A;
Rb=17.24 A) shows an increase in micelle size but a decrease in volume fraction

suggesting that micelles break down upon dilution and releases perfume.
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Conclusion: This study reveals unique structural features for a mixed perfume accord
which were not observed earlier when studied singly. The study further reinforces how 7-
PRM vs. 3-PRM/12-PRM compares and how trends in their micellar sizes and volumes are

dependent on the localization of PRMs within the formulation.
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Introduction
Fragrances and flavors are essential ingredients in any cosmetic and food product
formulation. Not only do they provide improved aesthetics but also hugely impact the
consumer perception.t* Perfumes are composed of several raw ingredients, and they
provide various notes to the formulation. The top note lasts for 5-15 minutes, heart note for
20-60 minutes and base note for up to 6 hours. Perfumers perform the tedious task of
manipulating varying ingredients to develop specific fragrances. Notably, the partitioning
of these ingredients within the formulation impact the physiochemical behavior of the
products.>® Hence, molecular interaction of perfume raw materials (PRMs) with surfactant
and hydrotropes/co-solvents influence design and performance of the product.52

A wide range of PRMs are available with varying hydrophobicity/hydrophilicity
index due to the presence of different alkyl and function groups (esters, phenols, aldehydes,
alcohols). Their log P values (octanol/water partitioning coefficient) determine their
partitioning and positioning within the micellar regions. %1° The choice of surfactant and
type of hydrotrope/cosolvent impacts the solubility of the PRMs and partitioning.
Specifically, the highly polar short-chain alcohols assist improve the solubility in water.
Hydrotropes could modify dielectric constant, hydrogen bonding with water and cohesive
energy density, which allows for appropriate partitioning of PRMs and release. Most
studies reported in the literature involve use of single or binary perfume molecules which
do not accurately capture the performance of final products.?! The challenge lies in
discerning how the complex PRM mixture impacts the colloidal domains within a
formulation and how they are released upon dilution that mimics rinse-off scenarios of
products, such as, body washes. In this study, we have studied the structure of a mixed-

surfactant system comprising a 7-PRM mixture. Specifically, we look at the effect of



dilution and dipropylene glycol on the structure of micelle using small-angle neutron
scattering/SANS to mimic rinse-off behavior of formulations and to study the effect of

hydrotropes on colloidal domains.

Materials and Methods

Four samples (D-5-1, A-5-1, F-2-1, F-5-1) were prepared each comprising varying
percentages of sodium trideceth-2 sulfate (ST2S); cocamidopropyl betaine (CAPB); the
cosolvent dipropylene glycol (DPG); citric acid; and a 7-PRM perfume accord consisting of
phenylethyl alcohol, benzyl acetate, methyl dihydrojasmonate, dihydromercenol,
hexylcinnamic aldehyde, linalool, and linalyl acetate. A fifth sample (E-5-1) was also
prepared comprising of the same materials above, except ST2S was substituted with
sodium laureth-3 sulfate (SLE3S) and sodium lauryl sulfate (SLS), and the addition of
sodium benzoate and disodium EDTA. This fifth sample was included as a control
representing a typical body wash or shampoo formulation with linear-tail surfactants. Each
sample contained some amount of water due to the surfactant raw materials, so they were
diluted with D20 to improve the signal-to-noise ratio for the SANS experiments. All
materials were provided by Procter & Gamble (Cincinnati, OH). It should be noted that
these materials are the same industrial-grade materials used by P&G in product
manufacturing. These materials were used so that the results would be more representative
of an actual formulation. Table 1 shows the compositions of each sample, while Table 2
shows the composition of the 7 PRM perfume accord. The sample names indicate how
much the full strength dilution was diluted, i.e. D-5-1 means that the sample consists of 5:1
D20:full-strength D formula. D-5-1 and A-5-1 differ in their DPG content, with 0 wt%
DPG vs. 2.1 wt% DPG respectively. F-2-1 and F-5-1 differ in the extent of dilution, with F-
5-1 having been diluted to a greater extent.

Table 1: Compositions of each sample, given in terms of wt%.

D-5-1 A-5-1 E-5-1 F-2-1 F-5-1
Material (Wt%) (Wt%) (Wt%) (Wt%) (Wt%)
Sodium trideceth-2 sulfate 5.732 5.733 11.915 5.957

Sodium laureth-3 sulfate -- -- 1.137 - --
Sodium lauryl sulfate -- -- 0.437 -- --
Cocamidopropy! betaine 0.988 0.987 0.175 2.051 1.026



Dipropylene glycol 0.000 2.067 -- 4.293 2.147
Citric acid 0.107 0.107 0.026 0.220 0.110
Sodium benzoate -- -- 0.044 -- -
EDTA (2 Na) -- -- 0.018 - -
Sodium chloride -- -- 0.413 -- --
Phenylethyl alcohol
(erfume) 0.159 0.159 0.020 0.202 0.101
Benzyl acetate (perfume) 0.195 0.195 0.025 0.248 0.124
Methyl dihydrojasmonate
(perfume) 0.294 0.294 0.038 0.373 0.187
Dihydromyrcenol (perfume) 0.203 0.203 0.026 0.258 0.129
Hexylcinnamic aldehyde
(perfume) 0.281 0.281 0.036 0.357 0.178
Linalool (perfume) 0.201 0.201 0.026 0.255 0.127
Linalyl acetate (perfume) 0.255 0.255 0.033 0.324 0.162
Water 8.252 6.186 14.214 12.838 6.419
Deuterated water 83.333 83.333  83.333 [66I667 1831334
Table 2: Composition of the 7 PRM perfume accord.
Content Mol
Material (CAS#) Structure Weight clogP
(Wt%)
(g/mol)

Benzyl Acetate
(140-11-4)

0
Dihydro Myrcenol
er0.00.6) W 12.8 1563 3.08
HO
@/\/OH
0

12.3 150.18 1.7

Phenyl Ethyl Alcohol

(60-12-6) 10.0 12217 132

Linalyl Acetate >— 16.1 196.286  3.93

(115-95-7) o)
W
Linalool 154.2493
HO 12.6 2.97



H3C

Methyl Dihydro CHs
Jasmonate | 1855 226.3 3.01
(24851-98-7)
o]
(0]
H (@]
Hexyl Cinnamic CH,
Aldehyde = 17.7 216.3 4.3

(101-86-0)

Each sample was loaded into a titanium cell holder with quartz windows set 1 mm
apart, for a 1 mm sample thickness. SANS study was conducted at Oak Ridge National
Laboratory, which was set at two different detector distances and one neutron wavelength
to achieve the desired g-range. The low-q SDD (sample to detector distance) was 5.2 m,
while the wavelength was 5 A. For high-g, the SDD was 1.2 m with a 5 A neutron
wavelength. These settings gave a g-range of 0.006752 A to 0.5455 A1 with the scattering

41

vector q = —

sing and 0 being the scattering angle. The resulting data from each

instrument configuration was reduced by correcting for background scattering, detector
resolution, and instrument geometry, then set to absolute scale using the beam transmission,
and performing a circular average using the reduction macros in Igor Pro.!! The data from
both configurations for each sample were then combined to form a single data set spanning
the entire g-range.

The data was analyzed using the uniform ellipsoid*? form factor and the rescaled
mean spherical approximation (MSA)'314 structure factor using SasView version 5.0.3.1> A
polydispersity term was included for Ro (semi-minor axis, perpendicular to axis of rotation
Ra). The decoupling approximation'® was used to correct for errors in the structure factor

calculation caused by polydispersity and non-spherical particle geometry.

Results
The SANS data were analyzed in SasView version 5.0.3 using the Uniform Ellipsoid form
factor with the rescaled MSA structure factor model. Overlays of the scattering data and the



model fits are shown in Figure 1, while Table 3 shows the fitting results. The Uniform
Ellipsoid form factor model is averaged over all orientations of particles and is normalized
by the particle volume, Ven. The aggregation number was calculated from the total molar
surfactant concentration and the position of the maximum peak intensity (Qmax).!” The
average distance between the micelles, D, was calculated using the equation

D = 6.8559/(Qmax — 0.0094).
The aggregation number Nagg Was then calculated from D and the surfactant concentration

with the equation

agg

(D\/f)g Ny % C
108 4000

where Na is Avogadro’s number and C is the molar surfactant concentration. The fractional
charge was then obtained by dividing the charge determined from the SANS fits by the
aggregation number.

The results show that the micellar structures in all samples formed prolate
ellipsoidal geometry, including sample E-5-1. The addition of DPG from 0 wt% (D-5-1) to
approximately 2 wt% (A-5-1) decreases both Ra and Rn, with Ra being greatly affected
compared to Rb. The micelle volume decreased from 68582 A3 to 52169 A3; however, the
volume fraction increased slightly which indicates the presence of more micelles in the
presence of DPG. The effective radius, Refr, which indicates how much space the particle
fills on average if it were spherical, including the head groups which do not contrast
strongly with the surrounding bulk solvent, did not change significantly as DPG was added.
The aggregation number dropped as well, corresponding to an increase in the fractional
charge (Table 3).

Increasing the extent of dilution from 2:1 (F-2-1) to 5:1 (F-5-1) causes an increase
in micelle size due to Ra elongating by almost 50% and Ry also lengthening slightly. At the
same time, the volume fraction drops by more than 50%, suggesting that micelles break
down upon dilution and releases perfume. Reff drops to a similar size after the samples were
diluted as after DPG was added, despite Ra and Ro increasing. The aggregation number

decreased as the system was diluted, coupled with a large increase in the fractional charge.



Table 3: Fitting results of the model to the data.

Volume Aggregation Fractional
Sample £ oction R (A) Ro(A) Rerr (A) s?\lgurr?ber Charge
D-5-1 0.11 4461 19.16 28.27 115.26 0.12
A-5-1 0.12 36.06 18.58 28.40 96.55 0.15
E-5-1 0.03 37.10 2135 26.43 117.34 0.09
F-2-1
F-5-1

Scattering Intensity (cm'1)

24 L ]
56789 2 3 4 56789! 2 3 4 56789
0.01 0.1
-
q(A)

Figure 1: Overlay of the SANS data and their fits. Solid black lines are the fits to the data using the uniform
ellipsoid form factor and screen coulomb structure factor. The data curves and fits for E-5-1, F-2-1, and F-5-
1 were not offset, while the curves and fits for A-5-1 and D-5-1 were offset by a factor of 3 for clarity and
ease of comparing the effect of DPG (A-5-1 vs. D-5-1) and dilution (F-2-1 vs. F-5-1).

Discussion.

We earlier reported a 3-PRM* and 12-PRM?® accord and the effect of dilution on mixed
branched chain ST2S/CAPB surfactant self-assembly. The 3-PRM accord®® was a subset of 7-
PRM accord comprising of phenylethylalcohol, dihydromcercenol and hexyl cinnamic aldehyde,
whereas 12-PRM?° accord comprised of 3-PRM ingredients (phenylethylalcohol, dihydromcercenol
and hexyl cinnamic aldehyde) along with benzyl acetate, pyronol, B-lonone, Undecavertol,
Ambronat, Heliotropin, y-decalactone, methyl dihydrojasmonate and hexamethylindanopyran. In

case of 3-PRM paper, we created a phase diagram study and specifically studied the no-



PRM vs. transition vs. microemulsion area. Fewer components in 3-PRM, allowed us to
track the positioning of PRMs within the colloidal domain. *H NMR (nuclear magnetic
resonance) spectroscopy revealed that the 3-PRMs’ were preferentially located within the
core of micelles. It indicated that a strong intermolecular interaction exists between the
three PRMs molecules and how these interactions had a strong influence on their location
within the micellar core.*® For the more complex 12-PRM accord, discerning the
positioning of PRMs through 'H NMR was challenging due to several overlapping
chemical peaks. Instead, we studied the effect of dilution at varying water concentrations
ranging from 35 to 90 wt%. An increase in cllipsoidal micellar volume was observed for
>50 wt% water with an increase in perfume content. Interestingly a much higher rate of
volume increase was observed for >70 wt% water concentrations. 1°

Unlike these accords, the current study involves a 7-PRM mixture which comprises
of linalool and linalyl acetate (along with 3-PRM ingredients, benzyl acetate and methyl
dihydrojasmonate). Linalool is a acyclic monoterpene known to not only have excellent
fragrance but is also used as a calming agent and hence used for both cosmetic and
therapeutic effects. Both linalool and its ester form, linalyl acetate, are the main
constituents of the lavender oil. The odor of linalool is described as floral, citric, sweet and
fresh, while the odor of linalyl acetate described as floral, sweet, citric, minty and slightly
caraway-like.?

The only other two studies reported comprising of linalool were those with Penfold
wherein he observed lamellar phases using SANS.?! 22 |n the first study of 2008, Penfold
and co-workers studied the role of single PRMs with varying hydrophilicities on the self-
assembly of non-ionic dodecaethylene monodecyl ether (C12EO12) and mixed surfactant
mixture of C12EO12 and cationic dialkyl chain surfactant dihexadecyl dimethyl ammonium
bromide (DHDAB). They studied perfume solubilization in order of increasing
hydrophobicity: phenyl ethanol (PE), rose oxide (RO), limonene (LM), linalool (LL) and
dihydrogen mercenol (DHM). While the hydrophilic PE solubilized/partitioned
predominantly at the hydrophilic/hydrophobic interface of C12EO12 and mixed C12EO12/
DHDAB mixtures, the hydrophobic perfumes (RO to DHM) partitioned in hydrophobic
core of micelles. In addition, the more hydrophobic LL and DHM promoted substantial

growth of micelles.?



In a separate study in 2013, Penfold reported the effect of adding linalool and
phenylethanol on the solution structure of sodium dodecyl 6-benzene sulfonate using
SANS.2t Over most of the concentration-composition space, they observed primarily
lamellar or vesicular structures. At lower concentrations of linalool, Penfold observed
monodispersed nanovesicles which were significantly different from the lamellar phase.?

Herein, the 7-PRM accord for the mixed-surfactant system reveals the presence of
an ellipsoidal geometry. While exact positioning of PRMs was difficult to discern through
!H NMR due to overlapping peaks, notable structural observations were noticed. The
volume of the 7-PRM accord with DPG is 1.5 times lower than that of a 12-PRM?® accord
at comparable dilution and perfume-to-surfactant ratio. Similarly, a 1.3 times lower
micellar volume is observed for a 7-PRM accord than a 12-PRM?® accord. This observation
is consistent with our earlier reported localization of PRMs within the micellar core.'® The
negligible change in Rett with addition of DPG means that the micelles still took up the
same amount of space despite being smaller as DPG was added, which would suggest that
the head group region of the micelles now makes up a larger portion of the micelle. This
change in the head group region of the micelles would not be visible to SANS due to the

poor contrast between the head group and the surrounding solvent.

0
*—

Figure 2: Schematic of the effect of DPG concentration and dilution on micellar size

The Ra for linear SLE3S/CAPB surfactant was comparatively lower than branched
ST2S/CAPB surfactant systems at no DPG (D-5-1) and 86 % water concentrations (F-5-1)

but the Resr overall was comparable due a longer Ry for linear surfactant system (Figure 2).



This demonstrates the effect of tail length on the shape of micelle. Interestingly, the
fractional charge for the linear surfactant (E-5-1) was lower than that of the branched
surfactant system (D-5-1) despite comparable aggregation numbers due to more effective
screening of charges at the surface of linear surfactant micelle. In a separate study, we have
performed a calibration study wherein we have systematically investigated the effect of
DPG and surfactant concentration on perfume release (12-PRM) on mixed-micellar systems
of branched-chain ST2S/CAPB and linear-chain SLE1S/CAPB through combined GC-MS
(gas chromatography mass spectroscopy), SANS and statistical analyses.?®

The micellar size, specifically Ra values for 7-PRM accord is higher than those
observed for 12 PRM?®® and 3 PRM?*® accords. This could be attributed to the presence of
linalool and linalyl acetate in the 7-PRM accord. In addition, a significant increase in
fractional charges is observed as a function of dilution which was not effectively captured
for a more complex 12-PRM?® accord. Dilution could potentially cause linalyl acetate to

partition into the head group of micelles leading to higher fractional charges.

Conclusion. In conclusion, we report the effect of hydrotropes /DPG and dilution on a
branched mixed-surfactant system comprising of a 7-PRM accord. The no-DPG linear
versus branched surfactant system is also compared and distinct differences in size and
fractional charges are observed. Uniquely, this 7-PRM accord comprises multiple
ingredients, especially linalool and linalyl acetate which are otherwise studied singly. Both
linalool and linalyl acetate are important ingredients of lavender oil and have usage in both
personal care and therapeutic applications. The results suggest unique structural features for
a mixed accord which were not observed earlier when studied singly. The study further
reinforces how 7-PRM vs. 3-PRM?® vs. 12 PRM?®® compares and how trends in their
micellar sizes and volumes are dependent on the localization of PRMs within the
formulation. Multiple PRM accords are difficult yet very important to study owing to their

vast application in cosmetic industry.
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Supplemental Information

Small-angle Neutron Scattering (SANS) Analysis

Scattering length densities (SLDs) of each surfactant + perfume system and its respective
solvent system (a mixture consisting of DPG if relevant, citric acid, D20 to improve the
SANS signal-to-noise ratio and H20 from the surfactant) used in modeling the data are
shown below in Table S1. The SLDs were calculated using NIST’s neutron activation and
scattering calculator at https://www.ncnr.nist.gov/resources/activation/. Weighted averages
of every component expected to be in the surfactant self-assembly (ST2S, CAPB, and the 7
PRMs linalool, linalyl acetate, benzyl acetate, methyl dihydrojasmonate, dihydromyrcenol,
hexyl cinnamic aldehyde, and phenylethyl alcohol) and in the solvent phase (D20, H20,
citric acid, and DPG) were calculated. One sample, E-5-1, had a somewhat different
composition, but the calculations of the continuous and dispersed phase SLDs were the
same. The weighted averages, molecular formulae, and densities of each component in the
dispersed phase and the solvent phase were entered into the NIST activation calculator as
shown to obtain the reported particle and solvent SLDs.

Code Entry for Particle SLD Pa;::;le Entry for Solvent SLD Sosl\li;nt
69.01%wt C17H35Na065@1.1 //
11.87%wt C19H38N203@1.04 //
1.91%wt C8H100@1.02 // 6.75%wt H20@0.998 //
2.35%wt C902H10@1.054 // 80.88%wt D20@1.107 //
A-5-1 3.54%wt C13H2203@0.998 // 4.34E-7 ) : 5.71E-07
2.25%wt C6H1403@1.023 //
2.44%wt C10H200@0.784 // C6HE07@1.542
3.38%wt C15H200@0.95 // '
2.42%wt C10H180@0.863 //
C12H2002@0.895
68.99%wt C17H35Na065@1.1 //
11.89%wt C19H38N203@1.04 //
1.91%wt C8H100@1.02 //
2.35%wt C902H10@1.054 // 9%wt H20@0.998 //
D-5-1 3.54%wt C13H2203@0.998 // 4.34E-07 90.88%wt D20@1.107 // 5.69E-06
2.44%wt C10H200@0.784 // C6H807@1.542
3.38%wt C15H200@0.95 //
2.41%wt C10H180@0.863 //
C12H2002@0.895
8.98%wt C19H38N203@1.04 //
58.22%wt C18H37Na075@1.152 //
22.39%wt C12H25Nas04@1.01 // 14.5%wt H20@0.998 //
1.04%wt C8H100@1.02 // 84.99%wt D20@1.107 //
1.28%wt C902H10@1.054 // 0.04%wt C7H5Na02@1.497 //
E-5-1 1.93%wt C13H2203@0.998 // A41E07 | 5 h2%wt C10H 14N2Na208@0.86 // >-278-06
1.33%wt C10H200@0.784 // 0.42%wt NaCl@2.17 //
1.84%wt C15H200@0.95 // C6H807@1.542
1.32%wt C10H180@0.863 //
C12H2002@0.895



https://www.ncnr.nist.gov/resources/activation/

F-2-1

74.55%wt C17H35Na06S@1.1 //
12.83%wt C19H38N203@1.04 //
1.26%wt C8H100@1.02 //
1.55%wt C902H10@1.054 //
2.34%wt C13H2203@0.998 //
1.61%wt C10H200@0.784 //
2.23%wt C15H200@0.95 //
1.59%wt C10H180@0.863 //
C12H2002@0.895

4.20E-07

15.28%wt H20@0.998 //
79.35%wt D20@1.107 //
5.11%wt C6H1403@1.023 //
C6H807@1.542

4.88E-06

F-5-1

74.55%wt C17H35Na06S@1.1 //
12.83%wt C19H38N203@1.04 //
1.26%wt C8H100@1.02 //
1.55%wt C902H10@1.054 //
2.34%wt C13H2203@0.998 //
1.61%wt C10H200@0.784 //
2.23%wt C15H200@0.95 //
1.59%wt C10H180@0.863 //
C12H2002@0.895

4.20E-07

6.98%wt H20@0.998 //
90.57%wt D20@1.107 //
2.33%wt C6H1403@1.023 //
C6H807@1.542

5.69E-06




A-5-1 (Uniform Ellipsoid with MSA Model)

Uniform Ellipsoid w/ MSA

10% ] asa
£ )
= Y
EJ 10° 4 ‘-’;
£ .
ml—2 ml—l 16“
Q(A™Y)
Parameter Result + Error
Background 0.28 + 5.49E-05
Ra (A) 36.06 + 8.73E-02
Rb (A) 18.58 + 7.90E-03
Polydispersity R 0.20 + 5.51E-04
Reff (A) 28.40 + 1.17E-02
Volume Fraction 0.12 + 5.36E-05
Charge 14.12 + 2.59E-02
Salt Conc. (M) 0 + 0
Fit Range 0.004 <Q< 0.8
Sqrt(y?) 4.5502




D-5-1 (Uniform Ellipsoid with MSA Model)

Intensity(cm=1)

101 4

loD 4

.

Uniform Ellipsoid w/ MSA
D-5-1

102

Parameter
Background
Ra (A)

Rb (A)
Polydispersity R
Refr (A)
Volume Fraction
Charge
Salt Conc. (M)
Fit Range
Sqrt(y?)

QAL

Result
0.28
44.61
19.16
0.17
28.27
0.11
13.44
0
0.004

T
101

+ O+

<(5<

Error
5.43E-05
1.43E-01
8.28E-03
5.26E-04
1.08E-02
5.69E-05
2.91E-02

0
0.8

4.3349




E-5-1 (Uniform Ellipsoid with MSA Model)

Intensity(cm=1)

loﬂ 4

Uniform Ellipsoid w/ MSA
E-5-1

:Lﬂ—__hj
ml—2 ml—l 16“
Q(A™Y)
Parameter Result + Error
Background 0.28 + 5.08E-05
Ra (A) 37.10 + 2.02E-01
Rb (A) 21.35 + 1.37E-02
Polydispersity R 0 + 0
Reff (A) 26.43 + 2.17E-01
Volume Fraction 0.03 + 2.78E-05
Charge 10.11 + 4.14E-01
Salt Conc. (M) 0.02 + 1.27E-03
Fit Range 0.004 <Q< 0.8
Sqrt(x?) 4.3102




F-2-1 (Uniform Ellipsoid with MSA Model)

*':ﬂm
10% A X
{5 . '.’WJ 1t
EETE b
E %
= \
E *
o0 %
Uniform Ellipsoid w/ MSA
P F21
ml—2 ml—l 16“
Q(a™h)
Parameter Result + Error
Background 0.71 + 1.21E-04
Ra (A) 29.34 + 7.49E-02
Rb (A) 15.82 + 1.24E-02
Polydispersity R 0.24 + 1.09E-03
Rert (A) 33.12 3 2.12E-02
Volume Fraction 0.27 + 1.21E-04
Charge 4.62 + 1.40E-01
Salt Conc. (M) 0 + 0
Fit Range 0.005 <Q< 0.8
Sqrt(y?) 8.2554




F-5-1 (Uniform Ellipsoid with MSA Model)

Intensity(cm=1)

lol 4

loﬂ 4

Uniform Ellipsoid w/ MSA
P F5-1

i
ml—2 ml—l 16“
Q(A™Y)

Parameter Result + Error
Background 0.28 + 5.57E-05
Ra (A) 42.06 + 1.50E-01
Rb (A) 17.24 + 8.30E-03
Polydispersity Rp 0.18 + 5.91E-04
Reff (A) 26.95 + 1.22E-02
Volume Fraction 0.12 + 6.02E-05
Charge 11.90 + 2.83E-02

Salt Conc. (M) 0 + 0
Fit Range 0.004 <Q< 0.8

Sqrt(y®)

4.1275




