Appendix A

Shampoo and Conditioner Treatment Procedure

This section outlines the steps involved in washing hair swatches with shampoo
and/or conditioner.

A.1 Shampoo Treatments
Shampoo treatments consisted of applying a commercial shampoo evenly down a
hair swatch with a syringe. The hair was lathered for 30 s, rinsed with tap water
for 30 s, and the process was repeated. The amount of shampoo used for each hair
swatch was 0.1 cm3 of shampoo per gram of hair. Swatches were hung to dry in an
environmentally controlled laboratory and then wrapped in aluminum foil.

A.2 Conditioner Treatments
A commercial conditioner was applied, 0.1 cm3 of conditioner per gram of hair.
The conditioner was applied in a downward direction (scalp to tip) thoroughly
throughout the hair swatch for 30 s. The swatch was then rinsed thoroughly for
30 s. Swatches were hung to dry in an environmentally controlled laboratory and
then wrapped in aluminum foil.
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Appendix B

Conditioner Thickness Approximation

We consider a cylindrical hair fiber of diameter D = 50 μm (radius R = 25 μm).
For conditioner thickness calculations, the following assumptions are made: (a) hair
and the material being added have the same density; (b) the coating of material
is uniform on the hair surface; (c) the cross-sectional area of a hair fiber remains
constant along the longitudinal axis of the fiber (i.e., from root to tip); the hair fiber
is perfectly cylindrical (circular cross section); and (d) the deposited conditioner
remains bonded to the cuticle surface (no absorption into the cuticle layer).
The cross-sectional area of an untreated hair fiber is initially calculated. By
adding a specified amount of conditioner, this area will increase and cause the radius
of the treated hair fiber to increase. This increase in the radius of the treated hair will
be equivalent to the thickness of the conditioner layer. The original cross-sectional
area Ac of the hair fiber is
Ac = πR 2 = π(25μm)2 = 1963.4954 μm2
Adding 200 ppm of material to the surface (which is comparable to the amount
that commercial conditioners typically deposit) will cause an increase in volume
(for a unit fiber length) by 200 ppm, or by 0.0002. Thus, the cross-sectional area
Ac,conditioner of the treated hair will increase by the same amount to
Ac,conditioner = 1.0002 Ac = 1963.888 μm2
which results in a new radius Rconditioner
RConditioner =



Ac,Conditioner /π = 25.0025 μm

Therefore, subtracting the original radius from the radius after treatment
increases the thickness of the hair by 0.0025 μm, or 2.5 nm.
It is important to note that the approximation of the conditioner thickness
as 2.5 nm was determined for a particular hair diameter and material deposition
amount (with the hair and material having equal densities). Although these are generally realistic approximations, hair diameter often varies by a factor of 2 and the
deposition level can vary up to an order of magnitude. The conditioner layer has
been shown in previous work to be non-uniform as well. Thus, actual conditioner
thickness can deviate significantly from this number.
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