@ CINCINNATI

UNDERGRADUATES PURSUING RESEARCH IN SCIENCE AND ENGINEERING (UPRISE)

MATHEMATI CS, PHYSI CS AND COMPUTER SCI ENCE
UCBA COLLEGE

SUMVER RESEARCH OPPORTUNI TI ES FOR UNDERGRADUATE WOMEN

APPLI CATI ON DEADLI NE: 03/01/2018

PRQIECT TI TLE: lnvestigation of physical and thernpdynani c properties of surfactant
hydration to better understand the npolecular origin of skin aggressiveness

Manori Jayasi nghe, MPCS, 9555 Pl ai nfield
Road, Bl ue Ash, Onhio 45236,
jayasi nr @icmai | . uc. edu, (513) 936-1670

Proj ect Description

Surfactant nol ecul es are characterized by their tendency to adsorb at
surfaces and interfaces such as liquid-liquid, liquid-solid and, |iquid-
vapor. The driving force of this adsorption is the unique anphiphilic
(meani ng both) nature of their nolecular constituent. Al surfactant

nmol ecul es consi st of at |least two parts, one which is soluble in water
(Hydrophilic head group) and one which is insoluble (Hydrophobic tail group)
Thi s anphiphilic nature drives themto surfaces and interfaces to adsorb,
and, as a result, the surface tension (or amount of work required to expand
the interface) is reduced. Specifically, when a surfactant adsorbs from
aqueous solution at a hydrophobic surface, it normally orients its

hydr ophobi ¢ tail group towards the surface and exposes its polar head group
to the water. This leads the surface to beconme hydrophilic and, as a result,
the interfacial tension between the surface and water has been reduced.

Due to this intriguing ability of |owering surface and interfacial tension,
surfactants are widely used as wetting agents and this phenonmenon is of
fundanental inportance to diverse applications that include, anong others,
detergents, coating technol ogi es, enhance oil recovery, drug delivery and
pharnmacy. Mich current concern is drawn to the dermatol ogi cal problens
related to exposure of unprotected skin to surfactant solutions which is
currently poorly understood at the nolecular level. Using this proposed
research we determ ned to better understand the correlation between skin
irritation potential and hydration thernodynam c properties by sinmulating a
series of widely used anionic surfactants, sodi um dodecyl sulfate (SDS),
Cl2H25 OSC3Na and the et hoxyl ated derivatives of SDS, sodiumlauryl ether
sul fates (SLES), Cl2H25 (OCH2CH2) xOSC38Na, where x = 1 (SLE1S), x = 2 (SLE2S)
and x = 3 (SLE3S) . Experinental studies have suggested that, higher the
degree of ethoxylation, lower it gets the skin irritation potential, SLE3S
being the mldest. W hypothesize that the head group ion size of these
surfactant has a direct effect on the | ocal electrostatic contribution to the
hydration entropy. Specifically, larger the ion size weaker the charge
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density of head groups and, as a result, the mninmal perturbations of water
structure in the first hydration shell. The anount of perturbation of water
structure in the first hydration shell is suggested to correlate with the
skin irritation potential of these nolecules. Simlar results have shown for
singul ar ion hydration by Thomas L. Beck. This study showed that the | ocal

el ectrostatic contribution, however, varies widely as a function of ion size;
the sign yields a direct indication of the kosnmotropic (strongly hydrated) or
chaotropi c (weakly hydrated) nature of the ion hydration.

Ext ensi ve nol ecul ar dynamics sinmul ations and free energy calcul ations are

pl anned to be perforned over a range of tenperatures to determ ne the

el ectrostatic and van der Waals contributions to the hydration entropies and
ent hal pies of this series of surfactants. The surfactant nodels will be build
fromthe scratch using nol ecul ar nodel i ng packages and the nodels will be
transferred to CHARWMM nol ecul ar nodel ling programto sinmulate in explicit

wat er nolecules at ten different tenperature |evels. The nol ecul ar dynanmi cs
Free energy perturbation (FEP/MD) nethod will be performto compute the
hydration free energy cal culations in each tenperature point and finally, the
el ectrostatic and van der WAlls hydration entropy and enthal py contributions
are conmputed by performng the vanESt Hoff analysis on hydration free
energies at different tenperatures.

Comput ati onal nodel ling of surfactant hydration and conputation of hydration

t her rodynami c properties will certainly add new insights into the know edge
base of nol ecul ar | evel behavior of these nolecules in solution and their
effects when interacting with a surface. Overall, the expectation is to

advance our fundanmental perception of how surfactants perturbed the water
structure in hydration shell and the resultant inplications on skin
aggressi veness whil e simultaneously guiding the design of novel surfactants
Wi th inproved properties.

W will use primarily the CHARMM nol ecul ar dynami cs sinul ati on package for
all our free energy conputational work. CHARMM is a wi dely used simulation
program t hat has been designed specifically for work with small nol ecul es,
bi opol yners and sol vent systens. The recently granted conputational resources
and tine at the Ohio Supercomputing Center (OSC) will be fully used to

i nvestigate the SDS hydration entropy studies. Al the necessary
conmput ati onal resources and conputer tinme for the proposed research are
readily available for us at OSC. Ml ecul ar nmechani cs, visualizations and
docunenting for publications will be conducted on our group persona
conmputer. We collaborate with Dr. Thomas Beck, Professor of Chenistry &
Physics, University of Cincinnati, an expert in the free energy research
field and a research team at P&G
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