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APPENDIX A
DPPH Free Radical Scavenging
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APPENDIX B
Rate LAW and Arrhenius Equation



118

Zero Order Reaction

A reaction is of zero order when the rate of reaction is independent of the
concentration of materials. The rate of reaction is a constant. When the limiting
reactant is completely consumed, the reaction stops abruptly.
The zero order rate law for the general reaction
A ——>»P
is written as the equation
which on integration of both sides gives

[A] =4kt +C.......0n ... 2)

When t = 0 the concentration of A is [A]o. The constant of integration must be [A]o
Now the integrated form of zero-order kinetics can be written as follows

[A]= KEF[ATorwe et 3)

Plotting [A] versus t will give a straight line with slope -k.
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First Order Reaction

A general unimolecular reaction

B e P

where A is a reactant and P is a product is called a first-order reaction

The rate is proportional to the concentration of a single reactant raised to the first
power.

The decrease in the concentration of A over time can be written as:

V=-d[A] =K[A].eeeveeeeereerrerrerenenn. @)
dt
= (P 0 N )
TA]

Equation (5) represents the differential form of the rate law. Integration of this
equation and determination of the integration constant C produces the corresponding
integrated law.

Integrating equation (5) yields:

1) 9 2 4 i SR RS (6)
The constant of integration C can be evaluated by using boundary conditions. When t
=0, [A] = [A]o. [A]o is the original concentration of A.
Substituting into equation (6) gives:

In[AJo=-K(0) + C.o.vveeereereereeerreennn, 7

Therefore the value of the constant of integration is:
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Substituting (8) into (9) leads to:

IN[AJp = Kt ooovrreieiiiecceine ©)
[A]

Plotting In[A] or In[A]/[A], againsttime creates a straight line with slope -k.
‘Second Order Reaction

The rate of a second order reaction is proportional to either the concentration
of a reactant squared, or the product of concentrations of two reactants.

For the general case of a reaction between A and B, such that

A4+B —% P
the rate of reaction will be given by

= APV SRERIEB. .. s voveerererssns (10)
Dt

Initial concentrations of the two reactants are equal:

Equation (10) can be written as:

A[A] = KEAP. corerress onssssonsasssins (11)
Tdt

Separating the variables and integrating gives:
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Provided that [A] = [A]p at t = 0 the constant of integration C becomes equal to
1 /[Alo.

Thus the second order integrated rate equation is

Aplotof 1/[A] vs t produces a straight line with slope k and intercept
1/[A]o .

Arrhenius Equation

It is a well-known fact that raising the temperature increases the reaction rate.

Quantitatively this relationship between the rate a reaction process and its temperature

is determined by the Arrhenius Equation:

Where k is the reaction rate constant of any order, R denotes the gas constant

(1.987 calories degree” mole™), A is the frequency factor, Ea is the activation energy

and T is the absolute temperature.

The Arrhenius equation is often written in the logarithmic form:

Ink' =10 4 —BURT s (15)

/T

Y

Ink Y=-mx+b
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A plot of Ink versus 1/T produces a straight line with the familiar form y = -mx + b,

where

X =T
Y = Ink
m = -E,/R
b= InA

The activation energy E, can be determined from the slope m of this line:
Ea="m*R

The value of the activation energy E, is rounded to one decimal place. The
value of InA shall be expressed with an accuracy of two decimal places.
An accurate determination of the activation energy requires at least three runs

completed at different reaction temperatures. The temperature intervals should be at
least 5°C.
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APPENDIX C

Chemical Information
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Dow Corning® RM 2051
Thickening Agent

Thickening and emulsifying polymer in dimethicone

INCI NAME : Sodium Polyacrylate (and) Dimethicone (and) Cyclopentasiloxane
(and) Trideceth-6 (and) PEG/PPG-18/18 Dimethicone

APPLICATIONS

Can be used in a wide range of personal care applications such as: skin care, sun

care, color cosmetics, rinse-off and leave-on hair conditioners, hair styling products.
TYPICAL PROPERTIES

Parameter Unit value

Appearance viscous opaque liquid with

a slight yellow color

Odor Characteristic odor
Silicone content % ~29

Sodium Polyacrylate % ~26
Viscosity at 25 °C/77°F cPs <4000
(Brookfield LVT, 30rpm)

Flash point " ® >100
Cyclotetrasiloxane (D4) content % <1
DESCRIPTION

DOW CORNING RM 2051

Thickening Agent is an inverse (w/0) emulsion of sodium polyacrylate in dimethicone
(DOW CORNING 200 fluid 5cSt). The emulsion also contains two surfactant, a
silicone emulsifier to stabilize the RM 2051. Thickening agent and an inverting agent

(Trideceth-6) that helps to bring the polymer into contact with the aqueous phase of
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the formulation. When the product is added to water, the polymer expands instantly
into the water phase to thicken and give stability to the preparation. As the
formulation thickens, the oil phase ingredients are emulsified and stabilized.
HOW TO USE

Thickening Agent should be mixed before use. Oil-in-Water (o/w) emulsions
can be prepared by adding RM2051 to the oil phase and then mixing with the water
phase. The oil phase with RM2051 can be added to the water phase, or water phase
can be added to oil phase. If the water phase is added to the oil phase the emulsions
will invert as the water phase is added and this can reduce the particle size of the final
emulsion. Alternatively, RM 2051 can be added after the oil phase and water phase
have been mixed together. Regardless of which technique that is used, the mixer
speed will need to be increased as the formulation thickens to maintain good mixing.

The effective pH range of pH 5.5-11 allows the use of DOW CORNING RM
2051 thickening Agent in a variety of personal care formulations. The recommended
addition level is 3 to 6 %. RM 2051 can emulsified and stabilize all oil phase (up to
50%). It can be used with high solvent content (30 % ethanol, isopropyl alcohol or
acetone, 50% glycerin or propylene glycol). The thickening agent efficiency will be

reduced in the presence of electrolytes.



126

APPENDIX D

Questionnaires
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APPENDIX E
Study Protocol Approval



No. 106/ 2551

Study Protocol Approval

The Ethics Committee of The Faculty of Pharmaceutical Sciences,
Chulalongkorn University, Bangkok, Thailand has approved the following study to

be carried out according to the protocol dated and/ or amended as follows:

Study Ti;:le: Formulation of O/W emulsions containing rice bran oil
from various production methods and evaluation of free
radical scavenging activity

Study Code: =

Centre: CHULALONGKORN UNIVERSITY

Principal Investigator:  Mr. Rattanachot Mongkollikit

Protocol Date : January 21, 2008

A list of the Ethics Committee members and positions present at the Ethics

Committee meeting on the date of approval of this study has been attached.

This Study Protocol Approval Form will be forwarded to the Principal

Investigator.

Chairman of Ethics Committee:

Secretary of Ethics Committee:

(Suyanee Pongthananikorn, Ph.D.)

Date of Approval: March 18, 2008
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VITA

Mr. Rattanachot Mogkollikit was born on January 6, 1979 in Chonburi,
Thailand. He received his Bachelor’s degree in Pharmacy from the Faculty of
Pharmaceutical Sciences, Chulalongkorn University with a major in Manufacturing
Technology in 2002. Before entering Master’s degree program in Pharmacy at
Chulalongkorn University, he worked as a production pharmacist in the Department of
Parenteral Products at Saovabha Memorial Institute, Thai Red Cross Society, Thailand
for three years.
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