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Abstract

Hemodialysis, developed in 1960s, has served as a treatmentdatients with
end stage renal disease. However, the 5 year mortality rate leémodialysis pa-
tients is 65%. Research shows that some protein-bound togjrwhich cannot to
be cleared by hemodialysis, play an important role in mortay of hemodialysis
patients. In order to improve the mortality rate of hemodiaysis patients, we cre-
ated a new type of hemodialysis membranes, which can removermtoxins than
current hemodialysis membranes.

In this thesis, we rst adopted electrospinning technologyo synthesis hemodial-
ysis membranes with adsorptive nanoparticles. Polyacryldrile-zeolite nano ber
composite membranes were fabricated and their ability to adrb water soluble
uremic toxins was tested. The results show that both the freeeolite powder and
membranes with zeolite can adsorb creatinine at high levehd fast speed. The
creatinine adsorption level of 940-zeolite powders is 22429 g * in 625 mol L !
creatinine solution. 0.025 g of 940-zeolite powders cannalate 91% of 2 mol
creatinine in 5 min.

In order to choose good zeolites, we also carried out expegimts to study how
their size and shape in uence the creatinine uptake level.p8erical micro-particle
840, spherical nanoparticle P-87 and rod-like nanopartelP-371 zeolites were
tested. Experiments show that the zeolites have similar @@nine uptake ability
as powders. However, they have signi cantly di erent creahine uptake ability
after being incorporated inside the membranes. Micro-pacie and sphere-shaped
particles perform better inside the membranes.

Although the membranes we fabricated through electrospinmg can adsorb
water soluble toxins, their pore size is too large for hemadysis. In another part

of the thesis, we used spin-coating technologies to syntleespolyethersulphone



zeolite composite membranes with suitable pore size. Exprents showed that
these membranes can adsorb 4948 creatinine per g membranes. The e ects of
pH and salt on zeolite's adsorption and desorption of creaine were also studied
in order to infer the membrane's adsorption mechanism. We dad that acidic
environments enhance zeolite's creatinine adsorption vdialkaline environments
weaken it. The existence of various cations also decreaseslite’'s creatinine
adsorption.

Finally, we tested the adsorption of protein-bound toxin by ar membranes.
Studies have shown that these toxins are related to the praggsion of chronic
kidney disease (CKD), and to the generation and aggravatioof cardiovascular
disease. Indoxyl sulfate, an important toxin in causing remcardiovascular syn-
dromes, was chosen as a representative of protein-bounditex Experiments
show that zeolite-PES membranes can adsorb 55@ indoxy! sulfate per g mem-
branes, and indicate that the adsorption mechanism is likglto be electrostatic

attraction.
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Chapter 1

Introduction

Kidney failure is a widespread condition that a ects millions of people. Worldwide, over
2 million people currently receive renal replacement treatment b stay alive, and this
number likely represents less than 10% of those who need it. Kidnefailure patients
accounted for more than 661,000 in the US in 2015 [1]. In Canada, the number of people
with kidney disease has more than doubled in the last 20 years. It is eshated that as
many as one in ten Canadians have kidney disease, and millions more are aski Each
day, an average of 15 people are told that their kidneys have failed.

When a patient's kidneys fail to clear waste from the body, hemodiaysis is the
major medical treatment to keep the patient alive. Hemodialysis is he process of
removing waste and excess water from the blood to dialyzate through sei-permeable
membranes. In US, 71% of patients with kidney failure are on traditional henodialysis.
In Canada, among all the 41,252 people being treated for kidney failure, 58% of &m
are on traditional hemodialysis.

The cost and the mortality rate of hemodialysis are high. On average, it cos
$83,356 per patient per year for hemodialysis treatment. For end stage rendlemodial-
ysis, the mortality rate of these patients is 20-25% after one year on hemodlysis and
the 5-year mortality rate is 65% [1].

Furthermore, current hemodialysis, which depends on di usion am convection for
solute clearance through a low- ux or high- ux dialyzer, is not e ecti ve at clearing some
important toxins that play an important role in the mortality rate. Althou gh small and
water-soluble toxins such as urea (66-75% reduction) and creatinine (66@re readily
cleared, potential uremic toxins including indoxyl sulphate (35%9, 3 cardoxy4-methyl-
5-propyl-2furanoproprionic acid (32%) and p-cresol (29%) [2], as well as midel sized
toxins such as » microglobulin (0.7-6.8%) [3] are cleared to a lesser extent. Davenpod'

studies [4, 2] showed that short-term survival (measured in days) ad medium-term



survival (measured in months) crucially depends on a minimum remual of small molec-
ular weight water-soluble toxins, and long-term (years and decades) swuival requires
improved elimination of protein-bound and middle-sized moleculeq§3]. Recently, phos-
phate, 2 microglobulin, indoxyl sulfate and p-cresol have been repoed to be related
to an increased risk of mortality in hemodialysis patients [5]. Eknoyan [3] undertook
a ve year randomized clinical study among 1846 patients undergoing thrie weekly
hemodialysis, and showed that no mortality and morbidity bene ts were gained from a
higher hemodialysis dose or from using high- ux membranes in short ten hemodialy-
sis. The study suggested a bene t of high- ux membranes for patientswho had been
undergoing hemodialysis for more than 3.7 years.

In this thesis, we propose a membrane that can better clear uremic tins when
compared to traditional hemodialysis membranes. This membrane is alelto clear water-
soluble toxins as well as protein-bound toxins, therefore it has potetial to reduce reno-
cardiovascular syndrome as well as to reduce the mortality of patients Wwo undergo
long-term hemodialysis. The membrane is also able to eliminate thedxins very fast,
having potential to reduce the hemodialysis time needed in eachestion (currently, 3-4
hours). Besides diusion and convection, the conventional lItering mechanisms, this
membrane can also eliminate toxins through adsorption.

A potentially feasible method to achieve all these purposes is to faticate composite
hemodialysis membranes with nanoparticles. Although Tijink [6] expbred composite
membranes with active carbon, the non-selective adsorbing propertis of carbon adsorbs
both toxins and biological molecules.

In order to fabricate membranes that can speci cally adsorb uremic toxns, rst we
nd adsorbents that can speci cally adsorb them. Then, we incorporate them into them
into the membranes through electrospinning and spin-coating techologies. Finally, we
test the membranes' ability to eliminate toxins and we infer the adsorption mechanism.

The thesis has been broadly organized as follows: In Chapter 2, we predeome gen-
eral knowledge about kidney disease, hemodialysis, and the prindigs used in hemodial-
ysis. We also present the theories related to electrospinning andpin-coating, the fab-
rication methods used in this thesis.

In Chapter 3, we do a literature review on renal medical treatments that involve

adsorption mechanisms to eliminate toxins such as hemoperfusion andearable kid-



ney. Among all the synthesized hemodialysis membranes, we chooselyacrylonitrile
and polyethersulfone as polymer representatives, so their usage iremodialysis is also
reviewed.

In Chapter 4 and 5, we fabricate polyacrylonitrile and zeolite membranesthrough
electrospinning and we test the membranes' creatinine adsorptionelvel. We also study
the the e ect of particle size and shape on creatinine adsorption.

In Chapter 6 and 7, we fabricate polyethersulfone and zeolite membranethrough
spin-coating and we test these membranes to adsorb creatinine and indyl sulfate. We
also study the adsorbing mechanism of zeolite.

Finally, in Chapter 8, we present an overall conclusion and future diections of

research.






Chapter 2

Background

In this chapter, general background knowledge about kidneys, hemodigtis, membranes
and uremic toxins are introduced. We also introduce electrospining and spin-coating,
which are methods to synthesize hemodialysis membranes. Sino&ir membranes use

zeolites as adsorbent, we also discuss the structure of zeolites.

2.1 Kidneys and medical treatments

Kidneys play an important role in maintaining human health. They sustain the equilib-
rium of water and minerals, clear acidic metabolism waste and function as art of the
endocrine system. However, when kidneys fail to clear waste pratts from the body,
medical treatments are needed to keep the patients alive. The mosta@nmon form of
treatment is hemodialysis. Most patients spend some time on hemodlysis before a

donated kidney becomes available.

2.1.1 Kidneys

Kidneys are bean-shaped organs about 11 cm in length, 5{6 cm wide, and 3{4 cm ttk.
Each kidney weighs 120{160 g [7]. The function of a normal kidney involve remal
of waste products, regulation the blood volume, blood pressure andlbod's acid-base

balance, adjustment of sodium and potassium level besides endocahfunctions.

2.1.2 Kidney failure

Kidney failure is the partial or complete loss of normal kidney functions. This is char-
acterized by the inability to remove excess water and metabolic wagt from the body.

This subsequently has e ects on blood pressure, blood volume anblood content. Re-

5



nal failure is classi ed into acute kidney injury (AKI) and chronic r enal failure (CRF),
depending on the cause.

The de nition of AKI is \an abrupt (within 48 hours) reduction in kidney function
currently de ned as an absolute increase in serum creatinine of morehian or equal to
0.3 mg/dL ( 26.4 mol/L), a percentage increase in serum creatinine of more than
or equal to 50% (1.5-fold from baseline), or a reduction in urine output (deumented
oliguria of less than 0.5 mL/kg per hour for more than six hours)"[8].

CRF is de ned by the National Kidney Foundation as either kidney damage or a
glomerular ltration rate below 60 mL/min/1.73 m 2 body surface area for at least three

months.

2.1.3 Medical treatments

There are two options for treatment when a kidney fails. The most commonform of
treatment is hemodialysis. The other treatment option is kidney transplantation, but
donor kidneys are limited. hemodialysis is performed as a \bridge to tansplant" for

patients because it sustains their life before a donor kidney becorseavailable.

2.2 Hemodialysis, membranes and principles

Hemodialysis is the process of removing waste and excess water frorhet blood, and
is used primarily as an arti cial replacement for patients with renal failure. Figure
2.1 illustrates a hemodialysis process. In hemodialysis, the pant's blood is pumped
to the blood compartment of a dialyzer, which consists of a bundle of ami-permeable
hollow ber membranes. When the blood ows inside the hollow ber, the dialyzate
ows in the space surrounding the hollow bers. Thus the excess astes from the blood
goes to the dialyzate through di usion and convection. Then, cleaned bbod is returned
to the patient. In this process, the membrane is the most important part, since the
pore size of the membranes decides which molecules can pass througle tmembranes.
Dialysate is the solution in this process to pull toxins from blood It normally consists
of pure water, sodium chloride, sodium bicarbonate or sodium acetatezalcium chloride,

potassium chloride and magnesium chloride.
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Figure 2.1: lllustration of a hemodialysis process (YassineMrabet/CC-BY-3.0).

2.2.1 Commonly used hemodialysis membranes

A hemodialysis membrane is a semipermeable membrane used to seai@ blood from
dialyzate during hemodialysis. The pore size of the membrane detarines the selec-
tive permeability of the molecules. In addition, it a ects the biologi cal response of the
patients during and after the hemodialysis process. Commonly avadlble hemodialy-
sis membranes can be classi ed into three groups: regenerated cdidge, substituted

cellulose and synthesized polymers (Table 2.1).

Cellulose

Cellulose membranes were one of the most commonly used membranes in 1960&e
they are cheap to produce and they have uniform porosity and minimal thickness[9].
They are hydrophilic due to large amount of free hydroxyl groups on the cBulose
monomers. Their disadvantages include being immunoreactive [10, 11] and tynbeing
available in low- ux form, so they have been gradually replaced by sbstituted cellulose

and synthetic membranes.

Substituted cellulose

Substituted cellulose membranes are similar to cellulose membras, but the free surface
hydroxyl groups are substituted by acetyl residuals from acetate or tiacetate [12, 13, 14].

Vitamin E [15] and polyethylene glycol grafted [16] cellulose membranes havalso been
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Table 2.1: Commonly available hemodialysis membranes.

Regenerated cellulose Substituted cellulose Synthetic polymers

Cuprophan Cellulose acetate Polyacrylonitrile
Cellulose diacetate Polymethylmethacrylate
Cellulose triacetate ANG9
Hemophan Polysulfone
Vitamin E coated Polyethersulfone

developed in order to improve the biocompatibility of cellulose menbranes. In general,
the substituted cellulose membranes have better bio-compatibity. The disadvantage of

this group of membranes is that they still have low permeability for large solutes.

Synthetic membranes

Various synthetic membranes appearing since 1970s include membranesade from AN
69, polysulfone (PS), polyamide (PA), polyacrylonitrile (PAN), polymeth ylmethacry-
late (PMMA), polyethersulfone (PES) and polycarbonate. They are colledively known
as synthetic membranes. These polymer membranes can be manufactdrgith various
pore sizes and desirable molecular weight cut-o, as well as high- ux abity. These
membranes can also o er excellent biocompatibility. These membraas are mainly hy-

drophobic which can cause adsorption of cells and proteins onto the memhbane surfaces.

2.2.2 Potential new hemodialysis membranes

Researchers are exploring other potentials materials for hemodialysibesides polymeric

hollow ber membranes, including silicon, alumina and composite menbranes.

Silicon membranes

The kidney project, led by Shuvo Roy and William H. Fissell, dedicates to the fabrication
of an implantable arti cial kidney by using silicon nano-pore membranes [17]. The
membrane used in their research has 10 nm by 45m slit pore arrays uniformly spaced
with 2 m separation across a 100 mm-diameter wafer, with thickness about 4m
[18]. The membrane is made by surface micro-machining and micro-fabration method.

Johnson [19] incorporated a 30 nm thick silicon membrane made by Simpore ¢n into
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Figure 2.2: Lab-on-a-chip for urea clearance by using silicon membrane. Reprintefrom [19],
Copyright(2013), with permission from Elsevier.

Figure 2.3: Alumina membrane as a dialyzer. Reprinted from [20], Copyright(2009), wiht
permission from Wolters Kluwer Health, Inc.

micro-dialysis chip as a wearable dialyzer, as shown in Figure 2.2.

Alumina membranes

Attaluri [20] tested nanoporous alumina tubular membranes made from anodiation for
hemodialysis (Figure 2.3). He concluded that alumina membranes had b&tr hemodial-
ysis performance compared with PES membranes. However there haveeén no further

hemodialysis research using alumina membranes.

Composite membranes

Composite membranes were proposed by Tijink[21]. She made composite meranes by
loading activated carbon into a PES/PVP polymer blend in order to combine di usion
and adsorption of uremic toxin solutes in one step. This idea was noveknd achieved

a better uremic toxin clearance. The disadvantage of this composite nmabrane is that
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Diffusion Osmosis Ultrafiltration

Figure 2.4: lllustration of di usion, osmosis and ultra ltration process.

the adsorbent is carbon, which adsorbs both toxins and biological molecuse

2.2.3 Basic principles of hemodialysis

Hemodialysis is a treatment which removes excessive uremic toms and balance blood
electrolyte components by the interchange between patient's blod and dialyzate, across
semi-permeable membranes. The transport mechanism in current meodialysis is mainly
di usion and convection. Osmosis, ultra Itration, adsorption can also happen in hemodial-

ysis process, and they are all explained as follows.

Di usion

Di usion is the spontaneous passive transport of solutes from higher corentration to
lower concentration. The process is illustrated in Figure 2.4. Di usion in hemodialysis
is the transport of water soluble toxins from blood to dialyzate. The transport rate
depends on di usion coe cients of the solutes in blood, in membrare and in dialyzate;

the concentration gradient across the membrane and the membrane area [22].

Convection

Convection process in hemodialysis is the simultaneous transport ofiater and solutes
from blood to dialyzate across membranes due to pressure gradient. Ehrate of convec-
tion depends on the hydraulic permeability, the sieving coe cient of solutes, membrane
area, the concentration of solutes in blood and the pressure gradient acss the mem-

brane.
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Osmosis

Osmosis is the spontaneous net movement of solvent through semi-peeable mem-
branes into a region of higher solute concentration so as to achieve a comtetion

balance. The driving force in osmosis is the concentration gradient. Th process is il-
lustrated in Figure 2.4. Osmosis in hemodialysis refers to the movaeent of water across

cell-membranes into blood plasma or interstitial uid.

Ultra ltration

Ultra Itration in hemodialysis is the process of removing excess vater from plasma into
dialyzate through di erence of pressure. The pressure on the bloodide is higher, so
the water moves from a place of higher pressure to one of lower presgyri.e., into the
dialyzate. This is how uid gets removed when a patient undergoes bmodialysis. A

typical ultra ltration process is illustrated in Figure 2.4.

Adsorption

Adsorption is the adhesion of atoms, ions, or molecules from a gas, liquid, origsolved
solid to a surface. Adsorption in hemodialysis happens when uremicokins adhere to
the surface of semi-permeable hemodialysis membrane or into the aatbents inside the

membranes.

2.3 Uremic toxins

Uremic toxins are toxins that accumulate in chronic renal failure patients. These toxins
show various cytotoxic activities in the serum, have di erent molecular weights and
some of them are bound to other proteins, primarily to albumin. Their concentration
in healthy people and patients with kidney failure are compared in Tabke 2.2. The
detailed size and chemical structure of the toxins are showed in Tdk 2.3. These toxins
are normally divided into three groups: water-soluble toxins, protén-bound toxins and

large toxins.
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Table 2.2: Concentrations of free water soluble and protein bond uremic measurediiblood of
healthy persons (meanCy )and patients having kidney diseases ((mearCy ), maximum(Cmax ))
Reprinted from [23], Copyright(2005), with permission from Elsevier.

Solute Cn=M Cy=M Cmax= M Group
Urea < 6700 38,333 18,333 76,667 Carbamides

free water soluble solutes
Urea acid < 400 496 265 873 Purines

free water soluble solutes
Creatinine < 106 1204 407 2124 Guanidines

free water soluble solutes
p-Cresol 56 9 186 41 377 Phenols

protein bond solutes
Indoxyl sul- 2.4 22 211 365 940 Indoles
fate protein bond solutes

Table 2.3: Size and structure of uremic toxic in blood. Reprinted from [23], wth permission

from Elsevier.

Size
Solute Structure MW pPK 4 max X y z
gmol 1 at293K nm

Urea N/ﬂ\N 60 0.1 200 0.56 0.63 0.30
HoNCONH
Urea acid ﬁ)‘" 168 5.6 286 0.77 0.10 0.30
C5H4N403 ° N

/
Creatinine );>:“ 113 4.4 235 071 081 0.30
C4H7N3O °
p-Cresol 108 9.6 220 0.66 0.76 0.39
CH3CeH4OH
Indoxyl  sul- @ 251 unknown 220 0.79 0.11 0.54
fate X
CgHeKNO 4S <Y

//\

o
o]
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2.3.1 Water-soluble toxins

Water-soluble toxins are molecules with molecular weight (MW) lesshan 500 Da. Urea
and creatinine are representatives[24]. They are highly water solubland are absent of
protein bounding, therefore easily removed by hemodialysis. Theydo not necessarily
have toxic activity [25]. Creatinine is the marker of renal function and is chosen as
a representative for water-soluble toxins in this thesis. The imrease of creatinine in
serum is usually the result of uremic retention, but it might also be caused by muscle
breakdown. Morbidity and mortality in hemodialysis patients are positively related to

their serum creatinine level [26].

2.3.2 Protein-bound toxins

Protein-bound solutes are a group of uremic toxins that tend to bound toproteins, such
as albumin. They are routinely ignored, as hemodialysis adequacy is typally bench-
marked by urea removal. Increasingly, studies have shown that prain-bound toxins are
related to the progression of chronic kidney disease (CKD), and in thegeneration and
aggravation of cardiovascular disease [27]. Indoxyl sulfate and p-cresol léate are two
representatives. Indoxyl sulfate is derived from tryptophan in dietary proteins (Figure
2.5) while p-cresol sulfate is derived from tyrosine and phenylalania. They are ex-
creted to urine through the kidney. Their increase in serum indcates the deteriorating

of kidney functions [28].

2.3.3 Large toxins

Large toxins are toxins with molecular weight larger than 500 Da. -microglobulin is a
prototype. An accumulation of molecules is independently associated ith an increased
mortality risk [30]. These molecules can only be cleared by hemodialys membranes

with pore sizes larger enough for these molecules to cross.
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Figure 2.5: Indoxyl sulfate metabolism. The diagram shows the protein metabolitehypothesis
of indoxyl sulfate (IS) production that is derived from dietary try ptophan. Inhibition of indole
uptake by a gut adsorbent AST-120 reduces IS synthesis. Gl tract indiates gastrointestinal
tract; OAT, organic anion transporter. Reprinted from [29].

2.4 Electrospinning

Electrospinning is a technique that can be used to fabricate brouscomposite mem-
branes. A basic electrospinning setup contains three major parts: &igh voltage power
supply, a syringe pump and a collector. The setup can be found in Figwer 2.6. The
syringe is used to host the polymer solution. When high voltage is applié, the polymer
drop at the tip of the syringe is polarized and then the charged polymer ies to the
collector under strong electrostatic eld.

In this thesis, we use electrospinning to fabricate nano ber compose membranes.
More speci cally, these membranes contain polymeric nano ber as high prous nano-
woven matrix. They also contain nano- ller as adsorbent for the toxins. These mem-
branes are better than currently used hemodialysis membranes andlison membranes.
Comparing with currently used polymer membranes, composite memkanes have clear
pore channels and higher porosity. Comparing with potential silicon merbranes, they
have much higher porosity and they are more exible. Another advantage of trese mem-

branes is that they combine di usion and adsorption mechanisms together Silicon and
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Figure 2.6: Electrospinning setup.

polymer membranes eliminate toxins only by di usion. With the addi tion of adsorption,
we can expect composite membranes to have faster toxin clearance ok

In this section, we study the theory of electrospinning, which indudes charge gen-
eration, taylor cone theory, jet thinning and jet instability. We als o discuss the factors

that in uence the formation of membranes.

2.4.1 Charge generation

Electrospinning works by generating charge carriers which responditthe applied electric
eld. Charge carriers are created by high electric eld induced emssion (on the order
of 10° to 10'° V/m) and by dissociation processes [31]. Figure 2.7 is the illustration of
charge carries in the needle. We de ne the syringe needle and solotis within it as a

capillary electrode. With a positively polarized capillary, the negative ions will migrate

to the inner surface of the needle where they will be immobilized This leaves the inner
volume of the solution with an excess mobile positive charge which can spond to the

electrostatic stress of the opposite electrode. The sharp edges migave eld emission

of charges.

For high electric eld emission to occur, the electrospinning séup uses a needle and
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Figure 2.7: lllustration of charge carries in a syringe needle.

a plate electrodes con guration, called \point-plane" geometry. The electric eld under
this con guration has highly non-uniform electric eld. The increased electric eld at

the needle tip can be expressed by the following equation [32]

A,

Eip = ————
P n 4y

(2.1)
whereV is the externally applied voltage, d is the distance from the needle tip to plane
collector, andr is the radius of curvature of the needle point.

Dissociation process happens in liquid solution. The process is acted by ion dif-
fusion and migration in the electric eld. Lars Onsager's equations (2.2)¢2.3) describe

that the electric eld can enhance the dissociation process.

(2N o AN o b [od
K(E)= K@) 1+b+ §+ TB+ 1T§0+ 72700+ 7567004- (2.2)
71l 1+ 22! Eq®
b= I+ 1, 21222k2T2 (23)

where, K (E) is the dissociation constant in the presence of an electric eldK (0) is the
dissociation constant at equilibrium without electric eld, z; and z, are the valences of
the ions,! 1 and! , are ion mobilities, g is the electronic charge E is the electric eld, k
is the Boltzmann constant, T is the temperature, and is the permittivity of the liquid.

After ions dissociate, the negative ions will migrate to the cathode, while the pos-
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Figure 2.8: Schematic diagram of the Taylor cone.

itive ions to the anode, leading to a disrupted dissociation-recornination equilibrium.
The ions will be further immobilized or annihilated by the electrochemical process at

electrodes, which makes recombination impossible [33].

2.4.2 Taylor cone theory

Taylor cone theory was established in 1964 by G.I. Taylor to describe te deformation
of small-volume liquid under high electric eld. It asserts that, when a small volume
of electrically conductive liquid is exposed to electric eld, it keeps a shape due to
the balance between electric forces and surface tension. If the potial increases to
a critical level, further increase will destroy the balance, and he liquid will acquire
a conical shape with half angle of 49.3 called Taylor cone, as shown in Figure 2.8.
A.L. Yrin and D.H. Reneker later modi ed Taylor cone theory based on expeimental
data. They found that Taylor cone theory was only correct for self-similar solution and
that the angle of the cone was 33.5instead of 49.3. For non self-similar solution, the
further increased potential after critical potential point will caus e the cone to have a

more prolate shape [34].

2.4.3 Jetin ight

Jet in ight describes the process after the jets (solution) are egcted from the Taylor

cone. The jets usually pass by in a straight line followed by bendingnto a complex
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Figure 2.9: Schematic illustration of the jets path between the tip of syringe andcollector.

path, during which the electrical forces stretch and thin them into a nano ber, before

arriving at the collector. The process is shown in Figure 2.9.

Jet thinning (Steady region)

As the uid is ejected from the cone, a continuous thinning liquid jet can be seen.
Hohman and Feng [35, 36] indicated that the surface charge density and the latelectric
eld determine the shape of the jet. The thinning regime length L is decided by the
equation (2.4).

K4 7 3 In 2
5= K°Q “(n )7 ,,( ) (2.4)
8 2i5"2¢g
whereK, Q, , , E;1,l, and are the conductivity, ow rate, density, aspect ratio

( = D=hp), applied eld, electric current, and dielectric constant of air. The current for
electrospinning \circuit" is typically < 1 A. The measured current follows the equation
(2.5) [38].

i=Qc¢=C e "KepM Q V (2.5)

where, ;V;Q;C;M, and H are the initial charge per unit volume, applied voltage,
volumetric solution ow rate, polymer concentration, molecular weight, and needle to
plate distance, respectively. The variables , , and depend on the type of solution.

Beyond the length L, the jet thins much more slowly.
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Figure 2.10: Cone-jets of solution of polyethylene oxide(MW=920 kg/mol). D=45 cm
in all cases. (a) Q=0.02 ml/min, E=0.282 kV/cm; (b) Q=0.10 ml/min, E=0.344 kV/cm;
(c)Q=0.50 ml/min, E=0.533 kV/cm Q=1.00 ml/min, E=0.716 kV/cm. Reprinted from [ 37],
Copyright(2007), with permission from Elsevier.

Jet instability (Unsteady region)

During the experiment, as the jet grows, it is distorted by one or moe uid instabilities.

The most common mode of instability is whipping (shown in Figure 2.11) B7].

2.4.4 Collector

Collector is the device that collects jets. The shape of the collectorcan be plate,
rotating drum, wire drum, rotating discs, parallel electrodes and other collecting array,

depending on the purpose of the nano ber assembly [39].

2.4.5 Parameters in uencing electrospinning

In the electrospinning process, the governing parameters that imence volume charge
density and current are the applied voltage {), the solution ow rate ( Q), the polymer
weight concentration (C), the molecular weight of the polymer (M) and the nozzle-to-
ground distance (H). The volume charge density follows power law which depends on

V;Q;C;and M, and at the same time exponentially depends orH : [40].

=CKegM QV e ¥ (2.6)
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Figure 2.11: Fiber instability-whipping.

where, K¢y, depends on parameters such as intrinsic solution properties, tempature

and humidity, and h is a function of molecular weight (M ).

2.5 Spin coating

Spin coating is a commonly used technique to apply thin Ims to subgrates. It was

chosen as another technique to fabricate composite membranes in thihésis. Spin
coating has been used in various applications such as coating of photoresish silicon

wafers [41, 42, 43], sensors [44, 45], protective coatings [46], paint coatings, oplic
coatings [47] and membranes [48]. It can be used to quickly and easily to pdoce

uniform Ims over a large area ( 30 cm), ranging from a few nanometers to a few
micrometers in thickness [49]. The general spin-coating process sfiown in Figure 2.12.

It consists of (1) a dispense step in which the polymer solution is deosited onto the

substrate, and then (2) a speed spin step to thin the solution, and (3)a drying step to

eliminate excess solvents from in step (4) the resulting Im.

Spin speed, acceleration, spin time, fume exhaust, viscosity of thsolution are factors

20



> WN -

Figure 2.12: Demonstration of a typical spin coating process.

related to Im thickness and uniformity.

2.6 Zeolites

Zeolites are microporous, aluminosilicate minerals commonly used as conarcial ad-
sorbents and catalysts. Zeolites have been chosen as adsorbent in thigesis. Here we

discuss their structure and chemical composition.

2.6.1 Chemical composition of zeolites

The general formula for most zeolite are given as [40, 50]:

My (H20) j[AIxO2Sit x] 1ZA;

where, the guest species are represented in bar$]. The host framework is represented
inside brackets ([ ]). M represents a cation,x is the number of framework Al atoms
in the unit cell, is the number of adsorbed water moleculest is the total number
of framework tetrahedral atoms in the unit cell (Al+Si) and IZA (Intern ational Zeolite
Association) is the code for the framework type assigned by the Struetre Commission

of the International Zeolite Association.



Figure 2.13: Several representation of the basic building unit of zeolites, the étrahedron.

2.6.2 Structure of zeolites

Zeolite's structure is based on a connected framework ddiO4 and AlO 4 tetrahedra by
sharing of oxygen atoms. Here we introduce the basic building and compite building

units of zeolites.

Basic building unit (BBU): the tetrahedron

All zeolite frameworks can be built by periodically linking the a basic building unit
(BBU), the tetrahedron (Figure 2.13). In the center of the tetrahedra are atoms St*,
Al®* or P5*  while in the corners are oxygen anions (® ). The combination could be

SiOy4, AlO4 ,PO,, etc.

Composite building unit (CBU)

Composite building units (CBUSs) of zeolites can be formed by linkingtogether groups
of basic building units (BBUs). The simplest example of CBUs are rings In general, a
ring containing n tetrahedra is called n-ring. The most common rings contain 4, 5, 6,
8, 10 or 12 tetrahedral [51, 52]. Figure 2.14 shows the pore size and structure &fring.
The size of other rings is shown in Table 2.4. Further combiningn rings can lead to
larger CBUs with diverse and interesting structures, as shown in kgure 2.15. Cages can
contain cation, water molecules, small organic molecules, and so on. Onéntensional

CBUs which are composed by rings (either identical or di erent) are caled chains.
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Figure 2.14: lllustration of 8-ring.

Table 2.4: The free apertures of 4,5,6,8,10,12 rings.

T-atoms Maximum free Typical free
in ring aperture (nm) apertures (nm)
4 0.16 -

5 0.15 -

6 0.25 -

8 0.43 0.30-0.45

10 0.63 0.45-0.60

12 0.80 0.60-0.80
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Figure 2.15: Some examples of polyhedral composite building units (cages) with the cor-
responding pore symbols and common names. The nodes are tetrahedrallpardinated atoms
such as Si or Al. Bridging oxygen atoms have been left out for clarity. Regnted from [50],
Copyright(2003), with permission from Elsevier.

24



Pores, cages, cavities and channels

The n-rings de ning the face of a polyhedral CBU are called windows or pres. Poly-
hedra whose faces are no larger than 6-rings are called cages, since they e narrow
for molecules larger thanH,0O to pass. Polyhedra with at least one face larger than
6-rings are called cavities. The extended pores in one, two, or threeimensions which
allow di usion of guest species (larger than 6-rings) are called channelsAn important
characteristic of zeolites is the e ective width of channels, whit is limited by the small-
est free aperture along the channel. By knowing the structure of zalites, it is possible

to calculate the e ective width of the channels.

2.6.3 Molecular sieving

Molecular sieves are porous materials that selectively adsorb molecuef speci ¢ sizes.
Zeolites are the most commonly used crystalline materials for moleculasieves. They
have pore sizes from 0.3 to 1.0 nm and pore volumes from 0.10 to 0.35 . Typical
zeolites' pore sizes include: (1) small pore zeolites that have eighing pores with free
diameters of 0.30-0.45 nm (eg, zeolite A), (2) medium pore zeolites that haveen-ring
pores with free diameter of 0.45-0.60 nm (eg, stilbite and silicalite (M), (3) large
pore zeolites that have 12-ring pores with free diameters of 0.6-0.8 nm ¢e Mordenite
and Faujasite) and (4) extra-large pore zeolites that have 14-ring pores (egUTD-1).
Additionally, the zeolite frameworks are somewhat exible; their size and shape change

in response to changes in temperature and substituted guest spesie
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Chapter 3

| iterature review

The composite membranes we propose mainly depend on adsorbents to elirate toxins.
In this chapter, we present a literature review on adsorbents useth renal therapy. This
provides us a good guidance in choosing suitable adsorbents. We alsorngey other
renal replacement therapies that use adsorbent technologies, such arhoperfusion

and wearable kidneys.

3.1 Hemoperfusion

Hemoperfusion (HP) is a procedure to treat drug overdose and poisoningp4], which was
introduced in the 1940s [55]. It was adopted in clinic in the 1970s and 1980s [56, 57, 58]
and used infrequently for treating acute intoxication [59]. A typical hemoperfusion sys-
tem is shown in Figure 3.1. It consists of a blood circuit includingblood pumps and
pressure monitors that are identical to hemodialysis, but with a catridge containing ad-
sorbents (charcoal, activated carbon or resin). Anticoagulated blood is pmped through
the cartridge, where drugs or poisons are removed by adsorption. Table 3lists several
adsorption cartridges available [60]. HP can lead to a number of medical comjgations,
including thrombocytopenia, leukopenia, hypocalcemia, and hypoglyemia. Its use has
been declining due to the development of high- ux hemodialysiswhich has a lower cost

and lead to fewer medical complications. However, HP is still a valid alernative for

Table 3.1: Some available hemoperfusion devices.

Manufacturer  Device Sorbent Type

Clark Biocompatible system Carbon

Gambro Adsorba Norit carbon

Nextron Medical Hemosorba Ch-350 Petroleum bead carbon
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Figure 3.1: Schematics of a typical hemoperfusion system. Reprinted from [53], @py-
right(2016), with permission from John Wiley and Sons.

poisons with a low concentration distribution and high degree of proteinbinding [61].

3.2 Wearable kidney (WAK)

Current hemodialysis uses large amounts of hemodialysis uid in a onéime pass [53].
The size of existing hemodialysis system can be scaled down sigoantly if the amount
of required dialyzate is signi cantly reduced. This can be achievedwith the utilization
of an adsorbent system to regenerate dialyzate [64, 65, 66].

Wearable kidneys are miniatured hemodialysis devices that patierg can \wear"
and perform hemodialysis as they move around. These devices work bygenerating
and reusing a small volume of hemodialysis uid in a closed-loop cyel Miniaturized
hemodialysis models that are wearable can eliminate one of the long-staimdy hemodial-
ysis problems, speci cally patient mobility and non-continuous henodialysis. Although
the models of WAK may di er from each other, the dialyzer is the heart of the system.
A schematic of a WAK is shown in Figure 3.2 (a) while a prototype is shownin Figure
3.2 (c). Some famous patented designs of WAKSs that predominantly utilizeadsorbents
to generate dialyzate include Yoshida [67], Henne[68], Davankov [69], Grager [70], and
Gura [62, 71]. The Gura WAK is currently undergoing clinical trials[72] and is one of

the most viable design.
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Figure 3.2: A wearable kidney schematic (a), adsorbent(b) and the Gura wearable kiney(c).
(a) Reprinted from [62], Copyright(2008), with permission from John Wiley and Sons, (b)
Reprinted from [53], Copyright(2016), with permission from John Wiley and Sons, (c) Reprinted
from [63], Copyright(2007), with permission from Elsevier.
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Table 3.2: Comparison of hemoperfusion,hemodialysis and wearable kidney.

Categories Hemoperfusion Hemodialysis Wearable
Kidney
Mechanism Adsorption Di usion convection Di usion
Usage Poisoning/Drug overdose Kidney failure Kidney
failure
Key parts Adsorption cartridge Dialyzer/Dialyzate Dialyze
IAd-
sorption
cartridge

All the wearable kidneys design need regeneration cartridges. The sat REDY
models of regeneration cartridge [73], based on sorbent and enzyme techogy, were the
rst truly portable hemodialysis systems and were widely used throughout Australian
hospitals. This cartridge was used for puri cation of the recirculated hemodialysis
uid. It consists of urease layer to convert urea, activated carbon layer for adsorption of
non-urea organic toxins, zirconium phosphate to bind potassium and (uease-generated)
ammonium, and zirconium oxide & zirconium carbonate layer to remove posphate [57].
This combination of sorbents and urease formed the basis for the WAK deveped by
Davenport et al [63].

In this chapter, we discussed hemoperfusion and wearable kidney#n the previous
chapter, we also discussed the hemodialysis process. Table 3.2 quares these three

therapies in terms of mechanism, usage and the key components.

3.3 Adsorbents

Adsorbents are materials that can adsorb molecules into/onto their surface They are
the key components in hemoperfusion and wearable kidneys. Resin, aitoal and acti-
vated carbon are the adsorbents that have been used to eliminate uremitoxins.
Charcoal was the rst adsorbent used to remove uremic toxin, as repord by Yatzidis
[74]. From 1964 until now, activated carbon has been used in hemoperfusiomhich is
especially useful to treat acute poisoning, intoxication and hepatic &ilure [75, 76, 77].

Activated carbon is a logical choice as an adsorbent because it has a large surfaarea
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[78, 79], good a nity for both organic and inorganic contaminants [80] and amphoteric
properties [81]. However, activated carbon's major drawback lies in tl indiscriminate
adsorption of both uremic toxin molecules as well as life sustaining mekules from blood
[82].

Zeolites are other promising candidates to adsorb uremic toxins. Wetert and col-
leagues reported that MFI zeolites are able to adsorb uremic toxins thathave small
molecular size [23, 83]. The adsorbent level for urea is slightly lower agqual to that of
activated carbon. Physical and chemical modi cation of zeolites through bn exchange or
surfactant can improve their a nity towards some speci ¢ uremic to xins, thus improv-
ing the overall adsorption capacities of zeolites [23]. Unlike activated arbon, zeolites
possess better selectivity and a nity toward speci c uremic tox ins. The ability for
selective adsorption alone is helpful in solving problems existingn hemodialysis [53].

Although the incorporation of adsorbents into the membranes could minimge the
shortcoming of hemodialysis. However, a direct contact between adsbents such as ac-
tivated carbon and blood leads to various problems and complications, sircas hemolysis
and blood coagulation [83]. Even though heparin can be used as a conventional y&o
prevent blood from clotting [75], heparin overdose could lead to furher complication
such as bleeding and bruising [84].

A growing and feasible trend to reduce complications caused by the coact of ad-
sorbents with blood is to improve the biocompatibility of adsorberts [85]. Attempted
methods to improve the hemocompatibility of activated carbon and carlon nanotube
adsorbents include coating and encapsulation of the adsorbents. A wideange of hemo-
compatible membranes such as cellulose nitrate [86] and plyhydroxybyl methacrylate
[87] have been used to coat adsorbent particles. Heparin [88, 89] has been dise coat
adsorbent particles in order to prevent platelet adhesion and blood cagulation. How-
ever, the uremic toxin adsorbing e ciency of coated or encapsulated adorbent systems
is lower than that of bare adsorbents due to partial blocking of adsorptionsites [90].
Other than coating and encapsulation, functionalization method provedto be bene -
cial in improving hemocompatibility of adsorbent particles. This method involves the
introduction of hydrophilic functional groups into the surface of adsorbent particles [91].

Our proposed composite membranes incorporate zeolites inside the ménanes. It

has good biocompatibility and it has been used as drug delivery mateal [92] and as
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coating material for biomedical implants [93].

3.4 Dialyzer membranes

Dialyzer membranes are the semi-permeable membranes in a dialyz#irat allow toxins
to pass while retaining biological molecule during hemodialysis. Sythetic membranes
are by far most frequently used hemodialysis membranes, with an imeasing market
share. They are regarded as the most biocompatible hemodialysis mendmes, and, for
that reason, have replaced cellulose membranes since mid-1990s. It ispected that
they will also replace modi ed cellulose membranes in the near fuire.

The majority of synthetic hemodialysis membranes currently usé is hydrophobic.
The addition of additives or copolymers in the production process can rake them more
hydrophilic. These membranes are in the shape of hollow bers. Thes hollow ber
membranes are extruded through a spinneret followed by phase inveion and immersion.
Their skin is formed by partial evaporation of the solvent and their structure is de ned
by phase separation. The major purpose of these membranes is to achieeehigh
porosity, in order to mimic the kidney Itration process [94], and to r emove middle
molecules and higher molecular uremic toxins. It was calculated that he pore size of
the membranes should be larger 5 nm in order to remove large molecular emic toxins
and smaller than 8 nm in order to prevent the leaking of albumin [95].

Commonly available hemodialysis membranes can be classi ed into thge groups: re-
generated cellulose, substituted cellulose and synthesized pohers. These synthesized
polymers include AN 69, PS, PA, PAN, PMMA, PES and polycarbonate(PC). PAN
and PS have relatively more publications compared with other polymers Bazargan
[96] shows that by electrospunning 12 wt% PAN in DMF we can get PAN ber mem-
branes with diameter of 165 16 nm and porosity of 91.7%. Bastani [97] fabricated
PAN nano ber membranes with pore size around 5-65 nm which could lter 7-40nm
particles from waste water. Since PAN nano ber membranes have pore sizsimilar to
hemodialysis membranes, as well as high permeability, it was chosen aandidate for our
electrospinning experiment. On the other hand, PES[21, 98] is a goodgtymer to make
membranes through spin-coating. PAN and PES are two polymers used in tlsi thesis,

thus the following section reviewed their histories and currentstatus as hemdodialysis
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Figure 3.3: The molecular structure of polyacrylonitrile.

membranes.

3.4.1 Polyacrylonitrile

The rst dialyzer with polyacrylonitrile (PAN) (structure shown i n Figure 3.3) mem-
brane was produced by Gambro and marketed under brand name AN69 . This mem-
brane is highly permeable and symmetric. It is a blend of hydrophobigolyacrylonitrile
with hydrophilic methallylNa-sulfonate. It has good distributed me dium-sized pores in
high density over the homogeneous polymer. It is used till date and has den a great
success over the years.

Another PAN producer is ASAHI (PAN, PAN DX, ASAHI Medical, Japan). Their
membrane consists of hydrophobic monomers, acrylonitrile, methacrgte, and hydrophilic
acrylic acid. The membrane is asymmetric and has a skin layer with pags in a wide
range.

Since 1990, it has been reported that the electronegativity of AN6® is responsi-
ble for the anaphylactoid reactions in patients who are taking angiotensinrconverting
enzyme (ACE) inhibitors, since contact phase system was activated ue to the genera-
tion of bradykinin [99, 100]. Therefore, AN69R is contraindicated in patients on ACE
inhibitor therapy. To eliminate contact activation, AN69 R ST was developed through
surface-modi cation. Polyethyleneimine was used to coat the surfae of the membranes
in order to neutralize the negative charges [101]. Additionally, heparin linds to the
surface of AN69R ST during priming process and no further heparin is needed durig

treatment, which may be bene cial in patients at bleeding risk [102]
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Figure 3.4: The molecular structure of polyethersulfone.

3.4.2 Polyethersulfone

More than 18 models of dialyzers made from polysulfone and polyethersulfe (struc-
ture shown in Figure 3.4) are currently used in clinic, which atteg the great success of
these membrane polymers for hemodialysis. They t all the requirenents of hemodial-
ysis membranes such as good physical strength and chemical resistandiocompati-
blility, and easy sterilization. The rst polysulfone membrane, Fr esenius PolysulforR
was introduced by Fresenius in 1983. It has an asymmetric and microretidar struc-
ture. DIAPES R and Polyamix are other commonly used polyethersulfone membranes.
Both polysulfone and polyethersulfone are hydrophobic polymers. Bleding with a hy-
drophilic copolymer (polyvinylpyrrolidone) is a common method to make the membranes

more hydrophilic, which can lead to a better di usive performance.

3.5 Design Methodology

In this section, we rst summarized the membrane design criteria,and then presented

experiment testing methods used in this thesis.

3.5.1 Membrane design criteria

In order to make better hemodialysis membranes, the following cteria need to be

followed:
Membrane fabrication methods should be easy to realize in the lab.

Adsorbents used in the membranes should be stable and nawxin in biological
environment, they should also be selectively adsorb uremic toxi® and not to

adsorb biological molecules.
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Pore size of membranes should be large enough for toxins to pass and smalbegh

to prevent albumin to pass.
Membranes should be biocompatible.
Membranes should have suitable permeability.

Membranes should be able to remove both watesoluble toxins and protein.bound

toxins.

3.5.2 Experiment methods

In this thesis, we used two simple membranes fabrication methodéelectrospinning and
spin_coating) to fabricated hemodialysis membranes in the lab. We also testd whether
these membranes could ful Il the membrane design criteria we metioned above through

the following experiment methods.

Scanning electron microscope and Si _mapping

Scanning electron microscope (SEM) is a common technigue to prodes images of
a sample by scanning it with a focused beam of electrons. In this thes, we used
scanning electron microscope (SEM) method to test the morphologies ahembranes.
These images can not only infer the ber diameters of electrospinningmembranes,
but also show the channel of spincoated membranes. Smapping membranes show the
distribution of Si elements in the membranes and we can infer the ditribution of zeolites

in the membranes.

Thermalgravimetric analysis

Thermalgravimetric is a common method to measure the sample weightlanges as a
function of increasing temperature. It is normally used to determine mass loss or gain
due to materials' decomposition, oxidation or evaporation of chemical withlow boiling
points. In this thesis, we use this method to determine the waiht percentage of zeolites
in polymer membranes.

The uncertainly of this method might caused by the initial samples,the sample need

to be dry before the tests. In order to avoid the uncertainly, we died our sample in the
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oven over night.

Dynamic laser scattering

Dynamic laser scattering can be used to determine the size distrution of particles.
It normally consists of a laser, a sample, a photo detector and a correlatorWhen the
laser lights hits the small particles in the sample, the light scatteas in all directions. The
photo detector detects the intensity uctuates over time and the correlator correlates
the particle size with scattering intensity.

The uncertainly of this test can be caused by the size of particle corand surface
structures, particle concentration, and types of ions in the medium In order to mini-
mize the uncertainly of this test, all the particle size are testedand compared at same

concentration and in the same medium.

Zeta potential

Zeta potential of particle is measured by applying an electric eld acoss the sample
dispersion. Particles with a zeta potential will migrate toward the electrode with a
velocity proportional to zeta potential. By measuring the migrating velocity of these
particles, zeta potential of particles can be deduced.

The uncertainly of zeta potential can caused by pH of medium and ions sength in

the medium.

Ultraviolet spectroscopy

Ultroviolet spectroscopy is a common method to measure the concentrain of molecules.
It happens because molecules containing -electrons can adsorb ultraviolet to excite
these electrons to higher molecular orbitals.

Measurement uncertainly can caused by spectral bandwidth, wavelggth of excita-

tion light, purity of light and high concentration of samples.

Fluorescence spectroscopy

Fluorescence spectroscopy intensity can be used to represent spla concentrations.

In uorescence, the molecular is rst excited by adsorbing a photo fom its ground
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electronic state to various vibrational states. Collisions with other molecules caused the
excited molecule to lose vibrational energy and reaches the lowesthiational state. In
the process, a photo is emitting.

Measurement uncertainly can caused by the instruments, such asght source inten-
sity, wavelength characteristics, intensity of wavelength at all wavelengths, and cuvettes.
It can also caused by sample distortions, re-adsorption and high concerdtions of sam-

ples.

Water ux

Water ux of membranes is the rate at which water permeates a membrane.
Water ux uncertainly is related to membrane thickness, membrane pore size and

pore channels and membrane surface properties.

3.5.3 Data calculation methodology

Fiber diameter

The ber diameter data of polyacrylonitrile-zeolite are presented dather as histogram
gure or average bar gures. We collected around 50 sample diameter by usigp 5 images
from scanning electron microscope and measured the ber diameter wit the help of

Image J.

Ultraviolet adsorption

All the data related to creatinine adsorption are measured through ultraviolet adsorp-
tion. We rst get a standard creatinine adsorption function trough linear regression
between the ultraviolet intensity with creatinine concentrati on. Then, we tested our
samples for three times and calculated the sample concentration througlthe linear
function. The data is presented in bar gure with the height of the bar represents the

average, the error bar represents the min and max data of these three peated samples.
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Fluorescence adsorption

Fluorescence spectrum are used to represent the concentration ofidoxyl sulfate in
samples. As we know, the environment change such as pH and types of iondllva ect
the uorescence intensity of indoxyl sulfate. For each environmet, both background

data (as control) and sample data are presented.

Others

Scanning electron microscope and thermalgravimetric analysis data aresed without
further change. The water ux table in this thesis is created with the average data of

three repeated water- ux test.
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Chapter 4

Toxin adsorption capabilities
of PAN-zeolite electrospun
membranes

In this chapter, we show that the proposed composite membranes are abl® adsorb
water-soluble toxins. Four types of zeolite powders are tested andhieir abilities to
adsorb creatinine are compared. An electrospinning device is set up iorder to fabricate
brous membranes with these adsorbents. Finally, the membranes argéested and their

abilities to eliminate creatinine are compared.

4.1 Introduction

Although several types of hollow ber hemodialysis membranes which &n eliminate ure-
mic toxins though di usion process are used in clinics [16, 103, 104, 105], theemodial-
ysis process is still inconvenient, time consuming and expenss.

Patients with kidney failure have uremic toxins buildup, which are toxic to the
body at high concentration and lead to a complex mixture of organ dysfunctons if
left untreated [106]. Urea and creatinine are the common uremic toxins ammulated
in chronic renal failure patients. The average concentration of urea anccreatinine in
patients are 38,333 18,333 and 1204 407 mol, while that of normal health persons
are less than 6700 and 106 mol respectively [23].

Uremic toxins can also be eliminated by adsorption mechanisms other #n the tra-
ditional di usion mechanisms used in dialyzers nowadays. In prevbus research[107, 108,
109, 110], zeolite powders were used to adsorb uremic toxins. Zeoliteseathe most com-
monly used crystalline materials for molecular sieves since various/pes can be easily

obtained either from nature or synthesized in labs. The molecular siee properties of

39



zeolites as well as the fact that zeolites are non-toxic and very stablender physiolog-
ical conditions make them a good alternative method to eliminate urenic toxins. By
analyzing the structure of a given zeolite, especially its pore sizenformation, one can
estimate what molecules the zeolite can adsorb.

In order to use zeolites to adsorb uremic toxins, zeolites can be iocporated into
a nonporous polymer to form a composite membrane which has both the propges of
molecular sieving and processability [111]. Polymer membranes witheolite llers were
investigated in depth for water puri cation [112, 113] and gas separation [114, 115].
Nonwoven nanobrous membranes, which can be produced through a simpléetrospin-
ning method, are an excellent choice for incorporating zeolite powds. The brous
membranes produced by electrospinning have high porosity, ne ker diameters, large
surface area-to-volume ratio, good interconnected pore structures andreat permeabil-
ity [116, 117].

To fabricate a hemodialysis membrane, zeolites were incorporated to electrospun
PAN (polyacrylonitrile) polymeric nano ber membranes. PAN porous membranes have
a variety of excellent characteristics including good thermal and nechanical stability,
tolerance to bacteria and photo irradiation [118], and excellent membrandorming prop-
erties [117]. PAN membranes made through traditional phase inversion metbd are used
as dialyzer membranes in clinic [119, 120, 121].

In this chapter we fabricated and characterised PAN nano ber membranesand PAN-
zeolite composite membranes with two types of zeolite, 840-NHA and 940-HOA, at
di ering concentrations (5, 10, 15, 20, 25, 30 & 35 wt%). Then, the creatinine alsorption
capacity of both free zeolites and incorporated zeolites were evaluatedWe anticipate
that PAN-zeolite membrane will have a quick speed to eliminate urenc toxins because
of the fast adsorption speed of zeolites. The brous PAN-zeolite membranewhich
combines adsorption and di usion together, could be a new choice for hentalysis

membranes.
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4.2 Materials and methods

4.2.1 Materials

Polyacrylonitrile (PAN) with molecular weight of 150,000, dimethylformamide (DMF)
and creatinine were purchased from Sigma Aldrich, Co. HSZ-series zétals 500-KOA
(L), 720-KOA (Farrierite), 840-NHA (ZSM-5) and 940-HOA (Beta) powders were pur-

chased from Tosoh. Ultrapure water was also used.

4.2.2 Sample preparation

Preparation of nano brous PAN membranes

PAN electrospun solutions were prepared by dissolving 6 wt%, 8 wt% ash 10 wt% PAN
powders in DMF at 60 C for 12 h. The PAN nano brous membranes were prepared
using a laboratory set-up electrospinning equipment. The electwspun voltage was 22.5
kV, feed rate was 1 mlh 1 and tip to collector distance was 15 cm. The relative
humidity and temperature were kept between 48-52% and 23 26 C respectively. In

all experiments, 21 gauge needles were used.

Preparation of PAN-zeolite composite membranes

PAN-zeolites solutions were prepared by adding zeolite powders int@0 wt% PAN elec-
trospun solution from section 2.3.2. The composite solution was further dtred at room
temperature for 12 h and ultrasonicated for 1 h during the stirring process. Composite
solutions with zeolite to PAN polymer ratio varied from 10:100, 15:100, 20:100, 25:100,
30:100 to 35:100 were prepared. If a sample contains 10 wt% 840-NHA in PAN poly-
mer, the samples were named 10-840, other samples were also hamed accordinghe
electrospinning factors were kept the same as section 2.3.2 except fibre tip to collector
distance, which was 19 cm. At this distance, a at composite membranesvere obtained

smoothly.
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4.2.3 Measurement

Scanning electron microscopy (SEM)

The morphology of PAN and PAN-zeolite membranes was examined using a Zeissan-
ning electron microscope. The diameter of the bers was measured bymageJ software
for 50 times. The PAN membranes and PAN-zeolite membranes were also exanad by

energy dispersive X-ray spectroscopy (EDX) equipped in SEM.

Thermal gravimetric analysis (TGA)

Thermal gravimetric analysis (TGA) of the samples was conducted usingthe Q500
TGA instrument from TA Instruments. The temperature scans were taken from room
temperature to 800 C at 10 C min ! in an ambient atmosphere at an air ow of 20 ml

min 1.

Adsorption studies of zeolite powders

UV-Visible spectrophotometer (Ultraspec 2100 pro) was used to measure the abrbance
of the creatinine solution. Creatinine solutions with various concentations (50, 100, 150,
200, 250, 312.5 and 400 mol L lwere made by adding creatinine powders into beakers
with ultrapure water and then stirred overnight. An UV calibration stan dard line for
creatinine in ultrapure water was prepared based on the absorption valuef creatinine
solutions at 234 nm. Creatinine solutions with concentration of 0, 50 , 100, 150, 200
and 312.5 and 400 mol L ! were tested for drawing the UV calibration standard line.
Creatinine adsorption capacity of free zeolite was rst tested by the bllowing procedure.
0.025 g 500 KOA, 720 KOA, 840-NHA and 940-HOA powders were added into 4 vials
with 10 ml 200 mol L *creatinine solution and were shaken at 37 C for 3 h at a speed
of 165 rpm in a shaker (C25, New Brunswick Scienti ¢, USA). The adsorption peed
of 940-HOA powders was further measured using the same procedure byadting them
for 0, 5, 10, 20 minutes and 3 h. Finally, the adsorption capacity of 940-HOA powdes
in 50 , 200 , 312.5, and 625 mol L ! creatinine solutions were also measured for 20

minutes.

42



Adsorption study of zeolites incorporated in membranes

Creatinine adsorption capacities of di erent composite membranes weer tested in a ow
state according to the following procedure. First, composite memtanes with a diameter
of 10 mm were cut and positioned in a syringe lter cartridge (EMD Milli pore, CA).
Then, 200 mol L ! creatinine solution was introduced into the inlet of the cartridge
to ow through the membrane and exit through the outlet at the ow rate of 1 mlh 1
for 3 h. Finally, UV absorption spectrums of solutions collected from theoutlet were
measured. Three samples of each type of membrane were tested. Theeatinine ad-
sorption capacity of 30-940 membranes with di erent thicknesses wereufther measured

following the same procedure.

4.3 Results and discussion

4.3.1 Data presentation methods

In this chapter, all the data related to adsorption test are presentedthrough bar gures.
In these gures, the height of the bar is the average value and the error &r is the range
of value. The data are presented in this way to show the value range of #se data.
The average diameter of bers are also presented using bar gure. The dight
represents the average ber diameter of 50 samples measured using &ge J based on 5

SEM images.

4.3.2 Fabrication of PAN membranes

Electrospinning is a process based on electrohydrodynamics to fior continuous thin
bers, which can further form brous membranes [122]. This membrane fbrication
method is simple, easy and cost-e ective. Various polymers have lmn used in elec-
trospinning processes [123, 124, 125, 126]. Among them, electrospun PAN membean
have attracted much attention due to its excellent thermal stability and insolubility to
most solvents [127]. PAN based membranes have been widely used in wateeatment
[128, 129], protein Itration and dialysis. In this chapter, PAN brous memb ranes with

di erent concentrations were fabricated by adjusting voltage, tip to collector distance,
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ow rate, temperature and humidity during the electrospinning p rocess. The best con-
ditions to get smooth bers were at 22.5 kV with a ow rate of 1 ml h 1 in a relative
humidity of 50% at 25 C. These conditions were used in the following experiments.
The morphology of the bers with 6 wt%, 8 wt% and 10 wt% of PAN in DMF is shown
in Figure 4.1. Smooth bers with rare beads are observed in all the gures The rare
beads in Figure 4.1 have probably formed due to the disturbance of elémspinning
parameters, such as ow rate, humidity, voltage and current. The diamder of bers
with 6 wt% of PAN is 141 nm, which is the thinnest among all the three sampes. The
diameter of 8 wt% of PAN is 411 nm and that of 10 wt% of PAN is 673 nm. These
average ber diameters are measured by collecting 50 samples by Image king 4-5
di erent SEM images. Typically, the ber diameter would increase with increased poly-
mer concentration when other fabrication factors are unchanged. Solutionsvith more
than 15 wt% of PAN in DMF were not used since their viscosities were to high for the

electrospinning apparatus.

4.3.3 Fabrication of PAN-zeolite membranes

Polymeric membranes lled with zeolites have their advantages sine they combine
molecular sieve property of zeolites and processability of polymers12Polymer-zeolite
membranes have been used for gas separation [130, 111], ethanol-water separafibBi]
and water treatment [132]. To maintain a relatively high ow rate of 1 ml h 1, the 10
wt% PAN in DMF was chosen as the polymer solution base for incorporating zedtes.
To better distribute the zeolites within the polymer, the composite solution was stirred
for over 12 h before electrospinning. Furthermore, the solutions wex ultrasonicated
twice for 30 min during the stirring process.
Figure 4.2 shows SEM images of PAN-zeolite composite membranes with 940 (10

& 30 wt%) and 840 (25 & 30 wt%). In these images, a mix of bead and ber mor-
phology can be observed. The formation of beads was due to relatively large aée
particle sizes (0.67-2 m) when compared with ber diameters (277-419 nm, shown
in Figure 4.4). The average ber diameters used in Figure.4.4 were cadcted using 5
SEM images by Image J, the data presented in the gure is the average of 50 easured

data. Another potential reason was due to poor distribution or aggregation of zeote
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Figure 4.1: SEM images and diameters of electrospun PAN nano bers produced in DMF th
polymer concentrations of 6 wt% (a), 8 wt% (b) and 10 wt% (c).
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Figure 4.2: SEM images of PAN-zeolite nano brous composite membranes. 10-940 (a), 30-940
(b), 25-840 (c) and 30-840 (d). (PAN is 10 wt% based)
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Figure 4.3: Creatinine adsorption speed of 940 zeolites in 200mol L ! creatinine solution.
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Figure 4.4: Fiber diameters comparison between membrane with various zeolite aticrent
concentration.

particles. However, smooth nano bers existed between the beads. ifure 4.4 shows a
comparison between the average ber diameter of PAN and PAN-zeolite memtanes.
The ber diameter of 10 wt% PAN membrane without zeolites was 675 nm whilethe

ber diameter in the membrane with 10 wt% 940 (Figure 4.2 (a)) was 277 nm and hat

in the membrane with 30 wt% 940 (Figure 4.2 (b)) was 398 nm. It further indicated

that the ber diameter in the membrane with 25 wt% 840 (Figure 4.2 (c)) was 419
nm while that in the membrane with 30 wt% 840 (Figure 4.2 (d) was 277 nm. From
these data we know that the membrane with zeolites had decreased baliameter when

compared with PAN membrane and the ber diameters in PAN-zeolite membrane were
relevant to zeolite type (size and shape) and concentrations. The progrties of zeolites
used in this paper are provided in Table 4.1.

To further determine the successful incorporation of zeolites inb the membrane,
SEM/Si-mapping images are presented in Figure 4.5. Silicon atom was chosdor it
existed in zeolites, but not in PAN polymers. Si-mapping analysis futher presented
the Silicon atomic percentages in PAN and PAN-zeolite membranes, show iiable 4.2.

There are merely 0.07% Silicon atoms in PAN membranes while 14.01% in the mem
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Table 4.1: Characteristic data of various zeolites used in this study, supplid by Tosoh Corpo-
ration.

500KOA 720KOA 840NHA 940HOA

Cation Type K K NH 4 H
SiO,/Al ,0O3(mol/mol) 6.1 18 40 40
Na,O(wt%) 0.25 1.3 0.05 0.05
K,O(wt%) 16.8 5.6 - -
Surface Area(BET, nf/g) 290 170 330 530
Cystal Size( m) 0.4 1 2x4 0.5-1.0

brane with 10 wt% 940. Figure 4.5(a, b) is the Si-mapping of 10 wt% 940-HOA PAN
membranes; no aggregation of Si was observed. Contrarily, large areas of Si aggrega-
tion were observed in membranes with 30 wt% 940-HOA (Figure 4.5 (c, d)). Uiform
distributions of zeolite within the membrane were harder to achiew when incorporating
higher concentration zeolite. Similarly, mildly aggregation were obsered in Figure 4.5(e,

f), which had 25 wt% of 840-NHA.

TGA testing was further carried out to precisely determine the percentage of zeolites
inside the membranes. At 800 C, PAN polymer is totally burned and only zeolites are
left on the pan. As indicated in Figure 4.6, PAN membrane (Figure 4.6(a)) had Oweight
left at 800 C. 10-10940 (Figure 4.6(b)) had 10% weight left at 800C. This indicated
that 100% of the fed zeolites are incorporated inside the membranes. Sitarly, 10-
20940 (Figure 4.6(c)) had 18% weight left at 800C, which indicated that 90% of the
fed zeolites (20 wt% 940) were incorporated into the membranes. The memanes fed
with 30 wt% zeolite had around 24 wt% of zeolites inside the membrane (ashswn
in 10-30 940, Figure 4.6(d)). From the TGA analysis we can see that the deviation
between the zeolite in feed and zeolites in membrane grew larger witimcreased zeolite
feeding percentages. The date from Table 4.2 further supported this

The above analysis shows that zeolite-PAN nano ber membranes can be saessfully
fabricated through the electrospinning method. However, with ingeased zeolite fed
percentage, it is harder to incorporate all the zeolites in the membrae and higher

percentage of zeolites tend to coagulate inside the membranes.
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Figure 4.5: SEM/Si mapping images of zeolite-PAN membrane with zeolites: 10-940 (a) wht
Si-mapping (b), 30- 940 (c) with Si-mapping (d) and 25-840 (e) with Si-mapfng (f).

49



100 L 10'0
—10-10940
—10-20940
80 — 10-30940
& 60}
5
s 40 F
g (d)
20 (c)
(b)
oF (a)

0 100 200 300 400 500 600 700 800 900
Temperature (°C)

Figure 4.6: TGA analysis of composite membranes.

Table 4.2: Summaries of TGA test results: Comparison of zeolite percentages in éel and in
membrane.

Sample Zeolites in feed(%) Zeolite in membrane(%) Deviati(%o)

10 0 0 0
10-10940 10 10 0
10-15940 15 15 0
10-20940 20 17.5 12.5
10-25940 25 21 16
10-30940 30 24 20
10-35940 35 24 31
10-10840 10 10 0
10-20840 20 15 25
10-25840 25 22 12
10-30840 30 22 26.67
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Figure 4.7: Creatinine adsorption level of zeolites in 200 mol L * creatinine solution for 3 h.

4.3.4 Creatinine adsorption capacity of zeolites

To determine the creatinine adsorption capacity of zeolite, several )eriments were
designed and carried out. Figure 4.7(a) presents the adsorption capacity ofarious
zeolite in both 200 mol L ! creatinine solutions for a 3 h period. 500-KOA were
non-adsorbent to creatinine since their pore size was smaller than #t of creatinine
[133]. 720-KOA and 840-NHA reduced 10% and 42% of creatinine in 200mol L 1
creatinine solution. 940-HOA had the best creatinine adsorption capacity;almost all the
creatinine from both 200 mol L ! and 50 mol L ! creatinine solution was adsorbed.
Figure 4.7(b) exhibits the creatinine adsorption capacity of zeolites ly zeolite mass.
940-HOA’s creatinine adsorption capacity is as high as 9050g g ' ina 200 mol L ?!
solution. This experiment revealed that creatinine adsorption capady was related to
zeolite type.

940-HOA was chosen to further evaluate its creatinine adsorption speed. igure 4.3
demonstrates that the adsorption speed of zeolites was very quick, 0.025af 940-HOA
powders adsorbed all of creatinine from 10 ml 200 mol L ! creatinine solution in 5
min.

To further reveal how initial creatinine solution and adsorption time a ected crea-

tinine adsorption capacity of zeolites, 940-HOA powders were added to cedinine solu-
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Figure 4.8: Creatinine adsorption percentages of 940-HOA zeolites in di erent creatiine con-
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Figure 4.9: Creatinine adsorption capacity of 940-HOA zeolites in di erent creatinine concen-
trations for 20 min.
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tions with concentrations from 50 to 625 mol L 1 for 20 min. Figure 4.8 showed that,

in 20 min, 940 could adsorb 100, 100, 90, 76 and 70% of creatinine from 10 ml 50, 200,
312.5, 400 and 625 mol L ! creatinine solution correspondingly. To express the data
in adsorption capacity method, 940-HOA zeolite exhibited higher adsorpton capacity
with increased creatinine concentration, as shown in Figure 4.9. It hadhe lowest ca-
pacity (4930 gg 1) in50 mol L ! creatinine solution, a gradually increased capacity
in (11236, 13621 &16126 g g 1) 200, 312.5 & 400 mol L ! creatinine solution, and
the greatest capacity (24452 g g 1) in 625 mol L ! creatinine solution. From this
gure, we can tell that the higher creatinine solution concentration, the higher 940's

adsorption level.

4.3.5 Creatinine adsorption capacity of zeolite-PAN membnres in

a ow state

All the membranes used in this experiment were electrospun for 1 lat a ow rate of

1 ml h 1. To test the creatinine adsorption capacity of PAN-zeolite membranes, he
membranes were cut into 10 mm disks and then mounted in syringe Ite cartridges. A
solution of 200 mol L ! creatinine was Itered through the membrane at a rate of 1
ml h 1 for 3 h. Figure 4.10(a) reveals that the membranes with 840-NHA or 940-HOA
zeolites could successfully adsorb creatinine at distinct levelsAmong the membranes
with 840-NHA, the membrane with 25 wt% zeolites (10-25) reduced as much as 43%
creatinine in 3 h. Similarly, within all the membranes with 940-HOA, 10-30 reduced
52% of the creatinine in solution. Figure 4.10(b) presents the creatinie adsorption
capacity of each membrane by membrane mass as well as zeolite mass. SintjladO-
25 membranes with 840-NHA and 10-30 membranes with 940-HOA both showed the
highest creatinine adsorption capacity by membrane mass: 25459 g * and 2658 gg !
respectively. Figure 4.10(b) demonstrates that the membrane with 10 w6 zeolite had
the highest creatinine adsorption value by zeolite mass (19117g g ! for 840-NHA and
14140 g g ! for 940-HOA). A potential reason was that the zeolite distribution was
more uniform and less aggregated inside the membrane at low zeolite leyels supported
by Figure 4.5.

By collecting the membranes over di erent spinning times while keeping all the
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other experimental factors the same, we could get membranes with variaithicknesses.
Figure 4.11 shows the creatinine adsorption capacity of membranes witharious thick-
nesses. It shows that, the thinner the membrane, the higher the reatinine adsorption
capacity by membrane mass and zeolite mass. The membranes collected @5 h at a
ow rate of 1 ml h 1 is recommended, since it had good creatinine absorption capacity
as well as the potential for high mechanical strength. Creatinine concetnation for a
healthy person is normally less than 106 mol, while that of patients with kidney disease
is around 1204 407 mol. The creatinine adsorption capacity of 940-HOA increased
from 2262 g g *in 50 mol L ! creatinine solution to 25423 gg *in 625 gL ‘!
creatinine solution. We can expect better creatinine adsorption capaity of 940-HOA
in solutions with higher creatinine concentration. Furthermore, the adsorption speed of
940-HOA is very quick (0.025 g 940-HOA will eliminate 91% of 20 mol creatinine in
5 min). When we compared the creatinine adsorption capacity of zeolite pwder and
that of zeolite incorporated in membranes, zeolite showed improvedapacity inside the
membrane. Speci cally, the creatinine adsorption capacity was 3733 g g ! for 840
powders while it was 19230 g g * for 840 inside the membrane. On the other hand,
the capacity of 940-HOA powders was 8823 g g ! while it was 13574 g g ! for 940
inside the membrane. The fact that 840 and 940 zeolites had improved capdgiinside
the membranes might be because of the following two reasons. Firsthe zeolites par-
ticles tended to coagulate even though they were shaken at 165 rpm duringest since
there is no force to separate zeolites particles. However, they werbetter distributed
in the polymer matrix after stirring overnight. As a result, the e ective surface area of
zeolites to adsorb creatinine was largely increased in the membrane$he second reason
is related to the testing method. The adsorption capacity of zeolite pwder was tested
inside vials by shaking them at 165 rpm. And the composite membrane was &ed in
ow state.

We also noticed that the creatinine adsorption capacity of 840 in membranemproved
four times compared with that of 840 powders while that of 940-HOA improved rerely
0.5 times in the membrane when comparing with 940 powder. This is po#dy because
the mean particle size of 840-NHA was 2 m while that of 940-HOA was 0.67 m.
840-NHA powders had signi cantly larger particle diameters when compared wth the

PAN ber diameters (277-410 nm), so a lower percentage of zeolite particlesurface
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was blocked by bers. On the other hand, 940 had closer particle size tdghe PAN
ber diameters (276-398 nm), thus 940 zeolite powders can be buried indé the zeolites
easily. Future work will investigate how the particle size of zeolie a ects the adsorption
capacity of PAN-zeolite membranes as well as explore the possibility of irsg PAN-

zeolite to eliminate creatinine from blood.

4.4 Conclusion

In summary, in this chapter we have successfully 1) identied 940 ad 840 zeolite as
excellent uremic adsorption adsorbents; 2) fabricated PAN-zeolite nanobrous mem-
branes through an electrospinning process; 3) compared creatinine aoiption capacity
of zeolites as free powders to that of zeolites incorporated into membnes.

The results showed that PAN-zeolite membranes are promising hemodlysis mem-
branes, since they can adsorb water-soluble toxins at a fast speed. €e membranes
proved able to eliminate toxins through adsorption which is an exceknt result. Together
with di usion and convection mechanisms, we can expect these memlanes to perform
better as hemodialysis membranes. The quick adsorption speed can alpotentially
reduce the hemodialysis time needed for hemodialysis.

Furthermore, by comparing the creatinine adsorption capacity of 840-NHA and 940-
HOA, we noticed that the particle size and the surface area play an imporant role in
determining the adsorption capacity of the membranes. In next chapte, we carry out an

study to determine how the particle size and shape a ects the memianes' adsorption.
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Chapter 5

Effect of size and shape on
zeolite adsorption

In this chapter, we study how do the size and shape of zeolites a ecthteir adsorption
when incorporated inside brous membranes. Our goal is to obtain an insighon how

to choose zeolites.

5.1 Introduction

Previous studies showed that zeolite and active carbon can be used asamic toxins
adsorption materials. More speci cally, MFI-type zeolites eliminated 85% of p-cresol in
the pathologic uremic concentration range [134]. 940-HOA and 840 NHA zeolite had a
200 mol g ! creatinine adsorption capacity in 200 mol g ! creatinine solution [133].
Activated carbon was used to adsorb uremic toxins such as creatinine,-presylsulfate,
indoxyl sulfate and hippuric acid [135, 21]. Na-STI (stilbite) was used b adsorb urea
while Ca-STI, K-STI and Na-STI displayed the ability to adsorb urea acid [23].

In Chapter 4 [136], we found that PAN-zeolite brous membranes can adsorb urmic
toxins. We also found that zeolites with di erent molecular struct ures have di erent
adsorption capacity. Zeolite particle size was an important factor which a ected the
creatinine uptake ability when incorporated inside the membranes. Despite evidence
that zeolite particle size and shape matters on its adsorption ability as pwders and as
llers, this has not yet been investigated in detail [137].

To compare uremic toxin uptake of zeolites with di erent particle sizes and shapes,
three types of zeolite from the ZSM-5 group were chosen. Besides coanng their cre-
atinine uptake ability as powders, zeolites were also incorporated i@ polyacrylonitrile
(PAN) polymeric nano bers that formed composite membranes [137, 111]. The PAN -

brous membranes are good candidates for hemodialysis membranes sitticey have high
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porosity, ne ber diameters, large surface area-to-volume ratio, good irterconnected
pore structures and high permeability [116, 138]. The PAN polymer also has aariety
of excellent characteristics including good thermal and mechanicadtability, tolerance to
bacteria and photo irradiation [139], and excellent membrane forming progrties [117].

Creatinine is the most common molecule used in studies to represearemic toxins.
It is one type of uremic toxin and it is produced by the breakdown of geatine phosphate
in muscles. Free creatinine concentration in the blood of healthy prsons is relatively
low, around 106 mol, but can reach up to 1204 407 mol in cases of renal failure
[23]. For this reason, creatinine is also used in this chapter as a repsentative uremic
toxin.

The aim of this chapter is to examine how do particle size and shape a dareatinine
uptake by ZSM-5 zeolites. First, we study the creatinine uptake alility of spherical mi-
croparticle 840, spherical nanoparticle P-87 and rod-like nanoparticle P371 zeolites in
creatinine solutions. Their creatinine uptake levels are measureth creatinine solutions
with di erent concentrations, volumes and adsorption times. Then, we incorporate the
three zeolites inside their respective nano brous membranes and gasure their creati-
nine uptake abilities. Finally, the creatinine uptake ability by z eolites in membrane is

compared with that of their respective powders'.

5.2 Sample preparation

5.2.1 Materials

Polyacrylonitrile (PAN) with molecular weight of 150,000, dimethylformamide (DMF)
and creatinine were purchased from Sigma Aldrich, Co. HSZ-series zétal 840-NHA
(ZSM-5) powders were purchased from Tosoh. Nano ZSM-5 P-87 and P-371 weper-

chased from ACS Materials, LLC. Ultrapure water was also used.

5.2.2 Preparation of PAN-zeolite composite membranes

A 10 wi% PAN solution was made rst by dissolving PAN powders in DMF and stir-
ring overnight at room temperature. PAN-zeolite composite solutions wee prepared by

adding zeolite powders into the 10 wt% PAN solutions. The composite soltions were
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stirred overnight again and ultrasonicated for 1 h during the stirring process. PAN-
zeolite composite solutions of 840, P-87, and P-371 were prepared with zeolite PAN
ratio of 3: 10. PAN-zeolite composite membranes were fabricated using sdfiilt electro-
spinning equipment. The voltage, feed rate, tip to collector distarce, relative humidity

and temperature were set as 22.5 kV, 1 ml hl, 15 cm, 10% and 22C respectively.

5.2.3 Measurement

Dynamic light scattering (DLS)

A dynamic light scattering (DLS), Zetasizer Nano ZS (Malvern) was usedto analyze the
particle size distribution of the zeolite powders. The powders wre dissolved in water

at a concentration of 8.6 g L * and all samples were tested three times.

Adsorption studies of zeolite powders

Creatinine adsorption capacity of three zeolites with di erent size and shape was tested
by the following procedure. To test the e ect of the creatinine concentration on zeolites'
adsorption capacity; 0.025 g 840, P-87, and P-371 powders were respectively adtlinto
vials with 10 ml 50, 200, 400, and 625 mol L ! creatinine solutions. The vials were
shaken at a speed of 165 rpm at 37C for 3 h in a shaker (C25, New Brunswick Sci-
enti ¢, USA). To evaluate the creatinine solutions' volume e ect on zeolites' creatinine
adsorption capacity; 0.025 g 840, P-87, and P-371 powders were added into 3 ml, 8,m
10 ml, and 18 ml 400 mol L ! creatinine solution and shaken for 3 h at the same con-
ditions as above. Finally, the e ect of adsorption time on zeolites' cratinine adsorption
capacity was measured; 0.025 g 840, P-87, and P-371 powders were added into 10 ml
400 mol L ! creatinine solution and were shaken for 5 min, 10 min, 15 min, 20 min,
1 h, and 3 h at the same condition as above. All the experiments were repéed three
times. A UV-Visible spectrophotometer (Ultraspec 2100 pro) was used to mease the
absorbance of the creatinine solution. A UV calibration standard line for ceatinine in
ultrapure water was prepared based on the absorption value of creatinineatution at
234 nm. Solutions with concentration of 50, 100, 150, 200 and 250mol L ! were tested

for drawing the UV calibration standard line.
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Adsorption studies of PAN-zeolite composite membranes

The creatinine adsorption capacity of di erent composite membranes wee tested in a
ow state according to the following procedure. First, circular composite membranes
with a diameter of 10 mm were cut and positioned in a syringe lIter cartridge (EMD
Millipore, CA). Then, a 400 mol L ! creatinine solution was introduced into the inlet
of the cartridge to ow through the membrane and exit through the outlet at a ow
rate of 1 ml h ® for 3 h. Finally, UV absorption spectra of solutions collected from the
outlet were measured. Three samples of each type of membrane (30 wt% of 849,87

and P-371) were tested.

5.3 Results and discussion

5.3.1 Zeolite powder analysis

The SEM images and particle size distribution of the three zeolite paticles used in this
paper are shown in Figure 5.1. The framework is ZSM-5 and they all have tatively
uniform particle sizes. 840 zeolite particles (Figure 5.1(a,d)) are reltively spherical with
an average particle diameter of 1849 nm, while P-87 zeolite particles (Fige 5.1(b,d))
are also spherical with an average particle diameter of 578 nm. P-371 zeolitgarticles
(Figure 5.1(c,d) are rods with particle size of 300 700 nm. Figure 5.1(d) shes the
average particle size of the three zeolites, as measured by DLS. Fromdtire 5.1 we can
con rm that 840 and P-87 zeolites have di erence in particle size, whie P-87 and P-371

zeolites have di erent shapes.

5.3.2 Fabrication of PAN and PAN-zeolite composite membranes

Electrospinning is a simple and e ective way to make porous membraas which can be
used in water treatment, bacterial and particle Itration and dialysis . In this paper, PAN

nano brous membranes as well as PAN-zeolite composite membranes were fatated by
adjusting important in uence factors such as voltage, feed rate, tip-to collector distance
and humidity. The best electrospinning conditions were found to ke voltage of 22.5

kV, feed rate at 1 ml h 1, distance of 15 cm, and humidity of 10%, respectively. The
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Figure 5.1: SEM images of zeolite particles and their average particle size. 840 (a),-87 (b),
P-371 (c) and particle size distribution.

morphology of PAN membranes and PAN-zeolite composite membranes are shown in
Figure 5.2. Figure 5.2(a) shows a membrane with 10 wt% PAN. Smooth bers wih
rare beading can be observed in the SEM image. The average diameter of thigers is
9 nm (Figure 5.2(b)), which is the thinnest among the four samples. Afer zeolites were
incorporated into the membrane, the edge of the ber is coarser. We canee zeolite
particles attached along with the ber, as indicated by Figure 5.2(c,eg). The reason
is that zeolite particles can appear on the surface of the ber, partiallyin the ber or
completely within the ber, which disturbs the smooth ber morp hology. When we
compare the average diameter of bers with di erent zeolite particles, we observe that
the composite membrane with microparticle 840 zeolite (Figure 5.2(c,d)has the thickest
ber diameter, at 286 nm. The membrane with P-371 zeolite has an average diaster
of 280 nm (Figure 5.2(h)) while the membrane with P-87 has an average diameteof
257 nm (Figure 5.2(f)). From Figure 5.2 we can see that the membrane preséd an
increased ber diameter after zeolite was incorporated. The increasevas relevant to
zeolite particle size.

EDX test shows the atomic distribution in the image. Silicon (Si) atoms were chosen

to represent zeolite distribution since in our samples it could oy be found in zeolites.
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Figure 5.2: SEM images of electrospun PAN and PAN-zeolite membranes as well as their ér
diameter distributions. PAN (a,b), PAN-840 (c,d), PAN-P87 (e,f) and PAN-P371 (g,h). (PAN
is 10 wt % and all the zeolites are 30 wt %)
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Figure 5.3: SEM and EDX mapping images of PAN-zeolite membranes: PAN-840 (a) with
Si-mapping (b), PAN-P87 (c) with Si-mapping (d) and PAN-P371( e) with Si- mapping (f).

Figure 5.3 is the SEM/EDX mapping images of composite membranes with 840, B7
and P-371 zeolites. Figure 5.3 (b,d,f) shows that the Si atoms are mostly igtributed
along the ber, relatively uniform.. Some large areas of Si aggregation were obsved
in Figure 5.3(c) and mild aggregation also existed in Figure 5.3(e). We belwe that
aggregation occurs for particles that cannot be easily separated. Even thougall three
particles were stirred with the same process, we can see that nanopaies are harder
to distribute evenly when compared with micro-particles.

The TGA test further showed the precise weight percentage of zedks inside the

membranes, as indicated in Figure 5.4. The weights of the membranes aremsidered
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as 100 wt% at room temperature and they gradually decreased due to the comistion
of PAN polymers as the temperature goes up. We can see that all the PAN weréully
combusted when the temperature reached 700 C. There is zero weigleft in pure PAN
membrane when the temperature was above 700 C, as indicated in Figure 5(4). For
the other three types of composite membranes fed with 30 wt% 840, P-87 and-B71
zeolites, they had respectively 22.5 wt%, 22.5 wt% and 22.5 wt% zeolitdsft, as shown
in Figure 5.4(b, c, and d). The data indicates that the di erence between the percentage

of zeolite in feed and zeolite in membrane was 25%.

5.3.3 Creatinine adsorption capacity of zeolites

Investigating the adsorption behavior of zeolite powders provides gidance to maximize
the creatinine uptake by zeolites. Here we studied how the creatime concentration,
creatinine solution volume, and adsorption time a ected zeolites' cratinine adsorption
ability.

All three types of zeolite showed gradually improved creatinine upéke in creati-
nine solutions with increased concentration from 50 mol L ! to 625 mol L 1. To be
speci ¢, the creatinine uptake level of 840, P-87 and P-371 zeolite powds were 1410,
1625, and 1853 gg *in 50 mol L ! creatinine solution, and they improved to 10511,
10820, 10443 g g 1 in 625 mol L ! creatinine solution, respectively (as shown in
Figure 5.5 (a)). This indicated that all three zeolites had a higher cratinine uptake
ability in creatinine solution with higher concentrations. When we compared the crea-
tinine adsorption levels of 840, P-87 and P-371 at each concentration, they sh@d very
similar result. Thus, the particle size and particle shape barely m uences the creatinine
adsorption level of the three zeolite powders if the creatinine corentrations is kept the
same.

Figure 5.5(b) further shows creatinine uptake level of 840, P-87 and P-371levlite
powders in 400 mol L ! creatinine solution with increased volume (3, 6, 10, 18 ml).
All three zeolites showed improved creatinine uptake level withincreased creatinine
volume. However, they had dierent rates of increase. The creatinie uptake level
of 840 zeolite in 18 ml creatinine solution was 2.8 times of that in 3 ml creatine

solution, with creatinine uptake levels maximized at 18 ml. The creatnine uptake level
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Figure 5.4: TGA analysis of membranes: pure PAN (a), PAN with 840 (b), PAN with P-87
(c) and PAN with P-371 (d).
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of P-87 and P-371 zeolite powders improved 1.9 and 1.8 times respectiyan an 18 ml
creatinine solution compared to a 3 ml creatinine solution. However, hey both reached
maximum creatinine uptake in 6 ml creatinine solution. When we compaed 840 with P-
87 zeolite powders, 840, which has larger particle size, presented et performance on
adsorbing creatinine. However, when we compared P-87 with P-371 zeddippowders, the
performance was similar despite their di erent particle shapes. Thus, zeolite particles
with larger particle size had higher creatinine adsorption, while paricles with di erent

shapes presented no di erence along with increased creatinine uaine.

Figure 5.5(c) shows the e ects of adsorption time on the creatinine adsgtion ca-
pacity of the zeolites in 10 ml 400 mol L ! creatinine solution. The gure showed
that all three zeolites reached the maximum creatinine uptake leveht 30 min. Besides,
comparing the creatinine adsorption level of 840, P-87 and P-371 zeolite poveds at
each time interval (2 min-3 h), we saw very similar levels, excepthat of P-371, which
was very low at 2 min. Thus, the particle size and particle shape bargl in uence the
creatinine adsorption level of the three zeolite powders at di eremt adsorption time. Fur-
thermore, the gure shows that the three zeolites have a creatinir uptake of 5500 g
g 1in 5 min, this indicates that the adsorption speed of zeolites is fast Wwen comparing

with hemodialysis membranes, which is normally 3 h [139].

5.3.4 Comparison of zeolite particle e ects

The investigation of zeolite powders showed that zeolite shape had no ext on its
creatinine adsorption level at various conditions. Similarly, the siz had no e ect on the
adsorption level in creatinine solution with di erent concentration s or adsorption time
except in solution with di erent volumes. However, the particle size and shape both
had signi cant e ects on zeolite's creatinine uptake level when they were incorporated
inside membranes. Figure 5.6 shows the comparison of creatinine adsdign level of
zeolites as ller in the membranes and as powders. Same amount of zeolippwder was
measured for adsorption experiment after calculating the relative mas of zeolites inside
their membranes. 840 in the membrane had a creatinine adsorption capagitas high as
8957 g g !, which is half of that of 840 as powders. P-87 inside the membrane had much

lower creatinine adsorption capacity when compared with that of P-87 powders. On the
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Figure 5.5: Study of the relationship of zeolite powders' adsorption capacity of cratinine with
creatinine concentration (a), solution volume (b), and adsorption time (c).

other hand, P-371 showed the most decreased creatinine adsorption capgcinside the
membrane when comparing with that of its powders. The adsorption capady of zeolites
showed various level of decreased inside the membranes because ther blocked parts
of the surface of zeolites. However, the results showed that micro-840 the membranes
kept approximately half of its capacity as free powders, while nano-gie P87 lost almost
3 quarters of its capacity compared with its powder and P-371 lost an even igher
percentage of its capacity. The size and shape of zeolites has an importanteet on
their creatinine adsorption capacity when incorporated inside the menbranes.
Micro-particle 840 in membranes had much higher creatinine adsorptiondvel than
that of nanopatrticle P-87 in the membrane. The reason is that when zeolite were incor-
porated in the membranes, the PAN nano bers which had an average diameteof 9 nm,
tended to block parts of surface area of zeolites powders. The polymeber blocked
a relatively smaller percentage of microparticle 840 since there is aearly nine-fold
size di erence between particles and PAN ber. So the unblockedfunctional surface
area of microparticles was larger than nanoparticles, which had roughly theefold par-

ticle size di erence with the diameter of PAN bers. As a result, microparticle zeolite
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Figure 5.6: Comparison of creatinine adsorption capacity of 840, P-87 and P-371 zeolite in
membranes (by membrane mass and zeolite mass) and as powders.

(840) in membranes showed higher creatinine adsorption capacity when cgmared with
membranes with nanoparticle zeolites (P-87).

Spherical particle P-87 zeolite in membrane had higher creatinine adsption level
than rod particle P-371 zeolite in membrane. The possible reason is thatwhen the
composite ber is formed in the electrical eld, the rods tend to align with the ber.
The rod is 300 nm on one dimension, which is very similar to the ber dameter, thus,
it can easily get buried inside the ber. As a result, a large percenage of its surface
is blocked by PAN ber.The unblocked functional particle area is relatively small when

compared with spherical particles, which had particle sizes closeotthe ber diameter.

5.4 Conclusion

In this chapter, we studied the in uence of zeolite size and shape otthe performance
of PAN-zeolite membranes with respect of creatinine uptake level. Werst measured
spherical microparticle 840, spherical nanoparticle P-87 and rod-like anoparticle P-

371 zeolites as powders in creatinine solution with di erent concentations, volumes
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and adsorption time. These particles showed similar creatinine upke ability. Then,

nano brous membranes with these zeolites were electrospun and theability to adsorb

creatinine was measured and compared. Zeolites had signi cantly di eent creatinine
uptake ability after being incorporated inside the membranes. Sphecal microparticle

840 in the membrane presented the best creatinine uptake ability, aB957 g g *, which
was half of its powders'. On the other hand, P-87 presented largely deeased, while
P-371 presented even lower creatinine uptake ability in membranesthen compared to
respective powders'.

We proved that the size and shape of zeolites have a signi cant e ect ontheir
creatinine adsorption level in the membranes. Microparticles havebetter adsorption
capacity than nanoparticles when incorporated inside the membranes aftough the size
does not have any e ect on zeolite powders. The spherical nanopartielshape is a better
choice than rod nanoparticles when incorporated in the polymer ber madc through
electrospinning. This nding can provide guidance for choosing theright size and shape

of zeolites to be incorporated in the brous membrane for adsorption usage.
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Chapter 6

Creatinine adsorption by
zeolite-polyethersulphone
membranes

In the previous two chapters, we used an electrospinning methoda fabricate composite
membranes and we proved that these membranes are able to to adsorb watsoluble
toxins. Dialysis membranes should have pore sizes larger than 5 nm iorder to remove
large molecular uremic toxins and smaller than 8 nm in order to preventthe leaking of
albumin. SEM images of our electrospun membranes, however, showeldt the pore size
of our membranes is around 5 micrometers, making them unsuitable for heodialysis.
In this chapter, we adopt a spin-coating method with the goal of fabricating composite
membranes that ful | the requirements of hemodialysis. In order to understand the
adsorption mechanism of zeolites we study pH and salts' e ect on zeolite adsorption

and desorption.

6.1 Introduction

Current hemodialysis helps patients to clear uremic toxins mairy through a hollow ber
dialyzer. These toxins are cleared through di usion due to the gradiet di erence in
blood and dialyzate[140]. While di usion methods are excellent at claring water-soluble
toxins, other types of important toxins, such as protein-bound toxins, are ignored. A
more promising way to clear toxins is through adsorption of toxins by sobents since
they can both adsorb water-soluble toxins and protein-bound toxins [23.141, 142].
Sorbents have been used in hemodialysis for the past three decadéd2, 143]. They
can be used to regenerate dialyzate [144, 145, 146, 147, 148, 149], which greatly reduces

the amount of dialyzate needed during hemodialysis and makes portablegmodialysis
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possible. Activated carbon [21], charcoal [141] and zeolites [136] are excelleadisor-
bents for uremic toxins. Zeolites in particular are the most promishg adsorbents for
hemodialysis because they can speci cally adsorb uremic toxins Wiout a ecting other
biological molecules in blood [53]. Wernert's [23, 139] research showedathzeolite par-
ticles can successfully remove water-soluble uremic toxins ang-cresol. Sorbent mem-
branes [141, 142, 21, 150] also proved able to reduce uremic toxins and are proimgs
membranes for hemodialysis.

In previous two chapters [136], we fabricated zeolite-polyacrylonitrie nano ber mem-
branes through an electrospinning method and these membranes preged fast and good
creatinine adsorption ability. The drawback of our nano ber membranes is that their
pore size is too large for hemodialysis, making them unable to e ectiely prevent the
leakage of albumin into dialyzate.

In order to fabricate composite membranes that are suitable for hemodiafsis, a
spin-coating method is proposed in this chapter. Spin-coating is an ective and easy
method to make membranes. Nie [98] proved that spin-coating can be used make
hemodialysis membranes. Polyethersulfone (PES) polymer was chasas the polymer
to incorporate zeolite since it is commercially available and has beenucrently used as
hemodialysis membranes in clinic [151]. Another advantage of PES polymesithat it
can be used to make porous membranes through spin-coating in the lab. Thspin-
coating set-up is uncomplicated and the process is repeatable. It caalso be used to
make other composite membranes [98, 6].

In this chapter, we fabricate three types of zeolite membranes throgh a spin-coating
process, then we test and compare their adsorption ability for creatiime. We also study
the e ect of pH and salt on P87 zeolite powders' creatinine adsorption poperties in

order to deduce the mechanism through which P87 adsorbs creatinine.

6.2 Sample preparation

6.2.1 Materials

Commercial Ultrason E 6020 PES was obtained from BASF, Co (U.S.) and used as re-

ceived. Dimethylacetamide (DMAC) and creatinine were purchasedrom Sigma Aldrich,
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Co. HSZ-series zeolites 840-NHA was purchased from Tosoh. P-87 and P-371 were-pu
chased from ACS Materials, LLC. 1.5 inch by 1.5 inch glass slides were cily laser from
microscope slides, which is from Ted Pella, Inc. Ultrapure water was &lo used. NacCl,

KCl and CaCl, were purchased from Fisher Scienti c, Co.

6.2.2 Sample fabrication

Composite membranes of PES-zeolite were prepared through spin-coatinfollowed by
liquid-liquid phase separation in water. A typical process is as fobbws: an 18 wt% PES
solution was rst made by dissolving PES akes in DMAC and it was stirre d overnight
at room temperature. Then, 0.48 g zeolite was added into 8 g of pre-made FEsolution
and stirred overnight to obtain a composite solution. The composite soltion was then
dripped on a glass substrate and spin-coated at 400 rpm with an acceleration ef for
60 s. The glass slides with atted composite solutions were immersedidistilled water
immediately and membranes were formed in the water shortly. By thismethod, PES
membranes with 50 wt% of 840, P-87 and P-371 were synthesized. Pure PES mieranes

were also synthesized by the same procedure and used as control.

6.2.3 Measurements

Thermal gravimetric analysis (TGA)

A Q500 TGA instrument from TA Instruments was used to carry out therm al gravi-
metric analysis for all the samples. The temperature scans were takefiom room tem-
perature to 800 C with a heating rate of 10 C min ! and at an ambient atmosphere

with a ow of 20 ml min 1.

Water ux

The water ux of the spin-coated composite membranes was measured ugina 10 mi
ultra Itration cell from Millipore. The e ective membrane area is 4. 1 cn?. The system

was steadied with water for 20 min at 11 psi to compact the membranes. Thenthe
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water ux was measured at 10 psi for 20 min, and calculated by equation

m
Flux= ——;
StP

where m is the quality of the permeated water (g); S is the e ective membrane area

(m?); P is the pressure (hmmHg) andt is the permeated time (h).

Creatinine adsorption study

The creatinine adsorption study of fabricated pure PES membranes and ES membranes
with 50 wt% of 840, P371, P-87 zeolites was tested in 0.1 mg/mL creatinine solubns.
All these membranes were spin-coated at a speed of 400 rpm with an acceddon of 4
for 1 min on the 1 inch by 1 inch glass substrates. A piece of each type of @mbranes
was weighed and immersed in a 6 ml creatinine solution and stirred at 37C for 3 h.
Accordingly, the actual amount of zeolite contained by each membrane was caltated by
using the TGA data. Then, the corresponding weight of zeolite powdes was measured
and the creatinine adsorption rate of these powders was also studied thugh the same
procedure as the membranes. All the experiments were repeated e times. The
creatinine concentration was determined by a UV-visible spectrophadmeter at 235 nm
with a 1 mm quartz cuvette at room temperature. The adsorption level ofthe membrane
was expressed as g creatinine per g of membrane and g creatinine per g zeolite in
the membrane. Similarly, the adsorption level of zeolite powder was »@pressed as g

creatinine per g zeolite.

E ect of pH and salts on creatinine adsorption by zeolite

To evaluate whether pH and salt a ect P87's adsorption level, the following experiments
were carried out. The in uence of salt and pH on creatinine's UV intensty were mea-
sured and set as control. First, a 0.1 mg ml? creatinine solution was made. Then, 500
| 0.1 mg ml ! creatinine solution were mixed with 500 | water, NaCl , KCI CaCl ,
and pH 4 to pH 9 PBS buer. We piped 500 | of these mixed solutions and added
each of them to 1.5 ml PBS before measuring their UV-vis intensity.
Adsorption tests in salt and pH medium were carried out by measuring 0.01g P87

zeolite and placed them into centrifuge tubes with 500 | 0.1 mg ml ® | creatinine
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solutions. Then, 500 | water, NaCl , KCI, CaCl, and pH 4 to pH 9 PBS bu er were
added into each centrifuge tube and incubated for 30 min. They were a#rifuged at
15000 rpm and 500 | supernatant was mixed with 1.5 ml PBS before measurement by

UV-vis spectrometer.

E ect of pH and salts on creatinine desorption by zeolite

In order to evaluate how pH and salt a ect P87's creatinine desorption, 0.01g P87
zeolite was measured and placed into the centrifuge tubes with 1 ml 08.1 mg ml !

creatinine solutions. The mixture was centrifuged at 6000 rpm after 0.5 hincubation to

get precipitant. The precipitant was washed with 1.5 ml water to remove non-adsorbed
creatinine. Then, 1 ml water, NaCl , KCI, CaCl, and pH 4 to pH 9 PBS bu ers were
added into precipitant and mixed well. They were further incubated for 0.5 h before
being centrifuged at 15000 rpm. Following this, 750 | of supernatant was mixed with

1.25 ml PBS and UV-vis intensity was measured.

6.3 Results and discussion

6.3.1 Data presentation methods

In this chapter, the data related to water ux are presented in a table, the value is the
average of three repeated test.

The data related to adsorption test are presented through bar gures. Inthese
gures, the height of the bar is the average value and the error bar is the ange of value.
The data are presented in this way to show the value range of these data.

The data related to pH and salts e ects on adsorption are presented by wrescence
images. In these images, C represents control groups, while the reché represents the
experiments data under di erent conditions. The data are presentd in this way to
eliminate the potential pH/salts e ects on indoxyl sulfate adsorption v alue.

The data related to pH and salts e ects on adsorption are presented by rescence

images. Each line indicates the experiments data under di erent onditions.
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6.3.2 Properties of membranes

Figure 6.1 shows the cross-section of PES and PES-zeolite composite migranes. The
gure presents the morphology and structure of the membranes as well ashe distribu-
tion of zeolites. Clear and smooth channels were observed in pristineES membranes,
as Figure 6.1(a) shows. Large channels with diameter of 5m are present in the mem-
branes. We can also observe 100-200 nm pores on the inner surface of membratined
consisted of membranes channels, as shown in Figure 6.1(b). Figure 6.1(¢a), indicated
that PES membranes, while displaying a high internal porosity, presented smooth outer
surfaces. As a result, it should be dicult for water to permeate thr ough the mem-
branes. Indeed, water ux experiments con rmed that the average watkr ux for pure
PES membranes (shown in Table A.4) is merely 0.85 g/rh h mmHg.

Figure 6.1(c.d) shows PES membranes with 50 wt% of 840 zeolites. The smih and
clear channels observed in pristine PES membranes were clearly aceed by incorporat-
ing of 840 zeolite. More irregular channels were observed caused by theagulation
of 840 particles. The surface of the membranes is coarse, as shown in Figu8.1(d).
Some round pores were formed with size below 100 nm due to the incorporah of 840
zeolites. Water ux of this membranes is 43.35 g/n? h mmHg, which indicates that the
addition of zeolites into membranes can improve the pore connection.

Figure 6.1(e,f) shows PES membranes with 50 wt% of P87 zeolites. P87 arplere
nanoparticles with diameter of 550 nm. They are smaller than 840 micropartites, which
have an average diameter of 1850 nm. As a result, They a ect the inner strature of
their membranes di erently. The channels are still regular and clear though the inner-
channel surface is no longer smooth when compared with that of pure PESSimilarly,
pores with sizes around 500-1000 nm were observed on the inner surface ofstitype of
membrane. Water ux of this membrane is 76.83 g/m? h mmHg, a result in accordance
with the morphology and structure of P87 membranes, which have more smapores on
the surface of the membranes as well as regular pore channels.

Figure 6.1(g,h) shows PES membranes with 50 wt% of P371 zeolites. Due tdé
rod-like shape of these zeolites, they tend to entangle among themses. As such,
smeared pore channels were observed in Figure 6.1(g). Zeolite rod cless were also

observed in Figure 6.1(h). A ected by these structural reasons, the water ux of this
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Figure 6.1: Cross-section SEM image of membranes: PES(a,b), PES-840(c,d), PES-P&/()
and PES-P371(g,h).
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Table 6.1: Water ux of pure PES and composite PES-zeolite membranes.

Membrane Type Water Flux(g/m ’h mmHg)
Pure membranes 0.85

840 membranes 43.35

P87 membranes 76.83

P371 membranes 58.15

Figure 6.2: TGA data of pure PES and composite PES-zeolite membranes

type of composite membrane is 58.15 g/rh h mmHg.

Here, we know that the incorporating of zeolites into pristine membianes results
to membranes with di erent inner and surface structures. Furthermore, the structural
changes in the membranes are related to the size and shape of the zeqlites also
indicated by nano brous membranes with these zeolites[152]. Finally,changes to the
membrane structure further a ect membrane properties, such as wag¢r ux.

TGA data indicated (Figure 6.2) that membranes mass changed considerablgs the
temperature increased from room temperature to 800C. For pure PES membranes,
around 5 wt% residual was left. For 840 and P87 and P371 membranes, around 50.8
wt%, 46.5 wt%, and 49.1 wt% residuals respectively were left. The malt indicated

that the majority of zeolites from the composite solutions were incorpoated into the
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Figure 6.3: Creatinine study of PES/ PES-zeolite membranes and zeolite powdey.

membranes.

6.3.3 Creatinine adsorption

Creatinine has previously been used as a representative of water-sdlle uremic toxins
[153, 133, 135], so it was also used in this paper. After we incorporated 50 wt% ofeke
three zeolites into the PES membranes, the creatinine adsorptionelvels of the compoiste
membranes were measured. Figure 6.4 shows that 840, P-87 and P-371 compoistem-
branes' creatinine adsorption levels were 4948, 2532 and 1312.§ g ! respectively. By
calculating the incorporated amount of zeolite in each types of membraneye measured
the relative zeolites' creatinine adsorption level as free powdersThe results were 6787,
7880 and 5500 g g 1. In general, the composite membranes had lower adsorption level
when compared with that of free powders. This is easy to understandeach gram of
composite membranes have around 0.5 g of PES and 0.5 g zeolite. PES has ayer
low creatinine adsorption level, at 171 g g . Even though all the membranes had
lower creatinine adsorption levels when compared with same weight ofheir powders,

840 membranes had 0.73 times of its powders' adsorption ability, while P8and P371
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sustained only 0.32 and 0.24 times of their powders' adsorption levels. He di erence is
related to the particle size and shape, as well as the di erence in tb membranes' ow
channel, as show in SEM image. 840 zeolite are sphere microparticles wian average
diameters of 1840 nm. 87 zeolite are sphere nanoparticles with an average diatars of
550 nm. P371 are rod nanoparticles with average diameters of 300700 nm. The larger
the patrticle size, the smaller percentage of surface will be blockeby PES matrix. We

observed similar result when we incorporated these three types of embranes within
nano brous membranes [152].

However, the adsorption level of zeolites in the membranes with 840 ishe highest,
at 9896 g g !. It is even higher than its free powders. Meanwhile, P87 and P371
in membranes had lower adsorption levels when compared with their &e powders.
Two possible factors contributed to the phenomenon. One factor is thatPES matrix
blocks parts of zeolites surface. This prevents creatinine from d¢aring some of the pore
channels. Another factor is that dispersing zeolites in membranes aatlly breaks soft
aggrations of zeolite powders and enables more surface exposed. The ads@ptlevel is
the comprehensive result of these two forces. For 840 zeolite, micrapticles, dispersing
factor plays a major role while for P87 and P371, nanopatrticles, blocking faor plays a

major role.

6.3.4 pH and salts e ect on adsorption

Figure 6.4 shows the pH e ect on P87's creatinine adsorption level. We ésted the
adsorpton of 0.01 g of P87 in 0.25 mg mi! water based creatinine solution with pH
adjusted PBS buer(pH 4 to 9). The control groups are the corresponding solutions
without zeolites. As the gure shows, acidic environments (pH 4 to 6) enhance P87
powders' creatinine adsorption level while alkaline environmentgpH 8 to 9) weaken it.

This di erence happens because creatinine is already protonated at i@ pH. Since the
pKa value of creatinine is 5.02 [110], it is adsorbed into zeolite through iorexchange.
However, creatinine is neutral at pH 7 [154]. At this condition, it needs to di use to the

zeolite channels before being protonated in-site. When pk 7, the alkaline environment
hinders the protonation of creatinine. Thus as the pH increases from 4d 9, a gradual

decrease in creatinine adsorption level is observed.
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Figure 6.4: The e ect of pH on P87's adsorption level of creatinine.
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Figure 6.5: The e ect of salts on P87's adsorption level of creatinine.

When we compare the adsorption of creatinine in water and in PBS at neutralpH,
we observe that it has a higher adsorption level in water. With the pregnce of PBS,
P87 had a decreased adsorption level. This phenomena was also con rmeg I$chaf
[110]. The reason is that PBS contains cations that will compete with the ceatinine
for adsorption sites.

Figure 6.5 indicates how various salt solutions a ect the adsorption of cratinine
for P87 zeolite particles. The slightly increased intensities of saition with the presence
of NaCl and KCI show that Na* and K* compete with the creatinine for adsorption
sites. However, in the presence of G4 , P87 did not adsorb any creatinine. We can
predict that all the adsorption sites are occupied by C&* cations, since it has double

the electric charge than protonated creatinine.

6.3.5 pH and salts e ect on desorption

After the creatinine was absorbed onto zeolites formed as conjugates, PBISu er with

pH from 4 to 9 and di erent salt solutions (NaCl, KCl and CaCl ,) were added to the
conjugates in order to study the desorption of creatinine under thesanediums. Figure
6.6 further con rms that the presence of C&* will replace all the protonated creatinine

in the zeolite channels. K and Na* only partially replace adsorbed creatinine. At the
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Figure 6.6: Salt's and pH e ect on P87's desorption of creatinine.

83



Figure 6.7: lllustration of P87 adsorbs creatinine in acidic and alkaline environmen

same time, we can see that the adsorbed creatinine is quite stable inater since only a
very small portion of them desorbed.

Figure 6.6 clearly shows that at lower pH (4-6), the protonated creatinire is stable
inside the zeolite, while neutral and alkaline environment will reverse creatinine's pro-
tonated process, thus it will be desorbed from the adsorption site inthe zeolite. The
more alkaline, the higher percentage of creatinine was desorbed from theeolite. The

mechanism is illustrated in Figure 6.7.

6.4 Conclusion

Spin-coating is a simple and e ective method to fabricate membranse. In this chapter,
polyethersulphone-zeolite membranes were made through a simpleispcoating process
and evaluated for creatinine adsorption. SEM images showed that the incqroration of
zeolite into the membranes a ected their pore channels. The water ux was also a ected.
Creatinine adsorption tests showed that the membranes with 840 could agbrb 4948 ¢
creatinine per g membranes.

In order to infer the membranes' adsorption mechanism, we also studid the e ects
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of pH and salts on zeolite's adsorption and desorption of creatinine. We fouh that
acidic environments enhance zeolite's creatinine adsorption whilalkaline environments
weaken it. We predict that creatinine needs to be protonated before asorbed onto
porous zeolites. The acidic environment helps to protonate creatinin, while alkaline
environment hinders this process. The existence of various cati@also decreases ze-
olite's creatinine adsorption. The reason is that cations will compete \ith creatinine
for the adsorption sites in zeolites. The study of the e ects of pH and alts on zeolites
adsorption of creatinine provided insights into its adsorption mechansm.

In summary, we successfully fabricated a membrane with suitable pre size that
can be used for hemodialysis. We also proved that these membranes cadsorb water-

soluble toxins.
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Chapter 7

Indoxyl sulfate adsorption by
zeolite and
zeolite-polyethersulfone
membranes

In the previous chapter, we fabricated PES-zeolite membranes withsuitable pore size
for hemohemodialysis. We also studied their ability and mechanisma eliminate water-
soluble toxins. It was still unclear, however, whether they coull adsorb protein-bond

toxins, and through which mechanism. In this chapter we answer both othese questions.

7.1 Introduction

Kidney function impairment leads to a progressive retention of a largenumber of com-
pounds which are normally excreted via the urinary tract [155, 156]. These&eompounds
are called uremic toxins and they can be classied into three groups amrding to
their molecular weight and protein-bonding ability[157]: (1) small moleaular weight
water-soluble compounds; (2) protein-bound compounds and (3) middle melcules [158].
Protein-bound solutes are generally ignored, as hemodialysis adequacy fraditionally
measured by urea removal. Hemodialysis can only eliminate 30% of proteibound tox-
ins due to their binding to albumin, while it can clear 60% of urea and ceatinine [159].
In modern dialyzers and hemodialysis prescription, protein-boud solutes are poorly
cleared [160].

Toxic e ects appear to be caused by compounds that are dicult to be removed
through hemodialysis. This is particularly true for protein-bound compounds. Increas-
ing experimental and clinical evidence [161] support the hypothesishat uremic tox-

ins, especially protein-bound toxins, are not only related in the pogression of chronic
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kidney disease(CKD) [162, 163], but also in the advancement of cardiovastar disease
[164, 163]. Two protein-bound compounds, indoxyl sulfate and p-cresyl d$fate, are nor-
mally chosen as protein-bound toxin prototypes in research. These tar proteins have
shown to exert toxin e ects in vitro [165]. Results with CKD patie nts also identi ed

these two proteins as emerging mortality risk factors [164, 166, 161].

Vanhoder[167] performed a systematic review on biologic e ects of proterbound
uremic retention solutes. The studies showed that most functionaldeterioration were
linked to uremic cardiovascular disease and kidney damage, and it seento con rm the
toxicity of indoxyl and p-cresyl sulfate and support their roles in vascular and renal
disease progression.

Clinical studies also showed that individuals with chronic kidney disease are at an
extremely high risk of cardiovascular disease [168] and this is caused Ipyotein-bound
toxins. In hemodialysis patients, serum concentrations of indoxy sulfate and p-cresyl
sulfate are approximately 54 and 17 times higher, respectively, thanhe corresponding
concentrations in healthy subjects. Serum indoxyl sulfate leved have been shown to
associate with vascular calci cations [169]. P-cresyl sulfate also seesto be associated
with cardiovascular mortality in patients with chronic kidney dise ase [170, 28, 164,
166]. More than 50% of deaths in CKD stage 5 are due to cardiovascular disease [171].
Hemodialysis patients with chronic kidney disease had approximatgi 10-20 times more
frequent cardiovascular death than healthy individuals [172].

Methods are developed to reduce the level of protein-bound solutéaclude modify-
ing the hemodialysis procedures (increase A and Qq) to enhance their clearance [173],
using sorbents [149], or limiting their production [15]. Among these m#od, adsorp-
tion of protein bound toxins onto porous particles is promising [6, 135, 21, 23, 139By
incorporating adsorbents into hemodialysis membranes, we seek tdear protein-bound
toxins through adsorption.

In this chapter, we propose a new generation of innovative hemodialysimembranes
that have a high clearance level for protein-bound toxins. In order toachieve this, we
fabricated PES-P87 membranes through spin-coating. We also studied # mechanism
through which P87 adsorbs protein-bound toxins by measuring the -potential, and the

e ects of pH and salts on P87' adsorption and desorption.
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7.2 Materials and methods

7.2.1 Materials

Indoxyl sulfate was purchased from Sigma Aldrich, Co. All the other mateials are same
as Chapter 6. That is, commercial Ultrason E 6020 PES was obtained from BASF, Co
(U.S.) and used as received. Dimethylacetamide (DMAC) and creatinie were purchased
from Sigma Aldrich, Co. P-87 was purchased from ACS Materials, LLC. 1.5 inchby
1.5 inch glass slides were cut by laser from microscope slides, whighfrom Ted Pella,
Inc. Ultrapure water was also used. NaCl, KCl and CaC} were purchased from Fisher

Scienti c, Co.

7.2.2 Measurements

Dynamic light scattering (DLS)

A dynamic light scattering device, Zetasizer Nano ZS (Malvern), was ged to analyze
the particle size distribution of zeolite powders. The powders wre dissolved in water
at a concentration of 8.6 g L ' and all samples were tested three times. -potential of
samples was also measured with the same instrument, with a folded cdlary zeta cell

(Malvern).

Indoxyl sulfate (IS) adsorption

The indoxyl sulfate adsorption level of PES-zeolite and pristine PES was determined by
an adsorption experiment. Known amounts of dry membranes were put in arindoxyl

sulfate solution (with a concentration of 3.5 mg dL 1) and stirred at 37 C for 0.5, 1
and 3 h. Based on thermal gravimetric analysis (TGA) of PES-zeolite membanes, the
corresponding weight of P87 powders was measured and its indoxyl satke adsorption
level was also tested by the same process. All the experiments veerepeated three
times. The orescence data of solutions were tested using 1 mm quaztcuvette at room

temperature with excitation of 278 nm and emission of 399 nm. The adsorptiondvel
of each membrane was expressed agy adsorbed indoxyl sulfate per g of adsorptive

membrane and per g of adsorptive zeolite in membranes. Similarly, thadsorption level
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of indoxyl sulfate by zeolite powder was expressed asg indoxyl sulfate per g zeolite.
The screening of zeolites through adsorption of IS also carried out as folles: 0.01 g
zeolites were measured and added to tubes. Then, 1 ml indoxyl saife solution was
added to the tubes and incubated for 0.5 h. The tubes were centrifugkéat 12000 rpm
to precipitate the zeolites. 200 | supernatants were piped into 1 ml PBS bu er and

mixed well before uorescence tests.

E ect of pH and salts on IS adsorption by zeolite

To evaluate how pH and salt a ect P87's IS adsorption level, the followingexperiments
were carried out. The intensities of IS in salts and pH were set as corl and measured
through the following procedures. First, a 7.5 mg dL ! IS solution was made. Then,
500 17.5mgdL 1 1S solution was mixed with 500 | water, NaCl , KCI, CaCl , and
PBS bu er with pH adjusted from 4 to 10. Finally, 200 | of these mixed solutions were
each added to 1 ml PBS (pH=7.4) and the uorescence intensity were meaged.
Adsorption tests with salt and pH mediums were carried out by measurig 0.01 g
P87 zeolite and placing them into centrifuge tubes with 500 | 7.5 mg dL ! IS solutions.
Then, 500 |water, NaCl, KCI, CaCl , and PBS bu er (pH 4 to 10) were added into each
centrifuge tube and mixed well. They were centrifuged at 15000 rpm afteincubating for
0.5 h. Finally, 200 | supernatant from each tube was mixed with 1 ml PBS (pH=7.4)

and the uorescence intensity was measured.

E ect of pH and salts on IS desorption by zeolite

To evaluate whether pH and salts a ect P87's IS desorption, 0.01 g P87 zeokt was
measured and placed into centrifuge tubes with 1 ml of 7.5 mg dL! IS solutions. The
mixture was centrifuged at 6000 rpm after 0.5 h incubation to obtain precigtant. The

precipitant was washed with 1.5 ml water to remove non-adsorbed IS. Thn, 1 ml water,
NaCl , KCI, CaCl, and PBS (pH from 4 to 9 ) were added into precipitant and mixed
well. They were further incubated for 0.5 h before being centrifiged at 15000 rpm.
Following this, 200 | supernatant was mixed with 200 | PBS before measuring the

uorescence intensity.
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Figure 7.1: The screening of zeolites.

7.3 Results and discussion

7.3.1 Screening of zeolites

The adsorption of indoxyl sulfate by 10 types of zeolite with 5 di erent frameworks
was tested and compared. Figure 7.1 shows that only P87 and P371 adsorb inddxy
sulfate while P87 has a lightly higher adsorption level. As a result, P87s chosen in the

following studies.

7.3.2 Properties of membranes

Figure 7.2(a) shows the morphology of P87 zeolite powders. They are spheal particles
with grain sizes of 200-400 nm. The images also show that these particles coegated
together. DLS tests in Figure 7.2(b) presented that the average partiok size of P87
powder is 1056 nm. The test further con rmed that P87 particles tend to congregate.
Figure 7.2(c, d) presents the cross-section of P87-PES membranes whiFigure 7.2(e,f)
shows that of pristine PES membranes. When we compare the morphologiesf P87
incorporated membranes with that of pristine PES membranes, three derences are
present. (1) in pristine membranes, the surface is smooth and solitike, while in P87
composite membranes, the surface is rough and has pores. (2) The channelsserved
in the cross section of pristine membranes are clear and with smooth emnel surfaces,

while the channels observed in composite membranes have zeolite fiates embedded
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Figure 7.2: SEM and DLS of zeolite powders and cross-section of membranes: (a,b) P87
powder, (c,d) PES-P87 membranes, and (e,f) PES membranes.
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Figure 7.3: Adsorption of indoxyl sulfate by P87 powders and membranes at di erenttime:
adsorption level of P87 powder and membranes (a), the uorescent intesity di erence (b).

on the surface. (3) When compared to composite membranes, the pristtamembranes
are thinner.

We can tell that the addition of P87 powders in PES membranes resultedn their
morphology and structure changes. As a result, we can expect PES-zeditmembranes
have much higher water ux because of the nanopores on their surface. Wat ux
experiments were carried out through the procedure described i\ppendix A.6 using
the system illustrated in Figure A.4. The water ux test data in Table A.3 shows greatly
improved water ux for PES-P87 composite membranes when compare to tht of pristine
membranes. It is on average 112 g/rhh mmHg for PES composite membranes and 0.52
g/m?2 h mmHg for pristine membranes. The major reason is that the surface porexisted
on P87-PES membranes connect the inner channels and formed a water owoute.

Thermal gravimetric analysis(TGA) tests were also carried out to evaliate the actual
percentage of P87 powders in the membranes. The tests result (shown Figure A.5)
showed that 46.5 wt% of P87 were incorporated in the membranes, and it islase
to the theoretical data of 50 wt%. The di erence between the percetage of zeolite
in precursor solution and in the nal membrane was small. This indicates that spin-
coating is a reliable method for fabricating composite membranes witta high percentage

of particles.

7.3.3 Indoxyl sulfate adsorption

It is important to quantify P87 zeolite's and its membranes' indoxyl sulfate adsorption

levels. Figure 7.3(a) compares the indoxyl sulfate adsorption level beieen P87 as pow-
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ders and membranes. Overall, the P87 powders had a higher indoxyl Hate adsorption
level than its membranes. The reason is that PES matrix tends to blok parts of P87
surface, resulting in reduced e ective particle adsorption surhce. With the adsorption
time increased from 0.5 h to 3 h, the membranes showed similar indgk sulfate ad-
sorption levels. However, the zeolite powders had the highest adsaiipn values in 1
h. A possible explanation is that the adsorption equilibrium processis an adsorption
and desorption process, and the adsorption process takes more than 0.5 b teach a
balance.

Figure 7.3(b) shows the indoxyl sulfate intensity after being adsobed by various
materials (pure membranes, PES-zeolite membranes and zeolite powds). It shows
that pristine PES membranes do not adsorb indoxyl sulfate, since tle intensity is as
strong as the control group. P87 membranes and P87 powders both partially leered
25% of the intensity of indoxyl sulfate. It indicates that the membranes and P87 could
partially adsorb indoxyl sulfate in water. However, the adsorption force is weak. We
conjecture that the adsorption happens because of electrostatic attraébn between the

particles and indoxyl sulfate.

7.3.4 Mechanism studies of indoxyl sulfate adsorbed by P8dw-

ders

To study the adsorption mechanism through which P87 zeolites adsorbs ioxyl sulfate,
the -potentials of P87-indoxyl sulfate systems were tested and resultsvere showed
in Table 7.1. The -potential of P87 is 44.0 mV, while that of indoxyl sulfate is -8.0
mV. Since they have opposite charges on the surface of zeolite and inddxsulfate, we
expect that indoxyl sulfate will be adsorbed onto zeolite particlesthrough electrostatic
attraction. After we incubated the zeolite particles with indoxyl s ulfate, the potential
for zeolite conjugate became 35.6 mV. We then washed the conjugate to elinate extra
free indoxyl sulfate in the system. After washing, the zeolite potatial of the system
became 39.1. The data indicates IS lowered the- potential of the zeolite because IS was
adsorbed onto zeolite. Here we infer that indoxyl sulfate could be adséed into zeolites
through molecular sieve or onto the surface of zeolites through electroatic attraction,

more tests are needed to determine the exact mechanism.
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Table 7.1: -potential studies of P87 powder and indoxyl sulfate.

Sample -potential(mV)(Average)
P87 in water 44.0
IS in water -8.0

P87 + IS conjugate washed 39.1
P87 + IS conjugate unwashed 35.6

Figure 7.4: pH's e ect on indoxyl sulfate adsorption by zeolite.

Figure 7.5: Salt's e ect on indoxyl sulfate adsorption by zeolite.
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Figure 7.6: lllustration of electrostatic attraction and electric blocking of ind oxyl sulfate.

In order to determine the adsorption mechanism, experiments werearried out to
measure the e ects of pH and salts on the adsorption rate of the zeolite. ure 7.4
and Figure 7.5 show that in the presence of salt and pH adjusted PBS, P87enlite no
longer adsorb indoxyl sulfate anymore. However, the zeolites adsorb arodn42 wt% of
indoxyl sulfate in deionized water. In the environment of deionizel water, negatively
charged P87 particles attractH * and form electric double layers (Appendix A.8). They
adsorb indoxyl sulfate through electrostatic attraction. However, the introduction of
pH adjusted PBS bu er and 1M salts solutions bring excessive ions (0.5nole/L) to the
systems, and the increased ionic strength largely decrease Debyantgh. The ions also
screen the electrostatic attraction between the zeolite particlesand indoxyl sulfate. As
a result, indoxyl sulfate is not adsorbed onto zeolites. Another phenmenon might also
occur with PBS bu er at high pH. Because of the superabundantOH ions, the Debye
length layer is mainly occupied by OH ions, thus the zeta potential of the system is
negative. As a result, negatively chargedOH could repulse indoxyl sulfate molecules
away from the surface of P87 zeolites [174]. All these three phenomena aitkistrated
in Figure 7.6.

Experiments to determine the e ect of pH and salts on zeolite desorfion were car-
ried out to further con rm the interaction between zeolite and indo xyl sulfate. Figure 7.7
shows that in the presence of salt and pH adjusted PBS, P87 adsorbed indyl sulfate
is eluted into solution. The introduction of PBS with adjusted pH t otally interrupted
the attraction between zeolite particles and indoxyl sulfate. The ecessive cations and
anions from the salt also replaced the majority part of adsorbed indoxy! slfate on the

zeolite because electrostatic attraction is a weak force and excessivens lead to elec-
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Figure 7.7: pH and salt's e ect on indoxyl sulfate desorption from zeolite.
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tric adsorption screening e ects for indoxyl sulfate. In Figure 7.7 (a), we see that the
replacement strength is N& > K*. We believe this is related to the size and weight
of the cations. Na", which has smaller size and lighter weight, moves faster and easier
in the medium, thus exerts more in uence on the zeolite-IS conjugags. As a result, in
the NaCl medium, a higher percentage of zeolite-IS conjugate is disrupd. However,
in deionized water, merely a small percentage of indoxyl sulfate wasesorbed from ze-
olite particles because of the electric double layer generated by gatively charged P87

attracts indoxyl sulfate.

7.4 Conclusion

Currently, hemodialysis can clear around 70% of urea, but only 30% of proteibound
toxins. Protein-bound solutes are routinely ignored, as hemodialys adequacy is typ-
ically benchmarked by urea removal. Increasingly, studies haveh®wn that protein-
bound toxins are related to the progression of chronic kidney diseas€CKD), and in the
generation and aggravation of cardiovascular disease. Indoxyl sulfate is ually chosen
as a representative of protein-bound toxins since it plays an impornt role in causing
reno-cardiovascular syndromes.

In this chapter, we rst screened types of zeolite that adsorb indoyl sulfate. Then we
fabricated polymer-zeolite composite membranes to evaluate whethehey can remove
protein-bound toxins through adsorption. We observed that zeolite-PES membranes can
adsorb 550 g indoxyl sulfate per g membrane in deionized water. We further sadied
the mechanism through which P87 zeolite adsorb indoxyl sulfate by measing the -
potential, and the adsorption e ects of pH and salts. We concluded that eéctrostatic

attraction is likely the mechanism through which P87 adsorbs indoxy! silfate.
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Chapter 8

Conclusion and future work

The main goal of this thesis was to fabricate hemodialysis membranes thatould quickly

eliminate both water-soluble and protein-bond toxins. In Chapter 4, we fabricated a
membrane through electrospinning technology that could adsorb creatime, a represen-
tative of water-soluble toxins, at high capacity and fast speed. These amposite mem-
branes had the potential to reduce the duration of hemodialysis, sine they can clear
toxins through di usion, adsorption and convection. Their pore size, however, was too
large for the purpose of hemodialysis. Therefore, in Chapter 6 and Chapt 7, we pro-
posed spin-coating as a better method to synthesize potential hentlialysis membranes.
We conducted experiments that proved that membranes fabricated tihough spin-coating
can adsorb both water soluble toxins and protein-bond toxins through adsagption. Fur-

thermore, these membranes have suitable pore-size for hemodialys In Chapter 5, we
evaluated the choice of di erent zeolites in order to maximize the adsrption e ect.

The key research ndings from each chapter are summarized below.

Chapter 4 (Toxin adsorption by PAN-zeolite electrospun membranes):

{ Novel brous membranes using PAN and zeolite particles were fabricatd

through electrospinning with the average ber diameter of 673 nm.

{ The creatinine adsorption of 940-zeolite powders increased from 2234y/g
in 50 mol/L creatinine solution to 25423 g/g in 625 mol/L creatinine
solution.

{ The speed of adsorption was very quick; 0.025 g of 940-zeolite powders could

eliminate 91% of 2 mol creatinine in 5 min.
Chapter 5 (E ect of size and shape on zeolite adsorption):

{ Size and shape of zeolites had signi cant e ect on their creatinine adsqation

ability when added into membranes.
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{ Microparticles presented better adsorption capacity than nanopartices when
incorporated inside the membranes, although the size does not have any

e ect on zeolite powders' creatinine adsorption.

{ The spherical nanopatrticle shape proved a better choice than rod nan@r-

ticles when incorporated in the polymer ber made through electrospnning.
Chapter 6 (Creatinine adsorption by zeolite-polyethersulfone membanes):

{ Polyethersulfone-zeolite membranes were made through a simple sptoating

process.
{ Membranes with 840 could adsorb 4948 g creatinine per g membranes.

{ The incorporation of zeolite into membranes a ected the membranes' poe

channels, thus also a ecting the water ux.

{ pH and salts e ect on zeolites' creatinine adsorption indicate that the process

is chemical adsorption.

Chapter 7 (Indoxyl sulfate adsorption by zeolite and zeolite-polyethersulfone mem-

branes):

{ Zeolite-PES membranes could adsorb 550 g indoxyl sulfate per g mem-

branes.

{ Electrostatic attraction probably is the mechanism for P87 to adsorb indokyl

sulfate.

Future work

In this thesis, we found that many types of zeolites (Appendix A.1) are &cellent at
adsorbing creatinine. However, only P87 and P371 could adsorb indoxyl sigte through
electrostatic attraction. A zeolite that can adsorb protein-bound toxin at a high level
remains to be found. Based on the research from Wernert[23], we can sdeat silicalite
type of zeolite has excellent indoxyl sulfate adsorption capacity. Itwould be interesting
to test its protein-bound toxin adsorption ability. The adsorption te st procedure can

similar to the one used in Chapter 7.
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Based on the results and conclusion from this thesis and Figure 7.1, it islear that
P87 and P371 can adsorb indoxyl sulfate. They are particles with crystal ige 300 and
300 by 700 nm. We conjecture that the mechanism is likely to be electrdatic attraction,
formed due to zeta potential layer. However, it is unclear whetherreducing the particle
size can improve the adsorption of indoxyl sulfate. To verify this, mordenite zeolites
with particle size smaller than 50 nm are needed. Then, indoxyl sdiate adsorption tests,
as well as mechanism tests, can be performed as in Chapter 7.

The initial study on the urea acid adsorbing capability of zeolites is fiown in in
Appendix A.2 showed that they do not adsorb urea acid. This proved thatzeolites have
speci ¢ adsorption for uremic toxins. In order to nd toxins that cou Id speci cally ad-
sorb uric acid, the following directions could be considered. Basedn the research from
Wernert[23], we can see that stilbite type of zeolite have excellgruric acid adsorption
capacity. It would be a good start to purchase or synthesis stilbite eolite and then
test its uric acid toxin adsorption ability referring to the adsorpt ion test procedure in

Chapter 4.
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-2+1 :,/(< $1' 6216 /,&(16(
7(506 $1' &21',7,216
"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR  /LPLC
6RQV -RKQ :LOH\ DQG 6RQV FRQVLVWYV RI \RXU OLFHQVH GH
SURYLGHG E\ -RKQ :LOH\ DQG 6RQV DQG &RS\ULJKW &OHDUDQF

ILFHQVH 1XPEHU
ILFHQVH GDWH 1RY

ILFHQVHG &RQWHQW -RKEOi{IMKHA\UD QG 6RQV

/ILFHQVHG &RQWHQW -RXAUMIF® RLBSSOLHG 3RO\PHU 6FLHQFH

/ILFHQVHG &RQWHQW &UMBDWLQLQH DGVRUSWLRQ FDSDFLW\ RI HOHFWURVSXQ SRO\D
331gHROLWH QDQRILEHU PHPEUDQHY IRU SRWHQWLDO DUWLIL
DSSOLFDWLRQV

/JLFHQVHG &RQWHQW /$RWERX &KDPSLND 6DPDUDVHNHUD -RKQ 7 : <HRZ
/JLFHQVHG &RQWHQW ODWH

/JLFHQVHG &RQWHQW 3DJHV

7\SH RI XVH 'LVVHUWDWLRQ 7KHVLV

SHTXHVWRU W\SH $XWKRU RI WKLV :LOH\ DUWLFOH

YRUPDW 3ULQW DQG HOHFWURQLF

3RUWLRQ )XOO DUWLFOH

:LOO \RX EH WUDQVOIRNVLQJ"

7LWOH RI \RXU WKHV1INZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLV
GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHH@ GDWH

([SHFWHG VL]H QXPEHU RI
SDJHV

5HTXHVWRU /RFDWLRERLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
'DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

3XEOLVKHU 7D[ ,' (8
%LOOLQJ 7\SH ,QYRLFH
%LOOLQJ $GGUHVYV 8QLYHUVLW\ Rl ZDWHUORR

( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
'DWHUORR 21 1/ *
&DQDGD

$SWWQ /LPLQ /X

7RWDO &s$'
7HUPV DQG &RQGLWLRQV
7(506 $1' &21',7,216
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7KLV FRS\ULJKWHG PDWHULDO LV RZQHG E\ RU H[FOXVLYHO\ O
RQH RI LWV JURXS FRPSDQLHV HDFK D :LOH\ &RPSDQ\ RU KD
ZKLFK D :LOH\ &RPSDQ\ KDV H[FOXVLYH SXEOLVKLQJ ULJKWV L
FROOHFWLYHO\ :,/(< %\ FOLFNLQJ DFFHSW L®FRQQHFWLF
WUDQVDFWLRQ \RX DJUHH WKDW WKH IROORZLQJ WHUPV DQG
DORQJ ZLWK WKH ELOOLQJ DQG SD\PHQW WHUPV DQG FRQGLW
&OHDUDQFH &HQWHU ,QF &&& V %LOOLQJ DQG 3D\PHQW WH!
\RX RSHQHG \RXU 5LJKWV/LQN DFFRXQW WKHVH DUH DYDLODE
KWWS P\DFFRXQW FRS\ULJKW FRP

7HUPV DQG &RQGLWLRQV

e 7KH PDWHULDOV \RX KDYH UHTXHVWHG SHUPLVVLRQ WR UF
ODWHULDOV DUH SURWHFWHG E\ FRS\ULJKW

e« <RX DUH KHUHE\ JUDQWHG D SHUVRQDO QRQ H[FOXVLYH (
DORQH EDVLVY QRQ WUDQVIHUDEOH ZRUOGZLGH OLPLWH:
ODWHULDOV IRU WKH SXUSRVH V SHALM LAODFMQ WAKH OLFHQVI
&217(17 3') RU LPDJH ILOH SXUFKDVHGVDWRI$ DURQRI WRRH F
XVH RQO\ DQG OLPLWHG WR DQ\ PD[LPXP GLVWULEXWLRQ ¢
7KH ILUVW LQVWDQFH RI UHSXEOLFDWLRQ RU UHXVH JUDQ"
ZLWKLQ WZR \HDUV RI WKH GDWH RI WKH JUDQW RI WKLV O
EHIRUH WKH HQG GDWH PD\ EH GLVWULEXWHG WKHUHDIWH
XVHG LQ DQ\ RWKHU PDQQHU RU IRU DQ\ RWKHU SXUSRVH
OLFHQVH 3HUPLVVLRQ LV JUDQWHG VXEMHFW WR DQ DSSU
DXWKRU WLWOH Rl WKH PDWHULDO ERRN MRXUQDO DQG W
FRS\ULJKW QRWLFH WKDW DSSHDUV LQ WKH :LOH\ SXEOLFEL
ODWHULDO 3HUPLVVLRQ LV DOVR JUDQWHG RQ WKH XQGHL
SUHYLRXVO\ SXEOLVKHG VRXUFH DFNQRZOHGJHG IRU DOO
WKLUG SDUW\ FRQWHQW LV H[SUHVVO\ H[FOXGHG IURP WKI

e :LWK UHVSHFW WR WKH :LOH\ ODWHULDOV DOO ULJKWV DU
JUDQWHG E\ WKH WHUPV RI WKH OLFHQVH QR SDUW RI WK
PRGLILHG DGDSWHG H[FHSW IRU PLQRU UHIRUPDWWLQJ U
WUDQVODWHG UHSURGXFHG WUDQVIHUUHG RU GLVWULEX
GHULYDWLYH ZRUNV PD\ EH PDGH EDVHG RQ WKH :LOH\ 0DV
SHUPLVVLRQ RI WKH UHVHRIBFWLY H IFIRD WIRIK\W3 REQIHWK HU V
FOHDULQJ SHUPLVVLRQ X&M@H3IHWKIHY WIHRIPWRRXIOW K8 ) H V
WHUPV RI WKH OLFHQVH DUH HIWHQGHG WR LQFOXGH VXEV
LQ RWKHU ODQJXDJHV SURYLGHG VXFK HGLWLRQV DUH IRL
GRHV QRW LQYROYH WKH VHSDUDWH H[SORLWDWLRQ RI WK
<RX PD\ QRW DOWHU UHPRYH RU VXSSUHVV LQ DQ\ PDQQH!
RWKHU QRWLFHY GLVSOD\HG E\ WKH :LOH\ ODWHULDOV <R.
OHDVH SOHGJH RIIHU DV VHFXULW\ WUDQVIHU RU DVVLJC
EDVLV RU DQ\ RI WKH ULJKWV JUDQWHG WR \RX KHUHXQG}

e 7KH :LOH\ ODWHULDOV DQG DOO RI WKH LQWHGBGI®OHFWXDO S
UHPDLQ WKH H[FOXVLYH SURSHUW\ RI -RKQ :LOH\ G6RQV ,C
WKHLU UHVSHFWLYH OLFHQVRUY DQG \RXU LQWHUHVW WK
DQG WKH ULJKW WR UHSURGXFH WKH :LOH\ ODWHULDOV SX
FRQWLQXDQFH RI WKLV $JUHHPHQW <RX DJUHH WKDW \RX
WR WKH :LOH\ ODWHULDOV RU DQ\ RI WKH LQWHOOHFWXDO
QR ULIJKWV KHUHXQGHU RWKHU WKDQ WKH OLFHQVH DV SU
OLFHQVH RU LQWHUHVW WR DQ\ WUDGHPDUN WUDGH QDPF
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ODUNV RI :,/(< RU LWV OLFHQVRUV LV JUDQWHG KHUHXQ
VKDOO QRW DVVHUW DQ\ VXFK ULJKW OLFHQVH RU LQWHU

1(,7+(5 :,/(< 125 ,76 /,&(16256 0%.(6 $1< :$55%17< 25
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0%$7(5,%/6 ,1&/8',12* :,7+287 /,0,7%7,21 $1< ,03/,('
$558$17< 2) 0(5&+%17%%,/,7< $&&885%&< 6%$7,6)$&725<
48%$/,7< ),71(66 )25 $ 3$57,&8/$5 385326( 86%$%,/,7<
,17(*5$7,21 25 121 ,1)5,1*(0(17 $1' $// 68&+ :$55$17,(6
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%< <28

/(< VKDOO KDYH WKH ULJKW WR WHUPLQDWH WKLV $JUHH
WKLV $JUHHPHQW E\ \RX

<RX VKDOO LQGHPQLI\ GHIHQG DQG KROG KDUPOHVV :,/(<
UHVSHFWLYH GLUHFWRUV RIILFHUV DJHQWYV DQG HPSOR\}
WKUHDWHQHG FODLPV GHPDQGV FDXVHV RI DFWLRQ RU S
RI WKLV $JUHHPHQW E\ \RX
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6KRXOG DQ\ SURYLVLRQ RI WKLV $JUHHPHQW EH KHOG E\ D
WR EH LOOHJDO LQYDOLG RU XQHQIRUFHDEOH WKDW SUF
DFKLHYH DV QHDUO\ DV SRVVLEOH WKH VDPH HFRQRPLF HI
WKH OHJDOLW\ YDOLGLW\ DQG HQIRUFHDELOLW\ RI WKH U
VKDOO QRW EH DIIHFWHG RU LPSDLUHG WKHUHE\

7KH IDLOXUH RI HLWKHU SDUW\ WR HQIRUFH DQ\ WHUP RU
FRQVWLWXWH D ZDLYHU RI HLWKHU SDUW\ V ULJKW WR HQI
RI WKLV $JUHHPHQW 1R EUHDFK XQGHU WKLV DJUHHPHQW
HIFXVHG E\ HLWKHU SDUW\ XQOHVV VXFK ZDLYHU RU FRQVI
JUDQWLQJ VXFK ZDLYHU RU FRQVHQW 7KH ZDLYHU E\ RU F
DQ\ SURYLVLRQ RI WKLV $JUHHPHQW VKDOO QRW RSHUDWF
FRQVHQW WR DQ\ RWKHU RU VXEVHTXHQW EUHDFK E\ VXFK

7KLV $JUHHPHQW PD\ QRW EH DVVLIJQHG LQFOXGLQJ E\ RS
\RX ZLWKRXW :,/(<V SULRU ZULWWHQ FRQVHQW
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e $Q\ IHH UHTXLUHG IRU WKLV SHUPLVVLRQ VKDOO EH QRQ U
I[URP UHFHLSW E\ WKH &&&

« 7TKHVH WHUPV DQG FRQGLWLRQV WRJHWKHU ZLWK &&& V %
FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLQ IRUP W
/(< FRQFHUQLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ DQG L(
DOO SULRU DJUHHPHQWY DQG UHSUHVHQWDWLRQV RI WKH
PD\ QRW EH DPHQGHG H[FHSW LQ ZULWLQJ VLIQHG E\ ERWI
ELQGLQJ XSRQ DQG LQXUH WR WKH EHQHILW RI WKH SDUW
DQG DXWKRUL]JHG DVVLJIQV

e ,Q WKH HYHQW RI DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWL
FRQGLWLRQV DQG WKRVH HVWDEOLVKHG E\ &&& V %LOOLQ.
WKHVH WHUPVY DQG FRQGLWLRQV VKDOO SUHYDLO

e :,/(< H[SUHVVO\ UHVHUYHV DOO ULJKWV QRW VSHFLILFDOO
WKH OLFHQVH GHWDLOV SURYLGHG E\ \RX DQG DFFHSWHG
WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLRQV DQG
DQG FRQGLWLRQV

e 7KLV $JUHHPHQW ZLOO EH YRLG LI WKH 7\SH RI 8VH )RUPD
7\SH ZzDV PLVUHSUHVHQWHG GXULQJ WKH OLFHQVLQJ SURF

e 7KLV $JUHHPHQW VKDOO EH JRYHUQHG E\ DQG FRQVWUXHC
WKH 6WDWH RI 1HZ <RUN 86%$ ZLWKRXW UHJDUGV WR VXFK
OHJDO DFWLRQ VXLW RU SURFHHGLQJ DULVLQJ RXW RI RU
RU WKH EUHDFK WKHUHRI VKDOO EH LQVWLWXWHG LQ D FR
<RUN &RXQW\ LQ WKH 6WDWH RI 1HZ <RUN LQ WKH 8QLWHG
KHUHE\ FRQVHQWY DQG VXEPLWYV WR WKH SHUVRQDO MXUL
REMHFWLRQ WR YHQXH LQ VXFK FRXUW DQG FRQVHQWYV WR
FHUWLILHG PDLO UHWXUQ UHFHLSW UHTXHVWHG DW WKH

/(< 23(1 $&&(66 7(506 $1' &21',7,216

‘LOH\ 3XEOLVKHV 2SHQ $FFHVV $UWLFOHV LQ IXOO\ 2SHQ $FFH
MRXUQDOV RIIHULQJ 2QOLQH 2SHQ $OWKRXJK PRVW RI WKH I
RSHQ DFFHVV DUWLFOHV XQGHU WKH WHUPV RI WKH &UHDWLY
RQO\ WKH VXEVFULSWLRQ MRXUQDOV DQG D IHZ RI WKH 2SHQ
&UHDWLYH &RPPRQV /LFHQVHV 7KH OLFHQVH W\SH LV FOHDUC
7KH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH
7KBUHDWLYH &RPPRQV $SWWULBRWRRQ XWAHHQN WRE&RRBY GLVWU
WUDQVPLW DQ DUWLFOH DGDSW WKH DUWLFOH DQG PDNH FRF
OLFHQVH SHUPLWYV FRPPHUFLDO DQG QRQ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO /LFHQVF
7KBRUHDWLYH &RPPRQV $WWULEXWLRQ 1REKBPPWYPLDD && %
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLG
DQG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV VHH EHORZ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO 1R'HULY
TKBUHDWLYH &RPPRQV $WWULEXWLRQ 1R&&E&RPRRBUIFLDO 1R'HL
SHUPLWV XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ Pt
SURSHUO\ FLWHG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV D
PDGH VHH EHORZ

8VH E\ FRPPHUFLDO IRU SURILW RUJDQL]DWLRQV
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8VH RI :LOH\ 2SHQ $FFHVV DUWLFOHV IRU FRPPHUFLDO SURPF
UHTXLUHV IXUWKHU H[SOLFLW SHUPLVVLRQ IURP :LOH\ DQG ZL
)XUWKHU GHWDLOV FDQ EH IRXQG RQ :LOH\ 2QOLQH /LEUDU\
KWWS RODERXW ZLOH\ FRP :LOH\&'$ 6HFWLRQ LG KWPO

2WKHU 7HUPV DQG &RQGLWLRQV

Y IDVW XSGDWHG 6HSWHPEHU
AXHVWLRBXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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-2+1 :,/(< $1' 6216 /,&(16(
7(506 $1' &21',7,216
"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR  /LPLC
6RQV -RKQ :LOH\ DQG 6RQV FRQVLVWYV RI \RXU OLFHQVH GH
SURYLGHG E\ -RKQ :LOH\ DQG 6RQV DQG &RS\ULJKW &OHDUDQF

/JLFHQVH 1XPEHU

/ILFHQVH GDWH 1RY

/JLFHQVHG &RQWHQW -RKEOIMXHUDQG 6RQV

/JLFHQVHG &RQWHQW -RXL@MIFO \WLRQRPHGLFDO ODWHULDOV 5HVHDUFK

/JLFHQVHG &RQWHQW ,DUG®MQFH RI JHROLWH VKDSH DQG SDUWLFOH VL]H RQ WKHLU
DGVRUE XUHPLF WR[LQ DV SRZGHUV DQG DV ILOOHUV LQ PHPE

/LFHQVHG &RQWHQW /ERWERX &KHQ &KHQ &KDPSLND 6DPDUDVHNHUD -RKQ 7 : <HRZ
/ILFHQVHG &RQWHQW $SWH

/JLFHQVHG &RQWHQW 3DJHV

7\SH RI XVH 'LVVHUWDWLRQ 7KHVLV

5HTXHVWRU W\SH $XWKRU RI WKLV :LOH\ DUWLFOH

YJRUPDW 3ULQW DQG HOHFWURQLF

3RUWLRQ )XOO DUWLFOH

:LOO \RX EH WUDQVODRNLQJ"

7LWOH RI \RXU WKHV1LNZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLYV
GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD@ GDWH

([SHFWHG VL]H QXPEHU RI
SDJHV

5HTXHVWRU /RFDWLRERLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
'DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

3XEOLVKHU 7D[ ,' (8
%LOOLQJ 7\SH ,QYRLFH

%LOOLQJ $GGUHVV 8QLYHUVLW\ Rl ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
':DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

7RWDO &$'
7HUPV DQG &RQGLWLRQV
7(506 $1' &21',7,216

109



7KLV FRS\ULJKWHG PDWHULDO LV RZQHG E\ RU H[FOXVLYHO\ O
RQH RI LWV JURXS FRPSDQLHV HDFK D :LOH\ &RPSDQ\ RU KD
ZKLFK D :LOH\ &RPSDQ\ KDV H[FOXVLYH SXEOLVKLQJ ULJKWV L
FROOHFWLYHO\ :,/(< %\ FOLFNLQJ DFFHSW L®FRQQHFWLF
WUDQVDFWLRQ \RX DJUHH WKDW WKH IROORZLQJ WHUPV DQG
DORQJ ZLWK WKH ELOOLQJ DQG SD\PHQW WHUPV DQG FRQGLW
&OHDUDQFH &HQWHU ,QF &&& V %LOOLQJ DQG 3D\PHQW WH!
\RX RSHQHG \RXU 5LJKWV/LQN DFFRXQW WKHVH DUH DYDLODE
KWWS P\DFFRXQW FRS\ULJKW FRP

7HUPV DQG &RQGLWLRQV

e 7KH PDWHULDOV \RX KDYH UHTXHVWHG SHUPLVVLRQ WR UF
ODWHULDOV DUH SURWHFWHG E\ FRS\ULJKW

e« <RX DUH KHUHE\ JUDQWHG D SHUVRQDO QRQ H[FOXVLYH (
DORQH EDVLVY QRQ WUDQVIHUDEOH ZRUOGZLGH OLPLWH:
ODWHULDOV IRU WKH SXUSRVH V SHALM LAODFMQ WAKH OLFHQVI
&217(17 3') RU LPDJH ILOH SXUFKDVHGVDWRI$ DURQRI WRRH F
XVH RQO\ DQG OLPLWHG WR DQ\ PD[LPXP GLVWULEXWLRQ ¢
7KH ILUVW LQVWDQFH RI UHSXEOLFDWLRQ RU UHXVH JUDQ"
ZLWKLQ WZR \HDUV RI WKH GDWH RI WKH JUDQW RI WKLV O
EHIRUH WKH HQG GDWH PD\ EH GLVWULEXWHG WKHUHDIWH
XVHG LQ DQ\ RWKHU PDQQHU RU IRU DQ\ RWKHU SXUSRVH
OLFHQVH 3HUPLVVLRQ LV JUDQWHG VXEMHFW WR DQ DSSU
DXWKRU WLWOH Rl WKH PDWHULDO ERRN MRXUQDO DQG W
FRS\ULJKW QRWLFH WKDW DSSHDUV LQ WKH :LOH\ SXEOLFEL
ODWHULDO 3HUPLVVLRQ LV DOVR JUDQWHG RQ WKH XQGHL
SUHYLRXVO\ SXEOLVKHG VRXUFH DFNQRZOHGJHG IRU DOO
WKLUG SDUW\ FRQWHQW LV H[SUHVVO\ H[FOXGHG IURP WKI

e :LWK UHVSHFW WR WKH :LOH\ ODWHULDOV DOO ULJKWV DU
JUDQWHG E\ WKH WHUPV RI WKH OLFHQVH QR SDUW RI WK
PRGLILHG DGDSWHG H[FHSW IRU PLQRU UHIRUPDWWLQJ U
WUDQVODWHG UHSURGXFHG WUDQVIHUUHG RU GLVWULEX
GHULYDWLYH ZRUNV PD\ EH PDGH EDVHG RQ WKH :LOH\ 0DV
SHUPLVVLRQ RI WKH UHVHRIBFWLY H IFIRD WIRIK\W3 REQIHWK HU V
FOHDULQJ SHUPLVVLRQ X&M@H3IHWKIHY WIHRIPWRRXIOW K8 ) H V
WHUPV RI WKH OLFHQVH DUH HIWHQGHG WR LQFOXGH VXEV
LQ RWKHU ODQJXDJHV SURYLGHG VXFK HGLWLRQV DUH IRL
GRHV QRW LQYROYH WKH VHSDUDWH H[SORLWDWLRQ RI WK
<RX PD\ QRW DOWHU UHPRYH RU VXSSUHVV LQ DQ\ PDQQH!
RWKHU QRWLFHY GLVSOD\HG E\ WKH :LOH\ ODWHULDOV <R.
OHDVH SOHGJH RIIHU DV VHFXULW\ WUDQVIHU RU DVVLJC
EDVLV RU DQ\ RI WKH ULJKWV JUDQWHG WR \RX KHUHXQG}

e 7KH :LOH\ ODWHULDOV DQG DOO RI WKH LQWHGBGI®OHFWXDO S
UHPDLQ WKH H[FOXVLYH SURSHUW\ RI -RKQ :LOH\ G6RQV ,C
WKHLU UHVSHFWLYH OLFHQVRUY DQG \RXU LQWHUHVW WK
DQG WKH ULJKW WR UHSURGXFH WKH :LOH\ ODWHULDOV SX
FRQWLQXDQFH RI WKLV $JUHHPHQW <RX DJUHH WKDW \RX
WR WKH :LOH\ ODWHULDOV RU DQ\ RI WKH LQWHOOHFWXDO
QR ULIJKWV KHUHXQGHU RWKHU WKDQ WKH OLFHQVH DV SU
OLFHQVH RU LQWHUHVW WR DQ\ WUDGHPDUN WUDGH QDPF
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ODUNV RI :,/(< RU LWV OLFHQVRUV LV JUDQWHG KHUHXQ
VKDOO QRW DVVHUW DQ\ VXFK ULJKW OLFHQVH RU LQWHU

1(,7+(5 :,/(< 125 ,76 /,&(16256 0%.(6 $1< :$55%17< 25
5(35(6(17$7,21 2) $1< .,1' 72 <28 25 $1< 7+,5' 3$57<
(;35(66 ,03/,(' 25 67$78725< :,7+ 5(63(&7 72 7+( 0$7(5,$/6
25 7+( $&&85%$&< 2) $1< ,1)250$7,21 &217$,1(" ,1 7+(
0%$7(5,%/6 ,1&/8',12* :,7+287 /,0,7%7,21 $1< ,03/,('
$558$17< 2) 0(5&+%17%%,/,7< $&&885%&< 6%$7,6)$&725<
48%$/,7< ),71(66 )25 $ 3$57,&8/$5 385326( 86%$%,/,7<
,17(*5$7,21 25 121 ,1)5,1*(0(17 $1' $// 68&+ :$55$17,(6
$5( +(5(%< (:&/8'(" %< :,/(< $1' ,76 /,&(16256 $1' :$,9("

%< <28

/(< VKDOO KDYH WKH ULJKW WR WHUPLQDWH WKLV $JUHH
WKLV $JUHHPHQW E\ \RX

<RX VKDOO LQGHPQLI\ GHIHQG DQG KROG KDUPOHVV :,/(<
UHVSHFWLYH GLUHFWRUV RIILFHUV DJHQWYV DQG HPSOR\}
WKUHDWHQHG FODLPV GHPDQGV FDXVHV RI DFWLRQ RU S
RI WKLV $JUHHPHQW E\ \RX

, 112 (9(17 6+%// :,/(< 25 ,76 /,&(16256 %( /,$%/( 72 <28 25
$1< 27+(5 3$57< 25 $1< 27+(5 3(5621 25 (17,7< )25 $1<
63(&,%/ &216(48(17,%/ ,1&,'(17%/ ,1',5(&7 (;(03/$5< 25
381,7,9( '$0%*(6 +2:(9(5 &%$86(' $5,6,1* 287 2) 25 ,1
&211(&7,21 :,7+ 7+( '2:1/2%',1* 3529,6,21,1* 9,(:,1* 25

86( 2) 7+( 0%$7(5,%$/6 5(*$5'/(66 2) 7+( )250 2) $&7,21

t+(7+(5 )25 %5($&+ 2) &2175%$&7 %5($&+ 2) :$55%$17< 7257
1(*/,*(1&( ,1)5,1*(0(17 25 27+(5:,6( ,1&/8',1* :,7+287
/,0,7$7,21 '$0%$*(6 %$6(' 21 /266 2) 352),76 '$7%$ ),/(6 86(
%86,1(66 23325781,7< 25 &/%$,06 2) 7+,5"' 3$57,(6 $1' :+(7+(5
25 127 7+( 3$57< +$6 %((1 $'9,6(' 2) 7+( 3266,%,/,7< 2) 68&+
'$0%$*(6 7+,6 /,0,7$7,21 6+%// $33/< 127:,7+67%1',1* $1<
)$,/85( 2) (66(17,%/ 385326( 2) $1< /,0,7(" 5(0('< 3529,'("
+(5(,1

6KRXOG DQ\ SURYLVLRQ RI WKLV $JUHHPHQW EH KHOG E\ D
WR EH LOOHJDO LQYDOLG RU XQHQIRUFHDEOH WKDW SUF
DFKLHYH DV QHDUO\ DV SRVVLEOH WKH VDPH HFRQRPLF HI
WKH OHJDOLW\ YDOLGLW\ DQG HQIRUFHDELOLW\ RI WKH U
VKDOO QRW EH DIIHFWHG RU LPSDLUHG WKHUHE\

7KH IDLOXUH RI HLWKHU SDUW\ WR HQIRUFH DQ\ WHUP RU
FRQVWLWXWH D ZDLYHU RI HLWKHU SDUW\ V ULJKW WR HQI
RI WKLV $JUHHPHQW 1R EUHDFK XQGHU WKLV DJUHHPHQW
HIFXVHG E\ HLWKHU SDUW\ XQOHVV VXFK ZDLYHU RU FRQVI
JUDQWLQJ VXFK ZDLYHU RU FRQVHQW 7KH ZDLYHU E\ RU F
DQ\ SURYLVLRQ RI WKLV $JUHHPHQW VKDOO QRW RSHUDWF
FRQVHQW WR DQ\ RWKHU RU VXEVHTXHQW EUHDFK E\ VXFK

7KLV $JUHHPHQW PD\ QRW EH DVVLIJQHG LQFOXGLQJ E\ RS
\RX ZLWKRXW :,/(<V SULRU ZULWWHQ FRQVHQW

111



e $Q\ IHH UHTXLUHG IRU WKLV SHUPLVVLRQ VKDOO EH QRQ U
I[URP UHFHLSW E\ WKH &&&

« 7TKHVH WHUPV DQG FRQGLWLRQV WRJHWKHU ZLWK &&& V %
FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLQ IRUP W
/(< FRQFHUQLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ DQG L(
DOO SULRU DJUHHPHQWY DQG UHSUHVHQWDWLRQV RI WKH
PD\ QRW EH DPHQGHG H[FHSW LQ ZULWLQJ VLIQHG E\ ERWI
ELQGLQJ XSRQ DQG LQXUH WR WKH EHQHILW RI WKH SDUW
DQG DXWKRUL]JHG DVVLJIQV

e ,Q WKH HYHQW RI DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWL
FRQGLWLRQV DQG WKRVH HVWDEOLVKHG E\ &&& V %LOOLQ.
WKHVH WHUPVY DQG FRQGLWLRQV VKDOO SUHYDLO

e :,/(< H[SUHVVO\ UHVHUYHV DOO ULJKWV QRW VSHFLILFDOO
WKH OLFHQVH GHWDLOV SURYLGHG E\ \RX DQG DFFHSWHG
WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLRQV DQG
DQG FRQGLWLRQV

e 7KLV $JUHHPHQW ZLOO EH YRLG LI WKH 7\SH RI 8VH )RUPD
7\SH ZzDV PLVUHSUHVHQWHG GXULQJ WKH OLFHQVLQJ SURF

e 7KLV $JUHHPHQW VKDOO EH JRYHUQHG E\ DQG FRQVWUXHC
WKH 6WDWH RI 1HZ <RUN 86%$ ZLWKRXW UHJDUGV WR VXFK
OHJDO DFWLRQ VXLW RU SURFHHGLQJ DULVLQJ RXW RI RU
RU WKH EUHDFK WKHUHRI VKDOO EH LQVWLWXWHG LQ D FR
<RUN &RXQW\ LQ WKH 6WDWH RI 1HZ <RUN LQ WKH 8QLWHG
KHUHE\ FRQVHQWY DQG VXEPLWYV WR WKH SHUVRQDO MXUL
REMHFWLRQ WR YHQXH LQ VXFK FRXUW DQG FRQVHQWYV WR
FHUWLILHG PDLO UHWXUQ UHFHLSW UHTXHVWHG DW WKH

/(< 23(1 $&&(66 7(506 $1' &21',7,216

‘LOH\ 3XEOLVKHV 2SHQ $FFHVV $UWLFOHV LQ IXOO\ 2SHQ $FFH
MRXUQDOV RIIHULQJ 2QOLQH 2SHQ $OWKRXJK PRVW RI WKH I
RSHQ DFFHVV DUWLFOHV XQGHU WKH WHUPV RI WKH &UHDWLY
RQO\ WKH VXEVFULSWLRQ MRXUQDOV DQG D IHZ RI WKH 2SHQ
&UHDWLYH &RPPRQV /LFHQVHV 7KH OLFHQVH W\SH LV FOHDUC
7KH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH
7KBUHDWLYH &RPPRQV $SWWULBRWRRQ XWAHHQN WRE&RRBY GLVWU
WUDQVPLW DQ DUWLFOH DGDSW WKH DUWLFOH DQG PDNH FRF
OLFHQVH SHUPLWYV FRPPHUFLDO DQG QRQ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO /LFHQVF
7KBRUHDWLYH &RPPRQV $WWULEXWLRQ 1REKBPPWYPLDD && %
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLG
DQG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV VHH EHORZ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO 1R'HULY
TKBUHDWLYH &RPPRQV $WWULEXWLRQ 1R&&E&RPRRBUIFLDO 1R'HL
SHUPLWV XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ Pt
SURSHUO\ FLWHG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV D
PDGH VHH EHORZ

8VH E\ FRPPHUFLDO IRU SURILW RUJDQL]DWLRQV
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8VH RI :LOH\ 2SHQ $FFHVV DUWLFOHV IRU FRPPHUFLDO SURPF
UHTXLUHV IXUWKHU H[SOLFLW SHUPLVVLRQ IURP :LOH\ DQG ZL
)XUWKHU GHWDLOV FDQ EH IRXQG RQ :LOH\ 2QOLQH /LEUDU\
KWWS RODERXW ZLOH\ FRP :LOH\&'$ 6HFWLRQ LG KWPO

2WKHU 7HUPV DQG &RQGLWLRQV

Y IDVW XSGDWHG 6HSWHPEHU
AXHVWLRBXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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(16(9,(5 /,&(16(
7(506 $1' &21',7,216
'"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR /ILPLC
(OVHYLHU FRQVLVWY RI \RXU OLFHQVH GHWDLOV DQG WKH
(OVHYLHU DQG &RS\ULJKW &OHDUDQFH &HQWHU

/JLFHQVH 1XPEHU

/ILFHQVH GDWH 1RY

/JLFHQVHG &RQWH QW (DXEHOYLL\HKUH U

/JLFHQVHG &RQWHQW $3XEMQFIVEG/ LRXJ 'HOLYHU\ 5HYLHZV
/LFHQVHG &RQWHQW)RWPOMWLRQ RI ILEHUV E\ HOHFWURVSLQQLQJ
/JLFHQVHG &RQWHQW *$MWRRBU & 5XWOHGJH 6HUJH\ 9 JULGULNK
/LFHQVHG &RQWHQW 'DWFRHHPEHU

/ILFHQVHG &RQWHQW 9ROXPH
1XPEHU

/JLFHQVHG &RQWHQW ,VVXH
1XPEHU

/JLFHQVHG &RQWHQW 3DJHV
6WDUW 3DJH

(QG 3DJH

7\SH RI 8VH UHXVH LQ D WKHVLV GLVVHUWDWLRQ
,QWHQGHG SXEOLVKHRWRHQHZ

ZRUN

3RUWLRQ ILJXUHV WDEOHV LOOXVWUDWLRQV
1XPEHU R

ILJXUHV WDEOHV LOOXVWUDWLRQV

YRUPDW ERWK SULQW DQG HOHFWURQLF

$UH \RX WKH DXWKRURI WKLV
(OVHYLHU DUWLFOH"

:LOO \RX EH WUDQVODRNLQJ"
2UGHU UHIHUHQFH QXPEHU
2ULJLQDO ILJXUH QXPEHUYV

7LWOH RI \RXU 1HZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLV
WKHVLY GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD@ GDWH

(VWLPDWHG VL]H QXPEHU RI
SDJHV

(OVHYLHU 9$7 QXPEHW%

5HTXHVWRU /RFDWLRSRLYHUVLW\ Rl ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ RI ZDWHUORR
:DWHUORR 21 1/ *
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&DQDGD
$WWQ /LPLQ /X

7TRWDO 86"
7THUPV DQG &RQGLWLRQV

,1752'8&7,21

7KH SXEOLVKHU IRU WKLV FRS\ULJKWHG PDWHULDO LV (OVH
ZLWK FRPSOHWLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ \RX DJUF
DSSO\ WR WKLV WUDQVDFWLRQ DORQJ ZLWK WKH %LOOLQJ DC
HVWDEOLVKHG E\ &RS\ULJKW &OHDUDQFH &HQWHU ,QF &&&
5LIJKWVOLQN DFFRXQW DQG W KDMWIS U HP DIYAFOXOED HF SN UDLQ K W L

*(1(5%/ 7(506

(OVHYLHU KHUHE\ JUDQWV \RX SHUPLVVLRQ WR UHSURGXFH

WKH WHUPV DQG FRQGLWLRQV LQGLFDWHG

$FNQRZOHGJHPHQW ,1 DQ\ SDUW RI WKH PDWHULDO WR EH >
DSSHDUHG LQ RXU SXEOLFDWLRQ ZLWK FUHGLW RU DFNQRZOH
PXVW DOVR EH VRXJKW IURP WKDW VRXUFH , I VXFK SHUPLVV

PD\ QRW EH LQFOXGHG LQ \RXU SXEOLFDWLRQ FRSLHV 6XLWD
PXVW EH PDGH HLWKHU DV D IRRWQRWH RU LQ D UHIHUHQFH
IROORZV
SHSULQWHG IURP 3XEOLFDWLRQ WLWOH 9RO HGLWLRQ QXPE
FKDSWHU 3DJHV 1R &RS\ULJKW <HDU ZLWK SHUPLVVLRQ IU
628&,(7< &23<5,*+7 2:1(5@ $OVR /IDQFHW VSHFLDO FUHGLW 5
/IDQFHW 9RO QXPEHU $XWKRU V 7LWOH RI DUWLFOH 3DJHV
SHUPLVVLRQ IURP (OVHYLHU

SHSURGXFWLRQ RI WKLY PDWHULDO LV FRQILQHG WR WKH S
SHUPLVVLRQ LV KHUHE\ JLYHQ

$OWHULQJ ORGLI\LQJ ODWHULDO 1RW 3HUPLWWHG +RZHYHL
DOWHUHG DGDSWHG PLQLPDOO\ WR VHUYH \RXU ZRUN $Q\ RW
DQG RU DQ\ RWKHU DOWHUDWLRQV VKDOO EH PDGH RQO\ ZLWH
/WG 30HDVH FRQWDFW (OVHYLHU DW SHUPLVVLRQV#HOVHYLF

. WKH SHUPLVVLRQ IHH IRU WKH UHTXHVWHG XVH RI RXU PLC
SOHDVH EH DGYLVHG WKDW \RXU IXWXUH UHTXHVWV IRU (OVH"

SHVHUYDWLRQ RI 5LJKWV 3XEOLVKHU UHVHUYHV DOO ULJKV
FRPELQDWLRQ RI L WKH OLFHQVH GHWDLOV SURYLGHG E\ \R>
OLFHQVLQJ WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLF
WHUPV DQG FRQGLWLRQV

JLFHQVH &RQWLQJHQW 8SRQ 3D\PHQW :KLOH \RX PD\ H[HUFL
LPPHGLDWHO\ XSRQ LVVXDQFH RI WKH OLFHQVH DW WKH HQG
WUDQVDFWLRQ SURYLGHG WKDW \RX KDYH GLVFORVHG FRPSC
XVH QR OLFHQVH LV ILQDOO\ HITHFWLYH XQOHVV DQG XQWLO
E\ SXEOLVKHU RU E\ &&& DV SURYLGHG LQ &&& V %LOOLQJ DQ
IXOO SD\PHQW LV QRW UHFHLYHG RQ D WLPHO\ EDVLV WKHQ I
GHHPHG DXWRPDWLFDOO\ UHYRNHG DQG VKDOO EH YRLG DV L
WKDW \RX EUHDFK DQ\ Rl WKHVH WHUPV DQG FRQGLWLRQV RU
WHUPV DQG FRQGLWLRQV WKH OLFHQVH LV DXWRPDWLFDOO\
JUDQWHG 8VH RI PDWHULDOV DV GHVFULEHG LQ D UHYRNHG
PDWHULDOV EH\RQG WKH VFRSH RI DQ XQUHYRNHG OLFHQVH
DQG SXEOLVKHU UHVHUYHV WKH ULJKW WR WDNH DQ\ DQG DO
PDWHULDOV

‘DUUDQWLHYV 3XEOLVKHU PDNHV QR UHSUHVHQWDWLRQV RU
PDWHULDO

,QGHPQLW\ <RX KHUHE\ LQGHPQLI\ DQG DJUHH WR KROG KL
WKHLU UHVSHFWLYH RIILFHUV GLUHFWRUV HPSOR\HHV DQG C
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FODLPV DULVLQJ RXW RI \RXU XVH Rl WKH OLFHQVHG PDWHULI
SXUVXDQW WR WKLV OLFHQVH

1R 7UDQVIHU Rl /LFHQVH 7KLV OLFHQVH LV SHUVRQDO WR
DVVLIJQHG RU WUDQVIHUUHG E\ \RX WR DQ\ RWKHU SHUVRQ ZlI

1R $PHQGPHQW ([FHSW LQ :ULWLQJ 7KLV OLFHQVH PD\ QRW
VLIJQHG E\ ERWK SDUWLHV RU LQ WKH FDVH RI SXEOLVKHU E

2EMHFWLRQ WR &RQWUDU\ 7HUPV 3XEOLVKHU KHUHE\ REMF
SXUFKDVH RUGHU DFNQRZOHGJPHQW FKHFN HQGRUVHPHQW F
ZKLFK WHUPV DUH LQFRQVLVWHQW ZLWK WKHVH WHUPV DQG F
WHUPV DQG FRQGLWLRQV 7KHVH WHUPV DQG FRQGLWLRQV V
WHUPV DQG FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLG
EHWZHHQ \RX DQG SXEOLVKHU DQG &&& FRQFHUQLQJ WKLV O
DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWLRQV HVWDEOLVKHG E\
HVWDEOLVKHG E\ &&& V %LOOLQJ DQG 3D\PHQW WHUPV DQG FI
VKDOO FRQWURO

5HYRFDWLRQ (OVHYLHU RU &RS\ULJKW &OHDUDQFH &HQWH
LQ WKLV /LFHQVH DW WKHLU VROH GLVFUHWLRQ IRU DQ\ UHD"
WR \RX 1RWLFH RI VXFK GHQLDO ZLOO EH PDGH XVLQJ WKH F
)DLOXUH WR UHFHLYH VXFK QRWLFH ZLOO QRW DOMMHU RU LQY
RU &RS\ULJKW &OHDUDQFH &HQWHU EH UHVSRQVLEOH RU OLD
LQFXUUHG E\ \RX DV D UHVXOW RI D GHQLDO RI \RXU SHUPLVYV
DPRXQW V SDLG E\ \RX WR (OVHYLHU DQG RU &RS\ULJKW &OH|
SHUPLVVLRQV

1,0, 7(" /,&(16(

7KH IROORZLQJ WHUPV DQG FRQGLWLRQV DSSO\ RQO\ WR VSHI

7UDQVODKMIROHUPLVVLRQ LV JUDQWHGOIRMKE@RY REOXVLYH
XQOHVV \RXU OLFHQVH ZDV JUDQWHG IRU WUDQVODWLRQ ULJF
PD\ RQO\ WUDQVODWH WKLY FRQWHQW LQWR WKH ODQJXDJHV
PXVW SHUIRUP DOO WUDQVODWLRQV DQG UHSURGXFH WKH FR:
LQWHJULW\ RI WKH DUWLFOH

3RVWLQJ OLFHQVHG FRQMKHHQOMNR RORZDQ JHMENUWW DQG FRQGLYV
IROORZV /LFHQVLQJ PDWHULDO IURP DQ (OVHYLHUVMRXUQDO
PDLQWDLQ WKH FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWW
LQFOXGHG WR WKH +RPHSDJH RI WKH MRXUQDO IURP ZKLFK \R
KWWS 77ZZ VELHQFHGLUHFW RRPWKH HQ¥H YM R ¥ UKQRPH §[DIJH IR U

KWWS 72727Z HOYHQMWHIDPRPWRUDJIH 7KLV OLFHQVH GRHV QRW |

VFDQQHG YHUVLRQ RI WKH PDWHULDO WR EH VWRUHG LQ D FH
+HURQ ;DQ(GX

JLFHQVLQJ PDWHULDO IURP DQ (OVHYLHU ERRN $ K\SHU WH[W
KRPHSDKNWVWDSY 777 HOVHOYO FREWR QW SRVWHG WR WKH ZHE VL
FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWWRP RI HDFK LPD.

3RVWLQJ OLFHQVHG FRQWH Q@ R®GLOMIFRNUWGLW KIHHDERYH WK H
FODXVHV DUH DSSOLFDEOH 7KH ZHE VLWH PXVW EH SDVVZRU(
ERQD ILGH VWXGHQWY UHJLVWHUHG RQ D UHOHYDQW FRXUVH
<RX PD\ REWDLQ D QHZ OLFHQVH IRU IXWXUH ZHEVLWH SRVWL
YRU MRXUQD ® K WKRURZLQJ FODXVHV DUH DSSOLFDEOH LQ
3UHSULQWYV
$ SUHSULQW LV DQ DXWKRU V RZQ ZULWH XS RI UHVHDUFK UH"
UHYLHZHG QRU KDV LW KDG DQ\ RWKHU YDOXH DGGHG WR LW
FRS\ULJKW WHFKQLFDO HQKDQFHPHQW HWF
$XWKRUV FDQ VKDUH WKHLU SUHSULQWYV DQ\ZKHUH DW DQ\ WL
HQKDQFHG LQ DQ\ ZD\ LQ RUGHU WR DSSHDU PRUH OLNH RU W
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DUWLFOHVY KRZHYHU DXWKRUV FDQ XSGDWH WKHLU SUHSULQW
$XWKRU ODQXVFULSW VHH EHORZ

.l DFFHSWHG IRU SXEOLFDWLRQ ZH HQFRXUDJH DXWKRUV WR
SXEOLFDWLRQ YLD LWV '2, OLOOLRQV Rl UHVHDUFKHUV KDYH
6FLHQFH'LUHFW DQG VR OLQNV ZLOO KHOS XVHWV WR ILQG D
YHUVLRQ 30HDVH QRWH WKDW &HOO 3UHVV 7KH /IDQFHW DQG
SUHSULQW SROLFLHV ,QIRUPDWLRQ RQ WKHVH SROLFLHV LV [
$FFHSWHG $XWKRUSCDDRKNHFIWSHEVDXWKRU PDQXVFULSW LV WKI
DUWLFOH WKDW KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ DQG
LQFRUSRUDWHG FKDQJHV VXJJHVWHG GXULQJ VXEPLVVLRQ St
FRPPXQLFDWLRQV

$XWKRUV FDQ VKDUH WKHLU DFFHSWHG DXWKRU PDQXVFULSW

LPPHGLDWHO\

o YLD WKHLU QRQ FRPPHUFLDO SHUVRQ KRPHSDJH RU E
o E\ XSGDWLQJ D SUHSULQW LQ DU;LY RU 5H3(F ZLWK W
o YLD WKHLU UHVHDUFK LQVWLWXWH RU LQVWLWXWLRC
XVHV RU DV SDUW RI DQ LQYLWDWLRQ RQO\ UHVHD!
° GLUHFWO\ E\ SURYLGLQJ FRSLHV WR WKHLU VWXGHOQ\

WKHLU SHUVRQDO XVH
o IRU SULYDWH VFKRODUO\ VKDULQJ DV SDUW RI DQ LQ
FRPPHUFLDO VLWHY ZLWK ZKLFK (OVHYLHU KDV DQ

DIWHU WKH HPEDUJR SHULRG
o YLD QRQ FRPPHUFLDO KRVWLQJ SODWIRUPV VXFK DV
YLD FRPPHUFLDO VLWHYV ZLWK ZKLFK (OVHYLHU KDV L

,Q DOO FDVHVY DFFHSWHG PDQXVFULSWV VKRXOG

OLQOQN WR WKH IRUPDO SXEOLFDWLRQ YLD LWV '2,
EHDU D && %< 1& 1' OLFHQVH WKLV LV HDV\ WR GR

LI DJJUHJDWHG ZLWK RWKHU PDQXVFULSWYV IRU H[DPSOH
VKDUHG LQ DOLJQPHQW ZLWK RXU KRVWLQJ SROLF\ QRW E
DSSHDU PRUH OLNH RU WR VXEVWLWXWH IRU WKH SXEOL\

3XEOLVKHG MRXUQI3OSEEWILVIOHMG MBRXUQDO DUWLFOH 3-$ LV \
UHFRUG RI SXEOLVKHG UHVHDUFK WKDW DSSHDUV RU ZLOO DS
YDOXH DGGLQJ SXEOLVKLQJ DFWLYLWLHYV LQFOXGLQJ SHHU UF
IRUPDWWLQJ LI UHOHYDQW SDJLQDWLRQ DQG RQOLQH HQUL
3ROLFLHV IRU VKDULQJ SXEOLVKLQJ MRXUQDO DUWLFOHV GLII
DUWLFOHV

6XEVFULSWLR,Q \RMWDRBBHW DXWKRU SOHDVH VKDUH D OLQN W

IXOO WH[W OLOOLRQV RI UHVHDUFKHUV KDYH DFFHVV WR WKH
DQG VR OLQNV ZLOO KHOS \RXU XVHUV WR ILQG DFFHVV FLW
7KHVHV DQG GLVVHUWDWLRQV ZKLFK FRQWDLQ HPEHGGHG 3-$
EH SRVWHG SXEOLFO\ E\ WKH DZDUGLQJ LQVWLWXWLRQ ZLWK
SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

.l \RX DUH DIILOLDWHG ZLWK D OLEUDU\ WKDW VXEVFULEHV W
SULYDWH VKDULQJ ULJKWV IRU RWKHUV UHVHDUFK DFFHVVHG
IRU FODVVURRP WHDFKLQJ DQG LQWHUQDO WUDLQLQJ DW WKF
DQG FRXUVHZDUH SURJUDPV DQG LQFOXVLRQ RI WKH DUWLF(
*ROG 2SHQ $FFHWD\$BMW VKDHW\WHG DFFRUGLQJ WR WKH DXWKRU

OLFHQVH DQG VEERYGOPDRMMIBRERIE XVHU OLFHQVH DQG D '2,
IRUPDO SXEOLFDWLRQ RQ 6FLHQFH'LUHFW
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3OHDVH UHIHWBR\RWICQ/IHSRBXIBWKHU LQIRUPDWLRQ

JRU ERRN BKWKIROWRZLQJ FODXVHY DUH DSSOLFDEOH LQ D(
$XWKRUV DUH SHUPLWWHG WR SODFH D EULHI VXPPDU\ RI WKF
DOORZHG WR GRZQORDG DQG SRVW WKH SXEOLVKHG HOHFWUF
VFDQ WKH SULQWHG HGLWLRQ3WRWUPDWR DEXWERRYVWMIRIPIL F Y
SHUPLWWHG WR SRVW D VXPPDU\ RI WKHLU FKDSWHU RQO\ LQ

7KHVLV 'LVVHURBWIOR®GHQVH LV IRU XVH LQ D WKHVLV GLVYV
VXEPLWWHG WR \RXU LQVWLWXWLRQ LQ HLWKHU SULQW RU HC
SXEOLVKHG FRPPHUFLDOO\ SOHDVH UHDSSO\ IRU SHUPLVVLR(C
SHUPLVVLRQ IRU WKH /LEUDU\ DQG $UFKLYHV RI &DQDGD WR V
WKH FRPSOHWH WKHVLY DQG LQFOXGH SHUPLVVLRQ IRU 3URT?®
GHPDQG RI WKH FRPSOHWH WKHVLY 6KRXOG \RXU WKHVLV EF
UHDSSO\ IRU SHUPLVVLRQ 7KHVHV DQG GLVVHUWDWLRQV ZKL
WKH IRUPDO VXEPLVVLRQ FDQ EH SRVWHG SXEOLFO\ E\ WKH D
EDFN WR WKH IRUPDO SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

(OVHYLHU 2SHQ $FFHVV 7HUPV DQG &RQGLWLRQV

<RX FDQ SXEOLVK RSHQ DFFHVV ZLWK (OVHYLHU LQ KXQGUHG\
HVWDEOLVKHG VXEVFULSWLRQ MRXUQDOV WKDW VXSSRUW
SDUW\ UH XVH RI WKHVH RSHQ DFFHVV DUWLFOHV LV GHILQHG
&RPPRQV XVHU OLEHOQY D FEHN\RRRAHPRUHS RQIRFUPDWLRQ
7HUPV &RQGLWLRQV DSSOLFDEOH WR DOO 2IBHIQHEFFHVV DUW
$Q\ UHXVH RI WKH DUWLFOH PXVW QRW UHSUHVHQW WKH DXW|
DUWLFOH QRU VKRXOG WKH DUWLFOH EH PRGLILHG LQ VXFK D
UHSXWDWLRQ ,I DQ\ FKDQJHV KDYH EHHQ PDGH VXFK FKDQJH
7KH DXWKRU V PXVW EH DSSURSULDWHO\ FUHGLWHG DQG ZH
OLFHQVH DQG D '2, OLQN WR WKH IRUPDO SXEOLFDWLRQ RQ 6F
.l DQ\ SDUW Rl WKH PDWHULDO WR EH XVHG IRU H[DPSOH ILJ
ZLWK FUHGLW RU DFNQRZOHGJHPHQW WR DQRWKHU VRXUFH L'
HQVXUH WKHLU UHXVH FRPSOLHV ZLWK WKH WHUPV DQG FRQG
$GGLWLRQDO 7HUPV &RQGLWLRQV DSSOLFDEOH WR HDFK &U}
&& %<IKH && %< OLFHQVH DOORZV XVHUV WR FRS\ WR FUHDW F
ZRUNV IURP WKH $UWLFOH WR DOWHU DQG UHYLVH WKH $UWL
$UWLFOH LQFOXGLQJ UHXVH DQG RU UHVDOH RI WKH $UWLFO|
XVHU JLYHV DSSURSULDWH FUHGLW ZLWK D OLQN WR WKH IRL
'2, SURYLGHV D OLQN WR WKH OLFHQVH LQGLFDWHV LI FKDQ
UHSUHVHQWHG DV HQGRUVLQJ WKH XVH PDGH RI WKH ZRUN 7
DYDLOBBOWMSDWUHDWLYHFRPPRQV RUJ OLFHQVHV E\
&& %< 1& G&KH && %< 1& 6$ OLFHQVH DOORZV XVHUV WR FRS\ V
DEVWUDFWY DQG QHZ ZRUNV IURP WKH $UWLFOH WR DOWHU I
GRQH IRU FRPPHUFLDO SXUSRVHV DQG WKDW WKH XVHU JLYH
IRUPDO SXEOLFDWLRQ WKURXJK WKH UHOHYDQW '2, SURYLGEH
FKDQJHV ZHUH PDGH DQG WKH OLFHQVRU LV QRW UHSUHVHQW
ZRUN )XUWKHU DQ\ QHZ ZRUNV PXVW EH PDGH DYDLODEOH R
GHWDLOV RI WKH OLEFW®ASH FWHI DWDYBPEPRMRDW RUJ OLFHQVH\
&& %< 1& T'KH && %< 1& 1' OLFHQVH DOORZV XVHUV WR FRS\ D¢
SURYLGHG WKLV LV QRW GRQH IRU FRPPHUFLDO SXUSRVHV DQ
WKH $UWLFOH LI LW LV FKDQJHG RU HGLWHG LQ DQ\ ZD\ DQG
FUHGLW ZLWK D OLQN WR WKH IRUPDO SXEOLFDWLRQ WKURXJ
OLFHQVH DQG WKDW WKH OLFHQVRU LV QRW UHSUHVHQWHG L
IXOO GHWDLOV RI WKHKOWE B Q VFH 1B DW LDYHFIRPIPRMY RWJ OLFHQV
$Q\ FRPPHUFLDO UHXVH RI 2SHQ $FFHVV DUWLFOHV SXEOLVKH
1& 1' OLFHQVH UHTXLUHV SHUPLVVLRQ IURP (OVHYLHU DQG ZL
&RPPHUFLDO UHXVH LQFOXGHYV
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$VVRFLDWLQJ DGYHUWLVLQJ ZLWK WKH IXOO WH[W RI WKH
&KDUJLQJ IHHV IRU GRFXPHQW GHOLYHU\ RU DFFHVV
$UWLFOH DJJUHJDWLRQ

6\WWHPDWLF GLVWULEXWLRQ YLD H PDLO OLVWV RU VKDUF
3RVWLQJ RU OLQNLQJ E\ FRPPHUFLDO FRPSDQLHV IRU XVH E\ I
2WKHU &RQGLWLRQV

Y

AXHVWLRBXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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(16(9,(5 /,&(16(
7(506 $1' &21',7,216
'"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR /ILPLC
(OVHYLHU FRQVLVWY RI \RXU OLFHQVH GHWDLOV DQG WKH
(OVHYLHU DQG &RS\ULJKW &OHDUDQFH &HQWHU

ILFHQVH 1XPEHU
ILFHQVH GDWH 1RY

ILFHQVHG &RQWHQW (DXVEHOYLL\HKH U
ILFHQVHG &RQWHQW 7XKHE OD.@ BMM R Q

/ILFHQVHG &RQWHQW % ZWDUDEOH KDHPRGLDO\VLVY GHYLFH IRU SDWLHQWYV ZLWK HQ
IDLOXUH D SLORW VWXG\

/LFHQVHG &RQWHQW MXGKRAU'DYHQSRUW 9LFWRU *XUD &ODXGLR 5RQFR ODVRXG %H
(IRQ (GPRQG 5DPERG

/ILFHQVHG &RQWHQW 'BWHHFHPEHU

ILFHQVHG &RQWHQW 9ROXPH
1XPEHU

/ILFHQVHG &RQWHQW ,VVXH
1XPEHU

/ILFHQVHG &RQWHQW 3DJHYV
6WDUW 3DJH

(QG 3DJH

7\SH RI 8VH UHXVH LQ D WKHVLV GLVVHUWDWLRQ
,QWHQGHG SXEOLVKHRWRHQHZ

ZRUN

3RUWLRQ ILJXUHV WDEOHV LOOXVWUDWLRQV
1XPEHU R

ILIXUHV WDEOHYV LOOXVWUDWLRQV
JRUPDW ERWK SULQW DQG HOHFWURQLF

$UH \RX WKH DXWKRURI WKLV
(OVHYLHU DUWLFOH™

:LOO \RX EH WUDQVODRNLQJ"
2UGHU UHIHUHQFH QXPEHU
2ULJLQDO ILJXUH QXPBEHUK

7LWOH RI \RXU 1HZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLYV
WKHVLVY GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD® GDWH

(VWLPDWHG VL]H QXPEHU RI
SDJHV

(OVHYLHU 9%7 QXPEHW

5HTXHVWRU /RFDWLRSQLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ RI ZDWHUORR
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'DWHUORR 21 1/ *
&DQDGD
$WWQ /LPLQ /X

7RWDO 86"
7HUPV DQG &RQGLWLRQV

,1752'8&7,21
7KH SXEOLVKHU IRU WKLV FRS\ULJKWHG PDWHULDO LV (OVH
ZLWK FRPSOHWLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ \RX DJUF
DSSO\ WR WKLV WUDQVDFWLRQ DORQJ ZLWK WKH %LOOLQJ DC
HVWDEOLVKHG E\ &RS\ULJKW &OHDUDQFH &HQWHU ,QF &&&
5LIJIKWVOLQN DFFRXQW DQG W KDMWIB U HP DY R RYOEWD HF I UDLQ K W LI
*(1(5$/ 7(506
(OVHYLHU KHUHE\ JUDQWV \RX SHUPLVVLRQ WR UHSURGXFH
WKH WHUPV DQG FRQGLWLRQV LQGLFDWHG

$FNQRZOHGJHPHQW ,I1 DQ\ SDUW RI WKH PDWHULDO WR EH >
DSSHDUHG LQ RXU SXEOLFDWLRQ ZLWK FUHGLW RU DFNQRZOH
PXVW DOVR EH VRXJKW IURP WKDW VRXUFH , I VXFK SHUPLVV

PD\ QRW EH LQFOXGHG LQ \RXU SXEOLFDWLRQ FRSLHV 6XLWD
PXVW EH PDGH HLWKHU DV D IRRWQRWH RU LQ D UHIHUHQFH |
IROORZV
SHSULQWHG IURP 3XEOLFDWLRQ WLWOH 9RO HGLWLRQ QXPE
FKDSWHU 3DJHV 1R &RS\ULJKW <HDU ZLWK SHUPLVVLRQ IU
62&,(7< &23<5,*+7 2:1(5@ $OVR /DQFHW VSHFLDO FUHGLW 5
IDQFHW 9RO QXPEHU $XWKRU V 7LWOH RI DUWLFOH 3DJHV
SHUPLVVLRQ IURP (OVHYLHU

SHSURGXFWLRQ Rl WKLV PDWHULDO LV FRQILQHG WR WKH S
SHUPLVVLRQ LV KHUHE\ JLYHQ

$OWHULQJ ORGLI\LQJ ODWHULDO 1RW 3HUPLWWHG +RZHYHL
DOWHUHG DGDSWHG PLQLPDOO\ WR VHUYH \RXU ZRUN $Q\ RW
DQG RU DQ\ RWKHU DOWHUDWLRQV VKDOO EH PDGH RQO\ ZLWH
/WG 30HDVH FRQWDFW (OVHYLHU DW SHUPLVVLRQV#HOVHYLF

| WKH SHUPLVVLRQ IHH IRU WKH UHTXHVWHG XVH RI RXU PLC
SOHDVH EH DGYLVHG WKDW \RXU IXWXUH UHTXHVWV IRU (OVH"

SHVHUYDWLRQ RI 5LJKWV 3XEOLVKHU UHVHUYHV DOO ULJKV
FRPELQDWLRQ RI L WKH OLFHQVH GHWDLOV SURYLGHG E\ \R»
OLFHQVLQJ WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLF
WHUPV DQG FRQGLWLRQV

JLFHQVH &RQWLQJHQW 8SRQ 3D\PHQW :KLOH \RX PD\ H[HUFL
LPPHGLDWHO\ XSRQ LVVXDQFH RI WKH OLFHQVH DW WKH HQG
WUDQVDFWLRQ SURYLGHG WKDW \RX KDYH GLVFORVHG FRPSC
XVH QR OLFHQVH LV ILQDOO\ HIITHFWLYH XQOHVV DQG XQWLO
E\ SXEOLVKHU RU E\ &&& DV SURYLGHG LQ &&& V %LOOLQJ DQ
IXOO SD\PHQW LV QRW UHFHLYHG RQ D WLPHO\ EDVLV WKHQ [
GHHPHG DXWRPDWLFDOO\ UHYRNHG DQG VKDOO EH YRLG DV L
WKDW \RX EUHDFK DQ\ Rl WKHVH WHUPV DQG FRQGLWLRQV RU
WHUPV DQG FRQGLWLRQV WKH OLFHQVH LV DXWRPDWLFDOO\
JUDQWHG 8VH RI PDWHULDOV DV GHVFULEHG LQ D UHYRNHG
PDWHULDOV EH\RQG WKH VFRSH RI DQ XQUHYRNHG OLFHQVH
DQG SXEOLVKHU UHVHUYHV WKH ULJKW WR WDNH DQ\ DQG DO
PDWHULDOV

‘DUUDQWLHYV 3XEOLVKHU PDNHV QR UHSUHVHQWDWLRQV RU
PDWHULDO
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 QGHPQLW\ <RX KHUHE\ LQGHPQLI\ DQG DJUHH WR KROG KL
WKHLU UHVSHFWLYH RIILFHUV GLUHFWRUV HPSOR\HHV DQG C
FODLPV DULVLQJ RXW RI \RXU XVH Rl WKH OLFHQVHG PDWHULLI
SXUVXDQW WR WKLV OLFHQVH

1R 7UDQVIHU RI /LFHQVH 7KLV OLFHQVH LV SHUVRQDO WR
DVVLJQHG RU WUDQVIHUUHG E\ \RX WR DQ\ RWKHU SHUVRQ ZlI

1R $PHQGPHQW ([FHSW LQ :ULWLQJ 7KLV OLFHQVH PD\ QRW
VLIQHG E\ ERWK SDUWLHVY RU LQ WKH FDVH Rl SXEOLVKHU E

2EMHFWLRQ WR &RQWUDU\ 7HUPV 3XEOLVKHU KHUHE\ REMF
SXUFKDVH RUGHU DFNQRZOHGJPHQW FKHFN HQGRUVHPHQW F
ZKLFK WHUPV DUH LQFRQVLVWHQW ZLWK WKHVH WHUPV DQG F
WHUPV DQG FRQGLWLRQV 7KHVH WHUPV DQG FRQGLWLRQV V
WHUPV DQG FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLGC
EHWZHHQ \RX DQG SXEOLVKHU DQG &&& FRQFHUQLQJ WKLV O
DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWLRQV HVWDEOLVKHG E\
HVWDEOLVKHG E\ &&& V %LOOLQJ DQG 3D\PHQW WHUPV DQG FI
VKDOO FRQWURDO

5SHYRFDWLRQ (OVHYLHU RU &RS\ULJKW &OHDUDQFH &HQWH
LQ WKLV /LFHQVH DW WKHLU VROH GLVFUHWLRQ IRU DQ\ UHD"
WR \RX 1RWLFH RI VXFK GHQLDO ZLOO EH PDGH XVLQJ WKH F
)DLOXUH WR UHFHLYH VXFK QRWLFH ZLOO QRW DOMWHU RU LQY
RU &RS\ULJKW &OHDUDQFH &HQWHU EH UHVSRQVLEOH RU OLD
LQFXUUHG E\ \RX DV D UHVXOW RI D GHQLDO RI \RXU SHUPLVYV
DPRXQW V SDLG E\ \RX WR (OVHYLHU DQG RU &RS\ULJKW &OH|
SHUPLVVLRQV

1,0, 7(" /,&(16(

7KH IROORZLQJ WHUPV DQG FRQGLWLRQV DSSO\ RQO\ WR VSHI

7UDQVODKMULMROHUPLVVLRQ LV JUDQWB GOIRMKBRY REOXVLYH
XQOHVV \RXU OLFHQVH ZDV JUDQWHG IRU WUDQVODWLRQ ULJF
PD\ RQO\ WUDQVODWH WKLY FRQWHQW LQWR WKH ODQJXDJHV
PXVW SHUIRUP DOO WUDQVODWLRQV DQG UHSURGXFH WKH FR
LQWHJULW\ RI WKH DUWLFOH

3RVWLQJ OLFHQVHG FRQWMKHQMW RMRZ DY JIHVENUWW DQG FRQGLYV
IROORZV /LFHQVLQJ PDWHULDO IURP DQ (OVHYLHUVMRXUQDO
PDLQWDLQ WKH FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWW
LQFOXGHG WR WKH +RPHSDJH RI WKH MRXUQDO IURP ZKLFK \R
KWWS Z77ZZ VELHQFHGLUHFW RRPWKH HQ¥H YM R ¥ UKQRPMH §[DIJH IR U

KWWS 7272Z HOYHQMWHIWDPRFPWRUDJIH 7KLV OLFHQVH GRHV QRW I

VFDQQHG YHUVLRQ RI WKH PDWHULDO WR EH VWRUHG LQ D FH
+HURQ :DQ(GX

JLFHQVLQJ PDWHULDO IURP DQ (OVHYLHU ERRN $ K\SHU WH[W
KRPHSDKWVDSV ZZZ HOVHOYO FRGEWP QW SRVWHG WR WKH ZHE VL
FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWWRP RI HDFK LPD.

3RVWLQJ OLFHQVHG FRQWHQW RGLOHIFRURRLW KHHDEBRYH WK H
FODXVHVY DUH DSSOLFDEOH 7KH ZHE VLWH PXVW EH SDVVZRU(
ERQD ILGH VWXGHQWY UHJLVWHUHG RQ D UHOHYDQW FRXUVH
<RX PD\ REWDLQ D QHZ OLFHQVH IRU IXWXUH ZHEVLWH SRVWL
YRU MRXUQD ® IDK WKRWRZLQJ FODXVHV DUH DSSOLFDEOH LQ
3UHSULQWYV
$ SUHSULQW LV DQ DXWKRU V RZQ ZULWH XS RI UHVHDUFK UH"
UHYLHZHG QRU KDV LW KDG DQ\ RWKHU YDOXH DGGHG WR LW
FRS\ULJKW WHFKQLFDO HQKDQFHPHQW HWF
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$XWKRUV FDQ VKDUH WKHLU SUHSULQWY DQ\ZKHUH DW DQ\ WL
HQKDQFHG LQ DQ\ ZzD\ LQ RUGHU WR DSSHDU PRUH OLNH RU W
DUWLFOHYV KRZHYHU DXWKRUV FDQ XSGDWH WKHLU SUHSULQW
$XWKRU ODQXVFULSW VHH EHORZ

,, DFFHSWHG IRU SXEOLFDWLRQ ZH HQFRXUDJH DXWKRUV WR
SXEOLFDWLRQ YLD LWV '2, OLOOLRQV RI UHVHDUFKHUV KDYH
6FLHQFH'LUHFW DQG VR OLQNYV ZLOO KHOS XVHHV WR ILQG D
YHUVLRQ 30OHDVH QRWH WKDW &HOO 3UHVV 7KH /IDQFHW DQG
SUHSULQW SROLFLHYVY ,QIRUPDWLRQ RQ WKHVH SROLFLHV LV I
$FFHSWHG $XWKRUSCODDRNVFIWHWEVD XWKRU PDQXVFULSW LV WKI
DUWLFOH WKDW KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ DQG
LOQFRUSRUDWHG FKDQJHV VXJIJHVWHG GXULQJ VXEPLVVLRQ St
FRPPXQLFDWLRQV

$XWKRUV FDQ VKDUH WKHLU DFFHSWHG DXWKRU PDQXVFULSW

LPPHGLDWHO\
o YLD WKHLU QRQ FRPPHUFLDO SHUVRQ KRPHSDJH RU E
° E\ XSGDWLQJ D SUHSULQW LQ DU;LY RU 5H3(F ZLWK W
o YLD WKHLU UHVHDUFK LQVWLWXWH RU LQVWLWXWLRC
XVHV RU DV SDUW RI DQ LQYLWDWLRQ RQO\ UHVHD!
o GLUHFWO\ E\ SURYLGLQJ FRSLHVY WR WKHLU VWXGHQ\
WKHLU SHUVRQDO XVH
o IRU SULYDWH VFKRODUO\ VKDULQJ DV SDUW RI DQ LQ
FRPPHUFLDO VLWHV ZLWK ZKLFK (OVHYLHU KDV DQ
DIWHU WKH HPEDUJR SHULRG
o YLD QRQ FRPPHUFLDO KRVWLQJ SODWIRUPV VXFK DV
° YLD FRPPHUFLDO VLWHYV ZLWK ZKLFK (OVHYLHU KDV L

,Q DOO FDVHVY DFFHSWHG PDQXVFULSWV VKRXOG

OLQN WR WKH IRUPDO SXEOLFDWLRQ YLD LWV '2,
EHDU D && %< 1& 1' OLFHQVH WKLV LV HDV\ WR GR

LI DJJUHJDWHG ZLWK RWKHU PDQXVFULSWY IRU H[DPSOH
VKDUHG LQ DOLJQPHQW ZLWK RXU KRVWLQJ SROLF\ QRW E
DSSHDU PRUH OLNH RU WR VXEVWLWXWH IRU WKH SXEOL\

3XEOLVKHG MRXUQ3OSKBEWILFIOHG MRXUQDO DUWLFOH 3-$ LV \
UHFRUG RI SXEOLVKHG UHVHDUFK WKDW DSSHDUV RU ZLOO DS
YDOXH DGGLQJ SXEOLVKLQJ DFWLYLWLHV LQFOXGLQJ SHHU U}
IRUPDWWLQJ LI UHOHYDQW SDJLQDWLRQ DQG RQOLQH HQUL
3ROLFLHV IRU VKDULQJ SXEOLVKLQJ MRXUQDO DUWLFOHV GLII
DUWLFOHV

6XEVFULSWLR,Q \RMXWRBBHW DXWKRU SOHDVH VKDUH D OLQN W

IXOO WH[W OLOOLRQV RI UHVHDUFKHUV KDYH DFFHVV WR WKH
DQG VR OLQNV ZLOO KHOS \RXU XVHUV WR ILQG DFFHVV FLW
7TKHVHY DQG GLVVHUWDWLRQV ZKLFK FRQWDLQ HPEHGGHG 3-%
EH SRVWHG SXEOLFO\ E\ WKH DZDUGLQJ LQVWLWXWLRQ ZLWK
SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

,/ \RX DUH DIILOLDWHG ZLWK D OLEUDU\ WKDW VXEVFULEHV W
SULYDWH VKDULQJ ULJKWV IRU RWKHUV UHVHDUFK DFFHVVHG
IRU FODVVURRP WHDFKLQJ DQG LOQWHUQDO WUDLQLQJ DW WKF
DQRG FRXUVHZDUH SURJUDPVY DQG LQFOXVLRQ RI WKH DUWLF(
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*ROG 2SHQ $FFHVWOD\$BW VKODHIMHG DFFRUGLQJ WR WKH DXWKRU

OLFHQVH DQG VEBROUGOPROMBRERE XVHU OLFHQVH DQG D '2,
IRUPDO SXEOLFDWLRQ RQ 6FLHQFH'LUHFW
30HDVH UHIH B RARWIOVHSER BYEWKHU LQIRUPDWLRQ

JRU ERRN DKWMKIROWRZLQJ FODXVHYV DUH DSSOLFDEOH LQ DC
$XWKRUV DUH SHUPLWWHG WR SODFH D EULHI VXPPDU\ RI WKF
DOORZHG WR GRZQORDG DQG SRVW WKH SXEOLVKHG HOHFWUF
VFDQ WKH SULQWHG HGLWLRQ3RRKRVFUGDWR DEXWRRYMVMRIGIL F Y
SHUPLWWHG WR SRVW D VXPPDU\ RI WKHLU FKDSWHU RQO\ LQ

7KHVLV 'LVVHURBWIORGHQVH LV IRU XVH LQ D WKHVLV GLVV
VXEPLWWHG WR \RXU LQVWLWXWLRQ LQ HLWKHU SULQW RU HC
SXEOLVKHG FRPPHUFLDOO\ SOHDVH UHDSSO\ IRU SHUPLVVLRC
SHUPLVVLRQ IRU WKH /LEUDU\ DQG $UFKLYHV Rl &DQDGD WR V
WKH FRPSOHWH WKHVLYVY DQG LQFOXGH SHUPLVVLRQ IRU 3URT:
GHPDQG RI WKH FRPSOHWH WKHVLV 6KRXOG \RXU WKHVLV EF
UHDSSO\ IRU SHUPLVVLRQ 7KHVHV DQG GLVVHUWDWLRQV ZKL
WKH IRUPDO VXEPLVVLRQ FDQ EH SRVWHG SXEOLFO\ E\ WKH D
EDFN WR WKH IRUPDO SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

(OVHYLHU 2SHQ $FFHVVY 7THUPV DQG &RQGLWLRQV

<RX FDQ SXEOLVK RSHQ DFFHVV ZLWK (OVHYLHU LQ KXQGUHG\
HVWDEOLVKHG VXEVFULSWLRQ MRXUQDOV WKDW VXSSRUW
SDUwW\ UH XVH RI WKHVH RSHQ DFFHVV DUWLFOHYVY LV GHILQHG
&RPPRQV XVHU OLIFEHQY B FEHN W RXBRAHRRUHSRQIRFUPDWLRQ
7THUPV &RQGLWLRQV DSSOLFDEOH WR DOO 2BHIH®FFHVYVY DUW
$Q\ UHXVH RI WKH DUWLFOH PXVW QRW UHSUHVHQW WKH DXW!
DUWLFOH QRU VKRXOG WKH DUWLFOH EH PRGLILHG LQ VXFK D
UHSXWDWLRQ ,I DQ\ FKDQJHYV KDYH EHHQ PDGH VXFK FKDQJH
7KH DXWKRU V PXVW EH DSSURSULDWHO\ FUHGLWHG DQG ZH
OLFHQVH DQG D '2, OLQN WR WKH IRUPDO SXEOLFDWLRQ RQ 6tF
,] DQ\ SDUW RI WKH PDWHULDO WR EH XVHG IRU H[DPSOH 1ILJ
ZLWK FUHGLW RU DFNQRZOHGJHPHQW WR DQRWKHU VRXUFH L'
HQVXUH WKHLU UHXVH FRPSOLHV ZLWK WKH WHUPV DQG FRQG
$GGLWLRQDO 7THUPV &RQGLWLRQV DSSOLFDEOH WR HDFK &UtL
&& %<IKH && %< OLFHQVH DOORZV XVHUV WR FRS\ WR FUHDWEF
ZRUNV IURP WKH $UWLFOH WR DOWHU DQG UHYLVH WKH $UWL
$UWLFOH LQFOXGLQJ UHXVH DQG RU UHVDOH RI WKH $UWLFOI
XVHU JLYHVY DSSURSULDWH FUHGLW ZLWK D OLQN WR WKH IRL
‘2, SURYLGHV D OLQN WR WKH OLFHQVH LQGLFDWHYV LI FKDQ
UHSUHVHQWHG DV HQGRUVLQJ WKH XVH PDGH RI WKH ZRUN 7
DYDLOBROHSDWUHDWLYHFRPPRQV RUJ OLFHQVHYV E\
&& %< 1& GEH && %< 1& 6% OLFHQVH DOORZV XVHUV WR FRS\ V
DEVWUDFWY DQG QHZ ZRUNV IURP WKH $UWLFOH WR DOWHU L
GRQH IRU FRPPHUFLDO SXUSRVHV DQG WKDW WKH XVHU JLYH
IRUPDO SXEOLFDWLRQ WKURXJK WKH UHOHYDQW '2, SURYLGFH
FKDQJHV ZHUH PDGH DQG WKH OLFHQVRU LV QRW UHSUHVHQW
ZRUN )XUWKHU DQ\ QHZ ZRUNV PXVW EH PDGH DYDLODEOH R
GHWDLOV RI WKH OLEWOANSH DFWHH DWDYBBDERPPRDW RUJ OLFHQVH\
&& %< 1& T'KH && %< 1& 1' OLFHQVH DOORZV XVHUV WR FRS\ D¢
SURYLGHG WKLV LV QRW GRQH IRU FRPPHUFLDO SXUSRVHV DQ
WKH $UWLFOH LI LW LV FKDQJHG RU HGLWHG LQ DQ\ ZzD\ DQG
FUHGLW ZLWK D OLQN WR WKH IRUPDO SXEOLFDWLRQ WKURXJ
OLFHQVH DQG WKDW WKH OLFHQVRU LV QRW UHSUHVHQWHG L[
IXOO GHWDLOV RI WKHKOWMWH Q VU BDW LDMHTFIRPIPROY RWJI OLFHQV
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$Q\ FRPPHUFLDO UHXVH RI 2SHQ $FFHVV DUWLFOHV SXEOLVKH
1& 1' OLFHQVH UHTXLUHY SHUPLVVLRQ IURP (OVHYLHU DQG ZL
&RPPHUFLDO UHXVH LQFOXGHYV

$VVRFLDWLQJ DGYHUWLVLQJ ZLWK WKH IXOO WH[W RI WKH
&KDUJLQJ IHHV IRU GRFXPHQW GHOLYHU\ RU DFFHVV
$UWLFOH DJJUHJDWLRQ

6\VWHPDWLF GLVWULEXWLRQ YLD HPDLO OLVWV RU VKDUF

3RVWLQJ RU OLQNLQJ E\ FRPPHUFLDO FRPSDQLHV IRU XVH E\ I
2WKHU &RQGLWLRQV

Y

AXHVWLREDXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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-2+1 :,/(< $1' 6216 /,&(16(
7(506 $1' &21',7,216
"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR  /LPLC
6RQV -RKQ :LOH\ DQG 6RQV FRQVLVWYV RI \RXU OLFHQVH GH
SURYLGHG E\ -RKQ :LOH\ DQG 6RQV DQG &RS\ULJKW &OHDUDQF

ILFHQVH 1XPEHU
ILFHQVH GDWH 1RY

ILFHQVHG &RQWHQW -RKEOi{IMKHA\UD QG 6RQV
/ILFHQVHG &RQWHQW 63KFELQQIFOW LRQLDO\VLYV

/ILFHQVHG &RQWHQW 7KW MHDUDEOH $UWLILFLDO .LGQH\ :K\ DQGOrRVR )URP +RO\ *UL
5HDOLW\

/LFHQVHG &RQWHQW %DPMKRRIU*XUD &0DXGLR 5RQFR $QGUHZ 'DYHQSRUW
/ILFHQVHG &RQWHQW 2BPW H

/JLFHQVHG &RQWHQW 3DJHV

7\SH RI XVH 'LVVHUWDWLRQ 7KHVLV

5HTXHVWRU W\SH 8QLYHUVLW\ $FDGHPLF

YJRUPDW 3ULQW DQG HOHFWURQLF

3RUWLRQ JLIJXUH WDEOH

1XPEHU RI ILJXUHV WDEOHYV

2ULJLQDO :LOH\ ILIXYUH WEBEOH
QXPEHU V

:LOO \RX EH WUDQVODRNLQJ"

7LWOH RI \RXU WKHV1INZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLYV
GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD® GDWH

([SHFWHG VL]H QXPEHU RI
SDJHV

5HTXHVWRU /RFDWLRSRLYHUVLW\ Rl ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
':DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

3XEOLVKHU 7D[ ,° (8
%LOOLQJ 7\SH ,QYRLFH

%LOOLQJ $GGUHVV 8QLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
'DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

7TRWDO 86"
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7HUPV DQG &RQGLWLRQV

7(506 $1' &21',7,216
7KLV FRS\ULJKWHG PDWHULDO LV RZQHG E\ RU H[FOXVLYHO\ O
RQH RI LWV JURXS FRPSDQLHV HDFK D :LOH\ &RPSDQ\ RU KD
ZKLFK D :LOH\ &RPSDQ\ KDV HI[FOXVLYH SXEOLVKLQJ ULJKWV L
FROOHFWLYHO\ :,/(< %\ FOLFNLQJ DFFHSW L@Q@FRQQHFWLE
WUDQVDFWLRQ \RX DJUHH WKDW WKH IROORZLQJ WHUPV DQG
DORQJ ZLWK WKH ELOOLQJ DQG SD\PHQW WHUPV DQG FRQGLW
&OHDUDQFH &HQWHU ,QF &&& V %LOOLQJ DQG 3D\PHQW WHI
\RX RSHQHG \RXU 5LJKWV/LQN DFFRXQW WKHVH DUH DYDLODE
KWWS P\DFFRXQW FRS\ULJKW FRP

THUPV DQG &RQGLWLRQV

e« 7KH PDWHULDOV \RX KDYH UHTXHVWHG SHUPLVVLRQ WR UF
ODWHULDOV DUH SURWHFWHG E\ FRS\ULJKW

e« <RX DUH KHUHE\ JUDQWHG D SHUVRQDO QRQ H[FOXVLYH (
DORQH EDVLY QRQ WUDQVIHUDEOH ZRUOGZLGH OLPLWH:
ODWHULDOV IRU WKH SXUSRVH VSHALM LOIDFMQBBKH OLFHQV I
&217(17 3') RU LPDJH ILOH SXUFKDVHGVDIWRI$ DURQRI WRRH F
XVH RQO\ DQG OLPLWHG WR DQ\ PD[LPXP GLVWULEXWLRQ ¢
7KH ILUVW LQVWDQFH RI UHSXEOLFDWLRQ RU UHXVH JUDQ"
ZLWKLQ WZR \HDUV RI WKH GDWH Rl WKH JUDQW RI WKLV O
EHIRUH WKH HQG GDWH PD\ EH GLVWULEXWHG WKHUHDIWH
XVHG LQ DQ\ RWKHU PDQQHU RU IRU DQ\ RWKHU SXUSRVH
OLFHQVH 3HUPLVVLRQ LV JUDQWHG VXEMHFW WR DQ DSSU
DXWKRU WLWOH RI WKH PDWHULDO ERRN MRXUQDO DQG W
FRS\ULJKW QRWLFH WKDW DSSHDUV LQ WKH :LOH\ SXEOLFCL
ODWHULDO 3HUPLVVLRQ LV DOVR JUDQWHG RQ WKH XQGHLU
SUHYLRXVO\ SXEOLVKHG VRXUFH DFNQRZOHGJHG IRU DOO
WKLUG SDUW\ FRQWHQW LV H[SUHVVO\ H[FOXGHG IURP WKI

e :LWK UHVSHFW WR WKH :LOH\ ODWHULDOV DOO ULJKWV DU
JUDQWHG E\ WKH WHUPV RI WKH OLFHQVH QR SDUW RI WK
PRGLILHG DGDSWHG H[FHSW IRU PLQRU UHIRUPDWWLQJ U
WUDQVODWHG UHSURGXFHG WUDQVIHUUHG RU GLVWULEX
GHULYDWLYH ZRUNV PD\ EH PDGH EDVHG RQ WKH :LOH\ 0DV
SHUPLVVLRQ RI WKH UHV SRIF LY H IFIRED WIRIK\WS REQIHUK H U V
FOHDULQJ SHUPLVVLRQ X&MHIHWKIHY WIHRIPWRRIQW KBKID H V
WHUPV RI WKH OLFHQVH DUH H[WHQGHG WR LQFOXGH VXEV
LQ RWKHU ODQJXDJHV SURYLGHG VXFK HGLWLRQV DUH IRl
GRHVY QRW LQYROYH WKH VHSDUDWH H[SORLWDWLRQ RI WK
<RX PD\ QRW DOWHU UHPRYH RU VXSSUHVV LQ DQ\ PDQQH!
RWKHU QRWLFHVY GLVSOD\HG E\ WKH :LOH\ ODWHULDOV <R:
OHDVH SOHGJH RIIHU DV VHFXULW\ WUDQVIHU RU DVVLJC
EDVLV RU DQ\ RI WKH ULJKWV JUDQWHG WR \RX KHUHXQGH

e 7KH :LOH\ ODWHULDOV DQG DOO Rl WKH LQWHBI®HFWXDO S|
UHPDLQ WKH H[FOXVLYH SURSHUW\ Rl -RKQ :LOH\ 6RQV ,C
WKHLU UHVSHFWLYH OLFHQVRUV DQG \RXU LQWHUHVW WK
DQG WKH ULJKW WR UHSURGXFH WKH :LOH\ ODWHULDOV SX
FRQWLQXDQFH RI WKLV $JUHHPHQW <RX DJUHH WKDW \RX
WR WKH :LOH\ ODWHULDOV RU DQ\ RI WKH LQWHOOHFWXDO
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QR ULJKWYV KHUHXQGHU RWKHU WKDQ WKH OLFHQVH DV SU
OLFHQVH RU LQWHUHVW WR DQ\ WUDGHPDUN WUDGH QDPF

ODUNV RI :,/(< RU LWV OLFHQVRUV LV JUDQWHG KHUHXQ
VKDOO QRW DVVHUW DQ\ VXFK ULJKW OLFHQVH RU LQWHU

1(,7+(5 :,/(< 125 ,76 /,&(16256 0$.(6 $1< :$55$17< 25
5(35(6(17$7,21 2) $1< .,1' 72 <28 25 $1< 7+,5' 3$57<
(;35(66 ,03/,(' 25 67$78725< :,7+ 5(63(&7 72 7+( 0$7(5,$/6
25 7+( $&&85%$&< 2) $1< ,1)250%$7,21 &217$,1(" ,1 7+(
0$7(5,$/6 ,1&/8',1* :,7+287 /,0,7$7,21 $1< ,03/,('
'$55$17< 2) 0(5&+$17$%,/,7< $&&85$&< 6%$7,6)$&725<
48%$/,7< ),71(66 )25 $ 3$57,&8/$5 385326( 86%$%,/,7<
,17(*5%$7,21 25 121 ,1)5,1*(0(17 $1' $// 68&+ :$55$17,(6
$5( +(5(%< (:&/8'(" %< :,/(< $1' ,76 /,&(16256 $1' :$,9("

%< <28

/(< VKDOO KDYH WKH ULJKW WR WHUPLQDWH WKLV $JUHH
WKLV $JUHHPHQW E\ \RX

<RX VKDOO LQGHPQLI\ GHIHQG DQG KROG KDUPOHVV :,/(<
UHVSHFWLYH GLUHFWRUV RIILFHUV DJHQWY DQG HPSOR\}F
WKUHDWHQHG FODLPV GHPDQGV FDXVHV RI DFWLRQ RU S
RI WKLV $JUHHPHQW E\ \RX

,1 12 (9(17 6+$// :,/(< 25 ,76 /,&(16256 %( /,$%/( 72 <28 25
$1< 27+ (5 3$57< 25 $1< 27+(5 3(5621 25 (17,7< )25 $1<
63(&,%/ &216(48(17,%/ ,1&,'(17%/ ,1',5(&7 (;(03/%$5< 25
381,7,9( '$0%*(6 +2:(9(5 &%$86(' $5,6,1* 287 2) 25 ,1
&211(&7,21 :,7+ 7+( '2:1/2%$',1* 3529,6,21,1* 9,(:,1* 25

86( 2) 7+( 0%$7(5,%$/6 5(*$5'/(66 2) 7+( )250 2) $&7,21

t+(7+(5 )25 %5($&+ 2) &2175%$&7 %5($&+ 2) :$55%$17< 7257
1(*/,*(1&( ,1)5,1*(0(17 25 27+(5:,6( ,1&/8',1* :,7+287
/,0,7$7,21 '$0%$*(6 %$6(' 21 /266 2) 352),76 '$7% ),/(6 86(
%86,1(66 23325781,7< 25 &/%$,06 2) 7+,5" 3$57,(6 $1' :+(7+(5
25 127 7+( 3$57< +$6 %((1 $'9,6(' 2) 7+( 3266,%,/,7< 2) 68&+
'$0%*(6 7+,6 /,0,7%$7,21 6+%// $33/< 127:,7+67%1"',1* $1<
)$,/85( 2) (66(17,%/ 385326( 2) $1< /,0,7("' 5(0('< 3529,'("
+(5(,1

6KRXOG DQ\ SURYLVLRQ RI WKLV $JUHHPHQW EH KHOG E\ D
WR EH LOOHJDO LQYDOLG RU XQHQIRUFHDEOH WKDW SUF
DFKLHYH DV QHDUO\ DV SRVVLEOH WKH VDPH HFRQRPLF HI
WKH OHJDOLW\ YDOLGLW\ DQG HQIRUFHDELOLW\ RI WKH U|
VKDOO QRW EH DIIHFWHG RU LPSDLUHG WKHUHE\

7KH IDLOXUH Rl HLWKHU SDUW\ WR HQIRUFH DQ\ WHUP RU
FRQVWLWXWH D ZDLYHU Rl HLWKHU SDUW\ V ULJKW WR HQI
RI WKLV $JUHHPHQW 1R EUHDFK XQGHU WKLV DJUHHPHQW
HIFXVHG E\ HLWKHU SDUW\ XQOHVV VXFK ZDLYHU RU FRQVI
JUDQWLQJ VXFK ZDLYHU RU FRQVHQW 7KH ZDLYHU E\ RU F
DQ\ SURYLVLRQ RI WKLV $JUHHPHQW VKDOO QRW RSHUDWF
FRQVHQW WR DQ\ RWKHU RU VXEVHTXHQW EUHDFK E\ VXFK
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e 7KLV $JUHHPHQW PD\ QRW EH DVVLIJQHG LQFOXGLQJ E\ RS
\RX ZLWKRXW :,/(<V SULRU ZULWWHQ FRQVHQW

e $Q\ IHH UHTXLUHG IRU WKLY SHUPLVVLRQ VKDOO EH QRQ U
IURP UHFHLSW E\ WKH &&&

« 7ZKHVH WHUPV DQG FRQGLWLRQV WRJHWKHU ZLWK &&& V %
FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLQ IRUP W
/(< FRQFHUQLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ DQG L(
DOO SULRU DJUHHPHQWY DQG UHSUHVHQWDWLRQV RI WKH
PD\ QRW EH DPHQGHG H[FHSW LQ ZULWLQJ VLIQHG E\ ERWI
ELQGLQJ XSRQ DQG LQXUH WR WKH EHQHILW RI WKH SDUW
DQG DXWKRUL]JHG DVVLJIQV

e ,Q WKH HYHQW RI DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWL
FRQGLWLRQV DQG WKRVH HVWDEOLVKHG E\ &&& V %LOOLQ.
WKHVH WHUPVY DQG FRQGLWLRQV VKDOO SUHYDLO

e :,/(< HISUHVVO\ UHVHUYHVY DOO ULJKWV QRW VSHFLILFDOO
WKH OLFHQVH GHWDLOV SURYLGHG E\ \RX DQG DFFHSWHG
WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLRQV DQG
DQG FRQGLWLRQV

e 7KLV $JUHHPHQW ZLOO EH YRLG LI WKH 7\SH RI 8VH )RUPD
7\SH zDV PLVUHSUHVHQWHG GXULQJ WKH OLFHQVLQJ SURF

e 7KLV $JUHHPHQW VKDOO EH JRYHUQHG E\ DQG FRQVWUXHC
WKH 6WDWH RI 1HZ <RUN 86% ZLWKRXW UHJDUGV WR VXFK
OHJDO DFWLRQ VXLW RU SURFHHGLQJ DULVLQJ RXW RI RU
RU WKH EUHDFK WKHUHRI VKDOO EH LQVWLWXWHG LQ D FR
<RUN &RXQW\ LQ WKH 6WDWH RI 1HZ <RUN LQ WKH 8QLWHG
KHUHE\ FRQVHQWY DQG VXEPLWYV WR WKH SHUVRQDO MXUL
REMHFWLRQ WR YHQXH LQ VXFK FRXUW DQG FRQVHQWYV WR
FHUWLILHG PDLO UHWXUQ UHFHLSW UHTXHVWHG DW WKH

(< 23(1 $&&(66 7(506 $1' &21',7,216

'LOH\ 3XEOLVKHV 2SHQ $FFHVV $UWLFOHV LQ IXOO\ 2SHQ $FFH
MRXUQDOV RIIHULQJ 2QOLQH 2SHQ $OWKRXJK PRVW RI WKH I}
RSHQ DFFHVV DUWLFOHYV XQGHU WKH WHUPV Rl WKH &UHDWLY
RQO\ WKH VXEVFULSWLRQ MRXUQDOV DQG D IHZ RI WKH 2SHQ
&UHDWLYH &RPPRQV /LFHQVHV 7KH OLFHQVH W\SH LV FOHDUC
7KH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH
7KBUHDWLYH &RPPRQV $WWULERWRRQ XVAHQN WR&RRBX GLVWU
WUDQVPLW DQ DUWLFOH DGDSW WKH DUWLFOH DQG PDNH FRF
OLFHQVH SHUPLWV FRPPHUFLDO DQG QRQ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO /LFHQVF
7KBUHDWLYH &RPPRQV $WWULEXWLRQ 1RGEKEBPPWUPRPLDHD && %
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLG
DQG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV VHH EHORZ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO 1R'HULY
7TKBUHDWLYH &RPPRQV $WWULEXWLRQ 1R&&E&RPRRBUIFLDO 1R'HL
SHUPLWV XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ Pt}
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SURSHUO\ FLWHG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV D
PDGH VHH EHORZ

8VH E\ FRPPHUFLDO IRU SURILW RUJDQL]DWLRQV

8VH RI :LOH\ 2SHQ $FFHVV DUWLFOHV IRU FRPPHUFLDO SURPF
UHTXLUHV IXUWKHU H[SOLFLW SHUPLVVLRQ IURP :LOH\ DQG ZL
JXUWKHU GHWDLOV FDQ EH IRXQG RQ :LOH\ 2QOLQH /LEUDU\
KWWS RODERXW ZLOH\ FRP :LOH\&'$ 6HFWLRQ LG KWPO

2WKHU 7HUPV DQG &RQGLWLRQV

Y /IDVW XSGDWHG 6HSWHPEHU
AXHVWLREXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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-2+1 :,/(< $1' 6216 /,&(16(
7(506 $1' &21',7,216
"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR  /LPLC
6RQV -RKQ :LOH\ DQG 6RQV FRQVLVWYV RI \RXU OLFHQVH GH
SURYLGHG E\ -RKQ :LOH\ DQG 6RQV DQG &RS\ULJKW &OHDUDQF

/JLFHQVH 1XPEHU

/ILFHQVH GDWH 1RY

/JLFHQVHG &RQWHQW -RKEOIMXHUDQG 6RQV

/JLFHQVHG &RQWHQW -RXL@MIFO \WLRQRPHGLFDO ODWHULDOV 5HVHDUFK

/ILFHQVHG &RQWHQW IMORSRURXY ELRPDWHULDOV IRU XUHPLF WR[LQ DGVRUSWLRQ
NLGQH\ VIVWHPV $ UHYLHZ

/LFHQVHG &RQWHQW :$¥WKRPW &KHDK .XQLR ,VKLNDZD 5DG]DOIREWKPDQ )HL <HH <H
/JLFHQVHG &RQWHQW )HDEN H

/JLFHQVHG &RQWHQW 3DJHV

7\SH RI XVH 'LVVHUWDWLRQ 7KHVLV

5HTXHVWRU W\SH 8QLYHUVLW\ $FDGHPLF

YJRUPDW 3ULQW DQG HOHFWURQLF

3RUWLRQ JLIJXUH WDEOH

1XPEHU RI ILJXUHV WDEOHYV

2ULJLQDO :LOH\ ILJIXMH XWIHE O H
QXPEHU V

:LOO \RX EH WUDQVODRNLQJ"

7LWOH RI \RXU WKHV1INZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLYV
GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD® GDWH

([SHFWHG VL]H QXPEHU RI
SDJHV

5HTXHVWRU /RFDWLRSRLYHUVLW\ Rl ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
':DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

3XEOLVKHU 7D[ ,° (8
%LOOLQJ 7\SH ,QYRLFH

%LOOLQJ $GGUHVV 8QLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
'DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

7TRWDO &$!
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7HUPV DQG &RQGLWLRQV

7(506 $1' &21',7,216
7KLV FRS\ULJKWHG PDWHULDO LV RZQHG E\ RU H[FOXVLYHO\ O
RQH RI LWV JURXS FRPSDQLHV HDFK D :LOH\ &RPSDQ\ RU KD
ZKLFK D :LOH\ &RPSDQ\ KDV HI[FOXVLYH SXEOLVKLQJ ULJKWV L
FROOHFWLYHO\ :,/(< %\ FOLFNLQJ DFFHSW L@Q@FRQQHFWLE
WUDQVDFWLRQ \RX DJUHH WKDW WKH IROORZLQJ WHUPV DQG
DORQJ ZLWK WKH ELOOLQJ DQG SD\PHQW WHUPV DQG FRQGLW
&OHDUDQFH &HQWHU ,QF &&& V %LOOLQJ DQG 3D\PHQW WHI
\RX RSHQHG \RXU 5LJKWV/LQN DFFRXQW WKHVH DUH DYDLODE
KWWS P\DFFRXQW FRS\ULJKW FRP

THUPV DQG &RQGLWLRQV

e« 7KH PDWHULDOV \RX KDYH UHTXHVWHG SHUPLVVLRQ WR UF
ODWHULDOV DUH SURWHFWHG E\ FRS\ULJKW

e« <RX DUH KHUHE\ JUDQWHG D SHUVRQDO QRQ H[FOXVLYH (
DORQH EDVLY QRQ WUDQVIHUDEOH ZRUOGZLGH OLPLWH:
ODWHULDOV IRU WKH SXUSRVH VSHALM LOIDFMQBBKH OLFHQV I
&217(17 3') RU LPDJH ILOH SXUFKDVHGVDIWRI$ DURQRI WRRH F
XVH RQO\ DQG OLPLWHG WR DQ\ PD[LPXP GLVWULEXWLRQ ¢
7KH ILUVW LQVWDQFH RI UHSXEOLFDWLRQ RU UHXVH JUDQ"
ZLWKLQ WZR \HDUV RI WKH GDWH Rl WKH JUDQW RI WKLV O
EHIRUH WKH HQG GDWH PD\ EH GLVWULEXWHG WKHUHDIWH
XVHG LQ DQ\ RWKHU PDQQHU RU IRU DQ\ RWKHU SXUSRVH
OLFHQVH 3HUPLVVLRQ LV JUDQWHG VXEMHFW WR DQ DSSU
DXWKRU WLWOH RI WKH PDWHULDO ERRN MRXUQDO DQG W
FRS\ULJKW QRWLFH WKDW DSSHDUV LQ WKH :LOH\ SXEOLFCL
ODWHULDO 3HUPLVVLRQ LV DOVR JUDQWHG RQ WKH XQGHLU
SUHYLRXVO\ SXEOLVKHG VRXUFH DFNQRZOHGJHG IRU DOO
WKLUG SDUW\ FRQWHQW LV H[SUHVVO\ H[FOXGHG IURP WKI

e :LWK UHVSHFW WR WKH :LOH\ ODWHULDOV DOO ULJKWV DU
JUDQWHG E\ WKH WHUPV RI WKH OLFHQVH QR SDUW RI WK
PRGLILHG DGDSWHG H[FHSW IRU PLQRU UHIRUPDWWLQJ U
WUDQVODWHG UHSURGXFHG WUDQVIHUUHG RU GLVWULEX
GHULYDWLYH ZRUNV PD\ EH PDGH EDVHG RQ WKH :LOH\ 0DV
SHUPLVVLRQ RI WKH UHV SRIF LY H IFIRED WIRIK\WS REQIHUK H U V
FOHDULQJ SHUPLVVLRQ X&MHIHWKIHY WIHRIPWRRIQW KBKID H V
WHUPV RI WKH OLFHQVH DUH H[WHQGHG WR LQFOXGH VXEV
LQ RWKHU ODQJXDJHV SURYLGHG VXFK HGLWLRQV DUH IRl
GRHVY QRW LQYROYH WKH VHSDUDWH H[SORLWDWLRQ RI WK
<RX PD\ QRW DOWHU UHPRYH RU VXSSUHVV LQ DQ\ PDQQH!
RWKHU QRWLFHVY GLVSOD\HG E\ WKH :LOH\ ODWHULDOV <R:
OHDVH SOHGJH RIIHU DV VHFXULW\ WUDQVIHU RU DVVLJC
EDVLV RU DQ\ RI WKH ULJKWV JUDQWHG WR \RX KHUHXQGH

e 7KH :LOH\ ODWHULDOV DQG DOO Rl WKH LQWHBI®HFWXDO S|
UHPDLQ WKH H[FOXVLYH SURSHUW\ Rl -RKQ :LOH\ 6RQV ,C
WKHLU UHVSHFWLYH OLFHQVRUV DQG \RXU LQWHUHVW WK
DQG WKH ULJKW WR UHSURGXFH WKH :LOH\ ODWHULDOV SX
FRQWLQXDQFH RI WKLV $JUHHPHQW <RX DJUHH WKDW \RX
WR WKH :LOH\ ODWHULDOV RU DQ\ RI WKH LQWHOOHFWXDO
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QR ULJKWYV KHUHXQGHU RWKHU WKDQ WKH OLFHQVH DV SU
OLFHQVH RU LQWHUHVW WR DQ\ WUDGHPDUN WUDGH QDPF

ODUNV RI :,/(< RU LWV OLFHQVRUV LV JUDQWHG KHUHXQ
VKDOO QRW DVVHUW DQ\ VXFK ULJKW OLFHQVH RU LQWHU

1(,7+(5 :,/(< 125 ,76 /,&(16256 0$.(6 $1< :$55$17< 25
5(35(6(17$7,21 2) $1< .,1' 72 <28 25 $1< 7+,5' 3$57<
(;35(66 ,03/,(' 25 67$78725< :,7+ 5(63(&7 72 7+( 0$7(5,$/6
25 7+( $&&85%$&< 2) $1< ,1)250%$7,21 &217$,1(" ,1 7+(
0$7(5,$/6 ,1&/8',1* :,7+287 /,0,7$7,21 $1< ,03/,('
'$55$17< 2) 0(5&+$17$%,/,7< $&&85$&< 6%$7,6)$&725<
48%$/,7< ),71(66 )25 $ 3$57,&8/$5 385326( 86%$%,/,7<
,17(*5%$7,21 25 121 ,1)5,1*(0(17 $1' $// 68&+ :$55$17,(6
$5( +(5(%< (:&/8'(" %< :,/(< $1' ,76 /,&(16256 $1' :$,9("

%< <28

/(< VKDOO KDYH WKH ULJKW WR WHUPLQDWH WKLV $JUHH
WKLV $JUHHPHQW E\ \RX

<RX VKDOO LQGHPQLI\ GHIHQG DQG KROG KDUPOHVV :,/(<
UHVSHFWLYH GLUHFWRUV RIILFHUV DJHQWY DQG HPSOR\}F
WKUHDWHQHG FODLPV GHPDQGV FDXVHV RI DFWLRQ RU S
RI WKLV $JUHHPHQW E\ \RX

,1 12 (9(17 6+$// :,/(< 25 ,76 /,&(16256 %( /,$%/( 72 <28 25
$1< 27+ (5 3$57< 25 $1< 27+(5 3(5621 25 (17,7< )25 $1<
63(&,%/ &216(48(17,%/ ,1&,'(17%/ ,1',5(&7 (;(03/%$5< 25
381,7,9( '$0%*(6 +2:(9(5 &%$86(' $5,6,1* 287 2) 25 ,1
&211(&7,21 :,7+ 7+( '2:1/2%$',1* 3529,6,21,1* 9,(:,1* 25

86( 2) 7+( 0%$7(5,%$/6 5(*$5'/(66 2) 7+( )250 2) $&7,21

t+(7+(5 )25 %5($&+ 2) &2175%$&7 %5($&+ 2) :$55%$17< 7257
1(*/,*(1&( ,1)5,1*(0(17 25 27+(5:,6( ,1&/8',1* :,7+287
/,0,7$7,21 '$0%$*(6 %$6(' 21 /266 2) 352),76 '$7% ),/(6 86(
%86,1(66 23325781,7< 25 &/%$,06 2) 7+,5" 3$57,(6 $1' :+(7+(5
25 127 7+( 3$57< +$6 %((1 $'9,6(' 2) 7+( 3266,%,/,7< 2) 68&+
'$0%*(6 7+,6 /,0,7%$7,21 6+%// $33/< 127:,7+67%1"',1* $1<
)$,/85( 2) (66(17,%/ 385326( 2) $1< /,0,7("' 5(0('< 3529,'("
+(5(,1

6KRXOG DQ\ SURYLVLRQ RI WKLV $JUHHPHQW EH KHOG E\ D
WR EH LOOHJDO LQYDOLG RU XQHQIRUFHDEOH WKDW SUF
DFKLHYH DV QHDUO\ DV SRVVLEOH WKH VDPH HFRQRPLF HI
WKH OHJDOLW\ YDOLGLW\ DQG HQIRUFHDELOLW\ RI WKH U|
VKDOO QRW EH DIIHFWHG RU LPSDLUHG WKHUHE\

7KH IDLOXUH Rl HLWKHU SDUW\ WR HQIRUFH DQ\ WHUP RU
FRQVWLWXWH D ZDLYHU Rl HLWKHU SDUW\ V ULJKW WR HQI
RI WKLV $JUHHPHQW 1R EUHDFK XQGHU WKLV DJUHHPHQW
HIFXVHG E\ HLWKHU SDUW\ XQOHVV VXFK ZDLYHU RU FRQVI
JUDQWLQJ VXFK ZDLYHU RU FRQVHQW 7KH ZDLYHU E\ RU F
DQ\ SURYLVLRQ RI WKLV $JUHHPHQW VKDOO QRW RSHUDWF
FRQVHQW WR DQ\ RWKHU RU VXEVHTXHQW EUHDFK E\ VXFK
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e 7KLV $JUHHPHQW PD\ QRW EH DVVLIJQHG LQFOXGLQJ E\ RS
\RX ZLWKRXW :,/(<V SULRU ZULWWHQ FRQVHQW

e $Q\ IHH UHTXLUHG IRU WKLY SHUPLVVLRQ VKDOO EH QRQ U
IURP UHFHLSW E\ WKH &&&

« 7ZKHVH WHUPV DQG FRQGLWLRQV WRJHWKHU ZLWK &&& V %
FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLQ IRUP W
/(< FRQFHUQLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ DQG L(
DOO SULRU DJUHHPHQWY DQG UHSUHVHQWDWLRQV RI WKH
PD\ QRW EH DPHQGHG H[FHSW LQ ZULWLQJ VLIQHG E\ ERWI
ELQGLQJ XSRQ DQG LQXUH WR WKH EHQHILW RI WKH SDUW
DQG DXWKRUL]JHG DVVLJIQV

e ,Q WKH HYHQW RI DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWL
FRQGLWLRQV DQG WKRVH HVWDEOLVKHG E\ &&& V %LOOLQ.
WKHVH WHUPVY DQG FRQGLWLRQV VKDOO SUHYDLO

e :,/(< HISUHVVO\ UHVHUYHVY DOO ULJKWV QRW VSHFLILFDOO
WKH OLFHQVH GHWDLOV SURYLGHG E\ \RX DQG DFFHSWHG
WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLRQV DQG
DQG FRQGLWLRQV

e 7KLV $JUHHPHQW ZLOO EH YRLG LI WKH 7\SH RI 8VH )RUPD
7\SH zDV PLVUHSUHVHQWHG GXULQJ WKH OLFHQVLQJ SURF

e 7KLV $JUHHPHQW VKDOO EH JRYHUQHG E\ DQG FRQVWUXHC
WKH 6WDWH RI 1HZ <RUN 86% ZLWKRXW UHJDUGV WR VXFK
OHJDO DFWLRQ VXLW RU SURFHHGLQJ DULVLQJ RXW RI RU
RU WKH EUHDFK WKHUHRI VKDOO EH LQVWLWXWHG LQ D FR
<RUN &RXQW\ LQ WKH 6WDWH RI 1HZ <RUN LQ WKH 8QLWHG
KHUHE\ FRQVHQWY DQG VXEPLWYV WR WKH SHUVRQDO MXUL
REMHFWLRQ WR YHQXH LQ VXFK FRXUW DQG FRQVHQWYV WR
FHUWLILHG PDLO UHWXUQ UHFHLSW UHTXHVWHG DW WKH

(< 23(1 $&&(66 7(506 $1' &21',7,216

'LOH\ 3XEOLVKHV 2SHQ $FFHVV $UWLFOHV LQ IXOO\ 2SHQ $FFH
MRXUQDOV RIIHULQJ 2QOLQH 2SHQ $OWKRXJK PRVW RI WKH I}
RSHQ DFFHVV DUWLFOHYV XQGHU WKH WHUPV Rl WKH &UHDWLY
RQO\ WKH VXEVFULSWLRQ MRXUQDOV DQG D IHZ RI WKH 2SHQ
&UHDWLYH &RPPRQV /LFHQVHV 7KH OLFHQVH W\SH LV FOHDUC
7KH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH
7KBUHDWLYH &RPPRQV $WWULERWRRQ XVAHQN WR&RRBX GLVWU
WUDQVPLW DQ DUWLFOH DGDSW WKH DUWLFOH DQG PDNH FRF
OLFHQVH SHUPLWV FRPPHUFLDO DQG QRQ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO /LFHQVF
7KBUHDWLYH &RPPRQV $WWULEXWLRQ 1RGEKEBPPWUPRPLDHD && %
GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLG
DQG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV VHH EHORZ

&UHDWLYH &RPPRQV $WWULEXWLRQ 1RQ &RPPHUFLDO 1R'HULY
7TKBUHDWLYH &RPPRQV $WWULEXWLRQ 1R&&E&RPRRBUIFLDO 1R'HL
SHUPLWV XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ Pt}
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SURSHUO\ FLWHG LV QRW XVHG IRU FRPPHUFLDO SXUSRVHV D
PDGH VHH EHORZ

8VH E\ FRPPHUFLDO IRU SURILW RUJDQL]DWLRQV

8VH RI :LOH\ 2SHQ $FFHVV DUWLFOHV IRU FRPPHUFLDO SURPF
UHTXLUHV IXUWKHU H[SOLFLW SHUPLVVLRQ IURP :LOH\ DQG ZL
JXUWKHU GHWDLOV FDQ EH IRXQG RQ :LOH\ 2QOLQH /LEUDU\
KWWS RODERXW ZLOH\ FRP :LOH\&'$ 6HFWLRQ LG KWPO

2WKHU 7HUPV DQG &RQGLWLRQV

Y /IDVW XSGDWHG 6HSWHPEHU
AXHVWLREXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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(16(9,(5 /,&(16(
7(506 $1' &21',7,216
'"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR /ILPLC
(OVHYLHU FRQVLVWY RI \RXU OLFHQVH GHWDLOV DQG WKH
(OVHYLHU DQG &RS\ULJKW &OHDUDQFH &HQWHU

/JLFHQVH 1XPEHU

/ILFHQVH GDWH 1RY

/JLFHQVHG &RQWH QW (DXEHOYLL\HKUH U

/JLFHQVHG &RQWHQW BFRRISFOUVRMRAQDQG 0HVRSRURXV ODWHULDOV

/ILFHQVHG &RQWHQW IRRHOQH+FODWXUH RI VWUXFWXUDO DQG FRPSRVLWLRQDO FKDUD
RUGHUHG PLFURSRURXV DQG PHVRSRURXYV PDWHULDOV ZLWK L
,83$& UHFRPPHQGDWLRQV

/JLFHQVHG &RQWHQW /$%WKR&XVNHU ) /LHEDX * (QJHOKDUGW
/JLFHQVHG &RQWHQW 'D)WHBUXDU\

ILFHQVHG &RQWHQW 9ROXPH
1XPEHU

/ILFHQVHG &RQWHQW ,VVXH
1XPEHU

/ILFHQVHG &RQWHQW 3DJHYV
6WDUW 3DJH

(QG 3DJH

7\SH RI 8VH UHXVH LQ D WKHVLV GLVVHUWDWLRQ
,QWHQGHG SXEOLVKHRWRHQHZ

ZRUN

3RUWLRQ ILJXUHV WDEOHV LOOXVWUDWLRQV
1XPEHU R

ILIXUHV WDEOHYV LOOXVWUDWLRQV
JRUPDW ERWK SULQW DQG HOHFWURQLF

$UH \RX WKH DXWKRURI WKLV
(OVHYLHU DUWLFOH™

:LOO \RX EH WUDQVODRNLQJ"
2UGHU UHIHUHQFH QXPEHU
2ULJLQDO ILJXUH QXPBEHUYV

7LWOH RI \RXU 1HZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLYV
WKHVLVY GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD® GDWH

(VWLPDWHG VL]H QXPEHU RI
SDJHV

(OVHYLHU 9%7 QXPEHW

5HTXHVWRU /RFDWLRSQLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ RI ZDWHUORR
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'DWHUORR 21 1/ *
&DQDGD
$WWQ /LPLQ /X

7RWDO 86"
7HUPV DQG &RQGLWLRQV

,1752'8&7,21
7KH SXEOLVKHU IRU WKLV FRS\ULJKWHG PDWHULDO LV (OVH
ZLWK FRPSOHWLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ \RX DJUF
DSSO\ WR WKLV WUDQVDFWLRQ DORQJ ZLWK WKH %LOOLQJ DC
HVWDEOLVKHG E\ &RS\ULJKW &OHDUDQFH &HQWHU ,QF &&&
5LIJIKWVOLQN DFFRXQW DQG W KDMWIB U HP DY R RYOEWD HF I UDLQ K W LI
*(1(5$/ 7(506
(OVHYLHU KHUHE\ JUDQWV \RX SHUPLVVLRQ WR UHSURGXFH
WKH WHUPV DQG FRQGLWLRQV LQGLFDWHG

$FNQRZOHGJHPHQW ,I1 DQ\ SDUW RI WKH PDWHULDO WR EH >
DSSHDUHG LQ RXU SXEOLFDWLRQ ZLWK FUHGLW RU DFNQRZOH
PXVW DOVR EH VRXJKW IURP WKDW VRXUFH , I VXFK SHUPLVV

PD\ QRW EH LQFOXGHG LQ \RXU SXEOLFDWLRQ FRSLHV 6XLWD
PXVW EH PDGH HLWKHU DV D IRRWQRWH RU LQ D UHIHUHQFH |
IROORZV
SHSULQWHG IURP 3XEOLFDWLRQ WLWOH 9RO HGLWLRQ QXPE
FKDSWHU 3DJHV 1R &RS\ULJKW <HDU ZLWK SHUPLVVLRQ IU
62&,(7< &23<5,*+7 2:1(5@ $OVR /DQFHW VSHFLDO FUHGLW 5
IDQFHW 9RO QXPEHU $XWKRU V 7LWOH RI DUWLFOH 3DJHV
SHUPLVVLRQ IURP (OVHYLHU

SHSURGXFWLRQ Rl WKLV PDWHULDO LV FRQILQHG WR WKH S
SHUPLVVLRQ LV KHUHE\ JLYHQ

$OWHULQJ ORGLI\LQJ ODWHULDO 1RW 3HUPLWWHG +RZHYHL
DOWHUHG DGDSWHG PLQLPDOO\ WR VHUYH \RXU ZRUN $Q\ RW
DQG RU DQ\ RWKHU DOWHUDWLRQV VKDOO EH PDGH RQO\ ZLWH
/WG 30HDVH FRQWDFW (OVHYLHU DW SHUPLVVLRQV#HOVHYLF

| WKH SHUPLVVLRQ IHH IRU WKH UHTXHVWHG XVH RI RXU PLC
SOHDVH EH DGYLVHG WKDW \RXU IXWXUH UHTXHVWV IRU (OVH"

SHVHUYDWLRQ RI 5LJKWV 3XEOLVKHU UHVHUYHV DOO ULJKV
FRPELQDWLRQ RI L WKH OLFHQVH GHWDLOV SURYLGHG E\ \R»
OLFHQVLQJ WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLF
WHUPV DQG FRQGLWLRQV

JLFHQVH &RQWLQJHQW 8SRQ 3D\PHQW :KLOH \RX PD\ H[HUFL
LPPHGLDWHO\ XSRQ LVVXDQFH RI WKH OLFHQVH DW WKH HQG
WUDQVDFWLRQ SURYLGHG WKDW \RX KDYH GLVFORVHG FRPSC
XVH QR OLFHQVH LV ILQDOO\ HIITHFWLYH XQOHVV DQG XQWLO
E\ SXEOLVKHU RU E\ &&& DV SURYLGHG LQ &&& V %LOOLQJ DQ
IXOO SD\PHQW LV QRW UHFHLYHG RQ D WLPHO\ EDVLV WKHQ [
GHHPHG DXWRPDWLFDOO\ UHYRNHG DQG VKDOO EH YRLG DV L
WKDW \RX EUHDFK DQ\ Rl WKHVH WHUPV DQG FRQGLWLRQV RU
WHUPV DQG FRQGLWLRQV WKH OLFHQVH LV DXWRPDWLFDOO\
JUDQWHG 8VH RI PDWHULDOV DV GHVFULEHG LQ D UHYRNHG
PDWHULDOV EH\RQG WKH VFRSH RI DQ XQUHYRNHG OLFHQVH
DQG SXEOLVKHU UHVHUYHV WKH ULJKW WR WDNH DQ\ DQG DO
PDWHULDOV

‘DUUDQWLHYV 3XEOLVKHU PDNHV QR UHSUHVHQWDWLRQV RU
PDWHULDO
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 QGHPQLW\ <RX KHUHE\ LQGHPQLI\ DQG DJUHH WR KROG KL
WKHLU UHVSHFWLYH RIILFHUV GLUHFWRUV HPSOR\HHV DQG C
FODLPV DULVLQJ RXW RI \RXU XVH Rl WKH OLFHQVHG PDWHULLI
SXUVXDQW WR WKLV OLFHQVH

1R 7UDQVIHU RI /LFHQVH 7KLV OLFHQVH LV SHUVRQDO WR
DVVLJQHG RU WUDQVIHUUHG E\ \RX WR DQ\ RWKHU SHUVRQ ZlI

1R $PHQGPHQW ([FHSW LQ :ULWLQJ 7KLV OLFHQVH PD\ QRW
VLIQHG E\ ERWK SDUWLHVY RU LQ WKH FDVH Rl SXEOLVKHU E

2EMHFWLRQ WR &RQWUDU\ 7HUPV 3XEOLVKHU KHUHE\ REMF
SXUFKDVH RUGHU DFNQRZOHGJPHQW FKHFN HQGRUVHPHQW F
ZKLFK WHUPV DUH LQFRQVLVWHQW ZLWK WKHVH WHUPV DQG F
WHUPV DQG FRQGLWLRQV 7KHVH WHUPV DQG FRQGLWLRQV V
WHUPV DQG FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLGC
EHWZHHQ \RX DQG SXEOLVKHU DQG &&& FRQFHUQLQJ WKLV O
DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWLRQV HVWDEOLVKHG E\
HVWDEOLVKHG E\ &&& V %LOOLQJ DQG 3D\PHQW WHUPV DQG FI
VKDOO FRQWURDO

5SHYRFDWLRQ (OVHYLHU RU &RS\ULJKW &OHDUDQFH &HQWH
LQ WKLV /LFHQVH DW WKHLU VROH GLVFUHWLRQ IRU DQ\ UHD"
WR \RX 1RWLFH RI VXFK GHQLDO ZLOO EH PDGH XVLQJ WKH F
)DLOXUH WR UHFHLYH VXFK QRWLFH ZLOO QRW DOMWHU RU LQY
RU &RS\ULJKW &OHDUDQFH &HQWHU EH UHVSRQVLEOH RU OLD
LQFXUUHG E\ \RX DV D UHVXOW RI D GHQLDO RI \RXU SHUPLVYV
DPRXQW V SDLG E\ \RX WR (OVHYLHU DQG RU &RS\ULJKW &OH|
SHUPLVVLRQV

1,0, 7(" /,&(16(

7KH IROORZLQJ WHUPV DQG FRQGLWLRQV DSSO\ RQO\ WR VSHI

7UDQVODKMULMROHUPLVVLRQ LV JUDQWB GOIRMKBRY REOXVLYH
XQOHVV \RXU OLFHQVH ZDV JUDQWHG IRU WUDQVODWLRQ ULJF
PD\ RQO\ WUDQVODWH WKLY FRQWHQW LQWR WKH ODQJXDJHV
PXVW SHUIRUP DOO WUDQVODWLRQV DQG UHSURGXFH WKH FR
LQWHJULW\ RI WKH DUWLFOH

3RVWLQJ OLFHQVHG FRQWMKHQMW RMRZ DY JIHVENUWW DQG FRQGLYV
IROORZV /LFHQVLQJ PDWHULDO IURP DQ (OVHYLHUVMRXUQDO
PDLQWDLQ WKH FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWW
LQFOXGHG WR WKH +RPHSDJH RI WKH MRXUQDO IURP ZKLFK \R
KWWS Z77ZZ VELHQFHGLUHFW RRPWKH HQ¥H YM R ¥ UKQRPMH §[DIJH IR U

KWWS 7272Z HOYHQMWHIWDPRFPWRUDJIH 7KLV OLFHQVH GRHV QRW I

VFDQQHG YHUVLRQ RI WKH PDWHULDO WR EH VWRUHG LQ D FH
+HURQ :DQ(GX

JLFHQVLQJ PDWHULDO IURP DQ (OVHYLHU ERRN $ K\SHU WH[W
KRPHSDKWVDSV ZZZ HOVHOYO FRGEWP QW SRVWHG WR WKH ZHE VL
FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWWRP RI HDFK LPD.

3RVWLQJ OLFHQVHG FRQWHQW RGLOHIFRURRLW KHHDEBRYH WK H
FODXVHVY DUH DSSOLFDEOH 7KH ZHE VLWH PXVW EH SDVVZRU(
ERQD ILGH VWXGHQWY UHJLVWHUHG RQ D UHOHYDQW FRXUVH
<RX PD\ REWDLQ D QHZ OLFHQVH IRU IXWXUH ZHEVLWH SRVWL
YRU MRXUQD ® IDK WKRWRZLQJ FODXVHV DUH DSSOLFDEOH LQ
3UHSULQWYV
$ SUHSULQW LV DQ DXWKRU V RZQ ZULWH XS RI UHVHDUFK UH"
UHYLHZHG QRU KDV LW KDG DQ\ RWKHU YDOXH DGGHG WR LW
FRS\ULJKW WHFKQLFDO HQKDQFHPHQW HWF
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$XWKRUV FDQ VKDUH WKHLU SUHSULQWY DQ\ZKHUH DW DQ\ WL
HQKDQFHG LQ DQ\ ZzD\ LQ RUGHU WR DSSHDU PRUH OLNH RU W
DUWLFOHYV KRZHYHU DXWKRUV FDQ XSGDWH WKHLU SUHSULQW
$XWKRU ODQXVFULSW VHH EHORZ

,, DFFHSWHG IRU SXEOLFDWLRQ ZH HQFRXUDJH DXWKRUV WR
SXEOLFDWLRQ YLD LWV '2, OLOOLRQV RI UHVHDUFKHUV KDYH
6FLHQFH'LUHFW DQG VR OLQNYV ZLOO KHOS XVHHV WR ILQG D
YHUVLRQ 30OHDVH QRWH WKDW &HOO 3UHVV 7KH /IDQFHW DQG
SUHSULQW SROLFLHYVY ,QIRUPDWLRQ RQ WKHVH SROLFLHV LV I
$FFHSWHG $XWKRUSCODDRNVFIWHWEVD XWKRU PDQXVFULSW LV WKI
DUWLFOH WKDW KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ DQG
LOQFRUSRUDWHG FKDQJHV VXJIJHVWHG GXULQJ VXEPLVVLRQ St
FRPPXQLFDWLRQV

$XWKRUV FDQ VKDUH WKHLU DFFHSWHG DXWKRU PDQXVFULSW

LPPHGLDWHO\
o YLD WKHLU QRQ FRPPHUFLDO SHUVRQ KRPHSDJH RU E
° E\ XSGDWLQJ D SUHSULQW LQ DU;LY RU 5H3(F ZLWK W
o YLD WKHLU UHVHDUFK LQVWLWXWH RU LQVWLWXWLRC
XVHV RU DV SDUW RI DQ LQYLWDWLRQ RQO\ UHVHD!
o GLUHFWO\ E\ SURYLGLQJ FRSLHVY WR WKHLU VWXGHQ\
WKHLU SHUVRQDO XVH
o IRU SULYDWH VFKRODUO\ VKDULQJ DV SDUW RI DQ LQ
FRPPHUFLDO VLWHV ZLWK ZKLFK (OVHYLHU KDV DQ
DIWHU WKH HPEDUJR SHULRG
o YLD QRQ FRPPHUFLDO KRVWLQJ SODWIRUPV VXFK DV
° YLD FRPPHUFLDO VLWHYV ZLWK ZKLFK (OVHYLHU KDV L

,Q DOO FDVHVY DFFHSWHG PDQXVFULSWV VKRXOG

OLQN WR WKH IRUPDO SXEOLFDWLRQ YLD LWV '2,
EHDU D && %< 1& 1' OLFHQVH WKLV LV HDV\ WR GR

LI DJJUHJDWHG ZLWK RWKHU PDQXVFULSWY IRU H[DPSOH
VKDUHG LQ DOLJQPHQW ZLWK RXU KRVWLQJ SROLF\ QRW E
DSSHDU PRUH OLNH RU WR VXEVWLWXWH IRU WKH SXEOL\

3XEOLVKHG MRXUQ3OSKBEWILFIOHG MRXUQDO DUWLFOH 3-$ LV \
UHFRUG RI SXEOLVKHG UHVHDUFK WKDW DSSHDUV RU ZLOO DS
YDOXH DGGLQJ SXEOLVKLQJ DFWLYLWLHV LQFOXGLQJ SHHU U}
IRUPDWWLQJ LI UHOHYDQW SDJLQDWLRQ DQG RQOLQH HQUL
3ROLFLHV IRU VKDULQJ SXEOLVKLQJ MRXUQDO DUWLFOHV GLII
DUWLFOHV

6XEVFULSWLR,Q \RMXWRBBHW DXWKRU SOHDVH VKDUH D OLQN W

IXOO WH[W OLOOLRQV RI UHVHDUFKHUV KDYH DFFHVV WR WKH
DQG VR OLQNV ZLOO KHOS \RXU XVHUV WR ILQG DFFHVV FLW
7TKHVHY DQG GLVVHUWDWLRQV ZKLFK FRQWDLQ HPEHGGHG 3-%
EH SRVWHG SXEOLFO\ E\ WKH DZDUGLQJ LQVWLWXWLRQ ZLWK
SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

,/ \RX DUH DIILOLDWHG ZLWK D OLEUDU\ WKDW VXEVFULEHV W
SULYDWH VKDULQJ ULJKWV IRU RWKHUV UHVHDUFK DFFHVVHG
IRU FODVVURRP WHDFKLQJ DQG LOQWHUQDO WUDLQLQJ DW WKF
DQRG FRXUVHZDUH SURJUDPVY DQG LQFOXVLRQ RI WKH DUWLF(
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*ROG 2SHQ $FFHVWOD\$BW VKODHIMHG DFFRUGLQJ WR WKH DXWKRU

OLFHQVH DQG VEBROUGOPROMBRERE XVHU OLFHQVH DQG D '2,
IRUPDO SXEOLFDWLRQ RQ 6FLHQFH'LUHFW
30HDVH UHIH B RARWIOVHSER BYEWKHU LQIRUPDWLRQ

JRU ERRN DKWMKIROWRZLQJ FODXVHYV DUH DSSOLFDEOH LQ DC
$XWKRUV DUH SHUPLWWHG WR SODFH D EULHI VXPPDU\ RI WKF
DOORZHG WR GRZQORDG DQG SRVW WKH SXEOLVKHG HOHFWUF
VFDQ WKH SULQWHG HGLWLRQ3RRKRVFUGDWR DEXWRRYMVMRIGIL F Y
SHUPLWWHG WR SRVW D VXPPDU\ RI WKHLU FKDSWHU RQO\ LQ

7KHVLV 'LVVHURBWIORGHQVH LV IRU XVH LQ D WKHVLV GLVV
VXEPLWWHG WR \RXU LQVWLWXWLRQ LQ HLWKHU SULQW RU HC
SXEOLVKHG FRPPHUFLDOO\ SOHDVH UHDSSO\ IRU SHUPLVVLRC
SHUPLVVLRQ IRU WKH /LEUDU\ DQG $UFKLYHV Rl &DQDGD WR V
WKH FRPSOHWH WKHVLYVY DQG LQFOXGH SHUPLVVLRQ IRU 3URT:
GHPDQG RI WKH FRPSOHWH WKHVLV 6KRXOG \RXU WKHVLV EF
UHDSSO\ IRU SHUPLVVLRQ 7KHVHV DQG GLVVHUWDWLRQV ZKL
WKH IRUPDO VXEPLVVLRQ FDQ EH SRVWHG SXEOLFO\ E\ WKH D
EDFN WR WKH IRUPDO SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

(OVHYLHU 2SHQ $FFHVVY 7THUPV DQG &RQGLWLRQV

<RX FDQ SXEOLVK RSHQ DFFHVV ZLWK (OVHYLHU LQ KXQGUHG\
HVWDEOLVKHG VXEVFULSWLRQ MRXUQDOV WKDW VXSSRUW
SDUwW\ UH XVH RI WKHVH RSHQ DFFHVV DUWLFOHYVY LV GHILQHG
&RPPRQV XVHU OLIFEHQY B FEHN W RXBRAHRRUHSRQIRFUPDWLRQ
7THUPV &RQGLWLRQV DSSOLFDEOH WR DOO 2BHIH®FFHVYVY DUW
$Q\ UHXVH RI WKH DUWLFOH PXVW QRW UHSUHVHQW WKH DXW!
DUWLFOH QRU VKRXOG WKH DUWLFOH EH PRGLILHG LQ VXFK D
UHSXWDWLRQ ,I DQ\ FKDQJHYV KDYH EHHQ PDGH VXFK FKDQJH
7KH DXWKRU V PXVW EH DSSURSULDWHO\ FUHGLWHG DQG ZH
OLFHQVH DQG D '2, OLQN WR WKH IRUPDO SXEOLFDWLRQ RQ 6tF
,] DQ\ SDUW RI WKH PDWHULDO WR EH XVHG IRU H[DPSOH 1ILJ
ZLWK FUHGLW RU DFNQRZOHGJHPHQW WR DQRWKHU VRXUFH L'
HQVXUH WKHLU UHXVH FRPSOLHV ZLWK WKH WHUPV DQG FRQG
$GGLWLRQDO 7THUPV &RQGLWLRQV DSSOLFDEOH WR HDFK &UtL
&& %<IKH && %< OLFHQVH DOORZV XVHUV WR FRS\ WR FUHDWEF
ZRUNV IURP WKH $UWLFOH WR DOWHU DQG UHYLVH WKH $UWL
$UWLFOH LQFOXGLQJ UHXVH DQG RU UHVDOH RI WKH $UWLFOI
XVHU JLYHVY DSSURSULDWH FUHGLW ZLWK D OLQN WR WKH IRL
‘2, SURYLGHV D OLQN WR WKH OLFHQVH LQGLFDWHYV LI FKDQ
UHSUHVHQWHG DV HQGRUVLQJ WKH XVH PDGH RI WKH ZRUN 7
DYDLOBROHSDWUHDWLYHFRPPRQV RUJ OLFHQVHYV E\
&& %< 1& GEH && %< 1& 6% OLFHQVH DOORZV XVHUV WR FRS\ V
DEVWUDFWY DQG QHZ ZRUNV IURP WKH $UWLFOH WR DOWHU L
GRQH IRU FRPPHUFLDO SXUSRVHV DQG WKDW WKH XVHU JLYH
IRUPDO SXEOLFDWLRQ WKURXJK WKH UHOHYDQW '2, SURYLGFH
FKDQJHV ZHUH PDGH DQG WKH OLFHQVRU LV QRW UHSUHVHQW
ZRUN )XUWKHU DQ\ QHZ ZRUNV PXVW EH PDGH DYDLODEOH R
GHWDLOV RI WKH OLEWOANSH DFWHH DWDYBBDERPPRDW RUJ OLFHQVH\
&& %< 1& T'KH && %< 1& 1' OLFHQVH DOORZV XVHUV WR FRS\ D¢
SURYLGHG WKLV LV QRW GRQH IRU FRPPHUFLDO SXUSRVHV DQ
WKH $UWLFOH LI LW LV FKDQJHG RU HGLWHG LQ DQ\ ZzD\ DQG
FUHGLW ZLWK D OLQN WR WKH IRUPDO SXEOLFDWLRQ WKURXJ
OLFHQVH DQG WKDW WKH OLFHQVRU LV QRW UHSUHVHQWHG L[
IXOO GHWDLOV RI WKHKOWMWH Q VU BDW LDMHTFIRPIPROY RWJI OLFHQV
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$Q\ FRPPHUFLDO UHXVH RI 2SHQ $FFHVV DUWLFOHV SXEOLVKH
1& 1' OLFHQVH UHTXLUHY SHUPLVVLRQ IURP (OVHYLHU DQG ZL
&RPPHUFLDO UHXVH LQFOXGHYV

$VVRFLDWLQJ DGYHUWLVLQJ ZLWK WKH IXOO WH[W RI WKH
&KDUJLQJ IHHV IRU GRFXPHQW GHOLYHU\ RU DFFHVV
$UWLFOH DJJUHJDWLRQ

6\VWHPDWLF GLVWULEXWLRQ YLD HPDLO OLVWV RU VKDUF

3RVWLQJ RU OLQNLQJ E\ FRPPHUFLDO FRPSDQLHV IRU XVH E\ I
2WKHU &RQGLWLRQV

Y

AXHVWLREDXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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(16(9,(5 /,&(16(
7(506 $1' &21',7,216
'"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR /ILPLC
(OVHYLHU FRQVLVWY RI \RXU OLFHQVH GHWDLOV DQG WKH
(OVHYLHU DQG &RS\ULJKW &OHDUDQFH &HQWHU

/JLFHQVH 1XPEHU

/ILFHQVH GDWH 1RY

/JLFHQVHG &RQWH QW (DXEHOYLL\HKUH U

/JLFHQVHG &RQWHQW BFRRISFOUVRMRAQDQG 0HVRSRURXV ODWHULDOV

/JLFHQVHG &RQWHQW $GWRIUBWLRQ SURSHUWLHYV RI JHROLWHYV IRU DUWLILFLDO NLG(
/JLFHQVHG &RQWHQW BXWHBBHUW 2 6FKIl + *KREDUNDU 5 'HQR\HO

JLFHQVHG &RQWHQW 'BWSWHPEHU

/ILFHQVHG &RQWHQW 9ROXPH
1XPEHU

/JLFHQVHG &RQWHQW ,VVXH
1XPEHU

/JLFHQVHG &RQWHQW 3DJHV
6WDUW 3DJH

(QG 3DJH

7\SH RI 8VH UHXVH LQ D WKHVLV GLVVHUWDWLRQ
,QWHQGHG SXEOLVKHRWRHQHZ

ZRUN

3RUWLRQ ILJXUHV WDEOHV LOOXVWUDWLRQV
1XPEHU R

ILJXUHV WDEOHV LOOXVWUDWLRQV

YRUPDW ERWK SULQW DQG HOHFWURQLF

$UH \RX WKH DXWKRURI WKLV
(OVHYLHU DUWLFOH"

:LOO \RX EH WUDQVODRNLQJ"
2UGHU UHIHUHQFH QXPEHU
2ULJLQDO ILIJXUH QXPEEHON DQG

7LWOH RI \RXU 1HZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLV
WKHVLY GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHD@ GDWH

(VWLPDWHG VL]H QXPEHU RI
SDJHV

(OVHYLHU 9$7 QXPEHW%

5HTXHVWRU /RFDWLRSRLYHUVLW\ Rl ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ RI ZDWHUORR
:DWHUORR 21 1/ *
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&DQDGD
$WWQ /LPLQ /X

7TRWDO 86"
7THUPV DQG &RQGLWLRQV

,1752'8&7,21

7KH SXEOLVKHU IRU WKLV FRS\ULJKWHG PDWHULDO LV (OVH
ZLWK FRPSOHWLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ \RX DJUF
DSSO\ WR WKLV WUDQVDFWLRQ DORQJ ZLWK WKH %LOOLQJ DC
HVWDEOLVKHG E\ &RS\ULJKW &OHDUDQFH &HQWHU ,QF &&&
5LIJKWVOLQN DFFRXQW DQG W KDMWIS U HP DIYAFOXOED HF SN UDLQ K W L

*(1(5%/ 7(506

(OVHYLHU KHUHE\ JUDQWV \RX SHUPLVVLRQ WR UHSURGXFH

WKH WHUPV DQG FRQGLWLRQV LQGLFDWHG

$FNQRZOHGJHPHQW ,1 DQ\ SDUW RI WKH PDWHULDO WR EH >
DSSHDUHG LQ RXU SXEOLFDWLRQ ZLWK FUHGLW RU DFNQRZOH
PXVW DOVR EH VRXJKW IURP WKDW VRXUFH , I VXFK SHUPLVV

PD\ QRW EH LQFOXGHG LQ \RXU SXEOLFDWLRQ FRSLHV 6XLWD
PXVW EH PDGH HLWKHU DV D IRRWQRWH RU LQ D UHIHUHQFH
IROORZV
SHSULQWHG IURP 3XEOLFDWLRQ WLWOH 9RO HGLWLRQ QXPE
FKDSWHU 3DJHV 1R &RS\ULJKW <HDU ZLWK SHUPLVVLRQ IU
628&,(7< &23<5,*+7 2:1(5@ $OVR /IDQFHW VSHFLDO FUHGLW 5
/IDQFHW 9RO QXPEHU $XWKRU V 7LWOH RI DUWLFOH 3DJHV
SHUPLVVLRQ IURP (OVHYLHU

SHSURGXFWLRQ RI WKLY PDWHULDO LV FRQILQHG WR WKH S
SHUPLVVLRQ LV KHUHE\ JLYHQ

$OWHULQJ ORGLI\LQJ ODWHULDO 1RW 3HUPLWWHG +RZHYHL
DOWHUHG DGDSWHG PLQLPDOO\ WR VHUYH \RXU ZRUN $Q\ RW
DQG RU DQ\ RWKHU DOWHUDWLRQV VKDOO EH PDGH RQO\ ZLWH
/WG 30HDVH FRQWDFW (OVHYLHU DW SHUPLVVLRQV#HOVHYLF

. WKH SHUPLVVLRQ IHH IRU WKH UHTXHVWHG XVH RI RXU PLC
SOHDVH EH DGYLVHG WKDW \RXU IXWXUH UHTXHVWV IRU (OVH"

SHVHUYDWLRQ RI 5LJKWV 3XEOLVKHU UHVHUYHV DOO ULJKV
FRPELQDWLRQ RI L WKH OLFHQVH GHWDLOV SURYLGHG E\ \R>
OLFHQVLQJ WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLF
WHUPV DQG FRQGLWLRQV

JLFHQVH &RQWLQJHQW 8SRQ 3D\PHQW :KLOH \RX PD\ H[HUFL
LPPHGLDWHO\ XSRQ LVVXDQFH RI WKH OLFHQVH DW WKH HQG
WUDQVDFWLRQ SURYLGHG WKDW \RX KDYH GLVFORVHG FRPSC
XVH QR OLFHQVH LV ILQDOO\ HITHFWLYH XQOHVV DQG XQWLO
E\ SXEOLVKHU RU E\ &&& DV SURYLGHG LQ &&& V %LOOLQJ DQ
IXOO SD\PHQW LV QRW UHFHLYHG RQ D WLPHO\ EDVLV WKHQ I
GHHPHG DXWRPDWLFDOO\ UHYRNHG DQG VKDOO EH YRLG DV L
WKDW \RX EUHDFK DQ\ Rl WKHVH WHUPV DQG FRQGLWLRQV RU
WHUPV DQG FRQGLWLRQV WKH OLFHQVH LV DXWRPDWLFDOO\
JUDQWHG 8VH RI PDWHULDOV DV GHVFULEHG LQ D UHYRNHG
PDWHULDOV EH\RQG WKH VFRSH RI DQ XQUHYRNHG OLFHQVH
DQG SXEOLVKHU UHVHUYHV WKH ULJKW WR WDNH DQ\ DQG DO
PDWHULDOV

‘DUUDQWLHYV 3XEOLVKHU PDNHV QR UHSUHVHQWDWLRQV RU
PDWHULDO

,QGHPQLW\ <RX KHUHE\ LQGHPQLI\ DQG DJUHH WR KROG KL
WKHLU UHVSHFWLYH RIILFHUV GLUHFWRUV HPSOR\HHV DQG C
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FODLPV DULVLQJ RXW RI \RXU XVH Rl WKH OLFHQVHG PDWHULI
SXUVXDQW WR WKLV OLFHQVH

1R 7UDQVIHU Rl /LFHQVH 7KLV OLFHQVH LV SHUVRQDO WR
DVVLIJQHG RU WUDQVIHUUHG E\ \RX WR DQ\ RWKHU SHUVRQ ZlI

1R $PHQGPHQW ([FHSW LQ :ULWLQJ 7KLV OLFHQVH PD\ QRW
VLIJQHG E\ ERWK SDUWLHV RU LQ WKH FDVH RI SXEOLVKHU E

2EMHFWLRQ WR &RQWUDU\ 7HUPV 3XEOLVKHU KHUHE\ REMF
SXUFKDVH RUGHU DFNQRZOHGJPHQW FKHFN HQGRUVHPHQW F
ZKLFK WHUPV DUH LQFRQVLVWHQW ZLWK WKHVH WHUPV DQG F
WHUPV DQG FRQGLWLRQV 7KHVH WHUPV DQG FRQGLWLRQV V
WHUPV DQG FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLG
EHWZHHQ \RX DQG SXEOLVKHU DQG &&& FRQFHUQLQJ WKLV O
DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWLRQV HVWDEOLVKHG E\
HVWDEOLVKHG E\ &&& V %LOOLQJ DQG 3D\PHQW WHUPV DQG FI
VKDOO FRQWURO

5HYRFDWLRQ (OVHYLHU RU &RS\ULJKW &OHDUDQFH &HQWH
LQ WKLV /LFHQVH DW WKHLU VROH GLVFUHWLRQ IRU DQ\ UHD"
WR \RX 1RWLFH RI VXFK GHQLDO ZLOO EH PDGH XVLQJ WKH F
)DLOXUH WR UHFHLYH VXFK QRWLFH ZLOO QRW DOMMHU RU LQY
RU &RS\ULJKW &OHDUDQFH &HQWHU EH UHVSRQVLEOH RU OLD
LQFXUUHG E\ \RX DV D UHVXOW RI D GHQLDO RI \RXU SHUPLVYV
DPRXQW V SDLG E\ \RX WR (OVHYLHU DQG RU &RS\ULJKW &OH|
SHUPLVVLRQV

1,0, 7(" /,&(16(

7KH IROORZLQJ WHUPV DQG FRQGLWLRQV DSSO\ RQO\ WR VSHI

7UDQVODKMIROHUPLVVLRQ LV JUDQWHGOIRMKE@RY REOXVLYH
XQOHVV \RXU OLFHQVH ZDV JUDQWHG IRU WUDQVODWLRQ ULJF
PD\ RQO\ WUDQVODWH WKLY FRQWHQW LQWR WKH ODQJXDJHV
PXVW SHUIRUP DOO WUDQVODWLRQV DQG UHSURGXFH WKH FR:
LQWHJULW\ RI WKH DUWLFOH

3RVWLQJ OLFHQVHG FRQMKHHQOMNR RORZDQ JHMENUWW DQG FRQGLYV
IROORZV /LFHQVLQJ PDWHULDO IURP DQ (OVHYLHUVMRXUQDO
PDLQWDLQ WKH FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWW
LQFOXGHG WR WKH +RPHSDJH RI WKH MRXUQDO IURP ZKLFK \R
KWWS 77ZZ VELHQFHGLUHFW RRPWKH HQ¥H YM R ¥ UKQRPH §[DIJH IR U

KWWS 72727Z HOYHQMWHIDPRPWRUDJIH 7KLV OLFHQVH GRHV QRW |

VFDQQHG YHUVLRQ RI WKH PDWHULDO WR EH VWRUHG LQ D FH
+HURQ ;DQ(GX

JLFHQVLQJ PDWHULDO IURP DQ (OVHYLHU ERRN $ K\SHU WH[W
KRPHSDKNWVWDSY 777 HOVHOYO FREWR QW SRVWHG WR WKH ZHE VL
FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWWRP RI HDFK LPD.

3RVWLQJ OLFHQVHG FRQWH Q@ R®GLOMIFRNUWGLW KIHHDERYH WK H
FODXVHV DUH DSSOLFDEOH 7KH ZHE VLWH PXVW EH SDVVZRU(
ERQD ILGH VWXGHQWY UHJLVWHUHG RQ D UHOHYDQW FRXUVH
<RX PD\ REWDLQ D QHZ OLFHQVH IRU IXWXUH ZHEVLWH SRVWL
YRU MRXUQD ® K WKRURZLQJ FODXVHV DUH DSSOLFDEOH LQ
3UHSULQWYV
$ SUHSULQW LV DQ DXWKRU V RZQ ZULWH XS RI UHVHDUFK UH"
UHYLHZHG QRU KDV LW KDG DQ\ RWKHU YDOXH DGGHG WR LW
FRS\ULJKW WHFKQLFDO HQKDQFHPHQW HWF
$XWKRUV FDQ VKDUH WKHLU SUHSULQWYV DQ\ZKHUH DW DQ\ WL
HQKDQFHG LQ DQ\ ZD\ LQ RUGHU WR DSSHDU PRUH OLNH RU W
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DUWLFOHVY KRZHYHU DXWKRUV FDQ XSGDWH WKHLU SUHSULQW
$XWKRU ODQXVFULSW VHH EHORZ

.l DFFHSWHG IRU SXEOLFDWLRQ ZH HQFRXUDJH DXWKRUV WR
SXEOLFDWLRQ YLD LWV '2, OLOOLRQV Rl UHVHDUFKHUV KDYH
6FLHQFH'LUHFW DQG VR OLQNV ZLOO KHOS XVHWV WR ILQG D
YHUVLRQ 30HDVH QRWH WKDW &HOO 3UHVV 7KH /IDQFHW DQG
SUHSULQW SROLFLHV ,QIRUPDWLRQ RQ WKHVH SROLFLHV LV [
$FFHSWHG $XWKRUSCDDRKNHFIWSHEVDXWKRU PDQXVFULSW LV WKI
DUWLFOH WKDW KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ DQG
LQFRUSRUDWHG FKDQJHV VXJJHVWHG GXULQJ VXEPLVVLRQ St
FRPPXQLFDWLRQV

$XWKRUV FDQ VKDUH WKHLU DFFHSWHG DXWKRU PDQXVFULSW

LPPHGLDWHO\

o YLD WKHLU QRQ FRPPHUFLDO SHUVRQ KRPHSDJH RU E
o E\ XSGDWLQJ D SUHSULQW LQ DU;LY RU 5H3(F ZLWK W
o YLD WKHLU UHVHDUFK LQVWLWXWH RU LQVWLWXWLRC
XVHV RU DV SDUW RI DQ LQYLWDWLRQ RQO\ UHVHD!
° GLUHFWO\ E\ SURYLGLQJ FRSLHV WR WKHLU VWXGHOQ\

WKHLU SHUVRQDO XVH
o IRU SULYDWH VFKRODUO\ VKDULQJ DV SDUW RI DQ LQ
FRPPHUFLDO VLWHY ZLWK ZKLFK (OVHYLHU KDV DQ

DIWHU WKH HPEDUJR SHULRG
o YLD QRQ FRPPHUFLDO KRVWLQJ SODWIRUPV VXFK DV
YLD FRPPHUFLDO VLWHYV ZLWK ZKLFK (OVHYLHU KDV L

,Q DOO FDVHVY DFFHSWHG PDQXVFULSWV VKRXOG

OLQOQN WR WKH IRUPDO SXEOLFDWLRQ YLD LWV '2,
EHDU D && %< 1& 1' OLFHQVH WKLV LV HDV\ WR GR

LI DJJUHJDWHG ZLWK RWKHU PDQXVFULSWYV IRU H[DPSOH
VKDUHG LQ DOLJQPHQW ZLWK RXU KRVWLQJ SROLF\ QRW E
DSSHDU PRUH OLNH RU WR VXEVWLWXWH IRU WKH SXEOL\

3XEOLVKHG MRXUQI3OSEEWILVIOHMG MBRXUQDO DUWLFOH 3-$ LV \
UHFRUG RI SXEOLVKHG UHVHDUFK WKDW DSSHDUV RU ZLOO DS
YDOXH DGGLQJ SXEOLVKLQJ DFWLYLWLHYV LQFOXGLQJ SHHU UF
IRUPDWWLQJ LI UHOHYDQW SDJLQDWLRQ DQG RQOLQH HQUL
3ROLFLHV IRU VKDULQJ SXEOLVKLQJ MRXUQDO DUWLFOHV GLII
DUWLFOHV

6XEVFULSWLR,Q \RMWDRBBHW DXWKRU SOHDVH VKDUH D OLQN W

IXOO WH[W OLOOLRQV RI UHVHDUFKHUV KDYH DFFHVV WR WKH
DQG VR OLQNV ZLOO KHOS \RXU XVHUV WR ILQG DFFHVV FLW
7KHVHV DQG GLVVHUWDWLRQV ZKLFK FRQWDLQ HPEHGGHG 3-$
EH SRVWHG SXEOLFO\ E\ WKH DZDUGLQJ LQVWLWXWLRQ ZLWK
SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

.l \RX DUH DIILOLDWHG ZLWK D OLEUDU\ WKDW VXEVFULEHV W
SULYDWH VKDULQJ ULJKWV IRU RWKHUV UHVHDUFK DFFHVVHG
IRU FODVVURRP WHDFKLQJ DQG LQWHUQDO WUDLQLQJ DW WKF
DQG FRXUVHZDUH SURJUDPV DQG LQFOXVLRQ RI WKH DUWLF(
*ROG 2SHQ $FFHWD\$BMW VKDHW\WHG DFFRUGLQJ WR WKH DXWKRU

OLFHQVH DQG VEERYGOPDRMMIBRERIE XVHU OLFHQVH DQG D '2,
IRUPDO SXEOLFDWLRQ RQ 6FLHQFH'LUHFW
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3OHDVH UHIHWBR\RWICQ/IHSRBXIBWKHU LQIRUPDWLRQ

JRU ERRN BKWKIROWRZLQJ FODXVHY DUH DSSOLFDEOH LQ D(
$XWKRUV DUH SHUPLWWHG WR SODFH D EULHI VXPPDU\ RI WKF
DOORZHG WR GRZQORDG DQG SRVW WKH SXEOLVKHG HOHFWUF
VFDQ WKH SULQWHG HGLWLRQ3WRWUPDWR DEXWERRYVWMIRIPIL F Y
SHUPLWWHG WR SRVW D VXPPDU\ RI WKHLU FKDSWHU RQO\ LQ

7KHVLV 'LVVHURBWIOR®GHQVH LV IRU XVH LQ D WKHVLV GLVYV
VXEPLWWHG WR \RXU LQVWLWXWLRQ LQ HLWKHU SULQW RU HC
SXEOLVKHG FRPPHUFLDOO\ SOHDVH UHDSSO\ IRU SHUPLVVLR(C
SHUPLVVLRQ IRU WKH /LEUDU\ DQG $UFKLYHV RI &DQDGD WR V
WKH FRPSOHWH WKHVLY DQG LQFOXGH SHUPLVVLRQ IRU 3URT?®
GHPDQG RI WKH FRPSOHWH WKHVLY 6KRXOG \RXU WKHVLV EF
UHDSSO\ IRU SHUPLVVLRQ 7KHVHV DQG GLVVHUWDWLRQV ZKL
WKH IRUPDO VXEPLVVLRQ FDQ EH SRVWHG SXEOLFO\ E\ WKH D
EDFN WR WKH IRUPDO SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

(OVHYLHU 2SHQ $FFHVV 7HUPV DQG &RQGLWLRQV

<RX FDQ SXEOLVK RSHQ DFFHVV ZLWK (OVHYLHU LQ KXQGUHG\
HVWDEOLVKHG VXEVFULSWLRQ MRXUQDOV WKDW VXSSRUW
SDUW\ UH XVH RI WKHVH RSHQ DFFHVV DUWLFOHV LV GHILQHG
&RPPRQV XVHU OLEHOQY D FEHN\RRRAHPRUHS RQIRFUPDWLRQ
7HUPV &RQGLWLRQV DSSOLFDEOH WR DOO 2IBHIQHEFFHVV DUW
$Q\ UHXVH RI WKH DUWLFOH PXVW QRW UHSUHVHQW WKH DXW|
DUWLFOH QRU VKRXOG WKH DUWLFOH EH PRGLILHG LQ VXFK D
UHSXWDWLRQ ,I DQ\ FKDQJHV KDYH EHHQ PDGH VXFK FKDQJH
7KH DXWKRU V PXVW EH DSSURSULDWHO\ FUHGLWHG DQG ZH
OLFHQVH DQG D '2, OLQN WR WKH IRUPDO SXEOLFDWLRQ RQ 6F
.l DQ\ SDUW Rl WKH PDWHULDO WR EH XVHG IRU H[DPSOH ILJ
ZLWK FUHGLW RU DFNQRZOHGJHPHQW WR DQRWKHU VRXUFH L'
HQVXUH WKHLU UHXVH FRPSOLHV ZLWK WKH WHUPV DQG FRQG
$GGLWLRQDO 7HUPV &RQGLWLRQV DSSOLFDEOH WR HDFK &U}
&& %<IKH && %< OLFHQVH DOORZV XVHUV WR FRS\ WR FUHDW F
ZRUNV IURP WKH $UWLFOH WR DOWHU DQG UHYLVH WKH $UWL
$UWLFOH LQFOXGLQJ UHXVH DQG RU UHVDOH RI WKH $UWLFO|
XVHU JLYHV DSSURSULDWH FUHGLW ZLWK D OLQN WR WKH IRL
'2, SURYLGHV D OLQN WR WKH OLFHQVH LQGLFDWHV LI FKDQ
UHSUHVHQWHG DV HQGRUVLQJ WKH XVH PDGH RI WKH ZRUN 7
DYDLOBBOWMSDWUHDWLYHFRPPRQV RUJ OLFHQVHV E\
&& %< 1& G&KH && %< 1& 6$ OLFHQVH DOORZV XVHUV WR FRS\ V
DEVWUDFWY DQG QHZ ZRUNV IURP WKH $UWLFOH WR DOWHU I
GRQH IRU FRPPHUFLDO SXUSRVHV DQG WKDW WKH XVHU JLYH
IRUPDO SXEOLFDWLRQ WKURXJK WKH UHOHYDQW '2, SURYLGEH
FKDQJHV ZHUH PDGH DQG WKH OLFHQVRU LV QRW UHSUHVHQW
ZRUN )XUWKHU DQ\ QHZ ZRUNV PXVW EH PDGH DYDLODEOH R
GHWDLOV RI WKH OLEFW®ASH FWHI DWDYBPEPRMRDW RUJ OLFHQVH\
&& %< 1& T'KH && %< 1& 1' OLFHQVH DOORZV XVHUV WR FRS\ D¢
SURYLGHG WKLV LV QRW GRQH IRU FRPPHUFLDO SXUSRVHV DQ
WKH $UWLFOH LI LW LV FKDQJHG RU HGLWHG LQ DQ\ ZD\ DQG
FUHGLW ZLWK D OLQN WR WKH IRUPDO SXEOLFDWLRQ WKURXJ
OLFHQVH DQG WKDW WKH OLFHQVRU LV QRW UHSUHVHQWHG L
IXOO GHWDLOV RI WKHKOWE B Q VFH 1B DW LDYHFIRPIPRMY RWJ OLFHQV
$Q\ FRPPHUFLDO UHXVH RI 2SHQ $FFHVV DUWLFOHV SXEOLVKH
1& 1' OLFHQVH UHTXLUHV SHUPLVVLRQ IURP (OVHYLHU DQG ZL
&RPPHUFLDO UHXVH LQFOXGHYV
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$VVRFLDWLQJ DGYHUWLVLQJ ZLWK WKH IXOO WH[W RI WKH
&KDUJLQJ IHHV IRU GRFXPHQW GHOLYHU\ RU DFFHVV
$UWLFOH DJJUHJDWLRQ

6\WWHPDWLF GLVWULEXWLRQ YLD H PDLO OLVWV RU VKDUF
3RVWLQJ RU OLQNLQJ E\ FRPPHUFLDO FRPSDQLHV IRU XVH E\ I
2WKHU &RQGLWLRQV

Y

AXHVWLRBXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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:2/7(56 ./8:(5 +($/7+ ,1& /,&(16(
7(506 $1' &21',7,216
'"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR  /LPLC
+HDOWK ,QF :ROWHUV .OXZHU +HDOWK ,QF FRQVLVWV RI
DQG FRQGLWLRQV SURYLGHG E\ :ROWHUV .OXZHU +HDOWK ,QF

ILFHQVH 1XPEHU
/ILFHQVH GDWH 1RY

ILFHQVHG &RQWHQW :ROBMDHWKHOXZHU +HDOWK ,QF
/ILFHQVHG &RQWHQW $BHSED LRRWQRQ

/ILFHQVHG &RQWHQW (¥IDODXBWLRQ RI 1IDQR 3RURXYV $OXPLQD OHPEUDQHV IRU +HPRG
$SSOLFDWLRQ

/JLFHQVHG &RQWHQW SXWOKEWWDOXUL =KRQJSLQJ +XDQJ $PLW %HOZDONDU HW DO
/LFHQVHG &RQWHQWODWH
/LFHQVHG &RQWHQW 9ROXPH

1XPEHU

/ILFHQVHG &RQWHQW ,VVXH

1XPEHU

7\SH RI 8VH 'LVVHUWDWLRQ 7KHVLV
5HTXHVWRU W\SH ,QGLYLGXDO

3RUWLRQ YLIXUHV WDEOH LOOXVWUDWLRQ
1XPEHU R

ILIXUHV WDEOHV LOOXVWUDWLRQV

JLIXUHV WDEOHV LOQXMWBHBDWLRQV
XVHG

$XWKRU RI WKLV :ROWRHUYV
.OXZHU DUWLFOH

7LWOH RI \RXU WKHV1INZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLYV
GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHPD® GDWH
(VWLPDWHG VL]H SDJHV

5HTXHVWRU /RFDWLRERLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
'DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X

%LOOLQJ 7\SH ,QYRLFH

%LOOLQJ $GGUHVV 8QLYHUVLW\ RI ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW

8QLYHUVLW\ Rl ZDWHUORR
‘:DWHUORR 21 1/ *
&DQDGD

$WWQ /LPLQ /X
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7TRWDO 86"
7THUPV DQG &RQGLWLRQV

:ROWHUY .OXZHU 7HUPV DQG &RQGLWLRQV

7ZUDQVIHU RI /LFR@QWHUY .OXZHU KHUHE\ JUDQWY \RX D QRQ H[FOXVLYH OLFHQ
UHSURGXFH WKLY PDWHULDO IRU WKLV SXUSRVH DWIGHIRE QR WWRKGW XVH VXE
KHUHLQ
&QUHGLW /ZQEO EH SURPLQHQWO\ SODFHG DQG LQFOXGHW)RMWOERRINYV + WKH DX)
ERRN HGLWRU FRS\ULJKW KROGHU \HDU R/ 45 WKL BEWKRQ \ R UVM ROOBQPIO
DUWLFOH WLWOH RI MRXUQDO YROXPHXYXLREHSD 1NV O G XU WK BO/ WR
WKH MRXUQDO SDJH
:DUUDQWLHWH UHTXHVWRU ZDUUDQWVY WKDW WKH PDWHBDR@QWWKDOO QRW EH X\
ZKLFK PD\ EH FRQVLGHUHG GHURJDWRU\ WR WKH WKW CPH WHRIQWDIDQ \R U RWRD X W K
"ROWHUV .OXZHU
,OGHPOLWRX KHUHE\ LQGHPQLI\ DQG KROG KDUPOHVWLBOMINSWFWXYHU DQG W
RIILFHUV GLUHFWRUV HPSOR\HHV DQG DJHQWV OQJRP DLPY DERYYVYW DQ\ DQG
SURFHHGLQJ RU GHPDQGYV DULVLQJ RXW RI \RX U F-QDWIGK RDWHHIGL R®H R1 WKH /
*HRJUDSKLFDO 6FRSPLVVLRQ JUDQWHG LV QRQ H[FOXVLYH DQG LV YDOLG WKL
ZRUOG LQ WKH (QJOLVK ODQJXDJH DQG WKH ORDWLIN.IIHY WIBFEFHVIWG LQ \RXU
'ROWHUV .OXZHU FDQQRW VXSSO\ WKH UH T XHR/WRR LH D IHW W WRGHL R U L O HWDRUDD W :
FOHDQ FRS\
3HUPLVVLRQ LV YDOLG LI WKH ERUURZHG:ROWHUVD.OXXHRULLRFS Q D@WN R
/ILSSLQFRWW 5DYHQ 3XEOLVKHUV :LOOLDPV+DU@NOQYDSHT 6 FH HIQHU
/LWWOH %URZQ &RPSDQ\ +DUSHU 5RZ OHGDRPDR HPUMILFDQRRXQG S8UEDQ
6FKZDUJHQEHUJ (QJOLVK /DQJXDJH 5DYHQ 633UH\QU KRDNVG! + RHLEGH U
7HUPLODWLRQ RI FRQOWUXDESW QRW WR XVH WKH PDWHULDO UHTXHVWHG DERY}
5LJKWV/LQN RU :ROWHUV .OXZHU ZLWKLQ IGEHVGRWWKH RULJLQDO LQYR
7KLV SHUPLVVLRQ GRHVY QRW DSSO\ WR LPDJHV WK RW DWW WHBGLWHG WR SXE
‘ROWHUV .OXZHU ERRNV MRXUQDOV RU LWV 6RFLHRWLHIROWRUWPOYENUFUHGLWH
ERRNV RU MRXUQDOV \RX ZLOO QHHG WR REWUIFAH) 5HH b PIHNQAHR® LQ RPKWKH VR X
ILJXUH RU WDEOH OHJHQG RU FUHGLW OLQHHEIHRR U W DRUQUDE@HXVYH RI WK
ORGLILFDWLR®WY WKH H[FHSWLRQ Rl WH[W VL]H RU FROWRLULIRO:ROWHUV .OXZHL
SHUPLWWHG WR EH PRGLILHG RU DGDSWHG ZLWKRXW SXEOLVKHU DSSURYDO
7KLUG SDUW\ PDWGIDESWOWLRQV DUH SURWHFWHG E\ FRS\ULJKW VR LI \RX ZRX
UHXVH PDWHULDO WKDW ZH KDYH DGDSWHG | ORPQHMHMIFBWERIW RROURKURX ZL
SHUPLVVLRQ EXW WKH SHUPLVVLRQ RI WKH URDKWHW IKIR® GG RO DAICH RW L RIXQ D (
ZDQW WR UHXVH DQ DGDSWDWLRQ RI RULJLQDO QR RRKGW HIXE OLK/IXW LD'SSHD UV |
ZRUN \RX ZLOO QHHG RXU SHUPLVVLRQ D& HMK OWHRD GIKSWDH WR OXEORXOG EH
FUHGLWHG DV IROORZV $GDSWHG ZLWK SHUPLVVLBROWKRE :\ROWGIMV\HDXZHU o
RI SXEOLFDWLRQ RU -RXUQDO QDPH DUWHFBHWDXWRRU \WDW BH SMEOLFEB@/ LR Q
ORGLILFDWLRQV DUH SHUPLWWHG RQ DQ RFFDVLRR)XOVEDY MR RIKW EQG SHUPL
'ROWHUV .OXZHU
'XUDWLRQ RI WKH GHERQVWLRQ LV JUDQWHG IRU D RQH WLPH XVH RQO\ ZLWKL(
IURP WKH GDWH RI WKLV LQYRLFH 5LJKWV KHUMS QRGX DWRMRQYSEGURRINW X UH
UHYLVLRQV RU RWKHU GHULYDWLYH ZRUNV 2QHAHSWKHG S HRRIW K VRUW R D
UHQHZ PXVW EH VXEPLWWHG LQ ZULWLQJ
L J)RU FRQWHQW UHXVHG LQ DQRWKHU MRXEVWDRQRE ERRADW QVBKIH QW RU H(
OLFHQVH LV RQH WLPH XVH DQG ODVWYV IRU WK MV KMWOHGH VRLRMKRI D ERRN
HGLWLRQ LQ FDVH RI MRXUQDOV
LL ,1 \RXU 3HUPLVVLRQ 5HTXHVW LV IRU X\\H CRROVDDZME X UW B O ZAW AK ERR N

LOWHUQOHW LOWUDOHW RU DO\ SXRGLEDHH MR/ UHP®N W/ MAKH PDWHULDO

IURP VXFK VLWH DIWHU PRQWKVY RU HOVH UNEM®W \RXU SHUPLVVLRQ UH
&ROWLQOJIJHOW RO SDKRPB®WRX PD\ H[HUFLVH WKH ULJKWV OLFHQVHG LPPHGLDW
LVVXDQFH RI WKH OLFHQVH DW WKH HQG RI WKHVOEMH@WOL GBIUKRY R EHBGVW R D VW K F
\RX KDYH GLVFORVHG FRPSOHWH DQG DFFXUDWH GHVFBIQYWH RV\ROQDOORSRVHG
HIITHFWLYH XQOHVV DQG XQWLO IXOO SD\PHIQWKHV BN BKEOHLEKHEPRIRE\ &&&
DV SURYLGHG LQ &&& V %LOOLQJ DQG 3D\PHQWMWHEBVWHQ® ERQERWLRQV I |
UHFHLYHG RQ D WLPHO\ EDVLVY WKHQ DQ\ Q/IHG KBGO EGLEHEPHGO\ JUDQ
DXWRPDWLFDOO\ UHYRNHG DQG VKDOO EH YRHG DL\ LW IQHH ¥ N Y QW DWKACH/G \ B X U W K
EUHDFK DQ\ RI WKHVH WHUPV DQG FRQGLWLRQG RD\PRQWIVEREPW %BIQEEOLQJ D
FRQGLWLRQV WKH OLFHQVH LV DXWRPDWLFDOQ@\ QHYRNH® D@Q\WHG DB/®I EH YRL
RI PDWHULDOV DV GHVFULEHG LQ D UHYRNHG FILWKE VD VWDNUZIDOY BEW\BQ\GXVH
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WKH VFRSH RI DQ XQUHYRNHG OLFHQVH PD\ FRQWOM VDXQBHSKES\WMKKW LQIULQ.
UHVHUYHV WKH ULJKW WR WDNH DQ\ DQG DOO DEOWMLRK) RADRVSIURWBIVW LWV FRS\
‘DLYHG SHUPLVVLRQ WHHI SHUPLVVLRQ IHH IRU WKH UHTXHVWNG XVH Rl RXU PL
EHHQ ZDLYHG LQ WKLV LQVWDQFH SOHDVH EHTRBYWWHIR W KRDOWWHRKW IXWXUH U
.OXZHU PDWHULDOV PD\ LQFXU D IHH
6HUYLFH 'HVFULSWLRQ IRU &ROWKEMHEMUWRFWKHVH WHUPV RI XVH DQ\ WHUP’
IRUWK RQ WKH SDUWLFXODU RUGHU DQG SDVRNQPD\RP MNGHH VDISlSOLFDEOH IHH
IROORZLQJ XVHV Rl WKH RUGHUHG PDWHULDOV
L&ROWHOW 5H@WIP®\ DFFHVY DQG YLHZ D VLQJOH HOHFWURQLF FRS\ Rl WK
RUGHUHG IRU WKH WLPH SHULRG GHVLJQDWHG DWFWHWVWLRHMVWHKH RUGHU
PDWHULDOV ZLOO EH SURYLGHG WKURXJK D GH G LFPUWHIZOF D@QWHQW YLHZH
DFFHVV ZLOO EH GLVFRQWLQXHG XSRQ H[SLUDWLRQRIRUVIGGHGHVLIJQDWHG
IRU &RQWHQW 5HQWDO GRHVY QRW LQFOXGH DQ\HWLBHWINWHR SULQW GRZQ
DGGLWLRQDO FRSLHVY WR GLVWULEXWH RUNWRVURIX\SH W@ \D Rl WIK\HWKH 1XC
PDWHULDOV
LI&ROQWHOW 3XURRBVRMD\ DFFHVV DQG GRZQORDG D VLQJOH HOHFWURQLF FR
PDWHULDOV RUGHUHG &RSLHV ZLOO EH SURWKHHGPEHDHPDDY RU E\ VXFK
SXEOLVKHU PD\ PDNH DYDLODEOH IURP WL FRHR @\RHQMP 18 X § © KDWGHE RIFRW
QRW LQFOXGH DQ\ ULJKWV WR FUHDWH DGGLWLRQDOHFRSLHY RU WR GLVW
PDWHULDOV

JRU -RXUQDOV 2QO0\

30HDVH QRWH WKDW DKMDG ERHVS UQOWRMVBXEMLFDWLRQ FDQ EH FLWHG DQG WK
FRQWHQW PD\ EH UH XVHG E\ LQFOXGLQJ WKH GDWH RXPEAMVYM®MQG WKH XQLT
ILQDO FKDQJHV LQ PDQXVFULSWV ZLOO EH PBGHFDW WRIQHDWIGP ALPIOSEH QW S X
UHIOHFWHG LQ WKH ILQDO HOHFWURQLF YHU%$URQ RO HAVK BI SISVVDXUH. Q I LD W IKAHH
3XEOLVKHG $KHDG RI 3ULQW VHFWLRQ KDYH EMHSINSIGH LR U FSWLEHYLIHF® B QREQDL Q
WKH UHOHYDQW MRXUQDO DQG SRVWHG RQO UQH FEGHR UMHS SHDQWQIXEWLFDWLRC
SXEOLVK DKHDG RI SULQW PD\ FRQWDLQ VWDWHPHRWXDRSKRQYR QMW URUS LQIRU
LQ IDFWV ILJXUHV RU LQWHUSUHWDWLRQ $AFRUGL@FRUYV :RQ® HXW KIRUAHD QG
WKHLU UHVSHFWLYH HPSOR\HHV DUH QRW UXWVISRQ\DLEOWHXRK 0OQ D E XU RWHW K H
RU PLVOHDGLQJ GDWD RSLQLRQ RU LQIRUP D W LLROQWFHRIQMDHFEMIGRDQ WKH DUWLF
:KHUH D MRXUQDO LV EHLQJ SXEOLVKHG EGHWOHDV QRHGVKPRML NWRFLWWHN PXVW Et
LQFOXGHG LQ WKH FUHGLW OLQH
L)RU 2SHQ $FFHVV MRXWH DROO/ORZLQJ VWDWHPHQW QHHGV WR EH DGGHG ZK
UHSULQWLQJ WKH PDWHULDO LQ 2SHQ $FFHV\OMRA 8RPFHRGODO SURPRWI
XVH RI WKH PDWHULDO LQ SULQW GLJLWDOURKPRIEALBE BHWKRNWRWRHEHW L
SHUPLVVLRQ IURP WKH SXEOLVKHU :ROWHUV .OXZHU 30HDVH FRQWDFW
KHDOWKSHUPLVVLRQV#ZR O WHUMNOKKZHW ERFRUPDWLRQ
LU[FHSWLRQ FDVH Rl UHXVHW HDRPMYV Rl WKH &RORQ 5HFWXP 30DVWLF
5SHFRQVWUXFWLYH 6XUJHU\ 7KH *UHHQ -RXUQD OL@H LY GIDIOV&IDBH OHGLF
&ULWLFDO &DUH OHGLFLQH WKH $PHULFDQ +HDUVR@V\IRFEDWKIHRQ 3XEOLFI
$PHULFDQ $FDGHP\ Rl 1HXWRBRROORZLQJ JXLGHOLQH DSSOLHV QR GUXJ
QDPH RU ORJR FDQ EH LQFOXGHG LQ WKH VDRHK$BGH DV WKH PDWHULDO |
7ZUDQVODWUR@DQWHG SHUPLVVLRQV WR UHSXEOLVK D O®PQOXWHHW DUWLFOH LC
‘ROWHUV .OXZHU VKRXOG EH VHQW D FRS\ Rl WEFOWGHBGLOF\UBGPHY EEBRYH L
RQ DOO WUDQVODWHG FRSLHV
L:ROWHUV .0OXZHU DQG LWV 6RFLHWLHY WDNH WRHJB¥BRQDMEEROLW\ IRU
WKH WUDQVODWLRQ IURP WKH SXEOLVKHG (Q DRW IO RVE QHQIRQW D@G DUH
HUURUV ZKLFK PD\ RFFXU
)XO0O 7H[W $UWHKOHWRI IXO0 WH[W DUWLFOHV LQ (QJOLVK LV SURKLELWHG

670 6LIJQDWRULHYV 2QO0O\

$Q\ SHUPLVVLRQ JUDQWHG IRU D SDUW L PX®DW RH X BALIRTX B IQMO HIGSLSMLRID YV DQG
IRU HGLWLRQV LQ RWKHU ODQJXDJHV SURYLGZAHRANXFPK HGKWRORQ\W DWHVKRU WK
DQG GRHV QRW LQYROYH WKH VHSDUDWH H[S O/RN WIDWLLRR@V RR UVK [ ISBSW VW W H G
30HDVH EBUWMNR YLHZ WKH 670 JXLGHOLQHYV

2WKHU 7THUPV DQG &RQGLWLRQV
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(16(9,(5 /,&(16(
7(506 $1' &21',7,216
'"HF

7KLV $JUHHPHQW EHWZHHQ 8QLYHUVLW\ RI ZDWHUORR /ILPLC
(OVHYLHU FRQVLVWY RI \RXU OLFHQVH GHWDLOV DQG WKH
(OVHYLHU DQG &RS\ULJKW &OHDUDQFH &HQWHU

ILFHQVH 1XPEHU
ILFHQVH GDWH 1RY

ILFHQVHG &RQWHQW (DXVEHOYLL\HKH U

/LFHQVHG &RQWHQW $IXEDQFHWLRQ@KURQLF .LGQH\ 'LVHDVH

ILFHQVHG &RQWHQW SIAWOBWKLQ 6LOLFRQ OHPEUDQHYV IRU :HDUDEOH 'LDO\VLV

/LFHQVHG &RQWHQW '$iIDWKRURKQVRQ 7HMDV 6 .KLUH <HNDWH.DWM@D-/3 /A\XEDUVND\D
6PLWK -RQ 3DXO 6 'HV2UPHDX[ -HUHP\ * 7D\ORU 7KRPDV 5
*DERUVNL $OH[DQGHU $ BKHVWRSDORY &KULVWRSKHU & 6WUL
OF*UDWK

/ILFHQVHG &RQWHQWIRWHPEHU

/JLFHQVHG &RQWHQW 9ROXPH
1XPEHU

/JLFHQVHG &RQWHQW ,VVXH
1XPEHU

ILFHQVHG &RQWHQW 3DJHV
6WDUW 3DJH

(QG 3DJH

7\SH RI 8VH UHXVH LQ D WKHVLV GLVVHUWDWLRQ
,QWHQGHG SXEOLVKHRWRHQHZ

ZRUN

3RUWLRQ ILIXUHV WDEOHV LOOXVWUDWLRQV
1XPEHU R

ILIXUHV WDEOHYV LOOXVWUDWLRQV
JRUPDW ERWK SULQW DQG HOHFWURQLF

$UH \RX WKH DXWKRURI WKLV
(OVHYLHU DUWLFOH"

:LOO \RX EH WUDQVODRNLQJ"
2UGHU UHIHUHQFH QXPEHU
2ULJLQDO ILIJXUH QXPEKUW F G

7LWOH RI \RXU 1HZ PHPEUDQH WHFKQRORJLHV IRU GLDO\VLV
WKHVLY GLVVHUWDWLRQ

([SHFWHG FRPSOHWLHPD® GDWH

(VWLPDWHG VL]H QXPEHU RI
SDJHV

(OVHYLHU 9$7 QXPEHW%

5HTXHVWRU /RFDWLRSRLYHUVLW\ Rl ZDWHUORR
( * 8QLYHUVLW\ $YHQXH :HVW
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8QLYHUVLW\ Rl ZDWHUORR
':DWHUORR 21 1/ *
&DQDGD

$SWWQ /LPLQ /X

7RWDO 86"
7HUPV DQG &RQGLWLRQV

,1752'8&7,21
7KH SXEOLVKHU IRU WKLV FRS\ULJKWHG PDWHULDO LV (OVH
ZLWK FRPSOHWLQJ WKLV OLFHQVLQJ WUDQVDFWLRQ \RX DJUF
DSSO\ WR WKLV WUDQVDFWLRQ DORQJ ZLWK WKH %LOOLQJ DC
HVWDEOLVKHG E\ &RS\ULJKW &OHDUDQFH &HQWHU ,QF &&&
5LIJIKWVOLQN DFFRXQW DQG W KDMWIS U HP DOYRRYOEWD HF N UDLQ K W LI
*(1(5%/ 7(506
(OVHYLHU KHUHE\ JUDQWYV \RX SHUPLVVLRQ WR UHSURGXFH
WKH WHUPV DQG FRQGLWLRQV LQGLFDWHG

$FNQRZOHGJHPHQW ,I DQ\ SDUW RI WKH PDWHULDO WR EH >
DSSHDUHG LQ RXU SXEOLFDWLRQ ZLWK FUHGLW RU DFNQRZOH
PXVW DOVR EH VRXJKW IURP WKDW VRXUFH , I VXFK SHUPLVYV

PD\ QRW EH LQFOXGHG LQ \RXU SXEOLFDWLRQ FRSLHV 6XLWD
PXVW EH PDGH HLWKHU DV D IRRWQRWH RU LQ D UHIHUHQFH -
IROORZV
SHSULQWHG IURP 3XEOLFDWLRQ WLWOH 9RO HGLWLRQ QXPE
FKDSWHU 3DJHV 1R &RS\ULJKW <HDU ZLWK SHUPLVVLRQ IU
62&,(7< &23<5,*+7 2:1(5@ $OVR /IDQFHW VSHFLDO FUHGLW 5
/IDQFHW 9RO QXPEHU $XWKRU V 7LWOH RI DUWLFOH 3DJHV
SHUPLVVLRQ IURP (OVHYLHU

SHSURGXFWLRQ RI WKLY PDWHULDO LV FRQILQHG WR WKH S
SHUPLVVLRQ LV KHUHE\ JLYHQ

$OWHULQJ ORGLI\LQJ ODWHULDO 1RW 3HUPLWWHG +RZHYHL
DOWHUHG DGDSWHG PLQLPDOO\ WR VHUYH \RXU ZRUN $Q\ RW
DQG RU DQ\ RWKHU DOWHUDWLRQV VKDOO EH PDGH RQO\ ZLWH
/WG 30HDVH FRQWDFW (OVHYLHU DW SHUPLVVLRQV#HOVHYLF

. WKH SHUPLVVLRQ IHH IRU WKH UHTXHVWHG XVH RI RXU PLC
SOHDVH EH DGYLVHG WKDW \RXU IXWXUH UHTXHVWV IRU (OVH"

SHVHUYDWLRQ RI 5LJKWV 3XEOLVKHU UHVHUYHV DOO ULJKV
FRPELQDWLRQ RI L WKH OLFHQVH GHWDLOV SURYLGHG E\ \R>
OLFHQVLQJ WUDQVDFWLRQ LL WKHVH WHUPV DQG FRQGLWLF
WHUPV DQG FRQGLWLRQV

JLFHQVH &RQWLQJHQW 8SRQ 3D\PHQW :KLOH \RX PD\ H[HUFL
LPPHGLDWHO\ XSRQ LVVXDQFH RI WKH OLFHQVH DW WKH HQG
WUDQVDFWLRQ SURYLGHG WKDW \RX KDYH GLVFORVHG FRPSC
XVH QR OLFHQVH LV ILQDOO\ HITHFWLYH XQOHVV DQG XQWLO
E\ SXEOLVKHU RU E\ &&& DV SURYLGHG LQ &&& V %LOOLQJ DQ
IXOO SD\PHQW LV QRW UHFHLYHG RQ D WLPHO\ EDVLV WKHQ I
GHHPHG DXWRPDWLFDOO\ UHYRNHG DQG VKDOO EH YRLG DV L
WKDW \RX EUHDFK DQ\ Rl WKHVH WHUPV DQG FRQGLWLRQV RU
WHUPV DQG FRQGLWLRQV WKH OLFHQVH LV DXWRPDWLFDOO\
JUDQWHG 8VH RI PDWHULDOV DV GHVFULEHG LQ D UHYRNHG
PDWHULDOV EH\RQG WKH VFRSH RI DQ XQUHYRNHG OLFHQVH
DQG SXEOLVKHU UHVHUYHV WKH ULJKW WR WDNH DQ\ DQG DO
PDWHULDOV

'DUUDQWLHYV 3XEOLVKHU PDNHV QR UHSUHVHQWDWLRQV RU
PDWHULDO
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 QGHPQLW\ <RX KHUHE\ LQGHPQLI\ DQG DJUHH WR KROG KL
WKHLU UHVSHFWLYH RIILFHUV GLUHFWRUV HPSOR\HHV DQG C
FODLPV DULVLQJ RXW RI \RXU XVH Rl WKH OLFHQVHG PDWHULLI
SXUVXDQW WR WKLV OLFHQVH

1R 7UDQVIHU RI /LFHQVH 7KLV OLFHQVH LV SHUVRQDO WR
DVVLJQHG RU WUDQVIHUUHG E\ \RX WR DQ\ RWKHU SHUVRQ ZlI

1R $PHQGPHQW ([FHSW LQ :ULWLQJ 7KLV OLFHQVH PD\ QRW
VLIQHG E\ ERWK SDUWLHVY RU LQ WKH FDVH Rl SXEOLVKHU E

2EMHFWLRQ WR &RQWUDU\ 7HUPV 3XEOLVKHU KHUHE\ REMF
SXUFKDVH RUGHU DFNQRZOHGJPHQW FKHFN HQGRUVHPHQW F
ZKLFK WHUPV DUH LQFRQVLVWHQW ZLWK WKHVH WHUPV DQG F
WHUPV DQG FRQGLWLRQV 7KHVH WHUPV DQG FRQGLWLRQV V
WHUPV DQG FRQGLWLRQV ZKLFK DUH LQFRUSRUDWHG KHUHLGC
EHWZHHQ \RX DQG SXEOLVKHU DQG &&& FRQFHUQLQJ WKLV O
DQ\ FRQIOLFW EHWZHHQ \RXU REOLJDWLRQV HVWDEOLVKHG E\
HVWDEOLVKHG E\ &&& V %LOOLQJ DQG 3D\PHQW WHUPV DQG FI
VKDOO FRQWURDO

5SHYRFDWLRQ (OVHYLHU RU &RS\ULJKW &OHDUDQFH &HQWH
LQ WKLV /LFHQVH DW WKHLU VROH GLVFUHWLRQ IRU DQ\ UHD"
WR \RX 1RWLFH RI VXFK GHQLDO ZLOO EH PDGH XVLQJ WKH F
)DLOXUH WR UHFHLYH VXFK QRWLFH ZLOO QRW DOMWHU RU LQY
RU &RS\ULJKW &OHDUDQFH &HQWHU EH UHVSRQVLEOH RU OLD
LQFXUUHG E\ \RX DV D UHVXOW RI D GHQLDO RI \RXU SHUPLVYV
DPRXQW V SDLG E\ \RX WR (OVHYLHU DQG RU &RS\ULJKW &OH|
SHUPLVVLRQV

1,0, 7(" /,&(16(

7KH IROORZLQJ WHUPV DQG FRQGLWLRQV DSSO\ RQO\ WR VSHI

7UDQVODKMULMROHUPLVVLRQ LV JUDQWB GOIRMKBRY REOXVLYH
XQOHVV \RXU OLFHQVH ZDV JUDQWHG IRU WUDQVODWLRQ ULJF
PD\ RQO\ WUDQVODWH WKLY FRQWHQW LQWR WKH ODQJXDJHV
PXVW SHUIRUP DOO WUDQVODWLRQV DQG UHSURGXFH WKH FR
LQWHJULW\ RI WKH DUWLFOH

3RVWLQJ OLFHQVHG FRQWMKHQMW RMRZ DY JIHVENUWW DQG FRQGLYV
IROORZV /LFHQVLQJ PDWHULDO IURP DQ (OVHYLHUVMRXUQDO
PDLQWDLQ WKH FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWW
LQFOXGHG WR WKH +RPHSDJH RI WKH MRXUQDO IURP ZKLFK \R
KWWS Z77ZZ VELHQFHGLUHFW RRPWKH HQ¥H YM R ¥ UKQRPMH §[DIJH IR U

KWWS 7272Z HOYHQMWHIWDPRFPWRUDJIH 7KLV OLFHQVH GRHV QRW I

VFDQQHG YHUVLRQ RI WKH PDWHULDO WR EH VWRUHG LQ D FH
+HURQ :DQ(GX

JLFHQVLQJ PDWHULDO IURP DQ (OVHYLHU ERRN $ K\SHU WH[W
KRPHSDKWVDSV ZZZ HOVHOYO FRGEWP QW SRVWHG WR WKH ZHE VL
FRS\ULJKW LQIRUPDWLRQ OLQH RQ WKH ERWWRP RI HDFK LPD.

3RVWLQJ OLFHQVHG FRQWHQW RGLOHIFRURRLW KHHDEBRYH WK H
FODXVHVY DUH DSSOLFDEOH 7KH ZHE VLWH PXVW EH SDVVZRU(
ERQD ILGH VWXGHQWY UHJLVWHUHG RQ D UHOHYDQW FRXUVH
<RX PD\ REWDLQ D QHZ OLFHQVH IRU IXWXUH ZHEVLWH SRVWL
YRU MRXUQD ® IDK WKRWRZLQJ FODXVHV DUH DSSOLFDEOH LQ
3UHSULQWYV
$ SUHSULQW LV DQ DXWKRU V RZQ ZULWH XS RI UHVHDUFK UH"
UHYLHZHG QRU KDV LW KDG DQ\ RWKHU YDOXH DGGHG WR LW
FRS\ULJKW WHFKQLFDO HQKDQFHPHQW HWF
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$XWKRUV FDQ VKDUH WKHLU SUHSULQWY DQ\ZKHUH DW DQ\ WL
HQKDQFHG LQ DQ\ ZzD\ LQ RUGHU WR DSSHDU PRUH OLNH RU W
DUWLFOHYV KRZHYHU DXWKRUV FDQ XSGDWH WKHLU SUHSULQW
$XWKRU ODQXVFULSW VHH EHORZ

,, DFFHSWHG IRU SXEOLFDWLRQ ZH HQFRXUDJH DXWKRUV WR
SXEOLFDWLRQ YLD LWV '2, OLOOLRQV RI UHVHDUFKHUV KDYH
6FLHQFH'LUHFW DQG VR OLQNYV ZLOO KHOS XVHHV WR ILQG D
YHUVLRQ 30OHDVH QRWH WKDW &HOO 3UHVV 7KH /IDQFHW DQG
SUHSULQW SROLFLHYVY ,QIRUPDWLRQ RQ WKHVH SROLFLHV LV I
$FFHSWHG $XWKRUSCODDRNVFIWHWEVD XWKRU PDQXVFULSW LV WKI
DUWLFOH WKDW KDV EHHQ DFFHSWHG IRU SXEOLFDWLRQ DQG
LOQFRUSRUDWHG FKDQJHV VXJIJHVWHG GXULQJ VXEPLVVLRQ St
FRPPXQLFDWLRQV

$XWKRUV FDQ VKDUH WKHLU DFFHSWHG DXWKRU PDQXVFULSW

LPPHGLDWHO\
o YLD WKHLU QRQ FRPPHUFLDO SHUVRQ KRPHSDJH RU E
° E\ XSGDWLQJ D SUHSULQW LQ DU;LY RU 5H3(F ZLWK W
o YLD WKHLU UHVHDUFK LQVWLWXWH RU LQVWLWXWLRC
XVHV RU DV SDUW RI DQ LQYLWDWLRQ RQO\ UHVHD!
o GLUHFWO\ E\ SURYLGLQJ FRSLHVY WR WKHLU VWXGHQ\
WKHLU SHUVRQDO XVH
o IRU SULYDWH VFKRODUO\ VKDULQJ DV SDUW RI DQ LQ
FRPPHUFLDO VLWHV ZLWK ZKLFK (OVHYLHU KDV DQ
DIWHU WKH HPEDUJR SHULRG
o YLD QRQ FRPPHUFLDO KRVWLQJ SODWIRUPV VXFK DV
° YLD FRPPHUFLDO VLWHYV ZLWK ZKLFK (OVHYLHU KDV L

,Q DOO FDVHVY DFFHSWHG PDQXVFULSWV VKRXOG

OLQN WR WKH IRUPDO SXEOLFDWLRQ YLD LWV '2,
EHDU D && %< 1& 1' OLFHQVH WKLV LV HDV\ WR GR

LI DJJUHJDWHG ZLWK RWKHU PDQXVFULSWY IRU H[DPSOH
VKDUHG LQ DOLJQPHQW ZLWK RXU KRVWLQJ SROLF\ QRW E
DSSHDU PRUH OLNH RU WR VXEVWLWXWH IRU WKH SXEOL\

3XEOLVKHG MRXUQ3OSKBEWILFIOHG MRXUQDO DUWLFOH 3-$ LV \
UHFRUG RI SXEOLVKHG UHVHDUFK WKDW DSSHDUV RU ZLOO DS
YDOXH DGGLQJ SXEOLVKLQJ DFWLYLWLHV LQFOXGLQJ SHHU U}
IRUPDWWLQJ LI UHOHYDQW SDJLQDWLRQ DQG RQOLQH HQUL
3ROLFLHV IRU VKDULQJ SXEOLVKLQJ MRXUQDO DUWLFOHV GLII
DUWLFOHV

6XEVFULSWLR,Q \RMXWRBBHW DXWKRU SOHDVH VKDUH D OLQN W

IXOO WH[W OLOOLRQV RI UHVHDUFKHUV KDYH DFFHVV WR WKH
DQG VR OLQNV ZLOO KHOS \RXU XVHUV WR ILQG DFFHVV FLW
7TKHVHY DQG GLVVHUWDWLRQV ZKLFK FRQWDLQ HPEHGGHG 3-%
EH SRVWHG SXEOLFO\ E\ WKH DZDUGLQJ LQVWLWXWLRQ ZLWK
SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

,/ \RX DUH DIILOLDWHG ZLWK D OLEUDU\ WKDW VXEVFULEHV W
SULYDWH VKDULQJ ULJKWV IRU RWKHUV UHVHDUFK DFFHVVHG
IRU FODVVURRP WHDFKLQJ DQG LOQWHUQDO WUDLQLQJ DW WKF
DQRG FRXUVHZDUH SURJUDPVY DQG LQFOXVLRQ RI WKH DUWLF(
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*ROG 2SHQ $FFHVWOD\$BW VKODHIMHG DFFRUGLQJ WR WKH DXWKRU

OLFHQVH DQG VEBROUGOPROMBRERE XVHU OLFHQVH DQG D '2,
IRUPDO SXEOLFDWLRQ RQ 6FLHQFH'LUHFW
30HDVH UHIH B RARWIOVHSER BYEWKHU LQIRUPDWLRQ

JRU ERRN DKWMKIROWRZLQJ FODXVHYV DUH DSSOLFDEOH LQ DC
$XWKRUV DUH SHUPLWWHG WR SODFH D EULHI VXPPDU\ RI WKF
DOORZHG WR GRZQORDG DQG SRVW WKH SXEOLVKHG HOHFWUF
VFDQ WKH SULQWHG HGLWLRQ3RRKRVFUGDWR DEXWRRYMVMRIGIL F Y
SHUPLWWHG WR SRVW D VXPPDU\ RI WKHLU FKDSWHU RQO\ LQ

7KHVLV 'LVVHURBWIORGHQVH LV IRU XVH LQ D WKHVLV GLVV
VXEPLWWHG WR \RXU LQVWLWXWLRQ LQ HLWKHU SULQW RU HC
SXEOLVKHG FRPPHUFLDOO\ SOHDVH UHDSSO\ IRU SHUPLVVLRC
SHUPLVVLRQ IRU WKH /LEUDU\ DQG $UFKLYHV Rl &DQDGD WR V
WKH FRPSOHWH WKHVLYVY DQG LQFOXGH SHUPLVVLRQ IRU 3URT:
GHPDQG RI WKH FRPSOHWH WKHVLV 6KRXOG \RXU WKHVLV EF
UHDSSO\ IRU SHUPLVVLRQ 7KHVHV DQG GLVVHUWDWLRQV ZKL
WKH IRUPDO VXEPLVVLRQ FDQ EH SRVWHG SXEOLFO\ E\ WKH D
EDFN WR WKH IRUPDO SXEOLFDWLRQV RQ 6FLHQFH'LUHFW

(OVHYLHU 2SHQ $FFHVVY 7THUPV DQG &RQGLWLRQV

<RX FDQ SXEOLVK RSHQ DFFHVV ZLWK (OVHYLHU LQ KXQGUHG\
HVWDEOLVKHG VXEVFULSWLRQ MRXUQDOV WKDW VXSSRUW
SDUwW\ UH XVH RI WKHVH RSHQ DFFHVV DUWLFOHYVY LV GHILQHG
&RPPRQV XVHU OLIFEHQY B FEHN W RXBRAHRRUHSRQIRFUPDWLRQ
7THUPV &RQGLWLRQV DSSOLFDEOH WR DOO 2BHIH®FFHVYVY DUW
$Q\ UHXVH RI WKH DUWLFOH PXVW QRW UHSUHVHQW WKH DXW!
DUWLFOH QRU VKRXOG WKH DUWLFOH EH PRGLILHG LQ VXFK D
UHSXWDWLRQ ,I DQ\ FKDQJHYV KDYH EHHQ PDGH VXFK FKDQJH
7KH DXWKRU V PXVW EH DSSURSULDWHO\ FUHGLWHG DQG ZH
OLFHQVH DQG D '2, OLQN WR WKH IRUPDO SXEOLFDWLRQ RQ 6tF
,] DQ\ SDUW RI WKH PDWHULDO WR EH XVHG IRU H[DPSOH 1ILJ
ZLWK FUHGLW RU DFNQRZOHGJHPHQW WR DQRWKHU VRXUFH L'
HQVXUH WKHLU UHXVH FRPSOLHV ZLWK WKH WHUPV DQG FRQG
$GGLWLRQDO 7THUPV &RQGLWLRQV DSSOLFDEOH WR HDFK &UtL
&& %<IKH && %< OLFHQVH DOORZV XVHUV WR FRS\ WR FUHDWEF
ZRUNV IURP WKH $UWLFOH WR DOWHU DQG UHYLVH WKH $UWL
$UWLFOH LQFOXGLQJ UHXVH DQG RU UHVDOH RI WKH $UWLFOI
XVHU JLYHVY DSSURSULDWH FUHGLW ZLWK D OLQN WR WKH IRL
‘2, SURYLGHV D OLQN WR WKH OLFHQVH LQGLFDWHYV LI FKDQ
UHSUHVHQWHG DV HQGRUVLQJ WKH XVH PDGH RI WKH ZRUN 7
DYDLOBROHSDWUHDWLYHFRPPRQV RUJ OLFHQVHYV E\
&& %< 1& GEH && %< 1& 6% OLFHQVH DOORZV XVHUV WR FRS\ V
DEVWUDFWY DQG QHZ ZRUNV IURP WKH $UWLFOH WR DOWHU L
GRQH IRU FRPPHUFLDO SXUSRVHV DQG WKDW WKH XVHU JLYH
IRUPDO SXEOLFDWLRQ WKURXJK WKH UHOHYDQW '2, SURYLGFH
FKDQJHV ZHUH PDGH DQG WKH OLFHQVRU LV QRW UHSUHVHQW
ZRUN )XUWKHU DQ\ QHZ ZRUNV PXVW EH PDGH DYDLODEOH R
GHWDLOV RI WKH OLEWOANSH DFWHH DWDYBBDERPPRDW RUJ OLFHQVH\
&& %< 1& T'KH && %< 1& 1' OLFHQVH DOORZV XVHUV WR FRS\ D¢
SURYLGHG WKLV LV QRW GRQH IRU FRPPHUFLDO SXUSRVHV DQ
WKH $UWLFOH LI LW LV FKDQJHG RU HGLWHG LQ DQ\ ZzD\ DQG
FUHGLW ZLWK D OLQN WR WKH IRUPDO SXEOLFDWLRQ WKURXJ
OLFHQVH DQG WKDW WKH OLFHQVRU LV QRW UHSUHVHQWHG L[
IXOO GHWDLOV RI WKHKOWMWH Q VU BDW LDMHTFIRPIPROY RWJI OLFHQV

156



$Q\ FRPPHUFLDO UHXVH RI 2SHQ $FFHVV DUWLFOHV SXEOLVKH
1& 1' OLFHQVH UHTXLUHY SHUPLVVLRQ IURP (OVHYLHU DQG ZL
&RPPHUFLDO UHXVH LQFOXGHYV

$VVRFLDWLQJ DGYHUWLVLQJ ZLWK WKH IXOO WH[W RI WKH
&KDUJLQJ IHHV IRU GRFXPHQW GHOLYHU\ RU DFFHVV
$UWLFOH DJJUHJDWLRQ

6\VWHPDWLF GLVWULEXWLRQ YLD HPDLO OLVWV RU VKDUF

3RVWLQJ RU OLQNLQJ E\ FRPPHUFLDO FRPSDQLHV IRU XVH E\ I
2WKHU &RQGLWLRQV

Y

AXHVWLREDXVWRPHUFDUH#FRS\ULRKW FRP WROO IUHH LQ WKH 86 RU
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Chapter A

A.1 Adsorption of creatinine by various zeolites

During our experiments for this thesis, we tested 6 types of zedk to adsorb creatinine.
In this section, we compare all of them through the following procedue.

The creatinine adsorption test was carried out as follow: 0.01 g zeolites eve mea-
sured and added to tubes, and then 1 ml creatinine solution was added tthese tubes
and incubated for 0.5 h. These tubes were centrifuged at 12000 rpm to prgutate the
zeolites. 500 | supernatant was piped into 1.5 ml PBS bu er and mixed well before
ultraviolet spectrum tests.

The testing results are shown in Figure A.1. As we mentioned in the baaround,
the molecular size of creatinine is 0.71 x 0.81 x 0.3. Zeolites need to haeemparable
pore channel size with creatinine in order to adsorb it. We can see that20 type zeolite,
which is ferrite, barely adsorbs creatinine. The pore channel of feite is 0.42 x 0.54 and
0.35 x 0.48, which is smaller that the size of creatinine.

500-type zeolite does not adsorb any creatinine, even though the pore silecompa-
rable. The reason is that 500 is K cation type. H-protonated creatinine cannot replace
K*.

620, 640 and 690, which are H-morderite type zeolites, all adsorbed creatininbput
in various levels. The relation between the adsorption levels was 640 = 696 620.
The pore channel sizes of H-morderite zeolites are 0.65 x 0.7 and 0.34 x 0.48, whare
comparable to that of creatinine. As H-morderite has H* site in the channel, it can be
replace by H-protonated creatinine.

940, which is H-Beta type zeolite, adsorbed zeolite at the highest level Two reasons
contribute to this. The pore channel of this zeolite is 0.66 x 0.67 and 0.56 .56 nm,

which is comparable to creatinine. 940 is H type zeolite and it have sites that can be
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Figure A.1: The adsorption of creatinine by zeolites.

replaced by protonated creatinine.

For the zeolites from ZSM group, the adsorption level of creatinine wasP87 >
P371 = 890 > 840. This happens since P87 and P371 are nanopatrticles; they have
smaller grain size and higher surface area. Therefore, their adsorptiorevels are higher

than that of microparticles (840,890).

A.2 Adsorption of uric acid by various zeolites

In some preliminaries experiments for this thesis, we tried to se zeolite to adsorb uric
acid. The results are shown in Figure A.2.

The uric acid adsorption test was carried out as follow: 0.01 g zeolites wermeasured
and added to tubes. Then, 1 ml uric acid with concentration of 0.2 mmol andd.05 mmol
was added to these tubes and incubated for 0.5 h. These tubes were teéfuged at 12000
rpm to precipitate the zeolites. The supernatants were tested byultraviolet spectrum
test. From the result we can see that 4 types of zeolite did not adsorb anwric acid.
A possible explanation is that the uric acid does not protonate, so they annot replace

the adsorption site in zeolite. As such, zeolites do not adsorb uric acid
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Figure A.2:

The adsorption of uric acid by zeolites.

Name Structure Pore Size SIQ/AIO 3 BET(m?/g) Crystal size DLS
720 K-FER 0.42 0.54,0.35 0.48 17.7 170 1000 4097
500 K-LTL 0.71 0.71 6 290 400 702.2
620 H-MOR 0.65 0.7,0.34 0.48 15.7 400 1000-3000 2106
640 H-MOR 0.65 0.7,0.34 0.48 18 380 100500 1995
690 H-MOR 0.65 0.7,0.34 0.48 240 450 100500 2315
940 H-Beta 0.66 0.67,0.56 0.56 40 530 5001000 645
840 NH;-ZSM-5 0.51 0.55,0.53 0.56 40 330 20004000 1849
890 ZSM-5 0.51 0.55,0.53 0.56 1500 310 20005000 5560
P87 ZSM-5 0.51 0.55,0.53 0.56 87 362 300 578
P371 ZSM-5 0.51 0.55,0.53 0.56 371 362 300700 687

Table A.1:

A.3 Zeolite comparison data

Zeolites properties (all sizes in nm)

10 types of zeolites are purchased, with P87 and P371 from ACS Materials, LLCand

the rest of them from Tosoh Corporation. Their properties incluing structure, pore size,

the ratio of SiO,/Al ,03, BET, crystal size and particles size mearused throuhg dynamic

light scattering are presented in Table A.1.

A.4 Creatinine standard

The creatinine standard is calculated by linear regressionA.3.
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Figure A.3: Creatinine standard

Figure A.4: lllustration of water ux testing system

A.5 Raw data for PES-zeolite

PES-zeolite adsorption raw data related to chapter 6 is presented inable. A.2

A.6  Water flux

The water ux of the spin-coated composite membranes was measured ugina 10 ml
ultra Itration cell from Millipore, the system is illustrated in F igure A.4. The e ective
membrane area is 4.1 crh The system was rst steadied with water for 20 min at 11
psi to compact the membranes. Then, the water ux was measured at 10 pgor 20 min,

and calculated by equation

m
Flux = S (A1)

where m is the quality of the permeated water (g); S is the e ective membrane area
(m?); P is the pressure (hmmHg) andt is the permeated time (h).

The tested data is shown in Table A.3.
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Weight(g) Creatinine(mg/ml) Volume(ml) UV 235(nm)

0-PES 0.0348 0.1 6 1.371
O-PES 0.02998 0.1 6 1.339
O-PES 0.0334 0.1 6 1.368
50-840-PES 0.0822 0.1 6 0.439
50-840-PES 0.0794 0.1 6 0.375
50-840-PES 0.0767 0.1 6 0.59
50-P87-PES 0.1 0.1 6 0.784
50-P87-PES 0.104 0.1 6 0.738
50-P87-PES 0.097 0.1 6 0.828
50-P371-PES 0.1941 0.1 6 0.736
50-P371-PES 0.1797 0.1 6 0.924
50-P371-PES 0.1877 0.1 6 0.743
840 Powders 0.0406 0.1 6 0.8
840 Powders 0.0401 0.1 6 0.625
840 Powders 0.044 0.1 6 0.748
P87 Powders 0.05 0.1 6 0.445
P87 Powders 0.0513 0.1 6 0.485
P87 Powders 0.0505 0.1 6 0.439
P371 Powders 0.0919 0.1 6 0.224
P371 Powders 0.0906 0.1 6 0.224
P371 Powders 0.0925 0.1 6 0.184
Creatinine - 0.1 - 1.330
Creatinine - 0.1 - 1.369
Creatinine - 0.1 - 1.330
Table A.2: Creatinine adsorption by zeolites and their PES membranes.

Tests Membranes Water ux(g/m > h mmHg)

1 PES 0.85
2 PES 0.41
3 PES 0.31
1 PES-P87 77
2 PES-P87 136
3 PES-P87 124
Table A.3: Water ux
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Figure A.5: TGA data of pure PES and 50-P87-PES composite membranes

A.7 Thermal gravimetric analysis (TGA)

A Q500 TGA instrument from TA Instruments was used to carry out therm al gravimet-
ric analysis for pristine polyethersulfone and polyethersulfone-olite membranes. The
temperature scans were taken from room temperature to 800C with a heating rate of
10 C min ! and at an ambient atmosphere with a ow of 20 ml min 1. The results is

shown in Figure A.5.

A.8 Electric double layer for spherical particles

A sphere patrticle's electric double layer is illustrated in Figue A.6. Debye length( p)
is a measure of a charge charrier's net electrostatic e ect in solutionand it can be

expressed by the following equation in monovalent(1-1) electrolyte

r
0 rkBT

2N A€l (A2)

D=

where, | is the ionic strength of the electrolyte, and here the unit is mole/L, ¢ is the
permittivity of free space, ; is the dielectric constant, kg is the Boltzmann constant, T

is the absolute temperature in kelvins,N is the Avogadro number, e is the elementary

186



Figure A.6: lllustration of a sphere particle's electric double layer

charge.

1 X
> ci(z)? (A.3)
i=1

where, ¢ is the molar concentration of ioni (M, mol/L), z is the charge number of that
ion.

We know that Debye length is proportionally related to ionic strength of solution
through the following relation,

p/

=l |

A.9 Adsorption raw data

PES-zeolite indoxyl sulfate adsoprtion raw data is presented in tabe. A.4
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Weight(g) IS(mg/100ml) Volume(ml) 0.5h 1h 3h

0-PES 0.0347 3.5 6 471 561 480
0-PES 0.03348 3.5 6 535 563 511
0-PES 0.0329 3.5 6 495 555 536
50-P87-PES  0.102 3.5 6 392 417 357

50-P87-PES  0.0993 35 6 366 395 407
50-P87-PES 0.01026 35 6 368 418 401
P87 Powders 0.0572 35 6 367 341 366
P87 Powders 0.0569 35 6 386 373 380
P87 Powders 0.0506 35 6 399 385 396
- - 35 - 511

- - 35 - 504

- - 3.5 - 497

0-PES 0.0345 14 6 884 801 847
0-PES 0.03378 14 6 915 872 816
0-PES 0.0335 14 6 930 869 940
50-P87-PES 0.1013 14 6 808 789 814
50-P87-PES 0.1082 14 6 831 817 752
50-P87-PES 0.01023 14 6 844 795 877
P87 Powders 0.0534 14 6 787 767 797
P87 Powders 0.0526 14 6 786 781 797
P87 Powders 0.0563 14 6 796 776 813
- - 14 - 874

- - 14 - 881

- - 14 - 903

Table A.4: Indoxyl sulfate adsorption by P87 and its membranes.(EX 278 nm,EM 390 nm)
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