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BLOCK INTRODUCTION 

This is the second block of the Organic Chemistry (MCH-012) course of the 1st semester of 
the M.Sc. Chemistry Programme. In the 1st Block of Stereochemistry-I. You have already 
studied about the basic aspects of stereochemistry including the conformations and 
stereochemistry of some complex systems.  

In this block, you will study about some more aspects of stereochemistry. This block has four 
Units i.e., Units 5 to Unit 8. 

Unit 5, we will be dealing with “configuration and its correlation”. The Unit will begin with a 
discussion on the representation of configuration and the D, L, R, S and E, Z nomenclatures 
will be explained. This will be followed by a description on various methods of determination 
of configuration such as chemical correlation and method of quasiracemates.  

Unit 6, is based on “topicity and prostereoisomerism”. Here, the topicity of ligands and faces 
will be discussed along with their nomenclature. The concepts stereogenecity and 
chirogenecity will be then dealt with. This will be followed by a discussion on 
pseudoasymmetry. Finally, we will describe stereogenic and prochiral centres.  

Unit 7, on “asymmetric induction” describes is Cram’s, Prelog’s and Falkin-Ahn Models in the 
beginning. Then, the dynamic stereochemistry of acyclic and cyclic systems will be 
discussed. After that qualitative correlation between conformation and reactivity will be 
illustrated. Finally, Curtin-Hammett Principle will be explained. 

Unit 8, on “molecular dissymmetry and chiroptical properties deals with many interesting 
aspects such as linear and circularly polarised lights circular bireferingence and circular 
dichroism. After their description ORD and CD curves will be explained alongwith the cotton 
effect. This will be followed by a description of the axial halokteone rule. You will also study 
about octant diagrams. Then, helicity and Lowe’s rule will be discussed. Finally, some 
applications of ORD and CD to the structural and stereochemical problems will be illustrated.  

Expected Learning Outcomes 
After studying the units of this block, you should be able to:  

v discuss various ways of representation of configuration and explain different methods of 
its determination; 

v explain topicity of ligands and faces and described the concepts of stereogenecity, 
chirogenecity, pseudoasymmetry and stereogenic and prochiral centres; 

v describe Crams’s Prelog’s and Felkin-Ahn Models and dynamic stereochemistry of 
acyclic and cyclic systems; 

v make qualitative and coorelation between conformation and reactivity;  

v discuss ORD and CD curves and Cotton effect; and 

v describe axial heloketone and Lowe’s rule and give applications of ORD and CD to 
structural and stereochemical problems.   
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UNIT 5 

CONFIGURATION AND ITS 
CORELATION 

Structure 
5.1 Introduction 

 Expected Learning Outcomes 

5.2 Representation of Configuration: 
E, Z  and D, L, R ,S 
Nomenclature 

 E/Z Nomenclature for Geometrical   
Isomers 

   Configuration and Fischer   
Projection Formulae 

 Configurational Notations for 
Optical Isomers 

5.3    Determination of Configuration:  

   Different Methods  

     Chemical Correlation 

     The Method of Quasi-racemates 

5.4 Summary 

5.5 Terminal Questions 

5.6 Answers 

5.1 INTRODUCTION 
This is the first unit of this block and it deals with configuration and its 
correlation. You already know that the configuration refers to the 
arrangements of different atoms or groups attached to a rigid part or fixed 
framework of a molecule. Thus, it could be an asymmetric centre in a molecule 
or a double bond or a cyclic structure around which the arrangement of the 
groups can be specified. 

We will begin this unit by briefly discussing different ways of representation of 
configuration by using E/Z, D/L and R/S nomenclature. Though, you have 
already studied about them in your previous classes but few examples would 
refresh your knowledge about these methods. 

In addition, you will also study about the determination of configuration using 
different methods. We would keep our discussion limited to the methods of 
chemical correlation and quasi-racemates. Thus, it would be interesting to 
study how to correlate and determine the configuration of a given stereoisomer 
to the configuration of the other compound of known configuration. 
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Expected Learning Outcomes 
After studying this unit, you should be able to: 

 explain different ways of assigning configuration i.e., E/Z, D/L and R/S to 
a given compound/stereoisomer; 

 assign the configuration as E/Z or R/S to a given stereoisomer according 
to the designated set of rules; 

 discuss the method of chemical correlation for determination of 
configuration;  

 explain the method of quasi-racemates of determination of configuration; 
and  

 arrive at the configuration of a given compound on the basis of the above 
mentioned methods. 

5.2 REPRESENTATION OF CONFIGURATION:   
E, Z  AND D, L; R ,S NOMENCLATURE 

You already know that cis, trans or geometrical isomers are the isomers of 
the type baC=Cab. But, in the molecules of the type as given below, 

C C

a b

or
a b

C C

a b

a d
 

where the carbon atoms forming the double bond carry identical substituents, 
such an isomerism is not possible. 

Let us now see what happens when all the four substituents around the double 
bond are different. For such a case, the following different arrangements of the 
groups are possible,  

C C

a x

or
b y

C C

a y

b x
 

The question that immediately arises is how to differentiate these two 
compounds? Can you designate them as cis or trans? The answer is No 
because the cis, transnomenclature does not provide clear guidelines about 
how to designate these isomers.  

To designate such isomers, an unambiguous system of nomenclature called 
E/Z system is used. This system of nomenclature is based on the sequence 
rules developed by Cahn, Ingold and Prelog and is discussed below. 

5.2.1  E/Z Nomenclature for Geometrical Isomers  

In this system, each of the two groups attached to same carbon atom of the 
double bond is assigned priority according to the sequence rules. This is done 

Although the Cahn-
Ingold-Prelog 
sequence rules and 
the E/Z system have 
been sanctioned by 
IUPAC, use of 
cis,trans 
nomenclature, in the 
cases where it can be 
used unambiguously, 
is allowed by IUPAC. 
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for both the carbon atoms forming the double bond. If the groups of higher 
priority are on opposite sides of the double bond, then the isomer is said to 
have E configuration. Otherwise, when the groups having higher priority are on 
the same side of the double bond, then the isomer is known as Z isomer. The 
letters E and Z are derived from the German words entgegen meaning 
opposite and zusammen meaning together. Thus, we can say that, 

C C

higher 
priority

E isomer

lower 
priority

lower 
priority

higher 
priority

C C

higher 
priority

Z isomer

lower 
priority

lower 
priority

higher 
priority

 
Let us now study the sequence rules given by Cahn, Ingold and Prelog.  

Cahn-Ingold-Prelog Rules 

These rules are explained below: 

1. Atoms of the higher atomic number have higher priority. For example, 
oxygen (At. No. 8) has higher priority than carbon (At. No. 6) which in turn 
has higher priority than hydrogen (At. No. 1). 

2. When the priority is to be decided between the atoms which are isotopes 
of the same element, then the isotope of higher atomic mass has higher 
priority.  

 Thus, deuterium ),H(2
1  an isotope of hydrogen has higher priority than 

hydrogen ).H(11  

3. When the two groups attached to the carbon atom involved in the 
formation of double bond have the same atoms as points of attachment, 
then the priorities are assigned according to the first point of difference, 
applying the same considerations of atomic number and atomic mass as 
given above in Rules 1 and 2.  

 To understand this, consider that the two groups attached to the carbon 
atom involved in the formation of double bond are ethyl and propyl 
groups, as shown below: 

C C

CH2CH3

1

3

2

CH2CH2CH3
1 2

 
Here, both these groups are attached to the carbon atom forming the 
double bond by carbon atoms. To decide which of the two groups will 
have higher priority, look at the substituents on C1 carbon atoms of the 
ethyl and propyl groups. You will find that in both the groups, two 
hydrogens are attached to the C1 carbon atom. Let us move to the next 
carbon, C2.  
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In case of the ethyl group, there are three hydrogens attached to C2 
carbon while the propyl group has two hydrogens and one carbon 
attached to the C2 carbon. Clearly, then this is the first point of difference 
where the C2 carbon of propyl group has the substituents C, H, H while 
that of the ethyl group has the substituents H, H, H. Hence, the propyl 
group has higher priority than the ethyl group. 

4. When we come across double or triple bonds while assigning the 
priorities, then these groups are visualised in such a way that the bonded 
atoms are duplicated or triplicated as the case may be. For example, in 
the group –HC=CH2, a carbon atom attached to another carbon atom by a 
double bond is considered to be bonded to two carbon atoms. Thus, this 
group can be regarded as follows: 

C

HC CH2

C  
 

Similarly, the                 group is treated as equivalent to                 . 

 

This is a kind of expansion of the groups attached to a multiple (double) 
bond in such a way that each atom is shown as linked to the other atom 
by a single bond. Thus, to write for the group shown below, 

C CH
1 2

 

first expand at C1 carbon which has all the three bonds linked to the 
carbon atom numbered as C2. Thus, C1 is to be shown as if it is linked 
to three carbon atoms like this, 

C CH1

C

C
2

 

Now, repeat the same for the C2 carbon, which is expanded in such a 
way that it is shown to be linked to three carbon atoms. This is shown 
below: 

C C
1

C

C
2

C

H

C
 

The above is the equivalent form of CCH group which should be 
considered for assigning the priority. 

Thus, CCH group has higher priority than –HC=CH2 group because in 
the expanded form of  CCH group, carbon atom shown by number 1 

C H

O

 
C

O

O

C

H

O
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has two carbon atoms linked to it whereas in –HC=CH2 group, carbon 
atom shown by number 1 has only one carbon atom linked to it in the 
expanded form. 

In the guidelines provided by these sequence rules, some commonly 
occurring groups can be arranged in the decreasing order of their priority 
as follows: 

BrClHSFCH3COHCOCH3CH2O

O

HOH2NCH3OCHOCCH3CHCHOCH2

O

O O O O

(CH3)3CCH2=CH(CH3)2CHCH3CH2CH3H
 

Let us now study some examples which illustrate how a given compound 
is designated as E or Z, using the above sequence rules. 

Example 1: 

C C

higher priority

lower priority

CH3 CH2CH3

H CH3

higher priority

lower priority  

In this compound, groups of higher priority are on same sides of the 
double bond; hence, it is the (Z)isomer. 

Example 2:  

C C

higher priority

lower priority

CH3

Cl

H

higher priority

lower priority

H

 

In this case, groups of higher priority are on opposite sides of the double 
bond; hence, it is the (E)isomer 

Similarly, the isomer shown below, 

C C

lower priority
Cl

H

CH3 higher priority

lower priority
Br

higher priority

 

is (E)isomer and can be named as (E)1bromo1chloropropene. 



 
 
Block Stereochemistry-II 

114

And, the isomer shown below: 

C C

lower priority
H

CH2OH

CH3

higher priority higher priority
CH3

lower priority  
is (Z)isomer and can be named as (Z)2methylbut2enol. 

SAQ 1   
Assign the configuration as E or Z to the following compounds: 

 
 
i) C C

CH3CH2

CH2CH3H

CH3

 

 

ii) 

   

C C

Br CH2Br

Cl CH3  
 

5.2.2    Configuration and Fischer Projection Formulae 
The term configuration was used above for geometrical isomers to indicate the 
spatial arrangement of groups around a rigid framework. Similarly, the term 
configuration as applied to optical isomers indicates the spatial arrangement of 
atoms or groups around the chiral centre. 

You know that the actual molecules are three-dimensional in nature. So, the 
spatial arrangement of groups in a molecule, i.e. its configuration, can be 
specified either by making its three-dimensional model or by writing the 
corresponding projection formulas. Also, to specify the configuration of a 
molecule having several chiral centres, the configuration at each chiral centre 
needs to be specified. 

This specification of configuration for a molecule becomes more and more 
difficult as the number of chiral centres goes on increasing. Thus, a need was 
felt for a convention to represent the actual three-dimensional structure of 
molecules in two dimensions, (i.e. in the plane of the paper) in a simple and 
convenient way. The German chemist Fischer introduced such a convention. 
He called his representations as projection formulas. These representations 
are now known after his name as Fischer projection formulae as shown in 
Fig. 5.1. 

 
Fig. 5.1: Writing Fischer projection formula for a molecule: a) perspective drawing 

of a molecule having one chiral carbon atom; b) two substituents each in 
horizontal and vertical planes at right angles to each other;                                 
c) representation of molecule in plane of paper; and d) the Fischer 
projection formula. 

 
Emil Fischer 

(Recived Nobel Prize in 
1902) 

 
A Fischer projection 
formula is a standard 
way of depicting 
tetrahedral carbon 
atoms and their 
substituents in two 
dimensions. 
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5.2.3 Configurational Notations for Optical Isomers  

The existence of enantiomers poses special problem of their nomenclature. As 
the enantiomers differ from each other in their direction of rotation, prefixes d 
and l were used earlier to designate the dextrorotatory and levorotatory 
isomers, respectively. But, it was realised that the sign of rotation does not tell 
about the absolute configuration of the compound. Thus, to describe the 
structure of a compound completely, it was necessary to specify the 
configuration at each chiral centre. 

I.  D, L System of Nomenclature 

One of the earliest attempts to specify the configuration is that of Fischer 
which dates back to 1891.  According to this system, the configuration at a 
particular carbon atom is designated by selecting a main chain in the molecule 
in the sense of the rules which are used for nomenclature. The molecule is 
then oriented vertically in such a way that the carbon atom numbered 1 in the 
chain is at the top. Then, the main substituent attached to the chiral centre is 
looked for. For example, in glyceraldehyde, it is an – OH group. If in the 
Fischer projections of the compound the main substituent group is on the 
right, then the molecule is said to have D configuration and when this main 
substituent is on the left, then the molecule is said to have L configuration. 

Rosanoff (1906) suggested that a particular configuration be assigned to  
(+)-glyceraldehyde. The Fischer projection corresponding to this configuration 
is given below. 

CHO
OHH

CH2OH

1

2

3
 

Thus, according to this system of designation of configuration as D or L, the 
carbon chain in (+)-glyceraldehyde can be numbered and oriented as shown 
above. Here, the substituent on the chiral centre is hydroxyl (OH) group. 
Since, it is on the right side, hence, (+)-glyceraldehyde has D configuration. 
Similarly, the enantiomer of (+)-glyceraldehyde i.e., ()-glyceraldehyde will 
have L configuration. Thus, we can designate the two enantiomers as  
D-(+)-glyceraldehyde and L-()-glyceraldehyde.  

Also, all compounds having an arrangement of atoms similar to that at the 
chiral centre of (+)-glyceraldehyde at the corresponding carbon atom are 
members of the D family. Similarly, we can state for the L family. Some 
examples of compounds belonging to D and L families are shown below.  

 

CHO

CH2OH

H OH

COOH

CH3

H OH

D-family
COOH

HHO

H OH

COOH

CHO
H OH

HHO

H OH

H OH

CH2OH

D--glyceraldehyle D--lactic acid D--tartaric acid

D--glucose

The D, L system is 
useful in specifying 
the configurations for 
carbohydrates and 
amino acids. 

CHO

glyceraldehyde

CH OH

CH2OH

main 
substituent

 
There is also a 
convention that the 
longest carbon chain 
forms the vertical 
back bone of the 
Fischer projections 
with the most highly 
oxidised carbon (if 
any) at the top; and 
then the substituents 
are projected 
horizontally. 

Do not confuse d and 
l with D and L. The 
lower-case d and l 
were used in many 
places in older 
literature to specify 
the direction of 
rotation 
(synonymously with 
‘+’ and  
‘’). But D and L are 
used to specify the 
configuration at the 
chiral centre. 
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HHO

CHO

CH2OH

HHO

COOH

CH3

HHO

L-family
COOH

COOH

COO

H3N
+ HH OH

CH3

 

 
The D, L system can be applied only when the main chain and the main 
substituents can be unambiguously chosen; hence, in some cases, it is not 
possible to assign the configuration by this system. For example, the 
molecules of the type cannot be assigned configuration according to this 
system. 

Cl

F C

Br

H

 
Also, there are cases when it is difficult to assign the configuration 
unambiguously to the molecules containing more than one chiral centre. 

Thus, a more systematic way of denoting configurations was needed. The 
system that emerged is called the R, S convention and is discussed below. 

II.  R/S System 

The R/S system of designating configuration is based on the actual three-
dimensional formula of the compound to be named. In this system, the 
configuration at the chiral centre is assigned by assigning the order of 
precedence to the groups attached to the chiral centre according to the 
specific set of rules.  

These rules have been already listed above as Cahn-Ingold-Prelog priority 
rules in. According to this system, the configuration of a given chiral centre can 
be assigned using the following steps: 

1. Identify the four substituents attached to the carbon atom for which the 
configuration is to be assigned. 

2. Arrange these substituents in the decreasing order of priority as  
1 > 2 > 3 > 4 which is determined by Cahn-Ingold-Prelog rules. 

3. View the molecule in such a way that the substituent of lowest priority is 
away from observer, see Fig. 5.2. 

 
Fig. 5.2: Viewing of the molecule. 

L-(+)-alanine L-()-tartaric acid L-(+)-lactic acid L-()-glyceraldehyle 
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4. When the molecule is viewed in the way as suggested in step 3, the 
remaining substituents 1, 2 and 3 appear as spokes of a wheel, with the 
carbon atom at the centre of the wheel, as shown below as shown in  
Fig. 5.3. 

 
Fig. 5.3:  View of the molecule with substituent of least priority at the back and 

configuration determination thereof. 

Now, trace a path starting from the substituent of highest priority to the 
substituent next in order of priority, i.e., from 1 to 2 to 3. If this path is in 
clockwise direction, as in the case of arrangement shown above, then the 
chiral centre is said to have the R configuration (R from rectus, a Latin word 
meaning: right). 

If this path from 1 to 2 to 3 has an anticlockwise direction, then the chiral 
centre is said to have the S configuration (S from sinister, a Latin word 
meaning: left), see Fig. 5.4 given below:  
 

 
Anticlockwise, therefore; S 

Fig. 5.4: Arrangement of substituents and configuration determination. 

Since, the assignment of R or S configuration to the molecule requires a 
specific orientation of the molecule in space , you should be able to write the 
three-dimensional orientation of a molecule from its Fischer projections and 
vice-versa. 

Let us now take the example of D-(+)-glyceraldehyde and see how the 
configuration at the chiral centre of a molecule can be assigned starting from 
its Fischer projection. The Fischer projection formula of D-(+)-glyceraldehyde 
can be written as follows: 

CHO

H OH

CH2OH
1

2

3

4
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The four substituents attached to the chiral centre have the order or priorities 
as shown by the numbers 1>2>3>4. Now, the molecule is to be viewed in such 
a way that the substituent of lowest priority i.e. having number 4 in the priority, 
which is a hydrogen in this case, is away from the viewer. In other words, in 
the Fischer projection formula, this substituent should find a place at the 
bottom end. Thus, we have to transform the above Fischer projection into 
another Fischer projection as shown below: 

CHO

H

OH

HOH2C

1

23

4  
This new Fischer projection corresponds to the following perspective drawing. 

C CHOHOH2C

OH

H
4

1

3 2

 

The molecule is then projected in such a way that H is at the back. 

C
CHO

HOH2C 
H

OH

2

1

3

4

 
Then, by overlooking this H, path from 321  is traced as illustrated below. 

C
CHOHOH2C 

OH

2

1

3

 
Since, this path is clockwise, hence, D-(+)-glyceraldehyde is assigned R 
configuration. 

There is another way which allows the assignment of configuration without 
having to visualise the three-dimensional structure of the molecule. Let us 
study it. 

A simple way to assign R or S Configuration using Fischer Projections 

It is a short cut method and requires that the Fischer projection is written in 
such a way that the substituent of lowest priority is at bottom. Then, this 
substituent is neglected and the configuration is assigned by tracing the path 
from 1 to 2 to 3, as stated before. 

With the 
determination of 
absolute configuration 
of (+)-tartaric acid, the 
absolute configuration 
of its enantiomer  
()-tartaric acid was 
also established. The 
()-tartaric acid and 
(+)-glyceraldehyde 
were known to have 
the same relative 
configuration. Thus, 
the absolute 
configuration of 
 (+)-glyceraldehyde 
was also established; 
and the configuration 
assigned earlier to 
(+)-glyceraldehyde 
arbitrarily was found 
to be correct. 
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2

1

3

4 neglect it and trace the path from 
1 to 2 to 3. Since, this path is in 
clockwise direction, hence the 
configuration is R.  

Similarly, in case of (+)-2- butanol, 

C OH
CH3CH2 

H

(+)-2-butanol

CH3

 

the order of priority of substituents is .HCHCHCHOH
43

3
2

23
1

 If the molecule 

is viewed in such a way that the H is at the back, then the other substituents 
appear as shown below: 

C

CH3

CH3CH2 OH
2 1

3

*

 

Now, trace the path from 1 to 2 to 3 which is anticlockwise in this case. Hence, 
the configuration of the carbon atom marked by asterisk (*) is S. 

In the compounds containing more than one chiral centre, the configuration is 
specified at each of these centres. For example, in case of 2,3-dichlorobutane,  

2C C

CH3

H
Cl

H
Cl

CH3

2
3

1

3
1

2,3-dichlorobutane  

the priorities of substituents at the C-2 and C-3 chiral centres are as follows: 

Cl  >  CH       >      CH3   >   H

Cl

CH3

1 2 3 4

 
Focusing our attention on C-2 carbon, the path from substituents 1 to 2 to 3 
has anticlockwise direction; hence, it has S configuration. Similarly, at C-3 
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carbon also, the path from 1 to 2 to 3 is in anticlockwise direction. Hence, it 
also has S configuration. Thus, this isomer of 2,3-dichlorobutane is named as 
(2S,3S)-2,3-dichlorobutane.  

It is not difficult to decide whether a molecule has R or S configuration, if the 
actual arrangement of the groups about the chiral centre is known. But, how to 
determine the actual arrangement of the groups? Until 1951, the absolute 
configuration of any optically active compound was not known. In 1951, Bijvoet 
determined the absolute configuration of (+)-tartaric acid using a sophisticated 
modification of X-ray diffraction called anomalous dispersion. Then, the 
absolute configurations of all other compounds whose configurations had been 
related to (+)-tartaric acid were also revealed. 

SAQ 2   
Mark the chiral centre in the following compounds and assign them the 
configuration as R/S at each of the chiral centres. 

i)  
CH3H

  

ii) 
CH

CH3

HNH2

CH2  
 

5.3  DETERMINATION OF CONFIGURATION– 
DIFFERENT METHODS 

After understanding different ways of representation of configuration, let us 
have an insight about how the configuration of a stereoisomer is determined. 
Here, we will keep our discussion focused on the determination of 
configuration of optical isomers only. 

The absolute configuration of a compound can be determined using X-ray 
diffraction. This method was first applied in 1951 by Bijvoet to know the 
configuration of tartaric acid. Since then, this method has been used to know 
the configuration of many compounds. Today, X-ray diffraction studies have 
become a routine method of analysis. 

But in those days, many naturally occurring compounds such as terpenoids, 
steroids, carbohydrates, alkaloids, amino acids etc. were being studied and 
synthesised. The configurations of many optically active compounds were 
determined by correlating the configuration with that of the other known 
compound. 

Such a correlation involved the following methods 

 Chemical correlation 
 Method of quasi-racemates 

Let us now study them in detail. 

In the light of the fact 
that the configuration 
of a chiral centre in a 
compound is not 
changed unless at 
least one bond at the 
chiral centre is 
broken, chemists on 
the basis of the 
experimental 
evidences  realised 
that the configurations 
of various optically 
active compounds 
can be related to 
each other even 
without knowing their 
absolute 
configurations. Thus, 
relative configurations 
of a large number of 
compounds could be 
determined. 
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5.3.1  Determination of Configuration by Chemical 
Correlation 

This method involves the chemical transformation of a compound , say X, of 
unknown configuration to another compound ,say Y, of known configuration 
involving only such reactions in which 

(i) bonds linked to the stereocentre/asymmetric centre are not affected. 
(ii) the stereochemical outcome of the reaction is clearly known. 

This can be easily illustrated using the correlation of configuration of  
(+)-glyceraldehyde by chemically transforming it to tartaric acid whose 
configuration is already known. 

glyceraldehyde

CHO

CHOH

CH 2OH

1

2

3

COOH

CHOH

CHOH

COOH

1

2

3

4

tartaric acid  

So, we have to convert (+)-glyceraldehyde to tartaric acid in such a way so 
that the stereochemistry at its C–2 carbon remains intact. 

This can be done by the following sequence of reactions: 

(+)-glyceraldehyde

CHO

CHOH

CH2OH

1

2

3

CN

CHOH

CHOH

CH2OH

1

2

3

4

tartaric acid

HCN
H2O

COOH

CHOH

CHOH

CH2OH

1

2

3
oxidation

4

COOH

CHOH

CHOH

COOH

1

2

3

4

 

But out of the three possible stereoisomers of tartaric acid, i.e., shown below 
as (I), (II) and (III); only (I) and (III) were obtained. 

1

()-tartaric acid
(I)

COOH

OH H

H OH

COOH

2

3

4

1

(+)-tartaric acid
(II)

COOH

H OH

OH H

COOH

2

3

4

1

meso-tartaric acid
(III)

COOH

H OH

H OH

COOH

2

3

4

 
This indicates that the stereochemistry of (+)-glyceraldehyde is related to that 
of the C–3 of tartaric acid as shown below: 

1

D-(+)-glyceraldehyde

CHO

H OH

CH2OH

2

3

()-tartaric acid
(I)

COOH

OH H

H OH

COOH
meso-tartaric acid

(III)

+
COOH

H OH

H OH

COOH
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Thus, the configuration of C-2 of (+)-glyceraldehyde is same as that of C-3 of 
()-tartaric acid and using the stereo descriptor, we can write it as                     
D-(+)-glyceraldehyde as done above. 

By arriving at the configuration of D-(+)-glyceraldehyde, we can easily predict 
and write the configuration of L-()-glyceraldehyde as follows: 

1

D-(+)-glyceraldehyde

CHO

H OH

CH2OH

2

3

1
CHO

OH H

CH2OH

2

3

L-()-glyceraldehyde  
Let us take another example. It was determined by the X-ray diffraction studies 
that naturally occurring (+)-alanine had the following configuration: 

COOH

 H2N H

CH3

L-(+)-alanine    
The configuration of ()-cysteine could then be determined using it. 

        

1

2

3

()-cysteine

 CHNH2

 COOH

 CH2SH

 
L-(+)-alanine on reaction with Ba(SH)2 is reported to give ()-cysteine. So 
these two amino acids have the same configuration at C-2 and ()-cysteine is,     
therefore ,an L-amino acid. 

1COOH

C

CH2SH

HNH2
2

3

L-()-cysteine  
Also, configuration of ()-serine was correlated with L-(+)-alanine by its 
conversion using the following reactions: 

L-(+)-alanine

COOH

NH2 H

CH3

COOH

CHNH2

CH2Cl

L-()-serine

reduction PCl5
COOH

CHNH2

CH2OH

 
Thus, L-()-serine would have the following configuration: 

COOH

NH2 H

CH2OH
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This leads to the configuration of (+)-serine as given below; hence, a                      
D-configuration at C–2 carbon. 

COOH

H NH2

CH2OH

 

The configuration of two compounds can also be correlated by transforming 
them to a common intermediate component. Thus, a knowledge of 
configuration of D-(+)-serine as obtained above could be used to determine 
the configuration of ()-aspartic acid. 

D-(+)-serine could be converted to compound A by the following sequence 
reactions without affecting the configuration at C–2 carbon. 

1

2

3

D-(+)-serine

 COOH

 CH2OH

 H  NH2
 PCl5

1

2

3

 COOH

 CH2Cl

 H  NH2

1

2

3

 COOH

 CH2NH2

 H  NH2

 A

 Hoffmann 
 Degradation

1

2

3

 COOH

 CH2COOH

 H  NH2
 H2O

1

2

3

 COOH

 CH2CONH2

 H  NH2

()-aspartic acid  (an amide)
 B

 
This intermediate compound A can also be obtained from the amide (B) by 
Hoffmann degradation as shown above; as no change in configuration takes 
place in this reaction. The configuration of compound B is therefore same as 
that of configuration of A. 

Compound B can be hydrolysed to the ()-aspartic acid. Hence, ()-aspartic 
acid has same configuration at C–2 as that of compound B which in turn has 
same configuration at C-2 as D-(+)-serine.   

Thus, the method of determination of configuration by chemical correlation is 
very useful and the configurations of many compounds can be determined by 
extending the chain of correlations to many other compounds. For this, you 
must have a good knowledge about the organic functional group 
transformations and the reactions mechanisms to plan such chemical 
transformations. 

You can check your understanding now by answering the following SAQ. 

SAQ 3 
A compound, (+)-isoserine was converted to ()-glyceric acid using HNO2.     
()-Glyceric acid was also obtained from D-(+)-glyceraldehyde using HgO. 
What are the configurations of C–2 carbon atoms in (+)-isoserine and           
()-glyceric acid? 
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5.3.2  The Method of Quasi-Racemates 

So far, we have studied about chemical correlation of configuration. But now, 
you will study about one more method of correlation of configuration of 
compounds without actually chemically transforming them into each other. 
This method, called method of quasi-racemates had been extensively used by 
Fredga and it makes use of the phase diagrams when two compounds 
(enantiomers) are mixed together whose configurations are to be correlated. 

It is interesting and important to know more about the racemic mixtures about 
which you have already got some knowledge. In many cases for solid 
samples, such mixtures are not just simple mixtures but these are molecular 
compounds formed by the enantiomers and their physical properties such as 
melting point, solubility, density etc. are different from those of their 
enantiomers. Such racemates show the phase diagram as shown below in 
Fig. 5.5. 

 racemate
 100% A  100% B

 m
el

tin
g  

po
in

t

 50%
 

Fig. 5.5: Phase diagram for the formation of a molecular compound. 

When the two enantiomers are mixed, the other possibility is the formation of a 
simple mixture, also called a conglomerate. In this situation, their phase 
diagram looks like as shown in Fig. 5.6. 

 racemate
 100% A  100% B

 m
el

tin
g 

po
in

t

 50%
(  ) ( + )  

Fig. 5.6: Phase diagram for the formation of a simple mixture. 

You can see that the melting point of such a racemic mixture is lower than that 
of the pure enantiomers. 

Thus, by looking at the phase diagrams, you can say that whether a racemic 
compound forms or a simple racemic mixture exists when the two enantiomers 
are mixed. 

Now, how to apply this knowledge for the determination of configuration of a 
compound?   
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The method was suggested by early observations made by Centnerszwer in 
1899 that two chemically similar chiral substances such as (+)-chlorosuccinic 
acid and ()-bromosuccinic acid form a molecular compound in the solid state. 

Such a molecular compound is called a quasi- recemate as it is formed from 
similar compounds but not from enantiomers. 

Detailed studies of this phenomenon using substances of known configuration 
showed that, in general, compound formation (as observed by melting point 
diagrams) occurs between chemically similar optically active species only 
when they are of opposite configuration.  

However, the species of like configuration, instead, show the phase diagram  
of simple mixtures. 

 Hence, we can conclude that the compounds-  (+)-chlorosuccinic and               
()-bromosuccinic acid are of opposite configuration. 

Let us understand  the correlation of configuration of ()-malic acid and (-)-
methylsuccinic acid. The coorelation of the configuration of these two 
compounds cannot be done directly as hydroxyl and methyl are quite 

()-malic acid
(known 

configuration)

COOH

COH H

CH2COOH

(+)-ethyl xanthate 
derivative of malic 

acid (I)

COOH

 C H

CH2COOH

(+)-ethyl thionecarbonate 
derivative of thiolsuccinic 

acid (II)

COOH

CHH

CH2COOH

()-methylsuccinic
acid

COOH

CCH3 H

CH2COOH

(+)-thiolsuccinic
acid

COOH

C SHH

CH2COOH

These substances have 
opposite configurations as they 
form quasi-racemates. 

These substances have opposite 
configurations as they form 
quasi-racemates. 

 C2H5SC    O

 S

 S    C    OC2H5

 S

 

Correlation of configuration of malic acid and methylsuccinic acid 

different and unequal in size. Hence, as shown above, (S)-()-malic acid can 
be converted into the dextrorotatory ethyl xanthate derivative (I). (I) was then 
compared, with the dextrorotatory ethyl thionecarbonate derivative of (+)-2-
thiolsuccinic acid (II) by the method of quasi-racemates.  

The phase diagrams as given in Fig. 5.7 indicate that (+)-I and (+)-II are of 
opposite configuration. The relative configuration of ()-malic acid and (+)-
thiolsuccinic acid thus follows.  

 (+)-Thiolsuccinic acid, in turn, has been correlated by the method of quasi- 
racemate with ()-methylsuccinic acid. 

 
Mieczysław 
Centnerszwer 
(July 10, 1874 – March 
27, 1944) 
A Polish Chemist  
Centnerszwer’s 
observations laid the 
foundation for the 
“method of quasi-
racemates”.  

The compounds (+)-
chlorosuccinic acid 
and ()-
bromosuccinic acid 
have an “almost 
mirror image” 
relationship. Such 
compounds were 
later called 
“quasienantiomers”, 
and hence, a 1:1 
mixture of 
quasienantiomers is a 
“quasiracemate”. 
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The phase diagram of mixtures of (+)-thiolsuccinic acid and ()-methylsuccinic 
acid is similar to Fig. 5.7 (a), indicating compound formation, whereas                    
() -thiolsuccinic acid and ()-methylsuccinic acid form a mixture as indicated 
by Fig. 5.7(b).  

 100% A  100% B
 m

el
tin

g 
p o

in
t

( + )
 100% A  100% B

 m
el

ti n
g 

po
i n

t

( + ) (  )( + )  (a)  (b)  

Fig. 5.7    Phase diagrams for mixtures of the dextrorotatory thiolsuccinic acid 
with the (a) dextrorotatory and (b) levorotatory methylsuccinic acid. 

Let us next consider another situation in which the method of quasi-racemates 
has been extended. Here, two similar substances, (+)-A and ()-B, have the 
same configuration when they form a solid solution and (+)-A and (+)-B [or ()-
A and ()-B] show the phase behavior of a simple mixture.  

Thus, (+)-2-chloro-2-phenylacetamide forms a solid solution with                                
(+)-hydratropamide whereas its levorotatory enantiomer forms only mixtures 
with (+)-hydratropamide, as shown below:  

(+)-hydratropamide

CONH2

CCH3 H

C6H5

(+)-2-chloro-2-phenylacetamide

CONH2

CCl H

C6H5

same configuration 
 

It has been concluded that (+)-2-chloro-2 phenylacetamide and                              
(+)- hydratropamide have the same configuration, the correlation is shown by 
the phase diagrams in Fig. 5.8. 

 100% A  100% B

te
m

pe
ra

tu
re

, o C

(  ) ( + )
 100% A  100% B

te
m

pe
ra

tu
re

, o C

( + )( + )  (a)  (b)  
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Fig. 5.8: Phase diagrams for mixtures of (+)- and (-)-2-chloro-2-phenylacetamide 
and (+)-hydratropamide. 

In summary, if A and B form a compound and A and the enantiomer of B (or B 
and the enantiomer of A) form a mixture (or a solid solution), then A and B are 
of opposite configuration. 

 If A and B form a solid solution and A and the enantiomer of B form a 
mixture,then A and B have the same configuration.Also, the A and the 
enantiomer of B have opposite configurations. 

Though the method of quasi-racemates for determination of configuration is 
simple and quick to use, it has the following limitations. 

 The compounds compared must be chemically very similar, otherwise the 
result is not reliable.  

 The method is useful only when ()-A and (+)-B form a compound and                
()-A and ()-B form a mixture but not when both pairs form the mixtures 
or when both pairs form the compounds.  

 It is necessary that both enantiomers of at least one of the two 
components involved in the comparison is available.  

The chemical coorelation and the method of quasi-racemates were used 
earlier for determination of configuration, other methods have also found use 
for this purpose in the due course of time. These methods involve the use of 
spectral studies and X-ray diffraction studies.  

Similar to the true racemic compounds which differ from the enantiomers, in 
their solid – state, infrared spectra and X-ray patterns, the quasi-racemic 
compounds exhibit different infrared spectra and X-ray patterns from those of 
the simple mixtures of their components. 

Hence, if infrared spectra and X-ray patterns are simple summations of the 
spectra or patterns of ()- A and ()-B taken singly, then ()-A and (-)-B 
together form simple mixtures .But ,if ()- A and (+)-B on mixing give new             
IR bands and exhibit distinct patterns, then ()- A and (+)-B have formed a 
compound and hence; have opposite configurations. 

5.4   SUMMARY 

In this unit, you have learnt that 

 Each of the two groups attached to same carbon atom of the double bond 
is assigned priority according to the sequence rules. This is done for both 
the carbon atoms forming the double bond.  

If the groups of higher priority are on opposite sides of the double bond, 
then the isomer is said to have E configuration. Otherwise, when the 
groups having higher priority are on the same side of the double bond, 
then the isomer is known as Z isomer. The letters E and Z are derived 
from the German words entgegen meaning opposite and zusammen 
meaning together. 
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 The R/S system of designating configuration is based on the actual three-
dimensional formula of the compound to be named. In this system, the 
configuration at the chiral centre is assigned by assigning the order of 
precedence to the groups attached to the chiral centre according to the 
specific set of rules 

 The absolute configuration of a compound can be determined using X-
ray diffraction 

 The configurations of many optically active compounds were determined 
by correlating the configuration with that of the other known compound.  
Such a correlation involved the following methods: 

 Chemical correlation 

 Method of quasi-racemates 

 Method of quasi-racemates is simpler than that of chemical correlation but 
has certain limitations also. 

5.5 TERMINAL QUESTIONS 
1. Assign the configuration as E/Z to the following compounds: 

 

 

 

 
i) 

C C

ClCH2CH2 COH

HCH3CH2

O

 
 

 

 

 

 

ii) 

 C C

ClCH2CH2 COH

HCH3CH2

O

 

2. a) Assign E/Z and R/S stereodescriptors the following compounds: 

 i) 

CH3 CH3

CH3

 

ii) CH3 CH3 CH3

 

 iii) CH3
CH3

CH3 

iv) CH3
CH3

CH3 

 b) Is there any relationship between (iii) and IV? If yes, what is the 
relation? 

3. Draw the wedge and dash structures of (i) (S)-alanine and (ii) (R)-lactic 
acid. 
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4. Compare the two methods of determination of configuration. 

5.6   ANSWERS 
 

Self Assessment Questions 

1. i)  E   ii)  Z 

2. i) 

 
CH3H

 

3

2
1

4

anticlockwise path from 1         2        3
so, S configuration  

 

 ii) 

CH

CH3

HNH2

CH2

3

1

2

4

H

NH2

CCH3 CH2

1

3

4

2

path from 1         2        3

clockwise; R configuration  
Both (+)-isoserine and ()-glyceric acid have the same configuration 
as that of C–2 of D-(+)-glyceraldehyde. 

3. Both (+)-isoserine and ()-glyceric acid have the same configuration as 
that of C–2 of D-(+)-glyceraldehyde. 

1

2

3

()-isoserine

 COOH

 CH2NH2

 H  OH
 HNO2

1

2

3

 COOH

 CH2OH

 H  OH

1

2

3

 CHO

 CH2OH

 H  OH

()-glyceric acid D(+)-glyceraledehyde
 

Terminal Questions 

1. i) Z  

 ii) Z 
 

2. a) i) 

CH3 CH3

CH3

E E  

ii) CH3 CH3

Z Z

 CH3
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  iii) CH3
CH3

CH3Z ES
 

iv) CH3
CH3

CH3Z R E  

 b) Both iii) and iv) are enantiomers. 
3. i) 

NH2

H COOH

CH3

(S)-alanine
 

As the groups attached to the chiral centre in almine are COOH, NH2, 
CH3 and H. Their priority order is NH2 > COOH > H 

For S configuration, these groups are to be arranged and placed in 
anticlockwise path from 1  2  3. The H can be placed at the 
backside being thelast in the ptiority order. Hence, the above structure 

NH2

H COOH

CH3

anticlockwise

4

1

2

3 S configuration

 

 

 

 

 

ii) 

COOH

H OH

CH3

(R)-lactic acid  
Arguments as in i) above give the structure of R-lactic acid as shown 
above. 

4. The method of quasi-racemates is less time consuming and simpler as 
the interconversions of the compounds are not required as in case of 
method of chemical corelations. 
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UNIT 6 

TOPICITY AND 
PROSTEREOISOMERISM 

Structure 
6.1 Introduction 

Expected Learning Outcomes 

6.2 Topicity of Ligands and Faces 
and their Nomenclature 

6.3 Stereogenicity 

6.4 Chirogenicity 

6.5 Pseudoasymmetry 

6.6 Stereogenic and Prochiral 
Centres     

6.7 Summary 

6.8 Terminal Questions 

6.9  Answers 

6.1 INTRODUCTION   
In unit 5, you have studied about the configuration of an organic compound, its 
representation and determination. You also know that many a times, we need 
to synthesise a particular stereoisomer – either an enantiomer or a 
diastereomer of a particular compound. The reasons to do so may be many 
such as biological activity of a particular stereoisomer or using such synthesis 
to obtain molecules for a variety of interests.  

While planning such a synthesis, we have to explore the suitable starting 
materials and exploit their structural features. Here, we will provide you an 
insight to look at the structure of molecules in such a way so as to explore how 
to utilise the different groups present in it to give the desirable product. 

Also, in this unit, you will be introduced to few new terms such as topicity, 
stereogencity, chirogencity, psuedoasymmetry etc. A clear understanding 
about them will facilitate you in understanding the concepts dealt in this unit. 

Expected Learning Outcomes 

After studying this unit, you should be able to: 

 explain topicity of ligands and faces; 

 differentiate between enantiotopic and stereotopic ligands; 
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 describe the terms stereogencity and chirogencity using suitable 
examples; 

 discuss psuedoasymmetry and illustrate the presence of 
psuedoasymmetric centre; and 

 identify stereogenic and prochiral centres present in a molecule. 

6.2 TOPICITY OF LIGANDS AND FACES AND 
THEIR NOMENCLATURE 

Let us first understand what is meant by a ligand here. Ligands are atoms or 
groups of atoms present in a molecule. Thus, in CH2ClBr, 

Cl

H H

Br  

four ligands Cl, Br, H and H are attached to the carbon atom. 

Ligands such as two H atoms in the compound shown above are apparently 
identical and are ‘homomorphic’; (in Greek homos means same and morphic 
means form). Thus, such ligands when considered in isolation have same form 
and are indistinguishable. But, such ligands are distinguishable when present 
as a part of molecule. You will study about this aspect a little later in this 
section. 

But, what if the homomorphic ligands are not just the single same atoms (as 
two H atoms above) and they are group of atoms such as methyl, secondary 
butyl groups etc; then, in that case, in addition to their identical nature, their 
configuration as R or S should also be same. Only then, these ligands would 
be homomorphic. 

Further, homomorphic ligands, when present in a molecule, may occupy 
equivalent place or a different place. And, this spatial relationship of 
homomorphic ligands is referred to as the topicity. Topas means place. If the 
homomorphic ligands occupy the equivalent place, as shown below in case of 
propane and dichloromethane; 

CH3

CH H

CH3
propane

Cl

CH H

Cl
dichloromethane  

they are called homotopic .Thus, the two H atoms in the above two 
compounds are homotopic. 

But what about the two H atoms in CH2ClBr which we considered in the 
beginning? 

Cl

H H

Br  
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Two criteria are normally used to check whether the ligands are homotopic or 
not. When they are not homotopic, they are heterotopic and to be very precise 
stereoheterotopic. These criteria are: 

(i) Substitution-Addition Criterion 

(ii) Symmetry Criterion 

We will discuss here the substitution-addition criterion which is familiar to you 
from your earlier studies. The symmetry criterion is based on the presence of 
symmetry elements in the molecule and point group of the molecule to which it 
belongs. It may also be referred to as and when possible and required in the 
present discussion. 

Let us apply the substitution-addition criterion to bromochloromethane which 
involves the replacement of one of the two H atoms, labeled as H, and H2 (just 
for the sake of differentiation), by some other group one by one and see the 
resulting structures. 

Cl

H1 H2

Br
(A)

Cl

F H2

Br
(I)

Cl

H1 F

Br
(II)

rep
lac

e H
1 b

y F
replace H

2  by F

enantiomers  
Now, as H1 and H2 are the same, i.e., just H, so the resulting structures (I) and 
(II) are enantiomers. Thus, the two H atoms in the original compound (A) 
were arranged enantiotopically and are called enantiotopic. So these two 
positions are different stereochemically and are heterotopic.  

Please note that the terms enantrotopic, heterotopic or homotopic are relevant 
only when we are comparing the two atoms (or groups of atoms),otherwise it 
does not apply to any single atom or groups of atoms as there is nothing for 
the comparison. 

Also in compound (A) above, the two hydrogens compared for the enantiotopic 
relationship were present in the same molecule; so it is an example of internal 
comparison. We can further extend this logic and compare the groups 
present in different molecules, say the OH group present in the enantiomers 
of lactic acid as shown below: 

R-lactic acid

enantiomers

COOH

H OH

CH3

mirror

COOH

OH H

CH3

S-lactic acid
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In case of comparison of OH groups (or even H atoms), the external 
comparison of the groups indicates that they are enantiotopic. 

Let us understand another possibility when the two ligands are diastereotopic. 
You would definitely like to ask-When can this happen? Consider a molecule 
which already has a chiral centre (C*XYZ) and two atoms/groups of atoms 
occupying enantiotopic positions on the next carbon, as shown below: 

2-butanol

Y

X Z

H1 H2

R

*

CH3

H OH

H1 H2

CH3

3

1

2 *

 
2-Butanol is an example of such a molecule in which C-2 is the chiral centre 
and two H atoms are present at C-3. Now, if we again use the substitution-
addition criterion and replace H1 and H2, one by one - say by the Cl atom, we 
will get two compounds (III) and (IV). 

*

CH3

H OH

H1 Cl

CH3

3

1

2 *

(III) (IV)

rep
lac

e H 1
 by C

l replace H
2  by Cl

diastereomers

CH3

H OH

H1 H2

CH3

*

CH3

H OH

Cl  H2

CH3

3

1

2

44

3

4

2

1

 
You can see that the upper portion in the box has remained as such in (III) and 
(IV) and so also the CH3 group at the bottom. The only change by replacement 
of H by Cl has taken place is at C–3 and the two compounds – (III) and (IV), 
have opposite configuration at C–3. So, these are diastereomers. Therefore, 
the H1 and H2 at C–3 which have led to these diastereomers, are said to be 
diastereotopic.       

Not only the presence of a chiral centre can make the two groups present at 
the carbon diastereotopic, but also in compounds like propene, CH3–HC=CH2 
and bromocyclobutane as given below: 

propene

CC
CH3

H

H1

H2

Br

H

H

H
H1

H2

H

H
bromocyclobutane  
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clearly indicate that H1 and H2 groups are sterically differently and when 
checked by substitution-addition criterion lead to diastereoisomers as shown 
below: 

cis

CC
CH3

H

Br

H

Br

H
Cl

H

CC
CH3

H

H

Br
trans

Br

H
H

Cl

Diastereoisomers Diastereoisomers

 

Thus, we can say that 
Homomorphic ligands

Homotopic Heterotopic

Enantiotopic Diastereotopic

(stereoheterotopic)

 
Similar to the topicity of ligands, the two sides or faces of the double bonds  

such as                 or                 can also be same (or equivalent), enantitopic 
or diastereotopic. These are illustrated below: 

(V)

OC
H

H

C
H

H

R

OH

RM gX

attac k fro
m  

top

C
H

H

OH

R

RM gX
attack  from  
bottom

same
(homotopic faces)  

OC
H

R
(VI)

C
H

R

R'

OH

R'MgX

att
ac

k f
rom

 

top

C
H

R

OH

R'

R'MgX
attack from 
bottom

enantiomers

+

(racem ic)
(enantiotopic faces)

 

For clarity of 
visualisation, the two 
hydrogens at two 
carbons atoms are 
omitted in 
diastereoisomers in 
cyclic compounds. 

 C     C  C     O  
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Having understood the topicity of ligands and faces, it will be appropriate here 
to understand their nomenclature.  

A. Nomenclature of Stereoheterotopic Ligands 

You already know that enantiomers can be designated by appropriate 
descriptions as R or S and the diastereomers with a rigid framework like a 
double bond (as on alkenes) can be designated as E or Z. 

The, R,S descriptors are also used for stereocentres present in diastereomers. 

Let us take the example of compound A again and consider its conversion to 
the enantiomers (I) and (II) by replacing H1 and H2, respectively by its higher 
isotope D as shown below. We will also assign them the configuration as R or 
S according to the Cahn-Ingold-Prelog rules.   

Cl

H1 H2

Br

(A)

Cl

D H2

Br
(I)

Cl

H1 D

Br
(II)

Br

D Cl

H2
R

III III
1

3 2

4

Br

DCl

H1
S

1

32

4

 

Here, the replacement of H1 by D in compound A has led to R enantiomer; 
hence, H1 is labeled as pro-R ligand. Similarly, replacement of H2 in compound 
A is labeled as pro-S. This is shown below: 

Cl

H1 H2

Br

pro-R pro-S

 

Similarly, a molecule having prochiral axis, has two stereoheterotopic 
hydrogen atoms labeled as H1 and H2, as shown below; 

    

CCC

Br

H

H2

H1  

To know which H – i.e., H1 or H2, is pro-R or pro-S, the molecule is looked 
along the axis from the side as shown above. Then, the molecule will appear 
as written below: 

 
Look from       
this side    
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Br

H

H2 H1

 

Again, if we replace H1 and H2 by say D, then H1 will be pro-R. Repeating the 
same steps for H2 will indicate that H2 is pro-S. 

Similarly, a molecule having prochiral axis, has two stereoheterotopic 
hydrogen atoms labeled as H1 and H2, as shown below; 
 

                 

CCC

Br

H

H2

H1  

 

To know which H – i.e., H1 or H2, is pro-R or pro-S, the molecule is looked 
along the axis from the side as shown above. Then, the molecule will appear 
as written below: 

Br

H

H2 H1

 

Again, if we replace H1 and H2 by say D, then H1 will be pro-R. Repeating the 
same steps for H2 will indicate that H2 is pro-S. 

B.  Nomenclature of Stereoheterotopic Faces 

You have already studied about homotopic, enantiotopic and diastereotopic 
faces for the molecules labeled as (V), (VI) and (VIII), respectively. Let us 
study about their nomenclature for enantiotopic and diastereotopic faces. 

(i)   Nomenclature of Enantiotopic Faces 

Let us take the example of ethanal which is a molecule of type (Vl) 
structure wherein R = CH3. 

OC

H

H3C

1

2

3

ethanal  

If we consider its top face and number the substituents attached to the 
carbonyl carbon as 1, 2 and 3 according to their decreasing order of 
priority as per the CIP rules, then you can see below that the path from 1 
to 2 to 3 is 

 

 

You have already 
studied about CIP 
rules in  Unit 5. 
 

 

 
Look from       
this side    
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clockwise; hence, this is called Re face. Re originates from the first two 
letters of the word Rectus. Alternatively, if we look this molecule from the 
opposite face, i.e., from below side as shown below, 

                                  
   

the path from 1  2  3 is anticlockwise. Thus, this face is called Si face 
from first two letters of the word Sinister. 

SAQ 1 
Draw the Re and Si faces for acetophenone molecule. 
 

When Re-Si nomenclature is used for alkenes, the descriptors are 
assigned to both the carbon atoms of the alkenes. This is shown below for 
maleic acid and fumaric acid. 

Re
-S

i

maleic acid fumaric acid

 HOOC
 H

 HOOC
 H

Si
-R

e

 HOOC
 H

 COOH

Si
-S

i

Re
-R

e

 H

bo
tto

m
 fa

ce

top
 fa

ce bo
tto

m
 fa

ce

top
 fa

ce

 

For maleic acid, the two faces are homotopic while for fumaric acid, the 
two faces are enantiotopic. The priority order is COOH > = C > H. 

However, in case of monosubstituted alkenes, the two faces are 
enantiotopic and only one symbol needs to be specified for each face. 
This is shown below: 

CC
H

H

R

H

1

2

3  
Top face is Si face as the path from 1  2  3 is anticlockwise. What 
about the other face? It is Re face when viewed from the bottom. 

(ii)   Nomenclature of Distereotopic Faces 

The nomenclature of disterotopic faces can be done similarly. 

6.3 STEREOGENICITY 
After studying the topicity of ligands and faces of molecules and their 
nomenclature, let us have a deeper insight into different terms being used in 
the context of stereochemistry of molecules. 
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In Block 1, Units 1 and 2 of this course, you have studied about chiral centres, 
axial and planar chirality etc. But, have you got a clear idea about the chirality 
of molecule if it possesses one or more chiral centres. 

In the due course of time, chemists also preferred the use of terms asymmetric 
centre for the chiral carbon as molecule does not have any symmetry 
elements when four different groups or ligands are attached to a carbon atom. 

Another term stereogenic centre was used by Milton and Seigel in 1984 who 
said that elements of chirality are more properly related to stereogenicity 
rather than molecular chirality. Let us understand this now in a more detail. 

A stereogenic centre is such a structural unit present in a molecule which can 
generate stereoisomers. And, the phenomenon associated with it is called 
stereogenicity. 

Now you may be curious to know what is a stereocentre. A stereocentre is an 
atom or a group of atoms if the interchange of two ligands attached to it 
results in a new stereoisomer. As the stereoisomerism is generated by such 
a centre, it is called stereogenic centre. You can see yourself in the figure 
given below that interchange of ligands attached to the central carbon atom 
leads to a different stereoisomer.    

3

C

 

 
 

 24

Interchange

ligands     and

1

1 2
3

C

 

 
 

 1
4

2

(VIII) (IX)

2

1

34In Fischer projections:

1

2

34

enantiomers

COOH

HOH

HOH

COOH

3

1

2
Interchange

ligands at C-3

COOH

HOH

OHH

COOH
4

not enantiomers(XI)

Interchange

ligands at C-2

(X)

3

2

COOH

OHH

OHH

COOH
4

(XI)not enantiomers  

Interchange of two ligands in (VIII) gives its enantiomer (IX). But what about 
interchange of ligands in (X)? You can see that if we change the ligands at  
C-2 or C-3 in compound (X), we get the some new stereoisomer (XI), i.e., 
meso tartartic acid in this case. (XI) is not enantiomer of (X). Here, both C-2 
and C-3 of (X) are stereogenic centres and also the central C atom in 
compound (VIII). So presence of a chiral centre does not always ensure 
chirality. 

Also, some molecules without chiral centres may be chiral; you have already 
studied about axial and planar chirality in earlier units. Thus, interchange of 
ligands both in alkenes and allenes lead to different stereoisomers as shown 
below: 

Remember that 
chirality is related to 
handedness. The 
word chiral came 
from Greek word 
cheir meaning hand. 
So our hands are 
mirror images of each 
other but they are not 
superimposable on 
each other. 
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CC
CH3

H

CH3

H

interchange
CC

CH3

H

H

CH3
(XII) (XIII)

cis-2-butene trans-2-butene
(stereoisomer)

CC
CH3

H
C

H

CH3
(XIV)

interchange
CC

CH3

H
C

CH3

H

different compound
(stereoisomer)

(XV)

 

Hence, the chirality axis in alkenes and allenes is a stereogenic axis. 

It would also be interesting to note that in some more complex molecules more 
than one stereocentres and/or stereoaxis may be present in a single molecule. 
For example, the following molecule (XVI), 

CHClHC CH CH CH2CH3

OH

OH

(XVI)  

when looked as shown below clearly indicates the presence of two 
stereocentres marked by asterisks () and a stereoaxis. 

CC
H

Cl

H

CH CH CH2CH3

OH OH(XVI)

stereoaxis
* *

 

The interchange of two groups at any one of the carbon atoms forming the 
double bond would lead to trans arrangement as shown below: 

CC
Cl

H

H

CH CH CH2CH3

OH OH

(XVII)

* *
or CC

Cl

H

H

CH CH CH2CH3

OH OH

**

  

6.4  CHIROTOPICITY 
Chirotopicity is yet another term suggested by Milton and Siegel in 1984. Let 
us understand it now. Chirotopicity is the phenomenon related to presence of 
chirotopic atom. A chirotopic atom is an atom which resides in a chiral 
environment. This concepts involves the local or site symmetry within a 
molecule. Thus, within a chiral molecule, all points are chiral. For example, in 
a molecule (XVIII) as shown below, all five atoms, i.e., C, H, Cl, Br and I      

A chirotopic point in a 
molecule need not to 
be coincident with the 
material point i.e., an 
atom or a group. It 
can just be any point. 
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                                                  (XVIII) 

are present in the chiral environment and are chirotopic. Also, as discussed 
above carbon atom is stereogenic also. 

However, achiral molecules may also have many chirotopic atoms (or points). 
This is illustrated in case of meso-tartaric acid 

COOH

H OH

H OH

COOH
meso-tartartic acid

plane of symmetry

 

All points in meso-tartaric acid except those lying in the plane of symmetry, are 
chirotopic in this molecule. This argument is also valid for the centre of 
symmetry when present in a molecule.The centre of symmetry  is also 
achirotopic in a molecule. 

Let us study one more example and analyse chirotopic and stereogenic centre 
in compound (XIX). 

HOH

OHH

COOH

H OH

COOH
(XIX)

3

1

2

4

5

 

As this molecule is chiral, all the points in it should be chirotopic. Let us 
explore the stereogencity at C-3. If we interchange the two groups i.e., H and 
OH, in the molecule, we get the following structure: 

HOH

HOH

COOH

H OH

COOH

3

1

2

4

5
 

Let us check whether the structure so obtained is different, i.e., a stereoisomer 
of the compound or not. Let us rotate this by 180 as shown below: 

Locate the centre of 
symmetry in meso-
tartaric acid. 
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HOH

OHH

COOH

H OH

COOH

3

1

2

4

5

 

Note the numbering of carbon atoms shown after rotation. What have we got? 
This is the same structure as of the starting compound. 

So, we have not got a stereoisomer after interchanging the groups (ligands) at 
C-3; hence, C-3 is not stereogenic but it is chirotopic. 

So, this was an example in which one atom was non-stereogenic but 
chirotopic. But can there be molecules in which there is reverse situation. In 
other words, are there molecules which have stereogenic centres and are 
achirotopic? 

Let us find an answer to this in the next section on pseudoasymmetry. 

6.5 PSEUDOASYMMETRY 
Let us consider meso-isomer of 2, 3, 4-trihydroxydicarboxylic acid (XX) which 
is a stereoisomer of compound XIX). 

 H

OHH

COOH

H OH

COOH

3

1

2

4

5

ribaric acid
(XX)

plane of symmetry

 OH

 
As it is a meso-isomer and has a plane of symmetry, all the points lying on this 
plane are achirotopic. So, C-3 will be achirotopic.  

Let us check whether C-3 carbon is stereogenic or not? Again, we will 
interchange the ligands at C-3 and see if we get the stereoisomer or the same 
compound. 

interchange

ligands at C-3

xylaric acid
(XXI)

diastereomers (another meso isomer)

 OHH

OHH

COOH

H OH

COOH

3

1

2

4

5

ribaric acid

(XX)

plane of symmetry

OHH

HOH

COOH

H OH

COOH

3

1

2

4

5

rotate 
by
180o

HOH

OHH

COOH

OH H

COOH

3

5

4

2

1
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Here, the interchange of ligands at C-3 gives a stereoisomer which is another 
meso isomer. Even rotation of 180 of (XXI) does not give XX; so it is a 
different stereoisomer. As XX and XXI are not enantiomers; they are 
diastereomers. Thus, chirotopicity and stereogencity are two distinct aspects 
and are delinked from each other. 

Now such a centre which is achirotopic but stereogenic centre has four 
different ligands attached to it. You will say – how? Let us see below. 

OHH

OHH

COOH

H OH

COOH

3

1

2

4

5

(XX)  

The C-3 carbon in XX has H, OH and two bulky groups shown in blue and 
pink coloured boxes. At the first sight, you can say that these two groups are 
same. They are same in the sense of their constitution, i.e., they have H, 
OH and COOH attached to C. But do they have the some configuration? Let 
us check. 

OHH

OHH

COOH

H OH

COOH

3

2

1

4

5

(XX)

4

3

1

2

 
At C-2, the configuration is R. We have to prioritise the groups attached to C-2 
as shown by numbers in red colour, this time to differentiate from the 
numbering of carbon atoms of the main chain done in black colour. Then, 
using the CIP rules, you can yourself verify the configuration at C-2 is R. 

Similarly, we can check for the configuration of C-4 carbon atom. This time 
again, we can assign the priorities by using the CIP rules to four as groups as 
shown by numbers in red colour and then the path from 1 to 2 to 3 indicates  

OHH

OHH

COOH

H OH

COOH

3

1

2

3

5

(XX)

4

1
2

4

   
that the configuration of C-4 so obtained is S. 
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Now, we can write the structure of compound XX with configurations at C-2 
and C-4 as shown below: 

OHH

  

COOH

H OH

COOH

3

1

2

4

5

(XX)

4
1

  

 S

R
3

pseudoasymmetric 
centre

R

S

 OH H H  OH

 

If we focus on C-3, we can represent the structure of XX attached to four 
different groups where two of them are configurationally different i.e., one is R 
and another is S. Such a centre is called pseudoasymmetric centre and this 
phenomenon is called pseudoasymmetry.  

Now what about compound XXI, the diastereomer of XX? On the same lines 
as above, we can write it as shown below. 

OHH

HOH

COOH

H OH

COOH

3

1

2

4

5

(XXI)

4
1

  
HOH

 S

R
3

pseudoasymmetric 
centre

 

You can see that the pseudoasymmetric centres in XX and XXI have different 
arrangement of two groups H and OH. We can assign the stereodescriptors 
to such pseudoassymetric centres also by using the CIP rules. 

Thus, for compound XX, the priorities of different groups will be as shown 
below: 

(XX)

 OH

 H

 R S

1

2

4

3 OH
1

 R
2

4

 S
3

3 H

 

Here, R group is given priority over S as per CIP rules because R alphabet 
comes before S. As the path from 1  2  3 is clockwise, the 
stereodescriptor r designates this centre, i.e., C-3. Note that lower case letter r 
has been used here to differentiate from R/S descriptors for chiral centres. 

Similarly, you can repeat the same steps for XXI and arrive at the 
configuration for pseudoasymmetric centre C-3 in it.  

As you might have checked and expected the C-3 pseudocentre in XXI has s 
configuration. 

You can now answer the following SAQs to check your understanding. 
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SAQ 2 
What will happen if rabaric acid (XX) is reflected in a mirror? Will you get its 
enantiomer or the same compound? 
 

SAQ 3 
Has any change taken place in the descriptor of C-3 of ribaric acid when it is 
reflected in the mirror? Arrive at the answer by performing the necessary steps 
using CIP rules. 
 

6.6 STEREOGENIC AND PROCHIRAL CENTRES 
So far you have studied about the stereogenic centre on which exchange of 
two ligands yields stereoisomers – whether enentiomers or diastereomers. 
One way of how these stereogenic centres are created is from an archiral 
centre. Such an archiral centre is a planar trigonal carbon atom of the carbonyl 
group. For example, in the formation of a cyanohydrin a new stereocentre can 
be created, as shown below. 

OC
R

R'
+   HCN C

R

R'

CN

OH
cyanohydrin  

For the cynanohydrin formed to be enantiomeric, the two groups R and R 
have to be different. Only then a new stereogenic centre would be formed in 
the cyanohydrins. In such a situation, the carbonyl carbon in the starting 
carbonyl compound is called a prochiral centre. 

 
H

O

prochiral centre

CN

 
H

OHCN

a stereogenic 
centre

 C6H5  C6H5

 

As the two enantiomers so formed would be as shown below: 

and C6H5 H

OHCN
 C6H5 H

CNOH

enantiomers
 

But, what would happen if the two groups, R and R are the same? 

 Let us see. 

CH3
C

CH3

O
CN

C
OH

CH3

CN

CH3

or C
NC

CH3

OH

CH3 
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In whatever way the cyanohydrins so formed is presented – it is the  same 
compound, the two stereoisomers are not formed in this case.  

Hence, the no new stereogenic centre is created this time. Therefore, the 
carbonyl carbon is not prochiral in the starting carbonyl compound which is    
propanone here. 

CH3CCH3

O

not a prochiral centre  

Thus,it is important to note here that the prochiral centres are those centres 
which can be converted to chiral centres by one single transformation. If two 
such are chemical transformations are required then, such a centre is called a 
proprochiral centre. 

Let us see another example of a prochiral centre. This time, we explore for a 
tetrahedral carbon atom. The two hydrogen atoms of the ethyl group, as in 
ethanol, on exchange with another group, say D lead to two compounds which  

exchange
C

H

CH3

H

OH
C

D

CH3

H

OH
and C

D

OH

H

CH3

enantiomers  

are enantiomers, i.e., there is generation of a chiral centre in the product. 
Hence, the carbon bearing these two hydrogens in ethanol is a prochiral 
centre. This is illustrated below.  

C
H

CH3

H

OH
C

D

OH

H

CH3

prochiral 
centre

new stereogenic 
centre

chiral centre in the product or the 
new stereogenic centre

 

SAQ 4  
Differentiate between a prochiral and a proprochiral centre. 
 

6.7 SUMMARY 
In this unit you have learnt that  

 ligands are atoms or groups of atoms present in a molecule 

 homomorphic ligands are ligands having the same atoms or groups of 
atoms with same configuration.  

 the spatial relationship of homomorphic ligands is referred to as the 
topicity.  
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 whether the ligands are homotopic or not can be checked by the following 
criteria 

 substitution-Addition Criterion 

 symmetry Criterion 

 stereoheterotopic Ligands can be classified as pro-R or pro-S ligands. 

 stereoheterotopic Faces can be classified as Re or Si faces. 

 a stereocentre is an atom or a group atoms if the interchange of two 
ligands attached to it results in a new stereoisomer. 

 the presence of a chiral centre does not always ensure chirality and some 
molecules without chiral centres are also chiral; 

 chirotopicity is the phenomenon related to presence of chirotopic atom. A 
chirotopic atom is an atom which resides in a chiral environment. 

 within a chiral molecule, all points are chiral. 

 chirotopicity and stereogencity are two distinct aspects and are delinked 
from each other. 

 the configuration of pseudoasymmetric centre is denoted by r or s. 

 prochiral centres are those centres which can be converted to chiral 
centres by one single transformation. If two such are chemical 
transformations are required then, such a centre is called a proprochiral 
centre and  

 stereogenic centre is one on which exchange of two ligands yields 
stereoisomers – whether enentiomers or diastereomers 

6.8 TERMINAL QUESTIONS 
1. Identify the hydrogen atoms present in ethanol as pro-R and pro-S. 

2. In the following compounds, identify the hydrogens indicated by HA and 
 HB as homotopic, enantiotopic or diastereotopic. 

 
i) 

CH3 CH3

H  HB

H  HA

 

ii) H H

H H
H HA

B  

 
iii) C

CH3

C
H

H H

A

B  

3. Mark the prochiral centre(s) in the following compounds. 

 
i) CCH3

O

CH2 CH3 

 
ii) CCH3

O

CH2CH2CH3 

  

4. Give an example of a compound which does not have a prochiral 
 centre. 
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5. Assign the configuration to C-3 carbon atom of the following compound: 
Cl

BrI

OHH

BrI

Cl  
6. What descriptors are used to assign configuration to a 
 pseudoasymmetric centre? 

7. Draw the wedge and dash structures of (i) (S)-alanine and (ii) (R)-lactic 
 acid. 

6.9 ANSWERS 
 

Self-Assessment Questions 

1. 

Top face: Si face

Anticlockwise path
from 1       2      3

C

O

CH3

1

2 3

Bottom face: Re face

Clockwise path
from 1       2      3

C

O

CH3

1

23

 
2. 

ribar ic acid
(XX)

COOH

H OH

H OH

H OH
COOH

1

2

3

4

5

m irror

mirror image of
(XX)

COOH

HOH

HOH

HOH
COOH

1

2

3

4

5

rotate by  
180o

COOH

H OH

H OH

H OH

COOH

5

4

3

2

1

(XX)

           
 Rotation of mirror image by 180 in the plane of paper gives (XX) again, 

the same compound. 

3. The mirror image of ribaric acid (XX) shown below gives C-2 and C-4 
with stereodescriptors as R and S, respectively. In its equivalent form 
when the path is traced from 1  2  3, it is clockwise.  

COOH

HOH

HOH

HOH
COOH

1

2

3

4

5

COOH

HOH

HOH

HOH
COOH

2

4

3

2

1

1

3

m irror image of 
ribaric acid

(XX)

S

3

R  

 

OH H

H

OH
 R 

1

3

2

4

1

3 2

4

3 r

 S

 R
4

 S
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 Therefore, stereodescriptor at C-3 would be r. The stereodescriptor for  
C-3 of ribaric acid is also small r which you had studied above in Sec. 6.5. 

 Thus, stereodescriptor for a pseudoasymmetric centre has not changed 
when it is reflected through a mirror; hence, we can say that the 
stereodescriptors (r or s) are invariant on reflection through mirror. 

4. The prochiral centres are those centres which can be converted to chiral 
centres by one single transformation. If two such are chemical 
transformations are required then, such a centre is called a proprochiral 
centre. 

Terminal Questions 

1. 

H

H

CH3 OH

replace it by D
D

H

CH3 OH

 

C

 

CH3 OH

replace H by Dethanol

S-isomer

 H

R-isomer

 D
 

Thus, the pro-R and pro-S hydrogens in ethanol are as shown below:  

H

C

H

CH3 OH

pro-S

pro-R

 
2. i)   Enantiotopic;   ii)  Homotopic;  iii)  Diastereotopic 

3. i) 
CCH3

O

CH2 CH3

prochiral centres  

ii) 
CCH3

O

CH2CH2CH3

prochiral centres  

4. 
 CH3 - C - CH3

 O

 

5. We have to first determine the configurations of C-2 and C-4 by using CIP 
rules.These were as found to be S and R , respectively as shown below: 

Cl

BrI

OHH

BrI

Cl

1

2

3

4

S

R

5

 

The above compound can then be written as follows: 
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R

 

OHH

3

2

14

 S

 

Now, again using the CIP rules, as the path from 1  2  3 is 
anticlockwise :hence,the configuration of C-3 will be s as shown below. 

3

2

1

4
 

 

OHH

 

 
OH S

 R

 H

 S

 R
 

6. r and s. 
 
 
7. 

 

  
 

 CH3

 
 

 CH3

 H  COOH

 NH2

 H  OH

 COOH

 (i)  (ii)

 (S)-alanine  (R)-lactic acid

 C  C 

 

 

(i)   As the groups attached to the chiral centre in alanine are COOH, 
NH2, CH3 and H; their priority order is NH2 > COOH > CH3  > H 

For S configuration, these groups are to be arranged and placed in 
anticlockwise path from 1   2 3. The H can be placed at the 
backside being the last in the priority order. 

 

  

 
 CH3

 H  COOH

 NH2

4

3 1

2

 anticlockwise               S configuration C

 

Hence, the above structure. 

(ii)   rgument as in (i) above give the structure of R-Lactic acid as shown 
above.   
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UNIT 7 

ASYMMETRIC INDUCTION 

Structure 

7.1 Introduction 

Expected Learning Outcomes 

7.2 Cram’s, Prelog’s and Felkin-
Ahn Model 

7.3 Dynamic Stereochemistry – 
Acylic and Cyclic 

7.4 Qualitative Correlation between 
Conformation and Reactivity 

7.5 Curtin-Hammett Principle 

7.6 Summary 

7.7 Terminal Questions 

7.8 Answers 

7.1  INTRODUCTION 
After having the basic understanding about the topicity, stereogenicity and 
prochiral centres from Unit 6, you are now well equipped to have a deeper 
knowledge about how the stereochemistry in different types of reactions 
governs the course of the reaction and the products formed in them. 

We will begin this unit with a discussion on asymmetric induction. Asymmetric 
induction means the formation of one enantiomer or diastereomer in 
preference to the other under the chiral influence which may be a chiral centre 
in the substrate or a chiral reagent or a chiral catalyst. We will describe here 
Cram, Prelog and Felkin-Ahn models which explain how the presence of a 
chiral centre near the carbonyl carbon directs the incoming nucleophile in the 
nucleophilic addition reactions. 

Then, dynamic stereochemistry of both acyctic and cyctic systems will be 
explained by taking the examples of different types of chemical reactions. It 
would be interesting for you to know that even different conformations of a 
compound can have different reactivities. This will be illustrated by correlating 
the conformations of some substrates with their reactivities. 

Finally, Curtin-Hammett principle will be discussed which explains about the 
composition of products when conformational isomers in equilibrium undergo a 
particular reaction. 

 

 O

 R

 
M

 L

 
S
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Expected Learning Outcomes 

After studying this unit, you should be able to: 

�™ define asymmetric induction; 
�™ explain Cram’s rule and predict the major product of a reaction using this 

rule;  
�™ describe Felkin-Ahn model and use it for predicting the stereochemistry 

of the product obtained; 
�™  explain Burgi-Duritz angle; 
�™ discuss Prelog’s rule and its use in determining the configuration of 

alcohols;  
�™ differentiate between stereospecific and stereoselective reactions and 

give their examples; 
�™ illustrate conformationally rigid and conformationally labile systems;  
�™ appreciate how different conformations of a compound can yield different 

products and predict the major and minor products; and 
�™ describe Curtin-Hammett principle. 

 
7.2 CRAM’S, PRELOG’S AND FELKIN-AHN 

MODEL 
Asymmetric Synthesis 

You have already studied about resolution of racemic mixtures to obtain 
optically pure (active) compounds. Another method to get optically pure 
compounds is asymmetric synthesis which yields one enantiomer or a 
diastereomer in preference to the other. 

Asymmetric synthesis could be partial or absolute depending upon whether 
optically active compounds available in nature are used or not. 

One example of partial asymmetric synthesis involving carbonyl compounds is 
the conversion of unsymmetrical keto compounds either by (i) reduction to 
secondary alcohols or by (ii) reaction with Grigrard reagents to yield tertiary 
alcohols. 

R'CR

O
R"MgX

OH

CR R'

H
a secondary alcohol 

(chiral)

OH

CR R'

 
a tertiary alcohol 

(chiral)

    R"

 reduction
 [H]

unsymmetrical 
ketone

 

If a chiral centre is already present in the substrate, it causes asymmetric 
induction to yield two diastereomers in different amounts. Several empirical 
rules/models were proposed in 1950’s which correlate the configuration of the 
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newly created chiral centre (in the predominant diastereomer) to the one 
already present in such a substrate. The rules or models took into 
consideration steric and electronic factors. 

These rules are Cram’s rule, Prelog’s rule and Felkin-Ahn models. Let us 
study them one by one. 

(i) Cram’s Rule 

After studying a large number of known reactions , D. Cram in 1952 proposed 
this rule based on steric considerations. According to this rule, for nucleophilic 
addition reactions of ketones having a chiral carbon attached at �D position to 
the carbonyl group, three groups attached to the chiral centre can be labeled 
as S, M and L for small, medium and large sized groups.  

The preferred conformation for attack by nucleophile will be the one which is of 
least energy. In this conformation, the carbonyl group would be positioned in 
such a way to occupy a place between small and medium groups, as shown 
below: 

 O

 R

 
M

 L

 
S

 

Then, the attacking nucleophile would prefer to come for addition to the 
carbonyl carbon from the side of small group (S) because of lesser steric 
hindrance.  Therefore, two products would be formed out of which one would 
be major. Thus, for the addition of C6H5MgBr to the aldehyde, I, threo product 
would be the major product, 

I

  C6H5MgBr

 
H

 
CH3

 

C6H5 

preferred direction of 
attack from the side of 

small group 

(S)

(M)

(L)
Nu

(C6H5)

   

 

 H

 H

 H3C

 C6H5

   

 

major product
80%

(threo)

+    

 

 H

 H

 H3C

 C6H5

   

 

minor product
20%

(erythro)

 C6H5 O

   

 

 H

 H

 H3C

 C6H5

 +

 O

 H

 OH

 OH

 C6H5

 

But, when ketone II was taken as the starting material and reduced with  

LiAlH4; the nucleophile, H��, attacks from backside, i.e. the side of the small 
group, H and we get the erthyro product as the major product.  

 O
   

  H

 H3C
 C6H5 C6H5

(i) LiAlH4

(ii) dil. H2SO4

   

  H H

 H3C

 C6H5

   

 

+    

 

 H

 H

 H3C
 C6H5

   

 

 C6H5

 OH

 OH

 C6H5

(erythro 80%) (threo 20%) II  
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Now, though the major product has changed in case of ketone II, but the 
Cram’s rule is still followed because the nucleophile attacked from the side of 
the small group. This model was also called open-chain model.  

The reason argued for this model was the complexing of metal ion (Mg of 
RMgX and Al of LiAlH4) with oxygen of carbonyl carbon, to make it the bulkiest 
group resulting in its placement between small and medium groups as shown 
below: 

 O

 R

 O

 C6H5

 
H

 
 

 C6H5

 C6H5

AlH3

 
CH3

 
H

Mg
Br

C6H5

 CH3

H

 small 
group

 small 
group

 
 

�6�$�4������

Show the attack of nucleophile (LiAlH4) on  ketone II and the formation of 
products thereof. 
 
 

�6�$�4������

 Do you notice any unfavourable situation in the nucleophilic attack of LiAlH4 
on ketone II? 
 

A rigid model was proposed by Cram when the compounds contained a 
hydroxyl or an amino group attached to the chiral centre �D�� to the carbonyl 
group. In such a situation, the organometallic reagent coordinates with both 
the oxygen of the carbonyl group and that of the OH (or N of NH2) group. 

 
 S

O
Mg

R

X

 
OH

 L
 R

 Nu

       

This fixes the conformation and again the Nu adds from the side of the small 
group. The resultant products are explained well by open chain and rigid 
models in case the –OH /or –NH2 groups are medium sized as compared to 
the other two groups. But if these groups are the �V�P�D�O�O�H�V�W��groups, then rigid 
model correctly gives configuration of the major product. 
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A dipolar model was suggested by Cram for compounds in which a strongly 
electronegative group such as a halogen group is present at the carbon �D to 
the carbonyl carbon. The C–X and C=O are placed anti to each other in such a 
situation as shown below to minimise the repulsions between them. Here, 
again the nucleophile adds from the side of the small group to yield the 
product. 

 R

 
L  S

O
 

R'

 X

 M
 L

 R

 R' HO

 X  S

 

But Cram’s model could not satisfactory explain the reduction of 
cyclohexanones and also the following trend in the product ratio when R group 
was made more and more bulky in the ketone, as pointed out by Felkin in 
1968. 

R 
C

CH3

H5C6

O

LiAlH4 reduction
Product

R = CH3

= C2H5

= i��C3H7
= tert-butyl

Ratio
anti : syn

2.8
32
5.0
49

74:26
76:24
83:17
98:12

:
:
:
:

 

  H

 

 R

 
 H  CH3

L
 C6H5

S M

Cram's model

attack of Nu

from the side of 
small group

Product

 O

 

According to the Cram’s model, the increase in the bulk of the R would lead to 
increased repulsions between R and C6H5 group which is the large group; 
hence, stereoselectivity of the reaction should decrease. But, as you can see 
in the data, the ratio of anti product increased with the bulk of R. 

To explain the above observations, Felkin proposed a model called Felkin 
model. Let us understand it in a little more detail. 

(ii)  Felkin Model 

Felkin proposed that the conformation having the large group should be 
perpendicular to the carbonyl group and not in anti-periplanar position as was 
the case with Cram’s model. This would avoid the ecliptising of R with L group.  

Thus, the following two major or reactive conformations will arise when L is 
perpendicular to the carbonyl group.  

The syn and anti 
respectively, denote 
that the two groups are 
present on the same 
side and on the 
opposite side.  
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 R O

 L

 S M
 R  O
 S

 R

 L

 S M

 L

 HO

 Nu

 Nu

 M
or

 Nu

 

Another way of looking at the molecule is shown below by its rotation by 900. 

 R

 O

 L

 SNu

Interconvertible by 
rotation of S, M, L 

groups

 R

 O

 L
 S

 
M

Nu
 

M

 

Which side will the Nu attack? Here, again the attack from the side of the small 
group is favoured. And, first possibility gives the major product. 

 OH

 L

 R S

 Nu

 M

major product  

Clearly, in the second situation, M group and Nu will have repulsive 
interactions and this would not be a preferred arrangement. 

Felkin model was also not satisfactory when R=H i.e., in case of aldehydes. 

An improvement over the above is known as Felkin-Ngugen (Felkin-Ahn) 
model which suggests that the attack of the nucleophile takes place at 109�q 
angle with respect to the plane of the carbonyl carbon and this is known as 
Burgi-Dunitz trajectory. 

O

 

��

Burgi-Dunitz 
trajectory

Nu

109o

 

(iii)  Prelog’s Rule 

It is an extension of Cram’s rule. It correlates the configurations of chiral 
alcohols and �D-hydroxy acids. 

Consider the �D-keto ester shown below in which the alcohol portion contains 
three groups-small, medium and large, denoted as S, M and L, respectively. 
The two carbonyl groups are anti- periplanar.  
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alcohol part

R
C

C
O

C
L

O

O S M

�D-keto ester  

If Grignard reagent, R�cMgX reacts with �D-keto ester, then in the conformation 
having  

C
C

O
C

L

O

O  

porition of the molecule in a plane,  R�c would have a choice of attack on the 
carbonyl carbon, i.e., either from side of M (from backside) or from side of S 
(from front side).  

You already know that there are two diastereotopic faces present in a carbonyl 
compound. But, similar to Cram’s rule, the approach of R�c from the side of 
small group, S, would be sterically less hindered and hence, preferred to give 
the product which on hydrolysis gives �D-hydroxy acid as shown below:  

R'MgX

hydrolysis

O

R

S

O L

O

M O

R

S

O L

R'

M

OH

R'

R

R' OH

COOH

CHCH

R

COOH

R'OH

�D-hydroxy acid  

As the asymmetric centre, inducing asymmetry in case of �D-keto esters, is at a 
large distance from the carbonyl group; the induction could be poor, i.e., the 
preferred product, though formed as a major product, would not be having 
great difference in amounts as compared to the minor product. 

Thus, we can conclude that the configuration of the �D-keto ester (or the                
�D-hydroxy acid formed as the product) is correlated with the alcohol moiety 
present in the ester. Hence, configurations of various alcohols (secondary and 
tertiary) could be assigned using this rule. Generally, PhMgBr is used as the 
Grignard reagent and pyruvate ester of the alcohol is used for configuration 
determination. 
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7.3 DYNAMIC STEREOCHEMISTRY-ACYCLIC 
AND CYCLIC 

After discussing different models which help us in understanding the preferred 
direction of the attack by the nucleophile, we will focus our attention on 
dynamic stereochemistry in this section. Dynamic stereochemistry mainly 
deals with the influence of spatial structures of molecules on the reaction rates 
and on the direction of reactions. It also includes reactions which are 
specifically directed to synthesise the molecules with a particular 
stereochemistry. 

To appreciate the dynamic stereochemistry, you should have the basic 
knowledge about various types of reactions which you have studied in your 
earlier classes. You may be already familiar with stereochemical aspects of 
some of these reactions. Here, we will briefly describe different types of 
reactions and their stereochemical aspects. We will consider examples from 
substitution and addition reactions . 

But before we actually take up this discussion, you must also be familiar with 
two more terms with reference to the product formation when we start with 
specific steroisomers. These are stereospecific reactions and 
stereoselective reactions. 

(i) Stereospecific Reactions: These reactions yield a single isomer as the 
product; and the two different stereoisomeric starting materials, say 
diaseteromers ,give two different products. For example, if we have two 
diastereoisomers A and B and do a reaction separately on them; then A 
gives X as the product while B gives Y as the product. 

Diastereoisomers

A X

YB  

Then, such a reaction is called stereospecific reaction. In such 
reactions the mechanism of the reaction controls the stereochemistry of 
the product formed and there is no choice or option for A �• x�o  Y or              
B �• x�o  X reaction. 

We will also illustrate such reactions when we will consider different 
types of reactions in this section. 

(ii) Stereoselective Reactions: In such reactions, two products are formed 
from a single starting material and one product is a major product and 
the other one is minor product or may form in trace amount also. For 
example,  

A P     +     Q
(major) (minor)  

The basis of formation of two products in the different amounts is that 
there is an option in the reaction pathway or the mechanism, i.e.,            
the reaction pathway could be either- 
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 (i)  kinetically controlled in which case the pathway of �O�R�Z�H�U��
�D�F�W�L�Y�D�W�L�R�Q is preferred and this leads to that product as the �P�D�M�R�U��
�S�U�R�G�X�F�W which is formed �I�D�V�W�H�U;  

 or  

(ii)  thermodynamically controlled in which case the �P�R�U�H���V�W�D�E�O�H 
product is formed as the �P�D�M�R�U���S�U�R�G�X�F�W. 

Under �V�W�H�U�H�R�V�H�O�H�F�W�L�Y�H���U�H�D�F�W�L�R�Q�V, we can further have - 

�x susbstrate selectivity, and 

�x product selectivity. 

When two substrates, say, two enantiomers (or diastereomers) are present in 
the starting material and only one such substrate reacts with the reagent; then 
there is substrate selectivity. For example, in reactions involving enzymes, the 
reaction takes place between the enzyme and only one of the stereoisomers. 

On the other hand, the product selectivity occurs when the substrate reacts 
with the reagents, solvent or catalyst in different ways to give two different 
products which could be diastereoisomers or enantiomers. When two different 
products formed are �G�L�D�V�W�H�U�H�R�P�H�U�V, the reaction is called �G�L�D�V�W�H�U�H�R�V�H�O�H�F�W�L�Y�H��
and in case they are �H�Q�D�Q�W�L�R�P�H�U�V, the reaction is called �H�Q�D�Q�W�L�R�V�H�O�H�F�W�L�Y�H. 

With this background in mind, we will now analyse different reactions for their 
stereochemistry involved in the context of the products obtained. 

Let us start with the nucleophilic substitution reactions which are very 
familiar to you. From your knowledge of such reactions from the earlier 
classes, you know that  

�x SN1 reactions proceed with racemisation, and 

�x SN2 reactions proceed with the inversion of configuration at the 
stereocentre or chiral centre. 

In the SN1 reaction, in step 1, the intermediate formed is a carbocation as 
shown below: 

Step 1 

CH3

H L

C2H5

C

CH3

H

C2H5

+

carbocationreactant
 

Step 2 

C

CH3

H

C2H5

Nu

enantiomers

products

C

CH3

H

C2H5

+Nu: Nu:
�� ��

C

CH3

Nu

C2H5

H

+
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As there is equal probability of attack by the nucleophile, ��Nu from both the 
sides of the carbocation; in Step 2, the nucleophile attacks the carbocation 
from both the sides and two enantiomers are formed in equal amounts leading 
to a racemic mixture as the product. 

But, in SN2 reactions the ��Nu  and the leaving group form a five membered 
transition state (by backside attack of ��Nu  with respect to the leaving group) 
which yields inversion of configuration in the product as shown below. 

C

CH3

H

C2H5
Nu

product

C

 

H

Me

LNu:
��

C

  

H

Me

Nu H2

_

five-membered 
transition state

reactant/substrate

 C2H5
C2H5

 
Such an example of an SN2 reaction is shown below: 

  CH3 

OTsH

(S)

��OAc, Bu4N
+

DMF CH3

H AcO

(R)

 CH3CH2  CH3CH2

 
And, if we start with the reactant having R configuration as shown below, we 
get the product having S configuration. 

CH3

HOTs

(R)

��OAc, Bu4N
+

DMF CH3

OAcH

(S)
 CH3CH2  CH3CH2

 
Thus, we can say that SN2 reactions are �V�W�H�U�H�R�V�S�H�F�L�I�L�F in nature. 

Now what about SN1 reactions? Since, both enantiomers were formed in equal 
amounts and there is no stereochemical preference observed in the product; 
we can say that in the SN1 reactions, there is no stereochemical control. 

Let us now take the example of addition reactions. 

A simple case is that of addition of Br2 to cis-2-butene and trans-2-butene. 

In case of cis-2-butene, the cyclic bromonium is obtained by addition of Br2 on 
either of the faces, i.e., the top face or the bottom face since both the faces 
are the same in this case.  

This is followed by nucleophilic attack of Br�� to the cyclic bromonium ion. The 
two options- (i) and (ii) are available for the attack from the bottom, since the 
addition is an anti- periplanar. 

In case of (i) when the Br�� attacks from bottom face, the product obtained after 
opening of the ring is A. You can see that the two Br atoms are trans in the 
product. What would happen if Br�� attacks on the other carbon of the cyclic 
bromonium ion as shown by path (ii)? Again, the anti addition would lead to 
trans position of two Br atoms with respect to each other as shown in product 
B.  Therefore, both products are formed in equal amounts. 

Remember that SN1 
reactions happen in 
two steps while SN2 
reactions occur in a 
single step. 
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cis-2-butene

(i)

Br��

(ii)

(i)

+

Br

 

CH3
H

 
Br

A

(ii)

B

Br

Br

 CH3
  H

 H
+ Br

 H

 CH3

 CH3

 H

Br

 H  CH3

 Br

 CH3
 H

 CH3

CH3
 H

 
Can you now see any relation between A and B? 

These are enantiomers. 

Similarly, in case of trans-2-butene, the addition of Br2, via the cyclic 
bromonium ion yields products C and D, as shown below: 

trans-2-butene

(i)

Br��

(ii)

(i)

+

Br

 CH3

CH3
H

H
Br

C

(ii)

D

Br

Br

 CH3
 

 H

 H
+ Br

 H

 CH3  CH3

 H

Br

 H
 CH3

 Br

 CH3
 H

 CH3

 
But, in this case, the products C and D are not two different compounds. They 
are the same and it is meso-2,3-dibromobutane. 

Thus, the addition of Br2 to 2-butene is stereospecific as the two different 
diastereomers have led to specific products which are as follows: 

�x cis-2-butene gives a racemic mixture of 2,3-dibromobutane, and 
�x trans-2-butene gives the meso compound,i.e. meso-2,3-dibromobutane.  

Similarly, we can explore for elimination and other reactions. 

7.4 QUALITATIVE CORRELATION BETWEEN 
CONFORMATION AND REACTIVITY 

Having studied some aspects of dynamic stereochemistry for different types of 
reactions in the last section, you may be curious to know what will happen in 
case different conformations of a compound are possible. Will different 
conformations react differently and lead to same or different products, and if 
different products are formed -which will be the major product? We will find the 
answers to such questions in this section. 

The knowledge of these aspects of reactions is very important as we will be 
able to use such knowledge in carrying out different reactions to obtain the 
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desired product(s) as the major product(s). Thus, the effect of conformations 
on reactivity is a very important aspect in the stereochemistry of the reactions. 

You have already studied about the conformations of cyclohexanes, decalins 
and related systems in Unit 3 of Block 1 of this course. 

The correlation of conformations and reactivity can be understood in a simpler 
way if we classify substrates or the reactants into the following three types: 

Substrates or 
Reactants

Conformationally 
rigid 

diastereomers

Conformationally 
mobile 

diastereomers

Substrates with 
two or more 
conformers  

Let us understand each of these systems in detail. 

1. Conformationally Rigid Diastereomers 

 One such example of conformationally rigid diastereomers is that of trans-
2�D-decalol and trans-2�E-decalol. You can see in their structures shown 
below that in �D-decalol, the ��OH group occupies the equatorial  

trans-2�E -decalol

 H

 OH

trans-2�D -decalol

 OH

 H

 

 position while in �E-decalol, it occupies the axial position. Such 
stereoisomers are clearly diastereomers. As the two cyclohexane rings 
are joined together in trans fashion, the above two diastereomeric 
decalols cannot interconvert and such systems are conformationally 
rigid systems.  

 Now, we can study the rates of reactions of the ��OH group in such a 
system and analyse which diastereomer reacts faster and why?  

 When acelylation of ��OH group was done in the two diastereomers,                     
it was found that trans-2�D-decalol reacts much faster than                          
trans-2�E-decalol. 

 Another such system in which the axial and equatorial groups are locked 
in rigid fashion is a cyclohexane system in which a tert-butyl or any other 
bulky group is present at 4-position. Two such 4-tert-butylcyclohexanols 
are shown below: 

trans-isomer 
(��OH and tert-butyl groups are 

trans to each other)
cis-isomer (��OH and tert-butyl 
groups are cis to each other)

 H

 OH
 OH

 HC

CH3

CH3

CH3 C

CH3

CH3

CH3
 H

 H

 

As the tert-butyl 
group preferably 
occupies the 
equatorial position, 
this isomer is present 
in 10,000:1 ratio as 
compared with the 
axial tert-butyl isomer. 
Such systems are 
called 
conformationally 
biased anancomeric 
systems. 
 



 
Unit 7 Asymmetric Induction 

 

163

 Again, if acetylation of the above two compounds is done at the ��OH 
groups, the first compound, the trans isomer which has ��OH group at 
equatorial position reacts much faster than the second one in which the 
��OH group occupies the axial position.  

 So definitely, there is a relationship between the conformations of the 
compounds and their reactivities. Similarly, other reactions of the ��OH 
group also proceed faster for the diastereomer with the equatorial ��OH 
group. 

 Let us next consider the second type of substrates. 

2. Conformationally Mobile Diastereomers 

 For such systems, the relative specific rates of the reactions of the two 
diastereomers depend on the corresponding rates of the conformers and 
their population in the equilibrium mixture. 

 Let us consider the two diastereoisomers of 2,3,4-triphenylbutyric acid, 
shown below as threo and erythro isomers. 

COOH

 C6H5 H

H C6H5 

CH2C6H5

1

2

3

4

COOH

 C6H5 H

 C6H5 H

CH2C6H5

1

2

3

4

threo erythro  

The preferred conformations of these �W�Z�R���G�L�D�V�W�H�U�H�R�P�H�U�V on cyclisation 
with HF yield two different products as shown below. 

 
H

COOH

H C6H5
 

  

HF

O

threo tetralone

 
H

 
 C6H5

COOH

H C6H5
 

 

HF

 

O

erythro inadnone

 C6H5CH2

C6H5

 CH2C6H5

 CH2C6H5
C6H5

C6H5

C6H5

 

 

3. Substrates with two or more conformers 

 For such substrates, the overall specific reaction rate (k) depends upon 
the specific reaction rates of the conformers and the ground state 
population of the conformers, i.e. 
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conformer  the of fraction mole

conformersofreactionspecific

th�L

�L
�L�L�N�Q�N �•�•�m� �¦

 

This equation is applicable when interconversion of conformers is much 
faster than the reaction. 

Further, conformers could be 

i) homomeric – behave identically with respect to the rate of the 
reaction and product formed. 

ii) enantiomeric – behave identically under achiral conditions but 
differently under chiral conditions. 

iii) diaseteromeric – behave differently always. 

Thus, when the products obtained from equilibrating conformers are non-
equilibrating, then the products could be related to the reacting 
conformers. The enantiomeric and diastereomeric conformers need to be 
considered. 

The achiral 4-methylcyclohexanone, on reaction with optically active               
2-isooctyl nitrite yields 2-oxyimino derivative which has one enantiomer 
present in the predominant form.  

O

CH3 H

1
2

3

4

5

6

+   CH CH3

O NO

O

CH3 H

achiral chiral enantiomer 
obtained in 

larger amount

 *C6H13

NOH

 

This is so because the methylene groups at C–2 and C–6 are enantiotopic 
and these react with the chiral compounds at different rates leading to the 
formation of one enanitomer in larger amount than the other. 

�6�$�4������

Write the structure of the other enantiomer of the 2-oxyimino derivative which 
is formed in the smaller amount.  
 
 

�6�$�4������

Why is 4-methylcyclohexanone achiral? 
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The two conformers of malic acid are shown below which are in equilibrium. 

COOH

H2 H1

OH H

  

malic acid

HOOC H2
OH

HHOOC
H1

H1 COOH
OH

HHOOC
H2

HOOC

HOOC

H

H2

maleic acid
antiperiplanar

H1

HOOC

H

COOH

fumaric acid

H and OH

COOH

 

On dehydration, the two diasteromers, maleic acid and fumaric acid are 
formed; therefore H1 and H2 in the reactant malic acid are diastereotopic. 

You will next study about Curtin-Hammett principle which gives the 
quantitative aspects of such equilibrating conformers leading to two different 
products which are �Q�R�W in equilibrium. 

7.5 CURTIN-HAMMET PRINCIPLE 
The quantitative aspects of conformation and the reactivity are explained by 
the following: 

(i) Curtin-Hammet principle and (ii) Winstein-Elliel rate equation. 

�&�X�U�W�L�Q���+�D�P�P�H�W�W���S�U�L�Q�F�L�S�O�H correlates the product distribution with the 
transition state energies formed by the two conformers while Winstein-Elliel 
rate equation correlates the overall specific reaction rate, k, of the given 
substrate with the specific reaction rate of the individual conformers. 

Here, we will discuss only the Curtin-Hammett principle as the Winstein-Elliel 
rate equation is beyond the scope of discussion of this Unit. 

Let us consider a substrate S, which can exist in two conformers A and B 
which are in equilibrium, as shown below. 

S
k1

k2

A BC D
kC kD

 

Now each of these conformers A and B reacts to give the products C and D, 
respectively which are not interconvertible. The rate constants (k) for the 
above changes are mentioned on the respective arrows. For such situations, 
the product composition is not in direct proportion to the relative concentration 
of starting conformers A and B but depends only on the difference in free 
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energies of the transition states, provided that the rates of reactions for 
product formation kC and kD are much slower than the rates of conversion of 
conformers, k1 and k2. Thus, we can write 

 
2

1
[A]
[B]

k
kK � �  

And, k1 and k2 are much larger, i.e., at least 10 times more than kC and kD. 

We can represent the free energy diagram as shown below: 

 

Fig. 7.1: Free energy �Y�V. reaction coordinate. 

Thus, the product ratio, C:D will not depend upon the concentration ratio of the 
starting conformers [A] : [B] but on the difference, �'�' G , i.e. difference between 
free energies �' G C  and �' G

 D  , of the transition states.  

Now four different possibilities will exist for which conformer will give the major 
product. These are as follows: 

1. More stable conformer giving the major product provided the rate of 
reaction of more stable conformation is higher. 

2. Less stable conformer giving the major product provided the rate of 
reaction of less stable conformation is higher. 

3. More stable conformer giving the major product when rates of 
reactions of two conformers are comparable. 

4. When both conformers are equally stable and are present in equal 
amounts; then the major product would be one having lower free energy 
of activation. 

Let us study these situations in more detail. 

1. The energy profile shown in Fig. 7.2 represents this situation in which the 
transition state energy  �' G

 C  of the �P�R�U�H���V�W�D�E�O�H conformer, which is A in 

In case, kC and kD are 
far greater than k1 
and k2, this means 
that the ratio of A and 
B is not changing 
while the products C 
and D are being 
formed. This is called 
kinetic quenching 
since the A �– B 
interconversion has 
stopped. 
 

In another situation 
when the magnitude 
of kC and kD is same 
as k1 and k2, then the 
equilibrium is �Q�R�W 
being maintained and 
hence Curtin-
Hammett and 
Winstein-Eliel/Holmes 
equation do not apply 
in their usual form. 



 
Unit 7 Asymmetric Induction 

167

this case, (because of its lower energy) is �O�R�Z�H�U than that of the transition 
state energy of B, �' G

 D  . So, C will be forming as a major product.  

 

 
Fig. 7.2: Free energy �Y�V. reaction coordinate. 

Let us compare this figure with that for that of Case 2 as shown below in  
Fig. 7.3.  

 
Fig. 7.3: Free energy �Y�V. reaction coordinate. 

As the product D is being derived from the less stable conformer (B, which is 
of higher energy than A), it is formed in major amount because its transition 
state energy �' G

 D is lower than that of A which is �' G
 C .  

Consider the dehydrohalogenation reaction of 2-bromobutane. Its two 
conformations in equilibrium are given below in which the two groups to be lost 
are shown anti to each other. 

 
H

 
CH3

Br

CH3H  

H

gauche 
interactions  

CH3
 

H
Br

CH3H  

H

C

C

H CH3

HCH3
trans-2-butene

 A B D

C

C

H CH3

CH3H

cis-2-butene
C  

If we compare the two conformers, in the first one, A, the two methyl groups 
are close to each other and there are gauche interactions between them. Such 
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interactions are not there in the other conformer, B, as the two methyl groups 
are for apart from each other. Thus, the first conformer will be having higher 
energy and lower proportion as compared to the second one. Also, the 
transition state would also be of higher energy for I and than for II. This is 
shown in Fig. 7.4 below. 

 
Fig. 7.4 Free energy �Y�V. reaction coordinate. 

Thus, as the transition state free energy is lower for the second conformer 
which is also the more stable conformer,, the major product is the product 
obtained from second conformer. Thus, trans-2-butene is formed in major 
amount i.e., 80% while the cis-2-butene constitutes 20% of the product. Thus, 
in this case major product is resulting from the stable conformer. 

An example of situation 2 where less stable conformer leads to the formation 
of the major product is that of quaternerisation of tropanes as discussed 
below. 

Tropane is a bicycle amine in which a pyrrolidine and a piperidine ring share 
one nitrogen atom and two carbon atoms. 

N

 

CH3

123

4
5

6 7

8

N CH3

7 8

5 4
6

1 2

3

N

Htropane
piperidine

N

H

pyrrolidine  
When tropane is drawn in a little different orientation,its two conformers can be 
shown which are in rapid equilibrium.  In the the less stable conformer of 

N
CH3 

major product

N
CH3

13CH3I

fast

:

rapid 
interconversion

N
CH3 :

13CH3I

N
CH3CH3

less stable 
conformer

more stable 
conformer

minor product

piperidine side
(less hindered 
side)

  13CH3

 

Tropane, the methyl group occupies the axial position of the piperidine moiety 
and the piperidine side is sterically more hindered and therefore it is the less 
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stable conformer. But when the reaction is carried out with 13CH3I, the less 
stable conformer gives the �P�D�M�R�U���S�U�R�G�X�F�W as it reacts faster. This indicates 
that the transition state in which the attacking group approaches from the less 
hindered side of the piperidine side is preferred over the other possibility in 
which the attack in the more stable conformer from the more hindered side 
takes place. 

Let us take the case of N-methyl-4-tert-butylpiperidine which can exist in the 
following two conformers: 

 

Here, the more stable conformer is the one in which the methyl group and the tert-
butyl group occupy equatorial positions. 

When oxidation reaction of N-methyl-4-tert-butylpiperidine is carried out using 
H2O2 in acetone, the axial �1-oxide is the major product and the ratio of major 
to minor products is 95:5. Note that axial N-oxide means that oxygen is 
occupying the axial position which was the case in the more stable conformer. 
Here, as the electrophile is less bulkier, it is assumed that the two conformers 
are reacting at the comparable rates. 
 

�6�$�4������

Draw the energy profile for the conversion of N-methyl-tert-butylpiperidine to 
its N-oxide. 
 

Lastly, we shall see what happens when both conformers are equally stable. 
This would lead to their equal amounts of the starting conformers. In such a 
situation, the major product would be the one which would be having lower 
free energy of activation. The free energy profile for such a system is shown 
below. 
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Fig.7.5: Free energy �Y�V. reaction coordinate. 

You can easily predict that D will be the major product in this case. The 
formation of epoxide from trans-2-halocyclohexanol conformer can be 
explained as follows.   

O

X H

No reaction as the geometry 
is not suitable in this 
conformation for reaction

��OH

X

O H
trans form   
(diaxial)

trans form (diequatorial)  O

 OH

 OH

 

Both are trans-one is  diequatorial (first one) and second is diaxial. Though 
diequatorial is more stable, but geomtry is not favourable for the reaction. Both 
the conformers do not have same population. The first one is more stable and 
hence, its concentration is higher but the reaction of diaxial form shifts the 
equilibrium to its side.       

A discussion about the Curtin-Hammett principle given so far limits quantitative 
aspects in the sense that �' G  which is the difference in the energy levels of 
the transition states cannot be determined experimentally. Hence, more in 
depth studies suggested that the better or modified form of Curtin-Hammett 
principle should take into account the equilibrium constant of the starting 
conformers, rates of their respective reactions in kC and kD terms and �' G�' . 

7.6 SUMMARY 
In this unit, you have learnt that 

�x According to Cram’s rule, for nucleophilic addition reactions of ketones 
having a chiral carbon attached at �D position to the carbonyl group, three 
groups attached to the chiral centre can be labeled as S, M and L, 
respectively for small, medium and large sized groups. The preferred 
conformation for attack by nucleophile will be the one which is of least 
energy. 

�x A rigid model was proposed by Cram when the compounds contained a 
hydroxyl or an amino group attached to the chiral centre �D�� to the 
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carbonyl group. In such a situation, the organometallic reagent 
coordinates with both the oxygen of the carbonyl group and that of the OH 
(or N of NH2) group. 

�x A dipolar model was suggested by Cram for compounds in which a 
strongly electronegative group such as a halogen group is present at the 
carbon �D to the carbonyl carbon. The C–X and C=O are placed anti to 
each other in such a situation. 

�x Felkin model proposed that the conformation having the large group 
should be perpendicular to the carbonyl group and not in anti-periplanar 
position as was the case with Cram’s model. as shown below to minimise 
the repulsions between them. 

�x Prelog’s Rule is an extension of Cram’s rule. It correlates the 
configurations of chiral alcohols and �D-hydroxy acids. 

�x Dynamic stereochemistry mainly deals with the influence of spatial 
structures of molecules on the reaction rates and on the direction of 
reactions.  

�x Stereospecific reactions yield a single stereoisomer as the product, i.e. 
the two different stereoisomeric starting materials give two different 
products. SN2 reactions are stereospecific in nature. 

�x In stereoselective reactions, two products are formed from a single 
starting material and one product is a major product and the other one is 
minor product or forms in trace amount.  

�™ When two substrates, say, two enantiomers (or diastereomers) are 
present in the starting material and only one such substrate reacts 
with the reagent; then there is substrate selectivity. 

�™ When two different products formed are diastereomers in unequal 
amounts, the reaction is called diastereoselective and in case they 
are enantiomers, the reaction is called enantioselective. 

�x the effect of conformations on reactivity is a very important aspect in the 
stereochemistry of the reactions. 

�x The quantitative aspects of conformation and the reactivity are explained 
by  : 

 (i) Curtin-Hammett principle and (ii) Winstein-Elliel rate equation 

�x Curtin-Hammett principle correlates the product distribution with the 
transition state energies formed by the two conformers. 

7.7 TERMINAL QUESTIONS 
1.  (i) Write the structure of the hydroxy acid produced when pyruvate ester 

of an asymmetric alcohol reacts with C6H5MgBr and the product so 
obtained is hydrolysed. 
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 (ii) What are the common and IUPAC names of this acid? 

 (iii) Write the S and R configurations for the above acid. 

2.    (i) Predict the major product when the following ester reacts with CH3MgX. 

C
C

 
O

O

O
H

CH3CH3

CH3

C6H5

   CH3MgX

 

(ii)  Will there be any minor product? Give its structure also.  

3. Which of the following will react faster in a substitution reaction with 128I? 

 (CH3)3 C

I127

I
 (CH3)3 C

I127

II

 or

 

4.  Using dipolar model, predict the product of reduction of any of the 
following enantiomeric compound using NaBH4. 

  

C C3H7

O

CH

C2H5

Cl   

5. Draw the Newman projection for the major and minor products and also 
predict the side of attack when S-3-phenylbutanone is reduced using 
LiAlH4. 

7.8 ANSWERS 
 

Self-Assessment Questions 

1.  O

 C6H5

 
H

 
CH3

(S)

(L) C6H5

(M)

H��

 

Products formed are as follows: 
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 O
   

  H

 H3C
 C6H5 C6H5

(i) LiAlH4

(ii) dil. H2SO4

   

  H H

 H3C

 C6H5

   

 

+    

 

 H

 H

 H3C
 C6H5

   

 

 C6H5

 OH

 OH

 C6H5

(erythro 80%) (threo 20%) II  

2. Yes 

 
3. 

O

CH3 H

 HON

O

H CH3

 NOH

 

4.  A plane of symmetry is present in the molecule which is clearly visible in 
the 3D structure of the molecule cutting the methyl group in the middle.  

O

CH3 H

 plane of symmetry

  

5.  The energy profile for the conversion of N-methyl-tert-butylpiperidine to its 
N-oxide is as shown below: 

 

Terminal Questions 

1. (i) 
C

CH3

COOH

C6H5 OH

 

 
or C

CH3

COOH

OHC6H5

 

 (ii) Atrolactic acid, 2-hydroxy-2-phenylpropanoic acid. 
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 (iii) 

 

CH3

COOH

C6H5 OH
1

2

3

4
R

 

CH3

COOH

OH C6H5

S
4

1

2

3

 

2. (i) Here, CH3 will attack from the backside, i.e., the side of H group of 
alcohol moiety of the ester according to the Prelog rule to yield the 
following major provide. 

C
C

 
O

O
H

CH3CH3

CH3

OH CH3

C6H5

 

 (iii) 

C
C

 
O

O
H

CH3CH3

CH3

CH3 OH

C6H5

 

3. II; as the transition state in both the cases would be same and II is less 
stable than I. 

 
4.  H

 
 C2H5

 Cl
 C3H7

  O
 BH3

 H

 HO

 C2H5

 C3H7

 Cl  H

 H

 
 

5. 

 H3C  OH

 H

 H

 CH3

 C6H5

 (i) LiAlH4

 (ii) H3O+

 H3C

 H
 CH3

 C6H5

 O

H-

 favoured

 or

 CH3

 O

H-

 not favoured

 C6H5

 CH3

 (i) LiAlH4

 (ii) H3O+

 CH3

 H

 C6H5

  HO

 H

 H3C
 major product  minor product

 H

 



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�8�1�,�7���� ��

�0�2�/�(�&�8�/�$�5���'�,�6�<�0�0�(�7�5�<��

�$�1�'���&�+�,�5�2�3�7�,�&�$�/���3�5�2�3�(�5�7�,�(�6��

�6�W�U�X�F�W�X�U�H��

�������� �,�Q�W�U�R�G�X�F�W�L�R�Q��

�(�[�S�H�F�W�H�G���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V��

�������� �/�L�Q�H�D�U���D�Q�G���&�L�U�F�X�O�D�U�O�\���3�R�O�D�U�L�V�H�G��
� � � /� L� J� K� W� � � �� �� �� �� �

������������ �&�L�U�F�X�O�D�U���%�L�U�H�I�U�L�J�H�Q�F�H���D�Q�G��
�� �&�L�U�F�X�O�D�U���'�L�F�K�U�R�L�V�P����

�������� �2�S�W�L�F�D�O���5�R�W�D�W�R�U�\���'�L�V�S�H�U�V�L�R�Q���D�Q�G��
�&�'���&�X�U�Y�H�V����

�������� �&�R�W�W�R�Q���(�I�I�H�F�W��

�������� �7�K�H���$�[�L�D�O���+�D�O�R�N�H�W�R�Q�H�����5�X�O�H��

�������� �2�F�W�D�Q�W���'�L�D�J�U�D�P�V��

�������� �+�H�O�L�F�L�W�\��

�������� �/�R�Z�H�¶�V���5�X�O�H��

���������� �$�S�S�O�L�F�D�W�L�R�Q���R�I���2�5�'���D�Q�G���&�'���W�R��
�6�W�U�X�F�W�X�U�D�O���D�Q�G���6�W�H�U�H�R�F�K�H�P�L�F�D�O��
�3�U�R�E�O�H�P�V��

���������� �6�X�P�P�D�U�\��

���������� �7�H�U�P�L�Q�D�O���4�X�H�V�W�L�R�Q�V��

���������� �$�Q�V�Z�H�U�V��

�������� ���,�1�7�5�2�'�8�&�7�,�2�1��

�7�K�L�V���L�V���W�K�H���O�D�V�W���X�Q�L�W���R�I���%�O�R�F�N�������R�Q���V�W�H�U�H�R�F�K�H�P�L�V�W�U�\���D�Q�G���G�H�D�O�V���Z�L�W�K���P�R�O�H�F�X�O�D�U��
�G�L�V�V�\�P�P�H�W�U�\���D�Q�G���F�K�L�U�R�S�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V�����<�R�X���D�O�U�H�D�G�\���N�Q�R�Z���W�K�D�W���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H��
�P�R�O�H�F�X�O�H�V���K�D�Y�H���G�L�V�V�\�P�P�H�W�U�L�F���P�R�O�H�F�X�O�D�U���V�W�U�X�F�W�X�U�H�����1�R�Z�����\�R�X���P�X�V�W���E�H���F�X�U�L�R�X�V��
�W�R���N�Q�R�Z���Z�K�L�F�K���S�U�R�S�H�U�W�L�H�V���D�U�H���F�D�O�O�H�G���F�K�L�U�R�S�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V�����7�K�H�V�H���D�U�H���W�K�H��
�R�S�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V���U�H�O�D�W�H�G���W�R���L�Q�W�H�U�D�F�W�L�R�Q���R�I���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�]�H�G���O�L�J�K�W���Z�L�W�K���F�K�L�U�D�O��
�V�W�U�X�F�W�X�U�H�V�����:�H���Z�L�O�O���E�H���G�L�V�F�X�V�V�L�Q�J���W�K�H���F�K�L�U�R�S�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V���V�X�F�K���D�V���F�L�U�F�X�O�D�U��
�E�L�U�H�I�U�L�Q�J�H�Q�F�H�����R�S�W�L�F�D�O���U�R�W�D�W�R�U�\���G�L�V�S�H�U�V�L�R�Q���D�Q�G���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���L�Q���W�K�L�V���X�Q�L�W����

�7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���F�K�L�U�R�S�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V���F�L�U�F�X�O�D�U���E�L�U�H�I�U�L�Q�J�H�Q�F�H���D�Q�G���F�L�U�F�X�O�D�U��
�G�L�F�K�U�R�L�V�P���O�H�D�G�V���W�R���F�K�L�U�R�S�W�L�F�D�O���S�K�H�Q�R�P�H�Q�R�Q���F�D�O�O�H�G���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W������

�7�K�L�V���Z�L�O�O���E�H���I�R�O�O�R�Z�H�G���E�\���D���G�L�V�F�X�V�V�L�R�Q���R�Q���F�H�U�W�D�L�Q���H�P�S�L�U�L�F�D�O���U�X�O�H�V���V�X�F�K���D�V���D�[�L�D�O��
�K�H�O�R�N�H�W�R�Q�H���U�X�O�H�����R�F�W�D�Q�W���U�X�O�H�����K�H�O�L�F�L�W�\���U�X�O�H���D�Q�G���/�R�Z�H�¶�V���U�X�O�H���Z�K�L�F�K���F�R�U�U�H�O�D�W�H���W�K�H��
�V�L�J�Q���R�I���&�R�W�W�R�Q���H�I�I�H�F�W���Z�L�W�K���W�K�H���F�K�L�U�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W���L�Q���D���P�R�O�H�F�X�O�H�����+�H�U�H�����Z�H���Z�L�O�O��
�E�H���G�H�V�F�U�L�E�L�Q�J���K�R�Z���W�K�H���V�L�J�Q���R�I���&�R�W�W�R�Q���H�I�I�H�F�W���U�H�O�D�W�H�V���W�R���D�Q�G���L�Q�G�L�F�D�W�H�V���W�K�H��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q���D�Q�G���R�U���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I���D���P�R�O�H�F�X�O�H���R�I���V�S�H�F�L�I�L�F���F�D�W�H�J�R�U�\���R�I��
�F�R�P�S�R�X�Q�G�V����

�7�K�H���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���2�5�'���D�Q�G���&�'���F�X�U�Y�H�V���W�R���V�W�U�X�F�W�X�U�D�O���S�U�R�E�O�H�P�V���V�X�F�K���D�V��
�G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���F�R�Q�I�L�J�X�U�D�W�L�R�Q���D�Q�G���F�R�Q�I�R�U�P�D�W�L�R�Q�D�O���V�W�X�G�L�H�V���Z�L�O�O���D�O�V�R���E�H��
�G�L�V�F�X�V�V�H�G���L�Q���W�K�L�V���X�Q�L�W����

��

��



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

�(�[�S�H�F�W�H�G���/�H�D�U�Q�L�Q�J���2�X�W�F�R�P�H�V��

�$�I�W�H�U���V�W�X�G�\�L�Q�J���W�K�L�V���X�Q�L�W���\�R�X���V�K�R�X�O�G���E�H���D�E�O�H���W�R����

�™� � � G� L� I� I� H� U� H� Q� W� L� D� W� H� �� E� H� W� Z� H� H� Q� �� O� L� Q� H� D� U� �� D� Q� G� �� F� L� U� F� X� O� D� U� O� \� �� S� R� O� D� U� L� V� H� G� �� O� L� J� K� W� �� �

�™�� �H�[�S�O�D�L�Q���W�K�H���W�H�U�P�V���F�L�U�F�X�O�D�U���E�L�U�H�I�U�L�J�H�Q�F�H���D�Q�G���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P����

�™� � � G� H� I� L� Q� H� �� 2� 5� '� �� �

�™�� �G�L�V�F�X�V�V���S�O�D�L�Q���D�Q�G���&�R�W�W�R�Q���H�I�I�H�F�W���2�5�'���F�X�U�Y�H�V����

�™�� �G�U�D�Z���D�Q�G���H�[�S�O�D�L�Q���&�'���F�X�U�Y�H�V����

�™�� �G�H�V�F�U�L�E�H���V�H�F�W�R�U���U�X�O�H�V���V�X�F�K���D�V���D���D�[�L�D�O���K�D�O�R�N�H�W�R�Q�H���U�X�O�H���D�Q�G���R�F�W�D�Q�W���U�X�O�H�V��
�Z�K�L�F�K���D�U�H���X�V�H�G���I�R�U���W�K�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���D�E�V�R�O�X�W�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���D�F�K�L�U�D�O��
�F�K�U�R�P�R�S�K�R�U�H�V���V�X�F�K���D�V���V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V����

�™�� �H�[�S�O�D�L�Q���K�H�O�L�F�L�W�\���U�X�O�H���D�Q�G���G�L�V�F�X�V�V���L�W�V���D�S�S�O�L�F�D�W�L�R�Q���W�R���G�L�H�Q�H�V������������������������������������������������������������������������
�D���E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���D�Q�G���K�H�O�L�F�L�Q�H�V����

�™�� �G�L�V�F�X�V�V���/�R�Z�H�¶�V���U�X�O�H���I�R�U���W�K�H���D�E�V�R�O�X�W�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���R�I���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H��
�D�O�O�H�Q�H�V�����D�Q�G��

�™�� �G�H�V�F�U�L�E�H���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���2�5�'���D�Q�G���&�'���W�R���V�W�U�X�F�W�X�U�D�O���D�Q�G���V�W�H�U�H�R�F�K�H�P�L�F�D�O��
�S�U�R�E�O�H�P�V����

�����������/�,�1�(�$�5���$�1�'���&�,�5�&�8�/�$�5�/�<���3�2�/�$�5�,�6�(�'��
�/�,�*�+�7��

�,�Q���8�Q�L�W���������\�R�X���K�D�Y�H���V�W�X�G�L�H�G���D�E�R�X�W���U�R�W�D�W�L�R�Q���R�I���S�O�D�Q�H���R�I���S�O�D�Q�H���S�R�O�D�U�L�]�H�G���O�L�J�K�W����
�:�K�D�W���\�R�X���K�D�G���V�W�X�G�L�H�G���W�K�H�U�H���Z�D�V���W�K�H���O�L�Q�H�D�U���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����/�L�Q�H�D�U���S�R�O�D�U�L�]�H�G��
�O�L�J�K�W���L�V���W�K�H���O�L�J�K�W���Z�K�R�V�H���R�V�F�L�O�O�D�W�L�R�Q�V���W�D�N�H���S�O�D�F�H���L�Q���D���V�L�Q�J�O�H���S�O�D�Q�H�����+�H�U�H�����L�W���Z�L�O�O���E�H��
�L�P�S�R�U�W�D�Q�W���W�R���X�Q�G�H�U�V�W�D�Q�G���W�K�H���Q�D�W�X�U�H���R�I���Z�D�Y�H�V���D�Q�G���W�K�H�L�U���S�U�R�S�H�U�W�L�H�V���W�R���K�D�Y�H���D��
�F�O�H�D�U���S�L�F�W�X�U�H���R�I���O�L�Q�H�D�U���D�Q�G���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V����

�,�Q���O�L�Q�H�D�U���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H���H�O�H�F�W�U�L�F���I�L�H�O�G���D�Q�G���P�D�J�Q�H�W�L�F���I�L�H�O�G���R�V�F�L�O�O�D�W�H���D�W��
�S�H�U�S�H�Q�G�L�F�X�O�D�U���G�L�U�H�F�W�L�R�Q�V���D�Q�G���W�K�H�V�H���G�L�U�H�F�W�L�R�Q�V���D�U�H���D�O�V�R���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H��
�G�L�U�H�F�W�L�R�Q���R�I���S�U�R�S�D�J�D�W�L�R�Q���R�I���O�L�J�K�W�����7�K�L�V���L�V���V�K�R�Z�Q���E�H�O�R�Z���L�Q���)�L�J��������������

���(

���%

�O���H�O�H�F�W�U�L�F���I�L�H�O�G

���P�D�J�Q�H�W�L�F���I�L�H�O�G

���G�L�U�H�F�W�L�R�Q���R�I��
� S � U� R � S � D � J � D � W� L� R � Q

���(

���%

���H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V

�����D��

�����E�� ��
�)�L�J�����������������D�����H�O�H�F�W�U�L�F���D�Q�G���P�D�J�Q�H�W�L�F���F�R�P�S�R�Q�H�Q�W�V���R�I���D���S�O�D�Q�H���S�R�O�D�U�L�]�H�G���O�L�J�K�W���D�Q�G�����E����

�H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���R�V�F�L�O�D�W�L�Q�J���L�Q���R�Q�H���S�O�D�Q�H����

�/�L�J�K�W���L�V���D���W�U�D�Q�V�Y�H�U�V�H��

�H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���Z�D�Y�H����



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�7�K�X�V�����D�V���V�K�R�Z�Q���L�Q���)�L�J�������������D�������W�K�H���H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���D�U�H���R�V�F�L�O�O�D�W�L�Q�J���L�Q���R�Q�H��
�S�O�D�Q�H���D�Q�G���V�R���D�O�V�R���D�U�H���W�K�H���P�D�J�Q�H�W�L�F���I�L�H�O�G���Y�H�F�W�R�U�V�����)�L�J���������������E�����V�K�R�Z�V���R�Q�O�\���W�K�H��
�H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���D�Q�G���W�K�H���P�D�J�Q�H�W�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���D�U�H���R�P�L�W�W�H�G���L�Q���W�K�H���I�L�J�X�U�H���E�X�W��
�R�W�K�H�U�Z�L�V�H���W�K�H�\���D�U�H���S�U�H�V�H�Q�W����

�2�Q�H���P�R�U�H���W�K�L�Q�J���W�R���E�H���F�O�H�D�U�O�\���R�E�V�H�U�Y�H�G���L�Q���)�L�J�������������D�����D�Q�G�����E�����L�V���W�K�D�W���W�K�H��
�P�D�J�Q�L�W�X�G�H���R�I���W�K�H���H�O�H�F�W�U�L�F���F�R�P�S�R�Q�H�Q�W�����R�U���P�D�J�Q�H�W�L�F���F�R�P�S�R�Q�H�Q�W�����F�K�D�Q�J�H�V���L�Q��
�V�S�D�F�H���L�Q���R�Q�H���G�L�U�H�F�W�L�R�Q���R�Q�O�\�����L�W���N�H�H�S�V���R�Q���L�Q�F�U�H�D�V�L�Q�J���D�Q�G���G�H�F�U�H�D�V�L�Q�J���L�Q��
�V�L�Q�X�V�R�L�G�D�O���I�D�V�K�L�R�Q�����V�H�H���I�L�J��������������

���(

���%

���H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V

���V�L�Q�X�V�R�L�G�D�O���Q�D�W�X�U�H���R�I���Z�D�Y�H��

�)�L�J���������������9�D�U�L�D�W�L�R�Q���R�I���P�D�J�Q�L�W�X�G�H���R�I���H�O�H�F�W�U�L�F���F�R�P�S�R�Q�H�Q�W���R�I���W�K�H���Z�D�Y�H���L�Q���V�S�D�F�H����

�/�H�W���X�V���Q�H�[�W���V�H�H���Z�K�D�W���K�D�S�S�H�Q�V���L�Q���F�D�V�H���R�I���F�L�U�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����%�H�I�R�U�H���W�K�D�W��
�\�R�X���P�D�\���U�H�F�D�O�O���W�K�D�W���Z�K�H�Q���W�Z�R���V�X�F�K���Z�D�Y�H�V���D�U�H���W�K�H�U�H�����W�K�H���I�R�O�O�R�Z�L�Q�J���G�L�I�I�H�U�H�Q�W��
�V�L�W�X�D�W�L�R�Q�V���D�U�H���S�R�V�V�L�E�O�H���O�H�D�G�L�Q�J���W�R���Y�H�U�\���L�Q�W�H�U�H�V�W�L�Q�J���U�H�V�X�O�W�D�Q�W���Z�D�Y�H�V����

���L���� �:�K�H�Q���W�K�H�V�H���W�Z�R���Z�D�Y�H�V���D�U�H���H�[�D�F�W�O�\���D�W���W�K�H���V�D�P�H���S�O�D�F�H���D�W���W�K�H���V�D�P�H���W�L�P�H����
�W�K�H�Q���W�K�H���P�D�J�Q�L�W�X�G�H�V���R�I���W�K�H�L�U���U�H�V�S�H�F�W�L�Y�H���H�O�H�F�W�U�L�F���D�Q�G���P�D�J�Q�H�W�L�F���Y�H�F�W�R�U�V���Z�L�O�O��
�V�L�P�S�O�\���D�G�G���W�R���H�D�F�K���R�W�K�H�U���W�R���J�L�Y�H���W�K�H���U�H�V�X�O�W�D�Q�W���Z�D�Y�H���R�I���G�R�X�E�O�H���P�D�J�Q�L�W�X�G�H��
�R�I���H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U���D�Q�G���G�R�X�E�O�H���P�D�J�Q�L�W�X�G�H���R�I���P�D�J�Q�H�W�L�F���I�L�H�O�G���Y�H�F�W�R�U���D�V��
�F�R�P�S�D�U�H�G���W�R���H�D�F�K���R�I���W�K�H���V�W�D�U�W�L�Q�J���Z�D�Y�H�V����

��
���D������ �� �� �� �� �� ���E����

�)�L�J�������������D�����$�G�G�L�W�L�R�Q���R�I���H�O�H�F�W�U�L�F���D�Q�G���P�D�J�Q�H�W�L�F���Y�H�F�W�R�U�V���R�I���W�Z�R���Z�D�Y�H�V���D�Q�G����

�E�����7�K�H���U�H�V�X�O�W�D�Q�W���Z�D�Y�H���K�D�Y�L�Q�J���G�R�X�E�O�H���D�P�S�O�L�W�X�G�H�V���I�R�U���W�K�H���H�O�H�F�W�U�L�F���D�Q�G��

�P�D�J�Q�H�W�L�F���Y�H�F�W�R�U�V����

���L�L���� �:�K�H�Q���W�K�H���W�Z�R���Z�D�Y�H�V���H�[�L�V�W���L�Q���W�K�H���V�D�P�H���U�H�J�L�R�Q���R�I���V�S�D�F�H���E�X�W���K�D�Y�H���G�L�I�I�H�U�H�Q�W��
�G�L�U�H�F�W�L�R�Q�V�����,�I���Z�H���F�R�Q�V�L�G�H�U���D�J�D�L�Q���R�Q�O�\���W�K�H���H�O�H�F�W�U�L�F���Y�H�F�W�R�U�V�����W�K�H�L�U���D�G�G�L�W�L�R�Q���Z�L�O�O��
�\�L�H�O�G���W�K�H���U�H�V�X�O�W�D�Q�W���Y�H�F�W�R�U�V���L�Q���G�L�I�I�H�U�H�Q�W���R�U�L�H�Q�W�D�W�L�R�Q����



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

������ ��

��

�)�L�J�������������D�����$�G�G�L�W�L�R�Q���R�I���W�Z�R���Z�D�Y�H�V���Z�K�L�F�K���H�[�L�V�W���L�Q���W�K�H���V�D�P�H���U�H�J�L�R�Q���R�I���V�S�D�F�H���E�X�W��
�K�D�Y�H���G�L�I�I�H�U�H�Q�W���G�L�U�H�F�W�L�R�Q�V����

���L�L�L���� �&�R�Q�V�L�G�H�U���W�K�H���W�Z�R���Z�D�Y�H�V���L�Q���G�L�I�I�H�U�H�Q�W���G�L�U�H�F�W�L�R�Q�V���D�V���L�Q�����L�L�����E�X�W���R�Q�H���R�I���W�K�H��
�Z�D�Y�H�V���P�R�Y�L�Q�J���D�K�H�D�G���R�I���W�K�H���R�W�K�H�U�����V�H�H���)�L�J�������������D����
��

���� ��

� � � �

���� ��

�)�L�J���������������(�O�H�F�W�U�L�F���D�Q�G���E�R�W�K���H�O�H�F�W�U�L�F���D�Q�G���P�D�J�Q�H�W�L�F���Y�H�F�W�R�U�V���Z�K�H�Q���R�Q�H���R�I���W�K�H���Z�D�Y�H�V��

�L�V���D�K�H�D�G���R�I���W�K�H���R�W�K�H�U���Z�D�Y�H����



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�,�Q���D�Q�R�W�K�H�U���S�R�V�V�L�E�O�L�W�\�����L�I���W�K�H���R�W�K�H�U�����V�H�F�R�Q�G�����Z�D�Y�H���L�V���D�K�H�D�G�����W�K�H�Q�����W�K�H��
�U�H�V�X�O�W�D�Q�W���H�O�H�F�W�U�L�F���Y�H�F�W�R�U�V���R�Q���D�G�L�W�L�R�Q���Z�R�X�O�G���D�S�S�H�D�U���D�V���V�K�R�Z�Q���L�Q���)�L�J���������������E������

�7�K�H���W�Z�R���Z�D�Y�H�V���D�U�H���P�R�Y�L�Q�J���L�Q���R�S�S�R�V�L�W�H���G�L�U�H�F�W�L�R�Q�V���Z�L�W�K���U�H�V�S�H�F�W���W�R���H�D�F�K��
�R�W�K�H�U���D�V���V�K�R�Z�Q���L�Q���)�L�J���������������D�����D�Q�G�����E������

�6�X�F�K���D���O�L�J�K�W���L�Q���Z�K�L�F�K���W�K�H���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���Z�D�Y�H���F�R�Q�W�L�Q�X�R�X�V�O�\���U�R�W�D�W�H���L�Q���W�K�H��
�V�D�P�H���G�L�U�H�F�W�L�R�Q���L�V���F�D�O�O�H�G���F�L�F�O�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����2�Q�H���R�I���W�K�H�P���L�V���F�D�O�O�H�G��
�U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����5�&�3�/�����D�Q�G���W�K�H���R�W�K�H�U���R�Q�H���L�V���F�D�O�O�H�G���O�H�I�W��
�F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H���O�L�J�K�W�����/�&�3�/������

���L�Y�����(�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���Z�D�Y�H���F�D�Q���E�H���F�R�Q�V�L�G�H�U�H�G���D�V���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���W�Z�R���R�W�K�H�U��
�H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���Z�D�Y�H�V����

�:�K�H�Q���V�X�F�K���D���O�L�Q�H�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���S�D�V�V�H�V���W�K�U�R�X�J�K���D���T�X�D�U�W�H�U���Z�D�Y�H���S�O�D�W�H��
�D�W�������q���D�Q�J�O�H�����W�K�H���Z�D�Y�H���Z�K�L�F�K���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���F�R�Q�V�L�V�W�L�Q�J���R�I���W�Z�R��
�H�O�H�F�W�U�R�P�D�J�P�H�W�L�F���Z�D�Y�H�V�����R�Q�H���R�I���W�K�H�P���L�V���V�O�R�Z�H�G���G�R�Z�Q���E�\���D���T�X�D�U�W�H�U���D�V��
�F�R�P�S�D�U�H�G���W�R���W�K�H���R�W�K�H�U���D�Q�G���W�K�L�V���U�H�V�X�O�W�D�Q�W���Z�D�Y�H���L�V���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W����
�6�R���D���S�K�D�V�H���G�L�I�I�H�U�H�Q�F�H���R�I�������q���R�F�F�X�U�V���L�Q���W�K�H���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F���Z�D�Y�H�V���Z�K�L�F�K��
�J�L�Y�H�V���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W����

�1�R�W�H���W�K�D�W���D�V���V�K�R�Z�Q���L�Q���)�L�J���������������D�����L�Q���U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H��
�H�O�H�F�W�U�L�F���Y�H�F�W�R�U���U�R�U�D�W�H�V���L�Q���W�K�H���F�O�R�F�N�Z�L�V�H���G�L�U�H�F�W�L�R�Q�����Z�K�H�U�H�D�V���L�Q���O�H�I�W���F�L�U�F�X�O�D�U�O�\��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H���G�L�U�H�F�W�L�R�Q���R�I���U�R�W�D�W�L�R�Q���R�I���H�O�H�F�W�U�L�F���Y�H�F�W�R�U���L�V���D�Q�W�L�F�O�R�F�N�Z�L�V�H����

��

� � � �
�)�L�J�����������������D�����5�L�J�K�W���D�Q�G���O�H�I�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V���V�K�R�Z�L�Q�J���I�L�[�H�G���P�D�J�Q�L�W�X�G�H���R�I��

�H�O�H�F�W�U�L�F���Y�H�F�W�R�U���Z�K�L�F�K���P�R�Y�H�V���L�Q���D���F�L�U�F�X�O�D�U���I�D�V�K�L�R�Q�����E�����&�K�D�Q�J�H���R�I��

�G�L�U�H�F�W�L�R�Q���R�I���W�K�H���H�O�H�F�W�U�L�F���Y�H�F�W�R�U���R�I���I�L�[�H�G���P�D�J�Q�L�W�X�G�H�V���D�Q�G�����F�����$���F�L�U�F�O�H��

�I�R�U�P�H�G���E�\���W�K�H���U�R�W�D�W�L�R�Q���R�I���H�O�H�F�W�U�L�F���Y�H�F�W�R�U�V������

�$���O�L�Q�H�D�U���S�R�O�D�U�L�V�H�U��
�D�O�O�R�Z�V���X�Q�S�R�O�D�U�L�V�H�G��
�O�L�J�K�W���W�R���S�D�V�V���W�K�U�R�X�J�K���L�W��
�D�Q�G���W�K�H���R�X�W���F�R�P�L�Q�J��
�O�L�J�K�W���L�V���O�L�Q�H�D�U�O�\��
�S�R�O�D�U�L�V�H�G����

�$���T�X�D�U�W�H�U���Z�D�Y�H���S�O�D�W�H��
�V�O�R�Z�V���G�R�Z�Q���W�K�H���Z�D�Y�H��
�E�\���D���T�X�D�U�W�H�U����

�%�L�U�H�I�U�L�H�J�H�Q�F�H���Z�D�V��
�I�L�U�V�W���R�E�V�H�U�Y�H�G���E�\��
�5�D�V�P�X�V���%�D�U�W�K�R�O�L�Q���D��
�G�D�Q�L�V�K���V�F�L�H�Q�W�L�V�W���L�Q��
�����������L�Q���F�D�O�F�L�W�H����



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

�$�O�V�R�����R�Q�O�\���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���H�O�H�F�W�U�L�F���Y�H�F�W�R�U���F�K�D�Q�J�H�V���L�Q���W�K�H���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G��

�O�L�J�K�W���D�Q�G���W�K�H�U�H���L�V���Q�R���F�K�D�Q�J�H���L�Q���W�K�H���P�D�J�Q�L�W�X�G�H���R�I���W�K�H���Y�H�F�W�R�U���V�H�H���)�L�J���������������E��������

�<�R�X���F�D�Q���V�H�H���)�L�J���������������F�����D�Q�G���R�E�V�H�U�Y�H���W�K�D�W���D���F�O�H�D�U���F�L�U�F�O�H���L�V���I�R�U�P�H�G���Z�K�H�Q���W�K�H��

�H�O�H�F�W�U�L�F���Y�H�F�W�R�U���U�R�W�D�W�H�V���D�Q�G���W�K�H���I�L�[�H�G���P�D�J�Q�L�W�X�G�H���L�V���H�Y�L�G�H�Q�W����

�/�H�W���X�V���Q�H�[�W���V�W�X�G�\���Z�K�D�W���L�V���F�L�U�F�X�O�D�U���E�L�U�H�I�U�L�Q�J�H�Q�F�H���D�Q�G���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P�����%�X�W��

�E�H�I�R�U�H���W�K�D�W���D�Q�V�Z�H�U���W�K�H���I�R�O�O�R�Z�L�Q�J���6�$�4����

�6�$�4������

�:�K�D�W���L�V���W�K�H���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���D�Q�G���H�O�O�L�S�W�L�F�D�O�O�\��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W�"��

��

�����������&�,�5�&�8�/�$�5���%�,�5�(�)�5�,�*�(�1�&�(���$�1�'���&�,�5�&�8�/�$�5��
�'�,�&�+�5�2�,�6�0��

�<�R�X���K�D�Y�H���M�X�V�W���V�W�X�G�L�H�G���D�E�R�Y�H���D�E�R�X�W���W�K�H���O�H�I�W���D�Q�G���U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V����
�:�K�H�Q���O�H�I�W���D�Q�G���U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V���R�I���H�T�X�D�O���P�D�J�Q�L�W�X�G�H�V��
�V�X�S�H�U�L�P�S�R�V�H�����D���S�O�D�Q�H���S�R�O�D�U�L�V�H�G���Z�D�Y�H���L�V���R�E�W�D�L�Q�H�G�����,�Q���R�W�K�H�U���Z�R�U�G�V�����Z�H���F�D�Q���V�D�\��
�W�K�D�W���D���S�O�D�Q�H���S�R�O�D�U�L�V�H�G���Z�D�Y�H���F�D�Q���E�H���F�R�Q�V�L�G�H�U�H�G���D�V���I�R�U�P�H�G���E�\���O�H�I�W���D�Q�G���U�L�J�K�W��
�F�L�U�F�X�O�D�U�O�\���S�R�D�U�L�V�H�G���O�L�J�K�W�V���R�I���H�T�X�D�O���D�P�S�O�L�W�X�G�H����

�:�K�H�Q���W�K�H���O�L�Q�H�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���S�D�V�V�H�V���W�K�U�R�X�J�K���W�K�H���G�L�V�\�P�P�H�W�U�L�F���P�H�G�L�X�P���V�X�F�K��
�D�V���F�D�O�F�L�W�H�����L�W�V���W�Z�R���F�R�P�S�R�Q�H�Q�W�V�����L���H�������W�K�H���O�H�I�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���D�Q�G���W�K�H��
�U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���H�[�K�L�E�L�W���W�Z�R���G�L�I�I�H�U�H�Q�W���U�H�I�U�H�F�W�L�Y�H���L�Q�G�L�F�H�V���L���H�����Q�/���D�Q�G��
�Q�5�����7�K�L�V���L�V���N�Q�R�Z�Q���D�V���E�L�U�H�I�U�L�Q�J�H�Q�F�H����

�7�K�L�V���U�H�V�X�O�W�V���L�Q���W�K�H���V�S�O�L�W�W�L�Q�J���R�I���O�L�J�K�W���L�Q�W�R���W�Z�R���U�D�\�V���F�D�O�O�H�G���R�U�G�L�Q�D�U�\���D�Q�G��
�H�[�W�U�D�R�U�G�L�Q�D�U�\���U�D�\�V���Z�K�L�F�K���D�U�H���O�L�Q�H�U�D�O�\���S�R�O�D�U�L�V�H�G���D�Q�G���D�U�H���R�U�W�K�R�J�R�Q�D�O�����+�H�U�H�����W�K�H��
�U�D�\���R�I���V�K�R�U�W�H�U���Z�D�Y�H�O�H�Q�J�W�K���F�R�U�U�H�V�S�R�Q�G�V���W�R���5�&�3�/���D�Q�G���W�K�D�W���R�I���O�D�U�J�H�U���Z�D�Y�H�O�H�Q�J�W�K��
�L�V���I�R�U���/�&�3�/����

�7�K�H���5�&�3�/���F�R�P�S�R�Q�H�Q�W���Z�L�O�O���W�U�D�Y�H�O���I�D�V�W�H�U���L�Q���W�K�H���F�K�L�U�D�O���P�H�G�L�X�P���W�K�D�Q���/�&�3�/��
�F�R�P�S�R�Q�H�Q�W���L�I���Q�5���L�V���O�H�V�V���W�K�D�Q���Q�/�����:�K�H�Q���W�K�L�V���L�V���W�K�H���F�D�V�H�����W�K�H���P�D�W�H�U�L�D�O���L�V���F�D�O�O�H�G��
�G�H�[�W�U�R�U�R�W�D�W�R�U�\���D�Q�G���K�D�V���S�R�V�L�W�L�Y�H���V�S�H�F�L�I�L�F���U�R�W�D�W�L�R�Q�����7�K�H���V�L�W�X�D�W�L�R�Q���L�V���R�W�K�H�U���Z�D�\��
�U�R�X�Q�G���I�R�U���O�H�Y�R�U�R�W�D�W�R�U�\���P�D�W�H�U�L�D�O�V����

�$�Q�R�W�K�H�U���U�H�O�D�W�H�G���S�K�H�Q�R�P�H�Q�R�Q���L�V���W�K�D�W���R�I���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P�����:�H���K�D�Y�H���M�X�V�W��
�P�H�Q�W�L�R�Q�H�G���D�E�R�X�W���W�K�H���G�L�I�I�H�U�H�Q�W���U�H�I�U�D�F�W�L�Y�H���L�Q�G�L�F�H�V���I�R�U���5�&�3�/���D�Q�G���/�&�3�/��
�F�R�P�S�R�Q�H�Q�W�V���R�I���W�K�H���S�O�D�Q�H���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����7�K�H�V�H���W�Z�R���F�R�P�S�R�Q�H�Q�W�V���D�U�H���D�O�V�R��
�D�E�V�R�U�E�H�G���W�R���G�L�I�I�H�U�H�Q�W���H�[�W�H�Q�W�V���E�\���W�K�H���F�K�L�U�D�O���P�H�G�L�X�P�����7�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���W�K�H��
�P�R�O�H�F�X�O�D�U���H�[�W�L�Q�F�W�L�R�Q���F�R�H�I�I�L�F�L�H�Q�W�V�����'�• �����L�V���F�D�O�O�H�G���G�L�I�I�H�U�H�Q�W�L�D�O���G�L�F�K�U�R�L�F���D�E�V�R�U�S�W�L�R�Q����

�<�R�X���F�D�Q���V�H�H���)�L�J���������������D�����J�L�Y�H�Q���E�H�O�R�Z���Z�K�H�U�H���W�K�H���O�L�Q�H�D�U�O�\���S�R�O�D�U�L�V�H�G���L�V���V�K�R�Z�Q����
�7�K�H���O�H�I�W���D�Q�G���U�L�J�K�W���&�3�/���H�O�H�F�W�U�L�F���F�R�P�S�R�Q�H�Q�W�V���D�U�H���H�T�X�D�O�O�\���D�E�V�R�U�E�H�G���D�Q�G���W�K�H��
�U�H�V�X�O�W�D�Q�W���Y�H�F�W�R�U���L�V���V�K�R�Z�Q���L�Q���W�K�H���F�H�Q�W�U�H�����+�R�Z�H�Y�H�U�����D�V���\�R�X���F�D�Q���V�H�H���L�Q���)�L�J���������������E����
�W�K�D�W���U�L�J�K�W���F�R�P�S�R�Q�H�Q�W���L�V���O�H�V�V�H�U���W�K�D�Q���W�K�H���O�H�I�W���F�R�P�S�R�Q�H�Q�W������

�1�D�W�X�U�D�O���O�L�J�K�W���L�V����
�J�H�Q�H�U�D�O�O�\�����X�Q�S�R�O�D�U�L�V�H�G��
�O�L�J�K�W�����L���H�����D�O�O���S�O�D�Q�H�V��
�D�U�H���H�T�X�D�O�O�\���S�U�R�E�D�E�O�H��
�L�Q���L�W����



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

��
��
��

���(�O ���(�U

��

���(�U

���(�O

�� ��
���D���� ���E���� ���F����

�)�L�J�������������������D�����(�O���D�Q�G���(�U���F�R�P�S�R�Q�H�Q�W�V���Z�K�H�Q���W�K�H�\���D�U�H���D�E�V�R�U�E�H�G���H�T�X�D�O�O�\�����U�H�V�X�O�W�L�Q�J���L�Q��

�O�L�Q�H�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����E�����X�Q�H�T�X�D�O�O�\�����U�H�V�X�O�W�L�Q�J���L�Q���H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G��

�O�L�J�K�W���D�Q�G�����F�����H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W����

�7�K�L�V���P�H�D�Q�V���W�K�D�W���W�K�H���5�&�3�/���L�V���D�E�V�R�U�E�H�G���P�R�U�H�����D�V���L�W���L�V���R�E�W�D�L�Q�H�G���O�H�V�V�H�U�����W�K�D�Q���W�K�H��
�O�H�I�W���F�R�P�S�R�Q�H�Q�W�����7�K�H���U�H�V�X�O�W�D�Q�W���H�O�H�F�W�U�L�F���Y�H�F�W�R�U���Q�R�Z���W�U�D�Y�H�U�V�H�V���D���S�D�W�K���Z�K�L�F�K���L�V���D�Q��
�H�O�O�L�S�V�H�����+�H�Q�F�H�����Z�H���J�H�W���D�Q���H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���L�Q���W�K�L�V���F�D�V�H����

�,�Q���H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H���W�L�S���R�I���W�K�H���H�O�H�F�W�U�L�F���I�L�H�O�G���W�U�D�Y�H�U�V�H�V���D�Q���H�O�O�L�S�V�H���L�Q��
�D�Q�\���I�L�[�H�G���S�O�D�Q�H���Z�K�L�F�K���L�Q�W�H�U�V�H�F�W�V���D�Q�G���L�V���Q�R�U�P�D�O���W�R���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���S�U�R�S�J�D�W�L�R�Q���R�I��
�O�L�J�K�W����

�6�L�P�L�O�D�U���W�R���W�K�H���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���F�D�Q���D�O�V�R���E�H��
�U�L�J�K�W���K�D�Q�G�H�G���R�U���O�H�I�W���K�D�Q�G�H�G���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����5�L�J�K�W���H�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���L�V��
�V�K�R�Z�Q���E�H�O�R�Z���L�Q���)�L�J��������������

��
�)�L�J�����������������5�L�J�K�W���H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W������������

�)�L�J�������������V�K�R�Z�V���R�Q�O�\���W�K�H���H�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���D�Q�G���W�K�H���P�D�J�Q�H�W�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���D�U�H��
�R�P�L�W�W�H�G������

�)�U�R�Q�W���V�H�F�W�R�U

�2

��

��

� � � �
�� ��

�� �� �� ��

�� ��

�5�H�D�U���V�H�F�W�R�U

��

�� ��

��

�]

��

���2

��

��

��

��
��

��

��

��

�[

�\

��
�)�L�J���������������(�O�H�F�W�U�L�F���D�Q�G���P�D�J�Q�H�W�L�F���F�R�P�S�R�Q�H�Q�W�V���R�I���D���S�O�D�Q�H���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����D�Q�G����

�(�O�H�F�W�U�L�F���I�L�H�O�G���Y�H�F�W�R�U�V���R�V�F�L�O�O�D�W�L�Q�J���L�Q���R�Q�H���S�O�D�Q�H����

�$�Q���H�O�H�F�W�U�R�P�D�J�Q�H�W�L�F��

�H�O�H�F�W�U�L�F���D�Q�G���P�D�J�Q�H�W�L�F��



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

������ ��

�6�$�4������
���L������ �:�K�L�F�K���F�R�P�S�R�Q�H�Q�W���Z�L�O�O���W�U�D�Y�H�O���I�D�V�W�H�U���L�Q���W�K�H���F�K�L�U�D�O���P�H�G�L�X�P���Z�K�H�Q���Q�/���L�V���O�H�V�V��

�W�K�D�Q���Q�5���"����

���L�L���� �:�K�D�W���N�L�Q�G���R�I���D���P�D�W�H�U�L�D�O���L�V���V�X�F�K���D���F�K�L�U�D�O���P�H�G�L�X�P�"����
��

�������������2�3�7�,�&�$�/���5�2�7�$�7�2�5�<���'�,�6�3�(�5�6�,�2�1���$�1�'���&�'��
�&�8�5�9�(�6��

�1�R�U�P�D�O�O�\�����W�K�H���R�S�W�L�F�D�O���U�R�W�D�W�L�R�Q���L�V���P�H�D�V�X�U�H�G���D�W���R�Q�O�\���R�Q�H���Z�D�Y�H�O�H�Q�J�W�K���L���H������
�������������Q�P�����E�H�F�D�X�V�H���V�R�G�L�X�P���Y�D�S�R�U���O�D�P�S�V���D�U�H���F�R�Q�Y�H�Q�L�H�Q�W���V�R�X�U�F�H���R�I��
�P�R�Q�R�F�K�U�R�P�D�W�L�F���O�L�J�K�W�����+�R�Z�H�Y�H�U�����L�I���R�S�W�L�F�D�O���U�R�W�D�W�L�R�Q���L�V���P�H�D�V�X�U�H�G���D�V���D���I�X�Q�F�W�L�R�Q���R�I��
�Z�D�Y�H�O�H�Q�J�W�K�����Z�H���F�D�Q���J�H�W���D���O�R�W���R�I���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���V�W�U�X�F�W�X�U�H�����F�R�Q�I�R�U�P�D�W�L�R�Q�����D�Q�G��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���R�U�J�D�Q�L�F���F�R�P�S�R�X�Q�G�V����

�7�K�H���U�D�W�H���R�I���F�K�D�Q�J�H���R�I���V�S�H�F�L�I�L�F���U�R�W�D�W�L�R�Q���>�D�@���Z�L�W�K���Z�D�Y�H�O�H�Q�J�W�K���O���L�V���N�Q�R�Z�Q���D�V��
�R�S�W�L�F�D�O���U�R�W�D�W�R�U�\���G�L�V�S�H�U�V�L�R�Q����

��

��

��

��

��

��

��

��

��

�,�I���W�K�H���U�H�J�L�R�Q���R�I���P�H�D�V�X�U�H�P�H�Q�W���L�V���D�Z�D�\���I�U�R�P���W�K�H���U�H�J�L�R�Q���R�I���D�E�V�R�U�S�W�L�R�Q�����O�P�D�[�����W�K�H�Q��
�D���S�O�D�L�Q���2�5�'���&�X�U�Y�H���D�V���J�L�Y�H�Q���E�H�O�R�Z���L�Q���)�L�J�����������L�V���R�E�W�D�L�Q�H�G�����+�H�U�H�����F�X�U�Y�H���,���V�K�R�Z�V��
�D���V�W�H�D�G�\���L�Q�F�U�H�D�V�H���R�I���V�S�H�F�L�I�L�F���U�R�W�D�W�L�R�Q���Z�L�W�K���W�K�H���G�H�F�U�H�D�V�H���L�Q���Z�D�Y�H�O�H�Q�J�W�K���Z�K�H�U�H�D�V��
�F�X�U�Y�H���,�,���V�K�R�Z�V���D���V�W�H�D�G�\���G�H�F�U�H�D�V�H����

����

���Z�D�Y�H�O�H�Q�J�W�K��

�R�S�W�L�F�D�O����������������������������������
�U�R�W�D�W�L�R�Q

���O

���&�X�U�Y�H���,

���&�X�U�Y�H���,�,

��
�)�L�J���������������3�O�D�L�Q���2�5�'���F�X�U�Y�H�V����

�+�H�U�H�����,���U�H�S�U�H�V�H�Q�W�V���W�K�H���S�O�D�L�Q���S�R�V�L�W�L�Y�H���2�5�'���F�X�U�Y�H���D�Q�G���,�,���U�H�S�U�H�V�H�Q�W�V���W�K�H���S�O�D�L�Q��
�Q�H�J�D�W�L�Y�H���2�5�'���F�X�U�Y�H�����7�K�H���Z�R�U�G���S�O�D�L�Q�������L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H�U�H���H�[�L�V�W���Q�R���P�D�[�L�P�X�P��
�R�U���P�L�Q�L�P�D���L�Q���W�K�H���F�X�U�Y�H����

��
�,�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q���I�R�U���2�5�'��

��



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�3�O�D�L�Q���F�X�U�Y�H�V���Z�K�L�F�K���G�R���Q�R�W���K�D�Y�H���D���P�L�Q�L�P�D���R�U���D���P�D�[�L�P�D���D�Q�G���Z�K�L�F�K���G�R���Q�R�W���F�U�R�V�V��
�W�K�H���]�H�U�R���U�R�W�D�W�L�R�Q���O�L�Q�H���D�U�H���F�D�O�O�H�G���Q�R�U�P�D�O���F�X�U�Y�H�V����

�6�X�F�K���F�X�U�Y�H�V���D�U�H���R�E�W�D�L�Q�H�G���I�R�U���F�R�P�S�R�X�Q�G�V���Z�K�L�F�K���G�R���Q�R�W���K�D�Y�H���D�E�V�R�U�S�W�L�R�Q���L�Q���W�K�H��
�Z�D�Y�H�O�H�Q�J�W�K���U�H�J�L�R�Q���Z�K�H�U�H���R�S�W�L�F�D�O���D�F�W�L�Y�L�W�\���L�V���E�H�L�Q�J���P�H�D�V�X�U�H�G�����)�R�U���H�[�D�P�S�O�H����
�D�O�F�R�K�R�O�V���D�Q�G���K�\�G�U�R�F�D�U�E�R�Q�V���H�[�K�L�E�L�W���V�X�F�K���S�O�D�L�Q���F�X�U�Y�H�V����

�2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����L�I���W�K�H�V�H���F�X�U�Y�H�V���V�K�R�Z���S�H�D�N�V�����P�D�[�L�P�D�����D�Q�G���W�U�R�X�J�K�V�����P�L�P�L�Q�D����
�G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���Q�X�P�E�H�U���R�I���D�E�V�R�U�E�L�Q�J���J�U�R�X�S�V�����W�K�H�Q���V�X�F�K���F�X�U�Y�H�V���D�U�H���F�D�O�O�H�G��
�D�Q�R�P�R�O�R�X�V�����F�X�U�Y�H�V���R�U���&�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�V�����7�K�L�V���K�D�S�S�H�Q�V���G�X�H���W�R���W�K�H���D�E�Q�R�U�P�D�O��
�G�L�V�S�H�U�V�L�R�Q���R�I���U�H�I�U�D�F�W�L�Y�H���L�Q�G�H�[���L�Q���W�K�H���U�H�J�L�R�Q���R�I���O�P�D�[����

�%�H�I�R�U�H���S�U�R�F�H�H�G�L�Q�J���I�X�U�W�K�H�U���W�R���W�K�H���G�L�V�F�X�V�V�L�R�Q���R�Q���W�K�H���D�Q�D�R�P�D�O�R�X�V���F�X�U�Y�H�V�����O�H�W���X�V��
�I�L�U�V�W���X�Q�G�H�U�V�W�D�Q�G���Z�K�D�W���L�V���&�R�W�W�R�Q���H�I�I�H�F�W����

�������� �&�2�7�7�2�1���(�)�)�(�&�7��

�7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���F�L�U�F�X�O�D�U���E�L�U�H�I�U�L�Q�J�H�Q�F�H���D�Q�G���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���O�H�D�G�V���W�R��
�F�R�W�W�R�Q���H�I�I�H�F�W�����&�R�W�W�R�Q���H�I�I�H�F�W�����L�V���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F���F�K�D�Q�J�H���L�Q���R�S�W�L�F�D�O���U�R�W�D�W�R�U�\��
�G�L�V�S�H�U�V�L�R�Q���D�Q�G���R�U���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���L�Q���W�K�H���Y�L�F�L�Q�L�W�\���R�I���D�Q���D�E�V�R�U�S�W�L�R�Q���E�D�Q�G���R�I���D��
�V�X�E�V�W�D�Q�F�H������

�$�Q�D�P�R�O�R�X�V���F�X�U�Y�H�V���F�D�Q���E�H���R�I���W�Z�R���W�\�S�H�V����

���L������ �6�L�Q�J�O�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�V��

���L�L������ �0�X�O�W�L�S�O�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�V��

�/�H�W���X�V���Q�R�Z���V�W�X�G�\���P�R�U�H���D�E�R�X�W���W�K�H�P����

���L���� �6�L�Q�J�O�H���&�R�W�W�R�Q���(�I�I�H�F�W���&�X�U�Y�H�V��

�7�K�H�V�H���D�U�H���W�K�H���D�Q�R�P�R�O�R�X�V���G�L�V�S�H�U�V�L�R�Q���R�U���&�R�W�W�R�Q���F�X�U�Y�H�V���Z�K�L�F�K���V�K�R�Z���P�D�[�L�P�D��
�D�Q�G���P�L�Q�L�P�D���E�R�W�K���R�F�F�X�U�U�L�Q�J���L�Q���W�K�H���U�H�J�L�R�Q���R�I���P�D�[�L�P�X�P���D�E�V�R�U�S�W�L�R�Q����

�,�I���R�Q���D�S�S�U�R�D�F�K�L�Q�J���W�K�H���U�H�J�L�R�Q���R�I���&�R�W�W�R�Q���H�I�I�H�F�W���I�U�R�P���W�K�H���O�R�Q�J���Z�D�Y�H�O�H�Q�J�W�K�����R�Q�H��
�I�L�U�V�W���S�D�V�V�H�V���W�K�U�R�X�J�K���P�D�[�L�P�X�P�����S�H�D�N�����D�Q�G���W�K�H�Q���D���P�L�Q�L�P�X�P�����W�U�R�X�J�K�������W�K�H���F�R�W�W�R�Q��
�H�I�I�H�F�W���V�D�L�G���W�R���E�H���S�R�V�L�W�L�Y�H�����1�R�W�H���W�K�D�W���L�Q���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W�����W�K�H���S�H�D�N���L�V���D�W���D��
�K�L�J�K�H�U���Z�D�Y�H�O�H�Q�J�W�K���W�K�D�Q���W�K�H���W�U�R�X�J�K���D�Q�G���L�W���L�V���D�Q���6���V�K�D�S�H�G���F�X�U�Y�H�����V�H�H����������������������������������
�)�L�J���������������D�����E�H�O�R�Z����
��

����

�S�R�V�L�W�L�Y�H���&�(���F�X�U�Y�H
���3�H�D�N

�D�P�S�O�L�W�X�G�H
���7�U�R�X�J�K

���I

���O
�����D�� ��������������

����

�Q�H�J�D�W�L�Y�H���&�(���F�X�U�Y�H

���O

���I

�����E�� ��

�)�L�J�������������������D�����3�R�V�L�W�L�Y�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H���D�Q�G�����E�����1�H�J�D�W�L�Y�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H����

�2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����,�I���W�K�H���W�U�R�X�J�K���L�V���R�E�V�H�U�Y�H�G���I�L�U�V�W���I�R�O�O�R�Z�H�G���E�\���W�K�H���S�H�D�N�����W�K�H�Q���L�W��
�L�V���D���Q�H�J�D�W�L�Y�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�����D�V���V�K�R�Z�Q���L�Q���)�L�J�����������������E����

��

��
��
�7�K�H���S�K�H�Q�R�P�H�Q�R�Q���R�I��
�&�R�W�W�R�Q���H�I�I�H�F�W���Z�D�V��
�G�L�V�F�R�Y�H�U�H�G���L�Q�������������E�\��
�W�K�H���)�U�H�Q�F�K���S�K�\�V�L�F�L�V�W��
�$�L�P�p���&�R�W�W�R�Q������
�����������±��������������
��

�7�K�H���&�'���V�S�H�F�W�U�X�P���R�I���D��
�S�U�R�Y�L�G�H���D��

�L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���W�K�H��
�U�H�O�D�W�L�Y�H���D�P�R�X�Q�W�V���R�I��

�V�H�F�R�Q�G�D�U�\���V�W�U�X�F�W�X�U�H��
�Z�L�W�K�L�Q���W�K�H���S�U�R�W�H�L�Q���L�Q��



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

�$�Q�D�P�R�O�R�X�V���F�X�U�Y�H�V���D�U�H���R�E�W�D�L�Q�H�G���I�R�U���F�R�P�S�R�X�Q�G�V���K�D�Y�L�Q�J���D�Q���D�V�\�P�P�H�W�U�L�F���F�D�U�E�R�Q��
�D�W�R�P���D�Q�G���Z�K�L�F�K���D�O�V�R���F�R�Q�W�D�L�Q���D���F�K�U�R�P�R�S�K�R�U�H�����6�X�F�K���F�K�U�R�P�R�S�K�R�U�H�V���D�U�H���F�D�O�O�H�G��
�R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���F�K�U�R�P�R�S�K�R�U�H�V����

�7�K�H���D�E�V�R�U�S�W�L�R�Q���E�D�Q�G�V���Q�H�D�U���Z�K�L�F�K���&�R�W�W�R�Q���H�I�I�H�F�W���L�V���R�E�V�H�U�Y�H�G���D�U�H���F�D�O�O�H�G���R�S�W�L�F�D�O�O�\��
�D�F�W�L�Y�H�����2�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���E�D�Q�G�V���D�U�H���D�E�V�R�U�S�W�L�R�Q���E�D�Q�G�V���R�I���W�K�H���F�K�U�R�P�R�S�K�R�U�H�V��
�Z�K�L�F�K���D�U�H���H�L�W�K�H�U���L�Q�W�U�L�Q�V�L�F�D�O�O�\���D�V�\�P�P�H�W�U�L�F���V�X�F�K���D�V���K�H�[�D�K�H�O�L�F�H�Q�H���P�R�O�H�F�X�O�H���R�U��
�Z�K�L�F�K���E�H�F�R�P�H�V���D�V�\�P�P�H�W�U�L�F���E�H�F�D�X�V�H���R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���Z�L�W�K���D�V�\�P�P�H�W�U�L�F��
�H�Q�Y�L�U�R�Q�P�H�Q�W���V�X�F�K���D�V���D���F�D�U�E�R�Q�\�O���J�U�R�X�S���Z�K�L�F�K���L�W�V�H�O�I���L�V���V�\�P�P�H�W�U�L�F���E�X�W���E�H�F�R�P�H�V��
�D�V�\�P�P�H�W�U�L�F�����L�Q���D�Q���D�V�\�P�P�H�W�U�L�F���H�Q�Y�L�U�R�Q�P�H�Q�W����

�7�K�H���&�'���F�X�U�Y�H�V���Q�R�U�P�D�O�O�\���S�U�R�Y�L�G�H���W�K�H���V�D�P�H���L�Q�I�R�U�P�D�W�L�R�Q���D�V���2�5�'���F�X�U�Y�H�V���E�X�W���&�'��
�V�S�H�F�W�U�D���D�U�H���E�H�L�Q�J���S�U�H�I�H�U�U�H�G���R�Y�H�U���W�K�H���W�L�P�H���E�H�F�D�X�V�H���R�I���W�K�H�L�U���V�L�P�S�O�H�U��
�L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���D�Q�G���O�H�V�V���F�O�X�W�W�H�U�L�Q�J���R�I���E�D�Q�G�V�����$���W�\�S�L�F�D�O���&�'���V�S�H�F�W�U�X�P���L�V���J�L�Y�H�Q���L�Q��
�)�L�J�����������������<�R�X���F�D�Q���F�O�H�D�U�O�\���V�H�H���W�K�H���V�L�P�L�O�D�U�L�W�\���E�H�W�Z�H�H�Q���W�K�H���&�'���D�Q�G���W�K�H���8�9��
�D�E�V�R�U�S�W�L�R�Q�����$���S�R�V�L�W�L�Y�H���2�5�'���F�X�U�Y�H���L�V���D�O�V�R���L�Q�F�O�X�G�H�G���L�Q���W�K�H���I�L�J�X�U�H���W�R���J�L�Y�H���\�R�X���D��
�F�R�P�S�O�H�W�H���F�R�P�S�D�U�L�V�R�Q����

���&�'

� � �2�5� '

���0�D�[
����

���O

���P�G�H�J

���0�D�[

���O

���$�E�V � � �8�9

�����D�� �����E�� ��

�����������������������)�L�J�������������������D�����&�'���D�Q�G���2�5�'���&�X�U�Y�H�V���D�Q�G�����E�����$�E�V�R�U�S�W�L�R�Q���L�Q���8�9���V�S�H�F�W�U�X�P����

�7�K�H���P�D�J�Q�L�W�X�G�H���R�I���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���L�V���H�[�S�U�H�V�V�H�G���E�\���W�K�H���H�O�O�L�S�W�L�F�L�W�\�����$�V���\�R�X���F�D�Q��
�V�H�H���W�K�H���&�'���V�S�H�F�W�U�D���D�U�H���S�O�R�W�V���R�I���P�R�O�D�U���H�O�O�L�S�W�L�F�L�W�\���Y�V���Z�D�Y�H�O�H�Q�J�W�K����

�� �0�R�O�D�U���H�O�O�L�S�W�L�F�L�W�\���>�T�@����� ��������������� �' �H����

�Z�K�H�U�H���' �H� �H�5���H�/����

�6�L�P�L�O�D�U���W�R���W�K�H���2�5�'���F�X�U�Y�H�V�����&�'���F�X�U�Y�H�V���F�D�Q���E�H���S�R�V�L�W�L�Y�H���R�U���Q�H�J�D�W�L�Y�H�����$���&�'���F�X�U�Y�H��
�L�V���S�R�V�L�W�L�Y�H���Z�K�H�Q���H�/�!�H�5�����L���H�����>�T�@���L�V���S�R�V�L�W�L�Y�H����

�6�$�4������
�'�U�D�Z���S�O�D�L�Q���S�R�V�L�W�L�Y�H���D�Q�G���Q�H�J�D�L�Y�H���2�5�'���F�X�U�Y�H�V������
��

�6�$�4������
�:�K�H�Q���L�V���D���&�'���F�X�U�Y�H���Q�H�J�D�W�L�Y�H�"��
��

�������������7�+�(���$�;�,�$�/���+�$�/�2�.�(�7�2���5�8�/�(��

�/�H�W���X�V���Q�R�Z���X�Q�G�H�U�V�W�D�Q�G���D���D�[�L�D�O���K�D�O�R�N�H�W�R�Q�H���U�X�O�H���D�Q�G���R�F�W�D�Q�W���U�X�O�H�V���Z�K�L�F�K���D�U�H��
�X�V�H�G���I�R�U���W�K�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���D�E�V�R�O�X�W�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q����

�7�K�H�V�H���W�Z�R���U�X�O�H�V���D�U�H���W�U�H�D�W�H�G���X�Q�G�H�U���V�H�F�W�R�U���U�X�O�H�V���D�Q�G���F�D�Q���E�H���X�V�H�G���I�R�U���W�K�H���D�F�K�L�U�D�O��
�F�K�U�R�P�R�S�K�R�U�H�V���V�X�F�K���D�V���V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V����

�$�Q���R�U�G�L�Q�D�U�\��
�V�S�H�F�W�U�R�S�K�R�W�R�P�H�W�H�U��
�F�D�Q���E�H���P�R�G�L�I�L�H�G���W�R��
�P�H�D�V�X�U�H���F�L�U�F�X�O�D�U��
�G�L�F�K�U�R�L�V�P���S�U�R�Y�L�G�H�G��
�V�R�P�H���P�H�D�Q�V���R�I��
�S�U�R�G�X�F�W�L�R�Q���R�I���U�L�J�K�W��
�D�Q�G���,�H�I�W���F�L�U�F�X�O�D�U�O�\��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W�V���F�D�Q��
�E�H���J�H�Q�H�U�D�W�H�G������
�7�K�L�V���F�D�Q���E�H���D�F�K�L�H�Y�H�G��
�E�\���S�D�V�V�L�Q�J���D���S�O�D�Q�H��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W��
�W�K�U�R�X�J�K���D���T�X�D�U�W�]��
�Z�D�Y�H���S�O�D�W�H���Z�K�L�F�K���L�V��
�U�R�W�D�W�H�G���I�U�R�P���������ƒ���W�R��
�������ƒ�W�R���J�L�Y�H���U�L�J�K�W���D�Q�G��
�,�H�I�W���F�L�U�F�X�O�D�U�O�\��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W�V����
�U�H�V�S�H�F�W�L�Y�H�O�\����

�7�K�H���&�'���V�S�H�F�W�U�D���D�U�H��
�J�H�Q�H�U�D�O�O�\���X�V�H�G���W�R��
�V�W�X�G�\���W�K�H���F�K�D�Q�J�H���L�Q��
�W�K�H���V�W�U�X�F�W�X�U�H���R�I��
�Q�X�F�O�H�L�F���D�F�L�G�V���V�X�F�K���D�V��
�W�K�H���O�R�V�V���R�I���K�H�O�L�F�L�W�\���R�I��
�V�L�Q�J�O�H���V�W�U�D�Q�G�H�G��
�Q�X�F�O�H�L�F���D�F�L�G�V���D�V���D��
�I�X�Q�F�W�L�R�Q���R�I��
�W�H�P�S�H�U�D�W�X�U�H���R�U���S�+����
�V�W�U�X�F�W�X�U�D�O���F�K�D�Q�J�H�V���R�Q��
�E�L�Q�G�L�Q�J���Z�L�W�K���F�D�W�L�R�Q��
�D�Q�G���S�U�R�W�H�L�Q�V����
��



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�)�R�U���F�K�L�U�D�O���F�K�U�R�P�R�S�K�R�U�H�V���O�L�N�H���K�H�O�L�F�H�Q�H�V���D�Q�G���E�L�D�U�\�O�V�����K�H�O�L�F�L�W�\���U�X�O�H���L�V���D�S�S�O�L�H�G����
�6�X�F�K���F�K�U�R�P�R�S�K�R�U�H�V���Z�L�W�K���W�Z�L�V�W�H�G���J�H�R�P�H�W�U�\���D�U�H���L�Q�K�H�U�H�Q�W�O�\���G�L�V�V�\�P�P�H�W�U�L�F����

�7�K�H���F�D�U�E�R�Q�\�O���J�U�R�X�S�����R�Q���W�K�H���R�W�K�H�U���K�D�Q�G���L�V���V�\�P�P�H�W�U�L�F���L�Q�K�H�U�H�Q�W�O�\���E�X�W���E�H�F�R�P�H�V��
�R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���Z�K�H�Q���S�H�U�W�X�U�E�H�G���D�V�\�P�P�H�W�U�L�F�D�O�O�\���E�\���W�K�H���F�K�L�U�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W����

�,�Q���V�H�F�W�R�U���U�X�O�H�V�����W�K�H���V�S�D�F�H���D�U�R�X�Q�G���W�K�H���F�K�U�R�P�R�S�K�R�U�H���L�V���G�L�Y�L�G�L�H�G���L�Q�W�R���T�X�D�G�U�D�Q�W�V��
�R�U���R�F�W�D�Q�W�V���X�V�L�Q�J���Q�R�G�D�O���D�Q�G���V�\�P�P�H�W�U�\���S�O�D�Q�H�V���R�I���F�K�U�R�P�R�S�K�R�U�H�V�����V�D�\�����W�K�H��
�F�D�U�E�R�Q�\�O���J�U�R�X�S������

�7�K�H���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���D�Q�\���V�X�E�V�W�L�W�X�H�Q�W�V���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W���G�H�S�H�Q�G�V���X�S�R�Q���W�K�H�L�U��
�S�R�V�L�W�L�R�Q���L�Q���W�K�H���V�H�F�W�R�U����

�7�K�L�V���U�X�O�H���L�V���D�S�S�O�L�H�G���Z�K�H�Q���D�Q���D�[�L�D�O���K�D�O�R�J�H�Q�����&�O�����%�U�����,���E�X�W���Q�R�W���)�����L�V���S�U�H�V�H�Q�W���D�W���W�K�H������
�D���F�D�U�E�R�Q���W�R���W�K�H���N�H�W�R���J�U�R�X�S����

���2

���;

���2

���;
���D�[�L�D�O���K�D�O�R�J�H�Q

���H�T�X�D�W�R�U�L�D�O���K�D�O�R�J�H�Q
��

�7�K�H���D�[�L�D�O���K�D�O�R�J�H�Q���D�I�I�H�F�W�V���W�K�H���V�L�J�Q���R�I���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W�����6�R�P�H���R�W�K�H�U��
�V�X�E�V�W�L�W�X�H�Q�W�V���V�X�F�K���D�V���1�5�������6�5�����6�2���5���D�O�V�R���H�[�K�L�E�L�W���V�L�P�L�O�D�U���H�I�I�H�F�W���R�Q���W�K�H���&�R�W�W�R�Q��
�H�I�I�H�F�W����

�0�D�Q�\���Q�D�W�X�U�D�O�O�\���R�F�F�X�U�U�L�Q�J���F�R�P�S�R�X�Q�G�V���V�X�F�K���D�V���V�W�H�U�R�L�G�V���F�R�Q�W�D�L�Q���D���N�H�W�R���J�U�R�X�S���R�U��
�D�����2�+���J�U�R�X�S�����Z�K�L�F�K���F�D�Q���E�H���F�R�Q�Y�H�U�W�H�G���W�R���W�K�H���N�H�W�R���J�U�R�X�S������

�7�K�H���F�R�P�S�R�X�Q�G���X�Q�G�H�U���F�R�Q�V�L�G�H�U�D�W�L�R�Q���I�R�U���W�K�H���D�V�V�L�J�Q�P�H�Q�W���R�I���F�R�Q�I�L�J�X�U�D�W�L�R�Q���L�V���W�K�H�Q��
�O�R�R�N�H�G���D�W���I�U�R�P���W�K�H���F�D�U�E�R�Q�\�O���F�D�U�E�R�Q���Z�K�L�F�K���L�V���S�O�D�F�H�G���D�W���W�K�H���K�H�D�G���R�I���W�K�H���F�K�D�L�U��
�F�R�Q�I�R�U�P�D�W�L�R�Q���D�V���L�V���V�K�R�Z�Q���E�H�O�R�Z������

�,�I���W�K�H���D�[�L�D�O���K�D�O�R�J�H�Q���S�U�H�V�H�Q�W���D�W���D���S�R�V�L�W�L�R�Q���D�S�S�H�D�U�V���W�R�Z�D�U�G�V���W�K�H���U�L�J�K�W���K�D�Q�G���V�L�G�H��
�R�I���W�K�H���R�E�V�H�U�Y�H�U���D�V���V�K�R�Z�Q���E�H�O�R�Z�����W�K�H�Q���W�K�H���F�R�P�S�R�X�Q�G���Z�L�O�O���V�K�R�Z���D���V�W�U�R�Q�J��
�S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W����

���2

���; ��

�+�R�Z�H�Y�H�U�����L�Q���D�Q�R�W�K�H�U���V�L�W�X�D�W�L�R�Q�����L�I���W�K�H���D���K�D�O�R�J�H�Q���D�S�S�H�D�U���D�W���W�K�H���O�H�I�W���V�L�G�H���R�I���W�K�H��
�R�E�V�H�U�Y�H�U���D�V���V�K�R�Z�Q���E�H�O�R�Z�����W�K�H���F�R�P�S�R�X�Q�G���V�K�R�Z�V���D���V�W�U�R�Q�J���Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q��
�H�I�I�H�F�W����

���;

���2

��

��

�/�R�R�N���I�U�R�P��������������
�W�K�L�V���V�L�G�H��������

��
�/�R�R�N���I�U�R�P��������������
�W�K�L�V���V�L�G�H��������



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

������ ��

�/�H�W���X�V���Q�X�P�E�H�U���W�K�H���F�D�U�E�R�Q���D�W�R�P�V���S�U�H�V�H�Q�W���L�Q���W�K�H���P�R�O�H�F�X�O�H���D�Q�G���G�U�D�Z���D��
�K�R�U�L�]�R�Q�W�D�O���S�O�D�Q�H���S�D�V�V�L�Q�J���W�K�U�R�X�J�K���&���������&�������D�Q�G���&�������D�Q�G���D���Y�H�U�W�L�F�D�O���S�O�D�Q�H��
�S�D�V�V�L�Q�J���W�K�U�R�X�J�K���&�������D�Q�G���W�K�H���&� �2���J�U�R�X�S�����7�K�L�V���Z�L�O�O���S�U�R�M�H�F�W���W�K�H���P�R�O�H�F�X�O�H���L�Q�W�R��
�I�R�X�U���T�X�D�G�U�D�Q�W�V����

���2

���;

��
��

��

��

�� ��

��

��
��

�&���&��

�&�� �&��

�;

�&��

�&

�2
��

� � � �

�� ��

� � � �

�&

�2

�&��

� � � �

��

� , � ,� ,

�,�,�, �,�9

��

�7�K�H���U�L�J�K�W���V�L�G�H���Y�L�H�Z���R�I���W�K�H���P�R�O�H�F�X�O�H���V�K�R�Z�V���D�Q�R�W�K�H�U���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���W�K�H��
�S�O�D�Q�H�V���Z�K�H�U�H�L�Q���&�������D�Q�G���&�������D�S�S�H�D�U���D�W���W�K�H���O�H�I�W���V�L�G�H���Z�K�L�O�H���&�������D�Q�G���&�������D�S�S�H�D�U��
�D�W���W�K�H���U�L�J�K�W���V�L�G�H�����<�R�X���F�D�Q���D�O�V�R���Y�L�V�X�D�O�L�V�H���L�Q���W�K�H���I�L�J�X�U�H���W�K�H���I�R�X�U���T�X�D�G�U�D�Q�W�V��
�O�D�E�H�O�O�H�G���D�V���,�����,�,�����,�,�,���D�Q�G���,�9����

�7�K�H�������D�Q�G�������V�L�J�Q�V���L�Q�G�L�F�D�W�H�G���R�Q���W�K�H�V�H���T�X�D�G�U�D�Q�W�V���L�Q�G�L�F�D�W�H���W�K�H���V�L�J�Q���R�I��
�F�R�Q�W�U�L�E�X�W�L�R�Q���E�\���D���S�D�U�W�L�F�X�O�D�U���V�X�E�V�W�L�W�X�H�Q�W���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W����

�,�W���Z�R�X�O�G���E�H���P�X�F�K���F�R�Q�Y�H�Q�L�H�Q�W���W�R���O�R�F�D�W�H���W�K�H���V�X�E�V�W�L�W�X�H�Q�W���L�Q���W�K�H���T�X�D�G�U�D�Q�W�����L�I���D��
�1�H�Z�P�D�Q���S�U�R�M�H�F�W�L�R�Q���R�I���W�K�H���P�R�O�H�F�X�O�H���L�V���G�U�D�Z�Q���D�V���V�K�R�Z�Q���E�H�O�R�Z����
��

�+

��

�;

��

�2

��

�$�[�L�D�O���D���K�D�O�R�J�H�Q�������U�L�J�K�W���V�L�G�H

�>�) �@

�O�����Q�P��
�3�R�V�L�W�L�Y�H���&�(���&�X�U�Y�H�����/�H�Y�R�U�R�W�D�W�R�U�\

�2

��
�� ��

��
�;

���2

���;

����
����

����

����

����

����

��
�,�I���Z�H���F�R�Q�V�L�G�H�U���W�K�H���H�Q�D�Q�W�L�R�P�H�U���R�I���W�K�H���D�E�R�Y�H���F�R�P�S�R�X�Q�G�����L�W���Z�L�O�O���V�K�R�Z���W�K�H��
�Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W����

�+

��

�;

��

�2

��

�$�[�L�D�O���D���K�D�O�R�J�H�Q�������O�H�I�W���V�L�G�H
�>�I�@

�O�����Q�P��
�1�H�J�D�W�L�Y�H���&�(���&�X�U�Y�H���'�H�[�W�U�R�U�R�W�D�W�R�U�\

�2

��
��

��

���;

���2

���� ����

��

��

�6�L�Q�F�H���W�K�H���K�D�O�R�J�H�Q���O�L�H�V���R�Q���W�K�H���E�R�W�W�R�P���O�H�I�W���T�X�D�G�U�D�Q�W�����Z�K�R�V�H���V�L�J�Q���L�V���Q�H�J�D�W�L�Y�H�����W�K�L�V��
�P�R�O�H�F�X�O�H���V�K�R�Z�V���Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H���D�V���V�K�R�Z�Q���D�E�R�Y�H����

�/�R�R�N���I�U�R�P��������������
�W�K�L�V���V�L�G�H��������



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�2�Q�H���R�I���W�K�H���H�D�U�O�\���H�[�D�P�S�O�H�V���R�I���V�W�X�G�\�L�Q�J���W�K�H���D�E�V�R�O�X�W�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I������������������������������
���������W�U�D�Q�V�������G�H�F�D�O�R�Q�H���Z�D�V���E�\���'�M�H�U�D�V�V�L���D�Q�G���6�W�D�X�Q�W�R�Q���L�Q��������������

���� �����W�U�D�Q�V� � � �� ��G�H�F�D�O�R�Q�H

�%�U��

�%�U���L�V���O�H�I�W���V�L�G�H
���Y�H���&�(

���5��

���+

���2

�%�U���L�V���U�L�J�K�W���V�L�G�H
���Y�H���&�(

���6��

���+

���+

���2

���%�U

���+

���2

���%�U

���+

���+

��

�7�K�H���E�U�R�P�L�Q�D�W�L�R�Q���R�I�����������W�U�D�Q�V�������G�H�F�D�O�R�Q�H���J�D�Y�H�����������W�U�D�Q�V�������E�U�R�P�R�������G�H�F�D�O�R�Q�H��
�Z�K�L�F�K���K�D�V���E�U�R�P�L�Q�H���D�W���W�K�H���D�[�L�D�O���S�R�V�L�W�L�R�Q���D�V���L�Q�G�L�F�D�W�H�G���E�\���8�9���D�Q�G���,�5���V�S�H�F�W�U�D����
�7�K�H���E�U�R�P�R���G�H�U�L�Y�D�W�L�Y�H���V�K�R�Z�H�G���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W�����V�R���L�W�V���V�W�U�X�F�W�X�U�H���V�K�R�X�O�G��
�K�D�Y�H���%�U���R�Q���W�K�H���U�L�J�K�W���K�D�Q�G���V�L�G�H���R�I���W�K�H���N�H�W�R���J�U�R�X�S���D�V���V�K�R�Z�Q���E�H�O�R�Z����

�%�U���L�R�Q���W�K�H���U�L�J�K�W���K�D�Q�G���V�L�G�H��
�R�I���F�D�U�E�R�Q�\�O���J�U�R�X�S
�����Y�H���&�R�W�W�R�Q���(�I�I�H�F�W��

���+

���+

���2

���%�U

��

�7�K�X�V�����W�K�H���S�R�V�V�L�E�L�O�L�W�\���R�I���W�K�H���R�W�K�H�U���H�Q�D�Q�W�L�R�P�H�U�L�F���V�W�U�X�F�W�X�U�H�����V�K�R�Z�Q���E�H�O�R�Z�����Z�D�V��
�U�X�O�H�G���R�X�W����

�%�U���L�V���R�Q���W�K�H���O�H�I�W���K�D�Q�G���V�L�G�H���R�I��
�F�D�U�E�R�Q�\�O���J�U�R�X�S

�����Y�H���&�R�W�W�R�Q���(�I�I�H�F�W��

���+

���+

���2

���%�U

��

�7�K�L�V���V�W�U�X�F�W�X�U�H���Z�R�X�O�G���K�D�Y�H���V�K�R�Z�Q���Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W���D�V���W�K�H���%�U���L�V���R�Q���W�K�H���O�H�I�W��
�V�L�G�H���R�I���W�K�H���F�D�U�E�R�Q�\�O���J�U�R�X�S���L�Q���L�W����



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

�7�K�X�V�����W�K�H���V�W�U�X�F�W�X�U�H���R�I�����������W�U�D�Q�V�������G�H�F�D�O�R�Q�H���V�K�R�X�O�G���E�H���D�V���V�K�R�Z�Q���E�H�O�R�Z����

���������W�U�D�Q�V�������G�H�F�D�O�R�Q�H

���+

���+

���2

��

�$�Q�G�����Q�R�W���W�K�H���R�Q�H���V�K�R�Z�Q���E�H�O�R�Z����

���+

���+

���2

���������W�U�D�Q�V�������G�H�F�D�O�R�Q�H��

�6�L�P�L�O�D�U�O�\�����W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���R�I���W�K�H���F�R�P�S�R�X�Q�G�V���V�X�F�K���D�V���I�R�O�O�R�Z�L�Q�J���F�R�X�O�G���E�H��
�G�H�F�L�G�H�G���R�Q���W�K�H���E�D�V�L�V���R�I���W�K�H���V�L�J�Q���R�I���&�R�W�W�R�Q���H�I�I�H�F�W����

�2

�%�U

�+

��
��

�,�Q���W�K�L�V���H�Q�D�Q�W�L�R�P�H�U�����%�U���L�V���R�Q��
�W�K�H���O�H�I�W���V�L�G�H���L�W���P�D�N�H�V�����Y�H��

�F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���&�(

���&�(

�2

�%�U

�+

��
��

�,�Q���W�K�L�V���H�Q�D�Q�W�L�R�P�H�U�����%�U���L�V���R�Q��
�W�K�H���U�L�J�K�W���V�L�G�H���L�W���P�D�N�H�V�����Y�H��

�F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���&�(

���&�(

�2
�&�2���&�+��

��

�&�+��

�&�+��

���$�F�2

�%�U���%�U��

��

�/�H�W���X�V���Q�R�Z���X�Q�G�H�U�V�W�D�Q�G���D�E�R�X�W���D�Q�R�W�K�H�U���U�X�O�H�����F�D�O�O�H�G���2�F�W�D�Q�W���U�X�O�H����

�6�$�4������
���L������ �:�K�L�F�K���W�Z�R���U�X�O�H�V���D�U�H���W�U�H�D�W�H�G���X�Q�G�H�U���V�H�F�W�R�U���U�X�O�H�V�"��

���L�L������ �)�R�U���Z�K�L�F�K���F�K�U�R�P�R�S�K�R�U�H�V�����W�K�H�V�H���U�X�O�H�V���F�D�Q���E�H���X�V�H�G�"����
��

�������� �2�&�7�$�1�7���5�8�/�(��

�7�K�L�V���U�X�O�H���Z�D�V���I�R�U�P�X�O�D�W�H�G���E�\���0�R�I�I�L�W�W���H�W���D�O���L�Q�������������D�Q�G���L�W���F�R�U�U�H�O�D�W�H�V���W�K�H���V�L�J�Q���R�I��
�&�R�W�W�R�Q���H�I�I�H�F�W���I�R�U���W�K�H���F�K�L�U�D�O���G�H�U�L�Y�D�W�L�Y�H�V���R�I���F�\�F�O�R�K�H�[�D�Q�R�Q�H���Z�L�W�K���W�K�H�L�U���D�E�V�R�O�X�W�H��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q����

�$�F�F�R�U�G�L�Q�J���W�R���W�K�L�V���U�X�O�H�����W�K�H���V�S�D�F�H���D�U�R�X�Q�G���W�K�H���F�D�U�E�R�Q�\�O���J�U�R�X�S�����!�&� �2�����L�V���G�L�Y�L�G�H�G��
�L�Q�W�R���H�L�J�K�W���V�H�F�W�R�U�V���F�D�O�O�H�G���R�F�W�D�Q�W�V���E�\���G�U�D�Z�L�Q�J���W�K�U�H�H���S�O�D�Q�H�V�����D�V���V�K�R�Z�Q���E�H�O�R�Z����



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�7�K�H�V�H���H�L�J�K�W���V�H�F�W�R�U�V���K�D�Y�H���W�Z�R���V�H�W�V���R�I���I�R�X�U���V�H�F�W�R�U�V���L�Q���Z�K�L�F�K���W�K�H���I�U�R�Q�W���V�H�F�W�R�U���D�Q�G��
�U�H�D�U���V�H�F�W�R�U���K�D�V���W�K�H���I�R�O�O�R�Z�L�Q�J���V�L�J�Q�V���D�V���V�K�R�Z�Q���L�Q���)�L�J���������������E�H�O�R�Z����

�)�U�R�Q�W���V�H�F�W�R�U

�2

��

��

� � � �
�� ��

�� �� �� ��

�� ��

�5�H�D�U���V�H�F�W�R�U

��

�� ��

��

�&�+��

�&�+��

��

���2

��

��

��

��
��

��

��

��

�]

�[

�\

��
�)�L�J�����������������2�F�W�D�Q�W�V���D�U�R�X�Q�G���F�D�U�E�R�Q�\�O���J�U�R�X�S����

�7�K�H���U�H�D�U���V�H�F�W�R�U���V�L�J�Q�V���F�R�Q�W�U�L�E�X�W�H���P�R�U�H���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W���D�Q�G���K�H�Q�F�H�����D�U�H��
�P�R�U�H���L�P�S�R�U�W�D�Q�W���I�R�U���W�K�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���F�R�Q�I�L�J�X�U�D�W�L�R�Q����

�7�K�H���P�R�O�H�F�X�O�H���L�V���D�J�D�L�Q���Y�L�H�Z�H�G���I�U�R�P���W�K�H���V�L�G�H���R�I���W�K�H���F�D�U�E�R�Q�\�O���J�U�R�X�S�����7�K�H��
�F�R�Q�W�U�L�E�X�W�L�R�Q�V���R�I���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���L�Q���G�L�I�I�H�U�H�Q�W���V�H�F�W�R�U�V���D�U�H���D�V���I�R�O�O�R�Z�V����

�7�K�H�V�H���U�X�O�H�V���D�U�H���X�V�H�G���I�R�U���F�\�F�O�R�K�H�[�D�Q�R�Q�H���P�R�L�H�W�\����

������ �&�R�Q�W�U�L�E�X�W�L�R�Q�V���I�U�R�P���K�\�G�U�R�J�H�Q�V���D�U�H���Q�R�U�P�D�O�O�\���Q�R�W���W�D�N�H�Q���L�Q�W�R���D�F�F�R�X�Q�W����

������ �7�K�H�����W�K���F�D�U�E�R�Q���D�W�R�P���O�L�H�V���R�Q���W�K�H���\�]���Q�R�G�D�O���S�O�D�Q�H���D�V���V�K�R�Z�Q���E�H�O�R�Z����

���2

�]

�[

�\

�H

�D

��

��

��

��

��

��
�� �7�K�H���J�U�R�X�S�V���S�U�H�V�H�Q�W���D�W���W�K�H���D�[�L�D�O���R�U���H�T�X�D�W�R�U�L�D�O���S�R�V�L�W�L�R�Q�V���D�W���&�������G�R���Q�R�W��

�F�R�Q�W�U�L�E�X�W�H���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W����

������ �6�L�P�L�O�D�U�O�\�����W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���H�T�X�D�W�R�U�L�D�O���S�R�V�L�W�L�R�Q�V���D�W���&�������D�Q�G������������������������
�&�������D�W�R�P�V���D�U�H���Q�H�D�U���W�K�H���[�\���Q�R�G�D�O���S�O�D�Q�H�����K�H�Q�F�H�����H�T�X�D�W�R�U�L�D�O���V�X�E�V�W�L�W�X�H�Q�W�V��
�S�U�H�V�H�Q�W���D�W���&�������D�Q�G���&�������S�R�V�L�W�L�R�Q�V���K�D�Y�H���Y�H�U�\���V�P�D�O�O���F�R�Q�W�U�L�E�X�W�L�R�Q�V���W�R���W�K�H��
�&�R�W�W�R�Q���H�I�I�H�F�W�����%�X�W���D�V���W�K�H���D�[�L�D�O���V�X�E�V�W�L�W�X�H�Q�W�V���D�W���&�������D�Q�G���&�������O�L�H���D�Z�D�\���I�U�R�P��
�[�\���S�O�D�Q�H�����W�K�H�\���F�R�Q�W�U�L�E�X�W�H���P�R�U�H���W�R�Z�D�U�G�V���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W����

��



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

������ �7�K�H�U�H���L�V���H�T�X�D�O���F�R�Q�W�U�L�E�X�W�L�R�Q���E�\���V�X�E�V�W�L�W�X�H�Q�W���S�U�H�V�H�Q�W�V���D�W���&�������D�Q�G���&������
�F�D�U�E�R�Q�V����

������ �7�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���&�������D�Q�G���&�������K�D�Y�H���S�R�V�L�W�L�Y�H���F�R�Q�W�U�L�E�X�W�L�R�Q�V��
�Z�K�H�U�H�D�V���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�U���&�������D�Q�G���&�������P�D�N�H���Q�H�J�D�W�L�Y�H��
�F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W����

� � � �

� � � �

�� ��

�� ��

�2

�� ��

�� ��

�5�H�D�U���V�H�F�W�R�U�)�U�R�Q�W���V�H�F�W�R�U

���W�K

���W�K

���U�G

���Q�G

��

������ �:�H���F�D�Q���G�H�W�H�U�P�L�Q�H���W�K�H���S�R�V�L�W�L�R�Q���R�I���V�X�E�V�W�L�W�X�H�Q�W���R�U���W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���W�K�H��
�F�R�P�S�R�X�Q�G���X�V�L�Q�J���W�K�H�V�H���U�X�O�H�V���L�I���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W���L�V���N�Q�R�Z�Q����

�)�R�U���N�H�W�R�V�W�H�U�R�L�G�V�����W�K�H���V�H�F�W�R�U���Z�K�L�F�K���K�D�V���P�R�V�W���R�I���W�K�H���F�D�U�E�R�Q���D�W�R�P�V�����K�D�V���W�K�H��
�P�D�M�R�U���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W����

�/�H�W���X�V���F�R�Q�V�L�G�H�U���W�K�H���F�D�V�H���R�I���W�U�D�Q�V���������P�H�W�K�\�O�������G�H�F�D�O�R�Q�H�����$�V���L�Q�G�L�F�D�W�H�G���E�\��
�R�F�W�D�Q�W���U�X�O�H�����L�W�V�����������H�Q�D�Q�W�L�R�P�H�U���K�D�V���S�R�V�L�W�L�Y�H���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W��
�Z�K�L�O�H���L�W�V�����������H�Q�D�Q�W�L�R�P�H�U���K�D�V���Q�H�J�D�W�L�Y�H���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���&�R�W�W�R�Q���H�I�I�H�F�W����

�+

�&�+��

�S�R�V�L�W�Y�H���&�R�W�W�R�Q���(�I�I�H�F�W

�$ �%
��

��
��

��

����
����

��

��

��

�$ ����

��

��

�� ��

��

��

��

�� ��

� � � ���

�� � � � �� ���

���2�,
�&�+��

��

�%

�$
���2 �2��

�����2 �2

���� ��

����������

�� � 2 � ,

�&�+��

��

�%

�$
���2 �2��

�����2 �2

���2���2

��

�6�$�4������
�'�L�V�F�X�V�V���W�K�H���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���L�Q���F�\�F�O�R�K�H�[�D�Q�R�Q�H��
�W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W�"��

���L���� �D�[�L�D�O���V�X�E�V�W�L�W�X�H�Q�W�V���D�W���&������ ��

���L�L���� �H�T�X�D�W�R�U�L�D�O���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���&�������D�Q�G���&�������S�R�V�L�W�L�R�Q�V��

���L�L�L�����D�[�L�D�O���V�X�E�V�W�L�W�X�H�Q�W�V���D�W���&�������D�Q�G���&������
��

�������� �+�(�/�,�&�,�7�<���5�8�/�(��

�,�Q���8�Q�L�W���������\�R�X���K�D�Y�H���D�O�U�H�D�G�\���V�W�X�G�L�H�G���D�E�R�X�W���K�H�O�L�F�L�W�\���Z�K�L�F�K���L�V���W�K�H���F�K�L�U�D�O�L�W�\���R�I���D��
�K�H�O�L�F�D�O���H�Q�W�L�W�\�����$���U�L�J�K�W���K�D�Q�G�H�G���K�H�O�L�[���L�V���F�D�O�O�H�G���D�V���3�����S�O�X�V�����D�Q�G���D���O�H�I�W���K�D�Q�G�H�G���K�H�O�L�[��



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�L�V���N�Q�R�Z�Q���D�V���0�����P�L�Q�X�V�������:�H���Z�L�O�O���I�L�U�V�W���V�W�X�G�\���K�H�U�H���W�K�H���K�H�O�L�F�L�W�\���U�X�O�H���D�Q�G���W�K�H�Q����
�D�S�S�O�L�F�D�W�L�R�Q���R�I���K�H�O�L�F�L�W�\���U�X�O�H���W�R���G�L�H�Q�H�V�����D���E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���D�Q�G���K�H�O�L�F�L�Q�H�V����

�$�F�F�R�U�G�L�Q�J���W�R���W�K�H���K�H�O�L�F�L�W�\���U�X�O�H�����W�K�H���U�L�J�K�W���K�D�Q�G�H�G���S�D�W�K���R�I���W�K�H���H�O�H�F�W�U�R�Q���Z�K�L�F�K���L�V��
�L�Q�G�L�F�D�W�H�G���E�\���V�L�J�P�D���I�U�D�P�H�Z�R�U�N���R�I���$�o �&�±�&�o �%���D�V���U�H�S�U�H�V�H�Q�W�H�G���E�\���3�����F�R�Q�W�U�L�E�X�W�H�V��
�W�R���W�K�H���S�R�V�L�W�L�Y�H���U�R�W�D�W�L�R�Q���Z�K�L�O�H���W�K�H���O�H�I�W���K�D�Q�G�H�G���S�D�W�K���U�H�S�U�H�V�H�Q�W�H�G���E�\���0���F�R�Q�W�U�L�E�X�W�H�V��
�W�R���W�K�H���Q�H�J�D�W�L�Y�H���U�R�W�D�W�L�R�Q�����/�H�W���X�V���X�Q�G�H�U�V�W�D�Q�G���D�Q�G���D�S�S�O�\���W�K�L�V���U�X�O�H����

�%�R�W�K���F�R�Q�M�X�J�D�W�H�G���G�L�H�Q�H�V���D�Q�G���D���E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���F�D�Q���E�H���U�H�S�U�H�V�H�Q�W�H�G���E�\��
�W�K�H���I�R�O�O�R�Z�L�Q�J���Q�R�Q���V�X�S�H�U�L�P�S�R�V�D�E�O�H���P�L�U�U�R�U���L�P�D�J�H���V�W�U�X�F�W�X�U�H�V����

������������������

�$

�3��

�%��

�$

�0����

�%��

����������������������������������

�&
�&

�3��

�&�R�Q�M�X�J�D�W�H�G���'�L�H�Q�H

�&

�&
�&

�&

�0��

�&

�&

��

�2
�&

�3��

�D�����E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H

�&

�&
�2

�&

�0��

�&

�&

��

���L�������� �&�R�Q�M�X�J�D�W�H�G���'�L�H�Q�H�V��

�� �,�Q���F�R�Q�M�X�J�D�W�H�G���G�L�H�Q�H�V�����W�K�H���K�H�O�L�F�L�W�\���U�X�O�H���L�V���D�S�S�O�L�H�G���W�R���W�K�H���O�R�Z�H�V�W���H�Q�H�U�J�\��
�W�U�D�Q�V�L�W�L�R�Q���Z�K�L�F�K���L�V���S���o ���S�
���W�U�D�Q�V�L�W�L�R�Q�����7�K�L�V���W�U�D�Q�V�L�W�L�R�Q���D�S�S�H�D�U�V���L�Q���W�K�H���U�D�Q�J�H��
�����������������Q�P����

�� �7�K�H���H�[�D�P�S�O�H�V���R�I���F�L�V���G�L�H�Q�H�V���V�K�R�Z�L�Q�J���K�H�O�L�F�L�W�\���U�X�O�H���D�U�H���D�V���I�R�O�O�R�Z�V����

��

����

����
���3���V���F�L�V

������

���0���V���F�L�V
���������G�L�H�Q�H ���������G�L�H�Q�H

����

��

�7�K�H���2�5�'���F�X�U�Y�H�V���I�R�U�����������G�L�H�Q�H�V���G�H�U�L�Y�H�G���I�U�R�P���V�W�H�U�H�R�L�G�V���V�K�R�Z���V�W�U�R�Q�J��
�S�R�V�L�W�L�Y�H���F�R�W�W�R�Q���H�I�I�H�F�W���Z�K�L�F�K���V�X�J�J�H�V�W���W�K�H�L�U���3���K�H�O�L�F�L�W�\�����6�L�P�L�O�D�U�O�\�������������G�L�H�Q�H�V��
�G�H�U�L�Y�H�G���I�U�R�P���V�W�H�U�R�L�G�V���V�K�R�Z���D���V�W�U�R�Q�J���Q�H�J�D�W�L�Y�H���F�R�W�W�R�Q���H�I�I�H�F�W���L�Q�G�L�F�D�W�L�Q�J���0��
�K�H�O�L�F�L�W�\���I�R�U���W�K�H�P��������

�6�L�P�L�O�D�U�O�\�����W�K�H���W�U�D�Q�V�R�L�G���V�W�U�X�F�W�X�U�H���R�I���G�L�H�Q�H�V���F�D�Q���E�H���U�H�S�U�H�V�H�Q�W�H�G���D�V���I�R�O�O�R�Z�V����

�&
�&

�3��

�&

�&

�0��
�&

�&

�&

�&

��

�7�K�X�V�����E�\���N�Q�R�Z�L�Q�J���W�K�H���D�E�V�R�O�X�W�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���V�W�H�U�H�R�L�G�V�����W�K�H���K�H�O�L�F�L�W�\���R�I��
�W�K�H���U�H�V�S�H�F�W�L�Y�H���G�L�H�Q�H���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G������



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

���L�L�����D�����E���8�Q�V�D�W�X�U�D�W�H�G���.�H�W�R�Q�H�V��

�7�K�H�� �
�� �S�Q �W�U�D�Q�V�L�W�L�R�Q�����5���E�R�Q�G�V�����D�S�S�H�D�U�V���D�U�R�X�Q�G�����������Q�P���I�R�U���D������
�E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���L�Q���W�K�H�L�U���8�9���V�S�H�F�W�U�D���D�Q�G���D�Q�R�W�K�H�U���E�D�Q�G�����.���E�D�Q�G����
�D�S�S�H�D�U�V���D�U�R�X�Q�G�����������Q�P���G�X�H���W�R�����
�o �S�S ���7�K�H���&�'���V�S�H�F�W�U�D���R�I���D������
�E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���V�K�R�Z�H�G���&�R�W�W�R�Q���H�I�I�H�F�W�V���E�H�W�Z�H�H�Q�������������������Q�P����

�7�K�H���W�Z�R���O�L�P�L�W�L�Q�J���S�O�D�Q�D�U���F�R�Q�I�R�U�P�D�W�L�R�Q�V���R�I���D���E���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���D�U�H��
�V�K�R�Z�Q���E�H�O�R�Z���D�V���V���F�L�V���D�Q�G���V���W�U�D�Q�V����

��

��

��

��

��
��

��

��

�V���F�L�V�����Z��� ���� �V���W�U�D�Q�V�����Z��� ������ �R��

�&��

�2 ����

���R�������Z�����������R

��

���� �R�������Z�������������R

��

��

���2 ���2

�2 ��

���&��

��

�+�H�U�H�����Z���L�V���W�K�H���W�R�U�V�L�R�Q�D�O���D�Q�J�O�H���D�E�R�X�W���W�K�H���E�R�Q�G���M�R�L�Q�L�Q�J���&� �&���D�Q�G���&� �2���X�Q�L�W�V����

�7�K�H���I�L�U�V�W���H�Q�R�Q�H���K�H�O�L�F�L�W�\���U�X�O�H���Z�D�V���J�L�Y�H�Q���E�\���'�M�H�U�D�V�V�L���H�W���D�O���D�Q�G���:�K�D�O�O�H�\���L�Q��
�����������I�R�U�� �
�� �S�S �&�R�W�W�R�Q���H�I�I�H�F�W���L�Q���W�K�H���U�D�Q�J�H�������������������Q�P����

�$���S�R�V�L�W�L�Y�H���K�H�O�L�F�L�W�\���Z�D�V���F�R�U�U�H�O�D�W�H�G���Z�L�W�K���W�K�H���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W�����+�R�Z�H�Y�H�U����
�6�Q�D�W�]�N�H���H�[�W�H�Q�G�H�G���W�K�H���K�H�O�L�F�L�W�\���U�X�O�H���W�R���
�� �S�Q �W�U�D�Q�V�L�W�L�R�Q���D�Q�G���S�U�H�G�L�F�W�H�G��
�Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W���I�R�U���S�R�V�L�W�L�Y�H���K�H�O�L�F�L�W�\����

�F�K�O�R�H�V�W�������H�Q�������R�Q�H

��

� + � +

�+

��

��

��

��
��

��

��

��

�+ �+

�F�K�O�R�H�V�W�������H�Q�������R�Q�H
���2 ���2

��

�&�K�R�O�H�V�W�������H�Q�������R�Q�H���L�Q���K�H�[�D�Q�H���V�K�R�Z�V���D���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W���D�W���D�U�R�X�Q�G������������������������������������
���������Q�P���L�Q�G�L�F�D�W�L�Q�J���L�W�V���3���K�H�O�L�F�L�W�\���Z�K�L�O�H���F�K�R�O�H�V�W�������H�Q���������R�Q�H���V�K�R�Z�V���D��
�Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W���F�R�Q�I�L�U�P�L�Q�J���L�W�V���0���K�H�O�L�F�L�W�\�����$���Z�H�D�N���S���Q �E�R�Q�G���D�O�V�R��
�D�S�S�H�D�U�V���L�Q���W�K�H���U�H�J�L�R�Q�������������������Q�P���I�R�U���E�R�W�K���W�K�H�V�H���F�R�P�S�R�X�Q�G�V����

���L�L�L�������+�H�O�L�F�L�Q�H�V��

�+�H�O�L�F�L�Q�H�V���D�O�V�R���H�[�K�L�E�L�W���W�K�H���K�H�O�L�F�L�W�\���U�X�O�H�����L���H�����W�K�H���K�H�O�L�F�L�Q�H�V���Z�L�W�K���3���K�H�O�L�F�L�W�\��
�V�K�R�Z���S�R�V�L�W�L�Y�H���U�R�W�D�W�L�R�Q���D�Q�G���D���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W�����2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����W�K�H��
�K�H�O�L�F�L�Q�H�V���Z�L�W�K���0���K�H�O�L�F�L�W�\���H�[�K�L�E�L�W���Q�H�J�D�W�L�Y�H���U�R�W�D�W�L�R�Q���D�Q�G���V�K�R�Z���D���Q�H�J�D�W�L�Y�H��
�&�R�W�W�R�Q���H�I�I�H�F�W����

�7�K�H���V�W�U�X�F�W�X�U�H�V���I�R�U���3���D�Q�G���0���K�H�[�D�K�H�O�L�F�L�Q�H�V���D�U�H���J�L�Y�H�Q���E�H�O�R�Z���Z�K�L�F�K���F�O�H�D�U�O�\��
�V�K�R�Z���W�K�H�L�U���K�H�O�L�F�L�W�\����

�:�K�H�Q���&� �&���Z�D�V��
�F�R�Q�V�L�G�H�U�H�G���D�V���D��
�V�X�E�V�W�L�W�X�H�Q�W���W�R���W�K�H��
�!�&� �2���J�U�R�X�S�����W�K�H��
�H�Q�R�Q�H���U�X�O�H���Z�D�V���L�Q���O�L�Q�H��
�Z�L�W�K���W�K�H���R�F�W�D�Q�W���U�X�O�H���R�I��
�W�K�H���N�H�W�R�Q�H����

�7�K�H���K�H�O�L�F�L�W�\���U�X�O�H���L�V��
�D�O�V�R���D�S�S�O�L�F�D�E�O�H���W�R���W�K�H��
�K�R�P�R�F�R�Q�M�X�J�D�W�H�G��
�D�O�G�H�K�\�G�H�V���D�Q�G��
�F�D�U�E�R�[�\�O�L�F���D�F�L�G��
�G�H�U�L�Y�D�W�L�Y�H�V����



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�,�������0���K�H�[�D�K�H�O�L�F�H�Q�H �,�,�������3���K�H�[�D�K�H�O�L�F�H�Q�H

��

�+�H�O�L�F�L�W�\���U�X�O�H�V���S�H�U�W�D�L�Q���W�R���&�R�W�W�R�Q���H�I�I�H�F�W�V���R�I���L�Q�K�H�U�H�Q�W�O�\���F�K�L�U�D�O���F�K�U�R�P�R�S�K�R�U�H�V��
�V�X�F�K���D�V���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V�����G�L�H�Q�H�V�����V�N�H�Z�H�G���R�U���W�Z�L�V�W�H�G���D�O�N�H�Q�H�V���D�Q�G��
�K�H�O�L�F�L�Q�H�V������

�,�W���V�K�R�X�O�G���E�H���L�Q�W�H�U�H�V�W�L�Q�J���W�R���N�Q�R�Z���W�K�D�W���L�Q���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V���D�Q�G���G�L�H�Q�H�V����
�W�K�H���F�K�U�R�P�R�S�K�R�U�H�V���S�U�H�V�H�Q�W�����&� �2���D�Q�G���&� �&�����D�U�H���L�Q�K�H�U�H�Q�W�O�\���D�F�K�L�U�D�O���E�X�W���W�K�H��
�L�Q�W�H�U�D�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H�V�H���F�K�U�R�P�R�S�K�R�U�H�V���Z�K�H�Q���S�U�H�V�H�Q�W���L�Q���W�K�H���V�D�P�H��
�P�R�O�H�F�X�O�H���J�H�Q�H�U�D�W�H�V���K�L�J�K���U�R�W�D�W�L�R�Q�D�O���V�W�U�H�Q�J�W�K���V�L�P�L�O�D�U���W�R���W�K�H���L�Q�K�H�U�H�Q�W���F�K�L�U�D�O��
�F�K�U�R�P�R�S�K�R�U�H�V����

�6�X�F�K���D���W�Z�L�V�W�H�G���D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�Z�R���F�K�U�R�P�R�S�K�R�U�H�V���Z�D�V���R�E�V�H�U�Y�H�G���L�Q������������
�E�\���0�L�V�O�R�Z���L�Q���F�K�L�U�D�O���E�����J���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V�����7�K�H���K�H�O�L�F�L�W�\���U�X�O�H���I�R�U���V�X�F�K��
�N�H�W�R�Q�H�V���Z�D�V���J�L�Y�H�Q���E�\���0�R�V�F�R�Z�L�W�]���H�W���D�O���L�Q�������������I�R�U���W�K�H���Q���S�
���W�\�S�H���R�I��
�W�U�D�Q�V�L�W�L�R�Q���L�Q���W�K�H���U�D�Q�J�H�������������������Q�P������

�7�K�H���I�R�O�O�R�Z�L�Q�J���V�W�U�X�F�W�X�U�H�V���V�K�R�Z���V�W�U�R�Q�J�O�\���Q�H�J�D�W�L�Y�H���D�Q�G���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q�V��
�H�I�I�H�F�W�V���D�W���D�E�R�X�W�����������Q�P���I�R�U���W�K�H���F�R�Q�I�R�U�P�D�W�L�R�Q�V���K�D�Y�L�Q�J���G�L�K�H�G�U�D�O���D�Q�J�O�H�V�������Z����
�E�H�W�Z�H�H�Q���������q���D�Q�G���������q�����+�H�Q�F�H�����O�D�U�J�H���L�V�R�W�U�R�S�L�F���D�E�V�R�U�S�W�L�R�Q���L�Q�W�H�Q�V�L�W�L�H�V���D�U�H��
�R�E�V�H�U�Y�H�G���L�Q���Q�R�Q���S�R�O�D�U���V�R�O�Y�H�Q�W�V����

��

�2

��

��

�Z

��

�2

��

��

��

� � � �

��

������ ��

��

��

��

��

�7�K�H���H�[�D�P�S�O�H�V���R�I���K�R�P�R�F�R�Q�M�X�J�D�W�H�V���N�H�W�R�Q�H�V���K�D�Y�L�Q�J���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W��
�D�U�H���D�V���I�R�O�O�R�Z�V����

�G�H�K�\�G�U�R�Q�R�F�D�P�S�K�R�U��

�� �����2���2

�E�L�F�\�F�O�R�R�F�W�H�Q�R�Q�H
��

�6�$�4������
�+�H�O�L�F�L�W�\���U�X�O�H�V���F�D�Q���E�H���D�S�S�O�L�H�G���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W�V���R�I���Z�K�L�F�K���N�L�Q�G���R�I��
�F�K�U�R�P�R�S�K�R�U�H�V�"��
��

�����������/�2�:�(�¶�6���5�8�/�(��

�7�K�H���D�E�V�R�O�X�W�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���R�I���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���D�O�O�H�Q�H�V���F�D�Q���E�H���J�L�Y�H�Q���E�\���X�V�L�Q�J��
�/�R�Z�H�¶�V���U�X�O�H�����$�F�F�R�U�G�L�Q�J���W�R���W�K�L�V���U�X�O�H�����W�K�H���D�O�O�H�Q�H���L�V���S�U�R�M�H�F�W�H�G���L�Q���V�X�F�K���D���Z�D�\���W�K�D�W��
�W�K�H���P�R�U�H���S�R�O�D�U�L�V�D�E�O�H���V�X�E�V�W�L�W�X�H�Q�W���L�V���S�O�D�F�H�G���D�W���W�K�H���W�R�S���L�Q���W�K�H���Y�H�U�W�L�F�D�O���S�R�V�L�W�L�R�Q���D�V��
�V�K�R�Z�Q���E�H�O�R�Z����

�S�U�R�S�H�U�W�\���R�I���K�D�Y�L�Q�J���D��
�W�\�S�H��



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

������ ��

������������������������

�&

�&�O

�+

� & � &

�+

�&�+��

���+�&�+

�+

�&�O

���&�+������
���� ���� ���� ����

���+

��

�:�K�H�Q���W�K�H���P�R�O�H�F�X�O�H���L�V���Y�L�H�Z�H�G���D�V���V�K�R�Z�Q���D�E�R�Y�H�����W�K�H�Q�����L�I���R�Q���W�K�H���K�R�U�L�]�R�Q�W�D�O���D�[�L�V����
�W�K�H���P�R�U�H���S�R�O�D�U�L�V�H�G���J�U�R�X�S�����I�U�R�P���W�K�H���W�Z�R���J�U�R�X�S�V���D�W�W�D�F�K�H�G���R�Q���W�K�H���W�K�L�U�G���F�D�U�E�R�Q����
�D�S�S�H�D�U�V���U�L�J�K�W���D�V���V�K�R�Z�Q���I�R�U���W�K�H���D�E�R�Y�H���F�R�P�S�R�X�Q�G�����W�K�H�Q�����W�K�H���D�O�O�H�Q�H���V�K�R�Z�V��
�S�R�V�L�W�L�Y�H���U�R�W�D�W�L�R�Q����

�+

�&�O

�&�+���+

�F�O�R�F�N�Z�L�V�H���S�D�W�W�H�U�Q

���6���F�R�Q�I�L�J�X�U�D�W�L�R�Q����

�1�R�W�H���W�K�D�W���W�K�H�U�H���L�V���F�O�R�F�N�Z�L�V�H���V�F�U�H�Z���S�D�W�W�H�U�Q���R�I���S�R�O�D�U�L�V�D�E�L�O�L�W�\����

�7�K�H���F�R�Q�Y�H�U�V�H���L�V���W�U�X�H���I�R�U���W�K�H���D�U�U�D�Q�J�H�P�H�Q�W���R�I���D�Q�W�L�F�O�R�F�N�Z�L�V�H���S�D�W�W�H�U�Q���R�I��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\���D�Q�G���D���Q�H�J�D�W�L�Y�H���U�R�W�D�W�L�R�Q���L�V���H�[�K�L�E�L�W�H�G���E�\���W�K�H���F�R�P�S�R�X�Q�G���L�Q���V�X�F�K���D��
�V�L�W�X�D�W�L�R�Q����

�7�K�H���S�R�O�D�U�L�V�D�E�L�O�L�W�\���R�U�G�H�U���R�I���V�R�P�H���J�U�R�X�S�V���L�V���D�V���I�R�O�O�R�Z�V����

� � � +� �� �� ��W�H�U�W���%�X�������&�+���������&�2�2�+�������&���+���������&�O��

�6�R�P�H���I�X�Q�J�D�O���D�O�O�H�Q�H���P�H�W�D�E�R�O�L�W�L�H�V���D�V���V�K�R�Z�Q���E�H�O�R�Z���D�O�V�R���H�[�K�L�E�L�W���S�R�V�L�W�L�Y�H���U�R�W�D�W�L�R�Q��
�I�R�U���W�K�H���F�R�P�S�R�X�Q�G�V���K�D�Y�L�Q�J���6���F�R�Q�I�L�J�X�U�D�W�L�R�Q���Z�K�L�O�H���W�K�H�L�U���F�R�X�Q�W�H�U�S�D�U�W�V���K�D�Y�L�Q�J���5��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q���V�K�R�Z���Q�H�J�D�W�L�Y�H���U�R�W�D�W�L�R�Q����

�&
�&

�+
� & � &

�5

�+

�&�&�&�+���&

��

�7�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���D�O�O�H�Q�H�V���F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���X�V�L�Q�J���W�K�H���&�,�3���U�X�O�H�V���Z�K�L�F�K���\�R�X��
�K�D�Y�H���D�O�U�H�D�G�\���V�W�X�G�L�H�G�����$�Q���H�[�D�P�S�O�H���L�V���L�O�O�X�V�W�U�D�W�H�G���E�H�O�R�Z����

�7�K�H���D�O�O�H�Q�H�����D�V���V�K�R�Z�Q���E�H�O�R�Z�����L�V���Y�L�H�Z�H�G���D�Q�G���W�K�H���J�U�R�X�S�V���D�W�W�D�F�K�H�G���D�U�H��
�U�H�S�U�H�V�H�Q�W�H�G���D�U�R�X�Q�G���D���F�L�U�F�O�H����

�&�&�&
�+

�&�+��

�&�O

�%�U
�D�O�O�H�Q�H

��
������ �'�U�D�Z���W�K�H���F�L�U�F�O�H���D�V���V�K�R�Z�Q���E�H�O�R�Z����

���� �� ������������������������������������
������ �3�X�W���D���Y�H�U�W�L�F�D�O���O�L�Q�H���R�Q���L�W���D�V���U�H�S�U�H�V�H�Q�W�H�G���E�H�O�R�Z����

���� �� ���������������������������� ��
������ �7�K�H�Q�����S�O�D�F�H���V�X�E�V�W�L�W�X�H�Q�W�V���R�I���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q���R�Q���W�K�L�V���Y�H�U�W�L�F�D�O���O�L�Q�H���D�V���J�L�Y�H�Q��

�E�H�O�R�Z������

���� �� ����������������������������

�&�O

�%�U��

�7�K�H�U�H���D�U�H���W�Z�R���W�\�S�H�V��
�R�I���K�H�O�L�F�H�V���L�Q��
�P�R�O�H�F�X�O�H�V��
�x� � � $� ��J�H�R�P�H�W�U�L�F���K�H�O�L�[��

�D�V���L�Q���'�1�$��
�P�R�O�H�F�X�O�H���Z�K�L�F�K��
�H�[�L�V�W�V���Z�K�H�Q���D�W�R�P�V��
�D�U�H���D�U�U�D�Q�J�H�G���L�Q���D��
�V�S�L�U�D�O���S�D�W�W�H�U�Q����
�6�R�P�H�W�L�P�H�V���V�X�F�K���D��
�K�H�O�L�[���P�D�\���E�H��
�V�P�D�O�O�H�U���W�K�D�Q���D���I�X
�W�X�U�Q�����D�V���L�Q���%�,

�x� � � $� ��S�K�\�V�L�F�D�O���K�H�O�L�[
�Z�K�L�F�K���H�[�L�V�W�V���Z�K�H�Q��
�E�R�Q�G�V��
�H�O�H�F�W�U�R�Q�V����
�D���S�D�U�W�L�F�X�O�D�U��
�G�L�U�H�F�W�L�R�Q���D�Q�G���O�H�D�G�V��
�W�K�H���P�R�Y�H�P�H�Q�W
�W�K�H���H�O�H�F�W�U�R�Q�V���L�Q���D��
�K�H�O�L�F�D�O���S�D�W�K��

�7�K�H���U�H�I�U�D�F�W�L�Y�H���L�Q�G�L�F�H�V��
�D�U�H���G�L�U�H�F�W�O�\���U�H�O�D�W�H�G���W�R��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\
�K�H�O�L�F�H�V���D�U�H��
�G�H�W�H�U�P�L�Q�H�G���X�V�L�Q�J���W�K�H��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\��
�G�L�I�I�H�U�H�Q�F�H�V��

�&�K�L�U�D�O���P
�K�D�Y�H���G�L�I�I�H�U�H�Q�W��
�U�H�I�U�D�F�W�L�Y�H���L�Q�G�L�F�H�V���I�R�U��
�O�H�I�W���D�Q�G���U�L�J�K�W���F�L�U�F�X�O�D�U�O�\��
�S�R�O�D�U�L�V�H�G���O�L�J�K�W
�O�H�D�G�V���W�R���Q�H�W���U�R�W�D�W�L�R�Q��

��
�/�R�R�N���I�U�R�P��������������
�W�K�L�V���V�L�G�H��������

��
�/�R�R�N���I�U�R�P��������������
�W�K�L�V���V�L�G�H��������



��
�8�Q�L�W������

��

������ �'�U�D�Z���W�K�H���O�L�Q�H���E�H�K�L�Q�G���W�K�H���F�L�U�F�O�H���I�R�U���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���W�K�H��
�D�W�R�P���D�W���W�K�H���E�D�F�N����

���� ������������������

�&�O

�%�U ��

������ �$�W�W�D�F�K���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���W�K�H���E�D�F�N��
�O�L�Q�H��

���� ������������

�&�O

�%�U

� + � &� +��

��

������ �*�L�Y�H���S�U�L�R�U�L�W�L�H�V���W�R���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���&�,�3���U�X�O�H�V���E�\���Q�X�P�E�H�U�L�Q�J��
�W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���D�W���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q��
�E�D�F�N���V�L�G�H���F�D�U�E�R�Q���D�W�R�P���D�V�������D�Q�G��������

�6�R���L�Q���W�K�H���D�E�R�Y�H���D�O�O�H�Q�H�����W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���Z�L�O�O���E�H���Q�X�P�E�H�U�H�G���D�V���I�R�O�O�R�Z�V��

���� ��������

�&�O

�%�U

� + � &� +��

��

��

��

��

��

�5�H�P�H�P�E�H�U���W�K�D�W���Z�H���K�D�Y�H���W�R���Q�X�P�E�H�U���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���R�I���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q���D�V������
�?�D�Q�G�������L�U�U�H�V�S�H�F�W�L�Y�H���R�I���W�K�H���I�D�F�W���W�K�D�W���V�X�E�V�W�L
�S�U�H�V�H�Q�W���D�W���W�K�H���E�D�F�N���V�L�G�H���F�D�U�E�R�Q���D�W�R�P����

�$�J�D�L�Q�����D�V���Z�D�V���G�R�Q�H���H�D�U�O�L�H�U���X�V�L�Q�J���&�,�3���U�X�O�H�V�����W�K�H���S�D�W�K���I�U�R�P����
�+�H�U�H�����W�K�H���S�D�W�K���I�U�R�P�����o ���o �����L�V���F�O�R�F�N�Z�L�V�H
�5����

�&�O

�%�U

� + � &� +��

��

��

��

��
�F�O�R�F�N�Z�L�V�H���S�D�W�K���I�U�R�P��������������������������������
�K�H�Q�F�H����

�,�I���L�Q�V�W�H�D�G���R�I���Y�L�H�Z�L�Q�J���I�U�R�P���O�H�I�W���V�L�G�H�����W�K�H���V�D�P�H���D�O�O�H�Q�H���L�V���Y�L�H�Z�H�G���I�U�R�P���U�L�J�K�W���V�L�G�H���D�V��
�V�K�R�Z�Q���E�H�O�R�Z����

�&�&
�&�O

�%�U
�D�O�O�H�Q�H

�7�K�H�Q�����Z�H���F�D�Q���U�H�S�U�H�V�H�Q�W���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���D�V��

�&�O

�%�U

�+�&�+��

��

��

��

��

�F�O�R�F�N�Z�L�V�H���S�D�W�K���I�U�R�P��������������������������������
�K�H�Q�F�H����

�� �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U

�'�U�D�Z���W�K�H���O�L�Q�H���E�H�K�L�Q�G���W�K�H���F�L�U�F�O�H���I�R�U���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���W�K�H���F�D�U�E�R�Q��

�V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���D�W���W�K�H���E�D�F�N���V�L�G�H���F�D�U�E�R�Q���R�Q���W�K�H���K�R�U�L�]�R�Q�W�D�O��

�*�L�Y�H���S�U�L�R�U�L�W�L�H�V���W�R���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���&�,�3���U�X�O�H�V���E�\���Q�X�P�E�H�U�L�Q�J��
�W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���D�W���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q���D�W�R�P���D�V�������D�Q�G���������D�Q�G���W�K�R�V�H���D�W���W�K�H��

�D�V�������D�Q�G����������

�D�O�O�H�Q�H�����W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���Z�L�O�O���E�H���Q�X�P�E�H�U�H�G���D�V���I�R�O�O�R�Z�V����

�Z�H���K�D�Y�H���W�R���Q�X�P�E�H�U���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���R�I���W�K�H���I�U�R�Q�W���F�D�U�E�R�Q���D�V������
�D�Q�G�������L�U�U�H�V�S�H�F�W�L�Y�H���R�I���W�K�H���I�D�F�W���W�K�D�W���V�X�E�V�W�L�W�X�H�Q�W�V���R�I���H�Y�H�Q���K�L�J�K�H�U���S�U�L�R�U�L�W�\���P�D�\���E�H��

��

�X�V�L�Q�J���&�,�3���U�X�O�H�V�����W�K�H���S�D�W�K���I�U�R�P�����o ���o �����L�V���I�R�O�O�R�Z�H�G����
�F�O�R�F�N�Z�L�V�H�����V�R���W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���R�I���W�K�L�V���D�O�O�H�Q�H���L�V��

�F�O�R�F�N�Z�L�V�H���S�D�W�K���I�U�R�P��������������������������������
�K�H�Q�F�H�����5���F�R�Q�I�L�J�X�U�D�W�L�R�Q��

��

�,�I���L�Q�V�W�H�D�G���R�I���Y�L�H�Z�L�Q�J���I�U�R�P���O�H�I�W���V�L�G�H�����W�K�H���V�D�P�H���D�O�O�H�Q�H���L�V���Y�L�H�Z�H�G���I�U�R�P���U�L�J�K�W���V�L�G�H���D�V��

�&

�+

�&�+��
�D�O�O�H�Q�H

��

�7�K�H�Q�����Z�H���F�D�Q���U�H�S�U�H�V�H�Q�W���W�K�H���V�X�E�V�W�L�W�X�H�Q�W�V���D�V���J�L�Y�H�Q���E�H�O�R�Z����

�F�O�R�F�N�Z�L�V�H���S�D�W�K���I�U�R�P��������������������������������
�K�H�Q�F�H�����5���F�R�Q�I�L�J�X�U�D�W�L�R�Q��

��

�/�R�R�N���I�U�R�P��������������
�W�K�L�V���V�L�G�H��������

�0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

�7�K�H�Q�����I�R�O�O�R�Z�L�Q�J���W�K�H���S�D�W�K�����o ���o �������D�J�D�L�Q���V�K�R�Z�V���W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���D�V���5�����6�R�����L�W��
�G�R�H�V���Q�R�W���P�D�W�W�H�U���I�U�R�P���Z�K�L�F�K���V�L�G�H���W�K�H���P�R�O�H�F�X�O�H���L�V���E�H�L�Q�J���Y�L�H�Z�H�G����

�3�K�\�V�L�F�D�O���K�H�O�L�F�L�W�\���F�D�Q���E�H���D�V�V�L�J�Q�H�G���W�R���F�K�L�U�D�O���P�R�O�H�F�X�O�H�V���X�V�L�Q�J���S�R�O�D�U�L�V�D�E�L�O�L�W�\���L�Q���D��
�P�D�Q�Q�H�U���W�K�H���G�H�V�L�J�Q�D�W�R�U�V���5���R�U���6���Z�H�U�H���D�V�V�L�J�Q�H�G���W�R���W�K�H�P�����8�V�L�Q�J���W�K�H���V�L�P�L�O�D�U���U�X�O�H�V����
�W�K�H���P�R�O�H�F�X�O�H���F�D�Q���E�H���D�V�V�L�J�Q�H�G���K�H�O�L�F�L�W�\���E�\���I�L�U�V�W���F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���R�U�G�H�U���R�I��
�S�R�O�D�U�L�V�D�E�L�O�L�W�L�H�V���R�I���W�K�H���J�U�R�X�S�V���D�W�W�D�F�K�H�G���W�R���W�K�H���F�D�U�E�R�Q����

�%�U

�&�O

�, �)
��

��

��

��

���+�H�U�H���� �W�K�H�� �Q�X�P�E�H�U�V�� �G�H�Q�R�W�H�� �W�K�H��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\���R�U�G�H�U���R�I���J�U�R�X�S�V��

�,���!�����%�U�����!�����&�O�����!�����)
���������������������������������������������������������������������� ��

�:�K�H�Q���W�K�H���P�R�O�H�F�X�O�H���L�V���Y�L�H�Z�H�G���L�Q���V�X�F�K���D���Z�D�\���W�K�D�W���)���L�V���D�W���W�K�H���E�D�F�N���L�W���D�S�S�H�D�U�V���D�V��
�V�K�R�Z�Q���E�H�O�R�Z����

�)

�&�O

�%�U �,
��

��

��

��

��

�1�R�Z���S�D�W�K�����o ���o �����L�V���W�U�D�F�H�G���Z�K�L�F�K���L�V��

�)

�&�O

�%�U �,
��

��

��

��

��

���F�R�X�Q�W�H�U�F�O�R�F�N�Z�L�V�H�����K�H�Q�F�H�����W�K�L�V���L�V���P�R�O�H�F�X�O�H���W�R���E�H���O�H�I�W���K�D�Q�G�H�G������

�6�L�P�L�O�D�U�O�\���I�R�U���D�O�O�H�Q�H�V����

��

��

��

��

��

�,�I�����������R�U�����������L�Q�W�H�U�D�F�W�L�R�Q���G�R�P�L�Q�D�W�H�V�����W�K�H�Q���W�K�H���P�R�O�H�F�X�O�H���L�V���O�H�I�W���K�D�Q�G�H�G�����R�W�K�H�U�Z�L�V�H��
�Z�K�H�Q�����������R�U�����������L�Q�W�H�U�D�F�W�L�R�Q�V���G�R�P�L�Q�D�W�H�����W�K�H�Q���W�K�H���P�R�O�H�F�X�O�H���L�V���U�L�J�K�W���K�D�Q�G�H�G�����7�K�H��
�K�H�O�L�F�L�W�L�H�V���D�Q�G���V�L�J�Q���R�I���R�S�W�L�F�D�O���U�R�W�D�W�L�R�Q�V���I�R�U���V�R�P�H���D�O�O�H�Q�H�V���D�U�H���J�L�Y�H�Q���E�H�O�R�Z����

��

�U�L�J�K�W
������

�U�L�J�K�W
������

�O�H�I�W
������

�O�H�I�W
������

���3�K

�+

�+

���3�K
�&�+��

�&�2�2�+

���3�K

�+
�&�+��

�+

�&�O

�+
�&�+��

�%�U

�+

�&�+��

��

�2�S�W�L�F�D�O���U�R�W�D�W�L�R�Q���V�R���G�H�W�H�U�P�L�Q�H�G���L�V���V�L�P�L�O�D�U���W�R���W�K�D�W���H�D�U�O�L�H�U���G�H�W�H�U�P�L�Q�H�G���E�\���/�R�Z�H�¶�V��
�U�X�O�H����

�7�K�H���S�R�O�D�U�L�V�D�E�L�O�L�W�\���R�U�G�H�U���Z�D�V���H�D�U�O�L�H�U���D�V�V�X�P�H�G���L�Q���������������(�O�O�L�H�O�����W�R���E�H���J�U�H�D�W�H�U���I�R�U����
�±�&�+�����W�K�D�Q���±�&���&�+�����������%�X�W�����O�D�W�H�U���L�W���E�H�F�D�P�H���F�O�H�D�U���W�K�D�W���±�&���&�+���������K�D�V���J�U�H�D�W�H�U��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\���W�K�D�Q���±�&�+�����J�U�R�X�S����

�7�K�L�V���P�H�W�K�R�G���R�I���R�S�W�L�F�D�O��
�U�R�W�D�W�L�R�Q���G�H�W�H�U�P�L�Q�D�W�L�R�Q��
�X�V�L�Q�J���S�K�\�V�L�F�D�O��
�K�H�O�L�F�L�W�L�H�V���F�R�Q�W�U�L�E�X�W�L�R�Q��
�Z�R�U�N�V���Z�H�O�O���Z�K�H�Q
���L���������J�H�R�P�H�W�U�L�F�D�O��

�F�R�Q�W�U�L�E�X�W�L�R�Q���L�V��
�V�P�D�O�O���D�Q�G��
�F�R�Q�I�R�U�P�D�W�L�R�Q�D�O�O�\��
�I�O�H�[�L�E�L�O�L�W�\��
�D�U�H���W�K�H�U�H

�����L�L�����L�Q�W�H�U�����D�Q�G��
�L�Q�W�U�D�P�R�O�H�F�X�O�D�U��
�L�Q�W�H�U�D�F�W�L�R�Q�V���D�U�H��
�V�P�D�O�O����

�6�R�P�H���W�U�H�Q�G�V���L�Q��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\���D�U�H���D�V��
�I�R�O�O�R�Z�V����
�x�� �$�W�R�P���Z�L�W�K���O

�Q�X�P�E�H�U���R�I���H�O�H�F�W�U�R�Q��
�V�K�H�O�O�V���Z�L�W�K�L�Q���D��
�J�U�R�X�S���K�D�Y�H���J�U�H�D�W�H�U��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\
�,�!�%�U�!�&�O�!�)

�x�� �7�K�H���O�R�Z�H�U
�Q�X�F�O�H�D�U���F�K�D�U�J�H
�Z�L�W�K�L�Q���D���S�H�U�L�R�G���H���J����
�&�!�1�!�2�!�)
�J�U�H�D�W�H�U���Z�L�O�O���E�H���W�K�H��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\

�x�� �/�R�Z�H�U���+�R�P�R
�/�8�0�2���J�D�S���H���J����
�P�R�U�H���F�R�Q�M�X�J�D�W�L�R�Q��
�Z�L�O�O���L�Q�F�U�H�D�V�H��
�S�R�O�D�U�L�V�D�E�L�O�L�W�\

�x�� �+�L�J�K�H�U���H�O�H�F�W�U�R�Q��
�G�H�Q�V�L�W�\���Z�L�O�O��
�L�Q�F�U�H�D�V�H��
�S�R�O�U�L�V�D�E�L�O�L�W�\

�3�R�O�D�U�L�V�D�E�L�O�L�W�\��
�F�K�D�U�D�F�W�H�U�L�V�H�V���W�K�H��
�W�H�Q�G�H�Q�F�\���R�U���W�K�H��
�V�H�Q�V�L�W�L�Y�L�W�\���R�I���D���J�U�R�X�S�¶�V��
�H�O�H�F�W�U�R�Q���G�H�Q�V�L�W�\���W�R��
�G�L�V�W�R�U�W���L�Q���D�Q���H�O�H�F�W�U�L�F��
�I�L�H�O�G����



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�6�R�P�H���H�[�D�P�S�O�H�V���R�I���P�R�O�H�F�X�O�H�V���V�K�R�Z�L�Q�J���G�H�[�W�U�R�U�R�W�D�W�L�R�Q���R�U���O�H�Y�R�U�R�W�D�W�L�R�Q���D�W���V�R�G�L�X�P��
�'���O�L�Q�H���D�F�F�R�U�G�L�Q�J���W�R���/�R�Z�H�¶�V���U�X�O�H���D�V���J�L�Y�H�Q���E�H�O�R�Z����

��

��

�����������$�3�3�/�,�&�$�7�,�2�1�6���2�)���2�5�'���$�1�'���&�'���7�2��
�6�7�5�8�&�7�8�5�$�/���$�1�'���6�7�(�5�(�2�&�+�(�0�,�&�$�/��
�3�5�2�%�/�(�0�6��

�7�K�H���2�5�'���D�Q�G���&�'���V�S�H�F�W�U�D���F�D�Q���E�H���X�V�H�I�X�O���L�Q���W�K�H���G�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���E�R�W�K���W�K�H��
�V�W�U�X�F�W�X�U�D�O���D�Q�G���V�W�H�U�H�R�F�K�H�P�L�F�D�O���D�V�S�H�F�W�V���R�I���P�R�O�H�F�X�O�H�V�����<�R�X���K�D�Y�H���M�X�V�W���V�W�X�G�L�H�G��
�D�E�R�X�W���V�R�P�H���V�X�F�K���D�V�S�H�F�W�V���L�Q���W�K�H���S�U�H�Y�L�R�X�V���V�H�F�W�L�R�Q�V���E�\���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���Y�D�U�L�R�X�V��
�U�X�O�H�V���I�R�U���G�L�I�I�H�U�H�Q�W���F�O�D�V�V�H�V���R�I���F�R�P�S�R�X�Q�G�V����

�7�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I���D�Q���X�Q�N�Q�R�Z�Q���F�R�P�S�R�X�Q�G���F�D�Q���E�H���F�R�U�U�H�O�D�W�H�G��
�Z�L�W�K���W�K�D�W���R�I���W�K�H���N�Q�R�Z�Q���F�R�P�S�R�X�Q�G���R�I���V�L�P�L�O�D�U���V�W�U�X�F�W�X�U�H���E�\���F�R�P�S�D�U�L�Q�J���W�K�H�L�U��
�2�5�'���&�'���V�S�H�F�W�U�D����

�7�K�H���R�W�K�H�U���W�H�G�L�R�X�V���Z�D�\���R�I���F�R�U�U�H�O�D�W�L�R�Q���R�I���H�[�S�H�U�L�P�H�Q�W�D�O���2�5�'���&�'���G�D�W�D���Z�L�W�K���W�K�D�W���R�I��
�F�D�O�F�X�O�D�W�H�G���S�U�H�G�L�F�W�H�G���E�D�Q�G�V���L�V���E�D�V�H�G���R�Q���V�H�Y�H�U�D�O���H�P�S�L�U�L�F�D�O���V�H�P�L�L�P�S�H�U�L�F�D�O���U�X�O�H�V��
�D�E�R�X�W���Z�K�L�F�K���\�R�X���K�D�G���V�W�X�G�L�H�G���D�E�R�Y�H�����%�X�W�����D���S�H�U�I�H�F�W���S�U�H�G�L�F�W�L�R�Q���L�V���V�R�P�H�W�L�P�H�V���D��
�F�K�D�O�O�H�Q�J�H���D�V���L�W���L�Q�Y�R�O�Y�H�V���P�D�Q�\���I�D�F�W�R�U�V���W�R���E�H���W�D�N�H�Q���L�Q�W�R���D�F�F�R�X�Q�W����

�%�U�R�D�G�O�\���2�5�'���D�Q�G���&�'���V�S�H�F�W�U�D���K�D�Y�H���W�K�H���I�R�O�O�R�Z�L�Q�J���D�S�S�O�L�F�D�W�L�R�Q�V����

������ �7�\�S�H���D�Q�G���3�R�V�L�W�L�R�Q���R�I���)�X�Q�F�W�L�R�Q�D�O���*�U�R�X�S�V��

�$�V���W�K�H���W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W���D�U�R�X�Q�G���W�K�H���F�K�U�R�P�R�S�K�R�U�H���O�H�D�G�V���W�R��
�W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W�����W�K�H���F�R�U�U�H�F�W���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���W�K�H���W�\�S�H���R�I���I�X�Q�F�W�L�R�Q�D�O��
�J�U�R�X�S���S�U�H�V�H�Q�W���F�D�Q���E�H���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�H���S�R�V�L�W�L�R�Q���R�I���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W���Z�K�L�F�K��
�R�F�F�X�U�V���D�W���D�E�R�X�W���W�K�H���D�E�V�R�U�S�W�L�R�Q���P�D�[�L�P�X�P���L�Q���8�9���Y�L�V�L�E�O�H���U�H�J�L�R�Q�����7�K�X�V�����Q�o �S�
��
�D�Q�G���R�U���S�o �S�
���W�U�D�Q�V�L�W�L�R�Q�V���F�R�X�O�G���E�H���L�G�H�Q�W�L�I�L�H�G���D�W���J�L�Y�H�Q���P�D�[���I�R�U���W�K�H��
�F�K�U�R�P�R�S�K�R�U�H�V���O�L�V�W�H�G���E�H�O�R�Z����

�&�K�U�R�P�R�S�K�R�Q�H�� �O�P�D�[���Q�P����

�.�H�W�R�Q�H�� ����������������

�D�����E���X�Q�V�W�D�X�U�D�W�H�G���N�H�W�R�Q�H������������������������������������

�&�D�U�E�R�[�\�O�L�F���D�F�L�G�� ����������������

�D�����E���X�Q�V�W�D�X�U�D�W�H�G���D�F�L�G�� �a��������

�(�V�W�H�U�� ����������������

�&�R�Q�M�X�J�D�W�H�G���G�L�H�Q�H�� ����������������

�6�X�E�V�W�L�W�X�W�H�G���S�K�H�Q�\�O�� ����������������

�1�L�W�U�R���F�R�P�S�R�X�Q�G�V�� �a��������

�$�P�L�G�H�V���D�Q�G���O�D�F�W�D�P�� ����������������



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

������ ��

�7�K�H���S�R�V�L�W�L�R�Q���R�I���D���F�K�U�R�P�R�S�K�R�U�H���R�U���D���I�X�Q�F�W�L�R�Q�D�O���J�U�R�X�S���F�D�Q���D�O�V�R���E�H���S�U�H�G�L�F�W�H�G��
�L�I���V�L�P�L�O�D�U���F�R�P�S�R�X�Q�G�V���R�I���N�Q�R�Z�Q���V�W�U�X�F�W�X�U�H���D�U�H���D�Y�D�L�O�D�E�O�H���Z�L�W�K���W�K�H�L�U���2�5�'���&�'��
�V�S�H�F�W�U�D�����)�R�U���H�[�D�P�S�O�H�����R�[�R�V�W�H�U�R�L�G�V���R�I���F�K�R�O�D�V�W�D�Q�R�Q�H���V�K�R�Z���S�R�V�L�W�L�Y�H���&�R�W�W�R�Q��
�H�I�I�H�F�W���L�I���W�K�H���F�R�P�S�R�X�Q�G���L�V���D�������R�[�R���R�U���D�������R�[�R���G�H�U�L�Y�D�W�L�Y�H�����+�R�Z�H�Y�H�U���������R�[�R��
�D�Q�G�����R�[�R���G�H�U�L�Y�D�W�L�Y�H�V���H�[�K�L�E�L�W���Q�H�J�D�W�L�Y�H���&�R�W�W�R�Q���H�I�I�H�F�W�����7�K�X�V�����W�K�H���S�R�V�L�W�L�R�Q���R�I��
�R�[�R���J�U�R�X�S���L�Q���V�L�P�L�O�D�U���F�R�P�S�R�X�Q�G�V���R�U���R�W�K�H�U���V�W�U�X�F�W�X�U�D�O���J�U�R�X�S�V���V�X�F�K���D�V�����2�+��
�Z�K�L�F�K���F�R�X�O�G���E�H���F�R�Q�Y�H�U�W�H�G���W�R���W�K�H���R�[�R���J�U�R�X�S���F�R�X�O�G���E�H���H�D�V�L�O�\���S�U�H�G�L�F�W�H�G����

������ �'�H�W�H�U�P�L�Q�D�W�L�R�Q���R�I���F�R�Q�I�L�J�X�U�D�W�L�R�Q��

�7�K�H���H�Q�D�Q�W�L�R�P�H�U�V���K�D�Y�H���2�5�'���D�Q�G���&�'���V�S�H�F�W�U�H���Z�K�L�F�K���E�H�D�U���W�K�H���P�L�Q�R�U���L�P�D�J�H��
�U�H�O�D�W�L�R�Q���D�V���L�V���W�K�H���F�D�V�H���Z�L�W�K���H�Q�D�Q�W�L�R�P�H�U�V���W�K�H�P�V�H�O�Y�H�V�����7�K�L�V���L�V���V�K�R�Z�Q���E�H�O�R�Z��
�L�Q���)�L�J����������������

��

�)�L�J�����������������&�'���V�S�H�F�W�U�D���R�I���H�Q�D�Q�W�L�R�P�H�U�V���R�I���D���S�L�Q�H�Q�H����

�,�I���W�Z�R���P�R�O�H�F�X�O�H�V���K�D�Y�H���V�L�P�L�O�D�U���W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O���H�Q�Y�L�U�R�Q�P�H�Q�W���D�U�R�X�Q�G���W�K�H��
�F�K�U�R�P�R�S�K�R�Q�H�����W�K�H�L�U���&�'���2�5�'���V�S�H�F�W�U�D���K�D�Y�H���V�L�P�L�O�D�U���V�L�J�Q���R�I���W�K�H���&�R�W�W�R�Q��
�H�I�I�H�F�W�����+�R�Z�H�Y�H�U�����V�X�F�K���U�H�V�X�O�W�V���Q�H�H�G���F�D�U�H�I�X�O���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���D�V���F�H�U�W�D�L�Q��
�V�W�U�X�F�W�X�U�D�O���I�H�D�W�X�U�H�V���R�U���J�U�R�X�S�V���P�D�\���O�H�D�G���W�R���W�K�H���F�K�D�Q�J�H���L�Q���W�K�H���V�L�J�Q���R�I���W�K�H��
�&�R�W�W�R�Q���H�I�I�H�F�W����

������ �6�W�X�G�\���R�I���F�R�Q�I�R�U�P�D�W�L�R�Q�V��

�(�D�F�K���S�R�V�V�L�E�O�H���F�R�Q�I�R�U�P�H�U���R�I���D���F�R�P�S�R�X�Q�G���Z�L�O�O���V�K�R�Z���L�W�V���R�Z�Q���2�5�'���R�U���&�'��
�F�X�U�Y�H���Z�K�L�F�K���Z�L�O�O���V�K�R�Z���&�R�W�W�R�Q���H�I�I�H�F�W���Z�K�L�F�K���D�U�H���V�R�O�Y�H�Q�W�����S�R�O�D�U�L�W�\���D�Q�G��
�W�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W����

������ �6�W�X�G�\���R�I���S�R�O�\�S�H�S�W�L�G�H�V���D�Q�G���S�U�R�W�H�L�Q�V��

�7�K�H���V�H�F�R�Q�G�D�U�\���V�W�U�X�F�W�X�U�H�V���R�I���S�U�R�W�H�L�Q�V���D�Q�G���S�H�S�W�L�G�H�V���V�X�F�K���D�V���D���K�H�O�L�[���D�Q�G���E��
�S�O�H�D�W�H�G���V�K�H�H�W���V�K�R�Z���O�R�Q�J���&�'���Q�H�D�U�����������Q�P���Z�K�L�O�H���W�K�H���U�D�Q�G�R�P���F�R�L�O���V�W�U�X�F�W�X�U�H��
�K�D�V���Z�H�D�N�H�U���&�R�W�W�R�Q���H�I�I�H�F�W�����7�K�H���U�H�I�H�U�H�Q�F�H���F�R�P�S�R�X�Q�G�V���D�U�H���X�V�H�I�X�O���L�Q���V�X�F�K��
�V�W�X�G�L�H�V�����$�O�V�R�����W�K�H���W�H�P�S�H�U�D�W�X�U�H�����S�+���D�Q�G���V�R�O�Y�H�Q�W���D�V���I�D�F�W�R�U���P�D�\���E�H���W�D�N�H�Q���L�Q�W�R��
�F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���Z�K�L�O�H���L�Q�W�H�U�S�U�H�W�L�Q�J���W�K�H���U�H�V�X�O�W�V����

������ �6�W�U�X�F�W�X�U�D�O���V�W�X�G�L�H�G���R�I���P�H�W�D�O���F�R�P�S�O�H�[�H�V��

�7�K�H���V�W�X�G�\���R�I���2�5�'���&�'���V�S�H�F�W�U�D���I�R�U���P�H�W�D�O���F�R�P�S�O�H�[�H�V���R�I���&�X�����&�R�����1�L�����)�H�����&�U��
�H�W�F�����L�Q���U�H�J�L�R�Q���R�I���G���W�U�D�Q�V�L�W�L�R�Q�V���H�[�K�L�E�L�W�H�G���&�R�W�W�R�Q���H�I�I�H�F�W�����7�K�H���W�H�W�U�D�K�H�G�U�D�O���D�Q�G��
�R�F�W�D�K�H�G�U�D�O���F�R�P�S�O�H�[�H�V���K�D�Y�H���K�L�J�K���D�P�S�O�L�W�X�G�H���I�R�U���&�R�W�W�R�Q���H�I�I�H�F�W���E�H�F�D�X�V�H��



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

�P�H�W�D�O���L�V���D�F�W�L�Q�J���E�R�W�K���D�V���D���F�K�U�R�P�R�S�K�R�U�H���D�Q�G���D�V���W�K�H���F�K�L�U�D�O���F�H�Q�W�U�H�����7�K�H��
�Q�D�W�X�U�H���R�I���O�H�J�D�Q�G�V���D�O�V�R���D�I�I�H�F�W�V���W�K�H���P�D�J�Q�L�W�X�G�H���R�I���&�R�W�W�R�Q���H�I�I�H�F�W�����%�\��
�D�Q�D�O�\�]�L�Q�J���W�K�H���V�L�J�Q���R�I���&�R�W�W�R�Q���H�I�I�H�F�W�V�����W�K�H���F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���R�I���W�K�H���F�R�P�S�O�H�[�H�V��
�F�D�Q���E�H���G�H�W�H�U�P�L�Q�H�G���E�\���F�R�P�S�D�U�L�Q�J���Z�L�W�K���2�5�'���&�'���V�S�H�F�W�U�H���R�I���V�L�P�L�O�D�U��
�F�R�P�S�O�H�[�H�V����

�������������6�8�0�0�$�5�<��

�x� � � ,� Q� ��O�L�Q�H�D�U���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H���H�O�H�F�W�U�L�F���I�L�H�O�G���D�Q�G���P�D�J�Q�H�W�L�F���I�L�H�O�G���R�V�F�L�O�O�D�W�H���D�W��
�S�H�U�S�H�Q�G�L�F�X�O�D�U���G�L�U�H�F�W�L�R�Q�V���D�Q�G���W�K�H�V�H���G�L�U�H�F�W�L�R�Q�V���D�U�H���D�O�V�R���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���W�K�H��
�G�L�U�H�F�W�L�R�Q���R�I���S�U�R�S�D�J�D�W�L�R�Q���R�I���O�L�J�K�W����

�x� � � ,� Q� ��U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H���H�O�H�F�W�U�L�F���Y�H�F�W�R�U���U�R�U�D�W�H�V���L�Q���W�K�H���F�O�R�F�N�Z�L�V�H��
�G�L�U�H�F�W�L�R�Q�����Z�K�H�U�H�D�V���L�Q���O�H�I�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�����W�K�H���G�L�U�H�F�W�L�R�Q���R�I���U�R�W�D�W�L�R�Q��
�R�I���H�O�H�F�W�U�L�F���Y�H�F�W�R�U���L�V���D�Q�W�L�F�O�R�F�N�Z�L�V�H����

�x�� �6�R�P�H���P�D�W�H�U�L�D�O�V���S�R�V�V�H�V���V�S�H�F�L�D�O���S�U�R�S�H�U�W�L�H�V���R�I���D�E�V�R�U�S�W�L�R�Q���R�I���W�K�H���O�H�I�W��
�F�L�U�F�X�O�D�U�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���W�R���G�L�I�I�H�U�H�Q�W���H�[�W�H�Q�W���W�K�D�Q���W�K�H���U�L�J�K�W���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G��
�O�L�J�K�W�����7�K�L�V���S�K�H�Q�R�P�H�Q�R�Q���L�V���F�D�O�O�H�G���D�V���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P����

�x�� �7�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���F�L�U�F�X�O�D�U���E�L�U�H�I�U�L�Q�J�H�Q�F�H���D�Q�G���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���O�H�D�G�V���W�R��
�&�R�W�W�R�Q���H�I�I�H�F�W����

�x�� �7�K�H���P�D�J�Q�L�W�X�G�H���R�I���F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���L�V���H�[�S�U�H�V�V�H�G���E�\���W�K�H���H�O�O�L�S�W�L�F�L�W�\����

�x�� �2�5�'���&�X�U�Y�H�V���D�U�H���R�I���W�Z�R���W�\�S�H�V�����������3�O�D�L�Q���F�X�U�Y�H�V���D�Q�G���������$�Q�D�P�R�O�R�X�V���R�U��
�&�R�W�W�R�Q���F�X�U�Y�H�V�����)�X�U�W�K�H�U�����D�Q�D�P�R�O�R�X�V���F�X�U�Y�H�V���F�D�Q���E�H��

�L������ �6�L�Q�J�O�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�V���R�U��

�L�L������ �0�X�O�W�L�S�O�H���F�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�V��

�x�� �,�Q���&�R�W�W�R�Q���H�I�I�H�F�W���F�X�U�Y�H�V�����L�Q���D���Z�D�Y�H�O�H�Q�J�W�K���U�H�J�L�R�Q���Z�K�H�U�H���W�K�H���O�L�J�K�W���L�V��
�D�E�V�R�U�E�H�G�����W�K�H���D�E�V�R�O�X�W�H���P�D�J�Q�L�W�X�G�H���R�I���W�K�H���R�S�W�L�F�D�O���U�R�W�D�W�L�R�Q���D�W���I�L�U�V�W���Y�D�U�L�H�V��
�U�D�S�L�G�O�\���Z�L�W�K���Z�D�Y�H�O�H�Q�J�W�K�����F�U�R�V�V�H�V���]�H�U�R���D�W���D�E�V�R�U�S�W�L�R�Q���P�D�[�L�P�D���D�Q�G���W�K�H�Q��
�D�J�D�L�Q���Y�D�U�L�H�V���U�D�S�L�G�O�\���Z�L�W�K���Z�D�Y�H�O�H�Q�J�W�K���E�X�W���L�Q���W�K�H���R�S�S�R�V�L�W�H���G�L�U�H�F�W�L�R�Q����

�x� � � 7� K� H� �� &� R� W� W� R� Q� �� H� I� I� H� F� W� �� L� V� �� F� D� O� O� H� G� �� S� R� V� L� W� L� Y� H� �� L� I� �� W� K� H� �� R� S� W� L� F� D� O� �� U� R� W� D� W� L� R� Q� �� I� L� U� V� W� ��L�Q�F�U�H�D�V�H�V���D�Q�G��
�W�K�H�Q���G�H�F�U�H�D�V�H�V���D�V���W�K�H���Z�D�Y�H�O�H�Q�J�W�K���G�H�F�U�H�D�V�H�V�����D�V���I�L�U�V�W���R�E�V�H�U�Y�H�G���E�\��
�&�R�W�W�R�Q�������D�Q�G���Q�H�J�D�W�L�Y�H���L�I���W�K�H���R�S�W�L�F�D�O���U�R�W�D�W�L�R�Q���I�L�U�V�W���G�H�F�U�H�D�V�H�V���D�Q�G���W�K�H�Q��
�L�Q�F�U�H�D�V�H�V����

�x�� �,�Q���E�R�W�K���2�5�'���D�Q�G���&�'�����W�K�H���F�L�U�F�X�O�D�U���S�R�O�D�U�L�V�H�G���O�L�J�K�W���L�V���X�V�H�G�����,�W���L�V���Q�R�W��
�F�R�Q�Y�H�U�W�H�G���W�R���H�O�O�L�S�W�L�F�D�O���O�L�J�K�W���L�Q���2�5�'���E�X�W���L�V���F�R�Q�Y�H�U�W�H�G���W�R���H�O�O�L�S�W�L�F�D�O���O�L�J�K�W���L�Q���&�'����

�x�� �7�K�H���2�5�'���J�U�D�S�K�V���D�U�H���R�E�W�D�L�Q�H�G���E�\���S�O�R�W�W�L�Q�J���V�S�H�F�L�I�L�F���U�R�W�D�W�L�R�Q���Y�V���Z�D�Y�H�O�H�Q�J�W�K��
�Z�K�H�U�H�D�V���W�K�H���&�'���J�U�D�S�K�V���D�U�H���R�E�W�D�L�Q�H�G���E�\���S�O�R�W�W�L�Q�J���P�R�O�D�U���H�O�O�L�S�W�L�F�L�W�\���Y�V��
�Z�D�Y�H�O�H�Q�J�W�K������

�x�� �'�L�I�I�H�U�H�Q�W���H�P�S�L�U�L�F�D�O���U�X�O�H�V���V�X�F�K���D�V���D�[�L�D�O���K�D�O�R�N�H�W�R�Q�H���U�X�O�H�����R�F�W�D�Q�W���U�X�O�H���D�Q�G��
�/�R�Z�H�¶�V���U�X�O�H���Z�H�U�H���H�[�S�O�D�L�Q�H�G���L�Q���G�H�W�D�L�O������

�x�� �$���S�U�L�P�D�U�\���X�V�H���L�V���L�Q���D�Q�D�O�\�]�L�Q�J���W�K�H���V�H�F�R�Q�G�D�U�\���V�W�U�X�F�W�X�U�H���R�U���F�R�Q�I�R�U�P�D�W�L�R�Q���R�I��
�P�D�F�U�R�P�R�O�H�F�X�O�H�V�����S�D�U�W�L�F�X�O�D�U�O�\���S�U�R�W�H�L�Q�V���D�V���V�H�F�R�Q�G�D�U�\���V�W�U�X�F�W�X�U�H���L�V���V�H�Q�V�L�W�L�Y�H��
�W�R���L�W�V���H�Q�Y�L�U�R�Q�P�H�Q�W�����W�H�P�S�H�U�D�W�X�U�H���R�U���S�+�����&�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���F�D�Q���D�O�V�R���E�H��

�7�K�H���I�R�O�O�R�Z�L�Q�J��
���W�U�H�Q�G�V��

�Z�R�X�O�G���E�H���X�V�H�I�X�O���W�R��

�$�O�N�\�Q�H�V�!�$�O�N�H�Q�H�V�!

�3�K�!�&� �2�����&� �1��
�(�V�W�H�U��

�7�U�D�Q�V�L�W�L�R�Q���P�H�W�D�O���!��
�$�Q�\���R�U�J�D�Q�L�F���J�U�R�X�S��



��
�%�O�R�F�N������ �6�W�H�U�H�R�F�K�H�P�L�V�W�U�\���,�,��

��

������ ��

�X�V�H�G���W�R���R�E�V�H�U�Y�H���K�R�Z���V�H�F�R�Q�G�D�U�\���V�W�U�X�F�W�X�U�D�O���F�K�D�Q�J�H�V���Z�L�W�K���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��
�F�R�Q�G�L�W�L�R�Q�V���R�U���R�Q���L�Q�W�H�U�D�F�W�L�R�Q���Z�L�W�K���R�W�K�H�U���P�R�O�H�F�X�O�H�V�����6�W�U�X�F�W�X�U�D�O�����N�L�Q�H�W�L�F���D�Q�G��
�W�K�H�U�P�R�G�\�Q�D�P�L�F���L�Q�I�R�U�P�D�W�L�R�Q���D�E�R�X�W���P�D�F�U�R�P�R�O�H�F�X�O�H�V���F�D�Q���E�H���G�H�U�L�Y�H�G���I�U�R�P��
�F�L�U�F�X�O�D�U���G�L�F�K�U�R�L�V�P���V�S�H�F�W�U�R�V�F�R�S�\����

�����������7�(�5�0�,�1�$�/���4�8�(�6�7�,�2�1�6��

������ �'�U�D�Z���W�K�H���H�O�H�F�W�U�L�F���Y�H�F�W�R�U�V���R�I���S�O�D�Q�H���S�R�O�D�U�L�V�H�G�����F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���D�Q�G��
�H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V����

�������������'�L�I�I�H�U�H�Q�W�L�D�W�H���E�H�W�Z�H�H�Q���2�5�'���D�Q�G���&�'����

�������������'�L�I�I�H�U�H�Q�W�L�D�W�H���E�H�W�Z�H�H�Q���Q�R�U�P�D�O���F�X�U�Y�H�V���D�Q�G�����D�Q�R�P�R�O�R�X�V�����F�X�U�Y�H�V����

������ �:�K�D�W���D�U�H���R�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���F�K�U�R�P�R�S�K�R�U�H�V�"���:�K�D�W���N�L�Q�G���R�I���F�X�U�Y�H�V���D�U�H��
�R�E�W�D�L�Q�H�G���I�R�U���V�X�F�K���F�K�U�R�P�R�S�K�R�U�H�V�"�� ��

������ �(�[�S�O�D�L�Q���W�K�H���D�S�S�O�L�F�D�W�L�R�Q�V���R�I���2�5�'���D�Q�G���&�'���V�W�X�G�L�H�V������

�������������$�1�6�:�(�5�6��
�6�H�O�I���$�V�V�H�V�V�P�H�Q�W���4�X�H�V�W�L�R�Q�V��

������ �&�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W���K�D�V���W�Z�R���S�H�U�S�H�Q�G�L�F�X�O�D�U���Z�D�Y�H�V���Z�L�W�K���H�T�X�D�O��
�D�P�S�O�L�W�X�G�H���D�Q�G���D���S�K�D�V�H���G�L�I�I�H�U�H�Q�F�H���R�I�������q�����%�X�W�����L�Q���H�O�O�L�S�W�L�F�D�O�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W��
�W�Z�R���S�H�U�S�H�Q�G�L�F�X�O�D�U���Z�D�Y�H�V���R�I���X�Q�H�T�X�D�O���D�P�S�O�L�W�X�G�H���D�Q�G���S�K�D�V�H���G�L�I�I�H�U�H�Q�F�H���R�I��
���� �q���D�U�H���W�K�H�U�H����

������ ���L������ �:�K�H�Q���Q�/���L�V���O�H�V�V���W�K�D�Q���Q�5�����W�K�H���/�&�3�/���F�R�P�S�R�Q�H�Q�W���Z�L�O�O���W�U�D�Y�H�O���I�D�V�W�H�U���L�Q���W�K�H��
�F�K�L�U�D�O���P�H�G�L�X�P���W�K�D�Q���5�&�3�/���F�R�P�S�R�Q�H�Q�W������

�� ���L�L������ �,�Q���W�K�L�V���F�D�V�H�����W�K�H���P�D�W�H�U�L�D�O���L�V���F�D�O�O�H�G���O�H�Y�R�U�R�W�D�W�R�U�\���D�Q�G���K�D�V���Q�H�J�D�W�L�Y�H��
�S�R�V�L�W�L�Y�H���V�S�H�F�L�I�L�F���U�R�W�D�W�L�R�Q����

������

����

���Z�D�Y�H�O�H�Q�J�W�K��

�R�S�W�L�F�D�O����������������������������������
�U�R�W�D�W�L�R�Q

���O

���&�X�U�Y�H���,

���&�X�U�Y�H���,�,

��

������ �$���&�'���F�X�U�Y�H���L�V���Q�H�J�D�W�L�Y�H���Z�K�H�Q���H�5�!�H�/�����L���H�����>�T�@���L�V���Q�H�J�D�W�L�Y�H������

���������� ���L�������D���D�[�L�D�O���K�D�O�R�N�H�W�R���U�X�O�H���D�Q�G���R�F�W�D�Q�W���U�X�O�H�V���D�U�H���W�U�H�D�W�H�G���X�Q�G�H�U���V�H�F�W�R�U���U�X�O�H�V����

�� ���L�L���� �7�K�H�V�H���U�X�O�H�V���F�D�Q���E�H���X�V�H�G���I�R�U���W�K�H���D�F�K�L�U�D�O���F�K�U�R�P�R�S�K�R�U�H�V���V�X�F�K���D�V��
�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V����

������ �7�K�H���F�R�Q�W�U�L�E�X�W�L�R�Q���R�I���W�K�H���I�R�O�O�R�Z�L�Q�J���V�X�E�V�W�L�W�X�H�Q�W�V���S�U�H�V�H�Q�W���L�Q���F�\�F�O�R�K�H�[�D�Q�R�Q�H���W�R��
�W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W���L�V���D�V���I�R�O�O�R�Z�V����

�� ���L�������� �1�R���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W��

�� ���L�L���������9�H�U�\���V�P�D�O�O���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W����

� � � �� L� L� L� �� �� �� &� R� Q� W� U� L� E� X� W� H� �� W� R� �� W� K� H� �� &� R� W� W� R� Q� �� H� I� I� H� F� W� �� �



��
�8�Q�L�W������ �0�R�O�H�F�X�O�D�U���'�L�V�\�P�P�H�W�U�\���D�Q�G���&�K�L�U�R�S�W�L�F�D�O���3�U�R�S�H�U�W�L�H�V��

������

��

������ �+�H�O�L�F�L�W�\���U�X�O�H�V���F�D�Q���E�H���D�S�S�O�L�H�G���W�R���W�K�H���&�R�W�W�R�Q���H�I�I�H�F�W�V���R�I���L�Q�K�H�U�H�Q�W�O�\���F�K�L�U�D�O��
�F�K�U�R�P�R�S�K�R�U�H�V���V�X�F�K���D�V���X�Q�V�D�W�X�U�D�W�H�G���N�H�W�R�Q�H�V�����G�L�H�Q�H�V�����V�N�H�Z�H�G���R�U���W�Z�L�V�W�H�G��
�D�O�N�H�Q�H�V���D�Q�G���K�H�O�L�F�L�Q�H�V����

�7�H�U�P�L�Q�D�O���4�X�H�V�W�L�R�Q�V��

��
����

��

������ �:�K�H�Q���D���V�D�P�S�O�H���K�D�V���W�K�H���G�L�I�I�H�U�H�Q�W���U�H�I�U�D�F�W�L�Y�H���L�Q�G�L�F�H�V���I�R�U���W�K�H���O�H�I�W���D�Q�G���U�L�J�K�W��
�K�D�Q�G�H�G���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V���D�Q�G���W�K�H�V�H���F�R�P�S�R�Q�H�Q�W�V���R�I���O�L�J�K�W�����U�H�F�R�P�E�L�Q�H���D�I�W�H�U��
�S�D�V�V�L�Q�J���W�K�U�R�X�J�K���W�K�H���V�D�P�S�O�H�����W�K�H�Q���W�K�H���S�O�D�Q�H���S�R�O�D�U�L�V�H�G���O�L�J�K�W���Z�L�O�O���E�H���U�R�W�D�W�H�G��
�W�K�U�R�X�J�K���D�Q���D�Q�J�O�H���D���7�K�L�V���L�V���F�D�O�O�H�G���2�5�'���:�K�L�O�H���&�'���L�V���W�K�H���G�L�I�I�H�U�H�Q�W�L�D�O��
�D�E�V�R�U�S�W�L�R�Q���R�I���O�H�I�W���D�Q�G���U�L�J�K�W���K�D�Q�G�H�G���F�L�U�F�X�O�D�U�O�\���S�R�O�D�U�L�V�H�G���O�L�J�K�W�V����

�����������1�R�U�P�D�O���F�X�U�Y�H�V���G�R���Q�R�W���F�U�R�V�V���W�K�H���]�H�U�R���U�R�W�D�W�L�R�Q���O�L�Q�H�����6�X�F�K���F�X�U�Y�H�V���D�U�H��
�R�E�W�D�L�Q�H�G���I�R�U���F�R�P�S�R�X�Q�G�V���Z�K�L�F�K���G�R���Q�R�W���K�D�Y�H���D�E�V�R�U�S�W�L�R�Q���L�Q���W�K�H���Z�D�Y�H�O�H�Q�J�W�K��
�U�H�J�L�R�Q���Z�K�H�U�H���R�S�W�L�F�D�O���D�F�W�L�Y�L�W�\���L�V���E�H�L�Q�J���P�H�D�V�X�U�H�G�����H���J�������D�O�F�R�K�R�O�V���D�Q�G��
�K�\�G�U�R�F�D�U�E�R�Q�V���H�[�K�L�E�L�W���V�X�F�K���S�O�D�L�Q���F�X�U�Y�H�V������

�2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����L�I���D�Q�R�P�R�O�R�X�V�����F�X�U�Y�H�V���V�K�R�Z���S�H�D�N�V�����P�D�[�L�P�D�����D�Q�G��
�W�U�R�X�J�K�V�����P�L�P�L�Q�D�����G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���Q�X�P�E�H�U���R�I���D�E�V�R�U�E�L�Q�J���J�U�R�X�S�V�����7�K�L�V��
�K�D�S�S�H�Q�V���G�X�H���W�R���W�K�H���D�E�Q�R�U�P�D�O���G�L�V�S�H�U�V�L�R�Q���R�I���U�H�I�U�D�F�W�L�Y�H���L�Q�G�H�[���L�Q���W�K�H���U�H�J�L�R�Q��
�R�I���O�P�D�[���� ��

�������� �2�S�W�L�F�D�O�O�\���D�F�W�L�Y�H���F�K�U�R�P�R�S�K�R�U�H�V���D�U�H���W�K�R�V�H���Z�K�L�F�K���K�D�Y�H���D�Q���D�V�\�P�P�H�W�U�L�F��
�F�D�U�E�R�Q���D�W�R�P���D�Q�G���Z�K�L�F�K���D�O�V�R���F�R�Q�W�D�L�Q���D���F�K�U�R�P�R�S�K�R�U�H�����$�Q�D�P�R�O�R�X�V���F�X�U�Y�H�V��
�D�U�H���R�E�W�D�L�Q�H�G���I�R�U���F�R�P�S�R�X�Q�G�V���K�D�Y�L�Q�J���V�X�F�K���F�K�U�R�P�R�S�K�R�U�H�V������

������ �5�H�I�H�U���W�R���6�H�F�W�L�R�Q��������������


