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5SdecRTe�

� HYV�djBeYVdZd�CW�deRS]V�RcCAReZT�TCAaCfBUd�TCBeRZBZBX�BZecCXVB�eYRe�Zd�ZB�dCAV�

hRj� V]VTecCB�UVWZTZVBe� WCc� fdV� Rd� ]ZXRBUd� Zd� R� cV]ReZgV]j� fBVia]CcVU� RcVR� CW� 7YVAZdecj	��

FVTVBe� TCCcUZBReZCB� CW� ecRkC]ZfA� TReZCBd� eC� ecRBdZeZCB� AVeR]d� YRd� dYChB� eYRe� eYVdV�

TCAaCfBUd� dYCf]U� SV� fdVWf]� ZB� djBeYVdZd� RBU� AReVcZR]d� TYVAZdecj	� � HYV� defUj� CW�

V]VTecCB�UVWZTZVBe� BZecCXVB� ZB� RcCAReZT� WcRAVhCc?d� hZ]]� aVcAZe� eYV� RddVddAVBe� CW� Zed�

acCaVceZVd�ZB�TCAaRcZdCB�eC�eYV�ecZRkC]ZfA�daVTZVd�RBU�CWWVc�R�cCfeV�eC�eYV�djBeYVdZd�CW�

B�YVeVcCTjT]Vd�eYRe�RcV�ZBYVcVBe]j�V]VTecCB�aCCc	�

� HC�Z]]fdecReV�eYV�ejaZTR]�cVRTeZgZej�CW�B�YVeVcCTjT]Vd��eYV�ecZaYVBj]�AVeR]�ajccC]ZUVd�

RBU� ZBUC]ZUVd� CW� eYV� XcCfa� ),� AVeR]d� !DY+AF�� A� 4� GZ�� ;V�� GB�� F� 4� 7,�,B� Cc� 70�.B��

YRgV� SVVB� djBeYVdZkVU� Sj� B�]ZeYZReZCB� RBU� dfSdVbfVBe� BfT]VCaYZ]ZT� dfSdeZefeZCB	� � HYV�

ehC�XcCfad�CW�TCAaCfBUd�RcV�TCBecRdeVU��dYChZBX�eYV�ZBTcVRdV�ZB�eYVcAR]�deRSZ]Zej�RBU�

UVTcVRdV� ZB� B�AVeR]� ]RSZ]Zej� ZB� XCZBX� WcCA� eYV� ajccC]V� eC� eYV� ZBUC]V� RBR]CXfVd	� � HYV�

cVRTeZgV�BRefcV�CW�eYV�ajccC]V�fBZe�Zd�R]dC�BCeVU��hZeY�jZV]Ud�ZBTcVRdZBX�WCc�]CBXVc�cVRTeZCB�

eZAVd� RBU� ]ChVc� eVAaVcRefcVd� UfV� eC� dfaacVddZCB� CW� ajccC]V� dV]W�aC]jAVcZkReZCB	��

GecfTefcR]�UReR�CB�DY+GZ!Djc��dYCh�Ze�eC�SV�UZdCcUVcVU�ZB�eYV�TcjdeR]�]ReeZTV	�

� )�!
�BZecCaYVBj]��)�aYVBj]YjUcRkZBV� hRd� acVaRcVU� Sj� �CWARBB� cVRccRBXVAVBe�

fBUVc� CiZUReZgV� TCBUZeZCBd� RBU� eYV� ?Vj� ZBeVcAVUZReVd� ZB� eYV� cVRccRBXVAVBe� hVcV�

decfTefcR]]j� TYRcRTeVcZkVU� Sj� dZBX]V�TcjdeR]� L�cRj� UZWWcRTeZCB	� � HYV� cVRTeZCB� WcCA� eYV�

deRceZBX� RAZBV� hZeY� TY]CcCdf]WCBj]� ZdCTjRBReV� eC� XZgV� eYV� fcVR� acCTVVUd� eYcCfXY� RB�

ZdC]RS]V� df]WZAZUReV� ZBeVcAVUZReV�� hYZTY� Zd� YV]U� eCXVeYVc� Sj� R� YjUcCXVB�SCBUZBX�

BVehCc?	��=BYZSZeZCB�CW�eYVdV�SCBUd�cVdf]ed�ZB�eYV�UVTCAaCdZeZCB�CW�eYV�df]WZAZUReV�eC�XZgV�

eYV�TCccVdaCBUZBX�fcVR	��IdV�CW�TR]TZfA�YjaCTY]CcZeV�ZB�]ZVf�CW�eYV�ACcV�gRcZRS]V�dCUZfA�

dR]e� ZB� eYV� WZBR]� �CWARBB� cVRccRBXVAVBe� cVdf]ed� ZB� YZXY� jZV]Ud� CW� eYV� TCccVdaCBUZBX�

YjUcRkZBV��hYZTY�TRB�SV�ZdC]ReVU�ZB�TcjdeR]]ZBV�WCcA	� �

�



! iv!

� FVRTeZCB� CW� )�!
�BZecCaYVBj]��)�aYVBj]YjUcRkZBV� hZeY� TRcSCBj]� TCAaCfBUd�

R]]ChVU� eYV� acCUfTeZCB� CW� dVgVcR]� UVcZgReZgVd�� hYZTY� TCf]U� SV� fdVU� eC� defUj� eYV�

V]VTecCBZTd�Re�BZecCXVB�ZB�)�)�UZRcj]YjUcRkZBV�B�B�SCBUd	��GZBX]V�TcjdeR]�UZWWcRTeZCB�UReR�

dYCh�eYRe�UVaVBUZBX�CB�eYV�dfSdeZefVBed�CB�VZeYVc�dZUV�CW�eYV�YjUcRkZBV�B�B�SCBU��eYV�

ZBeVcRTeZCB� TRB� cRBXV� WcCA� cVRTeZgV� RBU� da+�da+� eC� deRS]V� RBU� da
�da
� ZB� BRefcV	��

9iRAZBReZCB�CW�eYV�dfSdeZefVBe�CcZVBeReZCBd�ZB�eYVdV�TCAaCfBUd�cVgVR]d�eYV�decVBXeY�CW�

eYVdV� B�B� SCBUd� Zd� UfV� acZARcZ]j� eC�σ�SCBUZBX� VWWVTed�� hZeY� ]Zee]V� eC� BC� v�TCBecZSfeZCB	��

:cCA�eYZd�ZBWCcAReZCB��R�BVh�WCcAR]�UVdTcZaeZCB�CW�B�B�SCBUZBX�ZB�)�)�UZRcj]YjUcRkZBVd�

Zd�acCaCdVU	�

� 5BR]CXCfd� cVRTeZCBd� CW� TRcSCBj]� TCAaCfBUd� hZeY� 1�RAZBCTRcSRkC]V� dYCh� eYV�

ZAaCceRBTV� CW� aYVBj]� cZBX� ACSZ]Zej� hZeY� cVdaVTe� eC� v�CgVc]Ra� UZdcfaeZCB� ZB� )�)�

UZRcj]YjUcRkZBVd	��HYVdV�TCAaCfBUd�TCBeRZB�TCBdZdeVBe]j�dYCceVc�B�B�SCBUd�eYRB�eYVZc�

RBR]CXfVd� UVcZgVU� WcCA� )�!
�BZecCaYVBj]��)�aYVBj]YjUcRkZBV	� � 9BWCcTVAVBe� CW� a]RBRcZej�

Sj�eYV�TRcSRkC]V�cZBX�djdeVA�WRTZ]ZeReVd�v�TCBecZSfeZCBd�eC�eYV�B�B�SCBUZBX�Sj�VieVBUZBX�

eYV� RcCAReZTZej� CgVc� eYV� VBeZcV� wUZRcj]� ACVZej	� � HYV� deRSZ]Zej� XcRBeVU� Sj� eYVdV�

TCBecZSfeZCBd3� YChVgVc�� Zd� WCfBU� eC� SV� AZBZAR]� RBU�σ�VWWVTed� TCBeZBfV� eC� UCAZBReV� eYV�

SCBUZBX�ZBeVcRTeZCB	�

� HC�VgR]fReV�eYV�acCaVceZVd�CW�eYV�djBeYVdZkVU�)�)�UZRcj]YjUcRkZBVd�Rd�]ZXRBUd�RBU�

Rd� B�YVeVcCTjT]ZT� acVTfcdCcd�� eYVZc� cVRTeZCBd� hZeY� AVeR]d� hVcV� ViRAZBVU	� � 7RUCXRB�

TjT]ZkReZCB� CW� )�!
�BZecCaYVBj]��)�aYVBj]YjUcRkZBV� cVdf]ed� ZB� eYV� WCcAReZCB� CW� )�

aYVBj]SVBkCecZRkC]V� ZB� YZXY� jZV]U� RBU� afcZej�� hZeY� BC� VgZUVBTV� CW� WCcAReZCB� CW� eYV� 
�

cVXZCZdCAVc	��HYV�cVRTeZCB�CW�eYV�GTYZWW�SRdV�WcCA�dR]ZTj]R]UVYjUV�CW�1�RAZBCTRcSRkC]V�

hZeY�Ff!��!7]�!7C�!DDY+�+�hRd�aVcWCcAVU	��L�cRj�UZWWcRTeZCB�UReR�dYChd�eYV�TCAaCfBU�

eC�SV�deVcZTR]]j�VBTfASVcVU��cVdf]eZBX�ZB�ViTVaeZCBR]]j�]CBX�Ff�aYCdaYZBV��Ff�B��Ff�C�

RBU� B�B� SCBUd	� � HYVdV� TYRcRTeVcZdeZTd� RcV� ReecZSfeVU� eC� R� ]RT?� CW� v�SRT?SCBUZBX� WcCA�

eYV�AVeR]�TVBecV�TCfa]VU�hZeY�R�TCAa]VeV�UZdcfaeZCB�CW�v�UV]CTR]ZkReZCB�CW�eYV�]ZXRBU�B�



! v!

]CBV�aRZcd��cVdf]eZBX�ZB�ZBTcVRdVU�B�B�cVaf]dZCB	��HYV�RBR]CXCfd�cVRTeZCB�hZeY�eYV�GTYZWW�

SRdV�UVcZgVU�WcCA�)�!
�BZecCaYVBj]��)�aYVBj]YjUcRkZBV�hRd�fBdfTTVddWf]	�
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! vi!

FrdfAr�

� #R�djBeYqdV�UV�TCAaCdrd�RcCAReZbfVd�bfZ�TCBeZVBBVBe�fB�ReCAV�UxRkCeV�RjRBe��

UxfBV� ARBZqcV� Cf� UxfBV� RfecV�� fBV� UrWZTZVBTV� dfc� dR� UVBdZer� r]VTecCBZbfV� bfZ� aCfccRZe�

secV� feZ]Zdr� VB� eRBe� bfV� ]ZXRBU� Vde� fB� UCARZBV� UV� ]R� TYZAZV� bfZ� UVAVfcV� VBTCcV�

ZBVia]Ccr	� � #R� TCCcUZBReZCB� UVd� ecZRkC]ZfAd� TReZCBZbfVd� o� UVd� AreRfi� UV� ecRBdZeZCB� R�

UrACBecr� bfV� TV� ejaV� UV� TCAaCdrd� UVgcRZe� secV� feZ]V� VB� djBeYqdV� RZBdZ� bfV� URBd� ]R�

TYZAZV�UVd�ARercZRfi	��BCfd�RgCBd�Rir�]R�cVTYVcTYV�dfc�]R�TYZAZV�UVd�ReCAVd�UxRkCeVd�

RjRBe�fBV�TRcVBTV�dfc�]Vfc�UVBdZer�r]VTecCBZbfV�URBd�UVd�djdeqAVd�RcCAReZbfVd�RWZB�UV�

dRgCZc�dZ�UV�eV]d�djdeqAVd�ARBZWVdeRZVBe�UVd�TRcRTercZdeZbfVd�acCacVd�Rfi�ecZRkC]ZfAd�Ve�

dxZ]d�aCfccRZVBe�secV�feZ]Zdrd�URBd�]R�djBeYqdV�UV�TCAaCdrd�B�YrercCTjT]ZbfVd�bfZ�dCZVBe�

ZBecZBdqbfVAVBe�VB�UrWZTZVBTV�r]VTecCBZbfV	�

� #Vd� ecZaYrBj]ajccC]Vd� Ve� ecZaYrBj]ZBUC]Vd� UVd� r]rAVBed� UV� ]R� TC]CBBV� ),� Uf�

eRS]VRf�arcZCUZbfV�!DY+AF��A�4�GZ��;V��GB��F�4�7,�,B�Cc�70�.B��CBe�rer�acraRcrd�o�

aRceZc� UV� dfSdeZefeZCBd� BfT]rCaYZ]Vd� UVd� dV]d� UV� ]ZeYZfA� UVd� YrercCTjT]Vd� RgVT� ]Vd�

TY]CcfcVd� AreR]]ZbfVd� TCccVdaCBURBeVd	� � IBV� TCAaRcRZdCB� UVd� ajccC]ZUVd� Ve� UV� ]Vfcd�

ZBUC]ZUVd�TCccVdaCBURBed�ACBecV�fB�XRZB�UV�deRSZ]Zer�VB�aRddRBe�UV�ajccC]V�o�ZBUC]V	��#R�

crRTeZgZer� ZBBrV� Uf� ajccC]V� Vde� BCerV�� RgVT� fB� AVZ]]Vfc� cVBUVAVBe� ]CcdbfV� ]V� eVAad� UV�

crRTeZCB�Vde�RfXAVBer�Ve�bfRBU�]R�eVAarcRefcV�Vde�ARZBeVBfV�o�fB�AZBZAfA�VB�cRZdCB�

UV�]R�cracVddZCB�UV�dCB�RfeC�aC]jArcZdReZCB	��#xRBR]jdV�UV�]R�decfTefcV�Uf�DY+GZ!Djc��VB�

reRe�TcZdeR]]ZB�TCBWZcAV�bfV�TV�TCAaCdr�Vde�VB�ecVZ]]RXV�UrdCcUCBBr	�

� #V� TCAaCdr� )�!
�BZecCaYrBj]V��)�aYrBj]VYjUcRkZBV� R� rer� acraRcr� aRc�

crRccRBXVAVBe� UV� �CWARBB� dCfd� UVd� TCBUZeZCBd� CijURBeVd� Ve� ]Vd� decfTefcVd� UVd�

ZBeVcArUZRZcVd� UV� ]R� drbfVBTV� CBe� rer� UreVcAZBrVd� aRc� UZWWcRTeZCB� UV� cRjCBd�L	� � #R�

crRTeZCB� UV� ]xRAZBV� UV� UraRce� RgVT� ]xZdCTjRBReV� UV� TY]CcCdf]WCBj]V� AVBRBe� o� ]xfcrV�

aRddV�aRc�fB�df]WZAZUr�ZdC]RS]V�bfZ�Vde�ARZBeVBfV�aRc�fB�crdVRf�UV�]ZRZdCBd�YjUcCXqBV	��

#xZBeVccfaeZCB� UV� TV� crdVRf� VBecRZBV� fBV� UrTCAaCdZeZCB� Uf� df]WZAZUr� VB� dCB� fcrV�

TCccVdaCBURBeV	� � #xfeZ]ZdReZCB� UV� ]xYjaCTY]CcZeV� UV� TR]TZfA�� Rf� ]ZVf� UV� dCB� RBR]CXfV� o�



! vii!

SRdV� UV� dCUZfA� bfZ� Vde� a]fd� gRcZRS]V� VB� TCAaCdZeZCB� UfcRBe� ]V� crRccRBXVAVBe� WZBR]��

UCBBV�fB�a]fd�XcRBU�cVBUVAVBe�UV�]xYjUcRkZBV�Ve�aVcAVe�UV�]xZdC]Vc�o�]xreRe�TcZdeR]]ZB	�

� #R� crRTeZCB� Uf� )�!
�BZecCaYrBj]V��)�aYrBj]VYjUcRkZBV� RgVT� UVd� TCAaCdrd�

TRcSCBj]rd� R� UCBBr� a]fdZVfcd� UrcZgrVd� bfZ� CBe� af� secV� feZ]ZdrVd� RWZB� UxrefUZVc� ]V�

TCAaCceVAVBe� r]VTecCBZbfV� UV� ]xRkCeV� VB� TV� bfZ� TCBTVcBV� ]Vd� ]ZRZdCBd� B�B� UVd� )�)�

UZRcj]YjUcRkZBVd	� � #xRBR]jdV� decfTefcR]V� UV� TVd� TcZdeRfi� aRc� UZWWcRTeZCB� UV� cRjCBd�L�

UrACBecV� bfV� ]R� ]CBXfVfc� UV� TVeeV� ]ZRZdCB� UraVBU� UVd� acCacZrerd� UVd� dfSdeZefRBed� dfc�

]Vd�UVfi�ReCAVd�UxRkCeV�Ve�bfxV]]V�aVfe�gRcZVc�UxfBV�]ZRZdCB�da+�da+�bfZ�Vde�cV]ReZgVAVBe�

]CBXfV� o� fBV� ]ZRZdCB� da
�da
� bfZ� Vde� SVRfTCfa� a]fd� WCceV� Ve� a]fd� TCfceV	� IBV�

ZBeVcacreReZCB� UV� ]xCcZVBeReZCB� UVd� dfSdeZefRBed� URBd� TVd� TCAaCdrd� crgq]V� bfV� ]R�

afZddRBTV�UV�TVd�]ZRZdCBd�RkCerVd�crdf]eV�UxfB�cVBWCcTVAVBe�Uf�TYVgRfTYVAVBe�σ RgVT�

fBV� TCBecZSfeZCB� v� bfZ� Vde� BrX]ZXVRS]V	� � 8xRacqd� TVeeV� ZBWCcAReZCB�� fB� dTYrAR� aRc�

cRaaCce�Rfi�]ZRZdCBd�B�B�URBd�]Vd�)�)�UZRcj]YjUcRkZBVd�Vde�WCcAf]r	��

� 7VceRZBd� UVd� TRcSCBj]rd� bfZ� CBe� rer� feZ]Zdrd� aCfc� WRZcV� ]Vd� UrcZgrVd� Uf� )�!
�

BZecCaYrBj]V��)�aYrBj]VYjUcRkZBV� CBe� crRXZd� RgVT� ]V� 1�RAZBCTRcSRkC]V	� � #Vd� UrcZgrVd�

RZBdZ�acCUfZeVd�UrACBecVBe�]xZAaCceRBTV�UV�]R�ACSZ]Zer�UVd�cVXcCfaVAVBed�RcCAReZbfVd�

dfc� ]xZBeVccfaeZCB� Uf� TYVgRfTYVAVBe� v� TYVk� ]Vd� )�)�UZRcj]YjUcRkZBVd	� � 7Vd� TCAaCdrd�

aCddqUVBe� UVd� ]ZRZdCBd� B�B� djderAReZbfVAVBe� a]fd� TCfceVd� bfV� ]Vfcd� UrcZgrVd�

TCccVdaCBURBeVd� gVBRBe� Uf� )�!
�BZecCaYrBj]V��)�aYrBj]VYjUcRkZBV	� � #xZAaCdZeZCB� UxfB�

RccRBXVAVBe�a]RBRZcV�Rf�BZgVRf�XrCArecZbfV'decfTefcR]�UV�]R�AC]rTf]V�aRc�]V�TRcSRkC]V�

WRTZ]ZeV� fBV� TCBecZSfeZCB� v� Rfi� ]ZRZdCBd� B�B� VB� cVBWCcpRBe� ]xRcCAReZTZer� UV� ]R� AC]rTf]V	��

#V�XRZB�UV�deRSZ]Zer�ReecZSfr�o�TV]]V�TZ�Vde�dfSZeVAVBe�a]fd�WRZS]V�Ve�]xZBeVcRTeZCB�σ�UCAZBV�

eCf[Cfcd	�

� 5WZB�UxrgR]fVc� ]Vd�TRcRTercZdeZbfVd�UVd�)�)�UZRcj]YjUcRkZBVd�bfZ�CBe�rer�acraRcrd�

VB� eRBe� bfV� ]ZXRBUd� Ve� acrTfcdVfcd� o� UVd� YrercCTjT]Vd�B�� ]Vfcd� ZBeVcRTeZCBd� RgVT� UVd�

AreRfi� UV� ecRBdZeZCB� CBe� rer� refUZrVd	� � #V� )�!
�BZecCaYrBj]V��)�aYrBj]YjUcRkZBV�� dCfd�

TCBUZeZCBd�UV�TjT]ZdReZCB�UV�7RUCXRB��UCBBV�]V�)�aYrBj]VSVBkCecZRkC]V�UV�YRfeV�afcVer�



! viii!

3)���(!��"!�%�!�� �!'�C3!C�3(�(!��#%�()���4(!��$(���"!$(��#%"�(�'�"!�����4�C" L%��
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�
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.(�) �(� �(, �--�	 	�� � 
4� 3!3�HC�� #3%� ����%3�'�"!� ��� %3H"!C�1� %0)L��� $(�� ��� �" #"C0�
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�fYZYfYbWYg(��8g�giW?&�h?Y�ghiXm�cZ�fYUWh]cbg�]bjcCj]b[�

h?YgY�gdYW]Yg�]g�U�WcadUfUh]jYCm�ibYldCcfYX�Z]YCX�cZ�:?Ya]ghfm(��

�

+(, !YcaYhf]W�UbX��CYWhfcb]W�JhfiWhifY�

#b�UXX]h]cb�hc�YCYWhfcb�Wcibh&�h?Y�X]gh]bWh]cb�VYhkYYb�g]b[CYh�jYfgig�hf]dCYh�ghUhYg�

cZ�YCYWhfcb'XYZ]W]Ybh�b]hfc[Yb-�aigh�VY�aUXY(��8g�gYYb�]b�=][ifY�+',&�h?Y�g]b[CYh�ghUhY�cZ�

h?YgY�YCYWhfcb'XYZ]W]Ybh�gdYW]Yg�CYUjYg�U�CcbY�dU]f�]b�U�bcb'VcbX]b[�Uhca]W�cfV]hUC(��8g�U�

fYgiCh&� h?YfY� ]g� :cCiaV]W� fYdiCg]cb� VYhkYYb� h?Ya� UbX� h?Y� YbYf[m� cZ� h?Y� CLDF� ]g�

h?YfYZcfY�gC][?hCm�?][?Yf(��=cf�h?Y�hf]dCYh�WUgY&�h?YfY�UfY�bc�YCYWhfcb�dU]fg(�

�UW?�YCYWhfcb�]g�]b�U�g]b[Cm�cWWid]YX�cfV]hUC&�fYgiCh]b[�]b�CckYf�:cCiaV]W�fYdiCg]cb�UbX�

?YbWY� U� CckYf� YbYf[m� ghUhY� Zcf� h?Y�acCYWiCY� ]Z� h?Y� g]b[CYh'hf]dCYh� YbYf[m� [Ud� ]g� gaUCC(��

K?]g�]g�UCgc�XiY�]b�dUfh�hc�U�ZUjcifUVCY�YlW?Ub[Y�]bhYfUWh]cb�VYhkYYb�dUfUCCYC�YCYWhfcbg�

h?Uh�WUb�cWWif�]Z�h?Ym�UfY�cZ�g]a]CUf�YbYf[m�UWWcfX]b[�hc�?ibXdg�fiCY.(��K?Y�g]b[CYh�ghUhY�

]g� cbCm� UWWYggYX� k?Yb� h?Y� giffcibX]b[� Ybj]fcbaYbh� fU]gYg� h?Y� YbYf[m� cZ� h?Y� bcb'

VcbX]b[�d'cfV]hUC�cb�b]hfc[Yb�cf� ghUV]C]nYg� h?Y�`'cfV]hUC� gc�Ug� hc�[]jY� f]gY� hc�U�[fYUhYf�

YbYf[m� X]ZZYfYbWY� h?Ub� h?Y� YbYf[m� cZ� h?Y� :cCiaV]W� fYdiCg]cb� VYhkYYb� h?Y� YCYWhfcbg(��

=][ifY�+',4�Kf]dCYh�UbX�g]b[CYh�YCYWhfcb�WcbZ][ifUh]cbg(�
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K?]g�YbYf[m�X]ZZYfYbWY&�WUCCYX�h?Y�g]b[CYh'hf]dCYh�[Ud��h�JK�&�]g�U�igYZiC�hccC�Zcf�dfYX]Wh]b[�

fYUWh]j]hm(���

KUVCY�+'+4�J]b[CYh'hf ]dCYh�YbYf[m�[Udg�]b�giVgh]hihYX�b]hfYb]ia�]cbg�
REI+I,S%(�

I+� I,� h�JK��BWUC)acC��
?� ?� %�--(0�
DY� ?� %�,
(2�
DY� DY� %�,,(/�
'�:?,�.'� �� %�.(-�
'�:?,�/'� �� %�3(0�
:E� ?� %�,1(/�
:C� ?� '�+(,�
=� ?� '�.(03�
=� =� '�/1(-�
=� :C� '�,/(0�
:C� :C� '�+3(2�
E?,� ?� '�-,(.�
E?,� :?F� '�-2(2�
F?� ?� '�,+(2�
F?� :?F� '�+,(
�
G?� ?� '�+2(2�
.'b]hfcd?YbmC� ?� '�+0(2�
.'aYh?clmd?YbmC� ?� '�,0(1�
V]g'�,&0'X]'h'VihmC�d?YbmC� V]g'�,&0'X]'h'VihmC�d?YbmC� %�1(-�
-&/'�E?,�,G?� ?� %�1(1�
�

K?Y�h�JK�]b�jUf]cig�b]hfYb]ia�]cbg�?Ug�VYYb�ghiX]YX�h?YcfYh]WUCCm��KUVCY�+'+�/(�#h�WUb�VY�

gYYb�h?Uh�_'Xcbcf�giVgh]hiYbhg&�giW?�Ug�Ua]bYg�UbX�d?YbmC'WcbhU]b]b[�giVgh]hiYbhg�UfY�

dfYX]WhYX� hc� VY� acfY� ghUVCY� [fcibX'ghUhY� g]b[CYhg� k]h?� acfY� E6O� �O� 6� :&� E&� YhW��

W?UfUWhYf�XiY� hc�XYCcWUC]nUh]cb(� �8g�U� fYgiCh�cZ�giW?�_'Xcbcf�ghUV]C]nUh]cb� Zfca�E'CcbY�
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dU]fg&�h?Y�hf]UncC]ia�UbX�VYbnchf]UncC]ia�WUh]cbg��=][ifY�+'-��UfY�dfYX]WhYX0�hc�VY�acfY�

ghUV]C]nYX�Vm�h?YgY�]bhYfUWh]cbg�h?Ub�k]CC�h?Y�fYCUhYX�E'?YhYfcWmWC]W�WUfVYbYg(��

!
=][ifY�+'-4�!YbYfUC�ghfiWhifY�cZ�VYbnchf]UncC]ia�UbX�hf]UncC]ia�WUh]cbg(�

K?]g� ghUV]C]nUh]cb&� XiY� hc� bY][?Vcif]b[� ?YhYfcUhcag�k]h?� CcbY� dU]fg�kUg� eiUbh]Z]YX� Vm�

=UCjYm� UbX� Wc'kcfBYfg1� ig]b[� ZCUg?� d?chcCmg]g� ]b� +&-'X]aYh?mCVYbnchf]UncC]ia�

dYfW?CcfUhY&� g?ck]b[� h?Y� g]b[CYh'hf]dCYh� YbYf[m� [Ud� ]b� h?Uh� gmghYa� hc� VY� '00� BWUC)acC&�

[fYUhYf�h?Ub�Ubm�ghUV]C]nUh]cb�gYYb�]b�Ubm�cZ�h?Y�Ybhf]Yg�]b�hUVCY�+'+(�#b�WcadUf]gcb&�h?Y�

UbUCc[cig�WUfVYbY�kUg�WUCWiCUhYX2�hc�?UjY�U�h�JK�jUCiY�cZ�%12(3�BWUC)acC&�g?ck]b[�U�

aUfBYX� dfYZYfYbWY� cZ� WUfVcb� Zcf� h?Y� g]b[CYh� ghUhY� k?]CY� b]hfc[Yb&� k]h?� dfcdYf�

ghUV]C]nUh]cb�Zfca�UfcaUh]W]hm&�ZUjcifg�h?Y�hf]dCYh�ghUhY(�

8Cgc� cZ� ]bhYfYgh� ]g� h?Y� gcC]X'ghUhY� ghfiWhifY� cZ� YCYWhfcb'XYZ]W]Ybh� b]hfc[Yb�UbX� ]hg�

dfYWifgcfg� hc� ibXYfghUbX� ?ck� hc� WcbhfcC� ]hg� fYUWh]j]hm(� � FZ� dUfh]WiCUf� ]bhYfYgh� UfY� h?Y�

df]aUfm� b]hfYbY� hfUbgZYf� fYU[Ybhg� XYf]jYX� Zfca� h?Y� ?mdYfjUCYbh� ]cX]bY� WCUgg� cZ�

WcadcibXg�Bbckb�Ug� hcgmC�]a]bc]cXc��UfYbYg� �8f#EKg�3&� Zfca�k?]W?�YCYWhfcb'XYZ]W]Ybh�

b]hfc[Yb�WUb�VY�YlhfiXYX��=][ifY�+'.�(���

�
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!
=][ifY�+'.4�IYgcbUbWY'ghUV]C ]nYX�WCUgg]WUC�b]hfYbY�hfUbgZYf�fYU[Ybhg(�

K?YgY� fYgcbUbWY'ghUV]C]nYX&� ?][?Cm� dcCUf]nYX� ]cX]bY�###�� WcadcibXg� ?UjY� VYYb�

YlUa]bYX�Ug�b]hfYbY�hfUbgZYf�fYU[Ybhg�g]bWY�+31.&�k?Yb�8VfUacj]hW?�Z]fgh�?mdch?Yg]nYX�

h?Ym� WciCX� VY� igYX� Ug� gcifWYg� cZ� YCYWhfcb'XYZ]W]Ybh� b]hfc[Yb+
(� � #adcfhUbh� ghfiWhifUC�

ZYUhifYg�?][?C][?hYX�Vm�:]WYfc++�]bWCiXY�h?Y�UWihY�Ub[CY�Uh�h?Y�]a]bc�[fcid&�WcidCYX�k]h?�

YeiUC� VcbX� cfXYfg� cZ� Uddfcl]aUhYCm� ib]hm� ]b� h?YgY� gmghYag&� gi[[Ygh]b[� U� ?][?Cm�

dcCUf]nYX� #''''E''''J� hf]UX�k]h?� Wcbg]XYfUVCY� YCYWhfcb� XYbg]hm� Uh� b]hfc[Yb(� � � #b� ZUWh&� h?Y�

UjYfU[Y� #'E� VcbX� CYb[h?� Zcf� h?Y� WfmghUCCc[fUd?]WUCCm� W?UfUWhYf]nYX� WcadcibXg� cZ� h?]g�

hmdY��::;:+,��]g�,(+.0�r�UbX�h?Y�UjYfU[Y�E'J�X]ghUbWY�]g�+(0,-�r(��JcCiV]C]hm�]ggiYg+,�

]bjcCjYX�]b�YUfCm�8f#EKg�W?Ya]ghfm�Zcf�VfcUX�gmbh?Yh]W�UddC]WUh]cbg�fYgiChYX�]b�Cck�m]YCXg�

UbX�dccf�b]hfYbY�hfUbgZYf�gdYW]Z]W]hm(�K?YgY�X]ZZ]WiCh]Yg�kYfY�YldCU]bYX�Vm�ghfiWhifUC�XUhU�

Zcf�YUfCm�8f#EKg�fYdcfhYX�Vm�9ciW?Yf+-�UbX�Wc'kcfBYfg�h?Uh�g?ckYX�h?YgY�WcadcibXg�

Zcfa�dcCmaYf]W�bYhkcfBg� ]b� h?Y�gcC]X� ghUhY�k]h?�UjYfU[Y� ]bhYfacCYWiCUf� #'''E�UbX� #'''F�

VcbXg� cZ� -(
1-� r� UbX� -(+00� r&� fYgdYWh]jYCm� �=][ifY� +'/�(� � K?YgY� ]bhYfacCYWiCUf�

bYhkcfBg� ?]bXYf� X]ggcCih]cb� ]b� Wcaacb� gcCjYbhg� Vm� ZUW]C]hUh]b[� ghfcb[� UggcW]Uh]cbg�

VYhkYYb�]cX]bY�UbX�]a]bc'b]hfc[Yb�Uhcag�Zfca�bY][?Vcif]b[�acCYWiCYg&�Yb?UbW]b[�h?Y]f�

ghUV]C]hm(���

�

�
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��

� DcfY� fYWYbh� UXjUbWYg� ]b� 8f#EKg� W?Ya]ghfm� gci[?h� hc� cjYfWcaY� h?Y� ghfcb[�

]bhYfacCYWiCUf� ZcfWYg� cZ� h?YgY� YUfCm� ghiX]Yg� UbX� ]adfcjY� gcCiV]C]hm� UbX� ?YbWY� b]hfYbY�

hfUbgZYf� m]YCXg(� � K?Y� [fYUhYgh� VfYUBh?fci[?� ]b� h?]g� fY[UfX� kUg� Vm� DUW]BYbUg3&� k?c�

ghiX]YX�h?Y�]bhYfUWh]cbg�cZ�8f#EKg�XYf]jUh]jYg�k]h?�E'cl]XYg�k]h?�]bWcbWCig]jY�fYgiChg�Ug�

hc� h?Y� aYW?Ub]ga� cZ� h?Y� Yb?UbWYaYbh� cZ� b]hfYbY� hfUbgZYf� ]b� h?Y� dfYgYbWY� cZ� h?YgY�

UXX]h]jYg(��8�mYUf�CUhYf&�h?Y�gUaY�[fcid�]bhfcXiWYX�QSUKQ'hcgmCUhY�[fcidg�]bhc�h?Y�8f#EKg�

=][ifY�+'/4�#bhYfacCYWiCUf�VcbX]b[�]b�YUfCm�G?#EKg�fYU[Ybhg(��IYdf]bhYX�

�UXUdhYX��k]h?�dYfa]gg]cb�Zfca�9ciW?Yf&�D(5�DUW]BYbUg&�;(5�IYb&�K(5�GfchUg]Yk]Wn&�

A(�;(&�JYWcbXUfm�9cbX]b[�Ug�U�=cfWY�;]WhUh]b[�JhfiWhifY�UbX�JcC]X'JhUhY�

8[[fY[Uh]cb�cZ�h?Y�Gf]aUfm�E]hfYbY�JcifWYg��8fmCgiCZcbmC]a]bc�]cXcUfYbYg�

�8f#EJF,8fc�(�7���O��1KHO��#Q)��+331&���-��.
�&�3-00'3-10((�:cdmf][?h��+331��

8aYf]WUb�:?Ya]WUC�JcW]Yhm(��

�



! 8!

ZfUaYkcfB+.� hc� dfcj]XY� WcadYh]b[� ]bhfU'acCYWiCUf� ZcfWYg� UbX� h?ig� dfYWCiXY� h?Y�

ZcfaUh]cb�cZ�]bgcCiVCY�dcCmaYf]W�bYhkcfBg&�h?ig�XfUaUh]WUCCm�]adfcj]b[�gcCiV]C]hm��=][ifY�

+'0�(�

�

� N?]CY� ghfiWhifUC� XUhU� cb� dfYWifgcfg� hc� b]hfYbYg� ?Ug� []jYb� ]bg][?h� ]bhc� h?Y]f�

]bhfUacCYWiCUf�UbX�]bhYfacCYWiCUf�VcbX]b[�]bhYfUWh]cbg&�UCCck]b[�h?Y]f�YZZ]W]Ybh�igY�]b�h?Y�

[YbYfUh]cb�cZ�YCYWhfcb'XYZ]W]Ybh�b]hfc[Yb�Zcf�W?Ya]WUC�fYUWh]cbg�giW?�Ug�UCBYbY�]bgYfh]cb&�

h?Y�biaVYf�cZ�X]ZZfUWh]cb�ghiX]Yg�cb�g]b[CY�WfmghUCg�cZ�YCYWhfcb'XYZ]W]Ybh�b]hfc[Yb�gdYW]Yg�

h?YagYCjYg� ]g� WcadUfUh]jYCm� gWUfWY(� � K?YfY� UfY� bc� fYdcfhYX� WfmghUC� ghfiWhifYg� cZ� ZfYY�

b]hfYbYg(� � K?YfY� UfY5� ?ckYjYf&� biaYfcig� bcVCY� [Ug� aUhf]l� ]gcCUh]cb� ghiX]Yg+/&�

gdYWhfcgWcd]W� UbUCmgYg+0� UbX� h?YcfYh]WUC� ghiX]Yg+1� XYhU]C]b[� h?YgY� ]bhYfaYX]UhYg(��

:fmghUCCc[fUd?]W�W?UfUWhYf]nUh]cb�cZ�WUfVYbYg�]g�UCgc�C]a]hYX�hc�cbCm�cbY�YlUadCY�cZ�Ub�

UCBmC� WUfVYbY� bch� ghUV]C]nYX� Vm� ZCUbB]b[� _'Xcbcfg+2(� � K?Y� WUfVcWUh]cbg� UfY� UCgc� g]CC�

gdUfgYCm�ghiX]YX&�k]h?�ghiX]Yg�acghCm�XcbY�cb�h?Y�hf]hmC�WUh]cbg��G?-:%�� Zcf�k?]W?�h?YfY�

UfY�,/,�ghfiWhifYg�fYdcfhYX+3(�

� :Uh]cb]W� b]hfc[Yb� UbUCc[iYg� cZ� h?Y� WUfVcWUh]cbg� UfY� UCgc� ghfiWhifUCCm� fYCUh]jYCm�

kYCC�Bbckb(��K?UbBg�hc�h?Y�WcidC]b[�cZ�h?Y�:cddYf'WUhUCmnYX�+&-'X]dcCUf�WmWCcUXX]h]cb,
�

UbX� ]hg� CUhYf�jUf]Ubhg�k]h?�E'UCBmCUh]cb�ig]b[�jUf]cig�UCBmCUh]b[�fYU[Ybhg&� h?YfY�UfY�-
3�

ghfiWhifUCCm� W?UfUWhYf]nYX� +&,&-'hf]UncC]ia� WUh]cbg� �::;:+3�(� K?Y� YUgY� cZ� gmbh?Yg]g� cZ�

h?YgY�gdYW]Yg�?Ug�WUigYX�h?Y�biaVYf�cZ�h?Ya�h?Uh�?UjY�VYYb�ghfiWhifUCCm�W?UfUWhYf]nYX�

hc�hfcibWY�h?Uh�cZ�h?Y]f�WUfVcb�UbUCc[iYg&�k]h?�cbCm�32�ghfiWhifYg�cZ�ZfYY�E?:g�?Uj]b[�

=][ifY�+'04�Jmbh?Yg]g�cZ�ghUV]C ]nYX�8f#EKg�XYf]jUh]jYg(�
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VYYb�XYgWf]VYX(�K?Y�UjYfU[Y�VcbX�CYb[h?g�UbX�Ub[CYg�fYCUh]jY�hc�h?Y�+&,&-'hf]UncCY)E':'

E�ZfUaYkcfB�]b�h?YgY�]adcfhUbh�WCUggYg�cZ�WcadcibX�?UjY�VYYb�hUViCUhYX��KUVCY�+',�(�

�

KUVCY�+',4�8jYfU[Y�dUfUaYhYfg�Zcf�ghfiWhifUCCm�W?UfUWhYf]nYX�E?:g�UbX�
hf]UncC]ia�WUh]cbg(�

!

�
�

N?]CY� h?Y�UjYfU[Y�E'O'E�VcbX�Ub[CYg�UbX�X]ghUbWYg��O�6�:WUfVYbY&�E�,��� ]b�E?:g�UbX�

hf]UncC]ia�WUh]cbg�UddYUf� hc�VY�g]a]CUf&� h?Y�a]b]aia�UbX�aUl]aia�O'E�VcbX� CYb[h?g�

UfY�fUh?Yf�hYCC]b[(��N]h?�h?Y�ghUV]C]n]b[�]bXiWh]jY�YZZYWhg�cZ�h?Y�b]hfc[Yb�CcbY'dU]f&�h?Y�E�,��

b�E�VcbX�CYb[h?g�UfY�g?cfhYf(��#g�h?]g�XiY�hc�Ub�]bWfYUgY�]b�E6E�XciVCY�VcbX�W?UfUWhYf�

cf�[fYUhYf�gd,)gd,�cjYfCUd7��K?]g�]g�cbY�cZ�h?Y�eiYgh]cbg�kY�gYYB�hc�UbgkYf�h?fci[?cih�

h?]g�X]ggYfhUh]cb(� �8g�U�fYgiCh�cZ� h?YgY�g?cfhYbYX�VcbXg�+&,&-'hf]UncC]ia�WUh]cbg�UbX�+'

giVgh]hihYX� +&,&-'hf]UncCY'-'cl]XYg� UfY� ghUV]C]nYX� ]b� WcadUf]gcb� hc� h?Y]f� UbUCc[cig�

WUfVYbYg�UbX�UfY�UCgc�acfY�ghfiWhifUCCm� f][]X&� CckYf]b[� h?Y� fUb[Y�cZ� h?Y�E�+��b�E�,��b�

E�-��VcbX�Ub[CY�Ug�WcadUfYX�hc�h?Y�E?:g(���

�

�

�

!
!

�� ��6�:� ��6�E%�
D#E�E�'����r�� +(,2/� +(,.1�
D8O�E�'����r�� +(-3.� +(..2�
8M�I8!��E�'����r�� +(-0/�,�� +(-,2�.,��
D#E�E'�'E��w�� 33(0--� +

(3,3�
D8O�E'�'E��w�� ++-(11/� ++
(.3,�
8M�I8!��E'�'E��w�� +
,�-�� +
-�-��
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KUVCY�+'-4�!YcaYhf]W�WcadUf]gcb�cZ�ghfiWhifUCCm�W?UfUWhYf]nYX�hf]UncC]ia�
UbX�VYbnchf]UncC]ia�WUh]cbg�k]h?�UbUCc[cig�E?:g(�

!! 1,2,3&Bt+!
NHC!
(benzimidazole)!

1,2,3&
Triazolium!

NHC!
(imidazole)!

MIN!N&N(2)!(Å)! 1.296! 1.355! 1.254! 1.351!
MAX!N!&!N(2)!(Å)! 1.408! 1.387! 1.408! 1.381!
AVERAGE!N!&!N(2)!(Å)! 1.336(6)! 1.371(3)! 1.331(2)! 1.365(3)!
MIN!N(1)!&!N(2)!&!N(3)!(˚)! 102.1! 103.2! 100.929! 100.4!
MAX!N(1)!&!N(2)!&!N(3)!(˚)! 109.3! 104.8! 109.339! 102.3!
AVERAGE! N(1)! &! N(2)! &!
N(3)!(˚)! 105.5(4)! 104.1(3)! 103.9(2)! 101.3(3)!
�

K?Y�XUhU�]b�KUVCY�+'-�gi[[Yghg�h?YfY�]g�bc�]bWfYUgY�]b�ghUV]C]hm�cZ�h?Y�E'O'E�ZfUaYkcfB�

idcb�h?Y�]bhfcXiWh]cb�cZ�U�VYbnYbY�f]b[�]bhc�h?Y�hf]UncCY�gmghYa&�XiY�hc�g]a]CUf�UjYfU[Y�

O'E� VcbX� CYb[h?g(� K?YfY� ]g5� ?ckYjYf&� U� ghUh]gh]WUCCm� g][b]Z]WUbh� X]ZZYfYbWY� ]b� h?Y� VcbX�

Ub[CYg�Uh�h?Y�WUfVYbY�WUfVcb�cf�YCYWhfcb'XYZ]W]Ybh�E�,�(��#b�Vch?�WUgYg&�h?Y�Ub[CYg�]b�h?Y�

b]hfc[Yb�UbUCc[iYg�UfY�CUf[Yf(��

+(- Jmbh?Yg]g�cZ�#gcCUVCY��CYWhfcb';YZ]W]Ybh�E]hfc[Yb�JdYW]Yg��

� K?Y�gmbh?Yh]W�aYh?cXg�hc�[YbYfUhY�YCYWhfcb'XYZ]W]Ybh�b]hfc[Yb�]b�]gcCUVCY�Zcfa�UfY�

bch� jYfm� X]jYfgY(� � N?]CY� h?YfY� ?Ug� VYYb� giWWYggZiC� ]gcCUh]cb� cZ� cbY� Xcbcf'ghUV]C]nYX�

WUfVYbY� fYdcfhYX� Ug� aYbh]cbYX� YUfC]Yf&� h?Y� gUaY� Zcf� h?Y� g]adCY� b]hfYbY� ?Ug� mYh� hc�

hfUbgd]fY(��:cbjYfgYCm&�h?Y�hf]UncC]ia�gUChg�?UjY�VYYb�]gcCUhYX�UbX�h?Y�gUaY�?cCXg�hfiY�

Zcf�h?Y]f�WUfVcb�UbUCc[g&�h?Y�E?:g(��K?]g�]g�XiY�hc�U�ZYk�YghUVC]g?YX�gmbh?Yh]W�aYh?cXg�

h?Uh� UfY� igYX� hc� aUBY� Y]h?Yf� cZ� h?YgY� hkc� WCUggYg� cZ� WcadcibXg(� � 9m� ZUf� h?Y� acgh�

dfYjUCYbh� ]g� h?Y� UCBmCUh]cb� cZ� +'giVgh]hihYX� VYbnchf]UncCYg� UbX� hf]UncCYg�k]h?� UCBmCUh]b[�

U[Ybhg(��JiW?�U�dfcWYXifY�?Ug�VYYb�Bbckb�Zcf�bYUfCm�U�WYbhifm��=][ifY�+'1�,+(�
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!
=][ifY�+'14�!YbYfUh]cb�cZ�VYbnchf]UncC]ia�WUh]cbg�Vm�E'UCBmCUh]cb(�

K?Y�XfUkVUWBg� hc� h?]g�dfcWYXifY�UfY�cbCm�YCYWhfcdcg]h]jY� C][UbXg�WUb�VY�igYX�g]bWY� ]h�

]bjcCjYg� UhhUWB� cZ� h?Y� ib'giVgh]hihYX� b]hfc[Yb� Uhca� cZ� h?Y� VYbnchf]UncCY� cb� h?Y� UCBmC�

WUh]cb(� � #b� UXX]h]cb&� Ug� gYYb� ]b� =][ifY� +'2&� giVgh]hih]cb� Vm� UCBmC� WUh]cbg� WUb� cWWif� cb�

Y]h?Yf�cZ�h?Y�ib'giVgh]hihYX�b]hfc[Yb�Uhcag&�fYgiCh]b[�]b�U�a]lhifY�cZ�dfcXiWhg(��#b�Y]h?Yf�

WUgY&� h?Y�UCBmC� [fcidg�UXXYX� ]b� h?]g�aUbbYf�kciCX� h?Yb�XcbUhY� ]bhc� h?Y� hf]UncCY� f]b[&�

CYggYb]b[�h?Y�YZZYWh]jY�dcg]h]jY�W?Uf[Y�Uh�h?Y�fYaU]b]b[�b]hfc[Yb(���

� �CYWhfcb'XYZ]W]YbWm� ]b� h?Y� hf]UncCY� ZfUaYkcfB� WUb� UCgc� VY� WfYUhYX� ig]b[�

YCYWhfcbY[Uh]jY�clm[Yb�UbX�b]hfc[Yb�gdYW]Yg&�?ckYjYf&�UbX�h?YfY�UfY�,3�fYC]UVCY�fYdcfhg�

cZ� giW?� aYh?cXg(� � DiW?� cZ� h?Y� fYgYUfW?� ]b� h?]g� UfYU� ?Ug� [cbY� ]bhc� h?Y� WfYUh]cb� cZ�

YbYf[Yh]W� ]cb]W� C]ei]Xg� XYf]jYX� Zfca� +5'+&,&-'hf]UncC'+'Ua]bY&� k?]W?� ]g� WcaaYfW]UCCm�

UWWYgg]VCY,,(�N?]CY� UCBmCUh]cb� kUg� cbY� aYh?cX� cZ� [YbYfUh]b[� -'giVgh]hih]cb&� BCUdvhBY�

UbX� Wc'kcfBYfg� fYdcfhYX� h?Y� gmbh?Yg]g� cZ� gcaY� +&-'X]Ua]bchf]UncCYg� Zfca� giVgh]hih]cb�

ig]b[�F'hcgmC?mXfclmCUa]bY��=][ifY�+'2�,,?&�,-(�

�
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!
=][ifY�+'24�Jmbh?Yg]g�cZ�+&-'X]Ua]bchf]UncC]ia� hcgmCUhY(� �IYdf]bhYX� �UXUdhYX��

k]h?�dYfa]gg]cb�Zfca��BCUdcYhBY&�K(�D(5�GYhYfaUmYf&�:(5�G]YfWYm&�;(�!(5�Jh]YfghcfZYf&�A(&�

+&-'9]g�b]hfc]a]Xc�'+&,&-'hf]UncCUhY�8b]cb&� h?Y�E'E]hfc]a]XY�Dc]Yhm&� UbX� h?Y�JhfUhY[m�cZ�

8ChYfbUh]b[�Gcg]h]jY�UbX�EY[Uh]jY�:?Uf[Yg�]b�h?Y�;Yg][b�cZ��bYf[Yh]W�DUhYf]UCg(�7���O��

1KHO�� #Q)�� ,
+,&� �
(� �/+�&� ,
2,1',
2-0(�(� :cdmf][?h� �,
+,�� 8aYf]WUb� :?Ya]WUC�

JcW]Yhm(�

J]a]CUf�acX]Z]WUh]cbg�UCgc�]bWCiXYX�b]hfUh]cb�k]h?�?EF-)?,JF.�hc�[]jY�h?Y�WcffYgdcbX]b[�

b]hfcUa]bchf]UncCYg� fYdcfhYX� Vm� ?iUb[,.(� � ;Ygd]hY� h?Y� igY� cZ� h?YgY� aYh?cXg� Zcf�

[YbYfUh]cb� cZ� Ylch]W� hf]UncCYg&� UdUfh� Zfca� h?Y� ZcfaUh]cb� cZ� E'cl]XYg� ig]b[�

X]aYh?mCX]cl]fUbY,/&� h?Y� UbUCc[cig� VYbnchf]UncC]ia� gmghYag� UfY� gh]CC� gYYa]b[Cm�

ibfYdcfhYX(� � K?Y� cbCm� WcadUfUVCY� gmghYag� ]bjcCj]b[� VYbnchf]UncCYg�kUg� h?Y� X]']a]bY�

fYdcfhYX�Vm�J?]hcj,0�ig]b[�d]WfmC?mXfclmCUa]bY(���

�

+(. :ccfX]bUh]cb�W?Ya]ghfm�cZ�hf ]UncC]ia�WUh]cb�

� ?Uj]b[�YghUVC]g?YX�kUmg�hc�aUBY�hf]UncC]ia�WUh]cbg&�ghiX]Yg�?UjY�VY[ib�cb�h?Y]f�

WcadCYlYg� k]h?� hfUbg]h]cb� aYhUCg(� � FbY� WcadUf]gcb� h?Uh� WUb� VY� aUXY� ]g� cZ� UjYfU[Y�

ghfiWhifUC�dUfUaYhYfg�Zcf�Bbckb�E'?YhYfcWmWC]W�WUfVYbY��E?:��WcadCYlYg�k]h?�h?cgY�cZ�

h?Y�bYkCm�X]gWcjYfYX�E'?YhYfcWmWC]W�b]hfYbYg�cZ�KiCW?]bgBm,1�UbX�?Y]ag,2� hc�UgWYfhU]b�

h?Y�YZZYWhg�cZ� giVgh]hih]cb�cZ� WUfVcb� Zcf�b]hfc[Yb� ]b� h?YgY�gmghYag&�U� ZYk�YlUadCYg�cZ�

k?]W?�UfY�g?ckb�]b�=][ifY�+'3(��

�
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�

!
=][ifY� +'34� JYCYWhYX� YlUadCYg� cZ� WccfX]bUhYX� E?:� UbX� hf]UncC]ia'VUgYX�

C ][UbXg,1W&�,3(�
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FZ� ]bhYfYgh� ]g� h?Y�WcadUf]gcb�cZ�Eb]hfYbY�'�DYhUC�UbX�Gd?cgd?]bY�b�DYhUC�VcbX� CYb[h?g�k]h?�

h?cgY� cZ� Bbckb� E?:g(� � K?YgY� fYgiChg� Zcf� ghfiWhifUCCm� W?UfUWhYf]nYX� WcadCYlYg� k]h?�

W?YCUh]b[�d?cgd?]bYg�UfY�hUViCUhYX�]b�KUVCY�+'.(���

�

KUVCY�+'.4�KUViCUhYX�D':WUfVYbY�UbX�D'Eb]hfYbY�Zcf�Bbckb�d?cgd?]bY�W?YCUhY�
hfUbg]h ]cb�aYhUC�WcadCYlYg(�

Carbenes!
!! Ru! Rh! Mo! Pd! Pt! Ni!
MIN!M!&!Ccarbene! 1.901! 1.904! 2.268! 1.943! 1.931! 1.846!
MAX!M!&!Ccarbene! 2.205! 2.124! 2.321! 2.123! 2.062! 1.986!

AVERAGE!M!&!Ccarbene! 2.061(6)! 2.024(10)! 2.303(18)! 2.020(5)! 2.019(6)! 1.898(6)!
MIN!M!&!P! 2.182! 2.145! 2.468! 2.155! 2.208! 2.103!
MAX!M!&!P! 2.505! 2.396! 2.506! 2.382! 2.369! 2.295!
AVERAGE!M!&!P! 2.348(6)! 2.290! 2.484(14)! 2.291(6)! 2.280(7)! 2.205(9)!
Nitrenes!
!! Ru! Rh! Mo! Pd! Pt! Ni!
MIN!M!&!Nnitrene! 2.041! 1.991! 2.257! N/A! 2.064! 1.986!
MAX!M!&!Nnitrene! 2.059! 2.360! 2.266! N/A! 2.124! 2.021!

AVERAGE!M!&!Nnitrene! 2.047(19)! 2.128(76)! 2.261(4)! 2.075! 2.103(62)! 2.004(4)!
MIN!M!&!P! 2.289! 2.282! 2.522! N/A! 2.273! N/A!
MAX!M!&!P! 2.323! 2.391! 2.548! N/A! 2.371! N/A!
AVERAGE!M!&!P! 2.305(31)! 2.335(13)! 2.531(16)! 2.330! 2.314(34)! N/A!
�

=fca�h?Y�C]a]hYX�XUhU&�]h�gYYag�h?Uh�g?cfh�D�'�EE]hfYbY�VcbXg�WUb�fYgiCh�k]h?�Ii&�I?&�GX�

UbX�Gh�WYbhfYg(��:UfVYbYg�UCgc�Zcfa�acfY�ghUVCY�CUhY�hfUbg]h]cb�aYhUC�WcadCYlYg(��K?Y�

b]hfYbYg�UfY�VYhhYf�_'UWWYdhcfg�h?Ub�h?Y�WUfVYbYg&�k?]W?�]g�Yj]XYbWYX�Vm�h?Y�[YbYfUCCm�

Ccb[Yf�D'd?cgd?]bY�VcbXg�]b�h?Y]f�W?YCUhY�WcadCYlYg�h?Ub�]b�h?Y�WUfVYbYg�YlUa]bYX�]b�

h?Y�hUVCY�UVcjY(��K?]g�]g�XiY�hc�]bWfYUgYX�WcadYh]h]cb�Zcf�_'VUWBXcbUh]cb�Zfca�b]hfYbYg�

h?Ub�Zfca�WUfVYbYg(���

�

�
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+(/ IYUWh]j]hm�cZ�+&,&-'hf ]UncC]ia�UbX�'VYbnchf]UncC]ia�WUh]cbg�

� K?Y�hf]UncC]ia�WUh]cbg�Yl?]V]h�jYfm�igYZiC�fYUWh]j]hm(��;Ygd]hY�]bWfYUgYX�UjU]CUV]C]hm�

cZ�hf]UncCY�gdYW]Yg�h?UbBg�hc�h?Y�+&-'X]dcCUf�WmWCcUXX]h]cb�ibXYf�J?UfdCYgg�WcbX]h]cbg&�U�

fYWYbh� fYj]Yk�g?ckg� h?Uh� h?Y� W?Ya]ghfm�cZ� h?Y]f� XYf]jYX� WUh]cbg� ]g� gh]CC� ]b� ]hg� ]bZUbWm-
(��

Kkc�aUAcf�W?UfUWhYf]gh]Wg�cZ�bchY� ]b� h?YgY�WcadcibXg�UfY4�+�� h?Y� ]bWfYUgYX�UW]X]hm�cZ�

h?Y�.'�UbX�/'�dcg]h]cbg�h?Uh�UCCck�h?Y�[YbYfUh]cb�cZ�E?:g�Uh�h?YgY�dcg]h]cbg�ibXYf�VUg]W�

WcbX]h]cbg&� k?]W?� WUb� h?Yb� UXX� hc� UCC� aUbbYf� cZ� giVghfUhYg� UbX� ,�� h?Y� UV]C]hm� cZ� h?Y�

hf]UncCY� bYhkcfB� hc� UggiaY� YlWYgg� YCYWhfcb� XYbg]hm� UbX� fYhifb� ]h&� []j]b[� h?YgY�

WcadcibXg�igYZiCbYgg�Ug�WUhUCmghg�]b�W?Ya]WUC�fYUWh]cbg(��IYWYbh�XYjYCcdaYbhg�]b�h?]g�

fYgdYWh� ]bWCiXY� h?Y� W?Ya]ghfm� dYfZcfaYX� Vm� =UCC� UbX� Wc'kcfBYfg-+� XYacbghfUh]b[� h?Y�

igYZiCbYgg�cZ�+&,&-'hf]UncC]ia�WUh]cbg�cjYf�UbUCc[cig� ]a]XUncC]ia�gUChg� ]b� h?Y�Dcf]hUb

9UmC]gb?]CCaUb�fYUWh]cb�XiY�hc�h?Y�UVgYbWY�cZ�h?Y�UW]X]W�dfchcb�Uh�h?Y�,'dcg]h]cb&�k?]W?�

fYgiChYX�]b�g]XY'dfcXiWh�ZcfaUh]cb��=][ifY�+'+
�(�

!
=][ifY� +'+
4�LgY� cZ� hf ]UncC]ia� WUh]cbg� ]b� WUhUCmg]g(� � IYdf]bhYX� �UXUdhYX��k]h?�

dYfa]gg]cb� Zfca� =UCC&� 8(5� HU� DN�� KYhfU?YXfcb� CYhh(� �,
+/�&�

?hhd4))Xl(Xc](cf[)+
(+
+0)A(hYhCYh(,
+/(
1(
,0(�:cdmf][?h��,
+/���CgYj]Yf(�

�
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BCY]b� ?Ug� UCgc� fYdcfhYX� h?Y� gidYf]cf� UWh]j]hm� cZ� hf]UncC]ia� gUChg� cjYf� E?:g� ]b� ]fcb'

WUhUCmnYX� UfmCclm� UCCmCUh]cb� cZ� UCCmC]W� WUfVcbUhYg� g]bWY� h?Ym� dfcachY� ?][?Yf�

fY[]cgYCYWh]j]hm-,(� � #h� kUg� fYUgcbYX� h?Uh� h?Y� ]bWfYUgYX� fY[]cgYCYWh]j]hm� kUg� XiY� hc� h?Y�

Yb?UbWYX�fYXcl�UV]C]hm�cZ�h?Y�hf]UncC]ia�gUChg�cjYf�UbUCc[cig�E?:g(��8Cgc�cZ�bchY�]b�h?]g�

ghiXm� ]g� h?Y� ZUWh� h?Uh�cZ�UCC�cZ� h?Y�+'UfmC�giVgh]hiYbhg�cb� h?Y� hf]UncC]ia�gUChg&� h?cgY� h?Uh�

kYfY� dUfh]WiCUfCm� YCYWhfcb'dccf� hYbXYX� hc� ?UjY� h?Y� VYgh� fYUWh]cb� cihWcaYg(� � J]a]CUf�

fYXcl�UWh]j]hm�kUg�XYacbghfUhYX�]b�VYbnchf]UncC]ia�WUh]cbg�h?Uh�kYfY�UVCY�hc�YZZYWh]jYCm�

UWh�Ug�U�Vf]X[Y�VYhkYYb�fYXcl�UWh]jY�aYhUCg--��=][ifY�+'++�(��K?Y�Uih?cfg�?mdch?Yg]nY�

h?Uh� ?cCY� hfUbgZYf� Zfca� h?Y� VYbnchf]UncCY� ]g� fYgdcbg]VCY� Zcf� ]hg� UWh]j]hm� ]b� h?YgY�

YldYf]aYbhg(��

=][ifY�+'++4�IYdfYgYbhUh]jY�VYbnchf]UncC]ia�gUCh�Ug�U�fYXcl�Vf]X[Y(�

+(0 !YbYfUh]cb�UbX�fYUWh]j]hm�cZ�b]hfYbY�]bhYfaYX]UhYg�

+(0(+  =fca�8f#EKg�gmghYag�

! DiW?�cZ�h?Y�Bbckb�W?Ya]ghfm�cZ�YCYWhfcb'XYZ]W]Ybh�b]hfc[Yb�]g�XYf]jYX�Zfca�]hg�igY�

Ug�U�fYUWh]jY�]bhYfaYX]UhY�]b�h?Y�Zcfa�cZ�ibW?Uf[YX�b]hfYbYg(��9m�ibWcjYf]b[�aYh?cXg�hc�

WcbhfcC� h?Y� YCYWhfcb]W� ghUhY&� bUaYCm� g]b[CYh� cf� hf]dCYh&� ]b� h?YgY� gdYW]Yg� kciCX� UCCck�
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dfYX]WhUV]C]hm�cZ�fYUWh]j]hm�UbX�dfcj]XY�U�kUm�hc�?UfbYgg�h?Y]f�gmbh?Yh]W�dchYbh]UC(��=fca�

h?Y�gcC]X'ghUhY�XUhU&�cdh]a]nUh]cb�cZ� h?Y�ghfiWhifYg�cZ�8f#EKg'VUgYX�gmghYag� hc� ]bXiWY�

[fYUhYgh�b]hfYbY�hfUbgZYf�m]YCXg�?UjY�aUXY�h?YgY�dfYWifgcf�acCYWiCYg�gcaY�cZ�h?Y�acgh�

k]XYCm� igYX� YCYWhfcb'XYZ]W]Ybh� b]hfc[Yb� gcifWYg(� � K?Ym� ZibWh]cb� h?fci[?� Z]gg]cb� cZ� h?Y�

Ccb[� ]a]Xc']cX]bY� C]bBU[Y� hc� fYCYUgY�8f#� UbX� eEKgf�k?YfY� h?Y� b]hfc[Yb� ?Ug� 0� jUCYbWY�

YCYWhfcbg(��K?]g�kUg�Z]fgh�XYacbghfUhYX�Vm�9fYgCck-.�UbX�DUbgim-/�]b�h?Y]f�kcfB�VUgYX�

cb�h?Y�b]hfYbY'WcbhU]b]b[�cf[UbcaYhUCC]W�WcadCYlYg�dfYdUfYX�Vm�!fcjYg-0�UbX�DU?m-1�

]bjcCj]b[�?][?'jUCYbh�]fcb'dcfd?mf]b�WcadCYlYg(��N]h?�ghfiWhifUC�XUhU�UCgc�]bX]WUh]b[�h?Uh�

]cXc'UfYbY� giVgh]hih]cb� kciCX� UZZYWh� h?Y� gcCiV]C]hm� cZ� 8f#EKg� UbX� ?YbWY� h?Y]f� b]hfYbY�

hfUbgZYff]b[� UV]C]hm&� UXX]h]cbUC� acX]Z]WUh]cbg� hc� Zifh?Yf� ]adfcjY� h?Y� XYg]fYX� b]hfYbY�

[YbYfUh]cb�dfcWYgg�kYfY�YlUa]bYX(��DYdfUh?i-2�UbX�Wc'kcfBYfg�]bhfcXiWYX�U�ViCBm�UHSU'

VihmC�giVgh]hiYbh�Uh�h?Y�RDSD�dcg]h]cb(��K?]g�acX]Z]WUh]cb�X]X�bch�UZZYWh�h?Y�WUhUCmh]W�UV]C]hm�

Zcf�b]hfYbY'VUgYX�Un]f]X]bUh]cb�fYUWh]cbg�cZ�UCBYbYg&�?ckYjYf&�Ybci[?�fYU[Ybh�WciCX�VY�

X]ggcCjYX� ]b�W?CcfcZcfa�hc�fYUW?�acCUf�WcbWYbhfUh]cbg(� �K?]g�acXiCUhYX�UddfcUW?�kUg�

UCgc�hUBYb�Vm�Pcg?]aifU�UbX�Wc'kcfBYfg-3&�k?c�]bhfcXiWYX�jUf]cig�UCBclm'VUgYX�QSUKQ'

giVgh]hiYbhg&� k?]W?� kYfY� acfY� YZZYWh]jY� ]b� :i'WUhUCmnYX� b]hfYbY� [YbYfUh]cb� fYUWh]cbg�

h?Ub�Ubm�cZ�h?Y�8f#EKg�XYf]jUh]jYg�X]gWiggYX�dfYj]cigCm&�[]j]b[�WcadUfUVCY�m]YCXg�UbX�

ig]b[�cbCm�U�ZfUWh]cb�cZ�h?Y�fYUWh]cb�h]aY(��N?]CY�igYZiC&�h?Y�igY�cZ�8f#EKg'VUgYX�b]hfYbY�

[YbYfUh]cb�dfcWYgg�fYei]fYg�Vch?�h?Y�]bhfcXiWh]cb�cZ�U�hcgmCUhY�[fcid�UbX&�acgh�cZhYb&�U�

hfUbg]h]cb� aYhUC� WUhUCmgh&� giW?� Ug� h?Y� aUb[UbYgY'VUgYX� gmghYag� ghiX]YX� Vm� QX]CCU.
(��

LgYZiC�aYh?cXcCc[]Yg&�giW?�Ug�h?Y�dfchcWcC�XYjYCcdYX�Vm�PUb[�UCgc�igYX�Zcf�h?Y�g]CjYf'

WUhUCmnYX� 8f#EKg'VUgYX� dfcXiWh]cb� cZ� ?YhYfcWmWCYg� Zfca� Uddfcdf]UhY� C]bYUf� Ua]bYg�

h?fci[?�U�b]hfYbY'XYdYbXYbh�aYW?Ub]ga&�?UjY� fYgiChYX� Zfca� h?Y]f� igY� ]b� WcaV]bUh]cb�

k]h?�hfUbg]h]cb�aYhUCg��=][ifY�+'+,�.+(���
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!
=][ifY� +'+,4� J]CjYf'WUhUCmnYX� b]hfYbY� [YbYfUh]cb� UbX� :'?� VcbX� ]bgYfh]cb�

ig]b[� C ]bYUf� Ua]bYg(� � IYdf]bhYX� �UXUdhYX��k]h?� dYfa]gg]cb� Zfca�PUb[&�D(5� Ji&� 9(5�

NUb[&�P(5�:?Yb&�B(5�A]Ub[&�O(5�Q?Ub[&�P('=(5�Q?Ub[&�O('J(5�:?Yb&�!(5�:?Yb[&�P(5�:Uc&�Q(5�

!ic&�H('P(5�NUb[&� C(5�J?]&� Q('A(&� J]CjYf'WUhUCmgYX� X]fYWh� Ua]bUh]cb� cZ� ibUWh]jUhYX�:'?�

VcbXg� cZ� ZibWh]cbUC]nYX� acCYWiCYg(� �DU�� 1QOO9P�� ,
+.&� )&� .1
1(� :cdmf][?h� �,
+.��

DUWa]CCUb�GiVC]g?Yfg�ChX(�

�

DcfY� fYWYbh�UXjUbWYg�Ug� fYdcfhYX�Vm�GcghCY�UbX�JhYd?Yb.,&� ?ckYjYf&� g?ck�YZZYWh]jY�

igY� cZ� h?YgY� fYU[Ybhg� hc� Zcfa� Ylch]W� b]hfc[Yb'WcbhU]b]b[� VcfUbYg� ibXYf� aYhUC'ZfYY�

WcbX]h]cbg��=][ifY�+'+-�(���
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!
=][ifY� +'+-4� LgY� cZ� 8f#EKg'VUgYX� gmghYag� Zcf� h?Y� gmbh?Yg]g� cZ� bcjYC�

VcfUbYg(� � IYdf]bhYX� �UXUdhYX�� k]h?� dYfa]gg]cb� Zfca� GcghCY&� J(5� JhYd?Ub&� ;(� N(&�

IYUWh]cbg�cZ�]cX]bY'b]hfYbY�fYU[Ybhg�k]h?�VcfUbYg(�2DNUQP�ASDPT��,
+/&�((��+
�&�..-0'

..-3(�:cdmf][?h��,
+/��K?Y�IcmUC�JcW]Yhm�cZ�:?Ya]ghfm(�

�

!
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+(0(,  =fca�Un]XYg�

� FbY� aYh?cX� cZ� WUfVYbY� [YbYfUh]cb� ]g� hc� [YbYfUhY� h?Ya� Vm� d?chcCmg]g� cZ�

UncUCBUbYg.-� UbX� X]Un]f]bYg..� UbX� ]bZYf� h?Y]f� dfYgYbWY� Ug� ]bhYfaYX]UhYg� cb� U�

d?YbcaYbcCc[]WUC�VUg]g�cf�ghiXm�h?Ya�]b�bcVCY�[Ug�aUhf]WYg(��C]BYk]gY&�h?Y�d?chcCmg]g�

cZ�Un]XYg� fYgiChg� ]b� h?Y� ZcfaUh]cb�cZ�b]hfYbY� ]bhYfaYX]UhYg(� ��UfCm� ghiX]Yg� ]bjcCjYX� h?Y�

d?chcCmg]g�cZ�?mXfUnc]W�UW]X��?E-��]b�bcVCY�[Ug�aUhf]WYg�hc�dfcXiWY�g]b[CYh�+E'?&�k?]W?�

kUg� ZcibX� hc� VY� UVCY� hc� ibXYf[c� h?Y� h?fYY� dfcWYggYg� WcaacbCm� UggcW]UhYX� k]h?�

b]hfYbc]X�gdYW]Yg4�]bgYfh]cb&�UVghfUWh]cb�UbX�fYCUlUh]cb�idcb�fYUWh]cb�k]h?�Yh?UbY&�k?]W?�

WciCX�VY�XYhYWhYX�ig]b[�gdYWhfcgWcd]W�aYh?cXg./(� �K?Y�gUaY�XcYg�bch�?cCX� Zcf�UCBmC'

Un]XYg&�k?]W?�X]X�bch�m]YCX�b]hfYbYg�idcb�d?chcCmg]g(��Ldcb�]ffUX]Uh]cb&�h?Ym�fYUffUb[Y�hc�

Zcfa�]a]bYg&�UbX�Xc�bch�]bgYfh�]bhc�W?Ya]WUC�VcbXg��=][ifY�+'+.��.0(!!!
!

!
=][ifY�+'+.4�IYUffUb[YaYbh�idcb�d?chcCmg]g�cZ�UCBmC�Un]XYg(�

�

#bghYUX&� h?Y� df]aUfm� dfcXiWhg� cZ� fYUWh]cb�kYfY� ZcibX� hc� VY� h?Y� fYgiCh� cZ� UCBmC&� UfmC� cf�

?mXfc[Yb�a][fUh]cb�UWWcadUb]YX�k]h?�h?Y�Ccgg�cZ�acCYWiCUf�b]hfc[Yb(��CUhYf�ghiX]Yg�Vm�

BmVU�UbX�8VfUacj]hW?.1�XYacbghfUhYX� h?Uh� h?YfY� ]g�bc�g][b]Z]WUbh�W?Ub[Y� ]b�a][fUhcfm�

dchYbh]UC�idcb�W?Ub[]b[�UCBmC�giVgh]hiYbhg�UbX�h?Uh�k?Yb�UCBmC�Un]XYg�VYUf]b[�UfcaUh]W�

giVgh]hiYbhg�kYfY�igYX&�bc�Un]f]X]bUh]cb�dfcXiWhg�kYfY�ZcfaYX��=][ifY�+'+/�(��
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�

�

K?YfY� UfY� cbCm� U� ZYk� ghiX]Yg.2� cb� UCBmC� Un]XYg� h?Uh� ?UjY� XYacbghfUhYX� dcgg]VCY�

]bjcCjYaYbh�cZ� b]hfYbYg� ]b� h?Y]f� d?chcW?Ya]ghfm(� �N?]CY�9UbBg� giWWYYXYX� ]b�cVhU]b]b[�

gaUCC� m]YCXg� cZ� ]bgYfh]cb� dfcXiWhg&� GUbWfUn]� ZU]CYX� hc� dfcjY� ?]g� UggYfh]cb� cZ� b]hfYbY�

]bjcCjYaYbh�UbX�cbCm�giWWYYXYX�]b�cVhU]b]b[�]a]bYg�ZcfaYX�Zfca�fYUffUb[YaYbh�cZ�h?Y�

dUfYbh�Un]XY�UWWcadUb]YX�k]h?�Ccgg�cZ�E,�]b�?]g�ghiX]Yg(��9]WmWC]W�gmghYag�XYf]jYX�Zfca�

Un]XcbcfVcfUbY� UbX� UXUaUbhUbYg.3� UCgc� dfcjYX� hc� VY� U� X]gUddc]bhaYbh&� CUWB]b[�

gdYW]Z]W]hm� UbX� dfcXiW]b[� cbCm� acXYfUhY� m]YCXg� cZ� b]hfYbY� ]bgYfh]cb� dfcXiWhg(� K?YgY�

UggYfh]cbg�kYfY�giddcfhYX�Vm��JI�UbX�aYUgifYaYbhg�]bX]WUh]b[�h?Y�dfYgYbWY�cZ�hf]dCYh�

b]hfYbYg� Ug� a]bcf� Vm'dfcXiWhg� Zfca� Ua]bcUXaUbhUbY� � ]b� [CUggm� a]lhifYg� Uh� Cck�

hYadYfUhifY&�k]h?�g][bUCg�Uh�2,+
�!�UbX�U�BCmghfcb�ZfYeiYbWm�cZ�3(-�!?n�]b�h?Y�O'VUbX�

fY[]cb(���

=][ifY�+'+/4�G?chc'fYUffUb[YaYbh�cZ�X]'giVgh] hihYX�XYf]jUh]jYg�cZ�,'

V]d?YbmCaYh?mC�Un]XY( �
�
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� 8� hfiCm�UWWYgg]VCY�gcifWY�cZ�UCBmC�b]hfYbYg�kUg�cbCm�X]gWcjYfYX�idcb�d?chcCmg]g�

YldYf]aYbhg� cZ� WUfVcbmC'WcbhU]b]b[� UCBmC� Un]XYg(� � � CYk]g� UbX� JUibXYfg� Z]fgh� UggYfhYX�

h?Uh�]b�h?Y�dfYgYbWY�cZ�U�d?chcgYbg]h]nYf&�YbYf[m�hfUbgZYf�Zfca�U�WUfVcbmC�hc�Un]XY�WciCX�

cWWif&� fYgiCh]b[� ]b� U� ebcb'gdYWhfcgWcd]W� hf]dCYhf� UbX� U� VYbX]b[� cZ� h?Y� Un]XY� Zfca� ]hg�

bcfaUC� +2
w� [YcaYhfm/
(� G?chcgYbg]h]nUh]cb� cZ� h?Y� hf]dCYh� BYhcbYg� ]b� y'VYbncmC'~'

Un]XcUCBUbYg�ghiX]YX�Vm�NU[bYf/+�UCCckYX�h?Y�X]gWcjYfm�h?Uh�hkc�WcadYh]b[�dfcWYggYg�

cWWiffYX� ]b� h?Y� d?chcCmg]g(� � K?Y� Z]fgh� kUg� γ−?mXfc[Yb� UVghfUWh]cb� []j]b[� aU]bCm�

UWYhcd?YbcbY� h?fci[?� U� fUX]WUC� XYWcadcg]h]cb� dfcWYgg� UbX� h?Y� gYWcbX� kUg� h?Y�

dfcXiWh]cb� cZ� U� hf]dCYh� b]hfYbY� XiY� hc� YbYf[m� hfUbgZYf� Zfca� h?Y� dfcl]aUC� WUfVcbmC&�

fYgiCh]b[�]b�E'?YhYfcWmWCYg�Zfca�b]hfYbY�]bgYfh]cb�Ug�aUAcf�dfcXiWhg��=][ifY�+'+0�(��

!
=][ifY�+'+04�K?Y�df]aUfm�dfcWYggYg� ]b� h?Y�d?chcW?Ya]ghfm�cZ�α'VYbncmC'ω'

Un]XcUCBYbYg(� �IYdf]bhYX��UXUdhYX��k]h?�dYfa]gg]cb� Zfca�NU[bYf&�G(�A(5�JW?YjY&�9(�

A(&�:cadYh]b[�hf]dCYh�fYUWh]cbg�]b�Un]XcBYhcbYg(�7���O��1KHO��#Q)��+313&������,�&�-12'

2-(�:cdmf][?h��+313��8aYf]WUb�:?Ya]WUC�JcW]Yhm(�



! 23!

;YacbghfUh]cb�cZ�h?Y�dfYgYbWY�cZ�b]hfYbYg�]b�h?YgY�gYbg]h]nYX�WUfVcbmC'VUgYX�gmghYag�

kUg� WcbZ]faYX� Vm� Dih?iBf]g?bUb/,� k?c� UCgc� cVhU]bYX� acghCm� α'WCYUjU[Y� CYUX]b[� hc�

VYbnUCXY?mXY�fUX]WUC�UbX�cbCm�gaUCC�m]YCXg�cZ�b]hfYbY�]bgYfh]cb�dfcXiWhg(���#b�UXX]h]cb&�]h�

kUg� g?ckb� h?Uh� Wcbh]biYX�d?chcCmg]g� cZ� h?Y� g]b[CYh� b]hfYbY� UCgc� YbXYX� ]b�α'WCYUjU[Y&�

dfcXiW]b[�VYbnUCXY?mXY�fUX]WUC�Ug�U�h?YfacXmbUa]W�a]b]aia�Zcf�h?Y�gmghYa��=][ifY�+'

+1�(�

!
=][ifY� +'+14� :cadYh]h ]jY� dfcWYggYg� idcb� d?chcCmg]g� cZ� WUfVcbmC'

WcbhU]b]b[�Un]XYg/,(� �IYdf]bhYX��UXUdhYX��k]h?�dYfa]gg]cb�Zfca��Dih?iBf]g?bUb&�J(5�

DUbXYC&� J(� D(5� ?UWBYhh&� A(� :(5� J]b[?&� G(� E(� ;(5� ?UXUX&� :(� D(5� BfUigY&� A(� 8(5�

!iXaibXgXchh]f&� 8(� ;(&� :cadYh]h]cb� VYhkYYb� y':CYUjU[Y� UbX� �bYf[m� KfUbgZYf� ]b� y'

8n]XcUWYhcd?YbcbYg(� 7�� �SJ�� 1KHO�� ,

1&� �	� �2�&� ,1/1',102(� :cdmf][?h� �,

1��

8aYf]WUb�:?Ya]WUC�JcW]Yhm(�

�

�
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J]b[?� UbX� Wc'kcfBYfg/-� WUCWiCUhYX� h?Y� C]ZYh]aYg� cZ� h?Y� b]hfYbYg� [YbYfUhYX� Zfca�

WUfVcbmCUn]XYg�hc�VY�cb�h?Y�a]CC]gYWcbX�h]aYgWUCY(��K?YgY�gdYW]Yg�UfY�acgh�C]BYCm�hf]dCYh�

b]hfYbYg&�VUgYX�cb�h?Y�X]fYWh�cVgYfjUh]cb�cZ�-EDY�Zfca�h?YgY�gmghYag�ig]b[�YCYWhfcb]W�

UVgcfdh]cb� gdYWhfcgWcdm/.(� � K?Y� ZU]CifY� hc� XYhYWh� h?Y� g]b[CYh'ghUhY� Vm� h?Y� gUaY�

aYh?cXg//�giddcfhYX�Vm�WUCWiCUh]cbg� h?Uh�gi[[Ygh�WcbjYfg]cb�cZ� +EDY�hc�E?6:?,�]g�U�

fUh?Yf�Ylch?Yfa]W�dfcWYgg��h?�6�'2-BWUC)acC��UbX�h?Uh�h?Y�]bhYf'WcbjYfg]cb�VUff]Yf�Zfca�

g]b[CYh� hc� hf]dCYh� C]Yg� ]b� h?Y� fUb[Y� 
(/� b� -(2� BWUC)acC� Zfca� ]bXYdYbXYbh� gcifWYg/0&�

gi[[Yghg� h?Uh� h?YgY� WcadcibXg� UfY� dfYXca]bUbhCm� ]b� h?Y� hf]dCYh� ghUhY� ibXYf� bcfaUC�

WcbX]h]cbg(� � Kc� UgWYfhU]b� h?Y� YZZYWh&� ]Z� Ubm&� cZ� ibgUhifUh]cb� ]b� h?Y� d?chcCmg]g� cZ� UCBmC�

Un]XYg&� g]a]CUf� YldYf]aYbhg� kYfY� dYfZcfaYX/1� cb� j]bmC� Un]XYg(� � J]a]CUf� WcbWCig]cbg&�

XYgd]hY� h?Y� ZcfaUh]cb� cZ� a]bihY� m]YCXg� cZ� Un]f]X]bY'VUgYX� dfcXiWhg&� kYfY� fYUW?YX(��

8WWcfX]b[Cm&� g]adCY� UCBmC� Un]XYg&� Ug]XY� Zfca� ?][?Cm� ZCicf]bUhYX� UbX� d?chcgYbg]h]nYX�

XYf]jUh]jYg�UfY�bch�g][b]Z]WUbh�gcifWYg�cZ�UCBmC�b]hfYbYg(�

� K?Y�d?chcW?Ya]ghfm�cZ�d?YbmC�Un]XY�?Ug�UCgc�VYYb�YlhYbg]jYCm�ghiX]YX/2��=][ifY�

+'+2�(���
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!
=][ifY�+'+24�G?chcXYWcadcg]h ]cb�dUh?kUmg�cZ�d?YbmC�Un]XY(�

#h�?Ug�VYYb�YlUa]bYX�h?YcfYh]WUCCm�UbX�ig]b[�h]aY'fYgcCjYX�gdYWhfcgWcd]W�hYW?b]eiYg+0V&�

+1U&� /3(� � =YahcgYWcbX'gWUCY� ghiX]Yg� cZ� UfmCUn]XYg� UbX� h?Y]f� d?chcW?Ya]WUC� UbX� d?chc'

d?mg]WUC�dfcdYfh]Yg�?UjY�VYYb�XYhU]CYX0
�UCcb[�h?Y�dfcWYggYg�Vm�k?]W?�b]hfYbYg�XYf]jYX�

Zfca�h?YgY�Un]XYg�XYWUm�UbX�fYUWh(� �:cbgYeiYbhCm&� h?Y�BbckCYX[Y�cZ� h?Y�W?Ya]ghfm�cZ�
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d?YbmCb]hfYbY� ?Ug� ]bWfYX]VCY� VfYUXh?(� � LbZcfhibUhYCm&� d?chcCmg]g� cZ� acgh� UfmC� Un]XYg�

CYUXg� hc� h?Y� ZcfaUh]cb� cZ� VCUWB� hUfg� UbX� gYCXca� m]YCXg� X]U[bcgh]W� ]bgYfh]cb� dfcXiWhg(��

;Ygd]hY� h?]g� gYhVUWB&� h?YfY� UfY� U� ZYk� fYdcfhg� cZ� igYZiC� d?chcCmg]g� fYUWh]cbg� cZ� UfmC�

Un]XYg(� EchUVCm&� ghiX]Yg0+� Vm� h?Y� ?i]g[Yb� [fcid� UbX� h?Yb� CUhYf� Vm� ;cYf]b[0,� g?ck�

UnYd]bYg�VY]b[�aUXY�Zfca�h?Y�d?chcCmg]g�cZ�d?YbmC�Un]XY�hc�g]b[CYh�d?YbmCb]hfYbY�]b�h?Y�

dfYgYbWY�cZ�df]aUfm�Ua]bYg(��Fh?Yf�ghiX]Yg�?UjY�g?ckb�X]Cih]cb�cZ�d?YbmCb]hfYbY�]b�bcb'

biWCYcd?]C]W� gcCjYbhg� dfcXiWYg� aU]bCm� UncVYbnYbY&� XiY� hc� giddfYgg]cb� cZ�

dcCmaYf]nUh]cb� hc� ]bhfUWhUVCY� hUfg0-(� � #bhYfdfYhUh]cb� cZ� h?]g� VY?Uj]cif� ]g� h?Uh&� Uh� CckYf�

WcbWYbhfUh]cbg&�h?Y�fUhY�cZ�dcCmaYf]nUh]cb�]g�gCckYX�UbX�h?ig�WcbjYfg]cb�Zfca�g]b[CYh�hc�

hf]dCYh�d?YbmCb]hfYbY�WUb�WcadYhY�UCCck]b[�giVgYeiYbh�X]aYf]nUh]cb(��K?Y�fYUWh]cb�k]h?�

clm[Yb� ?Ug� VYYb� g?ckb� hc� YjYbhiUCCm� dfcXiWY� h?Y� UbUCc[cig� bb]hfc� UbX� 'b]hfcgc�

WcadcibXg&�YjYb�Uh�?][?�X]Cih]cb0.(� � #ffUX]Uh]cb�?Ug�UCgc�VYYb�YlUa]bYX0/&�k]h?� Ccb[Yf�

YldcgifY� h]aYg� WUig]b[� h?Y� ZcfaUh]cb� cZ� U� BYhUa]bY� Zfca� ]bgYfh]cb(� � K?]g� ibghUVCY�

dfcXiWh� ]g� h?Yb� UVCY� hc� fYUWh� k]h?� biWCYcd?]CYg� hc� dfcXiWY� h?Y� WcffYgdcbX]b[� -?'

UnYd]bY(� � K?Y� BYhUa]bY� Ug� kYCC� Ug� hf]dCYh� d?YbmCb]hfYbY� kYfY� ]bX]j]XiUCCm� WcbZ]faYX�

XYdYbXYbh�cb� h?Y�kUjYCYb[h?�cZ� C][?h�igYX� Zcf� h?Y�d?chcCmg]g�Vm� Cck'hYadYfUhifY� +-:'

EDI00(��K?Ym�Yl?]V]hYX�YlhfYaYCm�Ccb[�C]ZYh]aYg�cZ�-,�a]bihYg�UbX�1/�XUmg&�fYgdYWh]jYCm�

Uh� +3.� B(� � K?]g� fYgiCh&� WcidCYX� k]h?� kcfB� Vm� ;ibB]b01&� WcbZ]fa� h?Y� d?chcCmg]g� cZ�

d?YbmCUn]XY�WUb�VY�aUXY�hc�[YbYfUhY�hf]dCYh�b]hfYbYg�YlWCig]jYCm&�fYgiCh]b[�]b�?][?�m]YCXg�

cZ� hf]dCYh'VUgYX� dfcXiWhg(� � � K?Y� d?chc'XYdYbXYbWY� cZ� h?Y� fYUWh]cb� dUh?kUm� Uh� Cck�

hYadYfUhifY� ]g� giW?� h?Uh� ?][?Yf� YbYf[m� kUjYCYb[h?g� fYgiCh� ]b� dfYXca]bUbhCm� g]b[CYh�

b]hfYbY�gdYW]Yg�k?]CY�CckYf�YbYf[m�C][?h�dfcachYg�hf]dCYh�gdYW]Yg(��8h�fcca�hYadYfUhifY&�

h?Y�g]b[CYh�ghUhY�dfYXca]bUhYg�UbX�X]aYf]nUh]cb�dfcXiWhg�UfY�fUfY(��

�

�

�
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+(0(-  IYUffUb[YaYbhg�]bjcCj]b[�b]hfYbY�]bhYfaYX]UhYg�

� 8� jYfm� igYZiC� aYh?cX� hc� WcbhfcC� h?Y� fYUWh]jY� bUhifY� cZ� b]hfYbYg� ]g� hc� [YbYfUhY�

h?Ya� ]b� U� gdYW]Z]W� acCYWiCUf� WcbhYlh� UbX� ih]C]nY� h?Y]f� fYUWh]j]hm� hc� [YbYfUhY� gdYW]Z]W�

fYUWh]cb�dfcXiWhg(� �FbY�k]XYCm�igYX�aYh?cX� hc�UW?]YjY� h?]g� ]g� h?fci[?�fYUffUb[YaYbh�
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ZUWh&�:ifh]ig�?]agYCZ�UWBbckCYX[YX� h?Y� fYUWh]j]hm�cZ�?]g�Un]XYg� ]b� h?Y�dfYgYbWY�cZ�UW]X�

WUhUCmghg�UbX�bchYX�h?Uh�g]a]CUf�XYWcadcg]h]cb�hc�d?chcCmg]g�cWWiffYX(��8g�k]h?�h?Y�ch?Yf�

fYUffUb[YaYbhg� cZ� ]hg� hmdY&� h?Y� ]gcWmUbUhY� ]g� h?ci[?h� hc� cf][]bUhY� Zfca� U� b]hfYbc]X�

gdYW]Yg��=][ifY�+',/�(�
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8iVt&�UCcb[�k]h?�h?Y�?cZaUbb&�:ifh]ig�UbX�CcggYb�fYUffUb[YaYbhg03(��8�acfY�gdYW]Z]W�

fYj]Yk�cZ�h?Y�fYUWh]cb�ibXYf�n]bW�WUhUCmg]g�kUg�XcbY�Vm�!cbnsCYn21(��K?Y�UWWYgg]V]C]hm�cZ�

h?Y� Un]XY� dfYWifgcfg� UbX� UW]X� WUhUCmghg� aUBY� h?]g� Ub� UhhfUWh]jY� aYh?cX� cZ� YCYWhfcb'

XYZ]W]Ybh� b]hfc[Yb� [YbYfUh]cb&� ?ckYjYf5� h?Y]f� hcl]W]hm� aUBYg� Ujc]X]b[� h?Y� igY� cZ� h?]g�

aYh?cX�XYg]fUVCY(���8g�]b�h?Y�WUgY�cZ�h?Y�ch?Yf�fYUffUb[YaYbh�fYUWh]cbg�YlUa]bYX�?YfY&�

h?Y�JW?a]Xh�fYUWh]cb&�k?Yb�YadCcmYX&�]g�df]aUf]Cm�igYX�]b�acXYfb�gmbh?Yh]W�gW?YaYg�hc�

dfcXiWY� Ua]bYg� UbX� E'?YhYfcWmWCYg(� JdYW]Z]WUCCm&� XYjYCcdaYbhg� ]b� JW?a]Xh� fYUWh]cb�

W?Ya]ghfm� UfY� WcbWYbhfUhYX� ]b� h?Y� V]caUhYf]UCg� UbX� d?UfaUWYih]WUC� ]bXighf]Yg&� k]h?�

YZZcfhg�hc�aUBY�aYX]W]bUCCm�]adcfhUbh�acCYWiCYg�UWWcibh]b[�Zcf�acgh�cZ�]hg�igY(�8�fYWYbh�

YlUadCY� cZ� giW?� kcfB� ]bWCiXYg� h?Y� fYUWh]cbg� Vm� NUb[� hc� dfcXiWY� dmffcC]n]bY� Vm�
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Vm�UCBYbYg�cf�UCBmbYg22(�
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Ub� ]adcfhUbh� WCUgg� cZ� WcadcibXg� XiY� hc� h?Y]f� Wcbg]XYfUVCY� dfYgYbWY� Uh� h?Y� WcfY� cZ�

aUbm�aYX]W]bUCCm�UbX�V]cCc[]WUCCm�]adcfhUbh�acCYWiCYg�UbX�UCBUCc]Xg��=][ifY�+',1�23(�
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�

N?]CY� igYZiC&� h?Y� UVcjY� fYUWh]cb� ]g� gh]CC� aYW?Ub]gh]WUCCm� UaV][icig(� � #h� ]g� h?ci[?h� hc�

dfcWYYX�Vm�cbY�cZ� hkc�dcgg]VCY� fcihYg(� �LV]ei]hcig� hc�Vch?� ]g�UhhUWB�cZ� h?Y�?mXfUnc]W�

UW]X��E-?��cb�h?Y�giVghfUhY�hc�[]jY�Ub�UCWc?cC]W�]bhYfaYX]UhY(��K?]g�]bhYfaYX]UhY�]g�h?Yb�

h?ci[?h� hc� fYUWh� Vm� XY?mXfUh]cb� ]b� cbY� cZ� hkc� kUmg5� Y]h?Yf� Vm� Ccg]b[� b]hfc[Yb� UbX�

fYUWh]b[� WLD� U� =f]YXYC':fUZhg� dfcWYgg� cf&� UChYfbUh]jYCm&� Vm� UCBmC� a][fUh]cb� hc� Zcfa� U�

WUh]cb]W� b]hf]CY&� k?]W?� h?Yb� WcbXYbgYg� k]h?� h?Y� UfmC� f]b[� Vm� YCYWhfcd?]C]W� WmWC]nUh]cb�

�=][ifY�+',2�(��!]jYb�h?Y�UVgYbWY�cZ�U�CYk]g�UW]X�WUhUCmgh&�U�acfY�C]BYCm�YldCUbUh]cb�Zcf�

h?Y�Z]fgh�fYUWh]cb�dUh?kUm�]g�h?Y�ZcfaUh]cb�cZ�U�hf]dCYh�b]hfYbY&�k?]W?�ibXYf[cYg�:'?�VcbX�

]bgYfh]cb&�Vih�Zifh?Yf�ghiXm�cZ�h?Y�JW?a]Xh�fYUWh]cb�k]CC�bYYX�hc�VY�XcbY�hc�WcbWCig]jYCm�

]XYbh]Zm�UCC�cZ�]hg�BYm�]bhYfaYX]UhYg(�
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JW?a]Xh�fYUWh]cb(�
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+(0(.  IYUWh]j]hm�cZ�b]hfYbY�]bhYfaYX]UhYg�

E]hfc[Yb�?Ug�Ub�YCYWhfcbY[Uh]j]hm�fUh]b[�cZ�-(
.�cb�h?Y�GUiC]b[�gWUCY3
&�aUB]b[�]h�cbY�cZ�

h?Y� acgh� YCYWhfcbY[Uh]jY� YCYaYbhg� gifdUggYX� cbCm� Vm� clm[Yb&� ZCicf]bY� UbX� W?Ccf]bY(��



! 37!

:cbgYeiYbhCm&�cbWY�]h�]g�aUXY�YCYWhfcb'XYZ]W]Ybh�]h�VYWcaYg�U�dchYbh�YCYWhfcd?]CY(��C]BY�

h?Y�WUfVYbYg&�b]hfYbYg�fYUWh�k]h?�YjYb� h?Y�acgh�W?Ya]WUCCm� ]bYfh�gcifWYg�cZ�YCYWhfcbg(��

K?Y]f�[YbYfUh]cb&�h?YfYZcfY&�aigh�VY�WUff]YX�cih�LP�TLU9�]b�h?Y�dfYgYbWY�cZ�cbCm�h?Y�ch?Yf�

fYUWhUbhg� bYWYggUfm� hc� aUBY� igY� cZ� h?Ya� Zfca� U� gmbh?Yh]W� ghUbXdc]bh� UbX� h?Y]f�

]bjcCjYaYbh�]b�W?Ya]WUC�fYUWh]cbg�]bZYffYX�cb�U�d?YbcaYbcCc[]WUC�VUg]g�Vm�h?Y�dfcXiWhg�

cVhU]bYX� k?Yb� iChfUZUgh� gdYWhfcgWcd]W� aYh?cXg� UfY� ibUjU]CUVCY(� � 8b� cjYfj]Yk� cZ� h?Y�

aU]b�hmdYg�cZ�W?Ya]ghfm�h?Uh�h?YgY�hmdYg�cZ�fYUWh]jY�]bhYfaYX]UhYg�Yb[U[Y�]b�]g�h?YfYZcfY�

YggYbh]UC(� � K?Y� ]gcYCYWhfcb]W� b]hfc[Yb� UbUCc[iYg� hc� h?Y� WUfVYbYg� ibXYf[c� UbUCc[cig�

W?Ya]ghfm&�h?Uh�]g&�h?Ym�hYbX�hc�dfcachY�acCYWiCUf�fYUffUb[YaYbhg�cf�UfY�df]aUf]Cm�igYX�

Ug� U� b]hfc[Yb� gcifWY� h?Uh� ]g� fYUX]Cm� UVCY� hc� ]bgYfh� ]bhc� UCC�aUbbYf� cZ� W?Ya]WUC� VcbXg(��

K?Ym�UfY�YjYb�fYUWh]jY�hckUfXg�h?Y�XYUWh]jUhYX�:'?�VcbXg�cZ�UfcaUh]W�f]b[g�UbX�h?Y]f�

igY�]b�h?Y�XY'ZibWh]cbUC]nUh]cb�cZ�UCBYbYg&�WUgWUXY�fYUWh]cbg�Zcf�h?Y�ZcfaUh]cb�cZ�bUhifUC�

dfcXiWhg� UbX� h?Y]f� igY� ]b� h?Y� gmbh?Yg]g� cZ� g]adCY� E'?YhYfcWmWCYg� ?Ug� fYWYbhCm� VYYb�

fYj]YkYX��=][ifY�+',3�3+(��8g�h?]g�W?Ya]ghfm�]g�gh]CC�]b�]hg�]bZUbWm�WcadUfYX�hc�h?Uh�cZ�h?Y�

WUfVYbYg&�bYk�igYg�UbX�bcjYC�fYUWh]cbg�UfY�Wcbh]biUCCm�YaYf[]b[(�������
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+(0(/  :UhUCmnYX�8n]f]X]bUh]cb�IYUWh]cbg�
�

� IYCYjUbh� W?Ya]ghfm� cZ� b]hfYbYg� ]b� UfcaUh]W� ZfUaYkcfBg� ]bWCiXYg�Un]f]X]bUh]cb�cZ�

UCBYbYg(� � K?YgY� WmWC]nUh]cbg� ?UjY� VYYb� kYCC� ghiX]YX� UbX� h?Y]f� W?Ya]ghfm� ?Ug� VYYb�

fYj]YkYX� Vm� JkYYbYm3,(� � EYjYfh?YCYgg&� aiCh]dCY� igYg� Zcf� b]hfYbYg� ]b� Un]f]X]bUh]cb�

W?Ya]ghfm� ?UjY� YaYf[YX� g]bWY� UbX� WcadihUh]cbUC� aYh?cXg� UfY� VY]b[� YadCcmYX� hc�

ibWcjYf�YjYb�acfY�Ylch]W�UCBYbY'VUgYX�giVghfUhYg�C]BY�h?Y�:�+

��gifZUWY�cZ�X]UacbX3-�

Zcf� giW?� fYUWh]cbg(� � K?Y� aYW?Ub]ga� Zcf� b]hfYbY� ]bgYfh]cb� ?Ug� UCgc� VYYb� ghiX]YX�

WcadihUh]cbUCCm� Zcf�Vch?�g]b[CYh�UbX�hf]dCYh�ghUhYg3,&�3.(� �8g� ]b�WUfVYbY�W?Ya]ghfm&� hf]dCYh�

UbX� g]b[CYh� b]hfYbYg� WUb� VY� X]ZZYfYbh]UhYX� Vm� h?Y� aYh?cX� k]h?� k?]W?� h?Ym� fYUWh� k]h?�

UCBYbYg�hc�Zcfa�Un]f]X]bYg��=][ifY�+'-
�(�

!
=][ifY� +'-
4� DYW?Ub]gag� cZ� fYUWh]cbg� cZ� g]b[CYh� UbX� hf]dCYh� b]hfYbYg� k]h?�

UCBYbYg(�
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Kf]dCYh'ghUhY� b]hfYbYg� ibXYf[c� fYUWh]cb� h?fci[?� ghYdk]gY� U� X]'fUX]WUC� aYW?Ub]ga&�

UCCck]b[�Zcf�VcbX�fchUh]cb�]b�h?Y�hfUbg]h]cb�ghUhY�cZ�h?Y�ghUfh]b[�UCBYbY(��K?]g�WUb�fYgiCh�]b�

fUWYa]nUh]cb�UbX�CYUXg�]bjUf]UVCm�hc�U�a]lhifY�cZ�dfcXiWhg(��:cbjYfgYCm&�g]b[CYh�b]hfYbYg&�

k?]CY� VY]b[� acfY� X]ZZ]WiCh� hc� [YbYfUhY&� UfY� WcbgiaYX� ]b� U� WcbWYfhYX� aYW?Ub]ga� Vm�

UCBYbYg&�[]j]b[�ghYfYcgdYW]Z]W�fYUWh]cb�dfcXiWhg(��K?]g�aYW?Ub]gh]W�]bg][?h�UCCckg�Zcf�h?Y�

aU]bhYbUbWY� cZ� ghYfYc'WcbhfcC� ]b� h?YgY� Un]f]X]bUh]cbg&� XYdYbX]b[� cb� h?Y� XYg]fYX�

gmbh?Yh]W�cihWcaY(�

� ;iY� hc� h?Y� CUWB� cZ� ghYfYc'WcbhfcC� h?Uh� hYbXg� hc� fYgiCh� Zfca� h?Y� igY� cZ� hf]dCYh�

b]hfYbYg�ZcfaYX�h?fci[?�h?Y�d?chcCmg]g�cZ�Un]XYg&�aYh?cXg�cZ�Yb?UbW]b[�ghYfYc'WcbhfcC�

?UjY�[U]bYX�]adYhig�]b�h?Y�C]hYfUhifY(��FbY�aYh?cX�hc�YbgifY�ghYfYc'gYCYWh]j]hm�]g�hc�igY�

UfcaUh]W�giVghfUhYg(�K?YgY�WcadUfUh]jYCm�f][]X�ghfiWhifYg�Xc�bch�UCCck�h?Y�VcbX�fchUh]cb�

fYei]fYX�hc�[YbYfUhY�ghYfYc]gcaYfg&�UCCck]b[�Zcf�h?Y�igY�cZ�fYU[Ybhg�h?Uh�[YbYfUhY�hf]dCYh�

b]hfYbYg(��IUaUgiaXUfUa�UbX�Wc'kcfBYfg3/�?UjY�ih]C]nYX�ZiCCYfYbYg�UbX�hYfa]bUC�Un]Xc'

VUgYX� WUhYW?cCg� Zcf� h?Y� gmbh?Yg]g� cZ� d?chc'WUhUCmghg(� � LgY� cZ� b]hfYbYg� hc� ]bhfcXiWY�

b]hfc[Yb� ]bhc� h?YgY�UfcaUh]W� ZfUaYkcfBg� ]adUfhYX�j]g]VCY� C][?h�UVgcfdh]cb�dfcdYfh]Yg� hc�

h?Y�WUhUCmghg(��JhiX]Yg�cb�h?Y�W?Ya]ghfm�cZ�giW?�Un]f]X]bUh]cb�dfcXiWhg�cZ�ZiCCYfYbYg�UfY�

bck�ghUfh]b[�hc�YaYf[Y30��=][ifY�+'-+�(����
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=][ifY� +'-+4� CYk]g� VUgY'WUhUCmnYX� f]b[� YldUbg]cb� cZ� Un]f]X]bcZiCCYfYbYg�

�+��k]h?�?YhYfcWiaiCYbYg30(��IYdf]bhYX��UXUdhYX��k]h?�dYfa]gg]cb�Zfca�KUBYXU&�P(5�

BUkU]&� ?(5� D]bUBUhU&� J(&� G:m-':UhUCmnYX� I]b[� �ldUbg]cb� cZ� 8n]f]X]bcZiCCYfYbYg� k]h?�

:F,�UbX�8fmC� #gcWmUbUhYg4��j]XYbWY� Zcf�U�Kkc�:cbgYWih]jY�EiWCYcd?]C]W�JiVgh]hih]cb�

GUh?kUm�cb�h?Y�=iCCYfYbY�:U[Y(�1KHO��39S��7��,
+-&��-��.
�&�+-.13'+-.2-(�:cdmf][?h�

�,
+-��N]CYm'M:?�MYfCU[�!aV?���:c(�B!U8&�NY]b?Y]a(�

�

� #b� U� g]a]CUf� gifZUWY� acX]Z]WUh]cb&� JYfj]b]g� HU�� DN(31� igYX� b]hfYbYg� XYf]jYX� Zfca�

Un]XYg� hc� ZibWh]cbUC]nY� WUfVcb� Z]VfYg&� UbX� XYacbghfUhYX� Ub� ]bWfYUgY� ]b� Zf]Wh]cb�

WcYZZ]W]Ybh�idcb�b]hfYbY�UXX]h]cb(�:UhUCmh]W�Un]f]X]bUh]cbg�cb�h?Y�gifZUWY�cZ�bUbcdUfh]WCYg�

?UjY� UCgc� ghUfhYX� hc� UddYUf� ]b� h?Y� C]hYfUhifY32�k]h?� ghYfYcgdYW]Z]W]hm� VY]b[�aU]bhU]bYX&�

]bX]WUh]jY� cZ� U� g]b[CYh� b]hfYbY� hfUbgZYf� fYUWh]cb&� k?Yb� n]bW� dYfcl]XY� bUbcdUfh]WCYg� UfY�

igYX(��8n]f]X]bYg�dfcXiWYX�]b�h?]g�aUbbYf�UfY�UCfYUXm�gYY]b[�UddC]WUV]C]hm�]b�CUf[Y'gWUCY�

aUhYf]UCg� W?Ya]ghfm33� hc� ]bhfcXiWY� jUf]cig� dfcdYfh]Yg� cbhc� gifZUWYg� WLD� WcUh]b[g� cZ�

Un]f]X]bY'WcbhU]b]b[�[fcidg�aUXY�Zfca�b]hfYbY'UCBYbY�WcidC]b[�dfcWYggYg(���

8bch?Yf�aYh?cX�cZ�fYghf]Wh]b[�ghYfYc'jUf]UV]C]hm� ]g�Vm�XYjYCcd]b[�aYhUCC]W�b]hfYbY'

hfUbgZYf� fYU[Ybhg� k]h?� gdYW]Z]W� fYUWh]j]hm� UbX� ?YbWY� ]bWfYUgYX� ghYfYcgdYW]Z]W]hm(��
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KfUbg]h]cb'aYhUC�WUhUCmg]g�Zcf�b]hfYbY�hfUbgZYf�Zfca�8f#EKg�?Ug�VYWcaY�Ub�]adcfhUbh�dUfh�

cZ� acXYfb� W?Ya]ghfm� Zcf� h?Y� ]bWcfdcfUh]cb� cZ� b]hfc[Yb� ]bhc� UCC� aUbbYf� cZ� acCYWiCUf�

UfW?]hYWhifYg(��Dcgh�cZ�h?Y�WUhUCmghg�WiffYbhCm�VY]b[�dfcXiWYX�UfY�VUgYX�cb�h?Y�[fcid�O#�

cf�[fcid�M###�aYhUCg�k]h?�WcddYf&� ]fcb&�fih?Yb]ia�UbX�g]CjYf�VY]b[�h?Y�aYhUC�WYbhYfg�cZ�

W?c]WY(� � �jUbg� ]bhfcXiWYX� cf[UbcaYhUCC]W� WUhUCmg]g� h?fci[?� h?Y� igY� cZ� Cck'jUCYbh�

WcddYf'WUhUCmnYX�Un]f]X]bUh]cb�ig]b[�8f#EKg��=][ifY�+'-,�+

(���
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ghiXm� cZ� ]hg� aYW?Ub]ga� Vm� C]� UbX� Wc'kcfBYfg� �=][ifY� +'--�+
+(� � K?Ym� ghiX]YX� h?Y�

eiYgh]cb� cZ� U� WcjUCYbhCm� UhhUW?YX� b]hfYbY� hfUbgZYf� ]bhYfaYX]UhY� jYfgig� Ub� UbUCc[cig�

fYXcl'VUgYX� aYW?Ub]ga� ]b� h?Y� dfYgYbWY� cZ� WcddYf� WUhUCmgh(� � Fk]b[� hc� fYhYbh]cb� cZ�

ghYfYcW?Ya]ghfm� VUgYX� cb� h?Y�  YY� cZ� h?Y� X]']a]bY� giddcfh]b[� C][UbX&� h?Ym� cVhU]bYX�

g]a]CUf� jUCiYg� Zcf� fYUWh]cbg� cZ� b]hfYbYg� XYf]jYX� Zfca� Y]h?Yf� 8f#EKg� cf� Un]XY'VUgYX�

gmghYag(� � K?Y� Uih?cfg� UXa]h&� ?ckYjYf&� h?Uh� h?]g� ]g� UbcaUCcig� UbX� aUm� VY� U� fYgiCh�
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Tf� jXBB� Tf� CTal� bg[Xe� cebWhVgf%� ab� fgehVgheTB� XBhV?WTg?ba� bY� g[?f� ?CcbegTag� V[XC?VTB�

geTafYbeCTg?ba�jTf�TiT?BTUBX'� �:[TcgXe�,�cebi?WXf�fhV[�T� fgehVgheTB� XBhV?WTg?ba�bY� g[X�

geTafYbeCTg?ba�bY�aba	ahVBXbc[?B?V%�Vba]hZTgXW�TC?aXf�?agb�g[X?e�heXT�TaTBbZhXf�Tf�jXBB�

Tf� cebi?WXf� T� Vbai?aV?aZ� TeZhCXag� Ybe� g[X� ?aibBiXCXag� T� a?geXaX� TBbaZ� g[X� eXTVg?ba�

cTg[jTl�bY� g[X�"bYCTaa�eXTeeTaZXCXag� ?a�Zb?aZ� YebC�T�*%*	W?TelB�heXT� gb�T�*%*	W?TelB�

[lWeTm?aX'� � >Tf	c[TfX� WXaf?gl� YhaVg?baTB� g[Xbel� ?f� hfXW� gb� fhccbeg� g[X� XkcXe?CXagTB�

WTgT�Ul�cebi?W?aZ�T�CbWXB�Ybe�ZXbCXge?V�V[TaZXf�g[Tg�bVVhe�Whe?aZ�g[X�eXTeeTaZXCXag�gb�

fhccbeg� g[X� ?aibBiXCXag� bY� Ta� XBXVgeba	WXY?V?Xag� a?gebZXa� ?agXeCXW?TgX'� K[X� V[b?VX� bY�

UTf?f� fXg� TaW� BXiXB� bY� ;=K� g[Xbel� XCcBblXW� [XeX� ?f� UTfXW� ba� cTfg� XkcXe?XaVX� j?g[�
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VTBVhBTg?baf� Ybe� eXBTgXW� a?gebZXa� fcXV?Xf� j?g[� ahCXebhf� BbaX� cT?ef'� #a� ZXaXeTB� g[?f�

g[XbeXg?VTB�CbWXB�[Tf�XkVXBBXag�ceXW?Vgf�bY�ZebhaW�fgTgX�VbaY?ZheTg?baf�TaW�i?UeTg?baTB�

XaXeZl�BXiXBf�Ybe�eXBTgXW�VbCcbhaWf'�8Bg[bhZ[�g[X�fcXV?Y?V�CXge?V�cTeTCXgXef�CTl�iXel�

jXBB�UX�WXcXaWXag�ba�UTf?f�fXg%�TaW�g[X�YhaVg?baTBf�XCcBblXW%�g[X�VbageTfgf�CTWX�j?g[�

XkcXe?CXagTB�WTgT�TeX�?agXaWXW�gb�eXVbaY?eC�g[X?e�hg?B?gl�Ybe�g[X�ceXW?Vg?baf�CTWX�Ybe�g[?f�

VBTff� bY� VbCcbhaWf� Tf�jXBB'�N?g[� g[XfX� YXTgheXf� VbaY?eCXW� Ybe� g[X� ZebhaW� fgTgXf�jX�

[TiX�XfgTUB?f[XW�g[X?e�hg?B?gl�Ybe�ceXW?Vg?aZ�?agXeCXW?TgXf%�geTaf?g?ba�fgTgXf%�TaW�eXTVg?ba�

cTg[jTlf'��

�

�

�

K[X� jbeA� ?a� g[?f� V[TcgXe� jTf� be?Z?aTBBl� chUB?f[XW� ?a� g[X� �BMBEJBM� 6NSPMB.� NG�

�IFLJQRP9�TaW�?f�eXcebWhVXW�YebC3�

�

:[XelB� ;'� 9T?a%� AhB?T� D'� 9TlaX%� ;'� JVbgg� 9b[BX%� #Ta� J'� 9hgBXe� TaW� AbuB� Gb?ffba%������������

�_Jlag[Xf?f�bY�IXWhVg?ba	JXaf?g?iX�*%*	;?TelB[lWeTm?aXf�YebC�*%*	;?TelBTC?aXf��BM��

6���IFL�%�2+��+)*-�%�2)-'�

�

�

�

�

�
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,'+  #agebWhVg?ba�

8Bg[bhZ[�*%*	W?TelB[lWeTm?aXf�[TiX�cebiXa�hfXYhB�?a�CXW?V?aTB�V[XC?fgel*�TaW�?a�

g[X�VTgTBlf?f�bY�[lWeb[lWeTm?aTg?ba�eXTVg?baf%+�g[X?e�flag[XfXf,�bYgXa�eXdh?eX�T�gjb	fgXc�

a?gebfTg?ba(eXWhVg?ba�bY�T�W?TelBTC?aX��JV[XCX�,	*�'��

�

�

JV[XCX� ,	*3� 8C?aTg?ba� Ul� g[X� eXWhVg?iX� a?geTg?ba� fXdhXaVX� bY� *%*	

W?TelBTC?aXf'�

�

DTal�cbff?UBX�TC?aXf%�Ybe�XkTCcBX�g[bfX�VbagT?a?aZ�a?geb�be�VTeUbklB�fhUfg?ghXagf%�TeX�

abg� VbCcTg?UBX�j?g[� g[XfX� eXWhVg?iX� VbaW?g?baf� TaW� g[X� ?agXeCXW?Tel� a?gebfTC?aXf� TeX�

bYgXa�cbgXag�VTeV?abZXaf'�#a�TWW?g?ba�gb�g[XfX�B?C?gTg?baf%�*%*	W?TelBTC?aXf�bYgXa�VTaabg�

UX� geTafYbeCXW� gb�[lWeTm?aXf�Ul� g[?f�CXg[bW�WhX� gb� g[X�VBXTiTZX�bY� g[X�jXTA�EyEF�

UbaWf� ?a� g[X�cebWhVg�haWXe� eXWhV?aZ�VbaW?g?baf'-�FaX�CXg[bW� Ybe�V?eVhCiXag?aZ� g[XfX�

bUfgTVBXf� ?f� gb� hfX� VbccXe.� be� cTgXagXW� cTBBTW?hC� VbCcBXkXf� Ybe� g[X� TC?aTg?ba� bY�

W?TelBTC?aXf/4� [bjXiXe%� g[X� B?ZTaW� fXBXVg?ba� cebVXff� gb� bUgT?a� hfXYhB� eXfhBgf� ?f� bYgXa�

VhCUXefbCX�TaW�fbCXj[Tg�haceXW?VgTUBX'���

8� eTg[Xe� BXff	WXiXBbcXW� CXg[bW� Ybe� g[X� flag[Xf?f� bY� 8� ?f� i?T� T� C?BW� UTfX	

VTgTBlmXW� "bYCTaa� eXTeeTaZXCXag0� bY� *%*	W?TelBheXTf'� K[?f� CXg[bWbBbZl� bYYXef�

fXBXVg?i?gl� TaW� CbWXeTgX� gb� ZbbW� l?XBWf� TaW� hg?B?mXf� ?aXkcXaf?iX� TaW� VbCCXeV?TBBl�

TiT?BTUBX� CTgXe?TBf'� "bjXiXe%� g[X� fbBX� ceXB?C?aTel� eXcbeg� ba� g[?f� eXTVg?ba� baBl�

fhVVXXWXW�?a�?fbBTg?aZ�WXe?iTg?iXf�bY�g[X�?a?g?TB�[lWeTm?aX�TaW�?aYXeeXW�g[X�ceXfXaVX�TaW�

?agXeCXW?TVl�bY� g[X�cTeXag�[lWeTm?aXf'�NX� eXcbeg� [XeX� g[X�cebWhVg?ba�bY� abiXB� eXWbk	
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fXaf?g?iX� *%*	W?TelBheXTf� TaW� g[X� Y?efg� VbCcBXgX� fgehVgheTB� V[TeTVgXe?mTg?ba� bY� g[X� AXl�

fcXV?Xf� ?a� g[X�fgXcj?fX�VbaiXef?ba�bY�W?TelBTC?aXf� gb�fhUfg?ghgXW�*%*	W?TelB[lWeTm?aXf�

i?T� g[X� "bYCTaa� eXTeeTaZXCXag� bY� fh?gTUBX� heXT� WXe?iTg?iXf'� 8CbaZ� g[X� fgehVgheTBBl�

V[TeTVgXe?mXW�?agXeCXW?TgXf�?f�g[X�W?	Ta?ba?V�fhBY?C?WTgX�bY�g[X�heXT%�RIzIE:�F�EJF,S+	%�

j?g[� I� 6� G[� TaW� Iz� 6� +	:/"-EF+'� K[?f� abiXB� W?fbW?hC� fTBg� ?f� fhYY?V?XagBl� fgTUBX� Ybe�

?fbBTg?ba�TaW� V[TeTVgXe?mTg?ba�Ul�O	eTl�W?YYeTVg?ba'�Kb�haWXefgTaW� g[X�hahfhTB� fgTU?B?gl�

TaW� eXTVg?i?gl� bY� g[XfX� fcXV?Xf%� WXaf?gl� YhaVg?baTB� g[Xbel� ?f� hfXW� gb� g[XbeXg?VTBBl�

V[TeTVgXe?mX�g[XfX�?agXeCXW?TgXf�TaW�gb�WXgXeC?aX�g[X�AXl�?agXeCXW?TgXf�TaW�geTaf?g?ba�

fgTgXf�?a�g[X?e�"bYCTaa�eXTeeTaZXCXagf'��

�

,',  IXfhBgf�TaW�;?fVhff?ba�

K[X�fhUfg?ghgXW�heXTf�jXeX�cebWhVXW�Ul�g[X�TVg?ba�bY�V[BbebfhBYbalB�?fbVlTaTgX%�

F:EJF+:B%�ba�*%*	W?TelBTC?aXf��JV[XCX�,	+�'��

�

�
JV[XCX�,	+3�Jlag[Xg?V�ebhgX�gb�*%*	W?TelBheXTf'��

�

N[?BX� *	�+	a?gebc[XalB�	*	c[XalBTC?aX� �T� ?a� g[X� TUbiX� JV[XCX�� ?f� VbCCXeV?TBBl�

TiT?BTUBX%� U?f�+	a?gebc[XalB�TC?aX� �V�� TaW�CXg[lB� -	��+	a?gebc[XalB�TC?ab�UXambTgX� �U��

jXeX� flag[Xf?mXW� hf?aZ� g[X� CXg[bWf� bY� IXa1� TaW� K?XgmX%2� eXfcXVg?iXBl'� K[X� BTggXe�
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VbCcbhaW�[Tf�T�[?Z[�CXBg?aZ�cb?ag��*-.y*-/�p:�%�fhZZXfg?aZ�fgebaZ�VelfgTBB?aX�cTVA?aZ'�

:bhcBXW�j?g[�g[?f�bUfXeiTg?ba�?f�g[X�YTVg�g[Tg�WXfc?gX�iTel?aZ�eXTVg?ba�gXCcXeTgheXf�TaW�

eXTVg?ba�g?CXf%�g[X�U?f�+	a?gebc[XalB�TC?aX�YT?BXW�gb�eXTVg�j?g[�V[BbebfhBYbalB�?fbVlTaTgX'�

8� geXaW�bcXeTg?aZ�[XeX� ?f� g[Tg� g[XeX� ?f�W?C?a?f[XW�TiT?BTU?B?gl�bY� g[X�a?gebZXa� BbaX�cT?e%�

j[?V[� ?f� aXVXffTel� Ybe� g[?f� eXTVg?ba� gb� bVVhe'� "XaVX%� Ul� ?aVeXTf?aZ� g[X� ahCUXe� TaW�

fgeXaZg[�bY�XBXVgeba	j?g[WeTj?aZ�Zebhcf�ba�g[X�YBTaA?aZ�c[XalB�e?aZf%�?g�?f�XTfl�gb�eXWhVX�

g[X�ahVBXbc[?B?V?gl�bY�g[X�W?c[XalBTC?aX�gb�g[X�cb?ag�bY�ab�eXTVg?ba'�

� #g� jTf� XkcXVgXW%� UTfXW� ba� B?gXeTgheX� ceXVXWXag%*)� g[Tg� YbBBbj?aZ� g[X� eXTVg?ba� bY�

fhV[�TC?aXf�j?g[� V[BbebfhBYbalB� ?fbVlTaTgX%� TaW�fhUfXdhXag�[lWebBlf?f%� g[X� eXTVg?baf�

jbhBW� Yhea?f[� g[X�WXf?eXW�heXT�WXe?iTg?iXf�W?eXVgBl� �JV[XCX�,	+�'� #a� g[X� gjb�XkTCcBXf�

eXcbegXW�[XeX%�g[X�WXf?eXW�heXT�VTa�UX�ZXaXeTgXW�eXB?TUBl�?Y�Ta�XkgeTVg?ba�j?g[�TdhXbhf�

W?BhgX�[lWebV[Bbe?V�TV?W�?f�cXeYbeCXW'�#a�g[X�ceXfXaVX�bY�XkVXff�fbW?hC�U?VTeUbaTgX%�g[X�

WXf?eXW�heXT�jTf�YbeCXW�baBl�Tf�T�fCTBB�Ul	cebWhVg�?a�g[X�VTfX�bY�*	�+	a?gebc[XalB�	�*	

c[XalBTC?aX� j?g[� g[X� CT?a� cebWhVg� UX?aZ� g[X� YeXdhXagBl� cebcbfXW� ?agXeCXW?TgX� *	�+	

a?gebc[XalB�	*	c[XalBVTeUTCblBfhBY?C?WTgX� �*�%� j[?V[� VelfgTBB?mXW� Tf� T� W?fbW?hC�

cXagT[lWeTgX'� 8a� FIK<G� eXceXfXagTg?ba� bY� g[X� fgehVgheX� bY� g[X� W?	Ta?ba� ?f� f[bja� ?a�

=?ZheX�,	*%�j?g[�?CTZXf�bY�g[X�fTBg�TaW�?gf�[lWeTg?ba�fc[XeX�UX?aZ�f[bja�?a�8ccXaW?k�9'��
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=?ZheX� ,	*3�FIK<G� eXceXfXagTg?ba� bY� g[X� fbB?W� fgehVgheX� bY� g[X� W?	Ta?ba� ?a�

fbW?hC� *	�+	a?gebc[XalB�	*	c[XalBVTeUTCblBfhBY ?C?WTgX� cXagT[lWeTgX� �*�'�

BXl� CXge?V� cTeTCXgXef3� E�*�~:�*,�� *'-**�+�� q%� :�*,�~E�,�� *',--�+�� q%�

E�,�yJ�*�� *'.21�*�� q%� E�*�y:�*�� *'-,)�+�� q%� E�*�y:�0�� *'-+)�+�� q%� E�,�y

J�*��*'.21�*��q%�TaW�:�0�yE�*�y:�*,�yE�,��*0*'-�*�p'��

�

� 8�VbCcTe?fba�bY�g[X�fhBY?C?WTgX%�heXT%�TaW�[lWeTm?aX�Ybe�g[X�*	�+	a?gebc[XalB�	*	

c[XalBTC?aX	WXe?iXW� cebWhVgf� TBfb� eXiXTBf� UbaW� TaZBXf� Tf� jXBB� Tf� T� aXTe� cBTaTe�

ZXbCXgel�Tg�E�*���KTUBX�*�%�Vbaf?fgXag�j?g[�cTeg?TB�fc+�[lUe?W?mTg?ba�TaW�WXBbVTB?mTg?ba�

bY� ?gf� BbaX� cT?e'� K[X� :�*,�yE�,�yJ�*�� UbaW� TaZBX� bY� **1'*�*�p� ?aW?VTgXf� Ta� fc+�

[lUe?W?mTg?ba�TUbhg�E�,�'�JhV[�Ta�TeeTaZXCXag�eXfhBgf�?a�Ta�?aVeXTfXW�J~E�UbaW�beWXe%�

E�,�yJ�*�� 6� *'.21�*�� q%� j[?V[� [XBcf� fgTU?B?mX� g[X� fhBY?C?WTgX'� K[X� ?aVeXTfXW� CXj?f�

UTf?V?gl� bY� g[X� fhBYbklB� bklZXaf� Xa[TaVXf� g[X� TU?B?gl� gb� VbbeW?aTgX� fbW?hC� BXTW?aZ� gb�

hahfhTBBl�ebUhfg�TaW�?fbBTUBX�fTBgf'��

�

�
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KTUBX� ,	*3� :bCcTe?fba� bY� ZXbCXgel� TebhaW� E�*�� ?a� *	�+	a?gebc[XalB�	*	�

c[XalB�WXe?iTg?iXf'��

GTeTCXgXe� JhBY?C?WTgX��*�� LeXT��+T�� "lWeTm?aX��,��
Fhg	bY	cBTaX� W?fgTaVX� bY� E�*��
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:�0�	E�*�	:�*,���w�� *+)'.�*�� **1'0�*�� E(8�
:�*,�	E�*�	:�*���w�� *++'*�*�� *+,'-�*�� E(8�
:�0�	E�*�	E�,���w��
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**,'0�*��

:�*�	E�*�	E�,���w��
� �

*+)'/�*��
8WW?g?ba�bY�TaZBXf�TebhaW�E�*�� ,/)')�*�� ,.2'2�*�� ,.1')�*��
T�JXcTeTg?ba�bY�E�*��YebC�g[X�cBTaX�WXY?aXW�Ul�g[X�g[eXX�VTeUba�TgbCf�gb�j[?V[�?g�?f�
UbhaW'�
�

� K[X� ?fbBTg?ba� bY� g[?f� ?agXeCXW?TgX� ?f� haXkcXVgXW%� f?aVX� g[X� fhBYbalB� V[Bbe?WXf�

ZXaXeTgXW� hcba� eXTVg?ba� j?g[� V[BbebfhBYbalB� ?fbVlTaTgX� TeX� glc?VTBBl� hafgTUBX� TaW�

haWXeZb�WXVbCcbf?g?ba�?a�TdhXbhf�CXW?T�gb�Z?iX�g[X�WXf?eXW�fhUfg?ghgXW�heXTf'�K[XeX�

TeX� baBl� T� YXj� eXcbegf� bY� g[X� ?fbBTg?ba� bY� g[XfX� glcXf� bY� cebWhVgf**� TaW� baBl� T� f?aZBX�

eXCbgXBl� eXBTgXW� fgehVgheX� [Tf� UXXa� WXfVe?UXW'*+� KXeC?aTB� fhBY?C?V� TV?W�Cb?Xg?Xf� TaW�

g[X?e�VTeUTCblBfhBY?C?WTgX�WXe?iTg?iXf�f?C?BTe�gb�*�[TiX�abg�UXXa�eXcbegXW'�#a�g[X�VTfXf�

j[XeX�fhBY?C?WXf�[TiX�UXXa�?fbBTgXW%� g[Xl�TeX�XaZ?aXXeXW�fhV[�g[Tg� g[X�fhBYhe�TgbC�?f�

TaaXTBXW� ?agb� T� eXBTg?iXBl� ?aXeg� beZTa?V� e?aZ*,� be� ?f� cTeg� bY� T� gbflBTgX� Zebhc%*-� j[?V[�

TUTgXf�g[X?e�?a[XeXag�?afgTU?B?gl'�8Bg[bhZ[�g[X�heXT�VTeUTCblB�fhBY?C?WTgX�YeTCXjbeA�?a�*�

?f�hahfhTB%� g[X� eXBTgXW�VTeUTCblB�fhBY?aTgX�XfgXef�~F,JE":�F�FI� ?aVBhWX� g[X�aTgheTB�

cebWhVg�fTk?gbk?a�TaW�TBB?XW�aXhebgbk?af�?fbBTgXW�YebC�W?abYBTZXBBTgXf'*.��

� K[X� TWW?g?ba� bY� TV?W� Tg� ebbC� gXCcXeTgheX� ?a� T� Y?aTB� TV?W� jbeAhc� fgXc� BXTWf� gb�

fhBY?C?WTgX�WXVbCcbf?g?ba�gb�Z?iX�g[X�VbeeXfcbaW?aZ�*%*	fhUfg?ghgXW�heXT�dhTag?gTg?iXBl'�

K[X� TV?W� TWW?g?ba� VbhBW� UX� CTWX� YbBBbj?aZ� g[X� ?fbBTg?ba� bY� g[X� fhBY?C?WTgX� be� Tf� Ta�

TWW?g?iX� gb� g[X� Cbg[Xe� B?dhbe'� 8aTBlf?f� bY� g[X� heXT� Ul� f?aZBX	VelfgTB� O	eTl� W?YYeTVg?ba�
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*'-+/�*�� q%� TaW� :�0�yE�*�y:�*,�yE�,�� */2'2�*�p'� BXl� CXge?V� cTeTCXgXef�
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� Kb�?BBhfgeTgX�g[X�VbCcTg?U?B?gl�bY�g[?f�heXT�YbeCTg?ba�j?g[�TC?aXf�VbagT?a?aZ�bg[Xe�

YhaVg?baTB�Zebhcf�fXaf?g?iX�gb�eXWhVg?ba%�g[X�flag[Xf?f�bY�g[X�TaTBbZbhf�heXT�WXe?iTg?iX�

fgTeg?aZ�YebC�CXg[lB�-	��+	a?gebc[XalB�TC?ab�UXambTgX�jTf�TBfb�WXCbafgeTgXW�YbBBbj?aZ�

T�f?C?BTe�cebVXWheX��=?ZheX�,	+C�'�K[?f�fXVbaW�WXe?iTg?iX�TBfb�VelfgTBB?mXf�?a�g[X�fcTVX�

Zebhc��~*�TaW�[Tf�T�VbcBTaTe�W?TelBTC?aX�TaW�heXT�Zebhcf�j?g[�iXel�fCTBB�bhg	bY	cBTaX�

ZXbCXge?Xf� Ybe� g[X� W?TelBTC?aX� a?gebZXa�E�*�� KTUBX� ,	*'� "lWebZXa� UbaW?aZ� beZTa?mXf�
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XYY?V?Xag� cTVA?aZ� ?a� +T� TaW� +U� j?g[� g[XeX� UX?aZ� XkgXaf?iX� ?agXeCbBXVhBTe� [lWebZXa�

UbaWf�UXgjXXa�TW]TVXag�heXT�VTeUbalBf�TaW�TC?ab�Zebhcf'�

�

JV[XCX� ,	,3� IXTVg?ba� fXdhXaVX� ?a� g[X� [lcbV[Bbe?gX	cebCbgXW� "bYCTaa�

eXTeeTaZXCXag�bY�heXTf'�

�

N[?BX�*	�+	a?gebc[XalB�	*	c[XalB[lWeTm?aX�[Tf�eXVXagBl�UXXa�flag[Xf?mXW�?a�[?Z[�

l?XBW*/%� g[X� ahCUXe� bY� fgXcf� TaW� Xkbg?V� aTgheX� bY� g[X� fgTeg?aZ� CTgXe?TBf� CTAX� g[?f�

chUB?f[XW� CXg[bW� W?fTWiTagTZXbhf'� � 8f� fhV[%� gb� bUgT?a� g[X� [lWeTm?aX%� T� CbW?Y?XW�

"bYCTaa�eXTeeTaZXCXag�jTf�cXeYbeCXW��JV[XCX�,	,�'�<kgXaf?iX�A?aXg?Vf�Ul�AhWW*0�bY�

g[X� [lcb[TB?gX	cebCbgXW� "bYCTaa� eXTeeTaZXCXag� ?aW?VTgXf� g[Tg� g[X� eXTVg?ba� ?f� Y?efg�

beWXe� ?a�[lcbV[Bbe?gX�TaW�heXT'�J?aVX� g[X�fgb?V[?bCXge?V�TCbhagf�bY�[lcbV[Bbe?gX�[TiX�

UXXa�f[bja�gb�UX�bY�VbafXdhXaVX�?a�cebWhV?aZ�g[X�WXf?eXW�[lWeTm?aX�TaW�VbCCXeV?TBBl�

TiT?BTUBX� fbW?hC� [lcbV[Bbe?gX� ?f� iTe?TUBX� ?a� ?gf� VbCcbf?g?ba%� WXZeTW?aZ� biXe� g?CX%� g[X�

CbeX� fgTUBX� fbB?W� VTBV?hC� fTBg%� :T�F:B�+%� jTf� hfXW'� 8f� fhV[%� g[X� fgb?V[?bCXgel� bY�

[lcbV[Bbe?gX�hfXW�VbhBW�UX�CbeX�g?Z[gBl�VbagebBBXW�fb�Tf�gb�C?a?C?mX�g[X�WXZeTWTg?ba�bY�

g[X�WXf?eXW�[lWeTm?aX�cebWhVg'��
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�

=?ZheX� ,	,3� FIK<G� eXceXfXagTg?ba� bY� g[X� fbB?W	fgTgX� fgehVgheX� bY� *	�+	

a?gebc[XalB�	*	� c[XalB[lWeTm?aX� �,�'� BXl� CXge?V� cTeTCXgXef3� E�*�yE�,��

-'-*/�,�� q%� E�*�y:�*�� *'-*,�+�� q%� E�*�y:�0�� *'-)*�+�� q%� :�+�y:�*�yE�*�y

E�,��y*/,'.�*�p%�TaW�:�1�y:�0�yE�*�yE�,��y*,-'*�*�p'��

�

8Bg[bhZ[� g[X� VehWX� l?XBWf� bUgT?aXW� jXeX� VbCcTeTUBX� j?g[� g[bfX� bY� g[X� ce?be�

eXcbeg%� g[?f� CbW?Y?XW� ceXcTeTg?ba� TBBbjXW� g[X� ?fbBTg?ba� bY� g[X� WXf?eXW� [lWeTm?aX� ,�

�JV[XCX� ,	,�� ?a� VelfgTBB?aX� YbeC� �=?ZheX� ,	,�� j?g[bhg� eXdh?e?aZ� WXe?iTg?mTg?ba� Tf� jTf�

eXcbegXW�ceXi?bhfBl'0�K[X�VelfgTBf�bY�,�jXeX�bY�bhgfgTaW?aZ�dhTB?gl� Ybe�f?aZBX	VelfgTB�O	

eTl� W?YYeTVg?ba� TaW� fhYY?V?XagBl� [?Z[	eXfbBhg?ba� WTgT� jXeX� VbBBXVgXW� gb� TBBbj� Ybe� g[X�

BbVTg?ba�bY�TBB�[lWebZXa�TgbCf%�?aVBhW?aZ�g[bfX�bY�g[X�gXeC?aTB�a?gebZXa%�UX?aZ�BbVTgXW�?a�

g[X�cXahBg?CTgX�XBXVgeba�WXaf?gl�CTcf'�K[XfX�[lWebZXa�TgbCf�jXeX�?aVBhWXW�?a�g[X�Y?aTB�

eXY?aXCXag%�j[?V[�BXW�gb�g[X�ZXbCXgel�f[bja�?a�=?ZheX�,	,'�K[hf%�?g�?f�cbff?UBX�gb�[TiX�T�

CXTa?aZYhB� ?agXeceXgTg?ba�bY�g[X�gXeC?aTB�TC?ab�Zebhc�ZXbCXgel� ?a�,%�j[?V[�be?Xagf�g[X�

W?cbBXf�bY�g[X�TC?aX�TaW�a?geb�Zebhcf'��
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� K[?f�ZXbCXgel�?f�abg�VbCcTg?UBX�j?g[�Ta�?ageTCbBXVhBTe�[lWebZXa�UbaW%�TBg[bhZ[�

g[XeX� TeX� ahCXebhf� ?agXeCbBXVhBTe� [lWebZXa	� UbaW?aZ� ?agXeTVg?baf'� <iXa� g[bhZ[�

[lWeTm?aX� VbaYbeCTg?baTB� WlaTC?Vf� TeX� fhece?f?aZBl� VbCcB?VTgXW%*1� g[?f� VelfgTBB?aX�

VbaYbeCTg?ba� ?f� abgXjbeg[l� Ul� g[X� TUfXaVX� bY� Ta� ?ageTCbBXVhBTe� [lWebZXa� UbaW'�

<kTC?aTg?ba� bY� g[?f� [lWeTm?aX� TaW� ?gf� heXT� TaW� ?gf� fhBY?C?WTgX� f[bjf� ZBbUTB�

WXBbVTB?mTg?ba�bY�g[X�E�*��BbaX�cT?e�XBXVgebaf�?agb�g[X?e�TebCTg?V�flfgXCf��KTUBX�,	*�'�#a�

TWW?g?ba%�WXBbVTB?mTg?ba�?f�fXXa�?a�g[X�fhBY?C?WTgX�TaW�VTeUbalB�Zebhcf%�eXfhBg?aZ�?a�aXTe�

cBTaTe� ZXbCXgel� Tg� E�,�� ?a� g[X� fhBY?C?WTgX� TaW� g[X� heXT'� ;Xfc?gX� T� fB?Z[gBl� BTeZXe�

W?fgbeg?ba� bY� E�*�� bhg� bY� ?gf� cBTaX� ?a� g[X� [lWeTm?aX%� g[X� EyE� UbaW� BXaZg[%� TaZhBTe�

ZXbCXgel%�TaW�cBTaTe�cbf?g?ba?aZ�TeX�TBfb�Vbaf?fgXag�j?g[�fc+	[lUe?W?mTg?ba'�8BB�bY�g[XfX�

bUfXeiTg?baf�TeX�Vbaf?fgXag�j?g[�g[bfX�CTWX�Ul�:Tee?BBb%*2�fhccbeg?aZ�g[X�TffXeg?ba�g[Tg�

g[X�xEE�?agXeTVg?baf�BXTW�gb�C?abe�UbaW?aZ�XYYXVgf�?a�W?TelB[lWeTm?aXf%�Tf�g[X�a?gebZXa�

BbaX�cT?e�?f�fgebaZBl�Vba]hZTgXW�j?g[�g[X�x	flfgXC�bY�g[X�TebCTg?V�e?aZf'���

� K[X�ZXaXeTB?mTg?ba�bY�g[X�[lcbV[Bbe?gX	cebCbgXW�heXT�WXVTeUbklBTg?baf�gb�?aVBhWX�

W?TelB[lWeTm?aXf%� TaW� g[X� fgTU?B?gl� bY� fbCX� bY� g[X� AXl� ?agXeCXW?TgXf%� [Tf� ?CcbegTag�

?CcB?VTg?baf� Ybe� g[X� "bYCTaa� eXTeeTaZXCXag'� DXV[Ta?fg?VTBBl%� g[X� "bYCTaa�

eXTeeTaZXCXag� ?f� bYgXa� W?fVhffXW�TBbaZ�j?g[� g[X�:heg?hf%�NbBYY%� JV[C?Wg%� TaW� CbffXa�

eXTVg?baf%�j[?V[�f[TeX�T�VbCCba�fhUfg?ghXag�a?gebZXa�UbaW�YbeC?aZ�fgXc%�TaW�Ta�?a?g?TB�

?fbVlTaTgX� cebWhVg%� Uhg� j[?V[� TeX� W?fg?aZh?f[XW� ?a� g[X� TccebTV[� gb� ZXaXeTg?aZ� g[X�

BXTi?aZ� Zebhc� Tg� g[X� a?gebZXa'+)� BXl� V[TeTVgXe?fg?Vf� bY� g[XfX� eXTeeTaZXCXagf� TeX� g[X�

eXgXag?ba�bY�g[X�fgXeXb?agXZe?gl�bY�g[X�I6�Zebhc�bY�g[X�TC?WXf%�I6:�F�E"+%+*�g[X�BTVA�bY�

fVeTCUB?aZ�bY�?gf�?fbgbc?VTBBl�BTUXBBXW�Iz�TaW�E"+�YeTZCXagf%+)U%�++�g[X?e�biXeTBB�Y?efg	beWXe�

A?aXg?Vf%+)T%� +,� TaW� g[X� ?agXeVXcg?ba� bY� g[X� ?fbVlTaTgX� ?agXeCXW?TgX� j?g[� CXg[TabB'+-�

8Bg[bhZ[� g[X�CXV[Ta?fg?V�W?fVhff?ba�bY� g[X�"bYCTaa� eXTeeTaZXCXag�jTf�XkgXaf?iX� ?a�

g[X�[XlWTl�bY�c[lf?VTB�beZTa?V�V[XC?fgel%�TaW�UTfXW�ba�T�iTe?Xgl�bY�fbhaW�XkcXe?CXagTB�

fghW?Xf%+)T%� ++T%� +.� CbeX� eXVXag� WXaf?gl� YhaVg?baTB� g[XbeXg?VTB� TccebTV[Xf+)V%� +/� [TiX�

BTeZXBl� VbaVXeaXW� g[X�:heg?hf� eXTeeTaZXCXag'� #a� bhgB?aX%� g[X�"bYCTaa� eXTeeTaZXCXag�
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�JV[XCXf�,	-�TaW�,	.��?f�T�iTe?Tag�bY�g[X�J[XfgTAbi�eXTVg?ba%+0�j?g[�g[X�AXl�fgXc�UX?aZ�

g[X� YbeCTg?ba�bY� g[X�aXj�E~E�UbaW'�>?iXa� g[X�cbbe�ahVBXbc[?B?V?gl�bY� g[X�W?TelBTC?aX�

Zebhcf� hfXW� [XeX%� jX� fbhZ[g� gb� VBTe?Yl� fbCX� bY� g[XfX� CXV[Ta?fg?V� dhXfg?baf� j?g[�

WXaf?gl�YhaVg?baTB�g[Xbel'+1�#a�ce?be�chUB?VTg?baf%�jX�[TiX�YbhaW�g[Tg�9,CPG(/	,**��>���

?f�Ta�XkVXBBXag�VbCU?aTg?ba�bY�CXg[bW�TaW�CbWXB� Ybe� g[X�ZebhaW	fgTgX�ZXbCXge?Xf�TaW�

i?UeTg?baTB� CbWXf� Ybe� XBXVgeba	e?V[� a?gebZXa� fcXV?Xf� j?g[� ChBg?cBX� BbaX� cT?ef� fhV[� Tf�

g[XfX'+2�"XeX%�g[X�?aVBhf?ba�bY�W?YYhfX�YhaVg?baf�?f�Ta�?CcbegTag�YTVgbe',)�K[?f�?f�g[X�VTfX�

Ybe� g[XfX� heXT� fgTeg?aZ� CTgXe?TBf� TaW� [lWeTm?aX� cebWhVgf%� j[?V[� [TiX� g[XbeXg?VTBBl�

VTBVhBTgXW�ZebhaW	fgTgX�fgehVgheXf�TaW�i?UeTg?baTB�CbWXf��8ccXaW?k�9��g[Tg�CTgV[�jXBB�

g[X�XkcXVgXW�?agXaf?g?Xf�TaW�cbf?g?baf�bY�g[X�XkcXe?CXagTB�WTgT'��
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�

�

JV[XCX� ,	-3� IXTVg?ba�CXV[Ta?fC� Ybe� YbeCTg?ba� bY� [lWeTm?aXf� YebC� heXTf�

�I� 6� TBAlB� be� TelB�'� 8BB� fgehVgheXf� f[bja� ?a� fdhTeX� UeTVAXgf� TeX� cebcbfXW�

fcXV?Xf'��



! 93!

�

�
JV[XCX� ,	.3� GebcbfXW� a?geXaX� ?agXeCXW?TgX� TaW� geTaf?g ?ba� fgTgX� ?a� g[X�

"bYCTaa�eXTeeTaZXCXag'��
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�

Kb� g[XbeXg?VTBBl� fVeXXa� g[X� cbff?UBX� ?agXeCXW?TgXf%� f?CcBX� W?c[XalBTC?ab	�

flfgXCf� jXeX� ?a?g?TBBl� XCcBblXW� ?a� g[XfX� VTBVhBTg?baf%� j?g[� g[X� ZebhaW� TaW� geTaf?g?ba�

fgTgXf�BbVTgXW�g[XeX?a�UX?aZ�hfXW�gb�T?W� ?a�g[X�BbVTg?ba�bY�g[bfX�Ybe�g[X�+	YBhbeb�TaW�+	

a?geb�WXe?iTg?iXf'�:[Bbe?aTg?ba�bY�8�gb�Z?iX�9�YbBBbjXW�Ul�?gf�WXcebgbaTg?ba�jbhBW�BXTW�gb�

=�Tf�X?g[Xe�A�be�1�9	V[BbebTa?baf��=?ZheX�,	-�'��

�

�
=?ZheX� ,	-3� Fcg?C?mXW� fgehVgheXf� Ybe� g[X� ?agXeCXW?TgXf� Ybe� g[X� "bYCTaa�

eXTeeTaZXCXag�bY� *%*	W?c[XalBheXT'�K[X�heXT�Ta?baf�j?g[�Q�TaW `<� V[Bbe?WX�

ZXbCXge?Xf�TeX�f[bj�?a�#�TaW�##%� eXfcXVg?iXBl%�TaW�###�WXc?Vgf�g[X�bcg?C?mXW�

geTaf?g ?ba� fgTgX� UXgjXXa� g[X� f?aZBXg� a?geXaX� ?a� #M� TaW� g[X� ?fbVlTaTgX�

cebWhVg'�M#�f[bjf�g[X� ?fbVlTaTgX'�EbgX� g[X�VbcBTaTe?gl�bY� g[X�E:�F�E�ha?g�

TaW� g[X� VbCcTVg� Fy:yE� UbaW� TaZBX� ?a� g[X� a?geXaX� #M� Tf� VbCcTeXW� j?g[�

g[X� CbeX� XkcTaWXW� beg[bZbaTB� be?XagTg?ba� Ybe� g[X� geTaf?g ?ba� fgTgX� ?a� ###'�

K[X�f?aZBXg�TaW�ge?cBXg�a?geXaXf�TeX�f[bja�?a�#M�TaW�M%�eXfcXVg?iXBl'��

�
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9	[TBbTC?WXf� fhV[� =� TeX� fgebaZ� TV?Wf� g[Tg� TeX� Aabja� gb� YbeC�jXBB	V[TeTVgXe?mXW� Uhg�

hafgTUBX� fbW?hC� fTBgf',*� K[XbeXg?VTBBl%� X?g[Xe� VbaYbeCTg?ba� VbeeXfcbaWf� gb� T� BbVTB�

C?a?ChC�j?g[� g[X�A	?fbCXe�UX?aZ�CbeX�fgTUBX�Ul�Tccebk?CTgXBl�/�AVTB(CbB� ?a� g[X�ZTf�

c[TfX'�8Bg[bhZ[�g[X�E:�F�E:B�TgbCf�TeX�TBB�Vb	cBTaTe%�g[?f�cBTaX�?f�TBCbfg�beg[bZbaTB�

gb� g[Tg�WXY?aXW�Ul�g[X�W?c[XalBTC?aX'�=ebC�JV[XCX�,	.%� g[X�V[Bbe?aTgXW�Ta?baf�jbhBW�

BbfX�V[Bbe?WX� gb�Zb� gb�T�f?aZBXg�a?geXaX� ?agXeCXW?TgX%�:%�G[+E:�F�E%�Ul�[XgXebBlf?f�bY�

g[X� jXTA� Ey:B� UbaW'� #a� TaTBbZl� gb� VTeUXaXf%� a?geXaX� ?agXeCXW?TgXf� fhV[� Tf� :� YbeC�

X?g[Xe�fgTUBX�f?aZBXg�be�ge?cBXg�fgTgXf%�Ubg[�bY�j[?V[�VbeeXfcbaW�gb�BbVTB�C?a?CT�j?g[�g[X�

ge?cBXg�fgTgX�UX?aZ�n1'-1�AVTB(CbB�CbeX�fgTUBX��KTUBX�,	+�'�

KTUBX� ,	+3� K[XbeXg?VTB� eXfhBgf� Ybe� g[X� "bYCTaa� ?agXeCXW?TgXf� TaW� geTa	�

f?g ?ba�fgTgXf��>�'��

�
B8BB�VTBVhBTg?baf�cXeYbeCXW�j?g[� eXfge?VgXW�9,CPG�WXaf?gl� YhaVg?baTBf�TaW�/	,**��>���UTf?f�fXgf�XkVXcg�
Ybe� g[X� ge?cBXg� a?geXaXf�j[XeX� haeXfge?VgXW�CXg[bWf�jXeX� XCcBblXW'�8BB� ZebhaW	fgTgX� XaXeZ?Xf� TeX� mXeb	
cb?ag�VbeeXVgXW'��
CIXBTg?iX�XaXeZ?Xf�YebC�f?aZBXg�a?geXaXf�Ybe�ZebhaW�fgTgXf�?aVBhWX�mXeb	cb?ag�XaXeZl4�g[X�eXBTg?iX�XaXeZ?Xf�
Ybe�g[X�geTaf?g?baf�fgTgXf�TeX�Ybe�g[X�XBXVgeba?V�VbCcbaXagf�baBl'��
DKbef?ba�TaZBX�?f�YebC�g[X�?cfb�VTeUba�bY�baX�bY�g[X�gjb�TelB�e?aZf�gb�g[X�W?TelB�a?gebZXa�TaW�g[Xa�gb�g[X�
VTeUbalB�VTeUba�TaW�g[X�gXeC?aTB��a?geXaX��a?gebZXa'��
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�

K[XfX� ?agXeCXW?TgXf� TeX� ceXW?VgXW� gb� [TiX� VbCcBXgXBl� cBTaTe� E:�F�E� Zebhcf�

g[Tg%� ?a� g[X?e� ZebhaW� fgTgXf%� TeX� Vb	cBTaTe� j?g[� g[X� W?TelBTC?aX%� j[?V[� ?f� TBfb� cBTaTe�

�=?ZheX�,	-�'�K[X�f?aZBXg�a?geXaX�[Tf�Ta�hahfhTB�ZXbCXgel�Ybe� g[X�CbW?Y?XW�heXT�Zebhc�

j?g[� TaZBXf� Ybe� g[X� gXeC?aTB� a?gebZXa� bY� 12'/*p� TaW� *-)')2p� Ybe� F~:~E� TaW� E~:~E%�

eXfcXVg?iXBl'�9bg[�:yE�UbaW�BXaZg[f�TeX�f[beg�j?g[�:~E�gb�g[X�gXeC?aTB�a?gebZXa�UX?aZ�

*'+0.0.�q%�j[?V[�?f�)')0++�q�f[begXe�g[Ta�gb�g[X�W?c[XalBTC?aX'�J?Za?Y?VTagBl%�?a�g[XfX�

ZebhaW�fgTgXf%�g[X�C?ZeTg?ba�gb�Z?iX�g[X�aXj�E~E�UbaW�?f�abg�jXBB�cb?fXW�Ybe�T�"bYCTaa�

eXTeeTaZXCXag'���

� K[X� geTaf?g?ba� fgTgXf� Ybe� g[X� "bYCTaa� eXTeeTaZXCXag� jXeX� BbVTgXW� TaW� g[Xa�

WXCbafgeTgXW� gb� VbaaXVg� g[X� f?aZBXg� a?geXaX� ?agXeCXW?TgX� :� gb� g[X� ?fbVlTaTgX� ;� Ul�

eXTVg?ba�cTg[jTl� YbBBbj?aZ� ?age?af?V� eXTVg?ba�VbbeW?aTgX� �#I:��VTBVhBTg?baf'�K[X�a?geXaX�

f?WX� bY� g[XfX� cbgXag?TB� XaXeZl� fheYTVXf� VbeeXfcbaWf� gb� T� ebgTg?baTB� VbaYbeCXe� bY� g[X�

a?geXaX� Te?f?aZ� YebC� ebgTg?ba� bY� g[X� :�F�E� Zebhc� bhg� bY� g[X� cBTaX� bY� g[X� W?TelBTC?aX'�

IbgTg?ba�bY�g[X�a?geXaX�TebhaW�g[X�G[+Ey:�F�E�UbaW�fb�g[Tg�?g�?f�beg[bZbaTB�BXTWf�gb�T�
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O[Y?[aZPB�OMZ�N4�MBO4ACM8Z4P�MZP�?A[b8P4�aB4RaX�WZ[cX4PS4�MN[aC�CT4�A4MOC8b8Ce�[R�CT4�

4X4OCA[Z�P4R8O84ZC�)�)�P8MAeXTePAMf8Z4B	��C4MOC8b8Ce�[R�CT4B4�O[Y?[aZPB�TMB�Z[C�e4C�N44Z�
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4d?X[A4P�8Z�CT4�X8C4AMCaA4�MZP�CT4B4�4d?4A8Y4ZCB�?A[b8P4�8ZB8STC�8ZC[�CT4�?[BB8NX4�Y4CMXB�

c8CT� cT8OT� CT4B4� X8SMZPB� Y8STC� N4BC� R[AY� O[[AP8ZMC8[Z� O[Y?[aZPB� R[A� RaACT4A�

M??X8OMC8[ZB�[R�CT4B4�O[Y?[aZPB��R[A�4dMY?X4�8Z�T4C4A[OeOX4�BeZCT4B8B	�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



! 112!

,	*  !=ZCA[PaOC8[Z !

� �

� AZ4� [R� CT4� BCA[ZS4A� O[ZCAMBCB� 8Z� CT4� OT4Y8BCAe� [R� OMAN[Z� MZP� Z8CA[S4Z� MA4� CT4�

AMZS4B�[R� CT48A�B8ZSX4�N[ZP� X4ZSCTB	� �GT8X4�OAeBCMXX[SAM?T8OMXXe�P4C4AY8Z4P��7�7�B8ZSX4�

N[ZPB�B?MZ�M�A4XMC8b4Xe�ZMAA[c�AMZS4�c8CT�M�Y4P8MZ�bMXa4�[R�)	--1- /(�g��B8ZSX4�#�#�

N[ZPB� bMAe�YMAW4PXe�c8CT� M�Y4MZ� bMXa4� [R� )	+0,- +,�g� MZP�YMe� AMZS4� a?� C[� *	)g	)��

#[C� C[[� BaA?A8B8ZSXe�� CT4� N[ZP� 4ZCTMX?84B� R[A� CT4B4� N[ZPB� A4RX4OC� CT4B4� CA4ZPB	� � :[A�

4dMY?X4��#�#�B8ZSX4�N[ZPB� CTMC� MA4� R[aZP� 8Z� A4YMAWMNXe� BCMNX4�T4C4A[OeOX4B� BCMZP� 8Z�

O[ZCAMBC� c8CT� CT4� c4MW� FMZ� P4A� GMMXB� MPPaOCB� BaOT� MB� .#AL*� [A� 8Z� CT4� TePAMf8Z4B	���

C4XMC4P�CA4ZPB�MA4�MXB[�N4T8ZP�CT4�[aCBCMZP8ZS�BeZCT4C8O�aC8X8Ce�[R�TePAMf8Z4�P4A8bMC8b4B�

cT8OT�BC4YB�8Z�?MAC�RA[Y�CT4�?A4B4ZO4�[R�M�A4B?[ZB8b4�#�#�N[ZP�MZP�CT4�ZaOX4[?T8X8O8Ce�

[R� CT4� X[Z4�?M8AB�[R�4X4OCA[ZB�[Z� CT4�Z8CA[S4Z�MC[YB��cT8OT�MA4�MX?TM� C[�[Z4�MZ[CT4A	��

GT8X4� TePAMf8Z4� TMB� M� X[ZS� #�#� N[ZP� CTMC� A4MP8Xe� aZP4AS[4B� T[Y[XeB8B�� a?[Z�

P4A8bMC8fMC8[Z�� CT4�#�#�N[ZP� 8B� [RC4Z� A4CM8Z4P�MB� M� BCA[ZS�� BT[AC� N[ZP� 8Z� 8CB� ?A[PaOCB	��

ET4� O[ZR[AYMC8[ZMX� O[ZB4]a4ZO4B� [R� CT4B4� b8O8ZMX� X[Z4� ?M8AB� TMb4� N44Z� BCaP84P�

4dC4ZB8b4Xe�MZP� CT4� 8ZOA4MB4P�ZaOX4[?T8X8O8Ce�[R� CT4B4�Z8CA[S4Z�MC[YB� 8B� A4O[SZ8f4P� 8Z�

CT4� MX?TM� W8Z4C8O� 4RR4OC	*� � 5� ?MAC8OaXMAXe� BCA8W8ZS� R4MCaA4� [R� TePAMf8Z4� P4A8bMC8b4B��

T[c4b4A��8B�CT4�CaZ4MNX4�ZMCaA4�[R�CT4B4�b8O8ZMX�X[Z4�?M8A�8ZC4AMOC8[ZB��cT4A4�Z[C�[ZXe�8B�

CT4�A4MOC8b8Ce�Y[P8R84P��NaC�CT4�#�#�N[ZP8ZS�OMZ�N4�O[Zb4AC4P�C[�P[aNX4�[A�4b4Z�A[NaBC��

BCA[ZS�#�#�B8ZSX4�N[ZPB	�����ET8B�bMA8MN8X8Ce�[RR4AB�O[ZB8P4AMNX4�BO[?4�R[A�M??X8OMC8[ZB�[R�

CT4B4�O[Y?[aZPB�8Z�MZMXeC8OMX�+�4X4OCA[Z8O�,�[?C8OMX�-�MZP�YMC4A8MX�BO84ZO4	.��#�#�P8MAeX�

TePAMf8Z4B�� 5A*##�*�� S4Z4AMXXe� O[ZCM8Z� ?XMZMA� MZP� R[AYMXXe� B?*�TeNA8P8f4P� 5A*#� aZ8CB�

cT4A4�CT4�Z8CA[S4Z�X[Z4�?M8A�8B�O[ZVaSMC4P�c8CT�CT4�MA[YMC8O�A8ZSB	��

� C4O4ZCXe�� c4� A4?[AC4P� M� Y4CT[P� R[A� CT4� RMO8X4� ?A4?MAMC8[Z� [R� #�#�P8MAeX�

TePAMf8Z4B�O[ZCM8Z8ZS�4X4OCA[Z�c8CTPAMc8ZS�BaNBC8Ca4ZCB�/�cT8OT�MXX[c4P�aB�C[��?A4?MA4�

M�B4A84B�[R�A4XMC4P�P4A8bMC8b4B�8Z�[AP4A�C[�CaZ4�CT4�4X4OCA[Z8O�BCAaOCaA4�[R�CT4�#�#�N[ZP4P�

RAMY4c[AW	��DaOT�BaNBC8CaC8[ZB�8XXaBCAMC4�CT4�O[Y?4C8C8[Z�[R�8ZCAMY[X4OaXMA�i�N[ZP8ZS�C[�
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R[AY� 48CT4A� MZ� #4#� P[aNX4� N[ZP�� [A�� Ne� O[ZVaSMC8[Z� CTA[aST� M� ?A[d8YMX� 4X4OCA[Z�

c8CTPAMc8ZS� SA[a?� BaOT� MB� [�7.�, #A*��� M� 74#� N[ZP	� � =Z� MPP8C8[Z�� CT4� ?[BB8N8X8Ce� [R�

8ZC4AY[X4OaXMA� 8ZC4AMOC8[ZB�� BaOT� MB� ![ZP[Z� R[AO4B� MZP� P[Z[A�MOO4?C[A� ?M8A8ZSB�� YMe�

RaACT4A� B?X8C� [A� Y[PaXMC4� CT4B4� 8ZC4AMOC8[ZB� cT8OT� S8b4� A8B4� C[� bMAe8ZS� #�#� N[ZP�

BCA4ZSCTB	����4A48Z��c4�P4BOA8N4�� )��CT4�4RR4OC�[R�BaNBC8CaC8[Z�c8CT�4X4OCA[Z�P[ZMC8ZS�[A�

c8CTPAMc8ZS�[ASMZ8O�RaZOC8[ZMX�SA[a?B�[Z�N[ZP�[AP4A�CTA[aST[aC�CT4�P8MAeX�MZP�jMY8Z[�

P[YM8ZB� [R� #�#�P8MAeXTePAMf8Z4B3� �  *�� CT4� 4RR4OC� [Z� Y[X4OaXMA� S4[Y4CAe� MZP� T4ZO4�

4X4OCA[Z�Y[N8X8Ce�MOA[BB�CT4�#�#�N[ZP�MZP�O[ZB4]a4ZCXe��CT4�Ce?4�[R�#�#�N[ZP3�� +��CT4�

4X4OCA[Z8O�B?4OCA[BO[?e�[R�CT4�Z4c�O[Y?[aZPB3�MZP� ,��CT4�[b4AMXX�8Y?X8OMC8[ZB�[R�CT4B4�

A4BaXCB�8Z�C4AYB�[R�Y[X4OaXMA�BCMN8X8C84B�[R�CT4�TePAMf8Z4�P4A8bMC8b4B	��

�

,	+  C4BaXCB�MZP�88BOaBB8[Z�

� E[�4d?X[A4� CT4�4X4OCA[Z8O�4RR4OCB�[R�bMA8[aB�BaNBC8Ca4ZCB� 8Z�)�)�P8MAeXTePAMf8Z4B��

)� *�Z8CA[?T4ZeX��)�?T4ZeX� TePAMf8Z4�  #8B��� cMB� P4A8bMC8f4P� c8CT� R8b4� P8RR4A4ZC�

RaZOC8[ZMX� SA[a?B�  DOT4Y4� ,�)�	� � G8CT� CT4� 4dO4?C8[Z� [R� 8CB� Y[Z[�MO4CeX� )� MZP� DOT8RR�

NMB4� -0� MXX� [R� CT4B4� O[Y?[aZPB� MA4� P4BOA8N4P� T4A4� R[A� CT4� R8ABC� C8Y4� MB� B8ZSX4� c4XX�

P4R8Z4P�BC4A4[8B[Y4AB	�������

�

�
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!
DOT4Y4�,�)2�DeZCT4B8B�[R�)�)�P8MAeXTePAMf8Z4�P4A8bMC8b4B	 !!

ET4�Y[Z[�MO4CeXMC8[Z�[R�#8B��c8CT�MO4C8O�MZTePA8P4�A4BaXCB�8Z�MZ�4]a8X8NA8aY�Y8dCaA4�[R�

MCA[?8B[Y4AB�R[A�)	��ET4B4�O[AA4B?[ZP�C[�CT4�9�MZP�-�8B[Y4AB�MA[aZP�CT4�MY8P4�N[ZP�

 DOT4Y4�,�*�	���

�

�

�
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� 6e� )�� #"C� 8Z� 8"DA� CT4A4� 8B� MZ� )(2)� Y8dCaA4� [R� -29� MZP� 8Z� OTX[A[R[AY� CT8B�

A4MOT4B� M�Y[A4� OX[B4Xe� NMXMZO4P� *2)�Y8dCaA4	� � 5XCT[aST� ?A8[A� BCaP84B0� TMb4� A4?[AC4P�

B8Y8XMA� 8B[Y4A8O� AMC8[B� 8Z� 8"DA�� c4� TMb4� 4Y?X[e4P� *8�#A9DI� #"C� C[� P4R8Z8C8b4Xe�

BT[c� CTMC� 8Z� 48CT4A� B[XaC8[Z�� CT4� -� 8B[Y4A� 8B� CT4� YMV[A� B?4O84B� Pa4� C[� CT4� #A9�

O[AA4XMC8[Z� N4Cc44Z� CT4� Y[A4� MNaZPMZC� MY8P4� ?A[C[Z� c8CT� CT4� B8SZMX� R[A� CT4�

O[AA4B?[ZP8ZS� MO4CeX�Y4CTeX� ?A[C[ZB�  D44� 5??4ZP8d� 7�	� � ;8b4Z� CT4� BTMA?Z4BB� [R� CT4�

MO4CeX� ?4MWB� 8Z� CT4� A[[Y� C4Y?4AMCaA4� )�� #"C� B?4OCAaY�� CT4A4� 8B� X8CCX4� 8ZP8OMC8[Z� [R�

4dOTMZS4� [Z� CT4� #"C� C8Y4BOMX4�� NaC� CT8B� 8B[Y4A8BY� 8Z� MY8P4B� TMB� N44Z� BCaP84P�

Y4OTMZ8BC8OMXXe�1� CT4[A4C8OMXXe� aB8ZS� "A� CT4[Ae�)(� MZP� TMB� N44Z� M� BaNV4OC� [R�

O[ZB8P4AMNX4�N8[X[S8OMX� 8ZC4A4BC	))� �ET4�BCaP84B�BT[c� CT4�-'9�4]a8X8NA8aY� C[�N4�P8A4OCXe�

MRR4OC4P� Ne� CT4� Y[X4OaXMA� 4Zb8A[ZY4ZC	� � =Z� CT4� B[X8P� BCMC4� CT4� B8ZSX4� OAeBCMX� H�AMe�

P8RRAMOC8[Z� BCAaOCaA4� O[AA4B?[ZPB� B[X4Xe� C[� CT4� -� 8B[Y4A�  :8SaA4� ,�)�� NaC� cT4Z� CT4B4�

B8ZSX4�OAeBCMXB�MA4�A4�P8BB[Xb4P��MZP�CT8B�4]a8X8NA8aY�8B�Y[Z8C[A4P�Ne�#"C��c4�R8ZP�CTMC�

c8CT8Z�Y8d8ZS'P8BB[XaC8[Z�CT4�BMY4�AMC8[�[R�-29�8B[Y4AB�8Z�B[XaC8[Z�8B�AM?8PXe�R[AY4P�RA[Y�

CT4�B8ZSX4�8B[Y4A�?A4B4ZC�8Z�CT4�OAeBCMX	��:[A�O[Y?MA8B[Z��SMB�?TMB4�8:E�OMXOaXMC8[ZB��

6+!IB'.�+))��S���� � 8ZP8OMC4� CTMC� CT4� -� 8B[Y4A� TMB� M� XMAS4A� 4X4OCA[Z8O� BCMN8X8fMC8[Z��

DOT4Y4�,�*2�=B[Y4A8BY�8Z�#�� *�Z8CA[?T4ZeX��#��?T4ZeXMO4C[TePAMf8P4	�
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B[Y4�)	.*�WOMX'Y[X4�Y[A4�BCMNX4� CTMZ�CT4�9� 8B[Y4A��MZP�CTaB�aZP4A� CT4�O[ZP8C8[ZB�[R�

[aA�#"C�Y4MBaA4Y4ZCB� CT8B�c[aXP�O[AA4B?[ZP� C[�M�)-	+2)� AMC8[	�D[Xb4ZC�?[XMA8Ce�MZP�

TePA[S4Z�N[ZP8ZS�MN8X8Ce�c8XX� OX4MAXe�MXC4A� CT4�?[B8C8[Z�[R� CT8B�4]a8X8NA8aY��MZP�c4�Z[C4�

CTMC� CT4� B[X8P�BCMC4� BCAaOCaA4� TMB� 8ZC4AY[X4OaXMA� ��N[ZP8ZS� N4Cc44Z� CT4� MY8P4B� [R�

Z48STN[aA8ZS�Y[X4OaX4B	���

:8SaA4�,�)	� �ACE9B�A4?A4B4ZCMC8[Z�[R�[Z4�Y[X4OaX4� 8Z� CT4�MBeYY4CA8O�aZ8C�

[R�O[Y?[aZP�)	� �D4X4OC4P�BCAaOCaAMX�?MAMY4C4AB�MA42�# *��# +��)	+0. +��g��

# *��7 )��7 *��# )��-	* -�h��# *��# +��7 )+��7 ),���)/1	1 *�h	�

�

� 9MOT� P4A8bMC8b4� )�-� TMB� N44Z� OTMAMOC4A8f4P� Ne� B8ZSX4� OAeBCMX� H�AMe� P8RRAMOC8[Z��

:8SaA4B� ,�)� C[� ,�-�� MZP� CT4� W4e�Y4CA8O� ?MAMY4C4AB� MA4� O[XX4OC4P� 8Z�EMNX4� ,�)	� � � � ET4�

O[Y?[aZPB�?A[b8P4�R[A��M�P8RR4A4ZC�P4SA44�[R�?[BB8NX4�4X4OCA[Z�P4X[OMX8fMC8[Z�MZP�T4ZO4�

P4MOC8bMC8[Z� [R� CT4� A4YM8Z8ZS� Z8CA[S4Z� X[Z4� ?M8A� RA[Y� CT4� TePAMf8Z4� RAMY4c[AW	� � ET4�

4X4OCA[Z8O� Y[PaXMC8[Z� Ne� CT4� TePAMf8Z4� BaNBC8CaC8[Z� TMB� P8A4OC� O[ZB4]a4ZO4B� [Z� CT4�

B[X8P�BCMC4�BCAaOCaA4B	� �D?4O8R8OMXXe�� CT4A4�MA4� CTA44�BCAaOCaAMX�MB?4OCB�[R� 8ZC4A4BC�cT8OT�

N

NO2NHO
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MA4�P8A4OCXe�MRR4OC4P�Ne�CT4�4X4OCA[Z8O�?A[?4AC84B�[R�CT4�BaNBC8Ca4ZC�[Z�# +�2� )��CT4�#�#�

N[ZP�X4ZSCT3� *��CT4�[A84ZCMC8[Z�[R�CT4�#�BaNBC8Ca4ZCB�A4XMC8b4�C[�[Z4�MZ[CT4A3�MZP� +��CT4�

P4SA44�[R�?XMZMA8Ce�[R� CT4�P8MAeX�Z8CA[S4Z�MB�MBB4BB4P�Ne� CT4�BaY�[R� CT4�MZSX4B�MN[aC�

CT4B4�MC[YB�[A�M�Y4MBaA4�[R�CT48A�P8BCMZO4�[aC�[R�CT4�?XMZ4�[R�CT48A�BaNBC8Ca4ZCB	�:[A�CT4�

R8ZMX�O[ZB8P4AMC8[Z�� CT4� R8b4�P4A8bMC8b4B�)� C[�-�c4A4�B4X4OC4P�N4OMaB4�CT4e�MXX�BTMA4�M�

R[AYMXXe� B?*� TeNA8P8f4P� #� MC[Y� N[aZP� C[� MZ� 5A*#� Z8CA[S4Z� MC[Y	� � =Z� B?8C4� [R� CT8B�

B8Y8XMA8Ce��CT4e�TMb4�P8RR4A4ZC�#�7C*�[A84ZCMC8[ZB�c8CT�)��*�MZP�+�TMb8ZS�MZ�[ACT[S[ZMX�

#�7C*� SA[a?� C[� CT4� 5A*#� ?XMZ4� MZP� ,� MZP� -� TMb8ZS� MXX� #� BaNBC8Ca4ZCB� O[?XMZMA	��

5XCT[aST�)��*��,�MZP�-�MXX�TMb4�BT[AC�#�#�N[ZPB��CT4A4�8B�M�B8SZ8R8OMZC�8ZOA4MB4�8Z�CT4�

#�#�N[ZP�X4ZSCT�a?[Z�BaNBC8CaC8[Z�c8CT�MZ�4X4OCA[Z�A8OT�*�?A[?MZeX�SA[a?��47"4*��RA[Y�

)	,)-1 )0�� g� 8Z� CT4� ?MA4ZC� TePAMf8Z4� C[� )	,,(( ).�� g� 8Z� +	� � 7X4MAXe�� CT4A4� 8B� BaNCX4�

4X4OCA[Z8O�O[ZCA[X�[R�CT8B�N[ZP8ZS	����

:8SaA4�,�*	��ACE9B�A4?A4B4ZCMC8[Z�[R�O[Y?[aZP�*	��D4X4OC4P�BCAaOCaAMX�

?MAMY4C4AB�MA42�# *��# +��)	,(* *��g��# *��7 )��7 *��# )���(	0 +�h��A +��

7 )+��# +��# *��)./	* *���A ,��7 )-��# +��# *���)*	0 +���[aC�[R�?XMZ4�

P8BCMZO4�[R�# +��(	(* +�g	

N

O2N

NO O
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���1.������
���:�������-��4������-����1�
����.�.����4���.�������.��4��	�
� �

Parameter NDPH3! 1 2 3 4 5 

N(2)-N(3) (Å) 1.4159(18) 1.386(3) 1.402(2) 1.4400(16) 1.3748(13) 1.369(2) 

N(2)-C(1) (Å) 1.4012(17) 1.409(4) 1.411(2) 1.3994(18) 1.4246(14) 1.391(2) 

N(2)-C(7) (Å) 1.4134(18) 1.409(4) 1.423(2) 1.4362(19) 1.4064(15) 1.424(2) 

N(3)-C(13) (Å) N/A 1.343(3) 1.406(3) 1.273(2) 1.2845(14) 1.272(2) 

C(1)-C(2) (Å) 1.3981(19) 1.381(4) 1.395(3) 1.399(2) 1.3862(18) 1.382(2) 

C(2)-N(1) (Å) 1.4624(19) 1.469(4) 1.468(3) 1.4703(18) 1.4590(18) 1.461(2) 

C(13)-N(3)-N(2)-C(1)(˚) N/A 110.03(30) -83.0(2) -151.09(11) -6.88(16) -178.0(1) 

C(13)-N(3)-N(2)-C(7) (˚) N/A 191.68(30) 121.7(2) 70.17(12) 176.39(10) 4.3(2) 

N(3)-N(2)-C(1)-C(2) (˚) -41.63 -115.97(30) 154.8(2) 36.68(12) -72.07(15) 24.2(2) 

N(3)-N(2)-C(7)-C(8) (˚) -163.49 -6.7(3) 130.4(2) -146.23(12) -179.24(11) -99.7(2) 

N(2)-N(3)-C(13)-C(14) (˚) N/A -179.9(2) -11.7(3) -178.44(12) -177.55(10) 178.3(1) 

C(1)-N(2)-N(3) (˚) 113.69(11) 114.0(2) 116.76(15) 111.33(11) 120.72(9) 115.7(1) 

C(7)-N(2)-N(3) (˚) 120.64(11) 117.6(2) 116.09(14) 115.36(11) 117.89(9) 122.6(1) 

C(7)-N(2)-C(1) (˚) 123.66(12) 124.4(2) 122.02(14) 118.49(11) 121.31(9) 121.7(1) 

Sum of angles about N(2) (˚) 357.99(20) 356.0(3) 354.87(25) 345.18(19) 359.92(16) 360.0(2) 

Distance of N(2) from its plane 

(Å) 

0.1158 0.164 or 

0.051a 

0.186 0.321 0.023 0.016 or 

0.018a 
a Two independent molecules per asymmetric unit.
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� #AkZc�i]Vi�hjWhiAijiAdc�lAi]�dcZ�VXZina�?gdje�XVjhZh�hjX]�V�higjXijgVa�VaiZgViAdc�

Ac�Wdi]� i]Z�:g,G�VcY�GA,�bdAZiAZh�d[�G=IA&�lZ�egZeVgZY�i]Z�YAVXZina�YZgAkViAkZ�,� [dg�
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>WLYL@� �* � 7D)� R@=C>� L@@LYRP;PYBA�� � 7@dABLWA� =4� +�� CY4=@BCYLBPWd�� OTO� Y=B� WPLO� B=� L�

ALBTA4LNB=@d�A=WCBT=Y��

:TRC@P�,�*1�BDF9C�@P>@PAPYBLBT=Y�=4 �=YP�;=WPNCWP�TY� BSP�LAd;;PB@TN�

CYTB�=4�N=;>=CYO�(� ��EPWPNBPO�AB@CNBC@LW�>L@L;PBP@A�L@P1�A�) �A�* �

(�*.0�* �g��7�( �7�- �7�() �7�. �
�0�* i� �A�( �A�) �7�(* �7�(+ ��

(..�*�* i� �

N
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� HWSUf[aC� aX� 79�i[fZ� SUWf[U� SCZkVd[VW� gCVWd� TSe[U� UaCV[f[aCe� YShW� fZW� V[SUWfkA�

SCSAaYgW��<[YgdW�.	-�'!�

7e� [C� fZW�USeW�aX�D:F!%� fZW�SUWfkA�Ydagbe�SdW�bASCSd�SCV�adfZaYaCSA� fa� fZW�D7d+�

bASCW'�JZW�D	D�TaCV� AWCYfZe� [C� fZW� fia� [CVWbWCVWCf�BaAWUgAWe�aX� fZW�SekBBWfd[U�

gC[f� SdW� B[C[BSAAk� eZadfWd� fZSC� [C� *� ad� 79� i[fZ� hSAgWe� dWB[C[eUWCf� aX� afZWd�

efdgUfgdSAAk�UZSdSUfWd[lWV�D%D	V[SUWfkAZkVdSl[CWe�SCV�TafZ�C[fdaYWC�SfaBe�[C�W[fZWd�

BaAWUgAW�SdW�eb+	ZkTd[V[lWV'� �:Web[fW� fZWeW�e[B[ASd[f[We�TWfiWWC�+�SCV�D:F!%� fZW�

D	D�TaCV�AWCYfZ�[C�fZ[e�VWd[hSf[hW�[e�fZW�eZadfWd�aX�fZW�fia%�WhWC�TWSd[CY�[C�B[CV�fZW�

Z[YZ�efSCVSdV�VWh[Sf[aCe� [C� fZW�TaCV� AWCYfZ�BWSegdWBWCfe%�CSBWAk�*'-)*�.�m�SCV�

*',1-�.�m%�dWebWUf[hWAk'��M[fZ�V[ZWVdSA�SCYAWe�aX�9�*�	9�/�	9�*+�	9�0��aX�	)',)n�SCV�

<[YgdW�.	-3�EHJ;F�dWbdWeWCfSf[aC�aX �UaBbagCV�+'��IWAWUfWV�

efdgUfgdSA�bSdSBWfWde�SdW3�D�*�	D�+��*',1-�.�%�*'-)*�.��m%��9�*�	9�/�	

9�*+�	9�0��*')�.�n% �	)',�.�n% ��D�*�	D�+�	9�*,�	9�*-��	*0-'.�-�%��

+'.�/�n' �

N

NO

O
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9�*8�	9�/8�	9�*+8�	9�08��aX�)'22n%�fZW�USdTSlaAW�Ydagbe�BS[CfS[C�fZW[d�bASCSd[fk'��JZ[e�

aTeWdhSf[aC�UagbAWV�i[fZ� fZW�eBSAA�V[ZWVdSA�SCYAWe�STagf� fZW�D�*�	9�*��SCV�D�+�	9�0��

TaCVe%�BWSCe�fZSf�fZWdW�[e�S�baee[T[A[fk�Xad�p	VWAaUSA[eSf[aC�aX�WAWUfdaC�VWCe[fk�XdaB�D�*��

fa�S�YdWSfWd�WjfWCf� fZSC� [C�D:F!%�iZWdW� fZWeW�SCYAWe�SdW� ASdYWd'� �7e�S� dWegAf� aX� fZ[e�

[CUdWSeWV� bASCSd[fk%� VWAaUSA[eSf[aC� aX� fZW� WAWUfdaC	bS[d� XdaB� D�*�� [Cfa� fZW� SdaBSf[U�

ekefWB� iagAV� [CUdWSeW%� efdWCYfZWC[CY� [fe� eb+	ZkTd[V[lSf[aC� [C� fZ[e� V[	SUWfkA� VWd[hSf[hW'����

JZW�agf	aX	bASCW�V[efSCUWe�aX�D�*�� [C�fZW�fia�BaAWUgAWe�aX�fZW�SekBBWfd[U�gC[f�aX�aCAk�

)'**0m� SCV� )'*))m%� dWebWUf[hWAk%� SdW� eBSAAWd� fZSC� [e� fZW� VWh[Sf[aC� aX� )'*1/� [C� fZW�

D:F!	VWd[hWV�SCSAaYgW'���

� IUZ[XX�TSeW�XadBSf[aC�Tk�UaCVWCeSf[aC�i[fZ�eSA[UkASAVWZkVW�k[WAVWV�UaBbagCV�,�

�<[YgdW� .	.�%� iZ[UZ� WjZ[T[fe� fZW� eZadfWef� D	D� TaCV� AWCYfZe� aX� SAA� aX� fZW� USdTSlaAW�

VWd[hSf[hWe�efgV[WV�aX�*',/22�*/�m'���

<[YgdW�.	.3�EHJ;F�HWbdWeWCfSf[aC�aX�,'��IWAWUfWV�efdgUfgdSA�

bSdSBWfWde�SdW3 �D�*�	D�+��*',/22�*/�m%�9�*�	9�/�	9�*+�	9�0��

)'+�-�n�

N

N

OH
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�

7e� i[fZ� fZW� SCSAaYgW� XadBWV� XdaB� D:F!%� fZW�1� UaCXadBSf[aC� [e� fZW� aCAk� VWfWUfSTAW�

UaCfd[Tgfad%� TafZ� [C� fZW� eaA[V	efSfW� SCV� [C� eaAgf[aC� VgW� fa� efST[A[lSf[aC� Tk� SC�

[CfdSBaAWUgASd�ZkVdaYWC�TaCV�QD�+��r�E�*��6�+'/,0�,�R�m'��JZ[e�aTeWdhSf[aC�[e�egbbadfWV�

Tk�fZW�TdaSVWCWV�E!�e[YCSA�[C�fZW�"H'��"CfWdWef[CYAk%�fZW�SAUaZaA[U�E!�e[YCSA�[C�fZW�*!	

DCH�[e�hWdk�eZSdb�[C�9:9A,%�[CV[USf[hW�aX�S�V[edgbf[aC�aX�fZ[e�ZkVdaYWC�TaCV�[C�eaAgf[aC4�

ZaiWhWd%� fZWdW� [e� Ca�Wh[VWCUW�aX� fZW�A� [eaBWd'� �9aBbSd[eaC�aX� fZWeW�BWSegdWBWCfe�

i[fZ� fZaeW� aX� fZW� D:F!	VWd[hSf[hW� aX� *',0-,�*1�� SCV� +'/.)�*�� m%� dWebWUf[hWAk%�

VWBaCefdSfW� fZW� WhWC� YdWSfWd� V[XXge[aC� aX� WAWUfdaC� VWCe[fk� [C� ,� VgW� fa� fZW� XadUWV�

bASCSd[fk� aX� fZW� USdTSlaAW� d[CY'� � If[AA%� fZWdW� [e� S� eA[YZf� fi[ef[CY� aX� fZW� USdTSlaAW%�

bdWUAgV[CY�UaBbAWfW�bASCSd[fk�aX� fZW�efdgUfgdW%� dWegAf[CY�aX�SC�SCYAW�aX�*+')0n�TWfiWWC�

fZW�bASCW�aX�fZW�eSA[UkASAVWZkVW�Ydagb�SCV�fZSf�aX�fZW�USdTSlaAW'��JZW�V[efSCUW�aX�D�*��

XdaB�fZW�bASCW�aX� fZW�USdTSlaAW�d[CY�SAea� [CUdWSeWe%�SATW[f�B[C[BSAAk%�VgW�fa�fZ[e�efdS[C�

�)')*+m�'� �=[hWC� fZW� [BbWdXWUf�bASCSd[fk�SUdaee� fZW�D	D�TaCV%� [f�USC�TW�bdWV[UfWV� fZSf�

fZW�WCZSCUWV�efST[A[fk�aX�fZ[e�VWd[hSf[hW�ahWd�[fe�D:F!�SCSAaYgW�[e�VgW�fa�WCZSCUWV�eb+	

ZkTd[V[lSf[aC�aX�fZW�C[fdaYWC�SfaBe�VgW�fa�[CUdWSeWV�p	UaCfd[Tgf[aC�XdaB�fZW[d�dWebWUf[hW�

egTef[fgWCfe�i[fZ�Ca�p	VWAaUSA[lSf[aC�ahWd�fZW�D	D�TaCV�[feWAX'���

� M[fZ� fZW� [CUdWSeWV� bASCSd[fk� aX� fZWeW� USdTSlaAW� VWd[hSf[hWe� UaBbSdWV� fa� fZaeW�

VWd[hWV�XdaB�D:F!%�[f�[e�[BbadfSCf�fa�hWd[Xk�fZSf�fZW�BWSegdWV�BWfd[U�bSdSBWfWde�Va�Caf�

[CUAgVW� e[YC[X[USCf� [CfWdBaAWUgASd� [CfWdSUf[aCe'� � Ja� fZSf� WCV� fZW� hSd[Sf[aC� [C�D	D� TaCV�

AWCYfZ�iSe�bAaffWV�SYS[Cef� fZW�D�*�	9�*��SCV�D�*�	9�0��TaCV� AWCYfZe%�Se�iWAA�Se� fZW[d�

egB��<[YgdW�.	/�'��JZW�UAaeWef�[CfWdBaAWUgASd�SbbdaSUZWe�iWdW�SAea�fSTgASfWV��JSTAW�.	
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�

�

�
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JSTW.,39aeWef fWd aWUgSd fWdSUf[ae[ 79:Wd[hSf[hWeJSTW.,39aeWef fWd aWUgSd fWdSUf[ae[ 79:Wd[hSf[hWe

Compound( Carbazole(plane( RN(2)(
AC# 3.70(1)((C(10)(9(C(11))( 3.88(1)((N(2)(9(C(6))(

1# 3.720(6)((C(14)(9(C(3))( 3.720(6)((C(14)(9(C(3))(
2# 3.597(6)((C(9)(9(O(1))( 3.579(6)((C(14B)(9(O(1))(

3# 3.476(5)((C(7)(9(C(1))( 3.540(5)((N(2)(9(C(18))(

<[YgdW./3LSd[Sf[a [ 9 D Ta V W YfZi[fZ D D eWbSdSf[a 'IgXX[jWe S%

T VW afW[VWbW VW f aWUgWe[ fZWg [fUW eaX*S V.'

<[YgdW./3LSd[Sf[a [ 9 D Ta V W YfZi[fZ D D eWbSdSf[a 'IgXX[jWe S%

T VW afW[VWbW VW f aWUgWe[ fZWg [fUW eaX*S V.'

fZW Sad[fk aX fZWeWefdgUfgdWe%bSU][Y [eVa [SfWV Tk ZWdd[YTaW e[VWa

[fWdSUf[ae'JZWa kefdgUfgdWfZSfWjZ[T[febaee[TWppefSU][YfkbW[fWdSUf[ae[e,,

iZWdW fZWeS[UkSVWZkVWYdagbeSdW[ fZWSbbdabd[SfWdSYW ,fa-m Xda fZW

USdTSlaWd[YeaX W[YZTagd[Y aWUgWe' 7dWegfaXppefSU][Y[fZ[eebWU[We[eS

e[YZfWYfZW[YaXfZWD* 97dk TaVeTWUSgeWaXfZW[UdWSeWVUa bWf[f[a Xadp

WWUfda VWe[fk' JZWdW S[[YUa bagVeVa afZShWfZWUaddWUfad[WfSf[aeXad

fZWeWfkbWeaX[fWdSUf[ae'
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� 8k�SCSAaYk�fa�fZW�efgVk�aX�D:F!%�baee[TAW�VaCad	SUUWbfad� [CfWdSUf[aCe�[C�fZWeW�

VWd[hSf[hWe�aX�79�iWdW�WjSB[CWV�Tk�KL	h[e[TAW�ebWUfdaeUabk�[C�UZAadaXadB��JSTAW�.	-�'�

�

JSTAW�.	-3�BaiWef�;CWdYk�7Teadbf[aC�8SCVe�Xad�79�:Wd[hSf[hWe'�

9aBbagCV� λBSj��CB�� CaASd�STeadbf[h[fk��C	*UB	*��
79� ,-,� ,/02�
*� ,,)� -1,1�
+� ,+1� .+*/�
,� ,/2� ,)0,�
-� ,/)� *2//1�

�

JZW�BaASd�STeadbf[h[f[We�aX�fZW�79�VWd[hSf[hWe�efgV[WV�ZWdW�SdW�gC[cgW�UaBbSdWV�fa�fZW�

D:F!�SCSAaYgWe�[C�fia�dWebWUfe'��<[defAk%�fZW�BaASd�STeadbf[h[f[We�VWUdWSeW�[C�fZW�adVWd�

,�5�79�5�*�5�+�55�-'��JZ[e�fdWCV�[e�[C�A[CW�i[fZ�fZW�efdgUfgdSA�VSfS�aTfS[CWV�Xad�79�SCV�

VWd[hSf[hWe�*�fa�,'��M[fZ�fZW�WjUWbf[aC�aX�-%�SAA�aX�fZW�BaASd�STeadbf[h[f[We�SdW�UaCe[efWCf�

i[fZ�C	p��fdSCe[f[aCe'��JZW�ASdYW�[CUdWSeW�[C�BaASd�STeadbf[h[fk�[C�UaBbagCV�-�[e�UAWSdAk�

fZW�dWegAf�aX�S�p	p��fdSCe[f[aC�SCV�dWXAWUfe�fZW�bASCSd[fk�aX�fZW�TWClSAVWZkVW�VWd[hSf[hW%�

i[fZ�UaC?gYSf[aC�TW[CY�YdWSfAk�WCZSCUWV�ahWd� fZW�afZWde'�KCXadfgCSfWAk%�VSfS�aTfS[CWV�

Xad�e[CYAW�UdkefSAe�aX�-�V[V�Caf�AWSV�fa�S�eSf[eXSUfadk�eaAgf[aC4�ZaiWhWd%�fZW�VWAaUSA[lSf[aC�

[C� fZ[e� VWd[hSf[hW� USC� SAea� TW� [CXWddWV� XdaB� fZW� *!� DCH� ebWUfdgB'� � MZWdWSe� fZW�

SCSAaYage�UaBbagCV�VWd[hWV�XdaB�D:F!��9ZSbfWd�-��eZaie�fZW�e[YCSA�Xad�fZW�BWfZ[CW�

bdafaC�Sf�S�UZWB[USA�eZ[Xf�aX�δ 0',�bbB%�fZW�eSBW�bdafaC�[e�eZ[XfWV�fa�2')0-�bbB�[C�fZW�

USdTSlaAW� VWd[hSf[hW'� � JZ[e� [e� BadW� dWB[C[eUWCf� aX� fZW� dWbadfWV*/� eZ[Xf� Xad� fZW� bSdWCf�

TWClSAVWZkVW�BWfZ[CW�bdafaC�eZ[Xf�aX�δ *)�bbB�[CV[USf[hW�aX�S�dWefadSf[aC�aX�SdaBSf[U[fk�

ahWd�fZW�WCf[dW�BaAWUgASd�efdgUfgdW�[C�-%�iZ[UZ�iSe�Caf�bdWeWCf�[C�fZW�D:F!�SCSAaYgW'�

�
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.'-  9aCUAge[aCe����

� <daB�bgd[X[WV�UdkefSAA[CW�79%�eWhWdSA�VWd[hSf[hWe�SCSAaYage�fa�fZaeW�bdWh[ageAk�

VWd[hWV�XdaB�D:F!�USC�TW�BSVW�[C�Z[YZ�k[WAV�SCV�bgd[fk'��JZW�X[def�efdgUfgdSA�WAgU[VSf[aC�

aX�79�eZaie�[f�fa�TW�S�bASCSd�BaAWUgAW�i[fZ�aCAk�S�eBSAA�fade[aC�SCYAW�aX�+�+�n�TWfiWWC�

fZW�bASCWe�aX�fZW�XgeWV�bZWCkA�d[CYe'��JZ[e�bASCSd[fk�ZSe�fZW�WXXWUf�aX�efdWCYfZWC[CY�fZW�

eb+	ZkTd[V[lSf[aC�efSfW�aX�[fe�SV?SUWCf�C[fdaYWC�fZdagYZ�SVV[f[aCSA�p	TSeWV�WAWUfdaC�

VWAaUSA[lSf[aC'��7e�S�dWegAf%�fZW�D	D�dWbgAe[aC�[e�AaiWdWV�fa�SC�WhWC�YdWSfWd�WjfWCf%�

SAAai[CY�YdWSfWd�adT[fSA�ahWdASb�SCV�ZWCUW�TaCVe�[C�79�VWd[hSf[hWe�YS[C�fkbW�+T�

UZSdSUfWd�SCV�TWUaBW�eZadfWd'���

� JZWeW�efgV[We�ZShW�eZaiC�fZSf�fZW�σ	�SCV�p	TSeWV�UaCfd[Tgf[aCe�USC�TW�BSVW�fa�

iad]�ekCWdY[ef[USAAk�[C�*%*	V[SdkAZkVdSl[CWe�fa�bdaBafW�WhWC�efdaCYWd�D	D�TaCVe'��MW�

ZShW�SAea�VWBaCefdSfWV�fZW�WXXWUf�aX�efWd[Ue�fZdagYZ�UaBbSd[eaC�i[fZ�SCSAaYage�D:F!�

VWd[hSf[hWe%�iZWdW�p	VWAaUSA[lSf[aC�[e�Z[CVWdWV�SCV�TaCV[CY�[CfWdSUf[aCe�SdW�A[B[fWV�fa�

ZSh[CY�BaefAk�σ−UZSdSUfWd�aCAk'��<ge[aC�aX�fZW�SdkA�CWfiad]�bdaVgUWe�SC�[CUdWSeW�[C�

SdaBSf[U[fk%�?gef�Se�[C�Ya[CY�XdaB�bkddaAW�fa�[CVaAW�SCV�X[CSAAk�fa�USdTSlaAW�SCV�fZ[e�

SdaBSf[U�WCZSCUWBWCf�USC�TW�bdabSYSfWV�fa�WCZSCUW�ahWdSAA�BaAWUgASd�efST[A[fk'��=[hWC�

fZW�i[VW�SddSk�aX�geWe�Xad�79�SCV�[fe�UaC?gYSfWe�[C�BSfWd[SAe�SCV�BWV[U[CSA�UZWB[efdk%�

fZ[e�]CaiAWVYW�i[AA�TW�geWXgA�Xad�UaCfdaAA[CY�fZW�efST[A[fk�aX�fZWeW�ZkVdSl[CW	TSeWV�

bdaVgUfe�Xad�hSd[age�SbbA[USf[aCe'�

��

.'.  ;jbWd[BWCfSA�

.'.'*  =WCWdSA�BWfZaVe�

� :[UZAadaBWfZSCW� iSe� UaCf[CgageAk� Vd[WV� ahWd� S� UaAgBC� aX� I[E+'� 7AA� afZWd�

dWSYWCfe� SCV� eaAhWCfe� iWdW� aTfS[CWV� XdaB� UaBBWdU[SA� eagdUWe� SCV� iWdW� geWV� Se�

dWUW[hWV'� � 2	C[fdaeaUSdTSlaAW�iSe�ekCfZWe[lWV� XaAAai[CY� fZW�BWfZaV�aX�FSdS]]S*0� SCV�
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iSe�geWV�i[fZagf�XgdfZWd�bgd[X[USf[aC'��*!	�SCV�*,9	DCH�ebWUfdS�iWdW�dWUadVWV�aC�,))�

SCV� .))� C!l� LSd[SC� ebWUfdaBWfWde'� ![YZ	dWeaAgf[aC� BSee� ebWUfdS� �!HCI�� iWdW�

BWSegdWV�Tk�WAWUfdaebdSk� fWUZC[cgWe�i[fZ�S� f[BW	aX	XA[YZf�VWfWUfad� �;I"(JE<�'� �KL(L[e�

ebWUfdS� aX� SAA� fZW� UaBbagCVe�iWdW� SUcg[dWV� aC� S�9SdWk� *))�8[a� ebWUfdabZafaBWfWd'��

CWAf[CY� ba[Cfe� iWdW� VWfWdB[CWV� ge[CY� S�B[Uda	BWAf[CY� SbbSdSfge� SCV� SdW� USA[TdSf[aC	

UaddWUfWV'���

�

.'.'+  IkCfZWeWe�

2	SB[CaUSdTSlaAW��79��

� <aAAai[CY� fZW�BWfZaV� aX� ;Cfi[efAW*.W%� S� eaAgf[aC� aX� Aai	hSAWCf� f[fSC[gB� dWSYWCf�

iSe�BSVW�i[fZ�/'/BB�f[fSC[gB�"L��UZAad[VW�[C�-3*�V[UZAadaBWfZSCW3V[WfZkA�WfZWd�����+.)�

BB��Tk�SVV[f[aC�aX�BSYCWe[gB�fgdC[CYe��*'.Y��SCV�ef[dd[CY�Sf�daaB�fWBbWdSfgdW�Xad�,�Z'��

2	C[fdaeaUSdTSlaAW��*',1�Y%�0'),�BBaA��[C�V[WfZkA�WfZWd������.)�BB��iSe�SVVWV�SCV�ef[ddWV�

Sf�daaB�fWBbWdSfgdW�Xad�,)�B[C'��7�eaAgf[aC�aX�UaCUWCfdSfWV�ZkVdaUZAad[U�SU[V��*�BB��[C�

iSfWd��-)�BB��iSe�USdWXgAAk�SVVWV���97KJ"ED3�=Se�WhaAgf[aC��SCV�ef[dd[CY�UaCf[CgWV�Xad�
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� 7S�2MF8<JW�(��?J�XAS<MJXNBJI�XTRJ�SJ?�IJWN[F<N[JX�TK��3!6���AMJXJ�IJWN[F<N[JX�

XMT?JI� HTSXNIJWFG4J� [FWNF<NTS� NS� ���� GTSI� 4JSL<M�� � AMWT=LM� XNSL4J�HWAX<F4� INKKWFH<NTS�

X<=INJX� TS� JFHM� IJWN[F<N[J�� ?J� ?JWJ� FG4J� <T� FI[FSHJ� F� <MJTWA� <MF<� GTSINSL� NS� <MJXJ�

XAX<JRX� NX� ITRNSF<JI� 8WNRFWN4A� GA� JSMFSHJI� σ�GFXJI� JKKJH<X� ?N<M� 4N<<4J� <T� ST� C�
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HTS<WNG=<NTS���AMNX�F44T?JI�FS�����GTSI�WFSLNSL�NS�4JSL<M�KWTR�4TSL�FSI�X8
�X8
�<T�XMTW<�

FSI�X8	�X8	�MAGWNINBF<NTS�<MF<�FWJ�NSIJ8JSIJS<�TK�NS<JWRT4JH=4FW�NS<JWFH<NTSX��

� 2MF8<JW� )� F44T?JI� <MJ� HTR8FWNXTS� TK� σ�GFXJI� GTSINSL� NS� ����INFWA4MAIWFBNSJX�

?N<M� GTSINSL� ?MJWJ� C�JKKJH<X� ?JWJ� F4XT� 8TXXNG4J�� � 2TR8FWNXTS� TK� XNSL4J�HWAX<F4�

INKKWFH<NTS�IF<F�KTW�FSF4TLT=X�IJWN[F<N[JX�TK�02�?N<M�<MJNW��3!6�FSF4TL=JX�F44T?JI�<MJ�

HTSH4=XNTS� <MF<�X<JWNH�JSH=RGWFSHJ� NS��3!6�8WJ[JS<X�C�HTS<WNG=<NTS� <T� <MJ�����GTSI�

X<WJSL<M��?MNHM�HFS�GJ�WJH<NKNJI�GA�K=XNSL�<MJ�FWA4�WNSLX���AMNX�HTR8FWNXTS�NX�4NPJSJI�<T�

<MJ�K=XNTS�TK�8AWWT4J�<T�F�GJSBJSJ�WNSL�<T�KTWR�NSIT4J��?MNHM�JHMTJX�<MJ�GJMF[NT=W�TK�<MJ�

8AWWT4NIJ�FSI�NSIT4NIJ�RJ<F4�HTR84J]JX�TK�HMF8<JW�	��IJX8N<J�<MJ�8TXXNGN4N<A�TK�����4TSJ�

8FNW�WJ8=4XNTS��

� :FX<4A�� NS� 2MF8<JW� 
� <MJ� FGN4N<A� <T� =XJ� �3!6� FX� F� WT=<J� <T� X8	�MAGWNINBJI� ��

MJ<JWTHAH4JX� ?FX� J]84TWJI� =XNSL� F� <N<FSN=R�RJINF<JI� 2FITLFS� HAH4NBF<NTS�� � AMJ�

HTSIJSXF<NTS�TK��3!6�NS�<MJ�8WJXJSHJ�TK�F�GFXJ�FSI�FS�T]ALJS�XHF[JSLJW�INI�NSIJJI�

8WTI=HJ���8MJSA4GJSBT<WNFBT4J� NS�MNLM�ANJ4I�FSI�8=WN<A�� � 7S�FIIN<NTS�� <MJ�=XJ�TK��3!6�

IJWN[F<N[JX� FX� 4NLFSIX� ?FX� J]84TWJI� =XNSL� <MJ� XF4NHA4F4IJMAIJ� #HMNKK� GFXJ� FSI� <MJXJ�

?JWJ� HTS<WFX<JI� ?N<M� <MJ� FSF4TL=J� IJWN[JI� KWTR� 02�� � 0LFNS�� <MJ� NSHWJFXJI� X<JWNH�

IJRFSI� TK� <MJ� �3!6� FII=H<� 8WJH4=IJI� HTR84J]� KTWRF<NTS�� MT?J[JW�� <MJ� HFWGFBT4J�

IJWN[JI�8WTI=H<�?FX�HMFWFH<JWNBJI�GA�X8JH<WTXHT8NH�<JHMSN9=JX�FSI�GA�XNSL4J�HWAX<F4�C�

WFA�INKKWFH<NTS���AMJ�����FSI���"=�FSI�"=� �GTSI�4JSL<MX�NS�<MNX�IJWN[F<N[J�FWJ�4TSLJW�

<MFS� FSA� T<MJW� XNRN4FW� W=<MJSN=R� HMJ4F<JX� <MF<� MF[J� GJJS� WJ8TW<JI�� XMT?NSL� <MJ�

IJ<WNRJS<F4�JKKJH<X�TK�J]<JSIJI�FWTRF<NHN<A�TS�<MJ�σ�ITSF<NSL�FSI�C�FHHJ8<NSL�FGN4N<NJX�

TK�<MJXJ�HTR8T=SIX�NS�HTR8FWNXTS�<T�<MJ���	�
�<WNFBT4N=R�HF<NTSX����

�

�

�
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��	  4=<=WJ�?TWP�

6F[NSL� IJ[J4T8JI� <JHMSN9=JX� KTW� <MJ� JKKNHNJS<� XAS<MJXNX� TK� X<FG4J� J4JH<WTS�8TTW� X8	�

MAGWNINBJI�����INFWA4MAIWFBNSJX�FSI�IJWN[F<N[JX�<MF<�HFS�GJ�=XJI�FX�8TXXNG4J�HMJ4F<JX�NS�

<WFSXN<NTS�RJ<F4�HTR84J]JX�FX�?J44�FX�KTW�<MJ�KFHN4J�XAS<MJXNX�TK���8MJSA4GJSBT<WNFBT4J��

<MJWJ�FWJ�	� NR8TW<FS<� WJXJFWHM�LTF4X� <MF<�HT=4I�GJ�8=WX=JI�� �AMJ� KNWX<� NX� <T�=<N4NBJ� <MJ�

RJ<MTIX� TK� 9F<WN<BPA�� KTW� <MJ� KTWRF<NTS� TK� ��T]NIJX� <T� RFPJ� JX8JHNF44A� IJ4THF4NBJI�

GJSBT<WNFBT4N=R�IJWN[F<N[JX�<MF<�RNLM<�GJ�=XJI�FX�SN<WJSN=R�GFXJI�4NLFSIX�KTW�<WFSXN<NTS�

RJ<F4X�<MF<�IT�ST<�HTS<FNS�HMJ4F<NSL�FWRX���7K�X=HHJXXK=4��<MNX�?T=4I�WJ8WJXJS<�F�RJ<MTI�

TK� SN<WJSN=R� NTS�GFXJI� 4NLFSI� XAS<MJXNX� ?N<M� HTSXNIJWFG4J� [JWXF<N4N<A� <MF<� JR84TAX�

WJ4F<N[J4A� NSJ]8JSXN[J� WJFLJS<X� FSI� RNLM<� 8WT[J� =XJK=4� NS� <MJ� XAS<MJXNX� TK� [FWNT=X�

RF<JWNF4X� KTW� T8<NHF4� FSI� HF<F4A<NH� F884NHF<NTSX�� � AMJ� XJHTSI� K=<=WJ� INWJH<NTS� KTW� <MNX�

WJXJFWHM� HTSHJWSX� <MJ� RJ<F4� HTR84J]� KTWRF<NTS� TK� <MJ� 4NLFSIX� IJWN[JI� KWTR� �3!6���

BMN4J� GNSINSL� <T� "=�2  �24 �6 �!!M
 
� ?FX� =SX=HHJXXK=4� RTX<� 4NPJ4A� I=J� <T� X<JWNH�

JSH=RGWFSHJ�F<�<MJ�RJ<F4�HJS<WJ��8JWMF8X�4JXX�X<JWNHF44A�HWT?IJI�W=<MJSN=R�IJWN[F<N[JX�

X=HM� FX� � "=1W	D�26
 	# ((� IJXHWNGJI� GA� "N4JA	�� � BN<M� RTWJ� 4FGN4J� INRJ<MA4X=4KT]NIJ�

4NLFSIX�<MF<�XMT=4I�RNSNRNBJ�X<JWNHX��8JWMF8X�HTR84J]�KTWRF<NTS�?T=4I�GJ�KJFXNG4J���7S�

FIIN<NTS�� <MJ� HF<F4A<NH� FH<N[N<A� TK� <MJ� 02�IJWN[JI� W=<MJSN=R� HMJ4F<J� KTW� T4JKNS�

8T4ARJWNBF<NTS� XMT=4I� GJ� NS[JX<NLF<JI� <T� FXHJW<FNS� <MJ� JKKJH<N[JSJXX� TK� <MJXJ� SJ?�

MAIWFBNSJ�GFXJI�4NLFSIX�KTW�HF<F4A<NH�F884NHF<NTSX����

��
  ""JKJWJSHJX�

��� 9F<WN<BPA��0��"���;FNRFN<��"���3JSNXJSPT��#������#<JJ4��!�� 8���0PMRJIT[�����5���

2TS[JWXNTSX�GA�3NRJ<MA4INT]NWFSJ�TK���04PA4GJSBT<WNFBT4JX� NS<T�AMJNW��� ]NIJX�FSI�TK�

	�04PA4GJSBT<WNFBT4JX� NS<T� 	�04PA4�<WFSX�(�)�
���INJ8T]A�(�)�
���

<J<WFMAIWTGJSBT<WNFBT4JX�����	�
��������	�����  ���
 ��)),)�)),-��
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	�� "N4JA�� 3�� !��� <WFSX�3NGWTRT<J<WFPNX�INRJ<MA4� X=4KT]NIJ W=<MJSN=R�77 .� 0� [JWXF<N4J�

X<FW<NSL� RF<JWNF4� KTW� <MJ� XAS<MJXNX� TK� W=<MJSN=R�77 � HTR84J]JX� KTW� =XJ� FX� RT4JH=4FW�

T]ALJS�T]NIF<NTS�HF<F4AX<X���.��
�����������
��-,)������� ��)�����
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Figure!S1!!!Hydrogen!bonding!and!salt!network!for!the!sufimidate!dianion!in!1.!!Sodium!
cations!are!purple,!and!water!as!red!with!two!hydrogens!attached.!!The!sulfimidate!dianions!
from!adjacent!cells!also!contribute!as!a!chelate!to!one!sodium!and!a!bridge!to!an!adjacent!
sodium.!!One!of!the!waters!also!bridges!two!sodiums.!



! 193!

�

28!
!
Density!Functional!Theoretical!Results!for!
the!2"NitrophenylPhenylAmine!derivatives.!

B3LYP/6"311++g**!Results!for!the!
Optimized!Ground!State!Structures.!

!

Calculated!Gas!Phase!Distance!Matric!for!
the!Urea!Derivative!2a!

!

                 Distance matrix (angstroms): 
                    1          2          3          4          5 
     1  N    0.000000 
     2  N    2.350183   0.000000 
     3  H    3.236996   1.008056   0.000000 
     4  C    1.421755   2.775167   3.781645   0.000000 
     5  C    2.497638   3.060078   4.004149   1.405684   0.000000 
     6  C    2.430878   3.788300   4.752357   1.401775   2.394395 
     7  C    3.768011   4.161198   5.052662   2.445879   1.393056 
     8  C    3.717553   4.738871   5.683719   2.435147   2.767516 
     9  H    2.612680   4.153588   5.045197   2.136608   3.373132 
    10  C    4.245862   4.894794   5.812828   2.825354   2.406550 
    11  H    4.629574   4.733507   5.527699   3.411367   2.135290 
    12  H    4.572600   5.633884   6.544876   3.409540   3.851230 
    13  H    5.328795   5.866067   6.743488   3.908396   3.388298 
    14  C    1.437888   3.673199   4.445923   2.446667   3.582612 
    15  C    2.445411   4.708367   5.529396   2.986929   3.809989 
    16  C    2.462196   4.302848   4.897833   3.566947   4.833396 
    17  C    3.722995   5.987860   6.753460   4.305112   5.164421 
    18  H    2.652297   4.725823   5.594829   2.813352   3.247984 
    19  C    3.732187   5.671870   6.243562   4.726493   5.957769 
    20  H    2.683116   3.988894   4.439063   3.827393   5.122227 
    21  C    4.228043   6.396445   7.062359   5.028867   6.100062 
    22  H    4.589210   6.836077   7.624765   4.996960   5.666887 
    23  H    4.603558   6.340066   6.809539   5.634457   6.916511 
    24  H    5.311980   7.467378   8.109541   6.082213   7.133475 
    25  C    1.406693   1.380167   2.010144   2.488542   3.181606 
    26  O    2.297621   2.276642   2.445534   3.593292   4.293374 
    27  H    2.574600   1.007982   1.712955   2.515123   2.755863 
    28  N    2.990833   3.072380   3.824097   2.524845   1.480778 
    29  O    2.877464   3.392047   4.078890   2.896035   2.316428 
    30  O    4.063570   3.519507   4.071757   3.527435   2.310010 
                    6          7          8          9         10 
     6  C    0.000000 
     7  C    2.779129   0.000000 
     8  C    1.389434   2.404264   0.000000 
     9  H    1.083181   3.862162   2.151985   0.000000 
    10  C    2.415002   1.388484   1.395134   3.399140   0.000000 
    11  H    3.860659   1.081936   3.396542   4.943565   2.160287 
    12  H    2.142191   3.388912   1.083766   2.473054   2.154368 
    13  H    3.399145   2.144772   2.158469   4.298585   1.083046 
    14  C    3.026701   4.767139   4.346409   2.839171   5.076257 
    15  C    3.528022   4.864771   4.618298   3.509292   5.201142 
    16  C    3.846500   5.982666   5.202405   3.283881   6.137601 
    17  C    4.611211   6.130770   5.639253   4.379642   6.333019 
    18  H    3.519313   4.218363   4.400498   3.811698   4.708853 
    19  C    4.864525   7.050594   6.132639   4.209816   7.125343 
    20  H    4.062949   6.266946   5.428446   3.429822   6.398727 
    21  C    5.188488   7.117915   6.324222   4.683071   7.212796 
    22  H    5.290056   6.515241   6.152938   5.164227   6.726774 
    23  H    5.677822   8.002546   6.940447   4.903193   8.013627 
    24  H    6.166747   8.107408   7.239408   5.614947   8.151083 
    25  C    3.558237   4.490028   4.769204   3.719096   5.152343 
    26  O    4.618506   5.642825   5.896886   4.616789   6.332261 
    27  H    3.278270   3.610608   4.045189   3.730269   4.184889 
    28  N    3.776049   2.439311   4.244321   4.652926   3.727333 
    29  O    4.233385   3.444155   4.934235   4.945009   4.623433 
    30  O    4.668025   2.763294   4.915788   5.606654   4.134931 
                   11         12         13         14         15 
    11  H    0.000000 
    12  H    4.299952   0.000000 
    13  H    2.493172   2.491796   0.000000 
    14  C    5.658146   5.034729   6.131248   0.000000 
    15  C    5.662920   5.298550   6.184276   1.395503   0.000000 
    16  C    6.924583   5.707534   7.174842   1.396153   2.418134 
    17  C    6.926696   6.152714   7.254502   2.413392   1.392893 
    18  H    4.894105   5.187840   5.646133   2.147014   1.082955 
    19  C    7.989797   6.516564   8.119208   2.411367   2.785319 
    20  H    7.217981   5.899131   7.434126   2.149720   3.397017 
    21  C    7.995115   6.716195   8.156490   2.790500   2.416165 
    22  H    7.220663   6.644434   7.568130   3.393259   2.145751 
    23  H    8.965915   7.232481   8.995640   3.391452   3.869380 

    24  H    8.973827   7.549899   9.054800   3.874457   3.398777 
    25  C    5.196791   5.640236   6.210889   2.452310   3.557060 
    26  O    6.307671   6.728517   7.398968   2.770178   3.846933 
    27  H    4.233974   4.895929   5.101252   3.973364   4.985383 
    28  N    2.594133   5.327672   4.581977   4.039865   4.154947 
    29  O    3.669804   5.993915   5.529633   3.596793   3.524865 
    30  O    2.475661   5.978295   4.805656   5.214830   5.377112 
                   16         17         18         19         20 
    16  C    0.000000 
    17  C    2.788447   0.000000 
    18  H    3.395881   2.155887   0.000000 
    19  C    1.391822   2.410199   3.867884   0.000000 
    20  H    1.082354   3.870728   4.285858   2.153285   0.000000 
    21  C    2.418124   1.393314   3.400267   1.394688   3.400850 
    22  H    3.872498   1.084094   2.478396   3.395134   4.954736 
    23  H    2.144159   3.394454   4.951843   1.084093   2.474256 
    24  H    3.399760   2.153038   4.297332   2.153809   4.296267 
    25  C    3.043715   4.747818   3.768417   4.372515   2.871362 
    26  O    2.985201   4.815937   4.224746   4.153422   2.735681 
    27  H    4.639477   6.293881   4.951769   6.023335   4.318852 
    28  N    5.328842   5.502365   3.464700   6.429306   5.637731 
    29  O    4.885596   4.782059   2.831187   5.849412   5.325514 
    30  O    6.457932   6.718627   4.662096   7.605479   6.668541 
                   21         22         23         24         25 
    21  C    0.000000 
    22  H    2.153059   0.000000 
    23  H    2.153514   4.293996   0.000000 
    24  H    1.083959   2.483662   2.483096   0.000000 
    25  C    5.081524   5.643602   5.077267   6.140915   0.000000 
    26  O    4.945790   5.734353   4.725946   5.930556   1.213323 
    27  H    6.737296   7.127024   6.698798   7.815966   2.086572 
    28  N    6.508414   5.927064   7.406740   7.528433   3.225995 
    29  O    5.813824   5.157194   6.844486   6.790087   3.101091 
    30  O    7.724001   7.111962   8.558338   8.744968   4.045495 
                   26         27         28         29         30 
    26  O    0.000000 
    27  H    3.145570   0.000000 
    28  N    4.112271   3.148756   0.000000 
    29  O    3.697167   3.763807   1.221508   0.000000 
    30  O    4.902044   3.513437   1.223777   2.171378   0.000000
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Calculated!Gas!Phase!Distance!Matrix!for!
the!Hydrazine!Derivative!3!
               Distance matrix (angstroms): 
                    1          2          3          4          5 
     1  N    0.000000 
     2  N    1.404281   0.000000 
     3  H    2.002371   1.017214   0.000000 
     4  C    1.411673   2.450708   2.674225   0.000000 
     5  C    2.441832   2.897997   2.934645   1.403461   0.000000 
     6  C    2.453082   3.691511   3.838347   1.405006   2.414099 
     7  C    3.716796   4.271254   4.189732   2.426972   1.392564 
     8  H    2.677693   2.611869   2.647527   2.162267   1.082403 
     9  C    3.721559   4.840390   4.862762   2.425404   2.779340 
    10  H    2.687174   4.007048   4.218088   2.158392   3.398042 
    11  C    4.228914   5.089290   5.021585   2.817296   2.421663 
    12  H    4.580629   4.912626   4.768302   3.402434   2.140733 
    13  H    4.588784   5.779352   5.796066   3.401312   3.863610 
    14  H    5.312244   6.146299   6.032142   3.900632   3.404345 
    15  C    1.404857   2.373523   3.052205   2.477826   3.727855 
    16  C    2.430229   3.549045   4.326112   3.066801   4.282951 
    17  C    2.472439   2.902716   3.396594   3.649490   4.876173 
    18  C    3.708012   4.690996   5.467441   4.416852   5.666142 
    19  H    2.630159   3.828270   4.613364   2.851574   3.876424 
    20  C    3.744794   4.219692   4.767996   4.857457   6.139369 
    21  C    4.230923   4.968775   5.657112   5.170671   6.475293 
    22  H    4.567132   5.606873   6.418415   5.102265   6.279784 
    23  H    4.602278   4.873732   5.306749   5.753379   7.009197 
    24  H    5.313267   6.016616   6.701605   6.234420   7.543289 
    25  H    1.996725   1.015018   1.669584   2.783480   2.830487 
    26  N    2.960137   2.857163   2.942888   4.087898   5.134711 
    27  O    2.851025   2.754888   2.454610   3.654817   4.584837 
    28  O    4.040317   3.675996   3.746601   5.250559   6.223418 
                    6          7          8          9         10 
     6  C    0.000000 
     7  C    2.780829   0.000000 
     8  H    3.401955   2.140645   0.000000 
     9  C    1.389899   2.399817   3.861597   0.000000 
    10  H    1.082053   3.862460   4.303455   2.143399   0.000000 
    11  C    2.422414   1.392303   3.394180   1.394772   3.398075 
    12  H    3.865130   1.084371   2.447877   3.387279   4.946706 
    13  H    2.138177   3.386397   4.945872   1.084426   2.453153 
    14  H    3.404312   2.155556   4.287360   2.157620   4.291626 
    15  C    2.937809   4.889702   4.047388   4.317771   2.636911 
    16  C    3.182660   5.266084   4.715794   4.417216   2.760483 
    17  C    4.019690   6.064099   5.103596   5.401609   3.517022 
    18  C    4.349684   6.613634   6.091694   5.528604   3.693036 
    19  H    2.934105   4.708726   4.367245   3.966176   2.774958 
    20  C    5.024807   7.282824   6.401057   6.374509   4.325160 
    21  C    5.160921   7.522215   6.827111   6.428189   4.396036 
    22  H    4.910678   7.107714   6.745326   5.933308   4.274746 
    23  H    5.931085   8.171979   7.219626   7.272190   5.208140 
    24  H    6.147939   8.564288   7.899680   7.367984   5.323257 
    25  H    4.152441   4.194712   2.231041   5.171960   4.623486 
    26  N    4.583790   6.329183   5.240413   5.894044   4.213128 
    27  O    4.102995   5.658022   4.760581   5.279635   3.874785 
    28  O    5.803904   7.460981   6.203330   7.117242   5.411375 
                   11         12         13         14         15 
    11  C    0.000000 
    12  H    2.151495   0.000000 
    13  H    2.153040   4.289836   0.000000 
    14  H    1.083337   2.487208   2.488366   0.000000 
    15  C    5.141098   5.830581   4.960718   6.201490   0.000000 
    16  C    5.333545   6.225211   4.911563   6.324220   1.404236 
    17  C    6.297876   6.993783   5.944923   7.349551   1.406489 
    18  C    6.566862   7.587965   5.840163   7.512057   2.434505 
    19  H    4.756410   5.624952   4.494974   5.694306   2.141912 
    20  C    7.397523   8.244821   6.769587   8.421119   2.448367 
    21  C    7.514932   8.508334   6.720991   8.493152   2.829410 
    22  H    6.967254   8.062081   6.142448   7.837506   3.408641 
    23  H    8.300809   9.120459   7.638815   9.321508   3.412741 
    24  H    8.500116   9.557169   7.572614   9.450553   3.912274 
    25  H    5.204686   4.671449   6.180579   6.225312   3.030436 
    26  N    6.667596   7.180349   6.481962   7.703622   2.516905 
    27  O    5.969505   6.481746   5.878371   6.958432   2.880510 
    28  O    7.865921   8.262998   7.699281   8.904089   3.536544 
                   16         17         18         19         20 
    16  C    0.000000 
    17  C    2.395491   0.000000 
    18  C    1.387695   2.764414   0.000000 
    19  H    1.082923   3.376232   2.147879   0.000000 
    20  C    2.780624   1.394110   2.401858   3.862838   0.000000 
    21  C    2.418408   2.407030   1.396944   3.399691   1.386935 
    22  H    2.138967   3.848422   1.084056   2.464877   3.386401 
    23  H    3.862036   2.135176   3.395096   4.944091   1.081856 
    24  H    3.401470   3.389681   2.160530   4.296878   2.144959 
    25  H    3.959364   3.725516   5.140799   4.030715   4.953377 
    26  N    3.768580   1.474128   4.233016   4.649279   2.436048 
    27  O    4.218419   2.317466   4.922382   4.933367   3.454728 
    28  O    4.679462   2.309881   4.918794   5.621761   2.757018 

                   21         22         23         24         25 
    21  C    0.000000 
    22  H    2.154945   0.000000 
    23  H    2.158945   4.298636   0.000000 
    24  H    1.082889   2.492574   2.494337   0.000000 
    25  H    5.561320   5.952624   5.646309   6.592122   0.000000 
    26  N    3.720959   5.316713   2.593062   4.577881   3.804797 
    27  O    4.625811   5.982282   3.688662   5.537265   3.758915 
    28  O    4.132768   5.981664   2.457049   4.801680   4.514392 
                   26         27         28 
    26  N    0.000000 
    27  O    1.226069   0.000000 
    28  O    1.223902   2.168133   0.000000 

! !
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Calculated!Gas!Phase!Vibrational!Modes!for!
the!Urea!Derivative!2a!

Mode!
!

Frequencies!
(cm"1)!

Frc!Consts!
!

IR!Inten!
!!

1! 33.1457! 0.0039! 2.2108
2! 38.4349! 0.0039! 0.2093
3! 64.3345! 0.0187! 0.784
4! 68.0946! 0.022! 1.5011
5! 80.2043! 0.0244! 1.2365
6! 100.1316! 0.0326! 5.9019
7! 123.4009! 0.0458! 0.1623
8! 138.5151! 0.0683! 3.3771
9! 198.8808! 0.1589! 3.8207

10! 243.3459! 0.1641! 3.1234
11! 255.4305! 0.2321! 3.3194
12! 323.6117! 0.3969! 1.7486
13! 328.2752! 0.3999! 2.1313
14! 370.2607! 0.1977! 31.477
15! 384.7676! 0.1475! 67.1731
16! 415.9735! 0.3823! 2.3067
17! 418.794! 0.3055! 0.2676
18! 433.8224! 0.6147! 13.2076
19! 466.1839! 0.3967! 35.8015
20! 507.3131! 0.2505! 26.9998
21! 515.6367! 0.3979! 22.3714
22! 531.4043! 0.6321! 6.1133
23! 584.3634! 0.9602! 0.6807
24! 616.2613! 0.8463! 37.443
25! 633.1772! 1.4828! 0.3174
26! 651.892! 1.5463! 11.6701
27! 683.9214! 1.8029! 9.5837
28! 705.5586! 0.5275! 40.0973
29! 720.2328! 1.2422! 27.3554
30! 738.266! 1.6459! 5.7824
31! 755.03! 2.6285! 7.7777
32! 764.5916! 0.7009! 24.4731
33! 778.1948! 0.7547! 23.2642
34! 797.8669! 0.8513! 20.1845
35! 842.4012! 0.5244! 1.2133
36! 865.9117! 4.5015! 27.3036
37! 890.1216! 0.699! 1.5938
38! 921.0488! 0.7428! 1.6006
39! 949.2307! 2.5843! 3.0281

40! 978.1886! 0.7962 0.1836
41! 980.6263! 0.7761 0.3854
42! 998.5901! 0.7689 0.0728
43! 1006.3017! 0.7907 0.6588
44! 1018.7516! 3.5354 0.7312
45! 1028.3964! 3.723 3.2721
46! 1050.576! 1.3498 6.6502
47! 1066.3821! 1.6686 4.7467
48! 1094.972! 1.4164 39.344
49! 1104.443! 1.1603 10.6652
50! 1111.4669! 1.7136 3.4867
51! 1163.9597! 1.4208 6.8377
52! 1181.9515! 0.9152 0.0935
53! 1186.6196! 0.9267 2.3494
54! 1198.6031! 0.9636 0.8969
55! 1241.7655! 2.9236 16.7522
56! 1288.4742! 1.7897 4.2672
57! 1299.0096! 4.6394 83.4441
58! 1332.1323! 5.4077 16.4989
59! 1339.5035! 4.5319 4.7395
60! 1352.7371! 2.2188 141.5114
61! 1358.6276! 2.8989 207.9538
62! 1384.3488! 12.8384 301.9484
63! 1472.7932! 2.8547 9.2505
64! 1484.307! 2.9507 1.082
65! 1510.7736! 3.5347 52.1435
66! 1525.1567! 3.0833 62.1991
67! 1588.8226! 14.6256 182.6518
68! 1612.6193! 9.3564 77.4964
69! 1617.7555! 1.9246 131.0926
70! 1626.8477! 9.2426 3.2786
71! 1636.1733! 8.7968 72.8357
72! 1644.3373! 9.672 74.0599
73! 1771.8003! 15.1847 446.2022
74! 3165.9639! 6.4108 0.2988
75! 3175.7622! 6.474 10.2451
76! 3178.5867! 6.472 2.2588
77! 3187.5242! 6.5479 23.5252
78! 3193.0227! 6.5523 4.8508
79! 3198.511! 6.5963 4.3086
80! 3200.0515! 6.6093 2.9027
81! 3202.3691! 6.6171 2.3901
82! 3213.7229! 6.6603 2.0054
83! 3585.4053! 7.9241 37.7605
84! 3702.4248! 8.9074 52.5395

!
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Calculated!Gas!Phase!Vibrational!Modes!for!
the!Hydrazine!Derivative!3!

Mode!
!

Frequencies!
(cm"1)!

Force!
Consts!

IR!Inten!
!

1! 29.9344! 0.0035! 2.8088!
2! 48.9481! 0.0059! 1.1145!
3! 66.8574! 0.0251! 0.8321!
4! 83.3668! 0.0199! 1.3562!
5! 141.0308! 0.0507! 5.9462!
6! 145.4759! 0.0558! 5.7413!
7! 193.1974! 0.1121! 2.5333!
8! 236.7136! 0.1787! 0.7106!
9! 242.6209! 0.1879! 0.822!

10! 323.2783! 0.3888! 0.7835!
11! 346.7466! 0.3689! 1.327!
12! 353.9113! 0.4498! 2.9718!
13! 398.4064! 0.1239! 18.6046!
14! 415.8366! 0.365! 8.8475!
15! 421.8721! 0.3283! 4.0254!
16! 436.021! 0.4462! 3.7756!
17! 474.0007! 0.5442! 1.736!
18! 516.2391! 0.4935! 14.0764!
19! 573.6873! 0.8537! 1.8949!
20! 597.4318! 1.0069! 7.0507!
21! 625.5101! 1.2228! 4.0419!
22! 632.0955! 1.495! 0.2251!
23! 669.7276! 1.5987! 5.3605!
24! 704.9406! 0.5596! 31.2273!
25! 720.7612! 1.2292! 19.6301!
26! 744.9294! 1.7803! 6.862!
27! 762.0113! 0.6292! 63.4828!
28! 773.6458! 0.6794! 30.2121!
29! 796.7335! 1.0055! 7.3504!
30! 831.9942! 0.5204! 14.0194!
31! 843.2208! 0.7232! 131.3471!
32! 868.465! 3.1845! 23.458!
33! 884.6169! 0.6966! 0.5464!
34! 904.4206! 0.7049! 4.4631!
35! 950.4088! 2.2429! 16.2939!
36! 973.8085! 0.7962! 0.9876!
37! 977.446! 0.7615! 0.0735!
38! 994.2583! 0.7485! 0.4091!
39! 998.5518! 0.7703! 0.629!

40! 1008.559! 3.3529! 2.9137
41! 1051.733! 1.4495! 1.1687
42! 1059.438! 1.6123! 12.7545
43! 1098.841! 2.5873! 2.2417
44! 1107.582! 1.3082! 5.7731
45! 1141.044! 1.8532! 19.5599
46! 1165.119! 1.3482! 8.1451
47! 1182.799! 0.9098! 2.0202
48! 1185.861! 0.9309! 5.3307
49! 1207.924! 0.9821! 14.2232
50! 1269.323! 2.1067! 77.4721
51! 1294.852! 2.2233! 64.2708
52! 1310.237! 2.347! 151.2378
53! 1325.458! 1.6171! 28.183
54! 1342.614! 7.5329! 18.3937
55! 1353.922! 2.8495! 6.65
56! 1368.114! 2.5236! 64.1853
57! 1381.227! 6.6052! 186.6205
58! 1471.334! 2.8744! 2.8909
59! 1488.945! 3.1591! 1.5436
60! 1512.518! 3.5991! 60.3306
61! 1523.222! 3.0007! 134.8012
62! 1576.234! 12.8026! 242.4371
63! 1610.043! 9.4056! 66.105
64! 1619.602! 8.9406! 6.3976
65! 1634.965! 8.9664! 217.2894
66! 1644.416! 8.2401! 34.0393
67! 1678.308! 1.955! 38.701
68! 3165.501! 6.4088! 4.6339
69! 3172.359! 6.4588! 9.0463
70! 3174.897! 6.4568! 4.431
71! 3189.696! 6.5472! 23.0365
72! 3192.307! 6.5475! 7.8574
73! 3196.945! 6.5846! 10.2336
74! 3198.572! 6.6008! 3.4361
75! 3201.59! 6.6079! 1.6184
76! 3214.093! 6.6609! 2.1503
77! 3461.604! 7.3752! 2.0777
78! 3552.286! 8.1758! 5.2846

!

!

!

!
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Supplementary Table 1  Solvation Effects for Hofmann Intermediates and Transition States 

 Gas Phase In water 
  Absolute 

Energy A.U.
Relative 
energy
(kcal/mol)

Absolute Energy 
 A.U.

Relative  
Enery
(kcal/mol) 

2-Nitrophenylphenyl     
   Singlet Nitrene -890.743836 0 -890.7665396 0 
   Transition State -890.7314099 +7.80  -890.7499343 +10.4 
   Isocyanate -891.810805 -42.1 -890.8240544 -36.1 
   Triplet Nitrene -890.759988 -10.1 -890.776478 -6.24 
     

Energies are not zero point corrected.   
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�KP/0 FFICK -DE"�# 0 �BIK�"IG-IN+#/���S����

� >FA���(��KP/0 FFICK -DE"�# 0 �BIK�"IG-IN+#����

�IG-IN+#� 1"

.G-EKE" F�/IKGNF � C13H19N3Na2O11S+

���2 � 293+

B2��C�GIF � 471.35+

�KP/0 F��P/0AG� Monoclinic+

�- "A��KIN-� P21/c&

 ��4 � 20.144(3)+

>��4 � 7.7678(10)+

"��4 � 13.2545(17)+

α��#AC � 90+

β��#AC � 106.5670(10)+

γ��#AC � 90+

���4� � 1987.9(4)+

:� 4+

#A+/E0P��C�"G� � 1.575+

5ABFA"0EI+/�"IFFA"0A#� 4673+

1+#A-A+#A+0�KABFA"0EI+/� 2191+

� 0 �KA/0K E+0/�- K GA0AK/� 4673/0/311+

/E+ F�5�E+#E"A/����)��σ�� ��5�� 0.032+

 5�� 0.105+

�II#+A//�IB�BE0�I+�/�� 1.07+
�

�

�

�
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� >FA���(��KP/0 FFICK -DE"�# 0 �BIK�"IG-IN+#�� ��

�IG-IN+#� 2a"

.G-EKE" F�/IKGNF � C13H11N3O3+

���2 � 100+

B2��C�GIF � 257.25+

�KP/0 F��P/0AG� Triclinic+

�- "A��KIN-� P'1&

 ��4 � 6.9053(11)+

>��4 � 8.1316(13)+

"��4 � 11.2989(17)+

α��#AC � 79.233(2)+

β��#AC � 85.084(2)+

γ��#AC � 74.963(2)+

���4� � 601.47(16)+

:� 2+

#A+/E0P��C�"G� � 1.42+

5ABFA"0EI+/�"IFFA"0A#� 6906+

1+#A-A+#A+0�KABFA"0EI+/� 2728+

� 0 �KA/0K E+0/�- K GA0AK/� 2728/0/172+

/E+ F�5�E+#E"A/����)��σ�� ��5�� 0.038+

 5�� 0.101+

�II#+A//�IB�BE0�I+�/�� 1.04+
�

�

�

�
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� >FA��	(��KP/0 FFICK -DE"�# 0 �BIK�"IG-IN+#��>��

�IG-IN+#� 2b"

.G-EKE" F�/IKGNF � C15H13N3O5+

���2 � 100+

B2��C�GIF � 315.28+

�KP/0 F��P/0AG� Triclinic+

�- "A��KIN-� P&'1&

 ��4 � 7.7722(8)+

>��4 � 10.1203(11)+

"��4 � 10.6799(11)+

α��#AC  102.479(1)+

β��#AC  103.182(1)+

γ��#AC  105.813(1)+

���4� � 751.45+

:� 2+

#A+/E0P��C�"G� � 1.393+

5ABFA"0EI+/�"IFFA"0A#� 8662+

1+#A-A+#A+0�KABFA"0EI+/� 3406+

� 0 �KA/0K E+0/�- K GA0AK/� 3406/0/208+

/E+ F�5�E+#E"A/����)��σ�� ��5�� 0.041+

 5�� 0.115+

�II#+A//�IB�BE0�I+�/�� 1.05+
�

�

�

�
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� >FA��
(��KP/0 FFICK -DE"�# 0 �BIK�"IG-IN+#����

�IG-IN+#� 3"

.G-EKE" F�/IKGNF � C12H11N3O2+

���2 � 100+

B2��C�GIF � 229.24+

�KP/0 F��P/0AG� Orthorhombic+

�- "A��KIN-� Pna21&

 ��4 � 9.9468(10)+

>��4 � 14.1301(13)+

"��4 � 7.8945(8)+

α��#AC  90+

β��#AC  90+

γ��#AC  90+

���4� � 1109.57+

:� 4+

#A+/E0P��C�"G� � 1.372+

5ABFA"0EI+/�"IFFA"0A#� 12091+

1+#A-A+#A+0�KABFA"0EI+/� 2583+

� 0 �KA/0K E+0/�- K GA0AK/� 2583/1/162+

/E+ F�5�E+#E"A/����)��σ�� ��5�� 0.034+

 5�� 0.087+

�II#+A//�IB�BE0�I+�/�� 1.02+
�
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1>>4�38D�3�

54O?YM�#	/�2ISK?SI[ML�Z[Y?K[?YM�VN�.�IT4UVKIY-IaVSM�4U�[PM�OIZ�:PIZM��

!

N&N!=!1.39320!Ang.!N&H!=1.01654!Ang!N&N&H!=!!110.16201,!110.16151!H&N&H!=!109.30506!

C&N&N&H!=!60.35514!
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54O?YM�#
/�2ISK?SI[ML�Z[Y?K[?YM�NVY����.��KIY-IaVS�.�CS IKM[IT4LM��	 �4�
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