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Triisobutylaluminium-promoted formation of
lanthanide hydrides †

Eric C. Moinet,a Olivier Tardif,b Cäcilia Maichle-Mö ssmera and
Reiner Anwander *a

Discrete lanthanide( III) isobutylaluminates Ln[N(SiMe 3)2](HAliBu 3)

(AliBu4) (Ln = La, Pr, Nd) are obtained from Ln[N(SiMe 3)2]3 and triiso-

butylaluminium (TIBA). Nd[N(SiMe 3)2](HAliBu3)(AliBu4) reacts with

crown ether to give the ion pair [Nd(18-c-6){N(SiMe 3)2}(HAliBu3)]

[AliBu4], featuring a strong Nd…H interaction in the solid state. The

equimolar reaction of La[N(SiMe 3)2](HAliBu3)(AliBu4) with fluorene

resulted in the concomitant formation of [( l -fluorenyl) 3La2(l -H)-

(HAliBu3)2] and (fluorenyl) 2La[N(SiMe3)2]. [(l -Fluorenyl) 3La2(l -H)(HAliBu 3)2]

features fluorenyl ligands with a l -g6:g6 coordination around the hydrido-

bridged dilanthanum core motif. The reported complexes are the first

crystallographically characterized , ancillary ligand-free lanthanide( III) tetra-

isobutylaluminates, and display potential model systems for Ziegler-type

polymerization catalysis.

Ziegler mixed catalysts play a major role in the large-scale
production of synthetic rubber. 1,2 Of the early lanthanide
metals, neodymium-based catalysts excel in 1,3-diene polymer-
ization, in particular due to redox-stability (relative to cerium or
samarium) and natural abundance/cost e�ciency (relative to
praseodymium), fabricating rubbers with the highest cis-1,4
contents.3…6State-of-the-art ternary catalysts consist of a neody-
mium compound (chloride, alkoxi de, or carboxylate), a cocatalyst
(diethyl- or diisopropylaluminium chloride), and triisobutylalumi-
nium (AliBu 3 = TIBA), or diisobutylaluminium hydride (HAliBu 2 =
DIBAH).3…6Academic research has also dealt with commercially
available lanthanide silylamides Ln[N(SiMe3)2]3 as catalyst
precursors.7…9In contrast to industrially applied catalyst precur-
sors, homoleptic Ln[N(SiMe3)2]3 form discrete, monomeric spe-
cies in aliphatic solvents, ideally suited for studying precatalyst/
cocatalyst interactions and, hence, for elucidating the active
species. Complexes Ln[N(SiMe3)2]3 are favourably activated by

TIBA, upon addition of a fluorinated borate cocatalyst 7…9or silica
grafting.10…12Both selectivity and activity of Ln[N(SiMe3)2]3/TIBA-
derived ternary mixtures are found to be superior or at least
comparable with established catalyst systems based on lanthanide
carboxylates.7 Moreover, ternary system (2-Ph-indenyl)2Gd-
[N(SiMe3)2]/[Ph3C][B(C6F5)4]/TIBA bearing a silylamido ligand was
described as a highly efficient catalyst for cis-1,4-selective polymeriza-
tion of butadiene ( 4 99%).13 However, structural details of the
species formed in Ln(III )…[N(SiMe3)2]/TIBA mixtures have remained
elusive. This also applies to similar Ziegler…Natta catalysts derived
from group 4 metals.14 NMR-spectroscopic investigations of metal
halide/TIBA-derived catalysts suggest the formation of metal hydride
species (via b-H elimination) for both lanthanide and group 4
metals.14,15 Only recently, the first structural proof of hydride
formation has been revealed via treatment of divalent Ln(AliBu 4)2
(Ln = Sm, Yb) with B(C6F5)3 affording discrete hydroborates
Ln[HB(C6F5)3]2(arene).16 For comparison Ln(III )…[N(SiHMe2)2]-
Ln(III )…H as well as Ln…benzoate- Ln…H and Ln…CH3- Ln…H trans-
formations are readily promoted by alkylaluminium hydrides like
DIBAH or HAlMe2.

17,18 Furthermore, (C5Me5)2Sm[(m-iBu)2AliBu2] is
the only trivalent lanthanide complex containing a tetraisobutylalu-
minato moiety which has been crystallographically authenticated. 19

Two more types of trivalent lanth anide compounds containing a
triisobutylaluminium moiety were reported to our knowledge, com-
prising (C5Me5)2Ln[(m-Cl)(m-iBu)AliBu2] (Ln = Sm, Y), and
(C5Me5)2Sm[(m-O2CPh)(m-iBu)AliBu2], both stabilized by pentamethyl-
cyclopentadienyl ligands.20,21

Here, we present the synthesis, isolation and reactivity of the
first ancillary ligand-free trivalent lanthanide isobutylalumi-
nates. Unambiguous structural evidence for a TIBA-promoted
Ln(III )-amido- Ln(III )-hydrido transformation is provided.

Aiming at putative homoleptic [La(AliBu 4)3], silylamide
La[N(SiMe3)2]3 was treated with 6.5 equiv. TIBA (95%) at ambient
temperature in n-pentane. Repeated re-crystallization of the
concentrated reaction solution at � 40 1C a�orded single crystals
of La[N(SiMe3)2](HAliBu3)(AliBu4) (1La) (Scheme 1 and Fig. 1).

However, since excess TIBA and isobutylaluminium side
products greatly hampered crystallization, the amount of added
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TIBA was reduced to 4.1 equiv., thus facilitating crystallization/
recrystallization processes (26% yield). Both 6.5 and 4.1 equiv.
TIBA generated the same product 1La (Scheme 1). Following
similar procedures, isotypic compounds Ln[N(SiMe 3)2](HAliBu3)-
(AliBu4) of praseodymium (1Pr, 28%) and neodymium (1Nd, 33%)
(Ln = La, Nd, Pr) were obtained under optimized conditions. The
heteroleptic complexes 1Ln feature one unreacted silylamido
ligand along with homo- and heteroaluminato moieties [AliBu 4]
and [HAliBu 3], respectively (Fig. 1).

A closer look at the solid-state structures revealed distinct
tetraisobutylaluminato coordination. The largest rare-earth-
metal centre exhibits a distorted Z3-coordination, with two

similar and one La…C[AliBu4] distance elongated (i.e. La(1)…
C(1) 2.782(4) Å, La(1)…C(5) 2.755(4) Å, La(1)…C(9) 3.155(1) Å in
1La). For praseodymium and neodymium, one relatively short
Ln…C1 distance (2.566(8) and 2.543(2) Å), a considerably longer
(2.716(4) and 2.708(5) Å), and overlong distance are noticed
(3.228(1) and 3.237(1) Å). The Ln…C[HAliBu3] and Ln…N dis-
tances decrease with decreasing Ln(III ) radii (La 2.823(4)/
2.276(3), Pr 2.808(4)/2.246(9), Nd 2.763(7)/2.208(5) Å). Despite
significant disorder in the crystal structure of the 1Pr and 1Nd

(see ESI†), the structural data indicate that the distorted Z3-
coordination of the [AliBu 4] moiety detected in 1La gives way to
a Ln…SiMe(silylamido) intramolecular interaction for the smal-
ler rare-earth metals.13

The structural identification of an alkyl/hydrido heteroalu-
minato Z2-coordination in 1Ln is unprecedented. It can be
hypothesized that the hydrido moiety is formed by sterically
enforced b-hydride elimination from an isobutyl moiety of
putative [La{N(SiMe3)2}(AliBu4)2]. Alternatively or additionally,
hydride formation might result from the presence of DIBAH.
However, exclusive DIBAH-promoted formation of hydride species
seems unlikely since commercial TIBA samples contain less than
5% DIBAH. Considering that TIBA and DIBAH are both used as
cocatalysts for conjugated diene polymerization,1…3the hydride
formation in 1Ln may provide valuable insights on their activating
nature. Hydride species are discussed as potential active sites in
1,3-diene polymerization,22 generating allyl moieties with 1,3-
dienes,23 as widely proposed intermediates in 1,3-diene
polymerization. 1…3For example, Cui et al. proposed the formation
of transient moieties [Y(m-iBu)2AliBu2], [Y(m-H)(m-iBu)AliBu2] and
[Y(m-H)2AliBu2] as active sites of the ternary mixture (PBNHC)-
YBr2(THF)/TIBA/[Ph3C][B(C6F5)4] (1 : 20 : 1; PBNHC = CCC pincer),
by NMR spectroscopic analysis.15 Similarly, [Zr(m-H)AliBu3] and
[Zr(m-H)2AliBu2] moieties could be identified in mixtures of
(C5H4nBu)2ZrCl2/TIBA (1 : 12) by means of NMR spectroscopy
only.14a

The 1H NMR spectrum of diamagnetic La[N(SiMe3)2]-
(HAliBu3)(AliBu4) (1La) revealed two nicely resolved isobutyl
signal sets for the [AliBu4] and [HAliBu 3] moieties. The La…H…
Al-bridging hydrido resonance was detected at 6.46 ppm in C6D6

(cf. Fig. S2, ESI†), which corresponds well to the 1H chemical
shift of a terminal Sc…H proton (6.39 ppm at � 60 1C in toluene-
d8) reported recently by Chenet al.24 For further comparison, the
Ln…H…Al hydrido resonances of complexes TptBu,MeLn[(m-
H)AlMe3]2 (Ln = Y, 5.05 ppm, toluene-d8; Lu, 7.82 ppm, C6D6)
and TptBu,MeLn[m-N(C6H3Me2-2,6)](m-H)AlMe2] (Ln = Y, 6.57 ppm,
C6D6; Lu, 8.67 ppm; C6D6) are in a similar range.25 Complex
[La{(m-H)[(m-NC6H3iPr2-2,6)(m-H)AlMe2](thf)3}]2 features a La…H…
Al linkage, but NMR spectroscopic data were not provided.26

Variable temperature 1H-NMR spectra performed on 1La revealed
highly fluxional isobutyl groups, i.e. the resonances of bridging
and terminal isobutyl groups do not exhibit decoalescence even
at 193 K (cf. Fig. S7, ESI†), and sharpening of the La…H…Al
resonance.

The excellent solubility of 1Ln in aliphatic and aromatic
solvents may explain why lanthanide tetraisobutylaluminates
are di�cult to crystallize. During the crystallization process of

Scheme 1 Synthesis of 1Ln, and reactivity towards 18-crown-6 and
fluorene with products [Nd(18-c-6){N(SiMe 3)2}(HAliBu3)][AliBu4] (2), and
[(m-fluorenyl) 3La2(m-H) (HAliBu3)2]/(fluorenyl) 2La[N(SiMe3)2] (3/4).

Fig. 1 Crystal structure of La[N(SiMe3)2](HAliBu3)(AliBu4) (1La). Ellipsoids
are shown at a 50% probability level. Hydrogen atoms except the hydrido
ligand, and the disorder of the isobutyl groups are omitted for clarity. For
detailed metrics, see the ESI.† The praseodymium and neodymium com-
plexes 1Pr and 1Nd are isotypic (see ESI†).
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1Ln from the reaction mixture, enrichment of the highly soluble
co-product, presumably diisobutylaluminium hexamethyldisi-
lazide, hampered further isolation of product and limited the
yield to approximately 30%. Species other than1Ln could not be
unequivocally identified, even though monitoring the reaction
of 1La with additional TIBA by 1H-NMR spectroscopy showed that
the silylamido methyl resonance is shifted. This indicates
further exchange of [N(SiMe3)2] for another [AliBu 4] or [HAliBu 3]
moiety (cf. Fig. S5 and S6, ESI†), as corroborated by the for-
mation of additional isobutene. However, exchange products
could not be isolated, most likely due to the very high mobility of
the isobutylaluminato ligand impeding crystallization.

The ability of DIBAH to promote the formation of discrete
rare-earth-metal hydride complexes has already been
demonstrated.17 The present work revealed that TIBA does
engage in lanthanide hydride formation as well. Entities like
[Ln(m-H)(m-iBu)AliBu2] featured by complexes1Ln lend support
to Cui•s mechanistic proposal (vide supra)15b and make com-
plexes 1Ln cogent models for poorly defined Ziegler mixed
catalysts used in 1,3-diene polymerization. It is noteworthy that
previous investigations into the active species, which are
formed in mixtures of neodymium carboxylate Nd(vers) 3 (vers =
neodecanoato), TIBA, and diisobutylaluminium chloride, using
MALDITOF and XAFS techniques do not consider the formation
of hydride species but very well alkylation.27,28 Theoretical optimi-
zation of the EXAFS data assumes the presence of approx. 3…4 alkyl
ligands at the neodymium centre, with a Nd…C distance of 2.58 Å,
whereas addition of extra diisobutylaluminium chloride led to
detection of two Al ••neighbours•• at a distance of 3.14 Å.28

Compared to our work, this may suggest that two aluminato units
may be involved. Further, the comparison of interatomic distances
clearly shows similarities of 1Nd with the calculated parameters
reported by Guo et al.26,28 They describe substitution of the Nd…O
for Nd…C bonds, which are in the range of 2.57…2.58 Å. We observed
strikingly similar Nd…C interatomic distances in the range of 2.542…
2.763 Å for 1Nd. Additionally, the Nd---Al distances in 1Nd are
2.999(2) and 3.243(2) Å, which is comparable to the metrics for two
aluminium neighbours given with average 3.14 Å.28

To probe the bonding and reactivity of the isobutylalumi-
nates 1Ln, an equimolar amount of 18-crown-6 was added to
1Nd, which rapidly led to the precipitation of compound [Nd(18-
c-6){N(SiMe3)2}(HAliBu3)][AliBu4] (2) (cf. Fig. 2). Compound 2
demonstrates the strong binding of the hydrido to the lantha-
nide centre, albeit the Nd…H bond is elongated with 2.39(3) Å,
compared to 2.17(5) Å in 1Nd. The [AliBu4] moiety is separated
from the central ion, implying rather weak interactions with the
Nd(III ) centre. Given the 8-coordinate neodymium centre in 2,
the Nd(1)…N(1) distance of 2.329(2) Å is markedly increased to
those in 1Nd (2.208(5) Å) or Nd[N(SiMe3)2]3 and (2.29 (2) Å).29

Aiming at a half-sandwich complex, the equimolar reaction
of 1La with fluorene at ambient temperature in benzene surpris-
ingly led to the concurrent precipitation of orange-red com-
plexes [[(m-fluorenyl)3La2(m-H)(HAliBu3)2] (3) (Scheme 1 and
Fig. 3) and (fluorenyl)2La[N(SiMe3)2] (4) (Fig. S17, ESI†).

While the crystal structure of complex 4 shows the common
metallocene motif with Z5-coordinated fluorenyl ligands

(cf., (fluorenyl)2La(AlMe4)2),
30 the connectivity of tetrametallic

3 is rather unusual. The two lanthanum centres in 3 are
encapsulated by three fluorenyl ligands in a m-Z6:Z6 fashion.
The central cavity is occupied by a bridging hydrido anion,
while the La…H…La axis is extended on both sides to [(m-
H)AliBu3] ligands. The [HAliBu 3] unit of precursor 1La remains
coordinated while 3 is formed, which seems plausible consid-
ering the strong hydrido binding observed in complex 2. The
presence of hydrido ligands in 3 was confirmed by monitoring
the protonolysis of compound 3 with isopropanol by 1H-NMR
spectroscopy, showing dihydrogen evolution. Referenced to the
signal of hexamethyldisilazane (18 protons) co-formed in
the mixture, the integral ratios of 6 hydrogen protons (or 3 of
the non-binomial triplet observed when instead iPrOD- d8 was
used) corroborate the presence of three hydridos in 3 (cf.
Fig. S11 and S12, ESI†).

Z6-Coordinated fluorenyl ligands as observed in 3 are very
uncommon in rare-earth-metal chemistry. A similar structural
motif was reported for orange-red lithium fluorenide, showing
a dimer comprised of two lithium ions sandwiched by fluor-
enyls in m-Z6:Z6 fashion.31 The latter are nearly planar, as

Fig. 2 Crystal structure of [Nd(18-c-6){N(SiMe 3)2}(HAliBu3)][AliBu4] (2).
Ellipsoids are shown at a 50% probability level. Hydrogen atoms expect
the bridging hydrido ligand, as well as the disorder in isobutyl groups are
omitted for clarity. For detailed metrics, see the ESI. †

Fig. 3 Crystal structure of 3. Ellipsoids are shown at a 50% probability
level. Hydrogen atoms expect the bridging hydridos, as well as the disorder
in the isobutyl and fluorenyl groups, and co-crystallized 4 are omitted for
clarity. For detailed metrics, see the ESI.†
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observed for the fluorenyl anions in 3. Quantum chemical cal-
culations for lithium fluorenide revealed that Z6-coordination
is favoured over putative Z5-coordinated species since no donor
molecules are available to complete the coordination sphere of
lithium cations tentativley Z5-coordinated.31,32For lanthanides,
Z6-fluorenyl coordination has so far only be reported for the
divalent complexes Z6-bis(Me3Si-fluorene-AlR3)Sm (R = Me (A),
Et).33 Remarkably, Z6-bis(Me3Si-fluorene-AlR3)Sm can be con-
verted into Z5-(Me3Si-fluorenyl)2Sm(THF)2 by addition of THF,
and the reaction can be reversed by addition of AlR3.

33 A similar
m-Z6:Z6 bonding motif has been observed in [(C5Me5)La]3(m-
Cl)3(thf)(m-Z2:Z6:Z6-C16H10) (B) featuring a trianionic pyrenyl
ligand.34 The La…centroid(Z6) distances in 4 range from 2.629 to
2.680 Å and, hence, are significantly longer than in complex B.

In summary, treatment of Ln[N(SiMe 3)2]3 with triisobutyl-
aluminium (TIBA) a�ords crystalline heteroleptic lanthanide
isobutylaluminates Ln[N(SiMe 3)2](HAliBu3)(AliBu4) (Ln = La, Pr,
Nd). Their isolation provides credible evidence that AliBu 3 is
both an alkylating agent and a potent hydride source for the
generation of Ln-hydride complexes via b-hydride elimination
from isobutyl moieties. The [HAliBu 3] moiety interacts stronger
with the lanthanide( III ) centre than [AliBu4] as indicated by the
formation of ion pair [Nd(18-c-6){N(SiMe 3)2}(HAliBu3)][AliBu4].
Separation of AliBu3 from the [HAliBu 3] ligand is evidenced by
the barrel-shaped complex [(m-fluorenyl)3La2(m-H)(HAliBu3)2]
featuring a rare m-Z6:Z6 bonding motif of the fluorenyl ligands.
Studies covering the use of1Ln in 1,3-diene polymerization will
be published soon.
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C. Maichle-Mössmer, K. W. Törnroos and R. Anwander, Organome-
tallics, 2015, 34, 2667…2675.

19 W. J. Evans, J. T. Leman, R. D. Clark and J. W. Ziller,Main Group Met.
Chem., 2000, 23, 163…168.

20 W. J. Evans, T. M. Champagne, D. G. Giarikos and J. W. Ziller,
Organometallics, 2005, 24, 570…579.

21 W. J. Evans, T. M. Champagne and J. W. Ziller,Chem. Commun.,
2005, 5925…5927.

22 L. Friebe, O. Nuyken, H. Windisch and W. Obrecht, Macromol.
Chem. Phys., 2002, 203, 1055…1064.

23 (a) G. Jeske, H. Lauke, H. Mmauermann, P. N. Swepston,
H. Schumann and T. J. Marks, J. Am. Chem. Soc., 1985, 107,
8091…8103; (b) W. J. Evans, T. A. Ulibarri and J. W. Ziller, J. Am.
Chem. Soc., 1990, 112, 2314…2324.

24 X. Han, L. Xiang, C. A. Lamsfus, W. Mao, E. Lu, L. Maron, X. Leng
and Y. Chen, Chem. … Eur. J., 2017, 23, 14728…14732.
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�^�š�Œ�µ���š�µ�Œ���o�o�Ç�� �����(�]�v������ ���Z�o�}�Œ�]�����l�/�•�}���µ�š�Ç�o���o�µ�u�]�v���š�}��

�>���v�š�Z���v�]���������}�u�‰�o���Æ���•���]�v���/�•�}�‰�Œ���v�����W�}�o�Ç�u���Œ�]�Ì���š�]�}�v��

���Œ�]�������X���D�}�]�v���š�U���W�Z�]�o�]�‰�‰���t���š�Ì���o�U���K�o�]�À�]���Œ���d���Œ���]�(�U���������]�o�]�����D���]���Z�o���r�D�‚�•�•�u���Œ�U�����v�����Z���]�v���Œ�����v�Á���v�����Œ��

��

�����•�š�Œ�����š��

�,���š���Œ�}�o���‰�š�]���� �o���v�š�Z���v�]������ �š���š�Œ���]�•�}���µ�š�Ç�o���o�µ�u�]�v���š���� ���}�u�‰�o���Æ���•���€�>�v�‚�E�~�^�]�D���ï�•�î�ƒ�~���o�]���µ�ð�•�~�…�r���o�•�•�î�� �~�>�v�� �A��

�>���U�� �E���•�� �(�}�Œ�u�� �Á�Z���v�� �€�>�v�‚�E�~�^�]�D���ï�•�î�ƒ�î�~�…�r���o�•�~�š�Z�(�•�•�î�� �]�•�� �š�Œ�����š������ �Á�]�š�Z�� �š�Œ�]�]�•�}���µ�š�Ç�o���o�µ�u�]�v�µ�u�X�� �d�Z����

�€�>���‚�E�~�^�]�D���ï�•�î�ƒ�î�~�…�r���o�•�~�š�Z�(�•�•�î�l���o�D���ï�� �Œ�������š�]�}�v�� ���(�(�}�Œ�������� �]�•�}�o�����o���� �€�>���‚�E�~�^�]�D���ï�•�î�ƒ�‚�~�…�r���,�ï�•�~�…�r

�E�~�^�]�D���ï�•�î�•���o�D���î�ƒ�~�…�r���o�•�•�î�U�� �Z�]�P�Z�o�]�P�Z�š�]�v�P�� �š�Z���� ���]�•�š�]�v���š�� �Œ�������š�]�À�]�š�Ç�� �}�(�� �d�/������ �•�‰�����]���•�X�����}�u�‰�o���Æ��

�€�E���‚�E�~�^�]�D���ï�•�î�ƒ�~���o�]���µ�ð�•�~�…�r���o�•�•�î�� �(�����š�µ�Œ���•�� �����š���o�Ç�•�š�� �����š�]�À�]�š�Ç�� �]�v�� �]�•�}�‰�Œ���v���� �‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v�� �(�}�Œ�� �š�Z����

�(�����Œ�]�����š�]�}�v�� �}�(�� �Z�]�P�Z�����]�•�r�•���o�����š�]�À���� �‰�}�o�Ç�]�•�}�‰�Œ���v���� ���v���� ���]�•�‰�o���Ç�•�� �•�]�v�P�o���� ���}�u�‰�}�v���v�š�� �‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v��

�����š�]�À�]�š�Ç�X��

�����•�‰�]�š���� �}�(�� �������������•�� �}�(�� �]�v�š���v�•�]�À���� �Œ���•�����Œ���Z�U�� �š�Z���� �•�š�Œ�µ���š�µ�Œ���•�� �}�(�� �����š�]�À���� �•�‰�����]���•�� �]�v�� �•�]���P�o���Œ�� �u�]�Æ������

�����š���o�Ç�•�š�•���Z���À�����Œ���u���]�v���������o�µ�•�]�À���X�������š���o�Ç�š�]�����•�Ç�•�š���u�•���(�}�Œ���]�•�}�‰�Œ���v�����‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v���µ�•�µ���o�o�Ç�����}�v�•�]�•�š���}�(��

���� �v���}���Ç�u�]�µ�u�� �•���o�š�� �‰�Œ�����µ�Œ�•�}�Œ�U�� ���Z�o�}�Œ�]������ ���}�v�}�Œ�•�� �•�µ���Z�� ���•�� �Z�î���o���o�� �~�Z�� �A�� �D���U�� ���š�U���]���µ�•�U�� ���v���� �}�š�Z���Œ��

�������]�š�]�À���•�� �•�µ���Z�� ���•�� �}�Œ�P���v�}���o�µ�u�]�v�µ�u�� ���}�u�‰�}�µ�v���•�� �o�]�l���� �š�Œ�]�]�•�}���µ�š�Ç�o���o�µ�u�]�v�µ�u�� �~�d�/�����•�U��

���]�]�•�}���µ�š�Ç�o���o�µ�u�]�v�µ�u�� �Z�Ç���Œ�]������ �~���/�����,�•�U���}�Œ���u���š�Z�Ç�o���o�µ�u�]�v�µ�u���}�Æ���v�����~�D���K�•�X�€�í�•���K�v�o�Ç���À���Œ�Ç���(���Á�������š�]�À����

���}�u�‰�}�µ�v���•�� �(�}�Œ�u������ �Á�]�š�Z�]�v�� �•�µ���Z�� �u�µ�o�š�]�v���Œ�Ç�� �u�]�Æ�š�µ�Œ���•�� �Z���À���� �������v�� ���µ�š�Z���v�š�]�����š�����U�� ���v���� �]�v�]�š�]���š�]�v�P��

�•�‰�����]���•�����Œ�����•�š�]�o�o�����u���]�P�µ�}�µ�•�X�€�î�•���,�}�Á���À���Œ�U���]�š���]�•���P���v���Œ���o�o�Ç�����������‰�š�������š�Z���š���>�v�r���o�l�Ç�o�U���}�Œ���>�v�r�,���•�‰�����]���•�����Œ����

�]�v�À�}�o�À�����U�� �Á�Z���Œ�����•�� �•�š�Œ�}�v�P�o�Ç�� �‰�}�o���Œ�]�Ì������ �}�Œ�� �����š�]�}�v�]���� �•�‰�����]���•�� �P���v���Œ���š�������]�X���X�� ���Ç�� ���o�W�>�v�� ���Z�o�}�Œ�]���}��

�š�Œ���v�•�(���Œ�� ���Œ���� ���o�•�}�� �‰�}�•�•�]���o���� �����v���]�����š���•�� �(�}�Œ�� �����š�]�À���� �•�‰�����]���•�X�€�ï�•�� �/�v�À�}�o�À������ �•�‰�����]���•�� �š���v���� �š�}�� �P���š�� �À���Œ�Ç��

���}�u�‰�o���Æ�U�� ���•�� �•�Z�}�Á�v�� ���Ç�� �^�Z���v�����š�� ���o�X�U�� �Á�Z�}�� �u���v���P�������š�}�� ���Œ�Ç�•�š���o�o�]�Ì���� ���� �‰�Œ�}���µ���š�� �(�Œ�}�u�� �š�Z���� �Z�]�P�Z�o�Ç��

�‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v�������š�]�À�����š���Œ�v���Œ�Ç���u�]�Æ�š�µ�Œ�������}�u�‰�Œ�]�•�������}�(���E���~�K�]�W�Œ�ï�l���o���š�ï�l���o���š�î���o���í�l�í�ì�l�í�X�ñ���Œ���š�]�}�•�X�€�ð�•���d�Z����

�‰�}�o�Ç�v�µ���o�����Œ�� �‰�Œ�}���µ���š�� �]�����v�š�]�(�]������ ���•�� �€���o�ï�E���ò�~�R�î�r���o�•�ò�~�R�ï�r���o�•�ò�~�R�î�r���š�•�õ���š�ñ�~�K�]�W�Œ�•�•�î�U�� ���v�P���P���•�� �]�v�� �•�]�v�P�o���r

���}�u�‰�}�v���v�š���‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v���}�(�����µ�š�����]���v���X�€�ð�•���&���Á���}�š�Z���Œ���•�]�v�P�o���r���}�u�‰�}�v���v�š�������š���o�Ç�•�š�•�������š�]�À�����Á�]�š�Z�}�µ�š��

�������]�š�]�}�v���o�� ���}�����š���o�Ç�•�š�� �}�Œ�� ���o�l�Ç�o���o�µ�u�]�v�µ�u�� ���}�u�‰�}�µ�v���� �Z���À���� �������v�� �Œ���‰�}�Œ�š�����X�€�ñ�•���€�ò�•���€�ó�•���€�ô�•���€�õ�•���€�í�ì�•���€�í�í�•���€�í�î�•��

�h�v�(�}�Œ�š�µ�v���š���o�Ç�U�� ���]�(�(���Œ���v�š�� �}�Œ�P���v�}���o�µ�u�]�v�µ�u�� ���}�u�‰�}�µ�v���•�� ���(�(�����š�� �����š���o�Ç�š�]���� �����Z���À�]�}�Œ�� �Á�Z�]���Z�� �(�µ�Œ�š�Z���Œ��
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�&�]�P�µ�Œ�����í�X�����Œ�Ç�•�š���o���•�š�Œ�µ���š�µ�Œ���•���}�(�����}�u�‰�o���Æ���•���€�>���‚�E�~�^�]�D���ï�•�î�ƒ�î�~�…�r���o�•�~�š�Z�(�•�•�î���~�í�>���•�U�����v�����€�>���‚�E�~�^�]�D���ï�•�î�ƒ�‚�~�…�r���,�ï�•�~�…�r�E�~�^�]�D���ï�•�î�•���o�D���î�ƒ�~�…�r

���o�•�•�î���~�ï�>���•�X���,�Ç���Œ�}�P���v�����š�}�u�•�����Œ�����}�u�]�š�š�������(�}�Œ�����o���Œ�]�š�Ç�X�����š�}�u�]�������]�•�‰�o�������u���v�š�����o�o�]�‰�•�}�]���•���Á���Œ�����•���š�����š���ñ�ì�9���‰�Œ�}�������]�o�]�š�Ç�X���&�}�Œ�������š���]�o������

�u���š�Œ�]���•�����v�������v�P�o���•�U���•�������^�/�X��

�&�]�P�µ�Œ�����î�X�����Œ�Ç�•�š���o���•�š�Œ�µ���š�µ�Œ���•���}�(���€�>���~���o�]���µ�ð�•�‚�E�~�^�]�D���ï�•�î�ƒ�~�R�r���o�•�•�î���~�î�>���•�U�����v�����€�E���~���o�]���µ�ð�•�€�E�~�^�]�D���ï�•�î�•�~�R�r���o�•�•�î���~�î�E���•�X���,�Ç���Œ�}�P���v�����š�}�u�•�����Œ����

�}�u�]�š�š�������(�}�Œ�����o���Œ�]�š�Ç�X�����š�}�u�]�������]�•�‰�o�������u���v�š�����o�o�]�‰�•�}�]���•���Á���Œ�����•���š�����š���ñ�ì�9���‰�Œ�}�������]�o�]�š�Ç�X���&�}�Œ�������š���]�o�������u���š�Œ�]���•�����v�������v�P�o���•�U���•�������^�/�X��





��

�d�Z�����í�,���E�D�Z���•�‰�����š�Œ�µ�u���}�(���€�>���‚�E�~�^�]�D���ï�•�î�ƒ�~���o�]���µ�ð�•�~�…�r���o�•�•�î���~�î�>���•�����š���î�ò�£�����]�v�����ò�� �ò���Œ���À�����o�����������u�]�Æ�š�µ�Œ�����}�(��

�‰�Œ�}���µ���š�•�U�����o�����]�š���î�>�����‰�Œ�}�À�������š�}���������‰�µ�Œ�������Ç�����o���u���v�š���o�����v���o�Ç�•�]�•�X���d�Z�]�•���]�v���]�����š�������Œ���‰�]�����������}�u�‰�}�•�]�š�]�}�v��

�]�v�� �����µ�š���Œ���š������ �����v�Ì���v���U�� �o�������]�v�P�� �š�}�� �š�Z���� �(�}�Œ�u���š�]�}�v�� �}�(�� �������}�u�‰�}�•�]�š�]�}�v�� �‰�Œ�}���µ���š�•�� �]�����v�š�]�(�]������ ���•��

�>���€�E�~�^�]�D���ï�•�î�•�~�,���o�]���µ�ï�•�~���o�]���µ�ð�•�U�€�í�ó�•�� �>���€�E�~�^�]�D���ï�•�î�•�ï�U�� ���v���� �]�•�}���µ�š���v���� ���Ç���í�,�� �E�D�Z�� �Œ���•�}�v���v�����•�� �~�•������

�•�µ�‰�‰�}�Œ�š�]�v�P�� �]�v�(�}�Œ�u���š�]�}�v�U�� �&�]�P�X�� �^�î�•�X�� �d�Z�]�•�� �������}�u�‰�}�•�]�š�]�}�v�� �•�����v���Œ�]�}�� �‰�}�•�•�]���o�Ç�� �]�v�À�}�o�À���•�� �š�Z���� �(�}�Œ�u���š�]�}�v��

�>�����o�ï�X�� �^�]�v������ �v�}�� �‰�Œ�����]�‰�]�š���š���� �}�(�� �>�����o�ï�� �Á���•�� �}���•���Œ�À�����U�� �š�Z�]�•�� �u���Ç�� �]�v���]�����š���� �š�Z���š�� �€�>�����o�î�‚�E�~�^�]�D���ï�•�î�ƒ�•�� �]�•��

�(�}�Œ�u�����U�� �Á�Z�]���Z�� �]�•�� ���� �‰�}�•�•�]���o���� ���Æ�‰�o���v���š�]�}�v�� �(�}�Œ�� �š�Z���� �•�]�o�Ç�o���u�]���}�� �Œ���•�}�v���v������ �}���•���Œ�À������ ���š�� �ì�X�ï�ï�� �‰�‰�u�X��

�^�]�u�]�o���Œ�� ���‹�µ�]�o�]���Œ�]�µ�u�� �‰�Z���v�}�u���v���� ���Œ���� �l�v�}�Á�v�� �(�}�Œ�� �v���}���Ç�u�]�µ�u�� �•�]�o�Ç�o���u�]���}�l���Z�o�}�Œ�]���}�� ���}�u�‰�o���Æ���•�� �]�v��

�•�}�o�µ�š�]�}�v�� ���•�� �����š�����š������ ���Ç���í�,�� �E�D�Z�� �•�‰�����š�Œ�}�•���}�‰�Ç�X�€�í�ô�•�� �€�î�î�•�� �d�Z���� �}���•���Œ�À������ �������}�u�‰�}�•�]�š�]�}�v�� �}�(��

�€�>���~���o�]���µ�ð�•�‚�E�~�^�]�D���ï�•�î�ƒ�~�R�r���o�•�•�î�� �~�î�>���•�� �]�•�� �o�]�š�š�o���� �•�µ�Œ�‰�Œ�]�•�]�v�P�U�� �P�]�À���v�� �š�Z���� �š���v�����v���Ç�� �}�(�� �Z���š���Œ�}�o���‰�š�]���� �Œ���Œ���r

�����Œ�š�Z�r�u���š���o�����}�u�‰�o���Æ���•���š�}���µ�v�����Œ�P�}���(���•�š���o�]�P���v�����Œ�����]�•�š�Œ�]���µ�š�]�}�v�U���(�}�Œ�u�]�v�P���Z�}�u�}�o���‰�š�]�������}�u�‰�o���Æ���•�X���/�v��

���}�v�š�Œ���•�š�U���í�,�r�E�D�Z�� �•�‰�����š�Œ�}�•���}�‰�Ç�� �}�(�� �€�>���~���o�]���µ�ð�•�‚�E�~�^�]�D���ï�•�î�ƒ�~�R�r���o�•�•�î�� �~�î�>���•�� �]�v�� �����µ�š���Œ���š������ �š�}�o�µ���v����
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�í�î�ì�� �£���� �}�Œ�� �ô�ì�� �£���U�� �Œ���•�‰�����š�]�À���o�Ç�X�� �^�}�o�À���v�š�•�� �Á���Œ���� �•�µ�‰�‰�o�]������ ���Ç�� �D���Œ���l�� �<�'�����U�� �‰�µ�Œ�]�(�]������ �µ�•�]�v�P�� ���� �^�W�^��

�•�}�o�À���v�š�� �‰�µ�Œ�]�(�]�����š�]�}�v�� �•�Ç�•�š���u�� �~�D���Œ���µ�v�•�� ���v���� �•�š�}�Œ������ �]�v�•�]������ ���� �P�o�}�À�����}�Æ�X�� ���Œ�P�}�v�� �~�õ�õ�X�õ�õ�õ�� �s�}�o�9�•�� �Á���•��

�•�µ�‰�‰�o�]������ ���Ç�� �t���•�š�(���o���v�� ���'�X�� �d���š�Œ���Z�Ç���Œ�}�(�µ�Œ���v�� �Á���•�� ���Œ�]������ �}�À���Œ�� �u�}�o�����µ�o���Œ�� �•�]���À���•�� �~�ï�� ���•�X�� �����v�Ì���v���r���ò��

���v���� �š�}�o�µ���v���r���ô�� �Á���Œ���� �}���š���]�v������ �(�Œ�}�u�� �D���Œ���l�� �<�'������ ���v���� ���Œ�]������ �}�À���Œ�� �E���l�<�� ���o�o�}�Ç�� �‰�Œ�]�}�Œ�� �š�}�� �µ�•���X��

�/�•�}�‰�Œ���v���� �Á���•�� �‰�µ�Œ���Z���•������ �(�Œ�}�u�� �D���Œ���l�� �<�'�����U�� ���Œ�]������ �Á�]�š�Z���š�Œ�]�}���š�Ç�o���o�µ�u�]�v�µ�u�� ���v���� ���]�•�š�]�o�o������ �µ�v�����Œ��

�Œ�����µ�������� �‰�Œ���•�•�µ�Œ���� �����(�}�Œ���� �‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v�X�� ���]�u���š�Z�Ç�o���o�µ�u�]�v�µ�u�� ���Z�o�}�Œ�]�����U�� ���]���š�Z�Ç�o���o�µ�u�]�v�µ�u��

���Z�o�}�Œ�]�����U�� �‰�}�š���•�•�]�µ�u�� ���]�•�~�š�Œ�]�u���š�Z�Ç�o�•�]�o�Ç�o�•���u�]�����U�� ���v���� �š�Œ�]�]�•�}���µ�š�Ç�o���o�µ�u�]�v�µ�u�� �~�d�/�����•�U�� �š�Œ�]�}���š�Ç�o���o�µ�u�]�v�µ�u��

�Á���Œ���� �‰�µ�Œ���Z���•������ �(�Œ�}�u�� �D���Œ���l�� �<�'������ ���v���� �µ�•������ ���•�� �Œ�������]�À�����X�� �d�Œ�]�u���š�Z�Ç�o���o�µ�u�]�v�µ�u�U�� �o���v�š�Z���v�µ�u�r�� ���v����

�v���}���Ç�u�]�µ�u�� �š�Œ�]���Z�o�}�Œ�]������ �Á���Œ���� �‰�µ�Œ���Z���•������ �(�Œ�}�u�� �������Œ�� ���v���� �µ�•������ �Á�]�š�Z�}�µ�š�� �(�µ�Œ�š�Z���Œ�� �‰�µ�Œ�]�(�]�����š�]�}�v�X��

�€���W�Z�ï�•�€���~���ò�&�ñ�•�ð�•�U�� �€���ò�, �ñ�E�D���î�,�•�€���~���ò�&�ñ�•�ð�•�U�� ���v���� �€���~���ò�&�ñ�•�ï�•�� �Á���Œ���� �‰�µ�Œ���Z���•������ �(�Œ�}�u�� ���}�µ�o�����Œ�� �^���]���v�š�]�(�]����

���v���� �µ�•������ ���•�� �Œ�������]�À�����X�� �€�E���‚�E�~�^�]�D���ï�•�î�ƒ�î�~�š�Z�(�•�~�R�r���o�•�•�î�� �~�í�E���•�� �Á���•�� �‰�Œ���‰���Œ������ �(�}�o�o�}�Á�]�v�P�� �š�Z���� �‰�Œ�}�������µ�Œ���•��

�Œ���‰�}�Œ�š���������Ç�������Œ�P�����v�������}�Á�}�Œ�l���Œ�•�X�€�í�•����

�/�Z�� �•�‰�����š�Œ���� �Á���Œ���� �Œ�����}�Œ�������� �}�v�� ���� �E�]���}�o���š�� �ò�ó�ì�ì�� �&�d�/�Z�� �•�‰�����š�Œ�}�u���š���Œ�� �~�d�Z���Œ�u�}�� �&�]�•�Z���Œ�� �^���]���v�š�]�(�]���•�U�� ���v����

�•���u�‰�o���•���Á���Œ�����u�]�Æ�������Á�]�š�Z���<���Œ���‰�}�Á�����Œ�����v�����u�����•�µ�Œ�������]�v���������Z�/�&�d�������o�o�����‹�µ�]�‰�‰�������Á�]�š�Z���<���Œ���Á�]�v���}�Á�•�X��

���o���u���v�š���o�����v���o�Ç�•���•���Á���Œ�����‰���Œ�(�}�Œ�u�������}�v�����v�����o���u���v�š���Œ���À���Œ�]�}���D�/���Z�K�����µ�����X���E�D�Z���•�‰�����š�Œ�����}�(�����]�Œ�����v����

�u�}�]�•�š�µ�Œ���� �•���v�•�]�š�]�À���� ���}�u�‰�}�µ�v���•�� �Á���Œ���� �Œ�����}�Œ�������� �µ�•�]�v�P�� �:�X�� �z�}�µ�v�P�r�À���o�À������ �E�D�Z�� �š�µ�����•�� �}�v�� ���� ���Œ�µ�l���Œ��

���s�/�/�=�ð�ì�ì�� �•�‰�����š�Œ�}�u���š���Œ�� �~�í�,�W�� �ð�ì�ì�X�í�ï�� �D�,�Ì�V���í�ï���‚�í�,�ƒ�W�� �í�ì�ì�X�ò�í�� �D�,�Ì�•�X���í�,�� ���v�����í�ï���‚�í�,�ƒ�� �E�D�Z�� ���Z���u�]�����o��

�•�Z�]�(�š�•�����Œ�����Œ���(���Œ���v���������š�}���•�}�o�À���v�š���Œ���•�]���µ���o���Œ���•�}�v���v�����•�����v�����Œ���‰�}�Œ�š�������]�v���‰���Œ�š�•���‰���Œ���u�]�o�o�]�}�v�U���Œ���o���š�]�À�����š�}��

�š���š�Œ���u���š�Z�Ç�o�•�]�o���v���X�� ���}�µ�‰�o�]�v�P�����}�v�•�š���v�š�•�� ���Œ���� �P�]�À���v�� �]�v�� �,���Œ�š�Ì�X���d�Z���� �u�]���Œ�}�•�š�Œ�µ���š�µ�Œ���•�� �}�(�� �‰�}�o�Ç�]�•�}�‰�Œ���v���•��

�Á���Œ���� �����š���Œ�u�]�v������ ���Ç���í�,�� ���v�����í�ï���‚�í�,�ƒ�� �E�D�Z�� �•�‰�����š�Œ�}�•���}�‰�Ç�� �]�v�� �������o�ï�� �}�v�� ���� ���Œ�µ�l���Œ�� ���s���/�/�=�ð�ì�ì��

�•�‰�����š�Œ�}�u���š���Œ���~�í�,�W���ð�ì�ì�X�í�ï���D�,�Ì�•�����š�����u���]���v�š���š���u�‰���Œ���š�µ�Œ���•�X���>�}�Á���š���u�‰���Œ���š�µ�Œ�����E�D�Z���•�‰�����š�Œ�����Á���Œ����

�Œ�����}�Œ�������� �}�v�� ���Œ�µ�l���Œ�� ���s�/�/�=�ñ�ì�ì�� �•�‰�����š�Œ�}�u���š���Œ�� �~�í�,�W�� �ñ�ì�ì�X�í�ï�� �D�,�Ì�•�X�� �^�]�Ì���r���Æ���o�µ�•�]�}�v�� ���Z�Œ�}�u���š�}�P�Œ���‰�Z�Ç��

�~�^�����•�� �Á���•�� �‰���Œ�(�}�Œ�u������ �}�v�� ���� �s�]�•���}�š���l�� �'�W���u���Æ�� �s���î�ì�ì�í�� �����À�]������ ���‹�µ�]�‰�‰������ �Á�]�š�Z�� ���� �d�����ï�ì�ñ�� �����š�����š�}�Œ��

�~�s�]�•���}�š���l�•�� ���P���]�v�•�š�� ���� �‰�}�o�Ç�•�š�Ç�Œ���v���� �•�š���v�����Œ���� �]�v�� �d�,�&�� �~�ï�ñ�� �£���•�� �Á�]�š�Z�� ���� �(�o�}�Á�� �Œ���š���� �}�(�� �í�� �u�>�l�u�]�v�X�� �^���u�‰�o����



�•�}�o�µ�š�]�}�v�•�� �~�í�X�ì�� �u�P�� �‰�}�o�Ç�u���Œ�� �‰���Œ�� �u�>�� �d�,�&�•�� �Á���Œ���� �(�]�o�š���Œ������ �š�Z�Œ�}�µ�P�Z�� ���� �ì�X�ð�ñ�� �…�u�� �•�Ç�Œ�]�v�P���� �(�]�o�š���Œ�� �‰�Œ�]�}�Œ�� �š�}��

�]�v�i�����š�]�}�v�X���D�v�� ���v�����D�Á�� �Á���Œ���� �����š���Œ�u�]�v������ ���Ç�� �u�����v�•�� �}�(�� �š�Z���� �]�v�š���P�Œ���š������ �K�u�v�]�^������ �•�}�(�š�Á���Œ���X�� �'�o���•�•�r

�š�Œ���v�•�]�š�]�}�v�� �š���u�‰���Œ���š�µ�Œ���•���d�P�� �Á���Œ���� �����š���Œ�u�]�v������ ���Ç�� ���]�(�(���Œ���v�š�]���o�� �•�����v�v�]�v�P�� �����o�}�Œ�]�u���š�Œ�Ç�� �~���^���•�� �µ�v�����Œ��

�v�]�š�Œ�}�P���v�� ���š�u�}�•�‰�Z���Œ���� �}�v�� ���� ���^���ô�ì�ì�ì�� �����À�]������ ���‹�µ�]�‰�‰������ �Á�]�š�Z�� ���� ���>�E�î�� ���}�}�o���Œ�� �~�W���Œ�l�]�v���o�u���Œ�•��

�����o�]���Œ���š�������Á�]�š�Z�����Ç���o�}�Z���Æ���v�������v�����]�v���]�µ�u���•�š���v�����Œ���•�U�����Ç���•�����v�v�]�v�P���(�Œ�}�u���t�í�ì�ì���£�����µ�‰���š�}���=�í�ì�ì���£�����Á�]�š�Z��

�Z�����š�]�v�P�� �Œ���š���•�� �}�(�� �î�ì�� �<�l�u�]�v�� ���v���� ���}�}�o�]�v�P�� �Œ���š���•�� �}�(�� �ò�ì�� �<�l�u�]�v�X�� �d�Z���� �u�}�v�}�u���Œ�� ���}�v�À���Œ�•�]�}�v�� �Á���•��

�����š���Œ�u�]�v�������P�Œ���À�]�u���š�Œ�]�����o�o�Ç�X��

��

�����µ�š�]�}�v�J���E�}�š�����š�Z���š���}�Œ�P���v�}���o�µ�u�]�v�µ�u�����}�u�‰�}�µ�v���•���Œ�������š���À���Œ�Ç���À�]�P�}�Œ�}�µ�•�o�Ç���µ�‰�}�v�����}�v�š�����š���Á�]�š�Z�����]�Œ���}�Œ��

�u�}�]�•�š�µ�Œ�������v�����u���Ç�����Æ�‰�o�}�������Á�]�š�Z���Á���š���Œ�J��
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�^�Ç�v�š�Z���•���•��

��

�€�>���‚�E�~�^�]�D���ï�•�î�ƒ�î�~�š�Z�(�•�~�R�r���o�•�•�î���~�í�>���•��

�d�Z�����‰�Œ�}�š�}���}�o���(�}�o�o�}�Á�•�������•�o�]�P�Z�š�o�Ç���u�}���]�(�]�������‰�Œ�}�������µ�Œ�����Œ���‰�}�Œ�š���������Ç�������Œ�P�����v�������}�Á�}�Œ�l���Œ�•�X�€�í�•���/�v�������š�Z�]���l�r

�Á���o�o������ �P�o���•�•�� �(�o���•�l�U�� ���� �u�]�Æ�š�µ�Œ���� �}�(�� �>���€�E�~�^�]�D���ï�•�î�•�ï���~�õ�X�ì�ì�ì�� �P�U�� �í�ð�X�ñ�í�ñ�� �u�u�}�o�•�� ���v���� �>�����o�ï�~�š�Z�(�•�í�� �~�ï�X�ð�ó�í�� �P�U��

�í�ì�X�ô�ô�ò���u�u�}�o�U���í�X�ñ�����‹�µ�]�À�X�•���Á���•���•�µ�•�‰���v���������]�v���d�,�&���~�î�ì�ì���u�>�•�X���d�Z�����•�µ�•�‰���v�•�]�}�v���Á���•���Z�����š�������}�À���Œ�v�]�P�Z�š��

�µ�v�����Œ���•�š�]�Œ�Œ�]�v�P���š�}���ó�ì���£���U���Á�Z���Œ���µ�‰�}�v���������o�����Œ���•�}�o�µ�š�]�}�v���Á���•���}���š���]�v�����X�����(�š���Œ���Z�����š�]�v�P���(�}�Œ���������]�š�]�}�v���o���•�]�Æ��

�����Ç�•�U���š�Z�����•�}�o�À���v�š���Á���•���Œ���u�}�À�����X���d�Z�����Œ���u���]�v�]�v�P���•�}�o�]�����Á���•�����Æ�š�Œ�����š�������š�Z�Œ�������š�]�u���•���Á�]�š�Z���v�r�‰���v�š���v���U��

���v�����š�Z�������}�u���]�v���������Æ�š�Œ�����š�•���Á���Œ�������Œ�]�������]�v���À�����µ�}�U���o�����À�]�v�P���í�í�X�ñ�ì�ñ���P���~�í�ì�X�í�ñ�õ���u�u�}�o�U���õ�ï�9�•���‰�Œ�}���µ���š�����•��

�Á�Z�]�š���� �•�}�o�]���X�� ���Z�/�&�d�� �~�<���Œ�U�� ���u�t�í�•�W�� �î�õ�ð�õ�� �~�Á�•�U�� �î�ô�õ�ñ�� �~�À�Á�•�U�� �í�î�ð�ò�� �~�•�•�U�� �í�ì�î�ì�� �~�Á�•�U�� �õ�ò�ó�� �~�u�•�U�� �ô�ò�î�� �~�À�•�•�U�� �ô�ï�ó��

�~�À�•�•�U�� �ó�ò�ô�� �~�u�•�U�� �ò�ò�ò�� �~�u�•�U�� �ò�ì�ì�� �~�u�•�X�� ���ï�î�, �ô�ô���o�î�>���î�E�î�K�î�^�]�ô�� �~�í�í�ï�ð�X�ð�ó�� �P�l�u�}�o�•�W�� �����o�����X�� ���� �ï�ï�X�ô�ô�U�� �,�� �ó�X�ô�î�U�� �E��

�ð�X�õ�ð�V���(�}�µ�v���������ï�ï�X�õ�õ�U���,���ó�X�ò�ô�U���E���ñ�X�ï�ð�X��

��

�€�>���~���o�]���µ�ð�•�‚�E�~�^�]�D���ï�•�î�ƒ�~�R�r���o�•�•�î���~�î�>���•��

�����•�}�o�µ�š�]�}�v���}�(���d�/�������~�í�X�î�ð�í���P�U���ò�X�î�ñ�ó���u�u�}�o�U���ò�X�ñ�����‹�µ�]�À�X�•���]�v���v�r�‰���v�š���v�����~�ï���u�>�•���Á���•���������������š�}�������•�š�]�Œ�Œ������

�•�µ�•�‰���v�•�]�}�v�� �}�(�� �€�>���€�E�~�^�]�D���ï�•�î�•�î�~�š�Z�(�•�~�R�r���o�•�•�î�� �~�í�>���•�� �~�í�X�í�ï�ò�� �P�U�� �ì�X�õ�ò�î�� �u�u�}�o�U�� �í�� ���‹�µ�]�À�X�•�� �]�v���v�r�‰���v�š���v���� �~�ï��

�u�>�•�U�� �Ç�]���o���]�v�P�� ���� ���o�����Œ�� �•�}�o�µ�š�]�}�v�X�� ���(�š���Œ�� �Œ�����µ���š�]�}�v�� �}�(�� �š�Z���� �•�}�o�À���v�š�� �À�}�o�µ�u���U�� ���}�}�o�]�v�P�� �š�}�� �t�ð�ì�� �£���� �Ç�]���o��������

���o�����Œ�U�� ���}�o�}�Œ�o���•�•�U�� ���o�}���l�r�•�Z���‰������ ���Œ�Ç�•�š���o�•�X�� �Z�����Œ�Ç�•�š���o�o�]�Ì���š�]�}�v�� ���(�(�}�Œ�������� �ð�ô�õ�� �u�P�� �~�ì�X�ð�í�ñ�� �u�u�}�o�U�� �ð�ï�9�•�� �}�(��

�î�>���X���í�,���E�D�Z���~�ð�ì�ì�X�í���D�,�Ì�U���š�}�o�µ���v���r���ô�U���r�ñ�ì���£���•�W���w���í�X�õ�õ���~�•�U���ð���,�U�����, �•�V���í�X�î�ð���~���U���î�ð���,�U�����, �ï�•�U���ì�X�ñ�ï���~���U���ô���,�U��

���, �î�•�U���ì�X�ð�ï�� �~�•�U���í�ô�� �,�U�� ���, �ï�•�X���í�ï���‚�í�,�ƒ�� �E�D�Z�� �~�í�ì�ì�X�ò�� �D�,�Ì�U���š�}�o�µ���v���r���ô�U�� �r�ñ�ì�� �£���•�W���w���ï�ð�X�ñ�� �~���, �î�•�U���î�ô�X�ò�� �~���,�•�U��

�î�ô�X�ì���~���, �ï�•�U���ï�X�ò�ï���€�^�]�~���, �ï�•�î�•�X�����Z�/�&�d���~�<���Œ�U�����u�t�í�•�W���î�õ�ñ�ò���~�À�•�•�U���î�ô�ô�ò���~�Á�•�U���î�ô�ò�î���~�Á�•�U���î�ó�ð�ì���~�À�Á�•�U���í�ð�ò�í���~�Á�•�U��

�í�ï�ô�í���~�À�Á�•�U���í�î�ð�ó���~�•�•�U���í�í�ô�í���~�À�Á�•�U���í�í�ò�ì���~�À�Á�•�U���í�ì�ò�ñ���~�Á�•�U���õ�ñ�ð���~�À�•�•�U���ô�ò�ì���~�À�•�•�U���ô�ï�õ���~�À�•�•�U���ó�ó�ñ���~�u�•�U���ò�ô�ì���~�•�•�U��

�ò�í�ï���~�u�•�U���ñ�ô�ô���~�Á�•�U���ð�î�ô���~�À�Á�•�X�����ð�ð�, �í�ì�ô���o�î���o�î�>���î�E�î�^�]�ð���~�í�í�ô�ì�X�ï�ò���P�l�u�}�o�•�W�������o�����X�������ð�ð�X�ó�ó�U���,���õ�X�î�î�U���E���î�X�ï�ó�V��

�(�}�µ�v���������ð�ð�X�ó�ô�U���,���õ�X�î�õ�U���E���î�X�ï�ó�X��

��

��

��



�€�E���~���o�]���µ�ð�•�€�E�~�^�]�D���ï�•�î�•�~�R�r���o�•�•�î���~�î�E���•��

�d�Z���� �‰�Œ�����µ�Œ�•�}�Œ�� �€�E���‚�E�~�^�]�D���ï�•�î�ƒ�î�~�š�Z�(�•�~�R�r���o�•�•�î�� �~�í�E���•�� �Á���•�� �•�Ç�v�š�Z���•�]�Ì������ �(�}�o�o�}�Á�]�v�P�� �o�]�š���Œ���š�µ�Œ����

�‰�Œ�}�������µ�Œ���•�X�€�í�•�� �€�E���~���o�]���µ�ð�•�€�E�~�^�]�D���ï�•�î�•�~�R�r���o�•�•�î�� �Á���•�� �‰�Œ���‰���Œ������ ���v���o�}�P�}�µ�•�o�Ç�� �š�}�� �š�Z���� �o���v�š�Z���v�µ�u��

���}�v�P���v���Œ���€�>���~���o�]���µ�ð�•�‚�E�~�^�]�D���ï�•�î�ƒ�~�R�r���o�•�•�î���~�î�>���•�U���Ç�]���o���]�v�P���ï�í�9�����Œ�Ç�•�š���o�o�]�v�����‰�Œ�}���µ���š�X�����Z�/�&�d���~�<���Œ�U�����u�t�í�•�W��

�î�õ�ñ�í�� �~�À�•�•�U�� �î�ô�ô�ó�� �~�u�•�U�� �î�ô�ò�í�� �~�u�•�U�� �î�ó�ï�ð�� �~�À�Á�•�U�� �í�ð�ò�î�� �~�Á�•�U�� �í�ï�ô�í�� �~�Á�•�U�� �í�ï�ò�ï�� �~�Á�•�U�� �í�î�ð�ó�� �~�u�•�U�� �í�í�ô�î�� �~�À�Á�•�U��

�í�í�ò�ò�� �~�Á�•�U�� �í�ì�ò�ï�� �~�Á�•�U�� �í�ì�î�î�� �~�À�Á�•�U�� �õ�ï�ô�� �~�u�•�U�� �ô�ï�ð�� �~�•�•�U�� �ó�ó�ô�� �~�u�•�U�� �ò�ó�õ�� �~�u�•�U�� �ò�í�ô�� �~�Á�•�U���ñ�ô�ó�� �~�Á�•�U�� �ð�ï�õ�� �~�À�Á�•�X��

���ð�ð�, �í�ì�ô���o�î���o�î�E�î�E���î�^�]�ð�� �~�í�í�õ�í�X�ì�ð���P�l�u�}�o�•�W�������o�����X������ �ð�ð�X�ï�ó�U�� �,���õ�X�í�ð�U���E���î�X�ï�ñ�V���(�}�µ�v���������ð�ð�X�î�í�U���,�� �ô�X�õ�ô�U���E��

�î�X�ï�î�X��

��

�€�>���‚�E�~�^�]�D���ï�•�î�ƒ�‚�~�…�r���,�ï�•�~�…�r�E�~�^�]�D���ï�•�î�•���o�D���î�ƒ�~�…�r���o�•�•�î���~�ï�>���•����

�&�}�o�o�}�Á�]�v�P�� �š�Z���� �‰�Œ�}�������µ�Œ���� ���•�� ���‰�‰�o�]������ �(�}�Œ�� �š�Z���� �•�Ç�v�š�Z���•�]�•�� �}�(�� �€�>���~���o�]���µ�ð�•�‚�E�~�^�]�D���ï�•�î�ƒ�~�R�r���o�•�•�î�� �~�î�>���•�U�� �š�Z����

�µ�š�]�o�]�Ì���š�]�}�v���}�(���š�Œ�]�u���š�Z�Ç�o���o�µ�u�]�v�µ�u���]�v�•�š���������}�(���š�Œ�]�]�•�}���µ�š�Ç�o���o�µ�u�]�v�µ�u���o�������š�}���š�Z�����(�}�Œ�u���š�]�}�v���}�(���À���Œ�Ç���(���Á��

���Œ�Ç�•�š���o�•�U�� �Á�Z�]���Z�� �Á���Œ���� �]�����v�š�]�(�]������ ���•�� �š�Z���� �>���Á�]�•�� �~�����]���� �����•���•�� �������µ���š�� �€�>���‚�E�~�^�]�D���ï�•�î�ƒ�‚�~�…�r���,�ï�•�~�…�r

�E�~�^�]�D���ï�•�î�•���o�D���î�ƒ�~�…�r���o�•�•�î�� �~�ï�>���•�X�� �,�}�Á���À���Œ�U�� ���}�u�‰�}�µ�v���� �€�>���‚�E�~�^�]�D���ï�•�î�ƒ�‚�~�…�r���,�ï�•�~�…�r

�E�~�^�]�D���ï�•�î�•���o�D���î�ƒ�~�…�r���o�•�•�î�� �~�ï�>���•�� ���}�µ�o���� �v�}�š�� ������ �}���š���]�v������ �]�v�� �‰�µ�Œ���� �(�}�Œ�u�U�� ���v���� ���š�š���u�‰�š�•�� �š�}���•�Ç�v�š�Z���•�]�Ì����

�š�Z���� �������µ���š�� �Á�]�š�Z�� �ð�� ���‹�µ�]�À���o���v�š�•�� �}�(�� �š�Œ�]�u���š�Z�Ç�o���o�µ�u�]�v�µ�u�� �(���]�o������ �š�}�� �Ç�]���o���� �š�Z���� �‰�µ�Œ���� �•�µ���•�š���v�����X�� �d�Z����

���o���u���v�š���o�� ���v���o�Ç�•�]�•�� �(�����š�µ�Œ���•�� �o���Œ�P���� �����À�]���š�]�}�v�•�� �]�v�� �v�]�š�Œ�}�P���v�� ���}�v�š���v�š�� �~�u�����•�µ�Œ������ ���� �ï�î�X�ï�í�U�� �,�� �ô�X�ñ�ï�U�� �E��

�ï�X�ò�ï�V�������o���µ�o���š�����������ï�í�X�ó�ò�U���,���ô�X�ì�ì�U���E���ð�X�õ�ð�•�X���&�}�Œ���š�Z�]�•���Œ�����•�}�v�U���]�š���Á���•���v�}�š�����u�‰�o�}�Ç�������]�v�������š���o�Ç�•�]�•�X��

��

�€�<�~�]���µ�ï���o�r�…�r�,�r���o�]���µ�ï�•�•�v���~�ð�•��

���Œ�Ç�•�š���o�•�� �}�(�� �€�<�~�]���µ�ï���o�r�…�r�,�r���o�]���µ�ï�•�•�v�� �~�ð�•���Á���Œ���� �}���š���]�v������ �Á�Z���v�� �š�Œ�����š�]�v�P�� �‰�Œ�����µ�Œ�•�}�Œ�•�� ���}�v�š���u�]�v���š������

�Á�]�š�Z�� �‰�}�š���•�•�]�µ�u�� �Z���Æ���u���š�Z�Ç�o���]�•�]�o���Ì�]������ �Á�]�š�Z�� �d�/������ �]�v���v�r�Z���Æ���v���X�� �d�Z�]�v�� ���Œ�Ç�•�š���o�•�� �‰�Œ�����]�‰�]�š���š������ �µ�‰�}�v��

���}�}�o�]�v�P���š�}���t�ð�ì���£�����]�v���š�Z�����(�}�Œ�u���}�(���š�Z�]�v�����}�o�}�Œ�o���•�•���v�������o���•���‰�Œ�]�}�Œ���š�}�����Œ�Ç�•�š���o�o�]�Ì���š�]�}�v���}�(���}�š�Z���Œ���‰�Œ�}���µ���š�•�X��

�í�,���E�D�Z���~�ð�ì�ì�X�í���D�,�Ì�U�����ò�� �ò�U���î�ò���£���•�W���w���î�X�ñ�ñ���~�•�U���í���,�U���,�•�U���w���î�X�í�ð���~�u�U���î�,�U�����, �•�U���w���í�X�î�î���~���U���ï�ò���,�U�����, �ï�•�U���w���r

�ì�X�ì�í���~���U���í�î�,�U�����, �î�•���‰�‰�u�X���í�ï���‚�í�,�ƒ���E�D�Z���~�í�ì�ì�X�ò���D�,�Ì�U���î�ò���£���•�W���w���î�õ�X�ñ���~���, �ï�•�V���î�ô�X�ì���~���,�•�U���î�ñ�X�í���~���, �î�•���‰�‰�u�X��

���Z�/�&�d�� �~�<���Œ�U�����u�t�í�•�W���î�õ�ð�ó�� �~�À�•�•�U���î�ô�ò�ì�� �~�À�•�•�U�� �î�ó�ò�ñ�� �~�u�•�U���í�ð�ò�í�� �~�•�•�U���í�ï�ó�ò�� �~�Á�•�U�� �í�ï�ñ�ô�� �~�Á�•�U���í�ï�í�ð�� �~�Á�•�U���í�í�ò�ï��

�~�u�•�U�� �í�ì�ò�ì�� �~�u�•�U�� �í�ì�ï�õ�� �~�u�•�U�� �í�ì�í�î�� �~�Á�•�U�� �õ�ð�ò�� �~�À�Á�•�U�� �ô�í�ð�� �~�Á�•�U�� �ó�ï�õ�� �~�u�•�U�� �ò�ò�ñ�� �~�u�•�U�� �ò�ð�ð�� �~�u�•�U�� �ð�ó�ô�� �~�À�Á�•�X��

���î�ð�, �ñ�ñ���o�î�<���~�ð�ï�ò�X�ó�ò���P�l�u�}�o�•�W�������o�����X�������ò�ò�X�ì�ì�U���,���í�î�X�ò�õ�V���}���•�X�������ò�ñ�X�ô�í�U���,���í�î�X�ñ�ñ�X��



��

�W�}�o�Ç�u���Œ�]�Ì���š�]�}�v��

�����š���]�o�������‰�Œ�}�������µ�Œ���•�����Œ���������•���Œ�]�����������•���š�Ç�‰�]�����o�����Æ���u�‰�o���•�X��

��

�W�}�o�Ç�u���Œ�]�Ì���š�]�}�v���}�(���/�•�}�‰�Œ���v�����~���v�š�Œ�Ç���î�U���d�����o�����í�•�X����

�€�E���~���o�]���µ�ð�•�€�E�~�^�]�D���ï�•�î�•�~�R�r���o�•�•�î�� �~�î�E���•�� �~�í�í�X�õ�í
0�u�P�U�� �ì�X�ì�í
0�u�u�}�o�•�� ���v���� ���o�]���µ�î���o�� �~�&�•�� �~�í
0���‹�µ�]�À�X�� ���o�l�E���U��

�î�X�ð�í
0�u�P�U���ì�X�ì�î
0�u�u�}�o�•�� �Á���Œ���� ���]�•�•�}�o�À������ �]�v�� �š�}�o�µ���v���� �~�ô
0�u�>�•�U�����v���� �•�š�]�Œ�Œ������ ���š�� ���u���]���v�š�� �š���u�‰���Œ���š�µ�Œ���� �(�}�Œ��

�ï�ì�� �u�]�v�µ�š���•�X�� ���(�š���Œ�� �������]�š�]�}�v�� �}�(�� �]�•�}�‰�Œ���v���� �~�î�ì
0�u�u�}�o�•�U�� �š�Z�����‰�}�o�Ç�u���Œ�]�Ì���š�]�}�v�� �Á���•�� �����Œ�Œ�]������ �}�µ�š�� ���š��

���u���]���v�š���š���u�‰���Œ���š�µ�Œ�����(�}�Œ���í���Z���µ�v�����Œ���•�š�]�Œ�Œ�]�v�P���~�ñ�ì�ì���Œ�‰�u�•�X���d�Z�����•�}�o�µ�š�]�}�v���Á���•���‹�µ���v���Z�������]�v���u���š�Z���v�}�o��

�~�î�ì
0�u�>�•�����}�v�š���]�v�]�v�P���ì�X�í�9���~�Á�l�Á�•���î�U�ò�r���]�r�š���Œ�š�r���µ�š�Ç�o�r�ð�r�u���š�Z�Ç�o�‰�Z���v�}�o�����•�������•�š�����]�o�]�Ì���Œ�X���d�Z�����‰�Œ�����]�‰�]�š���š������

�‰�}�o�Ç�u���Œ���Á���•�����Œ�]�������]�v���À�����µ�}�����š�����u���]���v�š���š���u�‰���Œ���š�µ�Œ�����š�}�����}�v�•�š���v�š���Á���]�P�Z�š�X����
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���Œ�Ç�•�š���o�o�}�P�Œ���‰�Z�Ç��

�y�r�Œ���Ç�����Œ�Ç�•�š���o�o�}�P�Œ���‰�Z�Ç�����v�������Œ�Ç�•�š���o���^�š�Œ�µ���š�µ�Œ���������š���Œ�u�]�v���š�]�}�v����

��

�&�}�Œ���y�r�Œ���Ç�� �•�š�Œ�µ���š�µ�Œ���� ���v���o�Ç�•���•�U�����Œ�Ç�•�š���o�•�� �•�µ�]�š�����o���� �(�}�Œ���y�r�Œ���Ç�����]�(�(�Œ�����š�]�}�v�� �Á���Œ���� �•���o�����š������ �]�v�� ���� �P�o�}�À�����}�Æ�U��

���}���š������ �Á�]�š�Z�� �W���Œ�������Œ�� �í�ì�ï�í�î�� �~�,���u�‰�š�}�v�� �Z���•�����Œ���Z�•�U�� ���v���� �(�]�Æ�������}�v�� ���� �v�Ç�o�}�v�l�o�}�}�‰�� �P�o���•�•�� �(�]�����Œ�X�� �y�r�Œ���Ç��

�����š�����(�}�Œ�����o�o�����}�u�‰�}�µ�v���•���Á���•�����}�o�o�����š�������}�v���������Œ�µ�l���Œ�����W���y���/�/�����h�K�����]�(�(�Œ�����š�}�u���š���Œ�����‹�µ�]�‰�‰�������Á�]�š�Z�����v��

�/�…�^�� �u�]���Œ�}�(�}���µ�•�� �•�����o������ �š�µ������ ���v���� �Y�h���•���Z�� �}�‰�š�]���•�� �(�}�Œ�� �D�}�<�r�� �~�„�� �A�� �ì�X�ó�í�ì�ó�ï�� ���•�X�� �d�Z���� �����š���� ���}�o�o�����š�]�}�v��

�•�š�Œ���š���P�Ç�� �Á���•�� �����š���Œ�u�]�v������ �µ�•�]�v�P�� ���K�^�D�K�U�€�î�•�� ���u�‰�o�}�Ç�]�v�P�� �˜�r�•�����v�•�X�� �Z���Á�� �����š���� �Á���Œ���� �‰�Œ�}�����•�•������ �µ�•�]�v�P��

���W���y�€�ï�•�U�� ���v���� �^���/�E�d�€�ï�•�X�� ���}�Œ�Œ�����š�]�}�v�•�� �(�}�Œ�� �����•�}�Œ�‰�š�]�}�v�� ���(�(�����š�•�� �Á���Œ���� ���‰�‰�o�]������ �µ�•�]�v�P�� �^���������^�X�€�ð�•�� �d�Z����

�•�š�Œ�µ���š�µ�Œ���•�� �Á���Œ���� �•�}�o�À������ ���Ç�� ���]�Œ�����š�� �u���š�Z�}���•�� ���v���� �Œ���(�]�v���������P���]�v�•�š�� ���o�o�� �����š���� ���Ç�� �(�µ�o�o�r�u���š�Œ�]�Æ�� �o�����•�š�r

�•�‹�µ���Œ���•���u���š�Z�}���•�� �}�v���&�î�� �µ�•�]�v�P���^�,���>�y�d�>�€�ñ�•�U�� ���v�����^�Z���o�y�o���X�€�ò�•�����]�•�}�Œ�����Œ���u�}�����o�•�� �Á���Œ���������o���µ�o���š������ �µ�•�]�v�P��

���^�Z�U�� ���� �‰�Œ�}�P�Œ���u�� �(�}�Œ�� �Œ���(�]�v�]�v�P�� �•�š�Œ�µ���š�µ�Œ���•�� �]�v�� �^�Z���o�y�o�X�€�ó�•�� ���o�o�� �P�Œ���‰�Z�]���•�� �Á���Œ���� �‰�Œ�}���µ�������� ���u�‰�o�}�Ç�]�v�P��

�D���Œ���µ�Œ�Ç���ð�X�î�X�ì�í�í�€�ô�•�����v�����W�K�s�r�Z���Ç�í�î�X�€�õ�•���&�}�Œ���y�r�Œ���Ç�����Œ�Ç�•�š���o�o�}�P�Œ���‰�Z�Ç�U���•�]�v�P�o�������Œ�Ç�•�š���o�o�]�v�����u���š���Œ�]���o���}�(���í�>���U��
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