4; 556/170

ty Data

428/304

1011

Apr. 9, 2009

(2006.01)
(2006.01)

(BP) oo, 06112713.0

Publication Classification

Foreign Application Pr

US 20090092818A1

43) Pub. Date
CO7F 5/06
B32B 5/18

S. CL

Apr. 18, 2006
(51) Int.CL.

(30)
(52) U

LLP

e

Markus Schubert,

2

)

—
A S

Ulrich Muller,

T 1

2

)

—
A S

Christoph Kiener, Weisenheim am

Sand (D
Ludwigshafen (DE)

Neustadt (D

FUMARATE BACKBONE MATERIAL
CONNOLLY BOVE LODGE & HUTZ

P O BOX 2207
WILMINGTON, DE 19899 (US)

Correspondence Address

Kiener et al.
Inventors

12y Patent Application Publication o) Pub. No.: US 2009/0092818 A1

(54) ORGANOMETALLIC ALUMINUM

a9y United States

(75)

L rre i myt H A B, e e i | iy Mrger B Ak | oy b R LU, L AL

=
—..-.“l-ﬂL.r-.-“.“_..h__-_|._-.u_"-_n.1_!| " . . . . : -hllr-n“.-h - ol W-_-l_”-“-.m “-u"-" .1 .“.q.. m.-.nm -.u_ H
. . . =y - . . 1

I =
e 1 .- . o
[ T T T

-y
-

ts storage,

1

d use thereot
10N Or as sup-

-l <

1 I'!.H.-F.J-'l

- .
R T -

*
.= g
h". -

1011 A1l

such porous metal

and also the preparat
1 react

*'.-Iq .'I-._- e Ari.Jd ) e AN
IIII::- 'll ==2

P

L]
wl

formed by Al ions to
ed to produce a framework

=

R LN

LI M ¥
-
amE L

o

L)

Cart
-

[yt

rising

: L ey
: R e
l_ll..-“_-l_.m_.j ﬁ-_.r.-_“-.u.-..nm-."-.n-r—._.l_-_—l
-.-_L_ .-.-h-_lll. - H = -_-! -.--l-l nu_“."._"l

] :-:
4

:I‘al.l-I
T

, chem

: e
LA ke e R R e
v, 21 A, T <iateroaly
w - H-_l-“.ﬁ-.u - : m Sl . " e
L . . i : ] j L] .-l..-r,..-.nl.. ..t_-u-.J“_--.._uu-
P ey ]
._._- h-.-_ .._l.-u-J._-. L
_. .-_ .- ﬂ... —

pR Il L

dinat
1es comp

ITF LEa=

-
H -E-

T

-y
u

3 am | 'l_
i LA

10n

- e
T

=d
[
-

-il-l': J-n '_|l
-

e,

v E L

-
Sam
L e

—
It
L

ABSTRACT

L
S

!.r_I-

n

L]
B
e

3

e Il o L
Lo e
[FL I Rtr-Ryaly L K
[ P Al e L o |
.._._..ﬁ._.rs_._.“.ﬁ_.“._n T
KEHES T ._..u._.._m_._.“._._l_ﬂ_..__ D 4
el _.“ _-|.-_|.“_-|_. rlu . . =N i ". "_l_-._llm “I—. _“_l_-_--_-uﬁﬁ.l_-__uﬁ._-r”-n."l“ “._.,..-_ "-...._ - lu.-..._n- _-r_" l-_-_._l_-_”
“.“1“-_---.h--..1— Ty g i 5 LeErlmmle o
LN .,.u_q-___..1....l_l_-.|_ .
[ -.__-._ - __u-._-

TRET
L]

- - ]
=lgaria
T

=y

10115 A1 COO0r

-
-.I_.___‘.
Fi' -
1 g
o
Rias

T
| ]
| |
gl

-

m

od -

o,
P
ot
—

_.J_lnnuu_-..- L' o _-J”- o

L P -."-“.-.. _|| w B
[ ap ..."x_._-
1 - |-“-WJ|IM -

shaped bod

frameworks
for the uptake of a substance for the purposes of

=

_l___n_nlu

1 !'l'-u:.IEfq.'-.'-
v

ey
(I M o
I a'l;fl

3

metal organic frameworks

0rganic

_
n - - 1, - - -
T b AT KH AU T TEr AR
-_..l LIl N l-_-ML- L-_l-.-_—__-._l...n-l-l1...
L R -dl.-lﬁh_.l._-_J.TJ
:....___.._.r_ b

i .
] ...._L__nmu__u.“_:_.".h_ b
_._l.-u-11u_-__._.u-_l---
= e ._.l -
[ -H_l____l.| ._-.._ -_-_-__-.-_-

el e 1.L|._.

structure
controlled release, separat

which fumarate
port

(57)
Porous

. P
1 2y o 1_-_.“-.uw-_l_
L R i

l _ |-.
SRR 1

N B
°)
4 S

L
S
Frar
M |l:‘ Pl

l.l
LN}
mlm

ad P a7
11 -h-...-_-_

L _-_-_ [
-_-_-_l

2
1

N (D

4 1=

TR

—
F

11
Falal

T 17
i

-

11

A

—

-
g i
TR
Y -]
[ Syt
-

A'm

r
1

o

gl

-l
LN 3

L]

LD
=2 -I:;--ll-'.Jll-

b

e e N

o'

-

gy .
ST 1T, = Tl gm
|.r_..-.._._._-“..: [ ] _-

T
‘h

s
T

-
rala
Salea ;_

ul
i': 1T -
s

1
--“-_Il."_“-” _"-ﬂ_ - ra 1
et e
e Aan i e
e
P ITH e ek e

LN I S ]

'
L
]
1
L
1
i

-1

LT

[ LR LI L |
r

T L

ol
L]

1 e

'|':-"

~
Tatq! naa
rpmmpl _mg _-.l-

LUDWIGSE

hu_..._..?_.a.a_,” )
AL R N e

EnC R T

Y
'

)
L

!

2
o

i
-

n -I:l';.;rﬂ‘_,nr
a1
I‘:IT.-_;-

Ei D
L L.-‘-I = 'II'_LE-_

12/297,666

Apr. 12, 2007
PCT/EPO07/53567
Oct. 29, 2008

y = ra 1

|.'I-". -

el
LR -I-_ - ey
1

=L

BASFK SE

£ et

L]
*

an Tl
—

L ]
L ]
L ]
L I ]
L ]
L ]
L ]
* &

.. -
'r_l'f-—':-' "
.
mh_ g .-

No

am

b
hu.- a1y

-|lm -__-l.- som'l Tt el S Emdd B

(4) Date

2

§ 371 (c)(1),

(73) Assignee
(22) PCT Filed
(2)

D

(21) Appl
(86) PCT No

-03 8.00&03 8.00E-03

g
S
-

7.00

B.O0E-03 &.00=-03
P/Po

4.00E-G3

=-03

2.60E-03  5.00

i
T

1.00E-03

(0.00E+00



Patent Application Publication Apr. 9, 2009 Sheet 1 of 4 US 2009/0092818 Al

=
=
1
&
—
L,
e £
)
-r-:r-
sl
—-
j T2
o 2
— Ly
. o
””!; ™ E’
- Li.

:I =
30

”F“ThT"ﬂ*ir“T“TMﬂ*“F“T“
29

30349
L



US
5009/0092818 Al

A
pr. 9, 2
009 Sheet 2 of 4

Paten
t Appli
pplication Publi
1cation

£0-30

0'6

Rr=iie v
007

£0-300'9 . €0°2 e
£0-300°S
07300
7
co-300°F €0
£0-300°
0’1
N0+50
00

%
|
L
|
|
|
%
j

s
—m
- ]
m-
- - Il.
| | -
4 - u'gm -
-I|III
ll-- “_rl
pl .hl_.
_lnuLl-_I--1|1_
A= L] -
-_l-_
r
A

1
]J
| ||“ - —
II_IHII .I1l_|-_l T
m1 A ll1.l|U|.|l LllI.lJl_
" _-.1._-. _.u..u- Y T N T T W T
Hlln.n ||.-||nu.1._"l| - ...._l.u_ '
| - mm ..|-I|.| _-l.|-1||| L
1 .I“I ﬂ.l“--ﬂ..l_ll l.l-lhllmIII.lllllHI-ll”-.l- ”llrl _I-Il -I.ll.l..-
.In..-l.-.-m Illl- _“IIII-II.H|1| =-r -IIII..I = I -
H l_"- Il_l--l”I" II _JI _- L] .II-III_I rZ ._lllﬂ'- -Il- = - m | —
- S o Z - s — N
ioRCTY S T RELRY ...““ N Ly r.q_h_lu""u.u_.u.. T
q-r.ll__‘ .-.l-Lll-:I l.“llll-ll-lfll_-llllull_-llllIlllﬂh.ql.uul IH_“ -_.Iﬂl . - -
il ERL SR ey I - THT ey e
I_-1lll- - ln.ll-I-_-ﬂll-_ -hllI. I!Il-l -.I_lllll .-l_mlr-I Il-ll Il"l- - |I-..-_l -I_-..ILI—LII.I.-I
= ' mlu m n II_III [ - 1 - Ful ™ -I_ |lhlll 1 a - ﬂll L
- - L |.||r_-|-.l-.-_--_..|||l.Lllullullnq.nﬂ.- ! - .-:-..H—...-..r - -Er o 1|hw-|-u|!|..|| g —
v ey _.r“-..L.r,..-_.h _.-a.q.....H._--_ R ..r S e T -
- .l|.-| .-.I|||| |-.|. I..“_lﬂl = g L - nlul_q ~Fu ..-dirﬂllnll _—— r A" el o ! e
ln-..l.I_-Iq- !y lﬂ-.l.n.l_lnl_-l_lu .IH.I.II-HU_I-H.U.“H -l. “-1 -1-.lh_H.III.L“._I -_.._Illm_-l_l - .u“_--I-_ mq .ﬁu-l_“.ﬂll“I" l1.-u|l-|IlII-.IH“I|.l|I-||_I _— -
Tl S “.._ﬁ...r_a..._,..uUrugg._.._"w_n,...._u..."-L W ".“._....H..L.H P ,.,..m.rm ...._.J...a.. Za R et
I|.|.|..||.._ul1|nu||.|- T uunﬂ-n. 1= ...“.-l_uun-.l_.l ru..unuuln-_.-l T 3 - .__._l.lr......ullu_l =S ..-n.u._. = ad v
ﬁurnﬁ.w...4.154m=,x:zﬁf.f:in,.v.mthuuxu.,aw.ﬂuw:.ﬁ.
L o= |."|.|_ﬂ- " BT 1Z1m ..|.. hl-n: . mr_ q._jl.|."...r_ ="y 1|||nu.-u ||_..|.||1.|I1-| - r..uﬂl-..l._m_u_.l-_ll.-lrn_ll._lnﬂ L e .h-ll“..l__ o o
] L e = Hie e ...-T.“_h-uu 0 Tt R R rpreagl e e BT el L~ P
ant St ol LT = Y A . ke e g e .n---_nt....?-_L._C... T T ot J.T..fh L TR
-ll.“.I 1 II_IIHII q_-_ _Il.l“_l_l..- I.-ll”l“ll.l-u -._I-ILI-IlI Il-_l-_ lnll_--" 1.lmll_ II-“IW_IWH.H l-.lllr.-ull.-llil l-.l. -.ll-_-l_-ql_ll Ill“ll..- l-n”ll_ll.ll . I-ll "llllnﬂlﬂ-_.lllll
L b e -.uf-..,....-..J..l_.....":....?-.. PHEEC Ln........ﬂ NERET il i ot Ll
- - - - - - - 1 r ., - ] III lll - - T " Ill —_ - - \
) s ey LR T .w.m“...._.L. el gk P e -..u_.....w;,"“...l.._ peibril) i iy r..,_"......u.”m.l_n.._.._ il _...._q__..n._.J.. e W......T..... CTaleerd R
= Hnu-._.n.. e et m......u..ru....u_.u.t.u ..q..-.. .|.n._.._.“ g i gl _._11...L %-....n.... u..u._n_l....rlm....nl.._.h.n _-.ﬁ-_......._-_H..._uu“.u.._..ﬁ........_u.-.r.._..... oLl _..u“..ﬁ m.._u...u_.n R IR = e .
- lIlI - II. JII-I - -_5 II"- - - Il-lh - =k - |I||I y “ﬂl ' == l-lﬂllnllﬂ II'I = . x'® II_l _.‘III.I_I e I.l-_ll.[II_ _m III Ill-_IHI- - !llII -
I ....._..."_.,..ur.u B i .1.,_1...".“."..._...,. ok ALy S -.,L.._....ﬁ_w.._-.._”..m_a.. E PR p_.ﬁ.u"r_.-..x.r..n_.j_.. > ERP A g gt it N e
L Xaee o S ..._n....._..r_..l_.. Tl = T..J-,_-...:u_ 1_..dw:..:w..__.n.t.........|...._.:....“-n q.J_..r.L.m..J....t e 2 T At e o I Jor U .
.:._”..._..:..ﬂ m ."-......_..w. o : i) R At _...”_.-r..._ﬁ-._._ _.J._....q._..r._._.,”" Ay LA 1._.1_mq....l.“.ﬁ _ ..u.r.:."..u..:_.w."._u-.. Al o - .--..w..u“.;_....lu [ C
Pl ﬁL ! _.,Ju.....m.uaJ."" " 1".":.:“..?_ S ORI i e g Lo frﬂ._:....f 2 .."ur,..a.“.._r.. g oo
-- iy by L ] o oy oS - Py o Tt . - _ - r = e - " Tl el el -
. T qul.ﬂnnl . |I|.I_-|_ -_ﬂunnnl ||.|l.|.|“..1_|”..-..| Il_nll__l i u.T-I.-U-im..Il.lnlr" |||_|Jln||ﬂ||1||n -.._-u.hl_llqll_.l-.lnnu -.lFl“..-L...-h.ﬂ...l-ﬂlI".u”l-l_l.ﬂ l..Il!-."-W.“r-_..u._mul1ﬂﬂ-|.--|| - ..-llhlll-l:l.umlnl.-.. |I_"|..ull-n.llm..1-|q.hll|.-ﬂ lnllnul. -.L..:.I-l.: N
-I:n..n_l.l.-“_lu g -ull.l = .l....llll-.ln.-_hll.lh.IU_ml _ul= .uﬂl.. mm r 1r"||ﬂ|-.nl.-l.l|-_|...-_|.lll..L:lﬂunllu“-ﬂ_l-..lull -.LH_I- 1] ...!l-.u.h1|.||-||.l|..l_ . |Ill_|llllmn...-|1.|||1||l.|l.|-L -Ill.l_._ HH.H:-._ -ﬂqlllill.n.“lI i lllnplrunn.-ui.-nu .1|ll|_-lmd|n-.|r..-_|.||l..-|_ “.I.lr |||h.. e
- vy = - - - - - - — - - . _ A i iy _ r - - L — - _ = K |-I
_-ﬂ_..._n.. 11|H....q.||_|"|._. -||||-|.|._|||..| ﬂ..u- - m“.- n_ul- rll-u.._l n.--ﬁ |.ln|_||.n”_-l.. r-..u.ﬂ._u...l.ll"_ll ut.u-n_..llu.“”__..._..l.rlul.““ni_ﬂ.u_u.ﬂql_-lul A T --..-_“.- u||1..lﬂn.“r|_u.._-.n|u_|n;..|m_“-r.|.f._ nlrn u_1n|- i _.n_._._n ”.“-.1-.1 X an .Il....n_..l_.. ._-._-l_. _||“-_1u|..-.l_|l|. -..||-_||| 2 -_-|. _I_-ll_.._- ) oy
. . - . — .- . - " = L z < ¥ - = = - i - : - - - - - - - - - ey - . = - - -
p-s s l..-.n..h.n 1..uh.__-...n.u_ i -u....-...._.._...._rhh SRR ;.-..n.ﬁ.".q.n:.”...._..s. = HE e = S s el R A yp ...-u_.-.J...._.TL.J.._. o L_.r_“....-.._..n.n. e e T el
|-|_|..| -..-!-ll_.__ln.l - _||. e Y L Bl LII.__n.. . .|_rl I-r_-..l-_-_ B B ﬂl.ull.llu ] - 1 m- rr 1_.-.._|_| At -_— s r_ ! _-I_n llql. [ _l.r.|1.r_ 1.l|l-...-_. l.l.u- i Iul.-l.!l_ |._|..r-.I r -
=t _..r..._.u_. rL.ﬂ..,u...._n...u.umn_w... res gL .uu".“_.._H...u__.-....l._..T.ﬂu“.-.. e ..Ir..."_...ﬂ.u;.”.. ._“....w...L...u.._.n._..,.-.du....“.._._““n...q.....ﬁ...u iy . 1.1.“."._%_.? -._"“_.m._.u..-.m...""...._ T - .F.L....."_._..-”_u. r- Zooald ra . e _.;.._u..n..u_."-u.u _
lllnu.. - L ||_|I1_|1|_ an I _r.-I-1|-..|._. _|.l_.- |I|.||...lll.ﬂ i - I._llrlw.r_|Hl-murl|"|.lqll_ll|-|_||_|ﬂ-.l- - - gy AT 0 lrr.nL s r |.|...l—.1l_l. P - i o H.-I -n i .-.Illﬂh|.. llllq =T et Tl e —= 1||.|l.u - .III..Ilh.ll I.|.._I-l_ﬂ||| o=
- _r- Ir.u nl. -— ol ' =l - - ' .Iq.Lll .Ill_ -1 - _n —_ - |.l - .I_I- IrT _|l|lll _ _K -_-.n-l.-_ln.ln.-l - vl - I.: - e I. . ol —_ ] |l-| . - T = + . - ot e - ._.llu_l- - -_. | -
m-.”-. E .u:_._1_.----.._L._J_ s -“....n..n....ﬁ._...,{._..w,“.. : ,.__H_..m.r...&.r__.nnh...L.w.r m._.-ur“...._j.a,._q......n;.. - L TR .Td.."u.r.._ﬂ.a“.._.q .q.w.e...a...m.,_l...«._._ .1 ...._..nn._..r ,._.,--“:._.:..m Rl e L o -"-...m:..r“._. mr .....w....“_.“?_a..v..r.._ _,.n_;m.. e
- - am F=1- - m - - I|I - - - ! ._..-||||. "2 |.nl._||-_J|_I|_|.I_ _..l_. ..._.-L.I.u._1_- 1 - r-. T " lll.-_- - Y ' 17 - . “m - - _.l.lu.ll-_-l- .--.._lll_.-. |-_|_|| - R o ---_l - _|||--. - R el o =" n.T .-..lll
|_-._ ._I-.ml_-...i...ll..liull_ 1 Hnu_ll.. ﬂ_..._n..r - o _L-l:\:l.-"l._l._:_ =y - |..q_“_||||.-.l man - - l|...--|.|_1 R r._l.._ﬂlu_-l.- . L ..ul!_.-.ﬁ_.-lllllll _-.lluu - . — L [ - ot 2 - h r e ual - i |_.l-| _I-_Ml.lluurl_._l - r-_L._lnlnq
_ - " - - 2 - A -.l_ll - L= -I|l__ -I-l_ L iy -l_- -’ - l.l.lll.-ll_ I_|l|l.|.lI “nllll L lr._l-"-IF Fl.ll-“l..l“:!l l|_IIII - r ll.-.l- T HHI.-I -ll_ ' Illﬂ I_I-I-lﬂ.l__l_.ll o lFlII ' I.I_ _I-..l- v ll_I A . ...-.Im -ql_ r = i -
ﬂ__u_l..-lu.. -_"-1|-|_-n_u|||| - -_.-_.-_-.ﬁ-.-..-ru.._ln Illl.n : .-_.l_.nu -l||-_r||_|.._ _|L-._l L= d " -__ul.h o d |l-||_|_|.-l-_-..- .o .Ill.-n..n_-.- i Bl TN .-.rniuﬂn.n_ ! r ||_||l-.|||.l--.|.n_ ||_-||||“-|._l|_ - = e B nl.ll r.- Ill-l_l |n-n-|...|-1l_-l_|-.-.-- n_.-.-m-llilu.-n.ul_ul.-_-_u_..- _..-1|| 2 -
ul I_-Inum-.lrlu n-.l_luH_IJ_ -.l.n III_II_IH.IH ' l_.ll_-_ul.l-" _IJ..-lllLullh Iu-.l-“1 - - 1 _Il.l.llll_l.uﬂlj_.l_l_l".!_.lll-.ln ._uL"-III g nn.l u--ul.”l-.-..ln- L I.ﬂ-“nl_l_.l.i nﬂ_n.l.IJ.ﬂII.ﬂuﬂ Ill nm _1_“lm_l_“|lnmlu. lulu“r"_nim.-ulll.._ﬂl.ﬁ “_ - .II- . = IIJ.I”r..." =1 _-.lﬂ ""“IIIIJ nIIlIH |l|| L-I-lﬂ._l -IL. .ll. .I- Nk --1|l.-.ll|._ _I-l"lllh -1 Hnl-_n- _m l“_|_l.- _-“_-lrllll.ml_-u1l ". I_.””“-||l r - _|I-l“|Il-|I__. _ull__lllnlmn_ o=t .
- - - 1 - .- e —_ . .. llll - - - el - . - - _ . - rar, - " I _ - - - ™ . a .l - _ " : N . r- - - . g . j . = .
- ...--l...l.-ll.-.l_".J..u _.u.l..-lulln...l.l..l_.._nnll-.u. L = -ulu. |.".-|..._”|. nmlunm.l_-. - T -|n-..n||I|-n_n|.|._I|| l.l_-_-“.-."..1-|-n|.|l_ -..ﬂ“llnllllllnun uun..ﬁ-.ll_uﬂu_ﬂ.rlul.ln._-.lmm-_ . U mapetE o e : vy “."ulu |.-|--.nm-||1- ro- _1...-1l||||_-._|| ..ll._--l Repy ity Ty ! ...m.ll 1.1-|-__.... -.ll.nulllrﬂ-.l.-. ot l_I|”| - I-|"-|_1u e
..L1.|-| e - n . - - |_.|||..1||_ - Ly [ 1_|lr- o= |.|l-r.|I|I.-.._- ||.1|_.|I L B - r -u.rll. JentH |||l|1|l-||| nr- _ i - " = L™ = ||.|l|1....1.I-- _l_...... |||.|-_l - _u._l L= -IH__ln_ qu..n.l-..l -_u_-l _
.u_l.-.-lln.-... |ﬁ..._||_ |.|_|r._-ﬂ.|.- _-||....-|u|l_-|.1.1|“l _-Ill.-_l...u_-_l. .ﬂrl_ - -..-l-l.ﬂ."l ..l.-l_.l..ul.-llu - -.:._-ml_ll._nlu_n-.-—_-. m_J.-_-ﬂ.r"-.. r.l_-_.|1||I-|_-.l"..u_1n_ Hald'es Hunl:l_ ...ul1 1 .l-1|1. el _.“-li.-l..1|_1|. ! . .-|l-..|lH - q.-:...-1ﬂ|_ __|_--|-r_..n||._| |1|...|-.u_..|1ﬂu|3.l|.-.._.". . -.I:._n.._._- -.lln_..-__.ln1I|.|_ -
. N - - - ' - . - —— - ‘- h ' - - - - - - - - - - = - - " - - = .- - _ _ - ro,., s — Il - L i == o
. JI q.“ 1..j.|l|.|“-.“ . _-Llull -.lll_"-_l_ ﬂu “lI.I.I_-III.-llll . - IIIL _IMI“I-FJ_I"l"IlIIJ."l--_ II-“|_|I-1 _1-II_.-III|.- "-Il.ul|.l1.l_IIlI_ u.llq”_l-.-llln ll-l_lml -1..-_-_“-|m Lll" - 1-I|.“.l| _-llﬂ-H “ H“I _-IJ r: H--I.u!ﬂ ﬂ.l I|"_ 1 A u ulﬂl - _l.- - _I-_- " FJI””I |lllull- -1-"I|.._“.ul“ I”-Il. T L |-|“||-..Ilﬂ"_"-unlﬂ.|l.|ml!- "l." lI--.I " -L.-"-_H-.ﬁ.lr-_nl_l - _-I_r-_r-.lﬂl.-l”_1|- T I_-“ﬂ 1I"-.-JHI,.HI“|| “n . - -
IInl". |l.1ﬂ.|lr.l-ml.I-| -I.H _UI.I-ﬂnn.lL-_l1 _m JlthI-HI.I- I--llllllr.ll_n-l_ .-M.ﬂ -ﬂI1| -.1. |-I-I|h ul.r "l qull__lll. I-_II_.U ' I."I.I.l_ﬂl.ln l-.-lll _I|I_| I .-._un-_..“_J.II - m! -1 _1IH.-"_|II - L --Llln.l.ﬂl 1II.-I.H.|F_I 1.-.I|- Jn.ulluluhlm.nll_1-_ .|l“I|q_ |_|- .1|.l_-l||I.I"|_ - I-_-lulI.I1H. .-lnﬂn l-ll .IIIIHII."II . -Hl i
sl —rn .lll-_ILuu.u.._-u s |-n.|.|n|.|.|. - a-.ul}F_....-.n -2k = | n._...l._..ﬂnu._.uuu.u-. uLI._.Ilﬂ-l_- W |.I.n_.|||...l..-|n..-|-u = |.__.|||-...__ 1 ‘. T - I RIrT o |_.|-._..||.-1|L_._l|._. - n.n..._1 S A |].-._h. - n,ro, = FiT el i _...—l._u.-_.ju--_.._.u._.-.- LR L el
||||_.l|.-m| - p—— .|....ﬂl|L|-..u|.|_l_u||l|_-ﬂ_rIl u||-.1 |n-_|| _||_In-.-_.|.-._.|. - =" r— -ll..ulllu.-.lr_.l_lull.- =1 |...||||..r.|l||_._l.|-._1r|._|.l Lo o mLreT Ilull-ﬂull -l_._-l. ----.l.ll- |_|..|!_-._--_.... ! ||...|-| |[|[.-I.|..|.u|.u.ll1|:|l.-_.||| .|||-_|_| |l._-. == i .-nn.. |-._._-
o ._...|_....1...1... ..._1.._.....u..._.r....n.....m.._.|.._..51.|.“ u..l."..m...."n._.r.ﬁ...a_...nn....._ . .u.. .q“_..n....n".... L _..nu.._".ﬂ.." .._......_._|.u".._L_u..u.n..u...m--“_.._|._.. h..__..“.u.nl...ﬂ_...._" oy e Py P R List n“J”.J..“._.--.....__lq..._._ﬁ...u_n.u.m_..q." Tr g _......“."._.u..wl.._‘npu._"m e R H u..Uu:_._.r.u s et 221 - n."ﬁ.m..ﬂ.,.. i i e .
!.Ill = . |J| . iy IH lI-_F- | Il.mlI.-Ll'_ .ln.l el -ltl_r-hl..ll.| I.I_ll_l IlI-Iqu.IJl ._-.-_-III.UIII - I-.ll.l_ - Illulllnl =, - LT -u _ it ] r= [ = iy T -2 o= . ! - - = LI.-Ill.||Ill n.ll.ll m = - 1 .u_-l. B LT | g=== " L | = -Iil-_ - I-l.l o FF " - III-ru i
e —— = T - -.rl_...-lll - e Lepimn Iy . - b AL ALY = F o r b= - "It el Tl !-._ll ! .l:-_-_.u_ -_.-lrl_. T o= a" _L.u_.ll.._ —r e i ——" ._._lu..nl|1.| ="' .-Illl.ﬁﬂll_l e - = _ll_.nll.. .l.ll.l-. ,pm mu |!.-.“ " |..Il.1.||l. '
..llq::l s .|Jr.|-q||_."|_._ ._..J....|-1l| .-III.II-|1 o T = "T ||-h_. ﬁ_nllll.-.lﬂ-nl.Illunrl. " _|.-.|l.1I » - _--.--l_-_n - - A" ..-ll-. ||1l||.. -1 .IH-I_lﬂllll o - ol el e am "™ n- e e 1 e e - ..-..._. E R n: |..|n_-r.u.- . n - l.-nI. L=F " oo .- = lﬁln_llu.u ﬂ_l o -
- - - - - - - - -_|.|| r - R I == n _. ! - = |.-|l|.. - - - 1 = o= 2" uﬂu.l_lllun I.-n . .-.-: 1-:._I. l-._n I.-L_l_ .1 |..._l| ez -un_ l-|_...-||.||-..-| | lln..-uj. = . 1..|
u_-.-.-._rl |l.r._l.ll-Il - - -.Llu.-.u.ll.:.l.u}l -ILIIllln_.llr.lln rE Ir-lUll.lu.ll. lllu.-ul .lﬂll-n_ll._u.-l- |[|.l. IIlI-l.ﬂ |._|l1|qu. .-I.-_ .-HI|.1|_| -! |_--ll|-.r_| I im L] .I..“ fa - r .- -I_... g™ - Illll P - o H e - " _.-Il.. 1|..|_--_-ll|-“ -z a gy ..I-l.l_-. o |l|hI_IH o
“u..uuuun _u.n._n ...-_..u_""n _.u._.“.n_..hu.n_nuu ...-..:-1._|u._rnu...|._. _|_m|..|.._._”...ll._..m|._..ul|_“.-l -." I _.|_“- .-.uuL _._...“.u._lr.-_..u.n -I..An_.l_“"...u J.-..MH _......._-qu n._._._nu .l-n._-_.“.m.u_-n.u-.u mmﬁ SE ." .l. - --..J.u .H..-lunun.__..lu-_--_.u.nmm__.h SN " -n.u.uupuuu. .q- .[u.._ .||....||"|-|... L-uu."ﬂ_.!-lu....uu.m._.ru.-nm-ﬂ.u“._|_.._” X _u..n...m".n_...l-_.-.nu.l..-_..-u.ﬁ.:.u_...q.- .m-_.”m_u-L.-_”"n.h.Hlu.._nu..uun.".._.u...-m.....n.l..T.“"u-
lﬂ.lnﬂ_Jll.l.l.| -Ir.IH-||.|.||Ill_I_l-III.l.unlllln._l-ull.-h. - _IU|| Ll  mmm =51 ln-ll!In_l _-..Illnli.-.nﬂl.mlnu n_ul_-l. rar ! imu-" '8 .-r|1l|- _"|_|1I||._- MR I1u|I||h_.I|_l-_|n1ll.n-lI“llI|I|I._- - .III_I hI.-.ll._IJ|1I|lII_1. HE- .-.llln-. l.h--ll.-l-_ I_|II| L
a- (= == |.__|.||,|1._| = — =) i 4 _I..|||. |..|||1|.1-. .|..L._||-|_|_|1.||..-|..:||.-lu|_|| - q.l.-.._l. -||-_.1||.. S =t g Bkl - |q-_._|_|.....| 1 i Semn w - f'rm rnun Lm - ir -Ir-Lrl.tuulu.J_1|| i e P o ! T -
T )T " -.uu.....-u. -1y Ta'n riyLe= pie "= e Y i |.._.—.|- _.u_.u.-l._ L L s - TF = = ity Tl el o = - o[ o e J-.-....r..-...:.-. ln..uu.L.....-u.utu..u r- ....|.|||| .|__.|.|...|.| . 'L = st e ="
.1.1.a ...-...-_.u At ol ...-...u_...u.-..nl - A =z - ....:..n_ .||||.-m R i ||.._|..1|.|||..|....|..._--||| - . = =" . ' ma s =r=s .L_-..-_.-_uu.....ml.nu.-u-......q.-.r.. -....u.J .z q..u._-.r..u_.-uu._ .|....__..|._._H|. . .||n_..|_....-.. L .r_-.u.m__nu -.ru._...--n... l i =
.rl.l...l et - - ..lrlu. ll.lI-1.|. ..Llnu. |.|1.||1_| ._-—-l.I- ||n._-|.... - . e s e q_L..ln. . I.H.-Il. SN ..:.lll:lq_u._ : |-|_|. - - .||.-. g |_|...l _.-._l.l .-_.."_l..1-_| - _.ﬂln i |_|“|r!.!.l.I..-lnl.lul.H.-.-nn_ .l.l:ll.urlu. l--u.ul. ! l.ﬂIIJII.ln.l |-|“_.1||-. .._lnlnnl nilllnllr]u..W|_| = 1
P - ||Il_|l-I.I|III||I -|II-I_| - =} ras, 1l I|"|-H.|I-... _I-_u- |IHI|||| L - 'y . ol l-.-llnl_ r - -.Ilr- -|l|h .|H.I.-_l|ﬂ.ln_.|.-ll“| - == -n nr |-|II.-|I |I|-ll_._l-lbll ! -|I| _| ||_1|1-IIH-_- .lll-l“.r.ﬂ:M_LI- u-llnnll II.|.I|.__|" - II.-||_.|..I-|II.-.“IM -._|lll- .-t _Iq1.l.“| _Jl_ullll rr e e llul.j_l &
ﬁ._ ._ll-nnlll.h_ - LT — T ' -1 e .HlII-Lu.--llnuulll ' r Enn e l..l.lI.. _.-|l - = ﬂ-rI.nnlll.uulluuﬂ nom = =" ql_lul_l I-._. ||.|!-|. ||1_|-_“| L .._u._u.ull.-.”lln.lr " T T L. ._IL-||"I|I|- - ||.|lu-l - I_.||“|. -_||.Iu|m..l_ 5 Ay - aniC ol _Llr-J. l1|u
—.u.;,..."..._.._:_.|.l.....u1..... s ..1.._.._1“._.._...n...m... ~r 1_......,...__.1“ Ean _..u_u.uﬁ...q_... AR iRk i ahne n.n._.!..ww_ szl mirm.ﬂw“_...._. e "y MO E R LR o R L "..1_._.....1..........”_...__-.._4. .nj.J_J.I”._.. roat Ly = ..u..n._...._t ot _u...“.....__.”. o o et T : =
Ter et e |...n.L||..|._-|.._._ e "aanm e X L e - - R S 2 L Law -.-,.n.ll. pifu T _..||u|_.|...||. o " ..n.un_.-_ - e . BTN - --1" e ..r.u-.-n.l-q. . _r ol oy = |||.|._ g e = - e - |||.--|._ |..-.|_| e |.n_-|m.|-.....|_|1|-u|1| =y
iy ) = s V. _H.u....nq.. mﬂn.“ O L Ryt o ' a._..ﬂ"uiu...".rlq... s it e =% .-..lu.m_ o hataa S A T Ce o= F ST Y i .._.%...."L_._._._mn o e Mid -.n"..".usm;.fnﬁ - NS .u.nm.uw..n.. T .."...ﬁ.-“_....un_...w...n..- ﬂ___-_.m”.“....u“r.w LI EeEL iy S
= ....|...1|.-._.| |||.-.|... - ._-.._u.u_...uqu. .|._._||.I.|ulu..._. - ||_..|n. =t ||.|."1J_.... e - _.--._.. _....uun o -~ - - - a1 ———E B R ||...|._._.-| lu-nf m 1m el L N - -1 leT, o .._.u.uu.f _.|1|||.|. =" ..J..--n...__. T rir i L
.Il“l -IIJ.H-Iﬂ I-_Il lIHIl -lu r LI ! .L-II rm " lr-_ll_-l I-JIII = " - [ ] IIH_III_I-II .._ lll I_ll_luJLlll,l-l.ql_ ll_ - - Il.ﬂli = r |Il1| - . l-..-lllllllln_ll - ﬂll - ._ll.ll I_lﬂl IIII-I II_III. .Illu_l » l-llr“--_ll.ll 1 R Ill-l I-H -.Il-llnll ||.1_I| . I BB~
- -._U HII-I-_ - -_— r -_qu '1-.I_IILI - Tm I.“Hn. -Iﬂ]l.l_l lll.-_ el " - .-t ll_ .lll.l.ll l--l 'm [ I ' II.I pll | - | I-r(I.L 7 . n - L= — " |_|l| - Illll_ll L = B 5 1 -_-lllll_l i 1 -l|l ol |ll| g == .LII_I.IIII a e IL.-ll_ -l.l“ - n . o - _l_ll.l_|llI.|..1-II § e r 'y B III-
- - (gl | - P - ., mm g = .l - .|l- - = . - | - = 1 - - - - L] - =N = _ L. - - - - - p1 _-Il.ll IlI.I = _.IIIIIII_. Ly -—— S "me - _ - n- oy - - I.‘ 1 Ka I-l H A = I-II_.-I aie T IIH_ -
m...u.."..m..u...m_...“.“-_. ..“....L...,,..,:..,nu.,.n..:..r.,...m..u.h.”,..u......":._" _“_LF&A?_M.,....._“.r..u.m.._ o tm.vdj!ea AT ran e it ".-.”...n..n..L..:ﬂ..... ST o ....".;_...."._.-...H_-”_.,u...m.”_..fT-...:._”, ..n..n.m..h:.._".i..u.u...._ﬁ.""ﬂw“.......f o =0
r. e - ul - .|_._| ||_-||.-|_ _..-_|Il| 2wt uur_l.l_ - .ll[.l.unu_ 1l...l|l“- . |.1-l_- = (o = " R - L. ' l- |._._-. - N Emmm .~ - - - = - g ||l|1|||.._l-_.I . = = n lIlll..“.l r I.. - - |l|l| - -._-ll.-_n mm ot - l-._-l.l .-1|||_.1||ﬂ.||_- -I-u.- . r .Iu - o -l-_-. h .-1|_-_||-h_ﬂ|l|..l_|..-||.-|ulll_ . -~ ..- . . ! ==
.. _-.__llllu_r .l_-u.I._-lln =y . III|_|J.|[|| |I-__ I-rIIu- |-.UI|.U_I_-__| e .|.|._uu. .- |"-.r||.l|-I-. - L li_lh ._-_I..I-.nhnllin_ m= 1 _.II-. I||-_ll-l.l_ r_um.uLlJ..l mr e | - u .-_Ilr. " in! - oy - .-1| L -— H r - - _|l- I.ll..". 1 s ||-lll|l.| ..|1u AR - ol -._l - h-ll_-rIIIII-_ll H = lpnr |._|.|r- 2 II-l. = ~ e s L . =
e e i .._._..“_.n......:..._x .mum_q.._._n.d.._. o s ul.u..._._nm.........._h.l - e ..J..u..qu.L....H.....H".q_quL. ret ern...”..q._ el Er “..un.n..“.....:.";.u..."_.nqlul- u-a_...“.f..u_..a-u.;.._ ._.._u_.u._.u__.r..._”_.. oo sef “.m_...-....u_ oy AR ok o .-.."_-...u.u.:."_m" L ot e e -"...r....q_.q..”.r.._ru.._.m...n n.hm.nm_.ﬁ.ck i
.|||. " e ola "r L E=C ) L —h == ¥ = =2 -2 » = |.||.|_. " =1 TRl - -- - ot .||. - -—- - -0 “r el r - - .. " - -n.ull ey - - ..||..I|_ - " - . m -nlull._ (m = = -1 et L T = -_
.r.,ﬁ:r_d,..J"....n..._..wh.r“_,."_f_.u.,_.J......E_j- -,w.ﬁ.“.u,.u..d.ﬂ...ﬁ.rm__mﬂ. _nf..rm.ﬂm...n..-.f-j.._:m By S “..“r:_“_ﬁ_ﬂ....__..ﬂu.._m.....“-,.. ...uwf_..._l._....u.w“. Fretm ettt o .J.._.,u.._.aﬁ..q....,m-..__,”.u““_..w..,....r.ww.u.. R SRR "_r.,.,,ux.u.__._l.:.u.f;..._ s
- | .1||I-_|-|I-..| . .-Iu._.. [ | -.||- L -= nz L iy - 1% ) -amL ..ul..-.h - = I|.|l.|I_I|u Tl 1 - ||||I_||_ - . e rm e - = |I-II|| - =t ||_|||| LI 1z ——- L ' | 1 |H-||I . = P 1 -" g = K- - i
n;u_..f..q oo e = R e ..|.._L:E_.w;”.n_..m..__...._.n.“-".ﬂ. o .u....m._nu_....._ _....ln..n.n:umr.”_._ e _....._...m...u.“-rl._.._.... L ARy et ._“-_:...._-....l.. . o “.1..._1”..“. 1"._......1..:_, "p.;...&_..._..ﬁ.n .,._.u:u_....r.u.n_..._a LT “._...q_.u.ruu._u Es Tt " L S i oy .__.nu..ur.n.__.“._m...n._ e
4 R J.:_..I".ﬁ.:. SR SRR P TR s oy ..r.q.;_",.z.“._ el A e SN e (SIS b - B s fle .,..._c.u._f.:.n.- AR “J-_.._...I..c..". SR A .
S _r.."-.qun.r.- - -Lm...-llr_. - IO ._....;_..-_-“u..w.-“._. oy 2 .-..-l.u_.w_.uﬂ.n ity e i “.m.-...._..m.:.m._._n.....u - ...n__....__..uu.un.T_._ LT, " im o T PR - ..-n-“.lluu.".r-."..-_.__._._ --.......nu:.u:._.-u. et ! haare ity Ly et e AL Lty ._..._._-_..I.-_ Tl T I - -
e i =t = o m— ' - ] — - - — ' - B -- -1~ r == 1 - iy | I [ - .- 1 . == - 3 3 3- e A ' L \ 1
.._......h...q.in.:nn..“.r... = Sr...m,.._._...m.“-.ln...._..._ - nf_"..,..h_...“...n...u..l.h._.“u:v...."iw.nm....._rru..m o L ..“.1..|__.. L .......uu:....n_.... o 4 .._u...”_I.n..mu....._ - = -a.."qn_.ﬂ"l._: ...:v.“..._u“ﬂ.._u I—a ulu..u..n...._.u...r.. oy “._...“.."._nwf...n.....ﬂ-..Lu.._...._n.._u.q.”#_: e 11 .,..:.._.-_." w....}umunﬂ.._ X rEio VE 5
- -l.u....-- == .t _-u....uu.:. -a-.niu.u .-...l_n.-_ e Rad -._uu.u.i - e o= - |.||-__1|... uu.rl_ _EieT _..._u-u. L=y 1||._|...|_q.|- ey ...1.|.r...r||l._ - .u.uunnl.-_.._. -|Ir-..|.--_.: n-r Lu:u...u.q._-r. - r..u--l._runu_-- - --.-._u.r1|. o L el o n J
.,_...-.uu.-u._. .--.-.:-....nnqnuup.qu. t._.ull... =% ru.f.n...:u.u .-._._-.-u .-1..__._I1.-.__.I .||.n-.J|.|...H_ .|—H._._._ ....u_.u_ o= e - 1|._-|.|||.||.-.|.|.r i - T N - ! .u.._.u.kq._.-_ulw.. ._n.uq..-L ".._...ﬁ...._ 1..._..u_uu.._.||_-|._|.1|.. . L oAt iy = o i
£ G SN ST iy TS £ o B A it _.n.mh_..t..."._"._.“,ﬂ S S ,.ﬂ-.L..n.;._.n.u..?.:.,v:;..r EYCE A b ] R ATy i T PR -
g 1|I.....i|Il1u_| 2o o -llln.- _|-_1|.I F 1as A ot . =" L ! .._u_.ln_- - o - -_||-L-I-.|.._| l..I...llu_ll.l-..l |l-..|ll|ll.l.l.|-r.. - ll..:ll.ll-r.lq - " .I-.l.-ﬂln.r - g - -+ " g = e 2 i - - - - i .hl.-_-Il-.l L .|_...||. - s ..-II-_. =L - l-lll.Uu -lnlu_uL.. ..|-l|_n-l u = -’ =T -
1 r_" " - - T o' e - ] il — - T - A .Illl-I — I]ll_l-__ﬂn 1.Hl||l e - s — - o u_ | E- r, = = r=- " = -I1_III il -III_ - = L | = | - a L - L mI_ - N A - -1e, - i L i - b s
s T _...,_ﬁ...ﬁ._,.......n_.uﬂ.v...hﬁ Rt SRl I CLI B, R : e Pk et SN AR e L S i B REE e
- r m' " ! [ [ r - —-h. = -Il - _ mil ' - - ' " - - i r e - II._lIII Ill.-l II- -m — h o - - |Il|-rl - = - ulll —-= H - = - I - _ a - - - rl="e .Il = “Illl_lllll : - . .-ll-.ll
e Wm.......ﬁ... ._...Mm...".._...”hu ._H..r.-u -...”u.."..,...n.”.n,n_.“n L t ¥y o 3 2 _.urum.,.w-u.u._.._- e ,.,._“.,_J.wh...-.1_...._.r.._ﬂ...-_,m.._"...fu_#. T tina Lt T o ....n..n:mJ. A T InLE AL it iy e eley o ﬂ._,uw".ﬂ..."..._._.m....ﬂ.u_.w..n ﬁr_,...__.u Py o _....“.,H...h.“ Sth
_|.|.;||.|-"|._..u-.-.|l. -! _.|-_1_ ..ﬂllunl.ll - _-l.._m__.._lu."nl -I..._u.-_llul.u.n a Ny e T .—||._l|.||.|_l_.lr.-.n| o = - et Ty i _._m.. -u|.|1u|..1 | mm ...||.|1| ", -1 = e e mav H.|-|_.-||1. === Joame = |n|||||.||L-1|n =l = ..|.|..-...1.1..._-|.|. |.1-..r||| L- Le oo T [ =r = |-n_|_.|_ =
.l-.-l N —_ '.-l. ﬂll_l Ilﬂl |I-|_I_-|I_-Il rIII_IIIIII.-._-IL - - _lh I- .III =i -_.II-III. j_l - |_ 1 II.-_lllu -- Fu --I " -III - - Illll-‘ II-_I-LIIIl_l hLl-.llIlII..l -uI- l.l-ll ||JI|IIIII-I.I-I--_ - - - . - = -.II JHJrlul_l“Lul--l_l-'l_lI- Ill_- llIIII - Ly I-ll IIII = .
ah ' wtf I||ﬂ|||..1 ThE ol L i ] Ay pal .l.lu-_]...l gl - . LS 2 _— .. i raL o el - == Faial - il = - r. _w 1T =wmall T B . s = -3 o . . TE | R are- -|...-.-| - 2t .--ll.-l LI i
= Ce iy - JHJ-_I = e hlw —— _lnlu.l. c—-' g == o 1 Ik an - I.II_-.lﬂ-I..I.nn.l e ! Ilm_l = L w ol == "L - -t —— I-I.u Ly - - L ._.. - L ——r -.-..uluulI e = - L | B . = an I
l”ﬁhlll_l.ﬂﬂﬂu. I_-.ﬂln_ -Ilﬂl.“.l::l_ul.l.ll_I-_IH-_l_ ||I_-..1| I-I_..Il_ _hll-n__l.nl“nnrllr.-_lr m - m_l.-. |.ﬂ.-. "l]n" ¥ . et iy Hl:.l -_nlnh”IlI-..ﬂ.u.lﬂ.hl- i |Il-u-ﬂln._lnu.-| e -lunll _l||m1I|l-.-ull.ll_ .nll....ll_.l....nlllu“llullhnnllll:_h"l.l _-ll..”ll-ullﬂl1. T = ..lIHI |I.||I.-||I.".|..|1ll.|. all.-”IHlmu“-"M.lII-"- g .I.I.-u_-l-_lL.l , L I_.l_-hi-_uﬂ f- .IIIIIIIu. u:.u-ln_l_“--lnl . = o nlq“.ﬂ.. ||l!l |-._M
TrE e .u.-”.._.....f._ .“......;.ﬁ_.. ki P CIRE T ...,..nn._r...n.. R ERT I AL Ry BT ety T L FLRRE e E Al s fiie A TS e Hryd ol IR eHE
. |.I.-|II.I F _.J." III-_Hllqll..rllll| - _II.-II'|I." - I.III1III._|I.| - lrl.l..- - .ll]ll| H = .I-._I|__|I.II“ .ll_l-.l l.|lI|. = -— L= = m A I_-.-.IIIII._-. I.._ﬂl_l.r-l_u.._! - .III. _||Il..|_l mﬂlln._ll._l .Il._-.nu_-I--_ l.-l.- .III-I.I.- 1.|| _I|r| - LT I|I-I|H |I_I_||I-.—.r|-..l _|-Ill._-.ll 1..:. =
-ll.rl_. .- T-m " r - mE- _|-l-. i |!|.l._.|I-_ =L l.-ﬁlll - b . ! .|r|l|.-I]|I_||._l .-J...llliln_. I L .|_1-.- L= e - i - ._lli_.r - lIl.ll ||.__l-.-_..||-|_ ' |H|. L= I-.-n..n '. _-_-_lu-r =] |-u.|-j|-| .||..|l.|| |.._ -I|I .|-_-.-. J1 ._||_| -y ..-.1
s (K apE L] --”I..luiiu Jll“lﬂll-._ll_r-.l 1I.|_.Il|| -HI1II-_I a5 = =- g i lllll“l_-- == - L 1d |ll|_|_-. IIILII.Il_- _.IH.III1. r*" - I-lnill - III.-IIII_ -~ - ._]“-|l.||l llllllul .Hl I_I1_1.1I-Ilt. l.-l_-l_ l.- r L.-I -5 _l-. .IHJ.-JII-III l1|.|_-.lll ..—H-.-I "I g, II“.-I - -l_ .
] -y | I.lu._l_‘- ] - |ll|._|| - - [ - L "] Tl .I1I1|_III.III||IL"-| |l|ll_ - r  —m ol & =z L .- [ - r . B _..I-!ll- I- -l lame—= r - _-- " = .-II.HI_-L-IH -1 — 1l- - b lll|_ll- e -Iu- . _l_l_-lll1 . -J . - - = T i ot Il.-l -.II._ 15 A= .!.I.I -- .| R -
== - M i [ r _ - _ _ S == | =in : e - -1 H . m - el - - - a _m - —— g i 1= ~ LR [ ' 1 - =" - " a = -t o A te 1Y . - _ - ll..-.l. 1
ﬂ-m.a..T.m... PR R Y rp AT a HEwe ..r.q...im...u".ﬂ.u e .h.f.,.“l..m..m".." P S A% TN Mﬂjﬂ..n.u.u,...... Bt eI 1] ."...".“..1.__.__.."m..a... iy w_.ﬁ.n..“mu_.hh _...:n-_w....._..".... _....,_..n_...a... At 7 ._._.."_..”.Hn_;..rr s ST SR S
hﬂ .lmll |Il“I- HIﬂ”III--II“I_ H_lllnl-.llnlul- ! II.-IIIJI 1II--III "y ..n“llll_lnmlnln-._l_ I_“llll_1l - |rl“ " r lI-_I -__I " - - _l_llul - -_l - |'|_--l L ||||”I_l_I.III-II d -_-ull . II ._Iul l-l|__r =-—=& |Il-_l-“I .-l'l__-l -_HIJIII II-IIIIII“IHII] LIII.-IIIIIII IlIIIlIIIIlI-.ﬂl].I-_IlIﬂ“l“I l-I."- |-|I| = L _ﬂ_n-lrl _Illl- IH..-IHIII. - _._-
||I|I : ' - - -t S ll- [ .-I-h |ﬂl|r TI-lLI-_- ||L.-ll - II.l.-.I.-l._ lll.lll.- -_-Itl. Ill-l_u-.ll l-ﬂ.- LY HH - II1||I|_| ILﬂ-_ - —a - ..lll '- =g L_.|-III ﬂl.1| " .IEFI - - _|-I_- I|III.I_-I LI ll.IU- - 1 ) ——— —_I_-_.-H_ll ] I_.-l - ar -_ -3 m-pd -
' g rlllln_.ll._-.r.“.qll_-|||1|]||-. ._.-.u_-qll e s = "l -_1u_..| CH -y e = = .l|-_..|.|_|||_| |.|-.-u|.._-- _.-_-llll L.._l..u_-nl ||.t||-!llq |||||ﬂ|||||-- - - Kt - == ||-_|-_-. - = m | A oM T F - - Ty ol B Jum ! ] . - 1.8 ||_._._|I-Ill-|.| _m ™ [ n .-J_l_ln -
" ! L jaihy-er _.l|||l. - B pll il _|-_-_n-.- .|.._LI. l1.|lj|-_|.|_... l.-.._-.. =1 1 . a= T— i L ! _--.ml_ﬂ - ..-_H..._||||.I|||-||-l.-_|._ll.| ] |_||.|ll L - T _-..._J..-.r-_ll_ Ly |||L|ll | mnm o r ] = .= --_.ll..n_- =1 ||l|.||_l . =1 -
_rl._lm-.l-I.II II-.-.HI_--hh_lnl-I-IIlHI-lluuL = oo l.I-l-I _nl1|1.I -_I- lllll-L l-.lllll.l.1|l-|lpll”_.-|l1 I_ﬂllll_ i 1"Il.l _Il.I . _ﬂliulr g lu l-ul_ 1“ll - IIIII--_IrI- ] l.-l.l.-.l“-u__|l lll._ N Il|nlu-.ll_l I_HIII-I I.ltl..-l .“1 l_|Il-.1I.-_I Il.”-.__1-|-.-.-nl- “I.- _.-llu-lllllll .l.-_|_|-n.-| l..-l_-l l||l|.Ml!-l|_ )
- ' II..II. _-.-ul 1I.I|._ L, u...-_l - ||_u1| II-II IIIJ-H _Jl.u- [ w aare. Ih” |ln_..||” ] -H..ll III-- w_l .I_.I.u_l-I. - - _ml-._jll LT i.ln..l Il-llll ! -nlllﬂl._-u. -lI.l.-u.lur. - wp" - |-II.-II_ . . uar - -Ir.._ r =, e T e ullﬂu-I |.|-- .|I..|.||. [ | -.Ij.-u-r_rlluF-AIFIII F .1ﬂn_-.-“_-|.. - -|.1. |II.Il- Y
AL .E.w_..__.n.n.r...r..:.wl._..r._.a_w...“T.”..._..__.. ...,._.._....u.un....m.q....w._.”.....mm....r..u.“.r..m.wr.:.._ s "ﬁ.ﬁ.“”..ﬁmrﬁ.r.u.ﬂﬁﬂ__..u,.wun_...ﬁ_._?." e ..”.....ﬂ.".-u...,.ﬂl..L.."m..,._ __.....m_.u_.ﬂ._.ﬂq...mr_i. : AT Y ._u..L...._...._...:ul....u...u..:.......r...”.lnw.mm.m.nnl..._|.“ oo b |_.q....._f_1_:1_.:.”|..-._.n._.1. P ......u.r.....nrn.nr.a._..:m.q.__..._ el o .r
Illnllﬂ.ll-l.l ' lnlnnﬂ.ﬂqlrh I_I.LI.--.III-JII.n_u ”_--II“H |1.|--| lIIIn = 1II.I.H_- ™l e . In-I .- lnlll!lll Il.l n |h-rlm|I InFIJ -I_-II.- . l".l_- " I.l||_lIII-.._.|.I.L - - .- -l.._“_...n.ll_ll.l- .lull el B = g - |I.l||I|II|I " gt - 1I-l"| - 1q.lll| o I-_-.I-I.| -HIHILU|I . - . - l-||IL.|.-. e _-II.“Ih_luum.-II.l lnl-l!-nl IIF||II.IIl|_| |.II_-I HI|| - e
_nﬂh_.nﬂun.|.|u|.||ll . m|“.|.l-.__n..ll.-nnill.l..u.” = oo lnl l||.J.||.-|.|_.I||Il|l-l|.|l |m J“_1F|-|-rlm.|.ﬂll...n..rlnﬂ. -I1-._.||l.._l“ ll..h.ll_r_. lu.... ml 1_.|H"|.|_ll| InlL I.--.-.-ln H-_n |r|u_ rr lﬂ.-m_. - L ||qh_ll 1= . .-I-l_ﬁWI-._._ ’e -_- _l.rlnu_l ra) ' muiu_.-n il .ulll. ||l..l_| ._..|-I " - -r |I._| r_-_l.l..IrH.--lu. _uLu_-nl.._uln.hlu._.llln_l -l.".nlu _Jllu..nul 1 I.|l..|.| ....-.J.u.l-. -
TRt SEE m.mu...w.r.r...__.n“..._h.r T Gy .L,J..u."".ﬂ-._n.f..m.nm,._.ﬁ...._...__. y.mn.....ﬂ.l.m»..:ﬂn .u”..,....J.Trn...r.n_..".“....a._-m e r”_."n".“.p.u..ﬂ.u..n,.u.”?! LTHE ..“.L.._J_.T..J.._:.- FE e e L Foi s Ay o ,.u..._.._“u..ﬂc%.....”....,._.q.r..n...m...n.... _.Jw_"..i..u....w,_u.."...w.r_ AR
|.|||I . .-IIL: - |l||||| - . | — - " . am - rei- = = ] e ~mrl Lr _.II..1| r |.ﬂ.l| -_-II Immy- - - -—— _-|_||| llI.I...-l- = Tm - " L - = _1 B ln.u - - el | _|P|I_ = - L » - | |_|..l.l ) = - - - u-u.-l - .r T3 ' == o= -
-||_|.-_.|_..__. n 2l v ..-....._._ . LR N =p== 1| D! ™ [ S W i ol L ol ' m e Rl " ...||:|.II.| = L ks et ey - ol o ks =R e, et LR _ . - gl ey Ly ..._.-.--.un. P ' L -
m_. -..m.rmmu..w._. ."..n._.”m- _.nu.”_...mﬂ.v ..amu_..w Pl g vtk S _uﬁ.u:ﬁ.._.uu it ) R Fas J_I,#.n ﬁﬁ_...ﬁ o ey - -Hﬂ..u.“.ﬂ... s .,.ﬁ..ﬁ_.ﬂ....,q z __.f.,...,:..:.:j Yook ﬂu.,...._L_.m 23 r ...._h..u“..u-. - r.H..“u.ﬂn.a...}“.“._.h.__.._".ﬂ”...rn_. _....._.L.u."ﬂ.u.. By u
! -._Ill-..ll - [l hl. HI_I]__l_ ey .I.I.ll- e 1 ll-lrll qlllﬂﬂ- i Il = —I|_-.lll . m |.I-I|-l1..-l . .- ; B n == Ly " - n - == ~fLr [ ] - ] - —™ “. |ﬁmllll.l--1 1 ll.-l.r|-|| | mE l.I.r-l -jll-l-|l _g - iy .-_IIII-._IIII| I1-l rl_ III = - _-Iu_”-
L ! 2 - |..n-|.-|||-l |-|-. — RER] Ly L T = --. =" AL B -r |.-.|r .-.l-r..- H ..-E..lrh _a ! s . s " - el . T i o - - i ..-l-__.il._r-unnr:. - .._-. i T ..-._".-u...l_.l e =3 il - .|||l||.. S DT
M._.u_....m-m....nu..._.lu"n_ el I.Hru_u.-.. nnnﬂm.juhuum_ = .mn.._.u. ||u|.|."...- m_nu.n_.h ]...uﬂ_ua.?."._u_mﬁrl "nﬂ _|r...-”...._ - _nnq.uq.lu = .u_a.u.l_mu...uul_..._n -u_n“_w..._--l..n .._H_”._.n- l..wE_M -..-._u.ﬂnum_.u...n-.u..ﬂn.ufm. A - o S r--._.u _ul.n_rl._.l ....rij..__ - ate iy ..-r..-.”u_..l-l_..._m_-nn..-_u...hqm_....:m.._-.._m.nuu.., s ...m_ _“.-.Ii.l _|m|__m|.|.. nﬂ.uuu.u.u-.mr......._uu.nurnu. nq.un.un...n.-lnn_uq-_n Al e _nn_.“u.nul.-..—qnnn_u._- |-..-|_u|1.|..|-_..||.._-l” Huw. .-H."..
o e i Fe g |-1.||.-..-..|.||. t e ey i T ..-._.....-.l._l s ] 1 |I.q|!._.n I - .-F-n [ Ak hasH D= L Yl ..|-_|.-|-1 = |.|..l|r|....|...|... r. il s A Mpily _1_.-..|.||. o - =i jun..iu.H.Inn L-||.-|.||I||u...|...|. el e H B o L. ry -
.-r-..- _-..Iu l.l_ulluunﬂml_ln.l_pjl_ " |.nl|-. St oy L iy ﬂI-:...l.!_Hu_u i 1 3= » .l_nll |l|.||_ |l_!.| " F . _|l-|..-l - - L e -l-ll-ll L .1|.||- - ™ ——— soF=s = T Aot 1|.||I|._| - l.ll.l | -..nl-_-.lu .rl l_-_||||_ ey u.lllull ™
= i ¥ - -l.“_.lunur.u._l LA =x -, .n|—_|..|.|| W m I a1 ..—-.Inl..._“r ._-...umu.-nul_-..u._-l.ﬂ._.m_u _Ilnu.ul.u = L. L —» - o |.q||.- vu ! -r it g . Ll P - gt - . a = J1- mm ..||.|-..-||._. aln o e . 25w ||.|_.1|I.| et - T -
w.,u..u,..”n.m.ﬂ.:.....»:u...r..nﬂ ..“,n.._._-.u.._"...ral.._w...“ "”-L%."wrm..m,.,._.mmm,.m.wﬂe r._u.n.:....__.m_un..r..._‘.u...rmr..w Z...Hﬁm._..,.u.."._...n.. Hﬁ.m.u.m._.m. BEe P wnt d H..L..h.w.“":“m_n.J......,_..._,...J.,.__m....”.”-_u- e S Tt n..mmu_mw =i SR o j...um_ﬂ..mmﬂ S o At o
T i ™ -Lr .|.|._|1I. I L - ...l._..-lu.J._....uhr.u-._...u I||.|I_._.|l_._.-n. . Tale s n ! artl Ly fELE T T TRt - . e N L = man e e i iy lg=le] et S il Ll (I el et i -~ e g 11 |.rm|.- ==L L .J..u_. - ! 1, - S 23 ir
1" = -ﬂ.. JIT = 1 e — I|l|| L.llu - =T _.-|I.l.-_- Inll_hl =T J_ﬂ_h —ray - 1= - -.I_.-1II.-.| - JII.I|_.-_|I - u r e I FIF = =" L JIIIL| e Illh.l..-‘ln. - - _|.-1I T -— =N --_r-.I - - - . _ Temis e ah= R gL | . |.-Il-_|-| as |-ll ..|I-II - T s I-lll-l
- ...|-. _I_..-_.uu 1 _...|r_.._...| |.|._-__. | - |ﬂ |.1u_q|...||.-|rm.-||..|-u-...._-_.—u.|.|. ..1|-||.|_-||._-_..- 3 - -" .._-|..-.| L. .._nlr-n nuu__.uln --_-u._u.]. .|..._-..fi._-p_.- — _||-._ iy ..-|._ .-._..lnl._—u..r o _...|.I.|..-. tap = ] -ul.nr-..-_ Huu_-unl.-nlqu. i LIk n....n]..lquun. -_n..l-_-._ .|_|r. - L .u.ulll-.-lﬂ...nuuu...-l_..“_. A .||.-|.1 - alt ..._.|| i
= ..|II.I|. 1= - _I-LI II“-..-.|-..|_I|III_ ) --ria R, i - .-l“ulll | ' um L L] nﬁl-.lﬂ -"lI -.Il"I-ll.- r - glT i, - == - - - I Lk Jlllll- -'m" " m— --|-|I.|_|IIHI.II"IIIIIIII al . - r .illu- I_Il._l.ll.l |Ill-l ) -.”I-lll_ - IIJIII-HI ) Il.l..-.lu. l-lll|| I-I“nl...nJlI.n - s . I.-.llll-l o -
-_I-L..l_.." - —a- U _||_.l.. .|m_ 1-.HI|| - ] m el i _-nl._uh .-_ r-r - |i._-.l._l = . -l.__-r i |_.ML _|.1|I_|_.|ll.|l = o - - -.1.- l.l.-.._m||_- -_l._. ur J m_- ok — - -_u.-_..lul — = s ! 1o - . [l I n Pt ll.ll:_..|1_ B T .||||.-. -|||. .L_..u-]u - |||_.—.l. R i LR ||1|__ - LI, ) SR -j__-u.|_. r.nl_. Jl-.
1 i gy I|-I_|_ == _-.-._I.l_-h .;I_l_l'L I.III.I-.IIUI a uIJII .lllillﬂlk-..- “mm- F_lllu-_-.l.l T ﬁﬂ - Lr_-.-...lljl..-jl_ull.,..-l.- _ Al — mm H.h- l.--ll III-_ - “-|.'-“.L-. . -_ - . ey ' rr -1.Iﬂl“l|_.l‘_l - il l-ll-l“lul ' I - -.“_Ill.ﬂl-_l.-lIll!_ l-l" -.-.-_-_l!-. _lI .- l-ll L _Nl_l_ui .IlH .-IJ- ' w-—._ Il.l-._- i 2% l-.lJ“_rI- -1_-._“.u l|ﬂﬂI_Hl-l llﬂgl..ll -ll_l 3 Ihl|h1l|l| = L _
- TR ..r-.._u._..l_ =" _rn ' ...__...._-_.n ' |m.||.q_|..||....lu._ h._n. oL l...u.u]..F_. = " = - -.._.._.In L Tn...?lrm.-i-n..r. r_ oAt = - ||.|1..r.._.|_-|-| g Tal =l |._-||- ...1.|1.|.--._Lu-.|_.- - 1-|_ - |_ﬂ|.||u..._- 1= ||..|_|._.._||_.m_. u..-q Y |.m. A L .-.._r..u - e Lulmu |..||-.._u.|lu1....l._.|-|_q e "o e ||..|..|_.|.|...|| .-.n- L |_I.... .|_.“..
e “_.”..:.ﬂ....r.._w........,ﬁ.“ ; _.n.,_r.f..._..ﬁ...g.._#w._.”wm.. s m_h"rr.u...m..n."w,._.zﬂﬁ. ok .nw.u.Emu...r,..hﬁ_ﬂ.ﬁ._.....“..J..n el e oA TenLa - -.."-.n........_u.”..r_...,r_..a.ﬂ? T 1,1....“““".“"... .,..1.h.u.."._xnhL .”....q."n.?....m..m.a.a..z:ﬁ._...f..,.._"......m._.. ..,.Hr_nﬁ.ﬁ.m..&uf“_.ﬁﬂ.u. L_.”;:,.w_..“..._,n. “."..n.h.ﬂ.ﬁ?..._“n.“.w.... Ay
- r_ .-.H1|I.| - ".-..||- ..-.-r._uln. |“l.-. 'd .-_“ I-I. |I|." IIIl_ul ] T A .I-l-_ " - llllll _.LH..I.uﬂ-ll i L -I.II-.I._1 m-l i - - _II.I--I. ..l.l -.I.I - - ||_|.-. III-I|- - - -r oz _| I - -|III- .—Il r...-ll Ulnh .I.I_III.- Ln', A [ -..LI.I.H ) J -_.I-I_.Ii_” - -.[IL.. bl = -1]Lll_l.l“I.H“_Il...|Illu.l.1l-I e |-'.I ‘s - L . lll.nn |..Hl “ll
.-I..l.ll.-_ _.I_In,lll_nllﬁ.n-.l.n.l.I.III-IIllFl-.l-I.-II I|_||ml-“| -I.k.u-llu.u_u == " -IJlr_u_ 1]||1_ -"I-..Ju l_.ll_-mulujhl_-_l l.Hu ll.l-.l wL iy - - |..I-..l||-|H 12 I--“.u_..- - I:ll..||| - .-_ﬂ.-.l.-QIHIIII B - Iilll.-l-_nl “.lll M I_unl- — =" ! Hllr_-l ll-lll Il._l.n.l_ - = ll.-_-...ll ..l-.|-LII|1.-__-.H_”.U -5 [ Rl Rfep l.-.lln-.-! II.I..:I“ l1|III _m 1w - m- L Tm
|_-|_.-|q-_||r.l..|..|| r.|_._-l.ﬂ-_.|| do  m e .|“-l.||. ! _r|l| = ._.._..lm..-nlu .r‘ 2 4u ||l-r._-._.—1.-| o M - A ] -__I___..I- u.|-. —— _.._.-u 3 __....-. I-rI.1.ﬁ. = - gr, |||:-_.. l|||_||L.||.|-| " il -t 1, mmm . .._-.Il. - |r.-|_l.1||.||1.||..-.|__ r-.! - ”h o R nhk i p . ' i iR |-_.“.._|-_ T o — |-.. 1|||-:-.- ! =
oy I.Ilrl.- -..L-_l.-_.|1.._||l...._llulﬂul iy |l||||l|.l S —-.HL.:.L l.Ll.II_lL._I.._l Ty Ao P L __n.lJl_—_.._ |...|_“_.1|_l.._|-_ .:-r-r- w e nl_ln.ul - _— -||ﬂ_l AL el " -=n Y _ I||1--l|..|| ..n|||_. _=m I P Lp=- |ll|“.-||-.|| —!—niin R Ea mERE -r= Hat “..rul J" |....1|...|-1.r|- qn-_..l..ll |—. Eumi— -.--Hl...ll.l_lnluluunu ||.._l|-.-l_| . = I
e SR S o ..-l..-.-u iof Tae ol 5 = oo |...||I.-_._||.|.|||_...| " 2] e L o ] = r..uJ.anr._l..n.r -|l-_..l.h“ _ u...-ll.. . |..||..|||| |._l|||1.|1--|_1|-|.| . LEL) ! o - i |_-||ul|n|- -.-..-.l-.l -y .||I.1.I.-L.r.u__.-.- 1.||_||||..-|_|l| "= ..lul-.nu__ r 1" - e L - -t un..-_lulﬂll. iy L, e
BT PEIE T B EErnle R L e i St B e LT A el A R TR el AR T SEaa SR
— N _||.|_I-n-._._-||-||||-_nm|lﬂ||| l.| . s = Lll-I.-. Rl _--..ll -r_s L ﬁ-llnlnlllu | Ak |_-.1Lr.|r -y r|.|L|.l.|-n - e r e |ﬂ|h..- ey | lll.-l.l“_.lln_.ull |Ilu —_ =L il l||-|rll|.|1|| .I_.Hrtll =" r Yy .L--lu_n..l .l.-.lll.-llﬂu.._ll i - |||||_ .1-.--_-..u_| ..I.rlll-.lul-.ur.l s nnl l]LuHrl.l.- 1 .._l|| gl I .mlq_ l|||_.||_|_...|.-n||||||.|!
ST == Tals e = _.nu-.._l_nﬁr_-.ll_ s =) Ay H_-.l..u .r-._.ll R 0. = e e SRl ¥ rlu.-..|!-_| e e T > - " il L |I-"|._.-“.-|.._.-_.l-.-l n ul-Lln....r_-ll r- ||..|lﬂ-|.-.u-|_| = LI oy i - -.l.Ll_l - - - ||.|.|_- il e - Thy il 1, ulnnllul,lnl.l-;ll - b I_.l|I-..lq_. |||||m|_u
l.-'.-_ i " - = — T I-- il | - i I.-_-Il- -.Illl_.l_l- l-ll.—q_-luuilnlllqlﬂliﬂllllli.l 4 -.l.ql - _r.-_.-.. l_I-.l“.-.r[I.J.-_-.- -In!l - r " [] -._l-Ill -= I-I|I- - o IIIII- ! ﬂ!l.u_rll.-..-_I-.l_l |I||-l|_l-_|.III-H|I.-II1 ..-I-I rll.-l e I.n-.ll-”-.I.-.ll e I .-|I]-.I.I.[| ’ 1| = . e - !-!II l|1.l.-l .
I = Iq I-IILII n | .--.'-.l.u..l...lllu -_|-1II|1-MIIIII - = !lrll_. _,|H1- I_Lll ] .--1I.'I - |I_ |lLI_|r|1I1 _llnl al lllﬁ._ll-I -l"-._HI I-Illll - Jll -I-lll -II|-|_ -1 b II-I.-._I__-L M N -“rl-l il iy - - _l_l_- . ! —_ - nr o I]_l e “ll_-_ull s .-III Il-llﬂ.lIlII_ ‘- !-Il I.-lll 1= “.. Ml l-.ll-- _Fll.-nll_l_-ll _rl-lllH_. ==, r =l = -I-”
.-I:....I.-Lll “! Fa H_m-l".-.-n_-llll“_uﬂnn -.1|1|-U._u-l||-| -...I-.-:rl.%-...._-.-_.l.-_ll.l_n.uﬂ.l_ |I__l“1 y -|d||ﬂl_l.-nu.|-_|-l_l|_ pl |-.|| - Hl_m.Ill |-.!1l| _||.|.r.||.||.r_|1...-_.F||."|||I|II.-.l - i |._-|Il-4.. - |_Illl.ll||__m.1_|.-.MHrm.H ll_-nl-_.u ..I-.llllun.l .-L-I_-..l_lllll__...ll..nli..-lllllun.nnlll r .lllllluUllr. _H_.I.II..LLII-“ r.-rtul.l.._hl..._m]_. st 1.||u||L|n..u||_.1| fck 1 -hl.llu.".._-ln.l.n i A o
R = T . - e |H |Ur||- ) |ul-lnT._|u-r.-.l = N - n.urlllr._.unn_-_u_l..ll -|_I|.| _|u-.l|._ — |._n|_..|l|| - |r..r|._F||- 1|||I1||lIl_-J|- _”..-l..l lllllﬂhlr..nl.-ln. - |u|ﬁ..ll - - ||I_|I.._-_r. -_lll-.:..- 1|u;..||-..| o= ] L " =nl ™ . L -hl||l|.1. _uLI-. ' I_u1.l l.:lu.....:..ﬂ..-l-L I|_|ll| _rl..u_ - -l._u..lu_ |.j-|||Il. hlll!l.-llnlinrrulll -
ek 2oy _..Hw_._m.u..."mn:&__mn....hlf.r.J.... ,.J.J.m.m.ﬁ.ﬁ..u Ky T L ST ”..Jm»_.....ﬁ..:_.ﬂn...h.-"-m..ﬂ L.....4.h..ﬂm...1..,"J.......m“vrh.hm.....“h.rﬂ”..m.,ﬁﬁ..ﬁ..r...“.u.n qn.".ﬂ.uw..”..ua...._..., e .u..r-.....i,..m.._.mu._.ﬂﬁ..“i“. AT ..._”u._....ﬂ,v.. it it oS ,."._...h_.n._u.ﬁ...n._.n.:..r..h.; -4
l-ll.ll.nlll.-_lll m .l-ﬂnl - |._.-|_|l_ L L .l.hll.-ll- ...-1.I_ﬂr -_-.Ill.. =" lrlmL.-i. [eH o g 1 - I.I_In - Hlllu.l. - . pe -_|| Ly ir=r - r -l.-..-llll.-l_- |.L_|..|_..1|. "ut _y! | - - I Ry |||.|| Ly i o r= .-..||n._||hl =l j -.nli_ - - llu_ll ||. |lﬂ|l|
' - = — ot . A By e Sl - .._.Ju.uq.u_:_. - a2t LA == = Za e -l u-.-Euu_. e, gk Jor g as s ! £ o . iy el e .--;.ll.... r-u-uuu_.uu.. e —Ea = ~ L. SRR e
I Ekm nar .-l.._ HII-mII- -_I-.l-q_-.r..ulr"lll-- - |-._J-| .-.__-."._l.l_-l..l...n |1]|I-.“ll-._|-| At IIl:u. el ey I .-Il- !l.-l _twl .m.|I|-|l1| 1 —r =L L P h._lJ-I- 1lﬂq e = lﬂ.llll -r __ o= I!-Iln_".- - E = e L .ll.1-l||.|I (Y el =1-5 -.ILlI. 1 .- 1.-— - l-_ -II.-ll..n _ -
lll”.qlu_.ll_-.._i.-__u_.. -Hl_llllllr |.l||u "y _|.l. Sl ||||||..|I_-.|||_-u ST - quh - 2 1|||__|u.-1 Wi |.-!1.|n.__n|||- =" |1l||_l!. =~ M - - .-l_-_.l.- ."ﬂn_.ln.ull._ll-_-ul-wlﬁ lI_-_n_nl = - pi ¥ ' ! I-..“l-.- .l.u.. Cud -"_.1_|ﬁ..-.-|lm_|!..||.._l.-|_- l.l_...-.ulu_ - iy o -rn._lh-rlll g _u._...-l [ J._-ml.!lu._r ! " - rn.l_u_l.l ..-.n-..- T
-lllll e " = I-lﬂ_l -lll ﬂll- a |I|l|.lll| -II_I.-l_lI- _-"lll__lLI - I-.l -Ilﬂllnlﬁ-iLlh.ll- .1|Il - Hr- - ™ L-..II_-LI _|-III-I1I|_I—I-_ _II.-U|I-|.|'I| III-I-I 1 - -_I-I- rI.-lL.I - HI._HI .-.Il|_| L] ll-lll _I|_| I 11 ||ln-.l hl_-. -lll-l qllll_l_..h l.lll—lu-l.. 1l [ |_-I ._-l -. .H_ll-l Il.-l. d
[ S 1 T l|_ !._.llI.nu..-r._- ' am =t 1 .I_-._ll_l.lr_.l_nll.-l -y H T._ ™ -.-._-l u l.-.l.u.- - el iy II_... 1= = - - ||ﬂ.--.|l|1| ||-.qL|—L-“Illllllllln.rl_J|-.I-. == = ar L] l-_l- ..-lrnllqr. ll..-l_ - q_._-. ..|t.|._ |_l|. K- ._|.l1 -l .-l[nn_ mu._r Tl
rai et | 2P -Il" Ill_-lllln " - - -I-‘l- ln—llll.- -1"1| _“‘I = lIII.-.l.I.-Lluiﬂ u “ll L - " l-_l-l-.._lllllu- | irm pe_=" == ir ™ = — I.Ill-l“.l_ll = u - Il - - == s _n.ll- _-uu-l 1 _Ll.lln_lllﬂ_ me - = ﬂ.l1nlll.l_li_l - III-I-”_lF- HIIII.H-IIF = I_.I_l -Fltl_- !
A e T A i rrE FEER M_w.p.,;w_}.ﬁ.“..i S r my...a.ﬁ.?.u.ﬁ..ﬁ...r..ﬂu.-;,,..:.ﬁ et T e Tan Pl e _l%.._ﬁﬁ.,ﬂ.. A R SRR 2Fte
._|._.|._ L == -._.-_ et = ||_.||...| -1 e ol —— RoeT L - ! - e - =t "—Ld T = -tk o i 1ty o ", - .- _1...- i ez L= e - : L LT — = Bel, o e —h S o ol
e ﬂ._..ﬂ..nu.mm.ﬁ.m....u e u._...r_.ﬂ..um_.u._”l. g ....u__“u..._...._,lu...ﬁ.....,. .”nrrnmr.__.“H =R e - .U.w_..._.nﬂ..:H _m.n,...h.”.“..u”u _nun.....”_...m.._mfm.u.m . ......1.m.=..“m."_m_.._.f.u.. .._.I.......nl.h W ..._m.”.u.uJ.mu....u....ﬂH._.ﬁm._.. “n.hdqcm.d..mnn...nr P n.m.u_".......m._ﬂ.:.. -"uw..ﬂ_.h._...._.."r ......_.m...._.._.._.m S
. w e -_|||.|| ! -, -m e, = Ci gty ot - L - rl._l-._l : fLayt == - -1 Sy -0 i ey ! =N e lllnqll i rly L N lakd - S mEm -ty |.|:|| =l L ln.l.! -l._.n...Lll.Il_- % _r|I|.|-.|| e - =———1Z
rbh e |_._|lr |..|l|u| L [l ._n-.ﬂu._.l_ -._l._l.llu — == = - L |._|._1 rart e oy -~ -.-.-..... _.-lllll.._ L. e ._-.llu " .|_.|._|| kL |- |.|H.||I._. e |||_r||-._|- -_u._.l_u =il .= " —lu_“.J.-llldu o ==
il — I T " Th Ay L s ||.||F1|.._.| T .||..|.._|n_....__ = N e H Lo pe e X iy a--", - .In.._._u..u.u =5 el = k1 P et e ._-|_..... Ll ey S —1 et e iy L =" nur.u.uu.uu.u..:
et ﬂ.s..-_.r 2 S _mu....g.nn."...ﬂu.. LR ........_-.r.."..._r...“...l..”.n......w..._ .u....r...r..__u. .,n.._._.."J...... -3 gEfiy - anon ;-..1.....?.er1$_.._ w_.r"m:T....,_u.”.w..,.n_!_.r._u....1.q..q.r -“uu...u.ﬁnumﬂ._.u.l. _.h
._ L:l.lll.._m-||_|.nl||“|”_|lHl|”l|_-”.||l|l|lu_| -uu....-!..mr_m.__.-i .m..-.rll l_..-_1 l.qlllnlﬁﬂ._ = -thl.ll.l gl ey il e -..l-r.l_-._nl_l -Hllnu l,.-1l.lun.l|_-|._|-.|_||_-l._l- rlﬂ..-_-...unm-II . -_..—.-l-hl_.lnnl.l-ﬂl _-.-.Uu_ur.r_..uﬂ.r... _.ﬂ-_-- _ulln." Ak _|uIlu..I||._-_._. |-_-_-||”.“.l||-u. .u_”_lllﬂnl._-j.-.. —- s —— -..Il-ull. _l._-l_
- I|.._...-|.| e e B _.|._|m.|._. .|._..-uu--- = Ll _|_.._|-||_..|.|...-||L--I|lh |....1.h|.-r|- i, P e == |.n;.-|..|-|| JHL = .ﬂ.n. _-n..n_.1.|- iy L1 N . .||1|_.q|. oo ot T - =" = |“|||.-__u_.||-| -— u.nlu.._-_...ln.
|_||-|r|..ll 18- .I||.|.u| .l_l-_-_ll_lnlﬂ._u Ak .1-l|_-. re-r _ql_uu - il = ---r e rh = |l._||-."|.;_| Rt . .nﬂllulln.. . ' ] = |.- - -_-.—.-._l -IH_-u.thf..ll..rl. - . .n_-.. I el -1 llLull ) ||_-..Il.
. e ._MT.._mH_m:.!J g L ”n._._.ar;w,.“.a...a“.J._..u__..m.mn et :L“_.”....Jm...._.a.,_ Rty Pk m.....ﬁd..w.. mwﬁﬂﬁx..."_..h._.._..._.h._.m_fn...m... .ﬂ_.ﬁ.__"..._ﬂ.a..._. e
- . . I_-I|[I 1 o - - III o .-._ - - - | 1 IIH _ - 1 | . ol n L l1..-. .I-llull l|-|. g 1" u, -]II.- - Hll-.l-.ll1l.-l r.-l |_1- - |_Ir.l.l ! T — A= s
E|l“.-!ll--|.'llnrl IIII 1 r “J.I L] L .- -_-H-I_- " r.l= ll.l. L = -III I-ll.-. -.lIIII I|I|I- 2 et " --‘ in - | . ul II-lII . \ _ll.-. r -
it ey -":..r....r..u..qnn.. .J.n--..L._.._.r......u _........u..._......-..ha .h..._m..uﬂ. ek _..:a_.mv.r. = et o ”_T.ﬂﬁ.._..m m.....,mq.._fuu..hcﬂm“. : -Lyf.h..run. .;..,..-....u..u.. Se el - ;
Ak ik e SR - T_...L_...- ....n_...-.a.h.l.u-....u_....__.._...... et IACH S el .e.r..m.._..“.-_u.nﬂ... - et S .,.....u.u....-.“:f_.r. e
LT .,..- Tt CEre- it R il Al e lEoEh Ty e ,.r...._:,..ﬂ....u.u.x_.n.L...,u_-.&.].__ﬁ...q_“ T
Ill-l.l..lulllllﬂ ||_|1| _-||.|||..|_.|..|...l| 1_|||||-|_- _I-lﬂnu_lrul. ||l...||..nu.. ._l-.|-||1_-| _lunl._.ll .....-..-.u__l.l..ulu_.Tll_hl..ul.l -1 _|.. r _|..._|__L|.|-_...__-|t.. l._u-. " _-um_._n - = _u”.J--
|.|q|.u.._"_-- e “.u..-umq...ﬂ T FE . FITT .q_nlq.-w_..hl.. ._-.l._...n._..u-.L o L e o - uu..n..nr__.. _.m_q.u....._..._..._.__..,...u._...._.. AL n.n....._...r.n..n. -
- ||| - —-— - - FI I-.I.l II L - - - - - - [} — - . ] - ll.- - - ‘ - - II
e A A n_.:.u..c--_... Rl R ne ALy iy _d.l..,.ﬁ__m...._.,; ek st
- - - [ — - - - In - - r - - - II-I_ - -Hlll IIII ™ —_— = | T8 = I 'm |I
-.-..Hn_.|1| |l_ llIln.-_ﬂluM._ll.llnl -.-II_._-I.-Nl_ ..-H.. -ﬂ.ll....u“h.L.n:l- -..nl - ..Jm—““.ullnllu_. lllllnlﬂ-.-.-qlu_-.ul._l |._H|-I.1- 'l _Il_”“mul.._.n_l_n. (LS R .!--r.ln ...-11|_|_Il-l.|. _-li..ﬂm-l m-
—— 1 - r- r =" — lllﬂ - m-- . ll.-.. = W —-1 q.l. - - 1r.”_u|.. - N Im_ 5 ! nl..lrll o  Tien ' nl.l i 1
III- Tl Tl ..|1|||-_|- - ||...L.|.._. g - e =% -l ||||.||._.-l— ug =~ e mww _n.__ Lo L-=at s Ay I.|_...|_u.... . o !
M Bl EENIEI e el ) 3 e e R e et M Pty .m.”---.....u._..___..-_. L B meHiE
— l-lIlII 1 Jl_l- _II_II- _._I- - " Y -- II_I-|I1_““_|_| T l-lJ.-l--I"1l " — —, lluu— - -l.-. - o
— |||_..-_-|1... e hr® ll_. y .- - == . ..llll ! falr= T im" - - A 2=z k J.--...|_-||_|._..|..| M "o
e e L |-|.|...1..|.-h|. l.1..:..:1.__5.._u =a |._...-n-.-__.| o Y- e l._._--._.u.uml-_..q |..L.|n|...nl. B 0 ALt i mua = |-|_.u.|. —..-:I-
IIII. “I |-|| ! |I-_| u lII] 1= __ - -FI =i I-I " Irll .-“h_ l"--l_ l.-l"-.-l II--II.-I n_r,l- _II_-ll_Ill I-.-lmlnﬂ ll.l-nl IIIIII.I-II lﬂ_ _l_ lﬂl_llll_ llllnl le-n“l].-l -II“I_I J
LA R .q.ﬁ..h.a.“.q_._m FATEEAN BT e 32 wq._rﬁ.ﬂ..ﬁ-,._.ﬁ.ﬂrﬂ.i.ﬂ._.r"
I.I.I.'I- r Y n bk el L | el 1 -= = - - -" |- - | r e = - - L= ~ IIl.
lI.-I-H-II-n I._I-.-.-—Ul_llﬂl-_“ 1UIH- -I].Il.l-__llﬂLII.lJI“I _I.-“."".-n_ -ll J l_.rm_IluI"-FL .r.h.l.JI-q- "l.linl_ “.t.“.._ljlll- ll_”]_“ l.%ll"lll..l- “HH_I-_I III—.IH
T .-1l|-| |== == ..r_..._l Sl Ry R -ati L.hln nr ] . _-_h .._ﬂll J-u._ -— - Oy L - -
-_lqlll - T a1 ull ...l.nl_llllllul.-.- .- g o pu L} ll_H_IrL| |.-l-_l ! |I.tn|l Imiluﬂil._-_l.
AT il R B Eiiel R Y ) Ak ek e ] S
TN el n=_r qu..-unqu_.uln...- == - nl= | Le Ll = L=t -L-._L._l
T .q..u"....__...m.n n....“.ufnu...,.nnpmﬁm:.l.hiyub.w:.n,rw&_“ _..._....mJ..F..ueﬁ rod
- - -I_ Hl.“l.l -.llrl_I.-II--l_.-.n II-I__. I-l m-IIAI_—l-..|I|- = Illl-l-_.r.,II1I_I_IIl -.I-rﬂl.-.l|-.||l-.l_-I_|l
q,.,ct..-m-i.u-- hﬁ.h._...n._ voi e g .ur“..,....u.ﬁ.,"ﬂ_... « LA :“.TJ....E,n
X » = - 1 " L] fu * bk
ros A T A S ﬁ.w....,.m_.ﬁm... 2 B A
. BRI Mg o .d.n-u.u_ﬁm...f.... __-..1.?“"..“._._.
= A ...h_.._...._...._ ..L..“..,..."..LJ..
.n._ ||.T n_ ..lL...‘_ o1 |Il|l|lI-|
ek ..........._......_....n.rq.nﬂ"_._.... il
- H-.1."- l-“_ IIII =t J!“ “ll-._lllll -
_u-u-.-_ |..l.d-1h “I.. -m.._ .-_-Ll_..m.nflll.llln n L
- I-ql.ll_l.r.lI - .”II
-LII. .I[u.. -.ﬂl U| r-
Ilﬂlllr—l,hl_l-“_-lnll__
P y
| um



US 2009/0092818 Al

Apr. 9, 2009 Sheet 3 of 4

Patent Application Publication

¢ 61

05 v O &t 0t 56 0< 5l ol &

- L » - ] - ] [
ﬂTItiI_rlflLllrirLJLj'q1h_]JL|1-L.. 1Im. ¥ Il__m ==t .J.- - l....:ul_.qr! |F Ih.lum{1u-J]1llriil'--:Li|:h111fFlhqulthilFu k i L t L 1 | 1 l_u L T ii?mi*i{ijhll%f}q? =
'
-T
|.
1
| BN W LL N S 'n Mookl sl s ninisinisiisiiiiieli T ——— — L= YR 1 imiszimisssiE mms IR ITTEE TRTITE | B BNy IR e H\ m

H
' 2

|

AN mE mENE EEmEEE w5 .3 | IEEEmEE mE WS W oE Ll - & i iEimiliiiEEE 10 BN 1100 EEaE P EU SR LA M SmEmEEEE IliiiEIIiiiimom [ ————— i wwa TTET]TTTTITRITTITT TUNNNTRIL [T NIN g NI TTNT TN W N .y | T ffer 1 TONT NFIT | L P —— e R L T ] L T ] KT FTRN s QUN D w.-
i
r
i T T == 1= il ol el R FT—THT T ~ T S S T M Te 1 "eE e - T [EET T I TN g A n] NN IﬂlLlI-ll-l_.llI:llI NN = — ol emey p 7T T 1M " pe e el T TT T [ IR T | T 1 T 81 1T T T T rrrrrerer0— ¢ — ~—r§rx—=—7- r T T IreErrrerererend 1 1= T T 11T ErTE = mF
=
n
. T
_ T
1
"
T e - B EEEESEEIEESE—————————————————————————— s T R TRTTEET T R NN NN T AR T T T N NIRRT T W T T R T T TR T e — TN LELEE | g o—— -y e L T T = = — g—epp—— = § TTT T T 17T TS TR TR FTTET TR = amnanfr mum {
n

n

- | B ] ! -
.. . -
T
TV = W Tk bl | gl & & 1 = 5 = e e e e - -Hl-H-e—He—e— 4/ e - e Y e e T T e e — Dr-w
Lu

T o

L ag

Lo



US 2009/0092818 Al

Apr. 9, 2009 Sheet 4 of 4

Patent Application Publication

-

""-r-

=

ar
=
a F:_l'l

g !-l_pi:

1
-I-' b
|

;:::ll_-'-l

=

e
LN}
.
-
I
1m
.lq-‘l:'l:l.Ll_

E.

[ o

LY
!

e
l.r- n

=) e .

m
LTS

s
*d

I.-_l

e Koy £ LA
e et

h |
g
0]
1
o R
-

l-I'IIII-Fr

ThN
S

r

.
|
-—

“ul
II

dmy

1]
| |
L (e

F

[ ]

N
1"
(L

el

el i Eiel
I..--.II -
Ty e

Ill..

L}
r
[

i

i e o Ty
e el e el T

Ll
11 ]

.

al

-
o

-1

d .

Imm
|=
A

24

|
=1
L
e
[ [N

i

il

o

LN |
. a
-
1
[
1
[
-
d = 1kl

T,

-
=2
‘.t

-
ra
e
[
|lj I|l.'l. ra
” "":.'l.:
|'-'-

.i-l

I
1

[ 3 .. 1

5 M

¥
:._r_lzﬂ
|

e

1
1 -
|
1
1
L
n
.
T

LI
1

N N B
u

|
o
5 =m

1 -1lll_ ;

-1

I
-

.l
i
o
]
F
St
M

LS

et ™
-
1
[ |
-
!

(L b
|

a

)

----:I_
'|_'I.-i:!|lll'-'

-ll_
LN |

L
A

wd, A1

Y

-.III.'

=y
e

1
-

L

¢
o

i

4

rlﬁnl.um..l.l_l.!nnl.l-._nn.u.h-...l.l
Bl =y

-'l-
]

]
L.

[N ]
)

L

il
4

=l

L

IR = el

L)

a4
¥
%

ML

~aw e
o1

a
T
iy g~ 1 HI
Ini =
.

1 I-JI.l 1]-
y

J
wl

T

w e

4

II'| I ;. i

Ln
o |

1y

Tam| "B
A
‘.-I

b ar
1

|
n
=

- M=kl
. 1
-": I:'l_!l—'
1
1My
J
r
-I L[]
-
_r
-
-

I
1

|

Byogmpg~um a2

n ".l-lli..l
LT Uil B
- )

=

-
"uud
r

o e

o

1,
I..:I-H_I;II-I

a |-l _Il -

.11

= H
| L™
-y |
Lty

| §
=1 !
"

o i

P ]
LR

ot T
iml
.
1

u
BTE R ’I.I-lﬂi

1t

1

o
r
|.I
' al

L}
L |
-‘I

1

1
|

Iy
B ' ke

r==r-A

1

1

1

1LYy

-
Ll

iy Baieir

L
LTI N

-k

a

At Hell b

10

g
= 17
P

[ T ]
-y
"

[l
-'

rla 1=

%)

e pmmm =
sl -min -

e e L . —
"TERs Tl ._“ll.._..-“.._

e "=, = aE T
I“I-l._qlln- -Il[l-l

L
L
w
ol
n

Ao
i

]
.
s
.-I'_r
an

-

- 8

w_':jc

mpd 1

o ahler

-
-
| B
"

L LN
1 1i_',-.
.'d
-

=

)
-t
11

="M

LT R
g o el ket

o

- -_II

Y

gEn

Rl " ™
-l
'1=||
[ B

LA |

I
r
L%
=
-

=
]
HErale i le

[

wh i

1
L
15

:_l-'l
HLST

e

:lll:l.lllll'l.

O I

el

el

e

-

a1
L T
1]

1
III

_JI..I.. mid -
A2
-] e

-
L
L] ._|.
o
nl III
]
._I,_L-.--'.

e
1 I.E.I "
o

] -.|-|.-_l-

"
.
|'||_rr'-'|
I:ll
I
11

o

;s

FF

o
LLE
I_|_'n-
1

y

[ ]
|
I

[
1] |-|l'g:'!
o
: “Hm
s
ol
|
u'l
-
1
[ ]
1
-'.J.l LI |
Bl
II
II-III

l_....llllll. n
EI.I-“I:
||l-ql

I
_I'u
"

N

L

ey et

Sl .
-
N

T

l--!.-
"
milm gy
al
1
_m

w e
'
II

-
L
1]
"1

1 dlg o

- UB

e,
rogEo-t o
_.-.-l-.-|-“|_u“I_l 1

! IIl. -

Ly

LI
I-I'I

d,

IILI :.l- -ll
r
I.'--|
"l

1
[

1
-y

-.l.|l“rI_|||_ l-._ u-. mm 1

- il T

-

.‘:
' A

1,
ATES
I T
|ll|I|'.|

JA1
1
1
|.|
PeJd_,
Al

=
:.=:l "1
1

1
3
|

i el m

-
u
-

. . .-r__|
L g pEr T =
[ Blay Tl b By pBol

"
1 mil

'

ir
1

n

n
-

| |
L]

| ]
=y
e
1

n
-
I.

P

oy

]

a1
1
!

_-._.I_.I my -r

1
ik

-J-I-Illﬂ_
| I N e | I
e =

-y =71

.I'I ||

=g
At
LA

Al

o=
_I_-I

ll.-l“ _““|" II“ _-l-_l“-II-

-I.._lll_-_

b

==

- (01

F.u

il
-

L
'_'_I
I

"

n I-‘.'I

L - P

.l-ll

T NN LT TN

-
|1
11" m
i
A
|
"

o

L |
]
b

";'é = I-"Il

e
oy

= wlm
- BT =

l|.Il::|'
I.III-
-
iy 1
ll_l.:EI.l
L
- 'I_I'I. ar
.-J:IE! .
.'.1_||:.
.|.|-'=':E l:l
-
aln
i
ok

i BN
1

naL
.|

- mEm
)

[

]

iy

Vot

H
e

1777 =gy

IEr

'
i
i

T
[}

-

‘ (-
-I;I;"-I'I::I
Ay

i

PR ESTE |

£

el WF™

=

ol Ty

T

N,
Fa-

T Lo

t.
1
h

II

Bcl

.-.IH||.||1 =g
1 ™ 'm -

pid il Sl I Tl
T L LI, s

- =, 1 r

- ety CLE e e Tava

- - -
—n _ILIIIII

LR s F EF a4, I-_-._JI
Fm lllll[J- I.Il-

I'.:. |
[ |

m mnTl _-..I_ Pl

-

.1|I-Lr H mm
1
smmm nd 1me -1

"

-3

1
n
-
L L]

-
r
-
]
r

L
i ll_'! |I_

_:.'I-I

1
“d o

P

-
_I'!_

.
L L R

b |
- L

1= I mFgi=™
I Bm dmpygem I
b U g

Y

L b

Pty

Ll |
ML
LEa

m

At
i
1T A
1

B L. LRI

]

-

[y |

[T
||

- . -
l.-.ll-.ll.- I.llr

n
[N B | n_ my
| i el

1
!

]
oy
Y om=
-:||'|
LA

CTRCE Bl T B
1.
ey

L,

S NN Y R

'ITh
-1

1
r
=i
'n
I'|
o
| b R |

“-III'III'

i |

Wl

17 e

nime
=t
I

[

11

[
' Uy
i | I'l

g

[ ] I_lII EEEE] == _I_II

e _Illl“llll l-_I-I_lulll.-l.-l._l
el m WUE_C
o s

A Hgm _
L

[ 1]

o

- m wT om_ wT

'h|.

II
1
L,

I '™

r
II
1

I

- Ol

e -y _"l.llr-..-.l._lll-r- —_—

b ! T D e R L I

B

L
[N )
“

T .ru.”..-ﬂuu.._u_n..i. .

&

1)
"
ey

[ ||1I-lll [
“"n 4T T

ani-Paar
'n'llu
a

L
n

T ||.|n.u..

-

AE
LY
o -';I--|
-

;--

—qgm ™ Faml

"
|.
o

1

| ]
[ i
i
:I 'I.l
_:.! :.1

I mp L

1 r
|
1

1
L1
m—"
1

:

1=
e I

el 1

k-, -- =L

I T

bt L)

L
'
|!|1
w,
)
N

e | = mpm= T

u
L
I - |_|:_'rl..l-

=l E
LN B
el ]
Satl M ]
'_'|

rXn s

|
I:'ll'l
l-l.l_l
i
1
i
-
g
Lll:—l
-'li| I.

1] L =1 I_-_._l|

I.II .

Ca B ] b .l-

E.
¥

L}
.

I
1
— .
vk
H
.

'

"mra— 1 F .-._ -

L
o
[}
" .llﬂlnlll
=1 F7
1
"
--ll
.'-
1

‘-I'.r-

T
"

r

!
hir!
L B8
=r

L1 _an

- -ll "r"3
=t ﬁT L] “un ._m.l.Iu._Iln
Lirfrimat

r- el Do el o

e Tt

1" -

i

BV
_-l 1d
-1
=
al-
|

* I:'I [T 3

-

L]

et

=
'3
o

T ]

r
e T

IF
!
-
nn
et
d
I
o |

=l
e TR el
N S |

Ll.ll!.I -

"rim e

el v A
....m-Jn.... Lks J o mun

e
'
us

I an
1 I_III
| Ky
ot
al _:?l.

p_muidn __p IIIII_.lI
- —IF=— "=
raCI T

"
1
i

nh
[N
|‘III
F mm
iy
migth

/i
-

5
P

[y 3] r'.

L nE

| U} H-':I_.i

m g
lll:._lin'll:—:.;l
A
1
| |
-,

0

-

-
-

-~
.

S ]

(L

"
)
;l'l.:L l..'l'_l'll

'q-

F .
. I.jl I-I—I_- —“-“ 1 -.It
et e Lt el

e o T e

oyl

RE1

e F s

II
n
1

Rl

S B
a;:i?h
[

i
{ -
AL
L
"
]

-

L
L
“i'm

-

"
AL I s

C hmaly
= 1.




US 2009/0092818 Al

ORGANOMETALLIC ALUMINUM
FUMARATE BACKBONE MATERIAL

[0001] The present mvention relates to a porous metal
organic framework, shaped bodies comprising this, a process
for preparing the framework and 1ts use.

[0002] Porous metal organic frameworks are known from
the prior art. They are distinguished, 1n particular, by their
porosity and can frequently be employed 1n applications com-
parable to those which are known for inorganic zeolites.
[0003] Metal organic frameworks usually comprise an at
least bidentate organic compound coordinated to a metal 10n
to form the skeleton of the metal organic framework.

[0004] An appropriate choice of metal and/or organic com-
pound makes 1t possible to optimize the framework for the
desired field of application. For example, the choice of the
organic compound can exert an influence on the pore distri-
bution. In addition, the metal can make a contribution in
adsorption processes.

[0005] There 1s thus a continual need to provide specific
metal organic frameworks which, in particular, have extraor-
dinary properties attributable to the choice of the metal and of
the organic compound.

[0006] One mteresting metal 1s aluminum since compara-
tively robust metal organic frameworks can be obtained as a
result of strong coordinate bonds. In addition, the aluminum
ion 18, due to its octahedral coordination, 1n principle capable
of building up three-dimensional framework compounds.
Furthermore, the salts of aluminum used as starting materials
are readily available and mnexpensive.

[0007] It 1s therefore an object of the present invention to
provide frameworks which are based on aluminum and have
particular properties, especially in respect of the storage and
separation of chemical substances such as gases.

[0008] The object 1s achieved by a porous metal organic
framework formed by Al”/ ions to which fumarate ions are
coordinated to produce a framework structure.

[0009] It has been found that the porous metal organic
framework formed by aluminum 1ons and fumarate 10ns
(trans-1,2-ethylenedicarboxylate) surprisingly has a one-di-
mensional channel structure which additionally displays a
surprising high specific surface area, so that the metal organic
framework of the present invention can be particularly usetul
for the storage and separation of chemical substances, 1n
particular gases.

[0010] The porous metal organic framework of the mven-
tion thus has a one-dimensional channel structure which crys-
tallizes 1n the orthorhombic system.

[0011] The structure of the porous metal organic frame-
work of the invention can be recognized, 1n particular, by the
X-ray diffraction pattern (XRD) having a basic reflection in
the range 8°<20<12°.

[0012] FIG. 1 shows the X-ray diffraction pattern of the
porous metal organic framework of the invention. Here, the
intensity I (Lin(counts)) 1s shown as a function of the 2 theta
scale (20).

[0013] Here, the diffraction pattern can be recorded as fol-
lows: the sample 1s 1nstalled as a powder 1n the sample con-
tainer of a commercially available instrument (Siemens
D-5000 diffractometer or Bruker D8-Advance). Cu-Ka
radiation with variable primary and secondary apertures and
secondary monochromator 1s used as radiation source. The
signal 1s detected by means of a scintillation detector (Si1-
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emens) or Solex semiconductor detector (Bruker). The mea-
surement range for 20 1s typically chosen as from 2° to 70°.
The angle step 15 0.02°, and the measurement time per angle
step 1s typically from 2 to 4 seconds. In the evaluation, reflec-
tions are distinguished by a signal strength which 1s at least 3
times as high as the background noise. An area analysis can be
carried out manually by drawing a baseline under the 1ndi-
vidual reflections. As an alternative, programs such as
“Topas-Profile” from Bruker can be used, in which case the
background smoothing then preferably occurs automatically
via a 1st order polynomial 1n the software.

[0014] The framework of the mvention has a one-dimen-
sional channel structure in which linear chains of A" ions
and OH groups are bridged by the organic fumarate to give a
three-dimensional, orthorhombic structure.

[0015] The metal organic framework of the invention can
be present 1n powder form or as agglomerate.

[0016] The porous metal organic framework of the mven-
tion can be used as such 1n powder form or 1s converted 1nto
a shaped body.

[0017] Accordingly, a further aspect of the present mven-
tion 1s the porous metal organic framework of the invention in
powder form.

[0018] A further aspect of the present invention 1s accord-
ingly a shaped body comprising the porous metal organic
framework of the invention.

[0019] The production of shaped bodies comprising metal
organic frameworks 1s described, for example, in WO-A

03/102000.

[0020] Here, preferred processes for producing shaped
bodies are extrusion and tableting. In the production of the
shaped bodies, the framework can be present 1n a mixture
with further materials, for example binders, lubricants or
other additives, which are added during production. It 1s like-
wise concervable for the framework to comprise further con-
stituents, for example absorbents such as activated carbon or
the like.

[0021] The possible geometries of the shaped bodies are
essentially not subject to any restrictions. Examples which
may be mentioned are, inter alia, pellets such as disk-shaped
pellets, pills, spheres, granules, extrudates such as rods, hon-
cycombs, grids or hollow bodies.

[0022] To produce these shaped bodies, it 1s 1n principle
possible to employ all suitable methods. In particular, the
following processes are preferred:

[0023] Kneading/pan milling of the framework either
alone or together with at least one binder and/or at least
one pasting agent and/or at least one template compound
to give a mixture; shaping of the resulting mixture by
means of at least one suitable method such as extrusion;
optionally washing and/or drying and/or calcination of
the extrudate; optionally finishing treatment.

[0024] ‘Tableting together with at least one binder and/or
another auxihary.

[0025] Application of the framework to at least one
optionally porous support material. The material
obtained can then be processed further by the above-
described method to give a shaped body.

[0026] Application of the framework to at least one
optionally porous substrate.

[0027] Kneading/pan milling and shaping can be carried
out by any suitable method, for example as described 1n
Ullmanns Enzyklopidie der Technischen Chemie, 4th edi-
tion, volume 2, p. 313 {1, (1972).
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[0028] For example, the kneading/pan milling and/or shap-
ing can be carried out by means of a piston press, roller press
in the presence or absence of at least one binder, compound-
ing, pelletization, tableting, extrusion, coextrusion, foaming,
spinning, coating, granulation, preferably spray granulation,
spraying, spray drying or a combination of two or more of
these methods.

[0029] Very particular preference 1s given to producing pel-
lets and/or tablets.

[0030] The kneading and/or shaping can be carried out at
clevated temperatures, for example 1n the range from room
temperature to 300° C., and/or under superatmospheric pres-
sure, for example in the range from atmospheric pressure to a
few hundred bar, and/or 1n a protective gas atmosphere, for
example 1n the presence of at least one noble gas, nitrogen or
a mixture of two or more thereof.

[0031] Thekneading and/or shapingis, 1na further embodi-
ment, carried out with addition of at least one binder, with the
binder used basically being able to be any chemical com-
pound which ensures the viscosity desired for the kneading,
and/or shaping of the composition to be kneaded and/or
shaped. Accordingly, binders can, for the purposes of the
present invention, be either viscosity-increasing or viscosity-
reducing compounds.

[0032] Preferred binders are, for example, inter alia, alumi-

num oxide or binders comprising aluminum oxide, as are
described, for example, in WO 94/29408, silicon dioxide as

described, for example, 1n EP 0 392 050 Al, mixtures of
silicon dioxide and aluminum oxide, as are described, for
example, n WO 94/13384, clay minerals as described, for
example, i JP 03-037156 A, for example montmorillonite,
kaolin, bentonite, halloysite, dickite, nacrite and anauxite,
alkoxysilanes as are described, for example, in EP 0 102 544
B1, for example tetraalkoxysilanes such as tetramethoxysi-
lane, tetracthoxysilane, tetrapropoxysilane, tetrabutoxysi-
lane, or, for example, trialkoxysilanes such as trimethoxysi-
lane, triethoxysilane, tripropoxysilane, tributoxysilane,
alkoxytitanates, for example tetralkoxytitanates such as tet-
ramethoxytitanate, tetracthoxytitanate, tetrapropoxytitanate,
tetrabutoxytitanate, or, for example, trialkoxytitanates such
as trimethoxytitanate, triethoxytitanate, tripropoxytitanate,
tributoxytitanate, alkoxyzirconates, for example tetralkox-
yzirconates such as tetramethoxyzirconate, tetracthoxyzir-
conate, tetrapropoxyzirconate, tetrabutoxyzirconate, or, for
example, trialkoxyzirconates such as trimethoxyzirconate,
triethoxyzirconate, tripropoxyzirconate, tributoxyzirconate,
silica sols, amphiphilic substances and/or graphites.

[0033] As wviscosity-increasing compound, i1t 1s, for
example, also possible to use, 1f appropriate 1n addition to the
abovementioned compounds, an organic compound and/or a
hydrophilic polymer such as cellulose or a cellulose deriva-
tive such as methylcellulose and/or a polyacrylate and/or a
polymethacrylate and/or a polyvinyl alcohol and/or a polyvi-
nylpyrrolidone and/or a polyisobutene and/or a polytetrahy-
drofuran and/or a polyethylene oxide.

[0034] As pasting agent, 1t 1s possible to use, inter alia,
preferably water or at least one alcohol such as a monoalcohol
having from 1 to 4 carbon atoms, for example methanol,
cthanol, n-propanol, isopropanol, 1-butanol, 2-butanol,
2-methyl-1-propanol or 2-methyl-2-propanol or a mixture of
water and at least one of the alcohols mentioned or a polyhy-
dric alcohol such as a glycol, preferably a water-miscible
polyhydric alcohol, either alone or as a mixture with water
and/or at least one of the monohydric alcohols mentioned.
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[0035] Further additives which can be used for kneading
and/or shaping are, inter alia, amines or amine derivatives
such as tetraalkylammonium compounds or amino alcohols
and carbonate-comprising compounds such as calcium car-
bonate. Such further additives are described, for instance, 1n

EP 0389 041 A1, EP 0 200 260 A1 or WO 95/19222.

[0036] The order of the additives such as template com-
pound, binder, pasting agent, viscosity-1ncreasing substance
during shaping and kneading 1s in principle not critical.
[0037] Inafurther preferred embodiment, the shaped body
obtained by kneading and/or shaping 1s subjected to at least
one drying step which 1s generally carried out at a temperature
in the range from 25 to 500° C., preferably in the range from
50 to 500° C. and particularly preferably in the range from
100 to 350° C. It 1s likewise possible to carry out drying under
reduced pressure or under a protective gas atmosphere or by
spray drying.

[0038] In aparticularly preferred embodiment, at least one

of the compounds added as additives 1s at least partly removed
from the shaped body during this drying process.

[0039] The metal organic framework of the invention com-
prises pores, in particular micropores and/or mesopores.
Micropores are defined as pores having a diameter of 2 nm or
less and mesopores are defined by a diameter in the range
from 2 to 50 nm (Pure & Appl. Chem. 57 (1985) 603-619).
The presence of micropores and/or mesopores can be
checked by means of sorption measurements, with these mea-
surements determining the uptake capacity ol the metal

organic frameworks for nitrogen at 77 kelvin (Langmuir
method) 1 accordance with DIN 66131 and/or DIN 66134.

[0040] The pores are pretferably present 1n the form of one-
dimensional channels having a diameter of from 5 to 15
angstrom, particularly preferably from 7 to 12 A.

[0041] The specific surface area, calculated according to
the Langmuir model (DIN 66131, 66134), of the metal
organic framework of the invention 1n powder form 1s prei-
erably at least 1000 m*/g, more preferably at least 1200 m*/g,
more preferably at least 1400 m*/g, even more preferably at
least 1600 m*/g, even more preferably at least 1800 m*/g and
particularly preferably at least 1950 m~/g.

[0042] Shaped bodies comprising the metal organic frame-
work of the invention can have a lower specific surface area,
but preferably at least 500 m®/g, more preferably at least 600
m~/g, even more preferably at least 700 m*/g, in particular at
least 800 m~/g.

[0043] The present invention further provides a process for
preparing a porous metal organic framework according to the
invention, which comprises the step

[0044] reaction of a reaction mixture comprising at least
one aluminum compound and fumaric acid or a salt
thereol 1n the presence of an organic solvent at a prede-
termined temperature and a predetermined pressure.

[0045] The organic component of the porous metal organic
framework of the invention 1s fumaric acid which can be
reacted with an aluminum compound. It 1s likewise possible
to use dervatives of fumaric acid. Thus, for example, 1t 1s
concelvable to use fumaric acid in the form of its salt. The salt,
in which fumaric acid 1s present as completely or partially
deprotonated anion, can have any suitable cation.

[0046] Such cations can be, for example, monovalent or
divalent, preferably monovalent, metal 1ons. Examples are, 1n
particular, sodium and potasstum salts. It 1s likew1se possible
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to use cations of ammonium compounds. Here, particular
mention may be made of ammonium 1tself and also alkylam-
monium cations.
[0047] The aluminum compound can be produced by
anodic oxidation of metallic aluminum. In such a case the
porous metal organic framework of the invention 1s prepared
by an at least partly electrochemical route. Processes for the
clectrochemical preparation of porous metal organic frame-
works are described in WO-A 2005/049892. The aluminum
compound for the porous metal organic framework of the
invention can also be produced by this route.
[0048] In the electrochemical preparation of the porous
metal organic framework of the invention, preference 1s given
to cathodic redeposition of the aluminum ion being at least
partly prevented by means of at least one of the following
measures:
[0049] (1) use of an electrolyte which promotes cathodic
formation of hydrogen;
[0050] (11) addition of at least one compound which leads
to cathodic depolarization;
[0051] (i11) use of a cathode having a suitable hydrogen
overvoltage.
[0052] The process can be carried out 1n an undivided elec-
trolysis cell. Especially useful cells are gap cells or stacked
plate cells. These can be connected 1n a bipolar fashion.
Suitable reaction media are, for example, methanol, ethanol,
dimethylformamide, diethylformamide or a mixture of two or
more of these solvents.
[0053] An electrolyte salt or a plurality of electrolyte salts
can also be present 1n the reaction mixture. Here, the electro-
lyte salt can have a quaternary ammonium ion as cation
component and an alkoxysulfate 10n as anion component. The
total solids content should be greater than or equal to 0.5% by
weight.
[0054] The reaction 1n the process of the invention for pre-
paring the metal organic framework of the mvention can also
be carried out by a classical route. Here, the aluminum com-
pound 1s typically an aluminum salt.
[0055] The aluminum salt can be present in the form of an
alkoxide, acetonate, halide, sulfite, as a salt of an organic or
Inorganic, oxygen-comprising acid or a mixture thereof.
[0056] An alkoxide 1s, for example, a methoxide, ethoxide,
n-propoxide, 1-propoxide, n-butoxide, 1-butoxide, t-butoxide
or phenoxide.

[0057] An acetonate 1s, for example, acetylacetonate.
[0058] A halide 1s, for example, chlonide, bromide or
1odide.

[0059] An organic, oxygen-comprising acid 1s, {for

example, formic acid, acetic acid, propionic acid or another
alkylmonocarboxylic acid.

[0060] An 1inorganic, oxygen-comprising acid 1s, {for
example, sulturic acid, sulfurous acid, phosphoric acid or
nitric acid.

[0061] More preferred aluminum compounds are inorganic
aluminum salts such as aluminum chloride, aluminum bro-
mide, aluminum hydrogensuliate, aluminum dihydrogen
phosphate, aluminum monohydrogen phosphate, aluminum
phosphate, aluminum nitrate.

[0062] The aluminum compound can, 1f appropriate, com-
prise water of hydration, which 1s preferred. Particularly pre-
ferred aluminum compounds are the hydrates of the chloride,
nitrate and sulfate.

[0063] The reaction in the process of the invention for pre-
paring the porous metal organic framework of the invention 1s
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carried out at least in the presence of an organic solvent. Here,
solvothermal conditions can be used.

[0064] For the purposes of the present invention, the term
“thermal” refers to a preparative process 1n which the reaction
to form the porous metal organic framework of the invention
1s carried out 1n a pressure vessel which is closed during the
reaction and to which elevated temperature 1s applied so that
a pressure builds up within the reaction medium 1n the pres-
sure vessel as a result of the vapor pressure of the solvent
present.

[0065] The reaction preferably does not occur 1n a water-
comprising medium and thus not under solvothermal condi-
tions.

[0066] Accordingly, the reaction in the process of the
invention preferably occurs 1n the presence of a nonaqueous
solvent.

[0067] Thereactionispreferably carried outata pressure of
from 1 bar to 16 bar (absolute), preferably from 1 to 3 bar
(absolute). However, the pressure 1s more preferably not more
than 1230 mbar (absolute). The reaction particularly prefer-
ably takes place at atmospheric pressure. However, slight
superatmospheric or subatmospheric pressures can occur due
to the apparatus. For the purposes of the present invention, the
term “atmospheric pressure” therefore refers to the pressure
range given by the actual atmospheric pressure £150 mbar.
[0068] Thereaction preferably takes place in a temperature
range from 100° C. to 200° C. The temperature 1s preferably
in the range from 110° C. to 170° C. The temperature 1s more
preferably 1n the range from 120° C. to 150° C.

[0069] The reaction mixture can further comprise a base.
This serves, 1n particular, to ensure that when the carboxylic
acid 1s used as at least bidentate organic compound, this 1s
readily soluble. When an organic solvent 1s used, 1t 1s fre-
quently not necessary to add such a base. Nevertheless, the
solvent for the process of the invention can be selected so that
it 1tself 1s basic, but this 1s not absolutely necessary for car-
rying out the process of the invention.

[0070] It1s likewise possible to use a base. However, pret-
erence 1s given to no additional base being used.

[0071] Furthermore, it 1s advantageous for the reaction to
be able to take place with stirring, which 1s also advantageous
in a scale-up.

[0072] The (nonaqueous) organic solvent is preferably a
C,_g-alkanol, dimethyl sulfoxide (DMSO), N,N-dimethylior-
mamide (DMF), N,N-diethylformamide (DEF), N,N-dim-
cthylacetamide (DMACc), acetonitrile, toluene, dioxane, ben-
zene, chlorobenzene, methyl ethyl ketone (MEK), pynidine,
tetrahydrofuran (THF), ethyl acetate, optionally halogenated
C,_-»oo-alkane, sulfolane, glycol, N-methylpyrrolidone
(NMP), gamma-butyrolactone, alicyclic alcohols such as
cyclohexanol, ketones such as acetone or acetylacetone,
cyclic ketones such as cyclohexanone, sulfolene or mixtures
thereof.

[0073] A C,_-alkanol i1s an alcohol having from 1 to 6
carbon atoms. Examples are methanol, ethanol, n-propanol,
1sopropanol, n-butanol, 1sobutanol, t-butanol, pentanol, hex-
anol and also mixtures thereof.

[0074] An optionally halogenated C,_,,,-alkane 1s an
alkane which has from 1 to 200 carbon atoms and in which
one or more up to all hydrogen atoms can be replaced by
halogen, preterably chlorine or fluorine, 1 particular chlo-
rine. Examples are chloroform, dichloromethane, tetrachlo-
romethane, dichloroethane, hexane, heptane, octane and mix-
tures thereof.
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[0075] Preferred solvents are DMF, DEF, DMAc and NMP.
Particular preference 1s given to DMF.

[0076] The term “nonaqueous” preferably refers to a sol-
vent which does not exceed a maximum water content ol 10%
by weight, more preferably 5% by weight, even more prefer-
ably 1% by weight, more preferably 0.1% by weight, particu-
larly preferably 0.01% by weight, based on the total weight of
the solvent.

[0077] The maximum water content during the reaction 1s
preferably 10% by weight, more preferably 5% by weight and
even more preferably 1% by weight.

[0078] The term “solvent” encompasses pure solvents and
mixtures of various solvents.

[0079] Furthermore, the process step of reaction of the at
least one metal compound with the at least one at least biden-
tate organic compound 1s preferably followed by a calcination
step. The temperature set here 1s typically above 250° C.,
preferably from 300 to 400° C.

[0080] The at least bidentate organic compound present 1n
the pores can be removed by means of the calcination step.
[0081] In addition or as an alternative thereto, the removal
of the at least bidentate organic compound (ligand) from the
pores of the porous metal organic framework can be effected
by treatment of the framework formed with a nonaqueous
solvent. Here, the ligand 1s removed 1n a type of “extraction
process” and may be replaced by a solvent molecule 1n the
framework.

[0082] The treatment 1s preferably carried out for at least 30
minutes and can typically be carried out for up to 7 days. This
can occur at room temperature or elevated temperature. It
preferably takes place at elevated temperature, for example at
at least 40° C., preferably 60° C. The extraction more prefer-
ably takes place at the boiling point of the solvent used (under
reflux).

[0083] The treatment can be carried out in a simple vessel
by slurrying and stirring of the framework. It 1s also possible
to use extraction apparatuses such as Soxhlet apparatuses, in
particular industrial extraction apparatuses.

[0084] As suitable solvents, 1t 1s possible to use those men-
tioned above, 1.e., for example, C,_.-alkanol, dimethyl sul-
toxide (DMSO), N,N-dimethylformamide (DMF), N,N-di-
cthylformamide (DEF), N,N-dimethylacetamide (DMACc),
acetonitrile, toluene, dioxane, benzene, chlorobenzene,
methyl ethyl ketone (MEK), pyndine, tetrahydrofuran
(THF), ethyl acetate, optionally halogenated C, _,,,-alkane,
sulfolane, glycol, N-methylpyrrolidone (NMP), gamma-bu-
tyrolactone, alicyclic alcohols such as cyclohexanol, ketones
such as acetone or acetylacetone, cyclic ketones such as
cyclohexanone or mixtures thereof.

[0085] Preference 1s given to methanol, ethanol, propanol,
acetone, MEK and mixtures thereof.

[0086] A very particularly preferred extraction solvent 1s
methanol.
[0087] The solvent used for the extraction can be 1dentical

to or different from that for the reaction of the at least one
metal compound with the at least one at least bidentate
organic compound. It 1s not absolutely necessary in the
“extraction” but preferred that the solvent 1s water-Iree.
[0088] Itis preferred that the molar ratio of aluminum com-
pound to fumaric acid or one of 1ts salts 1n the process of the
invention 1s in the range from 0.3:1 to 1.7:1. The ratio 1s more
preferably in the range from 0.7:1 to 1.2:1.

[0089] The present invention further provides for the use of
a porous metal organic framework according to the invention
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for the uptake of at least one substance for the purposes of 1ts
storage, separation, controlled release, chemaical reaction or
as support.

[0090] Theatleast one substancei1s preferably a gas oragas
mixture. Liquids are also possible.

[0091] Processes for storage by means of metal organic
frameworks in general are described in WO-A 2005/003622,

WO-A 2003/064030, WO-A 2005/049484, WO-A 2006/
089908 and DE-A 10 2005 012 087. The processes described
there can also be used for the metal organic framework of the
invention. Preferred gases for storage are methane or hydro-
gen.

[0092] Processes for separation or purification by means of
metal organic frameworks 1n general are described in EP-A 1
674 555, DE-A 10 2005 000938 and the German patent
application number DE-A 10 2005 022 844. The processes
described there can also be used for the metal organic frame-
work of the invention. A preferred gas to be separated off 1s
carbon dioxide, in particular from a gas mixture which further
comprises carbon monoxide.

[0093] Ifthe porous metal organic framework of the mnven-
tion 1s used for storage, this preferably takes place in a tem-
perature range from —-200° C. to +80° C. A greater preference
1s grven to a temperature range from —40° C. to +80° C. A
preferred pressure range 1s from 20 bar to 1000 bar (absolute),
in particular from 100 bar to 400 bar.

[0094] For the purposes of the present invention, the terms
“gas” and “liquid” are used 1n the interests of simplicity, but
gas mixtures and liquid mixtures or liquid solutions are like-
wise encompassed by the term “gas”™ or “liquid™, respectively.
[0095] Preferred gases are hydrogen, natural gas, town gas,
hydrocarbons, 1n particular methane, ethane, ethene, acety-
lene, propane, n-butane and 1-butane, carbon monoxide, car-
bon dioxide, nitrogen oxides, oxygen, sulfur oxides, halo-
gens, halogenated hydrocarbons, NF;, SF., ammonia,
boranes, phosphanes, hydrogen sulfide, amines, formalde-
hyde, noble gases, in particular helium, neon, argon, krypton
and xenon.

[0096] The gas 1s particularly preferably carbon dioxide
which 1s separated off from a gas mixture comprising carbon
dioxide. The gas mixture preferably comprises carbon diox-
ide together with at least H,, CH, or carbon monoxide. In
particular, the gas mixture comprises carbon dioxide together
with carbon monoxide. Very particular preference 1s given to
mixtures which comprise at least 10% by volume and not
more than 45% by volume of carbon dioxide and at least 30%
by volume and not more than 90% by volume of carbon
monoxide.

[0097] A preferred embodiment 1s pressure swing adsorp-
tion using a plurality of parallel adsorber reactors, with the
adsorbent bed consisting entirely or partly of the material of
the invention. In the case of CO,/CO separation, the adsorp-
tion phase preferably takes place at a CO,, partial pressure of
from 0.6 to 3 bar and a temperature of at least 20° C. but not
more than 70° C. To desorb the adsorbed carbon dioxide, the
total pressure 1n the adsorber reactor concerned 1s usually
reduced to values 1n the range from 100 mbar to 1 bar.

[0098] Preference 1s also given to the use of the framework
ol the invention for storage of a gas at a mimmum pressure of
100 bar (absolute). The minimum pressure 1s more preferably
200 bar (absolute), 1n particular 300 bar (absolute). Here, the
gas 1s particularly preferably hydrogen or methane.

[0099] However, the at least one substance can also be a
liquid. Examples of such a liquid are disinfectants, inorganic
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or organic solvents, fuels, 1 particular gasoline or diesel,
hydraulic fluids, radiator fluids, brake fluids or an oil, in
particular machine o1l. Furthermore, the liquid can be a halo-
genated aliphatic or aromatic, cyclic or acyclic hydrocarbon
or a mixture thereof. In particular, the liquid can be acetone,
acetonitrile, aniline, anisole, benzene, benzonitrile, bro-
mobenzene, butanol, tert-butanol, quinoline, chlorobenzene,
chloroform, cyclohexane, diethylene glycol, diethyl ether,
dimethylacetamide, dimethylformamide, dimethyl sulfox-
ide, dioxane, glacial acetic acid, acetic anhydride, ethyl
acetate, ethanol, ethylene carbonate, ethylene dichloride, eth-
ylene glycol, ethylene glycol dimethyl ether, formamide,
hexane, 1sopropanol, methanol, methoxypropanol, 3-methyl-
1-butanol, methylene chloride, methyl ethyl ketone, N-meth-
ylformamide, N-methylpyrrolidone, nitrobenzene,
nitromethane, piperidine, propanol, propylene carbonate,
pyridine, carbon disulfide, sulfolane, tetrachloroethene, car-
bon tetrachloride, tetrahydrofuran, toluene, 1,1,1-trichloroet-
hane, trichloroethylene, triethylamine, triethylene glycol,
triglyme, water or a mixture thereof.

[0100] The at least one substance can also be an odorous
substance.
[0101] The odorous substance 1s preferably a volatile

organic or mnorganic compound which comprises at least one
of the elements nitrogen, phosphorus, oxygen, sulfur, fluo-
rine, chlorine, bromine or 10odine or an unsaturated or aro-
matic hydrocarbon or a saturated or unsaturated aldehyde or
a ketone. More preferred elements are nitrogen, oxygen,
phosphorus, sulfur, chlorine, bromine; and particular prefer-
ence 1s given to nmitrogen, oxygen, phosphorus and sulfur.

[0102] In particular, the odorous substance 1s ammonia,
hydrogen sulfide, sulfur oxides, nitrogen oxides, ozone,
cyclic or acyclic amines, thiols, thioethers and also alde-
hydes, ketones, esters, ethers, acids or alcohols, Particular
preference 1s given to ammonia, hydrogen sulfide, organic
acids (preferably acetic acid, propionic acid, butyric acid,
1sobutyric acid, valeric acid, 1sovaleric acid, caproic acid,
heptanoic acid, lauric acid, pelargonic acid) and cyclic or
acyclic hydrocarbons which comprise nitrogen or sulfur and
also saturated or unsaturated aldehydes such as hexanal, hep-
tanal, octanal, nonanal, decanal, octenal or nonenal and in
particular volatile aldehydes such as butyraldehyde, propi-
onaldehyde, acetaldehyde and formaldehyde and also fuels
such as gasoline, diesel (constituents).

[0103] The odorous substances can also be fragrances
which are used, for example, for producing perfumes.
Examples of fragrances or oils which release such fragrances
are: essential oils, basil o1l, geranium o1l, mint o1l, cananga
o1l, cardamom o1l, lavender o1l, peppermint o1l, nutmeg o1l,
Camuilla o1l, eucalyptus o1l, rosemary o1l, lemon o1l, lime o1l,
orange oil, bergamot oil, muscatel sage oi1l, coriander o1il,
cypress oil, 1,1-dimethoxy-2-phenylethane, 2,4-dimethyl-4-
phenyltetrahydrofuran,  dimethyltetrahydrobenzaldehyde,
2,6-dimethyl-7-octen-2-0l, 1,2-diethoxy-3,7-dimethyl-2,6-
octadiene, phenylacetaldehyde, rose oxide, ethyl-2-methyl-
pentanoate, 1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-2-
buten-1-one, ethyl vanillin, 2,6-dimethyl-2-octenol, 3,7-
dimethyl-2-octenol, tert-butylcyclohexyl acetate, anisyl
acetate, allyl cyclohexyloxyacetate, ethyllinalool, eugenol,
coumarin, ethyl acetoacetate, 4-phenyl-2,4,6-trimethyl-1,3-
dioxane, 4-methylene-3,5,6,6-tetramethyl-2-heptanone,
cthyl tetrahydrosafranate, geranyl nitrile, cis-3-hexen-1-ol,
c1s-3-hexenyl acetate, cis-3-hexenyl methyl carbonate, 2,6-
dimethyl-5-hepten-1-al, 4-(tricyclo[5.2.1.0]decylidene)-8-

Apr. 9, 2009

butanal, 5-(2,2,3-trimethyl-3-cyclopentenyl)-3-methylpen-
tan-2-0l, p-tert-butyl-alpha-methylhydrocinnamaidehyde,
cthyl[5.2.1.0]tricyclodecanecarboxylate,  geramiol,  cit-
ronellol, citral, linalool, linalyl acetate, 1onone, phenyletha-
nol and mixtures thereof.

[0104] For the purposes of the present invention, a volatile
odorous substance preferably has a boiling point or boiling
range below 300° C. The odorous substance 1s more prefer-
ably a readily volatile compound or mixture. The odorous
substance particularly preferably has a boiling point or boil-
ing range below 250° C., more preferably below 230° C.,
particularly preferably below 200° C.

[0105] Preference 1s likewise given to odorous substances
which have a high volatility. The vapor pressure can be
employed as a measure of the volatility. For the purposes of
the present invention, a volatile odorous substance preferably
has a vapor pressure of more than 0.001 kPa (20° C.). The
odorous substance 1s more preferably a readily volatile com-
pound or mixture. The odorous substance particularly pret-
erably has a vapor pressure of more than 0.01 kPa (20° C.),
more preferably a vapor pressure of more than 0.05 kPa (20°
C.). Particular preference 1s given to the odorous substances
having a vapor pressure of more than 0.1 kPa (20° C.).

[0106] An example in which a chemical reaction can take
place in the presence of the metal organic framework of the
invention 1s the alkoxylation of monools or polyols. The
procedure for carrying out such alkoxylations 1s described in
WO-A 03/035717 and WO-A 2005/03069. The porous metal
organic framework of the ivention can likewise be used for
epoxidation and for preparing polyalkylene carbonates and
hydrogen peroxide. Such reactions are described in WO-A

03/101975, WO-A 2004/0377895 and US-A 2004/081611.

[0107] Particular preference 1s given to catalytic reactions.

[0108] Furthermore, the metal organic framework of the
invention can serve as support, in particular as support for a
catalyst.

EXAMPLES

Example 1

Preparation of a Pure Al-Fumarate Metal Organic
Framework (MOF)

[0109] 17.91 g of AIC1;*6H,0 and 9.04 g of fumaric acid
(Linker: Al ratio=1.05 mol/mol) are suspended 1n 550 ml of
DMF (solids content=0.05 g/g) 1n a glass flask and stirred
under reflux (130° C.) for 17 hours. The solid formed 1s
filtered off and washed with 3x100 ml of acetone and 2x100

ml of methanol. The filtration time 1s less than 30 seconds.

[0110] The substance 1s subsequently dried at 100° C. in a

vacuum drying oven for 16 hours. This gave 11.4 g of a white
preproduct. The N, surface area is measured as 1155 m*/g

(Langmuir).

Example 2
Preparation of a Pure Al-Fumarate MOF

[0111] 17.91 gof AIC1,*6H,0 and 10.34 g of fumaric acid
(Al: Linker ratio=1.2 mol/mol) are suspended 1n 550 ml of
DMF (solids content=0.051 g/g) in a glass flask and stirred
under reflux (130° C.) for 17 hours. The solid formed 1s
filtered off and washed with 3x100 ml of acetone and 2x100

ml of methanol. The substance 1s subsequently dried at 100°
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C. 1 a vacuum drying oven for 16 hours. This gave 11.4 g of
a white preproduct. The N, surface area 1s measured as 1149

m~/g (Langmuir).

Example 3
Preparation of a Pure Al-Fumarate MOF

[0112] 17.91 gof AIC]1;*6H,0 and 14.64 g of fumaric acid
(Al: Linker ratio=1.7 mol/mol) are suspended 1n 550 ml of
DMF (solids content=0.058 g/g) in a glass flask and stirred
under reflux (130° C.) for 17 hours. The solid formed 1s
filtered ol and washed with 3x100 ml of acetone and 2x100
ml of methanol. The substance 1s subsequently dried at 100°
C. 1 a vacuum drying oven for 16 hours. This gave 11.4 g of
a white preproduct. The N, surface area 1s measured as 1271
m*/g (Langmuir).

Example 4
Preparation of a Pure Al-Fumarate MOF

[0113] 26.9 g of AIC1;*6H,0 and 15.4 g of fumaric acid
(Linker: Al ratio=1.2 mol/mol) are suspended 1n 550 ml of
DMF (solids content=0.078 g/g) in a glass flask and stirred
under reflux (130° C.) for 96 hours. The solid formed 1s
filtered off and washed with 3x100 ml of acetone and 3x100
ml of methanol. The substance 1s subsequently dried at 100°
C. 1n a vacuum drying oven for 16 hours. This gave 18.4 g of
a white preproduct. The N, surface area 1s measured as 1272
m~/g (Langmuir).

Example 5
Hydrogen Isotherms at 77 K

[0114] FIG. 2 shows the H, uptake of the MOF according to

the invention. The measurement 1s carried out on a commer-
cially available Autosorb-1 mstrument from Quantachrome.
The measurement temperature 1s 77.4 K. The sample 1s pre-

treated under reduced pressure for 4 hours at room tempera-
ture and subsequently for a further 4 hours at 200° C. before

the measurement.
[0115] FIG. 2 shows the hydrogen capacity K (cc/g at STP)
as a function of the relative pressure p/p, (p,=94632.4 torr).

Example 6
Hydrogen Isotherms at 77 K

[0116] FIG. 3 shows the H, uptake of the Al-fumarate
MOF. The measurement temperature 1s 77.4 K. The samples
are each pretreated under reduced pressure for 4 hours at
room temperature and subsequently for a further 4 hours at
200° C. belore the measurement.

[0117] The hydrogen uptake (g/1) 1s shown as a function of

the absolute pressure p (bar).

Example 7
Suitability tor CO,, Separations

[0118] Pure substance 1sotherms are recorded at 42° C. for
absorption of CO.,, CO and methane (21° C.) on the material
from example 1 (FIG. 4). The large difference between the
CO uptake and the CO, uptake shows that this material 1n
principle has a good selectivity for the separation tasks CO,/
methane and CO,/CO.
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[0119] FIG. 4 shows the amount absorbed A (mg/g) as a
function of the absolute pressure p (mbar). Here, the curves 1,

2 and 3 correspond to the gases CO,, methane and CO.
1-16. (canceled)
17. A porous metal organic framework comprising Al"Y

ions and fumarate ions, wherein the A" ions and the fuma-
rate 1ons are coordinated 1n a framework structure.

18. The porous metal organic framework according to
claim 17, wherein an X-ray diffraction pattern (XRD) of the
framework has a basic reflection of 8°<20<12°.

19. The porous metal organic framework according to
claim 17, wherein the framework structure has an orthorhom-
bic one-dimensional channel structure.

20. The porous metal organic framework according to
claim 17, wherein the framework 1s present as a powder and
has a specific surface area of at least 1000 m?/g, determined
according to the Langmuir method by N, adsorption at 77 K.

21. A shaped body comprising a porous metal organic
framework according to claim 17.

22. A process for preparing a porous metal organic frame-
work according to claim 17, the process comprising:

(1) providing a reaction mixture comprising: at least one
aluminum compound; and fumaric acid or a salt thereof;
and

(1) reacting the reaction mixture in the presence of an
organic solvent at a predetermined temperature and a
predetermined pressure.

23. The process according to claim 22, wherein the alumi-

num compound comprises a hydrate of an aluminum salt.

24. The process according to claim 22, wherein the prede-
termined temperature 1s 100 to 200° C.

235. The process according to claim 22, wherein the prede-
termined pressure 1s 1 to 16 bar (absolute).

26. The process according to claim 22, wherein reacting the
reaction mixture is carried out at a molar ratio of A"’ to
fumaric acid or 1ts salt o1 0.3:1 to 1.7:1.

27. A method comprising:

(1) providing a porous metal organic framework according

to claim 17; and

(1) bringing a substance 1nto contact with the porous metal
organic framework such that the substance 1s uptaken by
the porous metal organic framework to provide storage
of, or controlled release of, the substance.

28. The method according to claim 27, wherein the sub-

stance comprises methane or hydrogen.

29. A method comprising:

(1) providing a porous metal organic framework according
to claim 17; and

(1) bringing a substance comprising at least a first compo-
nent and a second component into contact with the
porous metal organic framework such that one of the
first component or the second component 1s uptaken by
the porous metal organic framework to provide separa-
tion of at least one component from the substance.

30. The method according to claim 29, wherein the sub-

stance comprises carbon dioxide.

31. A method comprising:

(1) providing a porous metal organic framework according
to claim 17; and

(1) bringing a substance 1into contact with the porous metal
organic framework such that the substance 1s uptaken by
the porous metal organic framework and supported
thereon.
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