-1- Cosed reversible breathing apparatus with netal -organic framework
material 5 The present invention relates to nmethods for renoving carbon
dioxide and, if appropriate, water frombreathing air in closed or
partially closed systens using a porous netal-organic framewrk material,
such systens having at | east one breaitfiing apparatus and also their use and
nmet hods for regenerating the porous netal-organic framework material. 10 In
closed or partially closed systens it is necessary that owwng to the limted
supply of oxygen this nust be replenished if, for exanple, a person w shes
to remain in this system for |onger than the oxygen supply which is
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vol une of the diving 25 mask would provide. Nevertheless, the tinme spent

bel ow water is restricted for the diver by the volune of the pressure
cyl illderin closed rar partigiy saledsid systensit i® mecessant thah owing ta thealinsitasi sudpiynof a
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remai ni ngyigygen can be again provided for breathing. Such systens having

adsorbents are known in the prior art. Exanples of these are described in
EP-A 0 782 953, DE-A 197 167 49 and al so DE-A 198 16 373. 35 The adsorbents

desqisl begly b R§ gBherdli ied iy Bis BSsd'BF Comespinting pleddurs Gedsel®sGe al s-
-2- In GBEAE g 7?%‘3'?0* Sg@a'rrplle, uséséljs‘?made ofn aes%}da l'ine bed for a
di vi ng Ao iar gkayuple, mespure cyelety descri bes, for exanple, a breat hing
apparatus, in which the carbon dioxide absorber is said to be able to be

reactivated by heat or reduced carbon di oxide pressure. 5 An exanple of such
an absorREiNStNeeiigh Secessapa feri axAMRled AKag diving that the diver, in addition to & diving

mask, also carries in conjunction oxygen cylinders if the diver wishes to remain for a
20 relatively long time under water.

Customarily in this case oxygen is supplied to the diver via a mouthpiece from the pressure

cylinder, which the diver can breath. The expired air is released to the surrounding water.

By this means the diver can remain under water for longer than the air volume of the diving
25 mask would provide.

Nevertheless, the time spent below water is restricted for the diver by the volume of the
pressure cylinder. A further possibility for optimization and, in association, a prolongation of
the time spent below water is additionally using an adsorbent which is suitable for removing

30 from the air the carbon dioxide present in the expired air in such a manner that the air
having the remaining oxygen can be again provided for breathing.

Such systems having adsorbents are known in the prior art. Examples of these are
described in EP-A 0 782 953, DE-A 197 167 49 and also DE-A 198 16 373.
35

The adsorbents described in the prior art which can be used comprise different materials.



DE- A 33 03 420 describes nethods and devices for purifying breathing air
from C02, nolecular sieves acting as adsorbers which can be regenerated by
a pressure-swing nethod. 10 Finally, special adsorbents are described in
EP-A 1 155 728. These are am no-nethyl ated bead pol yners. Despite these
numer ous adsorbents proposed in the prpor art, there is still a requirenent
to 15 provide further optim zed adsorbents for renoving carbon di oxi de and,
| f appropriate, water fromthe breathing air. An object of the present
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the 25 framework material conprising.at |east one at | east bidentate
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one ™

at | east metal ion. This is because it has been found that the use of
porofls netal -organic framework materials 35 in closed or partially closed
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parti cul beadypolynérei ent and, in addition, can be readily regenerated. -3- To
carry out the inventive nethod for renoving carbon di oxide and, if
appropriate, water, particular use can be nade of a closed or partially
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An object of the present invention is thus that further improved adsorbents are provided for
the abovementioned methods and apparatuses.

20
The object is achieved by a method for removing carbon dioxide and, if appropriate, water
from breathing air in closed or partiafly closed systems comprising the step

- contacting the breathing air with a porous metai-organic framework material, the
25 framework material comprising at least one at least bidentate organic compound
which is bound by coordination to at least ocne metal ion.

The object is further achieved by a closed or partially ciosed system which comprises at
least one breathing apparatus and also a breathing mask, a breathing suit or other life

30 support system, further comprising a porous metal-organic framework material, the
framework material comprising at least one at least bidentate organic compound which is
bound by coordination to at least one metal ion.

This is because it has been found that the use of porous metal-organic framework materials

35 in closed or partially closed systems which comprise at least one breathing apparatus and
in methods for removing carbon dioxide and, if appropriate, water, from breathing air are
particularly efficient and, in addition, can be readily regenerated.



t hrough whi ch at nospheric oxygen is to be introduced or renoved. Partially
cl osed systens are, in particular, those in which no atnospheric oxygen is
to be 10 taken up into the systemthrough the surroundi ngs. Surroundi ngs of
the closed or partially closed system which conme into consideration are in
principle any surroundi ngs which do nog.contain surrounding gas or have a
surrounding gas, the breathing of which does not ensure the necessary life

support -or fr Wﬂ 15 of a human, or hi| her ani mal . r oundi ngs
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al so be nentioned in this context. Likew se, it can also be systens for
rooms or_passages of buildings, for exanple protective roomns

or
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i keng sehd}m deenmdn ortighetafintdl! t er can be exchangeabl e or be installed
fixed in the system The filters to be used are known fromthe prior art.

These are typically constituents of the systens which are |ikew se known in

the pri oSurddndings Whidhedonbdily no shieouritRygds\te eitwfted] forexanipld, ahtyr winsest isyst em
is used for renoving carbon dioxide and, if appropriate, water, from

breathi ngP3Pr. In this case it is advantageous that, in addition to CC2,
al so the water present in the breathing air can be rem)ved. However, this
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freedom from harm of a human or higher animal is, for example, air whose oxygen fraction
or partial pressure is too low for breathing and/or which has other harmful constituents.

The breathing mask can be, for example, a mask such as is used in diving, therefore a

25 diving mask. However, likewise, it can be a respiratory protection mask, as can be used, for
example, in the case of fire, in a chemical accident, during painting or handling hazardous
chemical or biological material, in extreme mountain climbing or at a great height (for
example in an aircraft). In addition, such systems can also comprise suits. In addition, it is
possible that the life support system is a helmet. Typically, such as a helmet can aiso be

30 integrated into a corresponding suit. Frequently, in this connection, full protective suits can
be mentioned. Space suits may also be mentioned in this context. Likewise, it can also be
systems for rooms or passages of buildings, for example protective rooms, or of vehicles,
for example in submarines, aircraft, in tunnels, mineshafts or the like.

35 The closed or partially closed system can in addition have a fiiter in which the porous
metal-organic framework material is present at least as part of an adsorber bed. Other
adsorbents such as zeolites can likewise be present.



10 The porous netal -organic framework material is, inter alia, therefore
advant ageous because ready regeneration is possible. Therefore, the present
invention further relates to a nethod for regenerating a porous

nmetal -organic framework nmaterial froma closed or partially closed system as
has been 15 described above conprising.the steps if appropriate renoving
the netal -organic franework material; and inpinging the framework materi al
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pages 105 to 111, B. EO en et al., Science 291 (2001), pages 1021 to 1023

and DE- A-101 11 230. The MOFs according to the present invention conprise
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20 The gas can be, for example, air, nitrogen, an inert gas or a mixture thereof. Suitable inert
gases are, for example, helium or argon.

The regeneration can be performed, for example, by simply passing the gas through the
metal-organic framework material. Preferably, however, the regeneration takes place under
25  pressure-swing and/or temperature-swing adsorption.

Thaerefore, it is preferred when the inventive method for regeneration is carried out in such
a manner that the impingement takes place with the change of at least one parameter
selected from pressure and temperature.

30
The term “pressure”, in the context of the present invention, is to be taken to mean the total
pressure and/or the carbon dioxide partial pressure.

The regeneration of the metal-organic framework material can be performed during the use
35 of the inventive closed or partially closed system.

The porous metal-organic framework material to be used is known in the prior art. The



mesopores are defined by a dianmeter in the range from2 to 50 nm in each
case in 15 accordance with the definition as reported in Pure & Applied
Chem 57 (1985), 603-619, in particular page 606. The presence of

m cropores and/ or nesopores can be checked with the aid of sorption
measurenents, these neasurenents detecrgining the uptake capacity of the
et al -organic framework material for nitrogen at 77 Kelvin as specified in
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Ba2+ Sc3+, Y3+ C+, "+ Hf+, -6- V4+, V3+, V2+, Nb3+, Tai+, C3r, Ms*,
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PI"+, PHPIESORres 3%%""%%{ asﬂgmetesb@ thessfige Bog. 2 18 %Q"@ndﬂ BAGN CHSEMR: t or m
"at {:ashcdordibe Nith the eaﬁnuwomﬁrﬁe?uﬂ@ﬂ indRe BNABIRIThe. gﬁrr(usasaoemmam imhi ch

et Bl | oRarbGuat e, 08 IBS Pesengs ob MCTobeses aeler mebepoigs ra B hesked st v or
more, pr tocicbl gorptish, meESuReMmEnts thesd meS&ALEMEAS AemnRiniPthg iupaike capadiy of
the metal-organic framework material for nitrogen at 77 Kelvin as specified in DIN 66131
and/or DIN 66134.
20
Preferably, the specific surface area, calculated according to the Langmuir model
(DIN 66131, 66134) for an MOF in powder form is greater than 5 m%g, more preferably
above 10m?%g, more preferably greater than 50 m%g, further more preferably greater than
500 m?g, further more preferably greater than 1000 m%g, and particularly preferably
25  greater than 1500 m*/q.

MOF shaped bodies can have a lower specific surface area; but preferably greater than
10 m¥%g, more preferably greater than 50 m%g, further more preferably greater than
500 m?/g.
30
The metal component in the framework material according to the present invention is
preferably selected from the groups la, lia, lila, IVa to Villa and 1b to Vib. Paricular
preference is given to Mg, Ca, Sr, Ba, Sc, Y, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe,
Ro, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, Tl, Si, Ge, Sn, Pb, As, Sb
35 and Bi. More preference is given to Zn, Cu, Ni, Pd, Pt, Ru, Rh and Co. In particular
preference is given to Zn, Al, Ni and Cu. With respect to the ions of these elements, those
which may particularly ba mentioned are Mg®*, Ca®*, Sr**, Ba®, Sc*, Y*, Ti*, Zr**, HI*,



10 As functional groups via which said coordi nate bonds can be devel oped, in
particular the follow ng functional groups may be nentioned by way of
example: -CO2H, - CS2H, -NO2, -B(OH)2, -S@BH, -Si(OH3, -Ge(OH) 3, -Sn(CH)3,
-Si(SH 4, -CGe(SH)4, -Sn(SH)3, -PGH, -As@H, -AS04H, -P(SH) 3, -As(SH) 3,
-CH(RSH) 2, -C(RSH)3, -CH(RNH2)2, -C(RN\si2)3, 15 -CH(RCH)2, -C(ROH) 3,

- CH(RCN) 2, -C(RCN)3, in which R for exanple, can preferably be an alkylene
group h 4,0 C I Mo I -Y'¢ | hyI ene,
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exanple, N, 0 and/or S. According to |ikew se preferred enbodi nents,
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organic gat it is ensured that the organic conpound
havi ng t égge@% |onargﬁg}otgups i s capable of form ng the coordi nate bond

and ¥Wor producing the framework material. 30 Preferably, the organic
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conpé)ou ndbe suutably SIH)S%PUtBaJ nﬁrt Ia(f lea& in each case one substituent, and/or which,
independently of one another, can each comprise at least one heteroatom, such as, for
example, N, O and/or S. According to likewise preferred embodiments, functional groups
may be mentioned in which the abovementioned radical R is not present. in this respect,
inter alia, -CH{SH),, -C(SH);, -CH(NH,), -C(NH,);, CH(OH),, -C(OH)s, -CH(CN), or
25 -C(CN); may be mentioned.

The at least two functional groups can in principle be bound to any suitable organic
compound provided that it is ensured that the organic compound having these functional
groups is capable of forming the coordinate bond and for producing the framework material.

Preferably, the organic compounds which comprise the at least two functional groups are
derived from a saturated or unsaturated aliphatic compound or an aromatic compound or a
compound which is both aliphatic and aromatic.

35 The aliphatic compound or the aliphatic part of the compound which is both aliphatic and
aromatic can be linear and/or branched and/or cyclic, a plurality of cycles per compound
also being possible. Further preferably, the aliphatic compound or the aliphatic part of the



al i phatic can have one or else a plurality of nuclei, such as, for exanple,
two, three, four or five nuclei, the nuclei being able to be present
separately from one another and/or at |east 10 two nuclei in condensed form
Particularly preferably, the aromatic conpound or the aromatic part of the
conpound which is both aliphatic and afomatic has one, two or three nuclei,
one or two nuclei being particularly preferred. |ndependently of one
another, in addition, each nucl eus of said conmpound can_ conprise at | east
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may be e, ownajocammmmylbu bemgq:amulamcmemreddeeoemﬂuy of Lonei anaghexcind,
tartari ioﬂ edetT l.p;‘lﬁb rﬁ%ﬁ@é&?@dng ﬁlpnéle F\r &k ﬁetgroa?b'i’n Ay eR goxyl Ic
i car Cl ecane

aci d, 1 exane oxyl1c a rcar oxy

1, 8- heptfaaemmm!;& 58 1R, &i, a&i..mefenabwNegmd@cﬁsumwmﬁsablyemcﬁr@nampt a-
decayzedi 'drciﬂécér mafi¢ ta)t' ”ﬁu@'&ﬁﬁ M'Mﬁc@% otg 3 gza%e&lgﬁaﬁéooxy' ic
acid, -8- -pyridine |car |c acl pyridi ne- I car boxylic acid

1, 3- but eFeNFises one erbmsewclat; haab‘lodelthl?f heing presestisenaraigly\ofiane aspter or
p- benzengdigiieRsse kdrkn. aﬁlﬁhmémard%oa i éﬂinfﬁuﬁ&éthﬁtmrﬁﬁiﬂ be made of

2- met hyl qui nol i ne- 3, 4- di car box [ic acl qui nol | ne- 2, 4-di carboxylic acid,
qui noxal BeTEZene, abbihBlens aagior BIRAERY] andloE BB BRUBSRININe.- 2. 3- di car boxy! |
acid, 5 4,4'-di am nophenyl net hane- 3, 3' -di car boxylic acid,

U|noI|n |carbox lic acid, 7-chl|oro-
g Sartucéia% preferab the at least bidentate, organic compound is derived from a di-, tri-,

or tetracarboxylic acid, or their sulfur analogs. Sulfur analogs are the functional groups
-C(=0)SH and also their tautomers and C(=S)SH which can be used instead of one or
more carboxylic acid groups.

25 The term “derive” in the context of the present invention means that the at least bidentate,
organic compound in the framework material can be present in partly deprotonated or
completely deprotonated form. In addition, the at least bidentate, organic compound can
comprise further substituents such as, for example, -OH, -NH,, -OCH;, -NH(CHjs), -N(CH,),,
-CN and also halides.

30
For example, in the context of the present invention, mention may be made of dicarboxylic
acids, such as

oxalic acid, succinic acid, tartaric acid, 1,4-butanedicarboxylic acid, 4-oxopyran-2,6-
35 dicarboxylic  acid, 1,6-hexanedicarboxylic acid, decanedicarboxylic  acid,
1,8-heptadecanedicarboxylic  acid, 1,9-heptadecanedicarpoxylic  acid,  hepta-
decanedicarboxylic acid, acetylenedicarboxylic acid, 1,2-benzenedicarboxylic acid,



4- hydr oxyqui nol i ne- 2, 8-di car boxylic acid, diimdodicarboxylic acid,
pyridine-2, 6-di carboxylic acid, 2-nethylimdazol e-4,5-dicarboxylic acid,

t hi ophene- 3, 4-di carboxylic acid, 2-isopropylimdazol e-4,5-dicarboxylic
acid, tetrahydropyran-4, 4-di carboxylic acid, perylene- 3,9-dicarboxytic
acid, perytenedicarboxylic acid, Plurog. E 200 dicarboxylic acid, 3,6-dioxa
10 octanedi carboxylic acid, 3,5-cyclohexadiene-1, 2- dlcarboxyllc aci d,

oct adi car boxylic acid, pentane-3, 3-carboxylic acid di anmi no-

1,1 - bi @({bnmdlr@dgamm mypyngmgca Srdicarboxylic acid, 1 3-butad|ene-1 ,A-dicarboxylic
4,4 -di wdn@mmeauém@arﬁoxy% aa.abaéabhmea&admxhwmuﬁm&d%-z Slideaddesyiic! i C

iC'ld bi ﬁgﬂh%@étﬂggg Ig@}ngc W‘f n?cégplg qumghne-z X |carboxyl|c acid, quinoxaline-
7-chl or @, Sdiaaiboxytigui nol i ngeid, 3- di cashmsudqumomnd,z 3-dicarboxylic acid,

éo?; et &aﬂ%a%ﬁy@ﬁh@ &S’I %ryg@gy %ger‘.lg qum&me-s 4-dicarboxylic acid, 7-chloro- |

% ﬁhlblofgmg no ﬂiablmel-a 3 ybeadd, ?cgnlngul (4- c'z:g %c(:)lam’dlﬁmr?. 2I 6 d[camoxyhc
chl or o) p#@nyl %Wﬁ%’i’l“ﬁ@z t%?é{bﬁﬂaﬁl [ cacﬁjcl d th'Tph%f'ey%R"@a xyh acid,
7- hexac m-momoﬁylmmlm&dica%boﬂh@ acnuphe;rahydrwm~4.t4mgmoxyﬂ@aeud1 perylenecy| i C
1 oyoi S dleanaale A R R Rb T s Purb 50T iR fe. e
2- ba@z oydctarediearbotylis- acid,aB5eoyglohexartiens:1,2-dicarboxylic acid, octadicarboxylic acid,
b3 AR il PSR o ot o o
3, 6, 9- t r4,4>diamidelipheryl-8 ' -Hisasboxylicaci dacid)} hydbevqxdhaerﬂcﬂb-ﬂwathwyllccar basig) i c

id, PR | ' id,
o LT A L
2, 3- pyr alztl meﬂ'tqudn neriddicarbaxylic nacithy | -&m oaathpgqtmnna "edigraonyid

: d

2311C|4d15d| aj%‘%mﬂ " dk;hr;e g%;gio&'?@ca? %)C(si!: d @Zﬁ“’&fﬁﬁzﬁ?ﬂu ghenyl
sul f one dich dIaG v b roquinpline-3,8-licarpixylical aeiddi shoy Jpheny -
1, 3-ad droGHherh
2, 3- ﬁaSW’? o'ﬁ;%ﬁfsc-dggngy% a%.d@pliltgt]y_ gp?ﬂ'gfi‘!hﬂ?éhﬁedl car box I i C
acid, 8- tﬂicarb@!vﬂc 3aﬁdp heheaylindangdisatepryiie asndd 1mezub%0mlmazohdme~

napht hat §RsHEA b&iﬁf“l% iy by o
2", 3 d|£_bgny)tﬁm% t erphenyl - exﬁ%g{amxa | ¢ acl d di phe Xylicaci

et héi 4 oylbenzaner1.8- WYfiGri daASide- 4, Vel, msﬂmwnﬁ%mdm-4 5-cis-
4(1H) - oxg &ah'b@ﬁ)llé Oagide-22’ %ldiﬁlfoﬁﬁ@—@@"hicﬁrb%ﬁyﬁ acnd pyndlne-a 4-dicarboxylic acid,

5-tert-butyl - benzenedlcarboxy I.c acid 8- qui nol |ned|carboxyllc aci d,

4,5-ini d%?&@ﬁmgw jcgrboxylie,  zacidc| OQMHW"ZQPW‘PHP@WPMCam
hex ath ri ?mglﬂgﬁm a%hhsvxyltd ficigC Eﬁmol@%@dﬁﬁ“a@lﬂﬁglg ggi:aggubnoﬁxef”s?gotg%zﬁgomc
oyt 221 nesDs YRR SRR GhoHty A A PG BORYEy 1406 5 & Grdetiy23-
1- nazgnep aﬂnéﬂl@éﬁbdﬁmwt | §cidCi m4-dmrmﬁ6aﬂ%ﬁycarétnw! idimiiidibarboxylic  acid,
4, 4" -di hX ﬂr 8 aX\mo&pﬁex Ime{hgﬁg cﬁqi‘m ca?bo Oxylacl:i , as,l4d-diarln_ir%aipq1%n919_sulfone
diimidodicarboxylic acid, 2,6-naphthalenedicarboxylic acid, 1,3-adamantanedicarboxylic
acid, 1,8-naphthalenedicarboxylic acid, 2,3-naphthalenedicarboxylic acid, 8 methoxy-2,3-
naphthalenedicarboxylic acid, 8-nitro-2,3-naphthalenecarboxylic acid, 8-sulfo-2,3-
30 naphthalenedicarboxylic acid, anthracene-2,3-dicarboxylic acid, 2°,3'-diphenyl-p-terphenyi-
4,4"-dicarboxylic acid, diphenyl ether-4,4'-dicarboxylic acid, imidazoie-4,5-dicarboxyfic acid,
4(1H)-oxothiochromene-2,8-dicarboxylic acid, 5-tert-butyl-1,3-benzenedicarboxyiic acid,
7.8-quinolinedicarboxylic  acid, 4,5-imidazoledicarboxylic acid, 4-cyclohexene-1,2-
dicarboxylic acid, hexatriacontanedicarboxylic acid, tetradecanedicarboxylic acid,
35 1,7-heptadicarboxylic acid, 5-hydroxy-1,3-benzenedicarboxylic acid, pyrazine-2,3-
dicarboxylic acid, furan-2,5-dicarboxylic acid, 1-nonene-6,9-dicarboxylic  acid,
eicosenedicarboxylic acid, 4,4'-dihydroxydiphenylmethane-3,3"-dicarboxylic acid, 1-amino-



4- et hyl - 9, 10- di oxo0-9, 10- di hydr oant hr acene- 2, 3-di car boxylic aci d,

2, 5-pyridi nedi carboxylic acid, cyclohexene-2, 3-dicarboxylic acid,

2, 9-6c¢hl or of | uor or ubi ne- 4, 11-di car boxyl i ¢ aci d,

7-chl or o- 3- net hyl qui nol i ne- 6, 8-di car boxylic acid,

2, 4-di chl or obenzophenone-2',5' - dicarhoxylic acid, 1,3-benzenedicarboxylic
acid, 2,6-pyridinedicarboxylic acid, 1- met hyi pyrrol e- 3, 4-di car boxylic
acid, 1-benzyl-1H pyrrole-3,4-dicarboxylic acid, _ . )

ant hr aqérmethy-911Gdioke-8; edihydroantiiadenes? 8-dinarbogylic: acid a 2 5cpyyitinediganbaxylic
2-nitro ine 5.4 M;i i 1 - iHb-3311 &ﬂ,? i@C4

cycl obu?gﬁé?@??ﬁﬁfbgg%%?ﬁl c l(?lcgefaldzi'?l tltg?é}glgéoggbnfe%i ?a?gox )Ifyg ;éc%

5, 6- dehydshivesypetviauinolinesd.8-dicsshamic acpeid, or 2@-degrobenzephenone-2',5'-

Pyri di nefHaARAQRXY | dcid, 3CHB-berfbehbdi |1 gei@Cl b 6-piidinétficarboxylic  acid,

2- hydroxy-1, 2, 3- propanet dcar_ngyl.%bg@iﬁd, “ -ﬁm ) xYl c!

7- chPor d—'@?@‘)"ﬂﬂﬁ'@l?ﬁfﬁ‘ﬂﬁé@‘ﬂ?‘ﬂ'&r boR§Mi ¢ dchenzyistHbpyrrolesdif disabexsiar boaddi ¢

aci d, 1.ahtifta o?ié?i,SJdibﬁFB&Yﬂd igicPLC8, 8.pyrazBlearaioric] adidd - 2-hRrobenzene-1,4-

but anetrj carboxyli.c ﬁCI d, 1,3,5-benzenetricarboxylic aci go 1- g/dr ox¥- 1,2,3
pr opanet‘i“i"é%"ﬂﬂg?ﬂf‘c gelane- 14 -GyPRiF aoi. xygloByigng-1,1-dicarboxylic acid, 1,14-

H pyr 1 olietatiedamddibaris)ylidacid, 56-dehydrbiciboiAde-b 3-diédrBoxylic acids, or 5-ethyl-2,3-
5-acetyl - 3-am no- 6- et hyl benzene-1, 2, 4-tri car'boxyl ic acid, 3-am no-5-
benzoyi -RYNdiRedicABOVIEAaeds 2 4-tricarboxylic acid, 1,2,3-propanetricarboxylic
acidgor aurintricarboxylic acid, 20 or tetracarboxylic acids, such as
peryl o[ 1..12- BCD| t hi,ophene- 1, 1-di oxi de- 3, 4,9, 10-tetracarboxylic acid,

peryl enéf‘%’%?ﬁ%ﬁ%g‘f‘%%ﬁiag acids such as peryl ene-3,4,9, 10-tetracarboxylic
acid or perylene 1,12 25 sulfone-3,4,9,10-tetracarboxylic acid,

but anet ar b lic acid such.as_], 4- t anet.etracar boaxyl i | d or
reso. 1. 2 BAOCE AN e BulkaRHIN o Farloftead BABRRREBSRORAE Rl 135 ©

aci d, 1,banZeridlrichthdblidex agidacy cll,2ébutatetrigaboylis, 11add,- t eRiphosphoasiil2,4- aci d,
1,2, 4 5- Z etracarboxylic | 1.2.11.12-dodecanetetr, oxyd L c acid,
1, Z,é, 66)@%@?%%0@}9" car b%‘{x'%l I C 12%#%?"@"??%@%@'{°anet%cﬁacar%@g@gy')é’iat 1 d,

1, 4, 5, 8 #6panatrivetooxglitet et meidar boxdyd-dibydroi4js-dibxa-19t-gydrotbf2 drFquinalined, hdxyl i c
aci d, o) etr r | i ' : . . .

35" 4, STCGERERE IR rpBRR g Gt enzene-1 24 U BPBG, A0 PRI Boxy § ¢
aci d or hegnzbyifemethpibbpzanech? ddrigdrboxylici dsids udi2, 2propanetricarboxylic acid or

cycl ope - - A-tetracarboxylic acid. 35 Very particularly preferably,
use is nnéh‘g‘@&g%fb%rﬁmégg’?opri ate at | east nonosubstituted, nmono-, di-, tri-,

tet r?nucl ear or higher nuclear aromatic di-, tri- or tetracarboxylic acids,
Wi th eacl) facarboxylic acids, such as

perylo[1,12-BCD]}thiophene-1,1-dioxide-3,4,9, 10-tetracarboxylic acid, perylene-
tetracarboxylic acids such as perylene-3,4,9,10-tetracarboxylic acid or perylene 1,12-

25 sulfone-3,4,9,10-tetracarboxylic acid, butanetetracarboxylic acid such as 1,2,3,4-
butanetetracarboxylic acid or meso-1,2,3,4-butanetetracarboxylic acid, decane-2,4,6,8-
tetracarboxylic acid, 1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetracarboxylic
acid, 1,2,4,5-benzenetetracarboxylic acid, 1,2,11,12-dodecanetetracarboxylic acid, 1,2,5,6-
hexanetetracarboxylic acid, 1,2,7.8-octanetetracarboxylic acid, 1,4,5,8-

30 naphthalenetetracarboxylic acid, 1,2,9,10-decanetetracarboxylic acid,
benzophenonetetracarboxylic acid, 3,3,4,4'-benzophenonetetracarboxylic acid,
tetrahydrofurantetracarboxylic acid or cyciopentanetetracarboxylic acids such as
cyclopentane-1,2,3,4-tetracarboxylic acid.

35 Very particularly preferably, use is made of, if appropriate at least monosubstituted, mono-,
di-, tri-, tetranuclear or higher nuclear aromatic di-, tri- or tetracarboxylic acids, with each of
the nuclei being able to comprise at least one heteroatom, with two or more nuclei being



the nuclei being able to conprise at | east one heteroatom wth two or nore
nucl ei being -10- able to conprise identical or different heteroatons. For
exanpl e, preference is given to nononuclear dicarboxylic acids, nononucl ear
tricarboxylic acids, nononuclear tetracarboxylic acids, dinuclear

di carboxylic acids, dinuclear tricarhggylic acids, dinuclear

tetracarboxylic acids, trinuclear di carboxylic acids, trinuclear
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ra e
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napht haltewardictear tﬁmgarboxyha(apdsﬁ Swtqbladnglemmmstmgw:r examplel.sN @.Lﬁ:,rB & Sif or

exampl e pdodiRELURECBBSHL 6, SChilor SR mallb H i3 ol ©

aci ds, sut for exa ‘bi'pyri di he aC|d such as,
for ex arrmralonet;l in this @,specn tsemrahadr%ra)oml groutacﬂruamlmerg!mor an alkblotxyl iC

aci ds, s&h&ﬂxgﬁo for exanple, 1,2, 3-benzenetricarboxylic acid or
1, 3, 5- benzenétri car boxylic acid (BTC), adamantine tetracarboxylic acid

(AT@P, adanmant ane di benzoate (ADB), benzene tribenzoate (BTB), methane

tet rabeWAOﬁéﬁcmM Bbefe.aﬁ ! éﬁ‘i’eés?tl{]ﬁégﬁéléo% tcﬁﬁkpam Oi&ébefseﬁmd@abf

aci ds, suc oxyt er eph Ic ac ( DHBDC) 20
Very parﬂqebﬂﬁ"&ﬁ'l%'bsﬂﬂpeﬂﬁ'ﬂl V\DGIE ebﬁf!?eﬁﬁ‘él@ﬂfbpxwfi nRGigis, anaphthalenaditardiic aci d,

t er epht hagidse b?;iﬂeﬂyldncﬁrb%xﬁld“!&&ﬂ@xﬁcﬁf aBhidiabldmplé, ﬂ,»«l‘-blphenyldlcal‘boxyhc amd
1,2, 3- be?zenetrl carboxylic aci 5-benzenet ri car boxyl'i aci d

2, 2" - bi ph n@m@ne@%‘apwﬁm@ a%#CB agisfor £Xampe.; &R 'Bvrfqv@é’eca&foxvlé:ast

bi deyst atabldsordilnaﬁlafs GoeRamphe, Z@%lﬁﬁ&m@fﬂi Qilﬁib&@l’ﬁ)rabﬂe engandbicaixglic
unldentatell oIventsfor are, inter alia,

Sui t d
et hanol , E%F’I‘ dpﬁéi‘ﬁ’g%'e %cﬂ‘ bRtirenet H%Q’Hg’ﬂ’ uc@%&-%ﬁ&?ﬂéﬂ?‘""am"w Ic
di et hyl fmmqmrcﬁ, adarnmaué taubéam)@ec alid QATC)”]YddlMﬂane'Sthmate d@DB),

reet ot (hdtzans Bibgnsatd (BEH| detingletbonzpali MUP SuaiBREnS telfEbsmzoate ot r o

t her eof . d.ﬁymomremhanc Acidss such as, mmambiede;stmmomegephmammmmc)and

solvgnts for the production of MOF are described, inter alia, in US-A
5, 648, 508 or DE-A 101 11230.
Very particularly preterably, use is made of, inter alia, isophthalic acid, terephthalic acid,

2,5-dihydroxyterephthalic acid, 1,2,3-benzenetricarboxylic acid, 1,3,5-benzenetricarboxylic
acid or 2,2"-bipyridine-5,5"-dicarboxylic acid.

25 In addition to these at least bidentate, organic compounds, the MOF can also comprise one
or more unidentate ligands.

Suitable solvents for producing the MOF are, infer alia, ethanol, dimethylformamide,
toluene, methanol, chlorobenzene, diethylformamide, dimethyl sulfoxide, water, hydrogen

30 peroxide, methylamine, sodium hydroxide solution, N-methylpolidone ether, acetonitrile,
benzy! chloride, tristhylamine, ethylene glycol and mixtures thereof. Further metal ions, at
least bidentate, organic compounds, and solvents for the production of MOF are described,
inter alia, in US-A 5,648,508 or DE-A 101 11 230.

35 The pore size of the MOF can be controlied by selection of suitable ligands and/or the at
least bidentate, organic compound. In general it is true that the larger the organic
compound, the larger the pore size. Preferably, the pore size is from 0.2 nm to 30 nm,



35 The pore size of the MOF can be controlled by selection of suitable

| i gands and/or the at |east bidentate, organic conmpound. In general it is
true that the larger the organic conpound, the larger the pore size.
Preferably, the pore size is from0.2 nmto 30 nm -11- particularly
preferably the pore size is in the range from0.3 nmto 3 nm based on the
crystalline material. In an MOF shaped body, however, |arger pores also
occur, the_size distribution of which 5 can varx. Preferably, however, nore
t han 50%AHHcUaRY Rreferably, KlecPrs) izt innthg £ARgR fPAY O to SR stheor ned
by por escriatiriiomaterigl € di aneter of up to 1000 nm Preferably, however, a
majority of the pore volune is fornmed by pores of two dianeter ranges. It is
therefore further preferred if nore than 25% of the total pore volune, in
par ti culleranOF stiapad bl However, dayer pores @iso dceuf, ahersite yistribution offwhith are in

di t f 00 10 tg 8 ' t han 15%qf the total
o B S i DA, s e o, 8ol BB B b R,
formed bhapdises stforhedibg pores havinged gore diagetef olpptto 1OD0Tm. PiEherablpr e

oms. o diat BB ARE Bl il B Bt 1B M B R, 5
1ﬁ andI i'athsqurh durthier | prefetrethiifdmateathan Ir]25g@1|oﬂ thef total lpereruolemehin partiodart mamdngl sé o}
iy ar B8R SOARLE Sorn BRI Brmet B Horke whILR 226 s bighelr tafiiefiom Rog i 16
Constd t uleri09 reyland ift maref thary 18%bolcthggelakporawiolume, dn partigutgy mare thier 2508t 0

i Nob) DO arBLPIRERkme) ds ity by Brds ok dho o Rigoter Pande of i 10, YO 2
Tol uene o BREdistriputian cambe determped by NER)S O6M2OUNNVPOrgSIMelY.111. 11 108, 4 9. 726

9.911 10.45 P-1 (1.89 nmol) MOH H2(BDC) 1.93mmol MOF-4 Zn(NO3) 2. 61- 420

Et hanol 90 90 90 14.728 14.728 14.728 P2(1)3 ]
Examples of MOFs are given below. In addition to the designation of the MOF, the metal

16  and also the at least bidentate ligand, furthermore the solvent and also the celi parameters
(angles o, B and y, and also the distances A, B and C in A) are reported. The latter were
determined by X-ray diffraction.

MOF-n Constituents | Solvent| « a Y a b ¢ Space
molar ratio s group
ML
MOF-0 Zn(NO3)26H0 | Ethanol | 90 90 120 116.711]16.711 ] 14.189| P6(3)/
Ha(BTC) Mem
MOF-2 Z0{NO3)z6H20 DM 90 i02.8 90 6.718 | 1549 | 1243 | P2{1)n
(0.246 mmol) Toluene
Hx(B0C)
0.241 mmoi)

MOF-3 Zn(NOs)6H:0 | DMF | 99.72 [111.11] 1084 | 9.726 | 9.911 | 1045 | P-1
(1.89 mmol) MeOH
Ha(BDC)
{1.93mmol)

MOF-4 Zn{NQ3)»6H0 | Ethanol | 90 90 S0 |14.728 ] 14.728 1 14.728| P2(1)3
{1.00 mmol)
Ha(BTC)
(0.5 mmot)
MOF-5 Zn(NQs)z 6H0 DMF 80 90 90 ] 25.669 | 25.669 | 25.668 | Fm-3m




(1.00 mol) H3(BTC) (0.5 mml) MOF-5 Zn NO3 6H20 DMF 90 90 90 25. 669
25.669 25.889 Fm3m -12- (2.22 mmol) Chloro H2(BDC) benzene (2.17 nmol)
MOF- 38 Zn(NCa) 2 6H20 DMF 90 90 90 20. 657 20.657 17.84 1l4cm (0.27 mmol)
Chl oro H3(BTC) benzene 0.15 mmol MOF-31 Zn( NOG8y26H20 Et hanol 90 90 90
10.821 10.821 10.821 Pn(-3)m 2Zn(ADC)21®:4 nmd H2(ADC) 0.8 mmol MOF-12
Zn(NGB) 2.6H20 Et hanol 90 90 90 15.745 16.907 18. 167 Pbca Zn2(ATC) 0.3 md
HA(ATC) } 0.15 md - 20 7N %}2 6H2O0IDMF D0 92113 9D 8. 1B 16.¢444 13. 807
.37 of '8 ¥

P2(1)/c | ZnNDC d. 37-Thidlcn INDC benzepe 0] 36 nfol - 37| zn(Nd3) 26H20
DEF 72. 38 83. 16 |84. BABOC)952 | banz&ieh 15. $56 P 1 OLZ mbl  Chf or o |H2NDC |benzene
0.2 md [MOF-8 TH(NeB) 3. 8L20|DVSO 90 11%.7 9p 19. 83 9.B22 16, 183 C2/ ¢ | Th

(ADC) 0.}ro—rre— e SHIBMBC 10 20 dool foe- ol Thenb3) 3 BHpo VSO0 103, 09 90

27.056 16.M%¥8s29. Laoa2é0 | owF | o0 | so | oo |20657]20657| 17.84 | 1dcm
(0.27 mmol) Chloro-

Hs{BTG) benzene
{0.15 mmol)

MOF-31 Zr{NO3)»6H,0 | Ethanol | 90 90 80 |10.821]10.821 | 10.821 | Pn(-3)m
Zn(ADC), 0.4 mmol

Hz{ADC)

0.8 mmol

MOF-12 Zn{NO;)26H0O Ethanof 90 90 90 11574516907 | 18.167]| Pbca
Zny(ATC) 0.3 mmol

H4(ATC)
0.15 mmol

MOF-20 Zn{NOy)26H:0 DMF 90 | 92.13 80 8.13 | 16.444 | 12.807 | P2({1)c

ZnNDC 0.37 mmol Chloro-
HaNDC benzene
0.36 mmol

MOF-37 Zn{NO3)2-6H,0 DEF | 72.38 | 83.16 | 84.33 | 9952 [ 11.576 | 15.556 | P-1

0.2 mmol Chloro-
H:NDC benzene
0.2 mmol

MOF-8 Tb{NO3)a'5H0 DMSO 90 115.7 90 19.83 | 9.822 [ 19.183| C2/kc
Th, (ADC) 0.10 mmol MeOH

H:ADC
0.20 mmo! -

MOF-9 Tb(NOa)a-5H0 DMSO 80 (102.09] 90 |27.058|16.795|28.139| C2ic
Tos (ADC) £.08 mmol
H-ADB

0.12 mmol

MOF-6 Th(NQGa)y-5H0 DMF 90 91.28 90 |17.599]19.996 | 10.5451 P21/c
0.30 mmol MeOH
Hz (BOC)
0.30 mmaol




Tb2 (ADC) 0.08 nmol H2ADB 0.12 nmol MOF-6 Th(NOB)3.5H20 DVF 90 91.28 90
17.599 19.996 10.545 P21/c 0.30 rmol MeOH H2 (BDC) 0.30 mmol -13- MOF-7
Th( NO3) 35H20 H20 102.3 91.12 101.5 6.142 10.069 10.096 P-1 0.15 rmol
H2(BDC) 0.15 mmol MOF- 69A Zn(NCB) 2- 6H20 DEF 90 111.6 90 23.12 20.92 12 C2/c
0.083 mml H2O2 4,4' -BPDC MeNH2 0. 04113wol MOF- 69B Zn( NO3) 26H20 DEF 90 95. 3
90 20.17.18,55 12.16 C2/c__0.083 mmol H2O2 2, 6-NCD McNH2 0. 041 rmol MOF- 11

Cu( N03) p. 2, 5H20 93 8P 1p, 987 11 DTCc _JCuZ(ATC) 0147 nmol
H2ATC 0. é‘ﬁ&immil H@g%f%'éb 903&) 3 10Pe7 8999 | 18:09 A%)U—rlrm:
dehydr . |MOF- 14 Qu( NG8)ihoR. 5H20 H2p 90 . 946 [26.946 Im3 Cu3

(BTB) 0}28 mmol [DVF B EfOH 0] 052 NOB) 4. 41- J20 H2§ 90 90
90 13.48 13.46 13'.*5%8’ P(-#)3m Cd( AT oH ﬂ

0.15 mmol

MOF-69A Zn(NO3)26H0 DEF 90 |1116] 90 | 2312 2092 12 C2ic
0.083 mmol Hz0,

4,4-BPDC MeNHz
0.041 mmol

MOF-69B8 Zn(NO3)z-6H-0 DEF 80 95.3 90 20.17 | 1855 | 12.16 | C2/c

0.083 mmot H202
2,6-NCD MeNH;
0.041 mmoi

MOF-11 Cu(NOs)2:2.5H;0 H:O0 90 93.86 90 12987 11.22 | 11.336| C2/ic

Cuy(ATC) 0.47 mmol
H-ATC
0.22 mmol
MOF-11 90 S0 90 [8.4671|8.4671) 14.44 P42/
Cux{ATC) mme
dehydr.

MOF-14 Cu(NQ3)2-2.5H,0 H0 90 90 90 |26.946|26.946 |26.946| Im-3

Cu; (BTB) 0.28 mmol DMF
H,BT8B EtOH
0.052 mmol

MOF-32 Cd(NO3)2 4H:0 H0 90 90 90 | 13.468 [ 13.468 | 13.468 | P{-4)3m

Cd{ATC) 0.24 mmol NaOH
HATC
0.10 mmol
MOF-33 ZnCly HO 90 S0 80 |19.561]15.255|23.404| Imma
Zn; (ATB) 0.15 mmol DMF
H.ATB £10H
0.02 mmol

MOF-34 Ni{NO3)2'6H0 H0 90 80 80 |10.066]11.163] 19.201 | P2,2,2,
NI{ATC) 0.24 mmol NaOH

H.ATC

0.10 mmol




HAATC 0.10 mmol MOF-33 Znd 2 H20 90 90 90 19.561 15.255 23.404 Imma  Zn2
(ATB) 0.15 mml DMF HAATB EtOH 0.02 nmmol MOF-34 Ni (NO3) 2- 6H20 H20 90 90 90
10. 066 11.163 19.201 P21212i N (ATC) 0.24 mmol NaCH H4ATC 0.10 mmol - 14-
MOF- 36 Zn(NO3) 241-320 H20 90 90 90 15.745 16.907 18.167 Pbca Zn2 (MIB) 0.20
mol DVF HAMIB 0. 04 mmol MOF-39 Zn(NCBY2 4120 H20 90 90 90 17.158 21.591
25.308 Poma__Zn3Q(HBTB) 0.27 nmol DVFE H3BTB Et OH 0. 07 m"rDI N0305

56, 90" ol KBR0pAZ NI |oBher 0 Boxbof oo e 899 |1BTera Pescty o 03
mol f ot Anc(MIB) 8@0gGohmo| DIBRI| Mh( AL) 2. 4H20 120 904190 1 16 3 . 521
33.521 P-1 MOFO OWI sim | pr H3BTC .69 jnmol [BPR4Y Zn( ) 2 1120
DVSO 90(90 90 14.5 .04 18{02 Pbfa AR 0.012 | Tqgl ueng
0.04 mmoi
MOF-39 Zn{NO3) 4H,0 H0 90 90 90 117.188{21.591 25308 Pnma
InaO(HBTB) 0.27 mmot DMF
HsBTB EtOH
0.07 mmol
NQO305 FeCl4H.0 DMF 90 90 120 |8.2692 | 8.2692163.566| R-3c
5.03 mmot
formic acid
86.90 mmol
NO306A FeClz4H:0 DEF 90 90 90 19.936418.374|18.374| Pbcn
5.03 mmol
formic acid
86.90 mmol
NO29 Mn(Ac)x4H:0 | DMF 120 90 90 14.16 | 33.521 | 33.521 P-1
MOF-0 0.46 mmol
similar HsBTC
0.69 mmol
BPR48 Zn{NOs}: 6H20 | DMSO 90 20 80 145 | 17.04 | 18.02 Pbca
A2 0.012 mmol | Toluene
HBDC
0.012 mmol
BPR69 | Cd(NOa); 4H,0 | DMSO 80 98.76 90 | 14.16 | 1572 | 17.66 Cc
B1 0.0212 mmol
HzBDC
0.0428 mmol
BPRO2 Co(NO3)2-6H:O0 1 NMP 106.3 107.63 | 107.2 | 7.5308 | 10.942 | 11.025 P1
A2 0.018 mmal
HBDC
0.018 mmot




H2BDC 0.012 nmol
81 0.0212 mol

H2BDC 0. 0428 mmol
7.5308 10.942 11.025 P1 A2 0.018 mmol
41120 NWP 90 112.8 90 14.460 11.085 15.829 P2(1)/n

H2BDC 0.018 nmol

BPR69 Cd(NOB8) 2 41420 DVBO 90 98.76 90 14.16 15.72 17.66 Cc
BPRO2 Co(NO3)2. 6H20 NVP 106.3 107.63 107. 2
-15- BPR95 Cd( NOa) 2

C5 0.012 mmmol H2BDC

|

043

0.36 Mol CuC6H408 Cu(NG3)2-2.5H20 DMF186G 105.29 90 15.259 14.816 14. 13
P2(1)/c 0.370 pmol Chloro H2BDC(OHh benzene 0.37 mmol M BTC) Co(SO4) H20
T Nog) 3. SR DCeAis: BBA7NGP oF' By 1107881 1%9. od400] e |ab2s Peiho
Chl oro H2( CBH40q) omeamawsie | 0. 56] ol Zn (C204) ZnCl2 |IDMF 40 12Q 90 9.
304168 8. 464 P(- 3) Il-\g‘BD%NFm mo} Chiofo oxalic gcid Henzerle 0.]37 nmol
(CHO [Co( NOS)ﬁ 90 91132 90j 11. 328 10.|049 14. 854 P2(1)/n O]
nmol 0.36 mmol
Cu CsHeOs |Cu(NOs)22.5H0f DMF 90 10529 | 90 |15.258|14.816| 14.13 | P2(1)c
0.370 mmoi | Chioro-
H:BDC{OH). |benzene
0.37 mmol
M(BTC} Co(S04) H0 DMF as MOF-0
MOF-0 0.055 mmol
similar HaBTC
0.037 mmol
Th(CeH4Og) | TO(NO3s)3'5H0 | DMF 104.6 107.9 |97.147 | 10.491 | 10.981 | 12,541 -1
0.370 mmol | Chloro-
H2(CeHsQq) |benzene
0.56 mmol
Zn (Cz04) 2nCl; DMF 90 120 9¢ ([9.4168|9.4168| 8.484 | P(-3)Im
0.370 mmol | Chioro-
oxalic acid  |benzene
0.37 mmol
Co(CHO) | Co(NO3)»5H0 | DMF 90 91.32 80 | 11.328(10.049[14.854| P2(1)n
0.043 mmol
formic acid
1.60 mmol
Cd(CHO) | CA(NOs)r4H0 | DMF 90 120 80 |8.5168)8.5168|22674| R-3¢
0.185 mmol
formic acid
0.185 mmol
Cu(CH.04) |CU{NO3)a-2.5H0f DMF 90 90 90 8.366 | 8.366 [ 11.919 P43
0.043 mmol
malonic acid
0.192 mmol




formc acid
22.674 R-3c

1.
0.

60 mmol
185 mmol

Cd(CHO Cd(NO3)2'41-120 DVF 90 120 90 8.5168 8.5168
formc acid 0.185 mol
DMF 90 90 90 8.366 8.366 11.919 P43 0.043 mol

Cu( C3H, O+) Cu( NX) 2- 2. 5H20
mal onic acid 0.192 mmol

-16- Zns(NDC)S Zn(N03) 261(20 DMF 90 95.902 90 19.504 16.482 14.64 C2/m

MOF-48 0. 097 nmmol

Chl oro 14 NOC benzengs-0. 089 mmmol
6H20 DMVF_90 92.55 90 11,303 16.029 17.535 P2(1)/c

H202 MOF-47 Zn(NXB) 2
0. 165 mmol Chloro

23, 560, 1 ARCH§ ABEMER) ) M G 08D ryn#RSOBnEE. |05BHY 191 0
Cu( NO3) 42 Ms1Fz4e B.090mmd 3.| €held- [15. 4747 14. 514 14. 032 [P2(1) ol
E;Bi izhgﬁ 1gi (ézzi biéxbhg zci:g' %zeng* 085 | CliBDC ICu( MB) 22. 105. 6
: : . o . 084 | H4(BDC(|' A2) | 0.0§ 101
Cu( N03) 42. 5H20 DVB.oddm@8 J0HDL. 507 20. 607 20. 073 FnBm
MOF-47 § Zn(NO3)6H,0 | DMF 90 9255 | 90 |11.303]16.028|17.535! P2(1)c
0.185 mmoil Chioro-
Ha(BDC{CH:}) (benzene
0.185 mmol H20,
MO25 | Cu(NOz)2.5H,0 | DMF 20 1120 | 90 |23.880116.834)18.389| P2(1)c
0.084 mmol
BPhDC
0.085 mmol
Cu-Thio | Cu(NO3)2-2.5H;,0 | DEF 90 113.6 90 [15.4747| 14.514| 14.032] P2(1)/c
0.084 mmol
thiophene
dicarboxylic acid
0.085 mmol
CIBDC1 | CuNO;)22.5H,0 | DMF a0 1056 | 90 {14.911[15622(18413| cC2c
0.084 mmoi
Hz(BDCCiz)
0.085 mmol
MOF-101 | Cu(NO3)2'2.5H,0 | DMF 90 80 90 | 21.607 | 20.607 | 20.073| Fm3m
0.084 mmol
BrBDC
0.085 mmol
Zny(BTC), ZnCl DMF 90 90 90 |26.572)26.572|28.572| Fm-3m
0.033 mmol EtOH
HaBTC base
0.033 mmol added
MOF-j | Co(CH3CO2)24H. | H0 90 1120 90 | 17.482 [12.963| 6.559 c2
(o}
{1.65 mmol)
Ha(BZC)
{0-95 mmol)




0.084 mml BrBDC 0.085 mmol zZn3(BTC)2 znd 2 DVF 90 90 90 26.572 26.572
26.572 Fm3m 0.033 mmol EtOH H3BTC base 0.033 mmpl added MOF-|
Co(CH3CO2) 2. 4H2 H20 90 112.0 90 17.482 12.983 6.559 C2 0 (1.65 mml)
H3(BzZC) (0.95 nmmol -17- MOF-n Zn(NGB) 2' 6H20 Et hanol 90 90 120 16.711 16.711
14.189 P6(3)I ncm H3 BTC PbBDC Pb( NO3) 27 DMF 90 102.7 90 8.3639 17.991 9.9617

P2( 1)/nﬁ (0.181 nmol) Ethanol H2(BDC) (0.181 mmol) Znhex Zn(NG3) 2. 6H20 DMF
(0. 114 ntPfosb bbbl naniloot oo Lot et ael it el e 537
mmol anhydr. HP( BBgiBTCP. 9 AS271-2 FeBr2 DI"/F 90 90 9Q 26. 435 26.7135
26. 735 H%O 927 mmol amphydr .| HIUBOC] U.[264 mol AS3Z feC 3 TDVF 90790 120
12.535 12. 8. FHHORE( 2)f cOMA p3%md| 18+hy|d90 | 8.3639 | 17.991)9.9617| P2(1)in
{0.181 mmol} | Ethanol
Hz(BDC)
(0.181 mmol)
Znhex Zn{NO4)26H.0 DMF 90 90 120 [137.1185| 37.1171 30.019] P3{1)c
{0.171 mmol)  |p-Xylene
HBTB Ethanol
{0.114 mmol)
AS16 FeBr; DMF 90 90.13 90 | 7.2595 | 8.7094 [ 19.484| P2(1)
0.927 mmol anhydr.
Hz(BDC)
0.927 mmol
A527-2 FeBr, DMF 90 90 90 |26.735)26.7356)| 26.735( Fm3m
0,927 mmol anhydr.
Hi(BDC)
0.464 mmol
AS32 FeCi, DMF 90 90 120 | 12.535 | 12.535| 18.479] P6(2)c
1.23 mmol anhydr,
H2(BDC) Ethano!
1.23 mmal
AS54-3 FeBrz DMF 80 109.98 90 12.019 | 15.286 | 14.399 c2
0.927 anhydr.
BPDC n-Propa-
0.927 mmol not
AS61-4 FeBr, Pyridine| 90 S0 120 | 13.017 | 13.017 | 14.896 [ P6(2)c
0.927 mmol anhydr.
m-8DC
0.927 mmol
AS68-7 FeBra DMF 90 90 90 (18.3407]|10.036 | 18.038| Pca2,
0.927 mmot anhydr.
m-BDC Pyridine
1.204 mmol
Zn{ADC) | Zn(NOa);6H.0 | OMF 90 0985 | S0 [16.764] 9.349 | 9635 | Coic




H2( BDC)

14. 399 C2 0.927 anhydr.

Et hanol

1.23 mol

AS54-3 FeBr2 DMF 90 109.98 90 12.019 15. 286

90 90 120 13.017 13.017 14.896 P6(2)c

BPDC n- Pr opa-

0. 927 mol
0.927 mol

anhydr.

not AS61-4 FeBr2 Pyridine
m BDC 0.927 mmol

AS68-7 FeBr2 DMVF 90 90 90 18. 3407 10.036 18.039 Pca2i 0.927 mml anhydr.
m BDC Pyridine 1.204 mmol Zn ADC) Zn-N8B)26H20 DMF 90 99.85 90 16. 764 9. 349
9.635 C21c -18- 0.37 mmol Chloro H2(ADC) benzene 0.36 nmol MOF-12
Zn(NGB) 2+ 6H20 Kt hg_g?rhbmgp Q%hg,% 5.745 1?3. 907 18.|167 Ppca n2 (JATC) 0.]30
mmol HA(JATO) .1 M yn( NOB) 2- 6H20 DVH 90 9p. 13 PO 8.113 16. 444
12.807 FR(1)/c| ZrtpOC). 37bermerie| Chl orp H2NOC benfzene { 0. 36} nmol} MOF- 37
Zn( N03) 2| 6H20 DEF ;&h%gl 83.16 8§.33 9] 952 1j1.57¢ 15.5p6 P-fL 0.20 mmol
Chl or o HENBEC—henrzeRe—o—20—mrHZatNDO)—Zn(NC3) 2. 6H20L DVSQ 68 018 75 33 88. 31
8.631 10| MOF-123. 2nldoR6h.0 Erm:» 2NPC | 90 90 | 15745 | 16.907 | 18.467] Pbca
Zne (ATC) 0.30 mmol
H{ATC)
0.15 mmol
MOF-20 | Zn{NOs)»6H.0 | DMF 90 9213 | 90 8.13 | 16.444{ 12.807 | P2(1)c
ZnNDC 0.37 mmol Chioro-
HzNDC benzene
0.36 mmol
MOF-37 | Zn(NO;)»6H,0 | DEF | 72.38 | 83.16 | 84.33 | 9952 | 11.576| 15556 | P-1
0.20 mmol Chloro-
HaNDC benzene
0.20 mmol
Zn(NDC) | Zn(NO3)»6H.C | DMSO | 68.08 | 7533 | 88.31 | 8.631 | 10207 13.114] P-1
(DMSO) H;NDC
Zn{NDC) | Zn{NOa}2:6H:0 80 99.2 90 |19.289 | 17.628|15.052] Corkc
Hz2NDC
In(HPDC) ! Zn(NOs)4H;O | DMF | 1079 | 105.06 | 944 | 8.326 |12.085|13.767| P-1
0.23 mmol H.0
Hz(HPDC)
0.05 mmol
Co{HPDC}| Co(NO3)26H.0 | DMF 90 97.69 90 |(29.677| 963 | 7.981 C2fc
0.21 mmol H20/
Hz (HPDC) Ethanol
0.06 mmol
Zny(PDCJ2! Zn(NO3)-4HO | DMF/ | 7934 | 808 | 8583 | 8564 |14.046|26.428| P-1
3 0.17 mmol CiBz
Hz(HPDC) Hz0/
0.05 mmol TEA




Zn(NDC) Zn(N03)2.6H20 90 99.2 90 19.289 17.628 15.052 C2/c H2NDC Zn( HPDC)
Zn(N03) 2. 4H20 DMF 107.9 105.06 94.4 8.326 12.085 13.767 P-1 0.23 mmol H20
H2(HPDC) 0.05 mmol Co(HPDC) Co(N03)2.61-120 DMF 90 97.69 90 29.677 9.63
7.981 C1c 0.21 mmol H2AQ H2 (HPDC) Et hanol 0.06 nmol Zn3(PDC) 2
Zn(NG3) 2- 4H20 DMF/ 79.34 80.8 85.83 8.1964 14.046 26.428 P-1 .5 0.17 nmol

Cl Bz H2(HPDC) H20/ 0.05 mmol TEA -19 Cd2 Cd(NOB) 2- 4H20 Met han- 70.59 72.75

87.14 1. "O96@ P-IT (TPDL) 2 0.P6 nipl ol JCHAP 2 APPC)_ AZQ 0. 06
mol Th . M@% §72783| 814 019 W3 | H492014%64 11 Bl 6&8 P-1
5 0.21 Fsieapdl 0. 034 mmpl ZnPBP Zh( N03) 2. 6HRO McOH 90
93.67 9 D3 P2fn 0. 05 nmmol di bgnzyl } phosphate} 0. 10 ymol
Zn3( BPD D .8 90 11.49 14.Y9 1918 PP11n |0. 02§ mol
4,4' 8PDL 0. BAC Cd( INC8) 2- 4H20 DMF 90| 95.8% 90 1.2 J1.11 1p.71
P21/ n ¢ .
Th(PDCY1.] Tb{NOa)s3-5H:0 DMF 109.8 103.61 1100.14] 9.829 | 12.11 | 14.628 P-1
5 0.21 mmol HoO/f
Hz(PDC}) Ethano!
0.034 mmo!

ZnDBP Zn{NQOs)2'6H:0 | MeOH 90 93.67 90 9.254 | 10.762| 27.93 P2/n
0.05 mmol
dibenzyl phosphate
0.10 mmol

Zny(BPDC) ZnBra DMF 90 102.76 90 1149 | 1479 | 18.18 P21
| 0.021 mmol
4,4'BPDC
0.005 mmol

CdBDC Cd{NO3)z4H:0 DMF 90 95.85 90 112 | 1111 | 16.74 P21/n
0.100 mmol NazSi0a
Hz{BDC) {aq)
0.401 mmol

Cd-mBDC| Cd{NO3s)>4H:0 DMF 90 1011 90 13.69 [ 1825 | 14N C2ic
0.009 mmot MaNH-

Hx(mBDC)
0.018 mmoal
ZnOBND | Zn{NQOa)2-6H:0 DEF 90 20 80 22.35 | 26.05 | 59.56 Fmmm
c 0.041 mmol MeNH:
BNDC H20;
Eu(TCA) | Eu(NOsz)y6HO | DMF 90 90 80 ]23325]|23.325{23.325) Pm-3n

0.14 mmol Chioro-
TCA benzene

0.026 mmol!




H2( BDC)

14.91 C2/c

(aq)

0.401 nol
0. 009 mol

MONH2 H2( mBDC)
90 90 90 22.35 26.05 59.56 Frmm C 0. 041 nmol

0. 018 mol

Eu(NG3) 3. 6H20 DVF 90 90 90 23. 325 23. 325 23. 325 Pm 3n

benzene

23 372 Pm 3n

0. 026

0. 069 mol

nmol

0. 026 mol

0. 14 ol

For mat es

Cd- nBOC Cd(NO3) 2. 4H20 DMF 90 101.1 90 13.69 16.25
Zn40BND Zn( NG3) r 61- 120 DEF
MeNH2 SNOC H2Q2 Eu( TCA)

Chloro TGA

form
5.03
18. 374 H
8. 335 8.

it

bcn 5.
335 13.

20 90 90 12

4Py 6H

C @689GhmoBO.
03 mmol for
34 PI%y ¢

0.026 mmol

SHEL 1 BMF

qPﬂ@PWﬁ

0 10.

UioF
mc a

68 10
D 0F

a8
ol fo

Fedl

667 4
090

b

5. 90 nj
M c &

2. 4H2p

107

ol
ci d

129 §
DEH

H

K- oM

eCl 2.

28T
90 90 90

0. 13
28272

41- 12

o Ty

@2.38.

Eriram
PHGEHR-

9.93d4 18. 3]

0 DEH

90 90

-20 Tb(TCA) Tb(NOspg-6H20 DMF 90 90 90 23.272 23. 272
Chl oro TCA benzene

1ol
3c
'4
90

Formates

Ce{NO3)y-6H:0
0.138 mmol
formic acid

0.43 mmol

HO
Ethanol

80

90

120

10.668

10.667

4.107

R-3m

FaClpz-4H0
5.03 mmol
formic acid

86.90 mmol

DMF

90

120

8.2692

8.26892

63.566

R-3¢

FeCi>4H0
5.03 mmol
formic acid

86.90 mmol

DEF

80

9.9354

18.374

18,374

Pben

FaClz4H0
5.03 mmo!
formic acid

86.90 mmol

DEF

S0

8.335

8.335

13.34

P-31c

NO330

FeCly-4H,0
0.50 mmol
formic acid

8.69 mmol

Form-

8.7748

11.655

8.3297

Pona

NO332

FeCl-4H.0
0.50 mmol
tormic acid

8.69 mmol

DiP

90

10.031

18.808

18.355

NQ333

FeCl4H;0
0.50 mmol

formic acid

DBF

8.68 mmol

90

45.275

23.861

12.441

Cmcm




86. 90 mmol NO330 FeCl 2-4H20 Form 90 90 90 8.7749 11.655 8.3297 Pnna 0.50
mmol amde formc acid 8.69 npl N0332 FeCl2r4H20 DIP 90 90 90 10. 031

18.808 18.355 Pbcn 0.50 mmol 3 formc acid 8.69 mmol NO333 FeC6-4H20 DBF
90 90 90 45.275 23.861 12.441 Cntm O0.50 mmol 4 formc acid 6.69 mmol -21-
NO335 FeCl 2.41-120 CHF 90 91.372 90 142696 10.187 14.945 P211n 0.50 mmpl 4
formc acid 8. .69 mml N0336 FeC42.41 120 MFA 90 90 90 11.794 48.843 8.4136

Pbcm 0.5 LI C 4ci .69 nntl NJ13 Ac) 2. 4H2() Ethanol "90] 90 90
18. 66 11. 9 4%%6@%? c.&gF nfrol® beh 36378 acﬂ"'c\i/T b?%c 10181 1445 py PRHR ne 0. 46
mol NO49 Nh(AJL‘) 20.8¢8@oIDVF 120 PO 90 114. 16 (33. Sﬁl 83|521 P-1 OF-0 0|46

noi si il ar I—L*BBTfC ic0. %9 nmol Ma(hfac)) 2 WMnh(jAc) 2.14H20 {Et herf 90 3)5. 32 99 9.572
17.162 14.041 ¢2/¢™caC

U

8.69 mmol

NO336 FeCla4H:0 MFA 90 90 90 |11.794|48.843|8.4136| Pbcm
0.50 mmol 5
formic acid
8.69 mmol

NO13 Mn(Ac)r4H,O | Ethanol 90 90 90 | 18.68 | 11,762 9.418 Pbcn
0.46 mmol
benzoic acid
0.92 mmol
bipyridine
0.46 mmol

NO29 Mn(Ac)z 4H0 DMF 120 90 80 14,16 | 33.521 { 33.521 P-1
MOF-0 0.46 mmo!
similar HyBTC

0.69 mmol

Mn(hfac)s | Mn(Ac)a-4H,0 Ether 20 95.32 90 9.572 [ 17.162 | 14.041 Cele
{02CCeHs) 0.46 mmol
Hfac
0.92 mmal
bipyridine
0.46 mmol

BPR43G2 | Zn{NQj;)26H0 DMF 80 91.37 80 1796 | 638 | 7.19 C2ic
0.0288 mmol CHiCN

H.BDC
0.0072 mmol
BPR48A2 | Zn(NOa)2 6H:.0 | DMSO 90 20 90 145 | 17.04 | 18.02 Pbca
0.012 mmol Toluene
HBDC

0.012 munal




(02CCaH5) 0.46 mmol Hfac 0.92 mmoi  bipyridine 0.46 mmol BPR43R2

Zn(NGB) 2- 6H20 DMF 90 91.37 90 17.96 6.38 7.19 C2/c 0.0288 mvpi CH3CN H2BDC
0. 0072 mmol BPR48A2 Zn(NO3)2 61-120 DWVSO 90 90 90 14.5 17.04 18.02 Pbca
0.012 mmoi Tol uene H280C 0.012 mmi -22- BPR49B1 Zn(NO3) 2 6H20 DVBO 90
91.172 90 33.181 9.824 17.884 C2/c 0.824 mmol Metha H2BDC not 0. 048 mmol
BPR56E1 Zn( NO3) 26H20 DMSO 90 90. 096 90 14.587 14.153 17183 P2(1)/n 0.012
nmol n- [3_H2BDOC Propanol™ 0. 0Z4 mmot |BPRESIIO Zn( NGB 26H2§ DMS@—Qﬂ—Q’&PlG 90
10. 062 1BPR4PBY 5 ZaNa)phi9) | OMSQ. 10098 il 17B¢nB8ne 3T 1EHF BB | 7.8 64 Qzreol
8PR6981 | Cd( NOB) 24de®mmBO| fimQd. 76 94 14.1¢ 15. 12 17)/66 C¢ 0.9¢212 mbl
H28DC (. 0428 pmol BPR73E4 Cd( ) 24H20O 5O 90(92. 324 9018. 72B1 7. 058
18. 438 B2(1)/n| 0.B8Cmmol T8I yene HABDC

0.048 mimol

BPRS6E1 | Zn{NOj), 6H,0 | DMSO 90 90.096 90 [14.587|14.153117.183] P2(1)n
0.012 mmol n- 3

HzBDC Propanol
0.024 mmol

BPRBSD1D} Zn{NOa)2 6H0 | DMSO 90 95.316 90 110.062] 10.17 | 16.413| P2(1)c
0.0016 mmol  |Banzene 7
HaBTC
0.0064 mmol

BPR69B1 | Cd(NOs). 4H,0 | DMSO 90 98.76 80 11416 | 1572 ) 17.66 Ce
0.0212 mmol
H:BDC
0.0428 mmol

BPR73E4 Cd(NOs)24H0 | DMSO | 90 | 92.324 | 90 |8.7231|7.0568| 18.438 P2(1)/n
0.006 mmol Toluene
H.BDC
0.003 mmol

BPR76D5 Zn{NO4), 6H0 | DMSO 90 104.17 | 90 | 14.419|86.2593 | 7.0611 Pc
0.0009 mmol 1
H:BzPDC
0.0036 mmot
BPRBOBS Cd(NOs3)o-4H0 DMF 290 115.11 90 |28.049| 9.184 | 17.837| C2/kc
0.018 mmol
H:BDC
0.036 mmol

BPRBOHS Cd(NO3)z 4H0 DMF 90 119.06 | 90 |11.474[6.2151|17.2881 P2/c
0.027 mmol 6
HBDC
0.027 mmol




0.003 ol BPR76D5 Zn(NCB)2 61-120 DVSO 90 104.17 90 14.419 6.2599 7.0611 Pc
0.0009 rmol 1 H2BzPDC 0.0036 nmol 8PR8085 Cd(NO3)2.4Ha0 DMF 90 115.11 90
28.049 9.184 17.837 02/c 0.018 nmol H2BDC 0.036 rmol BPR8OH5 Cd(NCB)2 4H20
DVF 90 119.06 90 11.474 6.2151 17.268 P2/c 0.027 mmol 6 H2BDC 0.027 nmol
-23- BPR82C6 Cd(NOB)2 4H20 DMF 90 90 983 9. 7721 21.142 27.77 Fdd2 0. 0068
mrol H2BDC 0. 202 nmol 8PR86C3 Co(N03)2 6H20 DMVF 90 90 90 18.344 10.031

17. 983 nmgg@? 0025 mnol [0 B 0T 075 nfol BPRS [(NO3)[Z6H20 DVF
80. 98 89. 4] GNERB L | JBMF 1 & %‘Bzgp-gi D 991 |212 o3 | Gdd210 ol

Co(NOB §H20 NVP _roa,.oasajn%.si; 107.2 7.5
Zn(NGB) 26H20 NVP|90 102.9 99 7.45p2 13[767 1p. 718 P2(flyc f0. 014 mmol {H2BDC
O DMF 90 9F. 834 90 [10. 967 24143 22553

08 10} 942 11. 25 P]}] BPRO5A2

N TNV UI

0.012 m[DI CuC6F401 HBPRO3) 2- 2. 5H
P2(1yn [0.370 M| §obaifr |
BPRS6C3 Co(NOs), 6H.0 DMF 0 a0 90 | 18.344110.031 1 17.983 | Pca2(1)
0.0025 mmo! 9

H:8DC

o™

0.075 mmol

BPRasHe Cd(NO3)2-6H.0 DMF | 80.98 | 89.69 [83.41]9.8752]10.263|15.362| P-1
0.010 mmol 2

H.BDC
0.010 mmol

Co(NOs), 6H20 NMP_ [ 106.3 | 107.63 [107.2]| 7.5308 | 10.942 | 11.025 P1

BPR95A2 Zn(NQ3). 640 NMP 90 1029 90 |7.4502]13.767 | 12.713} P2(1)/c
0.012 mmol
H:BDC
0.012 mmol

CuCeFiOs | Cu(NO3)2.5H,0 | DMF 90 | 98.834 | 90 |10.967 | 24.43 | 22,553 | P2(i}/n
0.370 mmol Chiaro- 5
HBDC({OH), | benzene
0.37 mmol

Fa& Formic FeCly4H:0 DMF 90 91.543 | 90 |11.495| 9.963 | 14.48 | P2(1)/n
0.370 mmol
formic acid

0.37 mmol

Mg Formic Mg{NQj3)26H50 DMF 90 91.359 | 90 [11.383| 9.932 | 14.656 | P2(1)/n
0.370 mmol
tormic acid

0.37 mmol

MgCeHdOs | Mg(NOs)'6H:O | DMF 90 96.624 | 90 (17.245]| 9943 | 9273 | C2kc
0.370 mmol
H:BDC(OH) »
0.37 mmol




H2BDC(OH) 2 benzene 0.37 nmmol Fe Form c FeCl2. 4H20 DMVF 90 91. 543 90 11. 495
9.963 14.48 P2(1)/n 0.370 mmol formc acid 0.37 mmol My Formc

My( NO3) 2. 6H20 DMF 90 91.359 90 11.383 9.932 14.656 P2(1)jn 0.370 nmol
formc acid 0.37 mmol MC6H4A06 My(NO3) 2. 6H20 DVF 90 96. 624 90 17.245 9. 943
9.273 C2/c 0.370 mol HZBDC(G-l) 2 0-ZA-mol -24- Zn C2H46DC zZnCl2 DMF 90
94.714 90_7 3386 16,834 12 2 52 P2(1)/n MOF-38 0.44 mmol CBBOC 0.261 mmol
MOF- 49 Zh 0 93,459 09,1 7,03 2/ .44 mmol CH3CN
mBDC 0 %gf”anM:ﬁ QI\/D:%}(% NC%?E Hz“’ﬁ’ #lv%ég’gﬁ 9%068#&?901%63.4 7853 § P be. 176
P2(1)/n | OMESEMp| 0M44DORE . 085 MOF- 132 Cg(NO3)2 2. $H20 DPMVF 90| 107. 49

90 29.32§ 21.297 [18. &%%D%F 0. 084 mm Et hgnol |1 o-Br-m BDC @.085 pmol
MOF- 109 Lu(NOG3) 2-p.5 D0 111} 98 90 23. 480 16. 83% 18. CF89 P2(1)/c} 0.084

nol 1 0.261 mmol
MOF-49 ZnGCl, DMF 90 93.459 | 90 |13.509)11.984|27.039| P2/c
0.44 mmol CHiCN
m-BDC
0.261 mmol

MOF-26 | Cu(NO3)25H:0 | DMF | 90 | 95607 | 90 (20.879|16.017|26.176| P2(1)n
0.084 mmol 7
DCPE
0.085 mmol

MOF-112 | Cu(NO;)2.5H,0| DMF 90 10748 | S0 |29.324}21.297)18.069| C2/k
0.084 mmol Ethanol 1
o-Br-mBDC
0.085 mmol

MOF-109 | Cu(NO3)22.5H0| DMF 90 111.98 | 90 |23.880)16.834118.389| P2{1)/c
0.084 mmol 1
KDB
0.085 mimol

MOF-111 Cu(NO3)22.5H:0 | DMF 20 102.16 | 90 | 10.676 | 18.781 | 21.052] C2ic
0.084 mmol Ethanol 7
o-BrBDC
0.085 mmol

MOF-110 Cu{NO)--2.5H0 | DMF 90 80 120 | 20.085 ] 20.065120.747! R-3/m
0.084 mmol 2

thiophene
dicarboxylic acid
0.085 mmol

MOF-107 | Cu(NO;)22.6H0 | DEF 104.8 | 97.075 |95.20{ 11.032 | 18.067 | 18.452 P

0.084 mmol 6
thiophene

dicarboxylic acid

0.085 mmol




KDB 0.085 mmol MOF-111 Cu(NO03)2 2.5H20 DWF 90 102.16 90 10.676 18.781
21.052 C2/c 0.084 mmol Ethanol 7 o-BrBDC 0.085 mml MOF-110 Cu( NGB) 22. 5H20
DMF 90 90 120 20.065 20.065 20.747 R-3/m 0.084 nmol 2 thiophene

di carboxylic acid 0.085 nmmol MOF-107 Cu(NO3)2.2.51120 DEF 104.8 97.075
95.20 11.032 18.067 18.452 P-1 0.084-28el 6 thiophene dicarbox lic acid
0.085 mmpl__-25- MOF-108 Cu(NGB)2.2.5H20 DBF/ 90 113.63 90 15.474 14.514

14.032 @@/ 4.0, 084 % ‘ dnol 7 | thi dphene]di carboxyITc Acid [0, 085 nmol
MOF- 102 '?'RB% 22| Al oPHES 188, 1411383 | 09% | 34| 14514910088 | g82c B 1
| 1 H2( HpCab@)mmd. O8@tranatll Ol Hdcl C§(NOJ) 22. $H20 DEF 9p 105.[6 90
5

0. 084
14.911 1b.622 18.4Y13 P-1 0./084 mmpl H3( BDCC2) |0. 089 nmok  Cu( \II\/DD)
Cu( NCB) 2?. 5H20 DI\JF Q‘HW 37 90 14.923118. 727 15}529 P2(1)f{m 0] 084 | 8
NBDC dicarboxylic acid
0.085 mmol

MOF-102 | Cu(NO)-2.5H,0| DMF | 91.63 | 106.24 [112,0]9.3845 | 10.794 | 10.831 P
0.084 mmol 1
Hz(BDCCiy)
0.085 mmol

Clbde1 Cu(NQ3):2.5H,0| DEF 90 105.56 | 90 |14.911]15622|18.413| P-1
0.084 mmol
Hz(BDCCl,}
0.085 mmol

Cu(NMOP) | Cu{NO3)22.5H0| DMF 90 102.37 | 90 | 14.923[18.727115.529 | P2(1)/m
0.084 mmol 8
NBDC
0.085 mmol

THBTC} | TO(NOs)s5H.Q | DMF | 90 | 106.02 | 90 |18.698]11.368 | 19.721
0.033 mmaol 8
HsBTC
0.033 mmol

Zny(BTC); ZnCly DMF 90 90 90 )26.572]26.572 | 26.572 | Fm-3m
0.033 mmo! tthanol
H.BTC
0.033 mmol

ZnO(NDC) | Zn(NOs)4H,0 | DMF 20 90 90 {41.559|18.818)17.574| aba?
0.086 mmol Ethanol 4

14NDC
Q.066 mmol

CdTDC Cd(NO3)z-4H,0 DMF 90 20 90 |12.173110.485| 7.33 | Pmma
0.014 mmol H.0
thiophene
0.040 mmol
DABCO
0.020 mmol




0.085 mmol Th(BTC) Th(NOB)3-5H20 DMF 90 106.02 90 18.698 11.368 19.721
0.033 mol 6 H3BTC 0.033 mmol Zn3(BTC)2 ZnCl2 DMF 90 90 90 26.572 26.572
26.572 Fm3m 0.033 nmol Ethanol H3BTC 0.033 nmol Zn4O(NDC) Zn( NCB) 24H20
DME 90 90 90 41.559 18.818 17.574 aba2 0.066 mol Ethanol 4 14NDC 0. 066
mml CdTDC Cd(NO3) 2. 4H20 DVF 90 90 90 -PB-173 10.485 7.33 Pmma 0. 014 mmol
H20 t hi ophene_ 0. 040 mml __DABCO 0. 020 mol -26- | RVOF- 2 Zn( NCB) 2! 4H20 DEF
90 90 90f 2 B_772 2 160 mjol _4-Br-BDC_ . 60 ol TRVOF- 3
Zn(Noe)24H§UZ%'éF FG"‘Q@"@%"%?#F j 9?4% 280 747%C12%F2 | 8578 | AhDR Et"riiahal
H2N-BDC | 0. 60 nmo] bRB&Hme Zn( NOB)[2r 4HJO DEF {90 90 90|25. 849 25]849 2p. 849

Fm3m O} 11 nmol r%r# BEC 0.48 mmdl | RVIF-5|Zn(Ng3) 2. $H20 PEF 90| 90 90
12.882 1p. 882 12. B8 2" i

0.60 mmol

IRMOF-3 Zn(NO3)>4Hz0 DEF 90 90 90 |25.747 | 25.747 | 25.747 | Fm-3m
0.20 mmol Ethanol
HzN-BDC
0.60 mmol

IAMOF-4 Zn({NO3)>4H:0 DEF 90 80 90 |25.849 25840 | 25.849 | Fm-3m

0.11 mmol

[C3H701-BDC
0.48 mmol

IRMOF-5 Zn(NO3)2 4H0 DEF 90 90 9¢ [12.882|12.882|12.8821 Pm-3m
0.13 mmol ‘

[GsH1:0}-BDC
0.50 mmol

IRMOF-6 Zn{NOs)»4H,0 DEF 90 90 90 |25.842;25.842 |25.842] Fm-3m
0.20 mmol

[CaH4)-BDC
0.60 mmol

IRMOF-7 Zn(NO4)2-4H-0 DEF 90 a0 80 |12914]12.914 12914 | Pm-3m
0.07 mmoi
1,4NDC
0.20 mmol

IRMOF-8 Zn(NO3)>4H,0 DEF 90 90 90 130.092]30.092 | 30.092) Fm-3m
0.55 mmol
2,6NDC
0.42 mmol

IRMOF-9 Zn{NO3)z4H:0 DEF a0 90 90 117.147123.322[25.255| Pnnm
0.05 mmol

BPDC
0.42 mmol




0.13 mo

mol

2,6NDC 0.42 mol

Pnnm O.

| [C5HL i Oh-BDC 0.50 nmol
25.842 25.842 25.842 Fm3m 0.20 ol
Zn( NCB) 24H20 DEF 90 90 90 12.914 12.914 12.914 Pm3m 0.07 mnol

05 mnol

BPDC_0.42

nol

| RVOF- 6 Zn(NO3) 2. 41- 120 DEF 90 90 90

[ C2H4] - BDC 0. 60 mmol

| RMOF- 7

1, 4NDC 0. 20

| RMOF- 8 Zn( NGB) 24H20 DEF 90 90 90 30.092 30.092 30.092 Fm 3m 0.55 mmol
| RMOF-9 Zn(NO3) 24H202PEF 90 90 90 17.147 23.322 25. 255
-27-

| RMOF- 10 Zn( NGa) 2-. 4H20 DEF 90 90 90

34.281 3
Zn( NGB) 2
mol |
mol HPE
56. 734

RNOF- 12 Zn(

C 0.12
- 3m

R B et o

NO )02 20
ol JBNOF-

0.012 mmol

21%%2

DEF 9d

2

1

Mol
2408

90

3 Zn(No3) 2.

BPDC
4
g

2 %5

D). 012 nno

1% '
0 34.281 |
4H20 DEF 90 90

4.281

R
-39

34.
90 2

T
el
P81 F
1. 822

Frde

m 3m
24. 82|

0. 20
0. 017
2

IRMOF-11

Zn{NQ1)r4H:0
0.05 mmol
HPDC
0.20 mmol

DEF

90

90

24.822

24.822

56.734

R-3m

IRMOF-12

Zn(NO3) 4H:0
0.017 mmol
HPDC
0.12 mmol

DEF

90 | 34.281

34.281

34.281

Fm-3m

IRMOF-13

Zn{NOy)24H0
0.048 mmol
POC

0.31 mmol

DEF 80

24.822

24.822

56.734

IRMOF-14

Zn(NQa)z4H,0
0.17 mmol
PDC

Q.12 mmol

DEF

34.381

34.381

34.381

Fm-3m

IAMOF-15

Zn{NOg)2"4H:0
0.063 mmol
TPDC
0.025 mmol

DEF g0

21.459

21.459

21.459

Im-3m

IRMOF-16

Zn(NO3)2-4H0
0.0126 mmol
TPOC
0.05 mmal

DEF
NMP

90

21.49

21.49

21.49

Pm-3m

ADC
NDC
BDC
ATC
BTC

Acetylenedicarboxylic acid
Naphthalenedicarboxylic acid
Benzenedicarboxytic acid
Adamantanetetracarboxylic acid

Benzenetricarboxylic acid



0.048 mmol PDC 0.31 mmol | RMOF- 14 Zn(NGB) 2. 4H20 DEF 90 90 90 34. 381 34. 381
34.381 Fm3m 0.17 mmol PDC 0.12 mmol | RMOF-15 Zn(NO3) 2. 4H20 DEF 90 90 90
21.459 21.459 21.459 Im3m 0.063 mol TPDC 0.025 nmol | RMOF- 16

Zn(NGB) 2- 4H20 DEF 90 90 90 21.49 21.49 21.49 Pm3m 0.0126 mvl NWP TPDC

0. 05 mmol ADC Acetyl enedi car boxyl i c acpgl- NDC Napht hal enedi carboxylic acid
5 BDC Benzenedi carboxylic acid ATC Adanant anetetracarboxylic acid BTC
Benzenet g carboxyl i 28- BTB Benzenetri benzoic acid MIB

Met hanet éj{ abenz 'é%ctﬁ“z%'dAdarrant anet et r abenzoic acid ADB

Adamant anM@8i benzubmammbénﬁmablber nmetal -organic framework materials are

MOF- 2 to 39, MOF-69 to 80, MOF103 to 106,
MOF- 122, 12526%3#%%17%}%]: 178, MOF-235, MOF-236, MOF-500,
MOF- 501, ARBF- 502 Adduzirtenedibenizath/@bid 1, | RMOF- 61, | RMOP-13, | RMOP-51, M L-17,
M L-45, ML-47, ML-53, ML-59, ML-60, ML-61, ML-63, 10 ML-68, ML-79,
M L-8 ML-83, ML-85, CPL-1to 2, SZL-1 which are described in the

li terat ufémerﬁnwlr@rgewp Sramawerie matgrials aredViOER? toot. MG MORSH de 361 MMt ¢
framewor kgNRbFéFio 80) MOF OB 91106, MOF-122, MOF-125, MOF-150, MOF-177, MOF-178,

MOF-235, MOF-236, MOF-500, MOF-501, MOF-502, MOF-505, IRMOF-1, IRMOF-61,
IRMOP-13, IRMOP-51, MIL-17, MIL-45, MIL-47, MIL-53, MIL-59, MIL-60, MIL-61, MIL-63,

10  MIL-68, MIL-79, MIL-80, MIL-83, MiL-85, CPL-1 to 2, SZL-1 which are described in the
literature.

In particular preference is given to a porous metal-organic framework material in which Zn,
Al or Cu is present as metal ion and the at least bidentate, organic compound is

15 terephthalic  acid, isophthalic acid, 2,6-naphthalenedicarboxylic acid or
1 .3.5-benzenetricarboxylic acid.

In addition to the conventional method for production of MOFs, as described, for example,

in US 5,648,508, they can also be produced by the electrochemicai route. In this respect,
20 reference is made to DE-A 103 §5 087 and also WO-A 2005/049892. The MOFs produced

in this way exhibit particutarly good properties in relation to adsorption and desorption of

chemical substances, in particular gases. They thus differ from those which are produced

conventionally, even when these are formed from the same organic and metal ion

constituents and are therefore to be considered novel framework materials. In the context
25 of the present invention, electrochemically produced MOFs are particularly preferred.

Consequently, the electrochemical production relates to a crystalline porous metal-organic
framework material comprising at least one at least bidentate, organic compound which is
bound by coordination to at least one metal ion and which is obtained in a reaction medium
30 comprising the at least one bidentate organic compound by at least one metal ion being
generated by oxidation of at least one anode comprising the comresponding metal.

The term “electrochemical production” designates a production method in which the

formation of at least one reaction product is associated with the migration of electric
35 charges or the occurrence of electric potentials.

The term “at least one metal ion”, as used in connection with the electrochemical



Al or Cu is present as netal ion and the at |east bidentate, organic
conpound is 15 terephthatic acid, isophthalic acid,

2, 6- napht hal enedi carboxylic acid or 1,3,5-benzenetricarboxylic acid. In
addition to the conventional nmethod for production of MOFs, as descri bed,
for exanple, 1in US 5,648,508, they ca9al so be produced by the
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a netal salt, the at |least one netal in the netal salt and the at |east one
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enbodi merfiasherdperdecanprsing this at igast eng me F etk bejng prvi

di f f epentviss@imetaiedh.a netal and the nmetal ion present in this salt or in
these salts is additionally provided by anodic oxidation of at |east one
anode conprising this nmetal. Likew se, the reaction nedium can conprise one
or The term “metal”, as used in the context of the present invention in connection with the

electrochemical production of MOFs, comprises all elements of the Periodic Table of the
Elements which can be provided via anodic oxidation via the electrochemical route in a

25 reaction medium and together with at least one at least bidentate, organic compound are
able to form at least one metal-organic porous framework material.

Independently of its production, the resultant MOF occurs in pulverulent form or as
agglomerate. This can be used as such as sorbent in the inventive method alone or

30 together with other sorbents or further materials. Preferably this occurs as bulk material, in
particular in a fixed bed. In addition, the MOF can be converted into a shaped body.
Preferred methods in this case are rod extrusion or tableting. In the shaped body
production, further materials, such as, for example, binders, lubricants or other additives,
can be added to the MOF. Likewise, it is conceivable that mixtures of MOF and other

35 adsorbents, for example activated carbon, are produced as shaped bodies or separately
result in shaped bodies which are then used as shaped body mixtures.



nore different salts of at |east one netal and at |east one netal different
fromthese netals 15 can be provided by anodic oxidation as netal ion in
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mat eri al saruemaf,ﬂfmllomh@pmcedmsarapreweb: material, in particular in a fixed
bed. In addition, the MOF can be converted into a shaped body. Preferred
methods in this case are rod extrusion or tableting. In the shaped body
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as, for exanple, disk-shaped pellets, pills, spheres, gr anul es, extrudates,

for exanpl e rod extrudates, honeyconbs, meshes or hollow bodies. 5 For the
prodd®tion of APRing thealsenewerli @ateriahig)at Jaashone aif | apPIORNAN, PORRUSHSHRPOR! ¢

possible. |n méid CThe fesutbit maleiaNEAI0BNOSE P pRscBsdbe IPGRET shaRadi ng

the framework material alone_or together with at | east one binder and/or at
10 | east one Pa8Y |"rﬂ?°8§’éﬁ?emmﬂaté’ﬂeld@%lbeﬁﬂ@m%pl ate conpound to obtain a

m xture; shaping the resultant m xture by means of at |east one suitable

met hod, such for anmpl extrusion: optignally washing and/or dryin
and/ or cal ci n?ﬂ?&wméhﬁg’ F@%ateﬂﬁ'ttpé‘ggﬁﬁvﬁﬁ ﬁ&PP BRtesRI"AYS stbstrate. ©' V' "
20

Foaming into porous plastics, such as, e.g. polyurethane.

Kneading and shaping can proceed according to any suitable method, such as, for
example, as described in Ulimanns Enzyklopidie der Technischen Chemie [Ulimann's

25 Encyclopedia of industrial Chemistry], 4th edition, voiume 2, pp. 313 ff. (1972), the contents
of which in this respect are hereby incorporated in entirety by reference into the context of
the present application.

For example, preferably, the kneading and/or shaping can proceed by means of a piston

30 press, roller press in the presence or absence of at least one binder, compounding,
pelieting, tableting, extrusion, co-extrusion, foaming, spinning, coating, granulating,
preferably spray-granulating, spraying, spray-drying or a combination of two or more of
these methods.

35 Very particularly, pellets and/or tablets are produced.

The kneading and/or shaping can proceed at elevated temperatures, such as, for example,



15 - Applying the framework material to at |east one, if appropriate, porous
support material. The resultant material can then be further processed to
give a shaped body in accordance with the above descri bed nethod. Applying
the framework material to at |east one, if appropriate, porous substrate.

20 Foam ng into porous plastics, such®s, e.g. polyurethane. Kneadi ng and
shapi ng can proceed according to any suitable nethod, such as, for exanple
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pi st on @@mofMIwmrgwl n the presence or absence of at |east one
bi ndgr, conpounding, pelleting, tableting, extrusion, co-extrusion,

foam'ng,_ spinning, coating, granulating, preferably spray-granulating,
sprayi ngrhesieaging apiliershaping isatriedaut according toa furthevembegimentwitfeadditionods. 35
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and/ or in a protective gas atnhosphere such as, for exanple, In the presence
of at® | aaspotonly vinsasity- lgqsas'm eeBReUnds, tyt algo VisepsityToRCIRGEPIROWRES-e t her eof . 5
The kneading and/or shaping is carried out according to a further enbodi ment
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As msalwdesmwrm@hdaa@d p(rjmiumm euliudel a8 afe ddscbed)ydont empmxgn lwowmsai., claypr
exanpl e, num | aum m. O - cont aini n i nder t are
descri be'&m Prrg( rﬁ?%{f A’bgbggﬂ%?a%ﬁﬂ‘df% %s 8@%‘&9’ - for
exanpl e, kaohnﬂiét‘tbrﬂ_emélﬁﬁteﬁhlckm riaorite and fanduxite] blkmqeilﬂeexamea!adcrdiednfonum
ox de aseﬂn?plg,eﬁc @Pbg%z I—,&{ @ffafgplé%dam'p% Y&a%ﬂ!o&&sﬁgées %Lgp{ as, for example,
tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane, tetrabutoxysilane, or, for
20 example, ftrialkoxysilanes such as, for example, trimethoxysilane, triethoxysilane,
tripropoxysilane, tributoxysilane, alkoxytitanates, for exampie tetraalkoxytitanates,
such as, for example, tetramethoxytitanate, tetraethoxytitanate, tetrapropoxytitanate,
tetrabutoxytitanate, or, for example, trialkoxytitanates, such as, for example,
trimethoxytitanate, triethoxytitanate, tripropoxytitanate, tributoxytitanate, alkoxyzirconates, for
25 example tetraalkoxyzirconates, such as, for example, tetramethoxyzirconate,
tetrasthoxyzirconate, tetrapropoxyzirconate, tetrabutoxyzirconate, or, for example,
trialkoxyzirconates such as, for example, trimethoxyzirconate, triethoxyzirconate,
tripropoxyzirconate, tributoxyzirconate, silica sols, amphiphilic substances and/or graphites.
In particular preference is given to graphite.
30
As viscosity-increasing compound, use can also be made of, for example, if appropriate in
addition to the abovementioned compounds, an organic compound and/or a hydrophilic
polymer such as, for example, cellulose or a cellulose derivative such as, for example,
methylcellulose and/or a polyacrylate and/or a polymethacrylate and/or a polyviny! alcohoi
35 and/or a polyvinylpyrrolidone and/or a polyisobutene and/or a polytetrahydrofuran.

As pasting agent, use can be made of, inter alia, preferably water or at least one alcohol



m nerals; as are described, for exanple, in JP 03-037156 A, for exanple
nmontnorillonite, kaolin, bentonite, hallosite, dickite, nacrite and

anauxi te, al koxysilanes, as are described, for exanmple, in EP 0 102 544 B1l,
for exanple tetraal koxysilanes such as, for exanple, tetranethoxysilane,
tetraet hoxysil ane, tetrapropoxysil ane,32t-etrabutoxysilane, or, for 20
-exanpl e, trial koxysilanes such as, for exanple, trinethoxysilane,

et S8 T A R G b VAL R BBl S B Tor 6,
tetr aFt rexample; anethanolt ethaapl Oﬁmnpanai,ais]?pmpanoleﬂ routaroh xg-bitanalat2zmetiyl-1-f or

e, e,
{1 ot oy St ER el of Lo of befSh A Fepl e T SR UGB o s,
for 25 exahydic aleoholAurb ap: farcaampis a giyedl, prsferably aewatasimiscible polyhydric
t et r gMetHQRYE alohe %?E‘?nigtpfvﬁrftﬁ%fé?’éﬁ?/giﬁ Eﬂ&ﬁt%rﬁbﬁééiéﬁf&ﬂﬁﬁf?efsl@?ﬁﬁég for

t et rabut oxyzirconat e, or exanp trial koxyzircona
exanpl e, trinethoxyzirconate, triethoxyzirconate, tripropoxyzirconate,

tri but OxXgifinef addiives wHidh Gah tiPlised famaime'a&ihg? aRd/Be $pfRSard VF{eP hlid) 'afifds! €S-

In particular preference is given to graphite. 30 As viscosity-increasing
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pol ymet hw¢y9s/eaa@2and/ or a pol yvi nyl al cohol 35 and/or a

pol yvi nyl pyrrol i done and/ or a pol yi sobutene and/ or a pol ytetrahydrofuran. As
pasti ng agent, use can be made of, inter alia, preferably water or at |east
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According to a particularly preferred embodiment, in the context of this drying operation, at

least one of the compounds added as additives is at least in part removed from the shaped
body.

25
Example

Figure 1 shows the adsorption isotherms of CO, at 20°C to the metal-organic framework
material aluminum terephthalate in the form of 3x3 mm tablets, P giving the absolute
30 pressure in mbar and A giving the amount of adsorbed gas in mg per g of adsorbent.

At an exemplary diving depth of 20 m (3 bar), the partia! pressure of CO, (4%x3 bar) is
120 mbar (see point 1 in Fig. 1). This corresponds to a loading of 24 to 27 mg/g (see point
2 in Fig. 1).

35
At the surface, for example in the dive center, fresh air is blown through the adsorber bed
in countercurrent flow using the conventional compressor. The CO. partial pressure is



vi scosity-increasing substance in the shaping and kneading is in principle
not critical. 15 According to a further preferred enbodi nent, the shaped
body obtai ned according to kneading and/or shaping is subjected to at | east
one drying, which is generally carried out at a tenperature in the range
from25 to 300C, preferably in the rad8e from50 to 300C, and particularly
preferably in the range from 100 to 300C. Likewise, it is possible to dry in
20 a va i syt nosphere or by spray drying.

Accor di E%{H%ngggr%ﬁgg?g@%%gwe??}eig'd”érrbodi ment, in the context of this
drying operation, at |east one of the conpounds added as additives is at

| east 1 MhigdhdariseRR“afof ST, di b RiaBrbedemMy-abdbt FK§BPramewrdrll Widtorfal Shows the
adsorption isotherns of CO2 at 20C to the metal -organic framework naterial
alum numterephthalate in the formof 3x3 mmtablets, P giving the absolute
30 ppessure in nbar and A giving the ampbunt of adsorbed gas in ng per g of
adsorbent. At an exenplary diving depth of 20 m (3 bar), the parti al
pressure of CO2 (4%3 bar) is 120 nbar (see point 1 in Fig. 1). This
corresponds to a loading of 24 to 27 ng/g (see point 2 in Fig. 1). 35 At
the surface, for exanple in the dive center, fresh air is blown through the
adsorber bed in countercurrent flow using the conventional conpressor. The
CQ2 partial pressure is -33- (0.03%1 bar) 0.3 nbar (see point 3 in Fig. 1).
This means that 1 nol of CO2 can be adsorbed using about 2 kg of framework
material. 5 -34- Patent clainms 1. A nethod for renoving carbon di oxi de and,
if appropriate, water frombreathing air in closed or partially closed
systens conprising the step - contacting the breathing air with a porous

nmet al -organic framework material, the franework material conprising at

| east one at | east bidentate organic conpound which is bound by
coordination to at | east one netal ion, wherein the closed or partially

cl osed system conpri ses at | east one breathing



apparatus and also a breathing mask, a breathing suit or other |ife support
systens. 2. The nethod according to claim1, wherein the porous

netal -organic framework material is present as a shaped body. 3. The net hod
‘according to claim1 or 2, wherein the porous nmet al - organi ¢ framewor k
material is at least part of an adsor? bed in a filter. 4. The met hod
according to one of clainms 1 to 3, whefein the at |east one netal ionis an
ion selected fromthe group consisting of alum num zinc and copper. 5. The
met hod according to one of clains 1 to 4, wherein the at | east bidentate
organic nPound is derived froma di-, tri-, tetracarboxylic acid, or
their su?ﬂﬁ ptelamsgs. 6. A closed or partially closed system which conprises
at |east one breathing apparatus and also a breathing mask, a breathing

suit or other |ife support system _in addition co r| Si no g‘os _
met al - or hani cA MERAGF kemeieg Faipon dioxiderafide i GPRIOPHE! eV"?Qr @th NAlat

| east one, atmbﬁb%éélobpﬂﬁﬂty%l&ed%gt@ms%oﬁgiﬂiﬁmﬁm%%pCh i's bound by

coordination to at |east one netal ion e closed or partially closed
system according to claim6, wherein this in addition has a filter, in

whi ch t he por-ouscamedctihg theybrdathifig airemitr & pradesr matal-ogyapicesaméwark hateddl, as
part of an adsorpher . e_closed . | . rdi ng
to claim?7, V\hertg'gnfrﬁ%"?r?l q%{énﬁéc&@g{i’s@i aﬁi%%éé%r{eéaﬁ}e%%ﬁ%adﬁeﬁfa&? %C'ﬁﬁ?xed in
the system 9. Témnpmiedofhich il lbamd ky caadinatidn tp atl leas dbneywetakicne wbetimg t o
one of clains 6 r b 0, d 0 wat er
from breat hi ng al:hr8 &?%&f orrg{méﬂy' % k)%g& F\%‘b a%qrﬂﬁlsgg %tr !)é:?gﬁgng{eané(ﬁd iC

f r amewor k nater|@nparatwaad@%écbreoﬁhmamaslala§«> WB@@UEﬁt@h@Faﬂf@cﬁUQP% to
one of claims 6 §atngonprising the steps - if appropriate removing the

metal -organic framework material; and - inpinging the framework materi al
with a gas. 11. The nmethod according to claim 10, wherein the gas is air,

ni trogen, an ThemetlgRs acwrdmg tmoﬁumw wherefpthe paroud hectardrhanic dreeswbring to
claim110 or 11 wh rein t is together with the change of at
| east one par@mﬂ"@ IS PESERY 2P gﬁ%%ure and tenperature. 13. The nethod
according to one of clains 10 to 12 wherein the regeneration of the
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or
material is at least part of an adsorber bed in a filter.

4. The method according to one of claims 1 to 3, wherein the at least one metal ion is
an ion selected from the group consisting of aluminum, zinc and copper.

5. The method according to one of claims 1 to 4, wherein the at least bidentate organic
compound is derived from a di-, tri-, tetracarboxylic acid, or their sulfur analogs.

6. A closed or partially closed system which comprises at least one breathing
apparatus and also a breathing mask, a breathing suit or other life support system,
in addition comprising a porous metal-organic framework material, the framework
material comprising at least one, at least bidentate, organic compound which is
bound by coordination to at least one metal ion.

7. The closed or partially closed system according to claim 6, wherein this in addition
has a filter, in which the porous metal-organic framework material is present at least

as part of an adsorber bed.

8. The closed or partially closed system according to claim 7, wherein the filter is



partially closed systemaccording to one of clains 6 to 8.

10.

1.

12.

13.

-35-
exchangeable or is installed fixed in the system.

The use of a closed or partially closed system according to one of claims 6 to 8 for
removing carbon dioxide and, if appropriate, water from breathing air.

A method for regenerating a porous metal-organic framework material from a closed
or partially closed system according to one of claims 6 to 8 comprising the steps

- if appropriate removing the metal-organic framework material; and
- impinging the framework material with a gas.

The method according to claim 10, wherein the gas is air, nitrogen, an inert gas, or
a mixture thereof.

The method according to claim 10 or 11, wherein the impingement is together with
the change of at least one parameter selected from pressure and temperature.

The method according to one of claims 10 to 12, wherein the regeneration of the
metal-organic framework material is performed during the use of the closed or
partially closed system according to one of claims 6 to 8.



