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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.
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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 partially 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 one metal ion.

The object is further achieved by a closed or partially closed 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 matetial, 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 materiais

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.



Cl osed systens are, in particular, those which have no opening to the
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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 also 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 filter 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.



is not a precondition for functioning of the CO2 adsorption. 10 The porous
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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.

Therefore, 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
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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 preferabty
25 greater than 1500 m?/g.

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, lla, llla, IVa to Villa and Ib 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 be mentioned are Mg®*, Ca®*, Sr**, Ba®, Sc¢*, Y¥, Ti**, Zr**, Hf**,



each case one coordi nate bond. 10 As functional groups via which said
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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);, -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.
30

Preferably, the organic compounds which comprise the at jeast 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



The aromatic conpound or the aromatic part of the conpound which is both
aromatic and aliphatic can have one or else a plurality of nuclei, such as,
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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(CHjy), -N(CHs),,
-CN and also halides.
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For example, in the context of the present invention, mention may be made of dicarboxylic
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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 cyclopentanetetracarboxylic 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
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sol 28nts for the productlon of MOF are descri bed, |nter alia, in US-A
5, 648, SQRnPpartEularyl Breterdbly 3se 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 alsc comprise one
or more unidentate ligands.

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

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

35 The pore size of the MOF can be controlled 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,
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true that the larger the organic conpound, the larger the pore size.

Pr ef er abk yooodshespere size is from0.2 nmto 30 nm PF 0000057725/rE -11-
particularly preferably the pore sizetts in the range fromO0.3 nmto 3 nm
based on the crystalline material. In an MOF shaped body, however, |arger
pores a [ f C r bly,
hovever PagRat hrerérdyg ol Sieb 8 WAl sosHr 09 fmc @ WA Basdd Bh i€ X
75% |sCW§taHIBeﬂtgterpﬂtres having a pore diameter of up to 1000 nm Preferably,
however , a mejority of the pore volume is formed by pores of two dianeter
ranges. is therefore further preferred if nore than 25% of the total
por e voP'U?r% MOR Sb%ﬁetq Rariyahoweyeas, larges Posngle oaFurpiiecsizeoflighibutiqnsof whighd by

pores Waak Ya Pre'féPaBI dhcﬂﬁé%ermé:@rt% 5695t W tofdNpbib wmﬁeanﬁ&nﬁu&r infor&0r €
t han 15% of _{ g?r pore vol une, in ticular nore ‘he t ot al

pore vol@fe/9%s B, PREsSeRaviM é‘hp(gﬁed'?'ﬂe’&r(ﬂfdﬂ’efcb Os%ﬂ rpfe[ﬁpym 10
nm  Thaopeve?, dlrﬁéjbnltbliifltﬁmpcr@rwdnﬂnd@ Rt &F gyesToR® mhmwmumges It is

Gosi onab1ostors VPR et ads e fer” 57 51dP Wy ofts il pofichidh e

| i gand, tHam 505 totamperd haurse) is éortmedrny perasowhibie aedh la diemeteetangs froatifles a, (3

d ' t
ot 48 i BHoGhRCadE nfthe hERCRD ot g B0 ot Wylbhe Sbe R vt wliFRSRIl MoT e
Space mﬂmtalrp@re Uolgmgr tsdprmmtzymsowmm N@sza eﬁz@t@tmmm@t@oonm 16. 711
16.711 T Yy, 90 102.8 90 6.718
TREREN eég%z‘?%ﬁ%n(déﬁ(zb%&rﬁ{o i hadns e '?65%;;'241 ol ) MOF- 3
Zn(NO3) 26H20 DVF 99. 72 111.11 108.4 9.726 9. 911 10.45 P-1 (1.89 nmol) MOH
H2( BDC) ExhhpRIBIMOFYER diveb&IoR) REERMidR 183RE deSBnRARNS tHe MRS thé ikl 14. 728

P2
( and also the at least bidentate ligand, furthermore the solvent and also the cell parameters

(angles «, B and vy, and also the distances A, B and C in A) are reported. The latter were
determined by X-ray diffraction.

MOF-n Constituents Solvent o B ¥ a b c Space
molar ratio s group
M+L

MOF-0 Zn(NO3)2'6H0 | Ethanol | 90 90 120 |16.711|16.711114.183| P6(3)/
Ha(BTC) Mcm

MOF-2 Zn{NO3)2-6H-0 DMF 90 102.8 90 6.718 | 1549 | 12.43 | P2(1)/n
(0.246 mmol) Toluene
Hx(BDC)

0.241 mmol)

MOF-3 Zn({NOa)e 6Hz0 DMF | 99.72 | 111.11] 1084 ] 9.726 | 3.911 | 10.45 P-1
{1.89 mmol) MeOH
Ha(BDC)
{1.93mmol)

MOF-4 Zn{NQj3)26H:0 Ethanol 90 90 90 14728 [ 14.728 | 14728 P2(1)3
{1.00 mmol)
Ha(BTC)
{0.5 mmol)

MOF-5 Zn(NO3}z-6H:0 DMF 90 80 90 | 25.669 [ 25.669 } 25.669 | Fm-3m




(1.00 mmol) H3(BTC) (0.5 mmol) MOF-5 Zn(NOG3 2-6H20 DMF 90 90 90 25. 669
25. 669 25.669 Fm 3m PF 0000057725/ TE (2.22 mmol) Chloro- H2(BDC) benzene
.(2.17 mol ) MOF-38 Zn(NGB)2' 6H20 DMVF 90 90 90 20. 657 20.657 17.64 l1l4cm
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0.3 | HA(ATG) 5 I d\/p:- 20 Zn{ NGB) p6H20{ DMF 90 92. 13 q0 8.13 16. 444
12.807 [P2(1)/c Zrﬁ%ﬁé’"@o@? ot Chi orp H2NPC bepzene| 0. 36 mmgl MOF-[37
Zn( NOB)j2- 6H20 DEF F2BBY 83|t@zd¥ (33 91952 11.57p 15.556 F1 0.2 | Chloro

- 8-
H2NDC henzene (3 é{ ﬂloﬁl\BF Emleﬂ '\I\E3) SH2O DVSP 90 \1|15 7 90 19.83 9.622

19. 183 {&2fe—F frre—veaHHH2ZABE-—06—6—m —9—Fb{NES8H3 5H20

1\ J (
DVBO 94 M9 |90n@iny0E6016. DB 280039 62/ oF bp2o(65D(0.667 [0&.8aniplt4em
{0.27 mmol) Chloro-

Ha(BTC) benzene
{0.15 mmol)

MOF-31 Zn{NQ3)>-6H-0 Ethanol a0 a0 90 10.821 ] 10.821 | 10.821 | Pn(-3)m
Zn{ADC); 0.4 mmol
Ho(ADC}

0.8 mmol

MOF-12 Zn{NQ;)2'6H.0 Ethanol 90 90 90 15.745 | 16.907 ) 18.167 | Pbca
Znaz(ATC) 0.3 mmol
Ha(ATC)

0.15 mmol

MOF-20 Zn(NO3)o6H,0 | DMF | 90 (9213 | 90 | 813 |16.44412807] P2(1)c

ZnNDC 0.37 mmol Chloro-
HNDC benzene
0.36 mmol

MOF-37 Zn(NO3)26H20 DEF 72.38 | 83.16 | 84.33 { 9.952 | 11.576 | 15.556 P-1

0.2 mmol Chloro-
H2NDC benzene
0.2 mmal

MOF-8 Tb(NOQa)s-5H0 DMSO 90 115.7 90 19.83 | 9.822 | 19.183| C2/c
Th, (ADC) 0.10 mmol MeOH
H2ADC

0.20 mmal -

MOF-9 TH(NO3)35H:0 | DMSO | 90 |102.09| 90 |27.056|16.795(28.139| C2/c
Tb. (ADC) 0.08 mmol
H.ADB

0.12 mmol

MOF-6 Th{NQ3)s-5H0 DMF a0 91.28 90 17.599 | 19.996 { 10.5456 ) P21/c
0.30 mmol MeQOH
H, (BDC}

0.30 mmol




H2ADB 0. 12 nmol
0. 30 nmmol

P21/ c

McOH H2 ( BDC)

0. 30 nmmol

MOF-6 Tb(NG3) 3-5H20 DMF 90 91.28 90 17.599 19.996 10. 545
PF 0000057725/ TE -13- MOF-7

Th(NCB) 3' 5H20 H20 102.3 91.12 101.5 6.142 10.069 10.096 P-1 0.15 rmol
H2 ( BDC)PF (0mW577R4fE MOF- 69A Zn(NCB) 2 6H20 DEF 90 111.6 90 23.12 20.92 12 C2/c

0.083 mmol H202 4, 4' -BPDC MeNH2 0. 0418 -moi MOF-69B Zn(NOB) 2 6H20 DEF 90
95.3 90_20Q, 17 1.8 25 12.16 /¢ 083 mmol| H2 2. 6-NCD MeNH? 0. 0471 nmoi
3"5}%}@@% AL TR B D B Ba g et Tosg ] 51O
Cu2( ATC) mmt ehyds mmyOF- L4 Cu(NGB) 2} 2. 5H20 HAO 90 [90 9Q 26. 946 261946
ég'( %éclngj '2.”"21?.320 go( 5%@9%093 31?2'63% 'ZSST%EZ% P(()l ngmmgij( I\A/%‘cﬂ 3(2) 24 ol
NaOH HAATC 0.15 mmol | | | H|
MOF-69A Zn(NQ3)2-6H0 DEF 90 111.6 90 2312 | 20.92 12 C2/ic
0.083 mmol Hz02
4,4-BPDC MeNH:
0.041 mmol
MOF-69B Zn(NO3)z 6H0 DEF 90 95.3 90 20.17 | 1855 | 12.16 C2lc
0.083 mmot HzO2
2,6-NCD MeNH:
0.041 mmol
MOF-11 Cu(NOa3)z2.5H0 H.O 90 93.86 90 12987 11.22 | 11.336| C2/kc
Cus(ATC) 0.47 mmol
H:ATC
0.22 mmol
MOF-11 90 920 90 |8.4671|8B.4671| 14.44 P42/
Cux(ATC) mme
dehydr.
MOF-14 Cu(NO3)z2.5H:0 H0 90 90 90 ]26.946|26.946|26.946] [m-3
Cu, (BTB) 0.28 mmol DMF
H:BTB EtOH
0.052 mmol
MOF-32 Cd(NO3)24H,0 H:0 90 90 90 |13.468 | 13.468 | 13.468 | P(-4)3m
Cd(ATC) 0.24 mmol NaOH
H4ATC
0.10 mmol
MOF-33 ZnClz H:O 90 90 90 19.561 ] 15.255 | 23.404 | imma
Zny (ATB) 0.15 mmol DMF
H.ATB EtOH
0.02 mmol
MOF-34 Ni(NOa)2'6H0O HO 90 90 90 10.066 | 11.163 | 19.201 | P2,2:2,
Ni(ATC) 0.24 mmol NaOH
H.ATC
0.10 mmol




0.10 mmoi MOF-33 Znd 2 H20 90 90 90 19.561 15.255 23.404 Imma  Zn2 (ATB)
0.15 mol OW H4ATB EtOH 0.02 nmol MOF-34 Ni (N03)2 6H20 H20 90 90 90 10. 066
11.163 19.201 P212121 N (ATC) 0.24 mmol NaOH H4ATC 0.10 nmol PF

000005 FF2BPOPE 72897 MOF- 36 Zn( NO3) 24H20 H20 90 90 90 15. 745 16.907 18. 167
Pbca 2Zn2 (MIB) 0.20 mmol DWVF HAMIB - #.-04 mmol MOF-39 Zn(N03)2 4H20 H20 90

90 90 17.158 21.591 25.308 Pnma_ZnaQ( HBTB) 0. 27 ,l DVE H3BTB EtQH4 0. 07
N BT btk e o8 e o 80697 0" 1574
Pocn b2 MTﬁbI f @r2fimowiaci | W6, PO mMmpl  NAR9 MY( Ac) 3- 4H2( DVF 1120 90 90
14. 16 1?3 521 33 524:' TBé MOF-0 Of 46 nmpol s m | ar H3BTC Q. 69 rmol BIPR48
Zn( NCBj 2 6H20 DMVS % 0 9D 14.5|17.04 18. 02 Phca ATZ 0.d12 myol Toliuene
H2BDC O 04 mmol
MOF-39 Zn{NO3)e 4H:0 H:O 90 920 90 17.158 | 21.591 |1 25.308| Pnma
Znz0(HBTB}) 0.27 mmol DMF
H:BTB EtOH
0.07 mmol
NO305 FeCiz4H,0O DMF 90 90 120 |8.2692 | 8.2692 | 63.566 R-3c
5.03 mmol
formic acid
86.90 mmol
NO306A FeClz-4H:0 DEF 90 90 90 |9.9364|18.374 | 18.374| Pbcn
5.03 mmol
formic acid
86.90 mmol
NO29 Mn{Ac)o 4H:0 DMF 120 90 90 14.16 | 33.521 | 33.521 P-1
MOF-0 .46 mmol
similar HaBTC
0.69 mmaol
BPR48 Zn{NQs)s 6H:0 | DMSO 90 20 90 145 | 17.04 | 18.02 Phbca
A2 0.012 mmol | Toluene
H8DC
0.012 mmol
BPR69 Cd{NQ3)2 4HO | DMSO 90 98.76 90 14.16 | 15672 | 17.66 Cc
B1 0.0212 mmol
H:8DC
0.0428 mmol
BPR92 Co(NO3)e-6H20 | NMP 106.3 107.63 | 107.2 1 7.5308 | 10.942 | 11.025 P1
A2 0.018 mmol
H.BDC
0.018 mmol




0.012 mml BPR69 Cd(NG3)2 4H20 DVSO 90 98.76 90 14.16 15.72 17.66 Cc Bl
0.0212 mmol H2BDC 0.0428 mmol BPR92 Co(NGB) 2. 6H20O NMP 106. 3 107.63 107.2
7.5308 10.942 11.025 P1 A2 0.016 mm( H28DC 0.018 mmol PF 0000057725/ TE
- 15- BRROBoa{7REE) 24H20 NVP 90 112.8 90 14.460 11.085 15.829 P2(1)/n C5
0.012 mml H2BDC 0.36 nmol Cu C61- 1A1¥6 Cu(NO3)2 2.5H20 DVF 90 105.29 90
15.259 14.816 14.13 P2(1)/c 0.370 mmol_Chl oro H2BDC( OH) 2 benzene 0. 37 mmol

M BTCO) ) b -|0 F- .05 i T . 0B7 mol
Tb(CGI—M}g%P §%( \E@E@%‘% 5%? 1 04?‘%0%51)‘.2% 97?’34?@1”6.54911‘18%%¥ (1;’5?@211 P-1
0. 370 fmolcsChl pr ootdhebHEO06) Henzeng 0.56¢ nmol Zn (C204) ZnQg 2 DVF PO 120
90 9. 4168 9.41?8@% P{-3)1m 0.340 mmol| Chl (Bro oxal i claci d| benzeng 0. 37
ol Co( CHO) ( H20 DMVF |90 91.{32 90 11.3%28 10J049 14.854 P2(1){n

0. 043 nmmol for | ®.38enind

Cu CsH4Os |Cu(NO3)22.5H0| DMF a0 105.29 90 |]15.253 | 14.816| 1413 | P2(1)c
0.370 mmol Chioro-
H.BDC(OH), |benzene

0.37 mmol
M(BTC) Co(S0.) Hz0 DMF as MOF-0
MOF-0 0.055 mmol
similar H.BTC

0.037 mmol

Th{CeHaO¢) | TH(NO3s)a'5H20 | DMF 104.6 107.9 [97.147 | 10.491 ] 10.981 | 12.541 P-1
0.370 mmol Chioro-
Ha(CeH4Os) benzene

0.56 mmol

Zn (C204) ZnCl, DMF 90 120 90 |9.4168|9.4168 | 8.464 | P(-3)Im
0.370 mmol Chioro-
oxalic acid  |benzene

0.37 mmol

Co(CHO) | Co(NO3)x-5H0 | DMF a0 91.32 20 11.328 | 10.049 | 14.854 | P2(1)/n
0.043 mmol
formic acid

1.60 mmol

Cd(CHO} | Cd(NO3)o4HO | DMF a0 120 90 8.5168 | 8.5168 | 22.674 R-3c
0.185 mmol

formic acid

0.185 mmol

Cu(CH:Q4) {Cu(NOa)2-2.5H.0f DMF 20 920 90 8.366 | 8.366 | 11.919 P43
0.043 mmot

malonic acid

0.192 mmol




1. 60 mmol
0. 185 mol

formc acid 0.185 nmmol
8.366 8.366 11.919 P43 0.043 mmol

Cd(CHO) Cd( NOB) 2- 4H20 DVF 90 120 90 8.5168 8.5168 22.674 R-3c
Cu( C31- 1204) Cu(N03)2-2.5H20 DMF 90 90 90

mal onic acid 0.192 mmol PF 00000577251TE

-16- ZneF (ONDSy@s/mm ( NOa) 2- 6H20 DVF 90 95. 902 90 19.504 16.482 14.64 C2/ m
H202 MOF- 47 Zn( NCB) 26H20

MOF-48 0. 097 nmmol

Chl oro 14 NDC benzetfe- 0. 069 nmmol

DMVF 90 92,55 90_11.303 16.029 17.535 P2(1)/cC 185 moi Eth’_O
< oclo e e TR LR e AR BT 0 o
Cu( NOB)|2MO51420 | DEPeDOMd 13Cllor9() 15. 47447 14.|514 14.032 P2(1)/c |0.084 pmol
t hi ophgne di car bqxyhiC @dnsine|0- 085 nmol ¢ BDCIl Cu(INO3) 212. 5HP0 DMF PO 105.6
90 14.911 15.622 18.413 ¢2/c {0.084 {mmol Ijl2( BDCCl 2) | 0.085 mmpl MOF- 101
Cu( NOB)|2' 2. 5H2()_DKREe 880! 90 82 1. 607 [20. 604 20. 073 _FaBm 0, 084} nmol
MOF-47 | Zn{NOa}). 6H:0 DMF 90 92.55 90 11.303 | 16.029 ) 17.535 | P2(1)c
0.185 mmol Chioro-
H,(BDCI[CHa)s) [benzene
0.185 mmol H202
MQO25 | Cu(NQOg)2:2.5H.0 | DMF 90 112.0 90 [23.880 [ 16.834|18.389| P2(l)/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
CiIBDC1 j Cu(NO3)22.5H,0 | DMF 90 105.6 90 14911 | 15.622 | 18.413 C2lc
0.084 mmol
Ha(BDCCl,)
0.085 mmol
MOF-101 | Cu{NO3)z2.5H;0 | DMF 90 90 90 | 21.607 | 20.607 | 20.073| Fm3m
0.084 mmol
BrBDC
0.085 mmol
Zna(BTC):2 ZnCly DMF 90 90 90 26.572 | 26.572 126.572 Fm-3m
0.033 mmol EtOH
H,BTC base
0.033 mmo! added
MOF-i | Co(CHaCOs)zdH: | H20 90 112.0 90 17.482 | 12.963 | 6.559 c2
O
{1.65 mmol)
Hq(BZC)
{0.95 mmol)




Br BDC 0.085 nmmol
0. 033 mol

Et OH H3BTC base
112.0 90 17.482 12.963 6.559 C2 0 (1.65 mmol)
00000577209UE728TE MOF- n  Zn( NOB) 2- 6H20 Et hanol

0. 033 mol

added MOF- |

Zn3(BTC)2 ZnC 2 DVF 90 90 90 26.572 26.572 26.572 Fm 3m
Co( CH3CR) 2- 4H2 H20 90
H3( BZC)

(0.95 mmol) PF

90 90 120 16.711 16.711

14.189 P6(3)/ncm H3 (BTC) PbBDC Pbh(NEB)2 DVF 90 102.7 90 8.3639 17.991

9.9617 EZ(QL J\ﬂ 181 mml) Et hanol H;Y{ )4{0 181 mnol) Znhex
Zn(NO3)i2Gi2Q DM@, 8Q.01 2Binahbt 11160 37 dol 7 13800196 R3( 18 11 Gﬂwﬂgﬂe(ﬁyﬂﬂh
p- Xyl erje H3BTB Et hanol 0. 114 nmol )| AS16 |FeBr QE\ DVF 190 90. 13 90 7. 25 @5
8. 7894 |19. 484 P2(HH{HIC) 0. 927 | _anfydr. H2(BDG) 01927 mmol AS?27- eBr2
o g Becls B89 o 180 |12 T 54s Mo I RELH oA Py
H2( BDC)| Et hanﬁbl {0.181 mmol) | Ethanol
Ho(BDC)
(0.181 mmol)
Znhex In{NOs)>6H0 DMF 90 20 120 |37.1165| 37.117130.019| P3(1)c
{0.171 mmol) ip-Xylene
H.BTB Ethanol
{0.114 mmol)
AS16 FeBr. DMF 90 90.13 90 7.2585 | 8.7894 | 19.484 | P2(1)c
0.927 mmol anhydr.
Hz(BDG)
0.927 mmol
A527-2 FeBr, DMF 20 90 90 26.735 | 26.735 | 26.735{ Fm3m
0.927 mmol anhydr.
Ha(BDC)
0.464 mmol
AS32 FeCl; DME 90 90 120 | 12.535 | 12.5635]| 18.479] P6(2)c
1.23 mmol anhydr.
Hx(BDC) Ethanol
1.23 mmol
AS54-3 FeBr: DMF 90 109.98 90 12.019 | 15.286 1 14.399 c2
0.927 anhydr.
BPDC n-Propa-
0.927 mmol nol
AS61-4 FeBr, Pyridine 90 90 120 | 13.017 | 13.017 | 14.896 | P6(2)c
0.927 mmol anhydr.
m-BDC
0.927 mmol
AS68-7 FeBr; DMF 90 90 90 (18.3407] 10.036 | 18.039 Pca2,
0.927 mmot anhydr.
m-BDC Pyridine
1.204 mmol
Zn(ADC) | Zn{NQ3)2-6H,0 DMF 90 99.85 90 16.764 | 9.349 | 9.635 C2/c




1.23 mol
anhydr .

AS54-3 FeBr2 DVMF 90 109.98 90 12.019 15.286 14.399 C2 0.927
BPDC n- Pr opa-
13.017 14.896 P6(2)c
90 90 9PF WB0WE427THO0. 036 18. 039 Pca2l 0.927 nmol

0. 927 mol
0.927 mol

not AS61-4 FeBr2 Pyridine 90 90 120 13.017
anhydr. mBDC 0.927 nmmol AS68-7 FeBr2 DWMF
anhydr. m BDC Pyridi ne

1.204 mmol Zn(ADC) Zn(NGB) 2- 6H2O DVF 8- 99.85 90 16.764 9.349 9.635 C2/c PF
0000057725/ TF -18- 0. 37 mmul ) benzene 0. .36 mmml MOF-12
Zn(NGa)|2 6112p E%J%ﬂp,%l 9 0o 1907 18. 161 Pbca Zn2 (ATC) | 0. 30
ol HA(ATQ) | 0.15 Tl ™50 - 120 {DVF 90 9213 90 8.13 16.444
12.807 |P2(1)/ ¢ FaWDO 0. frnzens IDC bénzeng 0.36 mmpl MOF- 37
Zn( N33)|12 6H20 DER 3¢/ fmat S $3. 16 11.576 15./556 B-1 (.20 mmpl
Chl or o H2NBE JEﬂZEﬂe“u.¥G T T “““iZTG O DMPO—6808—75383 88. 31
8. 631 10MA@BR2 13ZnINCY)PHD | EBWS D@ z;nﬁ.Mﬁﬁﬁ&QtﬁHZ@lﬁ?@ Fed 150
19. 289 %Kﬂﬁﬁg 15Qg§%m52/q
H{ATC)
0.15 mmol
MOF-20 | Za{NOg)z-6H.0 DMF 90 92.13 90 813 116.444 12807 | P2(1)c
ZnNDC 0.37 mmol Chloro-
HNDC benzene
0.36 mmol
MOF-37 | Zn(NOj)2"6H:0 DEF 72.38 83.16 | B4.33 | 9.952 | 11.576 | 15.556 p-1
0.20 mmol Chloro-
HNDC benzene
0.20 mmol
Zn{NDC)} | Zn(NOs)}6H:O | DMSO | 68.08 75.33 | 88.31 | 8631 |10.207] 13.114 P-1
(DMSO) H.NDC
Zn(NDC) | Zn{NOs)>6H:0 90 99.2 90 19.289 | 17.628 | 15.052 C2/c
H.NDC
Zn(HPDC)| Zn(NQa)y4H,0 DMF 107.9 105.06 | 944 | 8.326 | 12.085 | 13.767 P-1
0.23 mmol H.0
Ha(HPDC)
0.05 mmol
Co(HPDC)| Co{NQOs)26H0 DMF 90 97.69 90 29.677 | 963  7.981 C2/c
0.21 mmol H20/
Hz (HPDC) Ethanol
0.06 mmol
Zn3(PDC)2| Zn(NOj)»4H,0 DMF/ 79.34 80.8 85.83 | 8.564 | 14.046 | 26.428 P-1
-5 0.17 mmol CiBz
Ha{HPDC) Ha0/
0.05 mmol TEA




H2NDC Zn( HPDC) Zn( NOB) 2. 4H20 DVF 107.9 105.06 94.4 8.326 12.085 13.767 P-1

0. 23 mol

H20 H2( HPDC)
29.677 9.63 7.981 C2/c

Zn3( PD®Rocdss NS 2 41120 DMVF/ 79.34 80.8 85.83 8.564 14.046 26.428 P-1

0. 05 mol
0.21 mol

0. 06 mol

Co( HPDC) Co(NO4)z 6H20 DMF 90 97.69 90
H2Q H2 (HPDC) Et hanol

.5

0.17 nmml C Bz H2(HPDC) H20/ 0.05 nag- TEA PF 0000057725/ TE -19- Cd2
Cd(NO3) 2 4H20 Met han- 70.59 72.75 87.14 10.102 14.412 14.964 P-1 (TPDC) 2
0. 06 mmol OI/CHP—HZ(.HPDC H20 0.-06 mol T %I? ]fi 4'%41 ) 35HPO DVF [L09. 8
103. 61 |108%14| $B8Y=101 Mehang >80 | 7475 | # Q1% 44122 (B¢ Efhanel
0. 034 orpCn PBPy.gdthB) PoifiiH2P MeOH |90 9367 90 9.2%4 10)762 27.93 PP/ n
0. 05 mjol di bgnzyl hosp1a£| 0.10 nmoi Zn3(BPIPC) ZnBr 2 90 102.76 90
11. 49 14.79 19. 1é('ﬁ§f/)n 0.%21 mol {4, 4' BRDC . 005 {nmol |CdBDE Cd( NGB) 2- 4H20
DMVF 90195.85 PO ddsmmatl. 11 16.|71 P21/n 0.100 | Na2Si 8 H2(BDC) (&q)
Th(PDC)1.] Tb{NO3)a-5H:0 DMF 109.8 103.61 | 100.14| 9.829 | 12.11 | 14.628 P-1
5 0.21 mmol H20/
Ho(PDC) Ethanol
0.034 mmol
ZnDBP Zn{NO;z)>'6H0 | MeOH 90 93.67 90 9.254 110.762 1 27.93 P2/n
(.05 mmol
dibenzyl phosphate
0.10 mmol
Zna(BPDC) ZnBr; DMF 90 102.76 90 1149 | 1479 | 18.18 P21/n
0.021 mmol
4,4'BPDC
0.005 mmot
CdBDC | Cd{NO3)z4H0 | DMF 90 9585 [ 90 | 112 | 1111 [ 1671 [ P21n
0.100 mmol Na;SiO3
Hy(BDC) (aq)
0.401 mmol
Cd-mBDC| Cd(NOgz)-4H:0 DMF 90 101.1 90 13.69 | 1825 1 1491 C2/c
0.009 mmoil MeNH:
Hz(mBDC)
0.018 mmol
ZnOBND )  Zn{NQs)2-6H:0 DEF 90 90 90 2235 | 26.05 | 59.56 Fmmm
c 0.041 mmol MeNH.
BNDC Hz0o
Eu(TCA) | Eu(NOs)a6H:0 DMF 90 90 80 |23.325]23.325]123.325| Pm-3n
0.14 mmo! Chloro-
TCA benzene
(.026 mmol




0.401 mml Cd-nBDC Cd(NGB) 2. 4H20 DVF 90 101.1 90 13.69 18.25 14.91 C2/c
0.009 mmoi MNH2 H2(nBDC) 0.018 mmpi Zn40BND Zn(NG3) 2 6H20 DEF 90 90 90
22.35 26.05 59.56 Frmmm C 0. 041 mmol MeNH2 BNDC H2Q2 Eu(TCA) Eu(NX3) 3. 6H20
DVF 90 &ho8d@ds23s/825 23.325 23.325 Pm3n 0.14 mmol Chloro TCA benzene 0.026
nmol PF 0000057725/ TE -20- Th(TCA) THONCB) 3- 6H20 DVF 90 90 90 23.272 23.272
23.372 Pm3n 0.069 mmol Chloro TCA benzene 0.026 mmol Formates Ce(NG3) 3
6H20 m?o 9D 120 10.668 10.467 4. 307 R-qm 0J138 ol tha bl _fornpc acid
0.43 P@@ogz’“’%ﬂz@%ﬁm Mg 1% 4. 2802 |8 B9 E3 %‘%éaf? 5" 2 nol
formcfacid 6.0980 el Fefide4H20 DEF 90 90 90 L9 9364 18|374 ﬁ8 374 Pbcn
5.03 mool formc acid 86.90 nnmol FgCl24H30 DEF 90 90 90| 8. 33p 8. 335| 13. 34
P-31c |5.03 nhol f&fnic %ef‘ﬁ"‘*se. 90 |mmol

0.026 mmol

Formates | Ce{NOs)a-6H:0 H.O 90 90 120 |10.668 1 10.667 | 4.107 R-3m
0.138 mmol Ethanol
formic acid

0.43 mmol

FeClz-4H-0 DMF a0 90 120 |8.2692 | 8.2692 | 63.566 R-3¢c
5.03 mmol
formic acid

86.90 mmol

FeClz-4H0 DEF 90 90 90 }9.9364118.374}18.374 Pben
5.03 mmol
formic acid

86.90 mmol

FeCly-4H20 DEF 90 a0 90 8.335 | 8.335 (| 13.34 P-31c
5.03 mmol
formic acid

86.90 mmol

NQ330 FeCly4H,O Form- 90 20 90 |8.7749) 11.655 | 8.3257 Pnna
0.50 mmol amide
formic acid

8.69 mmol

NO332 FeCl»-4H:0 DIP 90 a0 90 10.031 | 18.808 | 18.355 Pbcn
0.50 mmol 3
formic acid

8.69 mmol

NQ333 FeCly>4H.0 DBF 90 90 90 | 45.275| 23.861 | 12.441 Cmcm
0.50 mmol 4

formic acid

8.69 mmol




NO330 FeCl 24H20O Form 90 90 90 8. 7749 11.655 8.3297 Pnna 0.50 mmol am de
formic acid 8.69 mmol NO332 FeCl24H20 DIP 90 90 90 10.031 18.808 18. 355
Pbcn 0.50 nmol 3 formic acid 8.69 mmol NO333 FeCl 24H20 DBF 90 90 90 45. 275
23. 861 rEdodpddr7esmmEM 0. 50 mmol 4 formc acid 8.69 mmol PF 0000057725/ TE -21-
NO335 FeCl1241-120 CHF 90 91.372 90 121596 10.187 14.945 P21/n 0.50 mmpt 4
formic acid 8.69 mmol NO336 FeCl2 41-120 MFA 90 90 90 11.794 48.843 8.4136

E??G&f‘%@%%%%@n wig 8‘169 Bergr?zg%ﬁ ‘gig(’@ga‘%‘% SE%FS‘%?!dﬂﬂegoo?Sa

nmol _ 9 M(JAc) 504D DVE 120 90 9§ 14. 16 33. p2% 3B. 521 MOF- 0 [0. 46
mol sim | ar mchrCicaQ' 69| mol {Mh( hf ac) 2 (Ac) 2 4H2D Et her 90 95.32 90 9.572
17. 162| 14. 041} C2PCC % BocrsHs) [0. 46 fmol
8.69 mmol
NO336 FeCly-4H:0 MFA 90 90 90 11.794 | 48.843 | 8.4136 Pbcm
0.50 mmol 5
formic acid
8.69 mmol
NO13 Mn{Ac)z-4HO | Ethanol 90 90 90 1866 | 11.762| 9.418 Pbcn
0.46 mmol
benzoic acid
0.92 mmol
bipyridine
0.46 mmol
NO29 Mn{Ac)z 4H:0 DMF 120 90 90 14.16 | 33.521{ 33.521 P-1
MOF-0 0.46 mmol
similar HiBTC
0.69 mmol

Mn(hfac)s [ Mn(Ac)e4H,O | Ether 90 9532 | 90 | 9572 |17.162[14.041] C2ic
{O2CCeHs) 0.46 mmol
Hfac
0.92 mmol
bipyridine
0.46 mmol

BPR43G2| Zn(NOj)26H.0 DMF 90 91.37 90 17.96 | 6.38 7.19 C2/c
0.0288 mmol CHiCN

H.8DC
0.0072 romol
BPR48A2 | Zn(NOs)}z 6H.Q DMSO 90 90 90 14.5 17.04 | 18.02 Pbca
0.012 mmol Toluene
H.BDC

0.012 mmol




Hfac 0.92 mmctl bipyridine 0.46 mmol BPR43G&2 Zn(NOG3) 2 61-120 DMF 90 91. 37
90 17.96 6.38 7.19 C2/c 0.0288 mmol CH3CN H2BDC 0.0072 nmol BPR48A2
Zn(NOB) 2 61-120 DMSO 90 90 90 14.5 17.04 18.02 Pbca 0.012 mmol Tol uene
H2BDC ¢ dddcds77edpte PF 0000057725/ FE - 22- BPR49B1 Zn(NCGB)2 61120 DVBO 90
91.172 90 33.181 9.824 17.884 C2/c -®@2024 mmol Met ha H2BDC not 0. 048 nmol
BPR56EL Zn(NCGB) 2 61120 DVSO 90 90.096 90 14.587 14.153 17.183 P2(1)/n 0.012
mol n{ 3 H2BDC Propanol [ 0, 044 rmol] BPR6B010 .Zn(NOiéZG PO D!\/EO 90 95.316 90
10. 062 | BP9 |1 gnPg2 §50 1 vaog.oﬂhaLrﬁ%ﬂP Bef% e B! LB 17 F8bp6 ¥ 2|

BPR69B| Cd( NB) 2.04dmddO Disia-40 98. 16 90 14.16|15.7p 17.b6 cc| 0.0212 nmol
H2BDC |0. 0428 nml BPR73F4 Cd(jNO3) 241- 120| DMBO| 90 9P. 324| 90 8| 7231 7] 0568
18.438|P2(1)/h 0898 mpl "¥olluene H2BDC {0. 008 nmo

0.048 mmol

BPRSGET | Zn{NOj): 6H.0 | DMSO 90 90.096 90 |14.587|14.153117.183] P2(1)/mn

0.012 mmol n- 3
H.BDC Propanol
0.024 mmol

BPR68D10} Zn{NOs). 6H0 | DMSO 90 95.316 90 10.062 | 1017 [16.413| P2(1)c
0.0016 mmo!  |Benzene 7
HaBTC
0.0064 mmol

BPRG9B1 | Cd(NOa): 4H:O0 | DMSO 90 98.76 90 14.16 | 1572 | 17.66 Cc
0.0212 mmol
HBOC
0.0428 mmol

BPR73E4 Cd(NO3): 4H,0 | 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{NO3). 6H:0 | DMSO 90 104.17 | 90 |14.419}6.2599 | 7.0611 Pc
0.0009 mmol 1
H:BzPDC
0.0036 mmol

BPRB0OBS Cd{NOs)2:4HO DMF 20 11511 | 90 |28.049| 9.184 |17.837] C2/c
0.018 mmol
H.BDC
0.036 mmol

BPRB0OHS Cd(NO3)2 4H0 DMF a0 119.06 90 [11.474|6.2151 | 17.268 P2/c
0.027 mmol 6
H:BDC

0.027 mmaol




BPR76D5 Zn(NO3) 2 61120 DMSO 90 104.17 90 14.419 6.2599 7.0611 Pc 0.0009
mmol 1 H2BzPDC 0.0036 nmmol BPR80B5 Cd( NGB) 2- 4H20 DMF 90 115. 11 90 28. 049
.9.184 17.837 C2/c 0.018 mvl H2BDC 0.036 nmmol BPR8OHS5 Cd(NO3)2 41120 DVF
90 119.#Fo8dsA3smEr4 6. 2151 17.268 P2/c  0.027 mmol 6 H2BDC 0. 027 nmol PF
0000057725/ TE -23- BPR82C6 Cd(N03)2 -4320 DMF 90 90 90 9.7721 21.142 27.77
-Fdd2 0.0068 mmol H2BDC 0.202 nmmol BPR86C3 Co(N03) 261-120 DMF 90 90 90

aii o 28108 bt SR G s 1% o7 oS dg sl ) b o

H2BDC 10. 010_mmpl oGodehid) 2| 620 NVP_106. 3 1107, 43 101. 2 7/5306(10. 942 11.025

9 90 |7.4502 13.767]12.713 P2(1)/c

P1 BPRO5A2 Zn(r\IOS)l_Z‘:gl- 1201 NMP 9D 102
0.012 I HZBDd: o"YS bl CuCBF404 Cu(N@B) 2'}2. 5H30 DVF 90 98. 83490
10. 967 |24. 43 22 |55%koPamd) /n 0. 370 mmpl Chfjoro-{ 5 HE4BDC( ( 2 |benzene
BPRS86G3 Co(NO3)2 6H.0 DMF 20 90 90 ]18.344110.031]17.983 | Pca2(1)
0.0025 mmol a
HBDC
0.075 mmol

BPR86H6 Cd({NO3).-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(NQs)p 6H0 NMP 106.3 | 107.63 |107.2]| 7.5308 | 10.942 } 11.025 P1

BPR95A2 Zn(NQs}), 6H:0 NMP 90 102.9 90 |7.4502)]13.767 | 12.713} P2(1)/c
0.012 mmol
H.B8DC
0.012 mmol

CuCeF4Q4 | Cu{NQg)22.5H0 | DMF 90 98.834 | 90 | 10967 | 24.43 | 22,553 | P2(1}/n
0.370 mmol Chioro- 5
HBDC(OH), |benzene

0.37 mmol

Fe Formic FeCly-4H:0 DMF a0 91.543 90 | 11.495| 9.963 | 1448 | P2(1¥/n
0.370 mmol
formic acid

0.37 mmol

Mg Formic | Mg(NQOa)x6H:Q | DMF 90 | 91.359 | 90 |11.383] 9932 | 14.656| P2(1)/n
0.370 mmol
formic acid

0.37 mmol

MgCsH4O¢ Mg(NQO3)-6H.0 DMF 90 96.624 | 90 |17.245] 9.943 | 9.273 C2lc
0.370 mmoi
H.BDC(OH) »

0.37 mmot




0. 37 mol
0. 370 nmol

93. 459
MOF- 26
mol 7
21. 297
Cu( NCB)
KDB

formc acid 0.37 mol
.11. 383 9.932 14.656 P2(1)/n
My ( NOB) 2F @eGr 26 90 96. 624 90 17.245 9.943 9.273 C2/c
2 0.37 mol
©16.834 12.52 P2(1)/n

0. 370 mol

MOE-38 _0.44 mmo

MOE- 4

0. 370 mol
PF 0000057725/ TE -24- ZnZPHABDC Znd 2 DVF 90 94. 714 90 7. 3386
CBBDC__ 0. 261 mmol

Fe Formc FeCl 2 41-120 DVF 90 91.543 90 11.495 9.963 14.48 P2(1)/n
My Form c Mg(NOB) 2- 6H20 DMF 90 91. 359 90
formc acid 0.37 mol

My C6H4 0B

H2BDC( OH)
9 Znd 2 DVF 90

“ﬁ&@

DCOREF-38. (
18. 069 CZ
2' 2. 5H20

85 osminol

/c

DVF®
0.261 mmol

4

111.

5o of B8 o

-112
Mol
98 90

Et

D/
b%o
Du( NOJ
hano
23. 84

587457
n) 2 2.
1 o-
50 16.

%

Br -
334

bH2
m BDC
18. 38

DIV

!

e
00 1
0. 08

2 P2(

6135
7. 49
5 MU

1)/c

%)51}1 r,]mm

90 29.
MOF-
0. 084

ol

0. 084
324
109

mmol 1

MOF-49

ZnCly
0.44 mmo!
m-BDC
0.261 mmol

DMF
CHICN

90

93.459

90

13.509

11.984

27.039

P2/c

MOF-26

Cu(NO;)» 5H:0
0.084 mmol
DCPE
0.085 mmol

DMF

90

95.607

90

20.879

16.017

26.176

P2(1)/n

MOF-112

CU(N03)2'2.5H20
0.084 mmol
o-Br-m-BDC

0.085 mmol

DMF
Ethanol

90

107.49

90

29.324

21.297

18.069

C2fc

MOF-109

Cu(NO3)»-2.5H0
0.084 mmol
KDB
0.085 mmol

DMF

90

111.98

90

23.880

16.834

18.389

P2(1)/c

MOF-111

Cu({NO3)2-2.5H,0
0.084 mmol
0-BrBDC
0.085 mmol

DMF
Ethanol

20

102.16

90

10.676

18.781

21.052

C2/c

MOF-110

Cu{NO3)2.5H,0
0.084 mmol
thiophene
dicarboxylic acid
0.085 mmol

DMF

90

90

120

20.065

20.065

20.747

R-3/m

MOF-107

Cu{NOs)22.5H,0
0.084 mmol
thiophene
dicarboxylic acid
0.085 mmol

DEF

104.8

97.075

95.20

11.032

18.067

18.452

P-1




0. 085 nmmol MOF-111 Cu(NOG3)2 2.5H20 DMF 90 102.16 90 10.676 18,781 21.052
C2/c 0.084 mol Ethanol 7 o-BrBDC 0.085 nmol MOF-110 Cu(NO3) 2. 2.5H20 DWF
90 90 120 20.065 20.065 20.747 R 3/m 0.084 nmol 2 thiophene dicarboxylic
acid OPP@BoOsTAZE/TR/OF- 107 Cu( NOB) 2. 2. 5H20 DEF 104.8 97.075 95.20 11.032
18.067 18.452 P-1 0.084 mmmo! 6 thiop2ene dicarboxylic acid 0.085 mmol PF
0000057725/ TE -25- MOF-108 Cu(INO3)2'2 5H20 DBF/ 90 113. 63 90 15.474 14.514

o 03 i) AP oASLBAG ) cob p U o LEBRIEMIGG g1 e L

0.084 rfmol 1 H2( Bmz)moto vesnatiol  C| bdcl :u(Noeyz 5H o 90 145.56 90
14.911 |15. 622 14. 4 S 1 0. 084 fmol H2(BDCCI 2)] 0.0 (NI\/[P)
Cu( N03)22. 51- 120 GJ%" P8Y°102. 37 90

14. EZB 181727 15.529 P2( 1)/m 0.084 mol 8
NBDC . 085 nmol] dicarboxylic acid

0.085 mmaol

MOF-102 | Cu(NQa)22.5H.0 | DMF | 91.63 | 106.24 |112.0|9.3845] 10.794 | 10.831 P-1
0.084 mmol 1
Hz(BDCCiy)
0.085 mmol

Clbde1 Cu(NOaJ).-2.5H:0 | DEF 90 105.56 | 90 |14.911]15.622 [ 18.413 P-1
0.084 mmol
Ha(BDCCly)
0.085 mmol

Cu(NMOP) | Cu(NO3)z2.5H,0| DMF 90 | 102.37 | 90 |14.923]18.727{15.529 | P2(1)/m
0.084 mmol 8
NBDC
0.085 mmol

Tb(BTC) TB{NOs)3 5H.0 DMF 90 106.02 | 90 [18.698 | 11.368 [ 19.721

0.033 mmol 6
HiBTC
0.033 mmol
Zny(BTC), ZnCl; DMF 20 90 90 ]26.572]26.572|26.572| Fm-3m

0.033 mmol Ethanol
HaBTC

0.033 mmol

ZnONDC) | Zn(NOa)e4H:0 | DMF 20 90 90 |41.559|18.818 | 17.574| aba2
0.066 mmol Ethanol a
14NDC
0.066 mmol

CdTDC Cd(NO;)2-4H,0 DMF 90 90 90 |12.173|10.485) 7.33 Pmma
0.014 mmal H0
thiophene
0.040 mmol
DABCO

0.020 mmol




Tb(BTC) Tb(NO3)351-120 DMF 90 106.02 90 18.698 11.368 19.721 0.033 mol 6
H3BTC 0.033 mmol Zn3(BTC)2 zZnd 2 DMF 90 90 90 26.572 26.572 26.572 Fm 3m

0. 033 mml Ethanol H3BTC 0.033 nmol Zn4Q(NDC) Zn(N03)2-4H20 OVF 90 90 90
41. 559 d8Bo06dB7725TH74 aba2 0.066 mmol Et hanol 4 14NDC 0. 066 mmpl CdTDC
Cd(NO3)2 4H20 DMF 90 90 90 12.173 10-285 7.33 Pmma 0. 014 mol H2O t hi ophene
0. 040 nmmo!  DABCO 0. 020 mml PEF 0000057725/ TE -26- | RMOF-2 Zn(NO3) 2-4H20 DEF

90 90 40 2 [25. 17 3m 0. 160 foml [.0- [ || RVOF- 3
Zn( NOB) 2 'ﬁ’ﬁ@%zmzé"gﬁéﬁa%b (2 FETY % 74%’%25%7 %%&?%Lrﬁl?% fg'7%‘rnl'“' hanol
H2N-BDE  0- 60 mifol o.ié@Maet 4 | Zn( NOB) 2 4H20 DEF 90| 90 90 25.1849 25. 849 [25. 849
Fm 3m [0.11 mmol [c%%ﬁ&z- BDC 0J48 mml | RMOF-p Zn(INGB) 2 4H2d DEF 90 90 90
12. 882 |12. 882 12. 88FBi¥3am[ 0. 13| mol

0.60 mmo!

IRMOF-3 Zn{NO3)24H0 DEF 90 90 90 25747 | 25.747 1 25,747 | Fm-3m
0.20 mmol Ethanol
HzN-BDC

0.60 mmol

IRMOF-4 Zn{NOa},-4H20 DEF 20 90 90 |25.849 2584925849 | Fm-3m
0.11 mmol
[CaH70L-BDC
(.48 mmol

IRMOF-5 Zn{NO3)z 4H:0 DEF 20 a0 90 |12.882|12.882|12.882] Pm-3m
0.13 mmol
[CsH4110]2-BDC

0.50 mmol

IRMOF-6 Zn(NOz}4H:0 DEF 90 90 90 |25.842|25.842 | 25.842| Fm-3m
0.20 mmol
(C2H.4)-BDC
0.60 mmol

IRMOF-7 Zn(NQO3)o"4H,0 DEF 90 90 90 12514129141 12.914| Pm-3m
0.07 mmol
1,4NDC
0.20 mmol

IRMOF-8 Zn{NQO3)z-4H:0 DEF 90 90 90 §30.092 | 30.092 | 30.092| Fm-3m
0.55 mmol
2,6NDC

0.42 mmol

iIRMOF-9 Zn{NQ3)z 4H0 DEF 80 90 90 }17.147123.322 1 25.255| Pnnm

0.05 mmol
BPDC

0.42 mmol




[C5H 1012-BDC 0.50 mmol | RMOF-6 Zn(NG3)2 . 41-120 DEF 90 90 90 25. 842
25.842 25.842 Fm3m 0.20 mmol [C2H4]-BDC 0.60 mml | RMOF-7 Zn(NO03) 2- 4H20
DEF 90 90 90 12.914 12.914 12.914 Pm3m 0.07 mml 1,4NDC 0.20 nmol | RMOF-8
Zn( NO3) 2F ebbtd87/REFE 90 90 90 30. 092 30.092 30.092 Fm3m 0.55 nrnol 2, 6NDC
0.42 mol | RMOF-9 Zn(NGB) 24H20 DEF 9®B0 90 17147 23.322 25.255 Pnnm 0. 05
mmol BPDC 0.42 mmol PE 0000057725/ TE -27- | RMOF-10 Zn(NO3) 24H20 DEF 90 90

90 34. 48 8] Em 3m.. 0] 02 nfrol_ B . 1.1 BNF- 1
Zn(myz}%%d%mzé'é%&g%“@y 2HEBb %"4. 32?056.[)%4%&% A s |F"HJ3E)<: 0. 20
ol | RVOF- 12 Zih( No83 @mak2 DEF D0 90| 90 34| 281] 34. 281 34. 281 |Fm 3m| 0.017
ol HPDC 0. 12 mmlr?ﬁég\/[]: 13 zn{N03) P 4H2d DEF 90 90 90 [24. 832 24. 822

56. 734 |R-3m 0. 048

0.012 mmol

IRMOF-11 Zn(NOa)>4H,0 DEF 90 90 90 |24.822|24822]156.734| R-3m
0.05 mmol
HPDC

0.20 mmol

IRMOF-12 Zn{NQs)2 4H:0 DEF a0 90 90 |34.281]34.281134.281 1 Fm-3m
0.017 mmol
HPDC

0.12 mmol

IRMOF-13| Zn(NOa)o'4H:0 DEF a0 90 90 124.822|24.822)56.734 R-3m
0.048 mmol
PDC

0.31 mmol

IRMOF-14|  Zn{NO3)»4H:0 DEF 90 90 90 134.381]34.381 34381} Fm-3m
0.17 mmol
PDC

0.12 mmol

IRMOF-15| Zn{NO3)2'4H,0 DEF 90 90 90 |21.459)21.459)|21.459| Im-3m
0.063 mmol
TPDC

0.025 mmol

IRMOF-16{ Zn(NO3)2-4H,0 DEF 20 90 80 2149 | 21.49 | 21.49 Pm-3m
0.0126 mmol NMP
TPDC

0.05 mmo!

ADC Acetylenedicarboxylic acid
NDC Naphthalenedicarboxylic acid
5 BDC Benzenedicarboxylic acid
ATC Adamantanetetracarboxylic acid

BTC Benzenetricarboxylic acid



PDC 0.31 mmol | RMOF-14 Zn(NOG3) 2. 4H20 DEF 90 90 90 34.381 34.381 34.381
Fm3m 0.17 nmol PDC 0.12 mmol | RMOF-15 Zn(N03) 2. 4H20 DEF 90 90 90 21. 459
21.459 21.459 Im3m 0.063 mol TPDC 0.025 nmol | RMOF-16 Zn(NO3) 24H20 DEF
90 90 96rF auhoebd72BAE49 21.49 Pm3m 0.0126 mmol NMP TPDC 0. 05 mmol ADC
Acetyl enedi carboxylic acid NDC Napht &} enedi carboxylic acid 5 BDC
Benzenedi car boxylic acid ATC Adamant anetetracarboxylic acid BTC

Benzene car bo 000057725/ TE -28- BTB Benzenetri benzoic acid
MIB Met g‘?let etrg%ezhﬁz;%%h%lffmoATB Adamant anet et rabenzoic acid ADB
Adamant 81Bdi benMethanetetiallemor@giiher net al -organic franework materials are

MOF- 2 t grd, wngamm,é@t;agegzo?@ac,d\m 39, MOF-69 to 80, MOF103 to 106,
MOF- 122, MOF- 125, MOF- 150, MOF-177, MOF-178, MOF-235, MOF-236, NOF-500,

NOF- 501 ADRDE- 50§daWHS®Be"ZP'RW 1, |RMOF-61, |RMOP-13, |RMOP-51, M L-17,
ML-45 ML-47, ML-53, ML-59, ML-60, ML-61, ML-63, 10 ML-68 M L-79.

M L 80, etk eual i afiasiods b Ml €0 MOES B0 MR
f r amewoBR, MEFeEY w 80, MOFI ahtoZtns, MOF-022,0MOFs125; M1 56 MAEHIT, MOF-578] t he at
least bifisnbad oS54 HORUTROWGF 581, MOF-502, MOF-505, IRMOF-1, IRMOF-61,
{RMOP-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 electrochemical route. In this respect,
20  reference is made to DE-A 103 55 087 and aiso WO-A 2005/049892. The MOFs produced

in this way exhibit particularly 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 corresponding 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



15 terephthalic acid, isophthalic acid, 2,6-naphthal enedicarboxylic acid or
1, 3, 5-benzenetricarboxylic acid. In addition to the conventional nethod for
-production of MOFs, as described, for exanple, in US 5,648,508, they can
al so bePquooatéitresiTiby t he el ectrochemical route. In this respect, 20
reference is nmade to DE-A 103 55 087-2thd al so WO A 2005/ 049892. The MOFs
“produced in this way exhibit particularly good properties in relation to
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Therefore the pres I nventi on, respect ectrochem cal

pr oduc e gleptrgahenicalprqdyigtion, the a'e'ﬁ%ﬁ?ﬂ"é meia '@'Frt?‘dHPYl'@?ﬂ bhéﬁ@?‘@i prgatian Ofmu ch the
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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.



15 can be provided by anodic oxidation as netal ion in the reaction nedium
According to a preferred enbodi nent of the present invention in connection
with the electrochem cal production, the at | east one netal ion is provided
by anodPfcogsdsgabiien of at | east one anode conprising this at | east one
metal , though no further metal being-§Povided 20 via a netal salt. The term
"metal", as used in the context of the present invention in connection with
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such as, for exanple, binders, lubricants or other addltlves can be added
to the MOF. kneasiadtae fpmemericmatenhaipneoriagether with atdeast pnepindarandienalr 35
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- 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 Ullmanns Enzyklopédie der Technischen Chemie [Ullmann's

25  Encyclopedia of Industrial Chemistry], 4th edition, volume 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 exampile, 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,
pelleting, 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 exampie,



material. The resultant material can then be further processed to give a
shaped body in accordance with the above described nethod. Applying the
framework nmaterial to at |east one, if appropriate, porous substrate. 20
Foam ngp# gdogospes@els pl astics, such as, e.g. polyurethane. Kneadi ng and

shapi ng can proceed according to any-3uitable nethod, such as, for exarrpl e,
as described in Ul mann Enzykl opadi e der Techni schen Cheme [UIlnmann's 25
Encycl ope | r t v Pas i f.
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foang ng, spinning, coating, granulating, preferably spray granul ati ng,

sprayin ray-dryijin a.conbi pati on of two or t hese et hods. 35
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whi ch ensures the viscosit eaded or shaped desired
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for exawla‘?ném&&gﬂnla! lﬂaﬂiaét’ﬁoxysilane, tetrapropoxysifane, tetrabutoxysilane, or, for
20 example, trialkoxysilanes such as, for example, trimethoxysilane, triethoxysilane,
tripropoxysilane, tributoxysilane, alkoxytitanates, for example 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,

tetraethoxyzirconate, 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,
methylcelluiose and/or a polyacrylate and/or a polymethacrylate and/or a polyvinyl alcohol
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



kaolin, bentonite, hallosite, dickite, nacrite and anauxite, al koxysil anes,
as are described, for exanple, in EP O 102 544 131, for exanple
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Such 10 further additives are instance in EP 0 389 041 A, EP
0 290 28yagpury pr Unger 9ratective. Qﬁl@"@%&@%ﬁrebyﬁpf@m@y'@édltlves such as tenpl ate
conmpound, binder, pasting agent, viscosity-increasing substance in the

shapi ngA%cr:]cgjrdi ?ag pgﬂlclu arlil rp])reﬁérlrgcf cler%gdlr?\%%t (l:nr '}hte c%n{ext 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 partial 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 CQO, partial pressure is



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, mrebmosisyiei n t he range from50 to 300C, and particularly preferably
in the range from 100 to 300C. Likewd3d8e, it is possible to dry in 20 a
vacuum or under a protective gas atmosphere or by spray drying. According to
a parti Ll r y.n the context of this drying
operat“g#bg 1¥mpcfiﬁ&hﬁgesg89hgwgg 8unds added as additives is at least in
part renoved fromthe shaped body. 25 Exanple Figure 1 shows the

adsor ptiHmbe theY MhoPbt C&Lca he?sMsottiedlidthgBtoat 2 ﬁg SPfadewbRImNEYd materi al
al um num terephthalate in the formof 3x3 nmtableéets, P giving the absolute
30 pressure in nbar and A giving the anmount of adsor bed gas in ng per g of
adsgrbent. 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
CO2 partial pressure is PF 0000057725(TE -33- (0.03%1 bar) 0.3 nbar (see
point 3 in Fig. 1). This neans that 1 nol of CO2 can be adsorbed using about
2 kg of framework material. 5 PF 0000057725/ TE -34- Patent clains 1. A

met hod for renoving carbon dioxide and, if appropriate, water from breathing
air in closed or partially closed systens conprising the step 5 -
contacting the breathing air with a porous netal -organic franework naterial,
the framework material conprising at |east one at | east bidentate organic
conpound which is bound by coordination to at | east one netal ion.



10 2. The nmethod according to claim1l, wherein the closed or partially

cl osed system conprises at | east one breathing apparatus and also a
breat hi ng mask, a breathing suit or other life support system 3. The

nmet hod peaoodrr2gTEO0 claim | or 2, wherein the porous netal -organic framework
15 material is present as a shaped bed4: 4. The nethod according to one of
clains 1 to 3, wherein the porous netal-organic franmework material is at

| east pp&b aﬁﬁsadsorber bed in a filter. 20 5. The nethod according to one
of cl ains wherein the at | east one netal ionis an ion selected
fromthe group consi sting of alum num zinc and copper. 6. The nethod

accor di ig t 0OAGR&h&d f&'r@hﬂﬁné chﬁboﬁ dioML 8id) ﬁ%ﬁ‘@ré}inaiee%'f{ermdi‘@BFe%irﬁng)éﬁan' c
compound is derived froma di-, tri-, tetracarboxylic acid, or their sulfur

anal ogs. 25 # cloged|asparially clpsed sysiams e isadie S8 whi ch conpri ses at | east
one Hreathing apparatus and al so a breathing nmask, a breathing suit or
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| east one netal . oun%wl:m?uaﬂ Bﬁ&ﬂy bordipa Pérﬂ 'éfl&ds?ﬁr\?ﬁm%ﬁa?[ gm according to

claim?7, V\/nerelnrﬁﬁls In I'oh 7 has "a Pe por ous
netal -organic framework naterial is present at |least as part of an adsorber

bedyg 35,9. T'f‘fﬁ? Gh&Rcd ae.soram ttbaéleL?ﬁe?l ARG iSR! ﬁﬁe%c(irob&l’tnélﬂ; éIQS(ﬁJ g

wherein the ter 1s exch nea or I's inst f1xed stem PF
0000057725/ TEOMpHsesay 'eaﬁhenejh@aﬁ?%am%%téa apd alsgra brgpihingdnaske @ @9@ Bth

accordi ng t os@ingr Gtheli@kdPport sySteth.f or  renovi ng carbon di oxi de and, if
appropriate, water frombreathing air. 11. A nethod for regenerating a

porous netal -organic framework material froma closed 5 or partially closed
syst em @ccor Thagnéteodaordingloadlaim 7ot 2, whezeinhie porogs hivtaldigeptc frarnéwork
apptepriate renovin he rreta rganjic framework material; and - inpinging
therlgr amewor wattr%r{aé g%[% PR ag 8%%‘%1 "12. The nethod according to claim 11,
wherein the gas is air, nitrogen, an inert gas, or a mxture thereof. 13.

The et hod asfgriiingy LeeiblT bhe%t dims 1 & Windib thToRAR Bt biyahROCt her

framework material is at least part of an adsorber bed in a filter.

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

6. The method according to one of claims 1 to 5, wherein the at least bidentate organic
compound is derived from a di-, tri-, tetracatrboxylic acid, or their sulfur analogs.
25
7. 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
30 bound by coordination to at least one metal ion.

8. The closed or partially closed system according to claim 7, 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.

35

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

exchangeable or is installed fixed in the system.



t he change of at

15 14. The nethod according to one of clains 11 to 13, wherein the

regeneration of the netal-organic framework material is performed during

t he user gdoodshesgbkosed or partially closed systemaccording to one of clains

7 to 9.

10.
1.

5

10 12.
13.

15
14.

-35-

The use of a closed or partially closed system according to one of claims 7 to 9 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 7 to 9 comprising the steps

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

The method according to claim 11, wherein the gas is air, nitrogen, an inert gas, or
a mixture thereof.

The method according to claim 11 or 12, 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 11 to 13, 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 7 to 9.

| east one paraneter selected from pressure and tenperature.



