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KiroueBbie cioBa: a}.'[COp6eHTI)I OpraHU4YC€CKUX BCHICCTB; a,HCOp6III/IOHHLIe
CBOMCTBa IO BOAC U 66H30J’Iy; 6€H30J'ITpI/IKap6OKCI/IJ'IaT Meau; METAJUIOPraHU4CCKUe

CTPYKTYPBI.

AHHoTanusi: CHHTE3MpOBaHA METAIIOPTAHHYECKAs CTPYKTYpa OeH30JATpHUKap-
6okcunara meau Cuz(BTC), ¢ ucnomp3oBanuem Oenson-1,3,5-1pukapOoHOBOM KHCIIO-
Thl (TPUME3MHOBOM KHUCIOTHI) U HOHOB Meau. OmnpeseneHbl yaelbHas MOBEPXHOCTb
Y TepMHUUECKasi yCTOHYMBOCTb. VccenoBaHbl a/icopOIOHHBIE CBOWCTBA MO BOJIE U OEH-
3omy. CrenaHo mpeanosoxkeHne o Bo3MoxHocTH ucnonb3oBanus Cus(BTC), B kauecTtse
ajicopOeHTa OpraHNYEeCKHUX BEIIECTB U3 CyXOro BO3yXa M OCYIINTEIISL.

B HaCTOs1ICC BpeMﬂ CI/IHTe3y U UCCJICJOBAHUAM MeTaJ'IJ'lOpFaHl/I'-IeCKI/IX CO@JII/IHCHI/Iﬁ
BO BCEM MUPE yAeJSIeTCs 0O0JIbIIoe BHUMaHUE. MeTaJIOPraHMYeCKHe CTPYKTYPhI ObLIH
OTKpBITEI B Muunranckom yHusepcutere Omapom frxu u coaBropamu B 1990-x rozpax,
nepBEIe pabOTHI IO CHHTE3Y U MCCIICIOBAHUSAM ITUX COCIUHCHHUN MPEICTAaBICHEI B ITy0-
mukammax [1 —3]. Ha maHHBIT MOMEHT CHHTE3MPOBAHO 0oJee NEecsSTKa THICSY pa3iIid-
HBIX METAJUIOPTaHWYIECKUX CTPYKTyp. He Bce oHM 005amaloT HOCTaTOYHOH cTaOMIBHO-
cThio. OJHAKO 3HAYNTENbHAS YaCTh SBISACTCS TEPMUICCKA U XUMUUECKH YCTOWIHBBIMH.
Tepmudeckasi cTaOMIBHOCTh HEKOTOPBIX coeamHeHnit gocturaet 500 °C [4 — 6]. Otmnu-
YUTEIbHAS OCOOCHHOCTh JAHHBIX CTPYKTYP — UX BBICOKAS IOPUCTOCTH, BEICOKUE YCIb-
HbI€ TIOBEPXHOCTH M HAJIMYHE OTKPBITHIX METAUIMYECKUX MECT, SIBJISFOIIUXCS aacopO-
[IMOHHBIMU IIEHTpaMH. JlaHHBIE XapaKTEPUCTUKU SIBJSIFOTCS MPEANOCHIIKON BBICOKON
aJCOPOIIMOHHOI CITOCOOHOCTH TaHHOTO KJIacca METAIUIOPTAaHUYECKUX CTPYKTYP.

Ienb paboThI — MPOBEACHUE CHHTE3a OJHOTO M3 MPEICTaBUTENICH Kiacca MeTaj-
JIOPraHUYECKUX CTPYKTYp — OCH30ATpUKapOOKCcHIaTa Meau (TpuMe3aTa MEIH) U UCCIIe-
JOBAaHUEC €Iro (bMSHKO—XHMH‘ieCKI/IX nu aﬂCOp6LII/IOHHle CBOﬁCTB IO OTHOIICHUIO K BOJC,
MOTJIOIIEHHE KOTOPOH OIPEeIseT CTENeHb THAPOMMIBEHOCTH TIOBEPXHOCTH, U OCH30ITY,
KaK MOJETHHOMY BEIICCTBY, ONPEACIIIONIEMY aaCOPOIMOHHYI0 CITIOCOOHOCTh TOKCHY-
HBIX OpPTaHMYECKHWX BemecTB. [laHHOE HCCIenoBaHWE — MPOIOJDKEHHE padoThl [7]
10 U3YYEHHUIO CIOCOOOB TONYYEHUS M aACOPOIMOHHBIX CBOHCTB HEKOTOPHIX IpeaCTa-
BUTENICH METaNIOPTaHNYECKUX CTPYKTYP KaK HOBOTO Kjacca MOPHCTHIX KPHUCTAIUTHYE-
CKHX aJICOPOITMOHHBIX MaTEPHAJIOB.
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Cunres Cu;z(BTC), (ananoru nasBanust — HKUST-1, MOF-199) ocymectsisinu
B COJIbBOTEPMHUYECKUX YCJIOBHX Mo MeTofuke [8]. ['oToBmIn aBa pactBopa: pactsop I,
cocrosiuii u3 2 1 (9,52 MMOJIb) TPUME3MHOBOW KHUCIOTHI (6eH30:-1,3,5 — TprkapOoHO-
Boit kucnotsl (H3;BTC), pactBopenHoll B 24 M1 3TaHONIA; U PACTBOP 2, IJIsl KOTOPOIo
Cu(NOs3),-3H,O (17,2 mMonb) B konudecTBe 4,16 T pacTBOpsanu B 24 MJ 3TaHOIA.
PactBop 2 mo kamisiM j100aBIsUIM K pacTBOpY | IPH WHTEHCHBHOM IepeMelIMBaHUN
Ha MarHUTHOHM Memanke. OOpa30BaBIIMIACS 301k TOJYOOTO IIBETa EPEHOCHIIN B aHAJIH-
THYECKHH aBTOKJIAB C MOMELICHHBIM BHYTPh ()TOPIUIACTUKOBBIM CTaKaHYNKOM EMKO-
ctto 150 mu. Cuntes Benu npu temnepatype 110 °C B teuenue 20 u. O6pa3zyronuiics
TeMHO-cuHUH ocanok Cus(BTC), oTaensiim oT MaTOYHOro pacTBOpa (HUILTPOBAHUEM,
MHOT'OKPAaTHO IPOMBIBAIN BOAOH Ha (UIBTpEe M CYMIWIM B CYIIMJIBHOM WIKady IpH
temnepatypax 130...150 °C. B xoHeYHOM HTOTE TMONyYaics KPHCTALTMYSCKHA MOpO-
IIOK TeMHO-()HOJIETOBOTO IIBETA.

B nanpHEWIIMX OmbITaX B CHUPTY PACTBOPSUIM TOJIBKO TPUME3HHOBYIO KHCIOTY,
BBUJly €€ OIPaHMYEHHOW PacTBOPUMOCTU B BOJAE, HUTPAT MEIU BBOJIWIHM B PEAKLUOH-
HYIO CMECh B BHJIE BOJHOTO pacTBopa. B pesynbraTe mosy4anan KpHUCTAJUIBI MTOJTHOCTBIO
WJICHTUYHBIE KPUCTAIIIaM, OJTYYEHHBIM HAa YUCTOM ATAHOJIE.

ITo nureparypHbM faHHBIM [9], Cusy(BTC),(H,0); mpeacraBiser coboit KyOooK-
Ta’Ip C OTKPBITON TpeXMepHO# cucteMoii mop. Ha pucynke | mpencraBieHa CTpykTyp-
Has dopmyna Tpumesata Meau. Crpykrypa Cuz(BTC), umeer nBa TMIa HOp: LIEHTPalb-
Hble KBajpaTHble ¢ 3QdexTrBHBIM auamerpoMm 0,9 HM U OOKOBBIE TETpa’3pUUECKHE
KapMaHbl quamerpom 0,6 HM, COCMHEHHBIE C OCHOBHBIMH KaHAJIAMH TPEYTOJIbHBIMU
orBepcTrsiMU pazMepoM 0,35 HM. B mepBHYHOM CTPYKTYpHOM OJIOKE MPHCYTCTBYIOT
JIBa pa3HbIX aTOMa KHCJIOPOJa: KHCIOPOo] KapOOKCHIIATHOM IPYIIIBI U C1a00 CBSA3aHHBIN
aKCUAJIbHBIM KUCIOPO U3 KOOPJIMHAIIMOHHON BOJIBI.

JlaHHasT CTPYKTypHas XapakTepUCTHKa OOyCIaBIMBAaCT HMHTEPECHBIE CBOMCTBA
KapKaca: ¢ OJJHOH CTOPOHBI, THAPOPHILHOCTH OCHOBHOM MOPBI, C APYTOl, — MaJICHbKHE
MOPBI BOKPYT TPUME3WHOBOTO OJIOKa ONPEAEIIOT THAPO(GOOHBIN XapakTep ATOH CTPYK-
Typbl. JIuTeparypHble JaHHBIE XOPOLIO IOATBEPKIAIOTCS PE3YyJIbTaTaMU IIPOBEIECHHBIX
NK-CcrieKTpOoCKONMYECKUX W PEHTI€HOCTPYKTYPHBIX HCCIIETOBAHHM.

HK-cniextpsl canmanu Ha npucraBke HIIBO k ®@ypoe-criekrpomerpy Nicolet iS50
(Thermo Scientific, CILIA). Ha UK-cnextpe o6pasua Cuy(BTC), (puc. 2) 4eTko BUIHO
HAJIMYHE IHPOKOH MHTEHCHBHOM MOJIOCHI MOTIONIEHHS ¢ MAKCHMYMOM TIpH 3346 cM ',
YTO OTHOCHUTCA K BAJICHTHBIM KOHe6aHI/IHM cBs3u O—-H n CBUACTCIILCTBYET O IPOABJIC-
HUM FHIPOGUIBHBIX CBONCTB JAHHOW METAJUIOPTaHUYECKOM CTPYKTYPHI.

ITonocer nornomenus mexay 1700 u 1500 em ! XapaKTepHbI JUIsl BAJICHTHBIX ac-
CHUMETPHUYHBIX KosebaHuii kapookcmibHoU rpynnsl COO™, BXosmIel B COCTaB TpuMe-
3MHOBO# KHCIOTHL. B mHTepBane wacror 1300...1500 cM ' HAGIOAAIOTCS YETKO BHIPA-
JKeHHble TUKH mpu 1450 u 1374 cM ', 4TO COOTBETCTBYeT BalEHTHBIM M aedopMa-
LMOHHBIM KOJieOaHUsIM OEH30JILHOI'O KOJIbIIA, 1mojockl B obxactu 1200...1000 Y
JacToTaM BaJeHTHBIX Kojiebanuii cBsasu C—O, monocel B auamnasone 940...730 o
gacToTaM JIe()OpMAIMOHHBIX —KOJIeOaHUi
cBsazeit =CH, 9TO OTHOCHTCA K TpUME3H-
HOBOM KHCIIOTE, aI10Jl0ca MOTJIOMIEHHS
o) o) 493 cm ! cootBeTcTBYeT Komebanmsim Cu—O.
3Cu? Hannbie MK-crieKTpa MOATBEPKIAIOT CTPYK-

TYpy M XapakTep cBsA3el B OCH30JITpUKap-
o“ o OokcuiaTe Meau.

Hanuune KpucTanauMueckol CTPyKTy-
pbl ¥ (Ha30BOM YHCTOTHI B CHHTE3UPYEMBIX
Puc. 1. Crpykrypuas ¢popmyna Cuy(BTC), oOpasiax OICHHBAJIM METOIAOM PEHTICHO-

0] o]
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OnTryeckas IJIOTHOCTh 1375
0,09 T

0,08
0,07

) 1617
0,06 730

0,05
0,04

0,03

0,02

0,01 .
4000 3600

1200 800 400
BomHOBOE umcHO, oM

3200 2800 2400 2000 1600

Puc. 2. UK-cnexrp Cuz(BTC),

CTPYKTYpPHOTO M PEHTTeHO(ha30BOro aHanm3a. [laHHBIN aHaIN3 TPOBOIWICS HA PEHTTE-
HoBckoM audpaxromerpe JJPOH-6 ¢ penrrenosckum CoK -u3nydeHuem ¢ auana3soHOM
cbeMkH 3...70 °C mo 26. IlomydeHHble 00Opa3ipl XapaKTepU3yIOTCsl KyOUUecKoH KpH-
CTANIMYECKONW PEIIEeTKOM, C ONTUYECKMMM CBOMCTBaMu: a = 22,66 A, V=11639,17.
PeHTreHorpamMMbl MOJTy4EHHBIX 0Opa3loOB MPAKTHYECKH IOJHOCTHIO WAECHTUYHBI JaH-
HBIM, TIPUBEICHHBIM B TUTEPATypPHBIX UCTOYHUKAX [9].

CoracHO TaHHBIM PEHTI€HO(Aa30BOTO aHAM3a, TOyYeHHBIE B JA0OPATOPHBIX YC-
JOBUSIX 00paslpl HE CoIepKar NPUMECHBIX (a3 MOOOYHBIX IPOAYKTOB PEaAKIHH
Y HeNpOpearnpoBaBLIMX MCXOJHBIX peareHToB. Ha pucyHke 3 mpejcTaBieHbl JaHHbIC
MEXKTIJIOCKOCTHBIX PACCTOSIHUM, BbIpaxkeHHble B A. Bce pediekchl Ha peHTreHOBCKOM
mu¢pakrorpamme otHocaTes K Cuz(BTC),, 4To cBHAETENBCTBYET O YHCTOTE MOJYYeH-
HOTo IpoayKTa. PehiekcoB, COOTBETCTBYIONIMX HCXOIHBIM pPeareHTaM, He HaOJIF01aeTCs.

NHTEeHCMBHOCTH

7.64

13,30 937

15.36

Puc. 3. Judpakrorpamma cunresuposannoro Cu;(BTC),
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Dkv  Signal A=SEZ S

Puc. 4. SEM-u3o6paxenus Cuz(BTC),, x3000

Muxkpodororpaduu, crelaHHbIEe Ha 3JEKTPOHHOM CKaHHPYIOIIEM MHKPOCKOIIE
Neon 40 (Carl Zeiss, ['epmanusi), mMoKa3pIBalOT, YTO MOJYUYCHHBIC KPUCTAIUIBI UMCIOT
¢dopmy KybooKTasapa ¢ pasmepom dacTull nopsiaka 10 mxm (puc. 4).

Bonee TouHOE 3HaYeHME PAa3MEPOB YACTHIl ONPEACISIIM METOJOM JIa3epHOM IH-
¢pakuuu Ha ananmmzatope SALD-2201 (SHIMADZU, Snonwust). JlaHHBIH MeTOJ IO3BO-
JSIeT TONy4aTh 00bEMHOE PacIpe/IesICHHE YacTHI] IO pa3MepaM MCXOJ U3 JIaHHBIX U3-
MepsieMOil MHANKATPUCHI cBeTopaccesHus. [loiydeHHbIe 3HaYeHHsT 00BEMHOI0 pacipe-
JeJICHHs] KOHBEPTHPYIOTCS B 3HAYCHHMS KOJIMYECTBEHHOI'O paclpeeieHHs WM JaHHbIC
pacrpeeneHusl 4acTHIl o MakcuMasbHOUN minHe. Micxonst U3 KpuBOM pacnpeeneHus,
obpaszer Cuz(BTC), umeer cpennuii pasmep gactull 18 M.

[o nanubM MU hepeHMATBHO-TEPMUUYECKOTO aHaM3a, TPOBEACHHOIO HA TEPMH-
gyeckoM ananu3atope SDT Q600 (TA Instruments, CIIIA), ycCTaHOBJEHBI I'PAHUIIBI TEP-
mudeckoit ycroifunsoct Cuz(BTC),. OnbiTsl npoBoAMIMCh B cpesie asorTa. Iluk ¢ Tem-

neparypoii B paitone 94...95 °C coorBercTByeT HcnapeHuto Biard. OTHOCUTEIbHAs
crabunuzanust Maccbl Hactynaet npu 7~ 200 °C. IIpu 7> 300 °C HaunHaeTcs CyiecT-
BEHHasi yObUIb MacChl, KOTOpas B a30T€ COMPOBOXKIACTCS HEOOJBIIUM IK30TEpMHYE-
ckuM 3¢ pexTom, obpaser Tepser doinee 40 % Macchl, YTO COOTBETCTBYET €ro pa3iioikKe-
HHIO 110 okcuaa Mean CuO. AktuBanusi o0pasia NpOUCXOIUT B HHTEPBAJIE TEMIIEpaTyp
csoire 130 °C, ¢ makcumymom nipu 200 °C.

HccnenoBanue ancopObLuoHHON criocoOHoCcTH A 110 Boze U Oensony Ha Cuz(BTC),
B (hopMe IMOPOILKa NMPOBOAMIN SKCUKATOPHBIM METOJIOM B CTaTHYECKOM PEXKUME IIPU
Pa3NUYHBIX 3HAYECHHUAX OTHOCHTEIBHOTO JaBICHNUS ITapPOB BOJBI MPH HACHIEHHN P/Pg.

W3 nosry4eHHBIX TaHHBIX, KOTOPBIE TIPECTaBIECHbI Ha PUC. 5, BUAHO, YTO U30TEPMBI
ancopuun Oenzona u Boabel Ha Cuz(BTC), otHocsarcs k | tumy mo kiaccudukanmu,
npemioxxenHort C. bpynayaspowm, JI. lemunarom, Y. Jemunarom u 3. Temnepom, 9To co-
OTBETCTBYET (PU3MIECKOH amcopOumu B MuUKpomnopax. M3orepma GeH301a XOPOIIO am-
NPOKCUMHpYETCsi ypaBHeHHeM JleHrMmropa, paccuuTaHHas IO HeH yjelbHas I0-
BEpPXHOCTh cocTaBmsier 1420 M%/r, 4ro YAOBJIETBOPUTEIHHO COTJIACYETCS C MPH-
BEJICHHBIMU B nuTepatype ganasiMu (1200...2000 M*/r) [10]. VienbHas OBEPXHOCTS,
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A, (eM’/r)-1072 A, (eM’/r)-1072

50+ 50 +
40 + 40 -
30+ 30
20 + 20 A
10+ 10 1
0 + } } + | 0 1 : t t {
0 0,2 0,4 0,6 0,8 P/Pg 0 0,2 0,4 0,6 0,8 P/Pg
a) 0)

Puc. 5. Uzotepmsl ancopounn na Cuy(BTC), npu 20 °C Boas (a) u 6ensoa (6)

HU3MEpeHHasl M0 METoMy Hu3koremmepa- P/A, kIla/(Monb/r)

TYypHOU aJcOpOIK a30Ta Ha BBICOKOCKO- 2000 -

POCTHOM aJICOPOLIMOHHOM aHAU3aTOPE 1600 -

mwiomaan  nosepxHoctd  NOVA-1200

(Quantachrome,  CHIA), cocraBmia 1200 1

1317 M*/r, 4TO HE3HAYUTENBHO OTIHYA- 800 1

€TCSI OT paCUeTHBIX [AHHBIX, IOIyYeH- 400 1

HBIX 110 ypaBHeHHIO JIeHrmropa (puc. 6). P
IIpu mnpoBeneHnu JTa0OPATOPHBIX 012345678910

HCCIICIOBAaHUN BbISIBJICHA OCOOCHHOCTH

Cuz(BTC), MeHATH LBET HOpH B3aUMO-
3( ) H P Puc. 6. U3oTrepama ancopouuu 6eHsona

Ha Cu;3(BTC), npu 20 °C B koopauHaTax
JuHelHoi ¢gopmbl ypaBHeHus JleHrmiopa

neiictBuu ¢ ajcopbarom. Tak npu aj-
CcOpOLUHU BOJBI IIBET U3MCHSIETCS C TEM-
HO-(HOJIETOBOr0O Ha roiyOo, mpu aji-
copbuuu OcH3oma — Ha cuHUA. Takum
00pa3oM, 3a IpoIecCOM aICOPOIIMU MOKHO HaOIIOIaTh BU3yalbHO. KpucTamiel, nepe-
HECEHHBIC Ha BO3/YX, MPAaKTUYECKA MOMEHTAJIBHO MPHOOPETAIOT TOIy0O0i [IBET.

B nenax n3ydenus ancopOuuonssix csoiicTs Cusy(BTC), u3 BinaxHOl cpenpl, Ipo-
BEJICHO HCCIICNOBAaHWE BIUSHHUA TPEAAICOPOIMH BOIABl HA aICOPOIMOHHYIO €MKOCTB
o 6en3ouny. [lomydeHHBIE pe3yIbTaThl IPEACTaBICHBI B TA0IHIIE.

Ancopounnonnas eMmkocts Cuz(BTC), no mapam 6ensouia npu P/Pg = 0,5 ncxomxnoro
H 1I0CJIe IPEeABAPHUTEILHOM COPOIUH MapOB BOALI IPH Pa3JIMYHBIX P/P

OTHOCHTEIILHOE [aBIICHUC Copbumonnas emMkocTh
HapoB BOJBI TpH Hackimenuy | COPOIMOmHHAS eMKOCTS 10 napam GeH30l1a mocie
IO Hapam BOJIBI, CM™/T HACHIIIEHHS TIaPaMK BOJIBI,
PIP, :
cM’/T
- B 0,48
0,09 0,17 0,28
0,35 0,36 0,05
0,75 0,43 0,00
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W3 mpuBeneHHBIX AAaHHBIX BUAHO, 4TO mocie HacwimeHus oOpasua Cus(BTC),
HaOJroMaeTCs YMEHBIIICHHE BETMYMHBI aicOpOINHU mapoB OeH30ia. Tak, HaCHIICHHBIH
BOJI0H oOpaszen npu P/Pg = 0,35 nornomaet B 10 pa3 MeHblIe 6eH301a, YeM UCXOAHBIH
AKTUBUPOBAHHBIA. Takoe CBOMCTBO ONpenensercs, Mo-BUANMOMY, TEM, YTO aICOpOIHs
BOJIbI U OEH30J1a MPOUCXOIUT HA OJIHUX IIEHTPaX 3a cueT 00pa30oBaHus clIabbIX KOOPIH-
HAIIMOHHBIX CBS3€H MEXIYy aTOMaMH MEIU C OJHOW CTOPOHBI M JWUTOJSMH BOJBI WM
T-2JIeKTpOHaMK OeH3o0i1a ¢ japyroil. CHM)KeHHE aJCOpPOLMOHHON €MKOCTH I0 Iapam
OeH30I1a MPOUCXOIUT U3-3a YMEHBIICHHUS YHCIa CBOOOIHBIX IIEHTPOB aACOPOIHHU, KOTO-
pBIe YK€ 3aHSATHI MOJEKyJlIaMu BOABL. B XoJe mccienoBaHni yCTaHOBJICHO, YTO HACHI-
meHHbI Bozoit obpasen Tpumesata Menu Cuz(BTC),(H,0); nomHoCThIO BOCCTaHABIU-
BaeT CBOM CBoiicTBa npu HarpeBanuu 10 130 °C unu nox neiicTBreM Bakyyma, OEH3011
JlecopOupyeTcst ipu HarpeBanuu B auanazone temmeparyp 180...200 °C. YuurbiBas
JaHHble TepMorpaduu, BeiOpaHa Temmeparypa perenepanuu copderra 200 °C. Takum
o0pa3oM, amcopOmIus SBISETCS MOTHOCTHIO OOpPaTUMOHN, MPUYEM TPH BHICYIINBAHUH
KPHUCTaJUTBI BOCCTAHABIMBAIOT CBOH MEPBOHAYAIBHBIN IIBET.

Jus cpaBHeHus agcopOuuoHHbIX cBoiictB Cus(BTC), no mapam Boxsl onpezene-
HBI M30TEPMBI afCOPOIMH BOJIBI Ha OOIICH3BECTHBIX aJCOPOIMOHHBIX BEIIECTBAX —
Ha neonurax NaX, NaY, USY u xympamuTe B MACHTUYHBIX ycIoBHsX. IlomyueHHble
pe3yIbTaThl OpejcTaBieHsl Ha puc. 7, a. Jlo P/P;= 0,20 ancopOLuOHHAs eMKOCTb CpaB-
HHMMa ¢ [eonuramy, npu P/P,> 0,20 ancopOLHOHHAs €eMKOCTb 110 BOJIE NPEBBIIIAET eM-
KocThb neosutoB. Ilpu P/P = 0,75 copOumonHas emkoctsio 1o Boxe Cuz(BTC), mpe-
BbIIIaeT eMkocTh NaX B 1,5 pasa.

Takum 00pa3oM, B CBSI3U C BBICOKOH eMKOCTbIO 110 mapaM Boisl Cuz(BTC), B nep-
CIEKTHBE MOXKET SBIISATHCS XOPOIINM OCYIINTEIEM H HCIIONB30BAThCS B CHCTEMAX KH3-
HeoOecTIledeHns1 B3aMEH LEOJWTOB M cHiaukareis. IlpwdeM Boma Jierko yaanseTcs
n3 o0beMa TOp JTaHHON METAJIOPTaHWMYECKOW CTPYKTYpBHI NMPH TEMIIepaTypax HIKe
130 °C wmm B Bakyyme. [lms cpaBHeHHs: meoiuThl TpeOyroT mpokanku 1o 500 °C,
a BOCCTaHOBIJICHHE OCYIIINTENICH Ha OCHOBE CHUIMKaress — Harpesa 10 150 °C.

Ha pucyske 7, 6 mpencTaBieHO CpaBHEHHE aqCOPOIIMOHHBIX CBOMCTB IO Mapam
6ensona Cuz(BTC),, neomuroB NaX, NaY, USY u kynpamuTa, sIBISIOIIUXCS TPaJULHU-
OHHBIMH aJICOPOEHTaMH TOKCHYHBIX IpuMeceid. Hammydmen ancopOuuoHHONW aKTHBHO-
cteio obnanaer Cus(BTC),, 3Hauenue agcopbuuu no 6eH301y Ha BceM auanaszoxe P/Pg
Ha 15 % mpeBbIIaeT 3Ty Ke BeIUUUHY JJIs KyIIPaMuTa.

A, (eM/r)-1072 A, (eM*/r)-1072
50 I 60

40 50
/2& 40
30 o 2
‘ 30
20
20
10 1o}
0 T 1] T T T T T
0 0,2 0,4 0,6 08 P/P 0 0,2 0,4 0,6 08 P/Pg
a) 0)

Puc. 7. U3oTepmbl agcop6uun Boabl (a) 1 6eH30.1a (6) HA pa3au4uHbIX copbenTax npu 20 °C:
I — Cuy(BTC),; 2 — xynpamurt; 3 — NaX; 4 —NaY; 5 - USY

466 ISSN 0136-5835. Bectuuk TI'TY. 2015. Tom 21. Ne 3. Transactions TSTU



Taxum o6paszom, Cuz(BTC), MoxeT HaliTH MpaKTHYECKOe TPUMEHEHHE B KAUECTBE
azcopOeHTa TOKCHYHBIX HMPUMECEH M3 CyXOro BO3AyXa, OJHAKO BIHMSHHE BIAXHOCTH
BO31yXa Ha ajncopbuuonHsle coiictBa Cuz(BTC), Tpebyer Ooinee meranpHOro uccie-
JOBaHUA B JTUHAMUYCCKUX YCJIIOBUAX. le/l OTOM CJICAYCT YUCCTb, YTO LCOJUTHI TAKKE
CHIDKAIOT CBOIO €MKOCThH 10 OPTaHWYECKHUM IPUMECSIM NPH aJCOPOLHMU M3 BJIAXKHOTO
BO3/lyXa, HO C yCIIEXOM HCIIOJb3YIOTCS B YCTaHOBKaX OYMCTKM BO3yXa B YCIOBHSX
KOPOTKMX IMKJIOB C pEreHepaunueil mociie KaXIOro IHMKIAa HPOJYBKOW BO3IYXOM.
IIpu 5TOM agcopOupoBaHHAs BOAa YAAIACTCS MPH OOpAaTHOH MPOAYBKE MPOTYKTOBBIM
razoM. Beuny toro, uro Bona ancopoupyerca Cuy(BTC), 6onee cnabo u MoxeT pecop-
OmpoBaThcs mpU OoJiee HU3KWX, YEM ICOJIHTHI, TEMIIEpaTypax, TO CIEeIyeT OXHIATh,
4TO BOJIa He OyZIeT OKa3bIBaTh CYIIECTBEHHOIO 3HAUYEHHS Ha aJICOPOLMIO OPraHNMYeCKUX
BEILIECTB IpH paboTe B yCIOBHUIX KOPOTKOLMKIIOBOW Oe3HarpeBHOi agcopOuuu. JJanHoe
npeArnosokeHne TpedyeT NajbHelel 3KCIIepUMEHTaIbHON TIPOBEPKH.

BeiBoabI.

1. B mabopaTopHbIX ycinoBusix cuHTe3upoBansl 00pasisl Cus(BTC), B conbBoTep-
MHYECKUX YCIOBHUIX C UCTIOIH30BaHUEM TPHME3HMHOBON KHCIIOTHI, pACTBOPCHHOM B 3Ta-
HOJIe, ¥ BOJHOTO PacTBOpa HUTPaTa MeIu.

2. IToxazano, 9T0 00pa3Lbl METAIOPTAHUIECKON CTPYKTYpHI TPIME3aTa MEAH SIB-
JISTIOTCSI XOPOIIMMH afacopOeHTaMu BOIBI M OEH30JIa U3 CyXOro BO3ayXa. AICOpOIHOH-
HbIE CBOICTBA 110 OEH30JIy B CTATMYECKUX YCJIOBUSIX COIOCTABUMBI C aJICOPOLIMOHHBIMU
CBOMCTBaAMH KynpaMuTa, a 1o BOJC aIlCOp6LlI/lOHHaH €MKOCTb BBILIC, YEM Y LICOJIUTOB
NaX u NaY. Takum oGpazom, Cuz(BTC), MOKET SABIATbCS XOPOLIUM OCYLIMTEIEM
B3aMEH IIEOJINTOB U CHJIMKATEIIs.

3. HaifneHo, 9TO JaHHBIE CTPYKTYPHI XOPOIIO PETEHEPUPYIOTCA C COXPaHCHHEM
a/1IcOPOIIMOHHBIX CBOMCTB, IIPH 3TOM BOAa ynaisiercs: npu Temneparype 130 °C, 6enzon
JecopOupyercst Npu HarpeBaHuM B jauamazoHe Ttemmeparyp 180...200 °C. Hapsnmy
¢ 3TUM HaOJromaeTcsl BU3yalbHOE M3MEHEHHE IIBETa aJICOPOCHTA: B CYXOM COCTOSHHUH
OH MMEEeT TeMHO-()HOJICTOBBI I[BET, MPH IIOTIOMICHUN BJIAaTH CTAaHOBHUTCS TOIYOBIM,
TIPH TIOTJIONCHUN OEH30JIa — CHHUM.
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Adsorption Properties of the Copper Benzene-1,3,5-Tricarboxylate
Cu;3(BTC), Metal-Organic Framework in Relation to Water and Benzene

Yu. A. Grankina'?, L. Yu. Filippova', V. N. Shubina’, N. P. Kozlova'

“Corporation “Roskhimzashchita” (1), grokhovskaja@yandex.ru;
Department “Technologies and Equipment for Food
and Chemical Production”, TSTU (2)

Keywords: adsorbents of organic substances; copper benzene-1,3,5-tricarboxylate;
Cu3(BTC),; metal-organic frameworks; water and benzene adsorption.

Abstract: The metal-organic framework of copper benzene-1,3,5-tricarboxylate
was synthesized on the base of benzene-1,3,5—tricarboxylic (trimesic) acid and copper
ions; the specific surface area and thermal stability were determined. On the base of the
investigated Cuz(BTC), adsorption properties in relation towards water and benzene,
there was made the assumption of possible use of this framework for adsorptive removal
of organic compounds from dry air and as a dehumidifier.
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Adsorptionseigenschaften der metallorganischen Struktur
des Benzoltrikarboxylates des Kupfers Cu3(BTC),
in bezug auf Wasser und Benzol

Zusammenfassung: Es ist die metallorganische Struktur des Benzoltrikarboxylates
des Kupfers Cu3(BTC), mit der Benutzung der Benzol-1,3,5-trikarbonséure
(der Trimesinsdure) und der Kupferionen syntesiert, es sind die spezifische Oberflache
und die thermische Standfestigkeit bestimmt. Es sind die Adsorptionseigenschaften in
bezug auf Wasser und Benzol untersucht. Es ist eine Voraussetzung iiber die
Moglichkeit der Benutzung von Cuz(BTC), sowohl als Adsorbens der organischen
Stoffe und der Trockenluft, als auch seine Benutzung als Trockner gemacht.

Propriétés d'adsorption de la structure métal-organique de
benzoltricarboxylate de cuivre Cu3(BTC), par I'eau et le benzol

Résumé: Est synthésée la structure métal-organique de benzoltricarboxylate de
cuivre Cuy(BTC), avec I’emploi de benzol-1,3,5-acide tricarboxylique et des ions de
cuivre, est définie de surface spécifique et la stabilité thermique. Est exposée
I'hypothese de la possibilité de l'utilisation de Cuz(BTC), en qualité d’adsorbant de I’air
sec ainsi que de son utilisation comme déshydratant.

ABTOpsI: I pankuna IOnus Anexcanoposna — acnivipant kadenpsl «TexHonorun
U 000pyZOBaHHE MHIICBBIX U XUMHYCCKHX Mpou3BoacTB», ®I'BOY BIIO «TT'TVY»,
miraqmmi HaydHbld coTpymHUK OAO «Kopmopamust «Pocxumzammray, T. TaMOOB;
@ununnosa JIwomuna KOpvesna — pyxoBonutens rpynmnst, Illyouna Banenmuna Hu-
Kolaeéna — KaHIWJAT XUMUYECKUX HAyK, ydeHbll cekpetapb; Koznoea Hadesxwcoa
Ilempogna — KaHANAAT TEXHUYECKUX HAYK, HAYAJIBHHUK JIAOOPATOPUM XHUMUKO-aHAIIN-
tryeckux uccnenoBanuii, OAO «Kopmopamnus «Pocxum3zamuray, r. Tam60B.

Penensent: Kunumnuk Anexcanop bopucoeuu — RHOKTOp XUMHUYECKHX HAyK,
npodeccop Kadeapsl «Xumus u xumudeckue Texaooruny, ®I'BOY BIIO «TTTY ».
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