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JIMaMHHOMIOIMKApOOKCUIIATHU  JIMTAHIW, KOjU y omHocy Ha edta surasa
(edta = erwrenauamuu-N,N,N’,N’-TeTpaanerar) caapke MPOIYKCHE TUAMHHCKE, HIIU
KapOOKCHJIaTHE JIaHIE, Cy C€ IOKa3aJd BeoMa IIOrOJHUM 3a CHHTE3y KOMILICKca ca
Pa3IUYUTAM jOHHMA MeTasa. Y OJHOCY Ha edta JMraH, OB JIMTAHAM CE y peakirjama ca
joHnMa Metana Beher aTOMCKOr MOJYNMpPEYHHKA XEKCAICHTATHO KOOPAUHY]Y rpaiechu
KOMIUICKCE Ppa3IMYUTUX CTPYKTYPHHX KapakTepucTuka. I30i0Bame MpOM3BOJIA OBUX
peaknuja BpJIO YECTO HHjE jEAHOCTABHO, a HUXOBO KapakTepucame Hajuenihe 3axteBa
IpUMEHY HAjCaBPEMEHHjUX METOJa CIEKTPOCKONCKHX U PEHATCHCKO-CTPYKTYPHHX
Meroaa. McrpaxuBama y 00JIaCTH OBUX KOMIUIEKCHHX CHCTeMa Cy IOIpHHENa 00JbeM
pa3syMeBamy BUXOBE CTEPEOXEMHje, OMOJIONIKE aKTMBHOCTH M HHUXOBE MOTCHIIMOHAIHE
npUMeHe y MenuImHA. 300T Tora je kapakrepusaiuja komruiekca metana(ll) u merama(Ill)
ca JHAMUHOIOJMKAPKOKCHJIATHMM JuranauMa edta- wu  1,3-pdta-tuma mpeamer

MHTEH3MBHUX W3Yy4aBama y HCTPAXKUBAUKO) rpynu npod. Musoma U. Bypana.

ExcniepuMenTanHu €0 OBe JOKTOpPCKe aucepramuje je pahen y Huctutyry 3a
xemujy [lpupoano-maremaruukor Qaxyntera YHuBep3urera y Kparyjesiy. Pesynratu
MOCTUTHYTU y OKBHUPY OBE JIOKTOPCKE JAucepTaluje cy 00jaBJbeHH Y OKBUDPY TpU Hay4Ha
pama y daconucuma (jemaH u3 kareropuje M21 u aBa u3 kareropuje M22) u neo cy
mporpaMa MpojekTa Koju ¢uHaHcupa MUHUCTApCTBO MPOCBETE, HAyKE M TEXHOJOIIKOT
pazBoja PemyOmukxe Cpobuje (IIpojexatr 172036). Temy 3a AOKTOpPCKY AHMCEpTannjy je
npemtoxuo ap Mumom W. DBypan, pemoBHu mpodecop IIpupomHo-mareMaTHykor
dakynrera y KparyjeBily, kKoMe ce HCKpEHO 3axBajbyjeM Ha pa3yMeBamy, CTPIbEHY,

noapumu 1 IMOMONH TOKOM pada U nucama OBC TOKTOPCKE I[I/ICCpTaI_II/IjC.

[Tocebny 3axBamHOCT ayryjem nap Jymanku J[. PamanoBuh, HaydHOM CaBETHHKY

NHcTtuTyTa 32 XeMmHjy, TEXHOJOTH]y W METalyprujy YHuBep3utetra y beorpamy, Ha



KOPHCHHUM CaBeTHMa M MOMONM y M3pajJu M MHUCamky OBE JOKTOPCKE AMCEpTaIje, Kao 1

yuemhy y KOMHCH]jU 32 BbeHY OLICHY B 010paHy.

Benuky 3axBaaHOCT wu3pakaBam mpod. ap VYpmyaum Puxmesckoj (Urszula
Rychlewska) u np beatn Bapsajruc (Beata Warzajtis) ca VYuusepsurera Anam
Murnkujesud y [lo3namy ([losbcka) Koje Cy ypaauie cBe peHATeHCKE CTPYKTYPHE aHaIn3e
¥ 3HAYajHO JIONPUHEJIC MHTEPIIPETALUjU OBUX pe3yiTara. Takohe, OBOM MPUITUKOM KEITUM
na ce 3axBanuM npod. np Huky Panynosuhy ca [IpupomHo-maTemMaTHukor ¢axkyiarera y
Humy 3a nmomoh y cumMamwy u unTepnperanudju NMR cnekrapa 1,3-pdta- u 1,3-pndta-

Cr(IlT) xommnexca.

Hckpeno ce 3axBaspyjeM mpod. ap Xusaguny JI. byrapumhy ca Ilpupomno-
MareMaTH4Kor ¢akynrera y KparyjeBiry 3a KOpUCHE CaBeTe U CYrecThje y TOKY U3pajie OBe

JTUcepTanyje, Kao 1 3a yuyenrhe y KOMUCHjU 32 OLIEHY U 010paHy JOKTOPCKe JucepTaluje.

Benuky 3axBaHocT nmyryjem ap Henany C. pamkouhy, BanpeaHoM npodecopy
[TossonpuBpenHor ¢dakynrera Yauep3utera y llpumrunu ca ceaumreM y KocoBckoj

MI/ITpOBI/H_[I/I Ha H6C66I/I‘IHOj rmomohu Y TOKY CKCIICPUMCHTAJIHEC U3paJic OBC I[I/IcepTaI_II/Ije.

3axBanHocT ayryjem nap CHexxanu PajkoBuh, BaHpemnom mpodecopy Ilpuponno-
MaTematuukor ¢akynrera y KparyjeBuy, Ha mnomMohu NpPUIMKOM HWHTEpIIpETaluje

pe3yaTaTa, Kao 1 Ha ydenihy y KOMUCHjH 3a OIIEHY U 0J10paHy JOKTOPCKE AUCEpTalIH]e.

3axBaJIHOCT M3pakaBaM CBUM capaJHUIUMa U3 aboparopuje npodecopa Musoia
W. Dypana 3a KOpUCHE CyrecTujeé TOKOM EKCHEpUMEHTAJIHOI paja U MHcamba OBE

JIOKTOPCKE AUCEPTAIIH]E.

Benuky 3axBanHoct nyryjem kommanuju Xenken (Kompanija Henkel, Nemacka)
Ha TIPY)KEHO] MOMONM M yKa3aHOM IOBEpeHhYy Yy BUAY AYTOTOAMIIBET CTUIECHAMPama

TOKOM IIKOJIOBamA.

Hajeehy 3axBamHocT ayryjem cBOM cynpyry Bmagummpy, kao W CBUM
npujaTesbuMa, Ha pa3yMeBamy U MOJPIILIU KOJy CYy MU MPYXKald TOKOM U3pajie U Mucama

OBE JIOKTOPCKE JTMcepTaIyje.

V¥ Kparyjesity, 2014. HBana M. CranojeBuh
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CKPA'REHUIE U O3HAKE
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Cinuka 10.

HPEIJVIEJ] CJIMKA U TABEJIA

[lemarcku npukas ctpykrype [M(edta)]™ komiiekca

Moryhe konpopmanmje ermnenauamuuckor (E) u 1,3-mponannuamMuHcKor
(T) npcrena

ORTEP nujarpam kommiexkcuor [Co(1,3-pdta)]> amjoma u [Mg(H20)6]%*
katjona y [Mg(H20)s][Co(1,3-pdta)] 2H20 xomriekcy

ORTEP-aujarpam kommuiekcHor anjona [Cd(1,3-pdta)(H20)]> n xatjona
[Mg(H20)6]*" y [Mg(H20)s][Cd(1,3-pdta)(H20)]-2H20 xommekcy
Koopaurarmona cdepa aBa cTpykTypHO HesaBucHa Ca?' jona (Cal u Ca2).
Jlurana 1,3-pdta je, Takole, KoopaAMHOBaH 3a JBa CyceJHa jOoHA MeTaia
(Ca2) mpexo kuceonukopux atoma: O1, 02, O3 u O4 (arom kuceonnka O4
noBesyje nBa cuMmerpujcku 3aBucHa Ca2  jona). Cumerpujcke
TpaHchopmaimje ynoTpedsbeHe 3a TeHepucame oaropapajyhux atoma: iii =
1-X,1-y,2-z u iv=X,y+1,2

Kpucranna crpykrypa Na[Rh(1,3-pdta)] 3H20 komrutekca. Cumerpujcku
komoBu: b = 1/2-x, 1-y, 1/2+z; ¢ = -1/2+x, 1/2—y, 1-z u f=—x, 1/2+y, 1/2-1.
BononnkoBu atomu Ha C-aTOMHMa Cy U30CTaBJbEHH PaJIU TPETIICTHOCTH
Kpucranna crpykrypa K[Co(1,3-pdta)] 2H20 kommekca (O5_a je monekyn
BOJIC; CHMETPHUJCKH KOMOBH: & = X, —1-y, —1-z u b = -1/2+x, —1-y, —1/2-2).
Co(1), C(1) mu K(1) nexxe Ha ocama cumerpuje apyror peaa (Co(l) u C(1) na
2|la u K(1) na 2|c)

Kpucranna crpykrypa K[Fe(1,3-pdta)] xomruiekca. Heoznauenun aromu Ha
CIMIU Cy TeHEPUCAHH HWHBEP3UjOM Kpo3 IeHTap wuHBep3uje 1/2 0 1/2.
Cumetpujcku komou: a = 1- X, —1/2+y, 1/2-z; b = 2-x, -y, 1-z; c = X, 1/2—
y, 1/2+zu d = 2-x, —1/2+y, 1/12-2

Crpykrypa [Fe(1,3-pdta)]” kommiekcuor anjona y Li[Fe(1,3-pdta)]3H.0
komruiekcy (pepepentau kog KABDEW)

[llemarcku npukas cuntese [Sr2(1,3-pdta)(H20)e] H20 komrmuiekca monasehn

ox Ba[Ba(1,3-pdta)] 2H20 kao nuranma



Cmuka 11.

Cmuka 12.

Ciuka 13.

Cimuka 14.

Cmuka 15.

Cnuka 16.

Cimuka 17.

Cnuka 18.

[lemarcku npuka3 cuarese 1,3-pndta u 1,3-pnd3a nwurananma. Jluranaum cy
nobujeHn Kao cmerra OapujymoBux comu  1,3-Hgpndta u 1,3-Hspnd3a
KHCEeJIMHA ¥ Kao TakBM cy KopHinheHu 3a cuHTe3y onroapajyhux Cu(Il) m
Ni(Il) kommtekca

Illemarckn mnpukas cuarese MQ[Ni(1,3-pndta)]-10H.O u Mg[Nix(1,3-
pnd3a)2] 8H20 xommiekca monasehu ox cmeire 6apujymoBux coim 1,3-pndta
u 1,3-pnd3a suranaga. Ha wuctu waumn cy pgobwjenn u Mg[Cu(l,3-
pndta)] 7H20 u Mg[Cuz(1,3-pnd3a)2] 7H20 komiuiekcu

(a) cis(N)- I'eomeTpHjcku H30Mep KOJ XEKCaJAeHTaTHE KoopauHamwmje 1,3-
pdta-tuna nuranana; (b) IllemaTcku mpukas CTPyKTYpPHUX (OpMysia HEKHUX
TCOMETPHUJCKMX H30Mepa KOJ TICHTAJCHTATHE KOOpJAMHAIMjEe HEKUX
TEOMETPHjCKIX HM30Mepa KOJ MeHTajeHTaTHe koopauHaiuje 1,3-pd3a-tuna
JMraHaua

[lemarcku npuka3 cuarese Na[Cr(1,3-pndta)]-H20, K[Cr(1,3-pndta)]-H20 u
Ca[Cr(1,3-pndta)]2-4H20 komrutekca monasehun ox cmerre GapHjyMOBHX
coiu 1,3-pndta u 1,3-pnd3a nmuranana

ORTEP nawujarpam munykneapue jeaunune Sr(ll)-1,3-pdta  komruiekca.
Tepmannu enurconnu cy npukazanu ca 40% creneHoM BepoBaTHOhe
IIprKa3 MOCTHOT MOBE3HBaka CyceNHUX SI?* kaTjona. ATOMH BOJOHHUKA Cy
M30CTaBJHEHU PAJIU JACHU]ET TIPUKa3a

Hujarpam makoBama [Srz(1,3-pdta)(H20)s]H20 xomrutekca mpukasyje
TPOJMMEH3UOHAIHN MeTan-oprancku okBup {3D metal-organic framework
(3D MOF)} u xanane ca MojekymuMa Boje. HeKOOpIHMHOBaHH MOJIEKYIIH
BOJI€ Cy NpUKa3aHU Kao cdepe

Hudpakiuona cnuka 3a Ba/Ba-1,3-pdta (tun V, npH) xomrutekc je mopehena
ca nu¢pakMoHUM ciaukama 3a Mg/Mg-1,3-pdta (tun I, po3u), Mg/Cd-1,3-
pdta (tun II, Tamuao-mnar), Ca/Ca-1,3-pdta (tum 111, 3enen) u Sr/Sr-1,3-pdta
(tunn 1V, upBeH) KoMIiekce Mo3HaTe KpUCTalHe CTpykType. McnutuBanu
KOMIUJICKCH Cy TPUKa3aHW HA MJICHTUYHO] CKalM Ha arCIMCH Pajd JaKIIer

nopehema



Cnuka 19.

Cnuka 20.

Cnuka 21.

Cimka 22.

Ciuka 23.

Cimka 24.

Cnuka 25.

Jleo IR cmektpa (o6mact ox 1200 mo 1800 cm™) 3a 1,3-pdta-M(Il)
xkommuiekce:  (1)[Mg(H20)s][Mg(1,3-pdta)]2H20;  (I1)[Mg(H20)e][Cd(1,3-
pdta)(H20)] 2H20; (111)[Ca(H20)3Ca(1,3-pdta)(H20)]-2H20; (IV) [Sr2(1,3-
pdta)(H20)s]'H20 u (V) Ba[Ba(1,3-pdta)]'2H.0

ORTEP gujarpam katjona u anjoHa y [Mg(H20)e][Ni(1,3-pndta)]4H.0O
komiuiekcy (1). Tepmanuu enuncouau cy npukazanu ca 40% creneHom
BepoBaTHOhe. BOJOHMKOBH aTOMU Cy TpUKa3aHU Kao chepe MpOU3BOJHHOT
MOJTYTTPEYHHUKA

[lpuka3 pacrmopena KaTjOHCKMX W aHJOHCKHX perHja y KpHUCTaly
[Mg(H20)e][Ni(1,3-pndta)]-4H.O (1) kommiekca mocMmarpaH IykK a-oOce.
[Ipuka3 wuiycTpyje XuApaTHCaHE KaHale W ETUJI-CYIICTUTYEHTE KOjUu Cy
cMmemTeHu u3Mel)y opux kaHaa

Enexrponcku amcopriuonu crexktpu  Ni(ll) xkommmexca: Mg[Ni(1,3-
pndta)] 10H.O (1); Mg[Niz(1,3-pnd3a).] 8H20 (2); Mg[Ni(1,3-pdta)] 8H20
(5). IIpeBoj y oOJstacTH MPBOT ANCOPIIIMOHOT MakCHMyMa KoMmILiekca (2) ca
TEHJICHIIN]OM IIeTIahba Ha CTPAHU HUKE SHEPIHje je 03HAYCH CTPEIUIIOM
Enextponcku amncopmionn cnektpu  Cu(ll) kommuekca: Mg[Cu(l,3-
pndta)] 7H20 (3); Mg[Cuz(1,3-pnd3a)2] 7H20 (4); Mg[Cu(1,3-pdta)] 8H.0
(6); Mg[Cuz(1,3-pd3a)2] 7H20 (7). IpeBoju y crexktpuma komIuiekca (4) u
(7) xoju yka3yjy Ha TEHACHIM]y IeMama arCOPIIHOHOI MakKCHMyMa Ha
CTpaHM HUXKE €Hepruje Cy 03Ha4eHU CTPEIIUIIOM

ORTEP nujarpam [Cr(1,3-pndta)]” komriekcHor aHjona y komriekcy (1) ca
R-xoHdurypauujom  ermn-cyncruryucaHor Cl  yrjpeHMKOBOT — aToma,
yBujeHoM (twist ) A KOH(pOpMAIMjOM JHAMHHCKOT TpCTeHa © A
KOH(QUTYypalljoM I[EHTPAJIHOI jOHAa MeTaja. TepMalHU EeJIUICOUIN CYy
npukazanu ca 40% cremeHom BepoBaTHohe. BoJOHHMKOBM aTtomMu cCy
NpUKa3aHU Kao chepe NPOU3BOJHHOT MOTYIPEUHUKA

PazniunTi HaYMHY Be3nWBama KapOOKCHIIATHUX (parMeHara y HCITUTHBAHUM
KPUCTAJIHUM CTPYKTypama. 3a o0Ojalllle€lhe O3HaKa Ha CIULMU IOTJeAaTu

TEKCT U pedepeHiry



Cnuka 26.

Ciuka 27.

Cnuka 28.

Cnuka 29.

Nzrnen 3D momuMepHOT cucTeMa MPUCYTHOT Y KpuctaauMma komruiekca (1)
ca eTWJI-CYNICTUTYCHTHMA KOjH Cy CMEIITEHH Y OJIBOjeHUM KaHAJIMMa KOjU ce
dbopMupajy OKO IIeHTapa WHBEp3Wje H 3ay3UMajy IMpaBal] MpPOCTHpAma
napayesaH a-oci. ATOMH BOJOHHUKA CY H30CTaBJbCHU PAJIH jaCHUjeT IprUKa3a
ITpojekimja ayx [001] mpukasyje ciojeBUTY CTPYKTypy Komiuiekca (2).
CrnojeBu caapke WIM TOTOYHO ypeheHe wuimu HeypeheHe KOMILJICKCHE
MOJIEKYyJIe M BeoMa Cy ciabo MOBE3aHU MPEeKo HeypeleHux Mojexyia Boje
KOjU Cy Ha CIIMIH TPEICTaBbeHH Kao 1pBeHe chepe. ETun-cyncruryenTu ce
Hayilaze 004YHO ca o0e cTpaHe ciiojeBa. ATOMH BOJIOHHMKA Cy HM30CTaBJbCHU
paju jacHUjer mpukKasza

Wzrnen jennonumensuonanuux (1D) monuMepHHX JaHana Koju ce TpyNunry
MPEeKO MOJIEKyJia BOJIE Y KpUCTaluMa KoMmiuiekca (3). ATOMU BOJOHHKA CY
M30CTaBJbCHU PaJIM jaCHH]ET MPHKa3a

Enexrponcku ancoprimonu criektpu Cr(l11) xommiekca ca

xekcakoopauHoBanuM 1,3-pdta u 1,3-pndta nurananma

Tabemna 1.

Tabemna 2.

Tabemna 3.

Tabemna 4.

Tabema 5.

Tabemna 6.

Tabema 7.

Hexku crpykrypuu mnapamerpu 3a kommtekce [M'(H20)s][M'(1,3-
pdta)]'2H20 tuna

Enextponckn ancoprimonn momamm  Co(ll)  komruiekca ca  HekuM
JMaMHHOTIOJIMKAPOOKCHIIATHUM JIMTaHIMMa

Enexrponcku ancopruunonu nogaim Ni(ll) kommuiekca ca Hekum
JIMaMHUHOTIONIMKAPOOKCUIIATHUM JIMTaHIMa

Enextponcku amcoprnuuonu moganu  Hekux xekcageHtatHux — Cu(ll)
KOMILJICKCa

[Tonoxaju ¢pekBenyja HECUMETPHYHHX M CHMETPHYHHX BaJCHIIMOHUX
BUOpAIja KOOPAMHOBAHUX KAPOOKCHIHUX Tpyma (v = CM™) MCHMTHBAaHHX
[M'(1,3-pdta)]* xommmekca

EnekTpoHCKM  amcopmmuoHM — TOAAnu M(IIl)  komrutekca  ca
XekcakoopauHoBaHuM 1,3-pdta muranmom

13C NMR xemujcka momepama curHana 3a Heke [M(1,3-pdta)]” xommrexce
(M = Co(lll) u Rh(I)). Crnekrpu cy caummanu y D20 pacrBapauy, a

XEMHjCKa TIOMepama Cy J1ata y ogHocy Ha TSP kao pedepeHTHH CUTHAT



Tabemna 8.

Tabema 9.

Tabemna 10.

TabGema 11.

Tabema 12.

TabGemna 13.

Tabemna 14.

Tabema 15.

Tabemna 16.

TabGemna 17.

Tabemna 18.

TabGemna 19.

[Ipoceuna M — L pacrojama, N — M — N BaJIeHIIMOHM YTJIOBH M HAIIOH OKO
xenmaTHux a3otoBux aroma y [M(1,3-pdta)]™ xomruiekcuma ca pasmHuuTHM
joHUMa MmeTtana®

Toranna neBujanuja okTaegapckux yriosa y [M(1,3-pdta)]” komriekcuma y

GyHKIMjU onasama eHepruje crabunnzanyje auraaHor mossa [ESLP(A )]

Kpucranorpadcku u qpyru eKCliepuMEHTAIHH TTOAAIHN 332 KOMITJIEKC
[Sr2(1,3-pdta)(H20)s]' H20

Kpucranorpadcku u Ipyru eKCriepuMEHTATHA TOAAIH 32 KOMILICKC
Mg[(H20)6][Ni(1,3-pndta)]-4H.0

Kpucranorpadcku v qpyru eKCIIEpUMEHTAIHU TIOAIN 32 KOMILICKCE
Na[Cr(1,3-pndta)]'H20, K[Cr(1,3-pndta)]H.O u Ca[Cr(1,3-pndta)]>4H.0
Onabpanu reomerpujcku mnapamerpu (A) 3a [Sra(1,3-pdta)(H20)s] H20
KOMILJICKC

[Tapametpu BogoHnuHuX Be3a y [Sr2(1,3-pdta)(H20)e] H20 xomrutekcy
I'eomerpuja KOMILIEKCa, yJIOTa JIUTaH/1a M aHajIk3a HalloHa OKO aToMa a30Ta
y ogabpanum 1,3-pdta u edta koMmrekcuma

[lonoxxkaju  ¢QpexkBeHIMja HECUMETPUYHMX  BaJCHIMOHUX  BUOpanuja
kapOokcwiIHUX rpyna 3a wucnutuBaHe 1,3-pdta-M(Il) xommiekce wu
CTPYKTYpHE KapaKTepHCTUKE KOOPANHOBAHUX KapOOKCHIIHUX Tpymna
[Mopeheme omabpaHux reomeTpujckux mapamerapa (A, °) 3a
[Mg(H20)6][Ni(1,3-pndta)]-4H20 (1) u [Mg(H20)e][Ni(1,3-pdta)]-2H-0
KOMILJIEKCE

[Tonoxaju ¢pekBenrja HECUMETPUUYHUX M CHMETPUYHUX BaJICHIIMOHUX
BUOpAIHja KOOPAMHOBAHUX KAPOOKCHIHUX Tpyma (v = CM™) McHUTHBAaHHX
Ni(ll) u Cu(ll) xommekca ca xekcameHtatnum (1,3-pdta u 1,3-pndta) u
neHragentatHuM (1,3-pd3a u 1,3-pnd3a) nmuranauma

Enextponcku  amcopmimonn  momanu  3a  Ni(ll)  xomruiekce  ca
xekcageHnrataum  1,3-pdta, 1,3-pndta u menrtamentarnum  1,3-pnd3a
JIUTaHIuMa. 32 CHUMambe OBHX CIIEKTapa yrnoTpeOJbeHU Cy BOJICHH PacTBOPH

KOHIIEHTpaIlnje 1,010 mol/dm?®



Tabemna 20.

TabGema 21.

Tabema 22.

Tabema 23.

Tabema 24.
Tabema 25.

Tabemna 26.

Enextponcku ancoprnuuonu noxaamu Cu(ll) xoMiuiekca ca XxeKcaJaeHTaTHUM
(1,3-pdta u 1,3-pndta) u mnenrtagentatum (1,3-pd3a u 1,3-pnd3a)
JUTaHIMa. 32 CHUMambe OBHX CIIEKTapa yrnoTpeOJbeHU Cy BOJICHU PaCTBOPH
cnenehnux konnentpanuja: (3) u (6) = 5,010 mol/dm?; (4) u (7) = 1,010
mol/dm3

[Mopeheme omabpanux reomeTpujckux mapamerapa (A, °) 3a
[Cr(1,3-pndta)]” komriekce

Jyxune metan-nuranj se3a (A) y oxraenapckum [Cr(1,3-pdta)]
KOMILJIEKCHMA

Bpennoctu 3a  exBaropujaiae N-Cr—-N u  O-Cr-O yrmoe (°) y
[Cr(1,3-pdta-tuny)]” xomriekca

Amnanu3za Harona Cr(l11) kommuekca ca 1,3-pdta-tumom auranama

Hauunu BesuBama kapOokcuinatHux ¢parmenara 1,3-pndta nuranma vy
komiuiekcuma (1), (2) u (3) (o3nauaBame je no Porai-Koshits-y)?
EnexkTpoHCKM ~ amcopnuMoHd — MoAauu Cr(111) KOMIUIEKCa  ca

xekcakoopauHoBanuM 1,3-pdta, 1,3-pddadp u 1,3-pndta auranauma
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H3600

N3BO

Y mpBOM ey OBE JOKTOPCKE JUCEpTallje, Ha OCHOBY pe3yJTara PEHIrCHCKE
CTPYKTYpHE aHaiu3e, omucaHa je KpucrtamHa crtpyktypa {[Srz2(1,3-pdta)(H20)s]'H20}n
komruiekca. Haheno je ma ce y koopaunannonoj chepu cBakor Sr(ll) jona, mopen uernpu
MOJIEKyJla BOJIe, Hajla3e jelaH aTOM a30Ta M YETUPU aTOMa KHUCEOHHKa KapOOKCHITHHX
rpyna koje motudy u3 1,3-npomanaunamud-N,N,N’,N -terpaaneraro suranga (1,3-pdta).
JBa Sr(Il) jona y {[Sr2(1,3-pdta)(H20)e] H2O}n koMITIEKCY CY Mel)ycOOHO TIOBE3aHH MTPEKO
nuaMuHcKor yaHma 1,3-pdta nuranga. [Topex Tora, cBaku Sr(ll) joH je MOCTHO MoOBe3aH
NPeKo JiBa KapOOKCHITHA KHCCOHMKOBA aTOMa M MoJIeKyJa Bojie ca jaBa cyceana Sr(ll) jona.
Ha 6a3u pesynrtara audpaxiuje peHAreHCKUX 3paka ca mpaxoBa M pesynrata IR
cnektpockonje 3a paznumunte M(II)-1,3-pdta  kommiekce, HWCIUTHBAH je HAYMH
koopauHaruje 1,3-pdta nuranaa y 3aBUCHOCTH O] BEJIMYMHE [ICHTPAIHUX jOHA METaja, Kao
U THII KOMIUIEKCa KOjU TIpU TOMe HacTaje. Pe3ynraTi oBUX MCIIHTHBama Cy 00jaBJbEHU Y
pany: U. Rychlewska, B. Warzajtis, D. D. Radanovi¢, N. S. Draskovi¢, I. M. Stanojevié¢
and M. I. Djuran, Polyhedron, 30 (2011) 983-989.

VY npyrom ey Aucepraidje omucaHa je cuHTe3a u crekrpockorcka (UV-Vis u IR
cneKkTpH) Kapaktepusanuja komruiekca Hukia(ll) u 6akpa(ll) ca HOBUM XekcaaeHTaTHUM
(%)-1,3-nentanauamun-N, N,N’, N -reTpaarierato (1,3-pndta) u IIEHTaJCHTaTHUM
(%)-1,3-nenrannuamun-N, N, N -tpuanierato (1,3-pnd3a) nuranguma. OBuM JHMraHmd cy
CTPYKTYpPHO CIMYHHU Ca PaHH]€ ONMCAHUM XeKcaZeHTaTHuM 1,3-nponanauamMuu-N,N,N’ N -
terpaanierato (1,3-pdta) wm menTamentatHuMm 1,3-npomanguamuH-N,N, N -TpHaneTraro

(1,3-pd3a) nuranguma. PesynraTm peHAreHCKE CTPYKTypHE aHanmu3e aoO0ujeHd 3a



H3600

okraemapcku  MQg[Ni(1,3-pndta)]-10H,O komiuiekc yKka3yjy [ga MPHCYCTBO CTHII-
CYIICTUTYCHTA Ha 0-yTJbEHHKOBOM aTOMY JOINPHHOCH CTBaparby HOBOT XHPAIHOT IIEHTPA,
mro uMma 3a nocienuiy rpaheme usomepa (AAA (R) u AAA (S)) xoju ce pa3iukyjy y
koHpurypanuju osor mneHtpa (R wmmm S). Haheno je nma & yBujeHa ¢dopma nehnor
JMaMUHCKOT TPCTEHAa YCiIoBJbaBa A KOH(UTypalHjy, 0K je y clydajy A yBHjeHEe (hopme
oBor mpcTena motsphena A komguryparmja [Ni(1,3-pndta)]> xommuekca. Y ciydajy
crepeonzomepa AAA (R) u AAA (S) nabheno je ma eTun rpymna 3ay3uMa €KBaTOPHjaTHU
NOJ0Kaj HA [EHTPAJTHOM MIECTOWIAHOM JMAMHHCKOM TIpCTeHYy. EjekTpoHcku
ancopruuonn u uHbpa-upsenu crekrpu Ni(ll) u Cu(ll) xkomiiekca ca XeKcaaeHTaTHO
koopauHoBanuMm  1,3-pndta  smmrammom  (MQ[Ni(1,3-pndta)]-10H.O0 u  Mg[Cu(1,3-
pndta)] 7H20) u mnentagentatno koopauHoBanuM 1,3-pnd3a sumrangom (Mg[Ni2(1,3-
pnd3a)2]-8H20 u Mg[Cuz(1,3-pnd3a)2] 7H20) cy nopeljenu ca oaroapajyhum criekrpumMa
anajoruux Mg[Ni(1,3-pdta)]-8H.0 u Mg[Cu(1,3-pdta)] 8H20 u Mg[Cu2(1,3-pd3a).] 7H20
KOMIUIEKCA TIO3HATUX KPHCTATHUX CTPYKTypa. Pe3ynrarn oBUX HCIHMTHBAKA CY 00jaBJbeHH
y paay: N. S. Draskovié, D. D. Radanovi¢, U. Rychlewska, B. Warzajtis, I. M. Stanojevi¢
and M. I. Djuran, Polyhedron, 43 (2012) 185-193.

VY T1pehem neny nuceprandje OmucaHa je CHHTE3a M KapakTepusaluja cepuje
xpoM(lll) KomIIekca ca XEKCaJCHTaTHO KOOPAMHOBaHUM  (1)-1,3-meHTaHanamMuH-
N,N,N N “rerpaanerato (1,3-pndta) nurammom u Na', K* n Ca®" jonnma kao KoHTpa-
KaTjoHnMa. CTpyKTypa OBUX KOMIUIEKCA je MOTBpeHa Ha OCHOBY PEHATE€HCKE CTPYKTYpHE
aHanmze. lcnuTuBaH je yTuila) KOHTpa-KaTjoHA U CYNICTUTYHCAHOT JUAMUHCKOT IIPCTEHA
Ha CaMOOpraHW3alMjy MOJEKyla M CTEeNeH XHUAparandje MOJEKylna y KpHCTaInMa.
PaznuuuTy HauyMHM Be3uBamba KapOOKCHIHMX TIpyla 3a jJOHE MeTaja YCJIOBJbaBajy
dopmupame 3D, 2D u 1D momumepHuX cTpykTypa. EjeKTpoHCKHM ancophiuoHu u ‘H
NMR crnextpu [Cr(1,3-pndta)]” komriekca cy auckyroBanu y oaHocy Ha [Cr(1,3-pdta)]
KOMILIEKCE TIO3HATHX KPUCTATHUX CTPYKTYypa. Pe3ynraTi oBUX HCIUTHBamka Cy 00jaB/beHN
y pany: B. Warzajtis, U. Rychlewska, D. D. Radanovi¢, I. M. Stanojevi¢, N. S. Draskovic,
N. S. Radulovi¢ and M. I. Djuran, Polyhedron, 67 (2014) 270-278.

Kwyune peuu: 1,3-pdta-Sr(Il) xommnekc, 1,3-pndta-Cu(Il) xommeke, 1,3-pnd3a-Cu(ll)
komruieke, 1,3-pndta-Ni(Il) xommnekc, 1,3-pnd3a-Ni(Il) xommuekc, 1,3-pndta-Cr(l11)
KOMILIEKC, MH(pPA-IPBEHH CIEKTPH, eNeKTPOHCKH amcopruuonn crmektpu, -H NMR

i CIIEKTPH, PEHATCHCKA CTPYKTYPHA aHAJIN3a.
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SUMMARY

The first part of this thesis deals with synthesis and the X-ray characterization of
the missing homonuclear s-block metal complex {[Sr2(1,3-pdta)(H20)s]' H20}n. In the title
compound, the hexadentate 1,3-propanediaminetetraacetate (1,3-pdta) ligand joins to two
Sr(I1) centers via the diamine chain. Moreover, each Sr(Il) is bridged through two
carboxylate O atoms and a water molecule to two neighboring Sr(ll) ions. The
coordination sphere around each Sr(ll) ion consists of one diamine nitrogen, four
carboxylate oxygens and four water molecules. Comparison with the previously reported
M(11)-1,3-pdta complexes reveals that increasing of the ion size results in incorporation of
water molecules into its first coordination sphere and consequent increase of the C.N. from
six to seven or eight while keeping the hexadentate coordination mode of the ligand.
Further increase of the metal ion size leads to the loss of the chelating properties of the
diamine and formation of bis-tridentate complex. Associated with it is the change in the
binding mode of the carboxylate groups. This forms the basis for classification of the
divalent metal 1,3-pdta complexes into five distinct structural classes. Additionally, in the
present study the X-ray powder diffraction and IR spectroscopy were used for
distinguishing different structural types of M(I1)-1,3-pdta complexes including Ba[Ba(1,3-
pdta)]-2H20 which has been used for their preparation. The above mentioned results have
been published in the paper: U. Rychlewska, B. Warzajtis, D. D. Radanovi¢, N. S.
Draskovi¢, 1. M. Stanojevi¢ and M. I. Djuran, Polyhedron, 30 (2011) 983-989.

In the second part of this thesis, structural variations modulated by ethyl side

group have been analyzed for nickel(Il) and copper(ll) complexes with (+)-1,3-
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pentanediamine-N,N,N’, N -tetraacetate ligand (1,3-pndta) and its pentadentate derivative
(£)-1,3-pentanediamine-N,N,N -triaacetate  (1,3-pnd3a). X-ray results obtained for the
octahedral 1,3-pndta-Ni(Il) complex indicate the distinct correlation of the central chirality
of the metal with the chirality at the diamine a-carbon, which leads to the formation of a
racemic mixture of AAA(R) and AAA(S) enantiomeric anionic complexes, where the R and
S labels designate the absolute configuration at the ligand (ethyl-substituted) stereogenic
center. These stereoisomers are those required to maintain an equatorial ethyl group on the
central six-membered chelate ring, whose conformation is A twist-boat for the AAA isomer
and 6 twist-boat for the AAA isomer. Ethyl group discernibly affects the variation of the
Ni—N and Ni—O bond lengths compared to the analogous complex lacking the substitution
of one of the diastereotopic diamine CHz hydrogens and functions as steric bulkiness which
hampers an efficient and of high symmetry packing, observed in the crystals of the parent
complex. The infrared and electronic absorption spectra of hexadentate Mg[Ni(1,3-
pndta)]-10H,O and Mg[Cu(1,3-pndta)] 7H20, and pentadentate  Mg[Ni2(1,3-
pnd3a)2] 8H20 and Mg[Cuz(1,3-pnd3a)2] 7H.O complexes are presented and discussed in
comparison with those of the analogous Mg[Ni(1,3-pdta)] 8H.0, Mg[Cu(1,3-pdta)]-8H-0
and Mg[Cu2(1,3-pd3a).] 7H2.O complexes of known crystal structures. The obtained
results from this investigation has been published in: N. S. Draskovi¢, D. D. Radanovig,
U. Rychlewska, B. Warzajtis, I. M. Stanojevi¢ and M. 1. Djuran, Polyhedron, 43 (2012)
185-193.

Finally in this thesis, series of Na*, K* and Ca?* salts of chromium(II1) complexes
with the hexadentate (+)-1,3-pentanediamine-N,N,N N “tetraacetate (1,3-pndta) ligand was
evaluated. The extent of distortion exhibited in the geometry of these octahedral complexes
was computed and related to the configuration at the metal center and the ligand
stereogenic center. The materials have been used to investigate the effect of the counter ion
and the diamine ring substitution on the self organization and degree of hydration of these
molecules in crystals. Various modes of carboxylate binding to metal atoms have been
related to the formation of 3D, 2D and 1D polymeric structures. The electronic absorption
and *H NMR spectra of 1,3-pndta-Cr(111) complexes are discussed in relation to those of
1,3-pdta-Cr(l11) complex (1,3-propanediamine-N,N,N’N “tetraacetate ion) of known
structure. The results of this investigation has been published in: B. Warzajtis, U.
Rychlewska, D. D. Radanovié, I. M. Stanojevié¢, N. S. Draskovi¢, N. S. Radulovi¢ and M.
I. Djuran, Polyhedron, 67 (2014) 270-278.
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complex, infrared spectra, electronic absorption spectra, 'H NMR spectra, X-ray
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1.OOIWTHU JTEO

XeMuja KOMIUIEKCa TIpela3HUX MeTajia ca JIUaMHUHOTOJIMKAPOOKCHUIIATHUM
auranguMa edta-tuna  (edta-erunenauamun-N,N,N’,N’-tetpaaneratr) ©u CTPYKTYpHO
CIIMYHUM JIMTaHIMMa, KOjU y OAHOCY Ha edta juraHj MMajy MpOaYKeH TUAMUHCKH, WIIN
HEKH 0]1 KapOOKCHUITATHUX JIaHAIA, 3HAYAJHO JOTPUHOCH OIIITEM Pa3Bojy KOOPIHHAIUOHE
xemuje. McrpaxuBama y 00IaCTH OBHX KOMIUIEKCHHX CHCTeMa Cy JONpHHENIa 00JbeM
pasyMeBamy mHUXOBe cTepeoxemuje [1,2], Ouonomke aktuBHOCTH [3,4] W mHHXOBE
MOTCHIIMOHAITHE TPUMEHe Y MeauinHe [5]. YV nuiby pasymeBama CTEpEOXEMUjCKUX OJHOCA
U CTPYKTYpPHUX THUIIOBA OBUX KOMILIEKCA MOTPEOHO je AepuHucatu (pakTope Koju yTuuy Ha
KOOpJMHAIIMOHU OpOj M YCIOBJbaBajy T'€OMETPH]Yy OBHUX KOMIUIEKca MMajyhu y BUIY
NPUCYCTBO jOHA METajla Pa3InUUTAX JUMCH3Wja W PAa3IMYUTy CTPYKTYpy Juranama edta-

THIIA.

1.1. Crepeoxemuja [M(edta)]" kommaexca (M = meran(Il) u meran(111))

VTulaj BeIMYMHE jOHA MeTaja Kao U merose enekrponcke d' koHdHrypanuje Ha
KOOpIMHAIIMOHN Opoj u reomerpujy [M(edta)]™ kommmekca je meTa/bHO pasMaTpaH O
cTpane Yamamoto-a u capagauka [6,7]. Takohe, HalleHOo je da CTpyKTypa JMTaHIa,
OJIHOCHO BeJM4MHA "ehHor" IMaMUHCKOT HH3a 3HAYajHO yTHYE HAa KOOPAUHAIMOHU OPOj
u reomerprjy [M(edta-tum)]" kommuekca [8]. KpuTHUHM jOHCKM MOIYHNpEYHHUIM CY JIO
casia yCIeIHo yroTpedsbaBanu y npeasuljamy KOOpAHHAIMOHUX OpojeBa edta-komruiekca,
IJle LIeHTPATHH jOHN MeTalia MMajy HeKy o chepHo cuMerprunnx kordurypammja (d°, d°

u d'%) [6,7a].
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3a TpOBaJICHTHE jOHE MeTajlla Ka0 KPUTUYAH JOHCKH MOJYIPEUYHHK KOJI KOra ce
KOODIMHALIHOHE Mera o1 6 10 7, y3er je momynpeurux Fe(lll) jona (0,785 A) [9], a 3a
nBoBaleHTHE joHe MeTana momynpeunnk Zn(l1) jona (0,88 A) [9], nau Mg(Il) jona (0,86
A) [9]. MehyTtum, mocMaTpaHO ca eIeKTPOHCKOT AacIleKTa, jOHM MeTala eleKTPOHCKE
koudurypauuje d* u d?, mucko-crmucke d* u d*, u Bucoko-crmucke d® u d’ cy Takohe y

moryhHocTH fa GopMupajy XenTakoopANHOBaHE KOMILICKce ca edta suranaom [7].

Kommnekcu [M(edta)]™ tuna caapsxe erunenauamuncku (E) u gsa riuuunato (G)
NPCTEeHA Y €KBaTOPHjaliHOj paBHH. J[pyra aABa IITMIIMHATO MPCTEHA CE Hala3e y aKCHjaTHOM
HoyioXkajy u o3HadeHu cy kao R mpcrenoBu (Cruka 1). HamoH xenaTHHX HpCTEHOBA y
[M(edta)]™ Tuny xommuiekca je pasiuuuT, IpU YeMy je HamoH eTieHauamuHckor (E) u
nBa rmnuHaro (G) mperena Behu y ogHocy Ha HanoH raunuHaTo (R) mpcreHoBa koju ce
Hajla3e y aKkCHjaJIHOM MOJ0Xkajy. Ha OCHOBY OBHX YHMILEHHMIIA, JIAKO CE€ MOXKE 00jaCHUTH
3aI0TO ce MPHJIMKOM CYTICTHTYIMOHHMX peakuuja ca [M(edta)]™ Tumom kommiekca nakine
packunajy G mpcTeHOBH, NMpPU YEMy CE€ Ipajieé XEKCAKOOPAMHOBAHW KOMILICKCH KOjU
caJip’ke TIEHTAICHTAaTHO KOOPJAMHOBAHM edta JHUraHj, JOK je Y €KBaTOPUjaTHOM I0JIOKAjy

KOOPJMHOBaH MOHOJeHTaTHHU Juran (X) [4].

Cauka 1. [llemarcku npukas crpykrype [M(edta)]" kommexca

Kommiekcn 4Mja je cTpykTypa HIEMaTKW IMpHKa3aHa Ha CIMIM 1 mpeacTaBibajy

CTPYKType KoOje VYKa3yjy Ha pa3jIM4UTy aHTyJapHY 3aBUCHOCT O] CTa0MIH3alje

2
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JWTaHJHOT T10Jha Ca 3HATHO W3PAXCHOM OKTAaeJapCKOM AWCTOp3ujoM. MehyTum,
[M(edta)]™ xommaexcu koju caapie LEHTpalHE joHe MeTana BehuX mUMeH3Hja, a y3 TO
NoCceayjy Y 3HavajHy CTaOWIM3annjy JUTaHaHOT 110Jba, TI0 MPaBUITY JIAKIIe rpaje ,,Kucene’
KOMIUIEKCE Y KojuMa ce Juran edta monara Kao MeHTaIeHTaT, a EeCTO MECTO y OKTaeApy
Hajuenthe 3ay3uma Mosiekys Bojae. OBaj THI KOMILUIEKCA je Beoma ctabuiaH U HarpaleH je

ca BehuM OpojeM pa3IMYUTHX jOHA MPEJa3HUX MeTaa.

U3 xpucranorpadckux mnapamerapa [M(edta-tum)]™ kommnekca ce Buau 1a
nerowianu auamuHcku npcred (E) uma koH(opMmaimjy koBepTe win yBujeHy twist A(d)
koHdopmanujy (Cauka 2). Jluranau edta-tuma, 1,3-pdta (1,3-nponanauamun-N,N,N’,N -
terpaanerar) u 1,3-pddadp (1,3-npomanguamuu-N,N -auanerat-N, N -nu-3-mpornuoHar)
IIpY KOOPAMHOBAWY Ipaje mecrowiaHu auamuHcku (1,3-mponanaunamuncku, T) mperew,
KOjU y XCEKCAJCHTaTHUM KOMIUICKCMMAa MOXE Ja Tpajd HEKYy OJ YEeTUPU OCHOBHE

koH(popmarigje, a To ¢y KoHdopmarja crosuiie, gahe u ase ypujeHe-twist A (8) (Ciuka 2).

CrabwiiaH XEKCaJICHTaTHH KOMIUIGKC YriaBHOM wuMa twist koHdopmarimjy
T-nipcrena. Veujena twist (8) kondopmarja yciaoBibaBa A KOHPHUTypalujy KOMIUIEKCa, a
yeujena (A) twist koHpopManHja npcTeHa 3axTeBa A KOHPUTYpalKjy KOMIUIEKCa, MTO je U
NOTBPhEHO PEHATEHCKOM CTPYKTYpHOM aHaim3oM Ha npumepuma [M(1,3-pdta)]™
xomruiekca (M = Fe(l11) [10], Co(lll) [11], Rh(lIT) [12], Cr(I11) [212], V(11T) [13], Ga(lll)
[14], Cu(ll) [15,16], Ni(IT) [17], Co(lI) [18], Mg(ll) [19], Zn(11) [20] u Mn(11) [21]).



E(prsten)
M ()
koverta
T(prsten) _ C/
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>N \
M| 3
\N/ \
7|
ladja
~ "\
M7 y/ \C/\
-~
7| A
uvijena(d)

ca 1,3-pdta aurangom
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Cauxka 2. Moryhe koHpopmanuje erunenauamuuckor (E) u 1,3-nponannuamunckor (T)

1.2. CrpykrypHa kapakrtepu3anuja merai(ll) u meran(lll) kommiekca

VY oanocy Ha edta, nurang 1,3-pdta (1,3-nponanguamud-N,N,N’,N -terpaarerar)
caJpu MPOYKEH AMaMUHCKH Hu3 3a jemny CH, rpyma. Xekcangentaruu 1,3-pdta nurana
UMa YEeTHPH HCTa KapOOKCHIIATHA JIAaHIIA M MPHU FHETOBOM MOTIIYHOM KOOPAMHOBAamY ca
joHOM MeTasna Moke jaa rpaau camo jeman CiS(N)-reomerpujcku m3zomep. Jlocamamimu
pe3y/ITaTH MCIUTHBaWma Cy mokaszanu Aa 1,3-pdta nurana wma moryhHoCT rpaliema Beoma

CTaOWIIHUX KOMIUIEKCca ca pa3imuutuM jonuma metana (M = Fe(l1l) [6,10,22], Co(lll) [11],
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Cr(111) [12], Rh(I1T) [12], V(I11) [13], Ga(lll) [14], Cu(ll) [15,16], Ni(ll) [17], Co(ll) [18],
Mg(ll) [19], Ca(ll) [19], Zn(ll) [20], Cd(Il) [20] u Mn(Il) [21]). Bemuuuna wu
¢nekcubmmHocT 1,3-mponananamuHckor mnpcreHa (T) cHumkaBa aHrynapHH HamoH Y
€KBaTOPH]jaJTHOj PaBHH, IITO CE€ MOXKE BUIETH M3 JIO caja 00jaBJbeHUX KPUCTAIOrPaPCKUX

moJaTaka 3a pa3IM4nTe KOMIUIEKCE joHa MeTana ca 1,3-pdta muranmgom [23].

1.2.1. CtpykrypHa kapakTepu3auuja 1,3-pdta-meran(ll) kommiexca

Kapakmepuzayuja  1,3-pdta-meman(l1) xomnnexca nomohy pemnozencke

CMpYKmypHe aHanuse

Kommekcu 1,3-pdta-tumna mokasyjy CTpyKTYpPHY Pa3sHOBPCHOCT y 3aBUCHOCTH OJT
BEIMYMHE jOHA METaJla M HHErOBOI HaeleKkTpucama. Komriekcu ommre ¢dopmyie
[M(H20)s][M'(1,3-pdta)]-2H,O (M(II), M'(Il) = Mg,Cu [15]; Mn,Cu [16]; Mg,Ni [17];
Mg,Co [18]; Co,Co [18]; Mg,Mg [19]; Mg,Zn [20]; Zn,Zn [20] u Mg,Mg/Mn [21]) y
KOjEMa [eHTPAIHH joH MeTana uMa jorcku pamujyc (0,83-0,97 A) cy msoctpykrypanan. ¥V
HaBe/ICHUM KOMIUIEKCHHM jefuierbuma 1,3-pdta jaurana je XxekcaaeHTaTHO KOOPIHHOBaH
(N2O4 xoopauHanuja) 3a IMEHTPAIHU joH MeTana GpopMupajyhul oKTaeqapcKy reoMeTpHjy.
VYV oBuUM jeaumemrMMa KOMIUIEKCHH aHJOHM W KaTjoHH cy MelycoOHO moBe3aHu MpeKo
MHOTOOPOjHHX pPENAaTHBHO jakKMX BOJOHHYHHX Be3a. M3octpykrypamau M(Il) kommiaekcu
[15-21] kpucramumy y Pnna mpocTtopHoj rpynu ca HWACHTUYHHM IaKOBAHEM YHYTAp

rpyne. Imajyhy y Buay oBe UMIEHHUIIE, HA CIMLHM 3 je IMpHUKa3aHa KPUCTaJIHA CTPYKTypa
[Mg(H20)s][Co(1,3-pdta)] 2H,0 [18] kommiekca.
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Canka 3. ORTEP aujarpam xommiekcror [Co(1,3-pdta)]* amjoma u [Mg(H20)s]*"
katjona y [Mg(H20)s][Co(1,3-pdta)] 2H,0 [18] komrutekcy

Kao mro ce Bumum Ha ciaunu 3, crpyktypHy jemununy [Mg(H20)s][Co(1,3-
pdta)]2H,0 [18] xommekca unue aBa okraempa, [Co(l,3-pdta)]* u [Mg(H,0)]*, u asa
MOJIEKYJIa HEKOOPJAUHOBAHE BOJIE. Y KOMIUJIEKCHOM [C0(1,3-pdta)]2' a"jony Co(Il) jou je
KOOP/IMHOBAaH TIpPEKO IIecT JOoHOpckux artoma jauranna (2N u 40) dopmupajyhu
okTaenapcky reometpujy. HajBuma oca cumerpuje (C,) komiuiekca mponasu kpo3 Mg(1),
Co(1) u C(2) atrome u ceue N(1)-Co(1)-N(1) yrao Be3e unnehu n18a R u aBa G riumuHaTo
npcreHa MelhycoOHO exkBHBajeHTHUM. O3HauaBame PaA3IMUUTHX XEJaTHUX NPCTEHOBA Y
OBaKBMM THIIOBHMA XeJata je npeioxkero o crpane Weakliem-a u Hoard-a [24]. [Ipema
oBuM aytopuMa G 03HaKy WMajy XeJlaTHH TPCTEHOBHU YHja je TIPOCEeYHa paBaH MapaieiHa,
win npubnmxHo napanenHa ca N-M-N paBau, 1ok R o3Haky umajy XelaTHU IPCTEHOBH
YHja je MpOoceYHa paBaH HOpMaliHa, WM mpuOimkHo HopMmanHa, Ha N-M-N pasan. ¥V oBoj
CTpyKTypu 1mectownanu 1,3-mponananamuncku npereH (T) 3ay3uma  QuiekcuOuiIHy
koH(popmanujy yeujere nahe (twist-boat). Akcujanau R raummHaTo mpcTeHOBU Cy TOTOBO
TUTAaHAPHU, JIOK eKBaTopujamHu G TJIMIIMHATO TMPCTEHOBH OBOT KOMILJIEKCHOT aHjOHA
3HAYajHO OJICTYNAjy OJl IJIAHAPHOCTH W Tocedyjy KoHdopmanujy usmelyy kosepme

(envelope) u ysujene (twist).
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Ta6eaa 1. Heku crpykrypru mapamerpu 3a kommiekce [M'"(H.0)s][M'"(1,3-pdta)]2H,0

THUIIA
M/ M M'-N (A) M'—-Og (A)* M'-Og(A)* AO JIn.
Mg(Il)/Mg(ll) 2,199 2,015 2,087 74 [19]
Mg(I1)/Co(11)® 2,142 2,054 2,110 5,9 [18]
Co(Il)/Co(I1)° 2,143 2,055 2,112 5,9 [18]
Mg(1)/Zn(1)° 2,156 2,037 2,146 5,9 [20]
Zn(1)/Zn(I1)® 2,153 2,035 2,152 5,8 [20]
Mg(Il)/Cu(ll) 2,047 1,974 2,272 5,4 [15]
Mn(Il)/Cu(ll) 2,049 1,974 2,285 5,3 [16]
Mg(I)/Ni(ll) 2,073 2,027 2,078 5,2 [17]

4 M-Og 03HauaBa npoceuHy Jy:KHUHY Bese Y OKTaeaapckoj papau; M—Og 03HauaBa OpoceuHy
Iy’KHHY Be3e BaH OKTaeJapcke paBHH; = CTpPYKTypHa Mepema cy BpIICHA Ha HHCKOj TEMIIEpaTypH
(120 K 3a Co(Il) xommmrekce u 130 K 3a Zn(Il) komruiekce).

VY tabemu 1 cy mpukasaHe Qy)KMHE Be3a M NPOCEYHA JECBHjaIlMja OKTAEAapCKUX
yrioBa (AOy mapamerap) 3a cepujy kommiekca [M'(H20)6][M'"(1,3-pdta)]2H,0O Tuma
Koju rpaae uzoMopdHe Kpucrtane. Hajommku mpaBUIIHO] OKTaeAapcKko] T€OMETpPHUjU je
[Ni(1,3-pdta)]* [17] kommiekchn anjor y kome ¢y Ni-N u Ni-Og Bese npakTiuHo jexHake
nyxuse. Hacynpor tome, y [Mg(1,3-pdta)]® xommrekcy [19], Mg-N Bese cy 3HauajHo
nyxe oq Mg-O Be3a, mTO je M OUEKMBAHO UMajyhu y BUAY UMHECHUILY J1a CYy MHTEpaKIyje

H3M61;)y_iOHa METaJla U aMUHCKHX aTOMa a30Ta pEJIaTUBHO ciabe.

CanyHO Kao M y IPYTMM KPHUCTATHUM CTPYKTypaMa JBOBAJICHTHUX jOHA MeTasa ca
1,3-pdta murangom [15-20], mojeamuaunn oxraeapu [Co(1,3-pdta)]” u [Mg(H20)s]** cy y
KpHUcTalny pacrnopeheHn Hau3MEHWYHO, HITO YKa3zyje Ha TOTOBO C(epHY AUCTPUOYIHjY
HaeJleKTpUcamba Ha CBAaKO] KOMIUIEKCHO] jenuHUIM moHaocoO. Ilpu Tome je cBaku
KOMIUIEKCHH jJOH OKPY)KEH ca IIeCT KOMILJIEKCHUX KOHTpPa-joHa, KOjU Cy CMEIUTEHH Ha
KpajeBUMa 3aMHUIIJBEHOT OKTaenpa. M3 oBor mpomsmmasm ma, He camo mpBa, Beh u apyra

KOOpAuHAaIoHa C(bepa MCTaJIa 3ay3uMa HpI/I6J'II/I)KHO MMpaBUIIHY OKTACAapPCKy FCOMCTpI/ij.

Y kommiekcuma ommre dopmyte [M'(H20)][M'(1,3-pdta)(H20)]-2H,0 (M'=

Mn", Cd") [20] (jorcku pamujyc M’ = 0,97-1,09 A) jou Merana je XenTakoOpAMHOBAH.
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Hawume, cTpykTypa HaBeJCHUX KOMIUIEKCA CAAp)KU XEKCaJleHTaTHO KoopauHoBaHn 1,3-pdta
JWraHa Kao W jeJaH MOJIEKYJ BOJE, NMPU YeMy KOOPAWHAIMOHHM TOJHMeIap OAroBapa
NCHTaroOHAHO-OMNIUpamMuIanioj reomerpuju. Komruieken  kpuctamumyy y  Pben
npoctopHoj rpynu. Ha cioumm 4 je mpukasana kpucraiada crpykrypa (ORTEP-gujarpam)
[Mg(H20)6][Cd(1,3-pdta)(H20)] 2H.0 [20] kommiekca. CTpyKTypHa jeAMHUIIA KOMILICKCA
ce cacroju ox [Mg(Hz0)s]*" KOMIUIEKCHOT KaTjoHAa CMEINTEHOr Ha IEHTPY MHBEpP3Hje W
[Cd(1,3-pdta)(H20)]* KOMIUIEKCHOT aHjoHa KOjH JIGKH HA OCH CHMETPHje APYror peia.
[Topen Tora, oBa CTPYKTYpHA jeIMHUIIA CAJIPKU U JBAa MOJIEKYJla KPHCTAIHE BOJE KOjH CY
Mel)ycoOHO MmoBe3aHu MHBEP3UjOM Kpo3 IieHTap cumerpuje. Hajsuia oca cumetpuje (Cy)
KOMIUIEKCHOT aHjoHa mpoinaszu kpo3 Cd(1) u O(1W) atome unnehu Tako JBa IIMIIMHATO
npcreHa BaH paBHM (R mpcTeHoBH), Kao U JBa IIULIMHATO NpcTeHa y paBHU (G NpCcTEHOBN)

Mel)ycOOHO eKBUBAIICHTHUM.

Cauka 4. ORTEP-gmjarpam kommuiekcHor anjona [Cd(1,3-pdta)(H,0)]* u xatjona
[Mg(H,0)s]** y [Mg(H20)6][Cd(1,3-pdta)(H20)] 2H,0 [20] kommnexcy

Jou Cd(Il) je xemTakoopaWHOBaH, MpHU YeMy IIECT KOOPIMHAIMOHHX MecTa

3ay3uMajy JOHOPCKH aroMu XekcageHTtarHor 1,3-pdta muranma (2N u 40), a ceamo
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KOOPJIMHAI[MOHO MECTO Yy KOMIUIEKCY IMpuIaza MoJieKyay Boje. KoopauHarmoHu
noauenap koju je ¢opmupan oko Cd(l) oaroeapa IUCTOProBaHO] IICHTArOHAIIHO]
OunmpamMuau. XeNaTHU TIUIMHCKU TMPCTCHOBH 3ay3uMajy KoHGOpMalUjy xogepme, a
HIECTOWIAHU JUAMHUHCKH MPCTeH noay-iahe (coga). Mg(l) joH je KOOpAMHOBAH Ca IIECT
MoJIeKyJia BoJe M (OpPMHpa CKOPO HICATHY OKTaeIapcKy CTPYKTypy. IlakoBame y
KpUCTanHOj CcTpykTypu wmcrnutuBanor [Mg(H20)][Cd(1,3-pdta)(H.0)]2H.O [20]
KOMILJIEKCA C€ Pa3NIuKyje O OHOT paHuje Hal)eHOr 3a cepujy M30MOPPHHUX KPHCTAIHUX
crpykrypa [M(H20)s][M'(1,3-pdta)]-2H,0 tuma (M(I1)/M'(IT) = Mg,Cu [15]; Mn,Cu [16];
MgNi [17]; Mg,Co [18]; Co,Co [18]; MgMg [19]; Mg,Zn [20] u Zn,Zn [20]). ¥V
HaBeJCHUM H30MOp(HUM KpucTamHuM cTpykTypama [M(H,0)s][M'(1,3-pdta)]-2H,0 tuna
KOMIUICKCa, KOMIUIEKCHA KAaTjOHH W aHjOHU Cy HAM3MEHWYHO pacmopeheHu IyK IeJor
Kpuctaga. Melytum, y KpucranHoj crpyktypu wucnutuaHor [Mg(H20)s][Cd(1,3-
pdta)(H.0)] 2H,0 [20] kommiekca oaroBapajyhe aHjoHCKE M KaTjOHCKE KOMIUICKCHE BPCTE

Cy pa3aBojeHe Tako Ja (opMHpajy aHjOHCKE M KaTjOHCKE CJI0jeBe.

Y [Ca(H20)sCa(1,3-pdta)(H20)]-2H,0 xomruiekey [19] (jomcku pammjyc Ca?* =
1,140 A) jon meranma je okTakoopmuHOBaH. Hamme, CTpyKTypa KOMILIEKCAa Camp:Kn
XEKCaJIeHTaTHO KoopauHoBaH 1,3-pdta juranj, Kao ¥ JiBa MOHOJCHTATHO KOOPIAMHOBaHA
MOJIeKyJa BOj€, MPU YeMy KOOPAMHALMOHM TOJHMEeNap OJroBapa reéOMETPUjU KBaJpaTHE
amTunpusMe. Kommneke kpuctamume y P 1 mpoctoproj Tpynu. KpucTanHy cTpyKTypy
[Ca(H,0)3Ca(1,3-pdta)(H,0)]2H,0  [19] komriuiekca 4YHMHE — jeIHOIMMCEH3MOHAITHU
MOJIMMEPHHU JIaHIIM KOJU HAcTajy MOCTHUM Be3uBameM aroma Ca mpeko KapOOKCHIIaTHOT
atoma kuceoHuka 1,3-pdta nmuranama. Ha comum 5 mpukaszana je crpykrypa (ORTEP-
nvjarpam) komruiekca [19] ca mpuiarohjeHOM IIeMOM O3HavaBama (HyMepHcama) 3a

M0jeInHEe aTOME.

Kammmjym (Cal) je okrakoopanHoBas ca 2N u 40 aroma 1,3-pdta nuranna u ca iBa
moJjekyiaa Boge O1W i O1IW" (rze je cumerpujcku kox Iii = 1-x, 1-y, 2-7). OuekuBaHa
KBaJIpaTHO-aHTHIIPU3MAaTHYHA reomeTpHuja oko Cal aroma HUje KapakTepucTuyHa 3a 1,3-
pdta cucreme. Haljerne koH(popMarije XeaaTHUX MPCTEHOBA CY V6ujeHd, OMHOCHO Kosepma
y ciaydajy netowranux R u G riIMIMHCKUX NPCTEHOBA W HEMpaBUIIHA noy-iaha (coga) y
CIy4ajy mIecTowraHor 1,3-mponaHauaMuHCKOT TpcTeHa. J[Ba cUMeTpHjcKM 3aBHCHA
i

kanujymoBa jona (Cal u Cal™) cy MOCTHO mOBe3aHa MPEeKO 3ajeTHUYKUX MOJICKYJ1a BO/Ie

(O1W u O1W™) oko uentpa cumerpuje (2 % 0), Tako 1a ABe KOMIUICKCHE jeAMHALIEC TPAjie

9



Onwmu oeo

aumMep. Pactojame m3mely nBa kaTjoHa Merana y aumepy musHocH 4,281(1) A. MocrtHo
nosesuBame Cal u Cal" joma u zBa cumerpujcku 3aBucHa Ca2 joHa (Ha pacTojamiMa
4,632 u 4,704 A) ce onsuja mpeko 06a KMCEOHHKOBA aToMa kapbokcunuux rpyna C(5) u
C(7) npu yemy ce popmupa TerpamepHa cTpykrypa. Haname, Ca2 n Ca2' (rme je v = 1-X,
2—Y, 2—-Z) cy MOCTHO ITOBE3aHM MPEKO J1Ba KapOOHMIHA aTOMa KUCEOHHKA 04 y 04" (rme
je Iv = X, 1+y, z) oko uenrpa cumerpuje (% 0 0). Ha oBaj HauuH cy TeTpamepu MOBE3aHU

NPEeKO KOOPIMHATUBHUX BE€3a Y jeIHOIMMEH3UOHAIIHE TTOJIMMEPHE JIaHIIE.

Camka 5. Koopaunanmona cdepa 7Ba CTpyKTypHO HE3aBUCHA Ca?* jona (Cal u Ca2).
Jluraunx 1,3-pdta je, takohe, koopauHoBaH 3a 1Ba cyceaHa joHa merana (Ca2) mpeko
kruceonnkoBux aroma: 01, 02, O3 u O4 (atom kuceonnka O4 moBesyje ABa CHMETPH]jCKH
3aBucHa Ca2 jona) [19]. Cumerpujcke TpaHcdopMmaimje yrnmoTpeO/beHE 3a TeHepHCarmbe

onrosapajyhux atoma: iii = 1-X, 1-y, 2-z u iv=X,y+1,z

Koopaunammonn 6poj Ca2 je 8, a koopAUHAIIMOHM mojueaap GopMUpaH OKO OBOT
[IEHTpa MeTaja jé BeoMa HEMpPaBWJIHOT O0JHMKa W Haj00Jhe Cce MOXKE OMHCATH Kao
nonexaenap. Jou Ca2 je okpyxeH ca net aroma kuceonuka (O1, O2, OB”i, 04" 4 04“’) u
ca Tpu Mmojekyna Boje (O2W, O3W u O4W). JIse kap6okcunue rpyne 1,3-pdta nmuranma
cy ouaentatHo koopauHoBaHe (rpexo O1, 02, 03" u 04" atoma kuceonunka) 3a Ca2 joH,

a J1Ba KapOOKCMJIHA KHCEOHHUKa (04" u 04") cy noaesbena musmely nsa Ca2 jona. Ha
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OCHOBY HaBEJICHHX YHHI-CHHUIIA, MOXKE C€ 3aKJbYUYUTH Jla TOCTOj€ 3HAYajHE CTPYKTypHE
paznmuke wu3mehy [Ca(Hp0)3Ca(l,3-pdta)(H,O)]2H,O [19] komriulekca u KOMILIEKCa
[M"(H,0)6][M""(1,3-pdta)]-2H,0 u [M"(H,0)s][M""'(1,3-pdta)(H,0)]-2H,0 Turma [15-21].

Kapakmepuzayuja 1,3-pdta-meman(ll) komnnexca nomohy enekmponckux

ancopnyuoHux cnekmapa

Kommnekcu Co(Il) jona Mory umaTi pa3inuuTe KoopAuHAIHOHE Opojese (4, 5 u 6)
U TEOMETpHjy, NpH YeMy Cy Hajuemthe 3acTyIUbCHE TeTpaelapcka M OKTaeIapcka
reometpuja [25]. 3a aHaMU3y EICKTPOHCKUX arCOPIIIMOHUX CIIEKTapa TETPacIapCKuX H
oktaemapckux Co(Il) xomrutekca morogna je nmpumenHa OprenoBor aujarpama [26]. V
OKTaeJapCKUM CHCTEMHUMA, 4A2g CTame je OOMYHO OIMCKO 4Tlg(P) CTalby W Tpeliazu
u3Mel)y oBa JBa cTama Cy BpJIO CIMYHU y C€HEPrHju. Y BHIJBUBOM Ny CIEKTpa
oktaenapckux komiiekca Co(Il), nmomuHanTan mpenas HajBUIIE EHEpruje je
4T1£>,(I:)—>4T19(P). Takohe, mocToju jemaH OJATHU CHHHCKHU-IO3BOJGEHU TIpeas,

[4T19(F)—>4ng], KOjH CE YTJIaBHOM jaBJjba Y OJMCKOj-MHPPALPBEHO] 00JIaCTH.

VY tabenu 2 gatu cy oaroBapajyhu eneKTpOHCKH arCOPHIIMOHU IOJAIU 3a HEKe
ko6anr(Il) KoMIIekce Koju cagpxke mmrange edta- u 1,3-pdta-tuma {[M"(H,0)6][Co(1,3-
pdta)]2H,0 (M" = Ba, Co u Mg [18]), trans(Os)-[Mg(H20)s][Co(1,3-pddadp)]-H,O
(1,3-pddadp = 1,3-mponanauamun-N,N -auanerat-N, N -au-3-1ponuoHar) [27],
[Co(H20)6]**, [Co(edta)]* u [Co(o-phdta)]* (o-phdta = opmo-dernnenmmamus-N,N,N’,N -
terpaarerat) [28]}. Ha ocHoBy momataka matux y Tabeinwm 2 MOXe Ce 3aK/bydWTH Ja
CIIeKTPOHCKH arncopruuonn crnektpu [Co(1,3-pdta)]> u trans(Os)-[Co(1,3-pddadp)]*
komiutekca Co, Mouekyicke cumerprje 1 Co'-N,O4 XxpoModope JIUraHIHOT 1M0Jba, UMajy
CJIMYaH MYJITUIUIMLIUTET U MOJI0XkKa) Tpaka Kao U OKTaeJapCKu [Co(H20)s]** kommexe Oy,
cumerpuje. Mehyrum, criektpu [Co(edta)]” u [Co(0-phdta)]* kommiekca, ca ucrom Co'-
N2O4 xpomodopoM JUTaHIHOT TMOJha, MOKa3yjy Behe pasnarame y OJHOCY Ha CIIEKTpe
[Co(1,3-pdta)]> u trans(Og)-[Co(1,3-pddadp)]*” kommmekca. OBO ce MoXe OGjaCHHTH
unmennnoM ga [Co(1,3-pdta)]> u trans(Og)-[Co(1,3-pddadp)]* kommiekcnu cajpxe
¢bnexcubunaun  1,3-mponaHAMAMUHCKH ~ TPCTEH, JOK trans(Og)-[Co(1,3-pddadp)]*
KOMIUIEKC TIOpEJ TOora CaapXXH W TpOAYKeHe KapOOKcWiaTHe JaHue. I[IpucycTBo

HIECTOWIAHUX XeJIaTHUX NpcTeHoBa (1,3-nmponaHguaMUHCKH WK [-aJlaHuHATO) JOBOIH 110
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CMalkCHlha HAIlOHA Yy OKTaCAapCKHUM KOMIINIEKCHHM CHUCTEMHMA, IITO YTHYC Ha CJIa6Hje

pas3jarame EJIeKTPOHCKUX arcopriuonx Tpaka. OBO je MOCeOHO M3PaXEHO y Clydajy

CIICKTPOHCKOT allcopIiHoHor crektpa trans(Og)-[Co(1,3-pddadp)]?” kommnexkca.

TabGeaa 2. Enekrponcku armcopriuonu momand Co(ll) komiutekca ca HEKHM
JTUAMHUHOIIOIUKAPOOKCHIIATHUM JINTaHIuMa
Kommuekce Ancopnuuja OsnauaBamwe  Jlur.
npena3za (Oy)
A, (nm) g, (Mtcm?
[Co(H,0)¢]™ 1234,0 1,4 Tw— Ty  [28]
625,0 0,3 Tig— Ay
515,0 4,9 Tyy—
462,0(pr) Ti(P)
[Co(edta)]* 1090,0 8,2 [28]
617,0 2,6
514,0 12,3
485,0 13,3
467,0 14,1
Na,[Co(o-phdta)] 3H,0 1030,0 6,2 [28]
614,0 1,7
515,0 9,1
485,0 91
457,0 10,4
[Ba(H,0)s][Co(1,3-pdta)]-2H,O 1060,7 6,9 [18]
573,9 7,8
483,0 13,5
460,0(pr) 12,4
[Co(H:0)6][Co(1,3-pdta)]-2H,0 1074,3 7,3 [18]
581,0(pr) 7,9
497,5(pr) 15,9
485,1 16,4
462,2(pr) 145
[Mg(H:0)e][Co(1,3-pdta)]-2H,0O 1062,8 6,6 [18]
572,5 7,3
483,0 12,9
460,0(pr) 11,7
trans(Og)-[Mg(H:0)s][Co(1,3- 1086,0 54 [27]
536,0(pr) 9,0
pddadp)]-HO 501,0 12,4

Kommieken Ni(ll) umajy pasnuuure koopauHanuone opojese (4, 5 u 6), npu yemy

Cy 3aCTyIUbCHE CBE OCHOBHE TE€OMETpHje: OKTaeAapcka, TPUTOHATHO-OMIMpaMuIaliHa,
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KBaJIpaTHO-IIMpaMHUIaIHa, TeTpaeaapcka u KBaapatHo-mianapua. OcuoBro cramwe y Ni(ll)
KOMIUIGKCMMa MOX€ OUTH TpUIUIET (BUCOKOCITMHCKA KOMIUIEKCH) WM CHHIJIET
(HMCKOCIIMHCKH KOMIUIEKCH), IITO 3aBHCH OJ] PEIIATUBHUX BPEIHOCTU Mel)yeIIeKTPOHCKUX
penyi3vja W EHepruje crabuiu3aiyje JMraHgHOT II0Jha, KOja TaK 3aBHUCH O]
KOBJICHTHOCTH BE3€¢ METAN-JIMTaH]], MPHUPOJIC JIMTaHaJa W CTEPEOXEMHUje KOMILICKCA.

XexkcakoopauHoBanu Ni(Il) koMIuiekcH cy yriiaBHOM BUCOKOCTIMHCKH.

Ha 0a3u nmopehema enexrponckux arcoprnuunonux crekrapa Ni(ll) kommiekca ca
XekcagenTatHuM guranauma 1,3-pdta- u edta-tumna, Moke ce 3aK/bYYHTH Ja KOMIUICKCH
Ni(l1)-1,3-pdta-tumna koju caapke mecrowranu quamuHcku npere (T mpcTeH) y omaHOCy
Ha xomruiekce Ni(ll)-edta-Tuna koju caapike merowranu auamuHcku npcereH (E mpcren)
NOKa3yjy IIUpPEHE MPBE alCOPIIMOHE TPaKe Ha CTPAHU HIDKE CHEprHje, IITO yKasyje Ha
yTUIAj TETPAroOHaJHOCTH Ha  CHEKTPOXEMHUJCKO IIOHAIlAkhe OBUX  KOMIUIEKCA
(Dsn mogen) [17,29,30]. Ykomuko je ekBaropujaaro N,O, muranmHo mosbe cinadbuje of
OHOT KOTa CTBapajy aKCHjaTHO KOOPJAWHOBAHU KMCEOHWKOBU aTOMH, Taaa ce 3a Dy Monen
OUeKYyjy Tpemnasu: 3B]_g - 3ng (mpena3 HUXKE eHepruje) u 3Blg - 3Eg (mpena3 Bwiie
SHepruje) KOoju MOoTHIy U3 3ng (On) cramwa. MehyTim, KOMIOHEHTE TETPArOHAHOT MOJba
cy mane y mnopehemy ca MoJbeM anpoKCMMaTHBHE KyOHE CHUMETpHje, Tako Ja ce 3a
UHTEPIIPETAInjy eJIeKTPOHCKHX arncopriuonux crektapa Ni(ll) komriekca ca murananma
1,3-pdta-tuna [17,30] xopuctu okracmaapcku (On) Mozen: 3A2g — 3T2g (F) (tpaka I), 3A2g
— 3Tlg (F) (tpaxa I11) u 3A29 — 3Tlg (P) (tpaka 1V) (Ta6ena 3), kao 1mto je u yrBpheHo 3a
ciryuaj komruiekca Ni(ll)-edta-tumna [29]. TIpBu ciHCKH 103BOJHEHH MpeEria3 (3ng) 00HYHO
ce Hanasu y oGmactu 7000-13000 cm™. JIpyru CIMHCKE T03BOJBEHH Ipelas (3T19(F)), ce
Hamasu y oGmactm 11000-20000 cm™ u y HekuM ciydajeBMMa je pasloKeHa HA JBe
KOMIIOHEHTE Kao MOCIEHIa CIUH-OPOUTATHOT KYIJIOBama lEg (D) HuBoa ca 3T]_g (F)
HuBOOM. Tpehu CHHMHCKM 03BOJHEHH TIpena3 (3T1g(P)) ce Hajma3u y objactu usMely
19000-27000 ¢cm™. V ta6enu 3 Cy TIPUKAa3aH! EJICKTPOHCKU arlCOPIIIMOHU TIOAI HEKHX
xekcaneHtatHux Ni(ll) kommiekca. Ancoprnuuonn makcumymu edtp (eTuieHauaMuH-
N,N,N’,N’-terpa-3-pononar) u eddadp (erunenmuamu-N,N -muanerar-N,N -au-3-
nponuonar) Ni(ll) kommrekca [29] (tpake | u 111, Tabena 3) ce Hamaze Ha HIKO] EHEPTHjH
ox oxroeapajyhux maxcumyma [Ni(1,3-pdta)]* [17] komruiekca. JaunHa IUraHmgHOT HOJBA
OBHX KOMIUIEKCa pacTe y Hu3y: edtp < eddadp < 1,3-pdta ca omamamem Opoja

HIECTOWIAHUX MPCTEHOBA Koje caapsku aati komruieke (Tabena 3).
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VY rtabenu 4 cy HpUKa3aHU CIEKTPOHCKH ANCOPMIIMOHH MOJAIN XEKCAJACHTATHUX
kommekca Cu(ll)-1,3-pdta-tunma koju wmmajy wucty 5-6—5 KOMOMHAIM]jy XeJaTHHX
npcreHoBa y G paBuu. HaBenaenu kommuiekcu umajy Cp MOJICKYICKY cuMeTpujy (y
anpokcumanuju  3a  trans(Og)-[Cu(H,1,3-pddadp)] xommiekc) u mokasyjy jemHy
HECHMETPHYHY allCOPIIMOHY TPaKy Koja ce Moxe mpunucat 0,2, dyy, Oyz, Oy, — 0Ox2.2
npenazuma ca 0y2.,2 OCHOBHUM cTambeM. CTPYKTypHHM HapamMeTpu noOujeHH Ha 6as3n
PEHITCHCKE CTPYKTYpHE aHaiu3e 3a oBe komiuiekce [15,31,32] nmokasyjy aa cy akcujaiHe
untepakumje (Cu(ll)--0) jaue y ciyuajy [Cu(l,3-pdta)]® [15] koMiuiekca y omgHOCYy Ha
[Cu(H.1,3-pddadp)] [31] u [Cu(1,3-pddadp)]* [32] kommrekce trans(Og) reomerpuje. Jaue
akcujanHe MHTepaknuje nosehasajy eHeprujy d,2 opOutane a caMuUM TUM €HEpruja 02,2
opOuTase mocraje HrKa, MTO AOBOIM 10 momepama d-d mpenasza ka Hikoj eHepruju. Kao
IITO Ce BHIU W3 TOJaTaka NMpUKa3zaHUX y Tabenu 4, 0OYeKMBaHO CHUXKeme eHepruje d-d

npenasa je Haljerno y caydajy [Cu(1,3-pdta)]®” kommekca [15].

Tabena 3. Enextponcku amncoprnuuonu moxar  Ni(ll) kommiekca ca  Hekum

I[I/IaMI/IHOHOJ'II/IKap6OKCI/IJ'IaTHI/IM JJUraHAuMa

Kommnuieke Ancopnuuja’ Os3navaBawe  Jlur.
npeaasa (Oy)

Vi106. £ Vissp.
[Ni(edtp)]* [ 10,02 19,0 SAsy >°To(F)  [29]
I 13,02 4,0 16,25 —'E, (D)
I 16,34 78 27,02 ST (F)
vV 27,02 12,6 STy (P)
trans(Os)-[Ni(eddadp)]> | 10,33 24,0 [29]
I 12,90 55 16,48
I 16,84 9,0 26,68
IV 26,68 13,4
[Ni(1,3-pdta)]* | 10,50 16,6 [17]
I 12,98 3,9 16,60
I 17,54 6,8 26,37
IV 26,37 76
~28,57(sh)

Y jemumnrama: cmx10° 3a ancoprmone Maxcumyme 1 mol*dm3cm™ 3a momapue ancopntusHOCTH (€).
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Ta6esa 4. EnekTpoHCKH arcopiiioHu moaany Hekux xekcagentaruux Cu(ll) kommiekca

Komnueke Ancopniuja JIur.

v (10%cm™) e(Mtem

1

)

[Cu(1,3-pdta)]” 14,16 (~14,17) 86 [15]
trans (O¢)-[Cu(1,3- 14,97 (~14,97) 80 [32]
pddadp)]*
trans (Og)-[Cu(H,1,3- 15,97 (~15,97) 54 [31,32]
pddadp)]

ATICOPIIIMOHE TOIAIH 32 pe(ICKCHOHE CIICKTPE Cy JaTH Y 3arpaaama.

Kapaxmepuzayuja 1,3-pdta-meman(l1) komnnexca nomohy ungpa-upsenux (IR)

cnekmapa

Hecumerpuyne BaneHIMOHE BUOpaldje TUAaMUHOMOIMKAPOOKCUIATHHUX JIUTaHaIa
edta- u 1,3-pdta-tuna (kapOokcuiarHa 00JacT) ce ca YCIEXOM MOTry YIOTpeOUTH 3a
UCIIUTHBAKE OKOJIMHE KapOOKCHITHUX Ipylia Kao ¥ TeOMETPH]je OroBapajyhnux KomIuiekca.
VY toM cmucny n106po cy aeduHHCaHE O0JACTH MOjeNUHUX (DPEKBEHIM]jA: MPOTOHOBAHE
Kapbokcriae rpyme, > 1700 cm™; koopauHOBaHE KapOOKCHIHE Tpyme (IIECTOUWIAH 1
neTowiaHnu npcreHoBu), ~1680-1560 Cm'l; kapOokcunaTHu joH, <1600 cm? [33,34,35].
Takohe, HaheHo je na BpeAHOCTH (PpPEKBEHIIM]ja HECUMETPUYHUX BaJCHIIMOHUX BHOpaluja
KOOP/IMHOBAHMX KapOOKCHIIHUX TPyTIa, 3aBHCE O/ IpHpoe joHa Merana: 1600-1620 cm™
3a jone Merana kao mro cy Cr(l11) u Co(lll), u 1610-1590 cm™ 3a jone MeTama kao mTo Cy
Cu(ll), Ni(ll) u Zn(ll). Topen Ttora, Ha mnpumepuma tris(amunoarumaro)koodarr(I1l)
KOMILIEKca TOTBphEeHo je JAa ce HeCUMETpPHYHE BaJeHIIMOHE BHOpalrje KapOOKCHUIATHUX
rpymna MeTo4wJIaHWX XelaTHUX NpcTeHoBa [36] Hana3e Ha BHINOj CHEPTHjH y OMHOCY Ha
oarosapajyhe BuOpanmje mecTtowiaHHX XelaTHUX mpcreHoBa [37]. YV tabemm 5 cy nmare
BpPEIHOCTH (pPEKBEHIIMja 3a CHMETPHUYHE M HECHUMETPUYHE BaJICHLMOHE BHUOpaluje
KOOpJIMHOBAaHUX KapOOKCUJIAaTHUX Tpyna Koje cy Hahene y wuHppa-upsenum (IR)
ciexrpuma Hexux [M'(1,3-pdta)]* komrutekca. Kao mro ce Moxe BUAeTH y TabemH 5, cBe
HaBe/leHe (PEeKBEHIIMje 3a HECUMETpUYE BaJCHLMOHE BHOpaluje KapOOKCHIATHUX Tpyra
MCTIMTHBAHMX KOMIUIEKca ¢y y obmacti 1690 — 1590 cm™, mro ykasyje Ha unmeHHMITy 1a
Cy cBe KapOOKCHIIaTHE TPYIe y OBUM KOMILIEKCHMa KoopauHoBane [29,32,33a,34,35,38-

48]. IR cnexrpu [M'"(1,3-pdta)]* kommekca cy jako cIMdHE 110 OOIUKY. XeKCaieHTaTHH

15



Onwmu oeo

Mg[Ni(1,3-pdta)]-8H,0 [17] u Mg[Cu(1,3-pdta)]-8H,O [15] kommiaekcu, y obiacTu
HECUMETPUYHHX BAJCHIIMOHMX BHOpaIMja KapOOKCHJIATHUX Tpyma, MOKa3yjy IO jeAHy
uHTeH3UBHY Tpaky (Ha 1590 u 1599 cm, HaBenenum penocienom). OBe Tpake mokasyjy
TEHJICHIM]Y pa3jiarama Ha CTPaHU BUILE CHEPTHUje, ITO MMa 32 MOCIEANIY 110jaBy HOBUX
Tpaka ciaGor unTeHsurera Ha 1687 3a Ni(ll) u 1691 cm™ 3a oarosapajyhu Cu(ll)
komiuieke [15,17]. OOmacT cUMETpUYHHMX BAJICHIMOHHX BHOpaIMja KOOPIMHOBAHUX
kapOokcunaTaux rpyna xekcagenrataux Ni(Il) u Cu(ll) kommekca ca 1,3-pdta auranmom
je HelmTO KOMIUICKCHHja M TOKa3yje BHUIIEC Tpaka Pa3IMYMTUX WHTeH3uTeTa. Ha OCHOBY
nojgaraka y Tabenu S5, Moxe ce, Takohe, 3aK/by4MTH Jia BpPEAHOCTH (PEKBEHIIH]a
HECUMETPUYHUX BAJICHIIMOHHUX BUOpallja KOOpJMHOBaHUX KapOokcuiHux rpyma 3a Ni(ll)-
1,3-pdta koMIUIeKC Jie)Ke Ha HEINTO HUXKO] €HEPrHju y OJHOCY Ha ojaroBapajyhe

dpexsennuje ananorsor Cu(ll) komriekca.

Y  obmacTd  HECHMMETPHYHHMX  BAJICHIIMOHUX  BHOpalMja  KOOPAWHOBAHHX
kapookcmHux rpymna, Co(Il) kommieken ca 1,3-pdta muranaom mokasyjy o jeHy TpaKy
jakor mHTeH3uTeTa 1 TO Ha 1593 cm™ 3a [Co(H20)6][Co(1,3-pdta)]-2H,0 u 1592 cm™ 3a
[Mg(H20)6][Co(1,3-pdta)]-2H,O xommutekc [27]. OBe Tpake He MOKa3yjy TEHACHIIH]Y
pasiarama Ka BHIIO] eHepruju, kKoja je youena y IR crekrpuma Ni(ll) u Cu(ll) komrurekca
ca 1,3-pdta nmuranmoM. Y 00s1acTi CUMETPHUYHHMX BAJICHIIMOHUX BHOpAIlja KOOPIMHOBAHUX
KapOOKCHIIHUX Ipyma cBaku oj ucnutuBanux 1,3-pdta-Co(Il) komruiekca mokasyje mo jaBe

Tpake (jeJIHy jakor U je[IHy CPEIher HHTCH3UTETA).

Hudpa-upsenn  cnektpu ucnutuBanor [Ca(H,0)3Ca(1,3-pdta)(H20)]2H,0
koMIuiekca [ 19] mokasyjy nBe Tpake y 00JacTH HECUMETPUYHHUX BaJCHIIMOHUX BHOpaIyja
KOOPJIMHOBAaHUX KapOokcuiaHuX rpymna. [IpBa Tpaka je ciaOujer MHTEH3UTETa, U Hajla3| ce
Ha 1638 cm™, a Jpyra je jauer MHTeH3UTeTa U Hana3u ce Ha 1587 cm™, mro yKasyje 1a cy

TIMIUHATO MPCTEHOBHU Y OBOM KOMIIJICKCY HCCKBHBAJICHTHH.
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Tabena 5. ITlonoxaju ¢pekBeHIMja HECUMETPUYHMX W CHMETPUYHUX BAJICHIIMOHHMX

BUOpalja KOOPJWHOBAaHUX KapOOKCWIHHMX Tpyma (v = Cm'l) HCITUTHBAHHUX

[M"(1,3-pdta)]* xommiekca

Kommuieke Vasym Vsym JIur.
Mg[Ni(1,3-pdta)]-8H,0 1590 (s), 1687 (w) 1477 (w), 1448 (m) [17]

1406 (s), 1333 (m)
Mg[Cu(1,3-pdta)]-8H,0 1599 (s), 1691 (w) 1474 (w), 1451 (w), [15]

1404 (s), 1370 (w),

1333 (m)
[Co(H,0)e][Co(1,3-pdta)]-2H,O 1593 (s) 1404 (s) , 1333 (m) [27]
[Mg(H:0)e][Co(1,3-pdta)]-2H,O 1592 (s) 1404 (s), 1332 (m) [27]
[Ca(H.0)sCa(1,3- 1587 (s), 1638 (w) [19]

pdta)(H,0)]-2H,0

asym = acuMeTpHuyHe; SYyM = CUMETpHYHE; S = jake; M = cpeame; W = ciade.

Kapaxkmepuzayuja 1,3-pdta-meman(ll) komnaexca nomohy 3C NMR cnekmapa y

ugpcmom cmarpy

3a kapaktepmsaumjy [Mg(1,3-pdta)]* u  [Ba(l,3-pdta)]* kommiekca [19]
yIOTpeOJbEHU CY B3C CP/IMAS NMR CIEKTPU CHMMaHU y YBPCTOM cTamy. CHUrHan Ha
XeMHujckoM momepamwy oa 180,0 ppm wmoxke ce mnpunucaru kapoOokcwiatHuM (C1)
YIJbEHUKOBHM aTOMHUMa, TOK C€ CUTHAIX Ha 66,6 u 58,6 ppm npurnucyjy C2 MeTHIEHCKUM
VIJbEHUKOBUM aTOMHMa 32 HECKBHUBAJIECHTHE TJHUIIMHATO MPCTEHOBE [Mg(1,3-pdta)]*
KoMIUTeKca. Bpio mmmpok curnan Ha 63,0 ppm oarosapa C2 METHICHCKAM yIJbeHUKOBHM
aromnma [Ba(1,3-pdta)]® xommiekca. CurHan Ha HajBHIIEM IIOJbY Ca XEMHjCKHM
nomepameM ox 24,3 ppm 3a [Mg(1,3-pdta)]* u 27,9 ppm 3a [Ba(1,3-pdta)]*” xomrmiekc
npunaga C4 UeHTpaJHOM YIJbEHUKOBOM aToMy 1,3-ponmaHauaMUHCKOT TpPCTEHa.
Curnanu Ha 52,5 ppm 3a [Mg(1,3-pdta)]* kommiekc u Ha 56,2 ppm 3a [Ba(l,3-pdta)]*
KOMIUIEKC OAroBapajy TepmMuHaiHuMm C3 yribeHuimma 1,3-mponaHInaMUHCKOT TPCTEHA.
JlBa curHama y kapGokcmiaTHOj oGmactu 3a [Ba(l,3-pdta)]* xommiexc (179,9 u 178,9

ppMm) motu4y OXI ABa Mapa HECKBUBAJIECHTHHUX TIHUIAHATO MpCTeHOBa. Takohe, mo 1Ba
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CUTHaJa y KapOOKCHIIaTHO] 00JIacTH Cy qoOujeHa y 3¢ NMR CIEKTpUMa CHUMJHECHUM Y
pactBopy 3a Co(lll) [49] u Rh(lll) [43] komiutekce koju caapke 1,3-pdta murang. bosbe
pasnarame kox [Ba(l,3-pdta)]* xommiekca, y ogHocy Ha oarosapajyhu [Mg(1,3-pdta)]*
KOMIUIEKC, MOXe ce 00jaCHUTH MPHUCYCTBOM Belier HAloHA YCIOBJbEHOT BeanunHoM Ba’'

jona y [Ba(1,3-pdta)]* kommuiekcy.

I 2
‘O0CH,C 3 4 _CH,CO0r
N_CH2CH2CH2_N\
"“O0CH,C CH,COO"

1,3-pdta = 1,3-nponanauamun-N, N,N’,N ’-terpaauerar

1.2.2. CtpykrypHa kapakTepu3anuja 1,3-pdta-meran(Ill) kommniekca

Kapaxkmepuzayuja  1,3-pdta-meman(111)  xomnnexca nomohy penozencke

CMpYKmypHe ananuse

Kommutekcu ommre hopmyrne M[M'(1,3-pdta)]-3H,O (M(I), M'(111) = Na,Cr [12];
Na,Rh [12]; Na,V [13]; Na,Fe [10a] u K,Ga [14]) (joucku pazujyc M’ = 0,76-0,81 A) cy
U30CTpYKTypasiHu. Tpeba HamomeHyTH uumbeHuiy aa csu 1,3-pdta-M(III) xomriekcu
[10-14,22] umajy oxTaemapcky reoMeTpHjy, y kojoj je 1,3-pdta nurann xekcaaeHTaTHO
KOOPJIMHOBAaH 3a IIEHTPAJIHU jJOH METala, JOK Cy KaTjOHH W aHjOHH Y KOMIUIEKCHOM
jenumeny MehycoOHO TOBe3aHM TpeKo KapOOKCHIHMX aroma KuceoHuka 1,3-pdta
nuranaa. KoMIIeKCHN aHjoHH ¢y pacriopeljeHH cliojeBHTO Ha pactojamnma ox 16 A, mox
Cy MOJIEKYJTH BOJI€ M KATJOHCKU Je0 KOMIUIeKkca pacropehenu usmel)y oBux ciiojesa.
Uzoctpykrypanmaun  M(I11)-1,3-pdta  xommnekcu [10a,12-14] xpucranmumy y P212:2;
MPOCTOPHO] TPYNH OPTOPOMOWYHOT CHUCTEMa, HCHoJbaBajyhu ¢opMy HASHTUYHOT
nakoBama yHyTtap rpyne. Mmajyhy y Bumy oBe ummeHHUIlE, Ha CiuiM 6 je MpHKa3zaHa

kpucranna ctpykrypa Na[Rh(1,3-pdta)] 3H,0O xomrmutekca [12].

V xpucranuoj crpykrypu Na[Rh(1,3-pdta)]3H,0 kommnekca [12], Na* kaTjon je

OKpY’KEH ca IIecT aToMa KuceoHuka. Tpu aToMa KMCEOHHKA MPHIIAZajy MOJIEKYIHMMa BOJIE,
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a TpH KapOOKCHIIHMM Tpyliama U3 TPU Pa3JIndMTa, ajld CHMETPHjCKH 3aBUCHA KOMILICKCHA
aHjora. OBaj KOOPAMHAIMOHU TOJHEIAP CE€ MOXE Haj00Jhe OMUCATH KA0 JUCTOPTOBAHH
oktaenap. Y komiuiekcaom aHjoHy Rh(111) jon je koopauHOBaH ca MIECT JOHOPCKUX aToMa
1,3-pdta muranga (2N u 40), npu yemy ce rpagd KOMIUIEKC OKTaeIapCcKe reoMeTpHje y
KoMe 1mectowianu auamuHcku npcteH (T nmperen) 3ay3uma ¢ KoHpopManujy yeujere-nahe
(twist-boat). JIBa ekBaropujaiHa G TIMIMHATO TPCTEHA 3ay3uMajy KoH(OpMAaIHjy
koeepme (envelope), mok cy aBa R riammmHaTO TpCTeHA pelaTMBHO IulaHapHU. Takole,

KOMIUIEKC moceayje A koHpurypamnujy y oqHOCy Ha IIEHTPATHHU jOH MeTaa.

Cimka 6. Kpucramna crpykrypa Na[Rh(1,3-pdta)] 3H,0 kommnekca [12]. Cumetpujcku
komoBu: b = 1/2—x, 1-y, 1/2+z; ¢ = -1/2+x, 1/2-y, 1-z u f =X, 1/2+y, 1/2-z. BogoHukoBu

aromu Ha C-aTomMuMa Cy U30CTaBJbCHU paliy MPCTIICAHOCTU

Crpykrypro cimyan, K[Co(1,3-pdta)]2H,O xommuekc [11] (jonckm pamujyc
Co(lll) je 0,68 A) xpucramumre y B22,2 mpocTopHOj rpynu opTropoM6uuHOT cucTema. Ha
cmiy 7 je mpukasana kpuctanna crpykrypa K[Co(1,3-pdta)]2H,0 [11] xomrmuiekca. Y
kpucranuoj crpykrypu K[Co(1,3-pdta)] 2H,O xommnekca [11] K' katjon je okpyxkeH
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(KOOpIMHOBAH) ca YeTUPH KapOOHWIHA KHCEOHHWKOBA aromMa W3 KapOOKCHIIHHX Tpylia
CyCeJIHMX JIMTaHJIa M Ca JIBa aroMa KHUCEOHWKa KOjU TPHUMANajy MOJEKylIuMa Boze. Y
KOMIUIEKCHOM aHjoHy 1,3-pdta je xekcangentarno koopauHoBat 3a Co(l1l) jon mpeko mect
nonopckux aroma smranga (2N u 40), dopmupajyhu okraemapcky reoMeTpujy y Kojoj
HIECTOWIAHH THAMHHCKM IPCTEH MMa o KoHdopmauwujy ysujene-rahe (twist-boat). V
KOMIUIEKCHOM aHjOHY Oca poTaldje IPYror pena Mpojia3d Kpo3 aToM KoOaiTa W aToM
METHJICHCKOT ~ yIJb€HMKA  [IECTOWIAHOT  JUAMHHCKOT  mpcreHa.  MHTepecanTHa
KapaKTepUCTHUKA y TTaKOBaky KOMIUICKCHHX aHjOHA je Ta Jla Ce OHU Halla3e y CII0jeBUMa
napanennuMm ca (010) paBHu kpucranHe pemierke. M3mely ciojeBa KOMIIJIEKCHUX aHjOHA
ce Hanmasze K' joHM M MONEKyIM KOOpAMHOBAaHE BOJE. ATOMH KMCEOHHKA KOjH TIPHUIIAAjy
MOJICKYJMMa BOJIE Cy IIOBE3aHH IIPEKO BOJOHWYHHMX Be3a ca JBa KapOOKCHIIATHA
KHCEOHMKOBA aTOMa M3 KOMIUICKCHMX aHjOHa KOJH MPHUIIANajy CYCEIHHM CJIOjeBHMA.
[Ipema TOMe, KaTjOHCKU M aHjOHCKH CJIOj€BU c€ ,,JIpKe* 3ajeAHO moMohy KapOOKCHUIATHUX
MocToBa Koju moBesyjy Co®" u K* jone M MHTEPMOIEKY/ICKHX BOJOHHYHHX Be3a KOje ce
rpaae u3Mel)y MoJekyna KOOpAHMHOBAaHE BOJAE M KapOOKCHIIATHUX KHCEOHHKOBHX aTOMA.
AriconryTHa KOH(HUTypalja KOMIUIEKCHOT aHjoHa je o3HadeHa ca AAA. Ilpu mopehemy
[Co(1,3-pdta)] u [Co(edta)] kommaekca [24] npumehene cy He3HATHE pasauKe y OOIHUKY U
BEJIMYMHY YETHPH TIIMIUHATO MpcTeHa. Hamme, mocToje 1Ba kpucranorpadCKi He3aBHCHA
TIMIUHATO TPCTEHa, je[laH je y paBHU Ca IIECTOWIAHUM THaMHHCKMM mpcreHom (G
NPCTEH), a JOpyru Jiexu HopManHO Ha paBaH G mpcrena (R mpcren). Kao mTo je m
OYEKHMBAHO, TJMIMHATO MpcTeHOBH y paBHH (G mpcreHoBH) cy moj Behum HamoHOM y
OJIHOCY Ha MPCTEHOBE KOjU CTOje HopMaiHO Ha paBaH (R mpcreHoBH). CiMuHa TeHACHIIUja

je youena u ko komruiekcuor [Co(edta)]” anjona [24].
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S5

Cauka 7. Kpucranuna crpykrypa K[Co(1,3-pdta)] 2H,0 komrutekca [11] (O5_a je monexyn

BOJIC; CUMETPHUjCKH KOIOBHU: a = X, —1-y, —-1-z u b = -1/2+x, -1y, —1/2-z). Co(1), C(1) u

K(1) nexe na ocama cumerpuje npyror pena (Co(1) u C(1) na 2|ja u K(1) Ha 2||c)

VY oxanocy Ha mperxoaHo omucane M(I11) kommekce [10a,11-14], K[Fe(1,3-pdta)]
KoMIutieke [22], koju kpuctanuiie y P2;/C mpocTopHOj rpynyu MOHOKIMHUYHOT CHCTEMa
NOKa3zyje 3HauajHe pa3jiuKe Yy KpPUCTATHOM TakoBawmy. KpucramHa CTpyKTypa

K[Fe(1,3-pdta)] kommaekca [22] je mprka3ana Ha ciaunu 8.

KpucranHo makoBamwe panuje ommcanux oktaemapckux M(Il) komrmekca ca
1,3-pdta amranmgom, ommrte dopmyne [M(H20)e][M'(1,3-pdta)]-2H,O (M(11), M'(Il) =
Mg,Cu [15]; Mn,Cu [16]; Mg,Ni [17]; Mg,Co [18]; Co,Co [18]; Mg,Mg [19]; Mg,Zn [20];
Zn, Zn [20] u Mg,Mg/Mn [21]), nerepMuHHMIIIE TPOIUMEH3UOHAIHA MpPEXKa PEIATUBHO
jaKuX BOJOHMYHHMX Be3a KOja yKJbydyje METall-XeKCaakBa joHE Kao JOHOPE BOJOHHMKA W
KapOOKCHIIATHE KHCEOHWKOBE aTOME M3 KOMIUIEKCHHX aHjoHa Kao akLeNnTope, 0K
MOJIGKYJII HEKOOPJIMHOBAaHE BOJE HMajy YIOTY ABOCTPYKOT JOHOpa H JBOCTPYKOT

aKIenTopa.
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Canka 8. Kpucranna crpykrypa K[Fe(1,3-pdta)] kommiekca [22]. Heo3nauenu atomu Ha
CIIMIIM Cy TeHEPHCAaHH HHBEP3MjoM Kpo3 meHTap uuBep3uje 1/2 0 1/2. Cumerpujcku
konmoBu: a = 1— X, —=1/2+y, 1/2-z; b = 2, -y, 1-z; ¢ = X, 1/2—y, 1/2+z u d = 2—x, —1/2+y,
1/2-z

Mebhyrum, y ctpykrypama M(I1l) kommiekca ca 1,3-pdta nurangom, kapOoKcuiiHe
Tpyle WMajy YJIOTYy MOCTHUX JIMTaHazna, MITO JONPUHOCH (HOpMHUpamy TOIHMEPHUX
cTpykTypa. CXOQHO HaBEACHO] YMHCHUIM, U30CTPYKTYPATHU KOMILUIEKCH omiiTe Gpopmyrie
M[M'(1,3-pdta)]-3H,0 (M(1), M'(111) = Na,Cr [12]; Na,Rh [12]; Na,V [13]; Na,Fe [10a] u
K,Ga [14], xkao u K[Co(1,3-pdta)]2H,0 [11] u K][Fe(1,3-pdta)] [22] mpencraBbajy 3D

MOJIMMEPHE CTPYKTYpE.

Behuna oxraegapckux [M(1,3-pdta)]” kommnexca (M = Fe(lIl) [6,10a,22], Co(lll)
[11,50], Cr(l11) [12], Rh(I) [12], V(II) [13], Ga(lll) [14], Cu(ll) [15,16], Ni(ll) [17],
Co(Il) [18,51], Mg(Il) [19], Zn(ll) [20] u Mn(Il) [21]), v xojuma je 1,3-pdta murann
XEKCaJICHTATHO KOOPJMHOBAH 32 jOH MeTaja, MMajy MICCTOWIAHH IHaMHHCKH HPCTEH Y
KoHpopmanuju yeujene-nahe (twist-boat). Mzyserak npeacrasipajy Li,[Co(1,3-pdta)] 5H.0
[51] u Li[Fe(1,3-pdta)]3H,0 [6,22] kommiekcn, y KojuMa KoH(opMaluja nory-cmoauye

(half-chair) mecrousanor qHaMHUHCKOT MPCTEHA MPEICTaB/ba JOMUHAHTHY KOH(pOpMAIH]y.
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[Topen Tora, y xpucrannoj crpykrypu C(NH)s[Fe(1,3-pdta)]2H.O [22] xommiekca, 3a
HeypelheHn KOMIUIEKCHU aHjoH HaheHo je ma 6% IIecTOwIaHoT JMaMUHCKOT TPCTEHa
3ay3uma koHpopmaimjy noxy-cmoauye (half-chair), mox ocramux 94% 3ay3uma
KoHpopmanujy  yeujene-nahe  (twist-boat). Cymporno oBuM  kpucTamorpadckum
pesyiTaTuma, TMpOoydYaBamkeM pPaBHOTEXKE Y BOJECHOM pacTBopy usMel)y koHbopmepa
yeujene-nahe (twist-boat) u nory-cmonruye (half-chair) [Fe(1,3-pdta)]” xommiekcHOr
aHjoHa, HaljeHo je na cy oBa jaBa koHpopmepa npucytHa y oxHocy 1:1 [22]. Kon
crabunaux okraenapckux [M(1,3-pdta)]™ kommiekca ca XeKcaJeHTaTHO KOOPAMHOBAHUM
nurangoM, HalheHo je nma J yBWjeHa ¢opma JiehHOr JMaMHUHCKOT MPCTEHA YCIOBJbaBa A
koHurypamujy kommiekcnor [M(1,3-pdta)]" amjona, mox je y ciydajy A yBujene popme

oBOT TipcTeHa norephena A konpurypanuja komriekca [2,10a,11-22,50].

OuekuBaHa  OKTaegapcka  TreOMETpHja  KOMIUIEKCAa  ca  XCKCaJICHTaTHO
koopauHoBanuMm 1,3-pdta nuranmom je Halhena u y caydajy Li[Fe(1,3-pdta)] 3H,0 [6,22]
komiuekca. Takohe, oBaj komieke (joucku pamujyc Fe®* je 0,78 A) kpucramume y P2;/n
POCTOPHO] Py MOHOKIMHUYHOT CHCTEMa, a MIECTOYIAHNW TUAMHUHCKH MPCTEH 3ay3uMa
koHpopmanujy nory-cmoauye (half-chair), mo yemy ce u pasmukyje ox ocramux M(III)-
1,3-pdta xommiekca. Ha cnuin 9 je mpukasana crpykrypa [Fe(1,3-pdta)] xomrutekcHor

anjona y Li[Fe(1,3-pdta)] 3H,0 [6] kommiekcy.
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O3

Cmuka 9. Crpykrypa [Fe(1,3-pdta)] xommuekcHor anjona y Li[Fe(1,3-pdta)] 3H,0
xomiekcey (pedepentnu kon KABDEW [6,23])

Kapakmepuzayuja 1,3-pdta-meman(l11) xomnnexca nomohy enekmponckux

ancopnyuoHux cnekmapa

3a nuckocmuucku d°-cucrem Co(l11) 1 Rh(I11) y oKTaeaapcKoM JIMFaHIHOM MOJbY
(On) ouexyjy ce 1Ba CIMHCKH T03BOJbEHA TpeEIiasa: 1Alg — 1Tlg (HIKe eHepruje) u 1Alg —
1ng (Bume enepruje). Y TerparonanHom nuranaHoM nosey (Dan cumerpuje), npenaszu 1T]_g
(On) 1 "Taq (On) ce nasmbe pasmaxy Ha 0 JBe KOMIOHEHTe: *T1g— Ay + "By’ 1 'Tog— 'Byg
+ 1Egb. 3a xonoemapcke komriekce Dgn (Cis-[N204]) cumerpuje, xoju mocenyjy ciaduje
nura”aHo moJsbe nyx oce Z (O-O), eHepruja mpenaza 1Ega (1T19) je HIKa O]l eHepruje
npesnasa lAZg (1T]_g). 3a KOMILUIEKCe TIOMEHYTE CUMETpHje, pasjiarame 1T29 HHUBOA je crabuje
U3paKEHO U eHepruja 1Egb (1ng) npeasa je HIKa Off eHepruje 1ng (szg) npena3a [52].

3a kommiekce Cr(l11) (d*-crcrem), Ba criMHCKM 103BOJBEHA MpeNasa ce OYEKYjy y
OKTaeIapCKOM TOJbY: 4A2g — 4ng (HmKe eHepruje) u 4A29 — 4Tlg (Bumie enepruje). Y
TEeTPAroHaNTHOM THTaHAHOM M0Jby Dgn cuMeTpHje, OCHOBHO cTame je ‘Big u mpemas “Ay —

4T29 (Op) ce pasnaxe najyhu nBa HOBa mperasa: 4Blg — 4Ega (Hmke eHepruje) u 4Blg —
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482g (Bumie enepruje). Paznarame 4A2g — 4T]_g (Op) mpenasa 3a Dgn MOzien je 3HATHO Mambe

" pcaocica KOMIIOHCHATa 3aBUCH O/ 3HaKa U BPCAHOCTH TECTpAaroOHaJIHUX KOMIIOHCHATA.

VY tabenu 6 1aT Cy Mojaany 3a eleKTpoHcke ancopriuone crekrpe [Co(1,3-pdta)],
[Cr(1,3-pdta)]” u [Rh(1,3-pdta)] xomrmutekca. Kao mTo ce BHIW, 3a pa3iduKy OJ
enektponckux cmekrapa [Co(1,3-pdta)] u [Cr(1,3-pdta)]” xommiekca, €ICKTPOHCKH
ancopruuonn cnekrap [Rh(1,3-pdta)]” xomrmiekca mokasyje pasiarame ancopiiuoHe
TpaKe HIKE eHepruje y o0acTi CIMHCKHUX J03BOJbeHHX Tpenasa [53-55]. OBo ykasyje Ha
ynibeHUIy 1a ce cnekrap 1,3-pdta-Rh(11l) kommiekca mopa unTeprnperupat mpexo Dgn
mosekyicke cumerpuje. Tpake Rh(I11) kommiekca cy Tonuko mmmpoke na o0yxBarajy ooe
00JlacTH CIMHCKU J03BOJbEHUX Tipenaza. Ha ocHoBy mopataka y Tabenu 6, MOXe ce
3akJbyunTd Aa BenunduHa 1entpaiHor jona (Co(lll) < Cr(l1l )< Rh(Il)) 3navajHo yruye Ha
OKTaelapCcKy JTUCTOP3Ujy OBHX CHCTEMa, la HUje ciy4ajHo naa je komiuieke [Rh(1,3-pdta)]
MHOT'O BUIIIE JUCTOPTOBaH U Jia MOCEYje HIKY MOJICKYJICKY CHMETPH]Y OJ] OJroBapajyhux

Co(I11) u Cr(1H1) xomrekca.

Tagena 6. Enexrtponcku  amcopmimonn  momanu  M(III)  xommiekca  ca

xekcakoopauHoBanuM 1,3-pdta guranaom

Kommiekc Ancopnuuja O3nauaBame  Jlut.
v (10°xcm™) g(M'cm?) mpenasa
[Cr(1,3-pdta)] On
Na[Cr(1,3-pdta)]-3H,0 19,65 118 Aoy — Ty [54]
25,97 83 Aoy — Ty
[Rh(1,3-pdta)] Dan
Na[Rh(1,3-pdta)]-3H,0  ~27,94 (sh) 284 'Eq" [53]
~29,58 (sh) 274 A
34,13 243 By, 'Ey’
[Co(1,3-pdta)] On
Na[Co(1,3-pdta)]-3H,0 18,20 131 'Ay— Ty [59]
26,40 115 Ay, — oy
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Kapakmepuzayuja 1,3-pdta-meman(l1l) xomnnexca nomohy ungpa-upeenux

cnekmapa

Nudpa-upsenu (IR) cnekrap Na[Rh(1,3-pdta)]-3H,O komruiekca, mokasyje jeaHy
BeoMa jaky Tpaky Ha 1640 cm?t u jenny ciabujy Ha 1690 cm* [43]. Tpaka Buie enepruje
(1690 Cm'l) ce NPHIMHCYje aCUMETPUYHUM BaJICHIIMOHUM BHOpalyjaMa KapOOKCHIATHUX
rpyna G mpcrenosa, a Tpaka Hike enepruje (1640 cm™) oxroeapajyhnm suGparmjama R
npcreroBa. Mehyrum, IR cnekrpu Na[Cr(1,3-pdta)]-3H,0 [54] u K[Ga(1,3-pdta)]-3H.0O
[14] xomrutekca, y oarosapajyhoj obmactu, mokasyjy o jeHy BeOMa WHTCH3HBHY TpPaKy
(1638 cm™ 3a Cr(111) u 1661 cm™ 3a Ga(Ill)). Mimajyhiu y By YHE-CHHLLY 1a aCHMETPHYHE
BaJICHIIMOHE BHOpalfje MPOTOHOBAHUX KApOOKCHIHUX Tpyma oOyxBarajy o001acT
1700-1750 cm™, moske ce 3aKkJbY4HTH Ja Cy cBe KapbokcuiatHe rpyme 1,3-pdta imraszaa y

oarosapajyhum kommiekcuma Cr(111), Rh(111) i Ga(lll) koopaunosane [14,43,54].

Kapakmepuzayuja 1,3-pdta-meman(lll) xomnnexca nomohy mnykneapno-

mazrnemnO-pezonanyuonux (NMR) cnexkmapa

VYV  cnyuajy aujamarsernyaux Co(IlIl) u  Rh(lll) kommiekca 3a mHBHXOBY
KapakTepu3almjy KopuiheHu cy HYKJICapHO-MarHeTHO-PE30HAHIIMOHH
(*H NMR u ®*C NMR) criexrpn [1]. HanmMe, Ha ocHOBY pannjux ucrmruBama “H NMR
cnektapa amuHomnoiukapookcuaataux CoO(lll) komrutekca [56-64] wmaheno je ma ce
reMUHAJIHEe KOHCTAHTE KYIUIOBamka METHJICHCKUX MPOTOHA TIIMIIMHCKUX MPCTEHOBA MOTY

MOJICJIUTH Y JIBE TpyIIE:
a) KOHCTaHTE KyIIOoBama y obaactu o 16 = 0,5 Hz
0) KOHCTaHTEe KyIUToBama y obiactu ox 18 + 0,5 Hz.

I'eMuHanHe KOHCTaHTe KyIjioBamwa y oOmactu ox 16 + 0,5 Hz cy mpunucane
METHJICHCKMM MpoToHMMa G, OK Cy KOHCTaHTe KyIjloBama y oOmactu ox 18 + 0,5 Hz

MNpUNrUCaHe METUJICHCKUM IIPOTOHUMA R TIIMOVMHCKUX IMMPCTCHOBA.

Y ckiagy ca oBUM pesynrariMa naTepnpernpann ¢y "H NMR crekrpu Rh(I11) 1
Ga(Ill) kommekca ca 1,3-pdta murangom. *H NMR criexrap [Rh(1,3-pdta)]” kommiekca 3a
METHJIEHCKE MPOTOHE TIIMIUHCKHUX MPCTEHOBA TOKasyje aBa AB kBaprera ca meHTpOM Ha

3,83 ppm (6a = 4,11 ppm u 6g = 3,55 ppm, Jag = 18,2 Hz) u nenrpom Ha 3,80 ppm (64 =
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3,96 ppm u o6g = 3,64 ppm, Jag = 15,8 Hz), mro je y ckiaay ca CTPYKTypOM OBOT
KOMILJIEKCa KOjU MMa JBa ekBHBaJieHTHA R u nBa melycoOHO exBuBasieHTHa G riIMIHCKA
nperena [43]. 'H NMR cnexrap K[Ga(l,3-pdta)]-3H,0 kommiekca je mnopehen ca
CIIEKTpOM HekoopauHoBane 1,3-Hipdta kucenune, npu yemy cy 3amakeHe 3HaTHE Pa3IIMKe
usMel)y muxoBux crekrapa [14]. Hauwme, 'H NMR criekTap HekoopauHoBane 1,3-Hypdta
KHCEJIMHE TOoKa3yje aBa curHaia Ha 1,932 u 3,095 ppm koju moTudy oA TpHU TpyIlie
METWIEHCKMX IpoToHa 1,3-mponanauamMuHckor jnaHua. Hacympor tome, y 'H NMR
cunektpy  K[Ga(1,3-pdta)]-3H,O  komriutekca, 3a  MCTHJICHCKE  MPOTOHE W3
1,3-mpomanaMUHCKOT JIaHI]a YO4YeHa Cy TPH CHUTHaJa Ca XEMHjCKHM MOMepamuMma
uzmely 2,113 u 3,496 ppm. MeTuieHCKH TPOTOHH KOjH TOTHYY W3 TIHUIIMHCKOT HH3a
HekoopauHoBae 1,3-Hpdta kucenune najy camo jemaH cHrHai y 'H NMR CHEKTPY, JOK
oarorapajyhu mpoTOHM KOjU MOTUYY U3 METUJICHCKUX MPOTOHA TIMIIMHCKHX MPCTEHOBA
K[Ga(1,3-pdta)]-3H,O kommiekca aajy meT CUrHajla ca XEMHjCKUM ToMepamuMa u3Mely
3,564 u 4,051 ppm. Ha ocHOBY OBHX pe3yiTara MOXKe C€ 3aKJbYUYHTH J1a JIA j& JOILIO JI0

NOTIyHE XeKcajeHTaTHe koopauHaiuje 1,3-pdta muranma 3a Ga(lll) jow.

3a kapaxtepusannjy xekcageHratHux Rh(III) u Co(Ill) xommuekca ca 1,3-pdta
JIMTaHJOM YCIIEIIHO Cy NPUMEHEHU HBUXOBU BC NMR cnekTpu (Tabena 7). Kao mro ce
3 taGene 7 mMoxe yount, —~C NMR crekrpu [Co(1,3-pdta)]” [49] u [Rh(1,3-pdta)]” [43]
KOMIUIEKca Cy, 110 Opojy CUrHalla U BbUXOBOM XEMHUJCKOM IToMepamy, Mel)ycoOHO mOoTImyHO
UICHTUYHHU. YTJHEHUKOBH aToMH U3 1,3-pdta nuranma cy y oBOM ciaydajy HyMEepHCaHU Ha
HAuYMH KaKo je To paHuje ypaheHo Ha cTpanu 18 oBor nornasspa. Ha Hajpehem xemujckom
IOMepamy MOCTOje JiBa CUI'Hajla KOjU OJroBapajy yrbeHMKOBUM aTOMHMa KapOOKCHIIHUX
rpyma 3a aBa napa melycoOHo HeekBuBaJeHTHUX R u G rmumuHCckux npcreHosa. Takohe,
JIBa CHUTHAJA Cy JOOMjeHa y CIEKTpHMa OBHX KOMIUIEKCAa M 32 METHJICHCKE YTJbEHHKOBE
aTOME€ HEEKBHBAJCHTHUX IJIMUMHCKUX MpcTeHoBa. CHTrHAN Cpeimer YribeHUKa
1,3-nponaniaMUHCKOT TPCTEHA, ce Yy 00a KOMIUIEKCa Hajda3d Ha HajBUIIEM IOJbY, C
003upoM J1a je OBaj YIJb€HUK HajBHIIe 3amTuheH. VHTEH3UTET OBOT CHUTHaNA j€ 3HATHO
HIWKH Y OJTHOCY HA MHTEH3UTETE OCTaJMX CUTHaja y BC NMR CIIEKTPY OBHUX KOMILIEKCA.
CurHanu 1Ba Kpajlba METWICHCKa YIJbeHUKa 1,3-pomaHIuaMHMHCKOr TPCTEHA, Ce 3a

HaBCACHC KOMIIJICKCC HAJIa3€ Yy O‘ICKI/IBaHOj o0iactu XCMI/IjCKOF InoMepama.
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Tabeaa 7. °C NMR xemujcka momepma curnana 3a ueke [M(1,3-pdta)] xomruiekce
(M = Co(lll) u Rh(11)). Cnekrpu cy caumanu y D,O pactBapady, a Xemujcka momepama

cy nata y ogHocy Ha TSP kao pedepeHTHU CHrHAT

C NMR xemnjcka momeparma (ppm)*

Kommuieke C1(2R) C1(2G) C2(2R) C2(2G) C3 o
[Co(1,3-pdta)] [49] 183,66 181,84 6321 70,35 5203 21,03
[Rh(1,3-pdta)] [43] 183,30 180,74 62,64 69,59 54,84 23,03

*VripenukoBu atoMu 1,3-pdta suranma cy HyMepucaHu Ha Ha4WH KakKo je TpuKa3aHao Ha cTpaHu 18 oBor
IOI'JIaBJba.

1.3. Anaju3za nanona y [M(1,3-pdta)]™ kommiaexcuma (M = meraa(Il) u

metaia(lll))

Kommnekcu [M(1,3-pdta)]" tuna (M = Fe(l1) [6,10,22], Co(lIl) [11,50,55], Cr(lI1)
[12], Rh(1IT) [12], V(1) [13], Ga(lll) [14], Cu(ll) [15,26], Ni(ll) [17], Co(ll) [18,51],
Mg(ll) [19], Zn(ll) [20] wu Mg(Il)/Mn(ll) [21]) umajy koopauHALKMOHU Opoj 6 H
OKTaenapcky reomerpujy. Oncrymame Off OKTaelapcKke IeOMEeTpHje M KOOPAMHAIMOHOT
6poja 6 je Haheno y ciyuajy Ca(ll) [19], Cd(I1) [20] u Mn(1I) [21] kommiekca. Hamme, 1,3-
pdta-Ca(ll) xomriekc wMa KOOpPIMHAMOHM Opoj 8 W KBaJApaTHO-aHTHIIPU3MATHUYHY
reometpujy, a0k oarosapajyhu Cd(ll) u Mn(ll) kommiekcn ¥Majy KOopauHauoHu O0poj 7
U TIEHTaroHaJIHO-OMNHMpamMuIaIHy TeomeTpHjy. Crepeoxemuja [Cu(1,3-pdta)]> [15]
KOMILIIEKCa je yciaoBibeHa mpucyctBoM Jahn-Tellerovog edekra u oBaj komIuieke nocemyje
nBe ayxe, amu Meljyco6Ho jemnake Cu-O(R) Bese (Cu-O(R) = 2,272 A). Cxomno Tome,
OBaj KOMILJICKC MPEACTaB/ba TETpAaroHAIHO-U3MyKeHn oktaemap [14]. Kao mTo ce moxe
BuzieTn y Tabemu 8, mpoceune M-O Bese y mocmarpaHuMm KOMIUIEKcMMa cy Kpahe on
npoceunux M-N Besa, ca mzyserkom y ciydajy Cu(ll) kommnekca [15,16] Terparonanso-
U3Iy)KEeHe OoKTaeaapcke reomerpuje. 3a cepujy okraeaapckux M(I1)-1,3-pdta kommaekca
OBa pa3iiMKa y Jy)KHHaMa Be3a MPaBUIIHO pacTe ca MOPAaCTOM BEIIMYMHE jOHCKOT pajujyca
[9,65], uzy3eB y ciyuajy Rh(IIl) komruiekca y kome cy npoceune M-O u M-N Bese ckopo

NIACHTHUYHC.
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Tabeaa 8. [Ipoceuna M — L pactojama, N — M — N BajeHIIMOHU YIJIOBH W HAIOH OKO

XenaTHUX a3oToBux aroma y [M(1,3-pdta)]” xommiexcuma ca pasaMUUTHM jOHHUMA

merana’
Kommaexe r(M)* KB TIeomerpuja N-M-N  M-N M-O YA Jlur.
(A) ) A) A (N)*
)
[M"(1,3-pdta)]*

[Ni(1,3-pdta)]* 0,830 6 Okraemapcka 96,3(3) 2,073 2,052 11 [17]
[Mg(1,3-pdta)]* 0,860 6 OkTaemapcka 92,2(1) 2,199(2) 2,05 13 [19]
[Cu(1,3-pdta)]* 0,870 6 Okraenapcka 96,8(1) 2,047 M-O(G) 13 [15]

1,974

M-O(R)

2,272
[Zn(1,3-pdta)]* " 0,880 6 OkTaemapcka 94,83(10) 2,155(2) 2,092(3) 13 [20]
[Co(1,3-pdta)]* " 0,885 6 Okraenapcka 95,7(1) 2,142(2) 2,083(3) 11 [18]
[Cd(1,3-pdta)(H,0)]* 1,090 7 IMentaronamsa  90,5(2) 2,440(3) 2,405(3) 16 [20,21]

OunupamuganTHa
[Ca(1,3-pdta)(H,0)]> 1,140 8 Ksanparna 79,0(2) 2,681(4) 2,415(4) 28 [19]
AHTHUITPU3MA
[M"'(1,3-pdta)]

[Co(1,3-pdta)]” 0,685 6 Okraenapcka 99,0(3) 1,966 1,882 15 [11,66]
[Cr(1,3-pdta)]” 0,765 6 OkTaemapcka 95,8(2) 2,065 1,956 14 [12,66]
[V(1,3-pdta)] 0,780 6 OxTaenapcka 96,7(1) 2,143(2) 1,98(2) 14 [13]
[Fe(1,3-pdta)] 0,785 6 OxTaemapcka 93,6(7) 2,18(1) 1,98(1) 21 [4, 10]
[RNh(31,3-pdta)] 0,805 6 OxTaenapcka 98,3 (1) 2,032 2,023 12 [12]

*BpemHOCTH y 3arpagii ce OJHOCE HA CTAHAApAHE [CBHjallije 3a IOjeJHHAYHE KOMILIEKCE;’JOHCKH pamHjyc 3a

koopuHaiuonu 6poj K.b.= 6 [9];">A(N) je cyma amconyTHHX BpeqHOCTH oicTynama oj yria 109,5° 3a mect yriosa

Be3a KOjH HacTajy XelaTHOM KOOPAMHAIMjOM aTtoMa a30Ta. BpemHocTn ce omHOce Ha JBa aToma a30Ta; = Mepema

MHTCH3UTETa pedieKCcHja Cy BpIleHa Ha HUCKHM TeMIlepaTypama.
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VY ckiany ca TEOPHjOM, MUHUMAJIHK HAMOH MIECTOWIAHOT 1,3-mporaHanaMUHCKOT
npcreHa ce ouekyje y ciydajy kaga N-M-N yrao umsmocu 109,5° [8]. 3a cepujy
[M(1,3-pdta)]" xommmexca (M = Co(lll), Cr(lIl), V(11I), Fe(lll), Rh(lII), Ni(ll1), Cu(ll),
Co(Il), Mg(Il) u Zn(ll)), koju mocenyjy Mame WM BHIIE AUCTOPTOBAHY OKTACIAPCKy
reometpujy yrepheno je aa ce Bpeanoct N-M-N yria kpehy ox 92,2° mo 99,0° [17]. Ose

BPEIHOCTH BHIIIE OJITOBAPajy UACATHO] OKTaeAapCKOj, HErO TETPaeaapCcKoj TeOMETPH]jU.

Kao mTo ce moxe BuaeTn u3 tabesne 8, mpocevHa JAeBHjalnja XeIaTHUX YIIoBa OKO
N-atoma ox upeanne Bpensoctu (109,5°) 3a oxraemapcke [M(1,3-pdta)]™ xommiexce
(M = Co(lll) [11,66], Cr(I11) [12,66], V(1I1) [13], Fe(lll) [4,10], Rh(I1I) [12], Cu(ll) [15],
Ni(11) [17], Co(Il) [18], Mg(ll) [19], Zn(I1) [20])) ce kpehe ox 11 do 21°. JloOujeHa Bemuka
BPEIHOCT YKYIHOT HaroHna oko N-atoma 3a [Ca(1,3-pdta)(H,0)]* (28°) komiuieke ykasyje
Ha Mmoryhuoct packumama C—N Be3e y CYNCTUTYIHOHMM peakiujamMa HCIUTHBAHOT

komrutekca [19].

VY Tabenu 9 cy mate BPEIHOCTH 3a TOTAJIHY JCBHUjallljy OKTaeAapCKHX YIiIOoBa 3a
[M(1,3-pdta)]” kommiekce [M(II1) = Co, Rh, Cr, V u Fe], uspauynare ynorpebom u3pasza

X(a;- 90°) (rme je Z(a; - 90°) cyma ancoylyTHUX BPEIHOCTH OACTYyNama 12 OKTaeqapcKux
yrnoBa ox 90°). Kao mto ce Buau u3 tabene 9, BpegHoctu X(a ;- 90°) 3a momeHyte
KOMIUICKCE PacTy ca CMameHheM eHepruje cTadmimsanuje Jurasgaor nossa [ESLP(A )],

ca usyszerkom 3a [Rh(1,3-pdta)] “u [Cr(1,3-pdta)] ~ kommaekce.

Ta6ena 9. Toranna neBujarnmja okraemapckux yrioa y [M(1,3-pdta)]” xommiaekcuma y

(GyHKIMjU onasama eHepruje crabuimzanuje JuranaHor nossa [ESLP(A )]

Kommieke > | 0;-90°]| [ESLP(A,)] Jlur.
[Co(1,3-pdta)] 34 d® (-2, 4) [11]
[Rh(1,3-pdta)] 57 d® (-2,4) [12]
[Cr(1,3-pdta)] 56 d* (-1,2) [12]
[V(1,3-pdta)] 75 d’ (-0,8) [13]
[Fe(1,3-pdta)] 105 d® (0,0) [6]

Wmajyhu y BUAY YUBEHUIYy /1a HUCKO-CIIMHCKH d® cucrem nma JBOCTPYKO Behy

eHeprujy crabunusanuje nurasgHor moska (ESLP) y omHocy Ha d?, O4YeKyje ce Jna
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[Rh(1,3-pdta)]  xomriekc TOKaXke Mamy OKTaeJapcKy AMCTOP3HUjy Yy OJHOCY Ha
[Cr(1,3-pdta)] ~ komruiekc. Mehyrtum, oBa aBa KOMILIEKCa MMOKa3yjy HPHUOIMKHO HCTH
CTETICH OKTaenapcke aucropiuje. llpuMeTHO je 1a oKraemapcka AWCTOp3Uja OBUX
KOMIUIEKCA pacTe ca OIaJameM CHEepruje CTaOMiIM3allfje JIMTaHIHOT 1M0Jba, alu edekar
BEJIMYMHE [[CHTPAIHOT jOHAa METajla U CTPYKTypa JHMraHjaa ce He Moxe 3aHeMapuTh. Kako
je eHepruja craGHMIM3alMje JTUTAHAHOT I0Jba HajBeha 3a HuECKocHMHCKe d° KOMIUIEKce

Co(I11) u Rh(IM) (ESLP = -2,4 A}), a HajMama 332 BUCOKOCIIUHCKH d° xommrexc Fe(lll)
(ESLP = 0,0 A,), 3a ouekuBatu je na okraegapcku L-M-L yrmosu xomrurexca Co(lll) u

Rh(111) Hajmame oxctymnajy ox uaeanne Bpeanoctu (90°), Tj. 1a je mpaBUiiHA OKTaeaapcKa
CTPYKTypa OBUX KOMIUIEKCA HajMame HapymieHa. Tpeba HalmOMEHYTH Ja je JeBHjalHja
OKTaeJapCKUX YIJIOBa U OCTAIMX TapameTapa O] WICaTHUX BPEIHOCTH HajBUILE U3paKeHA
kox oxroBapajyhux Fe(lll) xkomrmiekca W OHU 1O TPaBHIY HAjBHINC OACTYIAjy O

npaBUIIHE OKTaeaapcke reomerpuje [2,6,7,17,29,67].
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2IIPEAMET HUCTPAXUBAIDA

JlnaMuHOITOTMKapOOKCHIATHH JIMTAHIM KOjH, 3a pa3iuky oxa edta nuranga (edta je
etwineHauamMul-N,N,N’, N’ -tretpaanerar), uMmajy IIPOAYKEH IUaMUHCKU W
KapOOKCUIIaTHU HH3 Cy C€ IMOKa3ajdd BeoMa IMOTOJHUM 32 KOMIUIEKCHPAbE Pa3TUYUTHUX

JOoHa MeTana.

VY onmnocy Ha edta, murana 1,3-pdta (1,3-nponanauamun-N,N,N’,N -terpaanerar),
CaJlp’Ku MPOJYKEH JTUAMUHCKH HH3 3a jenHy -CHo- rpymy U nmpu KOOpAMHOBamY 3a jOH
MeTaja, y 3aBUCHOCTHU O] FheTOBOT JOHCKOT pajiujyca U HaeJeKTpucama (JOHCKH pajujyc 3a
M?"=0,83 - 1,14 A, 3a M3 = 0,68 - 0,80 A), Mmoxe 1a rpaau KOMIIEKCE KOjH MOKA3Yjy
CTPYKTYPHY Pa3HOBPCHOCT. PaHWja McTpakuBama cy nokaszana fa 1,3-pdta nurang mma
MoryhHocT rpaljeba Beoma CTaOMITHUX KOMIUIEKCa Ca BEJIMKHUM OpojeM joHa MeTana
(M = Fe(lll) [6,10,22], Co(lll) [11], Cr(l11) [12], Rh(I) [12], V(1I1) [13], Ga(lll) [14],
Cu(ll) [15,16], Ni(I1) [17], Co(l1) [18], Mg(ll) [19], Ca(ll) [19], Zn(I1) [20], Cd(Il) [20] u
Mn(Il) [21]).

[Mocnenmsux  HEKOJMKO  JEICHWja  OpeAMET  WHTEH3WBHHUX  W3ydaBarmba
KOOPJMHAIIMOHUX XeMHuuapa cy nuranmu 1,3-pdta-tuma, Koju y OIHOCY Ha NPETXOIHO
nomenytu 1,3-pdta nuranng uMajy CTpyKTypHE NpOMEHE Y KapOOKCHIATHUM JIaHIIUMa
[1,2]. OBe cTpykTypHe MpOMEHE ce Oorjenajy y TOMe [a je jelaH WIA BHIIE
kapOokcuaTHuX JaHana 1,3-pdta nmuranga npoayskeH 3a 1o jeany -CHo- rpymy, npu uemy
OBaKko JIOOWjeHM JMraHAM MOTY Ja Tpaje MEUIOBUTE IMeTowIaHe (TIHMIUHATHO) H
niecrowiane (f-ajJaHuHATO) XeJlaTHE MPCTEHOBE, Ha mpuMep: 1,3-nponanauamud-N,N,N -
Tpuarnerar-N -MoHo-3-nipormonar, 1,3-pd3ap; 1,3-mponanmuamun-N,N -auanerat-N,N -

JU-3-TIPOITHOHAT, 1,3-pddadp; 1,3-npomanauamun-N-monoanerar-N, N, N -tpu-3-
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nponuoHar, 1,3-pda3p). 30or paznuynTe OpHjCHTAIMje TMETOWIAHUX M IIECTOWIAHUX
KapOOKCHJIaTHUX MPCTEHOBA OKO OKTaeApa OBH JUTAHIU MOry jAa rpane Behu Opoj
TeOMETPHUjCKUX u30oMepa. M3yuaBama y 00JacTH KOOpAMHAIMOHE XeMmHje Jimranana 1,3-
pdta-Tuna cy gana oAroBope Ha MHOTA IHTamba Koja ce OJHOCE Ha TO KaKO CICKTPOHCKA
KOH(UTYpalHja W BEIWYMHA jOHA METalla, 3aTHUM CTPYKTypa JIMTaHna, OJHOCHO Opoj
METOWIAHUX U MIECTOWIAHUX KapOOKCHIIATHUX MPCTEHOBA Y XEJIATHOM CHCTEMY, YTHUY Ha
CTaOWJIHOCT KOMIUIEKCa, IUCTPHOYIHjy TEOMETPHjCKHMX H30Mepa, HAIOH XeJaTHOT
cHCTeMa M CHEKTPOCKOIICKE KapaKTePUCTHKE KOMIUIeKca Mmerana. [IpeTxomaHo momeHyTa
u3yyaBama ce¢ ojHoce Ha Jjwuranae 1,3-pdta-tuma ca CTPyKTypHHM IpOMEHama Yy
KapOOKCHJIaTHUM JIaHI[MMa, JIOK Cy H3y4aBama JIMraHaja OBOT THIA Ca CTPYKTYPHHUM
npomeHama y 1,3-mponaHauaMHUHCKOM JIaHIly Beoma ockyaHa. Mwmajyhw y Buay OBY
YUELECHUILY, MIPEIMET OBE JOKTOPCKE JUCEPTAIMje CE OJHOCH Ha CHHTE3y U CTPYKTYpPHY
KapaKTepHu3alyjy KOMIIeKca MeTana ca xekcaaeHTatHuM (1,3-nenranauamus-N,N,N’,N -
teTpaanerat, 1,3-pndta) wu mnenrtamentataum  (1,3-nenranaumamud-N,N,N -Tpuanerar,
1,3-pnd3a) nuranauma KoOju y OAHOCY Ha CTPYKTypHO aHamorue 1,3-pdta u 1,3-pd3a
(1,3-npomranaiuamun-N, N, N -Tpraiierat)  JWraHie HMajy  eTWI-CYICTUTYCHT  Ha
0-YTJb€HUKOBOM aromy 1,3-mponanauamMuHcKor Huza. CXOIHO TOME, 3a NIPEIMET OBE

JIOKTOPCKE AMCEpTallM]je MOCTaBJheHU Cy cieachu 3amamm:

1) Cunte3a u wuszonoBambe komiutekca Sr(II) u Ba(ll) ca 1,3-pdta nuranmom.
Kapaxrepuszauuja 1,3-pdta-Ba(ll) xommiekca momohy audpakiije peHAreHCKUX 3paka ca
npaxoBa M HMH(pa-I[pBeHE CIEKTpockomnuje, A0k he ce oarosapajyhu xomrutekc Sr(ll)

JI0JIATHO OKapakTepHUcaTH METOAOM AU(PaKIMje PEHANCHCKUX 3paKa ca KpUcTana.

2) Cunresa GapujymoBux comu (£)-1,3-nentanauamun-N,N,N’,N -retpacuphetre
(1,3-Hspndta) u (+)-1,3-nentanauamun-N, N, N -tpucupherne (1,3-Hapnd3a) kucenuwe.
Conu oBux kucenuHa Oumhe ymorpeOspeHe 3a cuntedy oxromapajyhmux Ni(ll) u Cu(ll)
komruiekca. Criektpockorcku moaanu oBux komiuiekca (UV-Vis u IR) ouhe mopehenu ca
nogaruma aHamoraux Cu(ll) m Ni(ll) xommutekca ca 1,3-pdta u 1,3-pd3a nuranguma
MO3HATUX KPUCTAJTHUX CTpyKTypa. Kpucranna crpykrypa xommiekca Ni(ll) ca
XEKCaJeHTaTHO KOOpAHMHOBaHUM 1,3-pndta nmurangom oxapenuhe ce MeToaoM audpakuuje

PEH/TeHCKHX 3paKa ca KpHcTaja.

3) Cunreza wnoBux Cr(lll) xommiekca ca 1,3-mentanguamun-N,N,N’,N -
tetpaarierato (1,3-pndta) nuraHmaoM Koju caapKe pa3IHuUTe KOHTPA-KaTjOHE W3 TpyIe

AKaITHUX ¥ 3eMHoankanHux merana. Kapakrepuzammja Cr(l11) xomruiekca he ce ypamuru

33



IIpeomem ucmpasicusaroa

nomohy enementapue mukpoananuse, UV-Vis, IR u *H NMR cnekrpockonuje. Kpucranue
CTpYKType A00HMjeHuX KoMmIuiekca Ouhe onpeleHe Ha OCHOBY pPEHITrCHCKE CTPYKTYpHE

aHaJIn3e.

Y CBUM NpPETXOJHO HABEJCHUM CllydajeBUMa HcnHTHBahe ce YTHIA] CTPYKType
auraHna  Ha  rpaheme  KOMIIeKca  MeTana, AUCTPUOYIHjy TEOMETPHjCKHX U
KOH(UTYpAIIMOHUX HM30Mepa, MaKOBamke KOMIUIGKCHOT aHjOHA M KaTjoHAa y KPHUCTAIIHO]
PELIETKH, YTHIA] CTPYKTYpE JIMraH/Aa U BETMYMHE ICHTPATHOT jOHAa MeTaja Ha HAIllOH U
KOH(OpMAIMjy XEeIaTHUX MPCTCHOBA, KA0 M yTHUIQ] OBHX (hakTopa Ha IYXKHHY Be3a H

BCJIIMYHMHY YIJIOBA BE€3a Y HCIIMTUBAHHUM KOMIIJICKCHUMaA.
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SEKCOHNEPUMEHTAJHU AEO

3.1. XemukaJjiuje u peareHcu

Xemukanuje u peareHcu l,3-mponannmamuH, 1,3-meHTaHAMaMuH, Xji1opcupheTHa
kucennHa, HabaBbeHu cy on Fluka Chemical Co. Ocrane xemukanuje ynorpedsbeHe y
OBOM pajly Ouse cy KOMepLHUjalIHU IPOU3BOJM aHAJUTUYKOT CTeleHa yucTtohe u KylybeHe
cy oa nmomahmx mpousBohaua. 3a mpuIpeMame pacTBopa yrnoTpeOsbeHa je OuAeCcTHIOBaHa

BOJa.

3.2. Cunrte3a 6apujym-1,3-nponanguamun-N, N,N’,N’-
terpaanerarodapujymar(ll) mmxuapara, Ba|Ba(1,3-pdta)]2H.O

bapujym-1,3-nponanauamun-N, N, N’, N -tetpaanerarobapujymart(Il) JTUAXUIpAT,
Ba[Ba(1,3-pdta)] 2H20 je y oBom pany no0ujeH 1m0 MOIUGUKOBAHOM MOCTYIKY Y OJHOCY

Ha MOCTYIIKE KOjH Cy paHuje onucanu [15,54].

YV 75,0 cm® Bogxe ce pacteopu 86,0 g (0,91 mol) MoHOXIOpCcHpheTHe KHcennHe 1
pacTBOp XJaau y JIeNEHOM KyMaTwiry. Y OBaj pacTBOp y3 MeIIame IMOCTENEHO Ce yKaraBa
XJMaaH pacTBop Harpujym-xuapokcuaa (36,0 g, 0,90 mol y 90,0 cm® Bone). Bp3una
ykamaBama pactBopa NaOH ce momecum Tako Ja ce TeMIleparypa peakioHE CMelle
onpkapa ucroy 20 °C. Y Tako npumnpeMibeH pactBop ce noja 1,3-nponananamun (15,0 g,
0,20 mol) u cMema mpoxy>ku 1a ce Mema y3 3arpeBame Ha 80-90 °C 3a BpeMe o1 /1Ba cara.
3a To BpeMe y cMellly ce ykanaBa HoBa koiauunHa pactBopa NaOH (36,0 g, 0,90 mol y 60,0
cm?® Bone) Bomehu nmpu Tome pauyHa na ce pH pacTBOpa peakiMoHE cMelle OAp)KaBa Ha
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oko 8. PacTBop ce 3aTuM mcmapu 10 3ampemuse o oko 200,0 cm®, a MOTOM H3/BOjeHH
NaCl oxBoju nehemem. Y mobujenu ¢unrpar ce 3aruMm goma Bpyh pactBop (90 °C)
BaCl>2H20 (98,0 g, 0,40 mol y 180,0 cm® Bome) u peakumoHa cmema ce Mema ys3
3arpeBame (90 °C) 3a BpeMe oj 1Ba yaca. 3a To Bpeme, pH peakimone cmerie ce oapkaBa
Ha oko 9-10 y3 mocremeHo nonaBame pactBopa NaOH. W3nBojenn Oemum  Tamor
Ba[Ba(1,3-pdta)] 2H20 (mpakTuyHOo HepacTBOpaH y BOIHM) CE OABOjH IlichemeM, mporepe
TOIJIOM BOJOM, I1a €TaHOJOM W €TPOM U cymu Ha Bazayxy. lIpunoc: 110,0 g. Cupos
MPOM3BOJ] C€ JoAa y TOIuly Boay U cycrensuja 3arpeBa (90-100 °C) y3 memame jomr
M3BECHO BpEMe, a IMOTOM MOHOBO neau. /lo0MjeHn Tanor ce mpomepe TOIJIOM BOJIOM, Ia
€TaHOJIOM M eTpoM u cymu Ha Basznyxy. [lpunoc: 105,0 g (93 %). CacraB u uucroha
KOMILJIEKCa Cy NMMPOBEPEHU ToMOohy eeMeHTapHe MUKpPOaHAIIU3e.

AHajm3a:

W3pauynaro 3a Ba[Ba(1,3-pdta)] 2H20 = Ba;C11H1sN2010  (Mr = 612,93):
C,2155; H,296; N,4,57; Ba,44,81.

Hahewno: C,21,04; H,2,63; N,4,53; Ba, 44,74%.

3.3. CuHTe3a xekcaakBa-1,3-nponanauamun-N,N,N’,N’- TeTpaaunerarto-
crponuujym(l1) monoxuapara, [Srz(1,3-pdta)(H20)e] H20

V tomny cycnensujy SrSO4 (1,83 g, 0,01 mol y 1800 cm?® Boze) ce moma uBpcTH
Ba[Ba(1,3-pdta)]'2H-0 (3,07 g, 0,005 mol) u peakinona cMeia ce 3arpeBa y3 Melame Ha
80-90 °C 3a Bpeme ox 12 caru. 3anmpemuna pacTBopa ce ymapu Ha 1200 cm?®, oxmanu Ha
coOHOj TeMrieparypH, a 3aTuM u3aBojern Tanor BaSOs ce onBoju nehemem. Hakon Tora,
no6ujenr (GUITpaT ce ymaph Ha BOJEHOM KymaTminy Ha 250,0 cm®, a 3aTHM ocTaBH Ha
COOHOj  TeMmmepaTypd  HEKOJIMKO  jJaHa.  M3nBojeHn  6e300jHM  KpHUCTaIH
[Sr2(1,3-pdta)(H20)6] H20 ce omBoje mehemem, mpomepy €TaHOIOM, €TPOM M CyIIe Ha
Ba3ayxy. dunTpar ce ucmapu Ha 70,0 cm®, ocTaBy Ha COOHO] TeMIepaTypy ABa JAaHa HpH
yeMy J0Ja3u 10 KpucTtamusaiuje HoBe koamuuHe [Sra(1,3-pdta)(H20)e]H20. Vkynan
npunoc: 1,85 g (61 %). Ilpexkpucranuzanuja 7001jeHOT KOMIUIEKCA C€ BPIIN pacTBapambeM
y BpEJIOj BOJM, a 3aTUM CE€ PacTBOp OCTaBM Ha COOHOj TeMIepaTypH HEKOJHKO JaHa.

YucToha n cactaB KOMILJIEKCa Cy IPOBEPEHU IIOMONY eJleMeHTapHe MUKPOAHAIIN3E.

AHajm3a:

W3spauynato 3a [Sr2(1,3-pdta)(H20)e] H20 = Srz C11H2sN2015 (Mr = 603,59):
C,21,89; H,4,67; N,4,64.

Haheno: C, 21,74, H,4,77; N, 4,54 %.

36



Excnepumenmanuu oeo

3.4. Cunre3a OGapujymoBux couau 13-nenrangumamun-N,N,N’,N’-
TerpacupheTHe (1,3-Hspndta) /| 1,3-nenranguamun-N,N,N’,-

Tpucupherne (1,3-Hzpnd3a) kucennne

bapujymoBe comu 1,3-nenranauamun-N,N,N’,N -terpacupherne (1,3-Hspndta) wu
1,3-nenranauamun-N,N,N -tpucupherne  (1,3-Hspnd3a) kucenune cy  moOujeHe

MO IU(HUKAIM]OM paHHje OIMMCAHOT MOCTyIKa 3a cunte3y Ba[Ba(1,3-pdta)]2H20 [15,54].

Y 100,0 cm?® Boze pactBopu ce 86,00 g (0,91 mol) MoHOXITOpcHpheTHE KHCennHE 1
pacTBOp OXJaau y JICACHOM KymaTwiy. Y OBaj pacTBOp, y3 MEIIamke, Ce IOCTEICHO
yKamaBa XJaJaH pacTBOp HaTpujyM-xuapokcuaa (36,40 g, 0,91 mol y 80,0 cm® Boze).
bp3una ykamaBama pactBopa NaOH ce moaecu Tako Jia ce TeMieparypa peakiiioHe CMele
onpkasa ucriox 15 °C. 3arum ce y oBaj pactBop noxa 1,3-nenranmuamun (20,86 g, 0,20
mol) u noOujeHa cmenia ce HakoH Tora 3arpeBa Ha TemrepaTtypu ox 80-90 °C y3 memame
3a BpeMe 01 YeTHpHU caTa. 32 TO BpEME y CMENIy c€ yKalaBa HOBa KOJIMYMHA PAacTBOpPA
NaOH (36,00 g, 0,90 mol y 60,0 cm? Bozie) Boaehu mpu ToMe pauyHa na ce pH peakunone
cMelle opkaBa Ha OKo 8. PacTBop ce 3aTuM mcmapu 10 3anpemuse o oko 200,0 cm® a
notoMm ce uznBojenn NaCl onBoju niehemem. Y goOujeHu Guirpat aoaa ce Bpyh pacTBop
(90 °C) BaCl>2H20 (98,00 g, 0,40 mol y 180,0 cm® Bozie) ¥ peakiMoOHa cMeIa ce Mela y3
3arpeBame (90 °C) 3a Bpeme of ABa carta. 3a To BpeMe, pH peakipione cmele ce ofpxana
Ha oko 9-10 y3 mocteneHo aonaBame pactBopa NaOH. M3znBojenu Oenm Tanor Koju
npencraba cmemy Ba?t comm 1,3-Hspndta m 1,3-Hspnd3a kwucenmnma (mpakTHuHO
HEpacTBOPAH y BOJIM) C€ OABOjU LiehemeM, Mporepe TOMIOM BOAOM, 112 €TaHOJIOM U €TPOM
u cymu Ha Ba3nyxy. [Ipunoc: 85,0 g. CupoB npousBo/I ce 1012 y TOILUTY BOJIY U CYyCIIeH3Hja
3arpeBa (90-100 °C) y3 memame 3a Bpeme ox 30 MMH, a 3aTUM OXJaJd Ha COOHOJ
Temreparypu. benn tanor ce onsoju nehemeM Ha BaKyymy, IpOTepe TOIUIOM BOJOM, Ta
€TaHONIOM M €TPOM M CYIIM Ha Ba3ayxy. Tamor cagpxu cmemry Ba?' comm 1,3-pndta u

1,3-pnd3a nuranana (y ogHocy ~ 75: 25%).

3.5. Cunteza wnukaa(ll) xommaexkca ca 1,3-pndta um 1,3-pnd3a
auranauma: Mg[Niz(1,3-pnd3a).]- 8H20 n Mg[Ni(1,3-pndta)] 10H.0

V 25,0 cm?® Boze ce pactopu 2,62 g (0,015 mol) NiSO+6H20. [Jobujenu pactBop
ce Mmema y3 3arpeBame Ha 60 °C 3a Bpeme o netr Munyta. OBOM pacTBOpPY €€ 3aTHUM /1072
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cmemra Ba?* comu 1,3-Hspndta u 1,3-Hspnd3a xucemuna (10,0 g) 1 Memame y3 3arpepame
Ha 80 °C ce HacTaBM y TOKY HapemHa Tpu cata. Hakon Tora, Hactamu Ttasor BaSOs ce
onBoju nehemeM, a Guiirpar miaBe 00je ce HaHece Ha KOJIOHY (IuMeH3uja: 60 cm X 5 cm)
HaIymheHy aHjoHCKUM u3MemnBadeM Dowex 1X8 (200-400 mema) y Cl” o6nuky. Konona
ce n00po mpomepe IeCTUIOBAHOM BOJOM, a 3aTUM c€ enyupame HactaBu ca 0,05 M
pactBopomM MgCl, (6p3una enympama: 0,5 cm®/mMun.) y Toxy Hapeanux 7-8 nama. Ilpu
TOME Cy noOujeHe JIBe Tpake ImiaBe 0o0je, oA KOJjUX je MpBa Tpaka, Koja MpelCTaBlba
[Ni2(1,3-pnd3a);]*" komIuIeke, 3HaTHO clIabHjer MHTEH3UTETA MTO je y CKIALy ca MamHM
TIPMHOCOM OBOT' KoMIliekca. O6a enyaTa cy McIapeHa Ha 3ampeMuHy of 15 - 20 cm?, a
3aTUM 00€eCOJbeHa TEXHUKOM ren-untpanuje (3a oBy cBpXy ynorpebsbeH je Sephadex G-
10) ca necrunoBaHOM BOJOM Kao enyeHToM. [lokymaju nma ce mobuje Kpucral
[Ni2(1,3-pnd3a);]* xommnekca moMohy pazIMuuTHX OJHOCA pacTBapaya BOJE-alleTOHA UM
BOJIe-eTaHoNa M 3aMeHoM Mg?* katjona ca K¥, Na*, Ca?* uin Ba?* karjonnma Hucy 6umm
ycnemHn. 36or tora je y oBom paxy Mg[Niz(1,3-pnd3a)2] 8H20 komruiekc nobujeH
ylapaBameM PacTBOpa Ha BOJACHOM KYNAaTHIy, a 3aTHM CYHICHEM y €KCHKATOpy W3HaJ
CaCl> y toky nBa mana. Ilpuuoc: 0,31 g. [Ipyra Tpaka, Koja CaapXH XEKCaJICHTATHH
[Ni(1,3-pndta)]*> xommnexc, ce mcmapu Ha 3ampemuny ox 7,0 CM°, oxmamm Ha COGHO]
TEMIIepaTypH, a 3aTUM Ce JI0Ja UCTa 3alpeMHHA €TaHOJIa U PACTBOP OCTaBU y PPUKHIEPY
HeKoJuKOo naHa. Jlooujenn ceetmo-tutaBu kpucramu Mg[Ni(1,3-pndta)] 10H20 kommiekca
ce onBoje IehemeM, mpoIepy e€TaHoJIOM, €TpOM M Cymie Ha Basmyxy. Ilpmuoc: 2,08 g.
[Tpekpucranu3aimja KOMILIEKCA C€ BPIIU pacTBapameM y TOILIOj BOJIU y3 0JIaTaK eTaHoJa
u xnaheweMm y ¢pwxuaepy. CactaB U uuctoha A0OMjEeHHUX KOMIUIEKCA CY MPOBEPEHH

noMohy elleMeHTapHe MUKpOaHaJIn3e.

AnHanu3sa:

Uspauaynaro 3a Mg[Niz(1,3-pnd3a)2] 8H20 = MgNi2C22HsoN4O20 (Mr = 832,34):
C, 31,75; H,6,05; N,6,73.

Haheno: C, 31,80; H,5,78; N, 6,77%.

N3zpauynato 3a Mg[Ni(1,3-pndta)] 10H>O = MgNiC13H3sN201s (Mr = 593,44):
C, 26,31; H,6,45; N,4,72.

Haheno: C, 26,17; H,6,39; N, 4,74%.
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3.6. Cunre3a 6akap(l1) kommiekca ca 1,3-pndta u 1,3-pnd3a auranauma:
Mg[Cu2(1,3-pnd3a),] 7H.0, Mg[Cu(1,3-pndta)]7H.O wu Ba[Cu(l,3-
pndta)]’5H.O

Y 25,0 cm?® Boge ce pactsopu 3,75 g (0,015 mol) CuSO45H20. obujenn pacTBop
ce Mmema y3 3arpeBame Ha 60 °C 3a Bpeme ox et munyta. OBOM pacTBOpY €€ 3aTHUM JI0/1a
cmemra Ba?* comu 1,3-Hspndta u 1,3-Hspnd3a kucemuna (10,0 g) u Memame y3 3arpepame
Ha 80 °C ce HacTaBM y TOKY HapemHa Tpu cata. Hakon Tora, Hactamu Taynor BaSOs ce
onBoju nehemeM, a GuirTpar rwiaBe 00je ce HaHece Ha KOJIOHY (IuMeH3Hja: 60 cm X 5 cm)
HallylheHY aHJOHCKUM u3MemnBayeM Dowex 1X8 (200-400 mema) y Cl” o6nuky. Konona
ce no0po mporiepe JeCTHIOBAaHOM BOJOM, a 3aTUM ce enyupame HacrtaBu ca 0,05 M
pactBopoM MgCl, (6p3una enynpama: 0,5 cm®/Mun) y Toky Hapeaaux 7-8 nana. Ilpu Tome
cy noOujeHe ABe Tpake muiaBe 0oje (mpBa Tpaka mpejacTtaBiba neHtageHTatHu [Cuz(1,3-
pnd3a)2]*, a apyra xexcazenrarau [Cu(l,3-pndta)]>” kommrexc). O6a enyaTa cy ncrmapeHa
Ha 3anpemuny o 8-10 cm® a 3atum cy obecosbeHM TeXHHKOM ren-(unTpanuje (3a OBy
cBpxy ynotpebsbeH je Sephadex G-10) ca gecTuinoBaHOM BOJIOM Kao esyeHToM. [lokymiaju
kpucrammsanuje [Cuz(1,3-pnd3a)z]* n [Cu(1,3-pndta)]*>” xommrexca momohy pasIHUNTHX
oHOCA pacTBapaya (BOJA, alleTOH, eTaHon M juMeTHia-popmamuia) u 3ameHoM Mg
kaTjona ca Li*, Na*, K*, Mg?*, Ca?*, Ba?*, Cu®" umu Zn?" kaTjoHMMa cy pe3ynTHpaiu
jemuHo nobwujameM kpucrana y ciaydajy Ba[Cu(1,3-pndta)] 5H20 xommekca. Kommiekc je
KPHUCTAINCAO0 CTajarbeM BOJCHOT PAcTBOpa M3HAJ METAHOJIA Y €KCHKATOPY 3a BpeMe O] TIeT
naHa. MarnesujymoBe comn [Cuz(1,3-pnd3a)2]* u [Cu(1,3-pndta)]> xommuekca cy
no0ujeHe ynapaBameM PacTBOpa Ha BOJEHOM KYNATHIy M CYIICEHEM YBPCTOT OCTaTKa y
excukatopy wu3Han CaClo. CacraB m umctoha po6ujenux Ba[Cu(l,3-pndta)]’5H20,
Mg[Cuz(1,3-pnd3a)2] 7H20 u Mg[Cu(1,3-pndta)] 7H20 komrutekca cy mpoBepeHu moMohy

eIEMEHTapHEe MUKPOAHAITU3E.

Anajsm3za:

W3zpauynato 3a Ba[Cu(1,3-pndta)]'5H2.0 = BaCuCi13H2sN2013 (Mr = 621,23):
C,2513; H,4,54; N,4,51.

Haheno: C, 25,07; H,4,53; N, 4,49%.

Uspauynaro 3a Mg[Cuz(1,3-pnd3a)2] 7H20 = MgCu2C22HasN4O19 (Mr = 824,04):
C,32,07; H,587; N,B6,79.

Haheno: C,31,32; H,545; N, 6,64%.

HUspauynaro 3a Mg[Cu(1,3-pndta)] 7H20 = MgCuCi13H32N2015 (Mr = 544,24):
C, 28,69; H,592; N,5,15;

Haheno: C, 28,88; H,513; N,5,19%.

39



Excnepumenmanuu oeo

3.7. Cunrte3a 1,3-mentanauamun-N,N,N’,N’-terpacupherHe KkucejuHe

(1,3-Hspndta)

Iocrynak nobujama 1,3-Hapndta kucenune u3 oxrosapajyhux Ba?* conu je mermro
MOIUGHUKOBAaH y OAHOCY Ha paHHje OIHMCaHe IOCTymKe 3a mobujame 1,3-Haipdta [54]
(1,3-mponanauamun-N,N,N’,N -retpacupherna  kucenuna) wu  1,3-Hspddadp  [68]

(1,3-mponanauamun- N,N -nucupherna- N,N -1u-3-nponroHCcKa KHCEIMHA) KUCETHHA.

Cwmema Ba?* comu 1,3-Hspndta u 1,3-Hspnd3a xucenmna (10,0 g) ce moma y 200
cm?® Boze u pH oBe cycnensuje ce mogecu Ha PH ~ 2 nomasamem 1,0 M H2S04 ( 30,4 cm?).
OBako nobujeHa cycrensuja ce 3arpea Ha 90 °C y3 memame 3a BpeMe OJ TET CaTu.
Hakon Tora, Tanor BaSO4 ce onsoju nehemem, a ¢punrpar nposepu Ha mpucyctso Bat
joHa momaBameM Hekomuko karmu 1 M HaSOs. YV cnyuajy HemotmyHor Tanoxkema Ba? jona
MIOHOBO C€, Y3 MEIIAke U 3arpeBame, y (GUITpar JaraHo 3a BpemMe oJf jeqHor cara goaa 5,0
cm?® 1 M H,SO4. Hosoracranu Tanor BaSOs ce oxBoju nehemem, a hpurpar 6e3 nprucycTsa
Ba% joHa ce ucnapu no 3anpemune ox 30,0 cm® ¥ ocraBM Ja ce OXJagd Ha co0HOj
TemrepaTypu npeko Hohu. bemu Tanor 1,3-Hapndta, koju canpxu Bpio mano 1,3-Hspnd3a
KHCEIIMHE, C€ OJIBOjH IiehemeM, Mpornepe €TaHOJIOM W OCTaBH Jia C€ CYIIM Ha Ba3ayXxy.
[Mpunoc: 4,43 g (85 %). [TormyHo uucta 1,3-Hapndta kucenuHa Huje Moriia OuTH 100UjeHa
HPEKPUCTATM3AII]jOM U3 BOJICHOT pacTBOpa, 300T uera je y nabeM pafy 3a cuntesy Cr (111)
KOMIUICKCa KOpHUIINeH TNPOU3BOA KOjU caapku Bpiao Mane npumece 1,3-Hzpnd3a

KHUCCIINHE.

3.8. Cunre3a 1,3-nenranguamut-N,N,N’,N’-terpaauneratoxpomat(lll)
xomiuiekca: Na[Cr(1,3-pndta)]H.0, K[Cr(1,3-pndta)]'H.O u Ca[Cr(1,3-
pndta)]24H20

VY 80,0 cm® Bone ce pactopu 5,07 g (~ 0,0152 mol) 1,3-Hspndta ca Tparosuma
1,3-Hspnd3a kucennne Ha coOHOj TemmepaTypu u PH pacTBopa ce momecu Ha OKO 7
naraHUM ykamaBameM pactBopa NaOH (2,43 g, 0,0608 mol y 80,0 cm® Bome). Y
HEYTpaJrcaHu pacTBOp Kucenuue ce gpoaa pactsop CrClz6H20 (3,83 g, 0,0144 mol y 30
cm?® Boze) u noOMjeHa cMela ce Mella 3a BpeMe Of YeTHPH caTa Ha COOHOj TeMIIepaTypH.
Hakon Tora, Temmneparypa pactBopa ce noseha nHa 40 °C u HacTaBu ce ca MEUIambeM H

3arpeBameM jOII 4YeTUpH cata. HakoH IITO pacTBOp MOCTaHE JbyOMYaCTO-IPBEH,
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temneparypa ce nmoseha va 80 °C y3 Memame 1 3arpeBame joll YeTUPH caTa. 3a TO BpeMe,
pH pactBOpa ce ompxaBa Ha PH = 6,5 nogaBameM MPETXOJHO MPEOCTAIOr PacTBOpa
NaOH. Jlo6ujern pacTBOp ce mcmapu Ha 3ampemuHy on 60,0 ¢cm®, oxmagu Ha COGHO]
TeMIiepaTypu M 00ecoiM TEeXHUKOM rei-guirpainydje (3a OBy CBpPXY YHOTpeOJbeH je
Sephadex G-10) ca mecTHiiOBaHOM BOJOM Kao eiayeHTOM. Enyar ce HaHece Ha KOJIOHY
(mumensuja: 60 cm x 5 cm) HamymeHY aHjoHCKMM m3MemuBadeM Dowex 1X8 (200-400
mema) y ClI” o6iuky. Konona ce mpomnepe IecTUIOBaHOM BOJOM, a 3aTHM CE CIIyHPambe
nacrasu ca 0,05 M pactBopom CaCl; 3a nobujame Ca[Cr(1,3-pndta)]z, wiu 0,1 M NaCl u
0,1 M KCI 3a nobujame Na[Cr(1,3-pndta)] u K][Cr(1,3-pndta)] xomrmuiekca (Op3uHa
enynpama: 0,5 cm®/mun) y Toky Hapennux 7-8 mana. Ha KONOHHM TOCTOjM caMo jeqHa
Tpaka JbyOmvacTo-npBeHe 0oje koja omromapa [Cr(1,3-pndta)]” xomrutecy. Emyar ce
ycrapy Ha 3anpemuny on 15 - 20 cm?, o6econu TeXHHKOM ren-(uiTparuje (3a 0By CBPXY
ynotpebsbeH je Sephadex G-10) ca mectunoBaHoM BOAOM Kao enyeHTOM. CBH elyaTH cy
ucrapeny Ha 3anpemuny on 10,0 cm?, a 3atuM ce y oBako 100HMjeHe pacTBOpe J07a MCTa
3alpeMUHa €TaHOJIa U PACTBOPH OCTaBe y (Ppprokuiepy 3a BpeMe O]l HEKOJIMKO JaHa IMpH
yeMy J0Jla3d 10 KpHcTanusaimje komiuiekca. Jlooujenn xpuctamu [Cr(1,3-pndta)]”
KOMILJIEKCa ca OJiroBapajyhum KOHTpa-KaTjoOHUMA Ce 0JIBOje IiehemeM, porepy eTaHoIoM
u cyme Ha Ba3ayxy. Kowmrmutekcu cy nobujenm y cineaehum npunocuma: Na[Cr(1,3-
pndta)]H.O = 3.85 g (60%), K[Cr(1,3-pndta)]H.O = 3.81 g (55%) u Ca[Cr(1,3-
pndta)]24H.O = 7.44 g (56%). Ilpekpucranuzamuja m00HjeHHX KOMILIEKCA C€ BPIIH
pacTBapameM y TOIUIOj BOAW y3 JIOJIATaK MCTE 3alpEMHUHE €TaHOIIa, a 3aTHM XJa)emeM y
¢pwxuaepy. CactaB u uyucroha [00MjeHMX KOMIUIEKCA IIPOBEPEHH Cy Momohy

CJIICMCHTApHC MUKPOAHAIN3EC.

Ananm3a:

W3zpauynato 3a Na[Cr(1,3-pndta)] H2O = NaCrC13H20N20g9 (Mr = 423,29):
C, 36,89; H,4,76; N, 6,62.

Hahewno: C, 36,21; H,4,58; N, 6,08%.

Uspauynato 3a K[Cr(1,3-pndta)] H.O = KCrCi3sH20N209 (Mr = 439,40):
C, 3553; H,4,59; N,6,38.

Hahewno: C, 34,79; H,4,58; N, 6,04%.

W3zpauynato 3a Ca[Cr(1,3-pndta)]>4H20 = CaCr2CasHasN4O2 (Mr = 876,71):
C, 35,62; H,5,06; N,6,39.

Haheno: C, 35,19; H,5,01; N, 6,47%.
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3.9. Mepeme pH BpeanocTu

Cga pH mepema cy Bpmiena Ha 25 © C. 3a oBy cBpxy ynorpedsbeH je pH-merap
Iskra MA 5704, koju je kanmuOpucan y onnocy Ha @umepose (Fischer) mydepcke pactBope

3apH=4,0upH=7,0.

3.10. EleMeHTapHe MUKPOAaHAaJIN3e

Cse mukpoananusze 3a C, H u N nmapamerpe pahene cy y MukpoaHaauTHuKoM

onespeby MHeTUTYTa 32 XemMH]y XeMujckor akyirera, Y HuBep3urera y beorpany.

3.11. Enexrponcku ancopnuuonu (UV-ViS) cnekTpu

EneKkTpoHCKHU allCOpPIIMOHK CIIEKTPH Y BUAJBUBOj U Oiuckoj UV-obiacti MepeHu
cy mnomohy Perkin-Elmer 35 cnekrpodoromerpa. 3a cHuUMame OBHUX CIEKTapa
yrnoTpeOJbeH! Cy BOJIeHH pacTBopu cienehux konmenrpamuja: Mg[Cu(1,3-pndta)] 7H.0 =
5x10°2 mol/dm?®, Mg[Cuz(1,3-pnd3a);] 7H20 = 1x10° mol/dm?, Mg[Ni(1,3-pndta)]-10H.0
= 1,0x10% mol/dm?® Mg[Ni2(1,3-pnd3a)2]-8H.0 = 1,0x10% mol/dm?, Na[Cr(1,3-
pndta)]'H20 u K[Cr(1,3-pndta)]'H20 = 3,5x10° mol/dm® u Ca[Cr(1,3-pndta)]24H.0 =
2x10°* mol/dm?®.

3.12. Uu¢ppa-upsenu (IR) cnekrpu

Nudpa-upeenn (IR) cnexkrpu cuumanu cy Ha Perkin-Elmer Spektrum One FT-IR

cnekTpodoromeTpy ynorpedbom KBr TexHuke.

3.13. 'H NMR mepema

'H NMR cnexrpu mnapamarsermuynux 1,3-pndta-Cr(IIl) u 1,3-pdta-Cr(llI)
komiuiekca cauManu ¢y Ha Bruker AVANCE 11l 400 criekrpomeTpy Koju je OMo ToBe3aH
ca CynepnpoBOJHUM MarHeroMm (marHerHa uHaykuuja 9,4 T) na npubmmxuo 25 °C. CBu
CHEKTPU Cy CHUMJBCHHM Y3 KOPEKIH]y IMO0Jba HAa OCHOBY BPEIHOCTH 3a PE30OHAHILY
neytepujyma u3 pactBapada (D20), a xemmjcka momepama Cy H3paXeHa y OJHOCY Ha

CHTHAJI BOJOHHKA W3  HATpHjyM-3-(TpuMeThicuIwI)nponuonar-2,2,3,3-ds  [0,75%
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(maca/maca), TSP, 6 0,0 (ppm)]. Tunuyan napameTpu npuiInkoM ciuMama NMR cniekrapa
BOJIOHMKA MapaMarHeTHyHux komruiekca xpoma(Ill) cy Onmnm: BUCOKO-€HEPreTCKU MyJICEBH
(majuemrhe 3 dB), xpatak mepuon penakcanuje ox 0,1 s, cuumano je 100.000 ckeHoa,
cnektpanHa mupuHa o1 100 kHz u cakyrsbano je 65.000 mojequnaynux nojgaraka. OmgHoc
CUTHAJI-IIIYM j€ T000JbIlIaBaH Tako MTO je mpe PypujeoBe TpaHchopMalje OPUTHHATHOT
pacmana cioboane uaaykiyje (FID) 3a mmpuHy criekTpaiHe JUHH]e Y3UMaHa BPEIHOCT O

30 Hz.

3.14. indpakumja npaxa

Hudpakunona ciuka 3a Ba[Ba(l,3-pdta)]2H20 xomiuiekc je 3abenexkeHa Ha
Bruker D8 Advance audpakromerpy koju caiapxu Lynx-Eye nperekrop, momohy
moHoxpomarcke CuK, pammjarmje  [oBaj  pax]. [dudpakumone ciumke  3a
[Mg(H20)e][Mg(1,3-pdta)]-2H20 [19] (tum 1), [Mg(H20)s][Cd(1,3-pdta)(H20)]-2H20
[20,21] (tum I1), {[Ca(H20)sCa(1,3-pdta)(H20)]-2H20}n [19] (tum 1), u {[Sr2(1,3-
pdta)(H20)6]' H20}n [oBaj pax] (tum V) komiiekce mo3HaTe KPUCTAIHE CTPYKTYpE CY
uspauynate momohy MERCURY mnporpama [69].

Hudppakumona cmuka 3a Ba[Cu(l,3-pndta)]’5H.O kommiekc je 3abenexeHna Ha
SuperNova four-circle audpakromerpy xoju caapxu Atlas CCD-aerexkrop [70] momohy
moHoxpomarcke CUK, pammjanmje (A = 1.54178 A). Jludpaxuuona ciuka 3a
[Mg(H20)6][Ni(1,3-pndta)]-4H>O mo3Hate kpucTaiHe CTPYKTYpe je M3padyHaTta MOMOhy
MERCURY mnporpama [69].

3.15. OcHoBHM KpucTaJOrpadcky MoJamd U PEHJAreHCKAa CTPYKTYpHA

anaym3a [Sr2(1,3-pdta)(H20)s]'H20 kommiexca

be36ojun  kpucramm  [Sro(1,3-pdta)(H20)e] H2O  komrmiekca, morogHu  3a
nudpakijy peHATCHCKUX 3paka JO0HjeHH Cy TMPEKPUCTATUCaBakbeM W3 BOJCHOT
pactBopa. Mepewe uHTeH3uTeTa peduiekcuja BpueHo je Ha KM4CCD nudpakromerpy
ynorpe6om Mo Ko paaujaruje (A = 0,71073 A) na 295 K. JJoOMjeHH UHTEH3UTETH CY
KopuroBanu 3a Lp edekre m 3a amcopmuujy [71]. CTpykTypa KOMIUIEKCa je pelieHa
JUPEKTHOM METOI0M, Kopumihemem mporpama SHELXS-86 [72], u yraumaBaHa METOIOM

HajMamux kBaapara momohy SHELXL-97 mporpama [72]. CBu aTtomu TeKH O] BOJIOHHKA
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yTaumaBaHu cy aHu30TponHo. [Tonoxaju aroma Bogonuka uz —CHz— rpyna cy uspauyHatu
Ha CTaHAApAM30BaHMM pacTtojambuma ox 0.97 A u yraumaBaHM H30TPOIHO yIOTPEGOM
“riding mopmena ca wu30TpOomHMM TemnepaTypHuM Qaktopuma Behum 3a 20% on
U30TponHuX ekBuBajeHata C aroma 3a Koje Cy Be3aHH. Y CiIydajy OBE CTPYKType

M0JIO’KajU aTOMa BOJOHUKA U3 BOJIE HUCY MOTJIM OUTH oApeheHu.

Ta6eaa 10. Kpucranorpadcku u Apyru eKCriepuMEHTATHH M0/1aIH 32 KOMIUIEKC

[Sr2(1,3-pdta)(H20)s]'H20

Kommekc [Sr2(1,3-pdta)(H20)s].H-0
Emnupujcka Gpopmyna C11H2sN20155r2
Mornekyncka Maca 603,59

Kpucranuu cucrem, mpoctopHa rpymna Opropombuyan, P212:2;
Temneparypa (K) 295

a,b,c(A) 11,9828(4), 13,6346(6), 13,7671(5)
V (A%) 2249,28(15)

z 4

Pamujanmja Mo Ka

u (mm?) 4,81

Jumensuje kpucrana (mm) 0,10 x 0,05 x 0,05
Ipuxynmare nooamaxa

Nudpakromerap Xcalibur, Eos audpakromerap
Kopexkinja Ha ancoprujy BUIIIECTPYKA-TIPETpaKUBaba
Tmin, Tmax 0,969, 1,000

bpoj m3mepenux, neaBucaux u npumehenunx peduexcuja 16070, 3961, 3149
Kputepujym 3a pednexcuje 1> 20(1)

Rint 0,039

Ymaurwasarwe

R[F? > 26(F?)], wR(F?), S 0,048, 0,136, 1,00

Bbpoj peduiekcuja 3961

Bpoj napamerapa 272

Bpoj orpannuema 0

Aprmax, Apmin (e A7) 0,98, -0,62

Flack-os mapamerap 0,27(2)

44



Excnepumenmanuu oeo

CtpykTypa je yTaumaBaHa Kao paleMCKd OyiM3aHam ca MamoM (PaKIMOHOM
kommoneHtom ox 0.27(2) [73]. 3a rpaduuky npe3eHTalHjy KPHUCTATHHX CTPYKTypa
ynotpebsbenn ¢y mporpamu  SIEMENS [74] uw MERCURY [69]. Ocramu
KpUCTajorpadCKd IMOJAlld M CKCICPUMEHTAIHM JeTa/b 3a Komiuieke [Srz(1,3-

pdta)(H20)6]'H20 nartu cy y tabenu 10.

3.16. OcHoBHH KpucTajorpagcku MOJAUM U PEHATeHCKa CTPYKTYpHAa

anagmsa Mg[(H20)6][Ni(1,3-pndta)]4H.0 komiiekca

Caetno-maBu kpuctanu Mg[(H20)s][Ni(1,3-pndta)]-4H>0 kommiekca, moroaHu 3a
TUQpakinjy pEeHAreHCKUX 3paka, JOOHMjeHH Cy MPEKPUCTAIMCaBambeM M3 CMENIe BOJa-
eTaHoi, xjnahemeM y QprxkuIepy HEKOIMKO AaHa. KoMmIieke KpucTanuiie y IpoCTOPHO]
rpynn P1 TPUKIMHMYHOT KPHCTATHOT CHCTEMA. PEHIreHOCTPYKTYpHA HCIMTHBAHA
KOMIUIEKCAa Cy BplIeHa Ha 0a3u Mepema uHTeH3uTera pediekcuja momohy Xcalibur
nuppakromerpa kappa-reomerpuje npumenom Mo Ka pamujanuje (A = 0,71073 A) na
295 K. Ctpykrypa je pemieHa aupekTHuM metonama npumeHom SHELXS-86 mporpama
[75], a yraumaBame je HM3BpIICHO METOJOM HajMamMX KBajapara rmomohy SHELXL-97
nporpama [72]. lobujeHn moany 3a UHTEH3UTETE Cy KOPUTOBAHHU 32 allCOPIIIUOHE e(eKTe
[70]. AHuzoTponHH MapaMeTpu MmoMepama cy KopuirheHu 3a atomMe Behux peraTHBHUX
aTOMCKMX Maca O] Mace aroMa BoJOHMKa. Ilonmokaju aTromMa BOJIOHMKA BE3aHUX 3a
YIJbEHMKOBE aTOME Cy M3pauyyHaTH Ha CTaHIapauM30BaHMM pacTojamuma on 0,96 A u
yTaukaBaHU M30TPONHO YynoTpeboMm “riding Mojena ca H30TPONHUM IapameTpuma
nomepama Behum 3a 20% (3a metui-rpymne 50%) ox n3oTponHux ekBuBaieHara C aroma
3a Koje cy Be3aHH. [loyokaju aToMa BOJIOHMKA M3 MOJIEKyJa BoJie Cy ojpel)eHn Ha OCHOBY
y3acTonmHuxX audepeHTHUxX Fourier-oBux cunresa u ayxxune O-H Besa cy crangapanzoBane
Ha 0.85 A, a sarum cy yraumamanu ymoTpebom “riding® monenma. 3a Behuny aToma
BOJIOHHMKA M3 MOJIEKYJIa BOJIE M30TPOITHU MapaMeTpH NOMEpama Cy yTaumbaBaHu CII000THO
ca M3y3eTKOM 3a BOJOHMKOBe aToMe Be3aHe 3a O9W u O10W, 3a koje cy HM30TpONHH
napamMeTpu nomMepama mnozaeuieHu na O0yny 20% Behu o M30TPONHUX EKBUBAJIEHATa
KACEOHWKOBOT aToMa ca KOjuMa Tpaje Bedy. Y TOKY Tpolieca yTradmbaBama CTPYKType
OMJIO je OUMIVIETHO Ja Cy €THII-CYIICTUTYeHTH HeypeheHu. Y nuiby leduHucama cTerneHa
Heypeh)eHOCTH MU CMO YKJbYYHIIM Y HUKJIYC yTaumbaBama CTPYKType (METOIOM HajMamuX
KBajpata) TPH NpEKIoNMBa mpumepa 3a etun rpyne ca mehyomnocom 0,5:0,25:0,25.

Ctpora orpannyema 3ajaTa y npolecy yTraumbaBamba CTPYKTYpe Cy ce ogHocuia Ha 1,2 u
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1,3 pacrojama. SIMENS [74] u MERCURY [69] kommjyrepcku mporpamu cy
yrnotpebJbeHn 3a rpaduyuko MmpeacraBibame cTpykrype. Oaroapajyhu kpuctamorpadcku
U CKCIIEpUMEHTAITHH TOIAlM Cy HaBeleHH y Tabenu 11, a omabpaHe BpeJHOCTH 3a Ay)KUHE

W yTJIOBE Be3a Cy HaBeaeHu y Tabenu 17.

Ta6ena 11. Kpucranorpadcku u Apyru eKCriepruMEHTATHH M0/1aId 32 KOMIUIEKC

Mg[(H20)6][Ni(1,3-pndta)]-4H20

Komrutekc Mg[(H20)e][Ni(1,3-pndta)]4H.0O
Emnupujcka Gopmyiia MgNiC13H3sN201s

Mounekyncka Maca 593,47

Kpucranau cucrem, mpocTopHa rpymna Tpukmunndan, P 1

Temneparypa (K) 295

a,b,c(A) 9,26763(12),10,00461(12), 14,43138(17)
o, B,y (®) 87,2994(10), 73,3857(11), 85,9803(10)
V (A%) 1278,53(3)

z 2

Panujanmja Mo Kau

u (mm?) 0,87

Jumensuje kprcrana (mm) 0,55 x 0,40 x 0,05

Ipukynmare nooamaxa

Nudpakromerap Xcalibur, Eos detector
Kopekuuja Ha ancopruyjy BUILECTPYKA-TIPETPAKHBAHA
Thmin, Tmax 0,866, 1,000

Bpoj m3mepenux, nesaBucHux u npumehennx 34681, 5039, 4265

peduexcuja

Kputepujym 3a npumehiene peduexcuje I >20(1)

Rint 0.028

Ymaurasarwe

R[F? > 26(F?)], wR(F?), S 0,031, 0,095, 1,12

Bbpoj peduiekcuja 5039

Bpoj napamerapa 341

Bpoj 6narux orpannuema 9

Apmax, Apmin (€ A7) 0,57, -0,36
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[leomerpujcku napameTpu 3a BoaoHWuYHe Bede y crpykrypu Mg[(H20)6][Ni(1,3-
pndta)] 4H>O komriuiekca cy maru y Ilpunory oBe aucepranuje (Bumu tabemy II1).
ATOMCKE KOOpAMHATE, aHU30TPOIHU TEMIIEpATypHH MapaMeTpu U Tabelie Koje YKIbydyjy
CBe IyXXMHE Be3a M yriioBe Be3a cy naenonoBanm y Cambridge Crystallogaophic Data
Centre (Deposition No. CCDC 867842).

3.17. OcHoBHH KpucTajorpagcku MoJauM U PEeHATeHCKa CTPYKTYpHa
anammza Na[Cr(1,3-pndta)] H.0O, K][Cr(1,3-pndta)]H0 u Ca|Cr(1,3-

pndta)]>4H20 kommiekca

Kpucraim ~ Na[Cr(1,3-pndta)]H20,  K][Cr(1,3-pndta)]H.O u  Ca[Cr(1,3-
pndta)]24H.O xomriuiekca, moroAHd 3a AU(PAKIMjy PEHATCHCKUX 3paka, Cy IT00HjeHH
NPEKPUCTATMCABAkbEM M3 CMEIIe BOJA-€TaHoN W XjahemeMm pacTtBopa y ¢(pmwxuiaepy 3a
BpeMEe OJ] HEKOJIMKO JaHa. PeHAreHOCTpyKTypHa HCIHUTHBAma KpPUCTajda HaBEICHUX
KOMILJIEKCa Cy BpIlIcHa Ha 0a3u Mepema nHTeH3uTeTa peduiekcuja momohy Xcalibur kappa-
geometry mudpaxtomerpa npumeHom Mo Ka pamujarmje (A = 0,71073 A) ma 295 K.
Kopekinja Ha ancopriujy je u3BplleHa Ha 0a3u BHIIECTPYKUX MpeTpaxkuBama [/6]. V
tabenn 12 mpukasaHW Ccy OCHOBHH KPHCTANIOTPA(CKH MOJAIH, KA0 M JPYTH PEIeBaHTHH
napaMeTpu M pe3ysTaTH peHareHcke crpykrypue ananmse 3a Na[Cr(1,3-pndta)] H20,
K[Cr(1,3-pndta)]H20 u Ca[Cr(1,3-pndta)]24H20 kommiekce. CTpykType KOMILIEKCa CY
perieHe aupekTHOM Merogom momohy SHELXS-86 mporpama [72], u yraumaBaHe
METOJIOM HajMambuX KBajpaTa Ha 6asu F? (myna-matpuia) momohy SHELXL-97 mporpama
[72]. Jenan on nBa HesaBucHa mojekyna y ctpykrypu K[Cr(1,3-pndta)]H20 kommiekca
MOKa3a0 je MOTIYHY HeypeheHOCT Koja MmoTH4e o]l OJU3MHE OMIITHX MOJ0XKaja aToMa OCH
CHMETpHje Apyror peaa. AHW30TpomHM mapamerpu nomepamwa y K[Cr(1,3-pndta)]H20
KOMILIEKCY Cy NeUHUCAaHU 3a CBe aroMe Behe penaTnBHE aTOMCKe mMace O]l Mace aroma
BOJIOHHKA W3Y3€B 3a YIJbEHHKOB aTOM METHII-TPYIE, KOjU Yy KpHUCTally 3ay3WMa JIBE
Hau3MEHHYHE OpHjeHTanuje ca okynanuonuM pakropuma ox 0,42 (C26) u 0,08 (C26°).
[Tonoxaju aroma BOJOHHMKA KOJU Cy BE€3aHM 3a aTOME€ YIJb€HUKA Cy HM3padyHaTH Ha
cranmapau3oBanuM pactojamuma (Metmn C—H = 0.96, mermmencku C-H = 097 y
meruacku C-H = 0.98 A) u yraumasanu nomohy ,riding” Mozmena ca M30TPOIHHMM
napamerpuma nomepama Behum 3a 20% (3a metmn-rpyne 50%) o7 H30TPONHUX

exBuBasieHata C aToma 3a Koje Cy Be3aHHU.
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Ta6ena 12. Kpucranorpadcku u Apyru eKCriepuMEHTATHH M0/1aId 32 KOMIUIEKCe

Na[Cr(1,3-pndta)] H20, K[Cr(1,3-pndta)] H20 u Ca[Cr(1,3-pndta)]24H20

Kommnexe
Emmnupujcka dpopmyna
Mouekyncka maca

Kpucranuu cucrem,
IIPOCTOPHA Ipyma

a,b,c(A)

a, B,y (%)

V (A%
Z
u (mm™)

JlumeH3unje Kpucrana
(mm)

Ipukynwarwe
nooamaxa

Kopekuuja Ha
aTICOPIIIH] Y

Tmin, Tmax

Bbpoj u3mepeHux,
HE3aBHCHHUX U
npuMeheHux
pediekcuja

Kpurepujym 3a
pebaekcuje

Rint
(sin 0/A)max (A)

Ymaurwasare

R[F? >26(F?)], wR(F?),
S

Bpoj pednekcuja
Bpoj mapamerapa
Bpoj orpannuema
Apmax, Apmin (e A7)

Flack-oB mapamerap

Na[Cr(1,3-pndta)]-H.O

C13H20NaCrN2Og
423,29

Tpuknuanunu, P I

9,0967(4),
12,8574(9),
14,8849(10)
82,918(6),
72,390(5),
81,710(4)
1636,15(17)

4

0,78

0,25 x 0,15 x 0,05

BHUILIECTPYKa-
MpeTpaxnBama

0,922, 1,000
14999, 5769, 4802

1> 20(1)

0,025
0,595

0,033, 0,089, 1,02

5769

471

0
0,71,-0,43

K[Cr(1,3-pndta)]'H.O

C13H19KCI’N208,5'0,5 H.O

439,40

Opropombuany, Pnc2

35,0568(9),
13,7822(2),
7,4087(1)

90,

90,

90

3579,59(12)

8

0,92

0,30 x 0,30 x 0,15

BHUILIECTPYKa-
MpeTpaxuBama

0,699, 1,000
27680, 6292, 5865

1> 20(1)

0,038
0,595

0,076, 0,206, 1,09

6292

709

40
0,93,-1,89
0,49 (4)

Ca[Cr(1,3-pndta)]>4H.0
C26H42CaCraN4O19-H,0

876,71

Tpuknuananu, P I

11,1385(3),
12,4560(3),
14,3511(5)
97,856(2),
109,187(3),
109,729(2)
1700,04(9)

2

0,88

0,20 x 0,20 x 0,15

BHUILIECTPYKa-
MIpeTpaXNBamba

0,976, 1,000
41752, 5981, 5426

1> 20(1)

0,027
0,595

0,027, 0,070, 1,06

5981

480

0

0,29, -0,34
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Excnepumenmanuu oeo

[Tonoxaju BOAOHUKOBHX aToMa M3 MOJEKYyla BOAE Cy oapeheHH Ha OCHOBY
y3actonHux jaudepeHtHux Fourier-opux wmama, a ayxuHe O-H pacrojama cy
cranfapausopane Ha 0.85 A. Osu H —aTomu cy yraumasanu ynorpe6om ,riding” Mozaena
TaKO IITO CY BbUXOBU M30TPOITHU MapaMeTpy MoMepama mnojenieHu na oyay 50% Behu ox
M30TPOITHUX CKBUBAJICHATA aToMa KHCEOHHWKA ca KOJUM Trpaje Bely. Y CTIPYKTypH
K[Cr(1,3-pndta)] H2O komruiekca 1oj0Xkaju aToMa BOJOHHMKA KOJU CYy Be3aHH 3a
Heypeheny C26 Merun-rpymy, Kao W TOJIOKajH aToMa BOJOHHMKAa W3 BOJIE Y OBOM
Komruiekcy, Hucy omnu oapehuBanu. SIEMENS [74] u MERCURY [69] xomimjyrepcku

nporpamu cy KopuirheHn 3a rpaguKo MpeACTaBbambe CTPYKTYPA.

49



Jluckycuja pezynmama

A JUCKYCHJA PE3YIITATA

41. CHHTE3A W KAPAKTEPU3ALIUJA HEKHUX METAJ(Il) H
METAJI(I111) KOMIIVIEKCA CA JTUAMHWHOIIOJINKAPBOKCUJIATHUM
JIMTAHAUMA

VY mpBOM ey OBOT MMOTJIaBJba omnucaHa kapaktepusarmja Sr(ll) xomrmuiekca ca
1,3-pdta nurangom (1,3-mponanguamun-N,N,N’,N -terpaanerar). [lomaszehu ox uBpcror
Ba[Ba(1,3-pdta)]2H,O0 u  cycmemsuje  SrSO; 'y  BOOM  CHHTETHCAH  je
[Sr2(1,3-pdta)(H20)s] H,O komruiekc mpema peakiMOHO] IIEMH KOja je NpHKa3aHa Ha
cmuim 10. Yucroha m cactaB OBOr KOMILIEKCAa Cy TMPOBEPEHH MOMONY eleMEeHTapHe
MHUKpOaHaJIu3e, JIOK je CTPYKTypHa KapakTepu3alldja KOMIUICKCa H3BpIICHA Ha 0asu

UH(}pa-1IpBeHe CIIEKTPOCKOINHN]€ U PEHTeHCKE CTPYKTYpHE aHaIM3e.

80-90 °C, 12h

Ba[Ba(1,3-pdta)]2H,0 + 2SSO, + 5H,O [St,(1,3-pdta)(H,0),'H,0 + 2BaSO,, |
Cmmka 10. lemarcku mpukas cunrese [Sry(1,3-pdta)(H20)s]' H2.O xommekca monasehn

on Ba[Ba(1,3-pdta)] 2H,0 kao nuranma

VY npyrom nemy oBOT ToOTjaBjba OmnucaHa je kapaktepusanuja komruiekca Cu(ll) u
Ni(ll) ca mopum 1,3-pndta [(%)-1,3-mentanmuamun-N,N,N’,N -terpaanerar] u 1,3-pnd3a
[(x)-1,3-nenranaguamun-N, N, N -tpuatierar] nuranauma. OBH JMraHad, y OIHOCY Ha
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CTpykTypHO aHaysorHe 1,3-pdta wu 1,3-pd3a (1,3-nmpomnanauamun-N,N,N -Tpuanerar)
JWraHjae, UMajy eTHJI-CYIICTUTYCHT Ha O-yIrJbeHHMKOBOM atomy l,3-mpornaHanaMUHCKOT
Hu3a. [lonasehn ox 1,3-nmeHTaHaraMrHa U MOHOXJIOpCUphETHE KHCEIMHE CHHTETHCAHU Cy
1,3-pndta u 1,3-pnd3a aurapau npemMa peakiMOHO] MIEMH IMPHKa3aHO] Ha ciaumm 11.
Jluranam cy HW30J0BaHM Kao cmema OapujymoBux comu 1,3-Hgpndta u 1,3-Hszpnd3a
KHACEJIMHA M KAao TaKBH Cy YIHOTPEOJ/bCHHM 3a CHUHTE3Y OJroBapajyhnx xeKkcaJeHTaTHUX
1,3-pndta-Cu(Il) u 1,3-pndta-Ni(ll), omnocro nenragenrataux 1,3-pnd3a-Cu(ll) u 1,3-

pnd3a-Ni(ll) xommiekca.

CH,CH;
H,N—CHCH,CH,—NH, + CICH,COONa
1,3-pentandiamin (1 mol) natrijum-2-hloracetat (4 mol)

80-90 °C, 4h
-HCI
2M NaOH, pH = 8

l |

CH,CHj CH,CH, .
NaOOCH,C._ | _CH,COONa NaOOCH,C._ | _
_>N—CHCH,CH,—N + N—CHCH,CH,—N_
NaOOCH,C CH,COONa

"SCH,COONa NaOOCH,C

Nay(1,3-pndta) Na;(1,3-pnd3a)

+ BaCl,2H,0

l l

Ba,(1,3-pndta) XH,O + Ba;(1,3-pnd3a), XH,O
75% 25%

Cimka 11. Hlematcku mpuka3 cuntese 1,3-pndta u 1,3-pnd3a nurananma. Jluranmu cy
nobujeHn kao cmema OapujymoBux comu 1,3-Hspndta u 1,3-Hspnd3a kucenuna u kao

TakBM cy Kopuirhenu 3a cunte3y oarosapajyhux Cu(Il) u Ni(ll) kommnekca

C 003upoM Ha YMHEHUILY Jla Cy HaBEJEHU JIUTaHIu OOWJeHU Kao cMmela O0apujyMOBHUX
COJIM, HMXOBa KapakTepu3alija HUje MOIjla OMTH HM3BpIICHA Ha OCHOBY eJIEMEHTapHe

MHUKpOaHalu3e M OAroBapajyhux cHekTpockonckux Meroga. OJHOC TMOjeAMHHUX

o1



Jluckycuja pezynmama

KOMITOHEHTH y peakiroHoj cmeru [%] opux nuranazna (1,3-pndta : 1,3-pnd3a = 75 : 25) je
onpeheH HakoH BHUXOBOT Komiuiekcupama ca metai(ll) jomom (meran(ll) = Cu(ll) u
Ni(ll)), m TO Ha OCHOBY HHTEH3MTETa Tpaka OAroBapajyhux KOMIUIEKCca Ha
jonousmemuBaukoj komonu. Kommiaekcu Ni(ll) u Cu(ll) ca 1,3-pndta u 1,3-pnd3a
JUraHadMa cy A0OMjeHHM y peakuuju mosazehm on cmemie OapvjyMOBHX COJIM OBHX
maranaga 1 M"SO4XH,O (M = Ni(ll) wiz Cu(ll)), mpeMa peakuuoHO] meMu Koja je
npuKaszaHa Ha cauinu 12. 3a M30J0Bamkbe KOMILICKCa y YHUCTOM CTamy YyHoTpeOJbeHa je
joHomsMmemKBauka xpomarorpaduja (Dowex 1X8, 200-400 mema y ClI° 006mawmky),
enympameM romoliy MgCl, konrentpammje 0,05 mol/dm?®. TIpu moTnyHOj XeKcaaeHTaTHOj]
koopauHaruju 1,3-pndta nuranga teopujcku je Mmoryhe odekuBatu rpaleme caMo jeaHOr

reomerpujckor  m3omepa  oktaemapcke  CiS(N)-kondwurypamuje  (Cnamka — 13a).

’Ba2(1,3-pndta)‘XHZO+Ba3(1,3-pnd3a)2'XHzO] + NiSO, 6H,0

-BaSO, [ 80 °C, 3h

| |

Ba[Ni(1,3-pndta)] XH,0 +  Ba[Niy(1,3-pnd3a),] XH,0

Dowex 1X8 (200-400 mesha)
0,05M MgCl,

| |

Mg[Ni(1,3-pndta)] 10H,O Mg[Ni,(1,3-pnd3a),] 8H,0

Cimka 12. Illemarcku mnpuka3 cuntese MQ[Ni(1,3-pndta)]-10H,O u Mg[Niy(1,3-
pnd3a),;] 8H,0 komruiekca monazehu on cmerie 6apujymosux cosm 1,3-pndta u 1,3-pnd3a
nvraHana. Ha wuctu Hauma cy mobujerm u MQ[Cu(1,3-pndta)] 7H,O0 u Mg[Cuy(1,3-

pnd3a).] 7H,0 xommiekcu
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CymporHo Tome, 1,3-pnd3a nuranm mpejacraBba JWraHa NEHTAICHTATHOI THIA U IPH
IEroBOj TOTIIYHO] KOOpAWHAIMju je Moryhe ouekuBatu Behm Opoj m3omepa pazimyuuTe
reometpuje. Kpucranorpadeka ucnuruBama Cu(ll) komiuiekca ca CTpYKTYpPHO CIMYHUM
ed3a (eramgmamuu-N,N,N’-tpuanerar) [77] u 1,3-pd3a (1,3-mponanguamun-N,N,N -
Tpuaierar) [/7] auraHauMa cy rokasajia jJa OBH JIMTaHAW IPU MOTIYHOj KOOPAWHALUjH

rpajie KOMIUIEKC KBaapaTHO-tupamunanae reomerpuje (Cnuka 136).

b) - o
(“/‘\

—O0
o
Kvadratno-piramidalni
O R (0] O
R AN~ N

cis-Ekvatorijalni trans-Ekvatorijalni cis-Polarni

Cauka 13. (a) cis(N)- 'eomeTpujcku nu3omep Koja xekcajaeHTatne koopanHamnuje 1,3-pdta-
tuna juranana; (b) Ilemarcku mpuka3 CTpyKTypHHX (OpMysia HEKHX TCOMETPH)CKUX

u30Mepa KoJl eHTaieHTaTHe koopauHaiuje 1,3-pd3a-tumna nuranana

Y oBom pany umcroha m cacraB cuHTetucanux komrurekca Ni(ll) (Mg[Ni(1,3-

pndta)]-10H,O u Mg[Niy(1,3-pnd3a);] 8H,0) u Cu(ll) (Mg[Cu(1,3-pndta)] 7H,O u
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Mg[Cu,(1,3-pnd3a);] 7H,0), cy mnpoBepeHHM Ha OCHOBY pe3yjiTara eJeMEHTapHE
mukpoananuse Ha C, H u N mapamertpe, a BUX0Ba KapakTepu3alyja je u3BpiieHa nmomohy
UH}pa-IPBEHE U CIIEKTPOHCKE allCOPIIMOHE CHEeKTpocKomnuje. CIEeKTPOCKOIICKH MO aIH
OBHX KOMILICKCa Cy nopeleHn ca mojganuMa aHaIOTHUX Komiuiekca ca 1,3-pdta u 1,3-pd3a
murananma (Mg[Ni(1,3-pdta)] 8H,0, Mg[Cu(1,3-pdta)] 8H,0, Mg[Cu,(1,3-pd3a).] 7H,0)
NO3HATHX KpucTanHux crpykrypa [15,17,77]. Mokymaj kpucramuszanmje Ni(Il) u Cu(ll)
koMIuiekca ca 1,3-pndta u 1,3-pnd3a nuranauma M3 BUXOBHX aMOp(HHX IpaxoBa ca
pa3IMYMTUM KOHTpa-KaTjoHUMa je Yy HameMm clydajy OWo ycmemaH camMo KOJ
kpuctammzanuje  MQ[Ni(1,3-pndta)] 10H,O wu Ba[Cu(l,3-pndta)]5H,O xommiekca.
Kpucranua ctpykrypa Mg[Ni(1,3-pndta)] 10H,O xomriuiekca je moTrBphieHa Ha OCHOBY
PEHITCHCKE CTPYKTYpPHE aHalIu3e, JIOK je 300r HeMOryhHOCTH HU30JI0Bakba MOHOKPUCTAITHE
dopme Ba[Cu(1,3-pndta)] 5H,0 xommuiekca ypahena nudpaximja X-3paka ca KpUCTATHOT

Impaxa OBOI" KOMIIJICKCA.

YV tpehem neny mnoriasiba JlMcKycuja pe3yjarara omucaHa je CTPYKTypHa
kapakrepusanuja Cr(IIl) kommiaekca ca 1,3-pndta murangom. 3a CHHTE3y OBHX KOMILICKCA
ynotpedsbena 1,3-Hypndta kucenuna u CrCl36H,O mpema peakiioHoj 1IeMu MPUKa3aHoj
Ha cimui 14, Jlobujena cy tpu nHoBa Cr(lll) komiuiekca ca XeKcaJaeHTAaTHO
KoopauHOBaHUM 1,3-pndta juraHaoM KOjH caapke pasjiudyuTe KOHTpa-KaTjoHe U TO:

Na[Cr(1,3-pndta)]-H,0, K[Cr(1,3-pndta)]-H,O u Ca[Cr(1,3-pndta)],-4H-0.

JloOujeHn KOMIUTIEKCH Cy OKapaKTeprCcaH! MPUMEHOM eIeMEeHTapHe MUKPOaHaun3e,
UV-Vis, IR 1 'H NMR cnexrpockonuje. IIpHMEHOM pEHATEHCKE CTPYKTypHE aHAIH3E
onpeheHe cy MOJIEKYJICKe CTPYKTYype CHHTETHCAHUX KOMIUIEKCA W M3BPIICHO je Topelheme
yTUI[dja pPa3IMYMTUX KOHTpPa-KaTjoOHa Ha MAKOBambe y KPHCTATHHM pelleTKaMa OBUX
KomIuiekca. Takole, M3BpIIEHO je mopeheme CTPYKTYpHUX Mapamerapa HCIUTHBAHUX
[Cr(1,3-pndta)]” komruiekca ca oaroBapajyhum mapamerpuma 3a anamorau [Cr(1,3-pdta)]

KOMIUIEKC TI03HATE MOJIEKYJICKe CTpyKType [12,54].
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CH,CH,

HOOCH,C CH,COOH
e, +  CrCly6H,0
- 2 2 ~
HOOCH,C CH,COOH
1,3-Hpndta
pH=7
1M NaOH
Na[Cr(1,3-pndta)] XH,O
Dowex 1X8 (200-400 mesha)
lO,IM NacCl 0,1IM KCl l0,0SM CaCl,
Y
Na[Cr(1,3-pndta)] H,O K[Cr(1,3-pndta)] H,O Ca[Cr(1,3-pndta)],4H,0O

Ciauka 14. Illemarcku mpuka3 cuatese Na[Cr(1,3-pndta)]-H.O, K[Cr(1,3-pndta)]-H.0O u
Ca[Cr(1,3-pndta)],-4H,0 xommiekca monasehu ox cmernie 6apujymoBux coiu 1,3-pndta u

1,3-pnd3a nuranana

4.1.1. Kapaxrepmu3auuja Sr(II) xommiekca ca 1,3-nponaHguamMuH-

N,N,N’,N’-TeTpaaueraro JUraHJioM

Kpucmanna cmpyxkmypa [Sr,(1,3-pdta)(H,0)¢] H,O0 komnnexca

Kpucranna crtpykrypa [Sro(1,3-pdta)(H20)s] H2,O komrutekca je mpukasana Ha
ciuny 15, 1ok cy ogabpaHu reoMeTpUjCKU MapaMeTpu faTh y Tabenu 13. Y ucnuTHBaHO]
KPHUCTAJTHO] ~ CTPYKTYpH je mpucyTaH DIS-TpUIEHTaTHM HAYMH  KOODPIMHAIH]S
xekcaneHtatHor 1,3-pdta nuranma. CBaku Sr?t KaTjOH OCTBapyje KOOpJIWHAIIN]Yy TMPEKO
JieBeT aroma (JeHOr aToMma a30Ta, YeTUPU aTOMa KHCEOHHMKa M3 KapOOKCHIHUX rpyna H
YeTUPU MOJIEKYJIa BOZIE) KOjU Cy pacropeheHu Tako aa GpopMupajy npuOIHKHO MPaBUIHY
tri-capped (tpu-niokpuBeHy) Tpuronanny mnpusmy (Dsn cumerpmja) (Cruka 15).
HecumeTrpruyna KprcTaHa jeUHAIIA CAIPXKH YKYITHO CelaM MOJIEKYJIa BOJE, O]l KOJHX Cy
IIECT KOOPAMHOBAHM a jelaH je HeKoopAuHOBaH. OJl mIeCT KOOPIMHOBAHUX MOJIEKYIa

BoJie, 1Ba Moiekyna (O2W u O4W) umajy ynory MOCTHUX JIMTaHaa.
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Yox-1/2, -y+3/2, -z
" x+2, y+1/2, -z+1/2
"ox+1/2, -y+3/2, -z
Viox+2, y-1/2, -z+1/2

Cmuka 15. ORTEP jujarpam munykieapHe jemunune Sr(ll)-1,3-pdta xommiekca.

Tepmannu enunconnu cy npukazanu ca 40% creneHom BepoBaTtHOhe

Ta6ena 13. Onabpann reomerpujcku mapamerpu (A) 3a [Sra(1,3-pdta)(H20)s] H20

KOMIIJIICKC
Srl—o01 2,718 (8) Sr2—02W" 2,843 (9)
Sr1—03 2,789 (9) Sr2—05W 2,874 (17)
Sr1—01W 2,801 (12) Sr2—N2 2,959 (11)
Sr1—oO5' 2,812 (8) Sr2—07 2,836 (10)
Sr1—02W 2,826 (9) Sr2—04wW" 2,829 (14)
Sr1—o7" 2,855 (9) Sr2—06W 2,785 (11)
Srl—04w 2,912 (13) Sr2—01" 2,756 (9)
Sr1—03W 2,944 (14) Sr2—03 2,740 (9)
Srl—N1 3,003 (11) Sr2—05 2,709 (10)

Cumerpujcku xkopoBu: (i) X-1/2, -y+3/2, -z; (ii) -x+2, y+1/2, -z+1/2; (iii) x+1/2, -y+3/2, -z; (iv) -X+2, y-
1/2, -z+1/2.

Csaxu Sr(ll) xatjoH je mpexo Tpu MocTHe Be3e Be3aH 3a npyra asa Sr(ll) karjona
(Cnuka 16). OBo TpOCTPYKO Be3WBamE C€ MOCTHXKE MPEKO jeJHOT MOJIEKyJa BOAE M JBa
aToMa KHCEOHHMKa KOjH MpHIMa/ajy pa3iuuuTUM KapOOKCHUIHHMM rpynama. Jeman Moct je
dopmupan npexko O2W, O3 u 05, a apyru npexko O4W, Ol u O7 KUCCOHHKOBHX aroma.

YnameHocT u3Mel)y TpPOCTpYKO MOCTHO BE3aHUX Sret katjona wusHocu 4,300(1) u
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4,262(1)A, nox ynamenoct usmelyy nsa Sr2* KaTjoHa KOjU CYy BE3aHM 32 JIMAMUHCKH JIaHAI]
mznoc 9,113(1) A. ¥V ucnmrHBaHO] KpHCTANHO] CTPYKTYpH, CBE YETHPH KapOOKCHIHE
rpyIe moceayjy 2-sa THI KOOpIHMHAIM]je KOjU je JaT y CKIIady ca o3HaudaBameM 1o Porai-
Koshits-y [78]. BaxkHo je HamoMeHyTH Ja Cy y KpucTaaHuMm cTpykrypama tuma | u Il cee
YeTUPU KapOOKCHJIHE TPyIie MOHOACHTATHO KOOPAMHOBaHE 3a joH MeTana [15-21], mok cy
y kpucrannoj crpykrypu {[Ca(H,0)s;Ca(1,3-pdta)(H,0)]-2H,0}, komruiekca pa3mu4uro
KOOPJMHOBAHE: JIBE CY MOHOJCHTATHO, JOK Cy OCTalie JIB€ XEJIATHO KOOPJIUHOBAHE IPH
YeMy je€ IHXOB KOOpAMHAUMOHM KamanuteT (menrtarnoct) 3 u 4 [19]. Ilosehame
JNEHTAaTHOCTH KapOOKCWIIHMX rpyna Moxke OUTH moBe3aHo ca moBehameM paaujyca joHa

MeTaja y aHjOHCKOM M KaTjOHCKOM JIeTy KOMILIEKCa.

HcnutuBanu KoMIuIeKke kpuctanuine y P21212; TpoCTOPHO] TPYIH IITO j& U OJJINKA
XUpPATHUX KpUCTala, JIOK j€ HEeroBa CTPYKTypa yTaumaBaHa Kao paleMCKH Onu3aHall. Y
TOKYy Tpolleca pemaBama kpucranne ctpykrype SHELXL mporpam je cyrepucao na je
JIpyrd €HAaHTHOMEp MPHUCYTaH y KPHCTAIHO] PEIIETKH Yy W3HOCY o npubimxao 27%.
Monexkynu  KomIuiekca (GOpMHpajy  TPOAMMEH3MOHATHH  METal-OPraHCKH  OKBHP

{3D metal-organic framework (3D MOF)}.

L x-1/2, -y+3/2, -z
Lex+2, y+1/2, -z+1/2

2+ .
Camka 16. [Iprka3 MOCTHOT TIOBE3HMBama CyCeIHUX SI° KaTjoHa. ATOMH BOJOHHUKA CY

M30CTaBJHEHU PAJIN JaCHU]ET TIPUKa3a
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Monexynu Boje (GopMHUpajy jake BOJOHUYHE Be3e ca KapOOKCHIHUM Tpynama. Y
tabenu 14 cy nmpukaszana Hajkpaha O...O pacrojama npunukoM (GopMupama BOJOHUYHUX
Be3a. KoopauHoBaHu MoJIeKyiaH Boje (Gopmupajy BomonnuHe Bese mpeko jearor (O4W),
asa (O1W, O2W, O3W u O5W) uau tpu (O6W) aroma kuceonuka. Moiekyi Boae (O7W)
KOjU HHje KOOPIMHOBAH 3a jOH METaJla jé CMEIITEH Yy KaHaJIMMa KOjU ce MPOCTHPY AYXK

c-mpaBia u nose3ad je ca 08, O2W u O6W atomuma kuceonuka (Cnuka 17).

Cauxa 17. [lujarpam makoBama [Sry(1,3-pdta)(H,0)s] H2O komrmuiekca mnpukasyje
TPOJMMEH3UOHAIHU MeTan-oprancku okBup {3D metal-organic framework (3D MOF)} u

KaHaJie ca MoJieKylIuMa Bojie. HekoopimHOBaHM MOJIEKYIH BOJIE CY MPUKa3aHHU Kao chepe
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Ta6ena 14. [Tapamerpu BogoHHuHHX Be3a y [Sry(1,3-pdta)(H,0)s] H2O komrmiexcy

D...A(A) Cumerpujcke oneparuje Ha A

O1w--08  2,720(16) 2-x, 0,5+y, 0,5-z
O1W---04 2,841(17) 2-x,0,5+y, -0,5-z
02W--02  2,621(14) 1,5-%, 2+, -0,5+z
O2W---O7TW 2,848(14)

0O3W--02  2,657(16) 0,5+x, 1,5y, -z
O3wW--01W 2,913(21)

O4W--06  2,740(16) -0,5+x,1,5-y, -z
O5W---03  3,188(17) 0,5+x, 1,5-y, -z
O5W.---02W 3,152(18) 0,5+x, 1,5y, -z
O6W--04  2,771(16) 0,5+x,1,5-y, -z
06W---06 2,789(16) 2-x,0,5+y, 0,5-z
O6W---O7TW 2,878(17) x,y, 1+z
O7W---08 2,828(15) 0,5+x, 1,5y, -z

CmpykmypHe Kapaxmepucmuke MM ’“(1,3-pdta)] Komnaexkca y nopelhemwy ca

AHAI0CHUM KOMRaeKcuma edta-muna

VY3ajaMHa TOBE3aHOCT CTPYKType KOMIUIeKca, (yHKIMje JUraHaa M HalloHa
HACTaJor XEJaTHOM KOOPAMHAIIMjJOM a30TOBHMX aToMa je pa3MarpaHa 3a Cepujy
M"[M>"(1,3-pdta)] xommzekca [15-21] (TaGema 15) u ymopehuBana ca mojarmMa
noGujernM  3a  amamorme M'[M’'(edta)] kommiexce [28,79-87]. Kowmmekcn cy
KJacU(UKOBaHM Yy CTPYKTYpHE THIOBE Ha 0a3W HHUXOBE CIIOCOOHOCTH Ja (opMHpajy
U30CTPYKTYpHE KpHCTalle. AHAJIOTHU CTPYKTYPHH THIIOBH U3 JiBe cepuje (1,3-pdta vs. edta)
calpke KOMIUIEKCE HCTe MOJEKyJIapHe TreoMeTrpuje, MelyTuM mHXoBa KpHUCTaIHA
NaKoBala C€ YINIABHOM pa3liuKyjy H3y3eB y ciy4ajy komiuiekca 1,3-pdta—tuma I
([Mg(H20)6][Mn(1,3-pdta)(H,0)]- 2H.0  [21] u  [Mg(H20)6][Cd(1,3-pdta)(H20)]-2H20
[21]) " edta—Tuma la ([Mg(H20)s][Mg(edta)(H,0)]-2H,0O [83] "
[Mg(H20)s][Mn(edta)(H,0)]-2H,0 [84]) xoju dhopmupajy uzocTpykrypHe Kpucraie. Ha
OCHOBY IojiaTaka u3 Tadbene 15, Moxe ce 3aKJbyuuTH Ja ce koopauHauuonu 6poj M(II)-
1,3-pdta xomrurekca moBehaBa ca moBehameM paaujyca HEHTPAIHOT jOHA MeTala M Jia je
XEKCaJIeHTaTHH HauuH koopauHanuje 1,3-pdta nmuranma npomemeH y bis-tpunenTatHu ca

KOOPJIMHAIIMOHUM Opojem 9.
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HanoH oko a30TOBMX aroma KOju HacTaje MpH XejJaTHoj koopauHauuju 1,3-pdta
JMraHja JAONMPUHOCH YKYITHOM HAlOHY XeJaTHOr cuctema W m3paxkasa ce mpeko XA(N)
BPEIHOCTH KOja TMpEACTaBjba CyMy allCOJYTHHX BPEIHOCTH JEBHjallMja MIeCT
TeTpaelapcKuX yrioBa Be3a oj uaeanHe BpegHoctu 109,5°. 3a xommiekce mpukasaHe y
tabean 15 ce y3uma cpeama XA(N) BpeaHOCT Koja je moOHMjeHa 3a JBa KOOPIMHOBaHA
atoma azora. Ha 6a3u m3pauynatux XA(N) BpeaHocTH Koje Bapupajy y omcery ox 11 mo
13° 3a 1,3-pdta-tun | u ox 17 mo 23° 3a edta-tun | komrmuiekce (Tabema 15), Moxe ce
3aKJbYYHMTH Ja OKTaenapcku komruiekceu 1,3-pdta-tuna | [15-21] nokasyjy 3Ha4ajHO Mamu
HAIOH OKO XEJIaTHUX a30TOBMX aToMa Yy OJHOCY Ha ojaroBapajyhe xomiuiekce edta-tuma |
[28,79-82]. Mehyrum, y M(I1)—edta komrutekcuma, moseharme KoopauHAIMOHOT Opoja Ha 7
WM 8 JONPUHOCH 3HAYajHOM CMambCHy HAllOHa OKO XEJAaTHUX Aa30TOBUX aroMa.
CrecTBEHO TOME, XEJIATHU HAIOH KOjU HACTaje OKO KOOPAMHOBAHHMX a30TOBUX aToMa y
M(Il)-edta xomruiekcuma koopauHanuonor Opoja 7 wiau 8 (tumosu II u III) ce moxe
YIIOPEIUTH Ca HAIIOHOM OKO KOOPJIMHOBAHMX a30TOBHMX aroMa y komiuiekcuma 1,3-pdta—
tuna | (koopaunauonu 6poj mect). M3pauynare LA(N) Bpennoctu (Tabena 15) mokasyjy
Jla HaIllOH OKO XejaTHuX a3oToBux atoma y M(II)-edta xommiekcuma omaga ca mopacTom
KOOpJMHAIIMOHOT Opoja, Mok cynpotHo Baxu 3a M(I)-1,3-pdta xommuiekce. Hawmwme,
noBehame KOOPIWHAIIMOHOT Opoja ca 6 Ha 7 WM 8 JONPHHOCH JOJATHOM CTBapamby
HArmoHa OKO KoOpJuHOBaHHX a3oroBux atoma y M(II)-1,3-pdta kommiuekcuma. Tako ma
uspauaynara AN Bpeanoct 3a {[Ca(H,0)s;Ca(l,3-pdta)(H.0)]-2H,0}, [19] (1,3-pdta—Twm
111, xoopauHarroHu O6poj 8) KOMITJIEKC H3HOCH Yak 28° MITO yKa3yje Ha YHCHHUILY Ja Cy
B€3€ OKO KOOPAMHOBAHUX a30TOBUX aTOMa y OBOM KOMIUIEKCY 1oj HajsehuM HamoHoM. Ca
npyre crpane, {[Sr2(1,3-pdta)(H20)s] H20}n (1,3-pdta—tun 1V) komrmiekc, y kome je
1,3-pdta nuran bis-TpugeHTaTHO KOOPAWHOBAH IMMOKa3yje 3HauajHO HIKY AN BpemHoCT
y omnocy Ha [Ca(H,0);Ca(l,3-pdta)(H.0)]-2H,0 kommmeke (19° vs. 28°). Hamon oxo
xenmaTHux atoma azota y {[Sry(1,3-pdta)(H,0)s] H.O}, xommiekcy je ciuuan kao u y
nocmatpanum 1,3-pdta—tumn Il [21] wnu edta—tun | [28,79-82] kommuekcuma. [Tpomena
HauMHa KoopauHanuje 1,3-pdta nuranga w3 XekcajaeHTaTHOr Yy  Dis-TpuameHTaTHH
JOTIPHHOCH CMamelhy HAllOHa OKO XEJNAaTHHX a30TOBHX aToMa KOjU Ce WHade jaBjba Y
xekcamentataum M(I1)-1,3-pdta kommiekcuma ca chepHO CHMETPUYHHM JOHOM METalla

BHCOKUM KOOPAMHALMOHUM OpOjeM.
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Ta6esaa 15. ['eomeTpuja KOMIIEKCa, YJIOTa JUTaHAa U aHAIKM3a HAllOHAa OKO aToMa a30Ta y

onabpanum 1,3-pdta u edta komrmiekcuma

Kommexc M) (A)® | K.B. | Teomerpuja Hauun IIpocropna | AN | Jlut.
KOOpAMHaLMje | rpyma ©
JUrasaa

Kowurpa xatjon/uientpanau joH merana; CSD REFCODE [88]

M(I1)-1,3-PDTA

1,3-PDTA-TUII I: [M"(H,0)s][M""(1,3-pdta)]-2H,0

Mg/Ni; OCEQIW 0,830 11 | [17]

Mg/Mg; JAMQAQ 0,860 13 | [19]

Mg/Cu; KEQRAZ 0,870 13 | [15]

Mn/Cu; QILFEW 13 | [16]

Mg/Zn%; DAWVED 0,880 13 | [20]

Zn/Zn% DAWVIH 6 OKTaezap XeKkcageHTaTHH | Pnna 13

Mg/Co®; IMAFOR 0,885 11 | [18]

Co/Co® IMAFIL 11

Mg/Mgosanos, 0,860, 13 [21]

YIGCOH 0,970

1,3-PDTA-TUII II: [M"(H,0)s][M""(1,3-pdta)(H,0)]-2H,0

Mg/Mn°; YIBROR 0,970 IeHTaroHaIHa Pbcn 20 | [21]

_ 7 |6

Mg/Cd"; DAWVONOL | 1,090 VIHPANIAR | XEKCOACHTATHE 16 | [21]

1,3-PDTA-THII l11: {{M"(H,0)sM"(1,3-pdta)(H,0)]-2H,0},

Ca/Ca’ JAMPUJ 1,140 8 KBaJpaTHa- P-1 28 | [19]
AHTUIIpU3Ma XEKCaJACHTAaTHU

1,3-PDTA-THII IV: {{M",(1,3-pdta)(H;0)s] H20},

Sr/Sr 1,320 9 tri-capped bis- P2:2:2, 19 | Osgj
TpUTOHAITHA TPUACHTAaTHU pax
npu3Ma

M(I1)-EDTA

EDTA-THII I: {{M"(H,0),M""(edta)]-2H,0},

Ni/Ni; DOPWEK 0,830 23 | [79]

Zn/Ni; GAZVIM 21 | [80]

Mn/Cu; BINBAB10 0,870 23 | [81]

Mg/Cu; CMGEDTO01 23 | [82]

Zn/Cu; GAZVEI 6 Pna2; 19 | [80]
OKTacaap XCEKCaJACHTAaTHHU

Mg/Zn; ZNEDTA12 0,880 22 | [81]

Mn/Co; BINBEF10 0,885 17 | [81]

Co/Co; COEDTA 21 | [28]

EDTA-THII Ila: [M"(H,0)s][M""(edta)(H,0)]-2H,0

Mg/Mg; MGEDTAO01 0,860 HEeHTaroHaIHa Pben 10 | [83]
6I/II'II/lpaMI/I[[a XEKCaaEHTaTHU

;

Mg/Mn; KAVBUE 0,970 12 | [84]

EDTA-THUII lIb: {[M"(H,0),M"(edta)]-2H,0},

Mn/Cd; BINBOP10 1,090 7 IIEHTarOHaJIHA P-1 11 | [85]
GI/II'H/IpaMI/UI[a XCKCaACHTAaTHHU

EDTA-THII llla: [M"(Phen)s][M""(edta)(H,0),]-10,5H,0

Ni/Ca; MUJFEC 1,140 8 KBaJIpaTHa- P-1 10 | [86]
AHTHUIIPU3Ma XEKCaACHTAaTHU

EDTA-THUII I11b: [M"(Phen)],[M*",(edta),(H,0),]-24H,0

Ni/Ba; MUJFAY 1,490 8 KBaJIpaTHa- P-1 10 | [87]
AHTUIIpU3Ma XCKCaACHTAaTHHU

2 JomrckH pamujyc 3a koopauHamonn 6poj KB = 6 [9]; ° Mepersa uuTensutera pedekcija BpIIeHa HA HUCKHM TeMIIepaTypaMa.
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Ilopeherve y3opaxka na oCHO8Y HuUXx08UX OUPPAKUUOHUX CIUKA

VY 1iwby mpoHalakKemha HadMHA 3a Op3y MACHTU(HKAILHN]Y CTPYKTYPHHX THIIOBA
M(ID[M (11)-1,3-pdta] koMmiekca MH CMO CHMyIHMpatd u(PAKIHOHE CIHKE
[Mg(H20)6][Mg(1,3-pdta)]-2H0  [19] (rum 1), [Mg(H20)e][Cd(1,3-pdta)(H20)]-2H20
[20,21] (tum 1), {[Ca(H.0)sCa(1,3-pdta)(H,0)]-2H,0}, [19] (tum 1), u {[Srx(1,3-
pdta)(H,0)s] H,O}, [oBaj pax] (tum IV) xommiiekca mo3HaTe KPUCTAIHE CTPYKTYpe M
caumuan audpakrorpam npaxa ucnurtuBaHor Ba[Ba(l,3-pdta)]-2H,O kommuiekca koju
HUje MOTao OuTH J00HjeH y popMu MOHOKpHcTana. Judpakiimone clivke rope HaBeICHUX
KOMIUIEKCA Cy TpUKa3aHe Ha CIUIK 18 ¥ Ha OCHOBY HbHXOBOT TyMadyeHa Ce MOKE H3BECTH
3aksbydak na Ba[Ba(1,3-pdta)]-2H,0 xomruiekc npeacraBiba HOBH, jOII YBEK HEIOBOJHHO
UCIIUTaHU THIT KOMILIEKCA KOjH HE MPHIIaJa HUjeJHOM CTPYKTYPHOM THITY KOjH j€ 10 caja

OKapaKTepUCaH Ha OCHOBY PCHICHCKE CTPYKTYPHE aHAJIH3E.

Canka 18. ludpaxnuona ciuka 3a Ba/Ba-1,3-pdta (tun V, upn) xommiekc je nopehena
ca audpakimonum cirkama 3a Mg/Mg-1,3-pdta (tun I, po3u), Mg/Cd-1,3-pdta (tum II,
tamHo-miaB), Ca/Ca-1,3-pdta (tum III, 3emen) m Sr/Sr-1,3-pdta (tum IV, upsBen)
KOMIUIEKCE TO3HATe KPUCTAIHE CTPYKType. VICIUTHBaHM KOMIUIEKCH Cy TpHKa3aHU Ha

I/II[eHTI/I‘-IHOj CKaJIi Ha aliCoyUucCu paan JAKIer nopeljeH,a
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IR cnekmpu 1,3-pdta komnnexkca

Jleo IR crexrpa (o6mact ox 1200 mo 1800 cm™) 3a [Mg(H.0)s][Mg(1,3-
pdta)]-2H,O [19] (tum 1), [Mg(H20)e][Cd(1,3-pdta)(H.0)]-2H,O [20,21] (tum 1),
{[Ca(H,0);Ca(1,3-pdta)(H,0)]-2H,0}, [19] (tum 1) u [Sry(1,3-pdta)(H20)s]H20 [oBaj

pan] (tun 1V) komriekce je mpukasad Ha ciauim 19.

A

w
{

\

\/MW
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1800 1600 1400 1 1200
cm

%T

Canxka 19. Jleo IR crexrpa (o6mact ox 1200 xo 1800 cm™) 3a 1,3-pdta-M(I1) kommrexce:
(1) [Mg(H20)6][Mg(1,3-pdta)] 2H.0; (1) [Mg(H20)e][Cd(1,3-pdta)(H20)]2H.0; (111)
[Ca(H,0)sCa(1,3-pdta)(H20)]-2H.0; (1V) [Sry(1,3-pdta)(H,0)s]H.O u (V) Ba[Ba(1,3-
pdta)]'2H,0
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TabGeaa 16. Ilomoxkaju ¢QpexBeHIMja HECUMETPUYHUX BAJICHIMOHUX BHUOpaIimja
KapOokcuiIHUX Tpyna 3a wucnutuBane 1,3-pdta-M(Il) xkomriuiekce W CTPYKTypHE

KapaKTEepUCTUKE KOOPJANHOBAHMX KapOOKCUITHUX Ipyna

Kommexc Vasym Hauun CTpyKTypHa yJiora Hyxune Jlut.
COOM  koopauHaIHmje 4eTUpHU KapOOKCHIIATHHX
cm? 1,3-pdta KapOOKcHIaTHA C-O Be3a (A)
JMTaHga aHjoHa (03HAYaBAKE

no Porai-Koshits-y

[78])

[Mg(H:0)¢][Mg(1,3-pdta)] 2H,0 1598 XEKCa/ICHTaTHN MoHozeHTaruu (1-a) 1,239(2)-1,275(2) [19]
1,256(15)
[Mg(H-0)][Cd(1,3-pdta)(H.0)]"2H.0 1598 XEKCaJeHTaTHH MoHozeHTatHu (1-a) 1,237(2)-1,266(2) [20]
1,252(12)
1,245(5)-1,270(4) [21]
1,2585(12)
[Ca(H:0);Ca(1,3-pdta)(H.0)]-2H,0 1638 XEKCaJIeHTaTHH 2x mononenraruu (1-a) 1,259(5)-1,282(6) [19]
&1585 2X moctHH u xematHd  1,266(7)
(a-4s5-a u 3-3)
[Sr2(1,3-pdta)(H.0)6]'H,O 1567 bis-tpunenraTHI bis-moHOMEHTATHI 1,236(15)-1,309(15) [oBaj
(2-sa) 1,28(2) pan]
Ba[Ba(1,3-pdta)] 2H,0 1569 HEIo3HaT HEIO3HaT HEIo3HaT [15,54]

VYV tabenu 16 cy mare BpemHOCTH (DpeKkBeHIIMja 3a HECHMETPUYHE BaJCHIIMOHE
BHuOpanuje kapOokcuiaHux rpymna. Oaroeapajyhu Hymepuuku nojanu kao u IR crnexkrpu
rope HaBegenux 1,3-pdta-M(l1) koMmiekca Mo3HATHX KPUCTATHUX CTPYKTYypa Cy mopeheHu
ca momanuMma Koju cy gatu 3a Ba[Ba(l,3-pdta)]-2H,O xommiexc [15,54]. Ba[Ba(1,3-
pdta)]-2H,O komriekc je ymoTpebsbeH 3a fo0ujame cBux mcnutuBanux 1,3-pdta-M(11)
KOMIUIEKCa y peakildjama ca OAroBapajyhnuM HEOpraHCKHM cosimMa. 300T MOTenKoha
no0Wjarba TOTOAHOT MOHOKPHCTajda 3a PEHATCHOCTPYKTYpHY aHalIHu3y, CTPYKTypa
Ba[Ba(1,3-pdta)]-2H,O kommuiekca je joil yBEeK HEIOBOJBHO HMcIuTaHa. HecumerpuuHe
BAJICHIIMOHE BUOpalnje KapOOKCHIHUX TpyIa aMHHOIIOJMKapOOKCHIATHHX JMTraHana edta-
u 1,3-pdta-tuna yvecro cy kopuiihieHe 3a MCHUTHBAEKbE OKOJIMHE OBUX (DYHKIIMOHATHUX
rpyla W oO3HauaBame reoMerpuje Komruiekca [29,32,33a,34,35,39-48]. ¥V Tom cmucmy
neguHHCcaHe cy O0O0JacTH TMOjeAMHUX (peKBeHIMja 3a aleratHe M 3-TPONHUOHATO
KapOOKCHJIHE TpyIle: a) MPOTOHOBaHe KapOOKCHIHE rpyme y obmactm > 1700 cm™,

6) KOOpIAMHOBaHe KapOOKCHIHe rpyme y obmactu ox 1680 mxo 1560 cm™ u
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B) KapOGOKCHIIATHH aHjoH y oGmactn < 1600 cm™. Kao mTo ce Moxke BueTH Ha ciumy 19 u
y Tabenmu 16, cBu ucnutuBanu 1,3-pdta-M(Il) xkomrmiekcu, y o0gacT HECHMETPUUHUX
BaJICHIIMOHUX BHOpanuja kapOokcuwiHux rpyma (ca. 1680-1560 Cm'l), MoKa3yjy BeoMma
WHTCH3MBHY TpaKy, IITO yKa3yje Ha YHICHUILY Jla Cy CBE KapOOKCHIIATHE IPYyIe Y OBHM
komruiekcuma — koopauHoBane — [333,34,35].  Xekcamentatau  [Mg(H20)s][Mg(1,3-
pdta)]-2H,O [19] (tum 1) u [Mg(H20)¢][Cd(1,3-pdta)(H.0)]-2H,O [20,21] (tum II)
KOMILJIEKCH Ca MOHOJICHTaTHO KOOPJMHOBAHUM KapOOKCHIIHUM Tpynama IMOoKa3yjy jeaHy
jacHO oxBojeny Tpaky Ha 1598 cm™. IR cmekrap {[Ca(H.0)s;Ca(1,3-pdta)(H,0)]-2H,0},
(tum 111) koMIUIeKca je HeTOo APYraduju OJf OCTAIMX U TOKa3yje pa3/Bajame MUKOBAa Ha
1638 u 1585 cm™ koje ce Tymaum IpHCYCTBOM ABa PasiMYMTAa HAYMHA KOOPIMHOBAIHA
KapOOKCHJIHMX Tpyla IITO je y CarjJacHOCTH ca pe3yliTaTHMa PEHITCHCKE CTPYKTYypHE
ananmuse [19]. Jemna ox OBHX Tpaka ce MOXKE NPUITUCATH HECUMETPHUYHUM BaJCHIIMOHUM
BUOpanujaMa KapOOKCHJIHHX Tpyna Kojé Cy M MOCTHO M XE€JaTHO BE3aHE 3a METalHe
IICHTpE, a APYyra MOHOJAECHTATHO KOOPAMHOBAaHUM KapOokcuiHuM rpymama [89]. ¥V undpa-
npBeHoM crektpy [Sra(1,3-pdta)(H20)s] H2O komruiekca [oBaj pan] (kommieke tuma 1V)
Tpaka Koja OAroBapa HECUMETPHYHHM BaJCHIIMOHMM BHOpalujamMa KapOOKCHIHHUX Tpyria
HEe T0Ka3yje TEeHJEHIM]y pasjaramkba U MPaKkTUYHO j€ CIMYHA OHMMA Yy HH(pa-LpBEHUM
crniekTpuMa Komrutekca tumna I u II, anu ce Hana3u Ha HEIMTO HIKO] EHEPTUjU y OTHOCY Ha
Tpake y crekTpuma Kommiaekca Tuma I m I (1567 vs. 1598 cm™). Tlojasa camo jemme,
HEIITO INHpe Tpake, Koja OAroBapa DIS-MOHOICHTATHOM HAYWHY KOOPIWHOBaHma CBE
YeTHpH KapOOKCHITHE TPYIIE j€ Y CKIIay ca pe3ysITaTUMa PEeHTeHCKE CTPYKTYpHE aHaIH3e.
Hlupeme Tpake ce MOXKe 00jaCHUTH YHI-CHUIIOM J1a CBE KapOOKCHIIHE Tpyle UMajy UCTH
HAYMH KOOPAWHOBAaa, Al Pa3IMYUTy T'€OMETPUjy U YIory y (GopMupamy BOJOHHYHUX
Be3a. Y uH(ppa-npeerom crekrpy Ba[Ba(l,3-pdta)]-2H,O xomriekca Tpaka Koja oarosapa
HECHMETPUYHUM BaJICHIIMOHUM BHOpaIrijaMa KapOOKCHIIHUX Tpyla ce Hajga3d Ha CKOPO
UCTO] CHEpPruju Kao W oxaroBapajyha Ttpaka y wuHOpa-upBeHOM crektpy [Sra(1,3-
pdta)(H20)s] H20O xommnekca. Ha ocHOBY HaBeICHHX YHEH-CHHUIIA MOXKE C€ MPETIIOCTABUTH
na y opuM komruiekcuma (Ba[Ba(l,3-pdta)]-2H,0 u [Sry(1,3-pdta)(H,0)s] H2O) mocroju
CIIMYaH HAYMH MOCTHOT Be3WBama KapOOKCHIHUX Tpyma. MeljyTum, Tpaka y CHEKTpY
Ba[Ba(1,3-pdta)]-2H,O komriuiekca Koja oAroBapa HECHMETPHYHHM BAJICHIIHOHUM
BuOpanujamMa KapOOKCUJIHHMX Tpyla IoKa3yje TeHJEHIM]y pa3jaramba Ha CTPaHU BHILE
€Hepruje ITO MOXKE Ja yKake Ha HEKO OJCTYNAame O] MOMEHYTE€ CTPYKTYpHE YIiore

kapOokcumHux rpyma. CramHo moMepame (peKkBeHIMja y OO0JacTH HECHMETPUIHHUX
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BaJICHIIMOHUX BHOpalnnja KapOOKCHIIHMX Tpyla Ka HUkO] eHepruju (y Hu3y uayhu on
[Ca(H,0)sCa(1,3-pdta)(H.0)]-2H,0}, mpema Ba[Ba(l,3-pdta)]-2H,0) y oaHocy Ha
omrosapajyhe  ¢pexsenmmje 3a  Mg(H20)6][Mg(1,3-pdta)]-2H,O0  (tumr 1)  w
[Mg(H,0)6][Cd(1,3-pdta)(H20)]-2H,0 (tum Il) xommiekce HajBepoBaTHHjE yKasyje Ha
cnabmeme C—O Bese, Kao MITO TO MOKAa3yjy pPe3yiTaTH PEHATEHCKE CTPYKTYpHE aHaln3e
(Tabemna 16). Ha ocuoBy IR momaraka, moxe ce 3akpyuntu jaa je Ba[Ba(l,3-pdta)]-2H,0
Komruieke Buine ciudan [Srp(1,3-pdta)(H20)s]'H2O koMiuiekcy Hero ocrajauM THIIOBHMA
M"[M™'(1,3-pdta)] kommekca Kkoju Cy AMCKYTOBaHH y OBOM pady, LUTO HABOAU HA
YHILEHMITY J1a OBAj KOMILIEKC IPEICTaBJba HOBH CTPYKTYPAIHH THII M Ja Y KPUCTAIHO]
(GbopMH Tpaau IPOIIMPEH METAI-OPTAaHCKH OKBUP y KOME JIHAMUHCKH JIaHAIl HEMa XeJIaTHy

¢byHKLHM]y, a KapOOKCUIIHE TpYIe UMajy YJIOTY MOJIMJCHTaTHUX MOCTHHX XelaTa.

4.1.2. Kapakrepu3anuja Ni(Il) um Cu(ll) kommiekca ca 1,3-
neHranauamMun-N,N,N’-trpuaaueraro u 1,3-nenranguamun-N,N,N’,N’-

TeTpaaneTraro Juranamma

Kpucmanna cmpyxkmypa Mg[Ni(1,3-pndta)] 10H,0 (1) komnnexca

Kpucranna crpykrypa Mg[Ni(1,3-pndta)] 10H,O xomrmutekca (1) je mpukasana Ha
cunu 20. Onabpane nyuHE Be3a M BaJCHIMOHU yrioBu u3mel)y Besa kommuiekca (1) cy
nopelenn ca oxrosapajyhum monanmma 3a ananorau [Ni(1,3-pdta)]* kommexcun anjon
(Tabena 17). CrpykrypHa jemuuuia komiutekca (1) caapku aBa OJBOjeHAa OKTaempa,
[Mg(H20)6]*" 1 [Ni(1,3-pndta)]*’, u yetnpu Molnekyna kpucTanHe Boge. Y KOMILICKCHOM
arjony Ni(ll) jon je koopauHOBaH ca mect goHOpckux aroma 1,3-pndta nuranga (2N u
40), npu 4YeMy ce IpaJd KOMIUIEKC OKTaelapCKe TeOMETpHje y KOMe IIeCTOUIaHH
JTUaMUHCKHU TIPCTEH 3ay3uma KoHdopMmanmjy ysujene-rahe. Kondbopmaruja mecTowsianor
JMaMUHCKOT TIpcTeHa je onpehena Ha 6asu Cremer-Pople-oBux mapamerapa HaOupama
[90] (QT = 0,766(2) A, g, = 0,767(2) A, gs = 0,002(2) A, 6 =89,88(15° u ¢ =
92,73(15)°).
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Cmuka 20. ORTEP naujarpam katjona u anjona y [Mg(H20)g][Ni(1,3-pndta)]4H,0O
xkomiutekey (1). Tepmanuu enumncouau cy npukazanu ca 40% cremeHoM BepoBaTHORe.

BonoHukoBu atomu cy npukasaHu Kao cepe Mporu3BOJbHOT MOITYIPEYHUKA

OBa koH(oOpMalMja MIECTOUIAHOT JWAMHHCKOI NIpCTeHa je, Takohe, HalheHa y
KPHCTaJHUM CTPYKTypama okTaegapckux kommiekca [M(1,3-pdta)]™ tuma (M = Cu(ll)
[15,16], Ni(ll) [17], Co(ll) [18], Mg(ll) [19], Zn(11) [20], Mg(Il)/Mn(1l) [21], Co(lll)
[11,50], Cr(111) [12], Rh(HT) [12], VV(11T) [13], Fe(l11) [10a,22] u Ga(lll) [14]). Cu [M(1,3-
pdta)]" xommiekcH, ca XeKcaaeHTaTHO KoopauHoBaHMM 1,3-pdta muranmom, cy Xupaanu u
noceayjy A unu A KoHUTYpalujy y OJIHOCY Ha IIEHTpaIHHU joH MeTana. Hahewno je ma o
yBHUjeHa (opma JiehHOTr AMAMUHCKOT MIPCTEHA YCIoBJbaBa A KOH(GUTYpalll]y KOMILJIEKCHOT
[M(1,3-pndta)]"™ anjona, g0k je y ciydajy A yBujeHe (hopMe OBOT TpcTeHa moTBpheHa A
KoHpurypamnuja komiuiekca [2,10a,11-22,50]. VYV wuCOHUTHBAHO] IEHTPOCUMETPHYUHO]
crpykrypu  [Ni(1,3-pndta)]* xomruiekca (mpocropra rtpyma P1) oba wmsomepa cy
NOJjeTHAKO 3acTyIJbeHa, O Kojux je A/A m3omep npukazaH Ha ciuim 20. IIpucyctBo
CYIICTHTYEHTA Ha 0-YTJbeHHKOBOM aTOMY JMAMUHCKOT JIaHIIa JOIPHHOCH CTBapamy HOBOT
XMpAJHOT IIEHTpa, IITO MMa 3a Tocieauny rpaheme H30Mepa KOjU ce pasiuKyjy y

KOH}pUrypanuju oBor mneutpa. Msomep A/A xoju je mpeacraBibeH Ha ciuii 20 mma R
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KOH(HUTYpaIHjy eTHI-CYIICTUTYHCAHOT YTJbeHUKOBOI aToMa, JIOK y ciy4ajy o/A uzomepa
OBaj YIJbEHUKOB aToOM HMMa CYNPOTHY S KOHQHTrypauujy. Y HCOUTHBAHO] KPHUCTAIIHO]
crpykrypu [Ni(1,3-pndta)]* xomruiekca npucytha cy xsa exartomepa, AMAR u 8/A/S,
MaJa ce y ciy4ajy Kajaa jehHu nuaMuHCKH MPCTEH 3ay3uMa KoHpopMaiujy yeujere-iahe
TEOPH]CKH MOTY OYEKHBATH YETHUPH IUjacTEpPEOM30Mepa, TO jEeCT JiBa Mapa €HaHTHOMEpa.
[Topen nBa mperxomHo moMeHyTta, mMoryha cy jom nBa, A/A/S u O/A/R, enantuomepa.
CrepeonsoMepu MPUCYTHH Yy KPUCTAIHO] PEHICTKH UCIUTHBAaHOT koMmiuiekca (1) mmajy
HeypeheHy eTHII-TpyIly y €KBaTOPHjaTHOM TIOJI0XKa]y, ITO C€ MOXKE 3aKJbyYUTH Ha OCHOBY
Bpeanoctu  yria usmel)y C(1)-C(12A) Be3e (KOMIIOHEHTa 4YHjH j€ JONPUHOC Yy
HeypeleHocTn HajBehin) W MpocedHe paBHU JHAMHUHCKOT MpPCTEeHa, KOoju m3Hocu 3,8(2)°.
Vrao usmel)y C(1)-H(1) Bese u mpoceyHe paBHH AMAMHHCKOT HpPCTeHa H3HOCH [14°.
Anamuzom kpucranorpadekux nogaraka [M(1,3-pdta)]™ (M = Cu(ll) [15,16], Ni(ll) [17],
Co(I1) [18], Mg(l1) [19], Zn(11) [20], Mg(11)/Mn(11) [21], Co(l11) [50], Cr(I11) [12], Rh(I1I)
[12], V(111) [13] u Fe(lll) [10a,22]) kommiekca [88], unju 1ecTouIanu JiehHH THAMUHCKH
IpCcTeH uMa KoHopMalujy yeujene-iahe, HaljeHe cy NBe rpylie BPEJHOCTU 3a YIJOBe
usmely nBe aujacrepeoronne C—H Bese u mpoceyHe paBHU AHAMHUHCKOT TpcTeHa (2—18° u
70-79°), mro ykasyje ma cy oBe C—H Be3e y ekBaTopujallHOM, OJHOCHO aKCHjaJTHOM
nonoxajy. Koupuryparnonun uzomepu A/A/S u 6/A/R Koju HUCY U30JI0OBaHU MUMa]y CTHJI-
IpyNy y aKCHjaJTHOM TOJIOXKajy M caMHM THM HHCY (aBopuzoBanu. Ctepeocrenuduuna
KOOpJHMHAIMja XeKkcaaeHtatHor 1,3-pdta-tuma nuranma je, Takohe, HaleHa mpu
dopmupamy okraemapckux M(II) {M(IlIl) = Co [91] u Cr [92]} kommiekca ca
2,4-nentananamua-N,N,N ;N “TeTpaaiieraTo aurasoM, KOju UMa JBa XHUpaliHa IIEHTpa HA
o0a 0-yrJbeHHUKOBa aromMa y JHaMHUHCKOM JaHIy. CrepeocrnenupuvHa KOOpAHHAIMjA Y
OBOM ciy4ajy je (aBopH30BaHAa METHII-Tpynama Koje Cy y €KBaTOPHjaTHOM IOJIOKAJy Y
onHOCY Ha HaOpanu Jiehuu auamuHcku npcereH [91]. V peakuuju Co(lll) ca R,R-2,4-ptnta u
Cr(lll) ca S,S-2,4-ptnta, auranarMa, W30JI0BaHM Cy OAroBapajyNu ONTHYKH H3OMEPH,
(H)o-[Co(R,R-2,4-ptnta)]” [91] wu  (+)sse-[Cr(S,S-2,4-ptnta)]” [92]. AmcomyrHa
KoH(purypamnuja oBux mzomepa, A 3a (+)p-[Co(R,R-2,4-ptnta)] u A 3a (+)sge-[Cr(S,S-2,4-
ptnta)], je ompehena Ha 0a3zu mopehema 3Haka CD KOMIOHEHTE HajHUXKE CHEPrHje Y
OKBHPY IpBE aIllCOPIIUOHE Tpake ca oaropapajyhum 3Hakom y CD crnekTpy KomIuiekca

edta-tuna.
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Jly’)KHHE Be3a WM BQICHIMOHM yrioBM Besa y wucmmrtuBaHoM [Ni(1,3-pndta)]*
KOMILTEKCY cy mopeljenn ca oxrosapajylinM momammuma 3a [Ni(1,3-pdta)]?” kommrekc [17]
(Tabena 17). Moxke ce 3akbyduTH 1a je ckpahmBame mpoceune aykuHe Ni—Ogyia Be3e
npaheno m3nyxuBameM npocedHux Ay:kuHa Ni—N 1 Ni—Oequatorial B€3a, IITO JOBOIH 10
npUGIMIKHO HeallHe OKTaeaapeke reomerpuje y ciaydajy [Ni(1,3-pndta)]*” xommiexca. Ha
ocHOBY mopehema npoceunux AOj Bpennoctu (mpoceuna AOy BpenHOCT je neduHucaHa
Kao0 MPOCEYHO OJCTyHame 12 OKTaemapcKux yriaosa of uiacanHe BpexHocTu ox 90°) 3a
[Ni(1,3-pndta)]*> (AOy = 4,7°) u [Ni(1,3-pdta)]* (AOy = 5,0°) komIuiekce, 3aKJbydeHo je aa
je ncrmruann [Ni(1,3-pndta)]*” kommieke GIMKH MICATHO] OKTAeHapcKoj TEOMETPUIH y
onsocy Ha ananorau [Ni(1,3-pdta)]> kommuiekc, KojH HE CagpKH CYICTUTYCHT Y
TraMUHCKOM JiaHiy. OBO ce MOke 00jaCHUTH YHEHCHHUIIOM Ja MPUCYCTBO ETHJI-TPYIE Y
JMAMHHCKOM TIpcTeHy HapyiaBa C, Monexyicky cumerpujy [Ni(1,3-pndta)]*” kommnexca
KOja je IpUCYTHA y KpUCTATHO] peureTkn pannje ncrmrusasor [Ni(1,3-pdta)]*” kommiekca
[17], wto omoryhaBa pa3nuky y reOMETpUjCKUM MapameTpumMa u3mel)y iBa ekBaTopujaiHa
U JBa aKCHjaJiHa IIeTOWIaHa TPCTEHa, a CaMUM THM U Cl1a0Jbeibe HamoHa Yy
[Ni(1,3-pndta)]*” kommiekcy. OncTymame o HACANHE CyMe YIJIOBA y XENaTHOM MPCTEHY
(538,5°) je mepuiio Harona y G (girdle, npcren koju ce HanmasM y paBHU ca JUAMHHCKHM
npcrenoM) u R (relaxed, mpcreH BaH paBHH JHAMHUHCKOT MPCTEHA) TJIMIIMHATO
npcreHoBuMa. Jenan ox xBa G rmumHato nperena y [Ni(1,3-pndta)]?” komruiekcey je mox
MambiM HATIOHOM y OfHOCY Ha oxroBapajyhm mperem y [Ni(1,3-pdta)]* kommiekcy
(oxcrymame je —7° 3a [Ni(1,3-pndta)]* y oxmocy ox —11° 3a [Ni(1,3-pdta)]*). dpyru G
rimrmsaro nperer y [Ni(1,3-pndta)]?” koMmiuiekcy mokasyje HCTy BPEXHOCT OICTYIIAmba
ka0 u oxroeapajyhm G rmmmmnaro mperer y [Ni(1,3-pdta)]>” koMIUIeKCHOM aHjoHY.
Oncrymame 3a R raunuHato mpcreHoBe u3Hocw + 1° 3a o0a KOMIUIEKCHA aHjoHA. Y
kpuctany [Mg(H20)s][Ni(1,3-pndta)]-4H,0 (1) xomMruiekca MOTY C€ YOUMTH KATjOHCKE W
aHJOHCKE pervje Koje ce€ MPOCTUPY HOpMajaHO Ha C-mpaBail. Pacmopen KaTjOHCKHX H
AHJOHCKHMX BpPCTa MOCMAaTpaH JyXK a-0ce JIaT je Ha ciaunu 21. XuapaTucaHu KOMIUIEKCHH
KaTjOHH Cy TOBE3aHM BOJOHWYHUM Be3ama ca O7W Mornekynuma Boje, OK Cy XeIaTHH
KOMIUIEKCHU aHjOHH BOJOHMYHHMM Be3ama IMOBE3aHH ca TPH pa3InIUTa MOJICKYJIa BOJE
(O8W, O9W wu O10W). Xuapartucanu TMpoOCTOp KOju ce Haiasu usmely cycemHux
[Ni(1,3-pndta)]* amjona je mnpuiuuHO paspeljeHO WCIYEEGH MOJSKYIHMa BOJE,

omoryhaBajyhu Ha Taj HauMH J1a ce y 0Baj MPOCTOP cMecTe HeypeheH! eTUII-CYIICTUTYEHTH
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KOjU MOTHYY U3 JIBE aHJOHCKE peruje IMoBe3aHe MpeKo LeHTpa cumerpuje. Eduxacnoct
IaKoBama Koz Komiriekca (1) je Mama Hero Koja BeroBor HecylcTuryncanor anainora (5),
IITO Ce BHIM M3 JOOMjEHUX BPEIHOCTH 3a TycTHHY KpucTana (1,542 3a xommiekc (1) u

1,649 Mg/m?® 3a komruteke (5)).

Ta6ena 17. Tlopeheme omabpanux reomerpujckux mapamerapa (A, ) 3a

[Mg(H20)e][Ni(1,3-pndta)]-4H20 (1) [oBaj pax] u [Mg(H20)e][Ni(1,3-pdta)]-2H,0 [17]

KOMILICKCE
(1) [Mg(H20)6] (1) [Mg(H20)6]
[oBaj pan] [Ni(1,3-pdta)]-2H,0 [oBaj pan]  [Ni(1,3-pdta)]-2H,O
[17] [17]

Nil—05 2,0297 (14) 2,078 (5) 08—Cl10 1,233 (3) 1,233(8)
Ni1—03 2,0471(13) 2,026 (5) N1—C7 1,482 (3) 1,477 (8)
Ni1—01 2,0517 (13) 2,026 (5) N1—C11 1,483 (3) 1,479 (8)
Ni1—07 2,0611 (14) 2,078 (5) N1—C1 1,501 (3) 1,478 (8)
Ni1—N2 2,0743 (15) 2,073 (6) N2—C4 1,475 (3) 1,477 (8)
Ni1—N1 2,1016 (15) 2,073 (6) N2—C9 1,481 (3) 1,479 (8)
01—C5 1,267 (2) 1,262(8) N2—C3 1,495 (2) 1,478 (8)
02— C5 1,241 (2) 1,246 (8) Ccl1-C2 1,529 (3) 1,533 (9)
03— C6 1,265 (2) 1,262(8) c2—C3 1,538 (3) 1,533 (9)
04— C6 1,247 (2) 1,246 (8) C4—C5 1,514 (3) 1,532 (9)
05—C8 1,276 (2) 1,269 (8) c6—C7 1,515 (3) 1,532 (9)
06—C8 1,236 (3) 1,233(8) C8—C9 1,512 (3) 1,52 (1)
07--C10 1,265 (2) 1,269 (8) C10—C11 1,520 (3) 1,52 (1)
05—Nil—03 90,97 (6) 91,0 (2) C4—N2—C9 111,66 (17) 1108 (5)
05—Nil—01 91,52 (6) 92,1 (2) C4—N2—C3 10945(16) 110,0 (5)
03—Nil—01 97,98 (5) 99,4 (3) C9—N2—C3 11246 (16) 110,7 ()
05—Nil—07 178,42 (5) 173,1 (3) C4—N2—Nil 103,99 (11)  104,0 (4)
03—Nil—07 90,09 (6) 92,1 (2) C9—N2—Nil 10838(12)  109,2 (4)
01—Nil—07 89,50 (6) 91,0 (2) C3—N2—Nil 11058 (12) 111,8(4)
05—Nil—N2 83,44 (6) 82,5 (2) N1I—Cl1—C2 11349(17) 1151 (6)
O3—Nil—N2 174,29 (6) 173,3 (2) C1—C2—C3 121,43 (17) 120,7 (8)
01—Nil—N2 83,40 (6) 82,5 (2) N2—C3—C2 11543 (18) 1151 (6)
O7—Nil—N2 9547 (6) 94,2 (2) N2—C4—C5 114,02 (16) 111,0 (6)
05—Nil—N1 96,09 (6) 94,2 (2) 02— C5—01 12437(18) 1252 (7)
03—Nil—N1 82,76 (6) 82,5 (2) 02— C5-—C4 117,63 (17) 119,4(7)
01—Nil—N1 172,34 (6) 173,3 (2) 01-C5—C4 117,92 (17) 1153 (6)
O7—Nil—N1 82388 (6) 82,5 (2) 04-C6—-03 12396 (18) 1252 (7)
N2—Nil—N1 96,61 (6) 96,3 (3) 04—C6—C7 11819(17) 119,4(7)
C5—01—Nil 112,53(12) 1150 (4) 03—C6—C7 117,77 (17) 1153 (6)
C6—03—Nil 112,59 (12) 1150 (4) N1—C7—C6 112,48 (16) 111,0(6)
C8—05—Nil 11562 (13) 1157 (5) 06—C8—05 1249 (2) 126,3 (7)
C10—07—Nil 11516 (13) 1157 (5) 06—C8—C9 117,33 (19) 116,3(7)
C7—N1—Cl11 110,67 (16) 1108 (5) 05—-C8—C9 117,79 (18) 117,3(7)
C7—N1—Cl 11045 (16)  110,0 (5) N2—C9—C8 11434(16) 115, (6)
C11—N1—C1 113,41 (16)  110,7 (6) 08—C10—07 124,12 (19) 126,3(7)
C7—NI1—Nil 101,98 (11)  104,0 (4) 08—C10—C11 116,98 (18)  116,3(7)
C11—N1—Nil 108,41 (11)  109,2 (4) O7—C10—C11 118,90 (18) 117,3(7)
C1—N1—Ni1l 111,32(12) 111,8(4) N1—C11—C10 114,37 (16) 115, (6)
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Cauka 21. Ilpuka3 pacnopena KaTjOHCKMX H aHJOHCKHX peruja y KpUCTaIy
[Mg(H20)6][Ni(1,3-pndta)]-4H,O (1) xomIulekca TMocmarpan Iy a-oce. Ilpukas
WIYCTPYje XUIpATHCAHE KaHAJIe W CTHJI-CYIICTUTYEHTE KOjH Cy CMEITeHH m3Mel)y oBuX

KaHalia

IR cnekmpu Ni(11) u Cu(ll) komnnexca

VY Ttabenu 18 cy nate BpeqHOCTH (pEKBEHIIM]ja 32 CUMETPUYHE M HECHMETPUYHE
BaJICHIIMOHE BUOpanuje kapOokcunaTHUX rpyna y uHdpa-upseHoM (IR) cnextpy Ni(Il) u
Cu(ll) xommiexkca ca  pa3AUYUTAM  AMHHOIIOJIMKAPOOKCHJIATHUM  JIMTAHINMA,
xekcagentatuM (1,3-pdta u 1,3-pndta) u nenramentrataum (1,3-pnd3a u 1,3-pd3a).
Haheno je ma ce IR cmektpu y 001acTM HECMMETpPUYHHMX BaJCHIMOHUX BHOpaluja
KapOOKCHITHUX rpymna KOMILJIEKCa npenasHux MeTasna KOju cazipxe
amMuHOMoNMMKapOokcuaaTHe ymranae edta-u 1,3-pdta-tuna mMory ca ycrnexoM ymoTpeOuTH
3a HCIHUTHBAI-E TeOMeTpHje oBuX Komrutekca [29,32,33a,34,35,38-48]. OBo je 3acHOBaHO
Ha J00pO TM03HATOj] YUHCHULM Jla C€ HECUMETPUYHE BaJleHIIMOHE (peKBEHIIM]je

HEKOOPIMHOBAHUX KAapOOKCHIHHX Ipyna Hamase y obmacté ox 1700-1750 cm™, mok cy
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onroeapajyhe ¢QpekBeHmmje 3a KOOpPAWHOBaHE KapOOKCHUIHE Tpyre (MECTOWIAHU W
[IeTOWIAHH [PCTEHOBH) Hanase y oGmactu < 1700 cm™. Takohe, HaljeHo je ma BpeaHOCT
dbpekBeHIMje 3aBUCH o1 Tpupoie jona metana: 1600-1620 cm? 3a jOHE MeTajia Kao IITO Cy
Cr(111) u Co(l11), u 1610-1590 cm™ 3a jone merana kao wro cy Cu(ll), Ni(ll) u Zn(11). Y
OBOM paJly BpEIHOCTH (PpPEKBEHIMja CUMETPHYHMX M HECHMETPUYHUX BAJICHIIMOHUX
BuOpanuja ucnutuBanux Ni(Il) u Cu(Il) kommekca ca 1,3-pndta [komruiekcu (1) u (3)] u
1,3-pnd3a swmranguma [kommiaekcu (2) u (4)] cy mopehenun ca oarosapajyhum
(dpekBeHIIMjaMa aHAJIOTHUX KOMIUIEKCA TO3HATHX KPUCTATHHX CTPYKTypa, Kao INTO CY
[Ni(1,3-pdta)]* (5), [Cu(1,3-pdta)]* (6) u [Cuy(1,3-pd3a),]* (7) xommmexcu [15,17,77].
Kao mro ce Buam y tabenu 18, cBe HaBeneHe QpeKBEHIMje 32 HECUMETPUYE BAICHIIMOHE
BUOpalrje KapOOKCHIIATHUX TPpyIa UCIMTUBAHUX KOMILIEKca ¢y y obnactu usmely 1690 —
1590 cm™, mTo yKasyje Ha UHECHHIY A3 Cy CBE KapOOKCHIATHE TIPyle Y OBHM
KOMILIEKCHMa KoopanHoBaue [29,32,33a,34,35,38-48]. Xexcanenrarau [Ni(1,3-pdta)]* (5)
[17] u [Cu(1,3-pdta)]* (6) [15] komimekcH, y OGIACTH HECHMETPHUYHHX BATCHIHOHHX
BUOpaIja KapOOKCWIATHUX TpyIa, MOKa3yjy MO JIBe€ MHTCH3MBHE Tpake, IOK aHaJIOTHU
1,3-pndta komruIeKcH MOKa3yjy y 0BOj 00JaCTH CaMo jeJiHy IMUPOKY W BeOMa HHTCH3MBHY
tpaxy. Tpake Ha 1590 u 1599 cm™, koje oAroBapajy KOOpAMHOBAHHM KapOGOKCHIATHHM
rpynama [Ni(1,3-pdta)]> (5) u [Cu(1,3-pdta)]> (6) kommiekca, MOKa3yjy TEHICHIH]yY
pasnarama Ha CTpaHH BUILE €HEprHje, ITO HMa 3a MOCIIEHNIly MOojaBy HOBUX Tpaka ciador
uaTensnTera Ha 1687 3a Ni(Il) 1 1691 cm™ 3a oxrosapajyhu Cu(ll) xommiexc [15,17].
OO6sacT cMMETpPUYHUX BaJCHIIMOHUX BUOpallMja KOOPAWHOBAHMX KapOOKCHJIATHUX rpyna
xekcagentataux Ni(ll) (5) u Cu(ll) (6) xommekca ca 1,3-pdta muranmom je HemrTo
KOMILICKCHH]ja ca BUIIE TPaKa y OJHOCY Ha OBY 00xacT 3a aHnanorue 1,3-pndta kommiekce
[xommtekcu (1) u (3)]. Takohe, HEIITO KOMIUICKCHHJU CIIEKTap ca BHUIIIE Tpaka y OBOj
o6nact je no6ujen 3a panuje omucan [Cuy(1,3-pd3a),]* (7) [77] xoMiuteke y oHOCY Ha
Ni(ll) (2) u Cu(ll) (4) xomruiekce ca HOBUM TeHTaneHTaTHuM 1,3-pnd3a nurangom. Ha
OCHOBY Tojlataka y Tabemu 18, Moxe ce, Takole, 3aKk/by4nTH Ja BPEJHOCTH (PPEKBEHIIUja
HECUMETPUYHMX BaJCHIMOHNX BuOpanuja ucnutuBanux Ni(ll) koMruiekca jexe Ha HIKO]

eHEepruju y oHoCy Ha oAroBapajyhe ppexseniuje anamoraux Cu(ll) kommiekca.
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Tabena 18. Ilomoxkaju QpexBeHIMja HECUMETPUUYHUX W CHMETPHUYHHUX BaJCHIMOHHUX
BUOpALja KOOPAMHOBAHUX KapGokcHmuux rpyna (v = cm™) ucnurusarux Ni(ll) u Cu(ll)
KoMmIuiekca ca xekcaienratHum (1,3-pdta [15,17] wu 1,3-pndta [oBaj pax]) wu

nearagenratauM (1,3-pd3a [77] u 1,3-pnd3a [oBaj paxa]) nuranguma

Komnueke Vasym Veym JIur.
Ni(ll):
Mg[Ni(1,3-pdta)]-8H,0 (5) 1590 (s), 1687 (w) 1477 (w), 1448 (m) [17]

1406 (s), 1333 (m)
Mg[Ni(1,3-pndta)] 10H,0 (1) 1597 (s) 1446 (m), 1407 (s), 1353 (m)  [oBaj pax]
Mg[Niy(1,3-pnd3a),] 8H,0 (2) 1597 (s) 1403 (s), 1320 (m) [oBaj pax]
Cu(ll):
Mg[Cu(1,3-pdta)]-8H,0 (6) 1599 (s), 1691 (w) 1474 (w), 1451 (w), [15]

1404 (s), 1370 (w),

1333 (m)
Mg[Cu(1,3-pndta)]7H,0 (3) 1605 (s) 1403 (s), 1326 (w) [oBaj pan]
Mg[Cu,(1,3-pd3a),] 7H,O (7) 1607 (s) 1464 (w), 1449 (w), 1432 (s), [77]

1392 (w), 1336 (w), 1325 (w)
Mg[Cus(1,3-pnd3a),] 7H.O (4) 1607 (s) 1399 (s), 1327 (w) [oBaj pax]

asym = acuMeTpuyHe; SYM = CUMETpUUHe; S = jake; M = cpeame; W = ciabe.

Enexmponcku ancopnyuonu cnexmpu Ni(11) u Cu(ll) komnaexca

EnexTtponcku ancopmimonu crekrpu ucnutuBanux Mg[Ni(1,3-pndta)] 10H,0 (1) u
Mg[Ni(1,3-pnd3a),] 8H,0 (2) xomMIutekca U HBUXOBH HyMEPHUYKH MOJAIM Cy TopeleHu ca
oarosapajyhum momanmma 3a Mg[Ni(1,3-pdta)] 8H,0 (5) xomruiekc mo3Hate KpUCTaIHE
CTPYKType U AedUHHCAHHX ancopnuuoHux makcumyma [17] (Cnuka 22 u Tabena 19).
ENeKTpOHCKH alCOPMIHOHK CIIEKTPH ca HyMepwukuM mojpanuma ucruruBanux Cu(ll)
xkomruiekca, Mg[Cu(1,3-pndta)] 7H,0 (3) u Mg[Cuy(1,3-pnd3a),)] 7H,0 (4), nopehenu ca
oarosapajyhum BpenHoctiMa 3a ananorse Mg[Cu(1,3-pdta)] 8H,0 [15] (6) u Mg[Cux(1,3-
pd3a);] 7H.0 [77] (7) xommnekce (Crmuka 23 u Tabema 20). Kpucramue crpykrype u
€JIEKTPOHCKH aIllCOPIIMOHM criekTpu nocineama asa Cu(ll) kommekca cy paHuje onucaHu
y nuteparypu [15,77], ma cy y 0BOM pajay CIEeKTpH OBUX KOMILIEKCA MOHOBO MPUKA3aHH Jia
Ou ce mopenunan ca crekTpuMa ucnutuBaHux Komiuiekca Cu(Il). V carmacHoctu ca
nperxoaHo Hal)enum pesynararuma 3a Ni(ll)-edta-tun kommiekce [29], kao u MHOTE ApyTe
Ni(ll) xommiekce [93-96], wmHTepmpeTanuja €JIEKTPOHCKOT ANCOPIIIMOHOT CHEKTpa
Mg[Ni(1,3-pdta)] 8H,O0 (5) [17] xommiekca je wu3BpiieHa mpeko okraemapckor (Op)
MoJena: 3Agg — 3ng (F) (tpaka I); 3A29 — 3Tlg (F) (tpaka Ill) u 3A29 — 3T]_g (P) (Tpaka

1V) (Tabena 19). Umajyhu y Buy YHEEHUILY /1a CY €JIEKTPOHCKH ariCOPIIIMOHU CIIEKTPH
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Ni(ll) komIuiekca, KOju Cy MpHKa3aHW Ha CIIMIK 22, BPJIO CIUYHHU 1O OOJIMKY, OHJA Ce 3a
UHTEPIPETAIN]y EICKTPOHCKUX alCOPIIIMOHUX CIIEKTapa Y OBOM paay HCIHTHBAHHX
Ni(Il) xomrmiekca (1) u (2), Takohe, moke mpumeHHTH UCTH OKTaemapcku mogaen (Op).
Enexrponckn ancopnuponn cruektpu  [Ni(1,3-pndta)]* (1) u [Ni(1,3-pdta)]* (5)
komruiekca (Cnuka 22 u Tabenma 19) cy CKOpO HMIACHTUYHM IO OOJHMKY U IOJIOKAjy
arncoprnuuoHux MakcuMmyma. OBO je y CKIIaay ca YMIEHHUIIOM Ja OBU KoMIUIekcH umajy Co
MOJICKYJICKY CHMETPHjy, Ca XeKcaJeHTaTHO KoopauHoBanuM 1,3-pndta u 1,3-pdta
muragauma u Ni(l1)-N,O; xpomodopom murangHor mosba. MehyTum, €IeKTPOHCKH
ancopnumonn  cekrap  [Nip(1,3-pnd3a),]>  kommiekca (2) ca  IEHTaIEHTATHO
koopaunoBanuMm 1,3-pnd3a smrangom u Ni(ll)-N,O3 xpomodopom nurangHor mosba ce
pasiuKyje Mo O0JIMKY M MMOJI0XKa]y arCOPIIMOHOT MAKCUMyMa y OHOCY Ha Komiutekce (1)
u (5). OBe pasmuke ce YIJaBHOM OIJIeajy y IPBOM M YETBPTOM arCOPIIIMOHOM
MaKCUMyMy, KOjH Cy JIOIMpaHH Ha HajMamoj, OJHOCHO HAjBUIIOj, CEHEPrHjH Y
€JIEKTPOHCKOM aricopriiimonomM crekrpy (Crnuka 22 u Tabena 19). Y oaHOCY Ha KOMILIEKC
(2), enextponcku amncopmionu crektpu Ni(ll) xomrutekca (1) u (5) umajy TeHIACHIH]Y
Hernama y 00JacTh YEeTBPTOT arCOPHIMOHOr MakcuMyma. Kao mTo ce BHUIM, IMPBH
ariCOPIIIMOHM MaKCUMyM KoMIuiekca (2) je TPUIMYHO IIMPOK Ca jaCHO H3PaKEHOM
TEH/ICHIMjOM IIeTlarba Ha CTpaHW Hibke eHepruje. Ilupoku amcopriimoHH MaKCHMYMH
NPBHUX alCOPIIMOHUX Tpaka ca TEHACHIMjOM IleNama Ha CTPAHW HUXKE CHEprHje Cy,
takohje, youeHH Koj KBaaparHo-mmpamuaaiaux Cu(ll) komrmuiekca ca meHTaaeHTATHO
koopauHoBanuMm ed3a u 1,3-pd3a nuranauma [77]. YV ckiagy ca oBHM, MCTa KBaJpaTHO-
nupamuanHa reomerpuja (Spy) moxke ce mpermocraButd 3a ucnutuBanu [Niy(1,3-
pnd3a),]*" kommiekc (2). IMopex Tora, 3a KOMILIEKE (2) MOXe ce MPETIOCTABUTH Ja UMa
OKTaenapcKy Cis-mojapHy reometpujy. HaxanocT, HallM MOKYIIaju a 100UjeMO KpUCTa
KoMIUTIeKca (2) MOrojiaH 3a PEHIreHCKY CTPYKTYPHY aHalIH3y, ca IHJbeM Ja TMOTBPAUMO

MIPETIOCTABJFEHY KBAJIPATHO-TIMPAMHIATTHY TEOMETPH]Y, HUCY OUITN yCTICIITHH.
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Cimka 22. Enexktponcku amcopruuonu crektpud Ni(ll) xommtexca: Mg[Ni(1,3-
pndta)] 10H,O (1); Mg[Nix(1,3-pnd3a).] 8H,0 (2); Mg[Ni(1,3-pdta)]8H,O (5) [17].
IIpeBoj y o0macTH MPBOT arcOPIIIHOHOT MaKCHMyMa Komiuiekca (2) ca TeHICHIIHjOM

1eTamka Ha CTPaHu HUKE CHEPTrHje j€ 03HAYEH CTPEITUIIOM
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Ta6ena 19. Enexrponcku arncoprionu nogaiu 3a Ni(ll) komriekce ca XekcaaeHTaTHUM

1,3-pdta [17], 1,3-pndta [oBaj pax] u nenragentataum 1,3-pnd3a nmuranauma [oBaj pas]. 3a

CHUMAC OBHUX  CIICKTapa ynOTpC@EeHH

Cy BOJEGHHU pPACTBOPH KOHIIEHTpAIHje

1,010 mol/dm®
Kommnueke Ancopnuuja OsnavaBame npenaza  Jlur.
A(mm)  sMTem™) On
Mg[Ni(1,3-pdta)]'8H.0 (5) [ 959,9 154 Ay — *Ty(F) [17]
I 770,3 3.9 — 'E4(D)
I 5715 7,3 — *T14(F)
IV 379,7 (sh) 7,9 = 3T14(P)
Mg[Ni(1,3-pndta)] 10H,0 (1) | 943,8 14,7 [oBaj pan]
I 776,1 4,0
I 570,7 6,8
IV 374,7 (sh) 7,3
Mg[Ni,(1,3-pnd3a),]8H,0 (2) | 941,1 18,7 [oBaj pax]
1020,0 (sh) 17,9
| 761,0 6,6
1l 593,7 115
IV 3660 16,0

EnexTpoHcku amncoprionn crektpu wucnutuBanux Mg[Cu(1,3-pndta)] 7H,O (3) u

Mg[Cu,(1,3-pnd3a),] 7H,O (4) xomrutekca mopeheHH ca crekTpuMa W OoJroBapajyhum

HYMEpPUYKUM  [OJanuMMa  3a

AaHAJIOTHE

Mg[Cu(1,3-pdta)] 8H,0

(6)

[15]

n

Mg[Cuy(1,3-pd3a);] 7H,O (7) [77] xommiekce mo3HaTUX KpucTanHUX cTpykrypa (Crimka

23 u Tabemna 20)
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Cmuka 23. Enexrponcku ancopmiuonn cnektpu Cu(ll) xommiaekca: Mg[Cu(l,3-
pndta)] 7H,O (3); Mg[Cu,(1,3-pnd3a);] 7H.O (4); Mg[Cu(1,3-pdta)] 8H,O (6) [15];
Mg[Cuy(1,3-pd3a),] 7TH,O (7) [77]. TIpeBoju y cmektpuma kommiekca (4) u (7) koju
yKa3yjy Ha TeHIEHIH]y LeMama arcopIHOHOr MaKCHMyMa Ha CTPaHHW HUXXE €HEepruje cy

O3HAYCHU CTPCIMIIOM

Kao mto ce moxe Buaeru Ha ciuiu 23, ceu Cu(ll) komrmiekcu mokasyjy jeany
kBasu-cumerpuuny [komrutekcu (3) u (6)], wim Hecumerpuuny [komruiekcu (4) u (7)]
Tpaky. Y OCHOBH, OBe Tpake npumnanajy d;2, dyy, s, dy; — 0x2-y2 mpenasuma ca dy2-y2
OCHOBHHUM CTameM, IIITO je y cariacHOCcTH ca Dap [oxTaemapcku komiutekcu (3) u (6)] wm
Cav [xBagpatHO-iMpamuganau komiwiekcu (4) u (7)] cumerpujoM OBHX KOMILICKCA.
Crpykrypa kommuiekca (6), ca XekcajaeHTaTHO koopauHoBaHuM 1,3-pdta nuranmom u
KOH(GOPMAIIHjOM  yeujeHe-1alje MIECTOYIAHOT JHAMHHCKOT TIPCTEHa, je MoTBpheHa

PEHATSHCKOM CTPYKTYpHOM aHanu3om [15,16].
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Ta6ena 20. Enexkrponcku amcoprimonu mojgaid Cu(ll) komruiekca ca XeKcaaeHTaTHHUM
(1,3-pdta [15] u 1,3-pndta [oBaj pax]) u nentanenTaraum (1,3-pd3a [77] u 1,3-pnd3a [oBaj
pan]) nuranamMma. 3a CHHMame OBHMX CIIEKTapa YIOTpeOJbeHH Cy BOJICHH PacTBOPU

cienehux kouuentpaumja: (3) u (6) = 5,010% mol/dm?; (4) u (7) = 1,010 mol/dm?

Komnueke Ancopnumja JIur.
A (nm) e(M'em™)
Mg[Cu(1,3-pdta)] 8H,0 (6) 705,0 87,03 [15]
Mg[Cu(1,3-pndta)] 7H,0 (3) 703,7 72,75 [oBaj pan]
Mg[Cu,(1,3-pd3a),] 7H,O (7) 659,2 139,30 [77]
806,0 (sh) 92,60
Mg[Cuy(1,3-pnd3a),] 7H,O (4) 670,0 152,20 [oBaj pax]
774,0 (sh) 130,70

VY cknany ca Kpuctaiorpad)CKuM IMojalnyuMa M YHME-CHUIAMA JIa CY €JICKTPOHCKH
arcopIIMOHU crieKTpu Komiutekca (3) u (6) CKOpo MACHTHUYHH IO HU3MJIEAY M TMOJI0XKajy
ancopniuonor MakcumyMa (Cnuka 23 u TaGena 20), moxe ce 3akbyunTs 1a je uctTu NoOy
HauuH KoopauHarwmje 1,3-pndta u 1,3-pdta nuranama oxurpasa y o6a Cu(ll) xommiekca.
[lenranenratHa koopauHanuja 1,3-pd3a swmranga u  KBajpaTHO-mMpamuganHa (Spy)
reometpuja Mg[Cuy(1,3-pd3a);] 7H,O komrutekca (7) je moTpBphieHa pPEHATCHCKOM
cTpykTypHOM aHamu3oMm [77]. ¥ o6e Cu-1,3-pd3a jenunune, Cu(ll) jon je koopauHOBaH 3a
ner JoHopckux aroma 1,3-pd3a nuranma: Tpu aToMa KHCEOHHMKAa W3 JICTIPOTOHOBAHUX
KapOOKCUITHUX TpyIa M J[Ba aToMa a30Ta U3 JBE aMUHO Ipyre (CeKyHIapHa U TepIirjapHa).
Ancoprionn Makcumymu nenrtageHtatHux Cu(ll) xommekca (4) u (7) cy 3HATHO
MIOMEpEHHU Ka BHUIIO] eHepruju y mopehemy ca xekcagentaraum Cu(ll) kommiekcuma (3) u
(6). Takohe, emexrpoHcku arcopriuoHu crektap nentageHtatHor Cu(ll) komrurekca
nokasyje Behr MHTCH3UTET W TCHJCHIIM]Y IIeTama arcoPIIMOHOT MaKCHMyMa Ha CTpaHH
HIDKe eHepruje y mopehemy ca xekcaaeHtatHuM Cu(ll) xommuiekcom. Enekrponcku
ancopruuonu crekrpu nenraaeHtataux Cu(ll) xommiekca (4) u (7) cy BeoMa CIMYHH 1O
OOJIMKY W TIOJIOXKA]y AarcOpPHIIMOHMX MakcuMmyma. Crora ce MOXe MPETIIOCTABHTH Ja
UCIIUTHBAaHU KoMmIuieke (4), ca meHTajeHTaTHO KoopauHoBaHuM 1,3-pnd3a murasmom,

Takole, Ma KBaJIpaTHO-MUPAMUIATHY CTPYKTYpY.
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4.1.3. Kapaxkrepusanmja Cr(IIl) kommiekca ca 1,3-neHTaHIHAMMH-

N,N,N’,N’-TeTpaaneraro JUTaHA0M

3a CUHTE3Y HOBHUX Cr(l11) KOMILJIeKCa Kopunthexn je
1,3-nenranauamun-N,N,N’,N -tetpaarieraro (1,3-pndta) nwranax Koju je CTPYKTYpPHO
cimvan 1,3-nponanauamun-N,N,N’,N -tetpaarneraro (1,3-pdta) muranay. JloOujeHa cy tpu
noBa Cr(lll) xomiiekca ca xekcameHTaTHO KoopamHoBanuM 1,3-pndta nuranmom Koju
campke pasnumuMte KoHTpa-katjoHe u T1o: Na[Cr(1,3-pndta)]-H,O (1), K][Cr(1,3-
pndta)]-H,O (2) u Ca[Cr(1,3-pndta)],-4H,O (3). Komriutekcu cy oKapakTeprcaHu
IPUMEHOM eneMeHTapHe Mukpoanammse, UV-Vis, IR u 'H NMR CHEKTPOCKOMHUjE.
Kpucranne crpykrype noOujeHHMX KOMIUIEKca Cy ojapeheHe Ha OCHOBY pEHIreHCKe
cTpykTypHe aHanm3e. Omgabpanu reomerpujcku napamerpu komiuiekca (1), (2) u (3) cy

npuKa3zaHu y tabenu 21.

Tadena 21. Tlopeheme omabpanux reomeTpujckux mapamerapa (A, °) 3a

[Cr(1,3-pndta)]” komrutekce

Kommnuiexc Cr-N Cr-Oeq Cr-Oax N-Cr-N O-Cr-O

13

[Cr(1,3-pndta)]”  Cri-N1  2090(2) Cri-01  1,963(2) Cri-05  1,955(2) 96,45(8) 97,78(7)
Cri-N2  2071(2) Crl-03  1,951(2) Cri-07  1,967(2)

[Cr(1,3-pndta)]”  Cr2-N3  2,102(2) Cr2-09  1,972(2) Cr2-013  1,957(2) 95,04(8) 100,08(7)
Cr2-N4  2,062(2) Cr2-011  1,969(2) Cr2-015  1,948(2)

26

Vpehen Cri-N1  2,085(4) Crl-O1  1,949(4) Cri-05  1,943(4) 97,2(2) 97,5(2)
[Cr(1,3-pndta)]  Cri-N2  2,062(4) Crl-03  1,954(3) Cri-07  1,943(4)

Heypehen Cr2-N3  2065(13) Cr2-09  1930(14)  Cr2-013  1969(13)  99,6(6) 98,1(6)
[Cr(1,3-pndta)]  Cr2-N4  2,115(16) Cr2-011 1,943(13)  Cr2-015  1,922(13)

Heypehen Cr2A-N3A 2,100(11) Cr2A-O9A 1956(16)  Cr2A-O13A1,994(14)  97,1(6) 97,3(6)
[Cr(1,3-pndta)]  Cr2A-N4A 2,072(14) Cr2A-O11A1,922(15)  Cr2A-O15A 1,944(12)

3B

[Cr(13-pndta)]”  Cri-N1  2,105(2) Crl-O1  1,959(1) Cr1-05 1,966(1)  95,99(6) 98,11(6)
Cri-N2  2,061(2) Crl-03  1,957(1) Cr1-07 1,952(1)

[Cr(1,3-pndta)]  Cr2-N3  2,098(2) Cr2-09  1,956(1) Cr2-013  1,972(1)  96,38(6) 98,16(6)
Cr2-N4  2,055(2) Cr-011  1,957(1) Cr2-015  1,961(1)

* Mopauu 3a jBa KpHCTanorpadCki HE3aBHCHA KOMIUIEKCHA aHjoHa; ° Ilojiamu 3a TPH KpHUCTAorpadcké He3aBHCHA
KOMIUICKCHA aHjoHa; " [ToJalu 3a IBe MOHOHYKJICAPHE jeJHHHUIIC.
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Cmpyxkmypna kapaxkmepuszauuja [Cr(1,3-pndta)] komnaexcrnoz anjona

[IpuMeHOM pEHATeHCKEe CTPYKTypHE aHallu3e OKapaKTepucaHa Cy TpPH HOBa
Cr(ll)  xommexca, Na[Cr(1,3-pndta)]-H,O (1), K][Cr(1,3-pndta)]-H,O (2) wu
Ca[Cr(1,3-pndta),]-4H,0 (3). Komruiekc (1) kpucranuiie ca 1Ba KOMIUICKCHA MOJICKYJIa Yy
CHMETPHjCKM HEe3aBUCHOM jeiy jenunuune hemmje. Kommiekc (2), Takohe, campku aBa
KOMILJIEKCHA MOJIEKYJIa Yy CUMETPH]CKHA HE3aBHCHOM JIeTy jeIMHUYHE henuje, jenan o1 mbux
je HeypeheH mpeko 1Be Kpucranorpadcke mosuuyje, mTo JOBOIU 10 TOra Ja Y KPUCTAITy
nocroje (GopMarHO TpU KpHcTanorpadcku He3aBHCHA KOMIUIEKCHA Mosekyna. Ilpemaa
CBaKM OJl OBUX KpHUCTaja caapku (OpMaNHO jeaaH MOJIEKYJ BOJAE IO jEJIHOM
KOMILUIEKCHOM JOHCKOM I1apy, YJIora MOJICKyJia BOJE Y OBUM KpHCTAJIUMA j€ Pa3inyuTa
(vide infra). V ciyuajy komiuiekca (3) kpucraiorpad)CKi He3aBUCHA CTPYKTYPHA jeIMHHIIA
ce cacroju ox auHykiaeapHor komiuiekca (Ca[Cr(1,3-pndta)];) wu cagpxu Tpu

KOOpAWHOBAHA U je):[aH HCKOOPAWMHOBAHU MOJICKYJI BOAC.

ORTEP nujarpam [Cr(1,3-pndta)]” koMIuiekCHOT aHjoHA ca OpPOjYaHOM HIEMOM 3a
onrosapajyhe arome npukasan je Ha cinuuu 24. OBaj KOMIUIEKCHU aHJOH j€ MPEICTaBHUK
cBux cenam HesaBucHux [Cr(1,3-pndta)]” koMIulekCHHX aHjoHA KOjU CYy YOUCHH y OBOM
pajy OIHCaHUM KpPUCTATHUM CTpyKTypama. Y KOMIUIEKCHOM aHjony 1,3-pndta je
xekcaneHTatHo koopauHoBad 3a Cr(l11) jon mpeko mect qoHopckux aroma guranaa (2N u
40), dopmupajyhu okTaeaapcKy reOMETpHjy y KOjoj MIECTOUWIaHN JMAMUHCKH IPCTEH MMa
kKoHbopManujy yeujene-nahe (twist-boat) (Crnuka 24). YV cBe Tpu KpHCTalHE CTPYKTYype,
MA 1 S/A w3oMepu Cy MPUCYTHH Y jeJIHAKUM KOJMYMHAMA, JOK je Ha CIUIM 24 TpHKa3aH
camo jemaH, TO ject, AMA wusomep. A/A wm3omep mocenyje R-kondpuryparmujy erui-
CYICTUTYHCAHOT YIJbEHHKOBOT aTroMa JMAaMHHCKOT TIPCTE€HA, JOK YIJbeHUKOB AaTOM
BEeroBor cHantuomepa (6/A), KOjU je TeHepucaH Yy WCIUTHBAHHUM KPHCTATHUM
CTpyKTypaMa nomohy KJIM3HE paBHH WJIM LIEHTpa MHBEp3Hje, Moceayje S-KoHpUrypauujy.
VY oBom mapy enantuomepa (AMA/R u 6/A/S) eTwn-rpyma Ha HEHTPATHOM MIECTOYIAHOM
JMaMUHCKOM TIPCTEHY je 3ajp)Kajia eKBaTOpPHjalHH TOJIOKAj, JOK Y JPYroM IMapy Mame
(daBopuzoBaHux KoHpurypanuonux wuzomepa (A/A/S u O/A/R) ermn-rpyma 3ay3uma

aKCHjaJIHU TT0JIOXKA].
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Cimnka 24. ORTEP nujarpam [Cr(1,3-pndta)]” xomruiekcHor aHjoHa y komiuiekey (1) ca R-
KoH(purypamnujom etua-cyncrutryucanor Cl yribeHHKoBOr atoma, yBujeHoM (twist ) A
KOH(pOpMallMjoM JHaMUHCKOT NMpCTeHa U A KOHQUIypalujoM LEHTPAIHOI jOHA MeTaja.
Tepmanau enuriconnu cy npukasanu ca 40% cremenom BepoBatHohe. BonoHnkoBu atomu

Cy IIpUKa3aHu Kao cq)epe IMMPOU3BOJbHOT IMOJTYIIPCYHUKA

Ha ocHoBy mopeljema qyxuHa MeTan-muran Besa y mocMatpanum [Cr(1,3-pndta)]”
KOMIUICKCHUM aHjoHMMa (KpuctanHe ctpykrype 1-3) ca oaroBapajyhum BpemHocTUMA Y
crpykryprao ciuanom [Cr(1,3-pdta)]” xomrutekcHom anjony [12] (TaGema 22), mory ce
YOUUTH MaJle aly CTaTUCTYKH 3HadajHe paznuke. CTaTHCTUYKU 3HAYaj YOUCHHX Pa3jIvKa y
Ty’)KMHaMma Be3a Koje cy mpaheHe CBOjUM CTaHAapIHUM OJCTyNamuMa (S.U. BPEIHOCTH) je
IPOLEH-EH HAa OCHOBY TeOpHje BepoBaTHohe. Y OBOM ciyyajy ymoTpeOJbeH je TpU curma
KPUTEPHjYM, KOJU TOBOPH Jla CE J[Ba je/[HaKa KBAaHTHTETa HE MOTY Pa3JIMKOBAaTH BHIIE O]
U3HOCAa TPOCTPYKE CTaHIapAHE HEU3BECHOCTH (TO jecT, Tpu myTa S.U. BpeAHOCT). 3a
BPEIHOCTH 3a KOj€ He TMOCTOje CTaHAap/IHa OJCTyIama YyIoTpeOJbeH je KPUTEPHjYM J1a ce
3a 700po ozapeheHe KpHCTAIHE CTPYKType BPEIHOCTH 3a CTaHJApAHA OJCTYyMama Y
ny’kHHaMa Be3a Hamase ucron 0,01 A, a one 3a yriose msmely Besa u TOp3MOHE yrioBe

n3Hoce 0,1° nnm Mame.
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TaGena 22. Jlyxune weram-turang Besa (A) y okraemapckum  [Cr(1,3-pdta)]”
KOMILICKCUMA
Komnuiexe Cr-N cpelmba Cr-Oeq cpenamba Cr-Oax cpeamba
BpeHOCT BpeIHOCT BpPeAHOCT

Na[Cr(1,3pdta)]-3H,0° Cri-N1  2,0646(3) 2,065 Cr1-02  1,9597(3) 1966 Cr1-O1  1,9493(4) 1,945
Cri-N2  2,0648(3) Cri-04  1,9729(3) Cri-03  1,9415(3)

Na[Cr(1,3pndta)]- H,O  (1)°

[Cr(1,3-pndta)]” Cri-N1  2,090(2) 2,081 Cri-O1  1,963(2) 1957 Cri-05  1,955(2) 1,961
Cri-N2  2,071(2) Cr1-03  1,951(2) Cri-07  1,967(2)

[Cr(1,3-pndta)]” Cr2-N3  2,102(2) 2,082 Cr2-09  1,972(2) 1971 Cr2-013  1,957(2) 1,952
Cr2-N4  2,062(2) Cr2-011  1,969(2) Cr2-015  1,948(2)

K[Cr(1,3-pndta)]-H,O (2)

Ypehen Cri-N1  2,085(4) 2,074 Cri-O1  1,949(4) 1,952 Cr1-05 1,943(4) 1,943

[Cr(1,3-pndta)]” Cri-N2  2,062(4) Cri-03  1,954(3) Cr1-07 1,943(4)

Heypehen Cr2-N3  2,065(13) 2,090 Cr2-09  1,930(14) 1936 Cr2-013  1,969(13) 1,946

[Cr(1,3-pndta)] Cr2-N4  2,115(16) Cr2-011  1,943(13) Cr2-015  1,922(13)

Heypehen Cr2A-N3A 2,100(11) 2,086 Cr2A-09A 1,956(16) 1,939 Cr2A-013A 1,994(14) 1,969

[Cr(1,3-pndta)] Cr2A-N4A 2,072(14) Cr2A-011A 1,922(15) Cr2A-015A 1,944(12)

Ca[Cr(1,3-pndta)],-4H,0 (3)"

[Cr(1,3-pndta)] Cri-N1  2,105(2) 2,083 Cri-01  1,959(1) 1,958 Cr1-05 1,966(1) 1,959
Cri-N2  2,061(2) Cr1-03  1,957(1) Cr1-07 1,952(1)

[Cr(1,3-pndta)]” Cr2-N3  2,098(2) 2,077 Cr2-09  1,956(1) 1956 Cr2-013  1,972(1) 1,966

Cr2-N4  2,055(2) Cr2-011  1,957(1) Cr2-015  1,961(1)

2[12]; ° Moyanm 3a JiBa HE3aBHCHA KOMILTEKCHA aHjoHa; © [10J1all 3a TPH He3aBMCHA KOMIUIEKHA aHjoHa; " [Tojaiy 3a JBe
MOHOHYKJICapHE jeTUHHIIE.

VY [Cr(1,3-pndta)]” kommiekcHUM aHjoHUMa, Tipoceune nyxuae Cr—N Be3a y paBHH
Cy nyxe, nok cy mpoceune nayxkunHe Cr—O Besa kpahe y mopehemy ca oarosapajyhum
BpeaHocTuma y ananoraom [Cr(1,3-pdta)]” kommnekcHoMm aHjony. Takobe, youeHa je Beha
spenHocT yrinosa uimel)ly N—-Cr—N Besa (mpoceuna BpemHocT je 96,8°) xao u Mama
BpenHOCT yriosa uzmel)y O—Cr—O Be3a y paBHu (mpoceuna BpefnocT je 98,2°), y ongHocy
Ha ojaroBapajyhe Bpeanoctu yriosa y [Cr(1,3-pdta)]” xommiekcaom anjony (95,8(2) u
99,7(2)°) (Tabena 23). Pesynraru ananuse HamoHa 3a cpoane [Cr(1,3-pndta)]” u [Cr(1,3-
pdta)]” xomrmuiekcHe BpcTe Ccy mpukaszaHu y Tabenu 24. Ha ochoBy mpoceunux AOp
Bpeanocty 3a [Cr(1,3-pndta)]” (mpoceuna BpeTHOCT 3a ceaM KOMILUIEKCHHUX aHjOHA H3HOCH
4,5°) u [Cr(1,3-pdta)]” (AOy = 4,7°) xommekce, 3aKkJbydeHo je aa ucnutupanu 1,3-pndta-
Cr(I11) xoMIuIeKkcH MoKa3yjy HEIITO Malky OKTaeAapCKy TUCTOP3Ujy Y OJJHOCY Ha aHAJIOTHU
1,3-pdta-Cr(11l) komrutekc. Kao mro je n oueknuBaHo, nerowiani G riIMIMHATO IPCTCHOBU
(G-girdle, mpcren koju ce Hala3uw y paBHU ca JMAMHHCKAM TIPCTEHOM) cy moj Behum
HarmoHOM Yy ojHocy Ha R rmummuato npcrenoBe (R-relaxed, mpcren Ban paBHH
JMaMUHCKOT TIpcTeHa). Y ciy4ajy aBa G rmunmnaro npcrena y [Cr(1,3-pdta)]” kommuiekcy,
yodeHa Cy ojcTynama o —8° u —12°, mTo naje pa3nuky y oacrynamy on —4°. Cianuan

pacnion y ojcrynamy je mpumehen m y ucnuruBanum [Cr(1,3-pndta)]” xomrmiekcHuM
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aHjoauMa (oa —8 mo —15°), nok paznuka y HanoHy u3mely aBa G riaunuHaTo mpcTeHa y
MojeIMHAYHIM KOMILJIEKCHMM aHjoHuMa Bapupa on —/° mo 0°. Takohe, BakaH Y3pOK
HalloHAa y CHUCTEMHMa XeJaTHOT THIIA jeé TeoOMeTpHja Koja HacTaje ycien (GopMupama
XeMHjCKE Be3€ KOjy Tpajie XeJaTHH a30TOBM aToMH. CBaku KOOPAMHOBAHU aTOM a30Ta
rpajy 4YeTUPHU XEMHUJCKE Be3e U IIecT yrioBa u3mely Besa (uaeanna Bpexnoct je 109,5°).
VKyIHa JeBujalija yrioBa oKo jaBa xeinaTHa atoma asorta y[Cr(1,3-pdta)]” komrutekcy je
ucra u uznocu 14°, nok y caydajy [Cr(1,3-pndta)]” komruiekCHHX aHjoHA XEJIaTHH a30TOBH
aTOMH TO0Ka3yjy 3Ha4yajHy pa3jivKy y HAalOHY KOja c€ MOXE MPHUIHUCATH MPHUCYCTBY €THII-
CYIICTHTYEHTa. XellaTHU aTOM a30Ta Koju je Be3aH 3a C aTom Ha KOoMe ce Haja3zu OovHa
eTWI-Tpyna je moja Behum HarmoHOM O APYror xeJaTHor aroMa asota 1,3-pndta muranma.
VYkynHa neBujanuja yriosa Bapupa on 16 mo 33° 3a npeu 1 ox 12 mo 17° 3a apyru atom
azota. Ha OCHOBY HaBEJCHHMX UYWICHHIIA, MOXXEMO 3aKJbyYHTH Ja IOCTOjU MPUMETaH

yTUL] €TUI-CYTICTUTYEHTA Ha YKYIIHY F€OMEeTpHjy KOMILIEKCa.

Ta6ena 23. Bpemnoctu 3a ekBaropujaine N-Cr—-N u O-Cr-O yriose (°) y
[Cr(1,3-pdta-tuny)]” xommiekca

Komnuiexce N-Cr-N O-Cr-0O
Na[Cr(1,3-pdta)]-3H20" 95,8(2) 99,7(2)
Na[Cr(1,3-pndta)]-H,O (1)°
[Cr(1,3-pndta)] 96,45(8) 97,78(7)
[Cr(1,3-pndta)] 95,04(8) 100,08(7)
K[Cr(1,3-pndta)]-H.O (2)°
ypehen [Cr(1,3-pndta)] 97,2(2) 97,5(2)
neypehen [Cr(1,3-pndta)] 99,6(6) 98,1(6)
neypehen [Cr(1,3-pndta)] 97,1(6) 97,3(6)
Ca[Cr(1,3-pndta)],-4H,0 (3)"
[Cr(1,3-pndta)] 95,99(6) 98,11(6)
[Cr(1,3-pndta)] 96,38(6) 98,16(6)

a112]; ° [Mogaim 3a [1Ba HE3aBHCHA KOMILIEKCHA anjona; " Iojany 3a Tpu He3aBUCHA KOMIUIEKCHA
anjona; " Iojary 3a 1Be MOHOHYKJICAPHE jEANHHUIIE.
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Ta6ena 24. Ananusa nanona Cr(l11) komruiekca ca 1,3-pdta-tumnom nuranana

Kommuiexc A(Op)av.? AT (9) AM-0O-C)* 2A(N)
) ) ")
IMAMUHCKHA R G R G
MIPCTEH
Na[Cr(1,3-pdta)]-3H.O" 47 +35 +1; 0 -8; —-12 +9; +9 +6; +6 14; 14
Na[Cr(1,3-pndta)]-H,O (1)
[Cr(1,3-pndta)]” 4,6 +32 +1; +1 -12; -9 +9; +9 +6; +6 16; 12
[Cr(1,3-pndta)]” 4,5 +32 -1; +1 -12;-11  +8; +8 +6;, +6 18; 14
K[Cr(1,3-pndta)]-H.O  (2)°
ypehen 4.4 +36 ~1; 41 -8 11 48 +7  +6;, +7 18 13
[Cr(1,3-pndta)]”
Heypehen 4.8 +42 -1; +1 -8; —-15 +3; +11 +8; +7 17; 17
[Cr(1,3-pndta)]”
Heypehen 4.4 +36 -3; +1 -9; -9 +4; +10 +5; +6 33; 16

[Cr(1,3-pndta)]”

Ca[Cr(1,3-pndta)],-4H,0 (3)*
[Cr(1,3-pndta)]” 4,6 +31 -1 0 -10; 12 +9; +8 +6; +6 16; 14
[Cr(1,3-pndta)]” 45 +36 +1; 0 -10; -10 +8; +8 +7; +5 17; 13

Ipoceuna AOy, BpemHOCT je AepMHICAHA Ka0 MMPOCEYHO OCTYName 12 OKTaeIapCKuX yriloBa OJ EalHe BPEIHOCTH 3a
npasu yrao, 90°° AZ(upcTeH) mpencTaBba ONCTYName cyMme yrioBa m3Mely Besa of HiealHe BPEIHOCTH 3a
onroeapajyhm xematHn npcreH. MneamHe BpemHoctH cy: 637,5° 3a miecrowriaHu QuaMMHCKHM HpcteH W 538,5° 3a
nerownane riauiuHaTo nperenose (G girdle, mpeTeH Koju ce Hanas3W y paBHH ca AMAMHHCKUAM TpcteHoM U R relaxed,
NPCTEH BaH paBHU auamuHcKor npcerena);” A(M-O-C) (mpcren) npejcraBiba BpeqHoct ojcrynama M—O-C yriosa Besa
on 109,5°3a oxrosapajyhu mpcren;” ZA(N) mpeacrasiba 306Mp ancoNyTHUX BPEIHOCTH ojacTymarma ox 109,5°, 3a mect
yrioBa u3Mel)y Be3a OKO XenaTHHX aToma asora; * [12];" ITogaru 3a Ba HesaBHCHa KOMIUIEKCHa aHjoHa;* [Toxamm 3a Tpu
HEe3aBHCHA KOMIUIEKCHA aHjoHa;™ [Toaly 3a 1Be MOHOHYKJICApHE jeIHHHUIIC.

Camoopzanuzayuja KamjoHCcKuxX W AHJOHCKUX KOMNJIEKCHUX epcma 'y

kpucmanuma komnaexca (1), 2)u (3)

Ha ocHoBy kpuctanmorpackux mnojaTaka KOjU Cy JAaTH 3a HATPUJYMOBE COJIU
[Cr(1,3-pdta)]” xomrmutekcHOr aHjoHa W 1-etmn gepuBara (1), u3BpiieHO je mopeherme
HaBE/IEHUX KOMIUIEKCHUX JelMbEeHha Y LUJbY MpOoydyaBama YJOre eTUI-CyNCTUTYEHTa Y
CcaMOOpraHu3alMju KaTJOHCKUX M aHJOHCKHUX BPCTa KOMILIEKCHOT jeumema. Jlymiupame
aCHUMETPHYHOT Jiena jennHuuHe henuje y kpucranHoj ctpyktypH (1) koje Huje npumeheHo
y KPUCTAITHOj CTPYKTYPH aHAIOTHOT Komiuiekca ca 1,3-pdta muranaom y KoMOMHAIMjU ca

-3 .
MamoM rycTiHoM Kpuctaia (1,718 mpema 1,724 gCm ) 1 HIXKOM CHUMETPH)jOM KPUCTAITHOT
cucteMa (TPUKIMHHMYAH Yy ciy4ajy komruiekca (1) m opropombuuan y cmyuajy [Cr(1,3-
pdta)]” komrutekca) ykasyje Ha TMOTEIIKONEe Yy MaKoBamy IMPOY3POKOBAHE CTEPHUM
cMeTHama riiomasHe ankui rpyne. Ilosehana XxuapopoOHOCT U cMameHa pacTBOPJHUBOCT
ucrnuThBaHOr KoMmiuiekca (1) ce JA0BOAM Yy Be3y ca YMICHHIIOM Ja je Y MCIHUTHBAHOM
+ . .
KoMmIuiekcy 3a Na' joH crospanime KOOpIuHAIMOHE cepe KOOPIUHOBAH jedaH MOJICKYIT
+ .
BOJIC 32 Pa3IMKy OJ aHAJIOTHOT Komiuiekca ca 1,3-pdta nurangom y kome cy 3a Na' jon

KooparHOBaHa Tpu Mouyiekyita Boxe. Mcnurusanu Na[Cr(1,3-pndta)]-H,O komrmiekc u
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mwero anamor Na[Cr(1,3-pdta)]-3H,0 dopmupajy 3D mnoammepHe CTPYKType y KOjuMa

KapOOKCHIIaTHE IPyIe Ipaje pa3InduTe THIIOBE MOCTOBA.

Y 1uby ONHMCHBaWmA PA3TUYUTHX YJIOTa MOCTHHX KapOOKCHIHHMX Tpyma y
kpuctaiauM crpykrypama (1), (2) u (3) ynorpebsbeHa Cy O3Ha4aBama Koja Cy jJara Of
crpane Porai-Koshits-a [78]. J{oOujenn pesyaratu cy mpukaszaHu y tabemu 25, 10K je

HA4YMH Be3MBama PEKO KapOOKCUIHUX IpyIia IPUKa3aH Ha cIuuu 25.

Tabena 25. Hauunu Be3uBama KapOOKcwiaTHuUX ¢parmenara 1,3-pndta nwranma y

xomiiekcuma (1), (2) u (3) (o3nauasamse je mo Porai-Koshits-y)*

Kommieke Kap6okcunatuu ¢pparmenTu  O3Haka
Na[Cr(1,3-pndta)]-H,O (1) 01-C5-02 a-2-s
03-C7-04 1-a
05-C9-06 a-2-s
07-C11-08 a-3-sa
09-C18-010 a-2-a
011-C20-012 a-2-a
013-C22-014 a-2-s
015-C24-016 a-2-s
K[Cr(1,3-pndta)]-H,0 (2)° 01-C5-02 2-sa
03-C7-04 a-3-sa
05-C9-06 1-a
07-C11-08 a-3-sa
K[Cr(1,3-pndta)]-H,O (2) * 09-C18-010 2-sa
011-C20-012 a-3-sa
013-C22-014 l-a
015-C24-016 a-3-sa
K[Cr(1,3-pndta)]-H,0 (2)° O9A-C18A-0O10A 1-a
O11A-C20A-012A a-3-sa
0O13A-C22A-014A l-a
0O15A-C24A-016A a-3-sa
Ca[Cr(1,3-pndta)],-4H,0 (3) 01-C5-02 a-2-a
03-C7-04 l-a
05-C9-06 a-2-s
07-C11-08 a-2-s
09-C18-010 l-a
011-C20-012 1-a
014-C22-013 1-a
015-C24-016 a-2-a

2[78];° Vpehenn neo crpykrype (2);° Heypehenu meo crpykrype (2).
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O’ e

1-a a-2-a
2-sa a-2-s

a-3-sa
CJIHKa 25. Pa3zanuuTi HAUYMHU BE3UBamha Kap6OKCI/IJ'IaTHI/IX (bparMeHaTa y HNCIIMTUBAHUM

KpHUCTAJIHUM CTPYKTypama. 3a O6jaH_IHE>eH>e O3HakKa Ha CJIUMOy 1norjacaaru TEKCT H

pedepentry [78]

VY Porai-Koshits HoTanuoHoM cHCTeMy pas3iuKyjeMo: TIJaBHH Opoj Koju
MpeACTaB/ba YKYNaH KOOPAMHAIMOHM KalaluTeT (JIEHTATHOCT) KapOOKCWIIHE TpyIie,
HHJIEKCHH OPO0j KOju Ipe/icTaBmka Opoj joHa MeTaia Be3aHUX 3a KapOOKCWIIHY TpyImy (aaje
ce y ciydajy Kaja ce passidKyje O] JICHTAaTHOCTH) W a/S ckpaheHe o3Hake 3a anti/syn
opjentaijy M—O Bese y ogaocy Ha apyry C—O Be3y y kapOokcuiHoj rpynu. O3HadyaBame
opHjeHTalje KapOokcuaaTHuX Trpyma (anti/syn) koje cy xkoopaunosane 3a Cr(lll) jou je
M0jeIHOCTaBIbEeHO 300T mosioxkaja aromckux opourana Cr(l11) jona koje uMajy TeHICHIU]Y
Jla Jiexe y paBHM KapOOKCUIAaTHUX Tpyna. MelhyTum, 3a jone MeTana kxao mro cy Na*, K
u Ca’* osHauaBame HHje jEJHOCTABHO 3aTO INTO OBH jOHH METala YIIABHOM TNPHIA3e
KapOOKCHUJIaTHUM TpyIiaMa U3 MpaBalia Koju He Jiexe y KapOOKCUIIATHO] pPaBHU U Hajas3e ce
Ha KOHTHHYaJHO Pa3IMYUTHM pacTojambhMa OJ KapOOKCHJIATHOT KHCEOHHMKOBOT aToMa.
[Ipu npoydaBamwy KapOOKCHIATHE KOOPJUHALIM]E, KA0 TPAHUYHHU KPUTEPUJYM je y3eT 30up

onrosapajyhux epeKTHBHHX JOHCKHX pajaujyca MpeyiokeH oja crpane Shannon-a [9]
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(1,28 A 3a kuceonnk, 1,53 A 3a narpujym, 1,78 A 3a xamujym u 1,48 A 3a xamumjym). V
Na[Cr(1,3-pdta)]-3H,O  kommiuekcy je mpuCyTaH OWIEHTATHH MOCTHH  HAa4duH
KoopauHanwuje (a-2-S THIT) 32 TPH O] YeTUPHU KapOOKCHITHE TPYIe KOje Cy KOOPTUHOBAHE 32
Cr(lll) jou 3a pasnuky ox KpucraiaHe ctpykType (1), y K0joj Cy MPHCYTHH pa3jInuuTH
HAaYMHA MOCTHE KOOpAMHAIHMje KapOOKCHJIHE Tpyme © To: MoHojeHtatHu (1-a),
ounenratau (a-2-S u a-2-a) u tpuneHratHu (a-3-sa). Ilocneamyu HAYMH KOOPAMHAIIH]C
JIOBOJIM JT0 MCTOBpEMEHOT (hopMHpama JBa MOHOaTOMHA MocTa n3Mehy aBa Na2 jona koja
ce Hamase Ha pactojamy ox 4,071(2) A. Osaka moctHa ¢yHKuHMja jemHOr 01 JBa
KapOOKCHIIaTHA KUCEOHHKOBA aTOMa JOMPUHOCH JIa CE& IPYTH KapOOKCUIATHU KHCEOHUKOB
atoMm Hale y Onmm3uHU MocTHO Be3aHor Na2 katjoHa, anm Ha pactojamy Behem of 30mpa
joHckux pamujyca. CBe TO JOBOAM 10 €KCTEH3MBHHUJEI M Mambe CUMETPUYHOT OKPYXKEHa
Na® joma y Na[Cr(1,3-pndta)]-H,O xommiekcy y omsocy Ha amamormu Na[Cr(1,3-
pdta)] 3H,O xommuexc, y kome Na’ joH mMa HpUOMIKHO OKTaeqapcKy TIeOMeTpHjy
(AOy je 6,4°. Y xkpucranHoj cTpyktypu kommimekca (1) o6a Na® joma cy
neHTakoopauHoBaHa. ['eomerpuja oko Nal je unTepMenujapHa wusmel)y KBaJapaTHO-
NUpaMUJIAIHE U TPUTOHATHO-OMIMpaMujaiHe, a oko Na2 kBaapaTHO-IMpaMUIAIHA ILITO
ce MOke BHIETH Ha ocHOBY 7 BpeanoctH [97] (0,53 u 0,28). UcnutuBanu xomiuieke (1)
rpagu 3D noauMepHy CTPYKTYpy ca 3ace0HUM KaHajduMa y KojuMma Cy CMEIITeHe OO4He
ermn-rpyne 1,3-pndta nuranma (Crnuka 26). OBu kaHanu ce GopMHpPajy OKO IEHTapa

UHBEP3Hj€ U MIPOCTUPY €€ Iy’ a-IpaBLa.
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Cimka 26. Usrnen 3D nonumepHOr cucTeMa MPUCYTHOT y KpucTanuMa Komiuiekca (1) ca
eTUJI-CYIICTUTYEHTHMa KOJU Cy CMEIITEHH y 0/IBOjeHHM KaHaJuMa Koju ce (hopMHUpajy OKO
IIeHTapa MHBEP3Hje U 3ay3UMajy IpaBall IpoCTHpama napajesad a-oci. ATOMH BOJOHHKA

Cy U30CTaBJbEHH PAJIU jaCHHU]ET MpHUKa3a

CrpykTrypa Komiiekca (2) ce pasimKyje O CTPyKType komiiekca (1) mo Tome mTo
canpxu Behn K jon kao koHTpa-kaTjon ymecto Na' joma. OBa 3aMeHa joHa MeTana y
cnojpammoj chepu  [Cr(1,3-pndta)]” kommiaekca 3Ha4ajHO yTHYEe HAa  HAYMH
camoopranu3oBama Mosiekyna y kpuctainy (Cmuka 27). Kpucran kommiekca (2)
dopmanHo caapxku nBa cumerpujcku HeszaBucHa K[Cr(1,3-pndta)]-H,O komriekcHa
MOJIEKyJIa OJf KOjUX j€ jemaH HeypeheH Ooko oce cuMmeTpuje apyror pena. llomoBuHa
MOIIeKy/a BOJE M3 KOMIIIEKCHOT MOJeKysla MMa ynory mocta mimehy msa cycemma K*
KaTjoHa nosoxehnm mx Ha ymamenocT ox 5,768(3) A u 5,754(8) A y ypehenom u
Heype)eHOM KOMIUIEKCHOM MOJIEKYJly, HaBEJeHHUM penocieaoMm. Jlpyra mnojoBuHA
MoJIeKyJna Boje (HEeKOOpAMHOBaHa BoJAa) je HeypeheHa u3Mmel)y ciojeBa (paBHHU) KOjy
dbopMupajy MOCTHO TIOBE3aHU KOMIUIEKCHU aHJOHU W KaTjoHu. OBE paBHU Cy MmapajiesiHe ca
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(100) paBHU KpuCTaqHE PEHICTKE W KOHCTPYHMCAHE CY HAW3MEHHYHO WJIM O MOTIIYHO

ypeheHuX i oJ] MOTIyHO HeypeheHnX KOMIUIEKCHUX MOJIeKyJIa.
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Cmmka 27. Tlpojeximja myx [001] mpukasyje ciojeBHTY CTPYKTypy Komruiekca (2).
CrnojeBu cajpske WM MOTIYHO ypeheHe uinm HeypeleHe KoMIUIEKCHE MOJIEKYe U BeoMa Cy
cy1abo MoBe3aHu Mpeko HeypeheHnx MoJeKysa BoJe KOjU Cy Ha CIUIM NpeACTaB/beHH Kao
npeeHe cdepe. Etmn-cyncruryeHTn ce Hanmaze O0uHO ca 00e CTpaHe ciojeBa. ATOMHU

BOJIOHUKA Cy M30CTaBJbEHU PAJIU jaCHH]jeT TIpHUKa3a

V ypehenom ciojy, mosnekyn Boae dopmupa moct msmehy K' joma koju cy
MOBE3aHU OCOM CHMETPHje IPYTor pena, T0K y Heype)eHOM cIiojy criaja IBa CUMETPH]CKH
ne3aBucHa K' jona (cBaxm ca momoBmHOM 3ay3eha). CiojeBn cy Beoma ciabo MOBE3aHH
IpeKo HeypeheHMX MoJeKyla HEKOOpJIMHOBaHE Boje. ETHUI-cyncTUTyeHTH ce Hanase
604HO ca 00e cTpaHe OBHUX cJ0jeBa. Y CTPYKTYpH KOMILIeKca (2) JOMUHHpA TPUACHTATHU
TUI KoopauHaIje (a-3-Sa), Maja cy Takol)e mpucyTHH MoHOAeHTaTHH (1-2) 1 OMACHTAaTHH
(2-sa) maunnu koopauHaije kapookcuine rpyme (Tabena 25). I[Tocrojame 2-sa wim a-3-
Sa TUMNOBa KOOpJHMHALMje MoJpasymMeBa (HOPMHUpPAE MOHOATOMCKHX MOCTOBa H3Mely
METaJHMUX LIeHTapa, kao Ha npumep usmely K2 u Cr2 koju cy nose3zanu npeko O9 aroma

KHMCEOHMKa Ha ymasbeHocTH ox 3,460(5) A. Tlopen Tora, mcroBpeMeHO (opMupare aBa
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MOHOATOMCKa MOCTa IIPEKO KapOOKCHMIaTHOr KuceoHmka mosoau K’ jome ma cnemehe
ynamenocti: K1.-K1  4,106(1) A, K2.-K2 4,619(6) A u K2A.-K2A 3,788(2) A.
CrnenctBeHo Ttome, mnpumeheHa je BelMKa KOHILEHTpalyja KapOOKCHIHHX Tpyma y
HEIOCPeIHO] ONMM3MHM 00€ BpCTa joHa MeTajia Kao M Majau Opoj MoJieKysa Boje (1oJia
MoIneKyIa koopauHosane Boje n3mely K* jona). ¥V ypeljeHoM citojy y okBHpY pajamjyca o
3,06 A K jou je moBesan ca mer kapOOKCHIATHHX aTOMa KHCEOHHKA H jEJHMM aTOMOM
KHUCEOHHMKA Koju npunana mosiekyny Bojae (KOs okpyxeme) Tako Jia je KOOPIHHAIIMOHU
nonuenap gopmupan oko K1 mpubnmkan mucroproBaHoM okraenpy. HacympoT Tome, y
neypeheHoMm cnojy, aBa HesasucHa K’ joma (K2 m K2A) cy mosesaHa ca yeTHpH
KapOOKCHJIaTHA aTOMa KHCEOHHMKA U jeTHUM aTOMOM KHCEOHHKA KOjU MpHUIa/ia MOJIEKYITY
Bojie (KOs okpyxkeme). O0a KOOpIWHAIIMOHA TMOJIMEApa Cy MPHOIMKHA ITHUCTOPTOBAHO]

TpuronanHoj ounupamuau ca ocama 018-K2-016 u 018-K2A-0O16A.

VY KpUCTAITHO] CTPYKTYPH KOMIUIeKca (3) jOHM MeTayia Cy TIOBE3aHH MPEKO MOCTHHUX
kapOokcuiaTHux rpyma 1,3-pndta auranga rpagehu npu Tom 1D monmuMepHe JaHIe Koju
ce nmpoctupy napainenHo ca a-mpasiem (Crnuka 28). KoHCTpyKIIMja MOJMMEPHOT JIaHIa Cce
3acHuBa Ha MocTHOM Be3uBamy Crl 3a Tpu paznumunra Cal xatjona, nok je Cr2 Besan 3a
camo jeman Cal xatjon. OBa CTpyKTypa ce€ pasiuKyje Off MPETXOIHHX IO TOME IITO je
CBaKM Map METaJHHX jOHOBA MOBE3aH CaMoO MPEKO jeHe MOCTHe kapOokcuiHe rpyme. On
ocaM KapOOKCHJIHHMX TPyIa, YeTHPH Cy KOOpAWHOBaHe MoHojaeHTaTHO (1-a), a y ciydajy
npeocTaie YeTUPU jeTHAKO Cy MPHUCYTHU a-2-8 W a-2-S THIIOBH OMIEHTATHOT BE3WBaha
(Tabena 25). Jennogumensuonanuu (1D) momuMepHH JaHIKM Cy ITOBE3aHH IPEKO
WHTEPMOJIEKYJICKUX BOJOHHYHUX Be3a KOj€ YKJbYUY]y KOOPAMHOBAHE W HEKOOPJIWHOBAHE
MOJIEKYJIe BOJE Kao JIOHOpE U KapOOKCHUIIaTHE KHMCEOHWKOBE aTOME U HEKOOPIUHOBAHU
MOJIEKYJT BojJie kKao akmentope. Cal joH je XenTakoOpAWHOBAaH 3a YETHPU KapOOKCHITHA
KHCEOHMKAa W TpPU MOJIEKyJa Boje QopMupajyhui MOHOIEHTPUPAHY TPHUTOHATHO

MPU3MaTHYHY TEOMETPH]Y.

Ha Kpajy 0BOT MOIVIaBIba MOKEMO 3aKJbyUHTH Ja Cy Yy BHCOKO Xuaparncanoj Ca’'
COJM TIPHCYTHH WCKJBYYMBO MOHOACHTATHH W OWJCHTATHH HAYWHH KOOPIWHAIIH]E
KapOOKCHITHE TPyTIe, TOK y Mame xuaparucanoj K’ comu moMuHMpa TpuaeHTaTHH HAuWH
KOOpJIMHAIIHM]e KapOOKCUIIHE TpyIie ca MOHOAaTOMCKMM MocToBuMa (Crnuka 25, Tabena 25).
XenatHa ¢yHKIMja KapOOKCHIIaTHE Tpyne Huje npuMmeheHa. Y cuUTyaluju Kajia je CBAaKH

JOHCKHM TTap Be3aH MOCTHO IPEKO camo jeHe KapOOKCHIIHE Tpyle Joja3u 10 GopMHUpama
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jennopuMensuoHanuux (1D) mnonumepHMX JnaHana Koju cy MehycoOHO moBe3aHH
BOJIOHMYHHUM Be3aMa u3Mel)y KOOpIMHOBaHUX MOJIEKYJa BOJE U MOJIeKya pacTBapaya. C
Jpyre cTpaHe, CHUTyalldja Kaja je map METaJHHX jOHOBA MOBE3aH IPEKO BUILE O] jeTHOT
MOHOATOMCKOT' KapOOKCHIJIATHOT MOCTa OIpTaBa OCOOMHE aJKATHUX METaja KOjU TeXe Ja
npul)y KapOOKCHIIATHUM Tpylama U3 pa3InuuTUX [IPaBala U Ha PA3IMYUTUM PacTojambuMa

Ha Taj HaYMH “‘ociobahajyhu’” monexyne Boje.

T‘ﬁlg ‘
g ’

BRI

Camnka 28. Usrnen jennonuvensnonanaux (1D) monmmepHHX jaHana Koju ce TPYIHILY
IPEKO MOJIEKYJa BOjie y Kpuctanuma komiuiekca (3). ATOMH BOJOHHUKA CY M30CTaBIJbCHH

pazu jacHUjer mpukasa

Enexmponcku ancopnyuonu cnekmpu Cr(111) komnnexca

Enexrponcku ancoprnuuonn criektpu ucnutuBanux Cr(l11) xommiekca (2) u (3) cy
npukazanu Ha ciaui 29. OBu crekTpu cy mopeheHu ca oarorapajyhum CIEKTpoM
ananornor [Cr(1,3-pdta)]” kommuekca [54] ca xekcameHTaTHO KoopauHoBanuMm 1,3-pdta
JIMTAH/IOM KOJU j€ CTPYKTYpHO ciuuaH ucnutuBaHoM 1,3-pndta nuranny. EnextpoHcku

arCOpIIIMOHMU Mojanyu aooujenn 3a kommuiekce (2), (3) u [Cr(1,3-pdta)]” cy ymopehuBanu
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ca oxaroBapajyhum momaruma 3a [Cr(1,3-pddadp)] xommiekc ca XeKCaJeHTaTHO
koopaunoanuMm 1,3-pddadp (1,3-pddadp = 1,3-mponanauamun-N,N -guarneraro-N,N -nu-
3-npormonaro) surangom [98] (Tabema 26). ENEKTPOHCKHM arCOPIIMOHU CIEKTap
komruiekca (1), koju mpeacraBiba HaTtpujymoBy co [Cr(1,3-pndta)]” anjona je mpakTH4HO
UJICHTUYAH ca CIEKTPOM KOMILIekca (2), KOju MpecTaBiba KaaujyMOBY CO. Y CKIaay ¢
OBOM YHIHCHHIIOM, CaMO Cy CJICKTPOHCKH AarCOPIIHOHU CIEKTap KoMIiuiekca (2) u
oaropapajyhn HyMepuykH TOJali AWCKYTOBaHH Y Ja/beM TEKCTy. EJEeKTpOHCKH
ancopruuonu crexktpu Cr(l11) kommiekca ca 1,3-pdta u 1,3-pddadp nuranauma cy panwuje
muckyroBanu [98], a y oBoMm paay cy ymorpeOsbeHH paau mopehema ca crekTpuma
omrosapajyhux Cr(l11)-1,3-pndta xommiekca. Y cariacHOCTH ca MPETXOAHO HaleHuM
pesyaratuma 3a Cr(lll)-edta [42,45,46,92,99-101] u Cr(ll)-1,3-pdta-tun komruieKce
[54,98], uHTepnpeTaiija eICKTPOHCKUX ancopIIMOHuX crekrapa ucnutuBanux Cr(l11)
KOMIUIEKCa je M3BpIIeHa mpeko okraemapckor (Op) Moxena: 4A29 — 4T2g (rpaka 1) u
4Azg — 4Tlg (rpaka 1l) xoja je ma Bumioj eHepruju (Tabema 26). EnexkTpoHCKH
aricopniuonu crekrpu komiuiekca (2), (3) u [Cr(1,3-pdta)]” [54] cy Beoma ciauyHH MO

00JIMKY | 1T0JI0Kajy ancoprnuunonux Makcumyma (Crnuka 29 u Tabena 26).
250 -
—— KJ[Cr(1,3-pndta)]H.0 (2)

—— Ca[Cr(1,3-pndta)]>4H20 (3)
—— Na[Cr(1,3-pdta)] 3H.0

200 ~

150 A

€ (M'em™)

100 A

400 500 600 A (nm) 700

Cmuka 29. Enexktponcku  amcoprimonn — crnektpu  Cr(lll)  kommutekca  ca

xekcakoopauHoBanuMm 1,3-pdta [54] u 1,3-pndta siuranuma
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Ta6ena 26. Enexkrponcku ancopmiuonun  mogaid  Cr(lll)  komiuiekca  ca

xekcakoopauHoBanum 1,3-pdta [54], 1,3-pddadp [98] u 1,3-pndta nurananma

Kommnuieke Ancopnuuja O3HavyaBame

A(m)  g(M*ecm?) “Peﬂa?'ao

h

Na[Cr(1,3-pdta)]-3H,0 509,0 118,0 “Agg — ‘Tog

385,0 83,0 Aoy — ‘Tag
K[Cr(1,3-pndta)]-H,0 (2)* 508,0 113,37

387,0 79,08
Ca[Cr(1,3-pndta)],-4H,0 (3) 509,0 198,55

387,0 138,90
trans(Og)-K[Cr(1,3-pddadp)]-3H,0 510,0 90,6

383,0 447
trans(Os0g)-Li[Cr(1,3-pddadp)]-3H,0 529,0 118,4

390,0 69,8
trans(Os)-Li[Cr(1,3-pddadp)]-3.5H,0 540,0 126,9

403,0 81,0

* ENEKTPOHCKHM alCOPILMOHH CHEKTPH M oxarosapajyhu Hymepuuku nomaud xommiekca (1) u (2) cy
CKOpPO MICHTUYHH.

Ha ocHOBY OBUX YHI-EHHIIA, MOXKE C€ 3aKJbYUUTH Ja je mpucyTan uctiu NoO4 HaunH
koopauHanmje 1,3-pndta w 1,3-pdta [54] mnwmramama y Cr(lll) xommiuekcuma. VY
enekTpoHckuM arncopruuonum crekrpuma Cr(lll) xomruiekca npukasanum Ha ciauny 29,
Tpake Koje OJroBapajy Ipejasuma y 4ng " 4T]_g(oh) CTalka Cy CHUMETpU4YHe, 0e3
TeHICHIMje 1enama. Y oaHocy Ha [Cr(1,3-pdta)]” kommuekc [54], uCUTHBaHU KOMIUTIEKCH
(2) u (3) wMajy CynCTUTyHCaHy eTWI-TPYIy Ha TEPMHUHAJIHOM YIJbEHUKY 1,3-
NpOTNaHINaMUHCKOT JTaHa. OBa CYNICTUTYIHja HEMa YTHIAj Ha €JIEKTPOHCKE ariCOPIIIMOHE
criektpe Cr(l1l) xkomruiexca. MelyTum, ancopruuoHd MakCUMyMH KoMIuiekca (3) umajy
TOTOBO JIBOCTPYKO Behu MHTEH3UTET y mopehemy ca MHTEH3UTeTUMa KoMIulekca (2), mITo
ce MOXE IMOBe3aTH ca YhmbeHWIoOM ga kKomruieke (3) cagpxu ase [Cr(1,3-pndta)]

KOMIUIEKCHE JETMHUIIE Y CBOM MOJIEKYIY.

Ancoprmonn Makcumymu [Cr(1,3-pddadp)]” xommuekca [98] cy momepenu ka
HIDKO] eHepruju y mopehemy ca onroBapajyhum makcumymuma xekcagentataux Cr(l11)
xomrutiekca (2), (3) u [Cr(1,3-pdta)]” [54] (Tabena 26). OBo momeparme MPOM3MIA3N U3
ynmeHuIle na 1,3-pddadp nurann koju uMa JBa MIMIUHATO U J1Ba J-alaHUMHATO (pparMeHTa

ctBapa cinabuje auranano nosbe oko Cr(lll) y ognocy ma 1,3-pndta u 1,3-pdta nurange
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KOJU MIMajy YeTUPH TIUIMHATO ¢parMeHTa. CIMYHO MOMEPAmE j& YOUCHO KOJ aHAJOTHUX
1,3-pddadp-Co(lll) komrmuiekca [68] xoju cy mopehenu ca 1,3-pdta-Co(lll) komruiekcom
[55a]. Tpu reomerpujcka m3omepa [Cr(1,3-pddadp)] komiutekca mokasyjy pasjivKe y
eHeprujaMa W y HWHTCH3UTETHMAa CIIMHCKU JI03BOJBEHHMX Tpaka (€Hepruja HHUXOBUX
ariCOPIIIMOHUX MakcuMmyma omaaa pepocieaom trans(Og) > trans(Os0g) > trans(Os),
Tabena 26) mro ce MOXe MPUIKCATH MPOMEHU JIOKAJTHE CHMETPUjEe OKO joHA MeTaja,
OJHOCHO pa3IHYUTHM KoMmOuHanujama xeaaTHux mnpcteHoBa (Os- u Og-KapOOKCHIIATHH

npcreroBn) y ekBaropujaHoM (CrN,Oz-paBaH) U akCHjaaTHOM IOJI0XKA]y.

'H NMR xapaxmepuzayuja Cr(111) komnaexca

V by Nakmer u npenmsaujer osxauasamba "H NMR pesonanmu [Cr(1,3-pndta)]
anjoHa y kommiekcuma (1), (2) m (3) cnekTpu OBUX KOMIUIeKca cy mopeheHu ca
oxarosapajyhum cnekrpom ananorsor Na[Cr(1,3-pdta)] 3H,O kommiekca [12], koju uma
BHIITY MOJIEKYJICKY CHMETPHjy y OfHOCY Ha ucrimtuBane 1,3-pndta xommmexce. Y *H NMR
cnektpy napamaraeruunor Na[Cr(1,3-pdta)]3H,O komruiekca, koju je cHumibeH y D,O
pacTBapayy W MpPBH MYT C€ Y OBOM pajy Jaje HEroBa MHTEPIpPETalHja, MOCTOje YETUPH
cmabo pasnokeHa cHrHaja Ha cienehum xemujckum nmomepamwuma (0): +27, +11, -12, u -
48 ppm. CurHamm 3a Koje ce mpeTnocrasiba jaa npunanajy f-CH; nporornma nehuor 1,3-
MPOTaHAMAMHHCKOT TIPCTEHA Cy C1ab0 pasiIoKEeH! W BpJIo MHPOKH (Avy, >> 120 Hz, ca
Hajy>KUM curHaioMm o Avip = 1688 Hz, ogHocHO Hajmupum curHaioMm oa Avip = 6116
Hz). OBu curnamm ce Hamase y Bpiao yckom omcery (~80 ppm) u mHxoBa XeMmHjcka
noMepama Cy Ha BHIIEM, OJHOCHO HIDKEM T0JbY Y OJHOCY Ha IoMepama oAroBapajyhux
CHTHaJa 3a JUjaMarHeTHYHU HeKoopauHoBaHu 1,3-pdta murann. [IpucycTBo camo uetupu
curmana y "H NMR crexrpy Na[Cr(1,3-pdta)] 3H,0 xomrzekca, 01 KOjuX [Ba 0roBapajy
METHJICHCKMM NpoToHMMa Mel)ycoOHO ekBuBajeHTHUX R 1 G IIMIMHCKUX MPCTEHOBA, 0K
npeoctaysia aBa npumnanajy o-CH; mporonmma 1,3-mponmaHamaMHHCKOT TpcTeHa. bpoj
CHTHAJIa y OBOM JIeJTy CIeKTpa je y ckinaay ca C, mosekyinckom cumerpujom [Cr(1,3-pdta)]
KOMILIEKCa U FeTOBOM OCOM JIPYTOT penia Koja MpoJia3u Kpo3 joH metana u f-CH, rpymy
1,3-npormaHIaMUHCKOT TPCTEHA. 'H NMR CHEKTPH paHHje OKapaKTEepUCAHUX aHAJOTHUX
[Fe(1,3-pdta)]* u [Co(1,3-pdta)]® kommiekca ykasyjy Ha mocrojame Op3e A-A

u30MepH3alyje, Koja je MHavye THIHUYHA 33 KOMIUIeKce ca (aekcuOwiHuM edta-Tumom
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auranana [102]. V cmextprMa HaBeIeHHMX KOMIUIEKCA CHUTHAIM KOjU OArOBapajy o- u [-
CH; mporonuma nehnor 1,3-nponanauamuuckor npcrena (Avyp, = 368 u 337 Hz) cy
3HATHO YXXH Y OJJHOCY Ha CHUTHAJIE METWJICHCKHX MpoToHa R n G rIMIMHCKUX MPCTEHOBA
(700 Hz). Ha ocHOBY OBHX YHE-CHHIIA, Y OBOM pajay je IPETIOCTaB/LEHO 1a Y 'H NMR
cuektpy Na[Cr(1,3-pdta)] 3H,0 xommiekca curHan Ha XeMHjCKOM IoMepamy 0 = 11 ppm,
ca npoceunoM mupuHoM NMR munamnje ox 1688 Hz, omromapa f-CH; mporonuma 1,3-
nponanauamMuackor npereHa. C o03upom na je S-CH; rpyma 1,3-mponanaupamMuHCKOT
npcteHa Hajyaasbenuja ox Cr(IIl) jona, oBo o3HaYaBame je y CKIaAy Ca YHHCHHUIIOM Ja
BeJIMYMHA M30TPOIHOI TOMEpama 3aBHCH O] pacTojama (1/r3) meTmiieHckux [-CH,
nporona ox jona Metaia [103]. OBa ummeHuna He aosasud a0 uspaxaja kox [Fe(l,3-
pdta)]* u [Co(1,3-pdta)]* kommuiekca, ko KOjuX je curHan koju mormue ox S-CH,
npoTOHA MOMepeH Ka BumieM mosby (0 = -78 3a Fe(lll) u 6 = -100 ppm 3a Co(IIl)
komiuieke) [102]. Ha ocHOBy npuOIMKHUX BPEAHOCTH MHTErpalia, MOKa3aHo je Jia Cy JBa
HajIIMpa CHTHAJIA ca HeraTHBHUM BPEIHOCTHMA XeMHjcKuX moMepama y "H NMR crektpy
[Cr(1,3-pdta)]” xommiekca jemHaka MO MHTEH3UTETY, MPU YE€MY je BPEAHOCT HHTErpajia
CHTHAJIa Ha XeMH]jCKOM ToMepamy o1 = 11 ppm Hemro Mama 01 OBe BPEIHOCTH 32 IPYTH
curHan. [Ipororm xoju mormuy ox o-CH; rpyne 1,3-mponanamaMUHCKOT TIpCTEHA
nonpuHoce ToBehawy HMHTEH3WTETa jeHE OJ JBE PEe30HaHIlE KOje HMajy HeraTUBHE
BPEIHOCTH XEMHjCKUX TMIOMEpPama, IITO je ToCIeAnIIa ToJlapru3alyje CIHa Koja ce yoyaBa
Ha OCHOBY HAaW3MEHUYHHUX MPOMEHA Y XEMHjCKOM TTOMepamy Ka BHIIEM, OJHOCHO HIDKEM
nospy [103]. Tako ako je curnan koju motuye ox f-CH, mportona nehHor muamuHCKOT
NpCTeHa MOMEPEH Ka HIDKEM I0JbY, OHJAa ce MOoXke odeknmBatu na he curaan ox a-CHa
IPOTOHA OBOT TMPCTeHa OUTH TIOMEPEH Ka BHUILEM MOJbY, MTO je Hal)eHO KO/ JIBa aHAJIOTHA
[Fe(1,3-pdta)]* u [Co(1,3-pdta)]* xommexca [102]. Ox aBa curnama y NMR crextpy
Fe(I1) u Co(ll) kommiekca, yu U cuMeTpruuHHjU curHai (0 = -12 ppm u Avy, = 2500 Hz)
notuue oa a-CH; mpotona 1,3-mponanamamunckor npcrena. [lopen tora, y 'H NMR
CIIEKTPUMa OBUX KOMIUIEKCA IMOCTOje JOII JBa CIabo pa3iiodkeHa CHUTHAIa Ha XEMH]CKUM
noMepamuMa o1 0 = +27 u 0 = -48 ppm 3a Koje je MPETIOCTaB/LEHO Jia TOTHUIY O]

CKBHUBAJICHTHUX TJIMIUHCKHX IIPOTOHA.

'H NMR cnekrpn ucnmtuanux [Cr(1,3-pndta)]” kommiekca (1-3) cy mormyHO
UJICHTUYHU Oe3 003upa Ha MPUPOAY KOHTpa-KaTjoHa. OBU CIIEKTPH Cy Mambe CUMETPUYHH

1 KOMIUICKCHHjH Yy ofHocy Ha crekrap [Cr(1,3-pdta)] xommiekca. Y *H NMR crextpy
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UCIUTUTBAHUX KOMIUIEKCA CE€ MOTY YOYHMTH CelaM IMPUIMYHO HIMPOKUX M HEJOBOJHHO
pa3JI0XKEHUX CUTHANIA HA XeMH]CKUM TloMepamuma: o = +38, +23, +10, +2,4, -16, -32 u -51
ppm, Koja cy mpHOIMKHO HICHTUYHA ca rmoMmepameM curHaia y crekrpy [Cr(1,3-pdta)]
KOMILIEKca. 300r 3Ha4ajHOT TMpeKJanama OBUX CUTHAJIA, Y OBOM pany HUje Ouio moryhe
ca BEJIMKOM MPEUU3HOINY OIPEeIUTH BPEIHOCTH HHXOBHX MHTerpana. Curnan Hajseher
WHTEH3UTETA, HA XEMHUJCKOM MOMEPAkY 011 ¢ = +2,4 ppm, moTuye o NpOTOHA €TUII-TPYIIE
koopauHoBaHor 1,3-pndta suranga. [1o BpeaHOCTH XEMHJCKO MOMEpame OBOT CHTHala je
NPWIMYHO HMICHTUYHO Ca MOMEPAameM CUTHala MPOTOHA CTUJI-TPyNe HEKOOPIMHOBAHOT
muranga (0,9-1,5 ppm). Koa o3HayaBama CUrHaia KOju MOTHYY O MPOTOHA €THII-TPYIIE,
CHTHAJI KOJH C€ HaJla3W Ha XeMH]JCKOM ToMmepamy o = +2,4 ppm (~315 Hz) je Hajyxwu, 10K
je curHan Ha 0 = -51 ppm uajumpu (>13000 Hz). Kox [Cr(1,3-pndta)]” u [Cr(1,3-pdta)]
KOMILIeKca, mpuMeheHa je moBe3aHocT u3Mel)y XeMujckux rnmomeparma U HMIMPHHE CUTHAIA
(curnanmu Ha 0 = +10 u -16 ppm 3a [Cr(1,3-pndta)]’, oxrocHo & = +11 u -12 ppm 3a
[Cr(1,3-pdta)]). Cauune Avi, Bpemnoctu (~1700 Hz na Hmkem mosby u ~2600 Hz Ha
BHUIIIEM I10JbY) YKa3yjy Jla OBM CHTHAJIM, HajBEpOBaTHHjE, 0aroBapajy nporonuma [-CH,
(mmxke nosbe) u npotonuma a-CH; rpyne (Buiie mosbe) nehnor 1,3-meHTaHAMAMUHCKOT
npcTeHa. BpeqHoCTH MHTerpaia OBUX CUTHANIA YKa3yjy Ha CMambeH MHTEH3UTET CUTHANIA Ha
BUILIEM TI0JbY y OJIHOCY Ha OBY BPEIHOCT 3a CHTHAJI KOjU C€ Hajla3W Ha HUKEM ITI0JbY, IITO
ce MOJXKE MpPHIUCATH YTHIAjy eTHi-rpyrne y 1,3-mponaHaumaMHHCKOM mpcTeny. pyru
CUTHAJI Ha XEMH]CKOM TIOMEPamy 0] d = -32 PPM, KOjH je y HENOCPETHO] OJIM3HHM CUTHAJIA
Koju oxarosapa a-CH; mporoHunMma, Moxke ce mpunucatu npotony o’-CH rpyme nehnor
JMaMUHCKOT TpPCTEHa 3a KOjy j€ Be3aH eTWI-CYNCTUTYeHT. WM3riem mpeoctanux
neosHauennx curmama y H NMR  cmextpy [Cr(1,3-pndta)]” kommiekca, Koju
HajBepOBaTHHUj€ MPUMAajy METHICHCKUM NPOTOHUMA TIMIUHATO TPCTEHOBA, j& PA3IHYUT
y omHocy Ha onroBapajyhe curnane [Cr(1,3-pdta)]” xommuiekca. OnroBapajyhu curaamu
[Cr(1,3-pndta)]” komrutekca, KOju MMajy HEeraTHBHE BPEAHOCTH XEMH]CKHUX MOMEpaba, Cy
1o OOJIMKY HIMPOKH, JTOK CHUTHAIM Ca MO3UTHBHUM BPEIHOCTHMA XEMHjCKOT TOMEpama
NIOKa3yjy jaCHO M3pakeHy TEHJICHIIM]y IieTamba Ha JBe pe3oHaHIe. KOMIUIEKCHUjU H3TIien
cnekrpa [Cr(1,3-pndta)]” y meTuneHckoj rMIMHATO 00JAaCcTH y OJHOCY Ha oAroBapajyhu
cnektap [Cr(1,3-pdta)]” xomrutekca je mocieauia yBohema €THII-CYNCTHTYCHTa, IITO
JIOBOIM 10 HapylllaBama CHMETpHje OBOI KOMIUIeKca © Moryhe mpHCycTBO

CTCPCOU3OMECPHHUX KOMIUICKCHUX BPCTA Y paCTBOpPY.
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5.3 AK/JbYUAK

Ha ocHOBY pe3ynTara U3 oBe JOKTOPCKE AMCEPTAIMje KOjU Ce OJHOCE Ha CHHTE3Y,
CHEKTPOCKOIICKY W PEHATeHOCTPYKTYpHY Kapaktepuszanujy: (a) komriuiekca Sr(II) ca
1,3-pdta (1,3-mponanauamun-N,N,N’ N’ -terpaanerar) nuranaom, (6) xommiekca Cu(ll),
Ni(ll) ca 1,3-pndta [(¥)-1,3-nenrtanauamun-N,N,N’,N -terpaanerar] wu 1,3-pnd3a
[(#)-1,3-nenranauamun-N,N,N -tpuanerar]| mnuranauma u (g) kommuiekca Cr(lll) ca

1,3-pndta nuranmgom, MOTy ce U3BECTH ciiefehn 3aKIbydIln.

Pesynaratu  penarencke crpyktypue anamuse  {[Srz(1,3-pdta)(H20)e] H20}n
KOMIUIEKCa Cy IoKa3aiu Jia ce y koopauHaiuonoj cgepu cBakor Sr(Il) jona, mopen uetupu
MOJIEKyJla BOJZIe, Halla3e jeJlaH aTOM a30Ta M YETUPU aTOMa KHUCEOHHMKa KapOOKCHITHHX
rpyna koju notudy u3 1,3-pdta muranma. ¥V {[Sr2(1,3-pdta)(H20)s] H2O}n komIutekcy, nsa
Sr(IT) jona cy mel)ycoOHO moBe3aHW MpeKo AMaMHHCKOT JjaHia 1,3-pdta nuranma. Ocum
tora, cBaku Sr(ll) joH je MOCTHO TOBe3aH MPEKO JiBa KAPOOKCHIIHA KHCEOHUKOBA aToMa U
Mmojiekyiaa Boje ca aBa apyra Sr(ll) jonHa w3 cycemHX KOMIUICKCHHMX JEAMHHUIIA, IITO
JOTIPUHOCH  (hOpPMUpaAy TPOAMMEH3UOHATIHOI MeTal-OpraHckor okBupa. Ha ocHOBY
madpaknuonnx cinuka mnpaxoBa u IR cmekrapa pasmmumtux  1,3-pdta-meran(Il)
KOMIUIEKca, yTBpleH je HaunmH koopauHauuje 1,3-pdta muranga y 3aBUCHOCTH OJ] BEIMYHHE
[IEHTPAJTHOT jOHAa MeTaja, Kao M THI KOMIUIEKCa KOjU TIPH TOME Hactaje. Y cCiydajy
1,3-pdta-meran(Il) komruiekca ca joHuMa MeTana Beher joOHCKOT MoynpevyHrKa, Kao IITo
cy Sr(Il) u Ba(Il) jonu, yodeHa je nexenararuja 1,3-nmpomanInaMUHCKOT MIPCTEHA, IITO j€ Y

CKiIay Ca MalkbUM HAIIOHOM YTJIOBA BE€3a OKO a30TOBUX aTOMa.

CunreruzoBanu cy u crnekrpockorncku (UV-Vis u IR cnexTtpu) okapakrepucanu
komrmiekcd Ni(II) u Cu(Il) ca HoBuM xekcajentatHuM 1,3-pndta W TNeHTaaCHTaTHUM
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1,3-pnd3a nuranguma. OBHM JHraHaAd Cy CTPYKTYpPHO CIMYHHA Ca paHHUje OMHCAHUM
xekcameHtatnuM 1,3-pdta u mnenragentatauMm 1,3-pd3a (1,3-mponanauamun-N,N,N -
tpuatietar) Jwranamma.  Crtpyktypa  Mg[Ni(1,3-pndta)]-10H,O  komriuiekca  je
OKapaKkTeprcaHa MOMONhy peHAreHCKe CTPYKTYpPHE aHAU3e, CICKTPOHCKE allCOPIIMOHE U
UH(}pa-IPBEHE CIIEKTPOCKOMHUje. Pe3yaratu peHAreHcKke CTpPYKTypHE aHaIu3e, TOOUjeHH 32
okraegapcku Mg[Ni(1,3-pndta)]-10H20 komrutekc, ykasyjy Ja MPHCYCTBO €THII-
CYIICTHTYCHTa Ha 0O-yIJbEHHMKOBOM aromy 1,3-ponaHIMaMHHCKOT MpPCTEHa IOMPUHOCH
CTBaparmy HOBOT XHPAJTHOT IIEHTPA, IITO MMa 3a nocieanity rpaheme nzomepa (AAA (R) u
AAA (S)) xoju ce pa3nukyjy y KoHpurypanuju oor neHTpa (R nmm S). YBphero je xa o
yBUjeHa (opma siehHOr AMaMHHCKOT MPCTeHA YCIOBJbaBa A KoH(UTrypainujy, HOK je y
ciydajy A yBujeHe (opMe oBOT mpcTeHa motphena A xondurypammja [Ni(1,3-pndta)]?
komrmiekca. Ilopehemem wmcnutuBanor MQ[Ni(1,3-pndta)]-10H2,0  komiutekca ca
crykrypuo anamorauMm MQ[Ni(1,3-pdta)] 8H20 kommiekcom, Hal)eHO je da MPUCYCTBO
etui-cyncrutyenra 'y MQ[Ni(1,3-pndta)]-10H,0 kommiekcy yrude Ha ayxuny Ni-N u
Ni—O Be3a, ka0 U Ha e(pUKACHOCT MaKoBama, Hapymasajyhn Cz MOJIEKYJICKY CUMETpHUjy
npucytHy y Mg[Ni(1,3-pdta)] 8H20 kommiekcy. 3a kapakrepusanujy XeKCaIeHTATHOT
Mg[Cu(1,3-pndta)] 7H20 xomrutekca u mentamentatiux Mg[Cuz(1,3-pnd3a)2] 7H20 wu
Mg[Ni2(1,3-pnd3a)2]-8H20 komrmuiekca ymnoTpedJbeHEe Cy €JICKTPOHCKA arCOpIIMOHA |
uH(]pa-1pBeHa crekTpockonuja. Mimajyhu y BUILy CIMYHOCT €NEKTPOHCKOT ariCOPHIIMOHOT
cnektpa  xekcageHtatHor  Mg[Cu(1,3-pndta)] 7TH20  kommiekca ca  CIIEKTpOM
Mg[Cu(1,3-pdta)] 8H20 komriekca Mo3HATE KPUCTATHE CTPYKTYypEe, KAaO0 W CIMYHOCT
usMel)y  eJIeKTPOHCKOr  alcCOpHIMOHOT  cmektpa  mneHraaeHtatHor  Mg[Cuz(1,3-
pnd3a)2] 7H20 komrmutekca ca cmektpom Mg[Cuz(1,3-pd3a)2] 7H20 kommiekca, Takohe
MO3HATe KPUCTAJIHE CTPYKType, 3a mcnutuBane Mg[Cu(1,3-pndta)] 7H20 u Mg[Cuz(1,3-
pnd3a)2] 7H20 xomriekce mpeTnocTaB/beHe Cy AMCTOProBaHa OKTaeJapcka M KBaJpaTHO-
nMpaMuIaHa TeOMETPHja, HaBeICHUM peiocie oM. EIeKTpOHCKH arCOpIIMOHH CIIeKTap
ucnutuBanor nentagentatnor M([Niz2(1,3-pnd3a)2]-8H20 komrutekca ce pasznukyje o
CJIEKTPOHCKUX aIlCOPHIMOHMX crekrapa okraemapckux Mg[Ni(1,3-pndta)]-10H.0 wu
MQg[Ni(1,3-pdta)] 8H20 kommiekca MO3HATUX KPUCTATHUX CTPYKTypa. OBa pasiuka ce
yraaBHOM ManudecTyje y ancopruuoum Makcumymuma | ((Azg — 3Tog (F)) 1 1V (CAzg —
3T14 (P)). ENeKTpOHCKHN aTcOpIIMOHH crieKTpH okTaemapckux Mg[Ni(1,3-pndta)]-10H20 u
Mg[Ni(1,3-pdta)] 8H.0 xommiekca mokasyjy TeHICHIHU]y pasiarama |V amcopmnimoHor

MaKCHUMyMa, JIOK je y cnekTpy meHTageHtatHor Mg[Niz(1,3-pnd3a)2]-8H20 komrmuiekca
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YOUEHO IHpeme | ancopniuuoHOr MakCMMyMa ca HerOBOM TEHICHIMJOM pasiiarama Ha
cTpaHu HXke eHepruje. majyhu y Buay UnibeHHIY J1a je IUPEHE arncopIIMoHe Tpake, ca
TEHJICHIMjOM pasjlarama Ha CTpaHH HWXKE EHEepruje, Takohe yO4eHO Y EICKTPOHCKHM
aTiCOPIIIMOHUM crieKTpuMa KBazapaTHo-mupamuganaux Cu(Il)-1,3-pd3a-Tuma komruiekca,
Ha OCHOBY dYera je mpermocTtaBjbeno jga menragentatan MQ[Niz(1,3-pnd3a):]-8H20
KOMIUIEKC HMa CIMYHY KBaJpaTHO-NMPAMUIAIHY TEOMETpUjy Kao U ojarosapajyhu
komriekcu Cu(Il)-1,3-pd3a-tuma. Mana y ciyaajy Mg[Ni2(1,3-pnd3a).]-8H20 xommiekca
HUje UCKJbYYeHa M OKTaeAapcKa CTpyKTypa ca MoHojaeHTaTHuM surangaoMm (Cl wm H20) y

CiS-TIOJTapHOM I0JI0XKajy Y OTHOCY Ha CeKyH/JapHH a30ToB atoM 1,3-pnd3a muranna.

CunrernsoBanu cy u okapaktepucanu Cr(lll) xommiuekcn ca XekcageHTaTHO
xoopauHoBanuM 1,3-pndta nurangom u Na®, K™ u Ca?* JOHMMa Kao KOHTpa-KaTjOHHUMA.
CTpyKkTypa OBHX KOMIUICKCA je OKapaKTepuCaHa Ha OCHOBY PCHIINCHCKE CTPYKTYpHE
aHanu3e, eJeKkTpoHcke amcoprmmuone u ‘H NMR  cmekxrpockonuje. Mcnutusanu
[Cr(1,3-pndta)]” xomriekCHH aHjOH, y OJHOCY Ha CTpykTypHO anamorau [Cr(1,3-pdta)]”
KOMIUICKC, MOKa3yjé HEIITO MamH HAllOH OKTAaeHapCKHUX YIJOoBa. 3HayajaH JONPHHOC
ykynHoMm Hanony y [Cr(1,3-pndta)]” koMIieKCHUM aHjOHMMa YMHU HAllOH OKO XEIaTHOT
a30TOBOT aTOMa, KOj! je Be3aH 3a YIJbeHHKOB aTOM Ha KOME Ce Hajla3H €THUJI-CYNCTUTYCHT
u HaroH y G rmnumHckuMm npcreHoBuMa (G-girdle, mperen koju ce Hanasu y paBHH ca
JMAMUHCKAM TPCTCHOM). Y KpUCTAIHUM cTpykTypama wucnutuBanux Na[Cr(1,3-
pndta)]-H20, K][Cr(1,3-pndta)]-H-O u Ca[Cr(1,3-pndta)]>-4H.O kommiekca youeHH Cy
pa3IMYUTH HAYUHU MOCTHOT Be3HMBamba KapOOKCHJIHMX Ipyla 3a jOHe MeTasa, IITO YTUYe
Ha popmupame 3D, 2D u 1D nomuMepHHX CTPYKTypa, HABEICHUM PEIOCIeAOM. Y OJTHOCY
na anamorau Na[Cr(1,3-pdta)]-3H20 xommiueke, ucnutuBanu Na[Cr(1,3-pndta)]-H20
KOMILJIEKC MO0Ka3yje HemTo Behy TUno(UIHOCT Koja ce MaHU(pecTyje Y MIPUMETHO MambeM
Opojy MoJeKyia BOJe NMPUCYTHUX y KPUCTATHO) peIIeTKH. EIEeKTpOHCKM arcopriiuoHu U
'H NMR cnexrpu 1,3-pndta-Cr(I11) xommuekca cy AUCKyTOBaHH y OJHOCY HA CTPYKTYPHO
anajoruu 1,3-pdta-Cr(lll) komrmiekc mo3HaTe KpHCTATHE CTPYKType. EjekTpoHcku
ancopnionn  criektpu  [Cr(1,3-pndta)]- u [Cr(1,3-pdta)]” xommiekca cy MOTIYHO
UJICHTUYHU, HA OCHOBY 4Yera ce MOXKE 3aKJbYYHTH Jla €THJI-CYIICTUTYCHT y JUAMHHCKOM
npcrery [Cr(1,3-pndta)]” xommiekca He yTHYe Ha MMOJakaj W OOJIMK AarcOPIIIHOHUX
MakcUMyMa y merosom crektpy. CymportHo tome, ‘H NMR cmextap Cr(1,3-pndta)]-
KOMIUIEKCA j€ CJIOKEHMJH, ca UIMPOKUM M c1ab0 pa3joKEHUM CUTHAJIMMA, Y OJHOCY Ha

omrosapajyhu cnekrap amamornor [Cr(1,3-pdta)]” komrmuiekca, mrTo je mociaeauIa
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HapymeHe cumerpuje 1,3-pndta-Cr(Ill) komruiekca y3pokoBaHE yBohemeM —eTHII-
CYIICTUTYEHTA y HETOB JIMAMHHCKH MPCTEH, Ka0 U Moryhe MpHCcyCTBO CTEPEOM30MEPHHUX

KOMILIEKCHUX BpcTa y pactBopy 1,3-pndta-Cr(I1I) xommiekca.
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Kpymesny on orja Munana u majke Pagmuse. OCHOBHY IIKOITY
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Ha CHHTE3y, CIHEKTPaJHy MU pPEHITeHCKO-CTPYKTYpPHY KapaKTepu3aljy HEeOpPraHCKuX
KOMIUIEKCHUX jeAMIbeha KOja Cajipike Pa3IMuMTe jOHE MpeNa3HUX MeTana, Kao ILITO CY
KoOaiT, Xpom, Oakap, HAKaJ, KaAMUjyM u 1ip. Y jyHy 2011. roguHe npuMIibeHa je y paaHu
onHoc Ha Ilpupomno-marematnukoM ¢akynretry y KparyjeBny, kao ucTpaxkupay-
NpPUIIPABHUK, a aBrycra 2012. ronuHe je nzabpaHa y 3Bambe UCTPaXUBau-CapaJHUK 32 paj
Ha MPOjeKTHMa Koje puHaHCHupa MUHHCTApCTBO MPOCBETE, HAYKE M TEXHOJOUIKOT pa3Boja

Penyosiuke Cpouje (ITpojexar 6p. 172036).
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Ta6ena I11. Bpeanoctu napamerapa 3a Bogonuune Bese y [Mg(H20)e][Ni(1,3-pndta)]-4H.0

KOMILJICKCY
D—H---A D—H@A) H-AR) DA D—H:--A(°)
O1IW—HIW---O7W! 0,85 1,91 2,739 (2) 166
O1W—H2W---03 0,85 1,90 2,748 (2) 177
O2W—H3W---010W! 0,85 1,99 2,834 (3) 170
O2W—H4W---08W 0,85 1,94 2,767 (2) 164
O3W—H5W---08'l 0,85 1,86 2,693 (2) 167
O3W—H6W---04 0,85 2,01 2,850 (2) 172
O4W—HT7W---O9Wi 0,85 1,94 2,776 (3) 167
O4W—H8W---O1' 0,85 2,00 2,821 (2) 161
O5W—H9W---02V 0,85 1,90 2,753 (2) 176
O5W—HI10W---O7" 0,85 1,94 2,774 (2) 167
O6W—HI11W:--O7W' 0,85 1,89 2,723 (2) 166
O6W—H12W---071 0,85 2,42 3,101 (2) 138
O7W—HI13W---02" 0,85 1,92 2,767 (2) 172
O7W—H14W---08 0,85 1,85 2,697 (2) 177
O8W—HI15W---06" 0,85 1,85 2,698 (2) 173
O8W—H16W---04 0,85 1,97 2,817 (2) 176
O9W—H17W---O8W 0,85 2,07 2,852 (3) 152
O9W—HI18W---05v 0,85 1,90 2,726 (2) 164
O10W—HI9W:--O9W" 0,85 1,92 2,764 (3) 171
010W—H20W:--04 0,85 2,37 3,184 (3) 162

Cumerpujcku kooBu(S): (i) x-1,y, z; (ii) -x+1, -y+1, -z; (iii) -x, -y+1, -z+1; (iv) x-1, y-1, z; (v) -x+2, -y+1, -z;

(vi) -x+1, -y+1, -z+1.
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ARTICLE INFO ABSTRACT
Article history: This paper reports the synthesis and X-ray characteristics of the missing homonuclear s-block metal com-
Received 30 September 2010 plex {[Sry(1,3-pdta)(H,0)s]-H20},. In the title compound, the hexadentate 1,3-propanediaminetetraace-
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- ; tate (1,3-pdta) ligand joins to two Sr(Il) centers via the diamine chain. Moreover, each Sr(Il) is bridged
Available online 9 January 2011

through two carboxylate O atoms and a water molecule to two neighboring Sr(Il) ions. The coordination
sphere around each Sr(Il) ion consists of one diamine nitrogen, four carboxylate oxygens and four water

ﬁ’%;"’";d;: d | molecules. Comparison with the previously reported M(II)-1,3-pdta complexes reveals that increasing of
Sl'EIl;_io}l -pdta complexes the ion size results in the incorporation of water molecules into its first coordination sphere and conse-
Synthesis quent increase of the coordination number (C.N.) from six to seven or eight, while keeping the hexaden-

tate coordination mode of the ligand. Further increase of the metal ion size leads to the loss of the
chelating properties of the diamine and formation of a bis-tridentate complex. Associated with it is the
change in the binding mode of the carboxylate groups. This forms the basis for classification of divalent
metal 1,3-pdta complexes into five distinct structural classes. Additionally, in the present study X-ray
powder diffraction and IR spectroscopy were used to distinguish the different structural types of
M(II)-1,3-pdta complexes, including Ba[Ba(1,3-pdta)]-2H,0 which has been used for their preparation.
© 2011 Elsevier Ltd. All rights reserved.

X-ray characterization

1. Introduction ) )
OOCHZC\ CH,COO

The structural preferences of metal(Il) complexes with the hexa- N—(CHy),—N
dentate 1,3-pdta ligand (1,3-pdta is the 1,3-propanediaminetetraac- - ;
etate ion), which with respect to edta has a longer diamine chain, OOCH,C CHCOO
have been considered in terms of the central metal ion size, d-elec- n=2:edta; n=3: 1,3-pdta

E;%n;g:gif;teff [ﬁg(gzgyﬁiﬂ(;f(fggﬁgﬁgn Sa[t;n[[cla_(fl]';)o " The M(II) ions [M(II) = Ni(I1), Mg(II), Cu(I1), Zn(I) and Co(ID)] of the
e g 2 | 273 ionic radius r(M) [9] from 0.830 to 0.885 A form with the 1,3-pdta

Ca(1,3-pdta)(H,0)]-2H,0 [5], [Co(H,0)s][Co(1,3-pdta)]-2H,0 [4] . ) h -
and [Zn(H,0)e][Zn(1,3-pdta)] 2H,0 [6], and the heteronuclear ligand a series of isostructural crystals containing octahedral com-
. plexes (homonuclear and heteronuclear) of the general formula
[Mg(H20)6][Ni(1,3-pdta)] 2H,0  [3], [Mg(H20)s][Cu(1,3-pdta)]- I n ;
[M"(H,0)s][M'"(1,3-pdta)]-2H,0 (type I) [1-6]. Meanwhile, some-
2H,0 [1], [Mn(H20)e][Cu(1,3-pdta)]-2H,0 [2], [Mg(H20)e][Co . _ i
what larger metal ions such as Mn(Il) [r(M) = 0.970 A] and Cd(lI)
(1,3-pdta)]-2H,0  [4], [Mg(H;0)6][Zn(1,3-pdta)]-2H,0  [6], £ . L . :
[r(M) = 1.090 A] form with this ligand another series of isostructur-
[Mg(H20)s][Cd(1,3-pdta)(H20)]-2H,0 [6,7], [Mg(H20)s][Mn(1,3- ; . X
dta)(H,0)]-2H,0 [7] and [Mg(H,0)s][Mgo.sMno s(1,3-pdta)]-2H,0 al crystals built of complexes of pentagonal-bipyramidal geometry
p : A of the general formula [M"(H,0)s][M'"'(1,3-pdta)(H,0)]-2H,0 (type

7 1 ith divalent tal i th distinct structural Lo - - .
£y|])ecs()hma€/e6)l()‘3esen‘1/vévi degISeSln metal tons three cIStnct structura IT) [6,7]. The Mn(II) ion is well suited for the geometrical require-
’ ments of both structural types (I and II), as evidenced in the crystal
R structures of [Mg(H,0)e][MgosMngs(1,3-pdta)]-2H,O0 [7] and
* Corresponding a}Jthors. Tel.: +48 61 8291 268;”fax: +48 61 865 8008 (U. [Mg(H20)s][Mn(1,3-pdta)(H0)]-2H,0 [7]. Consequently, the ionic
Rychlewska), tel./fax: +381 11 636 061 (D.D. Radanovic). ) radius of 0.97 A (radius of the high-spin Mn(Il) ion [9]) was
E-mail addresses: urszular@amu.edu.pl (U. Rychlewska), radanovic@chem. id d to be the “critical” radi for det L. the C.N. of
bg.ac.rs (D.D. Radanovié). considered to be the “critical” radius for determining the C.N. o
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M(II)-1,3-pdta complexes. The Ca(Il) ion [r(M) = 1.140 A] [9] forms
with 1,3-pdta a homonuclear complex [5] of the formula [Ca(-
H,0)3Ca(1,3-pdta)(H,0)]-2H,0 (structural type III) in which the
Ca(Il) ion, coordinated with 1,3-pdta and two symmetry related
water molecules, forms an irregular square-antiprismatic struc-
ture. The crystals of this complex are composed of 1D polymeric
chains of carboxylate-bridged coordination complexes. This con-
trasts with the crystal packing of complexes of type I and II, where
distinct cation/anion complex species either alternate (type I) or
are separated into alternating cationic and anionic layers (type
I). Here, we report the synthesis and the X-ray characterization
of the s-block metal complex {[Sry(1,3-pdta)(H,0)s]-H,0},, which
represents a new structural type (IV). Besides single-crystal X-ray
diffraction, X-ray powder diffraction and IR spectroscopy were
used for distinguishing different structural types of M'[M'(1,3-
pdta)] complexes, including Ba[Ba(1,3-pdta)]-2H,0, which has
been used for their preparation, but does not form crystals suitable
for single crystal X-ray analysis [1,10].

2. Experimental
2.1. Compounds preparation

All commercially obtained reagent-grade chemicals were used
without further purification. The preparation of barium (1,3-prop-
anediaminetetraacetato)barium(Il) dihydrate, Ba[Ba(1,3-pdta)]-
2H,0, has been reported elsewhere [1,10].

2.1.1. Preparation of [Srx(1,3-pdta)(H50)s]-H>0

The [Sr,(1,3-pdta)(H,0)s]-H,0 complex was prepared by modi-
fication of a method previously used in our laboratory for the prep-
aration of a series of M(II)-1,3-pdta complexes of the general
formulas [M(1,3-pdta)]?>~ (M(II) = Cu [1], Ni [3], Co [4], Mg [5], Zn
[6], Mn [7]; C.N.=6), [M(1,3-pdta)(H,0)]>~ (M(ll)=Cd [6] and
Mn [7]; CN.=7) and [M(1,3-pdta)(H,0)]> (M(I)=Ca [5];
C.N. = 8). To the warm suspension of SrSO4 (1.83 g; 10 mmol) in
1800 cm? of water, solid Ba[Ba(1,3-pdta)]-2H,0 (3.07 g, 5 mmol)
was added and the reaction was stirred with heating for 12 h at
80-90 °C. During this time the volume of the mixture was reduced
to ca. 1200 cm®. The mixture was allowed to cool to room temper-
ature and precipitated barium sulfate was filtered out. The filtrate
containing the [Sry(1,3-pdta)(H,0)s]-H,O complex was concen-
trated to a volume of 250 cm? and then it was left to stand at room
temperature for several days. The colorless light crystals of
[Sr,(1,3-pdta)(H,0)s]-H,0 were filtered off, washed with ethanol
and air-dried. The remaining filtrate was then evaporated to a vol-
ume of 70 cm® and an additional amount of the corresponding
[Sr(1,3-pdta)(H,0)]-H,0 complex crystallized after standing at
room temperature for two days. Yield: 1.85 g (~61%). Anal. Calc.
for [Srz(],3-pdta)(H20)6]-H20, Cy11H28N>015Sr> (FW = 60359) C,
21.89; H, 4.67; N, 4.64. Found: C, 21.74; H, 4.77; N, 4.54%.

2.2. Physical measurements

The IR spectra were recorded on a Perkin-Elmer Spectrum One
FT-IR spectrometer using the KBr pellet technique. Elemental
microanalyses for carbon, hydrogen and nitrogen were done at
the Faculty of Chemistry, University of Belgrade.

2.3. X-ray crystallography

2.3.1. Powder diffractometry

The powder diffraction pattern for Ba[Ba(1,3-pdta)]-2H,0 has
been registered on a Bruker D8 Advance diffractometer equipped
with a Lynx-Eye detector using monochromated Cu Ko radiation.

Table 1
X-ray experimental details for [Sr,(1,3-pdta)(H,0)s]-H,0.

[Sr2(1,3-pdta)(H,0)6]-H,0

Crystal data

Chemical formula C11H28N20155r3
M; 603.59
Crystal system Orthorhombic
Space group P2,2124
Temperature (K) 295

a(A) 11.9828 (4)

b (A) 13.6346 (6)
c(A) 13.7671 (5)

v (A3) 2249.28 (15)
V4 4

Radiation type Mo Ko

u (mm~1) 481

Crystal size (mm)
Data collection
Diffractometer

0.10 x 0.05 x 0.05

Xcalibur, Eos diffractometer

Absorption correction Multi-scan

Tmins Tmax 0.969, 1.000

Number of measured [I > 2a(I)] reflections 16070

Number of independent reflections 3961
[I>20(I)]

Number of observed reflections [I > 2a(I)] 3149

Rint 0.039

Refinement
R[F*>20(F)], wR(F®), S

0.048, 0.136, 1.00

Number of reflections 3961

Number of parameters 272

Number of restraints 0

H-atom treatment H-atom parameters
constrained

Amaxs Amin (€ A73) 0.98, —0.62

Flack parameter 0.27 (2)

Powder patterns for [Mg(H,0)s][Mg(1,3-pdta)]-2H,0 [5] (type I),
[Mg(H0)6][Cd(1,3-pdta)(H20)]-2H.0 [6,7] (type 1I), {[Ca(H20)s-
Ca(1,3-pdta)(H,0)]-2H,0}, [5] (type III), and ({[Sry(1,3-pdta)(-
H,0)6]-H20},, [this work] (type IV) complexes of known X-ray
crystal structures were calculated using the MErcury program [11].

2.3.2. Single crystal structure analysis

Single crystals of the [Sry(1,3-pdta)(H,0)¢]-H>O complex, suit-
able for X-ray diffraction, were obtained from a water solution.
The intensity data were collected with a KM4CCD kappa-geometry
diffractometer equipped with graphite monochromated Mo Ko
radiation (4=0.71073 A) at 295 K. The intensity data were cor-
rected for Lp effects as well as absorption [12]. The structures were
solved by direct methods using sHeLxs86 [13] and refined by least-
squares techniques with sHerxt97 [13]. Anisotropic displacement
parameters were employed for non-hydrogen atoms. The positions
of the hydrogen atoms were calculated at standardized distances of
0.97 A and were refined using a riding model with isotropic tem-
perature factors 20% higher than the isotropic equivalent for the
atom to which the H-atom was bonded. Water hydrogen atoms
have not been located. The structure has been refined as an inver-
sion twin with the minor component fraction of 0.27(2) [14]. MEer-
cury [11] and sieMens computer graphics program [15] were used
to prepare the drawings. Details of the X-ray analysis and crystal
data are collected in Table 1.

3. Results and discussion
3.1. Single crystal X-ray results
The ORTEP diagram of the [Sry(1,3-pdta)(H,0)s]-H,O complex is

presented in Fig. 1, while selected geometrical parameters are
listed in Table 2. In the investigated crystal structure the hexaden-
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: x-1/2, -y+3/2, -z =
" x+2, y+1/2, -z+1/2 02
"ox+1/2, y+3/2, -z

Y x+2, y-1/2, -z+1/2

Fig. 1. Perspective view of the binuclear unit of the Sr(II)-1,3-pdta complex and the
atom numbering scheme. Displacement ellipsoids have been drawn at the 40%
probability level.

tate 1,3-pdta ligand acts as bis-tridentate. Both Sr cations display
C.N. nine and adopt approximately a D3}, face-capped trigonal pris-
matic arrangement, shown in Fig. 1. Each Sr cation is surrounded
by one nitrogen and four oxygen atoms belonging to the carboxyl-
ate groups, and four water molecules. Altogether there are seven
water molecules in the asymmetric unit, six coordinated and one
uncoordinated. Of the six coordinated water molecules, two (i.e.
02W and 04W) act as bridging ligands.

Each Sr(Il) cation is triply bridged to two other Sr(Il) cations
(Fig. 2). The triple bridging is achieved via one water molecule
and two oxygens, each belonging to different carboxylate groups.
One such bridge utilizes 02W, 03 and O5 oxygens, the other
04W, 01 and 07 oxygens. The distances between the triply bridged
Sr cations amount to 4.300(1) and 4.262(1) A, while the distance
between two Sr cations connected by the diamine chain is equal
t0 9.113(1) A. Following the standard notation used by Porai-Kosh-
its [16] for bridging carboxylates, all four carboxylates can be clas-
sified as possessing the 2-sa purely bridging function. Noteworthy,
in the crystal structures of type I and I, all four carboxylate groups
display monodentate non-bridging coordination to the metal ion
[1-7], while in {[Ca(H,0)3Ca(1,3-pdta)(H,0)]-2H,0}, crystals the
carboxylato ligands are not equivalent; two act as monodentate
and the remaining two as chelating polydentate with coordination
capacities of 3 and 4 [5]. The increase of the denticity of the carbox-
ylate groups might be connected with an increase of the metal ion
size in both the anionic and the cationic part of the complex salt.

The investigated crystal displays P2,2,2; symmetry, character-
istic for chiral crystals, but it has been refined as a racemic twin.
The sHeLxL program suggested the presence of approximately 27%
of the other enantiomer in the crystal lattice. The molecules form
a 3D MOF (Metal Organic Framework). Water molecules are in-

Table 2

Selected geometrical parameters (A) for [Sry(1,3-pdta)(H,0)s]-H20.
Sr1-01 2.718 (8) Sr2-02wWit 2.843 (9)
Sr1-03 2.789 (9) Sr2-05W 2.874 (17)
Sr1-01W 2.801 (12) Sr2-N2 2.959 (11)
Sr1-05! 2.812(8) Sr2-07 2.836 (10)
Sr1-02W 2.826 (9) Sr2-04WV 2.829 (14)
Sr1-07t 2.855 (9) Sr2-06W 2.785 (11)
Sr1-04W 2912 (13) Sr2-01%" 2.756 (9)
Sr1-03W 2.944 (14) Sr2-03f 2.740 (9)
Sr1-N1 3.003 (11) Sr2-05 2.709 (10)

Symmetry code(s): (i) x — 1/2, —y +3/2, —z; (ii) —x + 2,y + 1/2, —z + 1/2; (iii) x + 1/2,
—y+3/2, —z; (iv) —x+2,y — 1/2, —z+ 1/2.

: x-1/2, -y+3/2, -z
x+2, y+1/2, -z+1/2

Fig. 2. Bridging of the neighbouring Sr(II) centers. Hydrogen atoms have been

omitted for clarity.

Table 3
Hydrogen-bond parameters for [Sry(1,3-pdta)(H,0)s]-H>0.

D---A(A) Symmetry operations on A
O1W...08 2.720(16) 2-Xx05+y,05-z
O1W.-..04 2.841(17) 2-x05+y, -05-z
02W- .02 2.621(14) 15-x%2—y, —05+z
02W...07W 2.848(14)
O3W...02 2.657(16) 05+x,15-y, -z
O3W---01W 2.913(21)
04W...06 2.740(16) —-05+x,15-y, -z
O5W...03 3.188(17) 05+x,15-y, -z
O5W.---02W 3.152(18) 05+x,15-y, -z
O6W. - .04 2.771(16) 05+x 15—y, —z
O6W. .06 2.789(16) 2-X05+y,05-2
O6W...07W 2.878(17) Xy 1+z
O7W.---08 2.828(15) 05+x,15~-y, -z

volved in strong hydrogen bonds with the carboxylate groups.
Table 3 lists the shortest O---O contacts. Coordinated water

Fig. 3. Water channels and 3D MOF seen in the crystal structure of [Sry(1,3-
pdta)(H,0)s]-H20. Uncoordinated water molecules are represented as spheres.
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molecules form hydrogen bonds with one (04W), two (O1W, O2W,
O3W and O5W) or three oxygen atoms (O6W). The water
molecule not involved in a metal bond (O7W) is situated in chan-
nels running along the c-direction (Fig. 3) and is linked to 08, 02W
and O6W.

3.2. Geometrical preferences of M'[M"(1,3-pdta)] complexes in
relation to the analogous edta complexes

The correlation between the structure of the complex, ligand
functionality and the strain about the chelating N atoms has been
considered for a series of M'"[M'(1,3-pdta)] complexes [1-7]
(Table 4) and compared with those of the corresponding
M"[M"(edta)] complexes [18-27]. We have classified these com-
plexes into the same structural type on the basis of their ability
to form isostructural crystals. The analogous structural types from
the two series (1,3-pdta vs. edta) contain complexes that are of the
same molecular geometry, but might differ in their crystal packing.
Despite that, crystals assigned to 1,3-pdt-type II and edta-type Ila
are also isostructural. Inspection of Table 4 reveals that the C.N.
of M(II)-1,3-pdta complexes increases with increasing size of the
central metal ion and that the hexadentate coordination mode of
1,3-pdta is present prior to C.N. 9, where it changes to bis-
tridentate.

One of the measures of the strain associated with the ligand
chelation is the XA(N) value, defined as the sum of the absolute
values of the deviations from 109.5° of the six bond angles made
by the chelate nitrogen atoms. A mean XA(N) value for the two
ligand nitrogens is reported in Table 4 for all the complexes in
question. It follows from this table that the octahedral 1,3-pdta-
type I complexes [1-7] show significantly lower strain about the
chelating N atoms than the corresponding complexes of the edta-
type 1 [18-22], as evidenced by the calculated A(N) values of
11-13° vs. 17-23°, respectively. However, the M(Il)-edta system
is released from strain about the N atoms when the C.N. of the sys-
tem is increased to 7 or 8. Consequently, the strain formed about
the chelating N atoms in the M(II)-edta complexes of C.N. 7 or 8
(types II and III, respectively) becomes comparable to that in 1,3-
pdta-type I complexes. This behavior of the M(II)-edta series is
contrasted with that of the M(Il)-1,3-pdta series. In the latter ser-
ies an increase of the C.N. from 6 to 7 or 8 generates additional
strain about the N atoms. The calculated AN value of 28° for
{[Ca(H,0)5Ca(1,3-pdta)(H,0)]-2H,0}, [5] (1,3-pdta-type Il com-
plex of C.N. 8) indicates that it contains N atoms with the most
highly strained bonds. On the other hand, the {[Sr,(1,3-pdta)(-
H,0)6]-H20},, (1,3-pdta-type IV) complex, in which the 1,3-pdta li-
gand acts as bis-tridentate, shows a significantly lower AN value
than the [Ca(H»0)5Ca(1,3-pdta)(H,0)]-2H,0 complex (19° vs. 28°).

Table 4
Coordination geometry, ligand functionality and strain about the N atoms in selected 1,3-pdta and edta metal complexes.

Complexes (M) (A) 2 C.N. Geometry Coordination mode of ligand Space group AN (°) Ref.

Counter cation/central metal ion; CSD REFCODE [17]
M(II)-1,3-pdta

1,3-pdta-type I: [M;(H50)s][M'"(1,3-pdta)]-2H,0

Mg/Ni; OCEQIW 0.830 6 Octahedral Hexadentate Pnna 11 [3]

Mg/Mg; JAMQAQ 0.860 13 [5]

Mg/Cu; KEQRAZ 0.870 13 1]
Mn/Cu; QILFEW 13 [2]

Mg/Zn®; DAWVED 0.880 13 [6]
Zn/Zn®; DAWVIH 13

Mg/Co®; IMAFOR 0.885 11 [4]
Co/Co®; IMAFIL 11

Mg/Mgos-Mngs; YIGCOH — 0.860; 0.970 13 171

1,3-pdta-type II: [M"(H,0)s][M""(1,3-pdta)(H,0)]-2H,0

Mg/Mn®; YIBROR 0.970 7 PB Hexadentate Pbcn 20 [7]

Mg/Cd®; DAWVONO1 1.090 16 (7]

1,3-pdta-type III: {{M"(H,0);M"(1,3-pdta)(H,0)]-2H,0},

Ca/Ca®; JAMPUJ 1.140 8 Square-antiprismatic Hexadentate P1 28 [5]

1,3-pdta-type IV: {{M",(1,3-pdta)(H,0)s]-H,0}

Sr/Sr 1.320 9 Tri-capped trigonal prismatic Bis-tridentate P212124 19 This work

M(II)-edta

edta-type I: {{[M'(H,0),M"""(edta)]-2H,0},

Ni/Ni; DOPWEK 0.830 6 Octahedral Hexadentate Pna2, 23 [18]
Zn/Ni; GAZVIM 21 [19]

Mn/Cu; BINBAB10 0.870 23 [20]
Mg/Cu; CMGEDTO1 23 [21]
Zn/Cu; GAZVEI 19 [19]

Mg/Zn; ZNEDTA12 0.880 22 [20]

Mn/Co; BINBEF10 0.885 17 [20]
Co/Co; COEDTA 21 [22]

edta-type Ila: [M"(H,0)s][M"(edta)(H,0)]-2H,0

Mg/Mg; MGEDTAO1 0.860 7 PB Hexadentate Pbcn 10 [23]

Mg/Mn; KAVBUE 0.970 12 [24]

edta-type IIb: {[M"(H,0),M"(edta)]-2H,0},

Mn/Cd; BINBOP10 1.090 7 PB Hexadentate P1 11 [25]

edta-type Illa: [M"(Phen);][M"(edta)(H;0),]-10.5H,0

Ni/Ca; MUJFEC 1.140 8 Square-antiprismatic Hexadentate P1 10 [26]

edta-type IlIb: [M"(Phen)s],[M"";(edta),(H,0),]-24H,0

Ni/Ba; MUJFAY 1.490 8 Square-antiprismatic Hexadentate P1 10 [27]

2 Tonic radius for C.N.=6 [9].
> Low-temperature data.
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Fig. 4. X-ray powder diffraction pattern measured for Ba/Ba-1,3-pdta (type V complex, black) compared with the powder pattern calculated from the crystal structures of
Mg/Mg-1,3-pdta (type I complex, pink), Mg/Cd-1,3-pdta (type Il complex, navy blue), Ca/Ca-1,3-pdta (type Il complex, green) and Sr/Sr-1,3-pdta (type IV complex, red). For
ease of comparison the patterns are stacked with identical scales on the abscissa. (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

The strain about the chelating N atoms in {[Sry(1,3-pdta)
(H20)]-H20}, is similar to that observed in complexes of
1,3-pdta-type II [7] or edta-type I [18-22]. The change in the coor-
dination mode of the 1,3-pdta ligand from hexadentate to bis-
tridentate may result from an attempt to release the high bond-
strain about the chelating N atoms that would otherwise appear
in the hexadentate M(II)-1,3-pdta system with a large spherically
symmetric metal ion possessing a high coordination number.

3.3. Comparison of powder patterns

In order to provide the means to readily identify the structural
types of M(II)[M'(I1)-1,3-pdta] complexes we have simulated the
powder diffraction patterns for the fully structurally characterized
[Mg(H0)s][Mg(1,3-pdta)]-2H,0 [5] (type I), [Mg(H0)s][Cd(1,3-
pdta)(H,0)]-2H,0 [6,7] (type 1I), {[Ca(H,0)sCa(1,3-pdta)(-
H,0)]-2H,0}, [5] (type III) and {[Sry(1,3-pdta)(H,0)s]-H,0}, [this
work] (type IV) complexes, and registered the powder diffraction
pattern for the Ba[Ba(1,3-pdta)]-2H,0 complex, for which no single
crystals suitable for X-ray analysis could be obtained. Fig. 4 com-
pares the measured and calculated powder patterns. The powder
patterns of the complexes specified above differ considerably, thus
allowing us to unambiguously establish that the Ba[Ba(1,3-
pdta)]-2H,0 complex does not belong to any of the structural types
characterized by a single crystal X-ray analysis and represents a
new, yet unknown, structural type.

3.4. Infrared spectra of 1,3-pdta complexes

The portions of the IR spectra (1200-1800cm™!) for
[Mg(H0)s][Mg(1,3-pdta)]-2H,0 [5] (type I), [Mg(H20)s][Cd(1,3-
pdta)(H,0)]-2H,0  [6,7] (type 1I), {[Ca(H,0)sCa(1,3-pdta)
(H,0)]-2H,0},, [5] (type III) and [Sry(1,3-pdta)(H,0)s]-H,O [this
work] (type IV) complexes are shown in Fig. 5. The important IR data
inthe COO~ asymmetric stretching region are given in Table 5. The IR
spectra and the corresponding spectroscopic data for the above
mentioned 1,3-pdta-M(II) complexes of known crystal structures
were compared with those for the Ba[Ba(1,3-pdta)]-2H,0 complex
[1,10]. The later complex was used for preparation of all the investi-
gated 1,3-pdta-M(Il) complexes, by the reaction with the corre-
sponding inorganic salt. Its crystal structure is still unknown due
to difficulties in obtaining crystals suitable for X-ray analysis. The
asymmetric carboxylate stretching frequencies of aminopolycarb-
oxylate edta- and 1,3-pdta-type ligands have been used to analyze
the environment of this functional group in various metal complexes
[28,29]. In general the following have been found: protonated
carboxylate, >1700 cm™'; coordinated carboxylate, ca. 1680-1560
cm™'; ionic carboxylate, <1600 cm~'. As can be seen from Fig. 5
and Table 5, all the investigated 1,3-pdta-M(Il) complexes exhibit
very strong band(s) in the asymmetric carboxylate stretching fre-
quency region (ca. 1680-1560 cm™!) indicating that all the carbox-
ylate groups of the 1,3-pdta ligand in these complexes are
coordinated [28a,b,d]. The [Mg(H,0)s][Mg(1,3-pdta)]-2H,0 [5]
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Fig. 5. Portions of the infrared spectra of 1,3-pdta-metal complexes: (I)
[Mg(H20)s][Mg(1,3-pdta)]-2H,0; (II) [Mg(H>0)][Cd(1,3-pdta)(H>0)]-2H>0; (III)
[Ca(H,0)5Ca(1,3-pdta)(H,0)]-2H,0;  (IV)  [Srp(1,3-pdta)(H;0)s]-H,0 and (V)
Ba[Ba(1,3-pdta)]-2H,0.

(type I) and [Mg(H,0)g][Cd(1,3-pdta)(H,0)]-2H,0 [6,7] (type II)
complexes with hexadentate coordination of the 1,3-pdta ligand
and uniform monodentate coordination of all the carboxylato li-
gands exhibit at 1598 cm™! a well separated band. At variance, in
the IR spectrum of the {{Ca(H,0)sCa(1,3-pdta)(H,0)]-2H,0}, com-
plex (typeIlI), the peak splits into two at 1638 and 1585 cm ™!, which
might be interpreted as an indication of the presence of two different
binding modes of the carboxylate groups, as revealed by X-ray

crystallography [5]. One of these bands can be assigned to an asym-
metric stretching vibrational mode of the bridging carboxylate che-
lates and the other can be assigned to an asymmetric stretching
vibrational mode of the non-bridging monodentate carboxylate
groups [30]. In the IR spectrum of [Sry(1,3-pdta)(H20)s]-H20 [this
work] (complex of type IV), this asymmetric stretching band does
not show any tendency for splitting and behaves more like the IR
spectra for the types I and II, but it is shifted with respect to these
bands (1567 vs. 1598 cm™!). The appearance of only one, though
slightly broadened, peak is in accordance with the crystal structure
where all four carboxylate groups act as one atom bridging (bis-
monodentate). The broadening can obviously be explained by the
number of carboxylates involved in the same type of binding mode,
which may still differ in both the geometry and the involvement in
hydrogen bonding. Nearly the same location of the asymmetric
carboxylate stretching frequency band is observed for the
Ba[Ba(1,3-pdta)]-2H,0 complex. This might suggest a similar car-
boxylate binding mode as in [Srx(1,3-pdta)(H,0)¢]-H,0. However,
this band displays some tendency for splitting on the higher-energy
side, which in turn might indicate some diversification of the struc-
tural role of the carboxylate groups. Steady shifting of the asymmet-
ric carboxylate frequencies to lower energy (when going from
{[Ca(H,0)5Ca(1,3-pdta)(H,0)]-2H,0}, to Ba[Ba(1,3-pdta)]-2H,0
complex) compared to [Mg(H,0)s][Mg(1,3-pdta)]-2H,0 (type I)
and [Mg(H,0)s][Cd(1,3-pdta)(H,0)]-2H,0 (type II) complexes illus-
trates, presumably, a steady weakening of the carboxylate C-O
bonds, as revealed by X-ray crystallography (Table 5). The IR data
for the Ba[Ba(1,3-pdta)]-2H,0 complex and their greater similarity
to the IR spectra of [Sry(1,3-pdta)(H,0)s]-H,O than to any other type
of M"[M"(1,3-pdta) complex discussed in this paper, allowed us to
speculate that this complex represents a new structural type and
that it forms in a crystal an extended metal-organic-framework by
depriving the diamine of its chelating function and by utilizing the
carboxylato ligands as polydentate bridging chelates.

4. Conclusions

The variation in C.N. of M(Il)-1,3-pdta and M(II)-edta systems
affects the strain about the chelating N atoms. With increasing
the C.N. of the hexadentate M(II)-1,3-pdta system, the strain about
the N atoms increases, while the opposite is observed for
M(II)-edta complexes. The change of coordination mode of the
M(II)-1,3-pdta system from hexadentate to bis-tridentate is a
consequence of relatively highly strained bonds about the chelat-
ing N atoms that appear in the hexadentate M(II)-1,3-pdta system
with a large spherically symmetric metal ion of high coordination
number. An increase of the metal ion size is associated with the
change in the binding mode of the carboxylate groups.

Table 5
Infrared asymmetric carboxylate stretching frequencies for selected 1,3-pdta complexes and structural characteristics of their carboxylato ligands.
Complex Vasym COOM, cm~!  Coordination Structural functions of the four The range and the References
mode of 1,3-pdta  carboxylate anions (notation average values of
ligand according to Porai-Koshits [16]) carboxylate C-O bond
lengths (A)
[Mg(H,0)s][Mg(1,3-pdta)]-2H,0 1598 Hexadentate Non-bridging monodentate (1-a) 1.239(2)-1.275(2) [5]
1.256(15)
[Mg(H,0)6][Cd(1,3-pdta)(H,0)]-2H,0 1598 Hexadentate Non-bridging monodentate (1-a) 1.237(2)-1.266(2) [6]
1.252(12) 7]
1.245(5)-1.270(4)
1.2585(12)
[Ca(H,0)5Ca(1,3-pdta)(H,0)]-2H,0 1638 &1585 Hexadentate 2x Non-bridging monodentate (1-a) 1.259(5)-1.282(6) [5]
2x Bridging and chelating (a-43-a and 3,-a) 1.266(7)
[Sry(1,3-pdta)(H,0)6]-H,0 1567 Bis(tridentate) One atom bridging (bis-monodentate) (2-sa) 1.236(15)-1.309(15) [this work]
1.28(2)
Ba[Ba(1,3-pdta)]-2H,0 1569 Unknown Unknown Unknown [1,10]
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Structural variations modulated by ethyl side group have been analyzed for nickel(Il) and copper(Il) com-
plexes with (+)-1,3-pentanediamine-N,N,N’,N'-tetraacetate ligand (1,3-pndta) and its pentadentate deriv-
ative (+)-1,3-pentanediamine-N,N,N’-triacetate (1,3-pnd3a). X-ray results obtained for the octahedral 1,3-
pndta-Ni(Il) complex indicate the distinct correlation of the central chirality of the metal with the chiral-
ity at the diamine o-carbon, which leads to the formation of a racemic mixture of AAA(R) and AAA(S)
enantiomeric anionic complexes, where the R and S labels designate the absolute configuration at the
ligand (ethyl-substituted) stereogenic center. These stereoisomers are those required to maintain an
equatorial ethyl group on the central six-membered chelate ring, whose conformation is A twist-boat
for the AAA isomer and & twist-boat for the AAA isomer. Ethyl group discernibly affects the variation
of the Ni-N and Ni-O bond lengths compared to the analogous complex lacking the substitution of
one of the diastereotopic diamine CH, hydrogens and functions as steric bulkiness which hampers an effi-
cient and of high symmetry packing, observed in the crystals of the parent complex. The infrared and
electronic absorption spectra of hexadentate Mg[Ni(1,3-pndta)]-10H,0 (1) and Mg[Cu(1,3-pndta)]-7H,0
(3), and pentadentate Mg[Ni,(1,3-pnd3a);]-8H,0 (2) and Mg[Cu,(1,3-pnd3a),]-7H,0 (4) complexes are
presented and discussed in comparison with those of the analogous Mg[Ni(1,3-pdta)]-8H,0 (5),
Mg[Cu(1,3-pdta)]-8H,0 (6) and Mg[Cuy(1,3-pd3a),]-7H,0 (7) complexes of known crystal structures.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

{[Sry(1,3-pdta)(H,0)¢]-H20}, (type IV) [8] and Ba[Ba(1,3-pdta)]-
2H,0 (type V) [1,8,9] on the basis of their ability to form isostruc-

A large number of M(II) complexes with the hexadentate 1,3-
pdta (1,3-pdta = 1,3-propanediamine-N,N,N',N'-tetraacetate ion) li-
gand have been synthesized in recent years and characterized
applying X-ray diffraction methods [1-8]. The M(II) complexes
with 1,3-pdta have been classified into five distinct structural
types: [M"(H,0)s][M'"(1,3-pdta)]-2H,0 (type 1) (M(II), M'(II) = Mg,
Cu [1], Mn, Cu [2], Mg, Ni [3], Mg, Co [4], Co, Co [4], Mg, Mg [5],
Mg, Zn [6], Zn, Zn [6] and Mg, Mn/Mg [7]), [M"(H,0)s][M'"
(1,3-pdta)(H,0)]-2H,0 (type II) (M(II), M'(Il) = Mg, Cd [6,7] and
Mg, Mn [7]), {[Ca(H,0)5Ca(1,3-pdta)(H,0)]-2H,0}, (type 1lI) [5],

* Corresponding authors. Tel.: +48 61 829 1268; fax: +48 61 865 8008
(U. Rychlewska), tel.: +381 34 300 251; fax: +381 34 335 040 (M.I. Djuran).
E-mail addresses:  urszular@amu.edu.pl (U. Rychlewska), djuran@kg.ac.rs
(ML.L Djuran).

0277-5387/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.poly.2012.06.013

tural crystals. The 1,3-pdta ligand functions as a hexadentate in the
octahedral [M"(H,0)g][M""(1,3-pdta)]-2H,0 (M(II), M/(1I) = Mg, Cu
[1], Mn, Cu [2], Mg, Ni [3], Mg, Co [4], Co, Co [4], Mg, Mg [5], Mg,
Zn [6], Zn, Zn [6] and Mg, Mn/Mg [7]), pentagonal-bipyramidal
[M"(H,0)6][M'"'(1,3-pdta)(H,0)]-2H,0 (M(II), M'(Il) = Mg, Cd [6,7]
and Mg, Mn [7]) and square-antiprismatic {[Ca(H,0)sCa(1,3-
pdta)(H,0)]-2H,0},, [5] structures (structural types I, II and III,
respectively) whereas in {[Sr(1,3-pdta)(H,0)s]-H,0},, [8] (type
IV) the bis-tridentate coordination mode of 1,3-pdta is observed.
The coordination mode of 1,3-pdta in Bay(1,3-pdta)-2H,0 (type
V) has been postulated as being similar, but not identical, to that
of {[Sr,(1,3-pdta)(H,0)s]-H20}, (type 1V) [8].

For a stable octahedral [M(1,3-pdta)]® complex with the ligand
hexadentate, the  twist conformation of the diamine ring is always
accompanied by the A configuration at the metal center while the
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) twist conformation is accompanied by the A configuration, as
verified crystallographically [1-7,10-17]. The structural parame-
ters around the metal centers can be subtly modulated by accom-
modating side groups on the 1,3-pdta ligand. We have thus
extended our work to choose a 1,3-pdta ligand that has a bulky
side group capable of altering structural features. Herein we report
the synthesis and structural characterization of Cu(Il) and Ni(II)
complexes with the hexadentate 1,3-pndta (1,3-pentanediamine-
N,N,N',N'-tetraacetate) ligand, which is structurally related to 1,3-
pdta, as well as with its pentadentate derivative 1,3-pnd3a
(1,3-pentanediamine-N,N,N'-triacetate), which is structurally re-
lated to 1,3-pd3a (1,3-propanediamine-N,N,N'-triacetate). The
1,3-pndta ligand, which possesses a stereogenic center at one of
the a-carbons in the diamine part, upon hexadentate coordination
with metal ions can form four diastereoisomers: A-[M(3R-1,3-
pndta)]"”, A-[M(35-1,3-pndta)]"”, A-[M(3R-1,3-pndta)]*” and
A-[M(35-1,3-pndta)]"". In this respect the number of possible ster-
eoisomers of the octahedral [M(1,3-pnd3a)X]"" (X =H,0 or other
monodentate ligand) complex with pentadentate 1,3-pnd3a ligand
significantly increases, firstly because of three possible coordina-
tion sites of the monodentate ligand X and consequent formation
of three geometrical isomers, cis-eq, trans-eq and cis-polar [18],
secondly because of additional stereogenic center at one of the dia-
mine nitrogens. Hence, owing to the presence of two stereogenic
centers (at one of the a-carbons and at a secondary nitrogen atom)
and taking into account the central chirality of the metal for each
cis-eq-[M(1,3-pnd3a)X]" and cis-polar-[M(1,3-pnd3a)X]"*" isomer
eight diastereoisomers are theoretically possible, while only four
diastereoisomers are possible for trans-eq-[M(1,3-pnd3a)X]"" iso-
mer lacking the chirality at the metal center.

We report here the synthesis and spectral characterization of
[Mg(H20)s][Ni(1,3-pndta)]-4H,0 (1), Mg[Niy(1,3-pnd3a),]-8H,0
(2), Mg[Cu(1,3-pndta)]-7H,0 (3) and Mg[Cu,(1,3-pnd3a),]-7H,0
(4) complexes. These complexes have been characterized on the
basis of comparison of their infrared and electronic absorption
spectra with those of Mg[Ni(1,3-pdta)]-8H,0 (5) [3], Mg[Cu(1,3-
pdta)]-8H,0 (6) [1] and Mg[Cuy(1,3-pd3a),]-7H,0 (7) [19] of
known crystal structures. Moreover, crystals of [Mg(H,0)s]
[Ni(1,3-pndta)]-4H,0 (1) complex have been subjected to X-ray
analysis.

2. Experimental
2.1. Materials

(£)-1,3-Pentanediamine and chloroacetic acid were obtained
from Fluka Chemical Co. All other common chemicals were of re-
agent grade and used without further purification.

2.2. Preparation of barium salts of (#)-1,3-pentanediamine-N,N,N',N'-
tetraacetic (1,3-Hypndta) and (+)-1,3-pentanediamine-N,N,N'-
triacetic (1,3-Hspnd3a) acids

Barium salts of 1,3-Hspndta and 1,3-Hspnd3a acids were pre-
pared with modification of the procedure for preparation of the cor-
responding salt of 1,3-propanediamine-N,N,N’,N'-tetraacetic acid,
Ba,(1,3-pdta)-2H,0 [1,9]. The condensation mixture of (+)-1,3-pen-
tanediamine (20.80g, 0.20 mol) and chloroacetic acid (96.0g,
0.91 mol) in aqueous NaOH solution (36.4 g NaOH, 0.91 mol in
80 cm® of H,0) was prepared. Deposited NaCl was removed by fil-
tration and filtrate was added to the hot solution of BaCl,-2H,0
(98.00 g, 0.40 mol in 180 cm? of H,0). The obtained solution was
then stirred at 90 °C for 2 h and white precipitate of Ba®* salts of
1,3-Hzpnd3a and 1,3-Hypndta acids was filtered, washed with
warm water and air-dried. Yield 85.00 g. The purification of this

solid product was achieved by pouring it into 800 cm? of boiling
water and obtained suspension was stirred for 30 min. The purified
Ba?" salts were filtered, washed with warm water and air-dried.
This solid product containing the mixture of Ba%* salts of 1,3-pndta
and 1,3-pnd3aligands (in ratio ~75: 25%, respectively) was used for
preparation of the corresponding Ni(Il) and Cu(Il) complexes.

2.3. Preparation of Ni(Il) and Cu(Il) complexes with 1,3-pndta and 1,3-
pnd3a ligands

The solid product containing the mixture of Ba®" salts of 1,3-
Hspnd3a and 1,3-Hypndta acids (10.00 g) was added to the warm
water solution of NiSO4-6H,0 (2.62 g, 0.015 mol) or CuSO4-5H,0
(3.75 g, 0.015 mol). The resulted suspension was heated at 80 °C
with stirring for 3 h. The precipitated BaSO, was removed by filtra-
tion and after cooling at room temperature the filtrates of Ni(II)
and Cu(ll) complexes were passed through the separate column
(5 x 60 cm) supplied with Dowex 1-X8 anion exchange resin in
the Cl~ form.

2.3.1. Separation of Ni(Il) complexes

The column with mixture of Ni(Il) complexes with 1,3-pnd3a
and 1,3-pndta ligands was washed with water and then eluated
with 0.05 M MgCl, solution for 5 days. Two blue colured bands of
anionic Ni(Il) complexes appeared on the column during this time.
The first band containing [Ni,(1,3-pnd3a),]*~ complex (2) was low-
eryield in respect to the second band. Both eluates were evaporated
to a volume of 15-20 cm® and then desalted by passge through a
G-10 Sephadex column, with distilled water as the eluant. Our
attempts to crystallize [Niy(1,3-pnd3a),]>~ complex (2) by using
different ratio of water-acetone or water—ethanol solvents and by
replacing of Mg?* counter cation with K*, Na*, Ca%* and Ba®* ions
were unsuccessful. In all cases electronic absorption spectra were
compared with the absorption spectrum of the initially used Mg?*
complex. No differences in the shape and positions of absorption
maxima were observed. The solid product of Mg[Ni,(1,3-
pnd3a),;]-8H,0 (2) complex was obtained by evaporation of water
solution to dryness on a water bath at 50 °C and then it was kept
in a desiccator over CaCl, for 2 days. Yield 0.31 g. The desalted elu-
ate of the second band containing [Ni(1,3-pndta)]>~ complex (1)
was concentrated to a volume of 7 cm® and then to the obtained
solution 5-6 cm? of ethanol was added and the solution was left
to stand in a refrigerator for several days. The light-blue crystals
of Mg[Ni(1,3-pndta)]-10H,O (1) were collected, washed with
ethanol and air-dried. Yield 2.08 g. Anal. Calc. for Mg[Niy(1,3-
pnd3a)2]-8H20 (2)=MgN12C22H50N4020 (FW=83234) C, 3175,
H, 6.05; N, 6.73. Found: C, 31.80; H, 5.78; N, 6.77%. Anal. Calc. for
Mg[N1(1,3—pndta)]10H20 (1) = MgNiC]3H38N20]8 (FW= 593,44)
C, 26.31; H, 6.45; N, 4.72. Found: C, 26.17; H, 6.39; N, 4.74%.

2.3.2. Separation of Cu(ll) complexes

The column with mixture of Cu(Il) complexes of 1,3-pnd3a and
1,3-pndta ligands was washed with water and then eluated with
0.05 M MgCl, solution for 7 days. Two bands of anionic Cu(Il) com-
plexes appeared on the column during this time. The first and
second eluates containing [Cu,(1,3-pnd3a),]*~ (4) and [Cu(1,3-
pndta)]>~ (3) complexes, respectively, were concentrated on a
water bath at 60 °C to a volume of 8-10 cm? and then desalted by
passge through a G-10 Sephadex column, with distilled water as
the eluant. Our attempts to crystallize [Cuy(1,3-pnd3a),]*~ (4)
and [Cu(1,3-pndta)]?~ (3) complexes with different counter cations
(Li*, Na*, K*, Mg?*, Ca%*, Ba®*, Cu?*, Zn?*) and from different solvents
(water, acetone, ethanol and dimethyl formamide) resulted only in
crystalization of Ba[Cu(1,3-pndta)]-5H,0. This complex was crys-
tallized by diffusion of methanol into a water solution of the corre-
sponding amorphous product. The purity of this complex was
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checked by elemental microanalyses and its electronic absorption
spectrum was identical with that for the corresponding Mg?* salt
(3). Anal. Calc. for Ba[Cu(1,3-pndta)]-5H,0 = BaCuC;3H»gN,013
(FW=621.23): C, 25.13; H, 4.54; N, 4.51. Found: C, 25.07; H, 4.53;
N, 4.49%. The solid Mg?" salts of [Cuy(1,3-pnd3a);]*~ (4) and
[Cu(1,3-pndta)]>~ (3) complexes were obtained from water
solution by evaporation to dryness. Yield: 0.62 g for [Cuy(1,3-
pnd3a),]*>~ and 1.91 g for [Cu(1,3-pndta)]?>~ complex. Anal. Calc.
for Mg[Cuy(1,3-pnd3a),]-7H,0 (4) = MgCu,CyH4sN4O19 (FW =
824.04): C, 32.07; H, 5.87; N, 6.79. Found: C, 31.32; H, 5.45; N,
6.64%. Anal. Calc. for Mg[Cu(1,3-pndta)]-7H,0 (3) = MgCuCy3H3;.
N,0;5 (FW=544.24): C, 28.69; H, 5.92; N, 5.15. Found: C, 28.88;
H, 5.13; N, 5.19%.

2.4. Physical measurements

The infrared spectra were recorded on a Perkin-Elmer Spectrum
One FT-IR spectrometer using the KBr pellet technique. Electronic
absorption spectra of Ni(Il) and Cu(ll) complexes were recorded
on a Perkin-Elmer spectrophotometer. The following concentra-
tions of aqua solutions have been used for these measurements:
1.0x 1072M for all Ni(ll) complexes, 5x 1072M for [Cu(1,3-
pndta)]>~ (3) and [Cu(1,3-pdta)]*~ (6) and 1.0 x 103M for
[Cuy(1,3-pnd3a),;]*~ (4) and [Cu,(1,3-pd3a),]*~ (7) complexes. Ele-
mental microanalyses for carbon, hydrogen and nitrogen were per-
formed by the Microanalytical Laboratory, Department of
Chemistry, Faculty of Science, University of Belgrade.

2.5. Single crystal structure analysis

A monocrystal of (1) was subjected to X-ray structure determi-
nation. The intensity data were measured with a Xcalibur
kappa-geometry diffractometer [20] equipped with graphite
monochromated Mo Ko radiation (1=0.71073 A). The structure
was solved by direct methods using sHeixs-86 [21] and refined
by least-squares techniques with sHeix1-97 [22]. The intensity data
were corrected for absorption effects [23]. Anisotropic displace-
ment parameters were employed for non-hydrogen atoms. The
positions of the hydrogen atoms attached to the carbon atoms
were calculated at standardized distances of 0.96 A and refined
using a riding model with isotropic displacement parameters
20% (for methyl groups 50%) higher than the isotropic equivalent
for the atom to which the H-atom was bonded. The positions of
the water hydrogens have been determined from subsequent dif-
ference Fourier maps and the O-H distances were standardized to
0.85 A, and refined as riding. For most water hydrogens the iso-
tropic displacement parameters were refined freely with the
exception of hydrogen atoms attached to O9W and O10W for
which the isotropic displacement parameters were set to be
20% higher than the isotropic equivalent for the oxygen atom to
which the H-atom was bonded. During the refinement process
it became evident that the ethyl substituent is disordered. In or-
der to account for this disorder we have included in the least-
squares refinement three overlapping instances of the ethyl group
in the ratio 0.5:0.25:0.25. The constrained refinement involved
1,2 and 1,3 distances. sieMens [24] and MErcurRy [25] computer
graphics programs were used to prepare drawings. The relevant
crystal data collection and refinement parameters are listed in
Table 1 and selected bond distances and angles are reported in
Table 2. Hydrogen-bond parameters are listed in Table S1 of the
Supporting Information. Atomic coordinates, anisotropic displace-
ment parameters and tables of all bond distances and angles have
been deposited at the Cambridge Crystallographic Data Centre
(Deposition No. CCDC 867842).

2.6. Powder diffraction analysis

The powder diffraction pattern for Ba[Cu(1,3-pndta)]-5H,0 has
been registered on a SuperNova four-circle diffractometer
equipped with Atlas CCD-detector [20] using mirror monochroma-
tized Cu Ko radiation from high-flux micro-focus source (4=
1.54178 A).

The powder pattern for [Mg(H,0)g][Ni(1,3-pndta)]-4H,0 (1) the
crystal structure of which is reported in this paper has been calcu-
lated using the mercury program [25].

3. Results and discussion

The mixture containing (+)-1,3-pentanediamine-N,N,N',N'-tetra-
acetate (1,3-pndta) and its derivative (+)-1,3-pentanediamine-
N,N,N'-triacetate (1,3-pnd3a) ligands have been used for syntheses
of the corresponding Ni(II) and Cu(Il) complexes (see Fig. 1). Four
complexes, two hexadentate, Mg[Ni(1,3-pndta)]-10H,0 (1) and
Mg[Cu(1,3-pndta)]-7H,0 (3), and two pentadentate, Mg[Niy(1,3-
pnd3a),]-8H,0 (2) and Mg[Cu,(1,3-pnd3a),]-7H,0 (4), have been
characterized using infrared and electronic absorption spectro-
scopic methods. The spectroscopic data for these complexes are
compared with those of the analogous complexes with 1,3-pdta
and 1,3-pd3a ligands, i.e. Mg[Ni(1,3-pdta)]-8H,0 (5), Mg[Cu(1,3-
pdta)]-8H,0 (6) and Mg[Cu,(1,3-pd3a),]|-7H,0 (7), of known crystal
structures [1,3,19]. Our attempts to crystallize 1,3-pndta and 1,3-
pnd3a Cu(Il) and Ni(II) complexes from their amorphous powders
using different solvent solutions and by replacing counter cations,
resulted in crystallization of only [Mg(H,0)s][Ni(1,3-pndta)]-4H,0
(1)and [Cu(1,3-pndta)]?>~ (2) as Ba®" salt. Crystallization of complex
(1) provided monocrystals displaying sufficient diffracting ability to
perform single crystal X-ray analysis. Having not succeeded
in growing single crystals of Ba[Cu(1,3-pndta)]-5H,0, we have
decided to collect a powder diffraction pattern for this sample to
prove that the material is indeed crystalline. Comparison of
the X-ray powder diffraction pattern for [Mg(H,0)es][Ni(1,3-
pndta)]-4H,0 (1) (calculated on the basis of its crystal structure)
with the one obtained experimentally for Ba[Cu(1,3-pndta)]-5H,0
complex showed, as expected, substantial structural differences be-
tween the two complexes.

3.1. The crystal structure of [Mg(H,0)g][Ni(1,3-pndta)]-4H50 (1)

An orter drawing of [Mg(H,0)s][Ni(1,3-pndta)]-4H,0 (1) is de-
picted in Fig. 2, where the numbering scheme adopted for the
respective atoms is also given. Selected bond distances and valence
angles are compared in Table 2 with the analogous data for Ni(1,3-
pdta)]?>~ complex anion.

The structural unit in the crystal structure of (1) consists of
[Ni(1,3-pndta)]*~ and [Mg(H,0)s]** octahedra and four solvent
water molecules. The 1,3-pndta ligand is coordinated to the central
metal ion through 2N and 40 atoms forming an octahedral complex
in which the six-membered diamine chelate ring adopts a twist-
boat conformation, as indicated by the Cremer and Pople ring puck-
ering parameters [26] (QT=0.766(2)A, q,=0.767(2)A, q5=
0.002(2) A, 0=89.88(15)° and ¢ = 92.73(15)°). The same conforma-
tional mode of the six-membered diamine chelate ring has been
evidenced in the crystal structures of numerous octahedral
[M(1,3-pdta)]™™ (M = Cu(Il) [1,2], Ni(Il) [3], Co(II) [4], Mg(II) [5],
Zn(1I) [6], Mg(1I)/Mn(II) [7], Co(IIl) [10,11], Cr(III) [12], Rh(III) [12],
V(III) [13], Fe(Ill) [14,15] and Ga(III) [16]) complexes. Any [M(1,3-
pdta)]*” complex with the ligand hexadentate is chiral and pos-
sesses either A or A configuration at the central metal ion. It has
been well established [1-7,10-17] that the & twist form of the back-
bone diamine ring is accompanied by the A configuration of the
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Table 1
Experimental details for (1).
Crystal data
Chemical formula MgNiC;3H33N;048
M; 593.47
Crystal system, space group triclinic, P1
T (K) 295
a, b, c(A) 9.26763(12), 10.00461(12),
14.43138(17)
o, B,y (°) 87.2994(10), 73.3857(11),
85.9803(10)
V(A% 1278.53(3)
z 2
Radiation type Mo Ko
1 (mm~') 0.87

Crystal size (mm) 0.55 x 0.40 x 0.05
Data collection
Diffractometer

Absorption correction

Xcalibur, Eos detector
multi-scan

0.866, 1.000

34681, 5039, 4265

Tminv Tmax
Number of measured, independent and
observed [I > 2a(I)] reflections

Rint 0.028

Refinement

R[F? > 26(F?)], wR(F?), S 0.031, 0.095, 1.12
Number of reflections 5039

Number of parameters 341

Number of restraints 9

H-atom treatment H-atom parameters
constrained

APmaxs APmin (€ A7) 0.57, —0.36

complex anion, while the % twist always goes together with the A
configuration. In the investigated centrosymmetric crystal struc-
ture (space group P1) both isomers are present in equal amounts,
while only one of them, namely the A/A isomer, is displayed in
Fig. 2. Moreover, the presence of a substituent at the diamine o-car-
bon atom gives rise to a new chirality center and consequent forma-
tion of isomers differing in the configuration at this chiral center.
The A/A isomer presented in Fig. 2 displays the R-configuration at
the substituted diamine carbon, while its centrosymmetric coun-
terpart, the /A isomer, displays the S-configuration at this carbon
atom. Hence, in the investigated crystal structure we witness the
presence of two enantiomers, namely 2/A/R and §/A/S, while for
the system with a twist-boat conformation of the diamine ring four
diastereoisomers (two pairs of enantiomers) are theoretically pos-
sible, the other two being the combination of A/A/S and §/A/R.
The stereoisomers present in the crystal lattice of (1) have a disor-
dered ethyl substituent in an equatorial position, as indicated by
the angle between the C(1)-C(12A) bond, a constituent of the major
disorder component, and the mean diamine chelate ring plane,
which amounts to 3.8(2)°. The angle between the C(1)-H(1) bond
and the mean diamine chelate ring plane is 74°. An analysis of the
crystallographic data for the [M(1,3-pdta)]" (M = Cu(II) [1,2], Ni(II)
[3], Co(1I) [4], Mg(II) [5], Zn(II) [6], Mg(Il)/Mn(II) [7], Co(III) [11],
Cr(Il) [12], Rh(IIT) [12], V(III) [13] and Fe(Ill) [14,15]) complexes
[27] all of which possess the six-membered diamine chelate ring
in a twist-boat conformation, provides two sets of values for angles
between the two diastereotopic C-H bonds and the mean diamine
chelate ring plane, namely 2-18° and 70-79° indicating the equato-
rial and axial positions of the two C-H bonds, respectively. The
‘missing’ configurational isomers, i.e. 1/A/S and 3/A/R would pos-
sess the axially positioned ethyl group and are therefore disfavored.
The stereospecific coordination of hexadentate 1,3-pdta-type
ligand to metal ions has also been evidenced at the formation of
octahedral M(III) {M(IIl)= Co [28] and Cr [29]} complexes with
2,4-pentanediamine-N,N,N’,N’-tetraacetate ion (2,4-ptnta) which
has two chirality centers at both o-carbon atoms in the diamine
part. This was due to the favorable equatorial orientation of methyl

groups with respect to the puckered backbone diamine ring [28].
In the reactions of Co(Ill) with R,R-2,4-ptnta and Cr(Ill) with S,S-
24-ptnta, the corresponding optical isomers (+)p-[Co(R,R-2,4-
ptnta)]~ [28] and (+)sg9-[C1(S,S-2,4-ptnta)]~ [29] have been isolated
and assigned A and A, respectively, on the basis of comparison of
their CD patterns with those of corresponding edta-type complexes
in the region of the first absorption bands.

The bond distances and valence angles observed in the [Ni(1,3-
pndta)]?>~ complex are comparable with those found in the [Ni(1,3-
pdta)]>~ [3] (see Table 2). However, worth to mention is a slight
shortening of the mean Ni-0O,, bond length and accompanying
slight lengthening of the mean Ni-N and Ni-Oequatoriai bonds,
which results in nearly ideal octahedral geometry. Rather unex-
pectedly, the investigated complex is closer to the ideal octahedral
geometry than its unsubstituted counterpart, as indicated by the
average AOj, values (average AOy is defined as the mean deviation
of 12 octahedral angles from ideal 90°) of 4.7° and 5.0°, respec-
tively. This may be due to the fact that substitution by ethyl group
destroys the C, molecular symmetry, imposed on the [Ni(1,3-
pdta)]>~ complex anion in its crystal lattice, thus allowing
geometrical differentiation between two equatorial and two axial
five-membered rings and consequent release of strain induced by
symmetry requirement. The deviation from ideal sum (538.5°) of
the internal chelate ring bond angles is the measure of strain in
G (girdle, or in-plane with respect to the diamine ring) and R (re-
laxed, or out-of-plane with respect to the diamine ring) glycinate
rings. The strain in one of two G glycinate rings in [Ni(1,3-
pndta)]?>~ is released with respect to that observed in [Ni(1,3-
pdta)]>~ (the deviation is —7° versus —11°). The other G glycinate
ring in [Ni(1,3-pndta)]?>~ shows the same deviation as the G rings
in [Ni(1,3-pdta)]>~. The R glycinate rings deviate +1° in both
[Ni(1,3-pndta)]?>~ and [Ni(1,3-pdta)]>".

In the crystal structure one can distinguish the cationic and an-
ionic regions arranged perpendicular to the c-direction (Fig. 3). The
hydrated complex cations are glued by O7W water molecules,
while the chelated complex anions are fastened by three different
water molecules (08W, 09W and O10W). This hydrated region, sit-
uated in between the neighboring complex anions, is rather loosely
filled with water molecules, allowing for accommodation of disor-
dered ethyl substituents from two centrosymmetrically related an-
ionic regions. The packing of (1) is significantly less efficient than
that of its unsubstituted analog [Mg(H,0)s][Ni(1,3-pdta)]-2H,0 as
evidenced by the crystal density values 1.542 versus 1.649 Mg/
m?>, respectively.

3.2. Infrared spectra of Ni(Ill) and Cu(Il) complexes

IR carboxylate stretching frequencies for Ni(Il) and Cu(II) com-
plexes with different aminopolycarboxylate ligands, hexadentate
(1,3-pdta and 1,3-pndta) and pentadentate (1,3-pnd3a and 1,3-
pd3a), are summarized in Table 3. It was shown that IR asymmetric
carboxylate stretching frequencies of aminopolycarboxylate edta-
and 1,3-pdta-type ligands can be used for determination of the
environment of the carboxylate group in various metal complexes
[8,30,31]. This finding was based on the simple rule that the union-
ized and uncoordinated COO asymmetric stretching bands occur at
1700-1750 cm™!, whereas those frequencies for the coordinated
COO groups are at <1700 cm™'. Also, it was found that latter fre-
quencies depend upon the nature of the metal: 1600-1620 cm ™!
for metal ions such as Cr(IlI) and Co(Ill), and 1610-1590 cm~! for
metal ions such as Cu(lII), Ni(Il) and Zn(II). IR carboxylate stretching
frequencies of investigated Ni(Il) and Cu(Il) complexes with 1,3-
pndta [complexes (1) and (3)] and 1,3-pnd3a ligands [complexes
(2) and (4)] are compared with those for the analogous [Ni(1,3-
pdta)]*~ (5) [Cu(1,3-pdta)]*>~ (6) and [Cuy(1,3-pd3a),]*~ (7) com-
plexes of known crystal structures [1,3,19]. As it is shown in
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Table 2

Comparison of selected geometric parameters (A, °) for [Mg(H

,0)6][Ni(1,3-pndta)]-4H,0

189

(1) and [Mg(H,0)g][Ni(1,3-pdta)]-2H,0 [3] complexes.

(1) This work [Mg(H.0)s][Ni(1,3-pdta)]- 2H,0 [3]

(1) This work [Mg(H20)s][Ni(1,3-pdta)]- 2H,0 [3]

Ni1-05 2.0297 (14) 2.078 (5)
Ni1-03 2.0471 (13) 2.026 (5)
Ni1-01 2.0517 (13) 2.026 (5)
Ni1-07 2.0611 (14) 2.078 (5)
Ni1-N2 2.0743 (15) 2.073 (6)
Ni1-N1 2.1016 (15) 2.073 (6)
01-C5 1.267 (2) 1.262(8)
02-C5 1241 (2) 1.246 (8)
03-C6 1.265 (2) 1.262(8)
04-C6 1.247 (2) 1.246 (8)
05-C8 1.276 (2) 1.269 (8)
06-C8 1.236 (3) 1.233(8)
07-C10 1.265 (2) 1.269 (8)
05-Ni1-03 90.97 (6) 91.0 (2)
05-Ni1-01 91.52 (6) 92.1(2)
03-Ni1-01 97.98 (5) 99.4 (3)
05-Ni1-07 178.42 (5) 173.1 (3)
03-Ni1-07 90.09 (6) 92.1(2)
01-Ni1-07 89.50 (6) 91.0 (2)
05-Ni1-N2 83.44 (6) 82.5 (2)
03-Ni1-N2 174.29 (6) 1733 (2)
01-Ni1-N2 $3.40 (6) 82.5 (2)
07-Ni1-N2 95.47 (6) 942 (2)
05-Ni1-N1 96.09 (6) 942 (2)
03-Ni1-N1 82.76 (6) 82.5 (2)
01-Ni1-N1 172.34 (6) 1733 (2)
07-Ni1-N1 82.88 (6) 82.5 (2)
N2-Ni1-N1 96.61 (6) 96.3 (3)
C5-01-Nil 112,53 (12) 115.0 (4)
C6-03-Nil 112.59 (12) 115.0 (4)
C8-05-Nil 115.62 (13) 115.7 (5)
€10-07-Nil 115.16 (13) 115.7 (5)
C7-N1-C11 110.67 (16) 110.8 (5)
C7-N1-C1 110.45 (16) 110.0 (5)
C11-N1-C1 113.41 (16) 110.7 (6)
C7-N1-Nil 101.98 (11) 104.0 (4)
C11-N1-Nil 108.41 (11) 109.2 (4)
C1-N1-Nil 111.32 (12) 111.8 (4)

08-C10 1.233 (3) 1.233(8)
N1-C7 1.482 (3) 1.477 (8)
N1-C11 1.483 (3) 1.479 (8)
N1-C1 1.501 (3) 1.478 (8)
N2-C4 1.475 (3) 1.477 (8)
N2-C9 1.481 (3) 1.479 (8)
N2-C3 1.495 (2) 1.478 (8)
C1-C2 1529 (3) 1.533 (9)
2-C3 1.538 (3) 1.533 (9)
€4-C5 1.514 (3) 1.532 (9)
C6-C7 1.515 (3) 1.532 (9)
C8-C9 1512 (3) 1.52 (1)

€10-C11 1.520 (3) 1.52 (1)

C4-N2-C9 111.66 (17) 110.8 (5)
C4-N2-C3 109.45 (16) 110.0 (5)
C9-N2-C3 112.46 (16) 110.7 (6)
C4-N2-Nil 103.99 (11) 104.0 (4)
C9-N2-Nil 108.38 (12) 109.2 (4)
C3-N2-Nil 110.58 (12) 111.8 (4)
N1-C1-C2 113.49 (17) 115.1 (6)
C1-C2-C3 121.43 (17) 120.7 (8)
N2-C3-C2 115.43 (18) 115.1 (6)
N2-C4-C5 114.02 (16) 111.0 (6)
02-C5-01 12437 (18) 125.2 (7)
02-C5-C4 117.63 (17) 119.4 (7)
01-C5-C4 117.92 (17) 115.3 (6)
04-C6-03 123.96 (18) 125.2 (7)
04-C6-C7 118.19 (17) 119.4 (7)
03-C6-C7 117.77 (17) 115.3 (6)
N1-C7-C6 112.48 (16) 111.0 (6)
06-C8-05 124.9 (2) 126.3 (7)
06-C8-C9 117.33 (19) 116.3 (7)
05-C8-C9 117.79 (18) 117.3 (7)
N2-C9-C8 114.34 (16) 115.1 (6)
08-C10-07 124.12 (19) 126.3 (7)
08-C10-C11 116.98 (18) 116.3 (7)
07-C10-C11 118.90 (18) 117.3 (7)
N1-C11-C10 114.37 (16) 115.1 (6)

Table 3, the asymmetric carboxylate stretching frequencies for all
investigated Ni(Il) and Cu(Il) complexes are in the region between
1690 and 1590 cm ™! indicating that all carboxylate groups in these
complexes are coordinated [8,30,31]. The hexadentate [Ni(1,3-
pdta)]>~ (5) [3] and [Cu(1,3-pdta)]?>~ (6) [1] complexes show two
bands in the asymmetric carboxylate spectral region while the
analogous 1,3-pndta complexes show in this region only one very
broad band. The bands at 1590 and 1599 cm™~' due to the coordi-
nated carboxylate group of [Ni(1,3-pdta)]*~ (5) and [Cu(1,3-
pdta)]>~ (6) complexes, respectively, show tendency for splitting
at the higher energy side with very weak bands at 1687 for Ni(II)
and 1691 cm™~! for Cu(Il) complexes [1,3]. The parts of the IR spectra
due to the symmetric stretching vibrations of the coordinated car-
boxylate groups for hexadentate 1,3-pdta Ni(Il) (5) and Cu(Il) (6)
complexes show more bands with respect to the analogous
1,3-pndta complexes [complexes (1) and (3)]. More bands in this
region were also obtained for [Cux(1,3-pd3a),]?>~ (7) [19] with re-
spect to the presently investigated pentadentate 1,3-pnd3a Ni(II)
(2) and Cu(lIl) (4) complexes. Also, from Table 3 it can be seen that
the asymmetric carboxylate stretching frequencies of Ni(Il) com-

*OOCCHZ\ N CH,COO~
N—CHCH,CH,—N

CH,CH;

AN

~OOCCH; CH,COO™

(+)-1,3-pentanediamine-N,N,N’, N -tetraacetate (1,3-pndta)

plexes are positioned at lower energy in comparison with those
for analogous Cu(Il) complexes.

3.3. Electronic absorption spectra of Ni(ll) and Cu(Il) complexes

The electronic absorption spectra of investigated Mg[Ni(1,3-
pndta)]-10H,0 (1) and Mg[Ni,(1,3-pnd3a),]-8H,0 (2) complexes
and their numerical data are compared with those for Mg[Ni(1,3-
pdta)]-8H,0 (5) complex of known X-ray crystal structure and
defined absorption maxima [3] (Fig. 4 and Table 4). For the investi-
gated Mg[Cu(1,3-pndta)]-7H,0 (3) and Mg[Cuy(1,3-pnd3a),)]:
7H,0 (4) complexes their spectra and the corresponding numerical
data are compared with those for analogous Mg[Cu(1,3-
pdta)]-8H,0 (6) and Mg[Cuy(1,3-pd3a),;]-7H,0 (7) complexes,
respectively (Fig. 5 and Table 5). The crystal structures and elec-
tronic absorption spectra of the latter two Cu(Il) complexes have
been previously reported [1,19] and here these spectra have only
been repeated for the sake of comparison with the spectra of the
presently investigated Cu(ll) complexes. In accordance with the
previously established results for the Ni(Il)-edta-type [31j] and

H CH,COO~
N *
N—CHCH,CH,—N
CH,CH3

N

~OOCCH; CH,COO™

(+)-1,3-pentanediamine-N, N, N -triacetate (1,3-pnd3a)

Fig. 1. Formulae of ligands used for the syntheses of Ni(Il) and Cu(II) complexes. Stereogenic centers are marked with asterisks.
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Fig. 2. The orter drawing of the [Mg(H,0)s][Ni(1,3-pndta)]-4H,0 (1) with the
complex anion possessing R-configuration at C1, twist A conformation of the
diamine ring and A configuration at the metal center. Thermal ellipsoids are drawn
at the 40% probability level, H-atoms are drawn as circles of an arbitrary radii. Only
the major constituent of the disordered ethyl group is displayed. The numbering
scheme presented here differs from that of I[UPAC.

most other Ni(Il) complexes [32-35], the interpretation of the elec-
tronic spectrum of Mg[Ni(1,3-pdta)]-8H,0 (5) complex [3] has been
done by using an octahedral model (Op): *Ayg — Ty (F) (band 1);
3As¢ — >Tig (F) (band 11I) and Ay — Ty (P) (band IV) (Table 4).
Due to the general similarities in the shape between the electronic
absorption spectra of Ni(Il) complexes shown in Fig. 4, the same
octahedral (Oy) model can be applied for interpretation of the cor-
responding spectra of the examined Ni(Il) complexes (1) and (2).
The electronic absorption spectra of [Ni(1,3-pndta)]*~ (1) and
[Ni(1,3-pdta)]*~ (5) complexes (Fig. 4 and Table 4) are almost the
same in the shape and position of the absorption maxima. This is
in accordance with the fact that these complexes have C, symmetry
and hexadentately coordinated 1,3-pndta and 1,3-pdta ligands with
Ni(II)-N,04 chromophore of the ligand field. However, the elec-
tronic absorption spectrum of [Niy(1,3-pnd3a),]>~ complex (2)
with pentadentate coordination of 1,3-pnd3a ligand and Ni(Il)-
N,03 chromophore of the ligand field differ in the shape and posi-
tions of the absorption maxima from those for the complexes (1)
and (5). These differences are mainly manifested in the first and
fourth absorption maxima located at the lowest and highest energy
sides of the electronic absorption spectrum, respectively (Fig. 4 and
Table 4). With respect to complex (2) the other two Ni(Il) com-
plexes (1) and (5) exhibit a tendency for splitting of the fourth
absorption maxima. However, the first absorption maximum of

Fig. 3. View down the c-direction illustrating channels occupied by water molecules and ethyl substituents situated in between these channels.
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Table 3
IR carboxylate stretching frequencies (v = cm™') of Ni(Il) and Cu(II) complexes with hexadentate (1,3-pdta [1,3] and 1,3-pndta) and pentadentate (1,3-pd3a [19] and 1,3-pnd3a)
ligands.
Complexes Vasym Vsym Ref.
Ni(II)
Mg[Ni(1,3-pdta)]-8H,0 (5) 1590 (s), 1687 (w) 1477 (w), 1448 (m)
1406 (s), 1333 (m) 131
Mg|[Ni(1,3-pndta)]-10H,0 (1) 1597 (s) 1446 (m), 1407 (s), 1353 (m) This work
Mg[Niy(1,3-pnd3a),]-8H,0 (2) 1597 (s) 1403 (s), 1320 (m) This work
cu(ll)
Mg[Cu(1,3-pdta)]-8H,0 (6) 1599 (s), 1691 (w) 1474 (w), 1451 (w), 1404 (s), 1370 (w), 1333 (m) [1]
Mg|[Cu(1,3-pndta)]- 7H,0 (3) 1605 (s) 1403 (s), 1326 (w) This work
Mg[Cuy(1,3-pd3a),]- 7H20 (7) 1607 (s) 1464 (w), 1449 (w), 1432 (s), 1392 (w), 1336 (w), 1325 (w) [19]
Mg[Cu,(1,3-pnd3a);]-7H,0 (4) 1607 (s) 1399 (s), 1327 (w) This work

asym = asymmetrical; sym = symmetrical; s = strong; m = medium; w = weak.

the complex (2) is much broader with clearly manifested tendency
for splitting on the lower energy side. The broadening of the absorp-
tion maxima with tendency for their splitting on the lowest energy
sides was also observed for the square-pyramidal Cu(Il) complexes
with pentadentately coordinated ed3a and 1,3-pd3a ligands [19]. In
accordance to this the same square-pyramidal geometry (Spy)
can be assumed for the presently investigated [Niy(1,3-pnd3a),]*~
complex (2). Likewise, the [Niy(1,3-pnd3a),]>~ complex (2) may
be considered as octahedral of cis-polar geometry. Unfortunately,

25+
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Fig. 4. Electronic absorption spectra of Ni(Il) complexes: Mg[Ni(1,3-pndta)]-10H,0
(1); Mg[Ni,(1,3-pnd3a),]-8H,0 (2); Mg[Ni(1,3-pdta)]-8H,0 (5) [3]. The shoulder in
the first absorption maximum of complex (2) indicating its tendency for splitting on
the lower energy side was assigned by arrow.

Table 4

our attempts to obtain crystals of the complex (2) suitable for X-
ray analysis with aim to support the proposed Spy geometry were
unsuccessful.

The ligand field absorption spectra of the investigated Cu(IlI) com-
plexes are given in Fig. 5, while the corresponding numerical data for
these complexes are presented in Table 5. As it can be seen from this
figure, all Cu(Il) complexes exhibit a single quasi-symmetric [com-
plexes (3) and (6)] or asymmetric [complexes (4) and (7)] band. In
general, these bands can be assigned to the d., dy, dx,, d; > d2 2
transitions with a d,._,» ground state that should be in agreement
with their Dy, [for octahedral complexes (3) and (6)] or Cy, [for
square-pyramidal complexes (4) and (7)] symmetry. The structure
of complex (6) with hexadentately coordinated 1,3-pdta ligand
and twist-boat conformation of the six-membered diamine ring
has been established by X-ray crystallography [1,2]. In accordance
to these crystallographic results and the facts that electronic absorp-
tion spectra of the complexes(3)and (6) are nearly identical in shape
and position of the absorption maxima (see Fig. 5 and Table 5) it can
be stated that the same N,04 coordination mode of 1,3-pndta and
1,3-pdta ligands occurs in these two Cu(Il) complexes. A five coordi-
nate, square-pyramidal (Spy) geometry has been established crys-
tallographically for the Mg[Cuy(1,3-pd3a),]-7H,0 complex 7 [19].
In the each of these two Spy Cu-1,3-pd3a units the copper(ll) ion
coordinates five donor atoms from the 1,3-pd3aligand: three depro-
tonated acetate oxygens and two amine nitrogen atoms (secondary
and tertiary). The absorption maxima for both pentadentate Cu(Il)
complexes (4)and (7) are significantly shifted to higher energy inre-
spect to those for hexadentate Cu(Il) complexes (3) and (6). Also, the
electronic absorption spectra of pentadentate Cu(ll) complexes in
comparison with those of hexadentate Cu(ll) complexes show a
higher intensity with a tendency for splitting of the absorption max-

Electronic absorption data of Ni(Il) complexes with hexadentate 1,3-pdta [3] and 1,3-pndta and pentadentate 1,3-pnd3a ligands. All spectra were measured with concentration

1.0 x 1072 mol/dm? in water.

Complex Absorption Assignments Oy Ref.
/. (nm) e(M'cm™1)
Mg[Ni(1,3-pdta)]-8H,0 (5) I 959.9 154 3Asg — Tag(F) [3]
1l 770.3 39 — 'Eg(D)
1 571.5 7.3 — 3Ti(F)
v 379.7 (sh) 7.9 - 3T14(P)
Mg[Ni(1,3-pndta)]-10H,0 (1) I 943.8 14.7 This work
1l 776.1 4.0
11 570.7 6.8
I\% 374.7 (sh) 7.3
Mg[Niy(1,3-pnd3a),]-8H,0 (2) 1 941.1 18.7 This work
1020.0 (sh) 17.9
1l 761.0 6.6
il 593.7 115
I\% 366.0 16.0
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Fig. 5. Electronic absorption spectra of Cu(Il) complexes: Mg[Cu(1,3-pndta)]-7H,0
(3); Mg[Cuy(1,3-pnd3a),]-7H,0 (4); Mg[Cu(1,3-pdta)]-8H,0 (6) [1]; Mg[Cuy(1,3-
pd3a);]-7H,0 (7) [19]. The shoulders in the absorption maxima of complexes (4)
and (7) indicating their tendency for splitting on the lower energy side were
assigned by arrows.

Table 5

Electronic absorption data of Cu(Il) complexes with two hexadentate (1,3-pdta [1]
and 1,3-pndta) and two pentadentate (1,3-pd3a [19] and 1,3-pnd3a) ligands. All
spectra were measured in water solutions with following concentrations: (3) and
(6)=5.0 x 1072 mol/dm?>; (4) and (7)=1.0 x 10> mol/dm?>.

Complex Absorption Ref.
 (nm) eM'em™)

Mg[Cu(1,3-pdta)]-8H,0 (6) 705.0 7.03 [1]

Mg[Cu(1,3-pndta)]-7H,0 (3) 703.7 2.75 This work

Mg[Cux(1,3-pd3a),)]-7H;0 (7)  659.2 139.30 [19]
806.0 (sh)  2.60

Mg[Cux(1,3-pnd3a),)]- 7H,0 (4)  670.0 52.20
774.0 (sh)  30.70

This work

imum on the lower energy side. The electronic absorption spectra of
pentadentate Cu(Il) complexes (4) and (7) are very similar in the
shape and position of the bands. Therefore, it is reasonable to as-
sume that in the presently investigated complex (4) the pentaden-
tate coordination of 1,3-pnd3a ligand takes place leading to the
square-pyramidal surrounding in coordination sphere of Cu(ll)
ion.

4. Conclusions

X-ray analysis of the octahedral Ni(Il) complex has revealed that
substitution at one of the diamine ring carbon atoms results in a
complex anion in which Ni(Il) coordination sphere is closer to octa-
hedral than in the analogous complex lacking substitution at the
diamine carbons. This is because the complex anion, being asym-
metrical, is free from constraints imposed by the crystal lattice
on its parent analog, which is positioned on the C, site symmetry
in the crystal. Replacement of one of the diastereotopic CH; hydro-
gens generates a new stereogenic center, which combined with the
central chirality at the metal center leads to the formation of two
out of four possible diastereoisomers, specifically only one pair of
enantiomers 3R/A and 3S/A. Moreover, the ethyl side group func-
tions as steric bulkiness which hampers an efficient and of high
symmetry packing, observed in the crystals of the parent complex.
Spectroscopic data of the examined 1,3-pndta and 1,3-pnd3a
complexes are similar to those of the analog 1,3-pdta and 1,3-
pd3a complexes of known crystal structures indicating that the
same geometries, octahedral for 1,3-pndta and 1,3-pdta and
square-pyramidal for 1,3-pnd3a and 1,3-pd3a, are present in the
corresponding Ni(II) and Cu(II) complexes.
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Appendix A. Supplementary data

CCDC 867842 contains the supplementary crystallographic data
for [Mg(H,0)s][Ni(1,3-pndta)]-4H,0. These data can be obtained
free of charge via http://www.ccdc.cam.ac.uk/conts/retriev-
ing.html, or from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033;
or e-mail: deposit@ccdc.cam.ac.uk. Supplementary data associated
with this article can be found, in the online version, at http://
dx.doi.org/10.1016/j.poly.2012.06.013.
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1. Introduction

Most, but not all of the octahedral complexes [M(1,3-pdta)]"~
with the hexadentate 1,3-propanediamine-N,N,N',N'-tetraacetate
(1,3-pdta) ligand (M = Co(III) [1,2], Cr(III) [3], Rh(IIT) [3], V(III) [4],
Fe(1ll) [5-7], Ga(lll) [8], Cu(ll) [9,10], Ni(Il) [11], Co(ll) [12,13],
Mg(Il) [14], Zn(Il) [15] and Mg(II)/Mn(II) [16]) have the six-mem-
bered diamine chelate ring in a twist-boat conformation. The
exceptions are the crystals of lithium salts Li;[Co(1,3-pdta)]-5H,0
[13] and Li[Fe(1,3-pdta)]-:3H,0 [7], in which the half-chair
conformation is either solely observed or constitutes a dominant
conformer in the disordered model. Moreover, about 6% of the
half-chair conformation was found in the disordered complex an-
ion in the crystals of C(NH,)s[Fe(1,3-pdta)]-2H,0 [7], but the
remaining 94% belonged to the twist-boat form. Contrary to the

* Corresponding authors. Tel.: +48 61 8291 264 (B. Warzajtis), tel./fax: +381 11
636 061 (D.D. Radanovic).
E-mail addresses: beataw@amu.edu.pl (B. Warzajtis), radanovic@chem.bg.ac.rs
(D.D. Radanovic).

0277-5387/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.poly.2013.09.009

crystallographic results, in studies on the equilibrium between
the twist-boat and half-chair conformers of [Fe(1,3-pdta)]” in aque-
ous solution, the ratio of the two forms has been estimated as 1:1
[7]. For a stable octahedral [M(1,3-pdta)]™” complex with the li-
gand hexadentate, the § twist conformation of the central diamine
ring is always accompanied by the A configuration at the metal
center while the A twist conformation is accompanied by the A
configuration, as verified crystallographically [1-5,7-12,14-17].
Similarly, for the octahedral [Co(2,4-ptnta)]” [18] (2,4-ptnta = 2,4-
pentanediamine-N,N,N’,N'-tetraacetate ion) and [Ni(1,3-pndta)]*~
[19] (1,3-pndta = 1,3-pentanediamine-N,N,N’,N’-tetraacetate)
complexes, which have alkyl side group(s), the twist-boat form of
the six-membered diamine chelate ring has been established, in
the first instance by molecular modeling and in the second in-
stance by X-ray crystallography. The hexadentate 2,4-ptnta and
1,3-pndta ligands coordinate stereospecifically to metal ions, as
has been evidenced in the case of [Co(2,4-ptnta)]” [18] and
[Cr(2,4-ptnta)]” [20] and in our studies of [M(1,3-pndta)]?>~
(M =Ni(Il) and Cu(Il)) complexes [19]. Out of four theoretically
possible  diastereoisomers for [M(1,3-pndta)]>~ complex:
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A — [M(3R-1,3-pndta)]™”, 4 — [M(35-1,3-pndta)]"” A —[M(3R-1,
3-pndta)]™ and A — [M(3S5-1,3-pndta)]"” only two 4 — [M(3R-1,
3-pndta)]™” and A —[M(35-1,3-pndta)]™ have been observed in
the crystals of [Ni(1,3-pndta)]*>~ complex [19]. These stereoisomers
are those required to maintain an equatorial ethyl group on the
central six-membered diamine chelate ring, whose conformation
is A twist-boat for the A(R) isomer and 6 twist-boat for the A(S) iso-
mer, where the R and S labels designate the absolute configuration
at the ethyl-substituted stereogenic center. The present work was
carried out to address the range of structural effects caused by sub-
stitution of a hydrogen atom by an ethyl group in the 1,3-pdta-type
complexes and to assess the effect of the counter ion on the crystal
structure of [Cr(1,3-pndta)]” complexes. We report here the syn-
thesis and X-ray study of hexadentate 1,3-pndta-Cr(Ill) complexes
carrying different counter ions, Na[Cr(1,3-pndta)]-H,O (1),
K[Cr(1,3-pndta)]-H,0 (2) and Ca[Cr(1,3-pndta)],-4H,0 (3). The
electronic absorption and '"H NMR spectroscopy have been used
for the characterization of 1-3. The X-ray structural and spectral
data of 1-3 have been compared with those for the analogous
Na[Cr(1,3-pdta)]-3H,0 complex [3]. A direct comparison of the
investigated crystal structures allowed estimation of the counter

ion effects in association aggregates.
-ooc/\)N/\B/\r\L/\coo- 'OOC/\)N oy Nk/\coo-

“0O0C COO" “0O0C COO
1,3-pdta 1,3-pndta

2. Experimental
2.1. Materials

(£)-1,3-Pentanediamine and chloroacetic acid were obtained
from Fluka Chemical Co. All other common chemicals were of re-
agent grade and used without further purification.

2.2. Preparation of 1,3-H pndta ligand

This ligand was prepared from the solid product containing the
mixture of Ba®" salts of 1,3-pndta and 1,3-pnd3a ((+)-1,3-pentane-
diamine-N,N,N'-triacetate anion) ligands (in ratio ~75:25%, respec-
tively). This solid product was prepared using previously described
procedure [19]. The method applied for preparation of 1,3-Hspndta
from the corresponding Ba?* salt was similar with those previously
described for preparation of 1,3-Hypdta [21] and 1,3-Hypddadp
[22] acids. The solid mixture of Ba®* salts of 1,3-Hpndta and 1,3-
Hspnd3a acids (10.00 g) was added to 0.2 dm?® of water and pH
of this suspension was adjusted to ca. 2 by the addition of 1M
H,S04 (30.4 cm?), which was followed by heating at 90 °C with
stirring for 5 h. The hot reaction mixture was filtered off to remove
precipitated BaSO4. The filtrate was checked for the presence of
Ba®* ion by addition of few drops of H,SO.. In the case of an incom-
plete precipitation of Ba%* ions, additional 5.0 cm? of 1M H,S0,4
was added to the filtrate and then the mixture was heated with
stirring for one hour. The newly formed precipitate of BaSO4 was
removed and the filtrate without Ba?* ions evaporated to ca.
30 cm® and then left to cool at room temperature overnight. The
white precipitate of 1,3-Hypndta with some traces of 1,3-Hspnd3a
acid was collected by filtration, washed with ethanol and then
ether, and air-dried. Yield 4.43 g (85%). Because of the difficulty
of a further purification of 1,3-Hypndta acid from the above

mixture, this solid product was used for the preparation of the
Cr(Ill) complexes.

2.3. Preparation of Cr(Ill) complexes: Na[Cr(1,3-pndta)]H,0 (1)
K[Cr(1,3-pndta)]H,0 (2), and Ca[Cr(1,3-pndta)]>4H>0 (3)

A 5.07 g quantity of 1,3-Hypndta with some traces of 1,3-Hs_
pnd3a acid (~0.0152 mol) was dissolved in 80 cm® of water at
room temperature. The pH of this solution was adjusted to 7.0 by
slow addition of a solution containing 2.43g of NaOH
(0.0608 mol) in 80 cm? of water (only 80% of the total volume of
NaOH solution was used for this purpose). The neutralized solution
was mixed with a solution containing 3.83 g of CrCl36H,0
(0.0144 mol) in 30 cm? of water and obtained mixture was stirred
at room temperature for 4 h. After that the temperature of this
solution was increased to 40 °C and stirring with heating was con-
tinued for the next 4 h. The temperature of the resulting purple-red
solution was then increased to 80 °C and stirring with heating at
this temperature was continued for the next 4 h. During this time
the pH of the solution was kept at 6.5 by addition of the above
remaining volume of NaOH solution. The volume of the resulting
solution was reduced to 60 cm? and then after cooling at room
temperature it was desalted by passage through a G-10 Sephadex
column, with distilled water as the eluant. The eluate was then
passed through the column (5 x 60 cm) supplied with a Dowex
1-X8 anion exchange resin in the CI~ form. This column was
washed with water and then eluted with 0.05M CaCl, for
Ca[Cr(1,3-pndta)], or with 0.1M NaCl and 0.1 M KCl for
Na[Cr(1,3-pndta)] and K[Cr(1,3-pndta)] complexes, respectively.
After five days only one intensive purple-red colored band, which
represents [Cr(1,3-pndta)]” complex, was present on the column.
The eluate of this band was evaporated to a volume of
15-20 cm® and then desalted by passage through a G-10 Sephadex
column, with distilled water as the eluant. All eluates were concen-
trated to volume of 10 cm® and then to the obtained solutions the
same volume of ethanol was added. The solid [Cr(1,3-pndta)]”
complexes with Ca?*, Na* and K* counter cations were obtained
from the corresponding water-ethanol solutions after cooling in
a refrigerator for several days. The crystals of the corresponding
[Cr(1,3-pndta)]” complexes were collected from the solution,
washed with ethanol and air-dried. Yield: 3.85g (60%) for 1,
3.81 g (55%) for 2, and 7.44 g (56%) for 3. Anal. Calc. for 1 = Cy3H30.
N,OgoCrNa (FW =423.29): C, 36.89; H, 4.76; N, 6.62. Found: C,
36.21; H, 4.58; N, 6.08%. Anal. Calc. for 2 =C;3H;oN;09CrK
(FW =439.40): C, 35.53; H, 4.59; N, 6.38. Found: C, 34.79; H,
458; N, 6.04%. Anal. Calc. for 3=Cy6H44N4050CrCa
(FW =876.71): C, 35.62; H, 5.06; N, 6.39. Found: C, 35.19; H,
5.01; N, 6.47%.

Infrared spectra of Cr(Ill) complexes confirm that all the carbox-
ylate groups of the 1,3-pndta ligand are coordinated (asymmetric
carboxylate stretching frequencies, vasym, are in the range 1560-
1680 cm~' [23]): 1640, 1613 for 1, 1658 for 2, and 1639 cm ™~ for 3.

2.4. Analyses

Elemental microanalyses for carbon, hydrogen and nitrogen
were performed by the Microanalytical Laboratory, Faculty of
Chemistry, University of Belgrade.

2.5. pH Measurements

All pH measurements were realized at ambient temperature
using an Iskra MA 5704 pH meter calibrated with Fischer certified
buffer solutions of pH 4.00 and 7.00.
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2.6. Spectroscopic measurements

The infrared spectra were recorded on a Perkin-Elmer Spectrum
One FT-IR spectrometer using the KBr pellet technique. Electronic
absorption spectra of Cr(Ill) complexes were recorded on a Per-
kin-Elmer Lamda 35 double-beam spectrophotometer equipped
with thermostated 1.00 cm quartz Suprasil cells. The following
concentrations of aqua solutions have been used for these mea-
surements: 3.5 x 1073 M for 1 and 2, and 2.0 x 10~ M for 3. All
measurements were performed at 298 K. The proton (at
400.14 MHz) NMR spectra of chromium(Ill) complexes were ob-
tained using a Bruker AVANCE III 400 spectrometer equipped
with a superconducting magnet (magnetic induction 9.4 T) at
approximately 25°C. All spectra were acquired in deuterium
solvent-locked mode (D,0) and referenced to sodium 3-(trimethyl-
silyl)propionate-2,2,3,3-d4 [0.75% (w/w), TSP, 6 0.0 (ppm)]. Typical
acquisition parameters for the proton NMR spectra of paramag-
netic chromium(Ill) complexes were a high power level for the
transmitter 'H pulse (usually 3 dB), a relaxation delay of 0.1,
100000 scans, a sweep width of 100 kHz, and 65 K data points.
Signal-to-noise ratios were improved by applying a line-broadening
factor of 30 Hz to the FID prior to Fourier transformation.

2.7. Crystallographic data collection and refinement of the structures

Diffraction data for 1, 2 and 3 complexes were measured with a
Xcalibur kappa-geometry diffractometer using CrysAlisPro soft-
ware [24] and monochromated Mo Ko radiation (4 =0.71073 A).
Multi-scan correction for absorption was also applied [24]. Further
crystallographic and refinement data can be found in Table 1. The
structures were solved by direct methods using sHeLxs-86 [25] and
refined by full-matrix least-squares calculations on F* with sHELXL-
97 [25]. One of the two independent molecules in 2 displayed a
whole molecule disorder stemming from its general position close
to the twofold symmetry axis. Anisotropic displacement parame-
ters were refined for all non-hydrogen atomic positions except

Table 1

for one methyl carbon atom in 2, which adopts in a crystal two
alternative orientations with site occupancies 0.42 (C26) and 0.08
(C26’). The positions of the hydrogen atoms attached to the carbon
atoms were calculated at standardized distances (methyl
C-H = 0.96, methylene C-H = 0.97 and methine C-H = 0.98 A) and
refined using a riding model with isotropic displacement
parameters 20% (for methyl groups 50%) higher than the isotropic
equivalent for the atom to which the H-atom was bonded. The
positions of the water hydrogens have been determined from
subsequent difference Fourier maps and the O-H distances were
standardized to 0.85 A. These H-atoms were refined as riding with
the isotropic displacement parameters set to be 50% higher than
the isotropic equivalent for the oxygen atom to which the H-atom
was bonded. In 2 the positions of hydrogen atoms attached to the
disordered C26 methyl group and to the water molecules have not
been determined. siemens [26] and MErRcURY [27] computer graphics
programs were used to prepare drawings.

3. Results and discussion

rac-1,3-pentanediamine-N,N,N',N’-tetraacetate (1,3-pndta) li-
gand, which is structural analogue of 1,3-propanediamine-
N,N,N’,N’-tetraacetate (1,3-pdta) ion, has been used for syntheses
of the Cr(Ill) complexes. Three new hexadentate 1,3-pndta-Cr(III)
complexes carrying different charge balancing cations, Na[Cr(1,
3-pndta)]-H,0 (1), K[Cr(1,3-pndta)]-H,0 (2) and Ca[Cr(1,3-pndta)],:
4H,0 (3), have been characterized using elemental microanalyses,
infrared, electronic absorption and 'H NMR spectroscopic methods.
The crystal structures of these complexes have been solved by
applying X-ray diffraction techniques. Selected geometrical param-
eters for complexes 1, 2 and 3 are listed in Table 2.

3.1. Structural characterization of the [Cr(1,3-pndta)]- complex anion

Na[Cr(1,3-pndta)]-H,O (1) crystallizes with two molecules
in the independent part of the unit cell. Although formally

Experimental details. All experiments were carried out at 295 K with Mo Ko radiation using a Xcalibur diffractometer. H-atom parameters were constrained.

1

2 3

Crystal data

Chemical formula Cy3H,0NaCrN,0g

M; 423.29

mp (°C) 291

Crystal system, space group triclinic, P‘]

a, b, c(A) 9.0967(4), 12.8574(9),
14.8849(10)

o, B,y (%) 82.918(6), 72.390(5),
81.710(4)

v (A%) 1636.15(17)

z 4

wu (mm~1) 0.78

Crystal size (mm) 0.25 x 0.15 x 0.05

Data collection

Absorption correction multi-scan

Tmins Tmax 0.922, 1.000

No. of measured, independent and observed [I > 26(I)] 14999, 5769, 4802
reflections

Rint 0.025

(sin 0/A)max (A7) 0.595

Refinement

RIF? > 20(F)], wR(F?), S 0.033, 0.089, 1.02

No. of reflections 5769

No. of parameters 471

No. of restraints 0

Apmaxv Apmin (e A73) 0.71, -0.43

Absolute structure -

Flack parameter -

Cy3H;9KCrN,0g 5-0.5H,0 Ca6H42CaCryN4O19-H,0
439.40 876.71

277 291

orthorhombic, Pnc2 triclinic, P1

35.0568(9), 13.7822(2), 7.4087(1) 11.1385(3), 12.4560(3),

14.3511(5)
90, 90, 90 97.856(2), 109.187(3),
109.729(2)
3579.59(12) 1700.04(9)
8 2
0.92 0.88

0.30 x 0.30 x 0.15 0.20 x 0.20 x 0.15

multi-scan
0.976, 1.000
41752, 5981, 5426

multi-scan
0.699, 1.000
27680, 6292, 5865

0.038
0.595

0.027
0.595

0.076, 0.206, 1.09 0.027, 0.070, 1.06

6292 5981

709 480

40 0

0.93, -1.89 0.29, -0.34
H.D. Flack, Acta Cryst. A39 (1983) -

876-881

0.49 (4) -
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Table 2
Selected bond distances (A) and angles (°) in [Cr(1,3-pndta)]~ complexes.

Complex Cr-N Cr-Oeq Cr-Oax N-Cr-N 0-Cr-0

1(]

[Cr(1,3-pndta)] Cr1-N1 2.090(2) Cr1-01 1.963(2) Cr1-05 1.955(2) 96.45(8) 97.78(7)
Cr1-N2 2.071(2) Cr1-03 1.951(2) Cr1-07 1.967(2)

[Cr(1,3-pndta)]” Cr2-N3 2.102(2) Cr2-09 1.972(2) Cr2-013 1.957(2) 95.04(8) 100.08(7)
Cr2-N4 2.062(2) Cr2-011 1.969(2) Cr2-015 1.948(2)

2l)

Ordered [Cr(1,3-pndta)] Cr1-N1 2.085(4) Cr1-01 1.949(4) Cr1-05 1.943(4) 97.2(2) 97.5(2)
Cr1-N2 2.062(4) Cr1-03 1.954(3) Cr1-07 1.943(4)

Disordered [Cr(1,3-pndta)] Cr2-N3 2.065(13) Cr2-09 1.930(14) Cr2-013 1.969(13) 99.6(6) 98.1(6)
Cr2-N4 2.115(16) Cr2-011 1.943(13) Cr2-015 1.922(13)

Disordered [Cr(1,3-pndta)] Cr2A-N3A 2.100(11) Cr2A-09A 1.956(16) Cr2A-013A 1.994(14) 97.1(6) 97.3(6)
Cr2A-N4A 2.072(14) Cr2A-011A 1.922(15) Cr2A-015A 1.944(12)

3¢

[Cr(1,3-pndta)] Cr1-N1 2.105(2) Cr1-01 1.959(1) Cr1-05 1.966(1) 95.99(6) 98.11(6)
Cr1-N2 2.061(2) Cr1-03 1.957(1) Cr1-07 1.952(1)

[Cr(1,3-pndta)] Cr2-N3 2.098(2) Cr2-09 1.956(1) Cr2-013 1.972(1) 96.38(6) 98.16(6)

)

Cr2-N4 2.055(2

Cr2-011 1.957(1)

Cr2-015 1.961(1)

4 Data for two independent complex anions.
b Data for three independent complex anions.
¢ Data for two mononuclear units.

K[Cr(1,3-pndta)]-H,0 (2) also contains two molecules in the inde-
pendent part of the unit cell, one of them is disordered over two
crystallographic sites, which results in the presence in the crystal
of three crystallographically different complex molecules, two
with a half occupancy and the whole molecule disorder. Similarly,
although each of these crystals contains formally one water mole-
cule per one complex ionic pair, its structural role in the two crys-
tals is different (vide infra). In complex 3 the crystallographically
independent unit consists of a binuclear complex (Ca[Cr(1,3-
pndta)],) and contains three coordinated and one uncoordinated
water molecule.

An ORTEP drawing of [Cr(1,3-pndta)]” complex anion observed
in crystals of 1 is depicted in Fig. 1, where the numbering scheme
adopted for the respective atoms is also given. This complex anion
serves as a representative of seven independent [Cr(1,3-pndta)]”
complex anions observed in the reported crystal structures. The
hexadentate 1,3-pndta ligand is coordinated to chromium(III)
through 2N and 40 atoms forming an octahedral complex in
which the six-membered diamine chelate ring adopts a twist-boat

Fig. 1. ORTEP presentation of [Cr(1,3-pndta)]” complex anion observed in 1 with
R-configuration at C1, twist 4 form of the diamine ring and 4 configuration at the
metal center. Thermal ellipsoids are drawn at the 30% probability level. H-atoms are
presented as circles of arbitrary radii.

conformation (see Fig. 1). In all three crystal structures /4 and 5/ A
isomers are present in equal amounts, while only one of them,
namely the A/4 isomer, is displayed in Fig. 1. The i/4 isomer dis-
plays the R-configuration at the substituted diamine carbon, while
its enantiomeric counterpart (5/4), generated in these crystals
either by a glide plane or by inversion, displays the S-configuration.
In this pair of enantiomers (1/A4/R and 6/ A/S) an ethyl group on the
central six-membered diamine chelate ring maintains an equato-
rial orientation. The other configurational isomers, i.e., 1//4/S and
d/A/R would possess the axially positioned ethyl group and are
therefore disfavored.

Comparison of metal-ligand bond lengths observed in
[Cr(1,3-pndta)]” complex anions (crystal structures 1-3) with the
corresponding values in the parent [Cr(1,3-pdta)]” [3] complex,
presented in Table S1, indicates small but statistically significant
differences. The significance of the observed differences in values
that are accompanied by their standard uncertainties (s.u.), was
judged on the basis of the probability theory. We have used the
criterion of three sigma, which states that two equal quantities
would be found to differ by no more than 3 times their s.u.’s. For
the values lacking s.u.’s we have used the criterion that for a well
determined crystal structure the s.u. values in bond distances will
be well under 0.01 A and those in bond and torsion angles 0.1
degree or less.

In [Cr(1,3-pndta)]” complex anions the mean in-plane Cr-N
bonds are longer, while the mean in-plane Cr-0 bonds are shorter
than the corresponding values in [Cr(1,3-pdta)]”. On average, the
[Cr(1,3-pndta)]” complex anions have N-Cr-N bond angles larger
(mean value 96.8°) and the in-plane O-Cr-O bond angles smaller
(mean value 98.2°) than those in [Cr(1,3-pdta)]” complex
(95.8(2) and 99.7(2)°, respectively, Table S2). The results of a com-
parative study of the strain characteristics of related complex spe-
cies ([Cr(1,3-pndta)]~ and [Cr(1,3-pdta)] ") are given in Table S3 in
the supplementary material. As indicated by the average AO, val-
ues, the [Cr(1,3-pndta)]” complex anions exhibit slightly lower
octahedral distortion (mean AOj, =4.5°) than the parent complex
[Cr(1,3-pdta)]” (A0, =4.7°). As expected for these kinds of che-
lates, the five-membered glycinate rings of the G type (G girdle,
or in-plane with respect to the central diamine ring) are much
more strained than those of the R type (R relaxed, or out-of-plane
with respect to the diamine ring). The deviations of —8° and
—12° have been observed for two nonequivalent G glycinate rings
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in [Cr(1,3-pdta)]” complex, giving a discrepancy of —4°. In
[Cr(1,3-pndta)]” complex anions these deviations span similar
range, i.e., —8° to —15°, with the discrepancy in the strain between
two G glycinate rings in the same complex anion varying from —7°
to 0°. Another important source of strain in these types of
chelates is the bonding geometry made by the chelating nitrogens.
Each N atom makes four bonds, with six bond angles of ideally
109.5°. The total deviation about the two chelating N atoms
in [Cr(1,3-pdta)]” is the same and sums 14°, while in the
[Cr(1,3-pndta)]” complex anions the two nitrogen atoms exhibit
significant difference in strain as a consequence of ethyl substitu-
tion. The chelating N atom which is bonded to the C atom bearing
the ethyl side group is more strained than the other chelating N
atom of fully coordinated 1,3-pndta. The total deviation varies
from 16° to 33° for the former and from 12° to 17° for the latter
N atom. We may conclude this section by saying that the influence
of ethyl substitution on the overall geometry of the complex anion
is noticeable but very modest.

3.1.1. Self-assembly of cationic and anionic species

Having access to X-ray data for the sodium salts of the parent
[Cr(1,3-pdta)]” complex anion and its 1-ethyl derivative 1, we have
performed a comparative study aiming at the estimation of the role
of ethyl substitution in self-assembly of anionic and cationic spe-
cies. Duplication of the asymmetric part of the unit cell in the crys-
tals of 1, not observed in the crystals of its 1,3-pdta analogue,
combined with lower crystal density (1.718 vs. 1.724 gcm>) and
symmetry (triclinic in 1 vs. orthorhombic in the 1,3-pdta analogue)
points to the difficulties in packing, induced by a bulky alkyl group.
Also worth to note is coordination of only one water molecule by
Na* ion in 1, as opposed to three water molecules bound to Na*
in the parent compound, which in principle should increase hydro-
phobicity and lower water solubility of the investigated complex.
Although both types of crystals form a 3D framework by means
of bridging carboxylate groups, the bridging function of these
groups varies in the two structures.

To describe the various carboxylate functions we have used a
notation proposed by Porai-Koshits [28], summarized the results
in Table S4 of the supplementary material, and provided a pictorial
representation in Fig. 2. In Porai-Koshits notation the principal
number gives the total coordination capacity (denticity) of the car-
boxylate, the subscript gives the number of metal ions joined to a
carboxylate (if different from the carboxylate denticity) and a/s
represent anti/syn orientation of the metal-oxygen bond with

T

a-3-sa

Fig. 2. Binding modes of carboxylate ligands found in the investigated crystal
structures. For explanation of the notation see text and Ref. [28].

respect to the other C-O carboxylate bond. The a,s assignment is
straightforward for Cr(IIl) ion, having directed atomic orbitals, be-
cause it tends to lie in the plane of the carboxylate ion. However,
for the highly ionic metals, such as Na*, K" and Ca* the assignment
is not so straightforward, because these metals approach the car-
boxylate groups from directions other than the carboxylate main
plane and at continually varying distances. As a cutoff criterion
of the carboxylate coordination we have used the sum of the cor-
responding effective ionic radii provided by Shannon [29] (1.28,
1.53, 1.78 and 1.48 A for oxygen, sodium, potassium and calcium
ions, respectively). Bidentate bridging mode of the a-2-s type, dis-
played by three out of four carboxylate groups coordinated to chro-
mium(Ill) in the parent Na[Cr(1,3-pdta)]-3H,0 complex, contrasts
with the various types of carboxylate bridging modes observed in
the crystals of 1. In the latter crystals, the function of carboxylates
varies from monodentate (1-a), bidentate bridging (a-2-s and a-2-a
types) to tridentate (a-3-sa). Combined with this latter motif is
simultaneous formation of two monoatomic bridges between
Na2 ions, bringing them at a distance of only 4.071(2) A. Such
bridging function of one of the two carboxylate oxygens brings
the other oxygen close to one of the two bridged metals, although
usually at a distance longer than the sum of the ionic radii. All this
results in a more extensive and less symmetrical carboxylate sur-
rounding of the sodium ions in Na[Cr(1,3-pndta)]-H,O crystals than
in the crystals of its parent compound, Na|[Cr(1,3-pdta)]3H,0,
where the sodium ion was found in approximately octahedral
environment (AOQj, equals to 6.4°). In the crystal structure of 1 both
sodium ions can be considered as five-coordinate with the geome-
try around Nal intermediate between the square-based pyramidal
and trigonal bipyramidal, and the square-based pyramidal around
Na2, as evidenced by t descriptors [30], which amount to 0.53 and
0.28, respectively. The ethyl side groups of the 1,3-pndta ligand are
placed in separate channels build around inversion centers and
running along the a-direction (Fig. 3).

The crystal structure of complex 2 varies from 1 by having
potassium instead of sodium as a counter ion and this makes a
great impact on the mode of molecular self-organization (Fig. 4).
The crystal formally contains two symmetry independent mole-
cules K[Cr(1,3-pndta)]-H,0, of which one suffers from the whole
molecule disorder about a 2-fold axis. Half of a water molecule, as-
cribed to each complex molecule, functions as a bridge between
two neighboring potassium cations, bringing them at distances
5.768(3) and 5.754(8)A in ordered and disordered molecules,
respectively, while the other half is disordered in between the lay-
ers build of the complex anions and cations. These layers extend
parallel to the (100) lattice planes and are constructed, alterna-
tively, of either fully ordered or fully disordered components.
Within the ordered layer the water bridge is formed between two-
fold related potassium ions, while in the disordered layer it joins
two symmetry independent potassium ions (each of half occu-
pancy). The layers are only very loosely bound by disordered water
molecules. Ethyl substituents are put aside on both sides of these
layers. The dominant function of carboxylates is tridentate
bridging of the a-3-sa type, although in each ion pair monodentate
(1-a) and bidentate (2-sa) functions are also encountered
(Table S4). The presence of either 2-sa or a-3-sa types of carboxyl-
ate binding implies formation of monoatomic bridges between
metal centers, e.g., K2 and Cr2, which are bridged by 09 oxygen
atom and are only 3.460(5)A apart. Moreover, simultaneous
formation of two monoatomic carboxylate bridges brings potassium
jons at distances K1---K1 4.106(1)A, K2---K2 4.619(6)A and
K2A. - K2A 3.788(2) A. Consequently, we observe high concentra-
tion of carboxylate groups in a close vicinity of both kinds of metal
ions and hardly any existence of coordinated water molecules.
Within the radius of 3.06 A, the potassium ion in the ordered
layer is in contact with five carboxylate and one water oxygen
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Fig. 3. 3D polymeric framework in the crystals of 1 with ethyl substituents concentrated in channels formed around inversion centers and extending along the a-direction.
Hydrogen atoms have been omitted for clarity.
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Fig. 4. View along [001] displaying the layered structure of the crystals of 2. The consequent layers contain either fully ordered or disordered components and are very

loosely bound via disordered water molecules, represented here as red spheres. Ethyl substituents are situated on both sides of the layers. Hydrogen atoms have been omitted
for clarity.
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(KOg environment), and the coordination polyhedron about K1
approximates to a distorted octahedron. Contrasted with this is
the KOs environment of the two independent potassium ions (K2
and K2A) in the disordered layer, both of which are in contact with
four carboxylate and one water oxygen. Both coordination
polyhedra can be approximated to a distorted trigonal bipyramid,
with 018-K2-016 and 018-K2A-016A regarded as the axes of
these bipyramids.

The crystal structure of complex 3 consists of 1D polymeric
chains of carboxylato-bridged coordination complexes propagating
parallel to the a-direction (Fig. 5). The chain construction is based
on bridging between Cr1 and three different Cal cations, while Cr2
is joined to only one Ca1 cation. This structure differs from the pre-
vious in that each pair of metal ions is bridged by only one carbox-
ylate group. Of eight independent carboxylate groups four act as
monodentate (1-a) and the remaining four as bidentate bridging,
equally divided between a-2-a and a-2-s categories. The chains
are connected by intermolecular hydrogen bonds that involve
coordinated and solvent water molecules as donors and carboxyl-
ate oxygens and solvent water molecules as acceptors. The Cal ion
is seven-coordinated in a monocapped trigonal prismatic geometry
by four carboxylate oxygens and three water molecules.

We may conclude this section by stating that exclusively mono-
dentate and bidentate bridging function of carboxylates, observed
in a relatively highly hydrated Ca®* salt, contrasts with dominant
tridentate coordination and multiple monoatomic bridging of car-
boxylates in the low hydrated K* salt. Chelating function is not ob-
served. The situation in which each pair of metal ions is joined by

Fig. 5. 1D polymeric chains assembled via water molecules in the crystals of 3.
Hydrogen atoms have been omitted for clarity.

only one carboxylate bridge leads to formation of 1D polymeric
chains, interconnected by hydrogen bonds formed between coordi-
nated and solvent water molecules. On the other hand, the situa-
tion, in which a pair of metal ions is linked by more than one
monoatomic carboxylate bridge depicts a property of alkali metal
ions, which tend to approach the carboxylate groups from different
directions and at a wide range of distances, thus ‘freeing up’ water
molecules.

3.2. Electronic absorption spectra of Cr(Ill) complexes

Electronic absorption spectra of investigated Cr(Ill) complexes 2
and 3 are given in Fig. 6. These spectra have been compared with
the corresponding for [Cr(1,3-pdta)]” complex [21] having hexa-
dentate coordinated 1,3-pdta ligand, which is structurally similar
with presently investigated 1,3-pndta. The electronic absorption
data of these three complexes are compared with those for
[Cr(1,3-pddadp)]~ complexes with hexadentate coordinated 1,3-
pddadp ligand (1,3-pddadp is 1,3-propanediamine-N,N’-diacetate-
N,N’-di-3-propionate ion) [31] (Table 3). The electronic absorption
spectrum of complex 1, which represents the sodium salt of
[Cr(1,3-pndta)]~ anion, is almost identical with that for complex
2, which represents the potassium salt. In accordance with this
only electronic absorption spectrum and corresponding numerical
data for complex 2 are presented in this text. The electronic
absorption spectra of 1,3-pdta and 1,3-pddadp Cr(Ill) complexes
have been discussed previously in detail [31] and here their data
have only been repeated for the sake of comparison with the spec-
tra of the corresponding 1,3-pndta complexes. In accordance with
the previously established results for the Cr(Ill)-edta [20,32-37]
and Cr(Ill)-1,3-pdta-type complexes [21,31], the interpretation of
the electronic spectra of the presently investigated Cr(III)
complexes have been done by using an octahedral model (Op):
4Ayg — “Tyg (band 1) and the one at higher energy is *Aye — “Tig
(band II) (Table 3). The electronic absorption spectra of complexes
2, 3 and [Cr(1,3-pdta)]” [21] (Fig. 6 and Table 3) are almost the
same in the shape and position of the absorption maxima. From
this it can be stated that the same N,04 coordination mode of
1,3-pndta and 1,3-pdta ligands [21] occurs. Both bands in the elec-
tronic absorption spectra, which correspond to transitions to the
4T2g and 4T1g(0h) states for all Cr(Ill) complexes presented in
Fig. 6 are symmetrical, showing no obvious splitting. In respect
to the [Cr(1,3-pdta)]” [21] the new complexes 2 and 3 have ethyl
substituent on the terminal carbon atom of 1,3-propanediamine
ring. It is clear that this substituent has no influence on the
electronic absorption spectra of these complexes. However, almost
twice larger intensities of both absorption maxima for 3 in
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—— Ca[Cr(1,3-pndta)]24H0 (3)
—— Na[Cr(1,3-pdta)]3H20
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Fig. 6. Electronic absorption spectra of Cr(Ill) complexes with hexadentate coor-
dinated 1,3-pdta [21] and 1,3-pndta ligands.
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Table 3

Electronic absorption data of Cr(Ill) complexes with hexadentate 1,3-pdta [21], 1,3-pddadp [31] and 1,3-pndta ligands.

Complex Absorption Assignments Oy,
J.(nm) e(M'em™)
Na[Cr(1,3-pdta)]-3H,0 509.0 118.0 gy — Moy
385.0 83.0 g > “Tig
K[Cr(1,3-pndta)]-H,0 (2)* 508.0 113.37
387.0 79.08
Ca[Cr(1,3-pndta)],-4H,0 (3) 509.0 198.55
387.0 138.90
trans(Og)-K[Cr(1,3-pddadp)]-3H,0 510.0 90.6
383.0 44.7
trans(0s0¢)-Li[Cr(1,3-pddadp)]-3H,0 529.0 1184
390.0 69.8
trans(0s)-Li[Cr(1,3-pddadp)]-3.5H,0 540.0 126.9
403.0 81.0

2 The electronic absorption spectra and corresponding data of complexes 1 and 2 are almost identical.

comparison with those for complex 2 arise from the fact that the
former complex has two [Cr(1,3-pndta)]™ units in the formal un-
charged molecule.

From Table 3 it can be seen that absorption maxima of [Cr(1,3-
pddadp)]~ complexes [31] are shifted to lower energy than those
for hexadentate Cr(IIl) complexes 2, 3 and the [Cr(1,3-pdta)]” com-
plex [21]. This shifting results from the fact that 1,3-pddadp ligand
with its two pairs of glycinate and p-alaninate carboxylate arms
represents a weaker-field ligand toward Cr(Ill) than the other
1,3-pndta and 1,3-pdta ligands having four glycinate carboxylate
arms. Similar shifting was observed for the analogous 1,3-
pddadp-Co(Ill) complexes [22] in comparison with 1,3-pdta-Co(III)
complex [38]. Variations in energies and intensities of spin-
allowed bands for three geometrical isomers of [Cr(1,3-pddadp)]™
complex (the energy of their absorption maxima decreased in
order trans(Og) > trans(0s0g) > trans(0s); see Table 3) may arise
from changes in the local symmetry at the metal center, i.e., from
different combinations of chelate rings (Os- and Og-carboxylate
rings) in the planar (CrN,0,-plane) and axial positions.

3.3. TH NMR spectra of Cr(Ill) complexes

High-resolution NMR spectra can be helpful for the characteriza-
tion of paramagnetic complexes if the relaxation of the unpaired
electron(s) is fast enough with respect to the NMR timescale. The
presence of unpaired electrons in the same molecule results in large
isotropic shifts (up to several hundred ppm) and severely broadened
resonances, which usually obscure any nuclear spin-spin coupling
and make integration of signals difficult. The magnitude of these ef-
fects depends on the number of unpaired electrons and the electron
spin relaxation time, varying with the metal, formal oxidation state,
and coordination environment. The effects can be roughly divided
into two groups, i.e., signal shifts due to Fermi contact interactions
and those due to pseudo-contact interactions. In effect, there exists
no generally applicable empirical relationship between chemical
shift and chemical environment, and the line broadening can make
signals of low intensity all but undetectable [39]. In a number of
occasions, paramagnetic 'H, 2H, and '3C NMR have been shown to
be useful in characterizing Cr(IIl) carboxylate assemblies [40].

To aid us in the assignment of the '"H NMR resonances of the
complex anion [Cr(1,3-pndta)]” in compounds 1-3, the parent
Na[Cr(1,3-pdta)]3H,0 complex [3], possessing higher symmetry
than the investigated [Cr(1,3-pndta)]” complexes, was prepared
and its '"H NMR spectrum recorded. The 'H NMR spectrum of
[Cr(1,3-pdta)]” in D,O comprised of four paramagnetically
broadened and contact-shifted resonances at +27, +11, —12,
and -48 ppm. Badly resolved, heavily broadened signals

(Avi;2>> 120 Hz, with the sharpest and broadest peaks having
Avq2=1688 and 6116 Hz, respectively) with hyperfine shifted
resonances are spread over a relatively narrow spectral window
(ca. 80 ppm) and are strongly down- or upfield shifted with respect
to their position in the diamagnetic free ligand. This impeded a
straightforward integration and an easy assignment of the p-CH,
group in the backbone diamine ring. The presence of an effective
C, symmetry in the molecule, with the twofold axis passing through
the metal centre and the B-CH, group, was confirmed by the
equivalence of both in-plane and out-of-plane glycinate protons,
as well as the «-CH; groups in the diamine ring, i.e., the existence
of only four signals in the 'TH NMR of [Cr(1,3-pdta)]™. Previously
reported 'H NMR spectra of the analogous [Fe(1,3-pdta)]*>~ and
[Co(1,3-pdta)]?>~, displaying a fast A-A isomerization typical of
flexible edta-type ligands [41], were characterized by two much
sharper signals originating from the mentioned «- and p-CH,
groups of the backbone diamine ring (Avy, =368 and 337 Hz,
respectively) when compared with the glycinate protons in those
complexes (ca. 700 Hz). On this basis we could assume that the
B-CH, protons would give rise to the sharpest signal of the Cr(III)
complex and assign the signal at 11 ppm, with an intermediate line
width of 1688 Hz, to these protons. Since -CH; is the farthest group
from the chromium atom, this assignment is also in accordance
with the fact that the magnitude of isotropic shift is dependent
on the distance (1/r?) separating the proton in question from
the metal ion [39] (although this was not the case for the
[Fe(1,3-pdta)]*~ and [Co(1,3-pdta)]?>~ complex anions where the
signal for the p-CH, was strongly shifted upfield (-78 and
—100 ppm, respectively) [41]). According to a very rough integra-
tion, the two negative (and the broadest) signals in the spectrum
of [Cr(1,3-pdta)]~ were equal in intensity, with the peak area being
higher than that of the peak at 11 ppm, further corroborating the
assignment of the peaks. The protons from the o-CH, of the diamine
ring should give rise to one of the two negative resonances due to
the spin polarization indicated by an alternating, upfield/downfield
pattern [39] (if the p-CH, from the diamine backbone ring was
shifted downfield then one could expect the «-CH, in this ring to
be shifted upfield, a pattern observed in the two analogous com-
plexes [41]). A sharper (Avy2 ~ 2500 Hz) and more symmetric of
the two peaks at —12 ppm was assigned to the o-CH, in analogy
with the Fe(Il) and Co(II) complexes. The unaccounted two signals
(at+27 and —48) should be assigned to the nonequivalent glycinate
protons with no means of their further differentiation.

The 'H NMR spectra of the presently investigated [Cr(1,3-
pndta)]” complexes (1-3) were all identical and irrespective of
the nature of the counter ion, indicating the same chemical
environment and conduct of the complex anion in solution. These
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spectra reveal a non-averaged and complex resonance pattern of a
less symmetrical system than that in [Cr(1,3-pdta)]". The spectra
exhibited seven distinct, but again mostly very broad, signals (¢
+38, +23, +10, +2.4, —16, —32, —51) in a chemical shift range sim-
ilar to that of [Cr(1,3-pdta)]”. Severe overlapping did not permit
any reliable integration but just a coarse estimation. The most in-
tense resonance at +2.4 ppm was readily assigned to the over-
lapped ethyl hydrogens of the ligand by its intensity and by the
chemical shift value being close to those found in the diamagnetic
free ligand (0.9-1.5 ppm). The broadness at half-height of the ob-
served signals varied significantly with the signal at +2.4 ppm
being the sharpest (315 Hz) and the signal at —51 ppm being the
broadest (more than 13000 Hz broad at half-height), once more
corroborating the assignation of ethyl protons. A correspondence
between the values of chemical shifts and the broadness of the sig-
nals of [Cr(1,3-pndta)]” and [Cr(1,3-pdta)]” was noted (the reso-
nances at +10, —16, and +11, —12 ppm, respectively). Similar
Avyjp values (ca. 1700Hz for the downfield signal and ca.
2600 Hz for the upfield signal) indicated that these could be signals
corresponding to the 8-CH, groups and a single o-CH, group of the
backbone 1,3-pentanediamine ring, respectively. The values of the
integrals suggested only a drop in intensity of the upfield signal in
comparison with the downfield one, in agreement with the intro-
duction of the ethyl group. Another signal, at —32 ppm, i.e., in rel-
atively close proximity of the o«-CH,, might be the signal
originating from the o’-CH group (ethyl substituted carbon atom
in the backbone diamine ring). The remaining unassigned (glycin-
ate) protons of [Cr(1,3-pndta)]” seem further broadened, in the
case of the negative signal, and split into two resonances, in the
case of the positive ones, when compared with those of [Cr(1,3-
pdta)]”. This is an expected result of desymmetrization caused
by the introduction of the ethyl group and possible presence of ste-
reoisomeric species in solution.

4. Conclusions

The carboxylato-bridged polymeric complexes: Na[Cr(1,3-
pndta)]-H,0 (1) K[Cr(1,3-pndta)]-H,0 (2), and Ca[Cr(1,3-pndta)],-
4H,0 (3) have been obtained applying the ion exchange techniques.
Infrared, electronic absorption and 'H NMR data for these com-
plexes are in accord with hexadentate coordination of 1,3-pndta
ligand to Cr(Ill) ion. The X-ray results assert the presence of two
configurational isomers A/4/R and 6/A/S in the racemic crystals of
studied complexes. The [Cr(1,3-pndta)]” complex anions exhibit
slightly smaller octahedral distortion than their parent complex
([Cr(1,3-pdta)] ") but display considerable strain about the chelat-
ing N atom bonded to the ethyl substituted carbon atom. Compared
with the parent Na[Cr(1,3-pdta)]-3H,0 complex, the investigated
Na[Cr(1,3-pndta)]-H,O complex, with added ethyl group, shows
an increased lipophilicity, manifested in a markedly reduced num-
ber of water molecules present in the crystal lattice. Formation of
3D, 2D and 1D polymeric complexes in complexes 1, 2 and 3,
respectively, is effected by the various bridging modes of carboxy-
lato groups and by the degree of hydration of these complexes. The
latter property is modulated not only by the ethyl substitution but
also by the counter ion surface charge density and is the highest in
the crystals of the calcium salt and the lowest in the crystals
containing the potassium(I) counterion. The information how the
particular metal ions approximate the carboxylate groups provides
a mechanism for searching for metal-binding positions in proteins.

Acknowledgements
This work was funded in part by the Ministry of Education, Sci-

ence and Technological Development of the Republic of Serbia
(Project No. 172036).

Appendix A. Supplementary data

CCDC 934295-934297 contains the supplementary crystallo-
graphic data for K[Cr(1,3-pndta)]-H,0, Na[Cr(1,3-pndta)]-H,0 and
Ca[Cr(1,3-pndta)],-4H,0. This data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the
Cambridge Crystallographic Data Centre, 12 Union Road, Cam-
bridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or e-mail: depos-
it@ccdc.cam.ac.uk. Supplementary data associated with this
article can be found, in the online version, at http://dx.doi.org/
10.1016/j.poly.2013.09.009.
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