®EJIEPAJIBHOE I'OCYJAPCTBEHHOE BIO/JKETHOE VUPEXXJIEHUE HA VKU
UHCTUTYT HEOPI AHUYECKOU XUMIHU UM. A.B. HUKOJIAEBA CUBUPCKOI'O
OT/IEJIEHMS POCCUMCKON AKAJIEMWU HAVK, ®AHO

Ha npaBax pykomnucu

bpeuiesa IOnnsa AnaTtosibeBHA
CuHTe3, cTpOeHUE, MATHUTHBIE CBOICTBA U (DOTOJIIOMUHECIIEHIIM ST
xomiiekcos Ln(l11) (Ln =Sm, Gd, Eu, Tb, Dy, Tm),
coaep:xkammx 1,1-qurHonarubie Juranabl 1 N-rerepounkinl uiaun PhPO

02.00.01 — Heopranuveckas XUMHUs

Juccepranus Ha COUCKaHUE YYEHOUM CTEIIEHU

KaHauaaTta XUMUYCCKUX HAYK

Hayunsle pykoBoguTenu:
1.X.H., mpodeccop Jlapnonos Cranucinas BacuiabeBuu

K.X.H. Kokuna TaresHa EBrenneBua

HoBocubupck — 2015



OI'TABJIEHHME

CIIUCOK JINTAHJIOB, UCITOJIB3OBAHHBIX B PABOTE ........cccooooiiiiie, 4
CITMCOK COKPAIIEHMI ...........coooooviieeiciieeieeeteeese e ses et snen st 5
BBEJIEHIE ...ttt e e st e b e e e e s ne e e nn e e neeennee e 6
TJABA 1. JUTEPATYPHBIM OB3OP............ccccoooiiiiieiiieeeieeeeeeeess s esie s s senenanans 11
1.1. JlroMuHECHIHMPYIOIINE KOMIUJIEKCHI METAJLIOB C OPTAaHUYECKUMHU JTUTAHIAMH ...ooevvveenvreennineennenes 11
1.2. JlroMuHeCHupyIOUMe KOMILIEKCHI TJAHTAHUIOB C OPTaHUYECKUMHU JTUTAHIAMHU ....ooevveererearreennsss 11
1.3. CoenuHeHNs JaHTAHUIOB C 1,]1-THUTHONATHBIMU JIMTAHIAMHE .....vuvuvernsnsnnnsnnnsnnnsnsnnnsssssnsnsnsssnsnnnnes 14
1.3.1. JIutnokapOaMaTHBIC KOMIUICKCHI JIAHTAHHUIOB . .....uveeuveeueessreesseesssessseeasesssnesnsesssnesnsesssnens 15
1.3.2. AutnodochuHATHBIE KOMIUIEKCHI JTAHTAHHIIOB ....e.vveuveesresseeseassesseesseessessnesseessessnesseessens 25
1.3.3. IutnodochaTHBIC KOMIUICKCHI JTAHTAHUIIOB . .veuvvreisrreessreeesssesssssenssssessssesssssesssssessnssessnes 31
1.3.4. KcaHTOreHATHBIE KOMIITIEKCHI JTAHTAHIIIOB ... cvevvunerersnnsesessnnserersnssesessnseesersnneesernneererinnees 34

1.4. UccnenoBanue JIOMUHECIICHIIMA KOMILJIEKCOB JIAHTAHUIO0B C 1,]-auTHonaTHeIMU duraggaMu 35

O E) 011 (01 ()2 1 (T TP TP PPPR 44
T'JIABA 2. DKCIIEPUMEHTAJIBHAS YACTD........coiiiiie s 46
2. 1. VICKOITHBIE BEIIIECTBE ... eteeeteeesssunsssseesssesssssnnssssssssssssssnnssssssssssssssnsseessesesssssnnteeesesessssnnnnreeeseeessnns 46
2.2. TIprOOPBI X METOBI HUBMEPEHIM .....veureeieiesiiesireeree s e s e s e e s sme s esne e nne e s nne e e e nnneannes 46
AR T (5803107097 Q03705 s N <icT: DR 48

2.3.1. Cunre3 xommuekcoB Ln(Ill) (Ln = Sm, Eu, Gd, Tb, Dy, Tm), coaepxamux
OUPPOIUIUH- U OCHZUITUTHOKAPOAMAT-FIOHBI ...c.vveviesriiiiesieesre sttt 48

2.3.2. Cunre3 xommuiekcoB Ln(Ill) (Ln = Sm, Eu, Gd, Tb, Dy, Tm), cozaepxammux

TUU300Y THIITUTHODOCHUHATTIOHBL «.....eveerveesrieieessreesseessseessesasneesmeessneesnessnneesnneaneesneeaneenneesnnis 53
2.3.3. ITonyyenue TBEPABIX ¢ba3 JIBOMHOMN CUCTEMBI
[Eu(Phen)(i-BusPS2)2(NO3)]-[Th(Phen)(i-BuzPS2)2(NO3) ..o, 58
2.3.4. Cunres komiuiekca Sm(III), coneprkaiero Aun3onponuaauTuOPocdaT-uoHsl ............. 59

2.3.5. Cunre3 xommuiekcoB Sm(II), coxepxamux xoopauHupoBaHHble NO;-HOHBI U

I IO N 7 (o 0 (S e <) 010) 11703014 (TP OUPR PPN 60
2.4. BeIpalmiBaHNE MOHOKPHCTAITIOB KOMIITEKCOB ......vveuvisresteesresseesseessesssesseansesssesseessesssesseessesnessens 60
T'JIABA 3. PE3YJIBTATBI U UX OBCYXKIAEHHUE ...........cccoooviiiiiiie e 62
3.1. Cunre3 u uccienoanue komruiekcos Ln(lll) (Ln = Sm, Eu, Gd, Th, Dy, Tm), coaepxamiuix
MUPPOJIAIUH- U OCHIUITIUTHOKAPOAMAT-HOHBI «...c.vvinreeireesieesnneeseesnneesseessneesnesanneesneesnneesneeaneennneannes 62
3.1.1. OCOOECHHOCTH CHHTE3A....0ccuviiveetiasiesieestassassbes bbb s s bbb b e b b e sb e 62
3.1.2. JIaHHBIE PCA H PDA ... .ooiiii et 65
K0 TR R 2 0 3T 1 (S 0 i o) TP PP PP 74



3.1.4. MATHUTHBIE CBOFICTBA .1vvuuuseeeeeterssssunsssseesseessssunnseseesseesssssnnteteeesseesstsmnnteeetesesstimnnreeeserenn 75
T R TG 71 01020 1 (=) 04 (<P E T T TR TTRTTTTR 79

3.2. Cunre3 u uccienoanue komiuiekcos Ln(lll) (Ln = Sm, Eu, Gd, Th, Dy, Tm), coaepxamiuix

TUU300yTUIIUTHOGOCHUHAT- U TUA3OTPOTUTIIAUTHOPOCHAT-HOHBL. ... vvieiiiieeiiiieiiiiee i 80
3.2.1. OCOOCHHOCTH CHHTE3A. ... veeuteeesreesureasseessneesseesnseasesssseasseessseassesssseessesssseessessnnessnessnseessnens 80
3.2.2. JaHHBIE PCA B PDA ... 84
R IR B 7 0 ST 1 (S 0 ¥ o) OO P PP PP PR 94
3.2.4. MATHUTHBIE CBOMCTBA ....cuveeieeesiiesiriateesseeesseesnseasseessseesseessseasseessneesneesnneensesanneenneesnneesnnens 95
3.2.5. BAKITEOUCHHIE ....veeuveeureeueeasteesseeasseessseasseessee e seesmseanseeaaneeaseeasse e be e s sneenbeeasn e e beeenneennreanneennneas 98

3.3. Ctpykrypa u cBoiictBa kommiekcoB Sm(I11), conepxamux koopauaupoBanusie NO ; -HOHBI 1

A30THCTBIC TETEPOLIMKIIBL ¢ veveesseessreessesasseesseessseaseeasseesseeasreeseeasneenmeeas e e ase e asneenmeeanneenneeenneennneanneennneas 99

3.4. ®oromomunectiennus komiuiekcos Ln(ll) (Ln = Sm, Eu, Gd, Tb, Dy, Tm), coxepxammux 1,1-

JIUTHIOITATHBIE TIOHBL . ...evtvvettssnsssssssssssssnnssssssssssssssnnsssssessssssssssnsteessesssssssnteeesesesssssnnteeeeeteesrmn e 101
OCHOBHBIE PE3YJIBTATDBI U BBIBOIDBI ...........c.cooiiiiiie e 121
BAKJITHOUEHE ..........ooiiiiiii ettt sttt b et be et e e be e be e s bt e e beesbeeente e e 123
CITUCOK JIUTEPATYPDBI ...ttt e 124
BIAT OJAPHOCTH ...ttt ettt b ee e beesne e ne e 141



CIIMCOK JIMI'AHAOB, UCITIOJIb3OBAHHbIX B PABOTE

dopmyaa CrpykrypHasi popmyia Haszsanue (IUPAC)
. S
C4HsNCS, N—cC @ MUPPOIUIUHINTHOKapOaMaT-uOH
S
< > AN S
CeHsCH,NHCS, N—C OEH3UIIMTHOKApOAMaT-HOH
rd \
S
S
I-Bu,PS; >T P< TUU300yTUIIINTHOGOCHUHAT-UOH
S
. i ) Np
(i-PrO),PS, P/ auu3onponwiInTuopocdar-uoH
NIV
O S
Phen 74 7 N\ 1,10-denanTponvH
—N —
2,2’-Bipy /X /N 2,2’-0unupuanH
—N N=
i N
4,4’-Bipy N/ N @N 4,4’ -ounupuanH
N
g%
6,6’-Biq A | AN 6,6’ -OMXUHOJIMH




PhsPO @P:

TpudennndochuHOKCH T

CIHIACOK COKPAILIIEHUH

KC — xoopIMHAIIMOHHOE COCIMHEHUE

Ln — manTa"Hugsl

KY — koopaAMHAIIMOHHOE YUCIIO

KII — KoOpauHALIMOHHBIN OJUBP

PCA — peHTTeHOCTPYKTYpHBII aHAJIN3

P®A — pentrenoda3oBsIii aHAIH3

DJI — GOTOMOMUHECIICHITHS

TI' — TepmorpaBuMeTpus

HNK-cnexkTpockonus — nHppakpacHasi CHEKTPOCKOIHUS
Y®-uznydenue — ynprpaduoeTOBOE U3IYUCHHE
AMP — snepHbIIi MArHUTHBINA PE30HAHC

IIMP — npOTOHHBII MarHUTHBIN PE30HAHC

251 — mapaMeTpsbl 3JIeMEHTapHON STYEHKHU




BBEJIEHUE

AKTyaJIbHOCTHh TeMbl. CHHTE3, UCCIIEIOBAaHUE CTPOEHUSI U CBOMCTB KOMIUIEKCOB Ln ¢
OpraHMYeCKUMH JIMTaHJaMH, 00JIaJalolMX pa3sHOOOpa3HbIMU (DYHKIIMOHAIBHBIMH CBOWCTBAMH,
ABJISIETCS.  AKTyalbHbIM HAIIPABJICHUEM COBPEMEHHOM KOOPIMHALIMOHHOW XUMHMU. OTH
KOMIUIEKCHl HaXOAAT LIMPOKOE NPUMEHEHHWE B BUJE WHAWBUAYAIbHBIX COEIUHEHMH U Kak
MOJIEKYJISIpHBIE TIPEIIIECTBEHHUKN HEOpraHudeckux marepuaioB [1]. OmHO M3 BaKHEWIIHMX
(YHKIMOHAIBHBIX CBOMCTB KOMILIEKCOB LN — moMuHeceHys. 1l HUX XapakTepHO COUYETaHUE
BBICOKOM 3(h(heKTMBHOCTH JIFOMUHECLIEHIIMU U Y3KOM IOJIOCHI SMHUCCHH, YTO TO3BOJISIET OTHECTH
9TU COEIUHEHUS K YHWCIy MEpPCIEKTUBHBIX MATepUalioB JJIsl CO3/IaHMs JIFOMUHECUEHTHBIX
ycTpoiicTB [2—4]. KpoMe Toro, HeKOTOpble KOMIUIEKCHI LN MPOSBIISIOT CBOMCTBA MOJIEKYIISIPHBIX
MAarHuToB [9], YTO UHTEPECHO JJIsI TOTYUYEHUS] HOBBIX MArHUTHBIX MaTepHAJIOB.

B Hacrosiee BpeMs YCIHEIIHO Pa3BUBAETCS HAIPaBIEHUE 10 CHHTE3y KOMILJIEKCOB
roHoB Ln*" (kécTKHX KHCIOT MO npunimy [Tupcona) ¢ N- u O-10HOpHBIME OpraHUYECKUMU
aura"gamMu (GKECTKMMU OCHOBaHMSIMHU), OOJIQAaoUMX (OTO- U 3JIEKTPOIIOMUHECIIEHTHBIMU
cBoiicTBaMu [2, 3]. DTO BBI3BAHO KaK CTPEMJICHHEM K MOJIYYEHUIO HOBBIX JIFOMUHECITUPYIOIIHX
BEUIECTB,  YCTAHOBJICHHMIO  B3aUMOCBA3€Ml  MEXAy  CTPOCGHHMEM  KOMIUIEKCOB  H
JIOMUHECIICHTHBIMH CBOMCTBAMM, TaK M INEPCIEKTHBAMU HCIOJIb30BaHMS COEIMHEHUH IS
CO3/IaHUS JTIOMUHECLIEHTHBIX YCTPOMCTB M CEHCOPOB. TOJBKO HEIAaBHO MOSBHIMCH JAHHBIE O
JIOMUHECIIEHIINA KOMIUIEKCOB LN, MMEomMX B CBOEM COCTaBE S-JIOHOPHBIE OPraHUYECKUE
ourasapl (MSTKHE OCHOBaHHWsA). B nureparype HMMeEIOTCS JUIIb HECKOJIBbKO IMyOJUKaIuUi,
MIOCBSILIEHHBIX HCCIICIOBAHUIO JIIOMUHECIICHIINH TaKuX coenuHeHuid [6-11]). B cBs3u ¢ atum
OONBIION WHTEpPEeC BBI3BIBACT JajbHEHIIeEe pPA3BUTHE HCCICIOBAHUA 10 MOJYYEHUIO
JIOMUHECIMPYIOIIUX ~ KoMmIUiekcoB LN ¢ S-comepxammmu  jurasgamud. K yucny
MEPCIEKTUBHBIX S-COEPKAINX JUTaHI0B JJIsl CHHTE3a JTIOMHUHECIUPYIOIUX KOMIUIEKCOB LN
cienyeT oTHecTH 1,1-auTHonaTHbie AMraabl, uMmeromue rpymnmsl CS; u PS, (autnokapbamar-,
autuodocdunat-, nuTnodocdar-, KCaHTOreHAT-UOHBI).

Coueranue KECTKOM KUCIOTH (KaTMoHA LN) 1 MArkoro ocHoBaHus (S-cojaeprKaliero
aHMOHA) JENIAl0T COCTUHEHMS, UMEIOIINE TOJIBKO S-coaepiKalue JIMTaHIbl, OTHOCUTEIHHO
HEyCcTOMYUBBIMUA. OHUM U3 3(PPEKTUBHBIX CIIOCOOOB CTaOMIM3alMK KOMIiekcoB Ln ¢ S-
COJEpXalllMMU  JIMTAaHJaMH  SBISETCS  BBEJEHHME B  KOOPJAMHALMOHHYIO  cdepy

nonoiauTebHBIX N- 1 O-comepkamux nurannos (Hampumep, N-rereponunkios, PhsPO).



Kpome Toro, xoopaumuamus ¢uyopoopoB — a30THCTBIX TeTepouukioB U O-IOHOPHBIX
JUTAHJIOB, COJAEPXKAIIUX COMPSDKEHHBIE T-CUCTEMBI, MOXET TNPUBOAUTH K YBEIMUYEHUIO
3(p(GEKTUBHOCTA JIIOMHHECHEHIIMA OOPa3yIOMMXCS Pa3HONWTAaHIHBIX KOMIUDIEKCOB Ln.
Bonpmioit mHTEpEC MNpenCcTaBlISIOT KOMILIEKCHI HOHOB Sm3+, Eu3+, Tb3+, Dy3+ 5 Tm3+,
o0TaaroMMX JIIOMUHECIICHIINEH B BHIUMOW obmactu criektpa. Kpome Toro, mepcrneKTuBHO
UCCJIeIOBAaHUE MarHUTHBIX CBOMCTB ATOTO KJIacca COCTUHEHUH.

Crenenb pa3zpadoraHHocTH TeMmbl. Uncno myOnukanui, NOCBSIIEHHBIX CHUHTE3Y,
MCCJICIOBAHUIO CTpOEHHUsT U cBoicTB KomiwiekcoB LN(I1l) ¢ 1,1-auTHonaTHeIMU TUTaHIaMK
HAMHOTO MEHBIIE MO CPABHEHHUIO C KOJIWYECTBOM pPalOT, MOCBSMIEHHBIX HCCIIECTOBAHUIO
kommuiekcoB LN(II) ¢ N- u O-moHopubiMu smrangamu. Kommiekcer Ln(ll) ¢ 1,1-
TUTHOJATHBIMUA  JIMTAHAAMH  UCCJIEIYIOTCS B  OCHOBHOM C  LEJbIO  TOJy4YeHUs
MPEIIIECTBEHHUKOB CYIb(HUI0B JTAHTAHUIOB U SKCTPAKIIMOHHOTO pa3/esIeHNUs JTJAaHTAaHUIOB U
akTUHUZO0B. TONBKO HEJAaBHO BHUMAaHHE YYEHBIX OBUIO OOpallleHO Ha WCCIEI0BaHUE
JIOMUHECIICHIIMN TAaKUX COCAMHEHWH. B nmTepaType MMEIOTCS JHIIh HECKOJIBKO CTaTew,
MOCBSIIICHHBIX HW3YYCHUIO0 (OTOIIOMHUHECIICHIIMM JTUX coenuHeHuit [6—11]. JlaHHBIE O
MarHuTHBIX cBoWcTBax komiuiekcoB LNn(Ill) ¢ 1,1-guTnonaTHeIMU JWraHAaMyd B HIMPOKOM
WHTEpBaJe TEMIEPATyp B INTEPATYPE OTCYTCTBYIOT.

Heabr padorpl. CuHTE3, HCCIEIOBAaHUE CTPOCHHUS, MarHUTHBIX CBOMCTB u DJI
komiwiekcoB Ln(lll) (Ln = Sm, Gd, Eu, Th, Dy, Tm) ¢ nupponmuauHIuTHOKapOaMaT-
(C4HNCS)), o6emsunautnokapdbamar- (C¢HsCH,NHCS,), numsobyrungurunopochunar-
(i-BusPS;),  mumsompommnauruodpochar-uonamu  ((i-PrO),PS;) u  asoructeiMu
rereporukiaamu wim tpudpeHmipochunokcunom (PhzPO). B kauectBe a3oTcopepikamumx
nauraHaoB Obitv  BbIOpaHbl  1,10-dpenantponuu  (Phen), 2,2°-6unupumun  (2,2°-Bipy),
4,4’-ounupunun (4,4’-Bipy), 6,6’-0uxunonux (6,6’-Biq).

B cBsi3u ¢ 3TUM pelanuch cienyrone 3a1aun:

« paspaborka meronoB cuHTe3a KomriuiekcoB LN(lll), conepxammx 1,1-nurTnonatHeie
muranabl 1 N-reteporukiisl win PhsPO;
o TIONYyYCHHE JAaHHBIX O COCTaBE M CTPOCHHM CHHTE3WPOBAHHBIX COCIUHEHHHA C

MOMOIIIBIO 3JIEMEHTHOTO aHanu3a, UH(ppaKpacHOH CIIEKTPOCKOIINH,

PEHTI€HOCTPYKTYPHOI'O aHaJn3a, PeHTTeHO(a30BOro aHan3a;

e HCCJICJOBAaHHUE MAarHUTHBIX CBOMCTB COCIMHCHUM;



e u3yYeHHE (OTOJIOMUHECIICHIINA COCAMHCHUH, YCTAaHOBJICHHE 3aBUCHUMOCTECH
uHTeHcuBHOCTH DJI OT cocTaBa M CTPOCHUS KOMILJICKCOB.

Hayunasi HoBu3Ha. Pa3paboTaHbl METOIUKH CHUHTE3a 29 HOBBIX KOOPAMHAIIMOHHBIX
coeauHeHuil. B ux gucio Bxomsr pasunoiaurangasie kommmiekcsl Ln(l1) (Ln = Sm, Gd, Eu,
Th, Dy, Tm), coxepxamme aBa THIA JUTAaHAOB: 1,1-AUTHONIATHBIC JMTaHABI (HMOHBI
C,HsNCS;, C¢HsCH,NHCS;, i-Bu,PS;, (i-PrO),PS;) u asoructeie rerepouukist (Phen,
2,2°-Bipy, 4,4’-Bipy, 6,6’-Biq) maum PhaPO. CuntesupoBan kommiekc [Sm(6,6’-Biq)(i-
Bu,PS;)3]n, KOTOpBIN sIBISETCS TEPBBIM MPUMEPOM KOOPAMHAIIMOHHOTO TMOJMMeEpa s
KoMmIuiekcoB Ln ¢ 1,1-mutnonatHeiMM  swraHaaMu. [loydeHbl KOOPIWHAIIMOHHBIC
coemunenus coctasa [LNn(L)(i-Bu,PS,),(NOs)] (Ln = Sm, Tb, Dy, Tm; L = Phen, 2,2’-Bipy),
UMEIOIIHNX TpH TUTIA JIUTaHI0B. CUHTE3UPOBAHBI TETPAKUC-KOMIUICKCHI
NH4[Gd(C4HgNCS,)4] u EtN[Gd(i-Bu,PS,)4]. Tlpemnoxkena HOBas METOAWMKAa CHHTE3a
n3BectHbIX KominiekcoB [LN(Phen)(C4HgNCS,)s] (Ln = Sm, Gd, Eu, Th, Dy, Tm).

BeIpamieHbl MOHOKPHCTA/UTBI 8§ COCOUHEHHH — TIPEACTAaBUTENCH OCHOBHBIX TPYIII
koMIutekcoB. Mertogom PCA yCTaHOBIEHBI MX KPUCTALIMYECKHE CTPYKTYpPbI, CUMMETPHUH

KOOPAMHAIMOHHBIX TMOJU3APOB U crocodbl koopaunammu I-BuyPS; -, C4HgNCS; -, NO; -

nonoB u Phen, 2,2°Bipy, 6,6’-Biq. Ha ocHoBanuu manHbix PO®A u HK-cnexrpockomnuu
CZIEeJIaHbI BHIBOJIBI O CTPOCHUH OCTAJILHBIX COCTMHCHUH.

Haitneno, uro npu 300K uccienoBaHHbIE KOMIUIEKCHI SIBIISIIOTCS MapaMarHeTHKaMHU.
3aBUCUMOCTH [i,54(T) B mHTepBame 2-300K xapakTepHbI /s KOMIIIEKCOB HOHOB Ln*.
YcTaHoBIIEHO, 9TO KOMIUIEKCHI [Tb(Phen)(C4HgNCS;)],
[Dy(2,2’-Bipy)(C4HgNCS;)3]-0.5CH,Cl,, [Ln(Phen)(i-Bu,PS,),(NO3)] (Ln = Tb, Dy, Tm)
npu 2K nepexoisT B MarHUTHO-YIOPSJOUEHHOE COCTOSIHUE.

Haiineno, 4to GOJBIIMHCTBO MOJYYEHHBIX COEAWMHEHHH B TBepaoi ¢aze mpu 300K

obnanaer ®JI B Buaumon obnactu cnekrpa. M3 cnekTtpoB ¢ocdopecueHInn coequHeHUI
Gd** onpeeneHbl BEIMUUHBI SHEPTHil TPHIIETHBIX YPOBHEH HOHOB C,HgNCS;, u i-Bu,PS,.
YcTaHOBIEHBI 3aBUCUMOCTH MHTeHCUBHOCTH DJI coemuHennii oT npupoabl Ln, Tuma
1,1-mutnonatHoro u N-, O-conmepkamux JUTaHaoB, 4ucia 1,]-TUTHONATHBIX JUTAHIOB,
Bxogammx B coctaB KC.
[Tpu UCCIICA0BAaHUHN dJI CHCTEMBI [Eu(Phen)(i-Bu,PS,),(NO,)]-
[Tb(Phen)(i-Bu,PS,),(NO,)] HaiizeHo, uyro mpoucxomur mnepeHoc suepruu ot TH(IIl) x

Eu(l1), mo3Bosstronmii 3apeructpupoBaTh B 310l cucreme ®JI nona Eu*.

8



IIpakTnyeckass 3HAYUMOCTb. MeETOAMKM  CHHTE3a  pa3HOJIUTaHaHbIX 1,1-
autronatHeix KomiiekcoB LN(11), cogepxamux N- u O-moHOpHBIC HraHabl-(hiayopodopsl,
MOTYT OBITh HCIOJIb30BaHBl XUMUKAMU-CUHTETUKAMHU JJISl 1EJICHAMIPABICHHOTO MOJTyYEHUS
HOBBIX JtoMuHeciupyromux coeauaennit Ln(l11). Mudopmarus o ®JI cuHTE3UPOBAHHBIX
KOMIUIEKCOB TMOJ€3Ha JJIsi OLEHKM BO3MOXHOCTH MX UCIIOJIB30BaHUSI B KAauecTBE
JTIOMUHecUUpyoomux matepuaioB. Pesynsratel PCA, kotopsie Bomium B KemOpumxckuii
0aHK CTPYKTYPHBIX JIaHHBIX, @ TAKXK€ JaHHbIE O MArHUTHBIX CBOMCTBax moiydeHHbIXx KC
MOTYT OBITh MCTIOIH30BAHBI KaK CIIPABOYHBIE MaTEPHAIIBI.

MeTonosiorusi 1 MeTOabl JTUCCEPTAIMOHHOIO HcciaeqoBaHus. Pa3paboTka MeTOIUK
CHHTE3a KOMIUIEKCOB, HCCIIEIOBAHUE UX CTPYKTYPBI U CBOICTB B JaHHOW paboTe OCYIIECTBISUTUCH
C OIOpOM Ha METOJOJOTHIO CHHTE3a KOMIUIEKCHBIX COCJUHEHH, Ha OCHOBBI TEOPHHU
KOOPJMHAIMOHHBIX COEIUHEHUWH W TEOpHHM CTpOoeHUs BemiecTBa. (OCHOBHBIMH METOAAMHU
HCCIIeIOBAaHHUS KOMIUIEKCOB ObUTM 3eMeHTHBIM aHanmm3, PCA, POA, VK- u momuHectieHTHas
CMEKTPOCKOMHS, MArHETOXUMHYECKUN METO/I.

Ha 3ammTy BbIHOCATCS:

« Meroauku cuHTe3a kommuiekcoB Ln(l) (Ln = Sm, Gd, Eu, Tb, Dy, Tm),

coneprxkammux 1,1-aurnonatHeie uranasl 1 N-retepouukiist uiu PhaPO;
e JIaHHBIE O COCTABE U CTPOCHUU CUHTE3UPOBAHHBIX COCIWHEHHM, MOJyYEHHBIE C
MOMOUIBIO AeMeHTHOrO aHann3a, UK-cnexkrpockonuu, PCA, POA;

e JIJaHHBIC O MAarHUTHBIX CBOMCTBAX psiJia KOMIUICKCOB,

o pE3yNbTaThl UCCIEAOBAHUS (DOTOTFOMHHECLICHIIMM MOJIYYEHHBIX COECAMHEHUN U UX
UHTEpIIpETAIHS.

Anpobaunus padorbl. OCHOBHBIE pPE3yNbTaThl pabOTHI JTOKJIAABIBATUCHL HAa 9
koH(pepenmusax: 7-m u 9-m cemunapax CO PAH - VYpO PAH «TepMmoamnamuka u
matepuanoseaenne» (Hoocubupck, 2010; 2014), XLVII u XLIX MexayHapoIHbIX
HAy4YHBbIX CTyAE€HUYeCKHX KoH(pepeHUUsx «CTyIeHT M Hay4YHO-TEXHUYECKUW MPOrpeccy
(HoBocubupck, 2010; 2011), 7-it Beepoccuiickoit KOHQEpEHIIMH MO XUMHH MOTUSACPHBIX
coenuHenuit u knacrepoB «Kmacrep-2012» (HoBocubupck, 2012), Konkypce-koHdpepeHuuu
MOJIOJIBIX YU€HBIX, OoCBsAeHHON 110-netuto co qus poxaeHus akagemuka A.B. Hukonaesa
(HoBocubupck, 2012), Ilkonme-koH(EepeHIMH MOJIOABIX YUYEHBIX, IMOCBSIICHHOW MaMsATH
npodeccopa C.B. 3emckoBa «Heopranmyeckue coeauHeHus W (QyHKIHOHAIbHbBIE

matepuanel»  (HoBocubupck, 2013), 14-ii MexayHapogHoi  KoH(pepeHIMH  TIO



monekyisapasiM  MarHetukam  (Cankt-IlerepOypr, 2014), XXVI MexnyHapoaHoit
UyraeBckoil koH(epeHIHH o KoopAuHaImoHHo# xumuu (Kazans, 2014).

Myoaukanun. [lo Teme nuccepranuu OmNMyONMKOBaHBI 7 cTaTel B JKypHaax,
pexomenaoBanHbIX BAK, u Te3uckl 1okinanoB 9 koHpepeHIni.

Jinunblii  BkJAaA couckarenasi. Pa3zpaboTka METOAMK CHHTE3a COEIMHEHHH,
BbIpanuBanue MoHokpuctawioB st PCA, nmoaroroska o0pa3uoB A (pU3UKO-XUMHUECKUX
uccneoBaHuid. VHTeprnperanuss JaHHBIX XUMHUYECKOTO, PEHTreHO(a30BOro0 aHAJIU30B,
nanabix  PCA, Mar"Heroxumuueckux wusmepenuit, WMK- u  JIOMHUHECUEHIICHTHOM
CHEKTPOCKOIIUH BBITIOJIHEHA COMCKATEJIEM CaMOCTOSITENIbHO WM COBMECTHO C COABTOPAMHU.
ABTOp y4acTBOBaJl B pa3pabOTKe IUJIaHA WCCIEAOBAHUN, OOCYKIEHUU pE3yIbTAaTOB,
(GhopMyIHpPOBKE BHIBOJOB U MOATOTOBKE IMYOJIMKAIUI 110 TEME AUCCEPTAIIMOHHOMN paboTHI.

Crtpykrypa u 00beM padoThl. /Juccepranus uznnoxena Ha 141 CTpaHumax, COaepKUT
68 pucynkoB u 22 Ttabmui. PaGoTa coctouT W3 BBemeHHs, o03opa jmTeparypsl (Ti. 1),
IKCIIEPUMEHTATBHON 4YacTu (IJ1. 2), pe3yJbTaToB WU HX OOCyxkaeHus (ri1. 3), BHIBOJOB H
CIIMCKa UTUpYEeMOU nuTepaTypsl (169 HanmeHoBaHMIN).

Pa6ota npoBoamnace no mnany HUP denepanbHoro rocyaapcTBEHHOTO OFOKETHOTO
yupexaeHust Hayku MHctutyra Heopranndeckoil xumuu uM. A.B. Huxonaesa Cubupckoro

oTaeneHus: Poccuilcko akaJieMruu HayK.
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TJIABA 1. JUTEPATYPHBII OB30P

1.1. JIroMuHecHHPYOIHE KOMILJIEKCHI METAJIIOB C OPraHu4YeCKUMHU JUTAHTAMHU

BaxxHbIM HanpaBJICHUEM COBPEMEHHOM HEOPIaHMYECKOM XUMHUHU SBISETCS IIOMCK
MEKTPO- U (HOTOMOMHHECHIUPYIOIMIMX MATEPUATIOB IJIsi DJIEKTPOHHUKH, OMOXUMHYECKHX
WCCIEIOBaHUN, KPUMHHAIMCTUKY, AHAJTUTUYECKOW XUMUU U Jpyrux obnacteid. bombinoe
YUCIIO paboT TOCBSIICHO MOUCKY JIIOMHUHECHUPYIOIIHUX BEIIECTB, KOTOpPbIE MOIJIA Obl
MOCIYKUTh MaTepuaiamu ajisi co3maHusi 3G(HEKTHBHBIX OPraHUYECKUX CBETOU3IIYHAIOIINX
muonoB (OLED). O0mmpHBIA KiTace JTIOMUHECHUPYIOIMUX coeauHeHui npencraBisitor KC
METAJUIOB C OpraHuveckuMu Jnurangamu. [Ipexne Bcero, 3to okcuxuHommHat Al(I11),
azoMeTrHOBBIE KOoMIuTeKchl ZN(l1), dhramonnanmabl MeTauioB. CHCTEMAaTHYECKU HCCIIEIYIOT
C muenbto TnonydeHus dSPPexTuBHBIX ToMHHEecHHpyrommx MarepuanioB KC MHormx
nepexoaHbIX MetauioB. [llupoko uzyuarores komrtekcer Ru(ll), Ir(11), Pt(11), Os(I11), Re(l),
cpenu Hux komiuiekchl Ir(lll) mator Hambosiee MHOrooOe€IIaOIIME pPE3yiIbTaThl B IUIAHE
co3nanust dpdextuBHbIX TOMUHOGOPOB [12-16]. HecMoTpst Ha BbICOKYIO 3(PPEKTUBHOCTD
JFOMHHECIICHITUM, KOMIUIEKCaM P- Hu O-3JeMEHTOB, KaK M OPraHMYeCKHM COCIUHCHUSM,
mpucyIia mpoodiieMa OOJIBIION MUPUHBI CIIEKTPOB YMUCCUH, TTOCKOIBKY JTroMuHecteH s KC
o0ycIIoBJIeHa JIIOMUHECIICHIIME OPraHnYecKHUX JUTaH0B, a pOJib MEeTajlla CBOJIUTCS JIUIIb K
HEKOTOPOMY BJIHMSHHMIO Ha TIOJOXEHHE II0JIOC B CIEKTPE SMUCCHH U 3(PPEKTUBHOCTH
moMuHecueHuuu. OHUM M3 MyTed peleHust 3TOW IpoOJieMbl SIBISETCS HCIOJIb30BaHUE

KOMIIJICKCOB JJaHTAHHUJ1OB.

1.2. JImMnHecunpymmne KOMILIEKCBI JAHTAHUI0B C OPraHU4YeCKUMHU JUTAaHAAMU

NHTepec k wuCCIEAOBaHUIO JIOMUHECIICHIIMM KOMILIEKCOB LN BO3HUK B cuiy
0COOCHHOCTEH AIEKTPOHHOTO CTPOSHUS aTOMOB 3TUX MeTalIoB. HecMOTps Ha 3HAaYMTENbHOE
oTcTaBaHue Mo 3(Q(PEKTUBHOCTH JIFIOMUHECIICHIIMU OT OPraHUYECKUX BEIIECTB, KOMILJIEKCHI
Ln mpuBnekaroT 0OJbIIIOC BHUMAaHUE BCIECACTBUE CIICU(PUKU MEXaHU3Ma JIFOMUHECIICHIIHH,
MO3BOJIAIONIETO MOJYYUTh MOHOXPOMATHUUECKOE H3JIy4eHUE. DIEKTPOHHBIE CIEKTPbl MOHOB
Ln oGycnosiensr f—f mepexomamu B 4f-ciioe, s3KpaHUPOBAHHOM OT BO3ACUCTBHS BHEIIHUX

NoJIel 3aMKHYTBIMU 3JEKTPOHHBIMH 5S- M 5P-000JI04KaMH, 4TO OOECIEUMBAET CY)KEHUE
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MOJIOC B CHEKTPE AMUCCUU, HEJOCTHKUMOE I APYrux JTOMUHOGOpoB. B TO ke Bpems
3ampeT MO YETHOCTH Ha MEPEeXO/bl BHYTPH OJHOM M TOW K€ AJIEKTPOHHOW KOHUTrypauuu
MPUBOAMT K HU3KOH ToMIIoIaromeii criocooHoctu f—f-nepexonoB u, Kak ciIeICcTBUE, K HU3KOU
3G(HEeKTUBHOCTH JIOMUHECIICHIIMA CBOOOJHBIX HMOHOB. YacTHUHOE CHSTHE 3alpeTa Io
YETHOCTH MOKET OBITh JOCTHIHYTO B Pe3yJbTaTe «IIOAMELIMBAHMSA» K cocTosHUAM 4f -
ANEKTPOHHOU KOH(PUTYpallUU COCTOSIHUM BO30YXKAEHHBIX 3JEKTPOHHBIX YPOBHEH IUTaH/A.
B3aumoneiictBue 4f-37€KTpOHOB ¢ KPUCTAJUIMYSCKUM TIOJIEM JIMTAHIOB TNPUBOJUT K
MU3MCHEHUIO paauyca f-000J0YKH U YaCTUYHOMY WIIM TOJIHOMY CHSTHIO BBIPOXKICHHUS, YTO
BBI3BIBACT pACLICIUIEHUE HHEPreTUYECKUX YypoBHEH. BcerieacTBue 3TOro MHTEHCUBHOCTH
JIOMUHECIEHIIMM HOHOB LN pe3ko yBenuumBaeTcs npu oopazoBanun KC ¢ opraHndeckumu
JUTaHAaMu OMNPENENIEHHOr0 TUMA. B TakuX COEOUHEHHUSX CBETOBAas SHEPTHsl MOTJIOIIAETCS
[JIaBHBIM 00pa3oM OpraHMYecKOM 4YacThl0 KOMIUIEKCa, T.e. JIMTaHJ WrpaeT poJib
CBOCOOPA3HON «aHTEHHBI». MeXaHU3M JTIOMHUHECIICHIIUU COeIMHEeHUN LN BKIIIOyaeT yeTwipe
cranuu. [lepBasi — pekoMOWHAIUS AJIEKTPOHOB M «IBIPOK», PE3YJIBTATOM YEro SBISAETCS
reHepaiuss W BO30YXJeHHE JUraHjna Ha cuHrieTHsle (S,) ypoBHH. Ha BTopo#t cramuu
MPOUCXOIUT O€3bI3NTydaTeIbHBIN EPEX0/] SHEPTUU C YPOBHS S; HA TPUILUICTHBIA YPOBEHH I ;.
Tperbs cramusi — 3TO mepedada SHEPruu BO3OYKIEHHOTO JuraHaa (¢ ypoBHS T;) Ha
M3JIy4arolluii ypOBEHb HMOHA Ln*. Tlocmemmsis cTagmsi BKIIOYAET OMHCCHIO C

COOTBETCTBYIOILLETO YPOBHS HOHA Ln®* (puc. 1) [17, 18].

S .

1 A_ Bo30yxnénnble

HTEPKOMOWHAIIMOHHAS YPOBHH JIMTaHa

KOHBEpPCHS
T /
IlepenoC AKIENTOPHBIE YPOBHHU
TTornomenue SHEPrHU MeTajiia
: Be3bI3myyaTenbHbli
Omuccus : epexo

| I

Puc. 1. Ynpomennas quarpamma S61oHckoro,

IIOKa3bIBarouiasa MCXaHu3m CCHCI/I6I/IJ'II/I32[I_[I/II/I JJaHTaHHu 4 JJTUIraHA0M

Db dexkTnBHOCTL TIEpEHOCA PHEPTUU C YPOBHS |1 IWTaH/ia HA U3TYYalOIie YPOBHU MOHA

Ln** B nepByro odepes 3aBrcHT OT THNa Jmramma [2, 3, 19]. Asropsl paGotst [20] mpuium k

12



BBIBOJy, YTO MHTEHCHUBHOCTb JIIOMUHECIICHIIUM KOMIUIEKCOB LN ompenensieTcss COOTHOIIEHHEM
BE/IMUMH SHEpruil ypoBHs Ty JHTAaHIA M HCIYCKAMOMmero yposus moHa Ln®". Mccremoamms
MOKa3aiu, YTo JUIsl Tepedadd SHEPrHH C JIMTaHJla HA METAJT YHEPIUsl UCITYCKAIOIIETO YPOBHS
rona Ln®* 1omkHa GbITh 3HAYMTEIBHO MEHBIIIE SHEPTUH yYPOBHS T} THraH/Ia.

3HAUUTEIHHOE YUCIIO PadOT MOCBSIIEHO U3YYEHHUIO TIOMUHECIICHIIMM KOMIUIEKCOB LN ¢
B-aukeToHamu Oiarogapsi UX AOCTYMHOCTH, ycroitunBocT KC Ha BO3AyXe M OTHOCHUTEIHHO
BBICOKOH JIFOMHHecTupytomel crnocoonoctn. B 1990 romy aBToper [21] BmepBwie ommcann
ucronp3oBanue Komruiekca [Tb(acac);] mms cosmanms OLED. B mocriemyromiue rojs
MPOBOAUJICSI AKTHBHBIA TIOUCK JIFOMHUHECIHMPYIOMIUX [-AMKETOHATHBIX KOMIUIEKCOB LN,
pe3yabTaThl HMCCIEAOBAHUN KOTOPBIX omucaHbl B 0030pe [2]. OcHOBHOE BHHUMaHHUE
rccienoBatTend chOKyCHPOBATH Ha MONyYeHHH roMuHectmpyommx KC noxo Th*, Eu*,
Sm®*, Dy*, mOCKOIBKY MX KOMIUIGKCHI JIFOMHHECLHDPYIOT B BHIMMOI OGIACTH CIICKTPA.
KoMmiuiekcsl HOHOB Yb3+, Nd3+, PI’3+, Ert JIOMHHECIIUPYIOT B OmkHeM MK-auanazone, T.€. B
00JaCT KOMMYHHMKAIIMOHHBIX YacTOT, OJHAKO IIUPOKOE MPUMEHEHUE COCIWHEHUU STUX
MetaioB i co3ganuss OLED orpanmueno Huzkol 3(Q¢GEKTHBHOCTBIO JTFOMHUHECIIECHITHU.
CnekTpsl Tosy0oi momuHecteHmu komiuiekcoB TM(I) umeror momocy npu 480 HM. DTO
HanOoJiee BOCTPeOOBAaHHBIN 1IBET B HACTOSIIEE BpPEMs, OJHAKO, MCIOJIb30BAHUE COCAMHEHUI
Tm(llIl) B8 OLED-yctpoiicTBax OrpaHWYeHO, BEPOSTHO, W3-3a HMX BBICOKOH CTOMMOCTH.
HecMoTpst Ha BBICOKYIO SMUCCHOHHYIO aKTHBHOCTH, KOMILJIEKCHI LN ¢ B-IuKeTOHaMu UMEIOT
CYIIECTBEHHBIN HEJIOCTATOK — HU3KYIO (JOTO- M TEPMUYECKYIO0 CTabMiIbHOCTh. [IpenmytiecTsa
B 3TOM OTHOUIIEHHHM HMMEIOT KapOokcuiatel LN, koTtopble Takxke 007aAal0T XOPOIIMMHU
JTIOMUHECIICHTHRIMH cBoMicTBamMu [22, 23]. KapbOokcunarel LN ObulM KCHONB30BaHBI B
pa3paboTKe KOHICTIIUU MOCIMPOBAHUS BBICOKOJIFOMHHECIIMPYIONIMX KOMIUIEKCOB Ln [24].
ABTOpBI HcchenoBaid psa KapOokcwinaToB LN W MOATBEpAMIM W3BECTHBIA (PaKT, dYTO
93¢ (dEeKTUBHOCTh TEpPeHOca DSHEPrUM C JIMTaHJa Ha METall W KBAHTOBBIA  BBIXOJ
JIFOMUHECIICHIIMM 3aBUCUT OT DHEPTHH HUKHETO TPUILIETHOTO YPOBHSI JIMTAHJIa, PACCTOSTHUEM
MEXIy JOHOPOM DHEPIHMH M aKIENTOPOM B MOJIEKYJIe, MEXaHW3MOB TYIICHUS H JAPYTUX
(dakTopoB. ABTOpHI [24] BriepBble MPUIIUIA K BBIBOAY, YTO YpoBeHb 3 nuranja B KC gomken
GBITH I10 SHEPIHH BBIIIE OCHOBHOTO BO3OYKASHHOrO ypoBHs HoHa Ln® 1 otcrosits oT Hero Ha
OTIPENICTICHHYIO BEIMYMHY, NpHuéM Ui Kaxaoro Ln cymecTByer cBOs ONTUMAallbHAS
BeNMYMHA STOH mienn. Hampumep, s KoMIuiekcoB moHa Th®' BenmdmHa SHepreTHUecKoil

IIIEIH IOJDKHA OBITH He MeHee 1850 ev  [24].
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Psn paGor mocBsaméH TonydeHHWI0O W uccienoBaHuto momuHecneHimn  KC,
COZICPKAIIMX  IHMPA30JOHOBBIC  JMraHiabl  [25], mpowsBoaHbIe  XWHOIHMHA  [26],

MaKpOIMKINYeCKUe Turanabl [27], kpunrauasl [28], moganasl [29] u ap.

1.3. CoenuHeHust JJAHTAHUAOB € 1,1-TUTHOJIATHLIMHU JIMTAHAAMH

Ha d¢one Oosbmioro wmarepuana, MOCBAIMIEHHOTO W3YYEHUIO JIOMHHECICHIIUN
komiuiekcoB Ln ¢ O- u N-cogepxammmu nurannaMu, padoT, KacarolIMXCs UCCIETOBaHUS
COEIMHEHUH C S-copep KalluMH JUTaHaM1, CPaBHUTEIFHO HEMHOTO0. BeposaTHo, NpuYnHON
3TOTO SBISCTCS XUMHUUYCCKHHU acmekT. M3BecTtHo, uTto moHBI LN (MeTammel kiacca A) mo
npuHiuny [lupcoHa OTHOCATCS K JKECTKMM KHUCIOTaM, B TO BpeMsl Kak S-cojepikaliue
JUTaHABl OTHOCSTCSA K MSTKUM OCHOBaHHMSAM. CoueTaHue KECTKOM KUCIOTHI (KaTHoHa LN) u
MSTKOTO OCHOBaHUS (S-coaepxaiiero jguranaa) aenaetr KC oTHOCHTENbHO HEYCTONYHUBBIMHU.
B cBs3um ¢ 3TUM, MHOTME U3 STUX KOMILJIEKCOB MOJYYalOT M MCCIEAYIOT B HHEPTHOU
atMoc(epe unu B 0Oe3BogHON cpene. HeycTOWYMBOCTH COENMHEHUN OTpaHUYMBAET HX
npuMeHeHre. OJHUM W3 ONTHUMAIBHBIX CIIOCOOOB CTAaOWMIM3aIMU KOMIUIEKCoB Ln ¢ S-
COepXKAIIUMU  JIMTAHJAaMU  SIBJISIETCA  BBEJICHHE B KOOPJAWHAIMOHHYIO  cdepy
nononHUTEeNsHBIX N- 11 O-copepKalmx JIUraHoB.

B nwuteparype omucanbl coemuHeHust Ln, copepkamue kKak MOHO-, Tak u 1,1-
JTUTUOJIATHBIC JTUTaHbl. JIFOMUHECHIEHIINS KOMIUIEKCOB LN ¢ MOHOTHONATHBIMM JIUTaHIAMHU
uccnenoBana B paborax [30-33]. B xauecTBe MOHOTHOJATHBIX JIMTAHJIOB MCIOJb30BATH 2-
mepkanrodenstuason [30, 31] u tTuodenon [32, 33].

[Tonyuenune kommuiekcoB Ln(l1l) ¢ 1,1-auTHONAaTHRIMU JIMTAHIAMU BBI3BIBAET OCOOBI
WHTEpEeC BCIEJACTBUE TMEPCIEKTUBHOCTH WX HCIOJIB30BAHUS B Pa3IMYHBIX O0JaCTIAX H
JOCTYIMHOCTHU psifia UCXOAHbIX 1,1-auTnonarueix pearentoB. K 1,1-auTHonaTHeIM Juranaam
oTHOCsTCS 4 Hanbosee MHTEPECHBIX Klacca JUTaHI0B: JUTHOKapOaMaThl, TMTHOPOCHHUHATHI,
autrodocdaTtel M KCaHTOreHAaThl. B OCHOBE KOOpAMHAMOHHON cnocoOHoctu 3tux 1,1-
JTUTUOJIATHBIX aHUOHOB JICKUT HAJIMYKE Y aTOMOB S HEMOJACNEHHBIX Map 3P-2JICKTPOHOB, 3a
CYeT KOTOPBIX OHH OOpa3ylT JIOHOPHO-AKIENTOPHYIO CBS3b ¢ HOHAMHU MeTayioB [34].
Bo3MOXHBI 1Ba BUJIa CTPYKTYP XEIATHBIX IIUKJIOB MPU 00pa30BaHUU CBS3EH MEXy aTOMaMU

CCPbI U MCTAJJIA: IJIA KCc¢ ,Z[I/ITI/IOKap6aMaT'I/IOHaMI/I
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JUTSI KOMIUJIEKCOB ¢ TuTHO(OCHUHAT-HOHAMEI
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JUTSL KOMILJIEKCOB ¢ AUTHO(dOChaT-HOHAMU
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RO
( )2\/

(RO),P

JJIs1 KOMITIJICKCOB C KCAHTOI'CHTAT-UOHAMM.
73\
C\ /M
S

ROC M

JlaHHbIe  peHTreHo3JeKTpoHHOM cnekTpockonuu KC ¢ 3tumMm  nurasgamu
CBHJICTEIBCTBYIOT O MAJIOM JHEPreTUYECKOM pa3Wyud MEXKIy aTromMamu cepbl B 1,1-
mutronaTHelx jurannax [35]. [lo-BuammMoMy, CTPYKTYphl XENaTHBIX IMKJIOB JTHX

KOMIUIEKCOB IPAKTHUYECKH COBIAIaioT ¢ popmoit 1.

1.3.1. IlnTnoxkapéaMaTHble KOMILJIEKCHI JIAHTAHU/0B

JlutnokapOamMaTHBIE peareHThl HAaXOIAT MIMPOKOE MPHUMEHEHHWE B aHAIMTUYECKOU
XUMUH, Gotanuu, SKkcTpakiuu [36]. JutnokapbaMaTbl METAIIOB SBISIOTCS (PYHTUIIMIAMH,
AHTUOKHCIIUTEISIMHU.

Jutnokxap6amat-uonsl, umeronme rpynny NCS,, nposiBiasiioT OMIeHTaTHO-IIUKINYECKYIO
U OUJEHTATHO-MOCTUKOBYIO (YHKIMIO, 00pa3ys XenaTbl NMpH B3aHUMOJACUCTBUM C HOHAMU

MmetaiioB [37—40], a Takke MOTYT BBICTYIIATh B KAYeCTBE MOHOZICHTATHOTO Jurana [41].
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O cymiecTBOBaHMM AUTHOKapOamMaTHBIX KOMIUIEKCOB LN ynmomuHaercs eile B Havalie
20-ro Beka, korga ObLT0 cooOmeHo o monydenun komiwiekca NA(I) mHeompenenénnoro
coctaBa ¢ auM3O0yTHIAUTHOKapOamar-uonamu [42]. [lozmHee wucciemoBaHa peaxius
komiuiekcoobpaszoBanust Ln(lll) ¢ mudTrnauTHokapbamMaT-nOHAMH B 3TaHOJE, B TBEPIOM
BHJIe coennHeHus He Boiaessuin [43]. Jlums B 1968 1. BBIIENIEHBI B OXapaKTEPU30BaHbBI TPHC-
xenatel coctaBa LN(ELNCS,); (Lh = La-Lu, xpome Pm) [44]. Tpuc-xematsl MOIydaiu
B3amMoJielicTBueM Oe3BogHoro LNBr; co crexmomerpuueckum kommdectBoM Et,NCS,Na B
0e3BogHOM dTaHONEe B HHEepTHOU aTtmocdepe. Peakimeit Ln(Et,NCS;); ¢ EtoNCS,NH, u
NEt,Br B sTanose momydens! Terpakuc-komiuiekcsl coctaBa EtyN[Ln(Et,NCS,),] (Ln = La—
Lu, kpome Pm). Tpuc-xenatbl 00pa3yloT J1Ba HM30CTPYKTYPHBIX ps/ia B 3aBUCHUMOCTU OT
npupoasl Ln: Ln = La-Nd u Ln = Sm-Lu, B To BpeMs Kak BCE TETPAKUC-KOMILICKCHI
M30CTPYKTYpHBL. [IpuBeneHbl KkpucTauiorpaguyeckue XapaKTEPUCTUKA  KOMILIEKCOB
Ln(Et;NCS,); (Ln = Nd, Eu) u EtyN[EU(Et;NCS,),], naiinennsie ¢ momorisio POA [45].
Omnwucana cyonumanus komrmiekcoB LN(Et,NCS); (Ln = Nd, Er) [46]. IlokazaHo, 4TO
cyOnuMaris TMpOTeKaeT ¢ dYacTHUHbIM pasinokenneM npu 300-350°C. Asrtoper [47]
MIPEATIOKUITN NTbTEPHATUBHBIN croco0 MOJTYICHHUS TETPAKUC-KOMIUIEKCOB
EtsN[Ln(Et;NCS;)4] (Ln = Pr, Nd, Th, Dy, Ho, Er, Tm) nyrem B3aumoeicTBHs O€3BOTHBIX
LnBr;, Et;NCS;Na u EtyNBr (mompHOE cootHomenue 1:4:1 coorBerctBeHHo) B MeCN B
atMochepe N, 03 MNPOMEKYTOUHOTO BBIJACICHHUS TpHUC-KOMILIEKca. KOMILUIEKCH
MCCIEIOBAHbl C IOMOIIBIO "H SIMP-CrieKTpOCKONIMM TPU  PA3JIUYHBIX TEMIIEPATYpaXx.

CuntesupoBanbl U oxapakrepu3oBanbl koMmrniekesl Na[Ln(Et,NCS;)4] (Ln = La—Yb, kpome

’ S

Puc. 2. Crpoenue nona [La(EtuNCS,)4] (amomst H onywenwr)
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Pm), B kotopeix atom Ln, mo ganueiM PCA, umeer KU = 8 (puc. 2) [48]. OGHapyxeHo, 4To
terpakuc-komiuiekesl Na[Ln(Et;NCS,),] (Ln = La, Sm) o6magaroT BEICOKOH JETYYECTHIO B
unrepsaie 150-190°C nmpu atmMochepHOM AaBICHHN B TOKE HHEPTHOTO Ta3a [49].

Cunte3 KC cocrasa Et;N[La(Me,;NCS,),] ommcan B [50], ero HeBoaHbIE PacTBOPHI B
CD3CN u (CD3),CO uccrnemosansl ¢ moMoIis0 Meroaa SIMP.

B [7] ommcan cunte3 Terpakuc-komiiekca Na[Eu(Me,NCS,)4]-3H,0, uccrenosana
ero ®JI nmpu HuU3KOM Temmeparype. Ha nmpumepe 3TOro komIiekca BIEpPBBIE ITOKA3aHO, YTO
coequnenus Ln(l11) ¢ gurnokapbamaT-noHamu Moryt obaamats OJI.

B atmocdepe N, cunresupoBansl komiuiekcsl Et,NHo[Ln(Et,NCS,),] (Ln = La-YD,
kpome Pm). Otu coenuHeHus oxapakrtepuszoBaHbl ¢ nomoimbio UK- um Y®-cnekrpos,
KOHIYKTOMETPUH, MeToja Tepmuueckoro anamusza. Atom La B KC, cormacmo PCA,
KOOPJIUHUPYET aTOMBI S YETHIPEX OWJICHTATHBIX IUTHOKapOAMaTHBIX JIMTAHIOB, 00pasys
KOOPJMHAITMOHHBIN MONMAAP Sg B BUJIC MCKaKEHHOTO monekaapa [51]. TepMoxumudeckue
xapakrtepuctuku komruiekca La(lll) mo3muee Obutn onpenenenst B padote [52].

Bo Bcex BhIeyKa3aHHBIX pabOTax OTMEYAJIOCh, YTO TPHC- U TETPAKUC-KOMILICKCHI
HEYCTOWYMBBI 10 OTHOIICHHWIO K Boje. OmHako, B pabore [53] omHMCHIBAIOTCS KOMILIEKCHI
EtsNH[Ln(i-Bu,NCS;),] (Ln = La, Pr, Nd, Sm, Eu), kotopeie momyuensi B CH,Cl, u
WCCIIeIOBaHbl Ha BO3JlyXe B OOBIYHBIX JTAOOPATOPHBIX YyCIOBHSX. B pesynbrare ananmsa
ANIEKTPOHHBIX criekTpoB moromenus EtsNH[Ln(i-Bu,NCS;),] (Ln = Pr, Nd, Sm, Eu) B
BuauMmor u  OmmkHedt  MK-obmactu  cmexktpa wum IIMP-cmektpoB  pacTBOpoB
EtsNH[Ln(i-Bu,NCS;),] (Ln = La, Pr, Nd, Sm, Eu) B CHCI; nipu 43°C ycraHOBIJICHO, YTO
annonbl [LN(i-Bu,NCS,),]” umeror cummerputo C,, wim Hmxke. KU atomoB Ln paBHo 8.
MaruutHbele MoMeHTBl komiuiekcoB Et;NH[Ln(i-Bu,NCS;)4] (Ln = Pr, Nd, Sm, Eu),
omnpenenéunsie auimb npu 20°C, cocrasnstor 3.2, 3.3, 1.5 u 3.1 ug coorBercTBeHHO [53].

OTHOCHTENTFHO HEMaBHO OBUIM  ONHUCAaHBl METOJWKH CHUHTE3a KOMIUICKCOB
Et,NH,[Ln(Et,NCS;)4] (Ln = Sm, Pr) taxxe 6e3 ucnosp3oBaHust uHepTHON atMochepsr [11].

Bzaumoneiicteuem ©Oe3somnoro LnCl; (Ln = La, Pr, Nd, Sm, Tb, Dy) c
[IUKJIOTeKCAMETUIICHIMTHOKapOaMaToM HaTpusi B aTMocdepe a3zoTa TOJIY4YeHBI TpPHC-
komruiekebl LN(CgH{,NCS,)s. JlanHbie koHaykTOMeTprH pacTBopoB KC B HHTpoOEH30IIC
OKa3alld, 9YTO OTH COCHMHCHHS SBISIOTCS Hedlekrpountamu. Kowmruieke mona La®*
IUaMarHuTed. MarduTHble MOMEHTHI KOMILJIEKCOB Pr3+, Nd3+, Sm3+,Tb3+, Dy3+,

onpenenéuusie nuib npu 300K, paBubl 3.62, 3.50, 1.46, 9.48, 10.40 pug COOTBETCTBEHHO.
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HNanasie UWK- u  Y®-cnekTpockomuu  yKa3blBAlOT HAa  OWJICHTATHYIO  (YHKIUIO
IUTHOKapOaMaTHBIX JIMTAaHJOB, KOOPAMHUPYIOUIMXCA uyepe3 aTombl S. be3 mpuBeneHust B
CTaThbe CIEKTPOB YKa3aHO, YTO coeAuHeHus oOmamaioT DJI, oreHeHbl KBAaHTOBBIE BBIXOMBI
(bayopecuieHIMK KOMILIEKCOB [6]. Tepmuueckue ucciieJoBaHUs STUX COSTUHEHUN MOKa3alu,
yro KC wucmapstorcss 6e3 pasmokeHusi. TemaoTel HCMAapeHuss OMpeAeNieHbl W3 JTaHHBIX
TepMuueckoro ananuza [54]. Ilo MHEHHIO aBTOPOB, JIETYYECTh JAHHBIX KOMILUIEKCOB JIEIaeT
UX MEPCIIEKTUBHBIMH IS TTOTyYEHUS CYIb(QHUIOB ITyTeM ra30(pazHoro pa3ioKeHusl.

[Ipu B3auMOAEWCTBUM CTEXHMOMETPUYECKHX KOJIMYECTB Oe3BoJHOr0 xjopuaa Ln wu
oe3BoanbIx coieit (i-Pr),NCS,Na, (i-Bu),NCS,Na B cyxom 60okce ¢ nHepTHO# aTMochepoii B
cpere  aOCOMIOTHOrO  dTaHona modydeHsl  komrwiekcsl  LN((i-Pr),NCS;);-2H,0 u
Ln((i-Bu),NCS;); (Ln = Nd, Er) [55]. Iloka3aHo, 4TO BakyyMHas CyOJIMMaIMs 3THX
COCIMHEHUH MPOTEKAET ¢ YACTHYHBIM pa3jioXeHneM B mHTepBaie Temmeparyp 170-350°C,
YTO OTPAaHUYMBAET BO3MOXXHOCTh WX MPAKTUYECKOTO TPUMEHEHUS I OCaXKICHUs
cyabGuaHbIX TIeHOK. MccnenoBano moenenue komruiekcoB Er(R;NCS,); (R = Et, i-Bu) B
ra3oBoi (haze MeTooM Macc-criekTpoMeTpuu [56]. [lomyueHHbie JaHHBIE CBUACTENBLCTBYIOT
0 TOM, YTO Tra30(a3HbIil TEPMOJIU3 ITUX TPUC-KOMIUIEKCOB SIBIISICTCSI CIIOKHBIM IPOLIECCOM,
CKOpee BCETo He MPUBOASIINM K 00pa30BaHUIO YUCTOTO cyibduaa Er.

CuHTE3UpOBaHbl  MOHOAJIKHITUTHOKapOaMaTHBIE TETPAKUC-KOMILJIEKCHI ~ COCTaBa
RNH;[Ln(RNHCS,),] (R = Et, Me; Ln = La, Nd, Sm, Gd) B aTaHoJIe ITyTEeM B3aUMOICHCTBHSI
THIPATOB XJIOPHUJIOB Ln(l) C RHNCS,NH;Me [57]. Komrnekcsr
(#-Bu)4sN[LNn(RNHCS;)4]'nH,O (R = Ph, n-MePh; Ln = La-Gd, kpome Pm; n = 0 wiu 2)
nonyyayim B3aumojeiicteuem ruaparo xmopunaos Ln(ll) ¢ RNHCS;NH, 8 MeOH [58].
CoenuHeHHsl OXxapakTepU30BaHbl € TOMOIIbI XHMHUYecKoro asammsza, UK- u VYO-
CHEKTPOCKOIINY, TEPMHUYECKOTO aHanm3a. JlaHHBIE CIEKTPOCKONMUHU IOKa3ajiH, dTO
MOHOATKUIAUTHOKApOAMaT-HOHBI BBITTOJHIIOT OUIECHTATHYIO (PYHKITHIO.

B 6onee nozauux pabotax coodIaercss 0 MOIyY€HUN YCTOMUUBBIX TUTHOKAapOaMaTHBIX
komiuiekcoB Ln(l1l), umeronmx B cBoeM cocraBe momonHuTeNbHBbIE O- m N-comepikarnue
JIMTaHIbI, KOOPIUHAIS KOTOPBIX MPHUBOIUT K 00pa30BaHUIO KOOPAWHAIMOHHO-HACBHIIICHHON
BHYTpEHHEH c(epsl, YTO MpeJoTBpaIaeT onuroMmepusanuio u ruaparamnuio KC.

OnmcaH CHHTE3 TpeX THIIOB pa3HONUraHaHbeix KomiuiekcoB Ln(Ill), B xoropsix

cojepxarcs koopauHupoBaHHble HOHBI Et,NCS,, u monekynsl rekcamermndocdorpuammia

(OP(NMe,)3) B Pa3IMYHBIX COOTHOIIICHUSIX [LN(Et,NCS,)3(OP(NMe,)3),],
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[Ln(Etz2NCS;)2(OP(NMey)s)s](BPhy), [Ln(EtzNCS)(OP(NMe;)3)s] (BPhy), [59].
Ycranosineno, uto B komiuiekce La(Et,NCS,)3(OP(NMe,)s) mMeercss KOOpAMHAIIHOHHBIH
mommap 0O,Sg. B [60] wucciemoBaHo  CyONMMAanMOHHOE TIOBEIEHHWE KOMILIEKCOB
[Ln(Et,NCS,),(OP(NMe,)3)3]BPh; (Ln = Eu, Tb)]. OOnapyxkeHo, dYTO HarpeBaHHE
COCIMHEHUN 10 TeMIlepaTyp HIbKe Hadana Tepmojectpykuuu (250°C) npuBoautr K
obpasoBanuio aeryunx HeiTpanbHbix KC cocraBa [LN(Et,NCS,)3(OP(NMe,)s),] (n = 1, 2),
KOTOpbIC TPH TMOCIEIYIONIeM HarpeBaHuu pasnararorcs a0 Ln,0,S. Kpome Toro, nzyueHsl
auMmetmiautaokapoamarueie  komrutekcel  EU(I), Tb(II) u La(lll), momydeHHsle 10
aHajgornyabiM  MetoaukaMm [50]. Ha ocHoBanmu nanHbix SIMP cpenaH BBIBOX, YTO
OCOOCHHOCTBIO OTHX COCAMHEHWH SBISETCS MPAKTHYECKH IIOJHOE COXpPaHEHHE Y
JIMTHOKApOaMaTHBIX  JIMTAHAOB  3apsga  «CBOOOAHOTO» WOHAa. B omiMuwe  OT

HEKOOpAMHUPOBaHHBIX aHHOHOB R,NCS;, mng nutrokapOamaTHBIX TPYNI B KOMIUIEKCaX

La(lll) xapakTepHO IOHWKEHUE CTEIIEHU T-CONpskeHUs Bo pparmente S;CN.

Onucan xommekc La(C4HgNCS,)3(THF)(H,0), monyuennsiii peakmmeiri LaCls ¢
La(C4HgNCS,)3-:2H,0 B Tterparumpodypane (THF) [61]. Cormacho PCA, arom La
KOOpAMHUpPYET 6 aToMoB S auTHokapOamar-uoHOB, aromM O momekynsl H,O m atom O
monekynsl THF. Koopaunammonnsiit monusap O,Sg — uckax&éHubIi noaexasap. Kpome Toro,
B3aumojeiicteueM LnCl; ¢ C4HgNCS,NH, B THF  momydeHbl  KOMILIEKCHI
[C4HoO][LNn(C4HgNCS,),s] (Ln = La u Nd). Cormacao PCA, xpucramindeckas CTPYKTypa
conepxkut uoHbl [C4HO]" u [LN(C4HgNCS,)4]". Atombl LN koopauHupyioT 8 atomoB S,
o6pasys KII — nckaxeHHsli noaexasap [62].

[Monyuensl coenunenus [LN(Me,NCS,)3(DMSO),] (Ln = La, Pr—Nd, Sm, Th; DMSO
= mumetmicynbdokcun) [63]. [lo nanasiM PCA B 3tux coequnenusix KIT O,Sg — nonexasqp.

Haubonbmee BHUMaHWE UCCleoBaTeneid ObBUIO  OOpalieHO Ha  IOJyYCeHHUE
pasHomuranaubeix  KC, comepkamux a30THUCTBIC TETEPOIMUKIBL. bBbUIM  MPOBEICHBI
skcnepuMeHThl o cuHTe3y amnykroB LN(E,NCS,); (Ln = Nd, Eu, Er) ¢ Phen, cocras
KOTOpBIX He yka3aH [55]. B pesynbrare BakyyMHOW CyONMMAIMU aJIyKTOB HaOJrOIACTCS
ormierieare Phen mpu 200°C u ero xoHueHcanusi B xojoaHoW 3oHe. [Ipu mampHeimem
HarpeBaHWM He HaOMIOJanach CyOIMManuyd TPUC-KOMIUIEKCA, YTO MOXKHO OOBSCHHUTH
TEpMOpACIIaIoM TPHUC-KOMIUIEKca pu oTieruieHnn Phen [55].

[Tpu B3ammopetictBuu pactBopoB LN(Cl0O,)s-nH,O, Et,NCS,NH,Et, u 2,2°-Bipy B

MeCN (mombHOe cooTHomieHne 1:3:1  COOTBETCTBEHHO) TOJIYYEHBI  KOMILIEKCHI
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[Ln(2,2’-Bipy)(Et;,NCS,)s] (Ln = La, Pr, Nd, Sm—Lu, Y) [64]. ABTOpbI OTMEUAIOT, YTO BCE
KOMIUIEKCHI ~ CTaOWibHBI Ha  Bo3ayxe. Ilo mamaeiMm  PCA  ans xomrmiekca
[Er(2,2’-Bipy)(Et,NCS;)3] atom Er xoopauumpyer 6 aromoB S tpex Et;NCS;-monos u 2
atoma N wMomekynsl 2,2°-Bipy. Koopmunanwonusiii momumdap N»Sg — HCKakKEHHBIN
nonexa’np. Komruiekcol oxapakrepu3oBanbl K- 1 351eKTpOHHBIMU CIICKTPaMHU.
CuntesupoBanbl KC cocraBa [Ln(2,2°-Bipy)(Me,NCS,)3] (Ln = La, Pr, Nd, Sm-Yb,
Y) u [Ln(Phen)(Et;NCS,)s] (Ln = La, Pr, Nd, Sm-Lu, Y) [65]. Cornacio PCA, B
komruiekcax  [Eu(2,2’-Bipy)(Me;NCS;);s] u  [Eu(Phen)(Et;NCS,)s3]  xoopauHaIrmoHHBI#H
nommap N,Sg — uckaxennas antunpusma. Cunre3 komiuiekcoB [Ln(L)(Et;NCS;)s] (Ln =
Sm, Eu; L = 2,2’-Bipy, Phen) taxxe ommcan B padortax [66—68]. Ilpu cuHTe3e pacTBOp

Et,NCS,Na-3H,0 B anerone no6asisum k pactBopy LN(NO3)s-6H,0, o0pazoBapuniics

Puc. 3. MonekynsipHast cTpykTypa komiuiekca Sm(2,2°-Bipy)(EtzNCS,);

ocagiok NaNO; otunbTpoBbIBaH, K QriIbTpaTy n1o0aBisin pacteop 2,2°-Bipy wim Phen B
alleToHe U OPTOATWI(GOPMHAT C LENbIO MPENOTBPAIICHUS TUAPOJIN3a OO0pa3yIoUIerocs Ha
nepBoit cramuu  xenata Ln(l1l). Beimenusiumiics TpoaykT  OTQUIBTPOBBIBAIM U
NEepeKpUCTAIUIN30BBIBANIM. BemecTBa ycToluuBbl Ha Bo3ayxe. CornacHo PCA, koMIIeKCh
[Ln(2,2’-Bipy)(Et;NCS,)s] (Ln = Sm, Eu) sBasiroTCSl 0JHOSICPHBIMH, KOOPIWHAIIMOHHBIH
nosudip N,Sg — rckak€nubIin monekasap (puc. 3).Onucan komiuieke [ Yb(Phen)(Et,NCS,)s],
CHHTE3UPOBAHHBIA MYTEM B3aWMOJCHCTBUSI SKBHMOIBHBIX KosmdecTB 0e3BomHbix YDCl3 n
Et:NCS,Na B abcomorupoBanHom MeCN, otaenenust  obpasoBaBmierocsi NaCl u
nocaenytoriero npudasienus Phen [69]. Cornacuo PCA, koopauHaruoHHbid mosmdap NpSe

IpeJICTaBISET CO00M NCKAXKEHHYIO KBaIpATHYIO aHTUIPU3MY (puc. 4).
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Puc. 4. Monekynspras ctpykrypa komiuiekca [ Yb(Phen)(Et,NCS,)5]

Psn  paGoT TOCBAIIEH WCCIENIOBAaHUIO TEPMHUYECKUX CBOWCTB Pa3HOJIMTAHIHBIX
IVITHIIUTAOKApOAMAaTHBIX KOMITIEKCOB LN C menbio MoydeHusl B pe3yabTaTe WX TepPMOJIH3a
cynbhumoB JaHTaHWUAOB. Tak, HaWaeHo, uto coemuHenue [Eu(Phen)(Et,NCS;);] obmanmaer
JIETYy4ECThIO M TMPHUTOJHO B KAUYeCTBE MPEAIICCTBCHHUKA /IS TIOyYSHUS JTFOMUHECITUPYIOIHX
wieHok ZnS—EuS meromoM raszodasnoro xumudeckoro ocaxacuusi [70-74]. Astopsl [75]
HAIlUY, YTO JIETy4ecThio obnanarot coemurenus [Ln(Phen)(Et,NCS;);] (Ln = Eu, Nd, Er, YD).
Tepmuueckoe pasznokenue Jseryunx KC no3Bonmmino mnoayduth IIEHKH cyibhuaoB Ln.
[Tonyyenne wanouactunr EuS ¢ wucnons3oBanveMm [Eu(Phen)(Et,NCS,);] B kadecTBe
MpEeIIECTBEHHUKAa omucaHo aBrtopamu [/6]. MccinenoBan  TepMoOnu3  KOMIUIEKCOB
[Ln(Phen)(Et,NCS;)s] (Ln = La—Lu, kpome Pm), moMeméHHbIX Kak B TPyOKY B BaKyyme, TaK U
B 3aMasHHYIO KBapueBylo ammyiny [/7]. He3aBucumMo OT MeTosa MpH pa3ioXeHUU KOMILIEKca
Eu(III) obpazyercs EuS. [{na KC npyrux Ln cocraB TBEpABIX MPOILYKTOB TEPMOIM3a 3aBUCUT OT
ycioBHid ero nposezieHus. [Ipu pasnokeHnu B BaKyymMe KOMIUIEKCOB LN Hauana M cepeauHbI
psiaa oopasyrorcs y-LNn,Sz u Lny,O,S, a kommuiekcoB LN konma psaa — cmech Lny,O,S u Lny,O3. B
pesynbrate paznoxenus KC B ammyne B cimydae komruiekcoB Tb(IIT), Tm(IIT), Yb(IIT) u Lu(III)
obpazyercs Ln,O,S, a paznokeHue KOMIUIEKCoB Apyrux LN npuBoaut k o6pazoBanuio Ln,Ss.

B paborax [78-80] uccnenoBansl yaenbHas TEMIIOEMKOCTh M SHTAIBIHS 00pa30BaHUS
coenunennii [Ln(Phen)(Et,NCS;)s] (Ln = La, Pr, Nd, Sm, Eu,Gd, Tb, Dy, Ho. Er, Tm, Yb, Lu).

[Mo3auee ObLT ipeasiokeH crocod momyuenus coenunenuii [Ln(Phen)(Dalkdtc)s] (Ln =
Eu, Er; Dalkdtc

TVATUIIATAOKApOAMaT-uoH, TIEeHTaAMETUIICHIUTHOKapOaMaT-1oH,
[IMKJIOTeKCUIIMETHIIIUTHOKapOaMaT-nOH) ¢ MCIOJIb30BaHUEeM BoiHOM cpejbl [81, 82]. PactBop

Phen B kumsiei Boje m00aBisui Mpu nepemernuBanuy K pactBopy ruapara LnClz B Bose,
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3aTeM K pacTBopy oOpasoBaBiierocs komiuiekca [Ln(Phen)aq]Cl; mno6assuiun BoaHbI pacTBOp
Na(Dalkdtc), B pesymprate momyumnun ocamok [Ln(Phen)(Dalkdtc)s]. HWccaemoBanue
TepMudecknx cBOUCTB 3TuX KC mokaszan0, 94To TepMuyecKas CTaOMILHOCTh KOMIUIEKCOB B
3aBUCHMOCTH OT TIPUPOJBI JUTaHga YObIBaeT B psAdy: AUATWIAWTHOKapOamar >
MEHTAMETWICHIUTHOKapOaMar > [HKIOTeKCHIMeTHIAuTHOKapOamar. [lpu HarpeBaHum
KOMIUIEKCOB B aTtmocdepe N, morteps Maccel mnpoumcxoauT B wuHTepBaie 150—400°C,
TEPMUYECKOE pa3lIOKEHUE TMPHUBOIUT K oOpasoBannmto EUS wu ErS;. Tem cambim
POIEMOHCTPUPOBAHA BO3MOKHOCTD MCIIOJIb30BAHUS STUX KOMIUJIEKCOB B KAYECTBE MCXOIHBIX
coeMHeHul B cuHTe3e cynbduaos Ln. B [83] onucano nonydeHue ¢ UCmoib30BaHUEM BOJHOU
cpennl komiuiekcoB [Ln(Phen)(Et,NCS;)s] (Ln = La, Ce, Pr, Nd, Sm, Eu, Er, Yb, Lu), a Taxxe
WCCIIEJIOBaHUE TPOJYKTOB HCHapeHusi J3Tux coenuHeHui. Juddy3noHHBIM MeTOI0M
KHyzncena ¢ Macc-CeKTpabHBIM aHAJIM30M COCTaBa Ta30BOM a3kl YCTAHOBJICHO, YTO
HachImeHHbIH nap npu 460-505°C cocrout u3 monekyn Phen u Ln(Et,NCS,)s.

[Tyrem Ttepmuueckoro pasznokenus coeaunenuit [Sm(L)(Et;NCS;)s] (L = Phen,
2,2°-Bipy), monydyeHHBIX B aOCOJIIOTHOM JTaHOJe H B arMmocdhepe Ar, MeEToI0M
MyJbBEPHU3AIMHA PACTBOPA B TUPUIMHE MOJTyUeHBI TUICHKH SmS [84].

Coemunenust  Ln(Phen)(C4HgNCS;); (Ln = La, Pr, Nd, Sm; C4HgNCS, =
MUPPONUIMHANTHOKapOaMaT) OBLIM CHHTE3MPOBAHBI TIPU B3aMMOJEHCTBUU PACTBOPOB
LnCl;-nH,0, C,HgNCS,NH,, Phen-H,0 (1:3:1) B abcomroraom stanoie [85, 86]. Ha ocHoBe
HK-cnekTpoB cuenano npeanoioxkenue, 4yto B 3tTux KC non Ln3* KOOPJIUHHUPYET 6 aTOMOB S
Tpéx C4HgNCS, -nonos u 2 aroma N monekyinst Phen. Psg paGoT mocBsméH M3MEpeHUIo

TEPMOJIMHAMUYCCKUX XaPAKTEPUCTUK 3TUX KOMILIeKCOB [85—88]

Kommiekesr [Ln(Phen)(i-Bu,NCS,);] (Ln = Eu, Sm, Pr) nomy4anu B3auMojeicTBUeM
pactBopa ruzapara comm Ln ¢ pactBopom Et,NCS,NH, u Phen-H,O B cmecu MeCN-MeOH (5:1
1o 00séMy) mpu MonbHOM cootHomrernd 1:3:1 [11, 89]. nst moiyuenus komrmiekca Sm(II)
ucnonp3oBam ruapatel SMCls, a B cimywae Eu(lll) u Pr(lll) — ruaparter mutpatoB stmx Ln.
Kommnekc [Eu(Phen)(MeEINCS,);] cunTe3MpoBaniu 10 aHajiorMyHOM MeToauke. CHHTE3
[Ln(Phen)(Bz,NCS,)s] (Ln = Sm, Pr) mpoBogmmu B cmecu MeCN-MeOH (3:1 no o0bémy).
[Mpubasmnsst pactBopsl (N-Pr),NCS,NH, u Phen-H,O 8 MeOH k pactBopy EU(NO3)s-5H,0 B BosI€E,
Boe komiuieke [Eu(Phen)((n-Pr),NCS;);]. TTo nanubiM PCA KpucTayuTyecKe CTPYKTYphI
xomiuiekcoB  [Ln(Phen)(i-Bu,NCS,)s] (puc. 5a), [Eu(Phen)(MeEtNCS,);] u [Eu(Phen)((n-

Pr)o,NCS;)s] cocrost u3 omHosaepubix Mojiekyn KC [89]. Koopaunanmonusiid mommdap NoSg —
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UCKaKEHHAs KBaJpaTHAas aHTUIpU3Ma. AJIKWIbHAs TIpylna JUTHOKApOaMaTHOIo JIMraHja

OKa3bIBaeT HEOOJIBILIOE BIUSIHUAE HA KPUCTAIUTMYECKYIO CTPYKTYPY.

a)

Puc. 5. Monekynspubie cTpykTypsl komiuiekcoB [Sm(Phen)(i-BuaNCS,);] (a)
u [Pr(Phen)(Et;NCS,)s] (6) (amomwur H onywenwr)

HccnenoBanbl  KpUCTANIMYECKUE CTPYKTYpbl paHEe M3BECTHBIX KOMILIEKCOB
[Ln(Phen)(Et,NCS,)3] (Ln = Nd, Sm, Gd, Ho, Er) [11, 89]. HaiineHno, 4To 3TH COCIMHCHHUS
m3ocTpyktypabl.  Ctpyktypel  KC  mocTtpoeHl U3 OJHOSIIEPHBIX  MOJIEKYIL.
JIM3TUIIIUTHOKapOaMaT-HOHbl M MOJICKYabl Phen sBisiroTcst OMIeHTaTHO-IUKINYECKHUMHU
murangamu. Koopaunanmonusiid mommdap N,Sg — nckak€nnblit qonexasap (puc. 50). B psaay
Ln mpu ABMIKEHUM ClieBa HAMpaBO HaOIIOJaeTCs YMEHbIIeHUE JUH cBs3eid Ln—S u Ln—N,
YTO KOPPEJIUPYET C YMEHBIIEHHEM HOHHOTO paauyca LN (JTaHTaHUIHOE «CXKATHE).
HccnenoBanbl TepMuUuecKue CBoCTBa 3TUX KoMIiekcoB ¢ nomoibio TI" u JITA. Halineno,
YTO TEPMHUUECKOE Pa3JI0KEHUE KOMIUIEKCOB MPOUCXOAMUT B OJHY cTaguto mpu 280-350°C
HE3aBUCHMO OT THIIA aJIKKJIBHON TPYIIBI AUTHOKAPOAMATHOTO JIUTaHAa. ABTOPBI OTMEUAIOT,
yro 3T KC MoOryTt ObITh HMHTEpecHbl Aisi moiydeHus cyiabhunoB Ln. Uccnenoana DJI
MOJYYEHHBIX JTUTHOKapOaMaTHBIX KOMITIEKcoB [11].

Astopel  [90] C wHCIOIB30BAHHMEM BOJHBIX PACTBOPOB TMOJYYHIH KOMILICKC
Gd(2,2'-Bipy)(Et,NCS,)3, a Taxke KOMILICKCHI, COACPIKAIINE IMKIMYECKUE (hparMeHTHl B
coctaBe  jauTuokapOamar-uona:  Ln(2,2°-Bipy)(C4HgNCS,); (Ln = Eu, Gd),
Eu(2,2’-Bipy)(CsH1oNCS,)3, Eu(Phen)((2-MeCsHg)NCS,);. ITo manusim PCA B cTpykTypax
COCIMHEHUN KOOPAMHAMOHHBIA monudap — NpSg (puc. 6). Ilpu TepMudeckoM pasiioskeHun
cycrniensun komiuiekcoB Ln(2,2’°-Bipy)(C4HgNCS;); (Ln = Eu, Gd) B Tpuoktuiadochuue

noJiydeHbl HaHOKpucTamibl Eu;_,Gd,S.
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Eu(Mpipdc);Phen (3

Gd(Ddtc),Bipy (5)

Puc. 6. MonekynspHbie CTpyKTypbl KomiuiekcoB Eu(2,2°-Bipy)(C4HsNCS,)s (a),
Eu(2,2’-Bipy)(CsH10NCS;)3 (6), Eu(Phen)((2-MeCsHg)NCS,)s (B), Gd(2,2°-Bipy)(C4HsNCS,)3 (1),
Gd(2,2’-Bipy)(EtzNCS2)3 (1) (amomsr H onywenwr)

B pab6ore [10], mocBsménHoi uccnenoBanuro @OJI cBOMCTB AuTHOKapOaAMaTHBIX
komruiekcoB Eu(lll), npuBenen cunres kommiekca [Eu(Phen)(Ph,NCS,);]. B kauectse
ucxoaHbix peareHToB wmcnosb3oBain Ph,NCS,K, Eu(NOs3)-6H,O0 u Phen-H,O, cunres
npoBoauiu B MeCN ¢ nobasieHueM TpudTHIOpTOdOpMHATA.

Kommtekcsr Ln(Phen)(Me,NCS,); (Ln = Pr, Nd, Sm, Eu, Gd, Tb, Dy) cunTe3upoBanbl
B 0E3BOJHOM 3TaHOJIE MyTeM peakiuu ruapatoB xjopuaa (Ln = Eu, Gd, Th, Dy) umwu
wutpata Ln (Ln = Pr, Nd, Sm) ¢ Me,NCS,Na u Phen-H,O [91, 92]. CornacHo PCA,
xomrwiekcel Pr(l11), Gd(l1) u Eu(lll) usoctpykTypHbl (KoopauHaoHHbIH mommaap NySg).
Jmuabl cBsazeit LN—S u LN—N, kak u B [89], yMeHbIIalOTCS ¢ YMEHBIIICHUEM pajryca MOHA
Ln**. Kpucrammmueckne crpykrypsi KC 06pasyrOTCsi MOCPEACTBOM T-T-CTEKHHIOBBIX
B3anmoeicTBuii u koHTakToB C—H...S. C momompio meromoB TI', ITT u POA naiigeHo,
gyro kommuiekcel EuU(lIl), Gd(II1), Tb(lll), Dy(lll) pasmaratorcs mo cyiabdpumoB Ln mpwu
OTHOCHUTEJIBbHO HU3KUX TEMIIepaTypax, BCICICTBHE YEr0O OHU MOTYT OBITh HCIIOJIB30BAHbI B
Ka4yecTBe MpeamecTBeHHUKOB cynnbdumon Ln [91]. Teroémroctu mis Ln(Phen)(Me,NCS,);

(Ln = La, Pr, Nd, Sm) omucasns! B [86].
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Takum oOpa3oM, MOJy4eHO 3HauuTeabHOE umcio komruiekcoB Ln(ll), comeprxkarmux
nutrokapbamaTHble uranabl. bonsmmucTBo KC monydeHo ¢ MCIONb30BaHUEM MeEp 3allUThI
OT BJIaTM W KHUCIOPOJAa BO3yXd. 3HAUMUTEIHFHOE YHCIO pabOT MOCBSIICHO HCCIIEIOBAHUIO
mutrokapoamaTHbx KomiutekcoB Ln(lll) kak mpemmectBenaukoB cynbdumaoB Ln. Jlums B

HECKOJIBKHX padoTax uccienosana @JI aurnokapdbamatabix komriekcos Ln(ll) [6, 7, 10, 11].

1.3.2. JutuodochuHaTHbIe KOMILIEKCHI JJAHTAHUI0B

JutnodochrHaTHbie TUTAHIIBI HAXOIAT IIMPOKOE MPUMEHEHHE B AHAIUTUYECKOM
XUMUH, IKCTPAKIUU, (IOTAIMU, a TaKKe KOMIUIEKCHI C 3THUMU JIMTaHJIaMH HCIOJIb3YIOTCS
KaK MPUCAJKUA K CMa30YHBIM MaciiaM.

Annonsl autnodpochuaoBsix kucaoT Ry,P(S)SH mMoryT koopauHupoBaThest Kak MOHO-
u OuneHTaTHble Turanabl. OHU B3aUMOJICHCTBYIOT C KATHOHAMU MHOTHX METAIJIOB, 00pa3ys
XeJaThl WM KOOPAUHAIMOHHBIE MTOJTUMEPBI, B KOTOPBIX 3TH AaHMOHBI BHICTYMNAIOT B KaYECTBE
OMJIEHTaTHO-MOCTHKOBBIX JUranoB [93].

JutnodpochunaTHbIi  TeTpakuc-koMmIuieke coctaBa PhyP[Pr(Me,PS,),] Bmepssie
ynoMsiHyT B padote [94]. /IBa roga cycts onucaH NOAPOOHBIA CUHTE3 3TOTO COEMHEHUS B
JTaHOJIe, TaKXe OblIa MCCIeIOBaHAa €ro KpHcTauindeckas cTpykrypa [95]. Haiineno, dro
atoM Pr xoopauHupyeT dYeTblpe OHIEHTATHBIX IUMETUIAUTUO(OCHUHATHBIX JIUTAHJA,

o0pa3ys moaudip Sg B BUAEC UCKAKEHHON TETParoHaaIbHOW aHTUTIPU3MEI (puC. 7).

Puc. 7. Ctpykrypa nona [Pr(MezPS,)4]” (amomer H onywenor)

OnucaH CUHTE3 aHAJOTMYHBIX coenuHeHuid npyrux Ln [96]. Tak, B armocdepe a3orta

nosydeHbl komruiekebl PhyP[LN(Me,PS;)4] (Ln = La—Tm) ¢ ucrosib30BaHUEM B Ka4yeCTBE
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pactBoputenst cmecu EtOH-i-PtOH. M3 sTaHONbHOrO pacTBOpa BBIICIEHBI KOMIUICKCHI
PhsAs[Ln((CsH11)2PS,)4] (Ln = La—Nd) 6e3 mpumeHeHHS Mep 3allUThl MPOTHUB BJard |
kuciaopofa Bo3ayxa. [lomyumts Tpuc-xemarsl LN(Ill) ¢ MeTHIBHBIM NPOM3BOIHBIM HE
yJ1aJoCh, OJIHAKO, JJISl IHMKJIOTEKCHIBHOTO MPOU3BOAHOIO AWTHO(OChUHATA HA BO3AyXE
BBIJICJICHBI U3 3TAHOJIBHOTO pacTBOpa Tpuc-komiuiekehl coctana [LN((CgH11)2PS,)3] (Ln = Pr,
Nd, Sm-Lu, Y. Kommmiekcsr Pr(l11) u Nd(I11) memienHo KpucTamiu3yroTCs U3 pacTBOPOB, B
To BpeMsi kak KC ¢ Gonee TsokénpiMu Ln (Sm-Lu u Y) KpHCTAIUTH3YIOTCSI MPAKTHYECKH
MT'HOBEHHO. DTO COTJIACYeTCsl C TEM, YTO KOMIUIEKCHI C JISTKUMHU M THKENBIMUA LN oOpa3ytor
nBa ctpyktypHbIX Tuna. PCA xommiekcoB Pr(l1l) m Sm(IIl) mokasan, uto 0ba komruiekca
OJTHOSIJIEPHBIC, KOOPAMHAIMOHHBIA TOMMIAP Sg 000MX KOMIUIEKCOB — HCKaKEHHAsS
TpUTOHANbHASI Mpu3Ma. Pa3nuume NByX CTPYKTYPHBIX THIIOB 3aKJIIOYAaeTCs B TOM, YTO B
komiiekce Pr(lll) mpucyTCTBYeT IONMONHHUTEIBHOEC BpAIICHHE OJHOTO JIMraHAa BOKPYT
JIBOMHONW oOcH. ABTOpBl OTMEUaloT, 4YTO0 TrurpockonuyHocte KC yBenuumBaeTcs mpu
JBIKEHUHU TI0 mepuonxy oT Jerkux Ln x tsoxéneiM. Kommuexcsr ¢ Me,PS; -nonamu Gonee
YyBCTBUTEJBHBI K BIIare Bo3ayxa, yeM Komruiekchl ¢ (CgH11),PS; -monamu, oxnako rumpaTst
xsopugoB Ln(lll) Bce e MOryT HMCHOJIB30BATHCS JUIS TONYYCHHUS TAKUX COCAMHCHHIA.
CpaBHEHHE METOJIUK MOJTYYECHHUS 3TUX KOMIUIEKCOB C METOAMKAMM IOTY4YEHHUsI aHATOTMYHBIX
IUTHOKapOaMaTHBIX KOMILIEKCOB CBUAETEIBCTBYET O TOM, 4TOo autHodochunatHeie KC
MeHee rurpockonuuyHsl [96]. Ilo3gHee ompeneneHa KpUCTaJUIMYECKass CTPYKTypa
kommrekcoB [Ln((CgH11)2PS,)s] (Ln = Dy, Lu, Pr). Haiigeno, uro momst Ln** B srmx
COCIMHEHUSAX KOOPAMHUPYIOT 6 aromMoB S, o00pa3ysd KOOPAMHAIMOHHBIA MOJIMBIP,

MPOMEKYTOUYHBIN MEKy TPUTOHAIBHOM MPU3MOIA U okTadapoM (puc. 8) [97, 98].

Puc. 8. Mosekyssipuas crpykrypa komiuiekca Pr((CgH11)2PS2)s (amomsr H onywenor)
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BzaumopeiictBuem LNnCl; ¢ Me,PS;Na-2H,O B Teruiom 3TaHONe  MOJYYEHBI
OJIHOSIICPHBbIE TUrpocKonmuyHbie Komiuiekesl Ln(MeyPS,); (Ln = Pr, Nd, Eu). Macc-criekrp
komruiekca EU(lll) otnuuaercs ot macc-cnektpoB komiuiekcoB Pr(l11) u Nd(I11) nanmuuuem
TMIKOB, OTBeyaronmx (parmeHtam EU(Me,PS,)" 1 Me,PS,*, uto 06bsicHAeTCS N3MEHEHHEM
CTEIICHU OKHMCJICHHSI €BpOIHs 710 +2 B mporiecce pparMeHTauu. ABTOPHI IEIai0T BBIBOJI, YTO

noH Me,PS, 6unenratHo koopauauposan U KC nMerot okrasapudeckoe ctpoerue [99].

Te ke nccneaoBaTead MOAYYHIN P aaaykToB Tpuc-xenatoB Ln(Me,PS,);. Tak, npu
nobaBiieHuu uU30bBITKa Py Kk pactBopy TiiareiabHo oOe3BoxkeHHoro Pr(Me,PS;); B
abcoymoTHOM O€H30JIe C TOCICAYIOIIMM KpaTKOBpEeMEHHBbIM HarpeBaHuem 1m0 60°C u
no6aBneHneM Kk cmecu Py momyden anaykt Pr(MeyPS,)s-2Py. AHamoruuHo moiydeH aaIyKT
Pr(Me,PS,);-:2MeOH. Ilpu B3aumopericteun ruapara La(NOsz)s ¢ Me,PS,Na ocaxmaercs
komiuiekc  cocraBa  La(Me,PS;);:2H,O  [100]. Ommcano  moyiydeHHue  aJIayKTa
Pr(Me,PS,)s-2Et,NH npu nodasnennu k pacrBopy Pr(Me,PS,); u3obsitka Et,NH [101].

[Tpu B3ammopeciictBun Et,PS;Na um Pr(NOj); (MonbHOe coorHomienue 3:1) B
adbcomornom EtOH npu wHarpeBanuun g0 70°C momyuen komiiekec Pr(EtPS,)s,
TUTPOCKONMYHBIA ~ HAa  BO3AyXe. AHAJIOTUYHBIM  METOAOM  CHHTE3HpPOBAH  aJIayKT
Nd((CH30CgH,)(CH3)PS;)3-CsHsN [101].

Psn paboT MOCBAIIEH SKCTPAKIMOHHOMY pa3/eleHHIO JIaHTAHUIOB W AKTUHUIOB C
nomotplo  6uc(2,2,4-rpumerinnertun)autnopocpunarnorn  kucnotel  (Cyanex-301) B
HutpatHeix cpenax [102-115]. Bo Bcex paboTax OTMEYAETCsl, UTO 3TH pPEareHThl SBISIOTCS
3¢ dEKTUBHBIMEU AKCTPAreHTaMu Ui OTACJICHUsI aKTUHUIOB OT JIAHTAHUIOB. Takum o0paszom,
uccaenoBanue 1,l-IUTHONATHRIX KOMIUIEKCOB LN BaKHO /I MOHUMAaHUSI XMMHA3Ma dKCTPAKIIUH
B @30THOKHCJIBIX cpenax, onpeaeneHus oopasyronmxcs gopm KC B pacTBopax u TBepaoi dasze.

PactBoper komruiekco Sm(III), Eu(lll) u Nd(I1) ¢ anmonamu Cyanex-301 Obuin
noydensl dkcrpakipei Ln(111) n3 BomHoro pacteopa comm Ln(ll), conepxamero NaNOs, ¢
nomotbio pactBopoB Cyanex-301 B H-momekane. TBEpmpie (a3l KOMIUIEKCOB HE OBLIH
BoiziesieHbl [111, 112]. PactBopbl KOMIUIEKCOB ObUTH M3ydeHbI ¢ moMolibio EXAFS. AHHOHBI
Cyanex-301 obpa3ytoT HeliTparabHbIe KOMIUIEKCHI cocTaBa LNL 3, B KOTOPBIX KOOPAMHUPOBAHBI B
kadecTBe OujeHTaTHbIX JurannaoB [111]. MccnemoBanbl mpomecchr skctpakimu NA(H) ¢
nomornkio Cyanex-301 B Tomyosne [113]. MeTogamu HEUTPOHHOTO paccesiHUs B aOCOPOITMOHHOM
CIIEKTPOCKONMHK HaiaeHo, uro anuonsl Cyanex-301 ¢ Nd(I1) B meiirepupoBaHHOM TONIyOIIE

obpa3ytor OusiiepHbIii komiuieke cocrtaBa Nd,Lg mpu n30bITKE MeTaia ¥ MOHOSICPHBIN
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komriuieke cocraBa NdL; ipu HenoctaTke Metasuia. Hccnenosanbl komrutekcest La(lll), Nd(H1) u
Eu(lll) ¢ 6mc(2,4,4-TpuMeTHIIICHTI) IMTHOPOCPHHAT-HOHAMI B TOJIyOJIC, 0Opa3yIoIIuecs B
pesynbrare skctpakimu  Ln(l1l) [105]. C mnomompio metomoB EXAFS, MK wu wmacc-
CIIEKTPOCKOIIMH YCTaHOBJICHO, YTO MOJIEKy/IsipHas (opmyna komiiekcoB — HLnL4(H,O) (L =
ouc(2,4,4-rpumeTmneHT) iutHopochuHaT-noH). ATom LN KOOpAMHHPYET CEeMb aTOMOB S
9eThIpeX AMTHOPOCHUHATHBIX JIUTAaHIOB ¥ aToM O MOJIEKYJIBI BOIBIL.

Heckonbko cTaTeil MOCBSIICHBI TEOPETHUECKHM  HCCIICIOBAHUSM  IPOIECCOB
skctpakmun KC Ln ¢ autnodochuHATHRIME JHTaHAaMHd C TOMOIIbIO KBaHTOBO-
MexaHuYeckux pacueron [116-118].

C wucmonp3oBaHWEM MeToqa (PYHKIMOHANA TUIOTHOCTH PACCMOTPEHBI  IMPOIIECCHI
OKCTPAKIIMOHHOTO pa3/ICiCHHs JaHTAHUJIOB M aKTHHUIOB B HUTPATHOH Cpele C TOMOIIBIO
JTAMETHIIIUTAO(POCHUHOBOM KHUCIOTHI B TONYOJI€. ABTOPBHI YCTAaHOBWJIM, YTO B TOJIyOJIC TIPH
skctpakimu  LU(lll)  mumermnaurrodochuHOBOM  KUCIIOTOM — oOpasyercs  KOMILIEKC
Lu(Me,PS;),(NOs), He3aBrCHMO OT KOHIIEHTPALIMH JIMraHa, B TO BpeMs kak B ciydae Eu(lll) u
La(lll) oOpa3yroTcst B 3aBUCHMOCTH OT KOHIIGHTpaIuH juranaa komiuiekesl Ln(MeyPS,),(NOs)
u Ln(MeyPS,);. Cnenman BbIBOI, 4YTO JUMETHIIUTHOPOCPHHOBAS KHCIOTA  SIBISACTCS
CEJICKTUBHBIM SKCTPAreHTOM JIJIsI OT/ICICHHUS TPEXBAICHTHBIX aKTHHUIOB OT JlaHTanu 108 [109].

Omnucansl cunte3 u crpoenue komrmiekcoB Ln(ll) (Ce, Nd, Sm, Eu, Gd, Dy u Yb) ¢

noHamu Ph,PS; [119]. [Tpu B3aumoneiicTBIM B MHEPTHOH aTMocdepe ooe3BokeHHoro LnCly
¢ Ph,PS,NH, u Ph,PCl unu Et;NCI (monbHOe cootHomienue 1:4:1) B MeCN B 3aBucuMocTH
ot npupoasl Ln(lll) obpazyrorcs KC pasmuunoro cocraBa. C nmoHamMu Ln3+, MMEIOIUMHA
oonpmioir paguyc (Ln = Ce, Nd, Sm, EuU), moiaydeHbl TeTpaKHC-KOMILUIEKCHI COCTaBa
Et,N[Ln(Ph,PS,).] (Ln = Ce, Nd) u Ph,P[Ln(Ph,PS,).] (Ln = Sm, Eu). C monamu Ln*" co
cpenunM pagmycoM (Ln = Gd, Dy) Beieners coequnerns Ln(Ph,PS,)s(MeCN),. Mo Yb**
B JIaHHBIX yCJOBHSX oOpa3yer komiuiekc coctaBa PhyP[Yb(Ph,PS;);Cl]. Cornacao PCA, B
tetpakuc-aunoHax [Ln(Ph,PS,)s]” (Ln = Ce, Nd, Sm, Eu), a Takke B paHee MOJIyYCHHBIX
xommrekcax Ph,P[Ln(Me,PS,),] (Ln = Sm, Eu) mon Ln** koopamumpyer 8 aromo S
OWIEHTATHO-IMKINYECKUX  Jurannos  Ph,PS; (K4 = 8). B coennHeHHsX
Ln(Ph,PS,)s(MeCN), noust Gd** u Dy*" koopmunupyror 6 atomos S u 2 atoma N Monexyr
MeCN (KY = 8). MeHbuii 1o paguycy UoH Yb** KOOPJIUHUPYET 6 aTOMOB S M OJMH aTOM
Cl (K4 = 7). YcraHOoBlIeHO, 4YTO B 3THUX COCJAMHEHUSIX JUIMHA CBsi3u LN-S mocreneHHO

3+
yBEJIMYMBAETCA MPU YMEHBILIEHUU paauyca noHa Ln™".
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[TockonbKy  OOJIBIIMHCTBO  TPUC-XETMATHBIX  KOMIUIEKCOB THUTPOCKONUYHBI U
HEYCTOWYMBBHI, M3BICKHBAIUCH IYTH CHHTE3a Oosiee ycToWumBhIX autnodochuHaTHex KC.
JUig JaHHOM TpyIIIbI IUTaHa0B 3P (HEKTUBHBIM CIOCOOOM CTAOMIIM3ALMHA KOMIUIEKCOB, KaK U
s gurrokapbamaToB Ln(lll), sBisiercs BBemeHHE MOMONMHHUTEIBHBIX JHTaHAOB. Tak,
pasnonurangaeie coeauuenus Ln(L)(i-Bu,PS,); (Ln = Pr, Nd, Sm, Eu; L = 1,10-Phen,
2,2°-Bipy) o0Opa3yroTcs Ha BO3AyXe IyTEM B3aUMOJICHCTBUS B OPraHUYECKUX PACTBOPUTENISX
Phen wmu 2,2°-Bipy ¢ tpuc-xematamu Ln(l11), koTopbie mpeaBapuTeIbHO TONTYYaOT B pAaCTBOPE
B pe3yJIbTATEe PEaKIUK OOMEHHOTO pasiiokeHns Mexny Hurpatamu Ln®* u i-Bu,PS,Na [120].
B kadectBe pacTBOpHTEs Hpu moydeHun komiuiekcoB Ln(Phen)(i-Bu,PS,)s (Ln = Pr, Nd)
ucnoas3oBanu I-PrOH, a npu cuntese kommutekcoB Sm(I) u Eu(lll) — MeCN. Asrtopsr
OTMEYAOT, YTO ITH COEJAMHCHUS YCTOWUYMBHI Ha Bo3myxe. OmpemeneHbl KPUCTAIUTHUCCKUE
ctpyktypsl komiuiekcoB [EU(L)(i-BuyPS;)3] (L = 1,10-Phen, 2,2’-Bipy). OcHOBY CTpyKTyp
COCTaBJISIFOT MOHoOsiiepHble Mosiekyinbl KC, B koTopbix arom EU uMeeT uCKakeHHYIO
J0JCKadIPHUCCKYI0 KOOPAMHAIINIO (KoopauHaMoHHbIH momaap NoSe) (puc. 9). Jluranmsr i-

Bu,PS;, 1,10-Phen, 2,2’-Bipy — OuneHTaTHO-LIUKINYECKHE.

a) 0)

Puc. 9. Monekynspubie cTpykTypbl koMmiuiekcoB [EU(Phen)(i-Bu,PS,)s] (a) u
[Eu(2,2’-Bipy)(i-Bu,PS,)s] (6) (amomer H onywenoi)

[To3nuee cuHTe3npoBaH Komiuieke coctaBa [Y(Phen)(i-Bu,PS;),(NO3)], conepxarimii
He 7Ba, a Tpu Tuma juranaoB [121]. Jlns cunte3a ucnomp3zoBamu MeCN B kadecTBe
pacTBOpUTENS, IS MPEAOTBPAIICHUS THUAPOIM3a J00aBIsUIM OpTodTHIGopMuat. IlombiTka
MOJIYYUTh KOMIUICKC, HE COJEPKAIMUNA HUTPATO-TPYIIITY, 32 CUET YBEITUYCHUS KOHIICHTPALIUU
CEpOCOJIEPIKAIIIETO JINTAHIa He MPHUBEia K MOJOKUTEIbHOMY pe3yabrary. [lo manaeim PCA

OCHOBY KpHCTaHHI/I‘{eCKOﬁ CTPYKTYpPbI 3TOro COCOAMHCHHA COCTABIIAIOT MOHOSAJICPHBLIC
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Monekynbl. Hutpato-rpynma xoopauuupyetrcs asyms atomamu O. KoopauHarmoHHBINA

o ip atoma UTTpust N,O,S4 — ekakEHHBIN TpUTOHATBHBIN HoAekadp (puc. 10).
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Puc. 10. Monekymsipaas ctpykrypa [Y(Phen)(i-Bu,PS;)2(NO3)]

Onwmcan cunate3 coemaunenus Nd(lll) anamormdnoro cocraBa B TPUCYTCTBHHU
oproatwidopmuata [9]. O6napyxkeno, uto komruiekesl Y (I11) u Nd(l11) uzoctpykryphsr. [Tpu
MemeHHOW — kpuctaummszanuu  komruiekca  Nd(Phen)(i-Bu,PS,),(NO3)  momydeHsr
MoHokpucTaiuiel coequaenus [Nd(Phen)(i-BuyPS,)s], cuntes kotoporo obut npuseneH B [120].
CuMMeTpus ¥ TIapaMeTphl 3JICMEHTAPHON SYCHKHU 3TOTO COCTUHCHHS OJM3KU K TAKOBBIM IS

komruiekca [Eu(Phen)(i-Bu,PS;)s], uTo yka3piBaeT Ha UX U30CTPYKTYypHOCTSH (pHc. 11).

Puc. 11. Monekynspuas ctpykrypa komiutekca [ Nd(Phen)(i-Bu,PS;)s]

[Tonmyuensl ananoruunbie komrwiekcsl EU(lIl) cocraBa Eu(L)(i-Bu,PS,),(NO3) (L =
Phen, 2,2°-Bipy, 4,4’-Bipy) [8]. Ycranosneno, uto audpakrorpammel komiuiekcos Eu(lll),
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cogepxkammx Phen u 2,2°-Bipy, momoOubl mudpakrorpamme komrmiekca Y (III) Toro xe
coctara [121]. [To-BuauMoMy, KOOPAMHAITMOHHBIN MOIUAAp aroMa eBponus — N,O,S,.
OCOOGEHHOCTH MOJIEKYJISIPHOM CTPYKTYphl W TMApaMarHUTHBIX CBOWCTB KOMILIEKCOB
[Ln(Phen)(i-Bu,PS,),(NO3)] (Ln = Nd, Eu, Yb, Lu) B CDCl; uccienosans! ¢ momomsto ‘H
SIMP [122]. Ananu3 HalJICHHBIX CTPYKTYPHBIX MapaMeTpoB Moka3ai, 4yTo Phen u aHuoHEI

I-Bu,PS;, BXomsaT B cocTaB KOOpAWHAIIMOHHON c(epsl HOHA Ln**. CTpyKTypHbIC IaHHEIE,

nonydennbie st 3Tux KC ¢ momompto SIMP B pactBope cornacyrores ¢ nanasiMu PCA st
komruiekca [ Y (Phen)(i-Bu,PS;),(NOs)] B kpuctammnueckoit dase.

KonuuectBo paboT, MOCBAMEHHBIX HcciaenoBanuio  komruiekcoB  Ln(lI) ¢
muTHodochrUHAT-HOHAMH, 3HAYUTENIBHO MEHbILIE II0 CPaBHEHUIO C YHCIOM pador,
MOCBAMIEHHBIX M3yueHnto kommuiekcoB Ln(lll), comepxkammx auTHOKapOamMaT-HOHBI.
OtmeuaeTcs, 4To AUTHOPOCHUHATHBIC TPUC- U TETPAKUC-KOMIUICKCHI MEHEE TUTPOCKOITUYHBI
[96], uem ananornunsie AuTHOKapOamarHbie KC. 3HaunTeIbHOE YMCIIO PabOT HAIIPABICHO HA
UCCIICJIOBAaHUE TIPOIIECCOB SKCTPAKIIMOHHOTO pa3lIeiCHUsT aKTUHUIOB W JIAHTAHHUIOB C

MOMOIIIBI0 TUTHO(HOCHUHOBBIX KUCIIOT.
1.3.3. lutuodocdarHbie KOMILIEKCHI JJAHTAHUI0B

[lpu koopAMHAIIMK K aTOMy MeTalla JUPAAUKATIUTHO(POCHAT-UOHBI MPOSBISIOT
pa3NMYHyl0 JEHTaTHOCTh M MOTYT BBICTYNaTh KaK MOHOJICHTAaTHBIE, OWJEHTATHO-
MUKITHYECKUE WM OUJICHTaTHO-MOCTUKOBBIC JTUTan bl [ 123].

B 1974 r. omyOnvkoBaHa CTaThsl, TOCBSIIEHHAS TOMYYEHUIO M HWCCICAOBAHUIO CEPUH
terpakuc-komiuiekcoB Ph,AS[LN((EtO),PS,)s] (Ln = La—Lu (kpome Pm), Y) [94]. D11 KoMIuIeKChI
00pazyroTcs npy B3auMoeicTBIM THapaTupoBanHHBIX XytopuaoB Ln(11) ¢ (EtO),PS,Na u Ph,AsCl B
ropstaeM 3TaHodIe. [ MrpocKONMYHBIE TIPOAYKTHI IepeKprCcTani30BbBaM 13 cMecd MeCN-i-PrOH B
armocdepe N,. ABTOpy He ynanoch BbiienuTh Tpuc-koMmiiekebl LN((EtO),PS,)s. Ipu ncrapernu
pactBopoB 31X KC B 3TaHOme oOpasyercss macio, kotopoe pearupyer ¢ PhsPO B stanone ¢
00pa3oBaHKeM KpHucTaaecKux mpomykroB coctaBa [ LN(PhsPO),((EtO),PS,)s] (=2 mst La—Prun
= 3 s NdLu wm Y). Onmcamsr crpykrypsl kKomiuiekcoB [La(PhsPO),((EtO),PS,);] u
[SM(PhsPO)((ELO),PS,),][(EtO),PS,] [95]. Heitrpanbhbiii oqHosnephbiii komruieke La(lll) nmeer
KoOpAMHAIMOHHBI Tommap O,Sg B Buae KBaapaTHOW aHTUOpm3Mbl (puc. 12). Atom La

KOOPIMHUPYET IIECTh aTOMOB S TPeX OMIEHTATHO-ITMKIMISCKAX TUTHO(OCGhATHBIX JIMTAHIOB U JBa
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aroma O monekynn MoHojeHTatHoro jmranaa PhsPO. B nonHom komruiekce Sm(I1) tieHTpanbHbIi
aToM KOOP/IMHUPYET YeThIPe aroMa S BYX OUICHTATHO-IIMKIIMIECKUX TUTHO(POCHATHBIX JIMTAHIOB 1
omun aroM O monekyisl PhsPO, o0Opasyst TpuroHamsHo-OrmpuMuiaibHbeii mommap (KU = 5). B

CTPYKTYpe Takoke coaeprkarcs v BHerHechepHsie noHsl (EtO),PS; .

Puc. 12. MonekynsipHast ctpykrypa komiuiekca [ La(PhsPO),((EtO)2PS,)s] (amomer H onywenot)

Onwucan cunTte3 TeTpakuc-komruiekcoB [PhyAs][Ln((EtO),PS,)4] (Ln = La—Lu, kpome
Pm, u Y), Na[Ln((EtO),PS;)s] (Ln = La-Er), NH4Ln((EtO),PS,)s] (Ln = La, Eu)
[Ln(PhsPO),((EtO),PS;)s] (Ln = La—Pr), [Ln(Ph3PO)3((EtO),PS,),][(EtO),PS,] (Ln = Nd-Lu
1Y) [96]. Ycranosneno, uto KC, comepxamue non NH,", rurpockonuunsl. B ciyuae Beex
APYruX coeauHeHui KomIutekehl 6onee jerkux LNn(l11) qoBonbHO cTaOMIbHBI Ha BO3IyXE, a
komruiekebl Oonee Tsokénbix Ln(ll) rurpockonuunbl. OTMEYEHO, YTO MO CPaBHEHUIO C
aHAJIOTUYHBIMHU JTMTHOKapOaMaTHBIMH KOMIUIeKcamu dTH nutuodocdataeie KC menee
YyBCTBUTEIBHbl K Biare Bo3ayxa. HMccienoBansl SIMP  crnekTpel cepum KOMIUIEKCOB
Ph,As[Ln((EtO),PS,)4] (Ln = La-Lu, xpome Pm u Gd) B pactBope CD,Cl,. U3mepenus
xummaeckux cauroB "H u *'P mokasamm, 9To CymiecTByeT [Ba CTPYKTYPHBIX THIIA
komiiekcoB B pactBope: komiuiekcel La(lll)-Dy(I1l) u xommuexcsr Ho(HH)—-Lu(ll) [124].
OmnpeneneHsl  KPUCTAUIMYECKHME W MOJEKYISPHBIE  CTPYKTYphl  KOMIUIEKCOB
PhsAs[Ln((EtO),PS,)s] (Ln = La, Er). B oboux ciydasx arom LN koopauHHpyeT BOCEMb
aTOMOB S ¢ 00pa30BaHUEM KOOPAMHAIMOHHOTO MONUdpa Sg (I0AeKadAp). DTU COCTUHEHUS
MMEIOT OJMHAKOBBIE KPUCTAJUIMYECKUE CTPYKTYpHI B TBEPAOH (a3e, OJAHAKO B pPacTBOpE
CTPYKTYpbI pa3jiHyarloTcs, 4To AeMOHCTpupyeTcs AaHHbiMU SIMP. B pactBope noaexasap

npeBpaiaercs B kBaapatHyto antunpusmy s KC Tsokensix Ln, Hauunas ¢ Ho [125].
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Ommucan cunTe3 Tetpakuc-komiuiekcoB EtN[La((EtO),PS,)4] (Ln = La, Ce, Pr, Nd, Sm, Eu,
Yb, Ho) B Ge3B0HOI# cpefie, a TakoKe MOTy9YeHbI MX CIEKTpPhI rmorsiomieHys B pactBopax MeCN [126].
CuntesupoBanbl  komiuiekebl  [LN(L),((i-PrO),PS,)s] (Ln = La, Nd; L =
N,N-mumerunaneramunx (DMA), N,N-mumerundopmamun (DMF)), Haiizeno, d4rto Bce
yetbipe KC m3octpykryphsl. [To nanaeiM PCA B komiuiekce [La(DMA),((i-PrO),PS,)s] atom

La xoopmunupyer 6 aromoB S Tpex mnonoB (i-PrO),PS, m 2 atoma MOHOZEHTATHBIX

auranaoB-mojaekyin DMF uan DMA (puc. 13) [127].

Puc. 13. MonekymsipHast ctpykrypa komriekca [ Ln(DMA),((i-PrO),PS,)s] (amomer H onywensi)

Jlpyrue aBTOpBI MOTYYHIIN KOMIUIEKCHI, coziepxkanue noHsl (i-PrO),PS;, ¢ eme ogaum
KUCJIOPOJICO/IEpKAIUM ~ JIurasaoM  —  jauMeTtwicynbdokcugom  (DMSO)  cocraBa
[Ln(DMSQO),((i-PrO),PS,)s] (Ln = La, Nd) u [Eu(DMSO);((i-PrO),PS,),][Eu((i-PrO),PS,),]. B
komiuiekce [La(DMSO),((i-PrO),PS,);] atom La, corimacao PCA, KoopAHHHPYET MIECTh aTOMOB
S Tpex OupeHraTtHO-IMKIMUYeckux iuragoB (i-PrO),PS; u nBa atoma O MOHOAEHTATHBIX
nuranaoB-moiiekyn DMSQO, koopauHaimonHbIi nomaap 0,Sg — nogexarap [128].

Cunre3 xomiiekcoB LN ¢ gutnodocdar-uonamu 3aTpygHEH 10 CPAaBHEHUIO C
auTHOKapOaMaTHeIME 1 auTHo(ochuHaTHEIME KoMIuiekcamu LNn(l1l), o yem cBuaerenscTByrOT
Majoe 4YMCiIo myOnukanuii mo momydeHuto autnodocdarHeix komruiekco Ln(lll). Tlo-
BUIMMOMY, 9TO CBSI3aHO C YMCHBIIECHHEM OJJIEKTPOHOJIOHOPHON CIOCOOHOCTH aHWOHOB IPHU
Mepexo/ie OT TUATKUIIANTHOKApOaMaT-HOHOB K TuankuiautTHodochar-uoHam [34].

Nudopmanmsi 0 CHUHTE3€ pa3HONHMTAaHIHBIX KOMIUIEKCHBIX COeIuHeHud Ln c

autrodochar-unonamMu 1 N-TeTepOoIUKIaMH B JTUTEPAType, O-BUAMMOMY, OTCYTCTBYET.
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1.3.4. KcanToreHatTuple KOMILIEKChHI JIAHTAHUI0B

B psny 1,1-mutronatasix KC Ln coeannenust ¢ KCaHTOreHaT-nOHAMU HaMMEHEE N3y4YeHBbI.
Onmcano B3auMozeiicTe nonos Ln®" u ROCS; (Ln = Eu, Nd; R = Et, i-Pr, i-Bu, i-Am) B
MeCN [129]. C momoIpi0 371€KTPOHHBIX CIIEKTPOB YCTaHOBJIEHO OOpa30BaHHE B PacTBOPE
komMIutekcHbIX aHHOHOB [LN(EtOCS,),] u npeamonoxeno, uro B 3tux KC peammsyercst KU = 8 3a
cueT OHICHTATHO-IMKIMYECKOW KOOPIHMHAIMK KCAHTOTCHATHBIX JIMTAaHIOB. Kpome TOrO,
BBIJICJICHBI B KpUCTAITHYeckoM cocTostanm coemuaeHus Et,N[LN(EtOCS,),] (Ln = La, Sm) myrém
B3aumoerctBus 6e3BoaHbIX LN(NO3)s, EtOCS,K u EtyNCI (1:4:1) B cyxoM arieToHe WK CyXOM
aneronutpuie. MccnenoBansl npoayktel Tepmoaectpykuuu 3tux KC B mHepTHON atmocdepe.
Coemunennie La(lll) mo cpaBaenmo ¢ kommiekcom SM(IIl) menee craGwiabHO W 0OMamaet
OOJIBIIICH JIETYyUECThIO, TIPH €T0 PA3JIOKEHUH 00pa3yeTcst TONBKO cyimbdun La,Ss, i coequHeHns
Sm(Il) obHapyxeHa cMech CYIbGHIOB SMS ¥ SM,S3. ABTOpBI MPEAINOIAraloT, YTO TEPMOIIU3
stux KC compoBokmaercst oOpasoBanueM Jietyunx TpHc-xemaroB LN(EtOCS,); [129, 130].
W3ydeHsl CIIEKTPOCKOITMYECKHE XapaKTePUCTUKH TeTpakuc-KoMmiuiekcoB Hekotopeix Ln(lll). B
HK-cnektpax kommiekcoB EtN[LN(EtOCS,),] nHaOmomaercs yMeHbIICHHWE UYHCIA IIOJIOC
TMOTJIOIIEHUS ¢ JOMHHHUpYIOMM BKIagoM V(CS,),s o cpaBHenuto co criektpoM EtOCS,K, uto

OOBSCHSIIOT O0JIeE CHMMETPUYHBIM CTPOSHHEM JUTHOKAPOOKCHITLHOM rpymmbl uranaa B KC, T.e.
e—0—cl

peanmuzarert Gopmbl ¢ SKBUBaTICHTHbIME cBsi3siMu C—S1 n C-S2: S . ABTOpBI IPUXO/ISAT

K BBbIBOMy, 4TO KcaHToreHartHble KC maHTaHMZOB Oo0Jiee TMTPOCKOMHMYHBI IO CPABHEHHUIO C

JMTHOKapOaMaTHBIMU. DTO CBS3aHO C TeM, uTo atoM O (cTepruecku Ooliee JOCTYITHBIN, Y4eM aTOM

N B R;NCS,) B KOOpAMHMPOBAHHOM JIMTaHAE MOXET CTaTh MOTEHIMAIBHBIM OOBEKTOM IS

ANEKTPOPHITBHON aTaKu MOJIEKYJIaMH BOJIbI, IPHBOJISINECH K COJBBOJIM3Y KCAHTOT€HATOB, KOTOPBIHA
CompoBOXIaeTCs nectpykie muranaa [131]. Otu sxe aBTopsl nmomyurmm KC Na[Ln(EtOCS,)4]
(Ln = La, Sm) ¥ wuccnenoBagd X TEPMHUYECKOES PA3IOKCHUE B JIMHAMHYCCKOH WHEPTHOU
arMoc(epe Merojamu TepMHueckoro aHaimmza, MK-crekrpockonmu u pentrenorpadum [49].
Omucan pasHommrangaeii  kommieke  [NA((NMe,)sPO)4(EtOCS,),]BPh,, wuccriemoBano ero
TEPMHUYECKOE PA3IOKEHHE B MHEPTHOM arMocdepe. YCTaHOBIEHO, YTO MPOMEXKYTOUHBIM
NPOAYKTOM  €r0  TePMOJCCTPYKIMM  SIBIISICTCSl  JICTy4Mid ~ HEUTPAJIBbHBIA  KOMIUICKC

[Nd((NMe,)3PO),(EtOCS;)s], koTOpsIii 3aTeM pasnaraercs 10 okcucynbhuma Ln,O,S [60].
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1.4. UcciaexoBanue JIOMHHECHEHIIUY KOMILJIEKCOB JIAHTAHHUI0B

¢ 1,1-auTHOJATHBIMHM JIUTaHAAMHU

Ha ¢one 3HaumTenbHOro uymcina paboOT MO wucciaenoBaHuio 1,1-AUTHONATHBIX
komiutekcoB LNn(l1l) xak mpenmiecTBeHHUKOB CYNb(OUIOB JITAHTAHHUIOB, paboT, MOCBSIICHHBIX
uzyuenuto OJI takux KC, nemnoro. ®JI onucana Tonbko 111 HEOOIBIIOTO YKCIIa KOMIUIEKCOB
Ln(lll) ¢ qutnokapbamat- u murnodocduHar-noHamu. Briepeeie nanHbie 0 DJI KOMITIEKCOB
Ln ¢ gutrokap6amMaTHBIM JIMTAaHAOM OIMYOJWKOBAaHBI B KpaTkoMm cooOmienuu [6] B 1988 r.
Cnextpsl @JI Tpuc-kommiexcoB Ln(CegH;,NCS,); (Ln = La, Pr, Nd, Sm, Tb, Dy; CsH1,NCS,,
— TeKCAaMETHUJICHIUTHOKapOaMaT-uoH) HE TIPUBEICHBI, YKAa3aHbI JINIThH KBAHTOBBIC BHIXO BT DJI
(p): p(La) = 0.47, p(Pr) = 0.15, p(Nd) = 0.17, ¢(Sm) = 0.43, ¢(Tb) = 0,12, p(Dy) = 0.13.

[Tokazano, uto Terpakuc-komiuieke Na[Eu(Me,NCS;),]-3.5H,0 takke obmamaet DJI,
Ho yiumb ipu T < 100K [7]. Bpems xuszau ®JI, paBroe 0.11 mc npu 4.2K, ymeHbIaeTcst ¢
YBEJIIMUEHUEM TEMIIEPATYPHI.

Bosnbiiee yncino ganubix o OJI momydeno mist pasHoaurananbix komruiekcoB Ln(l1).
BriepBbie HalIeHO, YTO pa3HOJIMTaHIHbIC TUTHOKapOamaTHbie koMiuiekchl EU(lIl) obnmamaror
@®JI mpu 300K [10]. Uccnenosana ®PJI kommaekcos [EU(L)(Et;NCS,)s] (L = Phen, 2,2'-Bipy)
u [Eu(Phen)(Ph,NCS,)3] pu 77 u 300K. DHepruu 3JIeKTPOHHBIX YPOBHEH JIMTAHIOB U MOHA
Eu®* B o1ix KC GBLIH OLGHEHBI ¢ MOMOIIBI0 TEOPETHUIECKHX METOOB, a TAKXKE U3 CIICKTPOB
B030yx)aeHus komiuiekcoB EU(Il) u criektpoB dochopecieHIiE aHATOTHYHBIX KOMITJICKCOB
Gd(I11). Kommrexcsr Gd(111) He o6namator hiayopecieHueii, TOCKOIbKY ypoBeHb nona Gd>*
®P-/» pacIonokeH HaAMHOTO BBIIIE TPUILIETHOIO YPOBHSI OPraHMYECKOr0 JIMTAH/A, 9TO ACIAeT
MIEPEHOC DHEPruU JIMTAHA—METal HEeBO3MOXKHBIM. [loaromy cnekrpsl @JI KOMIUIEKCOB
monoB Gd>* mmeror Tompko mOMOCHl  hOCHOPECIICHIINH, COOTBETCTBYIONIHE TMEPEHOCY
sHeprun TpurieT—cuHnier (T;—Sy) B samrange. B cnexrpax Bo30yxumenus KC Eu(lll)
UMEIOTCS HECKOJIbKO HEOOJBIIMX MHKOB, OTHOCSAIIMXCS K BHYTPUKOH(UTyparmoHHbM f-f-
nepexojaM, MU MUAPOKUA muK B obmactu 270-370 HM, COOTBETCTBYIOIIMM JIUTAH]I-
HEHTPUPOBAHHOMY 3JIEKTPOHHOMY mepexony (Sp—S;) a3otucroro rereponmkna (puc. 14.).
ITpu 77K mossasiercs monoca, coorBerctByomas LMCT (ligand-to-metal charge transfer)-

COCTOSIHMIO, KOTOpast He Habmogaercs mpu 300K.
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Puc. 14. Cnektpsl Bo30yxaeHus komiuiekco [Eu(2,2’-Bipy)(Et;NCS,)s], [Eu(Phen)(Et;NCS,)3] u
[Eu(Phen)(PhoNCS;)3] ipu 300 K (nynxkmupnas aunust) v 77K (cnnownas aunus)

B cnekrpax Bo3OyxaeHus aHamormunbix kKomiuiekcoB GA(I) mpu 77K mmeercs mwk,
KOTOPBI OTCYTCTBYeT B CIEKTpaX BO30OYKICHHS CooTBeTcTBYyIOmmMX KomruiekcoB Eu(IlN),
OTHOCSIIIMIACS K BO3OYKIEHHOMY CUTJTIETHOMY COCTOSIHHIO S TMTHOKapOaMaTHOTO JuraHza (puc. 15).

—— [GAIEL,NCS, ), bipy]

---- [GA(EL,NCS, ),phen]
- [Gd{Ph,NCS,),phen]

| -- e
L) Ty

Intensity (a.u.)

250 300 350 400 450
A (nm)

Puc. 15. Cnexrpsr Bo30yxaenus komiuiekcos [Gd(2,2°-Bipy)(Et.NCS,)s], [Gd(Phen)(Et,NCS,)s] u
[Gd(Phen)(Ph,NCS,)s] npu 77K, peructpupyemsbie ipu 473, 510 u S50 HM COOTBETCTBEHHO

B cnektpax smuccun komiuiekcoB Gd(I11) nabnronarores nBa muka. [lepBbiid MUK, C
Oonee BBICOKOM OSHEPrueil, MOSBIAETCS, KOTJa KOMIUIEKC BO30YXAaeTcs JHEpTUeH,
COOTBETCTBYIOIIEH YPOBHIO 51 a30TUCTOrO T€TEPOLUKIA, U COOTBETCTBYET YPOBHIO T 3TOTrO
aurasaa. bojee HU3KMM 1O PHEPIUM NMK MOSIBJIAETCS, KOIZa KOMILIEKC BO30OyKIaercs

9HEpPruel, COOTBETCTBYIOIIEH YpPOBHIO S; AMTOKApOAMATHOTO JIMTaHAA, W COOTBETCTBYET
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ypoBHIO Ty 3TOro juranga. CrekTpsl smuccuu komiuiekcoB Eu(lll) comepkat nsaTh MUKOB,

COOTBETCTBYIOMMX TepexonaM “Do—'Fj (J = 0-4) (puc. 16).

] [ Eu(Ph,NCS,) phen]
7 snu“}?Fa
- __>1F ) —U'TF.
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Puc. 16. Cuextpsl amMuccun komiuiekcos [Eu(2,2’-Bipy)(Et,NCS,)s],
[Eu(Phen)(EthCSZ)g] u [Eu(Phen)(thNCSZ)g] npu 77K

TakuM 00pa3oM, U3 CieKTPoB Bo30yxaeHus U smuccuu komiuiekcoB GA(I11) u Eu(l11)
ONpPENEICHBl  DHEPIMM  CHHIVIETHBIX W TPUIUIETHBIX  OJJEKTPOHHBIX  YPOBHEH

JTUTHOKApOaAMaTHBIX JTUTAHIOB (Syic, Tgtc) M A30THCTBIX TeTEPOIIUKIOB (S, T, ) (Tadm. 1).

Taonumal
JHePruM CHHIJIETHBIX U TPUIJIETHBIX 3JIEKTPOHHBIX YPOBHEH JIMTaHI0B B KOMILJIEKCAX

[EU(L)(EtzNCSz)g] (L = Phen, 2,2'-B|py) u [EU(Phen)(thNC82)3], CM_1

[Eu(2,2°-Bipy)(ELNCS,)s] | [Eu(Phen)(ELNCS,)s] | [Eu(Phen)(PhoNCS,)s]
S 32787 27548 27624
Seic 23641 25907 23577
T, 23148 21645 21978
Tetc 19120 20012 20877

Bpemena xusan Dy ypors B [Eu(2,2’-Bipy)(Et;NCS,)s], [Eu(Phen)(Et,NCS,)s] u
[Eu(Phen)(Ph,NCS,)3] paBubl 50 + 3, 224 + 10 u 261 £ 21 pc npu 77K u < 50,90 + 15 u
75 + 6 puc mpu 330K coorBercTBenHO [10].

[Toznuee wuccnenmoBana @OJI psga KC  pa3nuyHbIX  JTAHTAHUIOB  COCTaBa
[Ln(L)(R2NCS;)3] u Et;NH,[Ln(R,NCS,)4] (Ln = La, Pr, Sm, Eu, Gd, Th, Dy; R = Et, i-Bu,
Bz; L = Phen, 2,2'-Bipy, 5-xnopo-1,10-penanrponun (CPhen)) B MeCN npu 300K [11].
ABTOpBHI HCTONB30Bamu TOT ke moaxon [10] ams ompeneneHHs 3HEPTUN TPHUILICTHBIX
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YPOBHEH JIMTAHIIOB B KOMILJICKCAX, MyTeM aHajdu3a CIEKTPOB BO3OYKICHHS W DMHCCHU
kommiekcoB Gd(l11), a rtawke Hemsnydarommx kommuiekco La(lll). Mon La** umeer
ICKTPOHHYI0 KOH(HUIYparuio f, 9T0 NPUBOANT K HEBO3MOXHOCTH OCYIIECTBICHHMs f-f-
IepexoyoB, MOdToMy crektpsl omuccnin KC wnoma La®* uMeror Tombko momockl
dochopeciieHITKM, COOTBETCTBYIOIINE JIMTAH-IICHTPUPOBAHHBIM TPHILICTHBIM YPOBHSIM
aUraHaa. DHeprus YpoBHA Iy ObUla ompeaeneHa M3 CHEKTPOB SMHUCCHH TETpaKHUC-
komruiekcoB  Et,NH,[LN(Et,NCS,)s] (Ln = La, Gd). B choekrpax 3THX KOMIUIEKCOB
HaOMrOaeTCs MUK TIpH 433 HM, KOTOPBIM COOTBETCTBYET dHEPTUH YPOBHSA 74, paBHOU 23095
cM ', B crekTpax sMmuccun pasHonmranaHeix kommiekcos [Gd(L)(R,NCS,)s] Habmonatores
TPU MUKA, HU OJUH M3 KOTOPBIX HE OTHOCHTCS K YPOBHS Tgc. Benmuuwnsl sueprun T, Phen
pacriojlaralotcs B uUHTepBajie  21882-22222 cM' B  3aBHCHMOCTH OT THIA
JIMTHOKapOaMaTHOrO JIMTaHJa. OHepruu ypoBHed T. s 2,2°-Bipy u cPhen B
[GA(L)(Et,NCS,)s] paBus 22727 1 21142 cm . Camblit Hu3KHiT ypoBeHb Ty (< 23000 cv )
BBIIIE 1O HEpruu ypoBHs T (= 22000 cM ), MO3TOMY, [0 MHEHHIO aBTOPOB, CYILECTBYET
BEPOSATHOCTh BHYTPUMOJICKYJISIPHOTO TIEPEHOCA SHEPTHH OT TUTHOKApOAMaTHOTO JIMTaHJa K
azotuctomy rereporuiiny. CleayeT OTMETHTb, YTO 3HAYCHUS SHEPTUH YpPOBHA 1| s
komiuiekcoB [Gd(L)(R2NCS;)z] (L = Phen, 2,2'-Bipy) cylecTBeHHO OTIHYAIOTCS OT TAKOBBIX
st otux KC, HaiinenHsix B padote [10].

WutepecHass ocodennocts DJI coemunennii [Ln(Phen)(Et,NCS,)s] 3akmrouaercs B
TOM, YTO KOMIUIEKCHI HOHOB Sm* u Pr¥ o6namaror Gonbeii uaTeHCHBHOCTEIO DJI MO

cpaBHeHHIo ¢ TakoBoil st KC moros EU®" u Th*" (puc. 17). OGbIuHO B cityuae KOMILICKCOB
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—~ ~—=Ln=Sm
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c
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0 T ey .
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A (nm)
Puc. 17. Cnexrpsr @JI kommiekcos [Ln(Phen)(Et;NCS;)3] 8 MeCN nipu 300K. [{inst 3anucu

cnekTpoB PJI ObUTH UCTIOIB30BAHBI CICAYIONINE JTMHBI BOJH BO30YKICHUS /13035(Sm3+) = 356 HM,

o036 (PP = 362 HM, Aoss(EUZT) =396 HM, Leoss(Th>) = 337 HM, Aeoss(DY*") = 356 HM
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Ln ¢ O- u N-comepxamumu nurangamu Hanbosiee mHTeHCHBHAs DJI wHabmromaercs s
xkomriekcos Eu(l1) u Th(lII).

Cnektp Bo30yxaenus komiuiekca [Sm(Phen)(Et,NCS,);] conepkuT oueHb MHTCHCHUBHBIHA
IIMPOKUI IMHK, COOTBETCTBYIOIIMI BO30YxKmeHuio Phen (Sp—S;) m Heckombko cradbIx 110
WHTCHCUBHOCTH IIMKOB, COOTBETCTBYIOIIMX BHYTPUKOH(HIypaloHHbIM f-f-iepexomam w3
OCHOBHOTO COCTOSIHMsS MOHAa SM°" (puc. 18a). CreKTp (IIyopecleHIMH 3TOro KOMIUIEKCa
COZICPXKUT TPY TIMKA, KOTOPBIE OTBEYAIOT MIEPEXOy PHEPTHH C HHU3IIETO SYMHCCHOHHOTO YPOBHS
wona Sm** 4G5/2 Ha ypPOBHHU 6Hg/2 (646 HM), 6H7/2 (601 uM™), 6H5/2 (564 uM), U cmaOpIi MUK,
COOTBETCTBYIOLLIIT IIEPEXOJLY SHEPIHHU C CAMOTO BBICOKOTO 110 SHEPIHH YPOBHSI “Fy), Ha OCHOBHOI
YPOBEHb *Hs) (534 um). ABTOpBI NPUXOIAT K BBIBOAY, uTo sipkas DJI xommaekca Sm(IIl) B
JTAHHOM CITy4ae SIBJIETCS OTPAKCHUEM ONTUMAIILHOTO 3HAYEHUsI SHEPTeTHYECKOM e MEXITy
TPUILIETHBIM YPOBHEM JMrania-¢giyopodopa W H3IyHarolMM YPOBHEM HOHA Sm*". OHeprus
HUBIIIET0 TPHUILIETHOro ypoBHs Phen, ompenenennas u3 crnekrpa DJI [Gd(Phen)(Et,NCS,)s],
paBHa 22222 cM © [10]. Hom Sm*" mmeer TPU U3JIy4arolUX YpPOBHs, KOTOPbIE MOI'YT IIPUHUMATh
SHEPIHIO C TPUILICTHOrO ypOBHS JHranma: ‘Gyp (= 20050 ev ), “Fap (= 18700 em ) 1 Gy (=
17700 CMfl). MuTeHcruBHAS SMUCCHS HAOIIOIAETCS TOIBKO C YPOBHS 4G5/2. DTO CBS3aHO C TEM, UTO
YpOBHHU 4G7/2 "u 4F3/2 ONMM3KO PACHOJIOKEHBI APYr K JAPYTY, W DJIEKTPOHBI C 3TUX YPOBHEH

4
TIEPEHOCATCS HA YPOBEHb G, C KOTOPOTO U TIPOUCXOTUT IMHUCCHSI.
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Puc. 18. Cnextpsl Bo30ykaeHus (2onyooit) u OJI (Aes5 = 356 HM) (KpacHwiil) KOMIUIEKCA
[Sm(Phen)(Et;NCS;)3] B MeCN npu 300K (a); ciektpsl Bo30yxaeHus (201y601l) U DI (Agps6 = 362
HM) (kpacnuwiil) komiuiekca [Pr(Phen)(Et;NCS;)3] 8 MeCN npu 300K (6)

Crnexktp Bo3Oyxkaenus komiuiekca  [Pr(Phen)(Et;,NCS;);] momoben  cnektpy
BO30ykaeHus ananormuHoro kommiekca SM(I) (puc. 186). B ero cnektpe ®JI umerorcs
TPH TOJIOCH, COOTBETCTBYIOIIHME IepexomaM -Po—°F, (659 uM), 'D,—°Hs (610 uwm),
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3Po—°Hs (543 mm). Yersipe smuccronnbix ypoes mona Prr* (Mg (= 21000 cm?), Py
(= 20800 cm ), Py (= 20050 cm), D, (= 16500 cM ') GIM3KH IO SHEPrHHU K SHEPTHH
yposust T, Phen. Hau6osnee MHTEHCHBHAS SMICCHS MPOMCXOMUT C YPOBHS Dy, MOCKOIBKY
BE/TMYNHA YHEPIeTHIECKOM Men Mex Ty ypoHsmu D, i T Phen ontuMarsHa.

B cnektpe Bo30Oyxkaenus xomruiekca [Eu(Phen)(Et,NCS,)s] muk, cooTBeTCTBYIOMINN
B030y:kmenuio Phen (So—S;), MeHee WHTEHCHBEH, YeM TIHKH, COOTBETCTBYIOIINE
BHYTPUKOH(UIYPALMOHHBIM f-f-iepexojaM 13 OCHOBHOrO cocrosiHmsi mona Eu®, wuro
yKa3bIBaeT Ha TO, YTO OMHHecIeH s Eu** HeadpeKTHBHO CeHCHOMTH3UPYETCS INTAHIOM.
Crnextp B030yxkmenusi komruiekca [Eu(Phen)(Et,NCS,);] He cormacyercss co cnekTpom
BO30YXKJIEHUSI 3TOTO KOMIUIEKCa, pUBEACHHBIM B padore [10], B KOTOPOM HHTCHCHBHOCTH
MWKa, OTBEYAIOIIEr0 TMEepexoay Sp—S; HaMHOTrO OOJbIIE WHTEHCHBHOCTEH IHKOB,
coorBercTBytomux f-f-mepexomam. Hapsay ¢ tem, uto Phen sBnsercs aHTeHHOW mus
mepexoga SHeprud K woHy EU®Y, nuTHOKapGaMaTHBI IWraHX TaKKe MOAUQUIUPYET
JIFOMUHECIEHTHBIE CBOMCTBA. ABTOPBI MPEANOJIATAOT, YTO MOHWKEHUE UHTEHCUBHOCTU DJI
TIPOMCXOIUT BCIEICTBHE IEPEHOCA 3apsiia OT AUTHOKApPOAMATHOro JWraHma K woxy Eu’™,
MOCKOJIBKY ~ JUTHOKAapOaMaTHBIM  JuraHj — oOnajaeT CUJIBHOM  DIIEKTPOHOJOHOPHOMU
CIOCOBHOCTBIO 1 CIIOCOOEH BoccTaHaBIMBaTh noH EU* 0 nona Eu”,

B cmektpax Bo3Oyxnenus aHanormuHbix KC uoOHOB To* wu Dy3+ UK,
COOTBETCTBYIOIIMI Tepexoay Sp—S;, WMEET MEHBIIYI0 HMHTCHCHBHOCTh, YEM IIHKH,
otHocsmuecst kK  f-f-mepexomam, dro ykaseiBaeT Ha  orcyrcTBUE  A((HEKTHBHOM
CEHCHUOMIM3AalMU 3TUX MOHOB Jura"jgamud. B pesynbrare ux @JI HamMHOro MeHee
nHTeHCHBHA, YeM ®JI anamormuneix kommiekcoB SM° u Pr¥*. IIns KC nonos Tb* u Dy3+
W3Jy4arole YypOBHU °D, (= 20500 CMil) u 4F9,2 (= 21000 CMfl) COOTBETCTBEHHO HAXOASATCS
HIDKE 110 DHEPrMH 10 OTHOIICHHIO K HH3IIEMYy TpPHILICTHOMY ypoBHIO Phen. Opmnaxo,
SHEPTETUYECCKUE IS CIUIIKOM Majbl, YTO MPUBOJAUT K OOpaTHOMY IEPEHOCY DHEPTHH C
HMOHA METaJIa Ha JIMTaH]. DTUM OO0BICHSICTCS HU3Kasi HHTCHCUBHOCTh DJI 3THX KOMILJICKCOB.

ABTOpPBI U3YUYWJIN BIIMSIHUE THUIA a30TCOJEPIKAIIETO JUTaHAa Ha HHTEHCUBHOCTh DJI.
s xommaekcoB [LN(L)(Et,NCS,)3] unTeHCHBHOCTD Tojioc B crekrpax DJI m3mensercs
cliefyronmmM oopazom B 3aBucuMocTH oT L: c¢Phen < 2,2°-Bipy < Phen B ciaygae Sm(lIl)
(puc. 19a), a B ciryuae Pr(111) cPhen < 2,2'-Bipy ~ Phen (puc. 196).
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Puc. 19. Crexrpst ®JI komrutekca [Sm(L)(Et;NCS,)3] 8 MeCN mpu 300K (a);
cnexkrpsl OJI kommaekca [Pr(L)(EtzNCS;)3] B MeCN mpu 300K (6)

[Ipupona 3amecTuTenss B AUTHOKApOAMaT-UOHE TAK)KE BHOCUT 3HAYMTCIBHBIA BKJIAJ B
®JI xommuiekca. Tak, wunHTeHcMBHOCTH Tmosoc @DJI kommuekcoB [Sm(Phen)(R,NCS,)s]
yBenmuuBaetcs B psny i-Bu < Et < Bz (puc. 20a), ogHaKo, i KOMIDIEKCOB HOHA Pr** Toro xe
cocTaBa OTHOIIICHHE MHTEHCUBHOCTEH Apyroe: i-Bu < Et < Bz (puc. 200). CpaBHeHHUE CIICKTPOB
®JI pasnonuranaaeix komiuiekcoB [Ln(Phen)(E,NCS,);] (Lh = Sm, Pr) u Terpakuc-
komiiekcoB  Et,NH,[LN(R;NCS,),] (Ln = Sm, Pr) mnokasano, 4yro wuHTeHCHBHOCTH DJI

KOMILIEKCOB, coneprkainux Phen, 6onbiire nateHcuBHocTH DJI TeTpakuc-KoMImiekcos (puc. 21).
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Puc. 20. Cuexrpsr ®JI kommiaekca [Sm(Phen)(R2NCS;)s] 8 MeCN mpu 300K (a);
criektpbl DJI kommurekca [Pr(Phen)(R2NCS;)3] 8 MeCN mpu 300K (6)
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Puc. 21. Criekrpbl ®JI komruiekcoB Et,NH,[SM(E,NCS,),] u [Sm(Phen)(Et,NCS;);3] 8 MeCN npu 300K (a);
crektpsl DJI kommutekco Et;NH,[Pr(Et;NCS;)4] u [Pr(Phen)(Et;NCS,)3] 8 MeCN mpu 300K (6)

KpanroBbie Bbixoabl ®@JI kommiekcoB [Ln(Phen)(Et;NCS,)s] (Ln = Sm, Pr) paBubr
11 +2% u 0.9 £ 0.5% cooTBeTCTBEHHO. Bpemsi ku3HU BO30YKIEHHOTO COCTOSHUS (IMHUCCHS
C YPOBHS 4G5/2) KOMILIeKca nosa Sm** paBHo 20.0 £ 0.1 pc, a BpeMst KU3HH BO30YKICHHOTO
cocTosiHus (3MuccHs ¢ ypoBHs 'D,) komiutekca noHa Pri* cocrasmster 0.221 + 0.001 pe [11].
dJI Ln(lll), conmeprkammx
[Nd(Phen)(i-Bu,PS,),(NOs)] u
[Nd(Phen)(i-Bu,PS,)3] B TBepaom cocrosiauu mipu 300K [9]. Crekrper atx KC nnentuunsl. B

JInmb HCOAaBHO HA4YAaTO  H3YYCHUC KOMILJICKCOB

mutrnodochuHar-uonsl. Mccrnenopana @JI  komruiekcoB

obmacti jmuuH BOMH A = 860-940 HM HaAOMIOMAFOTCS TMHKH, COOTBETCTBYIOIIUE IEPEXOTY

4 4 4 4

F3p—lgj, a B 06mactu A = 1040-1100 um — nepexony ~Fzp— 111, B HoHE Nd**. CootHOmIEHHE
. . 4 4 4 4 .

WHTEHCHUBHOCTEH JIMHHUM, COOTBETCTBYIOIIMX TepexoaaM Fzp— liyp U "Fsp—lgp, paBHO 4.5:1

(puc. 22). NurencuBnocth ®JI womrutekca [Nd(Phen)(i-Bu,PS,)s] B 1.7 pasa Beime, uyem
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Puc. 22. Cnexrp ®JI coenunenust [Nd(Phen)(i-Bu,PS,)3] mpu 300K u 44055 = 365 HM
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UHTeHCUBHOCTH  DJI [Nd(Phen)(i-Bu,PS,),(NO3)].  Ilo-Bumumomy, HAIMYAe B
[Nd(Phen)(i-Bu,PS,)s] xoopaunammontoro yziaa NdN,Sg 6otee 0,1aronpusTHO IS IPOSIBICHUS
momuHectieHnmy, deM  y3aa  NAN,O,Ss B xommutekce [Nd(Phen)(i-Bu,PS,),(NO3)]. s
coequaennii [Eu(L)(i-Bu,PS,)3] (L = Phen, 2,2’-Bipy) oonapyxure ®JI He ymamock. Ilo-
BUJIIMOMY, 3TO BBI3BaHO KpacHoi okpackoii atux KC [8].

O030p HUTEpaTYpPHBIX JaHHBIX CBUACTCIBCTBYET O TOM, 4YTo cBeaeHuss o DJI
KOMILJIEKCOB C 1,]-IUTHOJATHRIMU JTUTaHIaMHd HEMHOTOYHCIIEHHBI B OTHOCSTCS B OCHOBHOM

k kommuiekcam Ln(l1l) ¢ autnokapbamaT-noHamy.
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3ak/IoueHue

O0630p nHTEpaTypbl CBUAETENBCTBYET, YTO cpea 1,l-TUTHONATHBIX KOMILIEKCOB
Ln(lll) ©Oomnee wusyueHHbiMH sBiIstOTCS auTHoKapOamatHele KC. CuHTE3HMpOBaHO U
MCCIIEZIOBAHO (PU3UKO-XUMHUUECKUMH METOJaMH 3HAYWTEIBHOE YWCIIO TPUC- M TETPaKHC-
autrokapbamaToB Ln(l11), monydueH psa pasHOIUTraHAHBIX AUTHOKApOAMATHBIX KOMILIEKCOB
Ln ¢ O- u N-moHOpHBIMH NHTaHIaMHU. BONBIIMHCTBO TPHUC- M TETpaKHUC-AUTHOKApOaMaTOB
Ln(lll) momyuanu ¢ HCHOAB30BAHMEM MEp 3allUThI OT BIArM M KHCJIOPOAa BO3AyXa,
nockosibky 3T KC o0buHO HeycToiuuBbl. HaiineHno, 4To BBeleHHE B KOOPAMHAIIMOHHYIO
chepy Ln momommutenbHbIX N- m O-comepikamux JUTaHAOB MPUBOJUT K IOJYYCHHIO
YCTOWYMBBIX PA3HOJUTAHAHBIX KOMIUIEKCOB, 4YTO HEOOXOIMMO Ui WX JETaJIbHOTO
WCCIIEZIOBAaHUS W BO3MOXKHOTO TMPAKTHYECKOTO TpUMEHeHHs. Psaa  paboT mocBsieH
HCCIICIOBAHUIO  Pa3HONMIaHAHBIX  JUTHOKapOamaTHbIXx  komiuiekcoB  Ln(lll)  kak
MIEPCTICKTUBHBIX MPEANISCTBEHHUKOB MPU CUHTE3e CyIbPuaoB Ln myrem Tepmonnsa, B TOM
gucie MerogoM CVD, T.k. HEKOTOpbIE U3 ATUX COeAMHEHMH JieTydd. OTHOCUTENLHO HE1aBHO
Hauvato uccienopanue OJI qurnokapbamaTHbx komruiekcos Ln(l11).

Yucno myOnukauii, MOCBAIICHHBIX CHUHTE3Y, HCCIIEIOBAHUIO CTPOCHHUS U CBOMCTB
komruiekcoB Ln(ll) ¢ nurnodocdhunaTtHbiMU, AuTHOPOCHATHBIME M KCAHTOTCHATHBIMHU
JUTaHAAMHA  3HAYUTEIFHO MEHBIIE IO CpPaBHEHWIO C KOJIMYECTBOM paboT 1o
mutrokapbamatam Ln(ll). Jlume HECKOJIbKO JET Ha3aj MOSBWIMCH cBeieHus o DJI
pazHoymranaueix  autuodochunataeix  komiwiekcoB  Ln(lll).  Jlammeie o @ DJI
autrodpocdaTHeIX U KCaHTOreHAaTHBIX KomiuiekcoB Ln(l11), mo-Buaumomy, otcyrcTByror. B
psge paboT UCCIEeNOBaHbl MPOIECCHl AKCTPAKIIMOHHOTO pa3[elieHHs] JIAHTAaHUIOB U
AKTUHUJIOB C TIOMOIIBIO TuTHO(OChATHBIX M TUTHOGOCHUHATHBIX JUraHaoB. OHAKO B ATHX
paboTax WHAMBHUAYyaJdbHBIE TBepAble (a3sl He BbewsM, a obpasyrommecs KC
MCCIIeZIOBAJIMCH JINIIh B pacTBopax. [lomydeHne naHHBIX 0 TBEpABIX (a3zax KOMIIEKCOB LN ¢
STUMH JIMTaHJaMH BaKHO JIJIS JTYUIIIeTO MOHUMAHUSI XUMH3Ma TIPOIECCOB IKCTPAKITUH.

JlaHHble O MarHUTHBIX cBoMcTBax KomiuiekcoB Ln(ll) ¢ 1,1-aurtuonarasiMu
JUTaHJIaMU B IIUPOKOM MHTEPBAJIe TEMIIEPATYP B TUTEPATYPE OTCYTCTBYIOT.

TakuMm 00pazoM, B HACTOSIIIEE BpeMs aKTyalbHa 3aja4a pa3padOTKH METOJIUK CUHTE3a
HOBBIX yCTOunBBIX KoMIuiekcoB LN(I11) ¢ 1,1-auTHONATHBIMU JTUTaHIaMU, UCCICIOBAHUS UX

CTpoeHUs] W (PU3UKO-XMMHUYECKHX CBOWCTB, B OCOOCHHOCTH JIOMUHECHeHIuu. Jlis
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BBITIOJTHEHUS ATOU 3a/1au¥l ObUIO PEIIeHO pa3padoTaTh METOIUKHM CHHTE3a COSIMHEHUI HOHOB
Ln(l1) (Ln = Sm, Gd, Eu, Tb, Dy, Tm), koMmIuiekcbl KOTOpPHIX MOryT objamate DJI B
BHJIUMOM 00JIACTH CIIEKTpa, C TUTHOKAapOaMaT-noHaAMH, COACPIKAIIIMH TeTEPOIUKINIECKUC
U apoMaruyeckue (QparMeHTvl, ¢ autuodochuHaT- U AUTHOPOCHAT-HOHAMHU, a TaKXKE
dnyopodopamu  N-rerepormkinamu  wim  PhaPO. HeoOxoaumo jaeTaiabHO HCCIEI0BATh
CTpPOCHME, MarHuTHble cBoMCTBA M (DJI CHHTE3MPOBAHHBIX COCAMHEHUM, a TAKXKE HAWUTHU

KOPPEJISILIN COCTaB-CTPOCHNE-CBONUCTBO.

45



I'IABA 2. DKCIIEPUMEHTAJIBHAS YACTDb
2.1. UcxoaHblie BelecTBa

Jns  cunate3a coemumuenuii ucmonb3oBam  SM(NO3)3-6H,0O, Eu(NOs3);-6H,0,
GdCl;-6H,0, 2,2’-Bipy, 4,4’-Bipy, Phen-H,O xBamudukamuu “u.m.a.”, Tb(NOs3);-5H,0
«x.14.», PhaPO, 6,6’-Biq, Dy(NO3);-5H,0, CgHsCH,NHCS,Na, Et;NCI «a.», C4HgNCS,NH,
(dupmer Aldrich (97%)), i-Bu,PS;Na-3H,0, nonyuennsiit ucnapeauem 50%-HOro BOJHOTO
pactBopa i-Bu,PS,Na (pupmer Fluka), (i-PrO),PS,;K, momyuennsrit u3z Zn[(i-PrO),PS,],
(Peaxum) mo meromuke [132], mpemnoxennoi mis cunreza (EtO),PS,K u3z Ni[(EtO),PS,],.

PactBopurenu: i-PrOH «oc.u.», MeCN «u.1.a.», CH,Cl, u CgHg «x.u.», EtOH-pekTHrdukar.
2.2. IIpuGopbl M METOABI N3MePeHMit

Anamms Ha C, H, N Bemonssim Ha ananuzarope Euro EA 3000 ¢upmer «Euro Vektory.
Onpenenenue Cl npoBoauiu o [lIénurepy ¢ TuTpumMeTprueckuM okoH4YaHueM. COOTHOIIICHHE
EuTb B nmBoiiHoit  cucreme  [Eu(Phen)(i-Bu,PS,),(NO3)]-Th(Phen)(i-Bu,PS,),(NO3)]
OIPENENSUIM C IOMOULIBI0 METOJa aTOMHO-dMHMCCHUOHHOW CIIEKTPOMETPUM C HWHIYKTHBHO-
cBs3aHHOW I1a3mMod  Ha  crektpomerpe ICAP-6500 ¢upmer  «Thermo  Scientificy.
MoneKysIpHYyI0 Maccy onpeaessuii MetooM napodasuoit ocmomerpruu B CHCI.

WK-ciektpsl B obmacti 400-3800 cm ' sarmceiBank B TaGmerkax KBr ma
cnektpodoromerpe Scimitar FTS2000 pupmer «Digilab LLCy».

MarnuTHyr0 BOCIIPUMMYHUBOCTH (y) oOpasioB coemuHenuit m3mepsiiu Ha SQUID-
Maraeromerpe MPMSXL ¢upmbr «Quantum Design» B TemnepatypHoMm uHTepBasie 2—300K
MIPU HANpPSDKEHHOCTH MarHuTHoro mosst 5 KD. IlapamMarHUTHBIE COCTaBIISIIONINE MarHUTHOMN
BOCTIPUMMYHMBOCTH OMpPEACISUTA C YY4ETOM JMAaMarHUTHOTO BKJIAJA, OLEHEHHOTO W3 KOHCTaHT
ITackans. DdeKTUBHBINA MATHUTHBIA MOMEHT BBIYUCIIUIH 110 GopMYIIE i,y = [BKyT/(N aed)M,
rae Np, ug 1 K— arciio ABoraspo, MmaraeTon bopa u nmocrosiHHast boibliMana COOTBETCTBEHHO.

PCA mnpoeommmm Ha aBromudpakromerpe Bruker X8 Apex CCD dupmer «Brukery,
OCHAILICHHOM JBYXKOOPJIMHATHBIM JIETEKTOPOM, N0 cTaHaapTHoi metoauke (MoK -u3mydenue, A
= 0.71073A, rpaduroBsiii MoHOXpOMaTOp). CTPYKTYphI PEIIEHBI IIPSAMBIM METOJIOM U YTOYHEHBI

nosHoMaTpuuabiM MHK 1o F° B AHU30TPOIHOM JUIl HEBOJIOPOAHBIX aTOMOB HPUOIMKEHNUH 110
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komiuiekcy nporpamm SHELXL-97 [133]. [To3umuu Bcex atomMoB H onpesieneHbl U3 pasHOCTHBIX
cuHTe30B Dyphbe U BKITIOUYEHBI B YTOUHEHUE B MOJIENN «HAC3THUKAY.

POA monukpucTauioB COeAWMHEHWH mpoBoamwian Ha mudpakromerpax XRD-7000
¢dbupmbl «Shimadzu» u JIPOH-3M ¢upmer «bypeBectauk» (CuK,-uznydenne, Ni-Guiabtp,
¢dokycupoBka bparra—bpenrano). OOpa3upl A HCCIEIOBAaHUS TOTOBWIM CIIEIYIOIIUM
o0pa3oM: TOJUKPUCTAUIBI pacTUpaid B araToBOW CTyNKe B TPUCYTCTBHM TeITaHa,
MOJIYYEHHYIO CYCIEH3MIO HAaHOCHJIM Ha IMOJIMPOBAaHHYIO CTOPOHY CTaHIApTHON KBapLEBON
ktoBeThl. [locnme mcmapeHus remTaHa oOpasell MpeACTaBisd cO0OM TOHKHM pPOBHBIN CIIOU
(rommmua ~100 MkMm). Ytounenue [195 mpoogunu ¢ momorineio nporpammel PowderCell
2.4 [134]. B xoxe yrouHeHHs1 BapbupoBaiu npodwis mukoB, Gonr u [194. [Ipodumm mukos
ornuchiBany (QyHkuuei nceBmo-Boirta. [ns mpoBenmenuss yrounenus I195 crpykrypa
coeanHEHUs 8 OblIa Mpeodpa3oBaHa B CTAaHAAPTHYIO MMPOCTPAHCTBEHHYIO rpymiry P2,/c.

TepMorpaBUMeTpUYECKUN aHAIU3 COEAUHEHHUS 8 BBITIOJIHEH HAa TepMOAaHAIIM3aTope
TG 209 F1 ¢upmer NETZSCH. Pa3znoxenue obpasua npoBoawin B atMmocdepe He mpu
JTUHEIHOM HarpeBaHUH cO CKOpocThio 10 rpaa/MuH.

Cnextpsl Bo30yxaenust u @JI tBEpabIx ¢da3 komiekcos 2, 3, 5-18, 22, 24-27, 29—
31, 33-39 szanwmceBanu Ha crnekrpoporomerpe Cary Eclipse dupmer Varian mpu 300K.
Cnexktpet @JI T1BEpapIXx (a3 komruiekcoB 28 u 32 3anuceiBanii npu 300K Ha
¢dbayopecuenTHoM criekTpodoromerpe ADPC-24, 4,,,; = 313 HM.

Jns peructparuu kuHeTHK U criektpoB DJI tBepapix (a3 xommiekcoB 1, 4, 21, 23
HCMONIE30BAIM YCTAHOBKY, B KOTOPOI BO30Y>KIEHHE 00pa3IoB MPOU3BOAMIN 4-01 TApMOHUKON
HEOJIMMOBOTO J1a3epa (Aqss = 266 HM, UMIYJIbC JUITMTEIHHOCTRIO 5 HC). OOpaser] momerniaics B
CHEUUAIBbHBIA ONTUYECKUN KpUOCTAT U Haxoawscs B xkuakoM azote (77K). JlazepHbiit uMmysibe
(bpoHTaNbHO OCBelIall 0Opasell, JIOMUHECLIEHIHIO KOTOPOro (POKYCUPOBAJIM HA BXOJTHYIO ILIENb
MoHoxpomaTtopa MJIP-23 u peructpupoBamu ¢ nomomisio poroymuoxutenst @IY-84. Curnan
¢ @DV mnonpaBancs Ha mudpooit ocimmorpad Lecroy Wave Suffer 64, koTopslii 1mo3Bosisi
OTIU(POBBIBATH KUHETUKHU JIIOMUHECIICHIINH C BpEMEHHBIM pasperienuem (.1 HC B Auana3zoHe
OT HAHOCEKYHJ| A0 COTeH MWUIMCEKyHJ. KWHEeTHWKH, 3aperucTpUpOBaHHbIE B IMIMPOKOM
CIIEKTPAILHOM JIMAla30He, ¢ TOMOIIBI0 TporpaMMbl SpectraAnalizer TpaHchOpMUpPOBAIM B
pa3BEepTKY CIEKTPOB JIOMUHECHEHIIMK BO BpeMeHH. BpemeHa »u3H1 Haxo i o0paboTKOM 1Mo

MOHO3KCIIOHEHIIMAJILHOMY 3aKOHY B rporpamme Origin 7.5.
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2.3. MeToaNKH CHMHTE3Aa

2.3.1. Cunre3 kommiekcon Ln(l11) (Ln = Sm, Eu, Gd, Th, Dy, Tm),

coaepkamux NMUMPPOJIUINH- U 6eH31/IJIZ[HTl/IOKap6aMaT-HOHLI

Cunre3 NH,[Gd(C4HgNCS,),4] (1).

K pactBopy 0.19 1 (0.5 mmonsg) GA(NOs)s-6H,0 B 2 mut EtOH npu nepememmBanuu
no6assu pactBop 0.33 r (2.0 mmoins) C4HgNCS,NH, B 20 Mt emecu EtOH-CH,CI, (1:1 o
o0beMy), 3aTeM WUCHapsuTd TOJIydeHHYI0 cMmech Ha 2/3 oObema. BreimaBmmii ocamok
OT(OUIBTPOBBIBAIM HA CTCKISIHHOM (uUibTpe ¢ oTcackiBaHueM. DUIBTpaT HCHapsuid 10
MUHHMAJIBHOTO 00BEMa, OCNbIii 0CaToK OT(HWIFTPOBBIBAIA C OTCACBIBAHHUEM, IPOMBIBAIH
EtOH (2 pa3a mo 3 M) W cynmuid B dKCUKatope Han aHruapoHoM. Bexom 0.08 T (25%).
Hatineno, %: C 32.8, H 5.1, N 8.9. Brrunciieno mist CooHsgNsSgGd, %: C 31.6, H 4.8, N 9.2.
UK-criextp (KBr, em 1): 3041, 2960, 2865, 1620, 1425, 1326, 1247, 1216, 1160, 1100, 1009,
949, 915, 856, 731, 724, 638, 446, 424 (oueHb ciabble MOJIOCH 37I€Ch U JIajice HE MMPUBEICHBI).

Cunre3 [Sm(Phen)(C4HgNCS,);] (2).

K pacteopy 0.11 r (0.25 wmmomsas) Sm(NO3);:6H,O0 B 2 wmn i-PrOH npu
nepememuBanuu go6asmsui pactBop 0.16 © (1.0 mmons) C4HgNCS,NH, B 25 M cmecu
I-PrOH-CH,CI, (2:3 mo o0bemy). BemaBmmii ocamok NH;NO; ordunbTpoBbIBaM Ha
OymMakHOM (QHIBTpE, 3aTeM K GunbTpary godasnsiau pactsop 0.05 r (0.25 mmons) Phen-H,0O
B 2 mi i-PrOH. Cmech nepemenuBaiy B TeueHue 1 4. Ocaqok oTOUIBTPOBBIBAIM M CYIIHIN
B OKCHUKaTope Haja aHrujapoHoM. [Iponykt nepekpuctaumzoBbiBaum u3 8 miu CH,Cly,
pacTBOpUTEIh HCIAPSUIA O MUHUMAIBHOTO 00BEéMa mojn BeHTHiATopoM. Beixom 0.13 T
(70%). Haiineno, %: C 42.1, H 4.0, N 9.1. Berunciieno mist Cy7H3oNsSeSm, %: C 42.2, H 4.2,
N 9.1. MonekymsipHas macca: Haiaeno 781 (CHCI3), Berancieno 769. MK-cnektp (KBr,
cM 1): 3059, 2963, 2869, 1623, 1589, 1515, 1422, 1328, 1244, 1218, 1163, 1103, 1007, 948,
913, 852, 731, 720, 637, 445, 422.

Cunre3s [EU(Phen)(C4H8NCSZ)3] (3)
CHHTE3 KOMIUIEKCA 3 NPOBOAWIM [0 METOAUKE JUls Komiwiekca 2. Bwixom 70%.

Haiineno, %: C 42.3, H 4.7, N 9.1. Beruucaeno mist C,;H3NsSgEU, %: C 42.1, H 4.2, N 9.1.
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HK-crextp (KBr, cM '): 3435, 3048, 2963, 2868, 1623, 1588, 1514, 1462, 1424, 1328, 1245,
1217, 1165, 1102, 1007, 946, 914, 844, 726, 700, 637, 448, 421.

Cunre3 [Gd(Phen)(C4HgNCS,);] (4).

CuHTe3 KOMIUIEKca 4 TPOBOMWIM TIO METOAuKe Juisi kKoMmiuiekca 2. Buixom 60%.
Haiineno, %: C 41.8, H 4.0, N 9.0. Brruucneno s CyH3oNsSgGd, %: C 41.8, H 4.2, N 9.0.
UK-crextp (KBr, cM *): 3044, 2964, 2870, 1620, 1585, 1513, 1428, 1330, 1245, 1220, 1161,
1104, 1010, 946, 915, 854, 732, 723, 639, 446, 421.

Cunre3 [Tb(Phen)(C4HgNCS,);] (5).

CuHTE3 KOMIUIEKCa 5 MpOBOAWIM TIO0 METOIWKe s Komiuiekca 2. Bwixom 70%.
Haiineno, %: C 42.0, H 4.1, N 8.9. Berauciteno mist Co7H3oNsSgTh, %: C 41.7, H 4.1, N 9.0.
UK-criextp (KBr, cM 1): 3465, 3060, 2965, 2869, 1623, 1588, 1515, 1462, 1423, 1328, 1245,
1217, 1164, 1103, 1008, 947, 914, 851, 727, 700, 638, 448, 421.

Cunte3 [Dy(Phen)(C4HgNCS,);] (6).

CuHTe3 KOMIUIEKCa 6 MpOBOAWIM MO MeToAuke Juisi koMmiuiekca 2. Boixon 80%.
Haiineno, %: C 40.8, H 4.1, N 8.8. Brruucneno mis C,;H3oNsSgDy, %: C 41.1, H 4.1, N 9.0.
MK-criextp (KBr, cM 1): 3457, 3048, 2947, 2869, 1624, 1589, 1516, 1463, 1423, 1328, 1245,
1218, 1164, 1104, 1010, 949, 914, 852, 731, 700, 638, 447, 422.

Cunre3 [Tm(Phen)(C4HgNCS,);] (7).

CuHTe3 KOMIUIeKca 7/ TPOBOIWIM TO MeToAuke st komruiekca 2. Boixom 40%.
Hatineno, %: C 41.1, H 4.4, N 8.8. Beruaucieno mis C,;H3oNsSgTm, %: C 41.2, H 4.1, N 8.9.
UK-cnexrp (KBr, eM 1): 3435, 3048, 2963, 2868, 1624, 1589, 1515, 1463, 1426, 1328, 1245,
1217, 1166, 1103, 1011, 948, 914, 844, 726, 701, 638, 450, 422.

Cunre3 [Sm(2,2°-Bipy)(C4HgNCS,)3]-0.5CH,CI, (8).

K pactBopy 0.22 1 (0.5 mmonst) Sm(NO3)3-6H,0 B 3 M i-PrOH npu nepemernBanum
no6asisu pactBop 0.32 r (2.0 mmonb) C4HgNCS,NH, B 25 M cmecu i-PrOH-CH,CI, (2:3
nmo o00bémy). BemaBmmii ocamok NH;NO3z; ordunbrpoBbiBamm, 3ateM K QUIBTpATy

no6asysn pacteop 0.08 r (0.5 mmos) 2,2°-Bipy B 3 mi i-PrOH. Cmech nepemenimBaiy B
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TeueHue 2 4. CBETNIO-KENTHIM 0CaJOK OT(PHILTPOBBIBAIU C OTCACHIBAHUEM, MPOMBIBAIH
I-PrOH u cymmnu B 3kcukaTrope HaJl aHruaApoHOM. [TpoayKT nepekpucTauim3oBeiBanu u3 20
mi ropsiuero CH,Cl, m cymmnu B skcukarope Han anruapoHoMm. Beixom 0.24 1 (60%).
Haiineno, %: C 38.7, H 4.2, N 8.6, Cl 4.3. Beruncieno st Cos5H33NsCIS¢Sm, %: C 38.9, H
4.2, N 8.9, Cl 4.5. UK-criextp (KBr, cM *): 3431, 2943, 2867, 1597, 1563, 1427, 1326, 1241,
1213, 1175, 1156, 1100, 1008, 945, 912, 826, 764, 734, 698, 642, 446, 420.

Cunre3s [Eu(2,2’-Bipy)(C4HgNCS,)3]-0.5CH,CI, (9).

CuHre3 xomIutekca 9 mpoBoaway 1mo Meroauke st komruiekca 8. Beixom 0.12 1 (30%).
Haiineno, %: C 38.6, H 4.2, N 8.6, Cl 4.4. Beruucaeno miusa Cos5H33NsCISgEU, %: C 38.8, H
4.2, N 8.9, Cl 4.5. MK-criextp (KBr, cM *): 3424, 3070, 2943, 2867, 1597, 1563, 1428, 1326,
1241, 1213, 1175, 1156, 1100, 1009, 945, 912, 826, 765, 734, 698, 642, 447, 420.

Cunre3 [Tb(2,2’-Bipy)(C4HgNCS,);3]-0.5CH,CI, (10).

Cunte3 xomruiekca 10 mpoBoamiau mo MeTtomuke s komiuiekca 8. Beixom 0.12 r
(30%). Hatineno, %: C 38.8, H 4.2, N 8.9, Cl 4.5. Beruncneno st Cos55H33NsCISgTh, %: C
38.5, H 4.2, N 8.8, Cl 4.5. UK-cniektp (KBr, cm 1): 3434, 2944, 2867, 1597, 1563, 1429,
1326, 1242, 1214, 1176, 1158, 1101, 1011, 947, 913, 827, 765, 735, 700, 643, 449, 421.

Cunres [Dy(2,2’-Bipy)(C4HgNCS,)3]-0.5CH,CI, (11).

Cunre3 komruiekca 11 mpoBoaunu mo metonauke st komruiekca 8. Beixom 0.16 r
(40%). Hatineno, %: C 37.5, H 4.1, N 8.5, Cl 4.3. Beruncneno st C,s5H3sNsCISgDy, %: C
38.3, H 4.2, N 8.8, Cl 4.4. UK-cmiektp (KBr, cM *): 3433, 2945, 2867, 1597, 1564, 1427,
1324, 1241, 1215, 1176, 1156, 1103, 1005, 945, 915, 824, 763, 735, 696, 646, 448, 422.

Cunre3 [Tm(2,2’-Bipy)(C4HgNCS;);3]-0.5CH,CI, (12).

Cunre3 xommuiekca 12 mpoBomwiu mo Meroauke s komruiekca 8. Beixom 0.16 T
(40%). Haiineno, %: C 37.5, H 3.9, N 8.4, Cl 4.4. Boruucneno mst Cys5H33NsCISgTm, %: C
C 38.0, H 4.1, N 8.7, Cl 4.4. UK-cniektp (KBr, oM 1): 3441, 2945, 2866, 1598, 1562, 1428,
1325, 1240, 1212, 1177, 1159, 1103, 1006, 948, 913, 826, 765, 737, 701, 643, 447, 422.
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Cunte3 Sm(Phen)(CgHsCH;NHCS,); (13).

K pactBopy 0.22 r (0.5 mmoist) SmM(NOs3)3-6H,0 B 3 mi i-PrOH npu nepeMerimBannm
nobassmu pactBop 0.41 1 (2.0 mmons) CgHsCH,NHCS,Na B 14 mn cmecu i-PrOH—CH,Cl,
(1:1 mo o6wémy). Bemasmmuii ocamok NH;NO; ordumnsTpoBbiBaiiN, 3aTeM K GUIBTpaATy
no6assmu pactBop 0.10 r (0.5 mmons) Phen-H,O B 3 Mt i-PrOH. Cmecs nepemernnBaiu B
TeueHne | 4. CBeTJIO-KENTHI OCaZOK OTPHIBTPOBHIBAIIM C OTCACBIBAHUEM, MPOMBIBAIH
I-PrOH (3 pa3a mo 3 mu1) u cymuiu B 3Kcukarope Hajx anruapoHoM. Beixox 0.35 r (80%).
Haitineno, %: C 49.1, H 3.7, N 7.9. Beruncineno mis CzgH3oNsSgSm, %: C 49.3, H 3.7, N 8.0.
UK-criextp (KBr, cM 1): 3342, 3209, 3026, 2919, 1624, 1588, 1492, 1452, 1422, 1369, 1316,
1236, 1072, 981, 938, 844, 726, 698, 613, 552, 513.

Cunre3 Eu(Phen)(C¢HsCH,NHCS,); (14).

CunTe3 koMIuiekca 14 mpoBomwim mo meroamke s komruiekca 13. Beixox 0.36
(80%). Haitneno, %: C 48.2, H 3.8, N 7.7. Beruucneno mius CzgHzoNsSgEU, %: C 49.2, H 3.7,
N 8.0. MK-cmextp (KBr, cm %): 3344, 3211, 3026, 2915, 1625, 1589, 1494, 1452, 1422, 1369,
1318, 1236, 1072, 982, 939, 843, 727, 697, 612, 552, 513.

Cunte3 Th(Phen)(CsHsCH,NHCS;)3- CH,Cl, (15).

K pactBopy 0.22 1 (0.5 mmossi) Th(NOs)3-5H,O B 3 mut i-PrOH npu nepeMenimBanuu
no6assmu pactBop 0.41 1 (2.0 mmons) CgHsCH,NHCS;Na B 14 mn cmecu i-PrOH—CH,Cl,
(1:1 mo o6wémy). Bemasmmuii ocamok NH4NO; ordunstpoBhiBainN, 3ateM K GUIBTpaTy
nob6asysmu pacteop 0.10 r (0.5 mmons) Phen-H,O B 3 mu i-PrOH. Cmech oxnaxnaim B
xonoauapHuKe B TedeHue 30 muH. bexeBblil ocaliok OT(GMIBTPOBHIBAIN C OTCACHIBAHHEM,
npombiBasik I-PrOH (3 pasa mo 3 M) ¥ Cylmman B 3KCHKATOpPE HaJ aHTUAPOHOM. Bbwixon
80%. Haiineno, %: C 46.2, H 3.8, N 7.4. Beruucaeno mius Cz;HauNsClSeTh, %: C 45.8, H
3.5, N 7.2. MK-cmexrp (KBr, cm ): 3346, 3205, 3024, 2916, 1626, 1589, 1494, 1453, 1420,
1367, 1316, 1235, 1074, 983, 937, 845, 727, 698, 614, 554, 514.

Cunres Sm(Ph;PO)(C,HgNCS,); (16).
K pacteopy 0.11 r (0.25 wmmomsg) Sm(NOz);6H,O B 2 wmn i-PrOH npu
nepememuBaann 100aBsum pactBop 0.16 r (1.0 mmonb) CgHsCH,NHCS,Na B 17 mit cmecn

I-PrOH-CH,CI, (7:10 o 06wémy). Beimasmuii ocagox NH4NO;z oTdhuibrpoBeiBaiu, 3ateM K
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¢uneTpaty nob6aemsum pactBop 0.07 t (0.25 mmons) PhsPO B 2 mur i-PrOH. PactBop
TIepeMEIIMBaIN B TeYCHHE | 4, 3aTeM UCTapsIi 0 MUHUMAILHOTO 00béMa. bermbrii ocamok
OT(HUIBTPOBBIBAIH C OTCACBIBAHUEM, 3aTE€M MEPEKPUCTAILTHN30BBIBATH U3 4 M1 cmecn EtOH-
CH,Cl, (1:1 mo 006béMy), K BBIMaBIIEMY Macio00pa3sHOMY MPOAYKTY A00ABJISIA TEKCaH,
BBIMABIINN OCaJ0K OT(GHIBTPOBBIBAIN M CYIIWIM B SKCHKATOpPE HAJl aHTUAPOHOM. BwIxon
0.06 r (30%). Hatineno, %: C 45.8, H 4.7, N 5.2. Beruncieno mist C33HzgN3OPSgSm, %: C
45.7,H 4.5, N 4.8. MK-crextp (KBr, cm *): 3438, 3053, 2960, 2866, 1619, 1589, 1483, 1463,
1434, 1328, 1246, 1218, 1177, 1122, 1016, 950, 914, 827, 747, 725, 690, 541, 452, 424.

Cunres Eu(Ph;PO)(C,HgNCS,), (17).

Cunre3 xomruiekca 17 mpoBoawiaum 1o Metomuke st komiuiekca 16. Beixom 40%.
Haiineno, %: C 48.7, H 4.8, N 3.9. Breruucaeno miua Ci3HigN3OPSgEU, %: C 45.6, H 4.5, N
4.8. VIK-ciextp (KBr, cm 1): 3433, 3052, 2966, 2867, 1616, 1588, 1486, 1463, 1438, 1327,
1245, 1216, 1179, 1122, 1016, 953, 914, 828, 747, 725, 691, 539, 451, 422.

Cunres Tb(Ph,PO)(C,HgNCS,), (18).

K pactBopy 0.11 1 (0.25 mmomnst) Th(NO3)3-5H,0 B 2 M1 i-PrOH npu nepeMenimBanuu
nobassiu pactBop 0.16 r (1.0 mmons) CgHsCH,NHCS,Na B 17 ma ecmecu i-PrOH—CH,Cl,
(7:10 mo o6bémy). Bemabmmuii ocamok NH4NO; ordunbTpoBbIBamyM, 3atemM K (GuibTpaty
no6assin pacteop 0.14 1 (0.5 mmons) PhsPO B 3 mut i-PrOH. PactBop nepemerivBaiy B
tedeHne 1 4. PactBop wcmapsiaum 10 MUHUManbHOro 00bEéMa. benblii  ocamok
OT(QUIBTPOBBIBANIU C OTCACHIBAHUEM, 3aTEM MEPEKPUCTAIIN30BbIBANIN U3 6 M cMecu EtOH—
CH,CI; (1:1 mo 00Bémy). K BhImaBmemMy MaciiooOpasHOMY MPOAYKTY HOOABISUIA TEKCaH,
BBITIABIINI 0CaJOK OT()HIBTPOBBIBAM M CYIIWIM B SKCHKATOpE HaJ aHTUAPOHOM. BrIixon
0.05 r (20%). Haiineno, %: C 45.5, H 4.7, N 4.6. Beruncieno ams CzsHzgN3sOPSgTh, %: C
45.2,H 4.5, N 4.8. UK-criextp (KBr, cM *): 3438, 3050, 2961, 2863, 1628, 1583, 1485, 1461,
1435, 1330, 1247, 1219, 1180, 1118, 1013, 952, 910, 829, 746, 722, 688, 542, 453, 423.

Cunres Sm(Ph;PO),(C,HgNCS,); (19)
K pacrBopy 0.11 t (0.25 wmmomsa) Sm(NO3z);:6H,O B 2 mu i-PrOH mpwm
nepemernuBannu go06asysu pactBop 0.16 t (1.0 mmons) CgHsCH,NHCS,Na B 17 ma cmecu

I-PrOH-CH,CI; (7:10 o 06sémy). Beimasmuii ocagok NH4NO;z oTdhmibTpoBeiBaiii, 3ateM K
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¢uneTpaty nobammstium pactBop 0.28 T (1.0 mmoms) PhsPO B 3 mur i-PrOH. PactBop
nepememmBany 1 4. PacTBop wmcmapsuii 10 MHUHUMaIbHOTO 00BEMa. benblii ocamok
OT(HUIBTPOBBIBAIH C OTCACBIBAHUEM, 3aTE€M MEPEKPUCTAITN30BBIBAIN U3 6 M cmecu EtOH-
CH,CI; (1:1 mo 00béMy) U CymmiM B dKCHKaTope Haa aHruapoHoMm. Beixox 0.15 r (50%).
Haiineno, %: C 51.2, H 4.6, N 3.8. Berancaeno mist CsoHsgNsO5P,S¢Sm, %: C 50.8, H 4.6, N
3.4. UK-cmextp (KBr, cM 1): 3421, 3054, 2965, 2872, 1588, 1486, 1458, 1436, 1328, 12486,
1215, 1177, 1119, 1094, 1011, 953, 913, 829, 745, 721, 690, 539, 450, 423.

Cunres Eu(Ph;PO),(C,HgNCS;), (20).

K pactBopy 0.11 1 (0.25 mmonst) EU(NO3)3-6H,0 B 2 M i-PrOH npu nepememmBanuiu
no6assmu pactBop 0.16 1 (1.0 mmoins) CgHsCH,NHCS,Na B 17 mn ecmecu i-PrOH—CH,Cl,
(7:10 mo o6bémy). Bemabmmit ocanok NH;NO;3; oTdunbrpoBeBanm, 3aTeM K (UIBTpaTy
no6asisuiu pactBop 0.14 1 (0.5 mmouns) PhsPO B 3 mit i-PrOH. PactBop nepemernuBanu 1 d.
PactBop wucmapsnm n0 MuHuUManbHOro oObéma. KpacHblii ocalok OTQUIBTPOBBIBAIU C
OTCachbIBaHUEM, 3aTeM IiepekpucTaumm3oBbiBaii 3 6 Ma cmecu EtOH-CH,Cl, (1:1 mo
00bEMY) U CymuIM B dKcUKaTope Haja anruapoHom. Beixon 0.12 r (35%). Haiineno, %: C
50.8, H 4.7, N 4.1. Beruucneno s CspHsgN3O,P,SeEU, %: C 50.7, H 4.6, N 3.4. K-cniekTp
(KBr, cm Y): 3431, 3050, 2962, 2870, 1585, 1489, 1456, 1433, 1329, 1248, 1216, 1176, 11186,
1091, 1011, 951, 915, 827, 746, 722, 691, 538, 452, 424.

2.3.2. Cunte3 kommiaekcon Ln(l11) (Ln =Sm, Eu, Gd, Th, Dy, Tm),

coepKAIMX AMU300y THIANTHO(POCPHHAT-HOHBI

Cunre3 Et;N[Gd(i-Bu,PS;)4] (21).

K pactBopy 0.19 r (0.5 mmons) GdCls:6H,O B 2 man EtOH npu mepemerinBanuu
nobasysn pacteop 0.57 r (2.0 mmons) i-Bu,PS,Na-3H,0 B 4 man EtOH. BrimaBmmii ocaaok
NaCl orpunbsrpoBeiBaiy, 3aTeM K puibrpary nodasisum pactBop 0.08 r (0.5 mmois) Et;NCI B 4
mi I-PrOH. Cmechk nepeMeniBaiy B TeueHue 1 4, 3aTeM OT(HUIBTPOBBIBAIH BBITABIIHNA 0CAIOK
NaCl, ¢wnprpar ucmapsuim nmocyxa. K cyxomy mponykry nobaemum 8 wmin CHLCl,
OTOWIBTPOBBIBAIIA HEPACTBOPHUBIIHUICS OCTATOK, PUIBTPAT UCTIAPSUIN JTocyxa. bemoe BemecTBo

CYIIMJIM B DKCHKaTope Haj aHruaponoM. Bexon 0.28 1 (50%). Haiineno, %: C 42.7, H 8.1, N
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1.2. Beruucneno mist CyHgoNP,SgGd, %: C 42.2, H 8.2, N 1.2. K-cniektp (KBr, cM ) 3379,
2954, 2865, 1627, 1468, 1404, 1359, 1241, 1166, 1102, 1062, 998, 844, 810, 707, 621, 528.

Cunre3 [Sm(Phen)(i-Bu,PS,);] (22).

CunTe3 KoMIUIeKca 22 TIPOBOIMIIM 10 MeTonuke, ormcanHou B [120]. MonekymspHas
macca: Haitnero 929 (CHCIy), Berancieno 959. UK-crexrp (KBr, em ) 3399, 2953, 2868, 1625,
1590, 1516, 1462, 1422, 1363, 1240, 1164, 1107, 1066, 963, 844, 812, 768, 724, 616, 533.

Cunres [Gd(Phen)(i-Bu,PS,)s] (23).

K pactBopy 0.19 r (0.5 mmons) GdCl;-6H,0 B 2 M EtOH mpu nepemermBanunu
no6assmu pactBop 0.57 1 (2.0 mmoib) i-Bu,PS;Na-3H,0 B 7 v MeCN. BeimaBmuii ocamgok
NaCl ordunsTpoBsIBamn, 3areM K ¢unbrpary mobasisuin pactBop 0.10 r (0.5 mmoss)
Phen-H,O B 2 M1 MeCN. Hcnapsiin pacTBOp J0cyXa, IpH 3TOM 00pa3zoBaioch macio. [Tocie
nepekpuctaumm3anuu u3 ropsaero MeCN obOpazoBsiBanack TBepaas ¢aza. Berxox 0.28 T
(65%). Hatineno, %: C 43.8, H 6.5, N 2.7. Boruucneno mius CigHgoN,P3S¢Gd, %: C 44.8, H
6.5, N 2.9. UK-crextp (KBr, cm *): 3396, 2950, 2869, 1626, 1591, 1515, 1464, 1425, 1362,
1241, 1165, 1106, 1065, 965, 843, 812, 769, 723, 615, 535.

Cunre3 Sm(2,2’-Bipy)(i-Bu,PS;); (24).

CunTe3 KoMIulekca 24 mpoBoAWIU MO MeTomauke, ommcanHoi B [120]. MK-cmektp
(KBr, cm 1): 3457, 2952, 2866, 1634, 1597, 1434, 1382, 1240, 1162, 1106, 1064, 1009, 837,
809, 762, 713, 617, 529.

Cunte3 [Sm(Phen)(i-Bu,PS;),(NO3)] (25).

K pactBopy 0.11 r (0.25 mmosst) SM(NO3)3-6H,0 B 3 M i-PrOH nipu nepememmBanuu
npubassun pactBop 0.22 r (0.75 mmons) i-Bu,PS,Na-3H,0O B 6 mut i-PrOH. Beimapmiuii
ocanok NaNOj ordunbTpoBeIBaM Ha OyMa)kHOM (DUIBTpE, 3aTeM K (UIBTpaTy MpUOaBIIsIIN
pactBop 0.05 r (0.25 mmosst) Phen-H,O B 2 Mt i-PrOH. TonyueHHbIi pacTBOp MepeMenInBaIn
B TeueHne 40 MHH, BRITIABIIMN 0CaJ0K KPEMOBOTO IIBETa OT(QHIBTPOBBIBAIN C OTCACHIBAHHEM,

npombiBaii 4 mit i-PrOH u BeicymmBanu B skcukarope Haja aHruapoHom. Bexon 0.1 T (50%).

Haiineno, %: C 41.5, H 5.3, N 5.1. Beruucieno mist CygHasN3O3P2S,Sm, %: C 414, H5.5 N
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5.2. UK-cnextp (KBr, cm *): 3062, 2955, 2868, 1625, 1589, 1500, 1426, 1366, 1281, 1146,
1105, 1066, 1027, 850, 810, 727, 603, 528.

Cunte3 [Th(Phen)(i-Bu,PS;),(NO3)] (26).

K pactBopy 0.09 1 (0.25 mmois) Th(NO3)3-5H,0 B 2 M i-PrOH nipu nepeMenimBanuu
npubasisin pacteop 0.29 r (1.0 mmons) i-Bu,PS,Na-3H,O B 5 miu i-PrOH. Benasmmii
ocagok NaNO; ordunbTpoBbIBany Ha OyMa)kHOM (QUIBTPE, 3aTeM K QUIBTPATy MpUOaBIIsLIIN
pactBop 0.05 r (0.25 wmmons) Phen‘H,O B 2 ma i-PrOH. IlomydeHHblii pacTBOp
nepeMerMBaid B TedeHue | 4. BwimaBmmii ocajok 0emoro mpeTa OTQHIBTPOBHIBAIU C
orcacbiBaHueM, TipoMbiBasi 4 mil i-PrOH u BeIcymMBamy B 9KCHKAaTOpPE HAJl aHTHUAPOHOM.
Beixox 0.12 r (65%). Haiineno, %: C 41.1, H 53, N 5.1. Beruucieno s
CHusN3O3P,S,Th, %: C 41.0, H 5.4, N 5.1. MK-ciekrp (KBr, cm Y): 3062, 2955, 2867,
1627, 1590, 1496, 1428, 1365, 1285, 1147, 1105, 1063, 1029, 851, 809, 725, 606, 530.

Cunres [Dy(Phen)(i-Bu,PS,),(NOs)] (27).

K pactBopy 0.11 1 (0.25 mmounst) DY(NO3);3-5H,0 B 2 M MeCN nipu nepeMenimBanuu
npubassin pactBop 0.29 r (1.0 mmons) i-Bu,PS;Na-3H,O B 6 ma MeCN. Brinasiimii
ocanok NaNO; ordunbTpoBbiBanu Ha OymMakHOM GUIBTPE, 3aTeM K QUIbTpATy IPUOaBIISIN
pacteop 0.05 r (0.25 wmmons) Phen-H,O B 2 mum MeCN. Ilony4eHHBIH pacTBOp
nepeMerBany B TeueHue 20 MUH, BBIMABIINI CBETIIO-KEITHIN 0CaJOK OT(QUIBTPOBBIBAIHU C
orcacbiBaHueM, npomeiBasid 5 M MeCN u BeICyIIMBaiIM B SKCHKATOpPE HaJl aHTHIPOHOM.
Beixox 0.09 r (40%). Haiineno, %: C 412, H 49, N 5.4. BeiumcieHo s
CogH4sN3O3P,S,Dy, %: C 41.0, H 4.9, N 5.1. UK-cnektp (KBr, CM_l): 3066, 2951, 2866,
1620, 1590, 1495, 1427, 1363, 1286, 1148, 1107, 1065, 1030, 852, 808, 727, 607, 531.

Cunre3 [Tm(Phen)(i-Bu,PS,),(NOs)] (28).

CuHTe3 KoMIUIeKca 28 MpOBOAWIM MO METOJuKe A Komruiekca 26. Beixom 0.12 T
(60%). Hatineno, %: C 40.2, H 5.5, N 4.9. Beruucneno mist CogHasN3O3P,S,Tm, %: C 40.5.
H 5.3, N 5.1. UK-crekrp (KBr, cm Y): 3063, 2956, 2869, 1627, 1589, 1506, 1426, 1384,
1288, 1147, 1107, 1065, 1030, 850, 810, 727, 608, 531.
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Cunte3 [Sm(2,2°-Bipy)(i-Bu,PS;)>(NOs)] (29).

K pactBopy 0.11 r (0.25 mmoinss) Sm(NOs)3-6H,0 B 2 mi i-PrOH nipu nepemernmBanum
npubassum pactBop 0.29 t (1.0 mmons) i-Bu,PS;Na-3H,O B 4 mn i-PrOH. Bemasmmii
ocanok NaNO; oThunsTpoBBIBaIN HAa OyMakKHOM (DUIBTPE, 3aTeM K (UIBTPATy MpHUOABIISIN
pactBop 0.08 T (0.50 Mmmodst) 2,2°-Bipy B 2 mit i-PrOH. [Tony4enHsrit pacTBOp mepeMenBaim
B TeueHre 40 MUH. BbImaBmmii ocaiok KpeMOBOTO IBeTa OT(OUIBTPOBBIBAIIN C OTCACBIBAHUEM,
npombiBasid 4 wut I-PrOH u BeIcymMBamu B 3KCHUKaTOpe Haj aHruapoHoM. Beixom 0.15 r
(75%). Haiineno, %: C 39.3, H 5.7, N 5.2. Beruucneno mist CygHysN3O3P,S,Sm, %: C 39.7, H
5.6, N 5.3. HK-ciexrp (KBr, cm ): 3456, 3118, 3075, 2954, 2867, 1598, 1574, 1482, 1438,
1382, 1289, 1160, 1013, 844, 811, 765, 738, 647, 600, 522, 412.

Cunre3 [Tb(2,2’-Bipy)(i-Bu,PS,),(NO3)] (30).

K pactBopy 0.09 1 (0.25 mmoust) Th(NO3)3-5H,0 B 2 mut i-PrOH npu nepememmBanunn
npubasisum pactBop 0.29 t (1.0 mmons) i-BuPS;Na-3H,O B 5 mu i-PrOH. Bemasmmii
ocamok NaNO; oThunsTpoBBIBaIN HA OyMakKHOM (DHUIBTPE, 3aTeM K (UIBTpATy MPHOABIISIN
pactsop 0.04 r (0.25 mmois) 2,2 -Bipy B 2 mut i-PrOH. TlonydeHHBIH pacTBOp HepeMeInBaIT
B TedyeHwe | 4. BremaBmmii ocagok 0enoro 1mBeta OT(OUIBTPOBBIBAIU C OTCACHIBAHHEM,
npombiBayid 4 wit I-PrOH u BeIcymmBamu B dKcuUKaTope Haj aHruapoHoM. Beixom 0.17 T
(85%). Haiineno, %: C 39.2, H 5.5, N 5.2. Beruucneno s CygHygN3OsP,S,4Th, %: C 39.2, H
5.6, N 5.3. HK-ciiexrp (KBr, cm ): 3119, 3078, 2955, 2868, 2515, 1600, 1570, 1482, 1437,
1398, 1292, 1161, 1014, 843, 812, 767, 741, 648, 603, 524, 413.

Cunres [Dy(2,2°-Bipy)(i-Bu,PS,),(NOs)] (31).

Cunre3 xomiiekca 31 mpoBogunu mo meroauke s komruiekca 30. Beixox 0.08 T
(40%). Haiineno, %: C 39.3, H 5.5, N 5.3. Beraucneno s CosHysN3O3P,S4Dy, %: C 39.1, H
5.5, N 5.3. MK-cmexrp (KBr, cm 1): 3435, 3118, 3081, 2955, 2868, 2528, 1600, 1577, 1513,
1437, 1366, 1278, 1162, 1107, 1066, 1015, 842, 811, 769, 716, 648, 604, 524, 475, 414.

Cunre3s [Tm(2,2’-Blpy)(l-BUZPSZ)z(NO:;)] (32)

CuHTe3 KoMIUIeKkca 32 mpoBOAUIN 1Mo MeTtoauke s komruiekca 30. Beixom 0.15 T

(75%). Hatineno, %: C 38.4, H 5.5, N 5.2. Beruucneno st CogHysN3O3P,S,Tm, %: C 38.8,
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H 5.5, N 5.2. UK-cnexrp (KBr, cm '): 3402, 3121, 2955, 2868, 1601, 1570, 1488, 1438,
1383, 1296, 1162, 1110, 1066, 1015, 843, 811, 767, 737, 606, 528, 475, 415.

Cunrte3 Sm,(4,4’-Bipy)(i-Bu,PS,); (33).

K pacrBopy 0.11 t (0.25 wmmomsa) Sm(NO3z);:6H,O B 2 ma i-PrOH mpwu
nepemenrBannu npudassuin pactop 0.29 r (1.0 mmois) i-Bu,PS,Na-3H,0 B 5 mi i-PrOH.
Bremammuit ocamox NaNOj ordunsTpoBeiBanu Ha OymMaxkHOM (UIBTpE, 3aTeM K (PriIbTpary
npubasisun pacteop 0.04 r (0.25 mmois) 4,4 -Bipy B 2 mi i-PrOH. ITonydenHsiii pacTBop
MepeMeIMBaid B TeYeHUE 1.5 4, BBIMABIIMKA OCagoK Oeioro 1Bera OT(OHUILTPOBHIBAIHN C
otcacbiBanueM, npombiBaiu I-PrOH (2 pasa mo 3 MjI) ¥ BBICYIIMBAJIM B 3KCHUKATOPE HaJl
aaruaponoM. Beixon 0.06 T (20%). Haiineno, %: C 41.7, H 7.1, N 1.7. Beruncieno s
CsgH116N2P6S1,Sm,, %: C 40.7, H 6.8, N 1.6. HK-crextp (KBr, cM 1): 3372, 2955, 2868,
1597, 1464, 1404, 1365, 1216, 1165, 1108, 1065, 934, 841, 810, 716, 611, 530.

Cunre3 Eu,(4,4’-Bipy)(i-Bu,PS,); (34).

CuHTte3 xoMIuiekca 34 mpoBOAWIM MO MeToauke s komruiekca 33. Beixom 0.04 T
(10%). Haitneno, %: C 40.9, H 7.0, N 2.0. Beruncneno mis CsgHi16NoPsS12EU,, %: C 40.6, H
6.8, N 1.6. UK-crextp (KBr, cM *): 3367, 2955, 2868, 1597, 1464, 1404, 1366, 1216, 1165,
1108, 1065, 935, 842, 810, 716, 611, 530.

Cunres Tb,(4,4’-Bipy)(i-Bu,PS,)s (35).

CuHte3 xoMmIuiekca 35 mpoBoawiaM 1mo meroauke s komiuiekca 33. Beixom 0.04 T
(10%). Haitneno, %: C 39.4, H 6.9, N 1.7. Beruucaeno mist CsgHi16NoPgS1,Th,, %: C 39.4, H
6.7, N 1.6. UK-crextp (KBr, cM *): 3273, 2955, 2868, 1600, 1463, 1402, 1366, 1214, 1165,
1107, 1065, 1008, 932, 842, 810, 713, 610, 529.

Cunre3 [Sm(6,6’-Biq)(i-Bu,PS,);], (36).

K pacrBopy 0.11 t (0.25 wmmomsa) Sm(NO3z);:6H,O B 2 mu i-PrOH mpwm
nepemenrBanuu npudasisum pacteop 0.29 r (1.0 mmons) i1-Bu,PS,Na-3H,0 B 5 mu i-PrOH.
Bremasmmuit ocagok NaNOj oTrdunbTpoBbiBain Ha OyMakHOM (DUIBTpE, 3aTeM K (QUIbTpaTy
npubasisin ropstanii pactBop 0.06 r (0.25 mmosst) Phen-H,O B 7 mut i-PrOH. TonyueHHbli

pacTBoOp MnNCpeMCImrBaJIM B TCUCHHUC 1 4, HUCIapsAiIi A0 MHUHHUMAJIBHOTO O6'beMa, 3aTCM
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BBIMABIIUH 0CaJOK KPEMOBOT'O IIBETa OT(QHILTPOBLIBAIN C OTCACHIBAHUEM, IPOMBIBAIN 3 MJI
I-PrOH u BhICyIIMBaNM B 3KCUKATOPE HaJ aHTUAPOHOM. [IpOAYKT MEepeKpUCTAIUIN30BBIBAIIH
m3 10 max MeCN. Beixox 0.1 r (50%). Haiineno, %: C 49.3, H 6.0, N 3.2. Berumciieno s
CuoHesNoP3SsSm, %: C 48.8, H 6.4, N 2.7. UK-cmextp (KBr, cM 1): 3051, 2953, 1655, 1589,
1496, 1466, 1379, 1303, 1188, 1125, 1030, 944, 881, 828, 797, 765, 669, 613, 538, 478, 395.

2.3.3. Ilonyuenue TBEPABIX (a3 NBOMHON CHCTEMbI

[Eu(Phen)(i-Bu,PS;)2(NO3)]-[Tb(Phen)(i-Bu,PS,),(NOs)]

Cunre3 EugsThg5(Phen)(i-Bu,PS;),(NO3) (EugsThgs).

K pactBopy 0.1115 r (0.25 mmomnsa) Eu(NO3);-6H,O B 1 mu i-PrOH nmoGasisu
pactBop 0.1088 r (0.25 mmonst) Th(NO3);-5H,0 B 1 mit i-PrOH. K nonyuennomy pactBopy
npu nepemeriuBanuu 106asnsin pacteop 0.3008 r (1.05 mmons) i-Bu,PS;Na-3H,0 B 4 mi
I-PrOH. BemaBmmuii ocagqok NaNO;z; orduinsTpoBbIBaIn Ha OyMa)kHOM (HIBTpPE, 3aTeM K
¢wibtpary mobasisum pactBop 0.0793 r (0.40 mmons) Phen-H,O B 2 mit i-PrOH. Cwmecs
MepeMeIMBaid B TeUeHWe | 9, BBIMIABIIUN 0CATOK OT(HUILTPOBBIBAIIM C OTCACHIBAHHEM,
npombiBaiu i-PrOH (3 pa3za mo 3 Mi1) ¥ BBICYIIIMBAIIM B 9KCUKATOPE HAJl aHTUAPOHOM. Bbixon
0.28 r (70%). Haiineno, %: C 40.9, H 5.5, N 5.3. Boruucneno st CogHgsN3O3P,S4EUq5Thg s,
%: C41.2,H5.4, N 5.1. Haiineunoe coornomenue Eu:Th = 0.524:0.476.

Cunre3 Eug gThg »(Phen)(i-Bu,PS;),(NO3) (EuggThg ).

K pactBopy 0.1784 r (0.40 mmonst) EU(NO3)3-6H,O B 1 Mt i-PrOH nobasmnsiii pactBop
0.0435 r (0.10 mmomst) Th(NO3)s'5H,O B 1 ™Mt i-PrOH. [lanee mocTymand Kak MpU CHHTE3C
EupsThys. Bexox 0.30 r (75%). Haiimeno, %: C 41.1, H 57, N 5.3. Beruncieso mis
CogHasN3O3P,S,EuggThy 0, %0: C 41.3, H 5.4, N 5.2. Haiinennoe coornomenvie Eu:Th = 0.818:0.182.

Cunres EUg g5 Tho 15(Phen)(i-BuzPS3)2(NO3) (Euggs Tho.1s).

K pactBopy 0.1896 r (0.425 mmomst) EU(NOs)3:6H,O B 1 mit i-PrOH nobapisiimi pactBop
0.0326 T (0.075 mmomns) TB(NOs)3'5H,O B 1 ™ i-PrOH. [lanee mocTynmaiM Kak TpH CHUHTE3C
EugsThys. Bexog 0.27 r (65%). Haiimeno, %: C 402, H 53, N 5.2. BemuciaeHo mis
CogHaaN303P2S4EUy 85 Th 15, %0: C 41.3, H 5.4, N 5.2. Haiinennoe coornommenue Eu:Th = 0.849:0.151.
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Cunte3 Eug g9 Thg 1(Phen)(i-Bu,PS;)2(NO3) (EuggoThg.1).

K pactBopy 0.2007 r (0.45 mmomst) EU(NO3)3:6H,O B 1 Mt i-PrOH pobasnsti pactBop
0.0218 r (0.05 mmomst) Th(NO3)s'5H,O B 1 ™Mt i-PrOH. [lanee mocTymand Kak NMpU CHHTE3C
EugsThos. Bexox 0.30 r (75%). Haiineno, %: C 40.3, H 53, N 5.3. BerumciaeHo mist
CogHasN3O3P,S,EUggThy 1, %0: C 41.3, H 5.5, N 5.2. Haiinennoe coornomenre Eu:Th = 0.894:0.106.

Cunres EUg g25 Tho o75(Phen)(i-BuzPS;)2(NO3) (Eup.gz5 Tho.o7s)-

K pactBopy 0.2063 1 (0.4625 mmonst) EU(NO3);:6H,O B 1 Mt i-PrOH mobasmsum pactBop
0.0163 r (0.0375 mmomst) TH(NOs3)3'5H,O B 1 Mt i-PrOH. Jlasiee moctymamm kak Tpyd CHHTE3C
EugsThys. Bexom 029 1 (70%). Haiineno, %: C 405, H 55, N 5.3. Bermmcieno s
CogH44N303P2S4EUg o5 Thg 075, Y0: C 41.3, H 5.5, N 5.2. Hatinenroe cootnorrerre Eu:Th =0.931:0.069.

Cunre3 Eug o5 Ty g5(Phen)(i-Bu,PS,),(NO3) (Eug g5 Thg gs).

K pactopy 0.2119 1 (0.475 mmoist) EU(NO3)3-6H,0 B 1 ™ i-PrOH noGasisim pactBop
0.0109 t (0.025 mmomns) Tb(NOs)3'5H,O B 1 ™ i-PrOH. Jlanee mocTynamm Kak TpH CHUHTE3C
EugsThgs. Beixom 029 r (70%). Haiigeno, %: C 409, H 55 N 54. Beruucieno mis
CogHuaN303P2S4EUy 05 T 05, %0: C 41.4, H5.5, N 5.2. Haitnennoe coornomenue Eu:Th = 0.952:0.48.

2.3.4. Cunre3 kommiaexca Sm(I11), cogepxkamero nuu3onponuaanTuodochar-uoHbI

Cunre3 Sm(Phen)((i-PrO),PS,)s (37).

K pacteopy 0.09 r (0.21 wmmomsas) Sm(NO3);:6H,O0 B 2 wmn i-PrOH npu
nepeMeruBanuu no6asisuii pactBop 0.26 r (1.03 mmoms) (i-PrO),PS,K B 7 mut i-PrOH.
Brimasmmit ocanok NaNOj otdunbsTpoBsiBasi Ha OyMaxxHOM (UIBTPE, 3aTeM K (QUIbTpPaATy
no6asssu pactop 0.04 T (0.21 mmomns) Phen-H,O B 2 mut i-PrOH. Cmech nepemMeniubaiu B
tedeHue 10 MUH, BBIIABIINA 0CaJOK KPEMOBOTO IBETa OT(HUIBTPOBBIBAIH C OTCACHIBAHHEM,
npombiBasid 4 mi i-PrOH u BeIcymmBamu B dSKCHUKaTOpe Hala aHruapoHoM. Beixox 0.13 T
(65%). Hatineno, %: C 36.3, H 5.2, N 3.2. Beruucneno must C3gHsoN,O6P3SeSm, %: C 37.1,
H 5.2, N 2.9. UK-crexrp (KBr, em b): 3430, 3079, 2976, 2931, 2874, 1725, 1626, 1591,
1519, 1466, 1425, 1372, 1179, 1142, 1107, 991, 967, 887, 844, 757, 727, 675, 556, 456.
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2.3.5. Cunre3 kommiekcoB Sm(I11), conep:xkammx koopaunupoBanubie NO ; -HOHBI H

A30THCTBIC IT'CTCPONHUKJIBI

Cunte3 komiutekcoB [SM(Phen),(NOs)s] (38) u [Sm(2,2°-Bipy),(NOs)s] (39)
TIPOBOIIIIH [0 METOMKaM, orucanusM B [135, 136]. UK-crextp kommiekca 38 (KBr, cv b):
3432, 3064, 2496, 1626, 1576, 1474, 1423, 1304, 1220, 1103, 1030, 842, 814, 765, 724, 638,
417. UK-cnextp komruiekca 39 (KBr, CM_l)Z 3456, 3114, 3059, 2493, 1599, 1572, 1512,
1496, 1464, 1435, 1301, 1244, 1154, 1100, 1061, 1012, 893, 812, 770, 737, 645, 626, 411.

2.4. BoipanmuBaHe MOHOKPHCTAJJIOB KOMILJIEKCOB

[Iyrem MeJIGHHOTO WCIApeHUs] TPU KOMHATHON TeMIlepaType HAaCHIIICHHBIX
pacTtBopoB KomruiekcoB 8, 27, 36, 39 B pazIMUHBIX OPraHWYECKUX PACTBOPHUTENSIX OBLIH

BBIPAIIEHBl UX MOHOKPHUCTAIIIBI, HE COJIep KaIllie MOJIEKYJIbl pacTBOpUTEs (Tadu. 2).

Tabonuma?2
OcHoBHbIE KpUcTA/UIOTpaduyecKne XapaKTepPUCTUKHU coelMHeHuit 6a, 8, 22a, 27, 30a, 32a, 36,

39nu PAaCTBOPUTEIH, C HCITOJB30BAHUEM KOTOPBIX ObLIN BbIPpAalll€HbI MOHOKPUCTAJLJIBI

6a 8 22a 27 30a 32a 36 39
PactBopurens | CH,Cl, CH,CI, MeCN MeCN CsHe CsHg MeCN MeCN
Ip. rp. P1(-) P2i/n P1(-) Pbca P2,/c P2,/c P2,/c Pbcn
a, A 10.5611(3) | 10.1401(3) | 11.0554(3) | 19.9610(4) | 12.9744(4) | 12.9545(2) | 13.6678(6) | 16.8226(4)
b, A 19.5411(8) | 19.5406(7) | 15.0446(3) | 35.0221(7) | 16.5805(5) | 16.5934(3) | 25.6255(1) | 9.0461(3)
c, A 20.0794(8) | 16.0701(4) | 15.4849(4) | 10.6292(2) | 19.2148(6) | 19.1195(3) | 14.3613(6) | 14.9599(4)
a, 88.890(1) 90 89.22(1) 90 90 90 90 90
B,° 79.545(1) | 101.950(1) | 75.56(1) 90 105.88(1) | 105.92(1) | 93.533(1) 90
Y, ° 87.668(1) 90 73.48(1) 90 90 90 90 90
KY (Ln) 8 8 8 8 8 8 8 10
R-daxrop 0.0495 0.0222 0.0258 0.0539 0.0172 0.0166 0.0457 0.0140

[Tyrém MemyieHHOrO WCHapeHus TMpH KOMHATHOM TeMIepaType HaCBIIIEHHBIX
pacTBopoB KomIuiekcoB 6, 22, 30 u 32 B pa3nUyHBIX OPraHUYECKUX PACTBOPUTEINSAX OBLIH

BbIpallleHbl ~ MOHOKpHcTauiel  coiabBatoB  [Dy(Phen)(C4HgCS,)3]-:3CH,Cl,  (6a),
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[Sm(Phen)(i-Bu,PS;);]-MeCN (22a), [Tb(2,2°-Bipy)(i-Bu,PS,),(NO3)]-CcHs (30a) u
[Tm(2,2’-Bipy)(i-Bu,PS;),(NO3)]-C¢Hg (32a) cooTBETCTBEHHO.

B Tabn. 2 mnpencraBieHbl OCHOBHBIE KPUCTAIOTPAaUUYECKUE XapaKTEPUCTUKU
coenuHeHU 6a, 8, 22a, 27, 30a, 32a, 36, 39, momyuyenusie ¢ nomompbio PCA, a Takxke
pacTBOpHUTENHM, W3 KOTOPHIX OBUIM BBHIPAIIEHBl MOHOKPHUCTAUIBI COeAMHEHUH. BuIOOp
YKa3aHHBIX PAcCTBOpPUTEJICH JIsi BhIpAIIMBAHUS MOHOKPHUCTAJIOB KOMILUIEKCOB OOYCJIOBIICH
XOpOIIe pacTBOPHUMOCTBIO COCOMHEHWH B HCIOJB30BAHHOM pAcCTBOPHTENE M HX

CITOCOOHOCTEIO O6paSOBI>IBaTL MOHOKPHUCTAJUIBI ITPU UCIIApCHUH.
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I'JTABA 3. PE3YJIBTATBI U UX OBCYXKJIEHHUE

3.1. Cunte3 u ucciaegopanne kommiaekcos Ln(111) (Ln =Sm, Eu, Gd, Th, Dy, Tm),

coaepkamux NMUMPPOJIUINH- U 6eH31/IJIZ[HTl/IOKap6aMaT-HOHLI

3.1.1. Oco0eHHOCTH CHHTE3A

Terpakuc-xkoMmiiekc 1  ObI  MOAYyYeH B pe3yjibTaTe  PEaKkIHH  MEXIY
crexuometpuueckumu  koimmdectBamu  C4HgNCS,NH; um  Gd(NOs3);-6H,O B cMmecu

pactBopureieit EtOH-CH,CI, mpu koMHaTHO# TeMIiepaType Ha BO3yXe:

4C4HgNCS,NH, + GA(NOs)s-6H,0 _EOH-Crheh | NH,[GA(C,HENCS,),] + 3NH,NOs| + 6H,0

Cxema cunmesa komniekca 1

B OonbmmHCTBE paHee ONMyOJMKOBAHHBIX PadOT TETPAKMC-KOMIUIEKCHI MONTYYalld C
WCIIOJIb30BAaHMEM WHEPTHOU aTMocdepbl, aOCOIIOTHOTO 3TaHONA W OE3BOJHBIX PEarcHTOB
[45, 47, 51]. Pa3paboTanHas B JaHHOW pabOTe METOIMKA MO3BOJHIA MOJYYHTh TETPAKHUC-
KoMIuiekc 1 B BO3AymIHON aTtMocdepe 6e3 00e3BOKMBAHUS PEAreHTOB M PACTBOPHUTEIICH.
[Tony4eHHBIN KOMIUJIEKC YCTOMYUB HA BO3/1yX€E JUIMTEILHOE BPEMSI.

Jnst monmyuenust n3BectHbIXx KC 2—7 pazpaboTana ymydilleHHas METOJMKA, 3HAYUTEIIHHO
OTJIMYAOIIASCS OT METOAUKH, onrcaHHo! B [86]. B kauecTBe MCXOMHOM COJIM B3ATHI HUTPATHI, a
ne xmopuzasl Ln(I11) [137]. Bmecto abcomorHoro EtOH ucnonb3oBamu cmech i-PrOH-CH,Cl,.
Bemasmmii  ocamok NH4NO;3; ordunsrpoBeiBaii. B ornmmume ot [86] oOleHEeHBI BBIXOMBI
KOMIUIeKCOB. CHHTE3 KOMIUIEKCOB 2—/, KOTOPBIM MPOBOJIMIIM MPU KOMHATHOM TeMmeparype Ha
BO3/lyXe, COCTOMT W3 JByX craauil. IlepBas craaus, NpPEANONOKUTEIBHO, IPUBOIUT K

obpazoBanmto Tpuc-xenara LN(CyHgNCS,)3(s0n). TpHc-KOMILIEKC HE BBIAEISAIN U3 PaCTBOpA:
Ln(N03)3'nH20 + 3C4H8NCSZNH4 w) Ln(C4H8NCSZ)3(SO|V) + 3NH4N03l =+ nHZO

[Tocne ordunbrpoBeBanus NH4;NO; nobasmsimm Phen-H,O, BkiroueHue kotoporo B
KOOpAMHALMOHHYI0 cdepy wmoma Ln°* mnpmBoamt K  06pasOBAHMIO  YCTOMYMBBIX

pasnomuranaabix KC cocrasa [Ln(Phen)(C4HgNCS,)3]:

Ln(C4H8NCSZ)3 + Phen-H,O _FPrOH-CHyCly | [Ln(Phen)(ClegNCSz)g]l'i‘ H,O

Cxema cunmesa komniexcosg 2—1
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JlutrokapbamaTHasi COJIb OblIa B35iTa B HEOOIBIIIOM U30BITKE C IEIbI0 YBEIMYCHUS BBIXOIOB
KOMITJIEKCOB. BBIXOJIBI KOMIUIEKCOB 2—6 Tociie mepekpuctamum3anun coctaBisitor 60—80%,
BBIXOJI KOMIUIEKCA /, COJEPKAIIEeTro NOH THKEIOTO JTaHTaHU 1A (Tm3+), 3HAUYUTECILHO MEHBIIIE
u cocraniset 40% [137].

Coenunenust 8-12 obpasytorcs B pesynbrate peakiuu B cmecu CH,Cl,—i-PrOH

moHos Ln** ¢ C,HgNCS; -nonamn u 2,2°-Bipy mnpu MonbHOM cooTHomieHun 1:4:1

COOTBETCTBEHHO 110 CXEM€, aHAIOTUYHOM J1J1s1 KoMIriekcoB 2—6 [138]:

Ln(N03)3'HH20 + 3C4H8NCSZNH4 M, Ln(C4H8NC82)3(30|V) + 3NH4N03,L + IleO
l +2,2°-Bipy
[Ln(2,2’-Blpy)(C4H8NCSZ)3]OSCHZCIZl

Cxema cuumesa komniexcoe 8—12

ITo JTAHHBIM XHUMHAYECKOTO aHanmm3a COCIMHEHHUSI UMEIOT COCTaB
[Ln(2,2'-Bipy)(C4HgNCS;)3]-0.5CH,Cl,. Tlocme mnepekpucTaiM3aiiid HauOONBIINNA BBIXO]
(60%) Obu1 moNyueH I KoMIuiekca 8, Bbixonbl octanbHbIX KC pacnonaraiorcsi B UHTEpBaie
30-40%. [lynst OlleHKH YCTOMYMBOCTH MOJY4YEeHHBIX BemecTB, coaepkamux CH,Cly, B kauecTBe
nprMepa M3y4deHbl TepMudeckue cBoicTBa coeauHeHust 8 (puc. 23). Ilo manneim T, mpu
HarpeBaHUU COCTMHEHNs 8 3aMeTHas oTepsl Macchl HaurHaeTcst Juib okoio 110°C. Ha kpuBoii
TT" umerotcst Tpu crynenu. Ha nepsoit crynenu (110-200°C) notepst macchl 6mu3ka k 5%, 4To
cootBerctByeT notepe mosekyn CH,Cl, (Berancnennoe conepxanne CH,Cl, B 8 paBHO 5.4%).
BeposiTHO, BTOpasi CTyleHb COOTBETCTBYET OTILEIUICHHIO MOJeKybl 2,2°-Bipy. Tloteps Macchl
3aBepmaercst okoso 550°C. IIpoBeneno Beinep:kuBaHue oopasia coeaunenus 8 npu §0-90°C B
TeueHue 48 4. JlaHHBIC AJIEMEHTHOTO aHaau3a o0paslia MoKa3alid, YTO MPU ITOW TeMIepaType
Ja@Xe MPU TaKOM JUIMTEIBHOM BblAepxkuBaHuu monHoro yaaneHus CH,Cl, He mpoucxomur.
JlaHHBIE TEPMUYECKOT0 aHAIN3a U TEPMOBBIIEPKKU CBUAETEIBCTBYET O JOCTATOUYHO MPOYHOM
yaepkuannu mosiekysn CH,Cl, B kpuctammieckoit ctpykrype coenunenus 8 [138].

Takum oOpasom, 3amena Phen Ha 2,2°-Bipy B komruiekcax cocrasa [Ln(L)(C4HgNCS,);]
NpHUBENa K BKIFOUCHHUIO B CTPYKTYpPY coiibBaTHBIX MoieKyin CH,Cl,, uto, mo-Bummumomy, cBs3aHo

¢ OoJtee PBIXJION CTPYKTYPOM COCMHEHHI, MMEIOIIIUX MOJICKYITy 2,2’ -Bipy.
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Puc. 23. Kpusas TI" komruiekca 8 Ha Bo3myxe

Bzaumoneticteue LN(NO3)3-nH,O (Ln = Sm, Eu, Th), CsHsNHCS,Na u Phen-H,0O
(1:4:1) B cmecu pactBoputeneit CH,Cl—i-PrOH npu koMHaTHO# Temniepatype B BO3AYIIHOM

aTMocdepe, IPUBOJANT K 00pa30BaHHUIO PA3HOJUTAHIHBIX KOMILIEKCOB 13—15:

Ln(N03)3'HH20 + 3C6H5NHCSZNa M, Ln C6H NHC82)3(30|V) + 3NaN03l + IleO
+ Phenfm

Ln(Phen)(C6H5NHCSZ)3l + H,0 Tb(Phen)(C6H5NHCSZ)3CH2C|2l + H,0
(Ln = Sm, Eu)

Cxema cunmesa komniexcog 13-15

Beposartho, oOpazoBanue pazHoaurananbix KC Taxoke mpoucxoaut yepe3 oOpa3oBaHue
npoMexyTouHbIX Tpuc-koMiekcoB LN(CgHsNHCS;)301,), KOTOpBIE B IpoLiecce cHHTE3a HE
BBIICJSIFOTCSL M3 pacTBOpa, Kak W Hpu cuHTe3e 2—/. Jlng ocaxaeHus TBEpAOU (asbl
KoMILtekca woHa Th®* 15 MoTpeOOBANIOCH OXJAXKJICHHE pPacTBOpa TOCie JA00aBICHUS
Phen-H,O, 4ro, mo-BuamMoMy, CBsi3aHO C BBICOKOH pactBopuMocThio 3Toro KC. Ilpm
CHHTE3€¢ KOMIUIeKca 15 B KPUCTAJUIMYECKYIO CTPYKTYpPY TBepAod (a3sl BKIFOYACTCS
mosekyina CH,Cl,, uro cBs3aHo ¢ 0Oosee MeUIeHHBIM 00pa3oBaHueM TBEPIOW (a3bl MO
cpaBHeHuto ¢ aHanornyHbiMu kKoMiiekcamu SM(I) u Eu(lll). Berxoasr kommiekco 13-15
(mepexpucTamnuzanus He notpedoBanack) coctaBmiin 80%.

B pesynbrare B3amMoneiictus moros Ln®* (Ln = Sm, Eu), C4HsNCS,, u monexyn

Ph3PO (monpHOE cootHomenue 1:4:1) B cmecu pactBopureneit CH,Cly—i-PrOH o6pasyrorces
xkommiekcsl LN(PhsPO)(C4HNCS,); (Ln = Sm (16), Eu (17)). Ionyuuts xommiekc 18

Tb(lll) Toro xe cocraBa, MMEIOUIHI yIOBICTBOPUTEILHBIA 3JIEMEHTHBIN aHAIN3, yIalOCh
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JUIIb TPU MOJBHOM COOTHOIIEHMHM peareHToB 1:4:2 coorBeTcTBEHHO. J[lanbHeiliiee
yBenuuenne kouieHrpanuu PhsPO (u3menenre mMonbHOro cootHomienus ot 1:4:1 mo 1:4:4
s Sm(IH) u ot 1:4:1 mo 1:4:2 nna Eu(lll)) mpuBonut x obpasoBanuio KC, comepxanux
ase mojekyisl PhaPO, coctaBa Ln(PhsPO),(C4HgNCS,)s (Ln = Sm (19), Eu (20)). Onnako B
ciygae Th(lll) ucronp3oBanme naxe cootHomeHus 1:4:4 He TPUBOAMUT K BKITIOYECHHIO BTOPOI
Mounexyis PhsPO. BeposiTHO, 3T0 CBSI3aHO ¢ TeM, 4T0 HOH Th°* MMeeT MeHbIHMil paguyc 1o
cpaBHeHno ¢ moamu SM°* u Eu®*. B cessu ¢ otum mon Th®' He mMeer Bo3MOXHOCTH

BKJIFOUHTH B KOOPAWHAIIMOHHYIO cepy ele oany 00sEMHYI0 Mostekyry PhsPO.

Ln(NO3);-nH,0 + 3C,HgNCS,NH, _FPror-crach | | n(C4HgNCS,)s0ny + 3NH4NO3 | + nH,O

1:4:1 (Sm)
1:4:1 (Eu)
1:4:2 (Th

1:4:4 (Sm)

+ PhsPONL:4:2 (EU)
+ PhsPO

Ln(PhsP0)(C,HsNCS,)s Ln(PhsP0O),(C4HsNCS,)s

Cxema cuumesa komniexcog 1620

Kommiekenl, coaeprkaiiue ITUTHOKapOamar-uoHbl, Xxopoino pactBopumbl B CH,Cl,,
CHCI;, Genzone. Ciemyer OTMETHUTh, YTO BCE OTH COCJAMHCHUS YCTOWYMBBI HA BO3IYXC
JUTUTEIILHOE BpeMs, MPEUIOKEHHBIC B JaHHOW pabOTe METOJMKH CHHTE3a HE TpeOyroT
WHEPTHOU atMocdepsl U 00e3BOKMBAHUS MCXOJHBIX peareHToB. BbIOOp pacTBOpuUTENs Mpu
CHUHTE3¢ ONpEICIUICS PACTBOPHUMOCTEIO B HEM HCXOJHBIX BEIIECTB M TOJyYCHUEM

MPOAYKTOB C YAOBJICTBOPUTCIIBHBIM 3JICMCHTHLIM aHAJIMU30M.

3.1.2. lannbie PCA u POA

ITo JTaHHBIM PCA KpHCTaJTHYECKast CTPYKTypa COEIMHEHHS
[Dy(Phen)(C4HgCS;)3]-3CH,Cl, (6a) coctoutr wu3 kpucTauiorpapuuecKkd HE3aBHCUMBIX
mosekysn 1 u 2 omuosmeproro komruiekca [Dy(Phen)(C4HgNCS;)s] u momnexya CH,Cly,
pacIoNOKEHHBIX B 00mux mosumusx [137]. MonekynsapHas CTpPYKTypa KOMILIEKCA,

coaepxaniero arom Dy(1) (monekyna 1), mokazana Ha puc. 24.
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Puc. 24. MonekymsipHas ctpykrypa [Dy(Phen)(C4HsNCS;)s3] B kpuctasmie 6a

Komrieke, conepxkanmii arom DY(2) (Monekyna 2), UMEET aHAJIOTUYHYIO CTPYKTYpPY C
HE3HAYUTEIILHO OTJIMYAIOIIMMHUCS MEKATOMHBIMU paccTosTHUAMHE (Tad:. 3). B koopauHAIMOHHYTO
cepy atoma Dy Bxomsar 1Ba atoma N OnpeHTaTHO-IIMKIMYECKOro uradaa Phen ¢ untepaiom
paccrosuuii Dy-N 2.508(5)-2.563(5)A u mects atomMoB S Tpex OMAEHTATHO-LMKINYECKUX

mranos C4HgNCS ¢ unreppanom paccrosauii Dy-S 2.779(2)-2.870(2)A.

Tabnuma3l

N36pannbie naunbl csseii B [Dy(Phen)(C4sHsNCS,)s] B mostexyaax 1 u 2

Cas3b d A CBs3b d A
Dy(1)-N(1F) 2.508(5) Dy(2)-N(32F) 2.524(5)
Dy(1)-N(2F) 2.535(4) Dy(2)-N(31F) 2.563(5)
Dy(1)-S(11) 2.797(2) Dy(2)-S(41) 2.857(2)
Dy(1)-S(12) 2.857(2) Dy(2)-S(42) 2.810(2)
Dy(1)-S(21) 2.830(1) Dy(2)-S(51) 2.817(2)
Dy(1)-S(22) 2.788(2) Dy(2)-S(52) 2.838(2)
Dy(1)-S(31) 2.798(2) Dy(2)-S(61) 2.779(2)
Dy(1)-S(32) 2.870(2) Dy(2)-S(62) 2.847(1)

Koopaunarnmonnsrit nommap N,Sg atoma Dy (KU = 8) — nckakeHHBIN TPUTOHATBHBIN
nonexkasrap. Ilpu koopauHalUM JUTAHIOB OOpPa3yHOTCS TPHU YETHIPEXWICHHBIX XETaTHBIX
nukia DYS,C u narrnunennsiii xenatubiil uka DYN,C,. B mmockocTsx, mpoXoasammx yepes

aTOMBbI XCJIATHBIX ITHKJIOB DySZC, MAaKCUMAJIbHOC 3HAYCHUC OTKIOHCHUA a4TOMOB pPABHO
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0.034(2)A B monekyne 1 u 0.048(2)A — B Momekyne 2. JIByrpaHHbIE YIJIBI MEXIY
mwrockoctsasmu SDYS u SCS pasusr 4.0(1)°, 1.7(5)°, 6.5(5)° (monexyna 1) u 9.0(4)°, 6.0(5)°,
2.3(1)° (monexyna 2). CiemoBarelibHO, HAOIIOMACTCA 3HAYMTENbHAS IepOopMaIUs IMKIOB
DyS,C. Xematasie mmkiasl DyN,C, mnpakTH4eckd TIIJIOCKHE, CpeAHee OTKJIOHCHHE OT
cpenHecTaTHCTHYecKoi mmockoct pasHo 0.010(4)A mma 1 u 0.029(4)A nmna 2. Bee
nupponuanHosbie UKl CyHgN nurannos C4HgNCS, umeror koHdopmanuo KoHBepTa, B

KOTOPOM OJIuH 13 aToMOB C OTKIIOHSETCS OT TUIOCKOCTH U3 YETHIPEX JPYTHMX aTOMOB ITHKJIOB,
MakcHUManbHOe OTKIOHeHHe coctaBuno 0.56(1)A. Komeuma wmomexkyn Phen umeror
MPAKTHYECKU TIOCKOe cTpoeHue. CpeqHee OTKIIOHEHUE aTOMOB OT MX CPEIHEKBAIPATUIHON
mnockocTyu pasHo 0.021(5)A B monekyne 1 u 0.025(6)A B monexyne 2 [137].

Ha puc. 25 npencrabieH ¢parMeHT B3aMMHOTO PACIIOJIOKEHHUSI COCETHHX MOJIEKYII
[Dy(Phen)(C4HgNCS;);] B kpucrammnueckoi pemérke. [lapbl mapaiienbHBIX IIOCKOCTEH
OKOJIO IICHTPOB CHMMETPHH, B KOTOPBIX PAaCIONIOKEHBI MOJIEKYJIbI Phen, uMeroT paccTossHue
d = 3.406A, paccrosuus mexny riearpamu xoner Phen r(1) = 4.688A (monexyna 1), r(2) =
4.827A (monexyna 2). Dt 3HaueHus, coriacHo pa6ore [139], cOOTBETCTBYIOT m-T-

B3aMMO/ICHCTBUAM Mexay 1ukiamu Phen, 9to npuBoaut k o6pa3oBaHuto aHCAMOIIsl U3 JBYX

\GL
W
Puc. 25. ®parment ynakosku mojeky:t [Dy(Phen)(C4sHsNCS;)s]

B IIpOEKIHK Ha 110ckocTh (100) (amomsr H onywenst)
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Mosiekyn (1 wnm 2) komruiekca. Momekynbl 1, pasmHoxxkennsle nentpom (0.5, 0.5, 0.5),
umeror pacctosaue Dy(1)...Dy(1), paBHoe 8.484(4)A. Paccrosmume Dy(2)...Dy(2) B
monekynax 2 (0,0,0) pasro 8.735(6)A. Monekymst CH,Cl, pacmonaraiorcs B HOmocTaX
MEXIy MOJIEKYJIaMH KOMIUIeKca (puc. 25) WM COSAMHEHBI ¢ HUMHU Cia0biMu H-CBs3sMH.
Munnmansasie  paccrosaus Cl...C, S...C, N..C cocraBnsior 3.608, 3.675, 3.422A
COOTBETCTBEHHO W TIPEBHIMAIOT CYMMbI BaH-Jep-BaalbCOBBIX pajiiycoB aToMOB. Hamwmuume
koHTakToB C...C, N...C, cnabeix H-cBs3ei S...H-C mo3BonsieT OTHECTH coequHeHne 6a K
coiapBaTaM. Ilo-Bumumomy, Bkmrouenue wmoiekyn CH,Cl, cmocobctByer o0pa3zoBaHmio
MOHOKPHCTAJIIOB coenuuenus 6a [137].

Hudpakrorpamma KomIulekca 6 wm3o00pakeHa Ha puc. 26, audPaAKTOrpaMMBI
OCTaJIBHBIX KOMIUIEKCOB MOAO0OHBI. AHaIU3 MTUPPAKTOrpaMM MOKa3al, YTO KOMIUIEKCH 2—7
MU30CTPYKTYpHBL. [lo-BHIUMOMY, MOJICKYIsIpHBIE CTPYKTypbl 3Tux KC aHamorudHbI
CTPYKTYpE OJHOSACPHOTO KOMIUIEKCa 6 B conbBaTe 6a M coeaMHEHUs] 2—7 SIBIISIOTCS
onHosiaepubiMu [137]. OnpeseneHre MOJICKYJISIPHON MacChl KOMIUIEKCa 2 TTOKa3ajio, 4To ATO

coenunenue u B pactBope (CHCIy) sBisiercs Taxoke ogHosaepHbIM (C. 50).

10 15 20 25 30
20, rpan.

Puc. 26. ludpakTorpaMMbl KOMILIEKCOB 2—7

[To nanaeiM PCA kpucraumyeckas CTPyKTypa COCIUHEHHUS 8 COCTOHUT M3 MOJIEKYI
omHosiiepHoro komruiekca [SM(2,2°-Bipy)(C4HgNCS,)3] u pasymopsiioueHHBIX MOJICKYJ
CH,Cl,, mpuuem Ha 7Be MOJICKYJIbI KOMILICKCa mpuxoautcs oaHa mosekyiaa CH,Cl, Ha puc.

27 moka3aHa MOJIEKYJIIpHas CTpPyKTypa komiuiekca [138].
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Puc. 27. MonekyssipHast ctpykrypa [Sm(2,2-Bipy)(C4HsNCS,)3] B coenunennu 8

B xoopmunanmmonnyr cdepy aroma SM BxXxomar aBa atoma N OuaeHTaTHO-
UKJIMYECKOTro Jiuranja 2,2’ -Bipy, a Takke mecTb aToMOB S TpeX OHACHTATHO-ITUKITHYSCKUX
mura"ioB C,HgNCS . OcHoBHBIE MeXaTOMHBIE PAaCCTOSIHUS NTpUBEACHBI B Ta0i. 4. 13 Tabdm.
3 1 4 BUJIHO, UTO MPHU MEPeXojie 0T MOJICKybl Phen B kommuiekce 6a k moiekyie 2,2°-Bipy B
coeauHeHnu 8 3HayeHus ;i cBsizeid LN—N u Ln—S Heckospko yBenuuuBarotcs [138].

Koopaunarmonnsiit mommdap N,Sg aroma SM — UCKaKEHHash TeTparoHajabHas
anTUnpu3Ma. [Ipy KOOpIWHAIIMU JUTAHJIOB OOpPa3yIOTCS TPH YETHIPEXWICHHBIX XEJIaTHBIX
mukna SMS,C u nstuwieHHbd xenatHbeld muKT SMN,C,. JIByrpaHHbIE YTIIBI MEXIY

mwiockocTaMu SSMS m SCS xenaTHBIX IUKIIOB

SmS,C pasuer 3.3(1)°, 10.0(2)°, 12.2(1)°, uro

Taobaumad

N36panHbIe 1JUHBI CBSA3€il B COeTUHEHUN
CBUJIETEIILCTBYET O 3aMETHOU NehopMarvu IByX [SM(2,2°-Bipy)(CsHsNCS,)3]-0.5CH,Cl,

XeJIaTHBIX IMKIOB. XenatHeli muka SMN,C, Crs3b d A

MPAKTUYECKU TUIOCKUN, CpelHee OTKIOHEHHE Sm(1)-N(1P) 2.591(2)
aTOMOB  IIMKJIA ~ OT  CPEAHECTATUCTHUYCCKOU Sm(1)-N(2P) 2.608(2)
miockoctu pasHo 0.043(1)A. Tpu nsaTUdIeHHBIX Sm(1)-S(11) 2.8505(6)
muppouauHoBeIX  nukiaa  C4HgN  nmuranmoB Sm(1)-S(22) 2.8601(6)
C4HgNCS, nmeroT pasimuHyro KOHpOPMALIHIO, UTO Sm(1)-S(31) 2.8638(7)
omm4aeT 8 oT 6a, B KOTOPOM BCE THUPPOITHIUHOBBIE Sm(1)-5(12) 2.8641(6)
IIUKJIBI UMEIOT OJJMHAKOBYIO KOH(popMarmoo. Tak, Sm(1)-5(32) 2.8924(6)
OJIMH W3 IMKJIOB NMPAKTHUYECKU IUIOCKHM, cpeHee Sm(1)-S(21) 2.9042(7)
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OTKJIOHEHME OT CpEeHECTATHCTUYecKol IockocTd pasHo 0.032(2)A. Jlpa apyrux umeror
KoH(popmaiuio koHBepTa ¢ oTkioHeHuem aromoB C(13) m C(33) ma 0.397(7) u 0.571(6)
COOTBETCTBEHHO. YTOJI pa3BOpOTa IUIOCKUX MUPUINHOBBIX IUKIIOB 2,2’°-Bipy Bokpyr cBsizu C—C
OTHOCHTEIIBHO Apyr Apyra coctasiser 10.07(6)°, 4o He MO3BOISET PACCMATPUBATL STH LIUKIIBI
KaK OJIHy IUIOCKYIO cucTeMy. 3Hadenus jumn cesseit C N (1.32-1.33A) B muranmax C;HgNCS;
SIBJSIFOTCSL  TIPOMEXYTOYHBIMA MEXKy [UIMHAMHU CBSI3€H, XapaKTepPHBIMU JUI OJWHAPHON U
JIBOIHOIA cBsI3H yritepoa—a3oT. Jis s cesseit C— S (1.71-1.73A) cutyarms ananoruysa.

Ha puc. 28 npencrapnena yrnakoBka Mojiekyi komiiekca [Sm(2,2°-Bipy)(C4HgNCS,)z] u
pasynopsmoueHHblx Mosiekyn CH,Cl, B mpoekmuu Ha mrockocts (100). Momekyibn
KOMIUIEKCA HE CBSA3aHBI MEXKIY COOOM, BCE MEKMOJIEKYJISIPHbIE KOHTAKThl UMEIOT 3HaYEHUS
Ha ypoBHe BaH-mep-BaasbCOBBIX B3aUMOJCHCTBHIA, Hamboiee KOpPOTKHE KOHTakTHl S...C
nurauaa 2,2°-Bipy pasusl 3.613(4) u 3.625(3)A. Pasynopsnodennsie monekynsi CH,Cly, ¢
3acenéHHocThio mo3unmii 0.5, pa3Memiarorcs BOJIM3M  LEHTPOB CUMMETPUH  MEXAY
MOJIEKyJTaMu KoMIUIeKca. [loCKONbKY HUKAaKue B3aMMOJCHCTBUS MEXKIY MOJIEKyJIaMu
komiuiekca u wmoiekyaamu CHoCl, ne wnabGmromatorcs (MUHMManbHBIA KOHTAakT S...C
3.606(7)A), To MOKHO OTHEeCTH coequHEeHHEe 8 K combBaTaM. Ilo-BumumoMmy, 8—12 Taxxke

SIBIISIOTCS cojibBaTamu [138].
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Puc. 28. Ynakorka monekyn [Sm(2,2-Bipy)(C4HgNCS,)3] u CH,Cl; B kpucTaminueckoii

cTpykType 8 B poekiuu Ha ma1ockocThb (100) (amomsr H onywensr)

WnanumpoBanue audpakrorpaMm coenuHeHnid 8-12 mpoBOAWIM IO aHAJOTHH C

TEOpeTUYecKoil audpakrorpaMmMoil coenvHeHus 8, mnoaydeHHOM u3 panHbix PCA.
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DKcrepuMEeHTaIbHas M TeopeThdecKas qudpaKkTorpaMMBbl sl COeAMHEeHMs 8 coBniaym (puc.
29). dudpakrorpaMmbl 00pa3IoB COCIMHEHUN, TIPUTOTOBICHHBIX PACTUPAHUEM C T€NTaHOM
u Oe3 renraHa, He oTiu4YaroTcs. OYEBHIHO, YTO MPHU IMOATOTOBKE OOPA3IOB COCIWHEHUU
8-12 nnsa PDA (pactupaHue B TENTaHE) COCTaB COCIMHECHHH He mM3MeHWics. [lo maHHBIM
PDOA mudpakrorpammel coenuaennit 9-12 mogoOHbI qudpakTorpamme coequHeHus 8 (puc.
29). Ha mudpakrorpammax coenuHeHuit 9—-11 mpucyTCTByeT HEMPOWHIUIIUPOBAHHBIN TTHK

HEeOOIIBIION HHTeHCUBHOCTH (7.56, 9.72,9.73° 20 nns 9, 10 u 11 cootBeTcTBeHHO) [138].

Mw 8 (PCA)

T

26, rpan.

Puc. 29. DxcnepumeHTaIbHBIE TUPPAKTOTPAMMEI cOeTMHeHNI 8—12

U Teoperrueckas nugppaxkrorpamma coeauaenus 8 (PCA)

Jis coenunenuit 8-12 yrouHeHbl mapameTpbl AyieMeHTapHOi sueiiku. llomydeHHble
KpUCTaorpaduiecKue XapaKTepucTUKH st 8—12 mpuBeeHbl B TaOll. 5 U CBUICTEIBCTBYIOT
00 M3OCTPYKTYPHOCTH dTuX coenuHeHuil. Pazmuume [I195 mna coemunenuss 8 wmexay
MOPOLIKOBBIM M MOHOKPHCTAJIbHBIM SKCHEPUMEHTAMH OOYCIIOBJIIEHO pPa3HULEH TeMmepaTyp:

MOHOKPHUCTAJIbHBIN SKCIIepUMeHT npoBoauics rpu 150K, nopomikoseiii — npu 297K.

Tabnumal
Kpucrannorpaguyeckue XapakTepuCTUKH coeTnHeHnid 8—12.
CoennHeHHE a, A b, A c, A B, ° v, A3

8 (PCA) 10.1401(3) | 19.5406(7) | 17.1343(4) | 113.428(1) | 3115.18
8 10.214(2) | 19.641(3) | 17.256(3) | 113.62(2) | 3171.82
9 10.213(2) | 19.637(3) | 17.237(3) | 113.60(2) | 3167.90
10 10.200(2) | 19.597(3) | 17.196(3) | 113.59(2) | 3150.02
11 10.192(2) | 19.577(3) | 17.169(3) | 113.61(2) | 3138.80
12 10.176(2) | 19.542(3) | 17.137(3) | 113.60(2) | 3122.88
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YMeHnbleHne 00bEMa TYEHKN pu 1epexonie oT 8 kK 12 COOTBETCTBYET JTaHTAaHUIHOMY
ckartuio [138].

[Tomyuntsr MoHOKpHUCTaIUTBI coenuHeHuit 13-20 nme ymamoch, POA mokasan, 9to
kommiekeel  Ln(Phen)(CgHsCH,NHCS,); (Ln =  Sm  (13), Eu (14)) =u
Tb(Phen)(CsHsCH,NHCS,)3-CH,Cl,  (15)) amopdubr  (puc. 30a). YcraHOBIEHO, 4YTO

a)

20,rpan. 20, rpan.
Puc. 30. DxcniepyMeHTanbHble TH(pakTOrpaMMbl coenHernit 13—15 (a); skcnepruMeHTabHbIe

mudpakTorpaMmel coenHennit 1618 (0); sxcriepumeHTanbHbIe udpakTorpaMmel coenrHenui 19, 20 (B)

coequnenus Ln(Ph;PO)(C,HgNCS,); (Ln = Sm (16), Eu (17), Th (18)) umeror nogoOHbIe
audpaxrorpammsl  (puc. 300). Jdudpaxrorpammser kommiekcoB Ln(Ph,PO),(C,HNCS,),
(Ln = Sm (19), Eu (20)) Taxxe nono6usl (puc. 30B).

[Ipy mompITKaX MOTYYUTh MOHOKpUCTAUTBI KomruiekcoB 1, 6, 10, 16, 18, 19,
cogepxamux C4HgNCS, -nonbl, myTrem MeieHHoro ucnapeHust pactBopo 3tux KC B
cMmecsx pactBopureneii, cogepxkamux CH,Cl, (tabm. 6), npu Huzkoit temmepatype (-5°C),
obpazoBbiBach MOHOKpHcTaiutbl coenuaeHus [CHy(S;CNC4Hg),], cTpykrypa koToporo
panee ompenaenena ¢ momonisto PCA (puc. 31) [140]. OGpa3zoBaHue 3TOr0 COCIWHEHUS
aBTopbl [140] HeoxumanHo oOHapykuau mpu B3aumoaericTeuu [Ga(acac)s] ¢ C4HgNCS,H B
CH,Cl,. 910 coenunenue cocrout u3 AByx (pparmentoB C4HgNCS,, coearHeHHBIX MEXIy

coboii moctukom CHj, cBs3bBaOmMM JBa atomMa S. MeETWICHOBBIM ¢GparMeHT, IIo-
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BUIMMOMY, oOpasyercsi B pesynbrate 3amemieHus atomoB Cl 8 CH,Cl, Ha aromer S nona

C4HgNCS, kucnorsr C4HgNCS;H.

TaOonumab
CMecH pacTBopHTeJIei, B3 KOTOPBIX ObLIM NMPEINPHHATHI MONMBITKH BHIPACTHTH

MOHOKPHCTA/LUIbI KoMILIekcoB 1, 6, 10, 16, 18, 19

Coepunenne Cwmecs pacteopureneii (1:1)
NH4[Gd(CsHsNCS,)4] (1) CH,Cl,—EtOH
[Dy(Phen)(C4HsNCS,)3] (6) CH,Cl,—i-PrOH
[Tb(2,2’-Bipy)(C4HsNCS5)s-0.5CH,Cl5] (10) CH,Cl,—i-PrOH
Sm(Ph3PO)(C4HsNCS;)s3 (16) CH,Cl,—EtOH
Th(PhsPO)(C4HsNCS;)s (18) CH,Cl,—EtOH
Sm(Ph3P0O),(C4HNCSy)3 (19) CH,Cl;-MeCN

PactBopenne nutnokapOamarabix komiuiekcoB Ln(lll) B CH,Cl, nme mpuseno
obpaszoBanuio coemunenus [CHy(S,CNC4Hg),]. Tlo-BuaumMomy, HalIu4due IOTOIHUTECIBHOIO
nosisiporo pactsoputens (MeCN, EtOH, i-PrOH) B cmecsx pacTBopuTesei MPUBOIUT K
YaCTHUYHOM AMCCOIMAIUN TUTHOKApOaMaTHOTO KOMILJIEKCa, B pe3yibTaTe 4ero oOpa3yroTcs

nyxieopuibl-uonbl  C4HgNCS,, cmocoOHble BCTymaTh B pPEAKLUI0 HYKIEO(UIBHOIO

samernienus (Sy) ¢ CH,Cly:
CH,CI, + 2C4H8NCS; — [CH2(82CNC4H8)2] + 2ClI"

[TonyuuTh MOHOKPUCTAUIBI 3TOTO COEAWHEHUS IyTEM MEUIEHHOIO HCHapeHUs
pactBopoB C4HgNCS,NH; B ykazanHbix cmecsx pactBopureneii He ynanock. OueBUIHO,
peakuust B3ammopeiictBus C4,HgNCS ) -monos ¢ CH,Cl, mporekaer Toibko B NpUCYTCTBUH
koMmiekcHsIx  opm  Ln*.  CrenoBatensHo, NpH  MONYY4EHHH — MOHOKDHCTAIIIOB
auTrokapbaMaTHbIX kKoMiuiekcoB LN(111) Hy)kHO ydHUTBIBATE TOT (PAKT, YTO B CMECSAX YKa3aHHBIX

pacTBopHTENeid mpoTekaeT peakius oopazoBanust coequaerus [CH,(S;CNCyHg),].

Puc. 31. Monekynsipaas ctpykrypa coequrenus [CH,(S,CNC4Hs),] [140]
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3.1.3. UK-cnekTpbI

B UK-cnektpax coenunenuii 6 u 8, cTpyKTypbl KOTOPBIX onpeaeneHsl Mmetogom PCA,

UACHTU(UIIMPOBAHBI TTOJIOCHI, OTBeHaroIue kojaedbanusm rpymm CS; u C = N, cBs3b MeXIy

Taonuma7
OcHOBHBIE K0/I1e0aTe/IbHbIEC YACTOThI (CM_l) B UK-cnekTpax coequnennii C;HgNCS;NHy,,

CsHsCH;NHCS;Na, Phen-H,0, 2,2°-Bipy, PhsPO n xommiekcos 1-20

Coenunenue v(P=0)| v(C=C), v(C=N) v(C=N) vas(CSy)

C4HgNCS,NH, — — 1416, 1377 990
CsHsCH,NHCS,;Na — 1624 (C=C) 1504 935
Phen-H,0 — 1585 — —

2,2’-Bipy — 1579, 1486 — —

Ph;PO 1191 1591 (C=C) — —

NH,[Gd(C4HsNCS,),] (1) — — 1425 1009
[Sm(Phen)(C,HsNCS,);] (2) — 1623, 1589 1422 1007
[Eu(Phen)(C4HgNCS,)s] (3) — 1623, 1588 1424 1007
[Gd(Phen)(C4HsNCS,)s] (4) — 1620, 1585 1428 1010
[Tb(Phen)(C4HgNCS,)s] (5) — 1623, 1588 1423 1008
[Dy(Phen)(C4HsNCS,);] (6) — 1624, 1589 1423 1010
[Tm(Phen)(C4HsNCS,)3] (7) — 1624, 1589 1426 1011
[Sm(2,2’-Bipy)(C4HsNCS,)3]-0.5CH,CI, (8) — 1597, 1563 1427 1008
[Eu(2,2’-Bipy)(C4HsNCS;);]-0.5CH,CI, (9) — 1597, 1563 1428 1009
[Tb(2,2’-Bipy)(C4HsNCS;);]-0.5CH,CI; (10) — 1598, 1563 1429 1011
[Dy(2,2’-Bipy)(C4HsNCS;)3]-0.5CH,Cl, (11) — 1597, 1564 1427 1005
[Tm(2,2’-Bipy)(C4HsNCS,);]-0.5CH,CI, (12) — 1598, 1562 1428 1006
Sm(Phen)(CsHsCH,NHCS,); (13) — 1624, 1588 1492 938
Eu(Phen)(Ce¢HsCH,NHCS); (14) — 1625, 1588 1494 939
Th(Phen)(CsHsCH,NHCS,);- CH,Cl, (15) — 1626, 1589 1494 939
Sm(PhsPO)(C4HsNCS,)s (16) 1177 1589 (C=C) 1434 1016
Eu(PhsPO)(C4HsNCS;); (17) 1179 1588 (C=C) 1438 1016
Th(PhsPO)(C4HgNCS,); (18) 1180 1583 (C=C) 1435 1013
Sm(Ph3P0O),(C4HgNCS,); (19) 1177 1588 (C=C) 1436 1011
Eu(PhsPO),(C4HsNCS,); (20) 1176 1585 (C=C) 1433 1011
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aTOMaMHM B KOTODPBIX SBJISIETCS MPOMEXKYTOYHOM MEXAY ABOWHOW W OJWHAPHOU CBS3BIO
(tabn. 7) [36, 137, 138]. Hanmnumne aHanoru4HBIX MOJIOC B CIieKTpax coenuHenuit 1-5, 7, 9-20

HNOATBEpXKIaeT Hanuue ouneHTatHo-uukindeckux aurangos C4HgNCS, u CgHsCH,NHCS,

B 3TUX coemuHeHusX. [lonoca v,(CS;) B cnekrpax KC cmerieHa B 001aCTh BBICOKHX YacTOT
0 CPAaBHEHHMIO C MOJIOKeHHEM 3Tol nosockl B criektpax C4HgNCS,NH, 1 CsHsCH,NHCS;Na,
9TO TOBOPUT O KOOpAMHAIMH aTOMOB S Tpynibl CS; B 3THX COCTUHEHUSX.

B UK-crekrpax coemunenuii 2—20 B 06mact 1626—1562 cM - 0GHAPYKEHBI [IOIOCHL,
orBevaromme v(C=C) u v(C=N) B apomaruyeckux KOJIbIIaX, BXOIAIIMX B coctaB Phen,

2,2’-Bipy, Ph3PO, CsHsCH,NHCS,, [137, 138]. MuTencuBHas nonoca B obnactu 1176-1180

cM ' B UK-cniekrpax komiiekcoB 16-20 cooTBETCTBYET BaJleHTHOMY KojieOanuio csa3u P=0
B Ph3PO. Ilomoca Y(P=0) B cnektpax coeamuenuii 16-20 cmeineHa B 00JIaCTh HHU3KHX
9YacTOT MO CPABHEHHUIO C TMOJOXKCHHEM 3TOH IMOJIOCHI B HeKoopauHupoBanHoM PhsPO, uto

YKa3bIBACT HA KOOPANHAIINUIO MOJICKYJIbL PthO B OTHUX COCAMHCHUAX.

3.1.4. MarHuTHBIE CBOIICTBA

Hns xommuiexkcoB 2, 3, 5-12 wuccnenoBaHbl MarHUTHBIE CBOWMCTBA B HMHTEpPBAJC
temriepatyp 2-300K. DOxkcnepuMeHTanbHbIE 3aBUCHUMOCTH 3((HEKTUBHOTO MArHUTHOTO
MOMEHTa (li,p4) OT TEMIIEpATyphl NpeacTaBiIcHBl Ha puc. 32 a, 6 [137, 138]. Omu KC
apsArorcs napamargetukaMu npu 300K, BbICOKOTEMIIEPATYPHBIE 3HAYCHUS [ypg IJIS
komiutekcos Tb®" (ocHoBHOE cocrosaue 'Fg, g5 = 3/2), DY** (CHisp, 95 = 4/3) u Tm** (PHg, g3

= 7/6) (Tabi. 8) XOPOIIIO COrIacyOTCS C TCOPETUYSCKUMU 3HAUYECHUSIMH, PACCUYUTAHHBIMU 110
dbopmyne
luagb([) = gJ V ‘](‘J + 1) '

JJ+1)-L(L+1)+S(S+1)
2J(J+1)

rae g; =1+ [141].

IIpy NOHMKEHUM TEMIIEPATYPhI BEIMYUHEL [i,p4 1S KOMILIEKCOB Tb*, Dy3+ u Tm®*

npaktudecku moctosHHBl 70 40K, 3arem HaOmomaercs yMeHbIIIEHHE, OOYCIOBICHHOE
TUTIAYHBIM JJIS1 HOHOB JIAHTAHUJIOB PACIICIICHUEM B HYJIEBOM TIOJIE.

3aBUCUMOCTH [L,4(T) A COeIMHEHUH HOHOB Sm** u Eu® CYILIECTBEHHO OTJIMYAKOTCS
OT TAKOBBIX I KOMIUIEKCOB MOHOB Tb3+, Dy3+, Tm*. B cinydyae coenuHeHui 5-7, 10-12

BO30YK/IEHHBIE COCTOSIHUSI HOHOB Tb3+, Dy3+ u Tm® HAaXOJSTCS TOPA3/10 BHILIE IO S3HEPTUHU 10
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CPaBHEHHIO C OCHOBHBIM COCTOSIHHEM, IIO3TOMY MAarHUTHBIE CBOMCTBA ONPEICISIOTCS TOJIBKO
OCHOBHBIM COCTOSIHUEM M [L,p5 TPAKTHYECKH HE 3aBUCUT OT TeMIepaTypbl B HMHTEpBaje
40-300K. Jlns coequnenuit 2, 3, 8 u 9 3HAYEHHUS /1,4, TIpH 300K BBIIIE TEOPETHYECKUX U NIPH
TIOHMKEHUH TEMIIEPaTypPhl IOCTENIEHHO YMEHbIIAOTCs. Takoi XapakTep 3aBUCHUMOCTH fygq(T)

0GYCIIOBIICH OCOBCHHOCTSIME AMIEKTPOHHOTO cTpoeHmst noros Sm° u Eu®* [137, 138].

a) ‘oo (Hs) 0) ‘tbgs (HB)
"= = ®E E ®§ ® ® ®m = 1r = = =
0r -';;;;;;; 5 6 06000 0 o 0 © 0] ettt =rrrRE
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17&:90000’ see e 1 AA..QO o o 6 0 0 00 * o
o L }3:::*‘
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T (K) T (K)
Puc. 32. 3aBucuMocTH 111 KOMILIEKCOB 2, 3, 57 (a);
3aBHCHMOCTH [yp(T) U151 KoMIuiekcoB 8—12 (6)
Taonumal
3navenns p,gq npu 300K g1 kommizexcos 2, 3, 5-12
Coenunenue Uogps 1B Usgg (TEOD.), 1B
[Sm(Phen)(C4HsNCS;)3] (2) 1.69 0.84
[Eu(Phen)(C4HgNCS,)s] (3) 3.40 0.0
[Tb(Phen)(C4HgNCS,)s] (5) 9.89 9.72
[Dy(Phen)(C4HgNCS,)3] (6) 10.35 10.63
[Tm(Phen)(C4HgNCS,)s] (7) 1.77 7.57
[Sm(2,2’-Bipy)(C4HsNCS;)3]-0.5CH.Cl; (8) 1.85 0.84
[Eu(2,2’-Bipy)(C4HgNCS,)3]-0.5CH,CI; (9) 3.40 0.0
[Tb(2,2’-Bipy)(C4HsNCS,)3]-0.5CH,Cl, (10) 9.75 9.72
[Dy(2,2’-Bipy)(C4HsNCS;)3]-0.5CHCl, (11) 10.70 10.63
[Tm(2,2’-Bipy)(C4HsNCS,)3]-0.5CH,Cl; (12) 7.91 7.57

3+ 6
OcHoBHOe cocTossHME HOHa SM™ — "Hsp ¢ g; = 2/7, olHAaKO HMMEIOTCS OJHM3KO
PaCIOJIOKEHHBIE TI0 PHEPTUU COCTOSIHHS C PA3IUYHBIMU J, 3aCeIEHHOCTh KOTOPBIX CHIIBHO

MEHSETCSI C TeMIIepaTypoil. YMEHBIIICHHE 3aceIEHHOCTH BO30YKIEHHBIX COCTOSHUM U
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OOyCJIOBIMBAET IIOCTENIEHHOE YMEHBIIEHUE [l,5, TP IOHWKEHHH TEMIEPATYpHL.
BrIcOKOTEMIIEPATYPHBIE 3HAYEHHS [lyg¢ A KOMILIEKCOB 2 W 8 XOpOWIO COIIacyrTcs ¢
JIUTEPATYPHBIMH 3KCIIEPUMEHTAIBHBIMUA 3HAYCHUSIMH JIJII KOMIUIEKCOB Sm®* [141]. TTpu 5K
3HAYEHUS [l,p4, paBHBIE 0.57 m 0.58 pg mma coenuneHnii 2 m 8, HEMHOIO HMXKE
TeopeTnueckor BelnuuHbl 0.84 g 711 OCHOBHOTO COCTOSIHUS 6H5,2 ¢ g; =2/7, 9To yKa3bIBaeT
HA HaIM4Me Caa0bIX aHTU(EPPOMATHUTHBIX OOMEHHBIX B3aUMOACHCTBUN. (OCHOBHOE
cocrosiaue Eu®* (7F0) HEMarHuTHOE, MapaMarHeTU3M COEAWHECHHN HOHA Eu®* 00ycioBiIeH
OJIM3KO PACIMOJIOKEHHBIMA IO SHEPrMM K OCHOBHOMY YPOBHIO  BO30YXKIEHHBIMU
COCTOSHHSMHU ¢ pasnuuabiMu  J. Ilpum TOHMKEHWMM TemmepaTypbl 3acel€HHOCTH
BO30YXKIEHHBIX COCTOSHMI YMEHBIIACTCS, BCIEACTBUE 3TOTO 3HAYECHUS [lygg YMEHBIIAKOTCS.
3aBUCUMOCTH  [,p5(T) 11 kommuekcoB 3 M 9 XOpOIIO ONMKMCBHIBAIOTCSA BBIPAKEHHEM

MarHUTHOW BOCTIPHUMYHBOCTH B TIPUOJIMKEHHH CBOOOHOTO HOHA [ 142]:

_ Nt 42+(27x-3)e ™ +(135%-5)e ™ +(378x-7)e ™ + (810x-9)e '™ + (1485x- 11)e ' + (2457x-13)e™* 7 |
Xeu = 6kTx 1+3e” +5¢ ¥ +7¢ ¥ +9¢ 1 1 11e % 4+ 13¢ 2

kT
KOTOpOE MPEJCTaBISAET COOOM ydeT 3aCeNEHHOCTH BO30YKIEHHBIX COCTOSIHUM C pa3TUYHBIMU

J o popmyne Ban-dreka:

I=L+$S By
> 19330 +1)I3KT + ()] (2) +1)-e T
=N 2 J=L-§
£ g J=L4S _E
> (Q+1)-e
J=L-S
rneE;, =1/24[J(J +1)-L(L+1)-S(S+1)], 41 - KoHCTaHTa CIHH-OPOMTAILHOTO

B3aUMOJICHCTBUS, WICH «(J) YYHUTHIBAET TEMIIEPATYpHO-HE3aBUCHMBIN ITapaMarHeTH3M.
OnTuManbHbIe 3HAYEHUSI A XOPOIIIO COTIACYIOTCS MEXAy co0oil u cocTtaBisitoT 314 (£3) u
299 (+3) em st 3 m 9 coorBercrBenno. [ mona EU®' (anexrponnas konpuryparms 41°)
OCHOBHO#T TepM 'F 1o fefiCTBHEM CIIMH-OPOHUTAIBHOTO B3aHMOICHCTBHS PACIIeIUISIeTCS Ha
MYJIbTHILIETHI F, J=0,1,2,3,4,5,6). ITo popmysne Jlanae, coriacHO KOTOpPOH pa3HOCTh
SHEPTrUi MEXJy MYJbTUIJICTHBIMA YPOBHSIMU C KBaHTOBbIMU uuciamu J u J — 1 paBHa

E, —E, , =AJ, paccunraHsl SHEprum My/ibTHIUIETOB C YYETOM HAiJCHHBIX 3HAUCHUH A

it komruiekcoB 3 u 9 (tadm. 1).
.7
W3 T1abi1. 9 BUIHO, YTO pacCUMTaHHBIC BEMUYMHBI SHepruu ypoBuei 'F; (J =0, 1, 2, 3, 4)
YIOBJIETBOPUTENIHO ~COMIACYIOTCS C  JIMTEPaTypHbIMM 3HAUEHUSIMH DHEPrHid  YpOBHEH,

MOJTYYEHHBIMU M3 CHIEKTPOB BO30YkaeHus i komiuiekcos [Eu(Phen)(R,NCS;)3] (R = Ph, Et),
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Taonuma9

PaccunTaHHble U JTUTEepaTyPHbIe BeJIUYUHBI JHEPIUM TEPMOB = J=0,1,2,3,4,5,0), em

[Eu(Phen)(C4HsNCS,)s] (3) | [Eu(2,2’-Bipy)(C4HsNCS,)s]-0.5CH,Cl, (9) [10] [143]
Fo 0 0 0 0
F, 314 299 336-389 360
F, 942 897 953-1086 | 1020
Fs 1884 1794 — 1887
F, 3140 2990 — 2865
Fs 4710 4485 — 3908
Fs 6594 6279 — 4980

[Eu(2,2>-Bipy)(Et;NCS,)3] [10] 1 13 951eKTPOHHBIX CIIeKTpoB moromeHus noHos EU® B 0.2 M
HCIO,4 [143]. Dto sBasieTcs ele OJHUM MOATBEP)KICHUEM TOTO, UYTO B KOMILIeKcax 3 U 9 MoH
€BpOMHs. HMEET CTENeHb OKuCIeHus +3. Pasznuume monyueHHBIX B JaHHOM pabore U
JUTEPATYPHBIX 3HAYCHUH SHEPTHHA IS MYJIBTHILICTOB Fo u F, MO-BUIUMOMY, CBSI3aHO C

YACTUYHBIM HAPYIIEHUEM PacCes-CaHICPCOBCKON CBS3U. DTO MPHUBOIWUT K TOMY, YTO PACCTOSHHE
MESKJTy YPOBHSMHU MYJIETHILIETA OMCHIBAETCS Ootee CloXHOM (opmyroit, uem E; —E; | =AJ .

Takum  oOpa3oM,  HCCleJOBaHME  MarHUTHBIX  CBOMCTB  IOKa3ajlo,  YTO
KOMILIEKCOOOpa3oBaHUE  HOHOB Ln®* ¢ TUTHOKapOamMaT-uoHaMH,  00JIaJaroIIMMHU
BOCCTAHOBUTEIIbHBIMU CBOMCTBaMH [144], HE cOmpoBOXIaeTcs M3MEHEHHUEM HX CTETCHHU
okucnenus. CienoBaTenbHO, IAarpaMMbl YPOBHEM DHEPrUi Ui MOHOB Ln®* [145] moryT
OBITh MCIIOIB30BaHBI MTPU aHAJIN3€ MAarHUTHBIX U JIFOMUHECIIEHTHBIX CBOMCTB MOTYYEHHBIX B
JTaHHOM paboTe KOMILIEKCOB.

Jna xomriekcoB 5 m 11 mHabGmromaercss mepexol B  MarHUTHOYIOPSIOYCHHOE
COCTOSIHME, 3aBUCUMOCTh HAaMarHWUYEHHOCTH (o) oOpaslia OT BEJIWYMHBI HAMPSIKEHHOCTH
BHemHero MarautHoro moins (H) Henmuueiina (puc. 33) m He ommchiBaeTcs (yHKIUEH
Bbpunntosna. Henuneitnas o61acTe ¢ oTpakaeT mpolece OPUECHTAIIMH MAarHUTHBIX MOMEHTOB
JIOMEHOB B HalpaBJ€HUU BHEIIHEro mojis npu Bo3pactaHuu H (obnacte |). B cunmbHbIX
nonsix (obmacte ) Hacrynmaer marnutHoe Hachlmenue (H,), mosTomMy HamMarHM4EHHOCTbH
MPaKTUYECKU HE 3aBUCUT OoT H. BenudyuHbl CIIOHTAaHHONW HaMarHUYEHHOCTH oy npu 2 K,
MOJIYYEHHBIE U3 aHAJIM3a 3aBUCUMOCTU ¢ = op+yH, coctaBmstor 24600 u 27100 T'c-cm®/Monb
mis KC 5 u 11 coorBercTBeHHO. 3HAYEHUS! CIIOHTAHHOW HAMarHWYEHHOCTH 3HAUYUTEIHHO
HKe Teopernueckux BeauuuH (QiugNaJ) 50265 u 55850 ['c-cM*/MOIB 15l KOMILICKCOB
noroB Th®" u Dy** COOTBETCTBEHHO, UTO yKa3HIBAET HA HEKOIMHEAPHOE YIIOPSIOUCHHE
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MarHuTHBIX MOMEHTOB. IleTns rTwHcTepesnca OTCYTCTBYET, T.K. KOIPIUTHBHAS CHiIa
NpaKTUYECKH paBHA HYMIO. MarHuTHoe moBeneHue kommuiekcoB 5 m 11 mpm 2 K
CBUJCTEIIbCTBYET, YTO NMPU HU3KUX TEMIEPATypax ST COCAWHCHHS MPOSBIIAIOT CBOMCTBA
MarHUTHO-MSTKHX MaTepuayioB ¢ Temmeparypoit Kiopu T, <4 K [137, 138].

3
o, kI'c cM /mMoib
30 A ol E@_@Q%%ﬂ
o .

20 1
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0

Iy
I
uny

-10
]
[m)

-20 -
l---ll'-u-EI
304 npgogoo”
—4{0 —2IO 0 2IO 4IO

H, x>

Puc. 33. 3aBucumMocTh HAMarHMYEHHOCTH (0) KOMIUIEKCOB 5 1 11

OT BEJIMYMHBI BHEITHET0 MarHuTHoro mosist (H)

3.1.5. 3akia04yeHue

B pesynabrare TpOBENEHHOTO WCCICIOBaHUS pa3padOTaHbl METOAUWKUA CHHTE3a
autrokapOamaTHbix — komiuiekcoB  Ln(lll),  comepxamwmx  oaMH  THI  JIMTaHIOB
(NH4[Gd(C4HgNCS,),]) m nmBa Ttuma muranmos: [Ln(2,2°-Bipy)(C4HgNCS;)3]-0.5CH,CI,
(tkn = Sm, Eu, Tbh, Dy, Tm), Ln(Phen)(C¢HsCH,NHCS,); (Ln = Sm, Eu),
Tb(Phen)(C¢HsCH,NHCS;)3-CH,Cl, u  Ln(Ph,PO)(C,HNCS,), (Ln = Sm, Eu, Tb),
Ln(Ph,;PO),(C,HgNCS,);, (Ln = Sm, Eu). IlpeanoxeHbl HOBblE METOAMKU IONyIEHHS
komiutekcoB [LNn(Phen)(C4HgNCS,)s] (Ln = Sm, Eu, Gd, Tb, Dy, Tm). YcraHoBieHO, 4TO
BCC COCJMHCHUS BO3MOXHO IMOJIYYUTh O€3 HCIOJIb30BaHHMS WHEPTHOW aTMOC(epbl U Mep
3aIUTHI OT BJIard Bo3ayxa. KOMITJIEKChI CTaOMIIBHBI Ha BO3IYXE.

[Mlo nmamaeiM PCA  coemauuenust [Dy(Phen)(C4HgCS,)3]-:3CH,Cl,  (KIT NS —
UCKa)XEHHBIN TPUTOHAIBHBIA nojaekadap), [Sm(2,2’-Bipy)(C4HgNCS;);]-0.5CH,CI, (KIT N,Se
— MCKa)KCHHAs TETparoHaJbHas aHTUIIPU3MA) SIBIIIOTCS OAHOSAEPHBIME MoJieKy sipHbiMu KC.

Jlurauge! Phen, 2,2°-Bipy, C4HgNCS, BBIONHAIOT OMIEHTATHO-IUKINYECKYIO (DYHKIINIO.
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Ha ocnoBanum panHeix PCA u P®A ycranosineno, uyto KC B psamax

[Ln(2,2°-Bipy)(C4HgNCS,)3]-0.5CH,Cl, (Ln = Sm, Eu, Tb, Dy, Tm) wu
[Ln(Phen)(C4HgNCS;)3] (Ln = Sm, Eu, Gd, Th, Dy, Tm) sBastorcss u30cTpyKTypHbIMH. [10
mauapiM  POA  KC B psamax  Ln(Ph,PO)(C,HgNCS,); (Ln = Sm, Eu, Tb),

Ln(Ph,PO),(C,HNCS,)), (Ln = Sm, Eu) Taxxke uU30CTPYKTYpHBL. Jlamnsle WK-
CIIEKTPOCKOIIMM ~ YKAa3bIBAIOT Ha OujeHTatHyro koopauHaiuioo wuoHoB C4HgNCS, n
CeHsCH,NHCS,. Ilo-Bugumomy, BO BCeX JUTHOKapOAMaTHBIX KOMILJIEKCaX aTOMBbI
mantannnos umeroT K4 = 8, kpome KC cocrasa Ln(Ph,PO)(C,HNCS,), (Ln = Sm, Eu, Tb),
rae Ph,PO Bemonasetr monoaenTatHyto ¢pynkmmio (KU = 7).

Haiinennble 3Ha4eHUS U,gp pH 300K s murrokapOamarueix KC ykaseiBaroT Ha To,
9TO KOMIUIEKCHI SIBIITIOTCS TapaMarHEeTHKAMH, B 3THUX COCAWHEHHSX AaTOMBI JIAHTAHUIIOB
HaxO#ATCs B CTeleHW okucienus +3. MccnenoBanne 3aBUCMMOCTH  [lop) KOMIUIEKCOB
[Ln(2,2’-Bipy)(C4HgNCS,)3]-0.5CH,Cl, u [Ln(Phen)(C4HgNCS,);] (Lnh = Sm, Eu, Th, Dy, Tm)
ot TemnepaTypsl B uHtepBaie 2-300K mokazano, uro marautHoe noseaeHre KC noHnos Sm*,
Eu® u Tb*, Dy**, Tm* pasmuuno. Ycranosieno, uro xommiekcsl [Tb(Phen)(CsHsNCS,)s],
[Dy(2,2’-Bipy)(C4HgNCS;)3]-0.5CH,Cl, mpu 2K mnepexomsT B MarHMTHOYHOPSIOYCHHOE

COCTOAHHUC.

3.2. Cunre3 n ucciaenoanune komiuiexkcos Ln(l11) (Ln = Sm, Eu, Gd, Th, Dy, Tm),

coepKamux AMU300yTHIAANTHOPOCHUHAT- ¥ TUU30NPONUIAUTHOGOCPAT-HOHBI
3.2.1. Oco0eHHOCTH CHHTE3a

Terpakuc-komiuiekc 21 cuHTE3WpoBaM B JABE craguu. Ha mepBoil craguu mpu
BaumoerictBur GACls-6H,0 u i-Bu,PS;Na-3H,0 (MonbHOE cooTHOIIEHHE 1:4 COOTBETCTBEHHO)
B EtOH mpu xomHaTHON Temmeparype B BO3AYIIHOW arMocdepe, BEposiTHO, oOpaszyercs
terpakuc-kominiekc Na[Gd(i-Bu,PS,),]. Beimasmmii ocamgok NaCl ordunstpoBsiBaiu:

GACly-6H,0 + 4i-Bu,PS,Na —E21 5 Na[Gd(i-Bu,PS,),] + 3NaCl| + 6H,0

HaHHbeI TETPAKHUC-KOMIIJICKC HE YAAJI0Ch BBIACIUTH H3 pPacCTBOpa B BHUIAC TBép)IOP'I

¢asel, MO3TOMY K TOXydeHHOMY pactBopy mobOasmsuim EtNCI, B pesynprare oOMeHHOM
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peakiu  obpaszoBajics Terpakuc-komuieke EtyN[Gd(i-Bu,PS;)4], xoTopblit Bbimensin B

TBEPJIOM BHJIC IPH UCTIAPEHUH PACTBOpa mocie oTdhuinbTpoBbiBanus ocanka NaCl:

Na[Gd(i-Bu,PS,).] + EtNCI —E 2P 5 Et,N[Gd(C,HsNCS,),] + NaCl|

Cxema cuumesa komniexca 21

IMpu Bzaumoneiicteun LN(NO3)3-nH,0 u i-Buy,PS,Na-3H,0 B cpene i-PrOH (25, 26, 28—
32) wn MeCN (27), mocnenyromiem otduiabrpoBsiBannd NaNO; u mobasnenuu L (L = Phen,
2,2’-Bipy) mpu KOMHATO# TeMIiepaType B BO3IYIIHON aTMochepe 00pa3yroTcsi pa3HOJMTaH THBIC
KC cocrasa [Ln(L)(i-Bu,PS,),(NO3)] (Ln = Sm, Th, Dy, Tm; L = Phen, 2,2’-Bipy) [146, 147].
OTH KOMIUIEKCHI TOJTYYEHBI MPH HEOOIBIIIOM HM30BITKE CEPOCOICPIKAIIECTO JIMTaHAa (MOJIbHBIC
COOTHOITICHHS Ln3+:i-Bu2PS; paBubl 1:3 (25) u 1:4 (26-32)). s xomiiekca 29 ObLT B3AT
u36bIToK 2,2°-Bipy (Sm**:2,2-Bipy = 1:2). [IpeAmnonoxurelsHo, Ha IepBOil CTAAHH CHHTE3a
obpazyercs kommieke Ln(i-BuyPS;),(NOs)son). Ha BTOpoit cTaguu KoopauHUpYeTCsl MOJIeKyIa

A30THUCTOI'O I'CTCPOIUKIIA:

Ln(N03)3'nH20 + 2i-BU2PSZNa‘3H20 - LIl(i-BU PSZ)Z(NO3)(50|V) + 2NaN03l + (Il+6)H20
L
[Ln(L)(i-BuzPS;)2(NO3)]|

Cxema cunmesa komniexcog 25-32

Beixoasr komruiekcoB Sm(I), Th(lI) u Tm(lll) naxonstcs B unTepBane 50-85%.
Beixonbr xommiekcoB Dy(Ill) 3naumtenpHo Huke u coctaBisitor 40%, 49TO, BO3MOIXKHO,
CBSI3aHO ¢ BBICOKOIT pacTBopuMocThio KC nona Dy** [146, 147].

Kpome Toro, ObimM mOMy4deHBI IIeCTh TBEPABIX (a3 JBOWHOW  CHUCTEMBI
[Eu(Phen)(i-Bu,PS,),(NO3)]-[Tb(Phen)(i-Bu,PS,),(NO3)] mo wmeroanke, OMMCAHHOW IS
CUHTE3a WH]TUBH Ty ATbHBIX KOMITIIEKCOB [Ln(Phen)(i-Bu,PS,),(NOs)], HO oe3
NEepPEeKPUCTAILIM3AINH TTOYYeHHBIX TBEPIBIX (a3. CuHTe3 TBEPIBIX (a3 nmpoomn B i-PrOH npu
COOTHOIIEHUM MCXOJIHBIX PEarcHTOB Ln3+:i-Bu2PSg :Phen, pasraom 0.5:1.05:0.4 COOTBETCTBEHHO.
JIaHHOE  COOTHOIICHWE  PEareHTOB  KCIOJB30BATOCH Ui TOJYYSHHs]  KOMIUIEKCa
[Eu(Phen)(i-BuyPS;),(NOz)] B pabote [8], mNOCKONBKY TMpHU COOTHOIICHUH PEarcHTOB
Eu®":i-Bu,PS; :Phen = 1:4:1 obpasyercs coemuuerue [Eu(Phen)(i-Bu,PS,)s] [120]. Pazmums

MEXIy MOJIBHBIMH COOTHOIIeHHsMA EU:TDh B TBEPmBIX (ha3aXx CHCTEMBI, ONPEICICHHBIMU C
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MOMOIIIBI0 METO/Ia aTOMHO-3MHUCCUOHHOM CIICKTPOMETPHH, U MOJIBHBIMU COOTHOIIeHUIMHU EU:TD,
B3SITBIMH TIPU CHHTE3€, BXOJAT B UHTEpBaN morpemrHoctd Merona (3%). B cesi3u ¢ atum, mpu
onmMcaHWu  cuHTe3a TBEPABIX (a3 gBoiHOM  cuctembl  [Eu(Phen)(i-Bu,PS,),(NOs)]-
[Tb(Phen)(i-Bu,PS,),(NO3)] 1 ux ucciaenoBaHust UCIIOIB3YIOTCS MOJIbHBIC cooTHOIIEeHus EU:TD,
B3ATHIC TIPH CHHTE3E.

Kommaexcer Sm(L)(i-Bu,PS,); (L = Phen (22), 2,2°-Bipy (24)) nmomy4aiu o METOAMKE,
omucannoii B [120], mnpm wmompHOM cootHomieHnu peareHTtoB  SM(NOjz)z-6H,0:
i-Bu,PS,Na-3H,0:L = 1:3:1 B MeCN. Ilpu cmemmBanuu pactBopoB GdCly-6H,O B EtOH u
I-Bu,PS,Na-3H,0 B MeCN, nocneayromem orduiabrposiBanuu ocaaka NaCl u modaBneHuu
pactBopa Phen-H,O B MeCN mnpu komHaroii Temmeparype B BO3IYIIHOW arMocdepe
obpazoBaiicsi komruieke coctaBa [Gd(Phen)(i-Bu,PS;)s] (23). C nenpro yBenuyeHus: BbIXOAA

KoMIUTeKca 1,1-muTrHonaTHbIi peareHT Opam B n30bITKe. CXeMa CHHTE3a KOMITIICKCOB 22—24:

LnX3nH,0 + 3i-Bu,PS;Na-3H,0 — Ln(i-Bu,PS;)3(s01) + 3NaX | + (n+9)H,0
L
Ln(L)(i-Bu,PS,)3
rae X = CI™ (23), NO; (22, 24)

Cxema cunmesa komniexcog 22—24

[Monyunts wommuiekcbl TO(II), Dy(lll) u Tm(lll) cocraBa Ln(L)(i-Bu,PS;); He
yaoanoce Jaxke mnpu OombmoM u30bITKEe I1-BU,PS;-MOHOB (MoOJBHOE OTHOIICHHE Ln*:
I-Bu,PS; = 1:10) [146]. [To-BumuMOMY, B ONHCAHHBIX YCJIOBHSAX AOHOPHBIE CIIOCOOHOCTH
I-BU,PS; -roHOB He cMoriM moMemarb MPHCOCAUHEHUIO K HOHY Ln** (xécTkoii KHUCJIOTHI)
oxHoro noHa NO, (k&cTtkoro ocHoBaHMs). BeposiTHO, CBOIO POJb CHITPall U CTEPHUECKUI
(hakTop, MOCKOJBKY paguychl HOHOB Tb*, Dy3+ 1 Tm** menbme paanycoB HOHOB Sm* u
Gd**. B cBs3u ¢ stum monst Th®, Dy** u Tm®" me Moryr pasmectntb BOKpYr cebs Tpu
00BEMHBIX HoHa I-BUu,PS ;.

Kommrekenr 33-35 coctaa Ln,(4,4’-Bipy)(i-Bu,PS,)s (Ln = Sm, Eu, Tb) obpa3ytorcs npu
B3anmoyzeiictBur LN(NO5)3:6H,0 1 i-Bu,PS;Na-3H,0 B i-PrOH, ordunsrpoBsiBaHnu OcCaIKa

NaNO; 1 nobasrernu pacteopa 4,4 -Bipy B i-PrOH (MombHOe cootHomenue 1:4:1) Iipi KOMHATHO#

TemIiepaType 0e3 UCTOIb30BaHUs MHEPTHOM atMocdephl. Cxema CHHTe3a KOMIUIEKCOB 33—35:

2Ln(NO3)3-nH,0 + 6i-BuPS;Na-3H,0 —1=PrOH , 2] n(i-BuPS2)3(sohy+ BNaNOs| + 2(n+9)H,0
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4,4 -Bipy
Lny(4,4 -Bipy)(i-BuzPS5)s|

Cxema cuumesa komniexcog 33—-35

Beixonaer komrmiekcoB 33-35 meBenmuku (10-20%), 9T0, TO-BHIAMMOMY, CBSI3aHO C
JOCTATOYHO BBICOKOM PaCTBOPUMOCTBIO 3TUX coeauHeHHi B i-PrOH.

OnpITel TOKa3anu, uto npu B3amMoxaerctBuu SM(NOs3)3-6H,0, i-Bu,PS;Na-3H,0 u
6,6’-Big B cpene i-PrOH mpu ucnonp30BaHHBIX KOHIEHTPAIUSAX W MOJBHOM COOTHOIIEHUH
pearentoB 1:4:1 oOpasyercss pa3HOJMTAaHAHBIA KOMIDIEKC 36, WMEIOMHMA IO JaHHBIM

3JIEMEHTHOTI'O aHaJIM3a AMIHpUYecKyro hopmyay Sm(6,6°-Biq)(i-Bu,PS;); [148]:

Ln(N03)3-nHZO + 3i'BU2PSzNa'3H20 ﬂ) Ln(i'BUZPSZ)g(SOW) + 3NaN03l+ (Il+9)H20
6,6>-Big
[Ln(6,6°-Biq)(i-BuzPSy)s]nl

Cxema cuumesa xomniekca 36

Kommieke monyuunu mpu  HeOodbimoM wu30biTke I-BuPS;Na-3H,O  (MombHOE
cootHomenne SM>*:i-Bu,PS; = 1:4) [148].

B pesynprate peakimm Sm(NOs3)3-6H,O ¢ (i-PrO),PS,K u Phen-H,O (MonbHOE
cooTHomieHue 1:5:1 COOTBETCTBEHHO) MNpU KOMHATHOM TemmepaType B BO3IYIIHON

atMocdepe odpasyercs komruieke Sm(Phen)((i-PrO),PS,)s (37) [149]:

Sm(N03)36H20 + 3(|'Pr0)2PSZK ﬂ) Sm((i-PrO)2P82)3(SO|V) + 3KN03l + 6H,0
l Phen-H,0
Sm(Phen)((i-PrO),PS;)s| + H,O

Cxema cunmesa komniexcog 33—-35

Hus cunte3a 37 morpedoBancs u3bbiTok (i-PrO),PS,K. Coenunenne 37 sBiseTcs
NepBBIM MpuMepoM pasHonurangHoro KC naHTaHUIOB, MMEIOIIETO0 B CBOEM COCTaBe
A30TUCTBIA TeTEPOIMKI U quankuiauTuodocdar-uons [149]:

Takum 06pa3oM, Bce KOMIUIEKCHI, coaepikaiue autuodochunar- u nutruodocdar-
WOHBI, OBIJM MOJIYYEHBI B OOBIYHBIX JIAOOPATOPHBIX YCIOBHIX 0€3 00€3BOKUBAaHMUS UCXOIHBIX
peareHTOB W pacTBOpHUTENEeH, a Takke Oe3 NpuUMEHEHHS J100aBOK 00E3BOKMBAIOIIUX
peareHTOB. BbIOOp pacTBOpUTENsT NpU CHHTE3€e OOYCIOBJIEH pPACTBOPUMOCTBIO B HEM

HUCXOJHBIX PCArcHTOB MW IIOJYYCHHCM IHPOAYKTa C YIAOBJICTBOPUTCIBHBIM 3JICMCHTHBIM
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aHasm3oM. Bce cunresnpoBaHHble KC cTaOmibHBI Ha BO3JyXE JJIMTENBHOE BpEMS U HE
MOJIBEP)KEHbl  BO3JACHCTBMIO  BJIalM  BO3JyXa. [Ipu  cuHTE3e  KOMIUIEKCOB

[Ln(L)(i-BuyPS;),(NO3)] (Ln = Tb, Dy, Tm) nmutuodochuHaT-HOHBI HE CIOCOOHBI

IIOJIHOCTBIO BBITCCHHTD NO;'FPYHHI)I, 9qTO HC Ha6J'II-O,Z[aeTC}I IIpU CHHTC3C KOMIIJICKCOB,

COJIEpKAIINX TUTHOKApOAMaT-UOHBL. JTOT (PaKT COrjacyeTcsi C TeM, YTO JUTHOKapOaMaT-MOHbI

HUMEIOT OOJIBINYIO JOHOPHYIO CIIOCOOHOCTH 10 CpaBHEHHMIO ¢ quTHO(OoCchuHAT-HOHaMH [34].

3.2.2. lannbie PCA u POA

OCHOBY KpHUCTaJUTMYECKOM CTPYKTypbl coemuuerus [Sm(Phen)(i-Bu,PS,);]-MeCN
(22a) cocTaBISIFOT MOJIEKYJIBI OJTHOSIIEPHOTO KoMIUTekca 22 u Mojekyiasl MeCN, Bce aTombl

KOTOPBIX PacIoIOkKEHBI B 00IIKX mo3uiusx (puc. 34a) [150].

Puc. 34. lumepHblil aHcaMOI1b B KpUCTAINTNYECKON CTPYKTYype 22a (a); nepeKpbiBaHue

napajuieNIbHbIX (PeHaHTPOJIMHOBBIX ITUKIOB Mosiekys [Sm(Phen)(i-Bu,PS,);] (6)
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ATtom Sm koopauuupyeT aBa aroma N OuIeHTaTHO-IMKIMUYECKOro jmranna Phen, a
TalKe INECTh AaTOMOB S TpeX OWACHTATHO-IMKINYECKHX HOHOB I-BU,PS,. OcHoBHBIC
MEKaTOMHBIE PacCTOSIHUsI TpuBeAeHbl B Tadm. 10

[150]. Ta6nunalO
KOOPIII/IHaHI/IH JIMTaHA0B IMPUBOAUT K HN30panHble IUIMHBI CBA3EH B

3aMbIKaHHUIO TPEX  UYCTBIPCXYUIICHHBLIX  XCJIATHBIX coeqMHEeHUuHu 223

ukiI0B SMS,C u maruuwieHHoro nmkia SMN,C,. Casi3b d A
Koopaunanuonnsiii nommap N,Sg umeer dopmy Sm(1)-N(1f) 2.611(2)
HCKa)KEHHOU TETparoHaJIbHON AHTUIIPU3MBI. Sm(1)-N(2f) 2.640(2)
UeThipexyroibHble TPaHU MPU3MBI, 00Opa30BaHHBIC Sm(1)-S(1) 2.9094(7)
atomam S(1)S(2)S(5)S(6) 1 N(1HN(2HS(3)S(4), Sm(1)-S(2) 2.8896(7)

Sm(1)-S(3) 2.8620(7)
pacIoysio’)keHbl mox ymioM 6.3° apyr K Opyry.

Sm(1)-S(4) 2.9377(7)
Cpennee OTKIOHEHHE aTOMOB B 3THUX T'PaHAX PaBHO

Sm(1)-S(5) 2.9059(7)
0.0107(3) u 0.2690(8)A, coorBercTBEHHO. B

Sm(1)-S(6) 2.8876(7)

antunpusme rpanb  N(1F)N(2f)S(3)S(4) umeer
neperu6 mo pedopy N(1f)S(3) ¢ obpazoBanuem nByrpannoro yria 25.51(8)°. AnuHbl cBs3eH 1
BEJIMYMHBI BaJICHTHBIX YIJIOB KOOPJAMHAIIMOHHOTO y31a SMN,Sg ONU3KKM HalJICHHBIM B
komruiekcax [Ln(Phen)(i-Buy,PS;)3] (Ln = Eu, Nd) [120]. Atomer P wmmeroT cierka
HCKQXCHHOE TETPadAPUIECKOe OKPYKEHHE: CpeIHEee 3HAYCHHE BEIMYMH BAJICHTHBIX YTIIOB
npu aTomMax P O1M3K0 K uaeaabHOMY Terpasapudeckomy 109.5°. TIIOCKOCTH, IPOXOASIIUE
gepe3 aTOMBl TPEX YETHIPEXWICHHBIX XEJaTHBIX IUKIOB SMS,P, UMEIT NpaKTHYSCKH
MIJIOCKOE CTPOCHUE CO CPEAHUM OTKIOHEHHEeM atoMoB OT ruiockocteit 0.0207(3), 0.0416(3),
0.0897(3)A. Tlatuunennsiii xematubiii tukn SMN,C, cierka negopMHpPOBaH M HMMeET
KOH(pOPMAIMIO KOHBEPTA ¢ OTKIOHeHHeM aTtoma SM ot miockoct N,C, B 0.374(5)A [150].
JlBe mapaiesbHbIe IIOCKOCTH Phen coceqHnx MoieKys koMIuiekca 22, pasMHOKEHHBIX
LIEeHTPOM CHMMETpPHH, pacroioxkensl Ha pacctosHuu d = 3.38A, a nentpsl konen Phen — na
paccrostHuM I, pasHoM 5.45A (puc. 346). BenencTsue GONBIIOro 3HaYeHUs I, HEpEeKphIBAHHE
Mostekyst Phen mpoucxoaut nuiib Ha ux nepudepun. [103ToMy UMEIOTCS TOJIBKO KOHTAKThI (Ha
YpPOBHE BaH-JIep-BaajbCOBBIX B3aUMOACHCTBUI) Mexnay atomamu C...C, kpardaiimme wu3
xotopeix C(6f)...C(8f)' = 3.432(3), C(7f)..C(9f) = 3.451(3), C(10f)..C(12f) = 3.484(4)A.
Hannune 5THX KOHTAakTOB M ciaboif BogoposHoit cesasu S(1)...H(8f) = 2.867A, npusomsar k

oOpazoBaHuio numepHoOro aHcamOus (puc. 34a). CyiecTBoBaHHE MOMOOHBIX “TUMEpPOB” IS
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komiuiekca [Eu(Phen)(i-Bu,PS,)s] oOnapyxeno B [120]. AHajnormdHoe B3aMMOJCHCTBHUEC
OTMEUAIOCh TaKKe€ B CTPYKTypaX pa3HOJIUTAHAHBIX KOOPAWHAIIMOHHBIX COCIMHEHUN
JHATKHITATHOKapOaMaToB TIEPEXOHBIX METAJLIOB C a30TUCThIMU retepormkiamu [120, 150].
Monekynsl MeCN pasmemiarorcs B HOJOCTAX MEXIY MOJIEKyJaMH KOMILIekca 22.
Monexkynst MeCN cnmabo cBsi3aHbl C aTOMaMU MOJIEKYJT KOMIUIEKCA: MHUHHMAIbHBIC
paccrosus C(1S)...S(5) = 3.502(6), C(2S)...C(33) = 3.588(5)A. 1o no3ponser oTHecTH 22a
K COCOUHEHHMAM KIATPATHOTO THUMA. XapakTep YMAaKOBKA MOJIEKYlI B CTPYKType 22a
Mpe/icTaBlieH Ha puc. 35 B IpOEKIHUU BAOJIb ocH a. [lockonbKy aToMbl SM pacronaraiTcs Ha
JIBYX YPOBHSX BJIOJIb ocu D: Yy ~ 0.24 u = 0.76, TO MOXHO BBIJICITUTH J[BA YPOBHS MOJICKYII

KOMILIEKca 22, KOTOpbIC CBS3aHbI IICHTpOM cummeTpuu [150].

b

"

Taonunpall

HN30panHble 1TUHBI CBsA3EH B

Puc. 35. YnakoBka MOJIEKYJI COeIMHEHUS 22a B TIPOEKITUU coexmHennn 27

B0J1b ocH & (amomer H onywenoi) Crs3b d A

Dy(1)-0(1) 2.430(6)

OnpeneneHue MOJICKYISPHON Macchl KOMILIEKCA Dy(1)-0(2) 2.409(6)

22 mnokazano, yro 310 coeauHenue B CHCl; sBasercs Dy(1)-N(1F) 2.531(6)
omHOsIIepHBIM (c. 55), uTo cormacyercs ¢ ganHbIME PCA Dy(1)-N(2F) 2.476(6)
s 22a W CBUJACTENLCTBYET 00  OTCYTCTBUH Dy(1)-S(1) 2.809(2)
mauccorranuu komruiekca 22 8 CHCl. Dy(1)-S(2) 2.767(2)
MOHO MPEANOTIOKUTH, YTO CTPYKTYpa KOMILIEKCA Dy(1)-S(3) 2.791(2)
Sm(2,2’-Bipy)(i-Bu,PS,); (24) nomobua ctpykType 22a. Dy(1)-S(4) 2.850(2)

I[lo pmanaeiM  PCA  OCHOBY  KPUCTAIMUECKOM
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ctpyktypbl komiuiekca [Dy(Phen)(i-Bu,PS,),(NOs)] (27) coctaBisitoT MOJEKYIbI OIHOSICPHOTO
komrutekca (puc. 36) [146]. Atrom Dy koopaunupyet asa atoma N OMIeHTaTHO-IIMKINYECKOTO

ouranaa Phen, geteipe atoma S 1ByX OWAEHTATHO-IMKIMYECKUX JUraHgoB i-Bu,PS; na
paznuuaromuxcst paccrosHuax Dy-S, a taxxe nBa aroma O OugenrarHoir NOj -rpymmsl.

OCHOBHBIE MEXKAaTOMHBIE PACCTOSIHUS pUBeAcHBI B Ta0a. 11 [146].

Puc. 36. MonekyisipHas CTpyKTypa KomIuiekca 27

Koopaunaiust nuranioB MpUBOIUT K 3aMBIKAHHIO TPEX YETHIPEXWICHHBIX XEJTaTHBIX
nukioB (aBa mukina DyS,P u ogun DyO,;N), a Ttaxxke nstuwienHoro nukina DyN,C,.
Koopmuaamumonneri mommdap N,O,S; — HCKaKEHHBIM TPHUTOHAIBHBIN gonmekal’ap. Bce
JUTaHAbl  UMEIT  IUIOCKOE  CTPOCHHME:  CpeJHee  OTKJIOHEHHE  aTOMOB  OT
cpenHecTaTHCTUYecKol mockoctn paBHo  0.036(7)A  nna  Phen, orkmonenus B
metastomuknax DyS,P, DyN,C, u DyO,N se npessimrator 0.003(3)A.

Ha puc. 37 npencrapnen ¢gparMeHT yrnakoBKU MoJiekyn B Hampasienuu [010], B kotopom

MOJICKYJTbI KOMIUIEKCa rocpeacTBoM H-cBsi3eit 00beIMHAIOTCS B 3Ur3aroo0pasHbie 1ernodku [ 146].

Puc. 37. ®parmMeHT ynakoBKH 3UT3aroo0pa3HbIX IEMOYeK

B HampaBJIeHUH OCH D B cTpyKType KoMIutekca 27
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NummmpoBanne  1udpakTorpaMM KOMIDIEKCOB 25-28 TMpOBOMMIM TI0 aHAJIOTHU C
TEOpEeTHUUECKON AudpakTorpaMMoi koMmruiekca 27, paccuntanHor u3 JaHHbIX PCA. YcTaHOBIIEHO,

YTO BCE MCCIICIOBAHHBIC 00pa3Iibl IMEIOT MOI00HBIE AU pakTorpammsl (puc. 38) [146].

27 (PCA)
25

26

10 15 20 25 30
26, rpan.

Puc. 38. Teopernueckas nudpakrorpamma KomIuiekca 27, oaydeHHas Ha OCHOBaHUH JaHHBIX PCA,

Y SKCTIEPHUMEHTAIIbHBIC U (PPAKTOrpaMMBbl KOMITJIEKCOB 2528

Hdns  kommuiekcoB  25-28  mpoBomminoch  yrounenme [195.  Ilomydenusie
KpucTaimorpadudeckue XapakTepuCTHKU i 25—28 mpuBeneHsl B Ta0u. 12 u roBopsar o0

n3octpykrypHoctu 3tux KC.

Taonumal?2
Kpucraniorpaguyeckue XapakTepUCTHKH KOMILTEKCOB 25-28

[Komnnexc a, A b, A c, A V, A3

[Dy(Phen)(i-Bu,PS;)-(NO3)] (27) (PCA) | 10.6392 | 19.9610 | 35.0221 | 7437.45

[Sm(Phen)(i-Bu,PS;)2(NO3)] (25) 10.675(2) | 20.065(3) | 35.177(6) | 7534.94
[Th(Phen)(i-Bu,PS,),(NOs)] (26) 10.633(1) | 19.908(3) | 35.546(5) | 7524.78
[Dy(Phen)(i-Bu,PS2)2(NO3)] (27) 10.667(4) | 20.094(2) | 35.250(8) | 7556.46
[Tm(Phen)(i-BuzPS,),(NO3)] (28) 10.573(2) | 19.893(3) | 35.513(4) | 7469.86

PactBop xommiekca 27 B CDCl; ucciiesjoBan ¢ moMoInp0 MeToa 'H amp pu 293

K. B pacTBOpe 3aperucTpupoBaHbl MOJICKYJIbI KOMIUICKCA 27, a TaKKe HEKOOPAMHUPOBAHHBIC
noHs! I-BuyPS; . Io-Bunumomy, komrutexkc 27 B CDCl3 wactnuno nucconmupyer. Haiineno,

4yro B CDCl;3 xoMIuteke 27 U30CTpyKTypeH paHee uccienoBanHbiM komruiekcam [ Ln(Phen)(i-
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Bu,PS;)>(NO3)] (Ln = Nd, Lu, YDb) [122]. CnenoBaTenbHo, MOJIeKYIsipHbIe cTPYKTypbl KC
cocrasa [Ln(Phen)(i-Bu,PS,),(NOs)] B pacTBOpe CYIIECTBEHHO HE OTINYAIOTCA.
WNumunmpoBanue auppakrorpaMMm TBEPABIX (a3 aBoriHOW cuctemsl [Eu(Phen)(i-
Bu,PS,),(NOs)]-[Th(Phen)(i-Bu,PS,),(NO3)] mpoBoawin MmO aHAIOTHH C TCOPETHUECKOM
mudpakTorpamMmoi  Komiuiekca 27. Bce wmcciemoBaHHbie  00pasnbl  M30CTPYKTYPHBI
Komruiekcy 27. CyIIecTBEHHOTO CMENICHUs TUGPAKIMOHHBIX ITUKOB TIPU W3MEHEHUU
cocTaBa He HaOMIOAaeTcs, T.e. INApaMeTpbl 3JEMEHTapHOM SYEHKHU MPAKTUYECKU HE
m3mensitorest  (puc.  39).  dudpakrorpamma komiuiekca [Eu(Phen)(i-Bu,PS,),(NO3)],
onucanHas B [8], mogoOHa nudpakrorpamme komiuiekca [ Th(Phen)(i-Bu,PS;),(NO3)] (26),
yro roBoputr 00 wu3octpykrypHoctd 3Ttux KC. Ilockonpky komrutekcol [Eu(Phen)(i-
Bu,PS,)2(NO3)] m 26 aHamoOrMyHOro COCTaBa HMMEIOT OJWHAKOBBIC KPHCTAJUIMUCCKHE
pEILIETKH, a pagnyChl HOHOB Eu** u Tb®" ormmuarorcs mums Ha 2.6%, TO, MO-BUAUMOMY,
tBépAbIe (a3bl aBoitHoN cuctemsl [EU(Phen)(i-Bu,PS,),(NO3)]-[Th(Phen)(i-Bu,PS,),(NO3)]

IIPECTABIIAIOT COOOM TBEPBIE PACTBOPHI 3aMEILECHUS.

wa 27 (PCA)
MM}L@W@M—&. Th

0.5 0.5
Eu Tb

Eu, __Tb

T T T T T T 1 0.95 0.05
10 15 20 25 30 35 40
26, rpan.

Puc. 39. ludppakrorpaMmel komruiekca 27 U TBEPABIX (a3 TBOWHON CHCTEMBI

[Eu(Phen)(i-BusPS2)2(NO3)]-[Th(Phen)(i-BuzPS,)2(NOs)]

[To nauubiM PCA coemaunenust [Th(2,2’-Bipy)(i-Bu,PS,)2(NO3)]-CeHe (30a) u [TmM(2,2°-
Bipy)(i-BuyPS,)>(NO3)]-CeHg (32a) umzoctpykrypHbl (Tabn. 2) [147]. UX kpucTamimyeckue
CTPYKTYPBI COCTOSIT U3 MOJICKYJI OJJHOSLIEPHBIX KoMIuiekcoB [Ln(2,2°-Bipy)(i-BuyPS,)2(NOs3)] u
HEKOOP/IMHUPOBAHHBIX MOJICKYJ OEH30J1a, KOTOphIe pa3Memarorcs Mexay monekyinamu KC.
MornekynspHble CTPYKTYpbl KomiuiekcoB [Ln(2,2°-Bipy)(i-Bu,PS,),(NO3z)] (Ln = Tm, Th)
MPAKTUYECKH OJMHAKOBBI, IO3TOMY Ha pHC. 40 MOKa3aHO CTPOCHHUE MOJICKYJIBI JIUIITh KOMILICKCA

[Tm(2,2’-Bipy)(i-Bu,PS,),(NOs)] [147].
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AtoMm Ln koopauHupyer asa atoma N
OMIeHTaTHO-IMKINYeCcKoro yuranga 2,2’°-Bipy,

4 aroma S

Tadobnupgal3

HN30panHbIe 1TUHBI CBsI3eil

B koMmILiekcax 30a u 32a

IBYX OWICHTATHO-IIMKIMYECKHIX Cesszb 30a 32a

ourannoB i-BuPS;, a Takke 2 aroma O Ln(1)-0O(1) 2.399(1) 2.445(1)
OMJIEHTATHO NO; -rpynmsl. OCHOBHEIE Ln(1)-O(2) | 2.386(1) | 2.436(1)
MEKAaTOMHBIE PACCTOSHUS TPHBEICHBI B TaOl. Ln(1)-N(2) 2.429(1) 2.483(1)
13. BumHo, 4TO mpHW mepexone OT KOMILIEKCa Ln(1)-N(2) 2.506(1) 2.551(1)
Tbh(lll) x xommiekcy Tm(lll) mmmHBI Beex Ln(1)-S(1) | 2.8042(4) | 2.8327(4)
CBsI3ell HECKOJIbKO yBeJIMunBaroTcs (Tadm. 13). Ln(1)-S(2) | 2.7837(4) | 2.8246(4)

KoopauHaiusi JIWraHaoB MPUBOIUT K Ln(1)-S(@3) | 2.8207(4) | 2.8572(4)
3aMBIKAHHIO TPEX YETBIPEXWICHHBIX XEJIATHBIX Ln(1)-S(4) | 2.7980(3) | 2.8300(4)

nukiioB (mBa 1mukima LNS,P m mukn LNO,N), a Taxke MATHYICHHOTO XEJIaTHOTO IIHKIIa
LnN,C,. Koopmuaanmonusrii monmmdap N,O,S, — MCKaXEHHBIA TPUTOHAIBHBIA JTOJCKAdIP.
Pacuer mmockocTel, MpoXOAAIINX Yepe3 aToOMbI XelaaTHeIX mUKIoB LNS,P, LNN,C, u LnO;N,
MmoKasal, 4to B Mosiekysax KC MakcuMaabHOE OTKJIOHCHHE aTOMOB OT CPETHEKBAIPATUIHBIX
miockocTeit He npesbimaet 0.020(1)A. JIByrpannsie yriisl Mexay miockocTamu SLNS u SPS
paBubI 2.98(3)° u 0.15(3)° s 30a, 2.68(3)° u 0.15(3)° ansa 32a. Vsl pa3BopoTa IIOCKHX
MUPUIMHOBBIX [UKIOB MoJekyiasl 2,2°-Bipy Bokpyr cBszeir C(5p)-C(6p) B o00oux

KOMILIEKCaxX IpakTuuecku oxunakossle (15.0(1)° u 15.3(1)°) [147].

A

Puc. 40. MosnekynspHas cTpykTypa komiuiekca [ Tm(2,2°-Bipy)(i-BuzPS;)2(NO3)]
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Ha puc. 41 npencraBieHa ymakoBKa MOJIEKYJ BAOJIb OCH ¢ B COeQuHEHUH 32a.
KparyaifmiumMy ~ KOHTakTamMM  MeXAYy  MOJeKylamMd  OeH3ojla W KOMILIeKca
[Tm(2,2°-Bipy)(i-Bu,PS;),(NOs3)] sBasiorcs kontaktel H---H (~3.1A) mexmy aromom H
¢dparmenra C(4)H monekysnbl OeH307a ¥ OAHMM K3 aTroMoB H m300yTHibHO#N Tpymmsl. B
CTpYKType 32a MOXHO BBIICTUTH CJIIOW W3 MOJIEKYJT KOMIUIEKCA, MapauIelIbHbIC TUIOCKOCTH
bc. Ha snemMeHTapHyO0 siueiiKy MPUXOAMTCS OMUH cjioi. Hambosiee KOpOTKOE paccTosHHE

Ln...Ln pasto 8.873(2)A B 32a, 8.864(2)A B 30a [147].

Puc. 41. [Ipoeknus KpUCTaJUIMYECKOM CTPYKTYpPBI COeqUHEHMS 32a

Ha rtockocTb (001) (amomst H onywenwr)

Kommtekcnr [Dy(Phen)(i-Bu,PS;),(NOs)] u [Ln(2,2°Bipy)(i-Bu,PS;),(NO3)] (Ln = Tb,
Tm), uMmeronEe B CBOEM COCTaBE pPa3HBIC A30THCTHIC T€TEPOIUKIIBI, KPUCTALIM3YIOTCS B
pa3IMUYHBIX CHUHTOHMSX: KomIuiekc 27 — B pomOuyeckoil, xommiekcel 30 u 32 — B
moHokymHHOM. [Ipu 3amene Phen Ha 2,2°-Bipy miuasr ceszeit Ln—O u Ln—N ymeHbIatorcs,
a IUTMHEI cBsi3eit LN—S HaxomsITcs mMpuMepHO B OJTMHAKOBBIX MHTEPBAJIaX.

BepositHo, cTtpoenune komriekcoB 30 u 32 aHAJIOTMYHO WX CTPOCHUIO B COCTMHEHUSIX
30a u 32a. Jludppakrorpammbl komruiekcoB 29-32 monoOHbl (puc. 42). Ilo-Bunumomy,
komrmuiekebl  [LNn(2,2°-Bipy)(i-Bu,PS,),(NOz)] (Ln = Sm, Tb, Dy, Tm) wumerT

KoopauHarmoHHbIH moaudaAp N,O,S, 1 aHamoTUYHOE CTPOCHHE.
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20,rpan.

Puc. 42. JTudpaxkrorpaMmmsl KoMIuiekcoB 29-32

[To nanasiM PCA coenunenue 36 sisiercss 1D-koopAMHAalMOHHBIM TOJIMMEPOM
[148]. Ero kpucramminueckas CTpyKTypa MOCTPOCHA U3 IEMOYCK, COCTOSIINX U3 (parMeHTOB
Sm(i-Bu,PS,); u Mosiekyn OMAEHTaTHO-MOCTHKOBOTO JITaHaa 6,6’-0uxuHonuHa. CTpoeHUe
(¢parMeHTa LEMOYKM C O0OO3HAYEHUSMU BCEX aTOMOB IIpelacTaBieHo Ha puc. 43. B

KOOpJIWHAITMOHHYIO c(epy aromMa SM BXoaaT 6 aToMOB S TpeX OUIACHTATHO-IIMKINYCCKUX

aurannoB i1-Bu,PS, Ha oTnmuarommxcst paccTOSHUSAX TaGnuuald
Sm-S u nBa aroma N OHIEHTATHO-MOCTHKOBBIX N36pannblie JJHHBI CBsI3€i
auraHgoB  6,6’-Big.  OcCHOBHBIE ~ MEKaTOMHBIE B KoMILIeKce 36
paccTosiHMsI TPUBEICHBI B Ta0. 14 [147]. Chszp d, A
Koopaunamuonsslii nommap N,Sg atoma Sm — Sm(1)-N(1) 2.731(4)
WCKa)KEHHas TeTparoHalbHas aHtunpusma. CpenHee Sm(1)-N(2) 2.699(4)
OTKIIOHEHHE AaTOMOB B YETHIPEXYTONbHBIX IPaHAX Sm(1)-S(2) 2.917(1)
npusMbl, obpasoBannbix atomamu N(1)S(2)S(3)S(4) u Sm(1)-S(2) 2.924(1)
N(2)S(1)S(5)S(6), pasro 0.083(1DA u 0.051(DA Sm(1)-S(3) 2.894(1)
cooTBeTcTBEHHO. O6E IpaHH MPAaKTUYECKU IIOCKHE H Sm(1)-S(4) 2.942(1)
napajulenbHbl APYT APYry, MOCKONBKY YIONl MEXIY Sm(1)-S(5) 2.965(1)
IJIOCKOCTAMU paBeH Bcero 7.87(6)°. Tpu XenaTHbIX Sm(1)-S(6) 2.884(1)

uukia SmS,P Takxke NOYTH IJIOCKHE: CPEHEe OTKIOHEHHE aTOMOB OT ILIOCKOCTEH Kax10ro
nmkna coctasisier 0.048(1)A, 0.086(1)A u 0.076(1)A cooTtBercTBeHHO. O6a GUIMKIMYECKUX
¢parmenTa Monekyn 6,6’-Big mpakTHueckwm IUIOCKHE, OTKJIOHCHHE AaTrOMOB  OT

cpeqHecTaTUCTUYeCKuX miuockocteil pasuo 0.029(4) u  0.022(4)A. Bunumknuueckue

(parMeHTHI IIOBEPHYTHI OTHOCUTENBLHO Apyr Apyra Ha 28.9(1)°. Paccrosaus Sm-S u Sm-N
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Puc. 43. ®parmMeHT MOJIMMEPHON LIETIOYKU B KOMILIEKCE 3

B 36 coracyloTcs C aHaJOTUYHBIMU DPACCTOSHUSMU B  OJHOSIIEPHOM KOMILIEKCE
[Sm(Phen)(i-BuyPS,)3], momuaap N,Sg — Tarke TeTparoHaibHas antunpusma [147, 150]

Ha puc. 44 mpencraBiieHa KpHCTaUTMUYECKasi CTPYKTypa Komiuiekca 36 B MPOCKIMH Ha
mwiockocTth (001). OpHOMEpHBIE TOIMMEPHBIE LIETOYKH, COIEP KaILle TPAHCIALIMOHHO WJICHTUYHbIE
aToMBI SM, TSHyTCS BIOMB OCH a. PaccTosiHue MexkTy aToMaMu SM B 1ienodke papHO 13.668(2)A.
brmxkaifiiee paccTosiHue MeX Ty aToMaMi S/ B COCEIHHUX LIETOYKAX, PA3MHOKEHHBIX CKOJIB3AIIIECH
IIOCKOCThI0 N, coctapnsieT 9.615(2)A. Kommiekc 36 sBiseTcss MHepBbIM — IIPUMEPOM

KOOPIMHAIIMOHHOTO TIOJIUMEpa, CofiepKatero 1,1-murronataeie urasip! [147].

Puc. 44. YakoBka NOJIMMEPHBIX IIETIOYEK B CTPYKTYpe KoMIniekca 36 B mpoeKimy Ha miockocTh (001)
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[TomyunTs MOHOKPHCTAIIEI KOMILIEKCOB LN, (4,4’-Bipy)(i-Bu,PS,)s (Ln = Sm, Th, Eu)
He yaanock. MOKHO Hpeanonoxkuts, uro B 3tux KC ¢parmentsr LN(i-Bu,PS,); cesazans
uyepe3 OMIEHTATHO-MOCTUKOBBIM smrann 4,4’-Bipy, npu »stom arom Ln umeer

KoopauHaIMoHHbIH onudap NSg (puc. 45).

>0 = = s~
P Ln—N N—Ln P
>—"Ns . N !

Puc. 45. BepositHoe crpoenue kommuiekcos Lny(4,4’-Bipy)(i-Bu,PS,)s (Ln = Sm, Th, Eu)
3.2.3. UK-cnekTpsl

B HUK-cmektpax xommuiekcoB 27, 30, 32, 36, MonekyispHas CTPYKTypa KOTOPBIX
ompeserena ¢ momombio PCA, HMEIoTest Tomock! 0ko1o 610 i 525 ¢M *, KOTOpBIE XapaKTepHbI
JUTSI BAJICHTHBIX KOJIeOaHUN KOOpAUHUPOBaHHOW PS,-rpymmel (Tabm. 15) [146, 147]. Hanmuuue
AQHAJIOTMYHBIX TOJIOC B CHEKTpax komruiekcoB 21-26, 28, 29, 31, 33-35 moarBepkaacT
OMICHTaTHO-IMKJINYECKYIO KOOpANHAIMIO JIuranza i-Bu,PS, B aTux coenunenumsx.

OueHb CHIBHBIE MOMOCH okoyo 1500 u 1280 cm* B KC 27, 30, 32 orHOCATCS K

pacuieIUieHHOW Tooce v OujaeHTatHo-koopauHupoBanHoro woHa NO; [151, 152]. B

CIIEKTpax KOMIUIEKCOB 25, 26, 28, 29, 31 Toxe MpUCYTCTBYIOT 3TH MOJOCHI, YTO TOBOPHUT O

ounnenraTHO-nMKIMYeckoi koopauHayu nona NO, B atux KC (tabmn. 15) [146, 147].

B UK-cnekrpax koMIuiekcoB 22—37 UMEIOTCS MOJ0Chl c1ab0i MHTEHCUBHOCTHU OKOJIO
1557-1655 oM, NpUHAJIeKAIIME BAJCHTHBIM KOJNEOAHUSAM apoOMaTHYECKUX KOJIell,
BXOAAIIMX B coctaB Phen, 2,2°-Bipy, 4,4’-Bipy u 6,6’-Biq (ta6:x. 15) [146].

B UK-cnektpe xommiekca 37 uMEIOTCS MOJochkl mpu 675 u 556 cM KOTOpBbIE
OTHOCATCS K KosiebaHusiM PS,-Tpymmel, a Takke moxocsl npu 989 u 969 oM, XapaKTepHbIE
st konebanus P—-O—R-¢gparmenTa. [lomoxkeHue 3THX MOJOC CMEIIEHO MO CPAaBHEHHIO C
nojoxeHueMm aHanoruuHsix nojoc B UK-cnekrpe comu (i-PrO),PS,K, uro cBunmerenscTByer

o koopruHanu (i-PrO),PS; -noHoB B aTom komrutekce [153] (Tadn. 14). [TonoxeHue mosuoc

-1
UPS;) cMemieno Ha 3—4 c¢cM - B 00JacTh HHU3KHX 4acToT, a mojiokeHue mnoinoc Y P-O-R)

CMECTHIOCH Ha 6 cM ~ 1 31 cM © B 0611acTh BBICOKHX dacToT [149].
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Taomnungalhs

OcHoBHbBIE K0J1e0aTeJIbHbIE YaCTOThI (CM_l) B UK-cnekTpax i-Bu,PS;Na-3H,0, Phen-H,0,

2,2°-Bipy, 4,4’-Bipy, 6,6’-Biq n kommiexcoB 21-37

CoennHeHne v(C=C), v(C=N) v3(NO3) vas(PS2), vs(PS2)
i-Bu,PS;Na-3H,0 — — 609, 525
Phen-H,0 1585 — —
2,2’-Bipy 1580, 1557 — —
4.4-Bipy 1592 — —
6,6’-Biq 1650, 1579 — —
Et.N[Gd(i-Bu2PS,).] (21) — — 621, 528
[Sm(Phen)(i-BuzPS;)3] (22) 1590 — 616, 533
[Gd(Phen)(i-Bu,PS;)3] (23) 1591 — 615, 535
Sm(2,2’-Bipy)(i-BuzPS,); (24) 1634, 1597 — 617, 529
[Sm(Phen)(i-Bu,PS;)2(NOs)] (25) 1625, 1589 1500, 1281 603, 528
[Tb(Phen)(i-Bu,PS;)2(NO3)] (26) 1627, 1590 1496, 1428, 1285 606, 530
[Dy(Phen)(i-BusPS3)2(NO3)] (27) 1626, 1591 1495, 1425, 1286 607, 530
[Tm(Phen)(i-Bu,PS;)2(NO3)] (28) 1627, 1589 1506, 1426, 1288 608, 531
[Sm(2,2’-Bipy)(i-Bu,PS;)2(NO3)] (29) 1598, 1574 1482, 1438, 1289 600, 522
[Tb(2,2’-Bipy)(i-BuzPS,)2(NOs)] (30) 1600, 1570 1482, 1437,1292 603, 524
[Dy(2,2’-Bipy)(i-BuPS,)2(NO3)] (31) 1600, 1577 | 1513, 1437, 1278 604, 524
[Tm(2,2’-Bipy)(i-BuzPS;)2(NOs)] (32) 1601, 1570 1488, 1438, 1296 606, 528
Sm,(4,4°-Bipy)(i-Bu,PS,)s (33) 1597 — 611, 530
Eu,(4,4’-Bipy)(i-Bu,PS,)s (34) 1597 — 611, 530
Tby(4,4’-Bipy)(i-Bu,PS,)s (35) 1600 — 610, 529
[Sm(6,6’°-Biq)(i-Bu,PS,);]. (36) 1655, 1589 613, 538
Sm(Phen)((i-PrO),PS,)s (37) 1626, 1591 675, 556

3.2.4. MarHuTHBIE CBOICTBA

Kommexcrl 21-37 mapamarautabsl mpa 300K, 3aBUCUMOCTHU f,44(T) 1718 HEKOTOPBIX

W3 HUX TpencTaBiieHbl Ha puc. 46 [146, 149]. [Ins xommiekcoB 26—28 u 30-32 3HaueHus

Usgp TipH 300K XOpoImmIo coryacyrorcs ¢ TeOpeTHYecKHMH (Tabn. 16) M mpakTHyecku He

M3MEHAIOTCA TIpH INOHYKEHMU Temmepatypbl o ~ S0K. Hmkxe 50K 3HaueHMS i

YMCHBIIAKOTCA, YTO O6YC.]'IOB.]'IGHO TUIIMYHBIM JISI MOHOB JIAHTAHHUAOB PpPAaCHICIUICHUCM B
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HyseBoM mnone. g xommekcoB 22, 24, 25, 29 u 37 3Ha4eHMs [y, npu 300K BXogar B

MHTEPBaJI SKCIIEPUMEHTAJILHO HAOIIOAAEMBIX 3HAYECHHH /Ly JUIA HOHA Sm® ( Mgy = 1417

ug) [154]. 3aBUCHUMOCTH fi,44(T) 118 coenMHEHNUH HOHA Sm®" ommuaTCs OT TAKOBBIX IS
KC nonos Tb*, Dy**, Tm*". 3nauenns Uopp U COCMHEHUH HOHA Sm*" npu moHmKeHHH

TCMIICPATYPLI IIOCTCIICHHO YMCHBINAIOTCA.

Taonungalb
3Hauenus u,44 npu 300K pua kommiexkcos 22-32, 37

Coennnenne Hopg» HB | Uoggp (TEOP.), Hp
[Sm(Phen)(i-BuPS,)s] (22) 1.53 0.84
Sm(2,2’-Bipy)(i-BusPS,)s (24) 1.51 0.84
[Sm(Phen)(i-Bu,PS,)2(NO3)] (25) 1.52 0.84
[Tb(Phen)(i-Bu,PS,),(NOs)] (26) 9.50 9.72
[Dy(Phen)(i-BuzPS;)2(NOs)] (27) 10.27 10.63
[Tm(Phen)(i-BuzPS2)2(NOs)] (28) 7.33 7.57
[Sm(2,2°-Bipy)(i-BuzPS2)2(NO3)] (29) 1.52 0.84
[Tb(2,2>-Bipy)(i-BuzPS,)2(NOs)] (30) 9.53 9.72
[Dy(2,2>-Bipy)(i-BuzPS2)2(NO3)] (31) | 10.29 10.63
[Tm(2,2>-Bipy)(i-Bu,PS,).(NO3s)] (32) | 7.30 7.57
Sm(Phen)((i-PrO),PS.)s (37) 1.52 0.84

COOTBETCTBHE TCOPETUUCCKUX W HAOJIOJaEMbIX MATHUTHBIX MOMEHTOB yKa3bIBacT Ha
TO, YTO B KoMmIuiekcax 22, 24-32, 37 WOHBI JAHTAHHIOB MMEIOT CTENCHb OKHCIECHHUSA +3,
aHMOHOB-BOCCTAHOBHUTECIIEM HE

CJICOOBATCIbHO, IIpW KOOpAWMHAIIMU CCPOCOACPIKAIINX

MIPOTEKAIOT PEJOKC-PEAKIIIH.

“pgp MB
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lO .IIIIII u L} | | n | | | | | | | | u | |
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. * 25
FPPYYY Y o © 0 0 0 0 o o o 26
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Puc. 46. 3aBUCUMOCTH (1,44 (T) A1 KOMIIIEKCOB 2528
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OO6HapyXeHO, 9TO I KOMIUIEKCOB 26—28 3aBUCMMOCTH HAaMarHWYeHHOCTH 00pa3IoB
(0) OT BenMYMHBI BHEIIHETO MArHUTHOTO IMOJS HEJNMHEWHBI (puc. 47) U HE OMHCBHIBAIOTCS
¢ynkuumen bpummosna. Henunelinas o0nacth o oTpakaeT MpOLECC OPUEHTALMN MAarHUTHBIX
MOMEHTOB JOMEHOB B HaIlpaBJICHUU BHEIIHETO MAarHUTHOIO MOJsI IpuU Bo3pacTanuu H
(ob6macte |). B cunbnbix monsax (obnacte |lI) Hactymaer marmutHoe Hacwimenue (H,), u
HAMAarHUYEHHOCTh  MPAKTUYECKHM He 3aBUCUT oOT /. BenuuumHbl  CHOHTaHHOMN
HaMarHUYE€HHOCTH (0p), OJIYYeHHBIE U3 aHaJK3a 3aBUCUMOCTHU 0 = gy + yH npu H > 20 kD3,
coctaBisiror 21400, 25600 u 11000 Tc-cm®/Monb JUII KOMIUIEKCOB 26—28 COOTBETCTBEHHO.
3HayeHHsI CIIOHTAHHON HAMarHMYEHHOCTU 3HAYUTENIBHO HUXKE TEOPETUYECKHX BEIHMYMH
(9;usNAJ) 50265, 55850 wu 39095 I'ceem®’moms mist womoB Th**, Dy** u Tm*
COOTBETCTBEHHO, YTO YKa3bIBACT HA HEKOJUIMHEAPHOE YHNOPSAI0YeHHE MarHUTHBIX MOMEHTOB.
Taxum 00pa3oM, KOMIUTEKCH 26—28 mepexoasiT B MAarHUTHO-YIOPSAI0YCHHOE COCTOSTHHIE TIPU
T < 4 K. Iletnsa rucrepesuca OTCYTCTBYET, T.K. KOAPLUUTHBHAS CHUJIa MPAKTUYECKH paBHA
Hyal0. MarautHoe ToOBeIeHHEe KOMIUIEKCOB 26—28 mpu 2K cBHIETENBCTBYET, YTO TpH
HU3KHX TemIrepaTypax »JTH COEIUHEHHUS TMPOSABISAIOT CBOHCTBA MarHUTHO-MSTKHUX
MatepuainoB ¢ Temmneparypoi Kiopu T, < 4 K. CnenoBarensHo, 11t autnodochunataeix KC
noros Th**, Tm*, Dy** zaBucumocts o(H) anamorndsa 3aBUCHMOCTH, OGHAPY/KEHHOMN IS
TUTHOKapOaMaTHBIX KOMILIEKCOB S u 11, comepikanux HOHBI Tb* u Dy3+. [To-Buaumomy,
HeNMHElHBI XapakTep 3aBucuMoctH o(H) xapakrepen mwis komruiekcos Th**, Tm®*, Dy** ¢

1,1-nuTHONATHBIMY JIUTAHIAMHU.

o, kI'c cM'/Momb

30
20+

10

o 26
0 L 27
¢ 28
-10 4
00”’
-20 4 OO
o [ ]
0000© -

[ ]
—30-. am™

-40 -20 0 20 40 60
H, kD

Puc. 47. 3aBucrMMOCTH HAMarHMYEHHOCTH OT HAIIPSHKEHHOCTH BHEIIHETO

MarauTHOTO ToJist ipu 2K m1st coennuennii 26—28
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3.2.5. 3akaouenue

Pa3paboTaHbl METOAMKH cHHTE3a TpeX TuioB KoMiiekcos LNn(11), comeprkammmx HOHBI
I-Bu,PS; : a) Terpakuc-kommiexc EtyN[Gd(i-Bu,PS,),], conepsxammit oqun Tun nuranna; 0)
KOMILIEKCHI, cojaeprkamtie nBa tumna gurangos: Ln(L)(i-Buy,PS;); (Ln = Sm, Gd; L = Phen,
2,2°-Bipy), Lny(4,4’-Bipy)(i-Bu,PS,)s (Ln = Sm, Eu, Tb) u [Sm(6,6’-Biq)(i-Bu,PS;)s],; B)
KOMILIEKCHI, COJIepIKaIlie TpU Thma Juranaos, coctasa [Ln(L)(i-Bu,PS,),(NO3)] (Ln = Sm,
Eu, Tb, Tm; L = Phen, 2,2°-Bipy). I[lo-Bumumomy, Bo3MoOxHOCTh monyudeHus KC,
COJepXaIUX TPU THIMA JIUTAHAOB, CBsA3aHa C TEM, YTO JOHOPHBIC CIIOCOOHOCTH

murnopocpunar- 1 NO: -1MOHOB ONM3KH, [0ITOMY B KOODIAMHALHMOHHYIO cdepy aToma

Ln(ll) (Ln = Tbh, Dy) Bxoast ob6a moHa. IIpu cuHTE3e AUTHOKapOAMATHBIX COCAMHCHHMA
Ln(I1l) xomrIekchl, cofep Kaiiie TPy TUIIA JIMTAHI0B, HE OBUIM IMOJIYYEHBI, YTO CBS3aHO C
OoybIlicii  JIOHOPHOW  CIOCOOHOCTBIO  JWTHOKapOamMaT-uoHa 10  CPaBHEHUID  C

mutnopocpunar-norom 1 NO;-nomom.  Kpome — TOro,  moiyd4eH  KOMILICKC

Sm(Phen)((i-PrO),PS,)s, KoTOphIi sBISETCS MEPBBIM MPUMEPOM pazHoiauranaHeix KC
JaHTAaHHUJOB,  COJEpPXKAIMX B  CBOEM  COCTaBe  Aa30THCTBIA  TETePOIUKI |
TuanKuIIuTHOGOChaT-UOHBI.

Bce coennHenns nonyvanu B OOBIYHBIX JTA0OPATOPHBIX YCIOBUSX, 0€3 NCIOIh30BaAHMS
Mep 3allUThl OT BJIATM BO3JyXa W Olepaluii 00e3BOKMBaHUs pearcHTOB. KOMIUIEKCHI
CTaOWIBHBI Ha BO3JIyXE JUTMUTEIEHOC BPEMSI.

[To nanasiM PCA xomruieke [Dy(Phen)(i-Bu,PS;),(NO3)] (KIT N,O,S, — uckakeHHbIi
TPUTOHAIBHBIH J0JeKadIP) I/I KOMITJICKCBI B COCTaBe COJIbBATOB
[Sm(Phen)(i-Bu,PS;)3]-MeCN (KIT N,Ss — uckaxéHHas TeTparoHajabHas AaHTHUIIPH3MA),
[Ln(2,2°-Bipy)(i-BusPS;)2,(NO3)]:C¢Hg (Ln = Th, Tm) (KIT N,;O,S; — wuckax&HHBIH
TPUTOHATBHBIN JTOJEKAdp) SBILIIOTCS OAHOsAepHbIMH MonekyasipHeiMu KC. Kowmruteke
[Sm(6,6°-Biq)(i-BuyPS,)s]y — xoopauuarmonnsiit 1D-moaumep (KIT N»Sg — nckaxénnas
TeTparoHaJibHAs AHTHUIPU3MA), KOTOPBIA SIBJSIETCS IMEPBBIM MPUMEPOM KOOPIHMHAIIMOHHOTO

nmojanMepa, CoACpKalero l,l'I[I/ITI/IOJIaTHLIe JIMTaHBbI. KOOpI[I/IHaL[I/IOHHOC YHCJIO NCHTPAJIbHBIX

98



aroMoB Bo Bcex 3TuX KC pasno 8. Jluranaer Phen, 2,2°-Bipy, NO;, u i-Bu,PS; Bemomsstor

OMIEHTATHO-IUKINYECKYIO (DYHKINIO, a 6,6’-Biq — OHIeHTaTHO-MOCTHKOBYIO.

Ha ocnoBanun pganueix PCA wu P®A ycranoBieno, uro KC B psgax
[Ln(Phen)(i-Bu,PS;)>(NO3)] (Ln = Sm, Eu, Th, Tm) u [Ln(2,2’Bipy)(i-Bu,PS,),(NOs)] (Ln =
Sm, Eu, Th, Tm) sBisroTcs n30CTpyKTypHBIMU. JlanHble MK-CIEKTPOCKONNH YKa3bIBAIOT Ha
ounenTaTHyto koopaunanuto nonos NO 3, (i-PrO),PS; u i-Bu,PS;.

MarseToXuMru4ecKoe HCCIEeIOBAaHME Psiia CHHTE3MPOBAHHBIX KOMILUIEKCOB, COICPIKAIINX
mutruogocar- u gurnodocdunar-ruonsl, npu 300K mokazano, 4To 3TH COETUHEHUS! SIBIISIOTCS
napamarHeTukamu. HaiieHHble 3HAa4eHMS 4,45 Dpu 300K yKasblBaloT Ha TO, YTO B 3THX
COCTMHECHUSAX aTOMBI JIAHTAaHUJIOB MMEIOT CTETeHb OKHCIeHus +3. McciiemoBanue 3aBUCUMOCTH
3 PEKTUBHBIX MarHUTHBIX MOMeHTOB KomiutekcoB [LN(L)(i-Bu,PS,),(NO3)] (Lnh = Sm, Th, Dy,
Tm; L = Phen, 2,2°-Bipy) or temmneparypsl B uaTepBasie 2—-300K mokas3ano, 4To MarHUTHOE
[IOBEJIEHUE KOMIUIEKCOB MOHOB Sm3+, Eu** u nonos Tb3+, Dy3+, Tm** pa3inuyHoO. Y CTaHOBJIEHO,
yro komruiekcsl [Ln(Phen)(i-Bu,PS,),(NO3)] (Ln = Tb, Dy, Tm) npu 2K mnepexoasr B

MAarHUTHOYIOPSAI0YEHHOE COCTOSIHHE.

3.3. CtpykTrypa u cBoiicTBa kommiaekcoB Sm(II1),

coacpKamuxX KOOPANHHUPOBAHHLIC NO ; -HOHbI U A30THUCTBIC T'CTCPOLHNKJIbI

N3Bectubie kommiekehl [SM(L),(NOs)s] (L = Phen (38), 2,2’-Bipy (39)) monyuniu ¢
1eJIbI0 uccienoBanus ux OJI.

O¢pdextuBupie MarHuTHble MoMeHThl KC, paBubie 1.52 u 1.59 pg mpu 300K,
OTJIMYAIOTCS OT TEOPETHYECKHMX, PACCUMTAHHBIX JUIS DIEKTPOHHON KoH(urypammm f s

mora SM®" ( 4y = 0.85 Up), OJHAKO, BXOAAT B WHTEPBAI HAOIIOJAEMBIX HA MPAKTHKE
MarHMTHBIX MOMEHTOB ( 1,,, = 1.4-1.7 ug) [149, 154].

K Hacrosmemy BpemMeHu wu3ydeHo crTpoeHue noutu Bcex KC cocraBa
[Ln(Phen),(NO3);] [135, 155, 156]. ABTops! [156] moka3anu, 4To KpUCTALIBI KOMIUIEKca 38,
KaK ¥ OCTaJIbHBIC COCIMHECHHUS TAHHOTO M30CTPYKTYPHOTO Psijia, OTHOCSTCS K MOHOKIMHHON

cuaronun (mp. rp. C2/C) W MOCTPOCHBI W3 MOJICKYJISIPHBIX OJHOSICPHBIX KOMILICKCOB.

Jlurauget NO, u Phen — oupenrtarno-mukimdeckune. KoopauHAMOHHBIN TOIHAP aToMa Sm

— nenragoneka’ap NyOg. CTpykTyphl coenunenuit coctana [LN(2,2’°-Bipy),(NO3);] nzydeHsr
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Tadonungal?7

B MeHbIeH crernienn. B nanHoii pabore meroqom PCA W36paHHbIe JIHHEI CBS3eH

OIIpCACIICHA KPUCTAJUIMYCCKAA CTPYKTYpa KOMILICKCA B KOMILIeKce 39

39. Coemunenne 39 H3OCTPYKTYPHO COCAMHCHUSIM Crs3b d A

La(lll) u Lu(lll) anamormunoro cocraBa [157, 158]. Sm(1)-0(1) 2.510(1)x2

Kpucrammueckas crpykrypa 39 COCTOMT U3 MOJEKYI Sm(1)-0(2) 2.567(1)x2
ofHOsIepHOro Komruiekca (puc. 48a) [149]. B Sm(1)-0(4) 2.509(2)x2

KOOP/MHAIIMOHHYIO chepy noHa Sm>* Bxomsr 4 atoma Sm(1)-N(1) 2.561(1)x2
2572 (1)x2

N ABYX MOJICKYII 6I/I,Z[6HTaTHO-I_II/IKJII/I"ICCKOFO JIMraiaa Sm(l)—N(Z)

2,2’-Bipy m 6 aromoB O Tpex OuaCHTATHO-

murndeckux NO ; -noHoB. OCHOBHBIE MEKAaTOMHbIE PACCTOSHUS IPUBEICHHI B Tabd. 17.
VYnakoBka MoJeKyn KoMmiuiekca 39 B KPHCTAUIMYECKOW CTPYKType TIpeicTaBieHa B

npoekimy  Ha 1iockocte  (001) (puc. 486). 3a cuer yuyacTusi B MEKMOJCKYISIPHBIX

B3aUMOJICUCTBUSIX aTOMOB O HUTPATHBIX TPYIIT 00pa3yrOTCs LETMOYKH BIOJb ocH C (puc. 48B). Tak,
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Puc. 48. MonekynsapHas CTpykTypa Komiuiekca 39 ¢ Hymepaliueil HeBOIOpOIHBIX aTOMOB ()]
yIaKOBKa MOJICKYJI B CTPYKTYpe B mpoeKIuu Ha iockocts (001) (nynxkmupnvivu nunusmu
nokaszanvl H-ces3u) (0); pparMeHT yrmiakoBKH 1IEMIOYEK B HAIIPABJICHUU OCH C (B)
arombl O(3) obpasytor H-cs3u ¢ ¢parmentamu CH muxinor 2,2°-Bipy cocemHux MoJeKy

kommiekca: pacctostaus O(3)...H(1)-C(1) = 3.373(2), O(3)...H(9)-C(9) = 3.227(2)A [149].
B UK-cnektpax koMmruiekcoB 38 u 39 UMEIOTCS MOJIOCH], OTHOCSINUECS K KOJCOaHUAM
cBs3eit kogen 2,2-Bipy u Phen okoso 1600 CM ', a TaKKe MOJIOCHI BHICOKOI HHTCHCHBHOCTH

-1 o
okoo 1500 m 1300 cm °, oTHOcsAmuecs K pacHICIUICHHOW Iojoce V3 OHIeHTaTHO-

koopauauposanaoro NO -rona (tad:. 18) [149].

Tabnumal8§
OcHoBHBbIE K0JIe0aTeIbHbIE YaCTOThI (CM'l) B UK-cnekTpax

Phen-H,0, 2,2’-Bipy u kommiexcos 38, 39

Coenunenue v(C=C), v(C=N) v3(NO3)
Phen-H,0 1585 —
2,2’-Bipy 1580, 1557 —

[Sm(Phen)2(NO3)s] (38) 1576 1474, 1304
[Sm(2,2°-Bipy)>(NO3)s] (39) 1599, 1572 1512, 1301

3.4. ®otowmunecuenuusa kommiaexcos Ln(l11) (Ln =Sm, Eu, Gd, Th, Dy, Tm),

coaepxammx 1,1-1uTHOIATHBIE HOHBI

N3BecTHO, uTOo MHTEHCUBHOCTH (l) MroMHHECIeHIMU KomIuiekcoB LN B GonbInoit mepe
OIpeIeIsieTCs Pa3HULIEH MEX/ly BETMYMHAMHU SHEPTHU HUKHETO BO30YKJIEHHOTO TPUILIIETHOTO
ypoBHs nuranza (T;) ¥ UCHYCKaIOIIEero ypoBHs KaThOHA JlanTaHuaa. ClieoBaTenbHO, s TOTO,
4yTo0bI Tpencka3ath dddextuBHOCTE DJI KommekcoB Ln(lll), HeoOXoauMo 3HATH SHEPTUU
TPUIUICTHBIX ypOBHEH JuranioB, Bxoasumx B coctaB KC. Kommiekcer Gd(l11) He obnmamaror
GiryopecueHImel, MOCKOIbKY SHEPTHsl HCITYCKAIOIIETO0 YPOBHS %Py mona GA** (~32000 cv ™)
HAaMHOTO OOJIbIIIE SHEPTUH YPOBHS |1 OPraHUYECKUX JIMTAHIOB, YTO JEJaeT MePeXo1 SHEPTHH C
ypoBHs T1 JIMraHaa Ha UCIyCKAIOIMI yPOBEHb HOHA Gd** HeBO3MOXKHBIM (puc. 49a). IloaTomy
criekTpsI smuccrn KC rona Gd** iMerot Tombko momock! GochopeciieHImH, COOTBETCTBYIOIIIE
Mepexo/1aM SHEPTHUU ¢ YPOBHS T JIMTaHa HA OCHOBHOM CHHIJICTHBIN ypOBEHbB (Sp). [lockombky

S3HAYCHUC SHCPIrUU YpPOBHA T1 JiMranzia HC 3aBUCUT OT MCTalllla, TO IIPUHATO HCIIOJIbL30BATbH
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Puc. 49. YactnuHble AuarpaMMbl SHEPreTHYECKUX YPOBHEN

Y U3TYYaroIfX MEePEeX0I0B HOHOB Gd3+, Sm3+, Tb3+, Dy3+, Eu3+, u Tm®* [145]
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NH4[Gd(C4HgNCS,),] (1), [Gd(Phen)(C4HgNCS;)s]  (4), ELN[GA(i-BuzPS;3)s]  (21),
[Gd(Phen)(i-Bu,PS,)3] (23) B momukpucrammyeckoit dase mpu 77K.

Cnextp smuccHH KoMIutekca 21 COEpKUT YETIPE TIOJIOCHI C Ayay = 442, 476, 551 u 578
HM (puc. 500). [Tonoca B KOPOTKOBOJIHOBOM 00JIACTH C Apay = 442 HM oTHOCUTCS K 0—0-miepexomy
(T1—Sp) B mone i-Bu,PS;, . CnenoBarensHo, sHEprus ypoBHs T; noHa i-Bu,PS; paBHa 22520 eM

B cnekrpe amuccun koMmruiekca 23 UMEIOTCS TPU TOJOCH € Amax = 467, 494, 533 u
wiedo mpu ~ 580 HM (puc. 500). Ilosoca B KOPOTKOBOJHOBOM 00J1aCTH C Amax = 467 HM
otHocutes k 0-0-nepexony (T1—Sg) B Monekyse Phen. CiienoBaTensHO, SHEpPTUsl YPOBHS 1
Phen pasua 21390 cm . Ilonocel, oTHOCsIIHECS K (OCHOPECHCHIMHA HOHA I-Bu,PS, B
CIIeKTpe KoMIUIeKca 23 He 00HapYKHMBaIOTCs, MOCKONIBLKY | hochopectieHmu Phen B Heckobko
pa3 Oompme TakoBOM i WOHOB 1-BU,PS,. 3nauenms osHeprum yposHs T, Phen B
autrokapbamaTHeIx Komiuiekcax Ln(lll), nmpuBenennbie B JuTepaType, HaXOAATCS B 00JACTH
21880-22220 cM ™’ B 3aBHCHMOCTH OT CTPOCHHS AUTHOKapOamaTHoro jmrasaa [11]. Benuunua
SHeprum ypoBHs T; Phen, moiydeHHas W3 CHEKTpa SMHCCHM KOMIDIEKca 23, HEMHOTO HIDKE

HAWMEHBIIIETO 3HAYCHHS SHEPTUH YpOoBHs T; Phen, npuBenaeHHoro B uTeparype.

a) I, oTH. en. 0) L sl o
0,066 —

3,0

0,055
2,54

0,044 4 2,04

1,5 1
0,033

1,0

0,022
0,54

0,011 T T T T T T T 1
400 450 500 550 600

0,0

T T T T T T T
450 500 550 600
A, HM A, HM

Puc. 50. Cnextpsr pochopecueniinu (77K, Agpss = 266 HM) KOMIUIEKCOB

Et,N[GA(i-Bu,PS,)] (21) (a) u [Gd(Phen)(i-Bu,PS,)s] (23) (6)

Ha puc. 51. npencraBieHsl KUHETHYECKHE KpHUBBIE KOMIUIEKCoB 21 u 23 B

noJiukpucraminyeckoil ¢asze. g oOpaOOTKM KHHETUYECKUMX KPUBBIX HCIOJIb30BAIU
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TPEXIKCIIOHCHIINAJIbHOC HpI/I6J'II/DKeHI/Ie, KOTOPOC HaWJIy4dlIUM 06p3.30M OIIUCBIBACT

OKCIICPUMCHTAJIbHBIC KPUBBIC!:

t t t
I(t)=Alei’1+A2e7;+A3e_g,
IJI€ J0JIs1 U3JIyYEHHBIX KBAHTOB B KaK/I0M SKCIIOHEHTE ONpEeNesseTcs NMpou3BeneHueM Ait;.
Wcnone3yst Beipakenue st I(t), ObLTM ompenesneHbl BpEeMEHa >KHU3HU BO30YXKIEHHBIX
cocTosTHUN ISl KoMmIuiekcoB 21 m 23 (tabm. 19). Bpemena Xu3HU TIOMHUHECIHPYIOIIETO
BO30YKJICHHOTO COCTOSIHUSA KoMmiuiekca 21 mexar B mHTepBasie 0.32-13.01 mc, mpudem
OCHOBHO€ XapaKTepUCTUUeCKoe BpeMs Ku3HU paBHO 13.01 mc (63.8% wu3mydeHHBIX
KBaHTOB). BpemeHa >XW3HH BO30Y)XIEHHOTO COCTOSHHSA KOMIUIeKca 23 HaxOIiITCs B
untepBane 1.30-17.29 mc, ocHOBHOe BpeMsi Xu3HM cocTtaBiser 17.29 wmc (56.8%
M3JIyYEHHBIX KBaHTOB). HeskcmoHeHIuanbHBIM XapakTep KHUHETHKH, CKOpPEE BCETo,
OTIpe/IeNIAeTCd HEOJHOPOJHOCTHIO M3IYYaroNINX IEeHTPOB. HekoTopbie W3 HUX MOTYT OBITH
pPacloJiOKEHbl HAa MOBEPXHOCTH MOJIMKPUCTAIIOB, APYrHE JIOKAJIM30BaHbl B TIIyOHHE

KpUCTAJUIOB WJIM HAXOOATCA OJIM3KO K Pa3JIMIHbBIM ,Z[e(l)eKTaM.

Tabnunal9
MaxkcuMyMBI NI0JI0C B CIIEKTPAaX IMUCCHHM M BPEMEHAa 'KU3HH BO30YKICHHBIX COCTOSTHUIM 1JIs1
KoMILIekcoB 21 u 23 B nosmmkpucraiandeckoi ¢gpaze npu 77K. Kunernueckne Kkpusble

AMMIPOKCHUMHUPOBAHLI B TPEXIKCIIOHCHIUAJIbHOM l'[pl/lﬁ.l'll/l)l(elll/ll/l.

Coenunenue Amax, HM T1, MC Aty Ty, MC ATy T3, MC Asts
Et;N[Gd(i-Bu,PS,)4] (21) 442, 476, 551, 578 1.52 31.7% 0.32 4.5% 13.01 63.8%
[Gd(Phen)(i-Bu,PS;)s] (23) 467, 494, 533 1.30 3.4% 6.69 39.8% 17.29 56.8%
/, OoTH. en.

—— [Gd(Phen)(i-BuPS.) | (23)
—— EtN[Gd(i-Bu,PS ) ] (21)

0,025
0,020
0,015 —
0,010 —

0,005

0,000 T T T T T T T T T 1
0,00 0,01 0,02 0,03 0,04 0,05
Bpewms, ¢
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Puc. 51. Kunernueckue kpubbie @JI komruiekcoB 21 u 23 B nmonukpuctaumyeckon daze npu 77K.

Perucrpanus npooauiach npu 470 um (21) u 500 um (23)

3apeructpupoBath JToMuHecHeHIu0 Terpakuc-komimiekca NH,[Gd(C4HgNCS,),4] (1)
HE yJaJloCh, YTO, MO-BUAUMOMY, cBA3aHO ¢ Hu3kod | DJI srtoro coemuuenus. B crnextpe
smuccun komiutekca [Gd(Phen)(C4HgNCS,)3] (4) mpu 77K mabmiogaeTes mupoKas mouoca B
obmactu 490—750 HM C Amax = 574 uM (puc. 52). CriekTp 3MHCCUU UHAWBUIYyadbHOTO Phen
UMEET TIOJIOCY C Amax = 420 HM, MOATOMY TOJNOCY C Amax = 574 HM ClIEyeT OTHECTH K
MepexoJaM JHEPTrUu  MEXAYy KOJIeOATCIIbHBIMU  IMOAYPOBHSAMH  COCTOSIHHSI 11 H
KOJIeOaTeNIbHBIMU MOLYpPOBHAMHU cocTossHusl So B MoHe C4HgNCS,. Ilockonbky crektp
YMUCCUH KOMIUIEKCa 4 HE UMEET XOPOIIO Pa3pelIeHHON KoJIebaTenbHOM CTPYKTYpBI, KaK 3TO
HAOII0AIOCh B CIydyae KOMIUIeKca 23, TO OMpPEeAeTUTh MOJI0KEHHE TIOJI0CHI, OTHOCAIICHCS K
0-0-nepexony (T;—Sp) B mone C4HgNCS, Bo3moxno mumb npubmwkénHo. Ilonoca,
cootBercTBytomas 0—0-mepexony, Haxonutcs B obmactu 490-574 HM (MHTEpBaJl SHEPTUU
17400-20400 cm™"). CiemoBaTenbHO, SHEprus YpoOBHS T; HOHA C4HsNCS, paBHa
18900+1500 cM '. DTa BenmuMHA OIM3KA K SHEPrHSM YPOBHA T; JMTHOKAPOAMATHBIX
murangos (19120-20877 cm ) B xommuiekcax [Eu(L)(Et,NCS,)s] (L = Phen, 2,2'-Bipy) u
[Eu(Phen)(Ph,NCS,)3], onpenesnennsim B padote [10].

[, oTH. ep.
0,08
420 HM

0,071 —— [Gd(Phen)(C,H,NCS,).] (4)
—— Phen-H,0

0,06

0,05

0,04

0,03

0,02

0,01

0'00 T T T T T T T T 1
350 400 450 500 550 600 650 700 750
A, HM

Puc. 52. Cuexrpsr hochopectiernmn komriekca [ GA(Phen)(C4HsNCS,)3] (4)
u Phen-H,0 (77K, Asps5 = 266 HM)

Ilpn Bo3meiicTBun Y®-u3nydeHus Ha TBepabie o00pasusl  komruiekcoB  Sm(IN)
HaOmoaercst kpacHoe cBeuenue [137, 138, 146-150]. Komruiekcer Sm(IIl)  sddextrBHO

B030yxnatoTcsa Y D-uznydenrem B oomactd 230-380 HM C Ay = 350 HM a1 komrimiekca 36,
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Amax = 340 HM U1 KOMILTEKCOB 2, 8, 13, 16, 22, 25, 38, ¢ Amax = 330 HM st KoMIntekca 37, € Apax
=320 am 111 KomruiekcoB 24, 29, 39, AHanu3 MoydeHHBIX JaHHBIX MTO3BOJISIET ClIeaTh BBIBO,
YTO0 HAOJIOMACTCS TUIICOXPOMHOE CMEIICHHE IOJI0Chl Bo30YyxKaeHus komriekcoB Sm(II),
conepkanmx i-Bu,PS; -monsr u 2,2°-Bipy (24, 29) (Amax = 320 HM) IO CpaBHEHHIO C MOJIOCOI
Bo30yx)nenust komruiekcoB SM(I1), conepxxanmx i-BuyPS;, -nonstr u Phen (22, 25) (Amax = 340
HM). B ciyuae apyrux KC Het 4éTKuX TEHASHIMN CMEUIEHNUS M0JI0C BO30YKICHUSL.

B crexktpax ®@JI Bcex m3ydennbix komiuiekcoB SM(I) mpu 300 K 3apeructpupoBasbl
YEThIPE MOJIOCH B BUAMMOM 001acTH criekTpa okoio 564, 600, 646 u 706 HM, OTHOCSIIIHECS K
nepexoam 4Gs/z—>6H5,2, 4G5/2—>6H7,2, 4G5/2—)6Hg/2 u 4G5/2—>6H11/2 COOTBETCTBEHHO (pHC.
496, Taba. 20) [137, 138, 146-150]. 13 tab6u. 19 BuaHO, uTo monoxenus moaoc OJI aus Bcex
koMmiuiekcoB SM(II1) 6musku. B criekrpax ®JI nutnokapbaMaTHBIX KOMIUIEKCOB 2, 8, 16, 19
(xpome 13), xomrutekca 36, conepxaruero 6,6’-Biq u i-Bu,PS;, -nonsl, n xommiekca 38, He
coaepxartero 1,l-auTronaTHeie TUTaHabl, HanOOMbIIeH | 001agaeT monoca ¢ Amay ~ 646 HM.
B cnektpax ®JI gutnodochuHATHBIX KOMIUIEKcoB 22, 24, 25, 29, xommuiekca 37,
copepxamiero (i-PrO),PS;-monst u Phen, u xommuekca 39, ne cozxepxamero 1,1-

JTUTUOJIATHBIC JTUTaH/Ibl, HAUOONBINYIO | UMEET MoJioca C Apax ~ 600 HM.

Tabnauna20
IMoJs10:keHNe ¥ OTHOCHTEILHbIE HHTEHCMBHOCTH 1oJ10¢ B ciekTpax dJI kommiekcoB Sm(I11)
Cootromienwue |
“Gsia—> *Hso| “Gsz—> *Huia | “Gsia—> Haro | ‘Gse—> *Huua nomoc,
Coeaunnenue (1 (1) (0 (V) COOTBETCTBYIOIIUX
nepexoziam
INonoxxeHue noJI0Ckl, HM (MIHIIHA
[Sm(Phen)(C4HsNCS,)s] (2) 565 601 646 706 21:71:100:8
[Sm(2,2°-Bipy)(C4HNCS,)3]-0.5CH,Cl, (8) 564 601 647 705 20:85:100:12
Sm(Phen)(CeHsCH,NHCS,); (13) 562 598 644 705 52:110:100:34
Sm(Ph,PO)(C,HgNCS,), (16) 564 600 644 706 28:71:100:13
Sm(Ph,P0),(C,HgNCS,), (19) 564 601 644 705 30:70:100:16
[Sm(Phen)(i-Bu,PS,)s] (22) 564 601 647 705 20:101:100:13
Sm(2,2'-Bipy)(i-Bu,PS,); (24) 564 600 646 705 23:114:100:15
[Sm(Phen)(i-Bu,PS,),(NO3)] (25) 564 602 646 705 27:111:100:19
[Sm(2,2’-Bipy)(i-Bu,PS,),(NO3)] (29) 564 602 646 705 27:120:100:13
[Sm(6,6°-Biq)(i-Bu,PS,);], (36) 562 598 645 703 20:97:100:13
Sm(Phen)((i-PrO),PS,); (37) 564 600 646 707 22:101:100:11
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[Sm(Phen)»(NO3)3] (38) 563 596 648 710 40:94:100:8

[SM(2,2'-Bipy),(NO2)s] (39) 564 598 650 707 47:140:100:8

*[pumeuanue: 3a 100 npunumanu | nonocwl, omeeuaroweii nepexooy lll.

Jl1st paccMOTpeHuUs Ha KauecTBeHHOM ypoBHe BiusiHus cocraBa KC na | @JI npoBeneno
cpaBaenue criektpoB ®JI coemmuennit Sm(I1), conepkammx Tpu, nBa i-Bu,PS; -nona u He
conepkamux 1,1-guTronataeie yuranasl [149]. Ha puc. 53a mpeacraBiensl criektpbl DJI
KoMIIeKcoB 22, 25, 38, conepxkanmx i-Bu,PS; -nonsr u Phen. Bugno, uro nantonsmeii | GJI
obnaaeT KoMIUIEKC 22, B cocTaBe KOToporo orcyrcTByeT noH NO, (koopAnHALMOHHBIHN y3ei
SmN,Sg). Bropoe Mecto mo | ®JI 3anmmaror xommuiekc 38 (yzem SMN4Og), B cocTaBe
Kotoporo Her I-BU,PS;-moHOB, M KomIIIekc 25, MMEIOIMI B CBOEM COCTaBE TPH THIIA
murannos: Phen, NO;, i-Bu,PS; (yzen SmN,O,S,). Ilpu paccmorpennu crextpoB DJI
KoMIuTekcoB 24, 29, 39, conepkamnumx 2,2’°-Bipy, ckmaasiBaercs apyras curyanus (puc. 530).
ITepBoe mecto o | @JI 3anumaet coenunenue 39 (y3en SmN4Og) B koTOpOM oTcyTcTBYeT 1,1-

JTUTHOJIATHBIN urana. Ha BTopoM Mecte HaxoaaTcest koMrutekehl 24 (y3em SmMN,Sg ) 1 29 (y3en

SmN,0,S,), umeromue npakTrnyecku oauHakoByto | DJI [146].

a) 0)
— [Sm(Phen)(i-Bu,PS,).] (22)
OTH. €[. — [Sm(Phen)(i-Bu,PS,),(NO,)] (25) —— [Sm(2,2-Bipy)(-Bu,PS,)] (24)
e —— [Sm(Phen),(NO,) ] (38) I, OTH. €. (52 2-Bipy)(i-BuPs,) (NO)] (29)

600 - 800 4

550 ] — [Sm(2,2-Bipy),(NO,).] (39)

700
500 4

450 600 4
400 4
500 4
350 4
300 ~ 400
250 4
300
200 4
150 4 200
100 4
100 4
50
T T

T T T T T T T T T T T T T T T M T M T T T T T T T T T T
250 300 350 400 450 500 550 600 650 700 7t 250 300 350 400 450 500 550 600 650 700
A, HM A, HM

Puc. 53. Criextpsi Bo30yxaenns U DJI (Ags5 = 340 HM) koMILIekcoB 22, 25, 38, coneprkariux 1,10-Phen (a);
criekTpbl B30y eHust U DJI (Ag0:6 = 320 HM) KOMILIEKCOB 24, 29, 39, coneprxanux 2,2°-Bipy (6)

Ha puc. 54 npeacrasnenst crektpsl ®JI kommiekcoB Sm(IIl) ¢ Phen u paznuunbivu
1,1-murnonataeivu murasgamu: C4HgNCS; - (2), 1-Bu,yPS; - (22), (i-PrO),PS; -nonamu (37)
[149]. MHTeHCHBHOCTH moNIOC B criekTpax PJI 3THX cOeMHEHUI M3MEHSETCS B CIICIYIOIIEM
nopsiake: 22 > 37 > 2, 1.e. Haubonbmeit | ®JI odbnamaer komruieke Sm(II), conepxamuii i-

Bu,PS; -nonsl. CnenoBarenbHo, AMU300yTUIANTHOGOCHUHATHBIE JIMTAHABL, IS KOTOPBIX
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BesTMunHa SHepriy yposHs T; (E(Ty) = 22520 cm ') Gim3Ka K BEIHUHHE SHEPTUH yPOBHS T;
mogekyisl Phen (E(Ty) =21390 CM_l), Hapsly ¢ T€TePOIUKINYECKUM JINTAHI0OM TPUHUMAIOT
ydacTHe B CeHCHOWIM3ammu HoHa SM>*. ITo-BHAMMOMY, Malasi BEIHYMHA SHEPreTHIECKOil
memu AE Mexay sHeprueil uciyckarworero yposrst nona Sm>* (E(‘Gsp,) =~ 17700 CM_l) u
sHeprueil TpumerHoro yposns nona C,HgNCS; (E(T,) = 18900+1500 oM ) CrocoOCTByeT
o0OpaTHOMY TIEPEHOCY PHEPTUU OT METalla K JIMTaHAy B KOMIUIEKCe 2. DTO MPUBOAUT K
oonee Hm3kou | DJI xommekca 2 mo cpaBHeHmio ¢ | DJI xommekca 22, B KOTOPOM
BEJTMYHMHA YHEPreTHIecKOH menn AE Mekty sHeprueil HCImycKaromero ypoBas noua Sm°" u
sHepruet yposHs T, noHa i-Bu,PS; (E(T,) = 21390 oM ) Gompie. Od4eBUIHO, YTO TIEPEXO/
oT ¢yHkumoHaneHOW Tpymmbl CS, k rpymme PS, B cocraBe 1,l-auTHONATHBIX JTUTaHAAX

onmaronpusaTHO BiuseT Ha | DJI [149].

—— [Sm(Phen)(i-Bu,PS)).] (22)
I, orH. en. —— [Sm(Phen)((i-Pr0),PS,).] (37)

650 - —— [Sm(Phen)(C,H,NCS)) ] (2)
600 |

550
500
450 —

400 ]
350 ]
300 ]
250 ] (‘

200

150

i MUl

T T T T T T T T N T T T
250 300 350 400 450 500 550 600 650 700 750
A, HM

Puc. 54. Cnextpsl Bo30yxaeuust 1 OJI koMraekcoB 2, 22 (Ass = 340 HM)

1 37 (Asoss = 330 HM) ¢ Tpems Turamu 1,1-AUTHOIATHBIX JIMTAHIOB

Jns paccmotrpenusi BiausiHusg Ha | DJI Tunma N-reteponukinyeckux JUTaHIIOB,
BXoasmux B cocraB komruiekcoB SM(I1), mpoBeneno cpaBHenue crnekrpoB ®JI mist rpymm
KC: 1) [Sm(Phen)(C4HgNCS,)s] (2) u [Sm(2,2’-Bipy)(C4HgNCS,)3]-0.5CH,CI, (8) (pwuc.
55a); 2) Sm(L)(i-Bu,PS;); (L = Phen (22), 2,2’-Bipy (24), 6,6’-Biq (36)) (puc. 556); 3)
[Sm(L)(i-Bu,PS,),(NO3)] (L = Phen (25), 2,2’-Bipy (29)) (puc. 55B). CpaBHEHHE CIIEKTPOB
nokaszano, 4ro Hauboubimeii | ®JI Bo Bcex ciydasx oOmamaror komruiekcb Sm(II),
coaeprkamme mMonekyiny Phen. MareHcuBHOCTH Tonioc B criekTpax PJI autnodochruHaTHBIX
xkomriekcoB Sm(III), cogepxxamux Phen, mpumepno B 2,5 pasa Goabiire | mojoc B criekTpax

®JI nutnodochunarapix kommuiekcoB SM(II), comepxammx 2,2°-Bipy u  6,6'-Biq.
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WutencuBrocth ®JI koopauHaIMOHHOrO TojuMepa 36, coiepikaiiero Moyekyiny 6,6’-Big,
npuMepHo paBHa | @JI ogHOsAEpHOrO KOMIUIeKca 24, BKItoUarolero Moyiekyiy 2,2°-Bipy. B
JaHHOM CJTydae HaJM4Yue JOTOJHUTEIBHBIX apOMAaTHIECKUX Kouel B 6,6’-BiQ mo cpaBHeHUIO
¢ 2,2’-Bipy u momumepHOCTh KOMIUIeKkca 36 He mpuBend K Bo3pactanuio | ®JI komruiekca
36. MurencuBHocTh mosioc B crnektpax DJI mutmokapOamatHbeix komiuiekcoB Sm(lll),
cogepkamux Phen, mnpumepno B 1.5 pasza OGombme | momoc B crmekrpax DJI
autrokapOamaTHbix komiiekcoB SM(II), coxepxamux 2,2°-Bipy. Ilo-Buaumomy, B 3THX
KC ocroBHOIT BKiaj B cencubmmmsammio OJI mona Sm®* BHocut N-reTepormki, a 3HaueHme
sHeprun TpumieTHoro ypoBHS (E(T;)) N-rerepomukia wurpaer pemiarliy0 pojib B
s¢dekTUBHOCTH  ceHcuOmwu3anuu. OHepretuueckas wmenb (AE) wMexny Husmumm
u3nygarommM yposaeMm noua Sm®* (E(‘Ggy) = 17700 CMil) U TPUILICTHBIM ypoBHeM Phen
(E(T,) = 22050 CMil), paBHast 4350 cM ', sBIsIeTcs Gosee ONTHMATBHOI 110 CPABHEHHUIO C
BeTHUMHON AE MeX/y HU3IINM H3IIyYaroliM YPOBHEM HOHA SM** H TPUIUIETHBIM YpOBHEM
2,2’-Bipy (E(T,) = 22750 CMil), paBHO# 5050 cM ', 4TO IPUBOINUT K Gosee HHTCHCHBHON MJI

komiuiekcoB Sm(II), conepxxamux Phen.

[, oTH. em. )
a) 6) 600 - [Sm(Phen)(i-Bu,PS.).] (22)
600/ OTH. €. 5507 — Sm(2,2"-Bipy)(i-Bu,PS,), (24)
] —— [Sm(Phen)(C,H NCS 2 500 .
550 [Sm(Phen)(C,HNCS,).] (2) ] —— [Sm(6,6-Biq)(i-Bu,PS,).]. (36)
500 | — [Sm(2,2-Bipy)(C,H,NCS,) ]-0.5CH,CI, (8) 450 | !
450 4 400
400 -| 350
350 4 300 ;
300 i
250 —
250 il
200
200 4
150 h
150 + il
100 100 7,
50 - 50 |
0- 0 ]
250 300 350 400 450 500 550 600 650 700 75 250 300 350 400 450 500 550 600 650 700 750
A, HM A, HM

—— [Sm(Phen)(i-Bu,PS,),(NO,)] (25)

B) I, otH. en. —— [Sm(2,2-Bipy)(i-Bu,PS ), (NO,)] (29)

40
30
20

JN

250 300 350 400 450 500 550 600 650 700 750
A, HM

Puc. 55. Cnextpst Bo30yxaeHust U OJI (4455 = 340 HM) komruiekcoB 2 u 8 (a);
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criekTpbl BO30YxeHUus U DJI ( Ago56 = 340 HM) KOMIUIEKCOB 22, 24, 36 (0);

crekTpbl Bo30yxaeHUS 1 DJI KoMITIeKCOB 25 (Ag55 = 350 HM) 1 29 (L4056 = 320 HM) (B)

IIpu cpasreHnu crektpoB DJI  xommexcos [SM(Phen)(C4HgNCS;)s] (2) u
Sm(Phen)(C¢HsCH,NHCS;)3 (13), conepxamux paszmuunble AUTHOKapOaMAaTHBIE JITHTAHIEL,
OOHapy)X€HO, YTO TIPH 3aMEHE TeTePOIMKINYECKOTO (parMeHTa CsHgN ma rpymmy
CeHsCH;,N, nmeroryro 6€H307bHOE SIpO, MPUBOANT K 3HAYUTEIILHOMY TTOHMKEeHHIO | DJI B
coequaeHnn 13 (puc. 56). OueBHIHO, YTO MPHUPOAA TUTHOKAPOAMATHOTO JIUTAHIA
CYIIECTBEHHO BIusACT Ha dpdextuBHoCT, DJI pasHoaurananbix komruiekco Sm(lll).

/, oTH. en.
350 —— [Sm(Phen)(C,H,NCS)) ] (2)

—— Sm(Phen)(C,H.CH,NHCS), (13)
300 4
250 4
200

150 +

100 +

50

e /\
T T T T 1 T T T T 1
250 300 350 400 450 500 550 600 650 700 750

A, HM

Puc. 56. Cnextpsl Bo30yxaeHus u OJI (A4;5 = 330 HM) KoMmIIIeKcoB 2 u 13

0

[lpu BosneiictBuu Ha komriutekchl TD(I) Y®-usnydenuss Habmomaercst 3eleHOE
ceeuenne. Komrekcol 3¢ dektuBHO Bo30yxmaroTcs B o0actu 230-380 HM ¢ Amax = 330 HM
s komriekcoB 5, 15, 26, comepxamux Phen, u ¢ Ana = 314, 315 u 320 M aus
kommiaekcoB 10, 18 u 30, comepxkammx 2,2°-Bipy wumum Ph,PO  coorBercTBeHHO.
CnenoBatenbHo, Kak U st komiuiekcoB SM(II), mpoucXoauT TrUICOXpOMHOE CMEIECHHE
nosocs! Bo30ysxaeHus komriekcos Th(I), conepxxamux 2,2°-Bipy u Ph,PO, no cpaBrenuio
¢ monocoi Bo30Oyxkaenus komiuiekcoB TDO(II), comepxammux Phen. B cmexrpax @JI
komruiekcoB 5, 10, 15, 18 26, 30 mpu 300K umerorcs 4 monocsl B oomactu 490, 545, 585,
622, oTBeHawume nepexoaam 7D4—>7F6, 7D4—>7F5, 7D4—>7F4, 7D4—>7|:3 COOTBETCTBEHHO
(puc. 498, Tabn. 21). Haubonbimyro | ®JI B cmektpax Bcex komiuiekcoB TO(I) umeer
«3eJIeHas » Moa0ca € Anax ~ 545 HM.

C uenbro uccrnenaoBaHuss BIUSHUS N-TETEPONUKIMYECKUX JIMTAHIIOB, BXOISIIUX B
coctaB komruiekcoB Th(lIl), na | ®JI nposeneno cpaBuenue criektpoB OJI komriekcos: 1)
[Tb(L)(i-Bu,PS,),(NO3)] (L = Phen (26), 2,2’-Bipy (30)); 2) [Tb(Phen)(C4HgNCS,)s] (5) u
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[Tb(2,2’-Bipy)(C4HgNCS,)3-0.5CH,Cl;]  (10) (puc. 57) [146]. B cnmektpax DJI

Taomnunga?l

IMono:keHue M OTHOCUTEIbHBbIE HHTEHCHBHOCTH 10J10¢ B criekTpax ®JI komiuiexcos Th(I11)

; , ; , : , ; , Cootromrenue | @JI
D,— F, D,— F D,—~F, D,— F, nooc,
Coenunenue 0 (1 (1 (Iv) COOTBETCTBYIOIINX
nepexoaam
[MonoxxeHne mMoysock, HM IV
[Tb(Phen)(C4HsNCS;)s] (5) 490 546 585 621 34:100:9:7
[Tb(2,2’-Bipy)(C4HsNCS,);]-0.5CH,CI, (10) 489 544 585 621 64:100:20:12
Th(Phen)(C¢HsCH,NHCS,);-CH,Cl; (15) 489 544 583 620 35:100:13:9
Th(Ph,PO)(C,HgNCS,), (18) 490 544 585 620 37:100:8:6
[Tb(Phen)(i-Bu,PS,),(NO3)] (26) 490 545 584 622 34:100:12:9
[Tb(2,2’-Bipy)(i-Bu,PS,),(NO3)] (30) 490 545 584 622 35:100:12:7

*[pumeuanue: 3a 100 npunumanu I nonocwl, omeeuarouseti nepexooy I1.

mutrodochrHaTHEIX KOMIDIEKCOB 26 w 30 HMHTCHCHBHOCTH BCEX IIOJIOC MPAKTHUYECKU
omuHakoBbl  (puc. 57a). Orto ommmyaer kommuiekckl  TD(IIl)  or aHamorumuHbIX
mutnodpochunataeix kKomruiekcoB SM(II), B kotopsix | mosnoc B cnektpax ®JI koMIuiekcos,
conepxaimux Phen, mpumepno B 2,5 pasa Beimie | monoc B crektpax ®JI KOMIUIEKCOB,
conepxamux 2,2’-Bipy. Bemmuunsl AE Mexny sHepruei ncnyckaroero ypoBHs HOHa Tb*
(ECD,) = 20500 oM ') u sueprueit yposus Ty Phen (E(T,) ~ 22050 em %) 1 2,2°-Bipy (E(T,) =
22750 CM_l), paBHbie 1550 u 2250 CM © COOTBETCTBEHHO, HAMHOTO MEHBbIIE BeINIHHb AE
MEXKY SHEPTHEN HCIYCKAOLIET0 YPOBHSA MOHA Sm* u sHepruer ypoBHed T; Phen u 2,2°-
Bipy (4350 eM 1 5050 Mt u COOTBETCTBEHHO). BeposTHo, HeOombne BenuunHbl AE mis
komruiekcoB Th(II), conepxxamux Phen wim 2,2°-Bipy, nenaroT BO3MOXKHBIM 3 (EKTUBHBIH
[IEPEHOC SHEPTHH OT ITHX TeTEPOLMKIHYCCKUX JINTAHI0B K HOHY Th".

[Tonoce! B ciektpe OJI mupponuauHanTHOKApOAMAaTHOTO KOMITIIEKCa 5, COJIEPKaIIero
Phen, npumepno B 10 pa3 6osbiie | coorBeTcTByrONMX monoc B ciekrpe PJI kommuiekca 10,
conepxariero 2,2'-Bipy. BepositHo, 3T0 cBsizaHO ¢ HanmuueM B coeauHeHun 10 conbpBaTHOM
mosiekysibl CH,Cly, yacTnyHO akmenTupyromied 3Hepruto Bo30YKICHUS, YTO MPHUBOIUT K
au3koit | ®JI kommrekca 10. Kommuteke 18, umeromuii nurang PhsPO (monopwsiit atom O),
obOnamaer 3HaumTenbHO Oonee spkoit DJI mo cpaBHeHmio ¢ Komiuiekcamu 5, 10,

coaepxanuMu N-reTeporukisl (puc. 570).
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a 1]
) 7, ortH. em— [Tb(Phen)(i-Bu,PS,),(NO,)] (26) ) I, oTH. e
500 — [Tb(2,2-Bipy)(i-Bu,PS,),(NO,)] (30) 100 - — [Tb(Phen)(C,H,NCS ) ] (5)

] —— [Th(2,2-Bipy)(C,H,NCS,),]-0.5CH,CI, (10)
400 -| 801
350

300 604
250
200 401
150 1

100 - 201

50 +

N A$/\

0 T T 1

T T T T
250 300 350 400 45 500 550 600 650 800 350 400 450 500 550 600 650
J, HM A, HM

Puc. 57. Cuexrpsi Bo30yxaeuus u OJI komrekcoB 26, 30 (Ags6 = 350 um (26) u 320 um (30)) (a);

0

criekTpbl Bo30yxaenus u JI kommaekcoB 5, 10 (Ass6 = 330 um (5) 1 314 um (10)) (6)

JI71st OLeHKM BIMSHMS MPUPOABI TUTHOKApOAMATHOTO JIUTAaHA, BXOASNIETO B COCTAB
KC ma | ®JI, 6sutn cpasHenbl crektpsl kommiekcos [ 10(Phen)(C4HgNCS;)s] (5) u
Th(Phen)(CsHsCH;NHCS;)3-CHLCl,  (15), comepsxammx pasaumussle  auTHOKapGaMaTHEBIE

muranael.  Kommexe 15, comepxammii  momsr  CeHsCHRNHCS;, xotopbie  wmeror
apoMaTH4ecKoe KoJjblo, oOnamaer Ooznee spkod DJI mo cpaBHEHHIO C KOMILJIEKCOM O
coxnepxaumM noHbl C4HgNCS;, (puc. 58). MuTepecHo, uto B ciyyae komruiekcoB Sm(I) 2 u

13 aHanoruyHOro cocraBa HaOMrOANach OOpaTHAsT CUTYaIlHs.

1, orH. e
175 7 —— [Th(Phen)(C,H,NCS,).] (5)

o —— Th(Phen)(C,H,CH,NHCS,),-CH,CI, (15)

125 4
100

754

e

T T T T T T T
250 300 350 400 450 500 550 600 650 700

2
Puc. 58. Cnektpsl B036Y)KIF€I}\/II{I/I}I 1 OJI (Agps6 = 330 HM) KOMIIIEKCOB 5 1 15

[lpu Bo3meiictBun Y®-m3nyuenns Ha komriutekcel Dy(Ill) nHaGmomaercs Oenoe
ceeuenue [137, 146]. Kommiekcer Dy(Ill) Bo3Oyxmatorcss B oOmactu 240-360 um. B
cnektpax Bo30yxaeauss KC HaOm0mar0TCsS 1Ba MAKCUMYMA C Amay = 350 HM U Ay = 270 HM

TUTSE KOMIUTEKCA 27 U C Apax = 320 HM U Apay = 290 aM mst komrutekca 31 (puc. 59). Tlonoca
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(Amax = 320 um) B cmektpe Bo30Oyxkaenus komiuiekca Dy(III), comepxkamiero 2,2°-Bipy,
CMeEIIICHA B BRICOKOYACTOTHYIO 00JIaCTh CIICKTPA MO CPABHEHHIO C MOJOCOH (Amax = 350 HM) B
cnekTpax Bo30yxaeHus komiuiekcoB Dy(lll), comepxkammx Phen. B cmektpax ®JI

koMIiekcoB 27 u 31 nHabGmromaroTcss deThipe mosockl mpu 425, 482, 575, 663 HM,

4 4 4

4 6 6 6 6
OTHOCAIIMECI K  Iepexodam Fop— H15/2, Fop— H13/2, Fop— H11/2, Foo— Hgp

COOTBETCTBEHHO (pHc. 49r, Tabn. 22). B cnekrpe ®JI xommuekca 6 UMeeTCs JIUIIb IOJI0Ca
. 4 6 .
cinaboi | mpu 573 uM, oTHOCAmasca K nepexony Fq,— Hyyp (puc. 59). Haubonbmeit | B

crekTpax coenuHeHui 27 u 31 obmamaer «bemast» moioca ¢ Amax = 575 um [137, 146].

Taonunpga?2?2

IMosn0keHNe U OTHOCHTE/ILHbIE HHTEHCHBHOCTH 10J10¢ B cniekTpax ®JI kommiaexcoB Dy(l11)

. 6 . . . 6 . . Cootnomenue |
Foo= Hisn | Fop= Higp | Fop= Hiyp | Fop—Hg, rosnoc,
Coenunenue 0 (I () (V) COOTBETCTBYIOIIUX
nepexoiam
ITonoxenue nonocsl, HM FIEEIV
[Dy(Phen)(C4HgNCS,)s] (6) — — 573 — —
[Dy(Phen)(i-Bu,PS,),(NOs)] (27) 425 482 575 663 3:20:100:2
[Dy(2,2’-Bipy)(i-Bu,PS,),(NO3)] (31) 425 482 575 663 6:75:100:3

*[pumeuanue: 3a 100 npunumanu I nonocwl, omseuaroweti nepexooy Il1.

I, oTtH. en.

701
60 -
50 -
/\
401
301
201

10 A

0 T T T T 1
300 350 550 600 650
A, HM

Puc. 59. Cnexrpsr Bo30yxaenus u OJI kommiekca 6 (Ag0s5 = 330 HM)

Oonapyxute ®JI kommiekca [Dy(2,2’-Bipy)(C4HgNCS;)3]-0.5CH,CI, (11) He ynmanoch

[138]. MokHO MpPEarmoNOK|Th, YTO Majias BeJIMYMHA SHepreTuueckor menn AE mexmy
SHEprHeil MCIYCKAMIEro ypoBHs woHa Dy*' (E(4 Fop) = 21000 CMil) U DHEpruer ypoBHS
T1 2,2°-Bipy (E(T,) = 22750 oM ), paBHast 1750 cM ', IPHBOAMT K CI1ab0ii TFOMUHECICHIIHH

KoMmIulekca 11, T.K. BO3HMKAaeT BEpPOSITHOCTb OOpPAaTHOrO MEpPEHOCa 3HEPIUM OT MeTala K
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muranny. Kpome toro, Bo3moxHO Tymenue OJI mocpencTBoM akUEeNnTUPOBAHHUS SHEPTUU
HedyopectpyromumMu  conbBatHbiME  MoJiekyinamu  CH,Cl,, Bxomsmumu B cocTaB
coequHenus 11.

ITpu paccmotpenuu crektpoB DJI kommiekcoB Dy(Il1) 27 u 31 obuapysxkeno, uto |
MOJIOC KOMIUTEKca 27, IMEIOIIEro B cBoeM coctase Phen, B 2 pa3a MeHbIle 1o cpaBHEHHIO C |
nonoc komiuiekca 31, comepikaniero 2,2°-Bipy. DTu JaHHBIC OTIMYAIOTCS OT CUTYAIlMH B
ciydae aHamorudHbix komiuiekcoB  Sm(II) wu  Tb(lll) (puc. 60) [146]. Huskas

CEeHCHOMITM3HpYIomas crocodHocTh Phen B komiutekce 27 00BsACHICTCS OIM30CThIO dHEPTUU
HCIIYCKAIOLIEro ypoBHs nona Dy*' (E(4F9,2) ~ 21000 CMfl) u sHepruu yposas T, Phen (E(T,)
~ 22050 cm ) (BemmumHa sHepretmdeckoil memun AE =~ 1050 cM '), crmocoGCTBYyOMast
oGpaTHOMy mepeHocy sHeprum c axuenropa (Dy*") ma momop (Phen). Bemuumna

SHEPreTUYECCKOU ICIIH MEXKITY E(4F9,2) nona Dy* E(T,) monekyns! 2,2°-Bipy (AE = 1750

-1 o 4 3+
CM ) 3HauuTeNbHO Ooblue 3Heprerndeckoil memu mexny E(Fg,) monma Dy y E(T))
MoJieKyJibl Phen, 4To, mo-BUaAMMOMY, OrpaHHYHMBACT OOpATHBIN MEPEHOC SHEPTUU C MeTajlia
Ha JIMTaHJ W TPHBOJIUT K Oojee 3pPekTUBHON CeHCHMOMIM3anuu Mojekynon 2,2°-Bipy

duryopecrtienrmu nona Dy*" B komrurekce 31 [146].

1, orn. en. —— [Dy(Phen)(i-Bu,PS,),(NO,)] (27)

200 ] —— [Dy(2.2-Bipy)(i-Bu,PS,),(NO,)] (31)
180 ;
160 ;
140 ;
120 ;
100 ;
80 ;

60

|

40

20 4

0

T T T T T T T T f 1
250 300 350 400 450 500 550 600 650 700
1
A, HM

Puc. 60. Criektpsr Bo30yxaerust 1 OJI koMraekcoB 27 (Agss = 350 HM) 11 31 (Ag056 = 350 HM)

[lpu npeiictBun  Y®-m3nydenuss Ha komiuiekebl EU(lll) ¢ murnoxapOGamarHbIMU
murangaMu 3 U 14 nabmonaercs kpacHoe csedyenue [137, 138]. B cnextpe Bo30yKaeHUs ITHX
KC umeercs mmpokas monoca B obmactu 280-360 uMm. Crniektpsl @JI kommuiekcoB 3 u 14
COJIEpXKAT JIBE MOJOCHI C Amay = 593 m 616 HM, OTBevaromue mepexoaam 5D0—>7F1, 5D0—>7F2
cooTBeTCTBEHHO (puc. 4911). NTHTEHCHBHOCTH «KPACHOI MOJIOCHI C Amay = 616 HM mpuMepHO B 5

u 3 paza 6osbiie | mosock ¢ Amay = 593 HM 111 KOMITIIEKCOB 3 U 14 COOTBETCTBEHHO.
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[1pu aHanM3e BIMSHUS MPUPOJIBI quTHOKapOamartHoro Jimranaa Ha | @JI komruiekcos Eu(ll)
00HapYKEHO, YTO KOMILICKC 3, UMerOIMi mappomanHoBbii (parmeHT C4HgN, nposiBisier Gomee
uHTeHcuBHYI0 @DJI 1o cpaBHeHuio ¢ komiviekcoM 14, comepxamum OeH3WIBHBIA (pparMeHT
(puc. 61). ITomoOHast TeHAEHIMS HAOIO1aIach T aHATOrHYHBIX KoMiuiekcoB Sm(III).

Jutrokapbamatheie komiutekcbl EU(IIl) 9 wu 17, comepkammie 2,2-Bipy u PhsPO
COOTBETCTBEHHO, He TposBIsitoT DJI. Pasauip sHepruii AE HU3IIEro U3IIy4aromniero ypoBHs HoHa
Eu** (ECDg) = 17300 cm™) i tpumierssix yposueit 2,2'-Bipy (E(T,) = 22750 oM 1) 1 PhsPO
(E(T)) = 26270 CM_l [159], paBHbIe 5450 cM* u 8970 CM_l, COOTBETCTBEHHO, OKA3bIBAIOTCS

CITMLLIKOM BEJIMKH 11s1 3 eKTHBHOTO mepeHoca saepruu ¢ 2,2-Bipy u PhyPO Ha non Eu™.

1, OTH. .

—— [Eu(Phen)(C,H,NCS )] (3)

] —— Eu(Phen)(C,H,CH,NHCS), (14)

50
40 4
30 4

20

0

T '/l/ T
300 350 600
A, HM

Puc. 61. Cnexrpsl Bo30yxaeaust U OJI (A4:5 = 330 HM) KOMIUTeKCOB 3 1 14

[Tpu neiictBun Y @-nznmyuenus komrwiekesl TM(1) 28 u 32 npossisitor cnadyro OJI B

BuauMoi obnactu crektpa [147]. B cnextpe ®JI kommiekca 28 umeercs nosnoca npu 477

1 3
HM, COOTBeTCTByIomas nepexony G,— Hy B mome Tm** (puc. 49¢). B cnextpe PJI

-
lf OTH —CA:

A, HM

Puc. 62. Cnexrp ®JI komruiekca 28 (Ags5 = 330 HM)
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KoMIUIeKca 32 aHajormdHas mosioca meHbmeil | mHaGmromaercs mpu 478 M. Cmekrp DJI

KoMmIuiekca 28 mpu 649 HM COIEpKHUT MOJIOCY HHU3KOW |, COOTBETCTBYIOIIYIO MEPEXOay

1G4—>3F4 B nore Tm*" (puc. 62).

Panee aBrops! [11] o6Hapyxmin Gonee Bbicokyo | ®JI kommiekcoB noHoB Sm°* B
psiny xommiekcoB [Ln(Phen)(Et;NCS,)s] mo cpasrenuo ¢ | ®JI kommiekcos nornos Th> u
Eu". [Tpu paccMoTpeHuu BiIMsAHUA NpUpoAbl JaHTaHuaa Ha | DJI cuHTE3npoBaHHBIX B
HacTosmied  paboTe  COCMMHEHWH ~ OOHApYXKEHO, 4YTO B PSIIy  KOMILJICKCOB
[Ln(Phen)(C4HgNCS;)s] (Ln = Sm, Eu, Tb, Dy, Tm) uarencuBHocTh ®PJI yObIBacT B psxy
1(Sm) > I(Th) >> I(Eu) ~ I(Dy), xommieke nora Tm*>* ue obnamaer ®JI (puc. 63) [137].
AHnanmornunbii  xapaktep wu3MeHeHuss | @OJI nHabmomaercss W B pAOy KOMILJIEKCOB
[Ln(2,2>-Bipy)(C4HsNCS,)3]-0.5CH,Cl, (Ln = Sm, Eu®*, Tb*, Dy*, Tm*") (puc. 64), B
KOTOPOM KoMILIeKe HoHa Sm° o6magaer Hanbonbiei | ®JI, a komrutekest nonos Eu®*, Dy**
1 Tm*" BooGue e momuHecupytot [138].

Ora TenaeHnus wu3MeHeHus | @DJI B HaWOCHHBIX psAgaX OTIMYACTCS OT
nadmogaromeiics w1t KC Ln(ll1) ¢ N- u O-comepxamumu JMraHIaMu, Ui KOTOPBIX
HAHMIYYIIAMEA SMHTTEpPAMH SBISIIOTCS coenmueHnss moHoB EU® m Th**. BepostHo, 510
CBSI3AHO C TEM, 4TO HCITycKaromme yposHr HoHoB Th®" (E(°Dy4) = 20500 cv ), Dy*" (E(*Fos)
~ 21000 e Y) u Tm* (E(*G,) = 21200 cM ') HAXOISATCS BBILIE IO SHEPTHH, YEM YPOBEHB T1
nona C4HgNCS;, (E(T,) = 18900+1500 cM ). DTO IPHBOUT K TOMY, 4TO HOH C4HgNCS; e
crocoOeH MpuHUMAaTh ydactue B ceHcubOunuzanuu OJI noHos Tb*, Dy3+ 1 Tm*". B 1o xe

" 1
BpeMsi, MCIycKaroumii yposerb nona SM°" (E(*Gsp) = 17700 cM ) HAXOZUTCA HEKE IO

/, OTH. em. [, ogH. en.
7004 ——[Sm(Phen)(C,H,NCS,) ] (2)

— [Th(Phen)(C,H,NCS)] (5) 90 ——[Eu(Phen)(C,H,NCS,) ] (3)

80 ] —— [Dy(Phen)(C,H,NCS,).] (6)
70 4
60
50 4
404
30
20 4

10

T T T T T T T T T 1
500 550 600 650 200 780 550 560 570 580 500 600 610 620 630 640 650

A, HM A, HM

Puc. 63. Cniextpsr @JI komuiekcoB 2 U 5 (Ag056 = 330 HM ) (a);

criekTpsl OJI koMIIekcoB 3 U 6 (Ags5 = 330 M) (0)
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I orm en. —[Sm(2,2-B‘.lpy)(CAHBNCSZ)B]-0.5CHZCIZ(8)
1000 4 — [Tb(2,2-Bipy)(C,H,NCS,).]-0.5CH,CI, (10)

900
800
700
600
500
400
300
200

100 4

0

A, HM
Puc. 64. Criextpsl Bo30yxaenust u OJI coenunennii 8 (Agps6 = 340 HM) 11 10 (Agos5 = 314 HM )

sHepruu, uyeMm ypoBeHb [; noHa C4HgNCS,, 4ro nemaer BO3MOXKHBIM NEPEHOC SHEPIUU OT
noHa C4HgNCS,, x nony Sm*". Huskyro | ®JI komrutekca EU CBA3BIBAIOT ¢ BO3BMOXKHOCTBIO
epeHoca 3apsiia JuTHokapOamaTHsiit murasx — Eu® [10, 11].

3amena rerepounukinmyeckoro ¢parmenta C4HgN (B C4HgNCS, -none) na dparment
CsHsCH,NH (B none C¢HsCH,NHCS, ), nmeromumii apoMaruueckoe KoJbLO, IPUBOIUT K MHOU
teHaeHIUM n3MeHenus | ®JI B psaay iantanumoB B komiuiekcax Ln(Phen)(CgHsCHLNHCS,)s.
Unrencusrocts OJ stux KC ymenbmaercs B psay: 1(Th) > 1(Sm®!) > I(EU®) (puc. 65a).

[Tpu 3amene OwupeHratHoro Jywuranaa Phen na monHoaenTaTHbid jgurang PhsPO
(monopusiit atoM O), NpUBOAIIEH K U3MEHEHUIO THIA KOOpAWHAIMOHHOTO monudapa (OSg
BMecTo N,Sg), oOHapyxkeHo, uto | ®JI xommiekca Th(PhsPO)(C4HNCS,); 6ombie, yem |
®JI aHAJIOrMYHOrO KOMILIEKCa HoHa Sm>* 16, a KOMIUTIEKC HOHA Eu** 14 e JTFOMHUHECIIUPYET
(puc. 650). BeposatHo, 3TO CBSI3aHO ¢ TeM, yTo BenuuuHbl AE Mexnay sHeprueit ypoBHs T
PhsPO (E(T1) =~ 26270 cm') [160] u sHepruell HCIyCKaroOIUM YpOBHS HoHA SmM°'
(E(“Gsp) = 17700 CM_l), paBHas 8570 cM ', HaMHOTO Goublie BenuunHe! AE MEXy dHEepruen
T, PhsPO u sHeprueii mcmyckaromero ypoBHst nona The* (E(5D4) ~ 20500 CMil), paBHO
5770 cM . DTO TPUBOIMT K Gonee HU3KOH H(PEKTHBHOCTH CCHCHOMIN3AIME MOJIEKYIaMHU
PhsPO noroB Sm®* mo cpasmenmio ¢ momamu Tb®*. Hmskyio | ®JI kommmekco Eu®*
CBSI3BIBAIOT C BO3MOXKHOCTBIO TIEPEHOCA 3apsiia TUTHOKapOaMaTHBIN JInraHa — Eu [10, 11].
W3BecTHO, YTO AWTHOJATHBIC JIUTAHJBI O00JIAJal0T BOCCTAHOBUTCIIBHBIMU CBOWCTBAMH,
KOTOpbIE KOPPEIUPYIOT C DJHEPrUsIMH BEPXHUX 3amoiiHeHHBIX MO »THX JMTraHuoB,

COOTBETCTBYIOIIMX “HEMOAEICHHBIM mapam’ 3P-3JIEKTPOHOB aToMOB S [34].
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0)
I, orH. en. 1, QTH. —— Sm(Ph,PO)(C,H,NCS,), (16)

1604 —— Th(Ph,PO)(C,H NCSZ)S (18)

—— Sm(Phen)(C,H,CH,NHCS), (13)
140 1 —— Eu(Phen)(C,H.CH,NHCS,), (14) 207
120 —— Th(Phen)(C,H,CH,NHCS,) *CH.CI, (15)
200 o
100 4
804 150
60 100
40
50 4
204
0 T T T | 0

,HM

Puc. 65. Crexrpsl Bo30yxaeuus u OJI coenunennii 13, 14, 15 (14055 = 330 um) (a);
criekTpsl Bo30yxaeHust u DJI coenuuennii 16 (Ag55 = 340 HM) U 18 (L0556 = 315 HM) (0)

HNutencuBnocte ®JI gutnodochunarupix komiiekcoB [Ln(Phen)(i-Bu,PS,),(NOs)]
(Ln = Sm, Th, Dy) usmensiercst 8 psay 1(Th*") >> 1(Sm®*) ~ 1(Dy*") (puc. 66) [146]. MoxHo
TIPE/IIONOXKUTE, 4To OKpyxkerue nona Ln®* B stux KC, comepikamiux Tpy THIA JIHTaHIOB,
HauOosee OnmaronpusTHO Ui nposiBieHus 3ddextuBHoit OJI nona Tb** mo CPaBHEHHUIO C
nonamu SM®" u Dy**. s xommmrexcos [Ln(2,2’°-Bipy)(i-Bu,PS,),(NO3)] (Ln = Sm, Th, Dy)

HaOJI01aeTCs aHAIOTUYHAs cuTyarus [ 146].

/, oTH. en.
500 —
450 | —— [Sm(Phen)(i-Bu,PS,),(NO,)] (24)

—— [Tb(Phen)(i-Bu,PS,),(NO,)] (26)

—— [Dy(Phen)(i-Bu,PS,),(NO,)] (27)

400 ;
350 ;
300 ;
250 ;
200 ;
150 ;
100 ;

50

0 ‘ : ‘ ‘
400 450 500

650
A, HM
Puc. 66. Cnextpsl Bo30yxaeHust u OJI (44055 = 350 HM) KOMIUTeKCOB 24, 26 1 27

®JI xommekcoB 33, 34, 35, conepxkanmx 4,4’-Bipy u i1-Bu,PS; -noHbI, 00HapyXuTh He
yaanock. [1o-BuguMoMy, BETMIMHA SHEPTETHYECKOH IIEN MEXKTy SHepruei yposus 11 4,4’-Bipy
Y SHEprueil UCITyCKaIoIero YpOBHS HOHA JIaHTaHH 1A He GraronpustHa st npossieHus OJL.

B nocnennee Bpems mpucTagbHOE BHUIMaHUE 00paIlieHO Ha MOTyYeHNE U UCCIICI0BaHHE

®JI cucrem Ha ocHoBe komiutekcoB EU(II) u Th(II), curTe3 KOTOPBIX MO3BOJISET PELIUTD P

3a1a4, BO3HUKAKOIUX IIPU CO3JaHUMU JTIOMHUHCCICHTHBIX MAaTCpHaIOB. HOCKOJILKy SHEPTUA
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OCHOBHOTO BO30YKICHHOTO ypoBHsS "D, moHa Th®* Gomblie SHEprHm COOTBETCTBYIOLIETO
ypoBHst "Dy nona EU®*, Bosmoxen mepenoc suepruu ot nona Th** k nony EU®* (puc. 67). B
pesymbrate | @®JI womrurekca Eu(lll) B cucreme Bo3pacraer mo cpaBHenuro ¢ | @DJI
uaauBuayansHoro komiiekca EU(ll). Ouenp BakHO, YTO MPH HM3MEHEHHH COOTHOIICHHUS

coaepoxkanus EU(l1) u Tb(I11) et ®JI cucTeMbl MOKET MEHSTHCSI.

S1=2=
Tl _\— )
5D4 _DO
—_ JV_YFS —F,

Puc. 67. Bo3MOXHBIH MEXaHH3M MepeHoca sHeprun ot nona Th>" k mony Eu®* [161]

K HacrosimeMy BpeMeHH MOJIy4eHO 3HauuTenbHOoe umciio cucreM KC paznuyHOro
tuna, cojepxkaumx N- n O-7Z0HOpHBIE OpraHUYECKHE JUMTaH[bl, B KOTOPBIX OOHapy>KeH
nepenoc suepruu Th(H1)—Eu(lll) [161-169]. ®JI cuctem Ha ocHoBe komIuiekcoB Eu(lI) u
Tb(ll) ¢ S-coaepxarmumu TUraHIaMu paHee HE H3ydalach.

HccnenoBana DJI 1IECTU TBEPABIX ¢ba3 JBOWHOM CHUCTEMBI
[Eu(Phen)(i-Bu,PS,),(NO3)]-[Tb(Phen)(i-Bu,PS,),(NO3)] ¢ pa3siu4HbIM OTHOCHTEIbHBIM
conepxkanrem komruiekcoB Eu(lI) u Tb(lll). Tlo HammMm maHHBIM TPU HUCIOJIE30BAHHU
onMCcaHHOW MeToaukHu peructpanuu crekrpoB ®JI komruiekc [Eu(Phen)(i-Bu,PS,),(NO3)],
BBIJICJICHHBIM B BHUJE MEJIKOKpUCTAUIMUECKONM TBEpPAON ¢a3bl (06e3 nepeKkpucTaIn3aluu
NPOAYKTa CHHTE3a), He oOmagaer OJI, B oTMuMe OT KPYMHOKPHCTAUINYECKOTO KOMIUIEKCa,
MOJIYyYEHHOT0 aBTOpamMu [8] B pe3ynbTaTe MNEpPeKpUCTAIUIM3ALMU MPOJYyKTa CHUHTE3a.
Oo6napyxeHo, uto B cnekrpax @JI momydeHHBIX TBEPABIX (ha3 CUCTEMBI MOMHUMO YETHIPEX
M0JIOC, COOTBETCTBYIOLIUX AHEPreTUYECKUM MEPEX0JIaM B HMOHE Tb** pu 490 (7D4—>7F6),
545 ('Dy— 'Fs), 585 ('Ds— 'F4), 620 ('Dy— "F3) HM, mosiBisieTcs monoca mpi 615 HM B BHie
mieya K nmosioce npu 620 HM, COOTBETCTBYIOIIAS MEPEXOY SHEPTUU B HOHE Eu®* (5D0—>7F2)
(puc. 68). B ormuuune ot crnekrpa PJI daser EugsThys ciektp ®JI mexanuveckoi cmecu
xkomriekcoB [Eu(Phen)(i-Bu,PS;),(NOs3)] u [Tb(Phen)(i-Bu,PS,),(NOs)] B cooTHOomIeHnu 1:1

3+
UMEET TOJIbKO TI0JIOCKhI, OTHOCSINMECS K TepexoiaaM B HOHE TD”". DTo moarBepkiaacT
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npeanoioxenue, urto TBEpaas ¢aza EugsThys sBusercs tBEpapiM pactBopom (c. 90). Ilo-
BuauMomy B aBoiHoi cucreme [Eu(Phen)(i-Bu,PS;),(NOs)]-[Th(Phen)(i-Bu,PS,),(NOs)]
umeer mecrto mnepexon sHeprum Th(IH)—Eu(lll), gyTto mo3Bosser 3aperucTpupoBaTh B
cucreme OJI mona Eu®*, kotopas B MEIKOKPHCTAIUIHYECKOM HHINBHAYATHHOM KOMIIIEKCE

[Eu(Phen)(i-Bu,PS,),(NO,)] e nabmomaercs.

Eu, Tb, .
Eu,,Tb,,
EuO.BSTb0.15
Eu,,Th,,
—Eu . Th

0.925 " 70.075

Eu _Thb

0.95  70.05

—— [Eu(Phen)(i-Bu,PS,),(NO,)]

I, oTH. em.

1000

800
545

600

400

200

500 I SéO I G(I)O
A, HM
Puc. 68. Criektpnl DJI (44056 = 330 Hm) kommaekca [Eu(Phen)(i-Bu,PS;)2(NO3)] u tBEépabix a3
nBoitHo# cuctemsl [EU(Phen)(i-Bu,PS;)2(NO3)]-[Th(Phen)(i-Bu,PS;)2(NOs)]

(EUosThos, EuggThg.2, EUgssTho1s, EUooTho1, EUg.gzs Thoo7s 1 Eug.es Tho 05)
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OCHOBHBIE PE3YJIbTATBI 1 BbIBO/IbI

1. Pazpaboransl Metoguku cuHTe3a 29 HoBbiX KomruiekcoB Ln(IIl) (Ln = Sm, Gd, Eu, Tb,
Dy, Tm) c¢ 1,1-nuTHonatHeIMU JUraHaaMu. B 4ucio 3THX cOoeMHEHUN BXOJIAT TETpaKHC-
komrutekebl NHy[Gd(C4HgNCS,)4] 1 EtyN[Gd(i-Bu,PS;)4], 19 pa3sHonmuranaHbIX KOMILUICKCOB
c naByMa Tunamu Juradjos: 1,1-mutuonateeie  suranael  (moHel  C4HgNCS,,
CsHsCH,NHCS, i-BuyPS;, (i-PrO),PS;) u N-rerepouukusr (Phen, 2,2°-Bipy, 4,4’-Bipy,
6,6’-Biq) mimm Ph3zPO, a Takke 8 KOMIIIEKCOB C TpeMs THUIIAMH JIMTAHJOB COCTaBa
[Ln(L)(i-BuyPS;),(NO3)] (Ln = Sm, Tb, Dy, Tm; L = Phen, 2,2’-Bipy).

2. Meronom PCA ompeneneHbl KpHUCTAJUIMUECKHE CTPYKTYphl & COEIMHEHUNH —
MpeACTaBUTENICd OCHOBHBIX TPYI KOMIUJIEKCOB. YCTaHOBJEHO, YTO BCE KOMILUICKCHI
MOHOsiIepHbIe, Kpome 1D-mommmepa [Sm(6,6’-Biq)(i-Bu,PS,)s], — mepBoro mnpumepa
KoOopAuHaImoHHoro noiaumepa st coequnenuit Ln(Ill) ¢ 1,1-nutuonatueiMu nurangamu. B
KoMIuiekcax ¢ 1,l-mutuonatHeiMu JurangamMu atromel Ln umeror KU = 8. Jlurawmsi
I-Bu,PS,, C4HgNCS,, NO; wu Phen, 2,2’-Bipy — OupeHraTHo-uuKIn4eckue, 6,6°-
OMXUHOJIMH — OMJIEHTAaTHO-MOCTUKOBBIM nurana. Ha ocHoBe nanHeix PCA, POA u UK-
CHEKTPOCKOIUU HAUCHBI 6 PSIOB H30CTPYKTYPHBIX KOMIUIIEKCOB.

3. MarHeToxuMHueCKUM METOJ0M TokazaHo, uTo Tpu 300K KOMIIJIEKCH SBISIIOTCS
napaMarHeTHKaMu. 3aBUCUMOCTb [i,44(T) B uHTEepBane 2-300K xapakTepHa /s KOMIIJIEKCOB
HMOHOB Ln*. YcTaHoBIEHO, 9TO KOMIUIEKCHI [Tb(Phen)(C4HgNCS,)3],
[Dy(2,2’-Bipy)(C4HgNCS;)3]-0.5CH,Cl,, [Ln(Phen)(i-Bu,PS,),(NO3)] (Ln = Tb, Dy, Tm)
npu 2K nepexoasT B MarHUTHO-YNOPSAI0YEHHOE COCTOSIHUE.

4. U3 cnektpoB ¢ocdopecuenunn TtBEPABIX a3z xommiekcoB GA(IIl) mpu 77K naiineHs
BEJINYMHBI SHEPrui TpumieTHeIX ypoBHer noHoB C4HgNCS, u i-BuyPS;, pasubsie 18900 u
22520 cM * COOTBETCTBEHHO.

5. C moMouipl0 MeTojAa JIIOMHHECIEHTHON CHEKTPOCKONHUU HaWJIeHO, YTO OOJBIIMHCTBO
CHUHTE3MPOBAHHBIX KOMIUIEKCOB B TBEpmoil (aze mpu 300K obnamaer PJI B BuUAMMOI
o0JacTH creKkTpa. Y CTaHOBJIEHO:

« 3amena rpymmsl CS; Ha PS; B komrurekcax Sm(Phen)A; (A = C4HgNCS,, (i-PrO),PS;,

I-Bu,PS ) mpusena k Bozpacrannio nareHcuBHOCTH DJI;
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« B paay komiuiekcoB [LN(L)(C4HgNCS,)3] (Ln = Sm, Eu, Tb, Dy, Tm; L = Phen, 2,2’-Bipy)
HanOOJbIITyI0 MHTeHCUBHOCTH DJI mposiisiroT komruiekesl Sm(IIT);

« B pany coeaunenudt  [Sm(Phen)(i-BuyPSy)s],  [Sm(Phen)(i-Bu,PS,),(NO3)],
[Sm(Phen),(NO3);] Haubombmieii uHTeHCHBHOCTRIO DJI 00mamaeTr KOMILIEKC, B

koTopoM otcyTcTByeT nurana NO; ;

« B kommutekcax [Ln(L)(i-BuyPS,)>(NOs)] (L = Phen, 2,2’-Bipy) Phen mnposBiser
OOIBITYI0 CCHCHOMIU3UPYIOIIYIO crTocoOHOCTh o oTHommeHuto kK Sm(III) u Tm(III),
yem 2,2’-Bipy; nns komiuiekcoB Dy(IIl) nan6osnee 3pheKTUBHBIM CEHCHOMIU3ATOPOM
®JI sBinsercs 2,2°-Bipy, a gua  coemuHenms Tb(IIl) cerncubmmmsupyromas
cnocobHocTh Phen u 2,2°-Bipy npumMepHO 0JIMHAKOBA;

6. Ilpu wuccnemoBanuu  TBEPABIX (a3  cuctemsl  [Eu(Phen)(i-Bu,PS,),(NOs)]-
[Th(Phen)(i-Bu,PS,),(NO3)] 3apeructpuposana ¢uyopecuenuus nona EU®*, koropas B
MenkokpucTaumdeckom komruiekce [Eu(Phen)(i-BuyPS;),(NO3)] He Habmomaercs. Oto

cBuaeTeNnbeTBYET 0 epeHoce sHepruu ot TO(I) x Eu(lI).
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SAKVIIOYEHHUE

B pe3ynbTaTe BBITOJIHEHHOTO WCCIEIOBAaHUS CYIIECTBEHHO paCIIUpEeHa Tpymra
xkommiekcoB Ln(lll), comepxkammx 1,1-gurronataeie nuranasl U N-T€TEpPOIUKIBI  HIIH
Ph3PO, a taxke MOJydYeH 3HAYMTEIIBHBI MAacCHUB JaHHBIX O CTPOCHHUU CHUHTE3MPOBAHHBIX
coequHeHn. BriepBble HCCIIeOBaHbBI MarHuTHbIe CcBoiicTBa KommuiekcoB Ln(lll) ¢ S-
COJIEpPKAIIMMHU JIUTAHJIaMA B IIHPOKOM HWHTEpBajle TemIeparyp. B 3ameTHol creneHun
pasBuTa 00JacTh 3HAHWMU, CBS3aHHAs C (POTOTIOMHHECIIEHTHBIMH CBOWCTBAMH KOMILIEKCOB
JIAHTAHUJIOB C OPTAaHMYECKUMH JIUTAH/IaMH, YCTAaHOBJICHBI 3aBUCHUMOCTH MHTEHCUBHOCTH DJI
OT COCTaBa M CTPOCHHUSI IMOTYICHHBIX KOMIUICKCOB.

[TomyyeHHbIE TaHHBIE UMEIOT KaK ()yHIaMEHTAJIbHYIO 3HAUUMOCTD IS CIICIIUAIICTOB
B 00JIaCTH KOOPJIWHAIIMOHHOW XHUMHH B KAauyecTBE CIIPAaBOYHOTO MaTepualia, TaK H
MPaKTHUYECKYI0, CBSI3aHHYI0 C BEpPOSTHOCTHIO TPUMEHEHHS KOMIUIEKCOB JIAHTAHHJIOB,
conepkamux 1,1-TuTHOIATHBIC JTUTAH/bI, B KAUECTBE JTIOMUHECIIECHTHBIX MAaTEPHAJIOB.

Pe3ynbraThl MpOBEIEHHOTO HCCICAOBAHUS CBUICTEIBCTBYIOT O I€JIECOO00Pa3HOCTH
JNAJbHEUIIEr0 M3YYEHHUS O3TOW TPYINIbl KOMIUIEKCOB. IlepCHEeKTMBEH CHHTE3, a TakKke
W3YYCHHE CTPOCHUS ¥ CBOWCTB HOBBIX KOOPAWHAIIMOHHBIX COCTUHCHUH JIAHTAHH]IOB,
comepxamux apyrue 1,1-guTHonaTtHele JuTraHabl W HOBbIe TUINBI N- u  O-T0HOPHBIX
dayopodopoB. B panmpHeWnieM pPEeKOMEHIYETCS TMPOBECTH HCCICAOBAHMS, CBSI3aHHBIC C
MOJTy4EeHUEM KOJIMYECTBEHHBIX JaHHBIX 1O ()OTOJOMUHECICHIINN (M3MEPEHHE KBAHTOBBIX
BBIXOJIOB, BpPEMEH J>KM3HU BO30OYXKAEHHBIX COCTOSSHUW © T.J.), a TaKXkKe C OILECHKOMN
BO3MOXKHOCTH MPHUKJIQJTHOTO TPUMEHEHHS TIOJYYCHHBIX KOMIUIEKCOB B  KauyecTBe
JIOMUHECITUPYIONTUX MaTepuasioB. KpoMe TOro, WMHTEPECHO JIeTajbHOE WCCIIECIOBAHHE

MarHuTHBIX cBoMCTB KomiiekcoB LNn(111) ¢ S-comeprkariumu TUranaamy.
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