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H3yuenvl Hnexomopwvle Quzuko-xumuueckue XapaKmepucmuku 2eKca(muoyuanamo-
N)xXpomamuuix KOMnIeKCco6 1AHMAHOUO08 UEPUEsoll pynnbl ¢ 3 — RUPUOUH-3-KAPOOHOBOI Kuc-
aomoi. HK-cnekmpockonuyecku no cmeujeHur0 OCHOGHbIX XAPAKMEPUCMUYECKUX NoJ0C no-
27I0OWECHUSA POOAHUOHBIX ZDYNN U OP2AHUYECKUX 6EU{ECIE NOKA3AHO, YMO COCOUHCHUS AGNAIOMCA
N-muoyuanamuvimu, opzanuieckuil 1Uu2and GudeHmMamen 6cnedcmeue nepeHoca nPomoHa Kap-
OOKCUNbHOUL 2PYyRNbl K AmMoMy a3oma ¢ O00PA306AHUEM CORPANCEHHOU CUCHEMbl: UMUHO-
AMUHHAA MAymomepus OP2aHu4ecKo20 IU2AHOA NPUEOOUm K GO3HUKHOBEHUI0 NUPUOUHUIL-3-
kapookcunam-uona. Memooom PCA mMoHOKpucmannoe ycmanoeneHo, 4mo 6euiecnmea umeiom
0CMPOGHOE CMPOCHUE, KPUCHANIUZYIOMCA 8 00HOM cmpyKkmypHom mune P21/n, ux kpucmanno-
2paghuueckue napamempovl 3aKOHOMEPHO USMEHAIOMCA 6 COOMEEMCMEUL C USMEHEHUEM PAOUY-
coe uonos Ln*. O6napyscenst mescmonexynapusie 6000poOHbIE C6A3U MeNHCOY KPUCANUIAUU-
OHHBIMU MoneKynamu 600vt u N—H zpynnamu KOOpPOUHUPOGAHHBIX MONEKY]I OPZAHUYUECKUX TU-
2anooe. Ilo cocmagy eewjecmea omauuardmces moabKo COOEPHCAHUEM KPUCHANIUIAUUOHHOI
60006l ¢ Kpucmannozuopamax. Ilpeocmagnenvt macnumnsie xapaxmepucmuxu ¢ ouanazone 80-
360 K. Hccneoosanus mazHumHbIX C60UCME 0BOIHBIX KOMNIEKCHBIX COJlell 6bINOJIHEHDL C YUe-
mom ux cmadunvhocmu 6 ouanazone 80-360 K. Ionyuennvie pacuemusim nymem 3HayeHus
IPPeKMueHbIX MAZHUMHBIX MOMEHNIO06 XOPOUWLO CO2NACYIOMCA C IKCHEPUMEHMAIbHbIMU. SHA-
YeHUA MAZHUMHBIX MOMEHMO8 XAPAKMEPU3VIon anmupeppomazHumuslii XapaKmep 63aumo-
Oelicmeusn medxycdy napamazHumuvimu yenwmpamu. Ilpu memnepamypax nusce 100 K naonrooa-
I0mca pacxoicoenus IKCREPUMEHMAIbHLIX U PACUEHHBIX 3HAYUEHUT, Ymo modicem Oblmb 00y-
C/106/1€HO NePex000M COCOUHEHUIN U3 NAPAMAZHUMHOZ0 6 AGHMUMEPPOMAZHUMHOE COCHOAHUE.
Tepmuueckoe nosedenue éeuiecme ¢ UHEPMHOU U OKUCAUMENbHOW ammocgepax uccied06ano 6
unmepeaine memnepamyp 293-1273 K. Yemanoenena nociedosamenbHoCmy mepmopasionceHus
eeuyecme u cocmaegvl RPOOYKmMoe mepmonusa. Beuwyecmea asnaromcesa nepcnekmugHbimMu npexyp-
copamu 01 HUKOMEMHEPAMYPHO20 NOJIYUEHUS 2eMePOMEMANIUUecKUX OKCUOHbIX Kepamuue-
CKUX MAmMepuanos, MoaAeKyjIapHbiX MAZHEMUK08, @ MAK}ce MePpMOUHOUKAMOPOE 071 6U3YaAlb-
HO020 KOHMPOA MeMnepamyp u memnepamypHuix noJei.
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Some physical and chemical characteristics of hexa(thiocyanate-N)chromate complexes

of cerium lanthanides with 3-pyridine-3-carboxylic acid are studied. It was shown by IR spectros-
copy for displacement of the main absorption bands that the compounds are N-thiocyanate, the
organic ligand is bidentate due to the proton transfer of the carboxyl group to atom nitrogen with
the formation of a conjugate system: imino-amine tautomerism of organic ligand leads to the oc-
currence of pyridinium-3-carboxylic ion. It was established by X-ray diffraction analysis of
monocrystals that substances have an isle structure, crystallize according the same structural
type, and their crystallographic parameters change regularly in accordance with the change in
the radii of Ln*" ions. The obtained substances of the isle type are isostructural. lintermolecular
hydrogen bonds between crystallization water molecules and N-H groups of coordinated mole-
cules of organic ligands are found. The compositions of the substances differ only in the content
of crystallization water in the molecules. Studies of the magnetic properties of the samples were
carried out taking into account their stability in the range of 80-360 K. The decomposition se-
guence is established and composition of thermolysis products. The experimental and calculated
values effective magnetic moments is in agreement. Values effective magnetic moments charac-
terize the antiferromagnetic nature of the interaction between paramagnetic centers. At tempera-
tures below 100 K, discrepancies between the experimental and calculated values are observed,
which may be due to the transition of compounds from the paramagnetic to antiferromagnetic
state. The thermal behavior of substances in an inert atmosphere and oxidizing atmospheres to in-
terval of tempetures 293-1273 K are presented. Compounds obtained determine the promising
magnetic and thermal properties of substances as precursors for the low-temperature production
of heterometallic oxide ceramic materials, as well as molecular magnets and thermoindicators for
visual control of temperatures and temperature fields.

Key words: new materials, coordination compounds, IR spectroscopy, crystallographic characteristics,
magnetic properties, thermolysis, light lanthanides, chromium, 3-pyridine-3-carboxylic acid

CBOWCTB: TEPMOUYYBCTBUTEIBHOCTHIO [6-8], HU3KUMHU

BBEJAEHUE
TeMIIepaTypaMy TEpPMOJM3a C OOpa30BaHHEM HAHO-

WnTepec k rerepoMeTaIMUeCKUM KOMILIEK-
cam d-f-aieMeHTOB 00YCIIOBIICH OrPOMHBIMH BO3-
MOXHOCTSIMU IOJIy4EHUsI Ha UX OCHOBE pa3HOOOpa3-
HBIX MOJM(QYHKIMOHANBHBIX, B TOM YHCJIe HaHOpa3-
MEPHBIX, MaTEPHAIOB C PA3IMYHBIMU CTPYKTYPHBIMH U
(U3HKO-XUMUYECKUMHU XapakTepucTukamu [1-5]. Ycra-
HOBJIEHO, YTO TeKca(THoluaHaTto-N)XpoMaTHbIE KOM-
TUIEKCHI JIAHTAHOUJIOB IIEPHEBO TPYIIBI ¢ 3 — NIHPH-
JIUH-3-KapOOHOBOM KUCIIOTOM, SIBISAACH yCTOWYMBBIMU
K BO3JEHCTBUIO aTMOC(EpBl TBEPABIMU KpHCTAIIIAYE-
CKUMH BEILECTBaMH, OOJIaJAIOT PSIOM YHHKaJIbHBIX

ChemChemTech. 2022. V. 65. N 10

pPa3MEpHBIX TEeTEPOMETAUTHYCCKUX TYTOIIABKUX OK-
cuIHbIX MaTepranoB [9-11], MarHUTHBIMEH CBOMCTBA-
MU, OOYCIIOBJICHHBIMH HAaJMYUEM [[ByX MapaMarHuT-
HbIX HOHOB. JlaHHO€ wucclenoBaHue (DU3HKO-XHMU-
YECKUX CBOMCTB COEJMHEHUI MPEANPUHATO C LETbIO
M3YYCHHUS BEIIECTB KaK MPEANICCTBEHHUKOB JIJIS
JATBHEHIIIETO TPAaKTHYECKOTO WCIIOIb30BaHUS B CO-
BPEMEHHBIX HAYKOEMKUX XHMHYECKUX TEXHOJIOTHSIX
JUTSL CO3JTaHUSI HOBBIX (DYHKIIMOHAIBHBIX MaTEpPHAIIOB
C 3aJIaHHBIMU CBOMCTBaMH.
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METOJIMKA OKCIIEPUMEHTA

CuHTE3bl M 3J€MEHTHBIE aHAIN3bl BELIECTB
BBITIOJTHEHBI [0 METOAWKAM, MPEICTABICHHBIM B pa-
ootax [12, 13]. Anmaparypa, yCJIOBHsS U3MEPEHHH U
ncrons3yemble 6a3pl ganubix s UK, PCA u JTT
IpeacTaBiIeHbl B paboTax [14-17].

UccnenoBannss MarHUTHBIX CBOWCTB o00Opas-
LIOB NIPOBEACHBI Ha yCTAHOBKE AJISI M3MEPEHUS] Mar-
HUTHOW BocmpuuMuuBocTH TUna «Becsl dDapanes».
HanpsokeHHOCT, MarHUTHOTO TIOJNISL TIPH HMCCIIEAOBA-
HUH TEMIIEPaTypHBIX 3aBUCUMOCTEH MarHUTHOW BOC-
MIPUAMYUBOCTH  cocTaBisiia 7,3 k3. TounocTs cra-
OWnM3anKuy HaNpPSHKCHHOCTH MoJisl coctaBimsmia 2%.
Temmnepatypnast ctabunnzanusi o0pasia ¢ TOYHOCTBIO
He xyxe 1 K Bo Bpems u3MepeHus: oCy1ecTBIsIach ¢
romotpio Tepmoperynsitopa DTB 9696. Bo Bpemst
u3MepeHni obpaser pacrojaraicsi B OTKPBITOH aM-
IyJie B WHEPTHON arMmocdepe renust mpu JaBIECHUU
5 MM.pT.CT.

HudpakrorpamMmmsl  00pa3lioB  MPOJIYKTOB
TepMoJHM3a TOdy4YeHbl Ha audpakTromerpe IPOH-8
(Poccust) ¢ octpodokycHON MeqHON TPYOKOH B H3ITY-
uenun Cu-Ko (1,5406 A); manpssxenue 34 kB, Tok
10 MA. OT60p CcreKTpaJIbHOU JTUHUKM (MOHOXPOMATH-
3amus) OCYIIECTBISIETCS] OJHOMEPHBIM Mapabonude-
ckuM 3epkanom ['ebens (I'epmanust), obecnedynBa-
oIUM  GopMUpOBaHHE ITy4yKa
IUIOC-KONapaJUIebHbIX  JIyder
wupuHod okono 0,6 mm. s
YMEHBIICHUSI paccesHusI Ha dJie-
MEHTaX KOJUIMMAaTopa MpuMe-
HeHbl mwenu 1 mMMm. T'onnomerp
BEPTUKAIBHBIN, CXeMa H3Mepe-
Huii 0—0. COOp HMHTEHCHUBHO-
CTEH OCYLIECTBISIETCSI JIMHEH-
HBIM CTPHIIOBBIM ITO3HLIMOHHO-
YYBCTBHUTENBHBIM  JIETEKTOPOM
Mythen 2R 1D (ILlseiitapus);
quca0 KaHaoB 640, THHEHHBIN
pasmep ctpuma 50 MM (yrio-
Boit — 0,0144°). Hlar nerexropa 0,5° (mo 20), Bpems
Habopa umItysbcoB 8 ¢. OOpasLbl MOMEIATINCH B KIOBE-
ThI U3 amopduoro oprcrexia (IIMMA), He parorero
JA(HPAKIMOHHBIX Pe(IIeKCOB KPUCTATMIECKOTO THIIA.

PE3VIJIBTATBI U X OBCYXJEHUE

N3yuenne UK cnekTpoB KpUCTAIUIMUECKUX
MEJIKOIUCIIEPCHBIX MOPOLIKOB BEIIECTB MOKA3aJI0, YTO
onn sBysrotest N-tmonmanatamu (v(CN) = 2090 cm?)
[18, 19], 3-mupumanH-3-KapOOHOBas KHCJIOTa BEIET
ce0s1 Kak OMIEHTATHBIN JUranj, oopasys TUPUINHHIN-
3-kapOoKcHIIaT-HOH B Ipolecce cuHTe3a (Ipyrma mo-
noc B urTepBane 1630-1180 cm™) [20-22].
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O6paser; MukpodoTorpaduu KpUcTaIoB CO-
eIMHEHHI TIPEJICTABICH HA pHUC. |, KpUCTAIITHYSCKHE
CTPYKTYPBI HEKOTOPBIX I'eKca(THOIMaHaTo-N)Xpomar-
HBIX KOMIUICKCOB JIAHTAHOHM/IOB IIEPUEBOM TPYIIIBI C
3-nupuauH-3-KapOOHOBOM KHCIOTOM — Ha pHC. 2.

20kV X160 10 40 SEI

100pm
Puc. 1. MukpodoTtorpadus kpuctaiuioB rekca(THOIHAHATO-
N)XpoMaTHOro KOMIUIEKCa HEOAUMA C 3 — MUPUANH-3-
KapOOHOBOH KHCIOTOM
Fig. 1. Micrograph of crystals of hexa(thiocyanate-N) chromate
complex of neodymium with 3-pyridine-3-carboxylic acid

[Tony4yeHHble BemiecTBa OCTPOBHOIO THIIA
HU30CTPYKTYPHBI, OOHapy»KEHBl MEXMOJIEKYISPHbIC
BOJIOPOJIHBIE CBSI3M MEXIY KPHUCTALTH3ALUOHHBIMHU
MoutekymamMu Bogsl 1 N—H rpymmamu koopawHHpO-
BAaHHBIX MOJICKYJ OPTraHUYCCKUX JIMT'aHIOB.

H(31W)

oumf -
H(32W)

Puc. 2. Kpucrammmaeckue CTpyKTypbl KOMIUIEKCOB Pr u Sm
Fig. 2. Crystal structures of Pr and Sm complexes

BellecTBa KpUCTAIN3YIOTCA B OJHOM CTPYK-
TYPHOM THIIE, IO COCTaBY OTJIHMYAIOTCS TOIBKO CO-
JIEpKaHUEM KPUCTAUIM3ALMOHHON BOJBI B KPHCTal-
JIOTHApAaTax:

1) La: n =2, a = 9,66800(10), b = 25,7662(2),
¢ = 15,4843(2), B = 106.4700(10)°, V = 3698,99(7),
pews= 1,761 t/cm®, P2:1/n, Z = 2;

2) Ce:n =2, a=9,6559(2), b = 25,8492(5),
¢ = 15,5303(3) A, p = 106,586(1)°, V = 3715,0(1)
A3, Peoe. = 1,756 rlem®, P24/n, Z = 4;
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3) Pr:n=2,a=9,6052(5), b = 25,6599(12),
c=154631(8) A, p = 106,0380(10)°, V = 3662,83 A3,
up.rp. P2i/n, Z = 4;

4) Nd: n = 1, a = 9,53120(10), b =
25,5166(4), ¢ = 15,3843(3), B = 104,9450(10)°,
=3614,96(10), puuw. = 1,779 r/em®, P22/n, Z = 2;

5) Sm:n=2,a=9,6163(3), b =25,7473(8),
¢ =15,5197(4) A, B = 106,861(1)°, V = 3677,39 A3,
up.rp. P2i/n, Z = 4;

6) Eu: n = 1,15; a = 9,5358(2), b =
= 25,4871(5), ¢ = 15,4304(4), B = 105,513(1)°,
V =3613,6(1) A3, paws. = 1,799 r/em®, P24/n, Z = 4.

W3ydeHne TepMHYECKOTO TIOBEIEHHSI KOM-
IUIEKCOB JIaHTAHOWIOB 1epueBoi rpynmsl (NETZSCH
STA 449 C Jupiter, ckopocts HarpeBa 283 K/muH,
uHaBecku 0,15-0,16 r) MOKa3wBIBaCT WX HEBBICOKYIO
TEPMHUYECKYI0 ycToiunBOCTh (puc. 3). Ilpomeccs
TEPMOPA3JIOKCHUS Ha BO3JyXe M B MHEPTHOW aTMO-

\%
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cepe UMEIOT CXOJIHBIA XapakTep U OTPaKaloT MHO-
rocTajuiHble Mpolecchl noTepu Macchl. Ha Haualb-
HOM sTane Tepmoimsa (1o 395 K Ha Bozayxe, mo 403 K
B aprone) kpusbie TT' perucTpupyroT CpaBHHUTEIHLHO
HEOOJIBIIINE TIOTEPH MACCHI, COOTBETCTBYIOIIHME MPO-
[ECCy YaCTHYHON JAeruapaTaldd KOMILICKCOB, CO-
MpOBOXKIAtoIeMycst AByMs 3HIo3pdexramu. [lanee
3aBepIIACTCS OTIICTICHHE BHEITHEC(HEPHBIX MOJIEKYIT
BOJIBI U TIPOUCXOJUT CTYIICHYATOE PA3JIOKCHHUE KATH-
OHHOH M aHWOHHOW yactel BemiecTB. [Ipu 1173 K Ha
Bo3ayxe MeronoMm PDA ¢Puxcupyercs obOpasoBaHme
npeumytiectBeHHo LNCrOs B cMecu ¢ HEOONMBITMMU
koiauuectBamu LN;Os u Cr.03, B unrepBane teme-
patyp 383-393 K o0HapyxxeHO 00patuMoe H3MeHe-
HHE OKpacku oOpas3loB M3 PO30BOil B 3eieHyro. [lpu
MHOTOKPAaTHOM MOBTOPEeHHH TporieccoB (10 100 muk-
JIOB) HArpeBaHUSA-OXJKJCHUS CBONCTBA HCXOIHBIX
00pasIoB COXPAHSFOTCS.

AT /(%/MuH)
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100 200 300 400 500 600 700 800 200
Temnepartypa /°C
Puc. 3. Tepmorpamma HarpeBaHHS Ha BO3/IyXe KOMITJIEKCA €BPOITHS
Fig. 3. Thermogram of the europium complex heating in air
Taonuua
MarHuTHbIE XapaKTePUCTHUKHA KOMILJIEKCOB
Table. Magnetic characteristics of the complexes
Ne Bpyro-dopmyna C,Kem®¥mons | 0, K | gy, MB. [spg (Cr), MLB.| psge(LN)", M.B.
1 C24H23CeCrNyO10Ss 2,62(3) -20(2) 4,58(2) 3,81(2) 2,54
2 C24H23SMCrNgO10Ss 2,25(3) -26(2) 4,24(2) 3,97(2) 1,6

HpHMeanHe: *-TeOpeTI/I‘{eCKI/Ie 3HAYCHUA
Note: *- theoretical values
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HccenenoBanusl MarHWTHBIX CBOWMCTB 00pas-
[IOB BBITOJIHEHBI C YYETOM MX CTAOMIBHOCTU B AUara-
3oHe 80-360 K (puc. 3, 4). IlomyyeHHbIE 3KCHEpH-
MEHTaJIbHBIC 3aBUCUMOCTH 1/y (Y-MarHUTHasi BOCIIPH-
WMYHUBOCTh) OBLTH aNMpPOKCUMHUPOBAHBI MPSIMBIMHU
JUHUSAMH, TI0 YTy HakKJIOHa KOTOPBIX, a TakXe IO
KOOpAMHATAM TOYKH IMEPECEUCHHS MPSIMBIX C OCHIO
TEeMITepaTyp, OBLIN MONYYEeHBI BEIpaKEeHUA B (hopme
sakona Kropu-Beiica [23-25]: y = C/T-0), rume
C — mocrostanaas Kiopu, 0 — nocrosinnas Beiica. [Tomy-
YeHHbIC 3HAYCHUS KOHCTAHT C MO3BOJISIOT BBIYHCIIUTD
5 (EKTUBHBIA MATHUTHBIA MOMEHT Ly = (8-C)Y2,
cooTBeTCTBYHOMHH lIMT_oo( Wopp = (8- T)Y2).

OTpunarenbHble 3HAYCHUS KOHCTAHT Belica
XapaKTepu3yloT aHTU(EPPOMAarHUTHBIN  XapakTep
B3aUMOJICHCTBUS MEXIy MapaMarHUTHBIMHU LEHTpa-
mu. Ilpu temneparypax Hike 100 K Habmogarotces
PacXOXKIEHUS OSKCIIEPUMEHTAIBHBIX W PacYeTHBIX
3HAYEHU, YTO MOXKET OBITh 00YCIOBICHO MEPEX00M
COCJIMHEHNI W3 TIapaMarHUTHOTO B aHTH(deppomar-
HUTHOE COCTOSIHHE.

0,030
0,025

0,020

%, CM*/Monb

0,015

0,010

0,005

50 100 150 200 250 300 350 400
T,K
Puc. 4. 3aBucUMOCTh MarHUTHON BOCIIPUMMYHBOCTH OT TeMIIepa-
Typbl coenuaenust C2aH23CeCrNgO10Se (A-HarpeBanue, V -
oxJlaxIeHue, -annpokcumarus Kropu-Beiicca)

Fig.4. Dependence of the magnetic susceptibility on the tempera-
ture of the C24H23CeCrNyO10Ss compound (A- heating, ¥ - cool-
ing, - Curie-Weiss approximation)

B cnyuae coeauHeHus nepus BeiauuuHa 3¢-
(hekTMBHOTO MarHUTHOTO MOMeHTa 4,58 M.b. xopotro
COTJIaCyeTcsl ¢ TEOPETHYECKUM 3HaueHueM 4,63 M.B.,
NOJYYEeHHBIM B TMPUOIMKEHUH HEB3aWMOJICHCTBYIO-
mMx MarHuTHeIX nentpos Cr** (3,87 MLB.) n Ce**
(2,54 M.B.). Eciu nipussite 3 (eKTHBHBIA MarHuT-
ueiii Mmoment Ce* 2,54 M.B., To Ha HOH XpoMa TIpH-
xoxures 3,81 M.b.

[lony4yenHoe st coeaMHEHHs camapus 3Ha-
yeHue 3PPEKTUBHOr0 MarHUTHOro MomeHra 4,24 M.b.
XOpOIIIO COTJIACyeTCs] C TEOPETUYECKHUM 3HAYEHHUEM
4,19 M.B., nonyuennsiv ms Cré* (3,87 M.B.) n
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Sm3* (1,6 M.B.). Eci IPUHATH TEOPETHYECKHUIA Mar-
HUTHBIH MoMeHT SM®* 1,6 M.B., To Ha MOH Xpoma
npuxoautcs 3,93 M.b.

5,5 1
5,0
4,5 A

4,04

Mo’ M.B.

3,54

3,0 1

25 T T T T T T 1
50 100 150 200 250 300 350 400

T,K
Puc.5. 3aBucumocts 3¢)(heKTHBHOTO MATHUTHOTO MOMEHTA OT
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Fig 5. Dependence of the effective magnetic moment on tempera-
ture for the C24H23CeCrNoO10Ss (A- heating, ¥ - cooling, - Curie-
Weiss approximation)
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