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BBEJIEHHUE

AKTYaJIbHOCTb TeMbl HCCJIEJOBAHUSI M CTeleHb ee pa3padoraHHocTH. B mocnennee
BpeMs aKTUBHO pa3pabaThIBAIOTCS HOBBIE THUIBI COJIHEUHBIX SUEEK, B TOM YHCIIEC SYCHKU Ha
OCHOBE TaJIOIUIIOMOATOB CO CTPYKTYypoW MepoBckuTa. llepoBCcKkUTHBIE coONHEYHBbIE OaTapeu
MPUBJIEKAIOT BHUMaHUE HCCIeoBaTelel Onarogaps WX HHU3KOW CTOUMOCTH, JIETKOCTH
MPOU3BOJICTBA, a TaKXe BBICOKOW 3(PPEKTUBHOCTH, COMOCTABUMON C 3(PPEKTUBHOCTHIO
KPEMHHEBBIX COJTHEUHBIX OaTapeil. HecMOTpst Ha oueBUAHBIEC MPEUMYIIECTBA TAKUX STYEEK, OHU
MMEIOT HENOCTaTKW. [l coelMHEHMI CBUHIIA XapaKTepHa HHU3Kas TUIPOJIIUTUYECKAs U
dbotonuTHueckast CTaOUIBLHOCTb, a TAKXKE TOKCHUYHOCTH, UTO MPETSTCTBYET UX TOBCEMECTHOMY
MPUMEHEHUIO. B CBSI3M C 3THM HUCCIEA0BATENM MBITAIOTCS 3aMEHUTh COEIUHEHHUS CBUHIIA B
COJIHEYHBIX siuelikax Ha Oosiee Oe30macHble U CTAOUIIBbHBIE COCAMHEHHUS JIPYTUX SJIEMEHTOB, B

TOM YHUCJIC HA TAJIOTCHUJHBIC COCAMHCHWA BUCMYTA.

['uOpuaHble  TaJIOBUCMYTAThl  SIBISIOTCS — KJIACCHUECKUMH  KOOPIMHAITMOHHBIMH
COCTMHCHUSIMHU, 00pa30BaHHBIMU OPraHMYECKUMHU KaTHOHAMH W HEOPTraHMYECKUMHU aHHOHAMU
[BixHaly]™ (Hal = CI, Br, I). Onu 061aaf0T HIMPOKHUM Pa3sHOOOpa3ueM IMOJIE3HBIX CBOMCTB,
TAKUX KaK JIFIOMUHECIEHIMsSI, TEPMOXPOMH3M, (OTOXPOMHU3M, MOTYT  IPOSBISATH
(OTOKATATUTHYECKYIO aKTHBHOCTh, CEIHETOIICKTPUYCCKUE CBOMCTBA, a TAKKE MPEACTABISIOT
uHTepeC M (OTOBOJBTAMKU. | MOpUAHBIE TaJOBUCMYTAaThl pPACCMATPUBAIOTCSA IS
UCITIOJIb30BaHUs B (DOTOAECTEKTOPAX, CBETOM3IYUAIOIINX JAMOAAX, YCTPOHMCTBAX PE3UCTHUBHOU
naMsITH U KOHJICHCATOpax, a TakKe B KauecTBE (DOTOKATAIM3aTOPOB M CBETOMOTJIOMIAOIIIX

MaTCpuraaioB AJId COJTHEYHOM OHCPIrCTHUKH.

Ha moment nauana nmanHoro uccnenoBanus B 2016 rogy Obuto m3BecTHO mopsiaka 400
raJIOBUCMYTATOB, 3HAUUTEINIbHAS YaCTh KOTOPBIX (0K0JI0 45%) Npux0oauiach Ha ralOBUCMYTAThI
N-reTepoMKINnYeCcKX KaTHOHOB. DTH COCIMHEHUS XOPOIIO KPUCTAITU3YIOTCS, CTAOMIIbHBI Ha
BO3/[yXe U MOTYT 00JIaJjaTh ONTUYSCKUMU CBONCTBAMU, CXOJHBIMHU C TajorurtombaTtamu. B To
K€ BpeMsI CBSI3b MEXIY CTPYKTYPOU M ONITHYECKUMH CBOMCTBAMHU raJJOBUCMYTaTOB OCTaBajach
MaJIOU3y4YeHHOU. BriusHME KaTHOHOB HAa ONTUYECKUE CBOMCTBA TajJOBUCMYTAaTOB HOCHJIO
MPOTUBOPEUMBBIA XapakTep B pa3HbIX paborax. OcTaBaluch CYIIECTBEHHBIE MPOOETHI B
M3YYEHUU BO3MOXKHOCTU ILEJICHANPaBICHHOIO CHUHTE3a TajJOBUCMYTaTOB, OIpEACICHUs

(1)aKTOpOB BIWAHHUA Ha  OINTHUYCCKHC CBOMCTBA raJoBUCMyTaToB H  BO3MOXHOCTHU



KOHTPOJMpOBaHusl 3HaueHuid Egq monmydaembix coenuueHuit. Takum o00pa3oM, BO3HHKIA
HEOOXOAUMOCTh CHUCTEMAaTUYECKOTO M3Yy4YCHHUS TalOBUCMYTAaTOB N-reTepolMKINYECKUX
COCJIMHEHUH, BKIIOYAIOIIETO IMMOMCK aJlbTEPHATUBHBIX METOJOB TMOJYYCHHUsS] THUOPUIIHBIX
raJIOBUCMYTAaTOB, CHUHTE3 HOBBIX TAJIOBUCMYTaTOB N-TE€TEPOIUKINYECKUX KATHOHOB C
HEOOBIYHBIMU ONITHYECKUMH CBOMCTBAMU U BBISIBIICHHE B3aUMOCBSI3H MEXK/1y KPUCTATUTMUECKON

CTpYKTYpOﬁ ATUX COCIUHCHUM U UX ONTHYECKUMHM XapaKTCPUCTUKAMMU.

B cBs13u ¢ 3THM, Heab JaHHOU pabOThI COCTOsA B pa3pabOTKE HOBBIX METOJOB MOTYUYEHUS
rUOpUIHBIX TAJOBUCMYTATOB M ONpeNeseHuU (aKTOPOB BIMSHUS CTPYKTYphl U COCTaBa Ha

ONTUYECKUE CBOMCTBA MOJYYa€MbIX COCTUHEHUM.
JI1st MOCTHIKEHUSI TAaHHOM 1IeJTM OBLIN ITOCTABJICHBI CIICAYIONINE 3a1aYu:

1) TlonydeHHe HOBBIX THOPUIHBIX TaJOBUCMYTAaTOB N-TETEPOIUKIMYECKUX KATHOHOB,

ONpENEICHNE X KPUCTAJUIMYECKON CTPYKTYPBI U ONITHYECKUX CBOMCTB.

2) I/I3yquI/Ie BO3MOXHOCTHU HeJaCcHaIrpaBJICHHOI'O CHUHTC3a TaJIOBHUCMYTATOB N-

reTCPpONUKINICCKUX KaTUOHOB C 3aJTaHHBIM COCTAaBOM U CTPOCHUCM.

3) OmnpenereHue 3aBUCUMOCTH MEXTy COCTaBOM, CTPYKTYPOH U ONITUYECKUMH CBOWCTBAMU

TUOPUTHBIX TaJIOBUCMYTATOB.
Hayuynast HOBU3HA:

— IlomyyeHbl M CTPYKTYpHO oOxapakTepu3oBaHbl 158 HOBbIX ramoBucmyrtatoB N-

reTCPONUKINYCCKNX KaTUOHOB.

— BrepBble 0Iy4YeHsI rajgoBucMyTatsl ¢ annoHamu [Bizl11]%, [Bislzs]®, [BiBra(DMSO),],
[Bi2Brs(DMS0),]%, {[BiBre][BiBrs][BiBre]}* u 1D-uemamu [K(BiBri1)]*,
[Bi2X10]* (X=Br,I).

— IlpemyoxeH MeTox MONYy4YeHUs TaJOBUCMYTaTOB MHOTO3ApAJHBIX KaTUOHOB W3
KOHIEHTPUPOBAHHBIX PACTBOPOB  TaJOT€HOBOJOPOAHBIX  KHUCIOT. OOHapyKeHBbI
YHHUKAQJIbHBIE ONTUYECKHE CBOWCTBA OOpPa3yIOUIMXCs OPOMOBHCMYTATOB JIMKATHOHOB

MCTHIIITUPASUHUA.

— Pa3paboran meron cuHTe3a TMOPUAHBIX TaJIOBUCMYTaTOB IYTEM KOHTPOJIUPYEMOTO

Pa3I0KCHUA UX COJILBATOB.



— TIloka3ano, 4To SHEPrusi 0Opa3oBaHMs CTPYKTYpHBIX eaunmil {Bilx} (cymma sHepruii
cesa3eit Bi—-l B mommsape) B MomOBHCMyTaT-aHMOHAX MOCTOSHHA M HE 3aBUCHT OT

KOOPAWHAIIMOHHOTO YK CJida BUCMYTa, COCTaBa U CTPYKTYPbI aHHMOHOB.

- O6H3py>KeHO, YTO PaA3JIMYHOC 3aIlOJIHCHHC TI'aJIOTCHHBIX MO3UILIMM aTOMaMu Bruls
TBCPABIX PaCTBOpax FI/I6pI/II[HBIX raJJOBUCMYTAaTOB MOKCT IMMPHUBOAWUTL K SHAYUTCIIbHBIM

OTKJIOHCHHAM ITapaMCTPOB PCHICTKH OT 3aKOHA Berapz[a nin q)aSOBLIM nepexoaam.

— Pazpaborana MeToAMKa peEUIEHUS  KPUCTAUIMYECKUX  CTPYKTYp THOpPUIHBIX

raJIOBUCMYTATOB IO JaHHBIM MOPOIIKOBON PEHTI€HOBCKOU TU(paKIINH.
Teopernyeckasi M NpaKTHYECKasi 3HAYUMOCTb PadOThI:

OnTuMu3alds METOJOB CHHTE3a IMO3BOJIMJIA MOMy4duTh Oojee 150 HOBBIX THOPUAHBIX
raJloBucMyTatoB.  lIpemmokeH  MeTOA ~ CHHTE3a  TalOBUCMYTAaTOB M3  TOPSYHUX
KOHIICHTPUPOBAHHBIX KHUCJIOT, TO3BOJISIIOIIUMN TMOJy4aTh HECTAOWJbHBIE B TMOJKUCICHHBIX
BOJIHBIX PacTBOpaxX COEAWHEHHUS ¢ HEOOBIYHBIMU ONTHYECKUMH cBoiicTBamu. [lokazaHo, 4To
KOHTPOJINPYEMOE Pa3JIOKEHHE COJbBATOB TaJOBUCMYTaTOB IIO3BOJISIET I1OJIydYaTh HOBBIE

COCAMHCHNA, KOTOPBLIC HC YAACTCA BLIACIUTD U3 paCTBOPOB.

B pabore u3n0keHBI MPUHIIMIBI 00pa30BaHUS KPUCTAUIMUYECKUX CTPYKTYpP THOPHIHBIX
raJoBUCMYTAaTOB, U3yUY€HA CBA3b MEXKIY CTPYKTYpPOW raJOBUCMYTAT-aHUOHOB M ONTHYECKUMU
cBoiicTBaMu coequHeHui. IlokazaHo, 4yTo HaumboJiee HU3KUMHU 3HAYECHUSIMH OITHYECKOM
HIMPUHBI 3anpenieHHol 30HbI (Eg) oOnagaroT ranoBUCMyTaThl C JIMHEWHBIM CTPOCHHUEM
KOOPAMHAIIMOHHO-TIOTUMEPHOTO aHuOHA. [lolydeHHbIe TaHHBIE MOTYT OBITh MCIOJIb30BAaHbI B
JTadbHEHIEM I KPUCTAUTMYECKONW WMHXKCHEPHHM COSAMHEHUH, O00JadaronuX HHU3KHUMHU

3HA4YCHUAM Eg W IMMPUTOOHBIX I UCITOJIB30BAHUA B KAYCCTBE CBCTOIIOTIIOMAOITNX MATCPHUATIOB.

PesynpTaThl  CcHCTEMaTHYECKOTO  HW3YYEHHS  TBEPABIX  pPAacCTBOPOB  THOPUIHBIX
rajJoBHCMYTATOB MOKAa3au, YTO CYIIECTBYIOT TPHU TUIA TAKUX PACTBOPOB, PA3INYAIOIIUXCA IO
OTKJIMKY CUCTE€MBbI HA U3MEHEHHE TaJOT€HHOI0 cocTaBa. [loaydyeHHbIE JaHHbBIE YKA3bIBAKOT HA

BO3MOKHOCTb TOHKOM HaCTPOﬁKH ONTUYECKUX CBOMCTB TaJIOBUCMYTATOB.

[Ipennoxkena  MeTONWMKAa  pEIIEHUS  KPUCTAJUIMYECKUX  CTPYKTYp  THOPHIHBIX
raJlOBUCMYTaTOB € MW3BECTHBIM XUMHYECKHUM COCTaBOM II0 JAHHBIM IIOPOLIKOBOM

PEHTIeHOBCKOW MU paKLUu.



Pa3pa60TaHa MCTOOHKA ITOJIYUYCHHA TOHKHUX IINICHOK MOAOBUCMYTAaTa MCTHUJIBHOJIOI'CHA Ha
MOPHUCTBIX U MC30IMOPHUCTHIX IMOKPBITHAX. HpeZ[HO)I(eHHBIﬁ MECTOd MOXCT HaWUTHU MMPUMCHCHUC
A HAaHCCCHHA TOHKOI'O CJIOA CBCTOIIOTJIOMIANOMICTO MAaTCpHaia B (bOTOLIYBCTBI/ITeJ'IBHBIX

YCTPOWCTBAX.

MCTOIIOJIOFHH H MeETOoAbl HUCCJICAOBAHHUA. FI/I6pI/II[HBIC TaJIOBUCMYTAThI IMOJYYaJIN KakK
CTaHAapTHBIMU MCTOOAMH, HU3BCCTHBIMU M3 JIMTCPATypbl, TaK H IIO p33pa60TaHHBIM 151
MOI[I/I(i)I/IHI/IpOBaHHBIM B paMKax AJUCCCPTAIMMOHHOIO  HCCICAOBAHUSA  MCTOAUKAM U3
KOHOCHTPUPOBAHHBIX PACTBOPOB I'aJIOTCHOBOJOPOIAHBIX KHCJIOT WM IIYTCM KOHTPOJIHPYCMOI'O

Pa3I0KCHHA COJIbBATOB IraJIOBUCMYTATOB.

Kpucrannuyeckne CTpyKTypbl NOJYYEHHBIX COEIWHEHHI HCCIEI0BAaId C IOMOUIBIO
peatrenoctpykrypaoro (PCA) u pentrenodaszoBoro anamuzoB (PDA). Kpucrammmueckue
CTPYKTYpbl ~ HEKOTOPBIX  IOPOUIKOOOpa3HbIX COEIWHEHUM  YCTAaHOBJIEHbI Ornaroaaps
pa3paboTaHHOW aBTOPOM METOJUKE pEHICHHUS CTPYKTYp THOPUIHBIX TaJOBUCMYTaTOB IIO
JTAHHBIM MOPOILLIKOBOM PEHTI€HOBCKOU udpakimu. YUCTOTY U cOCTaB COETUHEHUM OIIpeaesiiIn
Merogamu P®A, sanmepHoro MarHuTHOro pe3oHanca (SAAMP), »sHepromucnepcuoHHOMN
cnektpockormuu  (EDX) wu  TtepmorpaBumerpuyeckoro anamusza (TI'A). Onrtuueckue
XapaKTepUCTUKUA TaJOBUCMYTaTOB H3ydaldd IO JIaHHBIM CHEKTpockomuu aud@ys3Horo
orpaxenus (CHO). U3yuenne Mop}oraorum moBepxXHOCTU OOPAa3IOB MPOBOJAUIU C TMOMOIIBIO
pacTpoBoil ayekTpoHHOM MuKpockonuu (POM). KBaHTOBO-XMMHUYECKHE pacueThl B
nporpaMMHOM  KoMmriekce VASP  mpoBomwim 18 BBIYMCIEHUS TOJIHBIX — DHEPTHM
KPUCTAIUTMYECKUX CTPYKTYP, pacueTa SHEPTHM CBSI3eH B paMKax TEOPUU K ATOMBI B MOJICKYJIaX»
P. beitnepa (QTAIM) mo xoppemsiiuu IcnuHO3bI-MorunHca-JIekoMTa, 3JIEKTPOHHON

10THOCTH cocTossHUM (DOS) 1 30HHOM CTPYKTYpBI FaJIOBUCMYTAaTOB.
IToJs105keHNsI, BBIHOCHMBIE HA 3AILUTY:

1. Koutponupyemoe  pa3ioXeHHE  COJBBATOB  THOPUAHBIX  TaJIOBUCMYTATOB  C
JIM®A/IMCO 1103BOJISIE€T MOJTyYaTh HOBbIC KPUCTAIUIMUECKUE COCAMHEHUS, KOTOPHIC

HC yAacTCA BBIICIUTL U3 PACTBOPOB.

2. CrpoeHuie THOPUIHBIX HOJIOBUCMYTATOB B MEPBYIO OUepeab 00YCIOBIEHO CyMMapHbIM
BKJIAZIOM MEXMOJIEKYJISIPHBIX B3aUMOJECUCTBUN B KPUCTAIJIE U HE 3aBUCUT OT DHEPIUU

o0pa3oBaHus TAJIOBUCMYTAT-aHUOHOB.



3. OnThueckue CBOWCTBA THMOPUAHBIX TaJOBUCMYTaTOB  3aBUCAT OT  CTPOEHUS
raJJoBUCMyTaT-aHWOHA: 3HaueHUs Eg y ranoBucmyraToB ¢ 1 D-nmonumepHbIiMu aHHOHAMU
HIDKE, YEM Y COCIMHEHUI ¢ MOHOSJAEPHBIMU M MOJMSIEPHBIMU aHUOHAMU, Hanbolee
HU3KMMU 3HadyeHus MU Eg o0nanaroT rajaoBucMyTaThl ¢ JIMHEHHBIM cTpoeHueM 1D-

anroHoB [Bils]?™.

4. TBep,Z[BIe PaCcTBOPLI I‘I/I6pI/I,Z[HBIX raJJoOBUCMYTaTOB IIO3BOJIAAFOT TOHKO HACTpPpaHWBATb
ONTUYCCKHE CBOMCTBA COGI[I/IHCHI/If/'I U JCBITCA Ha TPU OCHOBHBIX THUIIA IO OTKIIUKY
CUCTCMbI Ha HU3MCHCHHUC T'aJIOTCHHOI'O COCTaBa: HCIIPCPBIBHLBIC TBCPALIC PACTBOPHI,
MOAYUHAIOIMHNCCA 3aKOHY Berapz[a, TBCPABIC paCTBOPLI C 3aMCTHBIM OTKIIOHCHHUCM OT

3aKOHa Berap):[a 1 CUCTCMBI C (baSOBBIMI/I IepexoaaMu.

CreneHb J0CTOBEPHOCTH Pe3y/JbTATOB MPOBEIEHHBIX HCCJIeI0BaHUil. J[0OCTOBEpHOCTH
MOJIyYE€HHBIX PE3yJIbTaTOB 00ECIeYNBAIACh IPUMEHEHUEM COBPEMEHHBIX (PU3UKO-XUMUYECKUX
METOJIOB aHAJIN3a, METOJI0B KBAHTOBOW XUMHUHU U CTATHCTUYECKON 00pabOTKU JaHHBIX, a TAKXKe
HoBeilero ob6opynoBanus. IlodyuyeHHbIE pe3ynbTaThl OMYOJMKOBAaHbl B POCCUUCKHX U
3apyOeXHBIX PEIEH3UPYEMbIX HAyYHBIX JKypHajlaX MW TPEJCTaBICHbl Ha HAYYHBIX

KOH(EpEeHIUX.

Anpodanus pe3yjbTaTtoB padoTbl. OCHOBHBIE PE3yJbTaThl IUCCEPTAIIMOHHON PabOTHI
oetn  mpencraBiersl Ha  VII-XI  KondepeHmmsax MoJIoAbIX YYEHBIX IO OOIIeH u
Heoprannueckort xumun (MOHX PAH, Mocksa, 2018-2023), XXIX MenneneeBcko# mKoJie-
koH(pepenuu Mmonoabx yueHslx (UI'XTY, UBanoso, 2019), XX VII MexnyHapoaHOW HAyYHOM
KOH(EpEeHIIMN CTYACHTOB, ACIHUPAHTOB MU MOJIOABIX Yy4eHbIX <«JlomoHOCOB-2020» (MI'Y,
Mockaa, 2020), X HanmonansHOM kpuctamuioxumuueckoi konpepeniuu (Tepckoi, 2021), 25-
om Konrpecce MexayHaponHoro cotoza kpuctamorpagos (IUCr, Ilpara, 2021), I
MOCKOBCKOW OCEHHEW MEeXIYHApOJIHON KOH(PEPEeHIIMH MO TMEPOBCKUTHON (POTOBOIBTAUKE
(MAPPIC-2021, Mocksa, 2021), XXIX MexayHnapoanoit UyraeBckoid KOH(EPEHIUH 10
koopauHarmonHou xumun (MODX um. A.E. ApOy3oBa, Kazans, 2025).

IIyonukanun. OcCHOBHBIE pe3ysbTaThl pabOThl oOMyOJMKOBaHbl B 17 cTarthdax B
pelEeH3UpPYEeMbIX HAayUYHBIX *KypHaiaX, BKJIIOUEHHbIX B [lepedueHb BeAylIMX pelEeH3UPYEMbIX
u3nanuii, pexkoMmenaoBanHeix BAK mpu MunoOpuayku P®, a takxke B Buae 12 Te3ucos

JTOKJIaJIOB Ha POCCUICKUX M MEKIYHAPOIHBIX HayYHbIX KOH(PEpEeHIUSX.
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JIM4HBINA BKJIAA aBTOpa. JINYHBIN BKIIAJ aBTOPA COCTOSI B BBIIIOJIHEHUU CUHTETUYECKON
HKCIIEPUMEHTAIBHON pabOoThl: MPOBEJECHUM CHHTE3a, BBIJCICHUM W OYUCTKE IOJYyYEHHBIX
BEIIECTB, ONTUMM3AIMK U pa3pabOTKU HOBBIX METOJUK CHHTE3a, IPOOONOATrOTOBKU 00pa3lioB
JUIS UX UCCIIEZI0BaHUS (PU3UKO-XUMUYECKUMU METOAAMM, IPOBEIEHUU 1 00paboTKe OoJbIIeH
vactu pesynsraroB CJ1O, P@A, PCA u EDX, unrepnperanun pesynsratos TTA u *H SIMP.
ABTOpOM pa3zpaboTaH MOAXOJ K PpEIICHUI0 KPUCTAUIMYECKUX CTPYKTYp THOPHIHBIX
raJIOBUCMYTaTOB IO JaHHBIM IOPOIIKOBOM PEHTIeHOBCKOW nudpakiuu. JluccepraHTom
BBINIOJIHEHO U 00paboTaHO OOJBIIMHCTBO KBAHTOBO-XMMMYECKUX pPACUYETOB, B TOM YHUCIIE
pacyeTsl IVIOTHOCTH JIEKTPOHHBIX COCTOSIHUM M 30HHOM CTPYKTYpPBI ITOJIYNPOBOJHUKOB. VM
BBINOJIHEH JIUTEPATYpHBIN 0030p, MOCBSIIEHHBIH TEME HCCIEOBAaHHUSA, a TaKXe MpPOBEACH
CTaTUCTUYECKU aHalmu3 JIUH cBsa3ell Bi—| u ux sHepruii B 229 KpUCTAIUIMYECKUX CTPYKTypax
nonoBucMyTatoB u3 KemOpumxckoii 0a3sl cTpykTypHbIX JaHHBIX (KBC/I). ABTOp y4yactBOBas

B pa3pa60TKe 3aJa4 U IlJIaHa pa6OTBI, HHTCPIIPECTAINN U aHAIU3C ITIOJIYUYCHHBIX TaHHBIX.

CooTBeTcTBHE NACNOPTY HAYYHBIX cHenuajdbHoOcTell. JluccepranuonHas pabota
cooTBeTcTBYeT mi. 1-3, 5, 6 macnopra cneunuanbHocTH 1.4.1 — Heopranwmdeckas XumMus
(xumuyeckue Hayku) u nm. 1, 5, 7, 8 u 11 nacnopra cnenuansaoct 1.4.15 — Xumus tBepaoro

Tena (XMMHUYECKUE HAYKH).
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I''TABA 1. OB30P JIUTEPATYPbI

1.1. 'nOpuaHbIe raJIoMeTaIAThI: 001IAsl XAPAKTEPUCTHKA M METOIbI MOJIyYeHUSs

['uOpuaHble rajgoMeTauiaTel — 3TO IIUPOKUH KjacCc COEAMHEHMH, OOpa30BaHHBIX
OpraHMYeCKHMMH KaTHOHAMHU M HEOpraHWYeCKMMH aHHoHamu coctaBa [MxHaly]™ (M = Pb, Bi,
Sn, Sb u np.; Hal = CI, Br, |). AkTiuBHOe H3yueHHE raloMeTauiaToB Hadaimoch ¢ 2009 mocie
OTKPBITHS ~ TEPCTIICKTHBHBIX  CBETOMOMJIOMIAOIMINX M (OTORIICKTPHUYECKUX  CBOWCTB
WOJIOIUTIOMOaTa METHIAMMOHHST CO  CTPYKTypod mepoBckuta [1]. DddexTHBHOCTD
npeoOpazoBaHusi dHepruu (nanee HPGEKTUBHOCTH) COJHEUYHBIX A4YE€eK Ha OCHOBE
raJoIIFOoMOaTOB OBICTPO BhIpociia W Ha MoMmeHT 2025 roma cocraBwia 27% [2]. Tlomumo
COJIHEYHOH SHEPreTUKU TaJOILUTIOMOAThI PAacCMATPUBAIOTCS JJIsi TPUMCHEHUS B KadecTBE
doronerexkropoB [3], m3myuareneit Oenoro cera [4], TEPMOXPOMHBIX JFOMHUHECIICHTHBIX
maTepuaiioB [5], porokartamuzatopos [6] u mp. B ToO e BpeMs cUMTaeTCs, UTO raJoOILIIOMOATHI
SIBIISTIOTCS. TOKCHYHBIMH COCTUHCHHSAMU. Kpome TOro, CTaOMIBHOCTh ATHX COCIUHCHHI
OKa3bIBAaeTCsS HHU3KOW KaK BO BIXHBIX cpexax [7,8], Tak uw mnpu Bo3meHCTBHH
ynpTpaduoneroporo m3nydenus [9] u temmeparypsl [10]. B cBsi3u ¢ 3TuUM, HccliemoBaTenu
AKTMBHO H3Y4alOT raJJOMETaJIAThL, COJAEPIKAIINE B CTPYKTYpE APYTUE METAILIBI, TAKHE Kak SN?*,
Sb3*, Bi**, Ge?* u npyrue. OHaKo MCCleI0BAHKS TOKA3aJIU, YTO MHOTHE COEIMHEHHS Ha OCHOBE
Sn?* u Ge?* Takke kak W B cioydae Pb?" okasbIBaroTCs HECTAOWIBHBIMH B YCJIOBHUAX
skerryartanuu [11]. B To e Bpems coemunenns St u Bi* mposBisroT cyIecTBeHHO JTydInyo
crabunbHocTh. ITpu sToM Bi®* aBnsercs Gnuskaiimm ananorom Pb?* u o6nagaer nieHTHYHOM
DIICKTPOHHOW KOH(UTryparmed. B cBsi3u ¢ 3TUM THOpUIHBIC TAIOBUCMYTAThl PACCMATPHBAIOT

Kak OJHH Hu3 HaubOoJiee NEPCIOCKTUBHLIX KaHAWAATOB JUJIA TPHMCHCHHA B KadCCTBC

CBETOIOIJIOIIAOIINX COETMHEHUN.

1.1.1. I'uOpuaHbIe raJloBUCMYTAThI M UX CBOICTBA

['ubpuaHble raJOBUCMYTaThl KaK COCJUHEHHMs ObUIM  M3BECTHBI YK€  JaBHO.
Kpucrammyeckyro CTpyKTypy THOPHIHBIX TaJIOBUCMYTaTOB yAajOCh YCTAHOBUTH BIIEPBEHIC B
1967 rony B pabote [12], mocBsmmeHHOM N3yYSHHIO CTPYKTYPBI OpPOMOBHUCMYTATa 2-TIMKOJINHUSL.

O)IHaKO AKTUBHOC BHHUMAaHUC HCCHGHOBaTeﬂeﬁ HaHHBIfI KJ1acc CO€)II/IH€HI/II71 IMPHUBJICK TOJBKO B
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2014 romy, Korjga cTajiM HMCKaTh aabTepHaTHBHI rajormumombaram. Coeaunenus sucmyta(lll)
paccMaTpuBalii Kak MEHee TOKCUYIHBIC 1 00Jiee CTaOMIIHbHBIC aHAJIOTH CBHHIIOBBIM COSIMHCHUSIM
[13]. Cuwmraercs, uro »snekTpoHHas KoHpurypamus Pb%* (6s?6pP), kak u y Bi®*, mossomnser
3aIl0JTHEHHOHN 6S-0pOUTaIM CMEITHBATHCS C SP-OpOUTAISIMU HOJIa B BAJICHTHOM 30HE, B TO BpEeMs
KaKk CBOOOJHBIE 6P-opOUTanu MeTajuia o0pa3yloT 30HY MPOBOJAMMOCTH, YTO CIIOCOOCTBYET
00pa30BaHMUIO B MaTepHalie HErTyOOKUX Te(hEKTHBIX COCTOSTHHUM M YBEITUUCHUIO BPEMCHH JKU3HU

HocuTeel 3apsia [14].

B 10 ke Bpems ucciaeqoBaHus MOKa3aid, YTO TaJJOBUCMYTAThl HE 00pa3yloT TPEXMEPHBIX
AHUOHHBIX KapKacOB, XapaKTEPHBIX JISI MOJOILTIOMOATOB METUIAMMOHUSA, HOpMaMUIUHUS U
nesus [15]. Kpome Toro, 3HaueHUS ONTHYECKOW IIUPHHBI 3amnpenieHHor 30HBI (Eg)
TAJIOBUCMYTaTOB B OOJBIIMHCTBE CJIy4aeB OKAa3bIBAIOTCSA BBICOKHUMH I10 CPaBHEHUIO C
nojaoritombaramu. B pesynpraTte Ha HaHHBIM MOMEHT 3((EKTUBHOCTh COJHEUYHBIX SYEEK Ha
OCHOBE MOJIOBUCMYTAaTOB He mpeBbimaer 5.6% [16]. B cBsI3u ¢ 3TUM, rajaoBHCMyTaThl
MPOJIOJKAIOT AKTUBHO U3YYaTh C LETbIO MOJTYyUYEeHUs] CTPYKTYP ¢ MHOTOMEPHBIMUA aHUOHHBIMHU
KapKacaMd M HU3KUMH 3HaueHHsIMHU Eg. He MeHee BakHOI 3amadeil sSBIIETCS yCTaHOBJICHHUE
CBSI3U MEXJY CTPYKTYPOU M ONTUYECKUMHU CBOMCTBAMHU T'aJIOBUCMYTATOB, a TAaKXKe pa3zpaboTka
METOJOB, KOTOPHIE TO3BOJISAT MOHU3UTh 3HAUCHHsI Eg rajoBHCMyTaTOB, COXpaHWUB MPHU ITOM

CTaOMIBHOCTH M 0€30IMaCHOCTHh COEAUHEHUI.

['uOpuaHble ranoBUCMyTaThl 00JAAIOT MIMPOKUM pazHooOpazueM (U3HYECKHX CBOWCTB,
TakuX Kak jJromMuHecueHms [17-19], repmoxpommsm [20-22], doToxpomusm [23-25] u mp.
MHoroo6pa3ue HX CBOWCTB BO MHOTOM CBSI3aHO C OCOOCHHOCTSIMU KPHCTAJUTMUECKOU
CTPYKTYphI I'allOBUCMYTaToB. M3BecTHO, uTo 0OpaszoBanue 1D anmonos [BiXa]a", [BiXs]:®™,
1301MpoBaHHbIX [Bi2Xg]® u 2D annonos [BizXo]n®" 4acTo IPUBOUT K BOSHMKHOBEHMIO THE30-
U CETHETORJICKTPUUCCKUX CBOMCTB TajoBUCMYTaToB [26—28]. B ciiydyae coenuHeHmii BUCMyTa
CUMTAETCS, YTO MMEHHO CBOOOIHASA SIEKTPOHHAs Mapa aToMoB Bi (6s%) UTpaeT cylecTBEHHYIO
pOTb B TOBBIIMICHHON AIEKTPUYECKON IMONSIPU3YEMOCTH TaJIOBUCMYTATOB. MOJEKYJIISPHBIHA
MEXaHU3M BO3HMKHOBEHHUSI CETHETODJICKTPUYECKUX CBOWCTB y COCOUHEHMH C aHHOHOM
[Bi2X11]> mo cux mop ocraercs He coBcem sAcHbIM. CormacHo [27], Bce CHMHTE3MPOBaHHBIE
COCIMHEHHS C JaHHBIM AHHUOHOM, HE COJAEp)KAIMe MOJEKYJ PACTBOPUTEINS, MPOSBISIOT

CCTHCTORJICKTPUUCCKUC CBOMCTBA. CqI/ITaGTCH, 4gTO CCTHCTOIJICKTPUUCCKUC (l)aBOBble MEPEXOabI
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XapaKTepU3YIOTCS THUIIOM «IOPSAI0K-0eCOPSA0K», KOTOPbIi 00YCIOBIEH pa3ynopsi0ueHUEM

OpPraHNYeCKUX KaTHOHOB B CTPYKTYpPE TaKUX raJIOMETAIIATOB.

[IposiBICHHE CETHETOSJIEKTPUUYCCKUX CBOMCTB OOBIYHO HAOIIOMAETCS B COCTUHECHUSAX CO
CJIONCTBIM CTPOCHHWEM aHMOHHOM dacTH. Takas IByMepHas CTPYKTypa THIIHYHA JJIS XJIOp- U
OpOM-cofiepKaIlNX  CETHETODJCKTPUKOB C  aJKWJIAMMOHHMEBBIM WM  HE3aMEIICHHBIM
HEapOMAaTHYECKUM KOJIBIIOM HEOOJBIIOro pa3Mepa (Hampumep, mupponuaud) [27]. B ciydae
JIBYMEPHBIX CETHETOAICKTPUKOB OPTaHUUYECKHUE KATHOHBI, PACTIONIOKEHHBIC B TTOJIOCTSIX BHYTPH
CJIOCB, CHJILHO Pa3yIHOPSI0YCHBI, a B TIOJSIPHOH (aze OHU 00pa3yroT YIOPSI0UYCHHBIC JHUITOJH.
HiMeHHO M3-3a 3TOTO CYIIECTBYET OrpaHWYCHHE Ha pa3Mep KaTHOHA, TaK KaK OOBEMHBIC
KaTUOHBI U3-3a CTepUUecKuX AP(HEeKTOB HE MOTYT 3aMOJHUTh HEOOIbIINE BAaKAHCUU B TAKHX

CJI0AX, YTO HUCKIOYACT CCTHCTORJICKTPHUICCKOC YIIOPAAOUCHUC.

Aeam ~ Pca2,

CENTROSYMMETRIC POLAR

a 0

Pucynoxk 1. U3meHeHue cCTpoeHuss (PparMeHTOB CTPYKTYpPhl OpPOMOBHCMYTAaTOB
metwisuosioreda [30] (@) w osTumammonms [27] (0) mpu ¢daszoBoMm Tepexoie U3

LEHTPOCUMMETPUYHON B MOJIAPHYIO IPYIIILY

Yro kacaercs coenunenuii ¢ 1D annonamu [BiXs]s?™, To cerHeTosneKTpUYECKHE CBOHCTBA

XapaKTepHbl KaK JUIsl 3Ur3aroo0pa3HbIX, TaK M JMHEHHBIX TUIOB AaHUOHHBIX uenei. s
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COEIMHEHHH C TMHEHHBIMU aHnOHAMU [BiX5]n?" THIHYHEL (ha30BbIE IEPEXOIBI THIIA CMENECHHS,
CBsI3aHHBIE C CHIIbHOU Nepopmanueit annonnoi nenu (Pucynok 1a). Ilpu dazoBom nepexose
HaOJI0aeTCs CMENICHHEe MOCTHKOBOTO aTOMa rajioreHa W3 IIEHTPa CHMMETPHUU K OJTHOMY W3
aTOMOB BHUCMYTa, IPUBOJISIIEE K KOPUCHTALIMI IICTIH B OJTHOM M3 HAIPaBICHUN B KPHCTAIE.
B TO e BpeMs AJI CETHETOAICKTPUKOB C 3UT3aro00pa3HBIMU IETSIMU XapaKTePeH MEXaHU3M
«ropsanok-6ecnopsnok» (Pucynok 10). Ha maHHBIE MOMEHT OJHMM W3 CaMBIX BBICOKHX
3HAUEHWH ToJApu3aluMu Hackimenus (> 15 MxKin/cm?) 06nafaloT KpUCTAILIBl  XJIOPO-

nogorcMmyTara metrinsuosorena [MV][BilsClz] [29].

Bce ruOpuaHble TrajoBHCMYTaThl SBISIOTCS —monynpoBoganukamu  [31].  [upuna
sanpenieHHoi 30HbI (Eg) TamoBHCMyTaToB 3aBHCHT OT HMX KPHUCTATMYECKOW CTPYKTYpPHI H
rajJloreHHOTO COCTaBa. XapakTepHble 3HaueHHs Eg UIs OONBIIMHCTBA XJIOPOBHCMYTATOB
coctaBisiioT okoso 3.3 3B [32], 2.8 3B mis GpomosucmytatoB [33] m 2.1 3B [34] musa
nonoBucmyTtatoB (+0.1 5B). Bomee moapoOHO ONTHYECKHE CBOWCTBA TalOBUCMYTAaTOB

paccMoTpeHsl B paznene 1.3.

Hekoropble raioBUCMyTaThl 00JIaal0T TAKUMHU CBOMCTBaMH, Kak (oToxpomusm [23,24],
tepmoxpomusm [20,21] u momunectiennus [17,18]. CriocoOHOCThIO K M3MEHEHHUIO I[BETA MPH
U3MEHEHUU TeMIEepaTypbl 001aaeT OONBIIMHCTBO M3BECTHBIX THOPUIHBIX TaJIOBUCMYTAaTOB.
[Tpu monwmxenun temnepatypsl Ha 200 K MoxkHO HaOm0AaTh U3MEHEHUE 3HAYCHHUH ITUPUHBI

3amnpenieHHou 3061 Ha 0.3-0.6 3B (Pucyhok 2).

- -
s - -
- %
-
206 K 100 K

Pucynoxk 2. MoHOKpucTamuibl nogoBucMmyTara 1,2-1ustii-3,4,5-TpuMeTHI-IIUPa30Ius IPH

KoMHaTHO# Temmepatype u 100 K [35]

HpOfIBJ’IeHI/Ie TCPMOXpOMHU3MaA CBA3ZBIBAIOT KaK C HEOOJIBIIMMH H3MEHEHUSIMH CTPOCHMU

AHMOHHOM YacTHU FI/I6pI/I21HI>IX raJoBUCMyTaToOB, TaK U C (baSOBI)IM Nnepexoaom 1pru U3MCHCHUU
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temrepatypsl. B padote H.-C. zur Loye [35] Ob110 paccCMOTpEHO SIBIIEHHE TEPMOXPOMH3Ma B
pamMKax W3y4eHHsS THOPUIHBIX TaJIOBUCMYTAaTOB. bBBUTO BBICKAa3aHO TPEIIONOKEHUE, YTO
IpHUpoJa TEPMOXPOMHU3MaA 00ycaoBIcHa B3auMomaercTBusiMu Bi—X, u X---X B kpucramie. B
MOJIb3y JTAHHOTO HAOJIOJCHHUS CBHUICTEIBCTBYET TOT (akT, yTo coeauHeHue Bilz Taroke
SIBIIICTCS TEPMOXPOMHBIM TOJYTIPOBOJIHUKOM, IIBET KOTOPOTO H3MEHSETCS OT YEPHOTO TPH
KOMHAaTHOW Temmepatype 1m0 KkpacHoro npu 77 K. OmgHako Mo JMaHHBIM TIOCIEIHUX
UCCIIeZIOBaHUH Ooyiee BEPOATEH MEXaHU3M, COTIIACHO KOTOPOMY CUHTAETCS, YTO HEIMOICICHHAs
SNIEKTPOHHAs Tapa BUCMyTa IO-Pa3HOMY B3aMMOJCHCTBYET C OpOWTAISIMA TaJIOTCHOB B

3aBUCUMOCTH OT TEMIIEPATyphl, UTO MPUBOINUT K U3MEHEHUIO 30HHOW CTPYKTYPbI COCIMHEHUM

[36].

@DOTOXpPOMHBIE COEITMHEHUS BCTPEUAIOTCS CYIIECTBEHHO peXe cpeau rajnosucMyraToB. Kak
NpaBWIO, JAHHOE SIBJIIEHUE MPOSBISETCS TOJIBKO B CTPYKTypax XJIOpPOBHUCMYTATOB, TIJi€
OpPraHWYecKHil KaTHOH 00JIaJaeT BBICOKMM CPOJICTBOM K 3J1eKTpoHy. [Ipu 3TOM 3aMeHa aToMOB
XJIopa Ha OoJiee TsKeJIble aTOMbl TJIO€HOB NMPUBOAMT K MCUYE3HOBEHHIO (DOTOXpOMHU3MA Y
coequnenns. CormacHo [24], W3MEHEHHE OKpPACKH XJIOPOBHCMYTaTa METHIBHOJOIE€HA C
OecuBeTHoro Ha yepHbld (PucyHok 3) mpu ynbTpaduoseToBoM 00JydYeHUU OOBSCHSAETCS
IPUCYTCTBHEM KaTHOH-pajMKajia MeTuiBroioreHa MV'™ B obnyuennoii daze. OOpazoBanue
JTAHHOTO KaTHOH-PauKaja MPOUCXOIUT B pe3yiIbTaTe (POTOMHIYIIMPOBAHHOTO ITEpeHOca 3apsiia
OT HEOPraHMYEeCKOTrO AaHHUOHA K OpraHMdeckoMy KaThoHy MV?*. CTOMT OTMETHTb, 4TO
COCTOSIHME «pa3/IeJICHHOTO 3apsa» SIBISETCS CTaOMIbHBIM, U MCXOJIHOE COEAMHEHUE MOXKET
OBITh BOCCTAHOBJIEHO TOJIBKO IMyTeM HarpeBaHus oOiayudeHHoro obOpasua Beime 120°C. Ha
JTAHHBII MOMEHT HET TOYHOrO0 OOBSCHEHHsS NPUYMHBI 00pa3oBaHHA TaKOro CTAOUIBLHOTO

BO30YXJIECHHOTO COCTOSIHUSI.

PI/IcyHOK 3. cDOTOI/IH,[[yI_[I/IpOBEIHHOe HU3MCHCHHC LIBCTA XJIOPOBHUCMYTAaTa MCTUJIBUOJIOTCHA

0J1 ICHCTBUEM COJIHEYHOTO cBeTa [24]
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DOTONIOMUHECIICHIIHS, KaK U TEPMOXPOMH3M, XapaKTepHa AJisi MHOTHX T'aJIOBUCMYTATOB,
OJIHaKO B OOJBIIMHCTBE CIy4aeB KBAHTOBBIN BBIXO/]I OKa3bIBaeTCs oueHb HU3KUM (< 0.2%). [Ipu
TOM JIIOMUHECIEHIIUSI XJIOPOBUCMYTATOB OKa3bIBaeTCsi Oojee CUIIBbHOM, 4eM OpoMo- |
MOJI0BUCMYTATOB. OTHOCUTENBHO BBICOKHMN [IJIsl TAJIOBUCMYTATOB KBAHTOBBIM BbIXoA (5%)
yIajgoch JOCTHTHYTH B Ciydae xJjopoBucmyrata 1,1°-Ouc(4-nupuaunmii)nponana [18].
CornacHo naHHOM paboTe, MpPOsBIEHUE JIOMUHECHEHIIMH O0OYCJIOBIEHO B IMEPBYIO OYepelb
OpraHMYECKUM KaTHOHOM M 3¢ @dextamu ymnakoBku. OIHAKO 3(PQEKTHl JFOMHUHECIEHIIMH
CBSI3aHBI TAKXKE M CO CTPYKTYpOHl HEOPraHHYECKOW YaCTH, MOCKOJIbKY HOaui BHcMyTa Bils
Takxke 00saaaer (OTOTFOMHUHECIICHTHRIMU CBoMcTBaMU [37]. DTO MOKET CBUACTEIHCTBOBATH O
MPEUMYIIECTBEHHOM BKJIa/Ie UMEHHO aHHOHHOM YacTH MOJIOBUCMYTATOB B MPOSIBICHHUE Ca00U
JIOMUHECIIEHIIMM BEIIeCTBOM. HawmnmydmuMu moka3areiasiMud  (OTONTIOMUHECHEHIIUN CPeau
COCMHEHNN TaIOBUCMYTaTOB 00JaaeT HEJaBHO IIOJYYEHHBIH METAIIOOpTaHNIECKUN
OpOMOBHCMYTAT cocraBa [BzPPhs]2[Bi2Brs(bp4do)(DMSO):] (BzPPhs*™ =
oensuntpupenmndochonnii, bpddo = 4,4'-ounupuaun-1,1'-quoxcun) [38]. KBaHTOBBIN BBIXO/
sTOoro coenuHeHusi cocrabisger 90.5% wu oOycnoBien ¢docdopecleHued TPUIIETHOTO
sHepreTudeckoro ypoBHs 4,4'-OunupunuH-1,1'-auokcuna, KOOPAWHUPOBAHHOIO HA aTOMBI

BHCMYTaA.

Taxum oGpazom, Gitaromapst pa3sHOOOPA3HIO CBOWCTB MHTEPEC K UCCIIEIOBAHUIO THOPUIHBIX
raJIOBUCMYTaTOB OCTAETCS BBICOKUM. Ha JaHHBII MOMEHT raJloBUCMYTaThl PaCCMATPUBAIOTCS
JUIS TIPUMEHCHHSI B KAQ4eCTBE CBETOIOIIOIIAIONIMX MATCPUANIOB JUISl CONHEYHOW ISHEPTCTUKH
[39-42], B doronmerekropax [43-45], cBeromsnyvamomux guomax [46], ycrpoiicTBax

pe3uctuBHOM mamsatu [47] u konneHcaropax [48].

1.1.2. MeToabl moJ1y4eHHUs raJlIOBUCMYTATOB

Cy1iecTByeT OKOJIO HIECTH OCHOBHBIX METO/OB IMOJYUYCHHs] THOPUAHBIX TaJIOBUCMYTATOB.
Haunbonee yacto rajgoBUCMYTaThl MONYYAIOT U3 PA3IUYHBIX PacTBOpoB. OJHHMM U3 TEPBBIX
NPEJIOKEHHBIX METOJI0B OBbLIO MOJNyYeHHE U3 MOJApPHBIX pacTBoputeaeii [MDA u JIMCO
[41]. [danHble pacTBOpUTENH XOPOWIO COJBBATHPYIOT KaK OpPraHUYECKyl, Tak W
HEOPraHUYECKYI0 YaCTh CTPYKTYPBI, YTO MPUBOAUT K OTIUYHON PACTBOPUMOCTH OOJIBIINHCTBA
raJlOBUCMYTAaTOB B HUX. JlaHHBIE PACTBOPUTENIM UCIIOIB3YIOT KaK B OTAEJIBHOCTH, TaK U B CMECU

[49]. B oOmiem Buae CHHTE3 T'aJOBHCMYTATOB BBIMJISIIUT CICAYIOMIMM oOpa3zom. ["amoreHun
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BUCMYyTa M OpPraHUYECKHUIl TallOTeHU]] PacTBOPSIOTCS (BMECTE WM pa3liebHO) B MOJSIPHOM
pacTBopuTene Mpu HarpeBaHuu. lloydeHHBIN pacTBOp, coaepxkamuii o0a KOMIIOHEHTa,
BBINIAPUBAIOT U TIONY4YalOT KPUCTAIMYECKHME O00paslpl. B peakux cioydasx B KauecTBe
pacTBOpHTES HMCIONB3YIOT areTon/Toayon [50] wmu stanon [51]. McmapeHnue areroHa |

ATaHOJa MPOUCXOAMT JIErye U KPUCTAUIMYECKUI MPOAYKT MoJIydaeTcs ObicTpee.

JpyruM METOJIOM MOTYUYEHHUS SBISIETCS CHHTE3 TaJJOBUCMYTAaTOB M3 KOHIIEHTPUPOBAHHBIX
rajoreHoBoOAOPOAHBIX KHCJAOT [52]. B mmrepaType 3TOT METOJ BCTpEUACTCS PEKE BBHIY
JIOPOTOBU3HBI PEAKTUBOB U CJIOKHOCTEH, CBS3aHHOW C PabOTONW C KOHIEHTPUPOBAHHBIMU
kuciaoramu, ocodenHo ¢ HI. K Tomy ke, 15 BelpaliuBaHusi KpUCTAIIIOB TpeOyeTCsl HarpeBaTh
TIOJTYYCHHBIN pacTBOp JiuTeNbHOE Bpems npu temmeparype 80-120°C [53]. Onnako maHHBIH
METO/I MO3BOJISIET MOJIy4aTh TaJJOBUCMYTAThl B OJHY CTAJIMI0 HANPSIMYIO U3 OKCHJIa BUCMYTa
(BMECTO €ro MOIuAa) W OPraHMYecKOTo OCHOBaHUSA. Kpome TOro, OH MO3BONISET IMOJyYaTh

KPYIIHBIC KpUCTAJLJIbL HeperHCTaHHHSaHHCﬁ ITOPOIIKOB IraJIOBUCMYTATOB.

Bonee yno6HbIi MeTo cuHTe3a ObLT MpeaioxkeH rpymnmnoit C.A. AqonnHa B paborax [54—
56]. B 1aHHOM METO/Ie MCIIOIB3YIOTCS pa30aB/ieHHbIE IraJIOT€HOBOIOPOAHbIE KHCJIOTHI (2M),
KOHIICHTpAIlUsI KOTOPBIX Ha TMOPSJAOK MEHBIIE KOHIEHTPUPOBAHHBIX KHUCIOT. B KkadecTBe
MIPEKYPCOPOB OH IO3BOJISIET UCII0JIb30BATh TAKXKE OKCHUJI BUCMYyTa U OPraHUYECKOE OCHOBAHUE.
[Ipu >TOM KHCHas cpela IO3BOJSET NpedoTBpatuth ruapomus Bi*. M3-3a nHeGonbmioit
pPacTBOPUMOCTH TaJOBUCMYTAaTOB B pa30aBIICHHBIX KUCIOTaX MpPU KOMHATHOW TeMIepaType
MOJKET MPOUCXOJIUTh OBICTPOE OCAXKJCHUE TAJIOBUCMYyTaTa B BUE MEJIKOKPHUCTAJUIMYECKOTO
ocajika. B To ke Bpemsi KpyIHbIE€ KPUCTAUIBl MOKHO BBIPACTUTH IMyTEM HAarpeBaHUS KUCIOTO

pacTtBOpa C IOCICAYIOMUM MCIJICHHBIM OCTEIBAHUCM CMCCH.

Hawnbonee mpocThiM U TOCTYIMHBIM METOJIOM MOJIyYEHUS TAJIOBUCMYTATOB SIBJISICTCS CHHTE3
U3 BOAHBIX pacTBopoB [57]. JlanHbIi MeTOn OBbUT NPEUIOKEH B HAIlIeH J1abopaTOpHH U
3aKJII0YaeTCs B MMPUTOTOBJICHUH JIBYX BOJHBIX PacTBOPOB — pacTBopa HuTpata Bucmyta (1) ¢
rajioreHuAoM Kamuss B 20-T  KpaTHOM  U30OBITKE UM pacTBOpa  OPraHUYECKOTO
TeTePOIMKINYECKOTO0 KaTHOHA. B HEKOTOPBIX CiTydasX BO BTOPOH pacTBOP TaKXke OOABIISIOT
rajioreHu ] Kaiauss B 20-U KpaTHOM H3OBITKE IJisi TPEAOTBPAIICHUS] THUIAPOJIU3a KATHOHOB
BHUCMYyTa. Yarre Bcero Takoi n30bITOK TaJIOTeHI 1A Kalusl JOOaBISIOT IPU CUHTE3€ COSAMHCHHUM,
rJIc OPraHWYeCKHe KaTHOHBI IMOJydYaroT IN-Situ mpoToHHpoBaHHEM N-TeTepOIMKINYCCKUX

COCAVHEHUN II0 NUPUAMHOBOMY aToMy asoTa. lIpuroroBieHHBIE pPAacTBOpPHI CIMBAIOT H
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OCTaBJIAIOT I KPUCTAJNIM3allUH B 3aKPBITOM CTAKAaHC Ha OJHY-IBC HCIACIIU. B GonpmimHCTBE
CJIy4acB npu CJIMBAHUH pacTBOpPOB MMPOUCXOIUT 6BICTpO€ BBIITaACHUC IIJ10XO0
3aKPHUCTAJININ30BAHHBIX OCAa/IKOB I‘I/I6pI/II[HI>IX raJJoBUCMYTAaTOB. HOHy‘IeHHBIe IMOPOIIKHU MOI'yT

OBITH B JIaTbHEMIIIEM HCII0JIb30BaHbI JIJIs MCPCKPUCTATIIN3aINN B PA3JIMYHBIX YCIIOBUAX.

Jj1d osy4eHus raJJoOBUCMYTaTOB, KOTOPBIX pacCCMaTPUBAIOT B KAYECTBE KaTaJIM3aTOPOB /IS
(OTOKATATUTHYECKOTO pa3ioKeHus 3arps3nenuii [58], momydenus Bomoponaa [59], wnm s
MOJIYYCHUST ~ KPYMHBIX  KPUCTAIOB  TaJIOBUCMYTATOB [60], nmpurommeix — mus
PEHTIeHOCTPYKTYPHOI'O aHajn3a, HHOTJA MCIOJIb3YyETCs THAPOTEPMAJIbLHBIH MeTOo/ CUHTE3A.
Jl71st 3TOrO rOTOBBIM rajJlOBUCMYTAT UM CMECh PEAreHTOB MOMEIIAIOT B aBTOKJIAB, JOOABIISIIOT
pacTBOpPUTENb U HArpeBarT noiydeHHyro cmech 10 100-200°C mpu BbIcOKOM naBieHuu. B
KauecTBE PACTBOPUTENICH OOBIYHO HCIIOJIB3YIOT OPTaHUYECKUE COCAMHEHUSI, HAIPUMEDP CMECH
muxnopMeran/IM®A, stanon/JIMPA/HI unu npocto pactBop HI. K coxanenuro, naHHbII

MCTOJ CUHTEC3a MOXKCT IMPUBOJANUTD K ITIOJIYYCHHUIO CMCCH COCJIUHCHUH U HCIIOJIB3YCTCA PCAKO.

Metoasl CUHTE3a TaJOBHUCMYTAaTOB 0€3 WCIIONB30BaHMS PACTBOPUTENS BCTPEUAIOTCS
HaMHOTO peke. Ha maHHbIi MOMEHT OBLT MPEIIOKEH MEXaHOXUMHYeCKUA MeTO TOTyYCHHUS
ramoBucmyTtatoB [61]. Jns storo Oepyr ramoreHus N-reTepOIMKINYECKOr0 KaTHOHA |
raJloreHu]] BUCMYTa B CTEXHOMETPUYECKOM KonnyecTBe. [locie yero B MONy4eHHYIO CMeCh
NOOaBISIIOT HECKOJIBKO Karlelb PAcTBOPUTENS W TEPETHUPAOT Ha IIApOBOM METbHUIE B
WHEPTHOU aTMoc(epe B TeUeHHUe BYX 4acoB. JIJIs OTyUYeHUs TAJIOBUCMYTATOB, COACPIKALIUX
OpraHMYecKHe KaTHOHBI, HEOOXOJIMMO HCIIOJIL30BaTh OoJiee MATKHE YCIIOBUS cuHTe3a [62]. B
ATOM cllydae peakius TpeOyeT OOJbIIEro KOJIUYeCTBa PACTBOPUTENS, KOTOPBIN MPETSITCTBYET
pa3pylIeHUIO OPraHUuKU MIPH NIEpETUPAHUU, a BpeMs U3MelbueHust coctaisier Bcero 0.5-20 Mmun

[63].

Takum oOpa3om, Hanboyiee MPOCTHIM M YIOOHBIM METOAOM TOJYUYEHUS THOPUTHBIX
raJIOBUCMYTATOB SIBJISIETCS CHHTE3 W3 BOJHBIX pacTBOpOB. OJHAKO TOJTy4YEHHBIE IaHHBIM
METOJIOM OO0pa3Ilbl SBIISIOTCS METKOKPUCTANTHYCCKUMHU TIOPOIIKAMH, KOTOpPbhIE HE yaaeTcs
CTPYKTYPHO OXapakTepu3oBaTh. JlIsi MOMydeHUs KPYIMHBIX KPUCTAUIOB TaJIOBUCMYTAaTOB
UCTIOJIB3YIOT MEPEKPUCTALIN3AIINIO U3 OPraHWYSCKUX PACTBOPUTEIICH M KOHIIEHTPUPOBAHHBIX
TaJIOTEHOBOJOPOJIHBIX KHCJIOT, a TakKe TUIAPOTEepMalibHbIE YCIOBUS CHHTe3a. Meron
MOJIyYCHUS TAJOBUCMYTAaTOB M3 pPa30aBJICHHBIX TaJIOTCHOBOIOPOJHBIX KHCIOT (2M) Takxke

LIMPOKO UCIIOJIB3YETCS, IIOCKOJIBKY ITO3BOJISAET MOJy4aTh B OJHY CTAJHI0 KPYIIHbIE KPUCTAJLIbI
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raJIOBUCMYTATOB, MPUTOJHBIE I PEHTTEHOCTPYKTYpHOTO aHanmu3a. OJHAaKo TPHCYTCTBUE
KHCJIOTHI B PaCTBOPE MOKET MPUBOJUTH K OKUCIIECHHUIO pacTBOpa Ha BO3AYXE U 0Opa30BaHUIO

ITOJIUT'aJIOTCHU 0B B KAYCCTBC MOOOYHBIX IIPOAYKTOB.

1.2. CTpykTypHOE pa3HooOpa3ue rajJjoBUCMYTATOB

@dusnyecKkue CBOWCTBA TaJIOBUCMYTAaTOB HAIPSMYIO CBA3aHbl C WX KPHUCTAIIMYECKOM
cTpykTypoil. MH}opmanus o CTpyKType MO3BOJIIET YCTaHABIUBAaTh HE TOJIBKO IPUYMHBI
GopMUpOBaHUS TE€X WJIA HHBIX OINTUYECKUX CBOHCTB COEIMHEHHS, HO U OLEHUBATh
HNOTEHIMAIBHYI0 BO3MOXHOCTh 3()(PEKTUBHOCTH TpaHCIOpTa 3apsijioB, CTAOMJIBHOCTD
COCVHEHUSI U APYrHe CBOMCTBA. B CBSA3M C 3TUM YHUCIO CTPYKTYPHO OXAPaKTEPU30BAHHBIX
raJOBUCMYTAaTOB OBICTPO pacTeT U Ha MOMeHT 2025 rona mpeBbIicHIIO 1.7 THICSY CTPYKTYp U

pojoJiKaeT pactu [64].

1.2.1. O0uast cTpyKTYpa ruOPUAHBIX FAJI0BUCMYTATOB

B o6miem Buje kpuctaymdeckasi CTpYKTypa OOJBIIMHCTBA THOPUIHBIX TaJOBHUCMYTAaTOB
npeacTaBiIsieT cOO0H KOMOUHAIINIO MOJIEKYJISIPHOM U MOHHON KPUCTAJUTMYECKOM YITaKOBKH, T
OpraHUYECKHI KaTHOH MOCPEICTBOM CIA0BIX MEXKMOJICKYJISPHBIX B3aWMOJCHCTBHI CBS3aH C
rajoBUCMyTaT-aHHOHOM. K TakuMm B3auMOJEHCTBUSIM MOXHO OTHECTH BOJIOPOJIHBIE CBA3U C—
H---X, N-H---X, O—H---X u ramorennsie cs3u X---X (X = Cl, Br, I) (Pucynok 4). B HekoTopbIX
CIIy4asix COCETHUE aHMOHBI 00Pa3yrOT KOHTAKThI X - X APYyT C APYroM, TeM caMmbiM (GpopMupys
N-MEpPHBIN KapKac, B KOTOPOM HaXOJSTCA OPraHUYECKHUE MOJIEKYJIbL. [Ipr 3TOM KaTMOHBI MOTYT
00pa30BbIBaTh arJoMepaThl U3 HECKOJIBKUX MOJIEKYJI, a Takke (POPMHUPOBATH CTOIKH 32 CUET T~

CTEKHUHT B3aUMOJICUCTBHUIL.

OTnuuuTenbHONM OCOOEHHOCTBIO TAJIOBUCMYTATOB SIBJIIETCS OONbBIIOE pazHOOOpasue
CTPYKTYp TaJOBUCMYTaT-aHUOHOB. B mopaBstonieM OOJBIIMHCTBE CIIy4yaeB raJlOBUCMYTAaT-
aHMOHBI oOpa3oBaHbl oktadapamu {BiXe}, rne X = Cl, Br, | (Pucynok 4). B ciuyuae
M30JIMPOBaHHbIX aHHOHOB [BiXs]>” manHbIe OKTA3APBI MOTYT OBITH IPAKTHYECKH UEATbHBIMH,
rae Bce CBsi3u Bi—X SKBHBaJIGHTHBI W MOTYT OBITh ONHCAHBI B paMKaX TPEXICHTPOBOM
YeTBIPEXDIICKTPOHHOW Mojaenu cBsizu. OpHako dvamie Bcero ¢parmeHThl {BiXes} umeror
UCKOKCHHYIO OKTadIPHYCCKYIO CTPYKTYpY, TJe 0ojiee CHIbHBIM CBs3siM Bi—X mpoTuBosiexkar

Oonee crnabbie cBs3u. Ecnm paccMoTpeTs npupoay o0pa3oBaHus CBsi3el B KOOPIAUHAIIMOHHOM
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noamaape {BiXs}, To cormacuo [66] oOpa3oBanHue mepBBIX Tpex cBsA3el Bi—X mpoucxomut 3a
cUeT B3amMoeHcTBHs P-opOutaneid Bi m X, a Bropeie Tpu cBsizu Bi—X oOpa3oBaHsI 3a cyer

B3aMMOJIEHCTBUS o*-opbuTaineii Bi—X u p-opOuraseit aroma rajoreHa.

Pucynox 4. Kpucrannmueckas ymnakoBka OpomoBucmyTtara 4-OpoMmnupunuHus [4-

BrPyH]4[Bi2Brio] [65]

Takas okTadgpuueckas CTPYKTypa aHHOHA pPAcXOJIUTCA C TEOPUECH OTTATKUBAHUS
AJIEKTPOHHBIX map [67] BBUAY HAIWYMs HEMOEICHHON SJIEKTPOHHOM Maphl y aTOMa BUCMYTA.
CuuTaeTcsi, 4TO OTCYTCTBUEC BIMSHUS HA CTPYKTYpy HEIOJCICHHOW 3JCKTPOHHON Maphl
BBI3BAHO B MEPBYIO OYepe/b MIIOTHON YIAKOBKOW OKTadAPUYECKUX aHUOHOB TaJIOMETAIIJIATOB.
IIpy >TOM mJI1 HEMOJENIEHHOM SJEKTPOHHOM mMapbl MPAKTUYECKM HE OCTAETCA MecTa H
o0Opa3oBaHKE IMEHTArOHAILHOW MHUPAMHUIbI CTAaHOBHUTCS HEBO3MOXKHBIM [68]. B pabore R.
Wheeler u P. Kumar [69] ormeuanoch, 4TO HOOOMETaIaThl, KaK MpaBUIO, 00pasyroT
npaBuiibHble OKTadapbl {Mls}, Torma kak s XJopoMeTaaiaToOB OOJIbIIE XapaKTepHa
UCKa)XeHHas (hopMa OKTasy/pa, B KOTOpoi Tpu yria meHsbIe 90 rpaxycos u Tpu Oomnbire. Takoe
HCKa)KEHUE CBSA3BIBAIOT C HEKOTOPOIH aKTUBHOCTBIO HEMOJIEJICHHON Maphl AJIEKTPOHOB BUCMYTA,

KOTOpasi JIOKAJIM3YETCS HAa OJHOU U3 TpaHEl OKTadIpa.
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1.2.2. CTpyKTYypBI raJI0BUCMYTAT-AaHHOHOB

CTpyKTyphl TaJIOBUCMYTAT-aHUOHOB MOKHO Pa3/IeIUTh Ha N30JIMPOBAHHBIE MOHOSIEPHbBIE

u nonusaepubie annonsl (0D) u moaumepusie ctpykTypsl (ND, n = 1-3) [15].

Ta6muna 1. M3omupoBaHHbIC TaJIOBUCMYTaT-aHHOHBI [15].

1 2 3 4 5 6 7 8
[BiXe]3' [B i2X9]3' [B i3X11]2' [Bi4X16]4' [Bi5X13]3' [B i6X22]4' [B i7X24]3' [Bi8X28]4'
[Bi2X10]* [BisX12]* [BisX1g]® [BisXig]* [BieX26]* [BisX30]®

[BiaXu]> [BisXw]> [BisX20]*

Haubomnee yacto B CTpyKTypax 0Opa3ylOTCs M30JIMPOBAHHbIE I'aJIOBHCMYTAT-AaHHOHBI
(Tabnuua 1). CaMblM IPOCTBIM aHUOHOM SIBJISIETCSI OKTa’ApUYECKUA MOHOSJIEPHBIA aHHOH
[BiXe]*. Takue okTa>apel MOryT oObemuHAThCs uepes rpanu ([Bizlg]®, Pucynok 5a), pedpa
([Bi2lwo]*, Pucymox 56) wmm Bepummsl ([Bi2Bru]®, Pucymox 5r). HauGonee
PACIIPOCTPAaHEHHBIMH MHOTOSIEPHBIME aHUOHaMHu cuntarorcs [BizXo]¥, [BizX1]* u [a-
BisX16]* (Pucynok 5B) [15]. U3BecTHO 00pa30BaHME MHOTOSIEPHBIX AHMOHOB, TJE YHCIO

aTOMOB BUCMYyTa MOXET JocTHraTh BocbMu [50].

B T

Pucynok 5. CTpoeHue nonusiaepHsix anuoHos [Bizlg]® (a), [Bizliwo]* (6), [a-Bialis]* (c) u

[Bi2Bri1]®> (1)
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CTOHUT OTMETUTH, YTO B PEAKHUX CIy4asX TraJOBUCMYTaT-aHHOHBI MOTYT UMETh CTPOCHHUE
OTIIMYHOE OT  OKTadJpWyYecKoro. B  wacTHOocTH, B  CTPYKType  HOJOBHUCMYTaTa
tetpabensmndochonns [70] u metunrpudenundochonus [71] OblIr 0OHAPYIKEHBI AHHOHBI
[Bi2ls]* u [Bils]*. Auuon [Bizls]?> umeeT cTpoeHue nCKakeHHOI YETBIPEXYTOIEHOM TUPAMK/IbI,
a anuoH [Bils]* TpeyroibHOM Ounupamuabl. Tem He MeHee JaHHBIE COCAUHEHUS SBIISIIOTCS
UCKJTFOUYCHUSIMU B POy TalOBHCMYTaT-aHUOHOB, TOJABIISIFOIIEE OOJBIIMHCTBO KOTOPBIX

o0pazoBaHo okTa’dapamu {BiXe}.

[ToMrMO MHOTOSIIEPHBIX aHKOHOB MOTYT 0OPa30BEIBATHCS U MOJIMMepHBIe 1D cTpyKTYypHI,
B uactHOCcTH, [BiXa]a"™, [BiXs]n®™, [Bi2Xs]n?™, [Bi2Xo]n®" u [BisX14]s®" [15]. Haubonee
PACIIPOCTPAHEHHBIMH SBJIAIOTCS MONMMEPHBIE aHUOHBI [BiXs]n® u [BiXs]a™ (tunm E [15]).
Anvonsl [BiX4]a™ obpasoBanbl ¢parmentamu {Bi2X10}, CBI3aHHBIMH JPYr C APYIOM uepes3
obmee pebpo. CyIiecTByeT 1Ba TUNA CTPOeHHs aHHOHOB [BiXs]n®": 3ursaroo6pasusie uenu [72]
u nuneitabie 1enu [30] (PucyHok 6). CTpyKTypHBIM 3BEHOM 3UI3aro00pasHO# IEMH MOKHO
0003HaunTh PparmMeHT {Bizli11}, KK IbII U3 KOTOPHIX UMEET JIBE OOIIHE BEPUIUHBI C COCETHUMHU
3BCHBSIMH. [IpH 7TOM MOCTHKOBBIC aTOMBI T'aJIOTE€HA PACIIOIATAIOTCS MO yIiIoM, Ou3kuM K 90°
(yuc-ceaspiBanne). B ciyuae nmuedinbix neneil [BiXs]o®™ mammeni yrom cocrasnser 180°

(mpanc-cBsi3piBaHme).

Pucynok 6. CTpoenue 3ur3aroo0pasueix (a) u nuHelHbIx (6) 1D annonos [BiXs]n?"
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I'anoBucmyrar-anunonbl ¢ 2D cTpykTypoii oOpasyrorcs kpaitHe peako. Ha maHHbIN
MOMEHT M3BECTHO BCEr0 HECKOJIBKO coennHeHH ¢ 2D aHnoHHBIMHE TIensiMU, 00pa30BaHHBIMA
annoHoM [Bi2Xg]n®" [26,73-76] u anuonom [Bizl7]a" [77]. Aanon [Bi2Xo]n®" B GonbmmuHCTBE
CTPYKTYp 00pa3zoBaH oktadapamu {BiXe}, Kaxaplii U3 KOTOPHIX MMEET OOIIYI0 BEPIIHHY C
TpeMst coceHUMH OkTasapamu. CTpykTypa annoHa [Bizl7]n"™ oOpa3oBaHa Bblllie ONTMCAHHBIMU
nersivmu [Bila]n™. DT 1enu coeaMHEHBI B CIIOM OOLIIMMH BepIIMHaMH OKTadapoB {Bils} co

CMCXKHBIMHU LICITAMMU.

B orinume oOT CcBHHEI] CoOJEp)KaluX TIEPOBCKUTOB TalOBUCMYTAaThl HE 00pa3yloT
TpeXMepHBIX aHHOHHBIX KapKacoB B CTPYKType. Beuay Gombhiero 3apsjga katuoHa Bi** mo
cpaBHeHMIO C Pb?" coenuuenus coctara ABiXs (A — HeliTpanbHas TocTeBas MOJIEKYJIa) MOTYT
CoJiepKaTh TOJIBKO He3apsbkeHHbIe MOIeKyJIbl B 3D kapkace BiXs. OcoOeHHOCTBIO TPEXMEPHBIX
AHUOHHBIX KapKacoB, KaK, HAIIPUMEP, B HOAOILTIOMOATE METUIIAMMOHHSI, SIBJISICTCS] CTOCOOHOCTH
K 3¢ deKTUBHOMY IEPEHOCY 3apslia BO BCEX TPeX HalpaBieHHsIX B kpucraiuie. Kpome Toro,
TaKde CTPYKTYpPbI 00Jaaf0T OUeHb HU3KUMU 3HaueHusIMH Eg (~1.55 3B) [1]. B cBsi3u ¢ aTim

IMOJIYYCHHE IraJIOBUCMYTAaTOB C 1D u 2D annoHHBEIMH KapKacaMU SABJIACTCA Ba)KHOM 3a/1aueil.

1.2.3. ConbBaThl THOPUIAHBIX FAJIOBUCMYTATOB

Kpucramunueckue  CTpyKTyphl ~ THOPUAHBIX  TaJOBUCMYTAaTOB  4YacTO  COAepKar
COJIbBATUPOBAHHBIE WJIM KOOPIMHUPOBAHHBIE MOJIEKYJIBI pACTBOPUTENS B CTpyKType. CornmacHo
nauaeiM KBCJI [64], okono 20% BceX HM3BECTHBIX CTPYKTYp TaJIOBUCMYTaTOB COJEpIKAT
MoJIeKyJbl pacTBopuTest. CobBaThl raJJOBUCMYTAaTOB BbI3BIBAIOT HHTEPEC UCCIIEN0BATENEH O
JIBYM OCHOBHBIM MNpuU4YMHaM. Bo-mepBbIX, BCTpauBaHHWE MOJIEKYJ pPACTBOPHUTENS B
KPUCTAJUINYECKYIO CTPYKTYPY NPUBOIUT K OOPAa30BAHMIO HOBBIX IO CTPOSHHUIO COEIMHEHHMH,
KOTOpbIE€ MOTYT 00J1a1aTh OTJIMYHBIMH CBOWCTBAMM OT CTPYKTYPbI, HE COAEpXKAIlIel MOJIEKYII
pacTBopuTens. B yacTHOCTH, HAIMYME MOJIEKYJ PACTBOPUTENS B CTPYKTYpPE MOKET IPUBOJAUTD
K YJIy4IICHUIO (DOTOFOMUHECIIEHTHBIX CBOWCTB MaTtepuaia [38]. Bo-BTOpBIX, CONBBATHI UTPAIOT
BaYKHYIO POJIb B MOTYYEHUH TOHKUX IJIEHOK raJloBUCMYTaTOB. OCHOBHBIM CITIOCOOOM MOJTy4YEHHUS
TOHKUX IIJIEHOK SIBJISIETCSI HAaHECEHUE KOHIIEHTPUPOBAHHBIX PACTBOPOB rajJOBHCMYTaTOB Ha
OKCHJIHYIO TOBEPXHOCTh MOMI0XKH [78]. JlanpHeimee ynaneHHe pacTBOPHUTENS MOXKET
IPOUCXOIUTh Yepe3 MPOMEKYTOUHYIO CTaJHI0 OOpa3oBaHMs COJNBBATOB Ha IMOBEPXHOCTU

IMOAJIOKKH, KOTOPEIC 3aTEM pasjiaratoTCs 1 MpUBOIAT K 06p2130BaHI/H0 KOHCYHOT'O IMMPOAYKTa. Ha
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9TOM JTall€ BAXXHO IMOHHUMATh, KAKHC COJIbBATHI MOI'YyT 06p330BaTBCH H K KaKuM IIPpOAYKTaM
MOKCT IPUBCCTU HX PaA3JTOKCHUC, YTOOBI MMOJIYUYUTh TOHKYIO IINICHKY HYKHOTI'O (1)330BOFO

cocCTana.

HaubGonee yacTto BcTpedaroTCsi BOJHBIE COJBBATHI TaJOBUCMYTaTOB. MOJIEKYJIbI BOJBI
JIOTIOJTHUTENFHO CTAOUIM3UPYIOT KPUCTATMYECKYIO CTPYKTYPY 32 cUeT 00pa30oBaHMs MPOYHBIX
BOJIOPOJIHBIX CBSI3€H ¢ KATHOHOM U aHHOHOM. biaropost HeGonbIIOMY pa3Mepy MOJIEKYIT BObI
CTPYKTYpa TraJIoOBHCMYyTaTa MOXKET MPAKTUIECKH HE MEHSATHCS IO CPAaBHEHUIO CO CTPYKTYPOMd, HE
cojieprKalieil CoabBaTUPOBAHHBIX MOJICKYJI [79]. ConbBaThI C IPYTHMMHU HEKOOPIMHUPOBAHHBIMU
MOJIEKYJIAMH PaCTBOPUTENS BCTpEUarOTCs ropasno pexe. B wactHoctn, Ha MmomeHT 2023 rona
OBLIO M3BECTHO TpU cojbBaTa ¢ Terparuapodypanom [80-82], tpu ¢ meranonom [83,84],
geThIpe ¢ 3TaHojIoM [85-87], aBa ¢ musTHIIOBEIM 3dupom [88], neBsath ¢ arieronom [81,88-94]
U JBeHaath ¢ aneToHuTpuioM [94-98]. OtmenbHO CTOUT cka3aTh Mpo conbBathl JJMCO u
JIM®A, xoTOpble WrparoT BaXKHYIO pOJIb B MOJYYEHUU TOHKHUX IJIeHOK. I[IpakTuuecku Bce
TaJIOBICMYTAThl OTIMYHO PACTBOPSAIOTCS B OTHX PACTBOPUTENSX 33 CUET BHICOKOTO CPOJACTBA
JIMCO u IM®A k Bi*" u ranorenam. Opranudeckue KaTHOHBI TAK/KE XOPOILO PACTBOPUMBI B
9THX pacTBopuTeIsiX. [lo STOW mNpUYMHE WX YaCTO HCIOJIB3YIOT JUIsl TPHUTOTOBICHUS
KOHI[EHTPUPOBAHHBIX PACTBOPOB TaJOBUCMYTATOB JUIS TOMyYEHHUs TOHKHX IUIEHOK. OHaKo
COJIbBAThl rajoBUCMYTaTOB, coiepxkamue B cTpyktype IMCO u JM®DA mnpaktuuecku He
u3ydeHbl. M3BecTHO Bcero yeThipHaanath cobatoB ¢ JIMCO [99-108] u BoceMb COIBBATOB €

JIM®A [109-112] na momenT 2023 rona.

HecMoTps Ha BakHYIO pOJib COJIBBATOB B MOJTYYEHUH TOHKUX IJIEHOK raJlOBUCMYTAaTOB, X
CBOIiCTBa U (pa30BbIE MPEBPAILCHHS ITPH HarpEeBaHUU cl1ab0 u3yuyeHbl. MI3BECTHO, UTO ynaneHue
MOJIEKYJI paCTBOPUTEISI TPU HArPEBAHUU MOKET MPUBOAUTD KaK K EPECTPOUKE CTPYKTYPbI, TaK
¥ K COXpaHEHHIO UCXOTHON CTPYKTYpHI cosibBaTa. B pabote [79] onmucano pasiioskeHre BOJHBIX
COJIbBAaTOB XJIOPOBUCMYTATOB METHJIBHOJIOI€HA, JIETUPOBAHHBIX HOAOM. ABTOpamMH ObLIO
OTMEUEHO, 4YTO JIeCOJIbBATAlUsI HEKOTOPhIX COCTUHEHUN MOXKET MPHUBOJIUTH HE TOJBKO K
NEePECTPOiKe CTPYKTYphI, HAIPUMEP MOBOPOTY OOBEMHBIX OPraHUYECKUX MOJIEKyT Ha 90°, HO
u k iepepacmpenencauto Cl/I B annone. B 10 e Bpemst OTOXpOMHBIC CBOICTBA KaK COJIBBATOB,

TaK U 663BOI[HI>IX TraJJOBUCMYTATOB IMPAKTUYICCKHU HC OTINYAINCD.

Takum o6pa30M, CTPOCHHC FI/I6pI/I)IHI)IX raJJoBUCMYTaTOB U, B YaCTHOCTH, IraJIOBUCMYTAaT-

aHMOHOB O4YEHb pa3HooOpa3Ho. Kpucrammmyeckne CTPyKTypbl TaJIOBUCMYTAaTOB MOTYT OBITh
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00pa30BaHbI Kak MOHOSIIEPHBIMU U MHOTOsIIepHBIMU annonamu [BixHaly]™ (Hal = Cl, Br, I), tak
u 1D n 2D nonumepHbIMM aHMOHAMU C pa3HbIM cTpoeHueM. Kpome Toro, ruOpuaHbie
raJIOBUCMYTAThl UMEIOT BBHICOKYIO CKJIOHHOCTH K 00pa30BaHUIO COJBBATOB ¢ MoJiekyinamu H20,
JAMCO, IM®A wu apyrumu pactBoputTeasMu. OJHAKO TMPUYUHBI TaKOTro pPa3HOOOpa3us
CTPYKTYp AHHOHOB, a TaKX€ BO3MOYKHOCTh LIEJICHANPABIECHHO IOJy4YaThb COEAMHEHHS C

3aJIaHHBIM CTPOCHHUCM dHUOHA ITPAKTUYCCKN HC U3YUYCHEI B JIMTCPATYPC.

1.3. Bausinue CTPYKTYPLI TraJIOBUCMYTATOB HA UX OIITHYCCKUE CBOMCTBA

BonbmMHCTBO TMOPUIHBIX TaJOBUCMYTATOB B OTIMYME OT TaJIOIIIOMOATOB 00JaaatoT
BBICOKMMM 3HAYEHUSMH ONTUYECKOMN IIMPUHBI 3alIPEIIEHHON 30HBI. B CBA3M ¢ 3TUM Iuana3zoH
IIOTJIOIIECHUS COJTHEYHOTO CBETa raJlOBUCMyTaTaMU OKa3bIBACTCS HENOCTATOYHO LIMPOKUM UL
IIPUMEHEHUs UX B KauyeCTBE WHIWBHUIYaJbHBIX CBETOIOTIIOIIAMOIIMX MarepuaioB. B To xe
BpeMsi THOpPHUIHbBIE TaJOBUCMYTAThl MOTYT OBITh MCIIOJB30BAaHbl B TAHJIEMHBIX COJHEYHBIX
syeiikax u QoromerexTopax. OAHAKO UIsI 3TOr0 HEOOXOAMMO YMETh TOYHO HACTpauBaTh
JIMAIIa30H IOTJIOMICHUSI CBETA MATEPHUAIOB HA OCHOBE rajmoBucMyrara. CTOUT OTMETUTH, YTO
ONTUYECKHE CBOMCTBA IaJIOBUCMYTATOB HANIPAMYIO 3aBUCAT OT UX KPUCTAJUIMYECKOU CTPYKTYPHI.
B cBs13u ¢ 3TUM UCCleI0BAaTENN AKTUBHO M3y4YalOT BO3MOKHBIE (PaKTOPHI CTPOEHUS CTPYKTYPBI
raJOBUCMYTAaTOB, KOTOPHIE BIMSIOT Ha ONTHYECKHE CBOMCTBA COCAMHEHUH, YTOObI YMEHBIIUTD

3HaueHUs Eg raoBUCMyTaTOB WM MOTYy4YaTh CTPYKTYPHI C 3aJaHHBIM 3HaueHueM Eg.

1.3.1. Teopernyeckasi 0CHOBA: IIUPHUHA 3aNPEILICHHOM 30HbI U JIEKTPOHHAS

IVIOTHOCTH COCTOSTHUM

Hns sddexktuBHOrO mMpeoOpa3oBaHUs COJHEUHOMW DJHEPrUM HEOOXOJUMO, UTOOBI
CBETOIOTJTOMIAIOIINM CIIOM TrajloMeTajljlaTa IOrJIon[adl BECh MNOCTYIAIOIIMKA CBET, TO €CTh
obmaman 3HaueHneM Eg ~1.3 9B, cootBerctByrommM mpeneny Illokmu-Keuccepa [113].
["anmormrtoMOaThl CO CTPYKTYPOI TIEPOBCKHUTA 00JIaMA0T OJIM3KUMHU K Tpeeiny 3HaueHusIMu Eg.
OpnHako TalOBUCMYTAThl, B OCHOBHOM, HMEIOT 3HadeHus Ooibme 1.9 3B. Ilpu 3toMm
MpeABAPUTEIHFHOE HCCIEOBAHNE TIOKA3bIBACT, YTO, HECMOTPS HA OTPAHUYCHHBIN JHana3oH
MOTJIOIICHUS] COJTHEYHOTO CBETA, COCIMHEHUS] BUCMYTa JEMOHCTPUPYIOT BBICOKOE ONTHYECKOE

noryomnieHre (Ko3pPHUIHUEHT NOTIOMICHHUS ), CPABHUMOE C COSIMHEHUsIMH CBUHIIA [41].
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3nauenue Eg ranoBrcMyTaToB, Takke Kak M TajoIUIIOMOATOB, Yallle BCErO ONMPEACIIIeTCs
nepexoaoM p-X — 6p-M (X = Cl, Br, I; M = Pb, Bi) (Pucynoxk 7) [114]. TTo nanusiM [114,115]
JaHHBI TIepexo/l He 3aBUCHT OT cTpoeHus anunoHa ([Bils]a™, [BiBrs]n?", [BiCls]n®", [Bizl10]*,
[Bizlo]* u [Bile]*) u Tmna momynpoBomHMKa, IPH STOM M3MEHSETCA TONBKO SHEpreTHdecKas
1ieJib MEXy BaJleHTHOU 30HO# (P-X) u 30HOM npoBoaumoctu (6p-M). Kpome Toro, coriacHo
KBaHTOBO-XMMHUYECKUM pacdyeTaM psa CTPYKTYp T'aJOBUCMYTAaTOB, CTPOCHHE TaJIOBUCMYTaT-
AQHMOHA BHOCHUT 3HAYMTEIILHBIN BKIIAJ B IIUPUHY dHEPreTHUecKoi menn. CuuTaercs, 9ro 4eM
BBIIIIC PAa3MEPHOCTh AaHWOHA, TEM HU)KE 3HAYCHUS IIMPHHBI 3alpeiieHHoi 30HbI. Kpome Toro,
sHeprusi Sp-opOuTaneil woja JIKUT ONM3KO K SHepruu Op-opOurtaneit BUCMYTa, 4YTO

O6y0JIaBJ'II/IBaeT 0ojice HU3KHE 3HAUCHUS Eg HOOOBHUCMYTATOB IIO0O CPABHCHHIO C XJIOPO- HIIH

OpOMOBHCMYTaTaMH.
3 T T T T T T 5 T T T T T T 8 T T T T T T
e B 65 = Bi 65
a) B: 6; b) B; 6; <) e B s
w 1 5s > Br 4s g; gz
J de 4
® —_— ISJSgp 2 2"37\0 S 64 Cl3p
g L copd & —c 2 8 —sS»
(2] 2] n c2
i N & 34 e N 2 - ﬂp
o [5) ° N2p 4
z z £ 4
c £ 24 12 ]
] [ ]
a 14 10 Q
s E 5 2
- ﬂ | B 15 )
o o b & ]
]
0 emansy ‘M T T t T 04— T - T ™ T q 0 :k\"‘ ~ T T T f A‘
2 A 0 1 2 3 4 5 -2 A 0 1 2 3 4 5 2 4 0 1 2 3 4 5
Energy (eV) Energy (eV) Energy (eV)
a 0 c

Pucynok 7. I'paduk 371€KTPOHHOM MIOTHOCTH AJIEKTPOHHBIX COCTOSHUN MO0~ (a), Opomo-

(6) u x;mopoBucMyTata (c) 2-MeTmM30TUYpoHus [114]

B psige paboT Ha OCHOBaHMM JIaHHBIX KBAHTOBO-XMMHMUYECKHX PACYETOB MPEAIOIAratoT, YTO
HHEPreTUYECKHM epexo/] OCYIIECTBISETCS HE TOJIBKO Ha 6P-OpOUTaIN BUCMYTa, HO TAaKXKE U HA
p-opOuTaATM apOMAaTUYECKUX ILMKJIOB, BaKaHTHbIE OPOMTAIM KOTOPBIX HAXOJATCA HUXKE IO
HEpPruu, 4eMm opOuTtasu MeTtauia. OJHAKO HAa TPaAKTHUKE TaKOM IepeHoC OOBIYHO He
OCYUIECTBIISIETCS. U SIBJISIETCS 3allPEIIEHHbIM, YTO MOJTBEPIKAAETCA TaHHBIMH CHEKTPOCKOIUU
muddy3Horo otTpaxkeHus. BiusHue opraHn4eckoro KaTuoHa, Kak MpaBuUilo, OrpaHuyeHo Oosee
CWJIbHBIM MOTJIOUIEHUEM TaJIOBUCMYTATOB B Y @-nnarna3oHe. OTO CBA3BIBAIOT C NEPEXOJIaMHU N

— * U T — T* B CONPSHKEHHBIX OPraHuYeCKuX KatuoHax [115].

N3-3a oktadapuueckoro crpoeHuss (parmentoB {BiXe} BO3HHKAIOT pa3IH4YHBIC

NPEANOJIOKEHHS O JIOKATU3AIMKA HETOACICHHONW AJIEKTpOHHO# mapbl 6S-Bi. ITo HexoTophiM
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JIaHHBIM CTEPEOXMMHYECKH aKTHBHAS HEMOIENICHHAS DIIEKTPOHHOM mapa Bi®* MoyeT npuBoaUTS
K UCKaXeHUIO (opMbI OKTadIpoB {BiXs}, B yacTHOCTH K yBenmueHHto JuiH cBs3eil Bi—X ¢
omHOM u3 cTopoH mommdzapa [69]. Tlpm 3TOM HCKaXKEHHE OKTad’JApOB BHCMYTa YacTo
HaOmolaeTcss B Claydae XJIOpo- M OpOMOBHCMYTaTOB, TOT/la Kak B HOJOBHCMYyTaTax
HETIOZIeJIEHHas DIEeKTpoHHas napa Bi** 06buHO HeakTMBHA BBHIY 00JI€E PHIXJION IEKTPOHHOM
000JI0YKKM aTOMOB HoOJa. B HemaBHHMX paboTax yTBEp)KIaeTcs, 4YTO B HOJOBHCMYyTaTax
CYIIECTBYET MepeKpbIBaHue 6S-opOuTaneit BucMyra ¢ Sp-opoutansimu rajgoreHoB (Pucynox 8)
[116]. TIpu sToM mpoucxoauT oOpa3oBaHHE MHUHHMYyMa (CBS3BIBAIOIICE B3aMMOJCHCTBHE) H
MakcuMyMa (pa3pbIXJISIIOIee B3aUMOJCHCTBUE) BaJCHTHON 30HBL. Takue B3auMOJEHCTBHS
HEIIO/IEIEHHOMN 2JIEKTPOHHOM naphl Bi*" MoryT mpuBoauTs K JOMOIHUATENLHOMY YMEHBIICHUIO

3HaueHul Eg nomoBucMyTaToB.

Conduction band

CBM

Bi(6p)
Bonding — — —

Iy
v

Eg| shallow states
A

X(5p) AN

Anti-Bonding Bi(6s)

VBM
Valence band

Pucynok 8. 30HHas cTpykTypa rajjoBucmMyTtaToB [116]

1.3.2. Onpenesnenne TUNA NPOBOAMMOCTH U ONITHYECKON IIMPHHBI 3allpelleHHOH

30HBbI HA OCHOBC JKCIICPUMCHTAJIBbHBIX JaHHBIX

Kaxk npaBuio, 3Ha4eHHs ONTUYECKOW IIUPUHBI 3aIPEIIEHHON 30HBI MOJIY4YaroT, UCXOII U3
JAHHBIX CIIeKTpockonuu T Gy3HOro oTpakeHus. [ 3TOro cHavana perucTpupyroT CIEKTP
OTpa)KeHHOr 0 cBeTa BemlecTBOM B Auanazone 300-900 um. IIpu s3ToM cam oOpasel] HAXOAUTCS B
matpuie crangapra u3 1102, BaSOs wnm nemmonossl. [lomydeHHBIH CIEKTp OTpakKeHHUS

NEPEeBOAT B COOTBETCTBYIOIIUI CIIEKTP MOTJIOLICHHS ¢ momolisio pynkuun KyOenka-MyHka

[117]:
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F(R,) = LRt (1)

2Rg

Rsample
rae R; — 3710 K03 UUUEHT oTpa)keHHs1 0ECKOHEYHO TOJICTOro o0pa3ua (————

standart

Mertop, TayKa OCHOBaH Ha IIPCAIIOJIO0KCHNHU, YTO 3aBUCSIIMNA  OT OHCPIUHU CBCTa

KO3((ULMEHT MOTJIOIIEHUS 0, KOTOPbI MOKHO 3aMeHHUTh PyHKIMel Kyoenka-MyHka, MOXkeT

OBITH TIPE/ICTaBIICH YPaBHEHHEM:
(F(Ry) - h9)YY = B(h9 — E,) (2)

rae Kodp(QUUUEHT Y paBeH ‘2 Uil NPSAMO30HHBIX IOJYNPOBOJHUKOB W 2 JUId HE

IMPAMO30HHBIX ITOJIYIIPOBOIHHUKOB.

DOHeprus Kpasi TMOJOCHl TMOTJIOLIEHUS BEIIECTBA OTBEYAET OSHEPIUM, IA€ (QYHKIHUSA
(F(Ry) - h9)Y" ctpemutcsa k 0. B cBa3u ¢ stuM cTpost rpadpuk Tayka (PucyHok 9) kax
saucumocts  pynkmmm  (F(Ry) - h9)YY or h9 [118]. 3nauenms Ey ompenensior
SKCTPANONIAIeld JHHEHHON dYacTH COOTBETCTBYyIomeH KpuBod Ha F(R;) = 0. OmmbOka

onpezenenus Eq 00puHO HEBeNMKa 1 HaxoauTces B quanaszone £0.01 3B.

0.4- ‘
------- fitted line
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o
—
L
—
0.1
0.0 T T T . T T T
15 20 25 30 35 40 45 50

hv / eV
Pucynok 9. I'paduk Tayka mis TiO2 (HenmpsiMO30HHBIH TOTYNPOBOAHHK, Eq = 3.2 5B) [119]

JUid TOpaBUJIBHOTO pacyera 3HAa4eHMM Eg W OUNEHKM ONTHYECKOTO MOTJIOLIEHUs
raJJloBUCMYTaTOB HEOOXOJUMO 3HATh THUN MONYyNpoBogHUKAa. CoelWHEHHS C HU3KUMU
3HAYeHUAMU Eg, HO HHU3KMM IMOTJIOMIEHHEM OOBIYHO OKAa3bIBAIOTCA Manod(p(EeKTUBHBIMH.

C‘II/ITaCTCH, YTO HAMJTYUIIUM IMOTJIOICHUEM CBCTA O6HajlaIOT MMPAMO30HHBIC ITOJTYIIPOBOAHHUKH.
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Tem He MeHee raJloMeTaIaThl ¢ HEMPSMBIM MEPEX0J0M MOTYT Takke paboTaTh XOPOIIO, €Cln
JOCTYIICH MPSIMOM MEPEX0JI ¢ JOCTATOYHO HU3KOM sHeprueit [120], uro yacTo XxapakTepHO IS
rajloBUCMyTaToB. OOBIYHO TUI MPOBOJIUMOCTH OMPENEISIOT U3 JAHHBIX KBAHTOBO-XUMUYECKUX
pacyeToB 30HHOU CTPYKTYphI TaIoBUCMYTaTOB. OJIHAKO TaHHBIN pacyeT SBISETCS TPYIOSMKHUM.
B cBA3M ¢ 3TUM 4YacTO HCHOJB3YIOT YHpPOIICHHBIX MeTon [119], xoTopblii mo3BOMSET
MPEIOJNIOKUTh TUI MPOBOJMMOCTH IO Kparo MOJIOCH! morioieHus: Ha rpaduke Tayka. Tum
nepexo/ia B IMOJIYIPOBOJHUKE OIMPEACTSIOT IMyTEeM CPaBHEHHUS Kpasi IMOJIOC IOTJIOIMICHUS Ha
rpadukax Tayka, paccuuTaHHbIX ¢ KO3 duiueHTom y = 2 (nmpsimoit nepexon) u 2 (HenpsMon
nepexon). ['paduk, rie kpail moJI0CH BEIPAKEH CUIIbHEE, CYUTACTCS MPABUILHBIM U, UCXOS U3

KoddduUIreHTa Yy, OnpeaenseTcsi TUM MPOBOJAUMOCTH MOJIYTPOBOIHUKA.

1.3.3. TBepabie pacTBOpbI U GAKTOPHI BJAUSHHUSA HA ONITHYECKHE CBOICTBA

raJioBucCMyTaToB

3HaueHUE IHUPUHBI 3alIPEIIEHHON 30HbI TAJIOBUCMYTAaTOB BO MHOT'OM BJIMSIET HA MOTEHIIHAI
NPUMEHEHHSI 3TOTO COEAMHEHMs B KaueCTBE CBETONoIomaromnero marepuaia. CoeiMHeHus ¢
HU3KUMU 3HaUeHUSIMH Eg (< 1.8 5B) mornomaroT cBeT mpakTH4YeCKH BO BCEH BUAMMONA 00JIaCTH.
B cBi3m c 3TUM HcchaenoBarenad AKTHMBHO MBITAIOTCA HAMTH  CHOCOOBI  MOJTYy4YeHUs
raJIOBUCMYTAaTOB C 3aJaHHbIM 3HaueHueM Eg. ['pynnamm C.A. AnonuHa, a Takxke A.B.
[IleBenbkoBa ObUIM HCCIENOBaHBl TAJOT€HHBIE MEXMOJIEKYJISIPHBIE B3aUMOJICHCTBHS B
pasIMuYHBIX CTPYKTypax ramomeramiatoB [121-124]. B pesynbrare ObLIO IMOKA3aHO, YTO
o0pa3oBaHHWE KOPOTKMX KOHTAakTOB X--X B KOMIUIEKCAX TaJOMETAJIATOB, COJAEpIKalIUX
MoOJIEKYJIbI Brz 1 |2, MpUBOAST K CYIIECTBEHHOMY CHH)KEHHIO IIMPUHBI 3aMIPEIIEHHOMN 30HbI 3TUX
coequHeHUU. Takue COEQUHEHHUS, COAEpIKAlUe IMOJUTaJOTeHUIbI, JIETKO 00pa3yroTcs u
00J1a1at0T OYeHb HU3KUMU 3HaUeHUsIMU Eg (1.37 3B [122]). K cokanenuro, JaHHbIE KOMILICKCHI
Yale BCEro OKAa3bIBAIOTCS HECTAOMJIBHBIMU IPU KOMHATHOW TeMIlepaType M CO BpPEeMEHEM
paznararorcs. Kpome Toro, [uisi MOJMrajlOreHUAOB XapaKTEpeH ApYyrod THUIl Iepexona, a
3HaueHus Eg ompenensioTcss HaaM4MeM MOJUTAJIOreHHJA B CTPYKType. Takke CyLIECTBYET
IPEIIOJIOKEHUE, YTO KOHTAKTBI X:-*X B CTPYKType MOIYT NPUBOJUTH K MEPEHOCY 3apsAla C
AaHMOHA HA KAaTHOH W YMCHbBIICHHIO 3HaYeHUs1 Eg coequuenus [54]. OmHako cymiecTByeT psia

COEMHEHHUH, TIe TaKWe KOHTAKThl 00pa3yroTCsl, HO IIPU 3TOM 3Ha4YeHUs Eq 0CTal0TCsl BHICOKMMH.
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Kak 0b110 cka3aHo Bbllle, 3HaYeHUE Eg onpenernsercs nmepexomom p-X — 6p-Bi. B cBs3u ¢
3THM, B 3aBHCHMOCTH OT wucnojsdyemoro raigorera (CI/Br/l) 3nauenune Eg koHeuHOTrO
coenuHeHuss Oyner ornuyarbes. [loaTomy Oojee HaleKHBIM METOJOM TOHKOM HAacTpOMKU
3HaueHUd Egy cuuTaercs wHCMONIB30BaHWE TBEPJIBIX PACTBOPOB C IEPEMEHHBIM COCTaBOM
rasoreHoB. OOpa3oBaHKEe TBEPABIX PACTBOPOB TaJOMETANIIATOB C BHICOKOW CHMMETpPHUEH KaK y
MEPOBCKUTOB OOBIYHO HE NPUBOJUT K H3MEHEHUIO MNPOCTPAHCTBEHHOW TPYMIBI U THIIA
KpPHCTAIUTHYECKON perieTkd. Kpome TOro, mapaMeTpbl pemeTkn Hu 3HaueHus Eg [125]
nouuHseTcs 3akoHy Berapna [126,127]. Takum 06pa3om, CTAHOBHUTCS BO3MOYXHBIM IIPOBOTUTh
TOHKYIO HAaCTPOWKY ONTHYECCKUX CBOMCTB MOJy9aeMbIX COeauHeHWH. J[aHHBIH Mmoaxom ObLT
XOpOIIIO H3Y4YeH B CTPYKTypax TaJoOIUIIOMOATOB H TIO3BOJIMI JIOOWTHCS YBEIUYCHHUS

3¢ GEKTUBHOCTH COITHEYHOTO deMeHTa [128-136].

— (MV)BiCI5
(MV)BiCI3.3Br1.7
(MV)BiCI1.3Br3.7
(MV)BiBr5

Absorbance

350 450 550 650 750
A (nm)

Pucynox 10. Y®-Buaumslii criektp o0pasios TBepaoro pacrsopa [MV][BiCls«xBry] [137]

K coxkasenuro, TBep/pie pacTBOPHI TaJIOBUCMYTAaTOB HE TaK XOPOIIO H3y4eHsl. Kpome Toro,
OOJIBIIIMHCTBO TaJOBUCMYTaTOB HMMEET HH3KYI0 CHMMETPHIO YIAKOBKH, YTO NPHBOIWT K
00pa30BaHMIO HECKOIBKUX CHMMETPHUYHO HE3aBHCHMBIX ATOMOB rajloreHa B CTpyKType. B cBsi3u
C 3TUM, YaCTO HAOJIOAOTCS Pa3IMYHbIC OTKIOHCHHUS MApaMeTPoB OT 3akoHa Berapmaa. Tak, B
pabote [137] ObutH ommcaHbl XJIOpo- U OpomoBucmyTtaThl MeTHiaBuosoreHa ([MV][BICls] u
[MV][BIiBrs]), a Taxxe Tpu cMelianHbIX rajgoBucmyrtata Metuisruonorena [MV][BiClz3Bri7],

[MV][BIiCl13Brz7] u [MV][BiBrs2lig] (Pucynok 10). B nporecce 3amenienus CI/Br B TBepabix
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pactBopax [MV][BiCls.xBrx] mpoucxoauT mnpeuMyHICCTBEHHOE 3alojHEeHHe aromMamu Br
TEPMUHAJIBHBIX MTO3UIIMI raJIOreHOB B TMHEWHOU aHnoHHOM 1 D-nieniu. [1pu aTom 3akon Berapna
B JJAHHBIX TBEP/BIX PACTBOPAX HE HAOIIO/Ia€TCd HECMOTPS HA IMHEHHYIO 3aBUCUMOCTh 00beMa
pelreTky ot xoiau opoma. B To ke BpeMs B TBepabix pacTBopax [MV][BiBrsxlx] Habmromaercs
MPEUMYIIECTBEHHOE 3aMEIICHUE NOI0M MOCTHUKOBBIX IMO3HIIMKA M JIMIIb 3aTEM TEPMHUHAIBHBIX.
[Ipu none wmoma 36% MOCTHKOBBIE MO3WIMK TIOJHOCTBIO 3acelieHbl aroMamMu uona. K
COKaJICHUIO, CYyJUTh O XapaKTepe 3aBUCUMOCTH TapaMeTPOB SYCHKH OT JOJM TaJloTeHa HE

MMpeaACTaBJIACTCA BO3SMOKXHBIM B CBA3U C UBMCHCHUCM THIIA PCHICTKH IIPU IICPEXOAC K HUCTOMY
[MV][Bils] [138].

JIpyruM MPUMEPOM TBEPIbIX PACTBOPOB SABJISIFOTCS FAIOBUCMYTAThI 4-aMUHOTUPUAUHUS [4-
NH3Py][BiBraxlx] [139]. 3amemenue Br/l B manHO# cepuut TBEpABIX PACTBOPOB IMPOUCXOIUT
TaK)Ke HepaBHOMEpPHO. B mepByro ouepenb aTOMbI HOJa 3alOJHAIOT MOCTHKOBBIC MO3HMIIMU
rajoreHoOB, a JIMIIb 3aTeM TePMUHAIbHBIC. B pe3ynbTare 3aBUCMOCTD [TapaMEeTPOB PEIICTKH U

3HaueHui Eg OT 1011 noia B CTpYKType aHMOHA OKa3biBaeTcs HennHeHol (PucyHok 11).
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Pucynok 11. ®ororpaduu tBepabix pactBopoB [4-NH3Py][BiBrsxlx] [139] ¢ paznuunbim
cojiep>kaHueM Hoza (cieBa) u rpauKu 3aBUCIMOCTH 3HaueHH Eq 1 mapameTpoB sueiiku a, b u

C oT coaep>kanus noja (X) B obpasie (crpasa)

CurnpHOE OTKJIOHEHHE OT 3aKoHa Berappaa Takke HaOMIOAaeTCsl B CTPYKTYPE CMEIIAHHBIX

XJI0pO-OpoMoBHCcMyTaTOB  N-MeTwi-1,3-TnaMUHONIpONIaHa, ONMUCaHHbIX B pabore [140].
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HecMoTpst Ha TO, YTO BO BCEX CTPYKTypax MO3UIMH rajoreHoB B aHuoHHOW 1D-memnu [BiCls.
Bry]n?" i 0 ~40%
xBrx]n=" 3aceneHbl B paBHOW CTCMECHM, NMPU IOCTHKCHHH JOJIH OpoMa B CTPYKTYpE 0
MPOUCXOTUT U3MEHEHUE TPEeHIa 3aBUCUMOCTH 00beMa sIUeWKH OT J0Ju Opoma. B pesynbrarte
napametp a ymenbinaercs Ha 0.1 A, HecmoTps Ha yBenuuenue nomu 6poMa B CTpyKType ¢ 22%

10 36%. JlanpHeliee n3MeHEHUE NTapaMeTpa @ HOCUT JTUHEHWHBIN XapaKTep.

OO0pa3oBaHKe TBEPABIX PACTBOPOB TAKIKE MOXKET MPOUCXOAUTH U B CIy4ae COCIUHCHUM C
U30JIMPOBAaHHBIMU TaJlOBUCMyTaT-aHHOHaMu. B pabote [141] ommcano 4 rajmoBHCMyTarta
mmtunamMmonust  [NH2(CH2CHz3)2]3[BiClexBrk] ¢ mepemennsim  coctraBom  CI/Br,
KPHCTAUTH3YIONIUXCS B TeKCaroHaJbHOW stuelike. [Ipu yBenmdeHuu nomu Opoma B o0Opasiie
HAOMIOIaeTCs Pe3Koe yMEHbINCHHE IIMPHHBI 3alpelieHHOW 30HBI coeAuHeHHH. [Ipu 3ToM
aTOMbI OpoMa B CTPYKTypE B TMIEPBYIO OUEPE/lb 3aMEIIal0T TPU U3 IIECTH FaIOTCHHBIX MO3UITUI
B annoHne [BiClsxBrx]*. HecmoTps Ha HepaBHOMepHOE 3aMernenre CI/Br B pa3HBIX TaJOreHHBIX
MO3HIUAX, 3aBUCUMOCTh JIOH OpoMa OT 00beMa PEHIeTKH W MapaMeTpoB & U ¢ JIMHCHHA W

JAHHBIN Psii TBEPIBIX PacTBOPOB ITOAYMHSETCS 3aKOHY Berapna.

Takum oOpa3oM, BHeApPEHHE TMOJIMTAIOICHUIHBIX (PArMEHTOB B KPUCTALIMYECKYIO
CTPYKTYpY TMOPUIHBIX raJJOBUCMYTATOB MO3BOJISIET CYIIECTBEHHO CHU3UTH 3HaueHue Eq. B To
e BpeMsl TaKhe CTPYKTYpPbl OKa3bIBAIOTCSI HE OUE€Hb CTAOMIIbHBIMU, a TOHWKEHHE 3HaUeHU Eg
JIOCTUTAeTCsl 3a CuUeT BCTpPaMBaHMS IOJUTAJOTEHUIHOTO (parmeHta 0e3 MpsIMOro
B3aUMOJCHCTBUS C aTOMOM BUCMYTa. CTOUT OTMETUTH, UTO CYIIECTBYIOT OCHOBAaHHUs MOJIaraTh,
YTO TBEpPJbI€ PACTBOPHI FAJOBUCMYTATOB MOTYT OBITH MCIIOJIb30BAaHBI JJIs1 KOHTPOJIUPOBAHUSA
3HaueHui Eg momydaembix coequHeHuil. B To xe Bpems HeoO0xo1uMo 6oJiee TIIaTeNIbHO U3YYHUTh
0c00eHHOCTH 00pa30BaHMsI TBEPABIX PACTBOPOB FMOPHUIHBIX T'aJIOBUCMYTATOB, YTOOBI BBISIBUTD

XapaKTCPHLIC JJId HUX TPCHABI U3SMCHCHUA 3HAYCHHUH Eg.

1.4. HpOTOTI/IHLI COJTHCYHBIX 3JICMCHTOB HA OCHOBC raJIOBUCMYTAaTOB

Ha naHHBII MOMEHT CYIIECTBYET OTpaHHUYEHHBIM psfl TaJOBUCMYTAaTOB, KOTOpPbIE ObLIN
M3Y4YE€HbI B KAYECTBE CBETOMNOIIOMIAIOIINX COCIMHEHHH B COJTHEYHBIX 3JIEMEHTAX. Takue suenku
JEMOHCTPHUPYIOT BHICOKYIO CTAOMIBHOCTH B YCIOBHUSAX IKCIUTyaTalluu. B To e Bpemst s siueek

Ha OCHOBC raJIOBUCMYTATOB XapaKTCPHbI HU3KKWC 3HAUYCHUA 3(1)(1)€KTI/IBHOCTI/I Hp606paSOBaHI/I${
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cBeTa. TeM He MEHee HCCleIoBaTeIIsIM YAaJI0Ch BI)Ipa6OTaTI> MCTOAUKH, KOTOPLIC ITO3BOJIUIIN

MOJYYUTh TYEHKHU CO 3HaUeHHEM PPEKTUBHOCTH BILUIOTH 110 5.6%.

1.4.1. Ctpoenne 1 npuHIUAN PA0OTHI NEPOBCKUTHBIX COJTHEYHBIX AYCCK

ConHeuHble sYEWKM Ha OCHOBE TaJIOMETANIaTOB M TaJOBUCMYTAaTOB, B YaCTHOCTH,
00pa30BaHbl HECKOJIbKMMH (DYHKIIMOHAIBHBIMU CIIOSIMH. B 0o0miemM BuIe CTpOcHHE sSYeHKH
MOJKHO TPEJCTaBHTh CIEAYIOMUM 00pa3om: TokompoBoasmuii ciaoi (FTO) — snekrponHo-
TpaHcnopTHbIH cioi (ETM) — ToHKkas miieHKa rajjomMeramiata — JbIPOYHO-TIPOBOISAIINN CITOM

(HTM) — merammmueckuii aiektpon (Pucynok 12).

Metal electrode

Light absorbing layer
Perovskite

ETM

Pucynok 12. CtpoeHue MepoOBCKUTHOM COMHEYHOM stueiiku [142]

[IpuHuun paboThl TMEPOBCKUTHBIX COJHEYHBIX SYE€EK IIOCTPOEH Ha CHOCOOHOCTH
raJIoMeTaJIaTOB MOTJIOIATh (POTOHBI C 00Pa30BaHUEM SKCUTOHOB (3J1E€KTPOHHO-IBIPOYHBIX I1ap)
[142]. U3-3a HeOombiiol »3HEpruM 00Opa30BaHUS IKCUTOHOB CTAHOBUTCS BO3MOXKHBIM
obOpazoBaHue CBOOOJHBIX HOCHUTENEH 3apsiga (CBOOOMHBIC DJIEKTPOHBI U IBIpKU). B mpoiecce
nepeHoca 3apsija 00pa3oBaBIIKeCs CBOOOIHBIE 3JIEKTPOHBI U JbIpKH nepexo T Ha ETM u HTM,

COOTBETCTBCHHO.

B kauectBe HTM B sueiikax Ha OCHOBE TaJIOBUCMYTAaTOB YacTO MPUMEHSIOT Spiro-
OMeTAD (2,2',7,7'-rerpakuc[N,N-mu(4-metokcudenmn)amuno |-9,9'-cimpodudayopen),
P3HT (monu(3-rekcuntuodeH-2,5-1umnn)), PTAA (monu[6uc(4-pennn)(2,4,6-
tpumetmidennn)amut]), TQ1 (momu[[2,3-6uc(3-okTrnokcudennn)-5,8-XHHOKCATUHE U |-
2,5-tnodpenauui]) u gapyrue. B uactHocTH, B pamMkax wusydeHus BiausHus HTM Ha

xapakTepucTuku staeiiku Ha ocHoBe CsBislip Obto mokazano, uto TQ1 mo3Bomar mobutbes
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HaWIy4Iux nokaszareneii [143]. ABTOpBI CBA3BIBAIOT 3TO ¢ TeM, 4TO T Q1 MoKa3bIBAIOT BBICOKYIO

KBaHTOBYIO 3()(DEKTUBHOCTH B TOM YHCJIE€ B KPACHOM YacTH CHEKTpA.

B xauectBe ETM, kak npaBuiio, ucrnonbzyercs TiO2, SNO2 u unorga NiOy [144]. TIpu stom
B TMoOcJe/Hee BpeMsi HauOoJjee MOMyJISIPHBIMU CTalld SYEHKHU C COIEpKaHHEM ME30MOPUCTHIX
okcunoB TiO2 mm SnO2. B padote [145] Obl10 0OTMEUEHO, YTO HCIIOIB30BAHUE ME30TIOPHCTHIX
OKCHJIOB TIO3BOJIET TOOUTHCS O0Jiee paBHOMEPHOI'O pOCTa IUIEHKH ranioBucMyTaTa. Kpome Toro,
K TIPEMMYIIECTBAM ME30MOPUCTHIX OKCHIIOB MOYXHO OTHECTH WX BBICOKYIO TOPUCTOCTH H
OONBINYIO YAENbHYIO MoBepXHOCTh (10 1000 M?%/r). Hanmuune Me30mopUcTOro cjios Mo3BoJIseT
CBETOIOTJIONIAIONIEH TICHKE JIyYIlle B3aUMOIEHCTBOBAThH co ciioeM ETM, a Takxe BBITIOIHSATH
GbyHKIIMOHANIBHBIE 3a7]aui, TaKUe KaK TPAHCIOPTHPOBKA DJIEKTPOHOB, OJOKHPOBKA JBIPOK U
UHTHOMpOBaHKE peKOMOWHAIINH SIEKTPOHHO-IBIPOYHBIX Tap B cioe FTO, TeM cambIM MOBBIIIAS

3¢ (HEeKTUBHOCTD YCTPOMCTBA.

1.4.2. MeToabl NOJy4eHUSI TOHKUX MJIEHOK raJI0BUCMYTATOB

OpHoli 3 HamboJee CIOXKHBIX 3a/lad B MOJYyYeHUU 3(PQPEKTUBHON COTHEUHOU sSUYEHKU
ABJISIETCS TIOJyY€HHE TOHKOW TUICHKU TajloMeTajulaTa Ha MOBEPXHOCTU OKCUAHOTO MaTepuala.
O} heKTUBHOCTh TOJYYEHHON SYEHKH HAMpSMYyH0 3aBUCUT OT TOJIIMHBI 3TOTO CJIOS H
MOP(OJIOTHH TIOJYYCHHOHN TUICHKH. B CBSI3M C 3THM BaXKHOW 3ajaycii SBIISCTCS ONTHMHU3AIIMS
METOJOB TMOJYYEHUsS TOHKHUX IIEHOK. CyIecTByeT TPU OCHOBHBIX METOJla HM3rOTOBIICHUS
MEPOBCKUTHBIX COJHEYHBIX SYEEK HAa OCHOBE TajoBUCMyTaTOB. K HUM OTHOCATCS METOJ
OJTHOCTAJAMIHOTO CIMH-KoaTuHra [41], nByxcraauiitHoro ciuH-KoaTHHTra [146], a Takke meron

napodasnoro ocaxxacuus [147].

OnHOCTagUIHBIA CIMH-KOATHHI SIBJSIETCS HamOojee pachpOCTPaHEHHBIM METOA0M
U3TOTOBJICHUS! COJHEYHBIX AJIEMEHTOB BBUIY CBOEH MpoCTOThl. OOIIyI0 cCXeMy MOJy4YeHUus
CBETOIOTJIOMIAIOMINX TUIEHOK TaKUM METOJ0M MOKHO TIPEICTaBUTh CIEAYIOIUM 00pa3oM
(Pucynox 13). Ha Bpamaromytocst okcuanyr noioxky (ETM crnoit) Hanocurcst pacTBop
rajjoBucMyTtara. B kauectBe pacTBoputesneil 00bIYHO UCTIONB3YIOT ramma-oytuposiaktos (I'bJI),
mumetwipopmamug  (AMDA) wm  aumetwincynbdokcun  (JAMCO). Tlom neiictBuem
HEHTPOOEKHON CHJIBI PAacTBOP PAaBHOMEPHO paclpeiessieTcs MO TMOJIOKKE, IMOCIe Yero
HarpeBanueM [41] wnm feiicTBueM aHTHCOJBBEHTa (xyopOeH3osia) [148] BbI3BIBAIOT

KpUCTAJUIM3allUI0 BEIICCTBA Ha ITOBCPXHOCTHU ITOIJIOKKH. OHH&KO, HECMOTps HaA IPOCTOTY
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METO/1a, KOHTPOJIUPOBATH CBOMCTBA IMJIEHKH, BKITIOYAs TOJIIIUHY, OAHOPOIHOCTH U MOP(OIIOTHIO
MOBEPXHOCTH, CIOXKHO. Kpome Toro, mpu Halu4yuu B CTPYKTYpe OOBEMHOI'O OPraHUYECKOTrO
KaTHOHA TPYJHO HAWTU XOPOIINI PacTBOPUTENb, KOTOPBII ObI MO3BOJISUT OTYUYUTh PAcTBOP C

BBICOKOM KOHHGHTpaHHeﬁ raJlJoBucMyTara.

é

/ﬁ/

Precursor deposition Precursor film Anti-solvent deposition Intermediate film Perovskite film

>

Span coating Heating

Pucynox 13. IIponiecc HaHeCEHU TOHKOW TJIEHKHA EPOBCKUTA METOJIOM OJIHOCTAJUNHOIO

CIIMH-KOATHHTA C UCIOJb30BaHUEM aHTUCOIbBeHTa [149]

B cBs3u ¢ 3TUM A nosnydeHus: 0osee KaueCTBEHHBIX IUIEHOK YacTO HCIOJIb3YIOT METO[
IByXcTaauitHoro crnuH-koatuHra [146,150]. Ha mepBom »3Tame NpOMCXOIUT HaHECCHHUE
raJIOreHy]1a BUCMYyTa Ha MOJI0KKY. 3aTeM MOBEPX IUIEHKH rajJoreHu1a BUCMYTa HAHOCST CIIOM
OpPraHWYeCcKOro rajJjoreHujia METOI0M CIMH-KOATHHTa WM MOTrpyKeHHEeM o0pasiia B pacTBOP
OpraHUYeCcKOro TrajoreHujia Ha HecKOoJbKO MUHYT. [lomayuyeHHBI oOpaszel OmojacKuBaiOT B
pactBoputene B TeueHue 5-10 cekyHI, 4TOOBl yAANUTh OCTaTKHM HEMpopearupoBaBUIETO
opranndeckoro noaunaa. OcTaTku pacTBOPUTEINS C IJICHKU yJASIOT BhICPKUBAaHUEM 0Opa3ia
10Jl BaKyyMOM WJIM C MOMOLIBI0 HEOONbIIOro HarpeBa. J[aHHbBIN crOcoO MO3BOJSET JIydlle
KOHTPOJIUPOBATh MNPOIIECC HAHECEHHsI, YTO MPHUBOIUT K MOJyUYEHHUIO Oojee KaueCTBEHHOU

IJICHKHA 11O CPaBHCHUIO C MECTOIOM OI[HOCT&)IPIﬁHOFO HaHECCHU.

Metox napoa3HOro ocaxaeHus sBIseTcs Haubosee CI0KHBIM METO/IOM C TeXHUYECKOU
TOYKH 3PCHHUS, OJTHAKO TO3BOJISIET JOOUTHCS HAWIYUIIero kauectsa mieHku [147,152]. Takxke
KaK U B cilyyae JABYXCTaJUITHOTO CNHMH-KOATHHTa IUIeHKa (OpMHUpYETCs 3a JBa dTama, MyTeM
IIOCJIEZIOBATEIbHOTO HAHECEHNUS raJOTeHUIa BUCMYyTa U OpraHndeckoro rajorenysa (Pucynox

14). Tlpu 3TOM O/IMH WK 002 KOMITOHEHTA HAHOCST OCaXICHHUEM U3 MTapoBOii (ha3bl.
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PI/IC}/HOK 14. Hpouecc HAHECEHMS TOHKOM IUICHKH HoaA0BUCMYyTaTa MCTHIIAMMOHUA

METOJI0OM mapodazHoro ocaxacHus [151]

B wyactHocth, cmoit Bilz Moxer ObITh HaHeceH ¢ MOMOINBIO cyOaumanuu Bilz mox
neiicteueM Bakyyma (~10 Ila) kak npu HarpeBanum moxuma (120°C) [153], tak u Ge3
HarpeBanus [151] ¢ mocienyromiem ocaxxaeHreM mapos Bilz Ha momnoxkke. [Ipu 3ToM moamoxkka
MOMEIIAeTCs, KaK IMpaBWiO, HaJ MCTOYHUKOM TalloreHuja BUcMyTa. OOpa3oBaHHE IJICHKU
raJJoOBUCMyTaTa IMPOMCXOIUT IIPH TIOMEIICHUH MOJTydeHHOM TieHKH Bils B mapbl opraHuyeckoro
ocHoBaHMs [154] wnm ocaxJIeHWEM Ha e¢ MOBEPXHOCTH OPTaHMYECKOTO MOJHUIa B yCIOBHSIX
BakyyMma [151]. [TomyueHHbIi 0Opasell 4acTo BBIICP/KUBAIOT MPH MOBBIIICHHONW TeMIIepaType,
YTOOBI peaklys MEXKIy CIOSIMH Mpolia A0 KoHua. J[aHHBIH croco® HaHECEHHs IMO3BOJSET
MOJIyYUTh TOMOT€HHYIO TUICHKY FaJIOBUCMYyTaTa C XOPOIITUM B3aUMOJCHCTBUEM MEXKTY CIOSIMH.
Mertoaom napodaszHoro ocaxaeHus Oblia mosrydeHa Haubonee ddpdexruBHas (3.17%) cpeaun

THOPUTHBIX TAJIOBUCMYTATOB stuciika [147].

1.4.3. CotHeuHbIe 3J1eMEHTbI HA OCHOBE I'AJIOBUCMYTATOB, UX 3(P(PeKTUBHOCTDH U

NEPCNEKTUBLI HCMMOJIB30BAHUA

BrniepBrie mepOBCKUTHBIEC COTHEYHBIEC STYCHKU HA OCHOBE TAJIOBUCMYTATOB OBLIN MOTYYEHbI
B 2015 roxy [41]. s moaydeHHsT TOHKOIJICHOYHBIX COJHEYHBIX SY€EK OBLIM HMCIOJIb30BaHbBI
ramoBucmyTatbl CS3Bizlg, [CH3NHz]3[Biz2le] u [CH3NH3]3[Bi2loClx], cBunIOBBIC aHamOTH
KOTOPBIX TTOKA3bIBAIM XOPOIIUE pe3ybTaThl. JIJIsl MOTyUYeHUs] TOHKUX IJICHOK TaJJOBUCMYTaTOB
Obutn ucnosb3oBanbl pacTBopsl noauaoB Csl u [CH3NHs]l ¢ Bils B cmecu pactBoputeneit
JAMOA/IMCO (7:3 mo ob6wemy). IlomydeHHble pacTBOpPhl HAHOCWIM Ha TOBEPXHOCTh
mezonopuctoro T102 METOIOM CHMH-KOaTHHra. HekoTopble XapaKTEpUCTHKHU TMOTYYCHHBIX

TUICHOK TMPE/CTaBIeHbI Ha pucyHke 15 [116].
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Pucynok 15. Cnektp mud¢ysHoro orpaxenus (a), cuektp (ortomomunecuenuuu (b) u

CIIEKTp BaJIeHTHOM 30HHI (¢) 00pa3mnoB Cs3Bizle, [CH3NHz3]3[Bizle] 1 [CH3NHz3]3[Bi2leCly] [116]

Haubonpmas 3¢ ¢hekTuBHOCTh OblTa MoKa3aHa sueiikoi Ha ocHoBe CS3Bizlo m cocraBmia
1.09%. Jns syeexk Ha ocHoBe [CH3NH3]3[Bi2lg] u [CH3NHs]3[Bi2loClx] sddexruBHOCTD
okaszanmace oueHb Huskou: 0.12% wm 0.003%, coorBercTBeHHO. CyHIECTBEHHO YBEIMYHTH
s dexktrBHOCTD suekikn Ha ocHoBe [CH3NHz]3[Biz2lg] ymamock mocime mopaboTku Metoza
MOJYUYCHHMsS] TOHKOHM IUTeHKHM ranoBucmyrtata [147]. HccnemoBaTensMu ObLI TPEIIOKEH
napoda3Hbplii  METOJ HAHECEHWs TIUIEHKH. B  pesynbrare ObUIO yCTaHOBIEHO, 4YTO
B3auMojelictBue pactBopa Bilz ¢ mapamu [CH3NHz]l B Teuenune 25 MuUH NOpPUBOAUT K
MOJYUYCHHUIO ONTUMAIBHON 1Mo TojdmuHe W Mopdonorun ToHkoM tuieHkn [CH3sNHz]s[Bizlg].
Kpome Toro, BMmecto Spiro-MeOTAD B kadecTBe ABIPOYHOTO MPOBOTHUKA OBLT MCIIOIB30BaH
noau(3-rexcuntrnodpeH-2,5-aunn). DPPEKTUBHOCT, TaKOM CONMHEYHOW SYCHKH COCTaBMIIA
PEKOPAHBIC I OpraHUYeCKuX rajoBucMyTatoB 3.17%. Ilpu aTom suelika obianana BEICOKOU

CTaOMIBLHOCTBIO B YCIOBHUAX AKCIUTyaTallMy HA JUTMHHOW TUCTAHIINH.

OHUM U3 TPUMEPOB COTHEYHBIX SYEEK HAa OCHOBE raJIoBUCMYTaTOB N-reTeponuKIndeckiux
KaTHOHOB SIBJISICTCS sSTUelika Ha OCHOBE MojioBucMyTata nupuannus [PyH][Bils] [155]. [Tnenka
raJjoBICMyTaTa OblUIa MOJy4eHa METOJIOM OJIHOCTAIMIHOTO CIMH-KOATHHTA HAa TIOBEPXHOCTH
mezonopuctoro 1102 (Pucynok 16). OgHUM W3 TPEUMYINECTB HMOJOBUCMYyTaTa MHPUIUHUS
sBJsieTcss Hanmuuue B CTpykrype 1D anumona [Bilg]n™, uro moxer mnpuBoauth K Ooiee
3(p(PEKTUBHOMY TPAHCHOPTY 3apsAA0B BJOJIb HANpaBiICHHUA [ENH 10 CPaBHEHHIO C
MOJIOBHCMYTAaTOM MeTHJIIaMMOHHs. KpoMe Toro, JaHHOe coequHeHus o0anaeT 0ojaee HU3KUM
3HadeHueM Eg (1.98 5B). Conneunas sueiika Ha ocHoBe [PYH][Bils4] mokazana s dpexTuBHOCTD
okoino 0.9%, necmotpst Ha orcyrcTBue ciost HTM B ee crpykType. B To *e BpeMs aBTOpHI

OTMCYAIOT, YTO BOCIIPOHU3BOJUMOCTDE PE3YJIbTATOB ObL71a HU3KOM.
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Pucynok 16. [TonepeyHoe ceueHune coTHEYHOM siueiiku Ha ocHoBe [PYH][Bils] [155]

HenaBHo Obwio ycranoBiieHo Ha mpumepe CszBizle, uTo 3pPeKTUBHOCTH CONHEYHBIX
AIIEMEHTOB CYIIECTBEHHO 3aBHCUT OT Haimmuus u npupozs! cios HTM. Hamnydmmee 3nadenne
s dexkTuBHOCTH, paBHOE 3.2%, HAOIIOAAIOCH MPU UCTIOIb30BaHUU Hoauaa Meau (1) B kauecTBe
HTM [47]. Ha nanHBIif MOMEHT peKOp d3(PPEKTHBHOCTH MEPOBCKUTHBIX COJTHEYHBIX SYCCK HA
OCHOBE TaJIOBUCMYTATOB (HE TOJIbKO THOPHIHBIX) coriacHO [156] mpuHamIekuT syciike Ha
OCHOBE HopoBHcMyTaTa cepedpa AgsBils.92So.04, TerupoBanHoro aromamu cepsl (Pucynok 17)
[16]. BHenpeHue aTtomMoB cepbl B KPHCTALIMYECKYIO PEIIETKY ITO3BOJIMIO CYIICCTBEHHO
MOHU3UTH 3HaYeHue Eq coenunenus. B pesynbrate 3 QeKTHBHOCTH JAHHOW SYEHKU COCTaBHUIIA

5.56%.

Agl +Bil, [Bi(S,CAn] =
.
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*" 4 g
¢ & ! }
&g = Y
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Pucynok 17. Mmoctparust moiaydeHnst TOHKUX tieHOK AgaBils-2xSy (0 < x <0.05) [16]

Takum oOpa3oM, Ha JaHHBII MOMEHT, HECMOTpPsS Ha Bce ycuiusa, 3(PEGEeKTUBHOCTH
MEPOBCKUTHBIX COJIHEUHBIX SYEEK Ha OCHOBE TMOPHIHBIX TaJIOBUCMYTATOB OCTAETCS HU3KOU
OTHOCHUTEJIBHO sIY€EeK Ha OCHOBE rajioruiroMbaTos. [Ipexae Bcero, 3To CBA3aHO C OTCYTCTBUEM

KPUCTAJUIMYECKUX CTPYKTYpP C TPEXMEPHBIM aHHOHHBIM KapKacoM, TakKUM Kak Yy
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raJorIroMOaToOB LIE3UsI, METUJIAMMOHUS U (OPMaMUAMHUSA, KOTOPbIE MOKAa3bIBAIOT BBICOKYIO
3¢ ¢pekTuBHOCTh. OTCYTCTBUE TAKOI'O KapKaca MPUBOJUT K TOMY, YTO TPAHCIOPT CBOOOJIHBIX
HOCHUTENIEH 3apsia B TOHKMX IUIEHKaxX TaJIOBUCMYTaTOB OKAa3bIBACTCs CYLIECTBEHHO MEHEe
3 pexTuBHBIM. bonee Toro, BEICOKHE 3HAUEHUS IIUPUHBI 3aMIPEIIEHHON 30HbI HCCIIEIOBAHHBIX
ranoBucmyTatoB (2.0-2.3 5B) cCylIeCTBEHHO OTpaHUYMBAIOT TEOPETUUYECKH BO3MOKHYIO
3(pPEeKTUBHOCTh NpeoOpa3oBaHMs COJHEUHOTO cBeTa. B cBA3M ¢ 3TUM, BakHOM 3ajmaueit
CTAaHOBHTCS TOJYYEHUE HOBBIX TaJOBUCMYTATOB C TPEXMEPHBIM AaHUOHHBIM KapKacoM H
HU3KUMHU 3HadeHUsMU Eg, a Taxxke pazpaboTka METOIOB HAaHECEHUS TOHKMX IUIEHOK TaKHX

CTPYKTYP Ha OKCHUJIHBIC ITOJJIOKKH.
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I''TABA 2. DKCIIEPUMEHTAJIBHAA YACTb

2.1. MeToanbl Hccjie10BAHNSA

2.1.1. PeHTreHOCTPYKTYPHBI aHAJIN3

Pentrenoctpykrypubiii  ananmuz (PCA) OonpmmHCTBa 00pa3ioB NpPOBOIWIM — Ha
nabopatopubeix npudopax SMART APEX II u Bruker D8 Venture (u3nyuenune MoK, 0.71073
A, rpaduroBslii MoHOXpoMaTop), 06opynosanHbx 2D CCD nerekropom. ITonyueHHBIE TAHHBIE
uaTerpupoBanu B nporpammax APEX Il [157] wim APEX 11l [158]. [TornomieHue ydreHo
MOJy3MIIMPUYCCKUM METOJIOM 10 3KBHBajlieHTaM B mnporpammax SADABS [159] wmm
TWINABS [160]. Kpucrammudeckue CTPyKTYpbl MEIKOKPHCTAIUTHYSCKUX 00pa3ioB 76 u 147
OBLTH U3YYCHBI C HCIIOTH30BAHUEM CHHXPOTPOHHOTO HCTOYHHKA U3ITydeHUs Ha cTaHIuu «PCA»
B Kyp4aToBCKOM IIEHTpEe CHHXPOTPOHHOTO H3JIYYCHUS M HAHOTCXHOJOTHHA. Pe3yibraTh
obpabateiBasi B mporpamme IMOSfIm [161]. Jdauubie ans coeaunenui 18, 29, 44 u 46
nonydyeHsl Ha craninuu BMO1 EBpomneiickoro 1meHTpa CHHXPOTPOHHBIX HCCII€IOBaHUM
(madppaxTomerp PILATUS@SNBL) [162]. OO0OpabGoTKy 3KCIEPHUMEHTAIbHBIX JaHHBIX
npoBoamin ¢ momoinbio mporpamm SNBL ToolBox [162] u CrysAlis (Rigaku Oxford
Diffraction).

Bce crpykTypel pemeHsl koMmMOuHauuen mnpsmMoro wmertona u  Dypbe-CHHTE30B ¢
ucnonb3oBanneM SHELXT, u yrounensl ¢ ucnois3oBanuneM SHELXL [163] B mporpamme
OLEX2. Bce HeBOIOpOAHBIE aTOMbl YTOYHEHBI C M30TPONHBIMU MapamMeTpaMu CMEILECHHUS.
Benuuunel 3aceneHHOCTEN pa3ynopsA0YeHHbIX aTOMOB (IIPU HAJIMYMU TaKOBBIX B CTPYKTYPE)
MOJYyYeHBl TPH AHU30TPOITHOM YTOYHEHHU CTPYKTYpP C (DUKCHPOBAHHBIMH TEIUIOBBIMU
napaMeTpaMu pazynopsA0YeHHBIX aTOMOB. ATOMBI BOJOPO/Ia PACCUUTAHBI U3 TEOMETPUUECKUX
CO00pakeHNH W YTOYHEHBI KaK IMOBIKHBIC aTOMBI C 33JJaHHBIM OTHOCHTEIHHBIM MTapaMeTpOM
uzotrponHoro cmemmeHus (Uiso(H) = 1.2Ueq(C) mis apomatudeckux atoMoB U Uiso(H) = 1.5Ueq(C)
g anupaTHYeCKUX  aTOMOB).  OKCIEPUMEHTAJIbHbIE  JaHHbIE IS CTPYKTyp C
cooTBeTcTByIomUM pedkonom (Tabmuma 23) genoHupoBansl B KeMOpumkckyro 0asy
CTPYKTYpHBIX HaHHBIX [64]. Bonee moapoOHyro uHpOopManmio 06 ucrnonszoBannu PCA s

OTACIBbHBIX COGJII/IHCHHIZ MO>KHO HAaWUTHU B OHY6HI/IKOB3HHHX CTaThiaX M3 CIIMCKa IIO0 TEME
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AUuccepTranuu (CM. pa3aci «Hy6m/11<am/11/1, B KOTOPBLIX OTpaXCHbI OCHOBHBLIC HAYYHBIC

pe3yJIbTaThl TUCCEPTAITHI ).

Bripaxxaem Omaromapnocte Wmtoxuny A.b. 3a mnposemenne PCA wu  pemienue
KPUCTAJUTMYECKUX CTPYKTYp coenuHeHuit 1-37, 43-71, 75, 146-157, a Taxke JlopoBaTOBCKOMY
[1.B. 3a nonyyenne nudpakInOHHBIX JaHHBIX 00pa3noB 88-91 n 00paboTKy MOHOKPHCTATHHBIX
JTaHHBIX coeqnHeHui 76 n 158 na cranmmm «PCA» B KypuaToBckoM IIEHTpe CHHXPOTPOHHOTO
U3TY4YCHHUS U HAaHOTEXHOJOTHi. OCcTambHbIe COeAMHEHUS OB CTPYKTYPHO 0XapaKTepHU30BaHBI

aBTOPOM.

2.1.2. Pentrenoga3oBblii aHAJIN3

Pentrenoda3oBslii aHaau3 MPOBOIWIM Ha jJaboparopHoM mnpubope Bruker D8 Advance
(m3nmyuenue CuK,, reomerpus cheMkH Ha otpaxeHue (mo bperry-bpenrtano), Ni-bwuibtp),
OCHAIIICHHOM MO3UIIMOHHO-4yBCTBUTENbHBIM 1D nerexropom LynxEye. JIlnamazon nsmepeHuit
20 nns GonpIIUHCTBA CTPYKTYp cocTaBisa 5—50°, mar 0.02°. TlomHonmpodwibHBIA aHalu3
MIOPOIIKOB U yTouHeHHe MeToaoM Jle beitnsa nmpoBoauau B mporpamme TOPAS 4.2 [164]. ®on
OMKCHIBATM TOJMHOMaMU YeOblllieBa YETBEPTOrO TMOPSAJKA W BBIINIE B 3aBUCUMOCTH OT
cioxknoctu npodmist ¢ona. bormee moapodbHyro mHbopmaluio 06 ucnoib3oBaHuu PDOA s
OTJIEJIbHBIX COCMHEHUA MOXXHO HAWTH B OMyOJMKOBAHHBIX CTAaThSIX M3 CIHUCKA MO TEMeE
mucceptanmu  (cM. pasznmen «llyOimkanuu, B KOTOPBIX OTPaXCHBI OCHOBHBIC HAy4YHBIC

pe3yJIbTAThI IUCCEPTALINNY).

Kpucramnuyeckue crpykrypsl coenunenuii 88-91 Obumm ompeneneHbl MO JaHHBIM
MOPOIIKOBOM PEHTT€HOBCKOW AU(PPAKIUHU, MOJYYEHHBIM HAa CHHXPOTPOHHOM HCTOYHHKE
u3nydeHus Ha craHuuu «bemnoxk» B KypyaTOBCKOM LIEHTPE CHHXPOTPOHHOTO W3JIY4YEHHUS U
HaHotexHosoruii [165] (cm. pasaen 2.3). OOpaser; moMerniaay Ha neTio pasmMepom 200 MKM 1
BpalllaJId BOKPYT TOPU3OHTAIBHONW OCH, YTO MO3BOJISIIO YCPEIHUTH TU(PPAKIIMOHHBIE KapTUHBI
U n30aBUThCA OT dddexTa TekcTypupoBaHus obOpasua. ludpakunoHHBIE KapTUHBI OBLIH
noJiydeHsl ¢ momouisio 2D-nerexkropa Rayonix SX165, pacnonoxenHoro Ha pacctosiuuu 150
MM o1 yriaoMm 18° k HopManu. /{1 cbeMKH MCIOIb30BaIM T'€OMETPUIO HA MPOITycKaHue (1o
Hebaro-Illeppepy) ¢ pasmepom pentreHoBckoro myuka 400 wmkm. [lomyueHHble
nu(pPaKTOrpaMMbl HOPMATM30BaIK 10 AnuHy BomHbl 0.75 A. Jluanaszon 20 coctapun 1.52-

33.34° ¢ marom 0.00994° u BpemeneM skcnozunuu 10 MunyT. /IBymMepHble AUPPAKIIUOHHbIE
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KapTUHBI, MTOJIyYEHHbIE Ha JETEKTOpE, MPeoOpa3oBbIBAIN B CTAHAAPTHYIO (HOPMY 3aBUCUMOCTHU
WHTEHCUBHOCTH OT yriia oTpaxenus [ (20) ¢ momomipio nporpaMmHoro odecredenus Dionis
[166]. JInst kaauOpOBKH pACCTOSHUS MEKIY 00pa3lioM M IETCKTOPOM, a TaKXKe IS MOTyYSHHUS
npodunst GpopMbl onucaHus pedIeKCOB B KaueCTBE CTaHAApPTAa C M3BECTHBIM IOJIOKEHUEM
I paKMOHHBIX THKOB Hcmoib3oBanu nonukpucraummdeckuii LaBs (NIST SRM 660a).
JudpakiimoHHble MUKW alMPOKCUMHUPOBAIN (PyHIaMEHTAIbHBIMU MapaMeTpaMU C MOMOIIBIO
rayccoBoil ¢pynkuuu 1/cos(0). UnauumupoBanue qudpakrtorpaMm ¢ HEU3BECTHOU CTPYKTYpO
NPOBOAMIA C HCIOJb30BaHHEM Habopa u3 24-30 MHUKOB NpU MajblX YIJIaX OTPaKeHHS.
CTpyKTypBl aHHOHHOHM 9acTH CTPYKTYPhI OBUIN YCTaHOBIIEHBI C TIOMOIIBIO0 METO/1a 00paIeHus
3apsioB [167]. OmHO3HAYHO ONPENeTUTh YITAKOBKY KaTHOHHOW YacTH CTPYKTYPBI HE yAaJI0Ch

HN3-3a HU3KOI'O BKJIaJa JICTKHX aTOMOB B ,Z[I/I(l)paKIlI/IOHHYIO KapTUHY IIOPOIIKA.

2.1.3. KBaHTOBO-XMMHYECKHE PacyeThl

Bce KBaHTOBO-XMMHMYECKHE PacYEThl BBIMOJIHSIIM B paMKaX OOMEHHO-KOPPEISIIMOHHOTO
¢yukumonania PBE [168], a taxxke rubpuanoro ¢ynknuonana HSEO06 (mis pacyera
AJIEKTPOHHOU TIOTHOCTH cocTossHmi (DOS) crpykryp [4-Pi2C2]2[Bi2Brio], [4-Pi2C2]2[Bi2lio],
M110pb, M110t, M110t, cm. pazmen. 3.5.1.3) C sMmupHUECKOi MONMPABKOW Ha AUCIIEPCUOHHBIC
B3aumoericteuss D3 (DFT-D3(BJ) [169]) B nporpammuom maketre VASP 5.4.1 [170-173].
ATOMHBIE s1/Ipa ONUCHIBAIN C MOMOIIbIO0 ToTeHIManoB PAW. BaneHTHble 31eKTpoHBI (2S u 2P
s atomoB O, N u C; 5d, 6p u 65 aist Bi; 55 u 5p ms 1; 4s m 4p qist Br; 1S ans H) onuceiasu
C MOMOIIBI0 0a3UCHOTO Habopa MIOCKUX BOJH (FPaHUYHOE 3HAUEHUE KMHETUYECKOW IHEPTUU
coctasisio 800-900 5B). Jlns pacuyeTta MIIOTHOCTU 3apsiOB BBIMOJIHSIIM UHTETPUPOBAHHUE TIO
30He bprutrosHa ¢ momonisio cxembl Monkxopcera-Ilaka [174] ¢ ceTkoit K-Touek 7x7x7 (75, 76,
m75, m76) u 7x5x5 (20). dns pacuera DOS ucnons3oBasin 6ojee MIOTHYIO CETKY K-Touek
14x14x14 (75, 76, m75, m76), 12x8x8 (62), 8x8x16 (132) u 10x10x3 (133). Pe3ynbTaTs
pacdera DOS ObuM mpoaHaIM3UPOBAHBl C TOMOIIBIO TporpamMmbl pévasp. DyHkus
AIIEKTPOHHOW TUIOTHOCTH, TPUTOHAs IS aHAIM3a B paMKax Teopuu beiinmepa «ATombl B
monekynax (QTAIM) [175,176], Obuta momydena B xozae «Single-point» pacueTtoB
ONTUMM3UPOBAHHBIX CTPYKTYp 20, 62, 75, 76 u MOAeNbHbIX cOeAMHEHH MT75 u M76 (cwm.
pazzaen 3.5.1.2) ¢ ucnosnb30BaHUEM CETKH OBICTpOTO IpeodpazoBanus Pypbe, KoTopas Oblia B

nBa (s ctpykTypsl 20) WK yeThipe pasza IoTHee (711 OCTAIbHBIX CTPYKTYp), YeM 3HAUCHHUS
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110 YMOJIYaHHUIO. PaccTosHUs MeK Iy TOUKAMH B IIPIMOM TIPOCTpaHCTBe cocTaBmsu ~0.03 A s
20, ~0.01 A a1 62 u ~0.015 A nns ocranbHeIX cTpykTyp). [ pacuera 30HHON CTPYKTYpPBI
UCIIOJIb30BAIM MyTh W3 K-Touek coriacHo [177]. TomoJOrHMYecKUil aHAIU3 3ICKTPOHHOM
mwiotHoctd B TepmuHax QTAIM Obut mpoBeneH ¢ moMorisio mporpammbl AIM (dacts kojna

ABINIT) [178]. Ananu3 NCI 6bu1 ipoBeier aas coeauueHust 20 ¢ MOMOIIBIO TPOrPaMMHOTO

obecneuenuss CRITIC2 [179].

KBaHTOBO-XMMHYECKHE pAacUeThl COCTUHEHUS 58 OBbUTM BBIMIOJHEHBI IS MOJEIHHOU
CUCTEMBI, MOJYYEHHON IMyTeM MOHMKEHHUS] CHUMMETPUH SKCIEPUMEHTAIbHO YCTaHOBJICHHON
cTpykTypsl (P21/n—P1), mockoyibKy KpuCTalTM4eckas CTPYKTypa 58 HMeeT BBI3BaHHOC
CUMMETpHel pasynopsaoueHue KatuoHoB 1,4’-Ounupununus. IlomyuenHnas mopaens Oblia
ONTHUMH3UPOBaHA. ['eoMeTpusl Kak KaTHOHA, TaK M aHWOHA TOCIE ONTHMHU3AIUUA XOPOIIO
COTJIAaCYIOTCS C SKCIEPUMEHTAIbHBIMU JTAHHBIMH. Pacripesenienre 3MeKTpOHHOUM IIIOTHOCTH B
CTPYKType ObUIO mpoaHanu3upoBaHo B pamkax QTAIM, YTo MO3BOJMUIO ONPEACTUTH
CBSI3BIBAIOIIME MEKaTOMHBIe B3auMoeicTBus [180]. Duepruu cpsizeii Bi—| ObutH OLieHEHBI 110
pesyabTatramMm QTAIM ¢ momonipio kKoppensanuu JcnuHo3bl-Monuaca-Jlekomra [176]: Eppng =
—0.5*V(r), tne V(r) — MIOTHOCTh MOTCHIMAIBHOW DHEPTUHM DJICKTPOHOB B KPUTHUECKOM
TOUKe CBs3M. HecMOTpsi Ha TO, YTO 3TO COOTHOIIIEHHWE OOBIYHO HCIOIB3YETCS JUIS ONMHUCAHUS
HEKOBAJICHTHBIX B3aWMOJCHCTBHI, €r0 MOXXHO C YBEPEHHOCTHIO NPUMEHSATH JJIsi OLICHKHU

NPOYHOCTH CBsi3el Apyrux tumnos [181].

Bonee nonpo6Hyro nHMDOpMAaIHIO 00 UCITOIH30BAHUH KBAHTOBO-XUMHUUYECKUX PACUCTOB JIJIS
OTJENbHBIX COCAMHEHUNW MOXXHO HAWTH B OMYOJUMKOBAHHBIX CTAaThsX W3 CIIMCKA IO TEME
muccepranun  (cMm. pasmen «[lyOmukamum, B KOTOPBIX OTPaKE€HbI OCHOBHBIE HAay4HBIC

pe3yJIbTAThI IUCCEPTALIINY).

Beipasxkaem Onarogapaocts KopirokoBy A.A. 3a mpoBefeHHE KBaHTOBO-XMMHYECKUX
pacueroB coenuHennii 19 u 58 u npenocraBiaeHue goctyna K nporpaMmmuomy nakery VASP u

pacyeTHbIM MammHaM. PacueTsl Apyrux coeAMHEHUH ObLIN MPOBEACHBI U 00pabOTaHbl aBTOPOM.

2.1.4. Cnexkrpockonust 1u¢pPpy3Horo orpakeHust

Cnextpsl guddysnoro orpaxenus (CHO) peructpupoBanu Ha cnekTpodoromerpe Ocean

Optics QE65000 B namamazone wactor 11000-50000 cM™? mpu komHaTHOI Temmeparype.
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I'padpuxu Tayka mpeacTaBiieHbl B BHjae 3aBUCHMOCTH (yHKIH KyOenka—Mynka [117] ot
DHEPrUM CBETAa B COOTBETCTBHH C ypaBHeHHEM 2. [[si coequHEHWI C HEM3BECTHBIM THIIOM
TIPOBOJIMMOCTH, a 3TO OOJIBIIIAs YaCTh MX, MBI HUCTIONB30BaNK Y = 1. B Tabnuie 23 Bce 3HaYeHUS
ONTUYECKON MMUPUHBI 3anpenieHHol 30HbI (Eg) npuBenens! s y = 1. i nonydeHus GyHKIAA
Ky6enka-Mynka wucnosib3oBaHo ypaBHeHue 1. 3Hauenuss Eg oueHuBanmm sKkcTpamnossiuen
JIMHEMHON YacTH COOTBETCTBYOMIEeH kpuBoil Ha F(R,;) = 0. Bonee moapoOHyro uH(OpMAaIUio
00 wucnonb3oBanun CHO s OTACNBHBIX COCAWHEHUM, BKJIOYas MPSIMO30HHBIC
TIOJTYTIPOBOIHUKH, MOYKHO HAHTH B OIyOJMKOBAHHBIX CTAThSIX M3 CITMCKA MO TEME TUCCEPTAIIHH
(cm. pasgen «IlyOnukamuu, B KOTOPBIX OTPaKEHbI OCHOBHBIC HAYYHBIC pE3YJIbTAThI

JTUCCEePTALIAN).

2.1.5. PacTpoBasi 3JIeKTPOHHAsI MUKPOCKOIMS ¥ YHEProAucIepcuoOHHas

CIIEKTPOCKOIIUSA

PacTtpoByro anexkTpoHHyr0 MuKpockonuio (POM) BemmonHsaan Ha mMukpockomne Carl Zeiss
NVision 40. M300pakeHusi HAKAIUTUBAIM C IOMOIIBIO JETEKTOpa BTOPHYHBIX 3JICKTPOHOB

OBepxapaa-TopHiau IpH yCKOpSIOUEM HanpsikeHuu 2-3 kB.

XUMUYECKUNH COCTaB COCAMHEHHH OBbUT M3Y4eH C MOMOIIBI0 IHEPTOAUCIIEPCUOHHON
cnektpockonuu (EDX, pentreHocnexktpanpHbiii Mukpoananun3, PCMA) Ha ckaHHpyOIIUX
aneKTpoHHBIX MuKpockomax Carl Zeiss NVision 40, o6opynoannbiM netektopom Oxford
Instruments X-Max (80 mm?) u Tescan Amber GMH c¢ ucnonssosanuem EDS-zerexropa Ultim
MAX (Oxford Instruments). Anaiu3 mpoBOAWIIM TIpH yCKOpsitomieM Hampspkenun 20 kB.
Ommbka omnpeneneHus BECOBOM 0JIM aTOMOB rajoreHoB cocTaBisieT ~1%. MoiabHy0 101110

noaa OTHOCHUTCIBHO 06IJ_IeI‘O TaJIOrCHHOI'O0 COCTaBa B TBCPABLIX pPACTBOPAX OIPCACIIAIN N3

1,%

COOTHOIIICHUA IEDX = m.

Bripaxxaem Onaromapaocts TemmonoroBoit M.A. u KotmoBy C.}O. 3a ompeneneHue
XHMHAYECKoro cocraBa coeauHenuii 113-123 u  124-133, COOTBETCTBEHHO, METOIOM
HHEPrOJIMCIIEPCUOHHON CHNEKTPOCKONMUH. XHMHUYECKHH COCTaB JPYTUX COCIUHEHUN ObLI

OIMpCACJIICH aBTOPOM.



45

2.1.6. TepmorpaBuMeTpUYeCKUii AaHAIH3

TepmorpaBumeTpuueckuit ananu3 u AU HepeHIHATbHYI0 CKaHUPYIOUIYIO0 KAJIOPUMETPHUIO
(TTA/ICK) nmpoBouIu ¢ UCIIOIB30BaHHEM CHHXPOHHOTO TepMoananu3atopa SDT Q600 (V8.3
Build 101). O6pa3usl HarpeBanu B pexkume 10°C/mun ot 25 10 300°C ¢ motokom Bozayxa 250

MJI/MHH B OTKPBITBIX aJITIOMUHUCBLIX THIJIAX.

Bripasxkaem GmaromapHocts Cumonenko H.II. 3a mpoBeneHue TepMorpaBUMETPUUECKOTO

aHajan3a oopasIoB.

2.1.7. AMP cnekTpocKonus

Crnextpsl *H IMP peructpuposanu Ha cnekrpomerpe Bruker AM300 (300 MI'm) u Bruker
AVANCE-III (600.31 MI't) B DMSO-d® unu B D20 npu koMHaTHOI! Temmeparype.

Bripaxaem Gnarogapaocts Pynenko A IO. 3a nonyuenue cexrpos ‘H SIMP.

2.2. CuHTEeTHYECKAA YACTH

JIns  cuHTe3a IEJIEBBIX COCIMHEHWH OBUIM HCIIOJB30BAaHBI CICAYIONIME PEarcHTHI:
KOHIICHTpHpOBaHHass OpomoBogopoanas kuciota (Fluka purum > 48%), koHleHTprpOBaHHAS
nosoBogopoaHas kuciota (Alfa Aesar 57%), 2-amuronupuawa (Acros 98%), 3-aMmuHOTHPUAMH
(Acros 99%), 4-amunonupuaua (Acros 99%), napa-kcunenauxmopun (Peaxum, «ocuy), 1,2-
muopomaTan (Aldrich 99%), 1,3-mubpomnponan (Aldrich 99%), 1,4-muGpomOytan (Aldrich
99%), 1,5-nmubpomnentan (Peaxum, «u»), 1,6-auOpomrekcan (Alfa Aesar 97+%), 1,10-
muopomuekan (Alfa Aesar 97%), mupuaua (Xummen, «ocu»), Hurpar Bucmyta (I11)
nsaTuBoHbIA (PeaxuM, «ocu»), 6pomua Bucmyta (I11) (Lanchit ultra dry 99.998%), wonun
sucmyta (I11) (Lanchit ultra dry 99.998%), woaun xanust (Peaxum, «ocu»), OpOMUA Kasus
(Peaxum, «umay), aneronutpui (Kommonent-peaktus, dry), sranon (Xummen, 95%), Tomayou
(XummMme, «ocu»), U30MPONUIOBBINA cIUPT (XuMMe, «ocu»), tuMmetuiipopmamut (KommoHeHT-
peakTuB, musi xpomartorpaduu, 99.99%). Hexoropble opraHuyeckue MPEKypcopbl ObUIH
HIOJTY4EHBI B TPOIIECCE TAaHHOTO UCCIeI0BaHus. MeToIbl CHHTE3a BBIJCIICHHBIX B 3TOW padoTe

COC}IHHCHI/Iﬁ OIINCaHbl HUXKE.
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2.2.1. CuHTE3 OPraHuvYecKuX MpPeKypcopoB

Cunre3 6pomuos 1,1°-(ankan-1,1’-guua)onc(N-Mmerunanupuauausi) ([(N-Pi)2Cm]Br2; n
=2, 3; m = 2-6). B kpyrioaouHoii koa0e cMerranu N-metuanupuaud (0.323 monb; N =2, 3) u
1,1’-mubpomankan  (0.054 w™oap). Cmech KHOATHIM C OOpPAaTHBIM  XOJOJMJIBHHKOM.
OO0pa3oBaBiuiics 0cagoK OT(GUIBTPOBAIU MOJ BAKYYMOM, IPOMBUIM 3THJIOBBIM CIIUPTOM H
JTVATUIOBBIM QHUPOM. BBIIEICHHBIH MPOIYKT OTYUCTHIN METOJOM TEPEKPUCTATU3AINN U3
MeTanona. Beixoas! u pesynsrarel tH SIMP (300 MI'n, JIMCO-ds) mony4eHHBIX COeqMHEHHI

yka3aHbl B Ta0nwe 2.

Tabnuma 2. Cunte3 6pomuoB 1,1°-(ankan-1,1’-aunn)ouc(2/3/4-Me THAMUPUINHIS ).

'H SIMP (300 MI'n, IMCO-ds)

5:9.06 (d, J = 6.0 [, 2H), 8.49 (t, J = 7.8 I'wy, 2H), 8.08 (d, J = 8.0
I'n, 2H), 8.04 — 7.93 (m, 2H), 4.66 (s, 2H), 2.89 (s, 6H), 2.01 (s, 2H)
5:9.08 (d, J=6.0 I'y, 2H), 8.46 (t, J = 7.8 'y, 2H), 8.13 (d, J = 8.1
I, 2H), 8.05 — 7.95 (m, 2H), 4.57 (s, 4H), 2.87(s, 6H), 1.95 (s, 2H)
5:9.18 (s, 2H), 8.50 (s, 2H), 8.11 (s, 2H), 7.99 (s, 2H), 4.64 (s, 4H),
2.90 (s, 6H), 1.97 (s, 4H), 1.51 (s, 2H)

§:9.11 (d, J= 6.1 ', 2H), 8.48 (t, J = 7.8 'y, 2H), 8.14 — 7.90 (m,
2H), 4.70 — 4.49 (m, 4H), 2.87 (s, 6H), 1.88 (s, 4H), 1.45 (s, 4H)

CoeauHeHue Lu

[(2-Pi).C;]Br- 20

Boixoa, r

8.68 (43%)

[(2-Pi).Cs]Br. | 20 | 10.90 (52%)

[(2-Pi).Cs]Br. | 20 | 16.85 (75%)

[(2-Pi).Ce]Br. | 20 | 13.47 (58%)

[(3-Pi).C;]Br-

14.54 (72%)

8: 9.15 (s, 2H), 8.88 (d, J = 5.9 I', 2H), 8.53 (d, J = 7.9 'y, 2H),
8.06 (t, J = 7.0 I', 2H), 5.31 (s, 4H), 2.50 (s, 6H)

[(3-Pi)2C4]BI’2

14.76 (68%)

8:9.18 (s, 2H), 9.05 (d, J = 5.8 T, 2H), 8.48 (d, J = 7.9 'y, 2H),

8.07 (t, J = 6.9 'y, 2H), 4.72 (s, 4H), 2.50 (s, 6H), 2.02 (s, 4H)

8: 9.15 (s, 2H), 9.03 (d, J = 6.0 I', 2H), 8.46 (d, J = 8.0 ['w, 2H),
8.09—8.02 (m, 2H), 4.62 (t, J = 7.4 T'w, 4H), 2.51 (s, 6H), 1.99 — 1.91
(m, 4H), 1.34 (s, 4H)

[(3-Pi):Ce]Br. | 8 | 16.95 (73%)

Cunre3 opomuaa 1,1°-(3tan-1,1"-munn)ouc(4-merwmmupuannus) ([(4-Pi).C2]Br2). B
KPYTI0IOHHOHU K0JIOe cMetanu 4-metunnupuaut (50 mi, 0.514 mons), 1,1°-nuépomaTan (5 mi,
0.0578 moinp) u 20 M aneroHuTpuia. [lomydeHHYI0 cCMeCh OCTaBWIIM TIEPEMENTUBATHCS MPU
40°C B Teuenue 8 nueit. O6pazoBaBUIMIiCS 0CaI0K OT(HUIBTPOBBIBAIH II0]] BAKYYMOM, TPOMBLIH
aleTOHUTPUIOM U BhICYIiu pu 96°C. Beixox: 11.23 1 (52.0%). *H NMR (600 MHz, DMSO-
de) 6: 8.88 (d, 4H), 8.02 (d, 4H), 5.18 (s, 4H), 2.60 (s, 6H).

(L2

NH2Py).Cn]Br2, n = 6, 10). B miocko10HHO# K0JIOE TPUTOTOBUIIA PACTBOP 2-aMUHOMUPHUINHA

Cunre3 OpoMuI0B 1,1’-(ankan-1,1’-qunia)ouc(2-aMuHO MM P T HUSA )
(8.0, 0.085 monp) B ateronuTpumIie (4.0 M), mocie 4ero 400aBUIIN B peaKIIMOHHYI0 cMech 1,1°-
muopomankana (2.0 mur). CMech KUTISITHIN B TeUEHUE ABYX YacOB C OOPATHBIM XOJIOAUIBHIUKOM.

OO0pa3oBaBiniics 0CaJoK OTQUIBTPOBAIM TOJ BaKyyMOM, HPOMBUIA AalleTOHUTPHIOM H
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BBICYLIIMJIM Ha BO3ayXe. BbIxomsl M pesynstatel ‘H SIMP (600 MI'ny, D;O) momydeHHBIX

coeHeHUM ykazaHsl B Tabnure 3.

Tabmuma 3. Cunare3 6pomunos 1,1’°-(ankan-1,1’-qunn)ouc(2-aMUHOTTUPUTUHNSA ).

CoequHeHHUe t,u | Bsixoa,r 'H AMP (600 MI'u, D;O)

5:7.70 (m, 4H), 6.94 (d, 2H), 6.80 (t, 2H), 4.02 (t, 4H), 1.70 (5,
4H), 1,28 (s, 4H)

5: 7.75 (m, 4H), 6.98 (d, 2H), 6.83 (t, 2H), 4.09 (M, 4H), 1.76 (m,
4H), 1.18-1.24 (m, 12H)

[(2-NH2Py):Ce]Br, | 2 | 3.57 (63%)

[(2-NHPy),Cio]Br2 | 2 | 1.72 (40%)

Cunre3 opommnjaa 1,1’-(mentan-1,1’-qunmn)omnc(4-aMuUHONMPUINHUSA) ([(4-
NH2Py).Cs]Br»). B miocko10HHON K0J10€ MPUTOTOBUIM pacTBOp 4-amuHonupuauHa (5.0 r, 53
MMoJib) B aueroHutpuiie (30 mu), mocie yero A00aBUIM B peakUMOHHYIO cmech 1,1°-
muopomnenTana (1.25 mi, 9.2 mmons). CMech KUMSATUIN B TEYEHHUE JBYX YacOB ¢ OOpaTHBIM
XOJOAUIbHUKOM. OO0pa3oBaBIIMICS OCAaJOK OTQWIBTPOBAIM TMOJ BaKyyMOM, IPOMBLIN
nocieoBaTeNbHo cMechio (50 M) Tonyomna u 3TaHoja 2:1 ¥ BBICYIIWIM Ha BO3ayxe. Brixon:
3.34 1 (87%). *H SIMP (600 MI'u, D20) &: 7.90 (m, 4H), 6.78 (d, 4H), 4.07 (t, 4H), 1.82 (m, 4H),
1,15 (m, 2H).

Cunre3 xaopunoB 1,1'-(1,4-pennnendonc(mernien))ouc(nN-meruamupuannans) ([(n-
Pi)2(XK)].Cl, n = 2, 3, 4). B mimockoaoHHyI0 KOj0y, coaepxainyi pactBop 1,4-
ouc(xmopmerun)oenzona (1.75 r, 10 mmons) B 40 M amneroHuTpuia, I00ABWIM TPU
nepeMennBanuy N-meTunupuaut (41 MMonb; N = 2-4). CMech KUNSTWIM B TEUEHUE IIECTU
4acoB ¢ 00paTHBIM XOIOIMIBHIUKOM. OOpa3oBaBIIMiicS 0CaI0OK OTHUIBLTPOBAIH MO BAKYYMOM,
MPOMBUIN alIETOHUTPUIIOM M BBICYIIIIIA HA Bo3ayxe. [lomyueHHbI NpOAYyKT B Cilydae CUHTE3a
nuxiopuaa [(2-Pi)2(XK)]Clz cogepsxan Taxke npumecs xaopuaa N-(4-(xiopMeTrn)0eH3 I )-2-
metunmupuauaus ([(2-Pi)(XK)CI]CI). Berxoas! u pesynsratsl *H IMP (600 MI'u, DMSO-ds)

MOJIy4YEeHHBIX COeIMHEHUN yKa3aHbl B Tabnune 4.

Ta6numa 4. Cuntes xmopuaos 1,1'-(1,4-pernnenouc(meTrneH))ouc(N-MEeTUIITUPUINHUSA ).

Coequnenne t,u | Bwixog,r H AMP (600 MI'u, DMSO-ds)

[(2-Pi)2(XK)ICI +
[(2-Pi)(XK)CI]CI

[(3-Pi)2(XK)ICl. | 6 | 3.58(99%)

6 1.35 06:9.20, 8.57, 8.10, 7.51, 7.30, 5.96, 4.78, 3.33, 2.76, 2.51

8: 7.75 (m, 4H), 6.98 (d, 2H), 6.83 (t, 2H), 4.09 (m, 4H), 1.76 (m,
4H), 1.18-1.24 (m, 12H)

8: 9.12 (d, 4H), 8.01 (d, 4H), 7.61 (d, 4H), 5.84 (s, 4H), 2.60 (s,
6H)

[(4-Pi)2(XK)]CI2 6 3.32 (92%)
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Cunres xuopuga 1,1'-(1,4-pennnenouc(merniien))onc(3-amuuonupuaunus) ([(3-
NHsPy)2(XK)]Cl2). B mimockomoHHyro — koji0y, — coxepskamiyio  pactBop  1,4-
ouc(xmopomerun)oensona (1.25, 7.14 mmons) B 10 Ma ameTOHUTpWIA, T00ABWIM TIPH
nepememuBanuy 3-amuHonupuauH (5.00 r, 53.1 MMomap). CMech KUISITHIM B TEYCHHUE IISATH
4acoB € 00paTHBIM X0JI0IMIbHUKOM. OOpa3oBaBIIMiics 0caloKk OT(GUIBTPOBAIIH MO BaKYyMOM,
OPOMBUIA AallETOHUTPUIIOM M BBICYHIMJIM Ha Bo3ayxe. [lomydeHHOe BemecTBO MOMHMO
OCHOBHOTO MPOAYKTA COAEPKUT 0KOJIO 4% 3-aMuHONMUPUANHUS U 5% MOHOKBATEPHU30BAHHOTO
npou3BoHoro. Bexon: 2.26 r.'H NMR (300 MI'u, DMSO-ds) §: 8.35 (d, 2H, Py), 8.26 (s, 2H,
Py), 7.78-7.62 (m, 4H, Py), 7.56 (s, 4H, Ph), 6.87 (s, 4H, NH>), 5.72 (s, 4H, CH>).

Cunre3 OpoMuI0B 1,1'-(anxan-1,1"-quun)ouc(3-aMUHOIMPUTAHNSA ) ([(3-
NH2Py)2Cn]Br2, n =3, 4, 5). Cmech 1,1’-mudbpomanana (1 3Bk., 1.00 r) u 3-amuHonupuanHa (3
9KB.) paCTBOPHJIU B 3 MJIT arieToHUTpUIa. [TomydeHHbIN pacTBOP KUIITHIIA B TCUSHHUE TTOJTydaca,
3aTeM OCTaBWJIM TIEPEMEIIMBAThCS TMPH KOMHATHOW TeMmIepaType Ha JBOE CYTOK.
OO0pa3oBaBmHACS 0CaA0K OTHHUIHTPOBAIU TI0JT BAKYYMOM, IMPOMBLIN alleTOHOM ¥ BBICYIIIHIIN
Ha Bo3ayxe. Beixospl u pesyasratsl H AMP (300 MI'n, DMSO-ds) nony4eHHbIX coenHeHMH

yka3aHbl B Tabnuiie 5.

Tabmuna 5. Cunre3 6pomunoB 1,1'-(ankan-1,1’-gunn)ouc(3-aMUHOTTUPUAUHHUS).

Coenunenne t,u Beixona, r IH AMP (300 MI'u, DMSO-ds)

8: 8.23 (d, 2H, Py), 8.19 (s, 2H, Py), 7.75-7.62 (m, 4H, Py),
6.73 (s, 4H, NHy), 4.58 (t, 4H, CH,), 2.54 (m, 2H, CH,)
5:8.20 (d, 2H, Py), 8.19 (s, 2H, Py), 7.74-7.62 (m, 4H, Py),
6.72 (s, 4H, NHy), 4.52 (t, 4H, CH,), 1.89 (m, 4H, CH,)
5:8.23 (M, 4H, Py), 7.73-7.62 (M, 4H, Py), 6.72 (s, 4H, NHy),
4.46 (t, 4H, CH,), 1.91 (M, 4H, CH,), 1.26 (m, 2H, CH,)

[(3-NH2Py).C3]Br> | 0.5+ 48 | 1.68 (87%)

[(3-NH2Py),C4]Br, | 0.5+48 | 1.69 (90%)

[(3-NH2Py).Cs]Br> | 0.5+ 48 | 1.59 (87%)

Cunte3 moauaa meruwiaBuosoreHa [MV]l.. B miockonoHHYI0 KOOy, COIEpIKAIIyrO
pactBop 4,4’ -6unupuanna (25 r) B 50 M stanona, no6asunu noamertas (19.6 mi). [TonyueHHbii
pPacTBOp OCTaBWIIM NIEPEMEIIMBATHCS TPH KOMHATHOM TemrepaType Ha CyTku. OOpa30BaBIIHIACS

0CaaoK OT(l)I/IJ'H)TpOBaJ'II/I Imoa BaKyyMOM, IPOMBIJIA 3TAHOJIOM M BBEICYIIWJIN HAa BO3AYXC. BI)IXOJI:

62.6 T (90%). 'H NMR (600 MI', D20) &: 9.06 (d, 4H), 8.54 (d, 4H), 4.51 (s, 6H).

Cunre3 6pomuaa meruiaBuosioreda [MV]Br2. K pacteopy [MV]I2 (4.50 r, 10.2 Mmmouib) B

20 mn HxO nobGaBunm mpu TmarenbHoM mepeMemnBanuu AgBr (4.98 r, 26.4 mmors).
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BrinaBimii yepes HeIeNn0 opaHKeBO-KPACHBIN 0CaIoK OT(QHUIBTPOBAIIN, a OCTABIIUICS PACTBOP

[MV]Br, ynapumu 1o oopaszoBanus cyxoro [MV]Br2. Beixoa: 1.70 1 (48%).

Cunre3 noguaoB 1,n-gumernanupuaunus ([1,n-Me2Py]l, n = 2, 3, 4) u 1-meTni-4-
nuanomupuauaus ([(1-Me-4-CN)Py]I). K pactBopy N-METHITHUPUIXHIS/4-1THAHOTUPU JHHHS
(1.60 Mmomb; N =2, 3,4) B 96% stanone (25 mu) npuwiin uoamerat (1.96 Moinp) 1 ocTaBuiIn Ha
CYTKH B 3aKpbITOM KoJIO€ NMpU KOMHATHOM TemrepaType. BeimaBmmii ocagok oTQuibTpoBain
10JI BaKyyMOM W BeICymwim Ha Bosayxe. Mommna [1,3-MezPy]l cmiibHO THUTpOCKOTHYHBIN,
BBIJICJIMTE €T0 B CYXOM BHJIE HE yJanochk. Beixoasl U pesynsTathl ‘H SIMP (300 MI', D20)

NOJIy4YE€HHBIX COEIMHEHUN yKa3aHbl B Tabmune 6.

Tabmuma 6. CuaTe3 HOANAOB 1,N-TUMETHIIMUPUANHAS U | -MEeTHII-4-TTHaHOTTUPH THHHUS.

Coequnenue t,u Beixoa, r 'H AMP (300 MTI'u, D;O)
5: 8.60 (d, LH), 8.27 (t, 1H), 7.80 (M, 1H), 7.73 (M, 1H), 4.14

[1,2-MesPy]l 24| 2972 (19.0%) | (<30 570 (5. 3H)
] ] 5: 8.55 (s, 1H), 8.49 (d, 1H), 8.25 (d, 1H), 7.81 (t, 1H), 4.24 (s,

[1,3-MePy]l 24 3H). 2.44 (5, 3H)

[1,4-MesPy]l 24 | 28.82 (76.6%) | &: 8.47 (d, 2H), 7.75 (d, 2H), 4.20 (s, 3H), 2.54 (s, 3H)

[(1-Me-4-CNYPy]l | 24 | 12.21 (31.0%) | &:9.01 (d, 2H), 8.38 (d, 2H), 4.40 (s, 3H)

Cunre3 opomuna/monuna l-mermia-2-(opom/mox)mupununus ([(1-Me-2-Hal)Py]Hal,
Hal = Br, I). K pactBopy 2-6pommupuanna (0.60 Mosib) B 10 M1 MeTaHOJ I MIPHITAIA HOIMETaH
(0.70 MOJIBb) ¥ OCTAaBUJIM HA CYTKH B 3aKpbITON K0JIOE MpU KOMHATHOM TeMriepaType. Boinapmmit
0CaJIoK OTGWIBTPOBAIM TOJ] BAaKyyMOM M BBICYHIMJIM Ha Bosayxe. I[lomydeHHbiit oOpaszer
cofepKal Kak 1-MeTun-2-0pOMIMPUANHUMN, Tak ¥ 1-MeTun-2-nopnupuauauii. ‘H IMP (600
MTI', IMCO-ds) 6 9.26 (d, 1H), 9.23 (d, 1H), 8.57 (d, 1H), 8.47 (d, 1H), 8.41 (t, 1H), 8.11 (t,
1H), 8.09 (t, 1H), 8.01 (t, 1H), 4.36 (s, 3H), 4.33 (s, 3H).

[Tomyuennoe BemiecTBo (3 ) pacTBOpHIM B 7.5 MJ1 BOJHO-ciupToBOro pactBopa (EtOH:H.0
= 2:1) npu narpeBanuu g0 80°C. IlomydyeHHbIE Mocie OXJaXACHUS PacTBOpAa KPHUCTAIIbI
OTQUIBTPOBAIM TOJ BaKyyMOM M MPOMBUIM TUCTHILTUPOBAaHHOM Bojou. K BeimeneHHOMY
BemiecTBy no6asuinu Kl (2 1) n moBTOpHIN NepeKpuCTaUIM3AIMIO elle ABa pasa. [lomyueHnHbie
KpUCTAILTBI Hoauaa N-MeTHI-2-HOANMUPUIUHUS TIPOMBLIN BOJAOW M BBICYIIMJIM Ha BO3JIyXeE.
YucToTra nojydeHHoro npoaykra 97%. Bexoa: 1.06 1 (62%). *H AMP (600 MI'u, JIMCO-ds)
6:9.19 (d, 1H), 8.60 (d, 1H), 8.11 (t, 1H), 8.02 (t, 1H), 4.36 (s, 3H).
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Cunre3 OpovuaoB N-aneronwanupuaunus ([(1-AC)Py]Br) m N-ameronmia-2,6-
mumeTwinupuannus ([(1-AC-2,6-Me)Py]Br). B xpyrioaoHHYy 0 KOOy, COACpIKAIIYIO alleTOH
(10 mi1) 1 mupuans/2,6-gumeruanupuand (0.038 Mos), o KarmisM 106aBuIu OpoMarneToH (3.2
M, 0.038 momnp). CMech KUNATUIM B TEYCHHE JIBYX YacOB C OOpaTHBIM XOJOAWIBHHUKOM.
BemaBmuii  ocagok OT(GHUIBTPOBBIBAIM TOJ BaKyyMOM, IPOMBUIM O3THUJIOBBIM CIIHPTOM,
JUATUIOBBIM 3(GUPOM M BBICYIIMIM Ha Bo3ayxe. bpomma [(1-AC-2,6-Me)Py]Br coaepxur
HenAeHTH(QUIMPOBAHHbIE TPUMeCH. Beixoasl u pesynsratel *H SIMP (300 MI'u, IMCO-ds)

MOJIYYEHHBIX COSIMHEHUN yKa3aHbl B Taomwmie 7.

Tabmuma 7. Cunre3 OpommmoB  N-aneronmnmupumuaus u  N-anetonun-2,6-

JAUMCTHIIIIUPUINHUA.
CoenuHeHue t,u | Beixoa,r 'H AMP (300 MI'u, IMCO-ds)
[(1-AC)Py]Br 2 | 7.55 (92 %) E;Ogr-f (de)J, 2.(15'53()(1;,%3?)2’.%26%3,“’3 i| )= 7.8Tu, 1H), 823 (t,) =
[(1-AC-2,6-Me)Py]Br | 2 362 2(2384(?(2'_\'])’:27‘?71“(;{: ;.:g, 7.97 (d, J=7.8 T, 2H), 5.92 (s, 2H),

Cunre3 6pomuaoB 1,1'-(tpu/Terpa)mermiien-2,2" -onmupuaunus ([bipyCn]Brz, n =3, 4)
u 1,1'-(menranauun)ouc(2,2'-ounupuaunus) ([(bipy)Cs]Brz). B kpyriomoHHo# KojoOe
cvemtanu 2,2’-6unupuaud (1.00 r, 6.40 mmons) u 50 ma 1,1°-nuGpomankana. IloayyeHHBIH
pacTBOp Tpelu MpH TEepeMElIMBAaHUM HAa MAarHUTHOW MeIlajKke ¢ Temreparypoil pabodeit
noBepxHoctu 170-200°C B TeueHue meCTH 4acoB. BrImaBmiuii 0cajok OTQUIBTPOBAIN MO/
BaKyyMOM, IMPOMBIBAJIM all€TOHOM U BBICYIIIMIIN Ha BO3ayxe npu Temnepatype 95°C. B cimydae
peakuuu ¢ 1,1’-gubpombyranom u 1,1°-nuépomMiieHTaHoM ObLIa MOJIy4eHA CMECh MPOYKTOB,
comepxkaias He Oomee 15 mom.% mubpomumoB [bipyCs]Br2 u [(bipy)2Cs]Brz, a Taxke
HCXOAHOro 2,2’-6unupuauHus. Beixomsl u pesymsratel H SIMP (600 MI'ny, IMCO-ds)

MOJIy4YE€HHBIX COeIMHEHU yKa3aHbl B Tabnune 8.

Tabmuua 8. Cunte3 6pomuos 1,1'-(Tpu/TeTpa/nenra)meTuneH-2,2'-OUMupuaAnHUS.

Coenunenue t,u | Beixom, T 'H AIMP (600 MI'u, AMCO-ds)
. 8:9.50 (d, 2H), 8.93 (t, 2H), 8.50 (d, 2H), 8.48 (t, 2H), 5.11 (d,
0
[bipyCs]Br2 6 | 219(95%) | o1y 4.47 (m, 2H), 2.78 (m, 2H)
[bipyC4]Br2 6 - CwMmech mpoaykToB (11eeBoro BerecTBa < 15 Moir.%)

[(bipy)2Cs]Br- 6 - Cmech mpoayKToB (1ie1eBoro BemiecTBa < 15 Moi1.%)
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Cunre3 xaopuaa 1,1'-(1,4-pennnenonc(merunen))ouc(l-mupuaunns) ([Py2(XK)]Cly).
PactBop napa-xcunenmuxinopuna (2.50 r, 1.43 mmoins) u mupuauna (10 mu, 12.4 mmons) B
aieronutpuiie (10 wI) KUmSTHIM € OOpaTHBIM XOJOAWJIBHUKOM B TEYEHHE 5 Yacos.
[Mosy4eHHBIH 0caoK OTGUIBTPOBAIH MO/ BAKYYMOM, IPOMBLIH allETOHUTPHIOM M BBICYIINIH
Ha Bo3xyxe. Bexox: 4.46 r. *H IMP (300 MI'u, IMCO-ds) &: 9.10 (d, 4H), 8.57 (m, 2H), 8.10
(m, 4H), 7.57 (s, 4H), 5.85 (s, 4H). Tlony4eHHBIH MPOAYKT COACPKUT OKOJIO 4% MpUMecH

MoHOKBatepHu3oBanHoro mpoaykra [Py(XK)CI]CI.

Cunre3 opomuaa 1,1'-(1,4-pennnenouc(meruiien))onc(l-nupuaunus) ([Py2(XK)]Br2).
PactBop [Py2(XK)]Cl2 (3.50 1, 0.0105 monp) B 20 M 3TaHosia ObUT JOOABJIEH K PacTBOPY
opomuga terpamerunaMMmonus (4.41 r, 0.02 Moibp) B 5 MJI dTaHOJIA TIPH TIEPEMEIIMBAHUNA HA
MarHuTHOM Meranke (TeMreparypa padoueii moepxaoctu 60°C). ITomyueHHbIi Oebiii 0cagok
OT(GWIBTPOBAIN TOJ] BAKyyMOM, TPOMBUIA 3TAaHOJIOM W BBICYIIMJIM Ha BO3JayXe. BerecTBo
nomecTusii B konOy c¢ 30 My ameToHa M mepeMemuBaiu B TedeHwe 15 munyT. Ocanok
OTGUIBTPOBAIH 10T BAKYYMOM, ITPOMBLIN alleTOHOM U BBICYIIIWIU Ha Bo3ayxe. Beixoa: 1.77 r
(40%). *H NMR (DMSO-ds, 600 MHz, ppm) &: 9.26 (d, 4H), 8.61 (m, 2H), 8.17 (m, 4H), 7.62
(s, 4H), 5.90 (s, 4H). Cornacuo nanusiM PDA, moIydeHHOE BEIIECTBO SIBJIIETCS OHO(DA3HBIM.
Jletanu yTouHeHMs MeTooM Putsennaa: mp. rp. P2i/c, a = 13.3776(5) A, b = 12.1722(4) A, ¢
=10.4843(4) A, p=95.5182(17)°, V =1699.30(11) A3, R-Bragg = 0.132%, Rexp = 2.80%, Ruyp
= 3.69%, Rp = 2.76%, GOF = 1.32%.

Cunre3 mommaa 1,1'-(1,4-pennnenduc(mermiien))onc(l-mupuaunus) ([Py2(XK)]l2).
PactBop [Py2(XK)]Cl2 (3.00 r, 9 Mmoinp) B 20 M1 3TaHOIa ObLI J0OABICH K PACTBOPY HOJH/Ia
terpabyTrnamMmmonus (4.00 T, 18 MMob) B 5 MIT 3TaHOJIA MPU NIepEMENIMBAHUN HA MAarHUTHOU
Memranke (temmeparypa pabodeit mnosepxHoctu 60°C). IlomyueHHblid Oemnblii  Ocagok
OT(QMIBTPOBAIIN O] BAKYYMOM, MPOMBLIN 3TAHOJIOM M BBICYIIWIHA Ha Bo3ayxe. Beixon: 2.33 ¢
(50%). *H NMR (DMSO-ds, 600 MHz, ppm) &: 9.17 (d, 4H), 8.62 (m, 2H), 8.17 (m, 4H), 7.58
(s, 4H), 5.85 (s, 4H). Cornacuo manusiM PDA, moIydeHHOE BEIIECTBO SIBJISIETCS OHO(DA3HBIM.
Jletanu yTouHeHus MeTooM Putsensia: nip. rp. P21/, a = 6.84929(12) A, b=11.2512(2) A, ¢
=12.1930(3) A, B =94.0155(12)°, V = 937.32(3) A3, R-Bragg = 0.337%, Rexp = 3.27%, Rwp =
5.81%, Rp = 4.47%, GOF = 1.78%.

Cunre3 opomuaoB 1,1'-(ankan-1,4-quun)ouc(xunonunus) ([(QN)2Cn]Br2, n =4, 6). B

Buane ooreMom 20 mur cmemanu 5 ma 6e3BomHoro JIM®A, 1,1°-nuépomankan (1 skB, 15.5
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MMOJIb) U XUHOJNHH (2.5 3kB, 4.6 mu1). [lonydeHHYI0 CMECh 3aKpbLIN KPBIIIKOW C UTTION AJis
KOMIIEHCAllMU JaBJieHUs W Npu nepememnBanuu rpenu a0 90°C B teuenue 25 wyacos. Ilo
OKOHYAHUHU peakiuu cMech octyaunau no -10°C, pazbaBunm 15 mn anerona. ITomyueHHBIN
0CaJIOK OTQMIBTPOBAIIH IO/ BAKYYMOM, pombLiu 20 mut atterora u 30 M1 TUATHIIOBOTO ddupa
M BBICYIIWJIM BaKyyMHOM 3KcCUKaTope. UHMCTOTa MOJYYEHHBIX MPOAYKTOB COCTaBIISET OKOJIO
95%. Beixomsl u pesyastathl ‘H SIMP (600 MI'n, JIMCO-0s) monyd4eHHBIX CO€IUHEHUI

yka3anbl B Tabmune 9.

Tabmuma 9. Cunre3 6pomunos 1,1'-(ankan-1,4-1uwn)0Ouc(XHHOIUHUS).

CoennHeHHe t,u | BsIxom, r 'H AMP (600 MI'u, IMCO-ds)
3 9.56 (d, 2H), 9.29 (d, 2H), 8.69 (d, 2H), 8.50 (d, 2H), 8.28 (t,
0,
[(QN)-C4]Br 25 | 5.73(78%) | 511y 16 (1, 2H), 8.07 (t, 2H), 5.14 (m, 4H), 2.15 (m, 4H)
3:9.62 (d, 2H), 9.28 (d, 2H), 8.62 (d, 2H), 8.48 (d, 2H), 8.25 (&,
[(QN).Cs]Br 25 | 5.45 (70%) | 2H), 8.17 (t, 2H), 8.04 (t, 2H), 5.07 (t, 4H), 1.95 (m, 4H), 1.45

(m, 4H)

2.2.2. CuHTE3 COCMHEHUI U BhIPAllMBAHHE KPHCTAJLIIOB THOPUAHBIX

raioBuCMyTaToB

Cunre3 coeaunenus 1. K koHueHTpupoBaHHOMY pacTBopy Opomuaa Ouc(4-amuno-1-
nupuanHo)-1,1’-nenrana (0.394 r, 0.94 mmons) B 17 mn konu. HBr no6asumm 10 M 0.1 M
pactBopa BiBrz B xoni. HBr. Brinasmiie yepe3 HECKOIBKO JHEH PU KOMHATHOW TEMITEpaType
xentbie kpuctaiuibl [(4-NH2Py)2Cs][BiBrs] (1) Obutn oTAeneHbl IeKaHTalUel OT MaTOYHOTO
pacTBOpa M MPOMBITHI CyXUM aueroHuTpuwioMm. Beixom: 0.82 r (67%). Ilo nannsim POA
MOJTyYE€HHOE BEILIECTBO ABIIAEeTCA 0JlHO(a3HbIM. JleTanu yrouHeHus MeTooM Puteensaa: mp. rp.
Pbca, a = 8.9046(2) A, b =20.6148(2) A, ¢ = 25.0894(3) A, Rexp = 2.93%, Rwp = 6.76%, Rp =
4.80%, GOF = 2.31.

IMosyuyenue kpucramioB 2 u 3. K pactBopy 6pomuga 6uc(2-amuno-1-nupuauno)-1,1°-
nexana (0.43 r, 0.88 mmons) u KBr (2.90 r) B 40 ma H20 noGaBuim pacTBOp, comepsKamiuii
Bi(NO3)3-5H20 (1.20 1, 2.5 mmonb), KBr (5.80 r) u 10 mu H20. Beinasiimii sxenThiii 0caiok
OoT(UIBTPOBAIM MO BAaKyyMOM, IPOMBUIM BOJOM M 3TaHOJIOM, IOCJE YEero BBICYIIMIN Ha
BO3JlyXe TpHU KOMHATHOW Temmepatype. Brixomx: 0.65 1. Cwmech kpucramioB [(2-
NH2Py)2C10][BiBrs]-0.65H20 (2) u [(2-NH2Py)2C10]4[Hs02][BiBrs]s (3) Obu1a monmyueHna mytem

MCIJICHHOI'O YIIapyWBaHHW HACBIIICHHOTO paCTBOPA BBIACICHHOTO IMTOPOIIKAa B KOHII. HBr.
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Cunrte3 coequnenuss 4. K pacrBopy Opommma 1,1°-(rekcan-1,1’-maumn)ouc(2-
amunonupuanaus) (0.890 r, 2.0 mmoinb) u KBr (5.046 ) B 10 Mi1 Boabl 100aBUIN PacTBOP
Bi(NOz3)3-5H20 (2.07 1, 4.3 mmois) u KBr (10.09 1) B 10 Mt Boasl. BeImaBiiuii )enThlii 0cagok
OT(GUIBTPOBAIH O] BAKYYMOM, ITPOMBLIH BOJIOH, STHIIOBBIM CIIMPTOM U BBICYIIIUIIN Ha BO3IyXE.
Beixom: 1.65 1. Kpucramier [(2-NH2Py)2Ce]2[K(Bi2Bri1)] (4) Obuim BbIpamieHbl MyTeM
MEUICHHOT'O yITApMBAHUsS HACHIIIEHHOT'O PACTBOpA BBIACICHHOTO mopoiinka B koHIil. HBr. o
naHaeiM PDPA monydeHHOE TOCHIe MEPEKPHCTAIIM3ANN BEIIECTBO SBISCTCS OJHO(DA3HBIM.
Jletanu yTouHeHus MeTojgoM Putsensia: np. rp. P1,a = 11.1401(5) A, b =11.1567(5) A, ¢ =
13.1222(4) A, o = 77.823(3)°, B = 66.613(3)°, y = 60.675(3)°, Rexp = 3.24%, Rwp = 5.73%, Rp =
4.24%, GOF = 1.77.

Iosyyenue kpucraioB 5 m 6. K KOHUEHTpHpOBaHHOMY pacTBopy OpomMuaa Ouc(2-
amuHo-1-nmupuanno)-1,1’°-rexcana (0.204 r, 0.47 mmounb) B koHl. HBr gqo6asunu 5 mu 0.1 M
pactBopa BiBrs B konm. HBr. BeimaBmime depe3 HECKOJIbKO JHEH KENThle KpUCTALIbI [(2-
NH2Py).Ce][H30][BiBres]-2.33H20 (5) ObutH oT/1EICHBI IEKaHTAIIMEH OT MATOYHOTO pacTBOpa U
BEICYIIICHBI Ha ¢uibTpe. [Ipu pacTBOPEHWHM MOJIYYCHHBIX KPUCTAIOB B AallCTOHUTPUIIC B

TCUCHHUC HCCKOJIbBKUX MHUHYT Ha6m0):[anoc5 O6pa?>OBaHI/Ie HGYCTOIZHHBBIX Ha BO3OYXC

kpuctainioB [(2-NH2Py)2Ce]3[BiBrs]2-CH3CN (6).

IMonyuenue coenunenns 7. K pacteopy 0.890 r 6pomuna 1,1°-(rexcan-1,1’-gumn)ouc(2-
amuHorupuanaus) u 7.03 r KI B 20 mn H20 mobaBunmu pactBop 14.07 r KI u 2.07 r
Bi(NO3)3-5H20 B 15 M H20. TTony4dennsrit opamkessiid ocanok [(2-NH2Py)2Ce][Bils]2-2H20
(7) oTdunbTpOBaTH 1OJT BAKYYMOM, IIPOMBUIN 3TAHOJIOM M BRICYIIMIM Ha Bo3ayxe. Breixon: 3.06
r. CornacHo naHHbIM P®A, monyuyeHHBIM 00Opasell COJNEpKUT 3HAYUTENIbHOE KOJIWYECTBO
HEUJCHTUPUIIMPOBAHHON NMPUMECH ¢ HanboJiee MHTEHCUBHBIMU peduiekcamu nipu 20 = 14.11,

18.93,20.67 n 24.13°.

Monyuenue kpucramion 8. K pactsopy 0.204 r 6pomuna 1,1°-(rexcan-1,1’-aumn)ouc(2-
amMuHONIMpuANHNA) B 1 Mi1 koHueHTpupoannoro HI mo6asunm 5 ma 0.1 M pactBopa Bils B
koHeHTpupoBanHoM HI. Yepes 24 daca moiydeHHYI0 cMeCh OT(HUIBTPOBAIH, a KpacHBIN
ocanok, cocrosumii u3 cmecu kpuctawioB 7 u [(2-NH2Py)Ce]s[H30]2[Bizl11][Bils]-6H20 (8)

IMPOMBUIH allCTOHUTPUIIOM U BBICYIIHIIM Ha BO3QYyXC.
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Cunte3 coenmnenuii 9, 12-18. K pacrtBopy Opommma 1,1°-(ankan-1,1’-gumr)ouc(2/3-
Metunnupuaunusa) (0.50 r) B 6.25 mn 4M Bognoro pactBopa KBr pgobGasuim pactBop
Bi(NO3)3-:5H20 (4.75 1, 9.8 mmons) u KBr (23.8 r) B 75 ma H>O. BemaBmmuii ocamok
OoTHUIBTPOBAIM TIOJI BAaKyyMOM, MPOMBLIM BOJOW M 3TAHOJOM M BBICYIIWJIM Ha BO3IyXE
(Tadbmuma 10). Kpucramier  [(2-Pi)2C2][BiBrs]  (9), [(2-Pi)2Cs]2[Bi2Brio] (12), [(2-
P1)2Cs]2[Bi2Brio] (13), [(2-Pi)2Ce]3[Biz2Bro]2 (14), [(3-Pi)2C2][H30][BiBrs]-2H20 (15), [(3-
Pi)2C4]3[Bi2Bro]> (17) u [(3-Pi)2Ce]3[Bi2Bre]2 (18) Obuin BBIpaIieHbl MyTeM MEIICHHOTO
yIapuBaHUs HACBIIICHHOTO pacTBOpa MOJYyYEHHOTo mopoiika B KoHI. HBr. B mpucyrcTBum
napoB HI momumo [(3-Pi)2C2][H30][BiBrs]-2H.0O  6buir monyueHsl kpuctamisl  [(3-
Pi)2C2]2[BiBre][I1Br2] (16).

Ta6mmma 10. PesynasTaThl cuaTe3a coequnenuii 9, 12-18.

Coennnenue Da3oBblii coctaB  Boixon  Pe3yiabrarThl yrouHeHust MeTogoM PutBesbaa

mp. rp. P2i/c, a = 9.6577(4) A, b = 19.7734(3) A, ¢ =
9 oaHO(a3HOE 0.731  11.6179(4) A, p=113.552(3)°, Rexp = 3.54%, Rup = 7.26%,
Rp = 5.20%, GOF = 2.05
mp. rp. P2i/n, a = 11.1050(3) A, b = 10.0430(4) A, ¢ =
12 oHO(a3HOE 0.82T  19.9647(6) A, = 101.993(2)°, Rexp: 3.10%, Rup: 8.08%,
Rp: 5.38%, GOF: 2.61
np. rp. C2/m, a = 14.4137(6) A, b = 18.0306(9) A, ¢ =
13 He oHO(a3HOE 0.64T  9.8775(4) A, f = 114.822(4)°, Rexp: 3.49%, Rup: 14.41%,
Rp: 9.67%, GOF: 4.13
14 He ocHOBHasl (aza 1.02r -
np. tp. P2i/n, a = 10.4093(4) A, b = 18.2135(8) A, ¢ =
15 He ogHO(Da3HOe 1.571  13.8881(6) A, B = 99.444(5)°, Rexp: 2.05%, Rup: 12.72%,
Rp: 8.70%, GOF: 6.21
16 He OCHOBHasl (paza - -
np. rp. P2:/n, a = 16.4908(9) A, b = 11.3762(10) A, ¢ =
17 oaHO(a3HOE 1171 41.7608(26) A, = 95.189(5)°, Rexp: 2.88%, Rup: 12.56%,
Rp: 8.06%, GOF: 4.37

18 He OCHOBHas (paza 1.07t -

Cunre3 coequnennii 10 u 11. K pacteopy xsnopuna [(4-Pi)2(XK)]Clz wu [(3-Pi)2(XK)]Cl:
(0.51, 1.4 mmoup) 1 KBr (2.98 , 25 mmoup) B 6.3 mut H20 no6aBuiu 11.1 mit BomHOTO pacTBopa
Bi(NO3)3-5H20 (0.70 r, 1.4 mmonb) u KBr (3.51 1, 29 mmounb). OOpa3zoBaBIIUiics 0CaI0K
0eXeBO-XKENTOro IBeTa OT(PMIBTPOBAIM IMOJ BaKyyMOM, NMPOMBUIN 96%-HBIM 3TaHOJIOM U

Beicymuiid Ha Bo3ayxe (Tabmumma 11). Kpucramasr [(4-Pi)2(XK)]2[Biz2Brio] (10) u [(3-
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Pi)2(XK)]s[BiBrs]2[BiBrs] (11), npuroausie aast PCA, ObUIH MOTyYeHbI IEPEKPHUCTAITH3AIIUCH

IIOPOLIKOB U3 KOHLEHTpupoBaHHOM HBT.

Ta6muma 11. PesynapTaTsel nonydenus coenuaenunit 10 n 11.

Coenqunenue Da3oBbiii coctaB  Bpixog  Pe3syabTaThl yrounenus meronaom Pursennaa

up. p. P2i/c, a = 10.0180(3) A, b = 22.2187(8) A, ¢ =
10 oxHo(pazHoe 1.10r  12.2491(5) A, B = 113.818(2)°, Rexp: 2.48%, Rup: 5.77%,
Rp: 4.17%, GOF: 2.33
np. rp. 14/m, a = 12.6543(6) A, ¢ = 30.237(2) A, Rex:
2.04%, Rwp: 5.79%, Rp: 4.30%, GOF: 2.84

11 onHodaszHoe 1.02r

Cunte3 coenmnenmii 19-23, 25. Bce coemuHeHuss ObUIM TOMYYEHBI peakIuei
COOTBETCTBYIONIETO MOJUa METUITUPA3UHUS, PACTBOPCHHOTO B MUHUMAJIBHOM KOJIHYECTBE
koHi. HBr, pacrBopom BiBr3 B 10-20 mn xonnentpupoBanHoro HBr. Ilociae memieHHOr0O
UCIIapEHUS PACTBOPA B TCUCHHE HECKOJIBKUX JTHEH mojydeHHbie Kprctawisl [MePzH]3[BiBre]2
(19), [Me2PzH]2[Bi2Brio]-2H20 (20), [MesPzH][BiBrs]-H20 (21), [MesPzH]3[BiBrs].-H20 (22)
u [HPz]2[H30][BiBrs]-H20 (23) 6bl11 exaHTHpOBaHBI U IPOMBITEI dTaHosoM (Tabmuma 12).

[lpu  momyuenum  coemmHeHms 19  ObtM  Takke  OOHApPYKEHBI  KPUCTAJLIBI

[MePz]a[HsO]2[BiBrs]2-1.5H20 (25, 15.4%).

Tabnuia 12. PesynasTaTel cuHTe3a coequnenui 19-23, 25.

Coen. BiBr;  Kartuon (Dci:fco;::yl Boixon | Pe3yabTarhl yrouHeHusi MeToaoM PurBesbaa
19: mp. rp. Pben, a = 13.4099(4) A, b =
[MePz]*, HE 14.1448(4) A, c=19.1787(5) A; 25: nip. rp. 144/a,
19+25 | 0800r  gasar | ommogasmoe | 9930 | a=21.167(3) A, ¢ = 21.387(6) A: Rexp: 2.43%,
Rwp: 6.80%, Rp: 4.81%, GOF: 2.80
[Me,Pz]* np. rp. P21/n, a=11.2296(5)A, b =11.1820(6)A,
20 0.450r 0.236 1 ' | omHodasnoe | 0.646T | c = 13.6057(6)A, B = 110.918(4), Rexp: 3.12%,
' Rwp: 7.86%, Rp: 5.72%, GOF: 2.52
[MesPz]* np. rp. P2i/c, a = 9.1548(4)A, b = 22.6429(5)A,
21 0.450r 0.950 1 ' | omHoasHoe | 0.646 T | c=8.3168(3)A, B=107.085(4), Rexp: 2.61%, Rup:
' 7.33%, Ry: 5.46%, GOF: 2.81
[MesPz]* np. rp. Pc, a=11.1136(6)A, b = 13.5259(5)A, ¢
22 0.300r 0264 ' | onHogasnoe | 05431 | =15.2129(8) A, B =90.00(4), Rexp: 2.58%, Rup:
' 6.18%, Ry: 4.82%, GOF: 2.39
[HPz]*, HE OCHOBHAs
23 0.300r 0.080 © (basa 0.400 r -

BoipamuBanue kpuctanioB 24-27. HeckoabKo IECATKOB KPUCTAIJIOB COeAMHEHHUS 19

noMecTwsin B nepTopupoBanHoe macio u BBenu kammo H2O. Tlomyuennass cmech Oblia
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aKKypaTHO MepeMeliana 10 COCTOSIHHS dMYJIbCUu. I10 TakoMy MPUHIKMITY OBLIO MIPUTOTOBJIEHO
HECKOJIbKO  JiecATKOB  oOpasnoB. Kpucramiet [MePzH]2[MePz]2[BisBrig]-:3HO  (24),
[MePz]4[H30]2[BiBre]2-1.5H.0 (25), [MePz]4[BisBris] (26) u [MePz].1[Bi2Brs]s[Bi2BreMePz]

(27), mpuroansie it PCA, ObUIH IOTyYeHBI MEHEE YEM 3a Yac.

BoipammBanue kpucrampinos 28. K pactopy noauaa 1-metwnnupuzunus (0.500 1, 2.25
mmois) U KBr (2.37 1, 22.9 mmons) B 10 Mt H20 mo6asunu pactBop Bi(NO3z)z-5H20 (1.09 r,
2.25 mmoub) u KBr (4.74 1, 39.8 mmons) B 10 M H20. Uepe3 HECKOIBKO JHEW OBLTH MOTYUYEHBI

TEMHO-OpaHKeBbie kpucTauibl [MePz]3[Bi2Brs.16l3.84] (28).

Cunre3 coequnenus 29. K pactsopy noauaa 1-metunnupusunus (0.500 r, 2.25 Mmmornb) u
KI (3.31 1, 19.9 mmonp) B 10 it H20 no6asuiu pactsop Bi(NOz)3-5H20 (1.09 1, 2.25 mMmoib)
u Kl (6.61 r, 39.8 mmonb) B 10 M H20. TlomyueHHBINH KpacHBIM KPUCTAILUTUYECKUN OCATIOK
[MePz]3[Bizlo] (29) oTdunbrpoBanu moja BaKyyMOM, MPOMBUIA 3TaHOJIOM W BBICYIIWIA Ha

Bo3ayxe. Beixoa: 1.016 r (73%).

Cunre3 coenmnenmii 30-32. K Bognomy pactBopy Bi(NO3)3-5H20 u Kl no6aBunu cmech
cooTBeTcTBYIONIEero amuHonupuauHa (0.50 r, 5.3 mmons) u Kl, pacTBopeHHBIX B MUHIMAaIbHOM
KOJIMYECTBE JUCTHIUIMPOBAHHON BOJBL. [Ipy BHECCHHU B MOJYYCHHYIO PEAKIIMOHHYIO MaccCy
HECKOJIBKHMX Karlelb CEepHOW KUCIOTHI HAaONIOANIM M3MEHEHHE I[BeTa OCaJKa C KpacHOTO Ha
TEMHO-KpPaCHbI! B cilyyae 2- U 4-aMUHONUPHUANHA U C OPAaH)KEBOTO Ha KpacHBIM B ciydae 3-
amuHonmpuauHa. [lonyuennsie ocaaku [2-NH2PyH][Bils] (30), [3-NH2PyH][Bils4] (31) u [4-

NH2PyH][Bils] (32) ordunbsTpoBasiv o BakyyMoM 1 ipoMbLan dtaHoioM (Tadmuna 13).

Tab6numa 13. PesynsraTsl nonyuenus coenunenuit 30-32.

Bi®, H.0, Da30BbIH Pe3yabTarhl yTOYHEHHS METOA0M
Kl, r Brixon

r MJI cOCTaB PurtBesbaa

np. rp. Pben, a = 11.9893(3) A, b =

15.2380(3) A, ¢ = 7.7532(2) A, Rexp:

6.52%, Rwp: 7.72%, Rp: 6.04%, GOF:

Coen. | KLir

30 257 | 114 514 10 onHOda3HOoe 1.36T

1.18
np. rp. P2i/c, a = 13.0939(6) A, b =
HE 14.1992(6) A, ¢ = 7.7396(3) A, p =
31 779 1230 1558 20 onHOda3Hoe 2351 94.325(2)°, Rexp: 6.64%, Rup: 11.39%,

Rp: 8.95%, GOF: 1.72

np. rp. Phen, a = 12.3184(4) A, b =
14.9411(3) A, ¢ = 7.7231(2) A, Ry
6.30%, Rup: 7.52%, Ry: 5.86%, GOF:
1.19

32 9.03 | 258 18.06 20 onHodasHoe | 3.45r
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Cunre3 coequnenus 33. K pacrsopy [MV]I2 (0.500 r) u KI (0.375 1) B 10 Mt H20 mipuimunu
pactBop, coaepxantuii Bi(NOz)3-5H20 (0.275 1) u KI (0.750 ) B 15 mut H20. O6pa3oBaBmiuiics
KpPacHBIM 0CaJIOK B TEYEHUE OJHON-ABYX MHUHYT IOMEHSJI LIBET Ha yepHbI. [Ipu nanbHeiimem
BBIICPKMBAHUU OCaJKa C MATOYHBIM PAacTBOPOM B TEUYEHHUE JAECITH MHUHYT I[BET OCaJKa
noMeHnsicss Ha OopaoBbiii. Ocamok [MV]3[Bizlu]l (33) ordwmibrpoBanu moa BakyyMowm,
MPOMBLIN CIIUPTOM M BBICYUTHIIN Ha Bo3ayxe. Beixoa: 0.455 r (64.2%). CornacHo nanHsiM POA,
MOJTyYCHHBIN MPOYKT SIBISIETCS 0THOGa3HBIM. [{eTanu yrounenust MeToioM PutBenbaa: mp. rp.
P2;, a = 16.103(1) A, b = 32.246(2) A, ¢ = 11.5612(7) A, B = 90.00(4)°, Rexp: 3.74%, Ruwp:
11.78%, Rp: 8.84%, GOF: 3.15.

Cunre3 coequnenus 34. K pactBopy noanaa merunsuoioresna (0.28 r, 0.64 mmons) B 10
i1 JIM®A no6asuiau pactBop Bilz (0.50 1, 0.85 mmoms) B 30 Mt JIM®DA. TlonydeHHy10 cMeCh
OCTaBWJIM MEUICHHO YIapWBaThCcs INPH KOMHATHOW Temmeparype Ha Bosmyxe. Cmycrts
HECKOJILKO JIHEH 00pa30BaliuCh KpacHbie kpuctawisl [MV]3[Bizlg]2[DMF]3[H20] (34). Beixox:
0.76 g (91%). Cornacuo manabiM PDA, morydeHHBIH TPOAYKT SABIsIETCS onHO(a3HBIM. JleTann
yTouHeHHs MeTonoM Putsenbaa: mp. rp. Cmc21, a = 17.0275(7) A, b = 34.7230(1) A, ¢ =
14.8151(6) A, Rexp: 1.20%, Rup: 4.77%, Rp: 3.10% GOF: 3.98.

Cunre3 coenmnenus 35. K pactBopy [MV]Br2 (1.67 , 4.83 mmoub) u KBr (6.00 T, 50.4
mMmodb) B 30 Mt H20 mipummm pactBop Bi(NO3z)3-5H20 (0.780 r, 1.61 mmons) u KBr (4.00 T,
33.6 mmoib) B 7 Mt H20. Bemasmwmit ocagok [MV]3[BiBre]2-2H20 (35) ordunbrpoBanu mon
BaKyyMOM, IIPOMBLIM ATHJIOBBIM CIIMPTOM M BBICYIIMIW Ha Bo3ayxe. Beixoa: 1.43 r (45%).
CornacHo nanHbiM PDA, nonyyeHHbIH NPOAYKT siBisieTcsl oaHOGa3HbIM. JleTanu yTouHeHus
MeTozioM Putsennpa: mp. rp. P1, a = 8.1771(2) A, b = 12.5077(3) A, ¢ = 13.3979(4) A, a =
88.302(2)°, B = 82.765(2)°, y = 76.270(2)°, Rexp: 1.28%, Rup: 3.75%, Rp: 2.88%, GOF: 2.94.
MoHokpucTamibl 35 ObUIH MMOJTyYSHBI ITPH BBICBIXaHUU pacTBOpa, conepxamiero [MV]Br2 (0.25
r, 0.72 mmoinp) u BiBrs (0.43 r, 0.96 mmones) B 15 M cmecu JIM®PA u H>0, B3aTHIX B

cooTHoIeHun 2:1.

BoipamuBanue kpuctawioB 36 u 37. Coequnenue 35 (0.50 r, 0.25 MMoJIb) pacTBOPUIIN B
7 mn koHueHtpupoaHHod HBr mpm 90°C. Ilocne oxnaxkaeHuss pacTBopa M INPaKTUYECKU
MOJTHOTO BBICBIXaHMs oOpazoBamuch Kpuctamiel [MV][H30]2[BiBrs]Br-4H.O (36), a Taxxe

[MV]3[Bi2Bre][Brs]s (37) B kauecTBe MHHOPHO#1 (ha3bl.
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Cunre3 coequnenus 38. Pactsop [MV]Br2 (0.10 r, 0.29 mmouns) B 10 ma JIMPA u 1.5 ma
H20 cmemamu ¢ pactBopom BiBr3 (0.52 r, 1.16 mmoinp) B 4 M JIM®DA npu Temmeparype
paboueii mnosepxHocTH mauTKU 120°C. Jlns mnpemoTBpalieHHs TUAPOJIU3a BHUCMYTa K
HOJyYEeHHOMY pacTBOpY J100aBUIM HECKOJIBbKO Kanenb KoHI. HBr. Ilpu oxnaxaenun pactsopa
JI0 KOMHATHOM TemrepaTypbl HaONOAald BHINAJCHUE KPAaCHOTO Ocasika, KOTOPBIM cIycTs 5
MHUHYT TNpUHOOpENT OpaHXkeByr0 OKpacky. CoycTs HeIemo BbIIABIIMN JKEITHI 0CaloK
OoT(UIBTPOBAIIM TIOJT BAKYYMOM, IPOMBUTH HEOONbIIMM KoJrmuecTBoM MDA u BrICymIiim Ha

Bo3ayxe. Beixoa: 0.21 r (66%).

Cunre3 coequnenns 39. Pacrsop [MV]Br2 (0.10 r, 0.29 mmois) B 13 M JIMCO cmermanu
¢ pactBopom BiBr3 (0.52 1, 1.16 mmo:s) B 3 M IMCO nipu TemnepaType pabodei ToBEpXHOCTH
wmtkn 120°C. Croycts Henmenro BeinaBiiue skentbie kpuctawisl [MV][BiBrs(DMSO)] (39)
coOpaJii BMecTe ¢ octaTkamu pactBoputens. [1o nanubiM POA nonydeHHbIH MPOIYKT SBIISETCS
onHogasueiM. letanu yrounenus MeronoMm Jle Beitna: mp. rp. P2:/n, a = 9.13267(11) A, b =
29.3002(4) A, c=8.97214(11) A, p = 88.4020(8)°, V = 2399.91(5) A3, R-Bragg = 0.112%, Rexp
= 1.52%, Rwp = 2.82%, Rp = 2.82%, GOF = 1.86%.

Cunre3 coequnenust 40. Pacteop [MV]l2 (0.20 1, 0.45 mmonb) B 5 mut IMCO cwmemanu ¢
pactBopom Bilz (1.07 r, 1.82 mmous) B 5.5 M1 JIMCO nipu temneparype padodeil HOBEpXHOCTH
itk 60°C. Criycts Tpu Henenu Bhinasiime kpacHbie kpuctaiuisl [MV][Bi2ls(DMSO)2] (40)
OTGUIBTPOBAIH TIOJI BAKYYMOM, MPOMBUTH HeOobuM KomaudecTBOM JIMCO u BhICylImIa Ha
Bozayxe. Beixom: 0.469 1 (59%). Ilo nanHbiMm P®A mnonydeHHBId NPOAYKT SIBIAETCS
onHoGasHeM. JleTanu yroudenus metopom Jle Beitna: mp. rp. P1, a = 9.8036(4) A, b =
13.1209(4) A, ¢ =15.6161(6) A, o= 72.496(2)°, = 87.879(2)°, y = 84.450(2)°, V = 1906.67(12)
A3, R-Bragg = 0.133%, Rexp = 3.85%, Rup = 4.11%, R, = 3.18%, GOF = 1.07%.

Cunre3 coequnenns 41. Pacteop [MV]l2 (0.20 r, 0.45 mmons) B 5 mut IMCO cmemianu ¢
pactBopom Bilz (0.26 T, 0.45 Mmmons) B 3 it IMCO nipu Temmiepatype padboueii TOBEpXHOCTH
wmtku 60°C. CnycTs Tpu HeJenu BBINABIIYI0O CMECh KPYIHBIX KPAaCHBIX U MEIKHUX TEMHO-
kpacHbix kpuctamioB [MV][Bils(DMSO)] (41) ordunsTpoBamu moja BakyymMoOM, MPOMbBLIH
HeOompImM KosmuecTBOM JIMCO u Beicymmnu Ha Bozayxe. Beixon: 0.317 1 (64%). [To nanHBIM
P®A mnonydeHHbI npoayKT siBnsieTcss onHoda3HbIM. Jletanu yrounenus meroaoM Jle beitns:

mp. tp. P1, a = 9.36071(16) A, b = 9.50358(18) A, ¢ = 21.3657(4) A, o = 102.0813(13)°, f =
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79.0034(14)°, y = 78.5219(11)°, V = 1767.06(6) A3, R-Bragg = 0.175%, Rexp = 3.43%, Rup =
4.44%, Ry = 3.42%, GOF = 1.29%.

Cunre3 coequnenusn 42. Mogosucmyrat 40 nepenecnu B yamky [leTpu u BoiepKuBaIu B
cymmibHOM mKkady npu temmeparype 214°C B Teuenue daca. CornacHo JaHHBIM POA,
npoaykt aeconbBaraiuu [MV]2[Bislis] (42) sBnsieTcss omHO(Aa3HBIM W KPHCTALUTU3YCTCS B
TPUKIIMHHOM siueiike. JleTanu yrouneHus metonoM Jle Beiins: mp. rp. P1, a=14.3358(4) A, b =
11.9422(3) A, ¢ = 10.4729(3) A, a = 96.665(2)°, p = 74.2341(19)°, y = 59.8942(18)°, V =
1422.52(8) A%, R-Bragg = 0.212%, Rexp = 4.76%, Rwp = 5.49%, Rp = 4.12%, GOF = 1.15%.
Kpucrannel mnocie MeIjaeHHOro IeCOIbBATUPOBAHUS OKa3aJMCh MPHUTOAHBI JJI MPOBEACHUS

PCA.

BoipamuBanue kpucrauion 43. K pactsopy [MV]Il2 (1.67 r, 3.80 mmons) u Kl (1.33 T,
8.0 mmomb) B 10 Mt H20O nipumnmimu pactBop Bi(NO3)3-5H20 (0.461 1, 0.95 mmoas) u Kl (1.33 T,
8.0 mmons) B 4 mMin H20. BremaBmmii ocagok OTGWIBTPOBATN TOJ BaKyyMOM, MPOMBLIN
STAHOJIOM M BBICYIIMIN Ha Bo3ayxe. Kpucramiel npoaykra okucienus [MV]s3[Bizlo][lz]s (43)

OBLITM TIOJIYYEHBI IyTEM MEepEeKpUCTAITU3AINN 00pasia u3 ropsueid koxil. HI.

Cunre3 coennnenuii 44-46 u BpipamuBanue Kpuctawios 48 u 49. K BogHomy pactsopy,
coaepxamieMy woaun 1,2-muvutwinupuauaus win 1,4-muvmutwimupuauaus (0.50 r, 2.1
mmontb), KBr (2.24 1, 18.8 mmoss) u 10 mu H20, mpusuiu pactop Bi(NOz)3-5H20 (1.03 1, 2.1
mmoib) u KBr (4.48 1, 37.6 mmons) B 10 mi H20, 1 octaBuiiu BBITIaBIINK JKEITO-OpaHKEBbIN
MEJIKOKPUCTANTMYECKHAN 0CaJ0OK B MATOYHOM PacTBOPE MPHU KOMHATHOM Temmeparype. Crnycts
JIBO€ CYTOK TOJy4YeHHbIH ocamok [1,2-Me2Py]s[Bi2Brels][BiBresslois] (44) u [1,4-
Me2Py]3[Bi2Brs.ol2.40] (46), cooTBeTCTBEHHO, OT(GHUIBTPOBAIIN MO/ BAKYYMOM M BBICYIIMIM Ha
Bo3nyxe. Beixom: 44: 0.696 t (10.5%), 46: 0.766 r (23.1%). Coemunenue [1,3-
MezPy]3[Bi2Breoslo7a] (45) monmydanu mo 3TOH e METOAMKE, OJHAKO H3-3a CHIIBHOM
TUTPOCKOITMYHOCTH HOoAuAa 1,3- IMMUTHIITAPUANHIS HCTIONB30BaH | T BIakHoro noauna 1,3-
aumutunnupuauaua.  Beixoa: 1.398 r. Ilo nanneiM PDA Bce Tpu coequHEHUs SIBISIOTCS
onHodazHeiMu. Jletanu yrouHeHust MmetogoM Putsenbaa: 44: np. rp. P212121, a = 10.3878(15)
A, b=17.0883(19) A, ¢ =42.7748(42) A, Rexp: 2.36%, Rup: 6.07%, Rp: 4.39%, GOF: 2.57. 45:
mp. tp. P21, a = 11.9766(20) A, b = 11.9571(13) A, ¢ = 13.4119(8) A, B = 95.579(15)°, Rexp:
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3.69%, Rup: 9.08%, Ry: 6.24%, GOF: 2.46. 46: rip. rp. P21/n, a= 18.9129(30) A, b = 11.9290(20)
A, c=19.2431(24) A, B = 118.584(9)°, Rexp: 2.42%, Rup: 7.71%, Rp: 5.68%, GOF: 3.19.

[Ipu Gosiee AIUTETHHOM BBIICPKHUBAHUHM coequHEHUN 45 u 46 B MaTOYHOM pacTBOpe Ha
BO3AyXe HaOM0aM 00pa30BaHHWE TEMHO-KOPUYHEBBIX KPHUCTAUIOB TPOIYKTOB OKHCIICHUS

[1,3-Me2Py]a[Bizls]ls (48) u [(1-Me-4-CN)Py]s[BisBri2ls]l7-2[12] (49).

Cunre3 coenunenusi 47 u BbipamuBanue kKpucrtamwio 50 u 51. K BogHoMy pactBopy,
coaepxkameMy noaun 4-unanonupuauna (0.50 r, 2.0 mmons), KBr (2.14 1, 18.0 mmounb) u 10
wit H20, npununu pactBop Bi(NO3)z-5H20 (0.985 r, 2.0 mmoins) u KBr (4.28 1, 36.0 MmmoI1b) B
10 Mt H20 1 ocTaBmiv BEITABIINI OPaH)KEBBIM O0CaJIOK B MAaTOYHOM PacTBOPE MPH KOMHATHOU
temrneparype. Cryctss ABoe CyTOK 00pa3oBaluCh OpaHKeBble Kpuctamwisl [(1-Me-4-
CN)Py]4[Bi2Br7.5212.48] (47). IToy4yeHHbIi 0cag0K OTGUIBTPOBAIH IO BAKYYMOM U BBICYIIHIIH
Ha Bo3nyxe. [lo nanueiM POA nonydeHHbIN NPOAYKT siBisieTcs ogHo¢a3HbIM. Beixoa: 0.625 T
(17.3%). Jeranu yTouHeHus MeTonoM Purtsennma: mp. rp. Pbca, a = 16.8474(13) A, b =
9.9959(7) A, ¢ =27.6833(20) A, Rexp: 2.54%, Rup: 4.81%, Rp: 3.60%, GOF: 1.90.

OcTtaBmuiics MATOYHBIM PAcTBOP OCTAaBWJIM BBITIAPUBATHCS HA BO3IyXe. Brlmasmime yepes
Henmeao cBeTio-kpacHble Kpuctamwibl [(1-Me-4-CN)Py]s[K(Bile)2] (50) u TemHO-KpacHbIC
kpuctamwibl  Kses[H30]4.36[(1-Me-4-CN)Py]s[Bisl1g]3-4.13H,0  (51) Obutm  CTpyKTypHO

oxapaktepu3oBanbl MeTogoMm PCA.

Cunrte3 coeguHenusi S52. K BoaHomy pactBopy, coaepxkamemy wuoaun 1,4-
mumvutwimapuaunans (0.50 r, 2.1 mmons), Kl (3.12 1, 18.8 mmonb) u 10 M H20, mpuiunu
pactBop Bi(NO3)3:5H20 (1.03 1, 2.1 mmois) u Kl (6.25 T, 37.7 mmonb) B 10 mut H20, u octaBuiu
BBIITABIIMK KPACHBIA METKOKPUCTAJUIMYECKUN OCAJ0K B MATOYHOM PACTBOPE NMPU KOMHATHOU
temnepatype. Crycts aBoe cytok ocamok [1,4-MexPy][Bils] (52) orduiasrpoBamu mox

BaKyyMOM U BbICYIIWIIM Ha Bo3ayxe. Boixoa: 1.33 r (76.8%).

Cunre3 coequHenus 53. K 5 mi1 ropsuero BOAHOTO pacTBOpa UOAUIY 2-UOATUPUANHUS
(0.15 r, 0.43 mmoinb) no6aBmnu cmech Bi(NO3)3-5H20 (0.21 1, 0.43 mmone) u Kl (1.25 1),
pactBopeHHBIX B 5 M1 H20. CriycTst 1Boe CyTOK BBIIABILIUI KpacHO-OpamkeBbIi ocanok [(1-Me-
2-1)Py][Bils] (53) ordunbrpoBaiu mMOJ BaKyymMOM, HPOMBLIM 3TAHOJIOM W BBICYIIMIH Ha

Bo3ayxe. [To nanapiM PO A momydeHHbIi TpoIyKT siBisieTcs ogHo(a3HbM. Brixoa: 0.34 r (84%).
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Jletanu yToyHeHus MeTooM Putsensaa: mp. rp. P2, /c, a=13.5447(2) A, b = 14.9975(2) A, ¢
= 7.91880(11) A, B = 92.3218(8)°, Rexp: 2.02%, Rup: 3.08%, Rp: 2.35%, GOF: 1.52.

BeipamuBanue kpucramwioB S54. K pactBopy CMEIIaHHOIO TrajoreHuaa  3-
rajioreHuAnUpuAHUSA (Tasmorer = Bru 1) (0.20 1, 0.63 mMonp) u KBr (0.50 1), pacTBOpEHHBIX B
5 vt H20, no6asmu pactop Bi(NO3)3-5H20 (0.15 r, 0.31 mmoinbs) u KBr (1.00 ) B 5 mut H20.
Coyctss Tpoe CYTOK o0Opa3oBanuch opamkeBbie Kpuctamibl [(1-Me-2-Br)Pylo.17[(1-Me-2-

1)Py]2.83[Bi2Br7.s4l1.46] (55), a Takxke oTaeNbHBIC KpacHbIC UroyibyaThie KpucTtamibl [(1-Me-2-

1)Py]2[BiBrasgaloss] (54).

Cunre3 coegqunenus 55. K 5 M ropsiaero BoJIHOTO pacTBopa MOAUA 2-HOATUPUTUHUS
(0.15 r, 0.43 mmomas) mobaBuiau cmech Bi(NOz)3-5H20 (0.21 1, 0.43 mmons) u KBr (2 r),
pactBopeHHBIX B 5 M1 H2O. Beinagmime uepes ABoe CyTOK KPYITHbIC OpaHKeBbie KprcTauisl [(1-
Me-2-Br)PyJo.17[(1-Me-2-1)Py]2.83[Bi2Br7.s4l1.46] (55) orhmnbrpoBanu mox BaKyyMoMm, POMBLIH
ATAHOJOM M BBICYmIWIM Ha Bo3ayxe. [lo manHbiM P®DA moiyudeHHBIM TPOAYKT SIBIsSETCS
onnodazubM. Beixoa: 0.22 r (83%). [Jeranu yrounenus metogom PutBenpaa: mp. Tp. R3, a =
15.3560(2) A, ¢ =28.8813(5) A, Rexp: 2.79%, Rwp: 4.17%, Rp: 3.18%, GOF: 1.49. *H SIMP (600
MTI', IMCO-ds) 6 9.20 (d, 1H), 8.61 (d, 1H), 8.10 (t, 1H), 8.02 (t, 1H), 4.36 (s, 3H).

Cunre3 coenunenus 56. K pactsopy xnopuaa 1,4’-6unupuaunus (0.50 r, 2.2 mmons) B 10
it H2O mpunmwu pactBop, cogepxamuii Bi(NO3)3-5H20 (1.06 r, 2.2 mmons) u KBr (2.08 T,
17.5 mmone) B 10 mut H20. Coycts cyTku 006pa3oBaBIIUiCS Oeblii KPUCTAITHYECKUM OCaTOK
[PyPyH]2[Bi2Brio] (56) otduibpTpoBamu, mpoOMBLUTH CIUPTOM U BBICYIIMIIM HA BO3ayXe. BeIxo:
1.13 v (67%). Ilo nanabiM P®DA monydeHHOE BEIIECTBO sBIAeTCS oaHO(Ma3HbIM. JleTanm
yTOYHEHHs] MeTofoM Putsensia: mp. rp. P2i/n, a = 11.0361(3) A, b = 11.5865(6) A, ¢ =
14.1786(7) A, B =107.633(3)°, Rexp: 2.74%, Rup: 9.16%, Rp: 6.42%, GOF: 3.35.

Ioayuenue cmecu coequnenmii S7 u 58. K pactsopy xnopuna 1,4’-6unupununus (0.50 r,
2.2 mmonb) B 10 mut Bogsl tobaBwim npu niepemermuBannu pactBop Bi(NOs)s-5H20 (1.06 T, 2.2
mMmoib) U Kl (2.90 1) B 10 M1 BOJBI M OCTaBWJIM Ha HENETI0 NPH KOMHATHOW TemImepaType.
[TomyueHHBIN KpacHBIN KPUCTAUIMYSCKUI OCAA0K OTHMIBTPOBAIH MO BAKyYMOM, MPOMBLIA
STWJIOBBIM CHOUPTOM M Bbicymmmuin Ha Boszayxe. Boeixon: 1.31 r. CormacHo nanHeiM POA

MOJYUYCHHOE BEIIECTBO COCTOMT M3 cMmecu nByX (a3: [PyPyH]:[Bizlwo]-H20 (57, 62%) u
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[PYyPyH]2[PyPy]2[Bisl2e] (58, 38%). letanu yTouneHust MeToaoM Putsensaa: 57: mp. rp. P21/n,
a=11.7691(9) A, b= 11.9211(9) A, ¢ = 14.9521(11) A, = 107.172(6)°; 58: 1ip. Tp. P22/n, a =
19.7029(38) A, b = 10.8673(21) A, ¢ = 22.8604(40) A, = 108.561(15)°; Rexp: 3.20%, Rup:
8.61%, Rp: 6.19%, GOF: 2.69.

Cunre3 coequnenust 59. Pactsop BiBr3 (0.310 r, 0.690 mmoiis) B 10 M1 HBr mo6aBuiu
pactBopy xiopuaa 1,1'-(1,4-bernnenonc(meruineH))ouc(3-amunomupuannust) (0.250 r, 0.690
mMmoib) B 10 mur HBr. OOpa3oBaBiiuecs: yepe3 HECKOJIbKO YacOB KENThIe KpUCTALIbI [(3-
NH3Py)2(XK)][BiBrs]Br-H-O (59) 6butn MexaHHYECKH BBIAEIEHBI U3 MAaTOYHOI'O pacTBOpa M
MOMEIIEHBI B TJIOTHO 3aKPBITYI0 eMKOCTh. CoriacHo mgaHHbIM PDA, moirydeHHOE BEIIECTBO
sBisercs onqHodasHbIM. JleTann yTouHeHus MetogoM Putsensia: np. rp. P1,a=10.0631(3) A,
b =11.7438(3) A, c = 13.5981(4) A, a = 102.655(2)°, B = 92.151(3)°, y = 111.418(2)°, Rexp:
1.37%, Rwp: 5.05%, Rp: 3.73%, GOF: 3.69.

Cunre3 coenunenus 60. Pactsop BiBr3 (0.288 r, 0.641 mMois) B 5 Mt HBr mo6aBuim k
pactBopy Opomuaa 1,1'-(mponan-1,1'-mqunn)ouc(3-amuaonupuauaust) (0.250 r, 0.641 mmons) B
5 wmun HBr. OGpa3soBaBmidecss dYepe3 HECKOJIbKO YacOB KeNThle KpucTamwisl [(3-
NH25Py)Cs][BiBrs]-1.5H20 (60) Obutr MeXaHWYECKH BBIJACICHBI M3 MATOYHOTO pacTBOpa U
MMOMEIIEHBI B MIOTHO 3aKPbITYIO eMKOCTh. CornacHo aaHHbIM P®A, nmoiydeHHOE BEHMIECTBO
COJICPKUT HEOOJBIIOE KOJIMYECTBO HEUJCHTU(DUIIMPOBAHHONW TpuMecH. JleTann yTOouHEHUs
metonoM Putsensaa: mp. rp. P2, /c, a = 13.8072(5) A, b = 11.1142(5) A, ¢ = 15.7110(7) A,
= 96.394(3)°, Rexp: 1.27%, Rwp: 3.99%, Rp: 2.88%, GOF: 3.13.

Cunre3 coenunenus 61. Pactsop BiBrz (0.278 r, 0.619 mmous) B 5 Mt HBr nob6aBunm
pactBopy 6pomuaa 1,1'-(6yran-1,1'-qumn)ouc(3-amunomupuauaus) (0.250 r, 0.619 mmons) B 5
w1 HBr. O0pasoBasiiuecs yepe3 HeCKOIbKO 9acoB xenthbie kKpructaiuisl [(3-NH3Py)2Ca][Bi2Brio]
(61) ObUTH MEXaHMYECKHU BBIJICJIICHBI U3 MATOYHOT'O PACTBOPA M MMOMEIIEHBI B TNIOTHO 3aKPBITYIO
emkocTb. CornacHo naHHeiM P®DA, momydeHHoe BemiecTBO conepxkut 22.5% 61 u 77.5%
nuruapata opomuna 1,1'-(0yran-1,1'-nuwn)ouc(3-amunonupuaunaust) [(3-NH3Py)2Ca]Brsa-2H20.
Jletanu yrouHeHus metogoM Putsensaa: 61: mp. rp. P2, /c, a=8.9644(5) A, b=17.8740(9) A,
C=6.9328(4) A, p=103.120(5)°; [(3-NH3Py)2C4]Bra-2H20: mp. rp. P2, /n, a = 12.0518(3) A,
b=10.4920(3) A,c=12.6314(3) A, =106.913(2)°; Rexp: 1.29%, Rup: 4.16%, Ry: 2.98%, GOF:
3.21.
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Cunre3 coequnenus 62. Pactsop BiBrz (0.269 r, 0.599 mmons) B 5 Mt HBr qobasunu
pactBopy O6pomuna 1,1'-(nenran-1,1'-quwn)ouc(3-amunonupuaunaust) (0.250 r, 0.598 mmonn) B
5 man HBr. OO6pa3oBaBiirecs uepe3 HECKOIbKO YacoB OJIEIHO-)KENIThbIe KpHCTaIbl [(3-
NH25Py)2Cs][BiBrs]-H.O (62) Oblin MeXaHWYECKH BBIAEICHBI W3 MAaTOYHOTO pPacTBOpa H
MIOMEIICHBI B TUIOTHO 3aKPBITYI0 eMKOCTh. CornmacHo naHHeIM PDA, momydeHHOE BEUIecTBO
saByseTcs ogHodasHeIM. JleTany yTouHeHus MeTooM Puteensaa: p. rp. P2;, a=8.6196(3) A,
b=13.8645(4) A, c=11.3099(4) A, f=111.063(2)°, Rexp: 1.29%, Rup: 5.04%, Ry: 3.76%, GOF:
3.90%.

Cunrte3 coequnennii 63 u 64. K pactsopy xinopuaa N-aneronnnnupuauaus (0.500 r, 2.92
mmoib) U KBr (2.10 1, 17.6 mmonb) B 20 Ma H2O npunmnu pacteop Bi(NO3)3-5H20 (1.42 r,
2.92 mmons) u KBr (2.20 r, 20.0 mmons) B 10 mit H20. Bemasmwmii 61e1HO-KeNThI ocagok
OCTaBWJIM KPHCTAJUTU30BaThCSI B MAaTOYHOM pacTBOpe B TeueHue Henenu. OOpa3zoBaBIIHecs
kpuctamibl [(1-AC)Py]4[Bi2Brio] (63) ordumsTpoBasv moja BakyyMoM, MPOMBUTH STHIOBBIM
CIIUPTOM M BBICYIIUIU Ha Bo3zayxe. Beixom: 1.18 1 (92%). Ilo nanasiM PDA monydeHHBIN
NPOAYKT siByisieTcst ogHo(Ma3HbIM. JleTanu yTouHeHus MmetogoM PutBenbaa: np. rp. Pnma, a =
19.0698(10) A, b=21.1122(11) A, ¢ = 12.2862(6) A, Rexp: 2.62%, Rup: 8.11%, Rp: 5.92%, GOF:
3.09. Cunre3 coemuuenus 63 c¢ ucmnoib3oBaHueM Opommuna N-aleTOHWITTUPUIWHUAS BMECTO
XJIOpUJIa TI0 IPUBEACHHOMN BBIIIE CXEMe MPUBOIII K MOIYUYSHHUIO Hapsly ¢ OCHOBHOM (ha3oii 63

muHOpHOU (a3l [(1-AC)Py]2[K(BiBre)] (64).

CuHTe3 coequHeHusi 65 u BbhIpamuBaHue KpuctawioB 66. K pactBopy xmopuga N-
aneronmwmupuaunaus (0.500 r, 2.92 mmons) u Kl (1.50 1, 8.98 mmons) B 20 Ma H20 nobasumu
pactBop Bi(NO3)3-5H.O (1.42 1, 2.92 mmons) u Kl (3.00 r, 18.0 mmoas) B 10 mu H20.
BrinaBmmii opanxkeBbIi 0CaJI0K OCTaBUIIN KPUCTAJUIN30BATHCS B MATOYHOM PAacTBOPE B TEUCHHE
Henenu. O6pa3oBaBmmecs kpacHble kpuctamibl [(1-AC)Py]s[Bislie] (65) ordunbrpoBanu mon
BaKyyMOM, IMpPOMBUIM STWJIOBBIM CHHPTOM M BBICymIWIM Ha Bosayxe. [lo manHeiM PDA
MOJYYECHHOE BEIIECTBO COJCPKHUT HE3HAUYHMTEIbHYIO TPUMECh HEUACHTU(DUITUPOBAHHOU
npumecu. Beixon: 2.15 r. Jletanu yTrouHeHus MetoaoM Putsensaa: mp. rp. P1, a = 11.4230(6)
A, b =123501(7) A, ¢ = 14.0611(6)A, a = 67.769(4)°, B = 79.589(4)°, v = 69.130(3)°, Rexp:
1.96%, Rwp: 8.19%, Rp: 5.53%, GOF: 4.18.



64

[Tpu ucnonb3oBanuu Opomua N-aneTOHUIMTHPUANHUS BMECTO XJIOpH/Ia CPEIN KPUCTAIIIOB
OCHOBHOU (ha3wl 65 ObLTH 00HApY)eHbI KpucTaiuibl [(1-AC)Py]s[(1-ACI)Py][Bizls][13] (66), uTo
rOBOpUT O Hajguuuk npumecun  N-(o-womoaneToHWI)nUpUIMHUS B xjopuae  N-

AICTOHUIIIUPU AN HAA.

IMonyuyenue cmecu moaumopdoB 67 u 68. K pactBopy Opommma N-aneronun-2,6-
aumetunnupuauausg (0.50 r, 2.1 mmonp) 1 KBr (1.0 1) 8 20 ma H2O mpwimnu pacTBop
Bi(NOz3)3-:5H20 (1.0 1, 2.1 mmomnb) u KBr (2.0 1) 8 10 ma H2O. BeinaBmmii 071¢ THO-KEThI#
0CaJOK OCTaBWJIM KPUCTAJUTM30BAThCS B MAaTOYHOM pAcTBOPE B TCUCHUE HEICIIH.
OOpazoBasiuecs kpuctauibl nomuMopdos a-[(1-AC-2,6-Me)Py]z[Bi2Bre] (67) u B-[(1-AC-
2,6-Me)Py]3[Bi2Bre] (68) orduibrpoBaiiv 1moj BaKyyMOM, MPOMbBLINA 3THJIOBBIM CIHUPTOM H
BeICYIIWIIH Ha Bo3ayxe. Beixoa: 0.92 r. Ilo manabsiM POA mponykT Hapsigy ¢ dhazamu 67 u 68
COJICPYKHUT KaK MUHUMYM €Il OJTHY HEUJACHTH(PUITUPOBAHHYIO a3y ¢ HanOoJiee HHTCHCUBHBIMU

nukamu mpu 20 = 6.9°, 7.1°, 8.2°,9.1°, 11.0°, 13.1° u 16.6°.

Cunte3 coeauneHusi 69. K pactBopy Opommma N-aneToHms-2,6-1uMeTHITUPHIAHAS
(0.500 T, 2.05 mmonp) 1 Kl (1.40 1, 8.38 Mmoib) B 20 M1 H20 npumuiu pacteop Bi(NO3)3-SH20
(1.12 1, 2.31 mmons) u Kl (2.80 T, 16.8 Mmoub) B 10 Mt H2O. BeimaBmumii opaHKeBBIN 0CaI0K
OCTaBWJIM KPHUCTAJUIM30BaThCS B MAaTOYHOM pacTBope B TeueHue Henenu. OOpazoBaBiivecs
kpacuslie kpuctamisl [(1-AC-2,6-Me)Py]a[Bislis]-0.6912 (69) ordunsTpoBamu moa BakyyMoMm,
MPOMBUIM 3TUJIOBBIM CIHPTOM M BBICYIIMIM Ha Bo3ayxe. [lo manueiM PDA BbIIeneHHBIN
nopomok sBisercss oaHodasHeiM. Beixom: 0.54 r (28%). Jleranu yTOYHEHHS METOJOM
Putsensaa: np. rp. P2, /c,a=13.2539(7)A, b=23.2230(13)A, c = 12.8722(7)A, p = 94.644(4)°,
Rexp: 1.51%, Rup: 4.09%, Rp: 3.12%, GOF: 2.71.

Cunre3 coequnenuii 70 u 71. K 25 mu 0.04M pactBopa BiBrs 8 2M HBr no6asmimm 50 mu
0.04M pactBopa 2,2’-6unupuavraa B 2M HBr. BeimaBmmmii cBETI0-KeNThIN KPUCTAILTAYECKUI
ocamok [bipyH]s[Bi2Brio] (70) ordunsTpoBamu mojg BaKyyMOM, MPOMBLIM 3TAHOJIOM M
BBICYIIWJIM Ha Bo3ayxe. [lo gaHHbIM PDA moOaydeHHBIH MPOIYKT SBISCTCS OTHO(A3ZHBIM.
Brixox: 0.77 r (83%). Jletanu yTouneHus MeTonoM Putsensaa: p. rp. P1,a=13.4421(4) A, b
=13.8834(5) A, c=13.9117(5) A, 0. = 89.328(2)°, B = 76.115(3)°, v = 85.393(4)°, Rexp: 2.39%,
Rwp: 5.18%, Rp: 4.02%, GOF: 2.17. Dnementnbiii CHN-anamu3 CaoHzsNgBi2Brio (1845.78):
paccuutano C 26.03%, H 1.97%, N 6.07%; obnapyxeno C 26.00%, H 2.00%, N 6.02%.
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M3MeHeHHe MOJILHOTO COOTHOIICHHS peareHToB BiBr3 u 2,2’-ounupuauna ¢ 1:2 ma 2:1
NPUBOAMT K 00Opa3oBaHMIO TpoOjayKTa, coaepxkainero ¢aszy [bipyH][BiBrs] (71) Hapsny c
ocHoBHOM (a3oii 70. [To qaHHBIM peHTreHO(])A30BOTO aHAIHM3A BBIICICHHBINA MPOAYKT COJIEPIKUT
77(x£1)% ¢aswr 70 u 23(£1)% ¢ass 71. Jleranu yrounenus MerogoM Pursensaa: 70: mp. rp. P1,
a = 13.4430(6) A, b = 13.8829(8) A, ¢ = 13.9145(9) A, o = 89.346(4)°, B = 76.148(5)°, y =
85.320(6)°; 71: mp. rp. C2/c, a = 11.9937(10) A, b = 17.8031(13) A, ¢ = 7.4039(6) A, p =
94.605(6)°; Rexp: 2.35%, Rwp: 5.28%, Rp: 4.10%, GOF: 2.25.

Cunte3 coequHenusi 72. K pactBopy mmbpomuna 1,1'-TpumernineH-2,2'-OunupuanHus
(0.358 1, 1.00 mmoup) B 25 Mt 2M HBr no6asunu 0.04M pactBop BiBrs (25 m) 8 2M HBr.
BeimaBimmii - cBeTio-xkentbiii  ocamok  [bipyCs]s[BiBrel.-H20  (72) ordunsTpoBamu mon
BAKyyMOM, IPOMBUIM 3TAaHOJIOM M BhICYIIMIM Ha Bo3xyxe. [lo manHbiM PDA momyuyeHHBIN
nponaykT siBisiercst omgHodasueiM. Beixom: 0.49 1 (49%). Jleranu yTOYHEHUS METOJOM
Putsenbaa: mp. rp. Pcen, a=22.3996(5) A, b = 15.4264(3) A, ¢ = 15.7709(5) A, Rexp: 1.33%,
Rwp: 3.74%, Rp: 2.87%, GOF: 2.82. Dnementrbiii CHN-anamm3 CagHa4NeBi2Bri20 (1989.62):
paccuutano C 23.52%, H 2.21%, N 4.22%; o6napyxeno C 23.66%, H 2.18%, N 4.25%.

BoipamuBanue kpucrtamwioB 73. K pactBopy nonydeHHoM paHee cMecu aubpomuaa 1,1'-
TeTpameTuiieH-2,2'-ounupuanaus u opomuna 2,2°-6unupuausaus (0.372 r) B 40 mn H20
nobasmiu 60 M1 pactBopa, coaepxaniero Bi(NO3)z-5H20 (1.94 1, 4.00 mmons) u KI (13.3 1, 78
MMOJIb). BeImlaBimmit opankeBbIii 0caloKk OTGUIBTPOBAIH TOJI BAKYYMOM, TPOMBUTH 3TaHOJIOM
U BBICYIIWIM HAa BO3Ayxe. M3 TOIy4EeHHOTO OpaHXEBOTO MOPOIIKA MEXAaHUYECKH ObLIH

BBIJICNICHBI OT/IebHbIC KprcTaiibl [DIpYyCal2[Bizlio] (73).

BoipamuBanue kpucrtasioB 74. K pactBopy noiydeHHO# panee cmecu audpommuaa 1,1'-
(nentanum)ouc(2,2'-ounupuannus) u opomuaa 2,2’ -ounupuannus (0.386 r) B 25 ma 2M HBr
nobaswm 25 ma 0.04M pactBopa BiBrs 8 2M HBr. BeimaBmuii cBeT0-)KeNThId 0CaI0K
OTQUIBTPOBAIIU MO/ BAKYYMOM, POMBLIY 3TAHOJIOM U BBICYIIWJIM Ha BO3/yxe. B monmyyeHHoM

IIOPOLIKE Hapsagy c 70 ObLIH OOHapy>KEHBI OTJICJIbHBIE KPUCTAJLIIBI

[(bipyH)2Cs]2[Bi2Brio][BiBre]Br-3H20 (74).
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Cunre3 coeqmuenusi 75. K pactBopy xmopuma 1,1'-(1,4-pennncuouc(mernien))omc(1-
nupuarans) (0.5 T, 1.5 mmoss) 1 KBr (1.43 1) B 10 mut Bosl 1o6aBuiau pactBop Bi(NO3)3-5H20
(0.73 1, 1.5 mmons) u KBr (2.86 1) 8 10 M1 Bozbl. BeinepskuBanue oOpa3zoBaBiierocs 0JeaHo-
KENTOr0 OcCajJKka B TEUYECHUE JBYX CYTOK TpU KOMHATHOH TeMmIepaType TpHUBEIO K
dopmupoBaHuio CBETIO-kKeNThIX KpucTalioB [Py2(XK)]2[Bi2Brio] (75). Iloayuennyto
KPUCTAJUIMICCKYI0O MacCy OT(QWIBTPOBAIM TIOJ] BAKyyMOM, MPOMBUIN ITHJIOBBIM CIIHPTOM H
BBICYIIWIIM Ha Bo3nyxe. Boixon: 0.94 r (72%). Cornacno nanasiM PDA, mosydeHHbIN TPOAYKT
sBsercs ogHodasHeM. Jletanu yrouneHus metonom Jle Beitna: np. rp. 14, a=12.9797(6) A, ¢

= 13.9637(7) A, Rexp: 3.11%, Rup: 7.93%, Ry: 5.82%, GOF: 2.55.

Cunre3 coequHeHusi 76 u BoipanuBanue KpuctaaioB 154. Cmech xmopuaa 1,1'-(1,4-
denmnenouc(metuieH))ouc( 1-mupunuaus) (0.50 r, 1.5 mmons) u Bils (0.89 r, 1.5 mmoinb)
pactBopuiar B 10 M konit. HI mpu 100°C. Kpucramisr [Py2(XK)]2[Biz2l1o] (76), monydennbie
NpU OXJIAKIECHUM PAacTBOpa O KOMHATHOW TEMIIEPaTyphl, NEKaHTUPOBAIM OT MAaTOYHOTO
pacTtBopa U mpoMbutk aneroHuTpmwioM. Beixom: 0.70 t (42%). CormacHo nanHbiM POA,
TIOJTYYCHHBIN MPOJYKT sBIsiCTCS onHO(a3HbIM. [leTamu yrounenus o metoasl Jle beitns: mp.
rp. 14, a=13.2728(4) A, ¢ = 14.9109(7) A, Rexp: 3.35%, Rup: 9.67%, Rp: 6.71%, GOF: 2.88. B
TIOJTYYCHHOM TPOAYKTE MOMHMO OCHOBHOW (ha3bl ObLTH OOHAPYKEHBI OTICIBHBIC KPUCTAJLIBI

MoHOKBatepHu3oBanHoro npoaykra [Py(XK)I]Bile (154).

Cunre3 TBepabix pactBopoB coctaBa [Py2(XK)]2[Bi2Brioxlx]. K pacrBopy xmopuaa
[Py2(XK)]Cl2 (0.150 1, 0.45 mmons) B 5 mun H2O noGaBwim 2.18 Ml BOXHOTO pacTBopa
Bi(NO3)3-5H20 (0.100 r/mi) ¢ KBr (0.197 r/mu) wu Kl (0.274 r/min). CooTHOIICHHE 00HEMOB
pactsopos Bi**/KBr u Bi**/Kl 6s10 0.05, 0.1, 0.15, 0.2, 0.4, 0.6 u 0.8 (OTHOCHTENBHOE
conepxanue uoaa lepx). OOpa3zoBaBIIMIACS OKpAIICHHBIH 0CAJOK MEPEMENINBAIA B TCUCHHE
JIBYX CYTOK IpH KOMHATHOM Temmeparype. [lomyueHHble coennHeHUs] OT(HUIBTPOBAIN IOJ
BaKyyMOM, TIPOMBUIH 3TaHOJIOM ¥ BBICYIIMJIM Ha BO37yxe. MoJIbHAS JTOJI HO/IA CPEIH IPYTUX
aTOMOB rajioreHa B MOJIy4eHHBIX 0Opasmax Obutu onpeaenensl MetogoM EDX (lepx). Jderanu

yrounenust merogoM Jle beiins ykazansl B Tabnure 14.
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Tabnuma 14. Pe3yasTathl cuHTe3a TBEPAbIX pacTBOpOB [PY2(XK)]2[Bi2Brio-xlx].

lepx, %  ®a3oBblii coctaB  Pe3ynbTaThl yrouHenust MmerogoMm Jle Beiiias
np. rp. 14, a =13.0198(5) A, ¢ = 13.9407(6) A, Rexp: 2.59%, Rup:

9.9 OMHOQAHBIA £ gq0, 1 4 30%, GOF: 2.32

18.2 - 2%722 IS,;:ZZ;&??SI(E)Z}.\Z’ZC = 13.9365(7) A, Rexp: 2.87%, Rup:
26.3 I —— 2%822 |F421;:a4.=8é;,12161(F6:)2§3,9c = 13.9555(6) A, Rexp: 2.79%, Rup:
24 seomopeans 1012 S e 4000 & 249
65.8 e omodasisiii Tg:;f(;/g,4§?::7 .103;).02/00,4&9% Asgaz 14.4375(11) A, Rexp: 3.19%, Rup:
88.5 He oHO(asHEi 1;8:3?%,4@:7 %%iflégé Azgs: 14.7692(10) A, Rexp: 3.51%, Rup:
96.6  meomopammmii PP 1422 13.2609(6) A, ¢ = 14.8797(8) A, Rexp: 2.58%, Rup:

6.80%, Rp: 4.80%, GOF: 2.63

Cunre3 coenunenusi 77. Pactsop 6pomuma [Py2(XK)]Br2 (0.20 r, 0.47 mMMoinb) B 7 M
JIMCO no6aBunm k pactBopy BiBrs (0.11 r, 0.24 mmoins) B 2.5 M JIMCO npu HeOOIbIIOM
HarpeBaHuu (TemmepaTtypa paboderd moBepxHocTH MIUTKH 60°C). IlomyueHHBIN pacTBOp
OCTaBWJIM MEJUICHHO WCHapATbCA TMpPH KOMHATHOW TeMIeparype B TEYCHHE HEIENH.
[Monyuennsie cBeTno-xkentoie kpuctamwibl [Py2(XK)]2[BiBrs]Br-3aDMSO (77) ordunstpoBanu
1oJl BaKyyMoOM, MpoMbUIn HeOosbmuM KonudectBoM JIMCO u Beicymmiin Ha Bo3ayxe. [lo
naHHbIM PDA moyueHHBIN MPOayKT sBisieTcst oaHoda3HbpiM. Beixoa: 0.224 1 (61%). Jetanu
yrounenus metoznoM Jle Beiins: mp. rp. C2/m, a = 16.6640(3) A, b = 14.3948(3) A, ¢
13.4339(3) A, p=123.7640(14)°, V = 2678.94(10) A3, R-Bragg = 0.225%, Rexp = 2.47%, Rup
4.40%, Rp = 3.16%, GOF = 1.78%.

Cunre3 coequnenns 78. Pacteop noauaa [Py2(XK)]I2 (0.20 r, 0.39 mmous) B 5 ma JIMCO
nobaswim k pactBopy Bilz (0.11 1, 0.19 mmonp) B 5 M IMCO mpu HeOOJIBIIOM HarpeBaHUU
(temmnepatypa paboueit moBepxHoctu MAUTKH 60°C). ITlomydeHHBIN pacTBOp OCTaBUIU
MEJIEHHO HUCIIapAThCS P KOMHATHOM TeMIlepaType B TeueHue Heenu. [lomydeHHble kpacHble
kpuctamibl  [Py2(XK)]2[Bilg]I-F3DMSO (78) otdunbrpoBaau MmMoj BaKyyMOM, MPOMBLIN
HeOonpmmM komudectBoM [IMCO u Boicymmnu Ha Bo3ayxe. Ilo nanabeiMm POA momyueHHBIN
npoaykT siBasieTcst ogHoda3HbIM. Boixon: 0.113 1 (32%). detanu yrounenus metogom Jle beitns:
mp. rp. C2/m, a=17.0628(2) A, b = 15.23994(19) A, ¢ = 13.6997(2) A, p = 124.2708(10)°, V
=2943.93(8) A%, R-Bragg = 0.470%, Rexp = 1.43%, Rwp = 4.01%, R, = 3.01%, GOF = 2.81%.
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Cunre3 coequnennsi 79. PactBop xmopuaa [Py2(XK)]Cl2 (0.17 1, 0.51 mmomns) B 7.5 mi
JIMCO no6aBuiu k pactBopy BiBrs (0.05 r, 0.10 mmoins) B 0.5 M JIMCO npu HeOOIbIIOM
HarpeBaHuM (Temiiepatypa paboueit moBepxHoctH MmiauTku 60°C). IlomydeHHBIH pacTBOp
OCTaBWJIM MEJICHHO UCHApSIThCA IPH KOMHATHOM TemIieparype B TEUYCHHE HEICIH.
[Monyuennsie OecrBeTHbie KpUCTALIBL 0-[PYy2(XK)]3[BiBrs.24Cli76]2 (79) oTdumasTpoBanu mox
BaKyyMOM, MPOMBLIH HeOobIuM KoiruecTBoM JIMCO u Beicymiig Ha Bo3ayxe. [1o qaHHBIM
P®A nonyyeHHsli npoayKT siBisieTcst ogHo¢pa3sHbIM. Beixon: 0.037 r (37%). [leTanu yrouHeHUs
metogoM Jle Beitns: mp. rp. P1,a=13.0392(11) A, b = 14.8740(10) A, ¢ = 19.0031(15) A, a. =
68.394(5)°, p=72.387(5)°, y = 80.459(5)°, V = 3259.8(5) A3, R-Bragg = 0.135%, Rexp = 2.97%,
Rwp = 3.66%, Rp = 2.72%, GOF = 1.23%.

PactBop 6pomuaa [Py2(XK)]Br2 (0.10 1, 0.24 mmoiib) B 5 mi1 2M HBr 1o6aBuiu K pacTBOpY
BiBrs (0.027 r, 0.06 mmonb) B 5 M 2M HBr mpu HeOosbIIOM HarpeBaHUM (TeMIepaTypa
paboueit moBepxHocTH HTKH 60°C). [Tomy4eHHBI pacTBOpP OCTABHIIIN B 3aKPBITON EMKOCTH Ha
Heaemo. I[loaydennsie OecuBeTHble Kpuctauibl o-[Py2(XK)]3[BiBrs]> co crpykrypoii 79
OT(GWIBTPOBAIN TOJ] BAKYYMOM, TIPOMBUIA 3TAHOJIOM W BBICYIIMJIM Ha Bo3ayxe. Ilo maHHBIM
P®A nony4yeHHbIN MPOAYKT siBisieTcs onHOGa3HbIM. Brixon: 0.042 1 (65%). [letanu yrouHeHus
mertonoM Jle Beitns: np. rp. P1, a = 12.90693(19) A, b = 14.93813(16) A, c =19.5316(3) A,
= 67.9138(9)°, P = 73.4926(11)°, y = 81.4619(9)°, V = 3341.95(8) A3, R-Bragg = 0.090%, Rexp
= 2.72%, Rwp = 3.03%, Rp = 2.24%, GOF = 1.12%.

Cunre3 coenunenus 80. HeGomnpIyto HaBecKy coefuHeHUs /7 TOMECTHIIN B Yaiky [letpu
U BBIJIEpKaJIM B CYUIIMIIBHOM HIKady npu temnepatype 168°C B reuenue yaca. [1o qanasim POA
ObUIO YCTaHOBJICHO, 4YTO TPOAYKT jaecosibBaraiuu cozaepxan B-[Py2(XK)]s[BiBre]2 co
crpykrypoii 80 u 6pomun [Py2(XK)]Br.. deranu yrounenus metogom Jle beiins (80): mp. rp.
P1,a=9.6114(3) A, b=13.0068(3) A, c = 14.3959(4) A, 0.= 91.8128(16)°, B = 106.4802(17)°,
y = 72.6929(16)°, V = 1644.89(8) A%, R-Bragg = 0.053%, Rexp = 7.43%, Rwp = 2.61%, Ry =
1.84%, GOF = 0.35%.

Monoxkpucramisl B-[Py2(XK)]s[BiBra11Cligo]2 (80) Obinu momyuensl myTeM oOIydeHHUs
KpucTauioB 79 ynpTpaduoneToBeiM uinydeHueM (A = 365 nm) B TeueHue yaca. Takoe ke
obiyuenue mopoika o-[Py2(XK)]3[BiBre]lo2 co crpykrypoii 79 B TeueHue uaca MPHUBEIO K

HeoOpaTtumomy obpasoBanuio B-[Py2(XK)]3[BiBrs]2, corinacuo nanasiM POA.
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CuHTte3 coeqnHeHuss 81 u BbIpamuBaHue KpucrauioB 87. PactBop Opommia
[Py2(XK)]Br2 (0.10 r, 0.24 Mmmoutb) B 3.5 M1 JIMCO nob6asuiu k pactopy BiBrs (0.426 r, 0.95
mMmoiib) B 2 mi JIMCO npu HeOGonbIIOM HarpeBaHuM (TeMmmeparypa pabouyeil mOBEpXHOCTH
wmtku 60°C). [lomydeHHBIH pacTBOpP OCTAaBWIM MEMJIEHHO HCHAPATHCA MPU KOMHATHOU
TEMIEPAType B TEUEHHE HEJIEIIH. [TonyueHHbie OeclLIBETHbBIE KPHUCTAJLIBI
[Py2(XK)][Bi2Brsg(DMSO).] (81) orduiapTpoBamu MMoa BaKyyMOM, MPOMBUIH HEOOIBIIHNM
konnuectBoM JIMCO u Beicymmian Ha Bosayxe. Ilo manHbiM PDA mosydeHHBI NPOIYKT
apnsercs onHodazupM. Beixoa: 0.260 1 (74%). letanu yrounenus meronom Jle beins: np. rp.
P2,/n,a=11.61747(13) A, b = 13.45797(14) A, ¢ = 12.67710(12) A, p = 108.8571(6)°, V =
1875.65(3) A%, R-Bragg = 0.160%, Rexp = 2.83%, Rup = 3.83%, R, = 2.88%, GOF = 1.35%. B
OJIHOM W3 CHHTE30B coenuHeHuss 81 mo omucaHHOW MeToauKe 00pa3oBaloCh HEOOJBIIOE
konnyectBo  kpuctaiioB  [Py2(XK)][BiBrsa(DMSO)2].  (87) Bmecto 81. IlombiTku

BOCITPOM3BEICHHS CHHTE3a 87 IPUBOIMIIO K 00pa30BaHUIO TOJBKO MpoaykTa 81.

Cunre3 coequnenns 82. Pacteop noauaa [Py2(XK)]I2 (0.20 r, 0.39 mmoup) B 5 ma JIMCO
nobaswim k pactBopy Bilz (0.92 1, 1.56 mmonp) B 8 M IMCO nipu HeOOJIBIIOM HarpeBaHUU
(remmepatypa paboueidt moBepxHocTH TuUTKH 60°C). ITlomydeHHBIN pacTBOp OCTaBHIIU
MEIJICHHO HWCIapsIThCcsl MPH KOMHATHOW TemmepaType B TeueHue Heaenu. [lomydeHHbie
kpuctamwibl  [Py2(XK)][Bi2lg(DMSO).] (82) ordunbTpoBasM moa BakyyMoOM, MPOMBUIA
HeOoapMM konndecTBoM JIMCO u Boicymunu Ha Bo3ayxe. [lo nanubiM PDA nonydeHHbIN
NPOAYKT siBIsieTcst omHO(Ma3HbIM. Boixon: 0.326 1 (45%). detanu yrounenus metogom Jle beitns:
np. tp. P2, /n,a=11.94742(16) A, b =14.22594(15) A, c = 12.78601(14) A, p=107.1358(7)°,
V =2076.68(4) A%, R-Bragg = 0.243%, Rexp = 3.82%, Rup = 4.92%, R, = 3.80%, GOF = 1.29%.

Cunre3 coequnenns 83. PactBop noanna [Py2(XK)]l2 (0.20 r, 0.39 mmous) B 35 mn IMOA
nobaswiu k pactBopy Bils (0.31 1, 0.52 mmoip) B 5 Mi JIM®PA nipu HeOOJIbIIOM HarpeBaHUH
(remmepatypa pabouedr moBepxHocTH TuUTKH 60°C). ITlomydeHHBIN pacTBOp OCTaBHIIU
MEJIEHHO UCTIapsIThCs MPU KOMHATHOM Temneparype B TeueHue Heaenu. [lonydeHHble KpynHbie
kpacubie kpuctaiisl [Py2(XK)]z[Biz2lg]2:2DMF (83) otdunsTpoBanu mox BakyyMoM, MPOMBLIH
HeOonpmnM KoarmuecTBoM IM®PA u Beicymin Ha Bo3zayxe. [1o manasiM POA momyueHHBIN
npoayKT siBasieTcs oaHoda3zHbIM. Boixon: 0.330 1 (63%). Jdetanu yrounenus metogom Jle beitns:

mp. tp. PT, a = 10.5316(2) A, b = 12.6561(3) A, ¢ = 20.2049(4) A, a = 93.9301(15)°, B =
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103.4032(13)°, y = 112.8457(14)°, VV = 2376.18(9) A3, R-Bragg = 0.176%, Rexp = 3.27%, Rup =
3.79%, Ry = 2.89%, GOF = 1.16%.

Cunre3 coequnenusi 84. Pactsop noauaa [Py2(XK)]l2 (0.20 1, 0.39 mmoss) B 15 ma IMDA
nobasmiu K pactBopy Bils (0.15 1, 0.26 mmois) B 5 M JIM®PA nipu HeOOIBIIOM HarpeBaHHH
(remmiepatypa pabouerd moBepxHocTH TuTKH 60°C). IlomydeHHBIN pacTBOp OCTaBHIIA
MEIJICHHO UCTIApATHCS PU KOMHATHOM TeMIIepaType B TeUeHue Henelu. [1oydeHHbIe KPYITHBIC
KpacHble KpUCTaLTbl 83 M Meinkue opamkeBble KpucTauibl o-[Py2(XK)]s[Bile]2:2DMF (84)
OoT(UIBTPOBAIIM TIOJT BAKYYMOM, IPOMBLUTH HEOOJIbIIMM KoJruecTBoM MDA u BhICYITHINA Ha
Bo3ayxe. [lo manueiv PO A momydennsiii mpoaykt cogepxut 72% 84 u 28% 83. Kpucramne 84
MexaHuuecku otaemwin oT 83 mo ux usery. Beixom: 0.107 t (29%). Jeranu yTouHeHUs
metozoM Jle Beitns: np. rp. P1,a=11.15783(11) A, b = 13.80622(12) A, ¢ = 14.07783(11) A,
o= 74.9867(6)°, p=87.7903(6)°, y = 73.3488(6)°, V = 2005.30(3) A3, R-Bragg = 0.108%, Rexp
= 1.33%, Rwp = 2.55%, Rp = 1.88%, GOF = 1.91%.

BoipamuBanue kpucrtaiiaoB 85. Ilepekpucrammuzamnus nogosucmyrata /6 uz JJMDA

npuBena K o0pa3oBaHHIO Tpex (a3 Mocie MOTHOrO WcmapeHus pactBoputens: 83, 84 u ero

pombuyeckoro noaumopda B-[Py2(XK)]z[Bile]2:2DMF (85).

Cunre3 coequnenusi 86. Pactsop noaunaa [Py2(XK)]l2 (0.20 r, 0.39 mmois) B 15 it IMDA
no6asuin K pactBopy Bilz (0.11 1, 0.19 mmons) B 5 Mt JIM®DA. TTony4eHHBIH pacTBOP OCTaBHIIH
MEJJIEHHO HCHapsThCs P KOMHATHOM TeMIiepaType B TeueHHe Henenu. llomydyeHHbIe
opamkeBbie kpuctamisl [Py2(XK)]2[Bils]I-3DMF (86) ordunprpoBamu moJ BaKyyMoM,
npoMbutd HeOonbmUM KonndecTBOM JIM®PA u Beicymunu Ha Bosnyxe. [lo manubiM PDOA
MOJIyYEHHBIN TpoAyKT siBiisieTcst oaHodasubiM. Beixoa: 0.260 t (74%). Heranu yTouHEeHHs
mertonom Jle Beiinsa: mp. rp. C2/m, a=17.2609(15) A, b = 14.5927(14) A, ¢ = 13.8978(9) A, B
=119.903(6)°, V = 3034.6(5) A3, R-Bragg = 0.537%, Rexp = 3.16%, Rup = 5.01%, Ry = 3.61%,
GOF = 1.59%.

Cunre3 coenuHenus 88. Hebonpuryro HaBecKy coequaenns 83 nomectunu B yamky [letpu
¥ BBIJICPIKaJIM B CyIIMIIbHOM mikady npu temmneparype 215°C B reuenue daca. [1o nanasiv POA
ObUIO yCTAaHOBJIEHO, YTO MPOAYKT jeconbBaraiuu [Py2(XK)]3[Bi2lg]lo (88) smusercs
onHodasueM. Jetanu yrounenus metonom Jle Bbeiins: np. rp. P2, /n, a = 19.0325(5) A, b =
18.9185(5) A, c =12.6513(3) A, B =105.881(2)°, V = 4381.4(2) A3 R-Bragg = 0.102%, Rexp =
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4.22%, Ruwp = 1.94%, R, = 1.15%, GOF = 0.46%. Kpucramiuueckas ctpykrypa 88 Oblia
YCTaHOBJIEHA TIO JAHHBIM IOPOIIKOBOM PEHTICHOBCKOW MU(PAKIMH C HCIOJIB30BAHUEM

CHUHXPOTPOHHOI'O HCTOYHUKA U3JIYUCHUA.

Cunrte3 coennnenus 89. HeGonpinyro HaBecKy coequHeHus /8 momMecTuiau B yamky [letpu
Y BBIJIEPIKaJIH B CyIIMIbHOM mikady npu temmeparype 175°C B reuenne gaca. [1o nanasiv POA
OBLTO YCTAHOBJIEHO, YTO MPOAYKT AeCobBaTaliu coaepkut nogosucmyTat [Py2(XK)]3[Bils]2
(89) m momun [Py2(XK)]lo. deranu yrounenus meromom Jle beins (89): mp. rp. C2/c, a =
30.3003(7) A, b =14.4773(3) A, ¢ = 17.1967(4) A, B = 109.1429(19)°, V = 7126.5(3) A3, R-
Bragg = 0.040%, Rexp = 4.48%, Rwp = 1.73%, Rp = 1.04%, GOF = 0.39%. Coenunenue 89 Takxe
nosrydaercs nmpu aecoibaranuu 84 u 86 mpu 150-155°C. Kpucrammueckast ctpykrypa 89 Obliia
YCTaHOBJICHA TI0 JIaHHBIM ITOPOIIKOBOW PEHTICHOBCKON IU(PAKIUU C HUCIOJIb30BAaHHEM

CUHXPOTPOHHOI'O UCTOYHHKA U3JTYUCHUS.

Cunre3 coenunenusi 90. HeGomnpinyto HaBecky coequHeHus 81 nomectunu B yamky [letpu
U BBIICpXKATW B CymmibHOM Imkady mpu Temmeparype 215°C B Tedenme gaca. [Ipomykr
neconpBatanuu [Py2(XK)]2[BisBris] (90) mprobpen cBeTIO-KENTYyI0 OKPAcKy M IO JaHHBIM
P®A spasercs oqnodhaszHbIM. JleTanu yrounenus metonom Jle beiins: np. rp. P1, a=11.4552(2)
A, b=12.0649(2) A,c=11.9351(2) A, 0.=79.1034(19)°, p=106.3088(18)°, y = 113.8107(17)°,
V = 1442.97(5) A%, R-Bragg = 0.247%, Rexp = 3.73%, Rup = 4.81%, R, = 3.54%, GOF = 1.29%.
Kpucrannuyeckas crpykrypa 90 Obuta ycTaHOBJIEHA MO JJAHHBIM OPOIIKOBON PEHTTE€HOBCKOM

Z[I/I(l)paKIII/II/I C UCITOJIb30BAHUCM CUHXPOTPOHHOTO NCTOYHUKA NU3JTYUCHHA.

Cunre3 coequnenusi 91. PactBop noguna [Py2(XK)]l2 (0.20 r, 0.39 mmoinb) B 10 mut H20
no6aswi k pactBopy Bi(NO3)3-6H20 (0.76 T, 1.56 mmounb) u Kl (5.12 1, 0.03 mob) B 5 M H20
npyu  HEOOJIBIIIOM HarpeBaHuu (TemmepaTypa pabodedi mnoBepxHoctH Tk 60°C).
Oo6pazoBasmmiics ocanok [Py2(XK)][Bils]2 (91) ordunbsTpoBasiv moa BakyyMoM, MPOMBLIH
ATAHOJIOM U BBICYIIMIM Ha Bo3ayxe. Beixoa: 0.604 r (91%). 1o nanubiM PDOA nosnydeHHbIN
obpasel sBisieTcss ogHO(asHbIM. JleTanu ytounenus Mertonom Jle Beiins: mp. rp. P1, a =
8.1501(5) A, b=19.8505(6) A, c=10.6743(7) A, 0.= 103.626(6)°, B=90.027(5)°, y = 99.737(6)°,
V =820.11(9) A3, R-Bragg = 0.067%, Rexp = 4.41%, Rwp = 2.00%, R, = 1.34%, GOF = 0.45%.

HebGonpuryto HaBecky coeauHeHusi 82 momecTwid B 4vamiky IleTpu u Bblaepxanu B

cymmiibHOM mkagy npu temmeparype 215°C B Teuenue yaca. Ilpoaykt meconmpBararmu 91
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pHOOpE TEMHO-KPAcHYI0 OKpacky M 1o maHHbIM P®DA sBisercs omHodasHbiM. Jletanu
ytouneHus metogoMm Jle Beitna: mp. rp. P1, a = 8.1478(4) A, b = 9.8518(5) A, ¢ = 10.7055(7)
A, a=103.725(4)°, B =90.040(4)°, y = 99.627(3)°, V = 822.36(8) A3, R-Bragg = 0.247%, Rexp
= 4.39%, Rwp = 5.24%, Rp = 3.97%, GOF = 1.20%.

Cunte3 coequHenusi 92. K pactBopy Opomuna 1,1'-(0yran-1,4-nuwn)0uc(XHHOIUHUS)
(0.200 1, 0.422 mmoub) B 7 ma1 2M HBr no6asunu pactsop BiBrs (0.189 1, 0.422 mmons) B 5 M
2M HBr. Beimamiuii ocajiok oTGUITPOBAIH 10 BAKYYMOM, TIPOMBIJIN 3TAaHOJIOM U BBICYIITHIN
Ha Bo3ayxe. Brixoa: 0.322 r. HeGoubiiryto HaBecKy BelecTBa nepekpucraiuzosaiu B JIMCO.
Bremasime kpuctamibl  [(QN)2C4][BiBrs(DMSO)] (92) ordunbrpoBaiii MO BaKyyMoOM,
npoMbutd HebonbmmuM KonuuectBoM JIMCO u Beicymmiu Ha Bosayxe. Ilo mannbeiMm POA
NOJIy4YEHHBIN o0Opa3el sBisiercs ogHoda3HbiM. Jletanu yrounenust metogom Jle beitns: np. rp.
P1,a=8.3986(3) A, b=12.9902(4) A, c = 14.0151(6)A, 0. = 92.227(2)°, p = 100.505(2)°, y =
90.665(2)°, V = 1502.01(9) A3, R-Bragg = 0.202%, Rexp: 3.52%, Rwp: 4.68%, Rp: 3.54%, GOF:
1.33%.

Cunre3 coenuneHus 93 u BoipamuBanue kpuctawioB 94. K pacteopy xunonuna (0.200
r, 1.55 Mmonb) B 7 M1 2M HBr no6asunu pacteop BiBrs3 (0.348 r, 0.776 Mmmonb) B 5 M1 2M HBT.
BreimaBummii ocaiok OTGMIBTPOBAIM MOJ BAaKyyMOM, IPOMBUIM 3TAHOJIOM W BBICYLIMJIM Ha
Bo3ayxe. Beixoa: 0.372 r. HeGonblnyto HaBecKy BeliecTBa nepekpucramumsoband B 48% HBr.
Bemasimme — kpuctawiel - [(QN)H]s[Bi2Brio]  (93) w  oraenbHBIE  KPUCTaJUIBI

[(QN)H]s[H30][BiBrs]2-3H20 (94) ordunbTpoBaiv U BRICYIIWIA HA BO3AyXE.

Cunre3 coexuHennss 95. K pactBopy 6pomuna 1,1'-(rekcan-1,6-aumin)0uc(XuHOINHNS)
(0.200 1, 0.398 MmMoub) B 7 M1 2M HBr no6asuu pacteop BiBrz (0.179 1, 0.398 mmonb) B 5 mit
2M HBr. BeimaBumii ocajiok oT(puiabTpoBaiu Moj BAKYyMOM, TPOMBUIM 3TAHOJIOM U BBICYLITUIIH
Ha Bo3ayxe. Brixoa: 0.300 r. HeGounbiiyto HaBecky BeliecTBa nepekpuctamnuzoaiu B JIMCO.
Bemagmme kpuctamibsl [(QN)2Ce][BiBrs(DMSO)] (95) ordwibrpoBamn 1o BakyyMoM,
npoMbutd HebonbiuM KonudectBoM JIMCO u Beicymmin Ha Bosayxe. Ilo manneiMm POA
NOJTYy4YeHHBIN o0paserr siBisgercs onHodasHbeiM. Jletanu yrounenus meroaom Jle beiins: mp. rp.
P1,a=28.5755(3) A, b = 13.1760(5) A, c = 14.7608(5)A, 0. = 86.917(3)°, B = 75.709(3)°, y =
88.724(2)°, V =1613.81(10) A3, R-Bragg = 0.359%, Rexp: 3.00%, Rup: 5.45%, Rp: 3.91%, GOF:
1.82%.
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Cunte3 coenunenusi 96. K pactBopy wonuna 1,1',3,3'-Terpamernn-2,2'-0numMuaazonus
(0.050 r, 0.112 mmomns) u KBr (0.067 r, 0.563 mmons) B 1 M H2O noGaBunm pacTBOp
Bi(NO3)3-:5H20 (0.054 r, 0.112 mmoms) u KBr (0.150 r, 1.26 mmons) B 1 mum H20,
MOJIKMCIICHHBIN HecKoapkuMu Karuisimu 2M HBr. Cpa3y mocne ciamBaHUs pacTBOPOB BBITIA
opamxeBbIii ocanok. CrmycTss Henemo 0o0pa30BaBIIMECS YEPHBIC HIOJbYATHIC KPUCTAJLIIBI
[Mesbiim]2[Bi2Bre.9213.08]:0.32H20 (96) ordunsrpoBamu moa BakyyMOM, IPOMBLIN 3TAHOIOM H

BBICYIIWJIM Ha Bo3ayxe. Beixoa: 0.097 r.

Cunte3 coegunenuss 97. K pacteopy |1,1'-mumernn-2,2'-6unmunazonus (0.050 T,
0.31 mmoup) B 1 Mt 2M HBr no6asunu pactsop BiBrs (0.138 1, 0.31 mMons) B 1 mut 2M HBr.
Cpa3y mocie CIMBaHUS PacTBOPOB BBIMAN JKEATOBATHIA 0camoK. CIycTs HECKOJBKO YacoB
oOpa3oBaBinecs: urojpuateie Kpuctamibl [Me2biimH2]2[Bi2Brio] (97) ordwmibrpoBamu mox

BaKyyMOM, IIPOMBLJIM ATAHOJIOM U BBICYIIWJIN Ha Bo3ayxe. Beixoa: 0.116 T.

Cunre3 coenunenus 98. K pacreopy 2,2'-6unmunazomnus (0.100 r, 0.75 mmons) B 1 ma 2M
HBr no6asummu pactBop BiBrs (0.335 r, 0.75 mmons) B 1 M 2M HBr. O6pa3zoBasiiuecs
OeciBeTHBIC Wrojpuathic Kpuctamiel [DiimH4][BiBrs]-2H.O (98) ordunsrpoBanu mon

BaKyyMOM, ITPOMBUIH 3TaHOJIOM U BBICYIIMIIN Ha Bo3ayxe. Beixoa: 0.254 r.

Cunre3 coenunenus 99. K pacreopy 2,2'-6unmunazomnus (0.100 r, 0.75 mmons) B 1 man 2M
HCI no6asunu pactBop Bils (0.440 1, 0.75 mmons) u Kl (0.200 T, 1.20 mmo:s) B 1 M 2M HCI.
Cpasy mocrne ciauBaHUSI PacTBOPOB BBINANl OpaHXKeBbI ocagok. CITycTss HECKOJBKO YacoB
o0pa3oBaBIuecs KpacHbie Hropyarbie Kpuctauibl [DiimH4][Bils]-2H20 (99) otdunbsrpoBanu

[0/1 BAKYyMOM, IIPOMBUIM 3TAHOJIOM M BBICYIIWIN Ha Bo3ayxe. Beixoa: 0.412 r.

CuHTE3 TBEPABIX PACTBOPOB rajoBucMyTaToB nupuaunus ([HPy]*:Bi®* = 13:1). K 26 mi
0.5M pacTtBopa HUTpara nupuauHUs, coaepxkamiero 0.3M azoTHoI kucnoThl 1o6aBmim 10 mi
BOJIHOTO pacTBopa, coaeprxkairero 0.1M Bi(NOz)3-5H20 u 2M ranorenuaos kanus (KBr + KI:
0, 2.5, 5, 7.5, 10, 12.5, 30, 60 u 100 mon.% KI). BeimaBmue ocanku oTQuibTpoBaiu Moj
BAaKyyMOM, [IPOMBLIN 3TAHOJIOM U BBICYILIUIIM Ha Bo3ayxe. [IponykT cuHTe3a ¢ cogepkaHuem 5
Moi.% KI B pacTBOpe coaepxan KpyIHBIE OpaH)XXEBO-KPACHbIE KPUCTAIJIBI U MEJKHE
OpaHXeBble KpUCTaJUIbl. Pa3aenenue KpucTamioB ObLIO MPOBEACHO MyTEM JIEKaHTalluU B3BECU
Menkux KpuctamwioB. [lo manaeiM P®A Bce BbIIENEHHBIE MPOAYKTHI, KpoMe O0OpasIloB,
MOJIyYE€HHBIX U3 PACTBOPOB, cojepxkamux 2.5 u 5 Mo1.%, senstorcs oaHodazusiMu (Tabnuia
15). OtnmenwbHble Kpuctauiel OpomoBucMyTata [PyH]7[BiBrs]2(NO3)o.92Broos (108) ObLim

oOHapyxeHbI B GUIBTpaTE TOCe MpoMbIBaHus o0pasiia IsoL = 0% 3TaHoI0oM.
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Tabnuna 15. Pe3yabTaTsl CHHTE3a TBEPBIX PACTBOPOB TaJIOBUCMYTATOB MUpUuHus (IsoL —

MOJIbHAA OJO0JII uoada Cpear APYrux aToOMOB TraJIorCHa B PacTBOPC, leEDx — MOJIBHAS J0JI noaa

Cpeu APYTMX aTOMOB rajioreHa B TBEpPOM pacTBope 1o nanHbiM EDX).

IsoL, %0 lepx, %

da3oBbIil
COCTAaB

®opmyaa no EDX

Pe3yabTaThl yTOUHEHHS METOIOM
Jle Beitisa

Boixon,
%

0.3

omHO(ha3HBIN

[HPy]BiBr,

np. 1p. 12/a, a=7.4518(7) A, b = 13.5162(6) A,
c = 11.8004(5) A, B = 96.744(6)°, V =
1180.32(13) A3, R-Bragg = 0.553%, Rexp: 3.62%,
Ruwp: 8.27%, Rp: 6.13%, GOF: 2.29%

60

2.5

28.3

HE
0JTHO(a3HBIN

[H Py]BiBl’z,g7|1,13
(200 -
[PyH][BiBrs.sloez])

(asa 100, 91.5%) rp. rp. P2, /c, a = 12.4976(9)
A, b = 13.3702(16) A, ¢ = 7.5469(10) A, p =
107.024(10)°, V = 1205.8(2) A3 R-Bragg =
0.686%, (cdasa 102, 8.5%) mp. rp. Pbca, a =
13.5122(12) A, b = 7.5156(12) A, ¢ = 23.903(3)
A, V =2427.4(6) A3, R-Bragg = 1.037%, Rexp:
7.47%, Rup: 10.68%, Ry: 6.04%, GOF: 1.43%

34.2

HE
oTHO(a3HBIN

[H Py]BiBl’z,53|1,37
(101 -
[PyH][BiBr2.gal1.16];
102 -
[PYyH][BiBrsgslo.95])

(daza 101, 27.6%) mp. rp. P2, /c, a = 12.660(3)
A, b = 13.6484) A, ¢ = 7.560(5) A, B =
107.36(3)°, V = 1246.7(9) A% R-Bragg =
2.931%, (daza 102, 72.4%) np. tp. Pbca, a =
13.420(3) A, b =7.587(3) A, c = 24.166(6) A, V
= 2460.5(13) A%, R-Bragg = 6.719%, Rexp:
5.57%, Rwp: 13.13%, Ry: 9.87%, GOF: 2.36%

He
0JTHO(ha3HBIN

(103 -

[PyH]s[Bi2Br7.74l1.26])

(paza 103) mp. rp. Pnma (mpu RT), a =
18.142(3) A, b =22.690(3) A, ¢ = 8.2353(12) A,
V =3389.9(8) A%, R-Bragg = 0.928%, (ba3za 101)
np. rp. P2,/c, a = 12.6438(11) A, b =
13.4369(17) A, c=17.6532(9) A, p=106.959(7)°,
V = 1243.7(2) A% R-Bragg = 0.491%, Rex:
7.48%, Rup: 8.98%, Rp: 6.90%, GOF: 1.20%

7.5

50.7

oTHO(pa3HBIN

[HPY]3Bi2Braslass

1p. rp. Pnma, a= 18.1631(11) A, b = 22.7520(9)
A, ¢ =8.2232(5) A, V =3398.2(3) A3, R-Bragg
= 0.437%, Rexp: 3.73%, Rwp: 6.46%, Rp: 4.63%,
GOF: 1.73%

51

10

60.9

0JTHO(ha3HBIN

[HPy]sBi2Braszls 48

np. tp. Pnma, a = 18.1933(16) A, b =
22.7400(16) A, ¢ = 8.3018(6) A, V = 3434.6(5)
A3, R-Bragg = 0.484%, Rexp: 8.01%, Rup: 9.20%,
Rp: 7.26%, GOF: 1.15%

65

125

71.8

0JTHO(a3HBIN

[HPY]3Bi2Brasale.4s

np. rp. Pnma, a = 182140(14) A, b =
22.7870(16) A, ¢ = 8.3888(6) A, V = 3481.7(5)
A3, R-Bragg = 0.491%, Rexp: 8.28%, Rup: 9.35%,
Rp: 7.30%, GOF: 1.13%

67

30

96

oTHO(a3HBIN

[HPy]:Bi2Brossls.es

np. rp. Pnma, a = 14.7859(10) A, b =
23.7410(11) A, ¢ = 10.0856(7) A, V = 3540.4(4)
A%, R-Bragg = 0.514%, Rexp: 9.25%, Rup:
10.77%, Rp: 8.39%, GOF: 1.16%

87

60

99

omHO(ha3HBIN

[HPy]3Bi2Bro.osls o1

np. rp. Pnma, a=14.8071(6) A, b = 23.8047(8)
A, c=10.1026(4) A, V = 3561.0(2) A3, R-Bragg
= 0.463%, Rexp: 6.48%, Rup: 7.94%, Ry: 6.12%,
GOF: 1.23%

89

100

99.6

omHO(ha3HBIN

[HPy]3Bi2Bro.0als.o6

np. rp. Pnma, a = 14.8080(5) A, b = 23.8081(5)
A, c=10.0996(3) A, V =3560.60(18) A%, R-
Bragg = 0.383%, Rexp: 4.09%, Rup: 6.00%, Ry:
4.56%, GOF: 1.47%
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CuHTe3 TBEPABIX PACTBOPOB rajioBucMyTaToB mupuaunus ([HPy]*:Bi** = 1:4). K 0.5 mu
0.5M pactBopa HuTpaTa mupuauHUsS conepxkamiero 0.3M a3oTHON KuCIOTH AoOaBuau 10 mi
BOJIHOTO pacTBopa, coaepxkaiiero 0.1M Bi(NO3)3-5H20 u 2M ranorenngos kanus (KBr + KI:
12.5, 15,30, 60 u 100 mo1.% KI). Beimasime ocaaku oThUIBTPOBAIHN MO BAKYYMOM, TPOMBLUIH
ATAHOJOM W BBICYIIMJIM Ha Bo3ayxe. [lo manHeiM PDA BbIIEIECHHBIE MPOAYKTHI SIBISIOTCA
onnodazupiMu (Tabmuna 16). [Ipu comepkanuu MOAMAA Kalusl B CMECU TaJIOTEHHIOB MEHEe

12.5% ocanku raJoBUCMYTaTOB HE 00pa3yroTcs.

Tabnuna 16. Pe3ynbrarhl cuHTE3a TBEPABIX PACTBOPOB raJIOBUCMYTATOB MUPUIUHUS.

dDa3oBbIi Pe3yabTarbl yTOUHEHUSI METOI0M Brixon
[0) [0) i
IsoL, % leox, %0 COCTaB Dopmyaa no EDX Jle Beiins %
p. rp. Phen, a = 12.5220(8) A, b = 14.1534(16)
. . A, c=7.7312(10) A, V=1370.2(2) A3, R-Bragg =
125 91.8 OI[HO(ba3HI)II/I [HPy]BIBI’o,33|3,67 0.736%, Rexp: 4.20%, Rup: 8.84% Ry: 6.49% -
GOF: 2.10%
- .1p. Pben, a=12.5690(9) A, b= 14.1847(9) A,
HPy]BIiBro.s0l3.70 1p- P
15 925  oxHoQasHbIi E104y! C = 7.7445(8) A, V = 1380.7(2) A% R-Bragg =
' PVHIIBIBro | 1.293%, Rexp: 2.95%, Rup: 12.96%, Rp: 9.53%,
[PYHIIBiBrocols«ol) GoF: 4.409%
[HPy]BIBrO 11|389 Ip. 1p. Pbcn, a= 127562(6) A, b= 142169(10)

A, ¢=7.7597(6) A, V = 1407.26(16) A%, R-Bragg

30 972 onmodasmsii (105- = 1.460%, Regp: 7.63%, Rup: 13.75%, Ry 10.44%,
[PyH][BiBrosolso]) GoF: 1,800
HPY]BiBro.4l
El%y! 0048 p. tp. Phen, a = 12.7767(9) A, b = 14.2428(11)
y LA, c=7.7620(7) A, V = 1412.49(19) A3, R-Bragg
60 9.0 onnodasmbiit T(;'[PVH][B"“]’ = 1.169%, Rexy: 9.50%, Rup: 12.96%, R, 10.01%,  °-
- _ GOF: 1.36%
LT-[PyH][Bil])
mp. tp. Pben, a = 12.7798(6) A, b = 14.2545(10)
= = 3 -
100 996  ommodasmsii [HPY]BiBroolsss A€ 77609(6) A, V= 141380017 A% RBragg g,

= 0.754%, Rexp: 4.18%, Rwp: 9.69%, Rp: 7.10%,
GOF: 2.32%

Cunre3 TBepabIX pacTBopoB [4-Pi2C2]2[Bi2Brioxlx]. 0.485 r Bi(NO3)3-5H20 (1.00 Mmmo1h)
pactBopuin B 10 ma cmecu 2M KBr (0.238 r/mi) u Kl (0.332 r/mi1), B3STBIX B CIEAYIOIINUX
00beMHbIX cooTHomeHusX: 0:40, 1:39, 2:38, 3:37, 4:36, 5:35, 6:34, 7:33, 8:32 u 40:0. B nepBbie
mecth o0pasioB gobaswim 2-3 kamm 0.1M HBr ans npenotpamienus BoimaneHus BiOBr.
[TonmydyeHHnble pacTBOpbl J00aBUiIM K pactBopy Opomunma 1,1°-(3tan-1,1’-aumn)ouc(4-
vetwmmupuanausg) (0.213 1, 0.57 mmons) B 5 mn H20. BrimaBmme 1BeTHBIE OCaaKH
OoT(UIBTPOBANIM MO/ BAaKyyMOM, MPOMBUIM 3TAHOJIOM M BBICYIIMIM Ha Bozayxe. [lo manHBIX
P®A Bce nonyueHHbIe POAYKTHI sABIst0TCS 0AHO(Ma3HbIMU (Tabnuia 17). Beixoas! npoaykToB

coctaBiin oT 28% 10 68%.
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Tabnuma 17. Pe3yapTaThl CHHTE3a TBEPABIX pacTBOPOB [4-Pi2Co]2[Bi2Brio-xlx].

IsoL, %0 lepx, %

da3oBbIil
COCTAaB

®opmysia no EDX

Pe3syabTaThl yrounenusi Meroaom Jle beiins

0.6

0JTHO(a3HBIN

[(4-
Pi)2C2]2[Bi2Bro.glo.1]

mp. p. P2, /c, a = 12.0626(1) A, b = 11.6717Q2) A, ¢ =
14.9214(1) A, B =92.0631(6)°, V = 2099.42(4) A3, R-Bragg
= 0.133%, Rexp: 2.65%, Rup: 3.56%, Ry: 2.52%, GOF: 1.35%

2.5

9.6

omHO(ha3HBIN

[(4-
Pi)2C;]2[Bi2Breol1.0]
(209 - [(4-
Pi)2C;]2[Bi2Brssli2])

np. rp. P2,/c, a = 12.1262(3) A, b = 11.6614(3) A, ¢ =
15.0264(3) A, B=92.1605(15)°, V =2123.35(9) A%, R-Bragg
= 0.203%, Rexp: 2.65%, Rup: 4.08%, Ry: 2.96%, GOF: 1.54%

20.2

omHO(ha3HBIN

[(4-
Pi)2C;]2[Bi2Brs.l2.0]
(110 - [(4-
Pi)2C,]2[Bi2Brslig])

np. p. P2, /c, a = 12.1803(17) A, b = 11.6713(16) A, ¢ =
15.1184(15) A, B =92.261(6)°, V = 2147.6(5) A3, R-Bragg =
0.369%, Rexp: 2.22%, Rup: 4.59%, Ry: 3.26%, GOF: 2.07%

7.5

27.0

oTHO(a3HBIN

[(4-
Pi)2C2]2[Bi2Brz.3l2.7]
(111 - [(4-
Pi)2C2]2[Bi2Brz.6l2.4])

np. rp. P2, /c, a = 12.2390(19) A, b = 11.6992(18) A, ¢ =
15.2016(18) A, B =92.291(6)°, V = 2174.9(5) A3, R-Bragg =
0.228%, Rexp: 2.26%, Rup: 4.07%, R,: 3.03%, GOF: 1.80%

10

42.3

oTHO(a3HBIN

[(4-
Pi1)2C2]2[Bi2Brsslsz]
(112 - [(4-
Pi)2C2]2[BizBresls.2])

np. p. P2,/c, a = 12.2913(18) A, b = 11.7415(17) A, ¢ =
15.2611(17) A, B =92.274(6)°, V = 2200.7(5) A%, R-Bragg =
0.129%, Rexp: 2.38%, Rup: 3.45%, R,: 2.65%, GOF: 1.45%

125

38.0

oTHO(ha3HBIN

[(4-
Pi)2C2]2[Bi2Bre 2l3g]

np. p. P2,/c, a = 12.2875(5) A, b = 11.7337(5) A, ¢ =
15.2639(5) A, B = 92.286(2)°, V = 2198.97(15) A3, R-Bragg
= 0.140%, Rexp: 2.78%, Rup: 3.74%, Ry: 2.95%, GOF: 1.34%

15

50.2

0JTHO(ha3HBIN

[(4-
Pi)2C2]2[Bi2Brsls.0]

mp. tp. P2,/c, a = 12.3515(5) A, b = 11.7946(6) A, ¢ =
15.3236(7) A, B = 92.283(3)°, V = 2230.59(17) A3, R-Bragg
= 0.157%, Ruxp: 2.84%, Rup: 4.26%, Ry: 3.30%, GOF: 1.50%

17.5

55.6

0JTHO(ha3HBIN

[(4-
Pi)2C2]2[Bi2Braslss]

np. p. P2,/c, a = 12.3766(6) A, b = 11.8336(7) A, ¢ =
15.3452(8) A, B = 92.275(4)°, V = 2245.7(2) A%, R-Bragg =
0.169%, Rexp: 2.98%, Rup: 4.44%, Ry: 3.44%, GOF: 1.49%

20

59.8

oTHO(pa3HBIN

[(4-
Pi)2C2]2[Bi2Bra.ole.]

np. p. P2,/c, a = 12.4009(5) A, b = 11.8825(6) A, ¢ =
15.3489(6) A, p=92.317(3)°, V = 2259.86(17) A3, R-Bragg
= 0.162%, Rexp: 2.92%, Rup: 4.11%, Ry: 3.01%, GOF: 1.41%

100

98.9

oTHO(pa3HBIN

[(4-
Pi)2C2]2[Bi2Bro.1leo]

mp. rp. P2,/c, a = 12.6440(3) A, b = 12.31053) A, ¢ =
15.3812(3) A, B = 92.6824(12)°, V = 2391.52(9) A%, R-Bragg
= 0.146%, Rexp: 3.59%, Rup: 3.99%, Ry: 3.02%, GOF: 1.11%

Cunte3 TBepabix pactBopoB [2-PiH][BiBraxlx]. K 40 mu 0.1M pactBopa Hutpara 2-

metwimupuanaus, coxaepxamero 0.1M HNOsz, po6aBunm 10 Mi BogHOrO pacTBopa,

coaepxkaiero 0.1M Bi(NO3)3-5H20 u 2M ranorennaos kamus (KBr + KI: 0, 2.5, 5, 7.5, 10, 15,

20, 30 u 100 mo0n.% KI). IlonyueHHble pacTBOPHI 3aKpbLIM U OCTaBWJIM B TEMHOM MECTE.

[TonyueHHble yepe3 HEAETI0 KPUCTAIMYECKHE O00paslbl OTPHIBTPOBAIM MOJ BAKyyMOM,

IMPOMBIIA 3TAaHOJIOM W BBICYHIMJIM Ha BO3OYXC. PCSy,]'II)TaTI)I CHUHTE3a TBCPABIX pPacTBOPOB

npencraBiaeHsl B Tabnmma 18.
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Tabnuma 18. Pe3yapTaThl cuHTE3a TBEPABIX pacTBOpoB [2-PiH][BiBraxlx].

IsoL, %0 lepx, %

da3oBbIil
COCTAaB

®opmyaa no EDX Pesyabrarhl yrounenust meronom PurBennia

0JTHO(a3HBIN

np. rp. P2, /c, a = 12.9091(15) A, b = 13.3370(13) A, ¢ =
7.6268(9) A, B = 106.976(8)°, V = 1255.9(2) A%, R-Bragg:
1.097, Rexp: 6.10%, Rup: 11.35%, Ry: 8.36%, GOF: 1.86%

[2-PiH][BiBr]

2.5

26.0

HE
omHO(ha3HBIN

(dpaza 113, 95.7%), mp. rp. C2/c, a = 14.7770(10) A, b =
13.4625(12) A, ¢ = 7.5480(8) A, B = 116.559(6)°, V =
i . 1343.1(2) A%; ((asa 114, 4.3%), mp. rp. P2, /c, a = 13.041(3)
Ezlf'H][B'Brz-go'l-m]’ A, b = 13.522(5) A, ¢ = 7.606(6) A, p = 105.48(4)°, V =

. 1292.6(12) A% R-bragg: 4.254%, Rex: 4.35%, Rup: 10.01%,
[2-PiH][BiBrsosloss]) R : 7.479%, GOF: 2.30%

[2-Pi H] [Bi Br2‘96|1‘04]
(113 -

37.8

0JTHO(a3HBIN

[2-PiH][BiBrasslisi] mp. rp. C2/c, a = 14.8140(14) A, b = 13.5240(13) A, ¢ =
(115 - 7.5692(10) A, B = 116.376(9)°, V = 1358.6(3) A%, R-bragg:
[2-PiH][BiBrszl1ss]) 0.592%, Re: 6.13%, Rup: 8.43%, Ry: 6.68%, GOF: 1.37%

7.5

46.5

0JTHO(ha3HBIN

[2-PiH][BiBrz.aligs] mp. rp. C2/c, a = 14.8707(11) A, b = 13.5906(11) A, ¢ =
(116 - 7.5955(8) A, B = 116.273(7)°, V = 1376.5(2) A3, R-bragg:
[2-PiH][BiBr2.06l1.04]) 0.461%, Rexp: 4.29%, Rup: 6.70%, Ry: 5.19%, GOF: 1.56%

10

53.3

0JTHO(ha3HBIN

[2-PiH][BiBris7l213] mp. rp. C2/c, a = 14.9156(11) A, b = 13.6533(10) A, ¢ =
(117 - 7.6150(9) A, B = 116.197(7)°, V = 1391.5(2) A3, R-bragg:
[2-PiH][BiBrus;l213]) 0.406%, Rexp: 4.77%, Rup: 7.09%, Ry: 5.46%, GOF: 1.49%

15

71.3

oTHO(a3HBIN

-PiH][BiBrislzgs] mp. rp. C2/c, a = 14.9935(11) A, b = 13.7647(12) A, ¢ =
[2-PiH][BiBryi.1sl2.85] A A
(118 - 7.6519(5) A, B = 116.123(7)°, V = 1417.9(2) A3, R-bragg:
[2-PiH][BiBr1.24l276]) 0.558%, Rexp: 4.96%, Rup: 7.53%, Rp: 5.76%, GOF: 1.52%

20

81.0

HE
oTHO(a3HBIN

[Z-Pi H] [BI Bro_76|3_24]
(119 -

[Z-Pi H] [Bi Bro,62|3,38]
120 -

[Z-Pi H] [Bi Bro,65|3,35])

(paza 119, > 95%) mp. rp. C2/c, a = 15.0518(13) A, b =
. 13.8686(12) A, ¢ = 7.6875(6) A, p = 116.003(7)°, V =
' 1442.3(2) A3, R-bragg: 0.390%, Rex: 4.40%, Rup: 6.57%, Ry:
5.15%, GOF: 1.49%

25

89.5

0JTHO(a3HBIN

[2-PiH][BiBro.zlsss] mp. rp. P2,/c, a = 13.6497(8) A, b = 13.9942(11) A, ¢ =
(121 - 7.9626(6) A, p=107.843(5)°, V = 1447.83(18) A3, R-bragg:
[2-PiH][BiBrozalszs]) 0-442%, Rexp: 4.98%, Rup: 7.31%, Ry: 5.57%, GOF: 1.47%

30

91.3

oTHO(a3HBIN

[2-PiH][BiBrosslses] mp. rp. P2, /c, a = 13.6676(10) A, b = 14.0076(12) A, ¢ =
(122 - 7.9734(7) A, B = 107.827(6)°, V = 1453.2(2) A3, R-bragg:
[2-PiH][BiBroaslsgi]) 0-597%, Rexp: 8.41%, Rup: 8.41%, Ry: 6.28%, GOF: 1.64%

100

0JTHO(ha3HBIN

np. tp. P2,/c, @ = 13.6986(15) A, b = 14.0452(15) A, ¢ =
7.9896(9) A, p = 107.740(9)°, V = 1464.1(3) A3, R-bragg:
0.658%, Rexp: 9.02%, Rup: 10.79%, Ry: 8.55%, GOF: 1.20%

123 - [2-PiH][Bild]

CuHTe3 TBepAbIX PACTBOPOB rajoBucMyTatoB 4-merwianupuaunus. K 2 ma 0.5M

pactBopa HuTpara 4-metwinupuauHus B 0.3M HNOs po6asunu 10 ma 0.1M pactBopa

Bi(NO3)3-5H20 u 2M cmecu KBr u Kl (0, 2.5, 5, 10, 15, 22.5, 30 u 80 mon.% KI). BeinaBmue

ocanku (Tabnuma 19) oTdunpTpoBany moa BakyyMOM, MPOMBUIM 3TAHOJIOM M BBICYIIWIA Ha

Bo3yXxe. CTOUT TakKe OTMETUTh, UTO MPH BBICBIXaHUU Karn oopasiua lsoL = 15% Ob11 mostyuen

kpuctami [4-PiH]4[Bi2Bres sslz16] (130). ITpu BeiaepxkuBanuu oopasna lso. = 30% B MaTOYHOM

pacTBope B TeUeHHE CYTOK HaOmomanu odpasoBanue kpuctamuioB [4-PiH][BiBro2slz77] (131).

Jlo6asnenue Hebombimoro koimuectBa 1M HNOs k obpasnam Iso = 30% u 60% uvepes 10

MHHYT TIEpEMEIIMBAHUS PUBOAUT K 00pa3oBaHui0 oauMophHoi Moandukarmu B-[PiH]BiXa.
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Tabmuma 19. PesynbraThl CHHTE3a TBEPABIX PACTBOPOB  TaJIOBUCMYTaToB  4-
MeTI/IHHI/IpI/IZ[I/IHI/IH.
|so|_, IEDX, da3oBbIit
% %  cocTan ®opmyaa no EDX  PesyastaThl yrounenusi merogom Pursenbaa Beixon
mp. tp. P1, a = 9.3511(3) A, b = 10.6761(3) A, ¢ =
] o o 10.9021(4) A, o = 99.292(2)°, B = 108.903(2)°, y = 0.15T
0 onnodasmtit [4-PiH][BizBrio] 97.265(3)°, V = 997.38(6) A3, R-Bragg: 0.649%, Req: (37.6%)
3.56%, Rup: 7.68%, Ry: 5.67%, GOF: 2.16%
(pasa [4-PiH]a[Bi-X10], 96.1(7)%) mp. rp. P1, a =
_ 9.3511(5) A, b = 10.7518(4) A, ¢ = 10.8630(5) A, o =
(124 - 99.496(3)°, BA; 108.239(6)°, v = 97.3(20(6)", V[:
_ me g, . 100423(9) A3 R-Bragg: 5.618%:; (dasa o-[4-
25 ommoasii L3y '_H[l[_B'BrZ-“O'l-ﬁ"]’ PIHI[BIX4], 3.9(7)%) p. rp. P2,/c, a=9.128(5) A, b 18T
; : — 19.606(14) A, ¢ = 7.513(11) A, B = 91.85(10)°, V =
PiH]u[Bi:Braaslioa])  1344(2) A3, R-Bragg: 2.685%: Rexp: 3.61%, Rup: 8.44%,
Ro: 6.37%, GOF: 2.34%
(pasza [4-PiH]4[Bi2X10], 56.5(8)%) mp. tp. P1, a =
9.3542(11) A, b= 10.7735(8) A, ¢ = 10.8547(11) A, 0. =
) 99.519(7)°, B = 107.999(14)°, y = 97.410(12)°, V =
He 1007.0(2) A3, R-bragg: 8.456%; ((asa a-[4-PiH][BiXa],
5 - . (126 - L 031
oHO(a3HBII A-PiIHIIBIBI» | 43.5(8)%) mp. rp. 2,/c, a = 9.1676(5) A, b =
[4-PiH][BiBr2atlisd]) 196501(11) A, ¢ = 7.6243(10) A, B = 92.862(8)°, V =
1371.9(2) A%, R-bragg: 5.424%; Rexp: 3.57%, Ruwp:
12.61%, Ry: 9.18%, GOF: 3.53%
_Di ; (dpaza o-[4-PiH][BiX4]) mp. rp. P2,/c, a=9.2055(4) A,
10 515 omofasmsi EZF;'H][B'B“'Q“IZ'%] b =19.6952(9) A, ¢ = 7.6503(5) A, B = 93.037(6)°, V= 0.35
=) OIHOQASHBIN A PIHBIBE o 1385.09(12) A3, R-bragg: 0.998%, Rex: 2.97%, Rup: (48.6%)
[4-PIH][BiBrisslzo7]) g 6906, R.: 6.38%, GOF: 3.26%
_Di ; (dpaza a-[4-PiH][BiXa4]) mp. rp. P2,/c, a=9.2890(4) A,
5 663 F— Ei’zzll__'][B'B“'Sslz'“] b =19.8099(8) A, ¢ = 7.6901(5) A, B =93.207(4)°, V= 0.54r
) . . 1412.87(12 R-bragg: 0.395%, Rexp: 3.48%, Rwp: (72.2%
OAHOGASHBIH 4 P H B B I ( ) ASV b gg ’ exp ’ P ( )
[4-PiH][BiBriselzss]) 5 6606, R,: 4.11%, GOF: 1.63%
_Di : (dpaza o-[4-PiH][BiX4]) mp. rp. P2, /c, a=9.4032(4) A,
225 825 omsopasmmi E‘llzg"__'][B'BrO'm'S'SO] b=19.9252(8) A, c = 7.7237(5) A, B=93.661(5)°, V= 0.62T
: D OR PiHITBIBY - | 1444.17(12) A3, R-bragg: 0.751%, Rexp: 5.78%, Rup: (77.9%)
[4-PiH][BiBroerlass]) g 5306 R,: 6.929%, GOF: 1.65%
(pasa [4-PiH][Bi2Xs]) 1p. rp. P2,2,2,, & = 9.4254(5)
0 879 — [4- A, b=10.6594(5) A, c = 37.6626(17) A, V = 3783.9(3)  0.64r
7 OMHOQASHBIM b 1B Brigolzer] A% R-bragg: 0.180%, Rexy: 3.60%, Rup: 5.00%, Ry (71.4%)
3.76%, GOF: 1.39%
“ gpasa B-[4-PiH][B}&X4]) . . sz/c, a = 12.8354(9)
+ N ,b=14.6951(8) A, c=7.7240(4) A, p=93.884(5)°,V
HNO, 245 omodasutit [4-PIHI[BIBrozlsrs] _7) 455 5415) A3, R-bragg: 0.446%, Rexp: 4.29%, Rup:
7.35%, Ry: 5.48%, GOF: 1.71%
(dbaza [4-PiH][Bi2Xo]) mp. rp. P2,2,2,, a = 9.4024(4)
80 987 omodasmsii [4- A, b=10.7533(4) A, c = 37.9439(12) A, V = 3836.4(2) 0.64r
ol PiH]3[Bi:Broi2lsss] A®, R-bragg: 0.183%, Rex: 3.86%, Rup: 4.95%, Ry (69.9%)
3.75%, GOF: 1.28%
0 gpasa B-[4-PiH][B}XX4]) p. . P21A/c, a = 12.8789(6)
+ N . b=14.72905) A, c=7.7371(3) A, p=93.8673)°, V
HNO, 290 omnodasuetit [4-PIH]I[BiBrooslass] 7y 464 3470) A3, R-bragg: 0.714%, Rexp: 3.98%, Rup:
8.50%, Ry: 5.85%, GOF: 2.14%
gpasa B-[4-PiH][B}XX4]) p. . sz/c, a = 12.8910(4)
] y - ,b=14.7384(6) A, c =7.7411(3) A, B=93.867(3)°, V. 0.71r
100 omuodpasubiit 132 - [A-PIHI[BIl]  _*) 407 40 70) A3 R-bragg: 0.684%, Rex: 4.06%, Rup:  (86.5%)

7.36%, Rp: 5.18%, GOF: 1.81%
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Cunre3 coennnenusi 133. K 8 mu 0.5M pactBopa nutpara 4-merwinupuaunus B 0.3M

HNO3 no6asumu 10 mut 0.1M pactBopa Bi(NOz)3-5H20 u 2M KI. Beinasmmii KpucTainaecKuit

0CaJI0K OT(i)I/IJIBTpOBaJ'II/I II0J BaKyyMOM, IIPOMBIJIN 3TAHOJIOM H BBICYHIWJIM Ha BO3AYXC. IIo

naHHeiM P®OA monydeHHBIM TpOAyKT sBisercsa onaHodaszHbiM. Boeixom: 0.84 r (91.1%).

PesynpraTsl yrounenus Metonom Jle Beiins: np. rp. P2,2,2,,a=37.9914(10) A, b =9.4117(3)
A, c=10.7729(3) A, V = 3852.0(2) A3, R-bragg: 0.171%, Rexp: 3.40%, Rwp: 4.00%, Ry: 3.05%,
GOF: 1.18%.

Ta6numa 20. Pe3yabTaThl cHHTE3a TBEPABIX pacTBOPoB [N-MePy][BiBraxly].

!;)OL, ('yEoDx’ S}ii‘::’m ®opmyaa no EDX  PesyabraTsl yrounenust meroaom Jle Beiins Beixon
[N- mp. tp. P2, /c, a = 7.6104(3) A, b = 13.6669(5) A, ¢ =
. MePy][BiBraoiloss] 12.7617(5) A, B = 92.915(3)°, V = 1325.64(9) A3, R- 0383t
476 24.7 onsodasHblil (134 - [N- Bragg: 0.480%, Rexy: 3.59%, Rup: 6.19%, Ry: 4.73%, (57.2%)
MePy][BiBr2.ssl1.02]) GOF: 1.72%
[N- mp. rp. P2, /c, a=7.6558(4) A, b=13.7623(10) A, ¢ =
. MePy][BiBraaliss] 12.8456(8) A, B = 93.012(5)°, V = 1351.56(15) A% R- 0.433
714 39.6 ommodasuert (135 - [N- Bragg: 0.438%, Rex: 5.82%, Rup: 8.27%, Ry: 6.13%, (62.1%)
MePy] [BiBr2_42|1_5g]) GOF: 1.42%
[N- mp. rp. P2, /c, a=7.6718(5) A, b= 13.8562(10) A, ¢ =
. MePy][BiBrassligr] 12.9171(10) A, B =93.224(5)°, V = 1370.93(17) A3, R-  0.432 T
9.52 44.2 omHodasHerit (136 - [N- Bragg: 0.208%, Rex: 3.45%, Rup: 5.26%, Ry: 3.91%, (61.6%)
MePy][BiBr2.13l1.57]) GOF: 1.53%
[N- mp. tp. P2, /c, a="7.7101(4) A, b = 13.9298(7) A, ¢ =
. MePy][BiBrisrloas]  12.9886(6) A, B = 93.242(4)°, V = 1392.75(12) A% R-  0.486
11.9 60.7 onnodasmerd (137 - [N- Bragg: 0.330%, Rex: 3.39%, Rup: 6.20%, R,: 4.81%, (65.9%)
MePy][BiBrl'62|2'38]) GOF: 1.83%
[N- np. tp. P2, /c, a = 7.7362(5) A, b = 13.9833(9) A, ¢ =
. MePy][BiBriiilags] 13.0443(7) A, B = 93.288(5)°, V = 1408.78(15) A% R- 0.555
143 723 omnodasurld (138 - [N- Bragg: 0.435%, Rex: 6.44%, Rup: 8.46%, R, 6.70%, (73.1%)
MePy][BiBr1,24I2,76]) GOF: 1.31%
mp. 1p. P2, /c, & = 7.7739(5) A, b = 14.0432(7) A, ¢ =
. [N- 13.1196(7) A, B = 93.328(4)°, V = 1429.85(13) A3 R- 0.590 1
190 788 onnodasueiit o rmipy o] Bragg: 0.534%, Req: 5.13%, Ruy: 8.43%, Ry: 6.67%, (76.5%)
GOF: 1.64%
[N- mp. tp. P2, /c, & = 7.7969(5) A, b = 14.0802(8) A, ¢ =
. MePy][BiBroglaar]  13.1727(7) A, B = 93.373(4)°, V = 1443.62(14) A% R-  0.625T
238 84.2 onmmogasHerit (139 - [N- Bragg: 0.500%, Rex: 5.30%, Rup: 8.22%, Ry: 6.39%, (80.0%)
MePy][BiBro_59I3_31]) GOF: 1.55%
1p. tp. P2,/c, a = 7.8203(4) A, b = 14.1211(5) A, ¢ =
. [N- 13.2365(5) A, B = 93.434(3)°, V = 1459.10(11) A3, R-  0.620r
33.3 91.2 opsodasmelit MePy][BiBrosslsss] Bragg: 0.429%, Rexy: 4.66%, Rup: 7.89%, Ry 5.85%, (78.0%)
GOF: 1.69%
(dbasa [N-MePy][Bils], 86%) mp. rp. P2,/c, a =
7.8318(4) A, b = 14.1381(8) A, ¢ = 13.2749(6) A, B =
e - 93.478(4)°, V = 1467.18(14) A3, R-Bragg: 3.853%;
100 - onodasHbiii (140 - (dpa3a 140, 14%) np. rp. Pnma, a = 16.002) A, b = 0.684r

[N-MePy]3[Bi:ls]I2)

23.49(2) A, c=11.210(8) A, V = 4213(7) A3, R-Bragg:
3.061%; Rexp: 3.65%, Rwp: 8.98%, Ry: 6.97%, GOF:
2.46% (meroom PutBennba)
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Cunre3 TBepabix pacTBopoB [N-MePy][BiBraxlx]. K 10 ma pactBopa mommma N-
metrwnupuarnans (0.01M) u HNO3 (0.01M) no6aswmiu 10 it pactopa Bi(NOz)3-5H20 (0.01M)
u cMecu rajgorenuioB kanus (KBr + Kl, 0.1M) B cootnomenusx 0, 2.5, 5, 7.5, 10, 15, 20,30 u
100 mon.%. BrImaBmme depe3 HENENI0 KPUCTAUIMYSCKUE OCAAKU OTQPHIBTPOBAIH O]
BAKyyMOM, IIPOMBUIM 3TAaHOJIOM M BBICYIIMIM Ha Bo3ayxe. [lo manusiM PDA Bce mpoayKThI

kpome nogosucmytata lso = 100% sBnsrorcs oqnodazubimu (Tadmuia 20).

CuHTe3 TBepAbIX PACTBOPOB HOJAOBHCMYTATOB 2-MeTwjanupuauHus ¢ N-
MEeTWINMPUAUHNEM, 3-MeTHJINUpUINHUeM H 4-merujanupuauaueM. K 10 M BogHOoro
pactBopa Bi(NO3)3-5H.0 (0.1M) u Kl (0.8M) noGasunu pactBop, cocrosimuii u3 20 mi 0.1M
CMECH HHUTPATOB METWINUPUAWHMUS  (HUTpAT 2-METWINHUpUAUHUS + womuma  N-
METWIMUPUANHUS/HUTpaTa 3-metunnupuaunus/4-metmwimupuanans) u 20 mun 0.1M HNOs.
MomnbHast 707 2-METWINMUPUIUHUS OTHOCUTEIBHO OOIIETO COJEPKaHUS IPOU3BOIHBIX
METWIMUPUANHUS B pacTtBope coctaBuia 0, 25, 50, 75, 82 u 90 %. IlomyueHnHsie oOpasiibl
IUIOTHO 3aKpPhUIM M BBIICPKATM B TEMHOM MeECT€ B TeUYeHHE Henenu. [lomydeHHBIC
KPUCTAITUYECKUE 0CATKH OTHUIHTPOBAIH MO BAKYYMOM, IIPOMBLIN CIIUPTOM M BBICYIIUIIU Ha
Bo3nyxe. Brixoa ogHoda3HBIX MPOAYKTOB cocTaBuil 65-85%. PesynbTaThl cUHTE3a TBEPABIX
pacTtBopoB mnpenactaBieHbl B Tadumie 21. OtaensHble KpUcTaJLIbl HOBoro moiumopda B-[N-
MePy][Bils] (141) Obutn TOMYYCHBI B3aMMOJCWCTBHEM BOJHOTO pacTBopa wuoauma N-
METHJITUPUINHHAS U CITUPTOBOrO pacTBopa Bils B MombHOM cooTHOmeHUH 1:1. AHATOTHYHBIM

00pa3oM ¢ HCMOJIb30BaHWEM HHUTpaTa 3-METWINMUPUAWHHS OBLTU TMOJYYSHBI KPHUCTAUIBI [3-

PiH][Bila] (144).

Moayuyenue kpuctanaoB 146 m 147. Cwmecy xmopuaoB [(2-Pi)2(XK)]Cl2 u [(2-
Pi)(XK)Br]Cl: (0.25 r) u cooTrBeTcTBYIOIIETrO TaioreHuaa kams (13 MmMoib) pacTBopuiu B 8.2
it H20. K nonyuernomy pactBopy nobaswim 5.6 mit BogHoro pactBopa Bi(NO3)3-5H20 (0.35
r, 0.72 Mmmons) u ranorenuaa kanus (15 mmons). ObpazoBaBmuiics 0caok OTGUIBTPOBAIH MO
BaKyyMOM, IPOMBUIN 3TAHOJIOM M BBICYIITHIIN Ha Bo3ayxe. Beixon: 0.475 r (OpoMoBUCMyTaT) 1
0.535 r (momoBucmytat). Kpucramisl [(2-Pi)(XK)Br]3[BiBrs] (146) u [(2-Pi)(XK)I]3[Bile] (147)
ObUIM TIOJMYYECHBl TEPEKPUCTAUIM3AMEH W3 COOTBETCTBYIOIIMX KOHIIEHTPHUPOBAHHBIX

TaJIOTCHOBOAOPOJHBIX KHUCJIOT.
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Tabmuuma 21. Pe3ynbTarl cuHTE3a TBEpPABIX pPacTBOPOB  HOJOBHUCMYTaToB  2-
METHWIINUPUANHUS ¢ N-METWINUPUANHUEM, 3-METHUIITUPUAUHAEM U 4-METUINHPUINHUEM (2s0L
— MOJIbHAs J0JI 2-METWIIIMPUANHAS CPEAN IPYTUX KaTUOHOB METWIIMPUIUHUSA B PAaCTBOPE,
2NMR — MOJIBbHAS 01 2-METWINUPUIUHMUS CPEOu APYTUX KAaTHOHOB METHINUPUINHUS B

TBEPIOM PacTBOPE Mo ganHHbM *H SIMP).

2soL, 2nMR, Da3oBBIil

®opmyaa no EDX Pesyabtathl yrounenus meroaoM Jle Beiias
% % COCTaB pMmy M y A

[2-PiH]* + [N-MePy]*

o 0 - - :
25 3 - - :
50 8 - - :

FZ\IPI\IAHE]F; 32]3‘)[;“4] mp. tp. P2, /c, a=7.8163(5) A, b = 14.1244(7) A, ¢ = 13.3130(8)

A, B = 93.565(4)°, V = 1466.92(15) A3, R-Bragg: 0.625%, Rexp:
(142 - [N-MePyloza 77405 R, 10.00%, Ry: 7.55%, GOF: 1.40%
[2-PIH]0,25[BI|4])

] mp. tp. P2,/c, a — 7.8050(5) A, b = 14.1132(10) A, ¢ =
[§ PMHePy]O-g’.I 13.3472(10) A, B = 93.642(5)°, V = 1467.28(18) A% R-Bragg:
[2-PiH]o4o[Bil] 0.696%, Rexp: 8.97%, Rup: 11.14%, Ry: 8.66%, GOF: 1.24%
[N-Mepy]o,se

D : mp. tp. P2,/c, a = 13.6709(12) A, b = 14.1095(12) A, ¢ =
[i 42""];’\"64'{/? ';,4] 7.9516(7) A, B = 107.814(7)°, V = 1460.2(2) A%, R-bragg: 0.929%,
EZ Pil-lg '[BE;I >]’§°-27 Rexp: 7.40%, Rup: 11.37%, Ry: 8.76%, GOF: 1.54%

- 0.63 4

75 23 onHodaszHbIi

82 40  omHOGa3HBII

90 64  omHOMa3HBIH

2soL, 2nMR, DPa30BBIii

®opmyaa mo EDX Pe3syantarhel yrounenus MmeroaoM Jle Beiina
% % CcOCTaB pMy y y A

[2-PiH]* + [3-MePy]*

np. p. C2/c, a=15.1574(16) A, b=13.9276(13) A, ¢ = 7.7484(7)
0 0  oxmodasmeii [3-PiH][Bils] (144) A, B = 115.7229)°, V = 1473.6(3) A3, R-Bragg: 0.611%, Rexy:
4.80%, Rup: 8.78%, Ry: 6.61%, GOF: 1.83%
. np. p. C2/c, a=15.1545(15) A, b=13.9369(12) A, ¢ = 7.7483(7)
[3-PiH]
>-PiH 092 Bil A, B = 115.775(7)°, V = 1473.7(2) A3, R-Bragg: 0.489%, Rex:
[2-PiH]oe[Bil.] 4.81%, Rup: 7.91%, Ry: 6.01%, GOF: 1.64%
[3-PiH] np. p. C2/c, a=15.1463(13) A, b=13.9631(11) A, ¢ = 7.7369(6)
>-PiH 075 Bil A, B = 115.864(7)°, V = 1472.4(2) A3, R-Bragg: 0.722%, Rex:
[2-PiHJoas[Bild]l 44605, R, 8.84%, Ry: 6.54%, GOF: 2.18%
. np. rp. C2/c, a=15.1381(14) A, b=13.9721(15) A, ¢ = 7.7396(7)
[3-PiH]
»-PiH 0.44 Bil A, B = 115.862(9)°, V = 1473.0(3) A3, R-Bragg: 0.532%, Rexy:
[2-PiH]os[Bila] 4.60%, Rup: 8.13%, Ry: 6.10%, GOF: 1.77%
[3-PiH] np. rp. C2/c, a=15.1313(19) A, b = 13.971(2) A, ¢ = 7.7291(11)
(1030 A, B=115.798(13)°, V = 1471.1(4) A3, R-Bragg: 1.053%, Rexp:
[2-PiH]o7o[Bild] 4.22%, Rup: 11.38%, Ry: 8.17%, GOF: 2.70%
[3-PiH] np. rp. C2/c, a=15.189(3) A, b=13.961(4) A, ¢ = 7.8025(12) A,
>-PiH 019 Bil B = 116.953(15)°, V = 1474.8(6) A3, R-Bragg: 1.219%, Rex:
[2-PiH]osi[Bild] 4.22%, Rup: 11.77%, Ry: 8.51%, GOF: 2.79%

25 8 0JTHO(a3HBIN

50 25 oTHO(pa3HBIN

75 56 oTHO(pa3HBIN

82 70 omnodasHbi

90 81  oamHoda3HbIH
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2soL,

%

2NMR, da3oBbIit

%

CoCTaB

®opmyaa no EDX Pesyabrarsl yrounenust meronom Jle beiins

[2-PiH]* + [4-MePy]*

omHO(ha3HBIN

[4-PiH][Bils]

np. rp. P2, /c, a=12.8667(11) A, b= 14.7188(7) A, ¢ = 7.7283(6)
A, B = 93.863(6)°, V = 1460.29(18) A3, R-Bragg: 0.569%, Rex:
4.97%, Rup: 8.71%, Ry: 6.44%, GOF: 1.75%

25

0JTHO(ha3HBIN

[4-PiH][Bil.]

np. rp. P2, /c, a=12.8512(15) A, b= 14.7109(8) A, ¢ = 7.7253(7)
A, B = 93.818(8)°, V = 1457.3(2) A%, R-Bragg: 0.612%, Rex:
4.98%, Rup: 8.70%, Ry: 6.49%, GOF: 1.75%

50

0JTHO(a3HBIN

[4-PiH]oss
[2-PiH]o04[Bil.]

mp. tp. P2,/c, a = 12.8553(11) A, b = 14.7149(13) A, ¢ =
7.7257(6) A, P = 93.875(8)°, V = 1458.1(2) A%, R-bragg: 0.581,
Rex: 4.84, Rup: 8.71, Ry: 6.70, GOF: 1.80%

75

63

HE
0JTHO(a3HBIN

i145 - [4-PiH]o.34
[2-PiH]o.6s[Bils])

(paza 133, 72%) np. rp. P2,2,2,, a = 9.3038(11) A, b =
10.6934(13) A, ¢ = 38.236(4) A, V = 3804.1(7) A% R-Bragg:
4.274%; (dpasza 145, 28%) np. rp. C2/c, a = 15.102(3) A, b =
14.077(2) A, ¢ = 7.7753(13) A, B = 116.140(14)°, V = 1483.8(5)
A3, R-Bragg: 2.887%, Rexp: 3.65%, Rwp: 6.08%, Ry: 4.86%, GOF:
1.66% (meTomoMm PurBespa)

82

72

HE
oTHO(a3HBIN

(dpa3za 133, 23%) mp. rp. P2,2,2,, a =9.283(3) A, b = 10.679(4)
A, c=38.298(17) A, V =3797(3) A% R-Bragg: 3.188%; (¢pasa 145,
77%) mp. tp. C2/c, a = 15.1093) A, b = 14.0616(15) A, ¢ =
7.768409) A, B = 116.124(10)°, V = 1481.8(3) A3, R-Bragg:
6.170%; Rexp: 4.57%, Rup: 8.63%, Rp: 6.45%, GOF: 1.89%
(MeTomoM Putsennaa)

90

89

HE
0JTHO(a3HBIN

[4-PiH]o.12
[2-PiH]o.s0[Bil4]

(paza 123, 74%) np. rp. P2,/c, a = 13.8447(14) A, b =
14.0590(11) A, ¢ = 7.9284(11) A, V = 1472.5(3) A%, R-Bragg:
4.739%; (cdaza 145, 26%) np. rp. C2/c, a = 15.110(5) A, b =
14.041(4) A, c=7.757(3) A, B = 116.03(3)°, V = 1478.7(9) A3, R-
Bragg: 3.047%; Rexp: 3.24%, Ruwp: 7.77%, Ry: 5.97%, GOF: 2.40%
(Meromom PutBennaa)

Cunre3 coequHenusi 148. K nogkucinennomy pactBopy 2-6pommupuauna (0.500 r, 3.16

mmois) 1 Kl (3.00 ) B 5 Mt H20 go6asunu pactBop Bi(NO3)3-5H20 (1.53 1, 3.15 mmois) u Kl

(6 T) B 10 M H20. OGpazoBaBmimiics yepe3 HECKOJIBKO JTHEH KPUCTAJUTMYSCKUI O0caok [2-

BrPyH]s[Bizlg] (148) ordmnprpoBanu moa BakyyMOM, MPOMBUIA 3TAHOJIOM W BBICYIIMIH Ha

Bo3nyxe. Beixona: 0.799 r.

Cunrte3 coeauHenuii 149-153, 156, 157. K mnonakucieHHOMY BOJHOMY pPacTBOPY

cooTBeTcTBYIomIero nmpou3BoaHoro nupuanuus (0.500 r, 1 5kB.) U rayoreHu1a Kajaus 100aBuiIn

BoHBIN pacTBop Bi(NO3)3-5H20 (1 9kB.) u ranorenuaa kamust. OOpa3oBaBIIMeCs Yepe3 HEJICI0

OCaJKH OT(l)I/IJ'H)TpOBaJ'II/I nmoa BaKyyMoM, IMPOMBIJIN 3TaHOJIOM M BBICYIINJIM HA BO3OYXE. HCTaJ’II/I

CUHTE3a IpeJicTaBIeHbl B Tabmuie 22.
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Tabauma 22. Cuures coenunenuii 149-153, 156, 157.

Karuon, MmmoJ1b KX, r HO,ma |Bi,r KX, r H.O, ma |[Ipogykr Brixoxa
f{;j};ﬁ;’;‘;gys% 35 20 255 5 15 EZB}%E'S]P %’Eg)[Z'OPyH]S 0.81 1
g, 526 3520|285 715 |Ealeiioe” | 142
I e
i, 385 swat 20|48 10 |igiiiey O | s
2-tuonupuaunuii, 4.50 2.1 20 218 4.2 15 Ei_S%I)_iPyH]e'[BiBrG] 0.74r
i, 200 L0 10 Joesz 20 10 iRy | oo
i;};‘;‘;ﬁjff%? 14 10 0962 28 10 {é}f‘.ﬁ?f’s%Brpth 1251

IMoayuenue kpucramwion 155. K pacrBopy Bi(NO3)3-5H20 (0.780 r, 1.61 mmons) u KBr
(4.00 1, 33.6 mmoinb) B 10 Mt H2O no6asunu pacteopa [EtV]I2 (0.70 1, 1.50 Mmmouts) B 10 M
H>O, moakucmennoro HBr mo pH = 1. UYepes cyTkm 00pa3oBaquch KpPHUCTAIIBI

[EtV][H30][BiBrs]-1.34H20 (155).

Ilonyyenue kpucramaoB 158. K pactBopy mmbpomuma 1,1'-tpumerwmiien-2,2'-
ourmmpuauaus (0.358 r, 1.00 mmons) B 40 M H20 noGaBunm 60 mi pactBopa, cozepiKaiiero
Bi(NO3)3-5H20 (1.94 1, 4.00 mmoits) u Kl (13.3 1, 78 MMoJ1b). BrinaBmmii opaHkeBbIi 0caoK
[bipyCs]2[Bi2l10] (158) oTdwmnbrpoBanu moa BakyyMOM, MPOMBUIA 3TAHOJIOM M BBICYIIMIN Ha
Bozayxe. [1o nanabsiM PO A nomyueHHbIi npoaykT siBnsiercs ogHodasHeiM. Beixoa: 0.84 r (81%).
JleTanu yToyHeHHs MeTo0M PuTsensaa: mp. rp. P2, /n, a=20.149(4) A, b=11.634(3) A, ¢ =
20.327(7) A, B=115.468(15)°, Rexp: 1.41%, Rup: 2.20%, Rp: 1.66%, GOF: 1.56%. DneMeHTHbIit
CHN-ananu3 CasH28N4Bi2l10 (2083.55): paccuurano C 14.99, H 1.35, N 2.69%; oonapyxeno C
15.03, H 1.24, N 2.71%.

2.3. MeToauka pemieHus KPUCTANIMYECKHUX CTPYKTYP THOPUAHBIX FAJI0BUCMYTATOB 110

JAHHBIM OPOLIKOBOI PEHTICHOBCKOM AU (ppakuun

Hudpaktorpammbl 00pa3ioB 88-91 OblIM MOTYUEHBI C UCIIOIH30BAHUEM CHHXPOTPOHHOTO
ucrounuka uznyuenus (A = 0.74 A). Ilonyuennsle audpakTorpaMMbl IPOUHIMIUPOBAIN B

nporpamme Topas rno 24-30 nukam npu Manbix yriax 26, yCTaHOBUB MapaMeTpbl, CHHTOHUIO U
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HEHTPUPOBKY sueliku. I[IpocTpaHCTBEHHYIO TpYMIy OIpeAesuili IO CUCTEMaTHYEeCKUM
noracanusiM. [lapaMeTpsl MOMyYEeHHON SSYEUKH yTOUHWIM MeTtonoM Jle beins. st onucanus
npodusst Gopmbl IMHUN UCTIONB30BAIH (yHIaMEHTaJIbHbIE MTApAMETPhl, KOTOPHIE OMPEEIIsIIN
0 TpeIBapUTENbHO CHATOW audpakTorpamme crtanaapra LaBe. Jlns omnucanus ¢ona
UCTIOJIb30BaIN MMOJMHOMBI YeOnieBa u nmuk-daspl. [To3umnmu Tspxensix atomos (Bi, Br, 1) B
SYCHKE OIpeNe/IMIN B IporpamMMe 10pas ¢ MOMOINBI0 MeToxa oOpamieHus 3apsga [167].
[lonyyeHHYI0 CTPYKTYpPHYIO MOJI€Nb, COJEPIKAIlyl0 TaJOBUCMYTAaT-aHUOHBI, YTOYHSIIU
metonoM PutBenbna. MHbopmaiiug o raioBHUcMyTaT-aHHOHE MO3BOJIMIIA YCTAaHOBUTH COCTaB

KpucTajuia 1 KOJIMYCCTBO HE3aBUCHUMBIX MOJICKYJI KATHOHA B CTPYKTYPC.

Onpenenenne KOHGOPMAIIUU U YTTAKOBKH OPTaHUYECKUX KATUOHOB B CTPYKTYPE MPOBOIMIN
KaKk C TOMOINBID METOJa MMHUTAIMM OTXHUIa B Iporpamme 10pas mpu (PUKCUPOBAHHOM
MOJIOKEHUU TSKEIBIX aTOMOB, TaK M C MIOMOILBIO MOJIEKYJISIPHOM MEXAHUKHU. Y TOUHEHUE JIJIMH
CBSI3€Hl U YIJIOB HEBOJIOPOIHBIX CBSI3€H MPOBOIMIM MPHU TUIABHOM yMEHbBIIEHUH KO3 puiinenTa
JKECTKOCTH OTPAHUYCHUH MApaMETPOB 10 MUHUMAIbHBIX 3HaUeHU. [lo3unmm atomoB Bogopoaa
OTpEJIeNIeHbl U3 TeOMETPUYEeCKUX coolOpaxkeHuil. KoppeKkTHOCTh penieHHOW CTPYKTYpPHI
MOATBEPKIACTCSI CTAOMIBHOCTBIO CTPYKTYPbl U MOJIEKYJ IPH CHSATUU BCEX OTPAHUYCHHH,
HaJIMYUEM MMPOYHBIX MEKMOJIEKYJIIPHBIX B3aUMOACHCTBUM U KAYECTBOM OINUCAHUS MTOTYUYECHHOU
CTPYKTYpPOH dKCIIEPUMEHTAIBHOMN AudpakTorpamMmbl (hopMoit pa3HOCTHON KpUBOM, HU3Kui R-
dakrop). K coxaieHuto, TOCTOBEpHO OIpPEAENIUTh MOJIO)KEHHE KAaTHOHOB B CTPYKType He
YAAJI0Ch U3-3a BBICOKOM AJIEKTPOHHOW INIOTHOCTH TSDKEIBIX aTOMOB M XapaKTEPHOrO ISl HUX

CUJILHOTO TIOTJIOIICHUSI PEHTI€HOBCKOTO U3TyUeHHUsI (BBICOKON paccenBarolei CiocoOHOCTH).

2.4. MeTOAUKH MOJIyYeHHUsI TOHKHX IIeHOK [MV][BiXs] Ha OKCHAHBIX MOIJI0KKAX

[Moayuenue  TOHKOWM MJIEHKH [MV][Bils]/SiOs.. Kamro HACBHIIIICHHOTO
crexuomerpuueckoro pacrsopa [MV]l2 u Bilz B IM®A nomectriu Ha mominoxky u3 SiO:
(cumukarens/TCX-mmactuaku DC-Alufolirn-Kieselgel, Fluka, Tommuaa 0.2 mm). Croycts 10
CEeKyHJ| Ha TMOJY4YEeHHOE NSATHO A00aBUIM H30BITOYHOE KOJIMYECTBO aHTUcCONbBeHTa (95%
3TaHoi). 3aTeM oOpasel] BhIACPKAIN Ha TUIMTKE (TeMmnepartypa padoueit mosepxuoct 200°C) B

teueHue 20 cekyHn. [To nanabpiM POA Ha moanoxke odpasyercs HykHast paza [MV][Bils].
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IMoayuenue Tonkoii miaenku [MV][BiBrs]/SiO.. Kamiio KOHIICHTPHPOBAaHHOI'O PacTBOpa
[MV]Br; u BiBrs B JIMCO (MosibHOE cooTHOIIeHue 1:1) moMecTiiin Ha moBepxHOCTh SiO».
Jlanee nmodydeHHbIH 00pasel] MporpeNy Ha IUTUTKE PU TeMITepaType ee pabouei MOBEPXHOCTH
95°C, ur0o0ObI M30aBUTHCS OT U30BITKA PACTBOPUTEIIA. 3aTeM IUIACTUHKY C HAHECCHHBIM Ha Hee
BEII[CCTBOM TTOMECTHJIM B 3TAHOJ MPHU KOMHATHOU TEMIIEPAType, BBIACPKHUBAIN €€ B TCUCHHE
HECKOJIBKMX CEKYH]I, [TOCJIe Yero Harpesid Ha TUTUTKE MPH TeMIepaType pabouei MoBepXHOCTH
200°C. Cormacuo nmanueiM PDA, Ha momnoxkke oOpa3yercss opaH)KeBas KpUCTAILTHUYECKast

wienka [MV][BiBrs].

IMoayuenue Tonkoit miaenku [MV][Bils]/SnO2. CrexisiHHYI0 TOUI0OKKY ¢ HAaHECEHHBIM
cioeM Me3omnopuctoro SNO2 porpenu Ha IIUTKe (TeMieparypa padoueii moBepxuoctu 200°C),
3aKpeNIM Ha CITUH-KOATepe U HAHEC)IM Ha Hee TOPSYNil KOHIIEHTpUpOBaHHbIN pacTtBop [MV]I2
u Bilz B MmoasHOM cootHomenuu 1:1 B IMCO. Bpainenue mosydeHHOro 00pasiia mpoBOIUIH
npu 1000 o6/mMun B TedueHue 15 cexyHn. 3arem oOpasel] Iporpeiau Ha IUIMTKe (TeMrepaTypa
paboueit moBepxHocT 95°C) B Teuenne 10-15 cekyHa muist yaaneHus: OCTaTKOB PAaCTBOPHUTEINS,
MOCJIE YETO MOMECTHIIH B KUTISIIIHI ATAHOJ U BBIJIEP>KAJIN B HEM JIO MOSIBIICHUS YePHOU OKPACKH.
[To mamabiM P®DA ObuTO ycTaHOBIEHO, 4TO Ha moBepxHOocTH SNO2 o0paszyercs yepHas
kpuctayndeckas miecHka [MV][Bils]. Mopdoorus nmoiydeHHOR IJICHKHA OblIa M3ydeHa C

ITIOMOUIBIO PACTPOBOM AJIEKTPOHHON MUKPOCKOIIHH.
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I''TABA 3. PE3YJIBTATBI U UX OBCYXJIEHHUE

3.1. CuHTEe3 HOBBIX THOPUIHBIX FAJIOBUCMYTATOB

['ubpuanbie ranoBHUCMyTaThl CTaJIM AaKTUBHO H3y4aTh oOKoio 10 Jjer Hazaa, Korna
noTpeOoBaJIoCh HAlTH aJbTEPHATUBY CBHHIIOBBIM NEPOBCKUTHBIM MarepuaiaMm. Ha momeHT
Hayajla TeKyLIero uccienoBaHus 0bl10 u3BecTHO nopsaka 400 ruOpuIHBIX TaIOBUCMYTATOB,
0XapaKTEPU30BAHHBIX METOJOM PEHTIe€HOCTPYKTypHOro aHanusza. He Gozee Tpetn u3 3THX
COEJIMHEHUHN OBLIO OXapaKTEPU30BAHO CIEKTPAJIbHBIMU METOJAMHU U TOJIBKO JUISl €AMHUYHBIX
COEIMHEHUHN ObLI MPOM3BEJEH pacyeT 30HHOM CTPYKTYpPBbI, MO3BOJISIOUIUN CIEIaTh BBIBOJ O
TUIIE D3JEKTPOHHOIO IIEpexoja B MOJYNpPOBOAHMKaX. [l M3yd4eHHs CTPYKTYPHBIX
3aKOHOMEpPHOCTEN 00pa3oBaHUsl TMOPUIHBIX TaJOBUCMYTAaTOB U BBISBICHUS CBSI3M MEXIY
KPUCTAJUINYECKOU CTPYKTYPOH M ONTUYECKUMH CBONCTBAMM COETUHEHMI MMEIOIIUiics 00beM
CTPYKTYPHBIX, CHEKTPAIbHBIX U PACUETHBIX IaHHBIX OKA3aJICs HEAOCTATOYHBIM. B CBS3U ¢ 3TUM
BO3HHUKJIAa HEOOXOJUMOCTh HOJIYYUTh U 0XapaKTepHU30BaTh OONbIINI HAOOp HOBBIX THOPUAHBIX

TraJJOBUCMYTATOB.

3.1.1. ITosryyeHHbIe raJJ0BUCMYTATHI N-TeTePOLUKINYECKHUX KATHOHOB

[To pe3ynbTaTam BBIMOIHEHHON PabOThI OBLIO MOTYUYEHO U CTPYKTYPHO OXapaKTEPU30BAHO
158 HOBBIX TamoBUCMYTAaTOB N-TeTEPOLMKINYECKUX KaTUOHOB. [loydeHHBIE COeTUHEHUS, UX
kob! (Refcode) B KemOpumkcekoii 6aze ctpyktypHbix qanabix (KbBCJI) [64], meTon nomydyeHus
(MII), npocTpaHCcTBEHHbIE TPYMNIIHI (TIP. T'P.), X BEIMYUHA ONTUYECKON IUPUHBI 3alpelieHHON
30HHI (Eg), a Takke Tun annona (TA) npencrasnensl B Tabmuie 23. B nmone «Cratbs» ykazaHna
CChUIKAa Ha OIYyOJMKOBAHHYIO) aBTOPOM pabOTy COTJIACHO CHHCKY MyOJMKaldid MO Teme
nucceptanuu  (cM. pasnen «llyOmukaruu, B KOTOPBIX OTPaK€Hbl OCHOBHBIE Hay4dHbIC

pe3yJIbTaThl TUCCEPTAIHI ).
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Tabmuua 23. IlomydeHHble B paboTe HOBBIE TrajoBUCMYTaThl N-reTepoLMKINYECKHX
KAaTUOHOB, UX CTPYKTYpHBbIE U CHEKTpasibHble cBoiicTBa. Meron nonyuenus (MII): BP — u3
BOAHBIX pacTBOpoB, KP — u3 kucieix pactsopos, KK — u3 KoHIIEHTpUpOBaHHBIX Kucinot, OP —
U3 OpraHuyYecKkux pactBopureneid, T — tBepmodasusie peakiuu. Tun annona (TA): 0D —
u30IMpoBaHHbie, PS-ND (n = 1, 2, 3) — nceBao N-MepHBIE CTPYKTYpHI, 1D — aHnOHHBIE 1IemH,

1D, — 3urzaroo6pasnsie nienu [BiBrs]n®™, 1Din — nmuneiinsle nenu [BiBrs]q?".

Ne Coequnenue Refcode Crarps | IIp.rp. | MII TA Ey 3B
I'a0BHCMYTATHI AMKATHOHOB MPOH3BOAHBIX AMHUHOMUPHIUHUS

1 [(4-NH2Py).Cs][BiBrs] DIGKIQ 1 Pbca KK 1D, 2.72
2 [(2-NH2Py).C10][BiBrs]-0.65H20 DIGKUC 1 P2i/c KK 1D, -

3 [(2-NH2Py)2C10]a[HsO:][BiBrs]s DIFWAT 1 P1 KK 0D -

4 [(2-NH2Py).Ce]2[K(Bi2Bri1)] DIFWEX 1 P1 KK 1D 2.71
5 [(2-NH2Py).Cs][H3O][BiBre]-2.33H,0 DIFWIB 1 P1 KK 0D 2.90
6 [(2-NH2Py).Cs]3[BiBrs].-CHsCN DIFWOH 1 P2:/n | KK+OP | ps-1D -

7 [(2-NH2Py).Cs][Bil4]2-2H.0 ZINZII 3 P2./c BP 1D 2.15
8 | Nrpy)CoOLBi im0 | 2N | 3 PT | KK |psiD | -

THlonyueno u cmpyxmypHo oxapakmepuzo8ano 8 H08blx 2UOPUOHbIX 2anosucmymamos 1,1°-(ankan-1,1"-
ouun)6uc(2/4-amunonupuounus) ([(2/4-NHzPy)2Col?*, N — onuna anxanosoii yenu). O6uapyoicen
nogwuti mun 1-D yeneii [K(Bi2Bri)]o*". Yemanosneno, umo o6pazosanue 1-D anuonnvix yeneil
npueooum K noHudiceHuto 3unauenuti Eqg na ~0.1 3B omnocumenvno cmpykmyp ¢ u30oaupo8aHHbIMU
anuoHamu. B mo e epems obpazosanue ncesdo-yeneil 3a cuiem KOpOomkux xowmakmos Br---Br
NPAKMU4ecku He CKA3bleaemcsi HA ONMUYECKUX CBOUCMEAx eanogucmymamos. Buibop oannbix
00bEKMO8 UCCIEO08AHUSL CBA3AH C OOHAPYIHCEHUEM 8 NOXONHCUX NO CMPOEHUI0 KAMUOHA COCOUHEHUSX
nunetinvix anuornos [Bils]n®™, obycrasnusarowyux nuskue suavenus senuuun Eq. IToopobree cm. pazoen

3.4.

FaHOBI/ICMyTaTI)I AUKATHOHOB INPOU3BOJAHBIX MUKOJUHUSA

9 [(2-P1)2C2][BiBrs] DIGKOW 1 P2i/c KK 1D, 2.70
10 | [(4-Pi)2(XK)]2[Bi2Brio] GOHKOG 5 P2i/c KK 0D 2.86
11 | [(3-Pi)2(XK)14[BiBrs]2[BiBrs] GOHKUM 5 14/m KK 0D 2.83
12 | [(2-Pi)2C3]2[Bi2Brao] VUNHEU 8 P2i/n KK 0D 2.83
13 | [(2-Pi)2Cs]2[Bi2Brao] VUNHIY 8 C2/m KK 0D 2.86
14 | [(2-Pi)2Ce]3[Bi2Bro]2 VUNHOE 8 P2i/n KK 0D 2.87
15 | [(3-Pi)2C2][H30][BiBre]-2H.0 VUNHUK 8 P2i/n KK 0D 2.88
16 | [(3-Pi)2C:]2[BiBre][1Br] VUNJAS 8 P1 KK 0D -

17 | [(3-Pi)2C4]3[Bi2Bro]> VUNJEW 8 P2i/n KK 0D 2.86
18 | [(3-Pi)2Ce]3[Bi2Bro]> VUNJIA 8 P2i/n KK 0D 2.86

Ilonyueno u cmpykmypHo oxapaxmepuzogano 10 Hosbix eubpudnvix ecanrosucmymamos 1,1°-(arkan-
1,1-0uun)6uc(2/3-wemunnupuounus) ([(2/3-Pi)2Cal?*, N — onuna anxanoeoni yenu) u 1,1'-(1,4-
penunenbuc(memunen))ouc(3/4-wemunnupuounus) ([(3/4-Pi)2(XK)1**). B coedunenuu 11 6o
06HAPYIICEH HeMUNUYHBLE OISl 2AN0BUCMYMAmMo8 mpexbadepuviii anuon {/BiBre]---[BiBrs]---[BiBrs]}°.
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Ilokazano, umo 6 OOHUX U MeX dce YCI0USX, HO PA3IUYHbIMU NO pPA3Mepy KAMUOHAMU MO2Ym
00pA306b16aMbCSL PA3HBIE NO CMPOEHUN) 2an08UcMymam-anuonvl. Ilpu smom npedckasamv mun
AHUOHA U3 OOWUX NPUHYUNOE 00 NOLYYEHUs COeOUHEHUSI NPAKMUYeCKU HeBo3MOdiCHO. T1oopobHee cm.
paszoen 3.4.

FaJIOBl/ICMYTaTbI MUPASHHUA U €0 NIPOU3BOAHBIX

19 | [MePzH]s[BiBr¢). EGEFOO 4 Pbcn KK 0D 1.88
20 | [MezPzH]2[BizBrio]-2H.0 EGEFUU 4 P24/n KK oD | 227
21 | [MesPzH][BiBrs]-H,O EGEGAB 4 P2:/c KK 1D, | 232
22 | [MesPzH]s[BiBre]o-H20 EGEGEF 4 Pc KK oD | 212
23 | [HPz].[H:0][BiBrs]-H.O EGEKUZ 4 P1 KK oD | 2.28
24 | [MePzH]2[MePz]o[BisBris]-3H0 EGEGIJ 4 c2/c KK oD | 2.87
25 | [MePz]4[Hs0],[BiBrs]»1.5H,0 DOQFEX 4 141/a KK oD | 2.83
26 | [MePz]4[BiBrig] EGEGOP 4 P2/c | KK oD | 2.89
27 | [MePz]u[Bi,Bre]s[Bi.BrsMePz] DOQFIB 4 P2, KK oD | 285
28 | [MePz]3[BiBrs.sl3.4] EGEGUV 4 Pbca BP | ps-3D -

29 | [MePz]3[Bizls] EGEHAC 4 Pna2; | BP oD -

Tonyueno u cmpykmypno oxapakmepu3oano 11 HOBbIX SUOPUOHBIX 2ANIOBUCMYMAMO8 NUPAZUHUSL
([HPz]*) u eco memunuposannwvix npoussoonvix (/MePz]*, [MePzH]?*, [Me2PzH]?**, [MesPzH]%*,
[MesPzH]?*). Bnepsvie 6bi10 usyueno cudporumuueckoe npespaujerue 2UGPUOHBIX 2al08UCMYMAMO8
U OXapaKmepu308anvl NPOOYKMbvlL 2UOPONU3A, AGIAIOUWUECS SUOPUOHBIMU 2anosucmymamamu. H3yueno
BNUAHUE KAMUOHOG C 8bICOKUM CPOOCMBOM K INEKMPOHY HA ONMUYECKVIO WUPUHY 3aNPeuyeHHOL 30HbL.
Memooamu DFT, QTAIM u NCI uzyuen nymo nepenoca 3apsoa [BiBrs]>—[MePzH]?*. IToopobuee
cm. pazoen 3.3.2.

FaJ'IOBI/ICMyTaTbI AMUHOIMUPUIVNHUSA

30 | [2-NH.PyH][Bil,] AGODEI 2 Pbcn BP 1D | 2.00
31 | [3-NH:PyH][Bil,] AGODIM 2 P2/c | BP 1D | 207
32 | [4-NH:PyH][Bil,] AGODOS 2 Pbcn BP 1D | 1.97

THonyueno u cmpykmypHo oxapakmepuzoéano 3 HO8bIX cUOPUOHbIX eanogucmymama 2-, 3- u 4-
amunonupuounus ([2/3/4-NH2PyH]"). Ha npumepe dannoti cucmemvi 6bL10 uzyueno énusnue Kamuona
Ha onmuyecKkue ceolcmea 2eanrosucmymamos. bvinio ycmauoseneno, umo pasHas KuciomHOCHb
UZYUEHHBIX AMUHONUPUOUHOB CKA3bIBAEMICS HA CUe MENCMONEKYIAPHLIX KOHMAKMO8 KAMUOH-AHUOH.
B ce6010 ouepedv smo enusem na opmy oxmazopos {Bile} u xax ciredcmeue na smauenus Eg.
Iloopobnee cm. pazoen 3.4.2.

FaJ’[OBI/lCMyTaT])I METHJIBHOJIOI'€HA

33 | [MV]3[Bizlu]l ZINZAA 3 P2, BP | ps-1D | 1.98
34 | [MV]3[Bizlg]:[DMF]5[H:0] ZINZEE 3 Cmc2; | OP oD | 206
35 | [MV]3[BiBrs]>:2H,0 EPEREZ 9 P1 BP oD | 235
36 | [MV][H30]-[BiBre]Br-4H,0 EPEQUO 9 P-4n2 | KK oD -
37 | [MV]s[BizBre][Brs]s EPERAV 9 Pmn2, | KK oD -
38 | [MV][BiBrs(DMF)] - - P2/n | OP oD -
39 | [MV][BiBrs(DMSO)] - - P2/n | OP 0D -
40 | [MV][Bi2ls(DMSO);] - - P1 OP oD -
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41 | [MV][Bils(DMSO)] - - P1 OP 0D -
42 | [MV]2[Bialse] - - P1 TD ps-3D -
43 [MV]3[Bi2|g][|3]3 - - Pmn2, KK pS-ZD -

Ionyueno u cmpyxmypro oxapaxmepuzosaro 11 noswix 2anosucmymamos memunsuonozena ([MV]%).

H3yueno enusHue coomHouleHuss KAMUOH/UCMYM 8 UCXOOHOM pACmeope HA COCMA8 U CmpOoeHue
00paA3YIOWUXCA  2ANI0BUCMYMAMO8 MemuaguonroceHa. B cmpykmype 33 obHapysicen HOBbILL mun
eanosucmymam anuona [Biglu]>. Hszyuenwr conveamwr JIM®PA u JAMCO eanosucmymamos
MEMUNBUONO2EHA, NPUoOHble 0ist noayuenus monkux nienok [MV][Bils]. Paspabomana memoouxa
Hanecenusi uepno2o uooosucmymama [MV][Bils] na nopucmovle u meszonopucmoeie okcuoHvie
noonoaicku. Iloopobnee cm. pasoen 3.6.2 u 3.6.3.

FaJIOBl/ICMYTaTbI NMPOU3BOJIHBIX N-MeTl/lJIHI/IpI/IIll/lHl/lﬂ

44 [1,2-M62Py]e[BizBre|3][BizBr6,35|2,15] TOVFAO 6 P212121 BP ps—lD 2.35
45 | [1,3-Me2Py]3[Bi2Bres 2sl2.74] TOVFES 6 P2, BP ps-1D 2.32
46 | [1,4-MeyPy]s[Bi2Breeol2.40] TOVFIW 6 P2i/n BP 0D 2.38
47 | [(1-Me-4-CN)Py]4[Bi2Br7 5212.45] TOVFOC 6 Pbca BP 0D 2.48
48 | [1,3-MezPyla[Bizlg]ls VOYFIB 6 P2, BP 0D -
49 | [(1-Me-4-CN)Py]s[BisBrila]l7-2[12] TOVGET 6 14/m BP - 1.90
50 | [(1-Me-4-CN)Py]s[K(Bile)-] TOVGIX 6 P2./n BP 0D -
51 é&ﬁ)“g'i%ﬁﬂi -%53?420 VOYFOH 6 C2 BP ps-3D -
52 | [1,4-Me:Py][Bil4] TOVGAP 6 P2Jc | BP 1D ]
53 | [(1-Me-2-1)Py][Bil4] - - P2i/c BP 1D 2.07
54 | [(1-Me-2-1)Py]2[BiBragalo.3s] - - P2i/c BP 1Din 2.08
s [ermpaes || | w | o |

Tonyueno u cmpykmypHo oxapaxkmepuzosano 12 Hoswix eanogucmymamos 1,N-0umemurnupuourus
([1,n-Me2Py]*, n = 2, 3, 4), l-memun-4-yuanonupuounus ([(I-Me-4-CN)PY]*) u I-memun-2-
eanozenonupuounus ([(1-Me-2-Hal)Py]*, Hal = Br, 1), ¢ mom uucae npodyxmer ux uwacmuunozo
oxkucnenuss Ha 6030yxe. Illoxazano, umo npu 00pa308aHUU CMEUWAHHBIX 2ANOBUCMYMAMO8 U3
pacmeopos, cooepiHcawmux 00OHOBPEMEHHO OpoMm U U00, HPOOYKmbl obozawjaromcs uooom. B
cmpykmype 54 o6napyscen aunetinviii 1-D anuon  [BiBraealoss]n®™, obycrasiusaiowuii nuzkoe
sHauenue Eg 0na dannoco coeounenus.

TI'anoBucmyratsl 1,4’-0unupuauHns

56 | [PyPyH]z[BiBrio] AVAVUR 10 P24/n BP 0D -
57 | [PyPyH]2[Bizl10]- H20 AVAWAY 10 P2i/n BP oD -
58 | [PYPy]o[PyPyH]:[Bislze] AVAWEC 10 P2:/n BP | ps-1D .

TIlonyueno u cmpykxmypno oxapaxmepu3oearno 3 Hogblx eanogucmymama 1,4 -ounupuounus
([PyPyH]?"). B pamxax meopuu Beiidepa paccuumanvl suepeuu onun ceazeii Bi—l 6 cmpykmype 58 u
YCMaHoBNeHa 3a8ucumocmn, cesasvisarowas Onunsl cesizeil Bi—-l ¢ ux oswuepeueir. Ilposeden
cmamucmuyeckutl anaius 229 Kpucmaiiuueckux cCmpyKmyp UoO008UCMYMAmMO8, OCHOBAHHbIU HA
K8AHMOBO-XUMUYECKUX pacyemax npounocmu ceszell Bi—I.  [Joxazano, umo obwas sHepeus
obpazosanus noausdpa {Bile! ocmaemcs npakmuuecku neusmennou u cocmasnsiem 64+2 kxkanr/mono
He3a8UCUMO OM 2eOMempul AHUOHA U MeMRepamypbul, Ymo 00y Cciaeiueaen MHo2000opasue cmpykmyp
eanosucmymamos. Ilokazano, umo 0CHOBHYI0 pOib 8 00PA308AHUU KPUCMALIUYECKOU CIMPYKMYpPbl U
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MUNa 2ai08UCMymam-aHuoHa ueparom ciabvle MeicMoneKyIapHele 83aumoodelicmsus. Iloopoonee cm.
paszoen 3.2.

ra.HOBI/lCMyTaTbI MHOIo03apsi/iHbIX KATUOHOB IIPOU3BOJIHbBIX AMUHOIMUPUIUHUSA

59 | [(3-NHsPy)2(XK)][BiBre]Br-H,O KUSWIH 7 P1 KK oD | 2.86
60 | [(3-NH25Py)Cs][BiBrs]-1.5H,0 KUSWON 7 P2/c | KK oD | 294
61 | [(3-NHsPy).Ca][BizBrio] KUSWUT 7 P2/n | KK oD | 285
62 | [(3-NH25Py).Cs][BiBrs]-H,O KUSXEE 7 P2, KK oD | 2.90

Tonyueno u cmpykmypho oxapakxmepuzo8ano 4 Ho8bix OPOMOBUCMYMAMA Mpex- U YemblPex3apsiOHbIX
kamuonos 1,1'-(1,4-penunenbuc(memunen))ouc(3-ammonuiinupuounus) ([(3-NHsPy)2(XK)]**) u 1,1
(ankan-1,1 -0uun)ouc(3-ammonuiinupuounus) ([(3-NHsPY)2Ca]** u [(3-NH25PY)2Cn]®t, n = 3-5).
Boi6op oannvix 06vexmos ucciedosanus Ces13an ¢ 603MOACHOCHbIO NPOMOHUPOSAHUS 3-AMUHOSDYINbL
8 CUTbHOKUCIbIX pacmeopax. Onpedeiena mepmudeckas cmadulbHOCMb NOLYHEHHbIX COCOUHEHULL.
H3zyuena npuuuna evicoxux snauenuti Eq, necmomps na nanuyue kamuonog ¢ 0OCMAMOUHO GbICOKUM
CPOOCMBOM K INEKMPOHY OJis nepeHoca 3apaoa na kamuon. Tlokazano, umo nepenoc 3apsaoa moxcem
ocyujecmanamoscs Kax ¢ P-opoumaneii Br na Bi, max u na p-opoumanu 3-ammonutinupuounusi.

raJIOBl/ICMyTaTLI N-aHeTOHHﬂHHpHHI/IHHﬂ " €10 IMPOU3BOJAHBIX

63 | [(1-AC)PyJu[Bi-Bry] ITUYEE 12 Pnma | BP oD | 291
64 | [(1-AC)PYJ[K(BiBrs)] ITUYII 12 C2/m BP 1D -
65 | [(1-AC)PyJu[Bialse] ITUYOO 12 P1 BP | ps-1D | -
66 | [(1-AC)PyJs[(1-ACI)Py][Bizle][l3] ITUYUU 12 P1 BP | ps-1D | -
67 | o-[(1-AC-2,6-Me)Py]s[Bi2Bre] ITUZAB 12 P2,n | BP oD -
68 | B-[(1-AC-2,6-Me)Py]s[BizBrs] ITUZABO1 12 P2,n | BP oD -
69 | [(1-AC-2,6-Me)Pyl4[Bil1s]-0.691; ITUZL] 12 P2/c | BP | ps-1D | 2.08

TIlonyueno u cmpykmypno oxapaxmepuzo8ano 7 Hogulx eanosucmymamos N-ayemonunnupuounus ([(1-
AC)PY]"), N-(w-uoooayemonun)nupuounus ([(1-ACIPy]*) u N-ayemonun-2,6-oumemunnupudurnus
([(1-AC-2,6-Me)Py]"). B cmpyxmype 64 obnapyocen noswiii mun 1-D yeneii [K(BiBre)]n>™. IToxaszano,
YUMo Hanuuue NOJSPHLIX 3amecmumeriell 8 KAMmuoHe He OKA3bleAem GIUAHUSL HA MUN 2a108UCMYMant-
AHUOHA U, KaK clledcmaue, onmuyeckue ceoticmea canosucmymamos. Iloopobnee cm. pasoen 3.4.

TI'anoBucmyTatsl 2,2’ -0MNMPUANHNASA M €r0 MPONU3BOIHBIX

70 | [bipyH]4[Bi2Brig] GEMZIL 13 P1 BP 0D 2.84
71 | [bipyH][BiBr4] GEMZOR 13 C2/c BP 1D -
72 | [bipyCs]s[BiBre]2-H20 GEMZUX 13 Pccn BP 0D 2.88
73 | [bipyCal2[Bizl1o] GENBAG 13 P2i/n BP 0D -
74 | [(bipyH)2Cs]2[Bi-Brio][BiBrs]Br-3H,0 | GENBEK 13 P1 KP ps-1D -

Ionyueno u cmpykmypHo o0Xapakmepuszo8amo 35 HOGbIX Opomosucmymamos 2,2 -ounupuduHus
([bipyH]™), 1,1'-mpumemunen-2,2'-6unupudunus (/bipyCs]?"), 1,1'-mempamemunen-2,2'-
ounupuounus  ([OipyCa?*) w1, 1'-(nenmanouun)buc(2,2-6unupuounus)  ((bipyH)2Cs]*).
Yemanoeneno, umo Oaunulii psao coeOuHeHull He NposGIaem 6bl0AoUUXCA ONMUYECKUX CE0UCMS,
HeCMOmMPs HA CXOHCeCMb KAMUOHO8 NPOU3BOOHIX 2,2 -OUnupuouHus Ha KAmuoHbl MEemui8UuoaI02eHa
1O CMPOeHUo U 3apsioy.

raJIOBI/ICMyTaTbI AUIMTUPUANHOKCHIIOTA

75 | [Py2(XK)]2[Bi2Brio] UBOTEO 11 14 BP 1D 2.43

76 | [Py2(XK)]2[Bizl1o] UBOTIS 11 14 BP | 1D, | 1.84
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77 | [Py2(XK)J2[BiBrs]Br-3DMSO XOTKEA | 17 | c2m | op | oD | 294
78 | [Py2(XK)]2[Bils]I:3DMSO XOTKIE 17 C2/m OP 0D 2.24
79 | a-[Py2(XK)]3[BiBrs24Cl176]2 XOTLEB 17 P1 OP 0D 2.91
80 | B-[Py2(XK)]5[BiBrs11Cli g2 XOTLEBO1 17 P1 Td 0D 2.96
81 | [Py2(XK)][Bi:Brs(DMSO);] XOTLIF 17 P2i/n OP 0D 2.93
82 | [Py2(XK)][Bizls(DMSO),] XOTLOL | 17 | P2Jn | OP | ps-2D | 2.19
83 | [Py2(XK)Is[Bizls]-2DMF XOTKOK 17 P1 OP 0D 2.15
84 | a-[Py2(XK)]s[Bils].:2DMF XOTMAY 17 P1 OP 0D 2.24
85 | B-[Py2(XK)]3[Bils]2’2DMF XOTMAYO01 17 Pca2; opP 0D -
86 | [Py:(XK)][Bile]-3DMF XOTMIG | 17 | cam | op | ob | 229
87 | [Py,(XK)][BiBr{(DMSO):] LOWXEE | 17 | P2un | oP | oD i
88 | [Py2(XK)]s[Bizls]2 - 17 P21/n TO ps-1D | 2.08
89 | [Py2(XK)]s[Bils]2 - 17 C2/c TO 0D 2.20
90 | [Py2(XK)]2[BisBris] - 17 P1 Td ps-2D | 2.80
91 | [Py2XK)][Bils]2 - 17 P1 TO 1D 2.05
Ionyueno u  cmpykmypno  oxapaxkmepuszosano 17  noevix  eanosucmymamos  1,1'-(1,4-

penunenbuc(memunen))ouc(l-nupuounus)) (Ounupuounoxcunon, [Py2(XK)?*). Humepec x oannoi
cucmeme 6v138an HusKumu 3navenusmu Eq u oopazosanuem nunetinvix 1D yeneti 6 75 u 76.

U3zyuen HenpepulgHblil psid mEepovlX pacmeopos, 00pazosanHvill coeounenusmu 15 u 76,
Paccmompenvt npuuuns cenexkmusnoz2o samewenus Brll 6 npoyecce ysenuuenust 0onu uooa 6 meepovix
pacmeopax. Onpedenena céa3b MexHcOy USMEHEHUAMU KPUCMALIUYEeCKOU CIMPYKMYPbl U OMKIOHEHUSMU
napamempog siuetku om 3akona Beeapoa. C nomowpio K6aHmMoBO-XuMu4eckux pacuemos noKa3aHo,
umMo amombl UCMYMa U 6poma umelom é3aumooeticmeue opyz ¢ Opy2om daice Ha paccmosnuu 5SA. ITo
OAHHBIM HIOMHOCIU INEKMPOHHBIX COCMOSHUL YCMAHOBLEHbL NPUYUHbI OMKIOHeHUs 3Havyenull Eq om
3akoHa Beeapoa, a makoice npuduHbl OMHOCUMENLHO HUSKUX 3HAYEHUN ONMUYECKOU WUPUHDL
3anpeujeHHOl 30Hbl, XAPAKMEPHLIX OJist OAHHO20 PAOd MEEPOLIX PACMBOPOS.

H3yuenvl conveamuvl 2ano8UCMymamos OUNUPUOUHOKCUNONA U UX MepMUyecKue npespaujeHus.
Memooom nopouikosoii dughparxyuu ¢ uChoIb308aHUEM CUHXPOMPOHHO20 UCIMOYHUKA U3TYYeHUs ObLIU
VCMAHOBIeHbl KPUCMALIUYecKue cmpykmypsvl npooykmos oeconveamayuu (88-91). Ha ocnosanuu
NONYYEeHHBIX pPe3YIbMamos mepMuiecKoe paszioddcenue conb8amos ObLI0 NpedNoNHCeHo 8 Kayecmee
nepCcnekmuHo20 meepoodazHo2o cnoco6a NOIY4eHUst HOBbIX 2UOPUOHBIX 2ATOBUCMYMAMNO8, KOMOpble
He obpazyromcs us pacmeopos. [loopoonee cm. pazoen 3.5.1, 3.6.1 u 3.6.3.

FaJIOBHCMyTaTLI XHHOJIMHUSA U €0 NPOU3BOAHBIX

92 | [(QN).C4][BiBrs(DMSO)] - - P1 OP 0D 2.83"
93 | [(QN)H]4[Bi2Brig] - - P1 KP 0D 2.87
94 | [(QN)H]s[H3O][BiBre]2-3H,0 - - C2/c KP oD -

95 | [(QN)2Ce][BiBrs(DMSO)] - - P1 OP 0D 2.81"

*
coeouHeHusl codepofcam OKPAULEHH)IO nPpUMeChb, KOmopast MOMCEM 3AHUNCAMb pedlbHble 3HAYEHUA Eg

Tonyueno u cmpykmypno oxapaxmepuzosaro 4 nosvix opomosucmymama xurnonunust ([(QN)H]™), 1,1'-
(6yman-1,4-0uun)buc(xunonunus) ([(QN)2C4]?*) u 1,1'-(cexcan-1,6-0uun)ouc(xunonunus)
([(QN)2C6]%*). Coeounenus 92 u 95 usocmpyxmypuui u codeparcam anuon [BiBrs(DMSO)]%.

I'anoBucmyTatsl 2,2'-0MMMHMIA30/IUS U €70 MPOU3BOAHBIX

96 [M64biim]z[BizBre_gz|3,08]'0.32H20 - - I41/acd BP oD -
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97 [MezbiimHz]z[BizBl’lo] - - P21/n KK oD -
98 | [biimH.][BiBrs]-2H.0 - - Pnma KK 1D, -
99 | [biimHa][Bils]-2H.0 - - Pnma | KK | 1Du -

Ilonyueno u cmpykmypno oxapakmepuzosano 4 Hoevlx eanosucmymama 2,2'-ouumuoazonus
([biimH4]?"), 1,1-0umemun-2,2'-6uumudaszonus ([MezbiimH2]?*) w« 1,1',3,3-mempamemun-2,2'-
buumuoazonus ([Mesbiim]?*). Coeounenus 98 u 99 uzocmpyxmypuvie u codepoicam 3u23a2006paznvie
1-D yenu [BiXs]n®".

TBepmﬂe PACTBOPbLI: TAJJOBUCMYTATbI MUPUIUHUA

100 | [PyH][BiBrssslo.s2] RUMCIP 15 P2./c BP 1D 2.35
101 | [PyH][BiBr2gal1.16] RUMCOV 15 P2i/c BP 1D -
102 | [PyH][BiBr30slo.95] RUMDOW 15 Pbca BP 1D -
103 | [PyH]s[Bi2Br7.74l1.26] - 15 P1 BP ps-1D -
104 | [PyH][BiBrosols.40] RUMCUB 15 Pbca BP 1D -
105 | [PyH][BiBro.30l3.70] RUMDAI 15 Pbcn BP 1D -
106 | HT-[PyH][Bil.] RUMDEM | 15 Pbcn | BP 1D | 1.98
107 | LT-[PyH][BIl{] RUMDIQ 15 | P2/c | BP 1D ]
108 | [PyH]7[BiBrs]2(NO3)o.92Bro.os - - P2./n OP oD -

Ilonyueno u cmpykmypho oxapakmepuzoéano 8 Hoebix z2anosucmymamos nupuounus ([PyH]").
H3yuenue cepuu meepovix pacmeopos OpOMO-UOOOSUCMYMAMO8 NUPUOUHUS NOKA3AN0 HATUYUe 8
oannol cucmeme 5 noaumop@ruoix moougpuxayuii ¢ cocmasom [HPY]BiXs (X = Br, |). Yemanoeneno,
YMmo Ha COCMAs U KPUCMALIUYEeCKOe CIMpoeHUue MEepoblx pacmeopos Glusem He MOoIbKo COOMHOUleHUe
Br/l 6 ucxoonom pacmeope, no u kuciomnocmu pacmeopa, u coomuowenue [PyH] IBi**. IToopo6nee
cm. pazoen 3.5.2.

TBepI[bIe PACTBOPLI: TAJIOBUCMYTATHI IUIIHKOJHHITAHA

109 | [(4-Pi):C2]o[Bi-Brasl:2] KIBPOE 14 P2:/n BP | ps-2D | 261
110 | [(4-Pi):Cs]2[BizBra1li ] KIBPUK 14 P2:/n BP | ps-2D | 250
111 | [(4-Pi)sC]o[BizBrsl24] KIBPUKO1 14 P2:/n BP | ps-2D | 243
112 | [(4-Pi):C2]2[BizBresls2] KIBPUKO02 14 P2:/n BP | ps-2D | 2.35

Ilonyueno u cmpykmypno oxapaxmepuzoeano 4 nosvix eanosucmymama 1,1°-(aman-1,1°-ouun)ouc(4-
Memunnupuounus) (Ounuxonunsmana, [(4-Pi)2C2]?"), exodsuwux 6 pao meepowvix pacmeopos cocmasa
[(4-Pi)2C2]2[Bi2Bryliox/. H3yueno erusnue cocmaséa meepooco pacmeopa Ha onmuyecKkue c8oucmed
noayuaemozo coeourerusi. OOHAPYAHCEHO CUNbHOE PAZHOHANPABGIEHHOe OMKIOHEeHUe NaApaAMempos
Auetiku u 3Havenu Eq om 3axona Beecapoa. Ilosienenue nebonbuio2o KOIU4ecmea amomos uood 6
MEepoOoOM pacmeope Npusooum K pe3Komy YMeHbulenuto Kpasi noiocvl noeiowerus. C nomouvio
K8AHMOBO-XUMUYECKUX PACYemO8 HNOKA3AHO, YMO 3aMeujenue MOCMUKOBbIX amoMo8 Opoma 8
CMpYKmype amomamu uooa mepmooOuHamudecku Oojee 6bl200HO, UeM 3ameujeHue MmepMUHaNIbHbIX
amomos eanocena. Ha npumepe 0annoii cucmemvl u panee uzy4eHHbiX CUCHEM MEEPObIX PACHEOPO8
NOKA3aHO, YMO  OMCYMCMEYIOm  Kakue-1ubo  obwjue  3aKOHOMEPHOCMU,  C6A3AHHble  C
npeumywecmeenuvim 3ameujenuem Brl/l ¢ mocmuxosvix unu mepmMuHaIbHBIX 2AN02EHHBIX NO3UYUSIX.
Ilopsiook  3ameweHuss uHOUBUOYANEH OAA  KAXCOOU Ccucmemvl U  ONpeoensemcs Ccemrou
MENCMONEKYIAPHBIX 83aumodeticmauti 8 kpucmainie. [loopoonee cm. pazoen 3.5.1.

TBCpZ]bIe PACTBOPLI: TaJJOBUCMYTATbI 2-NMUKOJIUHHS

113 | [2-PiH][BiBr2.gol1.10] - - C2/c BP 1D -

114 [Z-PiH] [BiBr3,05|o,95] - - P21/C BP 1D -
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115 | [2-PiH][BiBr242l156] - i coic | BP 1D | 229
116 | [2-PiH][BiBr206l104] - i C2ic | BP 1D | 225
117 | [2-PiH][BiBr1g71214] - i C2ic | BP 1D | 223
118 | [2-PiH][BiBr1.2¢l276] - i C2ic | BP 1D | 215
119 | [2-PiH][BiBros2l3.3s] - - C2lc BP 1D 2.12
120 | [2-PiH][BiBrosslsas] - i P2/c | BP 1D -
121 | [2-PiH][BiBroz¢ls 7] - i P2/c | BP 1D | 206
122 | [2-PiH][BiBro.sls51] - i P2/c | BP 1D | 204
123 | [2-PiH][Bil4] - - P2i/c BP 1D 2.04

Tonyueno u cmpykmyprno oxapaxmepuzoeano 11 nosvix zanosucmymamos 2-nuxonunus ([2-PiH]Y),
obpaszyrowux pso meepovix pacmeopos cocmasa [PiH]BiXs (X = Br, ). U3yuen xapaxmep 3amewenus
Br/l 6 kpucmannoepapuuecku paziuunvlx 2an02eHHbIX NOUYUAX, A MAKI’CE GIUAHUE MAKO20
3ameujeHuss Ha onmuyecKkue ceoucmea noayyaemuvix coeounenuti. OOHapysceHo, Umo obpazosanue
meepoblX pacmeopos npomekaem uepe3 ¢pazosviti nepexoo. Illpu smom mownoxnunnas C ¢pasza
oxasvlgaemcs 6onee cmaduIbHOU NPU MOJILHOU 001€ U0OA CPeOU amoMOo8 2al02eHd 8 KpUcmaiie om
26.0 00 84.5%, 6 ocmanvrom ouanazone Konyenmpayuil domunupyem ¢gaza P21/C. Yemanoeneno, umo
3Hayenus Eq noouunsaromen 3akony Bezapoa 6 uzyuenHom ouanazome u NPaKmuyecku He 3asucim om
eblopanHoll ynaxkosku. Iloopoonee cm. pazoen 3.5.2.

TBep}lbIe PACTBOPLI: TAJJOBUCMYTATbI 4-NUKOJIUHHUSA

124 | [4-PiH][BiBr2.40l160] HOZYOO 16 P2:/c BP 1D -
125 | [4-PiH]4[Bi2Brs.sal1.04] HOZYII 16 P1 BP 0D -
126 | [4-PiH][BiBr2s1l169] HOZYOO001 16 P2./c BP 1D -
127 | [4-PiH][BiBry.esl2.07] HOZYOO002 16 P2./c BP 1D -
128 | [4-PiH][BiBrusl2 4] HOZZEF 16 P2:/c BP 1D -
129 | [4-PiH][BiBrog7ls33] HOZZI) 16 P2i/c BP 1D -
130 | [4-PiH]4[Bi2Brssal3.16] HOZYI1101 16 P1 BP 0D -
131 | [4-PiH][BiBro.sls.77] HOZZ1J01 16 P2i/c BP 1D -
132 | [4-PiH][BilJ] HUBBAL 16 Pc BP 1D 2.10
133 | [4-PiH]5[Bial] NIXYAYO01 16 P2:212, | BP 0D 2.19

Tlonyueno u cmpykmypno oxapaxmepusosano 10 nosvix canosucmymamoé 4-nuxonunus ([4-PiH]Y),
obpaszyrowux psio meepovix pacmeopos cocmasa [PiH]4Bi2X10, [PIH]BiXs u [PiH]3Bi2Xe (X = Br, 1).
Ob6Hapyaiceno, umo 6 npoyecce 00pa3068anusi MEepoblX PACMBEOPO8 NPOUCXOOUM He MOJbKO CMeHA
NOIUMOPPHLIX MOOUpuUKAYUl, HO U 00paA308aHUEe COCOUHEHUU C PA3HbIM COCMABOM U MUNOM
eanosucmymam-anuona. C nomowpio K6AHMOBO-XUMULECKUX PACHemo8 NOOPOOHO U3YUEHO GIUSHUE
samewenus Brll 6 kascooil us eanoeennvix nozuyuii 6 kpucmaiie. Bolosunymo npeononosicenue, umo
npu 06pazoeanuy meepovix pacmeopos 6 Nepeyio ouepedb NPOUCXOOUM 3ameujeHue amomos 2ai02end,
KOmMopbvle MeHblle 6Ce20 Y4aACMEYIOM 6 MENCMOLEKYIAPHbIX 63aUMOOCUCBUAX 6 Kpucmaiie.
Iloopobnuee cm. pazoen 3.5.2.

TBepable pacTBOpHI: ranoBUcMYTaThl N-MeTHINMPUIMHHUSA

134 | [N-MePy][BiBr2esl1.0] - - P2,/c BP 1D | 2.33
135 | [N-MePy][BiBr2.4l1.50] - - P2,/c BP 1D | 225
136 | [N-MePy][BiBr2.13l187] - - P2i/c BP 1D 2.21
137 | [N-MePy][BiBryszl2.3] - - P2i/c BP 1D 2.16
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138 [N-MePy][BiBr1_24I2_75] - - P21/C BP 1D 2.12
139 | [N-MePy][BiBrosols21] - - P2./c | BP 1D | 206
140 | [N-MePy]3[Bizlg] 12 - - Pnma BP ps-3D -

Tonyueno u cmpykmypHo oxapakmepuzogano 7 nosvix eanosucmymamos N-wemunnupuounus ([N-
MePy]*), 6 uz komopwix obpasyiom pso meepovix pacmeopos cocmasa [N-MePy][BiBra.ly/. Jannas
cucmema A61semcsi peOKUM NPUMepoM HeNnPePblBHO20 Psi0a MEePObIX PACMEOPO8 2AI0GUCMYMAMO8 C
nepemennvim cocmasom Brll, komopuiii noouunsemcs 3axony Beeapoa kak no napamempam suetixu,
max u 3navenusm Eq. [loopobnee cm. pazoen 3.5.1.

raJIOBl/ICMyTaTbl METUJINMPUIUHUA U TBEPAbIC PACTBOPLI 110 KATUOHY

141 | B-[N-MePy][Bil.] - - Cc OP 1D | 205
142 | [N-MePyJo74[2-PiH]o2s[Bil4] - - P2/c | BP 1D | 207
143 | [N-MePyJo27[2-PiH]oes[Bil4] - - P2/c | BP 1D | 202
144 | [3-PiH][Bild] - - C2/c BP 1D | 2.05
145 | [4-PiH]os[2-PiH]0.6[Bil.] - - c2/c BP 1D -

Tonyueno u cmpyxmypno oxapakmepuzosano 5 nosvix uoodosucmymamos N-memunnupuounus ([N-
MePy1*) u 2/3/4-memunnupuounus ([2/13/4-PiH]*). Buibop 06vexmos uccredosanus ocrhosvléancs na
U30OMEPHOCMU KAMUOHO8 MemuInupuouHus. Buvioenennvlie coedunenus obpaszyiom pso meepovlix
PACMBOPO8 ¢ NepeMeHHbIM COCMABOM KAMUOHA MEMUTAUPUOUHUSL C PAZHBIM NOTIOHCEHUEM MEMUTLHOU
epynnol. [lokazano, umo 3ameujeHue 0OHO20 KAMUOHA OpYeUM UHO20A MOJCEM NPUBOOUMb K
HeOOIbULOMY UBMEHEHUI0 ONMUYECKUX CBOUCME Noaydaemvlx coeourenuil. I[loOopobnee cm. pazden
3.5.3.

IIpoyue ranoBUCMYTAThl, NOJIy4eHHbIE B IIpoLiecce BbINOJIHEHUs] Ppa0oThI

146 | [(2-Pi)(XK)Br]s[BiBrg] GOHLAT 5 P2i/c KK oD 2.83
147 | [(2-Pi)(XK)I]s[Bile] GOHLEX 5 C2 KK oD 2.12
148 | [2-BrPyH]s[Bizlo] - - P1 BP 0D 2.10
149 | [2-OHPyH]3[2-OPyH]s[BiBr¢] - - P1 BP oD -
13| O OPH e e e
151 | [(2-NH2-3-Me)PyH]4[Bi2Brio] - - P1 BP oD 2.84
152 | [4-(NH,NHCO)PyH];[Bizls] - - P1 BP 1D 2.10
153 | [2-SHPyH]s[BiBrg] - - Pbcn BP oD 2.56
154 | [Py(XK)I]3[Bilg] UBOTOY 11 P1 BP oD -
155 | [EtV][HsO][BiBrs]-1.34H,0 EPERID 9 P2i/c KK oD -
156 | [(2-NH,-3,5-Br)PyH]s[Bi.Brs]-3H,0 - - P2 BP oD -
157 | [(2-NH,-3,5-Br)PyH];[Bils] - - P2i/c BP 1D -
158 | [bipyCs]2[Bizlio] XARKAG - P2:/n BP 0D 2.11

Tonyueno u cmpyxmypro oxapaxmepuzosarno 13 noswix canosucmymamos N-(4-(6pommemun)oenszun)-
2-memunnupuounus  ([(2-Pi)(XK)Br]*),  N-(4-(uoomemun)6enszun)-2-memurnupuounus  ({(2-
Pi)(XK)ITY), 2-6pomnupuounus ([2-BrPyH] ™), 2-cuopoxcunupuounus ([2-OHPYH]"), 2-nupuoona (/2-
OPyHY)), 2-amuno-3-memunnupuounus ([(2-NH2-3-Me)PyH]"), 4-(cuopasunxapbonun) nupuounus ([4-
(NHo2NHCO)PYH]T™),  2-muonupuounus — ([2-SHPYH]™),  N-(4-(uoomemun)benzun)nupudunus
([PY(XK)IT*), smuneuonozena ([EtV]?*), 2-amumno-3,5-6pomnupuounus ([(2-NH2-3,5-Br)PyH]*) u 1,1
mpumemunen-2,2'-6unupuounus ([bipyCs]%).
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Takum 00pazoM, OBIJIO TMOJTYYEHO M CTPYKTYPHO OXapaKTEPHU30BaHO JOCTATOYHOE
KOJIMYECTBO THUOPHUAHBIX TajJOBUCMYTaTOB N-TeTepONUKINYECKUX KAaTHOHOB JUIsl aHalu3a
ocobeHHocTel (OPMHUPOBAHUS KPUCTAIIMYECKUX CTPYKTYp TaJOBHCMYTATOB, a Takke s
U3YYEHHUSI CBA3U MEXAY CTPYKTYpPOM M ONTHUYECKUMU CBOMCTBAMHU JIAaHHOTO KJIacca COeTUHEHU M.
Bb160p 00BEKTOB HCClIEIOBaHUS U MOIYUYEHHBIE PE3YJIbTAThl OoJiee MOAPOOHO MPEACTABICHBI B

CICAYIOIINX pa3ierax.

3.1.2. Bausinue ycJ10BMii CHHTE3a HA CTPYKTYPY raJIOBUCMYTATOB

B xome cuHTE3a HOBBIX THOPUIHBIX TaJOBUCMYTATOB OBUIM HCIOJB30BAaHBl Kak
CTaHJAPTHBIE METOJIUKHU TOJNYyYEeHHsS (M3 OpraHUYECKHX pacTBOpHUTeneil, u3 2M pacTBOpoB
raJIor€HOBOIOPOIHBIX KHCIOT M BOJHBIX PAacTBOPOB), TaK M MOAU(DHUIIMPOBAHHBIE M HOBBIC
MeTonuku. Tak, ObUT TPEIJIOkKEH CIOCO0 MOJYYCHHS] TaJOBHUCMYTATOB W3 TOJKHCIIEHHBIX
BOJHBIX  pPacTBOPOB, MTO3BOJISTFOILM I 3aKpHUCTAUIM30BaTh COCIMHEHMUS, IJI0XO
KPUCTAJLTU3YIOIIUECS U3 BOJHBIX PACTBOPOB, CIIOCO0 MOTYYEHUS] THOPUIHBIX TaIOBUCMYTATOB
U3 TOPSIYUX KOHIIEHTPUPOBAHHBIX TaJOT€HOBOOPOIHBIX KUCIIOT, @ TAKXKE CIIOCO0 MOTyUYeHUS

HOBBIX COCIUHCHUMN TCPMHUUYCCKUM PA3JT0KCHUECM HUX COJILBATOB.

IMosryyeHue THOPUAHBIX TAJOBHCMYTATOB M3 MOAKHUCJIEHHBIX BOJHBIX PacTBOPOB.
OnHUM U3 caMbIX YAOOHBIX M MPOCTBHIX CIIOCOOOB MOJTYUYEHUS! TAJTOBHCMYTATOB SIBIISETCS MX
CUHTE3 U3 BOAHBIX pacTBOpoB. JlaHHas meTonuka Obula pa3paboTaHa B Hallel JlabopaTopuu
panee. B o0mem ciiydae mpolecc MOJy4eHMs 3aKJII0YaeTcs B CMEIIEHHM JIBYX PacTBOPOB,
conepkamux Hutpata Bucmyta (l1l) u opranndeckuii katnon ¢ qo6apneHuemM 20-u KpaTHOTO
M30BITKA TAIOTCHH/1A KAJTHsI. TO IPUBOIUT K OOJIBIIIMM 3aTpaTaM raJIOTCHHUIOB KaJIHsl, KOTOPBIC
MOTYT BBINAJATh BMECTE C MPOIYKTOM pPEaKIMK MpU yHapuBaHUHM pacTBopa. B cBsi3u ¢ 3TUM
HaMu Obuta MoIu(UIIMpOBAHA JaHHAS METOJMKA TIOJIYYCHUS TajJOBHCMYTaTOB. bbIIo
YCTaHOBJIEHO, YTO CHM)XCHHE KOHIICHTpPAIlMW TaJOTeHHAa Kaluus J0 4-X KpaTHOro H30BITKA
MO3BOJISIET HE TOJIPKO 3HAYUTENHHO YMEHBIIIUTh PACXO]l peareHTa U MPeJOTBPATUTD THIIPOIIU3
KaTHOHOB BHCMYyTa, HO M TIO3BOJIAET IOJydYaTh TaJIOBUCMYTaThl C JIPYyTHUM COCTAaBOM U
cTpoeHueM. B dwacTHOCTH, OBLIO MOKa3aHO, YTO HCIOJIb30BaHHE OOJBIIOrO W30bITKA |° B
PacTBOPE NPUBOMT K MONYyYEHHIO HOJI0BICMYTaTa MeTHIBHONIoreHa 33 ¢ anuonamu [Bizl11]*
I. B 1O xe Bpewms,, mpu YMEHBIICHUU KOHIICGHTpAIlMK HOJla B PACTBOPE MPOUCXOJIUIIO

00pa3zoBaHue HOJOBHCMYyTaTa MeTUIBHOIOreHa 35 ¢ annonoM [Bils]®".
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Pucynok 18. Cxema monydenust nojgoBucMytatoB N-rereporukindeckux katrnoHoB (Kat)

N3 MMOAKUCICHHBIX BOAHBIX PACTBOPOB

JIJiss TOTOJTHUTENBHOTO CHIKEHUS KOHIICHTPAIlMU TaJOTeHH]Ia Kajlus B pacTBOpe ObLIO
MPEJIOKEHO HCIOJIb30BaTh MOJKHUCICHHBIE a30THOM KHCIOTOH pacTBOpbl (~0.1 Momb/m)
(Pucynok 18). BBeneHue Takoro KOJWYECTBA KUCIOTHI MO3BOJISIET CHU3UTH KOHIIEHTPAIUIO
TaJIOTeHHuIa Kajausi, HEOOXOAUMOTro JUisi MPEAOTBPAIICHHS THUAPOIN3a KAaTHOHOB BHCMYTA.
Kpome TOro, Mcmnosib30BaHME TAKWUX MMOJKUCIECHHBIX PAacTBOPOB MO3BOJIAET HMCIIOJIb30BAThH
HEMOCPEJCTBEHHO OPraHMYECKHE OCHOBAHUSI, BMECTO UX COJiei. B OoNbIIMHCTBE ciydaeB npu
CIIMBAHUM PACTBOPOB MPOUCXOJUT OBICTPOE BBINIAJICHUE TJI0XO0 3aKPUCTAIITU30BAHHBIX OCAIKOB
TUOpPUAHBIX TaJOBHCMYTATOB. MIHOT /1A, TTOCIe BhIIEpKUBaHUsI 00pa3iia B MATOUHOM PacTBOPE B
TEYeHHE OJHOW-ABYX HeAeNlb, HabmomaeTcss oOpa3oBaHue Oosiee KpPYIMHBIX KPHUCTAIJIOB,
MPUTOJHBIX i TMPOBEICHHUE PEHTIEHOCTPYKTYypHOro ananuza. I[lpu sTom oOpazoBaHue

MOJIUTAJIOT€HU/IOB B TAKUX YCIOBHUSAX HAOJIO1aeTCs PEAKO.
Takum o0pa3om, K IpeuMylIecTBaM JaHHONH METOJUKHU OTHOCATCS:

1) CTaOMIBHOCTH MOJYYAaEMBIX PACTBOPOB, KOTOPBIC MPAKTUYCCKH HE TOBEPIKCHBI

OKHCJICHUIO Ha BO3IyX€E;

2) YHUKaIbHOCTH MPOJYKTOB, KOTOPHIC HE YAACTCS IMOJYYUTh B JIPYTHX YCIOBHSIX,
BKJIIOYass 00pa3oBaHWE TOJUMEPHBIX CTPYKTYp TaJOBHCMYTaTOB C YydYacTUEM
kaTuoHOB Kanmus (4, 50, 51, 64; 3mech u ganee Hymepalus COSIUHEHHHN COTJIAaCHO

Tabmume 23);

3) BO3MOXHOCTH TOJy4aTh pa3HbIE MO CTPOCHUIO M COCTaBY COCTMHEHHS, IyTeM
BapsHpoBanus cooTHomenus Bi**:Hal:Kat" (Hal = Cl, Br, |; Kat"" = opranuueckmuii

KaTHOH);

4) JlemieBr3HA MOMYUYCHHS TAJIOBUCMYTATOB, OTHOCUTEIBHO APYTUX METOJIOB;
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5) BO3MOXHOCTb  JIETKOTO  TOJIYYEHHsS]  TBEPIABIX  PAcTBOPOB  THOPUIHBIX
raJIOBUCMYTATOB C MIEPEMEHHBIM COJIEPKAHUEM TaJIOT€HOB WU TE€TEPOLMKINYECKUX

KaTHOHOB (cM. paszaen 3.5).

K coxanenuto, ¢ mOMOIIBIO TaHHOTO METOJa HE BCErAa YAAeTCs MOIYyYUTh KPUCTAJUIbL,
MPUTOJHBIE ISl U3YYEHUS KPUCTALIMYECKOM CTPYKTYpPbl METOJOM PEHTIEHOCTPYKTYPHOIO
aHanuza. OJHAKO TOPOIIKU SIBJISIIOTCS YAOOHBIMH TPEKypCcOpaMH Jis TOJYYEHHUsS HOBBIX
TUOPUIIHBIX TaJIOBUCMYTATOB M3 KOHIICHTPUPOBAHHBIX TaJIOT€HOBOJAOPOAHBIX KHCIOT WU

OpraHNYeCKUX PacTBOPUTENCH.

Ilosyyenue rHOPUAHBIX TaJ0BHCMYTATOB M3 TOPAYMX KOHIEHTPHUPOBAHHBIX
rajoreHoBOAOPOAHBIX KHCJIOT. OHUM U3 METOJOB IOTYUYEHHUS TAIOBUCMYTATOB, OIIMCAHHBIX
B JIUTepaType, SBISIETCd HMX CHHTe3 M3 pa3daBieHHbIX 2M kucnor. JlaHHbIi MeTox B
OOJIBIIMHCTBE CJIy4aeB MO3BOJISAET MOJIy4aTh XOPOILIO 3aKPUCTAIIIM30BaHHbIE 00pa31bl. OHAKO
KOHIIGHTpalMs KHUCJIOTHl B TAaKMX PacTBOpPAaX HHOTAA OKAa3bIBAETCS CIMIIKOM HHU3KOM s
pacTBOpPEHUs] MEJIKOKPHUCTAJUIMYECKOrO0 OcCajJKa WM MOodydeHus 3-X wid 4-X 3apsaHbIX
KaTHOHOB B CTpPyKType. B »3ToM ciyuae MoOXkeT OBITh HMCIIOJIB30BaH METOJ CHHTE3a
TraJIOBUCMYTAaTOB U3 ropsAYuX KOHLEHTpupoBaHHbIX kucinor HBr u HI (Pucynok 19). [Ins
HOJYYSHHsI FaJIOBUCMYTATOB TOTOBST pacTBop noauaa Bucmyta (111) u oprannueckoro karnona
B KOHLIEHTPHUPOBAHHOW T'aJIOT€HOBOJOPOJHON KHMCIOTE M HArpeBalOT Ha IIUTKE 10 IOJHOIO
pacTBopeHus peareHToB. Ilocie OCTbhIBaHHSI CMECH OOBIYHO BBINAJACT KPUCTAIIMYECKUI
NPOAYKT, KOTOPBIA OTAENSIOT OT pacTBOPA JEKAHTALMEN U BBICYIINBAIOT Ha Bo3ayxe. JlaHHbIE
YCIOBHSI TAK)K€ XOPOIIO MOAXOAAT Ul MEPEKPUCTAIN3ALUKN [TOPOIIKOOOpa3HBIX 00pa3IoB
raJIOBUCMYTATOB.
1-BiBr,

2 — (Kat)Br :
3 — KoHU, HBr

T=25°C

Pucynok 19. Cxema nosnydenus: 6pomoBucmytatoB N-rereponukinueckux katnoHos (Kat)

N3 KOHICHTPHUPOBAHHBIX TAJIOTCHOBOJOPOAHBIX KUCIIOT
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bnaromaps kpaiiHe BEICOKOMY 3Ha4eHHI0 PH cpensl maHHBINM CIOCO0 MO3BONSIET TOTYyYaTh
KPYIHBIE KPUCTAUIBI TaIOBUCMYTATOB, CTPYKTYPBI, COJAEpXKAIIHE IOJTUTaJIOTSHUTHBIC
¢dparmentsr (16, 43) wau mpousBoaHble HOHOB ruapokconus (5, 8, 15, 23, 25, 36, 155).
bnaromapst CHIBHOH TPOTOHHPYIOMIEH CIOCOOHOCTH KHCIOT MOTYT O0Opa3oBBIBATHCS
COCIIMHEHUS, COJEp)KallUe MHOTO3apsIHbIe KATHOHBL. Tak HaMu OBUIHM  IOJTYYCHBI
OpOMOBHCMYTaThl Ha OCHOBE TWUKATHOHOB IMPOM3BOAHBIX mupaszunus (19-23), obGramaromumx
BBICOKHM CPOJICTBOM K JIGKTPOHY, a TaKKe OPOMOBHUCMYTATHl HA OCHOBE NMPOTOHUPOBAHHOTO
1O JIBYM aToMaM a30Ta YeThIPEX3apsTHOTO KaTHOHA KBAaTCPHH30BAHHOTO MPOM3BOJHOTO 3-
ammoHmimupuauHusa  (59-62). Hcmonp3oBaHWE KOHIGHTPUPOBAHHBIX  KHUCIOT — XOPOIIO
MOJXOAMUT JUISl TIOJYYCHHS HOBBIX HEOOBIUYHBIX COCAMHCHUN ¥ BBIPANIUBAHHS KpPUCTAILIOB,
OJTHAKO HE TOAMTCS IS IICJIEBOTO MMOJTYYCHHUS TaJJOBUCMYTATOB M3-3a JIOPOTOBU3HBI PCAKTHBOB,
CIIOHOCTH PabOTBI C TOPSYMMH KOHIICHTPUPOBAHHBIMH KHCIOTAaMH W THIPOIUTHUCCKOU

HECTAOMJIbHOCTH IMOJIYy4YacMBbIX I'aJIOBUCMYTATOB.

[Hosyyenne ruOpUIHBIX FAJIOBUCMYTATOB M3 OPraHUYECKUX pacTBopuTesieil. J[aHHbII
METOJI SIBIISIETCS OJHUM M3 CaMBIX PACIpPOCTPAHEHHBIX CIIOCOOOB CHHTE3a TaJIOBUCMYTATOB.
Haubonee 4dacTo UCMONB3yEeMBIMU PACTBOPUTEIISIMH B TaKUX CIIy4asx SBISIOTCS METaHOI,
sTaHos W amneroHuTpwi [182,183]. DTu pacTBOpHTENM TakKe pacCMaTPUBAIOT B KadyeCTBE
YAOOHBIX CpeJl JUIS TMOJTYYEHUS] TOIUMOP(PHBIX MOIU(DUKAINI TaTOBUCMYTATOB, a TaKXKe IS
KpPHUCTAIUTH3AUU aMOp(HBIX WK MOPOIIKooOpa3Hbix o0pasnos [183]. Hamu Obuto mokasaHo,
4TO Jake HeOosbInoe qo0aBIeHUE ITAHOJA WM AlleTOHUTPHIIA K MPOIYKTY PEAKIUH MOXKET
MPUBOAUTH K HEOOPATUMOMY U3MEHEHHUIO KpUCTAITNYECKOU (pa3bl. B yacTHOCTH, MPOMBIBaHHE
HEOOJBIIMM KOJIMYECTBOM allETOHUTpUIA NPOAyKTa peakmuu Opommaa 1,1°-(rekcan-1,1’-
i )ouc(2-amunorupununaus) ([(2-NH2Py).Cs]Br2) ¢ BiBrs B xonuentpupoBanHoi HBr
NPUBOJUIO K MTHOBEHHOMY OOpPa30BaHHUIO KPUCTAIMYECKON Macchl B OT(HUIBTPOBAHHOM
maTouHoM pactBope. C momoinsto PCA OblI0 TTOKa3aHO, YTO BBIMABIIEE BEIIECTBO SIBIISCTCS
opomoBucmyrtatoM [(2-NH2Py)2Cs]3[BiBre]o-CH3CN (6), comepskariuM coJIbBATHPOBAHHBIC

MOJIEKYJIBI AIETOHUTPHUIIA B CTPYKTYPE.

B TO Xe Bpemsi pacTBOPUMOCTH TajOBHUCMYTaTOB N-reTepOIUKINYECKUX KAaTHOHOB B
YKa3aHHBIX BBIIIE PACTBOPUTEINAX YACTO OBIBAET HEJAOCTATOYHO BBICOKOM ISl 3 (EKTUBHOTO
BBIpAIlMBaHUs KPUCTAUIOB. B CBA3M € 3TUM, JUIsl IOJIyYEHUSI KPYIIHBIX KPUCTAJIOB, a TAKKe

TOHKHUX INUICHOK TaJOBUCMYTATOB HaA OKCHUIHBIX IIOJIOKKAX YaCTO IMPUMCHAIOT TaKHC
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pactBoputTenu, kak auMmeTwicyiabdokcun (AMCO) wmm aumermwndopmamun (JAMDA).
Bricokasi pacTBOpUMOCTh THOPHUAHBIX TallOBUCMYTAaTOB JOCTUTAE€TCS 3a CYET BBICOKOH
conpBaTupyromieit cnocoonoctn [IMCO u IM®A 10 OTHOIICHHIO K KaTHOHAM BHCMYTa H
oOpa3zoBaHMEM MPOYHBIX BOJOPOJHBIX CBSI3€d C OpraHMYecKUMH KaTtuoHamu. OJIHAKO
BCJIE/ICTBHE JAHHOW OCOOEHHOCTH 3THX PacTBOpPUTENEH 00pa3yroliuecs KpUCTAIbl OOBIYHO
apisitorcss  conmbBaramu  JIMCO  wim JIM®A. Ha npumepe  TajJoBUCMYTaToB
mumapuauaokcunona  ([Py2(XK)]?") mamu 6bUI0 TOKA3aHO, YTO IEPEKPUCTAILIU3ALUS
coequHenuit 75 u 76 B JIMCO u JIM®A npuBOIuT K 00pa30BaHUIO JIEBITH Pa3IUYHBIX 10
COCTaBy U CTPOCHHIO conbBatoB (77, 78, 81-87). [Ipu 3TOM TOJIEKO B OJJHOM CITydae U3 JAHHBIX
pacTBopuTene OblUT ToiydeH TpoAyKT (79), KOTOpBIA HE colepikall COJbBATHPOBAHHBIX
MoJIeKyJ pacTBoputensi. [loxokas 3aKOHOMEpPHOCTh HA0JII01aNIach U B CITydae TaIOBUCMYTAaTOB
metunsuonoresa (MV?"). Hcnoms3osanne JMCO u JIM®A B KauecTBe pacTBOpHUTENEHl
MPUBEJIO K 00Opa30BaHMIO TISITH HOBBIX COJIbBATOB OPOMO- M MOJIOBUCMYTATOB METUIIBUOJIOTCHA
(34, 38-41) u TONBKO OAHO OXapaKTEPU30BAHHOE COCIUHEHHE HE COACPIKAIO B CTPYKTYpE
motekya IMCO u JIM®A (35). Ucxos U3 moJIy4eHHBIX TaHHBIX U aHAIHN3a JJUTePaTyphl, ObLIO
YCTaHOBJIEHO, 4TO Hcnoap3oBanue [MCO u JIM®A B kayecTBe pacTBOpUTENEH I
NEPEKPUCTATUTM3AINY, TOTYYSHHBIX B IPYTHX YCIOBHIX TaJJOBUCMYTATOB OOBIYHO HEMPUTOJTHO,
TaK Kak B MOJIaBIISONIEM OOJIBITUHCTBE CIIy4aeB MPUBOJUT K 00Pa30BaHUIO0 COOTBETCTBYIOIINUX
cosbBaTOB. OTHAKO HA TEX Ke MPUMEpPaxX HaMU ObLI BIIEPBHIE TTOKA3aH MOTECHIINA TPUMEHECHHS
JIMCO u JIM®A B kauecTBe YAOOHBIX pacTBOpUTENEH IS TOJYYCHHS TIPEKypCOPOB
raJOBUCMYTAaTOB, KOTOPbIC B TMOCIEJACTBUU MOTYT OBITh HCIOJB30BaHBI ISl TBEPAO(a3HBIX

IIPEBPALLCHUM.

TBepaoga3ublii cUHTE3 TMOPUAHBIX TFaJI0BHCMYTATOB. TBepAoda3Hbie MpeBpallleHUs
raJOBUCMyTaTOB Ha MOMEHT Hadajla HCCIEJIOBAaHUI B JUTepaType MNPaKkTUUYECKU He Obun
u3y4deHsbl. B To jxe BpeMst ObUIHM U3BECTHBI KPUCTAIIMUECKUE CTPYKTYPBI C COJIbBATUPOBAHHBIMU
mosniekyiaamu JIMCO u JIM®A. Kak Obuto ommcaHo BbIllIe, HA MPUMEPAX TalOBUCMYTATOB
TUMHAPUAUHOKCUIIONAa W METWIBHOJOTeHa Oblla TOKa3aHa KpaiHe BBICOKas CKIOHHOCTb
raJIOBUCMYTaTOB K oOpa3oBanuio conbBaToB ¢ [IMCO u JIM®A. Ilox neiictBueM BBICOKOU
temrepatypsl 10 220°C (cMm. pazaen 3.6) wiM aHTUCOJBBEHTOB (CM. paszaen 3.7) coabBaThl

rHOPUAHBIX TaJOBUCMYTATOB TepstoT Moiekyibl [IMCO u JIM®A. B pesynbrate Hamu ObLI
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pa3pa60TaH HOBBIM MOJIXOH K CUHTC3Y FI/I6pI/II[HI>IX TaJIOBUCMYTATOB, KOTOPBLIC HC YIaCTCsA

IIOJIYYUTh JPYTUMHU METOJAMHU.

N3-3a Gompmioro oo6wema mosiekysn JJMCO u IM®PA ux ynaneHue U3 KpUCTALIUYECKON
CTPYKTYPBI CONPOBOKJACTCS YAaCTUYHOW WJIM TIOJHOM TEPeCcTPOHKON KPUCTAUIMICCKON
ymnakoBku. B uactHocTH, coenuuenue 84 ([Py2(XK)]3[Bilg]2:2DMF) nocne ynaneHus IByX
moniekynn IM®A coxpaHsSeT CTPOCHHE TaJOBUCMYTaT-aHHMOHA TPU W3MEHEHUH YIAKOBKH H
obpazyer coeamnenue 89 coctaBa ([Py2(XK)]3[Bilg]2). B 1o xe Bpems coemuHeHue 82
([Py2(XK)][Bi2ls(DMSO)2]), conep:xamiee msonuposanubie aHnoHbl [Bi2ls(DMSO)2]* nmocne
HarpeBaHus TepsET JIBe KoopAMHUpoBaHHbIe MoJieKybl JIMCO c obpa3oBanuem 1-D annonHoi
uenu [Bils]n™ B ctpykrype [Py2(XK)][Bils]2 (91). BaxkHo orMeruTh, yTo 00a HpOAYKTa

Pa3JI0KCHUS COJIbBATOB HC YAACTCA BBIJCIUTL U3 BOJAHBIX PaCTBOPOB.

Pa3noxxenue conbBaToB ¢ 00pa30BaHMEM HOBBIX (a3 TaKKe MOXKET IMPOUCXOIUTH U TOJ
JICWCTBHEM aHTHCOJLBEHTOB, KOTOPBIC «BBIMBIBAIOT» COJBBATHPOBAHHBIC MOJICKYJIBI
pactBoputens. B wactHocTH, Ha npumepe coemuHenui 34 ([MV]3[Bi2lo]2[DMF]3[H20]) u 41
(IMV][Bils(DMSO)]) Hamu ObLJI0 TIOKa3aHO, YTO BO3ACHCTBUE 3TaHOJIA HA JaHHBIC COCTUHEHUS
npUBOAMT K oOpa3oBanuio uepHoii (azel [MV][Bils]. Coenunenus 38 ([MV][BiBrs(DMF)]) u
39 ([MV][BiBrs(DMSO)]) paznaratorcs g0 [MV][BiBrs] naxxe Bo BiaaxkHoi cpene. Ha ocHoBe
JTAHHOTO TIOBEJICHUSI COJIbBATOB OBLIM pa3pabOTaHbl METOAMKH TMOJYYEHHUS TOHKHX ILICHOK
[MV][Bils] u [MV][BiBrs] Ha HOPHUCTBIX ¥ ME30TOPUCTHIX OKCUIHBIX MOIOKKAX (CM. pas3jie

3.7).

Takum oOpazoM, ObUIM YIydllIeHBI W J0paOOTaHbl M3BECTHBIE METOJABI CHHTE3a
raJIOBUCMYTATOB, a TaKXe pa3pabOTaH HOBBIM MOJXOJ K TOJYYECHHIO paHee HEU3BECTHBIX
KPUCTANTHYCCKUX CTPYKTYpP TaJOBUCMYTaTOB, KOTOpPbIC HE YJAETCSA TOJIYYUTh JPYTUMHU
MeTonaMu. Moaudukanus METOJUK CHHTE3a IMO3BOJIMIIA MOJYYUTh HOBBIE 1O CTPOCHHUIO U
COCTaBy TaJIOBUCMYyTaThl, B TOM YHCIIE COJEp)Kalllie€ MHOTO3apsiaHble KaTHOHBI (59-62) u
KATHOHBI C BBICOKMM CPOJICTBOM K AJIEKTpOoHY (cM. pazaen 3.3.2). OcobeHHOCTH 00pa30oBaHUs
COJILBATOB, MOTYUYEHUS U3 HUX HOBBIX COCIMHEHUN U CITIOCOOBI X CTPYKTYPHOTO UCCIICIOBAHUS

MoAPOOHO U3JI0KEHBI B paznene 3.6.
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3.1.3. Hoanmopdu3m rajsoBucCMyTATOB U pa3oBble MepPexoabl

Kak Obuto mokazaHo Beime (cM. pasngen 3.1.2), ruOpuaHble TaJOBUCMYTAThl MOTYT
00pa3oBbIBaTh 0O0JbIIOE PAa3HOOOpa3He KPHUCTAIUIMUECKUX CTPYKTYpP C OJHUM M TEM 3Ke
KaTHoHOM (coemuHeHmst 75-91). Kpome Toro, MHOTHME TajJOBHCMYTaThl 00Opa3yroT
U30CTPYKTYPHBIE COSTMHEHUS, HECMOTPS Ha Pa3HUILy B pa3Mepe KaTHOHOB, aTOMOB TaJIOTEHOB,
COJIbBATUPOBAHHBIX MOJIEKYJ PACTBOPHUTEN M PA3IMYHYIO OPUEHTAIMIO 3aMecTUTENed B
OpPraHMYECKOM KaTHOHE. B 4acTHOCTH, K TaKUM COCIMHEHHSIM OTHOCSTCS CTPYKTyphl 14/18,
30/32, 38/39, 56/57, 75/76, 77/78/86, 81/82, 92/95, 98/99, 137/FENLUI (xoa coenuHeHus u3
KBCJ) [55] u npyrue u30cTpyKTypHBIE raloBUCMYTaThl, orryoarkoBanHbie B KBC/I. Hanbomee
SApPKO BBIpaXKEHa pa3HUIla 0o0beMa SUYEWKH B Cllydae M30CTPYKTYPHBIX rajoBHCMyTaToB 1,4’-
ounupunuaus 56/57 ([bipyH]4[Bi2Brio)] u [bipyH]4[Bi2l10]-H20, coorBercTBeHHO). OO0BEM
KpUCTAILTHICCKOM stueiiku 57 Ha 17% Oounbime, yeM 56 3a cuer comepikanusi 0ojiee 00bEMHBIX
aTOMOB MOJ/Ia BMECTO OpoMa, a TakXe COJbBATHUPOBAHHOW MOJIEKYJIbI BOJbl. TeM He MeHee

JaHHBIC COCAUHCHUS ABJIAIOTCA NU30CTPYKTYPHBIMU.

B To ke Bpemsi cpeau TajJOBHCMYTaTOB KpailHE pEeIKO BCTPEYAIOTCS MOIUMOpPQHBIC
coequHeHHsA. Bce wu3BecTHBIE B JHTEpaType TMOAOOHBIE TaJOBHUCMYTAaThl IPOSBISIOT
UCKJIIOYUTEIIBHO TeMmieparypHbid momumopdusm  [31,51]. Hawubonee spxkuMm mnpumMepom
oOpazoBanusi TOMUMOP(HBIX MOAUPUKANMIA TPH Pa3HBIX TEMIepaTypax SBISETCS
OpomoBucMmyTaT anerumuaamuauans [184]. JlanHoe coenmuHEeHUe peTepreBaeT TpH (Pa3oBbIX
nepexo/ia mpu OXJaXAeHUH oT KoMHaTHOU Temmeparypsl 10 100K. TTogoOHbIe TeMmiepaTypHbIe
NOTUMOP(BI MBI HAOTIOAATN TIPY W3YYCHUHU TAIOBUCMYTAaTOB MUPHUIUHUS. bbisio 00Hapyx)eHO,
yro wuonoBucmyTar [PyH][Bils] mnpu komHaTHOW TeMmmeparype KpUCTAUITM3YETCS B
poMmOuyeckol siueiike, a mpu MOHMWXKEHUH Temneparypbl Hke 250K mpoucxomut ¢azoBblil
nepexon Pbcn (106) — P21/c (107). CTOUT OTMETUTH, YTO, HECMOTPS Ha M3MECHECHUE CHHTOHUH,
yrnakoBka 00oux moiuMopdoB ocTaercs moxoxeil. Takke cOXpaHSIOTCS MEXMOJIEKYJISIPHbIE
KOHTakThl ||, cBs3piBatonme 1-D anuonnbie menu [Bils]n™. OcHOBHBIM oOTIHUYHEM
NOJTUMOP(OB SBISETCS 3HAYMTEIHHOE YMEHBIICHHE KOJIMYECTBA HE3aBHCHMBIX MOJIEKYJ B

BBICOKOTEMITepaTypHO dase (Z’wt/Z’Lt = 4).

Mpl He OOHApPYXUJIIM B JIUTEpAType Ui paHee M3YUYCHHBIX THMOPHUIHBIX TaJIOBUCMYTaTOB
pUMEpHI CYIIECTBOBAHUS pa3HbIX TOJIUMOP(OB NpU 0uHAKOBOI Temneparype. [Ipu uzyuenuu

rajioBucMyTatoB  N-aneToHun-2,6-TMMETHINUPUIUHUS HAMH OBLITM, BHUIUMO, BIIEPBBIC
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HOJIYYCHBI JBa mouMopda 6pomosrcmyTatoB coctasa [(1-AC-2,6-Me)Py]3[Bi2Bro] (67 u 68),
CTaOMJIBHBIX NPU KOMHATHOM TeMmepatype. O6a nonmumopda oOpa3yroTcs B yCIOBUSAX OJHOTO
CHHTE3a M KPUCTAJUTU3YIOTCS B Tp. Ip. P21/n. B 006enx CTpyKTypax MOXHO BBLACIHTH OJHM3KO
PacoJIOKEeHHbIE IPYT K Apyry Tpu KathoHa. OJHAKO B3aUMHOE PAaCHOJIOKEHHE aHMOHOB B
nonumopgax pasnuuaercs. B 67 atomsl | 06pasyior kopoTkuii koHTakT 3.52 A, cBasbiBas
W30JIMPOBAHHBIC TAJIOBUCMYTAaT-aHUOHBI B TUMephl. B 68 ramoBucMyTaT-aHnOHBI U30TMPOBAHBI
IpYT OT Apyra, Kpardaiiiiee paccrosuue || cocennux anuonos cocrapuser 4.84 A. O6bem
3JIEMEHTapHBIX S4eek nonmumMopdos 67 u 68 ormuuaercs mpumepHo Ha 2% (4615.8 1 4726.4 A3,

COOTBETCTBEHHO).

B cnyuae coequnenuii 67 u 68 coxpaHsutack Kak CHMMETPHSI, TaK U YUCJIO HE3aBHCHMBIX
MOJIeKyNl B sueiike. OOpaTHBIN ciydaii HaMH ObUT OOHApYXCH NPU M3YyUYCHUH COJIHBATOB
munupuanHokcunona. [lpu nepexpucramumzanuun 76 ([Py2(XK)]2[Bi2lwo]) B IM®PA mnpu
MOJIHOM BBICBIXaHUHU pacTBopa Obuia mosrydeHa cMech kpuctamwioB 83, 84 u 85. Coenqunenus 84
u 85 okasanuch mnoauMophHBIMH Moaudukamusamu coctaBa [Py2(XK)]z[Bils]o:2DMF.
Coenunenne 84 kpucramiusyercs B mp. rp. P1 U COmep)KHUT JBe HE3aBHCHMBIE MOJIEKYIIbI
KaTHOHA, OJIMH M3 KOTOPBIX PACIIONIOKEH Ha [IEHTPE HHBEPCUM U H30JIMPOBaHHbIH anuoH [Bile]®.
Coenunaenne 85 kpucramumsyercs B Ip. Tp. PCa21 1 MOXKET OBITh TIOTYYEHO TOJIBKO MPH MOJTHOM
BHICHIXAaHMH HECTEXMOMETpPHUECKoro pactsopa. O6beM sueiiku 85 cocrapnser 15893.6 A3 u
COJEPIKUT LIECTh HE3aBUCUMBIX MOJIEKYJI KATHOHA U YETBIPE M30JMPOBAHHEIX aHKMoHa [Bils]® u

cosibBaTUpOBaHHbIX MOJIeKyl JIM®A. IIpu 3TOM CTpyKTypa CHWIBHO pa3ynopsaoyeHa.

Pucynoxk 20. @parMeHT KpUCTAIIIMYECKON CTPYKTYpHI 79
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Takum oOpazom, oOpazoBaHue MOTUMOP(HOB TAIOBUCMYTATOB MOKET MPOUCXOJUThH KaK B
YCIOBUSIX PA3JIMYHOM TeMIEpaTypbl H HECTaHAAPTHBIX YCIOBHUSX CHHTE3a, TaK M
CaMOIPOU3BOJIHLHO B pacTBopax. Kpome Toro, Hamu Obl1 0OHapY>KeH UCKITIOYUTENbHBIN clTydaid
¢dazoBoro nmpeBpamlieHHs TAJIOBUCMYTaTOB TMOJ  JEWCTBHEM  PEHTTEHOBCKOTO  HIIU
yIbTPaPUOIIETOBOIO H3Iy4YeHHUs. Takod HEOOBIYHBIM JUIsl TaJOBUCMYTaTOB MOJIUMOP(HBIN

nepexo]] HaOMroaancs B caydae XJopo-OpoMOBUCMYTAaTOB JUNUpUANHOKCHII0N0B 79 u 80.

[Ipu B3ammMopeiicTBUU Xjopuaa aunupuauHokcuiiona ¢ BiBrs B IMCO HaOmonanu
00pa3oBaHKe KPUCTAILIIOB CMeMaHHOT0 X10po-0pomoBucmyTtata 79 ([Py2(XK)]3[BiBrs.22Cl1.76]2,
Pucynok 20). Coenunenye KpucTammusyerca B mp. rp. P1. B ero cTpykType IpHCYTCTBYIOT
YeTbIpe KpHUCTaUIOrpapuueck HE3aBUCUMBIX KaTHOHA (IBa M3 KOTOPBIX JieXkKaT Ha LEHTPax
MHBEPCUH) W TPU M3O0JMPOBAHHBIX TajgoBucMyTaT-anuoHa [BiBrkClsx]> ¢ mepemeHHBIM
cocraBoM CI/Br (1Ba U3 KOTOPBIX TaKXKe 3aHUMAIOT YaCTHBIC TIO3HMIIUU B CTPYKType). KaTHoHbI
JUIMPHAMHOKCHIIONA 00pa3yIoT Lelb, CBA3AHHYIO 33 CUET M-CTEKMHT B3aumoneiictsuii (3.4 A
1 3.5 A). Bee 12 He3aBUCHMBIX MO3HIMI X cMellaHHbIE, 3aCEJ€HHOCTh TaJOTeHHBIX MO3HIMIA
aToMaMH XJIOpa MMEET IUPOKUN pa3dpoc U JexkuT B auamnazone 12-59%. Ilo mannsim EDX
CoJIepKaHKe TaJIOTeHOB B mopoiike coctasisieT 26.8% Cl u 73.2% Br, uro 6mu3ko k coctaBy

BeIOpanHoro kpucramia (29.2% Cl u 70.8% Br).

Counts
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2Theta (Coupled TwoTheta/Theta) WL=1.54060

Pucynok 21. {udpaxkrorpamma coenunerust /9 no (depHasi kpuBasi) U CIycTsl 3 daca mocie

(kpacHast KpuBast) 0OTy4eHUs yIbTPa(QHUOIETOBBIM U3TYyUCHUEM
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Bo Bpemsi mpoBeneHHs MHOTOYacOBOTO PEHTTeHO(GA30BOTO HKCIEpUMEHTa ObLIO
00Hapy>KEHO, YTO CO BPEMEHEM IPOMCXOIUT YMEHBIIIEHUE NHTEHCUBHOCTH OJTHUX PE(PIECKCOB U
nosieiieHre HOBBIX (Pucynok 21). JlomomHUTENbHBbIE 5SKCHEPUMEHTHI MOKa3ald, YTO
HeoOpaTUMbBI (ha30BBIM TIEpPEeXOj MPOMCXOIUT Takke NpH OOJydeHUH coeauHeHus 79
yJIbTPauOJIETOBBIM HU3JIyYEHHEM C JJIMHOW BONHBI 365 HM IpU KOMHATHOW TeMIEpaType ¢
obpazoBanueM coenuHeHus co crpykrypoit 80 (YpasHenue 3). Takoe siBleHHe HAOIIOAAIA HE

TOJIBKO B CJIy4a€ CMCIIAaHHOT'O XHOp0-6pOMOBI/ICMYTaTa, HO 1 JJI1 YUCTOI'O 6p0MOBI/ICMYTaTa.

[Py, (XK)15[BiBrCl_.] (79) ——"", [Py, (XK)15[BiBr,Cly_,] (80) (3)

Y CTaHOBUTH KPUCTAJUIMYECKYIO CTPYKTYypy moiaumopdHorr momudukanuu 80 ynamock
nocje o0ydeHus! yabTpadruoIeTOBBIM M3ITyYCHHEM KPUCTAIUIOB XJIOpo-OpoMoBrcMyTata 79.
BrIOpaHHBIH ~ KpHCTaUI ~ HMMEI  COCTaB [Py2(XK)]3[BiBrs11Clige]>.  Bce  Tpum
KpUCTAUIOTpapUIeCKd HE3aBUCUMBIX KAaTHOHA AWMHAPHIAWHOKCHIIONA W JIBa M30JHUPOBAHHBIX
ranosucmyTaT-anuona [BiBrkClsx]* B ctpykType 80 pacnonoeHbl Ha LEHTpax MHBEPCHU
(Pucynok 22). B otnmune ot ctpykrypbl 79 B 80 OTCYyTCTBYIOT T-CTEKHHT B3aMMOACHCTBUS
MEXTy KaTHOHAMH. 3aCEICHHOCTh TAIOTEHHBIX MO3UINIA aTOMaMH XJIOpa TaKkKe Kak B 79 numeer
mmpokuid pazopoc (14-64%). CTouT Tak:ke OTMETUTD, YTO OJHUM H3 (aKTOPOB, YIIPOIIAIOIITIX

npoTekaHue (a3oBOTo Mepexo/a, ABIIeTCsA Haiu4re B 79 NCeBAOTpaHCIAIMH X, Y, Z+1/2.

Pucynok 22. ®parMeHT KpucTainueckoil crpykrypsl 80
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Ucxonst w3 manueix PCA, ¢a3oBelii mepexo HEBO3MOXEH MPH HU3KHX TeMIIepaTypax
BOmm3u 100K, Jlns ocymectBiaeHuss (a3oBoro mepexoja HeEoOXoauMo oOIydeHue
yIbTPpaHONETOBBIM WM PEHTTEHOBCKUM H3JIydeHHEeM. HarpeBaHue o0OWMX COCIMHEHUH 0O
220°C He cOompoBOXKIACTCS KAKUMHU-IHO00 (pa30BBIMH HM3MEHEHUSMHU. JlaHHBIH (akT MOXKeET
CBUJIETEIILCTBOBATH O TOM, UTO Iepexo u3 (a3bl 79 B sHEpreTnyecku 0osee cTabmibHy0 a3y
80 wHUIMHpYeTCS B pe3ysbTaTe JIOKAJIBLHOTO TEPECTPOCHUS CTPYKTYPHI MpPH TEpexojie B
BO30YK/IEHHOE COCTOSIHUE B pe3yJbTaTe IOTJOMEHUS (OTOHOB C JOCTAaTOYHO BBICOKOU
sHepruei. [1o JaHHBIM KBaHTOBO-XMMHUYECKUX PACYCTOB ONITUMU3UPOBAHHBIX CTPYKTYp 79 1 80
(Bce aTombl TajoreHa OpoMel) cTpykTypa 80 AeCTBUTENBHO SIBISIETCS YHEPreTHYECKH Ooee
ctabunpHoi (307 kKan/monb Ha oniHy sueiky 79). [lonTBepkaeHreM 3TOMY TakKe SIBJISIETCS TO,
YTO YJBOEHHBII 00BEM MeMeHTapHOi sueiiku coenunenus 80 (3162 A®) menbme o6bema
snemenTapHoil sueiiku 79 (3198 A®), mecmotps Ha Gonbllee KOJIMYECTBO aTOMOB Opoma B

ctpykrype 80.

Takum o00pa3om, TOKa3aHO, YTO THUOPUIHBIE TaJOBUCMYTaThl OOpa3ylOT OOJIbIIOE
KOJIMYECTBO Pa3HBIX 10 COCTaBY M CTPOCHUIO COCIUHECHHM, YacTh U3 KOTOPBIX OKa3bIBACTCS
U30CTPYKTYPHBIMU. B peIkux Ciydasix TaIoBUCMYTaThl CHOCOOHBI 00pa30BBIBAThH MOITUMOP(EI,
OoJbIIasi 4acTh U3 KOTOPBIX SBISETCS TEMIIEPaTypHbIMH mouMopdamu. [IpuauHbI BEICOKOH
CKJIOHHOCTH TaJIOBUCMYTATOB K 00pa30BaHUIO PA3TUYHBIX COCTMHEHUN B MIOXOXKUX yCIOBHUSAX, a
Takke (QyHIAMCHTAIBHBIC TMPUHIUIBI (OPMHUPOBAHUS CTPYKTYP TaJIOBUCMYTATOB MOAPOOHO

pacCMaTpruBarOTCA B CICAYIOIICM pa3acliic.

3.2. U3yyeHue Npu4MH MHOr000pa3us rajJJloOBUCMyTaT-aHHOHOB

['uGpuHble TaJOBUCMYTaThl, KaK B JUTEpaType, Tak M MOJIy4YeHHbIC B JaHHOH palote
OTJIMYAIOTCSl 3HAUUTENBHBIM pa3HOoOpa3ueM, Kak 1Mo OTHOUIEHUIO OPraHUYeCKOIo KaTHOHA K
BUCMYTY, TaK U 10 CTPOCHHUIO T'aJOBHCMYyTaT-aHUOHOB. OOpa3oBaHHE KOHEYHOU CTPYKTYpPHI
raJlOBICMyTaT-aHUOHA B OOJIBIIMHCTBE CIy4yaeB Hempeackazyemo. bosiee Toro, B OHUX U TeX
K€ YCIIOBUSX OJHOTO CHHTE3a MOTYT 0Opa3oBBbIBaThCS pa3Hble MO CTPYKType rajlOBHCMYTAaT-
aHMOHOB coeauHeHus. J[ns m3ydeHuss ocobeHHOCcTel (HOPMUPOBAHUS aHUOHHOM CTPYKTYPHI
raJIoOBUCMYTaTOB ObUTH paccMmoTpeHbl Bce umeronuecs k 2019 rogy B KBC]l rubpumnbie

nozoBucMyTaThl. Hac mHTEpecoBano cymMmapHoe 3Ha4eHue dHepruu cBszeil Bi—l B okrasmpe
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{Bils} (manee sueprus o6pazoBanus OkTadApoB {Bils}) B HOHOBHCMYyTaT-aHHOHAX PA3TMYHOTO

THUIIa U pa3SMCPHOCTH.

Ha mepBom stare ObUTM paccuuTaHbl SHEPIUU JUIHH cBsieil Bi—l. B kauecTtBe McxoaHOTO
COCIMHEHUs JUId pacuera »HHeprudi Obul BBIOpaH uomoBHCMYyTaT 1,4’-OMnUpUIAUHUS
[PyPyH]2[PyPy]2[Bisl2s] (58). [TomyueHHOE HAMHU COSAMHEHUE COACPIKAIO B CTPYKTYPE HOBBIH
mecTu3apsAaHblii anuoH [Bislzs]®, cocrosmmii u3 aByx ¢parmentos [Bisli1]*, coemunennnix
Mesxk Iy o000l anrnoHoM |42, TIpy 5TOM Bee 4eThIpe aToMa Hoia B 142” KOOp IMHMPOBAHEL HA ATOMBI

BHUCMYTa, 4TO SABJICTCA IICPBBIM IIPUMCPOM TaKou KOOpAHWHAIINH |42-

B suteparype. [nuHb
o . . 6-

csasei Bi—l B mosydennom anuone [Bieslos]® Haxoauauch B mMpokoM auana3one ot 2.84 o

3.60 A (Pucynok 23), 4To M0O3BOJIANIO MONYYUTh 3HAYEHHUs SHepruil caseii Bi—| kak mis ouens

KOPOTKHX, TaK ¥ IJTUHHBIX CBSA3EH B YCIOBHIX OJHON CTPYKTYPBHI.

Pucynoxk 23. Auunon [Biglzs]® B cTpykrype 58

KBaHTOBO-XMMHUYECKHE pacueThl CTPYKTYpbI 58 ObutH BhINOTHEHBI B Tporpamme VASP (cwm.
pasnaen 2.1.3) B pamkax Teopuu ¢pyHkironana mwiotnocty (DFT). Pactipenenenue anexTpoHHOM
IUIOTHOCTH B CTPYKType OBUIM paccuMTaHbl B paMKaX TEOPUU «ATOMBI B MOJEKyyax» P.
beiinepa (QTAIM) [176,185], uTo MO3BOJWIO ONPEACINTH CBS3BIBAIOIINE MEXATOMHBIC
B3aumoericTeus [180]. [Tomumo BeisiBeHUs cBsizeir, QTAIM Taxke criocoOeH OICHUBATH MX
SHEPTHIO C TOMOIIIBIO Koppesanuu DcnuHo3bl-Momnunaca-Jlekomra [176]: Epong = —0.5 * V (1),

rae V(r) — mIoTHOCTh MOTEHIMAIBHONW SHEPTHH DJIEKTPOHOB B KPUTHUECKOH TOYKE CBS3H.
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HecMmoTps Ha TO, YTO 3TO COOTHOIIEHHE OOBIYHO UCIIONB3YETCS JIJIsl ONMCAHUS HEKOBAJIEHTHBIX
B3aUMOJICHCTBUM, €r0 MOXHO C YBEPEHHOCTBHIO MPUMEHSTH I OLIEHKU MPOYHOCTU CBSI3EH
apyrux tunoB [181]. Takum oOpa3oM, mocie ONTUMHU3AIMH KPUCTAIUIMYECKON CTPYKTYPBI U
pacueTa PHEPTHUM CBs3EH OBLIN MOTYUYeHbI 3HAUCHUSI DHEPTUH JIJIs 72 HE3aBHUCUMBIX CBs3ei Bi—
I (u3-3a cHMKEeHHS] CHMMETpUH 10 P1), AnHa KOTOPBIX MOCIIe ONTUMH3AIUN BapbUPOBAIACh OT
2.89 o 3.57 A, a sHeprus ot 2.6 g0 19.8 kkan/mons. Illupokuit nuanazon 1iuH cBs3u Bi—|
MO3BOJIMJT TOJIYYHTh ypaBHEHHUE, CBs3bIBarolnee uMHy cBsizeid Bi—l (r) ¢ ux sueprueii (E)

(Pucynoxk 24).

100

R’=0.9993

E(r), kcal/mol

28 29 30 31 32 33 34 35 36
r(Bi-l), A
PucyHok 24. 3aBUCMMOCTbh PaCCYMTAHHBIX SHEPTHI OT paCCUMTAHHBIX JUIHH CBsizel Bi—| B

cTpykrype anuoHa [Bisl2s]®, npencrasnennas B monynorapupMuuecKux KOopIuHaTax

DTa 3aBHCHMOCTh MOKET ObITh OTAMuHO omucana (R? = 0.9993) skcrnoHeHIMAIbHOMN

byHKIHEH:
E(r) = 4035226837 (4)

Oxkazasioch, 4TO Kaxkaas MpOTUBOJIEeKamas mapa cesszeid Bi—I, oOpasyromux nuHelHbIe
dbparmentsl {I-Bi—l}, umeeT o61uyro sHepruto B auamnazone 20.0-22.6 kkan/MoJIb, HECMOTpPS Ha
OombII0i pa3zOpoc B SHEPrusix oTAenbHBIX cBs3eh (Tabmuma 24). To ecTh KaxI0W CHIBHOU
CBSI3U MPOTUBOJICKUT c1abast CBS3b. DTO MPUBOJUT K TOMY, UTO SHEPI'Usl BCEX TPEX OKTa3POB

{Bile} okxa3piBaeTCs MpaKTHYECKH OJTUHAKOBOM (63.1-66.3 KKan/MOJb).
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Tabmuna 24. BeluncieHHbIE 1O ypaBHEHHIO 4 »Hepruu cBszeir Bi-l mo maHHBIM
IKCIIEPUMEHTANIBHBIX JUTUH cBsizell Bi—| B ctpykrype 58, rne E(r) — sneprust omHoii csizu Bi—l;
Evn — oHeprus aByX mnpoTuBOJekKammx cBsseil Bi—l; Eowr — sHeprus mectu cpszein Bi-l,

obpasyronux okTasap {Bils}. ATOMBI BECMyTa MPOHYMEPOBAHBI COITIACHO PUCYHKY 23.

DHeprusi, KKaja/MoJib

Oxtasap  M(Bi—1)seen, A

=0 Exn Eowr
3205 ses 226

L DRy g
% 59 g
oy

I Y R
2000 oms 109
sas o L0

Bi3 égfg 2.5435 21.04 6343
i 605 T

Cpennee 3.127 10.72 21.43 64.30

OTO HEOXUJAAHHOE HAOJIOJCHHE MO3BOJWIIO MPEANONOXHUTh, YTO CyMMapHbIE 3HEPruu
npoTuBoiexkamux nap ceszel {I-Bi—l} u okrasnpos {Bile} B paznmuunbix ctpykrypax [Bixly]*
OCTAIOTCSI TPAKTUYECKH OJIMHAKOBHIMU AHAJOTUYHO paHee OMHCAaHHOMY COXPaHEHUIO
CYMMapHOU dHeprun PparMeHTOB, 00pa30BaHHBIX KATHOHAMU HIe0YHBIX MeTaiioB (Na* u K*)
[186] u meGompmmx anuonoB (CN-, NCO™ u MeCOO") [187]. UToOBI MpOBEpPUTH JTaHHOE
NPETOI0XKEeHHE, OBUTH MTPOAHAM3UPOBAHBI BCe 229 CTPYKTYp TMOPUAHBIX MOJIOBHUCMYTATOB,
noctynubix B KBCJI (Bepcust 09.2019) [64], coaeprkaiiux TOJbKO YIOPAI0YCHHbBIC (PparMeHThI
{Bils}. B pesynbrare Obu10 00HapY)KeHO 262 aHnoHa [Bixly]*". AHaNNU3 3THX KPUCTATUIMYCCKUX
CTPYKTYp TOKa3aJI, YTO CPEIHsIS SHEPTUsl 00pa3zoBaHus OKTadApoB {Bils} melicTBUTENH HO MOYTH

HE MEHSETCS M cocTaBisaeT 64.4 + 1.6 xkan/moub (Tabnuma 25).
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Ta6nuna 25. Cpennuie 3HadeHus sHepruii (<E>) u cpeaHekBaapaTHUHbIe OTKIOHEHUS (G)
1t mpotuBosiexkamux csizert Bi—l (Evu) 1 oktasapos (Eoxr) M0 Beelt BEIOOPKE M A1 OTACTBHBIX
rpynn. Tun anuonoB B ciydae a-[Bislig]* u trans-[Bisli2]®> onpenenen cormacuo [15]. Bee

OHCPI'vH IIPUBCICHLI B KKaJ1/MOJIb.

['pymma <E> o min max  Beibopka
Bce cTpykTypsI 644 16 55.6 729 262
[Bilg]n™ 64.7 0.7 625 66.1 33
[Bile]* 63.1 22 556 681 31
[Bi2lo]* 642 15 593 69.2 53
[Bizl10]* 63.9 1.1 615 662 25
trans-[Bisli2]* 65.1 1.2 625 672 24
o-[Biale]* 653 1.8 63.2 729 23

Bce crpykrypsr (150K) 64.3 1.2 60.2 66.1 51

Bce crpykTypsl (295K) 64.1 1.6 55.6  69.2 128

[TpoTuBoONex)aiue napbl

cesseit {1-Bi-1} 215 11 120 27.0 1479

Cpennee 3HAYeHHWE W CTAHJIAPTHOE OTKJIOHEHUE TMPAKTHUUECKH HE OTIMYAIOTCSA IS
KPUCTAITMYECKUX CTPYKTYp W3 PAa3HbIX MOATPYII, COOTBETCTBYIOIIUX OMNPEICICHHBIM
CTPYKTYPHBIM MOTHBAaM WJIM TEMIIEpaTypaM PEHTTCHOCTPYKTYPHOT'O JKCIEPUMEHTA. Takum
o0Opa3oM, HaOIIOJACTCS IMOYTH TOJHOE COXPAHCHUE 3HAYCHUU HSHEpruil okra’apoB {Bils}
HE3aBHUCUMO OT CTPYKTYPBI 3TUX OKTa3IpoB. bosiee TOro, HECMOTpPS HA U3BECTHYIO 3aBUCUMOCTh
JUIMHBI CBSI3€H OT TEMIEPATYpPhl, pa3Nuyus (IIPEBBIIIAIOIINE TOYHOCTh OIICHKH) B CYMMapHBIX
SHEPTUSIX OKTa3JpPOB MPHU CPABHEHUHM COEIMHEHMH, u3ydyeHHbIX npu 150 + 5K u 295 + 5K,

otcyTcTBYIOT (Tabnuma 25).

CrouT TakXe OTMETUTh, YTO «IIPABUJIO TPEX CUIM» JUJISl CYMMApHBIX SHEPIrUi OKTa’ApOB
BCeX 262 CTPYKTYp, TAK:Ke IPUBOJUT K JOBOJIBHO HEOOIBIIOMY U3MEHEHUIO SHEPTUM, KOTOPbIE
HAXOJATCs B quana3zoHe 59.6—69.2 xkan/monb 1yist 6onee ueM 99% ctpykryp. Takoe namenenue
DHEPTUM HMMEET TOT K€ TNOPSJOK BEIMYMHBL, 4YTO W DSHEPrUs MEKMOJIEKYISIPHBIX
B3aUMOJCHCTBUNA B OPraHMYECKUX U METANIOOPraHUYECKUX CTPyKTypax. bosee Toro, BaxHO
OTMETHUTb, UTO CYMMapHasi SHEPTHUS MOJIU3APA HE 3aBUCUT OT (HOPMATBHOTO KOOPMHAIIMOHHOTO
yucia aroma Bi. Hanpumep, ananmuz QEPXIS [70] 1 SOXXUZ [71] w3 KBC]] mokasan, 4to

HNCKaXXCHHBIC TCTPArOHAJIBHO-ITMPAMUIAJIBHBIC U TpI/IFOHaJIBHO'6I/IHI/IpaMI/II[aJ'H>HBIe MOJIN3 APbI
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{Bils} uMerOT 3HEPrHUIO MOJUIAPOB, OYCHD OJIM3KYIO K sHepruu {Bile} (66.3 u 61.1 kkan/mMob,

COOTBETCTBEHHO).

[IpoBeneHHbII CTATUCTUYECKUN aHAIM3 TAaKXKe MOATBEPKIAET COXpAaHEHHE CyMMapHOMN
SHEPIUH MpOoTUBONEKAmuX map cBszeir {I-Bi-lI} ma ypoue 21.5 + 1.1 kkamn/monb, 4TO
cooTBeTrcTBYeT 1/3 oT o00Omel sHeprum cBszed Bi—-I B okrtasape {Bile}. Ilomyuennoe
pacmpeseieHie 3Ha4eHU >HEepruil map cBsizedl nMeeT rayccoBy ¢opMy ¢ KOdpPUIIHEHTOM

koppensinuu 0.991 (Pucynok 25).

350 —

Model: Gauss ]
Equation:
300 - | yoy0 + (Al(w*sqrt(Pli2)))exp(-2*{(x-xc)w)A2)

T Chi*2/DoF =71.57988
R*2 = 0.99118

yo 1.392111.73385

xc 21.49806 +0.02087
w 1.91628 +0.04462
A 715.83426  +16.13611

E, kcal/mol

Pucynok 25. HopmanbsHOe pacnpeiesieHie S3HepTuid MpoTUBOJIekKAIUX nap cesi3eit {1-Bi—1}

Takum o00pa3om, pe3yJbTaThl CTAaTHCTUYECKOIO aHalu3a JOCTATOYHO OOJbLIOW U
penpe3eHTaTUBHON BBHIOOPKM MOJOBHCMYTATOB IMOKA3bIBAIOT, YTO OOIIAsi SHEPTUs] OCHOBHBIX
CTPYKTYpPHBIX CIMHHIl, & MMCHHO ()parMEHTOB MPOTHBOJICKAMMX map cBszedl {[-Bi-1} wu
okTa’poB {Bils}, ocTaercsa npakTHueckn HEM3MEHHOM HE3aBUCUMO OT CTPYKTYpbl aHUOHA. DTO
TOBOPUT O TOM, 4YTO TONMAAPHI Bi rubko amantupyroTcs K ciIabbIM MEXMOJIEKYIISIPHBIM
B3aMMO/ICHCTBUSAM, TAKUM KaK 3JIEKTPOCTaTUUYECKUE, BaH-/I€P-BaalIbCOBbI, BOJOPO/IHbIE CBSI3U U
raJIoreHHble B3auMojeicTBus. [lonydeHHbIE NaHHBIE MO3BOJSAIOT MOJArarb, 4TO OCHOBHBIM
dakTopoM, BIUAIOMINUM Ha POPMUPOBAHNE KOHEUHOMN CTPYKTYPhI THOPUIHBIX HOJIOBUCMYTATOB,
SBIISICTCSI HE OHHEpreThyeckas BBHITOJa OOpa3oBaHUS TOW WIM WHOW (OPMBI BHCMYT-

COJICpIKaIller0 aHHMOHA, a COBOKYIHOCTh CJA0bIX MEXMOJIEKYJISIPHBIX B3aUMOJICHCTBUM.



111

JlonomHUTENbHBIE MAaTEPHAIIBI IO TOMY HCCIEIOBAHUIO MOKHO HalTH B ctatbe 10 U3 crucka
onyOMUMKOBaHHBIX paboT mo Teme mgucceprauuu (cMm. pazgen «llyOnukanuu, B KOTOPBIX

OTPa’>XCHbI OCHOBHBIC HAYYHBIC PC3YJILTATBI I[I/ICCCPTaHI/II/I»).

3.3. U3yueHue (pakTOpPOB, BJIAMSIIOIINX HA ONTHYECKHE CBOWCTBA TAI0BUCMYTATOB

CTpyKkTypHOE pPa3HOOOpa3ue IMOJYYEHHBIX THOPUIHBIX TaJOBHCMYTAaTOB I103BOJIUIIO
U3y4UTh, KaKHe (PAKTOPHI MOTYT BIUATH HA ONITHYECKHE CBOMCTBA FAJIOBUCMYTATOB U HACKOJIBKO
CHWJIBHO BBIpaXXeH 3TOT 3(@ekT. bpuio moka3zaHo, YTO CyLIECTBYET HECKOJIBKO (HaKTOPOB,

BJIMAIOIIUX HA OIITHYCCKYIO NIUPUHY 3anpemeHH0171 30HBbI FI/I6pI/I,IIHBIX TaJIOBUCMYTATOB.

3.3.1. BausiHue KAaTHOHA HA ONTHYECKYI0 IIMPUHY 3aNPELeHHO 30HbI

W3BecTHO, YTO oONTHYECKas HIMPHHA 3ampenieHHol 30HBI (Eg) anms rajsoBUCMyTaToB
onpeenseTcs, Kak paBuiio, pasuuiiei suepruii mexxay p-Hal (Hal = Cl, Br u |; BanentHas 30Ha)
u 6p-Bi (3ona mpoBogumoctn) [114]. B kpuctammnaeckoi CTPyKType OpraHuIeCKUil KaTHOH U
raJJOBUCMYTaT-aHHOH  CBSI3aHBI ~ MEXIy  co00il  crmabbiMH  MEXKMOJICKYIISIPHBIMH
B3aUMOJICHCTBUSMH. B CBsi3M ¢ 3TUM, OBUIO BBIABUHYTO MPEIIOJI0KCHUE, YTO HATMYUE TAKUX
MEKMOJICKYJISIPHBIX B3aUMOJICHCTBUI MOXET BIMATH Ha ONTHYECKHE CBOMCTBA MOTyYaeMbIX
raJOBUCMYTATOB. J[JIsl KOPPEKTHOT'O CPABHEHHUSI BIMSHUS KaTHOHA Ha 3HaYeHUs Eg HeoOxo1umo,
qro0Bl Jpyrue (akTophl, TakWe KaK COCTaB COCAMHEHHH, HAIMYHE MEKMOJIEKYISPHBIX
KOHTaKTOB MEXY IETISIMU U TEMIIEpaTypa, OCTaBallCch HeM3MEeHHBIMU. [10]1 TaHHBIE KpUTEPHH
XOPOIIIO MOIXOAAT HOJJOBUCMYTATHI 2-, 3-, u 4-amunormmpuauaus ([N-NH2PyH][Bils], n = 2, 3,

4) (ctpyktypsl 30-32, COOTBETCTBEHHO).

Bce tpu coenunenus odpasoBanbl 1-D nensmu [Bils]n™ v kaTmoHaMu aMUHOTTAPHIAHUSL.
Coemunennus 30 u 32 uzocTpykTypHbl. Jnuna ceaseil Bi-I cocrasnser 2.94-3.25 A. Karuous!
PacnoIoKEeHbI OJIMH MOJ APYTHMM M CTaOMIM3UPOBaHbl TT-T-B3auMoIeHcTBUAMU. Bogopoanbie
cBizu (N-H-I) coeawHsSIOT CTpyKTypHBIE E€OMHMIBI, 00pa3yst TPEXMEPHYIO CTPYKTYpY.
Coenunenne 31 umeeT cxoxyro ynakoBky. Jmunsl cBs3eit Bi—1 naxoasres B nuamasone 2.91-

3.31 A. Aunonsl [Bils]a™ B 30-32 06pa3yroT nceso-3D kapkac 3a cueT KOPOTKMX KOHTAKTOB

-1 (3.92-3.96 A).
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Hecmotrpss Ha oueHb OnM3kHe MOTHBBI YMakoBKH coenuHeHui 30-32, 3HaueHus Eg
omimyarorcs U coctaBisaroT 2.00, 2.07 u 1.97 3B, cooTBeTcTBEHHO. BBUIO TPEATON0KEHO, YTO
TaKoe OTJIMYME B 3HAYEHUSX MOXKET OBITh OOYCJIOBJIEHO Pa3HON KHCIOTHOCTHIO KATHOHOB
aMUHOMUPUANHHUS U, COOTBETCTBEHHO, pa3HOU cHII0M KOPOTKUX KOHTAakTOB N—H:---1. KucnoTtHsie
CBOMCTBa KATHOHOB aMHHOIMPHUIWHUS 3aBUCIT OT TMOJIOKCHHUSI aMUHOTPYIIITBI B MOJICKYJIC |
YMEHBIIAIOTCS TPU PE30HAHCHOW CTaOMIM3allMM, XapakTEepHOW Mg 2- U 0coOeHHO 4-
aMuHOTIMPpUINHUS. 3HaueHus pKa miis BOJHBIX PACTBOPOB YBEIMUYMBAOTCS B psmy [3-
NH2PYH]" (6.6) < [2-NH2PyH]™ (7.1) < [4-NH2PyH]" (9.1) [188]. CtouTr OTMETHTH, YTO
nepepacrpeieleHue 3apaaa B 3HAUNTEIHHON CTENICHH BIHMSAET Ha T€OMETPHIO KaThoHa. J[nmHa
cessu C-NHz B pagy 31 — 30 — 32 ymensmaercs ¢ 1.368 A no 1.299 A. Veenuuenue
MOJIOXKUTETFHOTO 3apsi]a aMUHOTPYMIIBI B ciiy4ae 2- U 4-U30MEpPOB IO CpPaBHEHUIO C 3-
M30MEPOM NPUBOAMUT K 00pa3oBaHUIO Oojee MpOYHBIX BOAOponHbIX cBsized N—-H:--I. B cBoro
ouepesb ATO TPUBOJHUT K OCIAOJICHUIO CBSI3U Bi—ler W ynmpouHeHHIO CBs3ell BUCMYyTa C

MOCTHUKOBBIMU aToMamH rajorena (Tabmuia 26).

Ta6muua 26. Jlnunse! cesaseit B 30-32.

o\ Ly
Ibr Bi: Iter-.._,_. '
‘ \ -] —Bi
| lie ‘
B1 I
Bi
COGI[I/IHCHI/IC V, AS r(Bi—Ibr,), A r(Bi—I’ter,), A R(I’ter"‘I”), A Eg, 3B
3.250
30 1384.7 3.078 2.941 3.940 2.00
3.311 2.906 3.961
31 13959 3.253 2.914 4.167 207
3.191
32 1378.2 3.072 2.957 3.919 1.97

Bboree cunbHBIC BOJIOPOHBIC CBSA3HM C KATHOHOM OCIAOJSIOT CBA3b. J|IMHA MEKaHHMOHHBIX
B3auMoeUCTBUM ['terI”” 1 paccrostanit Bi—lor (lter — KoHIIEBOI aToM Moza; Ior — MOCTHKOBBIIA

aToM Kojaa) ymenblnaercs B psaay 31 — 30 — 32, B To Bpemsi kak paccTosiHus Bi—I’ter
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YBEIIMYMBAIOTCSI B TOM XK€ psiy. B pe3ynbTaTe mocTeneHHOE BhIpaBHUBaHUE paccTosiHuA Bi—|
npoucxoauT B mociieqoBatenbHOCTH 31 — 30 — 32. Panee aHanmorudHas TEHICHIIHS

HaOJII0AaIach IS IPYTHX TETPAMOIOBUCMYTATOB MPH MOHMKEHUU TeMieparypsl [35,189].

Takum o00pa3oM, KaTHOH JAEWCTBUTEIBHO MOXKET OKa3blBaTh BIIMSHUE HAa T'€OMETPHUIO
raJIOBUCMYyTaT-aHHOHA U KaK CIIEJCTBUE 3HaUeHHe Eg B cuily pa3nuumii B yriakoBKe KpUCTaILIa.
Opnako Takoe BiusgHMe He mpeBblmiaer 0.1 »B. Ha mnpumepe TBepasix pacTBOpoB
MOJIOBUCMYTATOB METUJIIUPUIUHUS C TIEPEMEHHBIM COCTaBOM KAaTHOHOB OBUIO MOKa3aHO, YTO
U3MEHEHHE ONTUYECKUX CBOMCTB B OOJIBIIMHCTBE CIy4YaeB MPOUCXOANT TOJIBKO IPU U3MEHEHUN
CTPYKTYpPHOTI'O THIIa rajoBucmyTara. [lonpoOHee naHHas cucteMa paccMOTpeHa B pasjene 3.5.3.
JlonoTHUTENbHBIE MaTepUAIIbI 110 MCCIIeI0BaHUIO HOAOBUCMYTATOB AMUHOIUPUIMHOB MOKHO
HallTHU B cTaTbe 2 M3 CHHUCKA OMyOJMKOBAaHHBIX PadOT MO TeMe auccepTanuu (CM. pasfeln

«[TyGnukaruu, B KOTOPBIX OTPaKEHBI OCHOBHBIC HAYYHBIC PE3YJIbTATHI TUCCEPTAIIUI ).

3.3.2. Kommiekchl ¢ mepeHocom 3apsjaa

3HayeHne Eg ruOpuAHBIX TAJIOBUCMYTATOB B HEKOTOPBIX CIIyYasix MOYKET ONPEACIIATHCS HE
TOJIbKO KJ1accHuecKkuM niepenocom 3apsiaa p-Hal (Hal = Cl, Br, I) — 6p-Bi. HekoTopsie KaTHOHBI
C BBICOKHM CpOJICTBOM K D3JICKTPOHY MOTYT HMETh 0o0Jiee HHU3KOJICKAIIMA BaKaHTHBIH
SHEPreTUYECKii ypoBeHb, yeM 6p-Bi. B pesynbrare 3Hauenue Egq Moker ompenenstbes
nepexogom p-Hal — m-cucrema karmona. Ha mpumepe rajoBHCMyTaToOB NMHUPA3HHUS U €TO
NPOM3BOIHBIX HAMH ObljIa H3y4YeHa CTAOMIBHOCTh M ONITHYCCKUE CBOMCTBA rajoBucMyTaTtoB N-

ICTCPOIUKINICCKUX KAaTUOHOB € BEICOKHMM CPOACTBOM K JJICKTPOHY.

R,
| R1 R2 R3 R4 Rs
. [HPZ]" H H H : H
R, N\ H [MePz]* |CHs H H . H
[Me:Pz]* | CHs  H CH; - H
‘ [MesPz]* | CH;  CHs  CHs - H
_ [MesPz]*  |CHy  CHy  CHy - CHa
R, N R, [MePZH?* |CH;  H H H* H
: [MezPzH]?* | CH;  H CH; H*  H
| [MesPzH]?* |CH;  CHs  CHs  H*  H
Ry [MesPzH]?* | CHy  CHs  CHs  H*  CHa

Pucynoxk 26. OG03HaueHus1 KATHOHOB MUPA3WHUS U €r0 MPOU3BOIHBIX, IPUHATHIE B paboTe
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BpoMoBucmyTtaTel  AMKaTHOHOB  |-mertmnnupasunus  [MePzH]s[BiBre]. (19), 1,3-
TUMETHIIITAPA3HHAS [Me2PzH]2[Bi2Brio]-2H20 (20), 1,2,3-TpuMeTuanpazuHUSL
[MesPzH][BiBrs]-H20 (21) u 1,2,3,5-tetpametunnupasunus [MePzH]3[BiBrs]2 (22), a Takxe
opomosucmytat nupasunus [HPz]2[H3O][BiBrs]-H20 (23) (Pucynok 26) ObLIH HOJIYYEHBI U3
KOHIIeHTprpoBaHHONH HBr B pesynbrate B3aumopeiictBus BiBrz u cooTBETCTBYIONIUX
TaJIOTCHUIOB TPOU3BOHBIX THpazuHus. [1o manaeiM CJIO OBUTO YyCTAaHOBJIICHO, YTO BCE ISATH
COCIMHCHHUH o0NamaloT HU3KUMH 3HadeHusmu Eg  (1.88-2.32 53B) oTHOCHTENnBHO
OpOMOBHCMYTAaTOB C OCTPOBHBIMH W 3ur3arooopasueiMu 1-D anmonamm (TaGnuma 23).
Ocobenno Hu3kuM 3HaueHueM Eg (1.88 3B) obnamaer coenmuuenue 19. /{715 BRISCHEHHS IPUYHH
TAKOTO SIBJICHWSI OBUIM TPOBEACHBI KBAHTOBO-XMMHYECKHE pACUeThl, B YaCTHOCTH pacyeT
AIIEKTPOHHOU TmIOTHOCTH cocTosHuii (Pucynox 27). Ilpm »tom crpyktypa 19 Oblia
ONTUMU3UPOBaHA C MOHWKEHUEM cuMMeTpur Pbcn — P1 mis pasperieHus pa3ynopsi0ueHuUs.

HonyquHaﬂ MOJCJIb XOPOIIO COIIaCyCTCA C SKCIICPUMCHTAJIbHBIMU JaHHBIMHA PCA.

Electronic Density of States

Density (states/eV)

G L L L LR L L L L LRy LRy Ly L) L) Ly L) L) L) Ll R R LR LR LAY LLLLY LLLLY ALY LELLY LEARS L

300.0 I~

— &

— - 1(p) —
Br(p)

260.0 [~ — N ]

2400 [~ C(p) =

22001 ]
20001 ]
180.0 [~ ]
160.0 [~ ]
140.0 I~ ]
120.0 |~ ]
100.0 |~ =
80.0 ]
60.0 I~ | .

40.0 I~ .

2001 A —
Ay, R AR, P Fep YT A\ ) Ao L AN

-9.0-8.5-8.0-7.5-7.0-6.5-6.0-5.5-5.0-4.5-4.0-3.5-3.0-2.5-2.0-1.5-1.0-0.50.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55
Energy (eV)

Pucynok 27. I'paduk »IEKTPOHHOM IUIOTHOCTH COCTOsSHHMM coenunenus 19. Bxmag p-
anekTpoHoB atomoB Bi, Br, N u C 0003Ha4ueHbI KpacHBIMH, 3€JICHBIMU, CHHUMHU U YKEJITHIMU

JIMHUAMHU, COOTBETCTBECHHO
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Onenka MUPUHBI 3alpelieHHol 30HbI nana 3HaueHue 0.67 sB. DHeprusi ciemyromiero
nepexoja (u3 30HbI OT -2.2 10 -0.25 3B B 30Hy oT 1.7 10 2.5 3B) cocraBuna okoino 1.95 3B.
BanenTHas 30Ha 3amoiHeHa B OCHOBHOM P-3JIEKTPOHAMHU aTOMOB Opoma, B TO BpeMs Kak
AIIEKTPOHBI KATHOHOB BHOCST HanOoJiee 3aMEeTHBIN BKJIaJ] B ojiocy B Auana3oHe ot 0.42 mo 1.1
»B BMecTe ¢ p-aiiekTpoHamMu aToMoB Opoma. Cieayrolias mojioca B Auana3zone ot 1.8 10 2.5 5B
3arMojHeHa B OCHOBHOM P-3JIEKTPOHAMH aTOMOB YIJIEpOJia U MOKET yKa3bIBaTh Ha MEPEHOC
3apana oT aHumoHOB [BiBrs]* k kaTmoHam MeTwanupasuHUA. B CBOIO OdYepenb, MoIoca B
nuanasone 2.7-4.0 3B oTHOocHuTCs K 6p-Bi ¥ OOBIYHO COOTBETCTBYET 30HE MPOBOJUMOCTH

TraJJOBUCMYTATOB.

Pucynok 28. Nzonosepxnocth RDG, moka3siBatomias B3auMoJIeiCTBUE aTOMOB Opoma ¢
KaTHOHOM MeTHIINUpa3uHud B cTpykrype 19. O6nactu 1 u 2 oTBeyarot B3aumoseiictauio Br.. . H,

a o0iacThb 3 — B3auMoaencteuro N—H---Br

YtoObI ornpeneanTh BO3MOXKHBIE KaHAJIbl IEPeHOCca 3apsiia B KPUCTAJUINYECKON CTPYKTYpe
19, ObUT MPOBECH aHAJIN3 MEXMOJICKYIISPHBIX B3aumojeicTeuii meronamu QTAIM [190] u
NCI [191]. CambIM# CHITBHBIMH MEKMOJICKYIISIPHBIMU B3aUMOJICHCTBUSIMH SIBIISTFOTCS. KOHTAKTHI
N—H---Br—Bi (2.7-6.8 xkan/moib). Kaxplii aTOM BOJOPO/Ia, CBSI3aHHBIH C a30TOM, YYaCTBYET B
TPEX CBSI3SX TAKOTO THUIIA, IBE W3 KOTOPBIX TOBOJBHO ciialbie (2.7-3.2 KKaJl/MOJIb), a TPEThs
SBJISIETCS] CAMBIM CHUIBHBIM B3auMOIeHCTBUEM (6.2-6.8 KKkasl/MOJb). ATOMBI OpOMa, B OCHOBHOM,

ydacTtByloT Bo B3aumogeictBusix C—H--Br, C--Br u N--Br, koropsie cnabee (1.3-3.1
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KKaJ/MoJib), 4eM cBs3u N—H-Br. Cssasb Mexny annonamu [BiBre]® ocymecTsasgercs 3a cuer
cnabeix B3ammopciicTBuii Br-Br (0.4-0.7 xkam/mons). Ilo manaeiM Meroga NCI ObL1o
YCTAHOBJICHO, YTO KaTHOH-aHHMOHHBIC B3amMonaeucTBus (PucyHok 28) o00mamamT sSpKo
BBIPOXCHHOW MPUTATHUBAIONIEH TIPUPOON, OIaronpusTHON I Mepeadl SHepruu. XapakTep
Br--Br B3auMonedcTBHI Takke SBISETCS NPUTATHBAIOIMIUM, OJHAKO BEJIMYMHA STOTO

B3aUMOJICHCTBHS rOpa3o ciiabee.

OCHOBBIBasSICh Ha pe3yJibTaTax pacyeToB, MOXKHO ObLJIO OBl O0XWJATh HAIUYUSA TPEX
nepexosioB B criekrpe auddysnoro orpaxenus 19. OnHako nepexon, XapaKTepu3yoIunics
HIMPUHOM 3anpeieHHon 30861 0.67 3B, no-BuanuMomy, SIBIISIETCS 3alPEIICHHBIM U ITIOATOMY HE
nposiBisiercs B crnektpe. llepexomy c¢ pacuerHoir sHepruei 1.95 sB  coorBeTcTByET
SKCIIEpUMEHTaIbHAsl IIMpHHa 3anpenieHHoM 30HbI 1.88 5B. Ilepexon ¢ paccurTaHHBIM
3HaueHueM 3.1 3B sxpanupyercs 6osee JIIMHHOBOIHOBBIM MEPEX0I0M, OJHAKO MPOSIBISETCS B
MPOYKTaX pas3lioKeHus coequHeHuit 19-23, muprHa onTUYECKO# 3anpenieHHONH 30HbI KOTOPBIX
HaxoauTcs B quana3zoHe 2.82-2.90 »B. Takum o6pa3om, mepeHoc 3apsja B CTpykrype 19
oCymIecTBIseTCS Mexay aHuoHamMu [BiBre]* u  nukaTHOHAMM — MeTHINMpPa3MHMS.
Cy1niecTBOBaHHE aHAJOTHYHBIX MIEPEX0/I0B MOKHO TIPE/IITOJIOKHUTh U B cliydae coeauHeHui 20-
23. MOXHO Takke MPEANoNI0KUTh, YTO MOCTENEHHOE yBEINUeHNE 3HaueHu Eg npourcxonur 3a
CYET MOSIBICHUSI JOMOJHUTEIbHBIX METUIBHBIX 3aMECTUTENEH, YTO MPUBOJUT K OKUIAEMOMY

CHHXXCHHIO CPOACTBA K DJICKTPOHY COOTBCTCTBYIOIIUX KATHOHOB.

B 10 e BpeMsi BBICOKOE CPOJCTBO K JIEKTPOHY ONHCAHHBIX BbIIIE KATUOHOB IIPUBOJIUT HE
TOJIBKO K HU3KUM 3HaueHUsIM Eg raoBUCMYTaTOB, HO U K pE3KOMY YMEHbBIIEHUIO CTAOUIBHOCTH
MOJIyyaeMbIX COeMHEHUH. Bce mogyyeHHble COeMHEHUsT OBICTPO pa3iararoTcsl BO BJIAXKHOM
BO3[lyX€ M MIHOBEHHO IpU KOHTakTe ¢ Bojaod. Haubonee TepMHUecKH CTaOMIbHBIM
coenunenueM siBisiercst 19. CoennHeHne HaunHaeT TepsATh MojeKybl HBr Tonsko mocie 150°C.
[Ipuuem B TemneparypHoMm nuamazoHe 150-190°C  mpoucxoauT moTeps  Macchl,
cooTBeTCTBYIOMasA yaaneHuto 1.5 monexkyn HBr. IIpu nanpHelinem HarpeBaHUH, IPOUCXOAUT
BbIZICNIEHUE ocTaBlercss HBr BMecTe ¢ paspylieHremM OpraHMdeckoro KatnoHa. B orinmuue or
19, repmuueckoe pasznoxenue coenuHeHuit 20-23, comepxanux mojekyiasl HoO, HaunHaercs

yxe npu 50-70 °C.

[Ipu konTakTe ¢ BOomoil coemuHeHus: 19-23 mMrHoBeHHO oOeciBeunBarOTCA. [IpoayKTHI

runpoinsza 19 ynanock CTpyKTYpHO OXapaKTepH30BaTh Oiarofaps MEAJICHHOMY Pa3OKEeHHIO
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KkpuctaiuioB 19 Bo BiIakHOM meppTOpUpOBaHHOM Maciie. B pesynbraTe npu pa3HOM BpEMCHH
BBIJICP)KKH OBLIO IMOJIy4eHO TPH HOBBIX coenuHeHust [MePzH][MePz]:[BisBrig]-3H.0O (24),
[MePz]4[H30]2[BiBrs]2-1.5H20 (25) u [MePz]4[BisBrie] (26).

2[MePzH];[BiBrs], + 3H,0 — [MePzH],[MePz],[Bi,Bri] - 3H,0 (24) +
+ 2[MePz]* + 6Br~ + 4H* (5)

4[MePzH]5[BiBry], + 7.5H,0 - 3[MePz],[H;0],[BiBrg], - 1.5H,0 (25) +
+ 2[BiBrs]?~ + 2Br~ + 6H*  (6)
6[MePzH|;[BiBry]|, —» 3[MePz],[Bi,Bri¢] (26) + 6[MePz]* + 24Br~ + 18H* (7)

Takum 00pa3om, BHEpBbIE ObUIa M3yu€HA THAPOJIUTHYECKAs CTAOMIBHOCTH THOPHIHBIX
raJIOBUCMYTATOB, a TAKKE PACCMOTPEHO BIUSHUE KATUOHOB C BEHICOKUM CPOJICTBOM K DJIEKTPOHY
Ha ONTHUYECKUE CBOMCTBAa B paMKaxX TeOpHHM (PyHKIMOHaNa IJIOTHOCTH M Teopun belnepa.
[TokxazaHo, yTo MOI0O0HBIE COSMHEHUS 00JIaal0T HU3KON CTaOMILHOCTHIO, TIOATOMY, HECMOTPS
HA HU3KWE 3Ha4YeHUsI Eg, MCHONMb30BaHHME MX B KAueCTBE CBETOIOTJIOMIAIOIIMX MAaTEepUAJIOB
NPAKTUYECKH HEBO3MOKHO. J[OMOJHUTENbHBIE MaTepuaibl MO0 3TOMY HCCIEIOBAHUIO MOXKHO
HaliTH B cTaThe 4 W3 CHUCKA OIMyOJMKOBAHHBIX PabOT MO TeMe auccepTanuu (CM. pasfen

«HY6JII/IK3.III/II/I, B KOTOPBIX OTPAKCHBI OCHOBHBIC HAYYHBIC PC3YJIbTAThI )II/ICCGPTB,III/II/I»).

3.3.3. O6pa3zoBaHue MOJIUTAJIOTeHUI-TAJTOTeHUIHBIX COeJMHEHNH U UX ONTHYECKHE

CBOICTBA

OOpa3zoBaHre THOPHIHBIX TAJIOBHCMYTATOB B MPUCYTCTBHU OKHCIHUTEJCH, BKIIOYAs
KHCJIOPOJT BO3JyXa, YacTO CONPOBOXKAAETCS OOpa3oBaHUEM COCIUHEHUH, COIepKAIIINX
MOJIMTAJIOTeHU IHbIE (B OCHOBHOM MOJMHUOAUAHBIE) pparMeHThl. OO0 ux 00pa3oBaHUU OOBIYHO
CBHUJICTEIILCTBYET TMOSBICHUE KPYIHBIX YEPHBIX KPUCTAUIOB B PEaKIUOHHOH cMecu. B
YaCTHOCTH, M3 BOJHBIX PACTBOPOB OBUIH BBIJCICHBI HOJOBHCMYTATHI 1,3-IHMMETHITHPUIAHUS
[1,3-Me2Py]a[Bi2lo]lz (48), 1-metun-4-umanonupuaunaus [(1-Me-4-CN)Py]s[BisBrizls]l7-2[l2]
(49), N-are TOHIITAPUTTHHST N-(-1og0aneTOHWIT ) TUPUTTHHS [(2-AC)Py]a[(1-
ACI)Py][Bizls][l3] (66), N-areToHwI-2,6- TUME TUITUPUTAHUS [(I-AC-2,6-
Me)Py]s[Bisl16]-0.6912  (69). W3  KOHIEHTPUPOBAHHBIX  KHUCJIOT OBUIA  BBIJACIICHBI
U30CTPYKTYPHBIC  TaJlOBUCMYyTaThl  MeTwiBHONoreHa  [MV]3[Bi2Bro][Brs]zs (37) wu

[MV]3[Bizlo][l3]3 (38), a Takxke 6pomoBucmyTat 1,1°-(3Tan-1,1’-quwmn)ouc(3-MeTHIITUPUIAHUS )
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[(3-Pi)2C2]2[BiBrs][I1Br2] (16) ¢ meoObrunbiM gurangom [IBrz].. Ilpu crossHME Ha BO3OyXe
HOJIMTAIOTCHU B MEIJICHHO Pa3jIararoTcs, Tepsisi MOJIEKY ISIpHBIN ramored. Huskue 3Hauenus Eg,
XapakTepHbIE IS TAHHBIX COSAMHEHUH, 00YCIOBICHBI HATMYMEM TTOJIUTATIOTCHUI-aHHOHOB HITH
l2 B KpHCTAUTHUECKON CTPYKType. B CBsA3M C 3TUM, JaHHBIE COCIUHEHHs HE IPEICTaBIISLIH

WHTEPEC I TAIBHEUIIINX UCCIIETOBAHUM.

Takum 06p330M, IIpupoaa KaTHUOHOB, O6p330BaHI/Ie KOMIIJICKCOB IICPCHOCA 3apiaiga H
IMOJHUI'aJIOTCHUHBIX COCI[I/IHGHI/Iﬁ HC IPpUBOAAT K CYIICCTBCHHBIM U3MCHCHHUAM 3H6pFCTH‘IGCKOfI
IICJIn MCIKIAY p'Op6I/ITaJ'I}IMI/I rajoreHa B BaJICHTHOM 30HE M p'0p6I/ITaJ'IHMI/I BHCMYTa B 30HC
IMPOBOAUMOCTH. COCI[I/IHCHI/IH C ICPCHOCOM 3apidala WKW MNOJUTaJOrCHUAbl HMMCIOT HHU3KHC
3Ha4YCHUA Eg 3a CUCT (bOpMI/IpOBaHI/ISI HOBOM 30HBI IIPOBOAUMMOCTH HUJIU BaJICHTHOM 30HBI, Ooiee
HU3KOM WJIM BBICOKOM IIO OHCPIUuH, COOTBCTCTBCHHO. OIIHaKO JaHHOC IIPCUMYIICCTBO

HUBEIIUPYETCS BEHICOKON HECTAOMIBHOCTHIO MOJOOHBIX COCTUHEHUI.

3.4. CTpyKTypa rajloOBUCMYTAT-aHHOHA KAK ONpeaeasiommni GpakTop 3HaYeHUs

ONTHYECKOM INAPHUHBI 3anpemeHHOii 30HbI

CymectByeT Oo0JbIoe pa3sHOOOpa3We CTPYKTYyp TajloBHCMyTaT-aHHOHOB. Kak ObLIO
MOKa3aHO BBIIIIE, UX MOXHO Pa3ACIUTh HA MOHOSIIEPHBIE, TIOIUSICPHBIE (MJIH OJTUTOMEPHBIE) U
noymmMepHble. HaMu ObLTO TTOKa3aHO, YTO KaXKIbIH M3 ITHX THUIIOB OIPEACICHHBIM 00pa3oM
BJIMSIET HA BEJIMYMHY ONTUYECKOW IIMPHUHBI 3alPEIICHHONW 30HbI COeTMHEHUH. JIJIs1 MOHMMaHus
3aKOHOMEPHOCTEN BJIMSHUS CTPYKTYpPbl FAJIOBUCMYTaT-aHHOHA HAa MX ONTHYECKHUE CBOMCTBA

OBLTIH PACCMOTPECHBI PA3JIMYHBIC I10 CTPOCHUIO AHWOHEI.

3.4.1. MoHosinepHbIe U MOJUSAIEPHBbIEC T'AJOBHCMYTAT-AHHOHBI

['uGpuaHbIe TaJIOBUCMYTAThl B JIMTEPATYpPE Yallle BCEro MPEJCTABICHBI COSAMHEHUSMU C
M30JIMPOBAHHBIMU aHHOHAMH, TakuMu Kak [BiXe]¥, [Bi2Xo]* u [Bi2X10]* [15]. B Ta6nuue 23
npUBEICHBI 3HaYCHHSI Eg 17151 G0MbIIMHCTBA 0JHO(Aa3HBIX TaIOBUCMYTATOB, MOJTYYECHHBIX B X0/1€
uccnenoBanus. 3onupoBaHHbIe aHHOHBI, KOTOPBIE HE 00Pa3yIOT raJlor€HHBIX B3aUMOACHCTBUNA
C COCeTHUMHU aHWUOHaMH, B Tabnuile o003HaueHbl kKak Tun aHnoHoB (TA) OD. Kak BumHo u3
Tabnuupr 23 3Hadenus Eg ruOpumHpIx OpOMOBHCMYTAaTOB C W30JIMPOBAHHBIMA aHHOHAMU
HaxoAuTcs B auana3zoHe 2.83-2.96 5B u 2.10-2.29 3B — s nonoBucmyrtatoB. MckimoyeHuem

I JaHHOT'O pAlia ABJISIFOTCA IaJIOBUCMYTATEI, B COCTAB KOTOPBIX BXOAAT KATHOHBI C BBICOKUM
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CpoJICTBOM K 2JiekTpony (19-23, 34, 35), monuranoreruasl (16, 37, 43, 48, 66) 1 MOJIEKyISIpHBIN
won (49, 69, 140). IlpuumHbl HU3KUX 3HAUYCHHWA Eg, XapakTepHBIX IS TEPEUUCICHHBIX

CO€JIMHEHUH, ObUTH PacCCMOTPEHBI B pazjedie 3.3.

B xpucraimnmumueckoil - CTpyKType M30JHMpPOBaHHbIE TaJOBUCMYTAaT-aHUOHBI  MOTYT
y4acTBOBATh B 00pa30BaHUH MEKaHUOHHBIX TaJIOTEHHBIX CBS3EH, TEM CaMbIM 00pa3ys TUMEpPHI
pa3IMYHOTO cocTaBa (Hampumep, 5 1 67), a Takke annonHsie 1D, 2D u 3D kapkacel. B Tabnuie
23 momoOHBIE aHWOHHBIE KapKachkl 00O3HAYeHBI Kak rceBno-mienu PsS-1D, ps-2D u ps-3D.
["anmoBucMyTaT-aHMOHBI B HMoAoBUcMyTaTe 82 m OpomoBucmyTtare 90 obpasyroT mncemo-2D
CTPYKTYPBI 3@ CUCT TaJIOTCHHBIX B3aMMOJICHCTBUN aHUOHOB 1O 1ByM HampasieHusM (r(l-1) =
3.94 A, r(Br--Br) = 3.50 u 3.54 A). 3nauenue Eq 6pomoBucmytara 90 (2.80 5B) nexuT OIU3KO0
K HIDKHEW TrpaHHIle AMara3oHa XapakTepHbIX 3HaueHui Egq mist ctpykryp ¢ 0D anmonamu, a
3HaueHne Eg momoBucmytata 82 (2.19 5B) make HaxomuTcs B CEpeIUHE XapaKTEPHOTO
nuana3oHa nogosucmytaToB ¢ 0D anHmonamu. AHUOHBI B HoioBUCMYyTaTe 88 00pa3yloT nceBao-
1D-11enu ¢ JTHHHOMN rajJoreHHbIX KOHTakToOB 3.88 A. 3naucHue Ey HaxoauTcs 6IM3KO K HIDKHEH

IpaHulC auara3oHa XapaKTCPHBIX 3HAYCHUM Eg A1 HOJOBUCMYTATOB C 0D anuonamu.

K coxanenuto, CTpyKTypbl C NCEBIO-aHUOHHBIMU LEMSMH BCTPEYAIOTCS HEIOCTATOYHO
4acTo, 4YTOOBI MOXXHO OBUIO cJenaTh OJIHO3HAYHBIE BBIBOJBI O BIHWSHUM TaJOTEHHBIX
B3aUMO/ICIICTBUI HA ONITUYECKHE CBOMCTBA raJIOBUCMYTATOB. B TO e Bpemst 3HaueHus Eq Takux
CTPYKTYpP MOTYT HaXOJUThCS OJM3KO K Kpar XapaKTepHBIX 3HAaUYC€HMM ramoBucmyTtatoB ¢ 0D
aHMOHAMU. JTO MOXKET CBHJIETEIHCTBOBATH O TOM, YTO 0Opa3oBaHWE MPOYHBIX TajJOTE€HHBIX
KOHTaKTOB, BEPOSITHO, SIBJIIETCSI OTHUM U3 (PaKTOPOB, KOTOPHIH BIUSET HAa ONITUYECKUE CBOKCTBA

raJJoBUCMYTaTOB, OAHAKO 3TO BIIMAHHUC MAJIO.

3.4.2. 1D-nosimMepHbIe TaJ10BUCMYTAT-AHHOHBI

O0pa3zoBaHM€ MMOJIMMEPHBIX FAJIOBUCMYTaT-aHHOHOB 3aMETHO CKa3bIBAETCS HA ONTUYECKHUX
CBOMCTBaxX THOpHUIHBIX ranoBucMyTaToB. M3 Tabmums! 23 BuaHO, uTo oOpa3oBanue 1D-meneii
MPUBOAUT K CHIIKEHUIO 3HaueHuil Eg mo 2.70-2.86 mns GpomoBucmytatoB u 1.97-2.15 nns
nosloBUCMyTaToB. To ecTh 3HaueHus Eq ramoBucmyTaroB ¢ 1D aHMOHHBIMU LENSIMU B CPETHEM
Ha 0.1-0.2 5B Hmxe, 4yeM COOTBETCTBYIOIIME 3HAYEHUS CTPYKTYp C H30JIMPOBAHHBIMU
rajjopucMyTar-annoHamu. Kak u B paszgene BbllIe 37€Chb pPaccMaTpUBAIOTCS COEAMHEHMS,

IIMPHHA 3aMPEUICHHOM 30HbI KOTOPBIX OMpeaeiaTcs kiaccudeckuM p-Hal — 6p-Bi nepexomom.
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Haubonee pacnpocTpaHEHHBIMH TOJMMEPHBIMA aHHOHaMH sBIsitoTCS  [BiXg]n™ u
3ursaroo6pasusie [BiXs]n?". B pasnene 3.3.1 ObL10 IOKa3aHO, 4TO 3HAUeHHs Eg coequuenuii ¢
1D-nensimu [BiXs]n™ MoryT otnuuathes npumepHo Ha 0.1 5B B 3aBHCHMOCTH OT HPUPOJIBI
MEKMOJICKYJISIPHBIX KOHTAKTOB C OPTaHMYECKUM KaTHOHOM. OOpa3oBaHNE aHMOHHBIX IIETeH ¢
y4acTHEM KAaTHOHOB KaJHs TaKXe MPHUBOIAWT K YMEHBIICHHIO 3HaYeHWil Eg OTHOCHTENHHO
CTPYKTYp C M30JMPOBAaHHBIMHU TaJIOBUCMYTaT-aHUOHAMH. B yacTHOCTH, OBLTO MOKa3aHO, YTO
coenuHeHue 4, oopasoBanHoe katuoHamu 1,1’°-(rekcan-1,1’-qunn)ouc(2-aMUHOIUPUIUHUS) U
annonamu [K(Bi2Bri1)]n*", obnanaer cpaBHMTENEHO HU3KUM 3HadeHHeM Eg (2.71 5B). B sroii
CTPYKTYpE€ LIECTUKOODAMHHUPOBAHHBIE KATHOHHI Kalus CBA3LIBAIOT aHMOHBI [Bi:Brii]> s
enuHylo nenb (Pucynok 29a). Jinuna cesaseit K-Br nexur B amamaszone 3.21-3.27 A, uro
HEMHOT0 Kopoue paccrosinuit K-Br B ctpykrype 6pomuza kanus. B coenunenuu 64 Obu1 Takxke
oOHapyxeHn HoBblii Tun 1D-ueneit [K(BiBre)]n®" (Pucynox 296). KaTuoHbl Kanus Takxke

IIECTUKOOPAUHUPOBAHHBIC U O0BETUHSIOT OKTadAphI { BiBre} mo rpansm.

Pucynok 29. 1D-uenu [KBiz2Bri1]*" B crpykrype 4 (a) u [K(BiBrs)]*" B crpykrype 64 (6)

Tem He MeHee 3HaueHUs! Eg rasioBucMyTaToB ¢ 3urzaroodpasusiMu 1 D-niensimu octarorces
JIOCTaTOYHO BBICOKMMHU. B TO e Bpemsi M3BECTHO, YTO oOpa3oBaHMe JIMHEHHBbIX 1D-nenei

[BiX5]n?™ compoBokaaeTcs 3HAUMTENLHBIM yMEHbIIEHHEM 3HaueHui Eg mo 1.5-1.7 5B mns
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nogopucmyTaroB [29,138,192] u 2.0-2.2 mias OpomosucmytatoB [30,54,193]. Opanaxo
oOpa3zoBaHuEe MOJOOHBIX JMHEWHBIX LENed MpPOUCXOAUT KpaiiHe peako. Ham ynanock
00HApY)XKUTh COCTMHEHHUE C TAKMM aHHOHOM B CIydae CMEIIaHHOTO OpomMo-nomoBucmyraTta N-
meTri-2-uoanupuaunaus [(1-Me-2-1)Py]2[BiBrasaloss] (54). JlanHnoe coennHeHre 00pa30BaHO
mueelinpiMu 1D anumonamu [BiBragaloss]n®. HecMoTps Ha HHU3KOe COAEp:KAHHE HOAA B
ctpykrype 54 (9 mon.%), 3nauenue Eg coctaBiser 2.08 »B. K coxanenuro, Ham He yJanoch

IMOJIYyUUTh YHUCTHIN 6p0M0- WX NOJOBUCMYTAT C JaHHBIM CTPOCHHUECM aHHWOHA.

Ha moMeHT mpoBeneHHs] JaHHOTO HCCIIEOBaHUS OCOOEHHOCTH JIMHEMHBIX Iened W Hx
BIUSTHUE Ha 3Ha4YeHUS Eg ocTaBanochk Maliom3ydeHHBIM. B mpoliecce CKpUHUHTA THOPHIHBIX
raJIOBUCMYTaTOB HAaMH OBUIM BBIACIEHB HU30CTPYKTYpHbIE OpOMO- W HOJOBHCMYTATHI
munupuanHokcuioia [Py2(XK)]2[Bi2Brio] (75) u [Py2(XK)]2[Bizlio] (76), a Takke ux TBEepabie
pacTtBopbl (cM. paszznen 3.5.1). Bece BblneneHHble COEAMHEHHS] KPUCTAILIU3YIOTCA B Tip. rp. 4.
CrpykTypa 75 00pa3oBaHa OpraHMYECKMMH KATHOHAMH ¥ OUsAIepHBEIMH aHHOHaMu [BizBri]*
(Pucynox 30). Katmon pacmonokeH Ha ocu 2-TO TOpsJaKa, aHUOH Ha ocu 4 Topsiaka.
OcoOEHHOCTBIO JIAaHHOTO COEIWHEHUsSl SBJSETCS Ppa3IMYHOE CTPOEHUE TMOJUAJIPOB U
KOOPAMHAIMOHHOE YUCIIO aTOMOB BUcMyTa. Y aroma Bi(1) koopaunaimonnoe guciio (KH) = 6
(5+1), y atoma Bi(2) = 5, momusapel — MCKaXEHHBIM OKTA3p W KBaJpaTHas MHpPaAMUJA,
COOTBETCTBEHHO. PaccrostHus Mexay atomom Opoma Br(2) m Bi(2) cocemnux aHHOHOB

[Bi2Brig]* cocrasnser 5.00 A.

Brl Br3

Bi2

Pucynok 30. B3aumHOE pacrosioxenune annoHoB [BizBrig]* B crpykrype 75

HonosrcMyTaT 76 CX0%K MO CTPOEHUIO ¢ GpOMOBHMCMYTAaTtoM 75, oqHako aHuoH [Bizlig]*
pasymnopsiioueH no JByM HarpasiieHusiM B cootHomeHuu 0.770(8):0.230(2) (Pucynok 31). [Ipu
stom mo3uiuu aromoB I(1) u 1(1B), 1(3) u 1(3B) monapuo coBnanatot. Paccrosaus 1(2)--Bi(2)

JBYX COCEHUX aHMOHOB [Bizl10]* cocrapnser 5.33 A.
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Pucynox 31. B3auMHOe pacHollOXEHHE Ppa3HOHAIPABICHHBIX aHUOHOB [Bialio]* B

CTpYyKTYpe 76

Oco0oe BHUMaHHE HEOOXOAMMO 00paTUTh Ha HU3KKE 3HaueHus Eq (2.43 u 1.84 3B mis 75
U 76, COOTBETCTBEHHO), a TaKXKe JIMHEHHOE CTPOCHNE aHHOHOB B 00EUX CTPYKTYypax, KOTOPBIC
oOpasyror nmHeliHble nceBao-1D-memu [Bi2Xi0]n®. B cBsA3M c 3TEM OBLIO BBIIBUHYTO
NPEIIOJI0XKEHHE, YTO, TAXKEe HECMOTPS Ha TaKKE OOJIBIITUE PACCTOSIHHS MEXKTy aTOMOM TaJIoreHa
X(2) u Bi(2), cocennue aHHOHBI 00pa3yrOT ciadbie MeXKaHUOHHBIE B3aumoercTrust X(2) - Bi(2).
CornacHo pacueraM B nmporpamme [0POSPro 5 B pamkax teopun BopoHoo-/lupuxie miomaib
koHTakTa X(2)--Bi(2) cocrasnser 1.16 A2 (2.22% ot o6meii muomiaayu moaudapa atoma Br(2))
u 1.32 A? (2.25% or obmeil nnomamu nommdzpa aroma |(2)) B cTpyktypax 75 u 76,
COOTBETCTBEHHO, YTO MOJTBEpXKIaeT Haimuuue ciaboro koHrtakta X(2)--Bi(2), HecmoTps Ha

3HAYUTCIIbHBIC PACCTOAHUA.

Cornacuno nmauubiM CIIO, psim TBepIbIX pacTBOPOB, 0Opa3OBaHHBIN MHUHaIamMu /5 u 76,
MMeeT CWJIbHOE OTKJIIOHEeHHME 3HaueHuil Eg or 3akona Berapma (Pucynox 32). Haubombinee
camkenne Eg HaOmromaercs B HavanbHOUM 4yacTH KpuBoH. (s mombHOM monm noxa (lepx) B
tBepaAoM pactBope 20% 3Hauenue Eg coctaBisier 2.11 3B. [JlanbHelmiee yBenuuenue lepx
BIUSIET Ha 3Ha4YeHHe Eg B MeHbIeH creneHu. ITOT (GakT yKa3bplBaeT HA TO, YTO B JIMHEHHBIX
annoHHbIX 1D-nensax [BiXs]n?" 3amonHeHre MOCTHUKOBBIX M TEPMHHAIBHBIX MO3ULUNA aTOMOB

rajilorcHa IIO-pasHOMY BJIMACT Ha OINTHUYCCKHUC CBOMCTBA. ITO MMPCAIIOJIOKCHUEC TaKIKEe
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HOJTBEPXKIACTCS  HM3BECTHBIM M3  JIMTEPATYyphl  CMEHIAHHBIM  XJIOPO-HOJOBHCMYTATOM
metriBuosioreHa [MV]2[Bi2Clsle] [29]. B ero cTpykType Bce MOCTHKOBBIC TIOJIOKCHHS aTOMOB
rajoreHa B aHHOHHOMW IICMM 3aHSATHI aTOMaMu Hojaa. B pesynbrare 3Hauenue Eg i sToro
COCIMHEHMSI COCTaBJIIeT OKOJIO 1.5 3B ¥ ModYTH coBHamaeT co 3HAYCHHUEM JJISl MOJIHOCTHIO
3aMENIeHHOro HojaoBHcMyTaTa MeTwiBuosnoreHa [MV][Bils]. B ciywae psga TBepabix
pactBopoB [Py2(XK)]2[Bi2Brxliox] 3amontnenne TepMUHAIBHBIX MO3UIMEA BIKSICT Ha 3HAUYCHUC

Eg B CYIICCTBCHHO MEHBIIICH CTCIICHHU, Y€M 3aII0OJJHCHUEC MOCTHKOBBIX HOSHHHﬁ.
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Pucynoxk 32. I'paduk 3aBucumoctu 3Hauenuit Eg ot conepkanus noaa lepx (MonbHas noss
noja) TBepasix pactBopoB [Py2(XK)]2[Bi2Brxliox]. 3nauenus Eq paccunransl Metogom Tayka
(YpaBHeHnue 2) ¢ Ko3p(HULHUEHTOM Y, paBHBIM 72, AJ1 IPSIMO30HHOTO MOJTYIIPOBOJHUKA, a TAKKE

cy= 1 AJIA ITIOJIYIIPOBOJHHKA C HCU3BCCTHBIM THUIIOM ITPOBOAUMOCTH

Jlnst Ooyiee NETaIbHOTO M3YYEHHUS CBSI3M MEXIY CTPYKTYpOH TraJlOBUCMYyTaT-aHUOHA U
ONTHYECKUMH CBOWCTBAaMH COCIMHEHWH OBUIO BBEICHO THUIMOTETHYECKOE COCAWHEHHE
[Py2(XK)]2[Bi2Brglz], B koTOpom atombl noja 3anuMaroT mo3uiu X2 u X4, a atoMbl Opoma —
no3ummu X1 u X3 (mogpobnee cMm. pasgen 3.5.1.2). Kpucramnuueckue cTpykTypsl 75, 76 u
mozenbHoro coenunenus [Py2(XK)]2[Bi2Brglz] 6pumn ontumusupoBansl B mporpamme VASP.
[ToMmumo onTuUMH3aUU  KoopauHAT atoMoB Juis  coeamueHus [Py2(XK)]2[BizBrsl2],

HOJY4E€HHOT0, UCXO01s1 U3 CTPYKTYp 75 (M75) u 76 (M76), Taxke yTOYHSITH apaMeTPhl TUCHKH.
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Pucynok 33. I'paduku 37€KTPOHHOM MJIOTHOCTH COCTOSIHUM, pacCUMTAHHBIE JJISL CTPYKTYP

75,76 m m75

[To manHBIM pacueTa FIEKTPOHHOM IIOTHOCTH cocTostHUuM (Pucynok 33) mist yeThipex
ONTUMHU3UPOBAHHBIX CTPYKTYpP, YBEIWYECHHE JIOJIU MOJa B TBEPJOM pPACTBOpPE MPHUBOIUT K
PE3KOMY YMEHBIIIEHUIO BEIMYMHBI 3anpeiieHHoi 30ub1: 2.40 3B (75) — 2.14 3B (m75) u 2.15
"B (M76) — 1.97 3B (76). 3nauenus Eg qyiga 75, m75u M76 Gi1u3Kku K SKCIEPUMEHTAIBHBIM,
4TO YKa3bIBacT Ha TO, YTO BeIOpaHHas Monenb [PYy2(XK)]2[BizBrsl2] ¢ MocTHKOBBIME aTOMaMu
uoja SBISIETCS MNpPaBWIBHOW. PacxoxkIeHue MeXIy pacueTHbIM U JKCHEPUMEHTAIbHBIM
3HaueHneM Eg i momoBucMyTaTa 2 MOMKET OBITH CBSI3aHO C Pa3ymopsIOUYeHUEM aHHOHHOW
e, KOTOPOE HE y4YuThIBaeTcs mpu pacdere. COrnacHO JaHHBIM JIOKAJIGHOW TJIOTHOCTH
COCTOSIHMM, pacueTHOE 3HAUEHHUE IIMPUHBI 3amnpenieHHoil 30HB 2.40 3B coeguneHus 75
(Pucynok 34, cM. mpui0KeHHE) COOTBETCTBYET MEPEX0y MeXay BasieHTHOH 30HOM -0.2 — 0.0
5B u 30H0i1 mpoBoauMocTu 2.4 — 2.9 3B. BanenTHas 30Ha oOpa3oBaHa Px U Py dIEKTPOHAMH
TEPMHUHAJIBHBIX aTOMOB OpoMa M pP; 3JIEKTPOHAMH MOCTHKOBBIX aTOMOB Opoma. 30Ha
MIPOBOJMMOCTH B OCHOBHOM (DOPMUPYETCS 3a CUET P,-OpOuTaliell BUCMYTa, a Px U Py-OpOUTaIH

dbopmupytoT 30HY oT 3.7 10 4.4 3B.
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Pucynok 34. I'paduk 10KanbHOM MIIOTHOCTH 3JIEKTPOHHBIX COCTOSIHUM, PACCUYUTAHHBIN 15
Pz U Px, Py-opOuTaeit aToMOB BUCMyTa U MOCTHKOBBIX aTOMOB OpoMa B ONTHUMH3WPOBAHHOU

CTPYKTypE 75

B ciayyae MoaenbHBIX cCOeMHEHUH M75 1 M76 nepexo SHEPruu TakKe MPOUCXOIUT C Pz-
opOuTasiel MOCTHMKOBBIX aTOMOB rajoreHa Ha P,-OpOUTalii BHCMYyTa (CM. IMPHUIIOKEHUE).
BanenTnas 30na -0.1 — 0.0 5B 3amonHeHa px u Py 37I€KTpOHAMU TEPMUHAIBHBIX aTOMOB Opoma
U Pz DJIIEKTPOHAMHM MOCTHKOBBIX aTOMOB MOJa. 30Ha npoBoaumoctu 2.1 — 2.6 3B u 30Ha 3.7 —
4.4 5B B OCHOBHOM 00pa3oBaHbl Pr-OpOUTANSIMU U Px, Py-OpOUTAISIMU aTOMOB BHUCMYTAa,
COOTBETCTBEHHO. llepexoa sHepruum B HMOJOBHCMYTaTe /6 OCYIIECTBISETCS aHATOTMYHBIM
o0pa3om ¢ BasieHTHOH 30HBI -0.5 — 0.0 3B (px 1 Py TEpMUHATIBHBIX aTOMOB MO/1a U Pz MOCTUKOBBIX
aTOMOB HMOJ]a) B 30HY MpOBOAMMOCTH ¢ 3Heprueit 2.0 mo 2.2 3B (p-Bi) (cM. mpmiioxenue).
TakuM 06pa3om, BO BCeX CTPYKTYpax B IpOLEcCce MEPEHOCca AIEKTPOHA YUaCTBYIOT Pz-OpOUTaIn
BHUCMYTa U MOCTUKOBBIX aTOMOB rajoreHa. [lomyueHHble pe3ynbTaThl TakKe YKa3bIBalOT Ha TO,
YTO TUI aTOMOB rajioreHa B MOCTUKOBOM I0JI0KEHUU 1IeTH CUJIbHEE BCETO BIMAET HA 3HAUCHHE

Eg B FI/I6pI/I)1HI)IX raioBuCcMyTatax ¢ NOJJUMCPHBIMU aHUOHAMMU.

Ilo naHHBIM pacdeTa 30HHOM CTPYKTypbl coeauHeHus /5 (PucyHok 35) Takke yaanoch
YCTAHOBUTh THUI TOJIynpoBoAHuKa. IlyTh K-Touek ObuT ompeneneH i  OOBEMHO-

LIEHTPUPOBAHHOM TETPArOHAJIBHOW PEIIETKU C IMapaMEeTPaMM JJIEMEHTApHOM siUelku a < C B



126

COOTBETCTBHMHU C JaHHBIMU B cTatbe [177]. CorlacHO MOJy4YeHHBIM JIaHHBIM, COCAMHEHHE 75
SBJISICTCS TIPSIMO30HHBIM TIOJYIPOBOJHUKOM C TIEPEXOJ0M B ramMMa TOUYKe 30HBI bpuiirosHa.
CTOUT OTMETHTb, uTO IyTh [-X COBMagaeT ¢ OChI0 4 B KPUCTAUIMYECKOH CTPYKType 75 u
cooTBeTcTBYeT Hampasienuio nenu (Bi(1)-Br(2)-Bi(2)-Br(4). Ha pucynke 35 Tak:ke MOYKHO
BUJICTh, YTO [; JIEKTPOHBI MOCTHKOBBIX aTOMOB OpOMa 3aHMMAIOT BaJICHTHBIC 30HBI, a Pz-Bi
00pa3yroT 30Hy NMPOBOJAUMOCTH. Pa3HHIla B SHEPTUU SBISCTCS HAUMEHBIICH B raMMa TOYKE U
cocraBisier 2.40 5B. Mcxond M3 NaHHBIX O THUIE MOJYINPOBOJHUKA, OBLIM IMEPECUUTAHBI

3HaueHus Eg TBepabIx pacTBOpoB ¢ kKodhduimentom y = 0.5 (Pucynok 32).
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Pucynok 35. 30HHas cTpykTypa coeanHeHus /5. KpacHble U 3eJIeHble TOYKH MOKa3bIBAIOT

BKJIaJ| Pz-opOuTaliell MOCTUKOBBIX aTOMOB OpoMa M BUCMYTa, COOTBETCTBEHHO

Takum oOpa3om, MmokazaHO, YTO OOpa3oBaHUE CTPYKTYp C JHHEHHBIM cTpoeHueM 1D-
AQHHOHOB TIPUBOJUT K OOpa30BaHHIO KaHala »JIICKTPOHHO-IBIPOYHON IMPOBOJUMOCTH B
CTPYKTYypE, a TAK)KE HU3KUM 3Ha4YeHUsIM Eg Takux coennHenuii. HecMOTpsi Ha 0YEeHB 0OJIBINOE
paccrosiaue X(2)--Bi(2) B ctpykTypax 75 u 76, oOpa3oBaHHE TaKOTO TPAHCIIOPTHOTO KaHaia
TaKKe HAOJIOJAeTCs, YTO MPHBOJAMT K HU3KHM 3HAYCHUSIM Eg /U1 JaHHBIX COCIUHCHHUH.
JIONOTHUATENTFHBIE MaTEPHAIIbI [0 ITOMY HCCIICJIOBAaHHIO MOKHO HalTH B cTtaThe 11 u3 crmcka
onyOJIMKOBaHHBIX pPaboOT mo Teme mauccepraiuu (cMm. pazaen «llyOnukanmu, B KOTOPBIX

OTpa)XCHBI OCHOBHBIE HayYHbBIE PE3YIbTATHI JUCCEPTALIANY).
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3.4.3. U3yvyeHue NpUYHH HEOOBIYHO HU3KMX 3HAYEHUH ONTUYECKOM 1M PHUHBI

3anpemeHH0171 30HbI B COCAUHCHUAX C JuHeliHpIMu 1D raJloBucMyTaT-aHuOHaMHU

Kak Obuto ommcano Beime, oOpa3oBaHue JIMHEWHbIX 1D aHMOHOB TPHUBOIUT K
3HAYUTEIBHOMY CHIKEHUIO 3HaueHul Eq oTHOCUTENBbHO coequHennit ¢ n3onupoBanHbiMu 0D u
3urzarooopasusiMu 1D annonamu. O1HaKoO 10 HACTOSIIETO MOMEHTA MPUYUHA TAKOTO PE3KOTO
COKpaIlleHHs SJHEPreTHYEeCKOH mienu Mex 1y pP-Hal u 6p-Bi octaBanack HensyueHHOM. B cBs3u ¢
ATUM HamMu ObUIO BBIJBUHYTO IMPEIINOJIOKEHHUE, YTO 00pa3oBaHUE JIMHEWHBIX TalOBUCMYTAT-
aHMOHOB B CTPYKTYpPE COMPOBOXKAAETCA MOSBICHUEM COIPSHKEHHONW CHUCTEMBI CBSI3€i MO Beei

JUTAHE IETH.
I BDBICRIEIEIE D BICRIEIT)

Pucynok 36. Cxemaruunoe u3o0pakeHne opOUTaIbHOTO CTPOCHUS IMHEHHOM 1IeTn

Ecnmu mocMoTpeTh Ha CXeMaTHYHOE HM300pakeHHe CBs3bIBaHWs Bi—| B nmuHelHOW memnu
(Pucynox 36), To BUAHO, YTO B €€ 0OOpa30BaHUU yUaCTBYIOT OpOUTAIHN OJHOTO THIMA, B JAHHOM
npumepe P;. B utore mo Bceil mmHe nenu (GopMHpPYyeTCsl CONMpsDKEHHAsl CTPYKTypa CBSI3EH,
KoTopasi oOecrnieunBaeT A((EKTUBHBIM TPAHCIOPT 3apsAJ0B. 3a CYET MHOTOKPATHOIO
NEPEeKphIBaHUS OpOUTaNell B TMOJNMMEPHON I1IEMU MPOUCXOIUT (POPMUPOBAHHE Y3KOU
HHEPTreTUUECKON eI MEXIy BaJ€HTHON 30HOW M 30HOM MPOBOAMMOCTH, KOTOPHIE, KaK OBLIO
MOKA3aHO BBINIE, OOpPa30BaHbl P;-OpOUTAISIMH MOCTHKOBBIX aTOMOB TaJIOT€HA W BUCMYTa
(Pucynok 34). YMeHbIIeHHE SHEPTETUYECKON IS JOCTUTAETCS 3a CUET TOTO K€ MPUHIINIIA,
0 KOTOpOMY 0Opa3yercs OKpacka y OpPraHMYeCKHX COCIMHEHHH C YBEJITMYEHUEM JJTUHBI
COTPSDKEHHOW T-cucTeMbl. MHaue roBops, nuHeitHbie 1D ramoBucMmyTaT-aHHOHBI 00Jaar0T
HEOPraHWYECKOM CHCTEMOM CONpPSDKEHHBIX CBsA3ed. llpy 3TOM  gaHHBIM  OpUHIUDI

pacpoCTpaHAaACTCAa Ha APYTUC aHAJIOTHYHBIC 110 CTPOCHHIO I'aJIOMCTAJlJIaT-aHMOHBI.

Eciun xe paccMmoTpers opOuTaibHOE CTpoeHHMe 3urzarooOpasHeix 1D ramoBucmyrat-
annoHOB (Pucynok 37), To BUaHO, 4TO B UX 00OpPa30BaHMU yYaCTBYIOT OpOUTANIN ABYX THIIOB, B
JTAaHHOM TipuMmepe Px U Py. [Ipu 3TOM mepekpbiBaHusl Px U Py MEXKIY COOOW HE MPOUCXOIUT, a
JIUHEWHBIE (hparMeHTHl COCTOST BCEro U3 5 aTOMOB. B pesynbrarte conpspkeHue B LEMU ¢ TAKUM

CTPOEHHEM OTCYTCTBYET U 3HaUeHUs Eg conmoctaBumo ¢ rajoBucMmyratamu ¢ 0D aHnoOHaMH.
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Pucynok 37. CxemaTuuHOE N300paKeHHE OPOUTATHFHOTO CTPOCHHUS 3UT3aro00pa3HoOM e

Wcxo/is1 3 BhIIIE CKa3aHHOTO, MOYKHO MPEIMOI0XKHTh, YTO HATMYHE CUIBHBIX aKIIECITTOPHBIX
TPyNIl TpU aTOME BUCMYTa B JIMHEWHBIX IICTIAX MOXKET NPUBOIUTH K CTaOWIH3AIMH
BO30Y)KJICHHOTO COCTOSIHUSL M, COOTBETCTBEHHO, K YMEHBIICHHIO ONTHYCCKON INUPUHBI
3allpelICHHONW 30HBI COCIUHCHUS. BeposiTHee Bcero, NaHHBI MEXaHW3M pealu3yercs B
CTpYKType xyopo-uojmoBucmyrtata MetwiBuonoreHa [MV]2[Bi2Clsls] [29]. lupuna
3ampelIeHHON 30HBI JTOTO COCAMHEHHs Jake HIDKE, YeM Y aHaJOTHYHOTO 10 CTPYKType
nogosucmytara [MV][Bils] [138] (1.50 u 1.59 3B, coorBercTBeHHO). B cTpyKTYype
[MV]2[Bi2Clasls] Bce MocTHKOBBIEC aTOMBI TajioreHoB — aToMbl noaa (Pucynok 38). IIpu sTom
OJIMH U3 aTOMOB BUCMYTa OKPY>KEH TEPMUHAILHBIMU aTOMaMH HOJ1a, @ BTOPOH — XJIOpa.

@=ri

@c1
Q- ° °

Pucynox 38. @®parMeHT JHMHEMHOTrO TaJlOBUCMYTaT-aHUOHA B CTPYKTYpE XJIOpO-

WOJIOBHCMYyTaTa METHIIBHOJIOTeHa [29]

Takum 00pasom, coenuHeHus ¢ JuHelHbIMM 1D ammomamum [BiXs]i®™ mpencrasmsror
0COOBII1 MHTEpEC B KaUeCTBE CBETOMOIIOMIAIONINX MAaTepUaIOB Oarogaps HU3KUM 3HAUEHUSIM

Eg u moteHuuanbHo 3QQPEeKTUBHOMY TPaHCHOPTY 3apsAaoB. Takue OTIMYUTENbHbIE CBOMCTBA
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HOJOOHBIX CTPYKTYp OTHOCHTEIBHO TaJOBUCMYTaToB C JPYIMMHU THUIAaMH aHUOHOB
IPOSBIIAIOTCS 3@ cUeT 00pa30oBaHUs JJIMHHOM CONPSKEHHOHN cucTeMbl cBsizeil. K coxanenuto,
coequHeHus ¢ JnHeiHbIMU 1D anmonamu BcTpedarores penko. Kpome toro, B oTinuuue ot
MOJOTIIIIOMOATOB METHJIAMMOHHUSA, Le3us U (OpMAMUIUHMS, TA€ JaHHbIE JUHEHHbIE LENnu
peaii30BaHbl BO BCEX TPEX HANPABIECHUAX B KpHUCTaule, B TMOPUIHBIX TajJOBHUCMYTaTax
JMHENHBIE LIENM OPUEHTUPOBAHBI TOJIBKO IO OJHOMY W3 HAIpPAaBJICHHUH, YTO OTrPaHUYMBACT
3¢ (PEeKTUBHOCTh TAaKUX CTPYKTYp. Ha maHHBI MOMEHT NOIY4YUTh TanoBucMyTatsl ¢ 2D unu 3D

IMOJIMMCPHBIMU aHHUOHAMM, 06J'IaIIaI'OIHI/IX COHp)I)KGHHOfI CUCTEMOU CBHSeﬁ, HC YJIaJI0Chb.

3.5. Teepablie pacTBOPHI THOPUAHBIX TAJIOBUCMYTATOB

OpHoM M3 BaXXHBIX OCOOEGHHOCTEH TallOBUCMYTATOB SBIISAETCS IIUPOKOE pacIpesesieHue
3HayeHu Eg (3.3-1.5 5B) B 3TUX COCTMHEHHSAX, UTO MO3BOJISET PACCMATPUBATh X B KA4ECTBE
MEePCIEKTUBHBIX MaTepUaoB AJisi (POTOJETEKTOPOB M COJIHEUHBIX 37eMeHTOB. OHAKO JaJIeKO
HE BCerjJa yaaercs IMOJYYUTh OpOMO- WM HOJOBUCMYTAaThl C HYXKHOM CTPYKTYpoll W
ONTHUYECKUMH XapaKTEPUCTUKAMH OJHOBPEMEHHO. [[1s u3yueHus: BO3MOMKHOCTH THOKO
U3MEHSATh ONTHUYECKUE CBOMCTBA MPU COXPAaHEHUH HCXOJHOW CTPYKTYPbl COCIMHEHUS HAMU
OBLTM M3Y4YEHBI TBEPJbIE PACTBOPHI THOPHUAHBIX TAJOBUCMYTAaTOB W 3aKOHOMEPHOCTH UX

00paszoBaHUsI.

3.5.1. Ongnoda3Hble TBepAbIe PACTBOPHI C IEPEMEHHBIM COCTABOM I'aJIOT€HOB

B ocHOBHOM, MBI paccMaTpuBaiu TBEpAbIE PAaCTBOPbI TMOPUIHBIX TaJOBUCMYTaTOB C
IIepeMEHHBIM cocTaBoM ranoreHoB Br/l B ctpykrype. Ha MoMeHT Havana paboThl JaHHAs TeMa
NpaKTUYECKH He Oblla H3ydyeHa B iureparype. B To ke Bpems ans ranomiomM0aToB
METWIaMMOHUSI ¥ (hopMaMHIMHHS OBUIM HW3BECTHBI TBepible pacTBopbl [125], mapamerpsr
pelIeTKH KOTOPhIX MOJYUHSIINCH 3aKOHY Berapa 6:1arogapst KyOuyeckoMy CTPOSHHIO PEIIETKH
U TIPUCYTCTBHIO B HEH TOJIKO OJHOTO KpUCTAIIOrpaduiyecKy HE3aBUCUMOTO aToMa TajioreHa.
DT0 03BOJISIIO IPEICKA3yEMO MEHITh 3HAUEHUSI ONTUYECKON IIMPUHBI 3aIIPEILEHHOMN 30HBI IIPU
BapbUPOBAHUU COOTHOIICHUS TaJIOT€HOB B coeMHEHUHU. OAHAKO TMOpUIHBIE TaJIOBUCMYTAThI
NPaKTUYECKH HE KPUCTAIM3YIOTCS B KyOMYecKHX sdelkax. B cTpykTypax Haxomarcs
HECKOJIBKO HEAKBUBAJICHTHBIX aTOMOB TAJIOT€HOB. 3aMELIEHNE OJTHOIO TaJIOT€HA IPYTUM MOXKET

OPUBOANTH K PA3IUYHBIM CTPYKTYPHBIM HM3MEHEHHMSAM, IOITOMY OOBIYHO THOpHIIHBIC
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raJJoBUCMYTaTbl HC O6p33YI-OT HCIIPCPLBIBHBIC PAAbI TBCPALIX PACTBOPOB H3-3d PA3JIIMYHOI'O
CTPOCHUA 6pOMOBHCMyTaTOB n HOHOBHCMYT&TOB.’TCM HC MCHCC B HCKOTOPBIX ClIydasaXx

o0pa3oBaHue HEMPEPBHIBHBIX PSIOB TBEPBIX PACTBOPOB y1aJI0Ch HAOIIOAATD.

3.5.1.1. Teepovie pacmeopul canosucmymamos N-uvemunnupuoumrus

Bri00op 00BeKTOB HcciienoBanus ObLT OCHOBAH B MEPBYIO OYEpE/lb HA U30CTPYKTYPHOCTHU
YUCTBHIX OPOMO M HMOJOBHUCMYTaTOB (MHHAJIOB TBEpIOTO pacTtBopa). Ha mpumepe TBepabIx
pactBopoB ranoBucmyTtaTtoB N-metwmmupununus [N-MePy][BiBraxlx] (134-139) ynanoch
M0Ka3aTh, YTO THOPHUIHBIE TAJIOBUCMYTAThl MOTYT 00pPa30BbIBATh HEMPEPBIBHBIC PSIIbI TBEPABIX
PacTBOPOB, JIJIsi KOTOPBIX XapaKTEpHO BhITIONIHEHUE 3akoHa Berapna (Pucynok 39), necMotpst
HAa OTCYTCTBHE BBICOKOW CHMMETPUU KPUCTALTUYECKOM YMAKOBKH U HEPABHOMEPHOCTH
3aloJIHEHHUsI aTOMaMd OpoMa M HMOJa TaJOTeHHBIX MO3WIMA B Kpuctamwie. OmHodazHOCTh

MOJIy4YE€HHBIX 00pa31OB ¢ JoJiel noaa cpeau raoresoB ot 0.25 10 0.91 6b11a [oKa3aHa METOAOM

POA.

1500

g D
] -_.jﬁ-__.--—-.-.l-l—-- - ”".
e -m-"
- o n
m-=aC g
13 1 _.._‘,-—r_-f_-a - )
—m-- ) | )
: T 1400 "’
3 o
o 12— m /
: / 4:- 1350 /‘
= a . /
%73_ - )
= ’_.,l‘-’—rl” o . /”
7.6 .- )
7.4 .
T N T T T T T T T T T N T T T . : i 1 ‘ l Y |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Ing lenx
a 0

Pucynok 39. 3aBucumoctbs napameTrpoB (a) U obobema (0) KpUCTAIIIMYECKOM pemeTku (u3

naHHbIX PDA) oT MosibHOTO comepkanus noja (lepx) B TBepabix pactBopax [2-PiH][BiBrxlsx]

CocraB KpHCTAJUIOB, OINpe/eieHHbIH MeTo oM PCA, MpakTHYECKH COBIANal C COCTAaBOM
nopomkoB. Bce BbifeneHHbIe BemiectBa B cepun ranmoBucmyTatoB [N-MePy][BiBraxl«]
KPUCTA/UTU3YIOTCSA B MPOCTPAHCTBEHHOM rpymmne P21/C u s mapaMeTpoB peIeTKH

BbinonHseTcs 3akoH Berapna. Ilo pannepiv CIO mumpuHa 3anpelieHHOW 30HBI B CEpUHU
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OI[HO(i)a?)HI)IX TBCPAbIX PAaCTBOPOB C YBCIIMYCHHUCM COACPKAHHNA MOMa B COCAMHCHUAX JIMHEHHO

yMeHbIaercs ot 2.33 10 2.05 3B, To ecth A1 3HaueHuit Eg 3akon Berap/ia Tak)kxe BBITTOIHSIETCS.

3.5.1.2. Teepovie pacmeopul 2ano8UCMYmMamos OUNUPUOUHOKCUTLONA

OTtmeTuM, 4YTO MOJIHOE cOOJoJieHne 3aKkoHa Berapna B ciiyyae HU3KOCUMMETPUYHBIX
THOPUIHBIX COCTUHEHUHN BCTPEUYAETCS JOBOIBHO penko. HaMu OBIIIO yCTAaHOBJICHO, YTO YaIe
BCTPEYAIOTCSI CUCTEMBI, B KOTOPBIX 00bEM STUCHKH JTMHEHHO 3aBUCHT OT coctaBa Br/l TBepmoro
pacTtBopa, MPH 3TOM IMAPAMETPHI TUYEHKU U3MEHAIOTCS HEMUHEWHO. TakoM Ciy4ail, B YaCTHOCTH,
HAOMONamy s HENpephIBHOTO  psifja TBEPABIX PACTBOPOB OpOMO-HMOJIOBHUCMYTATOB

mumupuuHokcuiona [Py2(XK)]2[BizBrxliox].

B paznene 3.4.3 Obutn onucanbl 062 MUHAJA TBEPBIX PACTBOPOB OPOMO-HOIOBUCMYTATOB
munupuarHokcuiona (75 u 76). BapbupoBaHue COOTHOIICHHS MOJa U OpOMa B HCXOJHOM
pactBope (lsyn — monst Moga B CHMHTE3€) MPUBOAWIO K BBIACICHUIO PA3IMYHO OKPAIICHHBIX
nopoikoB coctaBa [Py2(XK)]2[Bi2Brioxlx] (Pucynok 40). ITo ganusiM EDX ananu3a Oblia
ompeneneHa MoipHas n0is uoaa (lepx) B ceMu TONydeHHBIX TBEPABIX pacTBopax. Bce
BbIJICTICHHBIE TBEPJbIE PACTBOPHI KPUCTAUIM3YIOTCS B MPOCTPAHCTBEHHOW rpynmne 14 u

SABJIAAIOTCA O)IHO(l)aSHLIMI/I.

==

32.4%

R——

26.3%

100% 96.6%  $8.5%  65.8% 18.2% 9.9% 0%

Pucynok 40. Cepust TBepabix pactBopoB [Py2(XK)]2[Bi2Brioxlx]. [Tox kaxabm o6pasimom

YKa3aHO cojiepkaHue noaa (MoabHbie %) cornacHo gaHHeIM EDX

[Tpu 3amemnieann 6poma Ha uoj B TBepAbIX pacTBopax [Py2(XK)]2[Bi2Brioxlx] mpoucxomut
3HAUYUTENIbHOE U HEPaBHOMEPHOE M3MEHeHHe napameTpoB a u ¢ (Pucynok 41a). 1o xapakrepy
U3MCHEHUS a/C MOXHO BBIICIUTH JBE 00JIACTH: TIEpBasi COOTBETCTBYET TBEP/IBIM PacTBOPaM C

leox ot 0 1o 20-25% wu Bropas ot 20-25% mo 100% (Pucynok 416). Ilonydyennsie naHHbIe
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CBUACTCILCTBYIOT O 3HAYHUTCIIbHOM OTKIOHCHHHU 3aBUCHMOCTHU KaKJIO0I'0 U3 IMapaMCTPOB a U C
OT 3aKOHa Berap/:[a IIpru HC3HAYUTCIBbHOM OTKJIOHCHHUU 3aBUCHMOCTHU obonemMa SHGMCHTapHOﬁ

SYEHKHU OT 3aKkoHa Berapna.
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PucyHnok 41. 3aBucUMOCTh NapaMeTPOB KPUCTAIUINYECKOW PELIETKU a U ¢ () U OTHOILLIEHUS

alc ot cocraBa TBep0ro pactBopa [Py2(XK)]2[Bi2Brioxlx] (6)

HenuneitHocTs 3aBucuMocTd Eg OT 1011 HO1a B TBEPIOM pacTBOPE, pACCMOTPEHHAs paHee
B paszjene 3.4.2, U HaJIMYUC SPKO BBIPAKEHHOIO MaKCHMMyMa Ha 3aBHCHUMOCTH a/C oT lepx
MO3BOJIMJIN MPEINON0XKUTh, YTO MPUYMHON 3TOrO SIBISETCS HEPAaBHOMEPHOCTH 3aIlOJIHEHUS
pa3HBIX O3UIIMA aTOMOB TAJIOTE€HOB B KpucTaiie. B Tabnuiie 27 npuBeAeHbI BEIYUCIECHHBIE TIO
naHHBIM PDA 3HaueHus 3aCEeJICHHOCTEN ITO3UIIMI aTOMOB raJIOr€HOB. BeTMYHHEI 3aCelI€eHHOCTH
MO3UIUH YTOYHSIIM TIPpU (PUKCUPOBAHHOM H30TPOMHOM TEIIOBOM Hapamerpe (Beq). 3naueHus
Beq Obutn momoOpanbl TakuM o0pa3oM, 4TOObI cymMMmapHoe cooTHoweHue Br/l B TtBepmom
pactBope coBmanaio ¢ naHHbiMu EDX ananu3za (lepx = Ixrp). MicXomst U3 MOJTy4eHHBIX TaHHBIX,
BUJIHO, uTO 10 noctuxkeHus lepx 20% B mpeaenax oOmUOKH OMPEACIICHHS 3aCeICHHOCTH
CEJIEKTUBHO MPOUCXOAUT 3amojiHeHne no3utinii X2 u X4, pacnoyioKeHHbIX B aHMOHE Ha ocu 4

B JIaJ'II:HCfIHIGM Ha3bIBA€MBIX MOCTHKOBBIMHU aTOMaMH (|2 u |4, COOTBGTCTBGHHO).

Tabnuma 27. 3acenenHocty no3unuii atoMoB uojaa B cTpyktype [Py2(XK)]2[Bi2Brioxlx].

leox, % | 11,% |12, % [13,% | 14, % | Beg, A2
9.9 0 27 2 71 4.0
18.2 0 70 3 97 6.4
26.3 12 58 21 75 5.4
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[TombITKH BRIPACTUTh KPUCTALTBI TBEPBIX pacTBOPOB [PY2(XK)]2[Bi2Brioxlx] conepxarnx
OJTHOBpEeMEHHO aToMbl Br u | okazamuce Oe3ycremnbiMu. J{s anbHEHIIero o0CyKaeHUS MbI
pemin BBecTr runotetryeckoe coenuneue [Py2(XK)]2[Biz2Brsl2] (MXK), B koTOpoM aTOMBI
noja 3aHuMarot no3unuu X2 u X4, a atromsl 6poma — no3unuu X1 u X3. Beegenue Mo1ebHOTO
COCJIMHEHHS C TaKOW CTPYKTYpOH IO3BOJIMIO PAacCMOTPETh OCOOCHHOCTH (HOPMHUpPOBAHHUS
TBEPJIBIX PACTBOPOB. bblila MPOBEACHA ONTHUMHU3AINS KPUCTAIUIMUECKUX CTPYKTYp 75 u 76, a
TaKke MoJiesIbHOTOo coenuHeHnss MXK ¢ yrouHeHreM KOOPIMHAT aTOMOB M [IApaMETPOB STUYCHKH.
[Tpu sToM onTumm3aiuio reomerpu [Py2(XK)]2[Bi2Brsl2] npoBoaumu, ucxoas u3 ctpykryp 75

(MmXK7s) u 76 (MXK7e). Cyns o BemunHaM MOJIHOM dHepruu 75, 76 u mMXK peakiust
0.8[Py,(XK)]2[Bi,Brio] + 0.2[Py,(XK)];2[Bizli0] = [Py.(XK)].[Bi,Brgl,]  (8)

aBisieTcs sk3oTepmudeckon (-1.9 u -2.9 xkkan/monb st MXKzs 1 mXKzg, coorBeTcTBeHHO). [1o
JAHHBIM pacueTra B pamkax Teopuu belinepa «Atombl B Mosiekyinax» [190] ycranoBneHo, 4To
TaKOM BBIMTPBILI B SHEPTUU JOCTUTAETCS HE 3a cUeT POpMUPOBAHUS aHHOHA (+6.7 KKaJl/MOJb),
a B OCHOBHOM Ojarojaps MEXKaTOMHBIM B3aUMOJCHCTBUAM, OCOOCHHO cinabbim X--H
B3anMo/ieicTBUAM. [IpOBEICHO COTIOCTABIIEHNE PACUCTHBIX M SKCIIEPUMEHTAIBHBIX ITAPaMETPOB
ctpyktyp 75, 76 m mMXK (Tabmuma 28). Bce »skcnepuMeHTalbHbIC 3HAYCHHUS OBLIN
NPECTaBIICHBI, UCXOJs U3 JaHHBIX PDA, npuuem nanubie 11 cTpyKTYphl [Py2(XK)]2[Bi2Brsl2]
OBUTH MOJTYYEHBI HHTEPIOJISAIMEH COOTBETCTBYIONIUX 3HAYCHHM JIJISI TBEPJIBIX PacTBOPOB ¢ lepx

=18.2 1 26.3%.

Tabnuna 28. CpaBHEHHME pacyYeTHBIX UM O3KCHEPUMEHTAIbHBIX IapaMETPOB CTPYKTYp

[Py2(XK)]2[Bi2Brio] (1), [Py2(XK)]2[Bizl10] (2) u [Py2(XK)]2[Bi2Brsl2] (mXK).

I, % dcalc, A Ccalc, A (a/C)exp (a/C)caic  (a/C)caic/(a/C)exp Acaic/@exp  Ccalc/Cexp
0 12.70 13.71 0.930 0.926 0.996 0.978 0.982
20 mMXKzs | 12.76 13.82 0.939 0.924  0.983 0.975 0.991
mMXKz | 12.80 13.83 ' 0.926 0.986 0.978 0.992
100 12.98 14.59 0.890 0.890 1.000 0.978 0.979

N3 Tabnuusl 28 BUAHO, YTO U3MEHEHHE MapaMeTPOB KPUCTANIMYECKON PEIIeTKH HMeeT
CXOKMM XapakTep B OKCICPUMEHTAJIBHBIX M PACYETHBIX CTPYKTypax, YTO MOXET

CBHUJICTEIILCTBOBATh O KOPPeKTHOCTH BbIOpanHOW Mmoxenu [Py2(XK)]2[Bi2Brglz2]. IIpu stom
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OTHOIIICHUE MapaMeTPOB &/C COXPAHACTCS MPU MEPEX0/ie OT IKCICPUMEHTAIBHBIX K PACYCTHBIM
cuctemam s 75 u 76. B cTpykType MomensHOTO coeauHeHuss MXK oTHOIIEHUE pacueTHBIX
napamMeTpoB &/C HEMHOT'O HHMYKE SKCIIEPUMEHTAIBHOTO U CBA3aHO C MEPEOIICHKON mapamerpa c.
HaGmronaemble M3MEHEHHUS MMapamMeTpa KpUCTAUIMYECKONW pElIeTKH C MOXHO OOBSCHHTD,

CpaBHHUBAsI ONITUMHU3UPOBAHHBIE CTPYKTYpHI 75, MXK7e u 76 (Tabmuma 29).

Ta6muua 29. Hekotopble mmuHbl cBsseil [A] B ONTUMH3HMPOBAaHHBIX CTPYKTypax

[Py2(XK)]2[Bi2Brio] (75), [Py2(XK)]2[Bi2Brsl2] (MXKze) u [Py2(XK)]2[Bizlio] (76).

Crpyktypnl  Bil-Bi2(1) Bi2-Bil XI1-X3(1) X3-X1 XI--H1 X3(1)---H2

75 7.739 5.970 7.245 6.466  2.798 2.752
MXK7e 7.533 6.293 7.221 6.605 2.795 2.742
76 8.219 6.368 7.773 6.814  3.060 3.005

X3

X4 X4 (1)

Bi2 (1)

[Ipexnie Bcero He0OXOAMMO O0OPATUTh BHUMAHUE, YTO CUMMETPHSI CTPYKTYphI /5 1 76 (Tip.
rp. 14) npuBOAUT K TOMY, YTO MOXHO BBIJICIUTH OT/ENIbHBIE CIIOM, 00pa30BaHHbIEC KATHOHAMHU U
aHMOHAMH. B «OpraHMuecKoM ci0e» CyIecTBYIOT KopoTkue KoHTakThl C:--C (3.25 A), koTopsie
JKECTKO OrPaHWYMBAIOT IMapaMmeTp sSYEHKu a cHU3y. HeBasieHTHBIE B3aMMOACHCTBUS MEKIY
aToOMaMM KaTHOHOB Pa3HBIX CJI0EB OTCYTCTBYIOT, T.€. yUUThIBas paccTosuue Bi(2):--Br(2) ~5 A
HUYEro HE MEIIAET CTPYKTYpPE 75 «ykKaThCs» BJIOJIb OCH YETBEPTOTO NopsiaKa. IMEHHO 1aHHYIO
«THOKOCTBY» CTPYKTYpbI IO TapaMeTpy ¢ Mbl HaOIIOaeM NpU yBEJIWYEHUU JOJIH HOJAA B
CTPYKTYype TBeporo pactBopa. Hecmotps Ha 3amernienne 6poMa Ha noj B mo3unusax X2 u X4,
Ha TEPBBIX JTamax yBEJIWYCHHUS JOJIM MOJAa TMapaMeTp ¢ HE MEHSETCs 3a CueT OOJbIIoro
paccTOSIHUSI MEXJy aTOMaMH BUCMyTa BIoJib HampaBieHus uenu. M3 Tabmuiel 29 MoxHO
BUJETD, 4TO cymMMa paccrostanii Bil-Bi2(1) u Bi2-Bil u cymma paccrosuuit X1-X3(1) n X3—
X1 paBHbl Mexay coOoil M paBHbI mapamerpy pemetku c. Ilpu mepexoae ot 75 k MXKze

NPOKMCXOJNUT BBhIPABHUBAaHUE JBYX pacctossHuii Bi-Bi, mpu stom Bi2-Bil 3akoHomepHO
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yBEIIMYMBAETCA M3-3a OOJjblnell umHbl cBsizelr Bi—l mo cpaBuenuto ¢ Bi-Br. Ilpu stom
MPOUCXOAUT YIPOYHEHHE BOAOPOAHBIX cBszedt Brl---H1 (1.39 — 1.63 xkan/monp) u
Br3(1)---H2 (1.49 — 1.84 kkan/Mo:b), KOTOpbIE HE Aaf0T «pazouTuch» 1enu (Tabmuma 29). B
pesynbTrare yMmeHblieHus paccrosiHus Bil—-Bi2(1) nabmiomaeTcss yMeHbIIEHHWE BaJCHTHBIX
yrioB al ¢ 101.8° 10 99.5° u yBenuuenue BasieHTHBIX yrioB a2 ¢ 91.8° no 93.2°. Paccuntannas
BEJIMYMHA TTApaMeTpa ¢ OCTaeTCs MPAaKTHYeCKH 0e3 M3MEHEHHH, a ISl SKCIEPUMEHTAIbHBIX
3HAYEHUH, yUUTHIBAsI BO3MOXHOCTD JIJISl CTPYKTYPHBI «yKaThCs» BAOJIb OCH YETBEPTOTO MOPAJIKa,
HaOolaeTcss Jake HeOOoJbLIOEe yMEHblIeHHe. TakuMm oOpa3oM, npu 3ameHe Br na | B
MOCTHUKOBBIX TOJIOKEHUSX IEMU COXpaHseTcs KOoH(GOpMalus HENnu ¢ y4acTHEM BOJOPOIHBIX
CBSI3€H, TP ATOM YBEIHUYEHHE 00beMa dJIEMEHTAPHON STYCHKU MMPOUCXOIUT 33 CUET YBEITNICHUS
napamerpa a. [Ipu nepexome or MXKzs k 76 otHomenue BeanunH Bil-Bi2(1) u Bi2-Bil
BoccTanaBmBaeTcs (1.29 B 75 u 76 mpotus 1.17 B MXKyze). YBenuueHue oobemMa 2IeMEHTapHOM
SYCHKU TPOMCXOIUT MPEUMYIIECTBEHHO 3a CUET YBEIMUYEHUs mapaMerpa c. Takum oOpazowm,
OTKJIOHEHHE TMapaMeTpoB sUYeHKU OT 3aKkoHa Berapma B HCCIIEIOBaHHON CepUM TBEPIBIX
pacTBOpoB  OOYCIIOBIEHO OCOOEHHOCTSAMM CTPOEHUS  KPUCTAUIMYECKOHM  CTPYKTYpBHI.
JlonomHUTENbHBIE MAaTEPHAIIBI TTO ATOMY MCCIIEOBAHUIO MOKHO HATH B cTaTthe 11 U3 crmcka
onmyOMUKOBaHHBIX paboT mo Teme mguccepranuu (cMm. pazgen «llyOnumkamuu, B KOTOPBIX

OTpaXEHbI OCHOBHBIC HAYYHBIC PE3YJIbTAThI TUCCEPTAIHI ).

3.5.1.3. Tseepovle  pacmeopul 2a7108UCMYMAMO8 1,1'-(aman-1,2-0ouun)ouc(4-

MEMUTNUPUOUHUSL)

IToxoskast 3aBUCHMOCTh Obl1a Tak)Ke OOHapy’KeHa B CHCTEME TBEPABIX PacTBOPOB Opomo-
nonoBucmyTaroB 1,1'-(3tan-1,2-muwn)ouc(4-metunmupununus) ([4-PiCz]2[Bi2Xio], X = Br, I).
Yucteie OpoMoBHUCMYTAT U HOOBUCMYTAT [4-PiC2]2[Bi2X10][192,194] kpucTamm3yroTcs B mp.
rp. P2i/n u umeror wmsomupoBaHHBI aHMoH [Bi2Xi0]* ¢ maTeio kpucTamtorpapuuecku
HE3aBUCUMBIMU aTOMaMH TaJIOTCHOB. ATOMBI FAJIOTCHOB B aHMOHE MOYKHO Pa3JICIUTh HA 3 THIIA:
MocTrkoBbie (Dridge), TepMUHANBHBIC, HAXOISIIUECS B MPAHC-TIONOXEHUH K MOCTHKOBBIM
atomam (term/bridge) u TepmuHanbHBIC, HAXOMSIIUECS B MPAHC-TIONOKEHUU TI0 OTHOIICHUIO

apyr k npyry (term/term) (Pucynok 42).
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X X 1: bridge
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Bil “Bi \ 2: terminal/bridge
X | X I X 3: terminal/terminal
L X X i

Pucynoxk 42. Tpu Tuma aToMOB rajnorena B anuose [BizX1o]*

B kpucraminueckoit crpykrype Opomo- u uomoBucmyTata [4-PiC2]2[Bi2Brioxlx]
TEPMUHAIBHBIC aTOMBI TAJIOTEHOB 00Pa3yroT clladble MEKMOJICKYJISIpHBIE KOHTAKTHI Br---Br (3.6
A) u I-+1 (3.7-3.9 A), xortopsle 06pasytor ncesno-3D Kapkac M MOTYT BIUAThH HAa XapakTep
U3MEHEHHS CTPYKTYPhI B IPOIIECCE 3aMCIICHUS TaJIOrCHOB JAPYT HA Jpyra B PSIy TBEPIbIX
pactBopoB. TBepabie pactBopbl [4-Pi2C2]2[Bi2Brioxlx] Obumn momydeHsl U3 CcIaOOKHCIBIX
pacTBOpOB B pe3yibTaTe B3aumojnelictBus Opomuma [4-Pi2C2]Br2 m Bi(NO3)z-5H.0 B

NPUCYTCTBUU U30BITKA HOaUAA U OpOMHUIA KaTusl.

* powder 1.32 -
15.4 - = crystal ® c/b_powder
. c * c/b_crystal
15.2 -7 e P TIIEES T m s e c/b_calc
- 1.30 4 . e

15.0 Y - »” .

pe. .. N
148 128 .
12,6 ] .ok @

Parameter, A
\
c/b

i __—e-w R
12.3 IS _.-"% b 1.26 >
120] &=t et

—.—"‘,_- = *

t I B e e
o e _g-b-wC 1.24 -
1.4 -

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Pucynok 43. I'paduk 3aBUCUMOCTH TTapaMETPOB KPUCTAIUTHUYECKOM perieTku a, b u € (a) u
cooTHotrenuss C/b (0) or cocraBa TBepmoro pactBopa [4-Pi2Cz]2[BizBrioxlx] B moporuke

(powder), kpucraiie (crystal) wim pacuetnoit crpykrype (calc)

Bce oanodazubie mpoayktel Obutn oxapaktepuzoBanbl POA u EDX. Ha ocHoBanuu
NOJYYCHHBIX JaHHBIX OBUIM TOCTPOEHBI TpaduKy 3aBUCUMOCTH O0bEMa M MapaMeTpoB
KPUCTAJNIMYECKON pElIETKH OT cocTaBa TBEpAOro pactsopa lepx. Kak BuaHO u3 pucynka 43a
napameTpbl petieTku D U C UMEIOT 3aMETHOE OTKJIIOHEHHUE OT JIMHEHHOM 3aBucuMocTH. [Tpu aTom
U mapameTpa b HaOmromaercs OTpHUIATENBbHOE OTKIOHEHHWE OT 3akoHa Berapma, a s

napameTpa ¢ — mnojoxurenbHoe. [lapameTp a MeHsieTcs TpakTUUeCKH JHWHEWHO oT lepx.
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3aBUCHUMOCTh OTHOIIIEHHs mapaMeTpoB C/b or coctaBa uMeer makcumyMm (PucyHok 436) mpu

lepx = 40%.

Jlnst Gosiee eTanbHOTO U3ydeHHs 3amerineHus Br/l B TBepabix pacTBOpax ObLT MpOBEICH
PEHTIeHOCTPYKTYpHBIN aHanu3 kpuctamwioB 109-112. K coxanenuto, npurogusix aias PCA
KPUCTAJJIOB C BBICOKMM COJEpX)aHUEM HoJa He Obulo oOHapyxkeHO. CTpyKTypbl TBEPIBIX
pactBopoB 109-112 mmeroT Te e MOTHBBI YIIaKOBKH, YTO U CTPYKTYpPHl YHCTOTO OpOMO- H
MOJIOBUCMYTaTa. AHHOHBI B CTPYKTYpPE CBSI3aHbI MEXKIY cOO0W KOHTakTaMu X:--X. 3aMelIeHue
aToMOB Opoma Ha aToMbI Hoja B CTpYKType [4-Pi2C2]2[BizBrioxlx] mpuBoaut k cyiecrBeHHOMY
ynpouneHuio cBszeit X--X ¢ 3.62 A (109) mo 3.47 A (112). JanbHeiiimee yBenuueHue 107u
MO0Jla B TBEPJOM PACTBOPE COIMPOBOXKIACTCS YBJICUEHHEM KOHTAKTOB XX W ISl YUCTOTO

MOJI0OBUCMYTaTa uX JyinHa gqocturaet 3.71-3.89 A.

ol bridge = ____ 4.80 - * r(Bi-Bi)_crystal
ridge - - ~ o r(Bi-B I
. = e B > r(Bi-Bi)_calc
- - s T~
o 08 T ) Lot Aa ‘e TRy
2 o term/bridge .~ - ’ .
3‘ ,’ = pas 1} 4.70 - /I \“"-
E 0.6 f.‘ i ! - . 3 r/'
2 ; - e = 4.65 ’
(%] ! Pl
g 0.4 4 r( L] - P g I-’f
5 ; i - = 4.60 - ;
S , av g .
§ 0.2 - 4 A _-~ term/term 4.55
rf "k,:’..",‘
0.0 4=--%-F% 4.50 -
T T T T T T T T T T T T

Pucynok 44. I'paduk 3aBUCHMOCTH 3aCEICHHOCTH TaJIOTEHHBIX MO3UIUNA (MOCTHUKOBBIX —
bridge; TepMHHANIBHBIX HANPOTHB MOCTHUKOBBIX — term/bridge; TepMUHAIBHBIX HANPOTHUB
TEpMUHAIBHBIX — term/term) (a) u paccrosauii Bi-Bi (6) oT coctaBa TBepaoro pactBopa [4-

Pi2C:]2[Bi2Brioxlx] B mopomike (a), kpucramie (Crystal) nim pacuetnoit crpykrype (calc)

Kak BUIHO W3 aHanM3a 3aceICHHOCTH TO3WIMi ramoreHoB (PucyHok 44a), ¢ pocrom
COJlep)KaHMsI MOJa B TBEPAOM pAacTBOpPE B IEPBYIO Ouepelb MPOUCXOIUT 3aMEllleHUE
MOCTHKOBBIX aTOMOB OpoMa Ha HOJ, U TOJIbKO IOCJ€ MNPAKTHUYECKH TOJHOW 3aMEHBI
MOCTUKOBBIX o3unmii (rpu lepx = 40%) HabmrogaeTcss yCKOPEHHOE 3aI0THEHNE TePMUHAIBHBIX
HO3HIIUH. 3a cUeT yBeTudeHUs! pacCTOsSHUS Bi—Xpridge IPOUCXOANUT yBETUUEHHE paccTOsIHUS Bi—
Bi ot 4.58 A s [4-PiC2]2[Bi2Brio] mo 4.78 A nns tBepnoro pactopa 120 (Pucynox 446). Ipu
JaTbHEUIIIEM YBEIMYCHUH IO MO/Ia IPY HEU3MEHHBIX BeIMUMHAX pacCTOSTHUN Bi—Xbpridge 3TOT

napameTp ymeHbInaercs 10 4.69 A B [4-PiC2]z[Bizlio] 3a cuer ysenuuenus yria loridge—Bi—lbridge.
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ITockomnbky ock Bi—Bi mpakTHueckn COBMAAAET ¢ OCBIO ¢, 3aMeIleHre aTOMOB OpoMa Ha HOJI B
MOCTHKOBBIX IMO3HMIMAX COMPOBOXIACTCS YBEIMYEHHEM Iapamerpa c. 3aMelieHre Opoma Ha
uof B [4-Pi2C2]2[Bi2Brioxlx] mepBoHauaapHO IPUBOAKT K PE3KOMY POCTY IapameTpa ¢, a mocie
leox = 40 pocty mapameTpoB a W b, YTO MOJHOCTHIO COBIAMACT C JAHHBIMH ITOPOIIKOBOM

peHTreHoBcKoi audpakuuu (Pucynok 43a).

YroObl OIpeaenTh, Kak Biuser 3amena Br/l B kakgom momoskenuu (bridge, term/bridge u
term/term) Ha BEJMYUHBI MMAapaMeTpoB a8, D W C, OBLIM pPacCMOTPEHBI COCTUHCHHUS [4-
PiC2]2[Bi2Brio], [4-PiC:]2[Bi2l1o], a Takke Tpu MOIEIBHBIX COCIMHEHHS COCTaBa [4-
PiC2]2[Bi2Brsl2], rme naBa aroma w#oza 3aHMMArOT MOCTHKOBBIC mo3umuud (M110pb),
TePMHUHAIIbHYI0/MOCTUKOBYIO mo3uniu (M110w) u tepmunansabie mosumuu (M110¢) y nByx
aTOMOB BHCMYTa, COOTBETCTBEHHO. |lOJydYeHHBIE CTPYKTYypbl OBLIM ONTHMHU3HPOBAHBI B
nporpamme VASP. CormacHo pe3yibraTaM oONTUMH3alMu 3ameHa Br/l B mocTtukoBom
MOJIOKEHUH HMMEET HauOOJBIIMIA BKJIAL B TOJOXKUTCIBLHOE OTKJIOHCHHE OT JIMHCHHOTO
u3MeHeHus mapamerpa C. Ha mapamertp b Biuser 3aMmeHa B MOCTHKOBBIX mmoJtoskeHUsX (M110w),
B TO BpeMsi Kak 3amMeHa B M110ix compoBoKIaeTcsi JTMHEHHBIM POCTOM 3TOTO MapaMeTpa.
[TonmoxxuTenpHOE OTKIOHEHHE TTapaMeTpa 8 HaOII0IaeTCs BO BCEX CIydasX U HauOoJee CHILHO
BBIPRKCHO NP 3aMECHE TEPMUHAIBHBIX aTOMOB rajioreHa. CTOUT OTMETHTb, YTO MOJYYCHHBIC
pacueTHble JTaHHBIE HE MO3BOJISIIOT CYJIUTh O KOMIUJIEKCHOM BJIMSIHMM 3aMEIICHUS B Pa3HbIX
MO3UIUAX, HO TOKA3bIBAIOT OTJ/CIbHBIC BKJIAILI KaXJAOTO THIA 3aMerieHus. [loCKOIbKY
3amernienue Br/l B TBepabix pactBopax [4-Pi2Co]2[BizBrioxlx] mpoucxoaut B mepByro odepenp B
MOCTHKOBOM IIOJIOXXEHUH, TO ITO JOJKHO COMPOBOXKIATHCS TMOJIOKUTEIBHBIM OTKJIOHECHUEM
napaMeTpa ¢ U OTPHIATEIBbHBIM OTKJIOHCHHEM TapameTpa b ot 3akona Berapma. [Ipu sTom
napameTrp a OyAeT ocTaBaThCs MPAKTUYECKU HEM3MEHHBIM. VIMEHHO Takas TCHJICHIUS |
HaOrofaeTcs Ha TepBbIX dTamax Br/l 3aMenieHus 1o JaHHBIM METOJIOB PEHTTEHOBCKOW
mudpaxiuu (Pucynok 43a). CoraacHoO pacueTHBIM JAaHHBIM, 3aMEIIEHNE MOCTUKOBBIX TTO3HIIHIA
aTOMOB OpoMa Ha MOJI SIBJIIETCS] TEPMOJMHAMHUYECKHU 00Jiee BHITOJTHOM, UM 3aMEHa B JIF000 13
TEPMHUHAIBHBIX TMO3HUINH. DHEPreTUYECKUN BBIUTPHIII MPU 3aMEHE MOCTHUKOBBIX TO3HIIMHA 110
CPaBHEHMIO C 3aMEHOM B TepMUHaIbHBIX MO3UIMAX M110w u M110y cocraBnser 10.0 u 13.3
KKaJI/MOJIb, COOTBETCTBEHHO. Ha ypoBHE CTPYKTYPBI pa3inuune B MOPSIIKE 3aTIOTHEHUS TO3UITUNA
aTOMOB TajioreHa OOYCIIOBICHO KOMILJICKCHBIM BIIMSIHUEM CJIa0BIX MEKMOJICKYJIISIPHBIX

B3aUMOJICUCTBHM. [[ONONMHUTENBHBIE MAaTEpUANIBI IO ATOMY HCCIIEIOBAaHUIO MOKHO HAWTH B
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ctaTthe 14 U3 crucka onmyOJIMKOBaHHBIX PadOT Mo TeMme AuccepTranuu (cM. pasaen «Ilyonukarum,

B KOTOPBIX OTPAKCHBI OCHOBHBIC HAYYHBIC PC3YJIbTAThI Z[HCCGpTaLII/II/I»).

Takum o00pa3oM, MOKazaHO, YTO ISl KaXJOro psa TBEPAbIX PACTBOPOB XapakTep
samernenns Br/l  yHukajgpHBIE W T[JIaBHBIM  00pa3oM 3aBHCHUT OT COBOKYIHOCTH
MEKMOJICKYJISIPHBIX B3aUMOJECHUCTBUUA B KpucTauie. VIMEHHO OHM W SBIAIOTCS NPUYUHON

HCBBIITOJIHCHHU S 3aKOHA Berapna JJIA IIapaMCTPOB PCHICTKH.

3.5.2. MHOFO(l)iBHLIQ TBEPAbLIC PACTBOPLI C IEPEMEHHBIM COCTABOM I'ajJIOT€HOB

BBumy mMHOroo6pasusi (hopM THOPHIHBIX T'aJOBHCMYTATOB, CBS3aHHOTO C HEU3MEHHBIM
3HaYCHHEM OJHepruu oOpasoBanus okTadapoB {BiXs} (X = Br, I) (cm. pasmen 3.2.),
OOJIBITMHCTBO TBEPJBIX PACTBOPOB JIETKO IMPETEPIEBAIOT (ha30BBIE IEPEXOAbI B IPOLIECCE
3aMeIIeHHs. OJHOrO rajoreHa ApyruM. IIpuuuHbl (a30BBIX MEPEXOI0B OOBIYHO CBSI3AHBI C
repepacrpeieIEeHIEM CETKH MEXMOJIEKYIISPHBIX B3aUMOJCHCTBUI B CTPYKTYpE BCJIEICTBHE
U3MEHEHHUsT 00beMa aToMa rajioreHa ¥ COOTBETCTBYIOIIMX JJIHH CBsi3eil. OUH M3 HEOOBIYHBIX
BapUaHTOB (Da30BBIX MEPEXOJ0B HAOMIOMAmM JUIS psiia TBEPABIX pPAcTBOPOB OpoMo-

noioBucMyTaToB 2-nukoynHus [2-PiH][BiBraxly].

3.5.2.1. Teepovie pacmeopvl 2an08UCMYmMamos 2-nuKoauHus

bpomo- m wWomoBMUCMYyTaT 2-THMKOJIHHUS OBLIM TOJTYYEeHBI W3 BOJHBIX PACTBOPOB B
pe3yibTaTe B3auMOJCHCTBUS CMECH HUTPATa BUCMYTa U COOTBETCTBYIOIIETO IaJIOTCHUIA KaJHs
C HOJKHCIIEHHBIM a30THON KHMCJIOTOM PacTBOPOM 2-ITMKOJIMHA B MOJILHOM cooTHOIeHuu Bid*/[2-
PiH]" = 1:4. WonmoBucmyrar 2-nukonunaus [2-PiH][Bils] (123) u panee wu3BecTHBIH
opomoBucmyTaT [195] U30CTPYKTYpHBI M KPUCTAIIU3YIOTCS B mp. Tp. P21/C. [{nsg monyuenus
TBEPJBIX PAcCTBOPOB OBUIM TOAOOpaHBl ONTHUMalbHBIE cooTHomeHnus Br/l B pacrsope,
HEOOXOIMMBIC JIJISl IOJYUYCHHUS Psijia TBEPIBIX PACTBOPOB C PABHOMEPHBIM YBEIIMYCHUEM JIOJTH
noaa. B pesynprare ObUIH MONyYEHBI KPHCTAIUTMYECKHE OOpa3Ibl C MOJBHBIM COACPKaHHEM
nona 0% (p521.1), 27.5% (p521.2), 40.2% (p521.3), 49.5% (p521.4), 57.8% (p521.5), 71.8%
(p521.6), 82.8% (p521.7), 90.1% (p521.8), 91.6% (p521.9) u 100 % (p521.10). 'anoreHHbIi

COCTaB BCEX BBIAEIEHHBIX TBEP/AbIX PACTBOPOB ONpEeIIeH o JaHHbM EDX.

[To nanubpiM POA Ob110 ycTaHOBIICHO, uTO coequHenus p521.1, p521.8, p521.9 u p521.10
KpUCTAUIU3YIOTCS B mp. Tp. P2i/C, a coemuuenus p521.3-p521.6 B mp. tp. C2/c. IIpu stom
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o6pas1er P521.2 u p521.7 conepkat 06e cTpykTypHBIE (Da3bl. BrimepxuBanue oopasion p521.2
u p521.7 npu 110°C B TeueHne 0AHOTO Yaca HE MPUBOJIUIO K U3MEHEHHUIO (Pa30BOT0O COCTaBa,
YTO MOXET TOBOPHUTH O CTaOMiIbHOCTH oOemx ¢a3. [lapamerpsl sueiikum oOpas3ioB pP521.1-
p521.10 onpeneneHsl MHAXIMPOBAHUEM U YTOUHEHUEM MOTYYCHHBIX JUGPAKTOTpaMM METOI0M
Jle bBeiinsa. Ilapametpbl siueliku @, b u ¢ momuumHsrOTCS 3aKoHY Berapna kak Juis TBEpAbIX
PacTBOPOB CO CTPYKTypoit P21/C, Tak u A1 TBEPABIX pacTBOPOB co cTpykTypoit C2/c (Pucynok
45a). O0BeM 3JIeMEHTapHOM SYCHKH 11 Kaxk 1o u3 (a3 P21/c u C2/c o6pasios p521.1-p521.10
MPAKTUYECKHU JIMHEHHO 3aBUCUT OT JOJIKM Hoja B TBep/ioM pacTtBope (Pucynok 450). [1pu sTom

OoJiee IUIOTHAS YIIAKOBKA PeaTU3yeTcsl U COSAMHEHHI CO CTPYKTypoit P21/C.
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Pucynok 45. 3aBucumMocTh napameTpoB (a) u oobema (0) KpUCTaUITMUEeCKON pemeTku (U3
naHHbIX POA) ot MmonbHOTO copepxkanus nojaa (lepx) B TBepabix pactBopax [2-PiH][BiBrxlsx]

(KpacHbIe TOYKH OTHOCATCA K (ase P21/C; uepHbie TOUkM oTHOCATCS K (ase C2/C)

J11s BBISICHEHUSI IPUYMH 00pa30BaHMs MEHEe TUIOTHO yrakoBaHHOU ¢a3bl C2/C B cepenune
psiia TBEpAbIX PACTBOPOB OBUIH H3YUYCHBI KpUCTAIUTHYECKUE CTPYKTYphI 10 00pasios (113-122).
AHanmu3  MEXMOJICKYJISIPHBIX ~ B3aMMOJICUCTBUN  TIOKa3aj, 4YTO Haubojee BaXHBIMHU
MEKMOJIEKYIISIPHBIMU B3aUMOJICHCTBUSIM, OTIPEACIISIONIUMH CTPYKTYPY JTAHHOTO PsiJia TBEPIBIX
pPacTBOPOB, SIBIIIOTCS TaJIOTCHHBIC B3auMoJeWcTBHA. Kak MOXHO BHIETh W3 pUCYHKA 46
COCEJIHME aHUOHHBIEC TICTIH CBS3aHBI IPYT C IPYTOM 32 CUET raJIOTEHHBIX CBSI3€H MEXKIy aTOMaMU
X2--X2 (r1), X2:-X3 (r2) m X4--X4 (r3). Paccrossuus rl, r2 u r3 B CTpyKTypax
COOTBETCTBYIOIMX MUHANIOB COCTaBNAIOT 3.74, 3.86, 3.62 A (Br--Br)u 3.99, 3.94, 3.70 A (1--1).
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Pucynok 46. ®parment cTpykTypsl 123

Ocoboe BHMMaHHE CTOMT OOpaTHTh HAa PACCTOSIHHE I3, KOTOPOE COOTBETCTBYET OYEHB
KOPOTKOMY raJIoreHHOMY KOHTaKTy. KOHTakTh! I2 1 I3 nexat B OJHOM IIIOCKOCTH, TOITOMY IIpU
3aMelleHnr aTOMOB Opoma 60j1ee 00bEMHBIMU ATOMaMU HOJ[a TPOUCXOIUT BBIPABHUBAHHE BCEX
Tpex KoHTakToB (Pucynok 46). Ilpu 3TOM paccTOSHUS TaJIOTEHHBIX B3aUMOIEHCTBUI
OKa3bIBAIOTCSI OY€Hb KOPOTKUMH C YI€TOM 00bEMa aTOMOB MO/, & YBEIHUCHUIO PACCTOSHUS
MEXy IETsSIMUA BOJIb HAIPABJICHUs, IEpIIEHANKYIIIpHOTO TutockocTr -110 (r1 m r2) u 110 (r3),

MPCIIATCTBYIOT MCKMOJICKYIIAPHBIC KOHTAKTBI KATHOHA C aHHUOHOM.

o 1l
401 o 214 »
4 131 i
3 9’ P : J' J
: ¥
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3.5 _at
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0.0 0.2 0.4 0.6 0.8 1.0
IEDK
Pucynok 47. U3menenne qmuH cBsazeit |-+l r1 (kpacHble Touku), 2 (4epHbIE TOYKU) H I3

(3enmenble TOYKM) B cTpykTypax 114, 120-123 (mp. rp. P21/C)
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B pesynbTate ¢ pocTOM colepKaHHs HOAAa B OTACIBHBIX MO3UIMIX MpHu 3ameHe Br/l
BO3HHUKAIOIIEE B3aUMHOE OTTAIIKMBAHUE TICTICH MPUBOJNUT K 00pa3oBaHMIO 00Jiee BBHITOIHOU U
MEHee IUIOTHO yrnakoBaHHOW (a3bl C2/C, B KOTOPO#H MEXMOJEKYJISPHbIC KOHTAKThI MEXIY
cocennumu 1ensMu [BiXa]a™ otcyTerByror. [lpu MoibHOM coaepikannu noma 6osbiie 80% c
pocToM oObeMa sSYCHKH CHOBa 0OpasyeTcs OoJiee IUIOTHAs ymakoBka P21/C, a rajoreHHbie
B3aUMOJICHCTBUS I'l ¥ 2 IPUHUMAIOT XapaKTepHbIC ISl KOHTAKTOB |-+l paccTosiHus (Pucynok

47).

Takum o00pazoM, AaHHBIA P TBEPABIX PACTBOPOB SBISETCS MPUMEPOM CTPYKTYpPHOM
«TUOKOCTU» TUOPUAHBIX TaJOBUCMYTaTOB, KOTOPbIE MOTYT JIETKO aJalTUPOBATHCS MO
U3MEHSIOIINECS YCIOBHs. B JaHHOM ciydae CTpyKTypa aJanTupyeTcs MoJ] U3BMEeHEeHne 00beMa
3aMEIAIOIIEr0 aTOMa rajoreHa. To ecTb U3MEHEHUE CTPYKTYpPhl THOPHUIHOTO TalOBUCMYTAaTa
MOXXET HATH HE TOJBKO uYepe3 HMCKaKEHHE CTPYKTYphl MHUHAJIOB, MPOSBISIONICECS B BHUJC
OTKJIOHEHUH OT 3akoHa Berapma B psiy TBepABIX pacTBOPOB, HO Takke W udepe3 (pa3oBbIif

Mepexo, Kak 3TO MPOUCXOJUT B JAHHOW CEPUM TBEPJBIX pACTBOPOB.

3.5.2.2. Teepovie pacmeopul 2ano8UCMymamos NUpuOUHuUs

B cucreme, onucanHoi B IpeabIAyIIeM pasjesnie, Hablioaanoch ABa 00paTUMBIX (Ha30BBIX
nepexona. OIHAKO KOMMYECTBO (PA30BBIX MEPEXOO0B MOXKET OBITH CYIIECTBEHHO Oonbiie. B
YaCTHOCTH, B CIy4dae TBEPIBIX paCTBOPOB OpoMo-uogoBrcMyTaToB nupuauuus [PyH][BiBrxls-
x] 1 [PyH]3[Bi2Brxlo-x] Ob110 00HapY»EHO HE TONBKO MIECTh KPUCTALIMUECKUX (a3 B mpoiiecce

3amerieHus Br/l, a Takxe H3MEHEHUE THTIA AaHUOHA B CTPYKTYpE raloBUCMyTaToB (PrucyHok 48).

Kat*:Bi*  [BiX,].™ [BiX,].™ [Bi,Xs]* [Bi,lo]*
13:1 typel type2+type3
12/a P2,/c + Pbca Pnma Pnma
} ; ; ; } >
0 2.5 7.5 12.5 100 lsoL, %
[BiX,]."™ [Bil,],"™
1:4 pacTsop typed —> type3 typed ? type 5
Pbcn Pbca Pbcn P2,/c

Pucynok 48. Cxema 06pa3oBaHMs TBEPJbIX PACTBOPOB rajJOBUCMYTAaTOB MUPUIUHUS
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Bce BbIZICTICHHBIC TAIOBUCMYTAThl MTUPUIUHKS OBLIH MOJYYCHBI MIPH CMEIICHUH BOJHOTO
pacTBOpa, COJAEPIKAIEr0 HUTPAT BUCMYTa M CMECh TaJIOTCHUIOB KaWs, W TOIAKUCICHHOTO
pacTBopa HUTpaTa UHUPUAUHUS. [l TOJYYEHHS TBEPHABIX PACTBOPOB HCIIOJIB30BAIOCH
cootnomenne [PyH]*:Bi®* = 13:1, nockoneky Golce HU3KHME KOHLEHTPALMH NUPUIVHHS B
pacTBope He MPHUBOIMIN K 0OpazoBanuio OpomoBucmytaTa [PyH][BiBr4] [155] (mp. rp. 12/a).
Bapbupys COOTHOIIIEHHE HOHOB OpoMa U Hojia B ucxoaHoM pactope (Isov, ykazaHo B ckoOKkax),
ObuTH TTosTyueHsl moporku P522.1 (0%), p522.2 (2.5%), p522.3 (5%), p522.4: (7.5%), p522.5:
(10%), p522.6: (12.5%), p522.7: (30%), p522.8: (60%), p522.9 (100%).

N3 o6pasmoB p522.2 ([PyH][BiBrz2s7li13]) u p522.3 ([PyH]BiBr2esli37) Obutn BeIOpaHBI
KPUCTAJJIBI U YCTAaHOBJICHBI TPH CTPYKTYpbl TBepAbix pacTBopoB: [PYH][BiBrsaslos2] (100,
P2i/c), [PyH][BiBr2ssli16] (101, P2i/c), [PyH][BiBrsoslogs] (102, Pbca). O6pa3zoBanue
TBEPABIX PACTBOPOB BCJICACTBHE TO0OABICHHUS HOHOB MO/, IIPUBOIUT K MOHMKCHHIO CHUMMETPHH
CTPYKTYpHI ¢ 12/a — P21/c. ATOMBI HOJ1a MPEUMYIIICCTBEHHO 3aIIOJIHSIOT MOCTUKOBBIC TIO3HIIUN
B cTtpyktype (20% vs. 11% mns 100, 42% vs. 19% mist 101 1 27% vs. 21% s 102). Tpu sTom
no3urust X1 B 101 (Pucynok 49) 3acenena aromamu uoja Ha 53% mpu copepkaHUM MO B

MAaTOYHOM pacTBOpeE Bcero 5%.

Pucynok 49. ®parment crpykTypsr 100

[Ipn nanbHeiimeM yBelWYeHUM JOJMM Hoja B oOpasuax p522.4-p522.9 mnpoucxoaut
U3MCHEHHUE CTPYKTYPhI aHHOHA ¢ 00pa3oBaHreM TBepabix pacTBopoB [PYH]3[Biz2Brxlex] (mip. rp.
Pnma). Ilo pganaeim EDX Obim ompeneneH  cocTaB  MOJYYEHHBIX — COCAMHEHUM:
[PYyH]3[Bi2Brs.aslases] (p522.4), [PyH]3[Bi2Braszlsas] (p522.5), [PyH]3[Bi2Brasalsas] (p522.6),
[PyH]s[Bi2Brossls.es4] (p522.7), [PyH]s[Bi2Bro.oslso1] (p522.8) u [PyH]s[Bi2Bro.osls.s] (p522.9).
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Bce BeimeneHHbie  mopomku  p522.4-p522.9 He coxepaau  JIOCTATOYHO  KPYIHBIX
MOHOKPHCTAJIIOB VISl OTIPEICIICHHSI UX KPUCTALTNIECKOU CTPYKTYpHI. B TO ke BpeMst B 00pasiie
p522.3 momumo ¢a3 101 u 102 Taxxe ObITH OOHAPYKEHBI OT/ICTBHBIEC KPUCTAJUIBI TPEThel (a3bl
103 ¢ TeMu e mapaMeTpaMH STYCHKH, 9TO U Yy 00pasioB p522.4-p522.9. Ilpu oxnaxaeHun dTUX
kpuctaiios fo 100 K mabmronancs ¢pasosslii nepexoa Pnma — P1. K coskaneHuio, KpUCTaLIbI
103 ObuTH CITUTITKOM MaJICHBKOTO pa3Mepa u oTpaxkanu 10 20 = 30°. B cBs3u ¢ 3TUM KauecTBO
TOJTYYCHHON CTPYKTYpPBHI TO3BOJISIET CYIUTh JIUIIb O CTPYKTYypHOU (hopMylie TOJTYyYSCHHOTO
COCIMHEHUS W TPUOIM3UTEIHHOM COCTaBE BBHIOPAHHOTO KpPHCTAJIa TBEPIOTO pPacTBOpa —

[PyH][Bi2Br7.7l13].

Jlns mosrydeHus TBepabiX pactBopoB coctaBa [PYH][BiBrxlsx] mpu 06osee BbICOKHX
KOHIEHTpaLUAX Hoa Oblia yMEeHbIIEeHA J0JIs MUPUIMHNA B ncxoqHoM pactsope ([PyH]*: Bid*
= 1:4). ITpu TakOM COOTHOIICHUH yAaIOCh BbIACIHTh 0Opa3ubl [PYH]BiBroaslser (p522.10),
[PyH]BiBroaolz7o (p522.11), [PyH]BiBroiilsse (p522.12), [PyH]BiBrooslsgs (p522.13) u
[PyH]BIiBro.o2lz.98 (p522.14) u3 pacTBOPOB ¢ OTHOCHTEIBHBIM COACPKAHUEM HOIUI-aHHOHOB
12.5, 15, 30, 60 u 100%, cooTBeTcTBeHHO. BCe oHM kpucTtamumsytores B np. rp. Pben. Jlons
WoJia CpelH TaJOreHOB B BbLACIsIEMbIX MpoaykTaX (lepx) CyIIecTBEHHO OOJbIIe, YeM B
MCXOJHOM PacTBOpE, IIPU 3TOM lgpx JJI CHCTEM C COOTHOIIEHHEM KoHLeHTpauuii [PyH] :Bi*

= 1:4 cymectBeHHO npeBblmaet [epx 11t cuctem ¢ cootHomeHueM 13:1 (Pucynok 50).
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Pucynok 50. 3aBucumocTs 10711 HoAa B TBEpAbIX pacTBopax (lepx) oT conepkaHus noja B

maTounoM pactBope (IsoL) ¢ pasnuunbM cooTHOmEeHUeM [PyH]*:Bi®*
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Crout oOpaTWTh BHHMaHHE, YTO KPHCTAIbI MomoBHcMmyTata mupuauaus [PyH][Bils],
otoOpaHHbIe U3 o0pasia pS522.13, npetepneBatoT oopaTuMbIi (a3oBbIii mepexon Pben (106) —
P2:/c (107) npu oxmaxaennu Hoke 250K, moarBepskmast mamubie [155]. B To ke Bpewms
KpHUcTauibl TBepaoro pacteopa [PyH]BiBrosols.40 (104), otoOpanusie u3 obpasia p522.11, npu
temnepatype 100K kpucrammusyrorcs B np. rp. Pbca ¢ yaBoeHHBIM mapaMeTpoM sUCHKH |
CTaHOBATCS M30CTPYKTYpHBIME coennHeHnio 103. [Tpu 3ToM Bce BhICOKOTEMITepaTypHbIe (a3bl
p522.10-p522.14, Bxirouass BbyIeneHHbIe w3 P522.12 xpuctaer 105 ¢ cocraBom
[PyH][BiBro3ol3.70], nzoctpykrypusl. ITomumopd 106 mMeeT MOXO0KYIO YIAKOBKY, Kak U y
HuskoTemneparypaoit ¢asel [PyH][Bils] [155]. KopoTkue xoHTakThI |+ ocTatorcs B TOM Xke
nuanaszone (3.90 A), uto u B Hu3KOTEMIEpaTypHOM Nomumopde (3.82 —3.97 A). B crpykrypax
104 u 105 coxpaHsieTcs TCHACHIUSA MPEUMYIIICCTBEHHOT'O 3aIIOJIHEHUS MOCTHKOBBIX TTO3UIIHMA
raJloreHoB, Kak 3T0 Obwto otmedeHo i cTpykTyp 100 m 101. Omgnako w3-3a BBICOKOTO
COJIepKaHMsI MOJa Pa3HHIIA B 3aCEICHHOCTSIX MOCTUKOBBIX W TEPMHHAJIBHBIX TTOJOXKCHHMA

aToOMaMH Hoja He cTob cymecTBeHHast (79% vs. 91% mns 104 u 90% vs. 96% s 105).

Ha nmpumepe naHHOW CHUCTEMBI MOXKHO €lle pa3 yOeauThCs B BBICOKON HM3MEHYMBOCTHU
CTPYKTYp THOPUAHBIX TaJIOBHCMYTaTOB. VX KpHcTaUTMUECKas yIIaKOBKA HAMIPSMYFO 3aBUCHUT OT
3¢ (HEeKTUBHOCTH MEKMOJIEKYJISIPHBIX B3auMOACHCTBUI (cM. pazzaen 3.2). 3aMelieHrue aTOMOB
Opoma Oonee OOBEMHBIMH aTOMaMU HOJAA MPHUBOJUT, KAaK MPABUIIO, K CIBUTAaM MOJEKYII
OTHOCHUTEIIBHO JIPYT JIPYTa, YACTUYHO HAPYIIIAsl CYIIECTBYIONINE MEKMOJICKYJIIPHBIC KOHTAKTHI.
OpHako A3TOr0 MOXET OBITh JOCTATOYHO, YTOOBI MPOU3OILIA TEPECTPOHKA YIAKOBKU C
oOpa3oBaHueM 0o0Jiee BBITOAHBIX MEXMOJICKYJSIPHBIX KOHTAKTOB. B CBsS3M ¢ 3TUM TIpH
CpPaBHEHHMH TMOJIYYCHHBIX JAHHBIX TEMH WJIM WHBIMH METOJIaMU aHAJIN3a BAXKHO MPUHUMATH BO
BHUMaHUE JTI00bIC (aKTOPHI, KOTOPBHIC MOTYT MPUBECTH K U3BMEHEHUSIM CTPYKTYpHI. Tak B pabote
[155] nanubie POA cBeTonornomiaromieii ienku [PyH][Bils] 0puti conocTariieHsl ¢ pac4eTHOM
TudpakTOrpaMMoOi 3TOTO BellecTBa MpH Oojiee HU3KOW TeMriepaType sl J0Ka3aTelbCTBa
HaHeCeHHUs 3TOoM (a3bl Ha MOIOKKY. BBy 00Hapy)eHHOro Hamu (azosoro mepexosa (Pbcn
— P21/C) MoxHO mpennosiokuTh, uro uneHtudukamus [PyH][Bils] B cocraBe comneunoro
AJIEeMEHTa M COOTHECEHHE peduieKcoB Mo JaHHbBIM PDA B 310l paboTe OBLIM BBIMOJHEHBI

HEKOPPEKTHO.

I[OHOJ'IHI/IT&]'IBHI)IC MaTepuallbl II0 H3YYCHHUIO TBCPALIX PpPaCTBOPOB TaAJIOBHCMYTATOB

OUPUINHUS MOXKHO HAWTH B cTarbe 15 M3 cmucka oOmyOJIMKOBAaHHBIX paboOT MO TeMe
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Auccepranuu (CM. pa3aci «Hy6m/11<am/11/1, B KOTOPBLIX OTpaXCHbI OCHOBHBLIC HAYYHBIC

pe3yJIbTaThl TUCCEPTAITHI ).

3.5.2.3. Teepovie pacmeopul 2aio8UCMymamos 4-nukoiuHus

B cucreme TBepAbIX pPAacTBOPOB TaJlOBUCMYTAaTOB MUPHUIMHUS OBLJIO 3aMEYEHO, 4YTO
W3MEHEHNE COOTHOLICHUS KaTHOHA K BUCMYTY B MCXOJHOM PAacTBOPE MOXKET IPUBOAUTH K
00pa30BaHUIO TBEP/BIX PACTBOPOB C PA3INYHBIM cocTaBoM. [l Oosiee 1eTalbHOTO U3Yy4EHUs
ATOro SIBJAEHUS OB PAacCMOTPEH psA TBEPAbIX PAacTBOPOB OpPOMO-HOAOBHCMYTAaTOB 4-

nukonuHus (Pucynok 51).

Kat*:Bi** _ _ _ _
11 [BiXjol*  a-[BiX,],™ + [B|2i(10]4' a-[BiX,],™ [BiyXg]* B-[Bil,],™
P1 P2,/c P1 P2,/c P2,2,2, P2,/c
f i i i I >
0 2.5 10 30 100 lgo, %
_ B-[BiX,],™ B-[Bil,],™
1:1 + HNO; HensBecTHO P2,/c P2,/c
Bi,lo]*
» [Bislg]
P2,2,2,

Pucynok 51. Cxema 06pa3oBaHus TBEPBIX pACTBOPOB raJIOBUCMYTATOB 4-TTUKOJIMHUS

[Ipu B3auMonECTBUN TOAKNUCIEHHOTO PaCTBOPA 4-IIMKOJIMHHUS C PACTBOPOM, COAECPKALLNM
HUTpAT BUCMyTa W OpoMuJ Kanusi, ObUl TOJNy4eH OpOMOBHUCMYyTAaT 4-TIUKOIUHHS [4-
PiH]4[Bi2Brio], omucanmeii panee [137]. Bapeuposanue cooTHomenus [4-PiH]*:Bi** ne
COIPOBOXKJIAIOCH 00pa3oBaHMEM JpPYTHX KpHUcTauindeckux (a3. BBegeHue B MCXOTHBIN
pacTtBop HeOomdbIIOro konmuectBa uoga (2.5 Mon.% OT OOIIEro MCXOJHOTO COJIEepKAHUS
rajioreHoB B pactBope, lsoL = 2.5%) npuBeso k obpasoBanuio AByx (a3 a-[4-PiH]BiXs u [4-
PiH]4Bi2X10 ¢ mepemennsiM coctaBom Br/l. ITomyuennsiii oOpaser; coaepxail KpUCTaUIbI [4-

PiH]4Bi2Brs.oal1.04 (125, 96%) u [4-PiH]BiBr2.40l160 (124, 4%) (Pucynox 52).

Bapsuposanue cootHomenus [4-PiH]*: Bi* or 1:1 x 1:4 uiu 4:1 npuBoauiio K HeGOIBIIAM
U3MCHEHUSIM B COOTHOIICHUU TpoayktoB 125 um 124 (97:3 m 86:14, COOTBETCTBEHHO).
YBemnuenue IsoL 10 5% npuBeno Takke K MOJTydYeHHUIO TeX ke ABYX (a3 B COOTHOIIEHUH 57:43.
[lpu 5TOM yHAanoCh YCTAHOBHTH KPHCTALIMYCCKYIO CTPYKTypy [4-PiH]BiBraailies (126).

JlanpHeilee yBeauueHue nojaa BIUIOTh 110 IsoL = 22.5% npuBeno K UCUE3HOBEHUIO (ha3bl [4-
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PiH]4Bi2X10 u obpa3oBanuto ogHO(a3HBEIX MPOAYKTOB CO CTPYKTypoii o-[4-PiH]BiXs. Beuin
YCTaHOBJICHBI KpHCTa/InYeckue cTpyKTypbl [4-PiH]BiBriesloo7, [4-PiH]BiBrislaes u [4-

PiH]BiBros713.33 (127-129) ans o6pasios ¢ IsoL = 10%, 15% u 22.5%, cOOTBETCTBEHHO.

Pucynok 52. ®parmMeHTsl KpucTauTHIecKux cTpykTyp 125 (a) u 124 (6)

CToHT OTMETHUTH, YTO M3 KAIUIM PacTBOpa, MOJTYYCHHOTO B cucTeMe ¢ lsoL = 15% mocie
yAaJeHUusl KPUCTAUIOB CcO CTpyKTypor o-[4-PiH]BiXs um wyacTmuHO¥M CymKu pacTBOpa,
00pa3oBaIUCh MOHOKPUCTALIBI cO cTpykTypoi [4-PiH]4Bi2X10 ([4-PiH]4Bi2Bressls1s, 130).
YBenuueHue 1011 uoaa B ucxogHoM pactBope 1o Isor = 30% u 80% mnpuBeno k 00pa3oBaHUIO
das3er ¢ cocraBoMm [4-PiH]3Bi2Xo BMecTo [4-PiH]BiX4. Iloaydennbie 00pa3ibl ObUIH ILIOXO
3aKpHUCTAJUIM30BAHbl, TOITOMY VAAJIOCh YCTAHOBUTH TOJNBKO 0Omui cocraB ([4-
PiH]3Bi2Briogl701 u [4-PiH]3Bi2Broi2lsgs, coorBercTBeHHO). OqHaKo B Cilydae BBICHIXaHHUS
pactBopa ¢ lsor = 30% ObLIM MONy4eHbl OTACTbHBIC KprcTamibl [4-PiH]BiBro2s3lz77 (131) co

CTPYKTYpO# a-monumopdada.

TBepabie pacTBOpbI co CTPYKTYpoii [4-PiH]3Bi2X9 oka3anuck HeycTOWYHBEI B KHCIIOH Cpejie.
Jlo6asnenue nebonpmoro konmuectsa 1M HNO3 npruBoaniio k nepecTpoiike CTpyKTyphl B a3y
B-[4-PiH]BiXs. Ilo nmamneiM EDX cocraB mosydeHHBIX TBEpABIX pacTBOpOB ObuL1 [4-
PiH]BIiBro.2213.78 (IsoL = 30%) u [4-PiH]BiBro.oslzg6 (IsoL = 80%). Huctyro ¢a3y B-nomumopda
nonosucmytara [4-PiH]Bils (132) ynanocs nomyunts peakuueii [4-PiH]*: Bi** B cooTHOmEHNMN
1:1 (Pucynok 53a). YBenuueHue COOTHOIICHHUS peareHToB 10 4:1 mpuBesno K 0Opa3oBaHUIO

onHodaszHoro nogoprcmyTata [4-PiH]3Bi2lg (133) (Pucynok 530).
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0

Pucynok 53. ®parmenTsl kpuctammudeckux cTpykryp 132 (a) u 133 (6)
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Pucynok 54. 3aBucuMOCTb 0JIM M0/1a B TBEPABIX pacTBopax (Iepx — Kpyrible TOUKH U leryst

— KBaJpaTHbIC TOYKU) OT cojepkaHus uoja B ucxomaHoMm pactBope (lsor). CooTHoiieHnue

koHneHTpauuii [4-PiH]*:Bi®" = 1:1
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Takum o0Opa3oM, MpH HU3KOM CoIep:KaHHH Hoga B mcxomHoMm pactBope (lsor < 30%)
o0pa3yroTcst TBepAble pacTBOPBI co CTpykTypoit [4-PiH]4Bi2X10 u a-[4-PiH]BiX4. ITo nanHbIM
EDX conepxxanne nona (lepx) B mepsom ciryuyae He npessimaeT 40%, a BO BTOPOM HaXOJIUTCS B
muana3zoHe 40-94% (Pucynok 54). Ilpu Gosiee BBICOKOM COAEpNKAHUM HOJIa B HCXOIHOM
pactBope HaOmtomaercs obpasoBanue [4-PiH]3Bi2Xg (lepx > 87%) u B-[4-PiH]BiXs (lepx >
94%). W3MeHeHHMe cOOTHOIMIEHUS KoHmeHTpaumii [4-PiH]*:Bi®*, nopbimenue kucmoTHOCTH
pacTBopa, UTMTEILHOE BBIICPKUBAHUE OCAJKa B PACTBOPE M BHICYIIMBAHWE 3TOTO PacTBOpa

BJIMAIOT HAa COOTHOMICHNEC KOHCUHBIX ITPOAYKTOB PCAKIIHUH.

O0OBeM 2JIeMEHTAPHOI STYCHKHU B TBEPIOM pacTBOpe co cTpykTypoi [4-PiH]4Bi2X1o muneitno
YBEJIIMYMBACTCS C POCTOM JOJHM HMOJa M TOMYMHSAETCS 3akoHy Berapma. B To ke Bpems
nmapaMeTphl 3JCMCHTApHOW sveliku @, b m C umeroT HeOoublve pa3HOHAIIPABICHHBIC
OTKJIOHEHUs OT 3aKOHa Berapma. B wacTHOCTH, TTpH mepexoie OT YMCTOro OpOoMHUIa BUCMYTa K
TBEPJIOMY PacTBOpY C coaepkanueM uoaa 10% mapameTpsl @ u b yBenuuuBarotcs, a mapamerp
C HaoOOpOT yMeHbIIAeTcs. Pa3nuyus B HM3MEHEHHSAX I1apaMeTpPOB B TIEPBYIO O4YEPEIb
00yCIIOBIICHBI HEPAaBHOMEPHBIM 3aIlOJTHEHHEM IMO3UIIMKA TaJloreHoB aToMaMu wozaa (PucyHox
55a). B pesynbpTaTe u3MeHseTcs sdeika, JOCTUTas HaMOOJee HSHEPreTUYECKU BBITOTHOM
YIIAKOBKH JUIS TBEPOTO pacTBOpa. B 3TOM cilydae HEKOTOpbIC TIO3HIIMH TaJIOTCHOB B KPUCTAJLIC

3aMoOJTHSAIOTCS aTOMaMHU HOJa Topa3io ObICTpee, YeM JIpyTHE.
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PucyHnok 55. 3aMelienre aToMOB TaJIOT€HOB aTOMaMU M0/1a B KPUCTAIUNIMYECKOU CTPYKTYpe

[PiH]4Bi2X10 (a) 1 a-[PiH]BiX4 (6)
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JIisi pOBEpKH TIPEATNONIOKEHUS, YTO CYIIECTBYET B3aWMOCBS3b MEKIY CEICKTUBHBIM
3aMEIIEHHEM TaJOreHOB B TBEPIBIX PacTBOpax co cTpykTypou [4-PiH]4Bi2Xi0 n sHTaNBIUCH
nporiecca 3aMelIeHus, OBLTM MPOBEACHBI KBAaHTOBO-XUMHYECKHE pPAac4eThl MOJICITBHBIX
coequaennii C1-C5 co crpykrypoii [4-PiH]4Bi2Brgly, roe oamH u3 HE3aBUCHMBIX aTOMOB
rajoreHa HoAa, a ocTadbHble OpoMmbl. [lomydyeHHbIE MOMAETBHBIE COCAMHEHUS ObUIH

ONTUMHU3UPOBAHBI C YTOYHEHHEM KOOPAMHAT aTOMOB, IMapaMeTpoB U oobema stueiiku (Tabnuia

30).

Ta6numa 30. Pe3yapTaThl ONTHMH3AIMHA MOACIBHBIX coenuueHwmit [4-PiH]4Bi2Brsl2.

Moaear Ne Xmo3. E,»B E, kkan/moab  AE, kkaa/moan  V, A®
Cl X2 -410.872 -9455.74 0.00 939
C2 X5 -410.726 -9452.37 3.37 935
C3 X4 -407.318 -9373.94 81.80 999
C4 X1 -407.682 -9382.32 73.42 1000
C5 X3 -407.629 -9381.09 74.65 1001

CornmacHo pesynbTaTaMm pacuera, Haubojiee SHEPreTUYECKH BBITOJAHBIE M IJIOTHBIE
yIakoBKHU o0Opa3yrotcs npu 3amene Br/l B monoxkennsx X2 u X5 (AE(X5-X2) = 3 kkan/MoJib.
3amena Br/l B monoxenusx X1, X3 u X4 ropasno menee BeirogHa (AE = 73-82 kkan/moin).
[TomyueHHbIE TaHHBIX XOPOIIIO COTIACYIOTCA ¢ dKkcniepuMeHToM (Pucynok 55a). MoxxHO BUIIETS,
yro B ciaydae cTpykryp [4-PiH]sBi2X1o nmefictBuTensHO HaOMIOMacTCS MPEHMYIIECTBEHHOE
3anonHeHne no3unuii X2 u X5. B wactHocTH, B cTpykType 130 moszummu X2 u X5 3amoHeHbl
Ha 30% u 82%, COOTBETCTBEHHO, B TO BpeMs Kak nmo3uiuu X1, X3 u X4 3HauuTeIbHO MEHEE
oboramensr atomamu uoaa (13-20%). K coxanenuro, Mbl He MOKEM MPEJIOKUTH MPOCTHIC
nmpaBujia JJIs OMpPEACIICHHs TOpPsAKa 3aloJHEHUs MO3UIUMK B CcTpykType. OJHAKO aHamu3
3alOJHEHUSI TO3ULMK B 3THUX M JPYTUX M3BECTHBIX TBEPJbIX PAacTBOp IOKa3ajl, 4YTO B
OOJBITMHCTBE CIIy4YaeB JIerde BCEro UJIET 3aMeleHNe aTOMOB rajoreHa, KoTopsie He 00pazyroT
MEXMOJIEKYJISIPHBIX B3aUMOJAECUCTBUN B KpucTajuie. [[oMoMHUTENbHBIE MaTEpUalbl IO 3TOMY
UCCJICIOBAHUIO MOXXHO HAWTH B cTarbe 16 U3 cmmcka OMyOJWKOBAaHHBIX pabOT MO TeMe
nucceptanuu  (cM. pasnen «llyOmukamuu, B KOTOPBIX OTPaK€HbBl OCHOBHBIC HayudHbBIS

pe3yJIbTaThl TUCCEPTAIHI ).

Takum o0pa3oMm, NpU HU3MEHEHMHM COOTHOILIEHHUS TaJOT€HOB B CTPYKType THOPUIAHBIX

raJIOBUCMYTAaTOB MOTYT ITPOXOJUTHh MHOTOYHMCIIEHHBIE (Da30BbIE MEPEXO0/IbI U Jake 00pa3oBaHUE
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COEIMHEHUN ¢ pa3HbIM cocTaBoM. C Ipyrol CTOPOHBI, B HEKOTOPBIX CHUCTEMAaX TBEpJbIE
pacTBOpbI MOTYT OBITh OJTHO(A3HBIMU U AK€ YaCTUYHO WUJIU MOJIHOCTHIO MOAYMUHATHCS 3aKOHY
Berapna. Ilpu 3TOM 3aBHCHMOCTh M3MEHEHHs ONTHYECKMX CBOMCTB TBEPABIX PacTBOPOB
MeHsieTcs Oosiee-MeHee OJJUHAKOBO — IPH MOSIBJIEHUU B COCTaBE COEAMHEHUs 0ojiee TSHKEIoro
rajoreHa IMpOUCXOAUT PE3KOE YMEHBIICHHE ONTUYECKOW IIMPHUHBI 3alpelleHHON 30HbI. [Ipn
JalbHENIIeM YBEIMYEHUM JOiau Oojee TsOKEIoro aroMa rajoreHa Eg wu3Mensercs
HE3HAYUTENIbHO, U (POPMAIIbHO JJIs1 TAKMX TBEPABIX PACTBOPOB BBINOIHIETCS 3aKOoH Berapaa.
Hecmotpst Ha o0muii TpeHJ M3MEHEHUs 3HaueHuil Eg B cepum TBepIbIX pacTBOPOB, TOYHBIN
rpaduk 3aBUCUMOCTH 3HaueHUl Eg 0T cocTaBa TBEpAOIro pacTBOpa OCTAETCA WHAUBUY AJIbHBIM
U B KQXJIOM OT/I€JIbHOM ClIy4ae ero HeoOXOAMMO HOIy4yaTh dKCIIEpUMEHTaIbHO. TeM He MeHee
U3 pe3yJIbTaTOB pPabOThI CIEAYET, YTO TBEP/AbIE PACTBOPHI TMOPHUIHBIX FAJIOBUCMYTAaTOB MOTYT

OBITh MCIOJIB30BAHBI JJIsA «TOHKOM H&CTpOﬁKH)) ONTUYCCKUX CBOMCTB raJoBUCMYTaToOB.

3.5.3. TBepable pacTBOPbI € NePpeMEHHBIM COCTABOM OPraHMYeCKUX KATHOHOB

[ToMuMO TBEpABIX PACTBOPOB raJJOBUCMYTATOB C MEPEMEHHBIM COCTABOM TaJIOT€HOB HAMHU
Taxke ObLITM OOHAPYKEHBI TBEP/IBIE PACTBOPHI C IEPEMEHHBIM COCTABOM OPTaHUYECKUX KaTHOHOB.
Panee Takue TBepabIe pacTBOPHI TAJIOBUCMYTATOB HE ObLTN M3ydeHBI. 1010BUCMYTATHI YeThIpEX
U30MepHBIX KatuoHoB Mmetwimupuaunus ([N-MePy]*, [2-Pi]*, [3-Pi]* u [4-Pi]") cxoxu mo
cocTaBy ¥ 00pa30BaHbI OJTHUM U TEM K€ IMOJIMMEPHBIM aHHOHOM [ Bils]n™. Oxazanocsk, uTo, naxe
HECMOTPS Ha CTPYKTYPHBIC OTJIMYHUS ITHX COCTMHECHUI, OHU CITIOCOOHBI 00pa30BhIBATH TBEPIBIC

pPacTBOPHI 110 KATUOHY.

3.5.3.1. Teepovie pacmsopur [2-PiH][Bils] — [N-MePy][Bil4]

W3BectHo, uto wmomoBucmytathl [2-PiH][Bils] (140) wu [N-MePy][Bils] [155]
KPHUCTAIUTH3YIOTCSI B MMPOCTPAHCTBEHHOM rpymme P21/C. Mcnomb3ys pa3iudHbie COOTHOIICHHUS
[N-MePy]* u [2-Pi]* B pacTBOpe yaamoch BBIACTUTD MATh TBEPBIX PACTBOPOB C MEPEMEHHBIM
cocTaBoM Mo oprannyeckomy katuony (Tabmmma 31). Jleranu ytouHeHus nupaxTorpamMm
nopomikoB P531.1-p531.7 omucansl pasgene 2.2.2. Coxepxanume [N-MePy]™ u [2-Pi]* B
KOHEYHOM MpOAYKTe ObLIO ompenencHo mo gaHHeM ‘H SMP. Otmerum, uto P®A,
BBIJIC/ICHHOTO HAaMW W3 MOJKHCICHHOTO BOJHOTO  pacTBopa wuojmoBucmytata  N-

mMeTmwimupuanaus (paza A), He yAaI0Ch ONMUCATh U3BECTHOW KPUCTAJUIMYECKON CTPYyKTypoil. B
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CBSI3U C 3THUM OBUTM MPEIIPUHSITHI MOMBITKA MMEPEKPUCTAIITU30BAaTh HEMpUroanslid st PCA
nopomrok. Kpucramisl, npurogusie it PCA, ymanoch BBIPACTHUTH TOJNBKO M3 CIIMPTOBOTO
pacTBopa B y3Koi amiiyiie. BoienieHHOe coeuHeHne oKa3anoch noauMopdom (B-moaumopd,
up. rp. Cc, 141) yxe uzBectaoro nogosucmyrata [N-MePy][Bils] (a-momumopd, mp. rp. P21/c).
Opmnako peHTreHorpaMmy mnopoika ($haza A) He yJ1aaoch ONUCaTh HA OJTHUM U3 MOJTUMOP(OB,

HHU UX CMCCBIO.

Tabauma 31. Cepus TBepabix pactBopoB [2-PiH][Bils] u [N-MePy][Bils].

PacrtBop Iopomok MOHOKPHCTAJLT
®(2-PiH), % Ne ®(2-PiH), %  CrpykrypHbiii Tun ~ Eg, 9B Coenunenue CTpyKTYpHBIi THIT
0 p531.1 0 A 2.07 - -
25 p531.2 3 A 2.07 - -
50 p531.3 8 A 2.07 - -
TN : [N—MePy]o,74[2— TN .
75 p531.4 23 a-[N-MePy][Bils] 2.07 PiH]o 26[Bils], 142 a-[N-MePy][Bil4]
82 p531.5 40 a-[N-MePy][Bil4] 2.06 - -
Di . [N—MePy]o,27[2— TN .
90 p531.6 64 [2-PiH][Bil4] 2.02 PiHoss[Bile], 143 a-[N-MePy][Bil4]
100 p531.7 100 [2-PiH][Bil4] 2.04 | [2-PiH][Bils], 140 [2-PiH][Bil4]

Kak moxxHo Bumets u3 Tabmuisl 31 npu konuentpaiusax [2-PiH]" B BogHoM pactBope 110
50% mudpakTorpamMmma BBIJICIICHHBIX TBEPJIBIX pacTBOpOB COOTBETCTBYET
HenaeHTHGUIMpoBaHHON (ase A. Ilpu stom, cormacHo manHbiM SIMP, nons [2-PiH]™ B
COOTBETCTBYIOLIUX TBEPBIX pacTBOpax cocTapisieT He Oonee 8%. CiaenoB NpUcyTCTBUS IPYTUX
¢a3, B Tom uucne [2-PiH][Bils], He HabmomaeTcs, 4To TroBOpUT 00 00pa30BaHUU TBEPIBIX
pacTBOpoOB, a He cMecH. JlanbHeiiiee yBennueHne konnentpanusax [2-PiH]* B BogHoM pacTBope
no 82% mpUBOIUT K 0Opa30BaHHWIO TBEPIBIX PACTBOPOB CO CTPYKTYpoil a-mosmmopda [N-
MePy][Bils]. Tlopormrok p531.4 comepikal MOHOKPHUCTAJLIbI, KOTOPBIE YIAIOCh CTPYKTYPHO
oxapaktepu3oBath ¢ nomomipio PCA. Homoucmyrtat [N-MePylo74[2-PiH]o26[Bils] (142)
KpucTausyetcs B mp. rp. P21/c. Ilpu konuentpanusx [2-PiH]" B BogroM pactBope cBbitiie 90%
POMCXOAUT 00pa30oBaHKEe TBEPABIX paCTBOPOB co cTpyKTypoii [2-PiH][Bils]. Oxxako B 06pasiie
p531.6 ynmanoch HaiiTm eauHU4HBble KpucTaAWIbl [N-MePylo27[2-PiH]oe3[Bils] (143) co
cTpykTypoii a-momumopda [N-MePy][Bils].

Crour 3aMCTUTD, YTO B OTJIMYUC OT TBCPJALIX PACTBOPOB IraJIOBUCMYTATOB C IICPCMCHHBIM

COCTaBOM TaJIOTEHOB B JaHHOM DSy TBEPHABIX PacCTBOPOB O0OBEM KPUCTAIIMYECKOW SYEHKU
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NPaKTUYCCKH He MeHsieTcs. Takas 0COOCHHOCTh CBsi3aHA C TEM, 4TO pa3Mmep KaTHoHOB [N-
MePy]" u [2-PiH]" npaktuuecku oxnuakoBbrii. llluprHa 3anpenieHHOW 30HBI B JTAHHOM DSy
TBEP/IBIX PACTBOPOB MEHSIETCS TOJIBKO B TOUKE Iepexoa cTpykTypHoro Tuma o-[N-MePy][Bil4]
B [2-PiH][Bils]. B TO k¢ BpeMs HM3MEHEHHE COOTHOIICHHS KaTHOHOB B Tpeleiax OIHOIO
CTPYKTYPHOTO THIA MPAKTHYCCKH HE CKa3bIBACTCS HA 3HAUCHUSX Eg (B mpemenax morpenHocT

+0.01 »B).

3.5.3.2. Teepowvie pacmeopwt [2-PiH][Bils] — [3-PiH][Bils]

Kpucramibpl nogoBucMyTaTa 3-TIMKOJMHUS OBUIM TMOJYYCHBI M3 CIHUPTOBOTO PacTBOPA
aHamornyHo kpuctayiam f-noaumopda [N-MePy][Bils]. Kpucramiuueckas ymnakoBka
nonyuenHnoro [3-PiH][Bil4] (144) nonobna B-nmoaumopdy [N-MePy][Bils], Hecmotps Ha Oosee
BBICOKYIO CHUMMETpHIO siueiiku (mp. rp. C2/C). Ilpu stom crpykrypsl [2-PiH][Bils] u [3-
PiH][Bils], obnamas pa3sHbIMH KPUCTAJUIMYECKUMH PpEIICTKAMH, CIIOCOOHBI 00pPa30BBIBATH
TBEP/IbIC PACTBOPHI C MEPEMEHHBIM cocTaBoM Mo kKatuony (Tabmuma 32). JleTamu yTOYHEHHS
nudpakrorpamm nopomikos p532.1-p532.7 onwucansl B pazaeie 2.2.2. Coaepxkanue [2-PiH]" u

[3-PiH]* B koHeuHOM TIpOIYKTE OBLIO ONpeeIeHo 1o JaHHbIM ‘H SIMP.

Tabmwuma 32. Cepus TBepabix pactBopoB [2-PiH][Bils] u [3-PiH][Bils].

PacrBop Iopomok MoHnokpucTasLi
®(2-PiH), % Ne ®(2-PiH), %  Crpyktyphbiii Tunn ~ Eg, 3B CoenvuHeHne CTpyKTYpHBI THIT

0 p532.1 0 [3-PiH][Bil4] 2.05 | [3-PiH][Bils], 144 [3-PiH][Bil4]
25 p532.2 8 [3-PiH][Bil4] 2.05 - -

50 p532.3 25 [3-PiH][Bil4] 2.05 - -

75 p532.4 56 [3-PiH][Bil4] 2.05 - -

82 p532.5 70 [3-PiH][Bil4] 2.05 - -

90 p532.6 81 [3-PiH][Bil4] 2.05 - -

100 p532.7 100 [2-PiH][Bil4] 2.04 | [2-PiH][Bils], 140 [2-PiH][Bil4]

Kak Bugno w3 TabGaummpr 32 Bce NOJy4YeHHBIE TBepHble pacTBopel P532.2-p532.6
COOTBETCTBYIOT cTpyKTypHOMY THITy [3-PiH][Bils]. B oTimume ot cepuut TBepbIX pacTBOPOB
[2-PiH][Bils] — [N-MePy][Bil4] B tanHOM psiny 00pazoBaHne JOCTATOYHO KPYITHBIX KPUCTAIUIOB
s npoenenust PCA He npoucxoamno. M3menenue cootnomenus [2-PiH]™ u [3-PiH]" B

COCTaBe TBEPJOTO PAacTBOPA HE MPUBOJIUT K H3MECHEHHIO 3HAUYCHHH Eg.
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3.5.3.3. Cuewannvie canosucmymamer [2-PiH][Bils] — [4-PiH][Bil4]

Honmoucmytar [4-PiH][Bil4] (132), xak u [2-PiH][Bils] (140), xpucrammusyercs B mp. rp.
P2i/c, ogHako yroji MOHOKIHMHHOCTH y HHX 3Ha4MTeapbHO omiamyactces (93.9° u 107.7°).
HecMoTpss Ha OYeHb CXOXYH CTPYKTYpy M COCTaB OOOUX COEIMHEHUH, oOpa3oBaHHE
CMEIIAHHBIX TAJIOBUCMYTATOB TMPOUCXOTUT TOJBKO B Y3KOM JHarnia3oHe W ¢ oOpa3oBaHUEM
cmecu ¢a3 (Tabmuma 33). [eranum yrouHeHus audpaxkTorpamMmm mopomkoB P533.1-p533.7
omucanbl B paznuene 2.2.2. Comepxkanue [2-PiIH]" u [4-PiH]" B xoHeuHoM mpoaykTe ObLIO

OIPEJICIIEHO T10 JAHHBIM 1H aMP.

Tabauma 33. Cmemannsie rajopucmyTathl [2-PiH][Bils] u [4-PiH][Bils].

PacTBOp ITopomox MoHoxpucTal

®(2-PiH), % Ne ®(2-PiH), %  Crpykrypnsbiii Tum  Eg, 3B Coenunenue CTpYKTYpHBIH THIT

0 p533.1 0 [4-PiH][Bil.] 2.05 | [4-PiH][BilJ], 132 [4-PiH][Bil4]
25 p533.2 0 [4-PiH][Bil.] 2.03 - -
50 p533.3 4 [4-PiH][Bil.] 2.01 - -
[3-PiH][BilJ] - 28% .
: . [4-PiH]o.34[2- N
75 p533.4 63 + [4-F(>|7|;(])/i,J[)B|2|9] 2.07 PiH]Ol%[B;’C]’ 145 [3-PiH][Bil4]
[3-PiH][Bils] (77%)
82 p533.5 72 + [4-PiH]3[Bi2lg] 2.06 - -
(23%)
[3-PiH][Bils] (26%)
90 p533.6 89 + [2-PiH][Bil4] 2.02 - -
(74%)
100 p533.7 100 [2-PiH][Bil.] 2.04 | [2-PiH][Bil4], 140 [2-PiH][Bil4]

Kak BuaHo u3 Tabnuisr 33 npu KoHIeHTparuu katnonos [2-PiH]™ B BoxHoM pactBope 110
50% o0Opa3oBaHHE TBEP/IBIX PACTBOPOB HE MPOUCXOaUT. HecMoTps Ha TO, 4TO 110 JaHHBIM SIMP
conepxkanue [2-PiH]" B oOpasue p533.3 cocraBnser 4%, HEab3s HAa OCHOBE JaHHBIX PDA
OJIHO3HAYHO YTBEPXKJaTh, YTO 0Opa3oBaJiCd TBEPABIA PACTBOP MM CMECh COelWHEHUU. B
ciayyae obOpas3uoB p533.4 u p533.5 momyueHHBIH MOPOIIOK OOpa3oBaH AByMs (azamu co
ctpykrypoii [3-PiH][Bils] u co crpykrypoit [4-PiH]3[Bi2lg]. B obOpasue p533.4 ymamoch
BbIOpaTh KpucTauibl, npurogusie At PCA. CtpykTypa BRIOpaHHOTO KpUCTAJJIa COOTBETCTBYET
ctpyktypHoMmy tuny [3-PiH][Bils] ([4-PiH]o34[2-PiH]oes[Bils], 145). Hcxonss u3 cocraBa
nopomka p533.4 u cocraBa OTAENBHOIO Kpucramia 145, MOKHO MPEANOI0KUTh, YTO BTOPAs
daza co crpykrypubiM Tumom [4-PiH]3[Bizle] Taxke oOpa3zoBana nBymsi kaTtHoHamu. K

COYKQJICHUIO, BBIJICIUTH B YUCTOM BHJIE 3Ty (pa3y He ynanock. [Ipu nanpHeleM yBelnndeHUN
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nomu [2-PiH]" mo 90% nabmromanack 3aMeHa ¢asbl co CTPYKTYpHBIM TUIIOM [4-PiH]3[Bi2le] Ha
[2-PiH][Bils], mpu »TomM kpuctamumueckas (aza co CTpykTypHbIM TuoM [3-PiH][Bil4]
coxpansutach. K cokajeHWro, B JaHHOM Cllydae HE YyAalIoCh JIOCTOBEPHO OIPEICIUTh,

06pa3y10Tc;1 TBCPABLIC PACTBOPLI UJIK CMEChb HHAWUBUAYAJIbHBIX COCJIMHCHMH.

Takum o0pa3oM, 00pa3oBaHHE TBEPABIX PAaCTBOPOB THOPHUIHBIX TaJOBHCMYTaTOB C
MEPEMEHHBIM COCTaBOM OPraHMYECKOro KAaTHOHA OYEHb Pa3HOOOpPA3HO M HEMpeAcKazyeMo.
3naueHue Eg B Takux cuctemMax NpakTUUECKH HE 3aBUCUT OT COOTHOILIEHUSI KATHOHOB B TBEPAOM
pacTBOpPE U ONPEEIAETCA B IEPBYIO 0YEPEIb CTPYKTYPHBIM THUIIOM COeAMHEHU. B TO ke BpeMs
BapbUPOBAHNUE COOTHOILIEHHWE KAaTHOHOB B TAJIOBUCMYyTaTe MOXKET OBITh HCIIOJIB30BAHO IS

HHUIUUPOBAHUA (baSOBOFO nepexoaa.

3.6. CoaibBaThl rHOPUIHBIX FAJIOBUCMYTATOB

Haubonee pacrnpocTpaHeHHBIM CHOCOOOM TMOJYYEHHS TOHKHUX IUICHOK TallOBUCMYTaTOB
ABIIAETCA XKHUIIKO(]a3HOEe HaHECEeHHE Ha MOIOKKY (cM. pa3aen 1.4.2). [Ipu sTom HE0OX01UMO,
YTOOBI MTOJTYYCHHAS TUICHKA UMeJIa Ty )K€ CTPYKTYPY U COCTaB, YTO U UCXOTHBIA TAJIOBUCMYTAT,
KOTOPBIN OBLT UCTIONB30BaH IS pacTBOpeHus. OIHAKO TraJOBUCMYTaThl UMEIOT CKIOHHOCTh K
00pa3oBaHUIO COJIbBATOB, 0COOCHHO ¢ Mojekyiaamu Bonabl, [IMCO u JIM®DA. Pa3znoxenue
COJIbBATOB TIPU HArPEBaHMM MOXKET NPUBOJIUTH K OOPAa30BaHUIO COBEPIICHHO APYTHX
KPUCTAITUYECKUX CTPYKTYP, YeM Y UCXOJHOTO coenuHeHus. B nmuteparype nannas mpoOiema
Ha MOMCHT HaIMCaHMs AUCCEPTAIIUU OCTABAIACh MPAKTHYCCKH HE U3YYCHHOU. B CBs3M ¢ 3THM
Ha TpPUMeEpe TAIOBUCMYTATOB TUMUPUANHOKCHUIIONA U METHUJIBHOJIOTEHA HaMU OBLTH W3Y4YECHBI
MIPUHIIMITEI 00Pa30BaHMS COJIBBATOB, MX MOTUMOP(HU3M U IPOAYKTHI, TOTYICHHBIC B pE3yJIbTaTe
yAaNeHusT  MOJEKYJ  pacTBOPHUTENss TpU  HAarpeBaHuW. BpIOOp  rajioBUCMyTaTOB
JTUTTUPHUIMHOKCUIIONA U METHIIBHOJIOTEHA B MEPBYIO OUYEPE/ib CBSI3aH ¢ HU3KUMHU 3HAYCHUSIMHU
IIMPUHBI 3aNpelieHHON 30HbI coeannenuii 76 u [MV][Bils] (1.8 u 1.6 3B, cOOTBETCTBEHHO).
[TommydyeHHbIE NaHHBIE MO COJbBAaTaM ATHX COCIWHEHUW MOTYT OBITh HCIIOJIB30BAHBI IS

MOJIYUCHHUS CBCTOIOITIOIIAOIINX TOHKUX IMJICHOK Ha UX OCHOBC.

3.6.1. I'anoBucMyTaThl AMNUPUAHHOKCHIIO0JIA

[Ipu n3yyeHnu TBEpABIX PACTBOPOB TMOPUIHBIX TaJJOBUCMYTATOB TUMHUPUANHOKCHUIIONA (CM.

paznen 3.5.1) 6b110 OOHAPYKEHO, YTO JTAHHBIE COSTMHEHUSI CKJIOHHBI K 00pa30BaHUIO COIBBATOB.
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[TosToMy naHHas cuctemMa ObUIa BbIOpaHa /IS U3YyYEHHUS COJIbBAaTOB TaJIOBUCMYTAaTOB C
HauOOoJIee YacTo UCIOIb3yEMBIMU JJI1 HAHECEHHSI TOHKUX TUIEHOK pactBopurensimu: JIMCO u

JIM®A.

3.6.1.1. Ilonyuenue eanogucmymamos OUnupuUOUHoOKcuIoaa u3 pacmeopos JIMCO

DMSO

[Py(XK)4[BiBro Chl, (79) <— T [Py,(XK)L[Bilg]I-3DMSO (78)

[PY(XK)LIBiBrelBr-3DMSO (77) =21+ X =B (b, (X)X, + BiX, |21 [Py, (XKL [Bilg]I-3DMSO (78)

[Py(XK)][Bi,Brg(DMSO,)] (81) + =2 4 o [Py, (XK)I[Bisls(DMSO,)] (82)
[Py2(XK)I[BiBry(DMSO,)], (87)

Pucynok 56. Cxema nony4enus coiabBatoB 77-79, 81 u 82 u3 pactsopos IMCO

JI71st IOTy4YeHnst COJTbBATOB OPOMO- M HOAOBUCMYTATOB TUIMTUPUINHOKCHIIONA BAPUPOBAIH
COOTHOLICHUE OpraHMYecKoro katuoHa k Bi** or 4:1 mo 1:4 (Pucynok 56). M3 pacTBopoB
[Py2(XK)]Brz2 ¢ BiBrs u [Py2(XK)]l2 ¢ Bils ¢ moasHbIM cooTHOmeHueM 2:1 B IMCO Obutn
BoeienieHbl kpuctauibl [PY2(XK)]2[BiBre]Br-3DMSO (77) u [Py2(XK)]2[Bils]I-3DMSO (78),
cooTtBeTcTBeHHO. CoennHeHus 77 1 78 SBIAIOTCS N30CTPYKTYPHBIMH U KPUCTALTU3YIOTCS B TIP.
rp. C2/m (Pucynok 57). Ctpykrypa 77 o6pazosana karuonamu [Py2(XK)]**, annonamu [Bils]>
u Br, a Takxe conpBatupoBaHHbIMU MoJieKyliamu DMSO. O6a annoHa 3aHUMArOT Mo3uImu 2/m.
JIBe HE3aBUCHMEBIE MOJICKYJIBI PACTBOPUTEINS pa3ymnopsioueHbl. KaTHOHBI y4acTBYIOT B CllaOoM
T-CTEKMHT B3auMojeiicTBum 1pyr c¢ apyrom (paccrosuus C--C mpesbimaior 3.7 A).
Kparuaiiimee paccrosinue Mexay atomamu Br anumonos [BiBre]® u Br- cocrasnser 4.840 A.

AHanoruyHoe paccTosHUE MEKY aTOMaMH MoJa B CTpYKType 78 cocTapnser 4.860 A.

Pucynok 57. ®parMeHThl KpUCTATUTMYECKUX CTPYKTYp 77 (a) u 78 (0)
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[Ipu MompHOM cooTHomeHHEeM 4:1 B MCXOJHOM pacTBOpPE M MCIOJIB30BAHUU XJIOPHUIA
[Py2(XK)]Cl2 BMecTo 6pommia HaO H0Aa10Ch 00pa30BaHKe KPUCTAIIOB CMEIIAHHOTO XJIOPO-
opomosucmytata [Py2(XK)]3[BiBra24Cly76]2 (79). JlanHoe coenuHeHEe KPUCTAIIM3YETCS B TIP.
rp. P1 (Pucynok 20). B crpykrype 79 NpHCYTCTBYIOT YeThIpe KpHcTaiorpaduyecku
He3aBucHMBIX katHoHa [Py2(XK)]?* u Tpu neszaBucumeix annona [BiBr«Clex]*. JlBa xatrona n
OJIMH aHWOH 3aHUMAIOT OOIIKE MO3MUIMH, OCTAJIbHBIC CTPYKTYPHBIC CIAMHHUIIBI — YaCTHBIC.
KaTuoHBI 00pasyIoT Lielb, CBA3aHHYIO 3a CUET T-CTeKUHT B3aumoaeiicTauii (3.4 A u 3.5 A). Bee
12 He3aBUCHMBIX MO3UILIMI ATOMOB rajJOre€Ha CMEIIaHHbIE, 3aCEJIEHHOCTh TAJIOTEHHBIX MTO3ULUAN
aToMaMU XJIopa UMEeT IMUPOKUH pa3dpoc u NekuT B muamnazone 12-59%. [To manaeiv EDX
COOTHOIIIEHHE rasoreHoB B nopomike (26.8% Cl u 73.2% Br) 61m3ko K coctaBy BEIOpaHHOTO
kpuctamia (29.2% Cl u 70.8% Br). beiio ycraHOBIIEHO, YTO BO3ICHCTBUE PEHTTEHOBCKOTO HITH
yIbTPaHOIETOBOTO U3TYUYCHHS C JUIMHOW BOJIHBI 365 HM Ha coeMHeHUe 79 mpu KOMHATHOM
TEMIIEpaType COMPOBOXJIaeTcsa HeoOpaTUMbIM (a30BBIM TIEPEXOJOM C OOpa3oBaHUEM

nosmmopda 80 (moapobuee cm. pazmen 3.1.3).

a §)

Pucynok 58. Aunonsl [BizXs(DMSO)2]* B ctpykTypax 81 (a) u 82 (6)

MoubHBIH H30BITOK BUCMYyTa MO OTHOIICHHIO K KaTHOHY B HCXOAHOM pactBope (1:4)
NpUBOAMT K o0Opa3oBaHuio U30CTPYKTYpHBIX (a3 [Py2(XK)][Bi2Brs(DMSO)2] (81) w
[Py2(XK)][Bi2lg(DMSO)2] (82). O6a coenuHeHus KpUCTAUTU3YIOTCS B mp. rp. P21/n (Pucynok

58), momekynbl JIMCO KoOOpAMHUpOBaHBI Ha aTOM BHCMyTa. AToMm Kuciopoaa JIMCO
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HAXOJUTCS B YuUC-TIOJIOKCHUH K MOCTHKOBBIM aromaM rajoreHa. [locpencTBOM OJHOTO
KpUcTauiorpadpuuecku HezaBucumoro koutakta X(1)-+-X(2) (3/2-x, y-1/2, 1/2-z) 4.017 u 3.919
A B crpykrype 81 u 82, COOTBETCTBEHHO, aHHOHBI 00BEAMHAIOTCA B 2D-croM. AHHOHBI
[Bi2ls(DMS0).]? panee 66111 06HapYKeHBI B 8 KpucTauImdeckux cTpykTypax (AZUBEE [100],
GELGOV [101], KELMIZ [103], QINCIC [105], TUZBEW, TUZBIA, TUZBOG u VALLEB
[107]). B 1o xe Bpems anuoH [Bi2Brs(DMSO)2]? 6wl moaydeH BHEpBEIE.

[Tomumo crtabunbHOM (a3bl 81 B 0HOM W3 3KCHEPUMEHTOB HabI0amy 0Opa3oBaHUE
metactabunsHOM (assl [Py2(XK)][BiBra(DMSO)2]. (87) ¢ BuepBbic 00HApYKEHHBIM aHHOHOM

[BiBrs(DMSOQ).]". lanHoe coeauHeHne Kpuctamiusyercs B p. rp. P21/n (PucyHok 59).

Pucynoxk 59. Aunos [BiBrs(DMSO)2] B ctpykType 87

Monekyna xatuoHa [Py2(XK)]?* nesxut na nentpe mmsepcuu. J[ge monekyns JIMCO
KOOPJIMHHPOBAaHBl aTOMOM BHUCMYTa B yucC-TIOJNIOKEHHH Ipyr K Apyry. Paccrosuus Bi—O
coctapysror 2.49 A u 2.50 A, a Bi—Br maxonsarcs B ananasone 2.75-2.85 A. B Kem6pumkckoit
6aze crpykrypHbix mAaHHbIX (KBC/, maii 2022) oTCyTCTBYIOT NaHHBIE O CTPYKTYpHOM THIIC
[BiXas(solv)2]” (X = CI, Br, I; solv = monexynbl pactBoputens) [64]. Ha naHHBIE MOMEHT
MU3BECTHO BCEro JBE CTPYKTYpbl C JABYMS KOOPAMHHMpPOBaHHbIMM Mojekyiaamu JIMCO
(pactBoputens) Ha oauH atoMm BucMyTa (PURKUI [96] u YIPZIG [108]). TTomumo 3toro,
CYIIECTBYIOT COCJIMHEHHS BUCMYTa, B KOTOPBIX MOCTCIHUI KOOPIUHUPYET MO JBE MOJICKYJIbI
tetparuapodypana (TEMVIQ [196]), 6enzona (LAHJAF [197]), kcuiomna u qpyrux, OJHAKO B

9TUX Cilydasx aToM Bi obnamgaeT qpyruMu KOOpAMHAIIMOHHBIMH YHCIIAMHU.
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3.6.1.2. Ilonyuenue eanogucmymamos OUNUPUOUHOKCUNLOAA U3 pacmeopos JIMPA

DMF 221 [Py, (XK)L,[Bilg]l- 3DMF (86)
X=B . X=1 3.2 .
No solvate -—'( [Py,(XK)IX, + BiX, ]7—- [Py,(XK)la[Bilgl, 2DMF (84)
<34

— [Py, (XK)]3[Bizlgl,"2DMF (83)

Pucynok 60. Cxema nosyuenus conbpBatoB 83, 84 u 86 u3 pactBopor JIMDA

[Toxoxue cuntessl 6buTH MpoBeeHbl B [IM®DA (Pucynok 60). Ilepexpucraminzanus panee
noayueHHoro [Py2(XK)]2[Bizlio] (76) uz IM®A npusena Kk BblnageHuio Tpex (a3 (B ckoOKax
yka3aHbl MonbHble cooTHomeHus [Py2(XK)]?* x Bi®*): [Py2(XK)]s[Bizls]2:2DMF (83) (3:4,
kpacuele KpucTtawibl), [Py2(XK)]3[Bilg]22DMF (84) (3:2, opaHXeBble KpPUCTAJLIbI,
MoHOKIMHHBIN ToauMopd) u [Py2(XK)]3[Bilg]2:2DMF (85) (3:2, opamxeBble KPHCTaJLIbI,
pomOuueckuii monumopd). Coenunenue 83 B YHCTOM BHUAE YJAIOCh TMOJIYYUTh TPHU
B3aumoseiicteuu [Py2(XK)]l2 ¢ Bils B mMonbHOM cooTHomienuu 3:4. JlaHHOe coeauHECHHE
cTabUIIbHO 00pa3yeTcs B [Uana3oHe MOJBHBIX COOTHOIIEHUH OT 2:3 110 1:4 u kpuctamusyercs
B np. rp. P1 (Pucynok 61). B crpykrype 83 omHa kpucramnorpaguyeckd He3aBHCHMAs
MoJiexyna katnoHa [Py2(XK)]?* nexur Ha neHTpe HHBepcUn ¥ 00pa3yeT Lelb 3a CYET T-CTEKMHT
B3auMoeiicTBuii (3.4 A), Bropas HaxoauTcs B o0meit mosurmu. AruoH [Bizlg]® u conppaTHas

monekyna JIM®A HaxoasTcs B o01iel mo3unun. AHHOH 00paszyeTr qumep 3a cueT cinadbix -1

KOHTakTOB (3.98 A).

3.9820(5)

Pucynok 61. @parMeHT KpUCTAIITMUECKO CTPYKTYphI 83
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daza 84 oOpasyercs TOJBKO B KayeCTBE MWHOPHOIO MPOAYKTa IMPH B3aMMOACHCTBUU
[Py2(XK)]l2 ¢ Bils B MoabHOM cooTHOmeHHH 3:2. KpucTaiisl 84 ObLUTH BBIICICHB MEXaHUICCKH
3 cMmecu. B 84, kak u B cTpykrype 83, oauH KpHCTaLIOTpaduuecKd HE3aBUCUMBIN KaTHOH
[Py2(XK)]?* nexuT Ha LeHTpe MHBEPCHH, BTOPOH HAXOAMTCSA B 0OIIeH mosuumuu. Monekyna
pacTBopuTeNsl pasymnopsiiodeHa mo aByM mnosunusMm. Coemunenus 84 u 85 saBisArOTCS
OJTUMOpP(aMHu, TIPU STOM 00pa30BaHUE OTICIBHBIX KPUCTAILIOB (a3bl 85 MPOUCXOIUT TOIBKO
IIPY TIOJTHOM BBICBIXaHMH pacTBopa. B momumopde 85 Bce CTPYKTYypHBIC SAMHHIBI — IIECTh
KpUCTAJUIOTpAUUECKA HE3aBUCHMBIX KAaTHOHOB, 4YEThIpE aHWOHA W YEThIPE COJILBATHBIC

Mouiekysbl JIM®A, pacnosioxkeHbl B OOITUX MO3UIUAX.

IIpn yBenmuuenun noiauM kKaTHoHa B pactBope (oT 2:1 go 4:1) Habmromaercs Takke
oOpazoBanue HOoBoM ¢a3bl [Py2(XK)]2[Bilg]l-3DMF (86). /lanHOE coeMHEHNE U30CTPYKTYPHO
77 u 78. OHo kpuctaummsyercs B mp. rp. C2/m. B cTpykType npucyTCTByeT ABE HE3aBUCHMBIC
MoJieKybl pactBoputens. Katuon [Py2(XK)]?* pasynopsamoden, 1exuT Ha LEHTPE MHBEPCHU U
obpasyer m-cTekudr p3ammoneiicTsus (3.35 A). Anmonsl [Bilg]* u I” mexar Ha ocu 2 u

TUIOCKOCTH M. AHMOHBI M30JIMPOBAHBI APYT OT JIpyra U He 00pa3yroT KOHTAKTOB |-

3.6.1.3. [lonyuenue canosucmymamos OUNUPUOUHOKCUNIONA U3 BOOHBIX PACMBOPO8

_ 4:1 H.0 4:1 .
[Py2(XK)I3[BiBrgl, (79) <—— —  [Py2(XK)[Bislq] (76) +

[Py,(XK)ls[Bils], (88)
[Pyo(XK)],[Bi,Bryg] (75) -Aﬂ[ [Py,(XK)JX, + BiXs JLA.- [Py, (XK)L[Bisl 1] (76)

[Py,(XK)L,[Bi Bryo] (75) <2 14 o [Py, (XK)[Bill, (91)

Pucynok 62. Cxema nosnyuenus coequnenuii 75, 76, 79, 88 u 91 u3 BoaHBIX pacTBOPOB

HecMoTps Ha BBICOKYIO CKIIOHHOCTb FQJIOBUCMYTATOB JIUMTMPUIMHOKCHIIONA 00pa30BhIBATh
cosbBaTel ¢ Monekyiaamu JIMCO u JIM®A, npoBeneHUE CHHTE30B B BOJHBIX pacTBOpax He
COMPOBOXKJAETCS 00pa3oBaHMEeM BOJHBIX colbBaToB (PucynHok 62). B3aumopeiictue
[Py2(XK)]l2 ¢ Bilz mpu mMompHOM cooTHOMICHHH 1:1 TMPHUBOAMT K IMOJYYEHHIO COCTUHCHHS
[Py2(XK)]2[Bi2l1o] (76). [Ipu yBenuyeHUn MOJILHOM OJM KaTHOHA B PacTBOpE 00pa3yercs TO
K€ BEIIECTBO, OJIHAKO MPOIYKT COJEPKUT CIeNOBble KomudecTBa ¢aszbl 89, KoTOopas Takke
MOJIy4aeTcsi TIPHU JiecoipBaTtauu coequHennit /8 u 86 (cm. pasmen 3.6.3). Ilpu moapHOM
cooTHoteHuu 1:4 obpasyercs HoBast dasza [Py2(XK)][Bils]2 (91), kotopas Taxxe oOpasyercs

npu aeconbBatanuu 82. [lpu peakimu [Py2(XK)]Br2 ¢ BiBrs npu monbHOM cooTHOIIEHHH 4: 1
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Habmrogaercs oopasoBanue coeaunenus [Py2(XK)]s[BiBres]2 (79), kotopoe Takxke odpasyercs
u3 pactBopa IMCO (cwm. Bbie). [Ipu MoapHBIX cooTHOmIeHUsX oT 1:1 g0 1:4 u3 pacTBOpoB

Boeienstercs [Py2(XK)]2[Bizlio] (76).

JIONOJTHUTENbHBIE MaTepUalbl IO 3TOMY HCCIEAOBAaHUIO MOKHO HAWTH B craThe 17 u3
CIHUCKa OIyOJMKOBAaHHBIX paboT 1o Teme auccepranuu (cM. pasaen «llyOaukanuu, B KOTOPBIX

OTPa’>XCHbI OCHOBHBIC HAYYHBIC PC3YJIbTATLI I[I/ICCGPTaI_II/II/I»).

3.6.2. 'aioBHCMYTATHI METHJIBHOJIOT€HA

OAHUMH U3 CaMbIX MTEPCIEKTUBHBIX TAIOBUCMYTATOB C TOYKU 3PEHUS CBETOIOTIIOMIAIOIINX
U JIIOMUHECIICHTHBIX CBOWMCTB SBJISIOTCS HMOAOBHCMYyTaT MertwiaBuoioreHa [MV][Bils] wu
aHAJIOTUYHBI eMy 1Mo cocTaBy OpomoBucmytar [MV][BIiBrs] (cm. pasmen 3.4.3). Omnako
METOJIbl MX MOJIYYEHUSI U BO3MOXKHBIE MPEKYPCOPHI ISl CO3/IaHUsI TOHKUX TJIEHOK HA OCHOBE
MOJIOBUCMYTaTa METUJIBHOJIOTCHA JIO CHX TIOP NMPAKTUYECKH HE ObLUTH W3YYCHBI. B CBS3M ¢ 3TUM
HAMU OBUIO TIPOBEJEHO HCCIIEOBAaHUE, HANpPABIIEHHOE HA W3Y4YEHHsS YCIOBUN CHHTE3a
[MV][Bils] u [MV][BiBrs], a Tak:xe mogyuyeHUe UX CONbBATOB, IPUTOIHBIX IS JATbHEHIIIETO

IMOJYUYCHHA TOHKHX IIJICHOK Ha OKCUJIHBIX ITOAJIOKKAX.

3.6.2.1. [lonyuenue eano8ucmymamos MemuiguoLI02eHa U3 600HbIX PACEOPO8

B3aunmopeiictBue BogHOT0 pactBopa [MV]l2 C BomHBIM pacTBOPOM HOAMIA KaJIHsI M HUTpATa
BrcMyTa (MoabHOe cootHomenue [MV]12:Bi®* = 1:2) npusomur k MrHOBeHHOMY 06pa30BaHUIO
KpacHOro ocaaka A, paHee omnucaHHoro coeauHenuss [MV]s[Bi2lo]o[Bizlio] [198].
BrinepkuBanue ocajka B MaTOYHOM PAacTBOPE B TEUYCHHUE CYTOK HE MPHUBOJIUT K U3MEHEHHIO

(a3oBoro cocrasa MpPoyKTa.

[MV]?* + 2[Bils]*~ - [MV]5[Biylo]5[Biz110] (9)
IIpu yBeIUUEHHH 101 METUIBUOJIONEHA B pacTBOpE (MobHOe cooTHommenue [MV]I2:Bid*
= 1:1) rtakke HaOmomanu MraoBeHHoe ooOpasoBanne [MV]s[Bizlo]2[Bizlio]. Omnaxo
BBIJICP’)KUBAHUE OCAJKa B MAaTOYHOM pacTBOPE B TEUCHHE HECKOJIBKUX MHHYT TPUBOIHUT K
U3MCHEHHUIO I[BETa 0CaJKa ¢ KPACHOro Ha YepHbIi. [1odydyeHHOe COeIMHEHIE COOTBETCTBOBAJIO

panee onucanHol ¢asze [MV][Bils] [138]. danbHeiiiiee BoiIep)KUBAaHUE OCaIKa HE TIPUBOINT K

HU3MEHEHHUI0 ()a30BOr0 COCTABA.
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[MV]?* + [Bils]*~ — [MV]5[Bi,I,),[Bi,110] = [MV][Bils] (10)
VBenudeHue 011 METHIBHOJIONEHA B PACTBOPE JI0 MOJIBHOTO cooTHomenus [MV]12:Bi*
= 2:1 Tarxke NPUBOAMT K MociiefoBaTeibHOMY BbinageHuio [MV]s[Bizlo]2[Bizlio] u [MV][Bils].
Opnako croyctss 10 munyT mocie Boimagenus [MV][Bils] nadarogaercs o6pa3oBaHue HOBOM

daszsr [MV]z[Bi2l11]l (33), compoBoskmaromieecss H3MEHEHHEM OKPACKH OCaJKa C YEPHOrO Ha

OOPIOBBIA.
Z[MV]2+ + [Bils]z_ - [MV]5[Bi,Is],[Bi, 0] = [MV][Bils] - [MV]5[Bi,1;4]1 (11)

Kpucramiel coenunaenust 33 yaanoch MOJYYHUTh TPU BBIIEPKUBAHUU BOJHOTO PAacTBOpPA
[MV]l2 u Bi(NO3);s ¢ m30biTkoM Kl B rHIpoTrepManbHBIX YyCIOBUAX. KpucTamaudeckas
CTPYKTYpa MOIYYEHHOTO COeIMHEHMs 00pa3oBana kaTuonamu [MV]%*, anmonamu [Bizl11]> u I,
B cTpykType NMpHCYTCTBYIOT MO JIBa KpHCTALIOTpapUuecKH HE3aBUCHUMBIX aHuoHa (00a I
pa3ymopsAa0YeHsl MO JBYM TO3HWIHSAM) W IIECTh HE3aBUCHMMBIX KaTHOHOB. llocpemcTBom
KopoTkux KoHTakToB 1(7)-I(13") 3.730 A o6pasyiorca accormatsl [Bizli1]2!%. KonTakTsl

1(2)-1(18) 3.925 A cBsaseiBaror annons! B 1D-1enn. Aunon [Bizl11]> 6611 moyden Brepsble.

AHaJIOTUYHBIE PKCTICPUMEHTBHI OBLITH IPOBEICHBI U JIs OPOMOBHCMYTAaTOB METHIIBHOJIOTCHA.
I[Ipu cootnomenun [MV]Br2:Bi** = 1:4 nabmonanocs o6paszosanue [MV][BiBrs] ¢ HeGombImoi
npuMeckio HOBOH (a3zsl [MV]3[BiBre]2-2H20 (35, < 3%), U30cTpyKTypHO#H paHee OMUCAaHHOMY
xsopoucmyTary [MV]3[BiCleg]2-2H20. Crpykrypa 35 mpencraBieHa KpucTauiorpapuuecKu
HE3aBHCUMBIMU KaTnoHaMu [MV]?* u nByms anmonamu [BiBre]* ¢ xpucramnorpadugeckoit
cumMerpueit 1. Kparuaiimmii xontakr Br-Br 3.75 A casbiBaeT ammonsl B 1D-memns.
[lepexpucrammu3aiusi coequHeHUsT 35 B KOHIIGHTpUpoBaHHOW HBr mpuBena k BbmageHuro
oecuBetHbix kpuctawioB [HzO][MV][BiBre]Br-4H>O (36) B kauecTBe OCHOBHOH (a3bl U
tpubpomuaa [MV 3[Bi2Bre][Brs]s (37) B kauecTBe MunopHoOI (a3el. CTpykrypa 36 00pa3oBaHa
karrnonamu [MV]?* u [H30]", anuonamu [BiBrs]*” u Br u mMosnexynamu KpucTaIn3alMOHHOM
BOJIbI. XOTs OOBEKTHBHO JIOKAJIM30BaTh Bce arombl Bozopoaa B [H3O]" He ymanocs (noH
pasynopsiioueH Bokpyr ocu 2), paccrosuus O(2)--0 2.65 A u O(2)Br 3.07 A nossonsior
0IHO3HAa4HO BEIOpaTh pacnonoxkenue H2O u [H3O]". Atom Bi anmona [BiBrs]* maxomurcs B
ocoboif Touke ocu 4, karmon MV?* obnamaer kpucramnorpaguueckoil cummerpueit 222.
Kpartuaiimuii kontakt Br---Br 4.14 A. Coenunenne 34 HecTabUIBHO HA BO3/yX€ U MEIJICHHO

paznaraercs 10 [MV][BiBrs], npuoOpeTast opaHkKeBYIO OKpacKy.
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[H;0],[MV]1[BiBr,]Br - 4H,0 — [MV][BiBrs] + 2HBr T +6H,0 1 (12)

Crpykrypa 37 conepxut kathuonsl [MV]?*, anmonsl [Bi2Bro]* u Brs. Omun n3 aByx
KpUCTAILTIOTpAahUIECKH HE3aBHUCHMBIX KATHOHOB Pa3yIMOPSAIOYECH OKOJIO IUIOCKOCTH M.
Kparuaitmue koHTakTsl Br--Br 3.83-3.96 A o6paszoBansl Mex 1y aTomamu BI aHHOHOB pa3HOTo

THUIIA.

IIpu cootnomenun [MV]Br2:Bi®* = 1:1 B BogHBIX pacTBOpax IPOMCXOAUT 0Opa3oBaHHE
dazer 35 ¢ HebonpmmM conepkanueM [MV][BiBrs] (< 3%). JlanbHelimee yBennueHUe T0JA

[MV]Br2 B pacTtBOpe mpuBOAUT K 00pa30BaHUIO COETUHCHHS 35 B YMCTOM BH/IE.

3.6.2.2. IlonyueHue 2ano8ucmymamos Memuniguoio2ena uz pacmeopos J[IM®A

[Tpu ucnonb3oBanuu JIM®PA B kauecTBe pacTBoputens u cootHorienus [MV]Br2:BiBrs =
1:4 Owi1 BbimeneH HOBBIM combBaT [MV][BIBrs(DMF)] (38) (Pucynok 63). Crtpykrypa
o0OpaszoBana katnonamu [MV]?*" u annonamu [BiBrs]*, rie aTom BUCMyTa CBS3aH ¢ MOJIEKYJIOM
JIM®A atomoM kuciopoja, jummHa cBsi3u Bi—O cocraBiaser 2.55 A. IIpu Gonee BBICOKHX
konueHtpanusx [MV]Br2 B pactBope nporcxoaut o0pa3oBaHie COeTMHEHUS 35, KaK U B cliy4ae

BOJHBIX PaCTBOPOB.

2.8591(5)

2.9455(5)

B 2.7498(5) Br2

Br5

Pucynok 63. ®parMeHT KpUCTALTUYECKONU CTPYKTYPHI 38

OOpa3oBaHue MPOAYKTOB peakiuu mpu B3ammoxaericteuu [MV]l2 ¢ Bils B JIM®A
POMCXOIUT TOJBKO B M30bITKe Bils (cootHomenue ot 3:4 1o 1:4). B pe3ynbprate MeaIEHHOTO

UCTIapeHHs pacTBOpa Ha Bo3ayXxe ObLI NoaydeH HOBbIH conbBat [MV]3[Bizle](DMF)3H20 (34).
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Crpykrypa 34 conepxut katnonsl [MV]?*, annons! [Bizlg]* u consathbIe Monekyns IM®PA
u H2O. O6a He3aBUCUMBIX aHHOHA | JIBA KATHOHA UMEIOT KPUCTALIOTPAPUICCKYIO0 CHMMETPHIO
m. B aHMOHaX MOCTHUKOBBIC aTOMBI | pacroyioKeHbl Ha TUIOCKOCTH. B OJHOM W3 KaTHOHOB
TUIOCKOCTh M TIPOXOAMT Yepe3 cepenuHy MOCTHKOBOH cBsizu C—C, B TO BpeMs Kak B JIPYroM
TUTOCKOCTh M TIEPIICHIUKYIISIPHA TJIOCKOCTH KaThoHA. TpeTHii He3aBUCUMBIN KaTHOH, KaK U BCE

COJIbBATHBIC MOJICKYIJIBI, Pa3yHOpsA0Y€eH BOKPYT IIJIIOCKOCTH M.

3.6.2.3. [lonyuenue canosucmymamos memuniguonocera uz pacmeopos IMCO

Hcnonw3oanne [IMCO B kauecTBe pacTBOPUTEIS TTO3BOIWIO TIOTYYUTh H30CTPYKTYPHBIH
coequnennto 38 conbBar [MV][BiBrs(DMSO)] (39) npu B3aumoaeticteuu [MV]Br2 ¢ BiBrz B
MOJIEHEIX cooTHomeHusx oT 1:1 go 1:4. Crpykrypa 39 oGpasosana karuonamu [MV]?* u
annonamu [BiBrs(DMSO)]*. Karuon nexuT Ha LeHTpe uHBepcun. Monekyna JIMCO
KOOPJMHUPOBAHA OJHUM aToMOM BHcMyTa. Jlnuna csasu Bi-O cocrapuser 2.56 A. Ilpu Gonee

BBICOKUX KoHIIeHTparusax [MV]Br2 u3 pactBopa JIMCO 0Obu10 BBIICIICHO COeTUHEHHE 33.

Bzanmopeiicteue [MV]l2 ¢ Bilz B JIMCO mnpu pa3HBIX COOTHOIICHHSIX MPHBOJHUT K
oOpa3oBaHuio Tpex pasHbiX (a3. [Ipu MonbHOM cooTHomeHuu [MV]I2: Bilz = 1:4 6b11 monydeH
HoBbIi conbBaT [MV][Bi2lg(DMSO).]2> (40). JlanHoe coemuHeHHME 00pa30BaHO KAaTHOHAMHU
[MV]?* u annonamu [Biz2ls(DMSO)2]*, koTopble pacrosioikeHbl HA LEHTPe MHBEpCUH. JlBe
mosnekyasl JIMCO koopAMHUpPOBaHBI aTOMOM BHUCMYTa B YuUC-TIO3UIIMH TIO OTHOILIEHUIO K
MOCTHKOBBIM aToMam noza. Jmnsl csseit Bi—O cocrasmnsror 2.48 u 2.54 A. [Ipu cooTHOLIEHNHN
[MV]I2 : Bilz = 1:1 6but momyueH HoBwiii cosbBat [MV][Bils(DMSO)] (41). Hecmotpst Ha
CXOXHUi ¢ coeauHeHMEM 39 COCTaB, dTH JIBa COJbBaTa HE SIBIISIIOTCS HM30CTPYKTYPHBIMH.
Crpyktypa 41 oO6pasoBaHa pasynopsjo4eHHbBIMH KatHoHamu [MV]** wu  aHuonamu
[Bils(DMSO0)]%. Jnuna cBasu Bi—O Taxxke cocrapnser 2.56 A. Ilpu n30bITKe KaTHOHA B
pactBope (MoibHOE cooTHoIIeHHE 4:1) MpoucXoauT 00pa3oBaHHWE COCAMHEHHUS 33 B YHCTOM

BUAC.

JIONOJHUTENBHBIE MATEPUAIIBI 10 3TOMY HCCIECJOBAHUIO MOXKHO HAaWTH B CTaThsX 3 U 9 u3
CIHCKa OITyOJMKOBAaHHBIX paboT Mo Teme nuccepranuu (cM. pazaen «Ilybnukanuu, B KOTOPBIX

OTPaAXCHBI OCHOBHBIC HAYYHBIC PE3YJILTATBI )IHCCCpTaHI/II/I»).
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3.6.3. U3y4yeHue NpoaAYKTOB TEPMUYECKOI0 Pa3Ji0KeHH s COJIbBATOB raJIOBUCMYTATOB

[To pesynbrartam, ommcaHHbIM B pazfenax 3.6.1 u 3.6.2, Obuio monydeHo 12 HOBBIX
COJIbBATOB OpPOMO- W HOJOBUCMYTATOB AUMUPUIUHOKCUIIONA M METWIBHOJOreHa. JlaHHBIE
COJIBBATHI COZEpKaT B cBOM cTpykType Mosekynsl JIMCO u JIM®A, KOTOphle MOTYT OBITh
yAaJleHsl U3 CTpyKTyphl npu HarpeBanud. [lo ganueim TT'A/JICK Obutlo mokazaHo, 4TO Bce
nosyuyeHHbie conbBaThl JIMCO u JIM®A craOuiabHbl NMpPU KOMHATHOW TeMmIepaType |
HauMHAatOT paznararbes Bbime 100°C. Ilpu 3ToM pas3nokeHUE CONbBATOB MPOUCXOIUT B JIBE
craauu. Ha nepBoit cranuu HaOm01aeTCs MOTEPs BEIIECTBOM MOJIEKYJI pacTBopuTes npu 140-
220°C. Ha Bropoil crtamuu npu HarpeBanuu Bblme 250°C mpoucxoguT HeoOpaTUMoe

pa3JoKeHNe OPraHnueCcKuX MOJIeKyJ B coequHeHuu (Pucynoxk 64).
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Pucynok 64. I'paduk motepu maccel (3eneHas kpunasi, TT'A) u TemioBoro nmotoka (CUHsISA

kpuBas, /ICK) conpBaTa 84

HauGonpmmii umHTEpec BbI3bIBAET IMEepBas CTaaus, IOCKOJIBbKY VyAal€eHUE MOJIEKYI
pacTBOPUTEINSI U3 KPUCTAIIA MOXKET MIPUBOJUTH K 00pa30BaHUIO HOBBIX KPUCTAIUTMYECKUX (a3,
a TaKe U3MEHEHUIO0 CaMOM CTPYKTYpbl aHMOHA B KpUcTaljie. Takas 0cOOEHHOCTh pa3ioxKeHUs
COJIbBATOB MOXKET OBITh UCIIOJIb30BaHA B KAYECTBE MEPCIIEKTUBHOTO METO/Ia MOTYyUEHHUsI HOBBIX

FI/I6pI/II[HBIX raJJOBUCMYTATOB, KOTOPBIC HC MOTYT OBITH IMMOJIYUCHBI U3 paCTBOPOB.
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3.6.3.1. Tepmuueckoe paznodcerue colb8aAMmMO8 2aN08UCMYMAMO8 OUNUPUOUHOKCUNONA

B cBs3u c BhIIecKa3zaHHBIM, HAMH OBLIM TONYYE€HBI M OXapaKTEPU30BaHBI MPOTYKTHI
TEPMHUYECKOTO Pa3I0KEHHUS COIBBATOB TAJIOBUCMYTATOB AUNUPUANHOKcHIona /7, 78, 81-84, 86
(Tabnuma 34). OnTuManbHble YCIOBHS PA3I0KEHUS COJBBATOB ObLIN OMPE/IEICHBI M0 JAHHBIM
TI'A/ICK. BbiOpaHHble yCIOBHS PA3I0KEHUS COJBBATOB COOTBETCTBOBAJIM TEMIIEpATypam,
npesbimaonmM Ha 5-10°C temmepaTypbl, OTBeHalOIUe MHKaM Pa3JIOKEHHsI COJIbBATOB Ha
kpuBbIx J{CK. [lomydennbie mocie pa3inokeHnus COJIbBATOB TOPOUIKU OBUTH U3YYEHBI METOIOM
MOPOIIKOBOW AU(PPAKIIUU C IENbIO OMpPEAeTICHUsI TapaMeTPOB STUCHKH U UX KPUCTALITUIECKOM
CTpyKTypsl. Mcmonp3oBanme MeToJa MOPOIIKOBOW  MUGPAKIMH  JUISI  ONMpPEACICHUs
KPUCTAITUYECKON CTPYKTYpbl THOPUIHBIX TaJOBHUCMYTAaTOB paHEe HE MPUMEHSJIOCHh HU3-3a
BBICOKOW CJIO)KHOCTH PpEIIeHHs] CTPYKTYp MOAOOHBIX coenuHeHuid. Hamu Obln paspaboTan
MIOJIXO/, KOTOPBIN MO3BOJIMI OMPEACIUTh TUIl aHHOHOB M WX YIAKOBKY B KPHCTAJUIMYECKOU

cTpyKType (cM. pazaen 3.6.4).

Tabmuma 34. CoorBeTcTBHE PO IyKTOB nMecosbBaramuu (80, 88-91) 1 ncxoIHBIX COTBLBATOB

(77, 78, 81-84, 86).

Ne  CoasbBar T,°C | HOpoaykr Ne
77 [Py2(XK)]2[BiBrs]Br-3DMSO 170 [Py2(XK)]s[BiBre]2 79
81  [Py2(XK)][Bi2Brg(DMSO)-] 215 [Py2(XK)]2[BisBre] 90
78  [Py2(XK)]2[Bils]I:3DMSO 175

84  a-[Py2(XK)]3[Bile]2:2DMF 155 [Py2(XK)]3[Bils]2 89
86  [Py2XK)]2[Bile]lI-3DMF 150

82  [Py2(XK)][Bi2ls(DMSO)] 215 [Py2(XK)][Bils]2 91
83  [Py2(XK)]s[Bizlo]2-2DMF 215 [Py2(XK)]3[Bizls]2 88

HeconbBatanusa 83 mpu temneparype 215°C mpuBoauT K 00pa3oBaHHUIO OJHO(DA3ZHOTO
npoaykTa ¢ napamerpamu a = 19.03 A, b=18.92 A, c=12.66 A, a.=90°, B =105.80°, y = 90°,
V = 4384 A® (88). Ilpu >ToM cHMMETpHUs MOBBIIIAETCS C TPUKIMHHONW y cOlbBaTa [0
MOHOKJIMHHON y mnponaykra peakuuu. Ilo nanHeiM P®A Ha CHHXpPOTPOHHOM HMCTOYHHUKE
u3JTydeHus coequHenue 88 kpucramtusyercs B mp. rp. P21/N U COAEPKUT B CTPYKTYPE aHUOHBI
[Bi2lg]* xak m mcxommmblii conbBar (PucyHok 65a). CxeMy pasioKeHHS MOYKHO MPEICTABUTH

YPaBHEHHUEM:
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[Py2(XK)13[Bizlsl, - 2DMF (83) = [Py,(XK)3[Bizls], (88) + 2DMF T (13)

ConpBat OpoMoBHCMYyTaTa 7/ TEPSIET MOJICKYJIBI pacTBOpUTENA B iBe cTaaun: npu 170°C u
215°C. VYcraHOBI€HO, YTO JecoyibBaTalMs 7/ TpU ITHUX TEMIlepaTypax B YCIOBHUAX
AKCIIEpUMEHTA UIET O KOHIA M MPUBOJAUT K 00pa30BaHHIO OJHOU U ToH ke ¢a3bl 80. Cxemy

pa3JIO)KCHI/I$I COJIbBATa MOXXHO OIINCAaTh ypaBHCHI/ICMZ
2[Py,(XK)],[BiBrs|Br - 3DMSO (77) -
[Py,(XK)]5[BiBr,], (80) + [Py,(XK)]|Br, + 6DMSO 1T  (14)

Hapsny ¢ O6pomoBucmytatom 80 oOpasyercs Opomun [Py2(XK)]Brz. Kpaitne nuskas
WHTEHCUBHOCTh MTUKOB OpoMujia Ha aAudpakTorpaMme oOycCIIOBICHA BBHICOKHUM IMOTJIONIEHUEM
rajoBucmyTata 80. [lomydeHHBIH OpOMU OTMBUIN BOJIOW M3 cMecu. Ero Hajgumdne B Ka4ecTBE
OJIHOTO U3 MPOJYKTOB peakinu ObUIO JAokazaHo mMerogoMm PDA. Jleranu yTouHEeHUsS METOIOM
Jle Beitnsa: np. rp. P21/c, a = 13.4923(5) A, b = 12.1967(4) A, ¢ = 10.5062(6) A, o = 90°, 8 =
96.078(4)°, y = 90°, V = 1719.19(13) A3, R-Bragg = 0.567%, Rexp = 4.08 %, Rwp = 7.52%, Rp =
4.86%, GOF = 1.84%.

o~
c

Tt
TN

a 0

PucyHok 65. Ynakoska anuoHOB [Bi2Brs]® (a) u [BiBrs]* (6) B crpykrypax 88 u 89,

COOTBCTCTBCHHO

Peaknus, anamornunasi 14, mpoTekaeT U B Cilydae U30CTPYKTYPHBIX coibBaTOB 78 1 86. [1o

JnaHHbIM PDA ycTaHOBIIEHO, UTO J1€COIBBATALINS STUX COCAMHEHUN MPUBOJIUT K 0OPa30BaHUIO
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OJIHOTO 1 TOTO € OCHOBHOTO IIPOJyKTa ¢ mapameTpamu sdeiiku a = 30.28 A, b=14.48 A, c =
17.19 A, 0. =90°, B = 109.16°, y = 90°, V = 7119 A3 (89), npu stom 86 pasnaraercs npu 6omee
HU3KOM TemmnepaTtype. OqHaKo B MPOJyKTE JecofibBaTanu 86 HabltolaeTcs Takke Hallndue
TpeTbeil (da3pl, UASHTUPUIMPOBATH KOTOpYyH0 He yaamnochk. CTOUT 3aMETUTh, 4YTO
OpoMoBUCMYTAT /7 W MOAOBUCMYTAT (8 SBISIOTCS M30CTPYKTYPHBIMH, B TO BpeMs KaK HX
MPOIYKTHI IECOJIbBATAIIMM U30CTPYKTYPHBIMU HE ABIAIOTCS. J{J1s1 GoJiee neTalbHOTO U3yUYeHUs
CTPYKTYPHI TMOJy9EHHOTO MPOIYKTa OBUT MCIOJIB30BAaH METOJ MOPOUIKOBOW PEHTTEHOBCKON
mudpaKiiy Ha CHHXPOTPOHHOM UCTOYHUKE U3JTyueHus. B pe3yibTare yanock yCTaHOBHUTb, UTO
obpasen 89 kpucrammsyercs B np. rp. C2/c u o6pasosan anuonamu [Bils]* (Pucynox 656).
O60vem HavinenHod st mpoaykra [Py2(XK)]s[Bile]o siueiiku OMM30K K TEOpETHYCCKU
paccuuTaHHOMYy 00beMy Hpu KoMHaTHOH TemmnepaType [199] (oxcnepument: 7119 A3, pacuer:
7076 A%). Hapsmy ¢ mpoxykTom 89 o6pasyercs takxke noaus [Py2(XK)]l2 ananornuno peakimu
14. Huskas HMHTEHCHBHOCTh OTpPa)XEHUU IHUKOB JTOTO COEAMHEHHS CBS3aHA C BBICOKUM
norsomeHuemM ¢asel 89. Jlns mokaszartenbcTBa 0Opa3oBaHUS HMOJWAA, OH OBUI BBIACIICH
BBIMBIBAaHHEM BOJIOW U3 TIOJTYUYEHHON CMeCH IIPOYKTOB U UACHTU(DUIIMPOBAH 10 1aHHbIM PDA.
Jeranu yrounenus MetonoM Jle Beitns: mp. tp. P21/c,a = 6.8633(3) A, b = 11.2644(6) A, ¢ =
12.214(2) A, a=90°, B =93.977(12)°, y = 90°, V = 941.99(18) A3, R-Bragg = 2.051%, Rexp =
3.42%, Rwp = 9.56%, Rp = 5.93%, GOF = 2.80%.

JleconpBatanust 84 Takxe NpUBOAUT K oOpa3oBanuio (a3bl 89. [lomyyeHHBIH TPOAYKT HE
comepskur wmonuma [Py2(XK)]l2, ommako BMecto Hero oOpasyercs aApyra (¢asa,
UICHTUDUITIPOBATH KOTOPYIO HE yAanoch. CxeMy pasiioyKeHHs CObBAaTa MOYKHO MPEICTaBUTh

CJICTYIOIIMM 00pa3oM:
[Py,(XK)]3|BiBrg], - 2DMF (84) — [Py,(XK)]|;[BiBrg], (89) + ?+2DMF 1 (15)

PasnokeHne conpBaTOB raJlOBUCMYTATOB C KOOPAMHUPOBaHHbIMU Mousiekynamu JMCO
OpOXOAUT Tpu Oonee BBICOKMX TEMIEpaTypax, 4YeM pas3iokKeHHe COJbBAaTOB C
HeKoopAuHUpoBaHHbIMU Mousiekysnamu JIMCO. VYcranoBineno, uyto HarpeBanue a0 215°C
coequaenus 81 mpuBoaut k obOpazoBanuio ¢aszel 90. Ilo manasiM PDA ycranoBieHo, uTO
6pomosrcmyTat 90 KpucTammH3yercs B Tp. rp. P1 ¢ mapametpamu a=11.46 A, b=12.07 A, ¢
=11.94 A, a=79.10°, =106.31°,y=113.81°, V = 1443 A% u o6pazopan annonamu [BisBris]*

(Pucynok 66a). B otniiune oT nmpoaykTa pasyiokKeHUs cojibBaTa 83 B TaHHOM ClIy4yae MPOAYKT
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nMeeT Ooliee HHU3KYIO CUMMCTPHUIO, YCM HCXOJHOC COCANMHCHUC. CXGMy Pa3I0KCHUA COJIbBATa

MOXHO HpCI[CTaBI/ITB CJ'ICI[YIOH_II/IM ypaBHCHI/IeMZ
2[Py,(XK)][Bi,Brs(DMS0),] (IV) - [Py,(XK)],[Bi,Brys] (XII) + 4DMSO 1 (16)

W3ocTtpykTypHBIi coenuHeHunio 81 momoBucMyTar 82 mpu MecoibBaTAIlMA TAKXKE TEpsICT
MOJIEKYJIBI pacTBOpuTels u 00pasyet coequHenue 91. [lo nanabim POA ycranosneno, uro 91
KpHcTau3yercs B 1p. rp. P1 ¢ mapamerpamu a=38.15A,b=9.85A,¢c=10.71 A, a = 103.73°,
B =90.04° vy =99.63°, V = 822 A% u conepxur 1D annonnsie uenu [Bils]s" (Pucynok 666).

CXCMy Pa3I0KCHUA COJIbBAaTa MOKHO MIPEACTABUTL YPABHCHUCM:

[Py,(XK)][Bi,Ig(DMSO0),] (82) - [Py,(XK)][Bil,] (91) + 2DMSO 1 (17)

a o

Pucynok 66. Ynakoska anuoHoB [BisBris]* (a) m [Bils]s™ (6) B crpykrypax 90 u 91,

COOTBCTCTBCHHO

Coenunenne 91 Takxke MOXKET OBITH MOJYYEHO B YUCTOM BHJIE U3 BOJHOIO pacTBopa (cMm
paznen. 3.6.1). B o xxe Bpems coenunenus 88-90 ynanock BBIACIUTH TOJBKO MPHU Pa3I0KECHUH
COOTBETCTBYIOIINUX coJibBaTOoB. Hammuue mceBno-2D crmoeB m 1D-meneli, oOpa3oBaHHBIX
raJjoBUCMyTaT-aHUOHAMU B TMPOAYKTaxX JeCoJbBaTallud, CKa3bIBaeTCSI Ha 3HAYCHUSIX
ONTUYECKON IMIMPUHBI 3aMPENICHHON 30HbI ToJydaeMbix coequHenuit (Tabmumna 23). 3nauenus
Eg Takux coeqMHEHUH HIDKE CPEHETO 3HAUSHUS I CBOETO KJlacca raJIoBUCMYTaTOB. 3HAUYCHHE
Eg miis coequnenus 91 cocrarmsier 2.05 5B, uto xapakrepHo nis coenuaenuii ¢ 1D annonamu
[Bils]n™ (cm. pasmen 3.4). Taxyke MOXHO 3aMETHTh, YTO B ciiydae coefuHenuii 88 u 90, B
KOTOPBIX aHUOHBI 00BETUHSIOTCA B 1iceB10-2D cnown, 3HaueHus Eg yMeHbIaeTcsi mpuMepHO Ha

0.10-0.15 »B no cpaBHEHHUIO ¢ AaHAJOTHYHBIMU COEIUHEHUSMHU C N30JIMPOBAHHBIMHA AHHOHAMHU.
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B cBomo oucpclb OTO HJOIIOJIHHUTCIIBHO IIOATBCPKAACT HOCTOBCPHOCTDL IIOJYYCHHBIX

CTPYKTYPHBIX MOJIEJIEN MO TaHHBIM MOPOIIKOBOM AU(PPAKIIIH.

Taxkum oOpa3om, HaMu ObLIO MOKA3aHO, YTO, BAPBUPYS COCTaB PACTBOpPA U PaCTBOPUTENH,
MO>KHO MOJTyYUTh IUPOKUN PsIJI TAJIOBUCMYTATOB C Pa3IMYHON CTPYKTYpPOH JJIsi OTHOTO U TOTO
e KaTHoHa. [I[pHanHBI TAKOTO BIMSHUS COOTHOIICHUS PEareHTOB B PACTBOPE, PACTBOPUTEINS U
NpyTux (akTOpOB Ha CTPYKTYpy KOHEUYHBIX TaJOBUCMYTAaTOB CBSI3aHbl C HEU3MEHHBIM
3HAYEHHEM SHEPTHH 00pa3oBaHUs OKTadIpoB {BiXs} B pa3MYHBIX COCTUHEHUSIX (CM. pasmeln
3.2). Tepmuueckoe pasnokeHue coapBatoB /7, 78, 81-84, 86 1mMo3BOINIIO MOTYUUTH MATH HOBBIX
kpuctraumdeckux ¢a3 80, 88-91 Tpu U3 KOTOPHIX HE yOaeTcs MOIYYUTh JPYTUMU METOMAMHU.
[To pesynbraTam HCCIEIOBAHUS MOKHO CHE€laTh BBIBOJ, YTO TEPMUYECKOE pa3IOkKEeHHE
COJIbBATOB MOXKET PACCMATPUBATHCA B KayeCTBE IEPCIEKTHBHOIO METOa JUIsl MOJy4YEHHUS
HOBBIX KPHUCTAUIMYCCKUX MOIUPHUKAINN THOPHIHBIX TaJIOMETaUIaToB. JlOMOTHUTEIBHBIC
MaTepHalibl 0 ATOMY HCCIIE0BAaHUIO MO>KHO HAaWTH B cTaThe 17 U3 crucka omyOIMKOBaHHBIX
pabot mo Teme mucceprammu (cM. pasaen «llyOmukanuu, B KOTOPBIX OTPa)KEHBI OCHOBHBIC

HaYYHbBIC PE3YJIbTAThI JUCCEPTALIUN).

3.6.3.2. Tepmuueckoe pasnodcenue conb8amos 2ai08UCMymamos Memuisuoi02eHd

W3ydeHue CoOJIbBATOB TaJIOBUCMYTAaTOB METHJIBHOJIOTEHA OBUIO HHTEPECHO B TICPBYIO
ouepe/lb C TOYKH 3PCHUS MPAKTHYECKOTO MPUMEHCHHS JUIS TOJYYCHHS TOHKHX IUICHOK
nogorcMmyTara MmetuiBrosorena [MV][Bils] (moapoduee cM. pasnaen 3.7). bolio mokaszaHo, 4To
BCE MATh TOJYYCHHBIX B pabOTE COJILBATOB, TaKXE KaK M COJbBATHl TaJIOBUCMYTaTOB
qunupuauHoKcuiona, crabmibael 10 100°C. OpHako BBUAY TOr0, 4YTO HMOJOBHUCMYTAT
[MV][Bils] wu OpomoBucmyrar [MV][BiBrs], mno-Buaumomy, sBISIOTCS HauOojee
SHEPreTUYECKH BBITOAHBIMH CTPYKTypaMH, Mbl HAOJIIOAadd MEUICHHOE pPa3jIoKEeHHE

HCKOTOPLIX COJIBBATOB BO BJIA’)KHOM BO3OYXC.

[To manaeiMm TT'A/JICK deThlpe W3 TSATH MOJNYYEHHBIX COJBBATOB TaJOBHCMYTATOB
metuiaBuosioreHa (34, 38, 39 u 41) pasmararorcs ¢ obopazoBanuem [MV][BiXs] (X = Br, I).
N3octpykTypHbIe conbBaThl 38 1 39 HAUMHAIOT pa3inaraThCs yXKe MpU KOMHATHOM TemMmepaType,
a TakXe TOJ JCHCTBHEM BIIarM ¢ O0Opa30BaHHMEM OJHO(A3HOTO TOPOIIKa OpPOMOBHCMYTAaTa

[MV][BiBrs] (Tabmuma 35).
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Ta6numa 35. CooTBeTCTBHE MIPOAYKTOB ACCOIBBATAIINN U HCXOAHBIX CONbBATOB (34, 38-41).

Ne  CoasbBar T, °C IIponykr

[MV][Bils] +? +
[MV]s[Bizlg]2[Bizl1o]

34  [MV]5[Bizlg]2[DMF]s-H20 150

38 [MV][BiBrs(DMF)]

_ RT [MV][BiBrs]
39  [MV][BiBrs(DMSO)]
40  [MV][Bi2ls(DMSO)] 215 [MV]2[Bisl1e] (42)
41 [MV][Bils(DMSO)] >100  [MV][Bils]

Paznoxenne moxokero 1mo cocrtaBy combBara 41 mpuBoguT K 00pa3oBaHUIO
cootBeTcTBYyIONero uomoBucmytara [MV][Bils]. ConpBar 34 mnpu pas3inokeHHH TaKxke
npuBOIUT K oOpazoBanuio [MV][Bils], ogHako n3-3a cTeXHOMETpUICCKH OOJIBIIETO KOJIUYECTBA
METHJIBHOJIOTEHA B CTPYKType  CcoOjJbBaTra  Takxke  HaOmogaerca  oOpa3oBaHHe

[MV]s[Bizlg]2[Biz2l10] u HeMpenTHDHIIMPpOBaHHOM (ha3bl, YTO OATBEpPKAaeTCS qaHHBIME PDA.
[MV]5[Bi,Is](DMF);H,0 —» [MV][Bils] +
[MV]s[Bi,lsl,[Bi,I;0]+?+ DMF T + H,0 1 (18)

HckiroueHneM B psy COJIbBATOB raJIOBUCMYTAaTOB METHUJIBHOJIOTCHA cTallo coenuHeHue 40
([IMV][Bi2ls(DMSO0).]), paznoxenue kotoporo mnpu 215°C npuBOAUT K 00pa30BaHUIO HOBOT'O
nogoucmyTara [MV]2[Bisli6] (42). CTOUT 3aMETHUTB, YTO yIaJICHUE MOJICKYJI PACTBOPUTEIIS U3
CTPYKTYPBI COJIbBATA HE MPUBOMT K pa3pyIICHUIO KprcTaia. biaronaps taHHOH 0cCOOCHHOCTH
NPOIYKT  JCCOJIbBATAIlMM  YAAJOCh  CTPYKTYpHO  OXapaKTepU30BaTh C  MOMOIIBIO
PEHTTEHOCTPYKTypHOro aHanu3a (Pucynok 67). AruoH [Bislig]* nexur na uenrpe uasepcuu u

o6pasyer 3D-aHMOHHBIH KapKac 3a cYeT MPOYHBIX KOPOTKHX KOHTakToB |1 (3.76-3.82 A).

Takum oOpa3om, ObLTO OOHAPYKEHO YETHIPE PA3IUYHBIX COJIbBATA, PA3JI0KEHUE KOTOPHIX
NPUBOIUT K 00pa3oBanuio rasopucmytatoB [MV][BiXs] (X = Br, I), obnagaronmx HUZKUMH
3HAQYEHHSIMH OITHYECKOW IIMPHHBI 3allpelieHHOW 30HBI. [lodydeHHBIE pe3ynbTaThl ObUIH
UCIIOJIB30BAHBI I Mody4deHus ToHkuX tuieHok [MV][BiBrs] u [MV][Bils] Ha okcumHbIX

MoIOKKax (cM. pazzaen 3.7).
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Pucynok 67. Kpucrannndeckas ymakoBka ctpykrypbl 42 (1 0 0)

3.6.4. Pemienne KpuCTAUNINYECKUX CTPYKTYP FrHOPUAHBIX TAJIOBUCMYTATOB METOI0M

MOPOIIKOBOM PEHTTEHOBCKOM TU(PpPaKINU

OCHOBHBIM METOJIOM M3yuYeHUs1 THOPUAHBIX raioBucMyTaToB siBisiercs PCA. Undopmarus
0 CTPYKType IMO3BOJISIET NpearnojaraTh M OOBICHATH pa3iuyHble (DU3MUYECKUE CBOWCTBA,
XapakTepHbIE Uil JAHHOTO coeauHeHMs. Kpucramnmyeckass CTpPyKTypa TrajJOBUCMYTAaTOB
OINpeJeIsaeT UX ONTUYECKUE CBOMCTBA, YTO AEJIAET 3TOT METOJ KpailHe Ba)KHBIM JJIsl JAHHOIO
KJ1acca coeqnHeHuil. K coxkalieHnio, He Bcerja yAaeTcsl BBIpAaCTUTh MOHOKPHUCTAJUIBI BEILIECTB,
IIPUTOJIHBIE JJIs POBEAECHUS MOHOKPUCTAIBHOTO PEHTI€HOCTPYKTYPHOI'O IKCIIEPUMEHTA. B TO
K€ BpEMs CYILIECTBYET BO3MOYKHOCTh PpELIaTh KPUCTAIIIMYECKUE CTPYKTYpbl IO JAaHHBIM
MOPOIIKOBOM PEHTT€HOBCKOM AM(PPAKIMU, OJHAKO B CIydyae TaJIOBUCMYTATOB YCIHEIIHbIX
peIIeHUH CTPYKTYp B JIUTEpAType HE ObLIO M3BECTHO. B CBsA3M ¢ 3TMM Hamu ObLI pa3paboTaH
MOAXO0J, MO3BOJSIOIIMI PEMINTh MOJHOCTBIO WM YAaCTUYHO KPUCTAIMYECKYIO CTPYKTYpY

TMOpPUIAHBIX TaJTOBUCMYTATOB.

CymiecTByeT J1Ba OCHOBHBIX METOJA PEHICHUS KPUCTAUIMYECKHX CTPYKTYp MO JaHHBIM
MOPOIIKOBOM PEHTICHOBCKOM audpakimu — Merton umurtanuu omxura [200] um meron

obpartenus 3apsina [167]. Oco6eHHOCTh CTPYKTYPhI THOPUIHBIX TAJIOBUCMYTATOB 3aKITFOYACTCS
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B TOM, YTO CO€TUHEHHUE BCET/Ia COCTOUT U3 JIETKUX aTOMOB OPraHUYECKOTO KATHOHA U TSHKEIbIX
aTOMOB BHCMYTa U TaJOT€HOB, O00pa3ylolmUX aHUOH. WM3-3a BBICOKOTO MOTJIOIICHUS
PEHTI€HOBCKOTO WU3TyUYEHHUs TSHKEIBIMH aTOMaMH M MX BBICOKOW 3JIEKTPOHHOM IUIOTHOCTH,
BKJIAJ] JIETKUX 3JIEMEHTOB OPTaHUKH B TU(PPAKIIMOHHYIO KApTUHY MOPOIIIKA OKA3bIBAETCS KpaiiHe
MajeiM. B CBsSI3U ¢ 3TUM TmpsiMOE pelieHHEe KPUCTAJUTMUYECKUX CTPYKTYP METOJOM UMHTAIUU
OT)KWTa WK METOJOM OOpallleHus 3aps/ia He MPUBOAUT K MPABMIIbHOMY pemieHuto. [Ipunumas
BO BHUMaHHE JaHHYI0 OCOOCHHOCTh TMOPHUAHBIX TaJIOBUCMYTATOB, HAMH ObLja MpeaioKeHa

cleyrolas MeTOUKa PEIICHUs KPUCTAUNIMYECKUX CTPYKTYp raioBucMyTaToB (PrucyHok 68).

( UHauuypoBaHue Onpegenenune Pacuer hkl [ Pacuet KapTbl ]
L AndpaKTorpaMmmsil ] [ CUMMETPUMU ] [ 3/1eKTPOHHOM NAOTHOCTHU
A\ 4

YTOYHeHue gnuH MouncK opraHUYecKkux OnpeaeneHve No3uunit
L cBazseun (Pursenba) KaTuoHos (MM + 1O) TAYE/blX aTOMOB

Pucynok 68. DTambl pemieHus KpUCTaUIMUYECKOW CTPYKTYphl ramoBucmytatoB (MM —

MOJICKYJIIpHAaA MCXaHHKaA, O — MCTOA UMHUTAallNN OT)I(I/II‘a)

Ha mepBoii craguum mpoBOAUTCS MHAMLMPOBAHUE AUPPAKTOrpPAMMBI Ul OINpeneIeHUs
napamMeTpoB SYeeK U IpenanojaraeMoil cummerpuu. 3ateMm paccumThiBaiorcs hkl wu
ONpEENAIOTCS MHTEHCUBHOCTH Ka)XJA0ro oTpaxkeHusa. Ha HX OCHOBe paccuuThIBaeTCs
AJIEKTPOHHAS INIOTHOCTH C YYETOM COCTaBA TSAXKENBIX AJIEMEHTOB, UTO MO3BOJISIETCS ONPEEIIUTD
TIOJIOXKEHUS TSDKEJIBIX aTOMOB B siueiike, a mMeHHO atomoB Bi, Br u |. Ha pucynke 69 nokaszan
pe3yJbTaT pacyera 3JIEeKTPOHHOW IUIOTHOCTH Ui MPOAYKTa pas3ioxeHus coibBaTa 84. Ha
PHUCYHKE OTUETIIMBO BUHBI IMKHU 3JIEKTPOHHOM IIJIOTHOCTH aTOMOB BUCMYTa U nojaa. CTpykTypa
00pa3oBaHa JAByMsl M30JIMPOBaHHBIMU aHHOHaMH [Bile]®". OnuH n3 HUX NEKUT HA OCH BTOPOTO
nopsaka. Jmunbl cBsseil Bi-l nmexar B guanmasome 2.9-3.2 A, uro xapakTtepHo s
MOJIOBUCMYTAT aHMOHOB. TakuM 00pa3oM, Ha TaHHOM CTaJiud MOXHO JIOCTOBEPHO ONPEEIIUTh

THUII TAJIOBUCMYTAT aHWMOHA U CYAUTH O COCTAaBC COCANHCHMUA.

K COXaAJICHUIO, )IaHHBIﬁ IIoaAXo0J HE IIO3BOJISIET O6H3py>KI/ITI) 0oJiee JIETKUE aTOMBI OpraHuKu
B CTPYKTYpC. OZ[HaKO JaHHBIC O CTPOCHHU HCOPTaHUYCCKOI'0 KapKaca KpHCT&JIHH‘ICCKOfI
CTPYKTYPbI 3HAYUTCIIbHO COKpAIIAOT BO3MOKHBIC BApUAHTBI PACIIOJIOXKCHUS OPTaHUYCCKUX
MOJICKYJI, a TaKX€ ITO3BOJIAIOT ONPCACINTH TOYHOC KOJMYCCTBO HE3aBHCHUMLBIX MOJICKYJ B

A4erke. B pe3ynbrare Ciaeayromui dTal peleHns CTPYKTYpbl IOAPa3yMEBAeT UCIIOJIb30BaHUE
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METOJa HUMHTALMKd OT)KHra WM Ipyrux MeromoB Monrte-Kapmo [201] mis ompenenenus

PaCIoOJIOXKCHUSA OPraHUYCCKHUX MOJICKYJI B HCIIOABMIKHOM HCOPTAHNMYCCKOM KapKace.

Pucynok 69. [lukm 31neKTpoHHOW IUIOTHOCTH aTtoMOoB Bi m | B crpykrype mpomykra

pa3JioKeHus coibBara 84

CTouT OTMETHTH, YTO Ha JAHHOM 3Tale HEeOOXOAUMO HCIIOJIL30BaTh TOJBKO OYCHB
KaueCTBEHHBbIC NU(PPAKIMOHHBIE JaHHBIE (CUHXPOTPOHHBIEC JKCIIEPUMEHTHI WM ChEMKa B
pEeXHMe MPOITyCKaHUs Ha 1abopaTopHOM IpubOpe), TIe MPAKTHUECKH IMOJTHOCTHIO OTCYTCTBYET
TEeKCTypupoBaHue oOpasma. CBs3aHO ATO C TEM, YTO M3-3a BBICOKOTO IMOTJIOMICHUS TSAMKEITBIX
aTOMOB BKJIaJ OTPaKCHUH OT JITKHX 3JIEMEHTOB OUCHb HU3KHHA. B cBsi3u ¢ 3tM Rwp dakTtop,
KOTOPBIM CIIY’)KAUT OCHOBHBIM KPHUTEPHUEM KaueCTBAa MOJEIM B IIPOLECCE PEUIEHUS METOJIOM
UMUTAIIMM  OTXKWTA, OYEeHb C1abo MEHseTCs B TIpoliecce Toucka pemienusa. Ecmu
mudpakTorpamMma Jaxe ciaabo TeKCTYpUpOBaHa, TO HAWUTU PEIIEHUE CTAHOBUTCS MPAKTUYECKH

HCBO3MOKHO.

K coxanenuio, pake Hamuuue AUQPPAKTOrpaMMbl BBICOKOIO KadecTBa H 3HaAHHUE
pacmoJioKEHUs HEOPraHMYEeCKOro Kapkaca Jalleko HE BCErjla NPUBOJUT K HAXOXKICHHIO
MpaBWIBHOTO pemeHnus merogqoM Monte-Kaprno. M3-3a HeqocTaTouHOTrO KOJM4YeCTBA JAaHHBIX,
MOJIYYCHHBIX M3 PEHTTeHO(A30BOTO IKCIIEPUMEHTA, IS JTOCTHKCHHS TIPABUIIBHOTO PEIICHHUS
CTPYKTYp THOPHIHBIX TaJIOBUCMYTAaTOB HEIOCTATOYHO TOJHKO CPABHEHHUS TEOPETHUCCKUX

TU(paKkTorpaMM  CTPYKTYpHBIX MOJEIEH C OKCHEPUMEHTAIbHOW AudpakTorpaMMoil.
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Heo0xoMMo TakKe yUUThIBATh BHY TPUMOJIEKYJISIPHBIE U MEXKMOJIEKYJISPHbIE B3aUMOICHCTBHSL.
B cBa3u ¢ 3TMM, HEOOXOAMMO HCIOJIB30BATh MOJEKYJSAPHYI0 MEXAHMKY W/MIM KBAHTOBO-
XUMHUYeckue pacyeTsl. Ha MOMEHT HamucaHus JUccepTaluy HaMu pa3padaThIBAeTCs] KOMILIEKC
nporpaMM Jjisi KOMOWHUPOBAHHOTO pEHICHUS KPUCTAUIMYECKUX CTPYKTYp THOPHUIIHBIX
COEJIMHEHUH, B OCHOBE KOTOPOI'O JIEKUT OJHOBPEMEHHOE HCIOIb30BaHUE METOJIOB UMHUTALIUU

OTXXHUI'a U MOJIGKYJ'I}IPHOI\/'I MCXAaHUKH.
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Pucynok 70. Kpucrannudeckasi CTpyKTypa NpOAYyKTa pa3ioxKeHus cojbBaTa 82 U onucaHue

AKCTIEPUMEHTAIBHOU TU(PPAKTOTPpaMMBI TOTO COCAMHEHUSI METOJ0M PuTBenbaa

Kak nokazanu Haly 5KCIIEPUMEHTBI, PEIIEHNE CTPYKTYpPBI C UCIOJb30BAHUEM KBAaHTOBO-
XUMHUYECKUX pacyeToB MeHee 3PPeKTUBHOE, YeM KOMOMHUPOBAHHOE MCIOJIb30BAHHE METOI0B
MMUTALUU OTKUT'A U MOJIEKYJIIPHOM MEXaHUKH, OJHAKO B HEKOTOPBIX CIydasX OHO MOXKET
HaXOJUTh XOpOolIee peleHNe CTPYKTYpbl. [l 3TOro opraHndeckue MoJIeKyJibl pacrosiaratoTr B
AYEHKE C YYEeTOM CHUMMETPUM M IPHU HM3BECTHOM IIOJIOKEHUM TSKEIIBIX ATOMOB. 3aTeM
MOJYUYCHHYIO MOJIeIb OMTUMU3HPYIOT. [IpoayKT pasznoskeHus coabBaTa 82 umeet annoH [Bils]n™.
Hcxons u3 CUMMETpUU SYEHKH, HE3aBUCHUMOW YacThiO CTPYKTYPbI MOXKET SIBIISIETCS TOJIBKO
IIOJIOBUHA WJIM LI€Jas MOJEKYJbl TUINUPUAMHOKcHUoNa. C y4eTOM CHMMETPUHM SIYEWKH U
OKPYXXEHUSI TSDKENBIX aTOMOB MOKHO JOCTaTOYHO JIETKO HAMTH Pacrojio’KeHHUE MOJIEKYJIbI

TUIMHUPUAUHOKCHIIONA B cTpyKType. [lomyyennast Moaens Obuta ONTUMU3HPOBAHA B POTPAMME
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VASP. Ilocne onTtuMu3auy MOJy4eHHON MOJIEIM OHa ObLla MCIOJIb30BaHA ISl YTOYHEHUS
JUIMH CBs3ed W YriaoB merogom PutBenbma. Kak BuaHo u3 pucynHka 70, Bce NHUKH Ha
nudpakTorpaMMe OIMCAaHBI, OJHAKO PA3HOCTHAs KpHBas IMOKa3bIBA€T HEKOTOPBIC OTIHUYHS
MOJIYYEHHON MOJIEN OT SKCIEPUMEHTAbHON TudpakTorpaMMbl. ITO MOXKET TOBOPUTH KakK O
TOM, YTO HaiiJIecHa HE COBCEM IpaBWIbHAS YIIAKOBKA OPTAHMYECKHUX MOJIEKYJI, TAK U TO TOM, YTO

B JJAHHOU CHUCTEME CYIICCTBYCT pasynopAa04YCHUC.

Kak Obl10 moka3zaHo B IpHUMEpE BbIIIE, MOCIEAHMNA 3Tall PEIICHHUS KPUCTAIUIMYECKOU
CTPYKTYPBI CBOAUTCS K yTOUHEHUIO JUTMH CBSA3€H U yriaoB MmeTooM Putsensaa. Eciu B mponecce
IIOHMKEHUS KECTKOCTH MOJENb COXPAaHAET CBOIO ILIEIOCTHOCTb, TO 3TO TOBOPHUT O TOM, YTO
peleHue HaiijieHo BepHoe. OJTHAKO M3-32 HU3KOTO BKJIA/a JIETKUX aTOMOB B JU(PPAKIIMOHHYIO
KapTHHY, BEJINYMHA OIIMOOK JUIMH CBsA3eH OyeT B IyulieM ciyyae 2-3 JecsThIX aHrcrpema. JTo
03HAYaeT, YTO B CIIy4ae OPraHUYECKOM YacTH CTPYKTYpbl MOKHO CyAWUTh JIUIIbL 00 0Omen

YIIAKOBKC MOJICKYIJI.

Takum o00pa3omM, Hamu ObUI pa3pabOTaH TNEPCHEKTUBHBIM TMOAXOJ K PEIICHUIO
KPUCTAINTMYECKUX ~ CTPYKTYp THOPUIHBIX  TaJOBUCMYTAaTOB  METOJIOM  IOPOIIKOBOM
PEHTreHOBCKOM nudpakuuu. lcmnonp3oBaHME [OAHHOTO IMOAXO0/a TO3BOJISET JOCTOBEPHO
OTIPEICNIATh MO3UIIUU TSHKEIBIX aTOMOB, THI TaJOBUCMYTaT-aHUOHA M COCTaB coenuHeHus. K
COXKQJICHUIO, H3-32 BBICOKOTO TMOTJIOLIEHUS TSKEIbIX AaTOMOB IPAKTHUYECKH HEBO3MOXHO
aHAJIM3UPOBATHh MEXKMOJICKYJIIPHBIE CBS3U C OPraHUYECKOM YacThio CTPYKTYphbl. Ha ocHOBaHuuU
pa3paboTaHHOTO MOAXOJa HAaM YJAJIOCh YAaCTHUYHO PEHINTh KPHUCTAJUTMUECKHE CTPYKTYPHI
MPOJIYKTOB Pa3NIOKEHUs COJIbBATOB (CM. pazen 3.6.3). JlonoimHuTeNbHbIE MaTepUAIbI 10 3TOMY
UCCJICIOBAHUIO MOXXHO HaWTH B cTrarbe 17 W3 crnucka omyOJMKOBaHHBIX pabOT MO TeMe
nucceptanuu  (cM. pasnen «llyOmukarmu, B KOTOPBIX OTPaKEHbl OCHOBHBIE Hay4dHbIC

pe3yJIbTaThl TUCCEPTAIHI ).

3.7. lHonnyyeHne TOHKUX IVICHOK HA OCHOBE THOPHIHBIX FAJI0BUCMYTATOB

Ha Z[aHHBIﬁ MOMCHT TOHKHC IIJICHKHU TI/I6pI/II[HbIX raJJoBUCMyTaTOB  OCTAKOTCA
MaJIOU3y4YCHHBIMU. B JUTECPATYypE B OCHOBHOM pPACCMOTPCHBI TOHKHC INNICHKM Ha OCHOBC
HOJOBHUCMYTAaTOB MCTHIIAMMOHUSA U LIC3US. HpI/I 9TOM OOJIBIITMHCTBO TaKUX COCI[I/IHGHI/Iﬁ HUMCIOT
JOBOJIBHO y3KI/II71 CIICKTP MHOTJIOMICHHSA CBECTA. Hcnons3oBanue JaHHBIX COGJII/IHGHI/Iﬁ CHJIBHO

orpaHnuuBaet 3 PeKTUBHOCTH NMPeoOpa30BaHus CBETA COJIHEYHBIX SYEEK Ha UX OCHOBE.
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OMHUM U3 caMbIX MEPCIIEKTUBHBIX HOJOBUCMYTATOB C TOYKH 3PCHUS ONTHYECKUX CBOWCTB
U CTPYKTYPBI SIBJIIETCS HotoBUCMyTaT MeTriBrosioreHa [MV][Bils] [138]. lanHoe coenunenne
TIOTJIOIIACT MPAKTUYECKH BO BCel BUIAMMOI 00J1aCTH, a €ro CTPYKTypa o0pa3oBaHa JIMHEHHBIMU
uersmu [Bils]n®", KoTopble MOTYT 06€CIIEYMBATh XOPOIIMH TPAHCIIOPT 3aPAN0B KaK MUHHMYM
B OJIHOM W3 HaIpaBlicHU# B kpuctamie. Kpome Toro, HamMu ObUIM TOJYYCHBI COJbBATHI 34
(IMV]3[Bi2lg](DMF)3H20) u 41 ([MV][Bils(DMSO)]), npu pa3noxkeHnn KOTOPHIX 00pa3yercs
HeoOxoaumass (¢aza wuomoBucmyrtata [MV][Bils] (cm. pasgen  3.6.3). AHAJIOrHYHO
WOJIOBHCMYTAaTy HaMH OBLI TOJY4YeH COJbBAaT OpOMOBHUCMYyTaTa MeETWJIBHONOTeHa 39
(IMV][BiBrs(DMSO)]), xoTopslii MpH pa3ioKEHUH MPUBOJUT K TMOJIYYCHHIO OPAHIKEBOTO
opomoBucmyrtata [MV][BiBrs]. Ha ocHoBaHMHM IMOJIy4eHHBIX JaHHBIX HaMHU ObLI pa3paboTaH
METO/I TIOTYYCHUS TOHKUX IJICHOK OpOMO- U MOJIOBHCMYyTaTa METUJIBHOJIOTCHA HA TIOPUCTHIX U

MC3O0IIOPUCTBIX OKCUAHBIX IMOJIOKKAX.

3.7.1. ToHKHe NVICHKHU FAJI0BUCMYTAaTOB HA MOPHCTHIX MaTepUaIax

3.7.1.1. Tonxue nienxu na ocnoge uooosucmymama memuasuonozera [MV][Bils]

OnHUM W3 MEPBBIX MOJYYCHHBIX HAMHU COJBBATOB OBLI HOJOBUCMYTAT METHIIBHOJIOTECHA 34
(IMV]3[Bi2lg](DMF)3H20), Beimenennsiii B mporecce nepekpuctammmszanuu [MV][Bils] u3
JAM®A. HarpeBanue momydeHHOro coiibBata npu 143°C npuBoAUT K 00pa30BaHUIO YEPHOTO
npoaykra ¢ moteped Tpex wmojekyn MDA u omuoit HO. K coxanenuto, mpomaykT
JiecoNIbBATAllMU HE sBysieTcsl onHo(a3HbiM U coaepxkut nomumo [MV][Bils] nonosucmyrar
[MV]s[Bizlg]2[Bizli0] m HemnenTHdUIIMpOoBaHHYO (hazy. B cBA3M ¢ 3TUM 15 MOJTyYESHUST TOHKUX
TUICHOK OBLIM TPEANPUHSATHI MOMBITKU UCTIOIh30BaTh HE TOJILKO PacTBOPHI COeTUHECHHS 34, HO

1 PaCTBOPBI CO CTEXHOMETPUUYECKMM cooTHomeHueM [MV]?*:Bidt = 1:1.

Jlns monydenus ToHKuX 1ieHoK [MV][Bils] Ha moBepXHOCTH OKCHUIHBIX MAaTEPUATIOB OBLTH
paccMOTpEHBI JIBa OCHOBHBIX METO/a HaHeceHHUs. B o0oux ciydasx B KauecTBE MpeKypcopa
[MV][Bils] ucrnionp3oBaiii pacTBOp MOAMIA METHUJIBHOJIOICHAa M Hoauaa BucMyTa B JIMDA.
[TepBoiii crioco0 3akioYaeTcsi B MOMENICHUN KAIUTH MPEKypcopa Ha OKCHIHYIO MOJJIOKKY C
TOCJIC YOI CYIIKOW MOJYyYeHHOro oOpasia mpu HarpeBanuu. OJHAKO JAHHBIA MOIXOJ
NPUBOAMT K OOpa30BaHHIO aMOP(GHOTO OPaHKEBOTO IISITHA HAa TMOBEPXHOCTH OKCHUIHOU
MOJUTOKKH, HECMOTPSI Ha BapbHPOBAaHWE KOHIICHTPAIMH pacTBOpa IMpeKypcopa, CKOPOCTH

JIECOJIbBATallMU U BblEepKUBaHUE oOpa3ua Ha Bo3ayxe (PucyHok 71a).
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a

Pucynok 71. Pesynbrat Hanecenus pactBopa 34 B IM®DA Ha nommoxky u3 SiO2 6e3 (a) u

¢ (0) ucronap30BaHNEM aHTUCOJIHLBEHTA

Bropoii MeTon 3akiro4aeTcss B MCIOJB30BAHUU AHTUCOJIBBEHTA J0 TEPMHYCCKOH CYIIKH
oOpasna. Poib aHTHUCOIBBEHTA CBOJUTCS K OCKICHUIO HA TIOJIOKKE MEITKOKPUCTAITUIECKOTO
ocajgKa, KOTOPBIi B TIOCICICTBUU TIOJBEPracTcs TEPMHUECKOMY pPa3IOKCHHUIO C
dopmupoBanrem Toukoi mieHku [MV][Bils] (PucyHok 716). B kauecTBe aHTHCOIBBEHTA ObLTH
UCTIPOoOOBaHbBI pa3IMYHBIC IT0 CBOCH MPUPOIC PACTBOPUTEIH, B YACTHOCTH I'eKCaH, H30IPOIAaHO,

alETOHUTPUIL, TOIyo, 95% 3TaHon, Boja u HeKoTopele ux cMecu (PucyHok 72).

-
(4]
|
="

-
N
|

Kubelka-Munk function F(R )

Pucynok 72. Cnektpsl 1uddy3HOT0 OTpaskeHUs TPOAYKTOB TEPMUUECKOTO pa3iokeHus 34,
HOJTY4EHHBIX Ha MoBepXHOCTH SiO2 ¢ UCTIONB30BaHIEM Pa3IMIHBIX aHTHCOJIBLBEHTOB (1 - rexcaH,

2 - U30MPONaHoI, 3 - alleTOHUTPUI, 4 - ToNyouI, 5 - 95% sTaHo)
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B pesynbraTe O6bUT0 IOKa3aHO, YTO 95% 3TaHOM JIydIlle BCErO MOIXOIUT JIJIsl 00pa30BaHuUs
yepHoii reHku [MV][Bils]. O0rias cxema HaHECEHHS BBITJIIIUT CIIeyomuM oopa3om. Karuto
HackIleHHoro pacreopa 34 B IM®A winu crexuomeTpudeckoro pactsopa [MV]l2 u Bilz B
JIM®A mnomemaotT Ha momnokky u3 SiO; (cuaukarens/TCX-mmactuaku DC-Alufolirn-
Kieselgel, Fluka, Tommmua 0.2 mm). Coycrs 10 CekyHI Ha MOJYYEHHOE IMSATHO MOOABJISIOT
U30BITOYHOE KOJMYECTBO AHTHCOIBBEHTA (AIETOHUTPUI, TOIyos wiu 95% staHoin). 3areMm
oOpaszern HarpeBaroT 10 200°C B Teuenue 20 cexyna. B pesynprare nporcxoanno oOpa3oBaHue

kopuuHoro msaTaa [MV][Bils] (Pucyrok 73) Ha okcuaHOM opioxke (Pucynok 716).
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Pucynoxk 73. Hanoxenue sxcnepuMeHTanbHoM audpakrorpammel mieHkd [MV][Bils]/SiO:
(3eneHass kpuBasg) M TeopeTuueckol audpaxtorpammsl [MV][Bils] (kpacnas kpuBasi) u
BUUIeMUTa (KopuuyHeBas KpuBas). I[lpucyrctBue (as3sl Bumiemuta (Zn2SiOs4) B oOpasie

00yCTIOBJIEHO COJIEp )KaHUEM ATOM T00aBKHU B UCIIOIH30BAHHBIX MOIIOKKAX.

K coxanenuto, pactBopuMocts conbBata 34 B JIM®DA HemoCTaTOUYHO BBICOKAs st
MOJIyYCHHUS TUICHOK Ha 0oJiee TOHKHUX CJIOSX TUOKCHAA THTAHA WM OJI0OBA, KOTOPHIE OOBIYHO
UCIIONB3YIOT JUIsl HAaHECEHUs TOHKUX TIUICHOK TaJOBUCMYTaTOB. B CBs3uM C ATUM ObLIH
MNPEANPUHATH TOMBITKU TMOJYYUTh COJIbBATHI HOJOBUCMYyTaTa MmeTwiBuosioreHa B JIMCO,
KOTOPBIH TMO3BOJISIET TOJy4aTh OoJiee KOHIICHTPUPOBAHHBIE PACTBOPHI TaJOBUCMYTATOB IO
cpaBHenuto ¢ JIM®DA. beuio ycranosneno (cM. pazzaen 3.6.2), uro uz JIMCO M0KHO BBIAEIUTH

compBaT [MV][Bils(DMSO)] (41). /lanHoe coeavHeHHWE HaMH OBLIO MOJYYCHO BIIEPBHIC B
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pesyabTrare B3aumoaeicteus [MV]12 u Bils mpu monbHOM cooTHomeHuu 1:1 B pactBope JIMCO.
[To nannsimM TI'A/JICK Ob110 IOKa3aHO, 4TO cobBaT 41 ocTaeTcst CTaOMIBHBIM ITPU KOMHATHOM
temnepatype. JlecosbBaramusi HauyMHAET NPOUCXOAUTH HpH Temreparype Bbime 100°C ¢
obpazoBanueM uepHOW (a3l HMojgoBHCMyTaTa MeTmiBHoJoreHa [MV][Bils] B kadecTBe

€AMHCTBEHHOI'O MPOAYKTA PEAKIIMH.
[MV][Bils(DMSO)] — [MV][Bils] + DMSO T  (19)

bnaromapst Ttakum cBoiictBaM conbBar  [MV][Bils(DMSO)] sBisercs OTIMYHBIM
HPEeKypcopoM Juist mosiydeHuss ToHKuX IwieHok [MV][Bils]. B pe3syibraTte omtumusanuu
YCIIOBHI TIOTYYCHHS TUICHKH ObLiIa 1o1o0pana ciieayromas Metoauka. Ha cioit mopuctoro SiO;
HAHOCHJIM KaIUTio KOHIIEHTprpoBaHHOTO pactBopa [MV]I2 u Bils (B MosibHOM cooTHOIICHNH 1:1)
B JIMCO, mocne yero oOpasel] OMyCKaldW B KHUIISIIWNA STaHON W BBIACPKHBAIU B HEM 10
nosiBnieHus ¢as3el uepHoro mseta. [lo nanueiM POA (PucyHnok 74) Ha MOBEpXHOCTH MOJIOKKH

TIPOUCXOIMIIO 00pa30BaHue KprcTauinieckoi ienku [MV][Bils].
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Pucynok 74. Hanoxenue skcniepuMmeHTalbHOU audpakrtorpammbl mieHku [MV][Bils]/SiO:

(xopuuHeBasi KpuBasi) U TeopeTuueckon qudpakrorpammel [MV][Bils] (uepHas kpuBas)
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3.7.1.2. Tonkue naenxu na ocnose 6pomosucmymama memunsuonozera [MV][BiBrs]

PazpaboTannass MeTOAMKa OKa3aJoCh MPUMEHMMA W JUISI TOJy9EHHUS TOHKHX IIICHOK
[MV][BiBrs] na mopucroii moBepxuoctu SiOz. [Iisg 3TOro Karil0 KOHIEHTPHPOBAHHOTO
pactBopa [MV]Br2 u BiBr3 8 IMCO (MosibHOE cooTHOIIeHHE 1:1) MOMemaT Ha TOBEPXHOCTh
SiO2. Jlanee momydeHHBIH OOpa3el] MPOrpeBarOT Ha IUIMTKE MPU TEMIIepatype ee pabodeid
noBepxHocTH 95°C, 4TOOBI M30aBUTHCS OT W30OBITKA PACTBOPUTENS. 3aTeM IUIACTHHKY C
HaHECEHHBIM Ha Hee BEIIECTBOM MOMEIIAIOT B 3TAHOJ IIPH KOMHATHOM TemrepaType (B OTIUIHe
OT HOJOBHCMYTaTa HarpeBaHHe OJTaHOJa HE TpeOyeTcs), BBIIECPKUBAIA €€ B TEUYCHHE
HECKOJIBKUX CEKYH]I, TTOCIIE Yero HarpeBajiy Ha IJIUTKe MpH TeMieparype nosepxuoctu 200°C.
Cornacno gauHeiM  P®A  (Pucynox 75), mpoucxoauno oOpa3oBaHUE OpaHXKEBOU
KpucTaumdecko tienku [MV][BiBrs].
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Pucynok 75. HanoxeHnue skcnepuMeHTanbHOM audpaktorpamMmsl mieHku [MV][BiBrs]/SiO:

(kpacHas kpuBasi) U Teoperuueckoi qudpaxrorpammel [MV][BiBrs] (cunss kpuBasi)

3.7.2. ToHkue MJIEHKH raJ10BUCMYTAaTOB HA Me30nopucToM SnO2

B mocnenHee BpeMs IS TOJNYYCHHUS TOHKHX IIJICHOK TIEPOBCKUTOB HMCIIOIB3YHOTCS
ME30MOPHUCThIC OKCHJIbI, B YacTHOCTH SNO2 [202]. B cBs3u ¢ 3TuM Hamu ObuTa OoTpaboTaHa

MeToauKa noy4deHust Tonko# mienku [MV][Bils] na mezomopuctom SnO2 (PucyHok 76).
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L-=-=-8

Mopsunn 0.6M t=15 cek t=10-15 cex 96% EtOH
p-p [MV][Bil] 1000 06/MmuH T=95°C T=78C

Pucynoxk 76. Cxema nosrydenust Toukou miaenku [MV][Bils] na moBepxunoctu SnO2

J1J1s 5TOTO MIIACTUHKY, IPEIBAPUTENHHO MPOTPETYIO HA TUITUTKE IIPU TeMIiepaType padoueit
noBepxHoct 200°C, 3akpelusiaM Ha CHOUH-KOATepe M HAHOCWIM Ha HEEe TIOopsYui
KoHIeHTpupoBaHHbIi pactBop [MV]l2 u Bils B MomsHOM cootHOomenuu 1:1 B JIMCO.
Bpamenue npoBomwiu npu 1000 o6/mMun B Teuenue 15 cexynn. [lamee nnst yaaneHus
pacTBOpuUTENS IUTACTUHKY MPOTPEBAIM Ha TUIMTKE MpPU TeMIlepaType padodell MOBEPXHOCTH
95°C B Teuenue 10-15 cexyHm, 3aTeM MOMEIIAN B KUITSIIIANA STAHOJ ¥ BBIJICPKUBAII B HEM JI0
nosiBieHus uepHor okpacku. [lo nanapiM POA Obl10 ycTaHOBIIEHO, UTO Ha MoBepXHOCTH SNO2
oOpasyercs uepHas kpuctauinueckas mienka [MV][Bils] (Pucynok 77).
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Pucynok 77. Hanoxenne skcriepuMeHTanbHON audpakrorpammbl mienku [MV][Bils]/SnO;
(3emenast kpuBas), momnoxkku SNOz (KpacHas KpuBas) U TEOPETHUECKON AM(PpPaKTOrpamMMbl

[MV][Bils] (cunsis xpuBasi)

Jlnst uzydyenuss Mop(OJIOTHH €€ TMOBEPXHOCTH ObUIM TONy4eHbl MHUKpodoTorpadhuu Ha
CKaHUPYIOIIEM 3JIEKTpOHHOM Mukpockone (Pucynok 78). YcTaHOBIEHO, YTO MOBEPXHOCTh

IINIEHKH, K COXAaJICHUIO, HE SIBJISICTCA OI[HOpO)IHOfIZ MMOBEPXHOCTh OKCHAA YaCTUYHO ITOKPBITA
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wienkoii [MV][Bils], obpasoBanno#t uactumamu pasmepoM ot 50 HM g0 15 mxm. Jlus
nocTmkennss TmonHoro TOkpeiTHs  [MV][Bils] okcuaHOl moBepxHOCTH —HeoOXomuma

3HAUUTENBHO OoJiee BBICOKAs KOHIICHTpAIUs MPEKypcopa B pacTBOpPUTENE, YeM MpeebHas

pactBopumocts [MV][Bils(DMSO)] 8 JIMCO.

Pucynox 78. POM muenku [MV][Bils] na nmoBepxunoctu SnOz (a, B, 1 — BTOpUYHBIC

3JIEKTPOHBI; O, T, T — 00paTHOOTPAXKEHHBIE JICKTPOHBI )
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SJAKJIFOYEHUE

BriBoaBI

1. IomydeHO M CTPYKTYPHO OXapaKTEpH30BaHO 158 HOBBIX ranoBucmyTatoB N-
reTEpOLUKINYECKUX KATHOHOB, 97 M3 KOTOPBIX CHHTE3MPOBAHBI B BHJE HMHIWUBULYaTbHBIX
CoelIMHEHHUH. BriepBble BbIIEIEHEl TMOpUAHbIE ramoBucMyTathl ¢ 0D ammonamm [Bizli1]™,
[Bislzs]*, [BiBra(DMSO)2]", [BizBrs(DMSO)2]%, {[BiBre] - [BiBrs]--[BiBrs]}* u 1 D-anmonamm
[K(Bi2Bri1)]*, [Bi2X10]* (X=Br,l). Pa3paGoran HOBBI METOJ IIOJyYECHUS TI'MOPHIHBIX
raJOBUCMYTATOB IYTEM KOHTPOJIHMPYEMOIO pa3jOkKEHHS MX CONLBATOB. JIaHHBIA METOX
I03BOJIAET MOJNYYaTh HOBBIE KPUCTAUIMYECKHE COCAMHEHHS, KOTOPbIE HE yIaeTCs

CHUHTC3HUPOBATH U3 PACTBOPOB.

2. TlomydeHa 3aBUCUMOCTb, CBSI3bIBatoMIas JUTHHY cBsa3el Bi—I ¢ ux mpounocteio. [Tokasano,
9TO YCTOWYMBOCTH OKTadIpoB {Bils} mpakTHuecky oiHAKOBa BO BCEX CIyYasXx U HE 3aBUCHUT
OT IPUPOBI KATHOHOB U AHHOHOB B CO€IMHEHUU. Y CTAHOBJIEHO, YTO (POPMHUPOBAHUE KOHEUHOU
CTPYKTYpPbl THOPHAHBIX TaJOBUCMYTaTOB M THIIAa TaJOBUCMYTaT-aHMOHOB OIpeleseTcs
COBOKYITHOCTBIO MEXMOJEKYJSIPHBIX B3auMoJeicTBui. [loka3aHO, 4TO KOHTPOJIMPOBAaHHE
CTPYKTYpPbl THOPUIHBIX TAIOBUCMYTATOB BO3MOKHO, OTYACTH, 3a CUET BapbUPOBAHUS yCIOBUN

CHHTE3a M CUCTEMAaTHYECKOT0 I0100pa KaTHOHA HEOOXO0AUMOTO pa3Mepa, CTPOCHUS U 3apsijia.

3. IlokazaHno, 4YTO CTpPOEHHWE TAJIOBUCMYyTaT-aHHMOHA  OMNpENEISIET  ONTUYECKUE
XapaKTEPUCTUKH  TUOPUIHBIX  ramoBUcMmyTaToB. OOpa3oBaHHME JIMHEHWHBIX  (mMpamuc)
KOOPAMHAIIMOHHO-TIOJTUMEPHBIX 1IeNell MPUBOAUT K PE3KOMY YMEHBIICHHIO 3HaueHuM Eg
raJoBUCMYTaTOB, a TAK)KE€ MOXKET CIIOCOOCTBOBATH 3(P(HEKTUBHOMY TPAHCIIOPTY 3apsiIOB BIOJIb
HaIpaBJICHU LIETIH. Y CTAHOBJIICHO, YTO MOSIBJIEHWE aTOMOB HO/JIa B CTPYKType OpOMOBHCMYTaTa
NPUBOAUT K PE3KOMY YMEHBUIEHUIO 3HaueHuM Eg coenuuenuii. [lokazaHo, 4TO TBepable
pacTBOPbI THOPUIHBIX TATIOBUCMYTATOB MO3BOJISIOT MTPOBOIUTH IJIABHYIO HACTPOUKY BETMYHHBI
ONTHUYECKON IIMPUHBI 3alPEIICHHON 30HBI COCAUHEHMS IyTEM BAPbUPOBAHHUSI TAIOIEHHOIO

cocTaBa ruOpUIHOTO rajJOBUCMYTaTa.

4. Tloka3aHo, YTO TBEp/Ibl€ pAaCTBOPHI TMOPUIHBIX FAJIOBUCMYTATOB MOTYT KaK MOTYUHATHCS
3aKoHy Berappa, Tak M MMETh 3HAUUTEIBHBIC OTKJIOHEHHMS IIApAMETPOB SYEHMKH OT 3aKOHA
Berapna. 3anosiHeHne MO3MIMII aTOMOB T'aJIOTEHOB MOJOM M OpOMOM B TBEPJBIX PacTBOpPAX
IPOMCXOIUT HEPABHOMEPHO. Y CTAHOBJIEHO, YTO XapakTep oOpa3oBaHUS TBEPABIX PACTBOPOB
rHOPUAHBIX TaJIOBUCMYTATOB MHIUBUIYAJICH JUISI KaXIOW CTPYKTYPHOM TpYMIbl, MOCKOJIBKY,

MMPEKAC BCETrO, 3aBUCUT OT COBOKYITHOCTH MCKMOJICKYJIAPHBIX BSaHMOHeﬁCTBHﬁ B CTPYKTYpC.
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CIIUCOK COKPAIIIEHUS Y YCJIOBHBIX OFO3HAYEHUM

PDOA
PCA
TT'A
JACK
PCMA, EDX

Cao
SAMP
POM
DFT
DOS
QTAIM

ETM

HTM

FTO
Spiro-MeOTAD

P3HT
PTAA
TQ1

KBC/I
Refcode
Eq

Kat

X, Hal
RT

peHTreHo(a30BbIi aHAIN3

PEHTTEHOCTPYKTYPHBIN aHAIIN3
TEPMOTPaBUMETPHUUECKUN aHATIN3

g depeHaIbHas CKAHUPYIOLAsk KaIOPUMETPHS
PEHTTEHOCHEKTPAIBbHBIA MUKPOAHAIN3 /
SHEPrOAMCIIEPCHOHHAS CTIEKTPOCKOIHS
crekTpockonus auppy3HOro oTpaxeHus
CHEKTPOCKOIHUS SJIEPHOTO MarHUTHOTO pe30HaHCca
pactpoBas (CKaHUPYIOIIast) YIEKTPOHHAS MHKPOCKOTIHS
TeopHsl PyHKLHNOHAJA INIOTHOCTH

AIIEKTPOHHAS TUIOTHOCTH COCTOSTHUIM

Teopus beiinepa « ATOMBI B MOJIEKYJIax»

AIIEKTPOHHO-TPAHCIIOPTHBIA MaTepHall
JBIPOYHO-TIPOBOIAIIUN MaTepUal

TOKOIpoBosIIee cTekio (tuienka SN0y, erupoBaHHoro F)
(2,2',7,7"-terpaxuc[N,N-nu(4-meroxcud et )amuHo |-9,9'-
crupoOudIIyopeH)

nonu(3-rexcuntuoden-2,5-aumn)
nonu|[6uc(4-pennn)(2,4,6-rpumeTriipeHns )aMuH )
nonu|[[2,3-6uc(3-okTunokcudenmn)-5,8-XxuHOKCaTnHe TU U |-

2,5-Tnodenannn))

KemOpumkckast 6a3a CTpyKTYPHBIX JaHHBIX
UNnentudukanmonnsiii koa B KBC]]
ONTHYECKas MIMPUHA 3aMPEIIEHHON 30HbI
N-reTeponuKInIecKuii KaTHOH
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oktayipoB {Bile}, Eoer  — cymMa sHepruit mectu cBs3eit Bi-l, oOpasyrommx
oktaoap {Bile}, Eyr = XS E(Bi — 1)

IsoL - MOJIbHAS J0JISl HOJIa CIICPH aTOMOB TaJIOTeHA B PACTBOpPE

lEDX — MOJIbHASI JIOJIS MOJIa CPEI AaTOMOB T'aJIOTeHA B TBEPIOM

pactBope o nanubiM EDX
IxrD — MOJIbHAs JI0JIsl M0J1a CPeId AaTOMOB TaJIOreHa B TBEPJIOM

pactBope 1o nanHbiM POA (meTonom Putsenbaa)

lter - TepMUHAJIBHBIN (KOHIIEBOW) aTOM HOJa
lor — MOCTHKOBBIII aTOM HOJa
2s0L - MOJIbHAS J0JI KaTHOHA 2-METHITHPUINHUS CACPU JPYTUX

KaTMOHOB METWINMPHUINHNS B PACTBOPE
2NMR — MOJIbHAS J0JI1 KaTUOHA 2-METWITHPUINHHAS CAEPU APYTUX
KaTMOHOB METWJIIIMPUIUHUS B TBEPAOM PacTBOpPE 110

naaaeM H SMP

JAMCO, DMSO — JTUMETUIICYJTB(OKCH]T

JIM®DA, DMF — nuMeTHIIhopmamMua

JAUnvpyuIMnHOKCHUIION,

Py2(XK) — 1,1'-(1,4-pennnenbuc(merunen))ouc( 1 -mupuauHus))
Metunsuonoren, MV — N,N'-mumernn-4,4'- munupuaunus

YciaoBHble 0003HaveHUus1 APYrux N-reTrepoluKIHYecKMX KATHOHOB IMpHUBeJAeHbI B
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Tabmuna I11. Kpucrammorpadudeckue gannpie as ctpykryp 1-158.

Coennnenne 1 2 3 4 5 6
prTTO-(bOpMyJ‘Ia CisH22BiBrsNa4 C20H33.30BiBrsN4Qo.es  CsoH133Bi3BrisN16O: Cs2HasBi12BrinKNs Ci6H32BiBrsN4Os.33 CsoH75B12Bri2Nis
Mr, r/moin 866.89 948.73 3416.34 1880.85 1022.23 2235.11
smysenne, A MoKa MoKa MoKa MoKa MoKa MoKa

; (= 0.71073) (L =0.71073) (L =0.71073) (A =0.71073) (L =0.71073) (L =0.71073)
CHHTrOHUS pombuueckas MOHOK/IMHHAS TPUKIMHHASA TPUKIIMHHAS TPUKIIMHHAS MOHOKJIMHHAS
a, A 8.7959(4) 18.641(2) 12.7167(4) 10.9936(11) 11.7922(6) 12.4840(6)
b, A 20.5377(10) 16.0199(18) 12.9660(4) 11.0944(11) 13.3966(7) 21.8199(12)
c, A 24.9416(12) 9.6422(12) 17.7614(5) 13.0953(12) 15.3074(7) 12.9009(7)
a, ° 90 90 104.6030(10) 77.5688(16) 82.819(2) 90
B, ° 90 105.008(3) 94.5060(10) 66.9079(14) 83.482(2) 91.866(2)
v, ° 90 90 102.7500(10) 60.4064(14) 66.824(2) 90
Vv, A 4505.6(4) 2781.2(6) 2736.01(14) 1277.1(2) 2200.12(19) 3512.3(3)
Pcalc, T/CM? 2.556 2.266 2.073 2.446 2.315 2.113
T, K 120(2) 150(2) 150(2) 150(2) 120(2) 150(2)
W, MM 16.702 13.541 11.432 15.598 14.207 11.871
Ip. rp. Pbca P2./c P1 P1 P1 P2./n
Z 8 4 1 1 3 2
F(000) 3184 1778 1620 866 1427 2104
Cobpano otpaxxenuii | 68960 18957 43176 66578 34598 60288
Hesapiciix 6888 5127 11167 7434 10527 8735
OTpaKeHHit
Orpascenmii (1>26(1)) | 5389 2040 8005 6530 7902 6562
Rint 0.0649 0.1576 0.0529 0.0845 0.0561 0.0842
20min = 20max, © 4.290 - 61.060 4.372 - 50.822 4.358 - 52.810 4.224 - 60.064 4.084 - 55.862 4.468 - 56.638
WR: (1o Bcem 0.0527 0.1819 0.1102 0.2218 0.1000 0.0757
OTPaXCHUSIM)
Ri (I>o(])) 0.0265 0.0571 0.0412 0.0782 0.0368 0.0340
GOF 0.990 0.883 0.994 1.430 0.993 0.992
Pmin/ Prmax, €A -0.927/0.793 -2.061/1.636 -1.239/1.720 -5.308/8.335 -0.991/1.603 -0.851/0.961
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Coeannenne 7 8 9 10 11 12
prTTO-(l)OpMYIIa C16H25Bi21sN4O- CasHooB13117N120s C2sH36B12Br10Ns CaoH44B12BrioNa CsoHssBi3Bri7Ns Cs0H40B12BrioNa
Mr, r/mois 1741.58 3747.55 1645.67 1797.85 3146.99 1673.72
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS MOHOKJIMHHAS TPUKIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS TeTparoHajbHast MOHOKJIMHHAS
a, A 11.7592(7) 11.7404(4) 9.624(3) 10.0536(2) 12.5832(4) 11.0210(4)
b, A 19.5474(11) 13.7640(5) 19.609(6) 21.9734(4) 12.5832(4) 10.0180(4)
c, A 7.8227(5) 14.8717(5) 11.606(4) 12.1784(2) 30.584(2) 19.8331(7)
a, ° 90 94.7520(10) 90 90 90 90
B, ° 100.747(2) 93.0050(10) 114.006(4) 114.5100(10) 90 101.7340(10)
Y, © 90 103.8220(10) 90 90 90 90
V, A3 1766.60(18) 2319.09(14) 2000.8(11) 2447.92(8) 4842.6(5) 2143.98(14)
Pcalc, T/CM? 3.274 2.683 2.732 2.439 2.158 2.593
T, K 150(2) 150(2) 150(2) 120(2) 150(2) 150(2)
W, MM 16.957 11.380 18.795 15.374 12.495 17.542
Ip. rp. P2i/c P1 P2i/c P2i/c 14/m P2i/n
Z 2 1 2 2 2 2
F(000) 1516 1676 1496 1656 2936 1528
CoOpano orpaxkennit |43947 56695 33916 37313 30347 54585
HesasHcuMbIx 4411 14810 4815 8671 3781 6793
OTpaXKEHUH
Cobpano orpaxennii | 349, 12035 4292 7152 2557 5684
(1>26(1))
Rint 0.0691 0.0497 0.0823 0.0430 0.0809 0.0644
20min - 20max, ° 5.460 - 56.710 4.104 - 63.092 4.154 - 55.746 4.116 - 66.216 4,578 - 61.100 4.196 - 62.044
WR. (o seem 0.0930 0.0852 0.2434 0.0651 0.0991 0.0593
OTPaKEHUSIM)
Ri (I>o(])) 0.0337 0.0339 0.0813 0.0283 0.0369 0.0269
GOF 0.969 1.027 1.493 1.038 1.022 1.034
Pmin/ Prmax, €A -1.686/2.137 -1.839/1.660 -7.617/5.371 -1.234/1.946 -1.724/1.072 -0.942/2.253
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Coeannenne 13 14 15 16 17 18
prTTO-(l)OpMYIIa C34H4sB12BrioNa CasHeoBi4BrisNi2 C14H25BiBrsN2Os C2sH36BiBrsINa CasHesB14BrisNe CssH7sB14BrisNe
Mr, r/moin 1729.82 3079.38 957.80 1403.77 3001.36 3085.52
Vsnyaerue, A MoKa MoKa MoKa MoKa MoKa synchrotron

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.67522)
Cunronus MOHOKIIMHHAS MOHOKIIHHHAs MOHOKJIHHHAsS TPHUKIUHHAS MOHOKIIMHHAs MOHOKJIHHHAs
a, A 14.2567(5) 9.9964(4) 10.3705(4) 9.7162(4) 16.4918(7) 10.6567(3)
b, A 17.9650(6) 16.4091(7) 18.0471(7) 10.1351(5) 11.2389(5) 16.5173(4)
c, A 9.8582(3) 24.7686(11) 13.8346(5) 11.5665(5) 41.1424(18) 23.2031(5)
a, ° 90 90 90 82.1770(10) 90 90
B, ° 114.6920(10) 95.401(2) 99.5630(10) 65.5040(10) 94.7070(10) 92.411(3)
Y, © 90 90 90 68.6170(10) 90 90
V, A3 2294.04(13) 4044.8(3) 2553.27(17) 964.99(8) 7600.0(6) 4080.59(18)
Pealc, T/cM? 2.504 2.528 2.492 2.416 2.623 2,511
T, K 150(2) 150(2) 150(2) 250(2) 100(2) 150(2)
W, MM ! 16.399 17.604 16.311 13.674 18.732 15.261
Ip. rp. C2/m P2i/n P2i/n P1 P2:i/n P2i/n
Z 2 2 4 1 4 2
F(000) 1592 2788 1760 648 5432 2812
CoOpano orpaxkenuit | 16735 43742 47092 18762 63868 25299
Hesapuciix 3794 7987 7490 6095 16731 8782
OTpaKEHUI
Cobpano otpaxennii | 3,)q 5682 6010 5136 12064 6746
(1>20(1))
Rint 0.0464 0.0870 0.0727 0.0459 0.0791 0.0421
20min - 20max, ° 4,534 - 63.024 4,556 - 52.116 4514 -60.116 4.316 - 63.018 4.132 - 54.236 3.338 - 53.500
WR. (o seem 0.0643 0.0732 0.0830 0.0850 0.1546 0.1755
OTPaKEHUSIM)
R: (I>o(])) 0.0270 0.0377 0.0360 0.0332 0.0571 0.0658
GOF 1.002 0.996 1.037 1.019 0.994 1.016
Pmin/ Prmax, €A -0.970/1.703 -1.528/1.216 -1.291/2.532 -2.333/1.749 -2.209/2.028 -3.492/3.229
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Coeannenne 19 20 21 22 23 24
prTTO-(l)OpMYIIa C15H24B12Bri2Ne C12H24B12Br10N4O: C7H14BiBrsN2O C24H44B12Bri12N6O CsHisBiBrsN4O2 C20H36B14Br1sNsOs
Mr, r/mois 1665.28 1473.41 750.73 1809.53 887.68 2710.87
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS poMOuueckas MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS TPUKJIMHHAS MOHOKJIMHHAS
a, A 13.3678(6) 11.1553(14) 9.1129(7) 11.0371(6) 8.9423(6) 26.4520(10)
b, A 14.1378(6) 11.2184(14) 22.6442(16) 13.4220(7) 9.2461(6) 9.7440(4)
c, A 19.1085(8) 13.2282(16) 8.2570(6) 15.1336(8) 14.0873(8) 22.4625(8)
a, © 90 90 90 90 77.477(2) 90
B, ° 90 109.653(3) 107.174(2) 90.014(2) 86.384(2) 102.7780(10)
Y, ° 90 90 90 90 65.451(2) 90
V, A3 3611.3(3) 1559.0(3) 1627.9(2) 2241.9(2) 1033.79(11) 5646.3(4)
Pcalc, T/CM? 3.063 3.139 3.063 2.681 2.852 3.189
T, K 150(2) 120(2) 150(2) 120(2) 120(2) 150(2)
W, MM 23.028 24.105 23.088 18.561 20.129 25.199
Ip. rp. Pbcn P2i/n P2i/c Pc P1 C2lc
Z 4 2 4 2 2 4
F(000) 2968 1312 1344 1648 800 4792
CoOpano orpaxkenuii |48897 16066 24625 27279 13137 54121
Hesapuciix 5522 5158 4765 9873 5098 8278
OTpaXKEHUH
(obparo otpaxennii | 394 4302 3699 8246 4212 5171
(1>26(1))
Rint 0.0750 0.0416 0.0632 0.0613 0.0385 0.0759
20min - 20max, ° 4.194 - 61.122 4.146 - 63.420 4,678 - 60.122 4.568 - 54.304 4.954 - 56.610 4.314 - 60.114
WR. (1o Beem 0.0854 0.0585 0.1057 0.1113 0.1172 0.1132
OTPaKEHUSIM)
Ri (I>o(])) 0.0329 0.0257 0.0403 0.0472 0.0418 0.0470
GOF 0.992 0.998 0.954 0.983 1.039 1.040
Pmin/ Prmax, €A -1.373/1.360 -1.398/1.807 -1.199/1.853 -1.213/3.555 -1.068/4.489 -1.231/1.658
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Coenunenue 25 26 27 28 29 30
prTTO-(l)OpMYIIa C20H37B12Br12NsOs.s0 C20H2sB14BrisNs CooHs4BisBr3sN24 C15H21B1:2Brs.16]3.84N6 C15H21B12IoNs CsH-BilsN2
Mr, r/mMonb 1822.45 2494.98 5690.11 1602.97 1845.44 811.71
Vsnyaerue, A MoKa MoKa MoKa MoKa synchrotron MoKa

’ (A=0.71073) (A=0.71073) (A =0.71073) (A=0.71073) (A=0.67522) (A=0.71073)
CuHTOHUS TeTparoHajgbHas MOHOKJTMHHAS MOHOKJTMHHAS pomoOmIeckas pomOmdIeckas pomoOmIeckas
a, A 21.0306(17) 12.7987(3) 24.402(5) 15.0541(6) 28.8902(5) 11.8999(3)
b, A 21.0306(17) 10.7742(2) 11.267(2) 12.8474(5) 9.5425(2) 15.1567(4)
c, A 21.280(4) 19.2670(4) 24.712(6) 34.9720(15) 13.4798(2) 7.6774(2)
a, ° 90 90 90 90 90 90
B, ° 90 107.6870(10) 110.254(7) 90 90 90
Y, © 90 90 90 90 90 90
v, A3 9412(2) 2531.25(9) 6374(2) 6763.8(5) 3716.17(12) 1384.72(6)
Pealc, I/cM? 2.572 3.273 2.965 3.148 3.298 3.894
T,K 150(2) 150(2) 150(2) 150(2) 150(2) 150(2)
W, MM 17.690 26.517 22.328 20.011 14.693 21.613
Ip. rp. 141/a P2i/c P2, Pbca Pna2, Pbcn
4 8 2 2 8 4 4
F(000) 6616 2192 5072 5625 3184 1384
CoOpano orpaxkennit | 19972 58576 13521 75467 34170 17953
Hesapuemix 1431 8437 3936 6939 12387 2035
OTpaXKEHUH
¢ 00paiio OTpasKenii | g3 6192 3021 5286 10718 1917
(1>26(1))
Rint 0.2615 0.0647 0.1936 0.0950 0.0634 0.0408
20min = 20max, © 4.708 - 34.480 4.384 - 63.090 4.142 - 27.404 5.388 - 52.848 3.926 - 65.360 4.352 - 60.064
WR. (1o Bcem 0.2660 0.0907 0.2564 0.1573 0.0901 0.0693
OTPaKEHUSIM)
Ri (I>a(])) 0.1090 0.0352 0.0984 0.0518 0.0379 0.0267
GOF 1.404 0.975 1.108 1.156 0.988 1.119
Prmind Prmax, €A -0.953/0.792 -1.085/2.270 -2.218/1.834 -1.347/2.474 -2.338/1.331 -1.486/2.443
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Coeannenne 31 32 33 34 35 36
prTTO-(l)OpMYIIa CsH-BilsN> CsH-BilsN2 C36H42B12112Ns CasHesB14l1sNoO4 C36H46B12Br12N6O2 C12H2sBiBr7N2Os
Mr, r/moin 811.71 811.71 2499.51 3916.18 1971.67 1064.71
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
Cunronus MOHOKIIMHHAS poMOMUecKast MOHOKJIHHHAsS poMOHUecKast TPHUKIUHHAS TeTparoHajIbHas
a, A 7.6660(4) 12.2131(7) 15.9893(5) 17.0347(4) 8.1691(5) 9.6292(3)
b, A 14.1101(7) 14.8489(8) 32.1100(10) 34.3159(8) 12.4871(7) 9.6292(3)
c, A 12.9262(6) 7.5997(4) 11.4805(4) 14.7712(3) 13.3837(8) 15.1101(5)
a, ° 90 90 90 90 88.139(2) 90
B, ° 93.2850(10) 90 90.030(10) 90 82.580(2) 90
Y, © 90 90 90 90 76.417(2) 90
V, A3 1395.90(12) 1378.21(13) 5894.3(3) 8634.7(3) 1315.95(14) 1401.03(10)
Pealc, T/cM? 3.862 3.912 2.817 3.012 2.488 2.524
T, K 150(2) 120(2) 150(2) 150(2) 296(2) 294(2)
W, MM ! 21.440 21.715 12.278 14.602 15.823 16.301
Ip. rp. P2./c Pbcn P2, Cmc2, P1 P4n2
Z 4 4 4 4 1 2
F(000) 1384 1384 4408 6864 906 980
CoOpano orpaxkennit | 19544 17680 72755 76082 28021 20946
HesasHcuMbIx 4244 2227 35317 11981 7738 2151
OTpaKEHUI
Cobpano otpaxennii | 37q¢ 2001 30848 9600 5555 1829
(1>20(1))
Rint 0.0412 0.0443 0.0321 0.0576 0.0487 0.0450
20min - 20max, © 5.322-61.010 4.318 - 62.978 4.362 - 61.078 4.290 - 58.254 4.542 - 60.160 5.016 - 60.994
WR (110 Beem 0.0739 0.0532 0.0988 0.1293 0.0908 0.0428
OTPAXKCHUSIM)
R: (I>o(])) 0.0329 0.0207 0.0376 0.0528 0.0362 0.0206
GOF 1.232 1.001 0.800 1.147 1.006 1.057
Pmin/ Prmax, €A -2.316/2.241 -1.192/1.510 -1.290/1.691 -2.583/1.935 -0.984/0.887 -0.390/0.375
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Coeannenne 37 38 39 40 41 42
prTTO-(l)OpMYIIa CisH21BiBroNs C1sH21BiBrsNsO C14sH20BiBrsN.OS C16H26B121sN20-S: Ci1sH32BilsN20sS3 Cs2He0oB14Br12.5615.14N6
Mr, r/moin 1207.55 867.88 872.91 1775.67 1264.11 3164.79
Vsnyaerue, A MoKa MoKa MoKa MoKa MoKa synchrotron

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.67522)
Cunronus poMOMYecKas MOHOKIIHHHAs MOHOKJIHHHAsS TPHUKIUHHAS TPHUKIUHHAS poMOMdecKas
a, A 21.0339(8) 9.3541(9) 9.2364(10) 9.7348(3) 9.2387(7) 10.2477(3)
b, A 12.0033(4) 25.724(5) 26.2945(19) 13.0080(4) 9.4080(7) 16.8771(3)
c, A 12.0068(4) 9.8810(13) 9.5771(13) 15.3967(5) 20.6177(11) 42.4017(9)
a, ° 90 90 90 72.3830(10) 98.224(2) 90
B, ° 90 93.648(3) 92.521(6) 88.2330(10) 99.975(3) 90
Y, © 90 90 90 85.1020(10) 101.907(3) 90
V, A3 3031.43(18) 2372.8(6) 2323.7(4) 1851.44(10) 1697.0(2) 7333.4(3)
Pealc, T/cM? 2.646 2.429 2.495 3.185 2.474 2.866
T, K 296(2) 100 100 100.15 100 150(2)
W, MM 17.692 15.859 16.280 16.291 9.948 16.382
Ip. rp. Pmn2, P2:/n P2:/n P1 P1 P2:2:2;
Z 4 4 4 2 2 4
F(000) 2192 1592 1600 1548 1148 5634
CoOpano orpaxkennii | 50683 76093 49688 41812 42371 52603
Hesapuciix 8060 7255 6842 11321 9122 16331
OTpaKEHUI
Cobpano orpaxennii | 6967 5932 5199 10855 7246 15204
(1>20(1))
Rint 0.0681 0.0919 0.0941 0.0332 0.0624 0.0412
20min - 20max, ° 4,798 - 56.618 4.424 - 61.108 4.530-61.078 4.200-61.128 4.586 - 58.260 2.930 - 53.506
WR (110 Beem 0.2115 0.0670 0.0674 0.0459 0.0680 0.0897
OTPAXKCHUSIM)
R: (I>o(])) 0.0752 0.0303 0.0378 0.0203 0.0416 0.0348
GOF 1.504 1.072 1.054 1.162 1.070 1.048
Pmin/ Prmax, €A -1.538/5.957 -1.550/1.045 -1.378/1.038 -1.230/1.143 -1.953/1.469 -1.349/2.026
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Coeannenne 43 44 45 46 47 48

prTTO-(l)OpMYIIa Cs6H42B12118Ns Cs2HeoB14Bri2.s6l5.14N6  C21H30B12Bre6.2612.74N3 C21H30B12Brs.60l2.40N3 C2sH23B12Br7.5212.48Ns C2sH40B12112N4

Mr, r/mMoib 3260.91 3164.79 1590.38 1574.40 1810.18 2373.40
MoKa synchrotron MoKa synchrotron MoKa MoKa

H3nyuenue, A _ _ _ - _ _
(A=0.71073) (A=10.67522) (A=0.71073) (AL=0.67522) (A=0.71073) (A=0.71073)

CuHTOHMS pomoOmIeckas pomOmnIeckas MOHOKIJTMHHAS MOHOKIJIMHHAS pomOmdIeckas MOHOKJTMHHAS

a, A 21.4302(10) 10.2477(3) 11.8243(4) 18.7476(7) 16.8149(6) 8.672(3)

b, A 12.4915(6) 16.8771(3) 11.8539(4) 11.7296(3) 9.8623(4) 28.097(9)

c, A 12.4667(6) 42.4017(9) 13.3778(4) 19.0123(7) 27.5955(10) 11.635(4)

a, ° 90 90 90 90 90 90

B, ° 90 90 95.8019(11) 118.158(5) 90 109.880(6)

v, ° 90 90 90 90 90 90

V, A3 3337.3(3) 7333.4(3) 1865.48(11) 3686.0(3) 4576.3(3) 2666.0(16)

Pealc, T/cM? 3.245 2.866 2.831 2.837 2.627 2.957

T, K 100.15 150(2) 150(2) 150(2) 100(2) 150(2)

W, MM ! 13.622 16.382 18.408 16.335 15.949 13.562

Hp rp. Pmn2, P2:2:2, P2; P2:/n Pbca P2,

Z 2 4 2 4 4 2

F(000) 2840 5634 1415 2805 3251 2076

CoOpano otpaxkenuit | 78207 52603 64774 19649 51753 23952

HesasHcuMbIx 11847 16331 10938 6245 5076 10700

OTpakeHU I’

C0bpaiio oTpaskenii | 1150 15204 10026 5705 3880 9279

(1>26(1))

Rint 0.0426 0.0412 0.0411 0.0344 0.0782 0.0581

20min - 20max, ° 4616 - 63.238 2.930 - 53.506 4.384 - 60.104 3.988 - 47.394 4.844 - 54.312 4.350 - 53.184

WR. (o seem 0.0456 0.0897 0.1128 0.0848 0.0953 0.3568

OTPaKEHUSIM)

Ri (I>o(])) 0.0221 0.0348 0.0450 0.0289 0.0398 0.1364

GOF 1.073 1.048 1.198 0.940 1.061 2.239

Pmin/ Prmax, €A -0.670/1.446 -1.349/2.026 -1.198/2.386 -1.460/1.399 -1.460/1.399 -3.915/15.943
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Coeaqnnenue 49 50 51 52 53 54
. . C56H77.34Bi12154K5.64N16 . . .

prTTO-(bOpMyJ‘Ia CssHssBi3Bri2lisNis CssHssBi2l12KNio Os.o C-HioBilaN CsHo.2sBilsN Ci2H14BiBra.cal2.36N2
M, r/MoJB 4442 52 2575.59 10691.40 824.74 929.80 1065.50
VismyucHe A MoKa MoKa MoKa MoKa MoKa MoKa

’ (. =0.71073) (=0.71073) (. =0.71073) (L=0.71073) (L=0.71073) (. =0.71073)
CI/IHF OHUA TETparoHajJibHasa MOHOKJINHHAasA MOHOKJIMHHAas MOHOKJIMHHAA MOHOKJIMHHAA MOHOKJIMHHAaA
a, A 14.7016(6) 9.8150(2) 49.305(4) 14.4469(10) 13.4121(18) 6.0891(5)
b, A 14.7016(6) 14.9572(3) 10.4676(8) 14.0102(10) 14.7419(19) 18.5938(14)
c, A 24.3159(10) 20.8682(4) 40.012(3) 7.7784(5) 7.7742(10) 10.4018(8)
@, ° 90 90 90 90 90 90
B, ° 90 92.0850(10) 107.3730(10) 104.175(2) 92.348(6) 104.715(2)
v, ° 90 90 90 90 90 90
v, A 5255.6(5) 3061.53(11) 19708(3) 1526.44(18) 1535.8(3) 1139.06(15)
Peale, T/CM? 2.807 2.794 3.603 3.589 4.021 3.107
T, K 150(2) 150(2) 150(2) 100(2) 296.15 150(2)
W, My 14.017 11.891 19.286 19.608 21.497 19.073
Ip. rp. 14/m P2i/n Cc2 P2i/c P2i/c P2i/c
z 2 2 4 4 4 2
F(000) 3936 2272 18234 1416 1565 941
CoOpano orpaxkennit | 37819 72867 138046 15899 20801 16026
HesasHcimbix 4258 10022 35290 3116 4699 2334
OTpaKeHU M
Cobpano otpaxcennit | 5, 7848 25162 3020 2922 2042
(1>25(1))
Rin 0.0553 0.0631 0.0665 0.0387 0.2033 0.0575
20min = 20max, ° 5.156 - 62.046 4.524 - 63.104 4,098 - 50.310 5.816 - 52.746 4.108 - 61.534 4.382 - 52.760
WR. (1o Beem 0.1003 0.0838 0.1490 0.0616 0.2443 0.1015
OTPAXKCHUSIM)
R (I>o(1)) 0.0339 0.0309 0.0597 0.0284 0.1025 0.0447
GOF 1.01 0.924 1.421 1.326 1.016 1.221
Punind Prna, €A -1.235/1.665 -0.982/2.136 -2.784/4.028 -1.167/2.346 -4.109/10.526 -1.155/2.290
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Coeannenne 55 56 57 58 59 60
prTTO-(l)OpMYIIa CisH21B12Bro.8112.19N3 C20H20B12Br10N4 C20H22Bi2110N4O CaoH3sBi6l26Ns CisH24BiBr7N4O C13H2:BiBrsN4O1.s0
Mr, r/mois 1759.16 1533.46 2021.37 5184.06 1080.76 946.78
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS poMOposaprUecKast MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS TPUKJIMHHAS MOHOKJIMHHAS
a, A 15.0528(5) 10.9615(5) 11.7948(2) 19.6445(4) 10.0115(2) 13.8144(7)
b, A 15.0528(5) 11.5477(5) 11.8919(2) 10.7663(2) 11.6792(3) 11.1395(5)
c, A 28.9543(11) 14.0770(7) 14.8191(3) 22.7879(5) 13.4179(3) 15.7179(7)
a, © 90 90 90 90 102.0150(10) 90
B, ° 90 107.9990(10) 107.2420(10) 108.6870(10) 92.4890(10) 96.062(2)
Y, © 120 90 90 90 111.6980(10) 90
V, A3 5681.7(4) 1694.67(14) 1985.16(6) 4565.53(16) 1413.24(6) 2405.2(2)
Pcalc, T/CM? 3.085 3.005 3.382 3.771 2.540 2.615
T, K 150(2) 120(2) 150(2) 150(2) 100(2) 296(2)
W, MM 21.428 22.178 16.649 20.345 16.152 17.311
Ip. rp. R3c:H P2:/n P2:/n P2i/n P1 P2/c
Z 6 2 2 2 2 4
F(000) 4653 1368 1748 4420 992 1732
CoOpano otpaxkenuit | 25688 22971 50428 112612 32384 29050
Hesapuciix 4008 4954 6060 13402 10041 7044
OTpaXKEHUH
(obpano otpaxennii | 35, 4248 5490 11421 8054 4147
(1>26(1))
Rint 0.0573 0.0583 0.0357 0.0671 0.0439 0.0716
20min - 20max, ° 4.204 - 62.108 4.658 - 60.062 4.474 - 61.082 4.228 - 60.166 4.350 - 67.604 4.490 - 60.276
WR. (o seem 0.0846 0.0696 0.0701 0.1068 0.0648 0.1328
OTPaKEHUSIM)
Ri (I>o(])) 0.0343 0.0291 0.0275 0.0441 0.0332 0.0485
GOF 1.019 1.027 1.035 1.130 1.003 0.960
Pmin/ Prmax, €A -2.100/1.367 -1.596/2.466 -1.363/1.701 -1.727/2.192 -1.335/1.386 -1.090/1.674
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Coeannenne 61 62 63 64 65 66
prTTO-(bOpMYIIa C14sH22B12BrioNa C15H25BiBrsN+O C32H40B12Br10N4O4 Ci16H20BiBrsKN:O> C32H40B14l16N4O4 C32H39B12113N404
Mr, r/mois 1463.41 965.83 1761.74 999.88 3411.00 2611.33
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS MOHOKJIMHHAS MOHOKJIMHHAS pomOunyeckast MOHOKJIMHHAS TPUKJIMHHAS TPUKJIMHHAS
a, A 12.0490(4) 8.6184(6) 19.0333(7) 20.9081(4) 11.3393(4) 11.2141(5)
b, A 10.4839(3) 13.8520(9) 21.0867(9) 8.02500(10) 12.2558(4) 11.8728(5)
c, A 12.6260(4) 11.2973(7) 12.2648(5) 8.32310(10) 13.9630(5) 22.5318(9)
a, © 90 90 90 90 67.5887(13) 94.3140(10)
B, ° 106.8900(10) 111.027(2) 90 110.1290(10) 79.4126(13) 91.9330(10)
Y, ° 90 90 90 90 69.4982(12) 91.6680(10)
V, A3 1526.12(8) 1258.89(14) 4922.5(3) 1311.21(3) 1677.46(10) 2988.2(2)
Pcalc, T/CM? 3.185 2.548 2.377 2.533 3.377 2.902
T, K 296(2) 298(2) 297(2) 150(2) 150(2) 150(2)
W, MM 24.618 16.538 15.293 16.039 17.853 12.629
Ip. rp. P2:/n P2, Pnma C2/m P1 P1
Z 2 2 4 2 1 2
F(000) 1300 888 3232 916 1472 2292
CoOpano orpaxkennii | 20408 42162 92686 18543 38593 55996
Hesapuciix 5007 7708 6315 2634 9095 16824
OTpaXKEHUH
Cobpaiio oTpaskeriii | 3647 6773 5006 2528 7231 13814
(1>26(1))
Rint 0.0445 0.0499 0.0730 0.0368 0.0417 0.0312
20min - 20max, ° 5.144 - 63.032 4.854 - 61.144 4,398 - 56.750 5.212 - 67.536 4.832-59.148 4.808 - 61.072
WR. (o seem 0.0772 0.1456 0.0825 0.0545 0.0598 0.1002
OTPaKEHUSIM)
Ri (I>o(])) 0.0334 0.0490 0.0335 0.0209 0.0337 0.0374
GOF 1.000 1.083 1.146 1.081 1.014 0.922
Pmin/ Prmax, €A -0.920/1.245 -1.559/1.421 -0.635/1.255 -1.323/1.017 -1.414/1.608 -1.293/2.418




224

Coeannenne 67 68 69 70 71 72
prTTO-(l)OpMYIIa C30H42Bi2BroN3Os C30H4:B12BrsN3O3 CaoHs6B14l17.3sN404 Ca0H36B12BrioNs Ci10HoBiBrsN> C39H44B12Br12N6O
Mr, r/mois 1629.81 1629.81 3698.33 1845.83 685.81 1989.68
VismyucHe A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS TPUKJIMHHAS MOHOKJIMHHAS poMOuuecKas
a, A 13.7746(5) 12.9904(4) 13.3591(3) 13.275(2) 11.9894(3) 22.2572(10)
b, A 24.0388(9) 28.2169(8) 23.1437(5) 13.851(3) 17.7949(5) 15.3294(7)
c, A 14.1676(5) 13.8508(4) 12.8497(3) 13.916(3) 7.3991(2) 15.7019(7)
a, © 90 90 90 89.267(16) 90 90
B, ° 100.2890(10) 111.4160(10) 94.9703(7) 75.687(19) 94.6080(10) 90
Y, ° 90 90 90 85.37(2) 90 90
V, A3 4615.8(3) 4726.4(2) 3957.92(15) 2471.2(9) 1573.50(7) 5357.3(4)
Pcalc, T/CM? 2.345 2.290 3.103 2.481 2.895 2.467
T, K 297(2) 297(2) 297(2) 150(2) 296.15 150(2)
W, MM 15.436 15.075 15.677 15.235 21.344 15.547
Ip. rp. P2i/n P2i/n P2i/c P1 C2/c Pcen
Z 4 4 2 2 4 4
F(000) 2992 2992 3218 1696 1224 3656
Cobpano otpaxkenuii | 90865 82909 100493 37751 12810 124151
HesasHcuMbIx 9455 10433 8761 9022 2415 6703
OTpaXKEHUH
Cobpano orpaxennii | 6447 8018 7149 5279 2170 4602
(1>26(1))
Rint 0.0982 0.0833 0.0698 0.1188 0.0476 0.1354
20min - 20max, ° 4.160 - 52.808 4,678 - 54.238 4,572 - 54.290 4.158 - 50.698 6.660 - 61.106 4.140 - 56.762
WR. (o seem 0.1385 0.1005 0.1220 0.1320 0.0695 0.15
OTPaKEHUSIM)
Ri (I>o(])) 0.0422 0.0375 0.0527 0.0679 0.0280 0.0539
GOF 0.863 1.012 1.133 1.241 1.063 1.065
Pmin/ Prmax, €A -1.647/0.722 -1.076/1.190 -1.225/1.152 -1.824/2.627 -1.417/1.248 -2.513/1.934
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Coeannenne 73 74 75 76 77 78
prTTO-(l)OpMYIIa C2sH32B12110N4 CsoHe2B13Bri7NsOs CisHisBiBrsN: Cs6H36Bi2110N4 C42Hs4BiBr/N4OsSs C42Hs4Bil7N4OsSs
Mr, r/mois 2111.53 2808.48 870.87 2211.65 1527.42 1856.35
Vsnyaerue, A MoKa MoKa MoKa synchrotron MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.79312) (A=0.71073) (A=0.71073)
CuHroHHS MOHOKJIMHHAS TPUKIMHHAS TETparoHajabHas TeTparoHajbHas MOHOKJIMHHAS MOHOKJIMHHAS
a, A 20.3914(9) 10.0709(4) 12.890(2) 13.1552(19) 16.5194(9) 16.9076(7)
b, A 11.8272(5) 13.3048(5) 12.890(2) 13.1552(19) 14.5925(9) 15.1942(7)
c, A 20.8858(9) 13.8748(5) 13.861(2) 14.799(3) 13.2748(7) 13.5491(6)
a, ° 90 86.5710(10) 90 90 90 90
B, ° 117.4500(10) 84.6510(10) 90 90 125.2900(10) 125.4550(10)
Y, © 90 82.732(2) 90 90 90 90
V, A3 4470.0(3) 1833.96(12) 2303.0(8) 2561.2(9) 2612.0(3) 2835.3(2)
Pealc, T/cM? 3.138 2.543 2512 2.868 1.942 2.174
T, K 150(2) 150(2) 120(2) 293(2) 100(2) 100(2)
W, MM 14.794 16.482 16.336 13.857 8.889 7.068
Ip. rp. P2i/n P1 14 14 C2/m C2/m
Z 4 1 4 2 2 2
F(000) 3696 1286 1592 1952 1468 1720
CoOpano orpaxkennit {50091 30377 16399 11591 22807 25970
Hesapuciix 13075 10695 3837 2940 4494 5397
OTpaXKEHUH
CoOpano oTpwieHHH | 1136, 7440 3570 2686 4043 4934
(1>20(1))
Rint 0.1093 0.0610 0.0487 0.0396 0.0428 0.0262
20min - 20max, ° 4.086 - 60.064 4.092 - 60.096 4.316 - 62.994 4.624 - 61.912 4.112 - 63.086 4.110 - 66.358
WR. (o seem 0.1149 0.0795 0.0657 0.1221 0.0601 0.0484
OTPaKEHUSIM)
Ri (I>o(])) 0.0734 0.0427 0.0276 0.0459 0.0259 0.0215
GOF 1.195 1.014 1.053 1.095 1.003 0.985
Pmin/ Prmax, €A -1.61/2.465 -2.732/1.760 -1.088/2.487 -1.282/1.696 -1.650/1.392 -1.469/0.794
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Coeannenne 79 80 81 82 83 84
prTTO-(l)OpMYIIa CssHs4B12Brs.49Cl3.51N6  C27H28B1Br4.11Cli.8sN3s  C11H1sBiBraNOS C11H1sBilsNOS C30H34B12IsN+O Cs0H34BilsN4O
Mr, r/mois 2007.85 998.93 737.92 925.88 2026.67 1436.99
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS TPUKJIMHHAS TPUKIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS TPUKJIMHHAS TPUKJIMHHAS
a, A 12.790(3) 9.4546(10) 11.442(3) 11.7459(14) 10.4022(5) 11.0547(5)
b, A 14.769(4) 13.2860(12) 13.461(3) 14.2042(19) 12.5641(7) 13.7612(6)
c, A 19.156(5) 13.9063(11) 12.460(3) 12.5884(15) 19.9063(10) 13.8907(6)
a, ° 67.593(5) 81.087(3) 90 90 94.466(2) 74.6500(10)
B, ° 73.276(5) 76.125(4) 107.555(7) 106.018(4) 103.2530(10) 87.7940(10)
Y, © 80.529(7) 69.233(4) 90 90 112.5700(10) 72.9350(10)
V, A3 3197.5(13) 1581.0(3) 1829.8(8) 2018.7(4) 2298.2(2) 1946.28(15)
Pcalc, T/CM? 2.085 2.098 2.679 3.046 2.929 2.452
T, K 140 100 140 140 100(2) 100(2)
W, MM 10.987 10.951 18.476 14.948 13.719 9.316
Ip. rp. P1 P1 P2:/n P2i/n P1 P1
Z 2 2 4 4 2 2
F(000) 1886 940 1340 1628 1786 1302
CoOpano orpaxkennii {40876 62971 18230 20088 53186 46406
HesasHcuMbIx 12597 9451 3599 3976 15231 12915
OTpaXKEHUH
Cobpano orpaxennii | gsqr 7008 3122 3347 14053 12041
(1>20(1))
Rint 0.0542 0.0816 0.0600 0.0668 0.0401 0.0282
20min - 20max, ° 2.372 - 52.044 3.288 - 61.194 4.240 - 52.030 4.200 - 52.034 4.384 - 63.190 4,232 - 63.112
WR. (o seem 0.1182 0.0633 0.0785 0.0714 0.0588 0.0511
OTPaKEHUSIM)
Ri (I>o(])) 0.0487 0.0384 0.0323 0.0303 0.0258 0.0214
GOF 1.028 1.040 1.034 1.026 1.089 1.026
Pmin/ Prmax, €A -2.588/3.971 -0.997/1.559 -0.896/2.216 -1.473/1.019 -1.858/2.220 -1.506/1.371
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Coenunenue 85 86 87 88 89 90

prTTO-(l)OpMYIIa Ci20H136B14124N1604 CasHs7Bil:N-Os Ci13H2:BiBraNO:S: Cs4Hs4Bisl1sNs CssHs4Bi2l12Ng CasH3sN4BisBris

Mr, r/momb 5747.96 1841.25 817.05 3907.15 2727.88 2639.10

Vsnyaerue, A MoKa MoKa MoKa synchrotron synchrotron synchrotron
’ (A=0.71073) (A=0.71073) (A=0.71073) (A =0.740) (A =0.740) (A =0.740)

Cunronus poMOmIecKas MOHOKIIMHHAs MOHOKIIHHHAS MOHOKITMHHAs MOHOKITHHHAs TPHUKJIAHHAS

a, A 22.399(2) 17.3495(14) 8.9691(6) 19.0331 30.3003 11.4554

b, A 21.812(2) 14.7084(12) 7.7432(5) 18.9197 14.4773 12.0652

c, A 32.531(3) 13.8354(11) 32.429(2) 12.6517 17.1967 11.9352

a, ° 90 90 90 90 90 79.104

B, ° 90 121.690(2) 93.921(3) 105.881 109.143 106.310

Y, °© 90 90 90 90 90 113.810

v, A3 15894(3) 3004.2(4) 2246.9(3) 4382 7126 1443

Pealc, I/cM? 2.402 2.035 2.415 2.96 2.54 3.04

T, K 100.15 150.15 140 293(2) 293(2) 293(2)

W, MM ! 9.126 6.571 15.152 - - -

Ip. rp. Pca2, C2/m P2i/n P2:i/n C2/c P1

Z 4 2 4 2 4 1

F(000) 10416 1708 1512 3412 4888 1172

CoOpano orpaxkenuii | 216605 24670 4308 1924 1446 509

Hesagncimerx 31241 4549 4308 1924 1446 509

OTpakeHU I’

Cobpatio otpaieniil | ygqg7 3930 2554 1204 849 436

(1>26(1))

Rint 0.0624 0.0281 - 0.0406 - -

20min = 20max, © 2.892 - 52.044 4.730 - 60.090 2.518 - 55.740 2.00 - 23.80 2.00 - 25.00 2.00 - 25.00

WR. (1o Bcem 0.1794 0.1562 0.4464 0.2711 0.6588 0.8282

OTPaKEHUSIM)

Ri (I>o(D)) 0.0778 0.0631 0.1848 - - -

GOF 1.179 1.051 1.523 2.000 2.162 12.725

Pumind Prmax, €A -5.423/2.783 -3.621/3.775 -9.592/7.100 - - -
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Coennnenne 91 92 93 9 95 96
. . . . . C20H32.64B12Br6.9215.0sN

prTTO-(bOpMyJ‘Ia ClgH 18NzBI2|3 C24H2sBi1BrsN.OS CisH16Bi1BrsN2 CasHasBi2Bri2NsOa4 C26H3:BiBrsN20S «Oo.sa
Mr, r/moiib 1695.55 1001.07 868.86 2099.76 1029.12 1752.09
Vsnyaerue, A synchrotron MoKa MoKa MoKa synchrotron MoKa

’ (= 0.740) (=0.71073) (. =0.71073) (L=0.71073) (L=0.71073) (. =0.71073)
Cunronust TPUKIIMHHAA TPUKIIMHHAA TPUKIIMHHAA MOHOKJIMHHAas TPUKIIMHHAA TCTparoHajibHasa
a, A 8.1500 8.3209(6) 9.0850(11) 33.5758(12) 8.358(4) 16.2130(9)
b, A 9.8510 12.9070(10) 11.9749(12) 9.4481(3) 13.215(6) 16.2130(9)
c, A 10.6747 13.9577(11) 12.2092(15) 18.8579(6) 14.616(7) 31.7440(19)
a, © 103.629 92.315(3) 111.842(4) 90 86.924(12) 90
B, ° 90.027 101.335(2) 103.003(4) 101.941(2) 76.967(14) 90
v, ° 99.736 91.349(2) 101.962(4) 90 88.650(11) 90
V, A 820 1467.83(19) 1137.4(2) 5852.8(3) 1570.5(12) 8344.3(11)
Pcalc, T/CM? 3.41 2.265 2.537 2.383 2.176 2.789
T,K 293(2) 100.15 100 100 140 100(2)
W, MM ! - 12.903 16.538 14.241 12.063 17.356
Ip. rp. P1 P1 P1 C2/c P1 I41/acd
Z 1 2 2 4 2 8
F(000) 730 936 792 3884 968 6261
CoOpano orpaxenuii |689 27771 11076 27235 6201 28481
Hesapiciix 689 5373 4479 5760 6201 2068
OTpaKeHU M
CoOparo oTpaxeHHi | 4602 3965 4760 5446 1749
(1I>25(1))
Rint 0.0437 0.0677 0.0437 0.0566 - 0.1008
20min = 20max, ° 2.00 - 32.00 4.242 - 50.752 3.812 - 52.038 2.480 - 52.040 2.864 - 52.042 4.382 - 52.124
WR. (1o Beem 0.2301 0.2590 0.1019 0.1663 0.1395 0.1330
OTPAXKCHUSIM)
Ri (I>o(])) - 0.1017 0.0387 0.0462 0.0542 0.0457
GOF 1.309 1.087 1.042 1.045 1.134 1.104
Prmind Prnax, €A - -2.395/2.780 -1.273/2.045 -1.676/1.710 -1.399/1.896 -1.681/2.116
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Coeannenne 97 98 99 100 101 102
prTTO-(l)OpMYIIa Ci16H24B12BrioNs C6H12BiBrsN4O- CsH12BilsN4+O2 CsHeBiBr3.3710.63N CsHeBiBr2.7l1.22N CsHesBiBr3.05l0.0sN
Mr, r/mois 1545.49 780.73 1015.68 638.21 665.82 653.25
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHTOHMS MOHOKIIHHHAS pomOmnIeckas pomOmnIeckas MOHOKIJIMHHAS MOHOKIJIMHHAS pomoOmIeckas
a, A 10.2354(5) 8.4065(4) 8.5476(6) 12.5950(13) 12.7119(12) 13.626(2)
b, A 15.3510(7) 17.2029(7) 18.6701(13) 13.1402(13) 13.2007(14) 7.5502(11)
c, A 11.4274(5) 11.5767(5) 12.2568(8) 7.5420(7) 7.5845(7) 24.215(4)
a, © 90 90 90 90 90 90
B, ° 106.849(2) 90 90 106.850(3) 107.207(3) 90
Y, ° 90 90 90 90 90 90
V, A3 1718.44(14) 1674.18(13) 1956.0(2) 1194.6(2) 1215.8(2) 2491.2(7)
Pealc, T/cM? 2.987 3.097 3.449 3.549 3.638 3.483
T, K 100(2) 100(2) 100(2) 100.00 100.00 260
W, MM ! 21.875 22.464 16.906 27.609 26.690 26.246
Ip. rp. P2i/n Pnma Pnma P2i/c P2i/c Pbca
Z 2 4 4 4 4 8
F(000) 1384 1400 1760 1109 1151 2264
CoOpano orpaxkenuit | 31564 28488 25981 3653 2389 17012
Hesapuciix 6488 3244 2946 3653 2389 2988
OTpaXKEHUH
Cobpano otpaxennii | 5e7¢ 2479 2500 3118 2266 1903
(1>26(1))
Rint 0.0585 0.0802 0.0495 0.0602
20min - 20max, ° 4572 - 66.424 4.240 - 66.304 4.364 - 60.172 3.378 - 61.116 3.354 - 52.042 3.364 - 56.056
WR (110 Beem 0.0683 0.0841 0.0812 0.0815 0.1497 0.0737
OTPAXKCHUSIM)
Ri (I>o(])) 0.0295 0.0329 0.0294 0.0356 0.0510 0.0367
GOF 1.007 0.877 1.120 1.235 1.055 1.038
Pmin/ Prmax, €A -1.970/2.800 -2.364/1.632 -2.095/2.139 -1.922/2.008 -2.737/2.836 -1.223/1.172
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Coennnenne 103 104 105 106 107 108
. . . . . C35H42B12Br12.08N7.9202

prTTO-(bOpMyJ‘Ia CisH17B12Br7.74l1.26N3 CsHeBiBro.sol3.40N CsHeBiBro.2sl3.72N CsHeBilaN CsHeBilaN e
Mr, r/moiib 1435.67 768.49 783.41 796.69 796.70 2001.08
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (. =0.71073) (=0.71073) (»=0.71073) (L=0.71073) (L=0.71073) (. =0.71073)
Cunronust TPUKIIMHHAA p0M6I/I‘IeCKaH pOM6I/I1IeCKa}1 pOM6I/I‘-IGCKa$I MOHOKJIMHHAas MOHOKJIMHHAas
a, A 7.875(10) 14.1678(5) 12.7378(8) 12.7616(18) 12.5916(6) 9.5789(5)
b, A 9.672(13) 7.6246(3) 14.1771(10) 14.2575(18) 28.3641(13) 17.1841(9)
c, A 22.52(3) 24.7299(9) 7.7199(6) 7.7584(9) 7.6758(4) 33.5431(18)
a, © 90.09(3) 90 90 90 90 90
B, ° 90.05(4) 90 90 90 95.5473(15) 94.8134(19)
Y, ° 113.97(3) 90 90 90 90 90
Vv, A® 1567(4) 2671.42(17) 1394.10(17) 1411.6(3) 2728.6(2) 5501.9(5)
Pcalc, T/CM? 3.042 3.822 3.733 3.749 3.879 2.416
T, K 100 100.15 250.00 290 100.15 100(2)
W, MM ! 22.330 22.808 21.646 21.196 21.931 15.200
Ip. rp. P1 Pbca Pbcn Pbcn P2./c P2./n
Z 2 8 4 4 8 4
F(000) 1263 2618 1332 1352 2704 3673
CoOpano otpaxkenuii | 16566 69541 25916 31970 6553 50795
Hesapiciix 5618 4072 2121 2101 6553 13447
OTpaKeHU M
Co0paro oTpaxeHHi | 9o 3260 1423 1397 6135 10179
(1>20(1))
Rint 0.6659 0.0627 0.0556 0.0718 0.0454
20min = 20max, ° 4.608 - 50.696 4.372 - 61.064 4,298 - 61.012 5.714 - 61.174 4.338 - 55.958 4.338 - 56.694
WR. (1o Beem 0.5419 0.0606 0.0617 0.0913 0.1120 0.1100
OTPAXKCHUSIM)
Ri (I>o(])) 0.2451 0.0380 0.0363 0.0340 0.0577 0.0437
GOF 0.965 1.194 1.146 1.081 1.271 1.046
Prmind Prnax, €A -1.750/2.100 -1.735/1.607 -1.369/0.809 -1.126/1.070 -2.420/2.612 -1.284/2.097
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CoequHenue 109 110 111 112 113 114
prTTO-(l)OpMYIIa C1sH15BiBra.30l0.61N2 C1sH15BiBras.06l0.94N2 C1sH15BiBr3.7511.22N2 C1sH1sBiBr3.4111.50N2 CsHsBiBr2.sol1.11N CsHsBiBr3.05l0.0sN
Mr, r/mMoib 851.61 867.12 880.04 897.43 674.68 667.39
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHTOHMS MOHOKJIMHHAS MOHOKJIMHHASI MOHOKJIMHHAs MOHOKJIMHHAS MOHOKJIMHHASI MOHOKJIMHHAS
a, A 12.0767(8) 12.1086(4) 12.168(3) 12.1996(7) 14.6616(17) 12.9606(7)
b, A 11.5480(9) 11.5295(4) 11.602(3) 11.5845(8) 13.4179(14) 13.4844(8)
c, A 14.9324(10) 15.0033(6) 15.055(4) 15.0730(11) 7.4226(10) 7.6947(4)
a, ° 90 90 90 90 90 90
B, ° 92.349(3) 92.440(2) 92.439(6) 92.533(5) 116.713(4) 106.466(2)
v, ° 90 90 90 90 90 90
V, A3 2080.7(3) 2092.65(13) 2123.5(9) 2128.1(2) 1304.4(3) 1289.62(12)
Peale, T/CM? 2.719 2.752 2.753 2.801 3.436 3.437
T, K 100 100 140 100 100 100
W, MM 17.805 17.561 17.188 16.993 24.958 25.352
Ip. rp. P2i/n P2i/n P2i/n P2:i/n C2/c P2i/c
Z 4 4 4 4 4 4
F(000) 1540 1564 1584 1610 1176 1164
CoOpano orpaxkennit | 14073 16052 12550 15210 8561 21375
Hesapuciix 4001 4621 4189 4193 1303 2835
OTpaXXKeHUI
(-00pano OTPACHHI | 333, 3559 2404 2989 1128 2469
(1>26(1))
Rint 0.0590 0.0588 0.0962 0.0733 0.0621 0.0732
20min - 20max, ° 4.254 - 52.024 4.236 - 54.204 4.218 - 52.136 4.206 - 52.044 4.346 - 53.738 3.276 - 54.206
WR. (1o Beem 0.0609 0.0852 0.1060 0.1488 0.1170 0.0684
OTPaKEHUSIM)
Ri (I>o(])) 0.0386 0.0386 0.0472 0.0564 0.0479 0.0282
GOF 1.108 1.025 0.913 1.017 1.160 1.046
Pminl Prmax, €A -1.193/1.177 -1.176/1.757 -1.288/1.129 -1.624/2.439 -1.655/2.210 -1.620/1.778
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Coeannenne 115 116 117 118 119 120
prTTO-(l)OpMYIIa CeHsBiBr2.4311.57N CsHsBiBr2.06l1.04N CsHsBiBri.s6l2.14N CsHsBiBri.34l2.66N CsHsBiBro.s2I3.35N CsHsBiBro.ssl3.33N
Mr, r/mois 696.65 713.80 723.19 747.86 781.58 779.00
VismyucHe A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS
a, A 14.7372(14) 14.7863(15) 14.822(2) 14.909(3) 14.9570(12) 13.3210(13)
b, A 13.5155(13) 13.5626(14) 13.625(2) 13.749(3) 13.8400(12) 13.8949(12)
c, A 7.4667(8) 7.4856(10) 7.5172(13) 7.5607(16) 7.5818(7) 7.8966(7)
a, © 90 90 90 90 90 90
B, ° 116.585(3) 116.500(4) 116.377(5) 116.121(6) 116.159(3) 105.907(4)
Y, ° 90 90 90 90 90 90
V, A3 1330.0(2) 1343.4(3) 1360.0(4) 1391.5(5) 1408.7(2) 1405.6(2)
Pcalc, T/CM? 3.479 3.529 3.5632 3.570 3.685 3.681
T, K 100 100 100 100 100 100.00
W, MM 24.158 23.669 23.247 22.378 21.643 21.726
Ip. rp. C2lc C2/c C2/c C2lc C2/c P2i/c
Z 4 4 4 4 4 4
F(000) 1209 1236 1250 1288 1339 1335
CoOpano orpaxkennii | 10870 8642 8903 7675 8718 3350
ij;::gflgm 1476 1490 1344 1274 1493 3350
Cobpano orpaxennii | 11g, 1241 1034 1078 1216 3085
(1>26(1))
Rint 0.0672 0.0656 0.0679 0.0583 0.0420 0.000
20min - 20max, ° 4.316 - 54.206 4.300 - 54.360 5.980 - 52.134 4.246 - 50.668 4.226 - 53.562 3.180 - 55.752
WR. (o seem 0.0673 0.0829 0.0899 0.1526 0.0682 0.0606
OTPaKEHUSIM)
Ri (I>o(])) 0.0348 0.0386 0.0471 0.0641 0.0357 0.0266
GOF 1.158 1.196 1.138 1.138 1.129 1.129
Pmin/ Prmax, €A -0.948/0.848 -1.642/0.901 -1.167/1.042 -2.188/2.161 -1.115/0.980 -1.668/1.392
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Coeannenne 121 122 123 124 125 126
prTTO-(l)OpMYIIa CeHsBiBro.2al5.77N CsHsBiBro.10l5.51N CeHsBilsN CeHsBiBr2.4111.60N C12H16BiBra.4slo.s2N> CsHsBiBr2.3211.6sN
Mr, r/moin 799.67 801.90 810.71 697.70 821.23 701.58
VismyucHe A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A =0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
Cunronus MOHOKIIMHHAS MOHOKIIHHHAs MOHOKJIHHHAsS MOHOKIIMHHAS TPHUKIUHHAS MOHOKJIHHHAs
a, A 13.3546(11) 13.3742(16) 13.455(3) 9.0456(4) 9.3384(3) 9.0463(2)
b, A 13.9417(11) 13.9663(16) 14.006(2) 19.5420(10) 10.6359(3) 19.5496(6)
c, A 7.9345(7) 7.9517(9) 7.9744(14) 7.5239(4) 10.7263(3) 7.5182(3)
a, ° 90 90 90 90 99.9130(10) 90
B, ° 105.823(3) 105.846(4) 106.110(8) 93.131(2) 108.7800(10) 93.158(2)
Y, © 90 90 90 90 96.9660(10) 90
V, A3 1421.3(2) 1428.8(3) 1443.7(5) 1328.01(11) 975.59(5) 1327.59(7)
Pealc, T/cM? 3.737 3.728 3.730 3.490 2.796 3.510
T, K 100.00 100 100.00 100.00 100.00 100.00
W, MM 21.205 21.063 20.728 24.178 19.026 24.130
Ip. rp. P2./c P2./c P2./c P2i/c P1 P2/c
Z 4 4 4 4 2 4
F(000) 1367 1370 1384 1211 739 1217
CoOpano orpaxkenuit | 23382 11837 2634 25213 25392 27587
Hesapuciix 3396 2613 2634 4036 9435 6502
OTpaKEHUI
(obpano otpaxennii | 31 ¢ 2145 2336 3292 8042 5410
(1>20(1))
Rint 0.0476 0.0690 0.000 0.0593 0.0274 0.0390
20min - 20max, ° 3.170 - 55.748 3.166 - 50.700 3.150 - 50.694 4.968 - 61.168 5.042 - 73.110 4.166 - 73.036
WR. (o seem 0.0739 0.0936 0.1992 0.0475 0.0453 0.0468
OTPaKEHUSIM)
Ri (I>o(])) 0.0390 0.0543 0.0673 0.0309 0.0229 0.0299
GOF 1.217 1.158 1.184 1.059 1.033 1.140
Pmin/ Prmax, €A -2.138/1.677 -2.327/2.100 -3.045/4.033 -1.071/1.197 -1.127/0.995 -1.367/1.304
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Coennnenue 127 128 129 130 131 132
prTTO-(l)OpMYIIa CsHsBiBri.0312.07N CsHsBiBri.3212.6sN CsHsBiBro.s713.33N Ci12H16BiBr3.4311.57N2 CsHsBiBro.2313.77N CsHsBiluN
Mr, r/mMonb 720.14 748.80 779.35 870.81 800.02 810.71
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A =0.71073)
CuHronus MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAsI TPHUKIUHHAS MOHOKJIMHHAS MOHOKJTHHHASI
a, A 9.1065(3) 9.1964(2) 9.3177(3) 9.4314(16) 9.4054(3) 12.7975(5)
b, A 19.6044(7) 19.7015(5) 19.8191(6) 10.7345(18) 19.8846(7) 14.6467(6)
c, A 7.5469(4) 7.5970(2) 7.6219(3) 10.7835(16) 7.6457(3) 7.5975(3)
a, ° 90 90 90 100.017(4) 90 90
B, ° 93.293(2) 93.4950(10) 93.9530(10) 108.553(5) 94.3550(10) 93.7800(10)
Y, © 90 90 90 97.055(5) 90 90
v, A3 1345.10(10) 1373.89(6) 1404.18(8) 1000.5(3) 1425.79(9) 1420.99(10)
Pealc, I/cM? 3.556 3.620 3.687 2.891 3.727 3.79
T,K 100.00 100.00 100.00 100.00 100.00 100(2)
W, MM 23.549 22.652 21.743 18.074 21.134 21.06
IIp. rp. P2:i/c P2i/c P2i/c P1 P2:/c Pc
4 4 4 4 2 4 4
F(000) 1245 1289 1336 77 1368 1384
CoOpano orpaxkenuii | 28164 29088 28619 16204 60556 4364
ij;:;g;gm 6542 6740 6857 6096 5686 4364
Cobpatio otpaieniil |53, 5614 6170 4951 5066 4327
(1>26(1))
Rint 0.0446 0.0406 0.0280 0.0461 0.0575 0.0685
20min = 20max, © 4.156 - 72.772 4.134 - 73.090 4.110-72.876 3.926 - 61.010 4.096 - 67.456 5.562 - 61.122
WR. (110 Beem 0.0480 0.0463 0.0395 0.0647 0.0471 0.0853
OTPAXKCHUSIM)
Ri (I>a(])) 0.0303 0.0275 0.0201 0.0321 0.0304 0.0306
GOF 1.075 1.107 1.151 1.050 1.185 1.091
Prmind Prmax, €A -1.123/1.380 -1.188/1.127 -1.355/1.290 -1.838/1.387 -1.382/1.461 -3.617/3.397
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Coeannenne 133 134 135 136 137 138
prTTO-(l)OpMYIIa CisH24Bi2IsN3 CsHsBiBr2.9sl1.0:N CsHsBiBr2.4211.5sN CsHsBiBr2.1311.57N CsHsBiBri.6212.38N CsHsBiBri.24l2.77N
Mr, r/mois 1842.46 670.57 696.88 710.62 734.71 752.68
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS poMOuueckas MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS
a, A 9.2523(7) 7.5636(8) 7.6025(9) 7.5878(5) 7.6317(5) 7.6472(5)
b, A 10.6362(8) 13.6050(14) 13.7076(17) 13.7109(9) 13.8133(9) 13.8612(8)
c, A 37.956(3) 12.7297(13) 12.8201(15) 12.8308(9) 12.9089(8) 12.9605(8)
a, © 90 90 90 90 90 90
B, ° 90 92.596(4) 92.690(4) 92.428(2) 92.460(2) 92.567(2)
Y, ° 90 90 90 90 90 90
V, A3 3735.2(5) 1308.6(2) 1334.5(3) 1333.66(16) 1359.59(15) 1372.43(15)
Pealc, T/cM? 3.276 3.404 3.468 3.539 3.589 3.643
T, K 120(2) 100 100 100 100 100
W, MM ! 16.861 24,938 24.072 23.889 23.091 22.622
Hp rp. P2:2:2, P21/C P21/C P21/C P21/C P21/C
Z 4 4 4 4 4 4
F(000) 3184 1169 1210 1231 1268 1295
CoOpano orpaxkenuii | 36316 21747 16576 18787 24363 50556
Hesapuciix 8220 2886 2940 3173 3521 3877
OTpaXKEHUH
C00paiio oTpaskeniii | 774 2338 2230 2700 2775 3660
(1>26(1))
Rint 0.0552 0.0824 0.0721 0.0687 0.0719 0.0613
20min - 20max, ° 4.292 - 54.202 4.384 - 54.204 5.364 - 54.202 5.374 - 55.798 4.320 - 57.496 5.332 - 59.400
WR. (o seem 0.0741 0.0689 0.0814 0.0644 0.0735 0.0429
OTPaKEHUSIM)
Ri (I>o(])) 0.031 0.0312 0.0356 0.0293 0.0337 0.0210
GOF 0.981 1.039 1.031 1.051 1.076 1.116
Pmin/ Prmax, €A -1.257/2.229 -1.740/1.011 -1.989/1.609 -1.989/1.526 -1.628/1.463 -0.748/0.948
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Coennnenue 139 140 141 142 143 144
prTTO-(l)OpMYIIa CsHsBiBro.sol3.3:1N CisH24Bial 11N CsHsBiluN CsHsBilaN CsHsBilaN CsHsBiluN
Mr, r/mMoms 778.41 2096.26 810.71 810.71 810.71 810.71
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A =0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHust MOHOKJIMHHAS poMOunuecKas MOHOKJIMHHAS MOHOKJIMHHAs MOHOKJIMHHAs MOHOKJIMHHAs
a, A 7.7258(11) 15.8579(19) 15.0615(12) 7.7415(4) 7.724(2) 15.065(2)
b, A 13.998(2) 23.0516(18) 14.0447(11) 14.0336(7) 14.044(4) 13.920(2)
c, A 13.1020(19) 11.0932(12) 7.6737(6) 13.2321(7) 13.309(3) 7.6421(8)
a, ° 90 90 90 90 90 90
B, ° 92.951(5) 90 116.309(2) 92.975(2) 93.066(9) 116.030(5)
v, °© 90 90 90 90 90 90
vV, A3 1415.0(4) 4055.1(7) 1455.1(2) 1435.61(13) 1441.7(6) 1440.0(3)
Pealc, T/cM? 3.654 3.434 3.701 3.751 3.735 3.739
T, K 100 100 100 100 100.00 100
W, MM 21.590 17.056 20.566 20.845 20.757 20.781
Ip. rp. P2i/c Pnma Cc P2i/c P2i/c C2lc
Z 4 4 4 4 4 4
F(000) 1334 3608 1384 1384 1384 1384
CoOpano orpaxenuit | 3097 67314 10324 27087 3167 1403
Hesapuemix 3007 4961 2781 4569 3167 1403
OTpaXKEHMUH
CoOpatio otpaxeinii |, g, 3963 2308 4331 2266 1300
(1I>25(1))
Rint 0.000 0.1068 0.0461 0.0491 - -
20min - 20max, ° 5.280 - 54.202 4.074 - 55.752 4.184 - 52.040 5.270 - 61.996 5.282 - 54.190 4,198 - 52.042
WR. (110 Beem 0.1061 0.0671 0.0682 0.0798 0.1372 0.1003
OTPAXKCHUSIM)
Ri (I>o(])) 0.0467 0.0316 0.0335 0.0411 0.0574 0.0443
GOF 1.055 1.135 1.070 1.198 1.062 1.175
Pmin/ Prmax, €A -1.970/2.210 -1.275/1.628 -1.518/1.332 -1.788/1.969 -3.029/2.545 -2.151/2.876
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Coeannenne 145 146 147 148 149 150
prTTO-(l)OpMyJ‘Ia CeHsBilsN C42H4sBiBroNs C42Ha4sBiloNs C1sH1sB12BrsIoNs C30H33BiBrsN6Os CaoHas.76B14l16NsOs.54
Mr, r/mois 810.71 1519.98 1942.89 2037.09 1262.06 3646.36
Visnyucnue, A MoKa MoKa MoKa MoKa MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073) (A=0.71073)
CuHroHHS MOHOKJIMHHAS MOHOKJIMHHAS MOHOKJIMHHAS TPUKJIMHHAS TPUKJIMHHAS TPUKJIMHHAS
a, A 15.045(4) 16.3666(4) 20.2434(5) 8.9584(6) 8.69630(10) 12.7599(3)
b, A 14.024(4) 17.2621(4) 10.7011(2) 12.3430(8) 10.6747(2) 13.1808(3)
c, A 7.674(2) 18.7848(5) 12.5013(3) 18.6118(12) 11.6450(2) 13.2406(4)
a, © 90 90 90 103.911(2) 69.3399(5) 81.4892(9)
B, ° 116.340(10) 115.2350(10) 105.2720(10) 99.566(2) 77.5327(6) 80.9919(9)
Y, ° 90 90 90 101.617(2) 80.8240(6) 62.9661(8)
V, A3 1451.0(7) 4800.6(2) 2612.48(10) 1906.2(2) 983.53(3) 1951.62(9)
Pcalc, T/CM? 3.711 2.103 2.470 3.549 2.131 3.103
T, K 100 150(2) 296(2) 150(2) 150(2) 150(2)
W, MM 20.624 11.196 8.723 19.663 10.623 15.362
Ip. rp. C2lc P2./c C2 P1 P1 P1
Z 4 4 2 2 1 1
F(000) 1384 2864 1756 1748 596 1592
CoOpano orpaxenuit | 7660 60105 27599 42063 25605 54107
Hesapuciix 1430 11894 5986 11614 5759 13922
OTpaXKEHUH
C00paiio oTpaskeniii | 1 g 8649 5295 9010 5208 10695
(1>26(1))
Rint 0.0419 0.0730 0.0833 0.0485 0.0331 0.0464
20min - 20max, ° 4,190 - 52.010 4.394 - 56.652 4,172 - 54.962 4.628 - 61.036 4,572 - 60.160 4.428 - 66.382
WR. (o seem 0.0714 0.0867 0.1327 0.0913 0.0580 0.1164
OTPaKEHUSIM)
Ri (I>o(])) 0.0319 0.0346 0.0442 0.0361 0.0251 0.0521
GOF 1.109 0.955 0.879 0.952 1.023 1.079
Pmin/ Prmax, €A -1.255/1.802 -1.287/1.470 -1.168/1.868 -2.157/1.801 -0.689/1.068 -1.971/2.398
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Coenunenue 151 152 153 154 155 156
prTTO-(bOpMYIIa C24H36B12Bri0Ns C12H16B121sN6O2 C1sH1sBiBreNsSs C39H39BiloN3 C14H23.6sBi1BreN20x.34 C15sH21B12Br15sN6Os
Mr, r/moin 1653.67 1709.47 1024.94 1900.81 945,91 1949.99
Vsnyaerue, A MoKa MoKa MoKa synchrotron MoKa MoKa

’ (A=0.71073) (A=0.71073) (A=0.71073) (A=0.79312) (A=0.71073) (A=0.71073)
Cunronus TPUKIUHHAS TPUKIUHHAS poMOMUecKast TPHUKIUHHAS MOHOKIIMHHAs MOHOKJIHHHAs
a, A 9.1463(3) 11.2362(3) 18.4757(5) 9.6600(19) 18.9675(11) 9.9401(3)
b, A 9.2342(3) 11.8036(3) 8.2602(2) 11.240(2) 9.8611(6) 20.5212(6)
c, A 12.7533(4) 13.6106(3) 35.8604(10) 12.280(3) 14.0499(9) 10.5017(3)
a, ° 86.8370(10) 73.5060(10) 90 100.32(3) 90 90
B, ° 76.0310(10) 74.6600(10) 90 90.33(3) 103.362(2) 100.9870(10)
Y, ° 89.1200(10) 71.4540(10) 90 113.41(3) 90 90
V, A3 1043.68(6) 1610.55(7) 5472.8(3) 1199.4(5) 2556.8(3) 2102.90(11)
Pcalc, T/CM? 2.631 3.525 2.488 2.632 2.457 3.080
T, K 296(2) 298(2) 296(2) 293(2) 120(2) 298(2)
W, MM ! 18.018 18.599 15.442 10.898 16.285 22.635
Ip. rp. P1 P1 Pbcn P1 P2i/c P2,
Z 1 2 8 1 4 2
F(000) 752 1472 3760 854 1734 1736
CoOpano otpaxkenuit | 29654 53957 55807 30180 58545 38142
Hesapuciix 6371 10663 5186 10418 6349 10399
OTpaKEHUI
Cobparo oTpkeHHT | 51 g 7683 3856 10273 5143 7734
(1>20(1))
Rint 0.0754 0.0446 0.0574 0.0428 0.0667 0.0837
20min - 20max, ° 4,964 - 61.136 4.340 - 63.052 4.960 - 51.362 4.496 - 61.900 4.414 - 56.564 4.174 - 56.696
WR. (o seem 0.1165 0.1191 0.1096 0.0875 0.1090 0.1469
OTPaKEHUSIM)
R: (I>o(])) 0.0413 0.0421 0.0388 0.0357 0.0422 0.0508
GOF 0.998 1.025 1.028 1.035 1.287 0.965
Pminl Prmax, €A -1.427/1.107 -1.021/1.520 -1.453/2.306 -1.410/2.014 -1.586/1.672 -0.835/1.321
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Coennnenne 157 158

prTTO-(l)OpMyJ‘Ia CioH10B12Br4IsNa C26H25Bi2110N4

Mr, r/mMoib 1939.02 2083.48
MoKa synchrotron

Manyuetme, A (L =0.71073) (7% — 0.745)

CuHroHHS MOHOKJIMHHAS MOHOKJIMHHAS

a, A 7.7828(2) 19.960(4)

b, A 29.8466(7) 11.570(2)

c, A 14.3716(3) 20.217(4)

a, ° 90 90

B, ° 96.8450(10) 115.12(3)

v, ° 90 90

V, A3 3314.59(13) 4227.1(17)

Pcalc, T/CM? 3.886 3.274

T, K 297(2) 293(2)

W, MM 22.885 17.681

Ip. rp. P2i/c P2:/n

Z 4 4

F(000) 3312 3632

Cobpano otpaxxenuii | 61054 44631

He3aBHCHBfLIX 7302 44631

OTpaXKCHUH

CoOpaHo oTpaKeHHI

(|>21;(I)) P 6638 38880

Rint 0.0489 -

20min - 20max, ° 4.992 - 54.250 2.518 - 62.876

WR (110 Beem 0.1307 0.2978

OTPAXKCHUSIM)

Ri (I>o(])) 0.0453 0.1044

GOF 1.325 1.068

Prmin/ Prmax, €A -1.675/1.892 -5.155/13.653
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