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ypaHunatoB: Rb,[UO,(S0,4),(H,0)]-1.75H,0 (I) u (N,Hs),[UO,(SO4),(H,0)] (II). B ctpykrypax I u II
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puyecknuMu uzoMepamu: B I oHu umelor LieroueuHoe, a B II — cioucroe ctpoeHue.
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BBEAEHHWE

CynbdaTcoaepKalllie COSIMHEHUSI YpaHUJIA SIB-
JISTIOTCST OMHOM M3 BaxKHBIX 1 HanboJjiee pacIipocTpa-
HEHHBIX TPYIIT BTOPUYHBIX MUHEPAJIOB ypaHa [1, 2].
DTO BBI3BAHO TEM, YTO MMEHHO C OOpa3oBaHUEM
CyJIb(haTOKOMILIEKCOB YpaHWJIa CBSI3aH OOWH M3 MC-
MOJIb3YEMbIX METOIOB BCKPBITUSI YpPaHCOAEPKAIINX
Py U MaTepUajioB — CEPHOKUCIOTHOE BhIIIIeIauBa-
aue [3]. Cpenn M3y4eHHBIX KOMIUIEKCOB HE3aBUCH -
MO OT IIPUPOILI U 3apsifa BHEITHEC(epHBIX KATUO-
HOB HanboJiee YCTOMUYMBBIMU SIBIISTIOTCSI AUCYIbda-
ToypaHuiaTtel. B wumx ctpykrype atombl U(VI)
MPOSIBISIOT II€eHTaroHaJbHO-OUITMPaMUAATBHYIO
KOOPIMHALNIO U Yallle BCETO 00pa3yloT KOMILIEKC-
neie rpynmuposku [UO,(SO,),(H,0)]?~, koTopsie
OIMCHIBAIOTCS KPUCTAJIOXUMHUYECKON (HOpMYJIOi

ABM' (A= UO3", B> =S0.", M' = H,0) [4]. O60-
3HAYEHUS TUTIOB KOOPAMHALIMU JIUTAHI0B U METOIM -
Ka 3armicu GopMyIbsl TIpeacTasiieHsl B [5]. Kak mn3-
BECTHO, KOMITJIEKCHI C OMMHAKOBOM KPUCTATITIOXIMU -
YyecKou (popMysioii MOTYT UMETh Pa3HYIO TOMOJOTUIO
BCJICICTBYE TEOMETPUUECKONW M30MEepPUM, KOTOpast
00ycyioBlieHa U3MEHEHHEM peabHoro yucna (C,)
COCEIHUX aTOMOB ypaHa, CBS3aHHBIX ¢ 0Oa3UCHBIM
BCEMM MOCTUKOBBIMHU JIMTaHAAMU. MakcuMaabHOE
TEOPETUYECKH BO3MOXHOE UYMCIIO COCEIHUX aTo-
MOB ypaHa (C;) MOXHO JIETKO pacCuuTaTh Ha OCHO-
BaHUM KpUCTaJuUIoXuMudeckoi popmynsl [5]. TTo-

2
CKOJIBKY [T KOMIUTEKCOB AB,M! C, = 4, st BO3-

MOXHBIX TE€OMETPUYECKMX M30MEpPOB B OOIIeM
ciyyae 1 < C, < C =4,

IToutn monoBMHA W3 NPUOIU3UTEILHO COPOKa
CTPYKTYPHO OXapaKTEePU30BAHHBIX K HACTOSIIEMY
BpeMEHM NUCYIb(GaTOypaHUIATOB M3BECTHA B BUIC
CIIOUCTBIX KOMIUIEKCOB ¢ C, = 4, npyras IoJOBUHA
MMeeT LierodevHoe crpoenue ¢ C, = 2. Pexke Bcero BeTpe-

YalOTCS CJIOMCThIE KOMIUIEKCHI AB%M 'c C,=3[6—8],xota
onuH U3 HuX — (NH,),[UO,(SO,), (H,0)]-H,O — 6b11
CPaBHUTEJIILHO HENAaBHO OXapaKTepu30BaH Kak IMpu-
ponHbiii MuHepan OemrtayuT [9]. MHTEepecHO, 4TO
naBHo usBectHblt K,[UO,(S50,), (H,0)]-H,O, npu
HucclieqoBaHUM KoToporo A. bekkepens eme B 1896 .
OOHapyXua sIBJJeHWE pPaauOaKTUBHOCTU, OTHO-
curcsa K usomepam ¢ C, = 4 [10, 11] 1 Toxe TOILKO
HelaBHO ObLI OMMCaH KakK MUHepas remubdepuTt
[12]. 11 u3BeCTHOM cepruu N30MOP(PHBIX TUCYJIb-
¢daTtoypaHUIaTOB  JIBYXBaJEHTHBIX  METaJJIOB
R[UO,(S0,),(H,0)]-H,0, rne R = Mg, Fe, Co, Ni,
Cu, Zn, Mn, Cd [13—15], conepKalixX KOMILIEKCHI C
C, = 2, TakXe HeIaBHO ObUI OOHapyXeH TEPBbIii
MPUPOIHBIN aHaJor, MOJYYMBIIUN Ha3BaHUE PUT-
BesabauT (tipu R = Fe) [16]. MHTEpecHO, YTO COMIACHO
[17] ynomsanyteiii BhIlIE K,[UO,(SO,),(H,0)]-H,O
SIBJISIETCS] TAKXKE €IMHCTBEHHBIM U3BECTHBIM AUCYJIb-
(aroypanunarom ¢ C, = 2, KOTOPbIA COAEPKUT OfI-
HOBaJIEHTHbIE KaTUOHBbI. YeTBEpThIil TEOpEeTUUYECKHU
BO3MOXHBbIH uzomep ¢ C, = 1 Berencreue creuudu-
KU (DOpMbl KOOPAMHAILIMOHHBIX MOJU3IPOB aTOMOB
U(VI) B nucynbdaTtoypaHuaaTax He peaanusyeTcs.
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CHUHTE3 1 CTPOEHUE

Hacrosas padora mocBsieHa N3y4eHUIO CTPOe-
HUS HOBBIX aucyibdatoypanuinatoB Rb,UO,(SO,),
-2.75H,0 (I) u (N,H5),U0,(S0,),-H,0 (II).

OKCITEPUMEHTAJIbBHAA YACTDb

Cunmes I. K naBeckaMm okcupaa ypana(VI) (0.40 r,
1.4 mmonsb) u cyabpara pyounus (0.19 r, 0.7 MMob)
Jo0aBasuI 8 MJI BOAbI U 2 MJI 2H pacTBopa CEpHOM
KUCIOTHL. [1oydeHHYI0 CyCTIeH31I0 ITOMEIIANIU B aB-
ToKJaB Ha 24 4 npu Ttemneparype 140°C. U3 noay-
YEeHHOTO pacTBOpa MpU MEMIEHHOM MCIIApEHUU TIPU
KOMHATHOM TeMIlepaType uyepes IecTb JHEM popMu-
POBAJINCh UTOJbYATBIC KEAThIe KPUCTAJUIbI COCTaBa
Rb,U0,(S0,),2.75H,0 (I) (naiineHo: U 34.71 mac. %;
BorumnciieHo: U 34.87 mac. %).

Cunmes I1. B xayecTBe MCXOIHBIX BELIECTB UC-
nosub3oBasm okcupa ypaHa(VI), MoHouomoykcyc-
HYIO0 KUCJIOTY U cyabdar ruapasuHus. K BomHoOMY
pacTBOpy MOHOMOIOYKcycHOM KuciaoThl (0.7804 r
(4.2 MmMob) B 7 MJI BOABI) O00ABJISJIM OKCHUI ypa-
Ha(VI) (0.2 1, 0.7 MMOJIb) M MiepeMellInBaIu a0 ToJ-
HOTO pacTBOPEHUsI. 3aTeM NMpUJIMBaId BOAHBIN pac-
TBOp cynbdara ruapazunud (0.1818 r (1.4 mMmoib) B
5 mut Boibl). TTomydeHHBIN SIpKO->KENThIN MTPO3pauyHbIiA
pPACTBOP OCTaBJISIIM [IJIsS1 MEIJIEHHOW KpUCTALTA3alun
Ha Bo3ayxe. Yepes 25—30 nHeit GoOpMHUPOBATIUCH XKeJT-
Thle KpucTtajuisl cocrasa (N,H;s),UO, (SO,),"H,O (II)
(naiimeno, %: U, 43. 1; BeiuuciieHo, %: U, 43.59).

Penmeenocmpykmypuuiii.  anaau3. PeHTreHoIU-
¢dpaklIMOHHbIE HSKCIIEPUMEHTHI TMPOBEAEHBI MPU
100(2) K Ha aBTOMaTM4ecKuUX AUPpaKTOMETpax
Bruker KAPPA APEX II ot I 1 Bruker D8 QUEST
PHOTON g I1. TTapameTpbl 2J1eMeHTapHOM sTueii-
K1 YTOUHEHBI II0 BCeMY MacCuBY OaHHBIX [18].
B skcrniepuMeHTa bHbIEe 3HAUEHWSI UHTEHCUBHOCTU
pedexkcoB BHECEHBI MONPABKU Ha TOTJIOIIEHUE C
ucnojb3oBaHueM mporpammbl  SADABS [19].
CTpyKTyphbl paciin@poBaHbl METOAOM COTPSI)KEHHO-
ro MPOCTPAHCTBA, PEaJU30BAHHOM B IMpoOrpaMme
SHELXT [20], u yTouHEeHbl MOJHOMATPUYHBIM Me-
TomoM HamMeHbIInX kKBagpatoB SHELXL-2018 [21]
1o F? 1o BceM JaHHBIM B aHU30TPOITHOM IPUOIIMKE-
HUU CMEIIIEHUM BCeX aTOMOB, KpOMe BOAoOpoAa. ATO-
MBI BOoJIopoAa MOJIEKYJT Boabl B I He ObLIU JIOKaIU30-
BaHbl. B ctpyktype Il aTomMbl Bomopoma MOJIEKYJIbI
BOIBI HaiieHBI U3 pasHOCTHOTro cuHTe3a Dypbe n
YTOYHEHBI C orpaHnYeHueM pacctossHuit O—H u yr-
nmoBH-O—Huc U, = 1.5U,,(O). Atombl BOnOpona
OMHO3apSITHBIX KATUOHOB I'MApa3vuHUs pa3MellleHbl B
F€OMETPUUYECKM BBIYUCIEHHBIX No3uuusiax ¢ U,,, =
= 1.2U,,,(N), nonoxenus rpynn NH, u NH; pasy-
MOPSITOYEHBI.

ITapaMeTpbl PEHTTEHOCTPYKTYPHOIO 3KCIIepU-
MEHTa U OKOHYaTeJIbHble 3HaYeHUs1 (haKTOPOB HEJI0-
croBepHocTu Wis1 KpuctamioB I u Il mpuseneHb! B
TabJI. 1, XapaKTEPUCTUKMU OCHOBHBIX IJIUH CBSI3Eel U
BaJIEHTHBIX YIJ10B noinaapoB UO; — B Tad1. 2. Koop-
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muHannmoHHble yuciaa (KY) aromMoB B cTpyKTypax
paccuyMTaHbl ¢ TTOMOIIIBIO METOa MEePeCEKAOLINXCS
chep [22]. KoopauHaThl aTOMOB U ITapaMeTphbl aTOM-
HBIX CMeEIIeHUI aernoHupoBaHbl B KeMOpumKcKkuii
LIEHTP KpUcCTaIorpacdu4eckKnux NaHHBIX MO HOME-
pamu CSD 2234382 un 2234383 mnsa I u 11 coorBet-
CTBEHHO.

PE3VJIBTATBI 1 UX OBCYXIEHHUE

Crpykrypa I conepXuT nBa HE3aBUCHUMBbIX aToMa
U(VI), xoTopble 3aHUMAIOT YaCTHHIC TTO3ULINHU 8¢ Ha
ocsx C,. B ctpykrype Il To1bKO OAUH HEe3aBUCUMBII
arom U(VI), pacnonaraomuiicss B 4aCTHOM ITO3M-
1uuu 4c ¢ ToueyHoit cummerpueit Cq. B 06eux cTpyk-
TypaxX KOOPAWHALIMOHHBIM MOJU3IPOM aTOMOB ypa-
Ha gBJsieTcsl TeHTaroHaibHas ounupamuaa UO,, Ha
IJIaBHOM OCU KOTOPOI HaXOMISITCSl aTOMbI KMCJIOpOJa

HOHOB UO?. HMonHbl ypaHUIa MpaKTUYEeCKU CUMMET -
PUYHBI Y TUHEWHEL: TaK, B I pacctossaus U=0 paBHBI
1.774 wu 1.777 A, yron O—U—O pasen 179.2° win
179.5°, a1 d(U=0) = 1.773 u 1.776 A, yron 0—U—-0O
paBeH 179.8°. O6bem nonuanpoB Boponoro—upux-
e (ITBM) aToMOB ypaHa, UMeIOIINX (POpMY IEHTaro-
HaJbHOIt TIpu3Mbl, B cTpykType I paBeH 8.95 u
9.09 A3, aBII —9.09 A3, uto B mpenenax 1.5G cosma-
JIaeT Co cpeaHuM 3HaueHueMm 9.2(2) A3, ycraHoBneH-
HbIM 111 atomMoB U(VI) B cocTaBe KOOpAWHALIMOH-
Horo noymaapa UO, ipu n = 6—9 [23].

B ctpykrypax I u II mprucyTCTBYIOT COOTBETCTBEH-
HO JIBa U OAXH He3aBUCUMBIX aToMOB S(VI), koTopbie
3aHUMAIOT OOIIYE TMTO3UILUU C TOYEUYHOU CUMMETPU-

eit C,. Bce aToMbl cepbl 00pa3yloT TETpasaphbl SOi_,
umMHa cBsI3el S—O B KOTOPBIX JICXKUT B 00JIacTH
1.44—1.50 A. O6bembl [IB]] aTOMOB CepbI B CTPYKTY-
pax I(5.54, 5.57 A% u II (5.59 A3) B mpenenax G cos-
MMagarT CO CpeaHuM 3HayeHueM 5.5(1) A3, YCTaHOB-
sneHHbIM 111 atoMoB S(VI) B cocTaBe Oosiee ThICSYMN
KpUcTajorpaduiecki HEIKBUBAJIEHTHBIX CyJbdhar-
1OHOB [24]. TTo oTHOIIIEH1IO K aTOMaM ypaHa B CTPYK-
typax I u Il Bce cynbdaT-noHEI UTPAIOT POIb OUIEH-
TaTHBIX MOCTUKOBBLIX JurangoB B?. ComiacHo [5]
cumBon “B” (nepBast OykBa cioBa bidentate) xapak-
TepU3yeT OOIIIYIO NEHTAaTHOCTh CYJIb(aT-noHa, KOTO-
pasi B 00CyXIaeMbIX CTPYKTypax paBHa IByM. CyJib-
¢aT-MOHHBI CBSI3aHbI ¢ KaxXXIbiM aToMoM ypaHa B I m 11
MOHOJICHTaTHO, TO3TOMY HaACTpouyHas mudpa 2,
yKasblBawllasi o0lllee YUCIO KOOPIUHUPOBAHHBIX
aTOMOB MeTajljla, HaXOAUTCS B MEPBON “MOHOIEH-
TaTHOI” TIO3ULIMM HAaACTPOUYHOI'O CUMBOJIA TUIIA KO-
opavHanuu auravaa. Kpome Toro, atoM ypaHa Koop-
JIUHUPYET aTOM KUCJIOPOJa OHOU MOJIEKYJIbl BOJIbI,
KOTOpasi BBICTYIIAET B POJIU MOHOJIEHTATHOTO KOHIIE-
Boro juranga M'. B utore B 5KBaTOpHUAIBHOM TUIOC-
KOCTM KaXKJIOT0 MOHA ypaHWJa HaXOAsTCS TISITh aTO-
MOB KMCJIOPOJa, YeThbIpe U3 KOTOPbIX MpUHAIIekKaT
cynbdaTr-moHaM, a OMMH — MoJjeKyJie Boabl. [ToaTo-
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CEPEXKMWH wu np.

Ta6mma 1. Kpucrainorpadudeckue XxapakKTepuCTUKU, TaHHbIE SKCTIEPUMEHTa U pe3ybTaThl yrouHeHus cTpykTyp I u 1T

ITapametp

| I1

Xumuueckas: popMyia
CuHroHws, np. 1p., Z

Rb,[UO,(S0,),(H,0)]-1.75H,0
Pomb6Guueckas, Cmca, 16

(N,H5),[UO,(S04),(H,0)]
PoMmbuueckaga, Pnma, 4

a,b,c,A 12.7414(2), 33.7526(6), 11.0187(2) 13.0764(5), 11.4298(4), 7.6063(3)
v, A3 4738.65(14) 1136.84(7)

D,, r/cM? 3.827 3.192

w, Mmm~! 22.279 14.710

F000 4888 1008

T, K 100(2)

Usnyuenwe; A, A
Pazmep oOpaszua, Mm
0 hax> TPAL

IMpenenwl A, k, [

YKCIo OTPaKEHUIA: U3MEPEHHBIX/HE3a-
BUCUMBIX (N)), R,/c I>206(1) (V,)

MeTton yToYHEeHUSI
Yucino yTouHsIeMbIX IApaMETPOB
Becosas cxema

0.20 x 0.10 x 0.10
35.000
20 <h<20,—54< k<46, —17 <1< 17
36624/5388; 0.0610/3642

177
w=1/[cX(F}) + (0.0195P)> +
+ 18.1738P], tue P=(F; + 2F’)/3

MoK,; 0.71073
0.14 x 0.10 x 0.08
29.994
—18<h<18,-14<k<16,—-10</< 10
20283/1731; 0.0503/1640

IMonuomarpuunsit MHK no F2
102
w=1/[cX(F}) + 5.7319P],
e P=(F} +2F’)/3

wR, 110 N, 0.0617 0.0444
R, 1o N, 0.0296 0.0204
S 1.005 1.239

AP i/ AP s 3/A3 —2.755/1.319 —1.793/1.401

My B COOTBETCTBUM C [5] ypaHcomepXalluM KOM-
IJIEKCHBIM TPYIIIMpPOBKaM B cTpyKTypax I (puc. 1) u
II (puc. 2) oTBeyaeT ogMHAKOBAsI KPUCTAINIOXUMUYE-

ckasi popmyna ABSM!, tie A = UO;", B2 = SO,
M' = H,0.

HecmoTtpst Ha umeHTUYHBIE (OPMYJIEI YpaHCOASP-
xkammux komruiekcos B I u I, ux ctpoeHue, Kak BUII-
HO U3 puc. 1 u 2, cymecTtBeHHO pa3nudaercs. Pazau-
yye BBI3BAHO PAa3HOI TOIOJIOTHEN KOMIUIEKCOB 13-3a
reoMeTpUIECKOil N30MePUM, OOYCIOBIIEHHOI M3Me-

HeHueM napamerpa C,. Tak, B LIEMOYEYHOM CTPYKTY-
pe I (puc. 1) 11000if aTOM ypaHa CBSI3aH YEThIPbMSI
MOCTHUKOBBIMU CY/Ib(haT-uOHAMU TOJILKO C IBYMSI CO-
cennumu atomamu U (usomep ¢ C, = 2). B 10 xe Bpe-
Ms B ciaouctoit crpykrype II (puc. 2) Kaxnbiii aToM
ypaHa cBsi3aH KOOPJAMHUPOBAHHBIMU CYJIb(haT-noHa-
MU yXe He ¢ IByMsI (KaK Ha puc. 1), a ¢ Y4eTbIPbMSI CO-
centumu aroMamu U (uzomep ¢ C, = 4).

M3-3a cpaBHUTEIHHO HEBBICOKOTO KavyecTBa Kpr-
CTaJIJIOB OMpPEAEIUTh MO3ULIMKA aTOMOB BOIOpOAa B
ctpyktype 1 He ymanock. B ¢BsI3m ¢ 3TUM OTMETUM,

Puc. 1. ®parMeHT LIEMTOYKHU [UOZ(SO4)2(H20)]2’ ¢ C, = 2 B cTpykrype Kpuctamios I. bosbline Kpy>KKH — aToMbl ypaHa,
MaJible — aTOMbI KMCJIOPOa. ATOMBI Cepbl HAXOASTCSI BHYTpH TeTpasapoB. [To3uuru aroMmoB H MoJieKy/1 BOIbl yCTAHOBUTD He
yIaJ0oCh. YpaHUJI-CyJIb(aTHbBIC LIETTH PacIIPOCTPAHSIOTCS BIOJb HanpasiaeHwust [001].
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CHUHTE3 1 CTPOEHUE 591

Tabmmua 2. OCHOBHbIE TeOMETPUYECKHE MapaMeTphl MeHTaroHaabHbIX ounupamus UO,

CBs3b d,A Q, %* VYron , rpan
Crpykrypa Rb,[UO,(SO4),(H,0)]-1.75H,0 (1)
Ul-02 x2 1.777(3) 21.20 02-U1-02 179.52(18)
Ul-010 x 2 2.333(3) 11.74 010—-U1-09 x 2 73.67(10)
Ul-09 x 2 2.340(3) 11.89 09-U1-09 75.75(15)
U1-01 2.428(4) 10.34 010—-U1-01 x 2 68.55(7)
U2-04 x 2 1.774(3) 21.37 02-U2-02 179.15(17)
U2-013 x 2 2.362(3) 11.55 012-U2-011 x 2 74.37(10)
U2-014 x 2 2.343(3) 12.03 012-U2-012 77.27(14)
U2-03 2.458(4) 10.08 O11-U2-02 x 2 67.29(7)
Crpykrypa (N,Hjs),[UO,(S0,),(H,0)] (II)

Ul1-01 1.776(4) 21.32 O1-U1-02 179.83(17)
Uu1-02 1.773(4) 21.43 04-UI1-03 x 2 74.97(9)
Ul-03x2 2.350(2) 11.94 03-U1-03 75.02(12)
Ul-04 x2 2.346(3) 11.79 04-U1-07 x 2 67.59(6)
u1-07 2.482(4) 9.81

* () — TeJIeCHBIN YToJ (B IPOILICHTAX OT IMOJTHOTO TEJIECHOTO yIJia 4T ¢p), TToI KOTOPhIM 06111asi rpalb [1B]] cocemHUX aTOMOB BUIHA U3

siipa JIIoOOro U3 HUX.

YTO JJIsi COEOMHEHUI ypaHuJIa C OTCYTCTBYIOLLIMMU
JTaHHBIMY O KoopAuHaTax aromoB H M3BecTHa 3aBU-
CUMOCTb TEJIECHBIX YIIIOB (L2 ,o) rpaneii 1Bl aTo-
MOB KHCJIOPOJia, KOTOPBIE Y4aCTBYIOT B 0Opa3oBaHMUU
BoOOponHEIX cBs3eit O—H/O, oT COOTBETCTBYIOIINX
OTUM CBI3SIM MeXaToMHBIX paccrosHuit d(O...0)
[25]. CormnnacHo [25] 3Ta 3aBUCMMOCTD OIUCHIBACTCS
ypaBHEHUEM

Qo0 =49.1-12.44(0...0), )

B KOTOPOM 3Ha4eHUs {25/ BHIPAXEHDI B IIPOLIEHTAX
oT 471 cp, a d(O...0) — B anrcTtpemax. I1pu 1omoaHu-

Tab6muna 3. HekoTtopbie XapaKTepUCTUKU MEXAaTOMHBIX
KOHTaKTOB, OTBEYAIOIINX BO3MOXHBIM BOAOPOIHBIM CBSI-
39M B cTpyKType Rb,[UO,(S0,4),(H,0)]-1.75H,0 (I)

Q %
d(O-+-0O 0/0>
CB43b ( A)SKCH’
OkcnepumeHT | Teopus™
O1-H--016 2.671 15.00 15.98
O3—-H--012 2.722 13.36 15.35
O5—H--02 3.026 11.09 11.58
06—H--013 2.928 10.88 12.79
O7—H--0Ol11 3.067 10.49 11.07

* 3HavyeHus1 Qg /0 (TEOp.) paccuuTaHbl O ypaBHeHHo (1).
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TEJILHOM aHaiau3e B CTpykType I ObUIM BBISIBIEHBI
MSITh TTOTEHIIMATILHO BO3MOXHBIX BOJOPOMHBIX CBSI-
3eit (Tabis. 3), mId KOTOpBIX B comtacum ¢ [25] Kak
paccuuTaHHble 10 (1), TaKk U 3KCIIepUMEHTATbHbIE
3HaYeHus Qg o > 10%.

B otiimuue ot I B ctpykrype Il 61N yCTaHOBJIEHBI
KoopAauHaThI Bcex aToMoB H. OpHaKo IMTOCKOIBKY He-
kotophlie u3 Hux (H(2) u H(6)) cratuctuyecku ¢ Be-
posiTHOCTBIO 50% 3acersTioT o0IIne TMO3UIUN C TO-
yeyHoli cummMmeTpueit C|, UCTIOJb30BaTh METO/L MOJIE-
KyaspHueix ITIBJ nast  aHaim3a  HeBaJIeHTHBIX
B3anMogeicTBuii [26] B Kpuctamiax 11 Toxe Helb3d.
ITosToMy B Ta01. 4 yKa3aHbl TOJIHLKO BaxKHEHIIINE Ma-
paMeTpbl BCeX BOIOPOAHBIX CBSI3E B CTPYKTYpe
(N,H;),[UO,(50,),(H,0)]) (II), koTOopble ObUIU BbI-
SIBJICHBI C IIOMOIIbIO ypaBHeHUs (1) mpu yciaoBuwu,
4TO L2y/0 2 10%. OTMETUM, YTO TEOMETPUYECKHE Xa-

PaKTEepUCTUKU MOHA NZH;r B kpuctayuiax Il cornacy-
IOTCSI C aHAJIOTUYHBIMU TTapaMeTpaMu, U3BECTHBIMU
IUIST CTPYKTYp, COAepXKalllhuX MOHONPOTOHHWPOBAH-
Hble KaTUOHBI TuapasuHus. B yacTHocTu, B IBYX
KpUcTaiorpauyecku HEIKBUBAJIEHTHBIX MOHAaX

N,H: crpykrypsl IT d(N—N) = 1.446(10) u 1.462(6) A,
Torna Kak B HuTpare rumpasuHusi d(N—N) =
= 1.4468(11) A [27].

B opranuzauuu cTpyKTypbl KpuctaaioB I Bax-
HYIO pOJIb UTPAIOT TaKXKe MOHHO-KOBaJIECHTHBIC B3al-
MOJEUCTBUSI MEXIY WOHaAMM PyOMIHMS W aToOMaMM



592 CEPEXKHWH u np.

Puc. 2. ®parmeHT ciost [UOZ(SO4)2(H20)]2_ c Cp = 4 B ctpykTtype kpuctauioB II (mmpoekius Bnons HampasieHus [100]).
O0603HaYeHUsI aTOMOB COBMNANAIOT ¢ 0003HaYeHUSIMM puc. 1. JlonmomHUTEeIbHO TToKa3aHbl cBsi3u O—H B MoJjieKyJtax Bombl, KO-

opauHUpoBaHHbIX arToMamMu U(VI).

KHCJIOpO/ia, BXOISIIMMU B COCTaB MOHOB ypaHWJa,
cy1b(}haT-noHOB U BHEITHEC(HEPHBIX MOJIEKYJT BOJHI.
B I uMeroTcst yeThipe KpuctauiorpapuyeckKy pa3HbIX
aTomMa pyouaus, 3aHMMaPIINe MO3ULIUU 8f ¢ TO-
yeuHoli cummeTpueii Cg. ATombl Rb 00pa3yroT ko-
opauHauuoHHble noausgapsel RbO, (n = §—10), B
koTopbix d(Rb—0) = 2.88—3.40 A. O6bembr [1B]]
atomoB Rb B 1 (21.6, 22.4, 22.1 u 22.1 A?%) cornacy-
JOTCS ¢ aHAJIOTUYHBIMU ITapaMeTpaMi aToMOB Rb

(23.9 u 22.3 A% B cTPYKType POICTBEHHBIX KpH-
craiuioB Rb,[UO,(SO,),(H,0)]-H,O [28]. CocenHue
nonusapsel RbO, cBsi3aHbl Mexay co0oil oO0IIMMU
BepIIMHAMU, peOpaMy U TpaHsSIMU B CJIOU, KOTOPbIE
pacnonaratoTcsl TapajienabHo TIuiockocTsM  (100).
IMostoMy cTpyKTypy I B 11€]10M MOXHO paccMaTpu-
BaTh KaK COBOKYITHOCTh B3aUMHO TNapalieJIbHbIX py-
OUINIT-KNCIOPOTHBIX CIOEB, MEXITY KOTOPBIMU pac-
noJjiaraloTcsl ypaHwia-cyibdarHeie uenu (puc. 1).
DTU 1IeNN CBSI3aHbI MEXKIY COOOM MEKIIETTOYCTHBIMUI

Ta6mua 4. OCHOBHBIE TeOMETPUUECKIE XapaKTEPUCTUKK BOIOPOAHBIX CBsi3eil B cTpykType (N,H;),[UO,(SO,4),(H,0)] (II)

"
PN dogens A Boro- % dD-H),A | dH-0),A |77 (g;f"’o)’
DKcCIL. Teop.
O7-H1--06 2718 14.39 15.5 0.831 1.893 171.9
N1-H3-05 3.100 9.94 10.8 0.910 2.369 137.4
N1-H4--06 2.949 11.64 126 0.910 2.086 157.9
N3—H§-05 2.890 11.20 13.4 0.917 2.010 160.3

ITpumeuanue. D — goHOp.
* 3HaYCHUS QY/O (Teop.) paccyuTaHbI 110 ypaBHeHU1o (1).
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CHUHTE3 1 CTPOEHUE

BOJIIOPOMHBIMH CBSI3SIMH, XapaKTEPUCTHUKU KOTOPBIX
yKa3aHbl B IEPBBIX JBYX CTPOKax TaodJI. 3.

PenTreHomupakIMOHHBIE SKCIIEPUMEHTHI TIPO-

BeaeHbl B LIKIT @MU NDXD PAH nipu yactTuaHOM
¢umHaHCMpOBaHNM MMHUCTEPCTBOM HAayKU M BBIC-
mrero obpasoBanus P® (tema Ne 122011300061-3), a
TakXXe C HCIIOJb30BaHMeM obopynoBaHus LleHTpa
MoJieKyIsIpHbIX ucciaegoBanniit UHOOC PAH.
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