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MR(EQO,),, M-Li, Na, K, Rb, Cs, Fr, NHy, Cu, Ag, T, R — p.3.e., E-Mo, W. Bci
CHOJIYKM 00’€HaHl B OJHY CHUCTEMY, J€ BH3HAU€HI II0JIe ICHYBaHHS PIZHHUX
CTPYKTYPHHX MOAU(IKALIIH.

PacueTHbiM MeTOIOM ompenesieHbl dHTaNbIUU oOpazoBanus 300 coeauHeHUI
tuna MR(EQO,),, M-Li, Na, K, Rb, Cs, Fr, NH4, Cu, Ag, Tl, R — p.3.3., E-Mo, W. Bce
COEIMHEHUS OOBEIUHEHBI B OJIHY CHCTEMY, I'JIe ONpEeAeNieHbl MO CYIIeCTBOBAHUS
Pa3HbIX CTPYKTYPHBIX MOAU(DUKAIIHIA.

Enthalpy of formation 300 compounds type MR(EQO,),, M-Li, Na, K, Rb, Cs,
Fr, NHy, Cu, Ag, Tl, R —r.e.e., E-Mo, W is determinated by calculating method. All
compounds is united in one system, where fields of existence various structural
modifications are determinated.
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KuioueBble ciaoBa: sHtanbnus, coenuHenus MR(EO4)2, M-Li, Na, K, Rb, Cs,
Fr, NH4, Cu, Ag, Tl, R — p.3.3., E-Mo, W, cucrtema, CTpyKTypHBIE THIIBI.
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Cu, Ag, T, R —r.e.e., E-Mo, W, system, structural types.
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Karantok [I. C., [lepenenuna A. I1.

OLIEHKA PHTAJIBIIUU OBPAZOBAHUS COEMHEHU
TUIIA MR(EO,),

Baxnoi XapaKTepI/ICTHKOﬁ IJIA TBEPABIX BCIICCTB ABJIICTCSA JSHTAJIBIINA HUX

(o]

obpasosanus AHgg,. DkcrepumentanbHoe onpenesienue enmuund AHgg, Hepenko

IIPEACTABIACT JIOBOJIBHO CIIOKHYK 3a7ady, a pacyeT Hux C IIOMOIIBIO
KBaHTOBOXMMHUYECKUX METOJOB C IOCTATOYHOW CTENEHBIO TOUHOCTU M HAJIEKHOCTU
B HACTOSAILIEE BPEMS HEBO3MOXKEH.

CnoXHOCTh OOBEKTOB JJIsl SKCIEPUMEHTAIIBHOTO U TEOPETHUECKOTO U3YUYEHUS
MO3BOJISIET NPUMEHUTh B JaHHOM obOmactu mnoaxon [l1], ucmonb3yrouui
s dexTuBHBIE 3apsabl ¢; HA aTOMax B MOJIEKYJIaX M MOHAX, KOTOPbIE BBIYMCIISIOT
IIyTEM BBIPAaBHMBAHHUSI IOTEHIIMAJIOB, 3a/1aBAEMbIX B BUJE 3aBUCHUMOCTH

M, =A49? +Bq; +C+ M
rne A, B u C — nonbupaembie ¢ y4eToM AaHHBIX U3 [2 — 4] mapaMeTpsl aToMa i
(rabn. 1), M — mnompaBka Ha KYJOHOBCKHI MOTEHIMAN, CO3JaBa€MbIii BCEMU
3apsiaMu CHCTEMBI B TOUKe aroMa i. B [1] moka3zaHo, 4TO Takod METOJ MOKHO
MCIIOIB30BaTh JJIsl OLICHKA HAa KOJIMYECTBEHHOM YPOBHE SHEPIUU KPHUCTAILNIMYECKUX

pemetok (OKP), sHTanbnuii 06pa3oBaHus BEIIECTB (AHg6p) u noHoB (AH,.m AHY,).

910 otHOocuTcd K BemecTBam tuna CsHF,, KBH, u T. 1.

B coenunennsx tuma Ba(CrO,);, CoTO; u T. 1. CBSI3b B MEHBIIIEH CTEMCHU
HMOHHAs ¥ TIOTOMY CTaHOBUTCS OYEBHJIHOW HEOOXOJAMMOCTH ydeTa NepeHoca 3apsaa
MEXJy HWOHAaMU ¢ OOYCJIOBJICHHOTO JTHUM JIONOJHUTEIBLHOTO  YIPOYHEHUS
KpUCTAJUIMYECKO# pemreTku. Kak mokaszanu pe3yibTaTbl pacdyeToB A COCAUHEHUMN

paccMaTpuBaeMOro THMa, MpH Tepexoje oT oxHoro M k apyromy (B MBX,)

(o]

PasHOCTb MCKAY BBIYHMCICHHBIMH W OIIBITHBIMU 3HAYCHUSAMHU AH06p

(o603HauUUM ee
Kak A (AHg6p)) pacTeT HpOIOpUMOHANBHO yBenuueHno AH).+. Vder mompasku k

OKP, cBs3aHHOI ¢ 3TUM (PaKkTOpOM, MPOBEAECH B HACTOSIIEH paboTe C MOMOIIbIO

COOTHOILIICHUA



X = A(AHgg,) X (Rasan/Rpaan) 2

rae Ryay paccTosinue Mexay noHaMu B pemietke MAH 1 BaAH.
JIna KaxIoW W3 TPyl BELMIECTB C TOYHOCTBIO, HE BBIXOMIICH 3a pPAMKHU

AH?

o6ps  AMECT

pa3dpoca  SKCHEPUMEHTAJbHBIX  BEJIUYUH MECTO  TpsMas

MPONOpLHOHabHAs 3aBucHMOCTE X oT AH'2+. B kauecTBe mpumepa B Tabm. 2 u 3

HaHbI PC3YJIBTATHI pacucTa IJIA MOJ'II/I6I[aTOB u BOJIB(I)paMaTOB HCKOTOPBIX MCTAJIJIOB.

ITpu pacuete OKP nocrosiunas ManenyHra B3dra paBHoi 1,75.

B macrosmelt paGoTe paccMOTpeH BOINPOC 00 OICHKE 3HAYCHHS AHg6p

MR(E0,),M" = Li", Na+, K", Rb", Cs", Fr', NHJ, TI', Cu’, Ag', R — p.3.3.; E — Mo,

(o]

W. OxcnepumenTtanpubie Beaunduabl AHgq,

IJIA 9TUX BCUICCTB HAMU B JIMTCPATYPC

HEe 0OHAPYKEHBI.

Tabmuma 1
3navenuss mapaMeTpoB A, u C Uil aTOMOB HCCIIeyeMbIX COeIMHEHNH
AToMm A B C ATtoM A B C
C 28,00 119,2 105,7 Mo 5,60 71,39 58,97
@) 27,85 147,5 126,9 \\ 3,70 93,00 63,50 |
Ta6muma 2

2-
3HaYeHMs CTAHAAPTHBIX Tem10T o0pazoBanuss MMoO, (niss MoO,™:

Ruioo = 1.76 A, qyio = 4.409, AHS, o1~ = - 1155,0 kJlc/moan)
M Ruivio DKP * AHg,, xJlK/Momb
TCODP. JOKCII.
Be 3.18 2228,0 -1311,0 -
Mg 3,63 2095,0 -1387,0 | -1409,0; -1429,0 [5]
Ca 3,97 1973,0 -1488,0 | -1547,0 [5]
Sr 4,13 1942,0 -1545,0 | -1558,0; -1545,0 [5]
Ba 4,30 1893,0 -1574,0 | -1567,0; -1570,0 [5]
Ra 4,46 1848,0 -1595,0, | -1570,0 [5]
Mn 3,74 2062,0 12140 | -1192,0 [6]; -1216,0 [5]
Fe 3,70 2076,0 -1084,0 | -1063,0 [6]
Co 3,65 2088,0 -1042,0 | -1033,0 [5]
Ni 3,65 2088,0 9956 | -1057,0 [5]
Cu 3,62 2102,0 -932,8 | -944,3;-912,4 [6]
Zn 3,66 2065,0 -1091,0 | -1116,0 [6]; -1142,0 [5]

* DHeprus KpUCTAUIMYECKON pPeIIeTKU

Tabnuya 3



3HAYeHHs CTAHAAPTHBIX TeII0T o6pasosanns MWO, (n1s W03~ :

Ryo = 1,80 A; gw = 2,359; g, = 2,359; AHy gz = -1237,0 kJlx/Moun)
M Ruw DKP * AHg,, kJlK/Momb
TCODP. JKCII.

Be 3.18 2508,0 -1486,0 -

Mg 3,63 2268,0 -1512,0 | -1460,0; -1513,0 [5]
Ca 3,97 2130,0 -1614,0 -

Sr 4,13 2065,0 -1646,0 | -1645,0; -1667,0 [5]
Ba 4,30 2004,0 -1585,0 -

Ra 4,46 1949,0 -1707,0 | -1694,0 [5]

Mn 3,74 2222,0 -1327,0 | -1305,0; -1308,0 [5]

Fe 3,70 2243,0 -1204,0 [ -1179,0 [5]; -1186.0 [6]
Co 3,65 2258,0 -1152,0 | -1139,0 [6]

Ni 3,65 2258,0 -1108,0 | -1128,0 [6]; -1149,0 [5]
Cu 3,62 2273,0 -1043,0 | -1035,0 [5]; -1026,0 [6]
Zn 3,66 2253,0 -1198,0 | -1229,0 [6]; -1239,0 [5]

* To e uro B Tabxa 1
B Hauane nmpuBeneM pe3ynbTaThl pacdeTa JUIs psijia MOACIBHBIX CHCTEM:
CaMg(COs), OKP = 2592,0; AHgg, = -2328,0 (-2316,0 7], -2327,0 [8]);
CaMg(Si03), 2439,0; -3148,0 (-3196,0 [9], -3206,0 [8]);
CaCo(Si03), 2432,0; -2805,0 (-2792,0 [8]);
CaNi(Si03); 2432,0; -2760,0 (-2795,0 [8]);
FeMg(Si0O3), 2465,0; -2701,0 (-2755,0 [7]);
CuCOj; * Cu(OH);, 2522,0; -1043,0 (-1049,0 [10]);
CaFe(Si0;), 2418,0; -2848,0 (-2852,0 [8]);
CaFeSiO,4 6331,0; -1901,0 (-1909,0 [8]);
BaSrTiO4 5531,0; -2271,0 (-2262,0 [11]);
LiAl(Si03), 2643,0; -2961,0 (-3047,0, -3019,0 [10]);
NaAl(S04), 2672,0; -2309,0 (-2392,0 [7]);
KAI(S0O,4),2672,0; -2421,0 (-2647,0 [7]);
NH4AI(SOy), 2672,0; -2309,0 (-2357,0 [7]);
NaCr(S04), 2578,0; -2733,0 (-2755,0 [12]);
KAI(SO3), 2611,0; -3024,0 (-3022,0 [7]);
NaAl(50;),2626,0; -2977,0 (-3015,0 [7], -3040,0; -2977,0 [7]);
KCr(SOy4), 2672,0; -2335,0 (-2353,0 [7]) (Bce 3HaueHus B kJ[>x/MoJb).




- + +
Korz[a B COCTaB COCAMHCHUU BXOIAT KATHUOHBI PA3HOI0 3apgaa — M u 1\/[3 , TO

T 3+
CMEILIEHUE YJIEKTPOHHOM IIJIOTHOCTHU C AaHWOHA YYUTHIBAJIU TOJIBKO HA M.

(o]

Hanee mpusenennsie B [13] 3Hauenust AHgq,

U1 psAla COCAUHEHUN THIA

NH4R(Se04), wucnomnp3zoBaii TpH OIEHKE TeX 3HaY4eHUH Ry, TPU KOTOPBIX

BOCIIPOU3BOSITCS BeanduHbl AH — 1986,0 (La), — 1979,0 (Ce), — 1982,0 (Pr), —

(0] .
o6p -
1972,0 (Nd), — 1959,0 (Gd) [13]. U, HakoHel, B TabJ. 4 JaHHBIE MOTYYaJIU C YIETOM
toro, 4yto Ry /U1d Na nHa 0,02, nis Li — ua 0,04 A MenbIie, yeM g K, Rb, Cs u Fr.

. o +
Ryvo Ha 0,10 A B3gTO 60aBIINM, YeM Ryse. Benmnunnbl AHg6p IUISl COeIMHEHUM ¢ Ag

+ +

1 ocobenHo i Cu MeHee HaJleXKHbI, YeM JAJISl OCTAIbHBIX M, Tak Kak BO3MOXCH

HeOonbmolt  Bkmax  (~20 — 40 x[x/momb) B AHQg,,  0OycioneHHbI
2-

HOJISAPU3ALMOHHBIM CMEIIEHUEM 3apsiia Ha Hux ¢ EO,”.

Ha puc. 1, 2 mokazaHa 3aBUCUMOCTb 3HAaYCHHU AHg6p COCIMHEHHH THUIIA

MR(EO4), OT COOTHOIIEHUSI PpPaJUyCOB OJHOBAJICHTHOTO U TPEXBaJICHTHOIO

+ 0
KaTuoHOB. Jlyig kaxaoro M npu noctpoeHuu rpaduka B3sIThl TPU 3HAYEHUS AH06p

MR(EOQ4), — nns La (BepxHsisi neBast Touka), Tb (cpemgusis Touka) u Lu (HUXKHSS

(o]

npasas To4ka). B psny p.3.5. sHadenus AHgg),

3dKOHOMCPHO YMCHBIIAKXOTCA.

(o]

Rm/Rv>"
06p oT M M BBIpa)KaeTCSI I[BYMSI THUIIAMHA KpI/IBBIX.

3asucumoctr AH

[lepBass — oueHb moJioras KpuBas, NPUOIMKAIOWIAACS K MPSAMOM, ISl JTBOMHBIX
BOJIb()pAMATOB U MOJIMOIATOB BCEX IIETOYHBIX METAJUIOB C OJIHUM U TEM XK€ P.3.3., &
BTOpast — 0oJiee KpyTO M30THYTasi KpUBas JJIsl OJHOTUIHBIX coenuHeHui ¢ Cu Ag u
Tl (Takke ¢ OJHUM M TeM K€ p.3.3.). 3HAUYEHUS COOTBETCTBYIOIIUX coeauHeHuil Fr
MIpUHAJIEKAT OJHOBPEMEHHO KAaK NEPBOM, TaK M BTOPOM KPUBBIM, T. €. JIEXKAT B

TOYKaAX UX ICPCCCUCHU.

(o]

Coemunennst ¢ Cu umeror HanMeHblune 3HadeHust AHgg,

IO CPaBHCHHIO C

ApyrumMu (OTMCTI/IM, OHHU OTJIMYAIOTCS HAaUMEHbIICH TepMI/I‘IeCKOﬁ YCTOI\/i"II/IBOCTBIO u

pasnararoTcs B TBepioi (ase), a ¢ Fr — HauGosnbIire 3HaueHuUs AHg6p (puc. 1, 2).

Ha guarpammax (puc. 1, 2) 0603HaueHBI OIS CYIIECTBOBAHUS PA3JIMYHBIX 11O
cBoeit npupoje moaudukamuii coequaennit MR(EQ,), (B3AThI HU3KOTEMIIEpaTypHBIC

Momubpukanuu u3 [14]). Hanwuwme Takux TmoJed TMO3BOJSET MPOTHO3HPOBATH



BEPOSITHBIE CTPYKTYpHbIE THUIMBl AHAJOTUYHBIX COEIMHEHUH C OJM3KHUMH TIO
CBOWCTBAaM DJJIEMEHTAMH, €CJIIM TaKUE COCAWHEHUsS €IIE HE IIOJIYy4YEHbl WIM UMEIOT
HEU3BECTHYIO CTPyKTypy. Hampumep, mayis HHU3KOTEMIEpAaTypHBIX MOAMQPUKALINMA
FrR(Mo04), .(3TM coeauHeHusi MOKa HE TOJYYEHbI) BO3MOXKEH CTPYKTYpPHBIN THIT
CsPr(Mo04), nnst nerkux p.3.3. M TOSBIEHHE HOBOIO CTPYKTYpHOTO THMA C
TsDKEIBIMU P.3.3. g Hu3koteMnepaTypHbix Moaudukauuit NHsR(Mo04), Takum xe

oOpazom npeanonaraercsa cTpyKTypHsii Tun a-KY(MoO,),.

AH, %[/ mons
2760

2590

2430

2260

2060

I
rM+/rR 3+

i
1,6

!

Puc.1. 3aBucumocts AHg6p HU3KOTEMIIEPATyPHBIX MOAU(DUKAIUHN (CYIIECTBYIOLIUX

pu 25°C) MR(Mo0Oy), OT COOTHOIIEHHUS PafHycoB M /rR* (0671aCTH CTPYKTYP

tuna CaWOy,) (1), a-CaWO4 (2), 0-KY(Mo00O,); (3); CsPr(MoO,), (4)

AH, ¥/l /Mons
300

2760

T+ /Tat*

Puc. 2. 3aBucumocTb AHg6p HU3KOTEMIIEPATYPHBIX MOAU(DUKAIUHN (CYIIECTBYIOLIUX

pu 25°C) OT COOTHOIIEHHS PAANYCOB ™M /TR (061mactu cTpykTyp Tuna CaWOy) (1);

(X-I(Nd(WO4)2 (2), (X-KY(WO4)2 (3), (X-LiPI'(WO4)2 (4)



PaccyuraHHbIe BeJNYUHDI — AHzép nast MLn(EQy),

Tabnuya 4

M — AHg6p, kJ>K/MOJIB
E La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
NH4 Mo | 2653,0 | 2640,0 | 2645,0 | 2645,0 | 2598,0 | 2598,0 | 2552,0 | 2622,0 | 2551,0 | 2568,0 | 2548,0 | 2497,0 | 2524,0 | 2463,0 | 2501,0
W 2976,0 | 2964,0 | 2969,0 | 2959,0 | 2920,0 | 2920,0 | 2882,0 | 2946,0 | 2873,0 | 2882,0 | 2870,0 | 2818,0 | 2845,0 | 2781,0 | 2820,0
Fr Mo | 2821,0 | 2808,0 | 2813,0 | 2804,0 | 2766,0 | 2766,0 | 2720,0 | 2790,0 | 2719,0 | 2734,0 | 2716,0 | 2665,0 | 2692,0 | 2631,0 | 2669,0
W 3144,0 | 3132,0 | 3138,0 | 3128,0 | 3088,0 | 3088,0 | 3042,0 | 3114,0 | 3041,0 | 3057,0 | 3034,0 | 2986,0 | 3014,0 | 2949,0 | 2988,0,
Cs Mo | 2827,0 | 2814,0 | 2819,0 | 2809,0 | 2771,0 | 2771,0 | 2725,0 | 2796,0 | 2725,0 | 2740,0 | 2722,0 | 2671,0 | 2697,0 | 2637,0 | 2675,0
W 3150,0 | 3137,0 | 3143,0 | 3133,0 | 3094,0 | 3094,0 | 3047,0 | 3120,0 | 3047,0 | 3062,0 | 3040,0 | 2992,0 | 3019,0 | 2954,0 | 2994,0
Rb Mo | 2744,0 | 2773,0 | 2778,0 | 2769,0 | 2731,0 | 2731,0 | 2685,0 | 2755,0 | 2684,0 | 2699,0 | 2681,0 | 2630,0 | 2657,0 | 2596,0 | 2634,0
W 3109,0 | 3097,0 | 3103,0 | 3093,0 | 3053,0 | 3053,0 | 3007,0 | 3079,0 | 3006,0 | 3021,0 | 3003,0 | 2951,0 | 2979,0 | 2914,0 | 2953,0
K Mo | 2766,0 | 2753,0 | 2758,0 | 2749,0 | 2711,0 | 2711,0 | 2665,0 | 2735,0 | 2664,0 | 2679,0 | 2661,0 | 2610,0 | 2636,0 | 2576,0 | 2614,0
W 3089,0 | 3083,0 | 3083,0 | 3072,0 | 3033,0 | 3033,0 | 2987,0 | 3059,0 | 2986,0 | 3001,0 | 2983,0 | 2931,0 | 2959,0 | 2894,0 | 2933,0
Na Mo | 2691,0 | 2678,0 | 2683,0 | 2675,0 | 2637,0 | 2637,0 | 2590,0 | 2661,0 | 2590,0 | 2605,0 | 2588,0 | 2536,0 | 2564,0 | 2504,0 | 2541,0
W 2965,0 | 3002,0 | 3008,0 | 2999,0 | 2954,0 | 2954,0 | 2913,0 | 2985,0 | 2913,0 | 2928,0 | 2910,0 | 2861,0 | 2885,0 | 2821,0 | 2860,0
Li Mo | 2641,0 | 2629,0 | 2634,0 | 2622,0 | 2588,0 | 2588,0 | 2543,0 | 2613,0 | 2542,0 | 2557,0 | 2540,0 | 2489,0 | 2516,0 | 2457,0 | 2494,0
W 2965,0 | 2953,0 | 2959,0 | 2950,0 | 2911,0 | 2911,0 | 2866,0 | 2938,0 | 2866,0 | 2881,0 | 2863,0 | 2810,0 | 2839,0 | 2775,0 | 2814,0
Tl Mo | 2511,0 | 2498,0 | 2503,0 | 2493,0 | 2455,0 | 2455,0 | 2409,0 | 2437,0 | 2408,0 | 2423,0 | 2406,0 | 2356,0 | 2381,0 | 2321,0 | 2359,0
W 2834,0 | 2821,0 | 2827,0 | 2817,0 | 2778,0 | 2778,0 | 2731,0 | 2803,0 | 2730,0 | 2746,0 | 2728,0 | 2676,0 | 2703,0 | 2639,0 | 2678,0
Cu Mo | 2218,0 | 2205,0 | 2210,0 | 2202,0 | 2137,0 | 2137,0 | 2118,0 | 2189,0 | 2117,0 | 2132,0 | 2115,0 | 2063,0 | 2091,0 | 2031,0 | 2068,0
W 2542,0 | 2529,0 | 2535,0 | 2526,0 | 2487,0 | 2487,0 | 2441,0 | 2513,0 | 2440,0 | 2455,0 | 2437,0 | 2389,0 | 2413,0 | 2349,0 | 2387,0
Ag Mo | 2269,0 | 2254,0 | 2259,0 | 2250,0 | 2212,0 | 2212,0 | 2166,0 | 2236,0 | 2165,0 | 2180,0 | 2162,0 | 2111,0 | 2138,0 | 2077,0 | 2115,0
W 2590,0 | 2578,0 | 2583,0 | 2573,0 | 2534,0 | 2534,0 | 2488,0 | 2560,0 | 2487,0 | 2502,0 | 2484,0 | 2432,0 | 2459,0 | 2395,0 | 2434,0
Rewme 3,93 3,91 3,87 3,85 | 3,855 | 3,855 | 3,82 3,83 3,83 3,81 | 3,805 | 3,835 | 3,795 | 3,78 3,78




BbIBO/IbI
Paccuuransl 3HAYCHUS CTaHJapPTHBIX TEIJIOT oOpa3zoBaHUs
HU3KoTeMIeparypHbix Mogudukanuii 300 coequnenuii Tuna MR(EQ4), (M — Li, Na,
K, Rb, Cs, Fr, NH,, Cu, Ag, Tl; R — p.3.3.; E — Mo, W). CrangapTHas .TerjioTa
oOpa3oBaHUsl SBISAETCS KOJUYECTBEHHOM XapaKTEPUCTHUKOM, HAa OCHOBE KOTOPOMU
MOXHO OOBEIUHUTH HHU3KOTEMIIEpaTypHbIE MOJIU(PUKAIMU PA3TUYHBIX JTBOWHBIX
MOJIMOAATOB W BOJIBLGPAMAaTOB pP.3.3. B €IAMHYK) CHUCTEMY W ONPEACIUTH IOJIS

CYLIECTBOBAHUS PA3IMYHBIX CTPYKTYPHBIX MOAU(PUKALIUMA.
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