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PACTBOPUMOCTH B CIINPTAX U AJIKOT'OJIN3 KAPBOHATOB, CYJb®H0B,
IMUAHUIOB U ®OCPATOB HIEJTOYHBIX METAJLIOB

A.H. EBroxumos, A.B. Kyp3un, A.A. Cusakos, B.C. I'oauxosa

Paccmompensvt u cobpanst onybnuKosanHvie OaHHblE 0 PACMEOPUMOCIMU KAPHOHAMOE
UmMuA, HaAMpUs, Kanus, pyouous u yesus; 2udpoxapbonama Hampusn; cyibpuoa Hampun; Yuanu-
006 Kanusa u Hampus; opmodocamos, zudpo- u ouzuopoopmodocamos Kalus u Hampus, a
maxxce nupogocghama nampus e memanone, 3manone, 2-nponanone, 2-memun-1-nponanone, oen-
3UTI080M CRUDME, IMULEH2IUKOIIC, MEMUNLYENN030]Ib8e U 2iuyepune. JTuub HeKomopule ceedenun
071 6BIULEYKA3AHHBIX COTLEl 835Mbl U3 HAUOOIee PACNPOCMPAHEHHBIX CHPABOYHUKOE NO pAcCmEopu-
Mocmu, ocmanbHvle noOOOpanbl w3 omoenbHblx cmamei. B cucmemax «xapbonam Kanus,
HAMPUA/MEMAHON, IMAHOT, IMUNEH2TIUKONb, MOHOMEMUILOGLI IPUP IMUNCHZIUKONAY, «CYIbPHUO
Hampus/memanon, manon, 2-nponanon, 2-memun-I1-nponanon, bensunosvlii cRUpm, «yuanuo
Kanus/Memanoi, 3MuieH2iuKoNb, 2JILUepun», «opmodocdam Kanun, HAaMpPUA/SMUILCHZIIUKONL) U
«nupogocam Hampus/ImMunenziuKonsy UMeemcs KUClomHo-oCHO6HOe pagnogecue ¢ obpazoea-
HUEM COOMEEmCmeyIoWuUx alKozonamos. B ocnose mexanuzma peakyuu ankozonusa u oopaszosa-
HUA AIKO20JIAMOE U3 CONeIl W{e/IOYHBIX MEMANI08 U CRUPMOEG JIedcum pacnpedenerue KOMnoHeH-
moe¢ no (azam. Hmenno ananus écex pas ¢ cCRUPmMoGIX pacmeopax coiel Wieno4nblX Memaioe
103607UN 00KA3AMb HAUYUE PEAKUUU AIKOZONIU3A 6 HEKOMOPIX cucmemax cnupm/cons. Konyen-
mpayuu pAcmeopeHHbIX CONel 8 ANKOZONAM-2CHEPUPYIOUWUX CUCMEMAX CYUECMBEHHO MEHbULe
3HAUEeNUll, ONPEOeNeHHbIX ZPASUMEMPUYECKUM MemoOoM 0e3 yuema Peakyuu anKo20nu3a u cuu-
MAWUXCA 8 PACHPOCMPAHEHHBIX CNPACOUHUKAX (PACMEOPUMOCIHAMU COOMBEMCMEYIOULUX CONEH
6 cnupmaxy. Ilpeonosxcena Knaccugurayua Heop2aHUYeCKUX CONel WEN0UHBIX Memanioe, 6cmny-
RAIOWUX 6 PEaKyuio anKozonu3a. AHANU3 TUMEPaAMmyYPHBIX OGHHBIX NOKA3AT, HMO HAPAJY ¢ 2UOPOK-
CUOAMU U CONIAMU UWAENIOUHBIX MEMAJII06 8 PEeaKyUlo AIK0Z0Nu3a ¢ 00pa30saHuem aaKozonamos
eécmynaiom 2uopuobl, Memanl0p2aHuYecKue COeOUHeHUA, AUEHUIeHUObL, Humpudbz,' amuost (8
mMoM Yucie alKUIAMUObL) U A3U0bl. AJIKOZ0U3 CONEll MOHCHO PACCMAMPUBAMb KAK NEPCREKmMUE-

HOLIE CROCOG MOMYYEHUA QIKOZOJIAMOE WETOUHBIX MEMALI08, 6 KOMOPOM 6MECHO MEmania Uil
2UOPOKCUOA UCNOTIb3YEMCA CONb.

KiroueBbie ciioBa: KapOoHATE, CyabGubl, HHaHUIEL, 0pTohochaThl, MupodochaTsl, CIMPTEI, TIHIE-

PHH, STUJICHTIUKOJIb, aJIKOT'0JIM3, PACTBOPUMOCTD, AJIKOT'OJIATEI IIETOYHBIX METAJIOB
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SOLUBILITY IN ALCOHOLS AND ALCOHOLYSIS REACTIONS OF CARBONATES,
SULFIDES, CYANIDES, AND PHOSPHATES OF ALKALI METALS

A.N. Evdokimov, A.V, Kurzin, A.A. Sivakov, V.S. Golikova

The published data on the solubilities of lithium, sodium, potassium, rubidium and cesium
carbonates; sodium bicarbonate; sodium sulphide; potassium and sodium cyanides; orthophos-
Phates, hydro- and dihydroorthophosphates of potassium and sodium, as well as sodium pyrophos-
Phate in methanol, ethanol, 2-propanol, 2-methyl-1-propanol, benzyl alcohol, ethylene glycol, me-
thyl cellosolve and glycerol have been considered and collected. A little bit information for salts has
been taken from the most common solubility handbooks, but most of data was selected from scien-
tific articles. There is an acid-base equilibrium with the formation of the corresponding alcoholates
in the systems "potassium or sodium carbonate/methanol, ethanol, ethylene glycol, ethylene gly-
col monomethyl ether", "sodium sulphide/methanol, ethanol, 2-propanol, 2-methyl-1-pro-
panol, benzyl alcohol”, "potassium cyanide/methanol, ethylene glycol, glycerol”, "potassium or
sodium orthophosphate/ethylene glycol", and "sodium pyrophosphate/ethylene glycol”. The mech-
anism of the reaction of alcoholysis and the formation of alcoholates firom the alkali metal salts
and alcohols is based on the distribution of the components in phases. Analysis of all phases in the
alcohol solutions of alkali metal salts proved the presence of an alcoholysis reaction in some
salt/alcohol systems. The concentrations of dissolved salts in alcoholate-generating systems are
significantly lower than those determined by the gravimetric method without taking into account
the alcoholysis reaction and are considered in the common handbooks "solubilities of the corre-
sponding salts in alcohols". A classification of inorganic alkali metal salts reacting with alcohols
in the alcoholysis reaction has been proposed. The analysis of literature data showed that along
hydroxides and alkali metal salts, the hydrides, organometallic compounds, acetylenides, nitrides,
amides (including alkyl amides) as well as azides can react with alcohols to form alkoxides by al-
coholysis reaction. Alcoholysis of salts can be considered as a promising method for the production

of alkali metal alkoxides in which the salt is used instead of metal or hydroxide.

Key words: carbonates, sulfides, cyanides, orthophosphates, pyrophosphates, alcohols, glycerol, eth-
ylene glycol, alcoholysis, solubility, alkoxides of alkali metals
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Peaxumn ankorosmsa cojeil W TUAPOKCHIOB
WETOYHBIX METAIIOB MPeICTaBISIOT GOIBIION MHTE-
pec B CBA3M C BO3MOXKHOCTBIO ITONYYCHHS COOTBET-
CTBYIOIIMX AIKOTONISATOB JUISi OPTaHUYECKOTO W HEOD-
TaHUYECKOTO CHHTE30B. CHOCOOB! MOMYUEHUS alKo-
TOISITOB PA3IIMYHBIX METAIUIOB, UX (QU3HUECKUE U XU-
MHYECKHE CBOMCTBA XOPOLIO M3BECTHBI M MOAPOGHO
OMHCaHBI B MOHOTpaQMsIX U OTHENBHBIX CTAThX [1-4].
[MaBHBEIMY IIPOMBIIIIIEHHBIME CII0OCO6aMH TOTYYEHHS
ATKOTOJIATOB IEIOYHBIX METAJIOB SBISIOTCS: B3aU-
MOJICHCTBHE METalla CO CIHMPTOM H ajKOI'OJNH3 I'H-
POKCHIOB:

M + ROH — ROM + %H, @))]
MOH + ROH — ROM + H,0 2)
rie: M — menournoit MmeTamr; R — amkuo.

Ob6a crioco6a UMEIOT CYIIECTBEHHBIE HENO-
CTAaTKH — IIENOYHBIE METAIBI SBISIOTCS OPOrOCTO-
AMUMH peareHTaMy, a [IPH KCIIOIL30BAHUH THIPOK-
CHJIOB HEOOXOAMMO TPUMEHSTE CIEIUANIbHEIE METO-
Jbl yRaneHus oOpasyromeiics Boasl. O0 ankoronuse
HEKOTOPBIX COJIed MIENOYHBIX METAJIOB, KaK O CIO-
co0e MONydYeHHs aJKOTOJSTOB, COOOIIAETCS JIUIIE B
[1,3,4]. JluteparypHble AaHHEIE O PAaCTBOPHUMOCTH
HEOPraHNWYECKHX CONeH B CIUPTaxX, MUONAX U B HX
IpOCTHIX 3(Hpax, a Takke B TTULEPHHE TPeICcTaBIIe-
HBI B Pa3JIMYHEBIX CIIPaBOYHUKAX [5-9] B cyIecTBEHHO
MEHBIIEM 00beMe (B OTIMYHE OT PACTBOPUMOCTH B
Boze). KpoMe Toro, 3tu cBemeHms mpuBemeHH 03
ydeTa peakIM{ aJKOTOJH3a AT HEKOTOPBIX CHCTEM
cone/ciupT. B HacrosmieM 0030pe TpeacTaBIeHbI

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 12 | §
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CBEJIEHHs O PACTBOPUMOCTH KapOOHATOB, CynIb(OUIOB,
[HaHUIOB, OPTO- W THPOdOCHATOB MIETOYHEIX Me-
TAUIOB B CIUPTaxX, STWICHTIIMKOIE W TIHIEPHHE, a
Takxe 00 vMeronIeiics peakluy ajKorojiM3a yKa3aH-
HBIX COJIEH B CIUPTOBBIX PACTBOPAX.

B cmpaBounukax [5-9] manHBIE 0 pacTBOpHU-
MOCTH KapOOHATOB IIENOYHBIX METALIOB B O€3BOI-
HEIX cmupTax, 3a uckmoueHneM Cs,CO; u Rb,CO;,
orcyTcTByioT. Tak, pactBopumocts Cs;CO5; 1 Rb,CO4
B abcomoTHoM 3Tanoxne npu 19 °C coctasmaer 11,0
0,7 r B 100 T ciupTa, COOTBETCTBEHHO. B mupokom
IMana3oHe COOTHOIICHUI KOMITOHEHTOB (COib — BoJa
— crmpt) u Temmnepatype 23-26 °C pacTBOpUMOCTb
kxapbonaTa kamus Opbra m3ydcHa B pabore [10]. Ilo-
MHUMO JaHHEIX O PACTBOPUMOCTH B BOXHO-CITUPTOBBIX
pactBopax B paboTe MPHUBOAMUTCS PACTBOPHUMOCTH
kapOoHaTa Kajivs B a0COIFOTHOM METaHOJe, KOTopas
cocrasuia 6 T K,CO;z B 100 T ciupTa. PactBopumocTs
0€3BOIHBIX COJIEH IMIETOYHBIX METAIIOB B abCOMIOT-
HOM METaHOJIC W BIUSHUE MOHHOTO paJinyca KaTHOHA
Ha pacTBOPUMOCTH ObUIM HCCIIEZ0BaHb! B pabore [11].
ABTOpaMH YCTaHOBIJIEHO, YTO PAaCTBOPUMOCTH KapOo-
HATOB BO3PAcTacT ¢ yBEIMYCHUEM pa3Mepa KaTHOHA.
B psagy Li,CO;, Na,CO;, K,CO3 3T n3MeHeHus npo-
MCXOIAT JOCTATOYHO pe3ko. Tak, mpu 3amene Li Ha
Na pacTBopuMOCTh yBenuauBaeTcs B 5,6 pasa, a mpu
samere Ha K — B 111 paz. PactBopumocts xapGona-
TOB MIEJOYHEIX METAJIOB B METaHOIe ObLa U3ydeHa
Takxke B padote [12]. CBenenus, nomydeHusie B [12],
BMECTE C pe3yibTaramu Oosee paHHHX paboT mpen-
CTaBIEHHI B TA0OM. 1.

Jannsie pabotsl [12] TOATBEpKAAIOT CHE-
JIAHHOE paHee HAOMIOJCHHE O TOM, YTO YBEIMYEHUE
pasMepa KaTHOHA MIETOYHOI0 MeTalia Coco0CTBYET
ero pactsopuMmoctu B Metanone [11]. OcobGermo 310
3aMeTHO Ha mpuMepe Cs,CO;, pacTBOPUMOCTSL KOTO-
poro B MeTaHone nocturaer 56,1 r 8 100 r pactBopu-
tens [11]. B [14] Oputa onpeneneHa pacTBOPUMOCTH
kapOoHaTa ¥ THApPOKapOOHATa HATPUS B OE3BOIHOM
Metanone mpu 22 °C u 50 °C (tabum. 2).

Bce BrINIeIepeynCIIEHHbIC JaHHBIE O PacTBO-
PUMOCTH KapOOHATOB MIETOYHBIX METAIIOB B CIHp-
TaX, STUIEHTIIUKOJE U TIIMIEPUHE HE YUUTHIBAIOT UX
ankoronu3. CiegoBaTeNsHO, TPUMEHEHHE TPaBUMET-
PUYECKMX METOAOB aHalu3a AJS ONpPEHeICHUs pac-
TBOPUMOCTH KapOOHATOB IIENOYHBIX METAIIOB, (a-
30BBIX M XUMUYECKHUX DABHOBECHH ISl CHCTEMBI
M,COs/ROH He momycTuMO, T.K. Ha OCHOBE STHX Me-
TOZOB HETB3s JTOCTOBEPHO YCTAaHOBUTH COCTaB (has.

B [15] yxa3aHo, 4TO IIpH CMEIIMBAaHUU CEPHI C
KapOOHATOM KaJWsl WK HATPHUS B ATAHOJIE B KAYECTBE
MOOOYHBIX TPOAYKTOB 00pasyroTCs ajlKoTONATHL. B
natenTe [16] coobmaeTcs o0 amkorommse KapboHaTOB
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IIEJIOYHBIX METANIOB CIUPTaMH, DTUICHIIMKOIEM U
METHIIIEI03016B0M. TIpu 3ToM aBTOpHI [16] OmucHI-
BAlOT aJIKOTOM3 KapOOHATOB HIETOYHBIX METAJIIOB
HU3UIUMHU CTIMPTaMHU peaKLei:

M,CO; + ROH — ROM + MHCO; 3)
rae: M —Li, Na, K, Rb, Cs; R — anxu.
Tabnuua 1
PacTBOpHMOCTE KAPGOHATOB MICTOYHLIX METAJLIOB
B METaHOoJe
Table 1. Solubilities of alkali metal carbonates in methanol
nlfe?flf}?::o PactBopumocts, | Temmeparypa, |Ccplnka
/100 r MeTaHOIA °C
MeTajia
Li,CO; 0,035 21,8 [12]
Li,CO; 0,0555 25 [11]
Na,CO; 0,22 21,8 [12]
Na,CO; 0,27 15 [13]
Na,CO; 0,3109 25 [11]
K,CO; 6,165 25 [11]
K,CO; 6,0 25 [10]
Rb,CO; 24.9 23.3 [12]
Cs,CO;4 56,1 21 [12]
Taonuua 2

PacTBOpUMOCTE KapfoHaTa U THAPOKAPOOHATA HATPUS
B MeTaHoJIe
Table 2. Solubilities of sodium carbonate and hydrocar-
bonate in methanol

Coup menou-| Pactsopumocts, | Temneparypa, | Ceblika
Horo Metayuia| /100 r pacTBopa °C
NaHCO; 2,18 22 [14]
NaHCO; 0,92 50 [14]
Na,CO; 0,27 22 [14]

Ony06nuKoBaHHbBIE JaHHBIE O PACTBOPMMOCTH
kapbonara ¥ ruapokapOoHaTa HaTpus B 3TAHOIC,
STUIIEHTIMKONE ¥ TIHIepuHe [5-9] mnpuBelneHHl B
Tadm. 3.

Tabnuya 3
PacreopumocTs KapGoHaTa u ruipoKkapéoHaTa HATPUA
B JTAHOJIE, ITHIEHIIHKOIe U TIHIeprHe
Table 3. Solubilities of sodium carbonate and hydrocar-
bonate in ethanol, ethylene glycol, and glycerol

Come PacTBOpHUMOCTS, enseparypa
[IEJI0YHOTO Crupt /100 r pacTBO- °C :
MeTaIa puTens
Na,CO; [DTHICHTINKOIE 3,34 20
441 20
Na,CO, I'munepun 50,0
49,57 15
7,4 15,5
NaHCO; Tmunepun 7,28 20
8,6 15
NaHCO; OTaHoI 1,18 15,5

B wacTHOCTH, IPUBOAUTCS NPUMEP MOIyde-
HHUS METHIaTa Kauus u3 kapOoHara: 8,6 BECOBBHIX Ya-
cTel kapOoHaTa Kanus mepeMermBany ¢ 94,6 gacren
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meranona mpu 20 °C B teuenue 6 4. B pesymeTaTe
aBTOpHl [16] momyummu pacTBop, comepxkammit 2,9
yacTh MeTwnata Kamus, 0,9 wactu rugpokapboHarta
xamus v 2,9 gacT kapGoHaTa Kamus B 93,3 wacTu Me-
TaHONA, & TaKkXKe 3,2 YacTH TBEPAOTO ocanka kapbo-
Hata Kanus, 3amareHtoBad [16, 17] cnocob momyde-
HUS KOHIIEHTPUPOBAHHBIX PAaCTBOPOB aJIKOTOISTOB
IMENOYHEIX METAJIOB, OCHOBAHHEIN Ha MHOTOKPATHOMN
IMPKYJIAINY CIIUPTA depe3 CIOM COOTBETCTBYIOMIETO
kapboHara. [IpM MCTIOTB30BAHUUM STWIICHTIUKONS U
MOHOMETHIIOBOT'O 3(Upa STHICHTIUKONS (METHIIEN-
10307bBa) B PEAKIMU aJIKOTOJIM3a O JaHHBIM [16]
00pa3yloTCst YIIEKUCITBIN a3 1 BOJA:
M2C03 e 2HOCH2CH20R -
— 2MOCH,CH,OR + CO, + H,O “
e M — memounoit merami; R — H, CHa,

Tak, nocie kumnsdeHus 17 BECOBBIX HacTel
kapOoHaTa Kanus ¢ 86,8 9acTIMU STUICHTIIMKONS TPH
200 °C B Teuenue 12 u obOpasyrores 1,1 gacTu BOJHI,
2,7qactu CO, u 100 wacTeit pacTBopa, COAepHKAIIEro
12,3 wactu KOCH,CH,OH, 8,5 wactn K,CO; u 79,5
YaCTH OTHIICHTTHKONS. AHAJOIMYHYI0 PEaKUuio C
METHIIIEIIO30ThbBOM BMECTO DTHUICHITTUKOIS aBTOPHI
[16] ocymecTBiAnyM B TedeHHe 4,5 4 IpU TeMIIepa-
type 125 °C.

B [17, 18] npuBomsTcs ganHbie 06 o6pasoBa-
HUM aJKOTONIATOB M3 KapOOHATOB IUTHS, Kausd,
HATPYS M Pa3IHMYHBIX CIIMPTOB TI0 peaknuu (3). Ycra-
HoBieHO, uTo 1pu xobasnennn K,CO; B Komm4aecTse
He MeHee weM 25-30 1/nm 3TaHONa yCTaHABIUBAECTCSH
TOCTOSIHHAS. KOHIICHTPAITAS STUIATa KU 5,8 MMOMIB/IL.
3aMcHa Kanus B kapOoHATe Ha HATPUHM W TUTHH CHU-
KAET er0 PacTBOPUMOCTH B METaHoJE, IPU 3TOM KO-
TMYECTBO OOPA3YIOUIETOCS ajKOorojsaTa KpaliHe HU3-
Koe, @ B crydyae KapboHara JUTHUS METHIAT oOHapy-
xkeH He O (Tabi1. 4).

Tabnuua 4
Cocras xunaxoii ¢pa3sl B cuicteme M,CO3/CH;0H
npu 20 °C

Table 4. Liquid phase composition in the

M,CO;/CH;0H system at 20 °C

Kipbonar erou- KoHmeHTpaims KoMIoHeHToB, /100 T
HOro MeTajia PACIHOpS
CH;0M M,CO;3
Li,CO4 0 0,017
Na,COs 0,01 0,25
K,CO4 4,11 2,09

yCTaHOBHCHO, YTO CHHXKEHHUE KHCIOTHOCTH
COEpTa CIOCOOCTBYET YMEHBIIEHUIO PACTBOPUMOCTH
kapOOHATa KaJusd W MPUBOIHUT K 00pa3oBaHUIO alIKO-
TOJIATOB KA B MEHBIIEM KOJIHYECTBE. Tak IIpu 1e-
pexoze OT MeTaHONa K 3TaHOJIy KOHIIEHTpaIus obpa-
3yIOIIETOCS aJKOToNIATa yMeHblIaercs moutu B 100
pa3, a B M30TPOIIMIOBOM U mpem-0yTHIOBOM CITHPTaxX

pactBopuMBIX  BemectB cucreMsl K,CO3/ROH o6na-
pyxeHo He 05110 (Tabm. 5).
B [19] ompenencHa pacTBOPUMOCTH KapOoHa-
Ta Kalud B METAHOJIE C YIETOM 00pa30BaHUs aluKoro-
nara (tabn. 6), a B [20] — KOHCTaHTa PaBHOBECHS pe-
aKI[MU METAHOJIK3a KapOoHaTa Kalus.
Tabnuya 5
Cocras xuoii ¢assl B cucreMe K,CO3/ROH npu 20 °C
Table 5. Liquid phase composition in the K,CO;/ROH
system at 20 °C

Konuenrpanus,
Cnupt r/100T pzlz:TBopa TeMnc[:)r():aTypa, PK,
KOR | K,COs crpra
MeTanoit 4,11 2,09 20 15,5
DTaHon 0,05 0,03 20 15,9
2-TTpomanon 0 0 20; 60 16,5
2-Metwid= i), 0 20,60 | 17,0
IIPOITAHOJI
Tabnuuya 6
Cofepxanue KOMIIOHEHTOB B JKUIKOH (ase B cucTeMe
K,CO;/CH;0H
Table 6. Liquid phase content in the K,CO3;/CH;OH
system
Temnepatypa, Komnnenrpauns, 1/100 r pacteopa
¢ K,CO; KHCO; CH,0K
25 1,61 0,0121 . 4,82
35 2,01 0,0341 4,37

Asropamu [19] mokazaHa HEBO3MOXXHOCTD
BTOpO# CTaguyu MeTaHomu3a KapOomara Kanus TpH
temmneparypax ot 20 1o 45 °C — 1.e. MeTaHOIM3 00pa-
3yrolerocs: ruapokap6onara kamus go CO,, H,O u
MeTHIATa KaJusl He IIPOHCXOIHUT:

KHCO; + CH;0H # CH;0K + CO, + H,0 (5)

O6 WHCHOIH30BAaHUM CHUPTOBBIX PacTBOPOB
KapOOHaTa Kallis B CHHTE3€ IIPOCTBIX 3(QUPOB U3 Ta-
JIOTEHOTIPOM3BOIHEIX II0 peakuuu BunbaMcoHa us-
BecTHO ¢ Haudana XX Beka [21, 22]. UHTeEpec k anko-
romsT-renepupyronieii cucreme K,COs/cupT (MeTa-
Hon, sTaHox) BozoOHOBHICcS B 2000-x romax, mocie
myOnuKanuu ctaTei [19], B CBA3M ¢ IPUMEHEHUEM B
71a00paTOPHOM OPTraHMYEeCKOM CHUHTE3€ C y4daCTHEM
AIKOTOJIATOB IIEJOYHBIX METAJUIOB B KaueCTBE pea-
TEHTOB WM KaTanmsaropoB [17, 18, 23-26], B ToM
yncie, B CBA3M C BO3POCIIEH pONBI0 OMOAU3ENBHOIO
TOIUIMBA HA OCHOBE METHJIOBBIX U 3THIIOBBEIX 3(QUPOB
JUPHBIX KHCIIOT, HOIY4aeMbIX IEepedTepHpUKalHeh
PaCTUTENBHBIX MaceN HU3IIMMH CIIUPTaMH B MPUCYT-
CTBMH CHIILHOTO OCHOBaHUA [27, 28].

B cmpaBounukax [5-9] ¥ B 3HUMKIONEIUU
[29] mpuBOASTCSA CBEACHUS O PACTBOPUMOCTH IUaHU-
OB Kalds U HATPHS B METAHOJE, STAHOJE M INIMLE-
pune (Tabn. 7). Kak BuIHO M3 NaHHBIX Tabn. 7, pac-
TBOPHUMOCTH ITHAHNU/A HATPHUsl YMEHBIIAETCS C POCTOM
TEMIIEPATYPHI. '
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Tabnuua 7
PacTBOpMMOCTh HUAHUIOB KAJHS M HATPUS B CIIMPTax
Table 7. Solubilities of potassium and sodium cyanides
in alcohols

PactBopumocts, 1/ | Temmeparypa,
G, | ‘Croapr 100 r pacTBOpHTENS °C
0,57
Dta”on 0.86 19,5
KCN 4,67
Meranon 4.91 19,5
Tnunepus 24,20 15,5
6,05
Metanon 6.44 15,0
NaCN Meranor 4,58 25,0
MeraHoun B 67,4
4,10 :
DTaHon 1,235 2540

CnpaBouHBIC JaHHBIC 10 PACTBOPHUMOCTH ITH-
aHuIa Kaaus B raunepune (tabn. 7) ornudarorcd OT
npuBeneHHbx OccenpockuM [30], mo crepeHusM
KoToporo oxa cocraniuser 31,84 r conu B 100 r rim-
nepuna mpu 15-15,6 °C.

B mateute [16] coobimaercst 00 ankoromuse
IMaHW/IOB MIEJIOYHBIX METAJIOB JTHIIEHTIIHKOIEM H
MIPUBOJIATCS YCIIOBHS TOJNYYCHUS OSTUIICHITIMKONATA
HaTpPUs U3 [IMaHU/Ia HaTPHsL:

NaCN + HOCH,CH,0H —
— NaOCH,CH,0H + HCN (6)

Taxk, npu kunstaerny mpu 200 °C B Teuenue 2 1
4,78 BeCOBBIX YacTH Hwanuaa Hartpus ¢ 95,6 vacrtu
STHIEHTINKONA aBTOps! [16] momywmnu 0,33 wactu
ra3000pa3HOTO ITMAHOBOAOPOIA U PAacTBOpP, COCTOS-
it w3 0,99 "acTy STUIICHTIIUKONSATA HAaTpus, 4,2 9acTu
IMaHuaa Hatpus U 94,8 yactu stuneHrukons. B [31]
PUBOISATCS CBEIEHUS O COAEPKAHUU LIUaHUa KaIus
W COOTBETCTBYIOIIUX aJKOTOJIATOB KallMsl B Peaxily-
ounsix cucreMax KCN/R(OH), (tabn. 8). V3 manHBIX
Tabi. 8§ BUAHO, 9TO CYMMApHOE KOJIIMYECTBO PACTBOPH-
MBIX KOMIIOHEHTOB B METAHOJBHOM, STHIICHIIIMKOJE-
BOM U TuiepuHoBoM pactBopax KCN cooTBeTcTBY-
eT JUTEpPaTypHBIM JAHHBEIM TI0 €r0 PacTBOPUMOCTH
0e3 ygeta 00pa3oBaHMs aTKOTONISATA.

B xauecTBe nmpuMepa MPUMEHEHHS METAHOIb-
Horo pactBopa KCN B oprannueckoM CHHTE3E MOKHO
TIPUBECTH TIONYYCHUE 3-METOKCH-4-1TMaHOXUHONHA
u3 3-HuUTpoxwHOMMHA [32]. DTa peakuus BO3MOXHA
pu ycnosuu Metanonnza KCN.

CeemeHuss O pacTBOPUMOCTH OE3BOJHOTO
cymb(uia HaTpus U ero Kpuctamwioruapara Na,S-9H,0 B
HEKOTOPHIX CHOMPTaxX M DJTUIECHTIMKONE, IMpeICcTaB-
JIeHHBIE B mlateHTe [33], moka3aHsl B Ta0II. 9.

B [1, 4] coobraercst 00 amxoronuse CyabhHHIOB
TIENOYHBIX METAIIOB, HO BMECTO CYIb(UIA TPUBOIUT-
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cs peakuus THUIPOCyIbduma co cnuproM. ABTOPHI
maTteHTa [16] Tarke coOOIIAlOT O METaHONU3E CYIIb-
¢buna HaTpus:
Na,S + CH;0H — NaHS + CH3;0Na @)
Umu ocywecreineno mpu 62 °C Bzaumognen-
crBue 21,7 BecoBeIX uacTu 0Ge€3BOAHOTO Cyinbhuaa
Hatpus ¢ 78,3 yacTaMu MeTaHola, OBLI IOIy4eH pac-
TBOp, COEPXaIwit 4,2 TacTH MeTwIaTa Hatpus, 1,9 Ja-
cTi ruapocynbbuaa Hatpus, 15,6 "actu cymbhuma
HATPHSI, a TAKKe 2,5 4acTh TBEPROTO TUApOCyIbpuma
narpus [16]. Kpome Toro, B [16] mokazana BO3MOX-
HOCTh TIONYUCHHS KOHLCHTPUPOBAHHOTO pAacTBOpa
METHIIATA HATpUs 10 peakuuu (7) B IUPKYISLMOHHOM
YCTAHOBKE, aHAJIOTMYHO ITIOJYYEHHIO W3 METHIaTa U3
kapOoHaTa Kayusl.

Tabnuua 8
Cojepxanue NHAHUAR KAJIHUA U COOTBETCTBYIOIIUX aJI-
KOT0JIAITOB KAJIMsl B pEaKIUOHHOI cucremMe
KCN/R(OH)x npu pa3jiM4HbIX TemMueparypax
Table 8. Potassium cyanide and alcoholate content in the
reaction system KCN/R(OH)x at different temperatures

Konuenrtpauus, 1/100 r pacrsopa (t, °C)
ST ROK KCN

1,32 (19,5) 3,41 (19,5)
Mesncy 2,01 (35) 4,12 (35)
DTUIIEHTIIUKOIb 2:14420) 6,85(20)
i 3,04 (35) 7,55 (35)

T 5,76 (15,5) 19,73 (15,5)
1ep 6,95 (35) 22,14 (35)

Taobnuuya 9

PacrBopuMocTh cyab{uaa HaTpus B cnimprax npu 20 °C
Table 9. Solubility of sodium sulfide in alcohols at 20 °C

PacTBOpuTens PacTBOPUMOCTS, I/ pACTBOPHUTEIS
Meranon 160 (30 st Na,S-9H,0)
Ora”on 90
MNzob6yranon 31
BeH3mI0BEIi cClIUpT >40
OTUIIEHTIUKOIb >200

OrMmeTuM, uTO UMErOTCs cBeaerus 1869 rona
u Hayama XX Beka [34-36] 0 B3aUMOJEUCTBUU CEPO-
BOJOPOJA ¢ ANKOTOIATAMH MICIOYHBIX MeTamios (Li,
Na, K) ¢ obOpa3oBaHuEeM COOTBETCTBYIOIIMX THIPO-
Cynb(UIOB, IPEACTaBISIOMEM CO00H 0OpaTHyIO peak-
IO BTOPO#M CTaiu (CTYTICHI) aTKOroiu3a CymbhHa:

MOR + H,S — MHS + ROH, ®)
roe: M —Li, Na, K; R — meTun, atun.

B [37] Obumu yTOYHEHHI JaHHBIE II0 METaHO-
nu3y cynbduma HaTpus, a TaKKe PacCMOTPEHO €ro
B3aUMOJIEHCTBIE C ATAHOJIOM, 2-TIPOIIAHOIIOM, 2-METHII-
I-mpomaonoM ¥ GeH3WIOBBEIM crUpTOM. Kak BHIHO
u3 JauHbix Tatn. 10 [37], HeyunThIBaHUE B3aUMOIEH-
CTBUS CyNmB(QUIa HATPUS C METAHOIIOM JIa€T DE3yIb-
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T 10 PACTBOPMMOCTH B HECKONIBKO Pa3 Bhlme. Tak,
PacTRBOPUMOCTH CyJb(uaa HATPHUS IO JIUTEPATYPHBIM
narEsM coctasisier 20,16 1/100 r metanoma mpu 20 °C,
4C YUETOM PEAKITMH ATKOT0IM3a — IPUOIM3UTENHHO B 4
pasa MeHbIIe. HeoOX0AMMO 3aMETUTh, UTO CyMMapHast
KOHIICHTPAIMsl PACTBOPCHHOTO Cynb(uaa HaTpHs |
MeTMaTa HAaTpus B criupre cocrasuia 19,87 r/100 r
Meranosia [37]. ABTOp maTeHTa 1o OMMCTKE CyJIbbuIa
HATPHS OT IpUMecel TepeKpuCcTaLIN3aluel U3 Cup-
108 [33] IPMBOAMT JaHHBIE O PACTBOPUMOCTYU CYIbhM-
1A HATPUsI, UCTIONB3YS TPABMMETPUYECKHI MeTox 6e3
yieTa pPEaKklUd aJKOTONu3a, II03TOMY YHCIIEHHEIE
SHAYEHWS PACTBOPUMOCTH CYIB(QUIA HATPUI B 3TAHOIIE,
mwobyTaHoNe ¥ OCH3UIIOBOM CIHUPTE, Kak U B CIIydac
MeTarHoia, OoJIbIIe, YeM TIPU TIPUHATHN BO BHUMAaHHUE
PEAKLIMM ATIKOT'OJIH3A.

Yro kacaercst mpuMeHeHust cucteMsl M,S/ROH
B OPraHMYECKOM CHHTE3€, TO OTMETHM [Ba OITyONHKO-
sanbpIx mpruMepa: Nap,S/CH;OH ncnone3oBanachk Uit
CHITHS CHJTAIBLHOM 3arutel [38]. ABTOpPBI HEOXKUIAHHO
TONYSTA TIPOTIAPTUICYIbGHUIB] U3 Tal0reHOIPOM3BOI-
HHIX, MEXaHH3Ma 0Opa30BaHUS KOTOPHIX OHM HE IpPH-
sor. Jlpyroif mpuMep — MCHONB30BAHME PACTBOpPA
cymb(HIa HATPUsL B METAHOJIE UL IIEPErpyIIMPOBKY 2~
mxnoanKeHwIcymbdoxkcunos [39]. OtmeTuM, 9TO aBTO-
pe pabor [38, 39] He coobmaror 06 06pa3oBaHMU M-
THUIATa HATPHS M3 METaHola U cyIb(uaa HaTpUs.

Tabnuya 10

PacTROPHMOCTE cyahGUIa HATPUSA B CIMPTAX € YUCTOM

peaxkuuu anxkoronmnsa mpu 25 °Cu 35 °C

Table 10, Solubility of sodium sulfide in alcohols with
alcoholysis reaction at 25 °C and 35 °C

Konnenrparms, /100 T pactBOpa PactBOpuUMOCTE
Na,S npu 20 °C,
/100 r pacTBOpHU-
Na,S NaHS RONa

Tend (mepecunTaHa
u3 nauusx [33])

Meranon
5,13/18,96] 0,901/0,182 | 14,74/5,11 20,16
Ortagon
3,12/12,65] 0,494/0,142 | 8,04/2,75 | 11,15
2-ITponanon

1,79/5,16 [ 0,411/0,197 | 3,14/1,25 | -
2-Mertui-1-mpoiaHoi

1,14/3,55 ] 0,354/0,140 | 2,48/1,07 | 3,02
BensunoBslii criupt
1,04/4,63 [ 0,263/0,122 | 2,69/1,44 | 3,41

B XMMMYECKMX CIPaBOYHHKAX KakKue-Inbo
JIAHHBIE O PACTBOPHUMOCTH OpTOhOChHATOB HIETOUHBIX
METAIVIOB B CITUPTaX He IPUBOIATCA, 34 HCKIFOUEHHEM

cucTeMs! TuApooprodocdar HaTpust/sTanon. Kpome to-
ro, MMEIOTCA CBENEHWS O PACTBOPUMOCTH THIPO-
oprodocdara Harpus B MeTanone [5, 13] (tabm. 11).

Tabnuua 11
PacreopumocTs ruapoopTodocdaTa HATPHS B MeTaHO-
Jie M 3TaHOJE
Table 11. Solubility of sodium hydroorthophosphate in
methanol and ethanol
Pacrteopumocts, 1/100

Crvpr Temueparypa, °C

T criupTa
MeraHon 15,0 0,240
OraHon 15,5 0,932

B [16] nmpuBOmUTCA peakmus alkorojusa op-
todocdarTa HATPUA FTHIICHIIIUKOIIEM:!
Na;PO, + HOCH,CH,0H —
— NaOCH,CH,0H + Na,HPO, C))
B KOTOpo# B3aumozeicTByioT 10,8 BeCOBBIX
gacTy oprodocdara Hatpust ¢ 93,2 wacreil STUICHITIN-
xomst ipu 100 °C. B pesyneraTe peaklHOHHas Macca
npencTaBiseT coboi 4 YacTH TBEPHOTO THAPOOPTO-
docara HaTPUsL W PACTBOD, COCTOSIMH 3 2,7 HacTH
STWIEHTITHKONATA Hatpus, 0,6 yactu runpooprodocdara
Hatpus U 5,5 yactu oprodocdara Harpus. B [40] yrou-
HEHbl JAaHHBLIE II0 PACIpeNelICHUI0 KOMIIOHECHTOB B
PEAKLMOHHBIX CUCTEMAX HA OCHOBE 3TUJICHIIIMKOJIEBBIX
pacTBopoB oprodocdaros kanus u Harpus (Tadu. 12).

Tabauya 12
KonuenTpauus KOMIOHEHTOB B PEAKIMH ATKOT0IM3a
oprodochaToB KaIUs U HATPHS STHICHTIAKOTIEM
Table 12. Concentrations of components in the potassi-
um and sodium erthophosphates alcoholysis with eth-

ylene glycol
KonuenTpanus,
Conb TeMH?éaTypa’ /100 T p?CTBo a
M;PO, | M,HPO, | MOR
35 4,34 0,42 6,62
K;PO, 95 9,65 0,14 2,05
35 4,47 0,36 5,81
Na;PO, 95 9,33 0,15 217

OrcyTcTBHE B3aUMOJIEHCTBUS MOHO- W -
ruzpooprodocHaToB Kanusd M HATPUsS C DTHIIECHIIIH-
KOJIEM:

M,HPO, + HOCH,CH,0H # MH,PO, +

+ MOCH,CH,0OH (10)
MH,PO, + HOCH,CH,0OH # H;PO, +
+ MOCH,CH,0H (11
roe: M= Na, K.

00BACHIETCS MajOd PacTBOPUMOCTBIO THIPOOPTO-
docdata (BTOpas cTyeHs amkoronusa M;PO,) u tem,
YTO 0 TpeThell CTYNEHW [NOJDKHA THIIOTETHYECKH 00-
Pa3OBBIBATECS CHUbHAs opTodocdopuas xuciora. Ta-
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KM 00pa3oM, MMeeT MECTO TOIBKO PacTBOPUMOCTH
KuCHBIX (ochaToB. B OTHENBHBIX OMBITAX MPH HC-
TOJI30BAHUM THAPO- U IuruapooprohocaToB HaMu
J0Ka3aHa HEBO3MOXKHOCTH BTOPOH M TPETHEM CTYIEHH
aNKOroIM3a, MPHU STOM YCTaHOBIIEHA PacTBOPUMOCTH
YKa3aHHBIX KUCIBIX 0pTOGOC(aTOB B STUICHIIIMKOIIE.
Kax BugHO M3 MaHHEIX Taba. 13, oHa HE3HAYUTENIBHA
B OTIMYHE OT «PAacTBOPUMOCTH» opTodochaToB Ka-
nus 1 HaTpus. OGpasyroluiicss IO BTOPOM CTyNeHH
ruapooprodocdar menoIHoro MeTamia obmanaeT Hus-
KOM PAacTBOPUMOCTBIO B STUJIEHITIMKOIIE, YTO SBIACTCA
IBIDKYIIEH CUITON peakIyy alKoroimsa opropocdaros.

Tabnuya 13
PacTBOpPUMOCTH THAPO- H TUTHApPoopTodocdaTon Ka-
JIMS M HATPHUSA B ITUICHIIHKOJIe
Table 13. Solubilities of potassium and sodium hydro-
and dihydroorthophosphates in ethylene glycol

PactBopumocts, 1/100 T pacTBOpHTEIN,
Consb mpu t, °C
25°C 35°C
K,HPO, 0,842 0,873
KH,PO, 0,816 0,839
Na,HPO, 0,864 0,925
NaH,PO, 0,908 0,946

Kax u oprodochars kamus U HaTpUs, B KUC-
JOTHO-OCHOBHOE B3aWMOJIEHCTBUE C STUJIEHITIUKOIEM
BeTymaeT mupodocdaT HaTpHs, IPU 3TOM 00pas3yroTcest
TMSTUIEHTTIMKOIAT W Iuruapormpodocdar HaTpus:

Na4P207 £ HOCH2CH20H e 4

— NaOCH,CH,0ONa + Na,H,P,0; (12)

OO6pa3oBaHue TIHUKOJIATOB B PacTBOpax IH-
podocdara HATPHs Ha OCHOBE METHIILEIIO30/IbBA U
runeprHa He obHapyxero (ta6n. 14) [41]. 3akono-
MEPHOCTH, 3aMCUCHHBIC B CIIydac IOBBHIMICHUS TCM-
neparypsl Ui STUICHIIMKOIEBBIX PACTBOPOB IHPO-
docdara Te ke, YTO M MPU alKoronuse opropocha-
TOB Kanus i Hatpus [40].

Tabnuya 14
Aaxkorosu3s nupodocdara HATPUS ITHICHIIAKOJIEM U
€ro pacTBOPUMOCTE B METHJILE/IJI030]IbBE U IITHIEPHHE
upu 25 °C/35 °C
Table 14. Alcoholysis and solubilities of sodium pyro-
phosphate in ethylene glycol, methyl cellosolve, and

glycerol at 25 °C/35 °C
Kownuenrparms, /100 ¢
CHHPT Na4P207 RONa
MeTHITIENTI0305B 0,456/0,677 -
ODTUIEHTIIHKOIIb 2,874/3,505 1,083/0,752
Iunepun 1,212/1,407 -
JUTEPATVYPA

1. Typosa H.SL., HoBocemoBa A.B. CrnmproBhie IIpOM3BOJI-
HBIE IIENOYHBIX, MIETOYHO3EMENBHEIX METANIOB, MarHUA U
tamms (). Ven. xum. 1965. T. 34, Bem. 3. C. 385-434.
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BEIBOJEBI

PaccMOTpeHbI  OITyONIMKOBAHHBEIE [aHHBIE O
PACTBOPMMOCTH KapOOHATOB, CYIb(QUIOB, IMaHUIOB,
opTo- 1 THpodocdaToB METOYHBIX METAIIOB B CIIUP-
Tax, STWICHIINKONE U TIMIEpUHE C ydeToM U 6e3
ydeTa KHCIOTHO-OCHOBHOIO B3aMMOJEHCTBUA (KO-
TONM3a) KOMIOHEHTOB. OIpeneNIomyo polb B Me-
XaHu3Me OOpa30BaHUS AIKOTOIATOB IICIOYHBIX ME-
TAIIOB B pe3ylbTaTe ajKoTrojlu3a Collel urpaer pac-
IpefielieHne TIPOAYKTOB PeaKUU| TI0 PasiudHbIM (a-
3aM. MOXKHO IPemIOXKHTh TpeboBaHHS K COIAM,
CIIMPTOBBIE PACTBOPBI KOTOPHIX MOTYT I'€HEPHPOBATH
COOTBETCTBYIOIINE ATKOTOISATEL:

- CONb JOJDKHA OBITH OOpa3oBaHa CUIBHBIM
OCHOBAaHMEM U cl1aboi KMCIOTOM;

- COIB JOIKHA OBITH «PacTBOPUMA» B CITUPTE
(6omee 2 1/100 T criupra);

- B pe3yNbTaTe alKOroIM3a JOMMKHEI 00pa3o-
BBIBATBCS TIOMHUMO aJIKOTOJSITOB JINOO COOTBETCTBY-
olle KUCIBIE MaJopacTBOPUMEIE CONH, THOO JKUI-
K€ UM Ta3o00pasmble (1eTy4ne) BEIECTBA.

B 3akmroueHre OTMETHM, 4TO B 0630pe [1] u B
MoHOTpahuu [4] IPUBOIIATCS CBEICHUA 00 AKOroNu-
3¢ THAPUIOB, METALIOPraHUUCCKUX COCAVHCHUH,
alleTUIEHUI0B, HUTPUIOB, aMUNOB (B TOM YHCIe IH-
ATKWIAMALOB ¥ OHC(TpHAIKWICHIII)aMUIOB), Cyilb-
dunoB U Op., 3a CYET B3AUMOAEHCTBUI «aKTUBHOIO»
BOJIOPO/IA CITUPTA ¢ «AHHOHOM» COEIMHCHUS IMIEeNoY-
HOTO METana ¢ 0Gpa3oBaHeM aKOroIiTa 1 Ta3000-
pasHOTO COCOUHEHMS ¢ KOBAJICHTHOCBS3aHHBIM BOJIO-
ponom (HX):

MX, + nROH — M(OR), + nHX (13)
rae: X = H, amxmn, C=C, =N, NH,, NR,, N(SiR;),,
SH (BmecTo S).

IMomMumo yKasauHBEIX B peakmuu (13) coenu-
HeHui TIeJOYHBIX METAlUIOB, 4 TaKXkKe COoJIeH, pac-
CMOTpEHHBLIX B JaHHOM 00630pe (CynbGhuIoB, [HaHU-
0B, kKapOoHaTOB, OpTO- ¥ MHpodocdaTos), MOA KiIac-
CHQUKANNIO COCANHCHUH, TCHEPUPYIONIUX AJIKOTOJLA-
THl B PEAKIMU anKoTolH3a, TakKe MOANanaroT THA-
poxcuas! 1 a3uasl. Takum 06pa3zoM, IOTydIeHHE alIKo-
TOJIATOB U3 CONEH M CIMPTOB MOXKHO paccMaTpUBaTh
B KauecTBe JJabopaTOPHOro, a B HEKOTOPBIX CIydasx
TPOMBINUICHHOTO METOJla CHHTE3a ANKOKCHIOB IIe-
JIOYHBIX METAIIIOB.
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