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Heopranuuyeckasi xumus

Pemienne 3agauu 1 (aBTop: Cepsiko C.A.)

1. T'a3000pa3HBIMH TPOCTHIMH BEIIECTBAMHU SIBIISIOTCS MHEpPTHBIE ra3bl, H,, N,
O,, O3, F», Cl,. MHepTHbIe ra3bl, BOJOPOI U a30T HANPSIMYIO HE COCAUHSIOTCA C
dbochopom, mosToMy B KadecTBe BemecTBa B oHm He momxoasaT. Kucmopom wimm
O30H HE Jal0T HecKoibKux *kuakux okcuaoB (C, D u E), pearupys ¢ npoctbim
BEIIECTBOM A, TakkKe€ HEOOBSICHUMOW C TOYKU 3PEHHUSI 3TOM TUIOTE3bl BBITVISIAUT
NPUPOIA KUCIOTHBIX CBOMCTB G, MOCKOJIbKY BEIIECTBO MOMKET COAEPHKATh TOJIBKO
aToMbl Bogopoja u kucnopona. Eciu Bemectsom B siBnisiercs ¢prop, T0o ¢ hochopom
OH jaacT ra3zoo0pa3nwiii PFs, a ¢ yderom Toro, uro mpoayktr ruapoimza G He
COZIEpKUT aToMOB A, BeriecTBoM G moria Obl ObTh Juis HF, He mposBistomas
CWJIbHBIX KHCIIOTHBIX CBOMCTB. CliefoBareibHO, MPOCTHIM BemiecTBoM B siBnsieTcs
xsop, G = HCI, I = PCls 3T BemiecTBa ya0BIETBOPSIIOT JaHHBIM YCIIOBUS IO BCEM
MyHKTaM.

Ompengenym 0 KAakoM IIPOCTOM BEIIECTBE A HIET pedb B ycinoBuu. llpm
oOpa3zoBaHun OuHapHblXx coequHeHuid C, D u E oTpunarenpHyro CcTeneHb
OKHUCJICHHS TPOSIBIISIET XJIOP, TOCKOJIBKY COIVIACHO BBIBOJAM CJICJIaHHBIM BHIIIE, B
pactBope octaetrcss HCI, 3HauuT razoodpasusiM npoaykroM F Oyner okcun Oonee
AIIEKTPOIOJIOKUTEIBHOTO TIO CPAaBHEHUIO C XJIOPOM 3JIEMEHTa A (THIIOTETUYECKOE
BOCCTAaHOBJIEHUE XJjlopa Kuciaoponom O Bojasl MpUBENO Obl K BhiaeaeHuio O, He
pearupyomiero ¢ xjopom npu oopazoanuu C, D u E). 'a3000pa3HpiMu okcuaamu,
CIIOCOOHBIMH BBIZICIATCS M3 BogHOTO pactBopa spisiorcss CO, CO,, NO, NO,, SO,,
ClO,. Yrepon U a30T HE COEAMHSIOTCS C XJIOPOM, TeM Oosiee ¢ oOpa3oBaHUEM
HECKOJIBKUX KHUJKHX BEIIECTB, MO3TOMY EIWHCTBCHHBIM Pa3yMHBIM BapHaHTOM
BelleCTBA A SBISETCS cepa, NpO CIOCOOHOCTh JUCHPONOPIMOHUPOBAHUS
XJIOPUJIOB KOTOPOM B BOAHOM CPENIE XOPOIIO U3BECTHO:

2S8,Cl; + 2 H,O = (2n-1)S |+ SO; 1+ 4 HCI - ornomenue macc F = SO, u G
= HCI ne 3aBucHT OT n.

Onpenenum n ansa coeauHennit C, D u E: m(A)/m(F) = 32:(2n — 1)/64 =
=n-0.5, orkyna C = SCL (n=1); D =S,CL (n = 2); E = S;Cl, (n = 3).
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Ypasnenusn peaxyuii:

)
2)
3)
4)
S)
6)
7)
8)
9)

S + Cl, = SCl,

2S + Cl, = S,Cl,

3S + Cl, = S5Cl,

2SCl, + 2H,0 =S| + SO,1+ 4HCI
2S,Cl, + 2H,0 = 3S| + SO,1 + 4HCI
2S5ClL, + 2H,0 = 5S | + SO,1 + 4HCI

2P +5 S =P,Ss (1160 4P + 10 S = P4S)0)
2P + 5Cl, = 2PCls

SO, + PCls = SOCI, + POCl;

10) 5SOCL, + P,Ss = 5S,Cl, + P05
11) SOCl, + H,O = 2HC1 + SO, 1
12) SO, + Cl, = SO.Cl

13) SO,Cl, + 2H,0 = H,80, +2HCl
14) SCl, + SO; = SOCL, + SO,

15) 280, + 0, = 250,

Bewecmea:
A = S B = Clz C = SClz D = SzClz E = S3C12

H = Pst I = PCls J = SOCIQ K = SOzClz L = HzSO4

F=S0, G=HCI
M = SO3

YMeCTHBIMU 1J11 000CHOBAHUS PEIICHUs: OyayT JI0ObIe OTCHUIKM K METOJaM

cuHTe3a (Karanm3aropbl: kamdopa it xjopupoBaHus win V,Os Mpu KOHTAKTHOM

cnocobe okucnenuss SO;), MO0 yHNOMSHYTOM B YCJIOBUU KPaTHOCTb MOJSIPHOU

Maccel raza F monaproit macce A nipu rusponuse coequnenuii C, D u E.

2. S,Cl, xuMu4ecku pacTBOPSIET cepy, 00pasys 1nenodednbie Mosekyibl S,Cly:

(n-2)S + S,Cl, = S,,Cl, 4T0 UCTIONB3YIOT MPHU BYJIKAHU3AIMHU PE3UHBI.

3. Hampumep Ha pacTBOp MOXHO moaeicTBoBaTh Mn(O; B MPUCYTCTBUU CEPHOI

KHCJIOTBI:

2HCI + Ml’l02 + HzSO4 = MI’ISO4 + Clz T + 2H20

4. OoOpazoBanue cepHor kuciorel 1o peakmuu SOs; + H,O = H,SOs m eé

nociuenytomas ruaparamua H,SOs + 2H,O0 = SO + 2H50" COIPOBOXKIAETCS
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SHAYUTCIbHBIM TCIUIOBBIACICHUCM B ITOBCPXHOCTHOM CJIOC BOJHOI'O pacCTBOpa-

nomotutenss SOs. Ilpu HarpeBanum SOs; pacnagaercs Ha SO M KHUCIOPOZ,

nosTomy noromieHue SO3 BOAOM IS MOTYUYEHUs] CEPHON KHUCIOThI HE MPOBOJIST.

Cucmema ouernueanus.

1 | BemectBa C, D, E, F, G, H, I, J, K, L, M (11 ) no 1 6amny 11 6a710B
Peakuuu 1-15 mo 0.7 6amna 10.5
doas1a
2 | YpaBHEHUE peaKIuu PACTBOPEHUS CEPBI 1.5 6aana
3 | YpaBHeHue pereHepanuu xjiaopa u3 pactsopa G 1 6amn
4 | ObocHOBaHUE Hellenecoo0pa3HoCcTu nomioeHus: M Bosoi 1 6aan
HUTOI'O: | 25 6an0B

Pemienue 3axgauu 2 (aBropbl: Auapees M. H.., JIpo3aoB A.A.)

boapmnHCTBO pya COCTOHUT H3 Cy.)'II)(bI/IILOB, OKCHIOB HJIM CHJIMKATOB. HpI/I

HarpeBaHUM TMPUPOAHBIX CYIbOUAOB B aTrMocdepe KUCIOPOoJa MPOUCXOIUT

OKHUCJICHHE CyNb(Haa 10 CEpHUCTOrO Tasza (ras3, UMEIONINI XapaKTepHbIN 3amax) u

OKCHJIa MeTajula Wiu cyib(dara. Paznuuue npomykToB (IO OKpACKe) OKUCICHUS

cynb(duia Ha BO3AYXE U B 3alasHHOM aMIlylie MO3BOJSET MPEANOJI0KUTh, YTO

IIPOAYKTOM OKHCIICHHA B aMIIyJIC CTall CYHB(baT. Paccuntaem koamuecTBO

KHCJIOpOZa B aMITyJIC:
v(0,) = (1,268 — 1)/32 = 8,38 mmoub
MS2 + mO; = M(SO4)mn

Toraa cynbduaa 6sut0 8,38/m MMOJIB, TAC M — BaJICHTHOCTh METajlIa

MMS.») = 1/8,38/m = 119,4m r/momns

mpum=1M=119,4—-16=103,4 Rh — ne o6pa3yer cynbdpun B CT. oK. +1, HE

00pa3yeT OKCHJIOB KEITOTO U OPaHKEBOTO I[BETA

npu m =2 M =238,8 —32 =206,8 Pb — mogxoaut

npu m =3 M =258,2 — 48 = 310,2 meTauioB ¢ Takoil u OonbIel Maccol (pu

m>3) HET B IPUPOJIE.

Takum oOpa3zom, MuHepan — 3T0 cyabdun cunua PbS (Xi), a mpomykr

IpOoKaJuBaHUs B amiyiie — cyibdar cBunua PbSO, (Xy).

HpO}IYKTaMI/I JJIUTCIBHOTO IIPOKAJIWMBAHUA cyanmna CBHMHIIA Ha BO3OYXC B
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3aBUCUMOCTH OT TEMIEpaTypbl OOXKWTa SIBISIOTCS OKCUIBI CBHUHIA: >KEITHINA
(cBunIOBHIN m1eT) PbO (X2) 1 opanxkeBsIid (CBHHIOBBIN CypuK) PbiO4 (X3).

1) 2PbS + 30,=2PbO + 2SO0,

2) 3PbS +30,=Pb304+ 35S0,

3) PbS +20,=2PbSO4

Cynbdar cBuHIA (B OTIIM4YKE OT cylb(dara Gapusi) pacTBOPUM B IIIEJIOUAX:

4) PbSO4+ 4NaOH = Na,[Pb(OH)4] + Na,SO4

[Ipn HarpeBaHuMH OKCHAAQ CBUHIA C YyIeM oOpa3syeTrcsi CBUHEIl B BHJIE
npocToro BemiecTna (Xs):

5) PbO + C=Pb+CO

[Ipennonoxum, 4to X¢ COCTOUT U3 HATPUS U CBUHIIA, TOT/A

v(Na) : v(Pb) =4,7/23 : 95,3/207 = 0,204 : 0,460 =1 :2,25=4:9

X6 — Nay[Pbg] — 3T0 coemuHeHME, B KOTOPOM aHHOH HMMEET cOcTaB Pbo.
JlaHHO€ COEeIMHEHHE OTHOCUTCA K 4YHUCIy TakK Ha3biBaeMbiX (a3 [lunmia —
WHTEPMETAIUTUJIOB, B KOTOPBIX aTOMbl OJHOTO U3 3JEMEHTOB (TO P-METaJLIbI
OOJBIIMX MEPUOAOB, B JAaHHOM CIIy4ae — CBHHEI]) 00Opa3ylOT aHUOHBI CO CBSI3bIO
MeTaI-MeTal. Aanon Pbo*, Bxomsmmii B cocras BemectBa Xe, UMeeT GOpMy
OJTHOIIIATMIOYHOW KBAJpPaTHOM aHTUNPU3MBI (a), a JApyrue — MCKaKECHHOU
TpeXmIano4Hoil TpuronansHoi npusmsl (b)”. B 5ToMm BemecTse (mmoMOue HaTpus)

HaTpuil PopMabHO UMEET CTeNeHb OKUcIeHus +1, a ceuHer] —4/9.

“ V. Queneau and S. C. Sevov//Inorg. Chem.1998 ,v. 37, pp. 1358-1360
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6) 9Pb+4Na=Nas[Pbs]

7) Nay[Pbo]+4H,0=2H,+4NaOH+9Pb

8) 2PbSO4+Nay[Pbs]=2Na,SO,+11Pb

Xi— PbS, Xz~ PbO, Xs— Pb;04, Xs— PbSOy, Xs— Pb, Xs— Nas[Pbs], Y — Hy

Cucmema oueHuearnusxn’

1 | ODnement X 2 0aJi1a

HewnsBectHbie BemecTBa X1—Xs, Y 1o 2 Oaia 15 6an0B
BemectBo X¢ — 3 Oamia

2 | YpaBHenue peakuuu 1 — 8 o 1 6amry 8 das10B

UTOI'O: | 25 6aa10B

Pemienue 3agauu 3 (aBrop: Anapees M.H.. /Ipo3noB A.A.)

1. BemectBa Zi u Z, — OuHapHBIC, OTCIOAA MOXHO TMPEANOJIOKHUTh, UYTO
BemiectBa X U Y — npocteie. Torna, coenunenust Za, Za, Zs, Zs, a, BOSMOXHO A U
73, ipeACTaBISAIOT COOOM OMHApHBIE BElIECTBA, OOpPAa30BaHHBIC dJEMEHTaMU X U
Y’(nerkonerydast >kuAKoCcTh Y). Takum o0Opa3oM, MpoCToOe BEIIECTBO — KUAKOCTh Y

— 310 OpoMm (Br).

BemectBo |(X),% | 0(Br),% | o(Br)/ o(X)
VA 58,97 141,03 0,696
V4) 52,69 47,21 0,894
7Z; 32,39 67,61 2,087

N3 tabnuupbl BUgHO, uTo B Z3 Opoma B Tpu pasa Oosnbiie, ueMm B Zi. Torma
npeanonoxum, 4yro Zi; wumeer cocraB XBr, a Z; — XBr;. Hmeem B Z4
X=80/0,696=115 "/yom 9TO COOTBETCTBYET MOJIIPHON Macce WH/IHS.

[Ipennonoxum, 4yTo nNpu BHEeceHUH OpoMunoB Zs u Ze¢ B BOAYy BeCh OpoMm
nepexoauT B AgBr npu no6asnennu n30bITKa HUTpara cepedpa. s Zs:

v(Br) = v(AgBr) = 0,272/188 = 0,00145 mob.

m(Br) =0,00145-80 =0,116 r, m(In) =0,2 - 0,116 =0,084 r

v(In) : v(Br) = 0,084/115 : 0,00145 = 0,00073 : 0,00145 =1 : 2. AHanOrU4HO
s ZLg:

_ 0,098 , 0,239 _

v(In) : v(Br) = 222 : 225 — 0,00085 : 0,00127 = 2: 3
8




Takum 00pa3oM, HEM3BECTHBIEC BEIIECTBA, UMEIOT (POPMYJIBI:

Coenunenue A V4 Vs 73 Zs Zs

dopmyna CH;InBn, InBr In;Bry InBr; InBr; In,Br3

Xumust UHAUS BO MHOTOM OJIM3Ka XUMUU ATIOMUHUSI, PACIIONIOKEHHOTO C HUM
B ofHoM rpynme. CrenoBaTenbHO, JJISI MHAWS XapaKTepHAs BbICIIAs CTEICHb
okucnenus +3. Iloatomy, coenquuenust uHaus (+1) JETKO OKUCISAIOTCS JaXKe TAKUM
c1a0bIM OKUCTUTENIEM, KaK METHUIOPOMHI.

InBr + CH;Br = CH;InBr,

In7Bry + 6CH;Br = InBr; + 6CH;3InBr»

Peakuuy 1aHHOTO THIIA HA3BIBAIOT OKUCIUTEIBHBIM IPUCOECTUHEHUEM.

B xucnorHoé cpene uHaui(+1) oxuciseTcs Mo JEHCTBUEM KaTHOHOB
BOAOpOJA:

InBr + 3HBr = InBr; + HBr + H,

[Ipou3BoHbIE METUJIMHIUS B KUCTIOTHOM CpeJie pa3iararoTcsi ¢ oOpa3oBaHUEM
METaHa:

CH;InBr, + HBr = CH,4 + InBr;

OOpazyromuiics mpu 3ToM TpuOpomua uHaus InBr; nmepexoguT B pacTBop, U3
KoTOporo kpucramnusyercst runpar InBrs-xH,O. [lpu neiictBun tHoHUIOpOMMIA
OH 00€3BOKMBAETCH:

InBr;-xH,O + xSOBr, = InBr; + xSO, + xHBr

V(SOBr;) =2,695/208 = 0,01296 monn

v(InBr;-xH,0) = 1/(355 + 18x)

x/(355 + 18x) =0,01296

X =06.

®dopmyna kpuctamioruapara: InBrs-6H,O (BemectBo Z.4)

Nuauit IposiBIISIET B CBOMX COSAMHEHUSAX CTENEeHU okuciieHus +1 u +3. Unaauit

B CTCICHHU OKHUCIICHHS +3 MOXKET HaXOJUTBCA KaK B TCTPASAPHYCCKOM, TaK U B




OKTa3IpUYECKOM OKpYy>KeHUH. /{1 mpumepa Ha
pPUCYHKE MOKa3aHa KPUCTAIIMYECKAsi CTPYKTypa
In;Bro (BemecTBo Z2) .

2. Ilpmu peakumum ¢ Bomoi InBr
JUCIPOIIOPIIMOHUPYET MO YPABHEHUIO PEalluu:

3InBr = 2In + InBrs

[Ipu orBere Ha Bompoc 4) 3amadu
JIOCTAaTOYHO TMPEICTaBUTh CTPYKTYpPhI BEIIECTB

CJICTYIOIITM 00pa3oM:

NN, T
/\B/\ A

In"L5(In*Brg)(Br)3 Z,
Br\ /B \
NN B
In"*(In**Bry) Zs
In"15(In**Bry) Zs

Puc.1. Crpoenue  InsBry.
[Tokazanbl oktasapsl [InBrg],
cepble MIApUKU — 3TO aTOMBbI
In(+1) u aromsl Opoma, He
BXOJAIIUE B
KOOPIMHALIMOHHOE

okpyxenue In(+3)

Cxema ¢ pacumppoBaHHBIMU BEIIECTBAMHU UMEET BUJI:

HBr

- --------

In+ Br2—>InBr + In;Brg
- = \
CH3BI‘ CH3BI'
Y

InBr,, In,Bry CH;InBr, InBr3—> InBry 6H,0

Cucmema oueHusanus:

“ [R. Dronskowski, The crystal structure of InsBro// Zeitschrift fiir Kristallographie 1995, 210,

920-923.
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1 | 6 BemecTB 10 1,5 Gasma 14 6aa0B
5 ypaBHeHuU# peakiuii o 1 6amny

2 | YpaBHEHHE peaKIuu C BOJIOM 2 0aJ1a
3 | 2 BemecTBa 110 1.5 Oamia 3 0aJ1a
4 | 4 ctpykrypsl o 1.5 Gama 6 6as10B

HUTOTIO: | 25 6annoB

Pemienune 3axauu 4 (asrop: Kypamimun B.K.)

1. KaduecTBEHHBIX JAHHBIX 33/1a4M HEIOCTATOYHO ISl ONpPEACICHUS KaKuX-
6o Bemect. [loaToMy Boconb3yeMcs [J1sl Hauyalla KOJIMYECTBEHHBIMU JaHHBIMH.
B peakuyuu 1 w3 oxkcupna I' u snementa X oopazyercs okcun B. Ilyers I' = X,0,, B
= X,0,. Eciin macca I' paBHa 6,440 1, TO Macca BCTYNIUBILIETO B peakiuio X paBHa |
I, a Macca nosryuusierocs B pasna 7,440 .

Macca kuciopoaa B okcuzae B 1Mo 3akoHy COXpaHEHHsI MacChl paBHa Macce
kuciopona B I':

w(T) - 6.440 = w(B) - 7.440

rae aB) u aXI") — MaccoBble 1011 KMCIOPOa B OKCHJIAX.

7.440 7.440
() = 0(B) - —— = 0.5968 - —— = 0.6895

6.440 6.440
Bripazum M(X) uepe3 eB) u aX1") u3 ypaBHeHwMil:
16a 8a 8¢
w() = = 0.6895; w(B) = ————— = 0.5968.

2M(X) + 16a  M(X) + 8a
M(X) = 3.603a = 5.405c¢
a=1.5c

M(X) + 8¢

Kak Bugum, crenenu okucienuss X B B u I' ommuarorcss B mosiropa pasa.
Takoe BO3MOXKHO 7060 B ciayyae a = 3, ¢ = 2 u torma M(X) = 10.81, uro
COOTBETCTBYET OOpy, 00 B ciiyyae a = 6, ¢ =4 u M(X) = 21,62 (Takoro sneMeHTa
HeT). 3HauuT, a = 3, ¢ = 2, X — 310 60p, B — B202, I' — B20s. 3amMeTuM, 4TO OKCHU/T
B,O, cymiecTByeT UMEHHO B TUMEPHOU popMme.

Jlnst nanpHE#Iero onpeaeieHus coctasa xjopuaa 6opa b u dropuna 6opa A
paccuuTaeM COCTaB aJyKTa XJopuaa C almeTwieHoM. Kak H3BeCTHO, KpaTHBIC

CBA3HU B OPraHNYCCKUX COCAMHCHUAX MPUCOCANHAIOT COCINHCHUA 6opa, a B ClIy4dac
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TPOWHBIX CBSI3€M BO3MOXHO MPHUCOEAUHECHUE OIHOM WJIM JIBYX MOJEKyl. B ciydae
MPUCOCIWHEHUS OTHOM MOJIEKYJbI MaccoBas JOJIA yriiepona OOJbIne, a ABYX —
Menbie. Iloatomy nmns b, A u E 3anumem dopmyms: B,Cl,, C,H,-2B,Cl,
(mpomykt ¢ MeHbiner poneit yrmepoma) u C,H,'B,Cl, (mpomykT ¢ MeHbien

MaccoBOM Joyiel yrieposa). Toraa MOXKHO 3amucaTh JBa PaBEHCTRA:

24.02 — 0.1268
24.02 +2.02 + 10.81m + 35.45n ’
24.02
= 0.0681

24.02 + 2.02 + 2(10.81m + 35.45n)

N3 o6oux ypaBHeHuil ciemyeT paBeHcTBO: 10.81m + 35.45n = 163.4. D10
YpaBHEHUE UMEET €AMHCTBEHHOE PELIEHUE B HATYpaJbHBIX YUCHAX: m = 2, n = 4.
To ectb B — 310 B:Cls, 1 — C:H:(BCh)s u E — C:H2(BCly):. Buny
M30CTPYKTYPHOCTH A 1 b MOXHO caenarb BBIBOI O TOM, 4TO A — 310 B2Fa.

B peaknusax ¢ xjopugaMu TeTpaMeTuiiaMMoHus U pocdopa xiopua 6opa Kak
kuciora JIprorca BBICTYNAET aKUENTOPOM TajlOre€HU1-MOHOB. [10CKOIBKY aHMOHBI
MOJIYYMBIIMXCS COJIEN UMEIOT 3apsia 2—, To Kk B,Cly npucoeaunmiocs aBa Xjaopumi-
noHa, U oOpazoBaiauck coorBeTcTBYyrOME coiu: 7K — (N(CHz3)4)2[B2Cls] u 3 —
(PCly)2[B2Clg]. D10 mpeamnofiokeHWe TMOATBEPKAACT TOT (akT, UYTO MpHU
oOpasoBanuu annoHa B,Cls>” cesasu B B,Cly He pByrcs, To ecth cBiI3b B—B
OCTAaeTCs HETPOHYTOW, M AHWUOH JEHCTBHUTEIBHO JIOJDKEH COJEp)KaTh JBa aroma
oopa.

Utoro: X — B; A — ByF4, b — B2Cls, B— B0, I' — B203, I — CoH2(BCly)4, E —
C,Ha(BCl,),, &K — (N(CHs3)4)2[B2Cls], 3 — (PCls),[B2Clg].

2. Ypaenenus peaxuyuit 1 — 7.

1) 2B,0; + 2B — 3B,0,

2) B,O, + 2SF4 — ByF4 + 2SOF,

3) 3B,0, +4BCl; — 3B,Cl4 + 2B,0s

4) C;H; + 2B,Cly — C,Ha(BCly)4

5) C:H; + B2Cly — CHa(BCly),

6) 2Nme4Cl + B2Cly — (Nmey)2[B2Clg], Me=CHj;

7) 2PC15 + B2C14 — (PC14)2[B2C16]
12



3. Crpyxktypsl [, E, annona conu K:

20
CI,B BCl, cl,B BCI, CI\ /CI
CEBMBCIZ : < C—p__g—“
H H H H Cl Cl
| E K

4. EnuHCcTBEHHAs BO3MOXKHAsI HECTAOWIIbHASL 08YXamoMHas 9acThlla, KOTopas
oOpaszyercs B peakuuu 6opa ¢ Tpudropunom 6opa, — 3to BF. 3naunut, U — 310 BF.
On, npucoeauHssich Kk Tpudropumy 6opa, naet B,F.,.

s pacuera coctaBa K HaliieM MOJIbBHOE OTHOILIEHUE DJIEMEHTOB B HEM:

. 25,45 100 — 25,45
10,81 19,00

To ectp K — 310 B3Fs5. ®opMyna cOOTBETCTBYET IMTPUCOECAMHEHHIO IBYX YacThl] BF

= 2,354:3,924 = 1:1,667 = 3:5

k ogHol monekyne BFs, to ects K siBisiercs cnenyromum nocie B;F4 romosnorom B
psany propunos Oopa.

Paccmotpum peakuuro 11. B ueit u3z 5.097 r BsFs obpasyercst 3.145 r JI u
B,F4, macca xoroporo gomxHa coctaBisaTth 5.097 — 3.145 = 1.952 1. /Ins atux macc

HaWUJIEM KOJIMYECTBA BENIECTBA:

B3Fs) = >0%7 = 0.040 :

v(BsFs) = 0813 +10+5 040 Mo,
1.952

v(B,F,) = = 0.020 mMoJsb

10.81%2+19x4

To ectb u3 2 monp BsFs oOpasyerca 1 monbs B;Fs m kakoe-to kommuectso JI.
3anuuieM ypaBHeHUE peakyuu 11 B Bune:
2aB;Fs — aByF4+ JI (ypaBHenue ¢ koadpdurmentom 1 mpu JI).

B neBoi wactm 3TOro ypaBHeHHUs Bcero 16a aroMoB, a B IpaBOH, C YYETOM
toro, uto B JI Bcero 20 aroMoB, Bcero 6a + 20 aromoB. Pemup ypaBuenue 16a = 6a
+ 20, HaxoaUM, 4TO a = 2, TO €CTh ypaBHEHUE peaxkyuu 11:

4B3F5 — 2B2F4 + JI.
W3 3TOrO ypaBHEHUS MOXHO OnpeaenuTs, uto JI conepxxut 8 atomoB Oopa u

12 atomoB ¢ropa. Utak, JI — 310 BsF12.
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5. ¥Ypaeuenusn peaxyuit 8 — 11:
8) BF; + 2B — 3BF
9) BF + BF; — B,F4
10) 2BF + BF; —B:sFs
11) 4B;Fs — 2B,F4 + BgF1»
6. Crpykrypa K (BsFs) scHa u3 3amewanusi, cnenanHoro Beime: K ectb

romouior B,F4 B psaxy ¢Topumos 6opa.

Fa._,___q_'_,.f"“‘xﬂﬁlz

T
F

Crpykrypa JI cnoxnee. [loackaska, 4o JI cX0xX ¢ MPOCTEUIIIMM BOAOPOAHBIM
coeiMHEHneM Oopa mo cTpykType (To ecth ¢ ByHg) maer mam moBon mepenucarb
dbopmyny BsFi» B Buge Bi(BF:)s. Torma crpykrypa, aHamoruyHasi CTPYKType
nubopaHa, COACPKUT JBE TPEXIEHTPOBBIC JIBYXDJECKTPOHHBIC CBS3U MEXKITY

BBIACJIICHHBIMHU aTOMaMH 60pa.

\ R
F’f\/\/
F,,x__‘/\/\
B B
F/ F/\F\

F

F
/
~p
_—F

CucremMa OieHNUBAHUSA:

1. | BemectBa A — JI u anement X — o 1 6amny 12 6as10B
be3 noomeepoicoenus cocmasa eewjecmas paciemom — no 0,5 o6anna

2. | 11 peakuuii o 0,5 Gamna 5.5 6as1a

3. | 5 ctpykrypubix Gopmyn (A, E, &K, K u JI) o 1,5 6amia 7.5 6anaa

UTOTIO: | 25 6an0oB
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Pemienne 3agauu 5 (aBrop: CanbuukoB O.I., Uabua M.A.)

1. Ilpu pacTBOpeHHMM METAJLIOB B LAPCKOM BOAKE MOrYyT 00pa3oBaThCs
XJIOPUBI, HUTPATHl WIH XJIOPOKOMIUIEKCHI C IMPOTOHOM B KAa4€CTBE MPOTHBOHUOHA
(mampumep, H[PtCls], H[AuCls]). U3 ycnoBus wu3BecTtHO, 4TO coemuHenue E,
obpazytomeecs npu nobdasienun KCl k mnpomykry pactBopenus metamwia II B
[APCKOW BOJIKE, COJIEPKUT B CBOEM cocTaBe Tpu sneMeHTa. Torga E MoxeT ObITH
mbo xnopokomiuiekcom coctaBa K, IICly, nmu6o Hutpatom Mmertamia B Oojee
Huskoi crenenu okuciaeHus: I(NOs)y.

Paccmorpum mepsbiit ciyuait. Ilycte E = K(ICly. Torma, o6o3HauuB
MoJsIpHYIO Maccy Metasuia Il kak Z, coctTaBuM ypaBHEHHE

0,4014 =Z/(Z +39,10-x + 35,45-y)

Otcrona BeIpa3uM Z 4epe3 x U ):

Z=0,4014-Z + 15,695-x + 14,23y
7Z=2622-x+23,77y

Ecnu KoMITJIEKC MOHOSIEPHBIN (CONEPIKUT TOJIBKO OJIMH aTOM METaJljIa), TO X U
y — HarypajbHble 4Hcla. MOXHO mepeOpaTh pa3IuYHbIE 3HAUECHUS X U Y,
paccunThiBas 3HaueHus Z atoMHOW maccel Metaiuia Il mia xaxnoro ciydas. 1pu
3TOM CJEQyeT ydecTb, 4YTOo Xx < ) (TIOCKOJIbKY MeTajul JOJKEH OBbITh B
MOJIOKUTENIbHOM CTEeNEeHU OKUCIeHMs ). Pe3ynbrar ynmoOHO NpeacTaBUTh B BHUJE

TaOJTULIBL.

y

1 |73,76] 97,53 | 121,3 (~Sb) | 145,07 (Pm) | 168,84 (Tm) | 192,61 (Ir)

2 | = 123,75 147,52 171,29 195,06 (Pt) | 218,83
3] - - 173,74 197,51 (~Au)| 221,28 245,05
4 | - - - 223,73 2475 -

[IpomeTuy, Tynud, UPUOMA U 30J0TO B COOTBETCTBYIOIIMX COECIMHEHUAX
JIOJDKHBI HAXOAUTHCS B HEXAPAKTEPHBIX CTEIEHSAX OKUCIEHUSA, IO3TOMY 3TH
BapuaHThl He noaxonar. CoenuHenue coctaBa K[SbCly] Takke BBIISIUT BecbMma

CTPaHHO, MOCKOJIBKY ISl CYpPbMbI XapaKTepPHO KOOPJIAUHAILIMOHHOE YKcio 6. B To ke
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BpeMsl 0 BCEM IMPHU3HAKAM OUYEHb XOPOILIO MOAXOJWT IUIaThHA. J[eMCTBUTENBHO,
coenunenne cocraBa K,[PtCls] xopomo uszBectHo. bonee Toro, Xopoimo u3BeCTHO,
YTO PACTBOPCHHE IJIATHHBI B IIAPCKOM BOJIKE IMPUBOAMUT K OOpPa30BaHHUIO PacTBOpa
H,[PtClg], mpu aeiicTBMM Ha KOTOPBIM XJIOpHUAA Kaiusl JIOTUYHO MPEATIOI0KUTH
obpazopanue K,[PtClg].

XoTs BapHaHT C MUIATUHOW OYEHB XOPOIIIO MOIXOAUT T0JT YCIOBUE 3aauu, JJIs
OYUCTKHA COBECTH MOXKHO INpoBepuTh U BapuaHT ¢ HUTpatoM II(NOs)c. B atom
Cllyyae UMEEM ypaBHEHHE

0,4014 =Z/(Z + 62,01 -x)

Beipaxkaem Z uepes x:

Z=0,4014-Z +24,89-x
Z=41,58x
CoctaBuM TabIUITy:

X 1 2 3 4 5 6
Z |41,58|83,16| 124,74 | 166,32 | 207,9 (~Pb) | 249,48
EnvHCTBeHHBIN Oojiee-MeHee MOAXOASAIINNM MO0 Macce 3JIEMEHT (CBHHEI) He

IIOAXOMT I10 CTEIIEHU OKUCIEHUs. Ternepb OKOHYATEIbHO MOXKHO CJI€JIATh BBIBOJ O
toMm, uto MmeTtamn Il —»sto mnaruna, b — Hy[PtCls] (B kpucramimueckom BHE —
H,[PtCl¢]-6H,0),

E — K,[PtClg].

Coenunenue 2K obOpasyercs mpu neWctBum cyibdara ruapasunus Ha E u
TaKXKE COACPKUT TPHU DJIEMEHTA. EJNVMHCTBEHHBIM pPa3yMHBI BAPUAHT — 3TO
BOCCTAHOBJICHUE TUIATUHBI CYAb()AaTOM TUApA3WHUA, TPU ITOM IUIATHHA JOJDKHA
NEeperTH B APYTYIO0 XapaKTePHYIO JIJIsi HE€ CTENEeHb OKHUCIICHUs +2 ¢ 00pa3oBaHHEM
K,[PtCly]. Ilpu neiictBuu Ha 2K KOHLIEHTPUPOBAHHOTO BOJAHOTO PacTBOpa aMMHaKa
oOpasyetcs coenunenne U, copepikaiiee qBe KOOpAUHAIIMOHHBIE CPepbl. 3HAYUT, B
N matHa HAXOAUTCA B COCTABE KAK KOMILJIEKCHOTO KaTHOHA, TaK U KOMIUIEKCHOTO
aHnoHA. [IoCKONBKY muiaTMHa B XOAE€ PEAaKUUH C AMMHUAKOM HE MOXET U3MEHUTh
CBOIO CTENIEHb OKHUCJIEHUS, JOTUYHO MPEANOIOKNTH, YTO B KAYECTBE KOMIUIEKCHOTO

annona BeicTynaer [PtCly]*, a B kagectBe karmona — [Pt(NH;)4]**. Torma XK —
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K,[PtCls], 1 — [Pt(NH3)4][PtCls].

[Tpu peiictBum m30biTka ammuaka Ha U momydaerca coenunenue K. Kpome
TOT0, U3BECTHO, YTO coeuHeHre M MOXKHO MOJTYyYUTh B OOMEHHOM peakiuu MexXIy
K n K. Orcroma cnemyetr, utro B coctaB K BXOIUT KOMIUIEKCHBI KaTHOH
[Pt(NH;)4]*". Tockonsky 3, M, K (6e3 yuera KpHCTaIM3alUMoOHHON Boxsl) u JI
MMEIOT OIMH M TOT € KauyeCTBEHHBIM COCTaB, TO B KadecTBe aHMoHa B K
BeicTymaeT Cl™. C yuérom toro, uto K comepXuT MONEKyTy KpUCTaUTH3AIIMOHHON
BOJIbI, MOXKHO CJIeJIaTh BBIBOJ, UTO OHO uMeeT cocTaB [ Pt(NH3)4]Cl, - H,O.

Coeaunenue JI oOpasyercs mnpu JedcTBUM Ta3oo00pasHoro xiyopa Ha K.
O4eBHUIHO, YTO XJIOP B JAHHOM PEAKIMU BBICTYIIAE€T B KAUE€CTBE OKUCIUTENS; TOTAA
IJIaTUHA JOJKHA MEPEXOAUTh B cTeneHb okucieHus +4. s Pt(IV) xapakrepHo
KOOpAMHALIMOHHOE 4uciio 6. B 1o ke BpeMs uaMeHeHue cootHomenus Pt : NH; B
MEHBIIYI0O CTOPOHY (¢ oOpasoBanmeMm katmoHa [Pt(NH3)s]*") B xome peakium
BBITVISITAT MAaJIOBEPOSITHBIM, TOCKOJIBKY JIOJDKHO TPUBOJUTH K OOpPa30BAHUIO
MOOOYHBIX TIPOAYKTOB, Colepk aluX miaTuHy. OTcrona MOXKHO ClIeJaTh BBIBO, YTO
B KOOPIMHALMOHHYIO cdepy miatulbl BXoaat 4 nuranna NHs u 2 xjnopo-nuranaa,
to ecTh JI umeet cocraB [Pt(NH3)4Cl,]Cl,.

B cxeMe ¢ miaTuHOM OCTanochk ONpenenuTh Jullb coeanHenrue 3. B ycnoBun
CKa3zaHo, 4T0 «coeauHeHuss [ m 3 Toke HMEIT CXOXKHH CTEXMOMETPUYECKUU
COCTaB (OTJIMYAIOTCA TOJIBKO METaJIaMu), HO monekyasl 1, B oTinuue oT 3, UMEIT
HYJICBOM TUMOJBbHBI MOMEHT». OTCIO[a CIIEIYET, UTO 3 UMEET MOJIEKYJISIPHOE, a HE
MOHHOE CTpOEHHE, a Takxke sBisgercs noysipHbiM. [lockonbky 3 m M umerot
OJTMHAKOBBIN KOJIMYECTBEHHBIN cocTaB, To 3 — 310 [Pt(NH;3)2Cl,]. Kommekest Pt(1D)
UMEIOT KBaJIpaTHYIO reoMeTpuio. Torma coeauHeHue 3 SIBISETCS yuc-u3oMepoM
[Pt(NH3),Cl;], mockonbKky MMEHHO OH OyleT o0iaiaTh HEHYJIEBBIM JIHUIOIbHBIM
MOMEHTOM.

Teneps paccMoTpuM cxeMy ¢ coenuHeHusiMu Metaia I. [Tockonbky mMeTamibl
I u II HaxoxsTCS B OMHOM IpymIie MEPUOIUYECKOM CUCTEMBI U UMEIOT TOCTATOYHO
CXOKME XMMHYECKHE CBOMCTBA, JOTUYHO MPEANOJI0XKUTh, yTo I — 3T0 masutaauii.

Takxe Ay HaXOXKACHUS MaJlJIaIusl MOKHO JIETKO BOCIOJIB30BaThCSl MPUBEAEHHBIMUA
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B YCJIOBUM YHCICHHBIMM JaHHBIMU MO coiepkanuto metamwia I m a3zora B
coenquHenuu I'; ¢ yu€tom Toro, uro I' m K MMeEIOT CX0KUM CTEXMOMETPUYECKAN
cocTaB (3a MCKJIIOYEHHEM HAJIMYUS KOOPJAWHAIIMOHHOM BOJbI B cocTaBe K). B
camom nene, coequnenne I' momxuo mmeth coctaB [I(NH;3)4]Cl,. Torma momsipHas
Mmacca I' paBna 4-14,01/0,2283 = 245,47 r/monb, a aroMHasi Macca Metauia I paBHa
245,47-0,4336 = 106,43 r/M0Jb, YTO COOTBETCTBYET Najuiaauio. IToro coeuHenue
I' mmeer cocraB [Pd(NH3)4]Cl,. Tlockonmbky coemunenus B u U Takke umeror
CXOXKHM CTEXHOMETPUUYECKUU COCTaB (OTIMYAIOTCSA TOJBKO MeTaiaMu), To B —
[PA(NH3)4][PdCl4]. Tlockompky mist Pd HexapakTepHbl CTENEHU OKHCICHUS,
omnyHble 0T +2, 1 B oOpa3yercs mpu ACWCTBUM KOHLIEHTPUPOBAHHOTO BOIHOTO
pacTBopa aMmuaka Ha A (MaJOBEpPOATHO, YTO O3TO  OKHCIUTEIbHO-
BOCCTAaHOBUTEIIbHASI PEaKIus), JIOTUYHO MPEANOI0KUTh YTO A HMMEET COCTaB
H,[PdCls]. CxouM CTEXMOMETPHYECKUM COCTABOM 00JIaIatoT M coeauHeHus | u
3, 32 HCKIIOYEHHEM TOrO, 4To | MMEET HYJIEBOW IUIIOIbHBIA MOMEHT, TO €CTh
ABJISIETCS HE yuc-, a mpanc-uzomepom [PA(NH;3),Cl,].

Urak, popmynsl Bemects A—JI:

A — Hy[PdCl4] b — Hy[PtCls] (B xpuct. Buae — Hy[PtCls] - 6H,0)
B — [Pd(NH3)4][PdCly4] E — K;[PtClg]
I' — [Pd(NH;)4]Cl, K — K,[PtCly]

M — mpanc-[Pd(NH3),Cly] 3 — yuc-[Pt(NHj3),Cl;]

N — [Pt(NH;)4][PtCly]

K — [Pt(NH3)4]CL - H,O

JI — [Pt(NH3)4Cl,]Cl,
2. Ypaenenusa peaxuyuii:
1) 3Pd + 2HNO; + 12HCI = 3H,[PdCl4] + 2NO + 4H,0
2) 3Pt + 4HNOs + 18HCI1 = 3H,[PtCls] + 4NO + 8H,O
3) 2H,[PdCl4] + 8NH; = [Pd(NH3)4][PdCl4] + 4NH4CI
4) [Pd(NH3)4][PdCl4] + 4NH3 = 2[Pd(NH3)4]Cl,
5) [PA(NH3)4]Cl, + 2HCI = mpanc-[Pd(NH3),Cl, ] + 2NH4Cl
6) H,[PtCls] + 2KCI = K;[PtCls] + 2HCI
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7) 2K,[PtClg] + (N2Hg)SO4 = 2Ko[PtCly] + N + 4HCI + H,SO,
8) Ko[PtCLy] + 2CH;COONHy, = yuc-[Pt(NH3),Cly] + 2CH;COOH + 2KCl

9) [Pt(NH3)4]C12 + C12 = [Pt(NH3)4C12]C12

3. Kommekcer Pd(II) m Pt(Il) ¢ koopawHAIMOHHBIM dYHCIOM 4 HWMEIOT

KBaJApaTHOC CTPOCHHUC. I[JIH OTHX KOMIIJIICKCOB BO3MOXXHO

CymcCTBOBAHUC

IrCOMCTPHYCCKHUX H30MCPOB. HYHCBOﬁ I[I/IHOJ'ILHHﬁ MOMCHT HMMCCT mparHc-U30MCEDP,

cnenoBatenbHo, I — mpanc-[PA(NH3),Cl,], 3 — yuc-[Pt(NH3),Cl].

Cl,, NH;

Cl,  NH;
Pt
a””

3

4. Ucropuueckue Ha3Bauus coenqunennd B u 3—JI:

B — [Pd(NH3)4][PdCl4] — cons Bokenena,
3 — yuc-[Pt(NH3),Cl,] — conb Ileitpone,

N — [Pt(NH3)4][PtCl4] — 3enénas cons Marnyca,

K — [Pt(NH3)4]Cl, - HO — xnopun nepBoro ocHoBaHusi Petize.

5. Coenunenue yuc-[Pt(NH3),Cl;]

(TOproBelif  mpemnapar

«uncnnawm»)

o0jasaeTr MPOTUBOOMYXOJEBBIM JIEHUCTBUEM 3a CUET CIIOCOOHOCTH 3aMellaTh

KOOPAMHHUPOBAHHBIC  XJIOPHUA-HOHLI

aATOMbI

a30Ta

I'CTCPOLUKIINICCKUX

ocHoBanuit JIHK, o0pa3ys ycToifuuMBBIe XellaTHbIE KOMIUIEKCH. B pesynbrare

xonmupoBanue JIHK (pemukaiius) cTaHOBUTCS HEBO3MOXKHBIM U JISJIEHUE PAKOBBIX

KJICTOK ITPCKpamacTCA.

Cucmema oueHuearnus.

1. | Merambl I u II — mo 1 Gamny 7.5 6aj1a
Coenunenus A-JI o 0.5 Ganna
2. | YpaBHenus peakuuii 1 —9 no 1.5 Oanna 13.5
0asa

3. | Crpykrypabie hopmysbl coenunenuit I u 3 mo 0.5 6amna 1 6aan

4. | Uctopnueckue HazBanus coequnenuii B u 3—JI o 0.5 6amna 2 0asn1a

5. | O0ObgcHEeHNE MeXaHU3Ma NEHCTBUS LIUCIUIAaTHHA 1 6ana
HUTOTIO: | 25 6as10B
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Pemienne 3agauu 6 (aBropbl: Kypamiiun B.K.., Jloaxkenko B./1.)

1. Jlnisa onpenenenuss MaccoBOoM noiM a3ota B b Bocmone3yeMcsl TaHHBIMHU
anamu3a. CymmapHas Macca as3oTra B COCIMHEHMHM paBHa Macce asora,
BBIJICJIMBLIETOCS B BUJE IIPOCTOTO BEUIECTBA, B CYMME C MacCOi a30Ta B aMMHMAKeE,
BBIIEJIMBIIETOCS. MPU peakuuu co wienoubto. Maccy N, MOXHO paccuuTarh,
UCIOJIb3ysl YPABHEHNE COCTOSIHUS MJ1€aJIbHOIO Ta3a.

. pV 10132514010~
VA2 = o T T 8314300

m(N,) = M(N,) - v(N,) = 0.00569 - 28.014 = 0.159 r

= 0.00569 moub

Jlns onpenenenus maccwl azota B (popme NHi; oOpatumcs k pesyiabTaram
oOparHoro TtutpoBaHus. OOlIee KOJUYECTBO COJSHOM KHUCIOTBI PaBHO CyMMeE
KOJIMYECTB aMMHUaKa U IIEJI0YH, MOIIEAIIeH Ha TUTPOBAHHUE.

v(HCl) = n(NH3) + n(NaOH)
v(NH3) = v(HCl) — v(NaOH) = c(HC)V(HCl) — ¢(NaOH)V (NaOH) =
=0.6791-20-1073-0.2131-10.49-1073 = 0.01135 Mo.1b
m(N) = M(N) - v(NH3) = 14.007 - 0.01135 = 0.159r

Oo6mas macca azora B 1.000r b Torma cocraeusier 0.159 +0.159=0.318 .
3HauuT, MaccoBas 1ois azora B b paBna 31.8 % u karmona M — 68.2 %.

2. IIpeacraBum opmyny b B Buge MN, (x — He 00s3aT€ABHO LIETIOE YHCIIO).
3anuuiem ypaBHeHue ruapoaunsa MN,.

MN;, + HCl — MCI, + N, + NH4Cl

Kak BuAHO M3 mpenpiayiero nyHkra, npu ruaponuse b obpasyrorcs a3oTr u
xJyiopua aMMoHusi B cooTHomeHnuu 1 : 2. Torma xosddummentsr npu N, u NH4Cl
paBHbI x/4 u x/2. Torna koapduuuent nepea HCI paBen 2x (110 KOJTUYECTBY aTOMOB
BOJIOPOJIA).

MN, + 2x HCl — MCl, + =N, + > NHCI

N3 coxpaHeHMs KOJMYECTBA aTOMOB XJIOpa B PEaAKIMHU CJIEAYyeT YpaBHEHUE:
2
2x =n+ 0.5x. 3Hauut, x = 3N Torga dhopmyna vutpuna b - MsNy,, tae n — uenoe

YUCJI0, CTCIICHDb OKUCJICHUA M B XJIOpHUAC.
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N3 maccoBou nonu azora B b noimyyumM ypaBHEHHE:

0.318 on - 14 M(M) = 20.0
318 = , = = 20.
3M(M) + 2n - 14 "

[Tepe6opoMm paznuunbiX 7 (0T 1 10 4) mosydaeM, 4TO MOAXOIUT TOJBKO 7 = 2,
M —Ca, b - CasNa.

N3 nanHBIX 00 00BEME dJIEMEHTAPHOU STYEHKU U IUIOTHOCTH I’ MOXKHO HalTH
mossipHyto Mmaccy I'. Eciau B aneMeHTapHOM sueiike Haxomutcs 3 (OpMYIbHBIX
enquuauubl I', TO:

_3M L pNaV _ 216602102 217.2:107%
PNy’ — T3 3

= 94.14 r/mMoJib

Ecmu ¢popmyny I' 3anucars B Buge Ca,Np, 10 40 - a + 14 - b = 94.14. Pemus
ypaBHEHUE B IEJBIX YUCIAX, MOTyYuM, uto @ =2, b = 1. IT" - 310 CasN.
Haiinem xonuyecTBO a30Ta, 00pa3oBaBIiierocs npu pasnoxenuu 1.31 r A.

pV(N;)  101325-606-107°
RT 300 - 8.314

ITpencraBum ¢popmyny A B Buge CaNy. Torna MOKHO 3anucarb ypaBHEHUE €T0

n(N,) = = 0.0246 moJ1b

Pa3JI0KCHUA:
3y—4
3C3Ny — Ca3N4 + yT N2

YyYTeM MOoNy4YEeHHYI0 CTEXUOMETPHIO.

1 3y—4
n(N2)=§- 2

3y — 4 1.31 _ 393y-5.24
6  40.078 + 14.007y 240.468 + 84.042y
0.0246 - (240.468 + 84.042y) = 5.916 + 2.067y = 3.93y — 5.24

_ 5916+524 11.156
"~ 3.93—-2.067 1.8626

To ectb monekynsipHas popmyna A — CaNg. A — 1O YCJIOBUIO, COJb. 3HAYUT,

-n(CaN,,)

0.0246 =

y =599=6

A - a3uja kaabuus, Ca(N3)s.
PaccMoTpuM 4HCIICHHBIE JaHHBIE O pasjokeHWH b B ammyne ¢ aproHom.
Haiinem xoam4ecTBO aproHa B ammyiie U KOJWYECTBO Ta30B MOCTE OMbITA (TO €CTh

CyMMapHO€ KOJIMYECTBO aAproHa U a30Ta, MOJYUYUBIIErOCs MpH pazinoxeHuu b).
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poV 101325-50-107°
RT,  300-8.314

pV  574900-50-107°
RT  (350°C +273)-8.314

= n(N,) = 0.00555 — 0.00203 = 0.00352 mosb

n(Ar) = = 0.00203 mos1b

= 0.00555 mouib

n(Ar) + n(N,) =

Kpome Ttoro, Haitnem konuuectBO Caz;Ni, MOIyYMBIIETOCsS MPH Pa3IOKEHHH

1.31 r a3una kanbius o ypasHeHU0 3Ca(Ns), — CazNy + 7TNo.

1 m(Ca(N3)z) 1 1.31

- S = 0.00352
3 M(Ca(N3),) 3 40.078 + 6-14.007 MO

v(CagN,) =

AHaJIOTUYHO TOJXOAY BBIIIE, 3amuIIeM ypaBHeHHE paszioxeHus CazNs B
npennonoxenuu, 4yto popmyna B — CaN..
CasNy — 3CaN, + (2 — 1.52)N,

[Tockonpky HaiingeHHble konmuuecTBa CasNgy m azora paBHbl, TO 1 =2 — 1.5z.
2
3HaA4UT, z = 3 Torma B — CasNa.

3. DnexkrpoHoun3obiTouHbM  siBiisiercs  Ca,N  (BemectBo I'), B KoTOpom
COMIACHO TEOPETUYECKHU MPEANOIaracMbIM CTEIICHSIM OKUCIEHUS (+2 1751 KaJlbIUs
U —3 s a30Ta) JOJKEH CopepaThCsi 1 CBOOOIHBIN AMEKTPOH Ha (HOPMYIIBHYIO
CAVHUILY.

4. Ypaenenus peaxuyuii:

1) 3Ca(N3), — CazNs + 7N,

2) CazNyg — CasN, + N,

3) 4CasN,; — 6Ca;N + N,

4) CazN4 + 6H,0O — 3Ca(OH), + 2NH3 + N,

5) CasN; + 6H,O — 3Ca(OH), + 2NHj;

6) 2Ca;N + 8H,O — 4Ca(OH), + 2NHs + H,

7) CasN4 + 8 HCl — 3CaCl, + 2NH4Cl + N,

8) NH4CI + NaOH — NHj; + NaCl + H,O

5. OnpenenuM MOJIBHOE COOTHOIIEHUE KalblUsl U a30Ta B I MO0 MaccoBbIM

noJisim kanbius (72.88 %) u azota (23.15 %):
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w(Ca) . w(N)
M(Ca) M(N)

Kpome kanbiust u a3zora, B [l COAEpKUTCS TPETUH 3JIEMEHT, MaccoBas J0JIs

=11:10

n(Ca):n(N) =

kotoporo paBHa 100 — 72.88 —23.15 =3.97 %. Haiinem maccy, npuxosurytocst Ha
3TOT 3JEMEHT, UCXOAsl M3 Toro, 4yto B dopmynpHOU emaunmie [ comepxwurcs 11

aTOMOB KaJIbI1Hs.

11-40.08
0.7288

DTa mMacca MOXET IMPUXOOUTHCA mmbo Ha 1 aTtom Marauys:, anbo Ha 2 aToma

—11-40.08 —10-14 = 24.06

yrniepona. OJTHaKO aTOM MarHus HE MOXKET 00pa30BbIBATh AHUOH, N303JIEKTPOHHBIN
a3uJI-MOHY. 3HAYUT, TPETUH dJIeMEHT — 3T0 yrepoa, u dopmyna [ — Ca;N;oCa.
AHHOH, coIepXalluid YNIEpOA M a30T W H303JEKTPOHHBIA a3WA-UOHY — JTO
muanamua-anuod CN,?". Takum o6paszom, I umeer popmy.ry CaiiNe(CN2)s.

6. Tak xak mimHa N-N cBs3u B aHuoHe E sBIsieTCss MpOMEKYTOUHOM MEXKIY
TPOMHOW CBSI3bI0 B MOJEKysne a3ora N=N W OAMHApHOW B MOJIEKYJIE THApa3uHA
HoN-NH;, MOXHO Tpeamnoyio)KuTh, YTO OHA SBJISETCA JBOMHOW, TOraa 3apsii
annaoHa (N=N)*, a cocraB coequnenus CaN,.

JlnazeHu-uoH OMM30K K TEpPOKCHI-MOHY. M3BecTHO, 4YTO B pALy
niesiouHo3eMeNbHbIX MeTawioB (L3M) ycToidnBOCTh EPOKCUIOB BO3pPACTAET B
pany Ca—Sr-Ba, aHamornuHbIM 00pa3oM MEHSETCS YCTOMYMBOCTH JMA3ECHUIOB
I3M.

B BomHom pactBope ruaposnn3 CaN, MOXET ImpoTekaTh ¢ 0O0pa30BaHHEM B
Ka4eCTBE MPOMYKYTOUHOro mnponykra amumuaa NoH,, omHako, 3T0 coenuHeHwHe
HEYCTONYHMBO U paziaraercs ¢ 00pa3oBaHHEM TUpa3iHa U MOJIEKYJISIPHOTO a30Ta:

2CaN; +4H,0= 2Ca(OH), + N, + N,Hy4

7. CTpyKTypHBIE (POPMYJIbI TUA3EHUI-UOHA, A3U-MOHA U IMAHAMHU/]I-MOHA.

@ O
N=—N N@:N@:N@ N@:CZN@
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CucreMma oueHUBaHMS U pa3dauIOBKa:

1. Pacuét maccoBoii nonu azota B b — 1 6amna 1 6anaa

2. ®opmynsl coennHenud A, b, Bu I' — o 1.5 6ania 6 0aJs10B

3. Bribop anexrponouzdosiTouHoro Bemiectna (I) — 1 6asw, 3 6amia
KonmnuectBo cBOOOAHBIX 31eKTpoHOB B I' — 1 6as

4. 8 ypaBHeHuH peakuuii mo 1 6asmry 8 6aan

5. ®opwmyna /I ¢ SIBHO BBIJICICHHBIMU aHHOHAMU — 2 0aJl1a
(Monexynapuas ¢opmyna 6e3 A6HO020 YKA3aHUS AHUOHOE — 2 Halia
1 b6ann)

6. @opmyna E c obocHoBanneMm — 1 6asn 3 6as1a

VYerouupeTs quazennaos [3M — 1 6ana
I'maponnz CaN; — 1 6ana
7. CrpykTypHbIe POpMYIIbl aHHOHOB — O 1 GaJLTy 3 6asia
UTOT'O 25 6amnoB

Pemenue 3amauu 7 (aBTop: HIBex A.M.)

1. YnomuHanue 00 apOMaTUYHOCTH Cpa3zy 3acTaBIs€T BCIOMHUTH OEH301 —
caMoe, MOXajlyil, U3BECTHOE M IPOCTOE apOMaTHYECKOE COEAUMHEHHE. beH301
umeetr popmyny CsHs, a Oopazun — BsNs3Hs, mpuuém yrepon B mepuoanueckout
Ta0JIUIle HAXOAUTCS MEXIYy OOpOM M a30TOM, T. €. YHCJIO JJIEKTPOHOB Y KaKIOU
napsl B-N coBnagaer ¢ takoBbiM juisi mapsl C-C. MimeHHO mostomy OopasuH u
OeH3011 M303JeKTpOoHHBL. K TOMy e OHM 00JaJaloT OAMHAKOBOW CTPYKTYpOM:
MOJIEKYJIbI TIPEICTABIAIOT COOOM TMJIOCKME MIECTUYTOJIILHUKH, BCE JJIMHBI CBA3EH B
LIUKIIE paBHbl 3a CUET JEJNOKAIM3alUMu  T-3NIEeKTpOoHOB. Takum  oOpaszom,

CTPYKTYpHbIE (OpMYyibl OOpa3WHa W U303JIEKTPOHHOTO U H30CTPYKTYPHOTO €My

OcH3oa:
K A
H. _.B. _H H. _C. _H
@) @
H’B\ITI/B\H H/C\(Ii/C\H
H H
©opasuH O6eH3on

2. ManoBeposiTHO, YTOOBI yCTOWYMBBIE HEOPTaHUYECKHUE IIHUKIJIBI  OBLIN
o0pa30oBaHbl 3JIEMEHTaMHU-METAJJIaMU, TeM Oojieeé OHM He 00paszyloT MPOCTHIX

BCHICCTB MOJICKYJLIPHOIO CTPOCHHUA, T.C. pPaCCMATPHUBATL HYXHO JJICMCHTHI-
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HeMeTa/uibl. COOTHOIIEHHE aTOMOB B MOJIEKYJIaX MO3BOJIAET HAM NPEAIOJIOKUTD,
YTO MOJIEKYJbI UMEIOT popMmyinbl 1100 X, Yo, Zs, mu00 Xo, Y4, Zs. IlepBblil Bapuant
HE MOAXOJUT, TAK KaK OJJHOATOMHBIE MOJIEKYJbI 00pa3yloT pa3Be 4To O1aropoaHbIe
ra3bl, HO X 1 Y — 3JIEMEHTBI OJHOU TPYIIIHI, YTO TMPOTUBOPEUHUT dhopmyie Y. 3aTo
MOJIXOAUT BTOPOM BapUaHT: M3 3JEMEHTOB OJHOIO MaJIOr0 IEepuojia XOPOIIO
U3BECTHBI 4-aTOMHBIE MoJeKynabl Oenoro ¢ocdopa (P4, dopmMa mnpaBUIBLHOTO
TeTpadapa) W 8§-aTOMHBIE MOJIEKYIbl cepbl (Ss, (opma «xoponsl»). Torma
ANIEMEHTOM X, HaxXOAAIIUMCS B OHOM rpyire ¢ ¢pochopoM MOKET ObITh TOJBKO
a30T, oOpasyromuil yctoiunBbie MOIeKyIbl Na2. Takum o6pazom, X — azot (N), Y —
dochop (P), Z — cepa (S). IIpoctpancTBeHHBIC (HOPMYIBI COOTBETCTBYIOIIMX

IIPOCTBIX BCIICCTB!

P
N=N //\ S§8/2\87S
PP S*°°s
A-N, B-P, C-Sg

3. HTEpeCc KOCMUYECKON OTpaciu K COCTUHEHHSAM C OOJIBIIUM COJIEpIKaHUEM
a30Ta CBA3aH, MPEXKIE BCETO, C BBICOKOW YCTOMYMBOCTHIO MOJEKYN Nj, KOTOpBIE
00pa3yloTCsS TpPH Pa3IOKCHUH TAKWX BEIICCTB, YTO NPHUBOAUT K BBIJICICHHUIO
OOJIBIIOTO KOJIMYECTBA TEILIA.

TuUnUYHBIM ~ OTPULIATENBHO  3apPSDKEHHBIM ~ apOMaTUYE€CKHMM  MOHOM B
OPTaHUYECKOW XMMMHU SIBISICTCS IUKJIoneHTaaueHuin-anuon, CsHs, conepxaruii 6
T-31EKTPOHOB. COOTBETCTBEHHO, MOKHO MPEAIIONOKUTH, YTO U30CTPYKTYPHBIA €My
a30THBIN aHajor Oynetr umeTh popmyny N5, T.e. n=5.

K Takomy e BBIBOY MOYHO NPUWTH U MPU PACCMOTPEHUU CXEMBI PEAKIUU.
E - OuHapHOe coeMHEHHE C OYEHb BBICOKMM COJIEP’KAaHMEM a30Ta, YTO YKa3bIBaeT

Ha TO, YTO BTOPOM COJEpXAIIUKCSI B HEM DJIEMEHT — CKOPEE BCEro BOAOPOA. ITO

M(N)-m 14.01-m
w(N) 0.9766

JIeTKO I1poBeputh: M(E) = 14.35m(%w Oﬂb), rge m — 4YHCIO

aromoB aszora B E. Torma Ha  1Opyrod  3JIEMEHT  OPUXOAUTCS

14.35m—14.01m:0.34m<%4 om,)° IIpy m=3 KaKk pa3s moiyuaem 0.34-3=1.02(%W om,)’

YTO COOTBETCTBYET OJHOMY aroMmy Bojopoaa. Torna E umeer popmyny HN3 — 310
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a3u10BoZI0po. B BogHOM pacTBOpe OH HPOSBISIET KUCIOTHBIE CBOWMCTBA, MOTOMY
npu aeiictBun pactBopos mienoueit (NaOH, CsOH) OynyT oOpa3oBBIBAaTHCS COHA —
azunel Hatpusi, NaN3 (F), u uesus, CsNs (I).

[Ipu neiictBuun Ha CsN3 (I) azora (A) moa BBICOKMM JABJICHHEM MpHU
HarpeBaHWM pPAa3yMHO NPEANOJIOXKUTh, YTO YHCIO aTOMOB a30Ta B aAHHUOHE
yBEJIMUYMBAETCS Ha JiBa, T.. obpasyercs coib coctaBa Cs'Ns~. D10 Kak pa3
KOppeNUpyeT ¢ MPOBEACHUEM aHAJIOTHM C LUKJIONEHTAJUEHUII-aHHOHOM. Toraa u
KaTHOH JIOJDKEH COCTOSATh U3 5 aromMoB a3zota. Jlericteue Ha H asumoBomopoaom (E),
BEeposATHO, naér 3 aroma azora, Torma B H u, coorBercTBeHHO, G JOIKHO
cofepxkarhcs 1o aBa aroma N. Tak kak G uMeeT yuc- U mpanHc-u30MePbl U OHO
OMHApHO, TO €ro COCTaB JIOJDKEH BbIpaxkarbcs (opmynoir Na2F2, mpu stom
TEOMETPUYECKasT H30MEpUsi 00E€CIEUYMBACTCS OTHOCUTEIIBHBIM PACIOIOKEHUEM
HEMOJIEEHHBIX AIIEKTPOHHBIX Map a30Ta U aTOMOB (Topa.

HetictBue nenradropuna cypbMbl Ha NoF> momkHO obecnieunTs pa3phiB CBSI3U
unu cBsizeid N—F, uToOb1 oOpaszoBasicsi ycToluuBhIid rekcadropantuMoHar. Cxopee
BCETO Pa3opBETCA MO TETEPOTUTHUECKOMY MEXaHH3MYy BCErO OJHA CBS3b, YTOOBI

obpazoBancs mpoaykT NoF[SbFs]. DTo MOXHO MpOBEPUTH IO MAaCCOBOM JI0JIE

M(F)-7 19.00-7
M (N,F*[SbF,"]) 14.01-2+19.00-7+121.8

¢ropa: W(F)y = =0.4703(47.03%),  4TO

coBmazaer ¢ ycnosueMm 3amaun. Torma H — NaF [SbFe |, mpu aeiicTBuu Ha KOTOPBIi
HNj; o6pasyercsa Ns*[SbFe ].

[Ipy  HanmucaHWM  CTPYKTYpPHBIX  (HOpPMYa  MOJE3HO  IMOJB30BATHCS
NPEACTABICHUSIMU O THOPHUAM3ALMKU DJIEMEHTOB, YTOOBI CHJIBHO HE HCKaXaTh
MPOCTPAHCTBEHHOE PACIOJIOKEHHE aToMOB. MToromas cxeMa CO CTPYKTYPHBIMH

dhopmynaMu HEU3BECTHBIX COCTUHEHUH BBITVISIUT CIACAYIOIMIMM 00pa3oM:

NaOH -+~ F S sbF bl
h Na* N=N=N —2> N=N == N=N 5> NEN-F "'spl
y F F F F T
N —N=N cis-G trans-G
- N HN
E \CsOH - r - N N l ’
\S—> Cs* N=N=N tN—2> Cs*Ns" NN, NON
| P N N N=N N5s*SbFg’
D

26



Ypasnenusn peaxyuii:

1) HN; + NaOH = NaN; + H,O

2) N,F, + SbFs = NoF[SbFs |

3) N.F[SbFe] + HN3 = HF + N5'[SbF¢ |

4) HN;3 + CsOH = CsN; + H,O

5)CsN; + N, = Cs'Ns~

VYpaBuenue peakiuu Bzaumoaeiictsus F (NaNj3) ¢ Fa:
2NaNj3 + 2F, = 2NaF + NoF, + 2N,

4. Manast MaccoBast noisi Hatpusi B J, a Taike goOaBieHue KpayH-3¢upa
yKa3bIBaeT Ha TO, YTO KaTHOH B J mpeacTapisieT coO00 KOOPAMHUPOBAHHBIN KpayH-
3(pUpPOM HMOH HATpusi. AHUOH, B CBOIO OYEpE/lb, T0JDKEH UMETh cocTaB Ps~, Tak kak

n =15 W3 npenpIyliero NyHKTa. JTo enlé pa3 MOXKHO BBIBECTH, UCIIOJIb3Ysl YCIOBUE

M (Na) 22.99

3agaun:  W(Na), = = =0.0520,
A (Na), =3 (Na)+M (C,H,,0,)+M(P)-n  22.99+264.3+30.97n
22.99 —22.99-264.3
orciona n =0:0520 3097 =5, TakuM oopazom, J — [Na(18-crown-6)"]Ps".

BemectBo K 00pa3yercs npu AeHCTBUM Ha UCTOUHUK (parmeHTa «P»» azumom
HaTpHUs B IPUCYTCTBUU KPUIITAHA, BHIMOTHSIOIIETO aHAJIOTHUYHYIO KpayH-2(Upy B
npeapiaymem ciydae ¢yakmuo. OtHomeHnne maccoBbix nonet N u P B K paBHo
1.13, Te€. 4YWUCIO  aroMOB  JaHHBIX  DJJIEMEHTOB  COOTHOCHTCSA  Kak

I3 1 _s51-50, OueBuano, uro 2 aroma (ocdopa — U3 aHTPALEHOBOTO

14.01° 30.97

IIPOU3BOJHOTO, 2 aToMa a30Ta U3 5 — W3 KpPUNTAaHJAA, TOrna ocTaércs eme 3 aroma
a30Ta, T. €. «CMEIIAHHBIN» aHUOH, 0 KOTOpOoM HAET peub — N3P;~. OTHOCUTENBHOE
pacrnojoKeHne aroMOB B IMKJIE TaKXe BIIOJIHE IMOHATHO — MO (akTy HIET
npucoenuHenue ¢pparmMenta «Po» k a3ua-uony Ns . KaTHOH, Kak U B MPeAbIIyIIeM
Clly4yae — KOOPIAMHUPOBAHHBIA MOH LIEJIOYHOTO MeTallla — HaTpus. Takum o0pa3om,

K — [Na(kryptofix-221)"][N3P27].
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HToroBbie CXeMbl PEeaKINil CO CTPYKTYPHBIMU (POPMYITaMU MPOAYKTOB:

/—\
b o | ,,o P _>
e s ) T e ol
-crown- o \O kryptoflx -221 g, ,/\\/4)
| (0]
boy

5. Onementsl X u Z, cocTaBistonme katmioH B N — 3TO a30T M cepa,
coOTBETCTBEHHO. Tak kak L m M, U3 KOTOpPBIX MOXHO MNOIYyYUTh N, HMEIT
OJIMHAKOBBIA KauY€CTBEHHBIN COCTaB, TO 00a 3TUX BEIIECTBA JOJIKHBI COJIEPKATh U
a3or, u cepy. [Ipnuém, Tak kak katuoH B N AByX3apsaHblil, a coeauHenus L u M —
rekcaTopapceHaTbl, TO MOXXHO MPEANOI0KUTh, YTO OHM TMPEACTABISIIOT COOOM
COOTBETCTBYIOIIIAE COJIA OJHO3APSANHBIX KATUOHOB, COCTOSIINX M3 a30Ta U CEPbI, B
TO BpeMst kak N — rekcadTropapceHar NATUYIEHHOTO UKINYECKOTO JBYX3apsIHOTO
karuoHa. Torma nu6o L, mu6o M, comepKUT mOMUMO OAHOTOo atomMa N M OJHOTO
aroMa S em€ oguH aroM N wmnm S. OTcroga MoJiydaéM BO3MOYKHBIE BapHAaHTHI

coctaBa L, M u, coorBeTcTBeHHO, N:

Bap-T L M 28— x(S), N

| NSTAsF¢] | NoST[AsF¢ ] ( %0_ }6 )-100% =-1.11% | N3S,*'[AsF¢ ],

2 | NoST[AsFs] | NSTAsFs] | (%-%p)100%=111% | N3S,*'[AsFs ]

3 NSTAsFs] | NSyTAsFe] | (%o %)100%=888% | N,S:*[AsFq 1,

4| NS;TAsFe] | NS'[AsFe] | (J~20)100%——888% | NSy [AsFq

B ycnoBuu ckazano, yto momabsHas nosst cepsl B M Oosnbie Ha 8.88%, yem B L.
DTOMYy YIOBIETBOPSIOT TOJILKO BapuaHT 3. Takke 31€Ch MOXKHO TIPOBECTH
AHAJIOTHIO C XOPOIIO M3BECTHBIMH COMsIMU HUTpo3oHus (NO™) u murponus (NO;,"),
3aMeHUB cepy B L 1 M Ha HaxoIsIuiiCs ¢ HEM B OAHOW TPYIIE KHUCIOPOI, T.C.
karrnousl NS* u NS," Oyayr crpykrypHO aHamormydbl KarmoHam NO'™ u NO,',
coorBeTcTBeHHO. Takmm o6pazom, L — NST[AsFs ], M — SNS'[AsFs], a N —
N2S3**[AsF¢ 2. UTorosas cxema peakiyu cO CTPyKTYPHBIMH (pOPMyJIaMH BEIIECTB:

Fol-
N=S FF,Als\i + s=N=s AsFfy —— N@N (AsFq),
. ; M Y
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Cucmema ouenuganus:

CrpykrypHas ¢popmyna Oopazuna — 1 6ai.
1. | CrpykrypHas dhopmyna 6enzona — 0.75 6amna, HazBanue — 0.25 | 2 6aju1a
Oasna.

OnemenTsl X, Y, Z — 1o 1 6amny.

60
ITpocrpancteennoe crpoenue A, B u C o 1 6amny IO

Cmpykmypuuwie hopmynoi:

D — o 1 Oamty 3a KAaTHOH ¥ aHUOH,

E — 1 6ann,

G — o 0.5 Ganna 3a KaxAblid U3 ABYX U30MEP, 8 GALI0B
H — 1o 0.5 6anna 3a KAaTHOH U aHHOH,
I, F no — 0.5 6aiura.

Ypaenenue peaxyuu — 1 6amnn.

Pone D B kocMuueckoit orpaciu — 1 6asmn

C J, K—1mo 2
TPYKTYpHBIC (HOPMYITEL: J, 1o 2 Oayia 3a KaTUOH U 4 Ganna
AHWOH.

Cmpyxkmypnbwie hopmynoi:

L uM — o 1 6amty 3a KaTUOH,
N — 2 6anna 3a KaTHOH,

3a cTpykTypy AsFe¢ — 1 Oamn.

5 6an10B

HUTOI'O: 25 0aJL10B

Pemnenue 3axauu 8 (aBTop: be33zyoos C.1.)

1) Bo-mepBbIX, IOCKONIBKY MIIyTCS MOHBI Ha 3aMeHy Ba®', To momck Oygem
OCYIIECTBIIATh CPEAM JBYX3apSIHBIX MOHOB. UTOOBI OTBETUTH Ha BONPOC 3a/a4H,
Haao0 peHII/ITI) I[BOI‘/’IHOG HepaBeHCTBO u OHpeI[eJII/ITb rpaHI/ILILI, B KOTOpI)IX JOJIZKEH
JIEXATh PagUyC HOBOTO KaTnoHa X2
r(X2+)+r(Oz‘)

<1.0

ﬁ(r(Ti4+)+r(Oz‘)) ’
I10CJIC peH_IeHI/ISI OTUX )IBYX HepaBeHCTB HOquaeM:

0.86 A < r(x2+) <143 A.

0.8<

N3 tabmuusl noaxoaar katmonsl Ca’’, Sr**, Pb?", T.e. okcuasl CaO, SrO u

PbO.
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2+ 2—
r(Ca )+r(O ) _ 1.00+140 =0.85, uro 6mM3KO

J2(r(Ti*)+r(0%))  +/2(0.60+1.40)

K HIDKHEW rpaHulle YCTOMYMBOCTH CTPYKTYpbl NEpOBCKUTa. CTPYKTypa NEPOBCKUTA

2) Jnsa CaTiOs: t=

MoxeT oOpasoBbiBatbesa (mpu 1800 °C !!l), HO yxke He sBIsercs Haubosee
yCTOMUYMBOM Tpu O0Jiee HU3KUX TeMIlepaTypax.

3) OueBumno, popmyna okcuaa XOs;, a snemMeHT X HAXOAUTCS B CTCIICHH
okucienus +6. [IpoBeaeM 1eNoUKy paccykIeHHH, KOTopasi MO3BOJIUT OMPEAEIUTh
MOJIEKYJISipHYI0 Maccy okcuna Y. a) IInmoTHocTh KpucTajuia paBHa IUIOTHOCTH

v “ o mﬂqeﬁxu m}meﬁku M r- Z
OAHOU SJIeMeHTapHOI/I SAYCHUKU, 6) ,0 = = = , TIEC M —
V}meﬁku a3 a3 : N A

MOJISIpDHAsi Macca BEIECTBA, OOPA3YIOLIEro KpUCTALI, Z — YHUCIO (POPMYIBHBIX
CAUHUL, T.€. KOJMUYECTBO MOJIEKYJ OTOTO BEIIECTBA, NPUXOMAIIMXCA HA OIHY
AueliKy, Ny — uncino ABoraapo, Vwemu = a°, TIOCKONIBKY siuelika Kyoudeckas. Ha
4yuciIo0 ABOrajpo HEOOXOIMMO JAENUTh, TaK Kak B (JOpPMyJy IOJACTaBIsEM Maccy
OJTHOI'O MOJb BEIIECTBA, TOINA KaK B SYCHKE HAXONATCA JIMIIb Z MOJEKyl. B
paccMaTpUBACMOM CJIy4ae B OJHOM JJIEMEHTAPHOM SYEUKE HAXOAUTCS POBHO OJHA

Mosekyna XOs, 3HauuT, Z = 1, N03TOMYy MOJISIpHYIO Maccy Y paccuuTaeM Tak:
M(Y)=p-a’-N, =7.47-(3.734-10°° )3 .6.022-10% =234.1 T/MOIB.

Orcrona nmeem: Mr(X) = 234.1 — 48 = 186.1 r/Monb, 3Ha4nT, X — 3TO pEHUI.

Hamnpsamyro ReO; Henb3si MOJIy4YUTh MPU B3aUMOJEHCTBUU YUCTOTO PEHUS C
KHCJIOPOJIOM, TaK Kak B 3TOM ciiydae oOpasyercs Re;O;. [lostomy mocienHuii
Jlajee TOJIBEPraloT pEeaKUUd COMPONOPLHOHMPOBAHUS C PEHHEM B HHEPTHOM
armocdepe, nonydas okcua ReOs.

4Re + 70, = 2Re,07,

3Re,07 + Re = 7Re0:s.

4) VYpauenust peakumii nomydeHuss CH;NH;[Pbl;] B MunumansHoe ymcio
CTaaHu:
a) 3Pb + 8HNO; = 3Pb(NOs), + 2NO + 4H,0
0) Pb(NOs3), + 2KI = Pbl,| + 2KNO;3
B) KI + H3POy4 (koHn1.) = KH,PO4 + HIT
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F) CH3NH2 + HI = CH3NH3I
I[) CH3NH3I + PbIz = CH3NH3 [Pbl3]

5) Paccuntaem akrop tonepantHocTu aist CH3;NH;[Pbls]:

_ r(CH3NH3 )+ r(l _) = 1.80+2.20 =0.83 — 3HaueHMe KpaitHe OJIU3KO K

~V2(r(Pb? )+ r(17))  /2(1.19+2.20)

HUKHEH TpaHUIle YCTOMYMBOCTH CTPYKTYphl NMEPOBCKUTA M MEHbIIE, YeM [

CaTiOs;. B cBa3u ¢ ataM, kyoudeckas ctpykrypa mist CH;NHi[Pbls] Oymer ckopee
UCKJIIOYEHHEM, 4YeM HaubOosee CTa0WIbHON MoAu(UKAIMel Npu KOMHATHON
Temrieparype. JleicTBUTEIbHO, CYIIECTBYIOT OoJiee cTaOUIIbHBIE TeTparoHajabHas u
opropoMOuueckas momudukanuu. B CBSI3W ¢ 3TUM, COJHEYHBIE JJIEMEHTHI Ha
OCHOBE TPUHMOAOILTIOMOAaTa METHIIAMMOHUS KpaifHe HECTAaOUIIbHBI.

6) OmpemearM HaWMEHbIIEE BO3MOXHOC 3HaueHHE paanyca KartuoHa Z,
KOTOPBI MOKET 3aMEHUTh METHUJIAMMOHHUI:

r (Z i ) +r ( I ‘)
>0.8

\/E(r(Pb2+)+ r(l))
ITocre peneHys HepaBeHCTBA MOTydaeM:

r(z+) >1.64 A.

M3 Bcex CTaOMIIBHBIX OMHO3APSIIHBIX KATHOHOB MOAXOMUT Tojibko Cs™ (r =
1.67 A). JeitictBurensho, coenunenne Cs[Pbl;] uMeer cTpyKTypy HepOBCKHTA U
MPUMEHSETCA KaK KOMIIOHEHT COJHEUYHBIX 3JIEMEHTOB, OJHAKO, 3(()EKTUBHOCTH
Takoro nsneMmeHtra coctaisier Bcero 10 %. (Kcratu, Ha pocyre mnoxmymaiirte,
o4eMy.)

7) JIByx3apsaHbIM KAaTMOHOM 3aMEHUTh METWIAMMOHHMM MOXHO, a
AIIEKTPOHEHUTPATBHOCTD MPHU MPOYUX PABHBIX YIACTCS 00€CIEUUTh, €CIN OCTaBUThH
POBHO TOJIOBUHY MO3UIMNA METWJIAMMOHHSI MYCTBIMU (CM. MYHKT 3 pEIICHUS —
ctpyktypa ReOs). [lpu aToM, 3aHsATHIE TTO3ULIMH (M, COOTBETCTBEHHO, CBOOOIHBIC)
JOJKHBI OBITH YIOPSAIOYEHbI, & WMEHHO JOJDKHBI CTPOTO YepenoBaThCs IS
COXpaHEeHUs KyOW4yecKOll pemeTkd (aHalorusi C «IIaxMaTHbIMY» 3allOJIHEHHEM

OKTad3/IpOB B «JIBOMHBIX» MEPOBCKUTAX).
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Cucmema ouenueanusn.

OO6OCHOBaHHOE PACUETOM YCTAHOBJIEHHWE BCEX HMOHOB (OKCHJIOB)
Ha 3ameny Ba?" (BaO) — 6 6amwios,
MPaBWJIbHBIN OTBET 03 pacueToB — 3 Oaia.
O6ocHoBanme Ha ocHOBaHuM pacueta ¢ st CaTiOs; — 2 Gana.
[IpaBunbHas Gopmyna Y — 1.5 6amna.
[IpaBuibHas creneds okucieHust Re — 0.5 6amna.
Peaknun cuntreza ReO; w3 penus (Tak Kak OJHOCTAJIMNHBIN
CHUHTE3 U3 METajlla HEBO3MOXKEH, TO HE MEHEE JIBYX PEaKIUil) — Mo
1 Gammy, HO He 6oree 2-X GaIIOB 3a BOIPOC.
VYpaBHeHus peaknuii a) — 1) — o 1 Gasry,
3a MMyHKT He OoJee 5-Tu 0asioB.
OO0OCHOBaHHOE pacueToM IMPEANOIOKEHUE O CYIIECTBOBAHUU
npyrux monudukamuiit CH3;NH;[Pbls] — 2 6amna,
0e3 pacueToB — MOJIOBUHA 0aJIOB.
Br100op kaTtnoHa 1e3us ¢ pacuetom — 2 Oasia,
0e3 pacyeTa — MoJOBHUHA 0aJIOB.
YrnoMruHaHWe O 3aMOJHEHUU TMOJOBUHBI MO3UIIUNA METUIAMMOHUS
B CTPYKType — 2 Oaina,
BBIOOD UepeayIOIIerocs 3anojiHeHus — 2 6ana.

UTOIO:
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Oprannyeckasi XuMus

Pemenue 3amauu 1 (aBrop: 3uma A.M.)

1. Haiinem 6pyTTo-opmynny coequHeHus] A UCXOAs U3 TMpocTeiien Gopmybl
CHy: x : y=91.3/12 : 87/1 =761 : 87 =1:1.14 =7 : § 4TO COOTBETCTBYET
tonyony. Torma Ha mepBOM CTaaus CXEMbl MOJYYEHHS IIMHOKCATa IPOUCXOAUT
AJIKWINPOBaHWE B apoMartnueckoe koiblo 1o PDpupemo-Kpadrcy B napa-
IIOJIO’KEHUE C TIOJIyY€HHEM COEIMHEHMs B, coneprkalero n30nponuibHy0 Ipymmy,
KOTOpas 3aTEM OKHUCIISIETCA KUCIOPOJAOM C MOIYYEHHEM napa-Kpesona D u anerona
C. DOra cranusa aHaJOrM4YHA CHUHTE3y (DEHOJIa M aleTOHAa KYMOJIBHBIM METOIOM,
ONMCaHHBIM B JOOOM yueOHuKe. To, 4TO MeTW/IbHas Tpynna MOpU 3TOM He
OKHUCJISIETCS, CIENYyEeT U3 MPOLIEHTHOIO cojepkanus B D Bogoponaa, NpuBEIEHHOIO
Ha cxeMe. [lon neiictBuem kapOoHnara kanus D nenportonupyercs. OOpa3zyomuiics
(eHONAT BCTyNaeT B PEAKLUHUI0 C METUIMOAUAOM, B PE3ylbTaTe Yero MnoyvdaeTcs
OpocTO 3(pUp, KOTOPBIA OKHUCIAETCA KUCIOPOAOM B IPUCYTCTBUHU allerara
koOanpra(ll). UTOOBI oOMNpenenuTh CTPYKTYpPY MPOAYKTAa OKHUCIECHHS, HYKHO
BHUMATEIbHO MPOAHAJU3UPOBaThb NPHUBEICHHYIO cxeMy. Bo-mepBbiX, u3
CTpyKTypHOU ¢opMynbl 1uHOKcata (I) crnemyer, 4TO HPOUCXOTUT OKUCICHHE
METWJIBHOW TPYIIIBI, CBA3aHHOM C apOMAaTHMYE€CKUM LMKJIOM. BO-BTOpBIX, U3 TOTO,
YTO NPOAYKT B3auMmozaeuctBus E ¢ peaktuBoMm [pHHBApa OKUCIAETCA IEUCTBUEM
CrOs;, MOXHO cenath BbIBOA, YTO 3TOT MPOAYKT HPECTaBIsIeT OO0 BTOPUUHBIN

CIUpT, a 3HauuT coenuHeHue E mpencrtaBnsier coOoil 4-MeTOKCHOEH3aTbIer U

(amucoBbii  ampaerunm).  CnemoBarensHo,  coenquHenne G —  napa-
METOKCHUAIIETO(PEHOH.
CH3MgBr
1) 02 1) K2003’ CH3| H30+
+
A|C|3 2) H 2) 0, Co(OAc), 3) CrOs,
o HOAc OCH, NUPUAWH
c D E G

HpeBpaLueHHe E B F npencrasnsier co00oi METO CUHTE3a MPOU3BOIHBIX KOPUYHOM
kuciotel  (peakuusi Ilepkuna). JleHCTBUTENBHO, 3TO MPUMEpP pPEAKUIUU

KOHACHCAIUHU, IIPUYEM aJIbJACTHU BBICTYIIACT B POJIH Kap6OHHHBHOﬁ KOMIIOHCHTHI,
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YKCYCHBIM aHTMAPHUJ — B POJIM METWUIICHOBOM KOMIIOHEHTBI, & aleTar Harpus —
OCHOBHBIM Karanu3arop. ENMHCTBEHHO BO3MOKHBIN NMPOAYKT TAKOM KOHACHCALIUH —
o.,3-HeHachleHHas kucnoTta. Ho s yctanosnenus crpykrypsl F HeobOs3arenbHO
3HATh JTy peakuuio. /[0CTaTOYHO 1OrajnarbCs, YTO Ha IOCIEAHEN CTaAuu CUHTE3a
npoucxogut stepuuxanus kuciaorsl F cnuprom X, u uro X B TakoM ciydae

MpEeACTaBIsIET COOO0M ATUIIEILIO301bB (2-3TOKCUITAHOII).

0 0
ACzo X OEt
/ X, e
"AcONa. OO_/—/%H o+ © 0
OCHj, F I
E

2. Utak, Mbl yCTaHOBHWIH, YTO X — 2-3TOKCUATAHOA. YTOOBI ATUIIbHAS TPYyIIa
ObLJ1a CBSI3aHA TOJIBKO C OJTHUM aTrOMOM KHCIIOPOJA U3 JABYX, B KAUE€CTBE HUCXOJAHOIO
BEILIECTBA HY’)KHO B3ATh OKHCh OTwieHa (Y), DHNOKCHUIHBIA IUKJI KOTOPOM
PacKpbIBaeTCs IO JEWCTBHEM JTaHOJAa B KHUCIOW cpene. OTWICHINIMKONIb B
Ka4eCcTBe BeHIECTBA Y HE MOAOWJIET, MOCKONBbKY aBe rpynnsl —OH B HEM uMeroT
OJMHAKOBYIO PEaKLUMOHHYIO CIHOCOOHOCTb, U B YCJIOBMSX IPOBEACHUS ITaHHON
pEaklUMyd U3 HEro HEBO3MOXHO CEJEKTHBHO MOMYy4yuTh X, Kak 3TOro TpelyeT

YCJIIOBHUC 3aJa4u.

o EtoH O
[N —
H™t OEt
Y X

3. Bo Bropoi nemouyke Ha craauu npeBpanieHus A B H mnpoucxomur
ANEKTPOPUIBHOE ATIKUIMPOBAHUE TOJIYOJIa B apOMAaTHUECKOE KOJIbLIO C BBEICHUEM
mpem-0yTUIIbHOM Tpynnbl. 3areM npoaykT H moasepraeTcsi OKUCIEHUIO B )KECTKUX
YCIOBUSIX JO KapOOHOBOM KHUCIOTHI 0€3 3arparuBaHusi mpem-0yTUIBLHOTO
3aMECTUTENsI C TOocienyromed sTtepuduranmeii KapOOKCWIBHOW TPYIIbI U
nojiyueHrem cioxknoro sgupa J. [lpusenennas dopmyna J moaTBepkaaeT 3TH
paccyxnenus. [lox nelictBueM stmiiara Hatpus J BCTYNAeT B NEPEKPECTHYIO

koHAeHcanuro Kistiisena ¢ ketonoMm G, nasast aBoOensoH I1.
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CO,Et
(CHg),C=CHy 1) KMnO, H+ O O
"
) EtOH, H EtONa H,CO
A

Paccmorpum nocnennioro cxemy. Cyas mo ycioBusM peakiuu noiaydeHus K, Ha
NEPBOM CTAaIUU MPOUCXOOUT AJBIOJILHO-KPOTOHOBas KoHAeHcauus anertoHa (C).
Torma Ha BTOpOM cTaguu MOXET MPOUCXOAUTH BOCCTAHOBJIEHHE JIMOO
KapOOHWIIBHOM TPYIIIBI, MO0 COMPSIKEHHOW IBOMHOM CBS3U, MO0 cpazy o0emx
¢yHKUMOHANBHBIX rpynn. KommdyecTBo atoMoB Kuciopona B Opyrro-gopmyne L,
NOKa3bIBAET raM, 4To ruapokcuibHas rpynna B K octarbes He Moxer, To ecth K —
IPOAYKT UMEHHO KPOTOHOBOHM, a HE alIbJIOJIbHOW KOHJAeHcaluu. [lanee, Hamuuue
JEBSTH aTOMOB yriepona B L moka3pIBaeT, 4TO MPOM30LILIA KOHJEHCALUS Tpex
MoJieKyll aineroHa. Ilocne mepBoro mporecca KOHACHCAIMM TOMYyYUTCS OKHUCH
mesutiia K'. Ilockonpky K nmeer nuknnueckoe crpoenue, To Gopon K'' ne
MOXeT sABIAThCA coenuHeHneM K mo ycnosuro. CnenosarensHo, K' pearupyer c
€lle OJHOM MOJIEKYJIOM alleTOHA KaK METUJICHOBON KOMIIOHEHTOM (peakius
Muxasns), a IPOMEXKYTOUHBIN OPOIYKT nanee IIPETEPIIEBACT
BHYTPUMOJIEKYJSIPHYIO aJIbJOJIbHO-KPOTOHOBYIO KOHJEHCAlMIO, JaBas M30(OpOoH
K. Yucno aromoB Bomopona B L moka3biBaeT, 4To npu OOpa3oBaHUM STOTO
COCIMHEHHUS MPOU30ILIO0 BoccTaHoBieHUEe Kak cBsizu C=C, tak u cBazu C=0
uzodopona. Ha mocrmegHeil cTaguM NOPOUCXOAUT peAKUUS ATepUPUKALUN

CaJUIUIOBOM KUCIOThI ciupTtoM L ¢ o6pazoBanunem romocanata (IIT).

Q@ koH Q KOH Ha
)J\ Z e
9 N HO H

Cc K' K
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Cucmema oueHuganus:

1 Crpyxkrypssie popmysbsl coequnennit A—F —mo 1.5 9 6as10B
CtpykrypHbie popmynsl coenunenuit X u 'Y —mo 1.5 Ganna 3 0aj1a
3 Crpykrypubie Gopmynsl coenunenuid J-L, II u III — mo 2 6amna, 13 6asioB
cTpykTypHBbIe hopMmynbl coequHennit G u H —mo 1.5 Ganna
HUTOI'O: 25 6aniioB

Pemienne 3axauu 2 (aBrop: Caabuukos O.I)

1. Ha nepBoi cTtaguu CHMHTE3a aTOpPBACTATHHA IPOUCXOAUT BOCCTAHOBIICHUE
UAHOTPYMIBl B aMUHOMETHJIbHBIA (parmeHT. OOpaszyrolieecss TMpU ITOM
COEIMHEHNE A BBOJSIT B PEAKIMIO C BEUIECTBOM JOBOJBHO CIIOKHOTO CTPOCHHUS B
KUCJIOW Cpele MNpu HarpeBaHuu. M3BECTHO, 4TO B CTPYKType aropBacTaThHA
MPUCYTCTBYET 4YEThIPE AapPOMATHYECKUX LMKJIA, OAUH M3 KOTOPBIX COACPKUT
rerepoaroM. B cTpykType peareHTta, UCHOJIb3yeMOro Ha BTOPOM CTaauu CUHTE3A,
MPUCYTCTBYET TPU OCH3O0JIbHBIX KOJIbIIA, a TaKXKe JIB€ KapOOHUIIBHBIE TPYIIIBI,
KaXJasi U3 KOTOPBIX MOXKET B3aMMOJICHMCTBOBATh ¢ aMUHOTpynnon u3 A. JlornuHo
MPENNONIOKHUTh, YTO TETEPOLIMKII 00pa30BajICsi KIMEHHO Ha BTOPOM CTaJMU CHHTE3A.
EnuHCTBEHHBINT BO3MOXHBIM BapHaHT — 3TO KOHAeHcauusa 1,4-IukeToHa C
aMUHOTPYIIIONA COETUHEHUS A, MPUBOASAIIAs K 00pa30BaHUIO MUPPOIHHOTO IUKIIA
(peakmust [laans—Kuoppa). Ilpu neiictBun Ha B HCl B meraHone mpoucxoaut
ruApoiau3 1,3-1MOKCaHOBOTO IMKIIA, MPU 3TOM aMUJIHAsI TPyMIa HE 3aTparuBaeTcs
(00 3TOM MOXHO J0TaJaThCs, MOCKOJBKY CojiepKaIleecs B He OCH30JIbHOE KOJIBIIO
JIOJKHO BXOJIUTH B cOCTaB aropsactatuHa). Co CIOKHOA(DUPHOUN TPyNIoi B ATUX
YCJIOBUSIX HE MOXKET HUYEro MNPOU30UTH, TMOCKOJIBKY OHa COAEPKHUT OCTAaTOK
METaHOJIa, a THUAPOJIN3 MPOBOAWICS UMEHHO B MeTaHoie. Ha cienyromieit craauu
MpU AEHCTBUM MIETOYN TPOUCXOTUT THAPOIU3 CIOXKHOTO 3Pupa, a B3aUMMOICUCTBUE
o0Opasyromerocs kapookcunar-uona ¢ Ca’>* nmpuBoauT K 00pa30BaAHUIO KAJBIHEBOM

COJIM aropBacTaTuHa X.
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2. Ha nepBoii ctaguu npu AeHCTBUM KapOOHATa Kajus Ha XJOPTUAPUH IIHIEpUHA
oOpa3yercsi DSINOKCHJ MO pPeakUud BHYTPUMOJIEKYISIPHOTO HYKJIEO(PHIBHOTO
3aMEILIEHUs, KOTOPbIM  Jajee  aJKWIUPYIT  napa-O0eH3UJIOpOMHIIOM IO
TUJIPOKCUTPYIINE. 3aTeM »JIOKCUIHBIA UMK coequHeHuss D packpeiBaeTcs
BUHUJIMArHUMXJIOpUAOM B npucyrcTBun noauaa meau(l) ¢ obpasosanueM crupra
E, xoropplii pmamee 3alIUIIAIOT  mpem-OyTOKCUKApOOHUIBHOM  TPYIIIOM.
OOpazyromieecst npu 3toM coeanHenue F pearupyer ¢ OpoMoOM B NMPUCYTCTBUU
kapOonara kanus. bpyrto-popmyna F — Ci7H»304Br, OpyrTo-dopmyna npoaykra G
— C13H1404Br3, uTO (popmManbHO COOTBETCTBYET 3aMEHE mpem-OyTUIbHOW TPYIIIbI
Ha Opom. JlormyHO NpPEeANONIOKUTH, UYTO OpPOM MOXKET BCTyNaTb B PEAKIUIO
anektpodunsHOTO TIpucoenuuenuss kK cBs3u C=C, a oOpa3yrommuiics Mpu 3TOM
KaTUOH OpoMOHHUs pAajnee OylAeT pacKpbIBaTbCcsi HE OpPOMHI-MOHOM, a aTOMOM
kuciaopoga rpynmnel C=0 ¢ TOCIEAYIOUUM OTUICIUIEHUEM mpem-0yTHILHOTO
KaTuoHa W oOpazoBaHueM JyakToHa G. Jlanee mpu aeiicTBuM kapOoHaTa Kajausi B

MECTaHOJIC IMPpOUCXOAUT COJIBBOJIN3 JJaKTOHAa C MOCJICAYIOIINM
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BHYTPUMOJICKYJSIPHBIM  3aMEIIEHHEM C 00pa30BaHHEM JIOKCHIA, AHATOTUYHO

IIEPBOM CTAIUM CUHTE3A.

OH  1)K,CO, 2) or—{_ ) Br\@y o __,
Ho Al Ho <7 NaH, DMF o~
' D
0
1) CH,=CHMgCI, Cul  Br on _ BocO O)J\O><_>
2) Hy0* \©v0v'\/\ Zn(OAc),, t \©\/ \
E

KoCOs

Ha craemyromeit craguyd 3MOKCHJ pPACKPBIBACTCS IHAHUAOM HATpPUS C
oOpazoBanueM HutTpuia H, koTopwlii jganee BBOAST B PEaKIUMIO C METAHOJIOM B
KHUCJION cpefie C MOCIEeAYIOMUM THAPOIU30M BOJHBIM PACTBOPOM THMIpOKapOOHATa
Hatpus. bpyrTo-popmyna coequnenus I ykaspIBaeT Ha TO, YTO THIAPOIN3 HUTPHUIIA
uaeT N0 clokHoro sdupa, a He A0 KapOoHoBoM kuciotrel. Ilocnenyroiiee
B3aUMOJICHCTBHE C 2,2-TUMETOKCHUIIPOIIAHOM B KHCJIOW Ccpele NPHBOJIUT K
noydeHuro  Iukimdeckoro  kerans 1. [maporeHonmn3 Ha — mauiaaneBOM
Karajlu3aTope TMO3BOJISIET CHSTh 3alllUTHYI napa-OpOMOCH3UIIbHYIO TPYIIILY.
Oo6pasyromuiics mpu 3tom crupT J okucistor cuctemoit NaCIO/TEMPO no
anpaeruaa K (BapuaHT oKUCIEHUS 10 KapOOHOBOM KUCIOTHI HE MOAXOJNT, TaK Kak

nanee coequnenue K Bcrynaer B peakuuto Buttura c P).
o OH NaCN Br OH OH 1) HCI, MeOH
o N <] Ho o._ X _X_cN 2)NaHCO,, H,0
H

3) MeO OMe

OH OH
AN _come ™ Tson \)\/'\/COZMe

H, O O NaClO Ov'o\/(')v
c Ho COMe ~— oo ~ cO,Me
J K



Btopass yacTh cXemMbl HaYMHAETCS C PEAKUUU METHUILUKIONPOIUIKETOHA C
TWIPOPMHUATOM B NMPUCYTCTBUU CHIIBHOTO OCHOBaHUs rujpuya Harpus. Jloruano
IPENIONIOKHUTh, YTO OCHOBAaHUE OTILEIUISET IPOTOH U3 O-MIOJIOXKEHUS K KETOTpYIIIE,
a 00pa3yloluiics aHUOH Jlajiee aTaKyeT CI0KHOA(UPHYIO IPyMIy STUiIdopMUaTa
no MexaHusMmy KoHjeHcauu Kisitzena. Cyns Mo CTpyKType KOHEYHOTO MPOJIyKTa
cuHTe3a Y, JENPOTOHMPOBAHUIO MOABEpPraeTcsi MeTWibHas Ipynna keroHa. Ha
clenyroue CcTaauu TMPOUCXOIUT oOpa3oBaHHE IUKIWYeckoro ametans L 1o
aNbJICTUIHON Tpynme, KoTopas Oosiee akTHBHA B peaklUMsSIX HYKJICO(PHUIBHOTrO
MPUCOCINHEHNS, YeM KeTorpynna. JlanpHeuee B3aMMOACHCTBUE C 2-aMHHO-4'-
bTopOeH30)€HOHOM B KHUCJION cpele MNpu HarpeBaHUM, BEPOSTHO, SBISIETCS
KOHJICHCAIMeW ¢ 00pa30BaHMEM XWHOJMHOBOTO (parMeHTa, MPHUCYTCTBYIOIIETO B
Y. IlllectuusieHHBIA TETEPOIMKII 3aMBIKA€TCS B pe3ylbTare JABYX peakiuid: a)
KPOTOHOBOM KOHACHCAIIUM MEXKIYy KapOOHWUIBLHOM Trpynmnoil OeH3odeHoHa u
MeTuJIeHOBOM rpynmoit L u 6) peakiiuu oOpa3oBaHus HMUHA MEXKY KapOOHMIHLHOU
rpynnoil L u amuHorpynmnoi 6en3zopeHona. KucnoTHbli THAPOIN3 Ha CAEAYIOIIEH
CTaJuH, OYEBUHO, MPUBOAUT K paculeruieHHIo anerans. O0pa3yomuiicss Ipu 3ToM
anpaerus N nanee BoccTaHaBIMBAETCs: OoporuapuaoM 1o cnupta O, KOTOPbINA npu
B3auMozeiicTBun ¢ TeTpadropodoparom Tpudenmwipochonus naét dhochoHneByro
conb P. Ha 3aBepmarommx craausx cuHTe3a nuraBacTtarnHa BemectBa K u P
BCTYMArOT MEXAy coO0oi B peakiuio Butrura B mpucyTcTBUU KapOOHaTa Kalus.
Jlanee B oOpa3zyroniemcsi npyu 3TOM COeAMHEHUU Q MPOBOAAT TMAPOJIU3 KETals U
CIOXHOX(UPHOM TpyNIbl, a 3areM JEUCTBUEM XJIOPUAA KajdblUs IOIY4aroT

KOHEYHBIN MMPOAYKT — ATABACTATUH Y.
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1) HCI, H,0
CO2Me 2) NaOH, H,0
3) CaCl,
Cucmema ouenuganus:
1. Crpykrypusie popmynsl A—C u X — o 1 6amny 4 daj1a
3. Crpykrypubie popmynasl D-Q — o 1.5 6amna 21 6ana

UTOTI'O: 25 o6anaoB

Pemienne 3agauu 3 (aBTop: Tpodpumon U.A.)

1. Cp@I[I/I MMpCACTABIICHHBIX IInaToHOBBIX TEN BCPHIMHBI, K KOTOPBIM CXOIATCA

MeHee 4YeThIpEX pEOep, comepkar JUIIL TeTpajdap, rekca’yip (Ky0) W Jomexa’p.

NMeHHO OHM YW MOTrYT HMETh aHajJorM B BHUJE BEIIECTB C AaHAJIOTHUYHBIM
YIJIEPOIHBIM KapKacOM.

2. Hauném co cxembl nonyuenuss X. CoeaumHeHue A — mnpoaykr [2+2]-
nuKiIonpucoequuenus. O4eBHAHO, YTO B PEAKIUHU YYACTBYIOT TpPOWHAsS CBS3b

aJIkuHa W JIBOMHas CBS3b yroepoa—yriuepoa 3aMCIICHHOIO  MaJICMHOBOTO
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aurugpuga. Takum oOpa3oM, A — OHIIMKIMYECKOE MPOU3BOAHOE SHTAPHOTO
aurugpuna. Ilpu obmyuennn A mnpoucxoaut Bbaenenue CO, u oOpasyercs
npoaykr B, copepxanuii nsatuaineHHbiil nuki. C yuerom ormermienus CO, qis B
BO3MO)KHA €IMHCTBEHHAsl CTPYKTypa Tpuc(mpem-O0yTHII)UUKIONEHTaUEHOHA.
O6paborka B OpoMom maer auOpOMU; TOCHIEIyIOIIee J00aBICHUE IIET0UN
npuBoauT K otmemieHuto HBr ¢ oOpazoBanuem 2,3,4-Tpuc(mpem-0yTn)-5-
opomornukionentaaueHoHa (C). [laHHbI BBIBOA MOATBEP)KIAAETCS TEM, UTO,
COMIaCHO YCIJIOBUIO, B coenuHeHuH C MMEITCS TpU TUIA arOMOB BOJIOpPOJa B
cootHomienun 1:1:1. Jlanee npoucxoquT 3amelleHue Opoma Ha mpem-
OyTUIpHYIO TIpymnmy ¢ obOpa3oBanueM D, o uéM MOXHO JOrajgarbcs IO
IPUBEJECHHOMY B YCJIOBUHU (PaKTy O HAJIUYUHU B €0 CTPYKTYpE JIByX THUIIOB aTOMOB
BoziopoAa B cooTHomeHuu 1 : 1. TIockonbKy HEOOXOAMMO MPUUTH K TOMY, YTOOBI
YIJIEPOJIHBIN cKeneT X UMEN CTPOEHUE, aHAJIOTHYHOE OIHOMY U3 [111aToOHOBBIX Ten,
CIMHCTBEHHBI BapHUaHT MPOTEKAHWSA TOCIEAHEW CTaauu — OTieIuieHne ot D
Monekyapl CO, KOTOpBIM, KaK HW3BECTHO, JIETYE BO31AyXa, C H30MEPHU3ALHEU

YIJIEPOJHOTO CKeJieTa B TeTpa(mpem-0yTHin)TeTpasapan X.

0
o) t-B t-Bu
I © © hv : hv 1) Br,
— + S —_— O —— O —
| | -196°C 2) KOH
t-Bu -CO,
A © B
BuLi " Cxema 1
— o — o0 ——
-196°C
Br
(o3 D X

3. Ilpu oOnyyeHun 3amMemIEHHBIA TMa30METaH OTUIEIUISIET MOJIEKYJy a30Ta U
npeBpamaercs B kapOeH, KOTOpBIM  BCTymaer B peakmuio  [2+1]-
IUKJIONPUCOCINHCHUS ¢ aJdKuHOM. UToObl coenuHeHne G OBUIO  COJIBIO
BBICOKOCUMMETPUYHOTO KaThoHa, B xone mnpeBpamieHus E B G ngomkHa
OTIICTIISICTCA  CIOKHOA(pUPHAs Tpymma (aubo Jnpyras Tpynma, B KOTOPYIO
npeBpaTtutcs CIoXKHBIN ddup). U3 monekynspHoit dopmynbl criemayer, dyro F
ABJIIETCSI KapOOHOBOM KHCJIOTOM, KOTOpas B peakuuh C OKCATUIXJIOPUIOM

oOpazyer xsopanrujapui. [lpu nelicTBUM NMEHTaxJIOpUAa CypbMbl XJIOPAHTHAPU
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IIPEBPAIACTCS] B HEYCTOMYMBBIM ALMJIBHBIA KAaTHOH, KOTOPBIM pPacnajgaercs ¢
ormierieHnneM MoJjekyasl CO 10 BBICOKOCUMMETPUYHOIO apOMaTHYECKOIrO
LIUKJIONPONEHUIBHOTO KatnoHa (coeauHeHue G sABISETCA €ro  CONbl0  C
npotuBonoHoM [SbClg]).

Teneps yctaHoBuM CcTpykTypy coenunenus H. Ilockonbky mMerwimurnid —
CHJIPHOE OCHOBaHUE, TO TIPH €T0 ICUCTBHUH OT (TPUMETHIICHIINII ) IHa30MeTaHa OyaeT
OTILEIUIATHCS CaMbI KHCIJBIA MPOTOH, @ UMEHHO TOT, KOTOPBIA HaXOAUTCSA IPHU
aroMe yIiepojia, CBS3aHHOM C a3oToM. llomydeHHbId Takum 00pa3oM aHHOH
npucoenuusaercss K katuoHy G ¢ oOpasoBanuem coenunHenus 1. Ilpu ero
HarpeBaHUM BBIACISIETCS a30T U oOpasyercs HecTaOuIbHbIN KapOeH. JlormuHbIM
BBITVISIICNIO OBl BHYTPUMOJIEKYJISIpHOE [2+]1]-mukionpucoeqnHeHue kapOeHa K
ce3u C=C c o0Opa3oBaHMEM CKejleTa TeTpajdipaHa, OJHAKO IO YCJIOBHIO
TETpadApaHOM JIOJDKHO ObITh coenuHeHne Y. Bocnonbslyemcs mTaHHBIMHU
crexrpockoruu PC SIMP. Cosnagaromue aus J u Y curdansl mpu 0-0.1 m.n.,
BEpOSITHO, MPUHAMJIEKAT aToMaM yriiepoaa TPUMETWICWIWIBHBIX Tpynmn. Torma
curHan npu —20.5 m.a. B cnektpe Y COOTBETCTBYET aromaM YyIIepoaa
TeTpaygpuueckoro kapkaca. [lockonbky namsi J BTOpoi curHan HaOmonaercs
COBEPILIEHHO B Jpyroit obiactu crekrpa (rmpu 171.6 m. A.), MOXKHO clieniaTh BBIBOI,
YTO MOJIEKyla J HMMEET MPUHIMIUAIBHO WHOW YIIIEPOAHBIM CKEJIET, HO TaKXe
XapaKTEPU3YETCsI BBICOKOW CTENEHBIO CUMMETPUU. ENMHCTBEHHBIA BO3MOXHBIN
BapUAHT CTPYKTYPHI J — TETpaKuC(TPUMETHIICUITUI ) IIUKI0-0yTa-1,3-11eH, KOTOPHIii
oOpaszyercss U3 KkapOeHa B pesynbrare BHeapenuss 1o cBsizu  C-C.
dotonzoMepusalysi 3TOr0 COSAUHEHUS] MPUBOIUT K TETPAKUC(TPUMETUIICHIINII)-
terpasapany Y. CTaHIapTOM XMMHUYECKHX CIBUIOB Ul crieKTpockornuu 'H SIMP
apisietcs Terpamerwicuwian (CHj3)4Si. OueBuaHO, ipu 00pabOTKE METHILUIUTHEM
MPOUCXOJIUT OTLICIIJIEHUE OJHON W3 TPUMETUIICUIIUIIBLHBIX TPYII ¢ 00pa3oBaHUEM
JUTUAOPTAaHUYECKOTO TMPOU3BOJHOIO, KOTOpOE TNpH JajibHeiiei oO0paboTke
rmanuom meau(l) mpespamraercs B conb K. I1o 6pyrTo-dhopmymnam K u Y’ BumHo,
yto Y' mpeacrapisieT coboi quMep pajirkaia, COOTBETCTBYIONEro aHHOHY coin K,
YTO MO3BOJISIET YCTAHOBUTH €TI0 CTPYKTYPY.

Hakonen, paccmorpum cunte3 Z (Cxema 3). Cynd 1no marepraibHOMY

OanaHCy, B peaklMU MONy4eHUs Z, OTILEIUISeTCsl OJHA WM JIBe MOJeKynbl Bry. C
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y4€TOM HaJIM4YUA B CTPYKType Z TeTpa’IpHYECKOro Kapkaca MOXKHO J0raiarbcs,

4TO ABC MOJICKYJIbBI UCXOAHOI'0 p€arcHra «CHIMJINCBH) 110 MECTaM CBs3EH erMHI/Iﬁ—

OpoM ¢ 00pa3oBaHUEM TETPA3APA U3 ATOMOB KPEMHHUSI.

Me3Si\ ® ©
C=N=N  Me;Si _ Me;Si
\ / M602C SiMe3 1) Me3S|CI, Nal, t SiMe3
—Si——Si—
/ \ hv CO,Me 2) H,0 _ CO.H
Me3S| E Me3S| F
l1)(COCI)2
- i Me3Si,  SbClg Me;Si
MesSii o o CHali MesSi, " o o . 2) SbCls SiMe3
C=N=N C=N=N iMe3 <———
H/ ~CH, S) -CO COcClI
H MesSi Me;Si
|
h
Me3Si _ Me;Si SiMe
SIMe3 60°C 3 3 hv
® @ —> T g s~
=N= — i |
MesS sF N=N N2 viessi” simes A A= T
Cxema 2 €35l J
I Y
1) CHaLi
y -SiMe4
\
——\Si/ Si— o @
\ 0 Cu 2 cucN A'
—Si = = T
/ \ Ssi” gisil CHONG g7 g sil
/ i 7 IR
—Si Si
/Ny /N K
G
R-Si—R
Br R ,
y CBr\S/ir LR NaSi(t-Bu)s S,'\
3VYsa: Va9 H
SIS "CHs  grsit-Bu)s, -NaBr  R.__SFSSi. R
R R Br Br /S| Si— Sl\
Hsc”1 R R F|{ CH3
Cxema 3 R CH,
Y4
Cucmema oueHusanus:
1. Tpu purypsi: Terpasap, Kyo u noaekasap — o 1 6amny 3 6auna
2. CrpykrypHbie hpopmyast A—D u X —no 1,5 6anna 7,5 6ass10B
3. Crpyxkrypusie popmynsl E-K, Y, Y’ —no 1,5 6amia 14,5 6asn10B

Crpykrypnas ¢popmyna Z —1 Gann
UTOrIO:
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X¥MUA 4 )KU3Hb

Pemienune 3axauu 1 (aBTop: CenoB U.A.)

1. Kaxapiii curnan SIMP-cniekTpa kKa)xJaoro BelecTBa COOTBETCTBYET aroMaM
ONpEEICHHOT0 TUna. B cilydae NpPOTOHHOTrO CHEKTpa HaM M3BECTHO YHCIIO
IPOTOHOB (aTOMOB BOXOPOAa) Kaxmoro tuma, mus crekrpoB PC u O umcmo
CUTHAJIOB JIA€T JIMIIb BO3MOKHOCTb J1aTh HUKHIOKO OLIEHKY YKCJIa aTOMOB YITIEPO/A
WIM KUCJIOpoJa B MoJekyiae. s pemeHus 3aiaud Takke MOJIE3HO 3HATh, YTO B
MPOTOHHOM CIIEKTPE CUTHAJIBI B BUJIE TyOJIETOB OOBIUHO MPOSBISIOTCS TOT/A, KOTia
yepe3 JABE WJIM TPU CBSI3W OT aToMa BOJOPOAA HAXOAMTCS POBHO OAWH aTOM
BOJIOpOZA JIPYroro TWIa, B BUJI€ TPUIUIETA — KOTJA TAKUX aTOMOB BOAOPOJA JBa W
caMH OHU OTHOCATCA K OJHOMY M ToMy e Tumy. llpu Oomnbiiem konuuyecTBe
COCEIHMX aTOMOB BOJOpPOJa WJIA HAJIWYUU Pa3HBIX TUIOB ‘‘COCENEH” CHUTHAJbI
CTAaHOBSITCA Oojee CIOXKHBIMM (B JIaHHOM 3ajay€ OHM OOO3HAYeHBbl KAk
MyabTHILIETHI). Eciin ke yepe3 2—3 CBA3M HET HU OJHOIO aromMa BOAOPOAA, TO
HaOJI0aeTCsl, KaKk MPaBuio, CUHIVIET. 3HAYEHUSI XUMUYECKUX CIIBUTOB (B M. [I.) TEM
BBIILIE, YeM OOJIBLIIMMHU 3JIEKTPOHOAKIIENTOPHBIMHU CBOWCTBaMHU 00J1a/1al0T COCEIHNE
aroMbl W TpPynIbl. ApPOMATUYECKHE MPOTOHBI JAOT CUTHAIBI C OOJIBIIMMU
XMMCJIBUTaMH, YeM allu(aTHueCKHeE.

Monexkyna Beniectsa 1, HCXOAs U3 IPUBEIAEHHBIX JaHHBIX, COAEPKUT HE MEHEE
3 aroMoB ymepoaa, 6 aromMoB Bojgopona U 1 aroma kuciopoaa. Jlo MomspHOi
Macchl B 90 r/monb He xBaraet eme 32 r/MoJib. MOKHO NPeanoIOKUTh, YTO 3TO J1BA
KHCTIopoa (HO TOTJa BCE KHUCIOPOJbl TOJKHBI ObITh MJIEHTUYHBI) Win cepa. [lpu
3TOM HaJIM4Yue TPEX aTOMOB BOJOPOa, NAIOIIUX TPUILIETHBIN CUTHAJ, ABYX aTOMOB
BOJIOpOAAa C MYJBTUIUIETHBIM CUTHAJIOM WU OJHOTO C €€ OJAHUM TPHUIUIETHBIM
CUTHAJIOM B MPOTOHHOM SIMP-cniekTpe CBUAETENbCTBYET O HATMYUU TPYHITUPOBKU
CH;-CH,—CH. [leiictButenbHo, B TakoMm ciaydae Bogopoabl CHs- u CH- rpynn
UMEIOT 10 JBa UJEHTHYHBIX «COCEIa», a METHJIEHOBON — 4 HEUJIEHTUYHBIX.

Takast rpymnmna OpUCYTCTBYEeT B S-OKCHJE MPOINAHTHANS, YAOBIETBOPSIOIIEM
TpeboBanusiM 00 snemeHTHOM coctaBe: CH3—CH,—CH=S=0. On Bblaensercs npu
pa3pe3aHuM JIYKOBUL M SBISIETCA JIAKPUMATOpPOM, CYIIECTBYET B BHJAE JIBYX

IrCOMCTPHICCKHUX U30MCPOB.
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AHajoruuHeIM 00pa3oM YCTaHaBIMBAEM, UYTO OpyTTO-QopMmyna BellecTBa 2
CioHi6. Ucxonsa u3 momsipHoit maccel, Opyrro-popmyna 2° — CioHpp. B SAMP-
CHEKTpe BeulecTBa 2’ MpOSBIAIOTCS CUTHAJIBI 4 apOMaTH4YeCKUX IPOTOHOB,
OTHOCSIIMXCS K 2 pasJIMdyHbIM THIIAM, 4YTO TOBOPUT O Mapa-3aMElICHUU B
OCH30JbHOM KOJbLE. [IpUCYTCTBYIOT JBE METHJIBHBIX T'PYIIIbI, COEIUHEHHBIX C
aromMamu yriepoga 0e3 BOAOPOAOB (T.K. CHUTHAIbl METWUJIBHBIX TPYII He
pacIleryieHbl), a TaKXke JBa aroma Bojopoja npu JBoiHON cBi3u C=C BHe
apOMaTHYECKOrO KOJbLA. DTH CBEICHHUS JAlOT BO3MOXKHOCTB CJHIEJIaTh BBIBOA, YTO
3aMECTUTENH B OCH30JIBHOM KOJbIle — MeTWI u 1-meTwidTeHusa. YToObl
YCTAaHOBUTh, KaKue€ 2 JBOWHBIE CBA3U OOpPAa30BAIMCHh B XOJAE€ NETUAPUPOBAHUSA 2,
HEOoOXOAMMO 3aMeTutTh, 4to B SIMP-cnektpe 2 00a MeTuna TOXE CHUHIVIETHI,
II0OTOMY JIBOWHBIE CBA3U PAJOM C METUJIBHBIMU TPyNIIAaMH CYLIECTBOBAIU U N0

neruapupoBanusi. CTpykrypHble Gopmyiibl 2 1 2°:

2 2'
BemiecTBo 2 — TMMOHEH — KOMITOHEHT A(UPHBIX Maces IIUTPYCOBBIX.
Coenunenne 3 COACPXUT HE MeHee 6 ymieponoB, 14 BomoOposoB U 2
KHCJIOPO/IOB, MPU 3TOM JI0 MAacChl MOJIEKYJISIPHOTO MOHA OocTaeTcs eue 12 r/mob,
T. €. eme onuH yrepod. Mcxona u3 curHanmoB B JAMP-cnekrpe, B cTpykrype 3
nomxeH mpucyrctBoBath (parment (CHs3),CHCH,CH,, xotopsiii, cyas 1o
BBICOKOMY 3HAQYEHUIO XHMCJHBUIa TPUIUIETHOIO CHUTHala, CBA3aH C aTOMOM
kucaopona. Kpome storo, B monekyse ects rpynma CHj;. Torna 3 — nzoamumnanerar,
VCIIOJIb3YEMBbIN KaK IPYLIEBbIA apOMaTU3aTop:
o)
S~
3

Coenunenne 4 CcOAEpPXUT S5 apOMATUYECKUX TMPOTOHOB U JIOJKHO

IPENCTABIATL COOOM MOHO3aMeleHHbI Oenszon. Torma B ’C  SIMP-cmexrpe
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OCH30JIbHOE KOJBIIO JaeT 4 CUTHajla M elle He MeHee 2 aroMoB yIjepoja
NpPUHALJIEKAT  3aMECTUTENI0, KOTOpPBIM  TaKkkKe  CONEpPXKUT 2  MPOTOHA,
nposiisomuxcsa B 1H-criekrpe u He menee | aroma kucnopona. MonspHas macca
Bcex mnepeunciaeHHbix aroMoB (C¢Hs + C,H,O) 119 r/monb, a Ha ocraBimecs
aTOMBbI MPUXOJUTCSA, B COOTBETCTBUU C MAacCOM MOJIEKYJIAPHOro WoHa, 37 wumu 35
I/MOJIb, YTO CBUJIETENIBCTBYET O MPUCYTCTBUU XJIOpa. Tak MPOTOHBI 3aMECTUTEISI HE
pacuieruiensl, To ero crpykrypa COCH,Cl nu6o CH,COCI. 3necb MOXHO
3aMETHUTbh, YTO XJIOPAHTUIPU]L JIETKO TUIPOIUIYETCS U HE MOXKET MPUCYTCTBOBATH B
kpoBu. (OmgHako Mbl OyaeMm 3acuuThiBaTh 00a BapuanTa). BemectBo 4 —

XJIOpAeTOPEHOH — CUJIbHBIHN JIAKPUMATOP € 3aI1aXOM YEepPEMYyXHU.

0]
Cl

2. Kak wW3BecCTHO, CTEpEOM30MEPBl — 3TO COEAMHEHUS C OJUHAKOBBIM
CTPOCHHEM, TO €CThb C OJHMM M TEM XK€ IOPSAIKOM COEIMHEHHS aTOMOB, HO
OTIMYAIOIIMECS PACIOJIOKEHUEM aTOMOB B MpocTpaHCTBe. TakuMm oOpa3oM, u
T€OMETPUYECKHE H30MEpPhl M SHAHTUOMEPHI TMOAXONAT TMOJ  ONPEICICHHE
crepeon3oMepoB. BemectBo 1 cymectByeT B BHJIE JABYX T'€OMETPUYECKHX
U30MepOB (CHH- U aHTU-(OPMBI), a BELIECTBO 2 B BHUJE JBYX 3HAHTUOMEPOB. Y

JIPYTUX COENUHEHUN CTEPEOU30MEPOB HET.

0]
A

AFS NS

Z
3. 9010 COOTHOILLICHHE NPUOTUKEHHO paBHO OTHOILIEHUIO
pacnpOCTPaHEHHOCTEH MPUPOAHBIX HM30TONOB  XJOpa C  OTHOCUTEIbHBIMH
atomMHeiMH Maccamu 37 u 35, 1.e. 1:3. (UTo mpuUBOOUT K aTOMHOM Macce
NpUPOAHOTro XJopa 35,5).
4. Paccrossnue Mexay curHaigamu B [ paBHO mNpou3BeNEeHUIO padoueit
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YacTOThl CIEKTPOMETPAa HA PA3HOCTb XUMCABUIOB. JTO MPUBOAUT K 3HAUEHUIO
yactorel B 1230/(4,1-2,05)-10° = 600 MI'u, eciu pedb MIAET O MEPBBIX JBYX
CUTHaJIaX, U K 3HaueHusM Boie 1 I'Th, ecnu 3to Obun Apyrue curHaiabl. OgHAKoO
CHEKTPOMETPOB CO CTOJIb BBICOKOW YaCTOTOM HE CYLIECTBYET, IO3TOMY MPAaBUIIbHBIN
oret 600 MI'11.

5. Yunmomumno, mnpunil JlumoH, mnpodeccop Ipyma, moktop Uepemyxa.
(IIpuHUMarOTCS M Ipyrue OTBEYArOIINE JJOTUKE 3a7ja4yll BAPUAHTHI).

Cucmema ouernueanus’

1. 3a kaxnayro CTpyKTypy 1o 4 6anna, 20 6asas10B
ecnu eepHa moivko bpymmo-gopmyna, mo no 1,56

2. 3a kaxayro napy u3oMepoB 1o 1 6amy. 2 dasia

3. BepHOE COOTHOLIEHHE UHTEHCUBHOCTENW CUTHAJIOB 1 6ana

4. Omnpenenenne padodeil 4aCTOThI CIEKTPOMETPA 1 0asn

5. Wwmena repoes o 0.25 6asia 1 6ann

UTOI'O: 25 6a10B

Pemenue 3amauu 2 (aBrop: Jnxrap 10.10., bauesa A.B.)

1. CaMm BHJ CEpOTOHHMHA ONPEAEICHHO HANOMUHAET TpUNTO(aH. A JUIIHUE
COMHEHHUSl pa3BEMBAaET Ha3BaHUWE OJHOTO U3 (epMEeHTOB — JekapOOKcHIia3a

ApOMATHYCCKUX KUCJIIOT.

NH,
T nnTodaH- HO .D.eKap60Kcmna3a
OH rm,quKcmnasa | 5 OH apoMaTUYecKnx
N
H

KNCNOT

A C11H12N202 B

2. Pacuer ouenp mpocT: ecnu cojepkanue Tpuntodana B mokonane 0,21 %, To
2 r tpunrodpana coaepxkutca B 100x2/0,21 = 952,38 r (c TpynoM MOXHO cebde
MPEACTAaBUTh, YTO YEJIOBEK B JE€Hb MOXET ChECTh MOYTH KUJIOTPaMM IIoKojaznal).
3HAYUT, IKOJbHUK MOJyduT 952,38%5,46 = 5200 xkan, uro cocrasuser 173,3 %
CYTOYHOU HOPMBI.

3. Tlepmas cramus mpeactaBisieT coboi koHAeHcanuioo Mannuxa. Jlanee ciemgyer
BOCCTAHOBJICHUE KETO-TPYMIbl. 3aTeM, 3aMeHa TUJPOKCHIIBHOM TPYMIbl HA XJIOP.

[Tocne — nykneoduiibHasT peakiys MPUCOSANHEHUS HY>)KHOU TpynmupoBKu. [loTom,
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3aMEHa METWJIa B aMHUHOIPYNIIE HAa LMAHO-TPYIIy M JajbHEWINas 3aMEeHa Ha

H,CO + HN(CH3), N~ NaBH4
- o,
HCI/C,H5OH o | )

F

BOJIOPO/I.

| o QX -
HCI/CHCI HO™
SOCl, ©)V\ NaOH, MeOH
L
/©)< KOH/HZO /©)<
T oy
s

N

CNBr

4. BemectBo ¢ ¢popmynoit CeHg cpasy sxe HaBOOUT Ha MbIcab 0 OeH3one. Ileppas
CTaaus IpPEICTaBIseT coOON TUNUYHOE aluinpoBaHue. Jlanee — KoHAeHcauus ¢
JTUATHIOBBIM 3(pHrpoM (hymMapoBON KHUCIOTHI C MOCIEAYIOIIUM YAAJEHUEM OJHOU
KapOOKCUATUIILHOM Tpynmbl M HEMEUIEHHBIM THAPOJIU30M CIIOKHOTO 3¢upa B
kuciaon cpene. Ilocne BoccTaHOBIEHHS CIENYEeT 3aMeHa T'MIPOKCHIIA Ha XJIOp U
BHYTPUMOJIEKYJISIpHOE alnpoBanue. Jlanee mocraauiiHo, depe3 oOpa3oBaHUE

ocHoBanus [Iudda xeto-rpynmy npespamniaroT B METUIAMUHO-TPYIIITY.

~_0
Sh *@( “ -
AICI; tBuO /t-BuOH
CeHs
(o] (o)
HBr/CH3COOH 2/Pd SOCI2/Tor|yon
OO
K Cl

H

\ /N
A|C|3/C82 Cl T|C|4/MeNH2 Hz/Pd cl
I I Cl

48



5. IlepBas cTaaus  LENOYKM  IPEeBpAILCHUN OpEACTaBIsAeT  COOOi
MoaubUIUMPOBaHHYI0  peakuuto Burrura. Jlamee cremyer — CelEeKTHBHOE
BOCCTaHOBJICHUE CII0XKHO3(UPHON rpynmnbl Oe3 3aTparuBaHUs IBOMHOW CBA3M, YTO
NOHATHO U3 OpyTrTo-hopmyn. Ilepokco-opraHnueckue KHUCIOTHI B CHHTE3€
UCHOJB3YIOTCSL JUI CO3/aHusl OKCHpaHOB. Jlajmee cieayeT ME3WTUIMPOBAHUE
T'UJIPOKCUIIBHOW TPYIIIBI ISl TOrO, 4TOOBI OHA CTaja XOpOILIO YXOASIIEH Ipynnoi B
peaknuu HYKJICO(PWIBHOTO 3aMenieHuss MW dYToOBl OHa JKe crajma Ooiee
IPEANOYTUTEIbHBIM MECTOM aTaku JJs Hykjieoduia. Jlamee ciemayeT packpbiTue
OKCHUPAHOBOIO KOJbLAa IpH Momolu peaktuBa ['punbspa. Hampasienue peakuuu
MOJICKA3bIBACTCSl CTEPUUYECKUMU (PaKTOpaMH — Takod OOBEMUCTBHIA PpEaKTHB

['punbsIpa K KOJIBILYy ObI HE MPUCOETUHUIICA.

O PhyPCHCOOC,Hs O H™H _~_OH
- - —_
Tonyon o Tonyon CeH10

N CioH1602 O

O/

©Mg-Br

~N
\
CHZCIZ 2) HNMe, ON Cul/THF 'h

~N
OH

Cucmema oueHueanu:

1. 2 BemecrBa no 1 6amry 2 6anaa

2. Pacuyer 1oau CyTOYHOM HOPMBI 1.5 0anna

3. 4 BemectBa o 1.5 6amna 6 0a110B

4. benzon — 0.5 6anna, 9.5 danna
ocTaJIbHBIE 6 BellecTs Mo 1.5 Oamia

5. 4 BemectBa no 1.5 6ama 6 0a110B

HUTOI'O: 25 6a10B
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duznueckass XuMusa

Pemienne 3axauu 1 (aBTop: Kypamimun B.K.)

1. 13 nepBoii peakiuu BUAHO, 4TO A — 310 SOs. Toraa BTopast peakuusi — 310
peakuus paznoxkeHus SOz Ha 2 BelecTBa B COOTHOIIEHUHU 2 : 1. DT BemecTBa —
CEepHUCTHIN a3 u kuciopoa. Uroro umeem: A — 310 SO3, B — SO,, C — O..

2. BeipaxkeHust [U1s1 KOHCTaHT paBHOBecus peakiuii (1) u (2):

2
Pso,Po,
> .
Pso,

3. U3 BBIPAKCHUA IJIsI KOHCTAHTBI PABHOBCCHA HepBOﬁ pC€aKnIuu I10J1ydacM

Ky =pso,, K; =

Hanpsmyto aasienne SOs.
Pso, = K.

TOFI[a BBIPAKCHHUC JIJIs1 KOHCTAHTBI PaABHOBCCHUA BTOpOﬁ pC€aKuuu NMMpUMCT BU!

2
K. = Pso,Po,
2= Kz .
1
Haiitu BbIpakeHHs i1 JaBJICHUNA KHUCJIOPOJAa W CEPHUCTOTO Ta3a HaM
MIOMOKET CTEXHOMETpHs peakiuu (2), B kotopoit SO, obpaszyercs B 2 paza O0JblIle,
geM O,. 3HauuT, Pso, = 2Po, -

_ (2p0,)’Po, _ 4P0,°

K =
i K? K

3 |K2K
Dso, = 2 14 2 - 3/21(121(2.

4. Tlockonbky 00€ peakiuu HUMEIOT OJMHAKOBBIE I10 3HAKY TEIUIOBHIC
3¢ (eKThI, JOCTATOUHO ONPEACIIUTH 3HaK TEMIOBOr0 3 (dekTa J1to00H U3 peakiuii.

BonpmIMHCTBO peakuuii OKUCJIEHUSI C y4acTHEM KHUCJIOpOAa MPOTEKAKT C
BBIJICJICHUEM TEIUIOTHl. Torma peakius, oOparHas peakmud (2) (TO ecTh
250, + Oy — 2S03) — sK30TepMuuecKas. 3HaUUT peakuus (2), Tak ke, Kak H
peaknus (1), — sHIOTEpMHUUECKAS.

a) JlaBneHus: ra3oB 3aBHUCST, KaK ObLIO BBISICHEHO B 1. 3, TOJIBKO OT KOHCTaHT
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paBHoBecust peakiuii (1) u (2). [lockonbKy KOHCTaHTa PaBHOBECHS HE U3MEHSETCS
Ipy  TOCTOSIHHOW  TeMmIleparype, TO JaBICHHS BCEX Ta30B OCTAHYTCSH
NMOCTOSIHHBIMU.

0) 1o npunnuny Jle llatense, npu yBeIHMUYEHUH TEMIIEpaTypbl paBHOBECUE B
peaKknmsIX CMEMAeTCs B CTOPOHY TOTIOMICHUS TEIJIOTHI, TO €CTh B
sHA0TepMHUUECKUX peakiuax (1) u (2) oHoO cMeliaeTcsi BIpaBo. 3HAYUT, JaBICHUS
SO3, SO; u O; yBeIMUMBAKOTCS.

5. AproH He y4acTBYeT B XUMHUYCCKHUX IMPOIIECCaxX, €ro AABICHUE U3MEHSIETCS
JIMIIB 32 CUET HarpeBaHus cocyna. Hanném HauansHOe naBneHue aproHa B klla u

JaBjieHue aprona nmpu temneparype 1050 K.

100
par(273K) = 760 101.325 = 13.33 klla.

1050
par(1050 K) = 73 13.33 = 51.28 klla.

Haiiném cymmapnoe pasienue SO;, SO, u O, Kak pa3HOCTb OOIIETO JaBICHUS
u jasieHus aprona. Jlanee mo ypaBHeHutro MenaeneeBa—Knanelipona Haiaém
KOJINYECTBO T'a30B:
Pso, + Pso, + Po, = 108.59 — 51.28 = 57.31 klla = 57310 [la.
57310-0.001

Tlso3 + nsoz + Tloz = 8314 - 1050 = 6.565 10_3 MOJIb (a)

C npyroii CTOpOHBI, cymMMapHasi yObUIb Macchl TBEPAOW (a3l paBHA

cymmapHoil macce SO;, SO, u O,, KOTOPYIO MOXHO BBIPAa3UTh Y€pE3 KOJIUYECTBA
ATHUX Ta30B.
80ngp, + 64ng0, + 32ng, = 0,38691 (6).
Tak>ke BHOBb YUTEM CTEXHOMETPUIO Peakiuu (2).
Nso, = 2ng, (B).

VYpaBHeHus (a)—(B) 00pa3yloT cUCTEMY U3 TpEX ypaBHEHUH C Tpems
HEU3BECTHBIMU. Ee perieHnem sSBisoTcs 3HaYCHUS:
Nso, = 1.379 - 1073 Moab, ngp, = 3.458 - 1073 Moub, g, = 1.729 - 1073 Mob,

ITo ypaBHeHuto Menneneea—Knaneipona Hali1I€M JaBJICHHS Ta30B:

nSOZRT nOZRT

V ’po V

pso3 = v = 12.04 KHa, psoz =

= 15.10 Ila.
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KoncraHTbl PaBHOBCCHA HAXOJAUM U3 ,HaBJIeHI/II\/i, BBIPA’KCHHBIX B 6apax.

péo,po, 0.3019%-0.151

- = 0.949.
pZo. 0.12042

Ky = pso, = 0.1204, K, =

6. CoOTHOIIIEHHE KOJIMUECTB Ira3oB PaBHO OTHOIICHUIO UX ,ZIElBJIGHPIfI.

Psoz_5_3\/2K12K2_32K2_3 K
Pso, K, K, Ky
K, ArH;°—TArS1° AyHp°—TA,S,°
—~=53%2=625=¢ RT RT
K
Ky AH°—TAS° AH° —TAS,® AH°—AH,® AS°—AS,°
K, RT RT B RT R
In K5 1050k “In K, 7 _ A H° — Aero< 1 _ l)
K1,1050K Kl,T R 1050 T
| 0.949 s 27000( 1 1)
01204 "°“°T8314\1050 T

Pemennem storo ypaBuenus sisisiercs T = 629 K.
7. IIpu temneparype nopsaka 1400 K HaunHaeTcs pas3iioKeHue OKCUIa MEIU:
4Cu0O — 2Cu0 + Os.

8. B xone 3Toil peakuuu BBIAEISIETCS KUCIOPOA. 3HAUUT, nasieHue O, Oyaer

yBennuuBarbes. [lo npunnumny Jle [llarense, npu yBeIWYEHHM JABICHHUS

KHUCIIOpO/Ia PAaBHOBECHE B peakiuu (2) cMECTUTCS BJieBO. 3HauuT, AaBieHue SO,

YMEHBIINTCS, a AaBieHue SO3 yBEITUUUTCS.

A

Y

Cucmema oueHuganus:

®opmyisl BemecTB A, B, C — o 0.5 6ama 1.5 6amna
Boipaxenus nis K, K> —mo 1 6aniy 2 0as1a
Beipaxxenus niisa nasienut SOs, SO, u O, — no 1 6amay 3 0as1a
BepHnbrii otBeT B 11. ) 1 0) — mo 2 6aju1a 4 0as1a
CocraBiieHUE CUCTEMBI YPaBHEHUM — 2 DaJuia 7 6ass10B

Pacuet naBnennit SOz, SO, u O — mo 1 6asy
Pacuer koHCTaHT paBHOBeCHs — o 1 daJsry

Pacuér tremneparypsl — 3 0asl1a 3 0aJu1a
VYpaBHeHnue peakiuu pazinoxenus CuO 1.5 6anna
Bepnoe npenckazanue nusmenenus aasieHut SOs;, SO, u O, — 3 6anaga
no 1 danry

UTOI'O: 25 6assioB
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Pemienune 3axauu 2 (aBrop: Kypamimun B.K.)

1. B nepBoM ombiTe B pucyTcTBUM M30bITKa CO KMHETHKA PEAKIIMK ONPEACIIIeTCs
TOJIbKO TopsiikoM 10 xyopy, Tak kak [CO]=const. Ilockonbky mnepuos
MOJIYIPEBPAILECHUS HE 3aBUCUT OT HaYaJIbHOW KOHIIEHTPALIUU TOJBKO ISl peaKIuil
MIEPBOTO MOpsAKa, TO mopsAaok mno xyuopy p(Cl) = 1.

3ammmem ckopocTh peakiuu B Bujae r = k[Cl,][CO]". Bo Bropom ormbITe B
NPUCYTCTBUM M30BITKA XJIOpa CKOPOCTH Mpoiiecca onpenensercs toapko [CO]. U3
AKCIIEPUMEHTATBHBIX JaHHBIX BHJIHO, YTO YObIBaHWe KoHIeHTparuu CO wumer

HEJIMHEWHO, cef0BaTesibHO, Mopsaok o CO He paBeH HYIIO.
[IpoBepum, paBeH Jiu nopsAok enunuie. Haitnem u3 gopmynsl ln%" = kesst
>G(QEKTUBHYIO KOHCTaHTy CKOpPOCTH, paBHYIO k.rr = k[Cl,], mo nmanmmeiM s

Pa3INYHbIX MOMCHTOB BPCMCHU.

[COJ, mmoms/n | 5.00 [ 4.06 331 2.69
tc 0 | 120 240 360

kopp =2 ¢ | — | 1.74:107 | 1.72:107 | 1.72:10°°
t c

Kak Bugum, 3aBucumocts [CO](f) XOpoIlIO yIOBIETBOPSIET MEPBOMY MOPSIAKY
no CO, p(CO)=1. Cpennee 3HaYE€HHE KOHCTAHTHI CKOPOCTH, BBIUYHUCICHHOE W3
TaOIULIBI, COCTaBIISIET ke=1.73: 103 ¢! (cTaTucTHYeCKas o0paboTka
nuHeapusoBanHol 3aBucuMoctu In[CO](f) maér 3Hauenue k= 1.72-107 ¢,
BEPHBIMHU CUMTAKOTCS BCE 3HAYEHHUS B quanaszone 1.72-107° - 1.74-1073 ¢ ™).

DTO 3HAYEHUE COOTBETCTBYET A(PPEKTUBHOM  KOHCTAHTE  CKOPOCTH,

BKJIFOUYAIOIIEH KOHIIEHTPALIUIO XJIOpa:

_1.73-1073
~ 1.50

2. Mexaausm A. Jlns [Cl] ucnionb3yeM KBa3UpaBHOBECHOE MPUOTUKCHUE:

_ [CL] _

K konuentpamuu [COCI] npuMeHuM KBa3UCTallMOHAPHOE MPUOTHAKEHUE. ITa

kerr = k[Cl,] =1.73-10 3¢, k =1.15-10 3 M ¢!

gacTuIa o0pa3yercsi TOJIbKO B peakimu (2), a pacxofyercs TOJIbKO B peakuuu (3),
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3HAYUT Ty = T3.
Ckopocth o0OpaszoBanusi (ocreHa paBHa CckopocTu peakmuu (3). U3
kBazucranuoHnapHoro npudmkenus no COCI cnemyet, 4To CKOPOCTh 00pa30BaHUS
dbocrena paBHa
Tcocl, =13 =1 = k,[CO][C]] = kz\/E[CO] [Clz]l/z

Mexanusm b. U3 kBasupaBHOBecHOTo nipubmmkenus s peakmuu (1): [Cl] =

K[Cl,]

3anumieM kBazucTarmonapHoe npuoamkenus s COCI:

T, =7"_,+1r3+1+135
k,[CI[CO] = [COCI] - (k_y + ks [Cly] + [CU] (kg + ks))
k,[CO][C]]
k_p + k3[Cly] + VK[CL,]Y/2 (ky + ks)
k2K [CO][Cl,]"/?
" kg + ks [Cly] + VE[ClL, Y2 (Jey + ks)

Ckopocth obpaszosanus (ocrena paBHa: r¢ocy, = 13 + 73 = [COCI](k3[Cl,] +

[Cl]kq)

[cocl] =

k,VK[CO][CL]*2(k3[Cl,] + [Cl]ky)
k_, + ks[Cl,] + VK[Cl,]Y2(k, + ks)
ko VK[CO][CL,] (Fe3[Cl,]Y2 + Ky VEK)
k_p + k3[Cly] + VK[CL,]V/2 (ky + ks)

ITopsanok peakuuu 1o CO poBonsHO odeBujacH: p(CO)=1 (0.25 Oanua).

Tcocl, =

Tcocl, =

[TopAmOK MO XJIOPY MOMKET MPMHMMaTh 3HadeHus oT 0.5 (mpu k3 >> (ks + ks)K'2,
ks >> k) mo 1.5 (upu k-, >> k3 >> (kg + ks)K'?). To ectb 0.5 < p(ChL) < 1.5 (0.75
0asuia, Bcero 2.5 6asuia 3a m. 3).

3. Us sepaxenns Tcoc, = kyVK([CO][CL,]/? Bugmo, uro p(CO)=1,
p(Cl) =0.5.

4. Tlopsnok peakuuu no CO p(CO)=1. Ilopsgoxk mHO XJOpPYy MOMKET
npuHuMarh 3Hadenus ot 0.5 (mpu k3 >> (kg + ks)K'?, ks >> k) no 1.5 (upm

k—y >> k3 >> (ky + ks)K"?). To ects 0.5 < p(Clz) < 1.5.
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5. Jlng COOTBETCTBUSL HKCHEPUMEHTATIbHBIM JaHHBIM HEOOXOAMMO TaKoe
COOTHOIIEHHE KOHCTAHT, 4YT00b!I opsiaAku o CO u 1o xyiopy ObUTH paBHBHI 1.
ko VK[CON[Cl,] (k3[Cl,]"2 + kyVK)
k_y + k3[Cl,] + VK[Cl,]Y/2 (ks + ks)

s CO 1o BbIMONHSETCA B JIIoOOM ciydae. CuTyanusi ¢ XJIOpoM TpeOyer

(1)

Tcocl, =

6omee moapoOHOTO aHanmu3a. PaccmorpuM aBa cirydast:
1)Eciu k3 >> k4K, T0 B umcanTeNe KMHETHMYECKOTO YPABHEHHS OCTAETCH
npousBejeHre nocrosiHHoM BenmuuHbl Ha [CO][CI]??, To ecTh 3HameHaTenb
noskeH ObITh nponopuuonaned [C1]Y2. DTo BeIMOMHAETCS TONBKO TOrAa, KOraa ko
v k3 odeHb Manbsl no cpaBHeHHI0 ¢ K'"?(k4+ks). B urore momydaeM mepBbIH
BapHUAaHT:
ks » ky VK (%)
VK (ky + k) > k_,
VK (ky + ks) > ks (+%)
B sToM ciywyae BeIpakeHHE I CKOpOCTH oOpazoBanus (1) mepeitmer B
cJeayroiee.
koVK[CO][CL,] - ks [CL 1Y% kpks
VK[CLY2(ky + k) ka+ks

b= koks )
eff_k4+k5 ()

Tcocl, = [CO][Cl] = kefr[CO][Cl,]

3ametumM, 4yTo KoMOuHarus ycioBui (*) u (**) maer ycinoBue ks>>ki, a

NOTOMY Ha CaMOM JieJie 3TO BhIpaXXKeHHE yIpolaeTcs enie oonee.

kyks
Kepr = ke (3)

BepubiMu cumtatorcs o0a BeipaxkeHuss (2) u (3) C COOTBETCTBYIOLIUM
000CHOBaHUEM.

2) Ecu k3 << k4K'?, TO B umMcIuTENE KUHETUYECKOTO YPABHEHUS IIPOM3BEICHHIE
noctosaHor BenmmunHbl Ha [CL][CO], TO ecTh 3HaMeHaTelb JOKEH OBITh
MOCTOSTHHON BEJIMYMHOM. DTO BO3MOXKHO TOJBKO B TOM Cjydyae, €ciu k-, OUYCHb
BEJIMKA 10 CPABHEHUIO C JPYTHMMH CJlaraeéMbpIMU 3HaMeHaTens. B utore momydaem

BTOPOM BapUaHT:
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ks << k, VK

VK (ks + ks) < k_,
ks < k_y

B stom cnyuae BbIpaxkeHue Juisi CKOpocTH oOpaszoBanus (1) mepeiiger B

cienyrouiee.
ko VK[COI[CL,) - kyVK  kokyK

Teoc, =~ =, [COI[Cla] = kegs[COTICL)
kok, K
eff = k_,

6. Eciu k4 u ks umeror Onu3kue 3HAYEHUS, TO HEBO3MOXKHO OJHOBPEMEHHOE
BbIMIOJIHEHUE  ycnmoBut  (*) w  (**), Tak Kak wuX KOMOHMHaUMs JaeT
K'2(ky + ks) >> k4K"?, uT0 SKBMBANEHTHO YCIOBUIO ks >> ks, Ha 4TO yXke OBLIO
YKa3aHo B II. 5. 3HAUUT, IepBasi CUCTEMA YCIIOBUH HE BBITIOTHSACTCS.

B ciyuae ke BTOpOro BapuaHTa TaKOTO MPOTHBOPEUMS HE BOSHHKACT. 3HAUMT,
Ha CaMOM JIeJie PeaIU3YIOTCSI COOTHOIIICHUS

ks < k,VK

VK (ky + ks) < k_,
ks < k_,

7. Kucnopon sBiseTcsi MHTHOUTOPOM PaJUKAIbHBIX IIETHBIX MPOILIECCOB, TaK
KaK pearupyer C paaukajamMd ¢ oOpa3oBaHHeM Oo0jee HWHEPTHBIX IEePOKCO-
panukanoB ROO-.

[Tepokcun OGeH3omna Ha0OOPOT 3a CYET nuccoumanuu Ha paaukaisl PhCOO-
YCKOpSIET paJWKalbHBIC IPOIECCHl, BBOAS B PEAKIMOHHHYIO CMECh OOJbIlIee
KOJIMYECTBO PAJIMKAIIOB U YCKOPSIS MHUITMAIMIO 11eTH (cTaaus 1).

Xopua HUTpo3uia OyaeT yCKopsTh npotiecc 3a cuét peakiuu ¢ COCl-:

NOCI + COCI- — NO + COCl,.

Htak, yckopATh peakiuio OyayT nepoKcu 6eH301/1a U XJIOPHU HUTPO3HUJia.
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Cucmema ouenusanus:

1. | Hopsimox mo CO u Cl; — o 1 6asty

30
KoncranTa ckopoctu — 1 6aJ A
2. | Bopaxenue mist ckopoctu oopazoanusi COCl, mo mexanuzmy A —
2 0ayu1a
5 6ass10B
Boipaxkenue nis ckopoctu oopazoBanusi COCl, no mexanuzmy b —
3 dasa
3. | Hopsanok o CO u Cl, anst mexanusma A — o 1 6asay 2 dasia

4. | Tlopsanok no CO — 1 6ana
HwxHss w1 BepXHsisl TpaHUIIBI BOSMOXKHBIX 3HAYCHHUN TOpsaKa 1o | 4 6ajia
Cl, — o 1.5 6anna

5. | 2 BapuaHTa COOTHOLIEHUM MEX]y KOHCTAHTaMU CKOPOCTH — IO 2
0aJj1a 7 0a/1710B
2 BhIpaXX€HUS AJI1 KOHCTaHTHI 3 pexTuBHOCTH — 110 1.5 6anna

6. | BeiOop Habopa ycinoBuit ¢ 000CHOBaHUEM — 2 GaJl1a 2 0asu1a

7. | Beibop mepokcwma OeH30MJIa HW  XJOPUAA HHUTPO3WIA C
obocHoBanueM — 1o 1 6aJury

Br160p kucnopona — munyc 1 6aJu 2 6a1a
(Cymmapro He MeHbIe () 6aJIIoB)
HUTOI'O: | 25
0aJ1;10B

Pemienne 3agaun 3 (aBTop: 3uma A.M.)

1. Kak M3BECTHO U3 CHPABOYHBIX [aHHBIX, B HacklllleHHOM mnpu 40 °C
pactBope CuSO4 nomkHO comepxkarbes 28.5 r comm Ha Kaxabie 100 r Boabl, WK

28.5r conmm Ha 128.5r pacrBopa. Ilo yci0oBHIO He00X0AMMO NPUIOTOBUTDH

r
50 My1 HACBIIIIEHHOTO PACTBOPA, YTO COOTBETCTBYET ero macce 50 M- 1.2 — =
MJI

60r-285r

60 r. Torna AJsi MPUIOTOBJICHUS PACTBOPa mHOTpedyercs s = 133r
CuSO4, mim 13.3 1 -% = 20.8 r CuSO45H,0.

2. B crakane JIu3pl NpoOMCXONWJIO HCIIAPEHHE BOABI C IOBEPXHOCTU B
arMocdepy BO3ayXa. YBEIMYEHHE MAcChl KpUCTAJIa MPOM30LUIO 3a CYeT
KOHIICHTPUPOBAHUSI pacTBOpa NpH YyMEHbIIEHHMH ero obwema. KonnuecTBo
UCIIApUBLICICS BOABI MOXHO paccyuTarb Kak IPOU3BEICHHUE  IUIOLIAIN

MOBEPXHOCTH KHUAKOCTH S Ha BBICOTY CTOJOWMKA HCMApHBIICWCS BOABI h,., H3
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npuBegeHHONW B ycioBuu (Gopmyisl. [loxcrapnsas gaBieHre HACBHIIICHHBIX MapoB
BOJIBI IIpH TeMrieparype 25 °C B dhopMyiny AJid UCHAPEHUs. BOIBI, OTYyYUM R, =

391.8-(1—0.8)-0.0313 - 3 = 7.36 mM. Torma 06beM HcIapuBIIEics BOAbI OymeT

nd? _ 3.14-4.77

paBeH V., =S -h,y = —~ Ryen = -0.736 = 12.8 cM3, a xonmyecTBO

128 cm3-1r/ma

BEIIECTBA Vo = = 0.71 mosib. Torga B OCTaBIIEHCS BOJE CMOXKET

18r/moJb

PacTBOPUTHCS CIIEAyIOIIee KOaMuecTBO cyibpara mexu m = (17/249.5 — x) -

(50/18+517/249.5-0.71-5x)18:22.3 _ (3.12-0.71-5x)-1822.3
100 o 100 ’

159.5 =

rie X —

xonmyecTBO BemiecTBa kpucramuia CuSO4-5H,0. Pemas ypaBHeHHe, MOIy4YHM, YTO
x = 0.0086 mosib. 3Haunt, macca kpuctaiia coctaButr 0.0086-249,5 = 2.1r.
[TockonbKy Macca 0O0pa3yroIIErocsi KpHUCTaljla HEBEJIMKA OTHOCUTEIBHO MAaccChl

ucxonuoro CuSO45H,O, MoxkHO TpoBecTH pacuer u npubmmkenHo. Vcxons us

(3.12-0.71)-18-22.3 _

pactBopuMocTH CuSQy4, €ro B pacTBope OyJIeT HaXOAUTHCS M = 100

249.5
9.67 r, 3HaYUT, Macca Kpucramia coctaBut 17 - 9.67-m = 1.9r. Macca

KpUCTaJIJIa TOJYYWJIaCh HEMHOTO MEHBIIE, Ye€M pacCUMTaHHAs MPEabIAyIIUM
CIIOCOOOM, TIOCKOJIbKY MPHUOJMMKEHHOE PEIICHHE HE YYUTHIBAET YMEHbIIICHUE
Kom4ecTB BemiecTB Bojbl U CuSQOy, 3aTpayeHHbIC HA BHINIAJICHUE KpUCTAJLIA.

B cyxom Ookce paBHOBECHOE COCTOSIHUE CUCTEMBI OyAeT TOCTUTHYTO, KOTAa
JIaBJICHUE Tapa BOJABI HAJ[ pacTBOPOM OYJET paBHO €ro paBHOBECHOMY 3HAYEHUIO

pu 3TOW Temmneparype. PaBHOBeCHOE AaBieHUE MapoOB BOIBI HaJ paCTBOPOM COJIU

vy V)
onuchIBaeTcs BhIpakeHueM p = p° - ——22—— C npyroil CTOPOHEI, JaBJCHHE
VH20%2Vcusos
. Vien RT
mapoB BOAbI MOKHO HaiiTh kKak p = ——— Torma, KOMOMHHPYS BBIpaKeHUS,
0
v -V Vuen.RT
nonyuum  pY - e = ———  [lomcraBuM 3HaueHuss B (opmymny
VH20" ~Vuen. t2Vcusos 14
3.12-, Viren.0.082:298
0.0313 - — = == . Pemas  kBagpatHOoe  ypaBHEHUE,
3.12 =V, ey +2:0.0681 400

MOJIyYUM, YTO UCHAPUIOCH Vi = 0.49 MOJIb. AHAJIOTMYHO HAXOXKIEHUIO MAacCChl
Kpuctaina JIu3pl, moacTaBUM B TpuBeAeHHble Bbimie Qopmynsl 0.49 Mosb

ucnapusiieiics Boabl BMecto 0.71 Mosib u o o6euM dopmysnam (i1 TOUHOTO U
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IpUONMKEHHOTO PacueTOB) MOIYYUM Maccy Kpuctamia AuTona 0.5 r.

3. JloruuHO MpeAnoNoXKUTh, YTO AHTOH TOHajesuica Ha Oosee ObIcTpoe
UCTIapeHUEe BOIBI W3 CTakaHa B CyXOM OoOKce, 4eM B OTKpPBITOH armocdepe.
HcnapeHne B Cyxylo, HE COIEpKallyl0 BOAbI, aTtMocdepy MPOUCXOAUIO Obl
OpicTpee 3a cueT Oousblnedl pasHUIBl MexAy HachimeHHbM (0.0313 aTM)
JaBJICHUEM TapoB BOmbl W TekymuMm 3HadeHueM (0). [lns atmocdepsl kabuHETa
xumuu 3T1a pazHocts MeHble (0.0313 atm — 0.8 - 0.0313 at™m). OnHako AHTOH He
y4en, 94To OOKC MPECTaBIsIeT COO0H 3aMKHYTYIO CUCTEMY U TIOCIIe YCTaHOBJICHUS
paBHOBecHs HcmapeHue npekpaturcs. [1o ycnoBuro 3a1aun, BIa)KHOCTh B KaOUHETE
XMMHH 33/1aHa KaK MOCTOSTHHAs BEJIMYMHA. JTO 3HAYUT, YTO PaBHOBECHOE 3HAUYECHUE
JIaBJICHUS TTApOB BOJBI B TIOMEIICHHUH, 3HAUNTEIHHO MPEBHIIIAIONIEM 00beM OOKca,
3a YKa3aHHBIA MPOMEXYTOK BPEMEHHU YCTAaHOBUTHCA HE MOXeT. [loaTomy kpucrasmn
AHTOHa BBIpOC MeInbue, yeM y JIu3bl.

4. OgauM u3 GakTopoB, CIIOCOOCTBYIOIIUX PACTBOPEHHUIO KpUCTaiia AHTOHA,
SBISIeTCSl TMOHMKeHue 3HadeHuss pH pactBopa. B kucioil cpene mnpousonaer
cmemenue pasHoBecus HSOs, 2 H' + SO B cTOpoHy 06pa3zoBaHMs
ruapocynbdar-annoHoB nmo mnpuHiuny Jle Illarenbe, mosToMy KOHIEHTpaLUs
cynb(ar-aHMOHOB B pPacTBOpe cTaHeT MeHbine. Ilpu stom kouenrpanus Cu®’
CHJIFHO HE WM3MEHHUTCSH, mockonbky pasHoBecue Cu(OH)" 2 Cu** + OH mpm
noHwxkennn pH Oyner cmemarbcs BopaBo. Torma pacTBOp NHepecTaHeT ObITh
HACBIUICHHBIM  OTHOCUTENIBHO  CyNlb(aT-aHUOHOB, HOHHOE  MPOMU3BEIACHHE
[Cu®*]-[SO4*] craHeT MeHbIIE, YeM 3HAYEHHE Ul HACHIIIEHHOTO PAacTBOpa, W
KPHUCTAJLT pACTBOPUTCS.

B kadectBe emie ogHOTrO (pakTopa, BIMSIONIETO Ha YMEHBIIEHUE HWOHHOTO
npoussenenus [Cu?’]-[SO4>7], MOKHO y4ecTh PEaKIMU KOMILIEKCOOOpAa30BaHMS
Cu?" ¢ XJIOpUI-aHHOHOM, KOTOPBIE MPUBEAYT K YMEHBIIEHUIO KoHIeHTpauu Cu®" B
pacTBope.

Ecnu 661 AHTOH KCIIONIB30BaJ CEPHYIO KUCIIOTY, TO TOMUMO MOHMKeHus: pH
pacTBopa, OH BHeC Obl B CTaKaH JOTOJIHUTEIbHOE KOJIUYECTBO CyNb(ar-aHMOHOB.

PaBHoBecHas KOHOCHTpanus CyJ'IB(i)aT-aHI/IOHOB C Yy4€TOM CMCHICHUA PABHOBCCH:A
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BCE€ PaBHO OyIeT OMpENesaThCA KaK JOJsi OT HMCXOJHOTO KOJIMYeCTBa Cyibdar-
aHUOHOB B pPAacTBOpe (CyMMbI KOJIMYECTB W3 MMEIOIICHUCS B pacTBOPE COJU U
BHECEHHOM KHCJIOTHI). A TOCKOJBKY HCXOJHOE KOJIMYECTBO CYilb(ar-aHHOHOB
cTtano OoibIle, TO MOXET BO3HUKHYTb CHUTyallusi, KOIJa paBHOBECHas
KOHIIEHTpalUsl CyJb(aT-aHHOHOB OKAXXETCA JOCTAaTOYHOM JUISI  BBIMOJHEHHUS
ycaoBus ocaxaeHus: kpuctamia CuSOy4. 3HauuT, KpUcTaml AHTOHA MTOJTHOCTBIO HE
pPacTBOPUTCS, T. €. «CHACTHU» KPUCTAILT OBLIO BO3MOXHO.

5. U3 ycnoBusl SICHO, YTO MCIIApEHHUE U KOHJEHCAIUS BOJBI OyIeT MPOXOJIUTH C
MOBEPXHOCTH OOOMX PACTBOPOB JO TEeX MOp, TMOKAa JABJICHUE IMMAapOB BOILI BO
BHEIIIHEM CTaKaHE U HaJ KaXKJbIM M3 PACTBOPOB HE CTAHET PAaBHO JABJICHUIO €TO
HACBIIIEHHOTO Mapa Mnpu 3Toil Temmeparype. [10CkoIbKy BO3YyIITHOE TPOCTPAHCTBO
HaJl pacTBOpaMH €IMHOE W M30JIMPOBAHHOE OT aTrMoc(ephl, TO UMEIIIascs B
CHUCTEME BOJIa TIEpepacpeIeTUTCI MEXKIy pPaCTBOPaMHU TaKUM 00pa3oM, YTOOBI JIJIst
000MX PacTBOPOB JABJICHUE HACHIIMICHHBIX MApOB HaJ HUMHU coBnajgaio. M3 storo
CJIEIYET, YTO MOJIbHASI JAOJIs BOALI B 00OUX PacTBOpax JAOMKHA OBITh OJJMHAKOBOM.
Torga 3ammmiemM »TO yTBepXKIeHHE B BHjae GOpMYNIBl U MpeodpazyeM ero

1 2 1 2
VH20 _ VH20 VH20 +2Vconn1 __VH20 +2Veom,2 Veonpl
) == 2 NnJIn 1 = 2 , OTKyOa - =
VH20 t2Veomp1  VH20°12Vcom2 VH20 VH20 VH20

Veonnb2

> HOCKOJ'II)Ky COJIM HCJICTY4YHU M HUX COACPKAHUC B CTaKaHaX HC MCHACTCA, TO

VH20

KOJIMYCCTBO BOIABI B CTdKdHaxX B IIPOOCCCEC MNOCTHIKCHHUSA PAaBHOBCCHA 6yz[eT
YBCIIMYMBATLCA ITPOIIOPHUOHAIIBHO KOJUYCCTBY COJIM B KAXKIAOM CTaKaHC. Takum

o0Opa3oM, BcsS coIepKaliascsi B CHCTEME BOJa IEpepactpeneiuTcs MEXIy

10-94

VR 51700 18223
crakanamu ¢ CuSO,; u RbCl B cooTHOmEHNN Rbel - jjaido0 - ,
VH20 +VH20 1—8+sz0 100-159.5

OTKYIIa Vyyo = 2.53 MOJIb — KOJTUYECTBO BOJIbI, UCHAPUBIICHCS M3 BHYTPEHHETO

ctakaHa. Torga B OCTaBIICHCS BOJAE CMOXKET PACTBOPHUTHCA CIICAYIOIICEC KOJTUYCCTBO

(3.12-2.53-5x)-18-22.3
100 ’

cynbara memum m = (0.0681 — x) - 159.5 = rme x -

xonmyecTBo BeniecTsa kpucramwia CuSO45H,0O. Pemas ypaBHeHue, MOIy4YUM, 4TO
x = 0.0610 mos1b. 3Haunt, Macca kpuctamia cocraBut 0.0610 - 249,5 = 15.2r.

6. /11 Toro, uroObl AHTOHY omepeauTh JIu3y, ee KpUCTaul JOJKEH BECHUTH
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MmeHbIe, yeM 15.2 r. [loacraBnsst 3HaueHus: B popMyIly IO aHAJIOTUU C TYHKTOM 2,

HalileM BpeMs, 3a KOTOpO€ KpHUCTaIbl peOsAT CpaBHAIOTCA IO Macce t =

4 My _ 4-2.53-18-10
Td? prp0-391.8:(1—a)p®  3.14-4.72-391.8-(1—0.8)-0.0313

= 10.7 gHeN. 3HAYUT,

paBHOBECHE B cCUCTeME AHTOHA JIOJDKHO YCTAHOBUTHCS MeHble, yeM 3a 10.7 — 3 —
1 = 6.7 gHeu, WK, OKPYIIIsis JI0 1IEJIOr0 3HAaYEHHUsI, MEHBIIIE, 4eM 3a 6 THEU.

Cucrema OLl¢cHUBaHUuHA

1. Macca CuSO4 5H,0 ans 3arpaBku 2 0as1a
2. BeIpaxkeHue U1 HAXOXKJICHUS KOJMYECTBA BEIIECTBA BOBI B CyXOM 2 0aJlia
Ookce
Konnuectsa BemecTBa uenapusiieics Boasl y JIn3sl 1 AHTOHA 4 0aJu1a
Macca kpucrtaia JIu3sl (TOUYHBIA WU TPUOIHKEHHBIN pacyeT) 2 das1a
Macca kpucraiia AHTOHA 2 dasia
3. OObsicHeHue, moueMy AHTOH HaJesyIcs Ha Kpuctal Oombinero 1 6as
pasMepa
HeyuTeHHbI1 AHTOHOM 3aMKHYTBI 00BEM OOKCa 1 6ana
4. ®akTop, CrIOCOOCTBYIOIINNM PAaCTBOPEHUIO KpUCTAILIA 1 6asn
OObsacHeHue BIUAHMS BRIOpaHHOTO (pakTopa 2 das1a
VYKkazaHue BO3MOKHOCTU «CHACTH» KPUCTAILI C 000CHOBAaHUEM 2 das1a

5. KonuuecTBo BeliecTBa HCHApUBIICHCS W3 BHYTPEHHErO CTakaHa 2 0aJiia
BOJIbI
Macca kpucraiuia 2 6asia
6. Bpems ycraHoBieHUs: paBHOBeCHs (NMIPUOTMKEHHOE 6 WM TOYHOE 2 HaJuia
6.7 nuem)
(okpyeneHue 6 601bULyI0 CMOpoHy 00 7 Oueti 1 6ain)
HUTOT'O: 25
0aJ10B
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Pemienune 3axauu 4 (aBTop: CenoB U.A.)

1. Tugpooprodocdar-anrnon HPO,>.
2. Ilockonbky mupodocdar crnocodeH THAPOIM30BaTbCS W 0€3 ydacTus
depmenTa, TO O0O0mIas CKOpPOCTh THAPOIW3a paBHA CyMME CKOpOCTei

q)epMeHTaTI/IBHOI‘O 151 He(l)epMGHTaTI/IBHOFO Iruapoin3ia. I[J'I}I MMOCJICOAHCTO CICAYCT

IPEAOIOKUTH MEPBBIA TOPSIOK Mo mUpodocdary: Vo, =K[S], uto manee Oymer

V= kcat[E]O[S] + k[S] ‘

Ky, +[S] IIpu [S]>>K,,

noaTBepkaeHo. Torma oOmass CKOPOCTh

VrK[Elp +K[S], mosTomy rpadmk 3aBHCHMOCTH CKOPOCTH OT KOHIICHTPAIlUH

CY6CTpaTa IIPpHU €€ BBICOKUX 3HAYCHUAX JOJIKCH IMCPEXOJUTH B IMMPAMYIO C YITIOBBIM

ko3pduumrentom k u cBoOOAHBIM uieHOM Kk [E],. Ctpos rpaduku 10

IMPUBCACHHBIM JdHHBIM, Y6€)KI[36MCH, 4TO TaK U IMIPOUCXOIUT:

8.0E-07 ¢
v o e
6.0E-07

.
.
.
.
.
.
o
.

4.0E-07

2.0E-07 f &
FO

)
0.0E+00 Griissss R b T
0.0E+00 5.0E-05 10E-04 15E-04 2.0E-04

[S]

8.0E-06
\'

6.0E-06

40E06 E e o

2.0E-06 F© _©

FO

0.0E+00 hiin e R FENSE
0.0E+00 5.0E-05 1.0E-04 1.5E-04 2.0E-04

[S]

DTO TakKe JOKa3bIBaeT, 4YTO TMOPAIOK He(PEepMEHTATUBHOIO THUAPOJIM3A

JEUCTBUTENLHO TIEPBbIN, WHAa4e OBl TIPU BBICOKMX KOHIIEHTPAIUSAX KpUBas

OoCTaBaJiaCh HEJIMHEMHOI.
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[To 2-3 TOYKaMm, COOTBETCTBYIONIMM MAKCUMAJIbHBIM KOHIEHTPALUSM,
ONpesIeNsieM YpaBHEHHUE BBIIIEYNOMAHyTOM npsimoi. Ilpu 25 °C k = 3.08-107 ¢/,
kex[Elp= 1.35:107 M-c™!, ko= 205¢7!, mpu 45°C k = 2.12:10? ¢!, k,[El,=

2.13-10° M-c ™!, k,,=3230 ¢ .

E
3.1lpu wucnonb3oBanuM ypaBHeHus Appenmyca Ink=In A—ﬁ, OTKyJ1a

1 1), k )
E.=R| ———|In-=. [Ipu VICII0JIb30BAaHUH yYpaBHEHUSA OlipuHra
Tl TZ kl
* * 1 1
InK:Ink—B+AS —AH , OTKyz1a AH” =R| =-= In@,
T h R RT T T, Kk,

k
4. Hy»XHO MCII0Ib30BaTh KOOpAUHATEI IN T TpOTHE 1/T.

5. HCHOHIBYH BBILICTIPUBCACHHOC YPABHCHHUC, MOXHO pacCUuTarb, 4YTO JIA

1 1 In323O~298
298 318) 205-318

(epMEHTATUBHOTO npolecca AH” =8, 314( =106000

Jok-Monms ',  a B ciaydae — ruaponusa  0e3  yuactus  (pepMeHTa

=73400 JI>x-Monb .

-2
AH¢:8,314( 1 1 jl 2,12-10-298

— n
298 318/ 3.08-107°.318

=155 JxK'!'moms™' mis QepmenraruBuoro u —47

' nns mepepmenraruBHoro mpouecca. AG” =AH” -TAS” =59800

Tk K™ -momp™
Jx-monb ' 1 87300 JIx-Monb | cooTBETCTBEHHO. KaTanmsarop CHMIKAET SHEPIHIO
InO0Oca aKkTMBALMK 3a CYET MOBBIEHUS ODHTPOIMU AKTHBALUM, DHTAILIIUS
AKTUBAllMU TaKKE MOBBIIAETCS (YTO HEBBITOJHO), HO DHTPONMUHBIA BBIMTPHILI
ropa3fo Oousbie. Takum oOpa3oMm, (EpPMEHTATUBHBIA KaTaliu3 B JIAHHOM CIy4yae
MMEET YMCTO DHTPOIUMHYIO IPUPOLY.

6. Bepubiii otBer T). Karanuzarop BAMSET TONBKO Ha TEPMOAMHAMHUYECKHE

(I)YHKLII/II/I dKTHBAallUHU, TCPMOANHAMHUYCCKUC (bYHKLII/II/I Iruapojan3a HC MCHAIOTCA.
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Cucmema oueHuganus:

1. | 3a BepHbIii OTBET — 2 0aJjLia,
3a Jpyroe MpOTOHUPOBAHHOE cOCTosiHMe opTodocdar-uona — 1 | 2 6asia
0as1
2. | 3a BepHOE BbIpa)keHUE JJIs 00111ei ckopocTu — 3 0aJa,
3a BEpPHBIN crlocob orpesencHus — 2 6aJia, 9 6aJss10B
3a BEpHbIE 3HAYEHMS KOHCTAHT 10 — 1o 1 6asny
3. | 3a BepHbIe GOPMYIIBI IO — 1O 2 fasIa 4 6as1a
4. | 3a BepHbIi OTBET — 2 HaJsia 2 das1a
5. | 3a xaxmoe BepHOE 3HAUCHHUE TEPMOJIMHAMUYECKON (PyHKIIMH TIO
1 6aswy, 7 6as710B
3a BepHbIN BbIBOA — 1 Oasu1
6. | 3a BepHbIil BEIOOp — 1 DA 1 6ana
HUTOTIO: | 25 6a10B
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