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Heoprann4yeckasi XHMHA

Pemnenne 3anaun 1 (aBrop: CepsikoB C.A.
1. Ta3000pa3HbIMH NPOCTHIMH BEIIECTBAMHM SBJISIOTCS MHepTHbIe rasbl, Hz, N,
0., O;, F>, Cl.. HaeprHbIe ra3pl, BOJAOPOJ H a30T HANPAMYK HE COCIHHAIOTCA C
dbochopom, MoITOMY B KadecTBe BeulecTBa B oHu He noaxoaar. Kuciopoa HIH
030H HE JalT HECKOJbKHX XHAKUX OKcHAO0B (C, D u E), pearupys ¢ npoCThIM
BEIIECTBOM A, TAaK)XXe HEOOBSCHHMOM C TOYKH 3PEHHS O3TOH TI'MIIOTE3bl BBITVIAIHAT
NpHpPOAa KHCJIOTHBIX CBOHMCTB (G, MMOCKOIBKY BEIIECTBO MOXKET COAEPKATh TOJIBKO
aTOMBI BoJIopoaa u kuciaopona. Ecnu BemectsoM B sBisieTcs ¢Top, T0 ¢ hochopom
oH nacT raszoodpasueiii PFs, a ¢ yderoM TOro, uro HpoaykT ruapomusa G He
conepkHT atoMoB A, BemtecTBoM G moryia Ovl Otk b HE, He nmposiBastomas

CHIBHBIX KHCJIOTHBIX cBoMcTB. Clie1oBaTelIbHO, MPOCTHIM BEIIECTBOM B sBIsSeTCS

xi0op, G = HCI, I = PCls 5TH BemecTBa yI0BICTBOPAIOT 1aHHBIM YCIIOBHS [0 BCEM

MyHKTaM.
OnpeneadM O KakoM IPOCTOM BenlecTBe A HAET pedb B YCIOBHH. [Tpu

06pa3oBaHUM OHHApHBIX COEIUHECHUH C, D u E orpuuareibHyl CTEICHb
OKHCIJICHHS TIPOSIBIIIET XJIOP, IMOCKOJIBbKY COIVIACHO BBIBOAAM CICIAHHBIM BBIIIC, B

pacteope octaercs HCI, 3Ha4MT razoo6pazusiM npoxykrom F Gyner oxenn Goree

IEKTPOTIONOKHTEIFHOTO M0 CPAaBHEHHIO € XJIOPOM 3JICMEHTA A (rUnoOTETHYECKOE

BOCCTAHOBJIEHHE XJIOpa KHCJIOPOI0M O?- Bozpl npHBeno Obl K BoeneHnI0 O, HE

om nipu obpazosarnu C, D 1 E). ["a3000pa3HBIMH OKCH/IAMH,

pearupyrouiero ¢ Xjaop
4 gpsiores CO, COz, NO, NO», SO,

CIIOCOOHBIMH BBLAEIATCS U3 BOIHOTO pacTBOP

Cl0O,. Yriepod W a30T He COCTHHAITCA € XJIOPOM, teM Oosiee ¢ 00Opa3oBaHUEM

[TO3TOMY e JMHCTBECHHBIM pa3yMHbIM BaApHaHTOM

HECKOJIBKHUX JKHIKHX BEIIECTB,
Mpo CHOCOOHOCTb TUCTIPONIOPLIHOHHPOBAHHA

gemrecrBa A sABIgeTcA CEpd,

i cpejie XOpoLo H3BECTHO.

XJIOPUI0B KOTOPOH B BOTHO
[ - ornomenue macc F = SO2 H G

28.Cl, + 2 H,O = (20-1)S [+ SO, 1+4 HC

= HC] He 3aBHCHUT OT 1.

YpaeHeHUA PeaKyuu:

1) 8 +Cl=8Ck

2) 28+ Ch=5C0

3) 38+ Clh=5sCh

4) 2SCl; +2H,0=S8] + SO,1+ 4HCI

5) 2S:Cl; +2H,0 = 38| + SO,1 + 4HCI

6) 2S;Cl, + 2H,0 =5S| + SO,7 + 4HCI

7) 2P+ 35S =P2Ss (6o 4P + 10 S = P,S;)

8) 2P+ 5CI, =2PCls

9) SO+ PCls = SOCI; + POCl;

10) SSOCL, + P,Ss = 5S,CL + P»Os

11) SOCL; + H,O = 2HCI + SO; 1

12) SO, + Cl, = SO,Cl;

13) SO,Cl; + 2H,0 = H,SO4 +2HCI

14) SCl, + SO; = SOCI; + SO;

15) 2S0; + O, = 2S0s

Bewecmea:
A =S B=Cl, C=SClh, D=S,Cl, E=S:Cl, F=S0, G-=HCl
H=P,S; I=PCI; J=SOCl, K=SO0,Cl, L=H,;SO; M =SO0;

YMECTHBIMU 1151 0G0CHOBaHHS PEIICHHS OyIyT J00ble OTCHUIKH K METOAaM
CHHTE3a (KaTaau3aTopsl: kamdopa s XJopupoBaHusa Wi V05 IpH KOHTAKTHOM
COCO0E OKUCIICHUS SO;), 1ub0 ynoMsHyTOH B YCIOBHH KPaTHOCTH MOJSPHOM
Maccel Tasa F monsproil macce A npu ruapoause coeaunenun C, D u E.
2. 8,Cl, xumuueckn pacteopsier cepy, 00pa3ys renoyedHsie MoaeKyibl S;Cl:

(n-2)S + S,Cl, = S,Cl, uto MCIIONB3YIOT [IPU BYJIKAHHU3ALHH PE3HHBI.

3. H
dlIPHMEDP Ha pacTBOp MOXHO nojeicTsoBarh MnQO, B NPHCYTCTBHH CEPHOM

KHUCIOTRI:

2HCl + MnO, + H,S04 = MnSOj + Cl, 1 + 2H,0
9.
O6pazosanue cepHoit kucnorsl no peakumn SO; + H,O = HoSO4 e

Hoctenyiomas ruparauns HySO; + 2H,0 = SOs* + 2H;0” conpososkaaetes
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AyUTEJIbHBIM TerJIOBbIIEJICHHEM B [MOBEPXHOCTHOM CJIO€C BOJIHOIO PacCcTBOpPAa-

3H

romorurens SO;. llpy HarpeBaHHH SO; pacnamaercss Ha SO, U KHUCIOPOZ,

y noromenue SOs BOJIOH JUUISl OJTyYEHHSI CEPHOU KHUCIIOTHI HE IPOBOIT.

[10ITOM
Cucmema OUCHUBAHUA:
1 | Bemectsa C, D, E, F, G, H,1,J, K, L, M (11 wr) mo 1 6amny 11 6a710B
Peakuuu 1-15 mo 0.7 6ania 10.5

ODasa

2 | VpaBHeHHE PEaKIHH PaCTBOPCHHA CCPB 1.5 6a1a
3| YpaBHieHHe pereHepaiui xjiopa 13 pactsopa G liGam
4 | O6ocHOBaHHE HElEIec000pa3HOCTH moromeHus: M BooH 1 6aan

UTOI'O: | 25 6annoB

BOJIBIIMHCTBO PYA COCTOUT M3 CYIb(HIOB, OKCHIOB HIIM CHJIMKAroB. [Ipw

HarpeBaHUH TIPUPOIAHBIX cynbUAOB B arMoc(epe KHUCIOpoAa MPOUCXOIUT

oKkHCIIeHHe CyTb(HIa 0 CEPHUCTOIO rasa (ras, HMEIOIIHNA XapaKTepHbIN 3amax) u

okcuaa Metauia wid cynbdara. Paznuuue NpoAyKTOB (II0 OKpacKe) OKUCIIECHHS

cylb(uza Ha BO3AyXe M B 3aNasHHOM amiryje I03BOJSAET IPEANOJ0XKHTh, YTO

NPOAYKTOM OKHCJIEHUS B aMmmyjie cTal cyiab(par. PaccunraeM KOJIMYECTBO

KHCJIOPO/Ia B aMITyJIE:

v(O;) = (1,268 — 1)/32 = 8,38 mMoIIBb

MSmin + mO; = M(SO4)my

TOor/a cyabpuaa 610 8,38/m MMOIIB, 1€ m — BaJIEHTHOCTH METajlIa

MMSy2) = 1/8,38/m = 119.4m r/monb

npum=1M=119,4 - 16 = 103,4 Rh — He obpa3yer cynbpHu B CT. OK. 1, e
00pa3yeT OKCHIOB KeITOro | OpPaH’KeBOro 1BETa

pu m =2 M=238,8 — 32 = 206.8 Pb — moOIX0auT

Mpum=3 M=2582 — 48 =3 10,2 MeTa1oB ¢ Takoi 1 GoJbIIeH maccoi (IIpH
m>3) HeT B npupoje.

Taxum oBpasom, MHHEpan — 910 cynbdua ceurua PbS (Xi), a mpoAyK:

"POKa/HBANS B ammyye — Cynbgar cunia PbSO, (Xs).

[Tpo
POIYKTaMM umtensroro [IPOKAIMBaHUs Ccyib¢uaa cBHHIA HA BO31yX¢ P
6

e _
e T iy o
R e
s B ..l. a.r_"'ﬂ-—"l-.. J-"- o

# A e H il i ' -
e 4".'1.\,;:-'. R L) L
Y :T.' i " o b

3aBUCHMOCTH OT TEMIIEPaTypbl OOXKHIa SBISIOTCS OKCHZIBI CBUHLA: IKEITLI
: IH

(cBunnoBbIi 11eT) PbO (X2) n opanskeBsiii (cBUHIOBE CYpHK) Pb;0, (X;)
1) 2PbS + 30,=2PbO + 2S0,

2) 3PbS + 30,= Pb;04+ 35S0,
3) PbS + 20, = 2PbSO,

Cynbdar cBHHIA (B OTIHYHE OT Cy/bhara 0apus) pacTBOPUM B 1Ie104ax:

4) PbSO4+ 4NaOH = N&z[Pb(OH)z;] ar N&2804

[Ipy HarpeBaHHM OKCHIA CBHHLIA C yriem oOpasyercsi cBuHEL] B BHje

MPOCTOro Beuecrna (Xs):

5) PbO + C=Pb+CO

[Ipeanonoxum, uto X¢ COCTOUT U3 HaTpHUs U CBHHIIA, TOI/IA
V(Na) : v(Pb) =4,7/23 : 95,3/207 = 0.204 - 0,460=1:225=4:9
X6 — Nay[Pby] — 310 coenunenme, B koTopom aHHOH HMeer coctaB Pby*

/laHHO€ COEJMHEHHE OTHOCHTCS K HMCITy Tak HasbiBaeMbIX (a3 [lunmisg

MHTCPMCTA/UIN/IOB, B KOTOPBIX arOMbl ONHOTO H3 3JIEMEHTOR (3TO p-MeTauIBI
0
OJILIIMX TICPHONOB, B JAHHOM CIIy4ae — CBHHEL) 00pa3yioT aHHOHBI CO CBA3BIO
MeTaJlI- i %
a/ul-MeTajul. AHUOH Pbe*", BXxomsmuii B cocran BeIIECTBA Xg, UMeET (hopmy

0 s L
AHOLIAMOYHOH  KBAJPaTHOM AHTHIIPH3MBI (@), a JOpyrHe — MCKaKeHHOI

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

7) Nas[Pbe]+4H:0=2H,+4NaOH+9Pb

R) 2PbSOs+Nay[Pbg]=2Na,SO4+11Pb

X;— PbS. X2— PbO, X3— Pb304, X4— PbSO4, Xs— Pb, X¢— Nas[Pbo], Y — H>

Cucmema OUCHUBAHUA:

1 | DnemeHT X 2 DaJLi1a
HensBecTHBIE BElIECTBA X1—Xs, Y Mo 2 Dana 15 6an/10B
BemecTBo X6 — 3 Oauia

2 | YpaBHenue peakuuu 1 — 8 o 1 damny 8 bas10B

UTOI'O: | 25 6an0B

Pemenue 3anaun 3 (aBrop: AnapeeB M.H., /Ipo31oB A.A.

1. BemectBa Zq U Z, — OHHapHbIE, OTCIOIa MOXHO IIPEANOJIOXHUTH, HTO
gemecTBa X U Y — mpocTthie. Torna, COeAMHECHHUS Zi, Za, Zs, Zs, 2, BOBMOXKHO A H
73, TIPEJCTABIAIOT COO0OH OHHApHBIC BEILCCTBA, 0Opa30BaHHBIC JIEMEHTaMH X H

Y’ (srerkoneryuas )uakocThb Y). Takium 00pa3oM, NpOCTOE BEIICCTBO — KHAKOCTD Y

— 9710 Opom (Br2).

BemectBo | ®(X),% | o(Br),% |o(Br)/ o(X)
Z; 58,97 (41,03 0,696
7> 52,69 |47,21 (0,894
7> 32.39" 6761 . (2,087

W3 Tabnumsl BUIHO, uto B Z3 Gpoma B Tpu pasza Oonbiue, yeM B Z;. Torza
npexnonoxuM, uro Z; wumeer cocras XBr, a Z; - XBr;. Umeem B Zj
X=80/0,696=115 "yom YTO COOTBETCTBYET MOJSAPHOH MAacce MH/IHS.

[TpearonokuM, 4T0 NmpH BHeceHHH OpomuaoB Zs u Zs B BOLy BeChb Opom

nepexonut B AgBr npu no6asnenuu n30biTka HUTpara cepedpa. /s Zs:
v(Br) = v(AgBr) = 0,272/188 = 0,00145 Moub.
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. AHajJOru4HO
s 2.

v(In) : v(Br) = 01‘3?: 01'28389 = 0,00085:0,00127=2: 3
8

TakuM 00pa3oM, HEH3BECTHBIC BEILECTBA, HMEIOT (OpPMYIE!:

'CoelHHEHHE A Z Z; Zs P e
EopMyﬂa CH3IHBI' 2 InBr ].[]7BI'9 II]BI'3 I.ElBI‘;_ ¥ IH:BI’;:.
XumMHusgd HHIHA BO MHOTOM OJIM3Ka XUMHH dJIIOMHHHA, PacClOJIOKEHHOIO C HHUM

5 OIHOM TpyHIe. CnenoBaTebHO, IS WHIHUS XapaKTepHas BbICIIAA CTElNeHb

oxuciaenus +3. IloaToMy, coeTHHEHHS HHAMUSA (1) IerKko OKMCIAIOTCS Aake TAKUM

c71a0bIM OKHACIIHTENIEM, KaK METHIIOPOMHI.

InBr + CH;Br = CH;InBr;

[n-Bry + 6CH;Br = InBr; + 6CH;InBr;

PeaklMy JAaHHOTO THIIA HA3bIBAKOT OKUCJIUTEIbHBIM MPHCOECAHHECHHEM.

B KHCJIIOTHOM cpeae HHAMH(+1) OKHCISeTcs Mmoja JACHCTBHEM KaTHOHOB
BOJOpO/aA:

InBr + 3HBr = InBr; + HBr + H»

[Ipou3BOgHEIE METHIIHHIHS B KHCJIIOTHOH Cpe/ie pa3iararmrcs ¢ 00pa3zoBaHHEM

MCTAHaA.
CH3InBr; + HBr = CH4 + InBrs
O6pasyromuiics IpH 5ToM TpHOpoMu UHAKs [nBr; mepexoxuT B pacTBop, U3

KOTOpOro kpucrayumsyercs ruapar InBrs-xH,O. Ipu geiicTBuH THOHHIOpOMH/A

OH 00€3BOXKHBAETCH:;
[nBr;'xH,O + xSOBr; = InBr; + xSO, + xHBr
V(SOBr;) = 2,695/208 = 0,01296 Mok
v(InBr;-xH,0) = 1/(355 + 18x)
x/(355 + 18x) = 0,01296
X =6.
Dopmyna kpucramornapara; InBrs-6H,0 (Bemectso Zs)
WHwit mposiBiIsieT B CBOMX COGMHERHsX cTenenn okucnenus +1 u +3. Miaui

B CTenenn okucienusi +3 MOXKET HAXOAMTHCS KAk B TETPAdIpHUCCKOM, Tak H B




ORKTASAPHYCCKOM OKpYX)eHUH. J[ng OpUMepa Ha

PHCYHKC NOKa3aHa KPHCTALTHYeCKAs CTPYKTypa

In;Bro (Bemectro Z,) .

2. Tlpm peakumn ¢  Bojoi InBr

AHCTIPONIOPIHOHHUPYET MO YPABHEHHIO PEAIHH:

3InBr =2In + InBr;

Illpu orBere w®a Bonpoc 4) 3amaum

A0CTAaTOYHO NPEACTABHTL CTPYKTYPHI BEIIESCTB

CISIYIOLIAM 00pa3oMm:

In"' ¢(In" Brg)(Br); Z

B‘\ /B\

/ \B / \ -
In"'(In"Br,) Zs
In"'y(In"Bry) Zs

Puc.l. Crpoenne In;Br.
| Iloka3anbl oktasgper [InBrgl,
CEpbI€ MIAPHKH — 3TO aTOMBI
In(+1) u aromel Opoma, He

| BXOJISIINE B
KOOPIWHAITHOHHOE

okpyxeHue In(+3)

CxeMa ¢ paciii(ppOBaHHBIMH BEIIECTBAMH UMEET BUIL

HBr
l_- HB
In + Br, > [nBr + In;Brg -
' |
E CHjBI' CH3BI'
7 . 5 Y
InBr,, In,Br; CH;InBr, [nBr; » [nBr; 6H,0

Cucmema OUCHUBAHUA.

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

920-923.
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1| 6 Bemects 10 1,5 danna VP ans
5 ypaBHEHHH peaklii 1o 1 damwry
"5 | YpaBHEHHE PEAKLIMH C BOJOH P
3 | 2 pemmectBa no 1.5 0asuia 3 0a1a
4 | 4 ctpykTypsl 1o 1.5 damna 6 6annoB
UTOTO: | 25 Gaxios

Pemienue 3a1a4u 4 (aBrop: Kvpammun B.K.

1. KauecTBEHHBIX JAHHBIX 3a/Ja4Hd HEIOCTAaTOYHO Ui OMNpEACICHHS KaKHX-
mu00 BemecTB. [Io3TOMY BOCHOIb3yeMCA i Ha4alla KOJIHYECTBEHHBIMH JaHHbBIMH.
B peaxyuu 1 u3 okcuna I' u anementa X odpasyercs okcua B. Ilycrs I' = X0, B
= X>0.. Eciu macca I' paBHa 6,440 1, To Macca BCTYNIHBIIETO B peakiHio X paBHa |
I, a Macca noayuyuBuierocs B pasna 7,440 .

Macca kuciopoza B okcuzae B mo 3akoHy COXpaHEHHMS MacChl paBHA Macce

kuciopoaa B I':
w(l) - 6.440 = w(B) - 7.440

rae a(B) u a(I') — maccoBeIe J0JM KHCIOPOAa B OKCHAAX.

w(T) = w(B) - ﬁg = 0.5968 - 1440 = 0.6895
6.440 6.440
Bripasum M(X) uepe3 aXB) u aXI") U3 ypaBHEHHi:
w(l) = Eﬂ% = —M_(X_?C:-_E = 0.6895; w(B) = m = (0.5968.
M(X) = 3.603a = 5.405¢
g-—H15¢

Kak Bumum, cremenu oxmcnenns X B B u I' ommuaiorcs B MmoaTopa pasa.
Takoe Bosmoxno mMGO B ciyqae @ = 3, ¢ = 2 u toraa M(X) = 10.81, uro

“OOTBeTCTBYeT GOpy, GO B ciyyae a = 6, ¢ = 4 1 M(X) = 21,62 (TaKoro 31€MeHTa
HEeT). 3HayuT, g = 3, ¢ =2, X — 310 60op, B — B:02, I' — B203. 3aMeTHM, HTO OKCH
B,0, CYLIECTBYET HMEHHO B JUMEPHOI (opMe.
st nansneiimero onpeeeH|s cocTaBa XJopHia Gopa b n ¢ropHaa Oopa A
Paccunraem cocras aJUlyKTa XJophaa ¢ auerTmwieHoM. Kak H3BECTHO, KpATHBIC
“BA31 B Oprasuuecknx coeMHEHMsX NPHCOEIHHSIOT COSInHEnHs 00pa, @ B CIyHac
11



TPOMHBIX CBS3eH BO3MOXKHO MPHCOETHHEHHE OTHOI HIIH IBYX Moneky;
MPHCOEAUHEHUS OIHOM

(OIPOXYKT ¢ MEHbBIIEH noneit ymmepona) u C,H,'B

mCl, (mpoxykr ¢ MEHBIIICH
MacCOBOH 11011eH ymiepona). Torma MOXKHO 3ammcars JIBa PABEHCTBA:

24.02
24.02 + 2.02 + 10.81m + 35.45, _ 0-1268;

_ 24.02
24.02 +2.02 + 2(10.81m + 3545n) 0081

M3 oboux ypaBuenuii crnemyer paBeHCTBO: 10.81m + 35.451n = 163.4. Do
YPABHCHHC MMECT CIMHCTBEHHOE PELICHHE B HATYPAIbHBIX YHCIAX: M = 2, n=4,

To ecte B — 310 B:Cly, I — C:H:(BCh)s uw E - C;H2(BCly):.. Buay
H30CTPYKTYPHOCTH A U b MOXHO crienars BEIBOI 0 TOM, 9T0 A — 3710 B;Fs.

B peakumsx ¢ xnopuaamu TeTpamMeTHIAMMOHHS | pocdopa xmopua 6opa Kak
KHCJI0Ta JIbIoKMCa BBICTYNaeT akuenTopoM raloreHHI-HOHOB. IToCKONIbKY aHHOHBI
OTyHBILIHXCS COJIEM UMEIOT 3apsia 2—, To k B,Cly npucoenmnmnnocs a8a XiopHi-

HOHA, U OOpa30BAJINCh COOTBETCTBYIOIIHME COMH: K — (N(CH3)4)2[B:2Clg] u 3 —

(PCli)2|B2Cls]. D10  mpenmonoxkenue moarBepxaaer ToT (aKT, 4YTO pH
obpasoBanun anuoHa B;Cl¢* cBsisu B B,Cl; He pByTcs, T0 ects cBi3p B—B
OCTAeTCsl HETPOHYTOH, W AaHUOH JEUCTBUTEILHO IOJKEH COJIEP)KaTh JBa aroMa
Oopa.
HUroro: X — B; A — B>F4, b — B2Cly, B — B0,, I' — B,03, I — CoH(BClb)4, E —
C,H,(BClb)s, K — (N(CHs)4)2[B2Cls], 3 — (PCls)2[B2Cle].
2. Ypaenenus peaxyuu 1 — 7.
1) 2B,0;3 + 2B — 3B,0;
2) B,O; + 2SF4 — ByF4 + 2S0OF;
3) 3B,0; + 4BCl; — 3B,Cl4 + 2B,03
4) C,H, + 2B,Cly — C,H2(BCly)4
5) C:H; + B2Cly — C;Hz(BCl,):
6) 2NmesCl + B,Cly — (Nmey):[B2Cls], Me=CH3
7) 2PCls + B,Cly — (PCly)2[B2Clg]

i
|
]
1‘
|
|

3. Ctpykrypsl , E, annona comn 2K:

Ci,B BCl, Cl,B BCI, Ci a 1°
sz5§ %acrz > T < Ci \.}B___Ef__,c:
H H H H Ci/ Ci
i\ E K

4. ENMHCTBEHHAs BOSMOXHAs HECTAaOHIIbHAS 08yXamomHas 4acTHLA, KOTOpas

oOpasyeTcs B peaku Oopa ¢ TpudTopuaom 6opa, — 3to BF. 3Hauyut, U — 310 BF.
OH, IPHCOEIHHASACE K TpUQTOpHAY O0pa, naer B-F,.
Jlna pacuera coctaBa K HaliiemM MOIBHOE OTHONIEHHE 3JEMEHTOB B HEM:
it 25,43_ 100 — 25,45
10,81 < 1900

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

To ects K — 310 B3Fs. ®opmyna cooTBeTCTBYET NpHCOEIHHEHHIO AByX yactul BF
K onHou Monekyne BFs, To ects K sBisgercs cnenyrommm nmocie B,Fs roMoiorom B
psany GpTopuaoB Gopa.

Paccmotpum peaxyuro 11. B weii us 5.097 r BsF; oOpasyercst 3.145 r JI u

B>F4, Macca kotoporo momkna coctasmsate 5.097 — 3.145 = 1.952 r- JIns 3THX Macc
HaHIEM KOJIMYECTBA BelIecTRa:

v(B;3Fs) = L = 0.040 :
T R TR LD T et
1.952
V(BzF-c;) =

_ = 0.020
1081 x2+19x 4 s

To-ccme " Do B3Fs obGpasyercs 1 mons ByFs u kakoe-to kxommuectso JI.

3anumren YPaBHEeHHUE peaxkyuu 11 B Buje:
2aB3Fs — aB,Fy+ JI (ypaBuenue ¢ kosdduumentom 1 npu JI).

B neBoii yacty 9TOr0 ypaBHEHHs Bcero l16a atoMoB, a B IpaBOH, C Y4ETOM
TOro, yro g Jy Beero 20 aromoB, Beero 6a + 20 aromoB. PemnB ypaBaenue 16a = 6a
* 20, Haxonum, uto g = 2, 10 ects ypaBHeHHUE peakyuu 11

4B3F5 . 2B2F4 o JI-

13 51010 YPaBHEHHSI MOXKHO ompenenuTh, 4o JI comepxur 8 aromoB Oopa u
12
4TOMoB (IJTOpa_ HT&K, JI — 310 BsFq3.
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S. ¥pasuenus peakuuin 8 — 11:
8) BF; + 2B — 3BF
9) BF + BF; — B,F,
10) 2BF + BF3; —BsFs
11) 4B3Fs5 — 2B,F4 + BgFp»
6. Crpyxrypa K (BsFs) sicha u3 3ameuanmus, cnenannoro Beimme: K ecth

romonor BoFs B psay dropumos Gopa.

2o e

B et
|

|

Crpykrypa JI caoxkaee. [loackaska, yto JI cxox ¢ npocTeHIIMM BOJIOPOAHBIM
coenuHeHueM Oopa mo cTpykrype (1o ecth ¢ BoHg) maeTr Ham moBoa nepenucarb
dbopmyny BgFi» B Buae Bo(BF:)s. Torma crpykrypa, aHajnorudHas CTPYKTYpC
quOopaHa, COACPAUT [IBE TPEXLEHTPOBBIC [IBYXJJICKTPOHHBIE CBA3H MEKIY

BBIIEJICHHBIMH aToMamMyu 0opa.

F
7’ s
|
. g Fhs 8
Cucrema olleHHBAHHA:
1. | Bemectea A — JI u anement X — no 1 6amwry 12 6an10B
' He3 nOOMBEPHCOCHUA COCMABA 6euyecms paciemom — no 0,5 bama |
2. | 11 peaxunit no 0,5 6auia 5.5 banna |
& * 5 crpykrypHbix dopmyn ([, E, K, K u JI) mo |,5 6anna 7.5 6aana |
S UTOTI'O: | 25 HannoB
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PerueHHe 321244 S (aBTOP: CaabnukoB O.I., Unbun M.A.)

1. IIpu pacTBOpPEHHH METAJUIOB B ApCKOH BOJAKE MOTYT 00pa3oBaThes
OpUIbl, HUTPAThl HIIH XJIOPOKOMILIEKCEI C MPOTOHOM B K44€CTBE NPOTHBOHOHA
(nanpumep, Ha[PtCle], H[AuCly]). U3 ycinoBus H3BeCTHO, 4TO coeiauHeHue E,
oopasyrouieccs IpH nodasiennn KCl k npoxaykry pactBopenuss meramia II B
apcKoOi BOJIKE, COAEPKHUT B CBOEM coOcCTaBe TpH 3jieMeHTa. Torma E Moxker ObITH
mb6o xmopoxomiuiekcom coctaBa K IICly, nmmbo HuTparom Meramna B Gonee

am3koit crerneHd okucieHus II(NOs)y.

PaccmorpuM mnepBbiii ciaydan. Ilycte E = KiIICly. Torma, o0o3naums
MoisipHYI0 Maccy Mmetasuia Il kak Z, cocTaBuM ypaBHEHHE
0,4014 =Z/(Z + 39,10-x + 35,45"y)
Otcrona BbeIpa3uM Z 4epe3 X U ):
Z=0,4014-Z + 15,695-x + 14,23y
Z=2622-x+2371y
Ecnu xoMIuIeke MOHOSIEPHBIN (COAEPKUT TOIBKO OIMH aTOM METallia), TO X U
Y — HarypallbHbl€ 4ucjIa. MOXHO InepeOparbk pasjin4yHbIC 3HAYE€HUA X H Y,
PaccuMThIBasi 3HaueHHss Z atoMHOM Maccel Metamna I s xaxaoro ciaydas. llpu
3TOM ClleflyeT y4ecTh, 4YTO Xx < p (NMOCKOJABKY MeTa/ll JO/KEH ObITh B

[IOJIOKHUTENILHON CTENEeHU OKHUcieHus). Pe3ynbrar yaoOHO NpEACTaBHTh B BHIC

TaOJIHUIIBL.
o 3 4 5 6 e
3 |
1 (73,76 | 97.53 !121,3 (~Sb) | 145,07 (Pm) | 168,84 (Tm) | 192,61 (Ir)
e h123,75| 147,52 J 17129 | 195,06 (Pt) | 218.83
Jobbar Joag 173,74 | 197,51 (~Au)| 221,28 245,05
R ] 2 R 2475 -

HPOMETHH TYJIAA, UPUAHN H 3010T0 B COOTBETCTBYIOUIHX COEMHEHMSX

0
AT by HaXOAUTbCA B HEXApaKTEPHBIX CTENEHAX OKHUCICHHA, nod3TOMYy 3TH

P4PHAHTH He moxxonsT Coemunenne cocraBa K[SbCls] Takke BbIDIAAHT BECHMA

“Tpanno, NOCKOJIBKY JIUISi CypbMBI XapakTepHO KOOPMHALHOHHOE HHCIAO 6. B 10 %e
kS



BPEMsi TI0 BCEM MPHU3HAKAM O4YCHb XOPOIIO MOAXOOMUT IJIATHHA. eiicTButenpho,

coenunenune cocrasa K[ PtClg] xopomo uzsectno. Bojee TOro, XOpouio m3secrHo,
YTO PAaCTBOPEHME IJIATUHBI B APCKOW BOJIKE MPHUBOAMT K 06pa3oBaHmIo pacTBopa
H,[PtClg], nmpu nedicTBUM Ha KOTOPBIM XJOPUIA KAMHMS JOTHYHO PEATONOXKHTE
oOpazoBanue K,[PtClg].

XOTsi BAPUAHT C IUIATHHOW O4Y€Hb XOPOLIO MOAXOIUT MO YCIOBHE 3a1a4M, JUIs
OYUCTKHA COBECTH MOXXHO MpOBepUTh M BapuadnT ¢ HUTpatoM II(NOs).. B s1oM
Cllydae UMEeM ypaBHEHHUE

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

BeipaxxaeM Z yepes X:

Z=0,4014-Z + 24,89x
Z=4158x
CocraBum Tadnuiy:

X 1 2 3 -4 S 6
Z 4158 |83,16|124,74 | 166,32 | 207,9 (~Pb) | 249,48
EMHCTBEHHBIA Oollee-MeHee MOAXOMAIIMM M0 Macce 3JEeMEHT (CBHUHEI) HeE

MOJAXOAUT MO CTEIIEHHU OKHUCIICHHUA. Tenepb OKOHYAaTEJIBbHO MOXHO cejarh BBIBOA O

tom, uto meramn II—osto mmaruHa, b — Hy[PtCle] (B kpucrammiueckomM BHIAC —

H,[PtClg]-6H,0O),

E — Kz[PtCl@]
Coenunenne MK oOpasyercs mpu JeHcTBMU Cyibdara IMApasvuHHUs Ha E u

TaK)KEe COIEPKUAT TpH DJIEMEHTA. EnMHCTBEHHBIA pa3yMHbIM BapuaHT — 93TO

ROCCTAHOBJICHHE IUIATHHBI CylIb(paroM rUApa3sHHUsA, NPH 3TOM IUIATHHA NOJAHA

epeiiTH B JAPYryIO XapaKTepHYIO i He€ CTCICHR OKHUCIICHHA +2 ¢ 00pa30oBaHHEM

K,[PtCls]. Tpu peiictBur Ha 2K KOHIEHTPUPOBAHHOIO BOAHOTO pacTBOpa aMMHaKa

obpasyetcs coenunenue M, coxepxkaiiee I8¢ KOOPNHALHOHHDIC cepbl. 3HAYHUT, B

W niariHa HAXOAMTCS B COCTaBE KaK KOMILIEKCHOTO KaTHOHA, TaK U KOMIIIEKCHOTO
annoHa. ITOCKOJBKY IUIaTHHA B XOJA€ PEaKlHd C aMMHAKOM HE MOKCT N3MEHUTD

CBOIO CTEIEeHb OKUCJIEHHUS, JIOTHYHO NMPEATIOI0/KHTD, yTO B KAaUE€CTBE KOMILJIEKCHOTO

apnona Beictymaer [PtCls]*, a B ka4yecTBe KarHOHA — [Pt(NH;)4]**. Torna 2K —

K,[PtCls], A - [Pt(NH3)4][PtCly].

[Ipu jpedcTBuH H30BITKAa aMMuaka Ha M monyyaercs coemunenme K. Kpome
1Oro, A3BECTHO, YTO COEIMHEHHE M MOXHO NONy4uTh B 06MEHHO PEAKIUH MEXTy
K« u K. Orcroma cienyer, 4ro B cocTtaB K BXOAWT KOMIUIEKCHBIH KaTHOH
(Pt(NHs)s]*". Tlockomeky 3, M, K (6e3 yuera xpucrammsaumonnoii Boxsr) u JI
UMEIOT OOMH M TOT JXX€ KA4YECTBEHHBIM COCTaB, TO B KayecTBe aHWOHA B K
ppictynaeT Cl™. C y4€ToM TOro, 4T0 K COmEPIKUT MONEKyy KpUCTa/UTH3alMOHHOM
BOJIbl, MOXKHO CJIEJIATH BBIBOM, YTO OHO HMeeT cocrtaB [Pt(NH;)4]CL - H,O.

Coenunenne JI oOpasyercs mnpu JAedcTBHM ra3ooOpasHoro xiopa Ha K.
O4eBUIHO, YTO XJIOP B JAHHOH PEAKLMH BBICTYIIAE€T B KaUE€CTBE OKUCIMTENIS; TOT/A
IaTHHA J10JDKHA MEPEXOAUTh B CTeneHb okuciaeHus +4. Jlns Pt(IV) xapakrepHo
KOOpAHMHAMOHHOE 9HCIIO 6. B TO ke Bpemsi u3MeHeHne coorHomenus Pt : NH; B
MEHBLIYIO CTOpPOHY (¢ oOpa3oBanueM KatuoHa [Pt(NH;3)s]*") B xome peakuum
BBIIVIAZIUT MAaJIOBEPOATHBIM, IOCKOJBKY JOJ/DKHO IPUBOAUTE K OOpa3s0BaHUIO
[I0OOYHBIX MPOLYKTOB, COAEPKAIIUX MIaTHHY. OTCI0Ia MOXKHO CENATh BBIBOJI, YTO
B KOOpIHHALIMOHHYIO cdepy IUIaTUHBI BXoAAT 4 nuranga NH; u 2 ximopo-iurasja,
To ecTb JI umeet coctaB [Pt(NH3)4Cl]Cls.

B cxeme ¢ miaTuHO#M 0CTan0Ch ONpeNeTUTh ML coequHenue 3. B ycnosun
CKa3aHo, 4TO0 «coenuHeHus JI ¥ 3 ToKe HMMEIOT CXOXHil CTEXHMOMETPHYECKMIA
COCTaB (OTIMYAIOTCS TONBKO METAJLIaMH), HO Monekyasl JI, B OTIHYHE OT 3, HMEIOT
HYJICBOH TMNONBHEI MOMeHTY. OTCIona CIEOYET, 4YTO 3 UMEET MOJIEKYIISIPHOE, a HE
10HHO€ CTpoeHHe, a TakKe SBISICTCS noysipHbiM. [lockoneky 3 U M uMeErOT
OAMHAKOBBIM KOJTMYECTBEHHEII cocras, T0 3 — 310 [Pt(NH3),Cly]. Kommuiekcsr Pt(11)
MEIOT KBapathyio reomeTpuro. Torma coeauHeHue 3 sABIACTCHA YuUC-U30MEPOM
[Pt(NHB)?.Clz], TOCKOJILKY MMEHHO OH Oyaer 00/1a1aTh HEHYICBBIM IHIOJIbHLIM
MOMEHTOM .

Teneps paccmotpum cxemy ¢ coeauHenusmu metasuia I. [10ckoIbKYy METalIbI
Fu 1 Haxonsres B oxHol rpymme NEPHOAUYECKON CHCTEMbI H HMEIOT A0CTATOMHO
“XOxue XHMHYECKHe CBOICTBA, JIOTHYHO MPEANONOKUTh, 4T0 I — 3710 nauaaaui.

TRK)K :
st HaxoxaeHus najuiagus MOXKHO JIETKO BOCIIOJIb30BaThCS npHBeJACHHBIMH
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B YC/OBMH WYMCICHHBIMA JaHHBIMH O COACPXAHHMIO MeTamna I u asora g

coeaunenuu I', ¢ yu€rom Toro, uto I' u K umeror cxoxwuii CTCXUOMETPHUYECKHUi

COCTaB (32 HMCKIIOYECHHMEM HaNW4YHUs KOOPAWHAIMOHHON BOJBI B COCTaBe K). B

camoMm fene, coequHenue I nomkHo umers coctas [I(NH;)4]Cls. Torna MOJIIpHas

macca I paBna 4-14,01/0,2283 = 245,47 r/moinb, a atToMHas Mmacca Metania | paBHa

245.47-0.4336 = 106,43 r/M0mnb, 4TO COOTBETCTBYET NaJUIaaui0. UToro coennnenue
I' mmeer coctaB [Pd(NH:)4|Cl,. Tlockonmbky coenunenus B u U Ttakke umeror
CXOXKHH CTEXHOMETPHYECKHH COCTaB (OTIMYAKTCA TOJIBKO MeTa/laMH), TO B —
|Pd(NH;)4]{PdCls]. Tlockonbky mis Pd HexapakrepHBl CTENEHH OKHCICHHS,

oTnH4gHbe OT +2, 1 B o0Opa3syercd npu AEHCTBHHM KOHIIEHTPHPOBAHHOIO BOIAHOTIO
pacTBOpa amMMHaKka Ha A (MaJOBEpOATHO, YTO 3TO OKHCJIHTEIBbHO-
BOCCTAHOBHUTCIbHAS PEaKIHfA), JOTHYHO TMNPEANOIOKUTE 4YTO A HMEET COCTaB
H-[PdCl:]. Cxo%uM CTEXHOMETPHISCKUM COCTAaBOM 007a1aroT U coeanHeHus /1 H
3. 32 ucxmodeHdeM Toro, 9ro JI HMeeTr HYJI€BOM AMIIOJBHBIM MOMEHT, TO €CTh
SBIAETCH He yuc-, a mpauc-u3omepoM [PA(NH;z)Cls].

Wrak, dopmynsl Bemects A-JI:
A — H:[PdCL-] b - Hj[PtClﬁ] (B KDHUCT. BUIIE — H,[PtCls] - 6H-0)

B — [Pd(NH;)s][PdCls] E — K,[PtCls]
I' — [Pd(NH;)s]CL K — K[ PtCls]
1 — mpanc-[PA(NH:),Clz] 3 - yuc-{Pt(NH3).Cl;]
M — [Pt(NH3).][PtCls]
K — [Pt(NH3)4]Cl; - H2O
JI — [Pt(NH3)+CL]CL
2. Vpasnenua peaxkuuu:
1) 3Pd + 2HNO; + 12HCI = 3H,[PdCls] + 2NO + 4H,0
2) 3Pt + 4HNO; + 18HCI = 3H,[PtClg] + 4NO + 8H,0
3) 2H,[PdCls] + 8NH3 = [Pd(NH3)4][PdCLs] + 4NH4Cl
4) [Pd(NHs)s][PdCls] + 4NH; = 2[Pd(NH:)4]Cl:
5) [Pd(NH3)s]Cl; + 2ZHCl = mpanc-[Pd(NH3),Cl:] + 2NH4Cl
6) Ho[PtCls] + 2KCl1 = K;[PtCls] + 2HCI
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7) 2K, [PtCle] + (N2Hg)SO4 = 2K,[PtCly] + N, + 4HCI + H,S0O;

8) Ko[PtCls] + 2CH3COONH; = yuc-[Pt(NH;),ClL] + 2CH:COOH + R
9) [Pt(NH3)4]Clp_ + Clg = [Pt(NH3)4C]2]C12

3. Kommtekcsl Pd(II) m Pt(II) ¢ xoopaunanmonssiM guciom 4 AMEIOT
kBagpaTHOe CTpOoeHHe. JUId OSTHUX KOMIUIEKCOB BO3MOKHO CYIIECTBOBAHHE

reoMeTpHYECKHX H30MEPOB. HyneBoH AHIIONBHbIH MOMEHT HMEET mpaHc-H3oMep,

cnenosatenbHo, I — mpanc-[PA(NH;).Cl], 3 — yuc-[Pt(NH;),Cl;].

foer: NH; Cl NH;

- i ", -
|

Pd | Pt
l_HsN/ \Cl Cl/ \Nﬂg,

4. Uctopudeckue Ha3BaHus coeauHeHud B u 3-JI:

B — [Pd(NH3)4][PdCls] — coas Bokenena,

3 — yuc-[Pt(NH;3),Cl;] — cons Ilefipone,

M — [Pt(NH;)4][PtCly] — 3enénas conp Marnyca,

K — [Pt(NH3)4]CL - H,O — xnopua nepBoro ocHoBaHus Peiise.

S. Coenunenne yuc-[Pt(NH;),Cl,] (ToproBblii mnpemapar «IHCILIATHH»)
00/1a1aeT NPOTHBOONYXOJIEBEIM JEHCTBHEM 33 CYET CIHOCOOHOCTH 3aMEliarh
KOODAHMHHPOBAaHHBIE XJIODHA-HOHBI Ha AaTOMbl a30Ta TE€TEPOLHKIHYCCKHX
OCHOBanu# JIHK, oOpasys ycToiuuBble XeilarHble KOMILIEKChl. B pesynbrare

Konuposanue JIHK (pemmkamys) CTAHOBUTCS HEBO3MOKHBIM H J€JIE€HHE PAKOBbIX

KJICTOK npekpamaercs.

Cucmema oyenueanus:

!+ | Metanms Tu T - o 1 Oasty 7.5 6a11a
|| Coeannenus A—JI o 0.5 Gasa
2. | VpaBrennus peaknuii 1 — 9 no 1.5 6ayna 13.5
T fpaa1aa
_ CTPYK'I‘ypHme popmyiel coequnenuii I u 3 mo 0.5 damwia 1 6aaa
a - Hetopuyeciue Ha3BaHus coexunennii B u 3-JI mo 0.5 6awia 2 banna
% Obbsicrenne MEXaHHW3Ma JJeUCTBHA IIHCILIaTHHA 1 6ana

L% HUTOIO: | 25 6an108
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Pemenue 3anaum 6 (aBropni: KypamMuun b.K., Tomkenko B 1.)

1. /lna ompenenenuss maccoBoi 1oaM a3ota B B BOCIIONIb3yeMCSt anubiMy
aHanus3a. CyMmapHas Macca azora B COCIMHEHUH PaBHA Macce asora
BBIZICIIMBIICIOCS B BUJIE IPOCTOIO BEIIECTBA, B CYMME C MAacCOM a30Ta R aMMHaKke,
BBIZICJIMBIIEIOCS MpPU PEakUMH CcOo Iienoybto. Maccy N, MoxHO paccYuTaTh,
MCIIOJIb3Yysl YPABHEHHWE COCTOSTHUS HUIEaTbHOIO rasa.

pV  101325-140- 10

v(N,) = — = S
(N2) = 7= TR 0.00569 Mob

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

Jlist onpenenenuss maccel azora B Gopme NH; obOparumcs k pesynbratam

oOpaTtHOrO TUTpoBaHUsA. OOIEe KOTUYECTBO COJSHOM KHCIOTBI PaBHO CyMME
KOJIMYECTB aMMHMAaKa U IIEJI0OUYH, MMOLIEAIIEH HA TATPOBAHHUE.
v(HCl) = n(NH3) + n(NaOH)
v(NH>) = v(HCl) — v(NaOH) = c(HCI)V(HCI) — c(NaOH)V(NaOH) =
= 0.6791-20-1073 —0.2131-10.49-107° = 0.01135 moJb
m(N) = M(N) - v(NH3) = 14.007 - 0.01135 = 0.159r
O6mas macca asora B 1.000r b Torma cocrasusger 0.159 +0.159=0.318 r.

3naunT, Maccosas aons azora B b paBna 31.8 % u karnona M — 68.2 %.

2. [Ipencrabum dopmyiny b B Buze MN; (x — He 00513aTeNILHO 1[eJI0€ YHCIIO).

3anuiieM ypaBHEHHE THIPOJIH3a MN.,.
MN, + HC1 — MCI, + N; + NH,Cl

Kakx BHIHO M3 IPEABIIYLIErO IyHKTa, MPU IHAPOJIN3C b o0Opa3yrorcs a3or H

: te1 ipi N 1 NH4Cl
XJIOpUJ aMMOHHs B COOTHOIICHHH ] : 2. Torma ko3 HHUIHECH pu N

paBHbI X/4 1 x/2. Torna k03 puueHT nepen HC] paBeH 2x (110 KOJIMYECTBY aTOMOB

BOJIOPO/A). x
X
MN, + 2x BEI = M@L+ > N, + 5 NH,Cl

CHHE:
M3 coxpaHeHHs KOIM4ecTBa aTroMOB xJIopa B peaklHu CIENyeT ypaBH

YHUCJI0, CTENICHb OKUCIICHHA M B XJIOpHIE.

3 MaccoBOil 101u a30Ta B b nonyyum ypasuenne:

e 2n - 14
ST+ n-1a0 T US 0e

[TlepebopoM pasinuHbIX # (0T 1 10 4) nonyyaeM, 410 NOAXOAUT TONLKO 1 = 2
M — Ca, b - CasNa.

W13 naHHBIX 00 00BEME DJIEMEHTAPHON SYEHKH U IUIOTHOCTH I| MOKHO HATH
mossipHyto Maccy I'. Ecim B sleMEHTapHOH sueiike Haxomutcs 3 (opMyibHbIX

enuauLbl I, TO:

3M 1PNV _2.16-6.02 107 21720
8 W: L e AR IS TRt 94.14 r/moJb

Ecimu dopmyny I' 3anucars B Buge Ca,Ny, 10 40-a + 14 - b = 94.14. Pemius
ypaBHEHHE B LEJIBIX YUCIAX, HOOYyYuM, yT0 @ =2, b =1. T - 310 Ca:zN.

Haiinem KoymmyecTBO a3ora, 00pa3oBaBUICTOCs NpH pa3ioxenuu 1.31 r A.
pV (N,) - 101325 - 606 - 107
RT <" 300-8:314

[IpencraBum popmyny A B Buae CaNy. Torma MoxHO 3anucaTh ypaBHEHHE €0

n(N,) = = (0.0246 moab

- Pa3JIOKCHHA

3CaNy — CasNy + Z=N;

Y4TeM MOMyYEHHYIO CTEXHOMETPHIO.

1Sy —4
n(Nz) = E = 2 : ?I(CEINJ,)
3y — 4 1:31 3.93y — 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

5.916 + 524 11.156 _

Y =393 -2067 18626

To ectp MosiekymsipHas opmyna A — CaNg. A — 110 YCIIOBHIO, COJIb. 3HAYMT,

A - azuy Kanabuus, Ca(N3),.

0.0246 =

5.99 = 6

Paccmorpum uncennsie NaHHble O pasiokeHHH b B amnyine € aproHOM.

Haiinew KOJIHYEeCTBO aproHa B aMmIlyjie M KOJMYECTBO ra30B IOC/E OMBITd (TO €ecTh

C
YMMapHoe KOJIMYeCTBO aproHa u a3ora, Noxy4HBIIErocs MpH pa3ioKECHHH b).
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noV 101325-50-107°

B ——— = 0.0020
MAL) = por 300 - 8.314 3 Mo

pV 5749005010

n(r) + n(Nz) = g7 = (350°C + 273) - 8314 . 00555 mons

= n(N;) = 0.00555 — 0.00203 = 0.00352 moup

Kpome Toro, Haiaem komuuecTBo CaszNy, nmomyumsmierocs mpu Pa3IOKEeHUN

1.31 r asuna xkaneuus no ypaBHeHHIO 3Ca(Ns), — Caz;Ny + 7N,.

1 m(Ca(N3),) A =31

Wl ol S e el e
v(CasNe) = 3 (CatN,),) ~ 3 20078 £ 6. 14.007 S2 Mo

AHAJIOTMYHO TOAXOMY BBINIE, 3aNMIIEM YPaBHEHHME Da3JIOKEHMUS CasN; B
peAnoNoKeHnH, 9YTo popmyna B — CaN..
CaizNy — 3CaN. + (2 7> I.SZ)NQ
[lockoneky Halinennsie kommuectBa CasNy M azora paBHBL, TO 1 =2 — 1.5z,

2
SHAYUT, Zz = i Torma B — CasNs.

3. OneKTpOHOU30BITOUHBIM  siBIsieTcs  Ca,N (BemectBo I'), B KoTOpOM
*OUIACHO TEOPETUYECKH TPEAIONaraeMbIM CTENEHAM OKHUCIEHUS (+2 TS KaJIbIHs

M —3 11 a3ota) A0MKeH coaepxkarbCsi 1 cBOOOAHBIN 2JIEKTPOH HAa (HOPMYIBHYIO
CIAMHHULLY.

4. Ypaenenus peaxuyuii:

1) 3Ca(N3), — CasN, + 7N,

2) CasNy — Cas;N; + N,

3) 4Ca3N; — 6Ca,N + N,

4) CasN, + 6H,0 — 3Ca(OH), + 2NH; + N,
?) CasN; + 6H,0 — 3Ca(OH), + 2NH;

6) 2Ca;N + 8H,0 — 4Ca(OH), + 2NH; + H,
/) CasNy + 8 HCl — 3CaCl, + 2NH,CI + N,
8) NH,4Cl + NaOH — NH; + NaCl + H,O

bIM
S. Onpenennm MOJIBHO€ COOTHOLIEHHEe KaJgbluss ¥ aszora B J 1O Maccopb

AOTIAM Kanbimg (72,88 70) 1 a3ota (23.15 %):
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n(Ca):n(N) = ————:——(—— =11:10

KpoMe KaiblHsA W a30Ta, B JI comepxutcs Tperuii JJIEMEHT, MaccoBas 1o

koroporo paBHa 100 — 72.88 —23.15 = 3.97 %. Haiinem Maccy, Npuxoasuyocs Ha

9TOT 3JEMEHT, HCXOAS H3 TOIO, YTO B (POPMYIILHO Caunnue Jl comepxurcs 11

4TOMOB KaJIbIIHA.

11 - 40.08
0.7288

JTa Macca MOXET MPHXOLUTHCS OO Ha 1 aToMm MarHus, au00 Ha 2 aroma

—11-40.08 - 10- 14 = 24.06

yriepoaa. OXHaKo aToM MarHusi He MOKeT 00pa30BhIBATE dHHOH, U303JIEKTPOHHBII
a3uJI-MOHY. 3HAYHUT, TPETHH IEMEHT — 3TO yriaepon, v gopmyna JI — Ca;N;,Co.
AHHOH, COJEpKALIMH YIIEpOxd W a30T H H303JIEKTPOHHBIA a3UA-HOHY — 3TO
Unanamu1-aHuoH CN,” . Takum o6pasom, /I umeer popmyay Ca;1Ng(CN3),.

6. Tak kax numHa N-N cBsi3u B annone E ssigercs [IPOMEKYTOYHON MENKTY
TPOHHOU CBA3BI0 B MojeKyie a3ota N=N u OJMHAPHOH B MOJIEKYJE T'MApa3HHa
H,N-NH,, moxnO [IPCANONIOKUTE, YTO OHA ABIAETCS JBOMHOM, TOrma 3aps
aHHHOHA (N=N)>, a cocraB coenunenus CaN-.

AuaseHun-uon Gmmsox K MepoKcUuA-uoHy. M3BectHo, 4YT0 B pagy
HCJIOYHO3EMENbHBIX METAIUIOR (ILI3M) ycToiunBOCTH [IEPOKCHI0OB BO3pPAaCTa€eT B
Py Ca-Sr-Ba, amanornugnm 00pa3oM MEHSETCS YCTOMYHMBOCTH JHA3EHHJIOB
HI3M.

B Boxnom PacTBope ruaponn3 CaN, MOXET MpoTekaTh ¢ 00pa30BAHHEM B
Ka‘IeCTBe HpOMy)I{YTOI{HOFO IIpOAYyKTa JUHUMHIA NQHZ, OAHAKO, 3TO COCIHWHCHHC
HEYCTOMUMBO i pasjiaraercsi ¢ 00pa3oBaHHUEM T'HApPA3HHA U MOJEKYIAPHOIO a30Ta:

2CEIN2 +4H,0= ZCEI(OH);g + N> + N>H,4

7. CrpykrypHbie (hOpPMyIIBI THa3eHUI-HOHA, a3HI-HOHA ¥ [IMaHAMH/I-HOHA.

.S e ©
N=—N Ne:N@=Ne N=—C—7=N
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CuereMa ONeHHBAHHA H pa30a//ioBKa:

| Pacuér MaccoBoii oy asota B b — 1 basia 1 6aia
2. Mopmyisl coenuenni A, b, Bul —mo 1.5 0anna 6 6aLI0R
3. BpI6Op MIEKTPOHOM30BITOYHOTO BEILICCTBA (I') — 1 6ann, e
KomaecTBO CBOOOIHBIX 31eKTPOHOB B I — 1 dasw gt
4. 8 ypaBHEHHii peakiuH mo 1 banuy 8 0au
5. dopmyna JI ¢ ABHO BBIIEICHHBIMA AaHHOHAMH — 2 DaJ1a
(Monexynapnas ¢opmyna 6e3 516H020 yKa3amus anuonos — 2 Gaiia
[ oann)
6. ®opmyna E ¢ obocHosanuem — 1 dann 3 6aJ1a

VeroituuBeThb auaszenuaoB [HI3M — 1 daaa
[maponu3 CaN, — 1 dann

7. CrpykrypHbie popmyiibl aHHOHOB — Mo 1 dary 3 0anna
UTOI'O 25 6annos

Pemenne 3agaun 7 (aBrop: IliBex A.M.

1. Ynomunanue 00 apOMarHYyHOCTH Cpa3y 3acTaBiIsieT BCIIOMHHUTH O€H301 —
camMoe, IOXKajayH, U3BECTHOE M NPOCTOE apOMaTHYECKOE COEAUHEHUE. beH3our
umeet Gopmyny CeHs, a Gopasun — B3;N3;Hg, npuuém yriepoa B MepHOIHUECKOMN
TadNHIle HAXOIAUTCS MEXIy OOpOM M a30TOM, T. €. YMCJIO JIEKTPOHOB y KaxIOM
napel B-N coBnanaer ¢ takoBsiM st mapsl C-C. MiMenHo mostomy GOpasuH H
OEH301 H303JIEKTPOHHBI. K TOMY K€ OHU O0JIaJlaloT OJMHAKOBOM CTPYKTYpPOH:
MOJICKYJIbl MPECTABIAIOT COOOM MIOCKHE MIECTUYTOJILHUKHU, BCE JJIMHBI CBS3€H B
(MKTC paBHBI 32 CUYET JENOKAJM3allMd T-3IEKTPOHOB. TakuM 00pas’oMm,

CTPYKTYpHbIe (GopMynsl GopasznHa W H303JIEKTPOHHOTO M H30CTPYKTYpHOIO €My
OeH3ona:

H H
TN N e TS
Lo A
I
"B“ "B""' N o
H N H Hcch
H -
6opaauH 6eH3on

2. ManoBepositHo,  yro6E; OpLIH

YCTOHYMBBIE HEOpraHMYeckue IHAKIIbI

00pa3
Pa3oBaHp] 3HE:MEHT3MH—M6THHH&MH, TeM 0oJiee OHU HE OﬁpaBYIOT HPOCTBIX

BC :
HIECTB MOJIE!I{}’HHPHDFO CTPOCHHUA, T. e. t

T
paccMaTpuBaTh HYKHO JIE€MEH
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emeTallbl. COOTHOLIEHHE aTOMOB B MOJIEKYJIaX IO3BOJSAET HAM MPEANOIOKUTE,
w10 MOJIEKYJIBI UMEIOT (popMystbl 1100 X, Y2, Zy, 1ubo X, Y, Zs. IlepBeiit Bapuant
He OXOHT, TAK KaK OJHOaTOMHBIC MOJIEKYJIbI 0OpasyioT passe 4o 0JIarOpoJIHbIe
ra3pl, HO X H Y — 2JIEMEHTbI OJJHOH IPYIIIIbI, YTO NPOTHBOPEYUT popmyie Y. 3aro
[MOIXOAUT BTOPOM BApHAHT: H3 DJIEMEHTOB OJHOIO MAaJIOro [M€pUoOJa XOpOUIO
n3BecTHB 4-aTOMHbIE MOJEKynIbl Oenoro docdopa (Ps, dopma [IPABUJILHOIO
reTpa’ipa) H 8-aTOMHBIE MOJIEKYJIBI cepbl (S, (opma «KOpoHbI»). Torma
y1eMEHTOM X, HaXOJUIUMCS B OZHOM rpymmne ¢ GhochopoM MokeT GbITH TOILKO
a3ot, 00pa3yroIlKui ycTon4nBbIe MOJIEKYIbI N2. Takum obpasom, X — azor (N), Y —
docop (P), Z — cepa (S). llpocrpancreennsie (GopMyibl COOTBETCTBYIOLINX

IPOCTHIX BELLIECTB:

P
/ \ S LS ALS
N=N / S o Sy
el - ST56
A-N, B-P, €IS,

3. UnTepec kocMUUYECKOM OTpacid K COEOHHEHHSIM C OONBUIMM COAEPKAHHEM
d30Ta CBsi3aH, IIPEXJE BCEro, C BBICOKOW YCTOMYHUBOCTBKO MOJEKYJ N>, KOTOpbIE
00pasyloTCs NMpU pa3iOKEHHH TAKHX BEIIECTB, YTO NPHBOAUT K BBLICICHHIO
0O0JIBIIOTO KOIMYeCTBa TEILIA.

TunuynBEIM  OTpHIIaTENEHO  3apSKEHHBIM  APOMATHYECKHM  HOHOM B
OPIaHHYECKOM XUMHHM SABIIsieTCS LUKIonenTaauenmwi-aauon, CsHs™, conepxaiuit 6
=3NICKTPOHOB. COOTBETCTBEHHO, MOKHO IPE/IION0KUT, YTO H30CTPYKTYPHbIH MY
A30THBIH aHanor Gyner uMeTh hopmyiay N5, T.e. n=5.

K rakomy ke BBIBOJIY MOXKHO IPHITH M NPH PACCMOTPEHHU CXEMbI PEAKIHH.

E - Sunaproe coenumente ¢ ouenn BbicokHM COJIEpKAaHHEM a30Ta, YTO YKa3bIBAET

Ha TO, yTo BTOPOH cozaepikaluiics B HEM 3JIEMEHT — CKOpee BCEero BOAOPOA. J10

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

“IOMOB  azora B E. Torma Ha JApyroil  OIEMEHT  MPHXOIHTCA

ICTKO 1 : = < 2 — YHCHO
POBEPUTL: M (E) 14.35m (/, ) THE M

14.35m~14.01m = 0,347, (%mh). [Ipu m=3 Kak pa3 mojyd4aeMm 034'3:1'02(%“’”") ’

1To COOTBETCTByeT oyHOMY atomy Bozopoza. Torza E umeer GopMyty HN; — aTo
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23110B0I0PO1. B BOJXHOM PacTBOPE OH MPOSBIACT KHCIOTHBIE CBOHCTBa, [IOTOMYy

(pH AelCTBHH PacTBOPOB mesnoueii (NaOH, CsOH) Oyayt oOpasoBbiBatses comyy —
asnasl Harpus. NaNs (F), i nesus, CsNs (D).

[lpn JeiiCTBHH Ha CsN: (I) asora (A) mOx BBICOKHM JIaBICHHEM [pH
HArPeBaHHH PasyMHO MPEAMOJOKHTE, HTO 4YHCIO aTOMOB a30Ta B aHHOHe
vReIHUHBacTCS Ha 1Ba, T.e. oOpasyerca coib coctaBa Cs'Ns. D10 kak pas
KOpPPETHPYET ¢ MPOBEACHHEM aHATOTHH C IHKIONCHTATHEHHJI-aHHOHOM. Torna
XaTHOH J0/DKSH COCTOSTH M3 5 atomoB a3ota. /leHcTBre Ha H asuaoBonopomxom (E).
BeposTHO, 1aéT 3 aroma asora, toraa B H H, coorBercTtBeHHO, G mODKHO
coxepxarscs mo 18a aroma N. Tak xkak G HMeeT yuc- H MpPAaHC-A30MEPBI H OHO
OHHApDHO, TO Cro COCTaB JIOMKEH BhIpakareCs Qopmynod N:F2, mpu stom
reOMSTpHYSCKas H30MEpHS O00€CIEeYHBACTCS OTHOCHTENBHBIM PaCIOIOKEHHEM

SNOJCACHHBIX MIEKTPOHHBIX [1ap a30Ta H aToOMOB (Topa.

AeiictBie nenTagropuaa cypeMsl Ha N>F> 10/0KHO 0OecneyuTh paspsiB CBS3H
iR cBs3el N-F, uToOsl 00pasosaics ycToitumBelii rekcagTopanTHMOHAT. CKopee
BCCIO PasOpPBETCH N0 TeTEPOJIHTHYECKOMY MEXAHH3MY BCEro OJHA CBS3b, YTOOBI

odpasosaics mpoaykt NoF [SbFs]. D10 MOMkKHO MPOBEPHTH [0 MAacCOBOH IOJE

M(F)-7 19.00-7

QTopa:  w(F), = : =
M(N,F [SBF.]) 14.01-2+19.00-7+121.8

- 0.4703 (47.03%),  49TO

COBIANACT C ycinoBHeM 3a1ayn. Torma H — N:F'[SbF¢ ], npu nelicTBHM Ha KOTOPbIH
HN; oGpasyercs Ns"[SbF4].
llpn  Hammcanuy CIPYKTYPHBIX ~ ()OpPMYJI  TIOJIE3HO  IOJIb30BAaThCA

"PCACTABICHHAMH O ruUOpPHAM3aImHK 3JIEMEHTOB, 4YTOOBI CHJIBHO HE HCKaXarhb

n OC -
POCTPAHCTBCHHOE pacmonokenne atomos. MTOrosas cxeMa o CTPYKTYpHBIMH

OPMV] - . =
(POPMYTaMH HeH3BeCTHEIX COCIHHEHHH BBIMTISUT CIIETYIONHM 00Pa30M:

NEOH =T e F ' ﬂF
/ > Na* N=N=N -2, N=N = N=N 2REsL NENF F:,SID-.F
H btbo © F F B F H F
N=N=N cis-G trans-G N
E \CsOH+ AR X Y N e lH 3
: NI“N-N Tk b HN“‘N Nh@r\iN Ns*SbFe
D

VpagHeHUA peaKyuu:
1)HN; + NaOH = NaN3; + H>O

2)NaF; + SbFs = NaF*[SbFs |
3) NBF*[SbFﬁ-] HN; = HF N5+[SbF6*]
4)HN; + CsOH = CsN; + H,O

5)CsN3; + Na = Cs'Ns~

VpaBHeHHE peakiuH B3aumozencTBus F (NaNs) ¢ Fo:
2NaN; + 2F> = 2NaF + NLF; + 2N,

4. Manas MaccoBasg Ao0ji1 Hatpus B J, a Takke g00apieHme KpayH-3¢Hpa
yKa3bIBa€T Ha TO, YTO KaTHOH B J Npe/CcTaBiseT CO00H KOOPAHHUPOBAHHBIH KPayH-
3(HPOM HOH HATPHSI. AHHOH, B CBOIO OY€pPE/b, JOKEH HMETh COCTAB Ps™, Tak kak

n =3 U3 NPEABLIYNIEro MyHKTa. ITO emIé pa3 MOKHO BBIBECTH, HCIIOIb3YS YCIIOBHE

M(Na) 22.99 s

3agadyd: w(Na), = = =
) M(Na)+M(C,H,,O)+M(P)-n 22.99+2643+30.97-n

2

22.99

22.99-2643
orcrona n =9-0520

30.97

=5, TaKuM 00pasomM, J — [Na(18-crown-6)"]Ps".

Bemectso K o6pasyercst npu aeficTBun Ha HCTOUHHK (pparmenTta «P>» azuaom
HATPHS B IPUCYTCTBHH KPUNTAH/A, BBITOIHAIOIIETO AHAJIOTHYHYIO KpayH-3(HpY B
IPCAbInymem cnyyae ¢ynkmuoo. OtHomenHe MaccoBbix noreii N u P B K PaBHO

LI3; e ‘whcio. aroMOR JaHHBIX  3JIEMEHTOB  COOTHOCHTCH  Kak

L35
14.01 ~3O.§;—2.5:1=5:2. OueBuaHo, yto 2 aroma (ocdopa — U3 aHTPALEHOBOIO

IPOH3BOHOO, 2 aTOMa a30Ta M3 5 — U3 KpHIITaHJa, Torga ocraércs eme€ 3 aroMa
30T, T. €. «CMemIaHHLIy aHHOH, 0 KOTOpoM HAET peub — N3P2™. OTHOCHTEBHOE
Pacnonoxenue aromon B ILMKJIE TAaKXe BMOJHE MNOHATHO — N0 (aKTy HAET
IPHCOE THHEHUEe PparmenTa «P>» k asun-Hony Ni~. KaTHOH, Kak W B IpeabLIyLIeM

e KOOPIHHHPOBAHHBII HOH IIETOYHOTO MeTalia — HaTphs. TakaM oGpasom,
K~ [Na(kryptofix-221)*|[NsPy].
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P4 [ G Wi j O
- Na
- 18-crown-6 po=py

WToroBbie CXeMbl Peakiii CO CTPYKTYPHBIMH (DOPMYJIAMH IIPOIYKTOB:

g ('3
I NaN, (_O‘Na _03

-

kryptofix-221 &\/ f\j/—)

8. OneMeHThl X M Z., coctaBiaswonmMe KatuoH B N — 3T0 a30T ¢ cepa,
coorBeTcTBeHHO. Tak kak L u M, M3 KOTOpBIX MOXKHO mony4yuTh N, HMeEOT
O/IMHAKOBbIN KaY€CTBEHHBIA COCTaB, TO 00a 3THX BELIECTBA JOJKHBI CONEPKATh U
a30T, U cepy. [Ipuuém, Tak kak kaTHOH B N JIByX3apsaHbIN, a coequuenus L u M —
rekcadropapceHarsl, TO MOXKHO MpPEANnoJ0KUTh, YTO OHHU MPEACTABISIOT CODO¥
COOTBETCTBYIOIIME COJM OTHO3APSIHBIX KATHOHOB, COCTOSIIIIMX M3 a30Ta U CEPBI, B
T0 Bpems Kak N — rexcadyropapceHar NATUWICHHOTO IMKIHYECKOTO ABYX3apsIHOTO
kaTnoHa. lorna nuoo L, mubo M, comepkut moMuMo onHoro atoma N H OJHOTO

atoma S emé oaud atom N miam S. Otcroza MmomyyaeM BO3MOMKHBIE BAPHAHTHI

cocraa L, M u, coorBercTBeHHO, N:

Cucmema OUCHUBAHUA:

CrpykrypHas ¢popMyna bopasuna — 1 baswr.
CrpykrypHas Gpopmyna densona — 0.75 6awia, Hasanue — 0.25 | 2 Ganaa

oajia.

.

JnemenTsl X, Y, Z — no 1 6awy.

[IpoctpancTBeHHOE cTpoeHue A, B u C no 1 6amny 6 ba.1108

CmpyKkmypHble PopmyJibL:

D — no 1 6am1y 3a KaTUOH U aHUOH,

E — 1 6an,

G —no 0.5 6aju1a 3a KaxKIbIA U3 IBYX U30MED,
H — no 0.5 0ay1a 3a KATUOH U aHUOH,

I, F no— 0.5 6ania.

Ypaenenue peakyuu — 1 6am.

Posie D B kocMuuecko orpaciau — 1 6aswi

8 0asL10B

Crpykrypnsbie hopmynsl: J, K — no 2 6ajuia 3a KaTHOH U
AHHUOH.

4 6an1aa

Bap-1 L M Z(S)y = 2(S), N

Cmpyxkmyprsie popmye:
L uM —no 1 6amny 3a kaTHOH,

N — 2 6anna 3a xatuos, ey

L | NSTAsFs] | NoSTAsF] | (Y- }6)100%=-1.11% | N;S,**[AsFs];

HUTOIO: 25 0as110B

2 | NoS'[AsF¢] | NSAsF¢] | (45— 1,)100%=1.11% | N3S,>[AsFe];

3 NS'[AsFs] | NS, [AsFq] (%0— %)*100%=8-88% N,S;*'[AsFs ]2

4 NS,"[AsF¢] | NST[AsFs] (%—%0)-100%=—8.88% N,S;**[AsFs |2

B
yCIOBHH CKa3aHO, 4TO MONbHast 1071st cepbl B M 6onbiie Ha 8.88%, yeM B L.

ITOM
Y YAOBJIETBOPAKOT TOJIBKO BapuaHT 3. Takxke 31ech MOXKHO IPOBECTH

aHAJIOTH
t0 C XOpOWIO U3BECTHBIMHU COISIMHU HuTposonus (NO*) u muurponus (NO2),

3aMEHUB Ce . &
Py B L n M na maxomsmmiics c HEH B OQHOW rpyImime KUCJIOpOA, T.C.

KaTUOH i3 + +
bl NS* u NS, OyayT CTPYKTYPHO aHamoruuyupl karuonam NOT u NOz,

COOTBETCTBQHHO Takum o6paszom. I, — NS*[AsFs], M — SNS*[AsFs], a N —

+F,,F g

NES r.AS.».\ . _-+ ..-"S"h.
F™ | ~E S=N=S AsFg - ’\1@!\' (AsFg)2
L F M S=9 N
28

Pelienue 3ana4u 8 (aBrop: be3zyoos C.H.)

1) Bo-nepasix, MIOCKOJIBKY HIIYTCS MOHBI Ha 3ameHy Ba”’, To mouck Oyaem

OCYWECTBIATE cpexu ABYX3apsAHbIX HOHOB. YTOOBI OTBETHTH Ha BONPOC 3a/1a4H,
HaNo pemuTs nBOMHOE HEPaBEHCTBO M OIPEACIUTh TPAaHHULbI, B KOTOPBIX I0JKEH

JICXKaTh Paanuyc HOBOro Kkaruona X-

(o i s

\/E(r (Tf4+)+r(02‘)) ’
[TOCJIE PEIIEHHs ITHX JABYX HEPABEHCTB MOMYJaeM:

0.86 A < r(X2+) <143 A,

0.8<

U3 TaGmum nmoaxonaaT karmoHsl Ca?®, Sr*’, Pb*', te. okcuanl CaO, SrO u

PbO,
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F) CH}NHz I HI = CH3NH3I

HCa* )+r(0*) _ 1.00+1.40 - D85 e s 1) CHsNH;I + Pbl, = CH3NH;[Pbl;]

2) Ina CaTiO;: 1= ﬁ(r(Ti4+)+"(O} )) 2 \5(0.60+ 1.40

|
1
i
|

5) PaccunTaeM (pakTop TOJIEPAHTHOCTH I CH;NH;([Pbl;]:
- HISKHEH rDaHrIle VCTOMYHBOCTH CTPYKTYPHI IEPOBCKUTA. CTPYKTYpa meposc 4
K HHJKHEH I y =Y P% HOPORCIGTTa F(CH};NH} )-|— r(]*) - 1.8042020

moxker obpasoseiBathest (mpu 1800 °C !!l), HO yxke He sABasercs HambGonee & \/5(’_( sz+) E r( I- )) s (1.19+2.20)

yCTOMYHBOH MPH O0Iee HU3KHUX TEMIIEpaTypax.

= (.83 — 3HaYeHHE KpalHE OJIU3KO K

HIOKHEH TpaHHuIle YCTOMYMBOCTH CTPYKTYpbl INEPOBCKHTa M MEHbBIIEC, YE€M JUIs

3) OueBuano, Gopmyna oxcuaa XOs;, a dneMeHT X HAXOOUTCS B CTENEHH
CaTiOs. B cBsa3u ¢ 3tuM, kyoudeckas ctpykrypa aiasa CH3NH;3[Pbls| Oyaer ckopee

okucseHns +6. [IpoBeneM LENOYKY PacCy ACHUH, KOTOPAs MO3BOJIMT ONPEAEIIHTE
HCKIIOYEHHEM, YeM Haubosiee CTaOMIbHOM MOAM(HUKALMEH IIpU KOMHATHOM
MOJIEKYJISpHYIO Maccy okcuzaa Y. a) IlLioTHocTe KpHcTanna paBHa IUIOTHOCTH
_ reMreparype. JleiCTBUTENBHO, CYLIECTBYIOT 00Jiee CTa0UIbHbIE TETPArOHaJIbHAsA U
M gyeiicu M qyeiircu _ul MF'Z

OHOH JJIEMEHTApHOM SYEUKH; 0) p= =i 3
Vﬂlfﬂ}.-:u a a: 'NA

, Tie M - opropoMOuYecKas MOAU(GHUKALMHU. B CBSI3M C 3THM, COJHEYHBIE 3JIEMEHThI Ha

MOJIpHAs Macca BEmIeCTBa, 0Opa3sylomero KpucTami, Z — 9HCIO (OPMYTBHBIX OCHOBE TPUUOJOILTIOMOATa METHIIAMMOHHUS KpaliHe HECTAOMJIbHHEI.

6) OnpenenuM HauMeHbIIEE BO3MOXXHOE 3HAa4eHHE pajudyca KaTHoHa Z°,

CAHHUL, T.C. KOJHHYCCTBO MOJICKYII 35TOI0 BCHICCTBA, IIPUXOOAIIUXCA Ha OOHY

sueiiky, Ny — 4nucino ABoranpo, Viems = @, HOCKONBKY siueiika kybuueckas. Ha KOTOPBINM MOXKET 3aMCHUTb METHJIAMMOHHHU:

4HUCII0 ABOTaJpO HEOOXOAMMO IENIUTh, TaK KaK B (OpMYIy MOICTABISEM MacCy r(Z +)+r(l ‘“)
> 0.8

OJHOr0 MOJIb BELIECTBA, TOIrJZla KAaK B SIYEUKE HAXOOATCS IHUINL Z MOJIEKYII. B ﬁ (r( sz+) +r( 1_))

pacCMaTpuBaEMOM CiIy4yae B OJHOH JIEMEHTAPHOU STYEHKE HAXOIMTCS POBHO OJHA
Ilocne pemienns HepaBeHcTBa noyyaem:

r(Z*) > 1.64 A.

Mosiekyna XOs, 3Ha4uT, Z = 1, moatomMy MosspHyr0 Maccy Y pacCuMTaeM TakK:

M(Y)=p-a’-N,=747-(3.734-10"*) -6.022-10® =234.1 r/monB.

Orciona umeem: Mr(X) = 234.1 — 48 = 186.1 r/mMoib, 35a4uT, X — 9T0 PEHUH. 1.67 A). JIeHCTBUTENBHO, COeNUHEHME Cs[Pbl;] umeer CTPYKTYpY I
Hanpsimyto ReO; Hesb3s moiyuuTs mpu B3aMMOIEHCTBUM YHMCTOTO PEHMS C npﬂﬁeﬂﬂemﬂ KaK KOMIIOHEHT COJIH R
D : S s CHHBIX JJIEMCHTOB, OAHAKO, 3()(EKTHBHOCTE
y4ae oopasyercs Re;O;. Iloatomy mocien TaKOro S1eMeHTa cocrasiuser Bcero 10 %. (Kcrarm 7
AQICE TIOABEPrarT peakuuH CONPONOPLUUOHHPOBAHMS C pEHHEM B HHEPTHOH q mouemy. ) | il R
atMocdepe, nomydas okcua ReOs. 7)  IIByxsapsnaueiM  katHOHOM
3AMCHUTL METWJIAMMOHMI MOXHO, a

4Re + 710, = 2R3207,

JICKTPOHEHTPAIbHOCTE NpPH p
OYHX PAaBHBIX yaacTcs
s i Yy obecreynTs,

€CJIH OCTaABHTH
POBHO IIOJIOBUHY IO3HUIIHIA MCTHIIAMMOHHS MYCTHIMH

4) YpaBuenus v
peakimk nonydennss CH;NH;3[Pbl;] B MuHHManpHOE H9HCIIO X
YKTypa
By r] R ReOs). Ilpu s10M, 3aH1TEE MO3HLHH

(CM. myHKT 3 peuienus —

(M, cooTBeTCTBEHHO, CBOOOIHEIE)

JOJKHBI  OBITH YIOPSAAOYEHBI,

2) 3Pb + 8HNO; = 3Pb(NO;), + 2NO + 4H,0




Cucmema OUEHUBAHUA .

OG0CHOBAHHOE PAcUueTOM YCTAHOBJIEHHE BCCX HOHOB (OKCHI0B) 6 GaJLiIOB

Ha 3ameny Ba’" (BaO) — 6 6anos,
[IpaBUJIbHBIN OTBET 0€3 PacucTOB — 3 faiua.
O6ocroBanKe Ha ocHoBanuu pacyera f s CaTiOs — 2 Ganna.

[TpasusibHas Gopmyna Y — 1.5 6anna.
[TpasinbHas crenenb okucienus Re — 0.5 6anna.
Peaxkiiu cuute3a ReO; w3 peHus (Tak Kak ONHOCTAJIWHUHBIN
CHHTE3 M3 METalIa HEBO3MOKEH, TO HE MEHEE JIBYX PEaKLHUH) — I10
| Gasny, HO He Oosee 2-X OaI0B 32 BOIPOC.
VpaBHEHHS Peakiui a) — 1) — no 1 day,
3a MyHKT He Oosiee S-Tu 0aIoB.
OOOCHOBAHHOE pACUYEeTOM MPEAINOIOKEHHE O CYIIECTBOBAaHUHM
npyrux momudukanuit CH3;NH;3[Pbl;] — 2 Gaina,
0e3 pacueToB — MOJIOBHHA DAJIIOB.
Bri0op kaTHOHA 11€3Hs C pacueToM — 2 Oauia,
0e3 pacyeTa — MoJ0BHHA 0AJUIOB.
YrnioMrHaHHE O 3arOJHEHHH TOJOBUHBI MO3ULMUM METHIAMMOHHS
B CTPYKTYype — 2 0auia,
BBIOOD YEPEAYIOIIETOCS 3aNOJIHEHHs — 2 Oauia.
UTOIO:

2 Daia
4 6as11a

S 0a10B

2 0a1a

2 0as1a

4 6ania

25 0ays10B

Opranu4veckasi XuMus

Pemrenue 3a1a4uu 1 (aBrop: 3uma A.M.

1. HaiineM O6pyTTO-(pOpMYIly COEIMHEHHA A HCXO/s U3 NpocTeinien hopmysl
CH,: x: y=913/12 : 87/1 = 7.61 : 8.7 =1 : 114 = 7% 8, 910 cOOTBETCTRYET
roayony. Toraa Ha MepBOM CTaus CXEMbl MOTYy4EHHS LMHOKCATa NPOMCXOAMT
AJKAIMpPOBaHHE B apoMarHdyeckoe Kkoielo Mo Ppuaemo-Kpaprcy B napa-
[OJIOYKEHHUE C TIOJTyYeHHeM coequHeHus B, copepxaniero H3onponuibHYH IpyIimny,
KOTOpasi 3aTeM OKHUCIISIETCSI KUCJIOPOIOM C IOJIydYeHHEM napa-kpezona D u aueTona
C. Dra cragus aHaJOTH4YHA CHHTE3y (DEHOJIa U aleTOHAa KyMOJBHBIM METOIOM,
ONMMCAHHBIM B JI00O0OM ydeOHuKe. To, 4TO METHIbHas Ipymnna IpH 3TOM HE
OKHCJISETCS, CIEAYyET U3 MPOLEHTHOro coxaepxkanusd B D Bogopoaa, mpuBEAEHHOIO
Ha cxeMe. [Tox neiictBrHeM kapOoHaTta kanus D nenporonupyercs. O0pasyromuncs
(pEHONAT BCTYIIAET B PEAKLHIO C METHJIMOAUIOM, B pe3yJIbTare 4ero Ioay4acTcs
[IPOCTOM 3(HUp, KOTOPHIH OKHUCISETCA KHCJIOpPOJOM B IIPUCYTCTBHHM alerara
koOanbra(ll). YToOBI ONpENenuTh CTPYKTYPY MPOAYKTAa OKHCICHHS, HYXKHO
BHHMATEIIbHO I[POAaHAJIM3UpPOBaTh I[IPUBEACHHYIO CXeMy. Bo-mepBbix, Hu3
CTPYKTypHOH (opMmynsl nuHOkcara (I) cieayer, 4TO HpPOHCXOIHUT OKHCIECHHE
METHJIbHOH T'PYIIIEI, CBA3aHHOH C apOMaTHYECKUM LIHKIOM. BO-BTOpBIX, H3 TOTrO,
4TO NPOAYKT B3auMoaeucTBUs E c peaktuBoMm I'puHBSIpa OKuUcIseTcs OelCTBHEM
CrOs, MOXKXHO cenaTh BBIBOJ, YTO 3TOT NPOAYKT MPEACTABISET cOOOM BTOPHYHBII

CIIMPT, a 3HAa4YuT coeauHeHue E npencraBiager coboi 4-MeTOKCHOEH3aIbIeril

(aHmcoBbIii  ampmernn).  CleoBaTeNbHO,  COENMHEHHE G -  napa-
METOKCHALETO(EHOH.
Cl i 1) CH,MgB .
:
)\ 1) Oy t O 1) K2CO5; CHgl 2) Haos"' :
- - )I\ + - =
AICI, 2) H* 2) O, Co(OAc),. 3) CrO;,
A OH @A OOH, - g OCHs
B C D E G

Hpespawenue E B F npeacrasnser co6oii METOI CHHTE3a IPOM3BOAHBIX KOPHYHOI

Kucnorel  (peaknust Ilepkuna). J[eHCTBUTENBHO, 3TO [PpHMEP PpeakuHH

KOHACHCAIMK, IPUYEM aJIbJErHJl BBICTYNAET B POJIH KAPOOHHIBHON KOMIIOHEHTEI,
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yKCYCHBIH aHTHIPHA — B POJIH METHJIEHOBOM KOMIIOHEHTBI, @ alleTaT HaTpus —

OCHOBHBII KaTanu3aTop. EJMHCTBEHHO BO3MOXKHBIH MPOTYKT TAKOH KOHICHCALMH —

W o P

oL,p-HEeHaChIIEHHAs KACIIOTA. Ho mius ycraHoBneHus: CTpykrypel F HeoOs3aTensHo
3HaTh ATy peakiio. J0cTaToyHO 10rajaarhCs, 4To Ha [MOCJICAHEN CTAJAUM CHHTE3a
npoucxomut sTepudukanus kuciorsl F cnmprom X, M 4TO X B TakoM Ciy4ae

pejcTaBiser CO00H STHIIEIIO30IbB (2-3TOKCHITAHOI).

CHO
0O O
AcONa .t © OH H*

OCHj F '

E

2. Utak, Mbl YCTAHOBUJIM, YTO X — 2-3TOKCHITAHOJI. UTOOBI 3TWJIbHAS I'PYIIIa
ObL7Ia CBA3aHa TOJBKO C OJHMM aTOMOM KHUCJIOPOAa M3 JIBYX, B KAYECTBE UCXOIHOTO
BEILLIECTBA HY)KHO B3ATh OKHUCh OJTWiIeHA (Y), OSMNOKCUAHBIM IUKJI KOTOPOH
pacKpbIBaeTCs 10 JIECUCTBHEM H3TAaHOJA B KHUCIOM cpeae. DTHICHITIMKOIb B
KayeCTBE BEIIECTBA Y HE IOAOMJIET, MOCKOJIbKY nBe rpynmbsl —OH B HEM HMEIOT
OJIMHAKOBY) PEAKIIMOHHYIO CIIOCOOHOCTh, U B YCJOBHUSX IIPOBEICHHS JaHHOM

PCAaKIMH M3 HEr0 HEBO3MOXKHO CEJIEKTUBHO MONYYHTh X, KaK 3TOro TpeoOyer

YCIIOBHE 3a1a4H.

O L B
[\ 7
H™t OEt
Y X

3. Bo Bropoil nemouke Ha craamu mpespamenus A B H mIPOMCXOIHMT
MEKTPOPUIIBHOE ATKUIHPOBAHHE TOIYOIA B ApOMaTHUYECKOE KOJIBIO C BBEACHUEM
mpem-O0yTUIILHOM TpymIbL. 3areMm npoaykT H moasepraercs OKUCIEHUIO B )KECTKUX

YCIOBUAX 1O KapOOHOBOM KHCIIOTEI 6e3 3aTparuBaHus mpem-0yTHIBHOTO

3dMECT ¥ 2 ¥
UICIA € mocnenyromeit ITCpUBUKALUEH  KapOOKCHILHOM rpynmnsl H
[MOIy4YEeHH
Yy M CloxkHOro 3chupa J. [TpuBenennas Gopmyna J monrBepikmaeT ITH

acc ¥
paccyxnenus. Ilon neiicteuem >Tmnara HaTpusi J BCcTymaer B nepeKkpeCTHYIO

KOH %
ACHCamIo Kiisiizena ¢ ketorom G, naBas aBo6enzon I1.

T T o e g o S o g O - g ) i L ST L

Mmooy ST
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CO,Et ©. 0O

(CH3),C=CH, ' Xy 1) KMnO, H*, t ‘ S G ‘ ‘

- J
PaccmoTpuM nocienHior cxemy. Cyas mo yciaoBHsM peakuuu noiydeHus K, Ha

epBoi CTaIHU TMPOHCXOAMT AJIbI0JBHO-KPOTOHOBAs KOHAEHCALHs aleTOHa (C).
Torma Ha BTOPOM CTaguUd MOXET IIPOHUCXOAUTHL BOCCTAHOBJICHHE JIHOO
KapOOHUIBHOM TPYIIbI, JUOO CONpPSKEHHOW IBOMHOM CBsI3H, JHOO cpa3y obeux
dbyHKIMOHANBHBIX Tpymm. KomnyecTBo aToMOB KHCiIOpozaa B Opyrro-(opmyie L,
MOKa3bIBA€T IraM, YTO THAPOKCHIbHAA rpymnmna B K ocTarbCca HE MOXKET, TO ecTh K —
NPOAYKT UMEHHO KPOTOHOBOM, a HE ajbJO0JbHOMW KOHJAEHcauuu. Jlanee, Hanuyue
JICBATH aTOMOB ymiepoga B L moka3sIBaeT, 4TO NPOU30ILIA KOHACHCAIHS TpEX
MOJIEKY)I aneTroHa. Ilociie mepBoro mpounecca KOHJEHCAIMH ITOJYYHUTCS OKHUCH
mesutuna K'. Ilockomeky K mMeer muxnmueckoe crpoenue, 10 ¢opoH K'' He
MOXET ABIATBCS coeauHeHueM K mo ycnosuro. CnenoBarensno, K’ pearupyer c

€IIC OOHOH MOJIEKYIOH aleTOHa KaK METHJICHOBOH KOMIIOHEHTOH (peakims

Muxasns), a IIPOMEXYTOYHBIN

[IPOAYKT najiee [IpETEPIEBACT
BHYTPUMOJICKYIAPHYIO aJIbJ0bHO-KPOTOHOBYIO KOHAEHCALMIO, JaBas H30(opoH
K. Hucno aromoB Bomopona B L mokasmiBaer, uto OpH OOpa3zoBaHHU 3TOrO

COCAMHECHUSA IPOU30ILIO BOCCTAaHOBJICHHE KakK cBa3u C=C, Ttak u cBsizu C=0

u3opopona. Ha mnocnemHeit cragum mpoHCXOIUT peakumsa arepudHuKanUu

CaJIMIMIIOBOM KUCIIOTHI cipToM L ¢ 06pazoBanmeM romocanara (I1T).

0
)\ KoH ©O KOH Ho SA P
— ’,,n"' e = —— ——Tr
0 Ni Ho H* O
K' K L

2 OH
i
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Cucmema OUCHUBAHUA:

1 CrpyKTypHbIE hOpMYJIBI coequHeHut A—F —mo 1.5 9 GasLIIOR
) CrpykrypHbIe GOPMYJIbI COSTHHEHHH XuY —-no 1.5 6amra 3 6asuia

3 CrpykrypHbie HOPMYIBI COSAUHEHUH J-L, II u III — o 2 Ganna, 13 6ansioB
CTPYKTYpHBIE (POPMYITbI COSUHEHUM Gu H —no 1.5 dayuta

UTOI'O: 25 0amios

Pemenue 3anaun 2 (aBrop: CaabhukoB O.1.

1. Ha mepBoii CcTaquu CHHTE3a aropBacTaTHHA MPOMCXOIUT BOCCTAHOBICHHE

MAHOTPYIINBl B aMHHOMETWIBHBIA (parment. (OOpasyromeecs IpH  3TOM

COeIUHEHHUE A BBOJAT B peaKu0 C BCHICCTBOM JOBOJIBHO CJIIOKHOI'O CTPOCHHSA B

KHCJIOM cpele TpH HarpeBaHud. M3BeCTHO, YTO B CTPYKTypE aTOopBacTaTHHA

NPUCYTCTBYET YCTHIPE aApOMATHYCCKHX IIHKIJI4, OOAUH U3 KOTOPBIX COIACPKHUT

rerepoaroM. B cTpykType peareHra, MCIOIb3YEMOrO Ha BTOPOH CTaJMM CHUHTE3a,
[IPUCYTCTBYET TPH OCH3O0JIbHBIX KOJbIAa, @ TaKXKe [BE KapOOHWIbHBIE TI'PYIIIBI,
Ka)kJas U3 KOTOPBIX MOXKET B3aMMOJIEHCTBOBATh C aMMHOrpynmnou u3 A. JIoruyHo

PEANOJI0KUTh, YTO TETEPOUMKII 00pa30BaAJIC UMEHHO HAa BTOPOM CTAJUH CHHTE3A.

EnuHCTBEHHBIM BO3MOXHBIM BapMaHT — 23TO KOHAeHcamusa |, 4-IMKETOHa C

AMUHOTPYIINON COCAUHEHUST A, NPUBOAALIAA K 00pa30BaHUIO MUPPOJIBHOTO IUKJIA
(peakuusi [Taans—Kuoppa). IIpu neiicteBun Ha B HCl B MeraHone npoucxoauT
ruAposn3 |,3-1MOKCaHOBOIO LMKIIA, IIPYU OTOM aMHU/Has TpyMIa He 3aTparuBaeTcs
(00 3TOM MOXKHO J10raJlaThCs, MIOCKOJIBbKY COAEpIKaIIeecs B HEW OCH30JbHOE KOJIBIIO
JI0JKHO BXOAMTH B COCTaB aropsacraruHa). Co ClI0XKHOA(UPHON IPyIIoOi B 3THX
yCJIIOBUSIX HE MOXET HHYEro MPOHM30MTH, IMOCKOIBKY OHA COHEPKHT OCTaTOK
METaHOJIa, a TMPOJIM3 [IPOBOAMIICS UMEHHO B MeTaHoine. Ha ciemyromei craguu
[IPU JCHCTBHM IIEJIOYH IPOUCXOIUT THAPOIU3 CIIOKHOTO 3¢upa, a B3aUMOEHCTBUE

0
Ph NHPh
F
OXO H, y OXO O O
' CO,Me H t
NC\/'\/l\/COQMe Ni PeHest HZN/\/,\)\/ 2
F : R
oxo OH OH
AKX coMe HO PP
——> Pl gE N j - ph— N
et MeOH £
PhHN B PhHN C
0O O
F
1) NaOH, MeOH OH OH O
2) Ca(OAc), ( Phe/ =N 0)203
PhHN X
O

2. Ha nepBo#t cTaguu npH AeHCTBUM KapOOHaTa Kajaus Ha XJIOPrHApHH NIMICPHHA

obpasyercss OJIOKCHI IO peakuud BHYTPHUMOJIEKYIIPHOTO HYKJICO(HUIBHOIO

3aMellleHHs], KOTOpBIM  Jajee  alKWIMPYIOT  napa-0eH3WJIOpOMHIOM 1O

FMIPOKCUTPYINE. 3aTeM »JSIOKCHAHBIA IHUKJI coeauHeHuss D packpbiBaeTCs

BHHWJIMArHUMXJIOPUIOM B npucyTcTBUM noauaa meau(l) ¢ obpaszoBaHuem cnupra
E, XoTOpblii Jjajee 3alMINAIOT  mpem-0yTOKCHUKApOOHMIBHOM  IPYMIIOH.

O6pasyromeecs npu 3ToM coeauHenue F pearupyer ¢ OpoMoM B NpPUCYTCTBHH
kapOonara kamus. bpyrro-dopmyna F — C7H,304Br, 6pyrro-gopmyna npoaykra G
— C13H1404Br;, uto opMansHO COOTBETCTBYET 3aMeHe mpem-OyTHIBHOW I'PYIIbI
Ha OpoM. JIOrMYHO NPEANONIOKHUTH, YTO OpPOM MOXET BCTyNarb B PEaKUHIO
AMEKTpOoguiIbHOrO mnpucoeauHenus k cBasu C=C, a oOpa3yroumuics NpH 3TOM
KaTHOH OpoMOHHMs nanee OymeT pacKpeiBaTbcsi He OpOMHI-MOHOM, @ aroMOM

kKucnopona rpynmel C=0O ¢ MOCHEAYIOMIAM OTILEMICHHEM mpem-0yTHIbHOIO
KaTnoHa u oOpazoBanueM naktoHa G. [lanee npu AeHCTBHM KapOoHaTa Kaius B

METaHoJIe IPOUCXOIUT COJIbBOJIN3 JTaKTOHA © MOCACAYIOUIHM
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BHYTPHMOJIEKY/ISPHBIM  3aMEIICHHEM ¢ 00pa3oBaHHWEM OSIOKCHAA, AHAJOTHYHO

epBOi CTaJHH CHHTE3A.

OH  1)K,COj4

2) Br@CHQBr BF\@\/
HO\/I\/'CI i HO\/Q NaH, DMF P

1) CH,=CHMgCl, Cul Br o Boc,0
2) H30+ \O\/O\M £RO0E)y 4 \O\/ \/k/\
3

K:COh

I
Bry Br
K,CO~ S 9 MeOH s OH
: ; 0\/'\/1\/8'. OM
G

Ha crienyromed CTaaMd SMOKCHI pPAacKpbIBAETCS IHAHHIOM HaTpUs C
oOpasoBanneM HuTpuia H, xoropblii nanee BBOZST B peaknui C METAHOJIOM B
KHCJIOH Cpelie ¢ IOCIEeAYIOMNM MHIPOIN30M BOIHBIM pacTBOPOM ruapokapOoHara
HaTpus. bpyrro-dopmyna coemunenus 1 ykassiBaer Ha TO, YTO THAPOJIM3 HUTPHJIA
MACT N0 CIOXKHOTO S(upa, a He J0 KapOOHOBOM KHCIIOTEL [locnenyromiee
B3AUMOJACHCTBHE C  2,2-IMMETOKCHIPONAHOM B KHCJIOI cpeae MNPUBOAMT K
HOAYHCHHIO  nuKkinuyeckoro  kerans 1. DuaporeHonws Ha — najuiaaMeBoM
KATaJIM3aTOpe IMO3BOJSET CHATH 3alUTHYIO napa-OpoMOEH3UIIbHYIO TPYIIILY.
OOpasyrommiics npu 3ToMm coupt J okucasror cucremoit NaClO/TEMPO 1o

aJlb 7
aeruaa K (Bapuant okucienus no KapOOHOBOHM KHCIIOTBI HE MOIXOIHUT, TAK KaK

Adjice coennnenye K Berynaer B peakimio BUTTura c P)

Br
Br
OH NaCN 1) HCI, MeOH
\Q\/OM H20+ \Q\/ TS ) — =
O\/I\/'\/CN 2) NaHCO3, H,0O
H

Br )ME.‘O OME
i >3 \O\/ OH OH
0\/‘\)\/ —
H, o iy
NaClO 0 O
HO\)\/'\/
P CO-M — -
d/C J S0 - TENPE O%/K/'\/COEMe
K
38

Bropasi 4acTh CX€Mbl HaUMHACTCA C PEAKIHMH METHIIHKIONPOMHIKCTOHA C
STHI(HOPMHATOM B IPHCYTCTBHH CHJIBHOTO OCHOBAHHS IMIPHJA HATPHA. Jloru4Ho

I]pe,[[HOHO}KHTE, yTO OCHOBaHHE OTUICILISAET IPOTOH U3 A-ITOJTOKCHHA K KETOT'PVIIIIC,

a 00pa3yrouIuics aHHOH Jajiee aTaKyeT CIIOXKHOA(PUPHYIO Tpynny 3THI(QopMHaTa
no Mexauu3my konaencanuu Knsizena. Cyas mo CTpyKType KOHEYHOIO MpOAYKTa
cunTesa Y, JEMPOTOHHPOBAHMIO MOJBEPraeTcs METWNIbHas rpynmna keroHa. Ha
CHeNYIOMmEeH CTaAuH TPOUCXOTUT oOpa3oBaHME LHMKJIMYeckoro amerans L mo
anbIErMIHON TIpyIme, Koropas 0Ooliee aKTHBHA B PpEaKUUAX HYKICOPHIBHOTO
NPHCOEIMHEHHs, YeM KeTorpymma. /lanbHeilee B3auMOAEHCTBUE C 2-aMHUHO-4'-
dropOeH30()eHOHOM B KHUCJIOW CpeNe IIpU HarpeBaHHH, BEPOSTHO, SBISACTCS
KOHJIEHcalell ¢ 0oOpa3oBaHHEM XHMHOJIHMHOBOIO ()parMeHTa, MPUCYTCTBYIOLIETO B
Y. IllecTnuieHHBIH TeTEPOIMKI 3aMbIKACTCS B pE3y/bTare JIBYX pEaKkUHUu: a)
KPOTOHOBOM KOHAEHCALIMM MEXAYy KapOOHWIBHOM TIpynnou ©OeH30()eHOHa U
METHJICHOBOU Ipymnmou L u 0) peakuun 0Opa3oBaHUs UMHUHA MEXAY KapOOHUIbLHOU
rpynnod L u amuHorpynnou 6enzodenona. KucaoTHbIN rHAPOIU3 HA CIETYIOUIEH
CTaZiuy, OYEBU/IHO, MPUBOIHUT K paculeIuIeHuIo auerand. O0pa3ylonMics mpyu 3ToM
anpaerua N nanee BoccraHaBiauBaeTcst OoporuapuaoM ao cnupra O, KOTOpEIi npu
B3aUMOJICUCTBHH C TeTpadropobopatom Tpudernndochonus maér pochonnepyio
conb P. Ha 3aBepmiaromux cragusix CHHTe3a mMTaBacTaTMHa Bemectsa K u P
BCTYMArOT MEXAy coOod B peakuuro Burrhra B npucyTcTBHMM KapOoHaTa Kasus.
Hanee B oOpasyromieMcss npu 3TOM COeaMHEHHH Q npoBoasT rMAPOIN3 KETaNls M

CIOKHOO)MPHOH TpYNIbl, a 3aTeM AEHCTBHEM XJIOPHAA KAJIbIHS MOIyYaroT

KOHEYHBIN NPOIYKT — MUTaBacTaTHH Y.
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1) HCI: HEO: BOGC

e

) 0G0
2E O‘\H/'\/k/C(JzMe
@ -

pPh, K2COs, DMSO, 70C

1) HCI, H,0
COzMe 5y NaOH, H,0 (
3) CaCl,
Cucmema oueHUBAHUA:
1. Crpykrypsble popmyibl A—C u X — o 1 bamry 4 6as1a
3. Crpykrypusie hopmynsl D-Q —mo 1.5 daia 21 6aua

UTOI'O: 25 daliioB

Pemenue 3axauu 3 (aBTop: Tpodumos U.A.

1. Cpenu npeacraBieHHbIX I1L1aTOHOBBIX T€Jl BEPIIHMHLL K KOTOPBIM CXOJAATCS

MeHee deThIpéx pédep, colepikKar JIMIIb TETpadap, TEKCAIIP (ky0) ¥ AOACKaP.
OTMYHBIM

UmeHHO OHH M MOIYT HMeTh aHaIoTH B BHAC BEIIECTB C aHaJl

yIJIEPOJAHBIM KapKaCOM.
v co cxempl monydeHus X. COeIHHEHHE A — TPOAYKT

2+2]-
2. HauHém [2+2]
0 B peaKl{H y4acTBYIOT TPOHMHas CBA3b

quksionpucoeanHenus. O4YeBUIHO, HT

nBOiHAs CBA3b  YIIEPOA-YyIIEPO
40

3aMEeIIEHHOI'O MaJICUHOBOT'O
AJIKHHA H

apruapuna. Takum oOpasoM, A — OUIIMKJIMYECKOE TMPOU3BOAHOE SHTAPHOIO

agruapuaa. IIpy oOMydeHHH A HPOMCXOAHT BBIICIICHHE CO; u obpasyercs
npoaykT B, comep KAl MATHYIEHHBIH UMK, C y4eTOM OTLICTUICHHUS CO, nisa B
BO3MOJKHA €IMHCTBEHHas CTPYKTypa rpuc(mpem-0yTH ) IHKJIONEHTaIHEHOHA.
O6paborka B OpomoM 1actT nubpoMu; mocieayrouee A00aBIeHHe HIEI0YH
OPUBOIUT K OTLICIIEHHIO HBr c¢ o6pasosannem 2,3,4-tpuc(mpem-0yTHi)-5-
6pomormkiioneHtagueHona (C). JlaHHBIA BBIBOJA MOATBEPKAACTCA TEM, HTO,
COITIacCHO YCIOBHIO, B coequHeHnH C HMMEIOTCS TpU THIIA aTOMOB BOJOpOZa B

cootHomenur 1:1:1. Jlanee NpOUCXOAHT 3aMEIICHHE OpoMa Ha mpen-

OyTWiIbHYIO Trpymmy ¢ oOpasoBanueM D, o0 4YéM MOXHO J0ranarbCsi IO
[IPUBEJIEHHOMY B YCJIOBHH (DaKTy O HaJIMYHH B €r0 CTPYKTYpe JABYX THIIOB aTOMOB
Bojopoaa B cooTHomreHuu 1 : 1. Ilockonpky HEOOXOAMMO NPUHTH K TOMY, YTOOBI
YIJIEPOJHBIN CKeleT X MMeJl CTPOEHHE, aHAJIOTHYHOE 0AHOMY M3 I1maToHOBBIX TeE,
eIMHCTBEHHBIM BapHaHT MPOTEKaHUs IIOCIEAHEH cTaguu — ormemnnesue or D
mosieKyiabl CQO, KOTOpbIM, Kak M3BECTHO, JErye BO3/yxXa, C H30MepH3alueH

yIJIEPOIHOTO CKejeTa B TeTpa(mpem-0yTHil)TeTpasipaH X.

O t-Bu t-Bu
= O 2 V. 1) Br,
=l — + —_— T .
196°C 2) KOH
t-Bu —CO>
t-BuLi Cxema 1
e o L
-196“(3
Br

3. IIpu obnyueHun 3amemeEHHbIH JAMAa30MEeTaH OTIICIUIAET MOJIEKYJY a30Ta M

D

IpCBpaliaercs B kapOeH, KOTOPBIM  BCTymaeT B  PEaKIHIO [2+]1]-
UHMKJIONIPUCOCIMHEHUST C  anKMHOM. YToObl coemmuenne G ObUIO  COJNBIO
BPICOKOCHMMETPHYHOIO KarHMOHa, B Xoie mnpeBpameduss E B G jnomkHa

OTICIUIACTCH  cnoXHO>QUpHas rpynna (nuGo apyras rpynma, B KOTOPY1O
HIPEBPATUTCA  ClOXKHBIA d¢up). U3 MonekynspHoii (popmyisl cieayer, uto F

H e i
BILICTCSL  KapOOHOBOH  KMCJIOTOH, KOTOpas B PEAKUMH C OKCANHAXIOPHIOM

OOpasyer xnopanrumpu. [Ipu neiicTBuM meHTaxnopuaa CypbMbl XJIOPaHIHIAPHA

4]




NpEeBpallacTCs B HEYCTOMYMBBIM ALMIIBHBIH KaTHOH, KOTOPBIif pacran
dCTCH

oruieruieHueM Mojiekyiasl CO 110 BBICOKOCUMMETPHYHOIO  apoMartuy
€CKOro

MKJIONPONECHHIBHOIO  KaTHOHA  (coequHeHHe G sBusercss ero oo
JbKO ¢

mpoTUBOHOHOM [SbClg] ).

Tenepp ycTaHOBHUM CTPYKTYpPYy coenuHeHus H. llockonbky MeTwmmurui —
CHJIbHOE OCHOBAHHE, TO IIPH €TI0 JAECHCTBUHU OT (TpHMeTHHCHHHH)HHaBOMeTaHa oyner
OTHICIUIATHECS CaMBIH KHUCIBIM IIPOTOH, @ WMEHHO TOT, KOTOPBIM HaXOIHUTCH pH
ATOME  yIJICpO/a, CBA3aHHOM ¢ a30ToM. [lomydyeHHbld TakuM 06pasoM ammoH

[IpHCOCAUHACTCA K KaTHOHY G ¢ oOpa3oBaHuem coemuaenus 1. lIpu ero
HarpeBaHMM BBIACIAETCA a30T M oOpasyercs HecTaOWIbHBIN KapOeH. JIOrHYHBIM

BBIIVIANCIO OBl BHYTPHMOJICKYISIpHOE [2+1]-IMKIONpHCOEIHHEH e KapOeHa K
ceasn C=C ¢ oOpasoBanWeM CKeleTa TeTpas’lpaHa, OJHAKO IO YCIOBHIO
TETPadAPaHOM JO/DKHO ObIThb coeauHeHue Y. Bocnons3yemcss JaHHBIMH
cnekrpockonui “C SIMP. Cosnagaromme a1 J u Y cursansr npu 0-0.1 m.,

BEPOSATHO, MPHHAICKAT aroMaM yIIepoda TPUMETHICHIMIBHBIX rpymm. Toraa
cirHanl npH —205 M. A B crnekrpe Y COOTBETCTBYET aroMaM Yyriepozna
TeTpayIpu4YecKoro kapkaca. llockonsky s J BTOpoH CHUrHaia HaOJHOAaeTCs
COBEPIICHHO B ApYro# odmacTu cnekrpa (rmpu 171.6 M. A.), MOXKHO claenaTh BbIBO,
4TO MOJEKylda J HMEET NPHUHIMIIHAIBHO HHOW YIIIEPOJHBIH CKEJIET, HO TaKKe
XapaKTePH3YeTCs BBICOKOH CTENEHBIO CHMMETPHH. EIHHCTBEHHBIH BO3MOKHBIH
BapHAHT CTPYKTYPhI J — TeTpaKUC(TPUMETHICHIINI)IHKI0-0yTa-1,3-HeH, KOTOPBIH
oOpasyercs W3 KapOeHa B  pe3ylbraré BHEIPDEHHS IO  CBA3H C-L_.
doTor3oMepH3aIHsid 3TOr0 COCAMHEHHS IPHBOAHUT K TeTpaKuC(TPHMETHIICHIIHI )-
rerpasapany Y. CTaHIapTOM XHMHYECKHX C/IBHIOB JUIA CHICKTPOCKOIHH 'H AMP
gensercs terpamerwiciiaad (CHs)sSi. OdeBuaHO, NpH 00paboTKe METHIUIHTHEM

[MPOHCXOAHUT OTLIEIUICHHE OHOM M3 TPUMETHJICHIHIBHBIX TPYIIT ¢ 00pa3oBaHHEM

JHTHIOPraHHYeCKoro MpoOH3BOAHOIO, KOTOpO€ IpH JaJbHCHIICH oOpaboTKe

maercs B conb K. Ilo opyrTo-popmynam K u Y’ BUIHO,

muanuaom meau(l) nmpespa
COOTBETCTBYIOLIErO aHHOHY COJIH K,

gto Y’ npeacTasBisieT COOOH ANMEp paJHKana,

4TO 103BOJISET YCTAHOBHTH €0 CTPYKTYPY:
(Cxema 3). Cyas no MaTepHaJIbHOMY

HakoHen, pacCMOTPHM CHHTCS Z
q wim ase Monekyasl Bro. C

GaiaHCY. B peaKkldH MOomy4CHHA Z, otuieruisieTrcs O1H
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M HaJuuHs B CTPYKTYPE 7, TeTpa’IpUUYECKOro Kapkaca MOKHO I0raIaThCA,

HCXOIHOTO PeareHTa «CUIMJIMCH)» I10 MECTaM CBSI3EH KpEMHUN—

y4yETO
gTO JIBE MOJIEKYJIbI
M ¢ 00pa30BaHHEM TETpadipa H3 aToOMOB KpEeMHHS.

opo
WIB:;SL‘h @ 0O APt
C=N=N Me;Si . e3ol
/ MeOzd : SiMes 1) MesSiCl, Nal, t SiMe-
. — il - s
._/Sl —— Sl\ e CO,Me 2) H,0 . CO,H
MEgSi E MBgSI F
l 1) (COCI),
M33Si\ @ 0O CHng !’!/193S|“.i ® 0O SiMe 3) SbCI5 SIMea
i H MesSi Me,Si
|
i
Me3Si : Me;Si SiMe;
SIMBS 60°C 3 hv
eir Sl e eni Bi
s B s _ i y =
MESSIEJI :C i 2 Me;Si SiMe; a 4 e
Cxema 2 E?S' 3 Y
1) CHsLi
"SiM34
N/
—-\Si/ Sl © ® S [c
\ el /M” 2) CuCN /Ai'
.--Si TR s s h < -
/ \ :Si _Si— SI -LICN _Si _Si— il
=S Si— | | | | \ |
/' \  y RN K
oh
= R—S‘i—R
r R ;
Mo S ST NSy i
3 Si" Si_ "CHj3 BrSi - /Su\
R\ f“Br -br l(t"BU);;. -NaBr Rw.. _,..-SI_I'_SL.._ _‘__R
R Br B - e
H3C | R"’| R | CH3
Cxema 3 R CHy R
Z

Cucmema ouenusanus:

1. Tpu durypsi: Tetpasap, ky6 1 noxekasip — no 1 6amny 3 6anna
2. Crpykrypusie popmynst A-D u X — 1o 1.5 6anna 7,5 bannioB
3. Crpykrypusie popmysnsl E-K. Y, Y'—mno 1,5 6anna 14,5 6aanos
CrpykrypHas dopmyna Z —1 Gann
HTOI'O: 25 6anraos
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XHMHS H KH3Hb

AHaJTOrHYHBIM 00pa3oM yCTaHaBIMBAaeM, 4YTO OpyTTo-()opMyna BemiecTsa 2

e CioHis. Hcxons u3 MOJIADHOH Maccel, Opyrro-¢opmyna 2° — CyoHpo. B SIMP-
. Kascsiii cursan SIMP-criekTpa KaXIoro BEIECTBA COOTBETCTBYET aTonmany crieKTpe BelecTsa 2’ MPOSBISIOTCS CHrHANBI 4 apOMAaTHYECKHX INPOTOHOB,

N i, S e e OTHOCSAIIMXCA K 2 pa3IHYHBIM THIIAM, 4YTO TOBOPHT O IIapa-3aMElIeHHH B
IPOTOHOB (aTOMOB BOZOPOAA) KAKIOMO THIA, I CHEKTPOB °C u 70 yyeyo SersonbHOM Kobiie. TIDHCYTCTBYIOT 1BE METHIBHBIX TDYIMbI, COSTHHEHHBIX C
CHTHAJIOB J1a€T JIHILb BO3MOXKHOCTb 21aTh HIDKHIOK OLEHKY 4HCIIAa aTOMOB yIviepoya AToMaMi yIepoza 63 BOZOPOOB (TK. CHTHAMEl MeTHJNBHBIX TPYmm He
N TSN Y O SN Meoke nainaro Raga el pacIlerUieHbl), a TakKKe JBa aroMa BOAOpOJa IpH nBoHOH cBaA3u (C=C BHe
[IPOTOHHOM CIEKTPE CHTHAJIBI B BHJE y0JIETOB OOBIYHO IPOSABISIOTCS TOT1a, Korna apOMATHYECKOTO KOMbLA. JTH CBEICHHS JAl0T BOMOKHOCTh CJIEJATh BHIBOJ, UTO
depes IBE HIH TpH CBA3H OT aTOMa BOJAOPOAA HAXOAHMTCS POBHO OIHH aToM JAMECTHTENH B OCH30IBHOM KOJbIE — METHI M |-MeTwiTeHHI. YTo6BI
SR R L e N TP — O TAICKX. SONUE BORGPON N YCTAHOBUTb, KaKHe 2 JBOHHBIE CBSI3H OOpa30BAINCh B XOJ€ ACTHAPUPOBaHHA 2,
CAMH OHH OTHOCATCS K OZHOMY H TOMY Xe THmy. [IpH GosbleM KomHuecTge HEOOXOIMMO 3aMeTHTh, uTo B SIMP-cmektpe 2 00a MeTHWIAa TOXe CHHIVIETHL

COCCIHHX aTOMOB BOIOPOAAa HWJIM HAJIMYMH PA3HBIX THIIOB ‘“‘coceneii’”’ CHIHAILI [0ITOMY [BOMHBIE CBSI3H PSAAOM C METHIBHBIMH TPYINAMH CYIIECTBOBAIH H JIO

CTAHOBATCS OoJee CHOXKHBIMH (B JAaHHOI 3a/1a4€ OHHU O0003HAYeHBbl Kak neruapuposanus. CTpyKTypHBIe hopMyIbl 2 i 2°:

MYJIBTHILIICTBI). Eciin e uyepes 2-3 CBA3M HET HM OJHOINO aToMma BOAOpOIa, TO

HAOMIOaeTCs, KaK MPaBHIIO, CHHIVIET. SHAYCHHS XHMHYECKHX CIABHIOB (B M. JI.) TEM

BBIIIE, YeM OOJILIIHMH JJICKTPOHOAKUENTOPHBIMH CBOMCTBAMH 00J1a1aFOT COCEIHHE

ATOMbl M Tpynmnbl. ApOMaTHYECKHE NPOTOHEI NAIOT CHIHANLL C 6OMEIIMMHA

XHMCIBHIaMH, YeM anudaTHueckue. 2 2’

Monekyna BemecTra 1, ucxons us [TPUBEICHHBIX JaHHBIX, COJICPKUT HE MEHEE

BerecTBo 2 — TMMOHEH — KOMIIOHEHT 3(MPHBIX MACEJ HTPYCOBBIX.
3 aTtoMOB yrmepona, 6 atoMoR BOIOpoAa U 1 aroma kuciopona. JIo MOISPHOH

Coenunenne 3 conepXuT He MeHee 6 yrnepoaos, 14 BoaoponoB u 2
Maccel B 90 r/Moib He XBaTaer emie 32 r/Monb. MoXHO MPEAIIOJIOKHUTE, YTO ITO /1Bd

KHCIIOPOAOB, MPH 3TOM A0 MacChl MOJEKYISIPHOIO HOHA OcTaercs eme 12 r/Mob,
KHCIIOpona (HO Torna Bee KHCIOpOp]

JIOJDKHBI OBITH HMJIEHTHYHBI) WK cepa. 11pH I. €. cme onun yrnepoa. Mcxons u3 curnanoB B SAMP-crektpe, B cTpykType 3

AOIDKCH - TipucytcTBoBath  (parmMenT (CH3);CHCH.CH,, xotopsiif, cyas mo

BBICOKOMy SHAYCHHIO XHWMCJIBUTA TPHIUICTHOI'O CHIHaja, CBS3aH C aroMOoM

Kuciopona. Kpome sroro, B Monekyse ects rpynna CH;. Torna 3 — H30aMHJIALETAT,

HCTIOJIb3YEMBIH KaK IPyIIeBBIH apOMaTH3aTop:
1 — 4 HEeHMJIEHTUYHBIX.

I /\)\
Takas rpynma HPHCYTCTBYeT B S-okcuje [IPOITAHTHAJIA, YIOBJIETBOPAIOIIEM )j\o |
TPCOOBaHUAM 06 31eMenTHOM cocraBe: CH3—~CH,~CH=S=0. On BbiaeJigercs MpH 3

aspe | | | g 0

PA3pE3aHMN  nykoBuy g ABIACTCA  akpumatopom, cymectsyer B Buje MABYX Coenunenue 4 COACPXHT 5 apOMaTHYEeCKHX TMPOTOHOB M  JIOJKH

FEOMETPHYECKUX H30MepoB. PEACTaBIATL cOBOI MOHO3AMEIEHHbIH GeH301. Torna B "C SMP-cnexrpe
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GensonbHOE KONBLO Jaer 4 curpaga M clic HE MEHEEe 2 aroMom YIIIEpO 1

npUHAAIeKaT — 3aMECTHTEIHO, KOTOpPbIM ~ TAKXKE  COHACPKUT 2 POTOHa,

HPOHBM}O[]_IHXCH B IH-CHGI{Tpe U HE MCHCC | atomMma KHCJIOpPO/a. MOHHPHHH Macca
BCEX IEPEYHCIICHHBIX dTOMOB (CeHs + CH,0) 119 r/mons, a Ha OCTaBIlIHeCy
ATOMBI TIPHXOAMTCS, B COOTBETCTBHH C MAacCCOH MOJICKYJISIPHOTO HMOHa, 37 iy 35
r/MOJIb, YTO CBHAETEILCTBYET O MMPUCYTCTBHH XJIOpa. 'aK MPOTOHBI 3aMecTuTe 15 He
pacmemiersl, 10 ero crpykrypa COCH.Cl mmb6o CH,COCIL 3nece moxno
3aMETHTB, YTO XJIOPAHTHIPH/] JIETKO THAPOIM3YETCS U HE MOXKET MPHCYTCTBOBATE R
kpoBH. (Oxnako Mbl OymeM 3acudThiBaTh 00a BapuaHTa). Bemecrso 4

—

XJIOPALETO(DEHOH — CHIIBHBIN JJAKPUMATOP C 3aIIaXOM YePEMYXH.

O
Cl

2. Kak W3BECTHO, CTEPEOM3OMEPBI — HTO COCIMHEHHS C OMHAKOBBIM
CIPOCHHEM, TO €CTb C OJHHM H TEM K€ IOPSAKOM COEIHHEHHS aTOMOB, HO

OTIHHAIOMHMEC pacloOKEHHEM aTOMOB B NPOCTpaHCTBe. Takum oOpazom,

'COMCTPHYCCKHE HM30MEPBl M SHAHTHOMEPBI  IOIXOIAT o4  OIpPEHEICHHUE

cTCPCOH30MepoB. BemectBo 1 cymectByer B BHie JIByX T€OMETPHYECKHX

M30MEpOB (CHH- W aHTH-QOPMBI), a BemecTso 2 B BUJIE JIByX SHAaHTUOMEpOB. Y

APYTHX COCMHEHHH CTEPEOH30MEPOB HeT.

NS NS\O

o8

IPHOIIMKEHHO pPaBHO

MPUPOIHBIX H30TOIIOR
dTOMHBIMH Maccamu 37 .1 35 T. e
L e

3. 910 COOTHOLIEHHe

OTHOILIEHHIO
PaclipocTpanenHocrej

XJIopa € OTHOCHUTEJIbHBIMH

3. (Yro npusomur K aromHO#l Macce
"PHpOHOrO XJ10pa DO; s

4. Paccrog
g HHE Me; o
AY CHIHanamm g [y PaBHO Mpou3BeeHHI0 pabovIcH
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qacTOTHI CIIEKTPOMETpa Ha Pa3HOCTh XHMC/IBUIOB. 9TO NPHUBOAUT K 3HAYCHHUIO
qacTotsl B 1230/(4,1-2,05):10° = 600 MI'n, ecnu pedb HIAET O MEPBBIX ABYX
curuasax, ¥ K 3HadenusiM Beimie 1 I, ecim 3710 ObLIM APYTHE CHIHAJIBL. OnnHako
CIIEKTPOMETPOB CO CTOJIb BHICOKO# YaCTOTOH HE CYIECTBYET, HOITOMY MpaBUJILHbBINA
orBeT 600 MI 1.

5. Yunmoyummao, npuHl Jlumon, mpodeccop Ipyma, pokrop Hepemyxa.

(TTpMHAMAIOTCS ¥ IPYTHE OTBEYAIOIIHE JIOTMKE 3a/[a4 BapHAHTHI).

Cucmema OUCHUBAHUA:

1. 3a kaxayio CTpyKTypy mno 4 baiia, 20 6ass10B
eciu 8epHa moavko opymmo-gopmyna, mo no 1,56

2. 3a Kaayro mapy H3oMepoB 1o 1 0aury. 2 basLia

3. BepHo€ COOTHOILIEHHE HHTEHCUBHOCTEH CUTHAJIOB 1 6an

4. Onpenenenue paboyen 4aCTOTHI CIIEKTPOMETPA 1 6ana

5. Hwmena repoes no 0.25 6anna 1 6aan

UTOI'O: 25 6a10B

Pemienue 3agauu 2 (aBrop: IuxTap FO.JKO., baueBa A.B.

1. CaM BHJ CEpOTOHMHA ONPEEICHHO HAlNOMHWHAET TpHUNTO(aH. A JIHUIIHHE

COMHEHHUSI pa3BE€HBA€T Ha3BaHHWE OAHOIO H3 (EpMEHTOB — JaekapOoOKcuiasza

apOMaTHYECKUX KHCIIOT.

NH»
| TDHI‘ITﬂCbBlt = /\;\ Hekapbokcunaaa - | J
v O OH ruppokcunasa 3 | NJ = OH @aPoMaTU4eckux X
H
B

NH,

N KACIOT H

A Cy1H43N,0,

2. Pacuer oueHs mpocT: ecim conepkaHue Tpuntogana B wokomaae 0,21 %, 1o

2T TpUnTohaHa COLEPIKHUTCS B 100x2/0,21 = 952,38 r (¢ Tpymom MOXHO cebe
HIPCACTABUTH, YTO YEIOBEK B JEHb MOXET CHECTh MOYTH KHIOTPAMM moxonaznal).

3HAYNT, IMKONLHUK MONYHHT 952,38%5,46 = 5200 xkan, uyto cocraBusier 173.3 %

CYTOUHOH HOPMBI.

3. Ilepeas cramms npencrasnser co6oii Kommencammio MaHHUXa. Jlanee cnenyer

BOCCTaHOBIIEHHE KETO-rpynmbl. 3aTem, 3aMeHa TMAPOKCHJIBHOM I'PYNILI Ha XJIOP.

[Tocne — HYKI€OhHIbHAS peakius NPHCOeIHHEHNS HY)>KHOH TpynnupoBKH. [ToTom,
47
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3aMEHA METWIA B AMHMHOIPYNIE HA UHAHO-IPYNIY M jpajppes

H2CO + HN(CH3)2 N,/ NBBH4
g
HCI/C,HsOH - |

LE

HCI/CHCIy_ O/k :

SOCI : -
2 NaOH, MeoT:::IfL\ff\

CNBr_ KOH/H,0 /@k
@)\/\N
|

N

BOJIOPO/I.

-

4. BemectBo ¢ popmymnoii CsHy Cpasy K€ HaBOAMUT HA MEIC/IL O OeH3oue. [Tepaas

CTalusl NIPEACTABISET COOOW THIMYHOE anMIHpoBaHWe. Jlajee — KOHICHCALHS C

AUSTHIIOBBIM 3UPOM (yMapoBO#H KHCIOTHI C MOCJICYIOIIUM yJaJ€HUEM OJHOI

KAPOOKCHMITUILHOW TPYNNBI M HEMEIUIEHHBIM THIPOJIH30M CIOKHOrO SQupa B

KAciIon cpene. llocne BoccranoBienus CIeAyeT 3aME€Ha T'MApPOKCHJIa Ha XJIOp H

SHYTPUMOJICKYNISIpHOe auuaupoBanue. Jlanee MmocTraauiiHo, yepe3 0Opa30BaHHE

OcHoBauus llnbda kero-rpynmy npespamiaror B METHUJIAMUAHO-TPYIIILY.

oL 6
07 oSS
cl
AL +-BuO /t-BuOH
CsHa Cl
HBHCHE,COOH H,/Pd SOCly/Tonyon FEC
‘ ks T :
J Cl ‘ K O c!

5, Ileppas  cTagud  LICTIONKH peBpalieHuii  INpeICTaBiIseT  COOOH

MOIH(HUIIMPOBAHHYIO  PCAKIHIO Burtura. Jlamee ciaeayer CEJIEKTHBHOE
BOCCTAHOBJIEHHE CIOKHOIQHPHOU IPYIIIIBI 0e3 3aTparuBaHUs IBOMHOM CBSI3H, YTO
ropsTHO M3 OpyTTOo-dopMmysn. Ilepokco-OpraHH4ecKHe KHCIOTHI B CHHTE3E
HCIIONB3YIOTCS JUIA  CO3JaHHsl OKCHPAHOB. Jlaiee cieayeT ME3UTHIMPOBAHME
HAPOKCHIBHOM TPYIIIBI IS TOTO, 4YTOOBI OHA CTala XOPOIO yXOSIIEH IPyIIION B

peaklud HyKJI€OQWIBHOTO 3aMELICHUS H yToOBl OHa K€ cTaja Oosee

MPEANOYTUTEIEHBIM MECTOM aTakH JUIs aykineoduna. [lamee cieayer pacKpbITHE
OKCHPaHOBOTO KOJIbIIa IIPH NOMOIIM peakTHBa | puHbspa. Hanpasienue peakuuu

MOJCKA3bIBAETCS CTEpHUYECKUMHM (aKTopaMH — Takod OOBEMHUCTBIH PEAKTHB

[puHBSpa K KOJIbIy Obl HE IPHCOCTUHHIIC.

Na*
S /\J,O..,__ _0\_/,/\ v
0 H"A"H o
o
Ph.PCHCOOC,H o OH
U 3 = 2''5 m i —= O.f\/ Ly
0
TONYyOo-n TOnNyon 0 CBH140
N CioH1602
0.—-"
. O,Mg -Br
(5 e OH 1) MsCIEN/CH,Cl,  © 2
. "“'-..
RO 2) HNMe, Cul/THF 'L
o Q ~
OH
Cucmema ouenueanusn:
1. 2 Bemectna no 1 6amny 2 0anna

2. Pacuer 101M CYyTOYHOM HOPMBEI 1.5 6anna

3. 4 BemectBa o 1.5 6amia 6 0a.L10B

4. benson - 0.5 6amna, 9.5 6anaa

OCTaJbHbIE 6 BemiecTB 1o 1.5 6amna
S. 4 BemecTna o 1.5 6amia 6 0anaoB

UTOIO: 25 6annos
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duznyecKas XUuMHA

Pemenne 3a1a4u 1 (aBTOP: Kypamiuui b.K.)

. 13 nepsoii peakuuu BHAHO, 9T0 A — 9T0 SO;. Torna Bropas PeaKLHs — 510

peakuus pasioxeHHs SO; Ha 2 BEIIECTBA B COOTHOWIEHHH 2 : |. Dy BEILECTRA

cepHHCTHIH ra3 v kucnopod. Mroro umeem: A —sto SOs, B — SO,, C - O,

2. BolpaxkeHus U1 KOHCTaHT paBHOBECHS peakiuii (1) u (2):
2
Pso,Po,
2 "
Pso,

3. M3 BBIDOKCHHS JUI KOHCTaHTBI PABHOBECHS IEPBOIi PEaKUHM noyyaem
Hanpsamyro aarnenue SOs.

Ky = Pso, Ky =

p803 = K']_ "

lorna BelpakeHne 119 KOHCTAHTEI PaBHOBECHsI BTOPOH pPEaKIIUH IIPUMET BHL:

2
L ESOEPEJZ
2
Kj
HaliTu BBIpakeHHS 118 naBIeHMId KHCJIOpOJIa M CEPHHUCTOr0 Trasa HaM

IOMOXeE 2
! CICXHOMETpHs peakuuu (2), B kotopoit SO, oOpasyercs B 2 pa3a OOJIbIIIE,
4eM O». 3Hauur, Pso, = 2pg..
2

K= (2P02)2P02 4pq23

BblICIICHUEeM TCIIOTHI,

Torna peakiug,
2802 =+ 02

obpatnHas peakuun (2) (To €CTP
— 280;) — IK30TepMHUYECcKay

ca SHAYUT peakius (2), Tak Kke, Kag :
Peakuus (1), — YHIOTepMUYECcKay.

a) JlaBnenug r
a3
OB 3aBUCAT, Kak Opo BBISICHEHO B 11. 3, TOJILKO OT KOHCTaHT

50

paBHOBECHS peakuui (1) U (2). [TockonbKy KOHCTaHTa PaBHOBECHSA HC H3MCHSACTCS
npd  TIOCTOSHHOH  TeMmeparype, TO  JaBJICHHA BCEX TIa30B OCTaHyTCH
NOCTOSIHHBIMH.

6) IMo npusimny Jle Illarense, npy yBeTHYEHHN TEMIICPATYPhl paBHOBECHUC B
pEAKIMAX CMEMaeTcs B CTOPOHY IOIIOIICHHA TCILIOTEL, TO: €CTh. B

YHAOTEPMHUECKHX peakuusax (1) u (2) 0HO cMellaeTcs BIPaBO. 3HAYMT, JABJICHHUA

SO;, SO; 1 O; yBeJIHYHBAKOTCH. ¢

U

5. AproH He y4acTBYEeT B XHMHYECKHX MPOLECCaX, ero AaBlICHHE H3MCHACTCA

TUIIb 3a CYET HarpeBaHus cocyna. Hanném HayaibHOE JaBJICHHE aproHa B klla %i

nasienue aprona npu remneparype 1050 K.

100
D, (273 1K) = = 101.325 = 13.33 klla.

1050
pa-(1050 K) = 773—- 1333 = 5128 xlla.

Haiiném cymmapsoe gasnenue SOz, SO, u O, Kak pa3HOCTh OOIIETO JAaBJICHHS
n naeneHus aproda. [amee mo ypaBHeHHo MeHzaeneeBa—Kianenpona HauIeMm
KOJIMYECTBO I'a30B:
Pso, + Pso, + Po, = 108.59 — 51.28 = 57.31 klla =:57310:11a.

57310-0.001
8.314 - 1050

C npyrod cTOopoHBI, CymMMapHas YyObUIb Macchl TBEpAOW (a3el paBHa

Nso, T Nso, + No, = = 6.565 - 1073 mouib (a).

cymMmapHoH macce SOz, SO, u O, KOTOPYI0O MOXXHO BBIPa3uTh YEpPE3 KOIUYECTBA
3TUX ra30B.

80ngg, + 64ngg, + 32np, = 0,3869 r (6).
Taxoxe BHOBb yuTEM CTEXHOMETPHIO peakiuu (2).
Nso, = 2ng, (B).

YpaBHenus (a)—(B) o0pa3syloT cHCTEMY M3 TpEX YpaBHEHHMH C Tpems
HCU3BECTHBIMH. E€ peleHneM SBasiioTcs 3HaYeHHUS:

Nso, = 1.379- 1073 moup, nso, = 3.458 - 107> Mmosb, ng, = 1.729 - 1073 mob.

ITo ypaBHennio Menneneepa—Knaneiipona Haiiém 1apieHus ra3os:

Ngo. RT Neo. RT no.RT
Pso, = So‘j = 12.04 kla, pso, = SL;—- = 30.19 kIla, po, = ";
= 15.10 kIla.
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KOHCTAHTHI PABHOBECHS HAXOIUM W3 [IaBJICHUH, BLIDAKEHHbIX B Oapax.

péo,Po, 0.3019%0.151

Ky = pso, = 0.1204, K; = * Sy T4 0.949,
TSRS AT N TARTIAH U,
6. CoOTHOLIEHUE KOJIMYECTB ra30B PABHO OTHOLIEHUIO UX AaBJIEHUI,
Pso, =5=_3;/2K12_l_{2 o é 25%: 8 2&
Pso, K; | K g K
K ArH1°=TArS1° ApHyo- 0
==5h2=625=¢ W W -
1
lnEE o By’ = TSy AHy" —TAS;°  AH°—AH, AS°—AS,°
K RT RT % RT R
In _KZ,IOSOK e ﬁf ® A.H,° — A,,.Hz"( 1 1
Kii0so0k  Kir R 1050 F)
0.949
In n62.5 = 270@ (—-—-1 2y 1)
0.1204 8314 \1050 T

Peluennem storo ypasuenus spnsercy T = 629 K.

e T e

Pacuer nasnenuii SOs, SO, u 0O, ‘.

mo 1 ﬁam:y
Pacyer KOHCTaHT paBHOBeCus — o 1 6anny
6. Pacuér TeMIeparypsl — 3 GaLuia 162l
;. ;paBHeHHE Peakuuu pasnoxenus CuO 1.5 gasia
: oe[lm;;] ii&mxmame 13MCHCHUS naBnenuit SO;, SO, u O, — 3 6aja
UTOTI'O:

25 0a/1710B
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Pemienue 32241 2 (aBTOP: KypamiuH b.K.)

1. B niepBoM OMbITE B IPUCYTCTBUN u3661Tka CO KUHETUKA PEAKIIMY OTIPE/ICIAeTCA
ToIbKO TIOPAAKOM TI0 XJIOpY, TaK Kak [CO] = const. Tlockonbky T1epHoa

10 U TOJILKO JUIA DEAKLINA
nosynpeBpaicHus He 3aBUCUT OT HA4YaJIbHOU KOHUEHTPAIIH A p

[epBOro MopA/aKa, T0 NOPAAOK 110 XJIOPY p(Cly) = 1.

3anuiieM CKOpOCTh peakuudu B BHJIC r = k[CL;][COJ". Bo Bropom ONeIiTeé B
NPUCYTCTBAM M30BITKA XJIOpa CKOPOCThH Mpolecca onpeaensgercsa Tonsko [COJ. U3

IKCIIEPUMEHTAIBHBIX JIaHHBIX BUIHO, HTO yopiBanre kouueHTpauun CO wmaer
HeTMHEHO, cienoBarTenbHo, nopanok no CO He paBeH HYIIHO.

7 In=2 = k¢t

[TpoBepyuM, paBeH Ju mopsaaok exunuue. Haiaem u3 dopmyisl In— = Kezr

9 HeKTUBHYIO KOHCTAHTY CKOPOCTH, PaBHYIO kerr = k[Cl;], mo nanHbiM JUIA

pa3aMyHbIX MOMEHTOB BPEMEHHU.

[CO], mmons/n | 5.00 | 4.06 3:31 | 2.69
Z,'¢ 0 120 240 - | 360
O T 1073 103 1073
Kerf —?ln-c-,c U == 1,74 - 107 17210l 52010

Kak Buaum, 3aBucumocts [CO](7) xopoiio yAOBIECTBOPAET NEPBOMY MOPAIKY
no CO, p(CO)=1. CpeaHee 3Ha4eHUE KOHCTAHTbl CKOPOCTH, BBIYMCICHHOC M3
=F.93: 10=c™ kas  oOpaboTka

Tabnuupl,  coctaBusier  kep= 1.73 C (cratucTuyec p
“ v =3 103 ~-1
nuHeapu3oBaHHOW 3aBucumoctd In[COJ(f) naér 3Hauenme kgr=1.72-107 ¢,

- -3 -1

BEPHBIMHU CUMTAIOTCA BCE 3HaueHus B quamna3zone 1.72-10 S L | R )

OTO0 3HAYE€HHE COOTBETCTBYET J(PPEKTHBHOH KOHCTAHTE CKOPOCTH,

BKJIIOYAIOIIEH KOHICHTPALUIO XJ10pa:
1:73 *4i0=" S
keff = k[Clz] = 1.73-10 _BC_1, k = —TSO -=1.15-10 e M IC e
2. Mexanusm A. Jlns [Cl] ucnons3yeM KBa3upaBHOBECHOE MPUOIHKEHHE:

K= {Eﬁl = [Cl] = JVK[Cl,]

K xonnentpanuu [COCI] mpuMeHHM KBa3HCTAIMOHAPHOE MpHOMIDKeHHE. ITa

4acTHUA 0GpasyeTcs TOMbKO B peakiy (2), a pacXOLYeTcs TONBKO B peaKuui (3),

SHAYUT T, = 7y,
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Cropocth 00OpasoBanus (OCreHa pPaBHA CKOPOCTH  peakimm 3). u
). g

xsasicranionaproro npudmnkenns no COCI cnenyer, yro crkopocery, 00pa3zosay;
' . dHHY

docreHa paBHa
rcoal, = T3 = T2 = kx[CO][CI] = k,VK[CO][Cl,]1/2
Mexanusm b. H3 KBa3SHPaBHOBECHOIO NPHOMMKEHHS VIS peakiiy (1): [C]] =

JKI[Cl,]

3anuieM KBasucranuonapaoe npuomnkenus s COCI:
R=Trotrntrnt+tr
k2[CI][CO] = [COCI] - (k— + k3[Cl,] + [ClI(ky + ks))
k»[CO]J[CI]
ko + k3[Cly] + VR[CL]/2 (k, + k)
4 k,K[CO][Cl,]*/?
ke + ks[CL] + VE[CIL V2 (ky + k)

CkopocTh oOpasoBaHus GocreHa pasHa: Tcocl, = 13 + 13 = [COCI](k5[Cl,] +
[Cl]k4)

[COCl] =

kz_\/_E[CO] [Clz]l/_2 (k3[Cl;] + [Cl]k,)

Teocy, = 5 T
k_, + k3[Cl,] + \/E[C]Z]lfz(k4 +k
Teocl, = —}2—@[?12](1‘:3 [C1,]'/2 + k4VK)

k_2 + k3[Cl,] + VK[Cl,]/2(k, + k<)
peakunn no CO nosonsHO ouesnaen: p(CO)=1 (0.25 6ania).

I1 7
OPALOK 1O XJI0pY MOXET NpHHUMATH 3HAYeHHS oT 0.5 (mpu ks >> (kg + ks)K'"™,

ks>> k,
32> k2) 1o 1.5 (npu k., >> k3 >> (ks + ks)K'?). To ectp 0.5 < p(ClL) < 1.5 (0.75
0ajlia, Beero 2.5 6anna 3a . 3).

Hopsnok

3. A
* BHIDAKCHUA Teoq), = kK [CO][CI,]*? Buamo, wuro p(CO)=1,
p(Ch)=0.5

4. 11
PPAIOK peakmin mo CO p(CO)=1. Mopsgok no xyopy MOXET

npyu
PHHMMATh 3Hauenus or () 5 (pu k3 >> (ky + k)K'2, ky>> k) mo 1.5 (upH

k_- P
22> I3 >> (kg + ks)K'2), To €15 0.5 < p(ClL) < 1.5

OpsA Ky 1'1(; fo H 110 XJI0py OBLIH PaBHbI X

_ kVRICONCL ] (ks [Cla]'/? + kaVE) )
rcocl, = k_, + ka[Cl,] + VK[Clo] /2 (ks + ks)

s CO 9TO BHIMOJHAETCS B JIH000M cliry4ac. Curyausi ¢ Xiopom tpelyer
1.

)

Gostee noapoOHOro aHanmu3a. PacCMOTPHM 21Ba CITyHast.

)Ecii ks >> kK", T0 B uHCIHTENE KHHETHYECKOTO YPaBHEHHS OCTAcTCH
[pOM3BEJCHHE MOCTOSHHOH BEJIMYHHBI Ha [CO][CI]**, TO ecTh 3HaMeHarelb
romkeH 0bTh nportopimonanen [Cl]12. DTo BHINOIHSIETCS TOMLKO TOIIA, KOIId k>
4 ki ouenp manel mo cpasenmio ¢ K'?(ks+ks). B mrore momyuaem nepBbli

BapHAHT:
ks > ko VK (%)
VK (k4 + ks) > k_;
ﬁ(kq, o ks) > k3 (**)

B STOM ciydyae BBIP@XEHHE VISl CKOPOCTH oOpasoBanus (1) mepeiizer B

CJIEIYIOLLEE.
T kaVK[COI[CL,] - k3[CL]Y2 Kok
O T VRICL) V2 (ks +ks) ke tks

.
eff_k4+k5()

[CO][Cl;] = k.f¢[CO][Cl,]

3aMeTHM, 4TO KOoMOMHanHs yciaoBuH (*) m (**) maer ycinoBue ks >> k4, a

[IOTOMY Ha CaMOM JI€JI€ 3TO BhIpa)XXEHHE YIIpoIlaeTcs ele dosee.

BepupiMu cuutarorcs o6a BeipaxeHus (2) H (3) ¢ COOTBETCTBYIOLIHM

000CHOBaHHEM.

2) Ecin k3 << kyK'?, TO B uncnMTENIE KWHETHYECKOTO YPABHEHHS IPOH3BEACHHE

MOCTOAHHOW BenuuuHbl Ha [CL][CO], To ecTh 3HaMeHaTeNb JODKEH OBITH

[TOCTOSSHHOH BEJIMYMHOH. DTO BO3MOXKHO TOJBKO B TOM CiIydae, €Cid k> OYEHb

BCJINKA TI0 CpaBHEHHIO C JPYTMMH CllaraeMbIMH 3HameHarens. B urore momydaem
BTOPOH BapHAHT:
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ky < k, VK

VK (ks + ks) < k_,
ks «<k_,

B sTtomM cilydae BBIPAKEHHE Ui CKOPOCTH 00pa3oBaHms (1) nepeiiner
B

CJIEAYIOLIEE.
k,VK[CO][CL,] - ks VK kok,K
170 (5] Pl i k_, e k_—_2 [CO][Cl;] = keff[CO][Clz]
kok,K
oo S
~2

6. Ecim k4 1 ks UMErOT OJIM3KHE 3HAYEHHS, TO HEBO3MOKHO OTHOBPEMEHHOe

BRIOIHEHHE  yCIOBMH  (*) m  (**), TaKk Kak HX KOMOMHAuMs njaer
7112 ..

K'"*(ks + ks) >> k4sK"*, 4T0 SKBUBAJIEHTHO YCIOBHIO ks >> ks, HA 4TO yike ObLIO
YKa3aHo B I1. 5. 3HAYMT, [1IepBasi CACTEMA YCIOBHUH HE BBIMOIHIETCS.

B ciy4ae e BrOporo BapuaHTa TAKOro NPOTHBOPEYMS] HE BOSHHUKAET. 3HAYHT,

Ha CaMOM JICJIC pCaJIM3YyIOTCA COOTHOIIICHUS

ky < k, VK

VK (kg + k) < k_,
ko € Bl

7. Kucnopon ssasercs HHTHOUTOPOM paJMKaJbHbBIX LEMHBIX IMPOLECCOB, TAK
KaK peardpyer ¢ paaukKajsaMud ¢ oOpa3oBaHHEM Oojiee HMHEPTHBIX ITEPOKCO-
paaukanoB ROQO-.

[lepokcun GeH3onna Ha0GOPOT 3a CYST AUCCOLMALIMM HA pauKabl PhCOO:
YCKOPACT  paJMKajbHbIe TIPOLECCHl, BBOAS B PEAKIMOHHHYIO CMECh 00JIBILIEE
KOJTMHMCCTBO paJIHKAJIOB M YCKOPsAS MHUIMALMIO ey (craaus 1).

XJIOPUL HUTPO3HJIa Gynier YCKOPSATB IPOLECC 3a CYET pEeaKIHH C COCl':

NOCI1 + COCI- — NO + COCl..

,, | d.
WTak, yckopars peakiuro OyayT mepokcu OeH30MJIa H XJIOpH/I HUTPO3H

56

Cucmema OUCHUBAHUA:

Iﬁ] [Topsiaok o CO u Cl, — o 1 6aany Vi
Koncranra ckopocT — 1 0aja |
2. | BeipakeHHe /Uil CKOPOCTH oopasoanus COCl; no Mexanusmy A -
2 baana S
Buipakenue 11g ckopocth obpaszosanus COCl: o mexanusmy b — |
3 pa.iia i
3. | Mopsanok no CO u Cl; ans mexanusma A —no 1 6anay f 2 hasna
4. | Tlopsaok no CO — 1 6aaa Jf
HuxkHgs ¥ BEpXHAS I'PDAHHIBI BO3MOKHBIX 3HAYCHHH MOPsJIKA MO i 4 banna
Cl; — mo 1.5 6aaaa |
5.[2 BapHAHTa COOTHOIICHHH MEXTY KOHCTAHTAMH CKOPOCTH — IO 2
0asiia 7 0a/l10B
2 BeIpaKeHHMs LI KOHCTaHThI 3 dexTuBHOCTH — 110 1.5 0212
6. | BeiOop Habopa yciioBui ¢ 000CHOBaHHEM — 2 DaJLIa 2 banna
7. | Beibop nepokcuaa OeH30MIa W XJIOpHJa HHUTPO3HIA C
obocHoBaHueM — 1o 1 damny R
Bribop kuciaopoaa — munyc 1 daan
(CymmapHO He MeHblle () 0a/L1oB)
ATOIO: | 25
0ajLioB

Pewienne 3anaun 3 (aBrop: 3uma A.M.)

1. Kak H3BECTHO M3 CHpPAaBOYHBIX JAHHBIX, B HackimieHHOM Tmipu 40 °C
pactBope CuSO4 nomkHo conepxkarbes 28.5 r coam Ha kaxabie 100 r Boabl, HIH

28.51 coan Ha 128.5r pacrBopa. Ilo yc10BHI0O He0OX0AHMO NPHIOTOBHTH

r
S0 M1 HaCBLIIEHHOTO PacTBOPA, YTO COOTBETCTBYET ero macce 50 My - 1.2 — =
M

60r-285r

60 r. Torna nns nmpuroroB/ieHHsi pacTBopa noTpedyercs == = 1331
CuSO4, wam 13.3 1 - == = 20.8 r CuSO45H;O.

2. B crakane JIu3bl NPOMCXOOHMIO MCHAapeHHE BOABI C TOBEPXHOCTH B
aTMOc(epy Bo3myXa. YBeNMUEHHE MAacchl KPHCTa/la IPOM30LUIO 3a  CYeT
KOHIECHTPUPOBaHHUS pacTBOpa npH yMeHbIlleHWH ero obsema. KomnyecTBo
HCTIAPUBIIIEHCS  BOABI  MOYKHO paccyuTarh KakK I[POMU3BEJCHHUE IUIOIIaIH

MOBEPXHOCTH XMAKOCTH S Ha BBICOTY CTOJIOMKA HCHApHBIIEHCS BOIbI Ayen M3
S




npl-iBe,ueHHUﬁ B YCJIOBHH (hOpMYJIBI. [loxcraBisis naBnenue HaCBII_ueHHBIx 5
4poR

soxpl mipu Temneparype 25 °C B pOpMyITy ULl MCHIAPEHHUS! BOJ(p], NOMyumy

Hen =

12.8 cM>-1r/Ma

BEIECTBA Vyep = ——— — — 0.71 Mosib. Torma B ocraBmeiicy

18r/Mob BOZE CMOXer

pacTBOPHTHCA CICAYIOLIEE KOIMYECTBO Cynbara meam m = (17 /2495 o )

(50/18+5:17/249.5-0.71-5x)-18-22.3 (3.12—0.71—5x)-18-22 3
e — e ———————————————— e e

159.5 =

100 100 ’ gt o

kosm4ecTBO BemecTBa Kpucramia CuSO4-5H,0. Pemas YPaBHEHHE, MOIYYUM. yto
b

x = 0.0086 Mmosib. 3HauuT, Macca kpucraia cocrasut 0.0086 - 249.5. = 21

[lockonpky Macca 00pasyromerocss KpHCTalla HEBEIHMKA OTHOCHTENLHO MaCChI

nexopHoro CuSO4-5H,0, MokHO mpoBecTy pacyer U npubnmxkenso. Mcxons us

pactBopuMocti CuSQOy, ero B pacTBope GyieT HAXOMUThCS M = ol 071) 18223 _

100

249.5

9.67 T, 3HauyuT, Macca KpHcTawIa cocTaBur 17 - 9.67 - = 1.9r. Macca
5

KpHCTalIa  TIOJIy4nJlaCh HEMHOIO MEHBLIE, YeM pacCYUTAHHAsA MPEAblIYIHM
CIIOCOOOM, MOCKOJIBKY ONpUOJIMIKEHHOE pEeLIEHUE HE YUYUTBHIBAET YMEHBILIEHHE
KOJIM4ECTB BelecTs Bojabl U CuSQOy, 3aTpaye€HHbIC HA BhIINAJCHUE KpUCTALIA.

B cyxom Gokce paBHOBECHOE COCTOSHUE CHCTEMBI Oyaer JOCTUIHYTO, KOI/d
AABIICHHC T1apa BOJIbI HaJl pacTBOPOM OyleT paBHO €ro paBHOBECHOMY 3HAYCHHIO
py 910l Temneparype. PaBHoBeCHOE NaBjeHMe [MapoB BOJBI Ha/l PACTBOPOM COIM

. AEVT proge V “s -
OIUCBIBACTCH BBIDAKCHUEM p = pU RS ) 1 Ly e e JIPYroii CTOPOHBI, J1aBJICHHAC
VH20*2VCus04

Vien KT

ADOF ._ y AKCHIA
APOB  BOJIBI MOKHO HAlTH Kak D = Torna, KOMOUHUPYS BbIpaAKCHH,

0
- il it HAYCHHUA B
V09 - Vien +2V priecia v [lojgcrapum 3
(J ()'_;] "; . ———-—:m—_.:‘j_lﬂ______ VH{:” '0:082'298 anICll”eg
'] L i 3 F = '} | T, . ; e
312 Vyye 42:0,0681 400 Pemas  kpajgparioc  YP

AYUHM, HTO Henapuiocs Vien, = 0.49 Mosib. AHAIOrHYHO HAXOAKJICHHUIO
0.49 Mo/

KpUCTainia  Jlnapl, HOACTABUM B [IPHUBCJICHHBIC BbIILIC (l)opM)U'b'
HOI'O 1

AtliapusLienes Boapt BMecTo 0,71 MOMIL U 1o 06ENUM popmysam (JUIA TOH
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pUOIMKEHHOTO pacuyeToB) MOJY4UM Maccy Kpucrania AHToHa 0.5 r.

3. JIorMuHO TPEINOIOKHTh, YTO AHTOH IOHAIEsICs Ha Oonee ObicTpoe
dcrapeHHe BOIbl M3 CTaKaHa B CyXoM Ookce, 4eM B OTKPBITOM aTMoc(epe.
HcmapeHHe B CyXyl0, HE COAEpXKallylo BOIBI, arMochepy NPOUCXOAUIIO OBl
6picTpee 3a CcueT OonblIeNd PpasHUIBI MEXIY HaChIIICHHBIM (0.0313 aTm™)
laBJIeHHEM TIapoB Boabl M TekyumM 3HaueHueM (0). [lns armocdepsl kabuHeTa

xuMuH 9Ta pasHocTs Menbie (0.0313 atm — 0.8 - 0.0313 aTt™m). OxHaKo AHTOH He

y4es1, 4To GOKC MpeCTaBIseT Co00H 3aMKHYTYIO CHCTEMY M I0CIIE YCTaHOBICHHS
paBHOBECHs McIapeHue npekparutcs. [1o ycioBuio 3a1a4u, BIaXKHOCTD B KaOuHeTe
XUMUH 3a71aHa Kak MOCTOSHHASA BEJIWYMUHA. JTO 3HAYUT, YTO PABHOBECHOC 3HAYECHHUE
J@BJICHAS TIApOB BOJIBI B NIOMELICHHAH, 3HAYUTEIBHO NPEBBIILAoieM 00beM Dokca,
3a yKa3aHHbIA IPOMEKYTOK BPEMEHH YCTAHOBHUTBCS He MOkeT. [1o3TomMy KpucTawi
AHTOHA BBIPOC MeJbde, yeM y JIn3El.

4. OgauM u3 (HakTopoB, CIOCOOCTBYIONIMX PACTBOPEHHUIO KpUCTA/UIa AHTOHA,
gpisiercs ToHwxkenue 3Hauenus pH pactBopa. B kuciaou cpene mnpouzonaer
cmenienne paBHoBecus HSOs 2 H' + SO B cropoHy o6pa3oBaHus
ruapocyiabpar-annonos no npuHuuny Jle Illarense, 1mo3aToMy KOHUEHTpALWs
cynb(har-aHMOHOB B pacTBope craHeT MeHbwie. Ilpu 71oM koHuentpauus Cu’’
CWIBHO HE H3MEHHMTCA, nockojbky pasHosecue Cu(OH)" 2 Cu’ + OH npw
nouvwxenun pH Oyner cmewmarscs BnpaBo. Torza pacTBop nepecraHer ObITh
HACBIIICHHLIM  OTHOCHUTEJIBHO  CYJIb(ar-aHMOHOB,  HOHHOE  IPOU3BEJICHHUE
[Cuz'*']-[SOﬁ“] CTAHET MEHbIUE, YeM 3HAYCHHUE JUIA HACBLILICHHOI'O pacTBopa, M
KpUCTAI1 PACTBOPUTCA.

B kauecrse eme oaHoro (axropa, BIMSIONICIO HA YMEHBIICHHE MOHHOIO
npoussenennst [Cu®'][SO4* ], MOKHO yuecTb peakiun KOMILIEKCo0Opa3zoBaHus
Cu*" ¢ XJIOpHI-aHHOHOM, KOTOPBIE PUBEYT K yMEHbINEHHIo kounenTpaimun Cu’’ B
pacraope.

Ecim 661 AHTOH MCIIONB30BAS CEPHYIO KMCIIOTY, TO TTOMHUMO nonuxkenns pH
PACTBOpA, OH BHec Obl B cTakaH JIONOJHUTCALHOC KOJHYCCTBO CYJb(par-aHHOHOB.

Pasnonecnan konnenrparms cynbpar-aHnoOHOB ¢ YUCTOM CMEIICHHA PABHOBCCHS
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cTJI0 0OJBIIE, TO MOXET BO3HHKHYTh CHUTYyallusl,

KOIZIa  paBHOBe g
KOHLEHTpaIHs CylIb(arT-aHHOHOB OKaXeTCS JOCTaTOYHON Iuis BBITIONHe |y
ycinosus ocaxaeHus kpucrama CuSOy4. 3HauuT, KpUCcTaT AHTOHa [TOJIHOCThI HH
PACTBOPHTCH, T. €. «CIIACTH» KPUCTAILI OBLIO BO3MOXKHO. :

S. U3 ycioBus SCHO, YTO UCIIAPEHUE U KOHIACHCALIUSA BOJIbI OyZleT mpoxomury, C
[IOBEPXHOCTH ODOMX pAcTBOPOB A0 TeX IIOp, IOKa JABICHHME MapoOR BOJBI BO
BHEIIHEM CTaKaHE W HaJl KaXIbIM M3 PACTBOPOB HE CTAHET PABHO AABJIEHHIO ero
HACBIIICHHOTO Mapa mpu 5Tou Temneparype. I[lockonbKy Bo3maymiHOE npocTpancTso
Hal pacTBOpaMH €QWHOE U H30JIMPOBAHHOE OT aTMOCHEphl, TO HMEIOMAscs B

CHCTEME BO/Ia IEPEPACIPEACTUTCA MEXKITY PaCTBOPAaMHU TaKHM 00pa3oM, YTOOk! I

00OHX pacTBOPOB JaBIE€HHE HACBHIMICHHBIX MAPOB HAJ HUMH COBIamaio. U3 3Toro

CACAYCT, 4TO MOJIbHAsA 10JI1 BOABI B 00OMX pacTBOpax JOJHKHA OBITH OJMHAKOBOIA.

T
OIfla 3allMIICM OSTO YTBEPXKIACHHE B BUAE (GOPMYIEI M IpeodpasyeM ero

1
_VH20

2
= e VH20
VH20" +2Veosi1

—

1,49, 2
VH20 T2 Vconp1 _ VH20 12 Vconn2 Vconbl

HIH —mm————— =
VH202+2'Vcnnh2 VHZOI 2 OTKyﬂa

VH20° VH20"

vc{th

. Ilockon
H20 I'y4 B CTAKaHaxX HE MEHSET
Vel g bKY COJIM HEJETYYH U MX COIEp KAHUE ercs, TO

KOJTHYECTR
O BOIBI B CTaKkaHaXx B MpOLECCE AOCTUXKEHHS paBHOBecHs OyIeT

BEJIMYH
Y BATBbCS NIPOIIOPUMOHAILHO KOJMYECTBY COJMM B KAXJOM CTakaHe. TakHM

o0pazom, B
Pa30M, BCA COHEpXKAIasACi B CHCTEMeE BOJA IEpepaclpeneuTcs MEKIY

1094

CT & » i
akatamu ¢ CuSO, u RbCl B cooTHOmenuy —RECL  — 121100 — "EE'%’
VH2025%4+VHy20 '}E*‘VHZO 100-159.

Cybata Mexm m = (0.0681 = e g (302-2,53-5%) 1822
100

KOJHYECTRO Be
e
HIECTBA KpucTamia CuSO,-5H,0. Pemas ypapHeHue, MOTYTHM; oA

rae « X

2

X =10.0
Souge 3HaunT, Macca KpucTaina cocrasut 0.0610 - 249,5 = 15.2T
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vieppiie, yem 15.2 r. Iloacrapisis 3Ha4€HUS B (opMyIly 110 aHAJIOTUHU C TTYHKTOM 2,

gaiizeM BpeMs, 3a KOTOpO€ KpHUCTaJlIbl pedsAT CpaBHAKTCA M0 Macce t =

4 Mycn 4'2.53*18'19

- = - = 10.7 aHemn.

d? py20-391.8-(1-a)p° " 3.14+4.72-391.8:(1—0.8)-0.0313

3HaYMT,

paBHOBECHE B CHCTEME AHTOHA JI0JDKHO YCTaHOBUTHCS MEHbIlE, yeM 3a 10.7 — 3 —

1 = 6.7 AHEW, WK, OKPYIJIss 10 LUEJIOro 3HaYeHUs, MEHBIIIE, YEM 34 6 IHEeH.

CucreMa olleHUBaHHA

Macca CuSO45H,0 1 3aTpaBKé
BripaskeHue ISl HAXOKAEHHS KOJTMYEeCTBa BEIICCTBA BO/bI B CyXOM

Ookce
KonWyecTBa BEIeCTBa UcrapuBIieics Boabl y JIn3el H AHTOHA
Macca kpucrtamia JIu3sl (TO4HBIH HIK NPUOTHKCHHBIN pacyer)

Macca KpucTajuia AHTOHA
O6bscHEenHe, MoyeMy AHTOH HaZessIcs Ha KpPHCTaul OOJbLIEro

pasMepa

HeyuTeHHBIH AHTOHOM 3aMKHYThIH 00beM OOKCa

dakTop, CIOCOOCTBYIOIIHMHI PAaCTBOPEHHUIO KPHCTALIIA

OOBsICHEHHE BIMSHHUSA BEIOPAaHHOTO (paKTOpa

Vka3aHue BO3MOXKHOCTH «CIIaCTH» KPUCTaJLI ¢ 000CHOBAaHHUEM
KosimuecTBO BeElllECTBAa HCIIAPUBILIECUCS W3 BHYTPCHHEIO CTaKaHa
BOJbI

Macca kpucraiia

BpeMsi yCTaHOBJIEHHS paBHOBECHs (IPHOIMKEHHOE 6 MM TOYHOE
6.7 nHen)

(okpyanenue 6 bonvutyto cmopowy 0o 7 oueu 1 bann)
HUTOI'O:
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2 0aJ1a
2 0aJ11a

4 6as11a
2 DaJl1a
2 bas1a
1 0asa

1 6au
1 6ana
2 0baji1a
2 DaJl1a
2 Das1a

2 DaJi1a
2 Daga

25
0a/1J10B
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Pewenne 3anaun 4 (aBTOp: Cennos U.A )

L. Puapooprodocoar-annon HPO,2

OSPMSHTAa, TO 00mas
CKO 3
POCTh  ruapoM3g PaBa Ydacryg
QCSPMEHTaTHBHOTO MMe
H He(EpMEeHTaTHBHOIrG CHAPONH3a, iy “KOpocrej;
HOCIenHe
I'o cre
Adyer

HoATBepEAeHo. Torma ofmas ckopocrs v = Sl ELy[S]

Ky +[S]

(O.0FE+00
0.0E+00 5.0E-05 1.0E-04 [1.5E-04 2.0E-04

[S]

8.0E-06
| 4

6.0E-06

4. 0E-06

2.0E-06

0.0E+00
0.0E+00 5.0E-05 1.0E-04

01134
goro THAP
Jro TaKKe JIOKA3bIBaeT, 4TO IOPAIAOK HeepMeHTaTHB

efiCTBUTEILHO TepBblii, HWHade Obl MpH BBICOKHX

OCTABAACh HEJIMHEHHOH.
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[To 2-3 TOYKaM, COOTBETCTBYIOIIMM MAKCHMAJIbHBIM  KOHIECHTPALMAM,

onpesiesiAeM ypaBHEHHC pbineynoManyToi npamoii. Ilpu 25 °C k = 3.08-107 ¢,

k. [ElL= ( 35-107 M-c™, k= 205c”, npu 45°C k = 2.12:10% ¢!, k [E),=
71310 M-¢”!, k= 3230 ¢,
E

3. [Ipy HCHOJB30BAaHUK  yPABHCHMA AppeHuyca 1nk=InA—-ﬁiT, OTKY/14

IS B 7 v
E =R| ———|In—=, [Ipu ACII0JIb30BAHUH ypaBHEHNS DUpHHTa
e
:

b AST . AH - S 5 P
In==In-2+—- , oTKyna AH =R( e
“rament & R i L T,) kh

k

4. Hy»)HO MCIIOJIB30BaTh KOOPAHHATHI ln? nporus 1/7.

5. Mcrionb3ysl BBIIENPUBEICHHOE YPaBHEHHE, MOXKHO PacCyuTarh, 4T0 A

] 1 ) 3230-298

AH” =8,314] ——— |l =
( n 505318 106000

(hepMEHTaTUBHOTO mpouecca 08 318

Jbx-Monb ', a B  ciydae ruaponusa  06e3  ydacTs bepmenTa

2.12-107%-298
3.08-107 318

AH® =8,314[—1—--—1—]1n
298 318

=73400 JIx-Moab .

=155 Jbk'K ''mons ! s depmenraruBHoro u —47

oK '-moms™! s medepmentarmBHOro mnpouecca. AG” =AH” -TAS™ =59800
JDx: ' u 87300 JIx: i K
X'MOJIb ~ U JIx*MOJb ' COOTBETCTBEHHO. KaTajau3aTop CHWKACT SHCPIHIO
['n60ca axkTMBamMM 3a CYET IIOBBILICHUS JHTPONUM aAKTUBALIMH, DSHTAJIBLIINA
aKTUBALIUM TaKXKe TOBBILIAETCS (YTO HEBHITOJHO), HO JHTPONMHHBIA BBIMIPHI
ropaszgo Oonbmie. TakuM oOpa3zoMm, epMEHTATHBHBLIM KaTajlnd3 B JaHHOM Clrydac
MMEET YUCTO SHTPOIMHUHYIO PUPOY.
6. Bepueiii orBer r). Karanuzarop BiMser TONBKO Ha TEPMOAMHAMHYCCKHE

(GYHKIMM aKTHBAIMHU, TEPMOJMHAMHUYECKHE (YHKIIMH THAPOIH3a HE MEHAIOTCS.
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Cucmema OUCHUBAHUA:

1. [ 3a sepublii otBET — 2 021, s
3a Jpyroe MPOTOHHPOBAHHOE COCTOAHHE OpTOdoCchar-uona — 1 |7 6a/ig
Dau

2. | 3a BepHOE BBIpAXKEHHE IS o0LIer CKopocTH — 3 faJiia, —
3a BepHbIH crocol onpeeaeHns — 2 0aJia, 9 6asnon
3a BEpHBIE 3HAYEHUsl KOHCTAHT 10 — 1o 1 0auny

3. | 3a BepHbIe (hOPMYJIBI 110 — 110 2 0aJLIA 4 6anna
4. | 3a BepHbIH OTBET — 2 0aJ1jIa 2 6aina
S. | 3a kaxa10€ BEpHOE 3HAYCHHE TEPMOJUHAMUYECKOH (YHKIMHU 110
1 6anny, 7 6amnon
3a BEPHBIA BBIBOI — 1 0aJ1
6. | 3a BepHbIii BIOOD — 1 HasL 1 62/
UTOI'O: | 25 6an0s
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