© MIIMK BcOIII o xumuu
Pemienue 3ajaHUi BTOPOIr0 TEOPETHUYECKOI0 Typa

H €op2anuvdecCKasn xumun

Pemenne 3agauu 1 (Eabugkon JI.J1.)

1. IIpennonoxum, 4TO KUAKOCTH MPEACTaBISET cOOOW BOAHBIA pacTtBOp. ['a3,
BBIICIJISIFOIIMICS HA IEPBOM 3JIEKTPOJIE (aHOAE) — IO BCEW BUAMMOCTH, XJIOP, TaK Kak
Ipu TPONMyCKaHMM €ro 4epe3 BoaHbIM pactBop Kl mosBisieTcss u 3atemM ucdesaer
KOpUYHEBas OKpacKa, 4TO COOTBETCTBYeT OkucieHuto |- B |, (¢ oOpazoBaHuem
KOMIUICKCHOTO TpuHoauaa |3~ , maromiero kKopuuHeByro okpacky) u gajiee B 103 (cwm.
YpaBHEHUS peaklUil HUKE). AJBTEPHATUBHBIM BapUaHT — KHUCJIOPOA — OKHUCISET
HOUI-NOH CIMIIKOM MEJUIEHHO JUIS TOTO, YTOOBI B PE3YJIbTaTe 3a KOPOTKOE BpeMs
pacTBOp HpHOOpEN 3aMeTHYIO OKpacky. llpu sToM B Hayane 3KCIEpUMEHTa
BBIJICJICHHUE Ta3a Ha BTOPOM OJJIEKTpojJie (KaToJe) He HaOIomalioch, a €ro macca
YBEIMYMIIACh. DTO O3HAYAET, YTO HA HEM MPOTEKaJl MPOIECC BOCCTAHOBICHUS MOHA
HEKOTOpPOro MeTaa. To ecThb MCXOAHAasl XKUAKOCTh MPEACTaBIseT COOOW BOTHBIN
pacTBOp XJIOpHUAa MAIIOAKTUBHOTO METaJla.

[lycTh 3apsim moHa ATOro MeTaiia paBeH +M, a ero MossgpHas macca — M.
YpaBHEHHE KaTOIHOTO IpoIecca:

Me™ + me” = Me

Hauano BeieneHust Ha KaToje raza (04eBUIHO, BOIOPOa) B MOMEHT BpeMeHH {;
TOBOPHUT O TOM, YTO MPOIIECC BOCCTAHOBICHUS METaUIa MPOTEKAJl B TEUCHUE MEPBBIX
51 mun. 30 cek. anekrponu3a. HaliéM KOITMYECTBO 3JIEKTPOHOB, KOTOpBIE ObLIN
MIPOMYIIEHBI 32 3TO BPEMS Yepe3 PacTBOP:

—Q_It_ 02A3090c

= = = 0,006405 MOJIb, TC

n4- = —
- F F 96485K%4

OJIb
Q - cyMMapHBIif 3aps/, NepeHeCEHHBIH IEKTPOHAMHU TIPU IIPOTEKAHHU Yepes
PacTBOP EKTPUUECKOTO TOKa cuioii | 3a Bpems t.
Macca 06pa30BaBIIErocs MeTasa paBHa:
1 _ 0,006405M
m(Me) = n(Me)-M = En(e )-M= — WM, 10 yCIOBHIO, - 0,2048 .
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[IpeoOpa3yst nmonyyuBieecs: paBEeHCTBO, OTyYaeM:

M = 31,97502m.
M, .
m Me KomMmenTapui
r/M0JIb
+1] =32 S Hewmeran.
+2| =64 | Cu BosmoxHoe pemenue.

CranmapTHBIA 3IEKTPOAHBIA MOTEHIMAT Mapbl Mo*/Mo Bbime,
4yeM MOTEeHIMal CTaHAAPTHOTO BOJAOPOIHOTO 3JeKTpoia. To ecTb,
IIPU 3JIEKTPOJIU3E BOAHOIO PACTBOpA COJHU XJIOpUJa MOJUO/IEHA
(1) na xarome cpa3y HAYMHAET BBIICAATHCS BOAOPO,.

+3| =96 | Mo

+4| =128 | - -

Ha »Tom mepebop 3Haue€HH M MOXKHO OCTAHOBHUTH, TaK KaK MOHBI C 3apsijioM
0osbI1e +4 B BOJHOM PacTBOPE HECTAOUIIBHBI.
Takum oOpazoM, BOAHBIM pacTBop conepxkutT xyuopun meau (1) B xommdectse

0,006405
T =0,0032025 mo0b.
OmHaKO BO3HHUKAET MPOTHBOPEUHE.
Bo-niepBbix, Macchl 0CajKoB, KOTOpbIe 00pa3yIOTCs MPU CMEIIMBAHUK PACTBOPA
X ¢ pactBopamu NasPO,; u (CH3COO),Pb, paccuntannbie ucxois U3 CIACIaHHBIX
paHee TIPeaoIOKEeHN N, OTIIMYAIOTCS OT YKA3aHHBIX B YCJIOBUHU.

3CUC|2 + 2NazPO, = CU3(PO4)2L + 6NaCl

0,0032025
M(Cuz(PO4)2) = n(Cu3(PO4)2)-M(Cu3(POy),) = 3 monb-382 2 [ mone =

=0,4078 r<0,5080 r

CuCl, + (CH3COO),Pb = PbCl,| + (CH3COO),Cu

m(PbCl,) = n(PbCl,)-M(PbCl,) = 0,0032025 moib - 278 r/moib =

=0,8903r<1,2541r

Bo-BTOpBIX, mMOCIe OKOHYAHWS BBIACICHWS MEIW HAa KaToje, Ha aHOC
IPOJOJDKACT BBIACHAThCA XJop. To ecth, konmuectBo HoHOB Cl™  okasbiBaeTcs
Oounble, ueM MorIo Obl 0OpasoBarbes mpu aucconuanun CuCl,.

Bcé aTo HaBoauT Ha MbICib, uTo momumo CUCl, B pacTtBope X comepikutcs ermé
OJTUH XJIOPUI, TPUUEM aKTUBHOTO METaJlja.

[Tycts dopmyna xiopuma HemsBectHoro Metamia — ACl, a dopmyna ero

o1
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docdara — Az(PO,)k, tae tk — 3apsin nona metana. Torna:
2ACly + k(CH3COO),Pb =2(CH3COO),A + kPbCl,|
3ACI + kNagPO,4 = A3(PO,)k|+ 3kNaCl

1,25412-0,8903 2
278 2 monw

Nuse.(POCIy) = =0,001309 monb

M(As(PO.))=n(As(PO.)k)-M(As(PO.))=0, 001309-%%-(3A+95k) r

rae A — MoJsIpHas Macca MeTajuia.
C apyroii croporbl M(Az(POy4)x) = 0,5080 r — 0,4078 r=0,1002 1, TOT1a:

0,001309- E-%-(3A+95k) =0,1002.

[Tocne npeoOpa3oBaHUsI MOTYYUBILIETOCS PABEHCTBA UMEEM:

A =6,61k.
m | M, r/mons | Me KommeHnTapuii
+1 ~7 Li | BoamoxkHOE penicHue.
+2 ~ 14 N Hemeran.
+3 ~21 - -
+4 ~ 28 Si Hewmerann.

Takum oOpazom, momumo xjopuna meau (ll), pactBop X copepxkut eme u

xjopua utus B komrdectse 0,001309 monb - 2 = 0,002618 Morb.

0,0032025 momns
C(CuCl,) = 0.05 1 = 0,06405 momb/n

0,002618 mouns
0,05 n

C(LiCl) = =0,05236 momb/1

2. 3amnuiieM ypaBHCHHS KAaTOAHBIX M aHOMHBIX IIPOICCCOB, B PE3yJIbTaTe
KOTOPBIX BBIAESUTUCH Ta3000pa3HbIe MIPOIYKTHI:

AHOI;

2CI" =Cl,1 +2e” (B mpoMexyTKe OT tg 110 ty)

2H,0 = 0,1 +4H" + 4e” (B mpoMeskyTKe OT ty 710 1))

Karogn:
2H,0 + 2e” = H,1T +20H" (B mpoMexyTke OT t; 110 1,)
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e ty — MOMEHT BpeMeHH, KOTlla B paCTBOPE «3aKOHYMIKCH» HOHBI Cl™ .

KonnuecTBo 00pa3oBaBIIerocs XJI0opa:

n(Cl,) = n(CuCl,) + 0,5n(LiCl) = 0,0045115 moib

KonmuuecTBO 37€KTPOHOB, KOTOPBIE OBLIM MPOIMYIIEHBI 32 3TO BpeMs depe3
pacTBop:

n(e”) = 2n(Cly) = 0,0045115 moms - 2 = 0,00903 mob

CrnenoBaTebHO, MOMEHT BPEMEHH, COOTBETCTBYIOIINN OKOHYAHHUIO BBIICICHHUS
XJiopa:

0,00903 mozp: 96485 Kn/momb

t = = 4360 ¢
02A

KonunuecTBo kucinoposna, o0pa3zoBaBiieecs 3a MPOMEKYTOK BPEMEHH OT ty 10 L

024 % 430 € 1 _ 51837107 "(t, - 4360) moms
96485 K/l monw

n(0,) =

KommuecTBo Bosopoa, 00pazoBaBIeecs 3a MPOMEXYTOK BpEMEeHH OT t; 110 ty:

024-%-3090 c 1

n(Hy) =
(H2) 96485 Ku/moms 2

=1,03644-10"°(t, — 3090) moub

ITo yciosuto N(Cl,) + n(O;) = n(H,). CoctaBum ypaBHEHHE:
0,0045115 +5,1822:10™ "-(t, - 4360) = 1,03644-10" % (t, — 3090)
Otkyna t, = 10526 ¢ = 175 mun 26 c.

3. Ypaenenusa peaxyuii:

1) CuCl, —2* 5 Cul +Cl, T

2) 2LiCl +2H,0 —2™ 5 21iOH+Cl, T +H, T

soradparva
3) 2H,0—252H, T+0, T

4) Cly + 3Kl 56, = 2KCI + Kl

5) 1, + 5ClI, + 6H,0 = 2H10; + 10HCI,

sacunthiBaTh Takke: 2Kl3 + Cl, = 2KCl + 31,]

6) 3CuCl;, + 2NazPO, = Cuz(PO,),] + 6NaCl

7) 3LiCl + NazPO, = LizPO,4| + 3NaCl

8) CuCl, + (CH;COO0),Pb = PbCl,| + (CH3COO),Cu
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9) 2LiCl + (CH;COO),Pb = PbCl,| + 2CH3;COOLI
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Cucmema ouenusanus:

YcTaHOBIIEHHE COCTaBa KUIAKOCTH X:

BriBoa 0 TOM, 4TO Ha aHOJE BRIZIETAETCS XJI0p — 2 6ania

BriBog 0 TOM, 4uTO Ha Karoge A0 t; BBIAETAETCS MAJIOAKTUBHBIN
metamt — 1 6amn

BriBog 0 TOM, uTO Ha Karonae mocie t; BeiaensieTcs Bogopoa — 1
Oamt

13 6aan0oB
O060CHOBaHHOE pacyeToM orpenesieHne Mmean — 3 6amia
BeiBog 0 TOM, 4YTO XHMAKOCTH X — CMECh XJOPUAOB MEAU U
aKTUBHOIO MeTajuta — 2 Oasia
O060CHOBaHHOE PacUYeTOM OIpeiesieHne TUTUs — 3 Oaa
Pacuér xonnentpauuii CuCl, (0,5 6amma) u LICl (0,5 6amma) — 1
Oann
3a HaxOXIEHUE BpPEMEHHM, B TEYEHHE KOTOPOIO MPOBOAMIN 3 Gama
anektpoius (t,) — 3 bamia
VYpaBHEHUSI XUMHUYECKHUX PEAKIUM:
3a ypaBHEHHUS AJIEKTPOAHBIX MPOLECCOB — MO 1 Oaity 3a Kaxioe
ypaBHEHHE B MOJEKYJIsSIpHOM Buje wiu mo 0,5 Oamna 3a Kaxayro
CXeMy Mpolecca OKHCIEHUS UM BOCCTAHOBJIEHUS — 3 Oaiia
3a KaxJaoe M3 JABYX YpPaBHEHHH, OOBSCHAIOIMIMX IMOSBICHHE U 9 GAILIOB

MCYC3HOBEHNE KOPUYHEBOM OKPACKH TMPH MPOIMYCKaHWUHU XJIopa
4yepe3 BOJIHBIN pacTBOp Moauaa kamus, 1o 1 6amry — 2 6aia

3a Kaxa0e U3 YETHIPEX YpaBHEHHM peakiui, MPOTEKAIONIUX MpU
CMEIIMBAaHUU >KUIKOCTH X C BOAHBIMU pacTtBopamu (ocdara
Hatpus u anerara ceunna (Il), mo 1 6ammy — 4 Gamna

HUTOI'O: 25 6as1;10B

Pemienne 3agaum 2 (Cepaxon C.A.)

Kusomnuoe + camonem = «mbiutby + «AKk» = «MbILUBAKY.

1. Cyns mo omucaHWI0 W MPUBEICHHON cxeMme mpeBpaiieHuid, B — KucioTHbIN

BOCCTAHOBIICHMM A IIMHKOM U mocieayromieir obdpaborke HCI).
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okcup (oOpasyercst mpu B3aumogeiictBun A ¢ O), C — COOTBETCTBYIOIIAs] KUCIIOTA

(mponykt tuaparaiuu B), G — BomopomHoe coenumHeHue A (monydaeTcs mnpu

OtBepraem

BO3MOXKHOCTh TOTO, YTO A — TaJIOTCH, ITOCKOJIbKY TajlOTeHbl HE OKHUCIISIOTCS
kucinopoaoM. [lockonbky kucmora C cnocoOHa okucnsatees (aeiictBue HNO3), a

TaKXKe€ MOJKET OBITh IMOJIyd€Ha IIpKu BOCCTAHOBJIICHUHA D noaua-umnOHOM, TO HEMETAJIII A
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oOpasyeT 2 KHUCIOThl B Pa3IMYHbIX CTENEHSAX OKUCIEHUs. OO0 KUCIOTHI SBISIOTCS
YCTOMYMBBIMU B KHUCJIOH CpeAe B OTCYTCTBHE OKHUCIUTENEH/BOCCTAHOBUTEICH.
[Topa3MbICIIMB ¥ IPUHSB BO BHUMAHUE UCTOPUUECKYIO CIPABKY, a TAKXKE AJJOBUTOCTb
BCEX COCIMHEHUU A, MOJKHO C/I€JIaTh BBIBOJ, YTO 3TO MBIIIBAK. A = AS.

Ypasunenun peaxyuii:

1. 4As+30,=As,0q (mmu As,Oz)
2. As;0¢ + 6H,0 = 4H3As0;
3. H3AsO; +2HNO; = H3;AsO, + 2NO, +H,0
4. HzAsO4 +2KI + H,SO4 = H3AsO3 +H,0+1,+K,SO,
5. HzAsO, +5HCI (t°) = AsCl; + Cl, + 4H,0
6. AsCl; +6NaOH = NazAsOz+ 3NaCl + 3H,0
7. 2NazAsO3z+ 3H,SO4 = 2H3As0; + 3Na,SO,
8. 3Zn + 2As = Zn5As,
9. ZnzAs, + 6HCI = 3ZnCl, +2AsH;
10. 2AsH; (t°) = 2As + 3H,
Bewecmea:
A =As, B = As;,05 (As,03) C = H3AsO4 D = H3;As0O,
E=AsCl; F=2Zn3As, G = AsH;

2. Onpenenum cootHotienue C : O B coenunennn H:

C:0=(21.24/12): (7.08/16) = 1.77 : 0.4425 =4 : 1. [1o xuciopoxy ONpeaeInm
MpearnosaraeMylo MOJSIpHYI0 Maccy coenunenuss M = 16/0.0708 = 226 r/mMonb.
[Tockonbky B amerare kamusg C : O = 1 : 1, cTOnb CYIIECTBEHHOE YMEHBIIICHHE
nponopuun C : O B BemectBe H 1o cpaBHEHUIO ¢ alleTaT-uoHOM, a TaKXKe TOT (DAKT,
YTO B pEaKIUM  BBIIENSAETCA  YIIEKUCIBIA  ra3, MOXHO  OOBSCHUTH
NEeKapOOKCHIIMPOBAHUEM alleTaT-uOHA, B TAaKOM CJIydae aToOMbl YIJIEpOJa BXOAST
ToJIbKO B coctaB CHz-rpymm. OnpenenuM ocTaTrok MOJIIPHOW MAacchl (3a BbIYeTOM 1
aroma kuciopozaa u uetsipex CHs-rpymm). My, = 226 — 16 — 415 = 150 r/momb, uTo
COOTBETCTBYET YABOCHHOW MOJISIPHOW Macce Mbllibsika. C yueToM TpeXBaJCHTHOCTH

mbliibsika Gpopmysa umeet Bua [(CH3),As],0. YpaBHeHne 00pa3oBaHus:
2AsCl; + 6CH;COOK + H,0 = [(CHj3),As],0 + 4CO, + 2CH3COOH + 6KCI.
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3. Meimbsik B ASCl; umeer 3anonHeHHbIe 4 BalleHTHBIX opOuTamu 4s- u 4p-
noaypoBHeil, B ommuue ot Al, wumeromero BakaHTHylo opoOutans B AlCl;.
OopasoBanue aumepoB mist AlCl; B ra3oBoii ¢aze — crmoco0 HACBITUTh BaJCHTHBIC
OopOUTATH JIEKTPOHAMH, JIJISI MBIIIBbSIKA B 3TOM HET HEOOXOJUMOCTH.

4. bonee THKENBIM aHAJIOTOM MBIIIbIKA SBISETCS cypbMma. Cepoe TSTHO,
oOpa3oBaBilieecss B pe3yabTare TEpPMOJHM3a apCuHa B CTEKISHHOW TpyOKe, MpHU
pPacTBOPCHHHM B THUIIOXJIOPUTE HATpUS JacT MPO3PadHbIA PACTBOP, a MPOAYKT
pa3NoXKEeHHS CTUOMHA B TEX K€ YCIOBUAX JaCT HEPACTBOPUMBIH JKEJITOBATHIN OCaIOK:

2As + 5NaClO + 3H,0 = 2H3As0O, + 5 NaCl

2Sb + 5NaClO + xH,0 = Sh,05-xH,0 + 5 NaCl

(MOXXHO HCMOJB30BaTh M JIPYTrU€ OKUCIUTEIM, HANPUMEP, CMECh IEPEKUCH
BOJIOPOJIa U AMMHAKa).

Cucmema oueHueanus

1. |7 BELLECTB — 110 1 6amny, 17 GALIOB
10 peakuuii — o 1 6amny
2. | BepHas ¢opmyna BemectBa H — 1.5 Oanna 3 Gamwia
ypaBHEHHE peakiuu — o 1.5 0anna
3. | Bepnoe o0bsicHeHUE 2 banga
4. | YpaBHeHus peakuuii (¢ nosicHenusmMu) — 1o 1.5 6anna 3 basna
HUTOI'O: | 25 6anoB

Pemienne 3agaun 3 (MotopHoB B.A.)

1. A - OuHapHO€ COEQUHEHHWE, T.€. COCTOMT M3 2-X 73neMeHToB. llpu
B3aMMOJICHCTBMM A C yrapHbIM ra3zoM oOpasyeTcs MPOCTOE BEIIECTBO 3, KOTOpPOE
OKpalmBaeT Kpaxmasl. MOXKHO TPEeAnooXKUTh, 4To0 3 — 310 lp, TOrma A comepx uT

rion, X - iion. Kpome 3 o6paszyercs raz U, BXogsmuii B cOCTaB BO3yXa, C MOJISIPHOM

maccoit My =Dy My =21.83-2.016 °=44.01_<, gro coorBerctByer CO,.

Monb Mo’
3HAYUT BTOPOM SIEMEHT B A - 3TO KHCJIOPO,.

Omnpenennm coctas okcuaa roaa (1,0y):

S7
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2-M, _ 2-M,-(1-@,) 2-126.905-(1—0.7604)

)

A — 1,05

VYCTaHOBUTH COCTaB COEAMHEHUS A MOXHO TaKXe, UCHOJb3ys Nepedop, eciu
BEPHO MPEANOI0KUTE XOTsI ObI OJMH U3 DIIEMEHTOB.

B 1,05 #ion HaxomuTcs B CTENEHU OKWCICHHS +5, MpU TPOIMyCKAaHWU XJIOpa
yepes IIECJIIOYHOM pacTBOp, OH Okucisercs a0 +7. IIpu 3ToM 1o ycioBuiO 3amadu
obpasyercst conb b. Conb B - 310 HarpueBas conb kuciotel K, mpo kotopyio
M3BECTHO, YTO OHA 00pasyeT cpeAHIow coib cepedpa JI. Berunciaum mosekyisspHble

macchel b u JI B pacuere Ha OuH aTtoM Hoja:

My =M, /®=126.905—=2/0.4318 = 293.90 =

Monb Monw |

M, =126.905-<-/0.1665=762.19 <

Mob
Tak kak COJIb b 06pa3yeTC}I B BOJHOM pPaCTBOPC, JIOI'NYHO IIPCAIIOJIOKUTL, YTO B

coctaB b u JI KpOME KaTHOHOB MCTAJIJIOB BXOJUT TAKIKC KHCJIIOPOA.

Cocra JI - AQlO,, Torma 126.905+107.87-x+15.999-y=762.19,

cienosarensHo Y =39.71-6.742- X:

X y XY

1 13297 | |4 |12.74
2 12622 |5 6.00
3 11948 (6 |-0.75

T.e. J - Ags1O¢. Torma kucnora K - Hs1Og.

OmnpenemuM Tereps coctaB B. AxnoH 10g° HMeEET MOJCKYISPHYIO MAaccy

qTo

222.90< -, 3HAUAT Ha KATHOHBI mnpuxomutTcs 293.90-222.90=71

2
2
MOJIb

2
MOJlb

COOTBETCTBYET 3 KaruoHaM HaTpusd W 2 nporoHaMm: 22.99-3+2-1.008~ 71

3nauut coctaB b - NazH,10s.
Metann Y B mpupojae BCTpedaeTcs B BUje okcuaa M, i KOTOporo mM3BeCTHA

o-Mg,
1-o

noJist metasia. [Ipennonoxum coctaB okcuaa Y,0,, Torna M, =

NS
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My
13.73
27.46
41.20
54,93 | Mn
68.66
82.39
96.13 | Mo
109.86
Monubnen He oOpasyeT okcuma coctaBa Mo0,0;, emMHCTBEHHBIM pa3yMHBIM

ONO|OTBAWIN LD

orBeToM siBisieTcst MNO,, KOTOpbIH, IEUCTBUTENIBHO, BCTPEUAETCS B IPUPOJIE B BHUJIE
MUHepaia nmuporo3uta. Takum oopazom, M - MnO,, a 'Y - Mn.

Conp B ma€r ocagok ¢ consiMu Oapusi, MOXKHO MPEIINONI0XKUTh, uTo B - 3TO
cyabdar mapranma (11).

/0.1984 = 276.91<

2
MOJ1b MOJIb

W3 monmyuuBmeiics Macchl Berarem maccy MnSQO,: 276.91-151.00=125.91 <

monw
OCTaTOK COOTBETCTBYET 7 MosieKyiaMm Bojbsl. B - MNSO47H,0.

B ycnoBum ykazano, uro I' - 3TO KpucTtamioruapar, a s aHainuza FOHbIM
XMMHK HarpeBasl 3T0 COCIUHEHHE, MOKHO MPEANONIOKUTh, 4To mpu 150°C moreps
MaCChI CBA3aHA TOJBKO C BOJOM.

[Tpu B3anmmopetictBuu NazsH 10 1 MNSO,47H,0 B peakiiMOHHOM CMECH TakXe
npucyrctByior NaOH u NaOCl|. M3BecTHO, YTO THIOXJOPUT SBISIETCS CHIBHBIM
OKHCIIUTENIEM, a TaK Kak MOoJ yKe€ HaXOIMUTCS B BBICIHICH CTENEHH OKHUCIICHUS,
MOBBIIIATH CTEMEHb OKUCIEHUS MOXKET TOJIBKO MapraHell.

Jns ananmmsa momydeHHOro coenrHeHuss IOHBI XMMHK IPOMYCKald 4epe3 €ro
pacTBOp CEPHUCTHIM Ta3, KOTOPBIM SBIAETCA BOccTaHoBUTeNeM. B coenunennu T,
OKHUCJIUTENIEM MOXXET OBITh MepHO/IaT-MOHBI M MIOH MapraHiia.

[Tocne BoccTtanoBieHust FOHBIN XUMUK 100aBUI K PacTBOPY M30OBITOK HUTpATa
cepeOpa, mpu dTOM BbIMa XENTHIA ocagok [ - Agl, 94To MOXHO TOATBEPAUTH

pacyeToMm:

My =M, /®=126.905 ¢ [0.5405=234.79 ° =M.

MOJIb MOJIb
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Vagl = = o~ = 0.618mmons

N3 Takoro ke xkomuyectBa comu I’ cynb(uIOM aMMOHHSA OCaXIAETCs
0,0179 r K. Cynpduasl mepexoaHbIX METAUIOB IUIOXO PAaCTBOPHUMBI, B PACTBOPE

COJZIEPIKaTCs MOHBI MapTaHIla, YTO MO3BOJISAET MPUITH K 3akmtoueHmio: 7K - MnS.

0.01792
VMns = — ——— = 0.206.mm010
87.00—=
MOJlb
T.e. B HOJIy4EHHOM COCIMHEHUH MOJIbHBIE OTHOIIEeHust Mn : 1 =1 : 3.

IIpu BOCCTAHOBICHHH CEPHHCTBIM Ta30M MapraHel BOCCTAaHOBHICS 1o Mn*2, a
. -1 2-
ron o I, cepa npu stom okucisiercs 1o SO, . Ilpu nobasinenun xyiopuna d6apus

BeImagaet ocagok E - BaSO, maccoit 0.6252 1.

0.6252¢ Vso,2  2.68
== /. ) = ~ 13
VBaso, 233,39 Mjﬂb 2.68mmonn ; Ve 0.206

B OKCJIIMTCIIbHO-BOCCTAHOBUTCIIBHBIX PCAKIUAX YHCIO OTAAHHBIX 3JICKTPOHOB

—2e
BCerZa PaBHO 4HCIy NPHMHATHIX. B momypeakumn S —=25S +6 y4acTBYIOT 2
3IeKTpOHa, a T.K. Ha 1 Momb Mn o6pasyercs 13 momb SO,° BO BTOPOIi MONypeaKiiy

JIOJKHBI y4acTBOBATh 26 3JIEKTPHOB:

2 -
Mn*" 43177 —¥2%€ S pp+2 4 3) 1, T.¢. cTenenb okucienuss Mn B I' paBna +4.

Urak, 0.25 r kpuctamioruapara I' cogeprxut 0.206 Mons Mn*™. Do mossomser

BBIYMCIIUTH MOJEKYIsIpHYI0 Maccy I' B pacuere Ha 1 atom Mn:

- 0'25_33 ~1213-2
0.206-10"° moxns Moo

MaccoBast 10J1s1 BOABI B ’TOM CO€IUHEHUHU COCTABIISIET

a)HZO=0'5000_0'3664=0.2672, B pacyeTe Ha | aroM wMapraHma 3TO

0.5000

r

COCTaBJIICT

1213-<--0.2672

N0 = P =18 momeky BobI.

MOJlb

Kpome Toro B cocTas 3toro Bemectsa Bxomsat Mn**, 3 105>, x Na* 1, Bo3amoxHo,
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y H': Na,H,Mn(10g)s.

Jlos

COONIONEHNS  YCJIOBHS  AJIGKTpOHEUTpaimpbHOCTH X +Yy+4 =53, =>

X +y=11.

M

T.e.

2.
1)
2)
3)

4)
5)

6)
7)
8)
9)

=X-Mpna +Y-My +My, +3-M +18-My o =

108
=22.99x+1.008y +54.938+3-222.90+18-18.015=1213
22.99x +1.008- (11— x) =165.092

21.982x =154.004
X~T7, y=4
I - Na7H4Mn(|OG)3‘18H20 50005 Na7[Mn(H|O6)2(H2|05)]'18H20

1,05 MnS
NazH,104 P
MnSO,-7H,O CO,
Na7[Mn(H|06)2(H2|06)]'18H20 Hs510¢
Agl Ags104
BaSO, MnO,
Ypasnenus peaxuyuil:

Z === vl

eh=lIslle 1 ES

1,05 + H,O —— 2HI10;
HIO; + 5NaOH + Cl, —— NazH,I0¢ + 2NaCl + 2H,0

3 NazH,104 + NaCIO + MnSO, ——>
Na7[Mn(H|06)2(H2|OB)] + NaCl + Na,SO, + H,0O
Na;[Mn(H104),(H,105)]- 18H,0 —2%% 5 Na;[Mn(HI10g),(H,10¢)]+18 H,0

Na7[Mn(H|OG)2(H2|OG)] + 13S0, +8 H,0O ——>
3 Nal + MnSO, + 2 Na,SO, + 10 H,SO,

Ag"+ 1 ——Agl|
Ba®* + SO,~ —— BaSO4]
Mn* + S$* —— MnS|

1,0 +5CO —— 1, +5CO;,

3. Cymuth HEOOXOAMMO B MHEPTHOU arMocdepe, T.K. CyIb(ua MapraHiia MOXXeT

OKHUCIIATHCS KUCJIOPOJIOM BO3TyXa:
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3MnS + 50, —-C 5 Mn;0, + 35S0,

0041

AMNS + 70, —25 5 2Mn,0; + 4S0,

Cucmema ouernueanus’

1 | Onementsl X u Y no 1 6amry 2 6aJs1a
BemectBa A — M mo 0,5 6ama 6 0a/L10B
Pacuer cocraBa A, b, B, I, JI, M o 1 6amty 6 0aJL10B

2 | YpaBHeHus peakuuii mo 1 6amry 9 6asi10B

3 | OtBet Ha Bompoc -1 6amn 2 dasia
VYpaBHeHue peakuuu - 1 6amn

HUTOTI'O: | 25 6a10B

Pemenue 3axauu 4 (MoropuoB B.A., JIeoeneBa O.K.)

1. DnemeHT A — HEMeTaJl, CIOCOOHBIM 00pPa30BBIBATH MHOTO KUCIIOT B Pa3HBIX
CTEIEHsIX OKUceHus (peakiuu 4,5), KpoMe TOro peakiuu 1 u 2 CBUAETEIBCTBYIOT O
TOM, YTO B COCTaB psifia KHUCJIOT BXOJIUT HECKOJIIBKO aroMoB anemeHTa A. Takum
HEMETa/NIOM MOXET ObITh (ochop wiu cepa, HO KHUCIOTHI U conu docdopa He
pacTBoOpsIOT OpoMu cepedpa (peaknus 3). Takum o0pa3oM, sneMeHT A — cepa (S).

2. A2 — aHTUIPHUI KUCITIOTHI, Y Cepbl UX MOXKET ObITh Ba: SO, u SO3, KOTOPBIM
COOTBETCTBYIOT CEpPHHUCTAass W CEpHas KHCIOTHI, COOTBETCTBEHHO. YCTOWYMBAs
kucinota X3 3To cepHasi kucjaora - (H,SO,), 3Haunt, A2 310 okcna cepol (V1) —
SO:;.

N3 conu kucnotel X2 B MPUCYTCTBUU OKHUCIUTENS (MOJa) MOIYYarOTCS COJH
cepHOil KHCIOTHI (peakuust 4). Torga JOTMYHO MPEANOIOKUTh, YTO KUCIoTa X2 —

HeycTOMYMBasA cepHucTas Kucjaora. Kucinora X1 comepkutr B CBOEM COCTaBe JiBa

aToMa Cepbl, MOCKOJbKY TpPU €€ Pa3yIOKEHUU NPHU » C/.
TeMIIEpaTypax HWKE HyJIsA [OJYy4YarTCs JBa < \ o | s ‘,v‘
BEIIIECTBa, coiaepxkammx cepy: Al u  cepHbId .? 0/\\/“
aurunpun A2 (peakuus 2). Torma OwunaphHoe — o—&. :

[
[Ag,(S,05)6]™*
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razoobpasHoe BeniectBo Al JODKHO colepxkaTh cepy M Bogopoxa, T.e. Al- 310
cepoBoaopoa H,S. Conb A3 — Tuocyabdar Harpus Na,S,;0;.

Onpenenum coctaB  A4. PactBopenue Opomuaa cepebpa MPOUCXOAUT
BCJICICTBHE 00pa30BaHMs KOMIUIEKCHOU coiu. B coctaB comu Bxomut cepedpo, cepa,
HaTpuii, kuciopoa. Eciu B cocTraB KOMIUIEKCAa BXOJIWT OAWH aroM cepedpa, To
mousipHas macca oymaet 108/0.1932=559 r/mons. Conepxanue cepbl B 1 MOJb conu
coctaBuT 5590.3435=192 1, 4TO COOTBETCTBYET 6 MOJIb CEPBI B OJJHOM MOJIE€ COJIH.
Tuocynbdar MOH MOXKET BBICTYNATh KaK JMTaHJ, B 3TOM Ciy4ae Ha 6 MOJb Cepbl
OyIeT mnpuxomutbess 9 Moib KHUCIOpoAa, T.e. B cocTaB A4 BXOIUT YacTHIIA
[Ag(S;0:3):]”. A4 - sto Nas[Ag(S;03);]. B mureparype ommcaHa CTPYKTypa
GUSLIEPHOTO KOMILIeKca cepedpa ¢ trocyiabharom [Aga(S:03)e] ™.

Omnpenenum coctaB HatpueBon comu AS. Kucnotsl, koTopeie 00pa3yer cepa, B
OCHOBHOM, JIByXOCHOBHBIE. Torma  MonsipHas  Macca  COJIH oyner
M(A5) =46/0.2643 = 174 r/Monnb. Ha ~ KHUCIIOTHBIE ~ OCTAaTOK  TPUXOIMTCS
174 - 46 =128 1. Eciin B cocTaB aHWOHA BXOAWT | aTOM CEpbl, TO YUCIO aTOMOB
KHUCJIOPO/Ia COCTABIISIET 6, 4ero He MOXeT ObITh. Ecim Bxoaut 2 atoma cepbl, TO Ha
HUX Tpuxoautcs 4 aroma kuciopona. CocTaB aHHOHA 82042'. Ecnmu npennonoxurs
HAJTMYMe 3 aTOMOB CEpbl, TO COCTaB aHHOHA S30,°, HO B ITOM CIIy4ae HEBO3MOXKHO
nporekanue peakiuu 6. Takum o6pazom, AS-gutuoHuT HaTpust Na,S,0,, a kuciora
X4 — nutnonucras xkucjaora H,S,0,.

[Tpu B3auMONENWCTBUM SKBUMOJIPHBIX KOJIMYEeCTB ammuaka U SOj mosydaercs

cyabpamunoBasi kucjaora H[NH,SO;]- X5. Ee kanuesas conb cyiabpamMar Kajausi

K[NH,SOs] — A6

X1 | H,S,04 Al | H,S

X2 | H,SO; A2 | SO,

X3 | H,SO, A3 | Na,S,04

X4 | H,S,0,4 A4 | Nas [Ag(8203)3]
X5 H [N HgSOg] A5 | Na,S,0,

A6 | K[NH,S05]

* Chan E.J., Skelton B.W., White A.H.// Z. anorg. allg. Chem., (2008) Bd. 634, pp. 2825-2844.
doi:10.1002/zaac.200800316
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3. Ypasuenusa peaxyui
1) 2HS™ +4HSOz =35,02" +3H,0

-5°C, Et,0 *
= = st + 803

2) HyS;03

3) AQBrg, + 3Na,S,03(, ) = Nas[Ag(S,03)3](,p) + NaBr,

4) HSO3 +15+H,0=HSO; +2H" +21~

5) Zn+ 2 S0, =2nS,0,

6) 2Na,S,0, = Na,S,03 + Na,SO; + SO,

7) NH3+SO;3 = H[H,NSOs]

8) H[NH,SO3] + KHSO, + Ca(OH), = K[NH,S0s] + CaSO, + 2H,0
4.

SO; 5 S,04” o 0
OéSQO 'd’S_SxD
(SOs)s Q.0 HINH,SO;] | 9
o0~ 0P NHy == D,., L E'Hs
I I OH
OTP o °
O O
Cucmema ouenusanus:
1 | YcranoBaeHue snemMenTa A 4 daJ1a
2 | Yeranosnenne X1-X3, X5,A1-A3,A5,A6 no 1 6amry 9 0aJL10B
Vcranosnenne X4, A4 o 2 6anna 4 6aJ1a
3 | YpaBHenus peakiuii 8 mo 0.5 4 6anaa
4 | Ctpyktypsl 4 o 1 4 0aJs1a
Hroro 25 d6as10B

" M. Schmidt // Z. anorg. allg. Chem. (1957), Bd. 289, pp. 141-157,
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Pemenne 3agaun 5 (KoBajgenko A./L.)

1. Pa3zHooOpa3Has OKpacka COEIMHEHUW 3jeMeHTa X, €ro MNpPUMEHEHUE B
METaJUTypTHH ¥ MPOU3BOACTBE TaIbBAHUICCKUX AIIEMEHTOB CBHUACTEILCTBYIOT O TOM,
9TO0 9neMeHT X — TmepexogHbli Metaml. TemHoO-(pHoneToBble KPHUCTAJUIbI,
IPUMEHSIOIKECS B JIA0OpaTOpUM B KaueCTBE MCXOJHOTO COENWHEHUS U B OBITY B
KauecTBEe aHTHCENTHKA, HAIIOMUHAIOT MEepMaHraHar kaius. MomspHas macca A =
54,938/0,3476=158,0 r/MOnb, YTO COOTBETCTBYET MOJIAPHON Macce IepMaHTaHara
kamus. Tormza A — KMnO4 u X — Mn. K tomy, uto X — Mapraser, MO>XHO TPUHATH
pacueTHBIM ITyTEM, HCIIONB3Ysl YMCIIOBBIE JAaHHBIC /sl OWHApHOTO BemiecTBa B
(oKcHza, Tak Kak OHO oOpa3yercs NpH ACHCTBUM HAa A KOHI[. CEPHOW KHCIIOTOM).
ITyctb coctaB okcuna B — X,0,, Torna noiaydaem ypaBHEHHE:

2Mr(X)
2Mr(X)+16n

0,4955 = , oTkyma Mr(X) = 7,86n.

EnuHCTBeHHBI pa3yMHBIA BapHaHT moiydaercs npu N = 7, t.e. Mr(X) = 55
I/MOJIb — MapraHeil.

Takum  oOpazom, Tpu  B3aUMOACWCTBUM  II€pMaHIraHaTa  Kajlus C
KOHIEHTPUPOBAHHON CEPHOW KHUCIJIOTOM ITOIyYaeTCsl MACISTHUCTAs JKUIKOCTh — OKCH/T
maprauna(Vll). B — Mn,0s.

IIpr B3aMMOJEHCTBUM II€pMAHTaHATa Kajdus C KOHLIEHTPUPOBAHHOM COJSHOU
KHCIIOTOM MapraHel] BoccTaHaBiuBaeTrcs. C(CTelneHb OKUCIEHUS MapraHia B
coequHeHn C 3aBUCHUT OT YCJIOBHUH peakluu, MPU HAJIMYUU XJIOpUJA KaJIusl MOXKET
o0pa3oBaThCs KOMIUIEKCHBIN XJopua Mapranina. Haiimem wmomspayio maccy C:
54,938/0,1588 = 345,96 r/Mo1b. DTO HE COOTBETCTBYET HU 1IETIOYUCICHHOMY THAPATY
xmopuaa wmapranna(ll), wu xmopuay kamus-mapranma(lll)  K,MnCls.  Tlpu

160 m-1,25 monw/ 2
paznoxenun C BeienseTcs 1000.2 = 0,1 ™momp xyopa (KenTo-

14,9 2
74,5 2 monw

3€JICHOTO YIYIUIMBOTO Ta3a), a TaKXKe = 0,2 monms KCIl. Berurem u3

Mr(C) yneoennyto maccy KCI u maccy Cly, momyunm 345,96 — 71 — 2-74,5 = 125,96 —

moisipaast macca MNCl,, 3uaunt, C — K,MnClg, rekcaxinopmanranar(lV) kamus.
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KoMnClg B BOmHOM pacTBOpe HEYCTOMUYMB, OH MOXET pasjlarathCsi ¢
BBIJICJICHUEM XJiopa U xjopuaa kanua. Ognako rugpokcuasl Mapranua(ll) u (1) B
IIEJIOYHOM PACTBOPE HEYCTOMYMBBI, U OKUCISIOTCS KUCIOPOJIOM BO3AyXa JI0 OKCHJIA
mapranmna V. D — MnO,, okcua mapranma IV.

Coenunenust E u F monyuatorcs B3ammonerictreBuem KMnO, u MnO, ¢ KOH,
cootrBeTcTBeHHO. Kpome Toro, mpu crmaBienun E ¢ KOH B armocdepe azora
nonydaercst F, a mpu HarpeBanuu B atmocdepe azora E pazmaraercs va F u MnO,.
W3 sToro cnepyert, 4To CTeNeHb OKUCIEHUs MapraHia B E Oomnbine, uem B F. Kpome
TOT0, IOMEIlleHHEe F B BOIy MPUBOAUT, OYEBUIHO, K AUCIPONOPLUOHUPOBaHMIO Ha E
(3enenbrii pactBop) U D (MnO;). To ecth, creneHb OKHCICHHS Mapranna B F
IPOMEXKyTOUHast Mexay TakoBod B E u MNO,. Ho E ycToiiunBO TOIBKO B IIETOYHOM
pacTBOpe W TIPU TOAKHCICHHHM TaKKe IHUCIPOTIOPIIMOHUPYET HaA IepMaHTaHaT
(MaTMHOBOE OKpAaIIMBaHUE) U JUOKCHJ MapraHia. YuuTtbiBas Bce 310, E — K;MNQy,
MaHTaHaT Kajusi, U Torna B F cremeHb okucieHus mapranna +5, 1o ectb F —
KsMnQO,, rumoMaHrasar KaJusi.

Peakimus A—G — peakuus BoccTaHoBieHus. [lpu  B3auMonelcTBUU
NIepMaHTaHaTa Kajdusd ¢ CHJIBHBIMA BOCCTAHOBHUTEISIMA B KHCJIOW Cpele MapraHell
BOCCTaHaBJIMBaeTCs 0 creneHu okuciaeHus +2. Torma G — amerar mapranua(ll).
Monspuaas macca G = 54,938/0,2242=245,0 r/mMonmb. D10 Oojblie, dYeM
Mr(Mn(CH3;COOQ),), 3Hauut, oOpasyercs KpPUCTAIOTHApPAT. YCTaHOBUM €TI0
THApaTHBIA cocTaB. BeluTeM Maccy MapraHiia ¥ aneTaT-MoHOB U pasesiiM Ha
MOJISIpHYIO Maccy Boabl, nomyumMm (245,0 — 55,0 — 2-59,0)/18,0 = 4 — detsipe
mojekyisl Boabl. Torma G — Mn(CH3COQO),-4H,0.

[Ipm B3amMoaelcTBUM alerara MapraHma C ITHaHUAOM Kalus oOpa3yercs
[UaHUIHBIA KOMIUIEKC Mapraiia. Mossipaas macca J = 54,938/0,1303 = 421,63
I/MOJIb, HaWJIeM KOJHMYECTBO MOJIEKYJ BOMBI, JUISI ATOTO BBIUTEM MAacCy MapraHiia,
KaJIUsl U IUAHUI-aHUOHOB U Pa3JeuM Ha MOJIIPHYIO Maccy Bojbl, moayuum (421,63
— 54,938 — 626,025 — 4-39,098)/18,0 = 3 — Tpu Monexkynbl Boawl. Torma J —
K4[Mn(CN)6]3H20

[pu B3aumonericteum komiuiekca KyMn(CN)g ¢ MeTaimueckum aJrOMHUHUAEM B
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IIEJIOYHOM Cpejie MOH MapraHila BOCCTAHABIMBAETCS J0 CTENEHU OKHCIEeHUs +1, 4To
BO3MOXKHO Onarogaps yCTOMYMBOCTM IIMAHUIHOTO OKPYXKEHHUS MOHA MapraHia
[MN(CN)]>". K — K5[Mn(CN)s].

Ecnu no6aButh K pactBopy conu mapranma |l maBeneBylo KHUCIOTY, BBIMAaET
MaJiopacTBOPUMBIN okcanaT mapranma, L — okcamar mapranua(ll). YcranoBum ero
ruApatHeiii coctaB. MomsipHas macca L = 54,938/0,3069 = 179,00 r/moib, BeIUTEM
Maccy MapraHiia ¥ OKcajar-aHMOHA U pa3ieuM Ha MOJISIPHYIO MaccCy BOJIbI, TOIyYUM
(179,00 — 54,938- 88,0)/18,0 = 2 — aBe monekyisl Boasl. Torma L — MNnC,0,4-2H,0.

Peakius L—M — conponoplinoHUpOBaHUE MapraHiia B CTENEHSIX OKUCICHUS +2
u +7 c obOpa3oBaHMeM TpucokcanaTHoro komiiekca wapranma(lll). Hailinem
THIPATHBIA cOCTaB TOro KoMmiuiekca. Mossipaas macca M = 54,938/0,112 = 490,52
I/MOJIb, BBIYTEM MAcCy Maprasiia, Kajlus U TpPeX OKcalaT-aHHMOHOB M pa3lesiuM Ha
MOJIIPHYIO Maccy Bofbl, momydum (490,52 — 54,938 — 3-39,098 — 3-88,02)/18,0 = 3 —
Tpu MoJiekyibl Bojibl. Torma M — 5K3[Mn(C,04);]-3H,0.

G—H — 310 cumHTe3 kapOonwmrta mapranma, H — Mn,(CO),y (o0ocHOBaHHE
dbopMynel cM. 1. 3 pemieHus), Ha 4YTO yKaspiBaeT Oombinoe naBinenue CO.
TpusTUIATIOMUHUHN BBICTYIIAET B KAY€CTBE BOCCTAHOBUTEIIS.

YpaBHeHHS peaKkuMi:

1)  2KMnO4 + 2H,S04 (xomy) = Mn,07 + 2KHSO, + H,0
2) 2KMnOy + 16HCl o) + 2KCI = 2K,;MnClg + 3Cl; + 8H,0
3) K;MnClg + 30, + 4KOH = MnO, + 2KCIO; + 4KCI + 2H,0

4)  4AMnO, + 12KOH + 0, —®°¢ 5 4K,MnO, + 6H,0
5)  4KMnO, + 4KOH —%2°¢ 5 4K,MnO, + O, + 2H,0

6) 4K,MnO, +4KOH —"% > 4KsMnO, + O, + 2H,0
7) 3KMnO, —% > 2K;MnO, + MnO; + O,

8) 4KMnO, + 5C,HsOH + 7CH;COOH + 5H,0 —%°¢,
4Mn(CH3C00),-4H,0 + 4CH;COOK
9) 6Mn(CH5;COO), + 4(C,Hs);Al + 30CO —22%2_
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3Mn,(CO)yo + 4AI(CH3CO0); + 6C4H1
10) Mn(CH3COO), + 6KCN + 3H,0 = K4[Mn(CN)¢]-3H,0 + 2CH;COOK
11) 3K4Mn(CN)e¢] + Al + 4KOH = Ks[Mn(CN)g] + K[AI(OH)4]
12) Mn(CH3;COO), + K,C,0,4 + 2H,0 = MnC,0,4-2H,0 + 2CH3;COOK
13) 3KMnO, + 4MnC,0, + 9K,CO3 + 21H,C,0,= 7K3[Mn(C,0,4)3]-:3H,0 + 17CO,
2. YpaBHEHHUS YIIOMSHYTBIX PEaKInii:
KoMnClg = MnCl, + Cl, + 2KClI
3Cl; + 6KOH = KCIO; + 5KCI + 3H,0
2K3MnO, + 2H,0 = K;MnO, + MnO,| + 4KOH, mocne HeWTpanuzanuu
00pa30BaBIIEHCs MIETIOYN MaHTaHAT KaJvsl TAKKe JUCTIPOTIOPIIHOHUPYET
3K;MnQO4 + 2H,0 = 2KMnO4 + MNnO,| + 4KOH
3. Ilpu oOpa3oBaHUM KapOOHWIIOB aToMbl 30-METaJIOB CTPEMSATCS 3aBepIInTh 18-
TUDJICKTPOHHYIO 000JIOUKy, Tpu d3ToM oxHa wMoiekyna CO mpemocrapuser
LeHTpaTbHOMY aToMy 2 smektpona. Ommu atom Mapranna(0) — 3d’ — moxer
npUCcOeINHUTE He Oonee S5-ti mMosekyn CO, Tak Kak TOTma KOJUYECTBO AJIEKTPOHOB
cocraputr 7 + 25 = 17. Kommiekcusie uactuiel Mn(CO)s HeycTOHYHMBBEI U
JTUMEPHU3YIOTCS, TaK KaK B IMOJYYCHHOM JUMEpE Kbl aTOM MapraHIia MOJIyIHT 110
18 anexTponoB, mostomy popmyna H — Mn,(CO);q. Ctpoenune kapoonmma Mn,(CO)y
npuBeneHO Ha pucyHke. [1aTe Monekyn CO 00pa3yroT TeTparoHaabHYIO MAPAMHULTY, B
OCHOBAaHWUU KOTOPOW HAXOMUTCS aroM MapraHiia. B Mojekylne OTCYTCTBYIOT
mocTrroBbie arombl CO, umeercst csi3b Mn-Mn ¢ wmnoit 2,93 A (1 A = 107 cwm).
JIBe TeTparoHaJbHbIC TUPAMHIBI PACIIONIOKEHBI HA OAHONW OCH OCHOBAaHUSMHU JIPYT K

IPYTY U Pa3BEPHYTHI APYT OTHOCHUTEILHO Jpyra Ha 45°,

Cucmema OUCHUBAHUA .

1. | YpaBuenus peakuumii 1 — 13 mo 1 Gany.

Yeranosnenue cocrasa A, B, C, G, J, L u M no 1 Gamny. 20 danos
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2. | Uetsipe ypaBHEHHS peakiuii o 1 6amy. 4 6aa

3. | Bepnas ctpykrypa — 1 Gamn.
(pa3BOpPOT MUPAMHUJIbI HE YUUTHIBAETCS, BBICTABIISICTCS MOTHBIN 1 6amn
0au1 3a IMMEPHOE CTPOCHUE)

HUTOI'O: 25 6ai10B

Pemienue 3amaum 6 (Kupuiaenko H.1O., Toxenko B.J1.)

1. Metann X BXOAWUT B COCTaB CIUIaBa C MaMsThiO (YOPMBI, IIPU PACTBOPEHUH B
COJITHOM KHUCJIOTE 00pa3yeT (hMOJIETOBBIE PACTBOPHI, NMPU OKUCIECHHH KHCIOPOAOM
AT OKCUJ, KOTOPBII UCIIONIb3YETCs B KaUECTBE OEJI0r0 MUIMEHTA, €r0 COJIM B KUCIION
Cpelle C MEPEKUChI0 UMEIOT JKEITYI0 OKpacKy. Bce mepednciieHHble XapaKTepUCTUKA
MOAXOJAT K TUHTAHY.

Ecnu ’xe mepedyuclieHHbIX CBOMCTB HEAOCTATOYHO Uil HWACHTU(PUKAIUU
MeTajuia MpoBeaeM BbluucieHus. [Ipyu oKuCIeHnn MeTailia KUCIOopoaoM o0pasyeTcs
OKCUJ A, CIIEKaHHE C KOTOPhIM MeTasuia X Mo3BoysieT noinyunuTh B. Tak kak HUKakux

JIPYTUX 3JEMEHTOB HE NMpUBHOCHUTCS, TO B — 310 Okcua. IlonmpoOyem ompenenutsb

METaJlI [0 ero MaccoBoi oine B okcunae X0, My = 81?60“
n| My ni My
1115.95 | kucnopon | | 5| 79.76 opom
2 |31.90 cepa 6| 95.71 | MmonmubaeH
3147.86| TtuTan 7| 111.66
416381 wmenp 8|127.62 | Temtyp

Kucnopon, cepa u  OpoM MOryT ObITh OTOpOIICHBI, T.K. X — mertamil. Jlus
TeJUTypa CTETeHb OKUCIEHUs +8 HemocTmxkuMa. B — 3To okcua Meraiia B HU3KOM
CTEIICHH OKMCIICHHS, IO3TOMY MeEIb W MOJHMOJEH TakKe He IOAXOIAT. Takum
0o0pa3oM, OCTaeTcs TOJHLKO THUTAH.

Breruucnum monspueie Maccel coenuHenuit E, G, H, J B pacuere na 1 atom

THUTaHa:
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Berecto | o( X), % | M, Vo
E 3.33 1437.5
F 41.9 115.9
H 20.9 229.0
| 19.2 249.3
J 26.9 177.9

[Tpu okucieHun THTaHa Ha Bo3Ayxe oOpasyercs T10; (A), KOTOpPBI BXOAHUT B
KaueCTBE MMMEHTA B «TUTAHOBBIE Oenmmia». B3ammoneicTBHEe OKCHIOB METAIJIOB C
yIJIeM U XJOPOM IPH BBICOKOW TeMIleparype — 3TO METOJ IMOJyYeHHs XJIOpHaAoB. B
naHHoM ciaydae ooOpasyercs TICl; (C). Terpaxmopua THTaHa TMOJIHOCTBIO
THUAPOIU3YETCS BOJOM 10 THUTAHOBOW KHCJIOTBHI, MPEACTABIAIOMIEH COOOit
ruapatupoBannbiid okcua tuTana(lV) TiO,'nH,O. Cyas mo BEIYHUCICHHOW MOJSPHON
Mmacce F — 31o a-tutanosas kuciora 110,°2H,0, HyTiO, nmu Ti(OH),.

Tutan npu B3aUMOACUCTBUU C KHUCIOTAMU HEOKUCIUTEISIMH OKHUCISETCS 0
CTENIEHU OKHCIEeHUs +3, oOpa3ys cOOoTBeTCTByIomuMe coiu. IIpu pacTBopeHuu B
coistHO# kuciote, oopasyercst TiClz (D).

TutaHoBast KHCJIOTa pPAcTBOPSIETCS B IUIABUKOBOM KHUCJIOTE C 00pa3oBaHHUEM
KoMILIeKkcHOU kucaotel Hy TiFg (G).

[Ipu B3aMMOAECHCTBUU TMEPOKCHIA BOJOPO/A C MOHAMH IEPEXOJHBIX METAJIIOB
BO3MOXXHO 0Opa3oBaHHE TEPOKCO-KOMIUIEKCOB pa3IMYHOrO cocTaBa. B cocraB
JKEITOr0 0CafKa HApPSAY ¢ MepoKco-rpymmoil O,” MOTryT BXOXHTH (TOPHI-HOHEI U
MOHBI aMMOHHMS, KOTOpbIE O00pa3yloTcs Mpu J00aBIEHUM aMMHaka B PacTBOP
TJIAaBUKOBOM KUCIOTHI. W3 yKa3zaHusi, 4TO BEIIECTBO JMAMATHUTHO CIENYeT CTENEHb
okucieHus: Tutana +4. Takum oOpa3oM, COCTaB Ocaaka MOXKET OBITh TIPEJCTABIICH B
Buae: (NHy)[TiFy(O,),], mpuuem X = 2z +y — 4.

Torna mossipHas Mmacca coequuenust H Oynet paBHa

My =17-(2z+y—-4)+47.867 +19y + 322 =36y + 66z — 20.113 = 229.0
y =(229.0 - 662 + 20.113)/36 = 6.920 — 1.833z

y
5.087

3.253
1.420

WIN| N
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Tonbko Z = 1 COOTBETCTBYET 1I€JI0€ 3HAYEHUE Y = 5, a 3HAYUT COCTaB BEIECTBA
(NH4)s[TiFs(O2)] (H).

[Tpu B3aumopeiicTBuu 1ukiIoneHTaaueHmwtHaTpus (NaCp) ¢ rterpaxiopumom
tutana (TiCl,) nporekaer peakiius oOMeHa, B KOTOPO# XJIOPHA-HOHBI 3aMCHSIIOTCS Ha
UUKJIONCHTAAUCHW AaHWOHBI, a JBWXKYIIEH CHIOA OTOM PEaKUHUH SIBISACTCS
oOpa3oBaHuE OCajJKa XJOpHUAa HaTpus, KOTOPhId HepacTBOpUM B HemnossipHoM TI'O.

CoctaB o0Opa3yromierocsi coenuHeHus 10bkeH orBedars Gpopmyie Ti(Cp)nClyy.

M, =(5-12 +5) - n+35.453 - (4 — n) + 47.867 = 249.31

n 249.31-35.453-4-47.867 _59.63 _ 5
5-12+5-35.453 29.55

3uauut coctas | — Ti(CsHs),Cl..

M, —Mj ~71, 4TO COOTBETCTBYET JBYM aToMaM XJIOpa, a 3HAYUT COCTaB
J - Ti(CsHs),.

N3 ycnoBusi clieayeT, 4To B COCAWHEHHMM E KaTMoH TUTaHa HaXOAWUTCS B
OKpPY)KEHUH IIECTH MOJICKYN alleTOHUTPHIIA, T.K. TOTLKO OHH UMEIOT B COCTABE aTOM
asora [Ti(CH3CN)g]". B cocras aHHOHA TOIKEH BXOAUTD MO, BBIYHCINM MOJSIPHYIO
Maccy AHHOHOB: 1437.5 — 47.867 — (12.011-2+14.007 + 3)'6 = 1143.5, 9TO
COOTBETCBYTE JICBATH aToMaM Hoja, a TaK KaK COCTaB BCEX aHUOHOB JIOJDKCH OBITh
WACHTUYEH, a CTeNeHb OKHUCICHHuS 19 I TuUTaHa HEBO3MOXHO, OCTaéTcs
IPEIoI0XKUTh, uTo coeauHeHnio E orBeuaer coctaB [Ti(CH3CN)g](l3);s B momin3y
CTCIICHH OKWCIJICHUS TUTaHa +3 TOBOPHUT TakkKe TOT (aKT, 9TO JAHHOE COCAMHCHHE
napaMarHuTHO.

Ecin cocraB coeawHeHM ObUT ONpENEICH HE Ha OCHOBAaHWW PacueTOB, TO

NOJITBEPANM COCTAB:

BemectBo r /IL/(I)J’IL (D(O/i()’ BemecTtBo r /I:A/(I);b (D(cyi()’
B Ti,04 143.80 66.6 | H | (NH,)3[TiFs(Oy)] | 228.973 | 20.9
E | [TI(CH3CN)g](l3)s | 1436.32 | 3.33 I Ti(CsHs),Cl, 248.96 19.2
F TiO,2H,0 115.93 413 | J Ti(CsHs), 178.053 | 26.9
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2. Ypasnenusn peaxyui.
1. Ti+0, —<5Tio,
2. 3TiO, + Ti —29°C 57,0,
3. TiO, + 2C + 2Cl,—““ > TiCl, + 2CO
4. 2Ti+6HCI ——>2TiCl; + 3H,

5. 2Ti +9 I, + 12CH,CN — N oI Ti(CH,CNYe](1s)s

6. TiCl, +4H,0 —> Ti0,"2H,0 + 4HCI

7. TiO,2H,0 — 5 Ti0, + 2H,0

8. TiO,2H,0 + 6HF —> H,[TiFe] + 4H,0

9. Hy[TiFs] + H,0, + 4NHy'H,0 —PH=8 5 (NH,)5[TiF5(0,)] + NH,F +4H,0
10. TiCl, + 2NaCsHs — =25 Ti(CsHs),Cl, + 2NaCl

11. Ti(CsHs),Cl, +2NaCioHg —22— Ti(CsHs), + 2NaCl+2C;oHs

3. Peakinu B3anMoaeiicTBUS CO IIETOYBIO

B pactBOpe mienoun TUTaHOBas KUCJIOTa YACTHYHO PACTBOPSAETCS 3a CUET
00pa3oBaHUsI KOMILIEKCHOTO THAPOKCO-KoMIUIekca. OKCHJT TUTaHA UHEPTEH U C
pacTBOpPOAMU IIEJOYEH MPAKTUUYECKHA HE pearupyer, MpU CIUIABIICHUU OKCHJIA

CO ILEJIOYBI0 00Pa3yeTcsl CMEIIAHHBIN OKCHJ] TUTAHA HATPUSL.
T|022H20 + 2NaOH(KOHI_[) — > Nag[T|(OH)6]

TiO + 2NaOH —“ > Na,TiO; + H,0

4, TutaH ABISIETCS IOCTATOYHO PACIIPOCTPAHCHHBIM JIEMEHTOM B 36MHOM
KOope, XOTs U paccesHHbIM. CyllleCTBYeT OIPOMHOE KOJIMYECTBO MHUHEPAJIOB
TATaHa  HauOojee  u3BeCTHbIMH  sBisstorcss  umiabMeHuT  (FeTiOs),

nepoBckut(CaTiOs), pytun(TiO,), anata3(TiO,), Tutanut (CaTiSiOs).
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Cucmema ouenusanus:

1 | Onpenenenue metaia X u Bemects A-J — o 0.5 6amta 11.5 6ass10B
Pacuer cocraBa B, E, F, G, H, J mo 1 6amty

2 | YpaBHeHus peakiuii o 1 6amny 11 6as10B
3 | YpaBHEHHS peakIuii co menoubto 1o 1 6amry 2 0as1a
4 | JIroOoit munepan - 0.5 6amna 0.5 6anna

HUTOI'O: | 25 6annoB

Pemnenue 3axauu 7 (bymkos H.C.)

1. T'a3 X, onMH U3 KOMIIOHEHTOB BO3/1yXa — BEPOSITHEE BCETO 30T UM KUCIOPOI.
B 3anade peub unér 00 O4EHb CUIIBHBIX OKUCIUTENSAX — JIOTUYHO MPEANOI0KUTh, YTO
OHU cozepkar kuciopox uiau ¢rop. Ham naHel mMaccoBble 10U Oosee TSKEIOTO
’ieMeHTa B OMHApHOM BELIECTBE M B MPOAYKTE €ro peakuuu ¢ razom X B
cOOTHOIIEHUH 1:1. DTO MO3BOJIIET HAM BBIUKCIUTH MOJISIPHYIO Maccy COeIHMHEHUS Y

o dhopmyne:

rIe  — aToMHas macca 0ojiee TSKEJIOoro dJIeMeHTa, a N — YKUCIO0 ero aTOMOB B
COETUHEHUH.

Ecimu mpeamonoxuth, yto X — azotr, o M(X) = 28 r/monb, A=171.29/n,
pa3yMHBIX BapUAHTOB HE TMoJiydaeM. Eciu ke mpennonoxuTs, 410 X — KUCIOPO/I, TO
M(X) = 32 r/monb, A;=195.15/n, ckopee Bcero N=1, a 3eMeHT — IUIaTHHA, TOT/IA Ha
BTOpOM 3JIeMeHT npuxoautcs 114 r/Monb, 4To cooTBeTCTBYeT 6 aromam ¢ropa (9TO
BIIOJTHE COTJIACYeTCS C JIAHHBIMU O BBICOKOW OKHUCIUTEIHHOU CIIOCOOHOCTH JAHHOTO
coenuHenus), T.e. Y — PtFg. Peaknusa rekcadropuma miaTuHbl ¢ KUCIOPOJIOM, Kak

JIOCTAaTOYHO XOPOIIO U3BECTHO, MPUBOIUT K rekcadropruiarunary (V) JuokcUrenuna,
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T.e. | — 310 [O;][PtFs]. I3 manHBIX 0 mOTEpE MacChl, KOTOPhIE COOTBETCTBYIOT IIOTEPE
ogHoro aroma (ropa, momyuyaem, uto Y; — PtFs, a Y,, BTOpBIM NpOIYKTOM €ro
JTUCIIPOIIOPIIMOHUPOBAHUS, CKOpee BCEro, sBisieTcss TeTpadTopuy miatuHbel PtR,.
JlocTatogHO U3BECTEH (DaKT, YTO OMBITHI C TeKCaTOPUIOM IIIATHHBI M CUHTE3 MEPBOM
COJMM  JAMOKCUTCHWJI-KAaTHOHA  TPEIIIECTBOBAIM  MOJYYEHUIO  COCAMHEHUU
OnmaropoaHbsIx ra3oB. Mcxons u3 npeanoigaraeMbix JaHHBIX MO COAEPHKAHUIO IIATHHBI
(ckopee BCero, B 3TOW COJIM CaMBIM TSDKENBIM 3JIEMEHTOM SIBJISIETCS TAKKE MJIaTHHA) B
«comu lly», a Takxke TOro, 4TO peakius ¢ ra3oM A Mpeanosiaraiach, CKopee BCero, B
cooTHomieHuu 1:1 (B yCIOBMM yKa3aHO, YTO peaKlus aHAJOTUYHA PEaKIHH C

razom X), moiaydaem, 4ro M(A) = — = 131.3 r/mMonb, 4TO

COOTBETCTBYEeT KCEHOHY, T.e. A — Xe, u snemeHT Z — Xe€, T.e. peub B 3ajaue
JEUCTBUTENLHO UIET O COCAUHEHUSAX OJIarOpoJHBIX Tazax (Ha 3TO TaKKe KOCBEHHO
yKa3bIBa€T TO, YTO JaHHBIE COCIWHEHHUS [0 OMpPEAeIEHHOTO MOMEHTa Ka3aJHCh
y4€HBIM ueM-T0 HeoObIYHbIM). Toraa «coib |1» umeer popmyny XePtFs, a yuutsiBas
IpEeanoJaraéMyr0 aHaJloTHI0 C TeKcadTOPOIJIaTUHATOM JTMOKCUTEHWNIA, NI COJU
ckopee Bcero mpesnonaranack cTpykrypa Xe'[Pt,Fg]. Tpu OMHApHBIX COEIUHEHMS
KCEHOHA C OJIHUM M TE€M K€ DJIEMEHTOM, MOJIy4aeMbl U3 OJHUX M TE€X K€ MUCXOTHBIX
BEIIECTB C U3MEHEHUEM YCJIOBHI — BeposiTHEe Bcero (propusl. Mcmonb3ys JaHHbIE O
MacCOBOM J0Ji€¢ KCEHOHAa B JTHX COCAUHEHUSX, MOJydaeM, 4YTO JCHCTBUTEIHHO
B - XeF,, C — XeF,, D — XeF. Bece dropuasl kceHOHA MOTyYarOT MPSIMBIM CUHTE30M
U3 KCEHOHa U (propa.

Comp |11, xak ykazaHo B YCJIOBUH, MOXXHO (DOPMaJIBHO paccMaTpHUBaTh Kak
NPOAYKT MPHUCOEIMHEHUS IBYX MoOjekya PtFg u ogHOM MOJIEKylbl KCEHOHa, T.€.
opytTo-popmyna XePt Fi,. Takke ykazaHo, UTO CTETIEHb OKUCICHHS KCEHOHA Takas
xe, kak B audropune B, T.e. +2, OTKyma JOTHYHO MPEANONOKHUTH (POPMYITY
[XeF]'[PtFu]

[Tpu rupponuze XeF,;, O4eBHIHO, MPOUCXOAMUT IUCTIPOTOPIIMOHUPOBAHUE HA
aToMapHbIN KCceHOH u coennnenne E, comepikariee KCeHOH B 00siee BEICOKOM CTETeH!
okucnenus. Tot (akt, yto nmpu rugponuse Xekg He BbIACISIETCS KCEHOH, HATAJIKUBAET

Ha MbIC/b, 4TO E — mpou3BogHOE KCEHOHA B cTeneHu okuciieHus (+6). Mcnonbiys
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JaHHBIE TI0 MACCOBOM J0JI€ KCEHOHA, TOJy4YaeM, YTO MOJIIpHAs Macca COCIUHCHHSI B
pacuéte Ha oquH aroM kceHoHa 131.29/0.6654 = 179.29 r/mMonb, 4TO COOTBETCTBYET
XeOs. [Ipu peaknuu ¢ HeOCTaTKOM MIENOUN 00pa3yeTcss MOHO3aMeIEHHAs COTIb, T.C.
ckopee Bcero F - NaHXeO,. MakcumanbHON CTEMEHBIO OKHUCICHHS 11 KCEHOHA
spisercst +8, T.e. G — coib, KOTOPYO MOXHO (OpManIbHO TMPEACTABUTH Kak
XNa,O'yXeO,. Vicnonb3ys JaHHBIE O MaCCOBOM JIOJIM KCEHOHA B 3TOM COJIM (Ha OIMH
aroMm kceHoHa mnpuxomutcs 131.29/0.4113 = 319.2 r/monb, YTO COOTBETCTBYET
X:y=2:1), te. popmyna comu NasXeOg. KonieHtpupoBaHHas cepHas IIpH
peakuMd C TepKCeHaToM Oapus TpH OXJAKICHUH BBICTYNAeT, BEPOATHO,

OAHOBPCMCHHO KaK CHJIbHAsA KHCJIOTa M KakK O6€3BO)KHB3IOH.IPII>1 arcHT, daBasd H -

XeO,.
A - Xe
B — XeF;
C — XeF,
D — XeFg
E — XeO;
F — NaHXeO,
G — NayXeOg
H — XeO,
| — [O;][PtFe]
Il — Xe[PtF¢]
I - [XeF][Pt;F11]
X -0,
Y — PtFs
Y, — PtFs
Y,— PtF,

2. Ypasnenusn peaxyuii:
1)  Pt+ 3F, =Ptk
2)  2PtFg = 2PtFs + 1
3)  2PtFs= PtF¢ + PtF,
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4) Oy + PtRs=[O,][PtFe]

5)  Xe + PtRg= Xe[PtF¢]

6) Xe + F,= XeF,

7) Xe + 2F,= XeF,

8)  Xe + 3F,= XeFg

9)  Xe + 2PtFg= [XeF][Pt,Fy]

10) 3XeF; +6H,0 =2XeO3 + 12HF + Xe1

11) XeFg + 3H,0 = 6HF + XeO;

12) NaOH + XeO3;= NaHXeO,

13) 4NaHXeO, + 8NaOH = 3NayXeOg + Xet + 3H,0

14) Ba,XeOs + 2H,S0, = 2BaSO,44 + 2H,0 + XeO,?

3. Crenenb OKuCIIeHUs Kuciopoaa +1/2, niuarunsl +5, ¢propa —1

4, Tlo I'mmnecnu, XeF, umeer tum AB,E; KoopauHallMOHHBIM MOIUIIP —
TpUTOHAJIbHAS OMNUpamMuaa, FreOMETPUsl MOJIEKYJbI - JMHeHas, XeF, — tun AB4E,,
KOOPJAMHAIIMOHHBIN MOJHU3IP — OKTadIp, TEOMETPHUS MOJEKYJIbl — MJIOCKUNM KBaJIpar,
XeFs — tun ABgE, koopauHAIMOHHBIN MOMWMAAP — OJHOIIANIOYHBINA OKTa’Ip,
TEOMETPUS MOJICKYJIbI — UCKAKEHHBIN OKTadIP.

dTopuabl  KCEHOHA  SBIAIOTCS  COCOUHEHUAUM  C  TPEXIEHTPOBOMU
YEThIPEXIIEKTPOHHON CBS3BIO, CPABHUTEIBHO «HETPUBBIUHOW» JJISI «KJIACCUYECKOM
xumum». [lodTOMy CyIiecTBOBaHWE JJaHHBIX MOJEKYJI 3HAYUTEIHHO O000TaTHUIIo
3HAHHS XUMHKOB O KOBaJICHTHBIX CBSI3SIX.

5. ATOM KCEHOHa M MOJIEKyJia KHCJIOpPO/ia UMEIOT OJTM3KHUE SHEPTUH MOHU3ALINH,
M0STOMY TIONyYeHHe coequHeHUs ¢ HoHOM O, MO3BOJMIO MPEANOI0KUTh, YTO

BO3MOJKHO ITOJYYCHHUC aHAJTIOTHMYHOTO COCANHCHMA C HOHOM Xe+.
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3a kaxpaoe u3 15 BemectB — no 0,5 6amna (ecnmu y coneid | — 111

1. 7,5 6any10B
HEBEPHO yKa3aH cocTaB HOHOB — () 6aioB).

2. | YpaBHeHus peakuuit —no 1 Gamry 14 6anua

3. | BepHble cTeneHH OKUCIEHUS 0,5 0as1a

[IpaBunbpHas reoMeTpust Kaxkaoil Moiekynsl o 0,5 Oannia.

4. | YnoMrHaHuE O TPEXUEHTPOBOM YETBIPEXDIEKTPOHHOW CBA3U — | 2 GaJuia

0,5 6aia

5. | BepHsblii oTBET

1 6aan

HUTOI'O: 25 6anaoB

Pemienne 3agaun 8§ (Kapuayxos T. M.. Jloadkxenko B./1.)

1. ITockonpky M30TOI 3JIeMeHTa X oOpasyeTcss MpH pacraje saep ypaHa, OH

JOJKEH ObITh Jierue 238. CyliecTByeT He TaKk MHOTO PaJMOAKTHUBHBIX 3JIEMEHTOB (HE

MMEIOIINX CTa0MIBHBIX M30TOIOB) Jierue ypana. MHOroduciieHHble (hakTbl UCTOPUU

IIOACKA3bIBAIOT, YTO 3J3JICMCHT X — TCXHCHHﬁ. Ecan no AOBOJIBHO IIPOCTPAHHOMY

OIMCAaHUIO JI0TaJaThCsl 00 3TOM TSKENIO0, MOKHO BOCIOJB30BaThbesa pacuéramu. [Ipm

HarpeBaHUHM IMPOCTOTO BEIIECTBA B U30BITKE KUCIOPO1a 00pa3yeTcsl OKCHUI.

O603Ha4uB okcug C 3a X,0p, nonyunM @y = 2M x ,
2M y + Mgn
. M x
ananornyHo juis xyuopuaa XCly: oy =
My + Mg m
“ _Ox 15999 14 100n « _ Ox 35493 o4 720m
2(1 — Wy ) 1- wx
n|{ Mx | Oxkcug ni| Mx | Oxcua m Mx Xuopug
1]14.13| N,O 5170.65 | Ga,Os 1 24.729 MgCI
2128.26| SiO 6 |84.77 2 49.458
3142.39 7198.90 | Tc,0O4 3 74.187 AsCl;
4 156.52 8113.0 | CdO, 4 98.916 TcCl,

[TonxoauT TOJIBKO TEXHELMH, T.K. TOJIBKO OH oOpa3yer okcuna 1C,07; u xjopuj
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TcCly, B KOTOPBIX MacCOBBIE JOJIM METaJlla COOTBETCTBYET YCIOBHIO 3a1a4H.
Onpenenum sneMeHT Z. JIjist 3TOro 3aluilieM ypaBHEHHE SJIEPHOM peakluu, B
pe3yibrare KOTOpOM BHEpBble ObLI MojydeH TexHenui. CorlacHO YCIIOBHIO, B
pesyapTare Hee oOpasyeTcss HamOoJiee pactpoOCTPaHEHHBINM W30TOI, aTOMHAas Macca

KOTOPOTO MOYET ObITh TOTydeHa OKPYIICHHEM TaOINIHON BETHUHHbL, T. €. ° TC:
m- 2 99 1
q Z‘|‘1D—)43TC+On
W3 obmiero Buaa peakiuu moirydaem, uto M = 98, = 42. DTo COOTBETCTBYET
usorony *®Mo. Takum 06pasoM, aneMeHT Z — MOJHGAeH.
VYpaBHeHue siepHoi peakuuu, ocymiectiénHon Cerpe u [leppbe:
228 Mo+fD—>%%Tc+&n :
2. O603HAYNM 3a X 4HCII0 anb(a-pacnanos, a 3a Y — Gera-pacmanos sapa = U.
CyMMapHOE€ ypaBHEHHE SIACPHBIX PEAKUUN MPEBPALICHUS 25U B ®Tc moxer GbITh

3aIllMCaHO KaK

293§U —>%%Tc +X§He + y_(l)e .

Macca MeHsIeTCs TOJBKO 3a cUeT ajbda-pacnanos: X = (235 —-99) /4 => x = 34,

[Ipu anbda-pacnage 3apsan sapa yMEHbIIaeTcs Ha 2, a mpu Oera-pacmaje
yBenuunBaeTcsi Ha 1: 92 - 2x +y =43 =>24 +y =43 =>y = 109.

Takum  obpasom, spo °U  mperepmeBaer 34  ambda-pacmaga U
19 Gera-pacnanos.

Onpeaenum U30TOM, 00Pa3yIONIUNCS HAPSY C TEXHEIHEM MpPH JICJICHUU 2.

VYpaBHeHUE JaHHOU SAEPHON peakuu B OOIIEM BHUJE 3alMUCHIBACTCS KaK

ZS’QF’U —>?1%Tc+’33+01n

otkyga m = 135, q = 49. Takum 00pazom, HapsaAy C TEXHEIHEM B JaHHOM

135 1n-
peakuuu oopazyercs u3orom - IN:

Zggu —>%%Tc+128 In+&n

3. B . 1 MbI yxe omnpenenmiu coctaB BemectB A — Tc,0; u C — TcCly.

PactBopenuem Briciiero okcunaa texHeuus B KOH u BogHOM pacTBope amMmuaka
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oopazyrorcs F — KTcO, u E — NH4TcO,4, coorBeTcTBeHHO. DTOpUA TexHeuus B
UMEEeT MOJICKYJISIPHOE CTPOCHHE B Ta30BOM M TBEPIOH (azax U K4 = 6, U3 YET0 MOKHO
3akmounTh, uto B — TCFg. Ilpu B3aumoperictBun B ¢ NO oOpasyercs moHHOE
COCIMHEHUE, TPUIEM K.4. TC Mpu 3TO MHE U3MEHSICTCS. YBEIMYECHUE MACCHI IIPU STOM

COCTaBJIACT:

Am = 0.2769 -0.2427 (98.906+18.998-6) =30—%—, 4rO COOTBETCTBYET
VTCFB 02427 MOND

) + —
oxnoit mojiekyine NO. T.e. CoctaB L — NO'[TcFg ].
D nonydator npu B3aumoneictBuu Cl, u TC, B34TBIX B MOJBHOM OTHOIICHUH

0.10 0.14
70.906 98.906

=1:1, yro no3BojsieT onpeaenuth cocras D — TcCl,.

C uMeeT MONHMEPHYI0 CTPYKTYpy

Cl
C:\ ‘ /Cll'h,
(CcM. PHCYHOK), OJHAaKO JTO COCIUHCHHE Te !
TI'® (o] o \Cl""
MEJIEHHO pPacTBOPSETCS B pU 3TOM e |23885C120A ,//éu
K.4. OCTaércss paBHbIM 6, OKHCIUTEHO- 22‘\:‘?--“TC\CI.\-M““':TC\
' ’ Cl
BOCCTAHOBUTCIIbHBIX pCaKHI/Iﬁ B yKaSaHHBIX Cl

®parment cTpykrypbl TcCly
YCIOBUSIX OXKHJAATh HE MPUXOIUTCS, 3HAYUT

K — [TcCI(TT®),] (cm. pucyHok).
XeFg B3ammonmericteyer ¢ 1C,0; B

0.3164 . 0.1332 _
245.278 309.805

MOJBHOM OTHOLICHHUU

c12
3:1 npu sToM oOpazyercs coenuHeHue M, He p. V‘“"
ca Uon c14¥ | c13
comepxamiee I1C u comepxamiee 7.17% caggr

KHCJIOpOAA. B cocraB »3Toro COCIUHCHUA

Crpyxkrypa [TCCly(TT' D),]

MOTYT BXOAUTH KHUCIOPOHA, (PTOP M KCEHOH:
XeOyF,.

X'MO s
= = x=_ 0
Mxe +X-Mqg +y-Mg (1-w0)Mg

@0 My +y Mg =>

" A. Hagenbach, E. Yegen, U. Abram // Inorg. Chem. (2006) V.45, Nel8, pp. 7331-733
DOI: 10.1021/ic060896u
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X = 0.0717 431.29 +18.998y = 0.6338 +0.0917 y
(1-0.0717)-15.999 -
y| X
100.72
210.82
3]0.91
4] 1.00

Takum oopazom, M — XeOF,.

Boccranosnenue Tc B peaknuu ¢ Xekg
npeanoiaraTh He NPUXOAUTCS, 3HAYUT MEXKITY
HUMH MPOTEKAET MpocTas oOMeHHas peakuus u |

— 370 okcoropu TexHeuusa. Ero cocraB MOXXHO

“oB

Fa ,Sl
YCTaHOBHTb  CIIOJIB3Ys MOJIBHBIC OTHOIICHHS | @dparmeHT cTpyKTypsl TcF30;

peareHTOB. B pesynprare B3amMomencTBus 3-x Mob XeFg ¢ 1-mm momem TcC,0;
obpasyercst 3 moiab XeOF, mpu »tom ot TC,0O; «oTpeiBaeTcs» 3 KHCIOpoaa U
«BBICBOOOXKTaeTCS» 6 hTopoB, U3 yero cieayeT coctaB | — TCO,F3 ) (CM. PHCYHOK).

[Ipu  B3ammopeiictBum XeFg ¢ Tc,O; B MOTBHOM  OTHONIICHUH

0.5273 0.1332

) =5:1 oOpaszyercsa pactBopumass B HF comb. T.e. 1 monp XekFg
245.278 309.805

B3aumoielictByer ¢ 1 moiem TCO;,F3,0KkuCIHTETEHO-BOCCTAHOBUTENbHAS PEAKIIHSI

HEBO3MOXKHA, K.4. [C B HOHe, BxonsmieM B coctaB J paBHo 6. Ilpucoenunenue

¢ropun-nona x XeFg ¢ obpasosanuem [XeF;] manoBeposTHO, KpOME TOTO, IPH 3TOM

J’_
nomkeH obpasoBarbesi katoH [ICO,F,]", B koropom k.u. TexHemms paBHO 4.

HanbHelee 3amenieHue kuciaopona ICF3O, Ha ¢Top ¢ oOpasoBanneM TcOFg

POTHBOPEUNT YTBEPIKACHUIO, 4TO 06pasyercs conb, 3aaunT J - [ XeFs |[TcO,F, .

[Ipo G u H u3BecTHO, YTO OHU HM3OCTPYKTYPHBI, 00pa3yloTCsl B pe3yjbTare
BOCCTAHOBJICHUS (1I00ABIICHHE MOMU/A KaJKsl), B COCTaB dTUX COCAMHEHUIN HapsTY C

TEeXHeIeM BXOAAT xJiop U kanuil. [Tpu nonyuennn G itonuz xamus u KTcO, 6epyT B

"H.P.A. Mercier, G.J. Schrobilgen // Inorg. Chem. (1993) V.32 , Ne2, pp 145-151
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0.74 0.3

MOJILHOM OTHOIIIEHUU =3:1, 94TO COOTBETCTBYET BOCCTAHOBJIEHUIO

166.003 202.00

Tc nmo crenmenu okucieHus +4. Beruucnum otHomeHue MoisipHbix mMacc G u H:

My :0'0787/0'75:1.049(3). [IpenmonoxuM, 9T0 OJHUM U3 3aIIH(PPOBAHHBIX

Mg 0.1

coequnennit sBisiercss K,TcClg, Torma MonspHass Macca JOpyroro COCIMHEHUS

389.82-1.049(3) = 409.05 ¢  wm 389.82/1.049(3) = 371.49 ¢

Monw Monb

Tak kak cOeIUHEHUs] U30CTPYKTYpPHBIC, Pa3Myusi BO3MOXKHBI B KaTHOHE, HO
+ +
kpome K" u H™ npyrux katmoHOB BO BTOpoM IyTH cuHTe3a H Her. PaccMoTpum

+ +,
BapHaHTHI C 3aMeIeHneM KatnoHa kaimus Ha H3O', HsO, '

BemectBo | M, 7,0, | BemectBo | M, /0
(H3;0)KTcClg | 369.75 | (HsO,)KTcClg | 387.76

(H30),TcClg | 330.65 | (Hs0,),TcCls | 348.66
(H30)KTcClg nmeer Onu3koe 3HaYCHHE MOJISPHOM MAacChl, HO TOT/Ia MPUIILIOCH

OBI MPEIOJIOKUTD, YTO TIPH €r0 MepeKprcTauIH3auy Beimagaaet B ocanok K, TcClg,
XOTS KOHIIEHTPAIUsI HOHOB KaJus B PaCTBOPE MPHU MEPEKPUCTATIIM3AIMNA HUXKE, YEM B
VCXOJTHOW PEAKIIMOHHON CMECH.

JlpyruM BO3MOKHBIM BapHaHTOM, OOBSICHSIOMNUM H30CTpykTypHOCTh G M H
ABJISICTCSl 3aMEIICHUE XJIOpUJ-MOHA. Tak Kak peakius NpPOTeKaeT B BOJAE, TO

CAMHCTBCHHBIM BO3MOXHBIM dHUOHOM ABJISICTCA THAPOKCHUA-aHHUOH. I[CﬁCTBHTGHBHO,

M (K, [TcCls (OH)]) = 371.37 2, Tora G — K,[TcCls(OH)], H — K,[TcCle].

Mmonp '

Ypasnenusa peaxyuir:

A4TC + T0hms) —2 5 2T¢,0;

Tc,0; + 2NH; + H,O — 2NH,4TcO,
Tc,0; + 2KOH — 2KTcO,4 + H,0

2NH,TcO, + 7H, —2%°C 5 oNH, + 8H,0 + 2Tc

Te + 2Clus) —P 5 TeCl,
Tc + Cl, —22C s 1eCl,

Tc + 3F2(n36.) M) TCFG
TcFs + NO — NO*[TcFq]

N o g bk wWhE
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TcCl, + 2TTD —YC 5 [TeCl(TT®),]

2NH,TcO, + 4KCl + 16HCl oy ———> 2NH,CI + 2K,TcClg + 8H,0 + 3Cl,1
2KTcO, + 6KI + 14HCl () — 2Ko[TcCls(OH)] + 6H,0 + 4KCl + 31,

Ko[TcCls(OH)] + HClomy ———> K,TcClg + H,0
HF ¢ -
Tc,0O; + 3XeFg $)ZTCOZF3 + 3XeOF,

HF .- _
TcO,F; + XeFg % [XeF5+][TC02 F4 ]
4. Coequnenne [ TCCly(TT'®),] nmeet 2 nzomepa:

yuc-[TcCly(TI' ®),] mpanc-[TCCl,(TTD),]

Cucmema oueHugaHu.

1 | Dnement X — 1 6amr, Z — 0.5 6aymta 2 6a1a
VYpaBHenue peaknuu cuare3a X — 0.5 6ama

2 | Onpenenenue uncia anbda- u 6ara-pacmnanos — 1 6amn 1.5 6anna
VYpaBHeHue peakiuu pactaga U — 0.5 Gauia

3 | BemectBa A — M mo 0.5 6ama 20.5 6ana
VYpaBuenus peakuuii (14 wr) no 1 6amry

4 | Uzomepsl [TCCly(TTD),] 1 6aa

HUTOI'O: 25 6aJs10B
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OpZtlH uiyecKkasn xumus

Pemienne 3agaun 1 (Auaponon B.A.)

1. Ha nepBo#t craauu peaktuB ['puHbspa mnpucoeauHseTcss K KapOOHUIBLHOM
rpynne ainpjaeruga ¢ oOpa30BaHHWEM AaJKOIrOJATa, MOCIe HEUTpalu3aluud KOTOPOIro
nonydaerca coupt A. Ha crnegyromen cragum crnupt A B3aUMOJICUCTBYET C
opTo3upomM yKCycHOM KucaoThl. [IporoHupoBanue opTosdupa MNPUBOAUT K
OTILEIUICHUIO MOJIEKYJIbl CIHUpPTa C OOpa30BaHUEM OTHOCHUTEIBHO CTAOUIIBHOTO
KapOKaTHMOHA, KOTOPBIM Jaliee pearupyer co CIUPTOBOM TPYNMOW COEAUHEHHS A.
[IoBTOpHOE MPOTOHUPOBAHUE U STUMHUHUPOBAHUE MOJIEKYJIBI METAHOJIA MPUBOAUT K
0o0pa30BaHUIO MOJIEKYJbl, coAepKamed (parMeHT auIMIBUHUAIIOBOIO 3dupa,
HEOOXOMUMBIM 1t mpoTekaHusi  [3,3]-curmMarpomHoil  meperpynmnupoBKH
(meperpynnupoBka Kisiizena). O0pa3oBaBiiniics cioxHbI 3¢up B npu aelictBumn
aTIOMOTHAPHUAA JUTHS BOCCTaHaBIUBaeTCs N0 cnupra C, KOTOPBIA OKUCIAETCA JO
anpaeruaa X TMOA JCHCTBUEM KOMIUIEKCA TPHOKCHAA XpOMa C NUPUIUHOM.
CrpykTypy X MOXKHO Hamucarh, OJJHAKO, U 0€3 3HAaHMS ATUX PEaKIui, MOCKOJIbKY B
YCIOBUM JAHO CHUCTEMAaTU4YECKOE Ha3BaHUE OJTOro coeauHenusd. llockonpky X
MOJMy4YeH OKucieHueM coeauHenuss C, MoxHO caenars BbBOA, 4to C —
COOTBETCTBYIOIIUM CIHUPT, KOTOPBIM MOJTYUYEH BOCCTAHOBIICHUEM COeAMHEHUs B, s
KOTOPOTO B YCJIIOBUHM JlaHa OpyTTO-(hopMmyra, U3 aHain3a KOTOPOH CJIETyeT BHIBOJ, UYTO

3TO — METHJIOBBIN 3(UP COOTBETCTBYIOIIEH KHUCIOTHI.

1) — OH MeO~ ~O 7 (O
OL BrMg— MeC(OMe)s —~
2) H,O H*, t - MeOH
A X X X
l [3.3] -
O “ = CrOz-2Py HO “ FZ 1) LiAIH,4 oo “ =Z
2)H,0 V€2
X c B

2. Bropas 1emnouka HaAuMHAETCS C peakiuu 2-MeTuidypaHa ¢ OyTUIUTUTHEM.

[TocKoIbKY KaTHOH JIMTHSL KOOPAMHUPYETCS MO aroMy Kuciopona (Qypana,
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JEMPOTOHUPOBAHUE MTPOTEKACT MO COL-TIOJIOKEHHIO; B pe3yJIbTaTe 00pa3yeTcst S-MeTHII-
2-pypwmutuit. OH pearupyer ¢ 1,4-muOpoMOyTaHOM IO MEXaHU3MY Sy2 C
obpazoBanueM 2-(4-6pomoOyTmin)-5-metmndypana (D). To, 49Tt0 B peakIuio
3aMEIIeHHs BCTYIAET TOJBKO OJWH aToM OpoMa, SIBHO CIEAyeT U3 OpyTTO-(OpMYIIbI
coenqunenust E. M3 sroit dopmymisl crnemyer Takke, uro D pearupyer ¢ aByms
MOJIEKyJIaMHu 3THieHIKoA (13 atromoB ymiepoaa u 4 aroma kuciopona). M3sectHo,
910 (QypaH MOXKET THAPOJIM30BaThCsl ¢ oOpa3zoBaHweM |,4-mukeToHa. B manHOM
ciydae o0e CKpBIThIe KapOOHWJIbHBIC TPYHIBI ()ypaHOBOTO IHKJIA B KHCIOH cpene

pearupyroT ¢ STUJICHITIMKOJIEM C O6p2130BaHI/IeM COOTBCTCTBYIOIICTO JUKCTAJIA.

o 1)Buli 0 2) Br(CHy),Br o o A o
THF, -25°C Li 24 TsOH
) /| [ s
b HO  OH
"

HO HO

I M
o 4 & HO  OH \\\ \\\
3 o N H H®
- _ _
E Br Br

OOpazoBaBmmmiics Opomun E BcTymaer B peakuuio ¢ TpudeHuipochuHoM ¢

oOpa3zoBanueM (QocdonueBoil conu F, koropas BcTymaeT B peakuuio Butrthra c
anpaeruioMm X ¢ obpazoBaHueM coenuvHeHust G, comepikaliero ABe JABOWHBIE CBS3U
C—C. Ilpu geiicTBUM KHUCJIOTHI pa3pylliaeTcs aleTalbHas 3aliuTa U 0CBOOOKIAIOTCS
KapOOHWJIbHBIE Tpymnmnbl. bpyrro-gpopmyna H moaTBepkIaeT CTPOEHHE STOrO
npoaykta. Ero  o0paboTka  IIENOYbI0  BBI3BIBAET  AJIbJI0JIbHO-KPOTOHOBYIO
KOHJICHCAIIMIO ¢ 0Opa3oBaHMeM LUKIONeHTeHOHa |. Kakue mMeHHO aTtoMmbl B Hei
YYacCTBYIOT, MOJKHO MOHSATH MO OTKPBITOW CTPYKTYype MPOMEKYTOYHOTO COCTUHEHHUS.
Jlanee MeLi mpucoeaunsercs kK kKapOOHMIBbHOHM rpymme. Ha ciemyromieit craguu
MPOUCXOAUT KapOKAaTHOHHAs UUKIW3AlMs, KOIJa KaTUOH, OO0pa3ylolluiics mpu
IIPOTOHUPOBAHNUU CHUPTOBOM rpymmnsl B J, arakyer ABoilHYyr0 cBsizb C—C, HOBBIH
kaTuoH arakyer ciuenytouryto C=C cBsa3p u T.4. Jlajee OPOUCXOAMT THIPOIU3
KaTHOHHOTO MHTEepMeAuara J1o keroHa. Ha cnemyronieit ctaguu uaeT 030HUPOBAaHUE C
NOCJIEIYIOIMM  BOCCTAHOBHUTENIBHBIM  PACUICIUICHHEM.  3aBEPIIAET  CHUHTE3

BHYTPUMOJIEKYJIIPHAS albJ0JbHO-KPOTOHOBAS KOJICHCAIUSI.
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O/O> O/> O(\O

(e
0 0 © 1)BuLi
</ PPh, </ Br THF P “ 4
(@) (@) ® 2) X e}
Br PPhs
E F e

OH | O |

Z 1) MeLi = NaOH

<L
Z " 2)H,0 Z

o}
o}
—0
g o}
K,CO3 1) O3, CHyCI; KOH
—_— _— —_—
H20 2) Zn, AcOH
MeOH o}

Cucmema oueHueanus:

1. | Crpykrypasie popmynsl A—C — mo 2 06amia, CTpyKTypHas | 7 6ajjioB
dbopmyna X — 1 6amn

2. | CrpykrypHbie popmynsl D—L — o 2 6anna. 18 0as10B
UTOI'O: 25 6annoB

Pemenue 3amaum 2 (3uma A.M.)

1. CrpykTypsl BCE€X HMHTEPMEIMATOB MEPBOM LIEMOYKH MOXXHO YCTAHOBUTD,
paccMmarpuBasi OTKPBITYIO CTPYKTYpY CO€OUHEHMsI F, mpsMoro mnpeaiiecTBEHHHUKA
apreMu3suHuHa. Ha mnepBoil cTaguM LENOYKM MPOUCXOAUT METUIIMPOBAHHE
KapOOKCHIIBHON TpyNIbl apTeMHU3WHUHOBOM KHCIOTHI mon nedctBueM CH,N, ¢
MOCJIEAYIOIUM CEJIEKTUBHBIM THUAPUPOBAHUEM CTEPUUYECKH Hanbojee TOCTYMHOU
JBOMHOM CBSI3M Ha Karalu3arope YWIKMHCOHA. 3areM MOJy4YeHHbIM nponykr B
MOJIBEPraeTcsi O30HOJU3Y C TMOCIEAYIONeH BOCCTAaHOBUTEIBbHOW 00pabOTKOM
JUMETHICYIb()HUIOM, KOTOpask UCTIONb3YETCS sl TOMyUYEHHUs alIbJIETUIOB U KETOHOB.

JoGapnenue 1,3-mponangutuona k C ucnonb3yeTcs ISl 3alUThl KapOOHUIBHOM
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IpyHIbl U MOXKET MPUBECTU K 00pa30BaHUIO THOALIETANI WK THOKeTals. [TockoibKy
KeTorpynmna octaercs B F, oHa He BcTymaia B peakiUi0 Ha CIEAYIOUICH CTaJuH.
CnenoBareinbHO, ObUT TOMyY€H MMEHHO THOKETalb. T[pUMETHIOBBIA 3dup
OpPTOMYPaBbUHOM KUCIOTHI B YCIOBUSX KUCIOTHOTO KaTajln3a BHavyasle aeT aleTalb,
KOTOPBIM OTIIEIUISIET METaHON C 00pa3oBaHHEM MpocToro 3¢dupa eHomna. PactBop
xynopuna prytu(ll) HeoOXomum 11 THAPOIM3a TUOKETals. [MAPOIN3 MPOBOIAT B
OYeHb MATKUX YCJIOBHUAX, YTOOBI HE pacuienuth 3gup eHona. Ha 3akmrounTenbHON
CTaAMM  CHHTE€3a IMPOUCXOAUT OKHUCIEHHE F  CHHIVIETHBIM  KHCJIOPOIIOM,
reHEPUPYEMBbIM TPH OOJY4YCHHHM B MPHUCYTCTBHM Kpacutens Rose Bengal mpu
MOHIDKEHHOW TeMIeparype, 4YTO IIOCJI€ THUIPOiM3a XJIOPHOW KHCIOTOH JaeT

apTeMH3UHUH (Z).

- - - O -
H 2) Hy H - S A
- [(PhzP)RKCI] 1) O4 K)
B —————— _— —_—
: 2) Me,S BF5
H
HO,C MeO,C MeO,C
c
m p s (0] s 1)02
S S : : : Rose Bengal
H3O* hv, -78°C
o Hacl = Z
X = HgCl> 2) HCIO,
M902C MeOZC MeOZC

D E
2. Paccmorpum cxemy monyudeHuss B w3 wmsomynerona. IlepBast ctagust maHHOTO

OpeBpalleHus] MPEACTaBIseT CcoO0OM  TUAPOOOPUPOBAHUE C  MOCIEAYIOIIUM
okucienueM Oopana neictBueM H,0O,. Takoil BapmaHT ruapaTanyi ajkeHa AaéT
IPOAYKT MPOTUB MpaBwia MapKOBHHKOBA, YTO TO3BOJISIET MONYYHTH MEPBUYHBIN
criupt G. Jlanee ceneKTUBHO OCH3UIUPYETCS MEPBUYHBIN CIUPT (UTO XOPOIIO BUIHO
U3 OnvKalleld OTKPBITOM CTPYKTYpPHOM (POPMYJibl), TIOCJIE YEro BTOPUYHBINA CHUPT
OKHCIIIETCSA XJIOpOXpoMaToM mNupuauHus a0 ketoHa H. IlomydyeHHbI KeTOH mon
JEHCTBUEM CHIILHOTO OCHOBAHUSA (AHATKHJIAMUIA TUTHS) TENPOTOHUPYETCS 10 Ooee
JOCTYITHOW METHJIGHOBOW TPYIINE, a CHONAT-UOH aTKUIUpyeTcs, mpeBpamiasich B .
Oxwucnutens M-CPBA BHavasie NpuBOIUT K 00pa30BaHMIO IMOKCHIA, KOTOPBIH IN Situ

npeBpallaeTcs B AUKETOH, MPUBEICHHBIN HAa cXeMe B yclIoBHM. Tpu mocneayroiiue
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CTaIuW TPENICTABIISIOT cO00i peaknuu Burtura (B KauecTBe peareHTOB MPUBEICHBI
wiael pocdopa, XOTS peanbHO HCHOIB3YIOTCS COOTBETCTBYIOMIME (OChHOHHEBBIC
coiii U ocHoBaHusA). B xone npespamenust J B K o6pasyercst agup eHoja, rTuaposin3
KOTOpOTO JaéT HOBOE KapOOHMIBHOE COCTUHEHHE, KOTOPOE BCTYMAET B CICIYIOIIYIO
peakiuio Buttura. IlpeBpamenue L B M mnpencrasnser coboit oOpa3oBaHue
MICCTHWICHHOTO IMKJIA [0 peaKkIuu MeTaTe3uca aJKeHOB TI0J[ JICWCTBHEM
katanuzaropa ['pabOca. DTa peakuuss HEOJHOKPATHO BCTpeYajach B KOMIUIEKTax
3aJaHuil  3aKIIOYUTEeNFHOrO dTana. KpoMe Toro, yCTaHOBHTH 3TO TIpEBpaIlCHHE
IIOMOTaeT CTPYKTypa coequHEeHHs B, Jerko ycTaHaBivMBaeMas MpHU aHaJIHM3e MEepBOU
uenouku. Ha nmocnennent craguu cuHte3a B mpoucxoauT MocienoBaTeIbHOE CHATHE
OCH3UJIBHOM 3alUTHOM TPYMIbI, OKUCIEHUE CIIUPTA JI0 KUCJIOThI peakTUBOM JI>koHca

N MCTUJIMPOBAHUEC KHUCJIIOTBI THA30MCTaHOM.

1) PhCH,CI

1) BoHg NaH 1) LINR,, -78°C »\\/\SiMea
3 . —
2) H,0, 2)PCC 2) -
E L IVINGYY OH o 'WS'\ O
0 W OH ! O Ph X O -Ph
G H I

1) PhsP=CHOCH,

\/Ph \)J\ H

K KaTtanusartop

' 1) Na, NH3(k
Ph3P=Ck2\ P Ipa66ca ) 30%)

v, 2) CrO3, H,SO,

O. _Ph 3) CHaN, .
K N W COZMG
L B

Bo Bropoii yactu uenoyku npuBeneH cuHte3 B u3 uutponennans. Ha nepoit
CTaIuy EHOJIIT-UOH IUTPOHEIAs TMPUCOEIUHSIETCS o Muxasmo kK f-aToMy
yIiiepo/ia BUHUJIIMETHIIKETOHA ¢ oOpa3zoBaHueM mnpoaykra N, comepikamiero aBe

KapOoOHWIbHBIE  rpymnmbl.  [lamee mom  AeHCTBHEM  MIENOYM  TTPOUCXOIMT
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BHYTPUMOJIEKYJISIpHAsl aJibJ0JbHAs KOHJIEHCAIMs, TPUBOASIIAS K OOpa3oBaHUIO
MIECTUWICHHOTO UKIIA. [T0CKOIBKY Ha CIEAYIONMEH CTaauu MOTyYeHHBIA TpoaykT O
BCTyMaeT B peakuuio [puHbsIpa, TO MOXKHO ClieJaTh BBIBOJ, YTO pPEYb HUIET O
HEHACBIIECHHOM KeToHe. [lpuueM peaktuB ['puHbspa B JaHHOM Cllydae
MPUCOEANHSAETCS MO TUIY 1,2-MIPUCOEAUHEHUS K KETOTPYMIE, YTO XOPOIIO BUIHO U3
MOJIOKEHUS MeTujia B npoaykre B. B pesynbrare nocne HeTpanuzamnuu oopasyercs
HeHachIeHHbIN cnupT P. Ciaenyrommii pparMeHT Hernouku y1oOHO aHAIU3UPOBATh C
KOHIIa, TO ecThb ¢ coeauHeHul R u S. Xnoput Hartpus SBISETCS OKHUCISIOINIMM
peareHTOM M MPHUBOJUT K OOpa30BaHHMIO KapOOKCHUIBHOW TPYyMIIbI, CIIEJOBATEIBHO,
BEIIECTBO S JIOJDKHO COACpIKaTh KapOOHWIBHYIO WM THIPOKCIIbHYIO rpymmy. Ho
MOCKOJIBKY U3 MNPENbIAYIINX CTaJAWil BHUJHO, YTO TMOJYYEHHOE IO pEaKIHUH
TUAPOOOPUPOBAHUSL COeNMHEHUE R sBIsSieTCsl CIUPTOM, TO OCTAETCS €IMHCTBEHHBIN
pasyMHbIN BapuaHT A S — anpaerua. OH ObLT MOJIY4YeH B pe3ysibTaTe OKUCIEHUS 10
Ceepny (okcamumxsopuan u DMSO) BemectBa R. Cnupr B CcBOWO ouepelnb
oOpasoBajicsi B pe3ylbTare TujapaTallui HAauMEHEE 3aMEIICHHON JIBOWHON CBSI3U
(TTOCKOIBKY UCIIONb3YETCS MIPOCTPAHCTBEHHO 3aTpyJHECHHbIN
9-6opaburukiio[3.3.1]HoHaH) TPOTUB mpaBmwia MapKOBHHKOBA, 3HAYUT, HWCXOMTHOC
coenuHeHne QQ COMEPKUT KOHIIEBYIO NBOWHYIO CBS3b. OTCYTCTBHE THIPOKCHUIBHOU
rpynnsl B Q, a Tak)ke CTETEHb €ro HEHACKHIIIEHHOCTH MOXHO OTPEACNIUTh U3 OpyTTO-
dbopmynel, ipuBeAicHHOW B ycnmoBuu. Crtamaus mpeBpamnienus P B Q mopn meficTBuem
xynopuaa onoBa(lV) mpencrasisier cobol KaTaau3upyeMyr KUCJIOTOU IUKIU3AIINIO,
MPOTEKAIONIYI0 4Yepe3 oO0pa3oBaHHWE AIUTWIBHOTO KAaTHOHA, MOJIYYEHHOTO ITyTeM
OTILETUICHUS] MOJIEKYJIbl BOJIBI OT MPOTOHUpOBaHHOTO P. OJHAaKO MOTHOCTHIO
pacmdpoBaTh CXeMy MOXHO, JaXe He Tmpuberas K HCIONb30BAHUIO CTaIuu

npesparnieHus P B Q.
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\)K v v
N KOH 1) CH3;Mgl

5 2HO OH
| |
o P
SnCl,
1) (COCI), H
_Me,SO 1) 9-BBN
2) RyN 2) H,0, g
NaOH /\
R Q
Cucmema ouenueanus:
1. | Crpykrypnas hopmyna B — 1 6am. 5.5 6a/na
Crpykrypssie popmynsl C—E — o 1.5 6amna.
2. | Crpykrypubie popmynsl G—-S — o 1.5 6amna 19.5 6anna
HUTOT'O: 25 6am10B

Pemenue 3amaum 3 (Ilaoayxuna A.1O.)

1. Onpenenum ranoreruns Q. Ero ¢popmyny MoxHO mpencraButh, kak MeHal,,

rae N=1,2,3... 3Has MaccoBylO JOJI0 MeTajlla, €€ MOXHO BBIPA3UTh, HUCIOJIb3YS

NPUBEACHHYIO HUXe (opmymy: . Orcroma mnomyvaem:

. Pemmast 3170 cooTHOIIEHNE, TPUXOAUM K BBIBOLLY,
gyro N = 2, Hal — ximop (M = 35.453), a meramun — nayutaauii (M = 106.42). Toraa
MoJIeKyJsipHas Macca conu Z paBHa 106.42 n/0.3617 = 294  n r/mob, rie N — 9KuCIio
aromoB nayuiaaus B Z. [1pu coBmecTHol kpuctaumsanuu PACl, u nqpyroro xmopuma
oOpasyercsi komrutekcHast conb Tuna MpPd,Cl,. IIpu n = 1 Ha m atomoB BTOpOTO
MeTaJlJla U P aTOMOB XJiopa mpuxoautcs npumepHo 187.8 r/monb. EguHcTBEHHO
BO3MOXKHBIM pelIeHueM sBisieTcest P = 4, m = 2, M — narpuii, 1o ecth Z — Na,PdCl,.
MonekynsipHass Macca komiuiekca ¢ Tpudenunpocpunom (M =~ 262.3) paBHa

106.42 n/0.1516 = 702 n. Ota macca cootBeTcTByeT KomIuiekcy PACl,(PPhs),.
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Kommiekebl mamimands MMEIOT KBaJApaTHO-TUIAHAPHYIO TeoMerputo. Jms
1,2
xomiiekca PdL™,L°, BO3MOXXHO JBa HM30MEpa C yuc- U MpPaHc-pacroiOKCHHEM

OJHWHAKOBBIX JIUT'aHIOB.

cl PPhs
CI—F’Id-PPhg CI—PId-CI
PPh; PPh,
yuc- mpaHc-

2. IlepBas cragus — noaupoBanue napa-opomoenzona (CsHyBr;) npuBoaut x A.
[IpeBpamienrie A B B — peakuuss Conorammpsl. Coenunenue B umeer Opytro-
bopmyny CigHy0Br,. OTcroga MokHO ciiennath BBIBOJI, YTO COCIMHEHUE A COJICPKHUT
JBa aroMa wuojaa, kKortopeie 3amemiatorcs ainkuHoM (CgHip) B xome peakiuu
Conoramupsl. TakuM 00pa3oM, apyIMOAKIBI BCTYMAIOT B PEAKIMIO KPOCC-COUETaAHUS
obicTpee, 4emM apuiOpoMujibl. BBIBO O MONOKEHUH B OCH30JIBHOM IIMKJIE aTOMOB
noja (a cleaoBaTeIbHO, M alleTUIICHOBBIX TPYIII) MOXKHO CENaTh, UCXOIS U3 TPABHII
OpPHEHTAIlMK B PEaKIMIX 3IeKTpoduabHOrO 3amenicHus (opmo-Inapa-opueHTanmus
aToMaMu TaJIOreHa) C YYETOM CTepruyecKuX 3((PeKToB (MpeAnOYTUTENbHAS aTaka Mo
0osee TOCTYTHOMY napa-TIOJIOKEHUIO TI0 OTHOIIEHUIO K TIEPBOMY BBEIEHHOMY aTOMY
nona). Kpome Toro, 3TOT BBIBOA MOJATBEPHKIAECTCS CXEMATUYECKUM H300pakeHHUEM
«HAHOPEOEHKAY.

[Ipespamenne B B C — peakmust dhopmuupoBanusi (0OMEH OMHOTO aroma
OpomMa Ha JUTHA W peakuus apuwumMTHeBoro  coeamHeHus ¢ N,N-
TuMeTUI(GOpMaMHIIOM), 4YTO moaTBepxkaaercs Opyrro-popmynamu B u  C.
[IpeBpamenne C B D — peakiius o0pa3oBaHUs UKJIMYECKOTO aireTanis (CTaHgapTHas
peaknus IS 3alUThl IBJCTUAHOW TPYIIBI B OPraHUYECKOM CHHTE3€ JICHCTBHEM
STWIICHIIIUKOIIA). Jlamee — oOMeH OpoMa Ha JUTHI W TpEBpallleHUe apUIUTUTHEBOTO
COCAMHEHUS B apHIIMOAM I (YTO SIBHO ClIeAyeT u3 OpyTTo-hopmyisl E).

bpomupoBanue napa-HUTpOAHWIMHA B YKCYCHOM KHCJIOTE TPHUBOIUT K 2,6-
TUOpOM-4-HUTPOAHWIIMHY, YTO TMOATBEepxkAacTcs Opyrro-dhopmynont G. U3 srtoit
bopMyITBI CITeAyeT TakKe, 9TO Ha CISAYIONICH CTaJuyd HUTPOTPYIIa 3aMeInaeTcs Ha

aToM BOJIOpO/a. DTO MPEBpAICHHE MPOTEKAET uepe3 00pa30BaHUE COJIU JUA30HHS C
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nocnenyomumM 3amenienuem rpynnsl —N," Ha rugpua-uon u3 docdopHOBATUCTOM
kucnotel. [Ipu o6paborke Hutpobenzona G xmnopunom omosa(ll) mpoucxoaut ero
BOCCTaHOBJIEHUE 10 aHmInHA H, KOTOpEI Yepe3 qua30HUEBYIO COJb MpEeBpaIiaid B
COOTBETCTBYIOIIMM woaua. Jlamee ABakapl moBTOpsieTcss peakius CoHOTraluphbl.
BHauane B peakuuio BCTymaeT HOAWJI, MOTOM (parMenTsl apundopomuna. [lon
neiicteuem KHF, mnpoucxoaut ypaneHne CHIMIBHOW TPYMIBI ¢ 00pa3oBaHHEM
ymieBogopona L, 4k Opyrro-dopMysa  COOTBETCTBYET  TpHU3AMEIIEHHOMY
OCH30JIPHOMY IIUKITY, cofiepkariemMy aBa ¢parmenTa nentuHa (CsH;) u oguH sTHHMIA
(C,H). CunTte3 «HaHOpeOEHKA» 3aBepIIacT COCTUHEHHE €r0 «BEPXHEH» U «HUKHEI

MOJIOBUHOK € TOMOUIbIO peakiuy COHOTalupsbl.

Br
X
1) n-BuLi
HZSO4 KaT-pY 2) HC(O)N(CH
| Cul,RsN Br N
B C

N
+|HO
Hl P
[\ [\
o_ O o_ O

[\ X X
1)n -BuLi

2)|

I ,
_ I
NanoXid KHF
2
A
L

H2N4<i>—No2 kaT-p Y,
4 Cul, R3N
Br2 .
CH5CO,H SI(CH3)
NO, NO, NH
1) NaNO, —s,-
H0* SnCl, NaNO, /Ej\
2) H3PO H* KaT-p Y
B B 3P0
r r Br Br Br CuI RsN
NH»
F G H | J
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Cucmema ouenusanus:

1. | Monexkynspusie hopmyisl Q, R, Y, Z —mno 1 Gamty. 5 6as10B
CrpykrypHas Gopmyna komruiekca Y (OAMH U3 JABYX BO3MOXHBIX
BapuaHTOB) — | Oam.

2. | Crpykrypnbie popmynsl A—L — o 1.5 6ana; 20 6ans10B
CTpyKTypHas popmyna «Hanopeoéuka» (N) — 2 bamia

HUTOI'O: 25 0aJLi10B

Pemienne 3axauun 4 (CaapHukoB O.10)

1. UcxogHoe coenuHeHue umeet Opyrro-popmyny C;H;903, a coenunenue B —
CgH1,0,4. Ilpu sTOM mOHSTHO, uTO cTaams oOpaszoBaHus B mpencraBiseT coOoi
TUIPOJIN3 CI0KHOI(UPHOU TPYNIbl. 3HAYUT, HA CTAAUN 00pa3oBaHus A B MOJIEKYITY
BBOJMTCS 2 aTroma yriiepoja, 4 aroma Bojiopoaa u 1 arom kuciopoza. Jlerko caenarb
BBIBOJI, YTO Ha OJTOM CTaguu KapOOHWIbHAS TpPyHIa HCXOTHOTO COCTUHEHUS
pearupyeT ¢ STHICHIIIUKOJIEM C 00pa30BaHUEM KeTauls (3aluTa KeTO-TPYIIIbI). 3aTeM
KHCJIOTa B pearupyer c (R)-rekc-5-eH-2-omoM B MIPUCYTCTBUU
JTULHAKIOTeKCHIKapOooauuMuia  (KOHAEGHCUPYIOIIUA  areHT, CM. YCJIOBHE) C
oOpa3zoBanueM cnoxkHoro »sdupa C, wumeromero Opyrro-popmyny Ci4Hz0,.
[Ipespamenne C B D compoBoxkmaeTcs OTHISIIICHHUEM 2 aTOMOB yIjiepoaa v 4 aToMOB
Bozopoaa. Kpome Toro, ToiIpKo Ha 3TOM CTauu BO3MOXXHO 0Opa3oBaHHE IMKJA (TI0
ycioBuio, aekapecTpuktud G — 10-uneHHbI JakTOH). MOXXHO MPEANONOXKUTh, YTO
Ha DTOM CTaauM JIBa aJKEHOBBIX (pparmMenTta moJekyabl C B3aMMOACHCTBYIOT MEXKIY
co0oi¥1 ¢ OTIIEIVICHHEM dTHIIeHa U (popMupoBanreM HOBOM cBia3u C=C, 4To MpUBOAUT
K oOpazoBanuto 10-unmenHoro mukma. J{eWcTBUTENBHO, UCIIONB3YEMBIH PEareHT yxke
HE pa3 BCTpeyaics B 3aJadax BcepocCHIICKOM OJMMMUAbI, MOCBIIIEHHBIX
METaTe3UCy aikeHOB. JleHCTBMEM KHCJIOTHI B TPHUCYTCTBUM aleTOHA CHUMAIOT
KETAJbHYIO 3allUTy B COCAWMHCHUU D (BBIOCIAIOMIMACS TIPH STOM STUIICHIIIHKOb
o0Opa3yeT KeTallb C alleTOHOM), a 3aTeM TUTHAPOKCHUINpPYIOT C=C cBsI3b C TOMOIIIBIO
OsO; u N-metunmopdonun-N-okcuaa (cTepeoxumusi B KOHEYHOM NPOAYKTE U B

untepmenuatax C-E He omnenuBaercs). I[lpu cBs3piBaHUM  KapOOAMUMUIOM
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MOJIEKYJIbI BOJIbI aTOM KHCJIOpOJAa MPUCOCTUHSICTCS K HECYIIEMY MOJOXKHUTEIbHBIN
3apsii aroMy ymiepoja, a aToMbl BOIOpPOJa — K JBYM aToMaMm a3zora, oOpasys

JAUIHUKIIOI'CKCUIIMOYCBUHY.

9 o A ) LIOH, H,0 o_ O
I 2
H3COZCM - MeO2C\)</\ —H3> HO,C N
B
OH
W
Cy3P Cy-N=C=N-Cy

R3N

dekapecmpukmuH G

_______________________________________________________

Z
//
O
/7
Z@
I
N)
s
pz4
\
O=
/
Z@

2. Ha nepBoii cranmuu cuHTe3a AekapectpukTuHa L Ha 1,2,5,6-ausnokcurekcan
neiicteytor omauM 3kBuBajicHTOM NaAlH,(OCH,CH,0OMe), (ToproBbic Ha3BaHWMS
storo pearcura Red-Al wim Vitride). 3to 3aMeriéHHbINi alFOMOTHAPHU, TIOSTOMY OH
JOJIKEH 00J71a1aTh BOCCTAHOBUTEILHBIME CBOMCTBaMU. OH BOCCTAHABIMBAET OJHY U3
JBYX OIOKCHUIHBIX TPYNI J0 CHUPTOBOW. Peakmmsi TpoTekaeT MO MEXaHU3MY,
POJICTBEHHOMY MEXaHU3MYy Sy2, TO €CTh THIPHUA-HOH aTaKkyeT MEeHee 3aMeIlEHHBIN
aroM ymiepoaa. [lomyumBmmiics  BTOPUYHBIM — CIIMPT — 3AIIMINAKOT  mpem-
oyrunaudpenmncummixiopuaom (TBDPSCI). Ha crnenyromeii ctaauu SMOKCH-TPYIITY
npoaykra F packpbiBaloT JAMaHUOHOM, OOpasyrommMcs U3 ((EHHITHO)YKCYCHOM
KHUCJIOTBI TIPH JCHCTBHHM CHJIBHOTO OCHOBaHMS guusonponwiamuna jautus (LDA).
DOrta peakius Takke HUAET MO0 MEXaHU3My Sy2, TO €CTh HYKJIeOo(UI aTaKyeT MEHee
3aMEIIEHHBIM aToOM yrepoja osnokcuaa. IlogkucieHne peakurMOHHOW CMECH
NPUBOJUT K OOpPa30BAHUIO THAPOKCUKUCIOTH G, KapOOKCWIIbHAs rpymnmna KOTOpO
nanee merunupyercst nuazomeranom CH,;N,. Ha cnemyromeit cramum cynbpua H
OKHUCIISIOT 70 CYlTh(OKCHAA C TMOMOIIBI0 Mema-XJI0pHAI0EH30MHOM KUCIOThI (M-

CPBA). Ilpu HarpeBaHUM MPOUCXOJUT DIMMHUHHUPOBAHUE CYTh(EHOBON KHUCIOTHI C
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oOpa3oBaHMEM HEHACHIIIEHHOTO CIOXKHOTO Adupa |. [Tocmenyroree aakuIMpoBaHKe

THIPOKCU-TpyTIbl OeH3miokcumetmxiopuaoM (BOMCI) naér coenunenue J.

1) NaAIH,(OCH,CH,OMe), HO t-BuPh,SiO

OQ_\—G (1 aKa.) >_\_4 2) t-BuPh,SIiCl, RsN >_\_4
o o F 0
OSiPh,t-Bu OSiPh,t-Bu
1) LDA
@\ (2 3K8.) ©\ - 2)F CH,N,
g g CO,H CO,Me
S7COLH s >cod 3)pH3 2
c OH sPh y OH sPh
1) m-CPBA
OSiPh,t-Bu OSiPh,t-Bu OSiPh,t-Bu
PhCHZOCHZCI 2) Py, PhCH3
h A COZMe N COzMe COzMe
_S.
OH HO .S.o

CHsiTue CWIWIBHOM 3allUThl C MOMOLIBIO (TOpuaa TeTpabyTHIaMMOHUS
MO3BOJISIET MOMY4YUTh cnupT K, KoTOpbIii mpu NEHCTBUM OCHOBAaHHUS BCTYMAaeT BO
BHYTPUMOJIEKYJSIDHYIO ~ PEaKIMi0 MpucoenuHenuss 1o Muxasmo. Ilpu stom
oOpasyeTrcs BTOpoil Uk (mepBbld — OEH30JbHOE KOJIBbIO). Ha cienyromeit craauu
CIOXXHOA(DUPHYTO rpynmy BOCCTaHAaBIIMBAIOT ATIOMOTHUIPUIOM JUTHSL.
OOpazyromuiicss mpu 3ToM nepBUYHbIA cupT M okucnstor no CeepHy. 3atem u3
anpaeruga N mpucoeTnHEHHEeM METHIMATHHMOPOMHIA TIOY4YatoT BTOPUIHBIA CITUPT
O, oxucinenne kotoporo cucremon CrOs—mmpunun naér xkeron P. Ha mocnemneit
CTaAUM CHHTE3a CHHUMAIOT 3alIUTHYIO TPYIIY BOCCTAHOBIEHHUEM BOIOPOAOM Ha
NajulalieBoOM  KaTajau3aTope B KHCIOHW cperne (BOJOpOI  BOCCTAHABIMBACT
OCH3WJIBHYIO TPYIITY J0 TOJIYyOJia U CIUPTA, a KUCIOTa TUAPOIU3YeT 00pasyromuncs
npu dSToM Tnonyaueranb). [lpuBenénnas Opyrro-popMyna momMoraeT —JaTh

MIPaBUJIbHBINA OTBET.
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OSiPh,t-Bu OH [ o° \

. CO,Me _BUaNF_ PhW o _COMe KeCOs | py x_CO,Me
o & R,0, t 7 he
0_© ~~ B 0.0 |
J K l
0 OH ~
(/ r CO,Me C|302Me
O o O W\ O w\ _ O W\
U 1) (COCl), \O\ 1) LiAlH, U HCO, U o
- - -
O 2)Me,SO, Et;N O 2)pH3 o -COs* o
Ph” 0O Ph/\O) Ph/\O) i Ph/\O) )
N M L
1) MeMgBr
2)pH 3
OH o o
U Cros, Py_ \O\ My PAIC_ U
HCI MeOH
Ph” > O Ph O JdekapecmpukmuH L
o P

Cucmema oueHueanus:

1. | Crpykrypubie dopmynsl A—E u nexapectpuktuna G — mo 1|7 6asioB
6amty. CrpykrypHas QgopMmynia mpoaykTa, 0Opa3yrouierocs us3
Cy-N=C=N-Cy — 1 6amn

2. | Crpykrypubie dopmynsl F—P u aexapectpuktuna L — mo 1.5 | 18 6amnos
Oamna

HUTOTIO: | 25 6annoB
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Xumus u Hcu3mHo

Pemienne 3agauun 1 (Poanxkuna H.B., bayeBa A.B.)

1. Konnencarus dranumuaa ¢ T-OyTrixjopaieraroM (cuHTe3 ['abpuasist) gaet
BEIIECTBO A, a ero oOpaboTka aMHUIOM Harpus B ITHWIQOpMUATE NPHUBOIUT K
GbOpMIITMPOBAHUIO AKTUBHOM METHJICHOBOUW Tpymmbl (KoHmeHcamwsi Kisiizena) wu
nosydyaercss T-OyTWIOBBIM  3pup  2-pranumuio-B-okCOnpoOnuOHOBOW  KUCIOTHI

(BemectBO B).

o) 0
KoH HCOOEt
NH +
>r \TK\C' t,°C o NaNH2
0 o]
A B
0
HS COZC(CH3)3
NaOAc, EtOH/HZO N 1. NgHy
S —_—
H2N ""COOH T s O HN \)< 2.HClaq
C  Hool

CO,C(CH3);

Cl H3N—§\
)
—
NH HN\)<

o HOOG
D E

[Ipy  KOHOEHCAUMM  AIBACTHAOB C  1,2-aMMHOTHMONAMH  TOJTYYAKOTCS
TrazonuanHbl. C  HMCTHOJIB30BAaHUEM COOTBETCTBYIOIIMM OOpa3oM 3allUIIEHHOTO
npousBogHoro  gopmwiruinuHa B w D-meHunwinamuHa < mojydaercs
neHuuWIonHoBass kucinora C, coaepkamas 3amUTHYO Trpynmy. DraruMuaHyro
Ipynmy yaajasioT JEeWCTBHEM THApa3uHa, oOpazoBaBiiuiics amuH E amunupyror
(beHWIAeTIIIXJIOPUIOM, TIOJIy4asi BeIleCcTBO F, Mocie Yero 3aliuTHYH TpeT-
OyTHJIBHYIO CIIO)KHOA(UPHYIO QYHKIIUIO YIATISIOT 00pab0TKOM O€3BOAHBIM XJIOPUIOM
Bojopona. [lomyuaromrytocst qukapOoHoByr0 kuciaory G oOpabarsiBanu 1 sk KOH,
noJiy4asi KaJMeBYIO COJIb MO Oojiee CHJIbHOW KapOOKCHUTpyMIe, KOTOpas HaXOIUTCS
PSAIOM C UMHUHOTPYTION, BXOMAIIEH B COCTaB ITUKJA. Takas COJb CIYKUT yTOOHOM

3alIMTHOM TpPyNmoll mpH peakuud, B KOTOPOW MPOUCXOAUT o0Opa3oBanue [3-
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JAKTAaMHOTO IMKJIA MPU JEUCTBUU AMITUKIOTCKCUIKapOOIUUMHAa ¢ 00pa3oBaHHEM

neHuummaa G.

CO,C(CHa)s PhH,C CO,C(CH3)s PhH,C COOH

-~1+
CI"H3N O (CHoN }-HN 1)HCI }HN
N OR R
o)

HN\)< 2)CHN HN_AC

HOOC E HOOC F G HOOC
1.KOH 1 eq PhHZC
> HN s
2.C¢H14N=C=NCgH;; @ JL
N
O -

neHvuuunvH G O//\OH

2. Crpykrypa ACV-tpunentuaa, n3oneHunmwinHa N 1 XupanbHbIE IEHTPHI B

CTPYKTYpPC IICHULUIIIIMHA G IMPUBCACHBI HA CXCMC!:

o SH
OHMOH + HoN .\ )
NH; O HO™ 0 Nt
L-a-aMmnHO-agmMnmHoBasi Kucnorta L-umcteuH D-BanuH

O

—> OH - j/
NH2

ACV- TpVII'IeI'ITI/I,D,

0 y PhHZC
S
N
OHJYVY T f
NHZ O N " o
s =
nsoneHnumnvH N HO //\OH

3. IlockonbKy 3TOT aroM JOJKEH aTrakoBaTh THAPOJIIM3YEMYIO CBSI3b, 3TO
Hykieodwt. Jlydmmii Hykieodun Bxoasmuidi B coctaB amuHokuciaor —OH rpymnma
CepHUHAa WK TPEOHUHA, TO €CTh aTOM — KUCJIOpOoI. —SH rpymma mucTenHa TOKe MOXKET
MPUHUMATh Y4acTHE B TUPOJIM3E, Torja atoM — cepa. [IpuHumarorcs o6a oTBeTa.

4. ApruHUH pearupyeT ¢ rumiepaibaerua-3-gocdarom, naas N-kapOOKCUITHI
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aprUHUH, B KOTOPOM Ha CIEAyroleld cTaauu oOpasyeTcs BHYTPEHHUH aMU, WU
JIPYTHMH CJIOBaMH, B-aKTaMHBIM IMKJI, O] ACHCTBHEM CHHTEeTa3bl (BemectBo ).

CDepMeHT B TaHHOM CJIy4ac (i)OpMaJ'ILHO OTHHUMACT BOAY, UCIIOJIB3Y:A €C I THAPOJIN3a

ATP.

NH
HzN\i/\/\”J\NHZ COOH 1 coor
COOH | 1 HN o) N. NH
o o T s A
O A OPOF” COOH ATP  AMP+PPi I

N-(2-kapbokcnaTnn)apruHuH

Jle30KcUryaHuIMHONIPOKJIaBaMUHOBasl  kuciota (BemectBo |) mon JelcTBreM
KJIaBAMUHAT-CUHTA3bl pearupyer ¢ 2-KeTOryTaparoM B MPUCYTCTBUHM KUCIOpOAA, U
npeBpamiaeTcss B T'YaHHJIWHONPOKIABAMHHOBYIO — KHCIOTY  (BemectBo ).
['uapokcunupoBaHre MPOUCXOAUT IO COCEAHEMY C KapOOKCHIIHLHOM TPYMIOi aromy
yriiepona. Jloragarbces, 4To MOdy4aeTcs CIUPT, @ HE KETOH MOXKHO, IOCYUTAB aTOMBI

BOJIOPOZAa B UCXOJHOM M KOHCUHOM BEIIIECTBE.
HN.__NH,

NH COOH

0
+ 02 N/K/\/N NH2 + C02+ HOOC\/\COOH
o HOOCJ\/\COOH . e

, OH NH
EN I/’COOH Il

Ha cnenytomeit ctaauy NpoucXoauT THAPOIIN3 T'YaHUA0-(DYHKIUK 1O aMUHA O
JEHCTBUEM aMUIUHOTHAPOJNa3bl € 00pa3oBaHHEM MPOKIABAMUHOBOM KHCIIOTHI
(Bemectno I11).

COOH H COOH

O
C OH | NH ] OH HN-NF;

I[aﬂee IMPOKJIaBaMHHOBAsA KHUCJIOTAa OKHUCIIACTCA C 3aMbIKAHHMCM BTOPOI'O0 IHKJIA U

o0pa3oBaHUEM AMTUAPOIPOKIABAMUHOBOM KUCIOTHI (BemecTBo 1V)

OH
o
NJ\/\NH + 0z 4 W +Hy0 + CO, + HOOC_~ 0

(e} H 2
= HOOC COOH O
COOH m COOH
IV, CgH12N204

3arem oOpa3yeTcs KiIaBaMUHOBAsi KHCIJIOTa (BelecTBO V), CpaBHUB COCTaB BEIECTB
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IV u V, MOXHO norajgarbCsi 0 HaJU4MUU JABOMHOM CBS3M B IPOIYKTE, a MOJOKEHUE
JNBOMHOW CBSI3M MOMKHO OIPEAECIUTh, IIOCMOTPEB HA KOHEYHBIM HPOAYKT,
KJIABYJIaHOBYIO KHCJIOTY:

0 NH, . 0 NH,
3 —
J! £ 0, + —»;NQJ +H0 + CO, +HOOC A~
%J HOOG coon

o COOH O
Iv COOH COOH

V, CgH1oN204

Ha cnenyromeit cramuu W3 aMHHOTPYIIBI O0pasyercss aibAerHaHas, |
nonyyaetcs kinaBanpaerus (BemiectBo VI1). O6 ob6pazoBanuu anpAaerugHon GyHKIIMU
MOHO CYIHTb [0 COCTAaBY PEarcHTOB M MOOOYHBIX MPOAYKTOB, KOTOPbIE U300pakeHbI
noj crpenkoil. M Ha mocneaHel cTaauy NpOUCXOAUT BOCCTAHOBIEHUE allbAeTrua 10
CIHMPTA U TMOJIY4YCHHUE KIIABYJIaHOBOUW KHCIIOTHI:

A e e

o o
COOH Oz H;0  NH, H,0, COOH NADPH +H* NADP* COOH

\" \Y/| KnaBynaHoBas Kucnota

Cucmema oueHueanus:

1| Crpykrypable Qopmynsr BemectB A-G u nennnmwuimaa G (8 | 16 6asios

dbopmyn) mo 2 6ama

2 | Crpykrypa ACV-tpunentuna 1 Oami, ykasaHue TpeX XUPaIbHBIX | 2 fajjia

1eHTpoB neHummuInHa G 1 6amn

3 | YkazaHue aToMa KMCJI0pO/ia U CEePhI 1 0asn

4 | Ctpykryphbie dopmynsl BemecTB |-V (6 dopmyn) mo 1 6amty 6 0asu10B

HUTOI'O: 25 6as1;10B

Pemienue 3anauu 2 (Juxmsap FO.FO.)

3aganmue 1
®opmo3Hasi peakiusi bymiepoBa (10 NATUYIEHHOIO caxapa) MHpHUBEIEHA Ha

CXEMC HHXKC:
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Ox .H
N o
OxH ¢ Q. CHO H HO
| + H > }H H
H OH HO 0
OH OH
+ 3 Hoo@
H
OH o
OH
HO
OH
3axanue 2

PacmudpoBka BemiecTB MO HMX HAa3BaHUAM MPOUCXOAUT MO CIEAYIOIIEMY
MPUHLNITY:

BemectBo (7) — IMaHOAIETWIEH — HATAJKMBAeT HAa MBICIb O TOM, 4YTO B
BEILIECTBE JIOKHA OBITh OJHOBPEMEHHO TpOIHAsi CBA3b C JBYMSl YIJIEPOJAMHU U
nuanorpyimmna. bpyrro-dbopmyna 1aHHOTO COETUHEHUS MTO3BOJISIET TOUHO YCTAHOBUTH
CTPOEHUE U MOATBEPIIUTH JIOTAJKY.

BemectBo (8) — 3T0 IMaHaMuJl, 3HAYMT B HEM OJHOBPEMEHHO JIOJDKHA
MIPUCYTCTBOBATh IIMAHO M aMUHO rpyIa. bpyTro-hopmyia Takke MOATBEPKIAET, UTO
3TO MPOCTO AMUHOTPYIIIA C IUAHOTPYHIIOH.

BemectBo (9) — mmunepanpierug — MO CYTH CBOCH SBISCTCS TPEXaTOMHBIM
cnupToM (IIMIIEPUHOM), HO C OJHOM allbJICTUIHOW TPYIIoi (BMECTO OJHOM
TUAPOKCUIBHOMN).

BemiectBo (10) — mukoanbaerua — CO3ByYEH C STUIICHIIMKOJEM (JIByXaTOMHBIH
CIIUPT), HO JOJIKHA OBITH €Il allbJIeTHIHAsl TPYIIIA.

BemectBo (11) momyuaercs u3 (10) u (8) myreM KoHIEHCAIIMH C OTIICTUICHUEM

BoABl. Bocmonb3yeMcst opMynol ISl MojacYeTa CTEINeHH HEHACBHIIICHHOCTH. Tak,
nns coenunenus cocrara CyHyN,O, dbopmyna Gyner umers Buj — B

Hamem ciydae CH = 3, yTo roBOpuT HaM O TOM, 4TO B MOJIEKYJI€ JTUOO TpU LIMKIIA,
an0O0 JIBa IIMKJIA U OJHA JBOMHAs CBS3b, MO0 OJUH IIUKJ U JIBE JBOMHBIX CBSI3U, JTHOO
OJlHa TpOWHas CBsA3b M OJHA JBOWHAs (OgHA TpPOWHAs CBSI3b CTOUT 2 €IWHMUIIBI
dhopManbHOM CTEIICHH HEHACKHIIIICHHOCTH, BCE OCTAJIbHBIC AJIEMEHTHI — ITUKII, IBOMHAS

CBiA3b — CTOAT OAHY eI[I/IHI/II_IY). HaunOomee JTOrMYHBIM Ka)KeTCs IMOCTPOCHUEC OJHOIO
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IUKJIa C IByMsI IBOWHBIMHU CBSI3SIMH, [TIOTOMY YTO KOHEUYHBIM MPOJIYKT caMm Mo cebe
COJEPXKUT IUKIIBI, & KOJIMYECTBO YIJIEPOIOB HE IMO3BOJSET MPUIYMATh CTPYKTYPY
cpa3y c IByMsl HeHanpsbKeHHbIMH ukiamu. Coenunenue (12) nomyqaercs u3 (11) u
(9) nyrem xommeHcammu. CH = 3. Hcxoms w3 crpykrypsl (11) normuHo
MIPENIONIOKHUTh, 9YTO B 00pa3yeMOM COCIMHEHUHU JIBa ITUKJIA W OJHA JTBOWHAs CBS3b,
MIPUTOM, YK€ Yepe3 OJIHO coeuHeHne oopasyetcs 2°-3 -uukiandeckuit pocdar. A Tak
Kak npucoeanHeHne GpochaTHOM TpynIbl MPOUCXOAUT TOJBKO HA MOCISAHEH CTaanuu
(BemectBo (13) B (1)), TO JOrHMYHO MPEANONOKHUTh, YTO UMCHHO Ha JaHHOH CTaauu
dbopmupyercs aHanor caxapHoro octona. [lomyuenue (13) u3 (7) u (12) npoucxoaut
TOYHO TaKHM ke criocoOoMm. Peaknmst momyduenus Bemectsa (4) u3 (9) u (10) mo cytm
apisgeTcss QopMo3HOM peakiued bytnepoBa, oOcyxmaemoil B Hayane 3ajayu.
[Tonyuenue (6) m (5) mpencraBiseT coboi peaknuio ruapatanuu. BemectBo (3)
MOXKHO JIa)Ke MPOCTO yrajaTh UCXONS M3 MPOCTO JIOTMKHU: CHAYasa MOJY4YUIIU caxap
(4), x HEMy TIPUCOCIMHUIM a30THCTOE OCHOBaHME (3) ¢ moyuyeHueM (2), ¥ B KOHIIE

KOHIIOB, MOCJe NpucoeauHeHus (pocarHol Tpynnbl MOIYYHIIN HEJIEBOE COSTUHEHNUE.

L _O._OH
> |
10 “OH | HO" ™ "OH
| HO / - OH 4
]
NADH/H,0, h
60° HO
CN \I \\.
m .s—a
l+H20 HO _ OH4
HQNYNHQ_ & 3y
) HO 45 NH,
6 P
; (X
o i N © |wo
S oned 3
5 ]
N
1 HO !/\”/ He
+H,0 N._-N
~or'Y
=—CN S
7 Docd.6ydep HO 2 OH
pH6.5, HO . __OH
164 07,’\0 —J -2H,0
~__N
Y HO /\!( H,
HO | \/O\ N. N
~° [ l\_JK T
\ )‘\ “NH '“20 ~ . 0
HO 43 o\f\,o
0O 01
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3aganue 3
Bemecto (16) yraneiBaercst 3aMmeHoit ruapokcuiia B (10) Ha THONBHYIO TPYIIITY.
Taxoke, BemectBo (15) cunbHO moxoxke Ha (11) ¢ To¥l juIe pasHUIEH, YTO BMECTO
KHUCTIOpOJia B MSITUWICHHBIN UK BXOAUT cepa. Popmyna BemecTsa (16) momydaercs
pacyeToM MOJISIPHOM Macchl COEAMHEHUA 10 yriepony. Takum oOpa3om, Modydaercs,
YTO €CJIM B MOJIEKYJ€ OJUH YIJIEPO, TO Ha OCTABIIMECS aTOMbl MpUXOIUTCH 15
I/MOJIb, YTO COOTBETCTBYET OJHOMY a30Ty U BOIOpoay. MOXXHO Takxke ObUIO OBl
MONUTH B OOpaTHyH CTOPOHY: MO YyciaoBuUiO 3amadu (17) sABIseTCS NPOAYKTOM
onuromepuszanuu (16) ¢ moGaBiaeHHEM OIHOW MOJEKYIbl BoOAbl. M3  dopmyssl
C4HeN,O BbumTaem omgny wonekyny Boael H,O u momywaem Cy4H4N, dTO
coorBerctByeT (HCN);. Bemecrso (18) sBusercs ocHoBanuem Illudda,
MOJIy4Ya€MbIM U3 aMUHOTPYIIIbI BemecTBa (17) v anbAeruIHON TPYIIbl COCTUHECHUS

(9). BemectBo (19) nyurre Bcero ycranainuBarh ¢ (19°). MoxkHO joragarbes, 4ToO

JIC30KCHU-TPYyIIIa KAaK-TO 3aBg3aHa Ha cepy, HWHa4de Ho,N—=N
HS 8 QYNHz
. S0 ——
KaKOW CMEBICIIE MCIOJb30BaTh THoaHaior (10) mis H,O
14 15
MOJIYyYEHUS JIE30KCUIIPOU3BOAHOTO? YIIIEpoasl IO
HoMmepamu 3, 4 U 5 HecyT Ha cebe THAPOKCUIIbHbBIC H,O NF2 - NH,
CHEN = N\
(YHKIIMU B MOTYT OCTaThCS TOJIBKO OT BetecTna (9). —y  ©
16 17
o) NH
o) H,N D 2
H,N OH 2 &g/w
J N+ O A _OH Ho N— JN
HoN i 7 N
N H
H 17 9 18
OH N
0 2
J—NH
H,N NH N>_2:o
| /> > HO o —
— =  OHHN" N OH HN . 5% NN
X 5 2
N Ny HO
OH S OH s\<
NH NH
19 19'
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Cucmema ouenusanus:

dopmosHas peakuus bymieposa 4 6anua

BemectBa 7 — 10 no 2 6aimia, 16 0a110B
Bemecta 2 — 6 1 11 — 13 o 1 Gamny

Bemecrsa 14-19 o 0.5 Ganna 5 danioB
BemectBo 19' — 1 6amn

[TpaBwiibHaAs HyMepalus aTOMOB yriuepozaa — 1 6amn

HUTOI'O 25 6aqs10B
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Qu3uueckas xumus

Pemienne 3agaun 1 (I'vaiesuu JI. . Kypammun b.K.)

1-2. Tlo ypaBHenuto MenneneeBa—Knanelipona

PV 101325.0.043

= = (.68 MOJIb.
RT 8.314-773

V(Yn) =

Tak kak pasznoxkenutro noasepriock 100 r BemectBa A, To Am Ha |l cragumn
npoiiecca — 31o Macca Y. Torma M(Y ) = 19.2 / 0.68 = 28 r/moib, clien0BaTeIIbHO,
Ya—CO.

MoskHO paccunTath MOJISIpHYIO Maccy A: M(A) =28.0/0.192 = 146 r/mounb

Otcrona M(Z) = 146-0.301 = 44 r/moms. CnenoBarenbho, Za — CO,.

Orto comtacyercs ¢ TeM (aktom, uto Z, moriomaercs pactsopom Ba(OH), ¢
oOpa3oBaHuEM OcaJIKa:

Ba(OH), + CO, = BaCO3|+ H,0.

[Tockonbky Xa otmersiercss npu Temneparypax 150 — 200°C, wmoxHO
MPEATONIOKHUTE, 4T0 Xa — H,0.

Hcxons u3 mocienoBarenbHOCcTH oTieruieanss H,O, CO u CO, npenmonaraem,
g1o A — ruapar okcainara metamia MeC,04-nH,0. CoorBerctBeHHO, CaA — MeC,0,,
Da — MeCOs, Ep — MeO.

Torma M(MeO) =146 — 18n — 28 — 44 =74 — 18n.

[Tpu n = 1 monyyaem M(MeQ) = 56 r/moib, uto cootBeTcTBYeT Cal.

Cnenosarensno, A —3to CaC,0,-H,0, C, - CaC,0,4, D,— CaCO;, E,— CaO.

9TO0T BBIBOJ ITIOATBCPKAACTCA JaHHBIMU TUTPOBAHHA!

CaC,04 + HySO04om) ———>CaS0, + H,C,04
2KMnO, + 5H,C,0, +3H,S0, = 2MnS0, + K;SO, + 10CO, + 8H,0.

vV C 027 \: v Ca2+ \: CKMnO4 'VKMnOA 'V,w.x. ) fam. — 0.01-20.2-100 5/2
2TE - - V. -1000 10-1000

=5.05- 102 moub.

Torma wmacca wWccieqyeMold HaBeCKM JODKHA OBITH paBHA M =
5.05-1073- M(CaC,04-H,0) = 0.7373 r, uTo coBmajacT ¢ Maccoi BemecTsa A, B3sATOU
JUISL TATPOBAHUS.

[ToTepst maccel (@) Ha MEPBOM CTaAUM 3a CYET OTHICTUJICHUS BOJBI COCTABUT:
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a = (18/146)-100 % = 12.3 %.
3. Mcxons m3 oquHAKOBBIX BETMYMH TEIUIOBBIX 3((GEKTOB M ONU3KUX 3HAYCHUI
Am Ha ctagugx |l u lll, MmoxxHO cnenarh BeiBOI, 4YTO Cg — 3TO TOXKE OKCaJIaT KaJIbIIH.
[Torepst macchl pu oTmerieHny Xg paBHa: @ + 1.2 % =123+ 1.2 =13.5 %.
Takxum o6pazom,

M (Xe) =0.135.
M (X,)+ M (CaC,0,)

Otcrona M(Xg) = 20 r/moib. 3unaunt, Xg — 310 D,0, Torma B — ato CaC,0,4D,0.
Hroro: A — sto CaC,0,-H,0, B — CaC,0,D,0, C, u Cz — CaC,04, Dy u Dg —
CaCOg3, Ep, m Eg — Ca0, Xp—Hy0, Xg—D,0,Yau Yg—CO, Zpu Z, — CO..
4.
l) CaC,0,-D,0 —-»CaC,0, + D,0;
II) CaC,0, ——»CaCO; + CO;

111) CaCO;—"-»Ca0 + CO..
5.
AiH®98(D20) = AH 95(1) — AtH 205(CaCy0,) + AtHC95(CaC,0,4-D,0);
AfH 295(CaC204) = AfH®205(CaCOs) + AfH295(CO) — ArH205(I1);
AtH205(CaCOs) = AH205(Ca0) + AtH®205(CO2) — AtH205(111).
Torna

AfH%208(D20) = AH 05(l) —[AfH%295(Ca0) + AfH205(COz) — AH (1) +
AfH®265(CO) — ArHC25(11)] + AtH"205(CaC,04- D,0) =
= 37.7 - (=635 + (=394) — 177 + (~111) — 35) + (—1685) = —295.3 kJTK/MOID.

CucreMa onifeHUBAHUSA

DJIEMEHTHI PEIICHUS OrnieHka

1. | Onpenenenre HEW3BECTHBIX BemiecTB: Xa — 2 Oamna, C, — 1| 7 6anioB
o6aiut, Da — 1 6am, Ex — 1 6amn,Ya — 1 0amn, Za — 1 6amn

N

Onpenenenue A — 2 6aiia, ypaBHEeHHs peakiuii 2 X 1 6amn 4 6as1a

3. | Onpenenenrie HeM3BeCTHBIX BemlecTB: B — 1 6amt, Xg— 2 Oanna, | 8 6asioB
CB, DBv EB’ YB; ZB o 1 6aJ]J]y

&

VYpaBuenus peakmmii 3 x 1 6amn 3 6as1a

5. | Pacuer AfH 95 (Xg) 3 paia

HUTOI'O: | 25 6aan0B
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Pemenue 3amaum 2 (3uma A.M.)

1. B mepBoii yacTu 3aiauu peub UAET 00
YPOBHSIX OPTraHU3ALMU CTPYKTYpbl HOBOIO
Kjacca nopucTeix marepuanoB MOFs (Metal-
Organic Frameworks) Ha mpuMmepe Kapkaca
DUT-49, ab0peBuarypa KOTOPOTO
pacmmdposiBaeTcs kak Dresden University of

Technology (o Ha3BaHHIO yHHMBEpCUTETa, B

KOTOpOM OH Obul monyyeH). HMHTepec K

Crtpoenne DUT-49

opranuzanuu cTpykrypel MOFS o0ycnoBnen
HIMPOKUMH BO3MOXKHOCTSIMU JM3aiiHa JAaHHBIX MaTepHUalioB, 4TO B CBOIO OYepellb
ompesenseT pasHooOpa3ue uX CBOMCTB.

Kak BUHO U3 IpUBEACHHOTO B YCIOBHUH 3aJ1a4ud PUCYHKa, pparmMeHT B kapkaca
DUT-49 Bxurouaet B cebst 6 pparMeHTOB A, pacIioIOKEHHBIX B BEPIIMHAX OKTadIpa.
[Toatomy B Oymer comepxkatsh 26 = 12 atomoB X u 46 =24 ¢parmenta COO’, u,
cienoBareibHo, 24°0.25 = 6 octarkoB kuciaoTel L(COOH),.

2. B snementapnoii sueitke C ¢parmentsl B 3aHmMaroT BepmmHBI KyOa H
cepenuHbl e€ro ctopoH. Ilpu »Tom Kaxawsii B, Haxonmsmuics B BEpUIMHE,
IPUHAJICKUT OAHOBPEMEHHO BOCBMHU KybOam, a B B cepenune rpaHu — AByM.
[ToaTOoMy Bcero B anmeMeHTapHyto suekiky Boiaer 8:0.125 + 6:0.5 = 4 ¢pparmenra B.

3. Haiinem, xak cBsizana mossipHasi Macca ¢pparmenta B ¢ muiotHocThio DUT-49.

[Tonyuum, yTO — , OTKyJa

——. U3 nmepBoro myHKTa pelieHusi BUIHO, 4To (pparmMeHT B omuckiBaeTcs

dopmymnoii X;5Lg(COO),4, mosTomy M(X) = . ——. Ilonyuennoe

3HAYEHUE 3aHMMAeT MPOMEKYTOYHOE TMIOJIOKCHHE MEXKIYy MOJSPHBIMA MaCcCaMH
nuHka u Menu. lomyOast okpacka kpuctamioB DUT-49, ykazanHas B yCJIOBHH,
MO3BOJISIET ClIeTIaTh OHO3HAYHBIN BRIOOD B mob3y Meau X = Cu.

4. JIns mojydyeHUsl JTMHEHHOro BUa 3aBUCHUMOCTH a(p) HEOOXOIUMO JICBYIO U

IIPaBYI0 YaCTH MPHUBEICHHOTO B YCIIOBHM BBIPAKEHUSI BO3BECTH B cTeneHb -1. Torma
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MOJIy4YuM, 4YTO — - 0,357 1/a=0,0155-1/p +0,0133
0,30 -
2 0,25 A
o
2 0,201
Hauboiee TOYHBIM metogoM = 0,151
(]
= 0,10 -
HaXO0XCHUS Oyner nocrpoenue rpaduxa 0,05 -
000
3aBUCUMOCTH — OT -—. OpjHako, MOXHO 02 4 6 81012141618 20 22

1/p, 1/atm
BOCIIOJIB30BAaThCsA n Apyrum MCTOAOM,

HanpuMep, HaWTU KOA(PQUIHUEHTH MO JBYM H3BECTHBIM TOYkKaMm (JIydllle MPU 3TOM
Oparh KpailHME 3HauYeHUsT B NPUBEIACHHOM TabOnuie). HaiimemM MakcuMallbHYIO

az[cop6u1/110 I’pa(l)I/ILIeCKI/IM MCTOAOM. I[JIH 9TOIro CoCraBUM Ta6JIHIly CO 3HaAUYCHUAMU

—H -

1/p, atm™ 20,0 10,0 6,67 5,00 4,00

1/a(N,), r/™MMomB 0,323 | 0,169 | 0,116 | 0,0909 | 0,0752

[lockobKy B YCJIOBUM YKa3aHO, YTO SKCIEPUMEHT MPOBOJIUTCA IPH
TEMIEpaType KUIEHUS KUKOTO a30Ta, TO JaBJI€HUE HACBHILIEHHBIX ITapOB a30Ta OyAeT

paBHo 1 arm. IlocTtpoenue rpaduka 1O TNATA TOUKAM TO3BOJISET MOIYUYUTh

K03 HHUITUEHT —— U _
W3 cripaBOYHBIX AaHHBIX K 3a7a4de BUAHO, YTO JUISI HAXOXKICHHUS oOBeMa Top

oOpasiia HEeoOXOIMMO BOCIOJIb30BaThCS  (popMymnoi ——.  Tloatomy

Paccuuraem miromans ynenbHoM moBepxHocTH Kapkaca DUT-49 mo dopmyne
. Torma —.

Cpemun mopuctbix kapkacoB DUT-49 obmamaeT OmHMM M3 CaMbIX BBICOKHX

3HAYEHUHN YAENbHOW IJIOMAa TMOBEpXHOCTH U oTHocuTcs k Tpymme MOFS co

SHAYCHUIMU —. HHSI HarisiAHOrO IpCACTABICHUA HACTOJIBKO OOIBIINX

3HaYeHu Momaam mnoeepxHocTH DUT-49 MoXHO CcpaBHHTH 3Ty BEJIHYUHY,

2
HanpuMep, ¢ Iouaablo QyTooaBHOTO MO, KoTopas coctasisger 7140 m°. Bunho,
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YTO ATH 3HAYECHUS — BEJTMYUHBI OJTHOTO MOPSAKA.

5. W3 nuHeapu30BaHHOTO ypaBHEHUsI JIeHrMIopa BHUJHO, YTO YBEIUYCHUE
JABJICHUS METaHa JIOJKHO MPUBOIAUTH K POCTY ero aacopOuuu. OgHAKo 3HAUYECHUE
aacopbouun metana npu 0,10 mpesimaer cocennue BenuuuHbl mpu 0,05 u 0,15.
MeHHO 53TOT (akT W BBI3BAJ YAUBICHUE YUYCHBIX, TO3BOJIUB 3aqyMaThCA O
npubopHoii ommOke. OpHaKo, MOCKOJIbKY B YCIOBMU 3aJlauyd CKa3aHO, 4YTO
UCCIIEIOBATENIM YCTAHOBUIIM MPUYHUHY JTAHHOTO HECOOTBETCTBUS M PeYb HE HJAET 00

OIITNOKE OKCIICPUMCHTA, IIPOU3BCACM PACUCT o0beMa IIOp KapkKaca UCXoasa U3 JaHHbIX
I10 az[cop6um1 MeTaHa. B Takom clIydac II0JIy4YuM —_— E—
4TO CYIICCTBCHHO OTIIMYACTCA OT 3HAUYCHUA, IIOJIYYCHHOI'O MCTOI0M aﬂcop6u1/m a30Ta

( —). Jlo akcniepuMeHTa mpeanonarajoch, 4To 00beM nop 0opasia MEHATHCS HE

OyIeT, ¥ HaCBIIEHUE METAaHOM MPOU30MIET MPU 3HAYCHUSIX

-_— HCCJIGIIOB&TGJII/I OOBSICHUIIM TaKoe OTIWYHE B aﬂ00p61_[I/IH MCTaHa

U3MEHEHHEM CTPYKTypbl marepuana DUT-49 ¢ ymeHbllleHHEM CyMMapHOIro o0bema
nop obpasua (nepexoq DUT-490p B DUT-49¢p), To ectb DUT-49 oTHOCHTCS K Tak
HA3bIBAEMBIM <(IBIIIANIAMY» KapKacaM, O 9eM U CBUICTCIBCTBYET 3ar0JIOBOK yCIOBHUS
3a7auu.

OOHapyxeHHBI HeOoObIuHBbIH 3(deKkT mnoayuna HasBaHue «negative gas
adsorptiony» u ObUT OIMyONIMKOBaH TPYyNION ydeHbIX B xypHaie Nature B 2016 romy
KaK TEepBbIA TPUMEpP YMEHBIICHHUS aacopOluu TPU YBETUYCHUU JABICHUS rasa
(Krausel, S., Bonl, V. Senkovska, I., et al. A pressure-amplifying framework
material with negative gas adsorption transitions // Nature. — 2016. — V. 532. — P.
348-352.). Takke, B JONOJHEHHWE K JAHHOH cTaThe OBUIM 3alMCaHbl JBa BH/ICO,

JEMOHCTPUPYIOIINE U3MEHEHUE CTPYKTYpbl kKapkaca DUT-49.
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N3menenne crpykrypbl u3 DUT-490p B DUT-49cp

Cucmema OUCHUBAHUA

1. | Ywucno aromoB X Ha oauH B 1 6aan
Yucno pparmentoB L(COO ), 2 pasta
2. | Yucno ¢pparmentoB B B C 2 6asia
3. | YcranoBienue metamia X 4 danna
4. | Jluneapuzainus ypaBHeHus Jlenrmropa 2 bana
MakcumanbHast aacopOonus 4 0a1a
Cymmapssblii 00beM TIOp 2 das1a
VYnenwHas momaas nopepxuoctu DUT-49 2 0aJ1a
5. | OObsicHeHHEe TPUYHUHBI YIUBICHUS YYCHBIX 2 6asia
OxugaemMoe 3HaUYECHUE a7[COPOITUH I METaHa 2 6as1a
BriBo 00 M3MEHEHUHU CTPYKTYphI Kapkaca 2 6as1a

HUTOI'O: 25 6a,1;10B

Pemenue 3axauu 3 (Kapuayxos T.M.)

1. Tak KaK B 3alaHUM CIPAIIUBAETCS MPO CAMOMIPOU3BOJIBHYIO aJICOPOIINIO, TO
n3MeHenne dHeprun [ m66ca mennie vy (AG < 0). B xoxe mporecca Monexyna
ra3za «3aKkperuisieTcsi» Ha TBEPAOW MOBEPXHOCTHU, TOITOMY MPOUCXOTUT YMEHbBIIICHHUE
saTpormu (A,S < 0). Iyt Toro, 9To0BI BBITTOIHSIIOCH HepaBeHCTBO A;G = A\H — T-AS
< 0 mpu AS < 0, HeoOxomumo, 4toObl AH < 0. Takum o06pazom, npu
CaMOMIPOU3BOJILHON aJICOPOIMK DHTANBIUSA TOXE yMeHbInaeTcs. Onpenenstomnum
dbakTopoM SABISETCS TOT, KOTOPBIM OOECIeYMBAaET OTPHUIIATEIHPHOEC 3HAYCHHUE
u3MeHeHwus sHepruu [ m60ca. B cimydae agcopOiuun 3TOT akTop — SHTATBITUIHHBIN.

2. [Tockonbky amcopbums — mpoiecc sxk3orepmudeckuii (AH < 0), To, cormacHo
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npunuumny Jle [llarenwe, ancopOius npoTekaeT B OONbIICH CTEEHHU MTPU MOHWKESHUH

TEMIIEPaTypPBL.

_ [AZ]
Pa-[Z]

Ha ITOBCPXHOCTH, COOTBCTCTBCHHO, PA — JaBJICHHUC Ta3a A. CrerneHp 3aIloJHCHUS

, Te [AZ] u [Z] — xOHIIeHTpalyK 3aHATHIX U HE3aHATHIX IEHTPOB

MTOBEPXHOCTHU

_[AZ] _ [AZ]
(2l [Z1+[AZ)

rae [Z]o — KOHIEHTpalusi BCEX aKTHBHBIX IIEHTPOB MOBEPXHOCTH. BbIpaszus

KOHICHTPpAIIUIO HC3aHATBIX LHCHTPOB M3 BBIPAXCHHUA OJIA KOHCTAHTBI PABHOBCCHA,

IOIy4aeM
21= A1,
K Py
pe A2l 1 KPR
K-Py

4. CKOpOCTh peaKIuu paBHA CKOPOCTH oOpa3oBaHUs mpomykra, T. e. CO,: V =
ks[2O][ZCO].
Bripazum moBepxHocTHBIE KoHIleHTparuu [ZO] u [ZCO] yepe3 mnaBneHHsS

HCXOJHBIX PCAarcHTOB U O6H_IYIO KOHIOCHTpPAaIHUIO HCHTPOB ITOBCPXHOCTHU!

[zco]
Ky = Pro - [Z] [ZCO] =K Peo[Z]

- P(EZZCE]Z]Z 120]=[KoPo, [2]

[Z2]o =[2]+[Z20] +[Z2CO] =[Z]- A +KPco +. [K2Fo,)
1
[2]1= 1+KPeo + [KoPo, 2o
K1Peo

[z
1+KPeo + . [KoPo, [2]o
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zoj- P g
1+K1PCO + K2P02 0

Takum o6pa30M, BBIPAKCHUC IJISA CKOPOCTHU PCAKIIUHN 3AIINIICTCA KaK

K, Py -KP
V = ks[ZO][ZCO] = ks [KaFo, KiFeo 123

(1+K1Peo +.[KoPo, )?

Ilpy  Maneix paeneHMsAX HCXOMHBIX peareHToB K Peg + [KoPo, << 1, m

BBIpAXKEHUE AJI CKOPOCTU peakuuu 3anuiercs kak V = kg 'K2Fo, -KiPeo - Torma

nopsiziok 1o CO paBeH 1, a MOPsIIOK 1O KUCIOPOAY PABEH Ya.

5. [Tockonbky

[ZO] [K2Po,

TO

K2Fo, -KiFco
V =Kkj3 5
(1+ Klpco + /K2P02 )

TO €CTh kad)qb = k3[Z]g .

2 2
[2]6 = kalZ215020072c0 = KsppPz0P2c0 »

6. Her, ne sBuseTcs, TOCKOIBKY Mojeinb JleHrMiopa moapa3yMeBaeT
o0paTuMOCTh TIpoIecca, a «aacopOIuio» MyX Ha JIMIYYKe MOXKHO CUMUTaTh
HeoOpaTumoit. CrieZICTBUEM M NMPU3HAKOM 3TOTO SIBISIETCS BO3MOXKHOCTH 3aMOTHEHUS
JUTYYKA MyXaMd JaXe TMph UX MaJOW KOHIEHTpAllUM, €CIU DKCIEPUMEHT
MPOBOJIUTCSI 3HAUUTENILHOE BpeMsl. B ciydae ke JIEHIMIOPOBCKOM aacopOIuu mpu
000 IIMTENBHOCTH  JDKCIEPUMEHTa  3allOJIHGHUE HE MOXET TPEBBICUTH

PaBHOBECHYIO BEITUYHUHY.
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Ilpumeuanue: Eciu nurydka rioxas, To mpoiecc Oyznetr ooparumeiM. [loaTomy

IIPUHUMACTCA U OTpHHaTCHBHBIﬁ, n HOHO)KHTGHBHBIﬁ, HO 000CHOBAHHBIN OTBET.

Cucmema OUCHUBAHUA

1. | 3HaKM TepMOTUHAMUYECKUX (PYHKITHIA 3x1 6amn 4 0aJs1a
Omnpenensrommii paxTop 1 6aan
2. | Bnusnue temmneparypsbl, 00bsICHEHUE 1+1 6anan 2 dasia
3. | BelpaxkeHue 1151 paBHOBECHOM CTETIEHH 3all0JHEHUS 3 0aJu1a
4. | Kornentpamuu [ZCO], [ZO] 3 + 3 6amna 11 6an10B
CxopocTh peakiuu 2 6asa
[Topsinku npu MaybIX JaBIEHUAX 3 6as1a
5. | Beipaxkerne st Kygg 2 0as1a
6. | OO0CHOBaHHBII OTBET 1 6aa 3 0ansa
OObsacHenue 2 das1a
Hroro | 25 6ansoB

Pemenue 3amaum 4 (Caabuukon O.I))

1. B crpykrype BorylCAT npucyTCTBYIOT NPOCTPAHCTBEHHO
ONMM3KO PAacrloJOKEHHbIE aromMbl a3ora H  Oopa. A30T wuMeeT
HenonenéHuyo mapy (ocHoBanue Jlptonca), a OOp — BaKaHTHYIO

opoutans (kucnmora Jlptouca) (IOITOMY COEIWHEHUS TAKOTO THIA

TaKk)Ke Ha3bIBalOT (PPYCTPUPOBAHHBIMH JIBIOMCOBCKUMHU Tapamm).
OxkazaBIIMCh MEXIYy KHUCIOTHBIM M OCHOBHBIM IIEHTPaMH, MOJEKYlIa BOIOpOIa
MOJISIPU3YETCS M KOOPAMHUPYETCST OJJHUM aTOMOM K a30Ty, a APYTUM — K 00py (XOTs
cBs3b H—H mpu 3TOM MOJIHOCTHIO HE pa3pbiBaeTcs). BapuaHT ¢ pa3opBaHHON CBSA3bIO
H—H taxoke 3acunThiBaeTCsl B KaueCTBE BEPHOTO.

2. Tak kak B pe3ynbTaTe pPeaklud W3 ABYX MOJEKYNI IOJYy4aeTcs OJHA, TO
OHTPOIHUS PEAKIUU JOoJKHA ObITh oTpumarenbHoit (AS° < 0). Tak kak mpwu
MOBBIIMICHUNA TEMIIEPaTyphl KOHCTaHTa pPaBHOBECHUS] YMEHbINAETCs (T.€. paBHOBECHS

CMEIIAaeTCsl BIEBO), TO PEaKIus dK30TepMUuueckas, To ectb AH® < 0.
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3. Hanbonee TOYHBIM CIIOCOOOM HAXOXKJICHHS SHTAIBIIUN U DHTPOIUH SBISIETCS
rpadudeckuii. /[ 3Toro mpeobOpazyeM BBIpaKECHHE ISl 3aBUCUMOCTH KOHCTAHTBI

paBHOBECHS OT TEMIIEPATYPhI K TMHEHHOMY BUIY:

Haiee moctpoum rpaduk 3aBucumoctH In K, ot 1000/T:
5,0 -

4,54

3.0+

a = (4,7-2,25)/(3,65-3,265) = 6,36
b = 2,2-6,36-3,25 = -18,5

2.5+

20 d T J T d T T T L T T T T T T T T 1
325 330 335 340 345 350 355 360 365 370

1000/T, 1/K
N3 rpaduka momyuaem, uro —AH°/R/1000 = 6,36 K, orkyma AH° = —

6,36-1000-8,314 = —52900 [Ix/moinb =~ —53 x/>x/Monb. AHamorndHo Haxoaum AS° =

—18,5-8,314 = —154 Ix/mons/K = —150 JIx/mons/K. Takke 3TH BeIMIMHBI MOXKHO
HaWTH U 6€3 mocTpoeHus rpaduka, perasi CHCTEMY YpaBHEHUM ISl IBYX BHIOPAHHBIX
TeMIlepaTyp U3 TaOJULbI.

4. DHepPruio aKTUBAIMHU IJs1 Auccormarmu komiuiekca BorylCAT ¢ Bomopomom
TaK)kKe MOXKHO HaWTH 00 rpaduyecku, JMO0 pelias CUCTeMY YPaBHEHMM ISl IByX
Temriepatyp. B rpadudueckom Merome BHawae HY)XHO IMpeoOpa3oBaTh ypaBHECHHE

AppeHuyca K JIMHEITHOMY BUAY:

Janee noctpoum rpaduk 3aBucumoctH In k, ot 1000/T:
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a=(-2,25+7)/(3,25-3,66) =-11,6

-y —

. N e ] :
325 330 335 340 345 350 355 360 365 370
1000/T, 1/K

U3 rpaduka MOJTy4YaeM, qTO —E./R/1000 = -11,6 K, OTKyJa
E.=11,6-1000-8,314 = 96400 [I>x/monb =~ 96 x/[>x/MONb.

5. B Bonipoce TpeOyeTcst HaiiTh Bpems, uepe3 kotopoe [Hy] = 1,01-[Hy].:

BunHo, 4TO Bpemsi yCTaHOBJICHHUS PaBHOBECHs HAMHOTO OOJIbIIIE, YEM BpeMs
O0apOoTupoBanus Bojopoaa (1 c¢), MoAITOMYy HCHOJIb30BAaHWE 3aJaHHOM B YCIOBUU
dbopmynel  pomyctumo  (popMysia  BBIBEAEHA IS CiIydas, KOIJa HadajabHas
KOHIICHTPAIIMSI BOJOPO/Ia B PACTBOPE CO3AAETCSI MTHOBEHHO).

6. a) B mepBoii ammmyne TepMOAMHAMUYECKOE PABHOBECHE YCTAHABINBACTCS MIPH
napuragbHOM JaBIIEHHH Bojopoda Han pactsopom P(H,) = 5,0 Gap. 3uHaumt, 1o
3akony ['enpu [Hy], = 2,10-1073-5,0 = 0,0105 monw/n. BaxkHO OTMETHTB, YTO TaKas
KOHIICHTPAIMSI BOJOPOJIa B PACTBOPE YCTAHABIMBACTCSA C y4ETOM €ro 0OpaTUMOM
peakiun ¢ BorylCAT. Ilycte [AH,]., = vy, torma [A]l, = 0,05 — y. Hcnons3ys

BBIPAXXCHUC JIsSI KOHCTAHTBI paBHOBECH, IMOJTyYacM YPAaBHCHUC

OTcrona HECIOXKHO MOJIYYHUTh
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JIyis miepBOM aMIyJbl JIOJIE BOJOPOJA, CBs3aHHOTO B Komiuieke ¢ BorylCAT,

paBHa

0) Bo Bropoii ammyne BHauyaje co3Jaérca oOllee MaBIEHWE Ta30B HaJ
pactBopoM 5,0 Gap, a yxke 3areM CHUCTEMA MPUXOAUT K TEPMOAMHAMUYECKOMY
paBHOBECHIO. BakKHO OTMETHTH, UTO B aMIlyJe W3HA4YaJbHO MPUCYTCTBOBAJ aproH
pu aTMOC(HEPHOM JABICHUH; TIO3TOMY B HayaJlbHbI MOMEHT BPEMEHH MapLUATbHOE
TaBJIeHUE Bojopona Haa pactBopoM Py = 4,0 6ap. Ilpu 3TOM mocie ycTaHOBICHUS
paBHOBECHSI MapIHAIbHOE JIaBJICHUE BOIOPO/a HaJ PaCTBOPOM OyAeT HUXKE, TaK Kak
4acTh BOJIOPO/ia OyAET HaXOUTCS B PACTBOPE B CBOOOHOM MJIU CBSI3aHHOM BHJIE.

Brauane Haiiiém 00bEM ra3oBoii (asel B ammyse. BHyTpeHHUIN paguyc aMImyibl
r =502 - 0,77 = 1,73 mm. Torma Vg = wh-r’ = 3,14:20,3-0,173* = 1,91 mm.
O06bEM razoBoit ¢aszel Vi, = 1,91 — 0,50 = 1,41 M. Tenepp MOXKHO HaMTH oOIIee

KOJIMYCCTBO BOAOPOAA B CUCTCMCE

[Tocne ycTaHOBIIEHUST paBHOBECHSI BOIOPO/] HAXOIUTCS B aMITyjie B TPEX opmax
— B ras3oBoil ¢a3ze (v(H;)m;) 1 B pactBope B cBobomHOM (V(Hy),,) MIIH CBA3aHHOM

(v(AH,)) Buze.

rie P — paBHOBECHOE MapIMaibHOe AaBiacHue Bogopoaa. [1o 3akony ['erpu [Hy].,

=2,10-10>-P, torna

v(AH;) HaxoauM U3 BBIPAXKCHUS JIJIsl KOHCTAHTHI PABHOBECHS, KaK ObLIO CACIAHO

BBIILIE [T IEPBOM aMITYJIbl:
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B urore n3 marepuanbHOro 0ajgaHca o BOAOPOAY MOIyYaeM YpaBHEHHE

OTO ypaBHEHHE CBOIUTCS K KBAJIPAaTHOMY:

Pemaem nosmydyeHHOE KBaIpaTHOE yYpaBHEHUE:

Torma

Jlis BTOpoO# aMImyibl JOJS BOAOPOAA, CBA3aHHOrO B Komiuiekc ¢ BorylCAT,

paBHa

Jlumepamypa: V. V. Zhivonitko, K. Sorochkina, K. Chernichenko, B. Kotai, T.
Foldes, 1. Papai, V.-V. Telkki, T. Repo, I. Koptyug // Phys. Chem. Chem. Phys.,
(2016), V. 18, pp. 27784-27795.
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CucreMa oieHUBAHUSA

DNEeMEHTBI pelIeHus Ouenka
1. | OObsicHeHHE 1 6aJa
2. | 3HaKM SHTAJBIIUU U SHTPOIUU C MOICHEHHEM — 1o 1 Gamry 2 das1a
3. | Onpenenenre SHTAJIBIUU U SHTPONUU 10 2 Oaia 4 6as1a
4. | OnpenesneHne YHEPTUH AKTUBALIMI 3 6as1a
5. | Pacuér BpeMeHH yCTaHOBIICHHS] PABHOBECUS 2 daJ1a
6. | Pacuér mus nepBoii ammyiiel: pacuér [H,]., 2 das1a
Pacuér ¢ 2 das1a
(ectr 0,0105 M npuHATO 32 00IIYI0 KOHIEHTPALMIO BOJIOPOAA B
pacTBope,
To 1 Gamm).
Pacuét nnst Bropoit ammynbl: 3HadeHue Py 1 6aan
Pacuér V 4. 1,5 6aana
Pacuét v(H,)osu 1 6ana
Beipaxenue st v(Hy), s 1 6ana
Bripaxxenue st v(Hy),-p 1 6ana
Bripakenue st v(AH,) 1 6a
Pemienne kBaipatHOro ypaBHEHUS 1,5 6anaa
Pacuér ¢ 1 6aa
HUTOI'O: | 25 6an10B

Pernenue 3axauu 5 (Cenos U.A.)

1. Pa3HoCTh 2HEpruili KBAaHTOB TMOIVIOMIEHHOTO W HCIYCKAaeMOI'o CBETa paBHa

HHEPrUu Mepexo/ia ¢ HyJIeBOro Ha N-bIii KoJeOaTeIbHbINA YPOBEHB:

hc hc

———=nhv :
I

c C
==

——nv

A4

2. MakcuMyMBbl COOTBETCTBYIOT TIepexoaaM Ha ypoBHH ¢ N = 1, 2, ... Pa3HocTh

SHEPruil MeXIy COCEIHMMH YPOBHSAMHU opuHakoBa ( NV), mostomy pasHocTs wactor
HCITyCKaEMOTO CBETA paBHa V.

3. diryopecueH Iy MPOMOPIIHOHATbHA KOHIICHTPAIMK HeCBsI3aHHOTo Oerka [P]:

c_p_[P1
°[P1+[PL]’
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P _

[PIL]

[TockonbKy HauagbHAs KOHIIEHTPAIMS JIMTaHAa C. HAMHOTO OOJIbITe HavyaabHOM

F-F, [P] _ R
[P]+K[P]c, 1+Kc_

K'; [P]+[PL]=cp; [L]+[PL]=c, .

KOHIIEHTpaluu Oenka Cp, T0 [L]~cC , . YToOBI HAWTH

F

0 -
K, ciexyet cTpouth rpaduk 3aBUCUMOCTH EoT CL, KOTOpast SBJISIETCS IMHEHHOM ¢
yrIoBeIM kK03 duimentom K:
F
2 =K +1,
F

Ilo namubiM Tabmuusr momygaem K = 1,63-10%. (ITpuammaercs Taoke 10600t
BEPHBII pacyeT Mo OTAEIbHBIM TOYKaM 0€3 MOCTPOEHUs rpaduka).

4. Jonsa wmonekyn P*, koropble BO3BpaIlalOTCSI B OCHOBHOE COCTOSIHHE C
UCITyCKaHHEM KBaHTa CBeTa (M3JIydaTeIbHBIN NEPEX0/), paBHA OTHOIICHUIO CKOPOCTH

9TOro IipomecCa K CYMMC CKOpOCTGfI HU3JIYy4aTCIIbHOTO U 6631)13J1y‘{aTeJII>HOI‘O

ko[P*] _ K _
ki[P*lc, +K,[P*] k¢, +Kk,

MepPEX0/I0B OO0miee KOJIMYECTBO TEPEXOIOB 000UX

THUIIOB HC 3aBHCHUT OT KOHLCHTpAIHWM JIMI'aHda W OIIPCACIIICTCA HMHTCHCHBHOCTBLIO
BO3Oykaroniero uziaydenus. [losromy duyopecueHius mponopiuoHaibHa J101e
H3J1Yy4aTCIbHBIX IICPCXOI0B:

k

F=F—%—;

2
5. ®nyopecueHus B 3TOM Cly4dae NponopLUuOHaibHa A0J€ HECBA3AHHOTO OeJKa

H J0JIC N3JIYUATCIIbHBIX IICPEXOI0B!:

F=F, ko 1 ;i: ﬁcl_+1 Kc +1.
kic, +k, 1+Kc,  F )

k
O603HaUUM k—l =K' u packpoeM CKOOKHU:
2
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%:KK'CL2+ K+K' ¢ +1.

3nayenus K u K’ MOXKHO HalTH pElIEHUEM CHCTEMBI U3 JIBYX YPaBHEHHWM IS
0001 Taphl SKCIIEpUMEHTaIbHBIX ToYeK. B cpennem onu coctapisoT 770 u 5240.
[TockosbKy ypaBHEHHE CUMMETPUYHO, 00a KOPHS MOTYT COOTBETCTBOBATH KOHCTAHTE
YCTOMYUBOCTH  KOMIUIEKca.  (3acCUMTHIBAIOTCA ~ OTBETHI,  COOTBETCTBYIOIIHE
AKCIIEPUMEHTAIBLHBIM JIAHHBIM TIPH JIF000H Mape KOHIIEHTPALIH).

Cucmema OUCHUBAHUL .

1. | 3a BepHyto Gpopmyiy 5 6asu10B

2. | 3a BepHbII OTBET 3 6asia

3. |3a BepHBIM BBIBOJ  3aBUCHUMOCTH  (DIYOPECLCHIIMH  OT | 6 0aJ1JI0B
KOHIIEHTpalluu Juranjaa 4 Oanma
3a BepHOE 3HAYCHNE KOHCTAHTHI 2 Oaia

4. | 3a BepHbII BBIBOJ 4 6asu1a

5. |3a BepHBI BBIBOJ  3aBUCUMOCTH  (DIyOpecUEHIMU  OT | 7 6ajjioB
KOHIIEHTpALIMK JIUTaHa 5 6aJioB

3a BEpHOE 3HAYEHUE OJHON KOHCTAHTHI 1 Oan
3a BEpHOE 3HAYEHUE BTOPOM KOHCTAHTHI 1 Oa

HUTOI'O: | 25 6aaa0oB
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