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Bce 3agaun no 20 6aioB
3amaua 1

Bapuanr 1. [IpemoxuTe 1ByXcTaauiiHbIN cioco0 moayueHus coeauHeHus B u3 tomyorna.
Pactmudpyiite crpykrypy BemiectBa C u yclioBus ero oopasoBanus u3 B.

Peaknus nonmyyenust E u3 D (peakius beitnuca-Xunimana) Obuta oTkpbiTa B 1967 rony
AIMOHCKUM XUMHKOM MopuTa, a B 1972 neranpHo ucciaenoBaHa amepukanuaMu beiiinicom u
Xunnmanowm. [Ipennoxxute MexaHu3M MPOTEKAHUS ITOU PeaKIUK U CTPYKTYpy UHTEpMEInara,
oOpa3yromierocs mpu B3aumoaeiicteuu metmiakpuinara ¢ DABCO.

Pacmudpyiite ctpykrypy F.

[Ipemioxxute ycnoBus nmonydeHus coequenns H u3 ykCcycHON KUCIIOTHI, pacuudpyiite
CTPYKTYpY |.

Pactmudpyiite crpykrypy J NpoyKTa peakiuu MpoMeXyTOUYHOTo coeanaeHus G,
obpazyromerocs mpu neiictsuu DABCO na coenunenue F, ¢ coequnennem H.

Kakoe rerepounxnnueckoe coennnenue K nonydaercs npu peakuuu J C METHIAMUHOM?

CH,4 CH,Br CHO
? 2 ?
: : : MnO
A C 2 -
CH3CgHs5
NO, C7HNOs  nguenve NO,
B D
OH
Z>C0,CH;, CO,CH;  Boc,0 DABCO
. F
DABCO . DMAP (xart. -
(KaT ) 02N E ( ) C16H19NO7 C02

o CO2CHs
. ® J
O.N N 0O O

O @N ch)J\/U\oc:Hch3 CrrHiisNO7
H

G ‘ CH3NH,

_ A
DABCO = NJ l C1gH22N206

CHs, C4HgO2
= CH, T ?

DMAP




CHy CH2Br CH,OH CHO

HNO3 NaOH/H,0 MnO,
(CH5C0),0 PhCOO (xar.) HarpesaHue CH3CgHs
N02 HarpeBaHue NO, NO, KnnavyeHne NO,
B C D
o
O OH
CO,CH; ©_CO,CHj;
©) —_—
CO,CHj3
© O,N N7 O,N NT _DABCO
K/N K/N
L
HM
Z>C0,CH5
+
DABCO (xart.)
OH OBoc
COzCH3 BOCzO C02CH3 DABCO
— DMAP (xar) o
o,N (xaT.) O,N -Cco,
E F

mCOZCH3 H3CH,CO 0
—_— @ >
on c 5 o CO,CHj

o QLN H3CMOCHZCH3 O,N

L tBuO _ H J
G
Na or NaH | kunsueHxne CH3NH;
p— ﬁ\l
DABCO = /| / CH3CO,CH,CH; O CH,
I _CH
N CHs HsCH,CO™ Y N7 53
DMAP = N/\:>*N\ H,S0,
— CH3 CH3CH2OH (KaT.)
CO,CH,

0
O,N
Boe —— %kok CH4CO,H 2 K

Bapuanr 2. [Ipennoxute nByxcraauitHbiii crioco0 nosyueHus coequHenus B (¢ ykazanuem

YCJIOBHH peaKIuii) U3 TOJIyoJa.
Pacmmudpyiite ctpykrypy Bemecta C u yciaoBus ero oopazoanus u3 B.

Peaknus nonyuenust E u3z D (peakus beiinuca-Xwuinmana) Obiia oTkpbiTa B 1967 roay
SIMOHCKUM XUMUKOM MopwuTa, a B 1972 netanbHO ncciieoBaHa aMepuKaHaMu beiircom u




XwunmanoM. [Ipemioxkute MexaHu3M MPOTEKaHUs ATOH PEakIK U CTPYKTYPy HHTepMenuaTa,
oOpa3yromierocs mpu B3aumoaeiicteuu metmnakpuinara ¢ DABCO.

Pacmudpyiite ctpykrypy F.

[Ipemioxxute ycnoBus nmonydeHus coequHenns H u3 ykcycHON KUCIIOTHI, pacuudpyiite
CTPYKTYpYy .

Pactmudpyiite ctpyktypy J npoyKTa peakiuu MpoMeyTouHOro coeanaenus G,
obpasyromierocs mpu neiicteun DABCO na coenunenue F, ¢ coenunennem H.

Kaxoe TCTEPOHUKINYICCKOC COCAMHECHUEC K IIOJIYy4acTCd IIpu p€aKuu J ¢ stunamuHOM?
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Bapuanr 3. [Ipennoxute nByxcraauitHbiii crioco0 nomyueHus coequHenus B (¢ ykazanuem
YCJIOBHH peaKIuii) U3 TOJIyoJa.

Pacmmudpyiite ctpykrypy Bemecta C u yciaoBus ero oopazoanus u3 B.

Peaknus nonyuenust E u3z D (peakus beiinuca-Xwuinmana) Obiia oTkpbiTa B 1967 roay
SIMOHCKUM XUMUKOM MopwuTa, a B 1972 netanbHO ncciieoBaHa aMepuKaHaMu beiircom u




XwunmanoM. [Tpemioxknute MexaHu3M MPOTEKaHUs ATOH PEaKIK U CTPYKTYpPy HHTEpMeIuaTa,
oOpa3yromierocs mpu B3aumoaeiicteuu metmnakpuinara ¢ DABCO.

Pacmudpyiite ctpykrypy F.

[Ipemioxxute ycnoBus nmonydeHus coequHenns H u3 ykcycHON KUCIIOTHI, pacuudpyiite
CTPYKTYpYy .

Pactmudpyiite cTpykrypy J npoyKTa peakiuu MpoMexyTouHOro coeanaenus G,
obpasyromierocs mpu neiicteun DABCO na coenunenue F, ¢ coenunennem H.

Kaxoe TCTEPOUHUKINYICCKOC COCANHECHUEC K IIOJIYy4acTCd IIpu p€aKuu J ¢ ammuakom?
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3agaua 2. «kKaTnon- He 6JH3HeN »

Bapuanr 1.

Homent Cepreit MuxaiaoBu4 O4eHb OOUICIICS Ha MIKOJILHUKOB, KOTOPHIE B MPOIILJIOM TOAY AaXKe
HE TBITAIMCh PEIINTh 3a7a4y «KaTHOH-OJM3HEI» W TMO3TOMY MPHUIyMall elle OJHY 3a7ady Ha
oTpeieJIeHNEe HEN3BECTHOTO KaTHOHA:!

FOHbI#1 XMMUK Halesn Ha MojiKe 0aHKy CO CTePTON HAIIUCKIO «. .. XJIOpHUA». MaccoBas 1011 XJiopa
B 3TOM coeauHeHun coctaBiusier 28.1%. BemrecTBo uMmeno coneoOpasHyo Tpupony, ObUIO
TUTPOCKOIIMYHO U XOPOIIO paCTBOPUMO B BOJIE€, HO HEPACTBOPUMO B HETIOJISIPHBIX OPraHMYECKHUX
pacTBOpUTEIAX. BOIHBIN pacTBOP COEAMHEHUS UMEN KUCIIYIO peakiuto. Temneparypa 1iaBieHus
BemecTBa coctapuwia 102 °C. Ilpu noGaBneHum ero K pacTBOpY AMXpPOMATa Kajius PacTBOP
OKpACHJICSI B 3€JIEHBIN IIBET U MNOSIBWIICS 3amaxX FOpbKOI0 MMHJAIS BCJIEACTBHE 0Opa3oBaHUs
COEIMHEHUS, B KOTOPOM MaccoBasi oJis 3iaeMenTta, oTkpsiToro K. Illeene u He3aBUCUMO OT HETO
JIx. Ipuctnu, cocrapnsier 15.1%. IIpu BoccTaHOBIEHUH UCXOAHOTO XJIOPUAA ATIOMOTHAPUIOM
JUTHS OOpa3yloTcs JIBE€ COJMM M HECMENIMBAIOIIAsACA C BOJOW Mpo3payHas XKUAKOCTb C
Temmnepatypoii 3amep3anus -80 °C u Temneparypoii kunenus 116 °C. Maccoas nons yriepona B
3TOM kuakoctu cocrabiser 91.3%. Onpenenure CTPOCHHE COCIUHEHHUS, €CIU WM3BECTHO, YTO
KaTHOH HE COJEPXKUT aTOMOB MeTajula. 3amnuiiuTe ypaBHeHUs peakiuii. Kakoil mporecc
IIPOMCXOUT IIPU pacTBOPEHMHU BellecTBa B Bozie? [1o kakoil mpuunHe cTabuiieH JaHHbIA KaTHOH?
[TpuBenure CTpyKTYpHYIO (pOpMyily aHMOHA, CTAOMJIBHOTO MO TOM K€ caMOM NMpPUYHMHE, YTO U
HEW3BECTHBIN KaTHOH?

Pemrenne

MaccoBas 107151 KaTHOHA B XJIOPH/IE TTO3BOJISIET OMPEICTUTD €ro MOJIEKYIsIpHYy0 Maccy — 91. [pu
BOCCTaHOBJIEHUH HCXOJHOTO XJOpHJIa AIIOMOTHUAPUAOM JHUTUS OOpa3yloTcsi ABE COJNU U
HECMEIIMBAIOLIAsCS C BOAOH Mpo3padHas *KHUAKOCTb. OYEBHIHO, UTO JIBE COJHM — ATO XJIOPHJIBI
anmoMuHus U muTHs. IloaToMy KaTHOH mpucoeuHseT BoAopo. IIockobKy XKHUAKOCTb € BOOM He
CMEILMBAETCS U UMEET JOBOJIBHO BBICOKYIO TEMIIEPATypy IUIABJICHUS, TO 3TO BEPOSITHO KAKOM-TO
yraeBoxopoa. M3 maccoBoii o yrieponaa Haxoaum ero coctaB — C7Hs. D10 He MokeT OBITh
TOJYOJI, T.K. OH HE 00pa3zyeT KaTHOHOB. TakuM 00pa3oM, KAaTHOH MPUCOEANHIIT BCETO OMH aTOM
Bojopoia. M ero cocra C7H7;" - karmon tpomwmms. Coenunenwe CrHs — mpomykr
BoccranoBienust C7H7" - umkmorenrarpuen-1,3,5. Tlpy  OKHCIEHHH KAaTHOHA TPOTHIIHS
oOpa3zyercs OeH3aIbAETH I IO PeaKIIUu:

3C7H7CIl + K2Cr207 + 5HCI= 2CrCl3 + 3CsHsCHO + 2KCI + 4H,0
B BOJHOM paCTBOpe COHeﬁ TpOHI/IHI/Iﬂ YCTaHaBHI/IBaeTCH paBHOBeCI/Iei
C7H7" + H2,0 <> C7H;0H + H*«& C7H70C7H7

Onpenensroniee Kucayw cpeny. Obpasyromeecst COeTUHEHNE — TUTPOTTMITHUEBBIN dPup.



Bapuanr 2.

Homent Cepreit MuxaiiaoBu4 04eHb OOUACIICS HA MTKOJIBHUKOB, KOTOPHIE B IIPOIIJIOM IOy J1aXKe
HE TBITAJIMCh PEIIUTh 33/a4y «KATHOH OJIM3HEI» W MOATOMY MpPHIyMal €Ile OJHY 3ajady Ha
oTpeieJIeHNe HEN3BECTHOTO KaTHOHA!

FOubIil XuMuK Haiien Ha Mojke 0aHKy CO CTepTOM HAAMHMChIO «... OpoMun». MaccoBas mois
Opoma B 3TOM coeiuHeHUU cocTaBisieT 46.72%. BemiecTBo nMeno coneodpasHyro Npupoy, ObLio
TUTPOCKOIIMYHO U XOPOIIO paCTBOPUMO B BOJIE, HO HEPACTBOPUMO B HETIOJISIPHBIX OPraHMYECKHUX
pacTBOpUTEIAX. BOIHBIN pacTBOP COEAMHEHUS UMEN KUCIIYIO peakiuto. Temneparypa IiaBieHus
BemecTBa coctaBuwia 203 °C. Ilpu noGaBneHum ero K pacTBOpy AMXpOMATa Kajius PacTBOP
OKpACHJICSI B 3€JICHBbIM IIBET M MOSIBUWIICS 3amax rOpbKOI0 MMHJANIS BCJIEICTBHE 0Opa3oBaHUs
COEIMHEHMS], B KOTOPOM MaccoBasi J0Ji 3jieMeHTa, oTkpbiToro K. Illeene u He3aBucuMo ot HEro
JIx. [puctnu, cocrasuset 15.1%. I[Ipu BoccTaHOBIEHUH UCXOTHOTO OpOMHUA ATFOMOTHAPUAOM
JUTHS O0pa3yloTcs JIB€ COJMM M HECMENIMBAIOIIAsACAs C BOAOW Mpo3payHas KHUAKOCTh C
Temmnepatypoii 3amep3anns -80 °C u Temnepatypoii xunenns 116 °C. Maccoas goms yriepoga
B 9TOM XKUAKOCTH cocTaBisieT 91.3%. Onpenenure CTpoeHUE COCIUHEHHMsI, €CJIM U3BECTHO, YTO
KaTHOH HE COJEPXKUT aTOMOB MeTajula. 3anuIlnTe ypaBHeHUs peakiuid. Kakoi mporecc
IIPOMCXOUT IIPU pacTBOPEHMHU BellecTBa B Boje? [1o kakoil mpuunHe cTaOuiieH 1aHHbIM KaTHOH?
[TpuBenure CTpyKTYypHYIO (pOpMyNly aHMOHA, CTAOMJIBHOTO MO TOM K€ caMOM NpPUYHMHE, YTO U
HEU3BECTHBIN KaTUOH?

OTtBer

HUcxonuas cons C7H7BY.

Bapuanr 3.

I[OI_IGHT CepreITI MuxaiinoBu4 OYeHb 06I/I,Z[GJ'IC$I Ha MIKOJIbHUKOB, KOTOPBIC B IIPOLIJIOM T'OAY HAXKE
HC IIBITAJIUCh PCHIUTHL 3adavy «KATHOH 6J'II/ISHCI_I)> " IIOOTOMY IpuAyMall €lIC OJHY 3aJady Ha
OnpeaAcICHNEC HCU3BECTHOT'O KaTHOHA:!

FOHBII XMMUK Hallen Ha MoJyike 0aHKy CO CTepPTOM HaaIMChIO «... HOAuI». MaccoBas noiis ozaa
B 3TOM coeauHeHuu coctaBiser 58.2%. BemiectBo umeno coneobpazHylo mnpupoay, Obuio
TUTPOCKONIMYHO U XOPOIIO PaCTBOPUMO B BOJIE, HO HEPACTBOPUMO B HETIOJISIPHBIX OPraHUYECKHUX
pacTBOpUTENSIX. BOAHBIN pacTBOpP COEIMHEHHS UMET KUCITYIO PEaklnIo. TeMIiepaTypa IIaBJIeHHs
BemectBa coctaBuia 136 °C. Tlpu no6aBieHuH ero K pacTBOPY AMXPOMATa Kalus pPacTBOP
OKpacWJjICSl B 3€JICHBII I[BET U MOSIBUWJICS 3amax rOpbKOr0 MHHJAIS BCJEICTBHE 0Opa3oBaHUs
COEIMHEHMS, B KOTOPOM MaccoBas JoJis aneMeHTa, oTkpbiToro K. Illeene n He3aBUCMMO OT HETO
Jx. Tlpuctnu, cocrabnser 15.1%. Ilpu BocCTaHOBICHUH MCXOTHOTO MOAUJIA ATFOMOTHIPUIOM
IUTHA 00pas3yloTCsl JBE COJMM M HECMEIIMBAIOLIAsCs C BOAOH Mpo3padyHas KHUAKOCTh C
Temmnepatypoii 3amepsanus -80 °C u Temneparypoii kunenus 116 °C. Maccoas mons yriepona B
aTON *)uaKoctu cocrasiseT 91.3%. Omnpenenute CTpoeHHE COEIMHEHUS, €CIIM U3BECTHO, YTO
KaTUOH HE COJIEPKUT aTOMOB MeTajla. 3anuiuuTe ypaBHEHHs peakuuil. Kakoil mponecc
IPOMCXOIUT MIPU paCTBOPEHUH BeliecTBa B Boje? [1o kakoil mpuunHe cTabuiieH JaHHbII KaTHOH?
[IpuBenute CTpyKTYypHYIO (pOpMyiTy aHHMOHA, CTAaOMJIBHOTO MO TOM K€ caMOM MpUYHHE, YTO U
HEU3BECTHBIN KaTHOH?

OTBer



Hcxonuas cons C7H7I.

3anaua 3. «umnap »

Bapuanr 1.

Humuaap ¢ BHyTpeHHUM paauycoM 10 cm u BeicoToi 10 cM pa3neneH Ha JABE 4acTH TOHKOM
NEPEropo/IKoi, INIOTHO HpUJIETAIoIel K CTeHKaM LWIMHIpPAa U CBOOOJHO MepeMelaroleincs
BHYTpHU ero. B oany uacte muwimHapa nomeuieHo 4,88 r HeoHa, a BO BTopyto 60 r TBepaoro
IPOJYKTa B3aMMOACUCTBUS M30BITKA HAIIATHIPS M OJIOBSHHOTO Macia (MaccoBas J0JIs XJIopa B
OJIOBIHHOM Macie cocrtaBisier 54.43 %). IlpeaBaputenbHO BO3AyX U3 00€MX 4YacTe ObLI
TiareabHo oTkadaH. Cuctemy Harpenu a0 800 K. Onpenenure paccTosiHue OT MEPEropoKu J10
OCHOBaHMM IWIMHApPA W KOJMYECTBO BEIIECTBA TBEPIOTr0 MPOAYKTa, OCTaBIIeecs B
KOHJCHCUPOBaHHON (haze. 3aBUCUMOCTh KOHCTaHTBHl PABHOBECHUS TEPMHUUECKOTO Pa3IOKEHUS
YIOMSIHYTOT'O BBIIIIE TBEPAOTO BEIIECTBA OT TEMIIEPATYPHI BEIPAKAETCA YPABHEHUEM:

Ln K =-(61066/T) + 83.32
Kax n3meHuTCs osioxkeHne neperopoKu, el TeMneparypy noHu3uTs Ha 50 K?
Pemenus

[Mponykt B3aumoneiicteust Hamateipst (NH4Cl) u onossinnoro macna (SnCls) — rekcaxnopcrannat
ammonusi (NHas)2[SnCle]. M3 3amanHOi TemmepaTypbl MO YPaBHCHHIO HAXOJUM BEIUYHHY
KOHCTAaHTBI paBHOBecHs ero pasznoxeHus: 1089. YpaBHeHue peakuuy pa3ioxKeHus:

(NH4)2[SNCls] = 2NHs + 2HCI + SnCla.

Bce nmponykThl paznoskeHus — razoodpasusie. [loaTromy mapruanbHoe AaBleHUE TETPaxJIopuia
0JI0Ba — 3TO KopeHb msaToit crenenu ux Kp = 4.05. A ob6mee naBnenue — B 5 pa3 Oonbire 20.25
atM. B PaBHOBCCHUHU B HUIIMHAPE AABJICHUA B 00enx JacTax OANHAKOBBI. A 3HaYUT 00BEMBI HaCTEN
OTHOCATCSL APYT K JPYTy TaKkKe KaK KOJMYECTBA MOJIb ra3000pa3HbIX BemecTB. KommuecTBo
BeujectBa HeoHa HaMm u3BecTHO 0,242 wmonb. KonudecTBO MOJb  pa3iioKHUBILIErocs
reKcaxJiopacTaHHaTa MOXKHO ONpEeIeNUTh, 3Has o0Illee [aBJICHWE HAJI HUM TpPH JTaHHOU
Temrneparype. M0OXHO COCTaBUTh CHUCTEMY YpaBHEHUH C 2 HEM3BECTHBIMH — YHCIOM MOJIEH
BEIIIECTBA B ra3oBoi (haze Haj rekcaxJIOpCTaHHATOM U 00beM BTopoit yactu (CymMMa 00beMOB —
M3BECTHAas BeMUYMHA). T.0. KOIMYECTBA MOJb OTHOCSTCS Kak 3:1 a 3HAYHUT TakKke OTHOCATCS U
o0bemsl. T.o. meperopoka OyJeT HAXOIUTCS Ha PAaCCTOSIHUM 7.5 CM OT JIEBOM CTEHKH. 3Hast YUCIIO0
MOJIEH B ra30Boi (aze U CPeAHIO MOJIEKYIApHYI0 Maccy napa (73.54 r/MoJb) MOKHO BBIUUCITUTH
Maccy BeIeCTBa Mepemienero B ra3oByto ¢asy (53,4 r). Macca octaBmierocsi rekcaxjopcTaHHaTa
HaXOJUTCs MO pazHule (6,6 r). AHAIOTMYHBIM 00pa30M BBHIYHCIISETCS AaBJICHUE ISl TEMIIEpaTyphbl
750K. Ileperopojika mpu 3TOM CMECTUTCS Ha 1 cM BIIEBO.

Bapuanr 2.

[Munuaap ¢ BHyTpeHHUM paaunycoM 10 cM u BbicoTOM 10 cM pa3zeneH Ha J1B€ 4acTU TOHKOHN
NEePeropo/iKoi, INIOTHO MpUJerarolieil K CTeHKaM LWIMHIpPAa U CBOOOJHO MepeMellaroleincs
BHYTpHU ero. B mpaByro 4acTh LHMIMHApA MOMEIIEH HEOH, a B JeByl0 60 I TBEpAOro MpoayKTa



B3aUMO/ICHCTBHS M30BITKA HAIIATHIPS M OJIOBSHHOTO Macia (MaccoBasi J0JIS XJI0pa B OJIOBTHHOM
MacJe coctaBisieT 54.43 %). [IpeaBapuTesibHO BO3yX U3 00€UX YacTel ObUT THIATEIBHO OTKaYaH.
Cuctemy narpenu ao 800 K. Ompepenure maccy HEOHa, MOMELIEHHOTO B JIEBYIO 4acThb U
KOJINYECTBO BEIIECTBA TBEPAOTO MPOJYKTa, OCTaBIIEeCs B KOHACHCUPOBAHHOW (aze, eciu
M3BECTHO, YTO MEPEropojKa HAXOJWUTCS HAa PACCTOSHHUM 7.5 CM OT JIEBOTO Kpas MIJIMHIPA.
3aBHCUMOCTh KOHCTAHThI PABHOBECHS TEPMUYECKOTO YIIOMSHYTOTO BBIIIIE TBEPAOTO BEIIECTBA OT
TEMIIEPATYPHI BBIPAXKACTCS yPaBHEHUEM:

Ln K =-(61066/T) + 83.32
Kak u3aMeHuTCS MojgoXKeHue neperopoiku, €Ciiu TeMieparypy noHu3uts Ha 50 K?

Pemenue OﬁpaTHO npenbmymeﬁ 3ajgade. 3Has OTHOHIEHHE 00HLEMOB MOXKHO OInpeacjauTb
OTHOLIIEHHE MOJIeil BEeIleCTB U BbIYMCJINTh KOJUYECTBO BeIllECTBA HEOHA B ra30BoM (1)336 mo
COOTHOIIIEHHIO 00HEMOB. Oﬁmee AaBJICHHUEC HA/I TECKCAXJIOPCTAHHATOM 321a€TCH YPABHCHUEM
AJii KOHCTAHTBI pAaBHOBECHA.

Bapuanr 3.

Hunuuap ¢ BHyTpeHHUM paguycoM 10 cM u BbicoToil 10 cM pasneneH Ha JBe 4acTH TOHKOMU
MEePETOPOJIKOM, TUIOTHO MPHUJICTAMIICH K CTEHKAM IUJIWHIApPA W CBOOOTHO IEpeMeIIaroeics
BHYTpHU ero. B mpaByro wacte muiusapa nomemieHo 4,88 r HeoHa, a B yieBylo 60 r TBepaoro
MPOYKTa B3aUMOJICHCTBUS M30BITKA HAMATHIPS M OJOBSIHHOTO Macia (MaccoBasi JIOJIA XJopa B
OJIOBSHHOM Macie cocrtaBisier 54.43 %). IlpenBapurenbHO BO3ayx M3 00€MX dYacTel ObuI
THIATENHHO OTKauaH. CHCTeMy Harpesiu 10 HEKOTOpo# Temmeparypsl. Onpenenure Temneparypy,
0 KOTOpPOM HAarpeny CHUCTEMY W KOJHYECTBO BEIIECTBA TBEPAOTO MPOJYKTa, OCTaBIIEecs B
KOHJCHCUPOBAHHOH (ha3e, eclii U3BECTHO, YTO MEPEropoKa HaXOJUTCS Ha PACCTOSIHUU 7.5 CM OT
JIEBOTO Kpas HUIUHApPA. 3aBUCHMOCTh KOHCTAHTHI PABHOBECHS TEPMHUYECKOTO pa3IOKEHUS
YIIOMSIHYTOT'O BBIIII€ TBEPIOTO BEIIECTBA OT TEMITEPATYPHI BHIPAXKACTCS YPABHCHUEM:

Ln K =-(61066/T) + 83.32
Kak n3MeHuTCs nojoxkeHne neperopoiky, eciii TeMnepaTypy noHu3uTs Ha 50 K?

Pemienue oOpatHo mnpeabiaymeii 3agade. Heo0xoaumo cocTaBUTBH CHCTEMY M3 JBYX
YPaBHeHHUIi ¢ IByMSl HeU3BeCTHHLIMU. OTHO U3 KOTOPBIX - TEMIIEPaTypa, a BTOPoe JaBJieHUe
napa Hajl reKcaxJiOpCTaHHATOM, KOTOPOe CBSI3aHO ¢ KOHCTAHTON paBHOBECHSI.

3agaua 4. «KBaHTOBBIE TOUKW

Bapuanr 2.

Cpe/:m MHOT'OYHMCJICHHBIX TUIIOB HAHOMATCPUaJIOB OJHUM U3 Ba)KHEHIIINX SIBIISIIOTCS TaK
Ha3bIBAEMBIC K8AHNOBblIE MOUYKU — q)paFMeHTI)I IMPOBOAHHMKA WJIN ITOJYIIPOBOAHHKA C PasMEPOM,
OIU3KUM K JJINHE BOJIHBI DJICKTPOHA. K taxoBEIM OTHOCATCA, HAIPpUMEP, HAHOKPUCTAJIJIBI
CcClIcHuJa KaJMHus. I[J'Iﬂ UX INPpUT'OTOBJICHUA B HHCpTHOfI aTMOC(I)CpC K BOOJHOMY paCTBOpPY



XJIOpUia KaaMus 100aBIISIOT BOJHBIA PACTBOP CEJICHUTA HATPUSI U PACTBOP OPraHUYECKOIO
COCIMHEHUS (HampuMep, MEpPKarTodTaHoJIa) JAJi NPEAOTBPALEHUS arperallui YacTHll.

J1J1st MOTy4eHHBIX HAHOYACTHI] MTOJIOKEHUE MAKCUMYMa TOTJIOMICHUS B AJIEKTPOHHBIX
CIIEKTPax 3aBHCHUT OT pa3Mepa YacTull. Y BeJIMUeHUE JUaMeTpa YacTHUIl IIPH HarpeBaHUU
COIPOBOKAAETCA CIEAYIOLUIUM CIBUTOM I10JIOCHI IOTJIOLICHMUS:

t, °C 10 22 30 40 50 60 70
A, HM 420 421 421 425 433 440 448
d, HM 2.78 2.78 2.78 2.83 2.90 ? 3.03

1) Hanumure ypaBHEHUE peakliny, JIeXkKallleld B OCHOBE CUHTE3a CEJICHU1A KaIMUs;

2) nst gero TpeOyeTcs MPOBOIUTH CHHTE3 B MHEPTHOM atMocdepe? I1o Bo3MOKHOCTH
HIPOMJUTFOCTPUPYHTE OTBET YPAaBHEHUEM PEAKLIUU.

3) Ouenure quamerp HaHodactuil mpu 60 °C;

4) Kak n3BecTHO, B paCTBOPE IPOUCXOIUT aJICOPOLIUS MOJIEKYJI THOJIA K TOBEPXHOCTH
Ha”ovacTull. Kakas 10151 copOMpOBaHHBIX TPH KOMHATHOM TemIiepaTrype MOJIeKyn Oyer
NepPEeXO0/IUTh B pacTBOp Ipu HarpeBanuu 1o 70 °C?

5) BMecTo MepKanTo3TaHoIa MOXKET ObITh HCIIOJIB30BaH U HOICHUATHON. B kKakoii popme oH
OyJIeT NpUcCyTCTBOBaTh B pacTBOpe?

Penrenne

1. CdCl> + 4Na,SeOs = CdSe + 3NaxSeO4 + 2NaCl (3 6ania)

2. UneptHas atMocdepa TpeGyeTcs U IIPEIOTBPAIIEH s OKUCIEH ST MEPKAITOITAHOIA!
4C3HsSH + Oz = 2(C2HsS)2 + 2H20

2CoHsSH + 302 = 2C2HsSO3H (3 6asua)

3. Uz HpHBeI[eHHOﬁ Ta6J'II/ILU:I CJICAyCeT, YTO Ha HAHHOM YYaCTKC 3aBUCUMOCTb MCIKIAY
TeMnepaTypoﬁ CHHTC3a, NUAMCTPOM HAHOYACTHILLI W IIOJOXKCHHEM MAKCHMyMa IOTJIOIICHUA

munelriHa. Torma npu 60 °C quametp cocrariset 2.97 um (3 6ana)

4. Ilycts npu KOMHaTHOU TeMmeparype cunresupoBaiu 100 Hanouactu. Mx cymmapHsIit

o6weM coctaBuT 100%4/31*1.39% = 1,125*%10% um® (2 6anna)
Inomans mosepxHoctr S = 100*471*1.39% = 2,428*10% am? (2 6a11a)
Ipu 70 °C naHHEIT 06beM cooTBerctBYeT N = 1.125%10%/(4/31*1.5015%) = 79.3 wacTusr (2
0aJjiia)
Wx cymmapHas TUIOIIagb COCTaBUT S = 79.3*47*1.5015% = 2,247*10° um? (2 6amna).
CrnemoBareibHO, KOJMYECTBO COPOMPOBAHHOTO THOJA yMeHbIHUTCs B 1,09 pa3za (2 6ana)
5. B Buge munemn (1 6am)

Bapuanr 3.

Cpenyt MHOTOUYHCIIEHHBIX TUTIOB HAHOMATEPHUAIIOB OJHUM M3 BAXKHEHIINX SIBJISIOTCS TaK
Ha3bIBAEMbIE K8AHMOBble MOUKYU — PParMEeHThl IPOBOAHUKA WU TOJTYIPOBOIHUKA C Pa3MEPOM,
OJIM3KHUM K JJIMHE BOJHBI 3JIeKTpoHA. K TaKOBBIM OTHOCATCS, HAPUMEP, HAHOKPHUCTALITBI
Teutypuaa kaamus. JlJis ux mpuroToBJICHUSI B MHEPTHOM atMoc(depe K BOJTHOMY pacTBOPY
XJIOpHJIa KaaMus T100aBIISIOT BOAHBIA PacTBOP TETypUTa HATPHUS U PACTBOP OPTaHHUECKOTO
COeMHEHUS (HalpuMep, MEpKaNTOATaHOa) AJIsl IPEOTBPAICHHSI arrperaiuy YacTHil.



,HJ'I?I MMOJIYYCHHBIX HAHOYACTHUIL ITOJIOKCHUE MaKCUMYyMa IOITIOHNICHUS B 3JICKTPOHHBIX
CIICKTpPax 3aBUCHUT OT pa3dMepa 4aCTHUL. YBenuuenue ANaMCTpa 4aCTHUL IIPU HArp€BaHUU
CONPOBOKAACTCA CIICAYIOIIUM CABUIOM IOJIOCHI IMOTIOMICHHAA:

t, °C 10 22 30 40 50 60 70
A, HM 420 421 421 425 433 440 448
d, HM 3.09 3.09 3.11 3.25 3.40 ? 3.67

1) Hanumure ypaBHEHUE peaklivy, JIEKaIled B OCHOBE CUHTE3a TEJUIypHia KaIMus;

2) nst gero TpeOyeTcs MPOBOIUTH CHHTE3 B HHEPTHOM atMocdepe? I1o Bo3MOKHOCTH
IPOUJUIIOCTPUPYUTE OTBET YPAaBHEHUEM PEAKIUH.

3) Ouenure nuamerp HaHouactuil rnpu 60 °C;

4) Kak u3BecTHO, B pacTBOpE MPOUCXOAUT aCOPOIIMs MOJIEKYJI THOJIA K TOBEPXHOCTH
HaHouactuil. Kakas 1omst copOupoBaHHBIX IPU KOMHATHOU TeMIIEpaType MOJEKYI OyaeT
NEePEeXO0IUTh B pacTBOp Ipu HarpeBanuu 10 70 °C?

5) BmMecTo MepKanTo3TaHoa MOYKET ObITh HCIIOIb30BaH U JAOACHIITHOIN. B Kakoii hopme oH
OyJeT NpuUcyTCTBOBaTh B pacTBOpe?

Pemenue

1. CdCl; + 4Na>TeOs + 2H20 = CdTe + 3Na2H4TeOg + 2NaCl (3 6an1a, 3a4uThIBaTh U C
NazTeOs)

2. NneptHas atmocepa TpeOyeTcs s MPe0TBPAIICHHS OKMCICHUSI MEPKaTO3TaHOa:

4C2HsSH + O2 = 2(C2HsS), + 2H20

2C2HsSH + 302 = 2C2HsSO3H (3 6aswa)

3. U3 npuBeneHHOM TaOGIMIBI CIEIyeT, YTO Ha JaHHOM YYacTKe 3aBUCHMOCTH MEXKIY
TEMITEPaTypOil CHHTE3a, JHHAMETPOM HAHOYACTHIIBI M IMOJOXEHHEM MaKCHMyMa MOTJIOICHUS
murelina. Torma npu 60 °C auametp coctariseT 3.53 um (26a.1a)

4. TlycTh mpu KOMHATHOW TemIiiepaType cuHTe3upoBanu 100 HaHogyacTuil. X cymMapHBbIit
o6bem coctaBuT 100%4/31*1.545% = 1,545*10% v (2 6am1a)

[Tnomaap moBepxHoCTH S = 100*47*1.545% = 3,00*10° am? (2 6an1a)

Ipu 70 °C nauusii 06bem coorserctByer N = 1.545%10%/(4/31*1.835%) = 59.7 wacTums (2
0as1a)

5. B Buze mumest (1 6as)

3agaua 5.

Bapuanr 1. Ha cxeme nmpuBeIeHbl HEKOTOPBIE PEAKLIUH COSIUHEHNN MeTaia X B HU3KHX
crenensx okucienus. [Ipu B3ammoneiicteum ranoreHuga X (o(X) = 17,80%) ¢ u30bITKOM
MOHOOKCH/Ia yIiIepo/a o1 1aBjieHueM B mpucyrctBuu LiAlH4 oOpasyeTcs 30710THCTO-KeNToe
nerydee coeauHeHne A (temrepatypa miasneHus 154 °C, o(X) = 28,21%), mioTHOCTs apoB
KOTOpOTO MO BO3yXy paBHa 13.45.

OxwuciieHue A 3KBHUBAJICHTHBIM KOJIMYECTBOM MOJIEKYJISIPHOTO HO/1a IPUBOJIUT K 00pa30BaHUIO
coenunenus B (o(X) = 17,08%), kotopoe npu HeOonbioM HarpeBanuu nepexoauT B C (o(X)
= 18,71%). C npespamaercs B B mpu neiicTBurm MOHOOKCHAA yriepoja TOJA TaBICHHEM.
Coenunenue B Tarke pearupyer ¢ KuciaoTamu UM ocHoBaHusiMH JIptouca. C Tpuxiopuaom



amomMunus B npucyrctBur CO 1o gaBinenuem oopasyercs coequaenne D (o(X) = 11,38%), a
npu aeiictBun Tpudenmwipochura Ha B mocnemoBatenbHo 00pasyrorcs coeauHenus E u F
(o(X) = 7,46%).

BoccranoBnenne A amanbramoit Hatpus npuBoauT kK coeaumHenunto G (o(X) = 25,23%),
KOTOpOE TMpH JAercTBUN (HOCPOPHOI KUCIOTHI MOXKET OBITH MepeBeficHo B coenunenue H. H
pearupyer ¢ tpudenmidodpchunom ¢ oopazosanuem | (o(X) = 12,79%). MonekyaspHbie
Macchl KaTuoHa B coerHeHnu D n annona B coequaennu G ommyarotes Ha 28 a.e.M.

WNnentudunupyiite coenunenus A—l, ecau u3BecTHo, uto BemectBa A, B, E u F sBnstorces
MOJIEKYJIAPHBIMU KOMILIekcamu. Hanumure ypaBHeHus peakuuil. Yemy paBHaA CTENIEHb
okucnenus X B coenunenusx A, B, G? KakoBa cTpykTypa coeuHEeHHS A M KPaTHOCTb CBS3H
X-X B aToM coequnenun? OTBeT aprymeHTHpyiTe. Hapucylite cTpykTypbl KoMmiuiekcoB B, E
u F. BriepBbie coenunenue, ananorundsoe A, 0buto nmoxydeno B 1890 r Jlrogsurom Monaom
U3 oKcuja pyroro Metauia. [IpuBeaure ypaBHeHHE ATON PEAKIIUH.

C

TMC‘O

PPh; PPh;
l! —» E — F
AlCL
I, T Lo
D
CO. mab.
xHaln_—h
LiAlH,
Na/Hg
' H;p0,  PPhy
= H . |
Pemenue.

CreneHp OKHCIeHHS yeMeHTa B coennHeHmsx A, B, G pasna 0, +1, -1. KpaTHOCTb cBs3H
3JIEMEHT-3JIEMEHT B COEJMHEHUU A paBHa | (3TO 1uMep CO CBs3bI0 MeTauI-MeTasn). Peakius
Monga: N1O + 5CO = Ni(CO)4 + COa.

[Mn(CO)4l],
THCO
PPh PPh3
Mn(CO)sl ——= 2> Mn(CO)4PPh3;1 ——=> Mn(CO);(PPh;),I
CcO
L, TT AICI,
MnL, S22 Mny(CO)y  \ [Mn(CO)6] TAICIIT
LiAlH,
Na/Hg
H3PO4 PPh,

Na'[Mn(CO)s]|” —= H[Mn(CO)s] -5~ H[Mn(CO),PPh;]



Bapuant 2. Ha cxeme npuBeeHbl HEKOTOpPbIE PEAKIIUH COCAMHEHUN MeTaia X B HU3KHUX
creneHsix okucieHus. Ilpu B3aumojeiictBuu okcuaa X (o(X) = 75,57%) ¢ u3bObITKOM
MOHOOKcHIa yriiepoga mona nasieHreMm 300 atM oOpasyeTcsl 30JI0THCTO-XKENTOe JieTydee
coenunenue A (temreparypa miasierus 160 °C, o(X) = 41,42%), miIoTHOCTh TApOB KOTOPOTO
110 BO3AYyXY paBHa 16.41.

OxucneHne A YKBUBAJICHTHBIM KOJIMYECTBOM MOJICKYJISIPHOTO HOA MIPUBOIUT K 00Pa30BAHHIO
coenunenus B (o(X) = 27,05%), xotopoe npu HeOobioM HarpeBanuu nepexoauT B C (o(X)
= 29,29%). C mpeBpaiaercs B B mpu meiicTBHM MOHOOKCHAA yrjIepoja IIOJ JaBJICHHEM.
Coenunenne B Tarxke pearmpyer ¢ KHCIOTaMH W OocHOBaHWsMHU JIbtouca. C TpUXIIOPUIOM
amomuHus B npucytetBur CO mon nasieHreM odpasyercs coequnenue D (o(X) = 18,77%), a
npu nevictBum Tpudenundochruna Ha B mociaenoBarenbHo oOpa3yrores coenuneHus E u F
(o(X) =11,87%).

BoccranoBinenre A amanbpramoii Hatpus npuBoauT K coeambeHnio G (o(X) = 37,79%),
KOTOpOE TpHu AcHCTBUU (HOCHOPHOM KHUCIOTHI MOKET OBITh IepeBeacHO B coeaunenne H. H
pearupyer ¢ tpudenmidodpchurom ¢ obpazosanuem | (o(X) = 20,89%). MonekyaspHbie
Macchl KaToHa B coefrHennu D n annona B coequaennu G ommyarotes Ha 28 a.e.M.

WNnentudunupyiite coenunenus A—l, ecau usBectHo, uto Bemectsa A, B, E u F sBnstorcs
MOJICKYJISIPHBIMH KOMILIeKcaMu. Hanumute ypaBHeHUS peaknuid. YeMy paBHa CTEIICHb
okucnenus X B coenuHeHmnsx A, B, G? KakoBa cTpykTypa coemuHeHHs A M KPaTHOCTb CBS3H
X—X B aTom coenunenun? OTBeT aprymentupyiite. Hapucyiite ctpykTypsl koMiuiekcos B, E
u F. BriepBbie coenunenue, ananoruynoe A, Obuto noydero B 1890 r Jlronsurom Monaom
13 OKCHa Ipyroro Metawia. [I[puBeauTe ypaBHEHHE dTOW PEAKITHH.
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I, T
CO. usb.
Ocrma X =550 2 ¢
Na/l Igl
H;PO, _ PPhs
— —=]
Pemenue.

CreneHp OKHCIeHHS dyieMeHTa B coennHeHmsx A, B, G pasna 0, +1, -1. KpaTHOCTb cBs3H
AJIEMEHT-3JIEMEHT B COEAMHEHUH A paBHa 1 (3T0 IuMep co CBsI3bI0 MeTaI-MeTai). Peakuus
Momnga: NiO + 5CO = Ni(CO)s + COo.
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H;PO, PPh,
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Bapuant 3. Ha cxeme nmpuBeneHbl HEKOTOPBIE pPEeaKIMM COSAMHEHUN MeTaiia X B HU3KHUX
creneHsx okucienus. Ilpu B3ammopeiictBuu okcuaa X (o(X) = 76,86%) ¢ u30bITKOM
MOHOOKCHA yriiepoja moja naBieHueMm 250 atM oOpasyeTcsl 30JI0THCTO-)KENTOe JeTydee
coeaunenue A (temreparypa miasnerus 177 °C, o(X) =57,06%), mIoTHOCTh HApOB KOTOPOTO
10 BO31yXy paBHa 12.5.

Oxwucnenne A 5KBUBAJICHTHBIM KOJMYECTBOM MOJICKYJISIPHOTO HO/a IPUBOAUT K 00pa30BaHUIO
coenunenus B (o(X) = 41,06%), kotopoe npu HeboubioM HarpeBanuu nepexoaut B C (o(X)
= 43,76%). C mpeBpaiaercss B B mpu aeicTBHM MOHOOKCHAA yriiepoja IO JaBICHHEM.
Coenunenne B Tarxke pearupyeT ¢ KHCIOTaMH M ocHoBaHUsAMH JIptonca. C TpHUXIIOpUIAOM
amomuuus B mpucyrcTBur CO noj nasinenuem oopasyetcs coequrenne D (o(X) = 30,27%), a
npu neiictBun Tpudenmwidochuna Ha B nocnenoBarenbHo oOpasyrorcs coenuHenus E u F
(o(X) = 20,2%).

Boccranosnenne A amanbramoi HaTpust IpuBoauT K coenunernio G (o(X) =53,3%), kotopoe
npu aeiictBuu GpochopHON KHCIOTHI MOKET ObITh NepeBeieHo B coeaunenne H. H pearupyer
¢ Tpudermndodedunom ¢ oopazosanuem | (o(X) = 33,16%). MoekynsipHbie MacChl KATHOHA
B coequHennu D v annona B coenuuennu G oTiMyaroTcs Ha 28 a.e.M.

Wnentudpunupyiite coenunenns A—l, eciu u3zBectHo, uto Bemecta A, B, E u F apnstorcs
MOJIEKYJISIPHBIMM KOMILIeKkcaMu. Hanumure ypaBHeHUs peakunid. Yemy paBHa CTEIIEHb
okucnenus X B coenuneHusx A, B, G? KakoBa cTpykTypa coeTuHeHHsS A U KPaTHOCTb CBS3H
X—X B 3TOM coenunennn? OTBeT apryMmeHTHpyiTe. Hapucyiite ctpykTypsl komiuiekcoB B, E
u F. BriepBbie coenunenune, ananorngtoe A, Obuto noxydeso B 1890 r Jlrogsurom Monaom
U3 OKcuja gpyroro metamia. [IpuBenure ypaBHEHHE 3TON PEAKIMH.
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Pemenue. CteneHb OKMCICHUS dJIeMeHTa B coequuenusx A, B, G paena 0, +1, -1. KpaTHocTh
CBSI31 DJIEMEHT-3JIEMEHT B COCIMHEHUU A paBHa 1 (3TO IUMEpP CO CBSI3bIO METAJLI-METaLI).
Peakmust Monga: NiO + 5CO = Ni(CO)s + COso.
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a"[Re(CO)s]” —= H[Re(CO)s] == H[Re(CO),PPhs]



