Pemenue 3ananni
3aKJIIOYUTEJBLHOI0 TYypa 0JuMIuaabl «JIoOMOHOCOB)» 10 XUMMH
10-11 k1acenl
Bapuanr 1

1.B AByX OJMHAKOBBIX MNPOOUPKAX HAXOISATCS H30MEpHBIE KHUCIOPOACOJEpIKAIINe
OpraHMYECKHUE COEIUHEHMS, INPUHAMISKAIUME K pasHbIM KiaccaMm. [lpuBeaute cTpyKTypHbIE
(dhopMyJIbI U30MEPOB, €CIIM WX MOJCKYJBl cofepkar mo 42 sjexkTpoHa W 32 HeWTpoHa (BO Bce
BellecTBa BXoAAT uckmountenbuo 2C, %0 u 'H). 3anummre ypaBHenue peakiuu, Opu IOMOIIA
KOTOpPOM MOHO Pacro3HaTh BEIECTBA. (8 6ay110B)

Pewenue. HensBecTHOE KUCTIOPO/ICOIEPIKAIIICE OPTaHHUECKOE COSTMHEHUE COCTOMT U3 aTOMOB
yriepoja, Bojgopoja u kuciopoaa, ero popmyna C.H,O;. O4ueBuaHO, YTO YHCIO aTOMOB BOAOPOA
PaBHO Pa3HOCTHU YHUCEI AIICKTPOHOB U HEHTPOHOB:

y=42-32=10.

Ecnu coenunenue comepxut 10 aToMOB BOJOpO/a, TO HAa aTOMBI yrJiepoia M KUCIOPOaA
octaérest 32 AJIEKTPOHA, U €IMHCTBeHHOE pemenue x = 4, z = 1. ®opmyna uzomepoB C4H100, 310
oyranon CHs—CH>—CH>—CH20OH u quatunossiii 3¢pup CHz—CH>—O—-CH>—CHzs, pa3nuuuTh KOTOphIC
MOXHO J00aBJICHHEM PAaCcTBOpA MEepPMaHTraHaTa Kajusl, HarpeBaHUEM C OKCHJIOM MEIH, PeaKIhei ¢
AKTHBHBIMHU METAJJIAMU — IISJIOYHBIMH, IIEJI0OYHO3EMETbHBIME (OIHA U3 PEAKIINIA):

CHs-CHz-CHz-CH,0H + CUO — CHz-CHy-CH,-CHO + Cu + H0
3CH3—CH>—CH2-CH20H + 4KMnO4 — 3CH3-CH>—CH>—COOK + 4Mn0O3| + KOH + 4H20,
2CH3-CH>—CH2>—CH;0H + 2Na — 2CH3—CH>—CH2>-CH>ONa + H>1.

JAM3THIIOBBIN 32U B 9TH PeaKkUy HEe BCTYTIALT.

Omeem: C4H100, 6yTaHon u AUSTHIIOBBIHN 3dup.

2. OnpesienuTe MOIAPHYIO KOHIIEHTpAIMIO (EHONATa Kaius B BOAHOM pacTBOpE C
pH = 11. Koncranta auccormanuy gerona Kyye = 107, (16 6a/1710B)

Pewenue. B pacTBope (eHONAT KaKsi HOJTHOCTBIO TUCCOLMUPOBAH:
CsHs0K — CgHs0~ + K*,
M0ATOMY HavajbHas (0 TUAPOJIN3a) KOHIIEHTPAIMs aHUOHA COBIAIaeT C MCKOMOM KOHIIEHTpaluei
conu (0003HaYMM ee 3a X):
c(CeHs07) = c(CeHs0K) = x.
Coub oOpa3oBaHa oueHb c1ab0¥ KUCIOTOH ((DEeHOIOM) ¥ CHITBHBIM OCHOBAHHEM, TIOOTOMY HUJIET
ee 00paTHMBIN THAPOIIN3 IO AHUOHY U Cpejla PacTBOPa CTAHOBUTCS MICITOYHOM:
CeHsO~ + H20 = CeHsOH + OH™. 1)
O6o03naunm penon HA, a ¢peHonsT-annon A-, Torja ypasaenue (1) nmpumer Bug
A +HO = HA + OH".
KoHcranTa paBHOBECHs 3TOr0 00paTUMOro mporiecca (KOHCTaHTa THAPOJIH3a) UMEET BU/T
K =[HA][OH]/[A].
C npyroii CTOpOHBI, H3BECTHO BBIPAKEHUE JJIs1 KOHCTAHTHI TUCCOUAIINN KHCIOTHI:
Kue = [HT[ATT/ [HA].
U3 nonnoro npoussenenns Bojasl Ky = [H][OH] = 104 noxyuum [OH-] = 1074/ [H*].
Torna:
K =[HA]- 10/ ([A] - [H']) = 104/ Ky =104/ 10720 = 1074,
ITo ycnosuro pH = 11, 3magnr, [H*] = 1072 [OH] = 1074/ 107 = 1073 (moms/m).
W3 ypaBuenus (1):



[HA] = [OH] = 1073 (mMous/m),
a paBHOBECHAas KOHIICHTpALUs EHOAT-aHHOHA paBHA
[A]=x-[OH]=x-1073
Torma K=(103?/(x-1073) =10"%
x=10°/10%+10°=1.1-102 = 0.011 (Momns/1).

MOKHO pemuTh 3Ty 3a/1a4y, He HCHOJIb3Ysl KOHCTAHTY TUApoin3a. Kak BUIHO U3 ypaBHEHHS

(1), koHenTpanus oopasyromerocs: peHosa paBHa KOHIEHTPAILIMH THIPOKCH/I-HOHOB!
[HA] = [OH]
Hawm n3BecTHO 3HaYeHHE KOHCTAHTHI KUCIOTHOW AUcconranuu (enomna:
Kue = [AT][H]/ [HA]

UroObl OTBETUTh HA BOMPOC 3aJaud, HYKHO HAWTH OOIIyI0 KOHILIEHTpAaIHio (eHousTa,
SIBIISIFOIIYOCS] CYMMOM paBHOBECHOM KOHIICHTpAMK (PeHOIITa U IPOIYKTa €r0 THAPOIN3a — eHoa:
X = [AT] + [HA].

[ToxcraBum B 3TO BhIpakeHue [A7] w3 KoHcTaHTBl paBHOBecus W [HA] u3 BbIpakeHus
[HA] = [OH]. Yurem, uto [H][OH] =Kw =110, a[H*] = 1:10! mpu pH 11:
x=[AT]+ [HA] = Kue[HA] / [H] + [OH] = Kuie[OH] / [H'] + [OH ] =
= Kue Kw / [H]? + Ky / [H]=101°-102%4/10%2 + 10141011 =102 + 10° = 0.011 (moms/n).

Omeem: 0.011 momub/m.

3. B razodaszHoii peaknuuu AuMepu3anuu
2A = B,
MpoTeKarIel B 3aMKHYTOM peaktope oobemoM 1.00 i1 mpu 30°C, paBHOBECcHE YCTaHOBWIOCH NPU
MOJIbHOM COOTHOIIIEHUH Y4acTHUKOB peakiuu B : A = 1.86 : 1. JlaBnenue, cozgaBaemMoe B cocyjie
paBHOBecHOH cMmechio, paBHO 1.00 atm. Onpenenure BeuiectBa A u B, eciu cpennsis MoisipHas Macca
paBHOBECHOH cMmecH paBHa 75.9 r/monb. PaccumraiiTe KOHCTAaHTY CKOpOCTH pasnoxkeHus B, ecnu
KOHCTaHTa CKOPOCTH MpsAMOii peakiuu pasHa 5.00-1073 j1/(Momb-Mun). (16 6ans10B)

Pewenue. Onpenenum MOJBHBIE IO KOMITOHCHTOB B PABHOBECHOM CMECH:
x(A)=1/(1+1.86)=0.35,
x(B) = 0.65.
Cpennsisi MOJISIpHAsI Macca CMECH BBIPaXKaeTCsl KakK
M =0.35- M(A)+0.65 - M(B)=0.35 - M(A) + 0.65 - 2M(A) = 75.9 (r/momnb).

Orciona naxomum M(A) = 46 r/mons. Tloaxoasime mo MossipHOM Macce BemiectBa — NOo,
C2Hs0OH, HCOOH. Opnako ra3oo0pa3zasiM mpu 30°C BemiecTBOM, CIIOCOOHBIM JTUMEPHU30BATHCS,
sBisteTcsa nMeHHo NO2: 2NO2 = N2O4

Haiigem konmudecTBa BelecTBa KOMIIOHEHTOB PAaBHOBECHOW CMECH:

v= % =101.3-1.0/(8.314 -303) = 0.04 mou1b,
v(NO2) =0.04 - 0.35 =0.014 mob,
V(N204) = 0.04 - 0.65 = 0.026 moI1b.
MousipHbIe KOHIICHTPAITUH BEIIECTB:
¢(NO2)=0.014 /1.0 =0.014 momn/m,
¢(N204) =0.026 / 1.0 = 0.026 mMonb/1.

B cocTosiHuu paBHOBECHsI CKOPOCTH MPSMOI 1 0OpaTHON pPeaKIfii OAMHAKOBBHI:

k1-:c(NO2)? = ko-c(N204),
k2 = 0.005-0.014%/ 0.026 = 3.77-10° mun 1.

Omeem: A — NOo, B — N2Oa: ko =3.77-107° mun L.



4. Tlpu narpeBanuu 10 180°C cmecHu NBYX HACHIIIIEHHBIX TIEPBUYHBIX OJHOATOMHBIX CITUPTOB
Maccod 159 r B IPUCYTCTBUM KOHLIEHTPUPOBAaHHOW CEPHOM  KHUCIOTHI MPOMCXOAUT
BHYTPUMOJICKYJIIpHas aeruaparamnus ¢ oopazoanrem 11.15 1 (mpu 180°C 1 HOpMaTbHOM TaBICHHUH )
CMECH Tra3000pa3HBIX OPTraHUYECKUX MPOIYKTOB peakiuu. lIpemiokure BO3MOXKHBIH COCTaB
HCXOJIHOM CMECH U pacCUYUTalTe MacCOBBIC IOJIM CIIUPTOB B Hel. PaccunTaiite 06bem 0.4 M BogHOTO
pacTBopa MepMaHraHaTa Kalius, ClIOCOOHOTO TIPU OXJIAXKJACHUH MPOPEarupoBaTh ¢ Ta30BOM CMECHIO
MPOAYKTOB pPEAKUMHU. 3alUIINTE ypaBHEHUs BCEX NpoTeKaromux peakuui. [Ipumwure, dro Bce
YIIOMSIHYThI€ peakiuy npoTekaroT ¢ Beixogom 100%. (20 6an710B)

Pewenue. YpaBHeHUs peakuyii 1eruipaTallii UICXOIHOW CMECH CITUPTOB:
H2S04(kon1),180°
CnH2n+1OH CnH2n + HZO
H2S04(xoH1),180°
CmH2m+1OH CmHZm + HZO

CymMmapHOe KOJTMYeCcTBO BelecTBa oOpazoBaBmuxcs ankeHoB CnHzanu CH2om paBHO
v(emecn) = 11.15 - 101.3 / (8.314 - 453) = 0.3 moub,
CIIEZIOBATENBHO, M CIUPTOB CyMMapHO Toxe 0bu10 0.3 Monb. [lycTh mepBoro crupra ObUTO X MOJIb, a
BTOPOTO — ¥ MOJIb, TOT/Ia:

x+y =203
{X(14n + 18) + y(14m + 18) = 15.9

[TonyuenHas cucrema IBYX ypaBHEHUH COACPKUT YEThIpE HEM3BECTHBIX. HalieM cpenHioro
MOJIIPHYIO MacCy CMECH CIIUPTOB:

M(ctiuproB) =m /v =15.9/0.3 =53 r/moub.

OnuH U3 CIMPTOB JIOJKEH UMETh MOJIIPHYIO Maccy MEHbIIIE, a BTOPOH — Oosblie 53 r/Modb.
MomsipHyro Maccy MeHee 53 T/MOJIb MOTYT UMETh METaHOJI M STaHOJI, HO METaHOJI HE MOJIBEPraeTcs
BHYTPHMOJICKYJISIPHOM JerupaTaliy, 3HAUUT, OJUH U3 COUPTOB — dTaHoNn (N = 2). Beipazum u3
[IEPBOr0 YpaBHEHUS X U MOJACTaBUM BO BTOPOE ypaBHEHUE. Torjga BTopoe ypaBHEHHUE IpUoOpeTaeT
BU]{

46(0.3 —y) + y(14m + 18) = 15.9,
OTKY[1a, BbIpa)kas y uepe3 M, moisydaem:
y=21/(14m - 28).

MuHuManbHOE 3HAYEHHE, KOTOPOE MOXKET MPUHATH M, paBHO 3, otkyna y = 0.15. Taxxke
BO3MOJXKHBI M JpyrHe pemenus (Hanpumep, npu M =4,y =0.075 u 1.1.). UTak, BO3MOXKHOE pelieHue
— skBuUMoutApHast (1o 0.15 mMonb) cMech 3TaHoIA U ITponaHona-1.

MaccoBble 1011 CIIUPTOB B JAHHON CMECH:

o(rTanona) = 43.4%,
o(mpormanona-1) = 56.6%.

VYpaBHEHMSI IPOTEKAIOIIMX PEAKIIMN:

H2S04(kon1),180°

C2Hs0OH CH>=CHz + H.0
H2S04(xonn),180°
CHs—CH>-CH20H CH3-CH=CH3z + H.0
0-5°C
3CH4 + 2KMNnO4 + 4H,O ——> 3(|:H2C|:H2 + 2Mn0O, + 2KOH
OH OH
0-5°C
3CH3CH=CH, + 2KMnQO4 + 4H,0 ——> 3CH3|CHC|H2 + 2Mn0O, + 2KOH
OHOH

[Monyuennass cmech ankenoB (0.3 Momb) oOeclBeyMBaeT NEpMaHTaHAT Kalus B BOJHOM
pacTBope B KOJIMYECTBE
v(KMnOg4) =0.3 -2 /3 =0.2 Mo,
V(p-pa)=v/c=0.2/0.4=0.5=500 m.
Omeem: 43.4% stanona u 56.6% nponanomna-1; 500 mi.



5. /IBa cTtakaHa OJMHAKOBOM MaccChl, B KaXIOM W3 KOTOPBIX HaXoAuTcs mo 9.6 r cynbduma
meau(ll), momectunu Ha qBe Yamm BecoB. B onuH u3 crakanoB no6asunu 120 r 63%-Horo ropsdero
pacTBopa a30THOM KUCIOTHI, B ipyroi — 142.7 r 98%-Horo ropsuero pacrBopa CEpHOMl KHUCIOTBHI.
Ornpenenure pa3HUILy B MACCE€ CTAKAaHOB MOCIIE OKOHYAHUS peakluil. B kakoii U3 cTakaHOB U KaKylo
Maccy kpuctautoruapara kapoonara Hatpust NaCO3-10H20 HyxHO OyneT moMecTUTh, 4TOOBI BEChI
ypaBHOBecHJIMCh? Hanuimure ypaBHEHUS BCEX PEAKIIUMN. (20 6a10B)

Pewenue. B xaxxaom u3 crakanoB Haxoautcs cynbhua meau(ll) B komuuectse

v(CuS) =9.6 /96 = 0.1 moJb.

B nepBom crakane nocine 100aBiIeHNsT KOHIIEHTPUPOBAHHON a30THON KMCIIOTHI B KOJIMYECTBE

v(HNO3) =120 - 0.63 / 63 = 1.2 moib
MPOMCXO/IUT PacTBOPEHHUE Cyb(uaa u BbiieneHue okcuaa azora(lV):
CuS + 10HNOz — Cu(NO3)2 + 8NO21 + H2S04 + 4H20
0.1 monp 1.0 0.8 0.1

Ecnu peaknuio 3anucarh ¢ oOpa3oBaHueM cyibdaTa MeIu, Ha KOHEYHOM OTBETE ITO HE
CKaXKeTCsl.

[Tockonbky KkHcnoTa Oblia B3siTa B M30BITKE, Cylb(HUI MEIN pacTBOPSAETCS MOJHOCTHIO. B
oOpa3zoBasieMcs mmociie peakiuu pactope n30sirok HNO3 cocrasisier

V(HNO3@36)) = 1.2 — 1 = 0.2 mMoJ1b.
Macca 3Toro pactBopa
my = m(CuS) + mM(HNO3p-p)) —M(NO2) =9.6 + 120 —46 - 0.8 =92.8 1.

Bo BTOpOM cTakane mocine 100aBieHrs KOHIEHTPUPOBAHHON CEPHOM KHCIOTHI B KOJIUYECTBE

V(H2S04) = 142.7 - 0.98 / 98 = 1.427 momb
TaKKe MPOUCXOUT PACTBOpEHHE Cyib(huaa u BeiaeacHne okcuna cepoi(1V):
CuS + 4H2S0O4 — CuSO4 + 4S0,1 + 4H20
0.1 0.4 04

Kucnora Obuia B3siTa B M30bITKE, CyIb(QUI MEAU PAacCTBOPSAETCS IMOJIHOCTbIO. Macca 3Toro

pacTtBopa
mz = m(CuS) + m(H2SO04(p-p)) — M(SO2) =9.6 + 142.7 - 64 - 0.4 =126.7 .

Takum 00pa3oM, TMociie OKOHYAHUSI peakIUil Macca MepBOrO CTaKaHa CTAHOBUTCS MEHBINE

Macchl BTOPOTO Ha
Am =126.7-92.8=339r.

UrobOsl ypaBHOBecuTh uamiu BecoB, HaBecKy Na;CO3-10H0 (monsiprast macca 286 r/MoIb)
cienyer N00aBUTH B TEPBBIA cTakaH. B Hem mocie pacTBopeHusi cynbhuaa ocrainock 0.2 Moib
a30THOM KUCHOTHI U oOpaszoBasioch 0.1 Monb cepHOl KuCIOTHL. Ecnu x Moib KpucTamioruapara
Mpopearupyer ¢ KHUCIOTaMU, TO BBIIECIUTCS X MOJIb YIJIEKUCIOTO ra3a, Macca CTakaHa YBETUUHUTCS
IIpH 3TOM Ha 286x — 44x.

286x — 44x = 242x = 33.9;
x=0.14 (monp);
m(Na2C03-10H20) = 286 - 0.14 = 40.0 r.
Peakiiuu kapOoHaTa HATPUS C KUCIOTaAMHU:

Na>COsz+ 2HNO3 — 2NaNOs + CO21 + H20

0.1 0.2 0.1
Na>COz + 2H,SO4 — 2NaHSO4 + CO271 + H20
0.04 0.08 0.04

C nprCyTCTBYIOIIEH B PaCTBOPE COJIBIO ME/IM B KHCJIOH Cpejie KapOOHAT HATPHsI HE pearupyer.

Omeem: 33.91;40.0T.



6. B 1Byx cocynmax HaXomsaTCs XUAKUE TTPH KOMHATHOM TeMriepatype coeauHenus A u b. [Ipu
00paboTKe KOHIIEHTPHUPOBAHHOW CEpHON KHCIOTOW MPH HAarpeBaHUU B IMIEPBOM COCYAE BBIICIACTCS
raz B, a Bo BropoM — ra3 I'. ['a3bl cMemianu, miIoTHOCTh CMECH 10 Kuciiopoay coctaBuia 0.875. K
ra3oBoil cMecu 100aBHIM U30BITOK BOJOPOAA U MPOITYCTWIIM TI0J] JaBJICHHUEM HaJl KaTalu3aToOpPOM,
IIPH 3TOM 00pa30BaANIOCh KHUJIKOE MTPU HOPMAJIbHBIX ycioBusix coeaunenue JI. Bzaumoneiicteue /1 ¢
M30BITKOM TOTO U3 BemecTB A u B, KoTopoe HE SBISETCS KHCIOTOH, MPUBOIUT K 0Opa30BaHUIO
npoaykta E. Paccuuraiite maccy JI, eciM H3BECTHO, 4YTO €ro peakmuss ¢ HU30BITKOM
CBEXKEIMOJIYYEHHOTO TUIpOKCcHaa Meau naet 21.6 T ocaaka. OnpenennuTe HEU3BECTHBIE COCIUHEHUS

A — E, HantumuTe ypaBHEHUs YIIOMSHYTBIX PEaKUni, YKaKUTE YCIOBHS UX MPOTEKaAHUSI.
(20 6a10B)

Pewenue. Cpenuss MmossipHas macca oOpa3oBaBiieiics cmecu razoB B u I' cocraBmsier
Mcp. = 0.875 - 32 = 28 r/mou1B.

[Tockonbky B 3agadye HET YNOMHHAHHUS 00 OOBEMHOM COOTHOIIEHHWH Ta30B, TO MOXXHO

MIPEIIOJIOKHUTD, YTO MOJISIPHBIE MAacChI Ta30B OJIMHAKOBHI:
M(B) = M(T") = 28 r/mMo0b.

I'a3pl ¢ Takoit momspHoit mMaccoit — Hampumep, N2, CO wm CzHs. IlockonbKy HMCXOmHBIE
COCIMHEHUS SIBISIOTCS KUAKOCTSAMH NMPU KOMHATHOW TeMIEpaTtype, U OJHO U3 HUX — KHCIIOTA,
MOKHO TIPEJIOJIOKUTh, 4To Ta3 B — 3to CO, a ra3 I' — CyH4, a ucxoquasiMu BemectTBamMu A 1 b
SIBJIAIOTCSI MyPaBbHHAsI KUCIIOTa U ATAHOJ COOTBETCTBEHHO!

O Hs0,
H—C —> CO + H,0
OH t°
A B
H,SO,
CH3CH,OH ——> H,C=CH, + H,0
tO
b r

B3aumoneiictBue razoB B u I' ¢ u30bITKOM BOZOpOAa B MPHUCYTCTBUU KaTajau3aTopa — 3TO
peaxuus TuApo(GOPMUINPOBAHUS ATKEHOB (OKCOCUHTE3):

HoC=CH; + CO + H, — CHs-CH,-CHO
r B Ji |
Coenmunaenne JI — 3TO MPONMHMOHOBBIA ANIBJETH]I, YPABHCHHE €T0 OKHCICHHS THIPOKCHIOM
menu(1l) ¢ obpazoBanuem ocaaka Cu.0:

0] 0 0]
/7 t /7

HyC—CHz-C + 2CU(OH); ——> H3;C—CHz-C_ + Cu;0 + 2H;0
H OH

A
v(C3HeO) = v(Cu20) = 21.6 / 144 = 0.15 moub,
m(C3HeO) = 0.15 - 58 r/momb = 8.7 T.
[Iponanans JI pearupyer ¢ H30BITKOM OJTaHONA B KHUCIOW cpene ¢ 0OpazoBaHUEM
coOoTBEeTCTBYMOMIEro anerans E:

//O H* ?CZHS
H3C—CH2—C\ + 2C2H5OH _— ch—CHz—(l:H + Hzo
I H E OC,Hs

E

B menounoit cpene obpasyercs moayameranb:



_0 OH" ,0—CyHs
HiC—CH,—C” ~ +CH;OH — > HyCCH,—CH
H

\OH

A b E
Omeem: 8.7 r; A — HCOOH, b — C:HsOH, B — CO, I' — CoHs, I — nponanans C3HgO, E —
areTansp (moixyaneTais).



