MyHuuunajJbHbIi 3Tan Beepoccniickon 0JIMMIMAABI IKOJIbHUKOB
10 XUMUH
2021 -2022 y4eOHBII IO
11 knacc
MaxkcumaabHbIH 6271 - 50

3ananmue 11.1

[Ipu cropanuu 6 r OpraHUYECKOro BEIIECTBA BhIICIWIOCH 2,24 11 yIJIIEKUCIIoro rasa, 3,6 v
BOAbI U 2,8 T a3ora. M3BeCTHO, YTO JaHHOE BEIIECTBO HCIIOJIB3YETCS B KaueCTBE YHAOOpEHUSI.
Uctopuuecku, 5TO NEepBOE OPraHMYECKOE BEHIECTBO, IMOJydyeHHoe B 1828 romy wu3
HEOPraHMYECKOTO COCIMHEHHUs. Bce COBpPEMEHHBIE MPOMBIIIICHHBIE CIIOCOOBI TONyYEHUS
JAHHOTO BELIECTBA OCHOBAHbBI HA B3aUMOJICHCTBUU 2-X U3BECTHBIX HEOPTaHUYECKUX BELIECTB.

1. Onpenenuth MOJICKYIISIPHYIO M CTPYKTYPHYIO (POpMYITy JTaHHOTO BEIIECTBA

2. Hanucars ypaBHeHHE peakiMii MPOMBINIICHHOTO Clloco0a MOJydyeHUsi JaHHOTO
BEII[ECTBA U3 HEOPTAaHUYECKUX COCTUHEHUMN.

3. Hanucatp TepMOXMMHYECKHE YypaBHEHUS pEaKIMU CrOpaHUS U pPeakluu

COBPEMEHHOTO MMPOMBIIIICHHOTO CIoco0a TOMy4YeHHS JTaHHOTO BEIIECTBA, €CIU H3BECTHBI
CIeyIoIIne JaHHbIE:
- TeII0Ta 00pa30BaHMsI HICKOMOTO BetecTBa — 333,2 kJ[/MoIb;
- TerIoTa oOpa3oBanus ammuaka — 46,2 kJ>x/Mob;
- TeII0Ta 00pa3oBaHmsl yriekuciaoro raza — 393,5 k/[x/mMomb;
- TeruIoTa oOpa3zoBaHus BoJibl — 285,8 kJk/Mob. (6 6amioB)
Kputepuu oneHuBanus

Conep;xaHI/Ie IMPaBUJILHOI'O OTBCTA bann

1.0OnpenencHa Mosiekysipaasi popmysia BemecTBa 2
n(CO,) = 2,24/22,4 = 0,1 moas; n(C) = 0,1 monb

n(H20) = 3,6/18 = 0,2 mozb; N(H) = 0,4 monb

n(N2) = 2,8/28 = 0,1 mois; N(N) = 0,2 moab
m(0)=6-0,1-12-0,4-0,2-14=1,6 r; v(O) = 1,6/16 = 0,1 mon
®opmyna BemectBa — CHaN20

2.0mpeesIeHo BEMIeCTBO U HAMKMCAaHA CTPYKTypHas (hopMyia 1
(H2N)2.C=0 - moueBuHa
3.IIpuBeneHpl ypaBHEHUs pEaKIUi MOMy4YEeHUS MOUYEBUHBI U3 2

aMMHaKa M yIJEKUCIOro ra3a u ropeHusi Mo4eBuHbI (o 1 Gamty
3a Ka)kJI0€ ypaBHEHUE

2NH3+ CO2 — (H2N)2C=0 + H20 (1)

(H2N)2C=0 + O2 = CO2 + 2H20 + N2 (2)

4. PaccunTansl TerioBbie 3 dekTsl peakiuid u3 m.3 (mo 0,5 Gama) 1
Qq) = 333,2+285,8 — 46,2 - 2 - 393,5 = 133,1x/]x
Q@ =393,5+285,8-2—-333,2=631,9 xk/Ix

HUTOI'O 6 0a/1;10B

3amanme 11.2.
B peakuumonHei cocya moMectwin 76,8 T CMECHM CEPHUCTOrO ra3a M KHUCIOpPOJa, B
KOTOPOM KOJIMYECTBO aTOMOB CEPHI B 4 pa3a MEHBIIE KOJIMYECTBA aTOMOB KHUCIOpPOa.
OrnpenenuTh KOHCTAHTY XHMHYECKOTO PAaBHOBECHS JAHHOW PEaKIIMd B MOMEHT BPEMEHH,
KOTJla B PEaKIIMOHHOM cocy/ie oOpa3oBanoch 0,2 MoIisi cepHOTo aHruapua. (5 6amion)
Kpurepun oueHnBanus

Coz[epxcaHHe IMPpaBUJILHOI'O OTBCTA bann

1.IlpuBeneHo ypaBHeHHE peakiuu noayueHue okcuaa cepsl (V1) 1




2S02 + Oz «» 2803

2.PaccunTaHbl  NEpBOHAYAIbHbIE  KOJMWYECTBA  CEPHHCTOTO 2
aHTUAPHUJIA U KUCTIopoza (JTF00BIM CIIOCOO0M)

[Tycts N(SO2) — x Moab; N(O2) = y Mok, Tak kak, N(O) = 4n(S), To
4x = 2x + 2y, caeaoBaTesibHO, X=Y

3Hasi Maccy CMeCH, pacCYMTHIBAeM KOJIMYECTBA BEIIECTB

64x +32x = 96x = 76,8

x =0,8 Mosb

n(SO2) = n(O2) = 0,8 mob

4.PaccunTaHbl PaBHOBECHBIE KOJIMYECTBA CEPHHCTOrO AHTMIAPHUIA 1
U KKCI0poaa B MoMeHT nosyuerus 0,2 mojb SO3
np(S0O2) = 0,8 - 0,2 = 0,6 mosb
np(02) = 0,8 — 0,1= 0,7 Mot
np(SO3) = 0,2 Mot

5.PaccurTaHa KOHCTAaHTa XUMHYECKOT'O PABHOBECHS 1
Kp = [803]p2/ [SOZ]pZ' [O2],
K, = 0,2%/0,6% 0,7 = 0,16

UTOI'O 5 0annoB

3aganue 11.3.

[Ipu npomyckanum ra3a A (IJIOTHOCTH MO BOAOpOAY paBHa 14), croparomero B
KHCIopoJie ¢ o0pa3oBaHUEM TOJIbKO okcuja yriepona (IV) Hajg HarpeTbiM 4epHBIM MOPOLIKOM
npocToro BemiecTBa B oOpasyercss TONBKO BBICOKOTOKCHMYHAs >XUAKOCTH C, oOmanaroinas
3aTXJIbIM 3alaxoM, KHIISIas MpU HEBBICOKOW Temmeparype. Mosekyinbl, BXOJSIIME B COCTaB
xuakoctu C UMEIOT TETPadAPUUYECKON CTPOCHHUE.

IIpu cropanum sxunkoctu C oOpa3yercs TBepAbld uYepHbId okcua D (conmepikanue
kucnopona — 21,42% no macce). [Ipu o6pabotke C pacTBOPOM KOHLIEHTPUPOBAHHON COJSTHOU
KHCJIOTHI 00pa3yeTcsi ”HTEHCUBHO-3EJIEHBINH pacTBOp conu E.

1. Omnpenenute coenuaenus A — E.

2. TlpoBeaute pacdeTsl U 00OCHOBAHUS, TIOATBEPKIAIOIINE TIPABMIIBHOCTD OIPEIEIICHUS

Bamu ynmoMsiHyTBIX BEILECTB.
3. 3anmmmTe ypaBHEHUS peaklui, YIIOMSIHYTHIX B YCIOBHH 3a1auu. (12 6amioB)

Kpurtepun onenuBanuns

ConeprkaHne MpaBUILHOTO OTBETA bayn

1.Paccuntana MossipHas Macca U onpeJeneH raz A 1
M(A) =14 -2 =28 r/moib

Takoi MoJIApHON Maccol MOTYT 00J1a/laTh TOJBKO a30T, STUJIEH U
okcua yrnepoaa(Il), omnako cropats ¢ o6pazoBanuem Tosbko CO2
Mosket b CO.

2. Cnenano npeanoioxenue o Bemiectsax B, C u [ 1
MOo’KHO IPEANONI0KUTh, YTO TPOAYKT C — KapOOHUI MeTaJuia, TO
€CTb  pe3yiabTaT  B3aMMOJEHCTBHMS  OKcUAa  yriepoja |
MEPEXOHOTO MeTayuia (BCe METauThl 3a HWCKIIOUEHHEM PTYTH,
30J10Ta ¥ M€Y B U3MEJIBYECHHOM JI0 MOPOIIKA COCTOSHUU YEPHOTO
WIA TEMHO-CEpOro IIBETa), CieJ0BaTeNlbHO, OKcua J[ — okcup
Merasuia B.

3.IlpoBeneHbl pacueTsl IO ONPEICICHHIO MOJIIPHOW MAacChl 3
MeTanna B (qr00bpIM mpaBuiIbHBIM criocoOom). (3a pacuersl — 2
Oanna, obocHoBaHue BbIOOpa merayuia - 1 Oamn). [lycte crenens
okucienus B = +x, Torna okcug - B™*Ox

8x = (M(B) + 8x) - 0,2142




ConeprxaHue MpaBUIILHOTO OTBETA bann

M(B) = 29,35x
Ecimu x=2, B — Ni (Hukeb)

[Toutn Takoe ke 3HaYeHHWE aTOMHOW Macchl HAOIIOIaeTCs
st cocena Hukens B Ilepuonuueckoil cucteme — KoOalbTa,
OJTHAKO, COJM KoOallbTa B BOJHOM pacTBOpE OKpalleHbl HE B
3eJIeHbIN (CM. IBET coiu E), a B p0o30BBIii IIBET.

4 IlpuBenenst Gopmynsl BemecTB C u [l (3a Kaxayro Gopmyny Ho 2
1 Gamny)
B ycrnoBum 3amaud CKa3aHO, YTO MEKAY HPOCTBIM BEIIECTBOM
(Menko pazapodnennblii Hukenb) W CO mpom3onuia peaxius
NPUCOCTUHEHUS, TO €CTh:
Ni + nCO = Ni(CO)n, ogHaKO T€TPadAPUIECKOE CTPOCHHUE MOJIEKYIT
Torma BerectBo C — Ni(CO)s (TeTpakapOOHUIT HHUKEIs),
JIeTKONeTydee COSAMHEHNE (tuumems = +32°C).
BemectBo I — NiO (okcum HUKes)

5.IIpuBeneHsl ypaBHEHHsS peakuuii (3a kaxmgoe mo 1 Oamny) u 4
onpeneneHo Bemectso E (1 6amr)

Ni + 4CO = Ni(CO)4

2Ni(CO)s + 502 = 2NiO + 8CO»
Ni(CO)s + 2HCI = NiCl> + 4CO + H>
E - NiCl> (xnopun Hukens)

UTOI'O 11 6ams10B

3aganue 11.4.

Ecmu Harpets BemectBo A 1o Temmepatypsl 1223°K, To o6pasyrorcs Bemecta B u C.
O6a BemectBa B u C no oTnenbHOCTH pearupyroT C YIriiepoJOoM MpPU BBICOKUX TEMIlepaTypax.
BemectBo B u yriepon o6pasyroor conmeoOpa3zHoe coenuHeHne D u ra3 E, kotopsrit
OJIHOBPEMEHHO SIBJIIETCSI TPOJAYKTOM peakiuu Mmexay coeauHeHuemM C u yrieponom. Ecnu
coenuHuTh coequnenus B, C u D oTaenbHO ¢ BOOI, TO B IBYX peaklusx 00pa3yeTcss OCHOBHOE
coenuaenne F u coemunenus H u G, aBa mocnegHuX coiepKaT 3aMEHSEMBI C MOMOIIbIO
MeTanIoB Boopoa. IIpu nmponyckannu BemecTsa H Haj akTHBHpPOBAHHBIM yriaeM mpu t = 600°C
MOXXHO TIOJYYUTh apoMaruueckoe coenunenne. K BemectBy H MOXHO KaTamuTHYECKH
MPUCOEIUHUTh U BOJY, U XJIOPUCTBIA BOJOPOA, W B TOM, U B ApPYrom ciiydae Bel momyuute
Ba)KHBIE MCXOJIHBIE BEIECTBAa Opranndeckor xumuu, K u | COOTBETCTBEHHO, KOTOpHIE JIETKO
JOCTYIIHBI, U U3 HUX MOKHO MOJIyYUTh B YaCTHOCTH, IUIaCTHYECKoe BemecTBo L, cnupt M u
kucioty N. Ecnu BemectBo C moMmecTuTh B HAcChIIEHHBIA pacTBOp F, To cHauama oOpasyetcs
Oenblif ocamok O, KOTOPHI MOCTENEHHO PAcTBOPSIETCS MPH JalbHEHIEM MPOMYCKaHUU 4Yepe3
pactBop BemiectBa C u mpeBpamaercs B BemectBo P. BemectBo D maer mpu temmeparype
1073°%K ¢ KOMIOHEHTOM BO3/IyXa TEXHWYECKH BaXXHBI NPOAYKT Q, M3 KOTOPOro paHee
MOJTyJaJId aMMHAaK MyTeM J100aBIEHUS BOJIBI.

1. VYxkaxute hopmyinsl BeuiectB A, B, C, D, E, F, G, H, [, K, L, M, N, P, Q u naiite
WX Ha3BaHUSI.

2. [MpuBeauTe BCe ypaBHEHUS PEaKIHii, 0 KOTOPBIX HUJIET peyb B 3ajaue.
Kpurepum oueHnBanus
ConiepkaHue MPaBUIHHOTO OTBETA Bamn
1.0OmpenencHbl BemecTBa W JaHbl X Ha3BaHWs (3a kKaxmoe mo 0,5 8

Oanna)

A - CaCOg3 (kapOonar kameitus); B — CaO (okcu KanbIws)

C - CO2(okcup yriepona (IV); D - CaCa(kapOu Kaibius)

E — CO (oxcun yrmepoma (Il); F — Ca(OH)2(ruapokcu




ConeprxaHue MpaBUIILHOTO OTBETA bann

KaJIbITHs)
H - CoHz(anetuen); G - H2COs3 (yronpHas Kuciora)
K - CH3z- COH (sTanais); | - CHo= CHCI (xsi0paTeH)

L - (-CH2- CHCI-)n (momuBuamaxaopun); M - CoHsOH (stanoon)

N- CH3COOH (ykcychnas kucnota); O - CaCOz(kapOoHaT KajbIus)
P - Ca(HCO3)2 (rumpokapbonar kanbuus); Q — CaCN. (umanamus
KaJIbIHs)

2.IlpuBenensl ypaBueHus peaxiuii (o 0,5 6aia 3a Kaxoe) 8
CaCO3 = CaO + CO2 (1)

Ca0 + C=CaC2+CO (2)

CO2+C=2CO (3)

CaO + H20 = Ca(OH)2(4)

CaCz+ 2H,0 = Ca(OH)2 + C2H2 (5)

CO2 + H20 < H2COs3 (6)

3C2H2 — CsHs (7)

C2Hz2+ H20 — CHs— COH (8)

C2Hz + HCl— CH2= CHCI (9)

nCH2= CHCl— (-CH2 - CHCI-), (10)

CH3— COH + H2 — C2HsOH (11)

CHs— COH + 2Cu(OH)2 — CH3COOH + Cu20 + 2H20 (12)
COz + Ca(OH)2 = CaCO3| + H20 (13)

CaCOs3| + H20 + CO2 = Ca(HCO3)2 (14)

CaC, + N2 = CaCN2 + C (15)

CaCN> + 3H>0 = 2NH3 + CaCOs (16)

UTOT'O 16 6aa10B

3ananue 11.5. (MbICJIEHHBII YIKCIIEPUMEHT)

B mectu nmpoHyMepoBaHHBIX CKIISIHKaX HaXOATCs rekceH-1, atundopMuar, 3TaHallb,
3TaHOJI, pacTBOP (heHosa B 3PUpe U YKCYCHAs! KUCIIOTA.

JlaHbl peakTUBBI: HATpUN B KepocuHE, OpOMHas BOJa, aMMHAuHBIA p-p okcuaa cepedpa,
I1eJ09HOM pacTBOp (eHoadTaneHHA.

1. CocraBuTh IIaH SKCIIEPUMEHTA 10 PACIIO3HABAHUIO BEIIECTB,

2. Hanwucare ypaBHEHUs peakuuit

3. VYkazarh NpU3HAKU PEaKIHii.

Kpurepun onenuBanus

CO,I[Cp)KaHI/Ie IMPpaBUJILHOI'O OTBETA bann
1.CocraBieH njaH 3KCIepuMEHTa 110 pacCO3HABAaHUIO BEIIECTB 2
2.Yxa3aHbl IpU3HaKku peakuuit (mo 0,5 6asmia 3a Kaxbli) 3
Na B Braeosssii p-p) Ag-0 IIENOYHOM P-p
KEepOCHHE aMMHAuHbIi p-p @GHOH@T&HGHH&
reKceH-1 - o0eclBeYNBaHUE
sTrIhopMHaT -
3TaHallb - - TEMHBI |
p-p deHona 6ecuB? Oeblii] - 7*
YKCYCHast oecus? - - oOeclBeYBaHUE
KHCJIOTA
3.IlpuBenens! ypaBHeHHs peakiuii (o 1 6aimy 3a kaxmaoe) 6
CH>=CH - (CH2)3 — CH3 + Br, — CH2Br - CHBr — (CH2)3 — CHs
CH3COH + 2[Ag(NH3).]JOH — CH3COONHs + 2Ag| + 3NH3 +
H20
2CsHsOH + 2Na -2CegHsONa + Ho?




ConeprxaHue MpaBUIILHOTO OTBETA bann
CsHs0OH + 3Br2 — CeH2BrsOH| + 3HBr
2CH3COOH + 2Na — 2CH3COONa + Hz1
CHsCOOH + NaOH — CH3COONa + H20
4. *]lano 0OBsACHEHHE, KOrJa BO3MOXKHO OOECIBEUHBAHHUE 1

HIEJIOYHOTO pacTBopa deHondrasenHa GeHonom

NTOI'O

12 dans10B




