3agaHus 3aKJII0YUTENbHOI0 3Tana oJaumMnuaabl «Jlomonocos» no xumuu (10-11 kiaaccnl)

3anaua 1 (6 6a/u10B)

1.6. Xumudeckuii aneMeHT X UMeeT HeUeTHBIM HoMep B Tabnuile MeHnaeneeBa. B 0CHOBHOM COCTOSIHUHU B
aTome X YHUCJIO Map CIapeHHBIX 3JIEKTPOHOB B UETHIPE pa3a MPEBBIIIACT YUCIO HECTAPEHHBIX JIEKTPOHOB.
[Ipuseaure npuMep X, 3aMUIIATE >IEKTPOHHYIO KOHQHUIypamuo aroma X 1 nona X2+,

1.4. Xumudeckuii sneMeHT X MMEET YeTHBIM HOMep B Tabmuiie MenneneeBa. B OCHOBHOM COCTOSTHUU B
aroMe X YHUCJIO Map CHapeHHBIX JIEKTPOHOB B MATh Pa3 MPEBBIIIAET YHUCIO HECHAPEHHBIX AJIEKTPOHOB.
I[IpuBemute mpumep X, 3alUIIKMTE SIEKTPOHHYIO KOHPHUTypauio aroma X 1 hoHa X2*,

3anaua 2 (8 6a/10B)

2.6. becrBeTHBIC BOJHBIC PACTBOPHI YKCYCHOM KHCIIOTBI, YKCYCHOTO ajlbJieTH/ia M alleTOHA HaXOISITCS B
npobupkax, 3amudpoBanubix Homepamu | — I1l. Ha ocHoBe siBnenuit, HaOMIOaeMBIX TPU JOOABICHUH
PEaKTHUBOB K 3THM PAacTBOpaM, OIPECIIUTE HOMEP, COOTBETCTBYIOIINI KaXXIOMy coelMHeHH0. Harummre
YpaBHEHUS MTPOTEKAIOIINX PEaKIIUH.

PeaxTus | 1 11
CBexxeocaxACHHBIA | 4YEepHBIN 0caoK Opu pacTBOpEHHE OCaIKa, KpAacHBII 0CaloK pH
Cu(OH); HarpeBaHuU obpazoBaHue rojyboro pacTsopa HarpeBaHUU

PactBop NaHCO:3 0e3 n3MeHeHn ! BBIJIETICHHE Ta3a 0e3 3MeHeHn !

2.1. becuBeTHbIE BOJIHBIE PACTBOPHI MPOMHOHOBOW KHCIOTHI, (pOpMaNblIeruia U aneToHa HaXOISITCs B

npoOupkax, 3amudpoBannbix Homepamu | — I1l. Ha ocHoBe sBienwuii, Habm0gaeMbIX IpH 100aBICHUN

PEaKTHUBOB K 3TUM pacTBOpaM, OIPEEIUTE HOMEP, COOTBETCTBYIOIIUN KaXI0My coelnHeHut0. HanumuTe
PaBHEHHS TPOTEKAIOIINX PEAKIIH.

PeaktuB I 1 11
CBexxeocaxIeHHBIH KpacHbI 0CA/I0K TIPH YepHBII 0cagoK pacTBopeHHe 0ca/iKa,
Cu(OH). HarpeBaHUM, BEIICJICHNE Ta3a | TpU HarpeBaHWH | OOpazoBaHHE roiy0oro pacTBopa
Pacteop KMnOy, oOeclBeYMBaHKUE PACcTBOPA, N N
. 0e3 n3MeHeHn | 0e3 n3MeHeHn |
nonkuciieHssii HoSO4 BBIJICJICHHE Ta3a

3anauya 3 (10 6ay;10B)

3.2. Cmech razoobpasneix npu 60°C coeaunenuit A u B umeer minotHocts mo azory 2.107. Ilpm
IPOIYCKaHUHM CMECU 4epe3 M30BITOK pacTBOpa, COAEPKAIIETr0 HUTPUT KalUsl U Pa30aBICHHYIO CEPHYIO
KHCJIOTY, ITOJIyYHJIN J1Ba U30MepHBIX coennHeHns C u D, oknciaeHne KOTOphIX MOAKUCIEHHBIM PaCTBOPOM
auxpomara kanus paet Bemectsa E u F, npunamiexamue k pasHeIM kiaccaMm. OIpenenuTe CTpOeHue
HEU3BECTHBIX COCIMHEHUI U HAIIUIINTE YPABHEHUS NPOTEKAIOIINX PEAKIIHIA.

3.6. Cmech razooOpasueix npu 80°C coenunHenuit A u B umeer minotHocTs mo azory 2.607. Ilpu
NPOMYCKAaHUM CMECU 4epe3 M30BITOK pacTBOpa, COAEPIKAIIEr0 HUTPUT Kalusl U pa30aBICHHYIO CEpHYIO
KHCJIOTY, ITOJIYUHIIN IBa U3OMEPHBIX COCANHCHUA Cn D, OKHCJICHHUE KOTOPBIX IMOAKUCICHHBIM PaCTBOPOM
nepmanranara kanus naet seuiectsa E u F, npunaanexamme k ogHomy kiaccy. Onpenenure cTpoeHue
HEU3BECTHHBIX COG}IHHGHI/Iﬁ W HAIIUIIWUTC YpaBHCHHA MPOTCKAIOIIUX peaKHHﬁ.

3anaua 4 (12 6a.10B)

4.5. Cxonbko nutpos nporeHa (mpu 30.0°C u 710 MM pT. CT.) HY>KHO CXeub, YTOObI HarpeTh 3.276 Kr BOAbI
ot 23.0 no 92.0 °C? TernoTsl 00pa3oBaHus MPOIEHA, YTIEKUCIOro ra3a u Boabl paBHbl —20.4, 393.5 u
285.8 k/I»x/M0b, TETUIOEMKOCTD BOJIbI cocTaBisieT 75.31 Jx/(monb-K).

4.2. Cxonbko nutpoB 3taHa (mpu 15.0 °C u 730 MM pT. CT.) HY’KHO CK€4b, 4TOObI HarpeTh 1.179 Kr BoJibI
ot 24.0 to 98.0 °C? TemnoTsl 00pa3oBaHMs 3TaHa, YIJIEKUCIOTO rasa W BoAbl paBHbl 84.7, 393.5 u
285.8 k/]/Mo1Tb, TEII0EMKOCTH BOJIBI cocTaBsieT 75.31 JIx/(moinb-K).



3apaua 5 (14 6an710B)

5.1. MaccoBast 107151 yriepoja B HEIHMKIMYECKOM HACBIIICHHOM albpaeruae A paBHa 66.67%. Ilpu
JEMCTBUM HA A TOAKMCICHHOTO pacTBOpa NEepMaHraHaTa Kajius noy4ywin coenunenue B. B pesynbraTte
peakuuu B co crimprom C o6paszoBasiock coequHenrne D, B KOTOPOM MacCOBBIE JJOJIM 3JIEMEHTOB OKa3aJIUCh
TakUMU ke, Kak B A. M3BectHO, uTo D HE COACPKUT pPa3BETBICHHBIX YTIEBOAOPOAHBIX PaJMKAJIOB.
YcranoBute crpoeHue BemectB A — D. Ilpemmoxure crnoco® mogydeHHs TMEHTAHOBOW KHCJIOTHI C
MCIIOJIb30BAaHUEM B KAaue€CTBE OpPraHMYECKUX peareHToB ToJibko A, B, C ninu D. Hanumure ypaBHeHus
COOTBETCTBYIOIIUX PEAKIIHH.

5.5. MaccoBast 1075 BOJOpOJa B HEIMKIMYECKOM HACBIIIEHHOM anbiaeruae A pasHa 10.35%. Ilpu
JCWCTBUM HA A TIOJKHCICHHOTO PAcTBOPA IEpMaHraHata Kauus MOJdy4win coequneHune B. B pesynsrare
peakuuu B co cuprom C o6pazoBanocs coenquHenue D, B KOTOpOM MaccOBBI€ J0JIM 3JIEMEHTOB OKa3aIHUCh
TaKUMH Jke, Kak B A. YcrtanoBure crtpoenue BemectB A — D. Ilpemmoxwure croco0 momydeHus
MPOMUIOBOTO dupa 2-aMUHOMPOIMMOHOBOW KHCIOTHI C HUCIOJIB30BAHHEM B KA4eCTBE OPraHUYECKHX
peareHToB Tosibko A, B, C nnu D. Hanummure ypaBHEHUS! COOTBETCTBYIOLIMX PEaKIUi.

3anaya 6 (14 6ay10B)

6.1. HacelmenHslii pacTBop KapOoHAaTa HATpHUsS HPUTOTOBHIIM, I00aBHB HEOOXOAWMOE KOJIUYECTBO
NaxCOs - 10H20 k 183.7 ma Boasl npu 20°C. PacTBop paznuiu B 1Be KoJIObl. B nepByro kondy npunuinu
u30BITOK pacTBOpa cyibdara xenesa(lll), Bo Bropyro mobasmin 200 T pacTBOpa a30THOM KHCIOTHI, TAKIKE
B3sTON B U30bITKE. OOBEM rasza, BBIICIUBILIETOCS U3 BTOPOM KOJOBI, OKa3alics B JiBa pa3za 0olblile o0bema
rasa, BBIICJIMBIIETOCS M3 MEPBOU (IPU OJUHAKOBBIX YCIOBUsAX). OmpenennTe MacCOBYIO JIOJIIO HUTpaTa
HaATpUs B KOHEYHOM PacTBOPE BO BTOPO# koiibe. PacTBopumMocTh 6e€3Bo1HOTO KapOonarta Hatpus npu 20°C
cocrasisteT 21.8 T Ha 100 r BOBI.

6.6. Haceimiennslii pactBop kapOoHaTa HATpus MPUTOTOBUIM, 100aBUB HEOOXOIMMOE KOJIUYECTBO
Na2CO3z-10H20 k 110.20 mu Boxsr ipu 20°C. PacTtBop pa3nuiu B 1Be KOO B mepBy1o Kosily mpuimim
u30bITOK pacTBopa HUTpata xpoma(lll), Bo Bropyto mobasmnu 120 r cONsTHONW KUCIOTHI, TAaKXKE B3ATOU B
n30bITKe. OOBEM Ta3a, BBIICIUBIIETOCS U3 BTOPOM KOJIOBI, OKa3ayics B JiBa pa3za OoJjbllne oObema rasa,
BBIJICTIUBIIIETOCS U3 MIEPBOH (MIPU OJUHAKOBBIX YCIOBUSX). ONpenenuTe MacCOBYIO JIOJIIO XJIOPHIa HATPUS
B KOHEYHOM pacTBOpe BO BTOpoil koside. PacTtBopumocTh Oe3BomHOro kapOoHaTta Hatpus npu 20°C
coctaBisteT 21.8 T Ha 100 r BOIBI.

3apaua 7 (18 6an10B)

7.2. 200 mn pactBopa moueBnHbI HoNCONH: pasgenwimm Ha nBe wactu. K mepBoil mpu HarpeBaHUH
N00aBUIM M30BITOK PacTBOpa TUAPOKCHJA KajHs, BBLACIMBILMICS Ta3 A NOMIOTHIM pacTBopoM HBr
o0vemom 300 mit 1 koHueHTpanuen 1.03 monb/n. O6beM pacTBOpa IPH AITOM He U3MeHmIcs, a pH coctaBui
1.52. IIpu noGaBneHNH KO BTOPOM 4acTH M30BITKA pacTBOpa a30TUCTON KUCIIOTHI TAKXKe BBIIEIMIICS Ias3,
KOTOPBIA MPOIMYCTHIIM 4epe3 TPyOKy ¢ M30BITKOM mepokcuaa Oapus. OObeM HENOIVIOIMIEHHOTO Trasa
oKasaJics B JBa paza MeHblle oO0beMa A (NpH OJMHAKOBBIX YCJIOBHSX). BbUMCINTE MOJSPHYIO
KOHIICHTPAIIMI0 MOYEBUHBI B MCXOAHOM pacTBope. Hamummre ypaBHEHHS MPOTEKAIONIMX peaknuii (Bce
peakuuu uayT ¢ Beixogom 100%).

7.1. 130 mm pactBopa moueBnHbI HoNCONH: pasgenmimm Ha nBe wactu. K mepBoil mpm HarpeBaHUH
n00aBUIIM M30BITOK pacTBOpa rUApPOKcHIa Oapus, BBIACTUBIIMNACS ra3 A MOTJIOTHIN COJITHOW KHUCIOTON
oovemoM 200 M u koHueHtpanuei 1.005 mons/n. O6beM pacTBOpa mpu 3TOM He HM3MeHuics, a pH
cocraBunl 2.3. Ilpum noGaBieHHHM KO BTOpOW 4YacTH HM30BITKA PAacTBOpAa A30TUCTOW KHUCIIOTHI TaKXkKe
BBIJICIWJICS Ta3, KOTOPBIA MPOMYCTHJIM dYepe3 TPyOKy C U30BITKOM mepokcuaa Harpus. OO0bem
HETIOTJIOLIEHHOT 0 ra3a OKa3aJics B JIBa pasza Oosblie oobeMa A (IIpH OJAMHAKOBBIX YCIOBHIX). Bbrancnure
MOJISIPHYIO KOHIIEHTpAIIMI0 MOYEBHHBI B HCXOIHOM pacTBope. HamummTe ypaBHEHHS NPOTEKAIOIIMX
peakuuii (Bce peakuuu Uyt ¢ Beixogom 100%).



3anaua 8 (18 6an10B)

8.5. Cmech mpupoansix kapbonaroB mamaxuta CuCO3z-Cu(OH)2, cunepura FECO3z u munepana MeCO3
(Me — mienouyHo3eMeNbHbBIN MeTau1) Maccol 146.7 T MOJHOCTbIO PACTBOPUIM B KOHLEHTPHUPOBAHHOMN
a30THOHM Kuciote. BeimenuBiuiics ra3z ¢ miotHocThio 1.816 /1 3ansan oowsem 30.56 1 (1 atm, 25°C).
JloGaBnieHre K MoJly4eHHOMY a30THOKHCIOMY PacTBOPY M30BITKA pacTBOpa Cyib(haTa HATpUs MPHUBEIO K
BbInazieHuto 68.8 T comu (auruzaparta). B u30bITKE BOAHOIO pacTBOpa aMMHaKa TO e KOJIMYECTBO
UCXOHOW cMecH KapOOHAaTOB pacTBOPSIETCS JIHMIIb YacTUYHO, Macca HEPAaCTBOPHBILETOCS OCTaTKa
cocrapisieT 69.0 r. OnpeaenuTe cocTaB HEU3BECTHOTO MUHEpaia U MacCy YUCTON MeIU, KOTOPYIO MOXKHO
HOJYYUTh M3 COJEPKAILErocs B CMECH MajlaXuTa MpPU BOCCTAHOBJIICEHWH yTapHbIM Ta3oM. Hamummre
yYpaBHEHHUS BCEX peaKLui.

8.2. Cmech npupoaHbix kapooHaroB azyputa (CuCOz)2:Cu(OH),, cunepura FeCO3 u munepana MeCO3
(Me — meno4HO3eMeNbHBIA MeTalll) Maccoi 148.2 T MOJHOCTBIO PACTBOPUIIM B KOHIICHTPUPOBAHHOM
a30THOU Kucjore. Beimenupmmiics ra3 ¢ tuiotHocThio 1.820 1/1 3amsn oowveMm 29.34 1 (1 atMm, 25°C).
JloGaBieHne K MOJy4YeHHOMY a30THOKHCIOMY PAacTBOPY M30BITKA pacTBOpa cyibdaTa HATPHs MPHUBEIO K
BhIMaIeHu 0 93.2 T 6e3B0oIHOM cor. B M30BITKE BOTHOTO pacTBOpPa aMMHAKA TO e KOJTMIECTBO UCXOTHOM
cMmecH KapOOHATOB pacTBOPSETCS JIMILb YaCTHYHO, Macca HepacTBOPHUBIIETOCs ocTaTka cocrasiseT 113.6
r. Onpenenure cocTaB HEM3BECTHOTO MHHEpaJia M Maccy YHCTOM MEI, KOTOPYIO MOXHO IOJyYUTh U3
COJIeprKallerocss B CMECH a3ypHuTa MPH BOCCTAHOBIEHWH YrapHbIM razoM. Hamummre ypaBHEHHUS BceX
peaKuuii.

Pemenus 3a1aHnii 3aKJII0YUTENIBHOT0 3Tana oJuMnuaabl «JlomonocoB» no xumum (10-11 kiaaccsi)

3amaya 1 (6 6a/510B)

1.6. 27Co: 1s22s22p°3s23p%4s23d
Co?*: 1522s22p53s23p°%3d
VY aroma xoOanbTa (HeueTHbI Homep 27 B Tabnuie MeHzaeneeBa) TpH HECTIAPEHHBIX JIEKTPOHA U
JIBEHAaTh Map CHapeHHbBIX AJIEKTPOHOB.
1.4. 2Ti: 1s22522p°3523p®4s23d 2
Ti?*: 1522522p®3s23p®3d 2
¥ aroma TuTaHa (4eTHBIN HOMep 22 B Tabnuie MeHaeneeBa) 1Ba HECIIAPEHHBIX 3JIEKTPOHA U JIECATh
nap CIapeHHbIX HJIEKTPOHOB.
Ectb 1 n1pyrue BapuaHThl OTBETa, Hanpumep, 44RU.

3apaua 2 ( 8 0ans10B)

2.6. B mpoOupke | HaxomuTcst pacTBOp arieToHa, KOTOPHIN He pearupyeT Hu ¢ ruapokcuaom meau(ll), vu ¢
pacTBOpoM cojbl. [Ipy HarpeBaHUM MPOUCXOIMT pasiokeHue roimyodoro cryaenucroro ocaaka Cu(OH):2 ¢
obpazoBanueM uepHoro okcuaa meau(ll):

Cu(OH)2  CuO + H;0.
B mpo6upke |l — pacTBOp YKCYCHOM KHCIIOTBHI:
2CH3COOH + Cu(OH)2 — (CH3COO0)2Cu + H.0O
(pacTBOpeHHE Ocajika ¢ 00pa3oBaHKUEM royOOro pacTBOpa aneTara Mean),
CH3COOH + NaHCOs — CH3COONa + CO21 + H20

(peakiusi COPOBOXKIAETCS BBIICIICHUEM Ta3a).

B npo6upke 11 — pacTBOp yKCyCcHOTO anbaeru/ia, KOTOPhIH HE pearupyeT ¢ COI0M, HO pearupyeT co
cBexkeocaxaeHHbIM ruapokcuaoM meau(ll) ¢ oopaszosanmem kpacuoro ocaaka Cu2O npu HarpeBaHHH:

CH3CHO + 2Cu(OH),~ CH3COOH + Cu20 + 2H,0.



Omeem: | — auteron, |1 — CH3COOH, Il — CH3CHO.
2.1. B mpobupke | Haxomutcst pactBop ¢opmanpaeruaa. [lpu B3aumopencTBUH (opMaibaeruia co
CBEXKEOCAKACHHBIM TuapokcuaoM Menu(ll) BO3MOXHO NpoTeKaHHE JABYX peakiuid: ¢ o0pa3oBaHHEM
KkpacHoro ocajka Cu20 npu HarpeBaHuu:

t
HCHO + 4Cu(OH)2— CO21 + 2Cu20] + 5H20,
¢ 00pa3oBaHHEM KPAaCHOW METAJTUICCKOU MEIH:

t
HCHO + 2Cu(OH)2— CO321 + 4Cu]| + 3H20.
Peakius ¢ mepMaHraHaTOM KaJlisi B KUCIION cpe/ie PUBOIHUT K BBIICIICHHIO Ta3a U 00ECI[BCUNBAHUIO
PO30BOT0 pacTBOpA:

SHCHO + 4KMnO4 + 6H2SO4 — 5CO21 + 4MnSO4 + 2K2S04 + 11H20.

B npodupke Il conepkutcst pacTBOp aleToHa, KOTOPBIA HE pearupyet HU ¢ ruapokcuaom meau(ll),
HU ¢ pactBopoM KMnOgs. IIpn HarpeBaHMM NPOUCXOAMT PaA3IOKEHHE TOJyOOro CTYIAEHHUCTOrO OCajKa
Cu(OH)2 ¢ obpazoBanuem ueproro okcuaa meau(ll):

t
Cu(OH)2 = CuO + H20.
B npoGupke 11 — pacTBOp mponmuoHOBO# KUCIOTHL, KOTOpasi pearupyer ¢ TUAPOKCHIOM MEJIH:

2CH3CH2COOH + Cu(OH)2 — (CH3CH2COQO),Cu + H>O

(pacTBOpEHUE OcaaKa ¢ 00pa3oBaHHEM rory0oro pacTBoOpa COJIM MEIH).
C nepmaHraHaToM Kajiusi IPOIIMOHOBAsI KUCIOTA HE B3aUMOJIEHCTBYET.

Omesem: | — popmanbnerun, Il —aneron, |11 — nponuoHoBas kuciora.

3anauya 3 (10 6as1a)

3.2. Tak kak coenuHeHus A u B pearupyror ¢ NoIKUCIEHHBIM PaCTBOPOM HUTPHUTA HATpHs (11O CyTH, C
A30TUCTON KHCIIOTOH), OHM SBJIAIOTCS aMUHAMU (BO3MOXHO, NepBUYHbIMM). ITockonbky B pe3synbrare
peaxkuy 00pa3yroTCsl U30MEPHBIE COEINHEHMS], @ PEaKLIUsl HE CONPOBOKIAETCS U3MEHEHUEM YIIIEPOIHOTO
ckenera, A u B — takxke uzomepsl. CpeiHss MOJISIPHAsI Macca CMECH paBHA

Mep. =2.107 - 28 = 59 r/™moub,
YTO COOTBETCTBYET NIEPBUYHBIM aMUHaM: 1-aMHHOIIPOIIaHy U 2-aMHHOIIPOIaHY.
YpaBHEHHUsI peakuii:
CH3CH2CH2NH2 + KNO; + H2SO4 — CH3CH2CH20H + N»21 + KHSO4 + H20
CH3CH(NH>)CH3 + KNO; + H2SO4 — CH3CH(OH)CHj3 + N21 + KHSO4 + H,O
(unu BapUaHT ¢ 00pa30BaHUEM CpEIHEN con)
3CH3CH>CH>0OH + 2K>Cr207 + 8H2SO4 — 3CH3CH2COOH + 2Cr2(S0O4)3 + 2K2S04 + 11H0
3CH3CH(OH)CH3 + KoCr2O7 + 4H2SO4 — 3CH3C(O)CH3 + Cra(SO4)3 + K2SO4 + 7TH20
[TonmyueHHble coeTMHEHUS MPUHAUIEkKAT K pa3HbIM KilaccaM (KapOOHOBasi KUCIOTa U KETOH).
Omeem: A — l-ammHonpomnan, B — 2-amunonpomnan, C — mponanon-1, D — nponanon-2, E —
IIPONIMOHOBAs Kuciora, F — aneroH.

3.6. Tak xak coeauHeHuss A U B pearupyior ¢ MOJKUCIEHHBIM PacTBOPOM HHUTpHUTa HaTpus (1O CyTH, C
A30THCTOM KHCIIOTOM), OHU SBISIOTCS aMHUHaMU (BO3MOXKHO, MEpBUYHBIMH). [lockonbKy B pe3ynbrare
peakiu 00pa3yoTCst U30MEPHBIE COEIMHEHMSI, & PeaKLUsl HE COMPOBOXKIAAETCS U3MEHEHHEM YIIIEPOTHOTO
ckenera, A u B — taxxke uzomepsl. CpeHsis MOJISIpHAsi Macca CMECH COCTaBIIsIET

Mp. =2.607 - 28 =73 r/™mMob,



YTO COOTBETCTBYET amuHaM ¢ OpyTTo-hopmynoni CsHoNH,: 1-amuHOOyTaHy 1 2-MeTHII- 1 -aMUHOTIPOTIaHY.
Taxoit BEIOOp OOYCIIOBJICH MONTYYCHHEM COSAMHEHUMN, MPUHAICKAIINX K OJHOMY KJIaccy, B pe3yibTaTe
okucienus cnuptoB C u D.

YpaBHEHHUsI peakuii:

CH3CH2CH2CH2NH2 + KNO; + HoSO4 — CH3CH2CH2CH20H + N21 + KHSO4 + H2O
CH;CH(CH3)CH2NH>+ KNO2 + HoSO4 — CH3CH(CH3)CH20H + N2t + KHSO4 + H2O
(BO3MOXKHO M IOJIyYEHUE CPEIHEN coun),
5CH3CH2CH2CH,0H + 4KMnO4 + 6H2SO4 — SCH3CH>CH2COOH + 4MnSO4 + 2K2SO4 + 11H20
5CH;CH(CH3)CH20H + 4KMnO4 + 6H2SO4 — SCH3CH(CH3)COOH + 4MnSO4 + 2K2SO4 + 11H20
Bemecrsa E u F, OyraHoBas 1 2-MeTHUINPONAHOBAsi KUCIIOTHI, TPUHAICKAT K OTHOMY KIIACCY.

Omeem: A — 1-amunoOytaH, B — 2-metun-1-amunonponan, C — Oyranon-1, D — 2-metmimnpona-
Hou-1, E — OyranoBas kucnora, F — 2-meTriimponaHoBasi KUCIIOTa.

3anauya 4 (12 6ay510B)

4.5. YpaBHeHUE peakliuy CrOpaHUsl IPOIIEeHA:
CsHe + 4.50, — 3CO2 + 3H20.
ITo 3akony I'ecca, Tenora cropanusi IporneHa COCTaBIIAET
Qerop (C3He) = 3Qosp (CO2) + 3Qosp (H20) — Qop (CaHe) =
=3-393.5+3 - 285.8 —(—20.40) = 2058 xIx/MOb.
KonuuecTBo BelecTBa BoJbl, KOTOPYIO TPeOYeTCsl HarpeTh:
v(H20) =3276 / 18 = 182 Monb.
TemoTa, HeoOxoauMast il HarpeBaHUS BOJIBI:
Quarp = C(H20) - v(H20) - (T2 — T1) =75.31 - 182 - (92 — 23) = 945743 JIxx = 945.7 x]JIx.
KonuuecTBo BelecTBa npomneHa, HeoOX0JUMMOT0 ISl HarPEeBaHUS:
V(CsHe) = Quarp / Qcrop (CsHe) =945.7 / 2058 = 0.459 moub.
[asnenue B klla:
p =101.325 - 710/ 760 = 94.66 «Ila.

O0bEM mporieHa Npy yKa3aHHBIX YCIOBHSIX:
VRT _ 0.459-8.314-303

V= T T =122 m.
Omeem: 12.2 .
4.2. YpaBHEHUE peaKIUy CTOPAHMS dTaHA!
CoHs + 3.50, — 2CO> + 3H20.

ITo 3akony ['ecca TenmoTa cropaHusi 3TaHa COCTABJISET
Qerop(C2He) = 2Qo6p(CO2) + 3Qosp(H20) — Qosp(C2He) =
=2-393.5+3-285.8—84.7=1560 xI>x/M0b.

KonmuecTBo BelecTBa BOIbI, KOTOPYIO TpeOyeTCsl HarpeTh:

v(H20) = 1179/ 18 = 65.5 mo1b.
TGHHOTa, HGOGXOI[I/IMaH JJIsL HAarpe€BaHUs BOJbI:

Quarp = C(H20) - v(H20) - (T2 — Ty) =75.31 - 65.5 - (98 — 24) = 365028 [Tk = 365.0 xJ]x.
KonudecTBo BemecTBa 3TaHa, HEOOXOIUMOTO ISl HATPEBAHUS
V(C2Hs) = Quarp / Qcrop(C2Hs) = 365.0 / 1560 = 0.234 mob.
Hasnenue B klla:
p=101.325-730/760 =97.33 xlla.

OO0BEM dTaHa MpH yKa3aHHbBIX YCIOBUAX:
VRT _ 0.234-8.314-288

V=—=——7--—-—-=576m
p 97.33



Omeem. 5.76 1n.

3agaua 5 (14 6a10B)

5.1. Obuiast popmyIta rOMOJIOTHYECKOTO PsAJia HACHIIIEHHBIX HeUUKInUecKuX anpaerugoB CnHzanO. Torna
MaccoBas JI0JIs yriaepozaa B A
o(C)=12n/(14n + 16) = 0.6667,
n=4.
Anpaerun A ¢ Hepa3BeTBIeHHBIM ckeneToM — C3H7CHO (OyTanains), ero peakius ¢ mepMaHraHaTOM:

5C3sH7CHO + 2KMnO4 + 3H2504 — 5CsH7;COOH + 2MnS0O4 + K2S504 + 3H20.

Coenunenue B — 6yranosas kucnora CsH7COOH.

B pesynbrare peakuuu B co ciuprom C oOpa3syercs ciioxkHbii 3¢up D, B KOTOpOM MaccoBbIe 10U
yTIepoaa, BOJAOPOAa U KUCIOpoJa Takue ke, kak B A. O6mas dopmyna cinoxHbx 3¢GupoB CmHomOo.
CpaBaenne Qopmyn ampaeruga ChH2nO wu  cinoxsoro »dupa  CmHomO2 mokassiBaeT, d9TO
m = 2n, 1.e. dopmyna D CgHi602, mmm C3H7COOCsHg. Ilo ycnoBuro 3amaum, OH HE COJCPIKHT

Pa3BCTBJICHHBIX paaduKaJlOB, 3HAYHUT, 3TO 6YTHHOBLIﬁ 3(1)I/Ip 6yTaHOB0fI KUCJIOTHI:
+

CH;—CH P i
g CHy~CHyC~  + CH3—CH,CH; CH;~OH —>

OH
A
- CHS%:Hz—CHZ—C\ + H,0
O‘CHz‘CH27CH24CH3
OI[I/IH 13 BO3MOJKHBIX CIIOCOOOB NOJIYyUCHUA IIEHTaHOBOM KHUCJIOTHI U3 6yTaHOJ'Ia (BeH_IeCTBO C)

1) CH3CH2CH2CH20OH + HBr — CH3CH,CH2CH2Br + H,O
2) CH3CH2CH2CH2Br + KCN — CH3CH2CH2CH2CN + KBr
3) CH3CH2CH2CH2CN + HCI + 2H,0O — CH3CH2CH2CH2COOH + NH4CI

Omeem:. A — O6ytaHanb, B — 6yranoBas kucnora, C — 6ytan-1-on, D — OyTumnossiii a¢pup GyraHoBOI
KHUCJIOTHI.
5.5. O6mas opMysia rOMOJIOTHYECKOTO psifia HACBHIIICHHBIX HEIMKIMUecKUuX anbaerunoB CnH2nO. Torma
MaccoBas 0Ji1 BOJopoJa B A
o(H) =2n/(14n + 16) = 0.1035,
n=3.
Anpaerun A — CH3CH2CHO (nponianainse), ero peakiiys ¢ IepMaHTaHATOM:

5C2HsCHO + 2KMnOg4 + 3H2S04 — 5C2H5sCOOH+ 2MnSQO4 + K2SO4 + 3H20.

Coenunenue B — nmponnonosas kucnora CHs3CH2COOH.

B pesynbrare peakiuu B co cnimprom C o6paszyercs cinoxubiil a¢up D, B KOTOPOM MacCoBBI€ 107U
yriepoja, BOJOpoJia U KUCIOpoJa Takue ke, kak B A. O6mas gopmyna cinoxHbX 3¢pupoB CmHamOo2.
CpaBuenue ¢dopmyn ampmerummga CpHonO  u  coxsoro sdmpa  CmHomO2 mokaseBaer, dTO
m = 2n, T. e. popmyna D CsH1202, unmu CH3CH2COOCH2CH2CHs, 3TO IponiInponuoHar:

A H
CH?TCHTC\OH + CH3—CH,—CH,~OH —>
/
—>> CH3CH2Cp + Hzo
—CH,—CH,;—CHjs
OnuH U3 cnoco60B NMOTYYEeHUs] IPOMMUIIOBOTO 3(rpa 2-aMUHOIIPONUOHOBOM KUCIOTH U3 B 1 C:

P(KpaCH.)

1) CH3CH2COOH + Cl, —— CH3CHCICOOH + HCI



2) CH3CHCICOOH + 2NH3 — CH3CH(NH2)COOH + NHa4ClI
H
3) CH3CH(NH2)COOH + CH3CH2CH.0OH = CH3CH(NH2)COOCH,CH2CH3 + H20

Omeem. A — nponaHanb, B — nponanoBas kucinora, C — npomnan-1-o1, D — nponumnossiit 3¢gup
MIPONIAHOBOW KUCJOTBHI.

3anaua 6 (14 6a1710B)

6.1. Konnenpariust HachlmeHHOro pacTBopa rpu 20°C:
®(Na2CO3) =21.8/121.8 =0.1790.

ITycth x Moab — komudecTBo Na;COs-10H20, kotopoe HeoOxoaumo 106aBuTh K 183.7 M1 BOJBI,
9T00BI TOJYYUTh HACHIILICHHBIH pacTBOp KapOonara Harpus. Yuts, uro M(Na;COsz) = 106 r/mous,
M(Na2CO3-10H20) = 286 r/moi1b, moydacm

0.1790 = 106x / (183.7 + 286x),
x = 0.6 MOb.
Macca HachIIIEHHOTO PacTBOpPa COCTABIISIET
m=183.7 + 286 - 0.6 =355.3 r.

[Tycts B mepByI0 KOJIOYy HaJIMIM 4YacTh pacTBOpa, Kotopas coaepxuT Y mMoinb NaxCOs, Torma Bo

BTOpOi coaepxkutcs (0.6 —y) MoIb.

3Na2COs3 + Fez(S04)3 + 3H20 — 2Fe(OH)3| + 3CO21 + 3Na2SO4
y y

Na;COsz + 2HNOs — 2NaNOs + CO.1 + H20
0.6-y 2(0.6-y)  0.6-y

[To ycioBuio, 00beM rasa (a, COOTBETCTBEHHO, U KOJMYECTBO BEIIECTBA) ra3a BO BTOPOI peakiiu B

2 pa3a 00JbIlIe, YEM B IIEPBOM:
06-y=2y,
y = 0.2 (Moinp).

3Ha4MT, B IEPBYIO KOJIOY MOMECTUIIM TPETHIO YAaCTh IPUTOTOBIEHHOI'O PaCTBOPA, @ BO BTOPYIO — JIBE

TPETHU:
m(p-pa 2)=355.3-2/3=2369r.
[Tocne moGaBieHusT a30THOM KUCIOTHI Macca pacTBopa BO BTOPOH kKoi10e cocTaBuia
m(p-pa 2, koneuH.) = 236.9 + 200 — 44 - 0.4 =419.3 r.
m(NaNO3)=2-0.4-85=68r,
®(NaNO3) =68 /419.3 = 0.162 (nnl6.2%).

Omeem: 16.2% NaNOs.
6.6. KonuenTparus HackIeHHOTo pacTtBopa mpu 20°C:
®(Na2C0O3) =21.8/121.8 = 0.1790.

[Tycts x Monp — kommyectBo NaxCOsz-10H20, xotopoe HeoOxoaumo nob6aButh kK 110.2 Mt BomsL,
4TOOBl TIONYYUTh HACHINICHHBIH pacTBOp KapOoHara Hatpus. Yursa, uto M(Na:COz) = 106 1/™Momb,
M(Na2CO3-10H20) = 286 r/moib, oTyyaem

0.1790 = 106x / (110.2 + 286x),
x = 0.36 mo7b.
Macca HaChIIIIEHHOTO pacTBOPa COCTABIISIET
m=110.2 + 286 - 0.36 = 213.16 1.

[Tycts B mepByIO KOOy HaJIHMIM 4YacTh pacTBopa, Kotopas coaepxutT Y mMoinb NaxCOs, Torma Bo

BTOpOit comepxutcs (0.36 — ) MoIb.

3Na2CO3 + 2Cr(NO3s)3 + 3H,0 — 2Cr(OH)s| + 3CO21 + 6NaNOs
y y

Na,COs + 2HCI — 2NaCl + CO2} + H20



0.36-y 2(0.36-y)  0.36-y

[To ycnoBuro, 00beM rasa (a, COOTBETCTBEHHO, U KOJMYECTBO BEIIECTBA) ra3a BO BTOPOH PEaKIuy B

2 pa3a Oosibliie, YeM B TICPBOMA:
0.36 -y =2y,
y =0.12 (moJb).

3HAYUT, B IEPBYIO KOJOY MOMECTUIIM TPETHIO YACTh MPUTOTOBIIEHHOTO PACTBOPA, & BO BTOPYIO — JIBE

TpeTHu:
m(p-pa2)=213.16-2/3=14211r.
[Tocne no6aBieHus KUCIOTHI Macca pacTBOpa BO BTOPOi Kojibe cocTaBuiia
m(p-pa 2, koneun.) = 142.11 + 120 — 44 - 0.24 = 251.55 r.
m(NaCl) =2-0.24 - 58.5 = 28.08 r,
o(NaCl) = 28.08 / 251.55 = 0.1116 (umu 11.16%).

Omeem: 11.16% NacCl.

3anaya 7 (18 6ass10B)

7.2. Peakius ¢ BBIZICTICHUEM ra3a B MIEPBOM MOPIIMU PACTBOPA MOYCBHUHEI:
CO(NH2)2 + 2KOH — K,CO3 + 2NH31
['a3 A — 310 ammuak, ero peakuus ¢ HBr:
NH3 + HBr — NH4Br
Ucxonnoe konmuuectBo HBr:
v(HBr) =¢-V=1.03-0.3=0.309 moib.
[Tocne peakuu cpena pacTBopa ocranack kuciaotHou (pH=1.52), 3Hauut, kuciaora Obuia B3siTa B
u30bITKe. Paccuntaem konmuectBo HBr, ocTaBuierocs nocie peakiuu:

pH =-Ig [H'],
[H*] =101 =1071%2 = 0.03 mous/1,

v(HBr) =¢-V=0.03 - 0.3 =0.009 mo1b.
Ortcioaa komuuectBo HBI, mpopearnpoBaBIiiero ¢ aMMHaKOM, COCTaBIISAET

V(HBI)pear. = 0.309 — 0.009 = 0.3 moJ1b,

v(NH3) = v(HBI)pear. = 0.3 MO1B,

v(moueBuHbl) = v(NHz) /2 = 0.15 monb.
Peakiuu BTOpO# MOPIUK PACTBOPA MOYEBHHBI:

CO(NH2)2 + 2HNO2 — COa1 + 2N»21 + 3H20

X X 2X
2Ba0, + 2C0O7; — 2BaCOs3 + O,
X 0.5x

Henornomennsiit ra3 (ra3 Ha BBIXOAE U3 TPYOKH C MEPOKCHUAOM Oapuisi) — 3TO CMeCh a3oTa U
kuciopoxaa. Toraa

2.5x=0.3/2=0.15 mo>,
x=0.06 MonB,
v(moueBuHbI) = 0.06 MOIIB.
CyMMapHOE KOJIMYECTBO MOUEBHHEI B JIBYX MOPIHSX UCXOJIHOTO PacTBOPA
v=0.15+0.06=0.21 Mmob.
c=v/V=021/0.2=1.05 moms/m.

Omeem: 1.05 MoJIB/m.
7.1. Peaknuu B epBO MOPLIUU PACTBOPA MOYEBHHBI:
CO(NH2)2 + Ba(OH), — BaCOs3| + 2NH31
['a3 A —3T0 amMMuak, ero peakius ¢ COJASTHON KUCITOTOM:



NH3 + HCI — NH4Cl
Hcxonnoe komuuectso HCI:
v(HCI) =¢-V=1.005-0.2=0.201 moJb.
[Tocie peakiuu cpena pacTBopa ocrajiack kuciaotHou (pH = 2.3), 3HauuT, KUC/IOTa ObLIA B35TA B
u30bITKe. Paccunraem koimyectBo HCI, ocraBierocs mocie peakiuu:

pH =-Ig [H'],
[H*] =10°" =102 = 0.005 momus/n,
v(HCl) =¢ -V =0.005-0.2=0.001 mob.

Orcrona konmmuectBo HCI, mpopearuposaBiiero ¢ aMMuakom, COCTABIISET

V(HCl)pear. = 0.201 — 0.001 = 0.2 mou1b,

v(NH3) = v(HCl)pear. = 0.2 MoOJ1B,

v(moueBunbl) = v(NHz) / 2 = 0.1 moib.
Peakiiuu BO BTOPOM MOPIIUK PACTBOPA MOYEBHHBI:

CO(NH2)2 + 2HNO2 — COa1 + 2Nt + 3H20

X X 2X
2Na20; + 2C0O72 — 2NaCOs + Oz
X 0.5x

Henornomennslit ra3 (ra3 Ha BBIXOJE U3 TPYOKH) — 3TO cMeCh a30Ta U Kuciopoaa. Toraa
25x=2-0.2=0.4 mounp,
x=0.16 MopB,
v(moueBuHbI) = 0.16 MOJTb.
CyMMapHO€e KOJIMYeCTBO MOUEBHHBI B JIBYX MOPLHAX UCXOJHOTO pacTBOpa
v=0.1+0.16=0.26 Mm0b,

c=v/V=0.26/0.13 = 2 monp/1.
Omeem: 2 MOJIB/II.

3anaua 8 (18 6a710B)

8.5. PaccunTaem cpeiHIOI0 MOJISIPHYIO MAacCy CMECH ra30B, BBIISIHUBIIUXCS MOCIe 00paboTKK KapOOHATOB
KOHILICHTPUPOBAHHOM a30THON KHMCIIOTOM.
M. =pRT /p=1.816 - 8.314 - 298/ 101.325 = 44.40 r/monb > 44
3Haunt, B cMecH ra3os BMecte ¢ CO2 Haxoaurcs u 0oiee Tsokelbsii ras — NOg:
CuCOz-Cu(OH)2 + 4HNO3 — 2Cu(NOs3). + CO21 + 3H.0

X X

FeCOs + 4HNOsz — Fe(NOz); + NO21+ CO21 + 2H20
y y y

MeCOs + 2HNO3z — Me(NOs)2 + CO21 + H20
z

z z

v(razos) = 101.325 30.56 / (8.314 - 298) = 1.25 Moub.
B cmecu conepxarcs
V(CO2) =x+y+z=125-y (momb),
v(NO2) =y (mo7b).
Cpenssisi MOJISIpHAst Macca CMeCH
Mep. = (44 - (1.25 —y) + 46y) / 1.25 = 44.40,
y =0.25 monb,
m(FeCOs3) = 116y = 116 - 0.25=29.0r.
X+2=125-0.25-2=0.75 moub.



[Tpu 0O6paboTKe MCXOAHOW CMECH BOJHBIM PAaCTBOPOM aMMHAKa PacTBOPSIETCS] TOJIbKO MallaXuT, B
HepacTBopusieMcs: ocratke — FeCO3z u MeCOs:

CuCO3-Cu(OH); + 8NH3 — [Cu(NHz3)4]CO3 + [Cu(NH3)4](OH)2

3HAYUT, B CMECH COJIEPIKAIOCH MaJlaXUTa.
m(manaxura) = 146.7 - 69.0 = 77.7 r,
x=77.7/222=0.35 mob.
Torna z=0.75-0.35= 0.4 moib.
IIpu moGamieHuu Cyiab(ara HATPUsA K a30THOKHMCIOMY PacTBOPY BBINAIaeT AMTHIAPAT Cyibhara
IIEI0YHO3EMENIbHOTO METaslIa;
Me(NO3z)2 + Na2SO4 + 2H20 — MeS04-2H20| + 2NaNO3
0.4 0.4

M(MeSO4-2H20) = 68.8 / 0.4 = 172 r/monb,
M(Me) = 40 r/momb (KaabIuii).
Hewuspectnsiit Munepan — CaCOg3 (KaJbLIUT, U3BECTHSIK).

CuCOg3-Cu(OH)2 + 2CO 5 2Cu + 3CO2 + H20
0.35 0.7
(cTapblii cioco6 MOy4eHUs MEIH )
m(Cu) =64 -0.7=44.8r.
Omeem: CaCQOg3, 44 .8 1.
8.2. PaccunTaeM CpeaHIOI0 MOJISIPHYIO MacCy CMECH Ia30B, BBIJCIUBIINXCS MOce 00paboTKi KapOOHATOB
KOHIIEHTPUPOBAHHOW a30THOM KUCIOTOM.

M. =pRT /p =1.820 - 8.314 - 298 / 101.325 = 44.50 r/monb > 44

3HauuT, B cMecH ra3os BMecte ¢ CO2 HaxoauTtcs u 0ojtee Tskebli ras — NOg:
(CuC03)2:Cu(OH)2 + 6HNO3 — 3Cu(NO3), + 2CO271 +4H20
X 2X

FeCOz + 4HNO3 — Fe(NO3z)z + NO21+ CO21 + 2H20
y y y

MeCO3 + 2HNO3 — Me(NO3z)2 + CO21 + H20

z z z

v(raszos) = 101.325 - 29.34 / (8.314 - 298) = 1.2 mou1b.

B cMmecu conepxarcs

V(CO2) =2x +y +2z=1.2 -y (mo7b),

V(NO2) =y (mob).
Cpennsist MOJIsIpHasi Macca cMecu
M. = (44 - (1.2 —y) + 46y) / 1.2 = 44.50,
y = 0.3 mob,
m(FeCO3) = 116y =116 - 0.3 =34.8 .
X+2=125-0.25-2=0.75 moub.
[Tpu 00paboOTKe UCXOAHOH CMECH BOJHBIM PACTBOPOM aMMHaKa PacTBOPSETCS TOJBKO a3ypHT, B
HepacTBopusiieMcs: octatke — FeCO3z u MeCOa:

(CUCO3),-Cu(OH)z2 + 12NHs — 2[Cu(NH3)s]COs + [Cu(NH3)4](OH)2

3HAYHT, B CMECH COJICPIKAIOCh a3ypHTa:
m(asyputa) = 148.2 - 113.6 =34.6 T,
x=34.6/346 = 0.1 momb.
Torma 2z=0.6-0.1-2=0.4 moisb.
[Mpu nobGaBneHuu cyiabpaTa HATPUS K A30THOKHCIOMY PacTBOPY BBINANAET MajJOPacTBOPUMBIH
Cyabdar mea09H03eMeTbHOTO MeTallia:

Me(NOs)2 + Na;SOs — MeSOa| + 2NaNOs



0.4 0.4

M(MeSQO4) = 93.2 /0.4 = 233 r/moib,
M(Me) = 137 r/mounb (bapwii).
Hewussecthbiit Munepan — BaCOg3 (Butepur).

t
(CuCOs3)2-Cu(OH)2 + 3CO — 3Cu + 5CO2 + H20
0.1 0.3
(cTapplit cioco0 MOTyYCHHS MEH ),
m(Cu) =64 -0.3=44.8r.
Omeem: BaCOs, 19.2 1.



