NEBSITBHIN KJACC
3aoaua 9-1 (aemop F0.C. I'onoexo)

BuHApHBIMU COCIMHEHUSIMH METala C KHCIOPOJOM MOTYT OBITh OKCHJbBI, IEPOKCHUIBI,
HAJTEPOKCUIBI U O30HUIBI.

Macca monydeHHOTo pactBopa paBHa 998 - 1,049 = 1046,9 r. DTO MeEHBIIE CyMMBI
pearupyromux BemectB (998 + 55 = 1055 r. Pa3nuna B macce — Boigenstomuiics ra3 (1055 —

1046,9 = 8,1 r). CiiemoBaTenbHO OKCHJ UCKIIFOYAETCSI, T. K. PU PEAKIIUH OKCHJIa C BOJAOU Ta3 He

BbIJICTISIETCSL:

Me,O + H,0 = 2MeOH (1)

WIn

MeO + H,0 = Me(OH); (2

[Tepoxcuner 06pazyrotr metawist | u |l A rpymm, HaamepoKcuasl U 030HUIB — MeTALIBL | A
IpyMIbL.

PaccMoTpuM 11en0yHbIE METAIIIBI:

Me,O; + 2H,0 = 2MeOH + H,0; (3)

2MeO; + 2H,0 = 2MeOH + H,0; + O21 4)

2MeO; + 2H,0 = 2MeOH + H,0; + 20,1 (5)

OO0pa3yromuiics MepoKCHI BOJOPOIa NPy KursiueHuu paznaraercs: 2H,0, = 2H,0 + 0,1 (6).

B o0mem Buzne:

2MeO, + H,0 = 2MeOH + (2n — 1)/2 O,1. (7
CocTaBuM MPOTIOPITHIO: 2(Myge +16n) ——— (2n —1)32/2 r xkucopoaa
55 —81

Pemas nmponopuuto, momygaem: My, = 94n — 55

[Ipu n=1nomygaem My = 39. 310 KO unu K,0;, — nepokcun kanus
[Tpu n =2 nomygaeM My = 132. D10CSO, — HaIMIEPOKCH]T TIC3USI.
PaccmoTpuM nepokcupl MEeI0YHO3EMENbHBIX METAJIIOB!

2MeO; + 2H,0 = 2Me(OH), + 01

CocTaBUM TPOTOPIIHIO: 2(Myye + 32) ———32 1 kucaopoaa
55 — 81
Pemas mponopuuio moinydaeM: Mye = 76,6 — MIETOYHO3EMETBHOTO MeTala ¢ TaKoi

Maccoil HeT.



Cucmema oyenueanusn:
Ilepeuenv 4-x 603MONCHBIX COCOUHEHUL MEMAILLA C KUCTIOPOOOM 0,54 =2 6anna
Bv1600 Ha ocnosanuu pacuemos, umo gvidensiemcs 2a3 + Koi-60 2asa 2,5 6anna

Bv1600 06 ucknouenuu oxcuda, noomeepacoennwiil ypasnenuamu peaxyuu (1 u 2)

0,5+12 =25 6anna

Ypasnenus 3, 4, 5 u 6 unu oono cymmapnoe ypasnenue 7 4 6anna
Onpeoenenue K;O, + nassanue 2,5+ 0,5 =3 6ana
Onpeoenenue CSO; + nazsanue 25+ 0,5 =3 6anna
Hcknrouenue nepokcuoos werouHo3eMelbHblX Memaios 3 banna
UTOI'O: 20 6annos

3aoaua 9-2 (aemop A.A. /[po30oes)

Oxkpacka pa30aBIEHHOTO BOJHOTO PACTBOpa OOYCIIOBJICHA THIPATHPOBAHHBIMH HOHAMU
MeTa/utoB. ['0y0oii mBeT pacTBOpY MpUAal0T akBaTHpoBaHHbIC HOHBI Meau (I1), a po3oBbIid —
aKBaTHpOBaHHbIC HMOHBI KoOaimbTa (I1). B KOHIEHTPUPOBAHHOW COJSIHOM KHCIOTE KaTHOHBI
MHOTHX METAJJIOB 00pa3yOT YCTOHUYMBBIC XJIOPHJIHBIC KOMIUICKCHI, HUMEIOIINE MHYIO OKPAaCKY,
YeM aKBaWOHBI. Tak, XJOPUIHBIC KOMIUICKCHI MeIu (Hampumep, [CuC|4]27) HMEIOT JKEJITO-
3eIICHYI0 OKPACKY, @ aHAJTOTHYHBIE KOMITIEKCH KobanbTa (Hanpumep, [CoCly]*) — cunroro. ITpu
paz0aBlieHMH BOJIOM KOMILJIEKCHI pa3pymiaioTcs. B 0aHkax MOIVIM HAaXOJMUTHCS KaKue-Iuoo
ounapubie coenunenus menu (1) u koGangbpTa, pacTBOpUMbIE B KHCIOTax. Hampumep, OKCHI
memu (1) CuO, mutpux memu (I1) CusN,, okemmsr kobansra CoO u C0304%. Bee oHE mMeroT
YEepHYIO OKPACKY, a MPH JIEHCTBUN KOHIIEHTPUPOBAHHOHN COJITHOW KUCIIOTHI pa3iararoTcs:

CuO + 4HCI = Hz[CUC|4] + H,0

UYepHsiit YKEJTO-3€IICHbIN

CU3N2 + 14HCI = 3H2[CUC|4] + 2NH4C|

UepHsrit JKENTO-3€JICHbIN

[Tpu pa3zbaBneHun:

H[CuCl,] + 6H,0 = 2HCI + [Cu(H20)¢]Cl>
KEJITO-3ETICHBII royryoou
CoO + 4HCI = H,[CoCl4] + H,0

YEpHBIN CUHHUU

! Mosxkno 3acuutsBats C0,03.



Co304 + 14HCI = 3H,[CoCl,] + Cl, + 4H,0 mmm Co,03 + 10HCI = 2H,[CoCl,] + Cl, +
3H,0

YEpHBIN CUHUU

ITpu pa3baBnenuu:

H,[CoCl,4] + 6H,0 = 2HCI + [Co(H20)6]Cl

CUHHUHU PO30BBII

Cucmema oyeHusaHusL:

Oyenusaemcsi Kak npasuibHbLil 10001 U3 Hemblpex 8apuanmos.
CuO u CoO,

CuO u Co304 (uru Co,03),

CusN; u CoO,

Cu3N; u Co304 (unu C0,03).

Cucmema OUYeHUeaHus:

3a npasunvroe onpedenenue Kaxio0o2o

U3 KAMUOHO8 Memaiios (Meou, Kooaibma) 2x26 =406,
3a npasunvuyro opmyny Kkaxrcoo2o

U3 08X COeOUHeHUll 8 OAHKAX 2x46 =86
3a kascooe uz 08yx ypasHeHull pacmeopetiis.

UCXOOHDIX BeUleCcme 8 KUCIIome 2x260=406
3a eeproe 0OvsCHeHUEe NPUYUHDL

U3MeHeHUsl OKPACKU npu pazdasieHuu 860001 2x26 =46

HUTOIO: 2006
3adaua 9-3 (aemop A.A. /[po30oes)

B peakmuio BBOAAT MO0 YMCTHIN MapraHell, JU00 METalll, COASPKAIUNA MPUMECh MEIU U
sene3a. KoHIEHTpaIus HOHOB BOIOPoa B pacTBope comsHoit kucnotsl (C(H') = 3 M) 6onbiue,
yeM B pactBope cepHoit kucnotsl (C(H') = 2 M). Bonee sHepruuno MeTamn GyaeT pacTBOPAThCS
B COJIIHOM KHCJIOTE M3-3a O0JIbIIel KOHIEHTPAlMU HOHOB BOAOPOJa M YaCTHUYHOTO 00pa30BaHUs
B PpAacTBOpE XJOPUIHBIX KOMIUIEKCOB. beCHBETHBIM TOpIOYMH Tra3, B3pBIBAIOLIUNCA TIPH
MOAHECEHUU CIUYKHU € XJIONKOM — 3T0 Boaopo. OH Beiaensercs y bypatuno, MansBunsl u Kota
basunmo. bypHoe Beinenenue Bogopona y bypatuno u Korta roBoput 00 HCIIONB30BaHUHA UMH
COJITHOW KHUCJIOTHI, B TO BpeMsi kKak ManbBrHa paboTana ¢ cepHoi kucinoToil. Mtak, oOpatumcs k

JKypHaaM MepCOHaAXKEN.



Bypatuno. Peakiusi ¢ coysiHONM KHCIIOTOM, pacTBOpeHHE 0€3 ocTaTKa CBUIETEIBCTBYET 00
OTCYTCTBHH M€Y (HEPAaCTBOPUMOM B COJITHOM KUCJIOTE), TO €CTh O YHCTOM MapraHiie.

Mn + 2HCI = MnCl; + H; Q)

[Tbepo. Bolmagenue uepHOro ocajka npu g00aBiIeHUHM Cyiabhuaa HATpUs TOBOPUT O
HAJIMYUU B PACTBOPE COJIM MU, CYIb(U KOTOPOI OKpallleH B YEpPHBIN IIBET U HEPACTBOPUM B
KHCIIOTaX. 3HAYMUT, METAJUT COAEpkKall mpuMecu. M3 mpemnoKeHHBIX KUCIOT MEIb PacTBOPSIET
TOJILKO a30THas. B TO ke BpeMsl BBIJCICHUE TOPIOYEro rasa, COJACpPIKAIIEro JHIIb IMPUMECh
OKpAIIIEHHOTO AMOKCHJA a30Ta, CBHUJETEIbCTBYET OO0 HCIIOJIb30BAHUM DPa30aBIEHHOM a30THOM
kucnotel. M3BectHo, uto 15-20 %-nas a30THas KHUCIIOTa pearupyer C Mapraiiem
MIPEUMYIIIECTBEHHO C BBIJICJIICHUEM BOJIOPO/A.

Mn + 2HNO3 (3 M pactBop) = Mn(NOs), + H; @)

(Cm. Yuebnuk Xumusi-10, npoduibHelil ypoBeHb, aBTop Epemun B.B. u np., poda 2008 T,
c. 166; Heoprannueckas xumus, T. 2. nox pen. akaa. FO.J[.TperbsikoBa, M., Axanemus, 2008r,
c.199-200). 3a mpaBWIBHBIH OTBET MOXXHO NPUHUMATh YPAaBHEHHS pEaKIUi, B KOTOPBIX
MPOyKTaMH BOCCTaHOBIIEHUS a30THON KUCIOTHI siBIsitoTest NO, Na, N, O.

3Cu + 8HNO3 (3 M pactBop) = 3Cu(NO3), + 2NO + 4H,0 (3)

Fe + 4HNO3 (3 M pactBop) = Fe(NO3); + NO + 2H,0 4)

2NO + 0, =2 NO»

Cu(NO3); + NazS = CuS{ + 2NaNO;

MasnbBuna. Pabotaer ¢ cepHOM KHCIOTOHM, wmetamn coaepxur npumecu (Cu),
HEPaCTBOPHUMEBIE B pa30aBIEHHOM PacTBOPE CEPHOU KHCIIOTHI.

Mn + H,SO, = MnSO,4 + H» (5)

Fe + H,SO, = FeSO4 + H» (6)

Jluca Amnuca. IlokpeiTHe oOpasiia MmeTtayia OelechlM HAJETOM COJIM W DHEPrHYHOE
MIPOTEKaHWE pPEeaKIMM NpU pa3daBleHUU TOBOPAT B Moib3y AbiMaAlied 100 %-Hoil a3oTHOM
KkucnoThl. OO0 3TOM K€ CBHJAETENhCTBYET M BBIICIEHUE OKPAIICHHOTO raza — JHUOKCHIA a30Ta.
3eneHoBaTO-KeNTasi OKpacka pacTBOpa, HE MCUe3arolas Mpy KHUISTYeHUU (KOTJa BECh TUOKCHU]

a30Ta yJETY4YUBAETCs ), TOBOPUT O HATMYUHU TTPUMECEH JKelle3a U MEJIH.

Mn + 4HNOj3 (komm) = Mn(NO3), + NO, + 2H,0 )
Cu + 4HNOs (ko) = Cu(NOs), + NO, + 2H,0 (8)
Fe + 6HNO; (komm) = Fe(NOs); + 3NO, + 3H,0 9)

Kot ba3unmo. DHepruyHoe MpOTEKaHWE PEAKIMU TOBOPUT 00 HCIOIB30BAHUH COJISTHOM
KUCIOTBI. TBepaplii OCTaTOK B NPOOHMPKE CBHUAETENbCTBYET O HAIMYUU MPUMECH MEIH,
HEPaCTBOPUMOM B COJISTHOM KUCIIOTE.

Mn + 2HCI = MnC|2 + H>



Fe + 2HCI = FeCl, + H, (10)

OTBeTHI npeacTaBuMm B BUIC Ta6JII/II_H:II

O6pa3zern mapranma (4UCTHIH dopmysia U KOHIEHTPALMS
[Tepconax

WM C IPUMECSIMU) KHCIIOTBI
Bbypatuno YUCTBIN 3M HCI
ITeepo C npumecsmMu 3 M HNO3
MaisBuHA C npumecsmMu 1 M H,SO,
JIuca Anuca C npumecsmu Hemvsimas HNO3 (100%)
Kot bazunmo C npumecsmMu 3M HCI

Cucmema OYeHUueaHus.:

3a kascoyro cmpoky mabauyvl npu NPAsUILHOM ee 3anoaHeHuu — 2 6 (o 00HoOMY OaNy 3a Kaxdcoblll
u3 08yx cmonoyos) 5x2 = 10 6annos
3a xaoscooe ypaenenue peaxyuti — no 1 6 (kaxcooe ypasHeHue oyeHU8aemcsi Mmojibko 0OUH pas,
odaoice ecii OHO NOBMOPAEMCAL Y PA3HBIX KVKOJ) 10x1 = 10 6annos
3a npasunvHbll 0mMEem MONCHO NPUHUMAMb YPAGHEHUs pearkyuill, 8 KOMOpbIX NpPOOYKMAamu
soccmanognenuss 3M azommuoii kucromer mapeanyem asnaromes NO, Na, NoO.

HTOIro: 20 6annoe

3aoaua 9-4 (aemopA.A. /Ipo3oos)

[Mpu neiictBun ammuaka Ha pactBop cynbdara memu (1) oOpasyroTcs OCHOBHBIE COJIH
obmero cocraBa CuSO4-NCu(OH);-mH,0O, koTopele B M30BITKE peareHTa pacTBOPSIIOTCS C
00pa3oBaHNEM aMMHAYHBIX KOMILIEKCOB.

(n + 1)CuSO,4 + 2nNH3-H,0 + mH,0 = CuSO4-nCu(OH),-mH,0 4 + n(NH,),S04

[Ipu npokaJlMBaHUU OCHOBHOM COJIM MPOTEKAET PEAKIUSA:

CuSOy4-nCu(OH)2:mH,0 = CuSO4-nCuO + (m + n)H,O

VYBenuueHne Macchl KOJIOHKM CBSI3aHO C IIOIJIOIIEHHWEM BOJABI, TaK KaK pa3jioXKeHue

cynbdara meau (1) mporcxomuT pu 60s1ee BBICOKOM TeMIieparype.

5



m(H,O) = 18r, n(H,O) = 1monb, ciaemoBaTeabHO, Ha | MOJb OCHOBHOM COJH ITO
YPaBHEHUIO MPUXOJAUTCS 5 MOJIb BOJBL, T. €. M+ N =5,

[Tpu BBICYIIMBAaHUHU B YIKCUKATOPE OCHOBHAS COJIb TEPSET KPUCTAILIM3AIMOHHYIO BOTY:

CuSO4-nCu(OH)2-mHZO = CuSO4-nCu(OH)2 + mH,0

m(H,0) =7,2 r, n(H,0) = 0,4 mob, ciIe10BaTENBHO, HA 1 MOJIb OCHOBHOM COJIH MTPHXOIUTCS
2 BOJBL, T. €. M = 2,

Taxum obpaszom, n = 3.

CuS04-3Cu(OH),-2H,0 umu Cuy(OH)sSO4-2H,0

VYpaBHEeHUe peakuy 00pa3oBaHUs COJIU:

4CuS0y + 6NH3-H,0 + 2H,0 = Cuy(OH)sSO4-2H,04 + 3(NH4),S04 1)
[pu npokanuBaHUH MOJIyYeHa OKCOCOIb — cyibdar Tpuokcomean(ll):
Cu4(OH)6S04:2H,0 = Cus03S04 + 5H,0 @)
n(CuSQ,) = 0,2 Mo

N(Cus(OH)sSO4-2H,0) = n(Cu403S04) = 0,05 Mo

m(Cus03S04) =201

VYpaBHeHHe peakiuu 00€3B0KUBAHUS B SKCUKATOPE:

Cua(OH)6S04-2H,0 = Cus(OH)6SO04 + 2H,0 3)

Cucmema ouyenueanusn:

3a pacuem n (CuSQy) 1,56
3a pacuem n (H20), svloenuswetics npu npokarueanuu 1,56
3a pacuem n (H20), noznowennoii ceproti kuciomoii 1,56
3a ykazanue na ¢hakm obpazosarus OCHOBHOU CONU 26
3a naxooicoenue npasunvbHou hopmyasl cou 3,50
3a ypasnenus peaxyuii (1 —3) — no 2 6, éceco 606
3a nazeanue conu 26
3a pacuem maccwol conu 26
HUTOIO: 2006

3aoaua 9-5 (aemop C.H. Kapzos)

1. Q = Q1,H2S04(ai) — Qr,H2S04(1) = 909.27 — 813.99 = 95.28 xJ[-MoIb .



2. Beiensromasicst TEIIOTa PacxolyeTcs Ha HarpeBaHUue N MOJIb BOJBI € TEIIOEMKOCTBIO Cp

OT TeMIeparypsl T1 10 TeMueparypsl To, T. €.

Q 95280

= = 16.9 moub.
Cp(l'z -Ty) 753.75

Q=nC,(T,—T;), otkyna n=

Torma m(H,0) =16.9-18 = 304 r.
3. Beipensromniascs TEIIOTa pacXoLyeTcst Ha HarpeBaHUE N MOJIb BOJBI C TEIIIOEMKOCTBIO Cpy
ot Ty 10 Temreparypsl T2 ¥ HCHApEHHE N MOJIb BOJIBI C TEIUIOTOM UCTAPEHUSA Qyep, T. €.

Q 95280

= = 2.06 mMo1b.
Cp (T, -T))+Q,.,, 75.3-75+40660

Q=nC, (T, -T)+nQ,,, , OTKyHa N =

Torma m(H,0) =2.06-18 =37 r.

4.Tlpu noGaBieHWU HEOONBIINX TOPUUN KOHIICHTPUPOBAHHOW CEPHOM KHUCIOTHI K
0OJIBIIIOMY KOJHMYECTBY BOJBI KHCIOTA, UMEIOMIasi OONBINYI0 IIOTHOCTh, TOHET B BOAE, a
BBIICTISIIONIASCS TEIUIOTa TOTJIOMIACTCsS OOJIITUM KOJHYECTBOM OKpYyKaroImeld Boawl. Ecim
N00aBIATH BOAY K KHCJIOTE, TO BOJA, HMMECKOMAs MEHBIIYK IUIOTHOCTh, OCTAaHETCS Ha

IMOBCPXHOCTU U MOXKCT 3aKHIICThb, YTO MOXKCT IIPUBCCTU K BbI6p0CY KHCJIOTHI.

Cucmema OUCHUBAHUA.

1. 3a npasunvHolll pacuém 2 banna

2. 3a npasunvHblil pacuém 6 bannos
3. 3a npasunvubilii pacuém 8 bannos
4. 3a npasunvHoe obvACHeHUE 4 6anna
HUTOIO: 20 6annos



