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Oowasa xumus

Tema 1. OCHOBHbIe MOHSIMUS U 3aKOHbI XUumMuu

KOHTpOﬂbeIe BOMpoOCbLI U 3aAa4um

1. OnpeneneHue OTHOCUTENIPHOM ATOMHOM M OTHOCHUTEIbHOU
MOJIEKYJISIPHOU MacCCBl.

2. KonmnuecTBO BeliecTBa, €AMHUIIBI U3MepeHus. Yucmo ABorajpo.
[TocrosiHHast ABorajpo.

3. Monspras Macca BemecTBa. EqUHHUITB H13MEpEeHUS.

4. 3axoH ABOrajgpo u ero cieacTBus. MosIpHbI 00BEM Trasa, eIu-
HUIIBI U3MEpeHUs. AOCOJIIOTHASI U OTHOCUTEIIbHASI IUNIOTHOCTH Ta3a.

5. IlpuBenenne oObeMa ra3za K HOPMAJIbHBIM YCIOBUAM (H.V.).
VYpaBHenue MenneneeBa — Knamneiipona, o0beuHEeHHBIN 3akoH boii-
a1 — Mapuotra u I'eit-JIroccaka.

6. BzauMocBsi3b MEXIAy TMOHSITHUSMU: KOJMYECTBO BEIIECTBA,
Macca, MOJIApHas macca, o0beM, MOJIIPHBIM 00BEM, YHCIIO YacCTHII,
yuciao ABOrajpo, noctostHHasi ABorajpo.

/. OCHOBHBIE CTEXHOMETPUUYECKHUE 3AKOHBI U UX OTPAHUYEHHOCTb.

8. Beruuciaure MOJISpHYIO Maccy coenauHeHuss maccodt 11,2 r u
KosnyecTBOM Bemiectna 0,7 Mouis.

9. Beruncnure Maccy YrieKucioro rasa, 3aHHMAOIIEro 00bheM
30,6 ma (H. y.).

10. OTHOCHTENBHAS TUIOTHOCTh Ta3a MO BOAopody paBHa 16.
BbIuncinTe ero OTHOCUTENIBHYIO MOJIEKYJISIPHYIO Maccy.

11. Ilpu Temueparype 25° C u gaBiaeHuu 744 M. pT. CT. Ta3 3aHH-
MaeT 00beM 32 Mit. [IpuBenuTe 00beM ra3za K HOpMajabHBIM yCIOBHSIM.

12. XnopoBoaopoa obbemom 45 mi cobpan B razometp. BbI-
YUCIUTE MAcCy XJIOpUIa HaTpusl, HEOOXOIUMOIO JIJIsl MOJIyYEHHUsl yKa-
3aHHOTO 00BhEMa rasa.

13. KpyroBopot azota B Mpupojie BKIIOYAET €ro OMOJOTUUECKYIO
dbukcalio TpU MOMOIIM KIYOCHBKOBBIX OaKTepUil M MPOIECCHI
OKHUCJICHUSI TPU aTMOC(EPHBIX SIICKTPUUECKUX paspsiaax. Bo Bpems
rpo3bl B BO3MyXe OOpa3zyeTcs OKCHJ a30Ta HEU3BECTHOTO COCTaBa.
M3BecTHO, UTO Macca OJHOM €ro MoJIeKyJbl coctaBisier 4,99 102,
YcranoBure popmyiry OKCUIA.



14. OkeaH Kak HacoC: B MOJISIPHBIX IMAPOTaX OH IMOTJIOMIAET CBO-
UMHU XOJIOJHBIMH BOJAMU TUOKCHJI YIJIEpOJa, a B DKBAaTOPUAIIbHBIX U
TPONMMUYECKHUX, TJI€ BOJA TEIUIasi, OH OTJAeT A3TOT ra3 B armocdepy. B
OOMEHHOM TMpoliecce MeXay aTrMochepoil W OKeaHOM Yy4YacTBYET
exeromaro 100 mapa ToHH yriekucioro rasa. Ckoasko monekyna CO,
BOBJICYEHO B ATOT Iporiecc?

15. 1,5 r razoo6pa3Horo Beriectna, coaepxariiero 20% Bomgoposa
u 80% yriepona, 3aaumaeT oobeM 1120 mi (H.y.) YcTaHOBHUTE €ro
XUMUYECKYI0 (DOPMYITY U BBIYUCIUTE OTHOCUTEIHHYIO MOJIEKYIISIPHYIO
Maccy rasa.

16. IImoTHOCTH Traza Imo BOAOPOAY, coaepkamiero 27,27% yrie-
pona u 72,72% xucnopona, paBHa 22. YCTaHOBHUTE €r0 XUMHUUYECKYIO
(dbopMyITy U BEIYUCIIMTE OTHOCHUTEILHYIO MOJISKYJIIPHYIO MaccCy rasa.

Tema 2. CmpoeHue amoma

KoHTponbHbIe Bonpockl U 3agayun

1. Kakoii Habop KBaHTOBBIX YHCEI OMHUChIBaeT 2p-, 3d-, 5f-arom-
Heie opoutanu (AO)?

2. . MakcuMaabHOE YHCiI0 JICKTPOHOB Ha S5f-opOuTanm.

3. CKOJIbKO OpHEHTAIlMi B MPOCTPAHCTBE HMEIOT OPOUTANIM CO
3HaYECHUEM OpOUTAIBLHOr0 KBAHTOBOTO uKcia: a) 1, 6) 3, B) 2, r) 0?

4. Yucno opburtaneit Ha ypoBHe N =4,

5. [TpaBuno Xyuna. [Tpunnun I[laynu. I1paBuno KneukoBckoro.

6. Kaknx w3 criemyromux MoaypoBHEH B aToMax He ObiBaeT a) 1p,
0) 2s, B) 3f 1) 5s, 1) 2d? OTBEeT MOSICHUTE, KCITOJIL3YSI KBAHTOBBIC YHCIIA.

/. Kakue KBaHTOBBIC YHCJIa CBUJICTEIHCTBYIOT O TOM, UTO AJIEKTPO-
HBI Ha OJTHOM aTOMHOW OpOUTAIIM UMEIOT MPOTUBOIIOIOKHBIE CITUHBI?

8. Pacnpenenure 30€ Mo ypoBHSIM M MOAYPOBHSIM C Y4YETOM
MPUHIIAIIA MUHUMYMa SHEPIrUH.

9. Kakas atomMHasi opOuTaab ompeaeisieTcss HabopoM KBaHTOBBIX
gucen N =3, 1=0, m; =0? Kak pa3nuuuTh JBa DJIEKTPOHA, KOTOPHIC
MOTYT 3aHUMATh 3Ty OpOUTAIH?

10. Ilepeuncnure MOPsIAOK BO3pacTaHUs MO SHEPTUU CIICTYIOIINUX
opOuTaiieit mpou3BoJibHOTO atoMma: 18, 2s, 3s, 2p, 3p.

11. Onpenenure pacrpeaeaeHue IEKTPOHOB sl aTOMa KPEMHUS
B OCHOBHOM COCTOSIHUHU.



12. Hanmumure KoHOUTypaluio OCHOBHOTO DJICKTPOHHOIO CO-
cTostHus 151 HoHa O, OO0ocHYyHTE OTBET.

13. Hanummute KoH(Uryparud OCHOBHOTO JJIEKTPOHHOTO CO-
CTOSTHUSI JIJIA KakJoro u3 ciemayromux uoHoB: F, Ca 2+, Li* . Yro
0OIIIero UMEIOT ATU KOH(PUTYpALTUH?

14. Kakue 351eKTpOHbI B OCHOBHOM COCTOSIHUM aTOMa KHCIIOpOJA SIB-
JISIFOTCSI BAJICHTHBIMM, a KaKue MPUHAJIEKAT BHYTPEHHUM 000104YKam?

15. CxoapKO BaJICHTHBIX AJIEKTPOHOB Y aToMa ¢ ropa?

16. Yto 001mmiero B OCHOBHOM 3JICKTPOHHOM COCTOSTHUU DJIEMECH-
TOB / TPyNIIbI?

17. Yto Takoe mpaBuiio okTeTa? KakoBbI €ro orpaHuueHUs ?

18. AToMBI CcleAyrOIUX SJEMEHTOB CKJIOHHBI MPUHUMATH WJIU
TepsaTh dnekTpoHsl: N, Mg, P, Sr, Al, Se?

19. Cepa ob6pa3yer ranoreaunasl SCl, ,SF4 , SFg. CymiectBoBanue
KaKoro, KaKMX U3 HUX MOXKHO MPEJICKa3aTh, UCXO/s U3 MpaBuiia OKTeTa?

20. Xnop o6paszyer ¢ropunel CIF, CIF; CIFs. Kakoe u3 3tux
COCIMHEHUHN COOTBETCTBYIOT MPABIITY OKTETA?

Tema 3. Xumu4dyeckasi cesi3b

KOHTpOﬂbeIe BOMNMpoOCHLI U 3ada4ium

1. Turm cBsI3W B XJIOpUAAX HATpHsl, MarHus, ajdroMuHUS (1Ba
crioco6a: 1o 3HaueHussM OO0 U TONSpU3AIIN HOHOB).

2. Byner nu cymectBoBats yactuna H,” (MMO)?

3. byger nm Mojekyila a3ora o00dadaTh IMapamMarHUTHBIMH
cBorictBamu? [louemy? Hucio o- u m-cBA3€i B 3TOM YacTHUIIE.

4, Tun TOpuAM3anUu IIEHTPAJbHOTO aToMa B XJjopujae Oopa.
Meton BC. BamenTHsiii yroun, Gopma MoneKyisl (3apucopats). Ilog-
TBEPUTE TCOMETPHIO MOJIEKYJIbI, UCIIOIB3YsI MeTo [ mitecnu.

5. Pacrnosnoxure XJI0publ CIIeTyOMUX HOHOB: Ag+, Pb2+, Ca2+, K'-
B TOPSJIKE YBEIMUCHUS TEMITEPATyphl TUIaBlicHUs (OOBSICHHUTE, WCIONb-
3ysl TCOPHIO MoJisipu3aitun). [ToarBepauTe CipaBOYHBIME MaTepHaIaMH.

6. OObsicHUTE pa3nuuHblid 1BET (OKpackKy) XJopuja W HOaWIA
cepebpa.

/. Beruucnure:

a) IUIOJIbHBIA MOMEHT (/1), ecau mjauHaA AMIIOJS XJIOPOBOAOPOIa
paBHa 2,2 1010M;



B) JUTMHY JTUTIONSI CHHWJIBHON KHUCJIOTHI, €CJTU JIUITOJIBHBI MOMEHT
paBeH 2,9/1.

8. Mexanu3m 00pa30oBaHuUsl, CBOMCTBA U IPUMEPHI:

a) BOJIOPOIHOM CBSI3H;

B) METAJUTHICCKOMN CBS3H.

9. a-OJIOBO — cepoe XpymKoe BEIIECTBO C HU3KOU DJICKTPO- U
TEIIONPOBOJHOCTHIO, €r0 IIOTHOCTh 5,85F/CM3; B-OJIOBO - 6enoe
MJIaCTUYHOE, O00JaaeT XOPOIIEH 3JEKTPO- M TEIJIONPOBOIHOCTHIO,
ero wioTHOCTH 7,29 T/cM°. OGBICHATE IPHYHHBI PA3INUUS B CBOHCT-
Bax ATUX JIBYX MOAU(DUKAIIUN OJIOBa.

10. Mexay MOJIeKyJIaMu KaKHX BEIIECTB MOTYT 00pa30oBaThCs
BOJIOPOJIHBIE CBsI3U: (PTOPOBOAOPO/IA, OI0BOOPOIA, BOJIbI, TEJLTYPH-
J1a BOJIOpOJ1a, aMMuaka, (pocurHa, MmeTaHa, cuiiaHa?

11. Kakue u3 TEpEeUUCICHHBIX SIBICHUM MOXHO OOBICHUTH
(bopMHUpOBaHUEM IMPOYHON BOJOPOAHOW CBsI3M: 1) KalbLMii B3aMMO-
JCHCTBYET ¢ BOAOPOJIOM C 00pa30BaHUEM THIPHIA KaJbIUS; 2) peak-
IIUsl XJIopa ¢ BOJOPOJOM HMMEET IECIMHON XapakTep; 3) TeMIiepaTrypa
KHTICHUS BOJIBI BBIIIE, Y€M CEpOBOJOPOAa; 4) TeMiepaTypa KUIICHUS
reKcaHa BBINIC, YeM IIpOIlaHa; 5) reMIepaTypa KHIICHHS aMMHaKa
BhIIIIE, YeM pocrHa?

12. MOXHO 1M UCXOJIs U3 BEJIMYMH TeMIepaTyp IUIaBJICHUS psla
BCIIIECTB OIICHUTH, B KAKUX CIIydasX BEIIECTBA UMEIOT MOJICKYJISIPHYIO
pemeTtky? Paccmorpute Ha npumepe:

Ne CH4 HI Hgo P, PdC|2 S|02 Si NaCl
T.K 24 9 222,3 273 317 2000 1200 1700 1073

13. YUem 0OBSICHUTh YCTOMYMBOCTH MOHOMEPHBIX MOJICKYJ a30Ta,
yrapHOTo Ta3a, KUCJIOpoja, YIIeKuciaoro ra3a (00pa3oBaHbl aTOMaMu
3JIEMEHTOB BTOPOTO IIEPHO/Ia) U CKIIOHHOCTh K ITOJIMMEPH3AI[UU MOJIC-
kyn P, S, ,SIO, SiO, (oOpa3oBaHbl aTOMaMH 3JEMEHTOB TPETHETO
NIEpHO/Ia WM aTOMaMH KUCIIOpoa)?



Tema 4. Ckopocmb Xumu4yeckKux peakyuu

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada'ium

1. CkopOoCTh XMMUYECKUX PEAKIMil, OTIMYHE CPEIHEU CKOPOCTH
OT MTHOBEHHOM.

2. 3anuImTe MaTeMaTHIECKOE BRIPAKEHHUE 3aKOHA JEHCTBYIOIINX
Macc JJII XUMUYECKUX PEeaKIIHii:

2A +B = A2B

N2 (I‘) + 02 (K) =2NO

CO,+C=2CO

4Fe + 30, = 2Fe,04

3. 3aBUCUMOCTh CKOPOCTHM XMMHYECKOMW pPEaKIMu OT MPUPOABI
pearupyommx BelecTs, OT TeMneparypsl. 3akoH Baut-I'odda, ypas-
HeHue AppeHuyca. ['OMOTeHHBIM W TeTepOreHHbId Katanus. [Ipume-
pbl. MexaHu3M JEUCTBUS KAaTalIU3aropa. DHEPTrHsl aKTHUBALMU XUMU-
YECKOU PEaKIIUHU.

4. Koncranta  ckopoctu  peakimun A +2B=AB, paBHa
2 - 10° ni/(monb ). BeluncinTe ee CKOPOCTh B HAYAIBHBIA MOMEHT,
korma C, = Cg = 0,4 monp/nm 1 yepe3 HekoTropoe BpeMs. K atomy
MOMEHTY KOHIIeHTpaIus BemectBa AB, coctasmia 0,1 moms/m.

5. Kak u3MeHUTCsE CKOPOCTh XMMHUYECKOM PEAKIIUU TOPEHUS METa-
Ha B KUCJIOPOJIE, €CJIM KOHIICHTPAIIUIO KUCI0POJia YBEJIUUUTh B 5 pa3?

6. XuMuueckas peakius mpoTekaer 1o ypaBHenuro A + B = C.
B HauanbHblii MOMEHT BpeMenn C, = 2,7 moinb/n, Cg = 2,5 Mow/m1.
Cnycts 0,5 yaca KOHUEHTpalus BeuecTBa A yMEHbIINIACh U CTalla
paBHoO# C, = 2,5 Mob/a. Beruucanure KOHICHTPALHIO BellecTB B u
C K 3TOMy MOMEHTY M CPEJHIOK CKOPOCTh B yKa3aHHBIM MpPOME-
KYTOK BPEMECHHU.

7. Bo CKOJIBKO pa3 clieyeT YBEIUYHUTh JaBJICHUE, YTOObI CKOPOCTh

xumuyeckoi peakiun 2NO, + O, = 2NO, yeemuuunaces B 1000 paz?

8. Bo ckosibko pa3 M3MEHHTCS CKOPOCTH XUMUYECKOM peaKiu
1pu yMeHbIIeHnr Temmepatypst ot 70 1o 30°C, eciu TemmepaTypHSiii
kod(pdurmeHT paseH 37

9. Ha ckoibKO IpasyCcoB HY>KHO MOBBICUTH TEMIIEpaTypy, YTOObI
CKOpPOCTh XMMHMUYECKON peakuuu yBenumuwiach B 81 pa3? Temmnepa-
TYpHBIA KO3PGUIIMEHT CKOPOCTH PEaKIuy paBeH 37



10. Beruucnuth TeMnepaTypHbId KOAQPUIIUEHT HEKOTOPOH XUMH-
g 0
YECKOM peakIny, €CIIA IIPH MOBbIIeHNH TemmnepaTypsl oT 10 mo 50°C
CKOPOCTh XUMHYECKON peakinu yBeauumiach B 16 pas.

NMpumepb! BbINOMHEHUA 3a4aHNN

Ilpumep 1. Hanumure maTeMaTHYECKOE BBIPAXKEHUE 3aKOHA
JEHUCTBYIOIINX MACC JJIs CASAYIONTUX XUMHUYECKUX PEAKIIUA:

MgO(x) + SO,(r) = MgSOs(x) ; (1)

CuO(k) + Hy(r) = Cu(x) + H,O(r) . (2)

Pewenue. B maTeMaTnueckoM BBIpaKEHUHU 3aKOHA JICHUCTBYIOIINUX
MacCc HE YYMTHIBACTCS yYacTHE BEIICCTB, HAXOJAIIUXCS B TBEPOH
daze. I[loaToMy 3aBHCUMOCTh CKOPOCTH XHMHUYECKOW pPEaKIWH OT
KOHIICHTPAIIMK PEearupyrolux BEIIECTB CIeayeT 3alucaTh Tak:

V= kC (502), V,= k C (H2)

Omeem. JIna peakuun (1) CKOPOCTh 3aBUCUT TOJIBKO OT KOHIICH-
tpanuu SO,, i peaknuu (2) — TOJIBKO OT KOHIICHTpaIuu Ho.

Ilpumep 2. Kak U3MEHHUTCSI CKOPOCTh XUMUYECKON PEAKIINU

4Al(k) + 30,(r) = 2Al,03(x),
€CJIM KOHIIEHTPAIIUIO KUCIIOPO/ia yBEIUYUTh B 3 pa3a’?

Pewenue:

1. 3anuceiBaeM BBIPAKEHHUE 3aBUCHMOCTH CKOPOCTH XUMHYECKOMN
pCakIMK OT KOHIICHTpALMK pearupyronmx Bemects: Vi = K [C (02)]3

2. [1pn yBeaM4YeHUU KOHIIGHTpAIUM KHUCIOpoaa B 3 pasa U cKo-
POCTh XUMHUYECKON peakmuu Bo3pacraet: V, = K [3C (O,)]".

3. I3MeHeHne CKOPOCTH XUMHYECKON peakliui paBHO

k [3C (0T
V2/ Vl = = 27.
k [C (O2)°

Omeem. llpu yBenWdYeHUN KOHIIGHTpAIlUM KHCIIOpojaa B 3 pasza
CKOPOCTh XUMHUYECKON PEaKINK YBEIMUIUBAETCS B 27 pas.

Ipumep 3. Kak "3BMEHUTCSI CKOPOCTh XUMHUYECKON pEeaKIINu

2Al(k) +3Cl,(r) = 2AICl5(x)

NIpU YBEJIMYCHUH JaBJICHUS B 2 pa3a?

Pewenue:

1. 3amuceiBacM BBIPaKEHUE 3aBUCHMOCTH CKOPOCTH XI/IMI/IUIGCKOI/I
peaKIuy OT KOHIEHTpauuy pearupyomux semects: Vi= k [C (Cl,)]°.

2. Ilpy yBenWueHWW daBIICHUS B 2 pa3a KOHIICHTpAIlHS X110pa
TaKKe yBeJanmunBaercs B 2 paza. CiregosarensHo, Vo= k [2C (CL)]J°.
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3. I3MeHeHne CKOPOCTH XUMHYECKON peaKIiui paBHO
k [2C (CLp)I’

V2/ V= =8
k[C (C)*

Omeem. 1lpu yBenM4eHUU JABJICHHUS B 2 pa3a CKOPOCTh JaHHOMN
XUMHUYECKOM peakIuy yBeIuduBaeTcs B 8 pas.

Ilpumep 4. TemnepaTypHbli KO3QPUIIMEHT CKOPOCTH XUMHYEC-
KOH peakiuu paBeH 2,5. Kak M3MEHHUTCS €€ CKOPOCTh a) IPH IOBBI-
IIEHUU TeMIepaTypsl peakiuonnoi cmecu or 60 go 100 °C; 6) mpu
HOHKeHUH Temieparypsl ot 50 mgo 30 °C?

Pewenue:

1. 3aBUCUMOCTh CKOPOCTM XHWMHYECKOW pEaKIUu OT TeMIepa-
Typsl ompenenserca npaBuioM Baut-I'obda. Ero maremarmyeckoe
BBIpa)KCHUE!

V, =V, y (2-0/10

CnenoBarensHo, a) Vo/ V1 =25 (100-60)/10 25%=39,06;

6) Vol ;= 2,5 8°0/10 =252 1/6 25 =0,16.

Omeem. [lpu noBeienny TeMieparypsl Ha 40° cKOpOCTh JaHHON
peakiun yBenuurBaeTcs B 39,00 pa3a, mpu MOHIWKEHUN TEMIIEPATYPhI
Ha 20° CKOpPOCTh XMMHYECKON peakiiM yMeHbImaercs B 6,25 paza u
coctapisier auiib 0,16 OT CKOPOCTH XHUMHUYECKOW pEaKIUU MpH
temneparype 50° C.

Tema 5. Xumu4yeckoe pasHogecue

KOHTpOﬂbeIe BOMpoOCbLI U 3aAa4um

1. OOpatumbie 1 HEOOpaTUMBbIE XUMUYECKUe peakiuu. [IpuBectu
npuMepbl. OCHOBHBIC TPU3HAKA HEOOPATUMOCTH peakiuil. JloxkHoe
XUMHUYECKOE PaBHOBECHE.

2.3aKoH JEUCTBYIOIIMX Macc Uil OOpaTUMBIX XHUMHUYECKHX
peakuuii. DU3NUECKUN CMBICT KOHCTAHTHI XMMUYECKOTO PABHOBECHS.

3. 3anuImuTe BhIPAKEHHUE KOHCTAHTHI XMMHYECKOTO PABHOBECHS
JUISL CAEYIOIINX XUMUYECKUX PEAKIIHIL:

3Fe(K) + 4H20(F) > F6304(K) + 4H2(F)

CaO(k) + CO,(r) <> CaCO5(k)

Ca(k) + C(k) +3/20,(r) <> CaCO;(k)

4. ITpunuun Jle-Ilarense. [IpuBecTu mpumMepsl.
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5. Kak BnusieT yBeInM4eHHe 1aBIeHUs Ha CMEIICHUE XUMUYECKOTO
PaBHOBECHS B CICAYIOIIMX PEAKITUSX:

Ha(r) + Jo(r) < 2HJ(r)

CO(r) + Cly(r) <> COClIy(1)

2NO(r) + O,(r) <> 2NOy(1)

C(x) + CO,(r) <> 2CO(r) ?

6. B nampaBiieHUH TPSMOM WM OOpaTHOM pPEaKIMd CMECTUTCS
XUMHUYECKOEC PABHOBECHE B CIICAYIONIUX PEAKIUAX IPH TOHMKCHHUH
TEeMIIEpaTypPhI:

2H28(F) + 302(F) g 2802(1“) + 2H20(F) AH <0

2N2(F) + Oz(F) > 2N20(F) AH >0

250,(1) + O,(r) «» 2S05(1) + 192,74 xJIx

N,O4( 1) <> 2NO,(r ) — 54,47 xJIx?

7. [leiicTBUeM Kakux (PAKTOPOB MOMXHO CMECTUTh XHMHUYECKOE
paBHOBECHE B CTOPOHY MPSMOKN PEAKITUH:

C(x) + H,O(r) «> CO(r) + Hy(r) — 129,89 x/Ix

Nz(F) + 3H2(F) > 2NH3(F) AH < 07?

8. Xumuueckoe paBHOBecue B peakiuu 2S0,(r) + O,(r) «
2S503(r) ycTaHOBWUIIOCH TIpU CIEAYIONUX KOHIICHTPAIUSIX pearu-
pytomux BemectB: [SO,] = 0,2 momnw/i, [O,] = 0,05 moaw/a, [SOz] =
0,09 monb/n. Kak u3MEHHTCS CKOPOCTh MPSMOM pEakiiu, CKOPOCTh
oOpaTHOM peakiuu, €Ciiu 00beM ra30BOM CMECH YMEHBIIUTH B 3 pa3a?

9. Brruncnure paBHOBECHYIO KOHIIEHTPAIIMIO BOJAOPOA U XJIopa B
xumudeckod peakiuu: Hy(r) + Cly(r) <« 2HCI(r), eciau ucxoanbie
kounentparuu C(H,) = 0,5 momws/n, C (Cl)) = 1,5 momse/in, a
paBHOBecHass KoHIeHTpanus xjaopoBogopoxa [HCI] = 0,8 moins/m.
Brrynciite KOHCTAHTY XUMUUYECKOTO PAaBHOBECHSI.

10. ITpu HexoTOpOM TeEMIlepaType COCTaB PABHOBECHON CMeCH
cienytomuii: m(CO) = 11,2 r, m(Cl,) = 14,2 v, m(COCl,) = 19,8 1, ee
oobemM 10 1. BplumciauTe KOHCTAaHTY pPAaBHOBECHS XUMHUUYECKOU

peaknuu CO(r) + Cly(r) «> COCI,(1).

NMpumepbl BbINONTHEHUA 3a4aHUN

Ilpumep 1. Hanummte MaTeMaTHYECKOE BBIPAKEHHUE JJIsi KOH-
CTaHTBl XUMHUYEeCKOro paBHoBecHus peakiuu CazNy(k) + 6H,O(r) <

3Ca(OH),(x) + 2NHs(r).
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Pewenue. B MaTeMaTnuecKoM BBIPXKEHUHN 11 KOHCTAHTHI XUMH-
YECKOTO paBHOBeCHs (3aKOH JEHCTBYIONIUX Macc T 0OpaTUMBIX
peakiuii) He YYHMTBIBAETCS y4YacTHE BEIISCTB B TBepJou ¢ase.
CrnenoBaTeibHO,

[NH]"

Kc=—— = [NH]~

[H.0]°

Omeem. KOHCTaHTy paBHOBECHSI OIPEAEISIET OTHOIIIEHUE PaBHOBEC-
HBIX KOHIIEHTpAIIMi aMMHaKa ¥ BOJIbI, HAXOSAIIUXCSI B Ta30BOH (ase.

Ilpumep 2. lna peakuun CoO(k) + CO(r) <« Co(k) + COy(1)
paccuuTanTe KOHCTAHTY XUMHUYECKOTO PaBHOBECHS, €CJIU K MOMEHTY
paBHOBecusi npopearupoBasio 80 % CO, HauvanbHas KOHIICHTpAIlUs
CO pasna 1,88 mos/ 1.

Pewenue:

1. MaremaTtuueckoe BBIpAXXEHHUE i1 KOHCTAHTBHl XUMHUUYECKOTO
pasHoBecus Kc = [CO,] /[CO].

2. PaBuoBecHbie koHueHTpauun CO u CO,. PaBHOBecHass KOH-
nenrpanuss CO OyaeT MeHbllle MCXOAHOM, yacTh BemiectBa — 80% —
BCTYINWJIA B XUMHUUYECKYIO PEAKIIUIO:

[CO] = C (CO)ucx. — C (CO)mpopear. = 1,88 — (1,88- 80)/ 100 =

= 0,376 moub/ 1.

PaBHoBecHast koHIieHTpanus CO, paBHa:

[CO,] = C (CO) mpopear.= (1,88 - 80)/ 100 =1,504 momns/ 1.

3. B maTemaTudeckoe BbIpaKEHHUE JIJII KOHCTAHThI XUMHYECKOTO
PaBHOBECHS MOJICTABIISIEM 3HAUCHUSI PABHOBECHBIX KOHIIeHTpanuii CO
u CO,.

Kc =1,504/ 0,376 = 4.

Omeem. KOHCTaHTa XMMUYECKOTO PABHOBECHS JAHHOW PEaKIUU
paBHa 4; 3TO CBUAECTEIBCTBYET O TOM, YTO B 3TOT MOMEHT BPEMEHH CKO-
POCTb MPSIMOM peakiiy B 4 pasa BbIlIE CKOPOCTU 0OPATHOM peaKIlvu.

Ipumep 3. B xakyio cTOpoHY OyJIeT CMEIIEHO XMMHUYECKOE PaB-
HoBecue peakiuu 2NIO(k) + CO,(r) + H,O(r) « (NiOH),CO5(k)
AH’< 0

a) MPU YBEIIMYCHUW JaBJICHUS, O) MPU YBEIWYCHUH TeMIIepa-
Typsl? Ilpennoxure onTUMalbHOE W3MEHEHHE TEPMOIMHAMHYCCKHUX
napameTpoB T u P 11 yBenuueHus BbIX0/1a IPOTyKTa PEaKInu.
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Pewenue:

1. B cootBerctBuM ¢ npunimnoM Jle-Illatenbe yBenuuenue nasie-
HUAS CMEIIAET PABHOBECHE XUMHUYECKOM pPEAKIUM B HAIPABIICHHH,
KOTOPOE COMPOBOXKIAETCS YMEHBIIICHHEM 00beMa PEaKIMOHHON CcHCTe-
MblL. [Ipr yBenM4eHUM N1aBICHUS PABHOBECHE NTAHHOW PEAKIMMU CJIBU-
raeTcsl BIIPaBo (CKOPOCTh MPSIMOM PEaKIMK BBIIIIE, UeM 0OpaTHOM).

2. B cootBerctBuM ¢ npuniunoM Jle-Illarenbe yBenuueHue TeM-
Meparypbl CMEMIAET XMMHUYECKOE PABHOBECHE B CTOPOHY 3HIOTEP-
MHYECKON peakunu. CIen0BaTENbHO, IPU YBEJIUYEHUU TEMIIEPATYPbI
paBHOBECHE JaHHOW PEaKIMK CMEMIaeTcs BIEBO (CKOPOCTh 0OpaTHOMH
PCaKIIMH BBIIIE, YeM MPSMOH).

3. ns yBenudeHWs BBIXOJA MPOAYKTa XHMHUYECKOW peakiuu
oOpa3oBaHus THapokcokapOoHnara Hukens (II) ciaemgyer yBenmuuTh
JaBJICHUE U YMEHBIIUTH TEMIIEPATYPY.

Ilpumep 4. Hanumure BbIpaXeHUe ISl KOHCTAHThI XUMHAYECKOTO
PaBHOBECHS PEAKIUU:

MgO(k) + Ha(r) <> Mg(k) + HO(x).

Bnusier M MOBBIICHUE JABJIEHUS HAa CMEUICHUE XUMHYECKOTO
paBHOBECHS?

Pewenue. [liis1 TETEpOreHHBIX PEAKIUKA B BBIPAXKECHUU IS
CKOPOCTH.

Tema 6. QHep2emuKa xuMu4ecKux peakyuu

KOHTpOﬂbeIe BOMpPOCHLI U 3aAaHuUA

1. Tepmoxumuueckue ypaBHeHus. [IpuBectu mnpumepsl. Pacuer
TEIMI0BOTO AP PEKTa XUMUUECKUX PEAKIIUM.

2. 3akoH I'ecca, cinencTBuga us 3axoHa [ ecca.

3. OuTponus, ee (¢u3MYecKuil cmbicia. Pacyer craHmapTHOro
VU3MEHEHHUS SHTPOINU B XUMUYECKOU PEAKIIUMN.

4. Dueprus ['nb6ca, ee Puznueckuit cmpici. Pacuer cranmapTHo-
ro u3MeHeHus dHeprun ['nb0ca B XUMHYECKONW peakiuu. DHTAIbIIHIMI-
HBIM, SHTPONUUHBIA (PAKTOPHI U HAMPABICHUE XUMHUYECKON pEaKIuu.
Ouenure ¢ TEPMOAMHAMUYECKUX IMO3UIUNA COCTOSTHUE XUMHUYECKOTO
paBHOBecHs. BzammocBsizb 3Hepruum ['mO0Oca M KOHCTaHTHl XHMU-
YECKOT'0 PABHOBECHS PEAKIINU.
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5. Briuncnure cTaHAapTHOE U3MEHEHUE SHTANIBIINHU, SHTPONUU U
sHeprum I'mooca B CISAYIONUX XUMHUYECKUX PEAKIIUIX:

CaO(x) + COy(r) = CaCO3(x)

2H;0,(:x) = 2H,0 (k) + Ox(r)

4NH3(F) + 302(F) - 2N2(F) + 6H20(F)

6. Ykaxxute ypaBHEHHE pPEakilvH, AH° KOTOPOM SIBJISIETCS DHTAJIb-
e oOpa3oBaHMs BEIIECTBRA.

CaO(k) + CO,(r) = CaCO5(k)

C(x) + 2Cl,(r) = CCly(r)

CaO(k) + SiO,(k) = CaSiOs(k)

/. Beruucnute sHepruto ['mb0ca B XMMHUUECKON peakiuu

2NO,(r) = N,O4(r) mpu Temneparype 100°C.

8. OnieHuTe, B KaKyl0 CTOPOHY CMEIIEHO XUMUUYECKOE PAaBHOBECHUE
peakiuun 2NO(r) <> Ny(r) + O,(r) mpu temmepatype 1000°C. Boruuc-
JIUTE TEMIIEPATYPY, IPU KOTOPOU HACTYIAET XUMHUECKOE PABHOBECHE.

Mpumepbl BbINONHEHUA 3a4aHUN

Ilpumep 1. Beruucnute TerioBo 3PEGEeKT XUMHUUECKOU peaKkiuu
TEPMHUYECKOTO pasiiockeHus HuTparta cepedpa (l). Dx3orepmuueckoi
WJTH DHJIOTEPMUYECKOM SIBJISICTCS TAaHHAS PEaKIIHS ?

Pewenue:

1. VpaBHeHHE XHMHYECKOW pEaKIMH, B KOTOPOM YyKa3bIBacM
arperaTHO€ COCTOSITHUE BEIISCTB!

2AgNO;(k) = 2Ag(k) + 2NO,(T) + Oy(T).

2. 3HaUGHUS CTAaHAAPTHBIX HHTAIBIHN OOpa30BaHUS BEIIECCTB!
A¢H° (298 K) (3anummuTe Haj ypaBHEHHEM XMMHYECKOMH PEaKIny);

AfH® (298 K), I/ Mons —124 0 33 0

2AgNO;(k) = 2Ag(k) + 2NO, (1) + O,(T)

3. B cooTBercTBMM ¢ TIEpBBIM CIEACTBHEM U3 3akoHa [‘ecca
TEII0BOM A(PHEKT XUMHUUECKON peaKIuu:

AH® (298 K) =2 A{H° (298 K) (Ag) + 2 AH° (298 K) (NO,) +

+ AH° (298 K) (O,) — 2 AH° (298 K) (AgNOs) =

=2:-0+2:33+2-0-2(-124) = 314 x/Ix/ Mob.

4. TepMOXMMHUYECKOE YpPaBHCHHE TEPMUUYECKOTO Pa3I0KEHUs
HuTpara cepeodpa (I):
2AgNO;(x) = 2Ag(x) + 2NO,(r)+ O,(r);  AH®(298 K) = 314 x]Ix/ MOIb.
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Omeem. CTaHmapTHAS SHTANBIHS peaknuu paBHa 314 x/[x/Momb.
Peakuus sH0TepMudeckas, Tak kak AH® (298 K) > 0.

Ilpumep 2. BeraucnuTe 3HaUYCHUE CTAHAAPTHOW SHTAJIBIIUHN PEeaK-
muu  oOpa3zoBanus okcupa kene3a (l1l) w3 mpocThIX BelmecTB IO
CIICIYIOIIUM TEPMOXMMHYCCKUM YPaBHCHUSM:

2Fe(k) + O,(r) =2FeO(x); AH’(298 K) = — 532 kJIk;
4F€O(K) + OZ(F) = 2F€203(K), AH° 2(298 K) = — 584 k]I x.

Pewenue:

1. TepMOXUMHYECKHE YPAaBHEHHS COOTBETCTBYIOIMIMX PEAKITHA:
2Fe(k) + O,(r) =2FeO(x); AH® (298 K) =-532 xJIx; (1)
4FeO(k) + O,(r) =2Fe,05(x); AH’, (298 K) = -584 xJIx; (2)
4Fe(x) + 30,(r) = 2Fe,03(x); AH%; (298 K) = ? (3)

2. Cxema 3THX MpPOIECCOB C yKa3aHHWEM TEIIOBBIX 3(P(HEKTOB
OTACIIbHBIX CTaJWMN:

AHC (298 K)

AH°; (298 K) FeO AH®, (298 K)

3. To 3axony I'ecca, AH% (298 K) =2 AH®; (298 K) + AH%, (298 K) =
= 2(-532) + (-584) = - 1648 kJI. (YdreHo, 4TO B peaKIMH 10 ypaB-
HeHuto (1) yJacTByeT *kene30 B KOJMYECTBE 2 MOJIb, 2 B PEAKIMH I10
ypaBHeHHIO (2) — 4 Monb, modTOMy TernoBoi apdext AH®; (298 K)
yIBAauBACTCA.)

Omeem. CtanjapTHasi SHTAJBINUS PEAKIIUM 00pa30BaHUS OKCHJIA
xene3a (1) u3 mpocteix BemecTB paBHa — 1648 kJx.

Ilpumep 3. Bprunciure W3MEHEHHE CTaHIAPTHOM DSHTPOIHH
xumuaeckor peakmmn: 2PbO, (k) = 2PbO(k) + O,(T).

Pewenue:

1. 3HaueHus CTaHAAPTHBIX SHTPOIMHA BEINECTB 3aIHUIIMTE IO/
ypaBHCHHUEM XUMHUYCCKOU PEaKIINU:

2Pb0O,(k) = 2PbO(k) + Oy(r)

S°(298 K), JIxx/(monbK) 72 66 205

2. I3MeHeHue CTaHAapTHON SHTPONMU XMMHYECKOH peakiun AS°
(298 K):

AS° (298 K) = 2 AS° (298 K) (PbO) + AS° (298 K) (O,) -
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— 2 AS° (298 K) (PbO,) =2 - 66 + 205 — 2- 72 = 193 JIxx/(moins K).

Omeem. VI3MeHeHWE CTaHIAPTHOW SHTPONHUU PEAKIUH PaBHO
193 JIx/(momb-K).

Ilpumep 4. Beruucnure 3HaueHUE CTaHAApTHOM sHepruu ['nbdOca
peaknuu 4FeO(x) + Oy(r) = 2Fe,05(k) mpu Temneparype 298 K.

Pewenue:

1. 3naueHust craHAapTHBIX SHepruid ['mbOca oOpazoBaHuUs Be-
mectB AsG° (298 K):

AfG° (298 K), 1/ MOTIb -245 0 =742

4FeO(K) + Oz(r) = 2F6203(K)

2. CtanaaptHas 3Heprus [ m66ca XMMHUYECKON peakinu

AG® (298 K) = 2 A:G° (298 K) (Fe,03) — 4 AG° (298 K) (FeO) -

- AfG° (298 K) (O,) = 2 (-742) — 4 (-245) — 0 = -504 xJIx.

Omeem. CranmaptHas sHeprus ['mbOca XUMHYECKOW peakiuu
npu Temiepatype 298 K pasua — 504 x /[ / MoJb.

Tema 7. PacmeopbI asiekmposiumoe
u Heannekmposnumoe. XuMu4eckoe pagHogecue
8 pacmeopax 3J1IeKmposiumos

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada'ium

1. PactBopuMocTh BemiecTB B Bojie. CrocoObI BBIpaKEHHSI KOH-
LIEHTPALMI paCTBOPOB.

2. luccormanusi ¥ UOHU3AIMs JIeKTpoauToB. [IpuBectu npume-
pbl. CTeneHb JUCCOIMAlUA U KOHCTAHTa JIUCCOLUAIIMM CJIa0bIX 3JIEK-
TpOJUTOB. 3aKOH pazbapieHus OcTBanbaa. BolnopoaHblil moka3arenb
(pH cpenp).

3. PacTBOpHBI HEANEKTPOIUTOB. 3akoHbI Payist. [lonstre 06 ocmoce.

4. Beraucnure Maccy XJIOpuja aMMOHHS, cojaeprkaiierocs B 405 r
HACBIIIEHHOTO TPH 15°C pactBOpa. PacTBOpUMOCTh CONMM MpPHU ATOU
temrneparype paBHa 35 T B 100 r Boapbl.

5.B 50 r macsimennoro npu 40°C pacrsopa copepsxkures 6,5 T
cysbdarta kanusa. Beraucaure pacTBOPUMOCTD ATOM COJIH.

6. Beruncnure MaccoByiO0 J0JI0 W MOJISPHYIO KOHIICHTPAIHIO
ruapokcuaa Hatpus, eciim B 450 pacTtBopa comepkutTcs 4 T Imeaoun
(p = 1,04 r/en).
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7. Cmemamu 2 11 pactBopa cepHoil kucnothl (o = 60% u p =
1,5 r/em®) u 3 1 pactBopa 910l KucIoTH (® = 14% u p = 1,1 r/em’).
BrlunciauTe MaccoBYIO JIOJIH0 KUCJIOTHI B MOJIydeHHOM pacTBope. Kak
MIPUTOTOBUTH TaAKON PacTBOp?

8. PactBop comepxxur cmech coieii:  AgNO;,  Ba(NOs),,
Zn(CH;COO),. K HeMy 100aBrIM H30BITOK CEPHOW KHCIOTHI. 3aITUIIH-
T€ WOHHBIE W MOJICKYJISIPHBIE YPAaBHEHHUS BO3MOXHBIX XHMHUYECKHUX
PEAKIIUH.

9. Beriuucnure creneHsb Auccoruanyu u pH pactBopa MypaBbu-
HOM KUCIOTHI KoHIIeHTpanuei 0,2 Mo/

10. Berunciiure pH pactBopa COJISTHOM KHCIIOTHI KOHIICHTparuen
0,00128 mounb/1 1 pacTBOpa rUAPOKCHIA OApHsl TAKOM JK€ KOHIICHTPALIKH.

11. ObOpazenr CBEXKEMPUTOTOBICHHOIO $I0JIOYHOTO COKa HMMEET
pH = 3,76. Beruncnure KOHIIEHTpAIIMIO HOHOB BOJIOPOIa B PacTBOPE.

12. Ilpu pactBopenun 0,1 MoOnb HEITEKTPOIHUTA B S J BOABI TEM-
reparypa KUIEHUSI pacTBOpa IMOBBICWIACH HA 0,016°C. Berunciure
MOJIIPHYIO MAacCy pacTBOPEHHOTO BemiecTBa (20YyJIMOCKONUYCCKAs
KOHCTaHTa 1 Boabsl K30 = 0,520C).

13.B 1,5 1 Boawel pactBopuwin 60 r Hesnexktposnurta. PactBop
3amep3aer mpu Temieparype -1,86°C. BbIuncianTe MOISPHYIO Maccy
PacTBOPEHHOTI'O BEIIECTRA.

14. B 1 n pactBopa coaepxurcsa 0,01 monp xmopuaa HaTpus.
OcMoTHYeCKOe JaBieHue 3Toro pacreopa mpu 0°C pasuo 4,33.10'a.
Bo cKoJbKO pa3 OHO OTJIWYAETCS OT OCMOTHYECKOTO JaBJICHHUS pac-
TBOpa caxapa TOW K€ KOHIIEHTpallMu U IPH TOW XKE€ TeMmrepaType?
Uewm 00OBACHIETCS 3TO OTINYHE?

15. Kakyto wmaccy BOJBI CileAyeT NpuOaBUThL K PacTBOPY
ruapokcuaa kanust maccot 150 r ¢ maccoBoit nosneit 2%, 4ToObl momy-
YUTH PACTBOP C MaccoBou aosein 1%?

16. Kakoii 00bemM comstHoM kuciotel (o = 36%, p = 1,17 r/mn)
HeoOxoauM st mpurotoBiaeHus 10 11 pacTBopa KOHIICHTpAIMEH
1 moinb/n?

Mpumepb! BbINONHEHUA 3a4aHNN

Hpumep 1. PactBopuMocTs HuTpata Kanust npu 60°C pasra 110 T,
a npu 0°C — 15 r. Borunciute Maccy COJH, KOTOpas BUIALET B 0CALIOK,
eciu 840 r Haceimennoro npu 60°C pactBopa oxmauts 10 0°C.
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Pewenue:

1. ITo ompenenenuo pacTBOPHMOCTH, 210 T pacTBOpa COAEPKHUT
110 r KNO; npu temmeparype 60° u 115 r pacrsopa 15 I' comn npu
temmeparype 0°C. Ilpu oxmaxmenmnu pactBopa or 60°C mo 0°C
BhITazaeT B ocagok KNOs:

m (KNO3) =210-115=95T.

2. Macca ocajaka conu npu oxaaxaeHuu 840 r pactsopa KNOs:

m (KNOj3) = 840 x 95/110 = 380 .

Omeem. Tlpu oxmaxneHun Hacbimensoro mpu 60°C pactBopa
KNO;3; o 0°C BhINaaeT B ocaznok 380 r comnu.

Ilpumep 2. Berauciante MacCoOBYIO JIOJIO a30THOM KHUCJIOTHI B pac-
TBOpe, noimydeHHoM cmerrerreM 500 mi pactBopa HNO;(w = 32%,
p=1,2r/em®) 1 1 1 BOBL

Pewenue:

1. Macca pactBopa HNOs:

m(p-pa) =500 - 1,2 =600 .

2. Macca 0e3BOAHON a30THOM KHCIIOTHI, COJepJKaIlieics B
pactBope: M(HNO3) = 600 - 32100 =192 r.

3. Macca pactBopa (2), HoJyd4eHHOTO B Pe3yJIbTaTe CMCIIMBAHHMS

m, = 600 + 1000 = 1600 r.

4. m,(HNO3) B mosry4eHHOM pacTBope:

®,2(HNO3) = (192:1600) - 100% = 12%.

Omeem. llocne cMemmBaHus C BOJOW KOHIEHTpALUs pacTBOpa
a30THOM KUCJIOTHI yMeHbITMIACh, 0(HNO3) = 12%.

Ilpumep 3. Kak npurotoButh 250 M1 pacTBOpa cyJibdara xene3a
(I11) xonuenTpanueiri 0,1 mMoab-3kB/n? PacTBOp OyneT HCIOJIB30BaH
IS TIOJTYYEHUS THAPOKCHIA JKeJle3a 10 PEaKIIMd HOHHOTO OOMeHa.

Pewenue:

1. Tak kak pactBop cyibdata xeneza (I11) Oyaer ucronp3oBan
JUTSL TIOJTyYEHHUsI THAPOKCHUAA Keje3a MO Peaklud MOHHOrO OOMEHa,
YKCJIO SKBUBAJICHTHOCTH (Z) 3TOM COJIM paBHO 6:

Feg(SO4)3 + 6KOH :2Fe(OH)3 + 3K,SO,.

2. MonspHas Macca BellleCTBa-dKBUBaJICHTa Cyb(aTa xKemesa.

M (1/z) =M [z =400 /6 = 67 r/ MOIB-3KB.

3. Macca cynbdara xene3a, HEOOXOIUMOTO IS MPUTOTOBJICHHS
250 mi = 0,25 n pactBOpa:

m=C(1/z)-M(1/z)-V=0,1-67-0,25=1,675T.
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4. MetoaWka TIPUTOTOBIICHUS pPAacTBOpa: HaBECKy cyib(dara
xene3a (1,675 r) BHOCMM B MeEpHYIO Koja0y oObemom 250 mui,
pacTBOpsieM B BOJIE U 00OBEM pacTBOpPA TIOBOJIUM JIO METKH.

Omeem. [1nsa npurotoBnenus 250 mu pacTBopa cynibdara xene3a
koHteHTparueit 0,1 Mmonb-3kB/ 1 1,425 T conu cineayer pacTBOPUTH B
MepHOU Kos1b6e oobemMom 250 mi.

Ilpumep 4. Kak npurotoButsh 100 M1 pacTBOpa nepMaHranara xa-
aus KoHueHTpauuer 0,2 MOJIb-3KB/JI, MpeIHa3HAYCHHOIO IS U3yde-
HUS OKHCJIUTEIIbHBIX CBOMCTB 3TOTO BEIIECTBA B KUCJIOM cpefe?

Pewenue:

1. Tak kak pacTBOp IE€pMaHraHata Kajus TMpeIHa3HAYEH IS
W3YUYEHHUS OKHUCJIHUTEIBHBIX CBOWCTB 3TOTO BEIIECTBA B KUCJIOU cpefie,
YKCIIO SKBUBAJICHTHOCTH (Z) ATOM COJIM PaBHO 5:

MnO, + 8H" +5¢" =Mn*" + 4H,0.

2. MonspHasi mMacca BeIlleCTBa-dKBUBAJCHTA IEpMaHTraHaTa Ka-
must: M (1/z2) =M [z =158/ 5 = 31,6 1/ MmosIb-3KB.

3. KonmnuecTBo 1 Macca rnepMaHranara Kajausi, He0OX0IUMOTo JIJis
npurorosienus 100 mu = 0,1 1 pacTBOpa:

v=C (1/2)- V =0,2:0,1 = 0,02 momb

m=v-M=0,02-31,6r=0,632r.

4. MeTovka TIPUTOTOBJICHHUSI PacTBOpA: HABECKY IEpMaHraHaTa
kamusa (0,632 r) BHOcMM B MepHyH Kkoa0y oO0bemom 100 wmu,
pacTBOpsieM B BOJIE M 00BEM PacTBOpPA JIOBOJIUM JI0 METKH.

Omeem. [1ns npuroroBnenus 100 mi pacTBopa nmepMaHraHara Ka-
s koHneHtpanuend 0,2 monb-3kB/ 1 0,632 T conm ciemyeT pacTBO-
pUTH B MepHOU Kos16e 06bemom 100 mu.

Ilpumep 5. Kak npuroroButh 100 T HaChIIIEHHOTO pacTBOpa
pojaHua Kaaus?

Pewenue:

1. PactBopumocts (S) pomanuaa kamus npu 20 °C B 100 r Boasl
cocrtaBiseT 217,5 r conu.

2. MaccoBas 107151 poJIaHH 1a KaJus B HACHIIIICHHOM PacTBOPE:

®=217,5-100/(217,5 + 100) = 68,5%.

3. Macca BemectBa U 00beM Bojabl aiisi npuroroBieHuss 100 r
HACBIIIICHHOTO PacTBOpa pOJaHUa Kalns

m(s-Ba) = 100 - 68,5/100 =68 r; m (H,O) =100 - 68,5=31,5T;

V(H,0) =31,5/1=31,5 mu.
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4, MeToauka MPUTOTOBIICHUS pacTBOpa. HABECKy coiu 68,5 T
pactBopsieM B 31,5 MJI BOJIBI.

Omeem. 68,5 T poganua Kajaus pactBopsieM B 31,5 M1 BObI.

Ilpumep 6. Bpruucnure pH pactBopa CHHUIBHOW KHCIOTHI
koHuentpanueit 0,1 moas/i, o = 7-10°.

Pewenue:

1. YpaBHeHHE DIEKTPOJUTHYECKON JUCCOLMAIIMM CHHUJIBHOMN
kucnotsl: HCN =H' + CN'.

2. KoHlieHTpaiusi KaTHOHOB BOJIOPOa B PaCTBOPE:

[H]=Cucn -0 =0,1-7-10° = 7-10"° moms/n.

3. pH pactBOpa CHHUIIBHOM KHUCIIOTHI.
pH =-Ig[H]=-1g 7-10° = -(-6 + Ig 7) = -(-6 + 0,8451) = 5,1549 ~ 5,15.

Omeem. pH pacTBOpa CHHUIBHOM KHCIOTHI KOHIIeHTparmen 0,1
MoJIb/11 paBHo 5,15.

Ilpumep 7. BplunciauTe KOHIIEHTpPALMIO KAaTHOHOB BOJOpPOJA B
pacTBOpE COJITHOM KHUCIIOTHI, eciau pH = 4,82,

Pewenue:

1. YpaBHEeHUE  DIEKTPOJUTUUECKOM  JUCCOIMAIIMU  COJISTHOM
kucsotsl; HCl = H + CI,

2. KonneHTpanus KaTHOHOB BOJIOPOa B PaCTBOPE:!
[H'] = antlg(-pH) = antlg (-4,82) = antlg ( 5,18) = 1,54-10™ mous/m.

Omeem. KOHIIEHTpalMs KATHOHOB BOJIOPOJA B PACTBOPE COJITHOMN
KHCI0THI, nMeromemM pH = 4,82, pasna 1,54 10" Mo/

Ilpumep 8. Beruuciaure KOHIICHTPAILUIO THUAPOKCUI-UOHOB U pH
pactBopa ruapokcuaa kaiabiusg (C = 0,00128 mons/n).

Pewenue:

1. VpaBHeHUE DJICKTPOJUTUYECKOM JIUCCOIMAIMMA TUIPOKCHAA
KaJTBIIHS

Ca(OH), = CaOH" + OH

CaOH"= Ca*" + OH™ (K, = 4,3- 107).

2. KonneHTparmus ruipoKCHI-HOHOB:

B pactBope, rae C = 0,00128 monw/n a = 1, cnegoparensro [OH]
=2 C (Ca(OH),)=2-0,00128 = 0,00256 mons/m.

3. KoHrenTparus KaTHOHOB BOJOPO/IA:

[H"] [OH] =10

[H]=10"2,56-10° = 4,0-10™ mons/x.
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4. pH pactBopa:

pH = -Ig[H*] = -1g 4,0-10™*" = 10,3979 ~ 10,4.

Omeem. KoHlEeHTpallusd THAPOKCUA-UOHOB B PACTBOPE THAPO-
kenja kanpius coctaniseT 0,00256 mounn/it, a pH = 10,4.

Ipumep 9. Tpu 25°C naBieHHe HACHIEHHOTO [apa BOABI CO-
crapisier 3,166 kITA (23,75 MM prt. cT.). Beruucnure npu Toi xe
TEeMIIepaType JaBJCHUE HACBHIIIEHHOTO Tapa Haj BOJAHBIM PaCTBOPOM
moueBuHBI (kapoamumx) CO(NH,), ¢ maccoBoii gomneii 5%.

Pewenue:

1.P=N": Py, rue

Po — JaBiIeHre HACHIIIIEHHOTO Mapa HaJl YUCTHIM PaCTBOPUTEIICM,

P — Haz pacTBOpOM,

N — MobHas 0JIT paCTBOPEHHOT'O BEIIECTBA.

v(mou.) = 5/60 = 0,083 moub,

v(H,0) = 95/18 = 5,272 mou1b.

2. MosbHas 001 BOJIBL:

5,272
N(H,0) = =0,6985
5,272 + 0,083

P=0,6985 - 3,166 = 3,119 xIIA (23,31 MM prT. cT.).

Omeem. P = 3.119 kIIA.

Ilpumep 10. Beruucnure, mpu Kakoi TeMIiepaType J0JKEH Kpuc-
TaJUIM30BaThCs (3aMep3aTh) pacTBop, coaepxkamuid 250 r H,O u 54 r
rimoko3bl (M(CgH1,0g6) = 180 r/moun).

Pewenue:

1. MoJsLIBHOCTD pacTBOPHI TIIFOKO3HI:

v - 1000 54 1000

Cm= = = 1,2 MOJIB/KT.
m (p-ms1) 180 - 250

2. ATkpuct = K - m, rue

ATKpPHUCT. — IOHMKEHUE TEMIIEPATYPhI KPUCTAIUIM3ALUU PACTBOPA,

M — MOJIsITIbHAS. KOHIIEHTPAIUs pacTBOPA,

K — kpuockonmyeckass KOHCTaHTa, KOTOpas IIOKa3bIBAeT, Ha
CKOJIBKO TpaJlyCoOB MOHU3MUJIACh ObI TEMIIepaTypa 3aMep3aHusi pacTBO-
pa, ecnu ObI B 1 kr ObLT pacTBOpeH 1 Mosb B-Ba.

K (HzO) = 1,86

ATkpucr = 1,86 - 1,2 = 2,23°C.
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Omeem. PactBOp OyJeT KpUCTAIIM30BAThCA TMPU TEMIEpaType
-2,23°C (0°C - kpucrammm3anyst BogbL).

Ilpumep 11. PactBOp, coaepkamuii 8 T HEKOTOPOTO BEIIESCTBA B
100 r guoTHIOBOrO Sdupa, Kumut npu 36,86°C, uncTslil 3bup KHIHT
npu 35,6°C. BbruncimTe MOISPHYIO MAacCy PaCTBOPEHHOTO BEIIECTBA.
Doynaunockonmdeckas koncranra (E) agupa pasna 2,02,

Pewenue:

1. A Txum. = 36,86 — 35,6 = 1,26°C.

2. A Txkun. = E - Cm, = Cm = A Tkurt./E = 1,26/2,02 = 0,624 mons/xr

m - 1000
Cm=
m (p-1s) - M
m - 1000 8:1000
M = = = 128,2 r/mob.

Cm m(p-n11) 0,624 - 100
Omeem. M = 128,2 r/moib.
Ilpumep 12. Tlpu xakoil Temmeparype OyIeT KUIIETh PaCcTBOP
caxapo3sl ¢ MaccoBoii goiacii 50%? (M = 342 r/monsb, Eyyo = 0,516.)
Pewenue:
v - 1000
1.Cm=

M (p-ms1)
B 100 r p-pa conepsxutcs 50 r caxapossl 1 50 T BOJbI
v cax. = 50/342 = 0,146 moin
0,146 - 1000
Cm= = 2,92 Moub/Kr.
50

2. A Txkumn. = E - Cm = 0,516 - 2,92 = 1,506, T. €. pacTBOp KUIIHT
npu Temmeparype: 100° + 1,506° = 101,5°C.

Omeem. Tkum. = 101,50C.

Ilpumep 13. Bpluucanre Maccy caxapo3bl, KOTOPYIO Haao
no6asuth kK 100 T BOABI, YTOOBI a) HOHM3WTH TEMIIEPATYPY
KPHUCTAJUIN3alu1 Ha 1% 6) moBbICHTE TEeMIIepaTypy KuneHus Ha 1°.

Pewenue:

a) ATzam. = K- Cm = 1 (o ycioBuHIO 3a1a4m)

Kio0=1,85; Cm = 1/1,85 = 0,54 moins/kr
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m - 1000
Cm= , OTKyJ1a
m (p-1s) - M

m(cax.)= (0,54 - 342 - 100)/1000 = 18,4 r;
0) ATkum.= E - Cm =1 (o yclioBHIO 3a7a4H)
E =0,516 Cm =1/0,516 = 1,94 mons/xr

m - 1000
Cm= , OTKyJIa
M (p-15) - M
Cm:-M m(p-nmg) 1,94-342-100
m(cax.) = = = 66,3 T.
1000 1000

Omeem. |15 TOHWKEHUS TeMIIepaTypbl KPUCTAIIIN3AIIUN PACTBO-
pa caxaposbl Ha 1° k 100 r Bogs! Hano gob6asuts 18,4 r sToro Bemect-
BA; JUIS MOBBLILIEHUS TEMIIEpATyphl Kumenus pactsopa Ha 1° xk 100 r
BOJIBI HAJIO0 100AaBUTH 66,3 I 3TOT0 BEIIECTBA.

Ilpumep 14. Beruucnute npu t = 20°C ocMOTHYECKOE JaBIICHHUE
rematrHa (Kpacsiiero BeriectBa kpoBu), eciu B 100 mum pactBopa
3TOTO BelecTBa coaepkures 6,33 r rematuna (M = 633 r/Moub).

Pewenue:

Pocm. = CRT

C =6,33/633 = 0,1 r/moib

Pocm. = 0,1 - 8,31 293 = 243 4 kI]a.

Omeem. Pocm. = 243,4 kI1a.

Ilpumep 15. Tlpu 25°C ocMOTHYECKOE [aBIICHIE pacTtBopa, co-
nepkarero 2,8 r B-Ba B 200 mu1 pactBopa, paBHo 0,7 kIla. Berancoure
MOJISIPHYIO MacCy pacTBOPEHHOTO BEIIECTBA.

Pewenue:

1. Pocm. = CRT

C = Pocm./RT =0,7/(8,31- 298) = 0,000283 moun/m1.

2.C=vIV=m/M -V, orkyna

M=m/C V=28 1000/(0,000283 - 200) = 49500 r/moJb.

Omeem. M = 49500 r/mou1b.
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Tema 8. ByghepHbie pacmeopsbl. [udposnus coneli

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada'ium

1. bBydepusie pactBopsl. IIpuBenure nmpumepsl. Pacuer pH Oy-
dbepHbIX pacTBOpPOB. bydepHas eMKOCTb.

2. Peaknus ruaponusa cosei. [lepeurciuTe BO3MOXKHBIC THIIHI,
3alUIIUTe MOHHBIE W MOJIEKYJISpHbIC ypaBHeHHS. Ha3oBuTe HOHBHI,
MOJICKYJIbI, KOTOPBIE IPUCYTCTBYIOT B pacTBope. Onenure pH pactBo-
pa conu. [IpubaBieHre KakuX 3JCKTPOJIUTOB. a) YCHIUT THIPOJIH3,
0) 0CJIabUT THIPOJIU3 COTH?

3. 3anuIMTe HOHHBIC U MOJICKYJISIPHBIC YPaBHEHHUS THAPOJIH3A Cie-
ayromux cojei: kapoonara xpoma (I1l), docdara kamus, kapOoHaTa
HATPHs, XJOPH/a [IMHKA, YPaBHEHHE COBMECTHOI'O TUAPOJIM3a CYIb(puia
kaust ¥ xyopuaa skenesa (111). Hanummre BeIpaskeHne KOHCTAHTBI TH/-
ponmza o nepBoii crynenn mist AL(NOs)s, K3POy4, K,COs, ZnCly. Bri-
yrcnute pH pacTtBopa 3THX COJIeH, YUHMTBIBas IMEPBYIO CTYIICHb THUI-
pommsa (Kms AI(OH); = 1,38 - 10, K, Zn(OH), = 4 10°). KoxcTaHTsI
JIMCCOIIMAIIH COOTBETCTBYIOIINX KHCIIOT — B CIIPABOYHBIX TaOJIHIIAX.

4. Tlouemy He momBeprarotcs ruapon3y comd: NaCl, BaSO,, LINO3?

5. He cocraBnsis ypaBHEHUI peakuil TUAPOJIN3a, YKAKUTE, KAKUE
U3 TICPCUNCIICHHBIX HWKE COJICH TOJBEPraloTCs THUAPOIM3Y W Kakas
dopma rTHIponm3a (MPOCTOM, CTyNEHYATHIH, HEOOpAaTHUMBIH) OyAeT
uMeTh MecTo B Kakaom ciydae: AlS; Ba(CN),, CrCl; K;S,
CH3;COONHy, Fey(SO4)s. Onenure pH cpeast (pH >0, pH < 0, pH =0).

6. YcuieHue wiv MmojaBlicHHe TUAPONIN3a [MaHKWa HATPUS BBI3OBET
NpUOaBJICHUE K paCTBOPY: ) KHCIIOTHI; 0) IICIIOYH; B) XJIOPHIa aMMOHHS?

7. Kakas u3 cojieli THAPOIU3UPYETCS CUiIbHEE. CyIb(OUT HATPHUs
WM KapOoHAT HaTpusA? BbIBOA MOATBEpAMTE pacuyeTaMH KOHCTAHTHI
THPOJTU3A.

8. Boiuncianre KoHCTaHTy ruaponausa Kr, creneds ruaponusa h u
pH pactBopa pojaHuga Kaaus KOHIEHTparuedr a)l moub/i;
0) 0,1 mouns/it; B) 0,01 momw/n. [TouemMy 3TH BeTUYHHBI OTIMYAIOTCS?

Mpumepbl BbINONMHEHUA 3a4aHUN

Ilpumep 1. Beruucnute pH OydepHoit cmecu, NOITYyUYEHHOM
CIINBAaHHEM pPaBHBIX O0BEMOB PACTBOPOB YKCYCHOH kuciotel (C =
= 0,1 momnb/n) u anerara Hatpus (C = 0,1 moub/i).
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Pewenue:

1. [TockonpKy cMemain 2 paBHBIX 00bEMa PacTBOPOB YKCYCHOM
KHCJIOTHI U arerata HaTpus, UX MOJIIpHAs KOHIICHTpAIus YMEHb-
miack B 2 paza: C kucit. = 0,05 momns/n, Ccomu = 0,05 mounb/in.

2. pH aneratHoit OydepHoit cmecu:

Cxuci.
pH =-lgKg—lg——=—1g 1,74 - 10 — 19 0,05/0,05 =
Cconn

=-Ig 1,74 - 10™ = -(-5 + 0,2405) = 4,7595 ~ 4,76.

Omeem: pH 0ydepHoii cmecu paseH 4,76.

Ilpumep 2. 3anmmmTe ypaBHEHHE THAPOJN3a Cynb(dara aaroMH-
Huda. Ouenute pH pactBopa conu. YKaxuTte, KaKue HOHbI HAXOATCA B
pacTBOpe, W Ha30BUTE HX. [IpubaBieHHME KaKWX DSJIEKTPOJIUTOB K
PacTBOPY COJIM YCHIIUT THAPOIIN3?

Pewenue. Cynbhar aqroMUHHS XOPOIIO PAaCTBOPUM B BOJE, TPHU
pPacTBOPEHUN TIPAKTHYECKH TIOJHOCTBIO JIUCCOIMUPYET HAa HOHBI
Al 5(SO,); < 2 Al * + 350,

Karuon Al - CWJILHOTIOJISIPU3YIOIIMIA HOH, CYyJIb(haT-uOH TaKoh
CHOCOOHOCTBIO HE 00J1aaeT. B pe3ynbraTe rupoian3 Coiu UAET Io Ka-
THOHY.

3anuiieM HOHHBIE U MOJICKYJIIPHBIC YPaBHEHUS THIPOJIU3a COJIH.
1-51 CTyTICHB: Al ** + H,0 — Al OH* + H™;

Al 2(804)3 + 2H20 — 2 Al OHSO4 + H2804.
2-51 CTYTICHD. Al OH* + H,0 — Al (OH)," + H";

2 Al OHSO, +2H,0 « [Al (OH),],SO,4 + H,SO,.
3-5 CTYIICHbD: Al (OH)," + H,0 = Al (OH); + H;

[Al (OH)2]2804+ ZHZO =2 Al (OH)3 + HZSO4.

['uaponu3 npoTekaeT TOAbKO Mo 1-il, 4aCTUYHO MO 2-i CTYNEHH.,
DT0 00YCIIOBJICHO Pa3IMYHOM CIIOCOOHOCTBIO K JUCCOLMALIMM 110 1-H
CTYIICHH THAPOKCOKATHOHOB AIOH*, Al (OH)," u ruxpokcuzaa aito-
munus. Cpena pactBopa kucias, pH < 7. B pactBope HaxonmsTcs
vonsl; Al **— karnon amomunns, Al OH* — katHoH ruapOKCOaTIO-
munnd, Al (OH)," — xatnon muruapokcoantomunus, H' — xatroH Bo-
0poJIa, SO,% - cyibbar-annoH. Cpena pactBopa — kuciuasi, pH < 7.

[TpubaBiieHHEe K pacTBOPY COJMU JPYTUX JJICKTPOIUTOB (pac-
tBopoB NaOH, Na,CO3), uMeromux ImeaouHyIo Cpeay, YCHIUT THIPO-
au3 3Tou conu. KaTnoHsl BogopoAa CBA3BIBAIOTCA B CIAOBIN 3JIEKTPO-
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JUT — BOAY, BBIBOAATCS U3 cdepbl peakiuu. [lo nmpunmumny Jle-Illa-
TEJIbE, PABHOBECUE THUIPOJIN3a CMENIACTCS BIIPABO.

Omeem. I'uaponus cynbdara aJlOMUHUS IPOTEKAET MO KaTHOHY,
no 1-#, yacTUYHO MO 2-¥ CTyIEeHH, B PacTBOPE MPUCYTCTBYIOT KaTH-
OHBI ATFOMUHUS, TUIPOKCOATFOMHUHUS, JTUTUAPOKCOATFOMUHUS, KaTHO-
HBbI BOJIOpOJa, cyibdar-annonsl. Cpena pactBopa kucias, pH < 7.
st ycwneHust TUApoau3a cylib(aTa aJlOMUHUS B PacTBOpP ClEAyeT
NpUOABUTH PACTBOPHI AIEKTPOJIUTOB, UMEIOIIUX IICJIOUYHYIO CPENY.

Ilpumep 3. Paccuuraiite K1 u Ky, pH pactBopa conu xnopuaa
xkenesza, eciim ee konueHnrparnus pasHa 0,001 monbe/n. K [Fe(OH)5]
=1,82 - 10", Kz [Fe(OH);] = 1,35 - 102 .

Pemenne. @opmybl 11 pacdyeTa KOHCTAHT THAPOJIN3A TAKOBBI:

Kw 10
Kr, = = =7,4 - 10°%;
Kus(Fe (OH)3) 1,35 10"
Kw 10
Kr, = = =5,510™".
K,[Fe(OH)s] 1,89:10™

N3 cpaBHEHUs 3HAYCHUN KOHCTAHT THAPOJM3a Cylbdara Kele3a
(I11) ceayer, 4To rUAPOIIN3 MIPOTEKACT B OCHOBHOM 110 1-ii CTyIIeHHU.

pH =—Ig [H"]. nsa pacyera pH pactBopa conu mpeobpaszyem
Beipakenne 1t Kr. Tak kax [FeOH**] =[H™], [Fe**] = C com,

Kr; = [H']*/ C comu, [H] =V Kr; C comm =V 7,4 - 107 . 10° =
=2,7-10%;

pH=-1g (2,7-10°) = 2,57.
Omeem. Kry = [FeOH*] [H']/ [Fe®*] = Kw / Kns [Fe(OH)s] = 7,4- 10
Kr, = [Fe(OH),"] [H]/ [FeEOH*"]= Kw / K, [Fe(OH)3] = 5,5 - 10™*;
pH =2,57.

Ilpumep 4. Kakas u3 coseil THAPOIU3YETCS CUIIbHEE — CyJb(ar
xeneza (1) wim cynbpdar xeneza (1) — npu ycaoBum, 4To THAPOIU3
comn mpotekaer mo 1-if crymernn? Km, [Fe(OH),] =1,3 - 10, Kug
[Fe(OH);] = 1,35- 10™2,

Pewenue:

1. 3anuchiBaeM B MOHHOM BHUJIE ypaBHEHHE rujponusa no 1-i
crymenn cynbdara xenesa (111): Fe** + H,0 FeOH™ + H', Bbipa-
x)enue 1 Kry u paccautpiBaeM 3Ty KOHCTaHTY:
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Kr; = [FeOH**] [H')/ [Fe*]1 = Ky, / Kz [Fe(OH)3] = 10/ 1,35 - 10 =
=7,4-10".

2. 3anucbiBaéM B MOHHOM BHJIE ypaBHEHHE Trujaposuza mo 1-i
crynenn cynbgara xenesa (11): Fe?* + H,O0 FeOH* + H*, Boipaxenue
s Kry v paccuntbiBaeM a1y KoHcranty: Kry = [FeOH™] [HY]/ [Fe**]
= Ky / K, [Fe(OH),] =10/ 1,3 - 10* = 7,7 - 10"

Omeem. Cynbdar xeneza (I1l1) rumponmsyercs cuibHEe, deMm
cyiabdar skene3a (ll), Tak kKak KOHCTaHTa THAPOJIHM3a IEPBOM COJIH
OoJbIIIe, YeM KOHCTaHTa THAPOIN3a BTOPOH COJIH.

Ilpumep 5. 3anvire ypaBHEHUE THAPO/K3a KapooHara xenesa (111).

Pewernue. 13 TabIuIbl paCTBOPUMOCTH BUHO, YTO JIaHHAS COJIb
HE CYIIECTBYET B pacTBOpe. DTO OOYCIOBJICHO TEM, YTO HEKOTOPHIC
COJIU TPEeX3apsSAHBIX KaTHOHOB (KapOOHATHI, CYJIb(HIBI, CYJIb(PHUTHI)
TI0JIBEPraloTCs HeOOPaTUMOMY THIPOIU3Y .

Fe,(CO,3); + 3H,0 = 2Fe(OH)3d + 3CO,T.

XUMHUYECKOE PaBHOBECHE JTAHHON PEaKIMU CIBUHYTO BIIPABO, TaK
Kak 00a IpoIyKTa YXOAIT U3 cephl peakiuu (00pa3yeTcs 0CaIoK M Ia3).

Omeem. I'maponu3 kapOoHara sxene3a (111) mporekaer HeoOpaTumo.

Ilpumep 6. 3akoHUNTE ypaBHEHUS XUMHUUCCKMX PEAKITU COBMECTHO-
r'0 TUIPOJIA3A COJICH FeSO, + Na,CO3+ H,O ; Fez(SO4)3 + Na,CO5;+ H,0.

1. Cymetar xeneza (II) B pacTBOope mojBepraercs THAPOJIHU3Y,
THJIPOJIN3 MJICT 10 KATHOHY, 110 1-i CTYIIeHH, peakIus CpeIbl KUCasl.

Fe’* + H,0 < FeOH™ +H".

Kapbonar HaTpusi B pacTBOpe TMOABEpPraeTcs THAPOJIH3Y,
THJIPOJIN3 UCT 110 aHUOHY, 10 1 CTyIeHH, peaKIus Cpeabl MeIoYHas:
CO5” +H,0 <> HCO; + OH".

IIpu cimBaHUM PAcTBOPOB ABYX COJIEH, OJHA U3 KOTOPBIX UMEET
kuciayro cpeny (FeSO,), a apyras — menounyro (Na,COs), mpouc-
XOJUT 00pa3oBaHME CJIA0Or0 BJEKTPOJIUTA — BOJIbI, YTO B COOTBET-
ctBuu ¢ npunnunoM Jle-IllaTenbe cMmemaerT XuMudeckoe paBHOBECHE
BIIPaBO, W MPOTEKACT HE KJAacCHUYEeCKas PeaKIus MOHHOTO OOMeHa, a
XHUMHUYECKask PEaKIis COBMECTHOTO HEOOPaTUMOTO THIPOJIN3a COJICH:

2FeSO, +2Na,CO; + H,0 = (FeOH),CO;5_+ 2Na,SO, + CO,T;

2Fe?* + 2C0O5% + H,0 = (FeOH),CO;_+ CO,T.

2. Cynwdart xenesa (I1l) B pactBope moaBepraercs THIPOJIHU3Y,

TUIPOJIU3 UAET M0 KATHOHY, MO 1-i1 CTyIieHu, peakius cpeibl Kucias:
Fe** + H,0 «» FeOH™ + H™.
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KapOonat HaTpusi B pacTBOpe MOJABEPraeTcsi rUAPOIU3Y, THUAPO-
713 UAET N0 aHUOHY, 110 1-i1 cTyneHu, peakius cpeibl HeI0YHas:

CO5” +H,0 <> HCO; + OH".

IIpu cimBaHWM PAacTBOPOB ABYX COJIEH, OJHA U3 KOTOPBIX UMEET
kuciyto cpeny [Fe>(SO,4)s], a mpyras — menounyio (Na,COs), mpo-
UCXOUT 00pa3oBaHHUE CIabOro JIEKTPOJUTA — BOJbI, UTO B COOTBET-
cTtBuM ¢ npuHuunom Jle-lllarense cMemaeT XMMUYECKOE PAaBHOBECHE
BIIPABO, U MPOTEKAET HE KJIACCUUECKasl peakids MOHHOrO OoOMEHa, a
XUMHUYECKasi peakiivsi COBMECTHOT'O HEOOpaTUMOTO THAPOIIU3a COJIEH:

Fez(SO4)3 + 3Na,CO; + 3H,0 = 2F€(OH)3 + 3Na,SO, + 3C02T,

2Fe** + 3CO4” + 3H,0 = 2(FeOH)3{ + 3CO,T.

Omeem. [1py cnMBaHUM PACTBOPOB COJIEH, MOJIBEPTAKOIIUXCS THU-
poOM3y M UMEIONIMX MPOTHUBOMOJNOXKHOEe 3HadeHwne pH (pH > 7 u
pH < 7), mpoTekaeT XuMHu4YecKasi peaKIysi COBMECTHOTO HEOOPATHMOTO
TUAPOJIN3A.

Tema 9. lNpou3sedeHue pacmeopumocmu

KOHTpOﬂbeIe BOMpoOCbLI U 3aAa4um

1. OnpeneneHue NpoU3BEACHUS PACTBOPUMOCTH JIJIsl MAJIOPACTBO-
PUMBIX 3JIEKTPONUTOB. 3anuiute BeipakeHue 1P ms coneit: BaSOy,,
Png, A93PO4, Cag(PO4)2.

2. Berauciure pactBopuMocTh (S) B MOISX M IpaMMax Ha 1 1
pacTBOpaA IS CIEIYIOIMUX COJICH:

BaCrO, (IIP = 1,6-10™"%), CaCO, (ITP = 5:10"%), PbS (IIP = 1-10°*).

3. BblunciuTe pacTBOPUMOCTH cynbdara kamsmus ([P = 1,3.10™).
Kak m3aMeHuTCs pacCTBOPUMOCTD STOTO K€ BEIECTBA, €CJIM PACTBOPUTH
COJIb B pacTBOpeE Cyibdara HaTpus KoHueHTparueit 0,01 monbs/n?

4. BelurclIuTe PaBHOBECHYIO MOJISIPHYIO KOHIICHTPAIIUIO KaTHO-
HOB U aHHOHOB B HACBILICHHOM pacTBope (ocdara xansuus mpu 25°C,
a TaKxke pactBopuMocTs con B /71 (ITP = 1,0 107%°).

5. Obpazyercs i1 ocajiok kKapOOHaTa KaJIbIUs MPU CIIMBAHUM PaB-
HBIX 00BEMOB XJIOpUJA KajbllUsd W KapOOHaTa HATPUsA C MUCXOIHBIMU
xouteHTparusamu 0,02 moas/n?

6. MOXHO ¥ TOJIYIHTh Ocanok cyiabpumaa maraus (ITP MgS =
2.10™"): a) mpu mporycKaHME cepoBOIOPOaA Yepe3 PACTBOP HUTpATA
maraus (C = 0,5 moune/n); 6) nmpu nodasnernu Na,S (C = 0,5 momaw/n)?
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7. Mo>xHO 1 pacTBOPHTH: a) B coiisiHou kuciore (C = 0,1 moiw/n);
0) B ykcycHoi kuciore (C = 0,1 momw/n) cynbdun mapranmna (I1IP =
1,4-10™)?

8. Boruncimre pH HachierHoro pacreopa Mn(OH), (ITP = 2.10™).

NMpumepbl BbINOSIHEHUA 3a4aHUN

Ilpumep 1. Berauciure 3HaYeHUE MPOU3BEICHUS PACTBOPUMOCTH
(ITP) ¢ropuma marHusi, eciMm €ro pacTBOPUMOCTL B BOJAE TIpH
HekoTopoit Temneparype paBHa 0,001 mons/ 1.

Pewenue:

1. B Bome ¢ropui MarHus YaCTUYHO PACTBOPSACTCS W JIUCCO-
ITUUPYET:

MgF, < Mg*" + 2F".

2. Beipaxkenue s [1P (MgF,):

[P (MgF2) = [Mg™ ] [F T"

3. O003HaunM 4Yepe3 S pacTBOPUMOCTh (TOpHUAA MarHus, TOTHa
[Mg® ]=s, [F]=2s; IIP (MgF,) = s (2s)* = 45°.

4. YucmeHHOE 3HAaYCHUE TIPOU3BEICHHS PACTBOPUMOCTH:

IIP (MgF,) = 4 (0,001)°=4 - 10~

Omeem. IIpousseaenue pacrsopumoctu MgF, pasuo 4 - 10°°.

Ilpumep 2. Berurcnure paBHOBECHYIO MOJISIPHYIO KOHIICHTPAIIHIO
KaTHOHOB B HACBIIIIEHHOM pacTBope kapOoHara cepedpa (1) pu 25 °C,
a TaKKe pacTBOpuMocTs cor B T/ 11. ITP (Ag,CO;) = 8,7-107.

Pewenue:

1. B Boze kapOonat cepedpa (I) wacTmuHO pacTBOpsSETCS U JHUC-
COLIMMPYET:

Ag,CO; > 2Ag" + CO4™.

Bripaxkenne s [1P (Ag,COs):

[P (Ag,CO3) =[Ag" I* [CO5"].

3. O0o3HauMM Yepe3 S pacTBOpUMOCTh kapOonarta cepedpa (I),
TOTJIa

[Ag] = 2s, [CO5"] =5, TTP (Ag,CO3) = (25)° s = 4s°,

s = > IIP (Ag,CO3) / 4.

4.TloacTaBuM B TIOMyYE€HHOE BBIPAKCHHE YWCICHHOE 3HAUYCHHE
IpoM3BeeHNs pacTBopuMocT: S = V8,7 - 10 /4 =1,3 - 10* mons/iL.

5.[Ag]=2s=21,3-10"=2,6 - 10" momb/1.

6. PactBoprMocTh KapOoHaTa cepedpa B /.
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s (Ag,CO;3) = s (mos/ 1) M (Ag,CO3) = 1,3- 10* 276 = 3,6 - 107 /.

Omeem. PaBHOBecHas! KOHIIEHTPAIUA KaTHOHOB AQ’ B HACHIIIEH-
HoM pacrtBope Ag,CO; mpu 25 °C pasma 2,6 <10 momns/ 1. Pactso-
pumocts Ag,CO; pasaa 3,6- 10 r/i.

Ilpumep 3. Berancnure pH HaceimenHoro pactsopa Ca(OH), mpu
25°C.

IIP [Ca(OH),] = 6,3 - 10°

Pewenue:

1. B Boje TUAPOKCHU[ KajbllMd YaCTUYHO PACTBOPSETCA U JIHC-
COIIMUPYET:

Ca(OH), — Ca*" + 20H."

2. Beipaxenwue [1P [Ca(OH),]:

[P [Ca(OH),] =[Ca*"] [OH ]%.

3. O6o3Haunm [Ca’"] = s, [OH ] = 2s, Torma ITP[Ca(OH),] =
s(2s)°=45s°

s =3 IIP [Ca(OH),] / 4.

4. TlopctaBUM B TOJYYEHHOE BBIPAXCHUE UYHCICHHOE 3HAYCHUE
MIPOM3BEACHUS PACTBOPUMOCTH: S = 3 6,3 10°/4 = 1,15 - 10'2;

[OH]=2s=2-1,15-10%=2,3. 102

Yro6s1 paccunTath pH pacTBOpa, HEo6X0mMMo 3HaTh [H']. B pac-
TBOpE THUAPOKCHUAA Kablus NnpucyTcTBY0oT OH', moaTomMy paccuunta-
em pOH = — Ig [OH], a pH = 14 - pOH, pOH = - Ig (2,3 - 10%) = 1,6.
pH=14-16=124.

Omeem. Tlpu 25 °C maceiuennsii pactsop Ca(OH), umeer pH =
=124.

Ilpumep 4. Bo CKOJIBKO pa3 YMEHBIIIUTCS PaCTBOPUMOCTH KapOo-
HaTa cepedpa (1), ecu MPUTOTOBUTH €0 HACKIIIEHHBIM PacTBOP B pac-
TBOpe KapOoHaTa HaTpus KoHIeHTparmed 0,1 Momb/n, Mo cpaBHEHUIO
C €ro pacTBOPUMOCTBIO B UHCTOM BOJE?

Pewenue:

1. B Boae kapOoHat cepedpa (l) yacTHaHO pacTBOpsETCS U IUCCO-
IIUAPYET:

Ag,CO; & 2Ag" + CO5*

2. Berpaxcenne s [P (Ag,COs): ITP (Ag,CO3) = [Ag']° [CO57T.

Orcrona [Ag]? = ITP (Ag,COs) / [COs”].

3. O003HauuM Yepe3 S pacTBOpUMOCTh KapboHnata cepedpa (I),
TOT/1a
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[Ag] = 2s, [CO5”] = s, TIP (Ag,CO3) = (25)°s = 4s’,

s = > IIP (Ag,CO3) / 4.

4.TloacTaBuM B TIOMyYEHHOE BBIPAKCHHE YMCICHHOE 3HAYCHHE
IPOM3BEICHHS PAcTBOPHMOCTH S = N 8,7 - 104/ 4 =1,3 - 10™ mons/ 1.

5. KapOonar HATpUs — CHIbHBIN BJIEKTPOJIUT, MO3TOMY
C (Na,CO3) = C (CO5%) = 0,1 mons/ 1. IIpucyTcTBHE B pacTBOpe
kapOoHaT-noHOB KoHIleHTpanueld 0,1monw/ I, 3HAYMTETHHO TPEBHI-
HIAKOIIEeH KOHIEHTPAIMI0 KapOOHAT-UOHOB, KOTOpasi o0pa3yercst npu
nucconmanuy kapborara cepedpa (1) (1,3 - 10™ moms/ 1), mo3Bosier
nociieHel mpeHeOpedb U cuuTath KoHreHTpanuto 0,1 Moib/n oOmieii:
[Ag'] =V 87 10" /0,1 =93 10° PacrBopumocts kapGoHara
cepebpa (1) B pacTBOpe kapOOHATa HATPHS paBHA:

s=[Ag*)/2=9,3-10%2=4,7-10°

Omeem. PactBopuMocTh KapOoHata cepebOpa (I) B pactBOpe
xapGoHaTa HaTpus KoHueHTpanueil 0,1 Momb/1 ymenburaercst 8 ~10°
pa3 1o CPaBHEHMIO C €r0 PACTBOPUMOCTBIO B BOJIC.

Ilpumep 5. YcranoBute, oOpa3yercs JM OCaJI0K MOJMAA CBUHIIA
(I mpu 25 °C nmocie cnuBanus 100 mi pacteopa murpara ceunma (I1)
koHrerrparueit 0,005 moms/n m 200 My pacTBOpa MomMIA Kaus
koHrentpaumeii 0,01 mons/i. TIP (PbJ,) = 8,7 -10°.

Pewenue:

1. 3anuieM XMMHYECKOE ypaBHCHHE PCaKIMH, KOTopas IpoTe-
KaeT MPH CIIMBAHUH PACTBOPOB!

Pb(NO;), + 2KJ = PbJ,d+ 2KNO3;

Pb*" + 2J = PbJ,d.

2. Ecin mpowmsBeneHue KoHIeHTpanwii uoHoB cBuHIA (I1) m
WOJIU/I-MOHOB TIPEBHIIIACT 3HAYCHHUE IMPOU3BEICHUS PACTBOPHUMOCTH
nonuaa ceuuna (I1), To mpoucxoaut 0Opa3oBaHUE OCaIKA:

C (Pb* ) [C (3)]? > IIP (PbJ,); IIP (PhJ,) = 8,7 - 10°°.

3. Jlo cnuBaHus PacTBOpOB COJICH (CHITBHBIX SJICKTPOJIUTOR)

C[Pb(NOs),] = C (Pb") = 0,005 moms/n, C (KJ) = C (J) =
= 0,01 mons/1n.

[Tocne cnuBanust oOmuii 00beM pacTBopa ctan paBedH 300 mi,
KOHIICHTPAIIMH HOHOB YMCHBIIIHIINCH.

C (Pb*") = (0,005 - 100) / 300 = 0,00166 mous/ I;

C (J) = (0,01 - 200) / 300 = 0,0066 moub/ m;

C (Pb**) [C (J)]? = 0,00166 - (0,0066)*=7,4 - 10°>8,7 -10?,
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cieposareinsro, C (Ph* ) [C (3)]° > TP (PbJ,), ocamok moauna CBHH-
na (I1) mocye cimBaHus yka3aHHBIX paCTBOPOB COJICH oOpa3yercs.
Omeem. Ocanok nonuna ceurmna (I1) oopasyercs.
Ipumep 6. Ycranosure, pactBopsiercst i MnS (ITP =1,4.10™) B
a) cojsiHOM kuciore; 0) ykcycHoit kuciore (C = 0,1 moib/i).

Pewenue:.
1. UToOBI OIICHUTHh BO3MOKHOCTbH IIPOTEKAHNS XMMHUECKON PEeaKIUH
MnS + 2HCI = MnC|2 + H,S. (l)

HEOOXOIMMO, YTOOBI [T HCXOAHBIX pearentos [S7] [H+]* > 6,8.10°.

DTO0 BBITEKACT U3 CJICAYIOMNX COOTHOIICHU:

H,S =H" + HS K; = [H"][HS]/[H,S] =5,7 .10

HS =H" + S$* K, = [H'] gszl/ [H,S]=1,2.10"

H,S = 2H* + S K = [H*]°[S*] / [H.S] = K1.K; = 6,8.10%.

Y4uuThiBas, 4TO HACBIIMICHHBIM PACTBOP CEPOBOAOPOJA B BOJAE
umeeT konnenTpanuto 0,1 moib/n,

[H]%[S*]=6,8.10%

2. PaccunreiBaem [S7]. B Boze cyib(hug MapraHia 4acTU4HO pac-
TBOPSICTCS ¥ TUCCOITUUPYET:

MnS = Mn?** + %,

O06o3HaUMM Yepe3 S pacTBOPUMOCTh CyIb(puaa MapraHia u pac-
CUUTAEM DTy BEIHYUHY.

Swins = VITP MnS = V1,4.10™ = 3,7.10"°mons/n

[S?]=S =3,7.10® mons/x.

YUuTHIBas, YTO CONSHAS KUCIOTA — CUIIbHBIN »1exTponut, [H'] =
Cxuci = 0,1 mous/m.

3. YcranaBauBaeM BO3MOYKHOCTB MPOTeKaHMsI peakiuu (1):

[HT? [S*]1=0,1%3,7.10° = 3,7.10™.

Takum o6pazom, [H]? [S¥] > 6,8.10%". D10 o3Hauaer, uTo cyi1b-
¢dbu MapraHia pacTBOPSCTCS B COMSTHOM KUCIIOTE.

4, AHaJIOTUYHBIM 00pa30M MPOBOAWIA PACUYET TPH OILICHKE BO3-
MOKHOCTH pacTBOPEHHMS CyJIb(HIa Mapraniia B yKCycHou kuciote. Ilpu
3TOM, OJTHAKO, YUUTBIBAEM, UTO 3TO ca0biii anekTpoaut (o = 1,3%).

[H] = Ckucar. - = 0,1 - 0,013 = 1,3-10" mons/n

[HT?[SY] = (1,3-10%)23,7.10° = 6,25.10°*°

Taxum o6pazom, [H[S*] > 6,8:102.

DT0 03HaYaeT, YTo Cynb(pHU MapraHila pacTBOPSETCS U B YKCYC-
HOW KUCJIIOTE.
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Omeem: MNS pacTBOpsiETCS B COJSTHOM U YKCYCHOM KHUCIIOTE.

Ilpumep 7. O0pasyercs 1 ocanok cynbbuga mapranua (I1) mpu
CIIMBAaHWW PaBHBIX 00BEMOB pacTBOpoB HHUTpata Mapranma (I1) wu
cyibduaa kamus ¢ onuHakoBoi koHnentpaiueit 0,01 moms/ n?

C (K,S) = 0,01 Mo/ 1

IIP (MnS) = 2,5 -10™.

Pewenue:

1. Ilpu cnuBaHUM PACTBOPOB MPOUCXOIUT PEAKITHS:

Mn(NOs), + K,S = MnS{ + 2KNO3;

Mn?* + S* = MnSJ..

2. I3BecTHO, 9TO eclii MpOoM3BeACHNE KOHIICHTPAIIMi HOHOB Map-
raana (1) m cynb(duI-HOHOB TPEBBINIACT 3HAYCHHUE TMPOU3BEICHUS
pactBopuMocTu cyinbduaa mapranna (1), To mpomcxomut o6paso-
BaHHE OCAJIKa!

C (Mn*) [C (S*)]* > ITP (MnS); IIP (MnS) = 1,4 -10™".

3. Jlo cauBaHUs PacTBOPOB COJICH (CHUIIBHBIX 3JICKTPOJIMTOB)

C [Mn(NO3),] = C (Mn*") = 0,01 moms/n, C (K,S) = C (§%) =
= 0,01 mous/ 1.

[locne cnauBaHMs paBHBIX OOBEMOB PACTBOPOB COJIEM KOHIICH-
TpauMM MOHOB CHmKaiooTcs B 2 pasa; C (Mn?") = 0,005 moms/ 1,
C (S*) = 0,005 moub/1.

4. PaccunTaeM MPOU3BEICHUE KOHIICHTPAIlUi HOHOB:

C (Mn*)-C(8*)=5:10°.5.10°=25-10°">1,4 10",
cienosarensro, C (Mn* ) [C (%)) > IIP (MnS), ocagok cymbduia
mapranta (I1) mpu cmuBaHMM yKa3aHHBIX PACTBOPOB COJICH 00pasyeTcs.

Omeem. 1Ipu cnuBaHUM PACTBOPOB COJICH OCAJ0K Cyiab(puaa Map-
ranmna (1) oopasyercsi.

Ilpumep 8. Berancnure pacTBOpUMOCTh cyibhuaa mapranma (1) B
BOJIC ¥ B BOJAHOM pacTBope, coaepxariem 0,1 Mois/ 11 Cyab(puI-uOHOB.

IIP (MnS) = 1,4 -10™.

Pewenue:

1. B Bome cympdun mapranmna (I1) gactuuno pacTBOpsieTcs u
JTUCCOIIMUPYET:

MnS « Mn** + S*.

2. O003HaYMM Yepe3 S pacTBOPUMOCTh cynbduaa mapranua (1),
TOTJIa B €r0 HACKHIIIICHHOM PacTBOpE

[Mn®] = [S*] = s u IIP (MnS) = [Mn**] [S*] =5 - 5 = &,
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s=VIIP (MnS),s=+ 1,4 10" = 3,7 -10"® mons/ 1,
clIeIoBaTeIbHO, B pacTBope cynbdunaa mapranna (1) xoHmeHTparms
katnoHoB Mapraniia () m cynbduI-uOHOB paBHBI PACTBOPHMOCTH
cyabduaa mapranmna (1) — 3,7 - 10°® mous/ 1.

3.BBeaenne B pacTBOp  CyNb(PUA-HOHOB  KOHIICHTpAIUCH
0,1 MoJIb/TT 3HAYUMTENBHO MPEBBIMAIONIECH KOHICHTPANIO CYIb(OHI-
MOHOB, KOTOpasi 00pasyercs MpH IUCCOIMAIMU CyIb(uaa MapraHia
(1) (3,7 -10™ momnb/ 1), MO3BOJIAET MOCICAHEH TPEHEOPEYh M CUNTATh
KOHueHT]zoaumo 0,1 mouns/ 11 00WIEH:

[Mn*] =TIP (MnS) / [S*] = (1,4 - 10™°)/ 0,1 = 1,4 - 10™** momns/ 1;

[Mn*]=s (MnS) = 1,4 -10™ mous/ 1.

Takum 006pa3om, BBeIEHHE OJJHOMMEHHBIX CYJIb(QHUA-HOHOB B pac-
TBOp CHIDKAET PaCTBOPHMOCTH cybduaa mapranua (11) ~ B 10° pas.

Omeem. PactBopumocth cynbduaa mapranma (I1) B Boge paBHa
3,7 10°® MOJIB/JI, B BOZHOM PacTBOPE, COAEPIKAIIEM CYIb(OHI-UOHBI, —
1,4 - 10 mMoms/n.

Tema 10. KomnnekcHble coeOQUHeHUs

KoHTponbHbIe Bonpockl U 3agayuun

1. Onpenenute CTENeHb OKHUCICHHS, KOOPAMHAITMOHHOE YHCIIO
KOMILIeKcooOpa3oBarens B coemuHeHusIX. HazoBure ux:

K[AUBTr,], K2[Cd(CN)4], Ca[ZnFg], Nas[Ag(S203)s],
[Pt(NH3)Clo], Ho[SiFg], Ks[Fe(CN)e], [Cr(H20)6]Cls, Nao[CuCly].

2. 3anumuTe KOOPAWHAIMOHHBIC (HOPMYJIBI CIEAYIOMMX KOM-
IJIEKCHBIX COCAMHEHMI, 00OCHYWTE BBHIOOpP aToMa KOMILIEKCOOOpa-
30BaTesIsl, HA30BUTE COCTUHCHMUS ;

3NaF - A|F3 an(CN)z ' FG(CN)Q
ZBa(OH)2 : CU(OH)2 COC|3 - 4NH3; - H,O
2NH4Br - CuBr, - 2NH; 3KCN - Fe(CN)g
Cd(OH), - 4NH, KCI - PtCI, - NH;

KCN - Co(CN); - 2H,0 NH4CN - Cr(CN); - 2H,0

3. 3anuImMTe HOHHBIE U MOJEKYJISIPHBIC YPaBHEHUS XUMHUCCKHX
pEaKIMii MEXKTY CIIEIYOIUMHI COEIUHEHUSIMM:

CdSO4 - 4NH; + BaC|2 —>

PtC|4 - 2NH; + AgNO3 —>

Fe(CN), - 4KCN + FeCl; —
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4. 3anuIInTe ypaBHEHHUS IEPBHYHON M BTOPHYHOHN 3IICKTPOJIH-
TUYCCKOM Jucconmanuu KoMiuiekcHbIX coeaunenuii: [CA(NH3),Cly,
K2[PtCls], K3[Fe(CN)e]

5. Kakas kucnora cuiabHee: HCN wmmm H[AQ(CN),]? Kakoe
ocaoBanue cuibHee [CU(NH3)4](OH), nmu Cu(OH),? ITouemy?

6. Kakoli KOMIJIEKCHBIN MOH MPOYHEE U TTOUYeMy?

[ZN(NH3)a]*" momn [CA(NH3),]**

[CO(NH3)]** wmn [Co(NHg)e]*"

7. MeToibl ONMCaHMsI TIPUPOIBI XUMHUYECKOW CBSI3M B KOMILJICKC-
HbIX coeauHeHusix. Mcnonb3ys meton BC, oObsicHUTE oOpa3oBaHue
xomiiekcHoro noHa Kz[Fe(CN)g]. B cooTBeTcTBUUM ¢ Teopuel Kpwuc-
TAJUIMYECKOTO TIOJISI OLICHUTE TECOMETPUUYECKYI0 (POpMy 3TOTO KOM-
IUICKCHOTO COCJMHCHMS. ByAeT JIn KOMIUIEKC 00J1agaTh MmapaMarHuT-
HBIMH CBOMCTBaMU?

8. Beruncnure konuenrpamuio karumonoB meau (1) B pactBope
[Cu(NH3)4]Cl, kornentparueii 0,0002 moms/m.

9. MoxHO nu paspymuts kommiekcHeri uoH [Hg(NHs)s]*
(C = 0,001 momw/n) nobamieHHEM pacTBOpa CyJb(uIa HaTpUs paB-
HOTO 00bE€Ma U paBHOM KOHUEHTpaLUN?

NMpumepbl BbINONTHEHUA 3a4aHUN

Ilpumep 1. Bpuncnure 3HAYEHWE KOHUEHTPAIMM KAaTHOHOB
cepebpa (l) B pactBope TpuimanoaprenTaTa(l) Kanusi KOHIIEHTpaIUeH
0,001 moms/ 1.

Ku [Ag(CN);]* =1,0 - 10

Ku [Ag(CN);]* = 1,0 - 10

Pewenue:

1. YpaBHeHHE TIEPBUYHOM DJIEKTPOJUTHUYECKOW JAUCCOLMALINU
KOMIUIEKCHOTO COEJIMHECHMUSI:

Ko[Ag(CN)s] > 2K™ + [Ag(CN)s]™

2. YpaBHEHHE BTOPUYHOU DJJICKTPOIUTHUYECKON HUCCOIMAIIUM
KOMIUIEKCHOTO MOHA.:

[Ag(CN)3]* < Ag" + 3CN".

3. BeipaskeHre KOHCTaHThl HECTOMKOCTH KOMITIEKCHOTO HoHa (KH):

Ku = [Ag'] [CNT’/ [Ag(CN)s]™

4. TIpeo6pazyem Boipaxenue Ku, 0003HaunB
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[Ag] = s, [CNT] = 3s, [AG(CN)s]* = Ccomm (tak kak aucco-
IUAIMs KOMIIEKCHOTO HOHA HEBEJIMKA)
5 (3s)° 275" (Ku - Ccomnn)
Kg = = 'S = \V/
Cconu Ccomnu 27
5. KonrenTparusi kKaTHOHOB cepebpa:
(1- 10 - 0,001)
[Ag]=s=" =2,46 - 10" moub / 1.
27

Omeem. KOHIIGHTpAIIHst KaTHOHOB cepeGpa pasHa 2,46 - 107 Mo / 1.

Ilpumep 2. MoxHo M  pa3pylmIiuTh KOMIUIEKCHBIA — HOH
[Ag(NH,),]" (C = 0,1 monb/ 1) K06aBICHIEM pacTBOpa XJIOpHAA Ka-
7Sl PaBHOTO 00beMa M paBHOW KOHIEHTpauuu? YBelnuyeHue oobema
pacTBOpa MPH CIIMBAHUHN UCXOIHBIX MOYKHO HE YUUTHIBATh.

Pewenue:

1. VpaBHEHHE XUMHUYCCKON PEaKIUU pa3pyIICHUS KOMIUIEKCHOTO
HOHA. [Ag(NH3)2]+ +Cl'= AgCI_ + 2NHa.

2. I3BeCTHO, YTO €CIIM TPOW3BEICHHWE KOHIICHTpPAIUii HOHOB
cepebpa (I) M XJIOpPHJI-MOHOB TMPEBBIIACT 3HAYCHUE IPOU3BEIACHUS
PacTBOPUMOCTH XJIOpHAa cepedpa, TO MPOUCXOIUT oOpazoBaHUE
ocajgka M paspymieHne kommiekcHoro nona. C (Ag* ) C (CI) > IIP
(AgCl); IIP (AgCl) = 1. 10°™%°.

3. YpaBHEHHE BTOPHYHOM DICKTPOIUTHUCCKON IHCCOITAAIINHI
KOMITJIEKCHOTO MOHA!

[AG(NH3),]" <> Ag™ + 2NH;.

4. BeipakeHHE KOHCTAHTHI HECTOMKOCTH KOMIUIEKCHOTO MoHa KH:

Ku = [Ag'] [NH3]* / [Ag(NHs)]".

5. IIpeobpasyem Bolpakenne Ku, o6o3nauns: [Ag'] = s, [NHs] =
2s, [Ag(NH,;),]" = Cconu (Tak kak aucconmarys KOMIUIEKCHOTO HOHA
HEBEJINKA);

Ku = s (2s)* / Cconu = 45>/ Cconn, s = >V (Ku - Ccomn)/ 4 .

6. Konmenrparus karnoHoB cepedpa (1)

(1-10°.0,1)
[Ag]=s=3 =6,3- 10" mous / 1.
4

7. Xnopua kanus — cuibHb dekTpoaut, C (KCI) = C (CI) =

= 0,1 mons/ 1.
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[Ipu cnuBaHWUM PacTBOPOB PABHBIX OOBEMOB MX KOHIIEHTPALIUU
yMeHbIIaroTes B 2pasa; [Ag] = 6,3 10" :2=23,15- 10" momb / 1, a
[CI']=0,1:2=0,05wmousb / 1.

8. [IpousBeeHre KOHIICHTPAIIUU HOHOB:

C (Ag") C (CI) =3,15-10™ 0,05 = 1,1575 - 10° > 1. 10™, nosromy
OCaJIOK BBINAJAET U KOMILUIEKC Pa3pyILIAECTCS XJIOPUA-HOHAMM.

Omeem. KOMILIEKCHBIN HOH pa3pyIIaeTcs XJIOPUA-UOHAMH.

Tema 11. OkucnumesnibHO-eoccmaHoeumersibHble
peakyuu (OBP)

KOHTpOﬂbeIe BOMpPoOCbLI U 3aAa4um

1. Kakue u3 YKa3aHHbIX HHUKC XUMHNYCCKUX peaKLII/Iﬁ OTHOCATCA K
OKHUCINTEILHO-BOCCTAHOBUTEILHBIM?

Zn + H,SO4(pa36.) = ZnSO, + H,’

Zn + 2H,50,(kom1.) = ZnSO, + SO, + 2H,0

Zn(OH)2 + H,S0, = ZnS0O, + 2H,0

Fe,O; + CO =CO, + 2FeO

Fe,O; + 6HCI = 3F€C|3 + 3H,0

N&gCOg + S|02 = Na28i03 + CO,

2Na,SO, + 28|02 +C= 2Na28i03 + CO, + 2S0,

OtBet o0ocHyiTe. YKaxute B OBP okucnurens 1 BOCCTAaHOBUTE!T.

2. YCTaHOBI/ITe, OKHCJICHUC HJIX BOCCTAHOBJIICHHUC IIPOHUCXOOAUT
IpY [IEPEXO1ax:

FeSO, — Feg(SO4)3

Fe,O; — Fe

NH3 — NO

2CI" - Cl,

ClI'—> CIO,

OTtBeT o0oCcHYHTE.

3. Kakue wus YKa3aHHbIX BCHICCTB MOI'YT IIPOABJIATL TOJBKO
OKHCIINTCIIBHBIC CBOﬁCTBa, TOJIBKO BOCCTaAHOBUTCIIbHBIC CBOﬁCTBa, KaK
OKHUCJIUTCIIBHBIC, TAK U BOCCTAHOBUTCIIBHBIC CBOMCTBA.

KMnO,4, MnO,, V,0s5, KJ, NH;, HNO,, Na,S, Na,SO;, HNOj3,
K,Cr,0O5, KC|O47

OTtBeT o0ocHYyTE.
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4. IlpuBenure mpuUMeEpbl MEKMOJICKYISIPHON, BHYTPUMOJIEKYJISIP-
Hou OBP u peaknuu 1ucnponopuruOHUPOBAHUA.

5. DIIEKTPOHHO-UOHHBIM METOJIOM COCTaBbTE€ OKHCIMTEIbHO-
BOCCTAHOBUTEJILHBIC PEAKIIUU:

NaNO, + KMnO, + H,SO, —» MnSQO, + NaN03 +?

KgSOg + KC|03 +?7 > KZSO4 +?

HI+ HIO;+7 —> J, +?

Zn + KNO, + KOH — K,Zn0O, + NH; + ?

KMnQO, + HCI (kon1.) — Cl, + MnCl, + ?

CoCl, + H,O +? —» CoCl; + ?

KMnQO, + H,0, + H,SO, — MnSO, + ?

CrC|3 + H,0, + NaOH — Na,CrO, + ?

VYkaxute tTun OBP.

6. Beranciaure maccy KMnO,, HeoOXoauMyto IS IPHUTOTOBJIC-
HUSI paCTBOpPA C MOJIIPHOM KOHILEHTPALMEN BEIIECTBAa YKBUBajeHTa C
(1/zKMnQ,) = 0,02 moas/n. PacTBop mpeaHa3HaueH AJIS MPOBEICHHS
OKHUCJIMTEIIbHO-BOCCTAHOBUTEIILHOM PEAKIINU B IIEJIOYHOMN CPEIE.

/. 3akonunte ypaBuenune OBP: H,0O, + C1, —. Paccuura 3/1C
MpoIIecca, OLIEHUTE BO3MOKHOCTh €€ MPOTECKAHUS.

NMpumepbl BbINONTHEHUA 3a4aHUN

Ilpumep 1. 3akoHuuTe YypaBHCHHE XHMHYECCKOH peakIUd U
paccunraiite ee IJC

MnO, + H,0, + H,O —

Pewenue:

1. YcTaHaBauBaeM OKHCIIHMTEIb M BOCCTaHOBHMTEIbL. Jljig 3TOro
HaXOJUM BEIIECTBA, B KOTOPHIC BXOJIAT aTOMBI, CIIOCOOHBIC TOHUXATh
WIM TIOBBIIIATH CTEIICHh OKHCIICHHMS. B JaHHOM IIpuMepe OKCH]L
mapranna (V) comepXUT aTOMBI MapraHiia co CTCIICHbIO OKHUCICHUS
+4, a IepOKCH]T BOJIOPOIA COJEPIKUT aTOMBI KHCIOPOJIa CO CTEIICHBIO
okucacHus kuciopoaa -1. CTeneHH OKHCICHHS YKa3aHHBIX aTOMOB
SBJITFOTCSL  TIPOMEKYTOYHBIMH. BO3MOXXHBI JApyrHe. Il aToMa
Mapranma +7, +6, +4, +3, +2, 0; g aroma kucimopoma +2, 0, -1, -2.
[TosTomMy 00a coeguHEHHS MOTYT OBITh KaK OKHCJIHTCIEM, TaK H
BoccraHoButesieM. C 0oyiee CUIIBHBIM OKHCIUTEIEM OHH IMPOSBIISIOT
CBOMCTBAa BOCCTAHOBHTEIS, C OOJiee CHJIBHBIM BOCCTAHOBUTEIEM —
CBOICTBAa OKHCIIUTEIIA. B JaHHOM Cllydae OKHCIUTEIIEM SIBISCTCS TO
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BEILIECTBO, BOCCTAHOBUTEJIBHBIM MOTEHIIMAT KOTOPOTO  BBIIIE.
Haxonum 3Ha4YeHWS CTaHIAPTHBIX DJIGKTPOJIHBIX TOTEHIIMAJIOB
MOy PEAKIIHAM:

H,O, +2e + 2H" = 2H,0 (po =1,77B

MnO, + 2e” + 4H* = Mn** +2H,0 ¢°=1,24B

bonee BBICOKMM 3HAaY€HHEM BOCCTAHOBUTEIBHOTO IOTEHIIMAIA
oOJazaeT MepoKCUl BOJIOPOJIa, OH U siBisieTcs okuciautenem. Creno-
BaTeabHO, okcux Mapranma (1V) — BocctaHOBUTE.

2. 3amuchIiBaeM dJIEKTPOHHO-MOHHBIE YpPAaBHEHUS: TMOJIypeaKIuu
BOCCTAHOBJICHUSI OKUCIUTENSI M OKUCIIEHUS BOCCTAHOBUTES.

3 H,0, +2¢e” + 2H" = 2H,0 (BoccTaHOBIICHNE)
2 MnO,-3e +2H,0=MnO, +4H" (oxucaeHue)

3. Cymmupysl ypaBHEHHUS TIOJIypEaKIMii, 3amuCchbiBaeM HOHHOE
ypaBHeHHe. Ha ero ocHOBE COCTaBIIsIeM MOJIEKYJIIPHOE ypaBHEHHE.
[IpoBoaAMM MPOBEPKY CTEXHMOMETPUUECKUX KOIPPUIIMEHTOB 0 YUCTY
aTOMOB JJIEMEHTOB B JIEBOU U IIPABOM YacCTsX.

3H202 + 6H+ + 2Mn02 + 4H20 = 6H20 + 2MnO4- + 8H+,

3H,0, + 2Mn0O, = 2H,0 + 2HMnO,.

4, JIna pacuyera DJIC mporiecca HEOOXOIUMO 3HATh BEIUYUHBI
¢°(ox) 1 ¢°(Bc).

3Ha4YeHUs BEJIMYMH AJIEKTPOIHBIX MOTEHIIUAJIOB:

H,0, +2e” + 2H" = 2H,0 0°=177B
MnO4- +4H" + 3e = Mn02 + Hzo (po =1698B

YauThIBas, 9YTO B JAHHOHN peakiuu okcua Maprania (1V) ssiser-
Csl BOCCTAHOBUTEJIEM, COOTBETCTBYIOIIASI TMOJIypPEaKIvs €ro OKHCIIe-
HUSI UMEET TO K€ a0COJIFOTHOE 3HAUYE€HHE DJIEKTPOJIHOIO MOTEHIMAIA,
HO C MPOTHBOIOJIOKHBIM 3HAKOM.

MnO, - 3¢ + 2H,0 = MnO, + 4H" ¢’ =-1,69 B.

B stom cnyuae mia pacuera DJIC 3HaYEHHST BEIWYUH BIEKTPOJ-
HBIX MOTEHIIMAJIOB OKUCIUTEIS U BOCCTAHOBUTENSI CYMMUPYIOTCS.

OJC =1,77/-1,69 = 0,08 B > 0 peakuusi npoTekaer B MPIMOM
HaIpaBJICHUH.

Onnako B ydyeOHOW JUTEpaType 4acTo MPUBOJAUTCS Takas op-
Mmyna i pacyera I/C:

SIC = ¢°(ok) — ¢°(Bc).

B 3TOoM ciyuae 3HaK 3JIEKTPOJAHOrO MOTEHI[MAaIa BOCCTAHOBUTEIS,
B3ATBIM U3 CIIPABOYHOM JIUTEPATYPHI, HE MEHSETCH.
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Omeem. DJIC xummdeckoi peaxknuu papHa 0,08 B, moro-
KUTCIIPHOC 3HAYCHHE CBHUJCTEIBCTBYET O TNPOTECKAHWHM PEAKIMH B
IPSIMOM HAIpPaBJICHUH.

Ilpumep 2. YcraHoBUTE, YTO IPOU3OMAET, €CIIM PACTBOP HUTpATa
xene3a (1) mepememmBaTh aTIOMUHUEBON JI0KKOMA.

Pewenue:

1. 3anckiBaeM opmysiel pearupyrommx Berects: Al + Fe(NO3), —

2. YCcTaHaBIMBAaEeM OKHCIUTEIh U BOCCTAHOBUTEIH. ATOMBI ajIio-
MUHUS CTIOCOOHBI TOJBKO OTJAaBaTh JIEKTPOHBI, SIBISASCH BOCCTAHOBH-
teaeM. CaegoBaTenbHO, KaTHOHBI kene3a (I1) — okucinurens. B Heid-
TPaJIbHOM CpeJie HUTPaT-HOH OKHUCIUTEIIbHBIC CBONCTBA HE MIPOSIBIISICT.
3anuchiBaeM ypaBHEHUS MMOTYPEAKIIMA BOCCTAHOBIICHUS U OKUCIICHUS.
3HaquHsI CTaHIAPTHEIX OMEKTPOIHEIX TIOTCHITHAJIOB;

Fe~+2e = Fe ¢° = -0,44 B (BoccTaHOBIIEHHE)
2 Al - 3e = AI** ¢° = 1,66 B (oxucnenue)

3. 3anuchIBacM MOJICKYJISIPHOS YPaBHCHHUE PEAKIIHUH

2Al + 3F9(N03)2 = 2A|(NO3)3 + 3Fe.

Kputepriem BO3MOXHOCTH TPOTEKaHUS OKHUCIHTEIbHO-BOCCTA-
HOBHUTEJIBHOM PEAKIUU SABJISETCS NOJOKUTENbHOE 3HaUeHue ee J/C.

SAC=-0,44+166=122B>0.

Omeem. Ilpum mepememmuBanuu pactBopa HuTpara xemeza (1)
ATFOMUHHUEBAS JIOJKKA OYJIET pacTBOPATHCS.

Ilpumep 3. Tlouemy pacTBOpHI NEpMaHTaHAaTa Kalus XpaHAT B
TEMHBIX OyTHUISIX?

Pewenue:

Ha cBeTy mepmaHTaHaT Kajius B pPacTBOpPE OKHCISET BOJY, B
pe3ynbTaTe CHIKACTCSI KOHIIEHTPAINS PACTBOPEHHOTO BEIIECTBA. ITO
HEOITYCTUMO IPY HUCITOJIB30BAaHUU PACTBOPA B aHATUTHICCKON XUMHUH
(KOJTMYECTBECHHBIN aHAIN3).

KMnO, + H,0 — ?
OKI/ICHI/ITCJIL BOCCTaHOBI/ITeJ'IB

4| MnO, + 3¢ + 3H,0 = MnO, + 40H"

3| 2H,0 - 4" =0, + 4H"

4Mn04_+ 8H20 +6H20 = 4Mn02 + 160H" + 302 + 12H+,

4KMnO, + 2H,0 = 4MnO, + 30, + 4KOH.
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Omeem. XpaHEHHE PaACTBOpA IEPMAHraHATa Kajusg B TEMHBIX
OYTBHUISAX HCKJIIOYAET BO3MOXKHOCTh MPOTEKAHHUS XHUMHUYECKOU peak-
MU, CHUKAIOIIEH KOHIIEHTPALUIO TIEpMaHTaHAT-NOHOB.

Ilpumep 4. 3akoHUMTE YpPABHEHHE OKHUCIUTEIbHO-BOCCTAHOBH-
TEJbHOU PEAKIINU U OIIEHUTE BO3MOXKHOCTh €€ MPOTEKAHNUS

KMnO4 + Kzs + H2804 —> ?_
Oxuncnurenb BoccranoBureinp Cpena

2| MnO, + 5e- + 8H' = Mn* + 4H,0 ©°=1,228 B

5| S2 -2 =5 ©°=0,447 B

2MnO, + 16H" + 55% = 2Mn*" + 5S + 8H,0;

2KMnO, +8H,S0, + 5K,S = 2MnSQO, + 5S + 8H,0 + 6K,S0O,.

E = 1228 + 0,447 = 1,6/5 B > 0- peaknus nOpoTeKaer
CaMOTIPOU3BOJIBHO.

Ilpumep 5. Brriuucnure Maccy mepMaHraHata Kajiusi, HEOOXOI1-
MoOro njisi mpuroToByieHus: 0,5 J1 pacTBopa ¢ MOJISIPHOM KOHIIEHTpa-
el Bemectsa 3kBuBajacHTa C (1/z KMnQO,) = 0,05 moas-3kB/11. Pac-
TBOpP MIpEeAHA3HAYCH JIJIs MPOBEICHUS] OKUCIUTEILHO-BOCCTAHOBUTEIb-
HOU C €TO YYaCTHUEM B KUCIIOU CPEJIE.

Pewenue:

1. TTockOIBKY BOCCTAHOBJICHUE OKHCIUTENS MPOTEKAET B KUCIOMN
cpelne, TO MOJIypeakIfio CIeAYEeT 3anncaTh TaK:

MnO,-+ 8H" +5e <> Mn”" + 4H,0.

2. MonsipHast Macca BeIllecTBa YKBUBAJICHTA.

YHCII0 SKBUBAICHTHOCTH Z = 5 (YHCII0 MIPUHSTHIX JICKTPOHOB)

M(1/z KMnQ,) = M(KMnQy,) : 5 =158 : 5 = 31,6 Moib-3kB/1.

3. KonmnuectBo 1 Macca mepmMaHraHaTa KaJlusi:

v (1/z KMnQO,)= C(1/z KMnQO,4) V = 0,02 - 0,5 = 0,01 moab-3KB.

m (KMnQ,)=0,01 - 31,6 =0,316 r.

Omeem. Jna npurotoienus 500 mi1 pacTBopa ¢ 3aJaHHON MO-
JISIPHOM KOHIIEHTpalMel BellecTBa dKBUBaieHTa Heooxoaumo 0,316 r
nepMaHTraHaTa KaJusl,

Ilpumep 6. Ha npoBeienre OKUCIUTEIHLHO-BOCCTAHOBUTEIHHOMN Pe-
aKIIMM C PacTBOPOM TEPOKCHAA BOJOpoAa o0beMoM 25 MiI Tpedyercs
30 M1 pacTBOpa mepMmaHraHata kaiaus konmeHTparuei 0,02 mons/ .
Beruncniurte  MONSIpHYHO — KOHIIGHTpAIMIO — TEPOKCHIA  BOJOPOJA,

MOJISIPHYKO MAacCy BELIECTBA JOKBUBAJICHTA IIEpMAHTaHaTa KaJus:
M(1/z KMnQOy) =?
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Pewenue:
1. YpaBHEHHE XUMHUYECKON pEeaKInu:
KMnO, + H,O, > ?
OKHCIIMTEIIb BOCCTaHOBUTEIIb

2 | MnO, +5¢” + 8H" = Mn®* + 4H,0

5 | Hy0,—2¢" =0, +2H"

2MnO,4 + 16H" + 5H,0, = 2Mn?** + 8H,0 + 50, + 10H*;

2KMnO, + 3H,S0, + 5H,0, = 2MnSO, + 8H,0 +50, + K,SO,

2. KonndecTBeHHBIE OTHOIICHHS MEXIY MepMaHTaHATOM KaJIHs U
MIEPOKCHUJIOM BOJOPOIA.

V(HZOZ) =5/2 v (KMnO4)

3. KonmuecTBo BemiecTBa nepManranata kaiaus B 30 M1 pacTBopa
koH1teHTparueit 0,02 Mmonb/r:
v(KMnO,) = C(KMnO,) - V(KMnO,) = 0,02 - 0,03 =6 - 10™* moub.

4, KonnuaecTBo BellecTBa MEPOKCHIA BOJIOPOAA U €r0 KOHIICHTPAITHSI:

v(H,0,) =5/2 -6 -10*=1,5- 10™ moub;

C(H,0,) = v(H,0,) / V(H,0,) = (1,5 - 10)/ 0,025 = 0,06 mous/ 1.

5. MosipHast Macca BelllecTBa SKBUBaJICHTa TIEpMaHraHaTa KaJius.

M(1/z KMnQ,) = M(KMnQy,) /5 =158/ 5 = 31,6 r/ moib-3kB.,
r7€ 5 — YHCIIO AIEKTPOHOB, MPUHATHIX MEpMaHTaHAT-HOHOM B IOJY-
peaKIiuM €ro BOCCTaHOBJICHHUS.

Omeem. C (H,0,) =0,06 moms/ 1, M (1/z KMnQ,) = 31,6 1/ MoJ1b-3KB.

Tema 12. dnekmpoxumudeckue npouecchl

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada4um

1. DNEeKTPOXUMUYECKHE IEMEHTHI. DneMeHT SAxoou — Jlanuss.
Pacuet anekrpoasmxkymei cuiibl (3/1C) raJbBaHUYECKUX 3JIEMEHTOB
(XMMUYIECKUX ¥ KOHIICHTPAITMOHHBIX ).

2. DIIEKTPOXUMHUYUECKUHN Psii HANPSKEHUH.

3. byaet nu paboTaTh rajJlbBaHUUYECKUM JIEMEHT MPU TPOBEICHUN
xumuueckoii peakuu: Mg ° + Co = Mg?* +Co?

4. 13 KakuX MOJIy3JIEMEHTOB CJIEIyE€T COCTABUTh rajlbBAHUYECKUX
anemMeHT, 4utoObl ero DJIC Obuta MakcHMalbHOW: 1) Ca**/Ca u
Au**/Au; 2) Im*/Im u Fe**/Fe; 3) Ni**/Ni u Pb**/Pb; 4) Mg**/Mg u
Cd**/Cd; 5) Fe**/Fe u Ni**/Ni.

5. Kopposus MeTaioB, TUIIBI KOPPO3UH, METObI 3aLUTHI.
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6. DnekTpoiu3 paciylaBa M pacTBopa XJOpuia HaTpus B
AEKTPOJIU3EPE C HHEPTHBIMH JICKTPOIAMH.

/. DNEKTPOIU3 BOJBI.

8. 3aKOHBI JIEKTPOJIN3A.

9. Ilpu »mekTponu3e pacTtBopa cyibdaTa HUKEIS (JIEKTPOIBI
WHEPTHBIC) BhLIETMIIOCH 2,24 11 O, (H. y.). Berauciure MaccoByro 10-
JI0 OCTaBUICHCS B pacTBOpPE COJIM, €CJIM B DJIEKTPOJU3EP MOMECTUIIU
200 T pactBOpa ¢ MaccoBoit goiei 31%.

10. Ilpu mpomyCkaHMHM TOKa Yepe3 pacTBOpP COJU cepedpa Ha
karoje Boiaenwics 1 r cepedpa 3a 10 MmuH. Beiuucnure cuiy Toka.

11. Beiuucnute mMaccy rasa, BhIACIUBIIETOCA Y aHO/A MPU 3JIEKT-
pOJIM3€ pacTBOpa CEPHOM KHUCIOTHI B TEUCHHE D MHUH, CHJIa TOKa 2A.

Mpumepbl BbINONHEHUA 3a4aHUN

Ilpumep 1. N300pa3ute cXeMbl XHMHUYECKOTO 3JIEMEHTa (DJIEKTPO-
XMUMHUYECKOM SUCHKH) U AJICKTPOJIU3epa (JIICKTPOXUMHUICCKOM STUCHKN).

JInst ykazaHusi KOHKPETHOTO COCTaBa TajlbBAHUYECKUX DJIEMEHTOB
NOJB3YIOTCS cxemoul 3amucH, ycraHomieHHo JUPAK. Hampuwmep,
11 paemenTa Slkoou — JIaHMAIIS ¢ COJIEBBIM MOCTHKOM:

(-) Zn/ Zn** (Bomu.)// Cu* (Bomu.)/CuU(+), KOHLEHTPALHOHHBIIL
AJIEMEHT, COCTOSIIIINI U3 IBYX CEPEOPSIHBIX JICKTPOIOB:

(-) Ag/ Ag” (Bogm.)(a;)//Ag” (Boan.)(a,)! Ag(+), a; >ay, Tre

a — aKTUBHOCTb PaCTBOPOB.

Ilpumep 2. Hamummre cxeMy dJI€MEHTa, COCTOSIIETO W3 ABYX
ANEKTPOJIOB:

Zn** (Boxr.) + 2e = Zn (tB) ¢°2° /20 = -0,76 B

Ni**(Bomr.) + 2e = Ni (tB) ¢°ni°/ni = -0,25 B

B cooTBeTCTBUUM CO 3HAYEHUSIMU CTAHJAPTHBIX 3JIEKTPOAHBIX I0-
TEHIIMAJIOB HAMMIIUTE XUMUYECKUE PEaKIMu, MPOTEKAIOIINE B Tallb-
BaHUYECKOM 3jieMeHTe. Berunciaure ctangaptayo IJIC XuMuueckoro
MCTOYHHUKA TOKA.

Pewenue:

1. B COOTBETCTBUM CO 3HAYCHUSIMH CTAHAAPTHBIX JJICKTPOIHBIX
MOTEHIIHAJIOB

(¢° Ni%*/Ni) u ¢° Zn**/Zn)

Ni**(Boar.) + 2e = Ni (1B.)

Zn(tB.) — 2e = Zn** (BoH.)
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CymmapHo:

Ni**(Bomr.) + Zn(TtB.) = Ni(tB) + Zn**(BozH.).

2. Cxema paccMaTprBaEMOro HCTOYHHKA TOKA!

Zn(tB) / Zn**(Bomu.) // Ni**(Bomr.) Ni(TB).

3.9/C = ¢° oxuc — @°BOCCT. = @Nigeni — @ znz+izn = -0,25 —
(-0,76) = 0,51 B.

3HaueHue OOJbIlle HYJS O3HA4YaeT, YTO B HUKEICBOM DJICKTPOIE
MPOTEKAET MPOIECC BOCCTAHOBIICHUS, & B IMHKOBOM — OKHCJICHMUSI.

Omeem. Ni**(Bozr.) + Zn(ts) = Ni(tB) + Zn* (BozH.),

Zn / Zn**(Bonn.) // Ni** (Boxr.) / Ni (t8), DJIC = 0,51 B.

Ilpumep 3. Paccumnraiite 3/C nuTHEeBOMEIHOTO dJIEMEHTA.

Pewenue:

DJC = E®geuen — Epocer = 0,338 — (-3,045) = 3,383 B.

Omeem. D]JIC = 3, 383 B.

Ilpumep 4. 3anumuTe KaTOAHBIE MPOLECCHI, MPOTEKAIOIINE MPH
KOPPO3HH META/LIOB (KHCIIas, HeHTpallbHas, MEI0YHas CpeJia).

Pewenue:

K(+) O, + 4H" + 4e = 2H,0 (1)
K(+) O,+ 2H,0 + 4¢ = 40H (2)
K('l') 2H30+ +2¢ = H, + 2H20 (3)

Kucnopoanast koppo3usi IIPOTEKAET B HEUTPAIBHOW U IIEJIOYHOM Cpe-
ne (1, 2), BomopomHas kopposus (3) nporekaeT B kucioi cpeae (pH < 4).

Omeem. B 3aBUCHUMOCTH OT Cpelibl KAaTOJHBIE MPOLECCHl MpU
KOPPO3HUH METAIJIOB MPOTEKAIOT PA3ITUYHO.

Ilpumep 5. TloueMy OIIMHKOBAHHOE JKEJIE30 HE MOABEPraerTcs
pa3pylieHU0?

Pewenue:

DTO PIEKTPOXUMHUYECKAsT KOHTAKTHAsI KOPPO3Us, T/I€ KaTod — XKe-
J1€30, a aHOJ1 — IIUHK.

K(+) O, +4H" + 4e = 2H,0,

A(-) Zn-2e = Zn*,

Takum 00pa3zoM, UJET pa3pylICHHE IIUHKOBOTO IMOKPBITHS, a HE
Kese3a (KaToaHas 3aIuTa).

Omeem. B mpoiiecce KOppO3UH pa3pyliacTcs MUHKOBOE MOKPHI-
THE JKelle3a.

Ilpumep 6. Hanumure ypaBHEHUS 3JIEKTPOJIM3a PACTBOPOB:

a) opommia meau (1)
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0) cynbdara maprania (1)

B) cynbdara menu (1)

A. Dnexmponus pacmeopa opomuoa meou (11)

Pewenue:

B pactBope Opommma meam (ll) mpucyTCTBYIOT KaTHOHBI MEIH
(1), OpoMuI-HOHBI, a TaK)KE MOJICKYJIBI BOJbI, CIOCOOHBIE BOCCTaHAB-
JMBATHCS Ha KAaTOJIe U OKHUCIIATHCS Ha aHO/JIC.

Bo03MOKHBIE MPOIECCHI HA AIEKTPOIaX

Ha KaToje (-)

Cu**+2e'=Cu ¢°=0,337B (1)
2H,0 + 26" =H,+20H" ©° =- 0,41B )
Ha aHoze (+):

2Br —2e =Br, ¢°=1,08B (3)
2H,0 — 4e = 0, + 4H" ©°=1,23B (4)

CyMMapHOe ypaBHEHHE 3JIeKTpor3a pacteopa opomuna meau (11):

2Cu** + 2Br' = 2Cu + Bry;

2CuBr, = 2Cu + Br,.

Omeem. IIpogyKTaMu 3JIEKTPOJIN3a ABJISIIOTCS . HAa KaTOAE — MEIb,
Ha aHoJie — Opom.

b. Qnexmponusz pacmeopa cynvgpama mapzanuya (11)

Pewenue:

B pactBope cynbdara mapranna (I1) mpucyTCTBYIOT KaTHOHBI
maprandna (l1), cynbgar-uoHsl, a TAKXKE MOJICKYJIBI BOJbI, CLIOCOOHBIC
BOCCTaHABJIMBAThLCS HA KAaTOJC M OKHUCIIATHCS Ha aHOJIE.

Mapraner, HaxoAUTCS B JICKTPOXUMHYECCKOM PSIy HaAIPsSKEHUH
METaJUIOB TIpaBee alOMUHUS, HO JIeBee MeEH, MOATOMY MapraHell
OyzaeT BIACIATBCS Ha KaToje (ypaBHeHHE 1) OJTHOBPEMEHHO C BOJIO-
ponom (ypaBHerme 2). OKHCICHHE BOJBI HA aHOJE XapaKTepU3YeTCs
HAaUMEHBIITUM 3HAYCHHEM JJICKTPOIHOTO ToTeHIHana (ypaBHeHHUE 4),
MO03TOMY | OyJI€T OCYIIECTBIATHCS ATOT MPOIIECC.

Ha snextpoaax Bo3MOKHBI KOHKYPUPYIOITUE PEAKIIUH:

Ha KaToze.
Mn“" + 2" = Mn ¢ =1,18B (1)
2H,0+ 2e” = H,+20H ¢’ =0,41B (2)
Ha aHoze (+) _
2S0,% - 2" = S,08" ©°=2,01B (3)
2 H,0 —4e = 0, + 4H" ¢°=1,23B (4)
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CyMMapHOe ypaBHEHHME DOJIEKTpOJu3a pacTBopa cyib(ara
mapranma (I1):

Mn®* + 2H,0 + 2H,0 —P°"™ Mn + H, + 20H + O, + 4H";

Mn SO, + 2H,0 PHCKIPOTE Mn + H,+ O, + H,SO,.

Omeem. llpogykTaMH 3JIEKTpOJM3a SBISIOTCA. Ha KaTOJE —
MapraHelil 1 BOJOPO/I, Ha aHOJI€ — KUCJIOPOJI U CEpHAsl KUCIIOTA.

B. Dnexkmponusz pacmeopa cyrvgpama meou (11)

Pewenue. B cOOTBETCTBUU C NpaBUIaMU KAaTOAHBIE U AHOJHBIC
nporieccbl B pactBope cynbdara wmeaw (1) mpu  siekTponmse
MPOTEKAIOT TaK:

1) (-)KCu* +2e=Cu |2

(+) A2H,0 —4e = 0, + 4H* | 1

HNoHHOE ypaBHEHUE AIEKTPOJIN3A!

21-3
2Cu”* + 2H,0 = Cu + O, + 4H"
MonekynsipHOe ypaBHEHUE:!
-3

2CuSO, + 2H,0 =Cu + O, + 2H,S0,

Omeem. 1lpu snekTponause pacTtBopa cyiab(dara Meau Ha KaToJe
BBIJIEJISIETCS MEJlb, HA AHOJAE — KHUCJIOpPOJ WU HAKAIUIMBAETCS CEpHas
KHUCJIOTA,

Ilpumep 7. Bpluucnure Maccy aJlOMUHHS, KOTOPBI MOYHO MO-
JYYWTh TPU 3JIEKTPOJIM3E paciuiaBa XJIOpUAa aJTIOMUHMS, €CIIH CHJIa
toka 10 ammiep, a Bpems anexTposnsa 1 gac.

Pewenue. 11pn d51eKTponan3e MpOTEKAIOT MPOLIECCHI:

(VKAPF +3e+Al |2

(+)A2ClI-2e=Cl, |3

HNoHHoe ypaBHEHUE AIEKTPOJIN3A!

2M1-3
2AI" + 6CI = 2Al + 3 Cl,
MonekysipHOE ypaBHEHHE 3JIEKTPOJIU3a;
211-3

2A|C|3 =2Al + 3C|2

M(1/z Al) = 27/3 = 9 r/MoB-2KB.

ma; = 9/96500 x 10 x 3600 = 3,35 T

Omeem. Macca amromuaus 3,35 T.
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Ipumep 8. Dnexrponns pactropa cyibdara meau (11) (V = 400 mu,
® = 6%, p=1,02 F/CM3) IIPOJIOJDKAJICS IO TEX IOp, IT0OKa Macca pac-
TBOpa He yMeHbIIMiIach Ha 10 r. BeraucanTe MaccoByro JOJIO CYIIb-
darta memu (I1) B pacTBOpE IMOCIIE 3JICKTPOIHM3a U MACCy MPOIYKTOB,
BBIJICJUBIIMXCS HA HHEPTHBIX JICKTPOaX AJIEKTPOIIN3epa.

Pewenue:

1. TTpu snexTponu3se cyibhata MeIU IPOTEKAST MPOIIECC:

-3
2CuSQO,4 + 2H,0 =2Cu + O, + 2H,S0, (1)

CiemoBaTelIbHO, Macca PacTBOPa yYMEHbBIIMIACH 3@ CUCT BhIACIIE-
HUSI MEJIM U KUCJIOPO/Ia.

2. [lpuMeM, 9TO MEIU BBIICIHIOCH X MOJb, TOTJa KHCIIOPOaa —
x/2 mons (110 ypaBHEHUIO dIeKTpoin3a). ClienoBaTeNIbHO!

X x 64 +x/2x32=10.

Periast ypaBHEHHE, IOy UUM:

X =0,125 mons, T. €. v, = 0,125 mons

m(Cu) = 0,125 x64 =8 r

m(0,)=0,125/2x 32 =2r.

3.B ucxomHOM IS BJEKTPOJH3a PAcTBOPE  COACPIKAIOCKH
cynb(dara Meau:

m(p-pa )=400x 1,02 =408 r

m(CuS0O,)=408 x 0,06 =24,48 r

n(CuS0,)= 246,8/160 = 0,153 mob.

4. TTocre 37eKTPoIIN3a 0CTaIoCh Cyb(ara Meau B paCTBOPE:

n(CuS0O,) = 0,153 - 0,125 = 0,028 mob

m(CuS0,)= 0,028 x 160 =448

®;, (CuSQO,4)= 4,48/408-10 x 100% = 11,3%.

5. Macca cepHOM KUCTTOTHI:

n(H,SO,4)= v(Cu) (ypaBuenue 1)

m(H,SO,) =0,125x98 = 12,25

6. Macca pacTBopa Iociie 3JIeKTpOJIN3a:

m(p-pa)= 408 — 10 = 398 r.

7. MaccoBas gons cyinbdara meam (II) B pacTtBope mocie
3IIEKTPOJIN3A;

®(CuSO,) = 4,48:398x100 = 11,3%

Omeem. mM(Cu) = 8 1, m (0O = 2 1, oy CuSO,)= 11,3%,
m(H,SO,) = 3,1%.
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Ilpumep 9. byner nu paboTaTh TrajJbBaHUYECKUU DJIEMEHT IMPH
POBECHUH XUMHYecKoil peakrmu: Mn + Ni®* = Mn?* + Ni?
Pewenue:
1. KputepueMm BO3MOXKHOCTH MPOTEKAHUSI OKUCIUTEIbHO-BOCCTA-
HOBUTEIIBHOM PEAKIINU SBJISICTCS MOJOKUTENbHOE 3HaueHue ee DJIC.
BJIC = ¢°(ox) — ¢°(Bc).
W3 chnpaBoyHOW JnuTepaTypbl BBIUCHIBAEM 3HAYEHHUS CTaH-
JTAPTHBIX AJICKTPOJIHBIX TOTCHITUATIOB!
Mn*" + 2e"= Mn ¢°=-1,18B
Ni** + 2e” = Ni ¢’ =-0,25B
bonee BBICOKMM 3HAaY€HHEM BOCCTAHOBUTEIBLHOTO IOTEHIIHAJIA
oOJtazaer Ni2+, OH U sABigeTcsa okuciauresieM. CrnengoBareirHo, Mn
SIBJISICTCSI BOCCTAHOBHTEIICM
(Mn —2e" = Mn?).
2. OJ1C ranpBaHMYECKOrO dJIEMEHTAa.
51C =-0,25-(-1,18) =0,93 B > 0.
Omeem. I'albBaHUUECKUM 3JIEMEHT OyAEeT padoTaTh.

HeopraHn4yeckasa xumus
AneMeHTbl rMaBHbIX noarpynn

Tema 13. VII A epynna
lMepuodu4yeckol cucmembi 351IeMeHMos.
anozeHsbl

KOHTpOﬂbeIe BOMNMpoOCHLI U 3ada4ium

1. 3anummuTe AAEKTPOHHBIE (POPMYJIBI aTOMOB TanioreHoB. [loue-
My GTOp, B OTJIIMYME OT aTOMOB JIPYTHX TajJOT€HOB, MPOSIBIAET CTe-
NeHb OKHCJICHHUS ToJibko —1, a BaneHTHOCTh |? Ilpoananusupyiite B
psAy TaJOT€HOB 3aKOHOMEPHOCTH B U3MEHEHUHU aTOMHBIX PaJInyCOB,
IIOTCHIMAJIOB MOHU3AlLUM, CPOACTBA K JJIEKTPOHY, AJIEKTPOOTPULA-
TEJLHOCTEH, MPOSABISIEMbIX CTENEeHe okuciaeHus. O0bsiICHUTE HAOIO-
Jla€MbI€ 3aKOHOMEPHOCTH.

2. [Touemy MoOJEKyJbI TaJOT€HOB JIBYXaTOMHBI? Mcmosb3ysi me-
TOJ MOJIEKYJISIPHBIX OpOUTAJIel B OMUCAHUM KOBAJECHTHOW CBS3H,
OLICHUTE, MOKET JIM CYyIIECTBOBATh yacTuia J, ?
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3. Kak 00BACHUTH pa3Hble arperaTHbIE COCTOSHUS TAJIOTEHOB MPHU
CTaHJIAPTHBIX YCIIOBUSIX, OKPAaCKy U HaOJIOAAaEMYI0 3aKOHOMEPHOCTH
V3MEHEHHSI TEMIEPATypbl KUIICHUS W IUIABJICHUS IIPU TEPEXOJE OT
¢dTopa k actaty?

4. ITouemy moj Jiy4lie pacTBOPSAETCS B OPraHUYECKUX PacTBOPU-
TeJAX, 4eM B Boje? MOXKHO JIM IPUTOTOBUTH pacTBOp (Topa B BOJC U
MOJIyYUTh AHAJIOT XJIOPHOM BOABI? 3alUIIUTE YPABHEHHUS COOTBET-
CTBYIOIINX XUMUYECKUX PEAKIIUU.

5. B Kakoil CTErneHn OKHUCIEHUS aTOMbI TAJIOTEHOB MOTYT HPOSIB-
JSTh. a) TOJBKO OKHCIUTCIIbHBIC CBOWCTBA; 0) TOJBKO BOCCTAHOBH-
TEbHBIC CBOKWCTBA; B) OKHCIIUTEIbHBIC H BOCCTAHOBUTEILHBIC CBOMCT-
Ba? [IpuBectr npuMeps! (YpaBHEHUS XUMHUYSCKUX PEaKIIN).

8. JleiicTBMEM KaKWX BEIIECTB Ha XJIOPHYIO BOJy MOKHO TOJTBEp-
JIUTh IPUCYTCTBUE B HEW XJIOPA, XJIOPUA-UOHOB. [IpuBennTe ypaBHEHUS
COOTBETCTBYIOIIUX XWMHUYECKUX peakiui. Kak MOXXHO OOHapyXHUTh
IIPUCYTCTBUE B XJIOPHOM BOJE XJOPHOBATUCTOM KHUCIOTHL IIpu 3TOM
CIEAYET YYECTh €€ BO3MOKHOE PA3JIOKEHUE HA COJTHEUHOM CBETY.

9. JlaliTe CpaBHUTEIBHYIO XapaKTEPUCTUKY B PsAy TaJOreHO-
BOJIOPOJIOB IO CJEAYIOIIMM CBOWCTBAM: TEMIIEpATypa IUIABJICHUS U
KHTICHHSI, BOCCTAHOBUTEIbHBIC CBOWCTBA (YpaBHEHUS PEAKITUI).

10. B psaay kucnopoacoaepxkamux kuciiot xiaopa HCIO, HCIO,,
HCIO;3, HCIO, npocneaure u3MeHEHUSA: TCOMETPUN aHUOHOB, TEPMHU-
YECKOU YCTOMYMBOCTH, KUCIIOTHBIX CBOMCTB, OKUCIIUTEIbHBIX CBOMCTB
(ypaBHEHHS peaKIuii).

11. HanumuTe ypaBHEHHs peaklMil CIEAYIONIUX MpeBpaIlieHU.
Hns OBP peaknuii B pacTBOpax HAMNUIINATE SJIEKTPOHHO-UOHHBIC
YPaBHEHUS TTOJIyPEAKIIUM.

1) NaCl - HCI — CI, ->KCIO3;— CIO,

2) NaCl — CIZ—) KCIOg—) HC|O4 —)C|207

3) KBr —» Br, »KBrO;— KBrO, —Br,

4) KCI —)(SJICKTpOJ'H/IB)Xl —)(KOH)XZ —)(SOZ) —)Xg( BaO, ) —>
X4 (HzSO4 ) —)X5

OXIJL.
KOH + C|2 — ...
t
KOH + Cl, — ...
KC|03 + KJ + H2804 —> Jz + ...
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Jz + C|2+ Hzo —> HJOg + ...

YKaXHUTE YCIOBUS UX MTPOBEICHUS.

12. Jlna peakuyy B3aUMOJICHCTBUS MepMaHTaHaTa Kajausi ¢ OpoMo-
BOJOPOJHON KUCIOTOU BHIYUCTUTE A/G)gg 1 KOHCTAHTY PAaBHOBECHSI.

13. Ilpu pagukaasHOM XjopupoBanuu 112 mi (H.y.) razoobpas-
HOTO MpENEeIbLHOTO YIVIEBOJAOPOAa o0pa3zoBalicsl XJiopoBoaopoa. [ms
HEeUTpanu3anuu ero norpedoBaioch 14,52 mi pacTBopa €IKOro HaTpa
¢ MaccoBoii moneit 10% u mmotHocThio 1,1 r/em®. Ckonbko aTromoB
BOJIOpO/Ia B YTIIEBOJOPOJIE 3aMECTUIIOCH Ha XJI0p?

14. TIpu 06paboTKe TUAPHUIA KAIbIHMI U30BITKOM pacTBOpa COJIs-
ot kucinotsl Maccoi 200 r ¢ maccosoit noneit HCI 15%, Buiaenmiiochb
11,2 n (1.y.) Bojopoma. PaccumrailitTe MaccoByIO OO XJIOPO-
BOJIOpO/Ia B TTOJTYYEHHOM PacTBOPE.

15. B detpipex mpoOupkax HaxoasaTcss pactBopbl coseit SnCly,
Na,SO3, Bi(NOs)3;, Na,B,O;. Ucnonb3ys MUHHMAIBLHOE YHCIO Peak-
THBOB, PAclO3HANTE XMMHUYECKHM IyTEM, UYTO HAXOJIUTCS B KaXKIOMH
npooupke. [IpoBenure naeHTUGUKAINIO KaX0TO BEIlleCTBA HA OCHO-
BE XapaKTEepHBIX [JIsi HEro peaknuid. Hamuimwmre ypaBHEHHS BCex
IPEIJIOKEHHBIX BAMU PEAKITHH.

16. Ilpu paznoxxenuu 49 r BemiecTBa BhIACIUICS KUCIOPO 00he-
MoMm 13,44 n (H.y.). OcrtaBiieecs TBEpIOEC BEIIECTBO COACPIKAIIO
kamuii 52,35% (mo macce) u xmnop 47,65% (mo macce). YcraHoBute
dbopMyITy HEU3BECTHOTO BEIIECTRA.

17. MaccoBass fonsi OpomMa B HACBIIIEHHOM BOJHOM pPacTBOpE
cocraBisier 3,16%. Uepe3 pactBop maccoit 200 r mponyctwiu 2 1
okcupaa cepsl (IV). Ocraincs 11 pacTBOp OKpameHHBIM?

18. B crakaH, comepkammii cosisHyro kucioty maccod 100 r wu
® = 10%, omycTmim MMHKOBYIO TUIACTUHKY. Korja miacTHHKY MpOMBLTH
Y BBICYIIIWJIM, OKa3aJI0Ch, YTO €€ Macca YMEHbIIWIach Ha 6,5 r. Berumc-
JIUTE MAaCCOBYIO JI0JIFO OCTABIIENCS B PACTBOPE COJISTHOM KHCIIOTBI.

19. Beiuucnure o0beM OpOMHOM BOJIbI, HEOOXOAUMBIHN JJIsI OKHC-
nenus 15,2 v xmopuaa xenes3a (1) B kuciaom pacrope, eciau B 100 r
BoIbI IIpH Temmeparype 20°C pactBopsiercst 3,6 T 6poma.
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Tema 14. VI A epynna
lNepuodu4yeckoli cucmembl 3/1IeMeHmMos.
Xasnbkoz2eHsbl

KoHTponbHbIe Bonpockl U 3agayuun

1. 3anummuTe SAeKTPOHHBIE (POPMYJIBI aTOMOB KHUCIIOPOJIa, CEPHI,
cesieHa U Temtypa. [louemy aTom KHCIIoOpoja, B OTIMYUE OT aTOMOB
JIPYTUX XaJbKOTEHOB, MPOSIBISET BaJEHTHOCTh 2, CTEIICHh OKUCICHUS
-2. Tlouemy oHa He MOXET OBITh JIPYrod, Kak y aTOMOB APYTHX
AJIEMEHTOB 3ToM moarpymnmbel: +4, +67? JlaliTe CpaBHUTEIBHYIO
XapaKTePUCTUKY B PANYy XaJdbKOT€HOB W3MCHEHHS CIETYIONINX
CBOMCTB. aTOMHBIX PaJlyCOB, MOTEHIIMAJIOB WOHU3AIUH, CPOJCTBA K
AJIEKTPOHY, DJICKTPOOTPULIATETLHOCTEH, TIPOSBISIEMBIX CTEICHEH
okuciieHusi. O0bIcHUTE HAOIIOJaeMble 3aKOHOMEPHOCTH.

2. CTpoeHue MOJICKYJIBI Cephbl. AJUTOTpOIHUs cephl (poMOnUecKas
(a-cepa), moHokimHHAsA ([3-cepa), mactudeckas cepa). CoctaB MoJie-
KYJIbI CEpBI TIPU pa3HbIX TEMIIEpaTypax.

3. AmtotporHbie MoauduKanuu kuciopoaa. OU3NYecKue u Xu-
MUYECKHE CBOMCTBA KMCJIOPO/Ia U 030HA, AJUIOTPOITHBIE MOAU(PUKAIINN
(B cpaBHEHHN).

4. B Kako# CTEICHW OKWCJICHHUS aTOMBI Cephbl MOTYT MPOSBIISTS.
a) TOJIbKO OKHUCIHUTEIbHBIC CBOMCTBA; 0) TOJBKO BOCCTAHOBUTEIILHBIC
CBOICTBA; B) OKHCIIMTEIIbHBIC U BOCCTAHOBHTEIIbHBIC CBOMcTBa? [Ipu-
BECTH MpuMepbl (YpaBHCHHSI XUMUYCCKUX PEAKITHI).

5. KakoB cocTaB mpoayKToOB, 00pa3yOmuUXcs IPU KUIISTYESHUN TI0-
porrkooopa3Hoi ceprl ¢ pactBopoM NaOH? JlokaxuTe coctaB 3THUX
IPOYKTOB YPABHCHHUSIMHU PEAKITHH.

6. [IpommrocTpupyiiTe Ha TpUMEpax OKUCIUTEIbHO-BOCCTAHOBH-
TEJIBHYIO TBOUCTBEHHOCTH SO,.

7. Kak OOBSCHUTH IJI1 BOJOPOJHBIX COCAMHEHUN XaJTbKOTE€HOB
H,O — H,S — H,Se — H,Te u3meHenus: reomeTpun MOJICKYJI, TEM-
nepaTyp IJIaBJIECHUS U KUIIEHUS, KUCIOTHOTO XapaKTepa BOJIHBIX pac-
TBOPOB, BOCCTAHOBMTEILHBIX CBOWCTB (ypaBHeHHs peakiuii)? Ilpo-
WUTFOCTPUPYHUTE HA MPUMEPaXx.

8. Kakue BemecTBa morydaroTcs IIPH B3aUMOJICUCTBUH CyIbduaa
xene3za (1) ¢ comstHONW KHCIOTOHM, ¢ KOHICHTPUPOBAHHON a30THOM
KHCJIOTON? 3anuInTe YpaBHECHUS XUMUUYECKUX PEaKITUi.
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9. 3anuimuTe ypaBHEHHUS] XUMUYECKUX PEAKIUN TUAPOIU3a CYJib-
¢bunoB: cynbhuaa aATrOMUHUSA, CyIb(Puaa HATpUsl, CYIbPUIa aAMMOHUS.

10. PacTBOpsitOTCSt 1M OCaaKu Cyab(UIOB IUHKA, MEIH, XKeje3a
koHueHTpamueii 0,1 Monb/n B XJIOPOBOJOPOAHONM KHCIOTE KOHIICH-
tpanueii 0,1 Mmoaw/n?

11. TP ZnS = 1,6 x 10°**, TIP CdS = 3,6 x 10. IIpu pacTBOpeHuu
KaKo# M3 coJiel B pacTBOpe co3JaeTcs 0oJiee BhICOKAs KOHIICHTPALIMS
CyJIb(HUI-HOHOB, BO CKOJIBKO pa3 OHU OTINYAIOTCS?

12. MOXHO 71 B Ka4€CTBE OCYIIUTEIIS UCIOJIb30BaTh KOHIIEHTPH-
POBAaHHYIO CEPHYIO KHCJOTY ISl CEpOBOJOPOJA, OpOMOBOAOPO/A,
1n010Bo1opoia? OTBET 00OCHYMTE.

13. Pacmonio’kute KHUCJIOTHI XalbKOT€HOB CO CTEMEHbI0 OKHC-
neHust +4 u +6 B mopsiAKe: KUCIOTHOTO XapaKTepa BOJAHBIX PACTBOPOB,
OKMUCIIUTEIIbHO-BOCCTAHOBUTEIILHBIX CBOUCTB. [loaTBEpANTE CBOMCTBA
YPABHEHHUSIMU PEAKIIUAMN.

14. Vicnionb3ysl 3Ha4Y€HUS CTAHIAPTHBIX OKUCIUTEIbHO-BOCCTAHO-
BUTEJILHBIX MOTEHIIMATIOB, PACCUUTANTE BO3MOXKHOCTh MPOTEKAHUS
peaxkuuu

TeO, + 2H,SO5; = Te + H,SO,

15. HanumuTe ypaBHEHUsI Peakiui CIEAYIONUX MpPEeBpaIlCHU.
Jns OBP peakiuii B pacTBOpax HAIUWIIUATE 3JIEKTPOHHO-HOHHBIE
YPaBHEHMUS MOJIYPEAKLIUH.

1) ZnS —» SO, —» SOg — H,S0, — H,S,0,

2) Na,S — SO, - Na,SO3; — Na,S,0; — Na,S,0¢

3) Na,SO, — Na,S,04

4) Na,S —» N&gSgOg

YKaxuTe yCcIoBUs UX IPOBEJACHHUS.

16. 3anummre rpapuyueckue GOpMyiibl TPUCEPHOM, MEPOKCOJIBY-
CEPHOM, TETPATUOHOBOU, THOYTOJIbHOW KUCJIOT.

17. CepoBomopon oobemoMm 5,6 1 (H.y.) mpopearmpoBan 0e3
ocratka ¢ 59,02 mir 20%-ro pactBopa KOH (motHocTs 1,186 r/min).
Onpenenure Maccy COJH, TOJYYEHHOW B pe3yjbTaTe 3TONM XHUMHU-
YECKOW PEaKIIUHU.

18. Berunciure maccy cepbl, TPeOyOUIyloCs i MOTy4YeHUS
300 r 15%-ro pactBopa SO3B H,SO,.

19. Paccunraiite 00beM, 3aHUMaeMbIi 1 MOJIEM JUOKCHAA CEPBI
npu 300 K u nasnennu 1 6ap [16ap = 10°I1a; R = 8,314 i/ K-mos].
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20. Onpenenutre pH 2%-ro pactBopa Na,SOs, eciau ero miot-
HOCTh paBHa 1.01 r/em’. ['maponu3om 1o BTOPOW CTYNEHH MOXKHO
npereOpeds. [lpuBenure ypaBHEHHS COOTBETCTBYIOIIMX PEAKIIHA.
K, H,S0; = 6.2:10°.

21. Vicionp3yst B KadecTBE SAWMHCTBEHHBIX MCTOYHHUKOB CEpPhI U
kucnopoaa H,O u H,S, mpemnoxute cxemy cuatesa Na,S,05-5H,0.

22. K 33,8 r nmepokcuaa 6apus nodasunau 119,8 r 16,4 %-ro pac-
TBOpa CEpHOM KHUCIOTHI. PaccumTaiite maccoByto momo (%) nmepokcu-
71a BOJIOpoJia B 00pa30BaBIIEMCs pacTBODE.

23. Kakoii o0beM okcuna cepbl (1V), u3mMepeHHBINH TIpU TeMIiepa-
type 27°C u manennn 98,5 klla, 06pasyercs IpH OGKHIe MUPHUTA
maccor 300 kr? ITuput comepxkut 20% (o macce) npumecei, KOTO-
polie ipu o0xwure pyasl okcuaa cepsl (1V) He 0Opasyror.

24.T'a3, MOMYyYEeHHBIM TPU CHKUTAHUU CEPOBOJOPOJa OOBEMOM
179,2 n (u3MepeH NpH H.y.), MPOIMYCTHIIA Yepe3 PACTBOP THAPOKCHIA
HaTpust (0ObeM pactBopa 2 JI, IIIOTHOCTh 1,28 r/Mi, ®naon = 25%).
Berauciimte MaccoByIO JI0JI0 00pa30BaBIIICICS COJIM B pacTBOPE.

Tema 15. V A epynna
lMepuoduyeckol cucmembl 3/1IeMeHmMoas.
lMHUKMo2eHH~sI.

A3om

KOHTpOﬂbeIe BOMpoOCbLI U 3aAa4um

1. 3anuiuTe 3MEKTPOHHBIE POPMYJIBI ATOMOB MOATPYIIHI a30Ta.
[ToueMy a30T, B OTJIMYKE OT aTOMOB JAPYTUX MHUKTOT€HOB, MIPOSIBIISIET
CTEIlEHb OKUCIeHus +5, a BaneHtHocts 1V?

2. OOBSICHUTE B PAly DJIEMEHTOB IJIaBHOU MOATPYNIbl V TPYHIIbI
3aKOHOMEPHOCTH B U3MEHEHHUM CJEIYIOIIMX CBOWCTB: aTOMHBIX Paju-
yCOB, TOTEHLMWAJIOB HWOHMW3AlMH, CPOJICTBA K D3JIEKTPOHY, DJIIEKTPO-
OTPHULIATEIILHOCTEN, YCTOMUYUBOCTHU CTENECHEN OKUCIICHUS.

3. CTpoeHHe MOJIEKYJIbI a30Ta (METO/ BAJICHTHBIX CBSI3CH M METO/I
MOJICKYJIIPHBIX OpOUTAICH).

4. B xakol CTENEeHW OKHMCJICHUS aTOMbl a30Ta MOTYT IPOSIBIISTH.
a) TOJbKO OKHCIUTCIIBbHBIC CBOWCTBA; 0) TOJBKO BOCCTAHOBUTCIIHHBIC
CBOMCTBA; B) OKHCIUTEIbHBIC U BOCCTAHOBHTEIbHEIC cBoMcTBa? [Ipu-
BECTHU MPUMEPHI YPABHEHUN XUMUYECKUX PEAKIIHM.
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5. Kakoit tun ruOpuanzanuv aTOMHBIX OpOHWTanel a3oTa UMEET
MECTO TpH oOpa3oBaHUU MOJIEKYJbl aMMmuaka? Kakywo reomerpu-
4eckyro (GopMyily B CBSI3M C 3TUM HUMeeT MoJiekyna? Jlaiite cxemy
NEepEKPhIBaHUS AIEKTPOHHBIX 00JAKOB B MoJIeKyJie amMuaka. [Touemy
BaJICHTHBIH YroJI B MOJIEKyJie ammuaxa Mesbine 109°28  (107°)?

6. CpaBHUTE BOJOPOJHBIC COCIUHEHHUS P-3JE€MEHTOB V TIpYMIbI
(OH3) 1o M3MEHEHUIO CICAYIONTNX IMAPaMETPOB. TEOMETPHUH MOJIEKYII,
TeMIepaTyp IUIaBJICHUS W KHUIEHUSI, BOCCTAHOBUTEILHBIX CBOMCTB,
TOHOpHOM crnocoOHocTH. [IpuBeanTe MpUMeEpbl YpaBHEHUIN peaKIui.
VYkaxurte crniocoObl MOTYYEHUS 3TUX COCTUHEHUM.

/. 3anuinTe UOHHBIE U MOJIEKYJISIPHBIC YPABHEHUSI XUMHUYECKUX
peaKkIui, XapakKTEepHBIX ISl aMMHUaKa. MPUCOSIUHEHNUS, 3aMelIeHN,
OKHUCJICHUS, KOMIUIEKCOOOpa30BaHUsl.

8. Umest B KauecTBEe MCXOJHBIX BEIIESCTB BOJAY W BO3AYX, Mpe-
JIO)KUTE CXEMYy TOJIydeHUs aMMHaYHOW cenuTpbl. Hamummre ypas-
HEHUS PEaKIUH.

9. 3anmmmmTe ypaBHEHHMS pPEaKIUil THUIPOJIM3a COJeH. XJIopHaa
aMMOHMS, KapOoHaTa aMMOHUS, ameTata aMMoHHs. Paccumraiite pH
pactBopa xsopuaa ammonus (C = 0,1 mois/n).

10. Kak u3MEHSIOTCA COCTaB, BOCCTAHOBUTEIBHBIE CBOMCTBAa M
KUCJIOTHO-OCHOBHBIN XapaKTep KUCIOpOJHbIX coenuHenuii N, P, As,
Sb u Bi B crenenn oxucnenus +3? OxapakTepusylTe UCIOJIb3yEeMbIe
YPABHEHUS PEAKIIUM.

11. B psny KUCITOPOIHBIX KUCIOT 3JIEMEHTOB V TPYIIIHBI CO CTEIE-
HbIO OKHUCJIEHUS +5 BBIJICIUTE U3MEHEHUsS. KUCIOTHBIX CBOMCTB BOJI-
HBIX PAcCTBOPOB, OKHCIUTEIBHBIX CBOWCTB (IMPUMEPHI PEaKITHii).
OO0BscHUTE HaOII0JaEMbIE€ 3aKOHOMEPHOCTH.

12. Oco0ble CcBOMCTBA a30THOM KHUCJIOTHI IPU B3aUMOJCHCTBUU C
MeTaJlJlaMH, HEMETAJUIaMU U JPYTUMHU BOCCTAHOBUTEIISIMU.

13. 3anumuTe ypaBHEHUS pPEaKIMi TEPMUUYECKOTO Pa3I0KEeHUS
HUTPATOB HATPHs, IIMHKA, cepedpa (1), ammoHwsl.

14. HanumuTe ypaBHEHUS PEaKIUi CICAYIONIUMX MpPEeBpaIlCHU.
Jns OBP peakuuii B pacTBOpax HANUWIIUATE 3JIEKTPOHHO-HOHHBIE
YPaBHEHMUS MOJIyPEAKLIUH.

NH,OH + I, + KOH —

AgNO; + N,H, (BoccranoBuTens) —

N,H; (oxuciourens)+ NO, + H,O + KOH —
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NH4C|O3 —

NH,OH + KMnOy, (mmenounas cpena) —

NH,OH + HJ +? > NH,OH + J, + ?

N,H, + KMnO, + H" > N, + ?

HN03 +P—> H3PO4 + NO +7?

YKaXuTe yCcIoBUS X MPOBEICHUS.

15. Ha cmech menu u oxcuaa meau (1) maccoit 75 r moaericTBo-
BAJIM U30BITKOM KOHIICHTPUPOBAHHOW a30THOM KUCIOTHL. IIpu 3TOoM
obpazoBaiicss ra3 oobemMoMm 26,88 i1 (H.y.). Beruuciure MaccoByro
noio okcuga meau (I1) B ncxomHoi cmec.

16. Ilpu nponyckanun n30bITKa ammuaka depe3 600 r pacTtBopa
a30THOM KHUCJOTBI C MaccoBod jnoinedt 42% mnonydwsin HUTpaT
ammonusi Maccor 300 r. BeramciuTe MacCoByIO IO BBIXOJA IPO-
TyKTa XUMAYECKOW peaKIuu.

17. Jlokaxkxute BO3MOKHOCTh MPOSIBIICHUSI OKUCTUTEIILHBIX CBOMCT-
Ba HATpATa HATPHUS C BOCCTAHOBHTEIEM (IITMHKOM) B IICIIOYHOM Cpe/Ie.

18. PaccuuTaiite, kakoii 00beM (MJ1) BOIBI HOTPEOyESTCSA IS IIO-
riomenus 46 r okcuaa azora (IV) B cMecu ¢ M30BITKOM KHCIIOPOJIA,
4T0OBI TOJIy4uTh 15%-i1 pacTBOp a30THOM KUCITOTHI.

19. T'a3, momy4yeHHbIN Tipu B3aumojieicTBuu 9,52 r meau ¢ 50 M
81%-ro pactBopa a30THOM KucIOTHl (rutoTHocTh 1,45 1/miT), TIpo-
nyctuin 4yepe3 150 mnm 20%-ro pactBopa TruApOKCHAA HaTpHs
(mmotHOCTH 1,22 r/Mit). OnpenennTe MacCOBBIE JTOJIM 00OpPa30BaBIIINX-
Csl B paCTBOPE BEIIECTB.

20. Paccunraiite maccy (r) 12,6%-ro pacTBOpa a30THOM KUCIIOTHI,
KOTOpas moTpedyeTcs Mg pacTBOPEHUS] METHO-CEpEOPSHOTO CIUIaBa,
coctosimiero u3 0,64 r mequ u 1,08 r cepeOpa. A30THass KHUCIIOTa
BOCCTaHaBJIMBACTCS IIPH 3TOM J10 okcupa a3zoTa (I1).

21. 3 56 kr azorta OBLIO IOJYyYEHO HEKOTOPOE KOJWYECTBO
amMmMmuaka ¢ 15%-bpIM BBIXOJOM OT TEOPETHMUYECKOr0. AMMHAK 3aTeM
OBLI TIOTJIOIICH a30THOM KucioTod. KakoBa macca (kr) oOpa3oBas-
IEHCS TIPY 3TOM COJIH?

22. B Bone pactBopmin 29 r NH4NO3, 54 1 K,SOy4, 58 1 KNOg;
npu 3toM noiayursin 800 r pactBopa. Takoil ke pacTBOp MOXKET OBIThH
nosrydeH mytem pactBopenus B Boae (NH,),SO4, KNOs; 1 K,SO4. Ka-
KM€ MAacChl 3THX BEIIECTB HeoOXoaumbl st mpurotosieHus 800 r
pacTBopa?
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23. Cxonbko Moneit NO, comepsxures B 40 cM® 3Toro rasa mpu
300 K u nasnernn 1,1* 10° [1a?

24. O0pa3yromuiicss Tpu Pa3joKEHUM HUTpaTa CBHUHIA OKCH]
azora (1V) 6su1 mornomen pacrsopom Ba(OH), npu 40 °C. Hanummre
YPABHEHUS PEAKIUM.

docghop

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada4ium

1. IlpuBenute 3HAYEHHUS paguyca, »SHEPrUU HMOHM3ALUU U
CPOJICTBA K BJIEKTPOHY i aTOMOB (pocdopa, MBIIIbIKA U BUCMYTAa.
Yem 0OBSICHSETCS pa3ivuKMe yKa3aHHBIX MmapameTpoB? YUem oOBsc-
HAETCS pazinune B xuMuu docdopa u azora?

2. Ctpoenue monekyn ¢pocdopa. [Touemy aByxaromHas MOJIeKyJia
dochopa B 0OBIUHBIX YCIOBUAX HECTAOMIIbHA, B TO BpEeMs Kak MoJie-
KyJla a30Ta OTHOCUTCS K uuciy Haubosee ycronuuBbix? CTpoeHHE
OCHOBHBIX MOIUMOPPHBIX MoaupuKannii pocdopa.

3.B ueM mnpuumHa paznmUuMsg B PEAKIIMOHHOW CIOCOOHOCTH
oenoro u kpacHoro ¢ocdopa? Ilpeaynoxure cxemy moaydeHus: 6eI0ro
docdopa, ucnonb3ys B Ka4eCTBE €IMHCTBEHHOTO UCTOYHUKA ocdopa
dbocdopnyro kucinoTy. Hanummre ypaBHeHUs peaKIui.

4. OxucnuTeNnbHbIE W BOCCTAHOBUTEINIbHBIE CBOMCTBa (ocdopa.
[TpuBectn npuMepsl (YpaBHEHUS XUMUYCCKUX PEaKITUii).

5. Moxuo nu ana moiydeHusi Oemoro Qocdopa u3 ¢ocdara
KaJIbLIUS UCIIOJIB30BATh B KAU€CTBE BOCCTAHOBUTEIIS YIJIEPOl, MarHuH,
antoMUHMI? BbIOOp BOCCTAaHOBUTENST OOOCHYWTE TEpMOJIMHAMUYEC-
KHM PacueTOM.

6. [Touemy AumMONBHBIA MOMEHT B MoJiekyse pocpuna p = 0,551,
a B MoJieKyJie aMmmuaka | = 1,47 ]I, a BaJIeHTHBIC yTJIbI COCTaBISIOT
93,5° u 107° coorBercTBEHHO? [Touemy pactBOop dochuHa B BOjE
(pacTBOpsieTCS IIIOXO), B OTJIMYHE OT pPAacTBOpa amMMHaka B BOJC
(pacTBOpSIETCS XOPOIIIO), HE HMEET IIEIOYHON pPeaKIiu?

7. Kakoe coemunenue, NH; mm PHj, sBistercst Gonee cribHBIM
BOCCTAaHOBHUTEJIEM B BOAHOM pactBope? [lonrBepauTte Baill BHIBOJ ypaB-
HeHueM xumudeckoit peakiuu ¢ KMnO, 1 pacuerom EJIC niporieccos.

8. 3anumure rtpaduueckue Gopmysbl KUCTOT. (ocdopHOBa-
TUCcTOM, Pochopucrtoit, pochopHoii, TerpameradocHOpHON.
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9. Mcrionib3yst 2JIEKTPOHHO-UOHHBIN METO]I, HAIMUIITUTE yPaBHEHUS
OKHCJTUTEIbHO-BOCCTAHOBUTEIILHBIX PEAKITUN:

P4 + HJOg + HZO —> H3PO4 + ...

P4 + NaOH + Hzo —> NaP02H2 + PH3 + ...

HgC|2 + H2P03H —> Hg + H3PO4 + ...

NiCl, + NaPO,H + OH — Ni + ...

10. IIpu cropanuu 10 r dpocdopa Ha Bozayxe oOpazoBaioch 22,91 r
OKCHa, KOTOPBI TpH B3aUMOACHCTBHU C BOJOM oOpaszoBanm 31,63 T
COOTBETCTBYIOIIECH KUCIIOTHI. Y cTaHOBUTE (popmyity okcuza gocdopa.

11. Beruuciiure pH 1,96%-ro pactBopa ¢dochopHOil KUCIOTHI
(p~1 r/cm’), mpuHEMAs BO BHHMAHHE JIHIIb MEPBYI0 CTYICHD c¢
JTUCCOITUAIINH.

12. Beruuciaure wMaccy rtuuapodocdara kamplus (yaoOpeHHe
NPEIMINTAT), ¢ KOTOPBIM OYIET BHECEHO CTOJNBKO ke (ocdopa,
ckoibko ero BHocutTcs ¢ 200 kr docdopHOi MyKu, comepkaiiei
77,5% o macce pocdara KambIus.

13. B pe3ynbTate okuciaeHus o6enoro (ocdopa KHCIOPOIOM BO3-
nyxa moiydena cmech okcunoB P,Og u P,Oqp. Hanummre ypaBHeHUs
peakIui, HeOOXOIUMBIX ISl BBIJCICHUS W WACHTU(UKAIIUA COCIIH-
HeHnit hocopa. KakoBa postk cpepl B 3TUX IpoIeccax?

14. TIpu B3aumoneiictBuu ochopa ¢ KOHIEHTPUPOBAHHON a30T-
HOM kucioTo (® = 60 %, mmoTHocTh pacTBOopa 1,37 r/mi) oOpaso-
Baluch oprodochopHas kuciaora u okcun azora (1) oobemom 11,2 1
(1. y.). Berauciure maccy docdopa u 00beM pacTBOpa a30THOM KHC-
JIOTHI, BCTYIIUBIIIMX BO B3aWMO/ICHCTBHE.

15. B3aumMojieiicTBue TBEPIOT0 HUTPUTA HATPUS C OKCOXJIOPHUIOM
dbochopa mpu HarpeBaHWHM Ha BOJSHONW OaHEe MPHUBOJUT K oOpa-
30BAHMIO T'a3a, KOTOpIi npu — 5 °C KOHIEHCUPYETCS B KPACHO-0ypyIo
KuaKkocThb. [lomyyennoe BemecTBo mornotuin pactsopom NaOH mpu
40°C. Hanumure ypaBHEHUS PEAKIIHIA.
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Tema 16. IVA epynna
lMepuodu4eckol cucmeMbl 3/IeMEHMOos.
Yanepod, kpemHul, 2epmMaHull, 0/1080, C8UHeY

KoHTponbHbIe Bonpockl U 3agayuun

1. ConocTaBbTe B psAy 3IEMEHTOB riaBHOM nmoarpynnsl 1V rpyn-
bl OT YTJIEPOJIa K KPEMHHUIO U3MEHEHUSI CIEAYIOIIUX CBOMCTB: aTOM-
HBIX PaJUyCOB, MOTEHIHAIOB HOHU3AIMH, CPOJICTBA K DIIEKTPOHY,
AJIEKTPOOTPUIIATEIBHOCTEN, YCTOMYMBOCTH CTENICHEW OKHCJICHMUS.
OO0BscHUTE HaOI0JaEMbIE 3aKOHOMEPHOCTH.

2. Kak u mouemy u3MeHseTCsl CTaOUIbHOCTh THAPHUIOB B psimy Ge —
Sn — Pb? Vkaxute criocoObI OMyYeHUS THIPHIOB 3THX DJIEMCHTOB.

3. O0bsicHUTE IS YTOJIBHOW W KPEMHHMEBOW KHCJIOT M3MEHEHMS
CICAYIOIINX IMapaMeTPOB. TEPMHUUYECKOM YCTOWYMBOCTH, KHUCIIOTHBIX
CBOWCTB BOJIHBIX PACTBOpPOB. Hamummnre ypaBHEHUS peakiuy, WUILIKO-
CTPUPYIOLIUX THAPOJIN3 KapOOHATOB M CUJIMKATOB IIEJIOYHBIX DJIEMEH-
TOB. B kakoli cucTeMe u moueMy THApOIN3 MPOXOAUT 00JIee MOJIHO?

4. Hanumute ypaBHEHHS peakiui, C TOMOIIbIO KOTOPHIX MOYXHO
OCYIIECTBUTH CIEAYIONIUE MPEBPAILICHUSA

A) C —}CH4 —CO —C —}C&Cg —'.FCZHZ
B) C —-CO —-C0O; —NaHCO3; —Na,CO; —CO,

YKaKUTe yCIIOBUS UX TPOTCKAHMS.

5. Ilpu oOpaboTke kapOujga aTOMUHUS PACTBOPOM COJISTHOM
KHCIIOTHI, Macca kotoporo 320 r u maccoBas moias HCl 22% , Beige-
amitock 6,72 11 (H. y.) MeTaHa. PaccuuTaiiTe MacCoOBYIO JIOJIIO COJISTHOM
KHCJIOTHI B IIOJIYYCHHOM PacTBOPE.

6. [Ipenmoxure cmocod CHMHTE3a CHIaHA, MCIIOJb3ys B KAa4eCTBE
CIMHCTBEHHOTO MCTOYHUKA KpeMHHMS KpucTammudeckuii SiO,.

7. K 300 mur 18%-ro pacteopa Na,COs (p=1,19r/cm®) no6Gasum
500 w1 6%-ro pactBopa H,SO4 (p=1,04 r/cm®). CxombKko Mt pacTBopa
COJITHOM KHCJOTBI ¢ MaccoBo# nonei, paBHor 7% (p=1,030 r/cm”),
OTPEOYETCS M1 PA3IOKCHUS OCTABIICICS COJIBI?

8. CMech yIIIeKHCIIOro ra3a u Metana oobemoM 2,5 11 (H. y.) mmpo-
IyCTHJIA YePe3 pacTBOP TMAPOKCHIA HATPHUs. [[JIsl MOJIHOTO COKMTaHuUs
oCTaBIICTOCd Ta3a morpedoBanock 2,24 1 (H.y.) kucnopoma. Ompe-
nenuTe 00beMHBIC JIOJIM Ta30B B UCXOIHOU CMECH.
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9. Kakoit 00bem 3aauMaeT 1,5 MoJib yriekucsoro rasa npu 298°K
v naBiennn 1 6ap [16ap = 10°Ia; R = 8,314 I/ K moub].

10. Hanumute ypaBHEHUs peakiui, yKas3blBaloOmUX Ha amMdo-
TepHbIe cBokcTBa ruapokcua ojosa (I1), okcuna ceunma (I1).

11. B geTnipex npobupkax Haxonaarcs cyxue comm Na,COj, NaF,
Pb(NOs),, Nal. Ncmosb3ys MUHUMAJIBHOE YUCIIO PEAKTHBOB, PACIIO-
3HalTe XMUMHUYECKUM IyTeM, YTO HAXOJMUTCS B KaXJIO0W MPOOHpKE.
[IpoBeauTe naeHTH(UKAIIMIO KaKJIOrO BEIIECTBAa HA OCHOBE Xapak-
TEPHBIX Il HETO peakuuit. Hanmummre ypaBHEHUS BCEX MPEJIOKEH-
HBIX BAMU PEAKIIUHU.

12. 1 r cyxoit conmu Na,CO3 pacTBopusiv B BOJie B MEPHOU KOJIOE
Ha 100 min (oOwbem pacTBOpa AoBenu a0 MeTku). Omnpenenure pH
MOJIyYEHHOT0 pacTBOpa. ['MAPOIM30M MO BTOPOW CTYIIEHH MOMKHO
npeHeOpeub. [lpuBeauTe ypaBHEHHS COOTBETCTBYIOIIMX PEaKITUH.
K,(H,CO5)=4,8 - 10,

13. Ilpennoxute cxemy cuaTe3a PbO,, ucmonn3ys B kadectBe
enuHCTBeHHOTO McTtouHMKa cBuHIA PD(NO3),. 3anmummre ypaBHEHUS
peaKui.

14. Cmech kapOoHata u ruapokapOoHara Hatpus Maccod 20 r
pacTBOpPMIM B M30BITKE COJSHOM KHUCIIOTHI. B pesynprate peakiuu
BbIIeIMI0Ch 4,48 1 raza (H. y.). OnpeneanTe MacCoBbIe J0JIU KapOo-
HATOB B UCXOJHOM CMECH.

15. IIpu neiictBuM pa30aBICHHOW a30THOW KHUCIJIOTHI HAa CYpHK
Pb;O,4 o6pa3yroTcss TeMHO-KOpHYHEBBIH 0caiok 4 U pacTBOp coiu B.
[Ipu noGaBaeHUM K 0CaAKy A MOJKUCICHHOTO CEPHOM KUCIOTOM BOA-
HOTO pacTBopa cyib(dara mapranna (Il) HaGIrOMACTCS OKpaIlTUBAaHUE
pacTBOpa B MaJIMHOBBIM LIBET B pe3yJibTate oOpazoBaHus BemiectBa C.
Onpenenute BemectBa A, B, C. Hanummre ypaBHEHHsI BCEX YIIO-
MSIHYTBIX pEaKLIHM.

16. Hanmummue ypaBHEHUS peakIuil CICAYIOIIUX TMpPEeBpaIlCHUH.
Hns OBP peakuuii B pacTBOpax HANUWIIUATE 3JIEKTPOHHO-HOHHBIE
YPaBHEHUS OJIYPEAKIUMN.

Ge + HF —

Ge + H,S0,4 (kon1r) —

Ge + HNO3 (kon1) —

Mg,Ge + HCI —

Sn + H,S0,4 (konIy) —
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Sn + HNO; (3 %) —
Sn + HNO3(3-30%) —
Sn + HNO3(60%) —

YKaXuTe yCI0BUS UX MPOTEKAHUS.

Tema 17. 11l A epynna
lMepuodu4eckoli cucmemsil.
AnmromuHul, 6op, 2annuu, uHouu, mannuu

KOHTpOﬂbeIe BOMNMpPoOCbLI U 3ada'ium

1. CpaBHUTE 3IEKTPOHHBIE KOH(UTYypaluu atoMoB Oopa, airo-
MWHUS, TAUIAS, UHAUS, TAJUIHS.

2. [Ipoananu3upyiTe AJisi SJIEMEHTOB JTAHHOW TMOATPYIIBI U3MeE-
HEHUS B 3HAYCHUAX. aTOMHBIX PagUyCOB, ITOTCHIMAJIOB MOHM3ALUH,
AJEKTPOOTPULATENBHOCTEN. JIJIsT IPOCTBIX BELIECTB CPABHUTE TEM-
nepaTypbl KUNeHus U miaBieHus. OO0bscHUTE HAOII0gaeMbIe 3aKOHO-
MEPHOCTH.

3. [Touemy mJist IEMEHTOB TaJUTHS, UHAUS W TAJUIASI XapaKTEPHBI
0coO0BbIe MOJIAPU3AIMOHHBIE CBOMCTBA?

4. Hanumure ypaBHEHHS PpEAKIUMHA M YKAXWUTE YCIOBHUS HX
MIPOBEACHUS:

MOTydeHus: Oopa W3 OOpHOM KHCIOTHI, alFOMUHHS M3 OKCHIA
AJTFOMUHUS, PEAKIIUI0 00pa C KOHIICHTPUPOBAHHOM a30THOM KUCTIOTOM.

5. Hanumure ypaBHEHUsI peakiuid, ¢ TOMOIIbI0O KOTOPBIX MOXKHO
OCYIIECTBUTH CIEAYIOIINE MPEBPAILLICHUSA

B,O;—BF;—BCIl;——B(0OC;Hs);

B— HBF,

VYkaxuTe yCcaoBUs UX IPOTCKAHUS.

6. B Tpex mpoOupkax HaxomsTCs MPOIYKTHl B3aUMOJECHCTBUS C
BojioN ciemyromux BemiecTtB: Na,B,0;, Na, CO3; NaH,PO,. Hamm-
IIUTE YPaBHEHMS THUJIPOJIM3a yKa3aHHBIX coeauHeHuil. [Ipensoxure
CIIOCOOBI HACHTU(DUKAIIUN COAEPKUMOTO KaXKI0U MPOOUPKH.
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/. HannimuTe ypaBHEHMS PEAKIUN CICIYIONIUX MPEBPaAILCHUMN.
Hns OBP peaknuii B pacTBOpax HAMUIINATE SJICKTPOHHO-UOHHBIC
YPABHEHMUS MMOJIYPEAKIIUM.

B + NaOH + NaClO; —

B+ HzO —

Na,B,0; + Mg —

Na,B,O; + Na —

H3B03 + NaOH —

H;BO3 + Na,CO3; —

Al(OH); + KOH —

KOH + Al+ H,0O —

AI(OH)3 + Na,CO; —

VYkaxuTe ycaoBUs UX MTPOTCKAHUS.

8. [ToTeHMaIbl MOHU3AIMHN ATFOMUHUS TIEPBbIN, BTOPOM U TPETUH
3HAYUTEIbHO MEHBIIE COOTBETCTBYIOIIMX MOTEHIIUAIOB WOHU3ALUH
oopa. Kak 3T0 oTpaxaercst Ha CTEIEHH MOHHOCTU CBSI3U B MOJIEKYJIax
A1203 u B203?

9. Kak u3aMeHsI0TCs CBOMCTBA OKCUAOB B psany BoOz—T1,03?

10. IloueMy opToOOpHass KuCJIOTa SBISETCS OJHOOCHOBHOM?
3anuiuTe CTPYKTypHYIO (popmyiy.

11. Onumure oauH U3 cambiX 3(P(EKTUBHBIX CIIOCOOOB CHSITHS
OKCHUJIHOM TUIEHKU C AJTFOMUHUSL.

12. Tlouemy amOMUHUN pacTBOPSETCS B BOJHOM pacTBope kapbo-
HaTa HaTpusA? Hanummre ypaBHEHUS! COOTBETCTBYIOIIMX PEAKIIUH.

13. Kakoii pacTBOp HEIb3sl KUMSTUTh B AJIFOMUHHUEBOM COCYJIE:
HUTpaTa HATPHs, HUTpaTa PTYTH, COJbI, XJIOPUIA Kaus?

14. HammummmTe TuApoan3 TeTpadopaTa HaTPHSI.

15. CocTtaBbTE€ MOJICKYJISIPHOE YpaBHEHHE PEAKIIMU BEIIECTBA C
BOJIOW: a) TpUKapOWAa TeTpaaTIOMUHUA, 0) TpUCYIb(UIA JUTAIUINS,
B) nuOopaHa, I') TpudpomMua dopa.

16. M300pa3ure NpOCTPaHCTBEHHYIO KOH(PUTYpALUIO MOJIEKYJIbI
BCl1..

17. HanummTe ypaBHEHUSI pEeakivid, C MOMOIILIO KOTOPBIX MOX-
HO OCYIIIECTBUTH CJEAYIOIINE MPEBPAICHHUS:

AICl; «—Naz[AI(OH)¢] «—AI(OH); «—Al —AICI; — AI(OH);
—)AIQOg.
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18. Hanmummure ypaBHEHHS peakIUi MEXIy CICAYIOIUMHU
BEIIIECTBAMU:

a) ajroMuHueM u okcuaoM xeiesa (I11);

0) XJIOpUIOM ATFOMUHUS ¥ THAPUIOM JIUTHS,

B) OKCHJIOM QJTIOMHHHMS M CEPHOM KHUCIOTOM.

VYKaXuTe yCIoBUS MPOTEKaHUS PEAKIIHI.

19. Ilpu nonHom pactBopenuu antomuaust B 500 r pacTtBopa ru-
poOKcHAa HATpUsS BBIACIWIOCH 33,6 1 BOAOpPOAa, MpPH 3TOM oOpa-
30BAJICSI TETPAruApOKCOATIOMUHAT HaTpus. BwunMciure MaccoByrO
JIOJTFO BEIIECTBA B TIOJYYEHHOM PacTBOPE.

20. IIpu mpokanuBaHUM MPUPOTHOTO COCTUHEHHS, COJIECPIKAIIETO
70 % (macc.) rugpokcuaa amoMuHHs oOpa3oBaiock 102,0 r okcuaa
amroMuHus. OTIpeIeINTe MacCy UCXOTHOTO COSAMHEHUS.

21. Kakoit o0beMm 40%-ro pactBopa Tuapokcuaa Kaaus (IIoT-
HocTh 1,4 r/mn) ciienyer no6aeuth k 50 r 10%-ro pactBopa Xiopuaa
TFOMUHHMS JIJI1 TOTO, YTOOBI TIEPBOHAYATILHO BBIMABIINN OCAIOK IOJI-
HOCTBIO PACTBOPUJIICS?

22. Yemy paBHa Macca aJIlOMUHHS, HEOOXOJAUMOTO JJIS TMOJIyde-
HUs xpomMa Maccord 1 T m3 okcmma xpoma (1) Meromom amomm-
HOTEPMUU?

Tema 18. 1 A ull A epynnbi
lNepuodu4yeckoli cucmemail.
Lljeno4yHble u wesi04HO3eMesIbHbIe 3JIeMeHMbl

KoHTponbHbIe Bonpockl U 3agayun

1. CpaBHHUTE SIEKTPOHHBIE KOH(QUTYpAIMH aTOMOB IIEIOYHBIX
METAIJIOB.

2. CpaBHUTE SJCKTPOHHBIC KOH(HUTYparuu aTOMOB DIIEMEHTOB
I1A rpynmsl.

3. B gem mposiBisieTcs AMaroHaIbHOE CXOJICTBO JTUTHS i MarHUs?

4. Kax wsmenserca B psany Li'—Cs’ momspusylomee neiicTsue
katroHoB? [louemy?

5.Kak MOXHO O0OHapy>KuTh WIETOYHBIE METAUIBI H WX
COEIUHEHUA?

6. OCHOBHBIE MUHEPAJBI U TPUPOIHBIC COCTUHEHUS MEIOYHBIX U
IEJIOYHO3EMENTBHBIX 3JIEMEHTOB.
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7. B Tpex mpoOmpkax Haxomsarcs BoaHbie pactBopel MQCI, |
CaCl, u BaCl,. IIpemtoxute criocoObl HISHTU(DHUKAIIUN CONCPKUMOTO
KOKJI0M NOpoOUpKHU. 3alUIIATE YPABHEHHS PEAKIUA U YKAXKUTE
yCJIOBUS UX MPOTEKAHUS.

8. [Ipu mpokanMBaHUKM HUTpaTa IIEIOYHOTO MeTayuia ObLI MOJy-
YeH TBEPJBId OCTaTOK, Macca KoToporo coctaBmia 21,7% ot
VCXOJTHOW MacChl HUTpATa. Y CTAHOBUTE COCTAB HUTPATA.

9. lns pactBopenms 1,26 r cimiaBa MarHus ¢ aJlOMHHHEM HC-
nojib30BaHo 35 mi 19,6%-ro pacTBopa cepHON KHCIOTHI (TUIOTHOCTH
1,14r /mu). HB0BITOK KHCIOTHI BCTYNHJI B peakiuio ¢ 28,6 mi
pacTBopa THApOKapOoHaTa Kaiusg ¢ KoHmeHTparued 1,4 mons /.
Omnpenenure MacCoBbIe J0JIM METAJUIOB B CIIaBe U 00beM raza (Impu
H. Y.), BBIJICIMBIIETOCS IIPH PACTBOPCHHH CILJIaBa.

10. IIpu B3ammoneiicteuu 1 1 0,015 M ropstaero pactBopa ruapo-
keuza Gapust ¢ 3,81 r moma obpasyercst ocanok A (ITIP=1,5 10”°) u pac-
TBOp B. Ocanok A 6bu1 ordunbTpoBan. [Ipu npokanuBaHum ocagka A
oOpa3zyeTcst 6e510e TBEp/I0€ BEIIECTBO, a TAKXKE KUCIOPO U mapbl (huo-
neroBoro nBera. Kakoit 00beM (H. y.) KUCIIOpO/ia BEIICIHUTCS IIPH 3TOM?

11. HanummuTe ypaBHEHHs PEaKIHid, ¢ TTOMOIIBIO KOTOPBIX MOXK-
HO OCYIIECTBHUTH CJICAYIOIINE MPEBPAIICHHUS:

BegAlg[Sieolg] + H,S0, —

BEgAlz[Siﬁolg] + K,CO; —

BeO + 2HCI —

BeO + 2NaOH + H,0 (B pactBope) —

BeO + 2NaOH (B pacmiase) —

Be(OH), + HCI —

Be(OH), + NaOH —

Na + C,Hs0H —

Na,O + O, —

Na,O + H, —

Na,O + S —

YKaXHUTE YCIOBUS UX MPOTEKAHMUS.

12. HarnuiuTe ypaBHEHHS peakiiiid, Py TMOMOIITH KOTOPBIX MOYKHO
OCYIIECTBUTH cienyromue npeppaiienus: Ca — Ca(OH), —Ca(HCO3),
—CaCO; — Ca0 —Ca. Ykaxure ycaoBUs UX MIPOTEKAHMUSI.

13. Jlns pacTBOpEeHUS CMECH OKCHJIa M KapOoHaTa MarHus moTpe-
6oBanock 400 M 2 MOJTB/TT pacTBOpA COJITHOM KUCIIOTHL. B pe3ynbTaTe

62



B3aUMOJCHCTBHS BBLACIHIOCH 6,72 1 raza. Ompenenure Macchl Be-
IIIECTB B CMECH.

14. Beraucnure 00beM BOABI, B KOTOPOM HEOOXOIWMO PacTBO-
pUTh 2,3 T METALIUYECKOTO HATPHs IS MojaydeHus 5%-ro pacTBopa
TUAPOKCH/Ia HATPHSL.

15. 16,8 r muThEBOM COABI MPOKAIFIIH, TBEPABIM OCTaTOK PAaCcTBO-
punu B 100 r Boapl. Berauciaute MacCoOBYIO JOJIIO COJIM B TTOJTYYCHHOM
pacTBope.

16. Cmech TuapuaoB Kaaus u HaTpus Maccou 44,8 r obpaboTanu
BOZIOW. B pesynbpTaTe XMMHUYECKOTO B3aMMOJCHCTBUS BBIICIHIIOCH
13,44 n ra3a Bomopoja (H. y.). Berarciure MaccoBbIe JIOIH THAPUIOB
B UCXOJIHOM CMECH.

AneMeHTbl NOO6OYHbLIX NoArpynn
(nepexoAHble 3N1eMEHTbI)

Tema 19. | b epynna lNepuodu4ecKkou cucmemMsil.
lModepynna medu (Medb — cepebpo — 30710MoO)

KOHTpOﬂbeIe BOMpPoOCbLI U 3aAa4um

1.B yeM coOCTOMT BajJeHTHas aHOMAJUS TPOCTHIX BEIIECTB
| b rpynmsi?

2. YHUKANbHOCTh (U3UYECKUX CBOMCTB MPOCTHIX BEMIECTB
| b rpynmsi.

3. Uto sABisIETCS TJIAaBHOW MPUYMHOW PE3KO KOHTPACTUPYIOIIMX
CBOMCTB 371eMeHTOB |A u | b rpynn B MeTamIn4eckoM COCTOSTHUN?

4. Kak u3 CuCl, momyunts CuCl? B yem moxnO pactBoputh CUCI?

5. [IupoMeTanmTyprudeckuii mporecc MOJyYeHUs] MEIu U3 CyJib-
bunupix pyna tuna Cukes,.

6. Hamumure ypaBHEHHS peaklUid MpeBpallleHUs] THUIPOKCHIA
menu (I1) B BomHBIX pacTBOpax 1enoueii. OTMEThTE €ro IBET.

7. Yto takoe peaktun llIBeiiiepa?

8. Kakoe coeauHeHHe MOMy4YniIo Ha3BaHHe Kajgomenab? CBoiicTBa
KaJIOMEJIH.

9. Kak n3meHnsercs TepMudeckasl ycTOMduBOCTbh OKCHAOB D,07?

10. Hanumute ypaBHEHHUS peakIuii 30J0Ta B IIAPCKON BOJIKE.
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11. CoctaBbTe YpaBHEHHUS CIEAYIOIINUX PEAKIUN:

AgNO3; + NaOH —

Ag + NaCN + O, + H,O0 —

Na[Ag(CN),] + Zn —

AgzO + NH; + H,O —

AgO + H,S0, —

Ag203 + HCl —

YKaxuTe ycaoBUs UX TPOTCKAHUSI.

12. CoctaBbTE ypaBHEHHS PEAKIIUA MEXITY cepeOpoM U CIeayro-
IIMMH  BEIISCTBAMHU. a) KOHIICHTPUPOBAHHBIM pPAaCTBOPOM a30THOMU
KHUCIIOTHI; ©) KOHIICHTPUPOBAHHBIM pPAaCTBOPOM CEPHOW KHCJIOTHI,
B) [IMAHHJIOM KaJIUs B IPUCYTCTBUHU KUCIIOPOA; T') CEPOI;

MEXIy CICAYIOIIMMH BEIISCTBAMU. a) OpOMHJIOM cepebpa u
THOCYIb(aTOM HaTpus; 0) Homuaom cepebpa W HOTUAOM Kallus,
B) alleTaToOM cepedpa 1 MeIbIO.

VYkaxuTe yCcaoBUsl TPOTEKAHUS PEAKITUMN.

13. Hanumute ypaBHEHHS peakilfii, TpH MOMOIIM KOTOPBIX MOXK-
HO OCYIIIECTBUTH CIEAYIOIINE NPEBPALICHHUS:

Ag —AgNO; —AQg,0 —Na[Ag(OH),].

VYKaXuTe ycIoBUs UX MPOTEKAHMUS.

14. TToueMy OBEpXHOCTh CEpPeOpa YUEPHEET Ha BO3AyXE?

15. Beruucnure, CKOJIBKO IMAHMAA HATpUs IOTpedyeTcs s
U3BJICUCHUSI CaMOpPOJHOro 30Ji0Ta U3 10 T 30JI0TOHOCHOM MOPOJIBHI,
coaepxkarieit 0,01% Au o macce. Peakiys npoTekaeT 1mo cxeme:

Au + O,+ NaCN + H, O = Na[Au(CN),] + NaOH.

16. CmaB meau u cepedpa maccoir 10 r obpabotanu pazdas-
JICHHBIM PacTBOPOM a30THOM KUCIOTHI. [locie npekpalieHus: peakiuu
K MOJYYEHHOMY pacTBOPY MPUINIM U30BITOK pacTBOpa XJIOpUJa Ka-
musi. [lomydeHHBIM ocafiok OT(UILTPOBAIH, BBINAPUIN U B3BECHUJIU.
Macca ocanka paBHa /7,175 1. PaccunTaiiTe MacCcoBbI€ JOJIM METAJLJIOB
B CILJIABE.

17. CnnaB Zn u Ag maccoit 116, 8 r o6paboTtanu KOHIIEHTPHUPO-
BAaHHOM a30THOM kuciiotou. [locnme mpexkpamieHus peakuuyd K IOJIy-
YCHHOMY pacTBopy npwimin u30sITok pactBopa KCI. TTomydeHHbIH
ocaiok OT(GUIBTPOBAJIH, BRIMAPUIN U B3BeCWIH. Macca ocajika paBHa
86,1 r. PaccynuraiiTe Macchbl METAJIOB B CILIABE.
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18. Beiuncnure 3HaueHUE KOHICHTpaIuu KatuoHoB cepedpa (I) B
pactBope Tpuinanoaprenrara (1) kamms konunentpanueii 0,001 moss/m.

Ku [Ag(CN)s]* =1,0 - 107,

19. MoHO 71 pa3pymuTh KoMiekcHbii non [Ag(NHs),]" (C =
0,1 monb/n) moOaBiIeHUEM pacTBOpa XJOPHAA KaJHus paBHOTO 00beMa
1 PaBHOM KOHIICHTPAITUN?

Tema 20. || b epynna
lMepuodu4eckKoli cucmemabil.
lNodepynna yuHka (WUHK — KaOMUuU — pmymb)

KOHTpOﬂbeIe BOMNMpoOCHLI U 3ada4ium

1. ITouemy 37€MEHTHI STOM TPYMIIBI IO CBOMCTBaM 00Jie€ CXOJIHBI
C MOCTIIEPEXOTHBIMH dJIEMEHTAaMU TIocneyromux rpymnm [1C?

2. [Touemy paamychl aTOMOB W MOHOB CHJIBHO BO3PAcTalOT IMpHU
nepexoJie oT 3jeMeHTa 4-ro nepuoja Zn x snementy 5-ro Cd, Ho npu
nepexojie K 3JeMeHTy 6-ro HQ paanyc u3mMeHseTcsl HECYIeCTBEHHO?

3. B uem pactBopuMBI IMHK, KaAMHUK U pTyTh? Hamummre ypas-
HEHUSI PEAKIIUH.

4. CocTaBpTe YpaBHEHUS CIECAYIOIIUX PEAKIIUI:

Zn + NaNO3 + NaOH + H,0O —

Zn + NaNO, + NaOH + H,0 —

Zn + NH; + H,O0 —

Hg (semoct.)+ HNO;3 (koHII.) —

Hg (n360b61T0K)+ HNOj3 (KOHII.) —

Hg + HY(NO3), —

Hg + HgCl, —

Hg2C|2 + C|2 —

H92C|2 + SO, + 2H,0 —

HgO + KI + H,O —

5. Hanmimmre ypaBHEHUS peakiuii moydenus coielt pryt (I).

6. OnoBsiHHyr0 OpoH3y (CIU1aB IIMHKA W ojioBa) maccoi 19,82 r
obpadotanu 210 M1 cepHOl KHCIOTHI ¢ MaccoBoi goneit H,SO, 12%
(mrotHOCTE pacTtBopa 1,083 r1/min). Paccuutaiite MaccoByr J0JTIO
0JIOBa B CIIaBE, €CJIM BCS KUCJIOTA M3PACX00BaAIaCh.

7.CmiaB Meau W NWHKA, coiepkamui 35% nmHKa (JaTyHBb),
obpadotanu 200 ma constHOM Kuca0Thl ¢ MaccoBoi monerr HCI 30%
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(mrotHOCTH pactBopa 1,15 1/mi). Ompenenute Maccy cIuiaBa, €CIH
BCSI KUCJIOTa U3PACcX0/10BaJach.

8. Cmech kpeMHus, ITMHKA 1 Maraus Mmaccou 31,4 T o6paboTtanu pac-
TBOPOM COJISTHOM KHCJIOTBI, B pe3yJibTaTe peakiuu odpazoBaioch 11,2 1
(1.y.) Bomopoda. 3areM TaKoe e KOJMYECTBO CMECH IOJBEPIIIN
B3aUMOJICUCTBUIO C PACTBOPOM THAPOKCHIA HATPHS — BBIIEIUIOCH 22,4 11
(1. y.) Bomopona. OnpeesiuTe MacCOBBIC JIOJIM BEIIECTB B CMECH.

9. B 200 r pactBopa coaepxkarmiero 10% (macc.) cynbdara meau
nomectunu 7,0 T KeJIe3HbIX OMWIOK. Berauciaure maccy Meau, KOTo-
past 00pa3oBajachk B pe3yJbTaTe XUMUIECKOTO B3aUMOCHCTBHSI.

10. Dnekrponu3 400 mim 6%-ro pactBopa cymbdara meau (1)
(mrotHOCTh 1,02 T /MII) TpogOIDKAIM 10 TEX IMOp, MOKa Macca pac-
TBOpa He yMeHbimwiIack Ha 10 r. Onpeaenure MacCoBbIE JI0JIU COCIU-
HEHUU B OCTaBIIEMCSI PACTBOPE M MACChI MPOAYKTOB, BBIICIUBIINXCS
Ha MHEPTHBIX JJIEKTPOJIAX.

11. Kakue u3 mpuBEACHHBIX METAJIJIOB OyIyT pearupoBath ¢ pas-
OaBJIEHHOM CEpHOM KHCIOTOH. cepeOpo, Meab, IMHK, KEIE30, XpOM?
HamummuTe ypaBHEHUS PEaKIIHi.

12. Kakue 13 NpUBEJCHHBIX METAIIJIOB OyIyT pearupoBaTh ¢ KOH-
LICHTPUPOBAHHOW A30THOM KHUCJIOTOW: KE€JI€30, 30JI0TO, IIMHK, MEIb,
almroMUHKM? Hanuiumre ypaBHEHUS peakIuil.

13. Hanummute ypaBHEHHS peaKIUid MEXAy KaJIMHEM H KOH-
IICHTPUPOBAHHOHN a30THOM KUCIIOTOH (ITpU HArpEBaHUH).

14. Kakoe KOJIMYECTBO T'HAPOKCHIA IMHKA (B MOJISIX) HAJ0 B3STh
st monydenust 14,30 T iuHkaTa HaTpusi?

15. B pactBop, conepxkamuii 14,1 r autpara meau (1) u 14,6 ¢
autpara pryta (1), morpy3unm kaaMueByro IIacTHHKY Maccoit 50 r.
Ha ckonbKkO MpOIEHTOB YBENMYMIIACh Macca IUTACTUHKH IIOCJE BHI-
JeICHUSI MEJIM U PTYTH U3 pacTBOpa?
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Tema 21. lll b epynna lNepuodu4yeckoli cucmemsl.
PedkosemernbHbie anemeHmbl (P3M) (ckaHOud,
ummpudu, naHmad). llodzpynna ckaHOusi
U JaHmMaHuOlbl, aKmuHUU U akKmuUHuUObI

KOHTpOﬂbeIe BOMpPoOCHLI U 3aAa4um

1. Kakue 31€MEHTBhl OTHOCST K LIEPUEBOM MOJArPyHIEe U KaKue
OTHOCAT K UTTpueBoi? [louemy?

2. O0bsicHuTe 3PDHEKT TAHTAHUTHOTO CIKATHSI.

3. YKaxuTe caMyl0 YCTOWYMBYIO CTEIIEHb OKHCJICHHUS JJIEMEHTOB
I11 b rpynmsl. [laiiTe oObsicHeHuUE.

4, Kak U3MEHSIOTCS 3HaUCHUS TEMIIepaTyp IJIABJICHUS U KUTICHUS
o psimy P3M?

5. Kakue P3M HnHaubonee peakumoHHOCTIOCOOHBI? [louemy?
IIpuBenuTe npumMepsl ypaBHEHUN PEAKLINAMN.

6. CocTtaBbTe ypaBHEHUS CIICTYIONIUX PEAKIIHIA:

La + H,O —

C@( OH)3 +0O,+ H,0O —

Ce,(CO3); —

CeO, + Na,O, —

Th+ HCl —

ThC|4+ NH4OH —

/. Hanumure ypaBHeHMs peakuuwii B3aummopeucteus P3M c
a) KUCJI0TaMu; 0) HeMETaJlIaMH.

8. Xumus 1epusi. KauecTBeHHBIE peakiuu Iiepus. Packpoiite
OKHUCJIUTEIHbHO-BOCCTAHOBUTEbHBIE CBOMCTBA COCIMHEHU 1IEpHS.

10. CpaBHuTe JIaHTAHUJIBI U aKTUHUABL. OTIMYUTEIbHAsT 0COOCH-
HOCTb COJICH aKTUHUJIOB U JIJAHTAHUJIOB.

11. HanmuimuTe ypaBHEHUS peakiui, MOATBEpXkKAaromue amdo-
TepHBIC cBoKcTBa ruapokcuaa Topus (1V).

12. Tlonmyyenue P3M.
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Tema 22. IV b epynna
lNepuodu4yeckoli cucmemsil.
lNodzpynna mumaHa (mumaH, 2ahHuUl, YUPKOHUU)

KoHTponbHbIe Bonpockl U 3agayuun

1. ConocTaBbTe HIEKTPOHHBIE KOH(PUTYypalid aTOMOB THUTaHa,
IIUPKOHUS U raHUI.

2. ComocTaBpTe WM3MEHEHHUS CICAYIONIUX CBOWCTB DJIEMEHTOB
NOATPYNIBl TUTAHA: aTOMHBIX PaIUyCOB, MOTEHIIMAIOB WOHHU3AIUH,
NPOSIBIIIEMBIX CTEIICHEH OKWCJICHHUS, OTHOIICHUS METaUIOB K KHC-
notam u mienoyam. OObsCHUTE HAOIIOaeMble 3aKOHOMEPHOCTH.

3. JlaiiTe XapakTepUCTUKY CTPOEHUS M (PU3NIECKUX CBOMCTB MPOC-
TBHIX BEIIECTB TUTaHAa, radHUs U IUPKOHUS. XUMUYECKHUE CBOMCTBA.

4. CocTaBbT€ YpaBHECHHS CIICAYIOIINX PEAKITUI:

Ti+ HF —

Ti + HCI (ropstuuii pactBop) —

Ti + HNO; ( ropstumii pactop) + H,O —

Ti + NaOH + H,O —

[Ipu runmponmse oOpa3oBaBIIUMCS COJM 00pa3yeTcs THUTAHOBAS
KHUCIIOTa

K2Ti03 + Hzo —

Tl(OH)3 + 02 + Hzo —

Kaxkue cBoiicTBa TUTaHA MOATBEPKAAIOT JAHHBIC PEAKIINH?

5. Oxapaxktepusyiite a1 okcuoB kpemuus (IV) u turana (1V) us-
MEHEHHS CJIEIYIONINX MMapaMeTpOB. CTPOSHHS, KUCIOTHO-OCHOBHBIX U
OKHUCJIUTEIIbHBIX CBOUCTB. OOBICHUTE HAOIIOAEMbIE 3aKOHOMEPHOCTH.

6. Hanumure ypaBHEHHS peakiyid, C TOMOIIBbIO KOTOPHIX MOKHO
OCYIIECTBUTH TIPEBPAICHUS:

TiO,+C+Cl,—

T|02 + NﬂzCOg (t ) —

H2[T|C|6] +7Zn —

7. Kakue ¢usnueckue cBoiicTBa xapaktepHsl jJuist okcuma T1 (11)
(oOpaThTe BHUMaHHE Ha PAaCTBOPUMOCTD)?

8. Kakme cBolicTBa — OKHCIIMTENIbHBIC WM BOCCTAHOBUTEILHBIC —
MOTYT TIPOSIBIIATh B XUMHUECKHUX peaknusx coeauaeHus Tutana (1) n

tutana (1V)?
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9. Kakoil W3 JBYX THAPOKCHIOB MPOSIBISET 00Jiee OCHOBHBIC
coiictBa: Ti(OH)4 umu Zr(OH),4, Ti(OH),wmm Ti(OH)3? ObochyiiTe.

10. [Ipu mpokaiMBaHUM METAJUIMYECKOTO TUTaHA Ha BO3yXe o0pa-
3yeTcsl OBl MOPOIIOK, KOTOPBIM pacTBOPSETCS B KOHIICHTPHUPOBAHHOM
CEPHOM KHCIIOTE U CIUIABIACTCA CO IesoyaMu. YTo mpeacraBiser
co0oi1 3ToT OenbIil moporok? Hamuiure ypaBHEHUS peakiui.

11. CpaBHUTE CTpOCHHME U CBOMCTBAa TaJOI€HUJIOB THUTAHA,
raHUS, TUPKOHMUSL.

12. [Touemy pactBop THTaHa (IlI) B consHOW KHCIOTe UMEET
CUHUM I[BET, a B CEPHOIN — CUPEHEBBI?

13. Kak kauecTBeHHO ompenenuth npucyrctBue tutana (I1V) B
pactBope?

14, HanumuTe ypaBHEHHE PEAKIIMU TOJYYSHHUs TUTaHAa MarHUM-
TEPMUYECKIUM BOCCTAHOBJICHHEM €TO BBICIIETO XJIOPHU/IA.

15. CoctaBbTe rTpaduueckue QopmMmyisl cyiabdara OKCOTHUTaHA
(IV) u HuTpara oxcommpkonus (V). Hanmmure ypaBHEHUS peakimii
uX 00pa3oBaHUs MPHU THAPOJIN3E COOTBETCTBYIOIINX CPETHUX COJICH.

Tema 23. V b epynna
lMepuodu4eckoli cucmemsil.
lNodepynna eaHadus (eaHaduu, HUobul, maHmain,
dy6Hull, npomakmuHuu)

KOHTpOﬂbeIe BOMpoOCbLI U 3aAa4um

1. Kak wu3MeHSI0TCA CBOWMCTBA COEOMHEHWII BaHAIUsI CO
CTEIEHSIMHU OKUCIEeHUA +2, +3, +4, +5?

2. Kakue cBoiicta nposBistror V, Nb, Ta?

3. CocTaBbTe ypaBHEHHS CIICIYIOMINX PEAKITHIA:

V+ 02:

V+N,=  (upu remneparype Boiiie 700°C)

V+B—

V +Si—

V+S —

V+P—

VO, + KOH —

V205+H2C204 —

V203+V205 —
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V,05+ KOH —

B dem mposBisieTcss 0COOCHHOCTh B3aMMOJCHCTBUS BaHAIUS C
rajjoreHamu rpu Harpesanuu g0 200-300°C?

4, Kakuve npoIyKThl 00pa3yroTcs MPpY B3aMMOIACHCTBUY BaHAIUS C
BOJIOM, paCTBOpPAMM. COJITHOM, CEpHOM U a30THOM KHCIOTaMU?

5. Hanummre ypaBHEHUS! XUMUYECKUX PEAKITHI:

a) metayuinaeckoro BaHaaus ¢ HF, HNOj, ropsiueii KOHIICHTpH-
poBaHHO# H,SOy;

0) pacTBOpPEHHS METa/UIMYCCKOr0 BaHAJWsS B CMECH a30THOW M
IJIABUKOBOW KHUCJIOT.

6. Kak BemyT ceOst MeTallIbl IOATPYIIIBI BAHATUS B IPUCYTCTBUU
OKUCIUTEJEH TMpu CIUIaBJICHUU cO 1ienodamMu? OTBET MOACHUTE
YPaBHEHUSIMU PEAKIIUN.

/. KoMmruiekcHbIe COeTMHEHUS BaHAIHS.

8. Kakwue cyIiecTBy0T ciocOOBI ITOTy9YeHUS BaHAINS ?

9. Oxcup Banagus (1) VO. Otpasurte ypaBHCHHSIMH PEAKIIHA €T0
XMMUYECKUE CBOKCTBA.

10. Hanummute coeauHeHus, B KOTOPBIX OCHOBHBIMU (hopMamu
cymectBoBanus BaHaaus (111) sBustorcs V3+, VO, V033'; KOMIIJIEKC-
HbIC WOHBI, B KOTOPHIX BaHAJIUM UMEET KOOPJIWHAIIMOHHOE YHCIIO,
paBHoe 6.

11. C kakuMu BeIIECTBAaMU B3aWMOJICUCTBYET OKCHJl BaHAIMS
(111) (V,03)? Xumnueckue coiictBa V,03 .

12. Xumnueckue cBorictBa ruapokcuaa Banagus (111) (V(OH)3) u
coneit Baranus (111). [Tonrepaure ypaBHEHUSMU peaKIIHi.

13. IlpuBeaute (GopMysabl COCIUHEHUN BaHAAHWS CO CTEICHBIO
OKHCJIEHHSI +5, B KOTOPBIX COJIEpKATCI OKCOKATHOHBI VO,
VOS+(BaHaI[I/IJ'I-I/IOHBI) Y OKCOAQHHOHBI VO43', V,0,*,

14. Kakumu cBoiictBamu oOnamaetr okcua BaHamus (V) V,05?
Hamumure ypaBHEHUS peaKkni.

15. CocTaBbTe CyMMapHOE YpaBHEHHE pEaKlUM Mepexoia BaHa-
TUsl OT BBICIIEH CTENEHU OKWCIEHUS +5 K Hu3me +2 yepe3 Bce mpo-
MEXYTOYHBIE CTETICHU OKHUCJICHHUS TMPU B3aMMOICHCTBUU PacTBOpa
MeTaBaHajaTa HaT}gHﬁ B CEPHOKHCIION Cpejie C IIMHKOM:

NaV>'0;—(V°*0,)SO,  (kemrsit) —V*+0S04  (cumwuii)
—V*¥,(S04); (3enensiit) —V>*SO, (proneroBsii).
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Tema 24. V1 b epynna
lNepuodu4yeckoli cucmemsil.
lNodzpynna xpoma (Xpom,
Mosiub0eH, sosibghpam, cubopaull)

KOHTpOﬂbeIe BOMpPoOCHLI U 3aAa4um

1. Hanuivre 3aeKTpoHHBIE (POPMYJIBI aTOMOB XpOMa, MOJIMOJICHA,
BoJIb(pama, cuboprus. [loueMy B OCHOBHOM COCTOSIHUM aTOM XpoMa
MMeeT SIeKTPOHHYI0 KoHburyparo (n-1)d’ns’, a we (n-1)d*ns®?

2. YKaKUTE CXOJCTBO M Pa3iMyMe B CTPOCHHUH aTOMOB DJIEMEHTOB
VIA u VIB noarpynn Ha npumMepe xpoma u cepbl. Kak 310 oTpaxkaercs
Ha CBOMCTBAX MX OKCHIOB M THIPOKCHJIOB (KUCIIOT M OCHOBAHHMIA)?

3. Ocobennoctu cTpoeHus aroma xpoma. CBOMCTBA MPOCTOTO Be-
miectBa. Kakue cBoWicTBa OTpakeHbI PUMEpPaMH YPaBHEHUM peakiiuii?

Cr+H,0 —

Cr+ C|2 —

Cr+ HCl —

Cr + KOH (pactBop) —

Cr + KCIO; + KOH —

3. Kakue cTerneHn oKUCICHUs XapaKTepHBI JJIsi aTOMOB XpoMa? B
pagax CrO - Cr,O; —CrO;; Cr(OH), — Cr(OH); —H,CrO, ykaxmwre,
KaK M3MEHSIIOTCSI KUCJIOTHO-OCHOBHBIE M OKUCIUTEIbHO-BOCCTAHOBU-
TEJIbHBIE CBOMCTBA COOTBETCTBYIOIINX COCIMHECHUN.

4. CocTaBbTe YpaBHEHUS CICAYIOIIUX PEAKITU:

CrO+0;,—

CrO + HCl —

Cr(CO)s —

Cr(OH)z +0,+H,0—

CrCI2 + 0O, + HCl —

CfClz + H,0 —

CrCl; + Zn + HCl —

Cr,03 + KOH —

Cr,03 + Na,CO; —

(NH4).Cr,07 —

K,Cr,0; + 3C —

K,Cr,0;,+S —

CrC|3 + NH;3; + H,O —
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CrC|3 + H,0, + KOH —

YKaXuTe YyCIOBUS X MPOTEKAHMUS.

5. Ilouemy npu pacTBOPEHHH METAILIMYECKOIO XpOMa B COJISTHOM
WM pa30aBICHHON CEPHOM KUCIOTE O00pa3yrTCs pacTBOPHI pasiivy-
HOM OKpAcKu B 3aBUCMMOCTHU OT TOT'O, IPOBOJIUTCS JIM PEAKIIM B KOH-
TaKTe C BO3JyXOM UJIM B CpeJie MHEPTHOTO Tra3a?

6. CocTaBbTe ypaBHEHHUSI PEAKIUNA, COOTBETCTBYIOIIMX MEPEXOIY:

Cr,0;” — Cr**, CrO, — CrO;

/. Hanmumure B MOHHOU W MOJIEKYJISIpHON opMe ypaBHEHHE TOU
peakiu, KoTopas O0OYCIIOBIMBAET KHCIOTHOCTh CPEAbl pacTBOpa
KCr(S0,),.

8. [Mouemy komrutekcusie anuoHbl [CrClg]”, [MnClg]*s umeror
OJINHAKOBBIE MarHUTHBIE CBOMCTBA?

9. Paccunraiite pH pactBopa comm — xmopuma xpoma (l1), ecnu
ee konnenTpanus 0,01 mons/i, a Kaz; Cr(OH); = 1,02 x 102,

10. K 14%-my pactBopy mHutpata xpoma (l11) nobasmmm cynshun
HATpPHsI, TTOJIYYCHHBIH PacTBOP OTHUIBTPOBAIN M MPOKUIATHIMN (0e3
HOTEPH BOJBI), MPH STOM MAaccoBas JOJsA COJIM XPOMa YMCHBIIHIACH
10 10%. Onpenenure MacCoBbIE JOJU OCTAJIbHBIX BEIIECTB B IMOJY-
YEHHOM PacTBOPE.

11. Hammummmre a5ekTpoHHY0 Gopmyiy atroma MomubaeHa. OObsic-
HUTE OJIM30CTh ATOMHBIX W HOHHBIX PAJWYyCOB MOJMOJCHA W BOJIb-
dpama. Kak 3T0 cka3piBaeTCs Ha XUMHUYECKMX CBOMCTBAX aTOMOB 3THUX
AJIIEMEHTOB?

Tema 25. VII b epynna
lMepuodu4yeckKoli cucmembli
(MapaaHey, mexHeuul, peHuu, 6opull)

KOHTpOﬂbeIe BOMNMpPoOCbLI U 3ada4ium

1. IIpuBeaute GhopMysIbl COSIUHEHNUI MapraHiia ¢ XapakKTepHbIMH
CTEIICHSIMU OKUCIICHHUS,

2. CocTaBbTe ypaBHEHHS CIIEIYIOIINX PCAKIIHIA;

Mn + HCI —

Mn + HNO3; —

Mn + H,O (marpeBanue) —

Mn + C|2 —
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Mn+F, —

Mn + KOH + O, —

3. Kak u3MeHsI0TCS OKHCIUTEIbHBIE CBOMCTBA COCAMHEHUN Map-
raHia B psay: Mn* = Mn™ = Mn*® = Mn*® = Mn*"?

4. Hanuiute ypaBHEHUS] XUMHUYECKUX PEaKIUi, COOTBETCTBYIO-
nmx nepexoay: MnO, — Mn*". Vkaxure YCIIOBUS UX MIPOTEKAHUS.

5. CocTaBbTe ypaBHEHUS CICIYIOMINX PEAKIIHIA:

KMnO, —

KMnO,+ H,0, —

MnO, + KCIO;+ KOH —

MnO, + HCIl —

Mn,0O;+ KOH —

Mn(OH), + Br, + NaOH —

Mn*" + S,04” — MnO,_+ 2S0,”

YKaXuTe YyCIOBUS X MPOTEKAHMUS.

6. Oxapakrepusyiite xummuueckue cBorictea MnO.

7. YcroitunB mu ocagok Mn(OH), Bo BIa)XHOM COCTOSHUU K
JNEUCTBUIO KHUCIopoAa Bo3ayxa? MOXHO JM 3TO OOHApPYXKHUTh IO
KaKOMY-TO BHEIITHEMY MPU3HAKY?

8. OxapakTepn3yiTe XUMHUYCCKHE CBOMCTBA OKCHJIOB MapraHIia:
Mn,03, MnO,, Mn,0. B psny MnO — MnO, — Mn,0; ykaxure, Kak
U3MEHSIIOTCSI KUCJIOTHO-OCHOBHBIE U OKHCJIMTEILHO-BOCCTAHOBUTEIIb-
HbIE CBOKMCTBA COOTBETCTBYIOIINX COCIUHEHUN.

9. [IpuBenure mpUMEpPhl XUMHUYECKUX COCIUHECHHUIN IepMaH-
raHaTOB U MAHTaHATOB.

10. Kakoit MUHUMaJIbHBIM 00BEM pPACTBOpA THAPOKCHIA HATPHS
HeoOxoaumo 100aBuTh K 100 mMi pactBopa cyibdara mapranuna (I1),
YTOOBI BEIIAJI OCAIOK?

11. O6pazyetcs mu ocanok cyinbbuga mapranna (1) npu ciusa-
HUU pacTtBOopoB HuTpata Mmapranua (1) u cynpdhuga kamus ¢ oam-
HakoBo# koHIeHTpanuei 0,01 monb/i1 B cooromenuun 1:2?

12. Beraucnure Maccy 1Hoja, KOTOPBIH BBIACIUTCS B PEaKIUH
Moaua KaJlus C TIEpMaHraHaToOM Kajiusl B Kuciou cpene. OO0bem pac-
TBOpa nmepmanranara kanusg 0,3 1, o = 6%, p = 1,04 rlen’,
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Tema 26. VI b epynna
lNepuodu4yeckoli cucmemsil.
Tpuaodsbl xene3a (kesne3o, kKobasibm, HUKe/Ib)

KoHTponbHbIe Bonpockl U 3agayuun

1. OxapakrepuzyiTe moMMop(HbIE COSTMHEHMSI Kelle3a, KoOaIbTa.

2. [IpuBenuTe MpuMep HECTEXHMOMETPHUESCKOTO COCTaBa COCIMHE-
HUM TpUAbI KeEJe3a.

3. Hammummure ypaBHEHHUS peakIMii MEXTy JKEJIe30M H CIEIyIo-
MMM BEIIECTBAMH: a) Pa30aBICHHOM COJISTHON KHCIIOTOMH; 0) KOHIICH-
TPUPOBAHHOHN CEpHOM KHMCIIOTOMH; B) okcuaoM yriepona (I1); r) cepoi;
1) oxcuaoMm ojiora (I1); ) okcumom yriepona (I1).

4. Hannmnte ypaBHEHUSI peaklUi, MPU NOMOIIN KOTOPBIX MOX-
HO OCYIIECTBUTH CJICAYIOIINE MPEBPAIICHHUS:

Fe —FeCl, —Fe(OH), —Fe(OH)3; —Fe,03— K,FeO,.

YKaXute yCa0BUs ITPOTEKAHUS PEAKLIUM.

5. Kak BzaumoneiictByet Fe,0O3; ¢ pacTBopamMu U ¢ pacruiaBaMu
esouen?

6. HamummuTe kayecTBEHHbIC peakiuu Ha kathoH xene3a (I1) u
katuoH xene3a (111).

7.IloueMy TIp¥ TNPUTOTOBJICHWW BOJHBIX PACTBOPOB COJICH
xenesa (1) modaBisroT KUCIOTY?

8. Kax mepepectu conpb keneza (1) B comp xenesa (I11)? Kax
OCYIIECTBUTH OOpPATHBIN TIEPEX01?

9. O0ume XMMHUUECKHE CBOMCTBA JKejie3a, KoOajabTa, HUKEJIS.

10. CocTtaBbTe YpaBHEHUS CICAYIONTUX PEAKITUA:

FESQ + 02 —

FeO + HNO; —

Fe(OH)z + 0, +H,0—

Fe(OH), + 2NaOH —

FeSO, + K3[Fe(CN)6] —

NiO + Ba(OH)2 —

CO(OH)2 + 0O, +H,0 —

Fe,O; + KNO3; + KOH —

Fe(OH)g + Na,CO; —

Fe(OH)3 + Br, + KOH —

Co(OH); + H,SO4 —
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CoCl; + NaOH —

COC|2 + CIZ + NaOH —

Ni(OH); + HCl —

Nl(OH)2 + Br, + NaOH —

K,FeO, + Cr2(804)3 + H,SO, —

YKaKuTe yCIIOBUS MPOTEKAHUS PEAKITUH.

11. HannimuTe ypaBHEHUS PEaKIUil MKy CISTYIONTMMH BEIIeCT-
Bamu. a) okcunaoM Hukens (1) U comstHON KUCITOTOH; 0) THIPOKCHIOM
koOanbTa (1) ¥ KOHICHTPUPOBAHHBIM PACTBOPOM THAPOKCHIA HATPUS,
B) rupokcuioM Hukess (1) 1 n30BITKOM pacTBOpa aMMHaKa.

12. Kakoi u3 xatuoHOB (3Keie3a, HHKESA, KoOalbTa B CTCICHU
okuciieHus: +2) oOjamaer Oojiee CUIBHBIMH BOCCTaHOBHUTEIIbHBIMU
cBoiictBamu? [IpuBecTu nprumMepsl peakiui.

13. Beruncnure KOJIMUYECTBO kele3a (B KI), KOTOPOE€ MOKHO
MOTYYNTh U3 1 TOHHBI UpHUTa, coaeprkamero 80% FeS,.

14. K 100 r pacrBopa xnopuma kobamsta (I1), comepxamiero 10%
(macc.) CoCly, npurmm n30BITOK pacTBOpa rUApoKcHa HaTpus. Ilomy-
YEHHBI OCaJ0K OT(PWIHTPOBAIH, BBICYIIMIN W MOKAIMIHA. Beraucioure
00beM CcostHOM KucaoThl (W = 24 %, mmoTHOCTh pacTBopa 1,121 /M),
HEOOXOUMBIH JISI PACTBOPEHUS ITOTYICHHOTO BEIICCTBA.

15. Peakiius BoccraHoBieHus okcua sxenesa (1) ammuakom:

3FeO(tB.) +2NHs;(r.) = 3Fe(tB.) + Ny(1.) + 3H,O(r.) — HaunHaeT-
cs IIPU TEMIIEPATYPE 322°

Brranciure  A,S g 2TOM peakiuyu, eciu E° (FeOus ) Feus))=
-0,865B u E°(Ny)/NHzi))=— 0,771B mpu pH=14 u T=298K, a
AGozgg(Hzo(m y HZO(r 1)=8,63 k/lxx/Monb. Hanumure ypaBHEHHs MOy~
pEeaKInid, WCIIOIH30BAHHBIX BaMHU IPHU BBIYHCICHUU TEPMOTMHAMHU-
HECKHX dyukumit. [Ipr npoBeneHHH pacueToB 3aBucHMOCTh0 AH T 1
AS’ peakmmm OT TeMmrmepaTypsl crietyer npeHe6peqL [Ipu xakoi
temmeparype (Gonbmeii win mensiueii 322°C) HaumHaeTCS peakitus
BoccTaHoBiyieHuss FeO ammuakomM? Jlaiite apryMeHTUPOBAHHBIN OTBET.
Hamuimure ypaBHEHHE COOTBETCTBYIOLIEH PEAKIIUU.

16. ITpu npokanuBanuu 37,45 v ruapokcuna sxeiesa (1) momy-
YT TBEPJIbI OCTATOK. BhIYuCIHTE O0BEM COJISTHOH KHCIOTBI C
maccoBoi goaeii HCl 20% (mtotHocth pactBopa 1,1 r/mi), HeoOxo-
JUMBIH JIJIS PACTBOPEHUS IOJYyYCHHOT'O BEILIECTBA.

17. Beruucnure o0beM OpOMHOM BOJABI, HEOOXOAUMBIN ISl OKHC-
nenns 15,2 r xmopuaa Keimesa (I1) B xucnom pactBope, ecau B 100 T
BobI IIpu Temmeparype 20°C pactBopsiercst 3,6 T 6poma.
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