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Oowasa xumus

Tema 1. OCHOBHbIEe MOHSIMUS U 3aKOHbI XuUumMuu

KOHTpOﬂbeIe BOMpoCbLI U 3aAa4um

1. OnpeneneHe OTHOCUTEIBHOW AaTOMHOM W OTHOCUTEIIBHOU
MOJICKYJISIPHOW MaCCHlI.

2. KonmuecTBo BelecTBa, €aUHUIBI M3MepeHus. Yucio ABoraapo.
[TocrosiHHas ABoraapo.

3. MonspHas macca BeniecTBa. EMMHUIIBI U3MEPEHUS.

4. 3akoH ABOrajgpo u ero cieacTBus. MoysipHbI 00BEM rasa, eIu-
HUIIBI U3MepeHusi. AOCOIIOTHASI U OTHOCUTEIIbHAS IJIOTHOCTH Ta3a.

5. [IpuBenenne oObeMa raza K HOPMAJIbHBIM YCIOBUAM (H.YV.).
VYpaBuenue MenpaeneeBa — Knaneiipona, o0beIMHeHHBIN 3akoH boii-
11 — Mapuotra u I en-JIroccaka.

6. B3auMoCBsi3b MEXKJy TMOHSTUSMH: KOJHMYECTBO BEIIECTBA,
Macca, MOJIApHas macca, 00beM, MOJISIPHBIM 00BEM, YHMCIO YacCTHII,
quciao ABOrajpo, nocTosiHHasi ABOrajpo.

7. OCHOBHBIE CTEXHOMETPUUYECKHUE 3aKOHBI U UX OIPAHUYEHHOCTb.

8. Beruucinure MoISipHYIO Maccy coeauHeHus maccod 11,2 r um
KoJimuecTBOM BentecTBa 0,7 MOJIsL.

9. Beiuncnure maccy yTIEKHCIIOro ra3a, 3aHHMAIOIIEro o0bheM
30,6 M (H. y.).

10. OTHOCHUTENBHAA TMUJIOTHOCTH Tas3a IO BOAOPOAY paBHa 16.
BbIunciinTe ero OTHOCUTENIBHYIO MOJIEKYJISIPHYIO Maccy.

11. ITpu Temmeparype 25° C u naBienun 744 MM. pT. CT. ra3 3aHU-
MaeT o0beM 32 mit. [IpuBeaure 00beM raza K HOpMaJIbHBIM YCIOBHUSIM.

12. XnopoBogopoa oobemom 45 Ma cobOpaH B razomerp. Bui-
YUCIUTE MACCy XJIOpUIa HaTpUs, HEOOXOIUMOIO ISl MOJTyYEHUsI yKa-
3aHHOTO 00BhEMA rasa.

13. KpyroBopoT a3oTa B MpUPOJIE€ BKIIOUYAET €ro OMOJIOTHYECKYIO
¢uKcanuio TpU MOMOUIM KIYyOEHBKOBBIX OakTepuil W MPOIECCHI
OKHUCJICHUSI TPU aTMOC(EPHBIX SIICKTPUUECKUX paspsiaax. Bo Bpems
rpo3bl B BO3MyXe OOpa3zyeTcss OKCHJ a30Ta HEU3BECTHOIO COCTaBa.
N3BecTHO, YTO Macca OJHOM €ro MOJEKYJbl cocTaBisieT 4,99 107r.
YcranoBute popmyiay OKcHaA.



14. OkeaHn Kak Hacoc: B MOJISIPHBIX MIMPOTAX OH IOIJIOMIAET CBO-
UMH XOJOAHBIMU BOJIAMU JUOKCHUJ] YIiepoja, a B SKBATOPUAIbHBIX U
TPONMUYECKHUX, TJI€ BOJA TEIUIasi, OH OTJAeT 3TOT ra3 B armocdepy. B
OOMEHHOM Tpollecce MEXIy aTMocepoil M OKEaHOM YydYacTBYET
exeroano 100 mapa ToHH yriekucioro ra3a. Ckoiabko Mosekyn CO,
BOBJICYEHO B ATOT Ipoliecc?

15. 1,5 r razoo0pa3Horo BemiecTna, cojaepxkaiiero 20% Bomopoaa
u 80% yrnepoaa, 3anuMaeT oobeM 1120 M (H.y.) YcTraHoBUTE €ro
XUMUYECKYIO (DOPMYITY U BBIYUCITUTE OTHOCUTEIHHYIO MOJIEKYISPHYIO
Maccy rasa.

16. IImoTHOCTH Taza mo BoAoOpoAy, coaepxxamuero 27,27% yrie-
pona u 72,72% kucnopoja, paBHa 22. YCTaHOBUTE €r0 XUMHUYECKYIO
dbopMyITy ¥ BEIYMCIUTE OTHOCUTEIILHYIO MOJICKYJISIPHYIO Maccy Tasa.

Tema 2. CmpoeHue amoma

KoHTponbHbIe Bonpockl U 3agauun

1. Kakoii Habop KBAaHTOBBIX YHCEJ ONMMCHIBAeT 2p-, 3d-, Sf-aTom-
Hble opoutanu (AO)?

2. . MakcumanbHOE YHCIIO 3JEKTPOHOB Ha Sf-opOuTanu.

3. CKOJIbKO OpHEHTAlMii B MNPOCTPAHCTBE HMEIOT OpOUTAIU CO
3HaYEHHEM OpOUTAIbHOTO KBAHTOBOTO uncia: a) 1, 6) 3, B) 2, 1) 07

4. Yucno opOutasneit Ha ypoBHE n =4.

5. IlpaBuno Xyunaa. [lpuaoun [Taymu. [IpaBuno KneukoBckoro.

6. Kakux u3 crieyrommx MoaypoBHEH B aToMax He ObIBaeT a) Ip,
0) 2s, B) 3fr) 5s, 1) 2d? OTBET NMOSICHUTE, UCTIOJB3YS1 KBAHTOBBIC YUCIIA.

7. Kakve KBaHTOBBIE UHCIIA CBUACTEIBCTBYIOT O TOM, YTO 3JIEKTPO-
HBI HA OJTHOM aTOMHOW OpOUTAIIM UMEIOT MPOTUBOIOIOXKHBIE CITUHBI?

8. Pacnpenenure 30€ 1o ypoBHSM M TOAYPOBHSIM C YYETOM
MPUHIIMIIA MUHUMYMa SHEPI M.

9. Kakas atoMHas opOuTangp ompeaeisieTcss HabopoM KBaHTOBBIX
gucen n =3, 1=0, m; =0? Kak pa3nuuuth J1Ba 3JEKTPOHA, KOTOPHIC
MOTYT 3aHUMATh 3Ty OpOUTaIB?

10. IlepeuncinTe NOpsAIOK BO3pACTAHUS IO YHEPTUU CIICTYIOIINAX
opOuTaieil mpou3BoJIbHOTO atoMma: 1s, 2s, 3s, 2p, 3p.

11. Onpenenute pacupeaeacHue JIEKTPOHOB I aTOMa KPEMHMUS
B OCHOBHOM COCTOSTHUHU.



12. Hanuiute KOH(PUTypamuioo OCHOBHOTO JJIEKTPOHHOTO CO-
crostaust st nora O°”. OGOCHYIHTE OTBET.

13. Hanumure KOHQPUTYypallu OCHOBHOTO 3JEKTPOHHOTO CO-
CTOSIHUS JJI KaxJaoro u3 cieayromux uoHoB: F-, Ca 2+, Li" . Yro
00I11eT0 UMEIOT 3TU KOH(DUTypaluu?

14. Kakue 351eKTpOHBI B OCHOBHOM COCTOSIHUM aTOMa KHUCJIOPOJIA SIB-
JISTFOTCSI BAJICHTHBIMU, a KaKUe MPUHAIJIeKaT BHYTPEHHUM 000109KaM?

15. CkonbKO BaJIGHTHBIX AJIEKTPOHOB y atoma (propa?

16. YUto o011er0 B OCHOBHOM JJIEKTPOHHOM COCTOSIHUM 3JIEMEH-
TOB 7 TPYIIIBI?

17. Yro Takoe npaBuiio okteTa? KakoBbl €ro orpaHu4eHus ?

18. ATOMBI CIeAyrOmMX 3JEMEHTOB CKJIOHHBI NMPUHUMATH WU
TepATH NIEKTpoHBL: N, Mg, P, Sr, Al, Se?

19. Cepa ob6pazyer ramoreauanl SCl, ,SF, , SF4. CyliectBoBaHue
KAaKOro, KaKhX U3 HUX MOKHO NPEJICKa3aTh, UCXO U3 ITpaBuila OKTETa?

20. Xnop oopazyer ¢ropunbl CIF, CIF;, CIFs. Kakoe u3 »Tux
COEMHEHHI COOTBETCTBYIOT MPABUITY OKTETA?

Tema 3. Xumu4dyeckasi cesi3b

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3aga4ium

1. Tun cBA3W B XJIOpUJIAX HATpPUs, MarHus, aJllOMHUHUS (1Ba
cnoco0a: 1o 3HaueHussM 020 u nossipu3alvii HOHOB).

2. Byzner mu cymecTBoBaTh yactuna H,  (MMO)?

3.byner nm Mosekyna a3ora oOjagaTh IapaMarHUTHBIMU
corictBaMu? [louemy? Uucno 6- u m-cBsI3€M B 3TOW YaCTHIIE.

4. Tun rubpuaM3alud LEHTPAIBLHOTO aroMa B XJopuae Oopa.
Meton BC. Banentnsiii yroi, ¢popma moJiekyinl (3apucoBats). [loa-
TBEPJAUTE TEOMETPHUIO MOJICKYJIbI, UCTIOJIB3Ys MeTO [ nimecmnu.

5. PacToNIOKNTe XJTOPHIIEI CIIEYIONINX HOHOB: Ag', Pb*, Ca*", K -
B MOPSIJIKE YBEITUYEHUSI TEMIIEPATyphl TUIaBICHUS (OOBSICHUTE, UCTIONb-
3ysl TEOpUIO ToJisipu3alum). [lonrBepauTe cripaBOYHBIMU MaTepUaIaMHu.

6. O0OBsICHUTE pa3NUYHBIM LBET (OKpPacKy) XJOpHAa W HOIUIA
cepebpa.

7. Beruuciure:

a) DUIOJbHBIA MOMEHT (/]), ecu ayiMHA IUMOJIS XJIOPOBOAOPO/IA
paBHa 2,2 lOloM;



B) JUIUHY JUIOJS CHHWUIBHOW KUCIOTHI, €CJIA JUIOJIbHBI MOMEHT
paseH 2,9/1.

8. Mexanu3m oOpa3oBaHusi, CBOMCTBA U MPUMEPHI:

a) BOJOPOJIHOMN CBSI3H;

B) METAJUIMYECKON CBSI3H.

9. a-OJIOBO — cepoe XpyInkoe BEIIECTBO C HU3KOH BJCKTPO- U
TEIIONPOBOJHOCTHIO, €r0 IIOTHOCTh 5,85r/cm; B-OJIOBO — 6enoe
IJacTUYHOEe, 00JIaJlaeT XOPOIIEeH AJIEKTPO- M TEIIONPOBOJAHOCTHIO;
ero mIoTHOCTh 7,29 r/cM’. OObsICHUTE MIPUYHHBI PA3JIAYNS B CBOMCT-
BaX TUX JIBYX MOJU(UKAINA 0JI0BA.

10. Mexay MojeKyldaMH KaKUX BEIIeCTB MOTYT 00Opa3oBaThCs
BOJIOPOJIHBIC CBSI3H: (PTOPOBOAOPOAA, HOJOBOIOPO1a, BOIBI, TEILIypH-
Ja BOJIOpoJia, aMMuaka, pocdhuna, metana, cuinaHa’?

11. Kakue wu3 mNepeyuclIeHHBIX SBJICHUH MOXXHO OOBSCHUTD
dhopMHUpOBaHUEM IIPOYHOM BOJOPOJHOM CBSI3M: 1) KaJabIM B3aWMO-
JNEUCTBYET C BOJOPOJIOM C 00pa30BaHUEM TUJIpUJIA KaJbIus; 2) peak-
U XJIopa C BOJOPOJOM HMMEET ILIEMHOM XapakTtep; 3) Temmeparypa
KUIIEHUSI BOJBI BBIIIE, YEM CEPOBOAOPOA; 4) TeMIepaTypa KUIICHUS
reKkcaHa BbIIIE, YE€M IIpoMaHa; S5) TeMmmepaTypa KHUIEHUsS aMMHaKa
BhIIIE, 4YeM (pochuna?

12. M0OHO ¥ UCXOJISl U3 BEJIUYMH TEMIEPATYpP TUIABICHUS Psijia
BEIIECTB OLICHUTDH, B KAKUX CIIy4asiX BEIIECTBA UMEIOT MOJICKYJIAPHYIO
pemeTky? PaccMoTpuTe Ha mpuMepe:

Ne CH4 HI H,O P, PdCl, SiO, Si NaCl
T,K 24 9 2223 273 317 2000 1200 1700 1073

13. YeM 0OBSICHUTh YyCTOMYMBOCTH MOHOMEPHBIX MOJIEKYJ a30Ta,
yrapHOTO Ta3a, KUCJIOPOoAa, YTIEKUCIoTo ra3a (00pa3oBaHbl aTOMaMH
AJIEMEHTOB BTOPOT'O MIEPHOA) U CKIIOHHOCTh K MOJIMMEPHU3AIId MOJIe-
kyn1 P,, S, ,Si0, SiO, (oOpa3oBaHbl aToMaMu 3JIEMEHTOB TPETHETO
Iepro/ia WM aTOMaMM KUCJI0poJia)?



Tema 4. Ckopocmb Xxumu4yecKux peakyuu

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada4ium

1. CKOpOCTh XMMHYECKUX PEAKLUUN, OTINYUE CPEAHEU CKOPOCTH
OT MTHOBEHHOM.

2. 3anuIInTe MaTEMATUUECKOE BBIPAKEHUE 3aKOHA JECUCTBYIOIIUX
MaCC JJIsI XAMUYECKUX PEAKIUN:

2A+B=A,B

N2 (F) + 02 (K) =2NO

CO, +C=2CO

4Fe + 302 = 2F€203

3. 3aBUCHMOCTh CKOPOCTH XHUMHYECKON PEAaKUUH OT HPHUPOJIbI
pearupyrommx BeecTs, OT TeMneparypsl. 3akoH Baut-I'odda, ypas-
HeHue AppeHuyca. | OMOTEHHBIM M TE€TEPOreHHbINM KaTtanui. [Ipume-
pbl. MexaHu3M JEUCTBUS KAaTalnu3aropa. JDHEPTrHsl aKTHUBALMU XUMU-
YECKOM peaKkLnH.

4. Koncranrta  ckopocth  peakiuu A +2B=AB,  paBHa
2 - 10” m/(Monb c). Beramciure ee CKOPOCTb B HAYAIbHBIH MOMEHT,
kornga C, = Cg = 0,4 Monwp/n u 4yepe3 HekoTtopoe Bpems. K atomy
MOMEHTY KOHIIeHTpanus BemiectBa AB, coctasuia 0,1 Moiw/.

5. Kak u3MeHUTCs CKOPOCTh XUMHUYECKOU PEAKIIMU TOPEHUS METa-
Ha B KMCJIOPOJIE, €CJIM KOHLIEHTPALINIO KUCJIOPO/Ia YBEIUYUTH B 5 pa3?

6. Xumuueckasi peakiusa nporekaetr no ypaBHenuio A + B = C.
B nauanpHbIi MOMEHT BpemMeHu Cp = 2,7 monb/n, Cg = 2,5 MOJIB/IL.
Cnycts 0,5 yaca KOHIIEHTpalys BEUIECTBA A YMEHBIIMJIACh U CTaja
paBHOU C, = 2,5 Monb/11. BeIuucnnTe KOHIIEHTPAIIMIO BElecTB B u
C K 3TOMy MOMEHTY M CPEJHIOK CKOPOCTh B yKa3aHHBIM MpPOME-
KYTOK BPEMEHHU.

7. Bo CKOJIBKO pa3 ClieAyeT YBEIWYUTh JaBJICHHUE, YTOObI CKOPOCTh

xummyeckon peakuuu 2NO, + O, = 2NO, ysemmuunacs B 1000 pa3z?

8. BO CKOJBKO pa3 M3MEHUTCS CKOPOCTh XMMHUYECKOW pEeaKInuu
IIPA YMEHBIIEHNU TeMneparypsl ot 70 10 30°C, ecin TEMIIEPATYPHBIN
ko3 durmeHt papeH 3?

9. Ha ckoibpko rpagycoB HY>KHO MOBBICUTH TEMIIEPATYPY, YTOOBI
CKOpPOCTh XMMHMYECKOW peakuuu yBennuwiack B 81 pas3? Temmepa-
TYpHBIN KO3(PHUIIMEHT CKOPOCTHU peakiuu paBeH 37



10. Beraucnutes TeMnepaTypHbIi KOAOPUIIMEHT HEKOTOPOH XUMH-
. 0
YECKOW peakIuM, €CJU MpHU NOBbIIEHUU TemiepaTypsl oT 10 1o 50°C
CKOPOCTh XMMUYECKON PEAKIINU YBEIUYUIACh B 16 pas3.

NMpumepbl BbINOMTHEHUA 3a8aHNN

Ilpumep 1. Hanumumre MaTeMaTHYECKOE BBIPAKEHHUE 3aKOHA
JNEUCTBYIOIINX MAcCC ISl CHEAYIOIUX XUMHUUYECKUX PEAKIUNA:

MgO(k) + SOx(r) = MgSOs(k) ; (D)

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

Pewenue. B maTeMaTH4eCKOM BBIPAKECHUM 3aKOHA JICMCTBYIOIINX
MacC HE YUYUTHIBAETCS Y4YacTHE BEIICCTB, HAXOJSIIUXCS B TBEPAOU
¢daze. IloaToMy 3aBUCHUMOCTH CKOPOCTHM XHUMHYECKOW pEakiuu OT
KOHIIEHTPALUH PEarupyroIIuX BEIIECTB CIAEAYET 3aMUCaTh TakK:

V1: kC (SOz), V2 =k C (Hz)

Omeem. [nsa peakiuu (1) CKOpOCTh 3aBUCUT TOJIBKO OT KOHIICH-
Tpauuu SO,, 115 peakuu (2) — TOIbKO OT KoHUEeHTpauu Ho.

Ilpumep 2. Kak u3BMEHUTCS CKOPOCTh XUMUYECKOW PEAKIINU

4Al(k) + 30,(r) = 2A1,05(k),
€CJIM KOHIIEHTPALUIO KUCIOPO/1a YBEJIIUUNUTH B 3 pa3a?

Pewenue:

1. 3anuchiBaeM BBIpaKEHUE 3aBUCUMOCTH CKOPOCTU XUMHUYECKOU
peaKIuM OT KOHIIEHTpaIuu pearupyromux Bemects: V; =k [C (Oz)]3.

2. ITpu yBenuyeHUM KOHLIEHTpAIMKU KUCIOpoJa B 3 pa3za U CKO-
POCTB XMMHYECKOIT peakuuu Bospactaer: V, =k [3C (0,)]'.

3. 3MeHeHne CKOPOCTH XMMHUYECKON PEaKIIUi paBHO

k[3C (0T
Vz/ V1 = =27.
k[C (0T

Omeem. llpu yBeNMYEHHM KOHIIEHTpAIMKA KHUCIOpoAa B 3 pasa
CKOpPOCTh XUMHUYECKOUN peaKkiiuu yBeIuuruBaeTcs B 27 pas.

Ilpumep 3. Kak n"3BMEHUTCA CKOPOCTh XMMHYECKON PEaAKIIUU

2Al(k) +3Cl,(r) = 2AI1CI5(x)

IIPY YBEJIWYCHUU JIaBJICHUS B 2 pa3a?

Pewenue:

1. 3anuchiBaeM BbIpaKEHUE 3aBUCUMOCTH CKOPOCTU XUMHUYECKOU
PEaKIIHI OT KOHIIGHTPALHH pearupyommx semects: V =k [C (CL)].

2. 1lpn yBenmnueHWH HABICHUS B 2 pas3a KOHIEHTpaus XJIOpa
TakKe yBenuauBaercs B 2 pasa. Cregosarensro, Vo= k [2C (CL)T’.
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3. I3MeHeHne CKOPOCTH XUMHUUECKON PEaKIii paBHO
k [2C (CL)T’

Vz/ V1 = =8
k[C (CL)T

Omeem. Ilpu yBenWUEeHUM JaBJICHUSA B 2 pa3a CKOPOCTh JaHHOU
XUMHUYECKOW PeaKIuy YBEIUIMBACTCS B 8 pas.

Ilpumep 4. TemnepaTypHblii KO3GPUIIUEHT CKOPOCTH XUMHUYEC-
KO peakiuu paBeH 2,5. Kak U3MEHUTCA €€ CKOPOCTh a) MPH MOBBI-
IIEHUU TeMIEpPATypsl peakionHoi cmecu ot 60 go 100 °C; 6) mpu
HOHIKEHUH TeMIrepaTypsl ot 50 g0 30 °C?

Pewenue:

1. 3aBUCUMOCTD CKOPOCTH XMMHYECKOM PEAKIMU OT TEMIIEpa-
Typsl omnpenenserca npaBuioM Bant-T'odhda. Ero maremarnueckoe
BBIpAKEHHUE:

V=V, y (2-th/10

CnenoBarensHo, a) Vo/ Vi =25 (100-60)710 2,5=139,06;

6) Vo/ V;=2,5C00/10=9 52— 1/625=0,16.

Omeem. Tlpu NoBbIIEHNH TeMITEpaTyphl Ha 40° CKOPOCTH JaHHOU
peakuuu yBenuuuBaercs B 39,06 pasa, npu MOHWKXEHUU TEMIIEPATyPhI
Ha 20° CKOpPOCTh XMMHYECKOW PEakilMM YMEHbIIaeTcs B 6,25 paza u
cocrapiusier Jumb 0,16 OT CKOPOCTH XMMHUYECKOM pPEAKUUHU IIPU
temneparype 50° C.

Tema 5. Xumu4yeckoe pasHogecue

KOHTpOﬂbeIe BOMpoCbLI U 3aAa4um

1. Obpatumbie U HEOOpaTUMbIe XuMHUueckue peakuuu. [IpuBectu
npuMepsl. OCHOBHBIC TPU3HAKU HEOOPATUMOCTH peakiuil. JloxkHoe
XUMHUYECKOE PABHOBECHE.

2.3aKk0oH JEUCTBYIOIIMX MacC i OOpaTHUMBIX XHUMHUYECKUX
peakuui. PU3N4ECKUN CMBICT KOHCTAHThl XUMUYECKOTO PABHOBECHS.

3. 3anuInTe BBIPAXKECHUE KOHCTAHThI XMMHYECKOTO PaBHOBECHS
IS CIIEAYIOIINX XUMHAYECKUX PEAKIIUN:

3FC(K) + 4H20(F) g FC304(K) + 4H2(F)

CaO(k) + CO,(r) «» CaCO;(k)

Ca(k) + C(x) +3/20,(1) «» CaCO;(k)

4. Ilpuanun Jle-llarense. [IpuBecTn npuMepsl.
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5. Kak BiusieT yBeaudeHue JaBieHUs Ha CMEIEHUE XUMHUECKOTO
PaBHOBECHS B CICIYIONINX PEAKIIHIX:

Hy(r) + J5(r) <> 2HI(r)

CO(r) + Cly(r) «» COCly(1)

2NO(T) + Oy(1) <> 2NO,(1)

C(k) + COy(r) <> 2CO(1) ?

6. B nampaBieHun TpsSMOM WM OOpaTHOM PEaKIMd CMECTUTCS
XUMHUYECKOE PABHOBECHE B CICAYIONIUX PEAKIHUSIX MPU MOHUKEHUU
TEMIEPATYPBHI:

2H,8(r) + 30,(r) <> 280,r) + 2H,0(r) AH <0

2N,(1) + Oy(T) <> 2N,0(r) AH> 0

2S05(1) + Oy(1) <> 2S05(r) + 192,74 xIx

N204( r) > 2N02(1" ) — 54,47 KI[)K?

7. leiicTBUeM Kakux (PAKTOPOB MOXKHO CMECTUTh XHMHUYECKOE
PaBHOBECHE B CTOPOHY MPSIMOM PEAKIIUH:

C(x) + H,O(r) «> CO(1) + Hy(r) — 129,89 x/Ix

N,(r) + 3H,(r) <> 2NHj;(r) AH < 0?

8. Xumuueckoe paBHOBecue B peakiuun 2S0,(r) + O,(r) <
2S0;3(r) ycTaHOBWJIOCH MpHU CHEAYIOMIMX KOHIICHTPAIUSX pearu-
pyromux BemecTB: [SO,] = 0,2 moaw/n, [O,] = 0,05 mons/a, [SO;] =
0,09 mounp/n. Kak U3MEHHUTCS CKOPOCTh MPSIMON PEaKIMU, CKOPOCTh
oOpaTHOM peakinu, €Ciiu 00beM Ira30BOM CMECH YMEHBIIUTD B 3 pa3za’?

9. Beruuciaure paBHOBECHYIO KOHIIEHTPAIMIO BOJOPO/Ia U XJIOpa B
xumuueckort peakuuu: H,(r) + Cly(r) <> 2HCI(r), ecnu ucxomHbie
koHnentpauun C(H,) = 0,5 monws/n, C (Cl,) = 1,5 Monw/n, a
paBHOBECHas KoHIeHTpalus xJjopoBojgopona [HCI] = 0,8 momb/m.
BbluncianTe KOHCTAaHTY XMMUYECKOTO PaBHOBECHHL.

10. [Ipy HEKOTOPOUN TeEMIIEpaType COCTaB PABHOBECHOM CMECH
caexyromuii: m(CO) = 11,2 r, m(Cl,) = 14,2 r, m(COCl,) = 19,8 1, ee
oobemM 10 1. BpluMcINTE KOHCTAaHTY pPAaBHOBECHS XUMHUUYECKOMU
peakiuu CO(T) + Cly(t) <> COCly(1).

NMpumepbl BbINOMTHEHUA 3a4aHUN

Ilpumep 1. Hanuinte MaTeMaTUYE€CKOE BBIPAXKCHHUE JJIsI KOH-
CTaHThl XMMHYECKOro paBHoBecusi peakiuu Caz;Ny(k) + 6H,O(r) <
3Ca(OH),(x) + 2NH;(1).
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Pewenue. B MaTeMaTH4eCKOM BBIPAYKEHUU JJ11 KOHCTAHTHI XUMHU-
YECKOr0 pPaBHOBECHUS (3aKOH JIEUCTBYIOIIMX Macc Jyisi 0OpaTHUMBIX
peakiuil) HEe YUYUTHIBA€TCS Yy4yacTHe BEIIECTB B TBepAou dase.
CrienoBaTeabHO,

[NH,]’

Kc=——=[NH;]~

[HO]"

Omeem. KOHCTaHTy paBHOBECHSI OIIPEAEISET OTHOIICHUE PaBHOBEC-
HBIX KOHIICHTpAIlMi aMMHUaKa U BOJIbI, HAXOSAIIMXCS B Ta30BOM (aze.

Ipumep 2. JIna peakuuun CoO(kx) + CO(1) <> Co(k) + CO,(1)
paccuuTaiTe KOHCTAHTY XUMHUYECKOTO PABHOBECHS, €CIIM K MOMEHTY
paBHOBecusa mnpopearupoBasio 80 % CO, HadabHas KOHIICHTPAIUA
CO paBna 1,88 Mo/ 1.

Pewenue:

1. MaTteMaTu4eckoe BBIPAKECHUE JJISI KOHCTAHThl XUMHYECKOTO
paBHoBecus Kc = [CO,] /[CO].

2. PaBHoBecHbie koHUEeHTpamuu CO u CO,. PaBHOBecHas KOH-
nentpanuss CO OyaeT MeHbIe MCXOJHOM, YacTh BemiecTtBa — 80% —
BCTYINWIA B XUMHUECKYIO PEAKIIUIO:

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

= 0,376 monb/ 1.

PaBnoBecHast koHnieHTpanus CO, paBHa:

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

3. B maTemMaTu4eckoe BbIpaKEHHUE JIJII KOHCTAHThI XUMHYECKOTO
PaBHOBECHS MOJICTABIISIEM 3HAUCHUSI PABHOBECHBIX KOHIIeHTpanuii CO
41 COzi

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

Omeem. KOHCTaHTa XMMHYECKOTO PABHOBECHSI JAHHOM PEAKIUU
paBHa 4; 3TO CBUJETEILCTBYET O TOM, YTO B 3TOT MOMEHT BPEMEHH CKO-
pPOCTh MPSIMOM peakiuu B 4 pasa BbIllIE CKOPOCTH 0OPATHOM peaKIIvH.

Ilpumep 3. B xakyio cTOpoHy OyJE€T CMEIIEHO XUMHUYECKOE PaB-
HoBecue peakiuu 2NiO(x) + CO,(r) + H,O(r) <> (NiOH),CO3(k)
AH’<0

a) Ipu YBEJIWYCHHUM JaBJCHUs, O) MPpU YBEJIUYCHUU TeMIepa-
Typbl? IIpennoxure ONTUMaTbHOE M3MEHEHUE TEPMOJIUHAMHYECKUX
napameTpoB T u P 151 yBenMueHus BbIXoAa MPOAyKTa PEaKIUu.
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Pewenue:

1. B coorBercTBuu ¢ npuniunom Jle-Illatense yBenuuenue nase-
HUA CMEIIAECT PABHOBECHE XUMHUYECKOW pPEAKIMU B HAIPABIICHHH,
KOTOPOE COMPOBOXKIAETCS YMEHBIIICHHEM 00beMa PEaKIMOHHON CHCTe-
Mbl. [Ipy yBenM4eHUM NaBJICHUS PABHOBECHE NAHHOW PEAKIMHU CJIBU-
raercs BIpaBo (CKOPOCTh MPSMOM peaKIMK BhIIIE, YeM 00paTHOM).

2. B coorBercTBuM ¢ npuHuunoM Jle-Illarense yBenuyeHne tem-
MepaTypbl CMEMIAET XMMHUYECKOE PABHOBECHE B CTOPOHY 3HIOTEP-
MHUYECKON peakunu. CIenoBaTenpbHO, IPU YBEIUYEHUU TEMIIEPATYPbI
pPaBHOBECHUE JTAHHOUW peaKIuy CMEIIAeTCsl BJIEBO (CKOPOCTh OOpaTHOM
pEaKIUU BBIIIE, YEM TIPSIMON).

3. [l yBenmM4YeHUs BBIXOJA MPOJIYKTa XHMHUYECKOW pEaKIUU
oOpazoBanusi TuApokcokapOonara Hukens (II) ciaegyer yBeauyuTh
JaBJICHUE U YMEHBIINUThH TEMIIEPATYPY.

Ipumep 4. Hanumure BhIpaXeHUE 11 KOHCTAHTHI XUMHUYECKOTO
PaBHOBECHS PEAKIIUU:

MgO(x) + Hy(r) <> Mg(x) + HyO(x).

Bnusier 1M NOBBIMICHUE JABJIEHHUS HAa CMEUICHUE XUMHYECKOTO
paBHOBECHS?

Pewenue. Jlii1 TETEpOreHHBIX PEAKIUKA B BBIPAXKECHUU IS
CKOPOCTH.

Tema 6. QHep2emuKa xuMu4ecKux peakyuu

KOHTpOﬂbeIe BOMpPOCHLI U 3aAaHUA

1. Tepmoxumuueckue ypaBHeHus. IIpuBectm mpumepsl. Pacuer
TEIJI0BOTO A (PEeKTa XUMUUECKUX PEAKITUH.

2. 3akoH ['ecca, cnencrBus u3 3akoHa I'ecca.

3. OuTponus, ee (Quzndeckuii cmbicia. PacyeT cTaHIapTHOrO
V3MEHEHHUS SHTPOINNU B XUMUYECKOU PEAKIIUN.

4. DOueprus I'nb6ca, ee Ppusznueckuit cmpici. Pacuer crangapTHo-
ro u3MeHeHus 3Hepruu ['nd0ca B XMMUYECKOW peakiuu. DHTaIbIINN-
HBIH, SHTPONMUUHBIA (PAKTOPHI U HANpPABICHHE XUMHUYECKON pEaKIuu.
OueHure ¢ TEPMOAUHAMUYECKUX IMO3UIUNA COCTOSTHUE XUMHUYECKOTO
paBHOBecusi. BzauMocBsizb 3Hepruu ['mO0ca M KOHCTaHTHI XUMHU-
YECKOT'0 PAaBHOBECHSI PEAKLIUU.
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5. BeruncinTe CTaHIapTHOE U3MEHEHUE SHTAJBIINKU, SHTPONUU U
sHepruM I'moboca B CIEAYIOMMX XUMUYECKUX PEAKIIUIX:

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

2H,0,(x) = 2H,0 (k) + Oy(T)

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

6. YKaxxute ypaBHEHUE pEaKIH, AH’ KOTOPOM SIBJISIETCA DHTAJIb-
e oOpa3oBaHMsI BEIIECTRA:

CaO(k) + CO,(r) = CaCO;(k)

C(k) + 2Cly(1) = CCly(1)

CaO(x) + S10,(x) = CaSiO;(x)

7. Beruncnute sHepruto ['nd0ca B XUMHUYECKOM peaKIuu

2NO,(1) = N,O4(r) mpu Temmepatype 100°C.

8. OueHuTe, B KaKyt0 CTOPOHY CMEIIEHO XUMUYECKOE PAaBHOBECUE
peakmun 2NO(T) <> Ny(r) + O,(r) mpu temmeparype 1000°C. Borunc-
JIUTE TEMIIEPATYPY, ITPU KOTOPOU HACTYIAET XUMHUECKOE PABHOBECHE.

Mpumepbl BbINONHEHUs 3aQaHUN

Ilpumep 1. Beruncnute TernoBon 3PEGEKT XUMHUUECKOU peaKkIuu
TEPMHYECKOT0 pa3iokeHus HuTpara cepedpa (I). Dx3oTepmudeckoi
WJIU SHIOTEPMUUYECKOM SBIISIETCS TaHHAS PEaKIUs?

Pewenue:

l. YpaBHEHHE XHMUYECKOW PEAKLIHUH, B KOTOPOM YKa3bIBAEM
arperaTHoOe COCTOSTHHE BEIIECTB:

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

2.3HaueHusI CTAHJAPTHBIX SHTAIBNHN OOpa30BaHUS BEUIECTB:
AH’ (298 K) (3amuiunTe HaJ ypaBHEHHEM XMMUYECKOM PEAKIIUK):

AH" (298 K), kJIx/ Mmonb —124 0 33 0

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

3. B cooTBeTcTBMM C MEPBBIM CIEACTBHEM M3 3akoHa [ ecca
TEIUI0BOM 3P(HEKT XUMUYECKON PEAKIINU:

AH® (298 K) =2 AH® (298 K) (Ag) + 2 AH’ (298 K) (NO,) +

+ AH® (298 K) (0,) — 2 AH® (298 K) (AgNO;) =

=2:-0+2-33+2-0-2(-124) = 314 x/I>x/ MmoJ1b.

4. TepMOXUMUYECKOE YPAaBHEHUE TEPMHYECKOTO PA3JIOKEHHUS
Hutpara cepeopa (I):
2AgNOs(x) = 2Ag(x) + 2NOy(1)+ Os(1);  AH® (298 K) = 314 kJIx/ MOIIb.
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Omeem. CTangapTHasi SHTANbIUS peakuuu paBHa 314 k/[»/Mob.
Peaxuus sHgorepMudeckas, tak kak AH® (298 K) > 0.

Ilpumep 2. Beruncinre 3Ha4YEHUE CTAHIAPTHOM HTAIBIIUUA PEAK-
nmuu oOpazoBanus okcuaa xkeneza (III) w3 MmpocThIX BEMIECTB MO
CIEAYIOUIUM TEPMOXUMUYECKUM YPABHEHUSIM:

2Fe(x) + O,(1) =2FeO(x); AH’(298 K) = — 532 x]Ix;
4FeO(k) + Oy(r) = 2Fe,03(x);  AH® (298 K) = — 584 k /.

Pewenue:

1. TepmoxuMuyeckre ypaBHEHUS COOTBETCTBYIOIINUX PEAKIIUM:
2Fe(k) + O,(r) =2FeO(x); AH’; (298 K) =532 x/Ix; (1)
4FeO(k) + O,(r) =2F¢e,05(x); AH’, (298 K) =584 x/Ix; (2)
4Fe(k) + 30,(r) = 2Fe,05(k); AH’; (298 K) =? (3)

2. Cxema 3THUX MPOLECCOB C YKa3aHHEM TEIUIOBBIX A(PEeKTOB
OTIICIBbHBIX CTAJIUN:
AH®; (298 K)

AH®; (298 K) FeO AH®, (298 K)

3. Io 3akony I'ecca, AH; (298 K) =2 AH’; (298 K) + AH®, (298 K) =
= 2(-532) + (-584) =— 1648 x/Ix. (YuTeHo, 4TO B peakilu MO ypaBs-
HeHuto (1) ydacTByeT *ene30 B KOJUYECTBE 2 MOJIb, @ B PEAKIUU 110
ypaBHeHuio (2) — 4 Moib, modroMy Temiosoi ddpdexr AH®; (298 K)
yABaUBaACTCS.)

Omeem. CtanjapTHasi SHTAIBINUS PEAKIIUU 00pa30BaHUS OKCHJIA
xenesa (I11) u3 npocteix BemecTB paBHa — 1648 k/[x.

Ilpumep 3. BplunciITE HU3MEHEHHWE CTAaHIAPTHOW SHTPOIAH
xumudeckon peakuuu: 2PbO,(k) = 2PbO(k) + O (T).

Pewenue:

1. 3HaueHUs1 CTaHAAPTHBIX SHTPOINMI BEIIECTB 3aIUIIUTE O]
ypaBHEHUEM XUMHUYECKOU pPEAKIINU:

2PbO,(x) = 2PbO(x) + Oy(T)

S° (298 K), JIx/(monb-K) 72 66 205

2. I3sMeHeHne CTaHIAPTHOM SHTPOIIMHM XUMUYECKOU peakiuu 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 JIx/(moms K).

Omeem. VI3MeHeHWEe CTaHIAPTHOW SHTPONHUU PEAKIUH PaBHO
193 JIx/(momnb-K).

Ilpumep 4. Beruuciaure 3HaUeHUE CTaHIApPTHOM sHepruu ['nbdOca
peakuuu 4FeO(k) + O,(r) = 2Fe,05(k) npu Temnepatype 298 K.

Pewenue:

1. 3HaueHust craHgapTHbIX SHepruii ['mbOca oOpazoBaHus Be-
mectB A{G° (298 K):

AG° (298 K), kJIx/ MOJIb -245 0 =742

4FCO(K) + 02(1") = 2F6203(K)
2. CrangapTHas sHeprus [ mo0ca XuMUYeCKo peakiuu
AG® (298 K) =2 A;G° (298 K) (Fe,03) — 4 A{G° (298 K) (FeO) —
- A(G° (298 K) (0,) =2 (-742) — 4 ( -245) — 0 = -504 xJIx.
Omeem. CrannmaptHas sHeprusi ['mb0ca XUMHUYECKOW peaKiuu
npu Temnepatype 298 K pasna — 504 kJIx / MoJb.

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

KOHTpOﬂbeIe BOMNMpPoOCbLI U 3ada4ium

1. PactBopumocTh BemiecTB B Boje. CrocoObl BBIpaKEHHUSI KOH-
LICHTPAlUKA PaCTBOPOB.

2. Jlucconmanuss 1 HOHU3ALUS SIEKTPOoauTOB. [IpuBecTn npume-
pbl. CTeneHb JUCCOIMAlUA U KOHCTAHTa JIUCCOLUAIIMU CJIa0bIX 3JIEK-
TpoJUTOB. 3aKOH pazbapieHus OcTBanbaa. BomopoaHslil moka3arenb
(pH cpenpr).

3. PacTBOpHBI HEAneKTpoIuToB. 3akoHbl Payid. [Tonstre 06 ocmoce.

4. Beruricnure Maccy xJjopuaa aMmMOHMs, coaepaxkamieroca B 405 r
HACBILIEHHOI'0 NIpHU 15°C pactBOpa. PacTBOpUMOCTh CONMM MpPHU ATOU
temneparype paBHa 35 T B 100 r BogsI.

5.B 50 r macsmmenHoro mpu 40°C pactBOpa comepxkuTCs 6,5 T
cyJbdara kanusa. Beraucaure pacTBOPUMOCTD 3TOH COJIH.

6. Beruncinre MacCcoBYIO JOJIO W MOJSIPHYIO KOHIICHTPAIUIO
ruIpokcuaa Hatpus, eciad B 450 pacTtBopa coaepKUTCS 4 T IET0Yn
(p = 1,04 r/cn).
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7. CMemianu 2 71 pacTBopa cepHOl KUCIOTHI (0 = 60% u p =
1,5 r/cM’) 1 3 1 pacTBOpa 3Toit KHCIOTH (0 = 14% u p = 1,1 T/ew).
Brruncinte MaccoByrO JOJIKO KUCIOTHI B TOJIy4eHHOM pacTBope. Kak
MIPUTOTOBUTH TAKOW pacTBOp?

8. PactBop coxmepxkutr cMech coiei:  AgNOs;,  Ba(NO;),,
Zn(CH;COO),. K Hemy no0aBuiu U30bITOK CEPHON KUCIIOTHI. 3alUIIIN-
T€ HOHHBIE W MOJIEKYJISIPHBIE YPAaBHEHUS BO3MOYKHBIX XHUMHUYECKUX
pEaKIUN.

9. Beruncnure crenenp auccounanmu u pH pactBopa MypaBbu-
HOM KUCJIOTHI KOHIIeHTparuen 0,2 MoJb/I.

10. Berunciinre pH pacTtBopa CONSTHOM KHUCIOTHI KOHIICHTPALMEH
0,00128 Mosb/1 1 pacTBOpa TUAPOKCHIA OapHs TAKOU e KOHIICHTPAIIHH.

11. O0Opazelr CBEXKENPUTOTOBJICHHOIO SIOJOYHOTO COKAa HMEET
pH = 3,76. Beuncianute KOHLEHTPAILUIO HOHOB BOJIOPO/Ia B paCTBOPE.

12. ITpu pactBopeHnu 0,1 MOJIb HEIIEKTPOIUTA B S5 JI BOABI TEM-
reparypa KUAINEHUs pacTBOpa MOBBICUIIACH HA 0,016°C. Bsruucinre
MOJISIPHYIO MacCy pacTBOPEHHOTO BelecTBa (P0YJIMOCKOMUYECKast
KOHCTaHTa Jj1s1 BoJIbl K26 = 0,52OC).

13.B 1,5 1 Boasl pactBopuiu 60 r HesnekTposura. PactBop
samep3aeT mpH Temmeparype -1,86°C. BbIuncante MOISPHYIO Maccy
PacTBOPEHHOTO BEIIECTBA.

14. B 1 n pactBopa comepxurcs 0,01 momp xjmopuaa Hatpus.
OCMOTHYECKOE JTABJICHUE 3TOT0 pacTBOpa IpH 0°C pPaBHO 4,33.10"Ta.
Bo ckoibKO pa3 OHO OTIMYAETCS OT OCMOTHYECKOIO JIABJIEHUS pac-
TBOpa caxapa TOW k€ KOHIIEHTPAIlMU W NpPU TOW K€ Temmeparype?
UeM 00BsICHSIETCA 3TO OTANYHUE?

15. Kakyto Maccy Bojabl clieayeT TMpuOaBUTh K PacTBOPY
rugpokcua Kanust maccot 150 r ¢ maccoBoit nosneit 2%, 4ToObl moy-
YUTh PACTBOP C MacCoBOM nojuen 1%?

16. Kakoit o0beM comnssHoM KucioTel (0 = 36%, p = 1,17 r/mn)
HeoOxoauMm Juisi mipurotoBieHust 10 J1 pacTBopa KOHIEHTpalueu
1 monb/n?

NMpumepbl BbINOMTHEHUA 3a8aHNN

prnep 1. PacTBOpUMOCTH HUTpaTa Kalvs Mpu 60°C paBHa 110,
a ipu 0 °C — 15 r. Borunciure Maccy COIH, KOTOpasl BHIMAJCT B 0CA/IOK,
ecnu 840 r HaCBIIEHHOT O MPU 60°C pacTBOpa OXJIAIUTh J10 0°C.
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Pewenue:

1. ITo onpenenennto pactBopuMoctH, 210 T pacTBOpa COAEPKUT
110 r KNO; nipu temnieparype 60’ u 115 r pactBopa 15 r conmu nipu
temmeparype 0°C. Ilpu oxmaxzenummu pactBopa ot 60°C mo 0°C
BBITTasIaeT B ocagok KNOjs:

m (KNO;3;)=210-115=95r.

2. Macca ocanka conu npu oxyiaxaeHnu 840 r pactsopa KNOs:

m (KNO;)= 840 x 95/110 =380 r.

Omesem. Tlpu oxnaxmeHnn Hacbimersoro mpu 60°C pactBopa
KNO; 1o 0°C BEIITaJIaeT B ocagoK 380 r coiu.

Ilpumep 2. Beruuciure MacCOBYIO JIOJIIO a30THOM KUCIIOTHI B pac-
TBOpE, nojaydeHHoMm cMmemienremM 500 ma pactBopa HNOz (@ = 32%,
p=12r/cM’) u | 11 BOTBL

Pewenue:

1. Macca pactBopa HNOs:

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

2.Macca 0e3BOAHOI a30THOM KHUCJIOTHI, COJEpXKallehics B
pactBope: m(HNO3) =600 - 32100 =192 r.

3. Macca pactBopa (2), TOJIy4eHHOTO B pe3yJibTaTe CMEIINBAHMUS:

m, = 600 + 1000 = 1600 r.

4. ®,(HNO;) B momy4eHHOM pacTBOpE:

®,(HNO;) =(192:1600) - 100% = 12%.

Omeem. Ilocne cmemuBaHus C BOJOW KOHIIEHTpallUsl pacTBOpa
a30THOM KHCJIOTHI YMEHbIIIACK, 0,(HNO3) = 12%.

Ilpumep 3. Kax npurotoButh 250 M1 pacTBOpa cyJibdara xene3a
(ITI) xonmentparment 0,1 monb-3kB/7A? PacTBOp OyAeT MCHOIL30BaH
JUTSl TIOJTyYEHUsI TUAPOKCHUA JKelie3a M0 Peakuid HOHHOTO OOMEHa.

Pewenue:

1. Tak kak pactBOp cyibdara xeneza (III) Oymer ucnosb3oBaH
JUISL TIOTYYEHUsI THAPOKCHUAA Keje3a MO Peaklud MOHHOTO OOMEHa,
YUCJI0 YKBUBAJICHTHOCTH (Z) 3TOM COJIM paBHO 6:

FGQ(SO4)3 + 6KOH :2FC(OH)3 + 3KZSO4

2. MonsipHas Macca BelIeCTBa-3KBUBAJICHTa CyJib(aTa sxenesa:

M (1/z) =M/ z =400 /6 = 67 r/ MOJIb-IKB.

3. Macca cynbdara xejne3a, HCOOXOIUMOTO JIJIsT TPUTOTOBICHUS
250 mu = 0,25 1 pacTBOpa:

m=C(l/z)-M((1/z)-V=0,1-67-0,25=1,675T.
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4. MeTtonMka NpPUTrOTOBJIEHUS pacTBOpa: HaBecKy cyib(ara
xkene3a (1,675 r) BHOCUM B MEpHYI KojOy oOwbemom 250 mu,
pacTBOpsieM B BOJIE U 00OBEM PacTBOpPA IOBOJIUM JIO METKH.

Omeem. [1nsa npurotoBienus 250 mu pacTBopa cyibdara xene3a
koHieHTpauueit 0,1 Mmonab-3kB/ 1 1,425 r conu cieayeTr pacTBOPUTH B
MepHO# K010€e 00BeMoM 250 M.

Ilpumep 4. Kak npurorosuts 100 M1 pacTBOpa riepMaHraHaTa Ka-
aus koHueHTpauuen 0,2 MOJIb-3KB/JI, IpeIHA3HAYECHHOTO IS U3y4e-
HUSI OKHUCITUTENIBHBIX CBOMCTB 3TOT0 BEILIECTBA B KUCIIOW cpejie?

Pewenue:

1. Tak kak pacTBOp NEpMaHraHaTa Kajaus IpeJHa3HAYEH IS
U3YUYCHUSI OKUCIUTEIBHBIX CBOWCTB ATOTO BEIIECTBA B KUCJIOWN Cpeje,
YUCJI0 YKBUBAJICHTHOCTH (Z) 3TOM COJIM paBHO 5:

MnO, + 8H" +5¢ =Mn’" + 4H,0.

2. MonsipHass Macca BEHIECTBA-3KBUBAJIEHTA IMEPMaHraHara Ka-
ausa: M (1/z) =M/ z =158/ 5= 31,6 r/ MOJIb-2KB.

3. KonnuecTBO M Macca nepMaHraHara Kajiaus, HEOOX0JUMOro JjIs
npurotoBiieHus 100 mux = 0,1 1 pacTtBOpa:

v=C(l/z)- V=0,2-0,1 = 0,02 monn

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

4. Meronrka TPUTOTOBJIEHUSI PACTBOPA: HABECKY IEPMAaHIaHaTa
ks (0,632 1) BHOCMM B MeEpHYyH0 Koia0y oobemom 100 wmu,
pacTBOpsieM B BOJIE U 00bEM pacTBOpa JOBOJUM JI0 METKHU.

Omeem. J1iist mpurotosienus 100 M pacTBopa nepmMaHraHara ka-
aus KoHreHTpauueit 0,2 monb-3kB/ 11 0,632 r coiu ciaeayeT pacTBO-
pUTh B MepHOU K0s10€ 00BemMomM 100 M.

Ilpumep 5. Kax npurotoButh 100 T HaCBIIIEHHOTO pacTBOpa
poaaHuIa Kauus?

Pewenue:

1. PactBopumocts (S) pomanuna xanus npu 20 °C B 100 r Bogsl
coctasisieT 217,5 T conu.

2. MaccoBas 10Jisl poJlaHH/1a KaJlisl B HACBIIIEHHOM PacTBOPE:

o=217,5-100/(217,5+ 100) = 68,5%.

3. Macca BemectBa U 00beM BOJbI sl mpuroroBieHuss 100 r
HACBHIIIEHHOTO PacTBOpa POJAAHU 1A KauUs:

m(B-Ba) = 100 - 68,5/ 100 = 68 r; m (H,0) =100 —-68,5=31,5T;

V(H,0)=31,5/1=31,5 mi.
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4. Metonrka OpUTOTOBJICHUS PacTBOpa: HaBEeCKy coiu 68,5 T
pactBopsieMm B 31,5 MJ1 BOABI.

Omeem. 68,5 T pojanuaa Kanus pactsopsieM B 31,5 mu1 BOJBL.

Ilpumep 6. Bpunciute pH pacTtBopa CHHWIBHON KHUCIOTHI
koHreHTpanueit 0,1 Mo/, o = 7-107,

Pewenue:

1. YpaBHEHHE DJIEKTPOJUTUYECKON AUCCOIUAINM CUHHIBHOMU
kuciotel: HCN =H' + CN'.

2. KoHueHTpanys KaTHOHOB BOJOPOJa B pacTBOpE:

[H]=Chen - 0=0,1-7-10" = 7-10"° mouns/m.

3. pH pacTBOpa CHHUIIBHOW KUCJIOTHI:
pH=-lg[H]=-1g 7-10° =-(-6 + 1g 7) = (-6 + 0,8451) = 5,1549 ~ 5,15.

Omeem. pH pacTBOpa CMHUIBHOM KHUCJIOTHI KOHIEeHTpamuen 0,1
MOJIB/J paBHO 5,15.

Ilpumep 7. Bpruuciure KOHUEHTPALMIO KAaTMOHOB BOJAOPOJA B
pacTBOpPE COJTHOM KUCHOTHI, eciu pH = 4,82,

Pewenue:

1. YpaBHEeHHE  BJIEKTPOJUTHUYECKOM  JUCCOLMALMM  COJISTHOM
kucnotsl: HCl=H' + CI..

2. KoHnieHTpanus KaTHOHOB BOJIOPO/Ia B PACTBOPE:
[H'] = antlg(-pH) = antlg (-4,82) = antlg ( 5,18) =1,54-10" moms/1.

Omeem. KOHIIEHTpaIMs KATHOHOB BOJIOPOJA B PACTBOPE COJISTHOMN
KuCIJIoThI, uMeromieM pH = 4,82, paBna 1,54 10” moub/i.

Ilpumep 8. Bpruuciaure KOHLEHTPALUIO THAPOKCUA-UOHOB U pH
pactBopa rujpokcua kanpiys (C = 0,00128 monb/m).

Pewenue:

1. YpaBHEHUE 3JIEKTPOJUTAYECKON JUCCOLMAMU  THUIPOKCH]IA
KaJIBITUSL:

Ca(OH), = CaOH" + OH"

CaOH" = Ca’" + OH (K, = 4,3+ 107).

2. KoHueHTpanus THApOKCUI-UOHOB:

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

3. KoHueHTpanys KaTHOHOB BOJIOPO/JIA:

[H][OH]= 10"

[H]=10"2,5610" = 4,0-10™"" moxns/x.
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4. pH pactBopa:

pH=-lg[H'] =-1g 4,0-10"" = 10,3979 ~ 10,4.

Omeem. KoHUEHTpamus THUAPOKCUI-HOHOB B PACcTBOpPE THUAPO-
kcuaa Kanbiusa coctasisiet 0,00256 monw/n, a pH = 10,4.

Ipumep 9. Tpu 25°C naBieHne HACHILEHHOTO mapa BOIBI CO-
craBisieT 3,166 xIIA (23,75 mMm prt. cT.). Berunciaure npu Tou xe
TEMIIepaType JaBJE€HHE HACBIIIEHHOTO Mapa HaJ BOJHBIM PacTBOPOM
MoueBuHbI (kapoamua) CO(NH,), ¢ MaccoBoii poeit 5%.

Pewenue:

I.P=N"-Py, rae

Py — naBneHue HACHIIIIEHHOTO MTapa HaJl YUCTHIM PACTBOPUTENIEM,

P — Hag pactBOpoOM,

N — MoJibHast J10JIs1 pAaCTBOPEHHOTO BEIIIECTBA.

v(mou.) = 5/60 = 0,083 Mo01b,

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

2. MoinbsHasa 10 BOOHL:

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

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

Omeem. P =3.119 kIIA.

Ilpumep 10. Beruucnure, npu Kakou TEMIIEPAType ITOJKEH KPHC-
TaJJIN30BaThCs (3amep3aTh) pacTBop, comepxkammuii 250 r H O u 54 r
o036l (M(CgH,O¢) = 180 1/M08B).

Pewenue:

1. MoJIsIIBHOCTB PacTBOPHI TIIFOKO3BI:

v - 1000 54 - 1000
Cm= = = 1,2 MONB/KT.
m (p-Jis1) 180 - 250

2. ATkpuct, =K - m, rie

ATKpPHUCT. — IOHMKEHUE TEMIIEPATYPhI KPUCTAIUIA3ALIUU PACTBOPA,

m — MOJIsUTbHAS. KOHLIEHTpAIUs pacTBopa,

K — kpuockommyeckass KOHCTaHTa, KOTOpas IIOKa3bIBAeT, Ha
CKOJIBKO TpaJlyCoOB MOHU3MJIACH ObI TEMIIEpATypa 3aMep3aHus PacTBO-
pa, ecnu ObI B 1 kr ObLT pacTBOpeH 1 MoJib B-Ba.

K (H,0)=1,86

ATxpucr = 1,86 - 1,2 =2,23°C.
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Omeem. PacTtBOp OyIeT KPUCTALUIU30BATHCSA MPH TEMIIEpaType
-2,23°C (0°C — kpucrammm3anus BOIb).

Ipumep 11. PactBOp, copepxaimmi 8 T HEKOTOPOro BEIIECTBA B
100 r gudTHIOBOTO 3bUpa, KUmuT npH 36,86°C, YncThIil 3QUpP KUIAT
pu 35,6°C. Borumcinre MOJISIPHYIO MAacCCy PAaCTBOPEHHOTO BEIIECTBA.
D06ynmunockonuyeckast konctanta (E) agupa pasna 2,02.

Pewenue:

1. A Txum. = 36,86 — 35,6 = 1,26°C.

2. ATkum. =E - Cm, = Cm = A Txun./E = 1,26/2,02 = 0,624 MOaB/KT

m - 1000
Cm=
m (p-ns1) - M
m - 1000 8-1000
M= = = 128,2 1/MOJIb.

Cm-m (p-na) 0,624 - 100
Omeem. M = 128,2 1/MOJIb.
Ilpumep 12. Tlpu xakoil Temmeparype OyIeT KUIETh PaCTBOP
caxapo3bl ¢ MaccoBoit gosieit 50%? (M = 342 r/moinb, Eypo =0,516.)
Pewenue:
v - 1000

I.Cm=

M (p-m)
B 100 r p-pa conepxutcs S0 r caxapo3sl 1 S0 T BOJBI
v cax. = 50/342 = 0,146 monb
0,146 - 1000
Cm= = 2,92 MOJIB/KT.
50

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

Omeem. Txum. = 101,5°C.

Ilpumep 13. Bpruuciaure wMaccy caxapo3bl, KOTOPYH Haao
no6aBute k 100 T BOABI, YTOOBI a) MOHU3UTH TEMIIEPATypPy
KpUCTAJUIM3alNKU Ha 1°; 6) moBbICHTE TeMIepaTypy KUIICHUS Ha 1°.

Pewenue:

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

Kipo=1,85; Cm = 1/1,85 = 0,54 Mmonw/kr
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m - 1000
Cm= , OTKyJia
m (p-ns1) - M

m(cax.)= (0,54 - 342 - 100)/1000 = 18,4 r;
0) ATkun.= E - Cm = 1 (o ycinoBuro 3a71a4M)
E=0,516 Cm=1/0,516 = 1,94 monb/kr

m - 1000
Cm= , OTKyJ1a
M (p-ns) - M
Cm- M- -m(p-;s1) 1,94 -342 - 100
m(cax.) = = = 66,3 T.
1000 1000

Omeem. J1J1s1 TOHWKEHUS TEMIIEPATYPhl KPUCTAIUIN3AIIMU PACTBO-
pa caxapo3sbl Ha 1° k 100 r Bogs! Hano go6aBuTh 18,4 r 3TOrO BEleCT-
Ba; /IS TOBBIIEHUS] TEMIIEPATYPhl KuleHus pactsopa Ha 1° k 100 r
BOJIBI HAJ0 J00aBUTH 66,3 T 3TOr0 BEIIECTBA.

Ilpumep 14. Bouucnure npu t = 20°C ocMOTHYECKOE HaBICHHE
remMatuHa (Kpacsiero BeliecTBa KpoBH), eciu B 100 mu pactBopa
ATOr0 BellecTBa coaepkurcs 6,33 r rematuda (M = 633 r/moub).

Pewenue:

Pocm. = CRT

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

Pocm. =0,1 - 8,31- 293 =243 4 kl1a.

Omeem. Pocm. = 243 .4 kl]a.

Ipumep 15. TIpu 25°C ocmoTHdecKoe HaBIeHHE PacTBOPA, CO-
nepxkamero 2,8 r B-Ba B 200 mu pactBopa, paBHo 0,7 klla. Berancnure
MOJISIPHYIO MacCy pacTBOPEHHOTO BEIIIECTBA.

Pewenue:

1. Pocm. = CRT

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

2.C=v/V=m/M -V, otkyna

M=m/C-V=2,8-1000/(0,000283 - 200) = 49500 r/mob.

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

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada4ium

1. Bygepusie pactBopnl. IlpuBenute npumepsl. Pacuer pH Oy-
(dhepHBIX pacTBOpPOB. bydepHas eMKOCTb.

2. Peakuusa rugponusa coisier. llepeuncinte BO3MOXHBIE THIIBI,
3aMUIINTE WOHHBIE W MOJICKYJISIpHbIE ypaBHeHHUs. Ha3oBuTe HOHBI,
MOJIEKYJIbI, KOTOpBIE MMPUCYTCTBYIOT B pacTBope. Ouenute pH pactBo-
pa comu. [IpubaBrieHne Kakux SJIEKTPOJUTOB: a) YCHUJIIUT THAPOJIU3;
0) ocnabuT rupoIn3 Coau?

3. 3anuIurTe MOHHBIE U MOJIEKYJISIPHBIE YPABHEHHS TUAPOIU3A Clie-
nyronmx coneit: kapoonara xpoma (II), pocdara xamms, kapOoHaTa
HATpPUs, XJIOpUJa IIMHKA; YPaBHEHUE COBMECTHOIO THAPOIN3a CyJIbpuiaa
kanus 1 xyopuaa xenesa (I11). Hanuiure BeipaXkeHue KOHCTAHTHI TH/I-
ponuza mo nepout crynenu mst A1(NOs);, K3PO,, K,CO3, ZnCl,. Boi-
yuciaure pH pactBopa 3THUX COJEH, YYUTBIBas IIEPBYIO CTYIICHb M-
pommsa (Kaz AI(OH); = 1,38 - 107, K, Zn(OH), = 4 10”). KoHCTaHTbI
JUCCOLIMAIIMU COOTBETCTBYIOIIMX KUCIIOT — B CIIPABOYHBIX TAOJIMIIAX.

4. ITouemy He noasepratorcs ruaposuzy conu: NaCl, BaSO,, LiNOs?

5. He cocraBnsiss ypaBHEHUN peaKUUK THIPOJIN3a, YKAKUTE, KAKHE
U3 TMEPEUUCIICHHBIX HIXKE COJIeM MOABEPraloTcs TUAPOJIM3Y W Kakas
dbopma ruaponusa (MPOCTOM, CTYIMEHYATHIM, HEOOpaTUMBbIN) OyAeT
UMETb MecTo B KaxkaoMm ciydae: ALS;, Ba(CN),, CrCl; K,S,
CH;COONHy, Fey(SOy);. Onenure pH cpeast (pH > 0, pH <0, pH = 0).

6. YcuieHue wiv NoJIaBlieHUue TUApOJin3a [IMaHNU]Ia HATPUsI BBIZOBET
npuOaBJIeHKE K PaCTBOPY: @) KUCJIOTHI; 0) IIEJI04H; B) XJIOPHIa aMMOHUS?

7. Kakass U3 coieil ruaponu3upyeTcsl CUIbHEE: CYIb(UT HaTpus
Wi KapOoHaT HaTpusa? BbIBOA MOATBEpIUTE pacuyeTaMu KOHCTAHTHI
TUIPOJIN3A.

8. Beruncnute koHcTaHTy rugponusa Kr, crenenb rugaponusza h u
pH pactBopa ponanuma kanus KOHIEHTpainuved a)l mouib/i;
0) 0,1 mons/m; B) 0,01 monp/n. [Touemy 3TH BeTMUMHBI OTIAUYAOTCS?

Mpumepbl BbINONHEHUsA 3a4aHUN

Ilpumep 1. Boruucnute pH OydepHoil cmecu, MNoJy4eHHOU
CJIMBAaHUEM PAaBHBIX OOBEMOB PACTBOPOB YKCYCHOM KUCIOTHI (C =
= 0,1 monw/n) u anerara HaTpusa (C = 0,1 monb/n).
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Pewenue:

1. ITockoapKy cMemain 2 paBHBIX 00bEMa PacCTBOPOB YKCYCHOM
KUCJIOTHl W alerara HaTpusi, MX MOJSIpHAs KOHUEHTPAIUS yMEHb-
muiack B 2 paza: C kuci. = 0,05 momaw/n, Ccomu = 0,05 Momb/11.

2. pH aneratHoil 0ydepHoil cMecHu:

Ckwuci.
pH =-1gKn — lg——=—1g 1,74 - 10” —1g 0,05/0,05 =
Ccomn

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

Omeem: pH O0ydepHoii cmecu pasen 4,76.

Ilpumep 2. 3anuimure ypaBHEHHE TMJIpojv3a Cyjbdara aatoMU-
Husi. Ouenure pH pacTBopa coimm. YKaxuTe, KAKHE MOHBI HAXOASATCS B
pacTBope, M Ha3zoBUTe uX. [IpubaBiieHME KaKuX 3JIEKTPOJUTOB K
pPacTBOPY COJIU YCUIIUT TUAPOJIN3?

Pewenue. Cynpdar aqroMUHHUS XOPOIIO PAaCTBOPUM B BOJE, MPHU
pPAaCTBOPEHUHU TMPAKTUYECKU TOJTHOCTHIO JUCCOIUUPYET Ha HOHBI
Al 5(SO,); <> 2 A1’ + 380,

Kation Al — cubHOMOMSpM3yOmmii HOH, Cymb(aT-HOH TaKoi
CIOCOOHOCTBIO HE 00JaiaeT. B pe3ynpTate rujpoin3 Coiau UaeT Mo Ka-
TUOHY.

3anuileM MOHHBIE U MOJIEKYJISIPHBIE YPABHEHHUS THUAPOIIN3a COJIH.
1-s1 cTynieHs: Al*"+H,0 « AlOH* + H';

Al 2(804)3 + 2H20 — 2 Al OHSO4 + stO4.
2-51 CTYIICHb! Al OH*' + H,O < Al (OH)," + H;

2 Al OHSO4 ‘|‘2H20 AN [Al (OH)2]2804 + H2804.
3-51 CTYIICHB: Al (OH)," + H,0 = Al (OH); + H;

[Al (OH),],SO4+ 2H,0 =2 Al (OH); + H,SO,.

['maponn3 mpoTeKaeT TONBKO MO 1-M, YaCTHUYHO MO 2-U CTYIICHMU.
DT0 00YCIIOBICHO Pa3IMYHOM CIIOCOOHOCTBIO K JUCCOLMALIMM 110 1-H
CTYIIEHU TUJIPOKCOKATHUOHOB AIOH2+, Al (OH)z+ Y TUAPOKCHIA aJlto-
muaus. Cpena pactBopa kucias, pH < 7. B pacrtBope HaxoasTcs
nonsl: Al *"— karnon amomunms, Al OH*" — katmon THUJIPOKCOAITIO-
munns, Al (OH), — xaTnoH JTUTHIPOKCOATIOMUHUS, H" — xaTHoH BO-
nopoja, SO, — cyibbar-annoH. Cpena pactBopa — kucnas, pH <7.

[IpubaBneHue K pacTBOPY COJIM JIPYTHX BJIEKTPOJUTOB (pac-
TBOpoB NaOH, Na,CO3), UMEmMX MEI0YHYIO CpEeAy, YCUIIUT TUIPO-
U3 3ToM coyiv. KaTnoHbl BOAOPOJa CBI3bIBAIOTCS B CJIA0bIN AJIEKTPO-
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JUT — BOAY, BBIBOAATCS U3 cdepbl peakiuu. [lo nmpunmumny Jle-Illa-
TEJIbE, PABHOBECHUE THUAPOJIM3a CMEIIAECTCS BIPABO.

Omeem. I'unponus cynbdara agTlOMUHUS MIPOTEKAET MO KaTHOHY,
1o 1-i, 4aCTUYHO 1O 2-U CTYIIEHHU, B PACTBOPE MPUCYTCTBYIOT KaTH-
OHBI AJTFOMUHUS, TUIPOKCOATIOMUHMUS, TUTUIPOKCOUTIOMUHUS, KaTHO-
HBbI BOJIOpoJa, cyibdar-annonsl. Cpena pactBopa kucias, pH < 7.
st ycuneHust TUApoau3a cylib(aTa aJlOMUHUS B PAcTBOpP CIEAyEeT
NpUOAaBUTh PACTBOPHI SJIEKTPOIUTOB, UMEIOIINX LIEJTOUYHYIO CPENY.

Ilpumep 3. Paccunrante K., u K,, pH pactBopa comu xnopuna
xKenesa, eciau ee koHueHtparusa paBHa 0,001 monws/n. Kn [Fe(OH);]
=1,82 - 10, Kx3 [Fe(OH);] = 1,35 - 107",

Pemenue. @opmyiibl 715 pacueTa KOHCTAHT THIPOJIN3a TAKOBBI:

Kw 107
Kr, = = =7,4-107;
Kms(Fe (OH);) 1,3510"
Kw 107"
Kr, = = =5,510"".
Km,[Fe(OH);] 1,89-10™

N3 cpaBHEHUs 3HAUYCHUM KOHCTAHT THAPOJM3a Cylbdara Keie3a
(IIT) cneqyet, 4TO TUAPOIU3 MPOTEKAET B OCHOBHOM 10 1-¥ CTyIIEHH.

pH =— Ig [H']. Jns pacuera pH pacTBopa comu mpeobpasyem
BoeIpaxkeHue it Kr. Tak kak [FeOH2+] =[H"], [Fes+] = C coumn,

Kr; =[H]"/ C comu, [H']=VKr, Ccomm=V7,4-10" - 107 =
=2,7-107;

pH=—1g (2,7-10°)=2,57.
Omeem. Kr, = [FeOH*'] [H')/ [Fe’"]= Kw / Ki; [Fe(OH);] = 7,4- 107;
Kr, = [Fe(OH), ] [H'] / [FeOH*']= Kw / Kz, [Fe(OH);] = 5,5 - 10"";
pH =2,57.

Ilpumep 4. Kakas u3 coseil THAPOIU3YETCS CUIIbHEE — CyJb(ar
xenesa (II1) unu cynbdar xkeneza (II) — npu ycinoBuu, 4To TUAPOIU3
comn mporekaer mo 1-if crymenn? Km, [Fe(OH),] =1,3 - 107, Kn;
[Fe(OH);] = 1,35- 107",

Pewenue:

l. 3anuceiBaeM B MOHHOM BHJIE ypaBHEHHE TUApOIM3a IO 1-U
crynenu cynbdara xenesa (III): Fe’ + H,O FeOH”" + H', Bbipa-
»eHue it Kry u paccuuThiBaeM 3Ty KOHCTAHTY:
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Kr, = [FeOH*"] [H')/ [Fe’ 1= K,, / Ki3 [Fe(OH);] = 10"/ 1,35 - 107 =
=7,4-10".

2. 3anMchiBa€M B MOHHOM BHJE YPAaBHECHHE THUIpPONM3a MO 1-i
crynenu cyinbbara xenesa (II): Fe*" + H,O FeOH' + H', Boipaxenue
s Kr; u paccuntsiBaeM 31y KoHCTaHTY: Kry = [FeOH'] [H']/ [Fez+]
=K, / Km, [Fe(OH),] = 10" 1,3-10%=7,7-10"".

Omeem. Cynbdar xeneza (III) rugponusyercss cuibHee, 4Yem
cynbdar xkene3a (II), Tak Kak KOHCTaHTa THIPOJIHM3a IIEPBON COJHU
OOJIBIIIe, YeM KOHCTAHTa TUIPOJIM3a BTOPOU COJIH.

Ilpumep 5. 3anviute ypaBHEHUE THIpoIM3a kKapooHara xxenesa (I10).

Pewernue. 13 Tabnuisl pacCTBOPUMOCTH BUHO, YTO JIaHHAS COJIb
HE CYIIECTBYET B pacTBope. ITO OOYCJIOBJICHO TE€M, YTO HEKOTOPHIE
COJIU TPeX3apsAHbIX KAaTHOHOB (KapOOHAThl, CyJIb(QUIbI, CYIb(UTHI)
MO/IBEPTAIOTCSA HEOOPATUMOMY THUIPOJIU3Y.

Fe,(CO;); + 3H,0 = 2Fe(OH);4 + 3CO,T.

XVUMHUYECKOe PaBHOBECHE JAHHOM PEaKIMM CIBHHYTO BIIPaBO, TaK
Kak 00a IMPOyKTa yXOoAsaT u3 chephl peakinu (00pazyeTcs 0ca/ioK U ras).

Omeem. I'unponu3 kapooHnata >kenesa (I11) mporekaet HeoOpaTUMO.

Ilpumep 6. 3akoHUNTE YpAaBHECHUS XUMHUYECKUX PEAKIIUNA COBMECTHO-
ro ruapoiusa cosieit FeSO, + Na,COs+ H,0 ; Fey(SOy); + Nay,CO5;+ H,0.

1. Cynbdar xenesa (I) B pactBope moasepraercs TUIPOJIU3Y,
TUAPOJIN3 UJIET 110 KaTHOHY, 10 1-i CTyneHHu, peakius Cpeabl KUcasl.

Fe* + H,0 < FeOH +H".

KapOonat HaTpussi B pacTBOpe NOABEPraeTcsi TUIPOJIH3Y,
TUAPOJIN3 UACT 10 aHUOHY, 10 | CTyIeHHU, peakIus CpeIbl MeI0qHasl:
CO;* +H,0 «> HCO; + OH..

IIpu cimBaHUM PacTBOPOB ABYX COJIEH, OJHA U3 KOTOPBIX UMEET
kucnyio cpeny (FeSOy), a apyras — menounyto (Na,COs), mpouc-
XOAUT 00Opa3oBaHHE CJIA0Or0 3JIEKTPOJIMTA — BOJbI, YTO B COOTBET-
ctBuu ¢ npuHuunom Jle-Illatense cmeniaeT XMMUYECKOE PaBHOBECHE
BIIPABO, M MPOTEKAET HE KjacCHyecKas peakiius MOHHOTrO oOMEeHa, a
XUMUYECKasi peakiifsi COBMECTHOT'O HEOOPaTUMOTO THAPOJIU3a COJIEH:

2FCSO4 +2N32CO3 + Hzo = (FCOH)2C03_‘|’ 2N32804 + COzT,

2Fe*" +2CO5> + H,0 = (FeOH),CO;_+ CO,T.

2. Cynbart xene3a (III) B pacTBOpe moaBepraercsi rujposinzy,

TUIPOJIN3 UAET M0 KATUOHY, MO |- CTyIIeHH, peakiys CpeIbl KUCas:
Fe’ + H,0 < FeOH*" + H".
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KapOonat HaTpusi B pacTBOpe MOJBEpPraeTcs TUAPOIU3Y, TUIPO-
JIM3 UJIET M0 aHUOHY, MO 1-U CTyNEeHH, peakys CPEAbI MIETOYHAas:

CO;” +H,0 <> HCO; + OH.".

IIpu cimBaHWM PAcTBOPOB ABYX COJIEH, OJHA U3 KOTOPBIX UMEET
kucayro cpeny [Fe,(SOy4)s], a apyras — menounyio (Na,CO;), mpo-
UCXOUT 00pa3oBaHHE CIA0O0ro JIEKTPOJIUTA — BOABI, YTO B COOTBET-
cTtBuM ¢ npuHOunom Jle-Illarense cMemaeT XMMUYECKOE PAaBHOBECHE
BIIPABO, U MPOTEKAET HE KJIACCUUYECKasl peakiys MOHHOro oOMeHa, a
XUMHUYECKasi peakiifsi COBMECTHOTO HEOOPaTUMOTO THAPOIIU3a COJIEH:

FCQ(SO4)3 + 3N32CO3 + 3H20 = 2FC(OH)3 + 3NaQSO4 + 3C02T,

2Fe’ + 3CO5> + 3H,0 = 2(FeOH);4d + 3CO,T.

Omeem. 1Ipu cnuBaHuK PacTBOPOB COJIEM, MOABEPTAFOIIUXCS THI-
pOJIM3Yy W HMEIOIIMUX MPOTUBOIOI0XHOEe 3HaueHne pH (pH > 7 u
pH <7), npoTekaeT XuMHYeCKasi Peakius COBMECTHOTO HEOOPATUMOIO
TUPOIN3A.

Tema 9. lNpou3eedeHue pacmeopumocmu

KOHTpOﬂbeIe BOMpoCbLI U 3aAa4um

1. Onpenenenre Npou3BeAEHUS PACTBOPUMOCTH JIJIs1 MaJlOpacTBO-
PHUMBIX 3JIEKTPOAUTOB. 3anumunre Beipaxenue [P mg coneit: BaSOy,
Psz, Ag3PO4, CEI3(PO4)2.

2. Beruucnure pacTBOpUMOCTH (S) B MOJISIX W rpamMmax Ha 1 7
pacTBoOpa AJIs CJIEIYIOLINUX COJICH:

BaCrOy (ITP = 1,6:10""), CaCO; (TIP = 5-10™), PbS (IIP = 1-10™).

3. BIUHCIHTE PacTBOPUMOCTH cyibdara kampims (IIP = 1,3.107).
Kak m3MeHuTCs pacTBOPUMOCTh 3TOTO K€ BEIIECTBA, €CJIM PACTBOPUTH
COJIb B pacTBOpe cyJsbdaTa Hatpus KoHieHTpaiyen 0,01 Momn/n?

4. BbIYHCIIUTE PAaBHOBECHYIO MOJISIPHYIO KOHIICHTPAIlMIO KaTHO-
HOB U aHHOHOB B HACBIIICHHOM pacTBope docdara kampius mpu 25°C,
a Taroke pactBopuMocTs con B /1 (ITP = 1,0 107).

5. O0pa3yeTcs i1 0caloK KapOoHaTa KaJbIUs MPU CIUBAHUM PaB-
HBIX 00BEMOB XJIOpHJA KajbllUid U KapOOHAaTa HATPUS C UCXOIHBIMU
koHteHTpauusmu 0,02 moJb/n?

6. MOXHO 7 MONY4YUTh ocajok cyibpuna maraus (ITP MgS =
2.10'15): a) IpU MPOIYCKAaHWHU CEPOBOAOPOJA YEPE3 PACTBOP HUTpATA
maruus (C = 0,5 monw/in); 0) pu godasnennu Na,S (C = 0,5 moyb/n)?
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7. MoxHO 1T pacTBOPUTE: a) B comsiHoM kuciote (C = 0,1 monb/n);
0) B ykcycHoi kucnmore (C = 0,1 monb/n) cynbdua mapranua (I1P =
1,4:10™"%)?

8. Beranciute pH Haceimennoro pactsopa Mn(OH), (ITP =2.1077).

NMpumepbl BbINOMTHEHUA 3a4aHUN

Ilpumep 1. Bpruucinre 3Ha4EHUE NPOU3BEICHUS PACTBOPUMOCTH
(ITP) ¢dropuma MarHusi, €CiIuM €ro pacTBOPUMOCTH B BOJIe IIpHU
HekoTopoi Temmeparype paBHa 0,001 mosb/ 1.

Pewenue:

1.B Bome ¢ropua MarHus YaCTUYHO PACTBOPSETCS W JUCCO-
IIUAPYET:

MgF, < Mg*" + 2F.

2. Beipaxenue nisa [1P (MgF»):

ITP (MgF,) = [Mg™ ] [F [

3. O603HauUM 4Yepe3 S pacTBOPUMOCTb (pTOpHJIa MarHus, TOTrJa
[Mg* ] =s, [F ]=2s; IIP (MgF,) =s (2s)* = 4s’.

4. UucneHHoe 3Ha4YC€HUE MPOU3BECHUS PACTBOPUMOCTH:

IIP (MgF,) =4 (0,001)’=4 - 10".

Omeem. [IponsBenenue pacreopumoctu MgF, paBno 4 10”.

Ilpumep 2. Beruncnure paBHOBECHYIO MOJISIPHYIO KOHIICHTPAIIHIO
KaTHMOHOB B HACKLILIEHHOM pacTBope kapoonara cepebpa (1) mpu 25 °C,
a TaKXKe pacTBOPHMOCTH cond B 1/ 1. TP (Ag,CO;) = 8,7-107"%.

Pewenue:

1. B Boae kapbonat cepebpa (I) yacTUUHO pacTBOPSIETCS U JHC-
COIIMUPYET:

Ag,CO; - 2Ag" + CO5™.

Boipaxenue qis [1P (Ag,COs3):

[P (Ag,CO;) =[Ag" I” [CO5™].

3. O003HauUM uepe3 s pacTBOpUMOCTh KapOoHata cepeodpa (1),
TOT 1A

[Ag'] =25, [CO5™] =5, TTP (Ag,CO3) = (25)° s = 45,

s ="\ IIP (Ag,CO3) / 4.

4. TlonctaBUM B MOJYYEHHOE BBIPAKEHUE UHWCICHHOE 3HAYCHHE
IPOV3BEICHNUS PacTBOpUMOCTH: § = N 8,7 - 1072 /4=1,3 - 10™* mous/m.

5.[Ag'1=2s=2-1,3-10"=2,6 - 10 mounb/m.

6. PactBopuMocTh KapOoHaTta cepedpa B I/11:
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s (Ag,CO;3) = s (Mons/ 1) M (Ag,CO;) = 1,3- 10 276 = 3,6 - 10™ /.

Omeem. PaBHOBecHas! KOHIIEHTPAIIU KaTHOHOB Ag B HACHIIIEH-
HoM pactBope Ag,CO; mpu 25 °C pasHa 2,6 -10™ mons/ 1. Pactso-
pumocts Ag,CO; paBHa 3,6° 107 /.

Ilpumep 3. Beruucnute pH HacsienHoro pactsopa Ca(OH), npu
25°C.

IIP [Ca(OH),] =6,3 - 107

Pewenue:

1. B Bozme ruapokcua KajdblMsl YaCTUYHO PACTBOPSETCS W JIHC-
COITUUPYET:

Ca(OH), & Ca* +20H.

2. Beipaxxenue I1P [Ca(OH);,]:

IIP [Ca(OH),] =[Ca*"] [OH ]~

3. OGosnaunm [Ca’'] = s, [OH ] = 2s, Torma IIP[Ca(OH),] =
s(2s)=45s

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

4. TlopctaBuM B TOJYYEHHOE BBIPAXCHUE UYUCICHHOE 3HAYCHUE
IPOU3BEICHHS pacTBOpUMOCTH: s =N 6,3 - 10°/4=1,15-107;

[OH]=2s=2-1,15-102=23-10"

Yrobs1 paccuntath pH pacTBOpa, HE0OX0mMMo 3HaTh [H']. B pac-
TBOpE THUAPOKCHAA Kaiblus npucyTcTBytoT OH', moaTomy paccuunta-
em pOH =-1g [OH], a pH = 14 — pOH, pOH =-1g (2,3 - 10%) = 1,6.
pH=14-1,6=124.

Omeem. Tlpu 25 °C maceiuennsii pactsop Ca(OH), umeer pH =
=12.4.

Ilpumep 4. Bo ckoIbKO pa3 YMEHBIIUTCS paCTBOPUMOCTh KapOo-
Hata cepebpa (I), eciu NpUroTOBUTH €ro HACKIIIEHHBIA PACTBOP B pac-
TBOpE KapOoHaTa HaTpusi kKoHUeHTpauuen 0,1 Moab/i, Mo CpaBHEHHIO
C €ro paCTBOPUMOCTBIO B YUCTOU BOJIE?

Pewenue:

1. B Bozie kap6oHat cepedpa (I) yacTuuHO pacTBOpsIETCS U AUCCO-
IIUHAPYET:

Ag,CO; & 2Ag" + CO5™

2. Boipaxenue ms [IP (Ag,CO5): IIP (Ag,COs5) = [Ag '] [CO57T.

Orcrona [Ag']* =TIP (Ag,CO;) / [CO5™].

3. O0o3HauuM uepe3 s pacTBOpUMOCTh KapOoHnarta cepedpa (I),
TOr/Aa
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[Ag] = 2s, [COy*] =5, TIP (Ag,CO;3) = (25)’s = 4s°,

s ="V IIP (Ag,CO5) / 4.

4. lonctaBUM B TMOJYYCHHOE BBIPAKEHUE UHMCICHHOE 3HAYCHHUE
POM3BENCHIS pacTBOpuMOcTH: s =N 8,7 - 1072 /4= 1,3 - 10 mons/ 11.

5. KapObonatr  HaATpus — CWUIBHBIM  DJICKTPOJIUT, MO3TOMY
C (Na,CO;) = C (CO5%) = 0,1 momb/ 1. IIpucyTCTBHE B pacTBOpE
KapOOHAT-MOHOB KOHIEeHTpauue 0,IMoib/ JI, 3HAUUTEIbHO TPEBHI-
HIAKOIIEeH KOHIEHTPAIMI0 KapOOHAT-MOHOB, KOTOpasi o0pa3yercst npu
muccouuanuu kapbonara cepebpa (I) (1,3 - 10™ momns/ 1), mo3Bomsier
nocjeHel npeHeopedb U cuuTaTh KoHIeHTpanuio 0,1 MoJb/11 00IIe:
[Ag1 =87 10" /0,1 =93 10°. PacrBopumocts KapGoHaTa
cepedpa (I) B pacTBope kapOOHATa HATPHUs pPaBHA:

s=[Ag)/2=93-10%2=4,7-10°.

Omeem. PactBOpuMOCTh KapOoHata cepeOpa (I) B pactBope
kapOoHaTa HaTtpus KoHieHTpauueit 0,1 monb/n ymensiaerca B ~10
pa3 Mo CPaBHEHMIO C €T0 PACTBOPHUMOCTBIO B BOJIE.

Ilpumep 5. YcranoBute, oOpa3yercs M OCaJ0K MOJMAa CBUHIIA
(I1) mipu 25 °C mocne cauBanus 100 M pactBopa Hutpara ceunua (1)
koHueHtpauueit 0,005 mons/n u 200 Ma pacTBOpa HOAUAA Kalaus
xoHmenTparweii 0,01 mons/1. ITP (Pbl,) = 8,7 -107.

Pewenue:

1. 3anuieM XUMHAYECKOE YPABHEHHE pPEaKIMHU, KOTOpas IpoTe-
KaeT MPHU CIMBAHUHU PACTBOPOB:

Pb(NO3), + 2KJ = PbJ,d+ 2KNO;;

Pb”" +2J = PbJ,l.

2. Ecniu mpousBeneHne KoHieHTpauuii umoHoB cBuHia (II) u
WOJUI-UOHOB TPEBBIIIACT 3HAYCHUE TMPOU3BEACHUS PACTBOPUMOCTH
noauaa ceunua (II), To mpoucxoauT odpazoBaHue ocaaka:

C (Pb*") [C (IN]* > IIP (Pbl,); TIP (PbJ,) = 8,7 - 10

3. Jlo cnuBaHusi pacTBOPOB COJIEN (CHIIBHBIX 3JIEKTPOJIUTOB)

C[Pb(NO5),] = C (Pb™") = 0,005 moms/n, C (KJ) = C (J) =
= 0,01 momp/m1.

[Tocne cnuBanus o0 00beM pacTBopa ctan paBeH 300 mi,
KOHIICHTPAIIMM HOHOB YMCHBIIIMIIHNCH:

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

C (J)=(0,01 -200)/300=0,0066 moinb/ 1;

C (Pb*") [C (J)]* = 0,00166 - (0,0066)* =7,4-10°>8,7-10~,
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cienoBarensHo, C (Pb”" ) [C (J)]* > IIP (PblJ,), ocagok noamaa CBUH-
ua (II) mocne cimBaHus yKa3aHHBIX paCTBOPOB COJICH 0OpaszyeTcs.
Omeem. Ocanok noauaa ceunia (II) o6pasyercs.
Ipumep 6. Ycranosure, pactopsiercs au MnS (ITP =1,4.10"°) B
a) cosiHOM kucioTe; 0) ykcycHou kuciote (C = 0,1 momw/i).

Pewenue:.
1. YToOBI O1IEHUTH BO3MOYKHOCTH IMPOTEKAHMSI XUMUIECKOM PEaKITUU
MnS + 2HCI = MnCl, + H,S. (1)

HEOOX0UMO, 9TOOBI [UIS HCXOHBIX peareHToB [S™] [H+]* > 6,8.107.

DTO BBITEKACT U3 CIACAYIOIINX COOTHOIICHUI:

H,S=H" +HS K, =[H][HS]/[H,S]=5,7.10°

HS =H +S*K,=[H][S*]/[H,S]=1,2.107"

H,S=2H"+S* K =[H'][S"]/[H:S] =K, K, =6,8.107.

Y4uuThiBas, 4TO HACBHIIMICHHBIM PACTBOP CEPOBOAOPOJIA B BOJE
uMeeT KoHneHTparuo 0,1 Momb/i,

[H']%[S*]=6,8.107*

2. PaccunthiBaem [Sz']. B Bojse cynbhua Mapraia 4aCTU4HO pac-
TBOPSIETCS U TUCCOIIUUPYET:

MnS = Mn*" + S%.

OO0o3HauuM yepe3 S pacTBOPUMOCTh Cyib(PuIa MapraHiia u pac-
CUMTAEM 3Ty BEIMYHUHY:

Spins = VITP MnS = V1,4.10™"° = 3,7.10moms/n

[S*]1=S=3,7.10" moub/m.

VUHUTHIBas, YTO COJNISIHAs KHCIOTAa — CHIIBHBIN 31ekTponut, [H'] =
Cxkucn = 0,1 Momb/m.

3. YcranaBnMBaeM BO3MOKHOCTh NpoTeKaHus peakiuu (1):

[H']’ [$*1=0,17"3,7.10°=3,7.10",

Takum oOpazom, [H+]2 [Sz'] > 6,8.10>". D10 03Hauaer, UTO CyJib-
(dbu1 Maprafia pacTBOPSETCS B COJISTHOM KHUCIIOTE.

4. AHaJIOTUYHBIM 00pa30M MPOBOAWIIA PacyeT MPHU OILIEHKE BO3-
MO>XHOCTU PaCTBOPEHMUS CyJIb(dH1a Mapradiia B yKCycHou kuciote. [Ipu
ATOM, OJTHAKO, YYUTBIBAEM, YTO 3TO CJIA0BINA 31eKTPoauT (o = 1,3%).

[H+] =Ckucn. -a=0,1-0,013= 1,3-10'3 MOJb/TI

[H'1[S*] = (1,3-107)*3,7-10"° = 6,25-107"°

Taxum o6pasom, [H T [S*] > 6,8:107.

DTO 03HAYaeT, uyTo Cyiab(ua MapraHiia pacTBOPSETCS U B YKCYC-
HOM KHCJIOTE.
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Omeem. MnS pacTBOpSAETCS B COJITHON U YKCYCHOU KUCIIOTE.

Ilpumep 7. O0Opa3zyetcsa nu ocanok cyibduna mapradna (II) npu
CIMBAaHUU PaBHBIX O00BEMOB pacTBOpoB HHUTpara Mapranua (II) wu
cynbbua Kaaus ¢ oJuHaKoBou KoHueHTparmen 0,01 mons/ 1?

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

IIP (MnS) =2,5 -10"".

Pewenue:

1. [Ipu cmuBaHUM pacTBOPOB MPOUCXOIUT PEAKITHS:

Mn(NO;), + K,S = MnSY + 2KNOs;

Mn’" + S* = MnS\{.

2. VI3BeCTHO, UTO €Clii MPOU3BEACHNE KOHIIEHTpAIUii HOHOB Map-
ranna (II) u cynbpua-MOHOB TPEBBIIACT 3HAYCHHUE MPOU3BEACHUS
pacTBopuMocTH cyibduaa mapranua (II), To mpoucxomutr obpaszo-
BaHHE OCaJIKa:

C (Mn*") [C (S*)]* > TP (MnS); TTP (MnS) = 1,4 -107".

3. Jlo cnuBaHus pacTBOPOB COJIEH (CHIIBHBIX DJIEKTPOJIUTOR)

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

[locne ciauBaHMs paBHBIX OOBEMOB PAcCTBOPOB COJIEM KOHIICH-
Tpaliy MOHOB CHmkaoTcs B 2 pasa: C (Mn®") = 0,005 mous/ m,
C (S*) = 0,005 moub/11.

4. PaccunTaeM IpoU3BeICHUE KOHIICHTPAIIM HOHOB:

C Mn*")-C($*)=5-10"-510"=2,5-10">1,4-10",
caegoBarensHo, C (Mn™ ) [C (S*)]* > IIP (MnS), ocamok cymbduma
maprasiia (II) mpu cnuBaHUM yKa3aHHBIX PaCTBOPOB COJICH 00pa3yeTcsl.

Omeem. 1Ipu cnuBaHUM PACTBOPOB COJICH OCaJ0K Cylab(uaa Map-
rania (II) oopasyercsi.

Ilpumep 8. Brruucnure pactBopuMocTh cyibpuaa mapranua (I11) B
BOJIC ¥ B BOJTHOM pacTBope, coaepkaiieM 0,1 Monb/ 11 cynbdua-noHoB.

IIP (MnS) = 1,4 -10°".

Pewenue:

1.B Bome cynabdua mapranua (II) vactuuHo pacTtBOpsieTCs U
JTUCCOLIMUPYET:

MnS — Mn®" + S*.

2. O603HaYMM yepe3 S pacTBOPUMOCTH Cynbhuaa mapranua (I1),
TOT/Ia B €r0 HACHIIIIEHHOM PacTBOPE

[Mn®]=[S*]=suIIP (MnS) =[Mn*'] [S*]=s s =57,
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s=IIP (MnS),s=V 1,4 - 10" =3,7-10" moxns/ 1,
cie0BaTeNbHO, B pacTBope cyibduaa mapranua (II) xonuentparus
katroHoB mapranma (II) u cynbhua-uOHOB paBHBI PACTBOPUMOCTH
cynbduaa maprauna (II) — 3,7 - 10™° mons/ 1.

3.BBenenue B pacTBOp  CyJIb(UJ-UOHOB  KOHILIEHTpalMeh
0,1 MoJb/1 3HAYUTENIPHO MPEBBIIIAIONICH KOHIICHTPAIUIO CYJIbQU/I-
MOHOB, KOTOpasi 00pa3yeTcsi Mpu AUCCOLMAIMU CyJib(puaa Maprasia
(I) (3,7 10" Mo/ 1), O3BOMSIET MOCIEAHEH IPEHEOPEdb U CUNTATH
koHueHTpanuio 0,1 Moss/ 1 oOmIei:

[Mn*"]=T1IP (MnS) / [S*]=(1,4 - 107°)/ 0,1 =1,4 - 10" mous/ 1;

[Mn*']=s (MnS) = 1,4 -10™" moms/ 1.

Takum 0Opa3om, BBeICHUE OJHOMMEHHBIX CYJIb(GUI-HOHOB B pac-
TBOP CHIKAeT PaCTBOPHMOCTS cynbduna maprauna (II) ~ 8 10° pas.

Omeem. PactBOopuMocTh cynbduaa Mmapranna (II) B Boge paBHa
3,7 - 10 MomB/11, B BOXHOM PacTBOPE, COACPIKAIIEM CYIbMHI-HOHBL, —
1,4 - 10" mons/m.

Tema 10. KomnnekcHble coeOQUHeHUs

KoHTponbHbIe Bonpockl U 3agaun

1. Onpenenure CTENEHb OKUCICHUS, KOOPAWHAIIMOHHOE YHUCIIO
KOMILIEKCooOpa3oBaresisi B coenuHeHus1x. HazoBure ux:

K[AuBry], Ko[Cd(CN)4], Ca[ZnFq], Nas[Ag(S,05)3],
[Pt(NH;),Cly], Ho[SiFs], Ks[Fe(CN)g], [Cr(H,0)6]Cls, Na[CuCly].

2. 3anuiuTe KOOpAWMHAIMOHHBIE (OPMYJIBI CIEAYIOIINX KOM-
IJIEKCHBIX COCAMHEHMI, 00OCHYWTE BBIOOpP aToMa KOMILIEKCOOOpa-
30BaTeNsl, HA30BUTE COCMHEHHUS:

3NaF - A1F3 2C3(CN)2 : F@(CN)z
2Ba(OH)2 : CU(OH)2 COC13 : 4NH3 : HzO
ONH,Br - CuBr, - 2NHj 3KCN - Fe(CN);

3. BanuIIuTe HOHHBIC U MOJICKYJIIPHBIC YPAaBHCHHS XUMHUYECKUX
peaKIMii MEXKTY CIIETYIOIUMH COEINHEHUSIMH:

CdSO, - 4NH; + BaCl, —»

PtC14 ’ 2NH3 + AgNO3 —>

Fe(CN), - 4KCN + FeCl; —>
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4. 3anuimuTe ypaBHEHUs] MEPBUYHOM W BTOPUYHOM IJIEKTPOIIH-
TUYECKOW auccoruanuy KoMruiekcHbix coenuHenuit: [Cd(NH;3)4Cl,,
K,[PtCly], K3[Fe(CN)g]

5. Kakas xwucnora cuinpHee: HCN umm H[Ag(CN),]? Kakoe
ocHoBaHue cuibHee [Cu(NH3)4](OH), nau Cu(OH),? ITouemy?

6. Kakoil KOMIUIEKCHBI HOH MPOYHEE U TOUEMY ?

[Zn(NH;),]”" o [CA(NH;),]”

[Co(NH;)s]"" mm [Co(NH3)s]™

7. MeTonpl onMcaHuss NPUPOAbl XUMHUYECKON CBSI3M B KOMILIECKC-
HbIX coeauHeHusix. Mcnonb3ys meton BC, oObsicHUTE oOpa3oBaHue
komruiekcHoro nona K;[Fe(CN)g]. B cooTBeTcTBUM € Teopuen Kpuc-
TaJUTMYECKOTO TMOJS OIEHUTE TeOMETPUYECKYI0 (OpMYy 3TOr0 KOM-
IJIEKCHOTO coeAuHeHus. byneT au KoMmIuieke o0najaTh mapaMarHuT-
HBIMHU CBOMCTBaMM?

8. Beruucnute koHueHTtpanuio katnoHoB meau (II) B pactBope
[Cu(NH;),]Cl, konnentpanueit 0,0002 Mois/.

9. MOXHO I paspymuTh KoMIUIekcHbii moH [Hg(NH;),]™"
(C = 0,001 monp/m) nobaBieHueM pacTBopa cyibduma HaTpus pas-
HOTO 00bE€Ma M paBHOM KOHIUEHTpALUN?

NMpumepbl BbINOSTHEHUA 3a4aHUN

Ilpumep 1. Bpruuciure 3HAYCHWE KOHIEHTpPALIMM KaTHOHOB
cepeopa (I) B pactBope Tpuiimanoaprentara(l) kanus KoHIEHTparuen
0,001 mois/ n.

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

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

Pewenue:

1. YpaBHEeHHE TEPBUYHON BJIECKTPOJIUTUYECKON JUCCOIMALUN
KOMILJIEKCHOTO COSJIMHEHMUS:

Ko[Ag(CN);] > 2K" + [Ag(CN); ]

2. YpaBHEHUE BTOPUYHOM BJICKTPOIUTHYECKON JTHUCCOLUAIN
KOMILJIEKCHOT'O HOHA:

[Ag(CN);]* — Ag" + 3CN".

3. BelpakeHue KOHCTaHThI HECTOMKOCTH KOMILIEKCHOTO noHa (KH):

Ki =[Ag'] [CNT'/ [Ag(CN);]™.

4. ITpeobpazyem Beipakenue Ku, 0003HaunB
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[Ag'] = s, [CN] = 3s, [Ag(CN);]” = Cconu (Tak Kak JHCCO-
IIHAINs] KOMITJIEKCHOTO MOHA HEBETTUKA)
s (3s)’ 27s* (K - Ccomn)
Ku = = ;S = W
Ccomn Ccomn 27
5. KoHiieHTpaius KaTHOHOB cepedpa:
(1- 10+ 0,001)
[Ag]=s=" =2,46 - 10" monb / 1.
27

Omeem. KoHIEHTpaLHst KaTHOHOB cepebpa paBHa 2,46 - 107 mob / 1.

Ilpumep 2. MOXHO 71U pa3pylIUTh KOMIUIEKCHBIA  HOH
[Ag(NH;),]" (C = 0,1 mMomns/ 11) 106aBICHAEM PAcTBOPA XJIOPHIA Ka-
JUsl PaBHOTO 00beMa M paBHOM KOHIEHTpauuu? YBelnueHue oobema
pacTBOpa pH CIIMBAHWUU MCXOJAHBIX MOKHO HE YUUTHIBATS.

Pewenue:

1. YpaBHeHHE XUMUYECKON PEaKIMK pa3pyIlIeHNUs KOMIUIEKCHOTO
noHa: [Ag(NH;),]" + ClI'= AgCl_+ 2NHs.

2. I3BeCTHO, 4YTO €CiIM TPOU3BEACHHUE KOHLEHTPALlMM HOHOB
cepeopa (I) m XJOpUI-UOHOB TPEBBIIAECT 3HAUYCHUE IMPOU3BEICHUS
pacTBOPUMOCTH XJIOpUJa cepedpa, TO MPOUCXOAUT OOpa3OBaHUE
ocajka M paspylieHne kommiekcHoro nona: C (Ag' ) C (CI) > IIP
(AgCl); TIP (AgCl) = 1- 107"

3. YpaBHEHHE BTOPUYHOM BJCKTPOJUTHUYECKOM HAUCCOIUAALIAMN
KOMILIEKCHOTO MOHA:

[Ag(NH3),]" <> Ag" + 2NHs.

4. BelpakeHHe KOHCTAHThI HECTOMKOCTH KOMIUIEKCHOTO noHa KH:

Ku = [Ag'] [NH;] / [Ag(NH3),]".

5. Ilpeo6pasyem BelpakeHne K, o603HaumB: [Ag'] = s, [NH;] =
2s, [Ag(NH;),]" = Ccomu (Tak Kak quCCOIMAIMSA KOMIUIEKCHOTO HOHA
HEBEJIMKA);

Ku = s (2s)* / Ccomu = 4s° / Ccomu, s =N ( Ku - Ccomm)/ 4 .

6. Konnentparus katnoHoB cepeopa (1)

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

7. Xnopun kamus — cunbHbi anekTposut, C (KCI) = C (Cl) =

= 0,1 momp/ 1.
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[Ipu cauBaHUM PACTBOPOB PABHBIX OObEMOB MX KOHIIEHTpAIIMHU
YMEHBIIAOTCS B 2pasa; [Ag']=6,3 - 10" :2=3,15-10" momb / 11, a
[CI']=0,1:2=0,05Mom5b / n.

8. [Ipon3BeieHNE KOHIIEHTPALIMU NOHOB:

C (Ag) C(Cl)=3,15-10"0,05=1,1575- 10" > 1- 10"'°, mosromy
OCaJIOK BBIIIAJACT U KOMIUICKC pa3pyLIacTCs XJIOpUI-HOHAMMU.

Omeem. KOMILIEKCHBIN HOH pa3pyIIaeTCs XJIOPUA-UOHAMH.

Tema 11. OkucnumesnbHO-e0ccmaHoeumMersibHbIe
peakyuu (OBP)

KOHTpOﬂbeIe BOMpPoOCbLI U 3aAa4um

1. Kakne U3 yKka3zaHHBIX HUKE XUMAYECKUX PEAKIIMN OTHOCATCS K
OKHMCJIUTEIbHO-BOCCTAHOBUTEIILHBIM ?

Zn + H,SO4(pa30.) = ZnSO,4 + H,’

Zn + 2H,SOy4(xoH11.) = ZnSO,4 + SO, + 2H,0

Zn(OH), + H,SO4 = ZnS0O,4 + 2H,0

F6203 + CO = C02 + 2FeO

F6203 + 6HCl = 3FCC13 + 3H20

N32C03 + 8102 = N&28i03 + COQ

2N32804 + 2S102 +C= 2Na28i03 + C02 + 2802

OtBet o0ocHyiTe. YKaxkute B OBP okuciuresns 1 BOCCTAHOBUTEII.

2. YCTaHOBUTE, OKHUCIICHUE WA BOCCTAHOBJICHUE MPOUCXOIUT
IIPU TIepEXoaax:

FCSO4 —> FCQ(SO4)3

F€203 — Fe

NH; —» NO

2CI' > C12

Cl - ClO4

OTtBeT obocHYyMTE.

3. Kakne w3 yKa3aHHBIX BEIIECTB MOTYT MPOSBIATH TOJIBKO
OKHUCJIMTEIbHBIC CBOMCTBA, TOJIbKO BOCCTAHOBUTEIBHBIC CBOMCTBA, KaK
OKHCJINUTEIIbHBIC, TAK 1 BOCCTAHOBUTEJIBHBIC CBOMCTBA:

KMIIO4, MHOZ, V205, KJ, NH3, HNOZ, Nazs, NﬂzSO3, HNO3,
KzCI’zO% KC104?

OTtBeT oOocHYMHTE.

36



4. IlpuBenure mpuMeEpbl MEKMOJICKYISIPHON, BHYTPUMOJIEKYJISIP-
Hou OBP u peakiuu 1ucrponopuruOHUPOBAHUA.

5. DIEeKTPOHHO-UOHHBIM METOJOM COCTaBbTE€ OKHUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE PEAKIINU:

NaNO, + KMnO, + H,SO, - MnSO, + NaNO3 + 2

K,SO; + KCIO; + 7 — K,SO4 + ?

HI+HIJO;+? —>J,+7?

Zn + KNO, + KOH — K,Zn0O, + NH; + ?

KMnO, + HCI (kxon11.) - Cl, + MnCl, + ?

CoCl, + H,O +? = CoCl; + ?

KMnO, + H,O, + H,SO, —> MHSO4 +?

CI'C13 + H202 + NaOH — Na2CrO4 +?

VYkaxute tun OBP.

6. Berunciure maccy KMnO,4, HEOOXOAMMYIO JJISI IPUTOTOBJIE-
HUS pacTBOpa C MOJIIPHOM KOHIIEHTpalluel BeliecTBa 3kBrUBajeHTa C
(1/zZKMnQ,) = 0,02 monb/n. PacTBop nipeaHa3HaueH Jjis MPOBEACHUS
OKHUCJIMTEIIbHO-BOCCTAHOBUTEIILHOM PEAKIIMY B IIEJIOYHOM CPEIE.

7. 3akonunte ypaBHenue OBP: H,O, + Cl, —. Paccuura 3/1C
polecca, OLEHUTE BO3MOKHOCTh €€ IMTPOTECKaHMS.

NMpumepbl BbINOMTHEHUA 3a4aHUN

Ilpumep 1. 3akoHUMTE ypaBHEHUE XUMHYECKOM PEAKUUU U
paccunraiite ee DJ1C

MnO, + H,O, + H,O —

Pewenue:

1. YcTanaBnuBaeM OKHUCIWTENIb W BOCCTAHOBHUTENb. JlJIsI 3TOro
HaxOJUM BEIIECTBA, B KOTOPBIE BXOJIAT aTOMBI, CIIOCOOHBIC TOHUXKATh
VI TIOBBIIATH CTENEHb OKHCIEHUA. B aHHOM mnpumepe OKCHA
Mmapratnia (IV) coaepkuT aToMbl MapraHiia Co CTETICHbIO OKHUCJICHUS
+4, a mepoKCcH BOJIOPOAa COJICPKUT aTOMbI KUCIOPOJIa CO CTEIECHbBIO
okuclieHus1 kuciopona -1. CreneHn OKHCIEHUS yKa3aHHBIX aTOMOB
SBJISIIOTCS  MPOMEXKYTOUHBIMU. BO3MOXHBI JpyrHe: JJjisi aroMa
Mapranna +7, +6, +4, +3, +2, 0; nyisg aroma kuciaopoaa +2, 0, -1, -2.
[ToaTomy 00a coemuHeHHs] MOTYT OBITh KaK OKHCIUTENEM, TaK H
BoccTaHoBUTeNieM. C 0oJiee CUIIbHBIM OKHCIUTENIEM OHU IPOSBIISIIOT
CBOMCTBA BOCCTAaHOBUTENS, C 00Jie€ CUJIbHBIM BOCCTAHOBUTEIEM —
CBOMCTBA OKUCIHTENS. B JaHHOM ciydae OKUCIUTENEM SIBJISIETCS TO
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BEILIECTBO, BOCCTAHOBUTEJIBHBIM  IOTEHIMAT KOTOPOTO  BHIIIE.
HaxoquMm 3HaueHUs CTaHIAPTHBIX DJIEKTPOJHBIX MOTEHIIUAJIOB
MOy PEAKIIHAM:

H,0, +2¢" + 2H" = 2H,0 0°=1,77B

MnO, + 2¢ + 4H" = Mn*" +2H,0 ©°=1,24B

bosiee BBICOKMM 3HAYE€HHWEM BOCCTAHOBUTEIIBHOTO MOTEHIMAJA
o0JagaeT MepoKCUJl BOJIOPOJIa, OH U siBisieTca okuciautenem. Creno-
BaTeIbHO, okcul Mapranua (I'V) — BocctaHoBUTEIb.

2. 3anuchiBaéM HJIEKTPOHHO-UOHHBIE YPAaBHEHHUS: MOIypEaKINu
BOCCTAHOBJICHHSI OKHUCIIUTEISI U OKUCIIEHUSI BOCCTAHOBUTEIS.

3  |H,0,+2e +2H =2H,0 (BOCCTaHOBIIEHHE )
2 | MnO,-3¢+2H,0=MnO, +4H" (OKHCIIeHHE)

3. CyMmMupysl ypaBHEHHUS TOJypEaKIUi, 3aluChIBa€M HOHHOE
ypaBHeHue. Ha ero ocHoBe COCTaBIisIEM MOJICKYJISIPHOE YpaBHEHHE.
[IpoBoaMM MPOBEPKY CTEXHMOMETPUUECKUX KOIPIUIIMEHTOB 0 YUCTY
aTOMOB JJIEMEHTOB B JIEBOU U IIPABOM YacCTsX.

3H,0, + 6H" + 2MnO, + 4H,0 = 6H,0 + 2MnO, + 8H;

3H202 + 2Mn02 = 2H20 + 2HMDO4

4. Jlna pacuera DJIC mporecca HEOOXOIUMO 3HATh BEIUYUHBI
¢°(oK) u @°(BC).

3HaYEHUs BEJIMYUH AJIEKTPOIHBIX MTOTECHIIUAIOB:

H,0, +2¢ + 2H = 2H,0 ¢°=1,77B
MnO, + 4H" + 3¢ = MnO, + H,O 0°=1,69B

YuursiBas, 4TO B JaHHOW peakuuu okcua mapranua (IV) ssuser-
Csl BOCCTAHOBHUTEJIEM, COOTBETCTBYIOIIAsl IMOJIYPEAKIMS €r0 OKUCIIE-
HUSI UMEET TO K€ a0COJIIOTHOE 3HAUYCHHUE AJIEKTPOJHOr0 MOTEHIHAA,
HO C TPOTUBOIIOJI0KHBIM 3HAKOM.

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

B stom cnyuae mia pacuera DJIC 3HaYEHHST BEIWYUH BJIEKTPOJ-
HBIX OTEHIIUAJIOB OKUCIIUTEIS 1 BOCCTAHOBUTEISI CYMMUPYIOTCS.

OAC = 1,77- 1,69 = 0,08 B > 0 peakuusi mpoTeKaer B MPsSIMOM
HaIpaBJICHUMU.

Opnako B ydyeOHOW JUTEpaType 4acTo MPUBOJUTCS Takast ¢op-
Myna s pacuera I/C:

DJIC = ¢°(0K) — ¢°(BC).

B »TOM cityyae 3HaK 3J€KTPOJIHOTO MOTEHIMAIa BOCCTAHOBUTENS,
B3ATBIM U3 CIIPABOYHOM JIUTEPATYPHL, HE MEHAETCH.
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Omeem. DJIC xumuueckoi peakumu paBHa 0,08 B, momo-
KUTEJIbHOE 3HAYEHUE CBUJETEIBLCTBYET O NPOTCKAHUU PEAKIUU B
IpsSIMOM HaIpaBJICHUHU.

Ilpumep 2. YcraHoBuUTE, 4YTO TPOUOUJIET, ECIIU PACTBOP HUTpATA
xkenesa (II) mepemeninBaTh aIFOMUHUEBOM JT0KKOM.

Pewenue:

1. 3anucbiBaeM opmyisl pearvpyromnmx BemecTs: Al + Fe(NOs), —

2. YCTaHABIMBAEM OKHCIUTEIb U BOCCTAHOBHUTEIL. ATOMBI alto-
MUHHUSI CIIOCOOHBI TOJIBKO OTJaBaTh AJIEKTPOHBI, SBJISASICh BOCCTAHOBU-
teneM. CrenoBaTenbHO, KaTHOHBI kene3a (II) — okucnurtens. B Heit-
TpPaJbHOMU CpeJie HUTPAT-UOH OKUCIUTEIbHBIE CBOMCTBA HE MPOSIBIISCT.
3anuchbIBa€M YpaBHEHUSI MTOTYPEAKIINI BOCCTAHOBIECHUS U OKUCJICHUS.
3Ha4YeHUs CTAHJIAPTHBIX AJIEKTPOIHBIX TOTEHIIMAJIOB:

3 Fe’ +2e = Fe ¢° = -0,44 B (BoccTaHOBJIEHHKE)
2 Al-3e = Al ¢° = 1,66 B (oxucieHme)

3. 3anuceIBaeM MOJIEKYJISIPHOE YPAaBHEHUE PEAKIIUH:

2A1 + 3F€(NO3)2 = 2A1(NO3)3 + 3Fe.

KputepueM BO3MOKHOCTH MPOTEKAHUSA OKHUCIUTEIbHO-BOCCTA-
HOBHUTEJIBHOM PEAKIMU ABJISETCS NOJOKUATENbHOE 3HaUeHue ee DJ1C.

AC=-0,44+1,66=1,22B>0.

Omeem. llpu mnepememmBaHuu pactBopa HuTpara xenesa (1)
aJTIOMUHUEBAs JIOKKA OyJIET pacTBOPSITHCS.

Ilpumep 3. Tlouemy pacTBOphI TNEpPMaHTaHaTa Kajdus XpaHAT B
TEMHBIX OyThUISIX?

Pewenue:

Ha cBeTy mepmaHraHat kKajaus B pacTBOpPE OKHUCISIET BOIYy, B
pe3yJIbTaTE CHUKAETCSI KOHIIEHTPALMS PACTBOPEHHOTO BEIIECTBA. JTO
HEJIOMYCTUMO MPU UCIIOIB30BAaHUM PACTBOPA B AaHATUTUYECKON XUMUU
(KOTMYECTBEHHBIN aHAIIN3).

KMnO, +H,0 > ?
OKI/ICJ'II/IT CJIb BoccranoBureib
4| MnO, + 3¢ + 3H,0 = MnO, + 40H"
3| 2H,0 —d4e =0, + 4H"
4MnO, + 8H,0 +6H,0 = 4MnO, + 160H + 30, + 12H;
4KMnO, + 2H,0 = 4MnO, + 30, + 4KOH.
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Omeem. XpaHEHHWE PaACTBOpPA IEPMAHraHATa Kajusg B TEMHBIX
OYTBHUIAX HCKJIIOYAET BO3MOXKHOCTh MPOTEKAHUSI XUMUUYECKOW peak-
MW, CHUKAIOIIEH KOHIIEHTPALMIO IEpMaHTaHAT-HOHOB.

Ilpumep 4. 3akoHUMTE YpPAaBHEHHE OKHUCIUTEIbHO-BOCCTAHOBH-
TEJbHOU PEAKIIMU U OIIEHUTE BO3MOXKHOCTh €€ MPOTEKAHUS

KMnO, + K,S + H,SO, —» ?_
Oxucnurenb BoccTanosurenp Cpena

2| MnO, + 5e- + 8H" = Mn?" + 4H,0 ¢°=1228B

5| 8¥-2e=8 ©°=0,447 B

2MnO, + 16H" + 5S° = 2Mn”" + 5S + 8H,0;

2KMHO4 +8HQSO4 + SKzs = ZMHSO4 + 5S + 8H20 + 6Kst4

E = 1,228 + 0,447 = 1,675 B > 0— peakuuss npOTEKaET
CaMOITPOU3BOJIBHO.

Ilpumep 5. Briunciaute maccy nepMaHraHara Kajus, HeOOXO/u-
MOro g mpurorosiieHus 0,5 1 pacTBopa ¢ MOJISIPHOM KOHIIEHTpAa-
nueit BemectBa skBuBajieHTa C (1/z KMnQO,) = 0,05 monb-akB/11. Pac-
TBOp MPEIHA3HAUECH ISl TPOBEJICHUSI OKUCIUTEIbHO-BOCCTAHOBUTEb-
HOU C €T0 YYaCTHUEM B KUCIIOU CPEE.

Pewenue:

1. ITockOIBKY BOCCTAHOBJICHUE OKUCIUTENS MPOTEKAET B KUCJIOU
cpeze, TO MOJyPEAKIHUIO CIEAYET 3aucaTh TaK:

MnO,~ + 8H" + 5¢ <> Mn*" + 4H,0.

2. MousipHasi Macca BeIlleCTBa SKBUBAJICHTA:

YUCJIO0 YKBUBAIEHTHOCTH Z = 5 (YUCII0 NPUHATHIX AJEKTPOHOB)

M(1/z KMnO,4) = M(KMnOQOy) : 5 =158 : 5 = 31,6 M0oJIb-3KB/1.

3. KonmuecTBO 1 Macca repMaHraHaTta Kajus:

v (1/z KMnQOy4)= C(1/z KMnO,4) V =0,02 - 0,5 = 0,01 MolIb-3KB.

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

Omeem. Jlnsa npurotosiienus 500 mu pactBopa C 3alaHHOW MO-
JISIPHOM KOHIIEHTpaIlMe#l BellecTBa dKBUBaieHTa Heooxoaumo 0,316 T
nepMaHTraHaTa Kajausl.

Ilpumep 6. Ha npoBesieHrE OKUCTUTEILHO-BOCCTAHOBUTEIIBHON pe-
aKIMM C PacTBOPOM IEPOKCHAA BOAOPOJa oObeMoM 25 Ml TpeOyeTcs
30 mu1 pacTBOpa mepMaHraHara Kaius KoHueHTpauued 0,02 mons/ .
Bbluucnure  MOJSIpHYIO — KOHIIGHTpAllMIO — TEPOKCHUIA  BOJOpPOa,
MOJISIDHYXO MAacCy BEIIECTBA HKBUBAJICHTA II€pMaHraHaTa KaJlds:
M(1/z KMnQ,) = ?
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Pewenue:
1. YpaBHEHHE XUMHYECKON PEAKIINH:
KMnOy4 + H,0, = ?
OKUCJIUTEh BOCCTaHOBUTEIIb

2 |MnOy +5¢ + 8H" = Mn”" + 4H,0

5 | H,0,-2¢=0,+2H"

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

2KMnQO, + 3H,S0,4 + 5H,0, = 2MnSO, + 8H,0 +50, + K,SO,.

2. KonnuecTBeHHBIE OTHOIICHUSI MEXKAY TIEPMAHTaHATOM KaJus U
MEPOKCUIOM BOJOPO/JIa:

V(HzOz) =5/2v (KMIIO4)

3. KonmnuecTBO BemiecTBa nepManranara kainus B 30 Mi pacTBopa
koHieHTpanueit 0,02 Mob/1:
v(KMnO,) = C(KMnOy,) - V(KMnO,4) = 0,02 - 0,03 =6 - 10™ moub.

4. Konn4ecTBO BeIlIECTBA MEPOKCHIA BOAOPOAA U €T0 KOHIICHTPALIHSL:

v(H,0,)=5/2-6-10"=1,5- 10" mop;

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

5. MoJisipHast Macca BEIeCTBA SKBUBAJICHTA [IEPMAHIaHaTa KAJIHS:

M(1/z KMnOy4) = M(KMnQOy,) /5 =158/ 5 = 31,6 1/ M0oIb-3KB.,
I€ 5 — 4KCIO 3IEKTPOHOB, MPUHSATHIX MMEPMAHTaHAT-HOHOM B IOJY-

PEaKIIuU €ro BOCCTAHOBJICHHUSI.
Omeem. C (H,O,) =0,06 mons/ 1, M (1/z KMnQ,) = 31,6 1/ MOJIb-IKB.

Tema 12. Anekmpoxumudeckue npouecchbl

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3ada4ium

1. DAEKTPOXUMHYECKHIE JIEMEHTHI. JieMeHT SAkobm — JlaHmais.
Pacuet anexrpoasmwxkymieit cuibl (3J1C) raqbBaHMUYECKUX DJIEMEHTOB
(XMMUYECKUX U KOHIIEHTPALIMOHHBIX).

2. DNEKTPOXUMUYECKUH DS/ HATIPSIHKEHUM.

3. Byaet nu paboTaTh rajibBAHUYECKUM JIEMEHT MPU MPOBEICHUN
XAMHUYECKOHN peakiun: Mg '+ Co= Mg2+ +Co?

4. 13 xakuX MOJIy3JIEMEHTOB CJIEIyE€T COCTABUTh raJIbBAHUYECKUX
onement, urober ero DJC 6bura MaxcmmansHOW: 1) Ca®/Ca u
Au’/Au; 2) Jm*/Im u Fe*'/Fe; 3) Ni*'/Ni u Pb*"/Pb; 4) Mg*" /Mg u
Cd*"/Cd; 5) Fe*"/Fe u Ni*"/Ni.

5. Koppo3us MeTanioB, TUIIBI KOPPO3UU, METObI 3ALLUTHI.
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6. DNEeKTpoau3 pacmiaBa M pacTBOpa XJOpHUIA HATpUsS B
AIEKTPOJU3ZEPE C UHEPTHBIMU JICKTPOJAMHU.

7. DIEKTPOIU3 BOJIBI.

8. 3aKOHBI JIEKTPOJIN3A.

9. IIpu nsnekTposm3e pacTBopa cyjibdara HHUKENS (JIEKTPOJIbI
WHEPTHbIC) BbIIENWIOCh 2,24 1 O, (H. y.). Beiuncnure maccoByro go-
JII0 OCTAaBIIEHCSA B PAaCTBOPE COJIM, €CIU B DIIEKTPOIU3EP MOMECTHIIH
200 r pactBOpa ¢ maccoBou goneu 31%.

10. [Ipu mpomyckaHuM TOKa 4Yepe3 pacTBOp COJIM cepedpa Ha
karoje Boienwics 1 r cepedpa 3a 10 MmuH. Beruuciaure cuiny Toka.

11. Beruncnure Maccy rasa, BbIICIIMBIIETOCS Y aHOIA MPU JICKT-
pOJIM3€e pacTBOPa CEPHOM KUCIOTHI B TEUEHHE 5 MUH, cHila ToKa 2A.

Mpumepbl BbINONHEHUs 3aQaHUN

Ilpumep 1. N300pa3ute cXxeMbl XUMUYECKOTO 3JI€MEHTA (JIEKTPO-
XUMHUYECKOH STUEHKHN) U STIEKTPOJIU3EPA (JIEKTPOXUMUYECKOM STUCUKN).

JIns ykazaHuss KOHKPETHOTO COCTaBa TaJibBAHUYECKUX DJIEMEHTOB
MOJIB3YIOTCA CXeMoM 3amucH, ycraHoBieHHouW JUPAK. Hanmpumep,
17151 diieMenTa Sikoou — J{aHuAJIs ¢ COIEBBIM MOCTHKOM:

() Zn/ Zn*" (Bomw.)/ Cu®" (Boms.)/Cu(+), KOHICHTPALHOHHBIIA
AJIEMEHT, COCTOSIIIINI U3 IBYX CEPEOPSIHBIX IJIEKTPOIOB:

(-) Ag/ Ag" (BomH.)(a;)//Ag (BomH.)(ay)/ Ag(+), a; >a,, e

a — aKTUBHOCTb PaCTBOPOB.

Ipumep 2. Hanummre cXeMy 3JIEMEHTA, COCTOAIIErO M3 JBYX
AJIEKTPOJIOB:

Zn*" (BomH.) + 2¢ = Zn (TB) 0°z," 1 70=-0,76 B

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

B cooTBeTcTBUM CO 3HAYEHUSIMU CTAHJIAPTHBIX 3JIEKTPOAHBIX TO-
TEHIIMAJIOB HAIMMIIUTE XUMUYECKUE PEaKIMU, MPOTEKAIOIINE B Tajb-
BaHUYECKOM 3jieMeHTe. Berunciaure ctangaptayo JIC XuMuueckoro
MCTOYHHKA TOKA.

Pewenue:

1. B COOTBETCTBUM CO 3HAUYECHUSIMHU CTAHAAPTHBIX JIEKTPOIHBIX
MOTEHIIUATIOB

(9° Ni**/Ni) u ¢° Zn*"/Zn)

Ni**(Bogn.) + 2¢ = Ni (1B.)

Zn(tB.) — 2¢ = Zn"" (BozH.)
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CymmapHo:

Ni**(Bogn.) + Zn(T1B.) = Ni(TB) + Zn>"(BoaH.).

2. Cxema paccMaTpuBaeMOro UCTOUHHKA TOKA:

Zn(tB) / Zn* (Boxn.) // Ni*'(Boan.) Ni(TB).

3.9JIC = ¢° OKHuCI. — (°BOCCT. = QP Np+/Ni — @ zn2t/zn = -0,25 —
(-0,76) = 0,51 B.

3HayeHue OOJbIIE HYJS O3HAYAET, UTO B HUKEJIEBOM AJIEKTPOJIE
MIPOTEKAET MPOIECC BOCCTAHOBIICHUS, a B IMHKOBOM — OKHCIICHUSI.

Omeem. Ni*'(Bogn.) + Zn(tB) = Ni(1B) + Zn”' (BozH.),

Zn/ Zn* (Bomm.) // Ni**(Bomn.) / Ni (tB), DJIC = 0,51 B.

Ilpumep 3. Paccuurainte 3/]C TUTHEBOMETHOTO 3JIEMEHTA.

Pewenue:

DJIC = E°uen — Esocer = 0,338 — (-3,045) = 3,383 B.

Omeem. DJ1C = 3, 383 B.

Ilpumep 4. 3anumuTe KaTOAHBIE MPOLECCHI, MPOTEKAIOIINE MPH
KOPPO3UM METAIIIOB (KHCIasi, HeUTpalibHas, IIEJI0UHas Cpesia).

Pewenue:

K(+) O, +4H" + 4e = 2H,0 (1)
K(+) O+ 2H,0 + 4e = 40H 2)
K(+) 2H;0" + 2¢" = H, + 2H,0 (3)

Kucnopoanast koppo3usi IIPOTEKAET B HEUTPAIBHOW U IIEJIOYHOM Cpe-
ne (1, 2), BomopoanHas kKoppo3sus (3) mpotekaeT B kucioit cpene (pH < 4).

Omeem. B 3aBUCHUMOCTH OT Cpelbl KaTOJHBIC MPOIIECCHI MPH
KOPPO3HUH METAIIJIOB MTPOTEKAIOT PA3ITUYHO.

Ipumep 5. llouyemy OLMHKOBAHHOE EJIE30 HE IIOJBEPracTcs
pa3pyLIeHUIO?

Pewenue:

DTO ANEKTPOXUMHUUECKAsT KOHTAKTHAsE KOPPO3Us, TJI€ KaToa — Ke-
J1€30, @ aHOJI — IIAHK.

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

A(-) Zn—2e=Zn">".

Takum 00pa3zoM, UJET pa3pylICHHE IIUHKOBOTO IMOKPBITHS, a HE
KeJe3a (KaToiHas 3allluTa).

Omeem. B mponecce KOPpO3UU pa3pylIacTcsl [UHKOBOE MOKPbI-
THE JKeJle3a.

Ilpumep 6. Hanuute ypaBHEHUS 3JIEKTPOJIM3A PACTBOPOB:

a) opomuaa meau (1)
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0) cynbdara mapranma (I1)

B) cynbdara meau (II)

A. Dnekmponusz pacmeopa opomuda meou (I1)

Pewenue:

B pactBope Opomuna menu (II) mpucyTCTBYIOT KaTHOHBI MEIU
(IT), 6poMuA-HOHBI, a TAaKXKE MOJIEKYJIBI BOJIbI, CIIOCOOHBIE BOCCTaHAB-
JIMBATHCS HA KATOJIE U OKUCIISATHCS Ha aHO/IE.

Bo3MoKHBIE MPOIIECCHl HA AJIEKTPOAaX

Ha KaToxe (-)

Cu®"+2¢=Cu 9°=0,337B (1)
2H,0 + 2¢" =H,+20H" ¢°=-041B (2)
Ha aHojie (+):

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

CymmMmapHOe ypaBHEHHE 3JIEKTposu3a pactBopa opomuaa meau (II):

2Cu*" +2Br=2Cu + Br»;

2CUBI'2 =2Cu + BI'2.

Omeem. [1poayKTamMmu 3JIEKTPOJIN3A SIBIISIIOTCS: HA KATOAE — ME/Ib,
Ha aHoJIe — OpoM.

b. Qnexmponus pacmeopa cyrvpama mapzanya (I1)

Pewenue:

B pactBope cynbdara mapranna (II) mpucyTCTBYIOT KaTHOHBI
Mapranna (II), cyabdar-noHsl, a TakkKe MOJIEKYJIbl BOJAbI, CIIOCOOHBIC
BOCCTAHABIIMBATHCS HA KATOAE U OKUCIISITHCS Ha aHOJE.

Maprasen HaxXOAUTCS B DJIEKTPOXUMUUYECKOM PsITy HaIpPsHKEHUN
METAJJIOB MpaBee aJllOMHUHUS, HO JIEBEE MEIU, MO3TOMY MapraHell
OyIeT BBIIENATHCS Ha Karoje (ypaBHEHHE 1) OMHOBPEMEHHO C BOJIO-
poaom (ypaBHeHue 2). OKHUCIEHHUE BOJbI Ha aHOJIE XapaKTepU3yeTCs
HaMMEHBIIIUM 3HAUYCHUEM DJICKTPOJIHOIO MoTeHIHana (ypaBHeHUE 4),
MIOATOMY M OYJIET OCYIIECTBISATHCS ITOT MPOIIECC.

Ha snexkTponax BO3MOXKHBI KOHKYPUPYIOIIUE PEAKIUU:

Ha KaToAcC:
Mn*"+ 2e = Mn ¢ =1,18B (1)
2H,0+ 2e” = H,+20H ¢’ =0,41B (2)
Ha aHoze (+) ,
280, —2¢ =S,05” ¢°=2,01B (3)
2H,0-4e =0,+4H" ¢°=1,23B (4)
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CyMMapHOe ypaBHEHHME DOJIEKTpOJu3a pacTBopa cyib(ara
mapranua (II):

Mn*" + 2H,0 + 2H,0 —>" P Ny 4+ H, + 20H + O, + 4H™;

Mn SO4 + 2H20 DHICKIPOIS Mn + H2 + Oz + H2S04.

Omeem. IlpogykTamMu »3JEKTpOJiM3a SBISIIOTCS: Ha KaTOJE —
MapraHelil 1 BOAOPO/l, Ha aHOJI€ — KUCJIOPOJ U CEpHasi KACIIOTA.

B. 2nexmponusz pacmeopa cynvpama meou (1)

Pewenue. B cOOTBETCTBUU C NpaBUIaMU KAaTOAHBIE U AHOIHBIC
npoiiecckl B pactBope cyiabdara Meau (II) mpu anmexTponuze
MPOTEKAIOT TaK:

1) () K Cu* +2e=Cu 2

(+) A 2H,0 —de = 0, + 4H" | 1

HNoHHOE ypaBHEHUE DJICKTPOJIN3A:

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

2CU.SO4 + 2H20 =Cu + 02 + 2HZSO4

Omeem. Ilpu snekTposin3e pacTBopa cyibdara Meau Ha KaTojie
BBIJICTISICTCS M€Jlb, HA aHOJE — KHUCIIOPOJ U HAKaIIMBAETCS CEepHas
KHUCJIOTA,

Ilpumep 7. Bpluuciaure Maccy ajatOMHUHUSA, KOTOPBI MOXHO I10-
JYYUTh TIPU BJIEKTPOJM3E paciyiaBa XJopuaa allOMUHUS, €CIIH CUiia
toka 10 ammnep, a Bpems anekTponusa 1 yac.

Pewenue. 11pu 3meKTponn3e NpOTEKAKOT MPOLECCHI:

(KAP +3e+Al |2

(+)A2CI -2¢e=Cl, |3

HNoHHOE ypaBHEHUE DJICKTPOJIN3A:

211-3
2AP" + 6Cl = 2A1 + 3 Cl,
MonekyJispHOe YpaBHEHUE JICKTPOJIN3A:
211-3

2AI1Cl; =2A1+ 3Cl,

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

myu; = 9/96500 x 10 x 3600 =3,35r

Omeem. Macca amomunug 3,35 1.
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Ilpumep 8. Dnexrponus pactBopa cyibdarta meau (I1) (V =400 m,
® = 6%, p = 1,02 T/cM’) MPOIOIKAICS 10 TeX IOp, MOKa Macca pac-
TBOpa HE yMeHbIIMach Ha 10 r. Berunciaure MaccoByro OO CyJib-
dara menu (I1) B pacTBOpe mocie 3JeKTpoin3a U MacCy MPOAYKTOB,
BBIJICTMBIITUXCS. HA HHEPTHBIX AJIEKTPOAaX dIEKTPOIU3Epa.

Pewenue:

1. IIpu snexTponuse cynbdpara M NPOTEKAET MPOLECC:

-3
2CuS0O,4 + 2H,0 =2Cu + O, + 2H,S0, (1)

CrnenoBaTenbHO, Macca pacTBOpa YMEHBIIIMIACH 32 CUET BBIJIEIIC-
HUS MEJIU U KUCJIOPOo/a.

2. Ilpumem, 4TO MeIW BBIACIWIOCH X MOJIb, TOT/Ia KHUCIOpOAa —
x/2 MoJib (110 ypaBHEHUIO 3eKTponun3a). Clie10BaTeNbHO:

Xx64+x/2x32=10.

Pelias ypaBHeHHE, MOTYyYHM:

X =0,125 momb, T. €. vc, = 0,125 Monb

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

m(0,)=0,125/2x32=2r.

3.B wucxomHOM IS DNEKTPOJIM3a PACTBOpPE  COJEPKAIOCH
cynbdaTa Meau:

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

m(CuSO,4)=408 x 0,06 =24,48 r

n(CuSO,)=246,8/160 = 0,153 mMob.

4. Tlocne »ieKTpoJin3a OCTAIOCH CyiIb(daTra MEIu B pacTBOPE:

n(CuSOy4) = 0,153 - 0,125 = 0,028 mob

m(CuSO,4)= 0,028 x 160 =4,48 T

®; (CuSOy4)=4,48/408-10 x 100% = 11,3%.

5. Macca cepHOU KUCIIOTHI:

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

m(H,S0,4) =0,125x98=12,25r

6. Macca pacTBopa nociie 3JeKTpoian3a:

m(p-pa)=408 — 10 =398 r.

7. MaccoBas gons cynabara meam (II) B pacTtBOope mocine
AIIEKTPOJIN3A:

®(CuSO,) =4,48:398x100 =11,3%

Omeem. m(Cu) = 8 1, m (O,) = 2 1, 0y CuSOy)= 11,3%,
m(H,S0,) = 3,1%.
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Ilpumep 9. byaer nu paboTaTh TajJbBaHUYECKUM DJIEMEHT IMPH
MIPOBEJICHUHN XUMUYECKOMN peakuuu: Mn + Ni*" = Mn*" + Ni?
Pewenue:
1. KpuTeprem BO3MOXKHOCTH MPOTEKAHUS OKHCIUTEIbHO-BOCCTA-
HOBUTEIIBHOM PEAKIINU SIBJISICTCS MOJOKUTENbHOE 3HaueHue ee J/1C.
DJIC = ¢°(0Kx) — ¢°(BC).
N3 copaBoyHOM JUTEpaTyphl BBIMHCHIBAEM 3HAYCHHUS CTaH-
JAPTHBIX JIEKTPOAHBIX MOTCHIIUAJIOB:
Mn*" + 2¢" = Mn ¢°=-1,18B
Ni*" +2¢ =Ni ¢°=-0,25B
bosiee BBICOKMM 3HAYE€HHWEM BOCCTAHOBUTEIIBHOTO MOTEHIMAA
obnamaer Ni**, on u sBisercs oxkucmurenem. CiemoBaTenpHo, Mn
SIBJISIETCS] BOCCTAHOBUTEJIEM:
(Mn — 2¢ = Mn*").
2. 9J1C ranpBaHUYECKOTO 2JICMCHTA:
2J1C=-0,25—-(-1,18)=0,93 B> 0.
Omeem. I'albBaHUUECKUM 3JIEMEHT OyAET padoTaTh.

HeopraHn4yeckasa xumus
AneMeHTbl rMaBHbIX noarpynn

Tema 13. VIl A epynna
lMepuoduyeckol cucmemMbi 3/1IeMEeHMOos8.
anozeHsbl

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3aga4ium

1. 3anumuTe 37eKTpOHHBIE (OPMYJIBI aTOMOB TrajoreHoB. [lode-
My GTOp, B OTJIMYME OT aTOMOB JIPYTHX TajJOT€HOB, MPOSIBISET CTE-
MICHb OKUCIICHUS TOJbKO —1, a BaneHTHOCTH [? IIpoanamusupyiite B
pALy TaJOT€HOB 3aKOHOMEPHOCTH B U3MEHEHHM ATOMHBIX PaJUyCOB,
MOTEHIIMAJIOB HMOHM3ALMH, CPOACTBA K JJIEKTPOHY, S3JIEKTPOOTPHULA-
TEJIbHOCTEH, MPOSABISIEMBbIX CTENeHe okuciaeHus. O0bsICHUTE HAOIIO-
Jla€MbIE 3aKOHOMEPHOCTH.

2. IloueMy MOJEKyJbl TaJOT€HOB ABYXaromHbl? Mcmosb3ys Mme-
TOJ| MOJIEKYJISIPHBIX OpOUTAJIel B OMNUCAHUM KOBAJECHTHOW CBS3H,
OLIEHWUTE, MOKET JIM CYILIECTBOBATH yacTuua J, ?
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3. Kak 0OBACHUTH pa3Hble arperaTHbIE COCTOSHUS TAJIOTEHOB MPHU
CTaHJIAPTHBIX YCIIOBUSIX, OKPAaCKy U HaOJIOAAaEMYI0 3aKOHOMEPHOCTH
VW3MEHEHHSI TEMIEPATYpPbl KUIICHUS W IUIABJICHUS IIPU IEPEXOJE OT
dTopa k actaty?

4. Ilouemy noA JIydllle pacTBOPAETCA B OPTAaHUYECKUX PACTBOPH-
TEJAX, 4eM B BoAe? MOXKHO JIM IPUTOTOBUTH PacTBOp ¢Topa B BOJE U
MOJIYYHUTh AHAJIOT XJIOPHOW BOABI? 3alUIIWTE YpPAaBHEHHS COOTBET-
CTBYIOIINX XUMUYECKUX PEAKIIUU.

5. B KaKkou CTENEeHU OKUCICHUS ATOMBI TaJIOTEHOB MOTYT IMPOSIB-
JSATh: a) TOJIbKO OKHCIUTENIbHBIE CBOMCTBA; 0) TOJBKO BOCCTAHOBH-
TEJIbHbIE CBOMCTBA; B) OKUCIIUTEIIbHBIE U BOCCTAHOBUTEJILHBIE CBOMCT-
Ba? [IpuBecTu nmpumMepsl (ypaBHEHUS XUMHUYECKUX PEAKIIUN ).

8. JlelcTBHEM KaKWX BEIECTB Ha XJIOPHYIO BOJY MOKHO IOJITBEP-
JIUTh IPUCYTCTBUE B HEW XJIOPa, XJIOPUA-UOHOB. [IpuBennTe ypaBHEHUS
COOTBETCTBYIOIIMX XWMHUYECKUX peakiui. Kak MOXXHO OOHapyX HUTh
IIPUCYTCTBUE B XJIOPHOM BOJAE XJIOPHOBATUCTOM KUCIOTHL IIpu 3TOM
CIIEIYET YUECTh €€ BO3MOXKHOE PA3JIOKECHHUE HA COITHEYHOM CBETY.

9. JlaiiTe CpaBHHUTEINBHYK) XapaKTEPUCTUKY B Py TAIOTE€HO-
BOJIOPOJIOB IO CJEAYIOIIMM CBOMCTBaM: TEMIIEpaTypa IUIABICHUS U
KUIIEHUSI, BOCCTAHOBUTEIIbHBIE CBOMCTBA (YpaBHEHHUS peakiluii).

10. B psny kucnopoaconepxamnux kuciot xjuopa HCIO, HCIO,,
HCI1O;, HCIO,4 npocnenute u3BMEHEHUS: T€OMETPUM aHUOHOB, TEPMHU-
YECKOW YCTOMYMBOCTH, KUCIIOTHBIX CBOMCTB, OKUCIIUTEIBbHBIX CBOMCTB
(YpaBHEHHS peakiuii).

11. Hanumure ypaBHEHHs peakuuil CIEAYIOIIHUX NPEBPALICHHM.
Hns OBP peaknuii B pacTBOpax HANUIIUATE SJIEKTPOHHO-UOHHBIC
YPaBHEHUS MOJIYpEAKIUAM.

1) NaCl - HCI — Cl, ->KClOs— ClO,

2) NaCl —» Clz - KC103—) HCIO4 —)C1207

3) KBr —» Br, >KBrO;— KBrO4 —Br,

4) KCl —(anexrponu3)X; ->(KOH)X, —(S0,) »X;5 ( BaO, ) —»
X4 (HySO4 ) =X

OXIJL.
KOH + Clz —> ...
t
KOH + C12 - ...
KC103 + KJ + HzSO4 —> )+ ...
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J, + C12+H20 —> HJO3 + ...

VYKaxuTe yCcroBUs UX TIPOBEJICHUS.

12. JInst peakiyu B3auMOJCUCTBUS MEpMaHTraHaTa Kajivs ¢ OpoMo-
BOJIOPOJTHOM KUCIIOTON BEIYUCIUTE A Gr9g U KOHCTAHTY PABHOBECHSI.

13. IIpu paaukanbHOM XJjopupoBanuu 112 mu (H. y.) razoobpas-
HOTO MpPeJeIbHOTO YIVIEBOAOPOAa o0pa3zoBalicsl XJiopoBojaopoa. s
HEeUTpanu3alum ero norpedoBanoch 14,52 mi pacTBopa €IKOro HaTpa
¢ maccoBoit goneurt 10% u mmotHocThiO 1,1 r/cm’. CKOJIBKO aToMOB
BOJIOPO/Ia B YIJIEBOIOPOAE 3aMECTUIIOCH HA XJIOP?

14. IIpu o6paboTKke rupuaa Kaablids U30BITKOM pacTBOpa COJIS-
Ho# kucnoTel Maccor 200 r ¢ maccoBoit noaet HCI 15%, BeImenmniioch
11,2 n (H.y.) Bomopoma. PaccumraiiTe MaccoBylO OO XJIOPO-
BOJIOPO/Ia B TIOJTY4€HHOM PacTBOPE.

15. B derbipex mpoOupkax Haxoaarcs pactBopbl cojieit SnCl,,
Na,S0;, Bi(NOs);, Na,B,O,. Ucnonb3ys MUHUMAJIbHOE YHCIO pPeak-
THUBOB, PAacIlO3HANWTE XMMHYECKUM ITyTE€M, UYTO HAXOIUTCS B KaKIOU
npooupke. [IpoBenure naeHTUGUKAINIO KaXI0TO BEIleCTBA HA OCHO-
BE€ XapaKTEpHBIX JJIsI Hero peakuwil. Hanmummre ypaBHEHHS BceX
MpEI0KEHHBIX BAMU PEaKIINU.

16. IIpu paznoxenun 49 r BenecTBa BhIACIWICS KUCIOPO 00be-
MoM 13,44 1 (H.y.). OcraBiieecs TBEpAOE BEIIECTBO COAEPKAIO
kamit 52,35% (o macce) u xjop 47,65% (1o macce). YCTaHOBUTE
dhopMyTy HEU3BECTHOTO BEIIIECTBA.

17. MaccoBasg nmojs Opoma B HACBIIIEHHOM BOJHOM pacTBOPE
coctasisier 3,16%. YUepes pactBop maccou 200 r mpomyctunu 2 1
okcua cepsl (IV). Ocraiicst 11 pacTBOp OKpallleHHBIM?

18. B crakaH, copepkamuii coyisiHyr0 Kuciaotry maccod 100 r u
® = 10%, onmycTuin MMHKOBYIO MIaCTUHKY. Korja miacTuHKy npoMbLUTH
Y BBICYIIWIH, OKa3aJl0Ch, YTO €€ Macca YMEHbIIIUIAch Ha 6,5 . Boruuc-
JIUTE€ MaCCOBYIO JOJIFO OCTaBIIENCS B PACTBOPE COJISIHOU KHCIIOTHI.

19. Beruncinute 06beM OpOMHOM BOJIbI, HEOOXOIUMBIN I OKHC-
aenus 15,2 r xnopuna xenesa (II) B kucinom pactBope, eciaud B 100 r
BozIbI pu Temmepatype 20°C pactBopsiercst 3,6 T GpoMa.
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Tema 14. VI A epynna
lNepuodu4yeckoli cucmemMbl 3/1IeMeHMOoa.
Xanbkoz2eHsbl

KoHTponbHbIe Bonpockl U 3agauun

1. 3anumuTe 37eKTpOHHBIE (HOPMYJIBI AaTOMOB KHCJIOPOJA, CEPHI,
ceieHa U temtypa. [loueMy atoM KHCIOpoaa, B OTJIIMYHE OT aTOMOB
JIPYTUX XaJIbKOT€HOB, MPOSBISET BAJICHTHOCTh 2, CTENIEHb OKUCIICHUS
-2. Tlouemy oHa HE MOXET OBITh JPYrod, Kak y aTOMOB APYTHX
AJIEMEHTOB 3TOW mnoarpynmsl: +4, +6? JlaiiltTe CpaBHUTEIbHYIO
XapaKTEePUCTUKY B POy XaJbKOT€HOB M3MEHEHHUS CIIEIYIOIINX
CBOWCTB: aTOMHBIX PaJNyCOB, NOTEHIUAJIIOB MOHMU3AILIMHU, CPOJCTBA K
ANEKTPOHY, JJIEKTPOOTPULATEIBHOCTEN, MPOSBIAEMBIX CTENEHEU
okuciaeHus. OObSICHUTE HAOJIOJaeMble 3aKOHOMEPHOCTH.

2. CTpoeHre MOJEKYJbI Cephbl. AJUIOTPONHS Cepbl (poMOUYECKast
(a-cepa), moHOKIMHHAs (3-cepa), miactuyeckas cepa). CocraB molie-
KYJIbI CEpPBI IPU PA3HBIX TEMIIEpATYypaXx.

3. AnnotponHbele MoaudUKaIuu Kuciaopoaa. OU3HYecKue U Xu-
MUYECKHE CBOMCTBA KUCIOPO/Ia U 030HA, aJUIOTPOIHBIE MOAU(PUKAIIIN
(B cCpaBHEHUN).

4. B KakoM CTENEHH OKHUCIIEHUS ATOMBI CEPbl MOTYT HPOSIBIISTH:
a) TOJBKO OKHCIUTEIbHBIE CBOMCTBA; 0) TOJBKO BOCCTAHOBUTEIHHBIC
CBOMCTBA; B) OKMCJIUTEIbHbIC U BOCCTAHOBUTENIbHBIE cBOMcTBA? [Ipu-
BECTHU NTPUMEPHI (YPABHEHUSI XUMHUYECKUX PEAKIIHI).

5. KakoB cocTaB npoAayKTOB, 00pa3yIoMIUXCcs IpU KUISTYEHUHU M0~
porikooOpa3Hoil ceprl ¢ pactBopoM NaOH? JlokakuTe COCTaB dTHUX
MPOAYKTOB YPABHEHUSAMU PEAKIUN.

6. [IpontocTpupyiiTe Ha mpuUMepax OKUCIUTEIHLHO-BOCCTAHOBH-
TEJIbHYIO IBOMCTBEHHOCTH SO».

7. Kak OOBSCHUTH AJisI BOJAOPOJHBIX COCAUHEHUM XaJTbKOTCHOB
H,O — H,S — H,Se — H,Te n3meHenus: reoMeTpur MOJIEKYJ, TEM-
neparyp IUIaBJICHUS M KUMEHUS, KUCIIOTHOTO XapaKkTepa BOJHBIX pac-
TBOPOB, BOCCTAHOBHUTEIBHBIX CBOMCTB (ypaBHeHHs peakiuii)? Ilpo-
WUTIOCTPUPYHUTE HA NIPUMEPAX.

8. Kakue BenecTBa nojy4aroTcsi Ipy B3aUMOACHCTBUU CYJibhua
weneza (II) ¢ coystHOM KUCIOTOM, C KOHIIEHTPUPOBAHHOM a30THOM
KUCJIOTOU? 3anuIInuTe YpaBHEHUS XUMUYECKUX PEaKIIUii.
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9. 3anumuTe ypaBHEHUS XUMUYECKUX PEAKUUNA THAPOIU3a CyJb-
bunoB: cynbhuaa aATOMUHUS, CyIb(uaa HaTpuUd, CyabPuaa aMMOHUS.

10. PacTBOpsArOTCSA U OCaiKu Cyiab(OUIOB IIMHKA, MEIU, XKeJe3a
koHreHTpanueit 0,1 Moab/1 B XJOPOBOJOPOIHON KHCIOTE KOHIICH-
tpauueit 0,1 momnb/n?

11. TIP ZnS = 1,6 x 10>*, TIP CdS = 3,6 x 10”. IIpu pacTBOpeHnn
KaKol U3 coJiel B pacTBOpe co3JaeTcs 0oJiee BhICOKAs KOHIICHTPALIUS
CyIb(PUI-NOHOB, BO CKOJIBLKO pa3 OHU OTIIMYAIOTCS?

12. M0OHO 71 B KA4ECTBE OCYLIUTENS UCIIOJIb30BAaTh KOHIIEHTPH-
POBAHHYIO CEPHYIO KHUCJIOTY JJig CEpOBOIOpOJa, OpOoMOBOIOpOAA,
1nos0Boioposa? OTBET 000CHYHTE.

13. Pacnioyiokute KHUCIOTBI XaJbKOT€HOB CO CTENEHBIO OKHC-
nenus +4 u +6 B OPAIKE: KUCIOTHOTO XapaKTepa BOJIHBIX PAaCTBOPOB,
OKUCJIUTEIbHO-BOCCTAHOBUTEIILHBIX CBOUCTB. [loaTBepauTe cBoucTBa
YPABHEHUSIMU PEAKIIUAMN.

14. Vcnionb3ys 3Ha4€HUSA CTAaHJAPTHBIX OKUCIUTEIBLHO-BOCCTAHO-
BUTEJIbHBIX IOTCHIIMAIIOB, PACCUUTAUTE BO3MOXKHOCTH IPOTCKAHUS
peaxkuuu

TGOz + 2stO3 =Te+ stO4

15. Hannimure ypaBHEHUS PEAKIUN CIEAYIOMIMX MPEBPAILLICHUMN.
Jns OBP peakiuii B pacTBOpax HANUIIUATE 3JIEKTPOHHO-HOHHBIE
YPaBHEHMUS MOJyPEAKLIHM.

1) /nS — SO, > SO3 —> HzSO4 —> HZSZO7

2) Na2$ —> 802 —> Na2803 —> N328203 —> N328406

3) NﬂzSO4 —> NﬂzS406

4) Na,S —> N328203

YKaxXuTe yCI0BHS UX MPOBEICHUS.

16. 3anummute rpaduueckue Gopmylibl TPUCEPHON, TEPOKCOABY-
CEpHOW, TETPATUOHOBOU, TUOYTOJILHON KHUCJIOT.

17. CepoBogopon ob6beMoM 5,6 11 (H.y.) mpopearupoBan 0e3
octatka ¢ 59,02 ma 20%-ro pactBopa KOH (mmotHocts 1,186 r/mi).
Onpenenure MacCy COJIM, IOJYYEHHOW B PE3yiabTaTe€ 3TOM XHMHU-
YECKOW PEaKIIUMU.

18. Boluuciaure Maccy cepbl, TpeOyrolyrocs Uisl HOJIy4YeHUs
300 r 15%-ro pactBopa SO; B H,SO,.

19. PaccuuTaiite o0beM, 3aHUMaeMblid 1 MOJEM JUOKCHIA CEPBI
npu 300 K u nasiennnu 1 Gap [16ap = 10° ITa; R = 8,314 I/ K-Moub].
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20. Onpegenute pH 2%-ro pactBopa Na,SO;, ecam ero mior-
HOCTh paBHa 1.01 r/em. ['mapomu3oM 10 BTOPOM CTYIIEHU MOXKHO
npeHeOpeub. [lpuBeauTe ypaBHEHHS COOTBETCTBYIOIIMX PEaKIUH.
K, H,S0; = 6.2:10°.

21. Vcnonb3ysi B Ka4eCTBE €IMHCTBEHHBIX MCTOYHUKOB CEPbl U
xkuciaopoaa H,O u H,S, npeanoxurte cxemy cuate3a Na,S,05-5H,0.

22. K 33,8 r nepokcuaa 6apust nodaswim 119,8 r 16,4 %-ro pac-
TBOpa CEpHOM KHUCIIOTHL. Paccuuraiite MaccoByto 10710 (%) MepoKcu-
11a Bogopoaa B 00pa3oBaBIIeMCs pacTBOpE.

23. Kakoit o0bem okcuaa cepsl (IV), usmepeHHslil pu Temiepa-
Type 27°C u pasnenun 98,5 klla, oOpa3yeTcs mpu O0XKHUIe IUpUTa
Maccoi 300 kr? ITuput coaepxut 20% (mo macce) nmpumeceit, KoTo-
pbie pu 00xure pyasl okcuaa cepol (IV) He 00pa3zyior.

24.Ta3, MOJNYy4YEHHBIA MPU CHKUTAHUU CEPOBOJOPOJAa OOBEMOM
179,2 n (u3MepeH npu H.y.), OPOIYCTUIN YE€PE3 PaACTBOP THAPOKCH]IA
HaTpus (00BeM pacTBopa 2 Ji, TWIOTHOCTh 1,28 /M1, Wna.on = 25%).
Briuncinte MacCoByIO JJOJII0 00pa30BaBIICHCS COJIM B PACTBOPE.

Tema 15. V A epynna
lMepuoduyeckol cucmembl 3/1IeMeHMoas.
lMTHUKMoezeHsIl.

A3om

KOHTpOﬂbeIe BOMpoCbLI U 3aAa4um

1. 3anummuTe 37aeKTpOoHHBIE (OPMYIIBI aTOMOB MOATPYMIIBI a30Ta.
[Touemy a30T, B OTIWYHE OT ATOMOB APYTUX MHUKTOTEHOB, ITPOSIBJISICT
CTCIICHb OKHMCJICHHUS +5, a BajeHTHOCTh [V?

2. OOBSICHUTE B PsIAY AIEMEHTOB IJIaBHOM MOATPYNIbI V TPyIIIbI
3aKOHOMEPHOCTH B U3BMEHEHUH CIICAYIOIIUX CBOMCTB: aTOMHBIX Paju-
yCOB, MOTEHLMAJIOB HOHU3ALUM, CPOJCTBA K JJEKTPOHY, JJIEKTPO-
OTPHULIATEIIBHOCTEN, YCTOMUYUBOCTHU CTEIIEHEW OKUCIICHUA.

3. CtpoeHue MOJIEKYJIbl a30Ta (METOJI BAJICHTHBIX CBSI3€H U METO/I
MOJIEKYJIIPHBIX OpOUTaIei).

4. B Kako#l CTEIEHU OKHUCIJICHUSI aTOMBI a30Ta MOTYT MPOSIBJISITh:
a) TOJILKO OKHCIUTEIbHBIE CBOMCTBA; 0) TOJBKO BOCCTAHOBUTEIIHHBIC
CBOMCTBA; B) OKHCIUTEIbHBIC U BOCCTAaHOBUTENIbHBIE cBOMcTBA? [1pu-
BECTHU IPUMEPHI YPABHEHUN XUMUYECKUX PEAKLIUM.
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5. Kakoil Tum ruOpuan3aliui aTOMHBIX OpOWTaneil azora UMeEeT
MecCTO IIpu oOpa3oBaHHMMU MOJIEKYyJbl amMuaka? Kakyio reomerpu-
yecKkyio (GopMyidy B CBSI3M C 3THM HMeeT Mmoiekyina? Jlaiite cxemy
NEepPEKPBIBAHUS AIEKTPOHHBIX 00JaKOB B MoJIeKyJie amMuaka. [louemy
BaJICHTHBII YrOJI B MOJIEKyJIe aMMuaka Mesbie 109°28 (107°%)?

6. CpaBHUTE BOJOPOJHBIE COCIAMHEHUSI P-AJEMEHTOB V TPYMIIbI
(OH3) no M3MEHEHUIO CIAEAYIOMNX NapaMETPOB: T€OMETPUH MOJIEKYIL,
TeMIEepaTyp IUIaBJICHUS W KHUIEHUS, BOCCTAHOBUTEILHBIX CBOMCTB,
TOHOpHOM crniocoOHocTH. [IpuBeauTe NMpuUMepbl YpaBHEHUIN peakIuil.
YkaxuTte criocoObl MOTYyUYEHUS STUX COCTUHEHUM.

7. 3anuImnTe UOHHBIE U MOJEKYJISAPHBIC YPABHEHUS XUMUUYECKUX
peaKnii, XapaKTEpHbIX JIsI aMMHaKa: MPUCOEAUHECHUS, 3aMEILCHMUS,
OKHUCJICHUS, KOMILIEKCOOOpa30BaHUsl.

8. IMest B KauecTBE MCXOJHBIX BEIIECTB BOJY M BO31yX, Mpei-
JOKUTE CXEMy TMOJYYECHUSI aMMHUAdyHOW cenuTpbl. Hanmumwmre ypas-
HEHUS PEaKIUN.

9. 3anumnTe ypaBHEHUS PEAaKUMK THAPOJIM3a COJIEH: XJIOpHaa
aMMOHUs, KapOoHaTa aMMOHUs, allerata aMmmonus. Paccuuraiite pH
pactBopa xjopuaa ammonus (C = 0,1 mosb/n).

10. Kak u3MEHSIOTCSI COCTaB, BOCCTAaHOBUTEIBHBIC CBOMCTBA H
KMCJIOTHO-OCHOBHBIN XapaKTep KHUCJIOPOJHBIX coenuHeHuil N, P, As,
Sb u Bi B cTenenn okucnenus +3? OxapakTepu3yiTe UCIOIb3yeMble
YPaBHEHUS PEAKIIUNA.

11. B psiay KACIOPOAHBIX KUCIOT JIEMEHTOB V TPYIINBI CO CTEE-
HbIO OKHUCJIEHUS +5 BBIJCIUTE U3MEHEHUS: KUCITOTHBIX CBOMCTB BOJ-
HBIX PAacTBOPOB, OKHUCIMUTEIBHBIX CBOMCTB (IIPUMEPHI PpPEaAKIIMiL).
OO0BscHUTE HaOII0JaEMbIe 3aKOHOMEPHOCTH.

12. Oco0Obie CBOMCTBA a30THOM KHUCIOTHI MPU B3aUMOJICUCTBUU C
MeTaJlJlaMH, HEMETAJUIAMU U JPYTUMHU BOCCTAHOBUTEIISIMU.

13. 3anummnTe ypaBHEHUSI PEAKIHN TEPMHUUYECKOIO PA3I0KEHUS
HUTPATOB HATpHs, IMHKa, cepedpa (1), aMMoHus.

14. Hanuimure ypaBHEHUSI PEAKIUN CIEAYIOMMX MPEBPAIICHUMN.
Jns OBP peakiuii B pacTBOpax HAIUIIUATE 3JIEKTPOHHO-HOHHBIE
YPaBHEHMUS MOJyPEAKLIUM.

NH,0H + [+ KOH —

AgNO; + N,H, (BoccTanoBuTeENb) —

N,H, (oxkuciaurens)+ NO, + H,O + KOH —
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NH4CIO3 -

NH,0OH + KMnOQy (1meno4Has cpena) —

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

N,H; + KMnOy + H" — N, + 2

HNO; + P - H;PO, + NO + ?

VYKaxuTe yCcIoBHs UX IPOBECHHUS.

15. Ha cmecy meau u okcuaa meau (II) maccoit 75 r moaeicTBo-
BAJIM U30BITKOM KOHIIEHTPUPOBAHHOW a30THOM KUCIOTHL. IIpu 3TOM
oOpazoBasicsi ra3 o0beMoM 26,88 1 (H.y.). Berauciure mMaccoByro
noto okcuaa meau (1) B ucxoaHoi cmecw.

16. I[Ipu nponyckanuu u30bITKa ammuaka yepe3 600 r pactBopa
a30THOW KHCJIOTBI C MaccoBod pojie 42% mnoiydyuind HUTpaT
ammoHust maccoit 300 r. BeluncianuTe MacCoByIO JOJIIO BBIXOJA IMPO-
JIYKTa XUMAYECKON PEAKIINH.

17. JlokaxuTe BO3MOKHOCTb IIPOSIBJIEHUS OKUCIHUTEIBHBIX CBOUCT-
Ba HUTpaTa HaTPHs C BOCCTAHOBUTENIEM (IIMHKOM) B IIEJIOYHOM Cpejie.

18. PaccuuTaiite, kakoi o0beM (MJ1) BOJBI OTpPEOYyeTCs Mg TO-
riomieHus 46 r okcuaa azota (IV) B cmecu ¢ M30BITKOM KHCIOPO/a,
4TOOBI MOTYYUTh 15%-1 pacTBOp a30THOM KUCTIOTHI.

19. I'a3, monydeHHbIN pHU B3auMoaenucTeuu 9,52 r meau ¢ 50 M
81%-ro pacTBOpa a30THOW KHUCIOTHI (TWIOTHOCTH 1,45 r/™Mn), mpo-
nyctiiim 4yepe3 150 mn 20%-ro pacTtBopa THAPOKCHAA HATPUS
(mnotHOCTh 1,22 r/™MuT). Omnpenenure MacCoBbIE 10K 00pa30BaBIINX-
Csl B paCTBOPE BEILECTB.

20. Paccuuraiite maccy (1) 12,6%-ro pacTBopa a30THON KHCIIOTHI,
KOTOpas moTpedyeTcst JJisi paCTBOPEHUSI MEJHO-CEPEOPSHOTrO CILIaBa,
coctosiiero u3 0,64 r meau u 1,08 r© cepeOpa. A30THasi KHUCJIOTa
BOCCTAHABJIMBAETCS IIPH 3TOM 70 okcuja azoTa (II).

21. 13 56 kr a3zora OBLIO MOJYYEHO HEKOTOpPOE KOJUYECTBO
aMmmuaka ¢ 15%-bIM BBIXOJOM OT TE€OPETHUYECKOTO. AMMMAaK 3aTeM
OBLT TOTJIOLIEH a30THOM KucioTod. KakoBa Macca (kr) oOpa3oBaB-
HICKCS PU 3TOM COJIn?

22. B Boge pactBopwin 29 r NH4NO3, 54 r K,SOy4, 58 T KNOg;
npu 3toM noiyursin 800 r pactBopa. Takoil ke pacTBOp MOXKET ObIThH
noaydeH nmyteMm pactBopeHus B Boae (NHy),SO4, KNO; u K,SO,4. Ka-
KM€ MAacChl 3THX BEIIECTB HEOOXOAMMBI i1 mpurotoBieHus 800 T
pactBopa?

54



23. Cxonbko Moieit NO, cogepxutcs B 40 cM° 3TOro rasa mpu
300 K u maBnenum 1,1* 10° ITa?

24. O0pa3yromuiicss Mpu pas3lioKEHUW HUTpPaTa CBUHIA OKCH]
azora (IV) 6su1 mormomien pacrBopom Ba(OH), npu 40 °C. Hamuinure
YPaBHEHUS PEAKIIUNA.

docghop

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3aga4ium

1. [IpuBeauTe 3HAYeHUsT paauyca, DSHEPrUd HOHU3ALMHU U
CPOJICTBA K BJIEKTPOHY il aTOMOB (pochopa, MbIIIbIKA U BUCMYTA.
UeM oOBsACHSIETCS pa3inuMe yKa3aHHbIX mapameTrpoB? YUem oObsic-
HAETCS paznuune B XuMuu ¢ocdopa u azora?

2. Ctpoenue moiiekyn pocdopa. [ToueMy aAByxaTroMHasi MOJIEKYJia
dbochopa B 0OBIUHBIX YCIOBUAX HECTAOMIIbHA, B TO BPEMs KaK MoOJie-
KyJla a30Ta OTHOCUTCS K yuciay Haubosee yctonuuBbix? CTpoeHHe
OCHOBHBIX MOIUMOPPHBIX Moaupukanuii pocdopa.

3.B dYem mnpuumHa pazaIuuds B PEAKIMOHHOM CHOCOOHOCTH
oemoro u kpacHoro ¢ocdopa? IIpeanoxure cxemy MOJTydeHHUs OEI0TO
docdopa, ucnoib3ysl B KAYECTBE €IMHCTBEHHOTO UCTOYHUKA (ochopa
dbochopHyro kuciaoTy. Hanumiure ypaBHEHUs peaKIyii.

4. OxucnuTeNbHbIE W BOCCTAHOBUTENbHBIE CBOWCTBa (ocdopa.
[IpuBecTn mpumepsl (YpaBHEHUS XUMUUYECKUX PEAKITUI).

5. MoxHo nu ana moiydeHusi Oemoro Qocdopa u3 ¢ocdara
KaJIbLIUS UCIIOJIB30BATh B KAUE€CTBE BOCCTAHOBUTEIIS YIJIEPO, MarHUH,
amtoMUHUNU? BbIOOp BOCCTaHOBUTENSI OOOCHYMTE TEpMOJIUHAMUYEC-
KHM PacueTOM.

6. [Touemy AumnoNBHBIA MOMEHT B MoJiekyse pochuna pu = 0,551,
a B MoJieKyJe ammuaka | = 1,47 JI, a BaJICHTHBIE YIJIbI COCTABIISIOT
93,5 1 107° coorBerctBenHO? Iloyemy pactBOp (ocduHa B BOIE
(pacTBOpsieTcsl IJIOX0), B OTJIMYHE OT pacTBOpa aMMHaka B BOJIC
(pacTBOpsieTCS XOPOIII0), HE UMEET MIETOYHON peakiuu?

7. Kakoe coemunenue, NH; mim PH;, sBnsercs Oojee CHIBHBIM
BOCCTaHOBHUTEJEM B BOAHOM pactBope? [lonrBepauTte Baill BHIBOJ ypaB-
HeHreMm xumudeckon peakiuu ¢ KMnO,4 u pacuetrom EJIC miporieccos.

8. 3anummuTe rpaduueckue ¢Gopmyabl KucIoT: (dochopHOBa-
TUCcTOM, Pochopucrtoit, pochopHoii, TeTpameradocHOpPHOM.
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9. Ucnonb3yst 3eKTPOHHO-UOHHBIA METO/I, HAMIIIUTE YPaBHEHUS
OKHCTUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKITUN:

P, + HJO3 + HzO — H3PO4 + ...

P, + NaOH + HzO —> NﬁPOsz + PH; + ...

HgC12 + H2P03H - Hg + H3PO4 + ...

NiCl, + NaPO,H + OH — Ni + ...

10. ITpu cropanuu 10 T dhocdopa Ha Bo3ayxe odpazoBasiocs 22,91 ¢
OKCH/JIa, KOTOPBIA IIPU B3aUMOACHCTBHM C BOJIOM oOpaszoBain 31,63 r
COOTBETCTBYIOIIIECH KUCTOTHI. Y cTaHOBUTE (Dopmyty okcuzaa (ocdopa.

11. Beruucoure pH 1,96%-ro pactBopa docdopHOl KHUCTOTHI
(p~1 r/cM’), mpuHEMAs BO BHMMAHHE JIHIIb IEPBYIO CTYICHb €€
JTUCCOIALINH.

12. Beruniciute wmaccy rtuapodocdara kanbiua (yaoOpeHue
NPELUNUTAT), C KOTOPhIM OyJIeT BHECEHO CTOJIbKO e (docdopa,
ckoiabko ero BHocuTcsa ¢ 200 kr docdopHON MyKH, coaepkaiiei
77,5% 1no macce ocdara KambLus.

13. B pesynbrare okuciaeHus oemnoro ¢ocdopa KUCIOPOIOM BO3-
nyxa noiydeHa cmech okcunioB P,Og u P,Oyo. Hanumure ypaBHeHus
peakmuii, HeOOXOAUMBIX IS BBIICICHHUS W HICHTH(HUKAIIUHA COSIH-
HeHnuit ocdopa. KakoBa posib cpeibl B 3TUX Ipoiieccax?

14. Ilpu B3aumopeiictBun pocdopa ¢ KOHIICHTPUPOBAHHON a30T-
HOM kucioto (® = 60 %, mmoTHOCTh pactBopa 1,37 r/mMi) oOpazo-
BaMCh opTtodochopHas kuciora u okcup azora (II) oobemom 11,2 1
(1. y.). Beraucimre Maccy ¢gocdhopa n 00beM pacTBOpa a30THOM KHC-
JIOTHI, BCTYIIUBIIIMX BO B3aUMO/ICHCTBHE.

15. BzaumopaencTBre TBEPAOTO HUTPUTA HATPUA C OKCOXIJIOPUIOM
dbocopa mpu HarpeBaHMM Ha BOASHOM OaHE MPHUBOAWT K 0Opa-
30BAHUIO Ta3a, KOTOPLIH Ipu — 5 °C KOHJIEHCUPYETCS B KPACHO-0YpyIO
*KuAKocTh. [lonmydeHHoe BemecTBO nornoTuin pacteopomM NaOH npu
40°C. Hanumure ypaBHEHHS PEAKIIHIA.
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Tema 16. IVA epynna
lMepuoduyeckol cucmembl 3/1IeMeHMOoa.
Yanepoo, kpemHul, 2epmMaHull, 0/71080, c8UHeU

KoHTponbHbIe Bonpockl U 3agauun

1. ConocTaBbTe B psAly JIEMEHTOB TNIaBHOM noarpynisl [V rpyn-
bl OT YTJIEPOJIa K KPEMHHUIO U3MEHEHUSI CIEAYIOIIUX CBOMCTB: aTOM-
HBIX PaJUyCOB, MOTEHIHAJIOB HOHU3AIMH, CPOJCTBA K DIIEKTPOHY,
AJIEKTPOOTPUIIATEIBHOCTEN, YCTOMYMBOCTH CTENICHEW OKHUCJICHMUS.
OO0BscHUTE HaOII0JaEMble 3aKOHOMEPHOCTH.

2. Kak u noueMy n3MeHsIeTCsl CTaOUILHOCTh TUJIPpUI0B B psaay Ge —
Sn — Pb? Ykaxute crnocoObl MOTy4eHUs THAPUIOB ATHX JIEMEHTOB.

3. OObsICHUTE 1Ji1 YTOJBbHONW W KPEMHHUEBON KHCJIOT MU3MEHEHUS
CICAYIOUINX IapaMeTPOB: TEPMHUUYECKOM YCTOWYMBOCTH, KHUCIIOTHBIX
CBOWCTB BOJIHBIX PACTBOpPOB. Hamuinre ypaBHEHUS peakiud, UILIKO-
CTPUPYIOLINUX THAPOJIN3 KapOOHATOB M CUJIMKATOB IIEJIOYHBIX IJIEMEH-
TOB. B Kakoli cucTteMe u rnouemMy ruapoJIn3 MPOXOaUT 00Jiee MOJIHO?

4. Hanumnre ypaBHEHUs pEAKIUU, C MOMOIIBIO KOTOPBIX MOYHO
OCYIIECTBUTH CIEAYIOIIUE TPEBPALICHUS:

A)C —-CH; —CO —C —CaC, —C,H,
B) C —-CO —CO, —NaHCO; —Na,CO; —CO,

YKaKHUTE YCIOBUS UX MTPOTCKAHMSI.

5.1Ipu o00paboTke KapOWaa aalOMUHHUS PACTBOPOM COJISTHOM
KHCJIOTHI, Macca kotoporo 320 r u maccosas aois HCI 22% , Beige-
auiock 6,72 1 (H. y.) MeTaHa. PaccunTaiiTe MacCOBYIO JOJIIO COJITHOM
KHCJIOTHI B TIOJTy4EHHOM PacTBOPE.

6. [Ipeqyoxkure crnocod CUHTE3a CUJIaHa, UCIOJb3Ysl B KaueCTBE
CAMHCTBEHHOTO MCTOYHHMKA KpeMHUS Kpuctammndeckuit Si0,.

7. K 300 mu 18%-ro pactBopa Na,CO; (p=1,19r/cM’) mobasmn
500 mx 6%-ro pactBopa H,SOy (p=1,04 r/cm’). CKOIBKO MJI pacTBOpa
COJISTHOM KHUCJIOTBI C MaccoBoil goisieit, paBHou 7% (p=1,030 r/CM3),
NOTPEOYETCs JJIsl PA3JIOKEHUSI OCTABIIICICS COJIbI?

8. CMech YIJIEKUCIIOro Ta3a U MeTaHa 00bemMoM 2,5 11 (H. y.) TIpo-
MyCTHJIM Yepe3 pacTBOp THAPOKCHIA HATPHS. /[ MOTHOTO COKUTaHus
OCTaBIlerocs rasa rnorpedoBangoch 2,24 1 (H.y.) kuciaopona. Ompe-
nenauTe 0ObEMHBIE JTOJIM Ta30B B UCXOHOU CMECH.

57



9. Kakoii 00beM 3aauMaeT 1,5 MoJjb yriaekucaoro rasa npu 298°K
v nasnexnu 1 Gap [16ap = 10° ITa; R = 8,314 I/ K moms].

10. Hanmumure ypaBHEHMsSI peakidid, yKa3bIBAIOIIMX Ha amdo-
TepHbIe cBOMCTBa rusipokcuaa oynona (I1), okcuaa ceunma (II).

11. B yetbIpex npoOupkax Haxoaarcs cyxue coau Na,COs, NaF,
Pb(NO3),, Nal. Ucnonas3ys MUHUMaIbHOE YHMCIIO PEaKTUBOB, PaCIo-
3HalTe XMUMHUYECKUM IyTEeM, UYTO HAXOJMUTCS B KaXXIOW MPOOHpKE.
[IpoBenute UICHTU(DUKAIMIO KAXKJAOTO BEIIECTBA HA OCHOBE Xapak-
TEPHBIX U1l HEro peakuuid. Hanmummre ypaBHEHUsI BCEX MPEIJI0KEH-
HBIX BaMU PEAKIUM.

12. 1 r cyxoit conmu Na,COs3 pacTBOpUJIA B BOJIE B MEPHOI KOJI0€E
Ha 100 mn (oO6bem pactBOpa moBenu g0 MeTku). Omnpenenute pH
MOJIYyY€HHOTO pacTBopa. ['MApOIM30M MO BTOPOM CTYNEHH MOKHO
npeneOpeub. [IpuBenutre ypaBHEHUS COOTBETCTBYIOLIMX PEAKIIUM.
K,(H,CO5)=4,8 - 107",

13. IIpeqnoxure cxemy cuHre3a PbO,, ucmnosib3yss B KayecTBe
€IUHCTBEHHOr0 ncTOUuHUKAa cBUHIA Pb(NO;),. 3anumure ypaBHeHUs
peaKIuil.

14. Cmecy kapboHaTa M rujpokapOoHarta Hatpus maccoil 20 r
pacTBOpWIM B U30BITKE COJSIHOM KUCIOTHI. B pesynbprare peakuuu
BBIZIETNIOCH 4,48 11 rasza (H. y.). OnpenennTe MacCoBbIe A0JU KapOo-
HAaTOB B UCXOJIHOMN CMECH.

15. [Ipu npeiicTBuu pa30aBICHHOM A30THOM KHUCJIOTHI Ha CYpHUK
Pb;0,4 00pa3yroTcsi TEeMHO-KOPUYHEBBIA OCaZOK A U pacTBOp coJiu B.
[Ipu nobGaBiaeHUM K 0CaiKy A MOJKUCICHHOIO CEPHOM KUCIOTOM BOJ-
HOro pactBopa cyib(dara mapranna (II) HabmaromaeTcss okpalivBaHue
pacTBOpa B MaJIMHOBBIN LIBET B pe3yJibTare oOpazoBanus Bemiectsa C.
Onpenenure BemectBa A, B, C. Hanummre ypaBHEHHs BCEX YIO-
MSIHYTBIX PEaKLHM.

16. HannimuTe ypaBHEHUSI PEAKLUMN CICAYIOMMUX IPEeBPalICHUMN.
Jns OBP peakuuii B pacTBOpax HAaNUWIINATE 3JIEKTPOHHO-HOHHBIE
YPaBHEHUS TOJIypEAKIUM.

Ge + HF —

Ge + H,S04 (koH11) —

Ge + HNO; (koH1) —

Mg,Ge + HCl —

Sn + H,S04 (koHI1) —
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Sn + HNO; (3 %) —
Sn + HNO;(3-30%) —
Sn + HNO3(60%) —

YKaxXuTe yCI0BUSA UX MPOTEKAHUA.

Tema 17. lll A epynna
lMepuodu4eckoli cucmemsl.
AmnromuHul, 6op, 2annuu, uHouu, mannuu

KOHTpOﬂbeIe BOMNMpPoOCbLI U 3ada4ium

1. CpaBHUTE SJEKTPOHHBIE KOH(PUTYpallUM aTOMOB Oopa, ajo-
MWHUS, TAUIAS, UHAUS, TAJUIHS.

2. IIpoaHanu3upyure IJs 3JIEMEHTOB JAHHOM MOATrPYMIIBI M3MeE-
HEHHSI B 3HAUYEHUSIX: aTOMHBIX PAJNYCOB, MOTEHIMAIOB WOHU3ALINH,
AIEKTPOOTPULATENBHOCTEN. JIJISI MPOCTBIX BEMIECTB CPABHUTE TEM-
nepaTypbl KUneHus v miaBjieHus. O0bscHUTE HaOII0gaeMbIe 3aKOHO-
MEpPHOCTH.

3. [loueMy [J1g 3IEMEHTOB TaljIvisl, UHIWAS W TAJUIAS XapaKTECPHBI
0coOBI¢ MOJISIPU3AIMOHHBIE CBOMCTBA?

4. Hanumure ypaBHEHHS pEAKIUMHA M YKAXWUTE YCIOBHUS HX
MIPOBEACHHUS:

MoydeHus: Oopa W3 OOPHOM KHCIOTHI, alFOMUHHS M3 OKCHIA
AIFOMUHMS, PEAKIMI0 00pa C KOHIEHTPUPOBAHHOM a30THOM KUCJIOTOM.

5. Hanuuivre ypaBHEHUs peakUUi, C TOMOIIbI0 KOTOPBIX MOYXKHO
OCYIIECTBUTH CIEAYIOIINE MTPEBPALLICHUS:

B203—’BF3—>BC134’B(OC2H5)3

B— HBF,

VYkaxuTe yCcaoBUsl UX MPOTEKAHMUS.

6. B Tpex npoOupkax HaXOASITCA MPOIYKThl B3aUMOJEHUCTBUS C
BOJIOW crlenyronux BemecTB: Na,B4O,;, Na, CO;, NaH,PO,. Hanu-
IIIUTE YPaBHEHMS TUIPOJIM3a yKa3aHHBIX coeauHeHuil. [Ipensioxure
CIIOCOOBI UACHTU(PUKAIIUN COJAECPKUMOTO KaKI0U MPOOUPKHU.
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7. Hanuiuure ypaBHEHHUSI pEAKUUM CICIYIOIUX IPEBPAILLICHUM.
Ins OBP peaknuii B pacTBOpax HAMUIIUATE SJIEKTPOHHO-UOHHBIC
YPABHEHHUS MOJyPEAKIIHH.

B + NaOH + NaClO; —

B + HQO —

N32B407 + Mg —

Na2B4O7 + Na —

H3BO3 + NaOH —

H3BO3 + NazCO3 —

Al(OH); + KOH —

KOH + Al+ H,0 —

AI(OH)3 + N32C03 —

YKaxxuTe yCaoBHS UX MPOTCKAHUA.

8. [loTeHIMaNbl MOHU3ALMY ATFOMUHHUS TIEPBBINA, BTOPOU U TPETHUIN
3HAYUTEJIBHO MEHBIIE COOTBETCTBYIOIIMX MOTEHIIMAJIOB WOHU3ALUU
oopa. Kak 310 oTpakaeTcsi Ha CTENIEHH MOHHOCTH CBSI3M B MOJIEKYJax
A1203 u B203?

9. Kak u3mMeHsroTCs CBOMCTBA OKCHAOB B psany B,O;—T1,05?

10. [Touemy opTOOOpHast KUCIOTA SIBISETCA OJHOOCHOBHOW?
3anuiuTe CTPYKTypHYI0 popmyiy.

11. Onuirre oauH U3 caMbiX 3((PEKTUBHBIX CHOCOOOB CHSTHUS
OKCHUJIHOM IUICHKH C aJTFOMHUHUA.

12. [Touemy aitoOMUHUN pacTBOPSIETCS B BOJHOM pacTBOpe KapOo-
Hata HaTpus? Hanumure ypaBHEHUS] COOTBETCTBYIOIINUX PEAKIU.

13. Kakoii pacTBOp HENb3s KUISATHTh B QJIIOMHUHUEBOM COCYJIE:
HUTpATa HATPUS, HUTPATA PTYTH, COAbI, XJIOPU/IA KAJIHS?

14. Hanumure rugponus Terpadbopara HaTpus.

15. CocTtaBbTE MOJIEKYJISIPHOE YPAaBHEHUE PEAKIIMU BENIECTBA C
BOJION: a) TpukapOuaa TeTpaaltoMUHUs, 0) Tpucyiabduaa AUTaILIUs,
B) nubopana, T) TpudbpomMuaa dopa.

16. M300pa3ute mpOCTPAaHCTBEHHYIO KOH(PUTYpPALHUIO MOJIEKYJIbI
BCls.

17. HanuimmTre ypaBHEHUS PEaKIHi, ¢ HOMOIIBI0 KOTOPBIX MOK-
HO OCYIIECTBUTH CHEAYIOIINE NPEBPALICHHUS:

AICl; «—Na;[Al(OH)4] «—AIl(OH); «—Al —AICl; — Al(OH);
—ALO;.
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18. Hanumure ypaBHEHHSI pEaKIWl MEXKIYy CICIYIOIIUMU
BEIIIECTBAMMU:

a) aroMUHUEM U okcuioM xkenesa (I10);

0) XJTOPUAOM ATIOMUHUS U TUAPUJIOM JIUTHS;

B) OKCHUJIOM QJTIOMUHUS U CEPHON KUCIOTOM.

YKaxXuTe yCa0BHS NMPOTEKAHUS PEAKIIUN.

19. ITpu nonnoM pactBopennu antomuuust B S00 r pacTBopa ruju-
pOKCHJIa HaTpus BbIAeaWIOCh 33,6 1 Bojgopoda, IpU ATOM oOpa-
30BaJICSl TETPAruApPOKCOATIOMUHAT HATpUs. Berauciaure MaccoBylo
JIOJTFO BEIIECTBA B MTOJIYYEHHOM PacTBOpE.

20. ITpn npoxkanMBaHUU ONPUPOJHOTO COEAUHEHUS, COACPHKAIIETO
70 % (macc.) Tuapokcuaa amoMuHusS obpazoBanochk 102,0 T okcumaa
anmtoMuHus. OnpeseuTe MacCy UCXOHOTO COSTMHECHUSI.

21. Kakoii o0beM 40%-ro pacTBopa rujapokcujaa Kamus (IUIOT-
HOCTh 1,4 r/mi) cinenyet no6aButh k 50 r 10%-ro pactBopa xyopuaa
AJTIOMUHUS JIJI1 TOTO, YTOOBI MTE€pBOHAYAIBHO BBIMIABIINN OCaJ0K IOJI-
HOCTBIO pACTBOPHIICS ?

22.Yemy paBHa macca aJlOMHHHS, HEOOXOAMMOTO ISl TMOJyde-
HUs Xpoma Maccot 1 T u3 okcuma xpoma (III) meromom amomu-
HOTEpMUU?

Tema 18. 1 A u ll A epynnbi
lNepuodu4eckoli cucmeMbl.
Lljeno4yHble u wesi04HO3eMesibHbIe 3JIeMeHMbl

KoHTponbHbIe Bonpockl U 3agayun

1. CpaBHUTE SJEKTPOHHBIE KOH(PUIYypallUHh AaTOMOB IIEJIOYHBIX
METAJLJIOB.

2. CpaBHUTE 5JIEKTPOHHBIE KOH(UTYypallMM aTOMOB 3JEMEHTOB
ITA rpymnrst.

3. B uem mposiBIIsSIETCA TUArOHAIBHOE CXOJICTBO JIMTUSI U MArHUsi?

4. Kax usmensietcs B psaay Li'—Cs™ momspusyromiee neficTBue
kaTuoHOB? [Touemy?

5.Kak MOXHO OOHapyXWTh WIEJIOYHbIE METAUIBI W HX
COCTUHEHU?

6. OCHOBHBIE MUHEPAJIbl U IPUPOJHBIE COCTUHEHUS MIETOUYHBIX U
HIEJTIOYHO3EMEIIBHBIX 3JIEMEHTOB.
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7. B Tpex mpoOupkax Haxonadarcs BoaHble pactBopbl MgCl, |
CaCl, u BaCl,. IIpemyoxute criocoObl UASHTU(PUKAIIUN COACPKUMOTO
KOKIOH TpoOUpKHU. 3alMIIUTEe YPaBHEHHUS PEAKIUM M YKKUTE
YCJIOBUS UX MPOTEKAHUA.

8. [Ipu mpokaJiMBaHUM HUTpATa IIEJIOYHOIO0 METajia ObUI MOIy-
YEeH TBEpJbIA OCTaTOK, Macca KoToporo cocrtaBwia 21,7% ot
VCXOJHOW MacChl HUTpATa. Y CTAHOBUTE COCTAB HUTPATA.

9. llnsa pactBopeHus 1,26 r cmiaBa MarHus ¢ aJIOMUHUEM MC-
noyb30BaHo 35 mi 19,6%-ro pactBopa CepHON KUCIOTHI (INIOTHOCTH
1,14r /mu). M30BITOK KHCIOTHI BCTYNWJI B peakuur ¢ 28,6 Mi
pacTBopa rujJipokapOoHaTa Kajlvsl ¢ KOHUeHTpauued 1,4 Moup /1.
Onpenenute MacCoOBbIE JOJIM METAVIOB B CIIaBE U 00BbeM rasa (mpu
H. y.), BBIICJIMBIIETOCS MPU PACTBOPEHUH CILIABa.

10. IIpn B3aumogeiicteum 1 11 0,015 M ropsiuero pactBopa ruapo-
keraa Gapus ¢ 3,81 T moma obpasyercs ocamok A (ITP=1,5 10™) u pac-
TBOp B. Ocanok A 6w orunbTpoBad. [Ipu npokanuBaHum ocagka A
oOpa3zyeTcst 6e510e TBEp/I0€ BEIIECTBO, a TAKKE KUCIOPO U mapbl (huo-
netoBoro 1BeTa. Kakoit 00beM (H. y.) KUCIOPO/ia BBIICIUTCS ITPU STOM?

11. Hanumure ypaBHEHHs peakui, ¢ TOMOIIbIO KOTOPBIX MOX-
HO OCYLIECTBUTH CIIEAYIOIINE MPEBPALLICHHUS:

BC3A12[Si6018] + HQSO4 -

B63A12[Si6018] + K2C03 —

BeO + 2HC] —

BeO + 2NaOH + H,0 (B pactBope) —

BeO + 2NaOH (B pacmniase) —

Be(OH), + HCl —

Be(OH), + NaOH —

Na + C,Hs;OH —

NaQO + 02 —

Na20 + Hz —

NazO +S —

VYKaxuTe yCcaoBUsI UX NPOTEKAHMUS.

12. Hanmumre ypaBHEHHsI pEaKIMi, PY MOMOIIKM KOTOPBIX MOXXHO
oCyIIecTBUTH cieayroiuye npeppaiienus: Ca — Ca(OH), —Ca(HCOs),
—»CaCO; — Ca0 —Ca. Ykaxure yClIOBUS UX ITPOTEKAHUS.

13. JInst pacTBOpEHUsI CMECH OKCHIa U KapOOHaTa MarHus moTpe-
ooBasioch 400 M1 2 MOJIB/JT pacTBOpa COJISTHOM KUCTOTHL. B pe3ynbrare
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B3aUMOJCUCTBHS BhLACIWIOCH 6,72 1 raza. Onpenenure Macchl Be-
IIECTB B CMECH.

14. Berauicniute 00beM BOJBI, B KOTOPOM HEOOXOJIMMO PacTBO-
pUTh 2,3 T METALIMYECKOTO HATPUs IS MojaydeHus 5%-ro pactBopa
TUJPOKCHUIA HATPUSL.

15. 16,8 r muThEBOM COABI MPOKAIIWIIN, TBEPABIA OCTATOK PACTBO-
puwin B 100 r Boabl. BeIuKMCINTE MAaCCOBYIO JOJIIO COJIM B IIOJTYYEHHOM
pacTBope.

16. Cmech THIpUIOB Kalusd U HaTpusi Maccoit 44,8 r oOpaboranu
BOJIOM. B pe3ynbrare XMMHUUYECKOTO B3aUMOJICHMCTBUS BBIJICIUIOCH
13,44 n raza Bogopoja (H. y.). Beruuciure MaccoBbie JOJIM THAPUIOB
B UCXOJHOM CMECH.

AneMeHTbl NOO6OYHbLIX noarpynn
(nepexoaHble 3N1eMeHTbI)

Tema 19. 1 b epynna lNepuodu4ecKkol cucmemMsl.
lNodepynna medu (Medb — cepebpo — 30710Mo)

KOHTpOﬂbeIe BOMpPoOCbLI U 3aAa4um

l1.B 4em cocTouT BaJ€HTHasT AHOMAJMS TMPOCTHIX BEIIECTB
I b rpynmsi?

2. YHUKaNbHOCTh (PU3WYECKUX CBOMCTB MPOCTHIX BEHIECTB
I b rpynisL.

3. UTo sABNSAETCA TIJIaBHOM NMPUYMHOW PE3KO KOHTPACTHUPYIOLIUX
CBOMCTB 3JieMeHTOB [A u [ b rpymnn B MeTaIn4ecKOM COCTOSTHUM ?

4. Kak n3 CuCl, nonmyuuts CuCl? B uem moxHo pactBoputh CuCl?

5. IlupoMeTamnyprudeckud mpouecc IMOJYYEHHUSI MEAU U3 CYJIb-
bunneix pya tuna CuFesS,.

6. Hanumure ypaBHEHUs] peakiMil MpEeBpallleHUs TUIPOKCHUAA
menu (II) B BogHbIX pacTBOpax mienodeit. OTMEThTE €ro IBET.

7. Uto Takoe peaktus [lIBeiinepa?

8. Kakoe coeauHeHne moay4usao Ha3BaHUE Kajiomenb? CBOMCTBA
KAJIOMEJIH.

9. Kak u3meHseTcs TepMUYECKasT yCTOMYMBOCTh OKCHIOB 2,07

10. Hannimure ypaBHEHUST PEAKIIUHI 30JI0TA B APCKOW BOJKE.
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11. CocTaBbTe ypaBHEHUS CIAEIYIOMINX PEAKIIHIA:

AgNO; + NaOH —

Ag + NaCN + 02 + HzO —

Na[Ag(CN),] + Zn —

Ag20 + NH3 + HQO —

AgO + HZSO4 —

Ag203 + HCI —

VYkaxuTe yCcaoBUsl UX NPOTEKAHMUS.

12. CocTaBbhTe ypaBHEHHUS PEAKIIMA MEXKIy cepeOpoM U CIeayro-
IIMMHA BEIIECTBAMU: a) KOHLIECHTPUPOBAHHBIM PACTBOPOM a30THOM
KUCJIOTHI, 0) KOHIIEHTPUPOBAHHBIM PACTBOPOM CEPHOM KHCIOTBHI;
B) IMAHUJIOM KaJIusl B MPUCYTCTBUH KUCIOPOAA; T') CEPOIL;

MEXy CJCAYIOIIMMM BeEIIeCTBaMU: a) OpoMuaoM cepedpa u
THOCyIb(aToM HaTpus; 0) HoauaoM cepedpa W MOAMAOM Kalus;
B) alleTaToOM cepedpa U MeJIbIo.

YKaXUTe yCI0BUS NIPOTEKAHUS PEAKLIUN.

13. Hanumure ypaBHEHUS peaKIyid, TPU MOMOIIUA KOTOPHIX MOX-
HO OCYIIIECTBUTH CIEAYIOIINE NPEBPALCHHUS:

Ag —AgNO; —Ag,0O —Na[Ag(OH),].

YKaxuTe yCcaoBUs UX NPOTEKAHMUS.

14. ITouemy MOBEPXHOCTh cepedpa YEpHEET Ha BO3TyXeE?

15. Beiunicnure, CKOJBKO I[MAHHWAA HATpUsl MOTpeOyeTcs IS
M3BJICUCHUS CAMOPOJHOro 30Ji0Ta U3 10 T 30JJ0TOHOCHOW MOPOJIbI,
coaepxaiteit 0,01% Au no macce. Peakiust mpoTeKaeT Mo CXeMe:

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

16. CntaB meau u cepedbpa maccoit 10 r obGpaboranu paz0aB-
JICHHBIM PacTBOPOM a30THOM KUCIOTHI. [locie npekpalieHus: peakiuu
K TOJYYEHHOMY pacTBOPY NPUIMIM U30BITOK pacTBOpa XJIOpUJa Ka-
musi. [lomydeHHbI ocasiok OT(UIBTPOBAIHU, BBINAPUIN U B3BECHUJIU.
Macca ocanka paBHa 7,175 r. Paccunuraiite MaccoBbI€ JOJIM METAIIJIOB
B CILIABE.

17. CinaB Zn u Ag maccoit 116, 8 r o6paboTanu KOHLIEHTPUPO-
BAaHHOM a30THOM kuciotou. [locime mpekpameHus peakiuuyd K IOJIy-
YEHHOMY pacTBOpy npuiawin u30biTok pactBopa KCl. Tlomyuennbrit
ocaiok OT(GUIBTPOBAJIH, BRIMAPUIIN U B3BeCWIH. Macca ocaika paBHa
86,1 r. PaccuuraiiTe Macchl METaIJIOB B CILIABE.
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18. Beuncnure 3HaueHWe KOHIIEHTpaIuu KathuoHoB cepedpa (I) B
pactBope Tpuimanoaprentata (1) kamust konuentpamueit 0,001 mosw/m.

Ku [Ag(CN);]* =1,0 - 10™**,

19. MoxHO 11 pa3pymuTh KomiekcHsli non [Ag(NH;),]" (C =
0,1 monb/a) noOaBiIeHHEM pacTBOpa XJIOPHJIa KaJlusl PaBHOTO o0bema
Y PaBHOW KOHLEHTpaLIUu?

Tema 20. Il b epynna
lMepuodu4eckoli cucmemsi.
lNodepynna yuHka (WUHK — KaOMuU — pmymb)

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3aga4ium

1. [ToueMy 371€MEHTBI TOU TPYIIIIBI IO CBOMCTBaM 00JI€€ CXOAHBI
C IOCTIIEPEXOAHBIMU BJIEMEHTaMHU noclieayromux rpymm [1C?

2. ITouemy paauycbl aTOMOB MU MOHOB CUJIBLHO BO3pacTalOT IPHU
nepexojie oT 3eMeHTa 4-ro nepuojaa Zn Kk snementy 5-ro Cd, Ho mipu
nepexo/ie K 3aeMeHTy 6-ro Hg paauyc n3MeHseTcs HECYIEeCTBEHHO ?

3. B 4em pacTBOpUMBI IIMHK, KagMHU U pTyTh? Hanummre ypas-
HEHUS PEAKIUU.

4. CocTaBpTe YpaBHEHUS CIECAYIOIIUX PEAKIIUN:

/n + NaNO; + NaOH + H,0 —

Zn + NaNQO, + NaOH + H,0 —

Zn +NH; + H,O —

Hg (venoct.)+ HNO; (koHII.) —

Hg (u36n1ToK)+ HNO; (KOHII.) —

Hg + Hg(NO;), —

Hg + HgCl, —

Hg2C12 + C12 —

Hg2C12 + SOz + 2H20 —

HgO + KI+ H,0 —

5. Hanumure ypaBHeHUs peakuuil noixydeHus coneit prytu (I).

6. OyioBsiHHYI0 OpoH3y (CIJIaB ITMHKA W OjoBa) Maccoil 19,82 r
obpabdotanu 210 mn cepHoi KuCIOTHI ¢ MaccoBor nojet H,SO,4 12%
(mmotHOoCcTh pactBOopa 1,083 r/mi). PaccuuTaiiTe MacCOBYIO JOJIIO
0JIOBA B CILIABE, €CJIM BCSI KMCJIOTA U3PACX0A0BAIIACH.

7.CnnaB Meau W LUHKa, cojepxamuii 35% uuHkKa (JIaTyHb),
oOpabotaiiu 200 M consiHoM KucnoThl ¢ MaccoBor aoneir HCI 30%
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(motHOCTH pactBopa 1,15 r/mu). Omnpenenure maccy CIJiaBa, €CiH
BCsI KHCJIOTA U3PACX010BajaCh.

8. CMmech KpeMHUs, IMHKA U MarHust maccoit 31,4 r oopaboTtanu pac-
TBOPOM COJISTHOM KHCJIOTBI, B pe3yJibTaTe peakimu odpazoBaioch 11,2 1
(H.y.) Bomopoja. 3aTeM TakKOe K€ KOJIMYECTBO CMECH IIOJBEPIIIv
B3aMMOJICVICTBUIO C PACTBOPOM THIPOKCHIA HATPUS — BBIACIIAIIOCH 22,4 11
(H. y.) Bomopoaa. Onpeiennte MacCoBbIE I0JIM BEIIECTB B CMECH.

9. B 200 r pactBopa coaepxamiero 10% (macc.) cynbhara meau
noMectiwiin 7,0 T KENE3HBIX ONWIIOK. Brrunciaure maccy Menu, KOTo-
past oOpa3zoBajiach B pe3yjabTaTe XUMHUYECKOTO B3aUMOJICUCTBHUS.

10. Onexrponusz 400 mn 6%-ro pactBopa cyibdara meau (II)
(motHocTh 1,02 T /MIT) mpoposKaidu A0 TEX MOop, MOKa macca pac-
TBOpa HE yMeHbImiIach Ha 10 r. Onpeaenure MacCOBBIE 10U COEIH-
HEHHI B OCTaBIIEMCS PACTBOPE U MACChl MPOAYKTOB, BBIICIUBIIUXCS
Ha UHEPTHBIX AJIEKTPOIAX.

11. Kakue u3 npuBeJ€HHBIX METAJIJIOB OYyAyT pearupoBath ¢ pas-
0aBJICHHOM CEpHOM KHCIIOTOM: cepedpo, Medb, IIUHK, JKEIe30, Xpom?
Hanummre ypaBHEHUS peaKIni.

12. Kakue 13 npuBeICHHBIX METAJIJIOB OYIyT pearupoBaTh ¢ KOH-
LICHTPUPOBAHHOW A30THOM KHCJIOTOW: XKE€JIE30, 30JI0TO, LIMHK, MEIb,
amoMUHUK? Hanmuimure ypaBHEHUS peakiui.

13. Hanuiure ypaBHEHHUS peakiuil MexXJIy KaaMHeM M KOH-
LEHTPUPOBAHHOM a30THOM KUCIOTOM (IIpX HarpeBaHUM).

14. Kakoe KOJIMYEeCTBO THAPOKCH/IA IIMHKA (B MOJISIX) HAJIO B3ATh
s nostydenust 14,30 r nquHkara HaTpus?

15. B pactBop, conepxamuii 14,1 r uutpara meau (II) u 14,6 T
Hutpara prytu (1), morpy3miau kaaMUeByIO IUIACTUHKY maccor 50 T.
Ha CKOJIbKO MpOIIEHTOB YBEJIMYWJIACh Macca IJIACTUHKU TOCJE BBI-
JIEJICHUS] MEJIU U PTYTHU U3 pacTBopa’?
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Tema 21. lll b epynna lNepuodu4yeckoli cucmeMsl.
Pedko3emMernbHble anemeHmsbl (P3M) (ckaHdull,
ummpuu, naHmad). llodzpynna ckaHOusi
U JlJaHmMaHuObl, aKmuHUU U akKmuHuUObI

KOHTpOﬂbeIe BOMpPoOCbLI U 3aAa4um

1. Kakue »1€MEHThI OTHOCAT K ILIEPUEBOM MOATPYIIE M KaKHe
OTHOCST K UTTpueBoii? [louemy?

2. O0bsicauTe 3G (PEKT JTaHTAHUTHOTO CHKATHSL.

3. YKaxuTe caMyl0 YCTOMYUBYIO CTEIICHb OKHUCJICHUS 3JIEMEHTOB
[T b rpynmel. [laiite 0OBsiCHEHHE.

4. Kak U3MEHSIOTCSI 3HAUCHUS TEMIIEpATyp IJIABJICHUS U KUTICHUS
o psany P3M?

5. Kakue P3M Haubonee peakuroHHOCTIOCOOHBI? Ilouemy?
[IpuBenuTe mpuMepsl ypaBHEHNUN pEAKIIUNA.

6. CocTaBbTE€ ypaBHECHUS CICAYIOIIMNX PEAKIINNI:

La+ HQO —

Ce( OH)3 + 02 + HQO —

Cey(CO3); —

CCOZ + NﬂzOz —

Th + HCl —

ThCl4 + NH4OH —

7. Hanumure ypaBHEHUs peakuui B3aumopeucteus P3M ¢
a) KUCJIOTaMu; 0) HEMeTaJJIaMHU.

8. Xumus uepus. KauectBeHHble peaknmu uepus. Packpoiite
OKHCIIUTEIIbHO-BOCCTAHOBUTEIIbHBIE CBOMCTBA COEAMHEHHMN LIEPUSI.

10. CpaBHuUTE NaHTAaHUIBl U aKTUHUIBL. OTINUYUTENbHAs OCOOCH-
HOCTb COJIEW AKTUHHUJIOB U JJAHTAHU]IOB.

11. Hanuimute ypaBHEHUs peakiuii, MmoATBep Kaarorue amdo-
TEepHbIE CBOICTBa ruapokcuaa topus (IV).

12. Tlonyuenue P3M.
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Tema 22. IV b epynna
lNepuodu4eckoli cucmemMsbl.
lModzpynna mumaHa (mumad, 2agpHull, YUPKOHUU)

KoHTponbHbIe Bonpockl U 3agauun

1. ConocTaBpTe SJEKTPOHHBIE KOH(PUTYpallMM aTOMOB THTaHA,
IIUPKOHUS U raHUS.

2. ConocTaBpT€ HM3MEHEHUA CIEAYIONIUX CBOMCTB 3JIEMEHTOB
NOATPYIIbl TUTAHA: aTOMHBIX PAJMYyCOB, MOTEHIMAIOB WMOHU3ALINH,
MPOSIBIIIEMBIX CTENEHEW OKHWCIEHHS, OTHOUIEHUS METAJUIOB K KHC-
jaotaM u menoyaM. OObacHUTE HAOIIOJaeMble 3aKOHOMEPHOCTH.

3. JlaliTe XapakTEepUCTUKY CTPOCHUS U (PU3UUIECKUX CBOMCTB MPOC-
TBHIX BEIIECTB TUTaHAa, radHUs U IMPKOHUS. XUMUUECKHE CBOMCTBA.

4. CocTaBbTE YPABHEHHUS CICAYIONIUX PEAKIHMN:

Ti+ HF —

Ti+ HCI (ropstumit pactBop) —

T1 + HNO; ( ropstumii pactsop) + H,O —

Ti+ NaOH + H,0 —

[Ipu runpponmse oOpa30BaBIIUMCS COJM 00pa3yeTcs THUTAHOBAsS
KHUCJI0Ta

KzTiOg, + HQO —

TI(OH)3 + 02 + HQO —

Kakue cBolicTBa THTaHA NOATBEPKAAIOT JAHHBIE PEAKIUN?

5. Oxapakrepusyiite 1 okcuaoB kpemuus (IV) u turana (IV) us-
MEHEHHUSI CJICTYIOLIMX TMapamMeTpOB: CTPOEHUS, KUCIOTHO-OCHOBHBIX U
OKHUCJIUTENIbHBIX CBOUCTB. OOBACHUTE HAOIIOJaEMbIE 3aKOHOMEPHOCTH.

6. Hannimmre ypaBHEHUSI pEaKLUi, C MTOMOIIBIO KOTOPBIX MOXKHO
OCYIIIECTBUTH IIPEBPAILICHUS:

TiO,+C+Cl, —

TlOz + N32C03 (t ) —

H,[TiClg] + Zn —

7. Kakue dusnueckue cBoicTBa xapaktepHsl s okcuaa Ti (IID)
(oOpaTuTe BHUMaHUE HA PACTBOPUMOCTH)?

8. Kakue cBOWCTBA — OKHCIUTEIbHBIE WIIM BOCCTAHOBUTEIIBHBIE —

MOTYT IPOSIBIIATh B XUMUYECKUX peakiusix coequuenus: tutana (II1) u
tutana (IV)?
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9. Kakoii W3 NBYyX THAPOKCHUIOB MPOSBIAET O0Jie€ OCHOBHBIC
ceorictBa: Ti(OH)4 wmu Zr(OH),4, T1(OH), uiin Ti(OH);? O0ochyiire.

10. IIpu npoxanuBaHUKM METAIMYECKOTO TUTaHA Ha BO3Ayxe oOpa-
3yeTcst OCNbIN MOPOIIOK, KOTOPBIM pacTBOPSIETCSI B KOHIICHTPHUPOBAHHOM
CEPHOM KHCIIOTE U CIUIABIAETCA CO IesoyaMu. YTo mpencraBiser
co0oif 3ToT OenbIi moporok? HamuimTe ypaBHEHHsI peakiini.

11. CpaBHHTE CTpPOCHME M CBOMCTBA TaJOr€HUJOB THUTAHA,
raHUs, IUPKOHUSL.

12. [Touemy pactBop tutana (III) B consitHOM KUCIOTE HMeEET
CUHHM 1[BET, & B CEPHON — CUPEHEBBIN?

13. Kak kauecTBEHHO ornpenenuth npucyrcteue tutana (IV) B
pactBope?

14. Hanuiute ypaBHEHUE pEaKIMU MOJYYCHHS TUTAHA MarHWii-
TEPMHUUYECKUM BOCCTAHOBJIEHUEM €0 BBICIIETO XJIOpHUA.

15. CocraBbTe Tpaduueckue ¢GoOpMyJibl CylbdaTa OKCOTHTaHA
(IV) u autpara okcouupkonus (IV). Hanuiure ypaBHeHUs peakiuii
ux 00pa30BaHUS MIPU TUIPOJIN3E COOTBETCTBYIOIIUX CPEAHUX COJICH.

Tema 23. V b epynna
lMepuodu4eckoli cucmemMbl.
lNodepynna eaHadus (eaHadul, Huobuu, maHman,
Oy6Hul, npomakKmuHuu)

KOHTpOﬂbeIe BOMpoCbLI U 3aAa4um

1. Kak wu3MeHAIOTCA CBOWCTBA COEIWHEHWNM BaHAIUsI CO
CTCIICHSIMU OKUCJIeHUS +2, +3, +4, +5?

2. Kakwue cBoiicTBa nposiBisatoT V, Nb, Ta?

3. CocTaBbTE ypaBHEHHUS CICIYIOIIAX PEAKIIUI:

V+ 02:

V+N,=  (upu Temneparype Boiiie 700°C)

V+B—

V+Si—

VA4S —

V+P—

VO,+ KOH —

V205+H2C2O4 —

V203+V205 —
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V205 + KOH —

B dem mnposiBisieTcss 0COOCHHOCTh B3aUMOJICHUCTBUSI BaHAJUS C
rajoreHaMu rnpu Harpesanuu 10 200-300°C?

4. Kakue npoIyKThl 00pa3yroTcs MPH B3aUMOACHCTBUY BaHAIUS C
BOJIOW, PACTBOPAMU: COJISTHOM, CEPHOM U a30THOW KUCJIOTaMHU?

5. Hanmmmre ypaBHEHUSI XUMUYECKUX PEAKIUN:

a) metayunueckoro Banaausa ¢ HF, HNO;, ropsiueit KoHIIeHTpH-
poBanHoM H,SOy;

0) pacTBOpEHHsS METAJUIMYECKOTr0 BaHAAMWS B CMECH a30THOM U
IJIABUKOBOM KHCJIOT.

6. Kak BegyT ce0st MeTasuibl MOATPYNIbLI BaHAMS B PUCYTCTBUH
OKUCIIUTENIEN TMpU CIUIaBIeHUU co wieraoyamMu? OTBET MOSCHUTE
YPABHEHUSAMU PEAKLIUMA.

7. KOMIIIEKCHBIE COEIMHEHUS BAHAIUSL.

8. Kakme cymecTByrOT CIIOCOOBI MOJTyYeHHs BaHA U ?

9. Oxcup Banagus (II) VO. Otpa3zute ypaBHEHUSIMUA PEaKLUi €ro
XAMUYECKUE CBOUCTBA.

10. Harmuiure coenrHeHHs, B KOTOPBIX OCHOBHBIMH (hopMaMu
cymectBoBanus BaHaaus (III) sisitorcst V3+, VO, VO33'; KOMILJIEKC-
HbIE HMOHBI, B KOTOPHIX BaHAJWI HMMEET KOOPJAMHAIIMOHHOE YHUCIIO,
paBHoOE 6.

11. C xakumu BeIIECTBAMU B3aUMOJICHUCTBYET OKCHUJ, BaHAIUS
(IIT) (V,03)? Xumuueckue coiictea V,0;.

12. Xumuueckue cBorictBa ruapokcuaa sanaaus (II1) (V(OH)3) u
cosieir Banaaus (I1). Ioarepaure ypaBHEHUSIMU PEaKIIMiA.

13. [IpuBenure ¢GopMyiabl COCAUHEHHUI BaHAJUA CO CTEIECHBIO
OKUCIIEHUs +5, B KOTOPBIX COAEPKATCSI OKCOKATHOHBI VO,
VO3+(BaHaI[I/IJ'I-I/IOHBI) 1 OKCOAHHUOHBI VO43', V2074'.

14. Kakumu cBoiictBamu oOnagaetr okcujy BaHaaus (V) V,0s?
Hamumure ypaBHEHUS peaKknii.

15. CoctaBbTE CyMMapHO€ YpaBHEHHE pPEAKIMU MEPEXO0ja BaHA-
JIAST OT BBICIIEH CTENEHU OKUCJIEHUS +5 K HU3IIEH +2 depe3 Bce Mpo-
MEKYTOYHBIE CTEIIEHU OKHCIICHUS IPHU B3aUMOAECHCTBUU PACTBOPA
ME€TaBaHaJlaTa HaTPUsl B CEPHOKUCIION CPENI€ C IUHKOM:

NaV>'0;—(V'0,)SO,  (xkemtsiit) —VH+0S04  (cunwmit)
—V"5(S04); (3exensiit) —V>'SO, (broaeToBsIit).
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Tema 24. VI b epynna
lNepuodu4eckoli cucmemMsbl.
lModzpynna xpoma (Xpom,
Mosiub0eH, sosnibghpam, cubopeauli)

KOHTpOﬂbeIe BOMpPoOCbLI U 3aAa4um

1. Hanummmre 3nekTpoHHbIe (OpMYJibI aTOMOB XpOMa, MOJIMOJIEHA,
BoJIb(pama, cuboprus. [louemy B OCHOBHOM COCTOSIHUM aTOM XpoMa
MIMeeT HeKTPOHHYI0 KoHburypammo (n-1)d’ns’, a e (n-1)d*ns*?

2. YKaXWUTe CXOJICTBO W PA3JUYHE B CTPOCHUM ATOMOB AJIEMEHTOB
VIA u VIB noarpynn Ha npuMepe xpoma u cepbl. Kak 310 oTpakaercs
Ha CBOMCTBAX MX OKCHJIOB U TUJPOKCUJIOB (KUCJIOT U OCHOBAHU)?

3. OcobeHHOCTH CTpoeHHUs aToMa XpoMa. CBOHCTBa MPOCTOTO Be-
mectsa. Kakne cBOMCTBA OTpakKEHbI NpUMEPAMU YPABHEHUMN PEAKIINAN?

Cr+ HQO —

Cr+ C12 —

Cr+HCl —

Cr + KOH (pactBop) —

Cr + KClO3; + KOH —

3. Kakune cTeneHu OKMCIICHUS XapaKTepHbI Il aTOMOB xpoMma? B
psagax CrO — Cr,O; —CrO;; Cr(OH), — Cr(OH); —H,CrO,4 yxaxwure,
KaK M3MEHSIOTCS KUCIOTHO-OCHOBHBIE U OKHUCIUTEIBHO-BOCCTAHOBU-
TEJIbHBIE CBOMCTBA COOTBETCTBYIOIINX COCIMHECHUN.

4. CocTaBbTE€ YpaBHECHUS CICAYIOIINX PEAKIUN:

CrtO+ 0, —

CrO + HCI —

Cr(CO)¢ —

CI'(OH)z + 02 + Hzo —

CrCl, + O, + HCl —

CrCl, + H,O —

CrCls + Zn + HCl —

CI'203 + KOH —

CI'203 + N32C03 —

(NH4),Cr,07 —

chr207 +3C —

KzCI'zO7 +S —

CTC13 + NH3 + Hzo —
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CI'C13 + H202 + KOH —

VYkaxuTe yCcaoBUsl UX NPOTEKAHMUS.

5. Ilouemy npu pacTBOPEHUH METALIMYECKOTO XPOMA B COJITHOM
WM pa30aBIECHHON CEPHOM KUCIOTE OO0pa3ylOTCs PacTBOPHI pasiindy-
HOM OKpacKH B 3aBUCHUMOCTHU OT TOTO, MPOBOJIUTCS JIK PEAKIIHUS B KOH-
TaKTE C BO3yXOM HIIH B CPEJE UHEPTHOIO Tra3a?

6. CocTaBbTE ypaBHEHUS PEAKINI, COOTBETCTBYIOIIUX MEPEXOAY:

CI’2072_ —> CI'3+, CI'O42_ —> CI'OQ_

7. Hanumwute B MOHHOM U MOJIEKYJISIPHON (popMe ypaBHEHHE TOU
peakiuu, KOoTopas OOYCIIOBIMBAET KHUCIOTHOCTH CpPEAbl pacTBOpa
KCT(SO4)2.

8. [Touemy kommmiekcHble aunousl [CrClg]”, [MnClg]*; nmeror
OJIMHAKOBBIE MAarHUTHBIE CBOMCTBA?

9. Paccuuraiite pH pactBopa conu — xjmopuga xpoma (III), ecnm
ee konnenTpanus 0,01 moaw/m, a Kz Cr(OH); = 1,02 x 102,

10. K 14%-my pactBopy Hutpata xpoma (III) nobaBunu cynbhun
HATpusl, MOJYYCHHBIH PacTBOP OTPUIBTPOBAIN U MpOKUNATUAIU (0€3
MOTEPU BOJBI), IPU 3TOM MAacCCOBasi I0JsI COJIM XpOMa YMEHBIIUIACh
10 10%. Onpenenvute MacCOBBIE JOJIU OCTAIBbHBIX BEIIECTB B MOJY-
YEHHOM pPacTBOPE.

11. Hammuiute 31eKTpoHHYI0 opMyiry aroma MoiubaeHa. O0bsic-
HUTE OJM30CTh ATOMHBIX M HOHHBIX PaJWyCOB MOJHMOJIEHA W BOJIb-
dbpama. Kak 3T0 cka3blBaeTCsd Ha XUMUYECKHX CBOMCTBAX aTOMOB ATHX
AJIEMEHTOB?

Tema 25. VIl b epynna
lMepuodu4yeckKoli cucmembli
(mapeaHeuy, mexHeyuu, peHuu, 6opuli)

KOHTpOﬂbeIe BOMNMpPoOCHLI U 3aga4ium

1. [IpuBeaute GopMybl COENMHEHUI MapraHiia ¢ XapaKTepHbIMU
CTETICHAMU OKUCIICHUSL.

2. CocTaBbTE YpAaBHEHHUS CICAYIONIUX PEAKIHMN:

Mn + HCl —

Mn + HNO3 —

Mn + H,O (narpeBanue) —

Mn + C12 —
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Mn + F2 —

Mn + KOH + 02 —

3. Kak u3MEHAIOTCA OKHUCIUTEIbHBIE CBOMCTBA COCAMHEHUM Map-
raHiia B psay: Mn"™ - Mn™ -Mn” - Mn"® - Mn""?

4. Hanumure ypaBHEHHUS XMMHYECKUX PEAKIHUN, COOTBETCTBYIO-
nmx nepexony: MnO, — Mn”". Vkaxure YCJIOBUS UX NPOTEKAHUA.

5. CocTaBbTE ypaBHEHUS CICIYIOMIMNX PEAKIIHIM:

KMIIO4 —

KMHO4 + H202 —

MnO, + KCI1O; + KOH —

MHOQ + HCl —

Mn207 + KOH —

MD(OH)2 + BI'2 + NaOH —

Mn’"+ 8,05 — MnO, _+ 2S0,”

YKaxXuTe yCI0BUS UX MPOTEKAHUA.

6. OxapakTepu3yiTe XumMu4deckue ceoictea MnQO.

7. YcroituuB nu ocagok Mn(OH), BO BIaXXHOM COCTOSIHUU K
JNEUCTBUIO Kucjaopoaa Bozayxa? MOXHO Ju 3TO OOHApPYXKHUThH IO
KaKOMY-TO BHEIITHEMY MPU3HAKY?

8. OxapakTepu3ynuTe XMMHUYECKUE CBOMCTBA OKCHIOB MapraHIa:
Mn,03, MnO,, Mn,0. B psay MnO — MnO, — Mn,0; ykaxure, KaK
VU3MEHSIIOTCSI KUCJIOTHO-OCHOBHBIE M OKHUCJIUTEIbHO-BOCCTAHOBUTEIb-
HBI€ CBOMCTBA COOTBETCTBYIOIIUX COCAUHEHUM.

9. IlpuBenure mnpuUMEpbl XUMHYECKUX COEOUHEHUN IIE€pPMaH-
raHaTOB U MaHTaHATOB.

10. Kakoii MUHUMaJIbHBI 00BEM pacTBOpa THUIAPOKCHUJIA HATPUS
HeoOxoaumo n06aBuTh K 100 mur pactBopa cynbbara mapranma (1),
YTOOBI BBITTAJI OCaa0K?

11. O6pasyercsa au ocanok cyibbuma mapranua (II) npu cimusa-
HUU pacTBOpoB HuTpata Mapranmna (II) u cyapduaa xammus ¢ oau-
HakoBOM koHIeHTpanuei 0,01 Monb/11 B cooHomenuu 1:27

12. Beruncnure Maccy HOJa, KOTOPBIM BBIACIUTCS B PEAKIUU
MOJIM/Ia KaJKsl C MepMaHTaHaTOM Kaiusi B kuciion cpeae. O0beM pac-
TBOpa nepManranara kamus 0,3 1, o = 6%, p = 1,04 /oM.

73



Tema 26. VIl b epynna
lNepuodu4eckoli cucmeMsbl.
Tpuaodsbl xene3a (xene3o, kK0basibm, HUKe/lb)

KoHTponbHbIe Bonpockl U 3agauun

1. Oxapaktepusyiite NoaMMopQHbIC COSAMHEHUS JKeTe3a, KoOabTa.

2. [TpuBenuTe npuMeEp HECTEXMOMETPUUECKOTO COCTABA COEAUHE-
HUUW TPUABI KEIIE3A.

3. Hannimure ypaBHEHHS peakUMid MEXIY JKEJIE30M H CIEHYIO-
IITUMH BEIIIECTBAMU: a) pa30aBIECHHOM COJISTHON KHUCIIOTOM; 0) KOHIICH-
TPUPOBAHHOUN CEpHOM KUCIO0TOM; B) okcuaoM yriaepoaa (II); r) cepoii;
n) okcunom ososa (II); e) okcunom yraepoaa (I11).

4. Hanumure ypaBHEHHS! peakiuid, IPU MOMOIIA KOTOPBIX MOX-
HO OCYIIIECTBUTH CJEAYIOIINE NPEBPAICHUS:

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

YKaxXuTe yCa0BUS NTPOTEKAHUS PEAKIIUN.

5. Kak B3aumognenctByer Fe,O; ¢ pacTBopamu M € paciuiaBamu
Iea049ein?

6. Hanuimure xadecTBEHHBIE peakiMu Ha KaTtwoH xenesa (II) u
kaTHoH >xene3a (I11).

7. 1loueMy Tp¥ NOPUTOTOBICHUM BOIHBIX PACTBOPOB COJIEU
xenesa (I11) nobaBnsOT KUCIOTY?

8. Kak mepeBectu coapb xeneza (II) B conp kenesa (I11)? Kax
OCYIIECTBUTH OOpaTHBIN Tiepexo?

9. O6mme XNMHUYECKUE CBOMCTBA JKelie3a, KoOanbTa, HUKEIIS.

10. CocTaBbTe ypaBHEHHUS CIACTYIONIMUX PEAKIIHM:

FCSQ + 02 —

FeO + HNO3 —

FG(OH)z + 02 + Hzo —

Fe(OH), + 2NaOH —

FGSO4 + K3 [F@(CN)6] —

NiO + Ba(OH), —

CO(OH)Q + Oz + HZO —

F6203 + KNO3 + KOH —

FC(OH)3 + N32C03 —

FG(OH)g + BI'z + KOH —

CO(OH)3 + HzSO4 —
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COC13 + NaOH —

COC]Z + C12 + NaOH —

Ni(OH); + HCl —

NI(OH)2 + BI'z + NaOH —

K2F604 + CI'z(SO4)3 + HQSO4 —

YKaxXuTe yCI0BHS NMPOTEKAHUS PEAKIIUN.

11. Hanummre ypaBHEHHS PEAKLM MEXKIy CICTYIOUIMMU BEILECT-
BamHu: a) okcugoM Hukens (II) u constHONM KUCIIOTOM; O) rUIAPOKCUAOM
koOanbTa (II) 1 KOHIIEHTPUPOBAHHBIM PACTBOPOM THAPOKCHAA HATPUS;
B) rusipokcuioM Hukens (II) 1 u30bITKOM pacTBOpa aMMHUaKa.

12. Kakoli u3 KaTMOHOB (Keje3a, HUKENs, KoOallbTa B CTEICHU
okucieHus +2) obOmamaer Oojiee CHWIBHBIMH BOCCTAHOBUTEIBHBIMU
cBorictBamMu? [IpuBeCTH MpUMEpPHI pEAKIIHN.

13. Beruucnure KOJIMYECTBO keje3a (B Kr), KOTOPOE MOKHO
MOJY4YUTh U3 | TOHHBI upUTa, coaepxkaiero 80% FeS,.

14. K 100 r pactBopa xsnopuna kodansta (II), cogepxamero 10%
(macc.) CoCl,, mpuniiy U30BITOK pacTBopa ruapokcuaa Hatpus. [lomy-
YEHHBIA 0CaJI0K OT(HUILTPOBAIM, BBICYIIMIN W MOKAIWIA. Berauciure
00BeM coJisiHOM KuciotThl (W = 24 %, mioTHOCTh pacTBopa 1,121 r/min),
HEOOXOAUMBIN JJIsl pACTBOPEHUS TIOJTYYEHHOTO BEIIECTRA.

15. Peaknuus BoccTaHOBICHHS oKcua xkene3a (11) ammuakom:

3FeO(tB.) +2NHj;(r.) = 3Fe(1B.) + No(1.) + 3H,0O(r.) — HaunHaeT-
Cs IIPU TEMIIEPATYPE 322 C.

Borunciure A,Sy g 9TOM peakunu, ecnmu  E°(FeO,)/Feqs))=
-0,865B u E°(N2(r.)/NH3(r_)) 0,771B mpu pH=14 u T=298K, a
AGozgg(Hzo(m yYHyO(r))=8,63 xJIx/monb. Hanuimunre ypaBHEHUS MOy -
peaKnii, UCHOJIb30BAHHBIX BAMH IPU BBIYUCICHUH TEPMO/IHAMH-
HECKHX ¢bynkumii. [Ipu nmpoBeeHUN pacyeTOB 3aBUCUMOCTBIO AH’; n
AS’r peakuuy OT TEMIEPATyphbl CIE/yeT npeHe6peqL [Ipn kakomn
TemnepaType (OoJble WM MEHbIIEH 322°C) naumnaercs peaxuus
BoccTraHoBieHus FeO ammuakom? JlaliTe apryMeHTUPOBAHHBIN OTBET.
Hanumure ypaBHEHUE COOTBETCTBYIONIEH PEAKITUU.

16. I[Ipu npokanuBanuu 37,45 r ruapokcuaa xeneza (III) momy-
YUJIM TBEPABIM OCTAaTOK. BBIUHUCINTE 00BEM COJSHOM KHCIOTBI C
maccoBoi nosneit HCI 20% (motHocTs pactBopa 1,1 r/mi), HeoOxo-
JUMBIN [ paCTBOPEHUS MOTYYECHHOTO BEIIECTRA.

17. Beruucinute 06beM OpOMHOM BOJIbI, HEOOXOIUMBIN I OKHC-
aenus 15,2 r xnopuaa Kelesa (I) B xuciaoMm pactBope, ecnu B 100 r
BOJIBI ITpu TeMmneparype 20 °C pactBopsietcs 3,6 T Gpoma.
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