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BAJI/IbHO-PEUTUHIOBAA CUCTEMA OLLEHKM 3HAHUM NO KYPCY
HEOPTAHUYECKOW XUMUUN

NNABOPATOPHAA PABOTA N2 1
OueHka paboTbl CTyAeHTa B TeYeHMe CeMecTpa CKAafblBAaeTCA U3 OLEHOK,

MONyYeHHbIX Ha PybexHbIX KOHTPONbHbIX paboTax (2:30 = 60 6ann108) M OLEHOK 3a NONYYEHUE OKCUA0B, KUCNOT, OCHOBAHWIA U CONEN
Tekywyto paboty (2:20 = 40 6annos). OueHKa TeKkyuieit paboTbl NPOBOAUTCA MO
HECKO/IbKUM NO3ULIUAM. LUE/Ib PABOTbl:  3KCNepMMeHTa/libHO M3y4yuTb peakUuu MoJAyYeHUs OKCUAOB,

. Tabnmua 1 OCHOBaHM1, KUCNOT U coneir.
OueHKa TeKylueii paboTbl cTyaeHTa

NABOPATOPHOE OBOPYAOBAHME U NOCYAA:
Mosuws Bxnan B oueHKyoTeKymeﬁ MaxkcumaiabHOEe KOJTHYECTBO 1. Anna pat Kunna.
pabotsl, % 0aiIoB 3a ceMecTp
2. JlabopaTtopHas ueHTpudyra.

3ananus ALt 30 12 3. TurenbHble WUNUbI.
NIOATOTOBKH K 4. ®dapdoposad yallKa.
nabopatopHoii pabore 5. ®apdopoBan CTyNKa ¢ NECTUKOM.
BrimonaseHue 10 4 6. Turens
n1a6opaTopHO#i PaboTHL, 7' M KpO.LIJ naTens
cAata oTaceTa 8. MeTtannmyecKkan noxKa.
WNuauBuayaibHbIe 40 16
JIOMAIITHHE 3aJaHus 9. ToKpoBHble CTeKNa.
OTBeTHl Ha CEMHHApax 20 8 10. Wratus ¢ npobupkamy.
Viror 100 20 11. dunbTpoBanbHas bymara.

12. MuHuerT.

13. CrakaHbl (500 1 100 mn).

14. CTeKkNAHHbIe NANOYKMU.

15. MpombiBasiKa C AUCTUAIMPOBAHHOM BOAON.

K BbinonHeHuno nabopatopHoi paboTbl AOMYCKAKTCA TONbKO CTYAEHTHI,
BbINO/MHUBLUME 3343aHUA, YKa3aHHbIe B KOHLLE ONUCaHMUA KaxKaoi paboTbl. Bce onbiTbl
OO/MKHbI 6bITb 3apaHee odpopmaeHbl. s 3anncu HabAAEHUA, KOAMYECTBEHHbIX
pesynbTaToB M BbIBOAOB B TETPaAM AOMKHO 6biTb OcTaBneHo mecto. OTyeT o
BbINOSIHEHMM PabOTbl AO/XKEH bbiTb cAaH Ha oyepegHOM nabopaTopHOM 3aHATUW. B
NPOTMBHOM C/ly4ae OTYET He NPUHKMMAETCA U 6anbl He BbICTAaBAAIOTCA.

PEAKTUBbI:
1. Cepa.

HaTtpun.
MarHuit (1eHTa Uan CTPy»KKa).
Megapb (nnacTmHa uamM NPoBO/IOKA).
eneso (ONUAKKU UK CTPYIKKA).
LMHK (rpaHynMpOBaHHbIN).
OKcma marHua.
OKeng Kanbuma.
Okcung meam (11).

. Okcug, ceuHua (I1).

. Okcug, pocodopa (V).
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

OKkcug Kpemuumsa (1V).

Men.

OKcmAa aNtoMUHMA.

KapboHaT Kanbums.

Auertat HaTpusa (0,5 M).
Monnatunex.

Monnnponunen.
fmppoKkcokapboHaT meam (11).
Cunukat HaTpwms (0,5 M)
Conaxana kucnota (2 M).

CepHas Kucnorta (2 M).

YKcycHas kKucnota (2 M).
fmppoKkeua HaTpma (2 M 1 40 %-Hbii).
fmapoKecna Kanbuma (Hacbiw,.).
Cynbdat meam (1) (0,5 M).
KapboHat HaTpwma (0,5 M).
FmapokapboHaT HaTpua (0,5 M).
Xnopwug xenesa (Ill) (0,5 M).
Cynbdat mapraHua (I1) (0,5 M).
AuetaTt ceuHua (1) (0,5 M).
Xnopwua unum cynbdat unHka (0,5 M).
Cynbdat Hukens (1) (0,5 M).
Cynbdat KobanbTa (I1) (0,5 M).
Xnopwua antomuuma (0,5 M).
Cynbdart xpoma (I11) (0,5 M).
Noana Kanua (0,5 M).

Xnopug ammonusa (0,5 M).
Xnopwug, 6apus (0,5 M).

Cynbodat HaTpua (0,5 M).

UWHAUKATOPbDI:
1. JlakmycoBasa bymara.
2. YHuMBepcanbHan UHAMKaTopHasa bymara.
3. He#lTpanbHble pacTBOpbI Nakmyca, beHondpTanemHa, MeTUI0BOro

OpaHXeBoro.

OonbIT1. NOJYYEHUE OKCUAOOB

1.1. OKucneHue NPocTbiX BELLECTB KUCIOPOAOM

TOHKYI0 MeAHYIO NAACTUHKY 3aXKaTb TUre/ibHbIMM WMNUAMK (MM NMUHLETOM)
M BHECTU B N1aMA ropeniku. HarpeTb 40 noyepHeHus.

3a)Keuyb KycOYeK MarHMeBOW /IeHTbl, AepiKa ee TUTebHbIMU LWUMLAMK.
O6pasoBasLmMiica 6eblit NOPOLIOK COXPAaHUTb AN CAeAyHOLWEro onbITa.

1.2. OKucneHue CNOoXKHbIX BeL,ecTB KUC/IOPOA0M

3a)keub KycouyeK MOAMITUMEHA, AepiKa €ero TUIesIbHbIMK  LMNLAMMK.
MOBTOPUTbL OMbIT C KYCOYKOM MoaunponuaeHa. Mpu coctaBNeHUn ypaBHEHUA pPeaKLmm
yuectb 06pa3oBaHMe KOMOTH B MPOLLECCE FOPeHus.

1.3. Pa3noKeHue CNOXHbIX BeL,ecTs

Monyuntb B npobupke ronybol ocagok ruapokcuaa meam (M)  Cu(OH),
B3ammogeiicteuem 1 — 2 mn pactsopa CuSO, ¢ 0,5 — 1 mn pacTBOpomM LWenoym.
OCTOpPOXHO HarpeTb OCafloK BMecCTe C pacTBOPOM. MpUBAN3UTENBHO MpPU KaKoM
TemnepaType HaYMHAETCA PA3NOKEHNE OCafKa?

MomecTTb B NPOBUPKY HEMHOro ruapokcokapboHata meau (M) (CuOH),CO;,
33KpbITb NPOBOMPKY NPOBKOW € rasooTBOAHOW TPYOKOW, KOTOPYH HYKHO ONyCTUTbL B
NPoBUpPKY € M3BECTKOBOW BoAOM. HarpeTb MpobupKy C CONbIO B MAAMEHWU FOPESKMU.
OTMeTUTb M OOBACHUTL M3MEHEHWe LBeTa COM U U3MEHEeHWA B npobupke ¢
N3BECTKOBOW BOAO.

OnbIT 2. NOJIYYEHUE OCHOBAHUI

2.1. B3aumopgeincTBme WENOUYHDbIX U Le/I0OYHO3EeMe/IbHbIX MEeTal/IoB C BOA0M

MUHLETOM B3sATb M3 6GaHKM Kycoyek HaTpus (pasmepom He 6onee
CMUYEYHOW Tro/a0BKM), npoTepeTb ero ¢unbTpoBanbHOM 6Gymaron Aans
yAaneHua KepocuHa u bpocuTtb B Bosblyo ¢apdopoBylo YalKy C BOAOWN.
Nocne OKOHYaHMA peakuun [06aBUTb B YalIKy HECKO/IbKO Kanesb



deHondTanenHa. Moyemy KycoyeK HaTpua BO BpemA  peakuuu
nepemeLlaeTca No NOBEPXHOCTU BOAbI?

2.2. B3aumopaeicTBME OKCUAOB LWENOYHbIX U  LWeNOoYHO3EeMesbHbIX
MeTannos c BOAOMU

B dapdopoByto YalwKy NomecTuTb 1 MUKpPOLUNATeNb OKCUAA Kanbuma m
npunanTb 1—-2 Mn BoAbl. PazmelaTtb COAEePKUMOE CTEKNAHHOM NasoYKol 1 Jo-
6aBuTb 2—3 Kanau peHondTanemHa. NoBTOPUTL OMbIT C PaHEE MOJYYEHHbIM
OKCUAOM marHua. Noyemy meHAeTcA OKpacKka peHondTanemHa?

2.3. B3saumopaeicTeme pacTBOPUMBbIX COJIEN CO LLLesioYamm

B npobupKy ¢ HecKoibKMmMK Kanaamu pacteopa Na,CO; ao6asnatb no
Kanasm pacTBop rmapokcmaa Kanoums Ca(OH), oo obpasosaHua ocagka. Yto
npeacrasnfeTt coboi pacTBOp Hag 0CaAKOM?

B npobupky ¢ pactBopom cynbdaTta megm (II) CuSO, 4o6aBUTb U36LITOK
pactBopa ruapokcuaa HaTtpua. [lpoaenaTb aHa/IOTUMYHble OMbITbl  C
pactBopamu coneint kenesa (lll) u mapraHua (ll). Kakme mameHeHua Hazo
BHECTM B ypaBHEHMA peaKkLMin, eCnm rmapokcua HaTpua byaeT B HegocTaTke?

onbIT3. MNOJYYEHUE KUCNOT
3.1. BsaumogeiictBue NpocTbiX BELLECTB C BOAOPOAOM

(Taea!) B3saTb y nabopaHTa NpobMpPKY, HAaNOJHEHHYHO X/JIOPOM U MPOBUPKY
Hano/IHEeHHYO BoJopoAoM. [lepKa NpobupKy C BOAOPOLOM OTBEPCTMEM BHU3,
NPUIOXKNTL ee K OTBEPCTMIO NPOBMPKM C XZIOPOM U CMELLATb COAEPKaLLMecs B HUX
rasbl, HECKO/bKO pa3 nepesepHyB NpobupKU. PasbeanHWe NpobUpPKKM, BHECTM UX
OTBEPCTMEM B NIamMaA rasoBoi ropenku. Totyac e nocse peakuumn HaauTb B O4HY 13
NPoBbUPOK HEeMHOro BoZAbl, B36ONTAaTb WM MCNbITaTb 06pPa30OBaBLIMICA PACTBOP
nakmycom. MNMoyemy meHseTca LBeT Nakmyca?

3.2. Bsaumopgencrame KUCNOTHbIX OKCUA0B C BOAOM

(Taea!) B cTakaH ¢ He6obWMM 06bEMOM BOAblI BHECTM Ha XKENE3HOWN NI0XKKe
ropsawyto cepy. CTakaH HEMNOTHO NPUKPbITL CTEKAAHHOW NAAacTUHKOW. Koraa cepa
CropuT, pacTBopuTb Obpasosaswmiica ras SO, B BoAe BCTPAXMBAHMEM CTaKaHa.
PacTBop MCMbITaTb MHAMKATOPOM (METUI0BbIM OpaHKeBbIM). MOXHO /i1 B KauecTse
WHAMKaTOpa UCcnonb3oBaTb peHonpTanemH?

3.3. B3aumogeiictBue KUCAOT C CONAMMU

MoNoKNTb B NPOBUPKY HEMHOIO KpUCTannos auertata HaTpua CH;COONa u
NpubaBUTb HECKO/IbKO Kanenb pasbasneHHoi H,SO,. Onpesenvte Mo 3anaxy, Kakoe
BELL,ECTBO 06pa30Banoch.

(Taza!) Monoxutb B NPOBUMPKY HEMHOIO KPUCTANNOB X/J0pUAa HATpWA M
NprbaBUTb HECKO/IbKO Kanesib KOHUEHTPUPOBAHHOM H,SO,.

Ha KycoueKk mena KanHyTb YKCYCHOM KUCNOTOM. B KaxKaoM U3 npoBeaeHHbIX
peakuMii yKasaTb BbIMNOJHEHWE YC/OBUM HeobpaTMMOCTU peakuMih WMOHHOTO
obmeHa.

OnbIT 4. NONIYYEHUE CONEMN
4.1. B3aumoaeicteme MeT/U10B C HEMET/VIaMU

(Taza!) HacbinaTb B cyxyto NPOBUPKY TLLATEIbHO NepeMeLlaHHyo cmech 4 mac.
Y. cepbl C 7 MacC. Y. KeNesHblX OMNWIOK. YKpenus NpobMPKY CO CMecblo
BEPTUKANbHO B LITAaTMBE, HArpeTb AHO NPOBUPKKM [0 NOABNEHWUA KPACHOro Hakana.
HabntogaTb AanbHENWM pasorpesB BCel MacChbl, BbI3BaHHbIN 3K30TepPMUYECKOM
peakumen obpasoBaHus cyibdumaa Kenesa (M) FeS.

4.2. B3aumogencrasme mMeTannos ¢ KUC/I0TamMu
lpaHyNy LMHKA ONyCTUTb B NPOOMPKY € pa3baBneHHON CONAHOM KUCNOTOM.
[Nna ycKOpeHMs Hauyana peakumu NpobupKy HarpeTb B NJameHu ropesnku. MNouyemy

BHaYa/le peakumsa UaeT oyeHb MeaneHHo?

4.3, Bsaumo,qeﬁcmue KMUC/IOTHbIX U OCHOBHbIX OKCUA0B



B dapdopoBoii cTynke TwatenbHo nepetepetb okcug ceuHua(ll) PbO un
okcua, Kpemuua (IV) SiO,. MNomecTUTb cmecb B TUre/lb WU TYronaBKylo
npobupky. HarpeTb Ha CWUJAbHOM OrFHe Tra30BOW [OPESiKM A0 MNOoAyYeHUA
cCuAunKaTa cemHua PbSiOs;.

4.4. B3aumopaeicTBne 0CHOBHbIX OKCUA,0B C KUCIOTamMuU

MomecTUTb B NpPob6UMPKY HEMHOro nopowka oKkcupga meaun (ll).
Jo6aBnTb HECKO/IbKO Kanenb pa3baBsieHHOM CONAHON WU CEPHOM KUCOTbI.
OCTOPOXKHO HarpeTb NPOBUPKY.

4.5, B3aMMOAeﬁCTBMe KUCIOTHbIX OKCUA0B C OCHOBAaHUAMU

Mponyctntb anokempa, yrnepoga CO, mu3 annapata Kunna B pactsop
rmapokecnga kanoums Ca(OH), 0o nosAB/ieHUs, a 3aTemM UCYE3HOBEHUS OCaKa.
MNMoyemy Npu HarpeBaHMU NOAYYEHHOIO PAacTBOPA OCAAOK BHOBb NOABAAETCA?

4.6. Bsaumopgeiicteue HemeTannoBs Co Wenouammu

Okono 0,1 r nopowkKka cepbl nomectutb B ¢apdopoByO UYaLUKYy,
no6asute 3-4 M  pasbaBieHHOrO pacTBopa LWENoYM U MPOKUMNATUTL.
MosydyeHHbIM pacTBOp OxnaguTb U [06aBMTb pacTBOp auertata ceuHUA. K
KaKoMy TUMY peaKkumnit OTHOCUTCA B3aUMOAENCTBUE CEPbI CO WEeNoYbio?

4.7. B3aumopgeicTBue KUC/IOT C OCHOBAaHUAMM (peaKuusa HelTpanusauum)

HanuTb B cTakaH HEMHOrMO PacTBOpPa LWeno4u, NpnbaBms K pacTeopy 2-3
Kanaun dpeHondTanemHa. JobaBnATb NO Kanasm pacTBOP KMCNOTbI (Momelunsasn
CTEKNAHHOM MaNOYKOM) A0 MCYE3HOBEHUA OKPACKM MHAMKaTopa. Kak byaper
MEHATbCA UBeT pacTBopa, ecanM Bmecto deHondTanemHa WCNoNb30BaTb
nakmyc?
B. B npobupke gna ueHTpudyrmpoBaHMs NOAYYMTb OCAZOK IMAPOKCMAa
megn (ll). OcapoK OTUeHTpUIYrMpoBaTb C MNOMOLWbIO LEeHTpUbyru.
[JekaHTupoBaTb pacrteop. J[obaButb pacTteBop 060N  KUCNOTbI A0
pacTBOpeHMs ocaKa.

4.8. B3aumopgencteue KUCOT C CONAMMU

B dpapdoposyto YallKy NOMECTUTb HEMHOIO MOPOLLUKA NULLEBOM coAbl
NaHCOs3;, npuanTb YKCYCHYHO KWUCAoTy. [ae HaxoauT npumeHeHue 3Ta
peakuusa?

K pacTBopy cunmkaTta HaTpusa f06aBUTb PAacTBOP CONAHOM KUCNOTbI.

4.9. BsaumogpeiictBue wenoueii c conamm

K pactBopy x/s0puaa antomuHunsa aob6asuTb pasbasineHHbI pacTBop
wenouu 4o BblNnageHun ocagka. Mocne aToro [o06asuTbL
KOHLEHTPUPOBAHHbLIN pPacTBOP LWeNoYn [0 pacTBOPeHWs ocafgka. Kakue
CBOMCTBA r'MAPOKCUAA aNNIOMUHUA NPOABAAIOTCA B 3TOW peakuuun?

(Taea) K pacteBopy xnopuga aMMoOHUA A06aBUTb HEMHOIO pacTBopa
wenoun. O6paTUTb BHUMAHNE HA NOABIEHNE PE3KOTro 3anaxa.

4.10. BsaumopgeicTBue conen ¢ conamm

K pacTtBopy xnopuaa 6apua Nnpuantb pacTeop cysbdaTa HaTpuA.

K pactBopy cynbdata meaum (Il) npuanTe pactsop noanaa kanuma. Npu
COCTaB/IEHUM YpaBHEHWA pPeakuMu Yy4yecTb MPOTEeKaHUe OKUCAUTENbHO-
BOCCTaHOBUTE/IbLHOIO npoLecca.

K pactBopy x/10puAaa ajlOMUHUA NPUANTL pacTBop KapboHaTa
HaTpuA. Mouyemy B Tabaunue pPacTBOPMMOCTM KapboHAT antOMUHUA OTMeYeH
npoyepKkom?

4.11. BsaumogeiicTBue conei ¢ MeTannamm

B oaHy npobupky c pactBopom cynbdata mean (ll) nonoxutb
npeABapuTe/IbHO NPOTPAB/IEHHYIO XKeNe3Hy NAACTUHKY, a B ApYryto nNpobupKy ¢
pacTBOpOM aueTaTa CBMHLA — ABe rPaHy/bl LMHKA. MpobUpKM OCTaBUTb CTOATb B
TeyeHne 10-15 muH. MMoyemy pacTBOp MeOHOro Kynopoca Henb3A HaauMBaTb B
OLMHKOBaHHble Beapa?

3adaHue 0715 no02omosKu K nabopamopHoli pabome

1. KnaccudumKkauma oKCugoBs, KUCAOT, OCHOBAHUM U coneit (MTMCbMEHHO).



[ns KaXKAoro onbiTa HaNMCaTb Ha3BaHME, MOIEKY/IAPHOE U COKpALLEeHHOe
WOHHOE YpaBHEHMUA peaKkLmMii 1 OCTaBUTb MECTO ANA 3anncK HabatoaeHUN.

NNABOPATOPHOE O6OPYAOBAHUE U NOCYAA:

[aTb OTBET Ha NOCTaB/IEHHbIN BOMPOC. 1. Annapart Kunna.
2. JlabopaTopHasa ueHTpudyra.
Kakue M3 nepeunciieHHbIX BELLECTB PearMpyloT € rMapOKCMAOM Kaniua: 3. TurenbHble WUALDI
Mg(OH),, A1(OH);, ZnO, Ba(OH),, Fe(OH);? HanucaTb ypaBHeHUs ) )
COOTBETCTBYIOLLUX PEaKLLNA 4. ®apdoposan Hawka.
Kakue n3 YKa3aHHbIX coeanHeHNN 6yayTt nonapHo 5. ®ap¢oposas CTynka c NecTkom.
B3aumogeicteoBath:P,0s, NaOH, ZnO, AgNO;, Na,COs, KC1, Cr(OH);, H,50,? 6. Turens.
CocTaBUTb YpaBHEHUA PeaKL UK. 7. MuKpownarens.
CoCTaBUTb ypaBHEHMUA peaKkuuMil MONYYEeHWA BCEMM  BO3MOXKHbIMM 8. MeTannmyecKkasa noxKa.
cnocobamn cnegyowmx conent: cynbdatr megu(ll), HuTpaT HaTpus, 9. T[loKpoBHbIE CTEKNA.
KapboHaT KanbLuA. 10. Wratme c npobupKamu.
4. W3meHsAA COOTHOWeEHUs pearupylowmnx Bewects Ca(OH), n  HsPO, 11. dunbTpoBanbHas Gymara.
HanncaTtb ypaBHEHUA peaKLI,VIl‘/lI nonyvyeHnAa KUCAbIX, OCHOBHOMN U cpe,u,Hei/'l 12 HMHLI,ET
coneit. OCyLLEeCTBATD NPEBPALLEHUA MEXKAY 3TUMM CONAMM: a) KMCAasA CoNb 13. Crakambl (500 1 100 mn)
S cpepHAaa conb, 6) ocHoBHaA conb S cpefHAa conb, B) KMcnaa conb S 14. CTeKNAHHbIE NaZOYKM.
KuCnan conb. 15. MpombiBanKa ¢ AMCTUNANPOBAHHON BOAOIA.
5. CoCTaBUTb YypaBHEHWA peakuui, C MNOMOLLbIO KOTOPbIX MOMHO
OCYLLECTBUTL CeayoLLMe NpeBpalleHns: .
a) Fe(OH);>Fe,0;>Fe->FeCl;->Fe(NO;);; PEAKTMBbI'l c
6) P>P,05>H3P0,>Ca3(PO,),>Ca3(P04),~>Ca(H,PO,),; - -€pa.
8) Cu(OH),~>Cu0->Cu->CuS0,~>Cu(NOs),. 2. Megb (nnacTMHaA MM NPOBOAOKA).
3. Xeneso (ONUAKKU UK CTPYIKKA).
4. UWHK (rpaHyIMpOBaHHbIN).
5. ConaAHana Kucnota (2 M).
6. CepHas kucnota (2 M).
7. Tngpokeng Hatpua (2 M u 40 %-Hblit).
8. Cynbdat megu (l1) (0,5 M).
NABOPATOPHASA PABOTA Ne 2 9. Hwurpat cepebpa (0,1 M).
10. Xnopug 6apua (1 M).
B3AUMOCBA3b MEX Y KNACCAMW HEOPTAHUYECKUX COEAUHEHUIA
MHOUKATOPbI:

UENb PABOTbI: 1. YHuBepcanbHasa MHAMKaTOpHaa bymara.

OCywecTtBnTb LUENOYKHU HpeBan.LEHMﬁ, BK/1lloYawouwne
npocTbie BeulecTea n Ba)KHeMLwue Knaccbl

HeOopraHMYeCKNX CoeanHEHWIA. OrbIT 1. OCYLLIECTBUTD MPEBPALLIEHWA:



ZnC,—>Zn(NO,),
Zn—>ZnS0,—> Zn(OH),
Na,[Zn(OH),] — ZnCl,

[na ocywectBneHns npeBpawWweHna MUCNoab3oBaTb 1 rpaHyay
UMHKa. [locne nNOMHOrO pacTBOPEHWMA UMHKA B KucnoTe p[o6aButhb
HebonblIOe KoAuyecTtBO wenoum (noyemy Hebonbwoe?). Ocagok
OTUEHTPUPYrMPOBaTb M YacTb OCafKa NEPEHECTUN C MOMOLLbIO CTEKAAHHOTO
WwnaTens BO BTOPY Npobupky. [lanbHelwme npespaLlleHns ocyLecTBUTb
CaMOCTOATESIbHO.

OnbIT 2. OCYLLIECTBUTDb NMPEBPALLIEHAA:
CuSO,;— CuCl, — Cu(OH),— CuO — CuS0O,

CamocToATenbHO BbiO6paB peaKTUBbI, MOCNEA0BaATE/NbHO MOAYUYNTb
xnopua, a 3atem rugpokemna meau (Il). OcagoK OTUEHTPUPYrMpoBaTh,
HarpeTb B NJaMeHu CNUPTOBKM, a 3aTEM PACTBOPUTL B KUCOTE.

OnbIT3. NONYYEHUE U NPEBPALLEHUA
KWUC/bIX CONEN

CmewaTtb B npobupke paBHble obbembl 1 M pacTBOpOB
cepHom KMCNOTbI " rmapokcuaa HaTpuAa. C  nomowbio
YHUBEPCANbHOTO MHAMKATOpA onpepenvTb KMCNOTHOCTb
nosy4yeHHoro pactsopa. Kakas conb obpasoBanach?

K nonyyeHHoMmy pacTBopy A406aBUTb paBHbIi 06bem pacTBopa
wenoun. Onpesenntb KUCNOTHOCTb HOBOTO pacteBopa. Kakaa conb
(conn?) obpasosanach?

onbir4. NONYYEHUE U NPEBPALLLEHNA
OCHOBHbIX CO/NEN

K pacteBopy xnopuaa meau (llI) Hebonbwmmm nopumamu
pobasnate pacteop uienodn. Cneautb 3a M3MEHEHMEM LBeTa
pacTBopa, LBeTa ocCaAKa M KUCNOTHOCTbIO pacTBopa. KucnoTHocTb
onpeaensaTb C NOMOLWbIO YHUBEPCANbHOrO MHAUKaTopa. MNocne ToOTO,
KaK pacTBOpP CTaHEeT Wes04YHbIM, HayMHATb A06aBNATb CONAHYIO
KMCNOTY, cnepAa 3a COCTOAHMEM oOcajgKa, UBeToOM pacTBopa U

KUCNOTHOCTbIO pacTBOpa. 3anonHUTb Ta6J1VILI,y 2.
Tabnnua 2

CocraB U LIBET pacTBoOpa pH pactBopa CocraB U LIBET ocajiKa

OnbIT5. B3AUMOCBA3b MEXAY KNACCAMU HEOPTAHUYECKUX
COEAUHEHUN

OcylwecTBuUTb NpeBpaLLeHuna:
Metann — OCHOBHbI oKcng — OCHOBaHUe

Conb
HemeTann — KncnoTtHbit okcna — KucnoTa

1. KYCO‘-IeK KanbUunA CHeYb B 10KeEeUKe ON1A CHUTaHnA.



2. TpoayKT peakuuu pacTBOpUTb B HEOO/bLIOM KOAMYECTBE BOAbI.
[JoKa3aTb 06pa3oBaHuMeE LLENOYN.

3. Hebonbloe KOANYECTBO cepbl NOAMKEYL B IOXKEUYKE A1 CHUMAHMA U
BHECTM JIOXKEUKY B KONOY C HEOONbLIMM KOIMYECTBOM BOAbI.

4. Tllocne 3aBepLUEHMA FOpeHMA KOOy BCTPAXHYTb C LLE/1bio MOTrN0LWeHuA
obpasoBaBLleroca okcmaa. [Jokasatb 06pa3oBaHMe KUCNOTbI.

5. CmewaTtb Nony4yeHHble PacTBOPbI WeEnoun n Kucaotoel. Onpegenntb
pH nonyyeHHoro pacteopa. Jatb 06bACHEHUA.

3adaHue 05 Nod2omosKu K nabopamopHol pabome
1. HanucaTb MONEKyNApHble U KPaTKME MOHHbIe YPaBHEHUS peaKLuii.
OTBETUTL Ha BOMPOCbI U BbIMNO/NHATL 33AaHUA, BKAOYEHHbIE B
OMMCaHUA OMNbITOB.
2. BbinonHuTb ynpaxHenus: [1] Ne 5.9, 5.10, 5.11.

NNABOPATOPHAA PABOTA Ne 3

ONPEAENEHUE MOJIAPHOW MACCHI
9KBUBAJIEHTA MATHUA

LLE/Ib PABOTbI: skcnepvmeHTanbHO onpeaennTb MOAPHYO Maccy
SKBMBANIEHTA MeTaslla U PaccynTaTb NOrpeLHoOCTn
onpegeneHus.

NABOPATOPHOE OBOPYAOBAHUE U NOCYAA:
1. YcTtaHoBKa Ans onpeneneHna MoaApHOM MacChbl 9KBMBaZIEHTa MeTasnna.
2. Becbl aneKTpPOHHbIE.

TepmomeTp.

BapomeTp.

MuneTka BMeCcTMMOCTbIO 5 ma.
lpywa pe3snHoBas.

o v kw

PEAKTUBbI U PACTBOPDI:
1. 1 M pacTBOp CEPHOMN KMCAOTbI.
2. MarHuesas neHTa.

TEOPETUYECKOE OBOCHOBAHUE

MeTog OCHOBaH Ha U3MeEpPeHUn obbema BoO4opoAa, KOTOprﬁ BblAenAaeTcAa
M3 KNCNOTbI NpU B3aVIMO,CI,EI7ICTBVIVI €e C MeTansiom.

MpumeHaembli AnA onpegeneHus nNpubop cocTouT M3 ABYX 6lOpeTok,
YKPEN/IEeHHbIX Ha WTaTUBE W COEAMHEHHbIX Pe3nHOBOM TpybKoi. B TakoW
coobuatolminca cocya, HanmealoT Body NPUBAU3UTENbHO A0 MNOJOBUHbI 06bema
6topeTok. OaHy M3 6IOPEeTOK CBepXy 3aKpbiBatoT NPo6KoW ¢ oTBoAHOM TPybKOM, K
KOTOPOWN NpUCOeAMHAIOT NPOBUPKY, rae NPOUCXOAMT peakLusa MeXAy KUCNOTON u
metannom. [lpyras 6lopeTka CAYKUT MNPUEMHMKOM AN BOAbl, BbITECHAEMOWM
BbIAENAIOLLMMCA NPU PeakLmumn BOAOPOAOM.

O6bem BblgenMBLIEroca BOAOPOAA OMPeAensAlT MO PasHOCTM YPOBHEN
BOZbI B 110601 13 BIOPETOK A0 M NOC/e ONbiTa NPU AaBAEHMM B 3aKPbITON BlopeTKe,
pasBHom aTmocdepHomy. [laBneHne rasa B 3aKpbiToil  6lopeTke  pasBHO
aTmocdepHomy, ecv Boaa B obemx 6lopeTkax HaxoauTCA Ha OAHOM YpOBHe.

[axe npu KOMHaTHOM TemnepaType nap Hag MNOBEPXHOCTbIO BOApbI
obnagaetr 3ameTHbIM AasneHnem. [oatomy ana onpedeneHus napLuanbHoro
[aBneHuA BoAOpoaa HeobxoaMmo OT obuwero (atmocdepHoOro) AasBneHws, Noj,
KOTOPbIM HaxoAuTCA BOAOPOA, BblYeCTb AaBJeHMEe HaCbIWEeHHOro BOAAHOro napa
p(H,0) (npuBOAMTCA B CNPaBOYHUKE):

p(HZ) = Pamm. _p(HZO)
[na npusegeHmA obbvema BblagenuswerocAa BOoA4OpOAa K HOPMa/ibHbIM
yCnoBmMAM UCNONb3YIOT YpaBHEHNE OG'bE,EI,I/IHeHHOFO ra3oBOro 3aKoHa:

PoVo _ AR

o T



1
McxoAs M3 SKBUBaNEHTHOro obbema BoAoposa V(E H,)=11,21 v naiigenHoro

3HayeHuAa V), BblUUCNAIOT
n(% H,) = Y—O |
V(;H.)
[0 3aKOHY XMMMYECKUX IKBUBANEHTOB:
1 1
n(=H,)=n(=Mg).
(5 Hz) =n( Mo)
OTtcropa:
1 m(M
Men (7 Mg) = m(Mg) .

2 1
~M
n(2 9)

[OnA OueHKM KayecTBa BbINOJHEHUA PaboTbl pPaccUnTbIBalOT abBCONMOTHYIO U
OTHOCUTE/IbHYIO MOFPELIHOCTU U3MEPEHUA.

A6contotHas norpewHocts AM = ‘Mﬁ'raaa. 1 .
; Al
OtHocuTenbHas norpewrocts Al % =——-100% .
fiidaa.
XOopA PABOTDI

1. Monyuntb HaBecky meTanna maccoi 0,02 — 0,03 r y nabopaHTa 1 B3BECUTL
ee C MOMOLLLbIO 3NEeKTPOHHbIX BECOB € TOYHOCTbIO Ao 0,001 r.

2. B npobupKy c nomouwbio nNUNeTkn Haamtb 5 mn 1 M pacTtBopa cepHom
KMCNOTbI TaK, YTOObI BHYTPEHHME CTEHKM MPOBUPKM OCTANUCh CyXMme.

3. Noppep:xunBaa NPobUPKY B HAKJAOHHOM MO/IOXKEHUM, MOMECTUTb HABECKY
MeTanNa Ha CTeHKY y OTBEPCTUA NPOBUPKM, HE OMYCKas B KUCNOTY. 3aKpbITb
nNpo6upKy NPobHKOI C ra300TBOAHOM TPYHOKOIA.

4. TMpoBepuTb repmeTnyHOCTb Npubopa. [na storo, He Tporaa bOHOpeTKy ¢
npobupKoi, nepemecTnTb Apyryto 6opeTKy BMecTe € NanKoM LWTAaTUBA Tak,
yTobbl YpOBEHb BOAbl B HeW ctan Ha 5 — 10 cm Bbiwe, Yem B nepBoi
6topeTke. Ecamn pasHULA B YPOBHAX HE U3MEHAETCA, TO NpUBOp repmeTUyeH.

5. Mpwueectn Boay B BtopeTKax K 04HOMY YPOBHIO U OTMETUTb YPOBEHb BOAbI B
opHOM wn3 6topeToK. OTCYeT NPOM3BOAUTL MO HUKHEMY MEHWUCKY C
ToyHocTbto Ao 0,1 mn.

6. CTpAaxHyTb MeTann B KucaoTy. Habniogaetca BblaeneHwe BoAopofa M
BbITECHEHME BOAbI U3 BIOPETKM.

7. [aTtb npobupke oxi1aguTbCca A0 KOMHATHOM TemnepaTtypbl. MNpusectu Boay B
6lopeTKax K O4HOMY YPOBHIO M 3anmncaTb HOBbIN YPOBEHb BOAbI B 3TOM Xe
6ropeTKe.

8. Mo pasHuWue ypoBHeW BoAbl 4O WM MOC/AEe peakuum paccymtatb ob6bem
BblAeNMBLIEroca BOAOPOAA

9. U3mepuTb TemnepaTypy 1 atmocdpepHoe AaBneHme.

10. MosTopuUTb ONbIT 3 pasa.

11. Bce 3KcnepuMMeHTaJibHble AaHHble U PaCCYUTAHHbIE BENYMHbI BHECTU B
Tabnnuy 3:

Tabnuua 3

Pesynbrar Omnpit | OmnpIt 2 Omnpit 3

Hasecka Mar”sus, r

YpoBeHb BOmBI B OIOpeTke 0
peaKIyu, M

YpoBeHb BOAbI B OOpeTKe IOCIE
PeaKIuu, MII

Temneparypa, K

AtmoctepHoe nasneHue, [1a

JlaBneHue HaCBHIIIEHHOTO BOJSHOTO
napa, Ila

MousipHast  Macca  9KBUBAJIEHTa
MarHus, I/MoJib

Cpennee 3HAYEHNE MOJISIPHOM
MacCChI DKBUBAJICHTA MarHus, F/MOJ'H:.

AOGCOTIOTHAS TIOTPENTHOCTD, I/MOJIb

OTHOCHUTEbHASI IOTPEITHOCTD, Yo

3adaHue 0519 nodzomosku K nabopamopHol pabome
1. PacyeTHble 3agaum: [1] Ne 1.34, 1.35, 1.38, 1.40, 1.42,1.43, 1.44, 1.45.
2. Yemy paBeH 3KBMBaAJIEHT cepbl Npu obpasoBaHum: SO,, SO3, H,S?



3. BblMUCAUTL MOJAPHYIO MacCy 3KBMBaNEHTa a3oTa NpuM 06pa3oBaHMM
ammuaka n okengos (I, I, 1V, V).

NNABOPATOPHAA PABOTA Ne 4

ONPEAENEHUE MOJIAPHOW MACCbI 9KBUBAJIEHTA CONU
HA MPUMEPE KAPBOHATA KANbUUA

LLE/Ib PABOTbI: skcnepvmeHTanbHO onpeaennTb MONAPHYO Maccy
3KBMBAJIEHTA CO/M Ha NpuMmepe KapboHaTa KanbLus v
paccyMTaTb MNOrPeLHOCTM onpeaeneHusa.

NABOPATOPHOE OBOPYAOBAHUE U NMOCYAA:
1. Becbl 9/1eKTPOHHbIe.

TepmomeTp.

MaunTa anekTpuyecKas.

DKcumKaTop.

dunbTpoBanbHaa bymara.

Munetka BmectumocTbio 10 ma.

CrakaH BmectnmocTbio 100 ma.

pywa pe3nHoBas.

N AE WD

PEAKTUBDI:

1. 1 M pacTBOp CONAHOMN KUCNOTbI.

2. Kyco4yku mpamopa.

TEOPETUYECKOE OBOCHOBAHMUE
MeTo, OCHOBaH Ha M3MepeHUM maccbl KapboHaTta Kanbuma (Mpamopa),
KOTOPbIV BCTYNaeT B peakLMto C onpeaesieHHbIM KONMYEeCTBOM SKBMBaIEHTa CONAHOM
KMUCNOTbI. M3 3aKOHa 3KBUBA/NIEHTOB C/eAyeT, YTo
n,(HCl) = n,(CaCO0;);
n,(HCl) = n(HCl) = ¢(HCI)-V(p-pa HCI),

roe c(HCl) — monspHana KoHueHTpaumsa pactsopa HCl, monb/n;

V(p-pa HCI) — obbem pactsopa HCl, .

MonapHyto maccy akBuBaneHTa CaCO; paccumTbiBaloT No popmyne:

1. Ha 3/1eKTPOHHbIX BeCax B3BECUTb KYCOYEK mpamopa maccon 2,0 — 2,51 u
NOMECTUTb B XMMUYECKUIN CTaKaH BMeCTUMOCTbio 100 ma.

2. C nomoliblo NMMNETKM B CTaKaH c mpamopom aobasuTb 10 mn 1 M pacteopa
HCI.

3. Korga BblaeneHve ny3bIpbKOB ra3a MNPeKpaTUTCA, HarpeTb CTakaH Ao
TemnepaTypbl 60-70°C ana yaaneHua ocTaBLUeroca B pacTBope rasa.

4. PacTBOp CNUTbL C OCTaTKa Mpamopa

5. TMpombiTb Mpamop ABa pasa AUCTUNAMPOBAHHOM BOAOW MeETOAOM
OeKaHTaumu.

6. Mpamop BbICYWNTb C NOMOLLbO GUABTPOBANBHON Bymarn U MONOXKUTL B
3KCMKATOP Ha 15-20 MUH.

7. B3BecuTb BbICYLLEHHbIA KYyCOMEK MPamMopa Ha 3/1EKTPOHHbIX BeCaXx.

Bblumcnntb maccy CaCOs , BcTynmslero B peakumio ¢ HCI.

9. MosToputb onbIT 3 pasa pAna onpegeneHna cpegHero 3HavyeHUsA
onpeaenaemon BeMUMHbI.

10. MonyyeHHble faHHble BHECTM B Tabanuy 4

o

Tabnuua 4

Pesynbrar OmnsitT 1 OmnsbIT 2 OmnsiT 3

Hagecka kapOoHata kanpnus, My, ¥

Macca kapOoHaTa KaJlbIHsS ITOCIE
peakimu, My, T

Am=m;—m,

n(HCl), monb

Nn5(CaCOs), MoJIb

MonsipHasi  Macca  JKBHBAaJICHTa
KapOOHAaTa KalbIHsl, T/MOJIb

CpenHee  3HA4€HHE  MOJISIPHOM
Macchl  OKBUBAJICHTa KapOoHaTa




KaJbIHs, I/MOJIb

A0CoITI0THAs TOTPEIIHOCTD, I/MOJIb

OTHOCUTEIbHAs TOTPEITHOCTD, Yo

3adaHue 017 nod2omosKu K nabopamopHoil pabome
1. PacueTHble 3agaum: [1] Ne 1.51, 1.52, 1.54, 1.56, 1.61, 1.62, 1.63.
2. OnpenennTb 9KBUBANEHT:
a) CepHOI KUCNOTbI B peaKkumnmn NosIHOM HENTpanmusaumu,
6) rMapoKcnaa antoMUHUA B Peakuum NosiHOW HerTpanmnsauymm,
B) cyNbdaTa aNtoMUHUA B peakLmax MOHHOro obmeHa,
r) oKcMAa HaTpuA B peakLMmn C CEPHOM KUCIOTOM,
) NnepmMaHraHaTa Kaivsa B peakuymn BOCCTaHOB/IEHUA A0 OKCuAa mapraHua (V).

NNABOPATOPHAA PABOTA Ne 5
TENNOBbIE 3®EKTbI XUMUYECKUX PEAKLUIA

LENb PABOTbI:  3KCNepuMMeHTaNbHO onpeaenvTb TennoBble 3¢deKTbl peakuuit
HeWTpanu3aLumum 1 NPoLLECCOB PACTBOPEHUA

NABOPATOPHOE OBOPYAOBAHUE U NOCYAA:
7. KanopumeTpuueckas ycTaHOBKa.
8. Becbl aneKTpOHHbIe.
9. MepHbI LUAUHAP BMECTUMOCTbIO 150 ma.
10. CrakaHbl XMMu4yeckme BmectumocTtbio 100 mn.

PEAKTUBDI:
3. 1 H.pacTBOp CONSAHOMN KUCNOTbI.
1 H. pacTBOP YKCYCHOM KMUCNOTbI.
1 H. pacTBOp rMApOKCcHMAA HaTpUA.
1 H. pacTBOpP amMMaKa.
MegHbli kKynopoc CuSO,-5H,0 KpUCTannmyeckmi.
Cynbdat meam (Il) Kpuctannnyeckmin.
Kap6oHaT HaTpuMAa KPUCTaNAUUYECKUNA.

R

TEOPETUYECKOE OBOCHOBAHUE

B npouecce xumuyeckon peakuum 6Gnarogapa Tennosomy 3ddekTty
NPOUCXOANUT HarpeBaHWe WM OXNAaXKAeHWe cucTemMbl. [0 PasHOCTM HayanbHON W
KOHEYHOM TeMNePaTyp MOMKHO BbIYUCIUTL TENNOBOMN 3 DEKT:
0 =(M5_5N3 s + My Ng, JAL
At =ty —t,.

q — TennoBol apoekT, XK,

t,o.s — Ha4anbHaa TemnepaTypa, °C,

tion— KOHEYHaA TemnepaTtypa, °C,

Mp.pg — MAcca pacTsopa, T,

M, — Macca CTeKJIAHHOTO CTaKaHa, T,

gfaa — TENJI0eMKOCTb pacTBopa, NPUBAM3UTENIbHO pPaBHaA TENN0eMKOCTU BOJbl
4,184 [x/(r-rpag),
CO

f — TEMN/JI0EMKOCTb CTeKNa, pasHas 0,753 Lsx/(r-rpag).

OnbIT 1. ONPEAENEHUE TEMNIOTbl HENTPANIU3ALIMU CU/IBHOTO OCHOBAHUA CUIbHOM
KUCNoTomn

Xo0 pabomoi

1. Cnomolbio MepHOro UMANHAPA B ABYX CTaKaHax npurotosutb no 50 mn 1,0
H. pactBopos HCl (n1oTHocTb pactsopa 1,02 r/mn) u NaOH (nnotHocTb
pacteopa 1,02 r/mn).

2. Ha aneKTpOHHbIX Becax B3BECUTb BHYTPEHHMUI CTaKaH KaflOMETpUYeCcKom
YCTAHOBKMU.

3. Npwuautb pacteop NaOH B KanopumMeTpUYECcKMii CTakaH, OnyCcTUTb
TEePMOMETP U BKAIOYUTb MAarHUTHYIO MeLLanKy. 3anMcaTb HayanbHoe
3HavyeHne TemnepaTypsbl.

4. [o6aeutb pactesop HCl 1 3anmcaTb MakCMManbHOE 3Ha4YEHNE KOHEYHOW
TemnepaTypbl.

OdgopmneHue pezynbmamos
BbINOAHMB HEOBXOAMMbIE pacyeTbl 3aN0NHUTL Tabanuy 5

Macca pactopa NaOH, r

Macca pactBopa HCI, r

CyMMmapHasi Macca MoJjy4eHHOro pacTBopa, I

Macca KaJoOpUMETPUYECKOro CTaKaHa, T




HavanpHas Temmnepatypa, °C

Koneunas temneparypa, °C

At, °C

qI)KCn b ﬂ)I(

AH? .., xJx/Momb

yeni °

AH s, kJlx/Monb

04

A6CONIOTHAS MOTPEIHOCTh ‘AH siis —AH

yeni |
kJI>x/MOIB

OTtHOCHUTEIbHAS NOTpCIIHOCTD

AH s —AH¢

0419 e

AH;

0418

AH {35 BbiumcanTs no peakumn H'(pp) + OH (o) = HyO(, MCMONb3yA CnpaBouHbie

AaHHble.

ONbIT 2. ONPEAENEHME TENNOTbI HEATPA/IU3ALMU CNABOTO OCHOBAHUA CNIABOM
KUCNOTOMN

Xo0 pabomei

PaboTa BbINONHAETCA NO METOAMKe, ONMCaHHOM B onbiTe 1. Ucnonb3osatb
100 mn pacteopa 1 H. CH3;COOH (nnotHoctb pactsopa 1,01 r/mn) n 100 mn 1
H.pacTBopa ammuaka (nnotHocTtb pacteopa 1,0 r/mn).

OdhopmneHue pe3ynbmamos
BbINONHWMB HEOBXOAMMbIE pPacyeTbl 3aN0NHUTL TabanLy 6

Macca pactBopa NHj, r

Macca pactBopa CH3COOH, r

CyMMapHaSI Macca MOJIy4eHHOI'0 pacTBopa, I

Macca KaJIOpUMETPHUICCKOI'O CTaKaHa, I'

HavanpHas Temneparypa, °C

Koneunast remmnieparypa, °C

At, °C

qI)KCﬂ’ ﬂ)}(

AHS... , xJx/Moib

yefii >

CpaBHUTe NoJly4YeHHble pe3ynbTaThl C pesy/bTaTamu onbiTa 1. CaenaliTe BbIBOAbI.

onbIT 3. ONPEAENEHUE TENNOTbI TMOPATALUNU CYNIbOATA MEAOMU (Il)
Xo0 pabomei

1. B KanopumeTpuyeckuit ctakaH HanuTb 150 ma gUCTUANMPOBAHHOM BOAbI,
BKJ/IIOYUTb MeLasiky U 3anncaTb HavanbHyto Temnepatypy. JobasuTtb okono
5 r ToHKOM3Menb4YeHHoro 6essogHoro cynbdata meam (I1). 3anucatb
3HaYeHne MaKCMMaNbHOM TemnepaTypbl NOC/E NOJHOrO PAacTBOPEHUA COJN.
3anonHuTbL Tabanuy

Macca CuSOy, r

Macca pactBopa CuSQOy, T

Macca KaJJOpuMeTpHYECKOro CTaKaHa, T

HavanpHas Temnepatypa, °C

Koneunast remneparypa, °C

At, °C

qBKCﬂ’ I[)K

AH?. ., xJlx/Momb

yéni »

2. ToBTOPUTb OMbIT, UCMOb3YA OKOJIO 8 I MeAHOro Kyrnopoca
3anonHuTb Tabaunuy 7.

Macca CuSQO,-5H,0, r

Macca pactBopa CuSQOy, T

Macca KaJOpUMETPpU4ECKOro CTaKaHa, I

Havansnas Temnepatypa, °C

Koneunas remmnieparypa, °C




At, °C

q IKCn»> ﬂ)l(

KJI>k/MOJIb

(o]
yefii >

3. Bblumcants AH ;,)éﬁ.l. rmgpataumm CuSQO,, UCNONb3YA TEPMOXMMUYECKUI LINKA

AH,
CUSO4(KWCT) —’CUSO4'5HZO(KpMCT)

AH, AH,
acTBop

4. Bolumeauts AH?
CUSO4(KPMCT) +5 HZO(,K) = CUSO4'5H20(KPMCT)

CpaBHWUTb NONyYEeHHble pe3ynbTaTbl. Caenatb BbIBOAbI.

3adaHue 0519 nod2omosKu K nabopamopHol pabome

1. O3HaKOMMUTbCA C METOAMKOW BbINOAHEHWUS paboTbl. HanucaTtb ypaBHeHMS
peakumit. MoaroToBUTb TabAMLBbI.

2. OTBETUTb Ha BOMpPOCHI:

a) He NPOBOAA PACYeToB, CpaBHUTE Tennosble 3PPeKTbl CAeayoWwmnx peakLmii,

halTe 06bACHeHUA:

KOH(pp) + H3504(p5) =

KOH(p-) + HaS(p-p) =

6) nouyemy npu pPaCTBOPEHMMU KPUCTANNOTMAPATOB cONel Tennota ObblYHO

nornouwaetca?

B) B KAKMUX C/Iy4anx Npu pactBopeHun 6e3BOAHbIX COei TenaoTa NoraoLwaeTcs, a

B KaKuX Bblgensetca?

3. PewnTb 3agaum [1] c. 124, Ne 10.5, 10.6; [2] c. 18, No 34-40.

JIABOPATOPHAS PABOTA Ne 6

XUMHNYECKOE PABHOBECHUE

HEJb PABOTDI. M3yyenue BIUAHHUS KOHLEHTPALMU BEMIECTB, TeMIIEpaTypbl U

KHCJIOTHOCTH CPE€ABbI HA CMECICHUE XUMHUYCCKOTO paBHOBECHA.

JJABOPATOPHOE OBOPYJAOBAHMUE U ITIOCYIA:

1. LWTatme c npobupkamu,

2. CnupTosKa.

3. [Oep:atenb ana npobupok.

4. Pe3nHoBaA NpobKa c ra300TBOAHOM TpybOKOM.

5. CTaKaH CTeK/IAHHbIN BMECTUMOCTbIO 50 mJ.
PEAKTUBbI:

1. Xnopua Kanua KpUCTanIMyYecKum.

2. Mpamop.

3. Twnapokcug Hatpusa NaOH (2 M).

4. CepHas kucnota H,S0, (1 M).

5. ConsaHas kucnota HCI (2 M).

6. Wog (0,05 M).

7. Kpaxman (0,5 %).

8. Auetat HaTpusa CH; COOH (0,1 M).

9. Xnopug *xene3sa (Ill) FeCl; (0,01 M n HacbILL.).

10. U3BecTKOBaA BOAA.

11. Tuoumanat Kanma KSCN (0,03 M 1 Hacbliu.).

12. ®deHondTanenH.

13. [Auxpomart kanua K,Cr,0; (0,5 H.).

TEOPETMYECKOE OBOCHOBAHUE

B cocrosiHMN XuMu4deckoro PaBHOBECUSI CKOPOCTHb HpHMOﬁ peaKkuu paBHa
CKOpOCTH 06paTHOI7[ peaKkuunu. VBenuueHnne KOHIICHTpallu pearcHTa IOBbIIIACT
CKOpPOCTb HpﬂMOfI peaknuun, 3HA4YUT, PABHOBECHUEC CMEUIACTCSA B CTOPOHY MPOAYKTOB
pCakuu. HpI/I YBCJIMYCHUNU KOHHLCHTpAUWW HOPOAYKTa pPEaKUuu, HaOﬁOpOT,
PaBHOBECHUE CMECIIACTCA B CTOPOHY PCAr€HTOB.

HBMGHGHI/IG JABJICHUS OKa3bIBACT BIIWSIHUC Ha paBHOBeCI/IH C y‘IaCTI/IeM
ra3000pa3HbIX BellecTB. I1OBBINICHUE JABJICHUS CMEIIAET PAaBHOBECHE B Ty CTOPOHY,
rae o0beM raza MEHbIIIE; IIOHIKEHNE — I'le 00bEeM Ta3a 0oJbIIIe.

[ToBrImenne TeMmepaTypbl CIOCOOCTBYET NMPOTEKAHHIO SHAOTEPMHUYECKON
peaxuy, MOHMKEHUE TEMITEPATYPHI — SK30TEPMHIECKOH.



OIIBIT 1. U3yyenue BIAMSHUSA KOHIEHTPALMH BELIECTB, YYACTBYIOIIUX B
9
peaKkumnu, Ha cCMeleHne XHMHUYeCKOTr0 pABHOBECH S

B xumunueckom crakane k 10 mu 0,01 M pactBopa xmopuna sxenesza (1)
npubasute 10 mi 0,03 M pactBopa THOmmaHata Kammsa. OOpa3zoBaBIIUHCS
MHTEHCHBHO OKPAIICHHBII B KPAaCHBIH LBET PAacTBOP MOPOBHY PA3IHTh 110 YETHIPEM
O6ompmmM mpobupkaMm. IlepByro OcTaBUTH Ui CpPaBHEHWS, BO BTOPYIO T0OaBUTH
HECKOJIBKO Kareidbh KOHIICHTPHPOBAHHOTO pacTBopa xjopuaa xemnesa (I11), B petpro —
HECKOJIBKO Karellb KOHLIEHTPUPOBAaHHOTO PACTBOPA THUOLMAHATA KaJus, B YETBEPTYIO
HAChIIaTh HEMHOTO KpUCTaimdeckoro xiyopuna kamus. CopepKuMoe BTOPOH,
TpeThel U YeTBepTol NPOOHPOK B30OJITATh U BBICTABUTH MX B psiji HA (oHe dKpaHa u3
Oenoii Oymaru. CpaBHUTH OKpacKy pacTBOPOB B TpeX MPOOUpPKax C OKPacko B
KOHTpOJIbHOH NpoOupKe. Pe3ysbraThl onbiTa BHECTH B TabuIy 8

Tabmuma 8
Home Bemectso, W3smenenne Hampasnenue
v lfm J00aBIIAEMOE B | MHTEHCUBHOCTH CMelleHus

POOHp cucTeMy OKpPacKH paBHOBECHS

1 B pacTBop _

CpaBHEHUs

2 FEC|3

3 KSCN

4 KCI

Hammcare ypaBHeHHME peakuuu W OOBSCHHUTH HaOJIIOAaeMble W3MEHEHHS,
ucxonas w3 mnpuHiuna Jle Illarenmse. Hamumcate BbeIpaXkeHHE Ui KOHCTAHTHI
XMMHUYECKOTO paBHOBecusi. (CMecTHTCS JIM paBHOBECHE NpU  paz0aBlIeHUU
MIOJTYYEHHBIX PacTBOPOB?

OIIBIT 2. [IpnMeHeHNne 3aK0HA TeCTBYIONINX MacC K PeaKIIMM B3aNMOJeiCTBHS
okcuaa yriepoaa (IV) ¢ usBecrkoBoii Boaoii

B creknsHHYyI0 MpOoOMpPKY HAINUTH 5-7 MJ U3BECTKOBOW BOJbI. [lorpy3uTts B
Hee KOHeIl CTeKJSIHHOW TpyOKH OT anmapara Kumnma v npormycTuTs yrileKUciblil ra3 10
TeX MOp, MOKa BBINABIIMK Cpa3y B 0CaNOK KapOOHAT KaJIbIMS BHOBbH IOJHOCTHIO HE
pactBoputcs. 3areM mpomyckaHue CO, TpexpaTUTh W HarpeTb COACPKAMOE
MpoOHUpKN Ha c1aboM IUIaMEHH Tra3oBod Topenku. HaGmromate oOpa3oBaHue mpU
HarpeBaHWM TIOMYTHEHHs, a 3aTeM M ocaaka KapOoHara kampunus. Hammcats
YpaBHEHHS MPOTEKAIOIINX PEAKIUH 1 OOBSICHUTD HAOIIONAaEMbIC SIBICHUS, YIUTHIBAs,
YTO TIPH HarpeBaHWM PacTBOpa mpoucxoauT yneryunBanue CO,, B pe3ynpTaTe 4ero
MMPOUCXOAUT CMEIICHNE XUMHUYCCKOI'O0 paBHOBECHA.

OIIBIT 3. U3yyeHue BJHSIHUS TEMIEPATYPHI HA CMelleHHE XUMHYEeCKOT0
paBHOBecHsI

3.1. Peakuusi 00pa3oBaHusi KOMIIJIEKCHOTO COeTHHEHHUSI i{0/1a ¢ KPaXMaJIoM

B crakane BmectuMocTbto 250 MuI HarpeTh BOAy OO KuImeHus. B nBe
npobupku momectuts 1o 4-5 mi 0,5 % pactBopa kpaxmana W JJOOaBUTh B KaXKIYIO
npobupky 1o 3-4 miu 0,05 M pactBopa ifoga. Harpets omHy n3 mpoOHUpOK, OITyCTUB e
Ha HECKOJBbKO MHUHYT B CTaKaH C Topsiueil Bomoi. Bropyio mpoOupKy ocTaBUTBH ISt
cpaBHeHus. OXJaguTh Harperyo npodbupky. Yro mnpowmcxomur? 3ammcaTh Balln
HaOJIOZICHUs B TETPab U OOBSICHUTH BCE M3MEHEHUsI OKPACKU B CHCTEME, UCXOAS U3
npuHuuna Jle IlaTtenbe, y4uTbiBasg, 4TO B CUCTEME YCTAHABIIMBAETCS CIEAYIOLLIEE
paBHOBecCHE:

I, + kpaxman S [ I -kpaxman ]
Ucxons u3 npunnuna Jle Illarense, OTBETUTH HA BONPOC: 3K30- WIU
SHIOTEPMHUIECKOH SIBIISIETCS peakuus o0pa3oBaHMs Hoqokpaxmana’?

3.2. CMenieHre HOHHOTO PABHOBECHSI PEAKIIMH 00PAaTHMOT0 THAPOJIN3A coJiei

Hamute B mpobupky 2-3 mut 0,1 M pactBopa arerara HaTpusi ¥ J00aBUTH 1-2
Kar pactBopa (enondranenna. Harpers pactBop mo 90-100 °C u Habaromath
HOSIBIICHHE PO30BOIM OKPAcKH. 3aTeM OXJIAIUTh IPOOUPKY C PACTBOPOM MOA CTpyel
XOJIOAHON BOJONPOBOAHOI BOABl N0 obecupeunBanus. Kak mensercs pH pactBopa
OpH M3MCHCHHH TEMIIEPaTyphl, €CJIM W3BECTHO, YTO HHTEPBAN MEPEXoia OKPAcKU
naaukaropa ¢denondranensa npu pH=8-10? Kak BiuseT HarpeBaHHue Ha paBHOBECHUE
peakuuu ruaponuza? Kak Biauser Ha 910 paBHOBecue oxnaxaeHue? [lo pesynpratam



NIPOBEJICHHOTO OIbITa CAEJIAaTh BHIBOA O TEIUIOBOM 3>(QeKTe peakuuu THUAPOIN3a.
Hanucate ypaBHeHHE peakuMd THAPONW3a M OOBSICHUTH HaOJIIOJaeMble SIBICHMS,
ucxonas w3 mnpuHnuna Jle Ilaremse. 3ammcaTte BbIpaXeHWE T KOHCTAHTHI
PaBHOBECHSI PEAKIIHH.

3.3. Bo3ronka iioga

B cyxyro kon0y MOMECTHTh HECKOJIBKO KPUCTAJUIOB HOAa. 3aKpBITh KOJOY
CIIEIMANIbHON KOJOOYKOM, HAMOJHEHHON XonoaHou Bomoil. CoOpaHHBI mpubOp
OCTOPOKHO HarpeBaTh Ha acOeCTOBOW CeTKe /0 TMOJHOW BO3TOHKM HOJa W ero
KpUCTaJ/UTU3AI[MM Ha JIOHBINIKE BepXHEH KoJObl. CaenaTh BBIBOJ O BIHSHUH
HarpeBaHUs Ha CMEIlEHUE PaBHOBECHSI:

I2(|<p.) s |2(rA)

U 3HaKe TEIIoBOro agdekra npsMon peakuu.

3.4. Bo3ronka x;jopuaa aMMOHHS

Heckompko xpucrammoB NH4Cl Harpers B cyxoit mpoOumpke. HaOmromats
obpa3oBanue 0esroro Hajera Ha XOJOAHOM BepxHell yacTu npobupku. CaenaTh BHIBOJ
0 BIMSIHUM HarpeBaHUs Ha CMEIICHNE PaBHOBECHS:

NH,Clip) S NHa) + HCl,,

1 3HAaKe TEIUTOBOTO AP QeKTa IpIMOH peaKkIny.

OIIBIT 4. M3yuyeHue BJIMSAHMA KHCIOTHOCTH CPeAbl HA cMelLleHne

XHMHUYECKOro paBHOBECUA

B npobupky mnomecturs 2-3 ma 0,5 M pactBopa Iuxpomara Kauus,
HMEIOLIEr0 OpaHXeBYI0 OKpacKy. [IpubaBuTh Heckospko Kamenb 2 M pacTtBopa

rugpokcuaa xanus. HabmonaTh n3MeHEHHE OKpacKd pacTBOpa. 3aTeM K ATOMY Ke
pacTBOpy O KaruisiM npubaButh | M pacTBOp cepHOM KUCIOTHI IO TeX IIOp, MOKa
OKpacKa pacTBOpa He cTaHeT npexHeidl. COCTaBUTh ypaBHEHHE OOpaTHUMON PEakIuu U
JaTh OOBSICHEHNS U3MEHEHNIO OKPACKH PacTBOpPa, Hexoas n3 npuanuna Jle latense,.

3a0aHue 0214 nod2omosku K nabopamopHol pabome

1. Hanwucatb YpaBHeEHUA peaKu,Mﬁ, BbIMONTHNTb 3a4aHNA N OTBETUTb Ha
BOMPOCHbI, BK/IKOYEHHbIE B ONMCaHUA OMNbITOB.

2. Bbluucautb CTaHOAPTHYHO TENNOTY O6pa3OBaHVIF| aMMMaKa nNpu NOCTOAHHOM
AaB1eHNN U NOCTOAHHOM 061>eme, ncnonb3ya cnegyrvouime gaHHble:

4NH3(F) + 3 Oz(r) — 2N2(r) + 6H20()K), AHO]_

—1530,28 x/Ix ;

2H2 (1) + 02 (1) i 2H20 (%) ) AHOZ - 571,68 KI[)K .

3. BbluucanTb TennoBoit 3ddeKT peakuuum nNpu MNOCTOAHHOM AaBAeHUMM U Npu
noctosHHOM ob6beme, MNpuM CTaHAAPTHbIX YCNAOBMUAX, MUCNOAb3YsA Caeaytolime
TEPMOAMHAMUYECKNE BENNYMHDI:

CHon—CHZOH(M) - CH3COH(,—) + HZO(»()
AH®., kII>k/monb —-1192,86 —1192,44 0
4. BblMMCAUTb TennoBol 3¢¢deKT peaKkumm npu MNOCTOSHHOM A3aBAEHUM U NpwU
NOCTOSHHOM o06beme, MU3MEHEeHMEe 3SHTPONUM, 3Heprn [MbBBca M  KOHCTaHTY

paBHoBecus npu CTaHAAPTHbIX yCnoBuAXx, ncnonb3ys cnepyoume
TepMoaMHAMMUYECKME BENNUNHDI:
Al,O3 + 3505y > Al(SO4)3 ¢
AH® 465, KO/ MONb -1675 —395,2 —3434
S°, Ax/(K-monb) 50,94 256,23 239,2

Cpenatb BbIBOA O BO3SMOXHOCTU CaMOMPOM3BOJIbHOINO NPOTEKAHUA pPeaKkumn B
MSOﬂMpOBaHHOP‘I n HEVISOIWIpOBaHHOVI cucrteme.

NABOPATOPHAA PABOTA Ne 7

CKOPOCTb XMMUYECKOW PEAKLUN



UE/Ib PABOTbIl: u3yuuTb BAMAHME KOHLEHTPALMW peareHToB, Temnepatypbl W

KaTa/1M3aTopa Ha CKOPOCTb XUMUYECKOM peakuunn.

OBOPYOBAHMIE:
1. Xumuueckne cTakaHbl BMeCTUMOCTbIO 50 M.
2. CekyHaomep.
3. Tepmomerp.
4. MepHblv uuAnHAP Ha 100 mn.
5. LrtaTtme c 6GropeTKoM.
6. Konba BmectnmocTbio 150 mn c rasooTBoAHOM Tpy6OKON.
7. BopsaHaa 6aHA.
8. Kpwucrannmsatop.
PEAKTUBDI:
1. 2,5 %-HbIi pactBop H,SO,.
2. 5 %-Hbili pacTBop Na,S,0s.
3. PactBop, 1 n kotoporo coaeput 3,9 r KIO3.
4. PactBOp, ANA npurotoBneHna 1 n Kotoporo mcnonb3osann 1 r cynbduTa
HaTpwusa, 0,95 mn 96 %-Holi cepHol KucnoTbl 1 0,1 r Kpaxmana.
5. 0,2 %-Hbilh pactBop K,Cr,0,.
6. 2 %-Hblli pactBop H,0,.
TEOPETUYECKOE OBOCHOBAHUE
1. CKOpPOCTb XMMWMYECKOM peakuuMuM MNpOonopUUOHAbHA KOHLEHTPALUAM
peareHTOB:
V= kCZCBﬂ , Tae av f—nopagoK peakuuu no 4aHHOMy peareHTy.
2. CornacHo npasuny BaHT-Todda npu HarpeBaHun Ha 10 °C ckopocTb

peakunu ysenmymsaertca 8 2—4 pasa:
AT
Va_ 10
=7
vy

Bonee TOYHYO 3aBUCMMOCTb AaeT ypaBHeHMe AppeHuyca:

,roe y=2-4.

—Ep

k = Ae RT |, rge k — KoHCTaHTa cKopocTH,
A — NOCTOAHHAA A4/1A AaHHOMW peaKkuum,
E, — 3Heprua aktusaumu, Jx/monb,
R = 8,314 Ox/(monb-K),
T—TemnepaTtypa, K.

3. Mpy¥ romoreHHOM KaTasiM3e KaTanmsatop obpasyeT C pearvpyoLwmnm BeLwecTBom
NMPOMENKYTOYHOE COoeAMHEHME. DTO MPUBOAMT K CHUMEHUIO SHEPTUU aKTUBaLUK
npouecca.

onbIT 1. BIMAHUE KOHUEHTPALMU PEATEHTOB HA
CKOPOCTb PEAKUMU NAHAONBTA

OnbIT npoBoaAnUTCA B 4eTblipex CTakKaHax.

B Karkaplh CTakaH BHecCTH

Heobxoanmblt 0b6bem pactBopa KIO; (cornacHo Tabauue), 4o6asuTb Bogy U pacTBop

Na,SOs;. BKAOUMTb CEKYHAOMEP B MOMEHT 4,006aBAEHMA BTOPOro pacTBopa.

O6BseM O6BseM Bpewmst 10
O06beM BOJIHI,
Ne crakana pactBopa pactBopa TOSABIIEHHS
KIO3, M M Na,SOs, M OKPAacCKH, C
1 10 - 10
2 5 5 10
3 10 5 5
4 5 10 5

OdopmneHue pe3ynsmamoe

N

CocTaBUTb YpaBHEHME peaKLmK.
3anoNHUTL Tabanuy.

Tabnvua 9

Caenatb BblBOA, O nopagKke peakuun JlaHgonbTa No ModaTy Kanua U

CYyNbOUTY HATPUA.

onbIT 2. BIMAHUE KOHUEHTPALIUN TUOCY/Ib®ATA

HATPUA HA CKOPOCTb PEAKLIMM C CEPHOM KUCNOTOM



Hanutb B 4 ctakaHa no 10 mn 2,5 %-Horo pactBopa CEpHOM KUCNOTbl. B
KaXKAblii pacTBop cornacHo Tabanue Ao6aBuTb BoAy U pacTBOp TMOCyNbdaTa HaTpUSA.
3aceyb BpemMA C MOMEHTa CMELMBAHUA PacTBOPOB A0 MOAB/AEHUA HABHOrO
NOMYTHEHMUSA.

Tabauua 10
O6nem O6nem
acCTBOpa Obrem acCTBOpa Bpems Konuentpauus
Ne crakaHa szSOf, BOJIB, Fl)\lazszci, Pc , Na;5,05,
ML yeIL el
M1 M
1 10 30 10 1
2 10 20 20 2
3 10 10 30 3
4 10 - 40 2

OdhopmneHue pezynbmamos

1. HanwucaTtb ypaBHeHue peaKkuumu.

3anonHuTb Tabnunuy.

3. MocTpoutb rpadmk 3aBUCMMOCTM BPEMEHU A0 NOABNEHUA MOMYTHEHUA OT
KOHLeHTpaunm Na,S,0s;.

4. CpenaTb BbIBOA O 3aBUCMMOCTM CKOPOCTWM [aHHOM peakuuu oT
KOHLLeHTpauum Tuocynbdara.

N

OnNbIT 3. BAMAHUE TEMMEPATYPbl HA CKOPOCTb XMMUYECKOW PEAKLIUK

B BOAAHyto 6aHIO Ha/NWUTb XONOAHYHO W Tropsdvylo Boay, A06MBLWMKCH
TemnepaTypbl 20 °C. MomecTuTb B 6aHI0 cTakaH ¢ 5 ma pacteBopa KO3, cTakaH ¢ 5 ma
pacteopa Na,SO; 1 cTtakaH ¢ 10 ma Boabl. Bolgepkatb 10 muHyT. MNMpoBecTn peakumto
Nangonbta. NoBTOPUTL ONbIT NpK TemnepaTtype 30 °C.

OdhopmneHue pe3ynbmamos

1. 3anonHuTb Tabauuy 11.

Ne onbiTa Temmneparypa, °C Bpewms, ¢

1

2.  BblYUCAUTb SHEPTUIO aKTMBALMM peaKkumm (cm. [2] c. 25, npumep 5).
3. Cpenatb BbIBOA O BbINOAHEHMWM npaBuna BauT-Ffodda pns peakumm
NanponbTta B UHTepBane Temnepatyp 20 — 30 °C.

OnbIT 4. BAINAHUE KATA/IUSATOPA HA CKOPOCTb
PEAKUWU PA3NTIOKEHUA NEPOKCUAA BOAOPOAA

Xo0 pabomei

1. HanonHuTb BlOpeTKy BOAOM M 3aKpenuTb B LITAaTUBE. 3anmncaTb UCXOLHOE
NnoKasaHue 6IopeTKu.

2. B peakuuoHHyto Konby Hanutb 30 mn pacteopa K,Cr,0;. B ctakaH Hanutb 20
mn pactBopa H,0,. CtakaH M Konby Bblaep)KaTb B KpucTannusaTope A0
NOCTOAHHOM TemnepaTypsbl.

3. [Jobasutb pactop H,0, B peakUMOHHYyIO Konby, 3aKpbiTb MNpobKoi ¢
rasooTBogHOM Tpy6KOM U KOHew, TpyOKM NoABeCTU Mo rop/ibIlKO 6lopeTku,
He BbIHMMasA KoNby 13 KpucTanamsaTopa.

4. HenpepblBHO BCTPAXMBaTb KOOy M AenaTb OTCYET MOKasaHWi BlopeTku
Kaxkable 30 c. Caenatb 20 oTcHeTOB.

MOBTOPUTL ONbIT Pa3/IOKEHUA MNepoKcupa Bogopona 6e3 Katanusatopa. OTtcyer
NMOKa3aHUi BoPeTKM AeNnaTb Kaxable 2-3 MUHYTbI.

OdgopmneHue pezynbmamos

1. 3anonHutb 2 Tabnauubl — MO pe3yibTaTam peakuuu c yyactuem u 6es
yyacTma KaTanausaTopa.

INokazanue OropeTkH, OO0BEM BBIIEIUBILETOCS

Ne orcuera Bpewms, ¢
MIT KHCIIOpOJa, MII

2. Ha opHOM rpaduKe NOCTPOUTb KpuBble 33aBUCMMOCTM obbema
BbIAE/MBLLIErOCA KUCOPOAA OT BPEMEHM.

3. Cpenatb BbiBOA4, O COOTHOLIEHWM CKOPOCTEM peakuuit ¢ yd4actmem u 6e3s
y4yactus KaTanusaTopa.



NABOPATOPHAA PABOTA Ne 8
CTPOEHUE ATOMA. HABJTIOAEHUE CMEKTPOB UCMYCKAHNA N NOTNOLLEHUA
ATOMOB 1 NOHOB

UENb PABOTbI: HabnoaeHne XxapaKTepUCTUYECKUX JIMHUIA B CNIEKTPax NornolweHns
W UCMYCKaHUA.

OBOPY[OBAHMUE:
1. CnekTpockon.
2. Topenka.
3. Jlamna Haka/iunBaHuA.
4. JItOMUHeCUEeHTHaA fnamna.
5. [poB0/aOKa C KONbLLOM M3 CNAaBa HUXPOM.
6. AcbecrT.
PEAKTUBDI:

1. Pactopbi: NaCl, KCl, LiCl, CaCl,, BaCl,, CuCl,, NiCl,.
2. Kpuctannuueckume conm: NacCl, KCl, LiCl, CaCl,, BaCl,, CuCl,, NiCl,.

TEOPETUYECKOE OBOCHOBAHUE

DNeKTPOHbl B aToMax MNpW AOCTaTOYHO BLICOKOW TemnepaTtype MoryT
NOr/IoLWATh 3HEPrUI0 U NepexoaunTb Ha bonee BbicOKME YpoBHU. Kaxaomy nepexony
COOTBETCTBYET OnpeAeneHHas 4YacToTa, YTO MPUBOAUT K 0BPasoBaHMIO CMEKTPOB
noraouweHus. NMpu BO3BPaLLEHUM B UCXOLHOE COCTOSIHUE 3M1EKTPOH U3/ly4yaeT KBaHT
3Hepruu, KOTopbIli COOTBETCTBYET ONpPeAeNeHHOW IMHUM B CNEeKTPe UCMYCKaHus.

onbIT 1. HABNIOAEHUE CMEKTPOB UCNYCKAHUA

HaBecTn cnekTpockon Ha 6eCLI,BETHOE nnama ropenku. [locnepoBaTtenbHO
BHOCUTb B NN1aMA KYCOYKU acbecTa, CMOYEHHble pacTtBOpamMun pPasINYHbIX conen.
Ha6l'|l0[l,aTb U3MeHEHUNE OKPACKU NJ1aMeHn U noAasieHne JIMHWIA B cnekTpe.

MOBTOPUTL ONbIT, UCMOb3YA KPUCTANNUYECKNE COMU. HUXPOMOBYIO MPOBONOKY
BbIMbITb M NPOKaNUTb B NAAMEHWU ropenku. MpoBepuTb HaiuuMe SIMHUI B CNeKTpe
YMCTOW pacKaseHHO NPOBONOKU. HarpeTyo NPOBONOKY OMYCTUTb B MNOPOLLOK COMK,
3aTem BHecTu B naama. HabatogaTb cnekTp.

OdchopmneHue pabomel

3anonHuTb Tabauuy 11 no pesynbTaTam MNpPOBEAEHHbIX HabawaeHUn un
MCMNOJIb3yA CPaBOYHbIE AAHHbIE.

I{Ber nuHNM B

JlmMHa BOJHBL, HM
CHEKTpe

Bemectso LBeT miameHun

LiCl

NaCl

KCI

CaCl,

BaCl,

CUC|2

NiCl,

onbIT 2. HABIIOAEHUE CMEKTPOB MOrNOLWEHUA

C nomoulpblo CNekTpockona HabnoaaTh CAEKTP MCNyCKaHWA famnbl
HaKanuesaHuAa. Mexay Nnamnon M CMeKTPOCKONOM NOMECTUTb Fopesky u
BHECTU B Nnams Kycodek acbecta, CMOUYEHHbIN pacTBOPOM X/0puaa HaTpuA.
O6bACHUTL Hablogaemoe.

3adaHue 015 nodzomosKu K nabopamopHoli pabome
1. HanucaTb 3neKTPOHHbIe KOHOUIYpPaLMM aTOMOB U MOHOB: Se, Se”, Fe,
Fe®, Hf, Pb, Sm.
2. Pewwntb3agaum: [1]Ne ,[2] Ne

NABOPATOPHAA PABOTA N2 9

CTPOEHMUE BELLLECTBA



UE/Ib PABOTbI: M3roTOBUTb  LLIAPOCTEP)KHEBbIE

KPUCTaNIMYECKUX CTPYKTYP.

Mmoaenn  Mmonekyn wu

OBOPYAOBAHME: Habopbl 411 U3rOTOBNEHMA LIAPOCTEPKHEBBLIX MOAENEN.
TEOPETUYECKOE OBOCHOBAHUE

CornacHo Metoay Ba/leHTHbIX CBA3EM NPOCTPAHCTBEHHOE CTPOEHNE MOJIEKY /T
onpeaensietca crnocobom rnbpuamsaunm opbutanein. B Teopum OTTasKMBaHUA
NI0Kanu3oBaHHbIX nap (MMnnecnun) reometTpusa moseKkynbl 06bACHAETCA B3aMMHbIM
OTTa/IKMBaHMEM CBA3bIBAIOLLMX WU HECBA3LIBAIOLLMX INEKTPOHHbIX Nap UEeHTPanbHOro
aToma.

1. U3rOTOBNIEHUE MOZAE/NIEA MOJIEKYN

CobpaThb WapocTep:KHEBbIE MOAENM MOJIEKYN cOoCTaBa A,, AB, AB,, AB;, AB,, ABs,
ABg, AB;. 3anonHUTb Tabanuy 12.

IFs
AB, SFs
AB, IF,

2. U3rOTOBNEHUE MOAENEN KPUCTAN/IMYECKUX PELLIETOK

CobpaTb LWapOCTEPKHEBbIE MOAENMN KPUCTANIMYECKUX PEeLIeTOK a/iMasa,
rpaputa, meamn (FUK), BaHaama (OLK), pyTeHua (rekcaroHanbHad). 3anofHUTb
Tabamuy 13.

Tun Koopnunanuonnoe
CTPYKTYPBI YHCIIO

KoopaunanmoHHsli
MHOTOTPaHHHK

BemtectBo

Caﬂmas

Crp@lﬂ

Cu

\Y

Ru

Crioco6
O6ozHauenue | ruOpuamszanuu | CTpyKTypHas
CocraB IIpumep hopmymsl IO opbOuraieit u H
MOJICKYJIBI COEIUHEHHUS Teopuun MPOCTPAHCTBE | AJIEKTPOHHAS
I'mnnecrm HHOE hopmybr
CTpPOCHUE
H,
A, N,
HCI
AB co
H,0
NO,
AB, N,O
CO,
BCl,
AB; NH;
CIF;
CH,
AB. XeF,
ABs PFs

3adaHue 0518 nod2zomosKu K nabopamopHoli pabome

1. 3anonnHutb Tabnuuy 12. B KaKUX MOJIeKyaax W3 [JaHHOFO ChWCKa
peanusyeTca LOHOPHO-AaKLENTOPHbIA MeXaHN3M 06pa3oBaHNA CBA3K?

2. 3anonHutb Tabsnuuy 13. B KakoM M3 yKasaHHbIX CTPYKTyp Habawopaercs
NAOTHEMLLAA WapPOoBas yNakoBKa?

3. Mouyemy monekyny O, Henb3A ONUCbIBATL MO METOAY BaJIEHTHbIX cBA3en?
Onucatb cTpoeHne monekynbl O, WUCNONb3YA METOL MONEKYNAPHbIX
opbutanen.

4. Kakue 13 cnegylowmx MeTanioB MOTyT HEOrPaHMYEHHO PacTBOPATLCA Apyr
B gpyre: Ru, V, Cu, Ni, Au, Nb? OTBeT o6ocHOBaTb.

NNABOPATOPHAA PABOTA Ne 10




NONYYEHWE KOMNNEKCHbIX COEQUHEHWIA N
MU3YYEHUE UX CBOUCTB
LUENb PABOTbI: M3y4ynuTb CNocobbl MNONYYEHUS U CBOMCTBA KOMMJIEKCHbIX
coeIHEHUN.

NABOPATOPHOE OBOPYAOBAHUE U NMOCYAA:
WwTaTMB ¢ Npobrpkamm

PEAKTUBDI:
1. Uwmnk.

mapokema HaTpma NaOH (2 H.).

AMMMAK BOAHbIN (2 H.).

AsoTHas kucnota HNO; (2 H.).

Cynbdung ammoHua (NH,),S (2 H.).

Xnopug 6apus BaCl, (1 H.).

Hutpat sucmyra (I11) Bi(NO3)5 (0,5 H.).

Cynbdart kenesa (ll) FeSO, (0,5 H.).

Xnopwua xenesa (Ill) FeCl; (0,5 H.).
. enesoammoHuitHble kBacubl NH,Fe(S0,), (0,5 H.).
Noang, kanua Kl (Hacbiw,. 1 0,1 H.).
lekcaupnaHodeppar (l1l) kanma K;[Fe(CN)e] (0,5 H.).
TuoumaHaT Kanusa KSCN (Hacbiw, 1 0,5 H.).
Xnopupg kobanbTa (II) CoC1,(0,5 H.).
Xnopua Hatpusa NaCl (2 H.).
Tuocynbdat HaTpma Na,S,0; (1 H.).
Xnopug meam (1) CuCl, (0,5 H.)
Hutpat ptytn (1) Hg(NOs), (0,5 H.).
Hutpat cepebpa AgNO; (0,1 H.).

LNV A WN

PR R R R R R R R R
L 00N AWNRE O

onbiT 1. OBPA30OBAHME W [AUCCOLUMALMA COEOAUHEHUA C

KOMMNNEKCHbIM KATUOHOM

1. Hanutb B npobupky 1-2 mn pactsopa AgNO; u n06aBuUTb HEMHOro
pactBopa NaCl. K obpasoBaswemyca ocafKy MNpUAMBATL PacTBOP aMmMaKa Ao
pacTBOpeHMA ocagKa.

2. Hanutb B npobupky 1-2 mn pactBopa CuCl, un npubasnsTb No Kanaam
pactBOop ammuaka [o obpasoBaHua ocagka Cu(OH),, 3atem npuAnTb M36bITOK
pacTBopa amMMMaKa A0 PacTBOpeHUA ocagKa. CpaBHUTb OKPACKy MOHOB cu” ¢
OKPACcKOM MOJIyYEHHOrO pacTBopa. [pUCYTCTBME KaKMX MOHOB COOOLLAET OKpPacKy
pactBopy? Kakoe ocHoBaHue ABnseTcA 6osiee cubHbIM: ruapoKkcua meam (Il) nam
COOTBETCTBYIOLLEE KOMMIEKCHOe oOcHoBaHuWe? [loyemy? T[loNyyYeHHbIA pacTBop
COXPaHUTb ana onbiTa 4.

OnbIT 2. OBPA30OBAHUE U AUCCOLIMALIMA COEAUHEHWUIA
C KOMNNEKCHbIM AHUOHOM

1. K 1-2 mn pactBopa Hutpata pTytH (ll) (CMnbHbIM A4) A06aBAATL NO Kanaam
pa3basneHHbI pactBop Kl 4o obpasosaHuA ocagka Hgl,. 3atem npuanTb M36bITOK
pacteopa Kl go pacTBopeHus ocagka.

2. B npobupKy c 2—3 mn pacteBopa Bi (NO3); aob6asnatb no Kanasm 0,5 H.
pacteop Kl oo BbinageHws ocagka Bil;. 3aTem n06aBUTb elle HECKO/IbKO Kanesb
pactBopa Kl [0 pacTBopeHWs BbinasBlero ocafka. Kakoe LBeT NoJyYyeHHoOro

pacTBopa? MosKeT /M 3Ta OKpacKa 0bycioBaMBaTbca npucyTcTBuem woHos K', 17,
.3+
Bi”?

OnbIT 3. PA3/IMYUE MEXKAY NPOCTbIMU U KOMMIEKCHBIMU MOHAMM ¥KENE3A
()

1. K 1-2 mn pactBopa FeCl; npuantb HemHoro pacteopa KSCN. 3ta peakuus
xapaKTepHa 411 noHa Fe®' u npumeHnetca ans ero o6HapyKeHus.

2. OokaszaTtb, o6HapyKMBaeTcsa M MOH Fe*' s pacTtBope Ks[Fe(CN)g], npoaenas
XapaKTEePHYIO peakumio, Kak B NpeablayLlem onbiTe.

3. Hanutb B ogHY NpobupKy HemHoro pacteopa FeCls, a B gpyryto —
KsFe (CN)¢] 1 0obaBuTb B KaKayt M3 HUX OAMHAKOBbLIN obbem pactBopa FeSO,.
O6BACHUTL OTCYTCTBME M3MEHEHUI B NepBoi NpobupKe n obpasoBaHne BO BTOPOM
ocafika Tak Ha3blBaemoW TypHBynesoi cuHmn KFe[Fe (CN)g].

Peakuma o6pasoBaHuWs TYypHOY/NEBOW CUHWU ABASETCA XapaKTepHoW Ans
KOMmMNneKcHoro noHa [Fe (CN)6]3_.



OnbIT 4. YCTOMYMBOCTb KOMMEKCHbIX NOHOB

1. Monyuntb B Npobupke [Ag(NHs),]C1, KaK 3To 6bINO caenaHo B onbiTe 1.
Mony4yeHHbIV pacTBOP Pas/iMTb B YETbIpe NPOBUMPKU M NCMOIb30BaTb B NOCAEAYHOLLNX
onbITax.

2. Hanutb B npobupky 1-2 mn pacteopa [Ag(NHs),]C1 1 pobaBuTb Kycouek
UMHKA. OBBACHWUTL, NOMb3yACb TabauLeld KOHCTAaHT HEeCTOMKOCTM KOMMJIEKCHbIX
WMOHOB, MPUYMHY BbITECHEHWUA LMHKOM cepebpa U3 ero aMmmayHoro KOMMNaeKCcHoro
MoHa. ( Kyecr ([Ag (NH3)2]") = 5,8-107%; Kyeer ([20 (NH3)a)™) = 4-107°).

3. HanuTb B ABe npobupkn oanHakoBble 06bembl pactBopa AgNOs. B ogHy 13
HuXx fo6asuTb pacteop NaOH, B gpyryto — Kl. 3anucatb HabawogeHMA. 3T peaKkumm
XapaKTepHbl 418 MoHa Ag™ 1 MOTyT BbITb MCMONB30BaHbI ANA €10 06HaPYKEHNA.

PactBop [Ag(NHs),]C1 HanuTb B ABe Npobupkn no 3 ma. B oaHy npobupky
npunuto pacteop NaOH, a B apyryto — pacteop KI. Y10 npoumcxoamt? [aTtb
06bAICHEHME HabAOAAEMbIM  ABNEHUAM, MO/b3YACb YPaBHEHUMEM AuMccoLMaLUm
KOMMJIEKCHOTO MOHa U NPaBUJIOM NPOU3BEAEHNA PAaCTBOPUMOCTY.

4. NonyumnTb B Npobupke ocagok AgCl. 3atem pgobasnatb 1 H. pacteop Na,S,03
[0 TMOJIHOTO pPacTBOpPeHMA ocafka. HanucaTb ypaBHeHMe peakumm obpa3oBaHuA
Naz[Ag(S;03).].

K nonyyeHHoOMy pacTBOpy KOMMIEKCHOrO coeguHeHusa gobasutb pactsop Kl
CpaBHUTb C pe3ynbTaToM NpeablAyLero onbiTa. Hanucatb BblpaKeHUA ANA KOHCTaHT
HECTOMKOCTM aMMMAYHOTO U TUOCYNbGaTHOrO KOMMNEKCOB cepebpa M pewunTb no
pe3y/nbTaTaM ONbITOB, KaKasa KOHCTaHTa MMeeT 6onbliee 3HavyeHuwe. [posepuTb
BbIBOZ, MCMO/Ib3yA CNPABOYHbIE AAHHbIE.

5. Hanutb B npobupky 1 — 2 mn pactBopa [Ag(NH3),]Cln pobasnatb
pasbasneHHyto HNO; po BbinageHua ocagka AgCl. O6bAcHMTL Habawogaemble
ABNIEHWA, UCXOAA U3 TOTO, YTO KOHCTaHTbI HecToiikocT moHoB [Ag(NHs),]" u NH,
COOTBETCTBEHHO paBHbI 6,8-107° 1 6,0-10 ™°.

6. HanuTb B ABe npobupKn oanHakoBble o6bemsbl pactsopa CuCl,. B ogHy n3
Hux aobasutb pacteop NaOH, B gpyryto — (NH,),S. OTmeTuTb uBeT obpasyoLlmxca
0CafKOB. ITM pPeakuuM MOXKHO MCMONb30BaTb A/A OTKPbITUA MOHA Cu®*. Coctasutb
YpaBHEHUA peakuuii.

PactBop [Cu(NH3),;](OH),, nonyyeHHbIl B onbiTe 1, pa3genntb NOPOBHY B ABe
npobupku. B ogHy npuautb pactBop NaOH, a B gpyryto — pactBop (NH,),S. Odatb
00bACHeHMe HabnogaeMbiM  ABNEHUAM, WCXOAA U3  [AaHHbIX O BeJMYMHAX
npoussegeHnin pactsopumoct Cu(OH), n CuS M KOHCTaHTbl HECTOMKOCTU WOHa
[CU(NH3)4]2+-

OonbIT 5. AUCCOLMNALIUA ABONHON CONU

[JokasaTb Hannuve noHos NH,', Fe* n SO42' B PacTBOpE XKeNe30-aMMOHUNHbIX
kBacuoB NH,Fe(SO,),, npoaenaB ANA HUX XapaKTepHble pPeakuuuM C MNOMOLLbIO
pactBopoB wenoun, KSCN u BaCl,. CocTaBUTb YypaBHEHWE 3SMEKTPOSUTUYECKOMN
AMccoumaLmn KenesoaMMOHUMHBIX KBAcLOB. B 4em COCTOUT CXOACTBO U pasaunuyue
MeXAY ABOMHbIMU CONAMMN U APYTMMU KOMMNJIEKCHBIMU COEAMHEHUAMM?

onbIT 6. BAMAHUE KOHLIEHTPALIMX PACTBOPA HA KOMIMNJIEKCOOBPA3OBAHUE

K  HeckonbkMm Kannam pactBopa CoCl, B npobupke npuanTb
KOHLEHTpMpoBaHHbIM pactBop KSCN. HabnwopgaTb M3MeHeHMe UBeTa pacTBopa
BCNeAcTBMe 0b6pa3oBaHMA KomnaekcHon conun K,[Co(SCN),]. PazbaButb NoayyYeHHbIN
pactBop BogoW. O6BACHUTL U3MeHeHMe ero ugeTa. Kakoe BAMAHME OKa3blBaeT
KOHLLeHTpauma pacTBopa Ha KomnnekcoobpasosaHue?

3adaHue 0518 nod2omosKu K nabopamopHoli pabome

1. CocTaBUTb MOIEKYNSIPHBIE U MOHHbIE YPaBHEHWUA peakLMi, NPOoTeKaoWMX B
Kaxkgom onbiTe. [laTb Ha3BaHMA KOMMAEKCHbIM COeANHEHMUAM.

2. HasBaTb OaHHble KOMMAEKCHbIe coeanHeHus, yKa3aTb
KOMNaeKkcoobpasoBaTeslb UM AUraHObl, KOOPAMHAUMOHHOE 4YMCAO0 W 3apsag
KOMMNJEeKcoobpas3oBaTena, BHELHIOW W BHYTPEHHIW cdepbl; HanucaTtb
YPaBHEHUA MEPBUYHOMW W BTOPUYHOM AMCCOLMALMM  ITUX KOMMNEKCHbIX
COeAMHEHUI B pacTBOpe W BbIPa)KEHWE A1  KOHCTaHTbl HECTOMKOCTM
KomnnekcHoro wuoHa:  K[AuBr,], [Cr(NHs3).(H,0),1Br;,  Ba[Cu(CN);(SCN)],
Cu,[Fe(CN)gl, K[Pt(NH;)Cls], H[Co(CN)4(H,0).], [Cd(NH3)s](OH),, Na3[Co(NO,)e].

3. CoctaBuUTb popmysibl CeayoLmx coegmHeHni: rekcaunaHodeppar (Il) kanums,
cynboat ANXN0POTETPAaaMMUHXPOMA (nm, HUTpaT
AVHUTpoxaopoTpruammmnHnaaTmisl (IV), rekcaxnopopoaat (l1l) ammoHus, xnopua,
xnopoamMammuHakeanannagua (Il), TetpaHuTpoanammunHkobanbtat (II) Kanwms,
OVHUTPOAMAMMUHNNATUHA, TpnbpomoTpnammmHKObanbT,
rekcarmapokcoctnbuat (V) HaTpus.

NNABOPATOPHAA PABOTA Ne 11

OYUCTKA BELLECTB METOA40M NEPEKPUCTANNTUSALNN



LENb PABOTbl: meTogom nepekpucTaninizaumm OYUCTUTb AUXPOMAT Kaauma oT
npumecein cynbdaTta Kaamsa U HePaCcTBOPMMBbIX MpUMecei

NABOPATOPHOE OBOPYAOBAHUE U NMOCYAA:
1. Becbl 3neKTPOHHbIe.
dneKTpuyecKasa nanTka.
BopoHka broxHepa.
baHAa co nbgom.
BopoHKa anA ropayero puabTpoBaHmA.
MepHbIA LMANHAP BMECTUMOCTbO 150 mA.
CTaKaH XMMUYeCKU BMecTUmocTbio 100 mi.
CTeKknsAHHaA BOPOHKa.
LWTaTus.
BymakHble punbTpbI.
Mpobupku.
dapooposas yaLLKa.
CTeknAHHaA nNanoyka.

LN U e WN
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PEAKTUBDI:

1. Kpuctananueckuin guxpomat Kaams K,Cr,0, ¢ npumecsamu.
10-HbIli PacTBOP CONAHOM KUC/OTbI.
3. 1 H. pacTtBop xnopuga 6apus.

N

TEOPETUYECKOE OBOCHOBAHUE

HacbIWeHHbI pacTBOp COAM  NpWM  3adaHHOM TemnepaType ABAseTcA
HeHacbIWEeHHbIM OTHOCUTE/IbHO PACcTBOPUMbIX MPUMECEN, CoAeprKaHue KOTOopbIX
OTHOCUTE/IbHO HeBesIMKO. ECIM pacTBOPUMOCTb COMM MPU CHUMKEHUWU TemnepaTypbl
YMEHbLUAEeTCA, TO MPU OXNAXKAEHUWM HACbILWEHHOro pPacTBopa B OCAJOK BbiMaser
TONbKO AaHHaA CO/b, a MPMMECH OCTaHyTCA B pacTBope.

Xo0 pabomel
1. Monb3yacb Tabavuen pacTBOpUMOCTH, BbluMCcAMTb Maccy  K,Cr,0,
HeobxoaAuMYylo Ans NonyyYyeHuA HacbliweHHoro npu 60 °C pactBopa, ucxoasn
13 obbema Bogbl 50 mn.

Hasecky K,Cr,0; nepeHectM B XMMMUYECKUA CTakaH W gobasutb 50 mn
auctuanmposaHHoit  Boabl. CTaKaH C  COAEPKMMbIM  Harpetb  Ha
SNEKTPUYECKOM NAUTKE MOYTM [0 KWUMEHWs, MOMELIMBAsA CTEKAAHHOM
Masio4uKom.

OnAa  oToeneHWa  HepacTBOPMMbIX — NPUMeECeN  ropsuuii  pacTeop
oTdUNbTPOBaTL Yepe3 CcKaagyaTbli GUALTP, WCMNONb3yA BOPOHKY ANA
ropayero puabTpoBaHMa. DUAbTPAT OXNALUTb 40 KOMHATHOM TeMNepaTypbl,
a 3aTem B bHaHe co nbaom. Bbinaslme KpucTtannbl oTduAbTPOBaTb Ha
BOpOHKe biloxHepa, nepeHect B $apdopoByt YallKy W BbICYWUTb B
CyWMNbHOM WKady B TedyeHne 40 MuHyT. [Nocne oxnaxaeHns B3BeCUTb.
MccnepoBaTb MaTOYHbIM pPacTBOP Ha Hanmume B Hem npumecen K,SO,4. Ana
3TOro K 2-3 MmN uccneayemoro pactsopa Aob6asutb 3-4 Kanau 10 %-Holt
CONIAHOM KMCNOTbI MU HECKO/IbKO Kanenb pacteopa BaCl,.

C nomowpto xnopuaa Gapua npoBepuTb HaAMume npumecein cynbdaTa
Ka/nA B NePEeKpPUCTaNNIN30BaHHOM ANXPOMATE Kanus.

OdopmneHue pe3ynbmamose

1.

2.
3.
4.

Pacyet HaBecku K,Cr,04.

YpaBHeHMe peakumm obHapyKeHua cynbdaT-uoHa.

Pacuer mmeap(KZCrzOﬂ, KOTOPYIO MOXHO MOJIY4UTb B YC/IOBUAX OMbITa.
PacueT maccoBoit f,oM BbIXOAa.

3adaHue 0518 nod2zomosKu K nabopamopHoli pabome

1.

O3HakoMUTbCA o MeTOAMKOW OYUCTKM BeLLecTB MeTo40M
nepekpucTannmMsaumum. HanucaTb MONEKYyNApPHOE U KPaTKOe WMOHHOe
ypaBHeHMWe peakLmmn obHapyKeHna cynbdaT-MoHa.

Paccuntath HaBecky K,;Cr,07, HeObXx0aMMYO ANA NOAYYEHUA HACBIWEHHOrO
npu 60 °C pactBopa, cogepautero 50 r sogbl.

Bblumncnmtb Mmeop(K2Cry07), KOTOpYtO MOXHO noayyYnTb npv
nepekpucTanIn3aumm  paccyMTaHHOM HaBEeCKM COM B MHTepBane
TemnepaTyp 60 -0 °C.

MpuBecTM nNpuvmepbl BELLECTB, KOTOPbIE MOXHO OYUCTUTb CAeAyHLMMU
MeToZamu: a) nepekpuctanaunsaumein, 6) BO3roHKon, B) AUCTUANALMEN NN
neperoHkoi. Kak pasaennTb cMecb NOPOLLUKOB ¥e/esa u cepbl?

PewnTb 3apaun: [1] c. 52, Ne 4.49-4.51; [2] c. 31, Ne 84, 85.



JIABOPATOPHAS PABOTA Ne 12
INPUT'OTOBJIEHUE PACTBOPOB

HOEJIb PABOTBI: 03HaKOMHTBECS C HI3MEHEHHEM 00beMa IIPH MOTyYSeHHH PacTBOpa.
[IpuroToBUTH pacTBOPHI 3aJaHHONW KOHLEHTPALIUY.

OBOPYJOBAHMUE:

DNEKTPOHHBIE BECHI.

Brokc cTeKIISTHHBII.

MepHas konba Ha 100 mut.

CTakaH CTEKISHHBIN BMECTUMOCTBIO 200 M.
Hunuuap MepHbIi BMecTUMOCTHI0 100 M.
Lumuaap MepHbIid BMecTUMOCTbIO 200 MI1.
CTexIIsiHHAs: BOPOHKA.

CreKIsHHAs IaJ04Ka.

[IpombIBaKa ¢ TUCTHIIIMPOBAHHONW BOAOK.

©CoNoG~LNE

PEAKTUBBI:

Xsopu HaTpUsI KPUCTATIINYECKUH.
XJ1opu aMMOHUSI KPUCTAJUTHIECKHH.
Caxap.

CrupT 3TUIOBBINA PEKTU(HUIIPOBAHHBIN.
Kpucramoruapar CaCl, 6H,0.

arwdE

OIIBIT 1. UBMEHEHHUE OFBEMA ITPU PACTBOPEHUN

1. Bseecursp 20 r xyopupa HaTpus. B MepHbli muauHap Hamute 90 M
JUCTUIIUPOBAHHOM BOJBI, OYCTUTh CTEKISAHHYIO Nano4uKy. OTMETUTh YPOBEHb BOJbI
B mwmHiape. Ilouemy Hens3s yOuparps manouky? Ilomb3ysch Cyxoil BOPOHKOM
BBICHITIATh HABECKY COJIM B BOJLY TaK, YTOOBI COJIb HE OCTajach Ha CTEHKaX LIMIIMHIPA.
[lepemerate pacTBOp 10 TOJHOTO pacTBOpeHHs coiu. Yepe3 10 muH (moyemy He
cpasy?) OTMETHTb YPOBEHB KUAKOCTH B IIMIINHJIPE.

2. TToBTOPUTH OMBIT, HCTIONB3Ys 20 T Xyopuaa aMMOHHUS U 150 M1 BOJBI.

3. IToBTOopuUTh OMBIT, HcTioNb3ys 40 I caxapa u 200 MII BOJBI.

[TonyueHHbIe pe3ynbTaThl CBECTH B TaOMUIy 14:

PactBOopenue PactBOopenue PactBopenune

Benuuunbl NaCl NH,CI caxapa

p(p.B.), T/em®

m(p.B.), T

Vi(p-B.), oM’

V,(BOmBI €O CTEKIISIHHOM
MAIOYKOH)), M

V,.=V; +V,, Ma

V,, MII

AV =V, -V, M1

AV IV, %

OIIBbIT 2. UBSMEHEHUE OBFBEMA ITPU CMEILINBAHUHN
BOJbI U CIIUPTA

B mepHoMm mmnuHape cmemarh mo S0 MJI TUCTHJUTMPOBAHHOW BOJABI U

3TUIOBOTO criupTa. Beraucnuts AV /V,, %.

OIBIT 3. NIPUTOTOBJIEHUE PACTBOPOB COJIEA

1. IlpuroroBurp 70 r 2,5 % pacTBOpa XjJopuaa KaJdbUHs H3
kpucrautorngpara CaCl,:6H,O u Boabl (miIoTHOCTH pactBopa 1,1

r/mJ).

IIpomsBomaT pacyer HABECKH KpHCTAUIOTHApaTa W 0o0BeMa

BOJIBI,

HEOOXOIUMBIE JUIS TIPUTOTOBJICHUS pacTBOpa. B3BemInMBaroT Ha 3JMEKTPOHHBIX BEcax



mycToM OOKC, a 3aTeM OOKC ¢ HaBeckol. HaBecky BemiecTBa U3 OOKCa MEPEHOCHAT B
crakad. C  T[OMOIIBIO  IMJIWHIAPA  OTMECPUBAIOT  HEOOXOMUMBIA  00BEM
TUCTHIUTAPOBAHHOM BOIBI. Bomo#t W3 mUiIMHpa TPIKABI CMBIBAIOT B CTaKaH OCTATKH
BelecTBa Ha CTeHKax Orokca. OCTaBIIyIOCS B HWJIMHIPE BOAY BBUIMBAIOT B CTaKaH.
CopmepxuMoe  cTakaHa TIEPEMEIIMBAIOT CTEKIIHHOM MajJOYKOW O TOJHOTO
pacTBOpEHUs BEIIECTBA.

2. IIpuroroButhb 100 M 0,1 M pacTBopa kapOoHaTa HATpHUS
(mjoTHOCTH pacTeopa 1,02 r/mur).

ITpou3BOAAT pacueT HABECKH BEIIECTBA. B3BENIMBAIOT HA 3JIEKTPOHHBIX BECax
MyCTOM OOKC, a 3aTeM OIOKC ¢ HaBeCKOH. B MepHYI0 K00y MOMENaloT CTCKISTHHYIO
BOpoHKy. HaBecky u3 GrOKca MEPEHOCAT C MOMOIIBI0 BOPOHKH B MEPHYIO KOJOY.
Hcronk3ys MPOMBIBANIKY, OCTaTKH BENIECTBa B OIOKCE TPHIKIBI CMBIBAIOT BOIOM, a
3aTe€M JIOJMBAIOT BOJY JO IMOJOBHHBI 00BeMa KOJOBI. [lepeMenmmBaT ComepKuMoe
KOJIOBI JIO TIOJTHOTO PAaCTBOPEHHS COJIH. 3aTeM COIEPKUMOE KOJIOBI TOBOIAT 0 METKH
BOJIOH, KOJIOY 3aKPBIBAIOT MPOOKOM U IEPEMEITHBAIOT.

3aoanue ons nooeomosku K 1abopamopnot pabome

1. Tlomp3ysich CHpaBOYHBIMH JAQHHBIMH IO IUIOTHOCTH BEIIECTB, BBINOJHUTH
IIpeBapUTEIIbHBIC pACUeTHI IS OTbITa 1.

2. Kaxkoii obwem crupra-pekrudukara, cojaepxauero 96,4 00.% sTaHOoNa H
Kakoi 00beM BOJBI HaJI0 CMEIIaTh AJIS MOIydeHus 1 1 pacTBopa ¢ 00beMHOM
moneit cupra 40 % (mwioTHOCTh pactBopa 0,948 r/mi). KakoBa maccoBas
JIOJISL CIUPTA B 3TOM pacTBope?

3. I[J'IH PacTBOpPOB M3 OIIbITA 3 CACJIaTh pacuCT HAaBECKU U HaWTU ciaeayromuye
BUbI KOHHCHTpaIIHﬁZ MAaCCOBYKO  JOJIFO  paCTBOPCEHHOI'0  BCILECTBA,
MOJIAPHYIKO  KOHLECHTpaluro, MOJAPHYIO KOHLCHTPALWIO OKBUBAJICHTA,
MOJISUIbHYHO KOHHCHTPALUI0, TUTP U MOJIBHBIC 1O BELICCTB.

NNABOPATOPHAA PABOTA Ne 13

KONI/IUTATUBHbIE CBOCTBA PACTBOPOB

LE/b PABOTbI: 03HakoMuTbCA C ABJEHMEM OCMOCA, CPaBHWUTb TemnepaTypbl
3amep3aH1A U KUMNEeHNA PacTBOPOB U YUCTOrO pacTBOPUTENA.

OBOPYAOBAHME:
9. Ocmomerp.
10. TepmomeTp.
11. SnekTpuyeckasa nanTka.
12. Xumuueckuii ctakaH BmectumocTbto 100 mi.
13. [Asyropnas Konba c 06paTHbIM XON04UIbHUKOM U TEPMOMETPOM.
14. CekyHgomep.
15. Kpucranausartop.

PEAKTUBDI:
7. Bopa guctunamnpoBsaHHas.
8. Jlea.

9. Xnopua HaTpua KPUCTANTUYECKUNA.
10. % pacTBOp caxaposbl.
11. % pacTBOp XNopuaa HaTpuUA.

TEOPETMYECKOE OBOCHOBAHUE

onbIT 1. ABNEHUE OCMOCA

HanonHuUTb ocmomeTp  %-HbiM pacTBOpoM caxapa. OTMETUTb MCXOAHbIN
YPOBEHb KMAKOCTU. HWKHIOIO YacTb COCYAa, 3aKPbITYO MNOAYNpoHeLaemoi
Memb6paHoli, onycTUTb B KPUCTANNM3aTop C AUCTUANMPOBAHHOM Boaok. OTMeTUTb
N3MeHEeHWe YPOBHA KMUAKOCTU B OCMOMETPE. BbIuMCIUTL OCMOTUYECKOE JaB/ieHue B
%-HOM pacTBope caxapa.

MoBTOPUTL OMbIT, UCNOMb3YA BMECTO pacTBopa caxapa 20 %-Hblil pacTBop
X70puaa Hatpua. BbluMCANTL OCMOTHYECKOE AaBaeHWe AaHHOro pacTeopa C y4eTom
M30TOHMYECKOro KoadpduuMeHTa (cTeneHb Auccoumauum xaopuaa HaTpusa NPUHATbL
paBHOM  %).



onbIT 2. CPABHEHME TEMIMEPATYP 3AMEP3AHNA PACTBOPOB U
HYNCTOIo PACTBOPUTENA

Xo0 pabomei
1. MpuroToBuTb OXNaXKAAoLLYO CMeEcb, nepemeLllas 300 r
MesIkomsmenbyeHHoro Abaa u 100 r xaopuaa HaTpuA.
2. CrakaH C gMCTUANIMPOBAHHOM BOLOM MOMECTUTb B OX/1aXKAAMOLLY0 CMECH.
3aKkpenutb B WTaTMBE TepMoMeTp. 3anucbiBaTb MOKa3aHMA TepMOMeTpa
Karkable 10 ¢, NOCTOAHHO NepemeLlnBas COA4EPHKUMOE CTaKaHa CTEKIAHHOM
MasoyKomn.

Bpewms, t, ¢ Temneparypa, T, °C

nocTpouTb rpaduk 3asucumoctn T = f(t). Mo rpaduKky onpeaennTb
TemnepaTtypy 3amep3aHus BO4bl.

3.  AHanormyHbim  o6pasom  onpeaenuTb  TemnepaTtypbl  3amep3aHus
pacTBOPOB caxapa 1 X10puaa HaTpus.

4.  BbINOAHWTL pacyeT TemnepaTyp 3amep3aHuns AaHHbIX PAacTBOPOB. CpaBHUTL
C 3KCNepPUMEHTaNbHO onpeaeneHHbIMU TemnepaTypamu.

onbiT 3. CPABHEHUE TEMMEPATYP KWNEHUA PACTBOPOB U 4YUCTOIO
PACTBOPUTENA

Xo0 pabomei

1. B asyropayto Konby ¢ TepMOMETPOM M 06paTHLIM X0N04NAbHUKOM HaNUTb
ONCTMANIMPOBAHHYIO BOAY M HarPeTb Ha 3/1eKTPUYECKOW NAUTKE 40 KUNEHMS.
OTMeTUTb TemNepaTypy KUNeHus.

2. TOBTOPUTb OMbIT, UCMONL3YA %-Hbll PAcTBOP caxapo3bl U %-Hblil pacTBOp
Xnopuaa Hatpus.

3. BbINOAHWUTb pacyeT TemnepaTtyp KUMNEeHUa AaHHbIX pacTBopoB. CpaBHUTL C
3KCMEepMMEHTaIbHO onpeae/ieHHbIMU TemnepaTypamu.

3adaHue 015 no02omoesKu K nabopamopHoli pabome
1. BbINOAHUTbL pacyeTbl, yKa3aHHble B OMbITax.
2. OTBETUTb HA BOMPOCHI:

a) noyemMy NOAHUMAETCA YPOBEHb XUAKOCTU B OCMOMETPE MPU Ero onycKaHuu B
BoAy?

6) uem onpeaenseTca BbICOTa NOAbEMA KUAKOCTM B OCMOMETpE?

B) MOYEMY HA KpUCTaNlax caxapa M COM, Kak NpaBuio, He bbiBaeT MUKPOHOB?

r) 4to Takoe O M3MONOIMYECKMI pacTBOp W Yem Onpeaenserca ero
KOHLeHTpauua?

A) noyemy nNpu NocbiNaHUK NbAa CONbIO el HAYMHAET TanTb?

NNABOPATOPHAA PABOTA Ne 14
3NIEKTPONPOBOAUMOCTb BOAHbIX PACTBOPOB

UE/Ib PABOTbI: n3yuntb 3aBUCUMOCTb 3/IEKTPOMPOBOAUMOCTU PacTBOPOB OT CUJbI
5/IEKTPONNTA, KOHLUEHTPauuuM pacTBOPEHHOrO BellecTBa U
npuMpoAapbl pacTBopuTens.

OBOPYAOBAHME:
1. dnekTpuuyecknit wKao.
2. YronbHble aneKTpoabl.
3.  XumunyecKkue ctakaHbl BMecTUMOCTbio 100 ma.
4. TpombiBasika C ANCTUNIMPOBAHHON BOAOMN.

PEAKTUBDI:
1. 0,1 H.BoaHble pactBopbl: HCI, CH;COOH, NaOH, NH3, NaNOs.
2.  1H.BoaHbIN pactBop CH3;COOH.
3. 0,1 H. cnupTosble pactBopbl NaOH, NaNOs.
4. Bopa ANCTUNANPOBAHHAA NPOKUNAYEHHaA.

TEOPETMYECKOE OBOCHOBAHUE

BoaHble pacTBOpbl ABAAKOTCA MNPOBOAHMKAMM 2 poda, B KOTOPbIX
HOCUTENAMM  3/IEKTPUYECKOro TOKAa ABAAIOTCA  MOHbl. DNEKTPONPOBOAMMOCTb
pacTBOPOB MPOMOPLMOHANbHA KOHLEHTpauum WoHOB. B pacTBopax CWMAbHbIX
3/1EeKTPO/IMTOB CTeneHb Auccoumaumm 6auska K 100 %. B pactBopax cnabbix
3N1EKTPOSIMTOB CTENEHb AUCCOUMALMM () 3aBUCUT OT KOHLEHTPALLMK 3NeKTpoaunTa (c)
M KOHCTaHTbI AMCCOLMaLmMmN 31eKTpoaunTa (K) no 3akoHy pasbasneHus OcTBanbaa:
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onbIT 1. 3ABUCMMOCTb SNIEKTPONPOBOAUMOCTU PACTBOPA OT NPUPOAbI
3NEKTPOJIUTA

Mpu nepemeHHom HanpaxeHun 30 B onycTuUTb yronbHble anekTpoabl 8 100
mn 0,1 H. pactBopa HCl. 3anucatb 3HayeHWe cubl TOKa. He mMeHAA HanpaKeHuA
nosTOpuTb ONbIT, ncnonbsya 0,1 H. pacteopbl NaOH, NaNO3;, CH;COOH, NHs. MNocne
KaXKAO0ro M3MepeHuAa 3/71eKTPoAbl BbIMbiTb BOZOMPOBOAHOM BOAON W CMOJMOCHYTb
OUCTUNNNPOBaHHOM Bogon. Caenatb BbIBOA O 3aBUCMMOCTU 3/1EKTPONPOBOAMMOCTH
pacTBopa OT NPUPOAbI 3NEKTPOIUTA.

onbIT 2. 3ABUCMMOCTb 3NIEKTPOMPOBOAMMOCTU PACTBOPA OT NMPUPOADI
PACTBOPUTENA

Mpu nepemeHHom HanpaxeHun 30 B M3mepuTb CMAYy TOKa NpU ONYCKaHUU
yronbHbix anektpogos B 0,1 H. cnupTtosBble pactBopbl NaOH n NaNO;. CpasHutb
noJly4yeHHble pe3ynbTaTbl C pe3yabTatamu onbita 1. Caenatb BbIBOA, O 3aBUCMMOCTH
3NEKTPONPOBOANMOCTU PACTBOPOB 3/IEKTPOIUTOB OT NPUPOAbI PacTBOpUTENA.

onbiT 3. 3ABUCMMOCTb  3/IEKTPONPOBOAUMOCTM  PACTBOPA  OT
KOHUEHTPALUNU NIEKTPOJIUTA

Mpn nepemeHHOM HanpaxKeHun 30 B nameputb cuay TOKa Npu ONYyCKaHUMU
YronbHbIX 3nekTpoaos B 1 H. pacTtBop CH3COOH. CpaBHUTb NoAyYeHHble pe3ynbTaTt C
cunoli Toka B 0,1 H. pactBope (onbIT 1). Mo 3aKoHy pa3baBiaeHUA BbIYUCAUTL CTEMNEHb
puccoumaumm  ykcycHo kucnotel B 0,1 H. M 1 H. pactBopax. CpaBHUTb C
pe3ynbTaTaMu MO W3YYEHWUID 3SNEKTPONPOBOAMMOCTM 3TMUX pacteopoB. Caenatb
BbIBOZ, O 3aBMCMMOCTM 3/IEKTPOMNPOBOAMMOCTM PACTBOPOB 31EKTPOAUTOB  OT
KOHLLeHTPaLUUM 3/1eKTPOUTA.

3adaHue 8s14 no02omosKu K AabopamopHol pabome

1. 3anonHutb Tabaunuy 15 (B Kaxkaou ayelike 5-10 dopmyn BewecTs):

[ Knacc | CunbHblE | ONEKTPOIUTHI | Crnabble

HEOPraHUYECKUX
COCTMHEHUH

Kucnoter
OcHoBaHUs
Comm

3JIEKTPOJIUTHI cpenHeil cuibl IJIEKTPOIIUTHI

2. MopgrotoButb Tabnunuy 16 gnsa 3anmcu pesynbTaToB ONbITOB:

PactBOpeHHOE Konuenrpanus
PactBopurens

Hanpsioxenue, B Cuia Toka, A
BEILECTBO pacTtBopa

3. Hanucatb ypaBHEHMA  CTYMeH4YaTOM  AMCCOUMAUMM U BbIPaXKEHUs
CTYMEHYaTbIX KOHCTAHT auccoumnaumm optodochopHoi KnucaoTbl. Movemy K,
Bcerga meHblie K;?

4. KakoBa [0/KHa ObiTb KOHUEHTPAUMA YKCYCHOW KWUCNOTbl B BOAHOM
pacTBope, 4Tobbl ee cTeneHb AgMccoumaumnmn pasHanacb 1%?

5.  BbINOAHUTL pacyeTbl, yKa3aHHble B onbiTe 3.

NABOPATOPHAS PABOTA Ne 15
BOAOPO/HbIM NOKA3ATE/Ib

LLE/Ib PABOTbI: 03HakomneHune ¢ meTogamm onpeseneHuna pH pactsopa

OBOPYAOBAHME:
1. pH-meTp.
2. Habop nHgmKaTopoB.
3. XvMUYecKui CTakaH BMECTMMOCTbo 50 ma.
4. MepHblit uMAnHAP Ha 100 mn.
5. TpombiBanKa c ANCTUNANPOBAHHON BOAOW.
6. LTaTMB Cc NpobupKamm.

PEAKTUBDI:
12. 0,1 H. pactBopsbl: HCI, CH;COOH, NaOH, NHs.
13. Boga ANCTUANMPOBAHHAA MPOKUNAYEHHAA.

TEOPETUYECKOE OBOCHOBAHUE



KncnoTHOCTb pacTBopa xapakTepusyerca BOAOPOAHbIM NoKasaTtesem, pH:

pH =-Iga

H+ ’
rae @, — aKTMBHOCTb MOHa BOAOPOAA, Mob/n.

AKTUBHOCTb MOHa 3aBMCUT OT KOHUeHTpauuu (c, monb/n) u KoabduumeHTa
aKTUBHOCTY f:

a=fc.
3HayeHue KoadpdULMEHTA aKTUBHOCTH ONpesenseTca MOHHOM cuiol pacTeopa (|) u
3apAgom MoHa (2):

,Ll=%ZCiZi2

[na BUHaPHbIX COeANHEHMIA:
1 2 2
H= E(Clzl +C,Z, )

3HaueHe KO3pPMUMEHTA aKTMBHOCTM MOHA MOMKHO HalTU B CNPaBOYHUKE WK
BbIUMCAUTL MO bopmyie:

In f :—%zz\/;.

Ana ﬂpM6ﬂM3MTEI'IbeIX pacyetoB pH BMeCTO aKTMBHOCTU MOHA BOAOPOAA
MCNOZIb3YHOT KOHUEHTPALUIO.

B uucton Bome npu 25 °C aH+ =a,,-= 107 monb/n. Mostomy B

HeWTpanbHOW cpeae pH = 7. B kucnon cpeape pH < 7. B wenoyHon cpeae pH > 7.
OTHOCUTENbHO TOYHOE 3HaYeHne pH MOXKHO onpeaenunTb ¢ nomolubio pH-meTpa. Aaa
NPMBAMMKEHHONW OLEHKM KUCAOTHOCTM PacTBOpa MCMO/b3YHT KUCAOTHO-OCHOBHbIE
WHAMKATOPbI.

ONbIT 1. ONPEAENEHVUE pH BOAHbIX PACTBOPOB C
NMOMOLLIbIO pH-METPA

N3mepuTenbHbI 3nekTpos pH-meTpa [O0MKEeH XPaHWUTLCA B HACbILLEHHOM
pactBope KCl. TMepes npoBegeHMeM U3MepeHUI cTakaH ¢ pactBopom KCl
HEeobxoAMMO OMNyCTUTb, MPOMbITb INEKTPOL AUCTUNNNPOBAHHON BOAOM U CHATb
ocTaBLytocA Kansto Bogbl GUAbTPoM. Mocae 3Toro onycTuTb SNEKTPOS B CTakaH ¢ 20
M/ uccneayemoro pactsopa. lNocnefoBaTenibHO M3MepUTb pH AUCTUAAMPOBaHHOM

npokunayeHHok Boabl, 0,1 H. pacteopos HCI, CH;COOH, NaOH, NH;. 3HaueHne pH
3anuCbiBaTb MOC/AEe BbIAEPKKM 3/MEKTpoAa B pacTBope He meHee 3 MuH. lMocne
KaXK40ro U3MepeHuns 31eKTPOoL NPOMbITb U MPOMOKHYTb.

OfMbIT 2. OKPACKA UHANKATOPOB B PACTBOPAX KUCNOT U LLLE/IOYENA

MpurotoButs 3 npobupkn c 2-3 mn: 1) 1 H. pactBopa HCI, 2)
ANCTUANMPOBAHHOM NPOKUNAYEeHHOM Bogbl, 3) 1 H. pactBopa NaOH. B kKaxaylo
NPO6MpPKY ONYCTUTb MONOCKY YHMBEPCANbHOTO WHOMKATOPA TaK, YTobbl KOCHYTbCA
*Kugkoctn. OTMeTUTb U3MEeHeHMe UuBeTa MHAMKaTopa.

[Jo6aBuTb B KarKayto npobupKy 1-2 Kanau pactsopa nakmyca. OTMeTUTb
LBeT MHAMKaTopa.

MoBTOPUTbL OMbIT, UCMOJIb3YA B KAYECTBE MHANKATOPA METUIOPAHK.

MoBTOPUTbL ONbIT, UCNO/L3YA B KAYECTBe MHAMKATOpa deHondTanenH.

MpoBecT aHaNOrM4YHyl0 CEepuio OMbITOB, 3aMEHMB COJIAHYIO KUCAOTY
YKCYCHOWM, a rMApOKCUA, HaTPUA pacTBOPOM aMMMaKa.

OdgopmneHue pe3ynbmamos

3anonHuTb Tabamuy 17

IIBeT nHaMKaTOpa
YuusepcanbHblii | Jlakmyc MeTunopanx Denondranenn

PactBop pH

Hzonnc-r
1 1. HCI
1 5. CH;COOH
1 1. NaOH
11 NH3

CpaBHUTb NOJIyYeHHbIe pe3ybTaTbl C ANTEPATYPHbLIMU AaHHBIMK

Tabnvua 18
Wnnukarop Iepexon okpacku Wurepsan pH
Jlakmyc KpacHasi-CHHSIS 5,0-8,0
Mertuiiopanx KpacHasl (po30Basi)-KeJTas 31-44
Denongranens OeclBeTHAs-MaJIMHOBAs 8,0-98

3a0aHue 0219 nod2omosku K nabopamopHol pabome



1. O6bACHUTL M3MEHEHME OKPACKM MWHAMKATOPOB B 33aBUMCMMOCTM OT
KMCNOTHOCTM pacTBopa.

2. Bblumcante pH 0,1 H.,, 0,01 H. 1 0,001 H. pacTBOPOB YKCYCHOW KMUCNOTbI C
y4eTom u 6e3 yyeta KOapPUUMEHTA aKTUBHOCTU. MOXKHO Nn onpesenuTb
KMC/NIOTHOCTb 3TUX PacTBOPOB C MOMOLLbIO: @) lakMyca, 6) MeTUNopaH:Ka, B)
deHondranemHa?

3. TMpw KaKON MaKCMMaNbHOM KOHLLEHTPALMU CONSHOM KUC/IOTbl METUNOPAHIK
He byZeT MeHATb OKpacky?

4. Pewwutb 3agauu: [2] c. 35, Ne 86-89.

NABOPATOPHAS PABOTA Ne 16
rmapPonu3 CONEN

UENb PABOTbI: n3yuyntb peakummn obpaTtmmoro 1 Heo6pPaTUMOro rMapPoaAn3a conei u
BMAHWE T’MAPON3a coneit Ha pH BoAHbIX pacTBOPOB.

NABOPATOPHOE OBOPYOBAHUE U NMOCYAA:
1. pH-metp.

LLitaTB € Nnpobupkamm.

CnupToBKa.

[JepxaTenb Ana npobupok.

YHuBepcanbHaA MHAMKaTOpHas Bymara.

JNlakmycoBas bymara.

MuneTka KanenbHas.

CTaKaHbl CTEKNAHHbIE.

O N~ WDN

PEAKTUBDbI:

1. LWMHK rpaHy/IMpOBaHHbIiA.
ANFOMUHMI FPaHYIMPOBAHHBIN.
Xnopua, ammoHuA.

Xnopwupg, xenesa (ll1).
deHondTanemnH.

Cynbdat HaTpus (0,1 M).
Cynbdut HaTpma (0,1 M).
Cynbdung HaTpua (0,1 M).

. Kap6oHart HaTpua (0,1 M).

10. Mmapokap6boHat HaTpms (0,1 M).

©® N A WN

11. ®ocdart HaTpwma (0,1 M 1 KoHL,.).
12. Tmapodocdat HaTpus (0,1 M).
13. Aurngpodocdart HaTpua (0,1 M).
14. Auetat HaTtpus (0,1 M).

15. Xnopwug ammonusa (0,1 M).

16. Xnopua anomuuma (0,01M m KoHL,.).
17. Cynbodat uuHka (0,1 M).

18. Cynbdat meau (1) (0,1 M).

19. Cunwmkat HaTpua (0,1 M).

20. Cynbdart xpoma (II1) (0,1 M).

21. CepHasn KncnoTa (KoHLU.).

I. OSPATUMBbIN TNAPOIN3
ONbIT 1. CocrosiHMe paBHOBECHA NPU 06PaTUMOM rMAPONU3E CoNei

Ha nonocku KpacHOW W CUHEM NaKMyCOBOM WAW YHMBEPCANbHON WH-
AMKATOpHOW bymarn HaHecuTe MO OLHOWM Kanjie pacTBOpPOB coJsei: cynbduaa,
KapboHaTa, cynbduTa M cynbdata HaTpuAa, a TakkKe cyabdaTa LMHKA M xnopuga
ANOMUHMSA.

Mo M3meHeHWIo LBeTa MHAMKATOpa onpeaesnTe, Kakue CONu noaBeprarTca
rmaponusy, n obbAcHUTEe, novyemy. Kak MOXHO CMecTuTb paBHOBecMe rMaposv3a B
CTOPOHY peareHToB B KaXA0M KOHKPETHOM cayyae?

ONbIT 2. CreneHb NPOTO/NM3a B PacTBOPaX pPasHbIX conei

C nomoupbto pH-meTpa onpeaenute sHadeHne pH B 0,1 M pacTBopax coneu:
KapboHaTa M rugpoKapboHaTta HaTpusa, ¢ochata u rugpodocdaTta HaTpus,
anrngpodocdaTta HaTpUA, XNOPUAA aMMOHUA U XNopuaa aatoMUHUA. Belumcaute
npubnansuntTenbHoe 3HavyeHne pH 3TUx pacTBopoB. Pe3ynbTaTbl BHecute B Tabauuy
19.

pH 1 M pactBopa
OKCIIEpUMEHT Pacuer

ITo xakoMy HoHy
UAET THAPOIU3

®dopmyna conu

O6bACHWTE 3aKOHOMEPHOCTM WM3MeHeHMAa PH B pacTBopax 3TUX Cconei.
Mouemy pacTeop aurngpodocdaTta HaTPUA UMEET KUCAYIO peakumio cpeabl?



OnNbIT 3. CmeLeHre MOHHOTO paBHOBeCUA 06paTMMoro rmaponusa

a) enusaHue memnepamypei Npu NocMoAHHoli KOHYeHmpayuu

Haneiite B npobupKy 2—3 mn pacTBopa auetata HaTpua U gobaBbTe oAHY
Kanso pacteopa peHondTanemHa. Harpeite pactsop oyt fo KuneHua u HabaoganTte
NnosB/ieHWEe PO30BOM OKPACKWU. 3aTeM oxnaante NpobMpPKy C pacTBOPOM NOJ CTpyeW
XO0No4HOWM BOAONPOBOAHOM BoAbl A0 obecuBeynBaHuA. Kak meHaeTca pH pactsopa
npyu U3MEHEHUN TeMnepaTypbl, €C/IN U3BECTHO, YTO MHTEpPBaa Nepexoaa OKPacKu
nHgukaTopa ¢eHondtanemHa 8-10 eamHuy pH? Kak BAuMseT HarpeBaHue Ha
paBHoBecue npoTonusa? Kak BAMAET Ha 3TO paBHoBecue oxnaxaeHue? [o
pe3ynbTaTam MNpOBeAEHHOro OMbiTa cAenanTe BbIBOA O TensoBom 3dpdekTe
npoTtoausa (3HZ0- UM 3K30TepPMUYECKUI Npouecc).

6) enuaHuUe KOHUEeHMpayuu eewecmed 6 pacmeope

Ucxopa n3 0,1 M pactesopa npurotosbte 50 mn 0,01 M pactsopa xnopuga
ammoHua. C nNomoLbio YHMBEPCA/NIbHOTO MHAMKATOpa M pH-meTpa onpeaenute
3HaueHne pH. 3atem pobasBbTe OKoMO 1 T TBEpAOro x/Jopuvaa aMMOHMA U
nepemelalite pactesop. Kak namersaetcsa pH pactsopa? Moyemy? KakoBo BAUAHUE
KOHL,eHTpaLMu BelecTBa Ha paBHoBecue NpoToansa?

8) enuaHue 0obasneHUs 0OHOUMEHHO20 UOHA

B npobupke c Boaol pacteopute 2-3 Kpuctanna xnopuaa kenesa (lll).
[Jo6aBbTe MO Kanasm KOHUEHTPUPOBAHHYIO CEPHYIO KMUCNOTY (pacTBop npu 3TOm
CUNbHO pa3orpeBaeTca) U oxnaguTe NPobUpPKy C PaCTBOPOM MOA CTPY el XON0AHOM
BOZONPOBOAHOM BOAbI 4O KOMHATHON TemnepaTypbl. CaoenanTe BbIBOA O NPUYUHE
obecuBeynBaHUA pacTBOpa, Y4YMTbIBaA, UYTO KEeANTbll LBET pacTBopa COAM
enesa(lll) obycnoBneH HanMyMem 3HaYUTENbHOrO KOJIMYECTBA MOHOB FeOH2+, a
rMapaTUPOBAHHbIN KaTUOH Fe3+-nH20 nouytn becupeteH. O6bACHUTE HabaogaemMble
AB/NIEHUA C MOMOLLBIO NPUHLKMNA CMeLLeHna paBHosecua Jle LaTtenbe.

ONbIT 4. Xumunuyeckoe pacTBopeHMe MeTanN0B B BOAHbIX pacTtBopax
rMaponusyloWmnXca coneun

Haneitte B npobupKy 2—3 MA KOHLEHTPMPOBAHHOIrO pPacTBopa X/aopuaa
antomuHuA. OnyctMTe B NPoBUPKY rpaHyny UMHKa. HarpeiTe pacTBop. KaKkoi ras

BblaenseTca? MposeanTe aHANOMMYHbIMA ONbIT. IcNONb3yA KOHLEHTPUPOBAHHLIN
pacteop docdaTa HaTPUA U TPaHYNy aNtOMUHUA.

Kakne OKMUCNUTENbHO-BOCCTAHOBUTENbHbIE peaKLMM MOryT MUATU B
pacTBopax cofei, NOABEPralolLMXCA TUMAPOAM3Y, TMNPU BHECEHUW MEeTannNoBs,
PacrnofioXKeHHbIX B 3NEKTPOXMMUYECKOM PAAY HaNpaXeHuh [0 BoAopoaa?
Moyemy? O6BACHUTE, 3a4eM ANA YCNELWHOro BbIMOJIHEHMA ONbITOB HAA0 6paThb
KOHLEHTPMPOBAHHbIE PACTBOPbI CONEM U UCNONb30BATb HarpeBaHue.

Il. PEAKLUMN HEOBPATUMOTO TMAPOJIU3A

BHecuTe B NpobupKy 1-2 mAa pacTtBopa x1opuaa atoMUHUA U NpuaeinTe
paBHbIi 06bem pacTBopa cynbduaa Hatpua. Habntopalite obpasoBaHMe ocagka u
BblAeneHue rasa. BHecuTe B Apyryto npobupky 1-2 ma pacteopa cyibdaTa xpoma (L)
W npuaente paBHblin 0b6bem pactBopa cynbduaa Hatpusa. Habnwogante BbinageHue
ocaflKa v BblaeneHue rasa. [na gokasaTtenbcTBa dakTa BblAeNEHUS CEPOBOAOPOAA
nogHecuTe K OTBEPCTUIO NPOBMPKM nosocky GuAbTpoBanbHOW bBymarm,
CMOYeHHyto pactBopom cynbdpata megm(ll) (cynbduna megm CuS yepHoro ugeta).
KakoB cocTaB 0caZikoB B NepBoii 1 BTopon npobupke?

MOXHO AW nNoAyuuTb cynbdua antoMuHUA U cyabodug  xpoma(lll)
obMeHHOW peaKuuen B BOgHOM pacTBope? Kak byaeTt B3aumozelrcTeoBaTb C BOAOM
cynbdng  anomuHmMa  coctaea  Al,S3  ,  MoAyyYeHHbI  HenocpeaCcTBEHHbIM
B3auMMoOAeNCcTBMEM NPOCTbIX BELWECTB (aIIOMUHUA U cepbl)?

BbINONHWTE aHaNorMyHble OMbITbl, UCMO/b3ys PACTBOPbI XJ0pUAa Kesesa
(1) n kKapboHaTa HaTpuA, xnopuaa xenesa (lll) U cunnkaTa HaTpuA, HUTpaTa
xpoma (lll) u KapboHaTa HaTpua, xnopuaa aatOMUHUA U cynbduTa HaTpua,
cynbdpata meam (I1) u kapboHaTa HaTpuA. MpU COCTaBNEHUM YPABHEHUI YYecTb,
yTo B nocnepHen peakumm obpasyeTca NpPeumMyLLecTBEHHO TMAPOKCOKapboHaT
meaum (11).

3adaHue 0219 nodzomosku K nabopamopHol pabome
1. B KaxAom onbiTe 060CHOBaTb BO3MOXHOCTb MPOTEKAHWUA MAPOAN3A CONMN.
CocTaBUTb MOHHbIE U MOJIEKYAAPHbIE ypaBHEHMA MOCTaAMMHOIO npolecca
rmaponusa. OTBETUTb Ha BCE BOMNPOChI, BK/IOYEHHbIE B OMbITbl.
2. Pewwutb 3agaun: [1] Ne
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OKUCNUTENbHO — BOCCTAHOBUTE/IbHbBIE PEAKLIUN

UENb PABOTbI: npoBecT OKMCAUTENbHO-BOCCTaHOBUTENbHblE peakuun (OBP) c
yyacTMem  TUMMYHBIX  OKUCAUTENed W BOCCTAHOBUTENEMN,
nccnenoBsaThb BAMAHME cpeabl HA npoTekaHue OBP

NABOPATOPHOE OBOPYAOBAHUE U NMOCYAA:
1. LWraTtmB c npobupkamm.
CnupToBKa.
[JepaTenb a4na npobupok.
MukpownaTens.
JlyumHKa.
MuneTka KanenbHas.
CTaKaHbl CTEKNIAHHbIE.
MpombiBasika ¢ AUCTUNNMPOBAHHOM BOLOW.
ManTKa anekTpmyeckas.

LN AEWN

PEAKTUBDI:
1. UuHK (NnopoLlokK).
LIMHK rpaHy/IMpOBaHHbIN.
ANOMUHWI FPaHyIMPOBAHHbIN.
XNnopua amMoHUA KPUCTaNANYECKUNA.
Cynbout HaTpura Na,SO; KpUCTanan4eckui.
Tpurmuapat HuTpaTa meam (I1) ) Cu(NOs), - 3H,0.
MepmaHraHat Kanua KMnO4 KpUCTananYeckuit.
Megab B BUAE NPOBONOKMK UK GONbIN.
docdop KpacHbIN.
. NepmaHraHaT Kanma KMnO, (0,5 H.).
. CepHas kucnota H,SO, (KOoHW,. 1 2 H.).
. Tnpgpokema Hatpua NaOH (2 H.).
. Ouxpomat Kanus K,Cr,05 (0,5 H.).
. Cynbdut HaTpua Na,SO; (0,5 H.).
. Cynboua HaTpuma Na,S (0,5 H.).
. Kap6oHat HaTpusi Na,CO3 (0,5 H.).
. A3oTHas Kncnota HNO; (KoHU,., pa36. 1: 1 n 2 H.).
. XnopoBogopozaHas kucnota HCl (2 H.).
LLlaBenesasn kucnota H,C,0,4 (0,1 H.).

LNV A WN

PR R PR PRPRPRPP PR
LN AWNRO

20. Hwutpwut Kanma KNO, (0,5 H.).

21. Woawnpg kanua Kl (0,5 H.).

22. Nepokcug Bogopoaa H,0, (3 %).

23. Cynbdat xpoma (Ill) Cry(SO4);3 (0,5 H.).
24. Cynbdat meau (II) CuSO, (0,5 H.).

25. Xnopwg 6apua BaCl, (0,5 H.).

onbIT I. TUNMWUYHBIE OKNC/IUTENIN

1.1. NepmaHraHat Kanma

B cunbHoKucnou cpege. K 1-2 mn pacTtBopa nNepmaHraHaTa Kaauva npuaeinte
paBHbIli 06bemM pa3baBieHHON CEPHOM KMCNOTbI, @ 3aTEM Ha KOHUMKE MUKpOLLNaTeNs
BHECUTE HEMHOIO KPWUCTaNAMYeckoro cynbduta HaTpusa Ao obecupeumMBaHus. Yem
obycnosneHo obecLBeymBaHme pacTBoOpa’?

B cunbHowenouHoit cpeae. K 1-2 M pacTtBopa nepmaHraHata Kanava npuaeinTe
paBHbIM 06beM 2 H. pacTBOpa MMAPOKCUAA HAaTPUA UAW KanA, @ 3aTEM  Ha KOHUYMKeE
MUKpOLUNaTena BHECUTE HEMHOro KpucTaaauMyeckoro cynbduta Hatpua. PactBop
AOMKEH npuobpecTn 3eneHbl LBeT, 0bycnoBAeHHbIM 06pa3oBaHMEM MaHraHat-
WOHOB.

B HelTpanbHoi cpepe. K 1-2 mn pactBopa nepmaHraHata Kanua npuaeinTe
paBHbIli 06bEM AUCTUNNUPOBAHHOM BOAblI, @ 3aTeM Ha KOHYMKE MMKpoLLnaTens
BHECUTE HEMHOIO KPUCTaNMYECKoro cynbduTa HaTpuaA. Kakoe BeL,ecTBO BblAeNNAOCH
B BUAE KOPUYHEBOIO 0CaAKa? B Kakol cpefie nepmaHraHaT Kaava asaseTtca Hambonee
CU/IbHBIM OKMCAUTENEM?

1.2. Anxpomart Kanua

PactBop auxpomarta Kanauma (1-2 mn) B npobupke noaxkucauTe ABYymsA
Kannsamu pas3baBieHHOoM CepHOM KMCOTbl U AobaBbTe pacTBop CybouUTa HaTpUs A0
M3MEHEeHMA OKPaCKM cmecn. Yem 06yCc10BIEHO M3MEHEHME OKPACKM pacTBOpa.

K 2-3 mn pactBopa AauxpomaTta Kaaums p[obasbTe paBHbIA 06bem
pa3baBNeHHOM CEepHOM KUCAOTbl M MO Kannsm npuanBaiite pacTBop cyabdata
»enesa(ll). Kak u3meHAeTcAa OKpacka pactBopa? Yem obycnoBneHo 3To
n3MeHeHue?

A30THasA Kucnorta



(Taza!) B aBe NnpobuUpKK BHECUTEe NO rpaHyne meau U npuaenTte no 5 Kanenb
a30THOM KWUCNOTbl: B NepBYD MNPOBMPKY KOHLLEHTPUPOBAHHOM, BO BTOpylD —
pa3baBneHHoN. CMecb OCTOPOXKHO HarpenTe. KakoBa OKpacKa BblAeNMBLIEroca rasa B
Kakgom caydae? [lo KakuMx NpPOAYKTOB BOCCTAaHAB/AMBAETCA a30THasA KMC/IOTa
(KoHLEeHTpMpOBaHHan 1 pasbasneHHas)? Kak Banset Ha OBP HarpeBaHue?

¢ BHecuTe B NpobM1pKy MUKpoLLNaTesieM HEMHOTO KpacHoro ¢ocdopa un fobasbTe
10 Kanenb KOHLUEHTPUPOBAHHOM a30THOM KucaoTtbl. Cmecb HarpeiTte. Kakol
rasoobpasHblii OKCUA a30Ta 06pasyeTcsa B 3STOM C/lyyae?

1.4. CepHana Kucnota (KOHUEHTPUPOBaHHaA)

(Taza!) Hanelite B NnpobUpKy 6 Kanenb KOHLEHTPUPOBAHHOM CEPHOM KUCNOTbI U BHECUTE
rpaHyNy Meau, OCTOPOXKHO HarpelnTe coaepkmmoe npobupku. Kako ras sblgensercs?
MNoatBepanTe BaAlW BbIBOA C MOMOLWbLIO MOJIOCKM GUAbTPOBanbHOU bymaru,
CMOYEHHOW pPacTBOPOM MNepMaHraHaTa Kanua. Oxnagute npobupKy U BbineirTe ee
copgepxummoe B cTakaH ¢ 5—10 mn Bogbl. Mocne OTCTaMBaHMA B3BELUEHHbIX YacTul,
OCTOPOXKHO nepesieliTe pactBop B NpobupKy. Yem 0O6ycnoBneHO OKpaluMBaHWe
pacTtBopa?

(Taza!) HaneiTe B NpobupKy 6 Kanenb KOHLEHTPUPOBAHHOM CEPHOMN KUCAOTbI U
BHECUTE HEMHOIO LUMHKOBOM Mbl/1M, OCTOPOXKHO Harpemnte cogeprKMumoe npobupKu.
Kakoi ra3 Bblgensetca? [lloaTBepguTe Balw BbIBOA, C  MOMOLLBI  MOJIOCKM
dunbTpOBanbHOM Bymaru, cMoYeHHoM pacTBopom cynabdata meau(n) (cynbdug,
Mmegn CuS yepHoro upeta). Yem 06BACHUTL pasnuuMe ra3oobpasHbix NPOAYKTOB
BOCCTAHOB/IEHWUSI CEPHOM KMUCAOTbI MPY B3aMMOAENCTBUU C MEZbI0 Y LLUHKOM?

onbIT Il. TUNUYHbIE BOCCTAHOBUTE/IN

2.1. MeTtannbl

BHecute B NPOBMPKY T[paHyny anlOMUHUA W npunerte 2-3  mn
pasbaBneHHOM XN0POBOAOPOAHON KUCNOTLI. MMoaorpenTte cogepknmoe nNpodUpKu.
KaKkoW ras Bblgensetca? Kakow npoAyKT obpasyeTca NpM OKUCAEHUU antoMUHUA?
ByaeTt v naTVM aHanorM4Han peakuus, e BMeCTo afiloMUHUA B3ATb Medb, BMECTO
X0POBOAOPOAHOMN KMCNOTbI — pa3baBieHHYIO CEPHYIO KUCNOTY?

BHecuTe B nNpobBMpPKY TrpaHyny anlOMUHUA W npuneite 2-3 MA
pacTBopa rmapokcmuaa HaTpua. MoaorpeinTte cogeprkmumoe npobupku. Kakow ras
Bblaensetca? Kakoh npoayKT obpasyerca npu OKUCNEHUU aIIOMUHUA B LLEIOYHOM

cpeae? B Kakol cpede BOCCTAaHOBUTE/IbHbIE CBOWMCTBA a/IlOMUHUA BblPa*KeHbl
cunbHee? HasoBuTe ApyrvMe M3BeCTHble Bam MeTa/jlbl, pearupytolime ¢ Boaoi B
LeNlovHOM cpeae.

2.2. CepoBopgopopa 1 cynboupabl
(Taza!) K 2-3 mn pactBopa Auxpomata Kanus fobasbte 1-2 ma pasbaB/ieHHOM
CEpPHOM KMCNOTbl U PacTBOP CEpoBOAOPOAA A0 U3MEHEHMA OKPAcKM cmecu. Yem
06yCcN0BNEHO 3TO U3MEHEHUe?
(Taza!) B npobupKy BHecuTe 3 Kanau KOHUEHTPUPOBAHHON CEPHOWN KUCNOTbl U
npunenTe MO Kanaam pacTBOp CepoBOAOPOAA A0 MOMYTHEHMA cmecu. Kakow
NPOAYKT 06pasyeTcs Npu OKUCIEHUN CEPOBOAOPOAA?
(Taea!) B npobupky BHecuTe 2-3 mn pacTBopa cynbdaTta megu(l) u npuneiite
pacTBoOp CepoBOAOPOAA [0 MOJIHOTO OcCaxAeHua cynbduaa meau(M) yepHoro
useta. Cmecb HarpeiTe, paliTe OCafKy OTCTOATbCH; YAA/UTE MKUAOKOCTb HaZ
ocasikom nuneTkoi. K ocagry nobasbTe 4-5 Kanenb KOHLEHTPUPOBAHHOM a30THOWM
KMCNOTbI W HarpeiTe [0 nepexoja ocafgka B pacTBop. Kakue Bewiectsa
ob6pasytoTca?

2.3. OpraHuyecKkue BeLLecTsa

Haneitite B npobupKy 1-2 mn pactBopa nepmaHraHaTta Kanus, npubasbTe
CTONbKO Ke pa3baBfeHHOM cepHON KWUcnoTbl M 1-2 MA pacTBopa LiaBesneBoi
KMCNOTbI, 3aTeM Harpeinte cmecb A0 obecuseymBaHuaA. Kakoi rasoobpasHbiii NpoayKT
BblAENAETCA B Pe3y/bTaTe OKUCAEHMUA LaBeeBoi KUCAOTbI?

OnbIT Ill. BELLECTBA, MPOABNAIOWME U OKUC/TUTE/NIbHBIE U
BOCCTAHOBUTE/IbHbIE CBOMCTBA

3.1. Hutput Kanua

K 2-3 mn pactBopa HUTPUTA Kanua npuaeinte paBHbll 0b6bem
pasbaBneHHON cepHOM KucaoTbl M 1-2 mMA no Kanaam pacTBopa uoauaa
Kanus. Kak nsmeHsetcs uset pactsopa? Kakoit ras sbigenserca?

K 1-2 mn pactBopa nepmaHraHata Kaauva npunenTe CTONbKO Xe
pa3baBieHHOW CEPHOM KWUCNOTbl U PAcTBOP HUTPUTA Kanusa o obecuBeymBaHuA
cmecK. Kakoi npoayKT obpasyercs B pe3ybTaTe OKUCAEHUA HUTPUT-UOHA?



3.2. Nepokcup Bogopoaa

K 1-2 mn pactBopa noanga Kanusa npunente 1mn pasbasneHHON cepHoi
KMCNOTbl M 2—3 Kanau pacTBopa MepoKkcuga BoAoposa. KaKkoi OKpalueHHbI
npoAykT obpasosancA? YTo nonyuymaocb B pesysbraTe BOCCTAHOBAEHUA MepoKCMaa
BOAOpOAa”?

K 1-2 mn pactBopa nepmaHraHata Kanuvs npunente 2  Kanau
pa3baBfieHHON CEepHOM KUCAOTbI WM pacTBOp NepoKkcuAa BOAOPOAA A0
obecuseunBaHua cmecu. Kakoli ras sbigenserca?

K 2-3 mn pacteopa cynbdata xpoma(lll) npuneiite npu nepemeliMBaHum
pacTBOp rMAPOKCMAA HAaTPUA A0 UCYE3HOBEHUA NEePBOHAYasIbHO BbINaBLUIEro OCagKa
rmapokenga xpoma (lll). K nonyyeHHomy pacTBopy rekcarmgpokcoxpomata (ll1)
HaTpua npubasbTe 1-2 MmA NepoKkcuaa BOAOPOAA M Harpente cMecb A0 nepexona
OKPaCKM B }enTyto. Yem obycnoBneHO U3MeHEeHNe OKpacKu?

CoenaiiTe  o06wWMiA  BbIBOA: KaKMe CBOMCTBA OKUCAWUTENIbHblIE  UAU
BOCCTAHOBUTENbHbIE Hoslee XxapaKTepHbl ANA HUTPUT-UOHA M NEPOKCUAA BOLOPOAA
B KMCNOTHOM cpeae? CuibHbIM WMAM CnabbiM OKUCAUTENEM ABAAETCA NEpPOKCUA,
BOAOPOAA B WenovyHon cpege? Kak 3To nposBnseTcA B pe3ynbTaTaX NPoOBeAeHHbIX
onbITOB? [1719 OTBETa HA BOMPOC MUCMO/b3yiTe CNPaBOYHble AaHHbIE.

OonbIT IV. TBEPAODA3HbIE PEAKLIUU

(Taea!) HemHoro Tpurugpata Hutpata meau(ll) Cu(NO;3),-3H,0 nomectute B
NpPo6MpKy, 3aKpennTe ee B LUTaTUBE MU OCTOPOXKHO HarpeiTe B N1amMeHU CrNUPTOBKMU.
Habniogante o06e3BoXMBaHME W noc/eaytouwlee pasnoxeHue conun. Kakoe
coeMHEHWEe Meam NoYY4MI0Ch NPKU NpoKaamMBaHUN? Kakue razoobpasHble NpoayKThbl
BbIAENATCA NPU pasioxkeHun conn? (Tsea!) B Turenb HacbinbTe MMKpoLINaTenem
HEeMHOro TBepAoro cynbduta HaTpua. HarpenTe TUreb Ha 31EKTPUYECKON NANTKE UAn
B neun go 600 °C. Yepes 15-20 MMH BbIHbTE €r0 W3 Neyu, OXaauTe, a 3aTem
pacTBopute cogep:kmumoe B 10 Kannax Bogbl. [ONy4eHHbIW pacTBOp MWUMNETKOM
BHecuTe B ABe NPObMPKK, B NEPBYLO M3 KOTOPbIX NpeaBapuUTeNbHO HanenTe 2 Kanaum
pactBopa cynbdata meau(ll), a Bo BTOpylO 2 Kanau pactBopa xaopuaa bapwus,
NOAKUCNEHHOro ABYMA Kanasmu XA0pPOBOAOPOAHON KUcAoTbl. YTOo Habnopaertcs?
Kakune npoayKtbl 06pa3oBasnmcb NPU TEPMUYECKOM PA3/IOKEHUN CynbdUTa HaTpUA?
Kak HasbIBalOTCA peakumu BHYTPUMONEKYAAPHOTO OKUCAEHUA-BOCCTAHOBAEHUA

3TOro Tmna?

B cyxyto npobupKy BHECUTE MMUKpoWMaTesemM HemMHOro TBepaoro
nepmaHraHaTa Kaaua W OCTOPOXHO HarpeiTe. C MOMOLLbIO TAelWweh NYYUHKM
AOKaxkute BblaeneHue Kucnopoga. Oxnagute npobupKy M BHecuTe B Heé
HEeCKONbKO Kanenb Bogbl. Yem obycnosneH ugeT pacTBopa? Kakoe cocrtas
HepacTBOPMBLLIEroca ocTaTKa?

3adaHue 0514 nodzomosku K nabopamopHol pabome
1. CocTaBuTb YypaBHEHMA peakLMi, OMUCaHHbIX B KaXgom onbiTe. [na
peaKkLuuit, NpoTeKaloWwmx B PacTBOpPe, MCMNO/Nb30BaTb MOHHO-3/1EKTPOHHbIN
MEeTo4; ANA KCYXMX» PeaKkLuin — MeToa, 31eKTPOHHOro banaHca.
2. TWCbMEHHO OTBETUTb Ha BCE BOMPOCHI, BKAOYEHHbIE B ONMUCAHME OMbITOB.
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MPAKTUHECKOE MPUMEHEHUE SNEKTPOXMMUYECKUX NMPOLEECCOB

LUE/Mb PABOTbl: 03HakoMWUTbCA C YCTPOWCTBOM M paboToi ranbBaHUYECKUX
3N1eMEHTOB M1 NPOLLECCOM 3/1EKTPO/IN3a BOAHOIO pacTBopa.

OBOPYAOBAHME:
1. SnekTpuyeckui wkad.
dneKTpuyecKkuii Tectep.
YronbHble 31eKTPOoAbI.
XUMUYeCcKui cTakaH BMecTumocTbio 100 ma.
MpombiBanka ¢ ANCTUANNPOBAHHON BOAOW.
dnekTpuyecKas batapes (anemeHT JleknaHuue).
KWCNOTHbIM akKyMynsaTop.
LLlenoyHom akkymynsaTop.
. AKKYMYNATOpHbI apeomeTp.
10. MuKHOMeTp.

CoONOUAWN

PEAKTUBDI:
1. 1 M BoaHbIM pacTBOp MogMaa Kanus.
2. 1 M BoAHbIV pacTBOpP rMAPOKCMAA HaTpumS.
3. KOHUEHTPMPOBAHHbBIN PacTBOP CONAHOM KUCAOTbI.



4. JlakmycoBas M MogKpaxmasbHaa bymara.
TEOPETUYECKOE OBOCHOBAHUE

OKMCANTENIbHO-BOCCTAHOBUTENIbHbIE  MpOLECChl  SABAAKOTCA  cnocobom
B33aMMHOI0 NPEBPALLEHNA IHEPTUN XMMUYECKOWN PEAKLMMN B SNEKTPUYECKYIO SHEPTUIO
(ranbBaHWYecKkMe anemeHTbl: 6aTapeirku, akKymynatopbl) M HaobopoT (npouecc
aneKkTponusa). Mo 3akoHy ®Papases KOAMYECTBO BELLECTBa, NPOpearMpoBaBLIero B
npouecce 3/1eKTPO/IM3a NPAMO NPONOPLUOHANIbHO KOJIMYECTBY 3/IEKTPUYECTBA:

It

N = ——, raen—KOANYECTBO BELLECTBA, MO/b,
n.F
| —cnna ToKa, A,
t—Bpems, ¢,
N — YNCIO SNEKTPOHOB B YPAaBHEHUM pPeaKLUN,
F—uucno ®apagen, F =96490 Kn.

onbIT 1. SNEMEHT AKOBU-OAHUINA

B 2 cTakaHa HanuTb 1 M pactBopbl cynbdatoB megu (1) n umHKa. CoeanHUTbL
pPacTBOPbI 3IEKTPUYECKMM MOCTUKOM, NPEeACTaBAAOWMM COOBOMN CTEKNAHHYIO TPYOKY,
HAMONHEHHYO arap-arapom M HacbILWLEHHbIM PAacTBOPOM XJopuaa Kanusa. OnycTuTb B
CTaKaHbl MeAHYI0 U LLUHKOBYIO NAACTUHbI U U3MEPUTb PA3HOCTb NOTEHLMANOB MEXAY
nnactMHamu. CpaBHUTb MONYYEHHbIM pPe3ynbTaT CO CTaHAAPTHbIM  3HAYeHUem
pPa3HOCTM NOTEHLMANOB AAHHOIO ra/IbBaHWUYECKOro 3/1EMEHTA.

OonbIT 2. SNEMEHT NEK/TAHLLE

N3mepuTb HanpaxeHne Ha KOHTaKTax aneKkTpuyeckon batapenkun. CpasHUTb
C Hanps)KeHWem, yKasaHHbIM Ha 3TUKeTKe. Pa3buTb 6aTapeliky. Ha pabouyto cmech
6aTapeliku NoAeincTBoBaTh: a) pacTBOPOM LLEeoUn, 6) KOHLEHTPUPOBAHHOW CONSHOM
KUCNOTOM. Bblaenatowmincs ammmnak o6HapyK1UTb C NOMOLLbIO B/IAXKHOW JTaKMyCOBOM
6yMaKKn, a BbIAENAOWMACA XN0P — MWOAKPaxmanbHOW. Hanwucatb ypaBHeHWs
peakunn, NpoTeKalLWmx Npu 3apagke u paspagke H6atapeu M Npu obHapyKeHUn
amMmmMuaka u xnopa.

OnbIT 3. CBUHLLOBbIA AKKYMY/IATOP

Xo0 pabomoi

1. C nomouplo CNeunanbHOro aKKyMynATOPHOrO apeomeTpa onpeaenuntb
NJAOTHOCTb PAcTBOPA 3/1EKTPOIUTA B CBUHLLOBOM aKKymyaaTope.

2. BsBecuTb cyxoi apeomeTp.

3. C nomoLLblo NMUMETKU HAMOJIHUTL APEOMETP KUC/IOTON M3 aKKymynaTopa u
CHOBa B3BECUTb.

4. BblYMCAUTb NNOTHOCTb KUCAOTHI.

5. To cnpaBoYHUKY OnpenenvTb KOHLEHTPAUMIO PacTBOPa CEPHOM KUCIOTbI.

6. TloAKNOUNTD K aKKYMYNATOPY SNEKTPMYECKY0 NaMMOYKY MOLWHOCTbIO BT
Ha 1 yac.

7. Tocne oxnaxKAeHUs akKyMynaTopa ABYmMA cnocobamu 3amepuTb NAOTHOCTb
3/IEKTPO/IUTA U YCTAHOBUTb KOHLEHTPALMIO KUC/IOTbI.

8. [0 U3MEHEHUIO KOHLLEHTPALMK BbIYUCANUTL KOJIMYECTBO NPOpPEarMpoBaBLLEi
KWUCNIOTbI.

9. Mo 3akoHy ®dapagea  BbIUUCAUTL  KOAMYECTBO  3/IEKTPUYECTBA,
COOTBETCTBYIOLLEE KONMYECTBY NPOPEearnpoBaBLLEN KUCAOTbI.

10. Pe3ynbTaT CpaBHUTb C KONMYECTBOM 3/1EKTPUYECTBA, 3aTPaAYEHHOro Ha
ropeHve JIaMnoyvku. Bblumcautb KoapduLMeHT nonesHoro [AencTsuA
6aTtapem.

11. HanucaTb ypaBHEHMA peaKkuuii, NpoTeKaloWmMx Mpu 3apAgKe U paspsake
aKKyMynsaTopa.

ONMbIT 4. LWE/IOYHOM AKKYMY/IATOP

O3HaKOMMUTBLCA C YCTPOMCTBOM LLENOYHOTO akKymynaTopa. Kakue meTtanbi
ABNAIOTCA KaTOAOM M aHOAOM? KaKoB COCTaB 3/1eKTPo/MTa? HanucaTb ypaBHeHWA
peaKLuit, NpoTeKaloLWwuxX Npu 3apsaaKe U paspagKe akKyMynaTopa.

OnbIT 5. 9NEKTPOJIU3 BOAHbIX PACTBOPOB

Xo0 pabomel

1. B 1 M pactBop Moamaa Kanua onycTuUTb YroJibHble 3/1eKTpogpbl. JobaBuTb
HeCKo/IbKO Kanesb deHondTanenHa.

2. DneKTpogbl NOAKAYUTb K WCTOYHMKY MOCTOAHHOrO TOKa, MOBbIWasA
Hanpsa)keHne oT 0 B. Kak meHAeTcA LBeT pacTBopa B KaTO4HOM U aHOAHOM



npoctpaHcTBe? [pM  KaKOM  Hanpsa)KeHMM HAYMHAETCA  3/1EKTPON3?
HanucaTb ypaBHeHUA peakumii, ayLWmMx Ha SNeKTpoaax.

3. Habnwogan anekTpoaus, BblAep:KaTb 3NEKTPOAbl B pacTBope B TeyeHue 10
MWH. Mo 3aKkoHy dapagen BbIUMCAUTD KOAMYECTBO 06pa3oBaBLUEroca 3a 3T0
Bpems Mofa. PaccuntaTb, KaK M3MeHMNacb 33 3TO BPEMA KOHLEHTpauus
noampaa Kanva B pacteope?

3adaHue 0219 nod2omoskKu K nabopamopHol pabome
1. OTBeTUTb Ha BOMPOCbl M HanNucaTb YpPaBHEHUS Peakumi, yKasaHHble B
KaXX4oM onbiTe.
2. BbinonHuTb ynpaxHenus: [1] 7.11, 7.12, 7.13; [2] c. 40, Ne 110.



















































