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BBEJAEHUE

Hucuunnuna «Xumus» (Pasgen «Heopranudeckass M aHaluTUYECKas XUMUS»)
OTHOCHTCSI K 00513aTeIbHOM nucnuruinHe «ba3oBoro Momyss 1» moaroToBku OakaaiaBpoB
no HampapieHuio ToAroToBku 19.03.04 TexHonoruss NOpOAYKIMKA W OpraHU3alMs
obmectBeHHOro nuTanus. [Ipoduns: «banTuiickas BbICIIas HIKOIA TAaCTPOHOMUM.

Lenpro ocBoeHUA AucHUIUIMHBL «HeopraHndeckas W aHaIUTAYECKAs XUMUS»
ABIsieTCs. (POPMUPOBAHUE Yy CTYICHTOB TEOPETUYECKUX M TMPAKTUUYECKUX 3HAHHUH TIO
JUCIUIUIMHE U YMEHUS UX UCTOIb30BaTh B CBOEH NMPO(eCcCHOHAIBHON AeSTENHHOCTH.

B pesynbrare u3ydyeHus: JUCUUILIMHBI CTYAEHT JOJIKEH

3HaAmMb:

- pyHgamMeHTaIbHbIe pasaeabl HEOPraHUYECKON U aHAIUTUYECKON XUMHUH;

XAMHUYECKUE 3JIEMEHTHI U UX COCIUHCHUS,

- METOJIbI U CPEJICTBA XMMUYECKOTO UCCIEAOBAaHNS BEIIECTB U UX IIPEBPAILCHUN;

- OCHOBHBIE XMMHYECKHE U (DPU3UKO-XMMUYECKHE METOJIbl aHaJIn3a BEIIECTB, UX
CYLIHOCTb, TEOPETHUECKHE OCHOBBI U 00JIACTH PUMEHEHUS;

- METPOJIOTUYECKUE XapaKTEPUCTUKU METOAOB aHAIU3a.

ymemo:

- IPOBOJIUTH PACUYETHI KOHLEHTPALUHA PACTBOPOB PA3JIMUYHBIX COCIUHEHUM;

- ONPENENATh U3MEHEHHS KOHIICHTPauui paCTBOPOB IIPU IPOTEKaHUU

XUMUYECKUX PEaKIIHil;

- IPOBOJUTH OYUCTKY BEIIECTB B Ja0OPATOPHBIX YCIOBUSX.

enadems:

- HaBBIKAMU BBITIOJTHEHUSI XUMUYECKUX JIAOOPATOPHBIX OTIEPAIIHii;

- METOJAMH OIPEAEIICHUS] KOHLEHTPALUNA PACTBOPOB;

- METOJAMH CUHTE3a HEOPTaHUYECKUX COCIUHEHUMN.

XUMHUYECKUN JTA0OPATOPHBIM MPaKTUKyM ABISAETCS 0043aTeIbHOM YacThIO
yueOHoi gucruiuinabl  «Xumus» (Pazmen «Heopranuwueckas u  aHamuTHYeCKas
XUMHUSI»), KOTOPYIO M3y4aroT CTyaeHThl HanpasieHus19.03.04 TexHonorus npoayKuuu v
opranuzaiusi oOmiectBeHHoro mnurtaHus. [Ipoduns: «bantuiickas BbICIIas KON
TraCTPOHOMUI.

JlabGopaTtopHbie 3aHATUA MPU U3YYEHUH HEOPTaHUUYECKON XMMUU MPECIEAYIOT JIBE
OCHOBHBIE LIeNU: 1) MOATBEPKIAEHUE HKCHEPUMEHTOM TEOPETUYECKUX IOJOKEHUN H
3aKOHOB; 2) 0Oy4yeHUE HaBBIKaM IMPOBEACHMS JaOOPATOPHBIX PaOOT, MPU BHITOJTHEHUU
KOTOPBIX CTYICHTHl OCBAMBAIOT TEXHUKY OOpAIIeHUS C XUMUYECKUMHU PEAKTUBAMH U
IPUCIOCOOJICHUSIMU, TTPUEMBI TTPOBEJICHUA XUMUUECKUX ONEpALHii, METobl 00pabOTKH
ONBITHBIX JAHHBIX, y4arcsl COIMOCTAaBISITh W AHAJIM3UPOBATh PE3YJbTATHl ONBITOB U
nenarb BbIBOAbL. Kiaccuueckuid J1abOpaTOpHBIM NPaKkTUKyM [0 XUMHUU HOCHUT B
OCHOBHOM WJUTIOCTPATUBHBIN XapakTep: B J1a0OpPaTOpHBIX OMBITAX CTYAEHTHI HAXOISAT
MOATBEPKICHUE TE€X 3aKOHOMEPHOCTEM, KOTOPBIE M3YUYalOT HA JICKIMOHHBIX 3aHSTHUSX.



1. TEMBI JIABOPATOPHBIX PABOT U METOANYECKUE YKA3AHUA 11O
X BBIITOJIHEHUIO

Temaruueckuii mian gaboparopusix 3auatuii (JI3) mpencrasnen B Tabnuiie 1.

Tabnuma 1 - Tematndeckwii man taboparopHbix 3ausatuit (JI13)

Howmep .
Tema nucuuIIMHbB/ Ha3BaHUE Ja0OPATOPHOU PabOTHI
TEMBbI
Bsenenue
OCHOBHBIE XUMHUYECKHE 3aKOHBI Y MIOHATHUS. 3aKOH YKBHUBAJICHTOB
I JI/p Nel. Onpenenenue GopMylibl KpUCTAILIOTHAPATA
' JI/p Ne2. Onpenenenre SKBUBaJICHTHON MacChl MeTaslIa
JI/p Ne3. Onpenenenrie SHTAIBIUNA PACTBOPEHUS COJIH
2. Crpoenue aroma. XuMHA4YECKas CBSI3b
3 XUMHUYECKasi KHHETHKA. XUMHAYECKOE PABHOBECHUE
' JI/p Ne4. CxopocCTh XMMHUUYECKUX PEAKIUN U XUMHUYECKOE PAaBHOBECHE
4 PactBopsI: Kitaccudukaiys, crocoObl BEIpayKEHUsI KOHIICHTPAIIUH.
' JI/p NeoS. IlpuroroBienue pacTBopa 3aaHHONM KOHIIEHTPAIUH
DNeKTponuTHYECKas Auccoruanys. BonopoaHelil mokas3areib
5 JI/p Neb6. DnexTpoauTuueckas IucCOoUaIus
JI/p Ne7. Onpenenenue pH cpensi. UaanKaTOophl
I'mpponus comneii. [IponsBeneHne pacTBOPUMOCTH.
6. JI/p Ne8. 'mnponm3 couneit
JI/p Ne9. IIpousBeaeHue pacTBOPUMOCTH
7 Kommiekcoobpa3oBaHue B pacTBOpax
' JI/p Ne10. KoMIIeKCHBIE COETMHEHHS
OKUCIUTENBHO-BOCCTAHOBUTEIBHBIE pEaKIINU
2 JI/p Ne 11. Baustaue pH cpezpl Ha XapakTep BOCCTaHOBJICHHS TIEpMaHraHaTa
' KaJIus
JI/p Ne12. OkucnutenbHO-BOCCTAHOBUTENBHBIE PEAKIIMU
9. ["anbBaHUYECKUN SJIEMEHT
10 Koppo3us meramuios
' JI/p Nel3. Koppo3sust MeTamion
DIIEKTPOIN3
1. JI/p Nel4. DnekTponn3 BOJHBIX PACTBOPOB COJIEH
JI/p Nel5. DnekTpoXuMHU4YeCKOe HAHECCHHE METAJUTMICCKUX MOKPBITHIA




Howmep .

OMEL Tema mucnuIIMHB Ha3BaHUE Ja0OPATOPHOU PaOOTHI
OnemenTsl A u [IA noarpymnmn. KecTKoCTh BOJbI (TUTPUMETPUUECKUN
aHaJIn3)

12. JI/p Nel6. Onpenenenne KeCTKOCTH BOJIBI
JI/p Nel7. OGuue cBoiicTBa METAIJIOB
CuHTE3 XpOMO-KaJIMEBbIX KBACIIOB
OnemenTsl [IIA, IVA u VA noarpynn

13. CuHTE3 AIIIOMO-aMMOHHUMHBIX KBACIIOB
Cunres xnopuja rekcaammuaaukens (1)

Onementsl VIA, VIIA, IB u 1IB noarpynn

14. Cunre3 THOCYNIb(]aTa HaTPUs

Cunres conu Mopa

B ydyeOHO-MeTOAMYECKOM  MOCOOMM  ONUCAHUIO  KaXIOW  TeMbl U
COOTBETCTBYIONTUX €l paboT, MPeaIecTBYeT TEOPETUUECKOE BBEJACHUE, YTO MO3BOJISET
IPOBOIUTH JIAOOPATOPHBIE 3aHATUS HE3aBUCUMO OT JIPYTUX BUOB 3aHATHIA. BrioueHue
B OMHCaHUE padOT TEOPETUUECKUX BBEACHHUI YBETUYUBACT UX OOYYAIONINI MOTEHIIMAT
M TI03BOJISIET HCIIOIB30BaTh HEKOTOPHIE M3 HUX B KauyeCTBE EAMHCTBEHHOTO BHIA
3aHATHH 10 Teme. Ilo TakuMm TeMaM BBEACHHE B JIAaHHOM ITOCOOWHM TIPHBOJUTCS B
paclIMpeHHOM BapUaHTE.

[locme TeopeTHuecKoro BBEACHUS B TMOCOOMU TPEACTABICHO 3aJlaHUE MO
nabopaTopHOil paboTe U ITallbl €€ BHIOJHEHUS: MOATOTOBKA K JaboparopHou padore,
MOPSAJIOK €€ BBIMOJIHEHUS], 3alUCh JAHHBIX OMbITa U pacdyeThl. [locie Kakaoi Tembl, U
COOTBETCTBYIOIIUX €M J1Ia0OopaTOpHBIX pPabOT, B TOCOOMU TPUBOJIUTCA IE€PEUYCHD
BOIPOCOB M 3aJaHUM JJIsi CAMOCTOSITEJIbHOW IPOBEPKU 3HAHUM, YMEHUW U HABBIKOB
CTYICHTOB, TIPUOOPETAEMBIX TPU TMOATOTOBKE K 3aHSITHSAM M MPH BHITIOJHEHUU PalOT.
DTHU BOMPOCHI MOXKHO TaK)K€ MCIOJIb30BaTh MIPU COOECEOBAHUU CO CTYJEHTAMH B LIEJIAX
KOHTPOJISI K aKTHBU3AIMH UX PAOOTHI.

IMoaroroBka k JiabopaTopHoii padoTe BKIIIOUAET B CeOs:

1. o3HakOMJICHHE C TEOPETHYECKUM MAaTepuajoM JUisl YCBOCHHUS OCHOBHBIX
3aKOHOMEPHOCTEH, JISKAIUX B OCHOBE PabOTHI;
2. BHUMATEIbHOE 3HAKOMCTBO C XOJOM OJKCHEPUMEHTAIBHOM YacTu paldoThl U

TIOPSIJIKOM €€ ITPOBEICHMS;

3. YCTHBIC OTBETHI Ha BOIPOCHI, NMPEIIOKCHHBIE B 3aJaHUM K padoTe, KOTOphIC

IIOMOTAIOT CTYACHTY IIOHATH M OOOCHOBaTh BBIOOP METOAMKH IPOBEICHHUS

AKCIIEPUMEHTA U HEOOXOUMOTO JIJISI STOTO 000PYIOBaHUS, TTOCYAbl U PEAKTUBOB;



4.
5.

MIpeIBApUTEIBHBIE PACUETHI (TMCHMEHHO), €CITU OHH MPEAYCMOTPEHBI B paboTe;
MOJITOTOBKY MPOEKTa OTYETA M0 JIabOpaTopHOH padoTe.
B npoekte otdera mo jaboparopHoil paboTe JOMKHBI OBITh OTpaXKEHBI

CJIETyIOIIUE MYHKTHI (MMpUMEp MPOEKTa OoT4yeTa Mo J1aboparopHON paboTe MPHUBEACH B

npuiokeHnu 2 ganHoro Y MII):

1.
2.

O N Ok~ w

Hasanue, HoMep paboOThI U Jara €€ BHIIOJHEHHUS.

[lens paGoThl M (MIM) KaXIAOTO OTAEIBHOTO OMBITa (€Ciau padoTa BKIIOYACT
HECKOJIBKO OIIBITOB).

CnucoK UCTOIb3yeMbIX TPUOOPOB U PEAKTHUBOB.

VYpaBHEHUS XUMUYECKHUX PEAKIIMiA, JIeKaIIUX B OCHOBE OIbITA.

[IpenBaputensHbie pacyeThl (€CIM OHU MPETYCMOTPEHBI B 33/JaHUN).

CxeMa yCTaHOBKU U €€ onucaHue (€ciu oHa MpeyCMOTpeEHa B paboTe).

[Topsimok BBITTOTHEHHSI paOOTHI.

Tabnuma il 3amucu AKCIIEPUMEHTATBHBIX JTaHHBIX (€CIM TPEAronaraeTcs ux
MOJIyYEHUE B X0JIe pabOTHI).

Boluucienne HMCKOMOM BENMUYMHBI (0 Hayajga paboThl CleayeT BMHCAaTh B
7a00paToOpHyI0 TETpaJb MaTeMaTHUUYECKUE BBIPAKECHHUS] 3aKOHOB W 3HAYCHUS
MOCTOSIHHBIX BEJIMYWH, UCTIOJIB30BaHUE KOTOPHIX MpeIoaraeTcs B padboTe).

10.Pacuer ommbOku ombiTa (€caum B pabOTe MPOM3BOAUTCS PACUET MPAKTHUECKOM

BEJINYUHBI).

11.Habmrofaenus (IMMyHKT 3aMOJIHIETCS B XOJI€ BBITIOTHEHUS PaOOTHI).

12.Be1BO/IBI (ITYHKT 3aITOJHSICTCS TIOCIIC BHITIOJTHEHUS paOOThI M MPOU3BEICHUS BCEX

pacyeToB).
Jonyck k JjadopaTtopHoii padore. Jliisi ngomycka kK paboTe CTYAEHT OJDKEH

UMETh JTA0OPATOPHBINA >KypHAJI C MPAaBWIBHO O(OPMIICHHBIM MPOEKTOM OTYeTa TI0

nabopaTtopHoil pabore. JlOMyCK CTYIEHTOB K BBITIOJHEHUIO JIaOOpaTOpHON padOThHI
MPOBOAMTCS TIperojaBaresieM IIyTeM YCTHOTO ompoca Jubo mucbMeHHO. K

BBINIOJIHEHUIO TEKYLIEH J1abopaTOpHOl padOThl OMYCKAIOTCA TOJBKO T€ CTYAEHTHI,

KOTOPBIE:

1.
2.

MpaBUILHO 0OpMILTH PaboTY;

3HAIOT HA3BaHUE U 11€JTh pa0OTHI; MOHUMAIOT CYIITHOCTH SIBICHUN U 3HAIOT 3aKOHHI,
KOTOpPBIC JIe)KaT B OCHOBE PabOThI M (hOPMYJIbI, OMUCHIBAIONINE JTAHHBIE 3aKOHBI,
MMEIOT YETKOE MPEJCTABICHUE, YTO M KAKUM CIOCOOOM OyIeT U3MEPSIThCS, Kak
YCTpOCHA M pab0TacT YCTAHOBKA; 3HAIOT KaKWE MPSMBIC U KOCBCHHBIC H3MEPCHHSI
IIPOBOSTCS B JaHHOUW paboTe M KaK OyIyT pacCUYUTHIBATHCS MOTPEITHOCTH.
CTyneHThl, HE JOIYIICHHBIC K BBITOJHCHHIO JTa00OpaTOpHON paOOThI, JAOKHBI

JIUKBUAWPOBATHL HA MCCTC 3aMCUYaHUA U HCAOCTATKHU B IIOATI'OTOBKC K pa60Te, YKa3aHHBIC

MMpCroaaBaTciICM U ITOBTOPHO MOJYIUTDb JOITYCK K BBIITIOJIHCHHUIO pa6OTLI.
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CTyneHTsl, HE MOyYUBIINE JOMYCK K paboTe B J€Hb MPOBEACHUS paOOThI I HE
SBUBILIMECS HA 3aHSATHUS, BBINOJHSAIOT MPOMYIIEHHYI0 paboTy Ha 3a4yeTHOM Henmemne
COTIACHO PACTIMCAHUIO TPOBEICHUS 3a4ETHBIX 3aHSITHM.

IIpoBenenue j1aboparopHoii padoThI

Bremmonnenne naboparopHoil pabOThl HAYMHAETCS C M3Y4YCHHs] NPUOOPOB U
YCTAaHOBKH, OCHOBBI HMX pabotel. B maGoparopHom iKypHaine, B 3apaHee
MOATOTOBICHHYIO Tabmuiyy «[Ipubopsl W  peakTHBBI», HEOOXOAMMO 3alucaTh
TEXHUYECKUE XapAKTEPUCTUKU NPHOOPOB: H3MEPEHUs, LEHY [EJICHUS IIKaJbl,
MOTPEIIHOCTh Mpubopa (KIacc ero TOUHOCTH), PEKUM €ro padoThI U T. 1.

N3mepeHust T0MKHBI MPOBOIUTHCS AKKYPAaTHO U € COOIONEHUEM MPaBUI TEXHUKU
0€3011aCHOCTH, KOTOPbIE MPUBEACHBI B IPUIOKEHUH 1.

3anucu OTCYETOB B TAOJNIMIy BEAYTCA B TOM BHUJE, B KAKOM OHH IOJYYEHBI IO
M3MEPUTETBHBIM NpUOOpamM, 6€3 OKPYIIICHUS.

Ecnu oTtcuer aenaercs no mikaie, IeHa JeJeHUs KOTOPOM HE paBHA €IUHHIIE, TO
3aMHUCHIBAIOTCS IENIEHUS IIKaJIbl 0€3 YMHOKEHUS UX Ha LIEHY JCJICHHUS.

[locne mnpoBeneHuss W3MEPEHMM, OSKCIIEPUMEHTAJIBHBIE JaHHBIEC, IOJYyYCHHBIC
CTYAEHTOM B XOJI€ BBIIOJIHEHUS pabOThl, TOJKHBI ObITh MOJNMCAHBI MIPENOAABATEIEM,
BEAYLLUM 3aHSTHE.

[Io OKOHYaHHMH BCEX W3MEPEHUN NIPOU3BOAATCA PACUETHl 3HAYEHUHA HCKOMBIX
BEJIMYMH, MOTPEIIHOCTEN WM3MEpPEHM, UCIOJb3ysl MPU ITOM MpPABWIA OKPYIVICHUS, U
ctpositca rpaduku. Iloctpoennsie rpaduku BHOCATCA B J1a0OpaTopHbIN >kypHai. Bce
MIPOMEKYTOUHBIE pACUeThl JEJaloTCs B JaboparopHoM >kypHasie. CXeMbl, PUCYHKU U
rpaduKy BHITIOIHAIOTCS KapaHIalioM.

B koH11e paboThI CTYAEHT JAOJKEH HamKMcaTh BHIBOJ U MPEIbABUTH Ja00PaTOPHBIN
’KypHaJI IIPETIo/IaBaTellio i 3alUThl JJabopaTopHOH paboThl. CTYIEHTHI, TOIYYHBIINE
JOIyCK K paboTe, HO He YCHEBUINE CHSTh IMOKa3aHUs, BBIIOJIHIIOT JaHHYIO paboOTy Ha
3a4€THOM HEeJeNe COMIacHO PACIIMCAHUIO MPOBEACHMS 3aUE€THBIX 3aHATUH.

3ammuTa JgaboparopHoil padorbl. K 3ammre mabopaTtopHoi pabOThl CTYIEHT
00s13aH:

1. mpemocTtaBUTh  MOTHOCTHIO  OGOPMIICHHYIO  JaboparopHyro  pabotry cC
3aMOTHEHHBIMH TaOMHUIIaMH, TpaduKaMu, pacueTaMy U 3aKII0YCHUEM;

2. 3HaTh HEOOXOIMMBIM TEOPETHYECKUN Marepual; YMETh KpaTKo paccka3aTb O
COZCpaHUM TPOBEAEHHOTO UM DJKCIEpPUMEHTa U OOOCHOBaTh BBIBOAMI,
C/IeJIaHHbIE B 3aKJIIOUEHUU;

3. yMeTh CTpOUTh TpaUKH C Y4EeTOM MOTPEIIHOCTEW W 3alUChIBaTh PE3yJAbTaThl
U3MEPEHU,

4. TpOU3BOAUTH BHIYUCIIEHUS MMOTPEIIHOCTEN U3MEPEHUM;

5. yMeTh pemiaTh MPakTUIECKHEe 3a4a49H 10 TeMe JaHHOW paboTHI.
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2. METOINYECKHUE YKA3ZAHUA o BBIITOJTHEHUIO
JIABOPATOPHBIX PABOT

Tema 1. OcHOBHbIE XUMHYECKHE 3aKOHbI U MOHATHSA. 3aKOH SKBUBAJEHTOB

Teopernyeckuii MarepuaJl, HeOOXOAUMBbIN VISl BHINOJHEHUS J1A00PATOPHOM
padoTbI

Buvi6oo gopmynv. Kpucmannoeuopamoli. ®@opMyiia XUMUYECKOTO COCTUHEHUS
MOKa3bIBACT, U3 KaKMX DJEMEHTOB COCTOMUT JAaHHOE BCIIECCTBO M CKOJIBKO aTOMOB
KaKJIOTO JJIEMEHTa BXOAUT B COCTaB €ro MOJICKYJIbl WM (OPMYIBHON €IUHUIIBIL.
MaccoBble COOTHOIICHUS 2JIEMEHTOB B MOJIEKYJIaX MOKHO MPEICTABUTh KaK OTHOIIICHUE
MIPOU3BEACHUN COOTBETCTBYIOIIMX aTOMHBIX MACC HA YKCJIO aTOMOB Ka)JOIro 3JIEMEHTA
B MOJIEKYJIE, T.€. MOKHO 3aIACaTh:

m;imy:m3 =xA :yA»:zAs3,

rJe mj, mp, m3 — COJAEpPKaHUE AIEMEHTOB B coeauHeHuu (%); X, y, Z — 4UCIO
aTOMOB 3TUX JJIEMEHTOB B MOJIEKyJie WM B (OpMyJIbHON emuHuue; A, Az, Az —
ATOMHBIE MACCHhI AJIEMEHTOB. V3 3TOTO ypaBHEHUS CIIEIYET:

YTO TIO3BOJISICT HAXOAUTH OTHOIIICHUE MEXKTy YMCIIAMHA aTOMOB B MOJICKYJIC.
Ilpumep. Heobxomumo ompenenuTh (HOpMyTy BEIIECTBAa, KOTOPOE COMCPIKHT
Hatpuii (32,43 %), cepy (22,55 %) u xucnopon (45,02 %).
COOTHOIIICHUE YUCEIT aTOMOB B (JOPMYJIC TAHHOTO COCTUHCHUS:

32/43,22,55 45,02 _ 1.41: 0,705 : 2.82
23 " 32 " 16

Ecnu camoe menbinee yucio (0,705) npuHATH 3a €AUHUILY, TO JAHHOE OTHOIIICHUE

X:y:z=

CTAaHOBUTCS OTHOIICHHUEM IEJIBIX YUCEIL:

X:y:z=2:1:4,

cienoBarenbHO, (opmyna coemuHenus Na,SOs. Orta  Qopmyna Oymer
npocmetiuieli, TOCKOJIbKY TOJIYYeHHOE COOTHOIIEHHWE MOXXET OBbITh BBIPAKEHO TaKXKe U
YUCJIaMH, KPAaTHBIMU HaWJCHHBIM.

Kpucrammoruapatsl — 95TO BeUIECTBA, KPHUCTAUIM3YIOUIMECS C OJHON WK
HECKOJIbKMMHU MOJIEKYJIaMH BOJbI. SIBIeHne 00pa30BaHMs KPUCTAIUIOTHAPATOB - OJTHO W3
JI0Ka3aTeIbCTB XUMUYECKON MPUPOJIBI MPOIIECca PACTBOPSHHSI; OHO TIOATBEPKAALT, YTO
OpyU  PacTBOPEHUM  MOJEKYIIbl ~ pacTBOPUTENSI M PAcTBOPEHHOIO  BEIIECTBA
B3aUMOJICUCTBYIOT JApPYr C JpyroMm, oOpa3ys cBsi3u. Moliekyaa KpHUCTaJUIOrHpara
BKJIFOYAE€T B ce0sl MOJIEKYJIbI O€3BOJAHOM COJMM U MOJIEKYJBbl BOJBI B OIpPEIEICHHBIX
MOJIBHBIX COOTHOIIEHUsAX. Kpucrtammoruaparsl MOTYT TakXke o00pa3oBarbcs Mpu
JUINTEJIbHOM XpaHeHUH O€3BOJHOM COJMM BO BIAXHON armocdepe, MNOCKOIbKY
0e3BOHBIC CONTU O0JIAAI0T, B OOJBITMHCTBE CBOEM, BBICOKOW TUTPOCKOTMYHOCTHIO.
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TUNUYHBIMU KPUCTAJUIOTUIpATaMU SIBJISIIOTCSI MHOTHE MOPUPOAHBIE MHUHEPAIIbI,
Hanpumep rurc CaSO4-2H,0, xapuammut MgCl'KCl-6H,O wunu MemHblii Kymopoc
CuSO45H,0 - natuBonHbil cynbdar mean. Meansiii kynopoc — roiayooro nseta. [Ipu
HarpeBaHUM OOJIBIIMHCTBO KPUCTAJUIOTHAPATOB TEPSIOT KPUCTAJUIM3ALMOHHYIO BO.Y,
npeBpaiasich B 0e3BOJIHbIE BellecTBa. [Ipu 3TOM 4acTo MpoOUCXOAUT U3MEHEHHUE 1[BETA
BEILIECTB. M3MenpunM Kynmopoc U MPOKAIUM €ro. MeIHbI KyllopoC MOCTENEHHO TEPSET
BOJIY, MPEBpAIIasch B OBl TOPOIIOK Cyib(dara Meau.

CuSOys - 5SH,O = CuS0O4 + 5H,O

[Ipu nobGaBneHuu BOABI MPOUCXOIUT OOpaTHBINM mMpolecc: Oe3BOAHBIA OEbIit
cynb(aT Mely MpeBpallaeTcs B KPUCTAIUIOTHAPAT —TOIy00 MEeTHbIN Kymopoc.

CuSOy4 + 5H,O = CuSOqy - 5SH,O

Ixeusanenm. 3aKkoH IKEUBALEHMOE. IKBUBAJIEHTOM HA3bIBACTCS peallbHAs WU
YCJIOBHAs YacTHIA, KOTOpas 3aMellaeT OJIMH MPOTOH BOAOPOJia B KMCIOTHO-OCHOBHBIX
WM  HOHHO-OOMEHHBIX PpEAKIUSIX WIA OAWUH JJIEKTPOH B  OKHUCIHUTEIHHO-
BOCCTAHOBUTEJIbHBIX peaKlUsiX. PeallbHble YacCTUIIBI — ATO aTOMbl WM MOJIEKYJBI, a
YCIIOBHBIE — UX YacTu, Hanpumep 1/2 atoma kucnopona, 1/3 monexkynst H3PO4 1 T.0. (B
JICUCTBUTEILHOCTH TaKUX 4YacTull He ObiBaeT). Macca Takod wyacTuibl (Macca
HKBUBAJICHTA), BIPAXKCHHAS] B aTOMHBIX €IMHMIIAX MACChI, Ha3bIBACTCS YKBUBAJICHTHON
Maccoii, a Macca ogHoro Mons (6,02-10%%) takux wacTui (DKBMBAJIEHTOB) HA3bIBACTCS
MOJIAPHO MAaccoil 3KBHMBaJIeHTa. 13 3TOro crmenyer, 4yTo SKBHBAJIEHTHAs Macca —
OTHOCHUTEJbHAs BEJIWYWHA, NPU STOM CpPaBHEHUE HJET C BOJOPOIAOM, IKBUBAJICHT
KOTOPOTO — €T0 aToM, a DKBUBAJICHTHAsI Macca paBHA €IUHMUIIE.

Ilpumep 1. OnuH aToM XJIOpa COEIUHSETCA C OJJHUM aTOMOM BOAOpOJa, oOpasys
xynoposonopos (HCI). CnenoBarenbHO, SKBUBAJIICHTOM XJIOpa SBIISIETCS €0 aTOM.

Ilpumep 2. Kucnopon ¢ Bomopogaom obpasyeT aBa coeauHenus: H,O, (mepokcun
Bonopoaa) u H,O (Boma). B mepBom coeanHEHNN SKBUBAJICHTOM KHCJIOPOJA SIBISIETCS
€ro aroM W SKBHMBAJIECHTHAs Macca paBHA IIECTHAIIATH, & BO BTOPOM — SKBUBAJICHTOM
KHUCJI0opo/ia siBisieTcs 1/2 aToMa U SKBUBAJICHTHAsI Macca paBHA BOChMHU.

Ilpumep 3. CepHas KuCIOTa COACPKUT JBa aroMa Boaopoaa. B peakuuwn
3aMEUIEHUs] OJHOTO W3 HHX SKBUBAJICHTOM KHUCJOTHI SIBIISETCS €€ MOJEKylla C
SKBUBAJICHTHOM Maccoi 98, a B peakuuu 3aMmelnieHusi ABYX arOMOB BOJOPOJA —
ITOJIOBUHKA MOJIEKYIIBI (YCIIOBHAs YaCTULA) C SKBUBAJIEHTHOU Maccoi 49.

JIns onpeneneHus SKBUBAJICHTHBIX MAcC PAa3IUYHbIX COSAMHEHUN HCIIOIb3YIOTCS
CJICYIOIIHNE BhIPAKCHUSI:

1. OnpeneneHne 3KBUBaJIEHTHON MacChl IMTPOCTOTO BELIECTBA:

A
m,(mpocToro B — Ba) = ;r, e (1)

m, (HpOCTOFO B-Ba) — JKBHBAJICHTHAA Macca IIpOCTOro BEUicCTBa,
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A, — aroMHas mMacca 3JeMeHTa, 00pa30BaBILIETo IPOCTOE BEIIECTBO;

B — BaneHTHOCTB A51eMeHTa, 00pa30BaBLIETO MPOCTOE BEIIECTBO.

IIpumep. OnpenenuTb SKBUBAJIEHTHYIO MacCy IMPOCTOrO BEIIECTBA BOJOPO/A.

Mornekyrna mpocToro BEUIECTBAa BOAOPOAA COCTOUT M3 JIByX arOMOB JJIEMEHTA
Bojopoaa H,, BaJeHTHOCTb KOTOPOTO paBHAa €AMHUIE, a aTOMHas Mmacca | I/MoJb.
3anuiieM BolpakeHHe (1) MpUMEHUTENBHO K Hallel 3a1a4e U NOACTaBUM 3HAYEHUS:

A(H), 1
ma(HZ) = m = T =1 I‘/MOJIb
DKBUBaJICHTHAS Macca MPOCTOTO BEIIECTBA BOAOPO paBHa 1 I/MOJIb.
2. OnpenenieHre YKBUBAJIEHTHON MacChl CJIOKHBIX BEIIECTB

2.1. oxkcuoB

M (oxcupa)
~ans o e ()

m, (OKCHJIa)— SKBHUBAJICHTHAS Macca OKCH/a;

M (okcuma)— MoOJsIpHAst Macca OKCHJIA;
N (aT) — 4uciIo aToMOB AJIEMEHTa, 00Pa30BABIIETO OKCH/T;

m,(okcuzaa) =

B — BaJIeHTHOCTH 37€eMeHTa, 00pPa30BaBUIETO OKCH/I.
IIpumep. Onpenenutb SKBUBAJIECHTHYIO Maccy okcuzaa cepsl (V).
3anuiieM BblpakeHHe (2) NPUMEHHUTENIbHO K Hallled 3ajade M, PaccuuTaB
MOJISIpHYIO Maccy SOs, IOJICTABUM UMEIOIIUECS 3HAYEHUSA:
M(S03) 80
N(S)-B(S) 1-6

m,(503) = = 13,3r/MoJib

2.2. KUCJIOT

M (KHACJIOTBI)

m,(KHUCJIOTBI) = p—— (3)

m, (KUCIOThI) — SKBUBAJIEHTHAS MAacCa KUCIIOTHI;

M (KucnoThl) — MOJISIpHAst Macca KUCIIOTHI;

OCHOBHOCThH - YHUCJIO aTOMOB BOJOpO/a, CIIOCOOHBIX Y4YacTOBaTh B PEAKIIUSIX
3aMEIlEeHHUS.

Ilpumep. OnpenenuTh SKBUBAJICHTHYIO MACCy CEPHUCTON KUCIIOTHI.

3anumiemM BbIpaxkeHHe (3) TPUMEHUTENILHO K Halled 3ajade U, pacCuuTaB
MossipHyto Maccy H,SOs, mopcTaBuM UMEIOIIUECs 3HAUYCHHUS:

2.3. OCHOBaHHMI

M (ocHOB)

KHUCJIOTHOCTD
m, (OCHOB)— KBUBAJICHTHAsl MaCcCa OCHOBAHUS;

m,(OCHOB) =

M (ocHOB) — MoJIsipHasi Macca OCHOBaHMSI;
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KHCJIOTHOCTh - YHCIO THAPOKCHIBHBIX TPYII, CIOCOOHBIX ydYacTOBaTh B
pCaKIUsIX 3aMEIICHHUS.
2.4. conent
M(conn)
N(atMe) - B
m, (COJIM)— SKBUBAJICHTHAs Macca COJIH;

m,(con) =

M (conu)— MoJisipHasi Macca COJH;

N (at Me) — gmciio atToMoB MeTasuia, 00pa30BaBIIETO COJIb;

B — BasieHTHOCTH MeTas1a, 00PA30BABIIIETO COJb.

3aK0H HJKBHUBAJIEHTOB TJIACUT: MAacChl B3aWMOJCHCTBYIOMMX 0O€3 ocTaTka

BCIICCTB OTHOCATCA APYT K APYTY, KaK HX 3KBUBAJICHTHBIC MACChI.
my _ My5¢p

m; M3k

OKBUBAJICHTHBIE MAcCChl JJIEMEHTOB M COCAMHEHUN HCIOJIB3YKOTCA IPH
BBIPQXCHUM KOHIEHTPALMU PacTBOPOB (MOJIApHAs KOHILIEHTpAIUsl YKBUBAJIEHTOB), IPU
OLICHKE JKECTKOCTH BOJIbI, B pacyeTax I10 MIEKTPOJIU3Y U T. 1.

Yepe3 3KBUBAJICHTHYIO MAacCy 3JIEMEHTA MOXKET ObITh ONpeJeieHa ero aToMHas
Macca, Tak Kak OHHM CBSI3aHbl MEXIY COOOM COOTHOILIEHUEM:

Ar=My - B

rae B — BajeHTHOCTH diIEMEHTa.

Oumanvnus. 3axkon [lecca. DHTanbnusi — (QYHKUUS COCTOSHUSI CHCTEMBI,
onpenensemas ypasuenueM H = U + PV (U— BHyTpeHHSS 3HEPTrUsi CUCTEMBbI, P—
naBieHue, V— o0be€M). AOCOIIOTHYIO BEJIMUYHMHY YHTANBIINU ONPEACIUTh HEb3sl, TaK
KaK JJisl 3TOro noTpelyeTcsi OnpeaeuTh adCOMOTHOE 3HaY€HWE BHYTPEHHEW >HEpPIruu
CUCTEMBI, YTO HEBO3MOXKHO. OIpenessroT Tl U3MEHEHNE SHTAIbIIUY.

WNuorga TemoBoii 3(PQeKT XUMHUECKOHW pEeaKIMK BBIPAXKAIOT KOJIMYECTBOM
BBIJICIIMBIICHCS WM TIOTJIOMIEHHOM TEIUIOThl M oOo3HawaroT OykBou Q. [l
AK30TepMHUUECKUX peakiui Q > 0, a aust spnorepmuyeckux — Q < 0.

Ecnu peakuus sx3orepmuueckas - AH < 0; Q >0,

Ecnu peakuus suporepmuueckas - AH > 0; Q <0

Orcrona BoiTekaeT cBa3b Mexay Q u AH: + Q = —AH.

XHWMHUYECKUE YpAaBHEHHs, B KOTOPBIX YyKa3aHbl M3MEHEHUS DOHTAJIBIINH,
HAa3bIBAIOTCS] TEPMOXUMHUUYECKUMU YPABHEHUSAMM.

@U3UKO-XUMHYECKUE TPOLIECCHl (PaCTBOPEHME, IUIABJIEHUE, THApaTalus U Jp.)
CONIPOBOXKIAOTCS, KAK U XUMHYECKNE PEAKLIUH, IONIOMEHNEM WM BBIACICHUEM TEILIA.
IIpn pacTBOpEeHMH coOJIell B BOAE MPOUCXOAAT JBa MpPOLECCa: SHAOTEPMHYECKHI,
CBSI3aHHBIM C pA3pyLICHUEM KPUCTAUIMYECKOM PELIETKH, U OK30TEPMUYECKHUM,
00yCJIOBICHHBIA B3aUMOJIEHCTBUEM PACTBOPEHHOTO BELIECTBA U BOJBI ¢ 00Opa30BaHUEM
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rUparoB. B 3aBUCMMOCTH OT TOTO, KakOi M3 3TUX MPOLIECCOB MPeoOIaaaeT, TEIIOBOM
3hdeKT pacTBOpeHUS MOXKET ObITh WIM MOJOXKHUTEIbHBIM  (PHIOTEPMUUYECKOE
PACTBOPEHHUE), WIH OTPUIATEIBLHBIM (3K30TE€PMUYECKOE PACTBOPEHUE).
KonmnuecTtBo TeminoTel, moryomaromencs (BbIACISIONIEHCS) TPpU pacTBOPEHUH
OJTHOTO MOJISl BELIECTBA, HA3bIBAETCS TEIJIOTON paCTBOPEHUS JAHHOIO BELIECTRA.
OKCHEpUMEHTAIBHOE ~ ONpPENEJICHUE TEIUIOTHl  PACTBOPEHUS MPOBOIAT B
KaJIOPUMETpPaXx.

JlaGoparopnasi padora Nel. «Onpenesienne GopmyJibl KPUCTAIJIOTHAPATA»

Heas paborbl: QopmMupoBaHre YMEHUW W HaBBIKOB, OCHOBBIBAasCh Ha
AKCIIEPUMEHTAJLHBIX JAHHBIX W HUCIIOIb3YS 3aKOH KPATHBIX OTHOIICHWM, MPOU3BOIUTH
pacyeT MOJIBHOTO COOTHOIIEHHS] MOJIEKYJl O€3BOJHOM COJIM U MOJIEKYJ BOJBI B COCTaBe
KpUCTAJJIOTUAPATA.

3axanue u 3Tanbl padoThI

Iloozomoeka k nabopamopuoii pabome

1. IIpouectb TeopeTHUECKOE BBEACHHUE U TOPSAOK BBITIOJTHEHUS paOOTHI.

2. OdopMHUTbH MPOEKT OTYETA 0 JTAOOpATOPHOI paboTe (CM. MpUIIOKEHUE 2).

3. OOpatuTh BHUMaHHE Ha UCIIOJIb3yeMble IpuOopbl. UTO Takoe sKCUKaTop?

[Touemy oH Hcnonb3yeTcs B 3ToM padote? [louemy Henb3s OXJIaXaaTh

HarpeTyro cojib Ha OTKPBITOM BO311yXe?

Ilopaoox evinonnenusn padomaol

[Tonyunts y mpenongaBatenst GapdopoBblii THUTedb U OTMETUTH B JJAOOPATOPHOM
TETpajJu €ro HOMED.

[Tony4uTh My3bIpEeK C KPUCTAIIIOTHUAPATOM COJIM M 3alKcaTh B TeTpaau Gopmyiry
COJIM, OTMETHUTD €€ IIBET.

B3BecuTth THre b Ha 3JCKTPOHHBIX BECAX M 3aITMCaTh €T0 Maccy.

C MOMOIIIBI0 MUKPOIITIATENS] BHECTH B TUTENh MTOPOIIOK KPHUCTAJUIOTHAPATA COH
W B3BECHUTh THUTCIb C KpHUCTa/UIOTHApaToM. PaccuuTaTh Maccy  HaBECKH
KPUCTAJIJIOTUpATA COJIH.

[TocTaBUTH TUTETH C KPUCTAJUIOTHAPATOM Ha MEeCUaHyI0 OaHIO ISl TPOKAJIMBAHUS
Ha 25-30 MUHYT.

[To okoHYaHWW TPOKAIMBAHHS OTMETUTH IBET OE3BOJHON COJMM U 3alOJHHUTH
nyHKT «HaOmroneHus».

AxxkypatHo (!), HCTIOB3YsI U], CHATH TUTENb C MIECYaHONH O0aHW M TIOMECTUTD
B DKCHKATOP JI0 MOJTHOTO OXJakaeHus. Koraa THreins ¢ CObIo OCTHIHET, B3BECUTH €T0 Ha
AIIEKTPOHHBIX BECaX.
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Paccuutath Maccy O€3BOJHOUM CONM, MAacCy MOTEPSHHOW KPHUCTAILIOTHIPATOM
BOJbl MU Ha OCHOBE MOJIYYEHHBIX SKCIEPUMEHTAIbHBIX JTAHHBIX YCTAHOBUTbH, CKOJIBKO
MOJIb BOJIBI TIPUXOJAUTCSI Ha OJMH MOJIb O€3BOHOM COJIM B MOJIEKYJI€ KPHUCTAILIOTHApaTa.
3anucath GopMyiTy KpUCTaJJIOTUIpaTa.

3anuce OaHHBIX ONbIMA U PaAcyemol
Macca turis, 1, m;=
Macca Tumisi ¢ KpUuCTaUIOTHAPATOM 10 IPOKATIMBAHUS, T, My=
Macca kpucrajuioruapara, T, ms=mp-m;=
Macca Timis ¢ KpUCTAIIOTUAPATOM MOCHE TPOKAIUBAHUS, T, My=
Macca BbINapUBIICHCS BOMBI, I, Ms=My-My=
Macca 6e3BOJHOM COJIH, T, Mg=My-M;=

[To pe3ynbTaTaM NPOBEAECHHOIO OMbITA TPOU3BECTH PACUETHI U ONIPEACIIUTD
a0COJIFOTHYIO U OTHOCUTEJIBHYIO OITMOKY OMbITA:

AOcosoTHasi ommoOKa = |n (Teop.) — n(mpakTuy)|

abcoJ.omubKa
OtHocureanHag ommoka = ——— - 100
m,(Teop)

ITo oxOHYaHMM OIBITA U PACYETOB 3AMOJHUTD IMMYHKTHI 0T4YeTa «HabmoneHus» u
«BuIBOIY.

JlaboparopHasi padora Ne2. «OnpenesieHre JKBUBAJEHTHOH MacChl METAJLJIA)
Hear paGorbl: ¢GopMuUpOBaHME YMEHUM UM HaBBIKOB, OCHOBBIBAsCh Ha
AKCIIEPUMEHTAJIbHBIX JIAHHBIX M HWCIOJIb3ysl 3aKOH SKBUBAJICHTOB W TAa30BbIE€ 3aKOHHBI,
MPOU3BOJUTH pacueT MOJIIPHOW MacChl SKBUBAJICHTA METaJUIa; OMPEACIUTh KaKOU ATO
MeTaJll.

3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TIpouecTh TeOpETHUYECKOE BBEIACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
OdopMuth NpoekT oTyeTa 1o jJadopaTtopHoit padoTte (CM. MPUITOKEHUE 2).

N

3. OOpaTuTh BHHUMAaHHME Ha pacueT 3KBUBAJIEHTHON MacChl MPOCTOrO BEIIECTBA U
MaTeMaTHYECKUE BBIPAKEHNS 3aKOHA SKBUBAJIEHTOB.

4. CocTaBUTh W 3amucaTb ypPaBHEHUE XUMUYECKON pPEaKUHMH B3auMOJCHCTBHS
COJIIHOM KHCJIOTBI M METAJUIa, C y4€TOM TOr0, YTO METAJUI ABYXBaJIeHTeH. Kakon
ra3 OyJIeT BbIICIATHCS B XOJE peaKuu?

Ilopaooxk evinonnenusn padomaol

OneIT poBOAUTCS B MpuUOOpe, cocTosileM U3 OIpeTKH (3aroJIHeHa BOJOW) U
BOPOHKH, KOTOPbIE COEIMHEHBI PE3MHOBOW TPYOKOMW, Ta300TBOIHON TPYyOKH, MPOOUPKH.
[TpuOop 3aKperuieH Ha IITATHUBE.
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[TomyunThs HaBECKy MeTaJlIa U OTMETUTH B JIAOOPATOPHOM TETPAAH €r0 Maccy.

[lepen mpoBeeHHEM OIbITa HEOOXOAMMO TPOBEPUTH MPUOOP HA TEPMETUYHOCTD.
JJ1st TOro He0OXOUMO OTCOECIMHUTH BOPOHKY OT IITaTUBA U, OMyCKasl M MOJIHUMAS €€,
CJIEJIUTh 32 YPOBHEM BOJIbI B OIOPETKE; OH HE JOJKEH U3MEHSTHCA.

Omnpenenuts 1eHy aenenus Omoperkd. OTMETUTH YpOBEHb BOABI B Oroperke. !!!
Bona — OecuBetHas, mpo3padHas >XUAKOCTb, MOITOMY €€ YpPOBEHb OIpEaesieMm,
OPUEHTHUPYACH 110 HUKHEN YacTh MEHHUCKA.

OctopoxHO (!) 0TCOeNMHUTH MPOOUPKY OT Ta300TBOTHON TPYOKH.

B npobupky HamuTh 3-4 M1 pacTBOpa CEpHOM KHCIOTHI U M00aBUTH | Karuio
pacTBOpa METHOTO KyIopoca.

HaBecky Merasuia akkypaTHO IOMECTUTh B MPOOUPKY, HO TAaKUM 00pa3oM, YTOObI
OHa HE COMpPHKACAJIACh C KUCIOTOU, U 3aKPENUTh NPOOUPKY Ha IIpUOOpE.

BHOBB mpoBeputh NpuOOpP HAa TEPMETUYHOCTH M OTMETUTH YPOBEHb BOJBI B
OropeTke (OH MOXKET U3MEHHUTCS!), 3anncaTh B TETPA/ib.

Baumanne! MeTamn JO/DKEH HaYaTh pearupoBarb ¢ KUCIOTOM TOJIBKO MOCJIE TOTO
Kak puOop BHOBb OyAeT cOOpaH U MPOBEPEH Ha TEPMETUYHOCTb.

AKKypaTHO MOCTYKHBasi IO CTEHKaM MPOOUPKU AOOUTHCS TOTO, YTOOBI METaJLI
OITYCTHJICSL B KHCJIOTY.

HaGmonats B3aMMOJEHCTBHE METAJIa C KHCIOTOM. YTO MPOUCXOIUT C YPOBHEM
BOJIbI B OrOpeTKe?

[lo OKOHYAaHHMM pEeaKIMH, OTKPENUTh BOPOHKY OT INTATHMBA, NPUBECTU BOIY B
OIOpEeTKE M BOPOHKE K OTHOMY YPOBHIO U OTMETHUTH €TO.

3anuce 0annvlx onvima u pacuemul

Macca Mmeraia, I, m=
HauvanbHblt ypoBeHb BOMIBI B O1OpeTKe, MiI, V=
KoneunsIii ypoBeHb BOJIbI B OrOpeTKe, Mil, V)=
O6bem BeiIenuBIIETOCS Bogopoaa, My, V(Hz)= V- V=
Temneparypa, °C, t=
AOGcontotHas Temneparypa, K, T=
AtmocdepHoe naBieHue, MM PT. CT., p=
JlaBlieHUE HACBIIIIEHHOTO BOJSHOTO T1apa, MM pT. cT., p(H,0)=
[TapunanbHOE HaBieHUE BOAOPOaa, MM PT. CT., p(Ha)=
YHuBepcanbHas ra3zoBasi MOCTOSTHHASI, MJT°MM PT.cT./Moib- K, R=62400

[Ipou3BecTH pacyeT SKBUBAJIECHTHON MacChl MeTajIa IByMs CHOCOOaMHU.

1 cnoco6. Hcnonvsys ypasuenue Menoeneesa-Knatinepona

pUH) - V(Hy) = oaiz)

M(H)

rae m(H,) —Macca BeiaenuBIIerocs: BOIOpoJa, T;
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M(H,) — monsipHas Macca BOomopoza, I/MOJb.
N3 ypaBHenus Boipakaem m(H;), Haxoaum Maccy BBIJIEIMBIIETOCS BOIOPOAA U

IMOACTaBIACM B MarCMaTH4YCCKOC BBIPAXKCHUC 3aKOHA OKBUBAJICHTOB:
m(Me) _ m(Hy)
My (Me) mBKB(HZ)’

rae m, (Hy) — sxBuBaneHTHAsS Macc BOOpoaa, I/MOJIb;

m, (Me) - 5KBUBaJICHTHAs Macca MeTaJlia, T/MOJIb.
2 cnocoo. Hcnonvsys mamemamuieckoe 8vlipadxceHue 00beOuHeHH020 24308020
3aKoHa,

p(Hz)-V(Hy) — Po-Vo(H2)
T T,

A€ po — AAaBJICHUC IIPU HOPMAJIbHBIX YCIIOBUAX, MM PT.CT.;

)

Ty — TemMneparypa npu HOPMaJIbHBIX YCIOBHSIX, K;
Vo(H2) — 06beM Bogopo/1a, MpUBEIECHHBINA K HOPMAJIbHBIM YCIOBUSAM, MJL.
Bripaxxaem Vo(H,); npuBonuM 00beM BBIIEIMBILETOCS BOJOPOJA K HOPMaIbHBIM

YCJIOBUSIM U MOACTABISIEM B MAaTEMaTUYECKOE BBIPAKEHUE 3aKOHA SKBUBAJICHTOB:
mMe) _ Vo(Hz)
Myp(Me) - V3KB(H2)’
rine Vs(H,) — skBuBaneHTHBIN 00beM Bogopoaa, Mii/mModib, 11200

3Has, 9YTO BAJICHTHOCTh METaJUIa paBHA 2, pacCUUTaTh ATOMHYIO MacCcy MeTaia u
OTIPEIETTUTH KaKOH 3TO METaJLI.

Ap=my; - B

PaccuuTath OmMOKyY OMBITA; AJI TOTO ONPEACTUTh TEOPETHICCKYIO
HKBHUBAJICHTHYIO Maccy MeTajia.

AbcomoTHas omubdka = |m, (Teop.) — my(TpakTuy)| = [1/MOJb|

abcoJIroTHAd OLIMOKaA 00

OTHOCHUTEJIbHAs OLIMOKa =
ma(Teop)

ITo pesynbraTaM MpOBEIEHHOTO ONbITA 3aIMOIHUTD IMYHKTHI 0T4eTa «HabmroneHus» u
«BBIBOIY.

JlaGoparopuasi padora Ne3. «OnpenesieHre SJHTAJILIIMUA PACTBOPEHUS COJIID)
Hean padorsi: GopMHUpOBaHUE YMEHHUI U HABBIKOB, OCHOBBIBASICh HA
AKCIIEPUMEHTAJILHBIX JTAHHBIX U UCTIOJB3YS 3aKOH KPaTHBIX OTHOLIEHUM, POU3BOIUTH
pacyeT TerIoBbIX IPHEKTOB XUMUYECKUX PEAKIIUH.
3amanue u 3Tanbl padboThl
Iloozomoeka k nabopamopnoii pabome
1. TlpouecTh TeopeTHUECKOE BBEACHNUE U TIOPSAOK BBIITOTHEHHS pAOOTHI.
2. OdopmMuTh TPOEKT OTYETA 1O JaboparopHO paboTe (CM. MPUIOKEHHE 2).

16



3. O3HaKOMHUTBCSI C YCTPOWCTBOM KamopumeTrpa. [l dYero MCHoib3yeTcs
KaJIopumeTp?
4. Kakyio cucTeMy TMpeICTaBiIsieT co00M KajlopuMmeTp (OTKphITasi, 3aKpbITas,
U30JIMpOBaHHAas)?
Ilopsaook evinonnenus pabomot
Omnpenenenue TemioBoro 3hdexra pacTBOPEHUS COJA MPOBOIAT B YIPOIICHHOM
KaJIOpUMETpPE, KOTOPBIN MPEACTaBIAECT COOOM JIBa COCy/a, TOMEIICHHBIE OJIUH B JPYTOM.
BHyTpeHHuii cocyn 3akpsIBaeTcsi NpoOkoid ¢ TepmoMerpoM. BosmymiHas mpocioiika
MEXAY JABYMS COCydaMH JIMIIb B HEKOTOPOUW CTENEHH O0EeCreuMBaeT TETTOM3OJISAIINIO
BHYTPEHHETO COCY/Ia OT OKPYXAIOIEH Cpelibl.
Bo BHyTpeHHUH cocy KalopuUMeETpa HAJIUTh 25 MII TUCTUIIIMPOBAHHOMN BOJBI.
3aKpbITh COCY/ MPOOKON C TEPMOMETPOM U Y€pPE3 HEKOTOPOE BPEMSI OTMETUTD
TEMIIEpaTypy BOIBI t HAY.
[Tonmyuuts HaBecky conu NH4Cl maccoii 1 .
[TogroroBuTh cexynaomep!
AKKypaTHO 1 OBICTPO BBICHINATH COJIb B BOAY, OBICTPO 3aKPBITh MPOOKOH U
[IEPEMEIIATH JO ITOJHOIO PACTBOPEHUS.
Bxitounts cexkyHaoMmep U Kaxable 60 cek CHUMaTh TOKa3aHUsl TEPMOMETPA.
3anuce 3KcnepumMeHmanbHbIX OAGHHBIX U PACUEmbl
ITo pesynbTaTaM omnbITa 3aMOIHUTH TAOIUILY 2.
Tabmuna 2
3aBUCUMOCTD TEMIIEPATYPHI PACTBOPA OT BPEMEHU

Bpewms ot Hauana 0 | 2 3 4 5 6 7 8
OIbITa, MUH

Temneparypa, °C

Hcnonp3ys naHHble TaOIUIBI 2, TOCTPOUTH IpapuK 3aBUCUMOCTH TEMIIEPATypbl
OT BPEMEHU.
[Tonb3ysick rpadukoM, ONPEAETUTh MUHUMAIBHYIO TEMIIEPATYPY OMbITA tyyy
METOZIOM JKCTPAIOISALHUH.
OnpenenuTe U3MEHEHNE TEMIIEPATYPHI:
A= tyau- tym.
[Ipou3BecTH pacueT 3HTAIBIUN PACTBOPEHUS OE3BOJHOTO XJIOpUAa AMMOHUS:

_ (mconn +mBoAbI)'At'4r184"MconM
AanaKT. - T , TAC
1000- Moy
Mconm — Macca Colu, T;

mpojgp— Macca BOALL, Iy

Mo — MOJIsIpHast Macca CoJid, T/MOJIb;
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4,184 — yaenpHas TEMIOEMKOCTh PacTBOpa, paBHas TEIIOEMKOCTH Bojbl, JIK/Kr-K;
1000 — nmepeBoaHOM K03 dummeHT, X B K/[X.

Paccunrtarps abCONIIOTHYIO M OTHOCUTEIBHYIO OIIMOKH ONbITa, €CIU A Hieop=16,5
kJ>k/MOJIB

AbcomrotHas omnoOka =A Hieop — AHppar= [KK/MOIB],
OtHocutenpHas ommoka A% = (adbcomrorHas ommobka / AHrgop.) - 100.

ITo pe3ynbTaTaM NpOBEAECHHOIO OMBITA 3aMOIHUTD MMYHKT O0TYeTa «BBIBOIY.

3aoanun ona camocmoamenvHoil padomaol
1. Kakue BemiecTBa Ha3bIBaOTCS Kpuctamwioruaparamu? I[lpuBenure mnpumepbl
KPUCTAJUIOTUAPATOB.
2. PacrionoxuTe 1O YBEIWYEHHUIO KOJIMYECTBA CEpPbl Cyiab(haThl HATpUs, JTUTHS,
Oapusi, 11e3Usl, €CIIU UX MACChl OJTMHAKOBBI.
3. B oxcuzme cepbl Ha 2 MaccoBBIE YacTH CEpbl MPUXOAUTCS 3 MAacCOBbIE YacTd
KHCJIOpOAA. YCTaHOBUTH (hOPMYJTy BEIIECTBA.
4. KakoBa ¢opMyna COEIMHEHHsS BOJIOPOAA C KHUCJIOPOJOM, €CIM MOJIbHOE
cootHomenue H:O = 1:1, a mioTHOCTH €ro ra3za no Bojiopoay paBHa 17?
5. Onpenenutb (GopMyay KpHUCTALTHYECKOM COABI, €CM MpU HarpeBaHuu 286 T
JTaHHOM conu oOpazoBasiock 106 T kapOoHaTa HaTpUsl.
6. XKeme3o oOpasyer ¢ kuciaopogoMm Tpu okcuaa. OawH w3 HHUX comepxut 77,8%
xenesa, apyroit - 70,0 u petuit - 72,4%. Onpenenure GopMysibl OKCHUIOB.
/. Haiitu ¢opmyny kpucramioruapara cyibdara amoMHHHS, coaepxamiero 48,6
Macc % KpUCTAIITU3AIMOHHOM BOJIBI.
8. IlpuBenuTe omnpeneneHue TMOHATANW DSKBUBAJIGHT M OJKBHBAJICHTHAas Macca
XUMHYECKOTO 3JIEMEHTA U COCIMHEHUSI.
9. DKBHMBaJICHTHAasl Macca Kakoro jeMeHTa paBHa 17
10.Bpryncnute MOJMSPHYIO MacCy DJKBHBAJICHTA JJIEMEHTa, OKCHJI KOTOPO- TO
conepxkut 22,2 % kucnopoaa.
11.Yemy paBHa MoJisipHasi Macca dKBHBajeHTa opToocdopHOl KHUCIO- ThI, eciu 1
moib H3PO4 mpoB3aumoseiictBoBai ¢ 1 MoJib rTHAPOKCUIA Kaaus?
12.MonsipHasi mMacca SKBUBaJeHTa MeTajula paBHa 56,2 r/Monb. Bprumc- nute
MacCOBYIO JIOJII0 METaJlJIa B €r0 OKCHUJIE.
13.Kakoi#i o0bem kucimopoaa (H.y.) morpelyercs I peakiuu ¢ 15 T ame- MeHTa,
MUMEIOILIETO MOJISIPHYIO MacCy 3KBUBAJIEHTA 3 I/MOJIb?
14.Kak Ha3pIBalOTCA pPEAKIMM, WAYIIUE C BBIJEICHUEM TeIula, C IOIVIOMIEHUEM?
Kaxoii 3Hak UMEIOT 3HAaYCHUSI U3BMEHEHUS UX SHTAJIBITHU?
15.ToyeMy »SHTaNbIUS B3aUMOJACHCTBUSI THIPOKCHUIA HATPpUs C Pa3TUYHBIMU
CUJIbHBIMU KUCJIOTAMU UMEET OJIMHAKOBOE 3HAYEHHE?
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16.ITouemy mpouecc HeHTpaIM3alMU BCETAA MPOUCXOTUT C BBIACICHUEM TeEIlia, a
pacTBOpEHME TBEPABIX COJIEH HE Bceraa’?

Tema 2. XuMu4eckass KHHETUKA. XMMHYECKOE PABHOBeCHE

Teopemuueckuit mamepuas, He0OXO0UMDLIL 01 8bINOIHEeHUA kabdopamophoii
pabomul

Ckopocmb  peakyuu. XUMHUYECKHE PEAKIUU OYEHb CHIIBHO OTIMYAIOTCS IIO
CKOpOCTH TMpoTekanus. Hampumep, B3auMonmencTBHE BOAOpPOAA C XJOPOM Ha CBETY
IIPOUCXOUT MTHOBEHHO (B3pBIB), a KOPPO3UsI METALIOB JJUTCA rogamu. CKOpOCTh U
MEXaHM3M XUMHYECKUX PEAKIUI U3ydyaeT XUMUYECKasl KUHETUKA.

B XuMu4eckoll KWHETHKE PEaKUUU MOAPA3AEISIOTCS HA MPOCTHIE U CIIOKHBIE.
[IpocThie peakuuu nNpoTekaroT 6e3 o0pa3oBaHUs MPOMEKYTOUYHBIX COETMHEHUN (B OJHY
CTaJMI0), & CIOKHBIE — C OOpa30BaHMEM MPOMEKYTOUHBIX MPOIYKTOB (B HECKOJBKO
craguil). Kaxnas cranus CIIOKHOM peaklMH MOXKET pAacCMAaTpPUBATBCA KaK MpocCTast
peakuua. Cpeay mocienoBaTeNbHbIX CTAIUN CIOKHOW PEaKLMM BCETAA UMEETCA OJIHA
CTaausi, KOTOpas OIpPaHHYMBAET CKOPOCTh IMPOTEKaHUs BCel peakuuu B uenoM. OHa
HAa3bIBACTCS JIUMUTUPYIOLIEN CTaIUEN CI0KHOU XMMUUYECKON PEAKIUH.

CKOpOCTh peakuuy 3aBUCUT OT KOHUEHTPALMU B3aMMOJCHCTBYIOIIMX BEIIECTB,
9Ta 3aBUCHUMOCTb YCTAHABIMBACTCS 3aKOHOM JICUCTBYIOIIMX MacC [Jsi CKOPOCTH
peakuuii. COnIacHO 3TOMY 3aKOHY, JUIsl PEaKIIMK, IPOTEKAIOLIEH 110 YPABHEHUIO

aA + bB = IIponyKThl CKOPOCTh PEAKIIUU ONPEAEIISIETCS BEIPAKEHUEM

V=k - [A]* - [B]”

B KOTOPOM K — KOHCTaHTa CKOPOCTH PEaKIINH;

[A] u [B] — MOonsipHBIE KOHLIEHTPALIMU PEATEHTOB;

au b - crexuomerpudeckue K0od3PPUIUEHTHI

JIJis IpOCTBIX peakluil YaCTHbIE MOPSJIKH COBMAJAIOT ¢ KO3 (ULIMEHTAaMU Mepes
peareHTaMu B XUMHUYECKOM YpPAaBHEHUHM DPEaKIUH, a OOMIMIA MOPSIOK paBeH CyMMe
K03((PUIIMEHTOB B JIEBOW YaCTH YpaBHEHUS PEAKIIUH.

JIns cloXHOW peakuuu OO KUHETHYECKUN TOpSIIOK HE COBMAJaeT C
K03 pumeHTaMu nepesl peareHTaMu, HO COBIAJAET C MOPSAKOM €€ JIMMUTHUPYIOIIEH
ctaguu. MHorga mopsiioK CIOXKHOM peakiMu BbIpaXKaeTcsl HE LEbIM, a JIPOOHBIM
YHUCIIOM.

Xumuueckoe pagnogecue. B XuMHYECKOU TEPMOANHAMUKE COCTOSHUE PABHOBECUS
ONpENENsIeTCs KaKk TaKo€ COCTOSHHME, IPpU KOTOPOM pearupymoolas CcHcTema
XapaKTepusyeT- csi HyJeBbIM 3HaueHueMm sHepruu [nubb6ca: AGT = 0. Ho mepexon
CUCTEMBI B COCTOSIHUE XMMUYECKOTO PAaBHOBECHS HE O3HAYAEeT MPEKpaIlleHUs peaKkInu, a
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CBHUJICTEIIbCTBYET JIMIIb O TOM, UTO TIEPECTAIOT M3MEHSTHCS KOHIICHTpaluu
pearupyronmx BeIeCTB U IPOLYKTOB.

B xuMunueckoll KHHETHMKE COCTOSHHEM XUMHUYECKOTO PAaBHOBECHUS HA3bIBACTCS
Tako€ COCTOSIHHME, TMPU KOTOPOM CKOPOCTh TMPSIMOW PEaKUUMU CTAaHOBUTCS PaBHOU
CKOpPOCTH 00paTHO#. B coCTOsIHUM paBHOBECHS CKOJIBKO MOJIEKYJ (MU IPYTUX YACTHI)
MPOJIYKTa PEAKIUU B €AMHUILY BPEMEHHU 00pa3yeTcsi, CTOJbKO MX U pazjaraercs, T.C.
XUMHUYECKOEC PAaBHOBECHE SIBIISICTCS JUHAMUYCCKHUM, WM MOABIKHBIM. Takum 00paszoM,
B COCTOSSHUM XMUMHYECKOTO PaBHOBECHUS KOHIEHTpAllUM BCEX BEILECTB (pEareHToB U
POAYKTOB) SIBJISIFOTCS] TOCTOSIHHBIMU U HE U3MEHSIOTCA JI0 TEX MOP, MOKA HE U3MEHSATCA
BHEIIIHUE YCIIOBUS IPOBEICHUS PEAKIINU.

KonrnenTpanuu peareHToB (HMCXOMHBIX BEIIECTB) W MPOAYKTOB B COCTOSTHUU
XUMUUYECKOTO PABHOBECHSI HA3bIBAIOTCSI PABHOBECHBIMUL.

[Ipy3HaKK XMUMHYECKOTO PABHOBECHUS CIEAYIOIIME: 1) COCTOSHHME CHCTEMBI HE
3aBUCUT OT TOTO, C KaKOW CTOPOHBI OHAa MOAXOIUT K PABHOBECHUIO — CO CTOPOHBI
HCXOIHBIX BEIIECTB WJIM CO CTOPOHBI MPOIYKTOB PEaKIUU; 2) COCTOSHHE CUCTEMBbI
OCTAaeTCs HEU3MEHHBIM TPH OTCYTCTBHUU BHEIIHMX BO3JCUCTBHUH; 3) OHO H3MEHSETCS
IPY U3MEHEHUU BHEUTHUX YCJIOBHH, CKOJIb ObI MaJIbl OHM HU OBLIH.

YacTHOE OT AeNeHUsl MPOU3BEIACHUS PABHOBECHBIX KOHLIEHTPALIMN B CTENEHSX,
PaBHBIX CTEXHOMETPUYECKUM Kod(uimeHTam, MpoyKTOB peaKkiui Ha TIPOU3BEICHUE
PABHOBECHBIX KOHIIEHTPAIIMI MCXOJHBIX BEIECTB B COOTBETCTBYIOIIMX CTEMEHSIX
SIBJISIETCS BEJMYMHOM TMOCTOSHHOW TIpU JIaHHOM TEeMIlepaType W JIaBJICHUU (3aKOH
JNEUCTBYIOIIUX Macc JJIsi XMMHYECKOTO PaBHOBECHS). OJTa BEJIMYMHA Ha3bIBACTCS
KOHCMarmou pasrogecusi U 0003Ha-4aeTcsi CuMBosioM K.

Jyist ypaBHEHUS pEakiiu B 00IIEM BUJIE:

aA + BB = cC + dD koHCcTaHTa paBHOBECHS 3aMUCHIBAETCS TaK:

[c1°[D]?
[A]e-[B]P?
rae [A], [B], [C], [D] — paBHOBecHbIe KoHLIeHTpauuu BemecTtB A, B, C, D; a, B, c,

d — mokazarenu CTEneHU, B KOTOPBIC BO3BOASTCS KOHIIGHTPAIIMW BEIIECTB U KOTOPHIE
YUCJICHHO PaBHBI KoddduiimernTam nepes hopMyaaMu BEIIECTB B YPAaBHCHUH PEAKIIHH.

JlaHHO€  MaTeMaTH4YeCKOE€ YpaBHEHUE  SIBISIETCS  BBIPAKEHHEM  3aKOHA
JNENUCTBYIOIINX MACC JIJII XUMUUECKOTO pPaBHOBECHS.

Koncranra paBHOBecHs omnpesesseT MOJHOTY MPOTEKaHUS PEaKIMH K MOMEHTY
JOCTHIKEHUSI PAaBHOBECHOTO COCTOSIHUS: YeM OOJIbIIIe 3HAUCHUE KOHCTAHThI PAaBHOBECHS,
TeM B OOJIbIIICH CTETICHU B PAaBHOBECHOW PEAKITMOHHOW CMECH MPEOoOIIaatoT MPOTYKThI
peaKIuu, TeM OOJIbIIE UX BBIXOJ.

[Ipy w3MeHEHUM YCIOBUM, B KOTOPBIX HAXOIUTCS cUcCTeMa (TeMIIepaTyphl,
JABJICHUSI, KOHIIEHTpAIIMM), XUMUYECKOE€ paBHOBECHE Hapymiaercs. Uepe3 HEKoTopoe
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BpEMS B CHCTEME yCTAaHABIMBACTCS HOBOE XMMHUUYECKOE PABHOBECHE, COOTBETCTBYIOIIEE
HOBBIM yCJIOBHM. [lepexos U3 0JHOr0 paBHOBECHO- 'O COCTOSIHUS B JIPYTO€ Ha3bIBACTCS
CABUTOM WJIH CMEILIEHUEM PaBHOBECHSI.

HampaBnenue cmeleHuss paBHOBECHsT B pe3ylbTaTe HM3MEHEHUS BHEII- HUX
ycIoBU# ompenensiercss npunyunom Jle Lllamenve: ecin HaXoAsAMIascsi B PaBHOBECUU
CHUCTEMa IIO/IBEPraeTCsl BHEIIHEMY BO3JCHCTBUIO, PAaBHOBECHE CMEIIACTCS B TOM
HaMpaBJICHUH, KOTOPOE CIIOCOOCTBYET OCIA0ICHUIO STOTO BO3/ICUCTBUSI.

PaccmoTpum, Kak BAMSET Ha HAMpaBICHUE CMEIICHUS PABHOBECHSI MOBBHIIIICHUEC
WIM TIOHMKEHUE JIaBJICHUS, TEMIIEpaTypbl U KOHUEHTpAIIMU BEUIECTB, YYACTBYIOIIUX B
peaKIuH.

/Jlasnenue. Jlapnenue BIMSET Ha paBHOBECHE OOpATHMBIX PEAKIUN C y4acTHEM
ra3oo00pa3HbIX BemecTB. [IpW TIOBBINICHWH JaBICHUS pPABHOBECHUE CMEIIACTCS B
HaIpaBJICHUH 00pa30BaHMsI BEIIECTB ¢ MEHBIITUM O00BEMOM; TIPH TTOHMKCHHUH JaBICHUS
PaBHOBECHE CMEILACTCsl B HAIPABJICHUH OOpPa30BaHUS BEILIECTB C OOJIBIIUM OOBEMOM.
Hampumep, B peakiiy CHHTE3a aMMHaKa

Nz +3H2 < 2NH3

o0BbeM MpOJyKTa B JBa pa3a MeHbIe oObema peareHToB. [losTOMy paBHOBecue
ATOro0 0OpaTUMOTrO TMpoIlecca NPH YBEIUYCHUHM JIaBJICHUS CMEIIAETCS B CTOPOHY
oOpazoBanus NH3, a mpu yMEHBITICHUH TaBICHUSI — B CTOPOHY €TO Pa3IOKEHUS.

Temnepamypa. Ilpu TIOBBIICHWH TEMIIEpaTyphl XHMHUYECKOE pPaBHOBECHE
CMEIIaeTCs B HANPABICHUH OJHAOTEPMHYCCKONW pEaKIuu, a TMpH [MOHWKCHHUH
TEMITepaTypbl — B HAIIPABJICHUH dK30TEPMHUUECKON peaknuu. Hampumep, Ta ke peakius
CHHTE3a aMMHaKa SBISETCS dK3oTepmMuyeckoil. I[loaToMy Tipu  MOBBIIIICHUU
TEeMIIepaTypbl €€ paBHOBECHE CMEIIAETCS B JIEBYIO CTOPOHY (aMMHUaK paszjaraercs), a
Y MIOHWKEHUU — HaIlpaBo (aMMHaK o0pazyeTcs).

Konyenmpayus. 1lpu nOBBIIIEHUN KOHIIEHTPALIMUA OJHOTO U3 UCXOJHBIX BEIIECTB
paBHOBECHE CMENIAeTCS B HANpPaBICHUH OOpa30BaHUS TMPOMYKTOB PEaKIMH; TPH
MTOBBIIICHUHA KOHIIGHTPAIIUH OIHOTO W3 MPOAYKTOB PEAKIIMKM PaBHOBECHE CMEIIACTCS B
HaIpaBJICHUHA 00pa30BaHMs PEarcHTOB.

B kauecTtBe mnpuMepa pacCMOTPUM KOHTAKTHBIM METOJ IIOJYYECHUS CEPHOM
KHUCJIOTHI:

2S0; + O, «2S0;

SOz + H,O = H,SOq,

B KOTOPOM J>KEJIaTEIbHO BO3MOXKHO 0o0Jiee IMOJIHOE TMPEBpaIleHHue OKCHIIA Ce-Pbl
(IV) B okcup cepst SO3 (VI) B nepBoii (0Opatumoit) peakuuu. st yBenuueHus BoIXoAa
SO3; MOXHO yBEIWYUTH KOHIEHTpAIMIO SO, B UCXOAHOW peakiMoHHOW cMmechu. OIHaKo
9TO HEPEeHTA0eIbHO ¥ OKOJOTUYECKHM BpeAHO, Tak Kak wu30bITOK SO, Oymer
BbIOpackiBaThCsl B armocdepy. [loaTomy peakiuio mpoBOAST MpU HU30BITKE BO3AyXa,
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00O0ralleHHOr0 KHCIOpOAOM. B pesynpTare [O0CTUraercs CMEIIEHHE pPaBHOBECHS
BIIPaBO, TO €CTh OoJiee nojHoe npeppamieHue SO; B SOs.

B 1MOHOOOMEHHBIX peaklUsIX MEXIy PAaCTBOPEHHBIMU BEIIECTBAMH PAaBHOBECHE
CMEIIAeTCsl B CTOPOHY 00pa3oBaHMs OCAJKOB, Fa30B UIIM CIA0BIX AIEKTponUTOB. Eciu
TaKue BEIECTBA HAXOAATCA B OOEMX YacTAX YpaBHEHUS pEaKIMH, TO BOMPOC O
CMEILIEHUH PAaBHOBECHSI PEIIIACTCSI PACUETOM KOHCTAHTHI PAaBHOBECHSI.

JlabGoparopunas padora Ne4. «CKOpPOCTbh XUMHYECKHX PeaKIuil U
XHMHUYecKoe PABHOBECHE»

Heas paGorbi: (GopMUpoBaHME YMEHUHW UM HABBIKOB HU3YyYEHHsS (PaKTOpOB,
BIMSIONIMX HAa KUHETUKY XUMHUYECKUX PEaKIHil U (aKTOpbl, BIUAIONIMXHA CMEIICHHUE
XUMHYECKOTO PAaBHOBECHST; DKCIIEPUMEHTAIBHBIM MYTEM MOATBEPAUTH JIEUCTBUE 3aKOHA
nercTByromux Mace u npuHun Jle [larense.

Onvim Nel. Bhuanue KOHUeHmMpayuu peazupyrowjux 6euiecme Ha cCKOpocnib
PeaKuuu 6 20M0O2eHHOIL cucmeme
3amanue u 3Tanbl padoThI
Iloozomoeka k nabopamopuoii pabome
1. TIpouecTh TEOpETUUYECKOE BBEJACHUE U TOPSIOK BHITIOJTHEHUS OTBITA.

N

OdopMUTB NPOEKT OTUETA IO OMBITY JA0OPATOPHOU PadOTHI (CM. TPUIIOKEHHE 2)
3. 3amucarh ypaBHCHHE XWUMHYECKOM peEaKIuH, JIeXkKalleld B OCHOBE ONbITa H
MAaTE€MaTUYECKOE BBIPAXKECHUE 3aKOHA JACHMCTBYIOIIMX MAcC IPUMEHHTENBHO K
paccMaTpuBaeMoOM peaxkinu!
4. Tlpennonoxxutb, KakoW BHU3yallbHBI TPHU3HAK OyIET CBUIETEIHCTBOBATH O
MOSIBJICHUH B CHCTEME MPOIYKTOB peakiuu (0CaZoK, ra3, U3MEHEHHE 1BETA)
Ilopsaook evinonnenusn pabomoul
B nanHOM ombITe paccMaTpuBaeTCs PEaKIMs B3aUMOJICUCTBHS THOCYNb(aTa
HATpHUs C CEPHOU KUCIIOTOM, MPOTEKAIOIIAS IO YPABHEHUIO:

Na28203 + HZSO4 = Na2804 +S+ SOZ + HQO

[IpuroroBuTh TpU TPOOUPKH C PACTBOPOM THOCYIb(AaTa HATPUS PAZTUYHOUN
KOHIICHTPAIINH, BOCIIOIH30BABIITUCH JAHHBIMH TAOIHIIHI 3.

Tabmuma 3
Yucno karenb Yucino kanens | KonuenTpamus pactBopa
pactBopa Na,S,0; H,O Na,S,03
1 mpobupka 5 10 C
2 npobupka 10 5 2C
3 npoOupka 15 0 3C

[IpoOupku ¢ MPUTOTOBIEHHBIMHU PACTBOPAMU BCTPSXHYTh.
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[TpuroroButh cexynaomep!

B nepByro npobupky n06aBuTh | Kamio pacTBopa CEpHOM KHMCIIOTHI, BKIKOUUTH
CEKYHJIOMEp U U3MEPUTH BPEMSI J10 MOSIBICHUS B PACTBOPE 3aMETHOM OIaJIeCLUEHIIUH.

OTMETHUTH BpeMs pEaKIK B JAOOPATOPHOM KypHaJIe.

To xe camoe mocneaoBaTeNbHO MPOJIENIaTh CO BTOPOU U TPEThel MpoOUpKaMu.

3anuce 3KcnepumMeHmanbHbIX OAGHHBIX U PACUEmbl

[To pe3yabpraTam OIbITa 3aMOJTHUTH TAOIUILY 4.

[loctpouth Trpauk 3aBUCUMOCTH CKOPOCTH pEaKIUMU OT KOHILIEHTpaluu
pearupyrouux BeIEeCTB.

Tab6nuia 4
Bpems nporekanus peakiun | CkopocThb peakuuu 1/t¥1072,
t, cex YCIL. €.
1 mpobupka
2 npobupka
3 npobupka

[To pe3ynbraram MPOBEAECHHOTO OIBITA U PACUETAM 3aIllOJIHUTH ITYHKT OTYETa
«BrIBOIY.

Oneim Ne2. Bnusanue Konuenmpauuu eeuwjecme-yuacmHuKkoé peakuyuu Ha
cMeujeHue XUMUYECKO20 PAGHOGeCUs
3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopnoii pabome
1. TIpouecTs TeOpEeTUYECKOE BBEJACHUE U TIOPSOK BHITIOJTHEHUS OTIBITA.

N

OdopMUTh NPOEKT OTUETA IO OMBITY Ja0OPATOPHOU PAOOTHI (CM. IPUIIOKEHHE 2)
3. Hammcarp maremaTnueckoe BBHIpaKEHHE KOHCTAHTHI PABHOBECHS IPUMEHUTEITHHO
K pacCCMaTpUBAEMOM B OTIBITE PEaKnH !
4. Bocnonb3oBaBmuchk npuHuumnom Jle Illarense, yka3arb B KakOM HalpaBICHHUH
CMECHUTCSl paBHOBECHE (KapaHAAllOM 3arlOJIHUTh MOCIEAHUN CTONOel] TaOIHIIbI
5).
Ilopsaook evinonnenusn pabomot
B omnbiTe paccmarpuBaercsi peakuusi B3auMozaencTBus xjopuaa skeneza (I1I) u
POaHKUIA Kaausl, MPOTEKAOIIAS IO YPABHEHUIO:
Fe Cl; + 3KSCN « Fe(SCN); + 3KCl
B uetbipe npobupku BHeCTH 1O 3-4 Kariu pa3daBjaeHHbIX PAaCTBOPOB XJIOpUJIA
xene3a (II1) u pomanmma kamus. Comepkumoe TPOOUPOK TINATEIHHO MEPEMEIIaTh.
OnHy mpoOMpPKY OCTaBUTH ISl CPaBHEHMsI pPE3yJbTaTOB OMbITa. B ocTambHble TpuU
npoOUpKH T00aBUTH KOHIIEHTPUPOBAHHbIE PEAKTUBBI, YKa3aHHbIE B Ta0muIE 5.
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TabGnuia 5

JloOaBnsieMblit N3menenne HamnpaBnenue cmenienus
peakTuB MHTEHCUBHOCTU OKPACKH paBHOBECHS
1 mpoGupka Fe Cls
2 npobupka KSCN
3 npobupka KCl

IIo pe3yiibTaraM OIIbITa 3aIllOJIHUTDh BBIMICIIPUBCACHHYTO Ta6JIHHy H IIYHKT OTUCTAa

«BBIBOIY.

Onvim 3. Bauanue cpedvl pacmeopa Ha cmeuieHue PasHosecus npu nepexooe

xXpomam-uoHa 6 Ouxpomam-uon

no

3axanue v dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
[IpodecTs TeopeTnyecKoe BBEACHUE U MOPSAJOK BBIIOJIHEHUS pabOTHI.
OdopMUTh TPOEKT OTUETA IO OMBITY Ja0OPATOPHOM pabOTHI (CM. IPUIIOKEHHE 2).
Hcnonb3ys yueOHYIO JUTEpATypy, yKa3aTh OKPAacKy XpoMaT-HOHa M JUXpomar-
MOHA.
Hanucare MonexkylasipHO€ YpaBHEHHME pEakUuu I[epexojla XpoMar-uoHa B
JTUXPOMaT-UOH, UCIIOJIb3Yys MPUBEACHHBIC HUXKE NOHHBIC YPABHEHUS.
Hanncare  BbIpa)kKeHME  KOHCTAHThl ~ paBHOBECUSI  MPUMEHHUTENIBHO K
paccMaTpuBaeMoil B OIIBITE peakiyu!
Bocnonp3oBaBmuce npunuunom Jle Illarense, ykazarh 1pu Kakux YCIOBSIX U B
KaKOM HanpaBJIEHUH CMECHUTCSI paBHOBECHE.
Ilopaoox evinonnenusn padomaol
XpoM B LIECTUBAJIEHTHOM COCTOSHUM OOpasyeT aBa aHuoHa: Xxpomar-uoH CrOs>

u auxpomar-uon Cr,0O77. MX CylIecTBOBaHHE ONPENEIAETCS HAIMYUEM ILIETOYHOM

(pH > 7) unu kucnoit (pH < 7) cpensbl.

B nBe mpobupku BHecTn mo 3 karmmm pactBopa xpomarta kamusa (KoCrOs) u

n00aBUTh HECKOJBKO Kameidb PacTBOpa CEPHOM KHUCIOTHI JI0 W3MEHEHUS OKpacKu

pacTBopa.

Opny mnpoOMpKYy OCTaBUTH JUIsl CpaBHEHHS, a B JPYrylo J00aBUTh PacTBOP

IIEJI0YHX J0 U3MCHEHUSI OKPACKH pacTBOPA.

HOBTOpI/ITB OIIBIT, B3sIB B MABYX HpO6I/IpKaX HNCXOAHBIM BCHICCTBOM IUXPOMAT

kamug KoCrO4.

OnHy mpoOUpKy OCTaBUTH AJII CPaBHEHMs, a B JAPYryl0 00aBUTH PacTBOP

IIEJIOYH JI0 U3MEHEHHSI OKPaCKH PacTBOPA.
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Omnucarp Habmonenus. Hamucars MOJIEKYIISIPHBIE YpaBHEHUS IIEpEXoa XpoMara
B JUXpOMaT U 06paTHOFO Imponecca, UCII0JIb3y:Ad CICAYIOIMUC NOHHBIC YPABHCHU A

2CrO4 +2H' = Cr,0 + Hy0;

CI'2072_ +20H = 2CI’O42_ + H,O0.

CI[eJIaTB BBIBO/J[ O BJIIMSIHUHM CPEAbI HA O6pa30BaHI/Ie XpOMAaToOB U JUXPOMATOB.

Onwvim 4. Cmeuienue pagnosecus npu 00pa3o6anuu HEPACMBOPUMBIX 6EULECE
3amanue u dTanbl padoThI
Iloozomoeka k nabopamopuoii pabome
1. IIpouecTh TeOpeTUUYECKOE BBEACHUE U MOPSAIOK BBITIOTHEHUS PAOOTHI.
OdopMuUTh IPOEKT OTUETA IO OTBITY Ja0OPATOPHOI PabOTHI (CM. IPHIIOKEHHE 2)
3. Hamwmcarb vOHHBIE U MOJICKYJISIPHBIC YPAaBHEHHS peakiuil oOpa3oBaHUs OCaJKa

no

Mg(OH), u ero pacTBOpeHHsI B pe3ylnbTaTe B3aUMOJICUCTBHS C COJITHOM KHCIIOTOM
Y XJIOPHJIOM aMMOHHS.
4. Hanucarb  BbIpa)XEHHE  KOHCTaHThl ~ PAaBHOBECHUS  NPUMEHUTENBHO K
paccMaTpuBaeMoOM B OIIBITE peakuu!
5. Bocnonb3oBaBmuce npunuunom Jle Illarense, yka3are npu Kakux yclIOBSIX U B
KaKOM HallpaBJICHUU CMECHUTCSI PABHOBECHE.
Ilopsaook evinonnenusn pabomout
B Tpu npoOupku BHECTH MO 3 KaIllJM XJIOPUAA MarHusl M MO KarjisiM MEIJIEHHO
N00aBIIAThH B KX AyI0 mpoOupkKy miesnoub NaOH 10 o6pa3oBaHust ocajaka.
Xopouio nepeMenarb NoJy4eHHYI0 CyCIEH3HIO MAIOUKOU.
OnHy npoOHpPKY OCTaBUTH AJIsi CpPaBHEHHs, BO BTOPYIO J00aBUThH COJISHYIO
KHCIIOTY, a B TPEThIO MPUIUTH HackimeHHbIi pactBop NH4Cl no pacTBopenus ocanka.
Cnenarte BbIBOA 00 YCIOBHUAX U HAlpaBICHUU CMEIICHUS XUMHYECKOTO
paBHOBECHS B OOPAaTUMBIX PEaKIMsIX HOHHOTO OOMEHA B pacTBOpax AJEKTPOJIUTOB.
3agaHus 119 CAMOCTOATEIbHON PA0dOTHI
1. HanuimuTe BbIpaskeHUe AJi1 KOHCTAHThI PABHOBECHSI pEaKIUU
Hz +Iz<—>2HI
Kak wu3MeHHUTCS KOHCTAaHTa paBHOBECHUS IMPU YBEJIMYEHUU KOHIEHTPALIMU
MPOJIyKTa peakuuu (MoA0BO0poaa) B 2 paza?
2. Jlns peakuuu
Na,COs(x) + COy(r) + HO(r)«>2 NaHCOs;(x) 3ammcarh BBIpaXXeHUE I
KOHCTAHTbI PAaBHOBECHSI.
3. Kak moBnusier Ha paBHOBecue obOparumoi peakiuu Fe,Os(k) + 3CO(r),
—Fe(k) + 3CO,(r) yBenuueHue naBieHus?
4. Kak nonusier Ha paBHOBecue oOparumoi peakunn CaCOj;(kx)«—>CaO(x) +
COx(r); AH® = 171,4 x> OBBILLIEHUE TEMIIEPATYPHI?
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5. Kakue ycnoBus (Temmeparypa, JaBJI€HHUE, KOHIIEHTpAlMU YYaCTHHKOB
pEeaKIMK, Karaliu3arop) HEOOXOAMMBI JJisl MOBBIIMICHHUS BbIXOJA XJIOpa MO 0O0paTuMoi
peakuuu 4HCI(r) + O(r)«>2Cly (1) + 2H,0(1r); AH® =—-116,4 xJIx

Tema 3. PacTBopbl: Kiaaccupukanus, cnoco0Obl BbIPAKeHHsI KOHIIEHTPAIMH.

Teopemuueckuit mamepuai, HeoOX00UMbLI 01 6bINOJIHEHUA 1A0OPAMOPHOU
padomul

B xumudeckoil mpakTHKe, a Takke B OBITY YaCTO BO3HHMKAET HEOOXOAMMOCTH B
PUTOTOBJICHUU PACTBOPOB pa3MyHOM KoHIeHTpauuu. CrnocoOOB MPUTOTOBICHUS
pPacTBOPOB MHOTO, HO KaXKIbIM W3 HUX 00JaJaeT CBOMMHU NPEUMYIIECTBAMHU U
HEJOCTaTKAMM.

Hampumep, npurotroBieHre pacTBopa IO «IpaBUIy KpecTa» He Tpelyer
CIOXKHBIX  PacyeroB, HO JIOBOJIBHO  BEJIMKAa OTHOCUTEIbHAs  IMOTPELIHOCTh
npuroroBieHus (no 10 %).

PacTBOp MOXHO NPUTOTOBHTH € TNOMOLIbIO (puKcaHama. DUKCaHAT — 3TO
TEpPMETUYHO 3alassHHAs CTEKJISTHHAS aMmITyjla C TOYHO B35ITOM HAaBECKOM CyXOro BELIECTBA
WIH TOYHBIM 00BEMOM KHUCJIOTHI. B 3TOM citydae qocTUraercst camasi BBICOKasi TOYHOCTh
KOHIICHTPALIUU TIPUTOTOBJICHUS, HO M3-32 BBICOKOM CTOMMOCTH (PUKCAHAJIOB PacCTBOPHI
Ha UX OCHOBE TOTOBSIT B PEAKUX CIIy4asix — JJIsl MPOBEACHUS 0CO00 TOUHBIX aHAJIU30B.

Haunbonee onTuManbHbIM SIBISIETCA CIOCO0, Korma 0OoJjiee KOHUEHTPUPOBAHHBIN
pacTBOp pa30aBIsAIOT BOJAOM /0 3aJaHHOM KOHILIEHTpAIMU. ITO MPOCTOM CIocoo,
MO3BOJISIIOLUI TOTOBUTH PACTBOPHI C JIOBOJIBHO BBICOKOW TOUHOCTBIO.

JIJisi TpUTOTOBIIEHUS PACTBOpPA HEOOXOAMMO 3HAHUE PA3TMYHBIX CIIOCOOOB
BBIP@XEHMSI KOHIIEHTPALIUM U YMEHHE MEPEXOAUTH OT OJTHOTO CIIOCo0a K APYromy.

HaubGonee pacnpocTpaHeHbl TSITh CHOCOO0B BbIPAMKE€HUS] KOHUEHTPAIUH
PACTBOPOB:

1) maccosasn O0ona pacmeopennHo20 eewecmea — Macca pacmeopeHHO2O
sewjecmaa, cooepaxcawasics 6 100 maccosvix uacmsax pacmeopa,

2) Mmonapuas KOHUEHMpAuUs — KOIUYeCmeo eeuecmed 6 OOHOM JUmpe
pacmeopa,

3) MoaapHaa KoHueHmpayus IKEUBAIEHMA (FKBUBANEHMHASL KOHYEHMPayus) —
KOMUYECmB0 IKBUBATIEHMHBIX MACC 8eujecmaea 6 0OHOM Jumpe pacmeopa,

4) MonARLHOCMb — KOIUYECMB0 8eujecmsed 8 00HOM KUNOZPaAMMe pacmeopumens;

5) mump — macca pacmeopennozo eujecmea 6 00Hom M (cm®) pacmeopa.

[Ipu mepexome OT MacCOBOW JONMM W MOJSUTBHOCTH K OCTajJbHBIM CITOCOOaM
BBIPOKEHUS KOHIEHTPAIIMM HEOOXOJUMO 3HATh IIOTHOCTh PacTBOpa, KOTOpas
OTIPEICISICTCS OTBITHBIM ITYyTEM C TIOMOIIBI0 apEOMETPa.
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Apeomemp — 510 TpuUOOp IS W3MEPEHHs] IUIOTHOCTH Kuakoctei. OH
IpECTaBIIACT COO0H 3anmasHHYIO CTEKIISTHHYIO TPYOKY C TPY30M Ha KOHIIE U CO IIKAJIOM.
I1Ikana rpagyupoBaHa B €MHULAX IUIOTHOCTH (KI/M> WIIH T/1T).

Kornma apeoMeTp morpyeH B KHIKOCTh, TO YPOBEHb €€ MOBEPXHOCTH COBITAJIA€T
C TeM JeJCHUEM Ha IIKaje, KOTOPO€ YKa3bIBAaeT IUIOTHOCTb JTOW KUAKOCTU. 3Has
IUIOTHOCTh PAacTBOPa, MOXKHO B CIPABOYHOM JHUTEpaType HAWTH MAaCCOBYIO [OJIO
PacTBOPEHHOTO BEIIECTBA.

JlaGoparopHasi padora NeS. «IIpuroroBieHue pacTBopa 3aJJaHHOM
KOHUEHTPAnu»

Hean padorbl: GopMUpOBaHHE YMEHHI U HABBIKOB MPUTOTOBJICHUS PACTBOpPA C
3aJlaHHOM MAacCOBOM JI0JIed pacTBOPEHHOTO BEIIECTBA; MPOBEPKA MPaBUILHOCTHU
MIPUTOTOBJICHUS PACTBOPA, U3MEPEHUS €TI0 TIOTHOCTH.

3axanue u 3Tanbl padoThI
Iloozomoeka k nabopamopuoii pabome
[IpouecTth TeopeTUUeCcKOe BBEICHUE U TIOPSIOK BHITIOJIHEHUS PAOOTHI.
OdopMuUTh TPOEKT OTUETA IO OTBITY Ja0OPATOPHOM PabOTHI (CM. IPUIIOKEHHE 2)
[Tony4yuTs 3a71aHUE TIO IPUTOTOBIICHUIO PACTBOPA Y MIPETOAaBaTEIIs.

Hwnh e

Paccuutath 00beM BOJABI M MacCcy COJIM, KOTOpbIE€ TOHAAOOSTCS IS
MIPUTOTOBJICHUS 3aJJaHHOTO PacTBOPA.

Ilopaoox evinonnenusn padomaol

Hcnons3yst MepHBIN HUIUHIP, OTMEPUTH HEOOXOAUMBIN 00BEM BOJIBI U BEUIUTH €€
B XUMUYECKHM CTaKaH.

Ha s1exTpoHHBIX BEcax B3BECUTH COJIb.

Bcepimare conp B cTakaH C BOJAOM, HMOCTOSSHHO IIEPEMEIIMBAS €€ CTEKIISIHHOM
Najg04YKon. YOeIUTCsi B TOM, UTO BCSI COJIb TTOJTHOCTHIO PACTBOPHIIACK.

[IpoBepuTh MPaBUIBLHOCTH MPUTOTOBIEHUS pacTBopa. [nsi »Toro HebombIIOE
KOJIMYECTBO PACTBOpPA HAJIUTh B MEPHBIM HWJIUHIP M aKKypaTHO MOMECTUTh B HETO
apeoMerp.

OTMETUTHh MJIOTHOCTh NPUTOTOBIEHHOIO PACTBOPA P ppacr.; CPABHUTH €€ C
TEOPETUYECKUM 3HAYEHHEM IIOTHOCTH PACTBOPA YKa3aHHOW KOHLUEHTPALUH P reop-

3anuce IKCHEPUMEHMATbHBIX OAHHBIX U PACYEHLbL

Paccunrtars abCONIOTHYIO M OTHOCUTEIBHYIO OMIMOKH OMBITA:

Abconomnasn owubka = p TEOp — p MPAKT.= [1/MI],

Omnocumenvras owuobka A% = (abcomotHas omudka / p Teop.) - 100.

I[To pesyapTaTaM TPOBEACHHOTO OIbITa MPOUZBECTU pacyeT MOJISIPHOM,
MOJISUIBHOW, HOPMaJIbHOM KOHLIEHTPALMA U TUTPA PACTBOPA, UCIIOIb3Ysd TEOPETUUECKOE
3HAYEHUE €T0 TUIOTHOCTH (B TabopaTopHOM TeTpaau!).
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3anoMHUTh MYHKT oTueTa « BhiBOMIY.

3aganus I CAMOCTOSITEJIbHOM PadoThI

1. IlpuBeaute Qopmynbl i BBIUYKUCIEHUS BCEX CIOCOOOB BbIPAKCHHUS
KOHIIEHTPALUX PACTBOPOB: MAacCCOBOW JOJIA, MOJISIPHOM, SKBUBAJICHTHOM, MOJISLIBHOCTH,
TATPA U MOJIBHOM JOJIM PACTBOPEHHOIO BEILIECTBA.

2. BeiBenute popMyIbl Iepexoaa OT MOJISIPHOM KOHIIEHTpAIlMH K MacCOBOM J10Je
PaCTBOPEHHOIO BEWIECTBA, MOJSUIBHOCTH U TUTPY PacTBOpA.

3. Paccumraiite 00beM pacTBOpa THIPOKCHAA HATPUS C MJIOTHOCTHIO 1,15 r/mi,
HeoOxoauMbIi 11t mpuroTtosienus 250 M 0,08 M pacTBopa.

4. ns veritpanuzanuu 10 M1 pactBopa ruipokcuaa 0apusi U3pacxogoBaHO 7 M
0,1 H. a30THOM KUCAOTHL. OnpeaennuTe MOIIPHYIO KOHLIIEHTPALMIO THAPOKCUAA Oapusl.

5. BeiBeauTe MaTeMaTHyeCcKO€ BBIPAKEHUE 3aKOHA XMMHUYECKHUX SKBUBAJICHTOB
MIPUMEHUTENBHO K pacTBOpaM.

6. BeiBennTe MareMarnyecKoe BBIPAXKEHUE ISl pacdyeTa MacChl PACTBOPEHHOTO
BEILECTBA, €CJIM U3BECTHBI €T0 MaccoBas 07151, 00bEM U MIIOTHOCTh pacTBOpA.

6. BriBeauTe MaTeMaTUYECKOE BBIPAXKEHUE [IJISI pacdyeTa MacChl PaCTBOPEHHOTO
BEIIeCTBa B JIIOOOM 00BEME pacTBOpa HpPH H3BECTHOM MOJIAPHOW KOHLIEHTpAlUU
pacTtBopa.

Tema S. dnexkTponuruyeckas auccouuanus. Boropoaubiid mokasareinb

Teopemuueckuit mamepuai, HeoOX00UMBLI 0711 6bINOJIHEHUA J1AOOPAMOPHOU
pabomul

Honno-oomennvie peaxyuu. B pacTBopax 3JEKTPOIUTOB PEAKLUU MPOTEKAIOT
MEXJly HMOHaMH, IO3TOMY CYIIHOCTh MPOTEKAIOIIMX IPOLECCOB Haubosiee MOIHO
BBIp)KAETCSl TPU 3alUCH WX YpPaBHEHUNW B HMOHHO-MOJICKYISIpHOM BHue. B Takux
YpaBHEHUSX  ClIa0ble  AJIEKTPOJIHUTHI, MaJOpPACTBOPUMBIC COCAMHEHHS W  Ta3bl
3aMMCHIBAIOTCS B MOJIEKYJIIPHOM (opMe, a CHIIbHBIE 3JEKTPOJIUTHI — B BHJIE HOHOB.
Hanpumep, peaknum HEUTpaIn3ally 3alIMCHIBAIOTCS TaK:

HCl1 + KOH = KCl + H,0 — monekynsipHoe ypaBHEHHE

H™+ OH™ = H,0 — HOHHO-MOJICKYJISIPHOE ypaBHEHUE,

U3 KOTOPOTO CJEAYET, YTO CYLUIHOCTh 3TOTO Mpoliecca CBOAUTCS K 00pa30BaHUIO
U3 HOHOB BOJIOPO/Ia U TUPOKCUA-UOHOB CJI1A00T0 3JEKTPOIUTA — BOADI.

YpaBHEHUS pEaKLIUA:

BaCl, + H,SO4 =+ BaSO4l + 2HCI

Ba(NO3)2 + Na2804 = BaSO4l + 2NaN03
CBOJIATCSI K OAHOMY M TOMY K€ Mpoleccy 00pa3oBaHUsl MaJIOpacCTBOPUMOIO BEIIECTBA —
cynb(ara Gapus:

Ba?t + SO42_ = BaS0y4]
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OTH mpuMephl TOKa3bIBAIOT, YTO HMOHOOOMEHHBIC pEaKIHH B PACTBOpax
AIIEKTPOJIUTOB TPOTEKAIOT B HAINPABICHUU CBA3BIBAHUS HWOHOB, MPUBOISIIIETO K
00pa30BaHUI0 MAJIOPACTBOPUMBIX BEIIECTB (OCAJKOB WJIM T'a30B) WJIM MOJIEKYIN CIA0BIX
AIIEKTPOJIUTOB:

Na,CO; + 2HCI = 2NaCl + H,0 + COxt

CO327 +2H+:H20+C02T

B Tex cimydasx, Korja MajlopacTBOPUMBIE BEHIECTBA WM CJIA0bIE JIEKTPOIUTHI
MMEIOTCA KaK CPEN UCXOIHBIX BEIIECTB, TAK U CPEIU NPOAYKTOB PEAKIIUU, PABHOBECHUE
CMEIIaeTcss B CTOPOHY OOpa3oBaHUs HaWMEHEe pAacCTBOPUMBIX WM HaWMEHee
JTUCCOLIMMPYIONTUX BelecTB. Hanmpumep:

IMg(OH), + 2HC1 = MgCl, + 2H,0

|Mg(OH), + 2H*= Mg*" + 2H,0

Booopoonwiii noxazamens. BONBIIMHCTBO peakiuii, TPUMEHSIEMBIX B aHaJuU3e,
MPOTEKAIOT B BOAHBIX pacTBopax. Boma oTHOCHUTCS K CJIaObIM 3JIEKTPOJIUTAM U, XOTS B
HE3HAYUTEJIHLHOU CTENEHHU, HO TIOJIBEPraeTCsl HOHU3ALMH:

H,O <~ H"+ OH"

[Iponecc wWoOHM3aUMU  BOABl  XapaKTEpU3YETCS]  KOHCTAHTOW  MOHU3AIUU
(mucconmanun):

[H']-[OH]/ [H20] = K(H0) (1)

[IpeoOpazyem 310 ypaBHEHHE:

[H]-[OH ] =K(H;0) - [H,0] (2)

B npuBenennom ypaBHenuu [H,O] (mpu MOCTOSHHON TeMIiepaTrype) MOXKHO
CUMTATh MPAKTUYECKU MOCTOSHHOW. CreoBarenbHO, MpaBasi 4acTh ypaBHeHUs (2), a
3HaunT, 1 npoussenenue [H']-[OH]| — Bennunna nocrosuHas. E€ Ha3bIBAalOT HOHHEBIM
IPOU3BEACHUEM BOJIBI U 0003Haua0T Kw:

Kw: =[H']-[OH] (3)

IIpu Ttemneparype 25° C B uucroii Bome [H'] = [OH] = 107 moms/m,
cienosarenibHo Kw = 107-107 = 10714,

[Tpu nossimenun Temneparypbl Kw opicTpo yBenumunBaeTcsi. CMBICT ypaBHEHUS
(3) 3akmrouaeTcst B CIEQYIOMIEM: Kak Obl, HE M3MEHSIach, KOHIEHTpaIus noHoB H' u
OH", ux npousseaenune [H']-[OH] B 11060M BOIHOM pacTBOpPE COXPAHAET MOCTOSHHOE
3Hauenue pasHoe 107 mpu 25 °C.

Bmecto konmentpammu [H'] ymoOHee moONb30BaTbCs — OTPHUIATEIBHBIM
JECSITUYHBIM JIOTapU(PMOM U3 3TON BEJIUUUHBI — 6000p0OHbIM nokazameiem (pH).

pH =—lg[H"] (4)

Kpome Bomopomnoro mokazarensi (pH) nmpu pacuerax MIMPOKO UCHONB3YIOT U
rUAPOKCUIIBHBIN mokaszarenb (pOH) u nmponorapudmupoBaHHbIN NOKa3aTedb HOHHOTO
MIPOU3BEICHUS BOJIbI

pOH =—{g[OH],
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pKw = —lgKw,
pKw =pH + pOH.
pH + pOH = 14.
B kucneix pactBopax pH < 7, cmabGokucibix pH < 7, mIeT0o4HBIX pacTBOpax
pH >7, cmabomenounsix > 7, HEUTpaIbHBIX pacTBopax pH = 7.
JIns u3mepenus 3HadeHust pH nmosb3yroTcs pa3nuuabiMu MeTogaMu. KauecTBeHHO
KE PEAKLIHI0 PACTBOPA MOXKHO ONPEACIIUTh C MOMOIIBIO CIEIUAIBHBIX HUHAUKATOPOB,
MEHSIOIMX CBOK OKPAacKy B 3aBUCHMOCTH OT KOHIIEHTPAllMd BOJIOPOJHBIX HOHOB.
TakuMu UWHAUKATOpaMU SBISIIOTCA  KHUCIOTHO-ILEJIOYHBbIE HWHAWKATOPBI, KOTOpPbIE
pearupyroT Ha usMeHenue pH cpensl
KucnorHo-1enoynbple MHAMKATOPHl B IOAABISAIONIEM OOJIBIIMHCTBE SBIISIOTCS
KpPacCUTEISIMA WM JPYTUMU OPraHUYECKUMU COEOUHEHUSMH, MOJIEKYIbl KOTOPBIX
IIPETEPIIEBAOT CTPYKTYPHBIE U3MEHEHUS B 3aBUCUMOCTH OT peakuuu cpensl. Mmm
MOJB3YIOTCS B TUTPUMETPUYECKOM AHAIU3E MPU PEAKUUAX HEUTPAIU3AMU, a TAKKE
JU1s1 KOJIOPUMETPUUECKOTO orpeneneHus pH.

JlaboparopHasi padora Ne6. «JIeKTPOIUTHYECKAS JUCCOLUALIAS»
Heas paborbl: QopMuUpOBaHHE HABHIKOB M YMEHHM B HW3YYEHHH CBOMICTB
HEOPraHMYECKUX BEIICCTB B CBETE TEOPHUH IICKTPOTUTUUYECKON TUCCUITUAIUU.

Onvim 1. Xapaxkmep ouccoyuayuu 2uopoKkcuoos
3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopnoii pabome
1. [IpouecTh TEOPETUUECKOE BBEJICHUE U MOPSIOK BHIMOJHEHUS pa0OTHI.
. ObopMHUTE IPOEKT OTYETA IO OMBITY JAOOPATOPHOM PaOOTHI (CM. IPUIIOKEHHE 2)
3. Harucare ypaBHEHUS TONyYeHHs] THAPOKCHIOB MarHus, KPEMHUS, aJTIOMHUHHUS
(opopMHUTH Kak HOHHO-OOMEHHBIE PEAKITUU — MOJICKYIISIPHOE
ypaBHEHHE, MOJHOE MOHHOE U COKPAIIIEHHOEC HOHHOE YPaBHECHUS).
4. B Tabnuiie 6 yka3aTh XapakTep CBONCTB KaXKIIOTO M3 THAPOKCUIOB (KUCIOTHBIMH,
am(pOTEepHbIN, OCHOBHBIN).
5. Hantucatp ypaBHEHHs] THCCOLMAIIMN THAPOKCHUIOB B Tabiuiie 6.
6. Harmucars ypaBHEHUS B3aWMOICHCTBHUS KaXXIOTO U3 THAPOKCUAOB C KUCIOTOU H
miesnoubto  (0pOpMUTH KaK HMOHHO-OOMEHHBIE pPEaKIUH — MOJEKYISIpHOe
YpaBHEHHE, IOJTHOE MOHHOE U COKPAIIEHHOE NOHHOE YPABHEHHS).

N

Ilopsaook evinonnenusn pabomot

[Tonyuuts ruapokcuasl Maruus (1 u 2 npoOupku), amoMunus (3 1 4 TpoOUPKN)
U KpeMHus (5 u 6 TpoOUPKH) - MO ABA KaXKI0T0 U3 THAPOKCUIOB.

J171s1 3TOTO B34Th MIECTh MPOOUPOK M BHECTH 110 3-4 karu 0,5H pacTBOPOB:

B IMEpPBYI0 U BTOPYIO — XJOPHUJI MarHusi; B TPEThIO M YETBEPTYID — XJIOPHU[
ATFOMUHUS;
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B IISITYIO U IIECTYIO — CUJIMKAT HATPUSI.

[TprGaBuTH B MPOOUPKU:

B MIEPBYIO M BTOPYIO — 3-4 Kallld €IKOr'0 HaTpa;BO TPETHIO M YETBEPTyIO — 1-2
Karld €JKOro HaTpa;

B [IATYIO U IIECTYIO — 3-4 KaIlJli COJITHOM KUCIIOTBHI.

OtMmeTuTh 00pa3oBaHUE U IIBET OCAJKOB, BHECTU B MyHKT oTyeTa «HabmoneHus».

UccnenoBath CBOMCTBA MOJYYEHHBIX THUIAPOKCUAOB (KUCIOTHBIC, OCHOBHEIE,
am(poTepHbIC); AJIS STOTO OIPENEIUTh HX OTHOIIEHHE K KHUCIOTaM M IIeJoYyaM.
K nonyuenHomy B JByX MNpoOUpKax THAPOKCUIY MarHus, NpuUOaBUTH: B MEPBYIO
npoOupky 3-4 Kamid pacTBOpa €IKOro HaTpa, BO BTOpylo — 3-4 Kamid pacTBOpa
COJITHOM KHCIIOTBI.

OTMETUTh B KAaKOM CJIy4yae OCaJ0K pacTBOpPWICS. AHAJOTMYHBIM 00pazom
UCCIEA0BaTh THAPOKCUIBI ATIOMUHUS U KPEMHMUSL.

[To pe3ynbTaTaM ombITa 3aMOIHUTG 2 U 3 CTONOLBI TAOIHUIHI .

TaOnuma 6
OTHoOIlIIEHUE THIPOKCUIA
HazBanue u YpaBHeHHne
(pacTBOpsieTCs/HE Xapakrep
dbopmyna . U CCOLIAIIIU
pacTBopsieTCS) CBOMCTB
TUJIPOKCHU]IA TOJBKO | CTymEeHb)
K IIeJI0YHU K KUCJIOTE
1 2 3 4 5

I[To pe3ympraTaM TIPOBEICHHOTO  OIBITA  3allOJIHUTh IYHKTHI ~ OTYETa
«HaOmronennsa» u «BeIiBOIY.

Onvim 2. Cpasnenue xumuueckou akmusnocmu Kuciom. Bzaumooeiicmeue
Mpamopa ¢ CONAHOU U YKCYCHOU KUCIOMOU
3axanue u dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. IIpodecTh TeopeTHUYECKOE BBEACHUE U TIOPSIIOK BHITTOJIHEHUS PaOOTHI.

N

OdopMUTh MPOEKT OTUETA IO OMBITY Ja00OPATOPHOM PabOTHI (CM. TPUIIOKEHHE 2)

3. Hammcars noHHO-OOMEHHBIE pPEaKlUM B3aMMOJEHCTBUS MpaMopa C YKCYCHOW U
CONsIHOM Kucioramu. Kakass W3 HcCaeayeMbIX KHCIOT SIBISETCS CUIIbHBIM
ANEKTPOIUTOM?

4. O1eHuTh MO COKPAIIEHHOMY MOHHOMY YPaBHEHMIO, KOHLIEHTPALUsI KAaKOro MOHA

OyneT omnpenensiTh CKOPOCTb JTHUX pEakUuid B COOTBETCTBUU C 3aKOHOM

JNEUCTBYIOIINX MacCC.
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5. Paccunrtarp KOHLIEHTpaLMIO HOHOB BOJAOPOAAa B 2H PacTBOPE COJNIHOM U 2H
pacTBOpE YKCYCHOM KUCIIOTBI M1 BHECTH PACU€Thl B IPOEKT OTYETA IO JI/P.
Ilopaook evinonnenus padomol
B3sTh 1Be IpOOMPKHU U BHECTH B HUX 110 MAJIECHBKOMY KYCOUKY MpaMmopa.
Jlo6aBUTh B MEPBYIO MPOOUPKY S5-6 Karelb pacTBOpa COJITHOM KHCJIOTHI, BO
BTOpYIO — 5-6 Kareib yKCYCHOM KHUCIIOTBHI.

OtMmeruTh BblIENeHUE ra3a. CpaBHUTh HMHTEHCHBHOCTH BBIJICJIICHHS Tra3a B
poOUpKax.

Ilo pesynmbraraM IIPOBEICHHOIO  OMNbITA  3allOJIHUTh  ITYHKTBl  OTYeTa
«Habnroneuus» u «BeiBom»

Onvim 3. Bauanue conu caaboii Kuciomot HaA OUCCOUUAUUIO IMOTL KUCTIOM bl
3axanue v dTanbl padoThl

Iloozomoeka k nabopamopuoii pabome

[IpouecTh TeopeTHuecKoe BBEICHNE U TIOPSIOK BBITIOTHEHUS PAOOTHI.

OdopMUTh TPOEKT OTUETA IO OMBITY Ja00paTOpHOU pabOThI (CM. IPUIIOKEHUE 2).

O3HAKOMUTBHCS C OCHOBHBIMH KHCJIOTHO-OCHOBHBIMU MHIUKATOPAMHU.

Hanucares ypaBHEeHHE TUCCOIUAIIMN YKCYCHON KUCIIOTHI.

Hanucares ypaBHeHHE TUCCOIMAIIMY alleTaTa HaTpus.

o uhswNE

Bocnonbp30BaBIIMCh CHPAaBOYHBIMU JTAHHBIMUA MPUIIOKEHUS 3, yKa3aTb 001acThb
nepexoja 1 U3MEHEHHE OKPACKHU sl UCIIOJB3YEMOro B pad0Te MHIMKATOPA.

/. Kakue HMOHBI B pacTBOpe BIMSIOT HAa M3MEHEHHE M WHTEHCUBHOCTH OKPACKHU
WHJUKaTopa?

8. Tlonw3yscey npunnunoM Jle [llatenbe, ykakure, B KAKOM HaIllPaBICHUH CMECTUTCS
paBHOBECHE B cHUCTeMe TMocje ao0aBieHHs auerata Hatpus. Kak mpu stom
U3MEHUTCS MHTEHCUBHOCTh OKPACKU MHAUKATOpa?

Ilopaoox evinonnenusn padomaol

B nBe npoOupku BHECTH 1O 5-6 Karenb pacTBOpa YKCYCHOM KHUCIIOTHI.

B xaxnyro mnpobupky mo6aButh mo | Kamjie WHIWKATOpa — METHUIIOBOTO
OpaH>KEBOTO.

OTMeTUTh BET UHIUKATOPA B PACTBOPE KHUCIIOTHI.

OnHy npoOUpKy OCTaBUTh B Kau€CTBE KOHTPOJBHOM, a B APYTyl0 BHECTH alleTar
HaTpusl.

CpaBHUTH OKpPACKY MOJYYEHHOTO PAacTBOpPA C KOHTPOJIIbLHON TPOOUPKOH.

I[To pe3ynbraraMm NOPOBENCHHOTO  OMbITA  3alOJHUTh IMYHKTHl  OTYETa
«HaoOmronenns» n «BeIiBOIY.

Oneim 4. Bnusanue conu cnab6020 OCHOBAHUA HA OUCCOUUAUUIO IMO20
OCHOGAHUA
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3ananue u 3Tansl padoThI
Iloozomoeka k nabopamopuoii pabome
. [IpouecTh TeopeTHUeCKOEe BBEACHUE U TIOPSIOK BBITIOIHEHUS PAOOTHI.
. ObopMUTE IPOEKT OTYETA IO OMBITY JA00OPATOPHOM PaObOTHI (CM. MIPUIIOKEHHE 2)
. Hammucate ypaBHEHHE TrCCOIUAIIIY THIpaTa aMMHaKa.
. Hanmucatp ypaBHeHMEe UccOIMAluU XJIOpH1a aMMOHUS.
. Bocrionp30BaBmnch CripaBOYHBIMEA JaHHBIMHA TPHJIOKECHHUS 2, yKa3aTh 00JIacTh
nepexojia 1 i3MEHEHUE OKPACKH JUIsl UCTIOIb3yeMOT0 B paboTe HHIUKATOPA.
6. Kakue noHsl BIUSIOT Ha U3MEHEHHE U UHTEHCUBHOCTH OKPACKHU
MHUKaropa?
7. [Monb3ysace npunnumnom Jle lllarense, ykaxkure, B KAKOM HalpaBiIeHUU
8. cMecTuTCS paBHOBECHE B CHCTEME TOcie J00aBiieHus1 Xjopuaa ammonus. Kak
U3MEHUTCS OKpacka HHIUKaropa?
Ilopaoox evinonnenusn padomaol
B nBe npoOupku BHECTH 1O 5-6 Kareib pacTBOpa aMMHaKa.
B xaxxnyro npoOupky 106aButh 1o 1 karie nHauKaropa — perondraaeuHa.
OTMETHUTH IIBET MHIUKATOPA B PACTBOPE KHUCIIOTHI.
OnHy npoOUpPKYy OCTaBUTH B KaYECTBE KOHTPOJILHOM, a B JIPYT'yI0 BHECTH XJIOPHUJ
aMMOHHUS.
CpaBHUTH OKpPACKY MOJYYEHHOTO PAacTBOpPA C KOHTPOJIbHON TPOOUPKOH.
[To pe3ympraTaM TPOBEICHHOTO  OIBITA  3allOJIHUTh IYHKTHI  OTYETa
«HaOmronennsa» u «BeIiBOIY.

g b wpN -

JlabGoparopunasi padora Ne 7. «Onpenesienne pH cpeasl. Unauxkaropbsi»
Onvim 1. OKpacka HeKOmMOpPbIX UHOUKAMOPO8 8 PA3TUYHBIX CPedax
Heanb padoTbl: GopMUPOBAHUE YMEHUM U HABBIKOB B OMPEICICHUH BOJIOPOIHOTO
MOKa3arelisi B pacTBOpaX Pa3IMUHbIX COETMHEHUM.

3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. IIpodecTh TeopeTHUYECKOE BBEACHUE U TTOPSIIOK BBITTOJIHEHUS PaOOTHI.
OdopMuTh IPOEKT OTUETA IO OTBITY Ja0OPATOPHOI PabOTHI (CM. TIPUIIOKEHHE 2)

3. Ucnonb3yss TeopeTHUeCcKOe BBEJAEHHWE K JaHHOM TeMe, O3HAKOMHUTHCS  C
MIPUHITUTIOM PA0O0THI KUCIOTHO-OCHOBHBIX MHIMKATOPOB.

4. B mpoekT oT4yeTa BHECTH TaOmUIly 7 W, MCIOJIB3ysS CIPaBOYHBIC JaHHBIC
MpWIOKEHHs 3, yKaszarh B Hel 3HadueHusi pH, KOTOpbie COOTBETCTBYIOT O0IACTAM
nepexo/ia UCCIIeyeMbIX UHIUKATOPOB.

Ilopaooxk evinonnenusn padomaol

OnpenenuTs OKpacKy B KUCIIOM, HEUTPaIbHOM U HIEJIOYHOM cpenax Juist
CIIEAYIOIINX UHAUKATOPOB:

METHJIOPAHXKa;

N
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METHIIOBOTO KPacHOTO;
JaKMyca;

denondranenna.

Jlnst aToro B3Th 12 MpOOHUPOK pa3MeCTUTh UX B MITATHBE TAKUM 00pa30oM, YTOOBI

MONYyYUTh 3 CEKUUU (COOTBETCTBYIOT TPEM XapakTepam cpeabl) mo 4 mpoOupku (1o
OIHOM JJIs1 KaX10T0 U3 4-X UHIUKAaTOPOB)

B mnepBbie ueTthipe mpobupku BHecTu 6-7 kamenb 0,1H pacTBOpa CONSIHOU

KUCJIOTBI, B JIpYrHMe 4YeTbIpe MPOOUpPKU — 6-7 Kamenab IUCTWIIMPOBAHHOW BOJIBI, B
nocJeHue YeThipe Mpooupku — 6-7 kanens 0,1H pacTBopa eaKoro Harpa

B xaxxnyro n3 4 mpoOUpPOK BHECTH MTOOYEPETHO YKa3aHHBIC HHIUKATOPHI:

1 xamio MEeTHIOpaHXKa;

1 xaruTro METUIIOBOTO KPACHOTO;

3-4 karuu JaKkmyca;

1 xarumto penondranenna.

OTMETUTH OKpacCKy UHAMKATOPOB B KAXKIOW U3 TPEX CPE/ U BHECTH B TAOIUILY.

TabGauma 7

Hazanue pH ob6nactu
WHIUKATOpa nepexo/a

Oxpacka UHJIUKATOpa

B KHCJIOU B HEUTpAIL. B LLIEJIOYHOM
cpene cpene cpene

METHUIIOPAHK

METHUJIOBBIHN
KPACHBIN

JAKMYC

denondranenn

IIo pe3yibTraraM IPOBCACHHOI'O OIIbITA 3aBECPIINUTH 3aIIOJIHCHUC Ta6HI/IHLI "

3aIIOJIHUTD ITYHKT OTUCTA «BBIBOI[)).

N

Onwvim 2. Onpeodenenue pH pacmeopa ¢ npumenenuem Hadopa uHOUKAMOpPoe
3axanue u 3Tanbl padoThl

Iloozomoeka k nabopamopuoii pabome

[IpouecTh TeopeTuuecKkoe BBEICHNE U TIOPSIOK BHITIOIHEHUS PAOOTHI.

OdopMuTh MPOEKT OTUETA IO OMBITY Jab0paTopHON PabOThI (CM. IPHIIOKEHUE 2).

B naGoparopssiii xypHan nepeHectu Taomuity «O0mactu mepexoja HEKOTOPBIX

uHauKaTopoB» (cM. [Ipunoxkenue 2) u tabmuiyy 8 juist paboOThI ¢ HCCIIETyeMbIM

PacTBOpPOM.

Ilopaooxk evinonnenusn padomaol

[TomyunTh y mpernomaBareias UCCICTYEMBIH pacTBOP. B3sTh YHCTYIO MPOOHPKY,

BHECTH B Hee 3-4 Karmuid pacTBopa U J100aBUTH pacTBOp jJakMmyca. OTMETUTHh OKPAacKy
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pacTBopa B J1a0OpaTOpHOM JKypHaJe U CHelaThb BBIBOA O XapakTepe Cpeabl
UCCJIelyeMOTro pacTBOPA, YUUTHIBAsE 00JIACTh MIEpexoa JIakMyca:

- KpacHbIl, pH< 5, cpena xucnas;

- (uoneroBriit, S<pH <8, cpena HelTpaIbHAas,

- cunuid, pH > 8, cpena menoyHas.

Ecnu nakMyc MOKakeT KUCIYI0 PEakLHIO pacTBOpa, YTouyHuTh pH, monb3ysack
JaHHBIMU CHPAaBOYHOM Tabmuiel «OO0MacTH mepexofa HEKOTOPHIX HHIUKATOPOB)
CIEAYIOIINM 00pa3oM.

B3sate B apyryo mpoOupky 3-4 KaruiM HCCIEIyeMOro pacTtBopa U J100aBUTh
KaIrll0 METUJIOBOTO KpacHoro. IIpu mosiBIeHUM OpaHKEBOM OKPACKM MOXKHO CUUTATh
pH=S (B oGmactu nepexona unaukaropa). Kpacnas okpacka pactBopa mokaxert, uro pH
<44.

B sTOM cnyyae mponoiKuTh yTouHeHue. JlJis 3TOro B3sATh CHOBA B YHUCTYIO
poOupKy 3-4 Karuii UCCIelyeMOro pacTBOpa M J100aBUTh KAl MeTUlopaHxka. Eciu
OKpacka pacTBopa OyleT OpaH)KeBO-KEITOM, 3TO 3HA4YUT, uto pH > 4,4,

OObenuHsIa HAOMIONEHUS ¢ METUIIOPAHXKEM U METUIIOBBIM KPacHBIM, CYUTATh, YTO
pH pactBopa 4,4. Eciiu ¢ METUJIOpaHKEM pPAacTBOP OKPACUTCS B KpPACHBIM IBET —
ciaegoBarenbHo ero pH < 3,1.

B »sTOoM ciyyae kK HOBOM MOpUMM pacTBopa J00aBUTh THUMOJOBBIA CHUHHUM.
[TosBneHue kenTor OKpacku ykaxert, uro pH > 2.8.

OO0benuHsa HAOMIONEHUS C METHIIOPAH)KEM M TUMOJIOBBIM CUHHUM, J€JIa€M BBIBOJ,
yto 3,1> pH > 2,8 u npunaumaem, yto pH= (3,1 + 2,8)/2 =2,95.

Bce nabmtonenust u BoIBO/IBI 10 3HaUeHUsAM pH 3anectu B Tabmuiy 8.

Tabnuia 8

N npobupku WHJNAKATOP OKpacka pH

1 JTAKMYC

IIo pe3yiibTartaM MMPOBCACHHOIO OIIbITA 3alIOJTHUTD ITYHKT OTUCTA «BLIBOI[)).

35



Tema 6. I'maposn3 coseit. IlpousBenenne pacTBOPUMOCTH

Teopernyeckuii MaTepuaJj, He0OXOAMMbIH /1JIsl BBHITIOJTHEHHSI JIA00OPATOPHOM
padoThI

Tuoponuz coneu. Ilpu pacTBopeHHH cCOJEH B BOJE, HApsAIy C MPOLECCAMU
ANIEKTPOJIMTHYECKOM JIHCCOLMAMU C OOpa30BaHMEM TUAPATUPOBAHHBIX HOHOB,
MPOTEKAIOT PEaKLMU B3aUMOJCHCTBUS MOHOB COJHM C BOJAOM HUX THAPATHBIX 00OJOYEK.
DTOT mpolecC HA3bIBAECTCS 2UOpoIU30M colel. B pesynbrare ruapoian3a CMeENaeTcs
PAaBHOBECHE ANIEKTPOIUTHUYECKON AMCCOLMALMKM BOABI, MpUBOAsLIee K u3MeHeHuo pH
Cpelibl, KOTOPOE MOXHO ONPENIETUTh C TOMOIIbIO HHINKATOPOB.

Hampumep, npu pacTBopeHHH alleTara HaTpHUsl Cpella CTAHOBUTCA IIEJIOYHOU B
pe3yapTare NPOTEKaHUs CIEYIOIUX IPOLECCOB:

CH3COONa < Na" + CH;COO

CH;COO" + HOH <« CH3COOH + OH"

N3meHenne BOmOpOAHOro mokaszartens pH mnpu pacTBOpEeHUM CONU SIBISIETCS
OCHOBHBIM MMPU3HAKOM, YKa3bIBAIOIIUM Ha MPOTEKAHUE THUIPOJIN3a.

['uaponu3 siBsieTCs pe3yybTaToOM MOJSPU3ANMOHHOTO B3aWMOJICUCTBUS HOHOB C
UX TUJIpaTHON 000Joukoil. UeM cuiibHee MoNsIpU3yIoliee A1eMCTBUE NOHOB U OOJIbIIE UX
NOJIIPU3YEMOCTh, TE€M B Ooiblllei cTerneHu mporekaer ruaponu3. CunpHoe
MOJIAPU3YIOLEE JIEUCTBUE OKa3bIBAIOT HEOOJIBIIME 10 pa3Mepy MHOr03apsiAHbIE HOHBI,
OOBIYHO 3TO KAaTHOHBI CHa0bIX OCHOBaHWN. CHIIBHO TMOJSPU3YIOTCS OOJBIINE 10
pa3MepaM aHUOHBI — KUCIIOTHBIE OCTATKH CJIA0bIX KUCIIOT.

Pa3nuuaroT HECKOIBKO THUITOB THAPOJIM3a COJEH.

1. Conu, oOpa3oBaHHBIE CUJIBHBIMH OCHOBAaHUSAMH (II€I0YaMU) U CUIILHBIMU
KHUCIIOTaMH, He moaBepratorcss ruaponusy. PactBopel Takux conerr (NaCl, KNOs,
Ba(NOs), u np.) umerot HeltpansHyto cpeny (pH = 7).

2. Comu, oOpa3oBaHHBIC CWJIBHBIMA OCHOBAHUSIMH M CJIA0OBIMU KHCJIOTa- MU,
TUAPOJU3YIOTCS TI0 aHUOHY, TaK KaKk aHMOH o0Opa3yeT ¢ HMOHAMH BOJOpoAa Ciadyro
kuciory. Cpena pactBopa B 3ToM ciydae menounas (pH > 7):

KCN + H,0 < HCN + KOH — mosniekynsspHOe ypaBHEHUE THAPOJIN3A

CN" + HOH < HCN + OH - noHHO€ ypaBHEHHE TUAPOJIN3a IO aHUOHY

Conu 3T0T0 THIA, 00pa30BaHHBIE MHOTOOCHOBHBIMU KHCJIOTAMU, TUIPOIU3YIOTCS
CTYIICHUYATO, HATIPUMED:

-5 ctynens: K;COs + HOH «+» KHCO; + KOH
CO;*” +HOH < HCO+OH
2-s crynens: KHCO;3 + H,O <« H,CO; + KOH
HCO32_ + HOH <~ H,CO; + OH",
MPUYEM TUAPOIU3 UJIET B OCHOBHOM IO MIEPBOMl CTYIICHHU.
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3. Commn, oOpas3oBaHHBIC CIA0OBIMH OCHOBAHHMSIMH M CHJIBHBIMH KHCIIOTaMH,
TUAPOJIU3YIOTCS MO KaTHOHY, TaK KaK KaTHUOH 00pa3yeT ¢ TUJIPOKCHI- MOHaMH ciaboe
ocHoBaHue. Cpena pacTBopa B 3ToM ciydae kucias (pH < 7).

NH4Cl1 + H,O NH4OH + HCI — monekynsipHoe ypaBHeHue Tusiponnsza NH4+ +
HOHNH4O0H + H+ — noHHO€e ypaBHEHHE T'MAPOIN3a [0 KaTHOHY

Conu »Toro Thna, 00pa30BaHHbIE MHOTOKHUCIOTHBIMU OCHOBAHUSIMU,
TUAPOJIM3YIOTCS CTYIIEHYATO, HaPpUMED:

1-s crynens: ZnCl, + H,O < Zn(OH)CI + HCI
Zn** + HOH < Zn(OH)" + H*
2-s ctyneds: Zn(OH)Cl + H,O < Zn(OH), + HCI
Zn(OH)" + HOH « Zn(OH), + H",

MIPUYEM THIPOIN3 UACT B OCHOBHOM ITO TIEPBOM CTYIICHH.

4. Comnmu, oOpa3oBaHHble ClIa0ObIMM OCHOBAaHUSAMHM U  CJIa0OBIMM  KHUCIIOTaMU,
TUAPOJIU3YIOTCS | 110 KaTHOHY U IO aHWOHY, HallpuMep:

NH4CN + H,O0<-NH4OH + HCN

[Ipu »toM pH cpenpl 3aBUCUT OT CHIIBI OOpa3yrOIIUXCA CIA0BIX KHCIOT M
ocHoBaHMil (00br4HO pH paBen 6—8). Takue coiau rUAPOIU3YIOTCS B OOJIBIIEH CTENEHH,
YeM PacCMOTPEHHBIE B II. 1. 2 U 3. ['uaponu3 Takux cojieil MPOUCXOAUT MPAKTUUECKU
HEOOpaTuMo, €CJIM BBIACISIETCS ra3 WIK 0CaJ0K JMOO €Clih TO U Apyroe oopasyercs
OTHOBPEMEHHO, HAIIPUMED:

ALS; + 3H,0 = 2AI(OH)s| + 3H,S1

IIpoussedenue  pacmeopumocmu. TBeplble BelIECTBA  XapaKTEPU3YIOTCSA
Pa3IMYHON PAacTBOPUMOCTHIO B Bojie. Hapsimy ¢ XOpolio pacTBOPUMBIMHU BEIIECTBAMU
CYIIIECTBYIOT MaJjio- PAaCTBOPUMBIC U MPAKTUYECKH HepacTBopuMbIe. OTHaKO aOCOIIOTHO
HEPACTBOPUMBIX BEIIECTB B Mpupoje HeT. J[roboe BemecTBo, XOTs Obl B HUYTOXKHOMN
CTETNEHU, HO BCE JKe 00J1a/1aeT paCTBOPUMOCTHIO.

PacTBOpuMOCTh BelecTBa OIEHWBAETCS MO KOHIIEHTPAIIMH €Tr0 HACBIIMIEHHOTO
pactBopa. KoHIIEHTpalMss  HACBIIEHHOTO  PacTBOpa  MaJIOPACTBOPUMOTO  WJIH
NIPAKTUYCCKA HEPACTBOPUMOTO BEIIECTBA OYEHb MaJia, T.€. PACTBOP OYCHH pa30aBiIcH.
Ecnu pacTBopeHHOE BEIIECTBO SIBISIETCS AIEKTPOIUTOM, TO OHO B OYCHb pa30aBICHHOM
pPacTBOpE MPAKTUYCCKH HAIETIO JUCCOIMUPOBAHO HA MOHBI (B COOTBETCTBUHU C 3aKOHOM
paszbasnenus OcTBanbaa).

PaccmoTpum paBHOBecHE MEXIY TBEPIBIM OCAIKOM MAaJIOpPAaCTBOPUMOM COJH,
Hanpumep AgCl, u e€ nonamu B pacTBope:

AgCla <> Ag'p) + Clg)

YpaBHEHUE SISl KOHCTAHTHI PABHOBECHUS UMEET BU/I:

_lag*T[ciT]
 [AgCly]
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Konuenrtpauust tBepaonr ¢asel [AgClyy)], Kak BenMuMHA TOCTOSHHAs, U3
BBIPKCHUS Il KOHCTAHTHI paBHOBECUS MCKitO4aeTcs. Torga KOHCTaHTa paBHOBECHS
OIPEIENIAETCS TOJBKO IPOU3BEAEHNEM KOHIEeHTpauuii uoHoB [Ag'] m [Cl] wu
Ha3bIBaeTCs npouszsedenuem pacmsopumocmu (I1P):

MP(AgCl) = [Ag'][CI]

B o61miem Buae 11 coequnenus A,By

[P = [A™]"[B™]"

BenuunHa mnpou3BeNEHUST PACTBOPUMOCTH  XapPaKTEPHU3YEeT PaCTBOPUMOCTH
MajJIOpaCTBOPUMBIX M TPAKTUUYECKU HEPACTBOPUMBIX BEIIESCTB (AJIEKTPOJIUTOB) IpHU
noCTOSTHHOM Temmeparype. 3HaueHus [IP mpuBeneHpl B CIpaBOYHBIX TabiWIIax
npuioxeHus 2. Eciam B pacTBope HaXomsITCd KaTHOHBI HECKOJBKUX Pa3IMYHbIX
METAJUIOB, TO HMX MOXHO TEPEBECTH B OCAJOK IOCIEI0BATEIBLHO OJUH 3a JIPYTUM,
CBA3bIBAS B MAJIOPACTBOPMMBIC WM TNPAKTUUYECKH HEPACTBOPUMBIC BEIIECTBA C
paznuuHbiMKu 3HadeHussMU [IP. Takas onepamusi Ha3bpIBaeTCsl IPOOHBIM OCAXKICHUEM;
OHA MPUMEHSETCS ISl pa3/eICHUsI U OUUCTKHU BEIIECTB, IIPU UX CUHTE3E U aHAJIN3E.

JlaGoparopunas padora Ne8. «'uaposus cosein»
Heanb padorbi: popMupoBaHHEe YMEHUN M HABBHIKOB B HMCCIEIOBAHHUM IpOIlECCa
TUAPOIU3a JJI1 Pa3HbIX TUIIOB COJIEH; YCTaHOBUTH (DAKTOPHI, BIUSIOIIME HA MPOIECC
TUAPOJIN3a; UCCIEN0BATh MPOLECC COBMECTHOTO HEOOPATUMOIO THIPOJIN3A JIBYX COJIEH.

Onwvim 1. Peakyus cpeovt 6 pacmeopax paznuyuHulx cojei
3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopnoii pabome
1. TIpouecTh TeOpeTUYECKOE BBEJACHUE U TIOPSAIOK BHITIOTHEHUS PAOOTHI.
OdopMuUTh MPOEKT OTUETA IO OTBITY Ja0OPATOPHOI PabOTHI (CM. IPUIIOKEHHE 2)
3. Hammcarp ypaBHEHHMS THAPONHM3a pPAaCCMaTPUBAEMBIX B  OIBITE  COJICH

N

(MonekynsipHoe M WOHHBIE). Ecnmu runponus MOXeT NpOTeKaTh B HECKOJBKO
CTyNEHEN, COCTaBUTh YPABHEHUE TOJIBKO MO MEPBOM cTyrneHn! YKa3zarh xapakrep
Cpenbl B pacTBOPE COJIH.

4. Buectu B 1a0OpaTOPHYIO TETPaib TabmuIly 9 u 3amoaHUTh CTONOIb 2, 3, 4.

5. B mabGoparopnoit Terpamm mnpoumsBectu pacuer pH  mus 0,5M pactBOopoB
CJIEIYIOIIUX COJICH: aneTara HaTpus, XJIOpUa allOMUHUs, KapOoHaTa HAaTpusl.
Ilopaooxk evinonnenusn padomaol
B mects mpoOupok n00aBUTH MO 6-7 Kamelb pacTBOPOB COJIEHl, YKa3aHHBIX B

Tabnuie Hrke. B Kaxayro u3 mpoOUpPOK C pacTBOpaMu cojiei 100aBUTh 2-3 Karuiu
pacTBopa nakmyca. Habmonenus BHecTu B Ta0nuiry 9.
Ta6nuua 9
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H pactBopa
Hasganue conu ®opwyna | Oxpacka Xap-p cpenbl (I;HEZ pH£7,
con JaKMyca pH> 7)
1 Aunerar HaTpus
2 | Xnopuz adtOMUHHUS
3 |KapOoHar Harpus
4  |KapboHnat aMMOHHMS
5 Xyopuj Kanus
6 |Anerar aMMOHUA
[To pe3ynbraTaM MpPOBEIEHHOTO OIbITA 3aMIOJIHUTh MYHKT 0TYeTa «BBIBOMY.
Onvim 2. Obpazoeanue ocnosuvix coneit npu cuopoause. I'uoponusz ayemama
anIOMUHUA

no

3axanue u dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
[IpodecTs TEOpETHUUECKOE BBEICHUE U TIOPAIOK BBITIOJHEHUS paOOTHI.
OdopMuUTh NPOEKT OTUETA IO OMBITY Ja0OPATOPHOI PabOTHI (CM. IPUIIOKEHHE 2)
Hamucare  ypaBHeHHE peakiuu  OOpa3oBaHUsSl  alerara aJllOMUHUS B
MOJIEKYJISIPHOM U MOHHOM BUJIE.
Hamnucars ypaBHEHHMS ruaposid3a alerara ajJtoMHUHUSA 1o -l u 2-il cTyneHsM B
MOJIEKYJISIPHOM U HOHHOM BUJIE.
Ucnonwsizys npunnun Jle Illarenbe, 00bSICHUTH, MOYEMy NPOTEKAHUE TUIPOJIN3A
10 BTOPOM U MOCTEAYIONIUM CTYIIEHSM 3aTPYIHEHO.
O3HaKOMUTBCA C TeM, Kakue (aKTOphl TO3BOJSIOT YBEJIUYUTh CTEMCHBb
ruApoIn3a’?
Kakoe ycioBue ombiTa MO3BOJSET JOOUTHCA MPOTEKAHUS THIPOJW3a XJIOpHUIa
aoMHUHUSA 110 BTOpol ctyneHu? [louemy?

Ilopaoox evinonnenusn padomaol
B npo6upky BHECTH 4-5 Kareab pacTBopa XJIOPHIa aTFOMUHHMS U TAKOU )Ke 00beM

pacTBopa arerara HaTpusl.

[TocTaBUTh MPOOHPKY HA BOASAHYIO OAHIO.
OTmeTHuTh 00pa3oBaHUE OCAJKA.
[Io pesynmpraTam MPOBEAECHHOTO  OMNBITAa  3alOJHATh IMYHKTHI ~ OTYETa

«Haomronenns» n «BeIiBOIY.

Onvim 3. Cayuau noanozo (Heoopamumozo) 2uoponu3a cone
3ajanne u dTanbl padoThI

Iloozomoeka k 1abopamopnoil pabome
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1. TIpouecTs TeOpEeTUUYECKOE BBEIACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
OdopMUTh TPOEKT OTUETA IO OMBITY Ja0OPATOPHOM PabOTHI (CM. IPUIIOKEHHE 2)
3. Hammcare ypaBHEeHHWE B3aWMOICWUCTBHS XJIOpHJA aTIOMUHUS H Cyiabduma
aMMOHUS B IPUCYTCTBUU BOJIbI, YUUTBIBASI, UYTO 0OPa3yIOLIUNCS MPOMEXYTOUHBIH
MPOAYKT JTOW pEAKIUU — CyAb(DHUI QITIOMUHUS — TOABEPTraeTCS IOTHOMY
TUAPOIIU3Y C 00pa30BaHUEM THAPOKCUIA AITFOMUHUSL.
4, To xe camoe BBIMIOJHUTH I XJIOpPUAA AIIOMHHHS W KapOoHaTa HaTpUS;
IPOMEXYTOUYHBIN MTPOAYKT — KapOOHAT aTIOMUHUS.
Ilopaook evinonnenus padomul
B nBe npoOupku BHECTH MO 5-6 Kamenab pacTBOpa XJIOpUAa aTlOMUHHUSL.
B onHy npoOupky n00aBUTH Takoil e 00beM pacTBopa Cyib(uaa aMMOHUS, B
IpYTYI0 — pacTBOpa KapOOHAaTa HaTpPHUs.
OTMeTUTh BBIIENICHUE CEPOBOIOPOAA B TEpBOM mpoOupke (Mo 3amaxy) Hu
ITy3bIPBKOB YITIEKHCIIOTO ra3a BO BTOPOM.
B 00oux npoOupkax HaOIONaTh BRIMAJACHUE OCAIKA.
[lo pe3ynbrataM TPOBEIECHHOTO  OIbITAa  3allOJIHUTh  IYHKTHI  OTYeTa
«HaOmonenns» u «BeiBomy.

no

JlaboparopHasi padora Ne9. «IlpousBeenne pacTBOPUMOCTH»

Heas pabGorbli: (opMupoBaHHE YMEHMM W HAaBBIKOB B  HCCIIECIOBAaHUU
BO3MOKHOCTH MPAKTUYECKOTO MPUMEHEHUsI pPa3HUIlbl B 3HAYEHHUU PACTBOPUMOCTH
pPa3UYHBIX BEIIECTB; HAYYUThCS TMOAOUpATh HWOH-OCAAUTENb, OCHOBBIBASICh Ha
BEJIMYMHE MPOU3BEACHUS PACTBOPUMOCTH; MCCIIEIOBATh 3aBUCHMOCTh PACTBOPUMOCTHU
BEILECTBA OT 3HAYCHUS €r0 MPOU3BEACHUS PACTBOPUMOCTH.

Onwvim 1. /[poonoe ocaxcoenue
3axanue u 3Tanbl padoThI
Iloozomoexka k n1abopamopnoii pabome
1. TIpouecTh TeOpeTUUYECKOE BBEIACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

N

OdopMUTB NPOEKT OTUETA IO OMBITY JA0OPATOPHOU PadOTHI (CM. MPUIIOKEHHE 2)

3. Hanucarb ypaBHEHHS MOJy4YEeHUS XJIOPUA U XpoMmaTa cepedpa B MOJEKYJISIPHOM
Y NOHHOM BUJIE.

4. Hamucarh ypaBHEHMsI JTUHAMHYECKOTO PABHOBECHUSI MEXKIY TBEPJAOH M KHUIKOU
¢dazamu B pacTBOpax xjopuaa cepedpa u xpomara cepedpa.

5. Bremmucarp Tabmmunple 3HadeHus [IP w  Hamumcare Beipakenus gus TP
paccMaTpUBAEMBIX B OIBITE COJIEH (MPUIIOKEHUE 3 ).

6. PaccumTaTh pacTBOPUMOCTB XJIOpHUJIa U XpoMara cepedpa (MoJIb/i).

Hamnucars ycnoBue BeInafeHUs Ocaka JJisl XJOopHaa U Xxpomara cepeopa.

8. YuuThIBas pacCUUTaHHYIO PAaCTBOPUMOCTB COJIEM U yCJIIOBHE BBIMAJACHHUS OCaJIKa,

~

OIIPpCACIUTD KaKoH M3 0CaJKOB BBINAACT MCPBBIM IIPHY COBMCCTHOM OCAXIACHHU.
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Iopaook evitnonnenus padomot

B 1Byx mpoOupkax mOMy4UTh pasleinbHO XJIOPUA M Xpomar cepedpa
B3aMMO/JICHCTBUEM PACTBOPOB XJIOPHUIA U XpoMaTa Kajusi C HUTPATOM cepeopa.

OTMeTuTh 11BETa 00Pa30BABIIMXCS OCAIKOB.

[IpoBeputhb, Kakoil U3 0caaKoB OyleT BbIIAAaTh U3 pacTBOpa nepBbIM. JJist 3TOrO
BECTU B OJHY NpoOMpKy 2-3 Kamiu pacTBOpa XJopuaa Kaius, 2-3 Kaiid pacTBopa
XpoMara KaJiusi U 5 Karejib BOJIbI.

[lepememniaTs pacTBOp B MpoOUPKE.

OcCTOpOXHO, MO KaIIsIM A00aBJIATh K COAEPKUMOMY MPOOUPKU PACTBOP HUTpATa
cepebpa.

Brinagenue kakoro ocajika HabtomaeTcsi B mepByto ouepeb. OTMETUTD €ro I[BET
B 1. «HaOmroneHus».

JloO6aBUTH B pacTBOp €lIe HECKOJIbKO Kameiab HuTpara cepedpa. HabmrogaTth
BBIIIAJIEHUE BTOPOTO OCAJIKA.

I[To pe3ynbraraM MOPOBEICHHOTO  OMbITa  3AMOJHUTh IYHKTHl  OTYETa
«HaOmronennsa» u «BeIiBOIY.

Onvim 2. Cpasnenue nojiHOMbl 0CAHCOCHUA UOHO8 PA3TUUHBIMU OCAOUMEIAMU
2.1. Ocasicoenue coneii bapus
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TlpouecTs TeopeTHUYECKOE BBEACHUE U TIOPSIIOK BHITTOJIHEHUSI PAOOTHI.

N

OdopMuTh MPOEKT OTUETA IO OIBITY Ja00pPaTOPHOU PabOTHI (CM. IPUIIOKEHHE 2)
3. Hamumcarp ypaBHeHUs peakiuii 00pa3zoBaHus okcagara 0apusi u xpomara Oapus (B
MOJIEKYJISIPHOM U MOHHOM BUJIE).
4. Bpinmucarh TaOIWYHBIC 3HAYSHUS] W Hamucarh BbIpakeHus miusa 1P okcamara m
xpomara Oapusi.
5. OOBSICHUTH, KAKOM MOH U MOYEMY SIBISIETCS JYUIIMM OCAJUTENEM ISl KATHOHOB
Oapusi.
Iopaook evitnonnenus padomot
[TonyunTh OcamoKk okcanaTa Gapusi B3auMOJICHCTBHEM PAaCTBOPOB XJIOopuaa Oapus
(4 x.) u okcanara ammoHus (6 K.).
J1aTb pacTBOPY OTCTOSTHCHI.
[Ipo3paunslii pUiIbTpaT aKKypaTHO MUIETKOW MEPEHECTH B JIBE YUCThIE MPOOUPKHU
1o 3-4 Karju B KaXIylo.
B oany npoOupky 1o6aButh 1-2 Karm pacTBopa okcaiara aMMOHHUS.
B npyryto npobupky no6aButh 3-4 Karum pacTBopa Xpomara kanus. B xakoil u3
POOUPOK BBINAAET 0CATO0K?
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OxkcanaT-uOH W XpOMAaT-uOH B JaHHOW paboTe BBICTYMAIOT B POJIM HOHOB —
ocaauTenel, T.K. 00a HoHAa O0Opa3yloT C KaTHOHOM Oapus MallopacTBOPUMBIE
coenuHenus. llenbo ombiTa — CpaBHUTH, KAKOW M3 MOHOB HamOoJiee MOJHO YAAJIseT
(ocaxmaeT) MOHBI Oapus U3 pacTBOpA.

[Io pe3ympraTaM TPOBENCHHOTO  OMbBITA  3alOJIHATh IYHKTHI ~ OTYETa
«Haomronenns» n «BeIiBOIY.

2.2. Ocaxcoenue coneii ceunuya (I1).

3ananue 4 3Tanbl padoThI

Iloozomoeka k nabopamopuoii pabome

1. IIpouecTh TeOpeTUUYECKOE BBEACHUE U MOPSAIOK BBITIOTHEHUS PAaOOTHI.

no

OdopMuUTh MPOEKT OTUETA IO OTBITY Ja0OPATOPHOM PabOTHI (CM. IPHIIOKEHHE 2)
3. Hammcarp ypaBHeHus peakiuii oOpa3oBaHMs XJOpWJa W HWomuaa cBUHIA (B
MOJIEKYJISIPHOM U MIOHHOM BUJIE).
4. Bepinucarh TaOMWYHBIE 3HAYEHUS W Hamucarb BbipaxkeHus s [P xnopuna u
Moauia CBUHIIA.
5. OOBSICHUTH, KaKOW MOH U MOYEMY SIBISICTCS JYUYIIUM OCAIUTENIeM JJIsi KAaTHOHOB
CBUHLIA.
[Tonyuuts xmopun cBunia (1) B3aumoaeiictBueM pactBopoB HuTpara cunna (II)
(4 xarun) u xJopuja HaTpus (6 Kanems).
PacTBOp mociie oTcTauBaHus 0cajika CIUTh B JBE MPOOUPKHU.
B oany nmpoOupky no6aButh 2—3 Karid pacTBOpa XJIOPUAA HATPHSs, B APYTYIO —
CTOJIBKO K€ paCTBOPA HOAMAA KaJIU.
Habmronars o6pazoBanue ocaaka (Kakoi coiu?) B OTHON 13 TPOOHPOK.
I[Io pesympraram MNPOBEAEHHOIO  ONBITA  3AlOJHUTH IYHKTBl  OTYETA
«HaOmronennsa» u «BeIiBOIY.

Oneim 3. Bauanue 6enuuunst npou3ee0eHus pacmeopumocmu Ha
pacmeopenue 0caoKkos
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopnoii pabome
1. TlpouecTh TeOpeTHUECKOE BBEACHNUE U TIOPSAOK BBITOJTHEHHS PAOOTHI.

N

OdopMuTh IPOEKT OTUETA IO OTBITY Ja0OPATOPHOI PabOTHI (CM. IPHIIOKEHHE 2)

3. Hammcarp ypaBHEeHHs TONy4YeHHsS XJIopuaa, Opomuaa W Moauma cepedbpa B
MOJIEKYJIIPHOM M HIOHHOM BHJIE.

4. Vcnionw3ysl cripaBOYHbIC TaOJWIIBI MPUIIOKEHUs! 3, BhIMUcaTh 3HaueHus [IP wu
COCTaBUTh MareMaTHdeckue BbIpaxeHus mig [IP paccmarpuBaembix B ONBITE
COJIEH.

5. OueHuTb, KaKas U3 pacCMaTpPUBAEMBIX B OIBITE COJIEW JTy4llIe pacTBOPSETCSA?
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6. Hanucarp MonekynsipHble W HWOHHBIE YpPAaBHEHHUS PACTBOPEHMSI OCAJIKOB
raJlorTeHUIOB cepebpa B  pacTBOpE aMMHaKa, KOTOpbIE MPOTEKAIOT C
obpasoBaHreM KoMmIiutekcHoro noHa [Ag(NH;),] .

Ilopaook evinonnenus padomol

B Tpex mpoOupkax pa3aenbHO MONYYUTh OCAJIKH XJIOpUaa, OpomMuaa u oauma
cepeOpa B3aUMOJACHCTBUEM PAaCTBOPOB COOTBETCTBYIOLIMX COJIEM C HUTpPAaTOM cepedpa
(o 2-3 Karm KaxKJ0To peakTuBa).

OtmetuTh 1BET ocaakoB. K ocagkaMm B KaXIyr MPOOMPKY A00aBHUTH MO 2-3
Karll pacTBOpa amMmuaka. Pa3sMemars copepxkumoe MpoOupok. OTMETUTHh CTENEHb
PACTBOPEHHMSI OCA/IKOB.

Ilo pesymbrataM @POBEIECHHOIO  OIBITA  3allOJIHATH  IYHKTBI ~ OTYETa
«HaOmonenns» u «BeiBomy.

3agaHus 11 CAMOCTOATEIbHON PadoOThI

1. IlpuBeaute nmpUMeEpPbl PaCTBOPUMBIX B BOJE COJIEH, Cpela pacTBOPOB KOTOPBIX
HEWTpanbHasi, Kuclasd, enoyHas. Hanumure ypaBHEeHUs HMX TUAPONH3a B
MOJIEKYJIIPHOM Y HOHHO-MOJIEKYJISIPHOM BHJIE.

2. IlpuBenute mpuMepsl COJEH, TUAPOIU3 KOTOPHIX UAET TOJIBKO [0 KaTHUOHY, TOJIBKO
10 AaHWOHY, U 110 KaTUOHY U 10 aHUOHY OJHOBpeMeHHO. Hanummre ypaBHEHUS HX
TUAPOJIA3a B MOJIEKYJIIPHOM U HOHHO-MOJIEKYISIPHOM BHJIE.

3. IlpuBenure mpuMepsl coiieil, TUAPOIU3 KOTOPHIX BO3MOXEH IO OAHOH, IBYM U
TpeM cTyrneHsM. Hanuimre ypaBHEHUS UX THAPOJIM3a B MOJIEKYJIIPHOM M MIOHHO-
MOJIEKYJIIPHOM BUJIE.

4. Hanmumwure B MOJEKYISIPHOM U HOHHOM BHJE YPaBHEHHUS COBMECTHOTO
ruaponusa: a) cyiabdara xpoma (III) m kapOGonara Harpuss u 0) HHUTpara
ATIOMUHUSA U CylTbpHUIa KaTusl.

5. Kak Bmusier nobapnenue pactBopoB KOH, ZnCl,, Na,S, comsHOM KHCIOTBHI U
tBepaoro NaCl Ha ruaponu3 kapOoHata kanusi (THAPOJIU3  YCUIIMBAET,
ocnalnsieTcs, BIUSHUS HE HAaOIoaaeTcs).

6. Kak Bauser poGasienue pactBopoB NaOH, Na,COs, Alx(SOs);, cep- HoU
kuciaotel U TBepaoro K,SO4 Ha ruaponn3 xjopuaa HUHKA (THAPOJIN3 YCUIIMBAET,
ociabiseTcs, BIUSIHAS He HAOIIOMaeTCs ).

/. Hamumure B MOJEKYASIPHOM M HOHHOM BHJI€ YPaBHEHHUS TpeEX CTele- Heu
ruapommsza  xmopuna oxkenesa (II). OObscHuTe, moYemMy mNpu KOMHATHOU
TEeMIIepaType TUIPOJIU3 UIET TOJNBKO IO TEPBOW CTYyNEHH, a MPU KHUISTYCHUH
pacTBOpa — MO BCEM TPEM.

8. B onHOMOIISIpHOM pacTBOpE HUTpaTa LIMHKA BOJOPOAHBIN Mokazarens (pH) paBen
2. Yemy paBHa cteneHb ruapoausa conu (%)?
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9. Hanumurte cxeMy TeTepOreHHOr0 XHMHUYECKOTO PaBHOBECHS MEXKAY OCAIKOM
manopactBopumorr comu Ag,CrOs u e€ uoHamu B pacTBope. Hamummre
BBIPOKEHUE JUIsI KOHCTAHTHI PAaBHOBECHS ATOrO IIpollecca M MPOU3BEACHUS
PacTBOPUMOCTH ITOU COJH.

10.Bpruncnaute MONSIpHYIO KOHILEHTpamnuio xjopuga cBuHia (II) B HaceimeHHOM
pacTBOpe, €CIM MPOU3BEIACHHE PACTBOPUMOCTH OSTOH COJNM IO CIPABOYHBIM
JaHHBIM paBHO 2,0-1072,

11.Bpruuciante 00beM BOJIbI, B KOTOPOM MOXKET PACTBOPUTHCS OJMH IpaMM cyiabdaTa
ceunna (I1), mpousBeneHne pacTBOPUMOCTH KOTOporo pasHo 2,0-107%,

12.0Onpenenure, Boimaner mu ocanok AgNO, (ITP = 6,0-10*%) npu cMmelmmnBaHun
OJIMHAKOBBIX 0OBEMOB CAaHTHUMOJISIPHBIX PAacTBOPOB HUTpara cepedpa U HUTPUTA
kamusi. [I[puBeanTe COOTBETCTBYIONINE BBIYUCIICHHUS.

13.Pacnonoxure Bemmectsa cyinbdar 6apus BaSO, (TP = 11071, rugpoxcun xpoma
Cr(OH); (TIP = 4-107'%) u ruppoxcun maraus Mg(OH), (ITP = 8-107!2) B psax o
YBEJIMUYEHUIO UX PACTBOPUMOCTH B BOJIE.

Tema 6. Komniexkcoo0pa3oBaHue B pacTBOpax

Teopemuueckuit mamepuas, HeOOXOOUMbLIL 0113 8bINOJIHEHUA 1A0OPAMOPHOI
pabomul

KomriekcHbIMM Ha3bIBAIOTCSl TAaKUE COCAUHEHUsS, B y3JaX KPUCTATUYECKUX
pPELIETOK KOTOPBIX HAXOASATCA KOMIUIEKCHBIE HWOHBI, YCTOWYMBBIE KaK B TBEPIOM
COCTOSIHUH, TaK U B paCTBOpax.

KomIiekcHbIMM HOHAMU HA3bIBAETCS CIIOKHBIE HOHBI, B COCTAB KOTO- PBIX BXOJST
KaTHOHBI WJIK aTOMbl METAJIJIOB, CBSI3AHHBIE C HECKOJIBKUMU TO- JIAPHBIMH MOJIEKYJIaMH
VI aHUOHAMH.

PaccMoTprM TUNIMYHBIA COCTaB KOMIUIEKCHBIX COCIMHEHHM Ha MNpuMepe
[Cu(NH3)4]SO4. Yactuma [Cu(NH;)4]** maswBaeTcs komniexcuvivm uonom (Opyrue
Ha3BaHMs: KOMIUIEKC, BHYTpeHHss cepa), a SO4* — sunewmneti cgepoii. Karnon Cu' B
KOMILJIEKCE HAa3bIBACTCS KoMniekcoobpazosamenem, a Monekynbl NHi — jaueanoamu.
Uucino  nouraHjgoB, paBHOE B  O3TOM  COCIMHEHUU  YETBIPEM,  HA3bIBACTCS
KOOPOUHAYUOHHBIM YUCIOM KOMILIEKCOOOpa30BaTeIs.

Kommiekcoobpa3zoBarensiMu SIBISIFOTCSI TJIABHBIM 00pa3oM KaTHOHBI METAJIJIOB, a
nuranjgaMu — nosisgpubsie MoJiekyinbl (NH;3, H,O) unu annonst — kucinotHeie octatku (F,
CI, Br, I', CN7, NO;, SCN"), a takxe ruapokcua-uon OH'.

Koopaunannonnoe uucio yamie BCcero paBHo 6, 4 unu 2.

ITo 3apsimy KoMmILIeKca HSTH COCAMHEHUS TOAPA3IeisAloTCs Ha KAaTUOHHBIE,
Hanpumep [Zn(H,0)4]Cl,, annonnsie — K3[Co(CN)g], nBoitHBIE (KaTH-OH-aHUOHHBIE) —
[Ni(NH3)s]2[Fe(CN)¢] 1 metitpansabie — [Pt(NH;3)2Cly].
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[To BUaYy MUTaHA0B KOMIUIEKCHBIE COCIMHEHUS MTOIPA3ICIIAIOTCS TaK:

1) aKBakOMIUIGKCHBIC, JIMTAHJAMU SIBJISIOTCS MOJICKYJIbI BOJIbI, HaIpUMEp
[Cr(H20)6]C13;

2) aMMUHOKOMIUICKCHBIC, JUTaHAaMU SBISIOTCS MoJiekynsl NH3, wampumep
[CA(NH3)6](NO3)o; -

3) TUAPOKCOKOMIUIEKCHbIe, JHrangamu spisitorcss OH-uonbl, Hampumep
Nas[Al(OH)¢];

4) alnuAOKOMIUIEKCHBIC, JIMTAHIAMH SIBJISIIOTCS KHUCJIOTHBIE OCTaTKU, HarpuMep
K4[FeCle];

5) cMmemaHHble, JUTaHAAMU SIBISIOTCS  Pa3IMYHbIC YacTUIlbl, HaIpUMEp
[Pt(NH3)2(H20)2BI’2]SO4.

[Ipyu pacTBOpeHHMH KOMIUIEKCHBIC COEAWMHEHUsS (KpOM€  HEUTpaIbHBIX)
JUCCOLMUPYIOT HA KOMIUJIEKCHBIC MOHBI M MIOHBI BHEITHEHN cephl:

K;[Fe(CN)g] = 3K" + [Fe(CN)g]*

KomriekcHbIe HOHBI B pacTBOpaxX AMCCOLIMUPYIOT HE3HAYUTEIbHO. KOHCTAHThI UX
nucconanyu (KH) Ha3bIBAIOTCS KOHCIMAHMAMU HECMOUKOCTU:

[Fe(CN)6]* < Fe** +6CN; K, =1,13*1071°

Homenkiiarypa KOMIUIEKCHBIX COCAMHECHUN M3y4aeTCsl Ha JICKIIMOHHBIX 3aHATHSIX.
Hanomuum e€ ¢ moMonipro mpuMepos:
Zn(NH3)4](OH), — runpokcu/1 TeTpaaMMUHIIUHKA,
K;[Fe(CN)g] — rexcaumnanodeppar (III) xanus,
[Ni(NH3)4][PtCls] — rekcaxmopormarunar (IV) rerpaammunnukens (1),
[PdCIy(H,0)4] — TeTpaakBaauxaoponamiaui.

JlaGoparopnas padora Nel(. «KoMIuieKkcHbIe COeTUHEHUS»
Hean padorbl: popMupoBaHUEe YMEHHM W HABBIKOB B MCCIIEIOBAHUU CIIOCOOOB
MOJIYYCHHSI KOMIUICKCHBIX MOHOB; W3YYHTh CBOWCTBA KOMIUICKCHBIX COCAMHCHHH, WX
COCTaB, IEPBUYHYIO I BTOPHUYHYIO JUCCOIHAIIHIO.

Onwvim 1. Anuonnwie komnaexcol. Tempaitooogucmymam Kanus
3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopnoii pabome
1. TIpouecTs TeOpEeTUUYECKOE BBEJACHUE U TIOPSOK BHITIOTHEHUS PAOOTHI.

N

OdopMuTh IPOEKT OTUETA IO OTBITY Ja0OPATOPHOI PabOTHI (CM. TIPUIIOKEHHE 2)

3. Hanucarp ypaBHEHHE TOJIydeHUS HO/IHUIa BUCMYTA B MOJICKYJISIPHOM U B MOHHOM
BUJIC.

4. Hamucarh ypaBHEHHE B3aWMOJCHCTBHUS HOAMIA BUCMyTa C MOAUIOM Kajus B

MOJICKYJIIPHOM Y HOHHOM BHUJE. YUECTh, YTO MPU ITOM 00pa3yeTcss KOMILJIEKCHOE
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COCIMHEHHE, B KOTOPOM B Ka4eCTBE KOMILIEKCOOOpa3oBaTessl BHICTYIIA€T WOH
BucmyTta (III).
5. Hamwmcarp ypaBHEHHMsS NMEPBUYHONM U BTOPUYHOW AMCCOLMALMU KOMILIEKCHOTO

COEMHEHNS; BBIPAXKEHHUE 111 KOHCTAHTBI HECTOMKOCTH KOMILIEKCA.

Ilopsaook evinonnenus pabomot

B mpobupky k 3-4 kamisMm pacTBopa HHTpaTa BHCMYTa MPHOABIATH MO KaIlIsM
pacTBOp HOIU]T KaJIMsl 10 BBINAJICHHUS] TEMHO-0YpOTo ocajka Hoauaa BUCMYTA.

PacTBOpUTH 3TOT 0CaI0K U30BITKOM pacTBOpa MoK 1A Kausl.

OTMETUTH UBET MOJTYYEHHOTO PAacTBOPA.

I[Io pesymbraraM NOpPOBEICHHOTO  OMNbITA  3alOJHUTh IYHKTBl  OTYETa
«HaOmronennsa» u «BeIiBOIY.

Onwvim 2. Kamuonunusie komniekcol. Komniekcnoe ocnoganue Hukens
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TIpouecThb TeOpEeTUUYECKOE BBEJACHUE U MIOPSAIOK BHITIOTHEHUS PAaOOTHI.
OdopMuUTh TPOEKT OTUETA IO OTBITY Ja0OPATOPHOM PabOTHI (CM. IPUIIOKEHHE 2)
3. Hamwmcarp ypaBHeHue peakuuu oOpazoBanusi ruapokcuna Hukens (II) B

no

MOJIEKYJISIPHOM U MOHHOM BUJIE.
4. Hanucarb ypaBHEHUE pacTBOpEHUs ocajka ruapokcuaa Hukens (I11) B
aMMUake ¢ O0pa3oBaHMEM  KOMIUIEKCHOTO  OCHOBaHHMS.  Y4YecTb, UTO
KOOPAMHAIIMOHHOE YUCJIO HUKEJIS PABHO IIECTH.
5. Hamwmcarbs ypaBHEHHS MEPBUYHON W BTOPUYHOW JMCCOLMAINU KOMILIEKCHOTO
COEMHEHUS U BBIPAKEHHE 111 KOHCTAHTBI HECTOMKOCTH KOMILIEKCA.
Ilopsaook evinonnenusn pabomot
[Tonyunts ocamox ruapokcuaa Hukens (II), Buecs B mpoOupky 3-4 karum
pactBopa cyib(dara HUKES U TaKOM e 00beM €KOTO HaTpa.
K ocagky no6aButh 5-6 Kamenb pacTBOpa aMMHUaKa.
CpaBHUTh OKpAacKy HMOHOB HHUKENsI B pacTBOpe cyib(dara HUKENIsS C OKpacKOM
MOJTy4YEHHOT0 PacTBOpA.
OTMETUTh OKpacKy IMOJIYy4YEeHHOro pactBopa. Ilouemy oOkpacka pacTBOpPOB
oTanvaercs?
I[To pe3ynbraraMm NOPOBEACHHOTO  OMbITA  3alOJHUTh IYHKTHl  OTYETa
«HaOmronenns» u «BeiBomy.

Onwvim 3. Bzaumooeiicmeue 2excauyuanogeppama (I1) kanusa c cynegpamom
Mmeou
3ananue u 3Tansl padoThI
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Iloozomoexa k 1abopamopnoit pabome
1. IIpouecTh TeOpeTUUECKOE BBEJCHUE U TIOPSIOK BBIIIOJHEHUS PAOOTHI.
OdopMUTh NPOEKT OTUETA IO OMBITY Ja0OPATOPHON PabOTHI (CM. IPUIIOKEHHE 2)
3. Hamwucarp ypaBHEHHE HOHHO-OOMEHHOTO B3aUMOJCHCTBUS cyibhara Meau u

no

rekcarmanodeppara (I1) kamus B FOHHOM 1 MOJICKYJIIPHOM BHJIE.
4. Kakoe CBOMCTBO KOMIUIEKCHBIX COCAMHEHUN MOATBEPKIACT BhINIAJCHUE OCaJKa B

pe3ysibTare peakiuu?

Ilopsaook evinonnenus pabomot

B npo6upky k 4-5 xamisiM pacTtBopa cyiabdara Meau 100aBUTh TaKoM ke 00beM
pactBopa rekcannanodeppara (II) kamusi.

OTMeTuTh 1BET BHIMIABIIETO Ocajka rekcarmanodeppara (I1) meau.

I[To pe3ynbraraM MOPOBEICHHOTO  OMbITa  3AMOJHUTh IYHKTHl  OTYETa
«HaObmonenns» u «BeiBomy.

Onuvim 4. /[goiinbie conu
3amanue u 3Tanbl padoThI
Iloozomoeka k nabopamopuoii pabome
1. TIpouecTh TeOpEeTUUYECKOE BBEJACHUE U MOPSIOK BHITIOTHEHUS PAOOTHI.
OdopMUTh MPOEKT OTUETA IO OIBITY Ja00OPATOPHO PabOThI (CM. IPHIIOKEHHE 2)

no

3. Hammcarp ypaBHEHUs MPOTEKAIOMIMX B OMBITE PEAKIMNA; y4ECTh, YTO B MEPBBIX
JIBYX MpoOupKax oOpasyroTcst ocajiku cynbpua xkenesa (I1) u cynsdara Gapus.
4. Ha npucyTcTBHE KakuX MOHOB B pacTBOpe coiid Mopa yKa3bpIBarOT MPOBEACHHbBIE
peaxkuuu?
5. Kak 1 moueMy u3MeHHUTCS LIBET JJAKMYCOBOM Oymaru?
6. Hamucares ypaBHeHHe nuccormaiuu cond Mopa.
Ilopsaook evinonnenusn pabomot
B Tpex npooupKax IIPUTOTOBUTH pacTBop JNBOMHOU CoJIx
(NH4)2SO4*FeSO4*6H,0 (comu Mopa), BHecss B Kaxkayto mo 6-8 kamenb Boabl U 1
MUKPOIINATEIIO COJIH.
B onny npobOupky k pactBopy conu Mopa no6aBuTh 5-6 Karmenb pacTBopa
Cylb(husia aMMOHHS, B APYTYIO — CTOJIBKO K€ pacTBopa Xjopuaa dapusi.
OTMeTHUTh LBET 00Pa30BABILUXCS OCAKOB.
B tpetbio mpobupky n06aBuTh 7-8 Kamesb pacTBOpa €IKOro HaTpa U IMOJIOKUTh
Ha TMPOOHMPKY, CMOYECHHYIO JUCTHUJUIMPOBAHHOW BOJOH, JIAKMYCOBYIO OyMaxKy;
OCTaBUTH NMPOOUPKY HA BOJSHYIO OaHIO.
[lo pesynbrataM TPOBEIECHHOIO  OMNbITA  3allOJIHUTh  IYHKTHI ~ OTYeTa
«HaOmonenns» u «BeiBomy.

47



3aganus 119 CaMOCTOATEIbHON PadoThI

1. HazoBUTE OCHOBHBIE COCTABHBIE YACTU JTAHHBIX KOMIUIEKCHBIX COEIHM- HEHUHU,
OpUBEAUTE WX HA3BaHUA, KIACCUPUIUPYHUTE MO TPEM-UYETHIPEM TMIpPU- 3HAKaM:
[Ag(NH3)2]ClL [Cr(CO)6].

2. Hanmummre ¢opmyiny rekcannanodeppara (II) nuxens (II).

3. Jlna xommnekcHoro coemamHeHus K3[AlI(OH)6] nanummwte ypaBHEHUS
IIEPBUYHON U BTOPUYHOU TUCCOLMALINY, BEIPAKEHUE KOHCTAHTHI HECTOMKOCTH.

4. KoHCTaHThl HECTOMKOCTU KOMIUIEKCHBIX HOHOB PABHBI:

[Co(CN)uJ*  [CA(CN)F"  [Zn(CN)4]*

Ku=8102 Ku=110" Kua=2-10"

B pacTBOpe kakoro BemiecTBa kKoHIeHTpalus HoHoB CN™ Haubomb1as?

5. Hanumwure ypaBHeHUE peakiuu noiaydeHus xyopup rekcaamuHHukesns (II)
B3aumozercTereM xyopuaa Hukens (II) ¢ pactBopom ammuaxa.

Tema 8. OKHCIUTEIBHO-BOCCTAHOBUTE/IbHbIC PEAKIUH

Teopemuueckuit mamepuas, HeOOX0OUMbBLIL 0151 8bINOJIHEHUS 1ADOPAMOPHOIL
pabomul

Oxucnumenvro-6occmanogumensvuvle peakyuu (OBP) — 53TO peakuuu, TpH
NPOTEKAHWU KOTOPBIX IPOUCXOAUT H3MEHEHHE CTEIEHH OKHUCIEHUS aTOMOB
XUMUYECKHUX AJIEMEHTOB, BXOASAIINX B COCTAB PEarupyrolIux BEIIECTB.

Cmenenv oxucnenusi — YCIOBHBIA ((pOpMasIbHBIN) 3aps]l aToMa B XHMHYECKOM
COEMHEHUU, KOTOPBIN HAXOAAT MO CJICAYIOIIUM MpaBUIaM:

1. CTeneHb OKUCIEHUS AIEMEHTA B IPOCTOM BEILIECTBE CUUTAETCS PABHOM HYIIO.

2. CyMMa cTereHed OKHUCIEHUS BCEX aTOMOB, BXOASIIUX B MOJIEKYJIY WA HOH,
paBHa 3apsly HOHA (IJ1sI HEUTPAITbHON MOJIEKYIbl — HYIIIO).

3. CreneHb OKUCJIEHUS KHCIOPOJA CUATAETCS PABHOM —2, 3a UCKIIOYEHUEM €TI0
coeMHEHU co (TOpPOM W YacTHUIl, B KOTOPBIX JBa WM Oojee aroMa KHCJIOpoJa
COEMHEHBI IPYT C JIPYTOM.

4. CreneHb OKHMCJIEHHUS BOJIOPOJIa NMPUHUMAETCA PaBHOM +1, 32 HMCKIIOUYECHHEM
COEIMHEHUN C MeTaJIaMHU.

Oxucnenuem Ha3bIBACTCS MPOLECC IMOBBIIICHHUS, a BOCCTAHOBJIEHHEM —
MTOHMKEHUSI CTETIEHU OKUCIICHHUSI.

ATOM, MOJEKyJla WIM HWOH, B KOTOPOM CTENEHb OKHUCICHHS DJIEMEHTa
MOBBIIIAETCSA, HA3bIBAETCSI BOCCTAHOBUTENEM, a B KOTOPOM TIOHUXKACTCS —
OKHCJIUTEJIEM.

Cornacao anekrponHodt Tteopuu (IIucapkeckuit JI.B., 1914), usmenenwue
CTETICHEW OKHCJICHUSI B OKHCJIUTEIbHO- BOCCTAHOBUTEIIBHBIX PEAKIMSIX OOYCIOBICHO
OTJIa4€il 3IEKTPOHOB BOCCTAHOBUTEJIEM U MIPUCOETUHEHUEM UX OKUCIUTEIIEM.
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OxucanrtensiMmim  SBJISIIOTCS MPOCThbIE BELIECTBA — HEMETAJUIbl (TaJOTEHBI,
KHUCIIOPOJI, Cepa U JIp.), @ TAKXKe KUCJIOThI U COJIU, B KOTOPBIX IIEHTPAIbHBIA aTOM UMEET
BoIciyto crenedb okucieHus (HNOs, HC104, KNO;, KC104, KMnOs4, K,Cr,07, 1 11p.).

BoccranoBuTeIsIMU  SIBIISIIOTCSI METAJLIBI, HEKOTOPble HEMETaulbl (BOJOPOI,
yIIEpOJ, KPEMHUI) U COCIUHEHUS, B KOTOPBHIX MMEETCS arOoM B HH3IIEH CTEMECHU
okucnenus (H,S, NHs, HCI, KBr, KI, FeSO,, SnCl, u ap.).

Bemecta, conepxaiiyue aToMbl B IPOMEKYTOUHOM CTEMEHH OKHUCJICHUS, MOTYT
OBITh KaK OKUCJIMTEIISIMH, TaK U BOCCTAHOBUTEISIMU B 3aBUCUMOCTH OT «IapTHEpa» U
yCclIOBUM TpoBelieHUs peakuuu. O TakuxX BeIleCTBaX TOBOPST, YTO OHHM O0OJaAar0T
OKHMCJINTEJIbHO-BOCCTAHOBUTEIbHOMN IBOMCTBEHHOCTBHIO; K HUM OTHOCSITCS HUTPUTHI,
cynbputel, MnO, u 1ip.

Hamnpuwmep, cepa B cybpuTe HaTpusi HAXOAUTCS B IPOMEKYTOUHOU CTETICHU
okucnenus (IV) u moxet okucnatbes a0 cepol (VI):

SO327 + H,O - 2e — SO427 +2H"

WM BOoccTaHaBIUBAThCS 10 S (0) B COOTBETCTBUM C PEaKIIMEH:

SO;* + 6H" + 4e — S + 3H,0

[Ipu wu3yYyeHHUU OKHUCIUTEIHHO-BOCCTAHOBUTENHLHON CIIOCOOHOCTH BEIIECTB
HEOOXO/IMMO YUYWTHIBaTh, YTO PEAKIMS BO3MOXHA TOJHKO TOTJa, KOIJA OJWH U3 €€
YYaCTHUKOB MOKET MOBBICUTH, a JPYTOl MOHU3UTH CBOM CTETICHU OKHUCIICHHS, TO €CTh
IpU HAJIWMYUM Tapbl OKHUCIMTENIh — BOCCTAHOBUTENb. Eciu o00a ee ydacTHUKa
HAaXOIATCA B CBOEW BBICIICH WM HU3MIEH creneHu okucieHnuss OBP mexny Humun
HEBO3MOJXKHA.

Paznuyaror yeTkipe THIAa OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKIIHA.

1. MexmosieKyJsIpHOe OKHCJIEHHEe-BOCCTAHOBJICHHE. DTO PEAKIINU, B KOTOPBIX
OKHCIIUTEIIb U BOCCTAHOBUTEIIb SIBIISIFOTCS] pPa3HBIMU BEILIECTBAMHU, HAIIPUMED:

NaNO, + K,Cr,O7 + H,SO4 — NaNQOs + CI’z(SO4)3 + K»SO4 + H>,O

2. BHYTpUMOJIEKYJSIPHOE OKHMCJEHHE-BOCCTAHOBJIEHHME. OTO pPEaKIuH,
KOTOpBIE MPOTEKAIOT C U3MEHEHUEM CTEIEHEW OKUCIICHMSI aTOMOB Pa3HBIX JIEMEHTOB,
BXOJISIITUX B COCTAB OJTHOTO M TOTO K€ BEIIIECTBA, HAIPUMED:

KClO; — KCI + O,

3. /AucrnponmopuHOHHUPOBAHHE. OTO PEAKIUU, B KOTOPBIX MPOUCXOAUT
YBEIIMYEHHE W YMEHBIIEHUWE CTENEHU OKUCICHHS OJHOTO W TOT0 XK€ dJIEMEHTa
(OKHCTIUTENEM U BOCCTAHOBUTEIIEM SIBJISIETCSI ATOM OJTHOTO AJIEMEHTA):

4. KoHTpaucnponopuuoOHUpoOBaHue. JTO PEaKLNH, B KOTOPBIX y4acT-BYIOT JBa
BEIIECTBA C aTOMaMHM OJ[HOTO M TOTO K€ JIEMEHTA B Pa3HBIX CTETICHSIX OKUCIICHUS:

H,S + SO, — S + H,O
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Omnpenenenne CTEXHOMETPUUECKHX KOA(PGUIIMEHTOB Tiepe] BEUIECTBAMHU B
peaKIMsIX OKHUCIECHUSA-BOCCTAHOBIICHUS MPOBOISAT ABYMSI METOJaMU: 3JIEKTPOHHOTO
OasiaHca U MoypeaKkiuu.

1. MeToa 3JIeKTPOHHOTO 0aJ1aHCca

B »sTOoM Merome CyHIHOCTh OKHCIHTEIbHO-BOCCTAHOBUTEIBHBIX MPOLECCOB
BBIPAXKAIOT 3JIEKTPOHHBIMU cxemamu. Hampumep, 115 peakuuu:

NaNO, + KMnO,4 + H,SO4 — NaNO; + K,SO4 + MnSO4 + H,O

ANIEKTPOHHBIE CXEMBI UMEIOT BU/T

N*—2e=N" 5

Mn'"+ 5¢=Mn" 2

Hudper 5 u 2 — MHOXHUTENIH, KOTOpPbBIE SBISIOTCS Kod(pPuimeHTaMu Mpu
dbopmynax BOCCTaHOBUTENS (HUTPUTA HATPUs) U OKUCIUTENS (IIEpPMAaHTaHaTa Kajus).
[ToacTaBuB MX B JIEBYIO U MPABYIO YaCTH CXEMBI U YUUTHIBAsI, YTO HA CBA3b ¢ HOHaMu K*
1 Mn?" pacxoxyercs 3 mons H,SOy, mosy4aror ypaBHEHHE:

5NaNO; + 2KMnOj4 + 3H>SO4 — 5NaNOs; + K,SO4 + 2MnSO4 + 3H,0

2. MeToa nostypeakumia

DTOT METOJ UCIIOJIB3YETCS JUIsl PEAKIIUI B paCTBOPAX 3IEKTPOIUTOB. OH OCHOBaH
HAa COCTaBJICHUH YPaBHEHHUU JBYX MOJIypeakiuil (OTAEIbHO AJi MPOIIECCOB OKUCICHHUS
Y BOCCTAHOBJIEHUS) C UX MOCIEAYIOIUM CYMMUPOBaHUEM. B ypaBHEHUAX MOTypeaKkui
JOJKHBI BBITIOJIHATBHCSL 3aKOHBI COXpaHEHUsl BellecTBa (CyMMa aTOMOB B JIEBOM M
MPaBOil YacTAX JOJKHA ObITh OAMHAKOBOM) M COXPAHEHUs YHEPTUU (CyMMapHBINA 3apsi
BCEX YaCTHUII B JIEBOM U MPABOM YaCTIX JOJKEH ObITh OJMHAKOBBIM).

Hanpumep, ns peakunu:

NaNO, + KMnO4 + H,SO4 — NaNOs; + K»,SO4 + MnSO4 + H,O

BHauaje HEOOXOIMMO  3alMcarh MOJYpPeakUWu OTHENIbHO ISl TPOIECCOB
OKHCJICHHS U BOC- CTAHOBJICHUSL:

NO,  + H,0 —2e¢ — NO5; +2H" 5

MnO4 + 8H' + 5¢— Mn*" +4H,0 2

[IOMHOXKMB TIONYypEaKIUI0 OKUCIEHUS Ha YHUCIO 5, a TONypeakuuio BOC-
CTAHOBJICHUSI HA YUCIIO 2 (IIPU 3TOM YPaBHUBAETCS M COKPALIAETCS YUCIIO SJIEKTPOHOB),
IIPOU3BOJIUM UX CIIO)KEHHE:

5NO; "~ + 5H,0 + 2MnO4 + 16H" = 5NO;™ + 10H" + 2Mn** + 8H,0

CoxkparuB 1o100HbIe, MOJTy4aeM HOHHOE YpaBHEHUE:

5NO, "+ 2MnQOg4 + 6H"= 5NO;™ + 2Mn*" + 3H,0

B COOTBETCTBUU C KOTOPHIM MOJIEKYJSIPHOE YPABHEHUE PEaKUU UMEET BU/I:

5N3N02 + 2KM1’104 + 3stO4 — SNaN03 + KQSO4 + 2MI’ISO4 + 3H20

[Tonypeakuuu HWMEIOTCS B CHPABOYHUKAX, HO MUX OOBIYHO COCTAaBISIOT
CaMOCTOSATENIbHO, PYKOBOJCTBYSICh CIEIYIOLIMMU TPABUIAMMU:
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1. B kucnoii cpede u30b1mok amomos KuUciopooa no2auiaemcsi npomoHamu

6000poda 8 coomuowenuy 1:2, Ipu 3ToM oOpaszyeTcs Boja.
O + 2H" =H;0

2. B meumpanvHoti u wenouHou cpedax uU3ObIMOK AmMoMO8 KUCIOPOOd
noz2auiaemcsi MoONeKyiamMu 600vl 6 coomuoutenuu 1:1,  Tpu >TOM 00pa3yroTCA
TUAPOKCUI-MOHBI (JIBa HOHA U3 OJTHON MOJIEKYJIBI).

O + H,O =20H

B 3aBucumoct ot pH cpeapl mpOAyKTHl B3aUMOIEHUCTBUS OJHUX M TEX KE
BEILIECTB JPYT C JIPyTOM B OKHUCIIMTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIMSIX MOTYT OBIThH
paznuuHbIMU. OCOOCHHO HAIVISIIHO A3TO WJUIIOCTPUPYETCS Ha MpPUMEPE peakiui ¢
y4aCTHUEM M€pMaHraHAT-UOHA.

Hampumep, B kucnoii cpene cyabdutr Hatpusi BocctanaBnuaer Mn (VII) go
noyTH OeclBeTHOro noHa Mn?*:

MnO, + 8H" +5¢— Mn?*" + 4H,0

B HeittpanbHO#, ciaboienouHol uin c1aboKUCIION cpefie ocaxaaeTcst Oyphlid
MIIOQI

MnO;~ + 2H,O + 3e — MnO, +40H"

B cunbHomienouHoit cpene MannuoBoe okpamBanue KMnO,4 nepexoaut B
M3yMPYIHO-3€JI€HOE 3a CUeT 0OpasoBaHus noHa MnOq4”

MnOy + e — MnO4*,

KOTOPBIN HEYCTONYMB U MOCTENEHHO AUCIPOIIOPIUOHUPYET MO PEAKIUU:

3MnO,* +2H,0 — 2MnQ, ~ + MnO; + 40H"

UTto kacaeTcst COeAMHEHU XpoMa B BBICIICH CTENEHU OKUCIIEHUS +6, TO B 1000
cpeie mpu B3aUMOJICMCTBHU C BOCCTAHOBHUTEIISIMU €r0 MpPEBpallleHUuEe HIET 0 Xpoma
(IIT), omHako cocTaB MPOAYKTOB pa3INYaECTCH.

B xucnoii cpene BoccTaHOBIEHUE IPOTEKAET 0 00pa30BaHMs CHHE-3€JIEHOTO
axkBakomIuiekca karnona Cr':

Cr,0* + 14H" + 6e — Cr** + TH,0,

a B IIEJIOYHOM - 10 00pa3oBaHus 3eaeHoro ruapokcokomiuiekca [Cr(OH)4]- mo

peak-1uu:

CrO4* +4H,0 + 3e — [Cr(OH)4] + 40OH".

JlaGopaTropnas padora Nell.
«Bimnsinue pH cpeabl Ha XapakTep BOCCTAHOBJIEHHUS IEPMAHTAHATA KAJIHUS»
Hean padorbl: popMUpPOBaHHE YMEHHM M HABHIKOB B WCCJCIOBAHWUU BIWSHHUS
XapakTepa cpelibl B paCTBOPE Ha MOJHOTY BOCCTAHOBJIEHUSI aTOMa MapraHiia B COCTaBe
MepMaHraHara Kajiusl.
3axanue v dTanbl padoThl
Iloozomoexa k 1abopamopnoit pabome
1. IIpouecTh TeOpETUYECKOE BBEACHUE U MOPSAIOK BBITOTHEHUS PAOOTHI.
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2. OdopMUTH IPOEKT OTYETA IO OMBITY TA0OPATOPHOM pabOTHI (CM. MPHUIIOKEHUE 2)
3. Buectn B 1abopaTropHyio TeTpaab U 3anofHUTh Tabmauiy 10 (3a uCKIOueHHEM
CTOJIOIOB 4 U 5):

Tab6nua 10
Ne PeaktuBbl Xapakrep Okpacka Oxkpacka u CrerneHb OKHCIICHUS
pOOUPKHU Cpensl; HCXOJTHBIX Xapakrep aroma Mn
3HaueHue pH| BemecTs IPOAYKTOB |p oxuciiel| B BOCCTaH
pCaKInm HOH OBJICHHOM
bopme bopme

1 KMnO4+...
2 KMnO4+...
3 KMnOy+...

4. Hanmucare ypaBHEHMS IIPOTEKAIOUIMX OKHUCIHUTEIBbHO-BOCCTAHOBUTEIBHBIX
peakuuil (3 peakuuu) ¢ KUCIOJIb30BAHUEM METOJAa MOHHO-JIEKTPOHHBIX MOIYpEaKlni,
YUYUTBIBAsA, YTO B KHUCJIOW, HEWUTPAIBHOW W WIENOYHOM Cpelax MPOAYKTHI
BOCCTAHOBJICHUS IEPMAHIaHaTa Kajius pa3Hble (CM. TEOPETHUECKYIO YaCTh).

5. Paccuurars 3xBuBaneHTHYI0 Maccy KMnQOy B ka0 U3 TpEX peakui.

Ilopaoox evinonnenusn padomaol

B Tpu npoOupku BHecTH 1O 5 Karesab pacTBopa nepManranara kanus KMnOs.

B mepByto mpoOupky n00aBuTh 2 Karjaud 2H PacTBOpa CEPHOW KHUCIOTHI, BO
BTOPYIO — 2 KaIUIM JUCTUJUIMPOBAHHOM BOJBI, B TPETHIO — 2 KaIUIA PACTBOPA LIEIOYH.

Bo Bce Tpu mpoOupku BHeCTH 110 3-4 Kalljiu pacTBopa Cyib(uTa HaTpUA.

TiaTenbHO nepemMenaTh CoIePKUMOe MPOOUPOK.

HaGnronats n3MeHeHne OKpacku pacTBOPOB, 00pa30BaHUE OCAKOB.

ITo pe3ynpraram HaOMIOAECHUM 3aMOJHUTH CTOJIONBI 4 U 5 TaOauIbl 9 U HanmKUcaTh
BBIBO/I.

JlaGoparopnas padora Nel2. «OKHCJANTEIbHO-BOCCTAHOBUTEIbHbIE
peakunm»

Hear padorsi: dopMuUpOBaHME YMEHUH UM HABBIKOB B  HCCIICIOBaHUHU
OKUCJIUTENIbHBIX, BOCCTAHOBUTEIBHBIX CBOMCTB aTOMOB B PAa3JIMYHBIX CTEICHSIX
OKHCJICHHS; UCCIIE0BATh OKUCIUTEIHFHO-BOCCTAHOBUTEIBHYIO JBONCTBEHHOCTh aTOMOB
AJIEMEHTOB B TPOMEKYTOYHON CTEMEHU OKHUCJICHUS, HCCIEA0BaTh OKHUCIUTEIBHO-
BOCCTAaHOBUTEJbHBIE CBOWCTBA aroMa yIJEpoJa B COCTaBE€ MOJIEKYJ OpPraHMYeCKHUX
COCIMHECHUMU.

Onvim 1. OKucnumenvHble U 60CCMAHOBUMETIbHbBIE CEOIICHBA MOJIEKYIAPHBIX
2d/102€H06
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3ananue u 3Tansl padoThI
Iloozomoeka k nabopamopuoii pabome
[IpouecTth TeopeTUUeCcKOe BBEICHUE U TIOPSIOK BBITIOJHEHUS PAOOTHI.
OdopMuUTh MPOEKT OTYETA 10 OMBITY JTAOOPATOPHOM PaObOTHI (CM. TIPUIIOKEHHUE 2)
Hamucate  ypaBHEHUS  MPOTEKAIONUX  OKHUCIHTEIHHO-BOCCTAHOBUTEIHHBIX
peaknmuii C WMCHOJB30BAHUEM METOAa WOHHO-AJICKTPOHHBIX —IONYPEaKIIH,
YYHUTBHIBAS, YTO:
- B IepBoii mpobupke oopazyrorces xaopoBopopoaras (HCI) u togaoBaras (HIO3)
KHUCIIOTHI;
- BO BTOpO MpOOMpPKE OMHUM U3 TPOAYKTOB PEAKIUU SBIISETCS KOJUIOUHAS cepa
(S).
OneHnuTh  CHOCOOHOCTh  MOJICKYJISIPHBIX ~ TaJIOTCHOB K IPOSIBIICHUIO
OKHUCITUTEIIBHBIX M BOCCTAHOBUTEIHHBIX CBONCTB, YUNUTHIBAS CTEIICHb OKHCIICHUS
ux atoMoB (0); ocJie BBIMIOJHEHHS OMbITa OTOOPA3UTh 3TO B BHIBOJIE.
Ilopaoox evinonnenusn padomaol
B nBe npoOupku BHecTH 110 3-4 karutu HoaHoiu Bojs (I, + H,O).
B onny u3 npo6upok 100aBUTh HECKOJIBKO Karelb xjaopHo# Bogsl (Cly + H,0), B

TPYTyI0 — cepoBogopoaHoit Boabl (H,S).

HaGmronats n13MeHeHrne OKpacKu pacTBOPOB.
I[Io pesymbraraMm NOpPOBENEHHOTO  OMNbITA  3alOMHUTH  IYHKTBI  OTYETA

«HabOnroneuuss» u « BeiBon.

Onvim 2. Coedunenus cepvl (+4) 6 OKuciumenbHo-60CCHMAHOBUMETbHBIX

peaxkuunx

N

(S).

3amanue u 3Tanbl padoThl
Iloozomoeka k nabopamopuoii pabome
[TpouecTs TEOpETHUUECKOE BBEICHUE U MOPSIOK BBITIOJHEHUS paOOTHI.
OdopMUTB NPOEKT OTYETA IO OMBITY JA0OPATOPHOU PaOOTHI (CM. PUIIOKEHHE 2)
Hamucare  ypaBHEHHST  MPOTEKAONIUX  OKHUCIUTEIHBHO-BOCCTAHOBUTEIHHBIX
peakiuid ¢ UCIOJB30BAHHEM METOAa HWOHHO-IJICKTPOHHBIX —IOIYpEaKIuid,
YUYUTHIBAs, YTO:
- B epBoii npobupke annon Cr,O,*” B KMol cpene nepexoaut B karuon Cr’', a
noH SOs* nepexomut B noH SO4* ;
- BO BTOPOM MPOOUPKE OAHUM U3 MIPOYKTOB PEAKIIUU SIBISETCS KOJJIOUIAHAS cepa

OL[CHI/ITB, Kakue CBOMCTBaA (OKI/ICHI/ITGHBHBIC 500041 BOCCTaHOBI/ITeHBHBIC) MOT'YT
IMPOABJIATL COCAMHCHMA, KOTOPBLIC COACPIKAT B COCTABC CBOCH MOJICKYJIBI aTOM
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cepbl B CTENEHU OKHUCIEHUS +4; KaKk 3TO 3aBHCUT OT MAapTHEpa MO peakuuu?

[Tocne BbIOIHEHMSI OIIBITA OTOOPA3UTh 3TO B BHIBOJIE.

Ilopaook evinonnenus padomol

B3sTh nBE mpoOMpPKM M BHECTH B OHY M3 HHMX 3-4 Karu pacTBopa Ouxpomara
kanmus K,Cr,O7, a B ipyryro — 3-4 karmy pacTBopa Cyibpuaa aMMOHHUS.

B xaxmyio u3 npoOupok J00aBUTH MO 2 Karid CEpHOU KUCIOTHI U 1o 3-4 karum
pactBopa cyabpurta HaTpus Na,SOs.

Habmronats n3meHeHus B mpoOupKax.

Ilo pesymbraTaM @POBEIECHHOIO  OIBITA  3allOJIHATh  IIYHKTBI ~ OTYeTa
«Habnroneuus» u «BeIBom).

Onoim 3. Opzanuyeckue coeOUHEHUA 8 OKUCAUMENbHO-60CCHAHOBUMETbHBIX
peakyusax. Boccmanoenenue ouxpomama kanus cnupmom
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TIpouecThb TeOpEeTUUYECKOE BBEJACHUE U MIOPSAIOK BHITIOTHEHUS PAaOOTHI.
OdopMuUTh TPOEKT OTUETA IO OTBITY Ja0OPATOPHOM PabOTHI (CM. IPUIIOKEHHE 2)
3. Hammcarp ypaBHEHUS  MPOTEKAIOIMIUX  OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX

no

peakuuid C UCIOJIB30BAHHEM METOJA HMOHHO-3JIEKTPOHHBIX MOIYpEaKIUi,
YUUTBIBAS, 4TO:
-aamion  Cr,O7> B KHUCJIOH cpeae  NepexoguT B KAaTHOH Cr’*;
-3TWJIOBBIA CIIUPT OKUCIsETCs ¢ 0Opa3zoBanueM ykcycHoro anbaeruaa CH;CHO c
3armaxom s0JI0Ka.
4. V3yunTh mnpaBwia OMNpEACIICHUs CTENEHEH OKUCIEHUS aTOMOB YIJepoja B
COCTaBE MOJICKYJI OPTaHUYECKUX COCAMHEHHH (CM. TEOPETUYECKYIO YaCTh).
Ilopsaook evinonnenusn pabomol
B npoGupky BHecTH 4-5 karenb pactBopa auxpomara kaimus K,Cr,O7, 106aBuTh
1-2 xamum KOHLIEHTPUPOBAHHOM CEPHOW KHCIOTHI U 3-4 Kaluld STUIOBOTO CIIMPTA
C,HsOH. HabGmogare M3MEHEHHE OKpACKH pacTBOpa M MOSBICHUE CHEU(UYECKOTO
«s10JI0YHOTOY 3araxa.

I[To pe3ynbraraM NOPOBEICHHOTO  OMNbITA  3AMOJHUTh IYHKTHl  OTYETa
«HaoOmronenns» n «BeIiBOIY.

Onvim 4. Opzanuyeckue coeOUHeHUs 8 OKUCTUMENbHO-60CCHIAHOBUMETbHBIX
peakyuax. Boccmanoesnenue nepmanzanama kanusa wiageneeoii KUciomoi
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopnoii pabome
1. TIpouecTs TeOpEeTUUYECKOE BBEJACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
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2. OdopMUTH IPOEKT OTYETA IO OMBITY TA0OPATOPHOM pabOTHI (CM. MPHUIIOKEHUE 2)
3. Hammcarp ypaBHEHUS  MPOTEKAIOIMIUX  OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peakuuid C UCIOJb30BAHMEM METOAA HWOHHO-AIIEKTPOHHBIX IOJIYpPEAKLINM,
YUHTBIBAS, YTO:
niepMadranar-uoH MnQOy™ B KUCJION cpejie EPEXOIMT B KaTuoH Mn?";
11aBesieBasi KUCJIOTa OKUCIIeTCs 0 nuokeuaa yrepoaa COs.
4. V3yunTh mnpaBwiIa OINPEACIICHUsS CTENEHEH OKHUCIEHUs AarOMOB YIIepoJa B
COCTaBE€ MOJIEKYJI OPraHUYECKUX COEMHEHHH (CM. TEOPETUYECKYIO YaCTh).
Ilopaook evinonnenus padomuol
Buectu B npobupky 3-4 karmu pactBopa maBenieBod kuciotel H,C,O4 u 2-3
KaIlld pacTBOpa XJIOPOBOJOPOJHON KUCIIOTHI.

[lomorperh pacTBOp Ha BOISHOM OaHe.

BeiHyTh mpoOMpKy W n00aBuTh 3-4 KamiM pacTBOpa IE€pMaHraHara Kajus
KMnO,. Habntonath u3MEHEHUE OKPACKH U BBIICJICHHE Ta3a.

[lo pesymbraTaM NOpPOBEIEHHOIO  OMNbITA  3allOJIHUTh  IYHKTHI  OTYeTa
«HaOmronennsa» u «BeIiBOIY.

3aoanus 014 camocmoameibHou padoomol

1. Vkaxure CTENEHHM OKHCIEHUS 3JIEMEHTOB B MoJiekyaax coenuHeHuil: HNO,
HCIO, CI'203, HzSO4, KzCI‘207, NaBr, KIO3, Na2803.

2. YKaxuTe, KaKhe IMPOIecChl MPEACTaBIsA0T co00il OKHCIEHHE, a KaKhe BOCCTa-
HoBienue: S — SO, S — S*, 2H*—H,, Br, —»2Br,

NH4+—> N> R NO —>N027, FCZ+—>F€3+, SO427—> S, I —>IO37,
F, —2F , Sn—Sn*", CIO"—ClOs", MnO4s — MnO »,

3. YkaxwuTe B BBIICTIEPEUNCIECHHBIX MPOIIECCaX OKUCIUTEIN U BOCCTAHOBUTEIIH.

4. YkaxuTe B HIKCTIPUBEIECHHBIX PEAKIUSIX OKUCITUTENh U BOCCTAHOBUTEII.
Al + KCIlO4 + H,SO4 — KC1 + Alz(SO4)3 + H,O
HCl + HNO;3; — Cl, + NO + H,O
Na,S + Br, — S + NaBr
CrCl; + Br; + KOH — K,CrO4 + KBr + H,O
NaNO, + K,Cr,O7 + H,SO4 — NaNOs + Cl‘z(SO4)3 + K»SO4 + H>,O
MnS + HNOs(pa36) — Mn(NOs), + NO + S + H,O
MnS + HNO; — MnSO4 + NO, + H,O
MI’ISO4 + CaOClz + NaOH — Ml’lOz + CaClz + NaQSO4 + HzO
P+ HNO; + H,O — H;3PO4 + NO;

Al + KOH + H,0 — K[AI(OH)4] +H»
H,S + H,SO; — S + H,O

5. Meromom 3NMEKTPOHHO-MOHHOTO Oamanca moadepuTe KOIPGUIUECHTH B

YPaBHEHUSIX BBIIIENIEPEUNCICHHBIX PEAKIIHi.
55



Tema 8. Koppo3usi MeTasLj10B
TeopeTnueckuit MaTepua, HEOOXOUMBIH JIJisi BHITIOJHEHUS Ja00paTOpHON paboThI

Koumaxmnasa «xoppo3ussi — BHUA KOPPO3WOHHOTO pa3pylIEHUs, KOTOPBIU
HaOMOAaeTCsl MPU KOHTAKTE JABYX PA3HOPOJHBIX METAIOB, T.€. METAJUIOB KOTOpHIE
007aMaf0T pasHBIMU JJIEKTPOXMMHUUYECKUMHU CBOMCTBaMHU (OOMajmaromme pa3HbIMHU
3HAQUECHUSIMU BJIEKTPOJIHOTO MOTEHIIUAIIA).

[Ipy HenpaBWIBHOM KOMIIOHOBKE METAJUIOB M CIUIABOB JIAHHBIM  BUJI
KOPPO3HOHHOTO Pa3pylIeHUsI BBIBOAUT U3 CTPOSI MHOXKECTBO CJIIOKHBIX METAJIMYECKUX
KOHCTpyKIUiA. KoHTakTHas koppo3us HaOonaeTcs, HalpyuMep, B CUCTEMax allOMUHUN-
YITIEPOJMCTAs CTaJlb WK ATFOMUHUNW-IIUHK, MEJb-7KEIIE€30, U T.A.

IIpy KOHTakTe HABYX pPa3sHOPOAHBIX METAJUIOB B JIIEKTPOIPOBOJHOU Cpele
BBITNIOJIHAETCSl YCJIOBUE HEOJHOPOJHOCTH METaJUIMYECKOW (a3bl — OHO M3 YCIIOBUU
BO3HHUKHOBEHUS TMPOLECCAa KOPPO3UU MO IIEKTPOXUMHUUYECKOMY MEXAHU3MY; BO3HUKAECT
rajgbBaHOIIApa, 3aIyCKAETCA MEXaHU3M KOPPO3HOHHOTO Pa3pyLICHUS.

PaccMoTprM MexaHHW3M KOHTAKTHOW KOPPO3UM B CHUCTEME IXKEJIE30-MEIb B
MOpcKou Boze. [t 3Toro, moib3ysach psAaOM CTaHAAPTHBIX 3JEKTPOAHBIX MOTEHIHAIOB
METaJUIOB, OIPEACIUM CTAaHAAPTHBIE IMOTECHIIUAIIBI XKEJIE3a U MEIU:

P°re2re =- 0,44 B

(POCu2+/Cu = 0934 B.

OCHOBBIBASICh HA 3HAUEHUAX MOTEHIMAJIOB ITUX METAJUIOB, JIEJIAEM BBIBOJ, YTO
MPU UX KOHTAKTE B DJIEKTPOIPOBOIHOM Cpelie MOBEPXHOCTH jKejie3a OyaeT aHOIHOU
30HOM, a MEIUW — KAarOAHOM 30HOW. Ecim MBI paccMmarpuBaeM IpoLECC KOPPO3UHU B
MOPCKOHM BOJIe, TO B POJH JACTOISIpU3aTOpa 37€Ch OYIyT BBICTYNATh MOJIEKYJbI BOJBI U
KHUCIJIOPOX.

MeTtamn aHOIHOM 30HBI — JKejne30 — OyAeT TepsATh IEKTPOHBI U BBIXOJUTH B
KOPPO3MOHHYIO Cpelly B BHAE KaruoHOB Fe?’. DiekTponsl OymyT mepememarbcs Ha
KAaTOIHBIA y4aCTOK — Meb — Ha MOBEPXHOCTH KOTOPOTO UX OYyIyT MPUHUMATH YaCTHUIIBI
JETOJISIPU3aTopa, MPU ’TOM BOCCTAHABIIMBASCH.

CocraBnsieM ypaBHEHUSI KATOIHOTO U @aHOAHOTO MPOLIECCOB.

(-)A: Fe = Fe&’* + 2e

(H)K: H;O + O, + 4e = 40H ".

["aibBaHOMOKPBITUSI MPUMEHSIOT B KAUE€CTBE 3allUTHl METaula OT KOPPO3HH, a
TaKXKe ISl TPUIAHUA JCKOPaTUBHBIX KadecTB. [lo Ha3HAYeHHWIO TaJbBaHUYECKHUE
MOKPBITUSI MOT'YT OBITh:

3alUTHO-ICKOPATUBHBIMU;,  3allUTHBIMU  (00JIaal0T  aHTUKOPPO3UIHBIM
JNEUCTBUEM); CIEUUAIBHOTO  Ha3HAYeHUsi (HAAENAIOT MOBEPXHOCTh  OCOOBIMHU
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CBOMCTBaMU: MAarHUTHBIMH, 3JIEKTPOU3OJISILITUOHHBIMU, U T. ., IPUAAIOT YCTOMYUBOCTD K
W3HOCY MJIM BOCCTaHABJIMBAIOT YK€ MOTYUYHBIIYIO TOBPEKACHUS TOBEPXHOCTD).

KpoMe Toro, rajbBaHONMOKPBHITHS MOTYT OBITh KAaTOJAHBIMM M aHOJHBIMU — B
3aBUCHUMOCTH OT 3HAYEHHUN 3JIEKTPOJHBIX MOTEHIIMAJIOB METajlla TMOKPBITHS U MeTajlia
OCHOBBI. OJIUH M TOT € BHJ MOKPBITUS MOXET CTAHOBUTHCS KaK KaTOAHBIM, TaK U
QHOIHBIM — B 3aBHCUMOCTH OT MeETajula, Ha KOTOPBIM ATO MOKPHITUE HAHOCHUTCA.
Hampumep, 1Mo oTHOIIEHUIO Kelie3y, HUKEIEBOE TOKPHITHE OyIeT KaTOMHBIM. 3HAUYCHUE
MOTCHIIMAIA HUKEJs OOJIbINe, YeM jKelie3a W MPHU 00pa30BaHUM TajbBaHOMAPHI ATUMHU
MeTaJlJIaMH1 KeJie30 OyJeT aHOAHBIM YYaCTKOM, a HUKEb — KaTOAHBIM. COCTaBUM CXEMY
nmporecca arMoc(epHOl KOppO3WM, MPOTEKAIOIIEr0 MpPH HAPYIICHUH IEIOCTHOCTH
nokpeiTusi. Kopposuonnas H,O, O, cpena (BnaxxHbii (Aenoaspu3aTop) BO3AYX)

Merann aHomHOM 30HBI  (Keie30) OyldeT OKHUCHATBCS, W BBIXOAUTH B
KOPPO3UOHHYIO CpEly B BHUJIE HMOHOB; AJICKTPOHBI MEPEXOAST U3 aHOAHON 30HBI B
KAaTOHYIO (HUKEJb) U OTBOJISATCS C €€ MOBEPXHOCTH YACTUIIAMU JICTIONSIPU3ATOPA.

CocTtaBisieM ypaBHEHUSI KAaTOJAHOTO U aHOAHOTO MPOLIECCOB:

(-)A: Fe=Fe*" +2¢
( + )K H,O + O, +4e = 40H-.

Takum oOpa3oM, KaTOJHOE IIOKPHITHE 3allMIIACT METallI OCHOBBI TOJBKO
MEXaHUYECKH, 0 TE€X MOp, MOKa COXPAHSIETCS EJIOCTHOCTh MOKPhITUA. Kak Tolbko Ha
MMOBEPXHOCTHU MOKPBITUSI TIOSABISAIOTCS Je(PEKTHI (TPEUIUHBI, IIapanuHbl U T.I1.), HAYUHAET
paspymarbCsi METAJJ OCHOBBI; TIPU 3TOM METAI TOKPBITHS KOPPO3UOHHOMY
pa3pylICHUIO HE TIOJIBEPraeTCs.

HUKCJIb HUKCJIIb
F e2+

xene3o Fe — 2e = Fe?"

AHOIHOE K€ TOKpBITHE, 3allUIlacT METaJJl OCHOBbl MU MEXaHMYECKH (TOKa
MOKPBITUE TIEJTOCTHOE) U JIECKTPOXUMHUYECKH (MPU HAPYIICHUH IIEJIOCTHOCTH), padoTas
KakK aHOZ.

XpOoMOBO€ MOKPHITHE 1O OTHOIICHUIO K JKeJie3y OylAeT aHOMHBIM, T.K. MOTCHITHA
METAaJJIa OKPBITUSA MEHBIIE, YEM MMOTEHLIMA METAJIJIa OCHOBBI.

[leHHBIM CBOWCTBOM MeETa/la B OTHOLICHUU CTOMKOCTHU K KOPPO3ZUOHHOMY
Pa3pyLICHUIO SIBJISIETCA €r0 CKJIOHHOCTb K IEPEXOJYy B TaK HA3bIBAEMOE MAaCCHUBHOE
COCTOSIHME, KOTOpOE€ XapakTepu3yeTcssi oOpa3oBaHMEM Ha I[IOBEPXHOCTU MeTallia
ITACCUBHOM, KaK MPABUJIO OKCUIHOM TUICHKHU.
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[Ipu B3auMOEHCTBUM METALIOB C TEMU WM WHBIMH KOMIIOHCHTAMH PacTBOPOB
(pacrutaBoB) B OMpeACIEHHOM JUAa30HE IMOTCHIMAJIOB Ha MOBEPXHOCTH MeTajia
00pa3zyroTcsi afcopOlMOHHBIC WM (ha3oBbIe CJIOM (ITACCUBHBIC IUICHKH). OTH CIIOU
o0pa3yloT IUIOTHBIA, TIOYTH HEMPOHUIAEMBIA Oapbep, Onaromaps dYemy KOppO3Hs
CIJIBHO TOPMO3HUTCSI WJIM TOJHOCTBIO TMpeKpamiaercs. TakuM CBONCTBOM 00Ja/1aioT,
HanpuMmep, XpOoM, HHKENb, MOJIUOAEH, Boibppam. MEHHO Ha 3TOM OCHOBAaHO
NPUMEHEHHE YKa3aHHBIX METAJJIOB B Ka4eCTBE JIETUPYIOUIUX KOMIIOHEHTOB MIpH
CO3/IaHUU KOPPO3MOHHO-CTOWKUX CIJIABOB, HAIIPUMEP, HEPKABEIOIINX CTAJICH.

Besikoe Bo3meicTBUE, CIIOCOOCTBYIOIIEE CHATHIO C METaslla MMTAaCCUBHOMN IJICHKU
WIM €€ pa3phIXJCHUIO, YCUIMBaeT Koppo3uto. OAHUM U3 HamOojee HHEPrUYHbIX
CTUMYJISITOPOB KOPPO3HUH, 110 STOU MPUUYUHE, SBISETCS UOH XJIOpa, IEHCTBUEM KOTOPOTO
00yCJIOBJICHO aKTUBHOE pa3pyllIeHUE METaJlJla MOPCKOM BOJIOH.

JlaGoparopuas padora Nel3. «Koppo3usit meTajiiio»

Heas padorbi: popMHUpOBaHHE YMEHMN W HABBIKOB B W3YYEHUU KOHTAKTHOM
KOPpPO3HH, TMPOTEKAIOIICH MO 3JIEKTPOXUMUUYECKOMY MEXAHU3MY; MCCIENOBaTh U
YCTAHOBUTh THI TaJbBAHUYECKOTO MOKPBITHS [IJIs CTalld; HCCIENOBaTh BIHSHUE
XJIOPUJ-UOHOB HA KOPPO3HIO CTAJIH.

Onwvim 1. Bzaumooeiicmeue yunka ¢ cepHoll KUC10moii 6 omcyncmaeue u 8
npucymcmeuu meou
3axanue u 3Tanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TIpouecTh TeOpeTUYECKOE BBEIACHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.

N

OdopMuUTh TPOEKT OTUETA IO OTBITY Ja0OPATOPHOI PabOTHI (CM. IPUIIOKEHHE 2)

3. OneHuTh BO3MOXXHOCTh B3aMMOJCHCTBHS IIMHKA C pa30aBICHHON CEpHOM
KHCJIOTOM, BOCIOJB30BABIIMCH MPHU 3TOM PSAJOM CTaHAAPTHBIX BJIEKTPOIHBIX
noteHmnuanoB metamioB (PCOI).

4. Hanwucarb ypaBHEHHE B3aUMOJICHCTBUS LIMHKA C pa30aBIEHHON CEPHOU KUCIIOTOM;
0OPMUTH PEAKIINIO KaK OKUCIUTEIHHO-BOCCTAHOBUTEIHHYIO.

5. CocTraBUTh CXE€MY DJJIEKTPOXMMHUYECKOM KOHTAKTHOM KOPpO3MM IIMHKA B

CONPUKOCHOBEHMH C MEJbI0 B KHUCJON (JIEKTPONPOBOAHOM) cpene (cm

TEOPETUYECKYIO YaCTh); AJISI 3TOTO ONPENEIUTD:

KakoW W3 METAJUIOB B TallbBAHOIAPE «MENb-IIMHK» OYyNeT SBIATHCS KaTOTHOU

30HOM, a KakoW — aHOJTHOM (Bocmosb3oBatbest PCOII);

KaK{e YacTUIIbl B ATOM ciiydae OyayT BBICTYIAaTh B POJIM JEMOJSIPU3ATOpa, €CIU

y4€CTh, YTO Cpejia Kucas.
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6.

C TOBEpXHOCTHM Kakoro MeTaia OyleT BBIAEIATHCS BOAOPOA 10 WU TIOCIHE
CONPUKOCHOBEHUS MEU U IIMHKA (0Tpa3uth B 1. «HabmogeHus»). [louemy?
Hanucare ypaBHEHUS MPOIECCOB, OMHUCHIBAIOIIMX PACCMATPUBAEMBIN Cilydaii
KOppO3uH (MPOIECCHl HA KAaTOIHOM U aHOJHOM 30HAX).

OueHuTh BO3MOXKHOCTH JKCIUTyaTalldd KOHCTPYKIIMH, BBINOJHEHHBIX U3
Pa3HOPOAHBIX METAUIOB B KOPPO3UOHHO-arpECCUBHBIX Cpelax; OTpa3uTh 3TO B
BBIBOJIE K OTIBITY.

Ilopsaook evinonnenus pabomot

[TomecTuTh B POOUPKY KyCOUYEK TPaHYITMPOBAHHOTO IIMHKA M BHECTH S5 Kameib

pacTBOpa CEPHOUN KUCIOTHI.

Ha6HIOI[aTB BBaPIMO,Z[efICTBHG OUHKa C KHCJIOTOM. Ha6JIIOI[aeTC$I JN BBIACJICHHUC

BOJIOpOIA?

B3sTh MeIHYIO IPOBOJIOKY ¥ KOCHYTBCS KyCOYKa IIMHKA B TPOOUPKE.
HaGmronats n13MeHEeHEe NHTEHCUBHOCTH BBIJIETICHHS BOJOPO/IA.
[Io pesympraraM NOPOBEICHHOTO  OMNbITA  3AlOJIHUTh IIYHKTBl  OTYETa

«HaOmronennsa» u «BeIiBOIY.

N

Onwvim 2. Koppo3usa 0uuHKOBAHHO20 U JIYHCEHO20 dHcele3d

3amanue u 3Tanbl padoThI
Iloozomoeka k nabopamopuoii pabome
[TpouecTs TEOpETHUUECKOE BBEICHUE U MOPSIOK BBITIOJHEHUS paOOTHI.
OdopMUTB NPOEKT OTUETA IO OMBITY Ja00PATOPHOU PadOTHI (CM. TPUIIOKEHHE 2);
CocTaBUTh CXEMY MPOLECCOB MPOTEKAIOIIUX MPHU TEKTPOXUMUUYECKOU KOPPO3HH
OIIMHKOBAHHOTO U JIY>KEHOTO KeJie3a B KUCIION (DJIEKTPOIPOBOIHOM) cpene; s
ATOTO OMNPEHEIUTh: KaKOW W3 METANIOB B TajbBaHOIMAPAX <OKEJIE30-I[UHK» U
«OKEJIe30-0JI0BO» OyJIeT SBIATHCSA KATOJHOMW 30HOM, a KakOM — aHOJHOMN
(Bocnonw3oBarbest PCOI);
- KaKWe 4acTullbl OyayT BBICTYIIATh B POJIM ACMOJISIPU3ATOPA, €CIU YUeCTh, UTO

cpena Kucasl.
4. Hanucarb ypaBHEHHMsS MpPOIECCOB, OMUCHIBAIOUIMX pacCMaTpUBAaEMbIE Clydyau

KOppO3uH (MpOIIECChl Ha KATOJHOW M aHOJHOM 30HAX).

Honbl Kakux MeTayuioB OyayT MOSBIATHCS B PacTBOpax MEPBOM U BTOPOH
MPOOUPOK B Pe3yNbTaTe KOPPO3UOHHOTO pa3pylieHHsl (AaHOJHOTO PACTBOPEHHUS).
Hamucares ypaBHeHue B3aumojelcTBusi rekcanuanodeppara (II1) xamus
K;3[Fe(CN)s] ¢ xartmoHamm xeneza Fe®', xoropele 00pasyloTcss BO BTOPOM
npoOupKe, YUUTHIBAs, YTO MPHU 3TOM oOpazyercsa rekcanuanodeppar (I1I) xeneza

().
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7. Onpenenutb, K KAKOMY TUITy OTHOCATCSA IMHKOBOE M OJIOBSIHHOE MOKPBITHS IO

OTHOUIEHUIO K >KeJe3y (KaToJIHOE WIIM aHOIHOE): OTPA3UTh 3TO B BHIBOJIE.

8. O1leHUTh, UCTIONB30BAHME KAKOTO TUIA MOKPBITUHA ABIAETCS MPEANOYTUTEIbHBIM

(0Tpa3uTh B BHIBOJIE).

Ilopsaook evinonnenus pabomot

B3are nBe npoOupku. Ilomoxxute B NHEpBYHO  MPOOMPKY  KyCOUEK
IPaHyJIMPOBAHHOTO IMHKA, BO BTOPYIO — KYCOUYEK OJIOBaA.

B 06e npoOupku 100aBUTH 10 5 Kareiab pacTBOpa CEPHOM KUCIOTHI U MO 2 Kariu
pactBopa rekcarmanodeppara (I11I) kanusa K;[Fe(CN)g]. T'excarmanogeppar (I1I) kanus
ABISIETCS KA4ECTBEHHBIM PEAKTHBOM IS OIpeleneHus KatnoHa Fe?’, ¢ koTopeIM oH
JIaeT CUHEE OKPAILMBaHHUE.

JIBe >Kene3Hble MPOBOJOYKH 3aYMCTHTh HAXAa4yHOM Oymaroil M MOMECTUTH B
MpOOUPKU TaKUM 00pa3oM, YTOObI OHU HAXOJWJIMCh B KOHTAKTE C IIUHKOM U OJIOBOM.

HaGmronats n13MeHEHNE OKPacKU pacTBOPa B OHOM U3 MPOOUPOK.

[lo pesymbraTaM NOpPOBEIEHHOIO  OMNbITA  3allOJIHUTh  IYHKTHI  OTYeTa
«HaOmronennsa» u «BeIiBOIY.

Onvim 3. Bauanue x10p-uona Ha Koppo3uio anloOMuHuA
3amanue u 3Tanbl padoThI
Iloozomoeka k nabopamopuoii pabome
1. [IpouecTh TEOPETUUECKOE BBEJICHUE U MOPSIOK BHIMOJHEHUS pa0OTHI.

N

. ObopMUTE IPOEKT OTYETA O OMBITY JAOOPATOPHOU PabOTHI (CM. PUIIOKEHHE 2)

3. OLIEHUTh TEOPETHUUYECKYI0 BO3MOXKHOCTh B3aWMOJCUCTBHUSI ATIOMUHUS C COJIAMH
Menu (Bocmoiab3oBatbest PCOI).

4. TTouemy, HECMOTPS Ha BBICOKYIO XMUMHUUYECKYIO aKTUBHOCTH AJFOMUHHMS B TIEPBOM
npobupke (¢ cyabarom Meau) TMPAKTUYECKH HE TPOUCXOIUT HHUKAKHX
M3MEHCHUM.

5. Haniucatp ypaBHEHHE B3aMMOJICUCTBUS AIFOMUHUSI C XJIOPUIOM MEJIH;
0(pOPMUTH PeaKlnIo, KaKk OKUCIUTEIHHO-BOCCTAHOBUTEIIbHYIO.

6. Kak mnpucyTcTBylolu€ BO BTOpOM NPOOUPKE XJIOPUI-MOHBI BIMSIOT Ha
MPOTEKAIOIIHI Tpolecc (OTPa3UTh B BHIBOE).

7. Yrto OyaeT BeIIETATHCSA Ha MOBEPXHOCTU aTIOMUHUS BO BTOPOH TIPOOUPKE.
Iopaook evitnonnenus padomot
B naBe npoOupku MOMECTUTD MO KyCOUKY aIFOMUHUS U JOOABUTH B OJIHY U3 HUX 5

Karesib pactBopa cyibdara meau (I1), a B 1pyryro — 5 kamenb pacTBopa XJIOpHaa MEIu
(I1).

HabGmnronars n3meHeHus.
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[To pe3ynpraTam NpOBEAECHHOTO OMBITA 3AMOJHUTH ITYHKTHI OTYETA
«HabOnroneuus» u «BeiBom).

3aganus I CAMOCTOSITEJIbHOM PadoThI

I. Ckienanbl ABa MeTaula. YKaXuTe, KAaKOM HM3 METAJUIOB TOJBEpPraercs
kopposun: a)Mn—Al; 6)Sn—Bi.

2. Kakyve W3 HMXENEPEUUCICHHBIX METAJUIOB BBINOJHSIOT [JII CBUHIA POJb
anogHoro mokpeitust: Pt, Al, Cu, Hg ?

3. Kakne W3 HUKENEpPEUHMCICHHBIX METAJJIOB BBIMOJHSIOT ISl CBUHIA POJIb
KaTojiHOTO MOKphITUA: T1, Mn, Ag, Cr ?

4. YkaxkuTe MPOIyKT KOPPO3UH MpU KOHTaKTe Zn — N1 B HEUTpaIbHOU cpejie.

5. YkaxxuTe mpoAyKT KOppo3uu rpu KoHtakre Zn — Ni B kucinoit cpeae (Hcel).

Tema 9. Juexrposn3

Teopemuueckuit mamepuas, HeOOXOOUMDLIL 01 8bINOJIHEHUA 1ADOPAMOPHOTL
pabomul

DJIIEKTPOJIM30M Ha3bIBAETCS COBOKYIMHOCTh OKHCIUTEIHLHO-BOCCTAHO- BUTEJIBHBIX
MPOIECCOB, MPOUCXOMSIIMX IPU NPONYCKAHUU MOCTOSHHOTO JJIEKTPUYECKOIO TOKa
yepe3 pacTBOP WM pacijiaB JIEKTPOJIUTA.

[Iponyckanue TOKa 4Yepe3 OJIEKTPOJUTHI OCYHIECTBISIETCS C  TOMOIIBIO
ANIEKTPOJIOB: KaTo/la, HA KOTOPOM MPOUCXOAUT MPOIECC BOCCTAHOBJICHUSA, U aHOJA, Ha
KOTOPOM OCYIIECTBIISIETCS MPOIECC OKUCTICHUS.

[Ipu snekTponn3e pacTBOPOB COJICH 3aKOHOMEPHOCTH BOCCTAHOBJICHHS HA KaTOJE
CJEIYIOIIHE.

1. KatnoHbl MeTaIoB, pacioioKEHHBIX B PSIY HANPSOKCHHM MpaBee kemesa (0T
KaJIMHS 70 30J10Ta), BOCCTAHABIIMBAIOTCS COTJIACHO YPaBHEHHIO:

Me"" + ne=Me

2. KarhoHbsl AakTHBHBIX METAJUIOB, PACIOJIOKEHHBIX B JIEBOM YAaCTH psla
HanpsDKeHU (OT JMTHUS 0 aJllOMUHUS), HE BOCCTaHaBIMBAlOTCA. B »TOM ciydae Ha
KaToJIe MPOUCXOIUT BOCCTAHOBJICHUE BOJIbI:

2H,0 + 2e = HQT +20H

3. Karnonsl MeTamioB, pacloJIOXKEHHBIX B CPEIHEW 4YacTH psla HapsKEHUM
(Mapraselni, IIMHK, XpOM, >K€Jie30 M Jp.), BOCCTAHABIMBAIOTCS Ha KaTO JI€ BMECTE C
BOCCTAaHOBJICHUEM BOJIbl, T.€. MapajlieIbHO MIYT JBa IMPOLEeCcCca, YPABHEHUSI KOTOPBIX
IIPUBE/ICHBI BHIIIIE.

3aKOHOMEPHOCTH OKHUCJICHUS Ha aHOJE CJIECIYIOIIHE.

1. TIpoctele ammomel (Cl, Br, I, S%), kpome F-nOHOB, OKHCIAIOTCH C
00pa3oBaHMEM COOTBETCTBYIOIINX MPOCTHIX BEILIECTB, HATPUMED:
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2ClI'-2e=CIx?

2. Cnoxubie anuonsl (NOs', SO, PO u np.) u F-uonsl He okucusiorcs. B
9TOM CJIy4ae Ha aHOJE MPOUCXOIUT OKUCICHUE BOJBL:

ZHZO —4e = OzT + 4HJr

OTH 3aKOHOMEPHOCTH OTHOCSITCS K JIEKTPOIU3Y C UHEPTHBIM (HEPACTBOPUMBIM)
AIIEKTPOJIOM: TUTATHHA, TPAQHUT, FIEKTPOTHAS CTAIb.

Ho ecim aHOn M3rotoBneH mM3 mMeTaa, Cojb KOTOPOTO SIBIIETCS IEKTPOIIUTOM,
TO B 3TOM CJIy4ae caM aHOZ OKHUCIISIETCS, IEPEXO/I B paCTBOP B BUAE KATUOHOB

Me — ne = Me"™,

a Ha KaTo/ie MMPOUCXOAUT BOCCTAHOBIICHHE ITOTO K€ METaslIa

Me™" +ne=Me

Takoll >1M€KTPOJIN3 HA3BIBAETCS 3JEKTPOJIU30M C AKTHBHBIM (PacTBOPUMBIM)
aAHOJZIOM.

PaccMoTpuM 35I€KTponH3 pacTBOpa XJOpUAAa MEAU HA MHEPTHBIX AEKTpoaax. B
pactBope HaxomsaTcs uoubl Cu?' u CI', KoTopele MO JEHCTBHEM JIEKTPUYECKOTO TOKA
HANPABIIIIOTCS K COOTBETCTBYIOIIU M DJIEKTPOIAM:

CuCl,

)

(-) Karog < Cu?*" + 2CI"' — Anogx (+)
Cu*+2e=Cuo° 2Cl'-2e=Cl,

Ha karozne BbIAensieTcss MeTajuinueckas Mellb, Ha aHOJie — Ta3000pa3HbIi XJIOpP.
Ecnu B paccmoTtpenHom npumepe aiekrpoiusa pactsopa CuCl, B kauecTBe aHOa B3STh
MEIHYIO TJIACTUHKY, TO Ha KaTroOA€ BBIACIAETCS MEIb, a Ha aHOJE, TAE MPOUCXOIAT
IPOLIECCHl OKUCIICHUS, BMECTO paspsyiku voHOB Cl W BbIeNeHUs Xjopa MpOoTeKaeT
OKHCJIEHHE aHoAa (Meau), POUCXOAUT PACTBOPEHUE CAMOIO aHoJa, B Buae MoHoB Cu?”
OH MEPEXOJUT B PacTBOP.

Takum 00pa3zoM, MEKTPOJIU3 PACTBOPOB COJIEH ¢ PACTBOPUMBIM aHOJOM CBOJIUTCS
K OKHMCJICHUIO MaTepuajia aHojaa (€ro pacTBOPEHHUIO) W COMPOBOXKIAETCS MEPEHOCOM
MeTaJljla C aHOJla Ha KaToj. DTO CBOMCTBO IIMPOKO UCIIONB3YETCS IPU papuHUPOBAHUU
(0YHCTKE) METAJIOB OT 3arps3HCHUM.

JlaGoparopHas pa6ora Ne 14. «y1eKTP0JIN3 BOAHBIX PACTBOPOB COJICH»
Hean padorbl: popMupoBaHNEe YMEHHI W HABBIKOB B MCCIIEIOBAHUU MPOIIECCOB,
MPOTEKAIOIINX Ha KAaToA€ W aHOJE MPHU DJIEKTPOIU3E BOAHBIX PACTBOPOB PA3TUYHBIX
TUIIOB COJIEM.

Onvim 1. Inekmponusz pacmeopa Xjaopuoa HAamMpus ¢ UHEPMHBLIM AHOOOM)
3ananue u 3Tansl padoThI
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Iloozomoexa k 1abopamopnoit pabome

[IpouecTth TeopeTUUECKOE BBEICHUE U TIOPSIOK BBITIOJIHEHUS PAOOTHI.

OdopMUTh MPOEKT OTYETA 10 OMBITY JTAOOPATOPHOH PaObOTHI (CM. TIPUIIOKEHHUE 2)
Hanucares ypaBHeHue 31eKTpoau3a BogHoro pactBopa NaCl.

> wnh e

Brigenenne Kakux ra3oB C TOBEPXHOCTH 3JIEKTPOJOB OylaeT HaOMoIaThCs B
MPOLIECCE IEKTPOIIN3A.
5. Kaxoii xapakrep cpenst (pH) umeer pactBop NaCl? Kak usmenurcs pH pactBopa
B MMPUKATOAHOM MPOCTPAHCTBE MOCIE AIEKTPOIn3a?
6. Kak wu3menutTcs okxpacka QeHondTanenHa B MPUKATOJHOM U TPUAHOIHOM
IpOCTpaHCTBAX?
Ilopsaook evinonnenusn pabomot
PactBop xsopuaa Harpus HanuTh B U-00pa3Hyro TpyOKy 3JIEKTpOJU3epa TaKUM
00pa3oM, 4TOOBI TOMEIIEHHBIE B HEE JIEKTPO/Ibl OBLIH MOTPYKEHBI B pacTBOp Ha 1/3.
[Torpy3uth TpaduTOBBIE SJEKTPOABI B PACTBOP U TNOJKIIOUUTH HMX K CETH
(BHEILIHEMY UCTOYHUKY AJICKTPUUYECKOTO TOKA).
HaGnronaTh BelzieTIeHHE Ta3a C MOBEPXHOCTH JEKTPOIOB.
UYepes 1-1,5 MUH OTKITIOUUTD 3JEKTPOIU3EP OT CETH, U3BIICUD IIEKTPOIBI.
B xaxxnoe xoneno U-o0pa3Hoit TpyOku 100aBuTh 10 1 Karuie ¢peHondranerHa.
I[To pe3ynbrataM MOPOBEICHHOTO  OMbITA  3AMOJHUTh IYHKTHl  OTYETa
«HaOmonenns» u «BeiBOI».

Onwvim 2. Inexkmpoaus pacmeopa cyivbhama Hampus ¢ UHEPMHBIM AHOOOM

[Topsimok BBITTOTHEHUS pabOThHI

PactBop cynbdara Harpust HanuTh B U-00pa3Hyto TpyOKy dJEKTpOJIM3epa TaKUM
o0pa3om, 4TOOBI MMOMEIICHHBIE B HEE AJIEKTPOAbl ObUIM MOTPYKEHBI B pacTBOp Ha 1/3.
[Torpy3uth rpaduTOBBIE MEKTPOABI B PACTBOP U MOJAKIIOYUTH UX K CETH (BHEITHEMY
HMCTOYHUKY JJICKTpUYECKOoro Toka). HaOmromaTe BhICNICHHE Ta3a C IMOBEPXHOCTH
anekTponoB. Yepes 1-1,5 MUH OTKITFOUMTB ANEKTPOJIU3EP OT CETH, U3BIEYb DIIEKTPOIBI.
B kaxnoe xoneno U-006pa3Hoit TpyOKH 100aBUTH MO 3-4 Kariu JIakMyca.

ITo pe3ymbraTaM MPOBEICHHOTO OIBITA 3AIMOJIHUTH ITYHKTHI OTYETa
«HaoOmronenns» n «BeIiBOIY.

OnpiT 3. DJJekTpoau3 pacTBopa cyiab(para MeAd ¢ HMHEPTHbIM H
PACcTBOPUMBIM aHOAAMU
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TlpodecTh TeOpeTHUECKOE BBEACHNUE U TIOPSAOK BBHITTOTHEHHS PAOOTHI.
2. OdopMUTH IPOEKT OTYETA IO OMBITY JaO0OPaTOPHOIl pabOTHI (CM. MPUIIOKEHUE 2)
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3. Hammcarp ypaBHeHUE 3ekTponn3a BogHoro pactBopa NaxSOy.
4. BplieneHrne KakuX Ta30B C IMOBEPXHOCTH AJIEKTPOAOB OyneT HaOIomarbes B

IIPOLIECCE DIEKTPOIIHN3A.

5. Kakoii xapaktep cpeast (pH) umeer pactBop Na,SO4? Kak umsmenutcs pH
pacTBOpa B MPUKATOJHOM H IPUAHOHOM MPOCTPAHCTBAX MOCIE IEKTPOIIA3a?
6. Kak wu3MeHuTcs oOKpacka JakKMyca B TNPUKATOAHOM U  TNPUAHOTHOM

MIPOCTpPAaHCTBAX ?

Ilopsaook evinonnenus pabomot

PactBop cynbdara menu Hamuth B U-00pa3Hyro TpyOKy 3JIEKTpOJIM3Epa TAKUM
00pa3om, 4ToObI TOMEIIEHHBIE B HEE DIIEKTPO/IbI ObUIH MOTPY>KEHBI B pacTBop Ha 1/3.

[Torpy3uTh TpaduTOBBIE 3JEKTPOJLI B PACTBOP U MOAKIIOUUTH HUX K CETH
(BHEUIHEMY UCTOYHHUKY AJIEKTPUUYECKOTO TOKA).

HaGmronaTs BelieeHUE Ta3a ¢ TOBEPXHOCTH OJHOTO U3 3JIEKTPOJIOB, 00pa30BaHUE
HaJjeTa MEIHM Ha JPYroM JIEKTPOJIE.

UYepes 1-1,5 MUH OTKIIIOYUTH DIEKTPOIU3EP OT CETH, MOMEHATH SJIEKTPOMAbI
MecTaMH (JIJIs1 3TOro BWJIKY TMOBEpHYTh Ha 180° M BHOBb BCTaBUTH B po3eTKy). Temnepnb
AIIEKTPOJI, TTOKPHIBIIUUCA MEblO, CTAHET aHOJOM (HaOII0maeM ciy4ail 2JeKTpou3a ¢
PacTBOPUMBIM aHOJIOM).

HaGmronaTs n13MeHEHNs Ha MOBEPXHOCTAX 3JIEKTPOJIOB.

[lo pe3ynbraTaM TPOBEIECHHOIO  OMNbITA  3allOJIHUTh  MYHKTHl ~ OTYeTa
«HaOmonenns» n «BeiBOI».

JlaGoparopHnas paGora NelS.
«JIEKTPOXHUMHYECKOE HAHECEHH e MEeTAJUINYECKHX MOKPbITHID)
Hean padorsi: hopMUpOBaHUE YMEHUN W HABBIKOB HAHECEHUS METAJUTMYECKUX
MOKPBITUN HA CTAJIBHYI0 OCHOBY TaJIbBAHHYECKUM METOJIOM
3axanue u 3Tanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TIpoyecTh TEOPETUYECKOE BBEIACHUE U TIOPSAIOK BHITIOJTHEHUS PAOOTHI.

N

OdopMUTh NPOEKT OTUETA IO OMBITY Ja0OPATOPHOU PabOTHI (CM. IPUIIOKEHHE 2)
3. Hanmcarp ypaBHEHHsT TpOIECCOB, NPOTEKAIOIIMX MpPU IJICKTPOJIM3E Ha

DJIEKTPOAAX.
4. PaccuMTarh CUITy TOKA JJI AIEKTPOIN3a
S-D
=00

rae | —cuna Toka npu snekrponnse, A;
S — mIom@aAbs MOBEPXHOCTH IIACTHHBI (Karoaa), cM?; D — IUIOTHOCTH TOKa Ipu
srekTponuse, A/am>.
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IHopaook evitnonnenus padomot

O06paboTKa MOBEPXHOCTH KaToaa

3aYUCTUTh CTAJIBHYIO TUIACTMHKY HakJadHOW Oymaroil. IIpoMbITH MpPOTOYHOM
BOJIOM M XOPOUIO MPOCYHIUTh. M3MepuTh miomaas MOBEpXHOCTH IJIACTUHBI (S, cMm2).
B3BecuTs mi1acTrHy Ha 3JE€KTPOHHBIX Becax (my, T).

HenocpencTBeHHO mpes MOrpy>KEHUEM IUIACTUHBI B 3JIEKTPOJIIMTUYECKYIO BaHHY
00E3KUPUTHh €€ CHUPTOM (mocie OOe3KUPUBAHUSA CTapaThCsl HE TMPHUKACAThCS K
MTOBEPXHOCTH IJIACTHHBI).

[ToAroToBI€eHHYIO IJIACTUHKY TIOTPY3UTh B BAHHY U COCIMHUTD C OTPULIATEIHHBIM
MOJIFOCOM BHEIITHEr0 UCTOYHHUKA TOKA.

Bxurounts TOK Ha 10 muH. [TnotHOCTH TOKA (D, A/,[[Mz) JUTS TIpoLiecca: MEIHEHUS
— 5; IMHKOBaHUA — 2; HUKEJIUPOBaHUA — 1 (CM. pacyeT IJIOTHOCTH TOKA).

HaGmronaTe mnosBI€EHWE TOHKOTO CJIOS METalla Ha MOBEPXHOCTH Karoja
(cranbHOM macTuHbl). I1o McTeyeHMM BpEMEHU BIIEKTPOJIN3a BBIKIIOYHTH TOK, BHIHYTH
KaToJl W3 BaHHBI, MPOMBITH €r0 M XOPOLIO MPOCYIIUTh. B3BecHTh MIACTHHY Ha
AIIEKTPOHHBIX Becax (Mmy, T).

Ilo pesynpraTaM NpPOBEJEHHOIO ONBITA ONPEAEIUTH TOJIIMHY IOJIYyYEHHOIO
MOKPBITUS U BBIXOJ METajIa MO TOKY.

Pacuet ToNIIUHBI TOKPHITUS

(m, —my)-10
= oS

rae H — Tonmuua nokpeITus, MM,

m; ¥ My — Macca IMIACTHUHBI JI0 U TOCJIE OCAXKICHUS MTOKPBITUS, T;

p — IUIOTHOCTh OCAKIEHHOTO MeTaia, r/cM’ (meap — 8,94; Hukens — 8,9; IMHK —
7,13)

S — II0Ia b MOBEPXHOCTHU MOKPHITHUS, CM?.,

Pacuer BbIXOAA 110 TOKY:

Mppakr * 100
n =
mTeop
1€ N — BBIXOJ I10 TOKY;
Mppaxr — MAacca IPAKTUYECKAsT OCAXKIAECHHOIO MeETaula, TI; Mypop — Macca

TCOPCTUUCCKAA OCAXKACHHOIO MCTAaJlla, I.
TCOpeTI/I‘ICCKaH mMmacca OCaXIACHHOI'O METaJlia PACCUNUTBIBACTCA C

HCIIOJIb30BAaHNEM 3aKOHA CDapa)Ieﬂ:
I-1-t
Mereop = F

3anonHUTh MyHKTHI oTueTa «Habmonenus» u «BeiBomy.
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3aoanus 011 camocmoameibHou padoomol

1. IlpuBeauTe MpUMEpPHl METAIJIOB, KOTOPbIE MOXHO MOJYYUTh 3JIEK- TPOIU3OM
PacTBOPOB UX COJIEH.

2. YcTaHOBHUTE TMOCIENOBATEIbHOCTh BOCCTAHOBIICHHSI METAJUIOB M3 paciljiaBa
cmecu: AlCls, CuCl,, FeCl,, CdCl,.

3. PaccumnTaiite MUHUMaJIbHOE HAMPsDKEHUE PA3TIOKEHUS, KOTOPOE He- 0OXOANMO
MIPUJIOKUTD K AJIEKTPOJAM JJIsl Hadyalia 3JEKTPOJIN3a pacijiaBa XJIopu/aa aJlOMUHUSL.

4. Ta3000pa3HBIMU TPOAYKTAMHU DJIEKTPOJIM3a KAKUX COJICH SIBISIFOTCS TOJBKO
XJIOp U BOIOPOA?

5. DnexTponu3 pacTBopa KakoW COJIM MPUBOIUT K YBEIUYEHUIO €€ KOH-
nenTpanuu B pactBope: FeCl;, NaNOs, Cu(NOs),, NaCl?

Tema 10. dnementsi IA u ITA nmoarpynmn. ZKecTkocTh BOAbI

Teopemuueckuit mamepuai, HeoOX00UMbLI 01 6bINOJIHEHUA 1AOOPAMOPHOU
pabomul

XKectkocTh BOABI OOYCIOBJIEHA COJIEPKAHUEM B HEW PACTBOPUMBIX COJIEH

KaJblMs, MarHus, skeje3a: HUTPATOB, XJOPUAOB, TUAPOKApOOHATOB U Jip. Pazmuyaror
KECTKOCTh BPEMEHHYI0O U TMIOCTOSIHHYIO. BpeMeHHass KeCTKOCTh 0O0yClIOBIEHa
conepxkanreMm ruapokapoonaroB: Ca(HCOs),, Mg(HCOs),, Fe(HCOs3),, nocrosHHas —
CONIepKaHUEeM XJIOPUJOB, HHUTparoB, cyiabdatoB 3Tux wmetamwioB: CaCl,, MgCl,,
Ca(NOs3), u ap. CyMMa TOCTOSIHHOM M BPEMEHHON >KECTKOCTH COCTaBJISET OOIIYIO
HKECTKOCTh:

Kobmr. = XKmoct. + XKepem.

JKeCcTKOCTE BOIBI OLIEHUBAETCS YMCIOM MUILIMMOJIL-3KBUBANCHTOB HOHOB Ca’’ u
Mg”, CoZiepKaIuXcsl B OJHOM JIMTPE BOABI. EnuHMIA >XKECTKOCTH — MMOJB/n. s
ONpENICNICHUs] YHCICHHOTO 3HAYEHUs OJHOTO0 MMOJIb HOHOB KajblUS W MarHus
HCTIOIB3YIOTCSI COOTHOIICHUS:

Mbik(Ca?") = Ar(Ca)/B = 40,08/2 = 20,04 r/monb

Mbk(Mg**) = Ar(Mg)/B = 24,31/2 = 12,15 r/moib,

rne B — crexnoMerpuueckas BaJ€HTHOCTb KajbllUs M MarHus, paBHas AByM. M3
3TUX COOTHOLIEHMH CIENYET, YTO OAUH MUILIMMOJIL Ca’" mpubnusurensHo pased 20 mr
VOHOB KaJIbIIKs, a OIUH MUJUTUMOJIE Mg?* — 12 MI MFOHOB Maruus

XKecTtkast Boga HENPUTOHA JIJII MHOTUX TEXHUYECKUX 1EJIeH, TOATOMY CHUKECHUE
KECTKOCTH (YMATYeHHE BOJbI) SIBISIETCS Ba)XKHOM 3ajaueidl. JTa 3ajada pemiaercs B
TEXHUKE Tpems crocodamu: (QU3NYECKUM, XUMUUYECKUM U (PUBUKO-XUMHYECKHUM.
CymiHOCTb 3TUX METOJIOB 3aKJIF0UaeTCs B yAAJICHUU U3 BOJIbI KATHOHOB METAJLJIOB.

dusznveckuii cnocod OCHOBaH Ha TEPMUYECKOM PA3JI0KEHUH COJICH:

Ca(HCOs), = CaCOs] + CO,+ H,0O
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Mg(HCO3)2 = MgCO3l + CO,+ H,O

FC(HCO3)2 = FGCO3L + CO,+ H,O

TaxuMm 00pa3oM, MOCIIE BHINAACHAS 0CaIKOB coaepkanne nonos Ca?", Mg?*, Fe?*
B BOJIC YMEHBIIIAETCS. DTOT CIOCOO0 NPHUIOACH JIMIIb JUIsl YCTPAHCHHS BPEMEHHOMU
KECTKOCTH BONBI, TaK Kak CyIb(arbl, HATPAThl W XJOPUILI ITHX METAJUIOB MPHU
HarpeBaHWM U KUISTYCHUH BOJBI OCTAIOTCS B pacTBope. B mpoMbIIIeHHBIX MaciTadax
ATOT METOJI MPUMEHSETCSl B T€X ClIydasiX, KOTJa Boja JIOJKHA MOI0TPEBATHCS, COTIACHO
TEXHOJIOTUH, B IPYTUX amnmnaparax.

XUMHUYECKUH CrocoO OCHOBAaH Ha yJaJ€HWU W3 BOJLI MOHOB KaJIbIIMS, MarHus,
Kejgeza 3a CYeT IepeBojJia HMX B MaJopacTBOPUMBIC COCIUHEHHS: KapOOHAThI,
TUAPOKCHUIBI, TeTpaboparhl U Ap. JIJIs 3TOro K KeCTKOM BOJiE 10- OaBIISIOT pearcHThl —
ocaguteny. OOBIYHO AOOABISIIOT TANICHYIO U3BECTh. B pesynbrare 3MeKTpOIuTHYECKON
JTUCCOITHAIINY U3BECTH:

Ca(OH), = Ca*" + 20H"

Bo3pactaeT pH Bojbl, 4TO B cOOTBEeTCTBUM ¢ NpuHuunoMm Jle Illarense npuBogut
K CMEILICHUIO PABHOBECHUS PEAKIUU:

OH + HCO;  =CO0O; -+ H>,O

B CTOpPOHY oOpa3oBaHHs KapOOHAT-MOHOB, B pe3yJIbTaTe€ YEro JIOCTHTaeTcCs
MIPOU3BEICHUE PACTBOPUMOCTH KapOOHATa KaJIbIIMS U OH BHINAJACT B OCAJIOK:

Ca*" + CO;3> = CaCOs|; ITP(CaCO3) =5-10"°

KpoMe Toro, mpu yBeIWYEHUU KOHUEHTPALMHU THAPOKCHUII-MOHOB JOCTUTAETCS
MIPOU3BEACHUE PACTBOPUMOCTHU THAPOKCHIA MarHusi, U OH Tak>Ke BHINIAJIa€T B OCAOK:

Mg?* + 20H = Mg(OH),|; TTP(Mg(OH),) =2-10""

Peakiuu, mpoTekaroliye npyu BBEACHUM U3BECTH, MOYKHO 3alMCaTh YpaBHEHUSIMU
B MOJICKYJISIPHOM BH/IE:

Ca(HCOs),; + Ca(OH), = 2CaCOs] + 2H,0

Mg(HCO3), + 2Ca(OH), = Mg(OH),| +2CaCOs| + 2H,0

Meton U3BECTKOBAaHUSI HEMPUTOJICH JIJII CHUXKEHUSI IOCTOSIHHOM KECTKOCTHU. st
ATUX IIeJIed HeOOXOAMMO BBOJUTH PACTBOPUMYIO COJIb, COACPXKAIIYIO KapOOHAT-HOHBI.
OOBIuHO B BOAY J00aBISIOT KapOOHAT HATPHsI, KOTOPBINA MPH TUCCOIUAIIMN JA€T MOHBI
COs%, CBA3BIBAIONINE KATHOHBI KAJIbIMs (MarHus):

Na,CO; =2Na" +CO32_; Ca*t +CO32_ =CaCO; |

B MonexymnsipHOM BHIe ATOT ClIOCO0 MOXKHO 3aIiCcaTh ypaBHECHUEM:

CaSO4 + N32CO3 = CaCO3l + Nast4

[Touemy mist ycTpaHEHHUsI TOCTOSTHHOM >KE€CTKOCTH HE MPOBOAST OCAKICHUS
cynbdaroB? CpaBHEHUE 3HAUCHUW MPOMU3BEJCHUS PACTBOPUMOCTH Cyilb(aTa KaJlbLHs
(6-107°) u xapOonara kanpuus (5-107) MOKa3BIBAET, YTO CBA3HLIBAHME MOHOB KaJbIMS B
Busie CaCOs siBisieTcst 6oJiee MPOYHBIM.
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YuureiBas, 4to oproocdars! eiie MeHee pacTBOPUMBI, UeM KapOoHa- Thl, Oosee
MOJIHOTO YCTPAHEHUsI KECTKOCTH MOXHO JOCTUYh C MOMOIIbIO peareHTa-ocaauTess
oprodocdara HATPUS:

3CaSO4 + 2Na3PO4 — Ca3(PO4)2i + 3N3.QSO4; HP[C8,3(PO4)2] =1- 10729

XUMHUYECKUE METOIbI CBSI3aHBI C PACXOJIOM PEAreHTOB, MO3TOMY B MOCJIEAHUE
rofpl IMIUPOKOE PACHPOCTPAHEHUE MONYYUT (UIUKO-XUMUYECKUH METON — METOJ
MOHHOIO OOMEHa.

DOu3NKo-XMMUYECKHii METO yMSTUYCHHS BOABI OCHOBAaH Ha WCIOJb30BAHHH
MOHOOOMEHHBIX CMOJ, B KOTOPBIX HMOHBI HATpHsl WJIM BOJIOPOAA, 3aKpEIJICHHbIE Ha
TBEP/IOM MOJIMMEPHOMN MaTpulle, CHOCOOHBI 3aMeNIaThCs Ha

katronsl Ca*, Mg?*, Fe?*, comepakaiuecs B BOJIE:

NayR + Ca** — CaR| +2Na* RH, + Ca’" — CaR| + 2H",

rne R — pagukan nonmmMepHON UEnu.

Uepe3 KOJIOHKY, 3aloOJHEHHYIO TpaHyllaMd HWOHOOOMEHHHKA, ITPOKAUYUBAIOT
KECTKYI0 BOJly, KOTOpas, IMPOXOJs CJIOW TpaHyl, OOMEHHMBAECT KATHOHBI KaJbLUS U
Mar"usi Ha KaTUOHBI BOJOPOJA, B PE3YJbTaTe€ YEro CHIKAETCS KaK BpEeMEHHas, TaKk U
MOCTOSIHHASA KECTKOCTb.

OneHka XKeCTKOCTH BOJIbI M KATETOPUHU KECTKOCTH IPOU3BOAUTCS, €CIIA U3BECTHBI
3HAYEHMS XOTsI Obl OJTHOTO U3 IKCIIEPUMEHTAIbHBIX JIAHHBIX:

1) macca conmepxaniuxcsi B BOJI€ COJeH;

2) 00beM peakTHBa, UCIIOJIb3YEMOT'0 HAa TUTPOBAHUE BOJIBI;

3) KOIMYECTBO WJIM Macca peareHTa, HeOOXOAMMOTO JIJIsl YCTPAHEHHUS KECTKOCTH.

JlaGoparopuas padora Nel6. «OnpenesieHue sKeCTKOCTH BOAbD)

Hear pabGorbi: (opmMuUpoBaHHWE YMEHUW W HABBIKOB HCMOJIB30BaTh METOJ]
KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHUS, OMNPEIETUTh KECTKOCTh BOAOMPOBOAHOM U
KUIISTYCHOU BOJIBL.

3axanue u 3Tanbl padoTHI

Iloozomoeka k nabopamopuoii pabome
1. TIpoyecTh TEOPETUYECKOE BBEIACHUE U TIOPSAIOK BHITIOJTHEHUS PAOOTHI.

2. OdopMUTh MIPOEKT OTYETA MO JIA0OPATOPHOU paboTe (CM. MPUIIOKEHHE 2)

[Topsnox BeIMONHEHUsT PaOOTHI

[IpuroroBuTH TUTPYEMYIO CMECh. [l 3TOrO B KONIOY [U1st TUTpOBaHUs HaIUTH 100
MJI BOJOTIPOBOIHOM BOJIbI, BOCIIOJb30BABIINCH MEPHBIM CTAKAHOM.

K Bome moGaButh 3-4 My ammuadHo-OydepHOM cMecHu s nomaaepkanus pH B
uHrepBaie 9-10 u 2-3 kamim uHAUKATOpa — SPUOXPOMA YEPHOTO.

Tutrpyemyro cMech THIATENbHO MepeMellaTh, OTMETUTD LIBET CMECH.

bropetky 3amonauth THTpaHTOM — TpuioH b (DJITA) — no HyneBoW OTMETKH
(YpoBEHB OnpeaensieM N0 HUKHEH YaCTH MEHHCKA).
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IIpuctynuTh K TUTpPOBaHUIO. THUTPOBaTh A0 H3MEHEHHSI OKPACKH THUTPYEMOM
cmecu. OTMETUTh 00bEM pacTBOpa TUTPAHTA, U3PACXOJOBAHHOTO Ha TUTPOBAHUE.

TutpoBaHue NOBTOPUTH TpHU pa3a. Pe3ynprarsl 3anucars B Tadbauiy 11.

Bce TO ke camoe IOBTOPUTH Uil KUIITYEHOW BOABL. Pe3ynbprarel 3aHECTH B

Tabmumy 11.
Tab6nuia 11
O6bem TUTpaHTa, .
N Cpenuuii KectkocTth
— O0BeM BOObI MOIISAIIECTO Ha . -
V(H,0), mn tutpoBanue V(SATA),

BaHUS . TuTpanTta, i | K, MMoJIb/JT
1
> BononpoBogHas

100 mn

3
1
2 Kunsiuenas 100 Mot
3

ITo pe3ynbTaTaM TUTPOBAHUS PACCUUTATH OOLILYIO KECTKOCTh BOJIBI:

NSZ[TA ) VS,Z[TA 1000
>KO6LU, =

VBo,abl

rine N (OJITA) — HopManbHOCTh pacTBOpa TpuiioHa b.

Bocnonb3oBaBmuce 1ol ke (HOpMYIoOi, paccuuTarh MOCTOSHHYIO >KECTKOCTh
BOJBI K pocr.

OnpenenuTs BPEMEHHYIO KECTKOCTh BOJIbI:

>Ko61ua;1 — Kioer = >I<BpeM

I[To pe3ymbraraM NOpPOBEICHHOTO  OMNbITA  3AMOJHUTh IYHKTBl  OTYETa
«HaOmonenns» u «BeiBOIY.

3agaHus 1Sl CAMOCTOSITENTbHON paboThI

1. ConeprxaHuem cojiel Kakux METaJIJIOB 00YCJIOBJIEHA )KECTKOCTh BObI?

2. YeM oTiM4aeTcsi BpEMEHHAs )KECTKOCTh OT MOCTOSTHHOW? 3. B Kakux equHuIax
M3MEPSETCS JKECTKOCTh BOJIbI?

4. TlpennmoxxuTte HECKOIBLKO CHMOCOOOB YMATYEHUS BOJBI, COAepKamiei
ruapokapooHat u cynabdar xenesa (11).

5. PaccuuTaiiTe BpEeMEHHYIO >KE€CTKOCTb BOJbI, COAEp KAyl TUIpoKapOOHAaT
KaJIbIMSI, €CIM Ha TUTpoBaHue 50 M 3ToM BoAbl u3pacxogorano 3 mu 0,1 H. pacTBOpa
COJITHOM KUCIIOTHI.
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JlaGoparopnas padora Ne 17. «O0uiue cBOMCTBA METAJJIOB)
Heas padorbl: GOpMUPOBAHUE YMEHUNM U HABBIKOB MCCIICIOBAHUSI XUMUYECKUX

CBOMCTB MCTAaJIJIOB pa3HH‘lH0ﬁ AKTUBHOCTH, HCCJICO0BATH 0COOEHHOCTH

B3aI/IMOI[CI‘/’ICTBI/I}I MCTAJIJIIOB C OKHUCJIAIOIMUMHA U HCOKUC/IIOIMUMHA KHCJIOTaMU.

N

Onwvim 1. CpasneHnue 60ccmano8umelbHplX C60UCHE MEMALI08

3amanue u dTanbl padoThI
Iloozomoeka k nabopamopuoii pabome
[IpouecTs TeOpEeTHUUECKOE BBEICHUE U OPAIOK BBITOJHEHUS paOOTHI.
OdopMuTh MPOEKT OTUETA IO JTAOOpATOPHOU padoTe (CM. mpuIIoKeHue 2).
OueHUTh BO3MOXHOCTh B3aUMOJICUCTBUSI MarHusi, >keje3a U MeIu C
paz0aBieHHON  consiHOM  kucimoroil.  OOBACHUTH, TMOYEeMy  MeIb  He
B3aUMOJICHCTBYET C COJISTHOM KUCIIOTOM.
CocTaBUTh ypaBHEHHS MPOTEKAIONIUX PEAKIUN MEXIY METajulaMyd U COJISTHOMN
KUCJIOTOU.
Ilopsaook evinonnenusn pabomot
B uetbipe npoOupku MOMECTUTH O 8 Kareb pa30aBICHHON COJITHON KUCIIOTHI.
B nepByto nmpoOupKy BHECTH KyCOUEK MarHus, BO BTOPYIO — XKeJje3a, B TPEThIO —

M€IIM, B YETBEPTYIO — L[IUHKA.

B otuérte onucarn Ha6J'HOI[€HI/I$I.
B BBIBOJC YKa3aTb, COOTBETCTBYIOT JIH O6Hap}/')KCHHBIC B OIIBITE CBOMCTBA

N3YYCHHBIX MCTAJIJIOB UX ITOJIOXKCHHUIO B DALY Hal'lprKeHI/If/'I.

Onvim 2. B3aumooeiicmeue sceneza ¢ pazoasieHHoOll U KOHUEHMPUPOBAHHOU

CONAHOU KUCIOMOU

N

3amanue u 3Tanbl padboThl
Iloozomoexka k nabopamopnoii pabome
[IpouecTb TeopeTndecKoe BBEACHHUE U MOPSAJOK BBIIOJIHEHUS pabOThI.
OdopMuth npoekT oryera 1o JjgabopaTtopHoit padbore (CM. PUIOKEHUE 2).
OLeHUTs BO3MOXKHOCTHL B3aUMOAEHUCTBUS J)Kenesa C pasz0OaBieHHON U
KOHLICHTPUPOBAHHOU COJITHON KUCJIOTOU.
CocTaBHUTh ypaBHEHHUS JABYX BO3MOKHBIX PEAKIMH JKeJe3a C COJSTHOM KHCIOTON U
OOBSICHUTH, Kakass W3 HUX OoJiee BEpOsITHA, M KaK BIUSET YBEIUYCHHE
koHreHTpanuu HCI Ha e€ npoTtekanue.
Ilopaooxk evinonnenusn padomaol
B nBe npoGupku BHecTr 1o 8—10 kamnenb pa30aBICHHOW CONSTHOW KHUCIOTHI U TI0

OJTHOMY MHUKPOIIITATEI0 MOPOIIKOOOPA3HOTO JKeTe3a.

J71st yckOpeHuUsI peakiuy MpOOUPKH CJIeTKa MOI0TPETh.
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3areM B mepBoOil MPOOMpPKE MPOBECTH KAUECTBEHHYIO PEaKIMIO HAa MOHBI XKeye3a
(I0):

FeCl, + Ks[Fe(CN)s] = KFe[Fe(CN)g]| + 2KCl, a Bo BTOpoil — Ha HOHBI *kKeye3a
(I11):

FeCl; + 3NH4SCN = Fe(SCN); + 3NH4C1

[Ipy HanM4uu B 1EPBOii MpoOKpke MOHOB Fe?™ 00pasyeTcs TEMHO-CUHUI 0CaIoK
TypHOYJIEBOW CHHH, a BO BTOPOM NpOOHMPKE NpH HaJIuukMud HOHOB Fe’™ — kpoBaBo-
KpPacHbI pacTBOp pOJAaHMJA TPEXBAJIEHTHOIO >Xeje3a (MpU Malod KOHUEHTpaluu
nonoB Fe** nabmronaercs cnaboe okpanmBanue pacTBopa).

3areM OmbIT NOBTOPUTH OT Hayasia O KOHI[A, 3aMEHUB Pa30aBIICHHYIO COJISTHYIO
KHMCJIOTY Ha KOHLICHTPUPOBAHHYIO.

I[lo pe3ynbraTam onbiTa 3aMoIHUTH MYHKT «Habmronenus» u « BeiBoAbD».

Onwvim 3. Ilaccusayus scene3a 6 KOHUEHMPUPOBAHHOU CEPHOUL U A30MHOU
Kuciomax
3axanue v dTanbl padoThl
Iloozomoeka k nabopamopuoii pabome
1. TIpouecTs TEOpETUUECKOE BBEIACHUE U TIOPSAIOK BHITIOTHEHUS PAOOTHI.

no

OdopMuTh MPOEKT OTUETA IO JIAOOPATOPHOU padboTe (CM. MpUIoKEHUE 2).
3. UTto mpoMCXOMUT C >KEJIe3HOM IIJTACTUHKOM IIOCNIe MOTPYXKEHHS €€ B PacTBOP
KOHIIEHTPUPOBAHHOMN KHCIIOTHI?
4. Hamucarp ypaBHEHHUE peakiuu sxelesa ¢ cynbdarom meau (I1).
Ilopsaook evinonnenusn pabomot
Tpu >xene3Hble IUIACTUHKH OYUCTUTh HaXIa4HOW OyMaroil, MpOTpaBUTH B
KOHIIECHTPUPOBAHHOM COJISTHOM KHCIJIOTE, MPOMBITh BOJOW M OCYHIUTh (DUIBTPOBAILHOMN
Oymaroil. OgHy IUIACTUHKY TOTPY3UTh B TPOOUPKY C KOH- LIEHTPUPOBAHHOM a30THOM, a
JIPYTYyI0 — C KOHIEHTPUPOBAHHOW CEPHOW KUCIOTOM HA 1—2 MUH; TPEThIO MJIACTUHKY HE
MacCUBUPOBATh.
3areM Bce IUIACTUHKY MOTPY3UTh B pacTBOp cyibdara memau (I1).
Onucarp HAOMIOACHUS.
OOBIACHUTH Pa3IMYHOE OTHOIICHHE IITACTUHOK K pacTBOpy CuSOy.
B BBIBOIE chopmynupoBaTh BiusiHUE 00PAOOTKH B KOHIICHTPUPOBAHHBIX a30THOM
U CEpHOM KUCJIOTax Ha BOCCTAaHOBUTEIbHBIE CBOIMCTBA K€J€3a U YKa3aTh MPAKTUYECKOE
3HAYEHUE ITOTO SBJICHUS.

3amaHud I CAaMOCTOSITEILHOH PadoThI
1. Kakne Merayibl, U3 MPEUIOKCHHBIX B MEPEUHEe, B3aUMOJICHCTBYIOT C BOJOM
npu oObIyHBIX yeioBusax: Ni, Na, Mg, Fe, Cu, Ca?
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2. TlokaxuTe ¢ MOMOINIBIO YPaBHEHUH pEakIMM MEXaHU3M B3aUMOJIC- CTBUS
AJIOMHHUS C PACTBOPOM ILIEJIOYH, YUYUTHIBAS, YTO €r0 MOBEPXHOCTh MOKPBITA OKCHIHOW
TUIEHKOM.

3. Hanummute HECKOJbKO YypaBHEHUM B3aMMOACHCTBUA ILIMHKA C a30THOM
kucioTon. [IpoTekanme kakoil peaknuu HamboJIee BEPOSTHO TPH CTAaHAAPT- HBIX
yCIoBHIX? YpaBHANTE €€ METOJIOM MOIYPEaKIIUiA.

4. Hawubomee CWIBHBIM OKHUCISIONIMM BO3JCHCTBHEM o001amaeT CMeCh IBYX
KHCIIOT — a30THOW U QTopoBomoponHoil. Hamummmure ypaBHEHHE peak- LUHU
B3aMMO/ICHCTBUS BOJIb(hpama C 3TOI CMECHIO.

5. IlpuBenute HopMylibl COENMHEHHM, UMEIONIMX Ha3BaHUs: TypHOYyJeBa CHHbD,
OepnuHCKas Ja3ypb, poganuy sxxenesa (I11).

6. Kakoe sBiIeHue Ha3bIBaeTCs MaccuBanuel Mmetamia’?

Tema 10. daementsi IIIA, IVA u VA noarpynn
Tema 11. dnementsl VIA, VIIA, IB u 1IB noarpynn
MeToaKH HEOPraHN4YecKoro CHHTe3a

Meronuka CHUHTE3a HEOPIraHUYECKOIO COCUHEHHS — 3TO COBOKYITHOCTh IIPUEMOB,
IIO3BOJIAIOIIUX ITOJIYYUTh 38JaHHOE BEILIECTBO.

Hcnone3yrorcs, B OCHOBHOM, IIECTh METOOB CUHTE3A.

1. CuHTE€3 B BOJHOM pAacTBOpPE Ha BO3AyXe. OTO HauOoyiee MIHUPOKO
MIPUMEHSIEMBIH, JEIIEBbIA U MPOCTOM METOA. DTUM METOJAOM ITOJIIy4arOT MHOTHE COJIH,
KPUCTAJUIOTUAPATHI, KOMIUIEKCHBIE COEAMHEHUS, TUAPOKCUIBI.

2. CuHTe3 B BOJHOM pacTBOpe B MHEpTHOM aTtmocdepe. IIpumensiercs k jerko
OKHUCJISIOIIMMCS WJIM BOCCTAaHAaBIIMBAIOIIMMCS Ha BO3AYyXE BelIECTBaM (THIPOKCHUJIBI
xenesa (I1), Banaaus (II), kobansra (I11) u gp.).

3. CuHTEe3 B BOAHOM pacTBOpPE C HCIIOJIB30BAHUEM 3JIEKTPUYECKOIO TOKA.
Hcnonb3yerca 1uisl CUHTE3a CHJIBHBIX OKHCIHTENEH M BOCCTAaHOBHTENEH (Hampumep,
(NH4)28208 " )Ip.).

4. CuHTe3 B HEBOIHOM pacTBope. Mcnonb3yeTcs 11 MOIyYEHNsI HEYCTOMYUBBIX B
BOJIC BEHIECTB (TUIPOJIU3YIOIIUXCS, OKHUCISIOMMXCS BOJOM W T.J.). B HeBOAHBIX
pacTBOpax CUHTE3UPYIOT MHOTHE O€3BOAHbBIE TaJIOTCHUIBI.

5. CuHTE3 IpU BBICOKOM Temmeparype. DTOT METOJ NPUMEHSIOT JJI1 pPEaKiuii,
HEBO3MOXKHBIX WJIM CHJIBHO 3aTOPMOXKEHHBIX MIPU OOBIYHBIX TeMmmeparypax. [Ipumepom
MOJKET CIIY’)KUTh CUHTE3 XpOMaTOB, MAHIaHATOB, (DEPPUTOB U .

6. CuHTE3 NpU HU3KOW Temrieparype. Ero ucrnonb3yror s MmoiaydyeHus BEUIECTB,
HEYCTOMYMBBIX MpU OOBIYHOM TeMmIeparype WIM B Cllydae MCIOJb30BaHUS
HUBKOKUITSIIIMX pacTBopuTened (KUIKUN aMMuak u apyrue). Hapumep, Tak nomyqaror
reKCcaxJIopOITIOMOAaThl, IEPOKCU] HATPHS U Jp.
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CuHTe3 HeBO3MOXKEH 0e3 MpeIBapUTENbHOM MOArOTOBKH. [10AroTOBKa K CHHTE3Y
BKJIFOYAET CJIEYIOLIEE.

1. VYcranoBnenue ¢GopMynbl, CTPYKTYpbl M CBOICTB IOJIy4aeMOI'O BEILECTBa,
3aJlaHi€ ero He0OXOAUMOrO KOJIMYECTBA UIIH MACCHI.

2. O3HakoMJIEHME C BO3MOXXHBIMM METOAAMH IIOJTYYEHUS 3TOrO BEUIECTBA M
BHIOOp  HAWIydIero Juisi JaHHBIX YCJIOBHMM W TpeOoBaHUM, C  yd4eToM
TEPMOJAMHAMUYECKUX M KUHETUYECKUX (PaKTOPOB U JOCTYITHOCTH MCXOJHBIX BEIIECTB,
MaTepHaJIOB, allapaTypbl, KOJIUYECTBA, BBIXOAA, YACTOTHI U T.1.

3. BriOop MeTo10B pa3zeneHus, MO3BOJSIOMIUX (€CIH 3TO HEOOXOJUMO) OUUCTUTD
3TO BEUIECTBO OT IPUMECEN.

4. Onucanue MEeToI0B UIEHTU(UKALIMY U aHAJIN3a IPUMECEH.

5. IlonOop ammaparypbl, HICXOJHBIX BEIIECTB U MaTepUayioB, COOpPKa YCTAHOBKHU
JUTSI CHHTE3a.

O6pa3zoBaHre  OCaJAKOB U3  pacTBOpoB  (ocaxiaeHue) —  Haubosee
pacnpoCTpaHEHHas ornepanusl npenapaTiBHOM XMMHUM (TaK HA3bIBAIOT pa3led XUMUHU,
KOTOpBIM M3y4yaeT U pa3paldaTblBaeT METOAbl CUHTE3a XMMHUYECKHX coeauHeHuil). Ilpu
IOPOBEACHUN 3TOHM oOmepalnuud HEOOXOJUMO YUUTBHIBATH PACTBOPUMOCTH, THJIPOIU3 U
KOMILTIEKCOOOpa3OBaHHUE.

Kpucramnmueckue ocaiakyd TOJE3HO BBIAEPKATh HECKOJIbKO YacoB, CYTOK B
MaTOYHOM pAacTBOpE, TAE€ MPOUCXOAAT MPOIECChl WX Kpucrtammzauuu. IIpu sTom
MEJIKHE YACTUYKH PACTBOPSIOTCS, & KPYITHBIE PACTYT.

[Ipu ocaxaeHn 0CaJKOB MPOUCXOJUT COOCAXKIECHUE TPUMECE; €ro He00X0IUMO
YUWATBIBaTh W MPENOTBpAIlaTh IpPU IOJYYEHUM YHCTBIX BEmEeCTB. (OYUCTKY
PacTBOPUMBIX OCAJIKOB OT COOCAKIEHHBIX INPUMECEH MOYKHO OCYILECTBIATH METOAOM
MHOTOKPaTHOM IE€PEKPUCTAIUIM3ALNN, T.€. IOBTOPEHHUEM LHUKIOB pAacTBOPEHUE —
OCaXJICHHUE.

[IpombIBaHHE OCAKOB MPOU3BOAMUTCS METOAAMHU JEKAHTALMU U MPOMbI- BaHUEM
Ha ¢uibTpe. B KauecTBe MPOMBIBHBIX XKUAKOCTEH MCIOJIb3YETCS BOJA, pa30aBICHHbIE
pacTBOpbl KUCIOT W wIenoded (Iisi MpefoTBpallleHuss THAPOJIK3a), a TaKkKe
Opranuyeckue KuiakocTtu. [IpoMbiBaHHE TOpsSYEr BOAOM PEKOMEHAYETCS IPU HU3KOU
PacTBOPUMOCTH OCAJKOB U €€ c1aboi 3aBUCUMOCTH OT TeMIIEpaTyphl.

BroicymmBanue ocankoB 3aBUcUT OT ux cBoiictB. Comu, oOpasyromue
KPUCTAJUIOTUAPATHI, BBICYIIMBAIOT B BaKyyMe, B CHELHUAIbHBIX CYXUX Kamepax Wi
skcuKaropax. Ilpu »TOM B KadyecTBE OCYUIMTENEW HCMONb3YIOTCS O€3BOIHBIN
dochopusiii anrunpug P>Os, xnopua kampuus CaCl,, KOHIEHTpUpOBaHHAs CepHas
kuciora, auruipoH Mg(ClOy),, cruiiMKareib, lEOTUTHI.

Ha Bo3nyxe mnpu OOBIYHONM TemmepaType BBICYUIMBAIOT HEYCTOMYMBBHIE IPHU
HarpeBe HETUIPOCKONUYHBbIE BellecTBa. HarpeBaHneM B CyHIMIBHBIX —HIKadax
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BBICYILIMBAIOT YCTOWMYMBBIC BenlecTBa. [Ipu 3TOM Temrieparypy NOJHUMAKOT HE cpasy, a
MOCTENEHHO BO M30exkaHue pa30pbI3TMBaHUsI BEIIECTRA.

XVMMHUUYECKUE PEAKTUBBI KIACCUPUIUPYIOTCS IO COACp)KaHUIO MpuMecei (1o
Mepe YMEHBIIICHHUS UX COJCP)KaHMS) HAa TEXHUUYECKHE (T€XH), YUCThIC (4), YUCTHIC IS
aHanmuza (4ja), XMMUYECKU YHUCThIe (X4) W 0co0oi uuctoThl (0ocy). HeoOxommmas
CTETIeHb YMCTOTHI PEAreHTOB OINpEAENseTCs KaK TpeOOBaHUAMU K TPOAYKTY, TaK U
1enbio cuHTe3a. Kak mpaBuiio, HCXOHbIE Mpe- mapaThl JOKHBI HMETh Ty K€ WiH Oosee
BBICOKYIO CTENEHb YHUCTOTHI, 4eM Tpebyemas miisa npoaykra. Ho ecnm B mporiecce
OTHEJCHUS] TPOAYKTa MPOUCXOJUT €ro OYMCTKAa, TO H3TO TpeOOBaHUE OTIAIACT.
Hampumep, ripu nosrydeHun ra3zoB 4acTo MPUMECH HE 00pa3yIoT JIETYYUX COSAMHEHUM.

Jlist  OOBIYHBIX J1IA0OPATOPHBIX CHUHTE30B M aHAJM30B JOCTAaTOYHO HMETh
MpenapaTbl MApKH «4a» WU JTaKE «I».

UroObl He 3arps3HATh PEAaKTHBBI, HEOOXOAMMO COONIONATh HEKOTOpPbIE
AIIEMEHTapHBIE TIPaBUJIA.

1. XpaHuTh peakTUBbI B MOCYJE C MAPKUPOBKOM (3THKETKOM), HA KOTOPOM YETKO
yKa3aHbl Ha3BaHHUE, dbopmyma, YHUCTOTA, nara U3TOTOBJICHHUS.
2. PeakTuBbl u3 6aHOK OpaTh cyxuMu (HaphopoBbIMU HITIATEIISIMH.

3. He chimare momoOpaHHBIE CO CTOJIa W HEUCIONb30BAaHHBIE PEAKTHBBI U3
71a00paTOPHOM MOCY/Ibl 0OPATHO B YIAKOBKY (OaHKY).

4. B3BemmBaHHE MPOBOIUTH TOJBKO B CYXHMX UYHCTHIX OOKcax, dalikax, Ha
KaJibKe; TUTPOCKOTIMYHBIE PEAaKTUBBI JIOJDKHBI B3BEIIMBATHCSA B OaHKaxX WM KOlOax ¢
MPUTEPTHIMHU KPBIIIKAMH HJIA TTPOOKAMH.

[Ipu pabore HEOOXOAUMO CTPOTO COOMIONATh KaK OOIIMe MpaBuiia 0€30MacHOCTH,
TaK U CIEIHAIbHBIE MEPhl MPEIOCTOPOKHOCTH, YKa3aHHBIE B ONHUCAHUHM K KaXKIOMY
CUHTE3Y.

CuHTE3 XpOMO-KaJINeBbIX KBACIIOB

OcHoBHas peakiysl MPOTEKAET 0 YPABHEHUIO:
KzCI'zO7 + CszOH + HzSO4 — KCI‘(SO4)2 +CH3CHO + HQO
3ananue nmo padore

1. momobpare KOXPGUIIMEHTHI K YPaBHEHUIO PEAKIMU METOJOM HOHHO-
AIEKTPOHHOTO OaJTaHca;

2. paccuutarth 00béM 80%-HOTO pacTBOpa STUIOBOTO CHUpPTA MIOTHOCTHIO 0,91
r/MJ1, HEOOXOAUMBIN 111 BoccTaHOBJIeHUsI 10 T Ouxpomara Kaaus;

3. Tocie MOyYeHHs COJIH, OTIPEICTUTh €€ BBIXO B %0;

4. HAWTH W HaNMCcaTh YPAaBHCHHS PEAKIUH JJIT OTKPBITHS B PaCTBOPE MOHOB XpOMa
(IIT) u cynpar-uoHOB;
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5. IO OKOHYAHWU MPAKTUYECKON 4acTH paboThl, COCTABUTh OTUET B COOTBETCTBUH C
TpeOOBaHUSIMHU
B3Becuth Ha TexHO-XxMMHUYEeCKUX Becax 10 r Ouxpomara Kajius, paCTBOPUTH €ro B
35-40 mn Bombl B crtakaHe eMKocThio 100 mu. 3areM K IOIYyYEHHOMY pPacTBOPY
npubOaBUTh 9 MIJI KOHLIEHTPHUPOBAHHOM CEpHOM KHUCHOTHI (TUIOTHOCTH 1,84 T/M1) B
HECKOJIBKO MPUEMOB IPU MOCTOSHHOM nepememmBaHui. CTakaH OXJIAJUTh JIbJAOM WJIU
X0JIOMHOW BonoW. K monydeHHOMY XOJOJHOMY pacTBOpPY NPWIUTH B JABA-TPU MpPHUEMA
BBIUHUCICHHBIA 00bEM crmupTa (B3SATh COUPT C HM30BITKOM B 2 M), NEpEeMElIaTh
TEPMOMETPOM M CIEIUTh, YTOOBI Temrmeparypa He noaHumanach Beime 40C. TemHo-
3aJICHBI PAcTBOP OCTaBUTh KPHUCTAJUIM30BAaThCA MPU KOMHATHOW TeMmIeparype Ha
CYTKU. BplnmaBimme KpucTauibl KBAaclloB OTQMIBTpPOBaThH Ha  BOpOHKE broxHepa,
MIPOMBITH Ha BOPOHKE BO3MOKHO MEHBIIMM KOJMYECTBOM XOJOAHOW BOABI M OTKAaTh
MEXIy JUCTaMU (PUIIBTPOBAJIILHOM Oymaru /10 BO3AYILIHO-CYXOrO COCTOSHHMsS. B3BecuTh
MOJIyYeHHbIE KBaclbl. YacTh CONM pPACTBOPUTH B JUCTUJUIMPOBAHHOM BOAE M IO
M3BECTHBIM pPEaKIMsIM JI0Ka3aTh Haiuuue B pacTtBope MoHOB xpoma (III) u cynbdar-
MOHOB.

CuHTe3 a1I0M0-aMMOHMIHHBIX KBACIOB
OcHOBHas peakuysi POTEKAET 10 YPABHEHUIO:
(NH4)2SO4 + Alx(SO4)3*18H20 — NH4AI(SO4),*18H,0
3aganue nmo paodore:
1. monoOpate KO3PGUUMEHTHI K YpPaBHEHUIO pEAKIUU METOJOM HOHHO-
AIEKTPOHHOTO OataHca;
2. paccuutarth 00béM 80%-HOrO pacTBOpa 3TUIIOBOTO CHUpPTA MIOTHOCTHIO 0,91
r/MJ1, HEOOXOAMMBIN JIsl BoccTaHOBIeHHs 10 T Guxpomara Kanius;
3. MocIe MOyYeHUs COIH, OIPEICIIUTh €€ BBIXOH B %0;
4. HaATH U HamKcaTh BCE U3BECTHBIE YPABHEHHUSI PEAKIUH 1JI1 OTKPBITHS B PacTBOpE
noHoB xpoma (III) u cynbdar-noHos;
5. MO OKOHYAHMH MPAKTUYECKOU YacTH pabOThl, COCTAaBUTh OTYET B COOTBETCTBHUHU C
TpeOOBaHUSAMU
Ha rtexHo-xuMmHuueckux Becax B3BecuTh 2,9 r cynbdara ammonus u 14,7 r
CEPHOKHUCIJIOIO aJIIOMUHUA. B /1Ba XMMUYECKHX CTakaHa HAJIWTh AUCTHUILIMPOBAHHYIO
BOAY: B OUH — 5 MJ1, B Apyroil — 15 mut. IIOKpBITh CTaKaHbl YaCOBBIMU CTEKJIAMU U
HarpeThb 10 KUMeHus. PacTBOPUTH B MEPBOM CTaKaHe B3BEIICHHBIN Cylb(ar aMMoHuUs, a
BO BTOPOM — Cynb(aT amoMuHus. [opsauuil pacTBop cyib(ara aMMOHHUS MPUIUTH B
CTakaH K pacTBopy cyab(dara anoMuHus U nepeMemiars. [Ipu HenmpepbIBHOM
NepeMEeIMBaHUM U OBICTPOM OXJIQXKJICHUM BBINAJAIOT MEJIKHME KpPUCTAJIIbl KBAacCIOB
(okomo 15 r). 1 momydeHHs] KPYMHBIX KPUCTAJIOB PAacTBOP CJEIyeT OCTaBUTH 0e3
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NepeMEeIIMBaHus IPU MEJICHHOM OCTBIBAaHUU. BhInenuBIIMECs KPUCTAIIIBI IEPEHECTH
Ha BOpOHKY broxHepa, OT(QHIBTPOBATh, BHICYIIUTh MEXKIY JHCTaMU (UIBTPOBAATHLHON
OyMaru u 0CTaBUTh CYIIUTHCSI HEKOTOPOE BPEeMsI Ha BO3IyX€, TIOCIIE YETO B3BECHTb.

YacTh NOJYYEHHOM CONM paAcCTBOPUTH B JUCTHIUIMPOBAHHOW BOAE U IIO
M3BECTHBIM PEaKIUsM JO0Ka3aTb HalW4YMe€ B pPAacTBOpPE HOHOB AQJIOMHUHHUSA, HWOHOB
aMMOHHS, CYNb(aT-MOHOB.

Cunres xnopuga rekcaammuuaukens (1)
3ananue mo padore:
1. Hanmucate ypaBHeHHe nonydeHus xjopuaa rekcaammuaaukens (1I)
2. paccuutarth 00béM 80%-HOro pacTBOpa 3TUIOBOTO CHUpPTa MIOTHOCTHIO 0,91
r/MJ1, HEOOXOAMMBIN J1st BoccTaHOBiIeHHs 10 T Ouxpomara Kaius;
3. TOCIe MOyYeHUs COJIH, OTPECIIUTh €€ BBIXO B %0;
4. HaATH U HanKcaTh BCE U3BECTHBIE YPAaBHEHUS PEAKIUI JJI1 OTKPBITHUS B PACTBOPE
noHoB Hukens (II) u x1o0puA-nOHOB, KATUOHOB AMMOHMUS;
5. IO OKOHYAHWUU NMPAKTUYECKON YacTH pabOThl, COCTABUTh OTUET B COOTBETCTBUU C
TpeOOBaHUSIMHU
B3BecuTh Ha TEXHO-XMMHUYECKUX Becax 5 T XJIOpHAA HUKEIS U CMOYHUTH €ro
HECKOJIbKUMHU KaruisiMu Bozbl. Jlo6aBuTh B pactBop 30-35 M1 KOHIEHTPUPOBAHHOTO
pactBopa amMmuaka. OtaenpbHO NpUroToBUTH 10 MII HACBIIEHHOTO pacTBOpa XJIOPHUAA
aMMOHUS, T0OABUTh K HEMY 3 MJI KOHLIETPUPOBAHHOTO PACTBOpa aMMMAKa U BIHTH
MOJIYYCHHBIA PAcCTBOP B paHee MPUTOTOBJIEHHBIM pacTBOp XJOpUIA HUKENS, 4TO
HEOOXOMMMO JUIsi TIONHOTHI BbIAENeHUs xyopuaa Trekcaammuuuukens (II). Jlate
pacTBOpy OTCTOSIThCS B TedeHue 20 MUHYT, MOcie 4ero OoT(UIbTpOBAaTh OCTATOK Ha
BopoHke broxuepa. Ocanok Ha ¢uiabrpe nNpombiTh 10-15 M KOHIIEHTPUPOBAHHOTO
pacTBOpa aMMHaka, 3atem 10 M1 cipra (HeOONMbIIUMHU MTOPITUSMU) U 3PUPOM.
Cune-duoneToBble KpucTajuibl xjopuaa rekcaammuHHukenas (II) BwlcymiuTh B
cymmiibHOM 1kady mnpu Ttemneparype He Bbimie 100C, B3BecuTh. PaccmorpeTsb
MOJTyYE€HHbIE KPUCTAJUIBI COJIU TIOJ MUKPOCKOTIOM.

Cunrte3 THOCYIb(aTa HATPUS
3ananue mo padore:
1. Hamucates ypaBHEHHE MOTYYEHUS TUOCYTb(haTa HATPUSI

2. TIOCJIE TIOMYYEHUs COJIU, OTIPEIEIUTh €€ BHIXOA B %0;

3. HamMcarh YpaBHCHHS PCaKIMHM B3aMMOICHCTBUS THOCYJIb(ara HATpHsl ¢ CEPHOM
KHCJIOTOM;

4. pamucarb ypaBHCHUS OKHCJIUTEILHO-BOCCTAHOBUTEIHLHBIX peaKInid,

MMOATBCPKAAIOIINX BOCCTAHOBUTCIILHBIC CBOMCTBA TI/IOCYJ'IL(I)EITEI;
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5. MO OKOHYAHHMH MPAKTUIECKON YaCTH PabOThI, COCTABUTh OTYET B COOTBETCTBHUH C
TpeOOBaHUSIMHU
OTBecuTh Ha TEXHO-XMUMHUYECKUX Becax (Ha GUIbTpoBajIbHOM Oymare wWiH
4acoBOM CTeKJie) 6 T cyiab(puTa HATPUS U MOMECTUTH €ro0 B KOHUYECKYIO KOJIOY WU
XUMHUYECKU cTrakaH eMmkocTeio 100 wmu.  Otmeputh Men3ypkod 30  wma
JTUCTUJUTMPOBAHHOW BOABI W TPWINTh €¢ K Cymbhuty Hatpus. KomOy wiam crakaH
MIOCTaBUTh Ha AacOECTOBYI0 CETKY Ha KOJbIO IITaTMBA M HArpeTh pacTBOp Ha
HEOOJIBIIIOM IJIAMEHU TOPETIKU JI0 TOJIHOTO pacTBOpeHus cynbpura. OTBECUTh Ha Becax
3 r cepbl B BUJE CEPHOTO LIBETA WJIM MEJKOro nopomka. CMOYMB cepy HECKOJIbKUMU
KaruIsIMUA  CIIUPTa, MEPEHECTH €€ B KOoJOy C pacTBOPOM Cyilb(hUTa HATPHUS, XOPOLIO
nepeMeniarh CTEKISHHOW MajJoYKoW M HarpeBaTh CYCIIEH3UIO0 HEOONBIIUM IUIAMEHEM
ropenku 10-15 mMuHyT, moka moyTu Bca cepa He pacTBoputcsa. Eciaum oObeM pacTBopa
CUJILHO YMEHBIIUTCS, 100aBUTH BoAy. [lomydeHHBIN ropsuuil pacTBOp OTPUIBTPOBATH
OoT U30BbITKa cepbl 4epe3 MaleHbKuH (uibTp B (apdopoBYyIO YaIKy, MOCTABUTh Ha
BOASHYI0O OaHIO U YNApUTh J0 Hayaja Kpuctaumizauuu. J[arb pacTBOpy OCTHITh U
BBINIABIIIME KPUCTAUIBI OT(UIBTpOBaTH Ha BOpoHKe broxHepa (ecnu mnomxydmics
NEPECHIIIEHHBIN PaCTBOP, U KPUCTAJUIBI HE 00pa3yloTcs, OPOCUTh B PACTBOP MaJICHbKUIMA
KPUCTAJUIMK TUOCYNb(aTa HaTpus, 4yTOObl BbI3BaTh KpucTayuin3anuio). [lomyueHHbIe
KPUCTaJIbl CHATh C BOPOHKM Ha (DUIBTPOBAJIBHYIO Oymary M MPOCYIIMTh MEXKIY €€
JMCTaMH, TIEPEMENIMBasl CTEKIAHHOM manoykod. Cyxwe KpUCTAUIBI B3BECHUTD.
PacTBOpuUTE B BOIE HECKOIBKO KPHUCTAJUIOB MOJYYEHHOM COJMM W M HCCIENOBATh €ro
CBOMCTBA: HEYCTOMYMBOCTH THOCYJb(ara B KUCIOH Cpelie; BOCCTAHOBUTEIIbHbBIC
CBOICTBa THOCYINIb(]aTa

Cunre3 cosim Mopa

3ananue mo padore:

1. Hanucarp ypaBHeHHe nonydeHus: conu Mopa

2. paccuntath 00BEM 10%-HOTO pacTBOpa CEpHOW KHUCIOTHI (IUIOTHOCTHIO CM. B
Ta0JI. IPUIIOXKEHUS ), HEOOXOIMMBIH /I pAaCTBOPEHHUS 2 T JKeje3a;

3. paccuuTarb Maccy cCynb(ara aMMOHHS ISl TPUTOTOBJICHHSI HACHIIIEHHOTO
pacTBopa;

4. mocJe moJiy4eHUs COJIM, ONPEAEIUTh €€ BhIX0oA B % 10 Kenesy;

5. HaWTH M HAMMKMCATh BCE U3BECTHBIC YPABHEHUS PEAKIIUM JII OTKPBITUSI B PACTBOPE
noHoB xene3a (1) u cynbdar-noHOB, KATHOHOB AMMOHUSI;

6. 0 OKOHYAHWHW MPAKTUIECKON YaCTH PabOTHI, COCTABUTh OTUET B COOTBETCTBUU C
TpeOOBaHUSIMU
Conp Mopa kpucTaiiu3zyeTcsi U3 pacTBopa, cojaepkaiiero cynbdar xenesza (II) u

Cynb(aTr aMMOHHS.
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[IpuroroBUTH pacTBOp Cyib(ara jxene3a: Ha TEXHO-XMMHUECKHX Becax B3BECUTh
2 I CTaIbHOM CTPY)KKM M PACTBOPUTh MpPH HArCPEBaHHMM B IPEABAPUTEIBHO
paccuutanHoM o0Obeme 10%-HO#l cepHOM kucnoThl. Kucinory B3sSTh B H30BITKE
npuMepHo Ha 1/3. OT¢uiabTPOBAaTH MOJIYYEHHBI TOpAYMN pacTBOpP OT yIepojaa U
Jep)KaTh HAa BOJIAHOM OaHe 10 00pa3oBaHMWs IUIEHKH Ha IOBEPXHOCTH PACTBOPA.
[TpuroToBUTH HACHIIICHHBIA PAacTBp Cyb(ara aMMOHHS, JJISI YEro KPUCTALTHYECKYIO
COJIb PAacTBOPATH B BOjAE, A00aBiIsIsl BOAY HEOOJBIIMMU MOPUUSMU O MOJIHOTO
pacTBOpeHHsI KpUCTAIUIOB. [lomydeHHBIN pacTBOp yNmapuTh HA BOASHOW OaHE Takke J10
Hayana kpucrammzauuud. Ciaute 00a ropsyux pacTBopa, MOAEpKaTh HA BOASHOM OaHe
10 00pa3oBaHMS CBEPXY KpPUCTAIUIMYECKOW TIJIEHKM W OCTaBUTh Ha CYTKHU
KPUCTAJJIN30BaThCs MPU KOMHATHOM Temmeparype. OOpasyromascs cojib BBIIAJAET B
BHJI€ OOJBIINX KPUCTAJUIOB TOJYyOOBaTO-3€71€HOTO IBeTa. OTHUIBTPOBATH KPUCTAILIBI
Ha BopoHKe broxuepa. [IpomeiTe 10 mMi1  JIeqssHOM BOIBI M OTXKATh MEXAY JUCTAMU
¢unsrpoBanbHOl Oymaru. B3pecutTh conb. IlpomenaTe H3BECTHBIE pEaKUUU IS
YCTAHOBJICHHSI CTEIIEHW OKHUCJICHUs JKele3a B IIOJYYEHHOW COJIH, a TakKke I
YCTaHOBJICHHUS IPUCYTCTBUS OCTAJIbHBIX HOHOB.
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INMPUJIOYKEHHUE 1. Texuuka BbINOJHEHHSI JTA00PATOPHBIX Pa00T U TEXHUKA
0e30macHOCTH

B nmaGoparopHbIX paboTax HCIOJNB3YIOTCS €IKHE, arpeCCUBHBIC U STOBUTHIC
BemecTna. [loaToMy paboTa B XuMU4eCcKkoil TabopaTopuu 0e30macHa JIUIIb TIPH CTPOTOM
coOmroneHny O0IUX MPABIIT U TPEOOBAHMIA TEXHUKHA O€30MTaCHOCTH.

[Ipu BBINOTHEHUHU JTAOOPATOPHBIX PAOOT HEOOXOMMMO COONIONATh CASAYIONINE

obwue npasuia:
1. Coneprxath pabodyee MECTO B UHCTOTE U TOPSIJIKE.
2. IlpucTtynaTh K BBINOJHECHUIO OIBITA JIUIIL TOTAA, KOTJA YSCHEHBI €ro Ielb U

3aJ1auu, Koraa 00 {yMaHbl OT/IEJIbHBIC ATAIbI BHIITOJIHEHUS OIbITA.

3. OnBITHI TOMKHBI BHIMOIHATHCS aKKypaTHO, 0€3 TOPOTUIMBOCTH, C COOTIOIEHUEM
BCEX TPeOOBaHUH, CONEPIKALUXCS B METOANYECKHUX YKa3aHUSIX.

4. B naboparopun HE0OXOIMMO COOJIONATh TULINHY, 3alPEIAeTCs €CTh, TUTh U
3aHUMAThCSl TOCTOPOHHUMH JIETIaMHU.

5. Tlocne ucmonb30BaHUSI PEaKTUBA €r0 HEOOXOJUMO Cpa3y CTaBUThH B IITATHUB,
9TOOBI HE CO3/1aBaTh Oecrnopsiaka Ha paboueM MecTe.

6. [locne okoH4YaHMs pabOTHI 00A3aTETBLHO BBIMBITH PYKH.

Cpenyu XMMHUYECKHX PEareHTOB HMEIOTCS SIIOBUTHIE BEHIECTBA, OKA3BIBAIOIIHNE
TOKCHYECKOE BO3ICMCTBHE Ha OpPraHU3M YeIOBEKa B IEJIOM (MBIIIbSIK, CypbMa, CBUHEII,
PTYTh ¥ X COEAMHEHUS, TAIOTEHBI, cepoBoopo, okcua yriepoza (I1), okcuasr a3ota u
Ip.), U arpeccCUBHBbIE BELIECTBA, OKA3bIBAIOUIME JIOKAJIbHbIE BO3JCHCTBUS Ha KOXKY
(xkucnmotel u mienoun). [lpu paGoTe ¢ HUMH HEOOXOMUMO COOTIONATh CHEMYIONINE

npasuia no mexHuke bezonacnocmu:

I. Bce ombIThl C AIOBUTBIMM WU CUJIBHO MNaXHYIIMMH BEIIECTBAMH, a TaKXKe
HarpeBaHHUe U BbITAPUBAHUE PACTBOPOB MTPOU3BOJIUTH TOJBKO B BBITSDKHOM IHIKa(y.

2. He HakmoHATBCA HAI COCYIOM C KHIIAIIEH >XKUAKOCThIO. Harperaemyro
MpoOUpKy WK KOOy JIep>KaTb OTBEPCTHEM B CTOPOHY, @ HE K ceOe MM K COCeNy, TaKk
KaK MOXKET MPOU30MTH BEIOPOC JKUIKOCTH.

3. OnpenensTs 3amax BEUIECTBA CIEAYET, HE BAbIXas Mapbl MOJHOW IPYABIO, a
HaIpaBJsis UX K cede JETKUM ABUKCHUEM PYKHU.

4. PaboThl ¢ KHCJIOTaMHU M IIEJIOYaMH TPOBOAWTH TaK, YTOOBI PEAKTUBBHI HE
nomnajaaiy Ha OJleXxAy, uio, pyku. Hanusas pactBop B mpoOuUpKy, €€ Ha- 10 JAepKaTh Ha
HEKOTOPOM PACCTOSTHUU OT ce0sl.

5. Tlpu oOpamieHur C HEU3BECTHBIMU BEIIECTBAMU HEOOXOAUMO MPOSBISATH
MOBBILICHHYIO OCTOPOXKHOCTb. Hu npu kaxux obcmosmenbcmeax Heuvbss npobosamv
eewyecmeo Ha exyc!
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6. HeoOxogumo HemenieHHO yoparh BCe MPOJIUTOE, pa3OUTOE U MPOCHITAHHOE HA
CTOJIaX WM Ha Moiy B Jabdopatopuu. Ecim kuciora nposbercs Ha CTOJ WM Ha MO0, e€
CJENYET HEUTPAIN30BATh IIEJIOUBIO WIIA COIOM.

7. Henb3st ynoTpeOnsTh AJs1 ONBITOB BELIECTBA W3 KaleJlIbHUII, KOJIO U yIMaKOBOK
0€3 ITUKETOK U C Hepa30OPUUBBIMHU HAAHCIMU.

8. B xumuueckoit maboparopum umeeTcs anteuka. Hamo ymeTh OKa3bIBaTh
MIEPBYIO TIOMOIIh TIOCTPAIABIINM, KOT/Ia 3TO HEOOXOIUMO.

B Tabnuie 1 npunokeHus: MPUBEJICHBI CBEICHUSI 00 OKa3aHUM NEPBOM MOMOIIU
IpY BO3SHUKHOBEHUU TPaBM B J1aOOpaTOpHH.

Tabnuma 1

Ipoucumecreue IlepBast nomoub
OXOI'

Oorwu or HCM, IIapOM, T'OPAYUMH IIPCIAMCTaMU

. HanoxuTs BaTy, CMOYEHHYIO STUIIOBBIM
[-i1 ctenenu (kpacHOTa)
cruptoM. [ToBTOpUTH CMaunBaHue.

To xe. O06padatbiBaTh 5%-M pacTBOpOM

I1-1
i cTeneny (my3Ipn) KMnOy unm 5%-M pacTBOPOM TaHHHA.

[II-i crenenn [1OKpBITh paHy CTEPUIBHON NOBA3KOU U
(pa3pyl1ieHue TKaHeil) BbI3BaTh Bpaua.

Oxoru Kuciaoramu, [TpOMBITE OXKOT OOJIBIIUM KOJTUYECTBOM BOJIbI,
XJIOPOM HJT OpOMOM 3areM 5%-m pactBopoM NaHCO;.

Oskoru mienoyaMu [TpoMBITE OOUITEHO BOIOM.

[Ipu o)xore KucaoTamu NpOMbITH 3%-M
Oxoru a3 pactBopom Na,COs. [Ipu oxore menodamu
npuMeHsTh 2%-1 pacTBOp OOPHOI KUCIOTHI

OTPABJIEHMA

[Ipu nonagaHuy KUCIOT MUTh KAIIUIY U3 OKCUJIA
Maraus. [lpu nonaganuu mieao4er NuTh pacTBOP
JUMOHHOM KHUCJIOTHI WJIM OYEHb Pa30aBICHHOM
YKCYCHOM KHCJIOTBL.

Ilonaganne eqKUX BEIIECTB B
POT ¥ NHUILEBAPUTEIIbHBIE
OpTaHbI

Otpasnenne TBepasIMHU I |BbI3BaTh pBOTY, BBINUB 1%-ii pacTBOp cynbdara
KUJKUMU BEIIECTBAMHU menu (IT) CuSOs.

[TocTpanaBiiero HEMeIJIEHHO BEIBECTH HA CBEKUU

OtpaBneHue razamu
BO31IyX.
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9. Ilpu MpUTrOTOBIEHUHU PACTBOPOB CEPHOM KUCIOTHI HY>KHO JIUTh €€ B BONY, a HE
HA00OPOT, TaK Kak, BCIEACTBUE CHIIBHOIO MECTHOTO pa3orpeBaHus, BO3MOXKHO
pazOpbI3TUBaHUE KOHIEHTPUPOBAHHOM KUCIOTH. [Ipm 3TOM Hamo MOIB30BATHCS
TOHKOCTEHHOM CKJISTHKOM vtk (haphOopoBOM MOCYIOH.

10. Hukakux BemiecTB u3 1a00OpaTopuu Henwv3si Opams OOMOU.

11. Merammueckast pTyTh U €€ mapbl — CHWIbHBIN 1. [loaTOMYy pPTYTH, IpOSIATAs
MIPU MOJIOMKE MPUOOPOB U TEPMOMETPOB, TOJDKHA OBITH TIIATENHHO coOpana. CoOuparor
PTYTh C TOMOULIBIO aMaJIbraMUPOBAHHBIX MJIACTUHOK W3 MEIN WU OEI0M KECTH.

12. Ilpu mope3ax CTEKIOM paHy HYXHO HpOAE3UH(PUIIMPOBATH PACTBOPOM
NepMaHraHaTa Kajusi Wik CIIUPTOM, TEepeBsi3aTh OMHTOM.

13. ITocne okazaHus EPBOM MOMOIIY MTOCTPAJABILIETO HAIPABUTD K Bpavy.

14. B memsix mNpoOTUBONOXKAPHON O€30MaCHOCTH XHUMHUYECKas Jaaboparopus
CHAa0)X€HAa OTHETYLIWUTENSIMU, SIIMKAaMU C TI€CKOM, AacOECTOBBIMU  OJEsJIaMHu.
Heobxoaumo 3HaTh, r11e HaXOAATCs MPOTHUBOIIOXKAPHBIE CPEACTBA U MOPSAJOK CPOUYHOMN
ABaKyalluy U3 Ja00paTopuu Npu Moxape.

15. O60o Bcex ciyuyasx OTKJIOHEHHMsS OT HOPMAJBHOIO XOAa JIabOpaTOPHOTIO
3aHATHS, YIPOXKAIOIIETO HAPYIIEHWEM HACTOSAIIMX IMPABHII, COOOIATh MPEXK]E BCEro
IpEToIaBaTellto, ASKYPHOMY J1aOOpaHTy WM 3aBelyIOIIEMY JIabopaTOpHUEH.

HNPUJIOKEHUE 2. [Ilpumep odopMieHuss mnpoekra or4yera 1o
JaboparopHoii padore

JlaGoparopunas pa6ora Nel
«Onpenesenue GpopMyJibl KPUCTATIIOTHAPATA
Ilenv pabomvi: popmuposanue ymenuii u HAEbIKOE OCHOBBIBAACH HA
AKCIIEPUMEHTAIIbHBIX JAHHBIX W HMCHOJb3YySl 3aKOH KPAaTHBIX OTHOIIEHWH, MPOU3BECTU
pacdeT MOJIbHOTO COOTHOIICHHSI MOJIEKYS O€3BOJHON COJIM M MOJIEKYII BOJIBI B COCTaBe
KpUCTAJJIOTUAPATA.
Ilpuboput u peakmuest: GaphopOBLIA TUTEb, HABECKA KPUCTAIIOTHIpaTa,
AIIEKTPOHHBIE BECHI, MUKPOIITIATEIb, TIecyaHas OaHs, IIUTIIHI.
Ypasuenusa xumuueckux peaxyuii:
COC13*6H20 = COC13 + 6H20
Iopaook evitnonnenus padomot
1. Ionyuuts ¢apdopoBblii TUTENIb U OTMETUTH B JaOOPATOPHOW TETPadu €ro
HOMED.
2. IlomyuuTh my3bIpEK C KPHUCTAJUIOTHAPATOM COJIM U 3alucarb B TETpaau
dbopMyTy cor, OTMETUTH €€ IIBET.
3. B3Becuth TUTEIb HA AJIEKTPOHHBIX BECAX U 3alIMCaTh €ro Maccy.
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4. C noMOuIpl0 MUKPOIIIATENIss BHECTH B TUTEIb MOPOIIOK KPUCTAIIIOTHIpaATa
COJIM ¥ B3BECUTh TUTEJIb C KPUCTAIIJIOTUAPATOM.

5. TlocraBuTh THUTEIb C KPUCTAUIOTHIpPATOM Ha TMecyaHyr OaHIO Id
npoKaJMBaHus Ha 25-30 MUHYT.

6. [lo okoHYaHMU TPOKATUBAHUS OTMETHUTDH LIBET OE3BOTHOM COJH.

7. cnionb3ysl NIUIILBI, CHATh TUTEIb C IE€CYaHOW OaHU U TOMECTUTh B IKCUKATOP
JIO TIOJIHOTO OXJIaXKJICHUSI.

8. B3BecuTh THUrENb HAa JIEKTPOHHBIX BECAX.

3anuce OaHHBIX ONbIMA U PaAcyembl

Macca turid, 1, m;=

Macca Tumis ¢ KpUCTAJIIOTUAPATOM J10 IPOKAJIMBAHMS, T, M=

Macca kpuctajuioryapara, T, ms=mp-m;=

Macca Tumis ¢ KpUCTAJIOTUAPATOM MOCHE TPOKAIUBAHUS, T, My=

Macca BbIIapUBIICHUCS BOMBI, I, Ms=My-My=

Macca 6e3BOJHOM COJIH, T, Mg=IMy-M;=

n (HQO) =

n (0€3BOIHOM COJIN) =

n (H,O) : n (6e3BogHOM conn) =

Abcontomuas owubka = |n (Teop.) — n(paxkTuy)| =

abcoJi.omrbKa
2ol OMM100 =

Omnocumenvras owmudKa =
m,(Teop)

Haonwoenusn:
Buwi6oo:

INPUJIOKEHHME 3. CnipaBouHble TA0 MBI

TaOmuma 2
Ha3zBanusi BaskHeHIINX KUCJIOT U MX AHUOHOB (CoJ1ei)
KucJiiora dopmyJia AHUOH dopmy.a

A30THad HNO:3 Hutpar NO;~
A3zotucras HNO; Hutpur NO;™
A30THUCTOBOJOPOIHAS HN; Aszun N3~
(a3uz10BOIOPOIHAS ) (HNN>)
benzoitnas C¢HsCOOH benzoar CsHsCOO™
Bopuas (opro) H;BO; Bopar BO;*

TuapoGopar HBO;*

Jurunpobopar H,BO;~
bophasi(meTa) HBO; MeTtabopar BO;"
Bophasi(tetpa) H,B404 Terpabopar B,07*
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Kucaora dopmyaa AHHMOH dopmysia
bpomoBogoponHas HBr bpomun Br
BpomHoBarucras HBrO ['unoGpomut BrO~
bpomHoBaras HBrO; bpomar BrOs~
Bunnas H,C4H4O¢ Taprpar C4H4O06*

I'unporaprpar HC4H4O6~
Bonsdpamoas H,WO, Bonsdpamar WO,*
Bananuesas(mera) HVO; Bananar VO;~
[epManueBast H,GeO; I'epmanar GeO3*~
['unporepmanar HGeO;™
HNomoBomopoanas HI HNonnn I
HonnoBarucras HIO I'nnonogut 10™
HonnoBaras HIO; Honmar 105~
HNopnas HIO, ITepuonar 104
Kpemnuenas H,Si10s Cunukar Si05%~
I'mapocunukar HS105™
Maprasnuesas HMnO, ITepmanranar MnOy4~
Mapranmnosucras H,MnOg4 Masrasar MnQO, 2~
MonuoneHoBas H,MoO, Momuoaar MoQ, 2~
MypaBbuHas HCOOH ®opmuar HCOO™
MBINIbAKOBas H3AsO, Apcenar AsO4*~
Tuapoapcenar HAsO4*
Jurunpoapcenar H>AsO4~
MBIIBbSKOBUCTAS H3As0O;3 Apcenur AsO;z*~
TmapoapceHuT HasOs*
JuruapoapceHuT H>AsO;~
MpibsikoBUCTas(MET) HAsO; MeraapceHuT AsO;
OnoBsHKCTAs H,SnO, CranHuT SnO,*
I'mppoctaHHUT HSnO,"
OnoBsHHas H,SnOs CranHar Sn0;*
I'mapocrannar HSnO3™
Tuonmanaruas HSCN Tuonmanarel SCN™
CBUHIIOBas H,PbO; [LromGar PbOs*"
['uapormomOar HPbO;~
CBMHIIOBHCTAs H,PbO, [TnroMOuT PbO,*"
['uapornmoMOuT HPbO,~
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Kucaora dopmyaa AHHMOH dopmysia
Cenenucras H,SeO; Cenenur Se0;>
['unpocenenur HSeO;
Cenenosas H,SeOq4 Cenenar SeO4*
['mapocenenar HSeO4~
CenenoBogopoaHas H,Se Cenenun Se?”
I'mapocenenun HSe™
CepoBopoponHas H,S Cynbbun S*
['uapocynshun HS™
CepHucras H,SO; Cynbgur SO;*
['mapocynspur HSO;™
CepHas H,SO,4 Cynbdar SO,
['uapocynsdar HSO4
Tuocepnas H,S,0; Tuocynsdar S,03%
Hancepuas H,S,0s I[Tepcynbdar S,08%”
['maponiepcynbdar HS,05~
ITupocepnas H,S,0; [Tupocynsdar S,0,%~
TemrypoBogopoaHas H,Te Temrypun Te*”
I'mpporennypun HTe™
VronbHas H,CO; Kap6onar CO;z*"
['mapokapOonar HCO;™
VYkcycHas CH;COOH Anerar CH;COO
dochopuas (opTo) H;PO,4 docpar PO,
Tuapodocdar HPO4*~
Hurunpodocdar H,PO4~
®docdopHas (Mera) HPO; Mertadocdar POs~
dochopras (upo) H4P,05 [Tupodocdar P,O;*
DTOPOBOAOPOIHAS HF dropun F
XJ10poBOAOPOAHAS HCI Xiopun Cl”
XJIOpHOBaTUCTAs HCIO ['unoxnoput CIO™
XnopHoBaTas HCIO; Xnopar CIOs™
XopHas HCIlO4 [Tepxmnopar ClO4
Xpomucras HCrO; XpoMur CrOy”
XpomoBas H,CrO4 Xpomar CrO4*
I'mapoxpomar HCrO4
JluxpomoBast H,Cr,0 Juxpomar Cr,0*
(buxpomoBas) l'unponuxpomar HCr,O;
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Kucaora dopmyaa AHHMOH dopmysia
[InanoBomopoaHas HCN [wnanun CN™
(cuHUIIBHAS)

[HnanoBast HCNO [Muanar CNO™
[{uaKOBas H,ZnO, [{uHKar 7Zn0y*"
[IlaBeneBas H,C,04 Okcanar Cy04%
SnTapHas H,C4H404 CykuuHat C,H404*
BucmyroBas HBiO; Bucwmyrar BiOs~

[Ipumedanue: B Tabn.2 mpuBeAeHbI Ha3BaHUS BAKHEUIINX KACIOT U MX aHUOHOB 10

HomeHkinarype MHOITAK

PacTBOpuMMOCTH THAPOKCHUIOB U C0JIeii B Boae

TaOmuma 3
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Tabnuma 4
OTHOCUTEJBbHAS JJIEKTPOOTPULIATEIBbHOCTD 3j1eMeHTOB OO0 (1o IHoauury)

[Tepuon ['pymms
I II 111 1Y \Y VI VII VIII
1 H He
2,10 -
2 L1 Be B C N 0] F Ne
0,97 | 1,47 | 2,01 | 2,50 | 3,07 | 3,50 | 4,01 -
3 Na | Mg | Al Si P S Cl Ar
1,00 | 1.23 | 147 | 1.74 | 2,10 | 2,60 | 2,83 -
4 K Ca Sc Ti \Y Cr Mn | Fe Co N1
091 | 1.04 | 1,20 | 1,32 | 1,45 | 1.56 | 1,60 | 1,64 | 1,70 | 1,75
Cu /n Ga Ge As Se Br Kr
1,75 | 1,66 | 1,82 | 2,02 | 2,20 | 2,48 | 2,74 -
5 Rb Sr Y Zr Nb | Mo Tc Ru Rh Pd
0,89 1 0,99 | 1,11 | 1,22 | 1,23 | 1,30 | 1,36 | 1,42 | 1,45 | 1,35
Ag | Cd In Sn Sb Te I Xe
1,42 | 1,46 | 1,49 | 1,72 | 1,82 | 2,01 | 2,21 -
6 Cs Ba | * Hf T W Re Os Ir Pt
0,85 | 0,97 1,23 | 1,33 | 1,40 | 1,46 | 1,52 | 1,55 | 1,44
Au | Hg T Pb Bi Po At Rn
1,42 | 1,44 | 1,44 | 1,55 | 1,67 | 1,67 | 1,90 -
7 Fr Ra | ** *manta"Houasl 1,08 — 1,14
0,89 | 0,97 **axTuHonasel 1,00 — 1,20
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TabOmumna 5.

OobJs1acTH mepexoa HEKOTOPbIX HHANKATOPOB

HNuaukarop O6JIaCT1;)Il_11epexona HN3meHeHue oKpacku
TUMONIOBBIN CHHUU (H1,2—2,8 Kpacnas — xenras
MeTunoBeIil OpaHKEBBIN 3,1—4.0 KpacHas — opanxxeBo-xenras
MeTunoBbIi KpacHbIN 4,2—6,2 Kpachas — xenras
Jlakmyc (a30JUTMUH) 5,0—38.,0 Kpacnas — cunsis
TuMOIJIOBBIN CUHUI (I1) 8,0—9,6 Kenras — cunss
denondranenH 8,2—10,0 becuBeTHas — manuHOBas
AJIM3apUH KEJITHINA 10,1—12,1 Kenras — nunosas
Tponeomus 0 11,0—13,0 Xengp;ﬂ‘gg::‘em'
Nuaurokapmux 11,6—14,0 TonmyGast — xenras

Tabmuma 6
Psin akTUBHOCTEH (CTAHAAPTHBIX JIEKTPOAHBIX MOTEHUMATOB) METAJLIIOB
DIIEKTPOI E’B DIIEeKTPOI E°, B
OxwuciieHHast Boccranopnennas OxwucieHHas BoccranoBnennas
dbopma dbopma dbopma dbopma
Li* Li -3,05 Cd* Cd -0,40
K* K -2,93 Co* Co -0,28
Ba?* Ba -2.91 Ni%* Ni -0,25
Ca*" Ca -2,87 Sn?* Sn -0,14
Na* Na -2,71 Pb** Pb -0,13
Mg? Mg -2,36 2H* H, 0,00
Be?* Be - 1,85 Cu?* Cu +0,34
AP Al -1,66 ng2+ 2Hg +0,79
Mn?* Mn -1,18 Ag’ Ag +0,30
Zn** Zn -0,76 Hg** Hg +0,84
Cr** Cr -0,74 Pt Pt +1,20
Fe?* Fe -0,44 Au** Au +1,50
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TaOmuma 7

KoHCTaHTBI AMCCOMMALME HEKOTOPBIX CJIa0bIX 1eKTPosIuToB (20°C)

Hassaune CDOpMYJ'Ia Kl Kz K3
(TpaauUIMOHHOE)
Kucnotsr
Azotucras HNO» 6,9-10*
Bopuas (opto) H;BO; 7,1-101° | 1,8-108 | 1,6-10
BpomuoBaras HBrO; 2,0-107!
bpomnoBarucras HBrO 2,2:107
Banepuanoas CH,(CH,);COOH | 1,410°
Bananuesas (0pTo) H;VOy, 1,8:10% | 3,2:101° | 4,0-10
Bonbdpamosas H,WO, 6,3-107 2,0-10%
JluxpomoBast H,Cr,0; 2,3-1072
HongHoBaras HIO; 1,7-10
WNonuoBaTucTas HIO 2,3-10°1
Kpemuuesas (0pTo) H4Si04 1,3-101° | 1,6-10" | 2,0-10
Maprannosucras H,MnO, 10! 7,1-10°1
Monu6aeHoBas H>Mo0O, 2,9-107 1,410
MypaBbuHas HCOOH 1,8:10*
MBeIbsSKOBast H3As04 5,610 1,7-107 3,0-1012
[IponuonoBas CH;CH,COOH 1,3-10°
CeneHucras H,SeOs 1,810 3,2:107
Cenenncto - H,SeO; 1,3-10% | 1,010
BOIOPOAHAS
CeneHnoBas H,SeO4 1,2:102
Cepnucras H,SOs 1,410 6,2:10%
CepoBofopoaHas H,S 1,0-107 | 2,5-1078
CuHuIbHAA HCN 5,0-1071°
Tennypucras H,TeOs 2,7-107 1,810
TennyposomopoaHas H,Te 2,3-10° | 6,9-1013
Tuocepnas H,S,0; 2,5-10" 1,9-102
VYronsHas H,CO; 4,5-107 4,810
VkcycHast CH;COOH 1,7-10°
docdopucras H;PO; 3,1-102 1,6-107
dochopras (opTo) H;PO, 7,1-1073 6,2:10® 5,0-10°13
dTOpOBOIOPOIHAS HF 6,2:10™
Xnopucras HCIO, 1,1-107
XnopHoBaTucTas HCIO, 3,0-10°®
XpomoBas H,CrO4 1,6:10 3,2:107
[laBeneBas H,C,04 5,610 5,410
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Haspanme ®opmyna K, K, K;
(TpaauUMOHHOE)
OcHoBaHusi (TMAPOKCH/IBI)
AIIOMUHUS THAP. Al(OH); 1-107
NH; . O 1,810
AMMOHUS TUAP. (NH4OH) ’
Bepuims rup. Be(OH), 3,0-107 3,3-10®
Bucmyra (III) rump. Bi(OH); 4,0-10 4,010
Kenesa (IT) ruap. Fe(OH), 6,2:107 2,8:10°
Keneza (I11) rup. Fe(OH), 321010 | 5,010 | 1,310
Kagmus ruzp. Cd(OH), 2,4-10° 1,5-107
Ko6ansra (II)rump. Co(OH), 1,6:10° 4,0-10°
Maruus rup. Mg(OH), 2,5-1073
Mapranna (II) ruzp. Mn(OH), 1,210
Menu (IT) ruap. Cu(OH), 6,6:10°8 1,0-10°
Hukens (I1) ruap. Ni(OH), 2,610 1,1-107
Ososa (II) ruap. Sn(OH), 9,810 | 1,2:1012
Prytu (II) rugap. Hg(OH), 3,9-10°12 5-10°11
Csunua (II) rump. Pb(OH), 9,6:10 3,0-10®
Cepebpa rup. AgOH 5,0-107
Xpoma (IIT) ruap. Cr(OH); 2-10°8 7,9-10!
[{uHKa THAPOKCH Zn(OH), 1,3-10° 4,9-107
Tabnuia 8
Ilpou3sBenenne pacTBOPMMOCTH MAJIO - H TPYAHOPACTBOPHMBIX B BOJe
COeIMHEeHM I
Coexunenne P Coexunenne 1P
AgzAsO; 1-10°"7 CuCN 3.2-10%
AgzAsOy 1-10% CuCOs 2.5-1071°
AgBO, 4-107 CuC,04 3-108
AgBr 5.3-1078 CuCl 1.2:10°
AgBrO; 5.5-107 CuCrOy4 3.6-10°
AgCN 14107 Cul 111012
Ag,CO; 12:107 Cu(105), 7.4-10°
Ag2C204 3.5-10°1 CulN, 5.0-107°
AgCl 1.78-1071° Cu(OH), 2.2:10%
AgClO, 2-10* CuS 6.3-1073¢
AgClOs 5.0-107 Cu,S 2.5-10%
Ag,CrO, 1.1-107 Fe(OH), 810716
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Coennnenue 1P Coennnenne 1P
Ag,Cr 0y 1-10°10 Fe(OH); 6.3-10738
Agl 8.3-107" FePOy, 1.3-10722
AglO; 3.0-108 FeS 5-10°18
AgMnOy 1.6-107 FeS, 6.3-1073!
AgrMoOy 2.8-10°12 MgCOs3 2.1-107
AgNO; 6.0-10 MgC,04 8.5:107
Agi;POy4 1.3-10%° MgF, 6.5-107
AgrS 2.0-10°° Mg(103) 3-10°
AgSCN 1.1-10°12 Mg(OH), 6.0-10°1°
AgxS0O; 1.5-10°1 Mg3(POs4), 1-10°13
AgrSOy4 1.6-107 MgSOs 3-10°3
Al(OH)3 1-10732 Mns3(AsOy), 1.9-10%
AIPOy4 5.75-10°7 MnCO; 1.8-107!"
AuBr 5.0-10"7 MnC,04 5-10°°
AuBr; 4.0-1073¢ Mn(OH), 1.9-10°13
AuCl 2.0-10°13 Mn(OH); 1-1073¢
AuCls 3.2:10% Mn(OH)4 1-10°
AuOH 7.9-10°20 MnS 2.5-10°10
Au(OH); 5.5-104 NiCOs 1.3-107
Aul 1.6-10% Ni1C,04 4-1010
Auls 1-1046 Ni(ClO3), 1-10*4
BaCOs; 4.0-10°10 Ni(OH), 2.0-10°°
BaC,04 1.1-107 NiS a 3.2-10°"
BaCrOy4 1.2-10710 Pb3(ASO4)2 4.1-1073¢
BaF, 1.1-10° PbBr, 9.1-10°
Ba(I0s), 1.5-107 Pb(BrOs), 8.0-10°°
BaMnOy, 2.5-10°10 PbCO; 7.5-10714
Ba(OH), 5.0-107 PbC,04 4.8-10°10
Ba3(PO4)2 6-107%° PbCl, 1.6-107
BaSO; 8-107 PbCrOy4 1.8-10°1
BaSO;, 1.1-10°1° PbF, 2.7-1078
Be(OH), 6.3-107%? Pbl, 1.1-107°
Bi1AsOq 2.8-10°10 Pb(103), 2.6:10°13
Bils 8.1-10°1° Pb(OH), 5-10°16
BiPOy4 1.3-10% Pb3(POy4), 7.9-10%
Bi,S; 1-10°7 PbS 2.5:-10%
Ca3(AsOs), 6.8-107"° Pb(SCN), 2.0-107
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CoennHenue 1P CoenuHeHnue 1P
CaCOs 3.8-10° PbSO, 1.6-108
CaC,0 2.3-107 PbS,0; 4.0-107
CaCrOq 7.1-10* Snl, 8.3-10°
CaF, 4.0-101 Sn(OH), 6.3:10%
Ca(OH), 5.5-10° Sn(OH)4 1-10°7
Caz(POy); 2.0-10% SnS 2.5:-10%
CaSO0; 3.2-107 SrCO; 1.1-10°1°
CaSOq, 2.5-10° SrC,04 1.6:107
CaSeOs 4.7-10° SrCrO; 3.6:10°
CdCO; 1.0-1012 SrF, 2.5-107
CdC,04 1.5-10® Sr(OH), 3.2:10*
Cd(OH), 2.2-10 Sr3(PO4), 1-1073!
CdS 1.6:108 SrPOsF 3-107
CO3(ASO4)2 7.6:10% SrSO; 4-108
Co(BO,), 3.2:107 SrSO, 3.2-107
CoCOs; 1.05-10°1° Zn(CN), 2.6:1013
Co(OH); 4-10% ZnCOs 1.45-10°"
Cr(OH), 1.0-10777 ZnC,0, 2.75-108
Cr(OH); 6.3-103! Zn(103), 2.0-108
CrPO; ¢uoneros 1.0-10°" Zn(OH), 1.2-10°"
CrPO, 3enéusrit 2.4-102 Zn3(POy), 9.1-10%

CuBr 5.25-107 ZnS 1.6:10%4
Tabmuma 9

KoHCTaHTBI HECTOMKOCTH KOMILIEKCHBIX HOHOB B BOJIHBIX pacrBopax

KomniekcHbIH HOH K necroiikoctu PK
[Ag(NH3),]" 5,89-10° 7,23
[Ag(NO»).] 1,3-107 2,89
[Ag(S205)] 2,5-101 13,60
[Ag(CN),J 1,4-102° 19,85
[Agl] 5,510 11,74
[AI(OH)4(H,0),] 1,010 33,0
[AlF6]* 5,01-10°8 17,30
[AuCly] 5,010 21,30
[Be(OH)4]* 1,010 15,0
[BeF4]* 4,17 10" 16,30
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KoMnuiekcHbIH HOH K necroiikoctu PK
[Cd(CN)4]* 7,76:10°18 17,11
[CA(NH;)]* 2,76:107 4,56
[Co(C204)s]* 5,010 11,30
[Co(NH;)]* 4,07-10° 4,39
[Co(NH;)]* 6,15:1073¢ 35,21
[Co(NO,)s]* 1,010% 22,0
[Co(SCN)4J* 5,50-1073 2,26
[Cr(OH)4] 1,26:1073° 29,90
[Cu(CN).] 1,010 24,00
[Cu(CN)4J* 5,13-107! 30,29
[Cu(NH3)4]* 9,33:1013 12,03
[Fe(C204)6]* 8,010 8,10
[Fe(CN)s]* 6,3-10%! 10,20
[Fe(CN)s]* 1,4-1077 36,84
[FeFs]> 7,94-10°"7 16,10
[HgBr,]* 1,0-10°%! 21,0
[Hgl,]* 1,4-103° 29,85
[Hg(CN)4]* 4,0-104 41,40
[Hg(SCN),]* 8,0-102 21,10
[Ni(NH3)4]* 1,12:108 7,95
[Ni(NH3)6]* 9,77-107 8,01
[PtBrs]* 3,0.107%! 20,52
[PtCL4]* 1,0-10°1¢ 16,00
[SnClg]* 5,1-107" 10,29
[Zn(CN)4]* 6,3-10°% 17,20
[Zn(NH;)4]*" 2,010° 8,70
[Zn(OH)4]* 3,610°1° 15,44

Tab6nuia 10
J/laBJjieHHe HACBIIIEHHOT0 BOASIHOTO Napa NMPH Pa3JIMYHBIX TeMIlepaTypax

T.%C P(H:0), P(H20), T.%C P(H20), | P(H20), mm T.%C P(H20), P(H20),

’ klla MM pT. CT. ’ klla pT. CT. ’ klla MM PT. CT.
10 1,226 9,2 15 1,706 12,8 20 2,333 17,5
11 1,306 9,8 16 {1,813 13,6 21 2,479 18,0
12 1,399 10,5 17 {1,933 14,5 22 {2,639 19,8
13 1,493 11,2 18 2,066 15,5 23 |2,813 21,1
14 1,599 12,0 19 12,199 16,5 24 12,986 22,4
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Tabmuma 11
HopMmanbHble (CTaHaAaAPTHBIE) JIEKTPOAHbIC MOTEHUHMAJIBI B BOAHBIX
pacrBopax ¢° B

JJIeMeHT Honypeakuus iﬁig;ﬁgiﬁflg

Ag AgyS +2e=2Ag + S* -0,70
Ag(CN)y +e=Ag+2CN" -0,29
Agl+e=Ag+T" -0,152
AgCN+e=Ag+ CN~ -0,04
Ag(S703))3" + e =Ag+ 25,032 0,01
AgBr+e=Ag+ Br’ 0,071
AgCl+e=Ag+Cl- 0,222
Agr0 +HyO +2e = 2Ag + 20H" 0,344
Ag(NHz)," +e=Ag +2NH;3 0,373
AgyCrOy +2e = 2Ag + CrO 42" 0,446
AgyCrOy +2e =2Ag + CH04%" 0,472
AgBrOsz +e=Ag+ BrOy~ 0,55
2Ag0 + Hy0 + 2e = AgHO + 20H" 0,60
Ag+ +e=Ag 0,799
AgrO +2HT +2e = 2Ag + H,0 1,173
2Ag0 +2H" +2e = Ag,O + H,0 1,398

Al AlO5™ +2H,0 + 3¢ = Al + 40OH" 2,35
Al(OH)3 + 3e = Al + 30H" 2,31
AlFg3" +3e = Al + 6F -2,07
ABT +3e=Al -1,663
Al(OH)3 + 3H" + 3e = Al + 3H,0 -1,471
AlOy™ +4HT + 3e = Al + 2H50 -1,262
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JIEKTPOAHBII

JJIeMeHT IMonypeakumust notenmman, B
As As+3HT +3e = AsH; -0,60
HAsO, + 3H™ + 3e = As + 2H,0 0,248
H3AsO4 + 2H" + 2e = HAsO, + 2H50 0,559
H3AsOy4 +2H" + 2e = H3AsO3 + HyO 0,58
Au Au(CN)y + e =Au + 2CN- -0,61
AuBry” + 2e = AuBry™ + 2Br” 0,802
AuCly™ +2e =AuCly” +2 CI 0,926
AuBry” +e=Au+ 2Br’ 0,959
AuCly™ +2e = Au +2CI° 1,15
AudT +2¢=Au" 1,401
AudT +3e=Au 1,498
AuT +e=Au 1,692
B BF4 +3e=B+4F -1,04
H3BO3 +3H' +3e =B + 3H,0 -0,869
BO33 + 6HT + 3¢ = B + 3H,0 -0,165
Ba BaZ" +2¢ = Ba -2,905
Be Be2t +2e =Be -1,847
Be(OH), + 2H" + 2e = Be + 2H,0 -1,820
BeO,2" + 4H™ + 2¢ = Be + 2H,0 -0,909
Bi BiyO3 + 3H,0 + 6¢ = 2Bi + 60H" -0,46
BiOCl + 2H™ + 3e = Bi + CI" + H,O 0,16
Bi3T + 3¢ =Bi 0,215
BiO" + 2H™ + 3e = Bi + H,O 0,32
BiyO3 + 6H™ + 6¢ = 2Bi + 3H,0 0,371
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JIEKTPOAHBII

JJIeMeHT IMonypeakumust notenmman, B

NaBiOs3(t) + 6H'+ 2¢ = Bi3* + Na® + 3H,0 1,6 - 1,808

Br 2BrO™ + 2H,O + 2¢ = Bry + 40H" 0,45
2BrO3™ + 6H,0 + 10e = Bry + 120H" 0,50
BrO3™ + 2H,0 + 4e = BrO™ + 40H" 0,54
BrO3™ + 3H5O + 6e = Br” + 60H" 0,61
BrO™ + H,O + 2¢ = Br™ + 20H" 0,76
Bry™ +2¢=3Br’ 1,05
Bry(x) + 2e = 2Br” 1,065
BrO3™ + 6H"' + 6e = Br" + 3H,0 1,44
2BrO3™ + 12H" + 10e = Bry + 6H,0 1,52
2HBrO + 2H" + 2e = Bry + 2H50 1,59

C HCOO" + 2H,0 + 2¢ = HCHO + 30H" -1,07
2C0O5 + 2H™ + 2e = HyC50y -0,49
CO, +2H" +2e = HCOOH -0,20
C(rpadur) + 4H" + 4e = CHy -0,132
CO, +2H" +2e = CO + H,O -0,12
HCOOH + 2H" + 2e = HCHO + H,0 -0,01
HCOOH + 4H" + 4e = CH30H + H,0 0,145
HCOO™ + 3H" + 2¢ = HCHO + H,0 0,167
CH3CHO + 2H™ + 2e = C,H5OH 0,19
CO32" + 6HT + 4e = HCHO + 2H,0 0,197
HCOO™ + SH + 4e = CH30H + H,O 0,199
CO32" + 8H + 6e = CH30H + 2H,0 0,209
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

CO32" + 3H" + 2¢ = HCOO™ + Hy0

0,227

HCHO + 2H™ + 2e = CH30H 0,232
20052 +4H" + 2e = CH04%" + 2H,0 0,441
CoH5OH + 2H" + 2e = CyHg + HyO 0,46
CO32" + 6H" + 4¢ = C(rpadur) + 3HHO 0,475
CO + 6H" +6e = CHy + H,O 0,497
CH30H + 2H" + 2e = CHy + H,0 0,59
Ca Ca2" +2¢=Ca -2,866
Cd CdS +2e = Cd + $2° -1,175
Cd(CN)42" +2¢ = Cd + 4CN- -1,09
Cd(OH), +2e = Cd + 20H" -0,81
[CA(NH3)4]2" + 2¢ = Cd + 4NH; -0,61
Cd?t +2e=Cd -0,403
Cd(OH), + 2H" + 2e = Cd + 2H,0 0,005
CdO +2H" + 2e = Cd + H,O 0,063
Cl ClO4™ + HyO + 2¢ = ClO3™ + 20H" 0,36
2C10™ + 2H,0 + 2e = Cly + 40H 0,40
ClO4™ + HyO + 8¢ = CI" + 8OH" 0,56
ClO3™ + 3H,0 + 6¢ = CI” + 60H" 0,63
ClO, + 2H5O + 5¢ = CI” + 40H" 0,85
ClO™ + HyO + 2e = CI” + 20H" 0,88
ClO3™ +2H" +¢=ClO, + HyO 1,15
ClO4™ +2H™ + 2e = ClO3™ +H,0 1,189
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

ClO, +4H" + 4e = 2HCI + H,O

1,351

Cly +2e =2CI° 1,3595
ClO4™ +8H™ + 8e = CI" + 4H,0 1,38
2C104™ + 16H' + 14e = Cl, + 8H,0 1,39
ClO, + SH + Se = HCI + 2H,0 1,436
ClO3™+6H" + 6e = CI" + 3H,0 1,451
2C103™ + 12H" + 10e = Cl, + 6H,0 1,47
HCIO + H + 2e = CI" + H,O 1,494
ClO, + 4H" + 5e = CI” + 2H,0 1,51
2C10, + 8H™ + 8¢ = Cly + 4H50 1,549
HCIO, + 3H" + 4e = CI" + 2H50 1,57
2HCIO + 2HT + 2e = Cly + 2H50 1,63
2HCIO, + 6H' + 6 = Cl, + 4H,O 1,64
[Co(CN)g]3™ + e = [Co(CN)6]* -0,84
Co(OH), +2e¢ = Co + 20H" -0,73
CoCO3 +2¢ = Co + CO3%" -0,64
[Co(NH3)6]%T + 2¢ = Co + 6NH; -0,42
Co2* +2e=Co -0,277
Co(OH), + 2H" + 2e = Co + 2H,0 0,095
[Co(NH3)g]3 ™ + e = [Co(NH3)g] 2™ 0,1
CoO +2H" +2e = Co + H,O 0,166
Co(OH)3 + e = Co(OH), + OH" 0,17
Co3t +3e=Co 0,33
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JIEKTPOAHBII

JJIeMeHT IMonypeakumust notenmuan, B

Co3t +e=Co?" 1,38 - 1,842

Cr Cr(OH), + 2e = Cr + 20H" 14
Cr(OH)3 + 3e = Cr + 30H" -1,3
CrO,” + 2H,0 + 3¢ = Cr + 40H" -1,2
Cr2t +2e=Cr -0,913
Cr3t +3e=Cr -0,744
Cr(OH)3 + 3H™ +3e = Cr + 3H,0 -0,654
Cr3t+e=cCr2t -0,407
CrO42" + 4H,0 + 3¢ = Cr(OH)3 + 50H -0,13
CryO72” + 14HT + 12¢ = 2Cr + 7TH,0 0,294
CrO42" + 8H™ + 6e = Cr + 4H,0 0,366
CrO42" + 4H" + 3¢ = CrO,” + 2H,0 0,045
CrO,”+4HT + ¢ = Cr2t + 2H,0 1,188
CryO72" + 14H + 6¢ = 2Cr3T + 7H,0 1,333
CrO4%" + 8H' + 3e = Cr3t + 4H,0 1,477

Cu CuyS +2¢ =2Cu + $2° -0,89
CuS + 2e = Cu + $2° -0,71
[Cu(CN),]™ + e = Cu+ 2CN" -0,43
Cu,0 + HyO + 2¢ = 2Cu + 20H -0,36
Cu(OH), + 2¢ = Cu + 20H" -0,22
Culte=Cu+TI’ -0,185
[Cu(NH3),]" + e = Cu + 2NHjy -0,12
[Cu(NH3)4]*" + 2e = Cu + 4NHj3 -0,07
[Cu(NH3),* + 2e = [Cu(NH3),]" + 2NH; -0,01
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

Culz_ +e=Cu+2I

0,00

CuBr+e=Cu+ Br~ 0,03
CuCl+e=Cu+CI" 0,137
Cult +e=Cu’ 0,153
CuCly” +e=Cu+2CI" 0,177
2Cu2T + HyO + 2e = CuyO + 2HT 0,203
Cut +2e = Cu 0,337
Cu?t +2CI" + e = CuCly~ 0,463
Cu™+e=Cu 0,520
Cu?t + CI"+ e = CuCl 0,538
CuO +2H" + 2e = Cu + H,O 0,570
Cu(OH), +2H" + 2e = Cu + 2H,0 0,609
Cu?" +Br +e = CuBr 0,640
2Cu0 + 2H™ + 2e = CuyO + H,0 0,669
CuZt+1"+e=Cul 0,86
Cu?t +2CN™ + ¢ = Cu(CN), 1,12
Cu3t +e=Cul" 2,40

F F»O +2H + 4e = 2F + H,0 2,1
Fy +2¢ = 2F 2,87

Fe FeS + 2e = Fe + 82 -0,95
Fe(OH), + 2e = Fe + 20H" -0,877
FeCO3 + 2¢ = Fe + CO3%" -0,756
Fe(OH)3 + e = Fe(OH), + OH" -0,56
Fe2t +2e =Fe -0,440
Fe30,4 + 8H' + 8¢ = 3Fe + 4H,0 -0,085
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

Fe»O3 + HyO + 2H™ + 2¢ = 2Fe(OH),

-0,057

Fe5O3 + 6H' + 6e = 2Fe + 3H,0 -0,051
Fe(OH), + 2H" + 2 = Fe + 2H,0 -0,047
Fe3' +3e=Fe -0,037
Fe(OH)3 + 3H" + 3¢ = Fe + 3H,0 0,059
Fe(OH)3 + H™ + e = Fe(OH), + H,O 0,271
[Fe(CN)g]3™ + e = [Fe(CN)g]* 0,356
Fe3t + e =Fe2™ (IM H,SO) 0,68
Fe3* +e=Fe2™ (1M HQI) 0,70
[Fe(CN)g]3~ + ¢ = [Fe(CN)g]** (1M HCI) 0,71
Fedt + e = Fe2t 0,771
Fe304 + 8HT + 2¢ = 3Fe?™ + 4H,0 0,980
H 2H5O + 2e = Hy + 20H" -0,828
2H' +2e=H, 0,0000
H,0, + 2HT + 2e = 2H,0 1,776
Hg HgS + 2e = Hg + §2° -0,69
[Hg(CN)4]#" + 2e = Hg + 4CN- -0,37
Hgyly +2e = 2Hg + 2I -0,041
Hgly 2" + 2e = Hg + 41° -0,04
HgO(xpacnas) + H>O + 2e = Hg + 20H" 0,098
Hg,Bry +2¢ = 2Hg + 2Br” 0,140
[HgBry]?~ + 2¢ = Hg + 4Br” 0,21
Hg,Cly + 2K + 2e = 2Hg + 2KCl (T8B) 0,2415
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

Hg>Cly + 2e = 2Hg + 2CI°

0,268

Hg,Cl, + 2 = 2Hg + 2C1” (1M KCl) 0,28
Hg,Cl, + 2 = 2Hg + 2C1” (0,1M KCI) 0,334
[HgCly]%" + 2e = Hg + 4CI° 0,48
HgySOy4 + 2¢ = 2Hg + S04 0,6151
Hgy?t + 2¢ = 2Hg 0,788
Hg2t +2e=Hg 0,850
2Hg?" + 2¢ = Hgy 2T 0,920
HgO + 2H™" + 2e = Hg + H,O 0,926

I 103™ + 2Hy0 + 4e = 10" + 40H" 0,14
2103™ + 6H50 + 10e = I, + 120H" 0,21
103” + 3H,0 + 6e = I" + 60H" 0,25
210"+ HyO + 2e =15 + 40H" 0,45
10"+ HyO +2e =" + 20H" 0,49
I +2e =2I" 0,536
I3 +2e =3I 0,545
103™ + 2H50 + 4e = [0™ + 40H" 0,56
HIO + H" +2e =1"+ H,0 0,99
2ICly™ +2e =15 + 4CI° 1,06
103+ 6H" + 6e =1" + 3H,0 1,085
103™ + SH + 4e = HIO + 2H,0 1,14
2103 + 12H" + 10e =I5 + 6H,0 1,19
2HIO + 2H™ +2e =1, + 2H,0 1,45
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

HslOg + H' +2e =103™ + 3H,0

1,60

K KT+e=K -2,924
Li LiT +e=Li -3,045
Mg Mg(OH), + 2¢ = Mg + 20H" -2,69
Mg2" + 2e = Mg -2,363
Mg(OH), + 2H" + 2e = Mg + 2H,0 -1,862
Mn MnCO3 + 2¢ = Mn + CO3%" -1,48
Mn2t + 2e = Mn -1,18
Mn(OH), + 2H" + 2e = Mn + 2H,0 -0,727
MnOy” + e = MnO42" 0,564
MnOy4” + 2H,0 + 3¢ = MnO, + 4OH" 0,60
MnO, +4H" +2¢ = Mn?" + 2H,0 1,228
MnyO3 + 6H + 2¢ = 2Mn2" + 3H,0 1,443
MnO4~ + 8HT + 5e = Mn2* + 4H,0 1,507
Mn3*t + e = Mn?" (8M H,SO) 1,509
MnOy4~ +4H" + 3e = MnO, + 2H50 1,692
MnO42~ + 4H" + 2¢ = MnO, + 2H,0 2,257
N 3N, +2e=2Nj3 -3,4
3Ny +2HT + 2e = 2HN; -3,1
Ny +4H50 + 2e = 2NH,OH + 20H" -3,04
Ny + 4H,0 + 4e = NoHy + 40H -1,16
N5 + 8HyO + 6e = 2NH4OH + 60H" -0,74
NO,™ + HyO + ¢ =NO + 20H" -0,46
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

NO,™ + 6H»O + 6¢ = NH4OH + 7OH

-0,15

NO3™ + 2H,0 + 3¢ = NO + 40H" -0,14
NO3™ + 7H,0 + 8¢ = NH4OH + 9OH" -0,12
NO3™ + Hy0 + 2e = NO,™ + 20H" 0,01
N, + 6H' + 6e = 2NH;3 0,057
N,Hy + 4H,0 + 2e = 2NH4OH + 20H" 0,1
Ny +8HT + 6e =2NH,4* 0,275
2NOy™ + 4H5O + 6 = Ny + 8OH 0,41
NH,OH + 2H5O + 2e = NH4OH + 20H" 0,42
2NO5 + 4H50 + 8¢ = N5 + 8OH" 0,53
NO3™ +2H" + e =NO, + H,O 0,78
NO3™ +2H" + e =NO, + H,O 0,30
2NO +2H5O + 4e = N, + 40H" 0,85
HNO, + 7H" + 6e =NH, " + 2H,0 0,864
NO3™ + 10H" + 8¢ = NH,4 " + 3H,0 0,87
2NO, + 2e = 2NOy 0,88
N5O + H,0 + 2e = N + 20H" 0,94
NOj3™ +3H" + 2e = HNO, + H,O 0,94
NO3™ +4H" + 3¢ =NO + 2H,0 0,957
NO3™ +4H" + 3¢ =NO +2H,0 0,96
HNO, + H" + ¢ =NO + H,0 1,00
NO, +2H" +2e =NO + H,0 1,03
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

NO, + H' + ¢ = HNO,

1,09

2NO3™ + 10H + 8¢ = N,O + 5H,0

1,116

2NO3™ + 12H" + 10e = N, + 6H,0 1,246
2HNO, + 4H™ + 4e = N,O + 3H,0 1,297
2NO, + 8H" + 8¢ =N, + 4H,0 1,36
2HNO, + 6H" + 6e = N5 + 4H,0 1,45
2NO +4H" + 4e =Ny + 2H50 1,678
N>O +2H" +2e =N, + H,0 1,766
Na Na*+e=Na -2,714
Ni(OH), + 2e = Ni + 20H" -0,72
[Ni(NH3)g]2" + 2¢ = Ni + 6NH; -0,49
NiCO3 + 2e = Ni + CO3%" -0,45
Ni2t +2¢ = Ni -0,25
Ni(OH), + 2H" + 2e = Ni + 2H,0 0,110
NiO + 2H" + 2e = Ni + H,0 0,116
NiO5 + 4HT + 2¢ = Ni2T + 2H,0 1,68
0 O, + 2HyO + 4e = 40OH" 0,401
Oy + 2H" +2e = H,0, 0,682
HO5™ + H,O + 2e = 30H" 0,88
O, +4HT + 4e = 2H,0 1,229
O3 + HyO +3e =0y + 20H" 1,24

b

O3 + 6H" + 6e = 3H,0

1,511
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JIEKTPOAHBII

DJIeMEeHT IHoaypeakuus notenmman, B

H0, + 2H" +2e = 2H,0 1,776
O3 +2H" +2e =0, + H,0 2,07

P H,PO,™ +e =P +20H" -2,05
HPO32" + 2H,0 + 2¢ = Hy,PO,”™ + 30H" -1,57
PO43" + 2H,0+ 2¢ = HPO32" + 30H" -1,12
2H3PO4 + 2H + 2e = H4P»Og + 2H,O -0,94
P+ 3H,O + 3¢ = PH3 + 30H" -0,89
H3PO, + H" +e=P+2H,0 -0,51
H3PO3 + 3H™ + 3e = P(6enbiit) + 3H,O -0,502
H3PO3 + 3H" + 2e = H3PO, + H)0 -0,50
H3PO3 + 3H™ + 3e = P(kpacusiit) + 3H,0 -0,454
H3PO,4 + SH + 5e = P(6enbtif) + 4H,0 -0,411
H3PO,4 + 4H™ + 4e = H3PO, + 2H,0 -0,39
H3PO4 + SH™ + Se = P(kpacHwiit) + 4H,0 -0,383
H3PO,4 +2H +2e = H3PO3 + H,y0 -0,276
H3PO3 + 2H™ + 2e = H3PO, + H,)0 -0,50
P+3H" +3e = PHj 0,06
HyP,Og + 2H + 2¢ = 2H3PO; 0,38

Pb PbS + 2¢ = Pb + S%° -0,93
PbO + H,O + 2e = Pb + 20H" -0,58
PbCO3 + 2¢ = Pb + CO32" -0,506
Pbl, +2e =Pb +2I" -0,365
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

PbSO,4 + 2¢ = Pb + SO, 2~

-0,3563

PbF5 + 2¢ = Pb + 2F -0,350
PbBr, + 2e = Pb + 2Br~ -0,280
PbCl, + 2e = Pb + 2CI" -0,268
Pb2" +2¢ =Pb -0,126
PbO32" + HyO + 2¢ = PbO»2" + 20H" 0,2
PbO + 2H" + 2e = Pb + H,O 0,248
Pb(OH), + 2H™ + 2¢ = Pb + H,0 0,277
PbO, + H,0 + 2¢ = PbO + 20H" 0,28
Pb3Oy4 + 2H™ +2e = 3PbO + H,O 0,972
PbO, + 4HT + 2¢ = P2t + 2H,0 1,449-1,455
PbO, + SO42" + 4HT + 2¢ = PbSO, + 2H,0 1,685
Pb4t + 2¢ = Pp2T 1,694
Pd Pd(OH), + 2¢ = Pd + 20H" 0,07
Pdlg2" + 2e = P2+ 2I° 0,623
PdCl42" + 2¢ = Pd + 4CI" 0,623
PdO +2H™ + 2e = Pd + H,O 0,896
PdClg2" + 4e = Pd + 6CI" 0,96
Pd2t +2¢ =Pd 0,987
[PdBrg]?” + 2¢ = [PdBry]% + 2Br" 0,993
PdO, + 2H" + 2e = PdO + H,O 1,283
[PAClg]% + 2¢ = [PdCl4]%" +2CI° 1,288
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JIEKTPOAHBII

JJ1eMeHT IMonypeakumust notenmman, B

Pt PtS + 2 = Pt + S2- -0,95
PtS, + 2¢ = PtS + $2° -0,64
Pt(OH), + 2¢ = Pt + 20H" 0,15
[PtIg]%" + 2¢ = [Ptl4]2" + 21" 0,393
[PtBry]2 + 2¢ = Pt + 4Br” 0,58
[PtBrg]2 + 2¢ = [PtBry]4~ + 2Br” 0,59
[PtClg2™ + 2¢ = [PtCl4]2" + 2CI° 0,720
[PtCl4]%" + 2¢ = Pt + 4CI- 0,73
Pt(OH), + 2H™ + 2e = Pt + 2H,0 0,980
PtO, + 2H" + 2e = Pt(OH), 1,045
P2t + 2¢ = Pt 1,188

S SO42" + HyO + 2e = SO32 + 20H" -0,93
28042" +5H,0 + 8¢ = S5032" + 100H" -0,76
SO32"+ 3HyO +4e =S + 60H -0,66
2S032" + 3H,0 + 4e = $,032" + 60H" -0,58
Sy2" +2e =282 -0,524
S +2e =82 -0,48
2S +2e = Sy2- -0,476
S+H' +2e=HS" -0,065
$7032" + 6HT + 8¢ = 282" + 3H,0 -0,006
S4062" +2e = 28,032 0,08
SO42" + 8H' + 8¢ = S2” + 4H,0 0,149
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JIEKTPOAHBII

DJIeMEeHT Honypeakuus notenmuan, B

S +2H" + 2e = H,S 0,141-0,17
SO42" +4H" + 2¢ = HySO3 + HyO 0,17
SO32" + 6HT + 6¢ = S2° + 3H,0 0,231
28042+ 10HT + 8¢ = $H032" + 5H,0 0,29
SO42" + 10HT + 8¢ = HyS + 4H,0 0,311
SO42" +8HT + 6e =S + 4H,0 0,357
2H,SO3 + 2HT + 4e = $,032” +3H,0 0,40
HySO3 +4H™ +4e =S +3H,0 0,449
$7032" + 6H' + 4¢ = 2S + 3H,0 0,5
2S032" + 6HT + 4e = $H032" + 3H,0 0,705
Sy0g?™ +2e = 25042 2,01

Sb SbO,™ + 2HyO + 3¢ = Sb + 40H" -0,675
Sb + 3H" + 3e = SbHy -0,51
SbO3™ + HyO + 2e = SbO,™ + 20H" -0,43
SbyO3 + 6H" + 6e = 2Sb + 3H,0 0,152
SbO™ +2HT + 3e = Sb + H,O 0,212
SbO3™ +2H" + 3e = SbO,™ + HyO 0,353
SbO,™ +4HT + 3e = Sb + 2H,0 0,446
SbyOs5 + 6H' + 4e = 2SbO™ + 3H,0 0,581
SbyOs5 + 4H" + 4e = SbyO3 + 2H,0 0,671

Se Se + 2¢ = Se?” -0,92
Se+2H" +2e = H,Se -0,40
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

Se032" + 3H,O + 4e = Se + 60H"

-0,366

Se04%" + HyO + 2¢ = Se032™ + 20H" 0,05
HySeO3 +4H" + 4e = Se + 3H,0 0,741
Se04%” +4H" + 2¢ = HySeO3 + Hy0 1,15
Si Si032" + 3H,0 + 4e = Si + 60H" 1,7
SiF2 + 4e = Si + 6F -1,2
Si032" + 6H' + 4e = Si + 3H,0 -0,455
Si+4H" + 4e = SiHy 0,102
Sn SnS +2¢ = Sn + §%- -0,94
[Sn(OH)]%™ + 2¢ = [HSnO,]" + HyO + 30H" -0,93
[HSnO,]" + HyO + 2e = Sn + 30H" -0,91
[SnFg]2" + 4e = Sn + 6F -0,25
Sn2* +2e=Sn -0,136
SnO, + 2H™ + 2e = SnO + H,0 -0,108
SnO, + 4H™ + 4e = Sn + 2H,0 -0,106
SnO + 2H™ + 2e = Sn + H,0 -0,104
Sn(OH), + 2H™ + 2e = Sn + 2H,0 -0,091
[SnClg]2™ + 2e = SnCl4 2" + 2CI7 ( 1M HC) 0,14
Sn*t + 2e = sn2*t 0,151
Sr Sr2t +2e = Sr -2,888
Zn ZnS +2¢ =Zn + S% -1,405
[Zn(CN)4]2" + 2e = Zn + 4CN -1,26
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JIeMEeHT

Moaypeaxkuust

JIEKTPOAHBII
norenuuas, B

Zn(OH), + 2¢ = Zn + 20H"

-1,245

[Zn(OH)4]2" + 2¢ = Zn + 40OH" -1,22
Zn0,2" + 2H»O + 2¢ = Zn + 40H" -1,216
ZnCO3 + 2¢ = Zn + CO32" -1,06
[Zn(NH3)4]%>" + 2¢ = Zn + 4NH; -1,04
Zn?t +2e=17n -0,763
Zn0,2" + 4H" + 2¢ = Zn + 2H,0 0,441
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JIokanbpHBIN JIEKTPOHHBIM METOAUYECKUN MaTepral
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Buxkrop MBanoBuu BopoOnes
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