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B ydeOHO-MeTOAMYECKOM TMOCOOMHM IO BBIMOJIHEHHUIO JTA0OpPATOPHBIX padoT
«XuMus» TMPEACTABICHbl YU4eOHO-METOAMYECKUE MaTepuajibl MO0 OCBOCHUIO TEM
LIUKJIa J1a0OpaTOpHbIX pabOT, BKJIIOYAIONIME IUIaH JIaOpaTOpHBIX  padoT,
TEOPETHYECKOE BBEACHHE MO0 KaXJAOW M3 JAa0OpaTOpHBIX pabOT, METOIMKAa HX
MPOBENICHUS, YKa3aHWs 10 COCTAaBJICHHUIO JIA0OPATOPHOTO OTYETa, BOIMPOCHI MJIA
CaMOKOHTpOJIA Jyisi HanpapieHus noarotoBku 15.03.02 TexHonornyeckue MaivHbl U
o0OopynoBaHue, popma 0OyUEHUS OUHAsI, 3a04HASI.

Tabu. 22, ciucoK JuT. — 12 HauMeHOBaHMI

YuebHoe mocoOue pacCMOTPEHO U PEKOMEHIOBAHO K HU3JIaHMIO Kadeapou
xumuu 31 mas 2022 ., mporokoi Ne 8

Y4ebHo-MeTouYeckoe MOocoOUe TO BBIMOJHEHUIO JIA0OPAaTOPHBIX padoT
PEKOMEHJIOBAaHO K M3JAHUIO0 B KA4E€CTBE JIOKAJIBHOTO AJIEKTPOHHOIO METOINYECKOTO
Marepuasa METOJUYECKOM KOMHUCCHEH HMHCTUTYyTa AarpOMHKEHEPUH U IMHILEBbIX
cucreM ®I'BOY BO «KanuHuHrpaacknii TOCyIApCTBEHHBIM  TEXHUYECKHI
yHuBepcuteT 15 utons 2022 r., nmpotokosa Ne 7
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BBEJAEHUE

Jucuuminaa «XuMus» OTHOCHUTCS K MaTEeMaTUYECKOMY "
€CTECTBCHHOHAyYHOMY MOAYI0 oOsi3arenbHoM wactu Onoka 1 OIIOII BO mo
HanpasieHHIo ToArotoBku 15.03.02 TexHonornyeckue MamHbl 1 000PYIOBaHUE.

[lempt0 OCBOCHHMS JUCHUIUIMHBI «XUMHs» SBISIETCS (opMUpOBaHHE Y
CTYAEHTOB TEOPETHYECKUX WU MPAKTUUYECKHX 3HAHWW MO JUCLMUIUIMHE U YMEHHUS UX
UCIIOJIb30BaTh B CBOEH MPOQeCcCUOHATBHON JeATEIbHOCTH.

B pe3synbrate 0CBOCHMS JUCUMILIMHBI O0YYaOIUNCS JOJIKEH:

3HATh:

OCHOBHBIE 3aKOHBI OPraHUYECKON U HEOPTaHUYECKON XUMUHU;

KJacCU(UKAIMI0O M  CBOMCTBA XUMHUYECKUX JJIEMEHTOB, BEIIECTB U
COCIUHCHUH,

yMeTh:

MCIIOJIb30BATh OCHOBHBIE 3JIEMEHTAPHBIE METOAbl XMMHUYECKOTO HUCCIIEI0BAHUS
BEIIECTB U COCOIUHCHUM,

BJIA/IETh:

WHCTPYMEHTApUEM ISl PEIICHUsST XUMHUYECKUX 3ajlad B CBOEH MpeaMeTHOU
obnactu;

nH(popMalreil 0 Ha3HAYEHUU U 00JACTAX MIPUMEHEHHUSI OCHOBHBIX XUMHUUYECKUX
BEILIECTB U UX COCAUHEHUM.

XuUMHUUYECKUN 1ab0paTOpHBIA MPaKTUKYM SIBIISIETCA 00s3aTeNbHOM YacCThIO
y4eOHOW JUCHMIUIMHBI «XHUMHS», KOTOPYHO M3y4aloT CTYACHThl HalpaBJICHUS
15.03.02 TexHonornyeckue MallvHbl 1 000pyI0BaHUE.

JlabGoparopHbie 3aHATHS MPU W3YYCHUH XHMMUU TPECIEAYIOT JBE OCHOBHBIC
uenu: 1) noaTBepKIeHUE SKCIIEPUMEHTOM TEOPETUYECKUX MOJIOKEHUN U 3aKOHOB; 2)
oOyueHHEe HaBbIKaM IMPOBEACHHS JIA0OPATOPHBIX PabOT, MPU BBHIMOJIHEHUH KOTOPBIX
CTYACHThl OCBaMBAIOT TEXHUKY OOpalleHUs C XUMHUYECKUMH pEaKTUBaMHU U
MPUCTIOCOOICHUSIMUA, TPUEMBbl MPOBEJACHUSI XUMHUYECKUX OIEpaluid, METOAbl
00pabOTKH ONBITHBIX JTAHHBIX, Y4aTCsA COMOCTABISATh U AHAJTU3UPOBATH PE3YJIBTATHI
OMBITOB M JeNaTh BbIBOALL. Kiaccuueckuit 1abopaTopHBIA MPAKTUKYM IO XUMHUU
HOCHUT B OCHOBHOM WJUTIOCTPATUBHBIN XapakTep: B JJAOOPATOPHBIX OMBITaX CTYAEHTHI
HaxO/sT MOATBEPKJACHUE TE€X 3aKOHOMEPHOCTEH, KOTOPhIe U3YUYarOT Ha JIEKIITMOHHBIX
3aHSTHUSX.



1. TEMBI JIABOPATOPHBIX PABOT U METOANYECKUE YKA3ZAHUA
11O UX IMTPOBEJIEHHNIO

JlaboparopHble pabOThl MO XWMHUU CIPYHIUPOBAHBI MO COOTBETCTBYIOIIHUM
T€MaM JUCUUILUIMHBI U TPUBEACHBI B Ta0uLe 1.

Tabmura 1
O0beM (TPYI0EMKOCTh OCBOSHHS) TEMbI U Ha3BaHMS COOTBETCTBYIOIIUX ek JIP

Kou-Bo uacos JIP

Howmep

Tema mucnUITMHBI/ Ha3BaHKUE TAOOPATOPHOM paObOTHI | OYHAs | 3a04HAas
TEMBI

dopma | dopma

Bsenenue

11 OcHoBHBIC 3aK0HBI U MOHATHS. [loHsSITHE XUMUHN

JI/p Ne 1. Onpenenenue SKBUBAJICHTHON MacChl
MeTalia 4 2

JI/p Ne 2. OnipesienieHrie SHTANBIIUUA PACTBOPEHUS
coJu

1.2 CTpoeHne BelecTBa - -

1.3 OCHOBHBIE 3aKOHOMEPHOCTH IPOTEKaHUS 2
XUMHUYECKHUX TIPOIIECCOB

JI/p Ne 3. CxopoCTh XUMHYECKUX PEAKITUN 1
XUMHUYECKOE PaBHOBECHE

1.4 KoMIuiekcHbBIE coeqUHEHUS

JI/p Ne 4. Kom1iekcHBIC COSTUHECHHS

1.5 HucnepcHble cuctembl. PacTBOpbI

JI/p Ne 5. IlpuroroBiieHre pacTBOpa 3alaHHOM
KOHIIEHTPALINH

JI/p Ne 6. DnekTponuTryeckast AUCCOITUAIIHS 8

JI/p Ne 7. Onpenenenue pH cpens

JI/p Ne 8. I'unponu3s cosneit

1.6

OKHCIINTEIIFHO-BOCCTAaHOBUTEIILHEIC pCaKnurun

JI/p Ne 9. Bnustnue pH cpenpl Ha Xapakrep
BOCCTaHOBJICHUS [IEPMAHTaHATa KaJIAs

JI/p Ne 10. OxkucauTenbHO-BOCCTAHOBUTEIbHBIE
peakiuu

1.7 DIIEKTPOXUMUYECKHE IIPOLECCH 6 2




Kon-Bo wacos JIP
Howmep .
Tema nmucnUIITMHBI/ Ha3BaHKUE JTAOOPATOPHOUM pabOTHI | OYHAs | 3a04HAas
TEMBbI
dopma | dopma
JI/p Ne 11. Koppo3sust MeTaioB
JI/p Ne 12. DnexTponu3 BOAHBIX paCTBOPOB COJIEH
JI/p Ne 13. DnexkTpoxuMudecKoe HaHECEHUE
METAJLUINYECKUX TOKPBITUI
18 OO1ue cBOKCTBA METAILTIOB 2
JI/p Ne 14. O6mue cBOMCTBA METAILIIOB
1.9 XHUMUS HEMETAJUIOB. DJIIEMEHTHI OpraHUYECKOU -
XUMUHU
1.10 XUMHYECKHE METOIBI aHaJIN3a 2
JI/p Ne 15. Onpenenenue xKeCTKOCTU BOBI
Htoro 30 8

B  ydeOHO-meTOmMYECKOM MNOCOOMM  ONUCAHUIO  KaKIOM  TeMbl U
COOTBETCTBYIOLIMX €l paboT, MpeAlecTBYeT TEOPETUYECKOE BBEIEHHUE, YTO
MO3BOJISIET MPOBOAUTH JITA0OPATOPHBIE 3aHATHS HE3aBUCHUMO OT JPYTMX BHJIOB
3aHATHI. BriltoueHue B onucaHue padoT TEOPETUUECKUX BBEACHUMN YBEIMUYMBAET UX
oOyyaronfii moTeHIMal U MO3BOJISET HUCIOJb30BaTh HEKOTOPbIE U3 HUX B KaueCTBE
€IMHCTBEHHOIO BHJA 3aHATHM 1o Teme. Ilo TakumM TemaMm BBEIEHHE B JaHHOM
OCOOUY MPUBOJUTCS B PAaCUIMPEHHOM BapHaHTE.

[Tocne TeopeTnyeckoro BBEAEHHS B IMOCOOMHU IMPEICTaBICHO 3aJaHuE [0
nabopaTopHoii paboTe W HJTambl €€ BBHIMOJHEHHUSA: MOJITOTOBKAa K JIabOpaTOpHOM
paboTe, MOPSIOK €€ BBINOJIHEHHMS], 3alIUCh JAHHBIX ONBITa U pacueThl. [locne kaxaon
TEMbI, U COOTBETCTBYIOIIMX €W Ja0OpaTOpHbIX pabOT, B MOCOOMH MPUBOAUTCS
IIEpeYEeHb BOIIPOCOB U 3aJaHUM JUIsl CAMOCTOSITEIIbHON MPOBEPKU 3HAHWMW, YMEHUU U
HABbIKOB CTYJIEHTOB, MpPHOOpETaeMbIX NpHU TMOArOTOBKE K 3aHATUAM U TIpHU
BBITIOJJTHEHUH Pa0OT. DTH BOMPOCHI MOJKHO TaK>Ke€ MCIIOJIb30BaTh MpH coOece0BaHuN
CO CTY/IEHTaMU B IIeJIIX KOHTPOJIS U aKTUBU3ALIUU UX PaOOTHI.

IMoaroroBka k j1aGopaTopHoii padoTe BKIIOYAET B ceOs:

1) o3HaKOMIJICHHE C TCOPETHUECKHUM MaTepuajaoM JiJIi YCBOCHHS OCHOBHBIX
3aKOHOMEPHOCTEH, JISKAIUX B OCHOBE PabOTHI;

2) BHHUMATEIIbHOE 3HAKOMCTBO C XOJIOM SKCICPUMEHTAIbHONW YacTH pabOThl U
MIOPSIZIKOM €€ MPOBEICHMUSI;




3) ycTHBIC OTBETHI Ha BOMPOCHI, MPEUIOKEHHBIC B 33JJaHMU K PabOTe, KOTOPhIC
MOMOTAIOT CTYJEHTY TOHATh M OOOCHOBAaTh BBIOOP METOAMKH MPOBEICHHUS
HKCIEPUMEHTa M HEOOXOJUMOTO JJisi 3TOr0 OOOpYIOBaHUA, TOCYAbl U
PEaKTHUBOB;

4) npenBapuTelIbHbBIC pacueThl (TMCHMEHHO), €CITH OHU IIPEyCMOTPEHBI B paboTe;

5) MOATrOTOBKY MpOEKTa OTYETA IO JIAOOpaTOPHOH padore.

B mnpoekre orduera mo JgabopaTOpHOM paboTe IOJKHBI OBITH OTPa’KEHBI
CJIeIyIOUIUe MyHKTHI (IpUMep MPOEKTa OTYeTa Mo JabopaTopHOi paboTe MPUBEICH B
npuiokeHuu 2 nannoro Y MII):

1. Ha3Banue, HoMep paOOThI U J1aTa €€ BhIIOJHEHUS.

2. llens paboThl M (MJIM) KaXXIOTO OTMEJIBHOrO OIbITa (€cii paboTa BKIHOYACT

HECKOJIBKO OTIBITOB).

Cnucok UCTOIb3yeMbIX TPUOOPOB U PEAKTUBOB.

VYpaBHEHUS XUMUYECKHUX PEAKIIHMA, JISKAIIUX B OCHOBE OITBITA.

[IpenBaputenpHbIe pacyeThl (€CIU OHH MPELYCMOTPEHBI B 3aJJaHHH ).

CxeMa yCTaHOBKU U €€ ornrcaHue (€Cu OHa MpeyCMOTpEHa B paboTe).

[TopsiToK BBITTOTHEHHSI paOOTHI.

TaGnuua ams 3amUCH SKCIIEPUMEHTANBHBIX JAHHBIX (€CIM MpeanojaraeTcs ux

MOJIyYeHHE B X0JI€ padOThI).

Brruncnenne MCKOMO# BeIMUYMHBI (10 Hadajga palOoOTHI CleayeT BMHCATh B

7a00paTOpHYIO TETpajb MaTeMaTUYECKUE BBIPAXKCHUSI 3aKOHOB U 3HAUYCHUS

MOCTOSIHHBIX BEJIMYWH, UCTIOJIB30BaHUE KOTOPHIX MpeIoaraeTcsi B padboTe).
10.Pacyer ommOku ombiTa (eciau B pabOTe MPOU3BOAMUTCS pacdeT MPAKTHUYECKOU

BEJINYUHBI).

11.HaGnronenust (IIyHKT 3aMOJTHSAETCS B XOZI€ BBITIOJHEHHS pabOThI).

12.BbiBosibl (ITyHKT 3aMOJIHAETCS] MOCJE BBIMOJHEHUS PabOThl M MPOU3BEICHUS
BCEX PaCyETOB).

Jonyck k 1adopaTopHoil padore

s momycka K paboTe CTYAGHT JTOHKEH HMMETh JabOpaTOpHBIN JKypHAl C
MpaBWIbHO  O(opMieHHON JaboparopHoi pabotoil. Jlomyck CTYI€HTOB K
BBITIOJTHEHUIO JTAOOPaToOpHO pabOThl MPOBOAMTCS MpEIoaBaTesieM IMyTeM YCTHOTO
onpoca JuO0 mNHCbMEHHO. K BBINOJHEHUIO TEKyIIeH J1abopaTOpHOl padOThI
JOITYy CKAIOTCS TOJIBKO T€ CTYICHTHI, KOTOPHIE:

1) mpaBWIbHO OOPMHIIH JAaHHYIO PAOOTY;

2) 3HAIOT Ha3BaHWE W IeJIb PA0OOTHI, MOHUMAIOT CYN[HOCTh SIBJICHUH M 3HAIOT
3aKOHBI, KOTOpPHIE JIe)KaT B OCHOBE JaHHOUW PabOThl M (usmdeckue (HOpMyIibl,
OTHCBHIBAIOIINE JIAHHBIE 3aKOHBI, UIMEIOT YETKOE MPEICTABICHUE, YTO U KAKUM
crocoOoM Oyner M3MepATbCs, KaK YCTpO€Ha U paboTaeT yCTaHOBKA; 3HAIOT
KaKue MpsMble M KOCBEHHBIC M3MEPEHUS MPOBOJSATCA B JAaHHOUW paboTe M Kak
OyIyT pacCUUTHIBATHCS TTOTPEITHOCTH.

CTyneHThl, HEe TOMYIICHHBIE K BBITTOJHEHUIO Ja00paTOPHOUM pabOThI, MOKHBI
JUKBUIUPOBAaTh Ha MeECTE 3aMEYaHus W HEJOCTaTKh B TMOATOTOBKE K pabote,
yKa3aHHbIE MPENOoAaBaTeIeM U MMOBTOPHO MOIYYHUTh JOMYCK K BHITTOJTHEHUIO paOOTHI.

N kW
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CryneHTbl, HE IOJyYMBIIHE JAOMYCK K padoTe B JI€Hb MPOBENCHUs pabOThl WK
HE SBUBIIHMECS HA 3aHATHUS, BHIMOIHSIIOT IPOMYIICHHYIO pad0Ty Ha 3a4eTHOU HeJene
COIVIACHO PACMMCAHUIO MPOBEICHUS 3a4ETHBIX 3aHATHI.

IIpoBenenue jabopaTopHoOil padoThI

Brimonaenne maboparopHOil pabOTHl HAYMHAETCS C HM3YYEHUS TPHUOOPOB H
YCTAaHOBKH, OCHOBBI HuX paboTel. B maboparopHomM >KypHalie, B 3apaHee
MOJTOTOBNICHHBIN Tabnmumy «[Ipubopbl W peakTHBB», HEOOXOAUMO 3almcaTh
TEXHUYECKUE XapaKTEePUCTUKU MPUOOPOB: HU3MEpPEHUs, IEHY JIEeJICHUs IIKaJbl,
MOTPEIIHOCTh Mpubopa (KJIacc ero TOUHOCTH), PEKUM €ro padoThl U T./I.

N3mepenust AODKHBI MPOBOIUTHCA aKKypaTHO M C COOJIONEHHEM MpaBuUII
TEXHUKU 0€30IaCHOCTH, KOTOPBIE MPUBEECHBI B IPUIIOKEHUU 1.

3anucu OTCYETOB B TAOJMIly BEAYTCS B TaKOM BHUJE, KaK OHHM MOJIYUYEHBI IO
U3MEpPUTETHHBIM MpUOopaM, 06€3 OKPYTIICHUS U MTEPECUETOB B yME.

Ecnu otcuer nenmaercst mo mikaje, IieHa JEJICHUS KOTOPOM HE paBHA €IUHUIIC,
TO 3alKUCHIBAIOTCSA JICTICHUS IIKAIbl 0€3 YMHOKEHHUS UX Ha LIEHY JEJICHUS.

[Tocne mpoBeaeHUsT U3MEPEHUM, HKCIIEPUMEHTAIbHBIC JaHHBIC, MOJTYUYCHHbIC
CTYJACHTOM B XOJI€ BBIMIOJHEHUS PabOThI, TOKHBI ObITh MOAMUCAHBI MTPETOJaBaTeIeM,
BEJIYIIUM 3aHSITHE.

[To okOHYaHMM BCEX M3MEPEHUUN MPOU3BOIATCA PACUETHl 3HAYECHUM MCKOMBIX
BEJIMYMH, MOTPENTHOCTEH U3MEPEHUM, UCTIONB3Ys TIPU STOM IpPaBUJIa OKPYIJICHUS, U
ctpositcsa rpaduku. [locTpoennsie rpaduku BHOCATCS B Ja00OpaTOpHbIil xKypHai. Bee
MIPOMEKYTOYHBIEC PACUEThI JIETAI0TCA B JIa0OpaTOpHOM KypHase. CXxembl, pUCYHKHU U
rpaduKy BBHITIOJIHAIOTCS KapaHaalioM.

B koHme paGoThl CTYyIEHT JOJDKEH Hamucarh BBIBOA W TPEIbSBUTH
7a00paTOpHBIA JKypHAJI TMPENOAABATeN0 I 3allUThl JabOparopHOl paboTHI.
CryneHTsl, TOJIY4YUBIINE JOMYyCK K pab0oTe, HO HE YCIEBIIME CHSATh IOKAa3aHWUf,
BBITIOJIHSIOT IaHHYI0 pabOTy Ha 3a4€THOM HeJelIe COMIACHO PACIUCaHUIO POBEICHUS
3a4ETHBIX 3aHSITHH.

3amura J1abopaTopHoii padoThI

K 3amure nabopatopHoii paboThl CTYyJIEHT 00sI3aH:

1) npeaocTaBUTh TOJHOCTBIO  O(GOPMIICHHYIO  JJAOOpPaTOpHYIO  paboTy ¢
3arMoJHEHHBIMU TaOMUILIaMU, TpadrKaMu, pacdeTaMU U 3aKJIFOUEHUEM;
2) 3HaTh HEOOXOAMMBIH TEOPETHUCCKUN MaTepHa; YMETh KPaTKO PaccKas3aTh O

COZIepKaHUM TPOBEAEHHOIO KM 3KCIIEpUMEHTa U O0OOCHOBATh BBIBOJBI,
CHEJIaHHBIC B 3aKJIIOYCHUH,

3) 3HaTh TUIBI U BHJBI MOTPEITHOCTEH, MpaBUiIa pacyeTa MPsIMbIX U KOCBCHHBIX
U3MEPEHN,

4) yMeTh CTPOHUTH IpapUKH C YUETOM MOTPEUIHOCTCH U 3alKUChIBATh PE3YJIbTATHI
U3MEPEHUH,

5) poM3BOANTH BBIUUCIICHUS TOTPEITHOCTEH U3MEPEHUIA;

6) yMmeTh pemarh MPaKTUYCCKUE 3a/1auH 110 TeME JTaHHOU PaOOTHI.



2. METOANYECKUE YKA3ZAHUA 11O BBIITIOJIHEHHUTIO
JIABOPATOPHBIX PABOT

Tema 1.1. OcHoBHBIC 3aKOHBI U MOHATHSA. [loHATHE XHUMUM

Teopemuueckuii Mmamepuain, Heo0X00uMmblil ons 8bINOJIHEHUA
aadopamopnoii padomal

Oxeusanenm. 3aKOH IKEUBANEHMOE. IKBUBAJEHTOM HA3bIBACTCA peaAJIbHAS
WM YCJIOBHAs 4YacTHUIA, KOTOpas 3aMellaeT OAWH MPOTOH BOIOPOJA B KHCIOTHO-
OCHOBHBIX WJIM MOHHO-OOMEHHBIX PEaKIMSIX WM OAUH 3JIEKTPOH B OKHCIUTEIHHO-
BOCCTAHOBUTEJIBHBIX pEaKIUsaX. PeanbHble YaCTUIIBI — 3TO aTOMbl WJIM MOJIEKYJIbI, a
YCIIOBHBIE — UX YacTu, Harpumep 1/2 atoma xucnopoaa, 1/3 monekynst H3PO4 u 1.1
(B IEWCTBUTEILHOCTU TAKUX 4YacTUIl HE ObiBaeT). Macca TakoW 4dacTullel (Macca
DKBUBAJCHTA), BBIpAKEHHAs B  AaTOMHBIX E€IMHUIAX MAacChl, Ha3bIBAETCA
SKBUBAJICHTHOM Maccoli, a Macca omHoro wmoias (6,02:10%) Takux wuacTun
(?KBHUBAJICHTOB) Ha3bIBACTCS MOJISIPHOM Maccoil 3kBuBajieHTa. V3 storo cruenyer,
YTO SKBUBAJICHTHAs! MacCa — OTHOCUTEJIbHAS BEJIWYMHA, TIPU STOM CPaBHEHUE UJET C
BOJOPOJIOM, SKBHUBAJICHT KOTOPOTO — €ro aroM, a SKBHUBAaJCHTHAs Macca paBHa
EANHULIE.

Ilpumep 1. OnuH aromM XJOpa COEOUHSETCS C OAHUM aTOMOM BOJIOPOJA,
obpazys xsopoBogoposa (HCl). CinenoBarenbHO, 3KBUBAJEHTOM XJIOpa SIBISIETCS €ro
aToMm.

Ilpumep 2. Kucnopom c¢ BomgopoaoMm obOpasyer aBa coeauHeHus: HyO;
(mepokcua Bomopoma) u HyO (Boma). B mepBoM coeauHEHHHM SKBHBAJICHTOM
KHCJIOpO/a SIBJISIETCSl €r0 aTOM M DKBHUBAJIIGHTHAs Macca paBHA IECTHAJIATH, a BO
BTOPOM — DKBUBAJICHTOM KHUCJOpojAa sBIsSIETCS 1/2 atomMa W SKBUBAJICHTHash macca
paBHa BOCHMH.

Ilpumep 3. CepHas KHUCJIOTa COAEPKHUT JBa aTroMa Bojopoaa. B peakunu
3aMEUIEHUs] OJHOTO W3 HHUX SKBUBAJICHTOM KHCJOTHI SBISETCS €€ MOJEKyla C
SKBUBAJICHTHOM Maccoi 98, a B peakuuu 3amenieHds ABYX arOMOB BOJIOpOJa —
MOJIOBMHKA MOJIEKYJHI (YCIIOBHAS 4acTHUIIA) C SKBHUBAJIEHTHOU Maccoii 49.

Jlns  omnpeneneHus  AKBUBAJCHTHBIX  MAacC  Pa3jMYHBIX  COCAMHEHUM
HCTIOIB3YIOTCS CIEIYIOIINE BBIPAKECHUS:

1. Onpenenenne SKBUBAJICHTHOM MacChl ITPOCTOTO BEIIECTRA!

A
m,(mpocToros — Ba) = - (1)
rae M, (MpoCTOro B-Ba) — 9KBUBAJIEHTHAsI Macca MPOCTOTO BEUIECTBA;

A — aToMHas Macca 2JIeMeHTa, 00pa30BaBILEro MPOCTOE BELIECTRO;

B — BasieHTHOCTB 371eMeHTa, 00pPa30BaBILIEr0 MPOCTOE BEIIECTBO.

IIpumep. OnpenenuTbh SKBUBAIIEHTHYIO MAacCy MPOCTOrO BEIIECTBA BOJOPO/IA.



Mornekyna mpocToro BEIECTBA BOAOPOAA COCTOUT M3 JBYX aTOMOB DJIEMEHTA
Bojopoaa H», BaleHTHOCTH KOTOPOrO paBHAa €JMHMIE, a aTOMHas Macca | I/MoJb.
3anuiieM BolpaxkeHue (1) NpUMEHHUTENBbHO K Halleld 3a/1a4e U OJCTaBUM 3HAUCHHUS:

m,(H,) = AW _1_9 r/MoJIb

B(H) 1

DKBHBaJICHTHAS Macca MPOCTOTO BEIIECTBA BOAOPO paBHa 1 I/MOJIb.
2. OnpenenieHre YKBUBAJIEHTHON MacChl CJIOKHBIX BEIIECTB

2.1. oxkcuoB

M (oxcupa) (2)
N(at)-B '’

rae M, (OKCuaa) — SKBUBAJICHTHAsI Macca OKCHUJIa;

M (okcunaa) — MOJIsIpHasl Macca OKCHJIA;

N (at) — ynciio aToMOB 3JeMeHTa, 00pa30BaBILIETO OKCHUI,

B — BasieHTHOCTB 3711€MeHTa, 00pPa30BABILIETO OKCU/I.

IIpumep. Onpenenutb SKBUBAJIEHTHYIO Maccy okcuza cepsl (VI).

3anumieM BbIpakeHUE (2) MPUMEHUTENIBHO K Halled 3ajade W, paccuuTaB

MOJIIPHYIO MacCCy SOg, IHoaCTaBMM UMCIOIINCCA 3HAYCHHNA .

_ M(S03) _ 80 _
m,(50;) = NSES 16 13,3r/MoJib

m,(okcuaa) =

2.2. KACIOT

M (KUCaI0ThbI
m,(KKCI0ThI) = M(xncnore)

(3)

OCHOBHOCTb '
M, (KUCJIOTHI) — SKBUBAJICHTHAsI Macca KUCIIOTHI;

M (KuCTOTBI) — MOJIIpHAsE Macca KUCIIOTHI;

OCHOBHOCTB — YHCJIO aTOMOB BOJIOPO/ia, CIIOCOOHBIX YYacCTBOBATh B PEAKIIUAX
3aMeIEeHUsI.

Ilpumep. OnpeaenuTh S5KBUBAJICHTHYIO MacCy CEPHUCTON KHCIIOTHI.

3anumieM BbIpakeHue (3) MPUMEHUTETBLHO K Halled 3agadye W, paccuuTaB
MousipHyto Maccy HoSOs, moicTaBuM MMEIOIITECS 3HAYCHUS:

2.3. OCHOBaHUM
M (ocHoOB)
KI/ICJ'IOTHOCTI)’
M, (OCHOB) — PKBUBAJICHTHAsI MacCa OCHOBAHUS;

M (ocHOB) — MOJISIpHAsi Macca OCHOBAHMUS;

KHCJIIOTHOCTh — YHCIO THUAPOKCUIBHBIX TPYII, CIOCOOHBIX Yy4acCTBOBaTh B
peaKIusIX 3aMelIeHuUs.

2.4. coneit

m,(OCHOB) =

M (conn)
N(atMe)-B’
M, (COM) — SKBUBAJICHTHAs1 Macca COJIY;
M (conu) — MoJIsipHasi Macca CoJu;
N (ar Me) — unciio aTOMOB MeTaslia, 00pa30BaBIIIETO COJIb;
B — BanenTHOCTH MeTaia, 00pa30BaBIIETO COJIb.

m,(conn) =
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3aKk0oH PKBHMBAJIEHTOB TJIACUT. MACCHI BSaHMOﬂeP’ICTBYIOIHHX 0e3 ocraTka
BCIICCTB OTHOCATCA APYT K JAPYTY, KaK UX 3KBUBAJICHTHBIC MACChI.

My __Misks

Mz Moysks

OKBHMBAJIEHTHBIE MAacCChl DJJIIEMEHTOB W COEAWMHEHUM WCHOJB3YIOTCA IpU
BBIPQXKEHUU KOHIICHTpAIlMU PACcTBOPOB (MOJISIpHAST KOHIICHTpAIUsi 3KBUBAJIECHTOB),
TP OLIEHKE KECTKOCTH BOJIbI, B pacyeTax I0 3JIEKTPOJIU3Y U T. [I.

UYepes SKBUBAJICHTHYIO MacCy 3JIEMEHTa MOXET ObITh OIpe/ieNieHa ero aTOMHast
Macca, Tak Kak OHM CBSI3aHbI MEXJ1y COOON COOTHOIIICHUEM:

Ar= My - B,

rae B — BaJIGHTHOCTB AlIEMEHTA.

Oumanvnus. 3axon [lecca. DHTanbnus — QYHKIHUS COCTOSHUS CHUCTEMBI,
onpenensiemas ypaBuenueM H = U + PV (U — BHyTpeHHsIsl HEprus cUCTeMbl, P —
nasienue, V — 00beM). AOCONIOTHYIO BEIMYMHY SHTAIBIINU ONPEIEIUTh HENb3s, TaK
KaK JIJIsl 3TOT0 MOTpeOyeTCs ONpeneauTh a0COMOTHOE 3HAaUEHUE BHYTPEHHEN SHEPTHU
CUCTEMBI, YTO HEBO3MOXKHO. ONpeeNnstoT JUIIb U3MEHEHUE SHTAJIBIIUU.

WNHorga TtennoBoil 3(P(GEKT XUMHUYECKOW pEakUUU BBIPAXKAIOT KOJIUYECTBOM
BBIJICIUBIICHCS] WJIM TIOTJIONIEHHOW TETUIOTI W 00o3Ha4datoT OykBor Q. Jlms
sK30TepMuuecKux peakiuid Q > 0, a mys srnorepmuueckux — Q < 0.

Ecnu peakuus sk3otepmuueckas — AH <0; Q > 0,

Ecnu peakuus sunorepmuueckas — AH >0; Q <0

Orcrona BeiTekaet cBs3b Mexay Q u AH: + Q =—AH.

XUMHUYECKUE YypaBHEHUS, B KOTOPBIX YKa3aHbl HW3MEHEHUSI DHTAJbIINU,
Ha3bIBAIOTCS] TEPMOXUMHUUYECKUMH YPAaBHEHUSAMM.

DOU3NKO-XUMHUECKHUE MPOIIECCHI (PAaCTBOPEHUE, TUTABIICHHUE, TUApATALIUS U JIP.)
COMPOBOXKJAIOTCS, KaK U XMMHUYECKHE PEAKIUHU, MOTIOUIEHUEM WM BbIIECIECHUEM
terma. [lpu  pacTBopeHuu coiieii B BOJAE MPOMCXOIAT JiBa  Ipolecca:
DHIAOTEPMHUYECKHM, CBSI3aHHBIM C pa3pylICHHEM KpPHUCTAJUIMYECKOM pEIETKH, U
HK30TEPMHUYECKUN, OOYCIIOBICHHBIM B3aUMOACHCTBHEM PACTBOPEHHOTO BEIIECTBA U
BOJIbI ¢ 00pa3oBaHUEM THIPATOB. B 3aBUCMMOCTH OT TOrO, KaKOW M3 3TUX MPOLIECCOB
npeobnangaet, TeraoBod 3h(EKT pacTBOPEHUS MOXKET ObITh WU TOJIOKHUTEIBHBIM
(3HIOTEpMHUYECKOE  PACTBOPEHUE), WIM  OTPULATENBbHBIM  (IK30TEPMHUYECKOE
pacTBOpEHUE).

KonnuecTBo TEmnoThl, MOMIOMIAIONMICICS (BBIACISIONICHCS) MPU PaCTBOPEHUH
OJTHOTO MOJISI BELIECTBA, HA3bIBAETCS TEIJIOTOM PACTBOPEHUS TAHHOTO BEIIECTBA.

DOKCHEepUMEHTAIbHOE ONpEJEJIeHUEe TEIIOThl PACTBOPEHUSI TMPOBOIAT B
KaJIOpUMETpaXx.
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JlaGoparopnas paGora Ne 1. «OmnpenejieHne 3KBHBAJEHTHOH MAacCChl
METAJLIa»

Hean pabGoTbl: QGopMUpOBaHWE YMEHHWH W HABBIKOB, OCHOBBIBAaSICh Ha
AKCIEPUMEHTAJIBHBIX JTAHHBIX U HUCIOJIb3Ysl 3aKOH SKBHUBAJIECHTOB U T'a30BbIE 3aKOHBI,
MPOU3BOAUTH PAacyeT MOJIIPHON MacChl 3KBUBAJICHTA METAJIA; OMPEACIUTh KAKOW 3TO
METaJLL.

3aganue u 3Tanbl padoThI
IHoaroroBka k 1abopaTopHoii padore
1. IIpouecThb TeOpeTUUYECKOE BBEACHUE U MOPSAIOK BBITIOTHEHUS PAaOOTHI.

N

OdopMuUTh MpoOEKT oTyeTa Mo JadbopaTopHO padoTe (CM. MPUIIOKECHHE 2).

3. OOpaTuTh BHUMaHUE HA pacyeT HKBUBAJICHTHOW MAacChl IPOCTOTO BEIIECTBA U
MaTeMaTHYECKUE BBIPAKEHUS 3aKOHA SKBUBAJICHTOB.

4. CocTaBUTh M 3amucaTh YpPaBHEHUE XHMHYECKOM pEaKIUU B3aUMOJEHUCTBUS
COJIIHOM KHCJIOTBI M METajula, ¢ y4€TOM TOrO, YTO METajul JIByXBAJICHTEH.
Kakoii ra3 OyaeT BeIIETATHCSA B XOA€ PEaAKINU?

IHopsigok BbIOTHEHHS PAadOTHI

OnbIT MPOBOIUTCS B MPUOOPE, COCTOAIIEM U3 OIOPETKH (3amoJIHEHa BOJIOW) U
BOPOHKHM, KOTOPbIE COEIMHEHbl PE3UHOBOM TPYOKOW, Ta300TBOIHOM TpPyOKH,
npobupku. [Ipubop 3akpernsieH Ha MTaTUBE.

[TomyunTh HaBECKy MeTaJlIa U OTMETUTH B JIAOOPATOPHOM TETPAAH €TO Maccy.

[lepen mpoBeneHWEeM  OMbITA HEOOXOAMMO  TPOBEPUTH MpUOOp Ha
repMETUYHOCTh. J[JI1 3TOro HEOOXOAMMO OTCOEAMHHMTH BOPOHKY OT IITaThBa M,
OMyCKasi U TOJHUMAas €€, CICAUTh 3a YPOBHEM BOJbl B OIOPETKE; OH HE JOJKEH
MU3MEHSTHCS.

Onpenenuth UeHy aeneHusa OwpeTku. OTMETUTh YPOBEHb BOJBI B OIOpPETKE.
Bona — OGecnBerHasi, mpo3pauHasi >KMIKOCTb, IO3TOMY €€ YpPOBEHb OIPEICIISIEM,
OPUEHTHUPYSACH 110 HUXKHEN YaCTH MEHHCKA.

OctopoxHoO (!) 0TCOeAUHUTH TPOOUPKY OT ra300TBOTHOM TPYOKH.

B npobupky HamuTh 3—4 M1 pacTBOpa CEpHOI KUCIOTHI M J100aBUTH | Karuio
pacTBOpa METHOTO KyIOpoca.

HaBecky meTamia akKypaTHO MOMECTUTh B MPOOUPKY, HO TaKUM 00pa3om,
yTOOBI OHA HE COMPUKACAJIACh C KUCIOTOM, U 3aKpENUTh IPOOUPKY Ha MpUOOpeE.

BHoBb npoBepuTh mpuOOp Ha FEepMETUYHOCTH U OTMETUTH YPOBEHb BOJBI B
OropeTke (OH MOXKET U3MEHUTCS ! ), 3arncaTh B TETPab.

Baumanne! Mertamn Jo/KEH HavyaTh pearupoBaTh C KUCIOTOM TOIBKO MOCIHE
TOTO KaK MPUOOP BHOBB Oy/IeT cOOpaH M MPOBEPEH HA TEPMETHUHOCTb.

AKKypaTHO MOCTYKHBasl MO CTEHKaM MPOOUPKHU TOOUTHCS TOTO, YTOOBI METaI
OITYCTHUJICSI B KHCIIOTY.
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HaGmtonare B3aumoneiicTBME MeTajila ¢ KUCIOTOHM. YTO MPOUCXOIUT ¢
YpOBHEM BOJIbI B O10peTKe?

[To okoHYaHUU peaklMu, OTKPENHUTh BOPOHKY OT IITaTHBa, MPUBECTU BOAY B
OIOpeTKE ¥ BOPOHKE K OTHOMY YPOBHIO M OTMETHUTB €TO.

3anuch JAHHBIX ONBITA H PACYETHI

Macca meraiia, I, m=

HauvanbHblil ypoBEHb BO/IBI B OtOpeTKE, MII, V1=

Koneunslit ypoBeHb BOJIbI B O10peTKe, M1, Vo=

O0OweM BeIIenMBIIErocs Bogopoaa, i, V(Hz)= V.- V=

Temmneparypa, °C, t=

AbcontotHas Temneparypa, K, T=

ATtMocdepHOE TaBIeHUE, MM PT. CT., p=

JlaBneHue HACBIILIEHHOTO BOJSIHOIO Mapa, MM pT. cT., p(H20)=

[TaprumansHOE aBICHHE BOIOPOIA, MM PT. CT., p(H2)=

YHuBepcanbHas ra3zoBasi IOCTOSIHHASI, MJT*MM PT.CcT./Moib* K, R=62400

[IpousBecTH pacueT SKBUBAJICHTHON MacChl METajuIa IByMs CIIOCOOAMHU.

1-i1 cnoco6. Hcnonv3ys ypasnenue Menoeneesa-Knatinepona

_m(H3)
p(Hy) -V (Hy)=2 T,

riae m(H;) —macca BbIeTUBIIIEroCs BOAOPOAA, T

M(H.) — monsipHas Mmacca BOopoaa, I/MOJb.
U3 ypaBHenwus Beipaxkaem m(Hz), HaXoauM Maccy BBIACIMBIICTOCS BOIOPOIA U

MoACTaBJISICM B MATEMATHYCCKOC BLIPAKCHNUEC 3aKOHA SKBUBAJICHTOB!
m(Me) _ m(Hy)
My (Me) mBKB(HZ)’

rae m, (H,) — sxBHBaseHTHAs Macc BOIOPO/A, I/MOJIb;

m, (Me) — sKkBUBaJIeHTHasl Macca MeTajlia, I/MOJlb.
2-i1 cnocod. Hcnonvzys mamemamuyeckoe 8vlpadxceHue 00beOUHEeHHO20
203068020 3aKOHA,

P(Hz)'V(Hz):'po'Vo(Hz)
T T,

A€ po — AABJICHUC IIPU HOPMAJIbHBIX YCJIIOBUAX, MM PT. CT.,

To — TemMmieparypa mpu HOpMaJIbHBIX YCIIOBHSX, K;

Vo(H2) — 00beM Bo10pO/a, IPUBEACHHBINM K HOPMAIBHBIM YCIIOBHUSM, MJI.

Beipaskaem  Vo(H2); npuBomumM 00beM  BBIACIMBIIEIOCA BOAOPOAAa K
HOPMAJIbHBIM YCIIOBUSIM M TIOJCTaBIsiEM B MaTeMaTUYECKOE BBIPAKEHUE 3aKOHA

3KBHUBAJICHTOB:
m(Me) _ Vo(Hz)
Myp(Me) Vg (Hp) ’
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rie  Vo(Hz) — okBuBaleHTHBIH 00beM Bojopoda, MI/Moib, 11200
3Has, 4TO BAJICHTHOCTHh METa/lyla paBHA 2, pacCuyMTaTh aTOMHYIO MacCy MeTajljla |
OTIPEICTUTh KAaKOW 3TO METAaJII.

Ar=m3KB - B.

Paccuntarh ommOKy oOmbITa; I 3TOTO ONPEACIUTH TEOPETUUICCKYIO
HKBUBAJICHTHYIO MacCy MeTajuia.

Abcomomnuas owubka = |m, (Teop.) — M,(TpakTud)| = [1/MOJB].
abCcoTIOTHAAOINOKA

OmHocumenvHas oumuoka = *100.
ma(Teop)

IIo pe3yibraraM IPOBCACHHOI'O  OIIbITa  3allOJIJHUThL  ITYHKTBI  OTUYCTA

«HabOmroneuus» u «BeiBOI».

JlaGoparopuasi paGora Ne 2. «OmnpegejieHHe JIHTAJBIUN PACTBOPEHUS
COJIN»

Hear padorbl: (dopmMupoBaHME YMEHUW U HaABHIKOB, OCHOBBIBAsICh Ha
AKCIICPUMEHTAJIbHBIX ~ JJAHHBIX W HUCIOJB3yS 3aKOH KpPAaTHBIX  OTHOIICHUH,
MPOU3BOJIUTH PACUET TEIUIOBBIX YPPEKTOB XUMHUUECKUX PEaKITUil.

3axanue u 3Tanbl padoTHI

IMoaroroBka Kk J1adoparopHoi padore

1. IIpoyecTh TEOpETUYECKOE BBEACHUE U MOPSAIOK BBIIOJHEHUS PAOOTHI.

A

OdopMuTh NpoeKT oTyeTa 1o JadbopaTopHoi padoTte (CM. MPUIIOKEHUE 2).
3. O3HaKOMHUTBCSI C YCTpOMCTBOM Kamopumerpa. /[[ns yero wucnonb3yercs
Kasopumerp?
4. Kakyro cucteMy NpeICTaBiseT co0oil Kamopumerp (OTKPBITas, 3aKpbITas,

U30JIMpOBaHHas)?

IHopsinok BeIMOIHEHHSI PadOThI

Omnpenenenue TemwioBoro dddekra pacTBOPEHUS COJIUM  MPOBOASIT B
VOPOLIEHHOM  KaJIOpUMETpEe, KOTOpbIM MpeacTaBisieT coboil JBa  cocyna,
MOMEIICHHbIE OIUH B JApyrod. BHyTpeHHUN cocyq 3akpbIBaeTcsi TPOOKOM C
TepMoOMeTpOM. BozaymiHas mpociornka MexXAy JAByMs COCYIaMH JIUIIb B HEKOTOPOU
CTeeHH oO0ecreuynBaeT TEIUIOM3O0JSIUI0 BHYTPEHHErO COCylda OT OKpYy)Karollen
CpEnBbL.

Bo BHyTpeHHU# cocy/ KalopuMeTpa HaJUTh 25 MJI IUCTUILUIMPOBAHHOW BOJIBI.

3aKpbITh COCY/ IPOOKON C TEPMOMETPOM U Yepe3 HEKOTOPOE BPEMSI OTMETHUTh
TEMIIEpaTypy BOJIbI t HAY.

[Tonyuuts HaBecky comu NH4Cl maccoit 1 1.

[ToaroroBuTh cexynaomep!

AKKypaTHO 1 OBICTPO BBICHINIATH COJIb B BOAY, OBICTPO 3aKPHITH MPOOKOH U
nepemMeniarh 0 MOJIHOTO PACTBOPEHHS.
Bxotounts cexkyHnomep U Kaxiple 60 cek CHUMaTh OKa3aHUsI TEPMOMETPA.
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3anuchb IKCIEPUMEHTAJNbHBIX JAHHBIX U PacYeThl
ITo pe3ynbTaTaM OmnbITa 3aMOIHUTH TAOIUILY 2.

Tabnuna 2
3aBUCHUMOCTb TEMIIEPATYPbl PaCTBOPa OT BPEMEHHU

Bpewms ot Hauana 0 1 2 3 4 5 6 7
OIbITa, MUH

Temmeparypa, °C

HCHOHBBYH JaHHBIC Ta6J'II/IHI>I 2, IMOCTPOUTH Fpa(i)I/IK 3aBUCUMOCTH
TCMIICPATYPbI OT BPCMCHH.

HOJII)BYHCI) I’pa(i)I/IKOM, OoIIpCACINT MUHHUMAJIbHYIO TCMIICPATYypPyY OIIbITa tvnn
MCTOJAOM SKCTPAIIOJIAINH.

OHpeIIeJ'II/ITB HN3MCHCHHC TCMIICPATYPBbI:

At: tHaq' tMI/IH'

HpOI/I3BeCTI/I PacCUuCT SHTAJIBIINU PACTBOPCHHUA 663BOI[HOFO XJopuaa aMMOHMA:

AH - _ (mCOJIl/I +mB0AbI)'At'4;184'Mc0ﬂH
paKt: 1000-M oy

rae Mcomm — Macca coiy, T;

Mpojp— Macca BOJLI, T,

Mcomu — MOJIsIpHas Macca COJId, T/MOJIb;

4,184 — ynmenpHas TEIUIOEMKOCTh PAacTBOpa, paBHAs TEIJIOEMKOCTH BOJBI,
JIx/kr-K;

1000 — nepeBonHoi kKodpduImeHt, x B kJx.

Paccunutath aOCOMIOTHYIO UM  OTHOCHUTENIbHYIO OIIMOKH OMbITA, €CIH
A Hieop=16,5 xJI>x/MOB.

AocomorHas omnoka =A Hieop — AHppar= [KK/MOB].

OtnocutenbHas ommbka A% = (abcomotHas ommoka / AHrgop.) - 100.

[To pesynpraTaM IpOBEACHHOTO OMBITA 3aMOJHUATH IYHKT OTYeTa « BRIBOMIY.

3amaHus I CaMOCTOSITEJIbHOM PadoThI

1. Kakue BemiecTBa HaszbIBalOTCS Kpuctauioruaparamu? IlpuBenutre mpumepsl
KPUCTAJUIOTHUAPATOB.

2. Pacmionoxure Mo yBEIWYEHUIO KOJIMYECTBA CEphbl Cyab(arsl HATpHSs, JUTHS,
Oapusi, 11e3Us1, €CIIM UX MACChI OJTMHAKOBHI.

3. B okcume cepbl Ha 2 MaccoOBBIE YaCTU CEPbl MPUXOAUTCS 3 MACCOBBIC YAaCTH
KHCJIOpPOAA. YCTaHOBUTH (hOPMYITy BEIIECTBA.

4. KakoBa (opMmyrna COEIWHEHHS BOJIOPOAA C KHCIOPOAOM, €CJIHM MOJBHOE
cootHomenue H:O = 1:1, a mi1oTHOCTH €ro ra3za no Bogopoay paBHa 177
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5. Ompenenuts GopMylly KPUCTAIIIUYECKON COJIBI, €CJIM MPU HarpeBaHuu 286 r
JAHHOU conu oOpazoBasioch 106 r kapOoHaTa HATPUSL.

6. JXKeme3o obpasyet ¢ kuciopoaoM Tpu okcuaa. OauH u3 HUX coaepkut 77,8 %
xenesa, aApyroit — 70,0 u tpetuii — 72,4 %. Onpenenure GopMysbl OKCHIIOB.

/. Haiitu ¢dopmyny kpuctamioruapara cyiabhara aliOMUHUS, COACPIKAIIETO
48,6 macc % KpUCTAUIM3alMOHHOMN BOJBI.

8. IlpuBenure omnpeneneHue MOHATHM SKBUBAJICHT W DSKBUBAJICHTHAs Macca
XUMHUYECKOTO JI€MEHTa U COCTUHEHUSI.

9. DKBHBaJICHTHAsI Macca KaKoro JIeMeHTa paBHa 17

10.BpruncianTe MONSPHYIO MacCy »5SKBUBAJCHTA »JJIEMEHTa, OKCHJl KOTOpPOTO
conepxut 22,2 % kucnopona.

11.Yemy paBHa MoJsipHas Macca 3KBHUBaJIEHTa OpTOGOCHOPHOI KUCIOTHI, €CIH
moib H3PO4 mpoB3auMoneiicTBoBalt ¢ 1 MOJIb TUPOKCHIA KaJTUs?

12.MonsipHasi mMacca SKBUBajJeHTa MeTaula paBHa 56,2 r/Monb. Bberauciure
MAacCOBYIO JIOJIIO METaJlla B €ro OKCUJIE.

13.Kako#i o0beM kuciopoaa (H.y.) moTpelyercs Uil peakiuu ¢ 15 T anemenTa,
MMEIOIIIET0 MOJISIPHYIO MacCy 3KBUBAJIEHTA 3 T/MOJIb?

14 Kak Ha3bIBalOTCS pEaKlMM, UIYIIUE C BBIJACICHUEM TeEIUIa, C MOMIONICHUuEM?
Kakoit 3HaK UMEIOT 3HaYeHUS] U3MEHEHUS UX YHTAIBITUH?

15.11oueMy SHTanbIUs B3aUMOJCUCTBHUS TUAPOKCHUIA HATPUS C Pa3IUYHBIMU
CUJIBHBIMH KHCJIOTAMU UMEET OJIMHAKOBOE 3HAUCHHE?

16.ITouemy mporiecc HEUTpaIU3aIMK BCET/Ia TPOUCXOANUT C BBIJICJICHUEM TEILIa, a
pacTBOpPEHUE TBEPABIX COJNIECH HE Bceraa?

Tema 1.3. OcHOBHBIC 32aKOHOMEPHOCTH NMPOTEKAHUA XUMHUYECKUX IMPOLECCOB

Teopemuueckuii Mamepuan, HeoOXo0umblii onsa 6bINOJIHEHUA
aadbopamopnoii padomal

Ckopocmb peaxkyuu. XUMUYECKHE PEAKIMM OYEHb CHUJIBHO OTIMYAIOTCS IO
CKOpOCTH TIpoTekaHus. Hampumep, B3aMMOAEHCTBHE BOAOPOAA C XJOPOM Ha CBETY
MIPOUCXOJAUT MTHOBEHHO (B3pBIB), @ KOPPO3USI METALIOB JITUTCS rogamu. CKOpOCTh U
MEXaHU3M XUMUYECKUX PEAKIUI N3ydaeT XUMUYEeCKasi KHHETHKA.

B xumuyeckoll KHHETUKE peaklMK MOJPa3IesiOTCsl Ha MPOCThIE U CIIOXKHBIE.
IIpocThie peakuuu MPOTEKAOT 0e3 00pa3oBaHUs MPOMEKYTOYHBIX COCAMHEHUU (B
OJJHYy CTaJMI0), a CIOXKHbIE — C OOpa30BaHUEM IMPOMEKYTOUHBIX MPOAYKTOB (B
HECKoJIbKO ctanuii). Kaxkias ctaaus CIoKHOM peakiMi MOKET pacCMaTpUBaThCs Kak
npoctas peakuua. Cpenud MOCIENOBAaTENbHBIX CTAIUIl CIOXKHOM peakluuH BCeraa
HMMEETCSl OJHA CTaJIusl, KOTOpasi OrPAaHUYUBAET CKOPOCTh MPOTEKAHUS BCEH PEaAKIIUU B
uenoMm. OHa Ha3bIBAETCS JTUMUTHPYIONIECH CcTaAued CI0KHON XUMUYECKOW PEaKIUU.
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CKOpOCTh peakuuy 3aBUCUT OT KOHLUEHTPALMKU B3aUMOJICHCTBYIOIINX BEUIECTB,
ATa 3aBUCHUMOCTH YCTAHABJIMBAETCS 3aKOHOM JACHCTBYIOIIMX MAacC JJI CKOPOCTHU
peakiuid. COrIacHO 3TOMY 3aKOHY, JIJIsl PEAKI[UU, TPOTEKAIOIIEH M0 YPaBHEHUIO

aA + bB = IIpoayKThl CKOPOCTh PEaKIIUU ONPEACIASTCS BIPAKCHUEM

V=k - [A]* - [B]”,

B KOTOPOM K — KOHCTaHTa CKOPOCTH PEAKITUH;

[A] u [B] — MonsipHbIE KOHLICHTPALIMM PEAreHTOB;

a u b — crexuomeTpuieckue Kod3PHUIIMEHTHI.

JUIst IpOCTBIX pEaKIUid YacTHbIE TMOPSAJIKH COBHAAAIOT ¢ KOA(PUIUEHTAMHU
nepe pearecHTaMd B XHMHYECKOM yPaBHEHUW PEaKIMH, a OOIIUi TMOPSIIOK paBeH
cyMMe KOA(h(OHUIIMEHTOB B JICBOW YaCTH YPaBHEHUS PEAKIIUU.

JIns COXKHOW peakiuu OOIMI KUHETUYECKUU TOpSIOK HE COBHAJAeT C
koadpuIMeHTaMu nepes] peareHTaMu, HO COBIIA/IAET C MOPSIKOM €€ JIMMUTUPYIOLIEH
ctaauu. MHOTHAa MOPSAIOK CIOKHOM pEeaklMK BhIpa)kaeTcs HE IEIbIM, a JPOOHBIM
YUCJIOM.

Xumuueckoe pasnosecue. B XUMHUUYECKOM TEPMOIAMHAMUKE COCTOSIHUE
PABHOBECHS OIpPEIEHSAETCS KaK TaKoe COCTOSIHUE, IMPU KOTOPOM pearupyromias
CUCTEMa XapaKTepu3yeTcs HyJieBbIM 3HaueHueM sHepruu ['mboca: AGT = 0. Ho
MepPEX0/i CUCTEMBI B COCTOSIHE XMMUYECKOTO PABHOBECHS HE O3HAYAET MPEKPAILICHUS
peakiuyd, a CBHUIETEIbCTBYET JIMIIb O TOM, UTO TMEPECTAOT HW3MEHATHCS
KOHIEHTPALMK PEArupyrolrX BEIECTB U IPOLYKTOB.

B xuMuueckoil KHHETUKE COCTOSIHUEM XHMHUYECKOTO PaBHOBECHSI HA3bIBACTCS
TaKO€ COCTOSIHUE, MPU KOTOPOM CKOPOCTh MPSMOW PEAKIMU CTAHOBUTCS PaBHOMU
ckopocTu oOpaTHOW. B cocTossHuM paBHOBECHUS CKOJIBKO MOJICKYT (MJIU JPYyTHX
YacTHUIl) MPOAYKTa peaKkluu B EIUHUILY BPEMEHHU OOpazyercs, CTOJIbBKO HX WU
pasyaraercsi, T.€. XUMHUECKOE pPABHOBECHE SBIISICTCS JUHAMUYECKUM, WIIU
noABMXKHBIM. TakuM  o0Opa3oM, B COCTOSHMM XHUMHYECKOTO PaBHOBECHUS
KOHIEHTPALIMK BCEX BEHIECTB (PEAreHTOB W MPOAYKTOB) SIBIISIIOTCA MOCTOSHHBIMU U
HE U3MEHSIOTCS 10 TeX IOpP, MOKA HE U3MEHSTCS BHEIIHUE YCIIOBUS MPOBEICHUS
peaKuuu.

KoHueHTpanuu peareHToB (MCXOIHBIX BEHIECTB) U MPOAYKTOB B COCTOSIHUU
XUMUYECKOTO PABHOBECHS HA3bIBAIOTCS PABHOBECHBIMUL.

[Ipy3HaKK XMMHUYECKOTO paBHOBECHs CEAyoIue: 1) cOCTOSTHUE CUCTEMBI HE
3aBHUCHUT OT TOTO, C KaKOW CTOPOHBI OHA TOJIXOAUT K PAaBHOBECHUIO — CO CTOPOHBI
HCXOJHBIX BEIIECTB WJIHM CO CTOPOHBI MPOAYKTOB PEAKIMH; 2) COCTOSHUE CHUCTEMBI
OCTaeTCsl HEM3MEHHBIM MPHU OTCYTCTBUM BHEUIHUX BO3JAEUCTBUM; 3) OHO U3MEHSIETCS
MPY U3MEHEHWHY BHEITHUX YCIIOBUM, CKOJIb OBl MaJIbl OHU HU OBLITH.

YacTHOE OT JeJIeHUs MPOU3BEACHUS PABHOBECHBIX KOHLIEHTPALMI B CTEEHSX,
PaBHBIX  CTEXHOMETPUYECKUM  KOod(h(dUIIMEeHTaM, TMPOAYKTOB  peakuuu  Ha
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IPOU3BEICHUE PaBHOBECHBIX KOHLICHTpalUi HMCXOJTHBIX BEILICCTB B
COOTBETCTBYIOIIMX CTEIEHSAX SBJISICTCS BEJIMYUMHOW MOCTOSIHHOW NPU JAHHOU
TeMmreparype U JaBlI€HUU (3aKOH JIEUCTBYIOHNIMX MacCc JJIsi XUMHUYECKOIrO
paBHOBecCHsI). JTa BEIMYMHA HA3BIBACTCSI KOHCMAHMOU pasHOo8ecus N 0003HAYACTCS
cumMBoJioMm K.

Jlns ypaBHEHHUS peakiuy B O0IIEeM BHUJE:

aA + BB = cC + dD xoHcTaHTa paBHOBECHS 3alIMChIBACTCS TaK:

_ [c1°[p]¢
K [A]*[B]?’

rine [A], [B], [C], [D] — paBHOBeCHBIE KOHILIEHTpaluu BemecTs A, B, C, D;

a, B, ¢, d — Mokazarenud CTENEHU, B KOTOPHIC€ BO3BOISATCA KOHIICHTPALUU
BEIIECTB U KOTOPBIC YUCICHHO paBHbI KodduitmeHtam nepen Gopmynamu BEIIECTB B
YPAaBHEHHUH PEAKIINH.

JlaHHOE€ MaTreMaTH4eCcKOe ypaBHEHHME SIBISETCS  BBIPAXXEHHUEM  3aKOHA
JNEUCTBYIOIIMX MACC JIJI1 XUMUYECKOTO paBHOBECHS.

Koncranta paBHOBecHs OnpeAeIisieT MOJHOTY MPOTEKaHUs PEAKIIUA K MOMEHTY
JOCTHMI)KEHUSI PABHOBECHOTO COCTOSIHUS: YeM OOoJibllle 3HAYEHUE KOHCTAHTHI
paBHOBecHsi, TeM B OOJbIIEH CTETIEHM B pPaBHOBECHOW pPEAKIMOHHOM CMecHu
peo0IaIatoT MPOIYKThI PEAKIINH, TEM OOJIbIIE UX BBIXOJ.

[Ipu u3MeHEHUU YCIOBHH, B KOTOPBIX HAXOAMTCS CHUCTEMa (TeMIepaTyphl,
JABJICHUSI, KOHIIEHTPAIINH ), XUMUUECKOE paBHOBECHUE HapylIaeTcs. Yepe3 HEKOTOpoe
BpeMsi B CHCTEME YyCTaHaBJIMBA€TCSd HOBOE XUMHUUYECKOE  pPaBHOBECHE,
COOTBETCTBYIOIIEE HOBBIM YCIOBUSIM. [lepexon u3 0IHOTO PaBHOBECHOTO COCTOSIHHS
B JIPYyroe Ha3bIBACTCS CBUTOM HJIM CMEIICHUEM PABHOBECHS.

Hamnpapnenne cmenieHuss paBHOBECUSI B PE3yJIbTaT€ M3MEHEHUS BHEIIHUX
ycioBui onpenensercs npunyunom Jle [llamenve: eciii HaxoAsasica B paBHOBECUU
CUCTEMa TMOABEPraeTcsi BHEIIHEMY BO3JCHCTBHUIO, PABHOBECHE CMENIAETCSI B TOM
HaIpaBJIeHUH, KOTOPOE CIIOCOOCTBYET OCIA0IEHUIO ITOTO BO3CHCTBUS.

PaccmoTpum, Kak BIUSET HA HAMPABJICHUE CMEIIEHUS PABHOBECHS TTOBBIIIIEHUE
WJIU TIOHUKEHUE JIaBJICHUSI, TEMIIEpaTyphbl U KOHIIEHTPALUU BEIIECTB, YYaCTBYIOIIUX
B PEAKIIUH.

Jlasnenue. JlaBneHne BIUSET Ha paBHOBECHE OOPATUMBIX PEaKIUil ¢ y4acTHEM
ra3oo0pa3HbIX BemiecTB. [Ipu TOBBINICHUM [aBlIEHWS PABHOBECHE CMEIIAeTCS B
HalpaBJICHUH OOpa30BaHMS BEIIECTB C MEHBIIUM OOBEMOM; TPU TOHWKCHHUH
JTaBJICHUSI pAaBHOBECHE CMEILIAECTCS B HAMPABJICHUU 00pa30BaHUs BEIIECTB C OOJBIIUM
ooremoM. Hanmpumep, B peaknuu cuHTe3a ammuaka Ny +3H, < 2NH; o0bem
MpOJlyKTa B JiBa pa3a MeEHbIIE oObeMa peareHTOB. [loaToMy paBHOBECHE ATOTO
oOpaTuMoOro nmporecca TMpU yBEIWYEHUU JIaBJICHUS CMEIIAeTCS B CTOPOHY
oOpazoBanus NHs, a mpu yMEHBIIIEHUU TABICHUSI — B CTOPOHY €TO Pa3JIOKEHUS.
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Temnepamypa. 1lpu TOBBIIIEHUH TEMIIEPATYypbl XUMHUYECKOE PABHOBECHE
CMEIaeTCs B HAIMpaBICHUU SHIOTEPMHUUYECKOM peakiuu, a TMpu TMOHUKCHUU
TEMIIEpaTypsl — B HAMNpaBICHUHM 53K30TepMHUECKO peakuuu. Hampumep, ta xe
peakiusi CUHTe3a aMMHaKa sSBIISIeTCS 3K30TepMuyeckoil. [loaToMy mpu moBBIICHUH
TeMIlepaTyphl €€ paBHOBECHE CMEUIAETCS B JIEBYIO CTOPOHY (aMMHUaK paszjaraercs), a
IIpU TOHWKEHUHY — HAIpaBo (aMMHUak oOpaszyercs).

Konyenmpayusa. Tlpu TOBBIIEHUH KOHUEHTPALMM OJHOTO W3 MCXOAHBIX
BEIIECTB PaBHOBECHE CMENIAETCSl B HAMPABICHUU 00pa30BaHUs MPOIYKTOB PEaAKIUY;
IpU TOBBIIICHUH KOHLIEHTPAIlMM OJHOTO W3 TMPOJAYKTOB pEaKIMU pPaBHOBECHE
CMEIIaeTCsl B HAMPaBJICHUH 00pa30BaHUs PEareHTOB.

B kauyectBe mpmmepa pacCMOTPUM KOHTAKTHBIM METOJ MOJYyYEHUS CEPHOU
KHUCJIOTHI:

250, + O, 2503
SO3 + H20 = HyS0Oy,
B KOTOPOM >K€JIaTeJIbHO BO3MOXHO OoJiee oJHOe IpeBpalieHue okcuaa cepsl (IV) B
okcun cepbl SO3 (V1) B mepBoii (0OpaTuMoii) peakIum.

Hns yBenmdenusi Bbixoma SO3; MOXKHO YBENWYHTHh KOHIEHTpauuto SOz B
UCXOAHOW peakiuoHHON cMecu. OJIHAKO 3TO HEPEHTA0EIbHO M 3KOJIOTHYECKH
BpenHO, Tak Kak u30bITok SO, Oyzmer BblOpackiBatbess B armocdepy. [lostomy
peakuuio TMPOBOAAT MpH M30BITKE BO3AyXa, OOOralEeHHOro KHUCIopoaoM. B
pe3yibraTe JOCTUraeTcsl CMEIIEHHWE PaBHOBECHS BIIPaBO, TO €CTh 0ojiee MOJHOE
npesparnieHue SO, B SO:s.

B M0HOOOMEHHBIX peakiusx MKy PaCTBOPCHHBIMHU BEIIECTBAMH PAaBHOBECHUE
CMEIIaeTcs B CTOPOHY 00pa30BaHMs OCAIKOB, Ta30B WM cIabbIX AnekTponuToB. Ecin
TaKhe BEIIEeCTBa HAXOAATCS B 00EMX YacTAX YpaBHEHUS PEaKIMHU, TO BOMPOC O
CMEIICHNN PAaBHOBECHS PEIAeTCsl PACIETOM KOHCTAHTHI PABHOBECHSI.

JlaGoparopnass padora Ne 3. «CkopocTh XMMHYECKHX peakuuid u
XHMHYECKOe PABHOBECHE)

Heas paborbl: dopMHpOBaHWE yMEHUN W HABBIKOB H3Yy4YeHHS (HaKTOPOB,
BIUSIONMINX HA KHHETHUKY XHMHYCCKUX pEakiuid W (PakTophl, BIHUSIONIMX Ha
CMEIICHUE XMMHYECKOTO PABHOBECHS; DKCIEPUMEHTAIBHBIM ITYTEM ITOATBEPIUTH
JIEUCTBUE 3aKOHA JeUCTBYIOIMX Macc U npuHuun Jle [larense.

Onvim 1. Barusanue KoHyenmpayuu peazupyroujux euiecme Ha CKopocmb
PeaKyuu 6 20M0O2eHHOI cucmeme
3aganue u 3Tanbl padoThI
IToaroroBka Kk J1adoparopHoi padore
1. TIpodecTh TEOPETUUECKOE BBEICHUE U TIOPSIOK BHITIOJIHEHHS OMbITA.
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2. OdopMUTh TPOEKT OTYETA IO OIBITY JIA0OPATOPHOM pabOThI (CM. MpUJL. 2).

3. 3amucarh ypaBHEHHE XUMHUYECKOW pEakIud, JIe)KaIel B OCHOBE OIbITA H

MAaTreMaTu4CCKOC BLIPAKCHHUC 3dKOHA HeﬁCTBYIOIHHX MacCC IMPUMCHUTCIBHO K

paccMmarpuBaemMoil peakiuu!
4. Tlpennonoxutb, Kakoll BU3yalbHBIA MpU3HAK OyleT CBUACTEILCTBOBATH O
MOSIBJICHUH B CHCTEME MPOIYKTOB peakiuu (0CafoK, ra3, u3MEeHEHHUE 1BETA)

ITopsaaoK BBINOJHEHUS PadOTHI
B naHHOM ombITe paccMaTpuBaeTCsl peakiidsl B3aUMOJCHUCTBHUS THOCYJb(dara

HaATPUsI C CEPHOM KUCIIOTOM, MPOTEKaIoIas 0 YPaBHEHHUIO:

Na,S,03; + H,SO, = Na,SO4 + S + SO, + H,0O
[TpuroroBUTh TpU MPOOHPKU C PACTBOPOM THOCYIb(aTa HATPUS Pa3TMIHON

KOHIOCHTpAIlKK, BOCIIOJIb30BABIINCH JaHHBIMHA Ta6JII/IHBI 3.

Tabnuma 3

Homep Hucno kanenb Yucno kanens  |KoHueHTpanus pactsopa
npoOupKU pactBopa NaS,03 H.O NaxS;03
3) 10 C
10 2C
15 0 3C

[IpoOupkH ¢ MPUTOTOBIEHHBIMHU PaCTBOPAMU BCTPSIXHYTh.

ITpuroToBUTH CEKyHAOMED!

B nepByro npoOupky 106aBuTh 1 Karito pacTBOpa CEpHOM KUCIOTHI, BKITFOUHTh

CEKYHJOMEDP U U3MEPUTH BPEMS J0 MOSIBJICHUS B PACTBOPE 3AMETHOU ONaJIECLECHINH.

OTMeTuTh BpeMs peakiliy B JIA0OPaTOPHOM KypHaJIe.

To e camoe nocen0BaTeNbHO MPOJENATh CO BTOPOU U TPEThel MPOOUPKAMH.

3anuch IKCHICPUMECHTAJbHBIX JAHHBIX U PACY€ThI

1o pe3ynbraTtaM ombiTa 3aMOTHUTH TAOTUILY 4.

[TocTpouts rpadmk 3aBUCUMOCTH CKOPOCTU PEAKLIMU OT KOHLUEHTPAuU

pearupyromux BeIecTB.

TabOmuma 4

Howmep
poOUpKHU

Bpems nporekanus peakuuu
t, CEeK

CxopocTb peakuuu
1/t%102, yeo. en.
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[To pe3ynbraTaM MPOBEICHHOTO OMbITA M pacueTaM 3alOJHUTh MYyHKT OTYETa
«BrIBOIY.

Onwvim 2. Bauanue KOHueHmpayuu 6euiecme-yuacmHiuKo8 peakyuu Ha
cMeuieHue XUMU4ecko20 PaeHo8ecUs
3aganue u 3Tanbl padoThI
IHoaroroBka k 1abopaTopHoii padore
1. TlpodecTh TeOpETUUECKOE BBEICHUE U TTOPSIAOK BHITTOJIHEHUS OTIBITA.

NS

OdopMHTE IPOESKT OTYETA IO OMBITY JJA0OPATOPHON pabOTHI (CM. IPUIL. 2).

3. Hanmcarp ~ Maremartuueckoe  BBIPQXKEHME  KOHCTAHThl ~ PaBHOBECHS
IPUMEHHUTENBHO K PACCMAaTPUBAEMOM B OIIBITE peakuuu!

4. Bocnonb3oBasmrck npunuumnom Jle [larense, yka3zaTb B KaKOM HallpaBlIEHUU
CMECHUTCS paBHOBeCHE (KapaHJaIIoM 3alOoJIHUTh MTOCIEIHUN cTonbel] Talm. 5).
ITopsinok BbINOJIHEHHS PAOOTHI
B ombiTe paccmarpuBaeTcs peakuusi B3auMoeiictBus xiopuna xenesa (1) n

poJaHua Kajaus, IpOTeKaroIas 10 YPaBHEHHIO:

Fe Cl; + 3KSCN « Fe(SCN); + 3KCI.

B uyerpipe mpoOupku BHecTH 1Mo 3—4 Kamum pa3daBJeHHbIX pPacTBOPOB
xnopuna sxene3a (III) m pomanumpa xamusa. Copepkumoe MNPOOMPOK TIIATEIHLHO
nepemewmiatb. OnHy NPOOUPKY OCTaBUTh Ui CPABHEHMsI PE3Y/IbTAaTOB oOmbiTa. B
OCTaJIbHbIE TPU MPOOUPKHU J0OABUTH KOHLEHTPHPOBAHHbIE PEAKTUBbI, YKa3aHHbBIC B

Tabmuie 5.
Tabmuma 5
u
Howmep JloGaBsseMbIi SMCHCHHE Hampasnenne cmenienus
WHTEHCUBHOCTH
poOHpPKHU pPEaKTUB paBHOBECHS
OKpacKu

1-s mpoOupka KonTposb
2-51 mpoOupKa Fe Cls
3-1 mpobupKa KSCN
4-s mpoOupKa KCI

[To pesynbraTam oOIbITa 3alOJHUTH BBIMICTIPUBEACHHYIO TAONHIYy W ITYHKT
otueTa « BBIBOIY.

Onvim 3. Bausanue cpedvt pacmeopa Ha cmeuieHue pasHogecus npu
nepexooe Xxpomam-uoHa ¢ OUXpomam-uox
3aganue u 3Tanbl padoThI
IoaroroBka Kk J1adoparopHoi padore
1. IIpodecTs TeOpeTHUYECKOE BBEICHUE U TTOPSIIOK BBITTOJIHEHUS PaOOTHI.
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2. OdopMUTh TPOEKT OTYETA IO OIBITY JIA0OPATOPHOM pabOThI (CM. MpUJL. 2).
3. Ucnonw3ys yuebHYyI0 TUTEpaTypy, YKa3aTb OKpAaCKy XpoMaT-uoHa U AUXPOMAT-

HOHA.

4. HamucaTh MOJEKYyJISpHOE YypaBHEHHWE pEaKklUy Iepexoia XpoMaT-HoHA B

JTUXPOMAaT-UOH, UCITIOJB3YsI PUBEACHHBIC HIKE HOHHBIC YPaBHECHHUS.

5. Hamucarp  BbIpa)keHHWE  KOHCTAHTHI  PAaBHOBECHS  MPUMEHHTEIBHO K
paccMaTpuBaeMOl B OTIBITE pEaKIINU !
6. Bocmonbs3oBaBmucek npuanunom Jle Illarense, yka3ars Npu Kakux yCIOBUSX U

B KaKOM HaIpaBJIEHUU CMECHUTCS] paBHOBECHE.

IMopsiTok BHINOJTHEHHST PA0OTHI

XpoM B MIECTHBAJIEHTHOM COCTOSHUM OOpa3yeT [Ba aHHOHA: XpOMAaT-UOH
CrO4s um mmxpomar-uon Cr,0;*". UX CylIECTBOBaHHE ONPENCISAETCS HATMIUEM
menounoit (pH > 7) unu kucnoit (pH < 7) cpenpl.

B nBe mpoOupku BHectn mo 3 karumm pactBopa xpomara kamwsi (KoCrOs) u
N00aBUTh HECKOJIBKO Kaleidb PacTBOpa CEPHOM KHUCIOTHI JO M3MEHEHHUS OKPACKH
pacTBopa.

Opany mpoOUpPKY OCTaBUTH JIJIsi CpPaBHEHHs, a B JAPYTyl0 J00aBUTh PacTBOP
IEJIOYH 10 U3MEHEHHSI OKPacKH pacTBOPA.

[ToBTOPUTH OMBIT, B3SIB B ABYX MPOOHPKAX HCXOAHBIM BEIIECTBOM JIUXpPOMAT
kamus KoCrOy.

OnHy mpoOWpPKY OCTaBUTH Ui CPaBHEHHSA, a B APYTyl0 T00aBUTH PAacTBOP
IEJIOYH JIO U3MEHEHUsI OKPAaCKU PacTBOpA.

Onucare HaOmionenus. Hamwcarh MONEKYNSIpHBIE YpaBHEHUS Tepexona
Xpomara B JMXpPOMar W OOpaTHOTO IMPOIIECCa, HWCIONb3Yys CIEAYIOIINEe HOHHBIC
ypaBHEHUSI:

2CrO4* + 2H* =Cr,0* + H,0;

CI’2072_ + 20H = 2Cf042_ + H,O0.

Crhenate BBIBOJ O BIMSHUAW CPebl HA 00pa30BaHNE XPOMATOB U IUXPOMATOB.

Onovim 4. Cmewienue pasnogecus npu 00pa3o06aHuu HEPacmeoPUMbIX
eeujecme
3aganue u 3Tanbl padoThI
IoaroroBka Kk J1adoparopHoi padore
1. TIpoyecTh TEOpETUYECKOE BBEACHUE U TIOPSAIOK BHITIOJTHEHUS PAOOTHI.

N

OdopMHTE IPOESKT OTYETA IO OMBITY JJAOOPATOPHOM pabOTHI (CM. MPHUIL. 2).

3. Hamucarb WOHHBIC M MOJICKYJIIPHBIC YPAaBHCHHSI PEaKIIMi 00pa30BaHUs 0CaIKa
Mg(OH), u ero pactBopeHHs B pe3yibTare B3aMMOJCHCTBHS C COJISIHOM
KHCJIOTOM U XJIOPUIOM aMMOHHSL.
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4. HamucaTh  BBIpQXEHHE KOHCTAHTHI  PaBHOBECHUS  MPUMEHUTEIBHO K
paccMaTpuBaeMoOl B OIBITE peakivu!
5. Bocnonbs3oBasmmch npunnmnoM Jle [1latenbe, yka3ars npu Kakux YCIOBSIX U B

KaKoOM HarpaBJIeHUH CMECHUTCSI pAaBHOBECHE.

IMopsizok BHINOJTHEHHST PA0OTHI

B Tpu npoOupku BHECTH MO 3 KaIlIM XJIOPUAA MarHus M MO KaIuisiM MEIJICHHO
I00aBISITh B KAKIYIO MpoOupKy menoub NaOH 10 o6pa3oBaHus ocaaka.

XopoIo nepeMeniarh MoJTy4eHHYI0 CYCIIEH3UIO MaJI0YKOH.

OpHy TpoOWpPKY OCTAaBUTH JJII CpPaBHEHHWS, BO BTOPYIO JTOOABUTH COJISHYIO
KHCIIOTY, @& B TpPEThI0 NpwinTh HackimeHHbIH pactBop NHiCl 1o pacrBopenwms
ocajka.

Cnenarb BBIBOI OO0 YCJOBHUSIX W HANpaBICHUU CMEIICHUS XUMHYECKOTO
paBHOBECHs B OOpaTUMBIX PEAKIUSAX HOHHOTO OOMEHA B PACTBOPAX AIIEKTPOJIUTOB.

3agaHus 11 CAMOCTOATEIbHON PadoOThI

1. Hamumure BeIpa)keHUE I KOHCTAHTBI paBHOBecus peakuuu Hp +l—2HI.
Kak m3MeHUTCS KOHCTaHTa PaBHOBECHUS NMPHU YBEIUYCHHH KOHIEHTpAIMU MPOIYKTa
peakiuy (1o10BoA0poa) B 2 paza?

2. JIna peakmuu Nap;COs(k) + COo(r) + H2O(r)«»2 NaHCOs3(x) 3ammcars
BBIPa)KCHHE JIJIs1 KOHCTAHTHI PAaBHOBECHSI.

3. Kak moBimsier Ha paBHOBecue oOparmmoi peakmmu Fe,Os(k) + 3CO(r);
—Fe(x) + 3CO2(r) yBenuueHue gaBicHUs?

4. Kak mosnuser Ha paBHOBecue oOparumoii peakimu CaCOs(k)—~CaO(k) +
COy(1); AH® = 171,4 x/Ix noBbIllIEeHNE TEMTIEPATyPhI?

5. Kakue ycnoBusi (Temmeparypa, JaBiieHWE, KOHIICHTPAIMH YYaCTHUKOB
pEaKIfy, KaTajau3aTtop) HEOOXOJUMBI JUIsl TIOBBIIIIEHUST BBIXOJA XJIopa Mo oOpaTuMoit
peaKIuu

4HCI(T) + O2(r)«=>2Cly(1) + 2H,0(T); AH®° =-116,4 x Ik .

Tema 1.4. KommiiekcHbie coeIMHEHUS

Teopernueckuii MaTepuaJi, He0OOXOAMMbIH J1JI51 BbINIOJIHEHUS
JabopaTopHoii padoThI

KoMIUIEKCHBIMM Ha3bIBAIOTCA TAKUE COCIMHEHHUS, B y3J1aX KPHUCTAIIMYECKHUX
PELIETOK KOTOPBIX HAXOASATCS KOMIUIEKCHBIE HOHBI, YCTOMYMBBIE KaK B TBEPAOM
COCTOSIHMH, TaK U B pacTBOpax.

KoMIuiekCHbIMM MOHAMHM HAa3bIBAE€TCSl CIIOXXHBIE HMOHBI, B COCTaB KOTO- PBIX
BXOJISIT KaTUOHBI WJIM aTOMbl METAJUIOB, CBA3aHHBIE C HECKOJBbKHMU I0O- JISPHBIMU
MOJIEKYJIaMH WJIM aHHOHAMM.

PaccmoTpuM THUNMYHBIA COCTaB KOMIUIEKCHBIX COCIUHEHHHM HA MPUMEPE
[Cu(NH3)4]SO,4. Yactuna [Cu(NHs)4]?* Ha3biBaeTCs KOMIIIEKCHBIM HOHOM (Ipyrue
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Ha3BaHMsA: KOMIUIEKC, BHyTpeHHss cdepa), a SO4* — BHemneil cdepoii. Karnon Cu?
B KOMILUIEKCE Ha3bIBaeTCsl KOMILIEKCOOOpazoBaTesieM, a MoJiekyasl NH; — murannamu.
Yucno  nWraHioB, paBHOE B OTOM  COCJAMHCHHWH YETHIPEM, Ha3bIBaeTCS
KOOPIMHAITMOHHBIM YHCIIOM KOMILIEKCOOOpa3oBares.

KomrnexkcoobpazoBarensiMu SBISIFOTCSI TIIABHBIM 00pa3oM KaTHOHBI METaJUIOB,
a MraHaaMu — noJsipHblie Moniekyabsl (NHs, HoO) ninm aHMOHBI — KHCITOTHBIE OCTAaTKU
(F-, Cl-, Br-, I-, CN-, NO,-, SCN-), a taxsxe ruapokcua-uon OH-.

KoopaunanronHoe 4uciio yaiie BCero paBHo 6, 4 unu 2.

[To 3apsyty KOMIDICKCAa 3TH COCAMHCHHUS ITOJIPA3CAIOTCS Ha KAaTHOHHEIC,
Hanpumep [Zn(H20)4]Cl,, annonnsie — K3[Co(CN)g], nBoiiHbIe (KaTHOH-aHUOHHBIC) —
[Ni(NH3)e]2[Fe(CN)s] u metitpanbabie — [Pt(NHS3)2Cla].

[To Buy TUTaHIOB KOMIUIEKCHBIE COSAMHECHHUS MTOIPA3IACISIOTCS TaK:

1) axkBaKOMIUIEKCHBIC, JIMTAHJAMH SIBJISIOTCS MOJIEKYJIBl BOJBI, HAIpUMEp
[Cr(H,0)6]Cl3;

2) aMMUHOKOMIUICKCHBIC, JMTaHAAMH SIBIISIOTCS MoJieKyasl NHs, Hampumep
[Cd(NH3)s](NOs)2;

3) THIPOKCOKOMIUICKCHBIC, Jurangamu seisitorcs OH-noHbl, Hampumep
Nas[Al(OH)e];

4) anuIOKOMIUICKCHBIC, TIUTAHIAMU SIBIISTIOTCS KUCIIOTHBIC OCTaTKH, HallpUMep
K4[FeClg];

5) cMemnIaHHbIe, JUTAHJIAMHU SIBJISIOTCS PA3IMYHBIC YaCTHIIBI, HampuMep
[Pt(NH3),(H20),Br,]S0,.

[Ipy pacTBOpeHHWH KOMILUICKCHBIC COCIMHEHUsS (KpOME HEWTpabHbIX)
JUCCOIMUPYIOT Ha KOMIJICKCHBIC HOHBI M HOHBI BHEIITHEH Cephl:

K3[Fe(CN)s] = 3K+ + [Fe(CN)g]*

KoMItieKCHBIC HOHBI B pacTBOpaxX JUCCOLMUPYIOT HE3HAUNTEIbHO. KOHCTAHTEI
ux qucconuanuu (KH) Ha3pIBalOTCS KOHCTAHTAMU HECTOWKOCTH:

[Fe(CN)e]* <« Fe** +6CN-; Ku =1,13*10%

HomeHkiaTypa KOMITJICKCHBIX COCIMHEHWUN W3y4aeTcs Ha JICKIIMOHHBIX
3aHATHAX. HarmmoMHMM €€ ¢ MoMOIIbI0 TPUMEPOB:

[Zn(NH3)4](OH); — ruapokcn TeTpaaMMUHIIMHKA,

Ks[Fe(CN)g] — rekcanmanodeppar (I111) kanms,

[Ni(NH3)4][PtClg] — rexcaxnoporiarunar (IV) rerpaammunnaukens (I1),
[PACI,(H20),] — TeTpaakBaguxaopomnasiagmii.
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JlaGoparopHnas pa6ora Ne 4. «KommniekcHbIe COeTUHEHUD)

Heap pabGorbl: (opMupoBaHHE YMEHHH U HAaBBIKOB B HCCICIOBaHHUH

CII0CO00B ITOJIYUYCHHUA KOMIUICKCHBIX HOHOB; MUW3YYUTb CBOMCTBA KOMIIJICKCHBIX

COCI[HHGHHFI, HX COCTaB, ICPBUYHYIO U BTOPUYIHYIO JUCCOLIUALIUIO.

N

Onvim 1. Anuonnwie komnaexcol. Tempaitooosucmymam Kanus
3amanue u dTanbl padoThI

IHoaroroBka k 1abopaTopHoii padore
[IpoyecTh TeOpeTUYECKOE BBECHUE U TIOPSIOK BBITIOTHEHUS PAaOOTHI.
OdopMHUTH POEKT OTYETA IO OMBITY JabopaTopHON pabOThI (CM. TIpUIL. 2).
Hamnucars ypaBHeHHE MONy4YeHUs] HOIUJIa BUCMyTa B MOJEKYJISIPHOM U B
MOHHOM BUJIC.
Hanucare ypaBHEHHE B3aUMOJIECHCTBUS MOAWAA BUCMYTa C MOAWIOM KaJlksl B
MOJIEKYJISIPHOM M HOHHOM BHJE. Y4YecTh, YTO TMpPU ITOM oOpasyercs
KOMILUIEKCHOE COEIMHEHHE, B KOTOPOM B KauyeCTBE KOMILIEKCOOOpa3oBaTes
BbICTynaet noH BucmyTa (I11).
Hammcars ypaBHEHMS NEPBUYHOM M BTOPUYHOM THCCOLMAIMU KOMIUIEKCHOTO
COEIMHEHUS; BBIPAKEHUE [ KOHCTAHTBI HECTOMKOCTH KOMILIEKCA.
IHopsinok BbINOJTHEHUS PA0OTHI
B npo6upky k 3-4 kamisMm pacTBopa HUTpaTa BUCMYyTa MPUOABISTH MO KaIUIsIM

pacTBOp HOIU]T KaJIKsl 10 BBIMAJICHUS] TEMHO-OYpOTro ocajka Woauaa BUCMYTA.

PacTBOpUTH 3TOT 0Ca 0K U30BITKOM pacTBOpa MOAMIA KaTusl.
OTMETHUTH IBET MOJTYUYEHHOTO PacTBOpA.
[Io pe3ynbrataM MPOBEIECHHOTO OMNbITA 3alOJHUTh IYHKTHl OTYETa

«Haomoneuus» n «BuIBOIY.

N

Onwvim 2. Kamuonnwie komniekcol. Komnnekcrnoe ocnosanue nukens
3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

[TpouecTs TeopeTnuecKoe BBEACHHE U MOPAIOK BBITOJIHEHUS pabOThI.

OdopMHTE TIPOCKT OTYETA IO OTIBITY JIAOOPATOPHOI pabOTHI (CM. MPHIL. 2).

Hanucare ypaBHeHue peakuuu oOpa3zoBanus Tujpokcuaa nHukens (II) B

MOJIEKYJIIPHOM U HIOHHOM BHJI€.

Hamnucars ypaBHeHUE pacTBOpeHUs ocaika ruapokcuaa nukens (I11) B

aMMHaKke ¢ O0pa3oBaHUMEM KOMILIEKCHOTO OCHOBaHHMS. Y4YecTb, UTO

KOOPAMHALIMOHHOE YUCJIO HUKEJIS PABHO IIECTH.

Hanucarp ypaBHEHHS NEPBUYHOM M BTOPUYHOW JIHUCCOLMALIMM KOMILJIEKCHOTO

COEIMHEHHUSI U BBIPAXKEHHE JIJIl KOHCTAHTBI HECTOMKOCTH KOMILIEKCa.
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Iopsaok BbINOJTHEHUS] pa0OTHI

[Tomyunts ocamok ruapokcuaa Hukens (I1), BHecs B mpobOupky 3—4 karum
pacTBopa cyiab(hara HUKEIS U TAaKOH ke 00hEM €IKOTO Harpa.

K ocanky nobaButh 5—6 Karenp pacTBOpa aMMHUaKa.

CpaBHHUTH OKpacKy MOHOB HHUKEJs B pacTBOpe Cylb(aTa HHUKENS C OKPAcKOM
MOJTy4€HHOTO PacTBOpa.

OTMeTuTh OKpacKy MOJy4eHHOro pactBopa. I[loyemy oOkpacka pacTBOpPOB
oTauyaercs?

[To pe3ynpraTaM TIPOBENCHHOTO OMbBITA 3aMOJHUTH IMYHKTHI  OTYETA
«HaOmronenus» u «BeiBogy.

Onovim 3. Bzaumooeiicmeue zexcauuanogeppama (11) kanus c cynogpamom

meou
3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IIpouecTh TEOPETUUECKOE BBEIACHUE U MOPSIOK BBHINOITHEHUS PAOOTHI.

2. OdopMUTh MPOEKT OTYETa IO OMBITY JaboparopHOW pabOTHI (CM.
MPUIOKEHHE 2).

3. Hanmcars ypaBHeHHE HOHHO-OOMEHHOTO B3aUMOACHCTBUSA CyabhaTa Meau
u rekcarmanogeppara (I11) kamus B MOHHOM U MOJIEKYJISIPHOM BHUJIE.

4., Kakoe CBOMCTBO KOMILJIEKCHBIX COCIMHEHHUH TMOIATBEPKIAET BBHIMAICHUC
0CaJlKa B pe3yJbTaTe peakinu?

IHopsigok BbIMOIHEHHS PadOThI

B npobOupky k 4-5 xamisim pactBopa cyinbdara Menu JOOaBUTh TAKOW XKe
o0beM pactBopa rekcaraHodeppara (I11) kamus.

OTMeTHUTh IIBET BBIMABIIETO 0cajika rekcarmanodeppara (I1) menu.

[lo pe3ynpraTaM TPOBENCHHOTO OMbBITA 3aMOJHUTH IMYHKTHl  OTYETa
«HaoOmronenns» u « BeiBomy.

Onwvim 4. /[goiinvie conu
3aganue u 3Tanbl padoThI

IoaroroBka Kk J1adoparopHoi padore

1. TIpodecTh TeOpETHUECKOE BBEICHNE U TIOPSIOK BBHITTOJIHCHUS PAOOTHI.

2. OdopMUTh MPOEKT OTYETa MO OMNBITY JaboparopHOW paboOThl (CM.
MPUJIOKEHUE 2).

3. Hanmcars ypaBHEHHS MPOTEKAIONIUX B OMBITE PEAKIMH;, y4ecThb, 4TO B
MEepBbIX ABYX MpoOHMpKax oOpa3yrorcsi ocanku cyiabduna xeneza (II) u cynbdara
Oapwusi.
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4. Ha npucyTcTBHE KakMX HOHOB B pacTBope coiu Mopa yka3blBaloT
MIPOBE/ICHHBIE PEAKLUHU ]

5. Kak 1 nouemy u3MeHHTCS LIBET JIAKMYCOBOM Oymaru?

6. Hamucars ypaBHeHue auccornuanuu conu Mopa.

Iopsiaok BhINOJHEHUS] Pa0OThI

B  Tpex  mpoOupkax  OPUTOTOBUTH  pPacTBOp  JBOWHOW  cOJH
(NH4)2SO4*FeSO4*6H,0 (comn Mopa), BHECS B KaXayl M0 6—8 Kareiab BOABI U
| MUKpPOIITIATEIIIO COMH.

B omny npobupky k pactBopy conu Mopa nobGaButh 5—6 Kamelb pacTBopa
cynb(uia aMMOHHUS, B APYTYIO — CTOJIBKO K€ pacTBopa XJjopuaa dapusi.

OTMeTuTh UBET 00PA30BABIIMXCS OCAIKOB.

B tperpio mpobupky no0aBuTh 7-8 Kamenb pacTBOpa €IAKOro Harpa u
MOJIOKUTh Ha NPOOHMPKY, CMOYEHHYIO JTUCTHJUIMPOBAHHOW BOAOH, JIAKMYCOBYIO
OyMaXkKy; MMOCTaBUTh MPOOUPKY Ha BOJSHYIO OaHIO.

[lo pe3ynbraTaM TMPOBEIEHHOTO OMNbITA 3aMOJHUTH IMYHKTHl  OTYETa
«Haobmonenns» n « BeiBomy.

3aganus I CaMOCTOATEIbHON PadoThI

1. Ha3oBuTe OCHOBHBIE COCTaBHBIE YaCTU JAHHBIX KOMIUIEKCHBIX COEIHU-
HEHUU, MPUBEIUTE MX HA3BaHUS, KIACCUPUIIUPYHTE MO TPEM-UETHIPEM MPU3HAKAM:
[Ag(NH3)2]Cl, [Cr(CO)e].

2. Hammummre dopmyny rekcarmanodeppara (11) auxess (1I).

3. JHua xommiekcHoro coemauHenus Ks[Al(OH)g] namummre ypaBHEHHS
IIEPBUYHON W BTOPUYHOM THCCOLMAIMH, BBIPAKEHNE KOHCTAHTBI HECTOUKOCTH.

4. KOHCTaHTBhl HECTOMKOCTH KOMIUIEKCHBIX MOHOB PABHBI:

[Co(CN)a]*  [CA(CN)aJ*  [Zn(CN)4]*

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

B pactBope kakoro BeriecTBa KoHIeHTparus noHoB CN~ HanOosbas?

5. Hanuimwte ypaBHEHHE peakiuu MoiydeHus: ximopua rekcaamuuauukesns (11)
B3auMoeiicTBueM xiopuaa aukess (1) ¢ pactBopom ammuaxa.

Tema 1.5. Iucnepcubie cucremsl. PacTBopsbl

Teopemuueckuiit mamepuaj, HeOOXOOUMDLIL 01 8bINOJIHEHUA 1ADOPAMOPHOTL
pabomul
B xuMuueckoil npakTuke, a Takke B ObITY 4acTO BO3HMKAET HEOOXOAUMOCTD B

MIPUTOTOBJICHUN PACTBOPOB Pa3IMUYHOM KOHIEHTparuu. CrocoOO0B IPUTOTOBICHUS
pPacTBOPOB MHOTO, HO KaXIbIi W3 HUX O0JaTaeT CBOMMH TMPEUMYIIECTBAMU H
HEIOCTATKaMH.
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Hanpumep, mpuroroBieHHe pacTBOpa IO «IpaBWIIy KpecTa» He Tpelyer
CIOKHBIX  PacdyeToB, HO JOBOJBHO BEJIMKA OTHOCHTEIbHAs TOTPEIIHOCTh
npuroroBieHus (no 10 %).

PacTBOp MOXXHO TPHUTOTOBHTH C TOMOIILI0 (ukcaHama. DuKcaHal — 3TO
repMETHYHO 3alasHHas CTEKISHHAs aMilyja C TOYHO B3ATOW HABECKOW CyXOTO
BEIIECTBA WJIM TOYHBIM OOBEMOM KHCIOTHL. B 3TOM ciydae qoCTHraeTcsi camas
BBICOKass TOYHOCTh KOHIICHTPAIIMU IPHUTOTOBIICHUS, HO M3-3a2 BBICOKOW CTOMMOCTH
(duKcaHaJIOB PacTBOPHI HA MX OCHOBE TOTOBST B PEAKUX CIy4asX — JJIs TPOBEACHUS
0Cc000 TOYHBIX AHAJIA30B.

HawnGonee onTuMaabHBIM SBISIETCS CIIOCO0, KOTAa 00jIee KOHIICHTPUPOBAHHBIH
pacTBOp pa30aBIAIOT BOMOW 1O 3aJaHHOW KOHIICHTPAIMHA. DTO TMPOCTON CHOCO0,
MO3BOJISIIONIUN TOTOBUTH PACTBOPHI C JOBOJIBHO BHICOKOM TOUHOCTHIO.

JIJisi mpUrOTOBJIEHHUSI pacTBOpa HEOOXOMMMO 3HAHHME PaA3JIMYHBIX CIOCOOOB
BBIPKECHUSI KOHIIEHTPAIIUU U YMEHUE MEPEXOIUTH OT OJIHOTO CIIoco0a K IPyromy.

HaulGonee pacmpocTpaHeHbl MATH CNOCOO0B BbIPAKEHHS KOHIEHTPANH
PacTBOPOB:

1) maccosas 0ona pacmeopeHHOZ0 Gewlecmea — MAacca pPacmeopPeHHO2O
gewecmaa, cooepacawascsa 8 100 maccogvlx yacmsax pacmeopa,

2) MONAPHAA KOHUCHMPAUUA — KOIUYECMBO Geujecmed 6 OOHOM JUmpe
pacmeopa,

3) MonapHas KoHueHmpauua IKUSAIEHMA (SKEUBAICHMHASL KOHYCHMPAYUL) —
KOTUYECmE0 IKEUBATIEHMHbBIX MACC 8eWecmea 6 OOHOM JUmpe pacmeopa;

4)  MmonanbHOCMb — KOIUYECMBO Geujecmed 6 O0OHOM — KULOSpAMMe
pacmeopumersi;

5) mump — macca pacmeopeHHo20 6euecmea 6 00HOM M (cM°) pacmeopa.

[Ipu mepexome OT MacCOBOW JOJIM M MOJSUTBHOCTH K OCTaJbHBIM CIOCO0aM
BBIPOKEHUSI KOHIIEHTPAIMM HEOOXOAMMO 3HaTh IUIOTHOCTh pPacTBOpa, KOTOpas
OTIPEIEIISIETCS OTBITHBIM MMYTEM C TTOMOIIBI0 APEOMETPA.

Apeomemp — 3TO TPUOOp I HU3MEPECHHUS IUIOTHOCTH JKHAKoCcTed. OH
MIPENICTABIACT COOOM 3alasHHYI0 CTEKISHHYIO TPyOKy ¢ Tpy30M Ha KOHIIE M CO
mkanoi. Illkana rpagynpoBaHa B €MHAIIAX UIOTHOCTH (KI/M° MM T/11).

Korma apeoMerp morpykeH B JKHJIKOCTb, TO YPOBEHb €€ IOBEPXHOCTH
COBIAJACT C TEM JEJICHHEM Ha IMIKajie, KOTOPOE YKa3bIBaCT IUIOTHOCTH ATOM
KUJAKOCTH. 3Has IUIOTHOCTh PAacTBOpPA, MOXKHO B CIPABOYHOW JUTEpaType HAUTH
MacCCOBYIO JIOJIO PACTBOPEHHOTO BEIIECTRA.

Honno-oomennvie peaxyuu. B pacTBopax 31€KTPOIUTOB PEAKIIMH MPOTEKAIOT
MEXIy HOHAMH, TIOITOMY CYIIHOCTH IMPOTEKAIOIIMX IPOIECCOB HamOOJIee TMOTHO
BBIp@)KACTCS MPU 3alUCH WX YPAaBHCHWH B HMOHHO-MOJIEKYJIIPHOM BHjae. B Takux
YpPaBHEHUSAX CIIa0ble D3JCKTPOJUTHI, MAaJIOPACTBOPUMBIC COCIUHEHUS W Ta3bl
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3aMKChIBAIOTCS B MOJIEKYJIIPHON (popMe, a CUIIbHBIE AIIEKTPOJIMTHI — B BUJIE MOHOB.
Hanpumep, peakiiuym HEUTpAIU3aLUN 3aIIMCHIBAIOTCS TaK:

HCI + KOH = KCI + H,0 — monekynspHoe ypaBHEHHE,

H*+ OH™ = H,0 — nonHo-MoeKyIsIpHOe ypaBHECHUE,

U3 KOTOPOTO CIEAYET, YTO CYIIHOCTh ATOrO Mpoliecca CBOJUTCSA K 00pa30BaHUIO
U3 HOHOB BOJIOPO/Ia U TUAPOKCUI-MOHOB CIA00T0 ANEKTPOIUTA — BOJIBI.

YpaBHEHUS peaKLUil:

BaCl, + H,SO, = + B&SO4L + 2HCI

B&(NOg)g + Na,SO, = BaSO4l + 2NaNOs;

CBOIATCS K OJHOMY M TOMY € Ipoueccy 00pa30BaHMsS MajopacTBOPHUMOIO
BeIIEeCTBA — Cynbdara Oapus:

Ba?* + SO4% = BaS0O,),

OTU nOpuUMephbl TMOKa3bIBAIOT, YTO HOHOOOMEHHBIE pPEaKlUh B PaCTBOPAX
AIIEKTPOJIUTOB TPOTEKAIOT B HAMPABICHUU CBSI3bIBAHUSA HOHOB, MPUBOISIIETO K
00pa30BaHUIO MaJOPacCTBOPUMBIX BELIECTB (OCAJKOB WM Ta30B) WM MOJIEKYJ
C1a0bIX MEKTPOIUTOB:

Na,COs; + 2HCI = 2NaCl + H,0 + CO»?

COz* +2H*=H,0+CO,1

B Tex ciygasix, Korjma MaJopacTBOPHMMBIE BEIIECTBA MM CIa0bIe SIEKTPOIUTHI
UMEIOTCS KaK CpeOu HCXOAHBIX BEIIECTB, TaK M CpPEeOu IPOAYKTOB PEAKIIHUH,
paBHOBECHE CMENIAeTCsl B CTOPOHY 0Opa3oBaHMs HAaMMEHEE pPAaCTBOPUMBIX WM
HanMEHee JUCCOLMUpYIoIuX BemecTB. Hanpumep:

lMg(OH)z + 2HCI = MgC|2 + 2H,0,

lMg(OH)z +2H" = MgZ+ + 2H,0.

Booopoonuwiii noxazamens. BoNBIIMHCTBO peakiuii, MPUMEHIEMBIX B aHAJIU3E,
MPOTEKAIOT B BOJIHBIX pPacTBOpax. Boma OTHOCUTCS K cl1aObIM 3JEKTPOJIUTAM U, XOTA B
HE3HAYMTEIbHOW CTEIIEHH, HO MOABEPTaeTCsl HOHNU3ALUU:

H,O <~ H" + OH"

[Ipouecc wWoOHM3AMM BOABI  XapaKTEpU3yeTCs KOHCTAHTOM HOHHU3ALUH

(AuccoumaIyn):

[H*]-[OH]/ [H20] = K(H20). (1)
[TpeoOpazyem 3TO ypaBHEHHE:
[H]-[OH] = K(H0) - [H20]. (2)

B mnpuBenennom ypaBHeHun [HpO] (mpy MOCTOSAHHOM TeMIiepaTrype) MOKHO
CUMTaTh MPAKTUYECKU NMOCTOSIHHOM. CrenoBarenbHo, IpaBas 4yacTh ypaBHEHUs (2), a
3HauuT, 1 pousBeaeHue [H]-[OH ] — Bennuuna nmocrosinHas. E€ Ha3bIBaIOT HOHHBIM

MIPOU3BEICHUEM BOBI U 0003HaYaroT Kw:
Kw: = [H"]-[OH]. (3)
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IIpu temneparype 25 °C B umcroii Bome [H'] = [OH] = 107 mons/m,

CJIE€I0BATEIIbHO
Kw=107-107 =10
[Ipu mnoBbiieHun Ttemneparypel Kw  ObicTpo yBenuuuBaeTcsi. (CMBICT
ypaBHeHUS (3) 3aK/II04aeTCs B CIEAYIONMIEM: KaK Obl, HE U3MEHSJIACh, KOHIIEHTpAIUs
nonoB H* m OH™, mx mpoumssenenue [H']'[OH|] B moOoM BOIHOM pacTBOpE
COXpaHseT NOCTOSHHOE 3HaueHue pasHoe 10 mpu 25 °C.
Bmecro konmentpamuun [H'] ymoOHee monb30BaThcs  OTPHUIATEIBHBIM
JECSITUYHBIM JIOTApU(PMOM U3 3TON BEIIUUUHBI — 8000p0OHbIM nokaszamenem (pH).
pH =—{g[H"]. 4)
Kpome Bopoponnoro nmokazarens (pH) mpu pacuerax MMPOKO UCHOJIB3YIOT U
TUAPOKCUIIBHBIN 1okazarenb (pOH) u nponorapudmMupoBaHHbIN MMOKa3aTelb HOHHOTO
MIPOU3BENCHUS BOJIbI

pOH =—{g[OH],
pKw = —LgKw,
pKw =pH + pOH. pH + pOH = 14.

B kucnbix pactBopax pH < 7, cmabokucneix pH < 7, menoyHsIX pacTBOpax
pH >7, cnabomienounsix > 7, HEUTpanbHBIX pacTBopax pH = 7.

Jns  u3Mmepenuss 3HayeHuWs pH MOnB3ylOTCS  pa3nU4HBIMM - METOJAMH.
KauecTBeHHO ke peakiuio pacTBOpa MOKHO ONPEAEIUTh C MOMOIIBIO CHIEIUATBHBIX
WHJIUKaTOPOB, MEHSIOMIMX CBOK OKpAacKy B 3aBUCUMOCTH OT KOHLEHTPALMU
BOJAOPOJHBIX HMOHOB. TakuMHU HWHIUKATOpaMU SBIISIIOTCS KUCJIOTHO-ILEJIOYHBIE
WMHJIUKATOPhI, KOTOPBIE pearupyroT Ha u3Menenue pH cpenbl

KucnotHo-11en09Hble UHANKATOPHI B MOAABISIONIEM OOJBIIMHCTBE SIBIISIOTCS
KPAacUTESIMA WA JPYTUMHU OPTaHUYECKUMHU COCTUHEHHUSIMU, MOJIEKYJbl KOTOPBIX
MpeTEepreBaOT CTPYKTYPHbIC U3MEHEHHS B 3aBUCUMOCTH OT peakiuu cpenbl. mu
MOJIB3YIOTCSI B TATPUMETPUUECKOM aHAIIM3E MPU PEAKUUSIX HEUTpaIU3aluu, a TAKKE
IUIs1 KOJIOpUMETpUUECKoro onpenenenus pH.

Tuoponusz coneu. Ilpm pacTBOpeHHUH cOJieli B BOAE, Hapsay C Ipoleccamu
ANEKTPOJIUTUUECKON JUCCOIMAlMM € OOpa3oBaHHEM TUIPATUPOBAHHBIX HOHOB,
MPOTEKAIOT PEaKIIMK B3aUMOICHCTBUS HOHOB COJIM C BOJIOM MX THUJIPATHBIX 000JIOYEK.
DTOT MpoIecC HA3bIBACTCS 2UOpoIU30oM coneti. B pesynprare TUAPOIN3a CMEeIaeTcs
PaBHOBECHE JIEKTPOTUTUYECKON TUCCOLMAIIMU BOBI, PUBOIAIIEE K U3MEHEHHI0 pH
Cpebl, KOTOPOE MOKHO ONPENEIUTh C TOMOIIBI0O HHANKATOPOB.

Hanpumep, npu pacTBopeHHH alieTara HaTpusi cpea CTAHOBUTCS IIEJIOYHOU B
pe3ynbTare NPOTEKAaHUs CIEAYIOIINX MPOIECCOB:

CH3;COONa « Na* + CH;COOr

CH3COO" + HOH « CH3COOH + OH"

30



N3menenune BopopogHOro mnokaszarenss pH mpu pacTBOpeHHMHM COJIA SIBISIETCS
OCHOBHBIM MPU3HAKOM, YKA3bIBAIOIIMM Ha MTPOTEKAHKUE THAPOIIN3A.

['uaponu3 sBsieTcs Pe3yabTaToM TMOJMSIPU3AMMOHHOTO B3aMMOJICHCTBHS NOHOB
C WX TUApaTHOW 000104Koi. YeMm cuiibHEE MOIAPHU3YIOIIee ICHCTBHE HOHOB H
0oJbIle WX MOJSAPU3YEMOCTb, T€M B OOJBIIEH CTENEHU TMPOTEKAET THIPOIIHU3.
CunpbHOE TmONSpU3yIOllee  JIEWCTBHE  OKa3bIBAlOT HEOONBIIME 10  pasMepy
MHOTO3apsiIHbIE€ HMOHBI; OOBIYHO JTO KaTHOHBI Cia0bIX oOcHOBaHUM. CHIIBHO
NOJISIPU3YIOTCS OOJIbIIIME 1O pa3MepaM aHMOHBI — KHCIIOTHBIE OCTATKH CJ1a0bIX
KHCIIOT.

Pa3znuyaroT HeCKOIbKO THUIIOB TUAPOIIN3A COJEH.

1. Conu, oOpa3oBaHHbIC CUJIBHBIMH OCHOBaHUAMM (I1I€JI0YAMHU) U CHUIIbHBIMU
KHCJIOTaMH, He mojaBepratorcst ruapoimsy. PactBopsl Takux conerr (NaCl, KNOs,
Ba(NOs), u 1p.) umeror HeiTpanbhyio cpeny (pH = 7).

2. Conu, oOpa30BaHHbIE CHJIBHBIMA OCHOBAaHUSIMU U CJIA0BIMU KHCIIOTa- MH,
TUAPOJIM3YIOTCS 110 aHMOHY, TaK KaK aHWOH o0pa3yeT ¢ MOHAMH BOAOpOJa CiIalyro
kuciotry. Cpena pacTBopa B 3TOM ciyuae menounas (pH > 7):

KCN + H20 <> HCN + KOH — monekynsapHOe ypaBHEHHE THAPOIN3A,

CN + HOH < HCN + OH— nonHoe ypaBHEHHUE THAPOIIN3A [I0 AHUOHY.

Comu  ostoro  Tuma, OOpa3OBaHHbIE  MHOTOOCHOBHBIMH  KHCJIOTaMH,
TUAPOJIM3YIOTCS CTyNIEHYaTo, HalpuMep:

1-a crynens: K;CO3; + HOH <+-» KHCO3; + KOH
COs*” +HOH < HCO+OH
2-s ctynedb: KHCOj3 + H,O «+» H,CO3 + KOH
HCO3% + HOH < H,CO;3 + OH,

MIPUYEM THAPOIHN3 UACT B OCHOBHOM IO TIEPBOM CTYTICHH.

3. Conu, oOpa3oBaHHbIC CIAOBIMM OCHOBAaHUSIMU U CHJIHBHBIMU KHCJIOTaMH,
TUAPOJIM3YIOTCS TI0 KaTUOHY, TaK KaK KaTUOH 00pa3yeT ¢ TUAPOKCU-MOHAMU cllaboe
ocHoBanue. Cpema pacTBopa B 3ToM ciaydae kucias (pH < 7).

NH4Cl + H,0 < NH,OH + HCI — monexynspHoe ypaBHEHHE THIPOIN3a

NH;* + HOH <> NH,OH + H* — nonnoe ypaBHeHHE THIPOJIN3a TIO KATHOHY

Comm »Toro Tuma, oOpa30BaHHBIC MHOTOKHCIIOTHBIMH OCHOBaHUSMHU,
THAPOJIM3YIOTCS CTyNIEHYATO, HallpUMeEp:

1-s1 crynens: ZnCl, + H,O < Zn(OH)CI + HCI
Zn* + HOH « Zn(OH)* + H*
2-s1 crynenb. Zn(OH)CI + H,O « Zn(OH), + HCI
Zn(OH)" + HOH « Zn(OH), + HT,

IpUYEM THAPOIIH3 UACT B OCHOBHOM II0 IEPBOM CTYTICHH.

4. Conmu, obOpa3oBaHHBIE CJIA0BIMHM OCHOBAaHMSIMU M CJIAOBIMU KHCIOTaMHU,
THIPOJIU3YIOTCS M TI0 KaTHOHY Y TI0 aHWOHY, HallpuMep:
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NH4CN + H,O—=NH4OH + HCN.

IIpu 3ToM pH cpenpl 3aBUCHT OT CHIIBI OOpa3yrOUIMXCSA CHAOBIX KUCIOT U
ocHoBaHuil (0ObiuHO pH paBen 6-8). Takue coiaM TUIPOIU3YIOTCA B OOJbIIEH
CTEIIEHH, Y€M PAaCCMOTPEHHbIE B ILI. 2 W 3. ['Maponmns3 Takux cojerd NPOUCXOOUT
IPAaKTUYECKU HEOOpAaTUMO, €CIIH BBIIEISETCS a3 WK 0CaI0K MO0 €CIIH TO U JIpyroe

oOpa3zyeTcsi OJHOBPEMEHHO, HAlIPUMED:
AlyS; + 3H,0 = 2AI(OH)3] + 3H,S?T

Jlaboparopnasi paGora Ne 5. «lIpuroroBieHue pacTBopa 3aJaHHOM
KOHIEHTPALHID)

Leabp padorhl: QopMHpOBaHHME YMEHHI M HAaBBIKOB B MPUTOTOBICHUU
pacTBOpa C 3aJaHHOW MACCOBOM JOJIEM PAaCTBOPEHHOIO BEIIECTBA; MNPOBEPHUTH
MIPAaBUJIBHOCTh MPUTOTOBIICHUSI PACTBOpa, U3MEPUB €TI0 IJIOTHOCTh U CPABHUB €€ C
TEOPETUYECKON BEIMYUHOW IIOTHOCTH.

3ananue u 3Tanbl padoThl

IoaroroBka Kk j1adoparopHoi padore

1. IIpouecTh TEOPETUUECKOE BBEIACHUE U MOPSIOK BBHINOITHEHUS PAOOTHI.

2. OdopMUTh MPOEKT OTYETa IO OMBITY JaboparopHOW pabOThI (CM.
MPUIOKEHHE 2).

3. Tlomyuuts 3aaHKE 11O TPUTOTOBICHUIO PACTBOPA y MPEIo1aBaTess.

4. Paccuntarb 00ObEM BOJIbI M MacCy COJHM, KOTOpPbIE MOHAMOOSTCS IS
MIPUTOTOBJIEHUS 3aJaHHOTO PaCcTBOPA.

IHopsigok BbIMOIHEHHS PadOTHI

Ucnonw3yst MEpHBINA MWIMHAP, OTMEPUTHh HEOOXOAUMBIN 00BEM BOJIbI U BHUIUTH
€€ B XMMUYECKHUI CTAKaH.

Ha snexkTpoHHBIX Becax B3BECUTH COJIb.

Bcepimare cosib B CTakaH € BOAOW, IOCTOSSHHO NEPEMEIINBasi €€ CTEKJISTHHOU
Majgoykoil. YOeAUTCsi B TOM, UTO BCSI COJIb MOJIHOCTHIO PaCTBOPHIIACH.

[IpoBepuTh MPaBUILHOCTH MPUTOTOBIEHUS pacTBopa. st aToro HebobIIOE
KOJINYECTBO PACTBOpPA HAJIUTh B MEPHBIN LMJIMHADP U AKKYPaTHO MOMECTUTh B HETO
apeoMeTp.

OTMETUTH IUIOTHOCTH IPUTOTOBJIEHHOTO PACTBOPA P ppacr-; CPABHUTH €€ C
TEOPETUYECKUM 3HAUEHUEM TUIOTHOCTHU PACTBOPA YKA3aHHOW KOHIIEHTPALUH P reop-

3anuch IKCNEPUMEHTAJIBLHBIX TAHHBIX U PACYETHI

Paccunrtars aOCOMOTHYIO M OTHOCUTEIBHYIO OIIMOKU OMbITA!

Abcomomuas owubdbka = p TeOp — p MPaKT.= [r/mi],

Omuocumenvras owubka A% = (abcomorHas omuodka / p Teop.) - 100.
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Ilo pesynbrataM HpPOBEIECHHOTO ONBITA IIPOM3BECTH pacdyeT MOJIIPHOM,
MOJISUIBHOM, HOPMAJIBHOM  KOHILIEHTpAaUMd H  TUTpA pPacTBOpPa, HCHOJIB3Ys
TEOPETUYECKOE 3HAUCHHE €T0 MIIOTHOCTHU (B 1a00OpaTopHOM TeTpaau!).

3aroNHUTh MyHKT 0T4eTa «BBIBOIY.

JlaGopaTopHas pa6ora Ne 6. «IIeKTPOJTUTHYECKAS TUCCOMUALUSD)

Onwvim 1. Xapakmep ouccoyuayuu 2uopoKkcuoos

3aganue u dTanbl padoThl

IHoaroroBka k 1abopaTopHoii padore

1. Ilpouectb TeOpeTHUECKOE BBEJICHNUE U NOPAIOK BBIITOJIHEHUS PAOOTHI.

2.  OdopMUTb MNPOEKT OTYETa IO OMBITY JaboparopHO paboOThl (CM.
MIPUJIOKEHHUE 2).

3. Hamucare ypaBHEHMsI TOJNy4YE€HHUS THAPOKCHIOB MarHus, KpEeMHHUS,
anOMUHUS (0POPMUTH KaK HOHHO-OOMEHHBIE PEAKIIUU — MOJIEKYJIIPHOE

ypaBHEHUE, OJTHOE HOHHOE U COKPAILIEHHOE HOHHOE YPaBHEHU).

4. B Tabmuue 6 yka3zaTh XapakTep CBOWCTB KaXKIOTO U3 THAPOKCUIOB
(KUCTOTHBIN, aM(pOTEPHBII, OCHOBHBIN).

5. Hamucars ypaBHeHHs AucCCOLMAUU THAPOKCUIOB B TadIuIe 6.

6. Hanucarp ypaBHeHMsI B3aUMOJEWCTBUS KaXKJOTO W3 TUIAPOKCUAOB C
KHUCIIOTOM M MIEN04Ybl0 (OPOPMUTH KaK MOHHO-OOMEHHBIE PEAKIIMH — MOJEKYISPHOE
ypaBHEHHUE, TIOJTHOE HOHHOE M COKPAILICHHOE NOHHOE YpaBHEHHUS).

IHopsigok BbIMOIHEHHS PadOThI

[Honmyunts ruapokcuasl Maraus (1-s1 u 2-s1 npoOupku), antoMuHus (3-1 u 4-4
poOUpKU) U KpeMHUs (5-51 1 6-51 IPOOUPKM) — MO JIBA KaXKJI0TO U3 THIPOKCUIOB.

JU1st 3TOT0 B3SThH 1IECTh MPOOUPOK M BHECTH 10 3—4 karuu 0,5H pacTBOPOB:

B IIEPBYIO U BTOPYIO — XJIOPHJI MarHus;

B TPETHIO U YETBEPTYIO — XJIOPUJ ATFOMUHUS;

B ISITYIO U LIECTYIO — CUJIMKAT HaTPUSI.

[IpubaBuTH B MPOOUPKHU:

B IIEPBYIO U BTOPYIO — 3—4 KaIulk €IKOro HaTpa;

BO TPETHIO M YETBEPTYIO — 1-2 KariMm eaKkoro Harpa;

B ISATYIO U MIECTYIO0 — 3—4 KaIlIu COJISTHOM KUCIOTHI.

OTtmeTuTh 00pa3oBaHME M 1BET OCAIKOB, BHECTH B IMYHKT OTYeTa
«HaOmronenus».

HccnenoBare CBOWCTBA IMOIMYYEHHBIX THAPOKCHIOB (KHCIIOTHBIE, OCHOBHBIE,
am(poTepHbIE); OJI1 3TOrO OMNPEAEUTh MX OTHOLIEHUE K KHUCIOTaM U IIeJIoYaM.
K nonyuenHomy B JByX MpoOUpKax TUIPOKCHAY MAarHusi, NpuOaBUTh: B TEPBYIO
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npoOupky 3—4 Karuid pacTBOpa €IKOro Harpa, BO BTOpyl — 3—4 Karuld pacTBOpa
COJITHOM KHCJIOTBHI.

OTMeTUTh B KaKOM Clydae OCaJOK PpacTBOPWICS. AHAJOTUYHBIM 00pa3oM
HCCIIEI0BATh TUAPOKCHIBI ATIOMUHUS U KPEMHUSL.

ITo pesynbraTaM ombITa 3arMoaHUTh 2 U 3 CTONOIBI TAOIHIIHI .

Tabauia 6
OtHomeHue
TAIPOKCHUIA
HasBanue u ¢popmyna (pacTBopseTCs/HE Xapakrep |YpaBHEHHE AUCCOLUALMU
TUIPOKCHUIA pacTBOpSIETCS) CBOMWCTB (Tonbko 1 cTyneHb)
K K

IIEJIOYH | KUCIIOTE
1 2 3 4 3)

I[To pesynbraram MPOBEACHHOIO OMNbITA 3alOJHUTh IYHKTBI ~ OTYETa
«Haobmonenns» n « BeiBomy.

Onvim 2. Cpasnenue xumuueckou akmugnocmu Kuciom. Bzaumooeiicmeue

MPamMopa ¢ CONAHOU U YKCYCHOU KUC/IOMOU
3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. IlIpouectb TeOpeTHUECKOE BBEJICHNUE U TTOPSAIOK BBHITIOJIHEHUS PAOOTHI.

2. OdopMuTh TPOEKT OTYETA IO OMBITY JTA00PATOPHON PabOTHI (CM.IIPHIL. 2).

3. Hammcarp HOHHO-OOMEHHBIC pEaKIMM B3aUMOICUCTBUS Mpamopa ¢
YKCYCHOM U COJIsTHOM KucioTamu. Kakasi U3 uccieayeMbiX KUCIIOT SIBISIETCS CUIIbHBIM
ANEKTPOIUTOM?

4.  OI1eHUTh MO COKPAIIEHHOMY HOHHOMY YPaBHEHUIO, KOHLICHTPALUSI KAKOTO
noHa OyneT ompenensiTh CKOPOCTh ATHUX PEaKIWii B COOTBETCTBUU C 3aKOHOM
JNEUCTBYIOIINX MacCC.

5. Paccuurarh KOHIIEHTpAIMIO HOHOB BOJIOPOa B 2H PAaCTBOPE COJISTHOU U 2H
pacTBOpe YKCYCHOM KHUCJIOTHI U BHECTH PACUYEThI B IPOCKT OTUETA 1O JI/P.

IHopsinok BeIMOIHEHHsI PAa0OTHI

B3sth 1Be mpoOUPKHU M BHECTH B HUX IO MAJICHBKOMY KyCOUKY MpaMmopa.

JloGaBuUTH B MEpBYIO0 MPOOUPKY 5—6 Kamelb pacTBOpa COJITHOW KHCIJIOTHI, BO
BTOPYIO — 5—6 Karejlb yKCyCHOW KHCJIOTBI.
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OtMeTuTh BbIACEHHE Ta3a. CpaBHUTh WHTEHCHUBHOCTH BBIJICJICHUSI Tra3a B
poOupKax.

[To pesynbraram TPOBEACHHOTO ONbITAa 3aMOJHUTH IMYHKTHI OTYETa
«HaOmronenus» u «BeiBog».

Onvim 3. Bauanue conu cnadoii KUcaiomol Ha OUCCOUUAUUIO IMOU KUCTIOMbL
3aganue u 3Tanbl padoThI

IoaroroBka Kk JadoparopHoi padore
[IpodecTs TEOpETUUECKOE BBEICHUE U MOPAJIOK BBITIOJHEHUS paOOTHI.
OdopMuTh MPOEKT OTYETA IO OMBITY JA0OPATOPHOM PabOTHI (CM. TIPHUIIL. 2).
O3HaKOMUTBHCSA C OCHOBHBIMU KHCJIOTHO-OCHOBHBIMHU MHINKATOPAMH.
Hammcars ypaBHEHHE TUCCOIUAIIMN YKCYCHOM KUCIIOTHI.
Hammcars ypaBHEHHE TUCCOIMAIIMY alleTaTa HaTPHs.

6. Bocmonp30BaBIIMCh CHPABOYHBIMUA JAaHHBIMU TMPUIOKEHUS 3, YyKa3arb
00J1aCTh Tepexoaa ¥ M3MEHEHUE OKPACKH JIISI KCTIOJIb3YEeMOTo B paboTe MHIUKATOPA.

Ok wnE

/. Kakue MOHBI B pacTBOpE BIMSIOT HA U3MEHEHHWE U MHTEHCUBHOCTb OKPAacKu
nHAUKaropa?

8. Tlomp3ysace mpunmunom Jle Illarense, ykaxuTe, B KakoM HampaBICHUH
CMECTHUTCS] paBHOBECHE B CUCTEME Mocie Ao0aBneHus anerara Harpus. Kak npu atom
M3MEHUTCSI THTEHCUBHOCTh OKPACKU MHAUKATOpa?

IHopsinok BeIMOIHeHNUs1 padoThI

B nBe npoOupku BHECTH TI0 5—6 Karenb pacTBOpa YKCYCHON KHUCIIOTHI.

B xaxayro npoOupky mo0aButh mo 1 Kamje WHAUWKATOpa — METHIJIOBOTO
OpPaH>KEBOTO.

OTMETUTH BET HHIUKATOPA B PACTBOPE KHUCIIOTHI.

OpHy npoOMpPKY OCTaBUTh B Kaue€CTBE KOHTPOJBHOHM, a B APYTYIO BHECTH
alerar HaTpusl.

CpaBHUTB OKpacKy MOJIYYEHHOI'O pacTBOpPa C KOHTPOJIBHON MPOOUPKO.

IIo pesynbraraM DPOBENEHHOIO OMNbITA  3allOJIHUTH IIYHKTBI  OTYeTa
«HabOmroneuus» u «BeiBogy.

Onvim 4. Bausanue conu caabo2o 0CHOBAHUA HA OUCCOUUAYUIO IMO20
OCHO6AHUA
3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore
1. IIpoyecTh TeOpETHUECKOE BBECHHUE U MOPSIOK BHIMOJTHESHUS PaOOTHI.
2. OpopMHUTHL IPOEKT OTUETA MO OMBITY JA0OPATOPHOM pabOTHI (CM. TIPHUIL. 2).
3. Hanucath ypaBHEeHUE TUCCOLMAIIMY THApPAaTa aMMHUaKa.
4. HanucaTh ypaBHEHHUE TUCCOLMAIIMYU XJIOPUIA aMMOHUSI.
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5. Bocmonb30BaBIIMCh CIIPAaBOYHBIMH JAHHBIMH MTPUIJIOKEHUS 2, YKa3aTh 00JacThb
nepexosia ¥ U3MEHEHHE OKPACcKH JJIsl UCTIOIBb3yeMOT0 B paboTe MHIUKATOPA.
6. Kakue noHbI BIUSIOT Ha U3MEHEHUE U HHTEHCUBHOCTH OKPACKU
WHJUKaTopa?
7. lonb3ysics npunuunom Jle Illarense, ykaxure, B KAKOM HalpaBICHUH
8. cMecTUTCS paBHOBECHE B CHCTEME TOCIIe J0OaBIeHHs XJIopuaa aMmmonus. Kak
MU3MEHHUTCSl OKpacka MHIUKaTopa?
IHopsiiok BbINOJHEHHS PA0OTHI
B nBe npoOupku BHECTH 11O 5—6 Karenb pacTBOpa aMMHaKa.
B kaxayro npoOupky no0aButh 1o 1 kxarie nHaukatopa — henondraaenHa.
OTMeTHTD LIBET UHAUKATOPA B PACTBOPE KUCIIOTHI.
OnHy mpoOHpPKY OCTaBUTh B KauyeCTBE KOHTPOJIBHOM, a B JIPYI'YIO BHECTH
XJIOPUJL aMMOHHUS.
CpaBHUTB OKpacKy MOJIYYEHHOT'O pacTBOPa C KOHTPOJIBHON MPOOUPKOH.
[Io pesynbrataM MNpPOBEIEHHOTO OMbITA 3aAlOJIHUTh IYHKTHl OTYETa
«Haobmonenns» n « BeiBomy.

Jlaboparopnas padora Ne 7. «Onpenenenne pH cpenbp»

Onvim 1. OKpacka HeKOmMopvIX UHOUKAMOPOE8 8 PA3TUYHBIX CPedax

3amanue u 3Tanbl padboThl

IToaroroBka Kk JadoparopHoi padore

1. TlIpouecth TeOpeTHUECKOE BBEICHNE U TIOPSIOK BBHITTOJIHCHUS PAOOTHI.

2. OdopMuth TMPOEKT OTYETa TO OMNBITY JabopaTopHOW  paboTHI
(cM. mpuioxkenue 2).

3. Hcnome3ys TeopeTHYEeCKOE BBEICHHE K TAHHOW TeMe, O3HAKOMHTHCS C
MPUHITUTIOM PA0OTHI KUCIOTHO-OCHOBHBIX MHIMKATOPOB.

4. B mpoekT oTyeTa BHECTH TAONMILy 7 W, HUCTOJb3Yys CIIPaBOYHBIC JaHHBIC
NpWIOKEeHHsT 3, yKa3aThb B HeW 3HaueHusi pH, KOTOpble COOTBETCTBYIOT 0O0JIACTSIM
Mepexo/ia UCCIETyeMbIX HHINKATOPOB.

Iopsiiok BBINMOJTHEHHUST PAOOTHI

OnpenenuTts OKpacKy B KHUCIOW, HEUTPAJIbHOW W IIEJIOYHOM Cpenax s
CIICTYIONTUX HHIUKATOPOB:

1) MeTuiOpaHxa;

2) METHUJIOBOTO KPacHOTO;
3) nmakmyca;

4) ¢denondraneuna.
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st aToro B3aTh 12 mMpoOMpPOK pa3sMECTUTh MX B IITATUBE TakKUM 00Opa3om,

YTOOBl TMOJMYYUTh 3 CEKUUU (COOTBETCTBYIOT TpPEM XapakTepaM cpenbl) mno 4

poOUpKHU (IO OAHOM ISl K&XKI0TO U3 4 MHANKATOPOB).

B nepBblie yeTsipe npoOupku BHecTu 6—7 kKamenb 0,1H pacTBopa COISHOM

KHCJIOTHI,

B JIpyTHe YeThipe MpoOupKU — 6—7 Karesb JUCTUIIMPOBAHHOM BOABL;

B MIOCJIEIHUE YeThIpe Mpobupku — 6—7 kanensb 0,1H pacTBOpa €aKOro HaTpa.

B xaxxayro 13 4 mpoOUpoK BHECTH MOOYEPETHO YKa3aHHBIE MHIUKATOPHI:

| xaruTio MeTHIIOpaHXxa;

| xarTo METHIIOBOTO KPacHOIO;

3—4 xarum JaKMyca;

1 xarutto eHondraneuHa.

OTMETUTh OKPACKy UHIUKATOPOB B KaXKIOW U3 TPEX Cpell U BHECTU B TAOIUILY 7.

Tabnuma 7
Okpacka uHIUKaTopa
Ha3Banue pH oGnactu = = =
B KUCJIOM | B HEWUTpAIL B LIEJIOYHON
WHJUKATOpa nepexoaa
cpene cpene cpene

Metunopanx
MetunoBbii
KpacCHbIN
Jlakmyc
denondranenH

IIo pe3yiibTaraM IMPOBCACHHOI'O OIIbITd 3aBCPIINTH 3aIlIOJIHCHUC Ta6J'II/II_[I>I "

3aIlOJIHUTDh ITYHKT OTUYCTA ((BBIBO)I».

Onwvim 2. Onpeodenenue pH pacmeopa c npumenenuem naoopa

UHOUKAMOPO8

1.
2.
3.

3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore
[IpouecTs TeOpeTHUECKOE BBECHUE U TIOPSIOK BBITIOTHEHUS PaOOTHI.
OdopMUTh MPOEKT OTUETA IO OMBITY Ja0OpPaTOpHOU pabOThI (CM. IPUIL. 2).
B naGopatopnslii xkypHan nepeHecty Tadnuiyy «O06gacTy nepexoaa HEKOTOPBIX

WHJIUKATOPOBY» (CM. TpWIOXKeHue 2) W Tabmuiy 8 mist paboThl C HCCIETyeMbIM

PacTBOPOM.
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IHopsigok BeIMOTHEHHSI PadOThI

[TomyunTs y mpenogaBaTesis UCCIEAyEeMbIi pacTBOp. B3sATh 4nCTyI0 MPOOHPKY,
BHECTHU B Hee 3—4 Karuii pacTBopa U J00aBUTh PacTBOp JakMyca. OTMETUTH OKPACKy
pacTBOpa B JJAOOPATOPHOM KypHAJIE U CAENIAaTh BBIBOJ O XapaKTepe Cpeabl
UCCJIelyeMOTro pacTBOPA, YUUTHIBAsA 00JACTh MIEpexoa JIakMyca:

- KpacHblil, pH< 5, cpena kucnas;

- uonerosriit, S<pH <8, cpena HelTpanpHasi;

- cuHui, pH > 8, cpena mienoynas.

Ecnn nakmyc mokaXeT KHCIIyI0 peaklMIO0 pacTBopa, yTo4yHUTh pH, mons3ysace
JAHHBIMM CHPAaBOYHOM TaOmuIpl «OO0NacTH IMepexo/la HEKOTOPBIX HHIUKATOPOBY
CIEIYIOIIMM 00pa3oM.

B3sate B apyryio npobupky 3-4 Karid MCCIENyeMOro pacTBopa U J00aBUTH
KaIUTI0 METUJIOBOTO KpacHOro. [Ipy mosiBI€HUN OpaHKEeBOMl OKPACKA MOXXHO CUMTATh
pH=S (B obGmactu nepexona unaukaropa). KpacHas okpacka pactBopa MOKaxXeT, YyToO
pH<44.

B sTOoM citywae mpomomkuTh yrouHeHHe. 11 3TOro B3ATh CHOBA B YHUCTYIO
npoOupKy 3-4 Kaluid MCCIeIyeMOro pacTBopa M J100aBUTh KaIUIK0 METHJIOpaHXa.
Ecnu okpacka pactBopa OyeT OpaHKeBO-KEITOU, 3TO 3HaYUT, uto pH > 4.4,

OObenunsia HAOMIONEHUS C METHJIOPAH)KEM M METHJIOBBIM KPAaCHBIM, CUHUTATh,
yto pH pactBopa 4,4. Eciu ¢ METUIIOpPAHKEM PacCTBOpP OKPACUTCS B KPaCHBIN LIBET —
ciaengoBarenbHo ero pH < 3,1.

B »>TOM cnmydae k HOBOM MOPIMU pacTBOpa J100aBUTH THUMOJIOBBIM CHUHUMU.
[TosBneHue KeNTor OKpacKku ykaxer, uro pH > 2.8.

OObenuHss HAOMIOACHUS C METWIOPAH)XEM W THUMOJOBBIM CHHUM, JEJaeM
BbIBOJI, uTO 3,1> pH > 2,8 u mpunumaewm, uro pH= (3,1 + 2,8)/2 =2,95.

Bce nabnronenus u BbIBO/IBI 10 3HaUeHusiM pH 3anectu B Tabnuity 8.

Tabnuma 8

H
OMEp Nupukarop Oxkpacka Pu
poOupKU

1 Jlakmyc

IIo pe3yiabTaraM MPOBCJACHHOIO OIIbITA 3alIOJTHUTL ITYHKT OTUCTA ((BBIBOI[».

JlaGoparopuasi padora Ne 8. «I'mapoJiu3 cosiein»

Heab padorsi: hopMupoBaHHEe YMEHH ¥ HaBBIKOB B HUCCIIECAOBAHUM TpoIecca
TUIPOSIN3a JJI1 Pa3HbIX TUIOB COJIEH; YCTAaHOBUTH (DAaKTOPHI, BIUSIOIIME Ha MPOIIECC
THJIPOJIN3A; UCCIIENOBATh MPOLIECC COBMECTHOTO HEOOPATUMOTO THIPOJIN3A ABYX COJIEH.
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Onwvim 1. Peaxkyus cpeowvt 6 pacmeopax pa3iuyHblX coneil
3agaHue M dTanbl padoThl

IHoaroroBka k 1abopaTopHoii padore

1. ITpoyecTh TEOPETUYECKOE BBEACHUE U MOPSAIOK BBIIOJHEHUS PAOOTHI.

2. OdhopMuUTh TPOEKT OTYETA TI0 OIBITY JIA0OPATOPHOU padOThI (CM. MPHUJL. 2).

3. Hamucare ypaBHEHMS THUIPOJIU3a paccMarpuBaeMbIX B OIBITE COleH
(MonekynsipHoe ¥ HOHHBbIE). Eciam rugponns MOXeT MpoTeKaTb B HECKOJIBKO
CTYIIEHEW, COCTAaBUTh YpaBHEHHE TOJBKO MO MEpBOM cTyneHu! VYKazarb XapakTep
Cpellbl B paCTBOPE COJH.

4. Baectu B 1abOpaTopHYIO TETpaab Ta0l. 9 1 3a0THUTH CTONOIHI 2, 3, 4.

5. B nmaboparopnoit Terpaau mpomusBectu pacuetr pH mms 0,5M pactBopos
CJIETYIOLIUX COJICH: alleTara HaTpusl, XJIOpU/ia aTlOMUHUS, KapOOHaTa HaTpuUs.

Iopsaok BbINOJTHEHUS] PA0OTHI

B mects npobupok 106aBUTH 10 6—7 Kareiab pacTBOPOB COJIEH, yKa3aHHBIX B
Tabnuue Hke. B kaxayro U3 mpoOUpok ¢ pacTBOpamu coieil 100aBUTh 2—3 Karuu
pactBopa jakmyca. Habmtonenus BHecTH B Tabnuiry 9.

Tabnuma 9
H pactBopa
Haspanue conu CDZI())?gna S;S\T;I;Z Xiieel;;ep (II))H£7, pH£7,
pH>7)
Auerar Harpus
Xnopuna
ATIOMUHUS

KapOonar natpus

KapOGonar
aMMOHHUS

Xyopua Kanus

Arietat aMMOHUA

ITo pe3yiabTaraM IpOBCACHHOI'O OIIbITA 3alIOJTHUTD ITYHKT OTUCTA ((BBIBO)I)).

Onwvim 2. Obpazosanue ocHoHbix coneil npu cuopoause. I'udponus auemama
ANIOMUHUA
3ananue u 3Tanbl padboThl
IoaroroBka Kk J1adoparopHoi padore
1. ITpoyecTs TEOpETUYECKOE BBEACHUE M MOPSAIOK BHITIOJTHEHUS PAOOTHI.
2. OGopMUTH POEKT OTYETA MO OMBITY JIAOOPATOPHOU pabOTHI (CM. MpuI. 2).
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3. Hanucarp ypaBHeHMe peakuuu o00pa3oBaHUs alerara ajllOMUHUSA B
MOJIEKYJIIPHOM U HOHHOM BUJIE.

4. Hanncarb ypaBHEHUS THAPOIIN3A alleTaTa ATFOMUHUSA 10 1-i 1 2-i cTyneHsam
B MOJIEKYJISIPHOM U HOHHOM BHJIE.

5. Ucnone3zys npunuun Jle Illarense, OOBSICHUTH, MOYEMY MPOTEKAHUE
TUAPOJINA3A 0 BTOPOM U MOCIEAYIOIIUM CTYIIEHAM 3aTPyJHEHO.

6. O3HaKOMHUTBCS C TeM, Kakue (aKTOphl IO3BOJSIIOT YBEJIUYHUTH CTEIEHb
rujposmsa’

7. Kakoe ycinoBHe oOmbITa IO3BOISET JOOUTHCS MNPOTEKAHUS THUAPOIH3A
XJIOPU/IA aJIFOMHUHHUS 10 BTOpo#l cTyneHn? [louemy?

IHopsigok BbIMOIHEHHS PAadOTHI

B mpoGupky BHecTu 4-5 Kamenab pacTBOpa XJOpUAA aJOMUHHUS U TaKoM ke
0o0beM pacTBOpa alerara HaTpHsl.

[TocTaBuTh NPOOUPKY HA BOJSHYIO OAHIO.

OtmeTuTh 00pa3oBaHUE OCAKA.

[Io pesynbraram TPOBENECHHOTO ONBITA  3allOJHUTH IIYHKTBI OTYETa
«Haobmonenus» u « BeiBomy.

Onovim 3. Cayuau noanozo (Heoopamumozo) 2uoponusa coneii

3ananue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore

1. ITpoyecTh TEOpETUYECKOE BBEACHUE U MOPSIOK BHITIOJTHEHUS PAOOTHI.

2. ObopMuUTh IPOEKT OTYETA IO OIBITY JIAOOPATOPHOI pabOTHI (CM. TPUIL. 2).

3. Harucare ypaBHEHHE B3aMMOACHCTBHUS XJIOpHAA ATIOMUHUS W CYIbpuaa
aMMOHHMSI B TIPUCYTCTBHUU BObI, YUUTHIBAs, 4TO OOpA3yIOUIUNCS MPOMEKYTOUHBIN
MPOJIYKT ATOM peakiuu — Cyab(pua aTtoOMUHUS — TIOJIBEPraeTCs MOJHOMY THAPOIU3Y C
oOpa3zoBaHrEM THAPOKCUIA ATFOMUHUS.

4. To xe camoe BBITIOJHUTH MJIs XJIOpUJA ATIOMUHMS W KapOoHaTa HaTpWs;
MIPOMEKYTOYHBIN MPOJYKT — KapOOHAT aTFOMUHUSA.

IHopsigok BbIOIHEHHSI PadOTHI

B nBe npoOupku BHECTH MO 5—6 Kamnesab pacTBOpa XJIOpHIa ATFOMUHUS.

B onny npoOupky 100aBUThH Takoi ke 00beM pacTBOpa Cylbpuaa aMMOHUS, B
JPYTy10 — pacTBOpa KapOoHaTa HATPHS.

OTMeTUTh BBIJICIICHHE CEPOBOIOPOAA B TEpBOM MpoOupke (Mo 3amaxy) H
My3bIPHKOB YITIEKKCIIOTO ra3a BO BTOPOIA.

B o0oux npobupkax HaOIONATh BBIMAJICHUE OCATKA.

[To pesynbraraM TPOBEACHHOTO OMBITA 3allOJIHUTh IMYHKTHI  OTYETa
«HabOmroneuus» u «BeiBogy.
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3aganus I CAMOCTOSITEJIbHOM PadoThI

1. IlpuBemute QopMynbl A BBIUKUCICHHUS BCEX CHOCOOOB BBIPAKEHUS
KOHILICHTpAallMM  pacTBOPOB:  MAaCCOBOM  JOJIM, MOJIAPHOW, SKBHUBAJIICHTHOM,
MOJISIIBHOCTH, TUTPA U MOJIBHOU JIOJIW PACTBOPEHHOTO BEIIECTBA.

2. BwiBenute opmynbl mepexoga OT MOJSAPHON KOHIIEHTPAllMU K MacCOBOM
J10JIe PACTBOPEHHOTO BEIIECTBA, MOJISUIBHOCTH M TUTPY PaCcTBOPA.

3. Paccuuraiite 00BEeM pacTBOpa THAPOKCHAA HATpHUsl C IUIOTHOCTBIO
1,15 r/mn, HeoOxomumbliit ajisa npurorosiaeHus 250 vt 0,08 M pactBopa.

4. Jlna meritpanm3anuu 10 M pacTBopa THAPOKCHIA Oapwisi M3PacXOOBAHO
7 mut 0,1 H. a30THOM KHCHOTBI. OnpenennuTe MOJSPHYIO KOHLIEHTPALUIO THIPOKCHUIA
Oapwus.

5. BeiBenuTe =~ MaremMaruuecko€ — BBIPAKEHHE ~— 3aKOHA — XUMHUYECKHX
HKBUBAJICHTOB MPUMEHUTEIHHO K pacTBOpaM.

6. BoiBeaure — MareMaTHMuecKkoe — BBIpAKEHHE  JUIS  pacyeTa  Macchl
pPacTBOPEHHOIO BEUIECTBA, €CJIM U3BECTHBI €0 MaccoBasi A0Jsl, 00bEM U IMJIOTHOCTb
pacTBopa.

/. BpiBenure  MaTeMaTHMYeCKOE  BBIpAXKEHHE JUIsl  pacyera  Macchl
PacTBOPEHHOIO BELIECTBAa B JIIOOOM 00bEME pacTBOpa NpPH HM3BECTHOW MOJISIPHOM
KOHIIEHTpAIK pacTBOpa.

8. IlpuBenure mnpuMepbl pacTBOPUMBIX B BOJAE COJ€Hl, cpena pacTBOPOB
KOTOPBIX HEWTpasnbHas, KUcias, menoydas. Hamummre ypaBHEHUs MX THIPOJU3a B
MOJIEKYJISIPHOM M HOHHO-MOJIEKYJISIPHOM BHJIE.

9. IlpuBenuTte mpUMEpPHI CONEH, TUAPOIN3 KOTOPHIX UIET TOIHKO MO KaTHOHY,
TOJIbKO 10 AaHHMOHY, M MO KAaTHUOHY M IO aHUOHY OAHOBpeMeHHO. Hamummre
YPaBHEHUS UX TUIPOIN3a B MOJIEKYISIPHOM U HMOHHO-MOJIEKYJISIPHOM BUJIE.

10. IlpuBenuTe mpUMEpHI COJEH, TUAPOIU3 KOTOPHIX BO3MOXKEH IO OIHOM,
JBYyM U TpeM CTyleHsM. Hamuiure ypaBHEHHsS MX THAPOJIM3a B MOJEKYJISIPHOM U
MOHHO-MOJIEKYJISIPHOM BHU/IE.

11. Hammummute B MOJIGKYJISIPHOM W HOHHOM BHJI€ YPaBHEHHS COBMECTHOTO
ruaponnsa: a) cynbdara xpoma (III) u kapbonara Harpus u 0) HUTpaTa aTFOMHUHUS U
cyiabduaa Kaaus.

12. Kak Biusier no6asinenue pactBopoB KOH, ZnCl,, Na,S, constHOM KHUCIOTHI
u TBepaoro NaCl Ha ruaponu3 kapOooHaTta Kanus (TUAPOJIN3 YCUIIMBAET, OCaadseTcs,
BIIMSIHUS HE HaOIromaercs).

13. Kak Bmuster mobGasienue pactBopoB NaOH, Na,COs, Al(SOy)s, cepnoit
kucnotel U TBepaoro K,SOs Ha ruaponus xiopuaa UuHKA (THAPOIU3 YCHUIIMBAET,
ocia0nsieTcs, BIUSHUS He HaOtonaercs).

14. Hannmute B MOJEKYISIPHOM M MOHHOM BHJE YpPaBHEHHS TPEX CTETEeHEU
ruapoan3a xiopuaa sxeiesa (111). O0bsicHuTe, MoueMy Mpu KOMHATHOM TeMIepaType
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TUJIPOIN3 UAET TOJBKO 10 NEPBON CTYINEHH, a IPU KUIISTYUEHUU PAacTBOpa — MO BCEM
TpEM.

Tema 1.6. OKHCINTENbHO-BOCCTAHOBUTEIbHbBIE PEeAKIIUN

Teopemuueckuit mamepuas, He0OXOOUMDbLIL 01 BbINOJIHEHUA
aadopamopnoii padomal

Oxucnumenvro-6occmanogumenvrvle peakyuu (OBP) — 3T0 peakiuu, Tpu
MPOTEKAHUHM KOTOPBHIX MPOWCXOAUT W3MEHCHHUE CTCTICHH OKHCICHUS aTOMOB
XUMUYECKUX DJIEMEHTOB, BXOAIINX B COCTaB PEarupyroIIiX BEIIECTB.

Cmenenv oxucienus — yciaoBHBIN ((OpMalIbHBIN) 3apsi aTOMa B XUMHUYECKOM
COEIMHEHUH, KOTOPBIA HAXOMST MO CIEIYIOUUM IIPaBUIaM:

1. CreneHb OKHUCJICHHS 3JIEMEHTAa B MPOCTOM BEIIECTBE CUMUTAETCS PaBHOMU
HYJIIO.

2. Cymma crerneHel OKUCIICHHS BCEX aTOMOB, BXOJISIIUX B MOJICKYJTy WJIM HOH,
paBHa 3apsiy MOHA (JIJ11 HEUTpaIbHOM MOJIEKYJIbI — HYJIIO).

3. CreneHb OKUCIIEHUS KUCIOPOJIa CYMTAETCSI PABHOM -2, 32 UCKIIFOUEHUEM €TI0
COCIMHEHUM cO (PTOPOM W YACTHUI, B KOTOPBIX JBa WU Oojee aromMa KHUCIOpoaa
COEJIMHEHBI IPYT C APYTOM.

4. CteneHb OKUCIICHUS BOAOPOJA MPUHUMAETCSI paBHOM +1, 32 MCKIIOUEHHUEM
COEMHEHN C METAJUIAMH.

Oxucnenuem HA3BIBAETCA TIPOIECC TIOBBIIICHUS, a BOCCTAHOBJIEHHEM —
MTOHWKCHHSI CTCTICHN OKHCIICHHUS.

ATOM, MOJIEKylTa WJIA WOH, B KOTOPOM CTEIEHb OKHCJICHHs DJIEMCHTA
MOBBIIIAETCS, HA3bIBACTCS BOCCTAHOBUTEJIEM, a B KOTOPOM TIOHMKAeTCsS —
OKHCJIUTEJIEM.

CormnacHo snexkrpoHHor teopun (Ilucapxkesckuit JI. B., 1914), uzmenenue
CTENIEHEH OKHCIICHUSI B OKUCIUTEIBHO- BOCCTAHOBUTEIBHBIX PEAKIIUSIX 00YCIOBICHO
OTJauel AMEKTPOHOB BOCCTAHOBUTEIIEM U MIPUCOCANHEHUEM UX OKHCIIATEIIEM.

OKHCIUTEISIMHM  SBIISIOTCS TPOCTHIC BEIIECTBA — HEMETAJUIbI (TajOTeHBI,
KHCIIOPOA, cepa W JAp.), a TaKKe KUCIOTHI M COJIM, B KOTOPBIX IIEHTPAIBHBIN aTOM
umeer Beiciyto crernedb okucienus (HNOs, HCIO,, KNOs, KClO4, KMnNOQ,,
KQCI’207, u I[p.).

BoccraHoBuTEISIMU SBIISIOTCS METAJUIbI, HEKOTOPbIE HEMETAUIbl (BOIOPOI,
yIJIepon, KPEeMHUI) U COCIUHEHUS, B KOTOPHIX MMEETCS aToOM B HU3IICH CTENeHU
okuciienus (HzS, NH3, HCI, KBr, KI, FeSO4, SNCl; u ap.).

BemecTBa, copeprkaliyie aToMbl B POMEKYTOYHOHN CTETICHU OKUCIICHHS, MOTYT
OBITH KaK OKHCIIUTEISIMU, TaK U BOCCTAHOBHUTEIISIMHA B 3aBUCUMOCTH OT «ITAPTHEPA» U
yCJIOBHM TIpoBeneHus peakiuu. O Takux BeIECTBaX TOBOPST, YTO OHM OOJAArOT
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OKHMCJIUTEJIbHO-BOCCTAHOBUTEJIbLHON JABOMCTBEHHOCTHIO,; K HHM OTHOCSTCA
HUTPUTHI, CyIbGUTE, MnO; u 11p.

Hampumep, cepa B cynbdute HaTpusi HaXOAWTCS B MPOMEKYTOYHOU CTEIICHH
okucinenus (IV) u moxet okucnarbest A0 cepbl (VI):

80327 + H,0 - 2¢ — SO427 + 2H*

i BoccTaHaBimuBathest 10 S (0) B COOTBETCTBHH C PEAKIIHCH !

80327 + 6H"+4e — S+ 3H,0

[Ipy wW3y4YeHMH OKHMCIUTEIBHO-BOCCTAHOBUTEIBHOM CIOCOOHOCTH BEIECTB
HEOOXOMMO YYHTHIBATh, YTO PEAKIMS BO3MOXKHA TOJBKO TOTJA, KOTJa ONWH M3 €€
YYaCTHUKOB MOYKET MOBBICUTh, a IPYTOM MOHU3UTH CBOM CTETICHH OKHCIIEHUS, TO €CTh
MIPY HAJIMYMU Mapbl OKUCIUTENb — BOCCTAaHOBUTENb. Ecin 00a ee yuacTHHKA HaXOJATCS
B CBOEH BbICIIEH WM HU3IIEH cTeneHu okuciaeHust OBP mexay HUMHU HEBO3MOXKHA.

Paznuuarotr yeThipe THIa OKUCIUTEILHO-BOCCTAHOBUTEIIBHBIX PEAKITUH.

1. MexmoiieKyJsipHOEe OKHCJEeHHEe-BOCCTAHOBJIEHHE. OJTO pEaKIHWH, B
KOTOPBIX OKHCIIUTEIh W BOCCTAHOBHUTEIb SIBJSIOTCS Pa3HbBIMM  BEIIECCTBAMH,
HarpuMep:

NaNO, + K,Cr,07 + H,SO4 — NaNO; + Cr2(804)3 + K»,SO,4 + H,0O

2. BHYTpUMO/IeKYJISIpHOE OKHCJIeHHEe-BOCCTAHOBIEHHE. OTO PEaKIINH,
KOTOPbIE€ MPOTEKAIOT C N3MEHEHUEM CTEIICHENW OKUCIICHUSI aTOMOB Pa3HbIX AJIEMEHTOB,
BXOJISIIIIUX B COCTAB OJHOTO U TOTO K€ BEIIECTBA, HAPUMED:

KCIO; — KC1+ O,

3. JucnponopuuoHUPOBaAHHE. OTO PEAKIIUH, B KOTOPHIX IPOMCXOIUT
YBEJIIMUCHUE W YMEHBIIICHHE CTENEeHH OKHUCICHUS OJHOTO M TOro JK€ JJIeMEHTa
(OKUCTUTENIEM U BOCCTAHOBUTEIIEM SIBJISIETCSI aTOM OJTHOTO AJIEMEHTA):

KCIO; — KCl104 + KCl1

4. KoHTpaucnponopuuoOHUPOBAHME. DTO PEAKIMH, B KOTOPHIX YUYaCTBYIOT
JIBa BEIIECTBAa C arOMaMu OJIHOTO M TOTO € OJJIEMEHTa B pa3HbIX CTENEHAX
OKHCJICHHS:

H,S + SO, — S + H,O

OmnpeneneHue CTEXMOMETPUUECKUX KOIPPUIMEHTOB IMepea BEUeCTBAMHU B
peaKIuiIX OKHCICHUSI-BOCCTAHOBIICHUS TPOBOIAT ABYMSI METOJAMU: SJIEKTPOHHOTO
OayiaHca U Moy peakiui.

1. MeToa 3J/IeKTPOHHOTO 0aJ1aHCca

B sToM Meroae CyHIHOCTh OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOIECCOB
BBIPAXKAIOT JIEKTPOHHBIMU cXeMamu. Hanpumep, 115 peakiyu:

NaNO, + KMnO4 + H,SO, — NaNOQO; + K»,SO,4 + MnSO,4 + H,0

AJIEKTPOHHBIE CXEMbl UMEIOT BHU/I

N*3—2e = N* 5

Mn*" + 5e = Mn*? 2
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Hudper 5 u 2 — MHOXKUTENIM, KOTOpBIE SIBISAIOTCS Kod(dduIimeHTamMu mnpu
dhopMyitax BOCCTAaHOBHUTEIS (HUTPUTA HATPUSI) U OKUCITUTENS (IEpMaHTaHaTa Kajws).
[ToacTaBUB KX B JIEBYIO U IIPaBYIO YAaCTU CXEMbl U YUUTHIBAS, YTO HA CBSI3b C MOHAMHU
K* u Mn?* pacxomyercs 3 mons H,SO4, nony4aror ypaBHEHHE:

5NaNO; + 2KMnO4 + 3H,SO, — 5NaNO; + K,SO4 + 2MnSO4 + 3H,0

2. MeTox nmosrypeakumi

OTOT METO/A HCIONBb3yeTCsl IJisi peakluuil B pacTBOpax 3MeKTpoiauToB. OH
OCHOBAaH Ha COCTaBJICHUU YpaBHEHUH JABYX MOIypeakiuil (OTAETBHO ISl IPOLIECCOB
OKHUCJIEHHUS] U BOCCTAHOBJIEHUS) C UX MOCIEAYIOIIMM CYMMHpPOBaHUEM. B ypaBHEHHIX
MOJIypEeaKUUid JOJIKHBI BBITOJIHATHCS 3aKOHBI COXPAHEHUS BEIIECTBA (CyMMa aTOMOB
B JIEBOM M MpaBOMl 4YacTAX JOJDKHA OBITh OJUHAKOBOWM) M COXPAHEHHSI SHEPIUH
(cyMMapHBIif 3apsii BCEX YAaCTHUIl B JIEBOM M MPaBOM YacTSIX JOKEH OBITh
OJTUHAKOBBIM).

Hanpumep, niis peakuuu:

NaNO; + KMnO4 + H,SO4 — NaNOQOs + K»,SO,4 + MnSO,4 + H,O

BHa4yajie HEOOXOIMMO 3allicaTh NOJYpPEaKUUu OTAEIBbHO HJs IPOLECCOB
OKHUCJIEHUS! U1 BOCCTAHOBJICHHSI:

NO, + H,O 2¢ — NO3; + 2H" 5

MnO,; + 8H" + 5¢e— Mn** + 4H,0 2

[TOMHOXXMB MOJTYpEaKIHUIO OKHCIEHHS Ha YHUCIO 5, a MOJYpPEakUHI BOC-
CTAHOBJICHHUSI HA 4YuCI0 2 (OpH 3TOM YPAaBHUBAETCS W COKPAIIAECTCS YHUCIO
AJIEKTPOHOB), POU3BOANM HX CIOKECHHE:

5NO; ™ + 5H,0 + 2MnO4~ + 16H* = 5NO5™ + 10H* + 2Mn?" + 8H,0.

CokpaTtuB oI00HbIE, TOJyYaeM HOHHOE YPaBHEHHUE:

5NO, + 2MnOs + 6H" =5N0O; + 2Mn?* + 3H,0

B COOTBETCTBUH C KOTOPHIM MOJIEKYJISIPHOE YPAaBHEHUE PEaKLUU UMEET BU/I:

5NaNO; + 2KMnO, + 3H,SO, — 5NaNO; + K,SO4 + 2MnSQO, + 3H,0.

[Tomypeakuuu HMEIOTCS B CHPAaBOYHUKAX, HO UX OOBIYHO COCTAaBISIOT
CaMOCTOSITENIbHO, PYKOBOJICTBYSCh CJIETYIOIIUMU MPABUIIAMU:

1. B kucnoii cpede uzbbimox amomog KuUciopooa no2auiaemcs npomoHamMu
6000poda 6 coomuouwenuu 1:2, ipyu 3ToM o0pasyeTcs Boja.

O + 2H" = H,0.

2. B meumpanvnou u wenounou cpedax u3ObIMOK amomo8 KUCIopood
nozawiaemcsi MONEKYIaMU 600bl 8 coomuoweHuu 1:1, Tpu 3TOM 00pa3yroTCs
TUAPOKCUA-HOHBI (BA MOHA U3 OJHOI MOJIEKYJIbI).

O + H,O =20H"

B 3aBucumoctu ot pH cpenbl mpoayKThl B3aMMOIACUCTBUS OJHUX U TEX JKE

BEILIECTB JIPYT C IPYTOM B OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUSIX MOTYT OBIThH
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pazinuHbiMU. OCOOEHHO HAIVISAHO 3TO WJUTIOCTPHUPYETCS Ha MPUMEPE PEeaKIui ¢
y4acTUEM MEepMaHTaHAT-UOHA.

Hampumep, B xucnoii cpene cynbdur Hatpus BoccraHaBmuBaer Mn (VII) mo
o4t GecuBeTHOro nona Mn?*:

MnQO, ~—+ 8H* +5e— Mn?" + 4H,0.

B neliTpanbHO#, c1aboiienouHon nin c1aboKUCION cpeie ocakaaeTcs: Oyphlid
MnO,:

MnO,;~ + 2H,0 + 3e — MnQO, + 40H"

B cunbHomenouHoi cperae MaiaumHoBoe okpammBanue KMnO, mepexoaut B
M3yMPYIHO-3€JI€HOE 3a cueT 0Opa3oBanus noHa MnO42

MnOs +e — MI’IO42_ ,

KOTOPBI HEYCTOMYUB U MOCTENEHHO AUCITPONOPIUOHUPYET MO PEAKIIAHU:

3MnO42* +2H,0 — 2MnQO4 ~ + MnO, + 40H"

Uto KacaeTcsi COCIMHEHUW XpOMa B BBICIIECH CTEIEHW OKHCIEHUS +6, TO B
0001 cpejie Py B3aMMOJICUCTBUM C BOCCTAHOBUTEIISIMU €T0 MpEBpaIieHUe UIEeT 110
xpoma (III), onHako cocTaB MPOIYKTOB pa3IudacTCs.

B kucnoii cpene BoccTaHOBIEHUE MPOTEKAET J0 00pa30BaHUs CHUHE-3€JIEHOTO
aKkBaKoMmInIiekca karnona Cr*:

Cr,0;% + 14H* + 6e — Cr** + 7H,0,

a B IICIIOYHOM — ;10 00pa3oBanus 3eineHoro ruapokcokominiekca [Cr(OH)4]- mo
peaKuuu:

CrO4* + 4H,0 + 3e — [Cr(OH)4] + 40H".

JlabopaTropnasi padora Ne 9. «Buusinme pH cpeabl Ha xapakrep
BOCCTAHOBJICHUS IEPMAHTIaHATA KAJIMS»

Heab padorsl: GopMUpOBaHWE YMEHUN M HABBHIKOB B MCCJICIOBAHUH BIUSHUS
XapakTepa cpellbl B pacTBOpE Ha IOJIHOTY BOCCTAHOBJIEHMS aToMa Maprasiia B
COCTaBe MepMaHraHaTa Kajusl.

3ananue u 3Tanbl padboThl

IToaroroBka Kk JadoparopHoi padore

1. [TpoyecTh TEeOpEeTUYECKOE BBEICHUE U MOPSIOK BHIMTOJIHEHHUS PAaOOTHI.

2. OhopMuUTH MPOEKT OTYETA TI0 OIBITY JA00PATOPHOU PabOTHI (CM. TIpHUII. 2).

3.BHectn B nabopaTopHyio TeTpaab M 3anoigHuTh Tabmuiy 10 (3a
HCKJTIOYCHUEM CTOJIONOB 4 1 5).
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Tabmua 10

Crenenn
X 0 OKHCJICHUS aTOMa
apakre Kpacka u
cpe BI'p Oxpacka xapaKTe Mn
[Ipobupku| PeakTuBsl PEARL, HCXOIHBIX P p B B
3HAUCHHE BEIIECTB IPOTYKTOB
pH peaKIm OKHCJIEH | BOCCTaH
HOW  |OBIICHHOM
dbopme | dopme
1 2 3 4 5 6 7
1 KMnOg4+...
2 KMnOg4+...
3 KMnOg+...

4. Hanucate ypaBHEHHMS MNPOTEKAIOMIUX OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peakiuii  (Tpu peakiMM) C MCIOJB30BAaHMEM METOJa HOHHO-3JIEKTPOHHBIX
MOJyPEAaKIMA, YYMUTBIBASA, YTO B KHUCIIOW, HEUTPAIBHOW M IIEJIOYHOW Cpemax
MPOJYKTHl BOCCTAHOBJICHUS TI€pMaHTaHaTa KaJius pa3Hble (CM. TEOPETHUYECKYIO
4acTh).

5. Paccuutats skBuBasnieHTHYI0 Maccy KMnO, B ka 1011 U3 TpexX peaxiuii.

IHopsinok BeIMOTHEHHSI PadOThI

B Tpu mpoOupku BHECTH 1O 5 Karesb pacTBopa rnepmanranara kanusa KMnQOa.

B mepByro npoOupky m00aBuUTh 2 Karuid 2H pacTBOpa CEPHOU KHUCIOTHI, BO
BTOPYIO — 2 KaIlJli JUCTUJUIMPOBAHHOM BOJIBI, B TPETHIO — 2 KAIIM PACTBOPA LIEJIOUH.

Bo Bce Tpu npoOupku BHECTH 10 3—4 Karuiv pacTBopa cysibpuTa HaTpus.

TiarensHO IepeMeniaTh COIEPKUMOE MPOOUPOK.

HabGmronars n3MeHeHue OKpacku pacTBOPOB, 00Opa30BaHKE OCAIKOB.

ITo pesynbpraram HaONIOMCHHWM 3aMOJHUTH CTOJOIBI 4 W 5 Tabmumel 9 wu
HaIucarb BbIBO/I.

JlaGoparopuass padora Ne 10. «OKHCIMTEIbHO-BOCCTAHOBUTEIbHbIEC

peakuum»

Hear paGorbl: GopMupoBaHME YMEHUM U HABBIKOB B HCCIICIOBAHUU

OKHUCIIUTCIBHBIX, BOCCTAaHOBHTCJIIBHBIX CBOMCTB aTOMOB B Pa3JINYHBIX CTCIICHAX

OKHMCJICHHA, HCCIICA0BATh OKHCIUTCIbHO-BOCCTAHOBUTCIBHYTIO HBOﬁCTBCHHOCTB

arTOMOB JOJICMCHTOB B HpOMe)KYTOHHOﬁ CTCIICHHN  OKHCJICHHUA, HCCICAOBATH

OKHCJIMTEIIbHO-BOCCTAHOBUTENIBHBIE CBOKMCTBA aToMa YIIIEPOAAa B COCTABE MOJIEKYII
OPraHUYECKHUX COCAUHCHUM.
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Oneem 1.  OkuchumenvHvle U 60CCHAHOGUMENbHbBIE  CBOIICHEA

MONEKYNAPHBIX 2AT102€HO8
3ajaHue ¥ dTanbl padoThl

IHoaroroBka k 1abopaTopHoii padore

1. IlIpouectb TeOpeTHUECKOE BBEJICHHUE U TTOPAIOK BBITTOJIHEHUS PAOOTHI.

2. OdopMuth NOPOEKT OTYETAa IO OMBITY JabopaTOpHOH padoOTHl (CM.
PUIIOKEHHUE 2).

3. Hamucares ypaBHEHHSI MPOTEKAIOUIMX OKUCIUTEIHHO-BOCCTAHOBUTEIILHBIX
PEaKInii ¢ UCTIOIL30BaHUEM METO/Ia MOHHO-3JICKTPOHHBIX IOy PEaKITUi, YIUTHIBAS, UTO:

- B TiepBoOi mpoOupke obOpasyrorcs xmopoBomoponHas (HCI) u iomHOBaras
(HI103) xucnotsr,

- BO BTOPOM MPOOUPKE OJHHUM U3 MPOIYKTOB PEAKIIMH SBISCTCS KOJJIOMIHAS
cepa (S).

4. OueHuTh CHOCOOHOCTH MOJICKYJISIPHBIX TaJOT€HOB K TPOSIBICHUIO
OKHUCJIUTENIbHBIX U BOCCTAHOBHUTEIIbHBIX CBOMCTB, YUUTHIBAsI CTENEHb OKHCIICHUS UX
atoMoB (0); mocJie BBIIOJIHEHUS OMbITa 0TOOPA3UTh 3TO B BHIBOJIE.

ITopsioK BBINOJIHEHUS PadOTHI

B nBe npoOupku BHecTH 1o 3—4 karum HoaHoi Bousl (I, + H20).

B onHy u3 npoOupok 100aBUTh HECKOJIBKO Karelb XjaopHoi Bojbl (Cl, + H20),
B JIPYTYIO — CEPOBOOPOAHOM BO/IbI (H2S).

HaGmronats n3MeHneHne oKpacku pacTBOPOB.

[To pe3ynbraTaM MPOBEIEHHOTO OTBITA 3aMOJIHUTH MTYHKTHI OTYETA
«Habmonenus» u « BeiBomy.

Onwvim 2. Coedunenus cepul (+4) 6 okuciumenbHo-60CCmMaH08UMETbHBIX
peaxkyusnx
3ananue u 3Tanbl padoThl
IToaroroBka Kk J1adoparopHoii pabore
1. IIpouecTh TEOPETUUSCKOE BBEJACHNE U MOPSAI0K BBHITOTHEHUS PAOOTHI.
OdopMHTE TIPOCKT OTYETA IO OTIBITY JIAOOPATOPHOH pabOTHI (CM. MPWUIL. 2).

N

3. Hamucars, ypaBHEHHS NPOTEKAIOIIMX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
peaKkuuii ¢ MCIOJB30BAHUEM METOla HMOHHO-3JEKTPOHHBIX I1OIypPEaKItii,
YUUTHIBAS, YTO:

4. - B nepBoii npodupke annon Cr,0-%" B KuCIOM cpesie nepexomur B katnoH Crit,
a non SO3* nepexomut B MOoH SO4%;

5. - BO BTOPOI NMPOOHMPKE OJHUM M3 HPOLYKTOB PEAKLUM SABISETCS KOILIOUIHAS
cepa (S).

6. OueHUTh, KaKue CBOMCTBA (OKUCIMTENLHBIE UM BOCCTAHOBUTEIILHBIE) MOTYT
NPOSBIATH COEIUHEHNS, KOTOPhIE COAEPKAT B COCTABE CBOEI MOJEKYIBI aTOM
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cepbl B CTENEHU OKUCIEHUs +4; KaKk ATO 3aBUCHUT OT MapTHeEpa MO peakuuu?

[Tocne BBIMOTHEHUS OBITa 0TOOPA3UTH 3TO B BHIBOJIC.

IopsaaoK BbINOJHEHUS PadOTHI

B3sTh 1Be MpoOMpKY 1 BHECTH B OAHY M3 HUX 3-4 KaIlJlu pacTBopa OuxpomMara
kanus KoCr,0O7, a B 1pyryro — 3-4 Karmim pacTBopa cylibpuaa aMMOHHS.

B xaxxnyro U3 nmpoObupok 100aBUTh MO 2 KAl CEpHOM KUCIOTHI U 1o 3-4
Karii pactBopa cyibhura Harpust NaSOs.

HabGmonars n3MeHeHus B MPOOUpPKax.

I[To pe3ymnbpraTaM MPOBEICHHOTO OIBITA 3aIMOJTHUTH MTYHKTHI OTYETA
«HaOmronenus» u «BeiBogy.

Onovitm 3. Opzanuueckue coeOuUHeHUs 8 OKUCTUMETbHO-
60CCMAHOBUMENbHBIX peakyuax. Boccmanoenenue ouxpomama kanus cnupmom
3ananue u 3Tanbl padoThl
IToaroroBka Kk J1adoparopHoii padore
1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MTOPSIIOK BBITOJTHCHHS paOOTHI.

NS

OdopMHTB TIPOEKT OTYETA IO OTIBITY JIAOOPATOPHOH pabOTHI (CM. MPHIL. 2).

3. Hammcarp ypaBHEHUS MPOTEKAOIINX OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX
peaKuuid ¢ UCTIOJIB30BAaHUEM METOAA MOHHO-3JIEKTPOHHBIX MOJypEeaKInH,
YYUTHIBAS, YTO:

- annon Cr,0;% B kucoi cpese nepexoaut B katuon Cré*;
- STWJIOBBIM CIIUPT OKUCIISIETCS ¢ 00pa30BaHUEM YKCYCHOTO ajibJIeTua
CH;3CHO c 3anaxom s16510Ka.
4. V3yuuTb npaBuiia ONpEAENICHNs CTETIEHEN OKHCIIEHHs aTOMOB YIJIEpo/ia B
COCTaB€ MOJIEKYJI OPraHUYECKUX COSAMHEHUH (CM. TEOPETHUECKYIO YaCTh).
IHopsigok BbIMOIHEHHS PadOThI
B npobupky BHectn 4-5 kamenb pactBopa auxpomara kamus KiCroOs,
100aBUTh 1—2 Karuik KOHIICHTPUPOBAHHON CEPHOM KUCIOTHI U 3—4 Karid 3THUJIOBOTO
cnupra CoHsOH. HabGmiogarh wu3MEHEHHME OKpacKM pacTBOpa U TOSBICHUE
cnenupuuecKoro «s10JI04HOroy» 3amaxa.

1o pe3ynbraTaM MPOBEIEHHOTO OMbITA 3AMOJHUTH ITYHKTHI OTYETA
«HabOmroneuus» u «BeiBOI».

Onovim 4. Opzanuyeckue coeOuHeHUs 6 OKUCTUMETbHO-80CCHMAHOBUMETbHBIX
peaxkyusx. Boccmanoesnenue nepmanzanama Kanusa wiasenesoii KUci0omou
3ananue u 3Tanbl padoThl
IoaroroBka Kk J1adoparopHoi padore
1. TIpodecTh TEOPETUIECKOE BBEICHHUE U MTOPSIIOK BHITOJTHEHHS paOOTHI.
2. OdopMUTH MPOEKT OTYETA 110 OIBITY Ja00paTOPHOM PabOThI (CM. TIPUIL. 2).
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3. Hammcarh ypaBHEHUs MPOTEKAIONTUX OKHUCIUTEILHO-BOCCTAHOBUTEIBHBIX
PEaKIuil ¢ UCTIOIH30BAHUEM METO/Ia MOHHO-AJICKTPOHHBIX MOTYPEaKIINH,
YYHUTBIBASI, YTO:

- mepmanranar-uon MnOy™ B KUCIION cpefie IEPEXOAUT B KaTHoH Mn?*;
- [IaBeJIeBasi KMCJI0Ta OKUCIseTes 10 Auokcuaa yriepoaa COx.
4. V3yuuTh NpaBuiia ONpeACICHUs CTETICHEH OKHCIICHHUsI aTOMOB yIiiepoja B
COCTaBE MOJICKYJI OPraHUYECKUX COCTMHEHUN (CM. TEOPETUUECKYIO YacTh).
IHopsinok BeINOIHEHHsI PAadOThI
Buectu B npobupky 3—4 karum pactBopa miaBesneBoi kKuciaotsl HoCoO4 u 2—-3
KaIlJTi PacTBOPa XJIOPOBOJAOPOAHON KUCITOTHI.

[TomorpeTh pacTBOp Ha BOASIHOMU OaHe.

BeinyTh npoOupky M J100aBUTH 3—4 Kaluld pacTBOpa IEpMaHTaHaTa Kajus
KMnO,. HabmronaTs n3MeHeHNE OKPACKHU U BBIJICIICHUE Ta3a.

I[To pesympraraM TIPOBEICHHOTO OMBITA 3allOJHUTh IYHKTBI — OTYETa
«HaOmronenns» u « BeiBomy.

3aoanus 014 camocmoamebHou padoomol

1. Vkaxure CTENEHU OKUCICHUS IJIEMEHTOB B MOJICKYJIaX COCTMHEHUA:
HNO,, HC'O, Cr,03, H,SO4, KoCr0O7, NaBr, KIO3, Nay,SOs.

2. YKaXHTe, KaKHhe MPOLECChI MPECTABISIOT COOOM OKUCIICHHE, a KaK1e
BoccraHoBienue: S — SO, S — S%, 2H*—H,, Br, —»2Br,

NH4+—> N, , NO —>N02_, F82+—>F63+, 5042_—> S, I —>IO3_,

F, —»2F, Sn—Sn*", CIO"—ClO3;", MnOs — MnO

3. VKaxuTe B BBHINICTICPEUHCIICHHBIX MPOIECCAaX OKUCITUTENN U
BOCCTAHOBUTEJIH.

4.  VYkaxuTe B HIKETPUBEIACHHBIX PEAKIUAX OKUCIUTENIb U BOCCTAHOBUTEIIb.

Al + KCIO4 + H,SO, — KCl1 +A12(SO4)3 + H,0

HCI + HNOs; — Cl, + NO + H,0

Na,S + Br, — S + NaBr

CrCl; + Br, + KOH — K»CrO,4 + KBr + H,0

NaNO, + K,Cr,07 + H,SO, — NaNOs + Crz(SO4)3 + K,SO4 + H,0O

MnS + HNOs(pa36) — Mn(NO3), + NO + S + H,0O

MnS + HNO3; — MnSO4 + NO, + H,0O

MnSO, + CaOCl, + NaOH — MnOQO, + CaCl, + Na,SO, + H,0O

P + HNO;s; + H,O — H3PO4 + NO»

Al + KOH + H,0O — K[AI(OH)4] +H;

H,S + H,SO; — S + H,0O

5. MertonoM 3eKTpOHHO-UOHHOTO OanaHca noadepure Ko3pUUUEHTHI B
YPaBHEHHUSX BBIIEIIEPEUNCICHHBIX PEAKIIU.
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Tema 1.7. DiieKTpOXUMHYECKHE MPOLECCHI

Teopemuueckuiit mamepuaj, He0OXOOUMDLIL 01 6bINOJIHEHUA 1AOOPAMOPHOIL
pabomul

Konmaxmnas «xoppo3usi — BHII KOPPO3WOHHOIO pa3pylICHUs, KOTOPBIA
HaOJIFOJAeTCs NPHU KOHTAKTE JBYX Pa3HOPOAHBIX METAJIOB, T.€. METAJUIOB KOTOPBIE
o0aaloT pa3HbIMU 3JIEKTPOXMMUYECKUMHU CBOWCTBaMHU (00najarolue pa3HbIMU
3HaYEHUSMU JIEKTPOJHOTO MOTEHIMANA).

[Ipy HenpaBUIBHOM KOMIIOHOBKE METAJJIOB M CIUIABOB JIAHHBIA BHJ
KOPPO3UOHHOTO  pa3pyLICHUs BBIBOOUT U3  CTPOSI MHOXECTBO  CIIOKHBIX
METAJUIMYECKUX KOHCTPYKUMU. KOHTakTHas Koppo3usi HaOIomaeTcsi, Halpumep, B
CUCTEMAaX ATIOMHHMI-YIJIEPOAKCTAs CTAIb WM AJIIOMUHUN-IIUHK, MEAb-)KEIe30, U
T.J.

IIpn KOHTaKTE JABYX pa3sHOPOAHBIX METAJIOB B 3JIEKTPOIPOBOAHON cpene
BBITIOJIHSETCS] YCJIOBUE HEOAHOPOAHOCTH METAJUIMUECKON (pa3bl — OHO U3 YCIOBHI
BO3HMKHOBEHUSI IIpOLECCAa KOPPO3MM IO  DIIEKTPOXMMHYECKOMY MEXaHU3MY;
BO3ZHMKAET rajibBaHOIIAPa, 3aIly CKaeTCsI MEXaHU3M KOPPO3UOHHOIO PAa3pPyILEHUSI.

PaccMoTpuM MexaHHW3M KOHTAaKTHOW KOPpPO3UHM B CHUCTEME JKEJIe30-Melb B
MOpCKOM Boge. Jlnsg 3Toro, monb3ysach pAIOM CTaHAAPTHBIX AJIEKTPOIHBIX
MOTEHIINAJIOB METAJIJIOB, ONPEIEIUM CTaHJAPTHBIE TOTEHIIMAJIBI JKEJI€3a U MEU:

O%e2+re = - 0,44 B

¢°cuz+/cu = 0,34 B.

OCHOBBIBasICh Ha 3HAYEHHUAX MMOTEHIMAIOB 3TUX METAJUIOB, JIEJIAEM BBIBOJ, YTO
IpPU UX KOHTAKTE B AJIEKTPONPOBOAHON Cpe/ie MOBEPXHOCTh kKeje3a OyleT aHOTHOM
30HOW, a MEIU — KaroAaHOW 30HOW. Ecim MBI paccmarpuBaeM IMPOLECC KOPPO3UHU B
MOPCKOH BOJI€, TO B POJIM JICTIONSIpU3aTOPa 3A€Ch OYIyT BHICTYNIAaTh MOJIEKYJIbI BOJbI U
KHCIJIOPOJ.

MeTtann aHOIHOM 30HBI — kKene30 — OyAeT TepsATh JIEKTPOHbI U BBIXOAUTH B

e2*. DnekTpoHbI OylIyT IEepPEeMEINaThcs Ha

KOPPO3UMOHHYIO Cpedy B BUAEC KaTHMOHOB F
KaTOJHBIM y4acTOK — MeAb — Ha TMOBEPXHOCTH KOTOPOTro WX OyayT NpUHUMATH
YaCTHIIBI JEMOIIPU3aTOPa, IPU 3TOM BOCCTAHABIUBASCH.

CocraBisieM ypaBHEHHsI KATOJJHOTO ¥ @aHOJHOTO MPOIIECCOB

(-)4: Fe = Fe** + 2e

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

["aTbBaHOTIOKPBITHS MPUMEHSIOT B KQUeCTBE 3aIUThI METa/lIa OT KOPPO3HH, a
TaKKe IS TPUJAAHMS JEKOPAaTUBHBIX KadecTB. [lo Ha3HAaYeHHWIO TrajbBaHUYECKHE
MOKPBITHSI MOTYT OBITh:

3aIUTHO-IEKOPATUBHBIMU;

3aIUTHBIMU (00JIa/1at0T AaHTUKOPPO3ZUMHBIM JCHCTBUEM);
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CTELMaJIbHOTO Ha3zHAYeHUs (HAIENSIOT MOBEPXHOCTh OCOOBIMH CBOMCTBAMHU:
MarHUTHBIMH, 3JIEKTPOU3OJSIIIUOHHBIMH, U T. 1., MPUAAIOT YCTOMYMBOCTh K M3HOCY
WJIM BOCCTAHABJIMBAIOT YK€ MOTYYUBIIYIO MTOBPEKICHHS IIOBEPXHOCTH).

Kpome Toro, ranbBaHOMOKPHITUS MOTYT OBITh KaTOIHBIMH M aHOAHBIMU — B
3aBUCUMOCTH OT 3HAYEHUU OJIEKTPOAHBIX MOTEHIMAJOB METayla MOKpPBITUA U
MeTajuia OCHOBBI. OJIH U TOT € BHUJ] IOKPBITUS MOXET CTAHOBUTHCS KaK KaTOIHBIM,
TaK U aHOJHBIM — B 3aBUCHMOCTH OT METajlia, Ha KOTOPBIA 3TO MOKPHITHE HAHOCUTCSI.
Hampumep, 1o OTHOIICHWIO >Kejie3y, HHUKEJIeBOE IOKPBITHE OyIeT KaTOAHBIM.
3HayeHue TMOTeHUManda HUKens Oousblle, YeM Jkeie3a W 1npu  o0pa3oBaHUU
rajibBaHONapbl ATUMH METAJJIaMH Kelle30 OyJeT aHOAHBIM YYacTKOM, a HUKEIb —
kaToaHbIM. COCTaBUM cXeMy Ipolecca atMochepHON KOPPO3HUH, MPOTEKAIOIIETO MPH
HapylIeHUHU LEeN0CTHOCTH MNOKpeITusA. Kopposuonnas H;O, O, cpema (BiaakHbIH
(memonsipu3aTop) BO3IYX).

Mertann aHomgHOM 30HBI (3keie30) OyIeT OKHUCHATBCS, M BBIXOJUTH B
KOPPO3HOHHYIO Cpely B BHJE HOHOB; JJIEKTPOHBI MEPEXOASIT U3 AHOAHOW 30HBI B
KaTOAHYIO (HUKENb) U OTBOJSTCS C €€ MOBEPXHOCTH YaCTHIIAMHU JETIOSIPU3aTOpa.

CocraBisieM ypaBHEHHsI KATOJJHOTO U @aHOAHOTO MPOIIECCOB:

(-)A: Fe =Fe? + 2e

(+)K: H0 + Oy + 4e = 40H-.

Takum 00pa3oM, KaTolHOE MOKPHITHE 3alllMUIAeT METaul OCHOBBI TOJBKO
MEXaHWYECKH, 0 TeX MOp, MOKa COXpaHsIeTCs 1eJIOCTHOCTh MOKpbITHs. Kak Toiabko
Ha MOBEPXHOCTH TOKPBITUS MOABISAIOTCA ACPEKTHl (TPEUIMHbI, LAPANUHbBI U T.IL.),
HAUMHACT pa3pymiaTbCsl METAJI OCHOBBI; TPH OTOM METaUl  MOKPBITUA
KOPPO3HOHHOMY pa3pyIIEHUIO HE MOIBEPTaeTCs.

HHUK 9 H
Fe
CJIb HKCIIb

xene3o Fe — 2e = Fe?*

AHOIHOE XK€ TIOKpBITHE, 3allUINAeT METAJJT OCHOBBI M MEXaHMYeCKH (TOoKa
MOKPBITHE WEJIOCTHOE) M DIEKTPOXUMHUYECKH (MpHU HAPYUIEHUU LIEIOCTHOCTH),
paboTas KaK aHO/I.

XpoMOBO€ TOKPBHITHE TIO OTHOIICHHWIO K JKeJe3y OyIeT aHOIHBIM, TaK Kak
MOTEHIIMAJ MeTajla OKPHITUS MEHbIIE, YEM IMOTEHI[MAJI METaJljla OCHOBBI.

[{eHHBIM CBOWCTBOM META/UIA B OTHOLIEHHWM CTOMKOCTH K KOPPO3UOHHOMY
Pa3pyLIECHUIO SIBISIETCS €0 CKIOHHOCTh K MEPEXOJy B TaK Ha3bIBAEMOE MAaCCUBHOE
COCTOSIHUE, KOTOPOE€ XapakTepu3yeTcs oOpa3oBaHHMEM Ha TMOBEPXHOCTH MeTajlia
IMACCUBHOM, KaK MPABUJIO, OKCUIHOM IUIEHKHU.
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[Ipu B3aMOAEHCTBUM METAIJIOB C TEMH WJIA WHBIMA KOMIIOHCHTAMH
pacTBOpPOB (pacIjlaBOB) B OMPENCICHHOM JHana3oHe MOTEHIMAJIOB HA MOBEPXHOCTU
MeTajia 00pa3yroTcs aacopOIMOHHBIC WK (Pa30BbIe CIION (TTACCUBHBIC TUICHKH). DTH
clion O00pa3yloT IUIOTHBIM, TOYTHM HENPOHUIAEMBIM Oapbep, Omarojaps dYemy
KOPPO3USl CUJIbHO TOPMO3UTCSI WM TOJHOCTHIO Tpekpaiiaercs. TakuM cBONCTBOM
o0namaroT, HAmpUMep, XpPOM, HHKEIbh, MOJUOmeH, Boab(pam. MmeHHO Ha 3TOM
OCHOBAHO NMPUMEHEHHE YKa3aHHBIX METAJUIOB B KAYE€CTBE JICTUPYIOIINX KOMIIOHCHTOB
IIPU CO3/IaHUM KOPPO3UOHHO-CTOMKHUX CIUIaBOB, HAI[PUMED, HEPKABEIOIIUX CTaJECH.

Bcsikoe Bo3neiicTBre, CIOCOOCTBYIOINIEE CHATHIO C METallIa MaCCUBHOM MJICHKH
WIK €€ Pa3phIXJICHUIO, YCUJIIMBAET Koppo3uto. OmHMM U3 Haumbojee SHEPTUYHBIX
CTUMYJISITOPOB KOPPO3HWH, TIO0 ITOW TPHUYWHE, SIBISICTCS HOH XJopa, IEHCTBHEM
KOTOPOTO 00YCJIOBJIEHO aKTUBHOE pa3pyllIeHUE MeTallJla MOPCKOM BOJIOH.

DJIEKTPOIU30M  HA3bIBACTCS  COBOKYITHOCTH  OKHCJIHMTEIBbHO-BOCCTAHO-
BUTENIbHBIX  MPOIIECCOB, MPOUCXOMANIUX TPU  MPOMYCKAHUH  IOCTOSTHHOTO
ANEKTPUUYECKOTO TOKA YEPE3 PACTBOP MJIU PACIUIaB AIEKTPOJIUTA.

[Ipomyckanue TOKa 4Yepe3 JIEKTPOIUTHl OCYIIECTBISIETCS C TOMOIIBIO
AIIEKTPOJIOB: KaToAa, Ha KOTOPOM MIPOUCXOIUT MPOIECC BOCCTAHOBIIEHUS, U aHOJIa, Ha
KOTOPOM OCYILECTBISIETCS MPOIECC OKUCTIECHUS.

[Ipu snexTponu3e pacTBOPOB cojiel 3aKOHOMEPHOCTH BOCCTAaHOBJICHUS Ha
KaToJIe CJIETYIOUIHE.

1. KaTHOHBI METaJIJIOB, PACTIOJIOKEHHBIX B PSITy HAINPSOKCHUI TMpaBee jkeles3a
(OT KagMus 710 30710Ta), BOCCTAHABIMBAIOTCS COTTIACHO YPABHEHUIO:

Me™ + ne=Me.

2. KaTuoHbl aKTHUBHBIX METAJJIOB, PACIOJOKEHHBIX B JIEBOM 4YacTH psaa
HarpspDKeHUM (0T JIMTUSI A0 aJIFOMUHMS), HE BOCCTaHABIMBAIOTCA. B aToM ciydae Ha
KaToJIe TIPOMCXOIUT BOCCTAHOBJICHUE BOIBI:

2H,0 +2e =H,T + 20H".

3. KarroHbI MeTaJjIoB, paclOIOKEHHBIX B CPEIHEH YacTH psiia HampsOKSHUN
(Mapraner, 1MHK, XpOM, >K€JI€30 U Jp.), BOCCTAHABIMBAIOTCS Ha KaTroJe BMECTE C
BOCCTAHOBJICHUEM BOJIbI, T.€. MMapajuIeIbHO UIYT JIBa Mpoliecca, ypaBHEHUSI KOTOPBIX
MIPUBE/ICHBI BHIIIIE.

3aKOHOMEPHOCTH OKHUCJICHUS Ha aHOE CJICIYIOIIHE.

1. IIpocteie anmonwr (CI, Br, |

, S%), kpome F-MOHOB, OKHCIAIOTCS C
00pa30BaHMEM COOTBETCTBYIOLIMX IPOCTBIX BEILECTB, HAIPUMED:

2CI - 2¢ = Clyt

2. Cnoxnsle annonsl (NO3, SO4%, PO u mp.) u F-uonsl He okucnsrorcs. B
3TOM CJIydYae Ha aHOJE ITPOUCXOIUT OKMCIICHUE BOJIBL:

2H,0 —4e = OQT + 4H*

DTH  3aKOHOMEPHOCTH  OTHOCATCS K  ODJEKTPOIM3y C  HMHEPTHBIM
(HEpaCTBOPUMBIM) 2JIEKTPOIOM: IIATHHA, FPa(MT, SIEKTPOIHAS CTAb.
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Ho ecmu aHOm M3roTOBAEH M3 MeETala, COJb KOTOPOIO  SIBIISETCS
SIIEKTPOJIUTOM, TO B 3TOM CIIydae caM aHOJA OKHMCISETCS, IIEPEX0Is B PacTBOP B BUJIE
KaTUOHOB

Me — ne = Me",

a Ha KaToJI¢ MPOUCXOAUT BOCCTAHOBICHHE HTOTO JKE METalIa

Me™ +ne=Me.

Takoii 3JIEKTPOIU3 HA3BIBACTCS DIEKTPOIM30M C aKTHBHBIM (PaCTBOPHMBIM)
AHOJIOM.

PaccMoTpuM 351eKTpoNn3 pacTBOpa XJIOpHIa MEIU Ha MHEPTHBIX JJIEKTPOAAX.
B pactBope Haxoxsarcs nonsl Cu?* u Cl, koTopble oA AEeHCTBHEM IEKTPHUECKOTO
TOKA HAIPaBJISAIOTCSA K COOTBETCTBYIOIIHM M 3JICKTPOIaM:

CUC|2
l
(-) Karox < Cu?* + 2Cl- — Anon (+)
Cu®* +2e = CuW° 2Cl - 2e =Cl;

Ha karone BeiensieTcs MeTaNIMYECKasi Me/lb, HA aHOJIE — ra3000pa3HbIN XJIOpP.
Ecnu B paccmorpenHoM npuMmepe anekrponnsa pactBopa CuCl, B xauectBe aHoAa
B3ATh MEJHYIO IUUIACTHHKY, TO Ha KaTOA€ BBIJECISETCS MEIb, a Ha aHole, TJe
MIPOUCXOMSAT MPOIECCHl OKUCIIEHUS, BMECTO pa3psiiku noHOB Cl u BelIeneHUs XJiopa
MIPOTEKAET OKHCIIEHUE aHoAa (MEIH), MPOUCXOIUT PACTBOPEHHUE CaMOI0 aHONa, B
suze noHoB Cu?* OH epeXoIuT B PacTBOP.

Takum 00pazoMm, 53JEKTPOJIU3 PACTBOPOB COJIEM C PACTBOPUMBIM aHOJOM
CBOJIUTCS K OKHUCIICHHIO MaTepualia aHoja (ero pacTBOPEHHUIO) M COMPOBOXKIAETCS
MEPEeHOCOM MeTajlla C aHOAAa Ha Karol. JTO CBOMCTBO LIMPOKO HCHOJB3YETCS MPH
paduHUpOBaHUY (OYHCTKE) METAJIOB OT 3arps3HEHUM.

JlaGoparopuas padora Ne 11. «Koppo3usi meTa/iioB»

Hean padorsl: hopMUpoBaHUE YMEHUW M HABBIKOB B M3YyUYEHUU KOHTAKTHOU
KOPPO3UH, NPOTEKAILIYI0 IO 3JIEKTPOXMMHUYECKOMY MEXAHU3MY; HCCIENOBATh U
YCTAaHOBUTH THUI TAJIbBAHMYECKOTO MOKPBITUS ISl CTald; HCCIEAOBATh BIIUSHUE
XJIOPUJ-UOHOB HA KOPPO3HIO CTAJIH.

Onwvim 1. Bzaumooeiicmeue yunKka ¢ cepHoill KUCA0MOIl 6 OMCymcmeue u 6
npucymcmeuu meou
3ananue u 3Tanbl padoThl
IToaroroBka Kk JadoparopHoi padore
1. TIpoyecTh TEOPETUYECKOE BBEICHUE U MTOPSIOK BHIMIOTHEHUS PaOOTHI.
2. OdopMUTH MPOEKT OTYETA IO OMBITY J1a0OPATOPHON PadOTHI (CM. Mpui. 2)
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3. O1eHUTh BO3MOXKHOCTh B3aMMOJICUCTBUS IIMHKA C pa30aBICHHOM CEpHOM
KHUCJIOTOM, BOCIIOJIB30BABIIKNCH ITPU ATOM PSIJIOM CTAHJAPTHBIX AIEKTPOIHBIX
noteHmuanoB metamioB (PCOII).

4. Hammcare ypaBHEHUE B3aUMOAECHCTBUS LIMHKA C pa30aBIE€HHON CEpHOU
KHCJIOTOM; 0(hOPMHUTH PEAKIIMIO KaK OKUCIUTEIbHO-BOCCTAHOBUTEIIBHYIO.

5. CocTaBUTh CXeMy OJJIEKTPOXUMHYECKONH KOHTAKTHOW KOPPO3UHU IIMHKAa B
CONPUKOCHOBEHUH C MEAbI0 B KHUCIOH (RJIEKTPOMPOBOAHON) cpene (cM
TEOPETUUYECCKYIO 4acTh); TUISt 3TOTO OTIPENICIUTD:
- KaKOW M3 METAJUIOB B TaJbBAaHOTIAPE «MEIb-IIMHK» OyIeT SBISATHCSA KaTOAHOU
30HOM, a KAaKOM — aHOJHOM (BOCIOJIB30BaTHCS PCOID);
- KakHWe YacTHIlbl B 3TOM Ciydae OyayT BBICTYyHaTh B POJU ACHOJApU3ATOPA,
€CIIM Y4€CTh, YTO Cpea Kucas.

6. C MOBEpXHOCTH KAaKOTO MeTayyia OyleT BBIACISATHCS BOIOPOA JO M TOCHE
CONPUKOCHOBEHHUS MEU U IIMHKA (0Tpa3uTh B 1. «Habmonenus»). [louemy?

/. HammucaTh ypaBHEHHs MPOIECCOB, OMUCHIBAIOIINX pACCMaTPUBAEMBIN CiIyuyai
KOppo3uu (TIpoLecchl Ha KaTOAHOW U aHOJTHOM 30HaX).

8. OmneHnTh BO3MOXHOCTHh OKCIUTyaTallil KOHCTPYKITWW, BBITIOJHEHHBIX W3
Pa3HOPOJAHBIX METAJUIOB B KOPPO3UOHHO-arPECCUBHBIX CPe/lax; OTPA3UTh 3TO B
BBIBOJIE K OTIBITY.

IHopsinok BeIMOTHEHHSI PadOThI

[TomecTuTh B MpOOUPKY KyCOUEK IpaHyTMPOBAHHOTO ITUHKA M BHECTH S5 Karelb
pacTBOpa CepHOM KHUCIIOTHI.

HaOnronate B3anMonelcTBUE IIMHKA ¢ KUCIOTOW. HaOmromaeTcst 1 BBIICIICHHUE
BOJOpOaa?
B3sath MeaHYI0 IPOBOJIOKY U KOCHYTHCSI KyCOUYKa IIUHKA B IPOOHPKE.

Habmronars n3MeHeHrne MHTEHCUBHOCTHU BBIJICNICHUS BOJOPO/IA.

[To pesynbraram TPOBEACHHOTO OMbITA 3alOJHUTh IYHKTBl OTYETa
«HaoOmronenns» u « BeiBomy.

Onovim 2. Koppo3us OuyuHKOBAHHO20 U JIYHCEHO20 dicene3a
3aganue u 3Tanbl padoThI
IoaroroBka Kk J1adoparopHoi padore
1. ITpouecTh TEOPETUUECKOE BBEJACHUE U MOPSAIOK BBHIOTHEHUS PAOOTHI.
2. OdopMHTH POEKT OTUYETA TIO OMBITY JabOpaTopHON PabOThI (CM. TIpHIL. 2).
3. CocTtaBuTh CXeMy TMPOIECCOB MPOTEKAIINX TMPU DIEKTPOXUMUUYECKON
KOPPO3UH OLIMHKOBAHHOTO U JIYXKEHOTO jKejie3a B KMCIOH (JIEKTPOIIPOBOIHON)
cpenie; IUIsl 3TOTO ONPENEIUTh:
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- Kakol M3 METaJUIOB B TajbBaHOMAPAX <«CKEIE30-IMHK» M <OKEIe30-0JI0BOY
OyneT sBIATHCS KAaTOAHOW 30HOW, a KakOW — aHOMHOHW (BOCITOJIB30BATHCS
PCOII);

- KaKye 4acTHIlbl OyIyT BBICTyNaTh B POJH ACMOISPU3ATOPa, €CIU YUeCTh, UYTO

cpelia Kuclasl.

4. Hamucarp ypaBHEHHUSI MPOIECCOB, OMUCHIBAIOIIMX pacCMAaTPUBAEMBbIE CIIy4yau
KOppO3uH (MPOIECCHl HA KATOIHOM U aHOJHOM 30HAX).

5. MoHbl Kakux MeTauioB OyOyT MOSBISATHCA B PacTBOpax MNEpPBOMl U BTOPOH
OpoOMpPOK B pe3yldbTare  KOPPO3HMOHHOTO  pa3pylieHuss  (aHOAHOTO
PacTBOPEHHUS).

6. Hammcats ypaBHeHue B3amMojeicTBus Tekcanmanodeppara (Il) kamus
Ks[Fe(CN)s] ¢ karmonamu kene3a Fe:, KoTOpbie 00pa3yroTCs BO BTOPOii
npoOupKe, Y4YuThIBasi, 4YTO MpU ATOM oOpazyercs rekcamuanodeppar (III)
xenesa (II).

7. OnpenenuTh, K KAKOMY THITY OTHOCSITCS IIMHKOBOE U OJOBSIHHOE MOKPBITUS T1O
OTHOIIICHUIO K XKeJe3y (KaToJHOE WM aHOIHOE): OTPA3HUTh 3TO B BHIBOJE.

8. OmueHurs, UCTIOJIb30BAHNE KaKoTO TATIA  TIOKPBITUA  SBIIACTCS
MPEANOYTUTENBHBIM (OTPa3UTh B BHIBOJE).

Iopsiaok BHINOJTHEHUS] PA0OTHI

B3satb nBe mpoOupku. [1onoxuth B mepByIo MpoOUPKY KyCOUYeK
IPaHyJIMPOBAHHOTO IMHKA, BO BTOPYIO — KYCOYEK OJIOBA.

B 06e mpobupku 106aBUTH TIO 5 Kamesib pacTBOpa CEPHOW KUCIOTHI M MO 2
karui pactBopa rekcaranodeppara (II1) xamus Ks[Fe(CN)g]. T'ekcanmanodeppar
(III) kanus ABISAETCS Ka4eCTBEHHBIM PEaKTUBOM JUIS ONpEIeIeHns KaTuoHa Fe?*, ¢
KOTOPBHIM OH JIa€T CHHEE OKpallliBaHuE.

JIBe Kene3HbIe MPOBOJIOYKH 3aUYMCTUTh HAXJAa4yHOW Oymaroil M MOMECTHUTH B
MPOOUPKU TaKKUM 00pa3oM, YTOObI OHU HAXOJWIIMCh B KOHTAKTE C IIMHKOM U OJIOBOM.

HaGmronats n3MeHneHrne oKpacku pacTBOpa B OJTHOM U3 MPOOUPOK.

[lo pesynpraTaM TPOBEICHHOTO OMbBITA 3aMOJHUTH IMYHKTHl  OTYETa
«Habmonenus» u « BeiBomy.

Onwvim 3. Bausanue xnop-uona na Koppo3uio ailOMuHus
3ajanue u 3Tanbl padoThI
IToaroroBka Kk JadoparopHoi padore
1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MTOPSIIOK BBHITOJTHEHHS paOOTHI.
2. OdopMHTH POEKT OTUYETA TIO OMBITY JabOpaTopHON PabOThI (CM. TIpUIL. 2).
3. O1eHUTh TEOPETHUSCKYI0 BO3MOKHOCTD B3aUMOJICHCTBUS aTFOMUHUS C COISIMU
meau (Bocnonb3oBarbes PCOII).
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[Touemy, HeCMOTpsI Ha BBICOKYK) XWUMHUYECKYIO AaKTUBHOCTh AJIIOMUHHS B
nepBoi mpodupke (¢ cylbpaToM Meau) NPAKTUYECKU HE MPOUCXOAUT HUKAKUX
W3MEHECHUM.

Hamucarb ypaBHEHHE B3aMMOJCHCTBUSI aTIOMHHHUSI C XJIOPUJIOM MEJH;
0(pOPMUTH PeaKIInIo, KaK OKUCIUTEIHHO-BOCCTAHOBUTEIIBHYIO.

Kak mnpucyTcTByromme BO BTOpPOHM NPOOUPKE XJIOPUI-UOHBI BIUSIOT Ha
POTEKAIOIIMM Mpo1iecc (OTpa3UuTh B BHIBOJE).

Urto OyneT BeIIENATHCS Ha MOBEPXHOCTU AJIFOMUHUS BO BTOPOM TPOOHUPKE.
IopsaaoK BBINOJIHEHHUS PadOTHI

B nBe mpoOupku NOMECTUTH MO KYCOUYKY aTIOMUHUS U JOOABUTH B OHY U3 HUX

5 kamenb pactBopa cynbdara meau (II), a B apyryro — 5 xamenb pacTBopa XJIOpHaa
Menu (II). HaGmronare usmeHeHus.

IIo pe3yibraraMm  IIPOBCACHHOI'O  OIIbITa  3allOJIHUTh  ITYHKTBI  OTUYCTaA

«HaoOmronenns» u « BeiBomy.

JlaboparopHas padora Ne 12. «QieKTp0JIU3 BOAHBIX PACTBOPOB COJICi
e padoTbl: popMHUpoOBaHNE YMEHUIN U HABBIKOB B UCCJICIOBAHUH

MpoIecCCOB, INPOTCKAOININX HA KATOAC X aHOAC IIPU IJICKTPOJIN3C BOAHBIX paCTBOPOB

Pa3JINYHbIX THUIIOB COJICH.

e

Onvim 1. Inexkmpoausz pacmeopa Xa10puoa HaAamMpus ¢ UHEPMHBIM AHO0OM»
3ananue u 3Tanbl padoThl

IMoaroroBka Kk 1adoparopHoil padorte

[IpouecTh TeOpeTHUECKOE BBEACHUE U TIOPSIOK BBITIOTHEHUS PaOOTHI.

OdopMHUTh MPOEKT OTYETA O OMBITY Ja0OPaTOpHON PadOTHI (CM. pHIL. 2).

Hamnucars ypaBHeHUE A1eKTposii3a BogHoro pactsopa NaCl.

Brinenenre kKakux Ta3oB € MOBEPXHOCTH DJIEKTPONOB OyneT HabIomathes B

IPOLIECCE IEKTPOIU3A.

Kakoii xapakrep cpensl (pH) wmmeer pactBop NaCl? Kak wusmenutcs pH

pacTBopa B MPUKATOAHOM MPOCTPAHCTBE MOCTE AIIEKTPOIn3a?

Kak wm3MeHuTCcs okpacka QeHondTamenHa B MPUKATOJHOM M IPUAHOIHOM

IPOCTPaHCTBAX ?

Iopsiiok BHINMOJTHEHHUSI PAOOTHI

PactBop xnopuna Hatpust Hanuth B U-00pa3Hyro TPyOKy 2IEKTPOIU3epa TaKUM

o0pa3om, uToObI TOMEIIIEHHBIE B HEE DJIEKTPO/IbI ObLTH MOTPY>KEHBI B pacTBop Ha 1/3.

[Torpy3uTh TpauTOBBIC SIEKTPOABI B PACTBOP W MOAKIIOYUTH MX K CETH

(BHEIIHEMY MCTOYHUKY AJIEKTPUUECKOTO TOKA).

HalGntonats BelieTIeHUE Ta3a ¢ MOBEPXHOCTH 3JEKTPOIOB.
Yepes 1-1,5 MUH OTKIIIOUUTD ANEKTPOIHU3EP OT CETH, U3BIIEUD AIEKTPOIbI.
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B kaxnoe xoneno U-o6pa3noit TpyOku no6aButh no 1 karuie gpenondranenHa.
[To pe3ynpraTaM TMPOBEACHHOTO OMbBITA 3alMOTHUTH TYHKTHI ~ OTYETA
«HaOmronenus» n «BeiBogy.

Onwvim 2. Inexmponus pacmeopa cyivhama Hampusa ¢ UHEPMHLIM AHOOOM

Iopsaok BbINOJTHEHUS] padOThI

PactBop cynbdara Harpuss HamuTh B U-00pasHyro TpyOKy 3JeKTpoiu3epa
TaKUM 00pa3oM, 4TOOBI MMOMEIIEHHBIE B HEE AIEKTPObl ObUIH MOTPYKEHBI B pacTBOP
Ha 1/3. Ilorpy3uTh rpaduTOBBIC 3JEKTPOALI B PACTBOP W MOIKIIOUNTH MX K CETH
(BHEHIIHEMY MCTOYHHMKY 3JEKTpUUeckoro Ttoka). HaOmrogare BelIeneHue raza ¢
MMOBEPXHOCTU JIEKTpoAoB. Uepe3 1-1,5 MHH OTKIIFOUUTH 3JIEKTPOJMU3EP OT CETH,
U3BJICYb AMEKTPoAbl. B kaxknoe koneHo U-oOpasHoit TpyOku 100aBUTH 10 3—4 Karuiu
JaKmyca.

[Io pesynbraram TPOBEACHHOTO OMbITA 3allOJHUTh IYHKTHl OTYETa
«HaOmronenns» u « BeiBomy.

Onoim 3. Inekmponu3 pacmeopa cyavhama medu ¢ UHEPMHLIM U

Pacmeopumvim anooamu
3amanue u 3Tanbl padoThl

IToaroroBka Kk JadoparopHoi padore
[IpouecTh TeOpeTHUECKOE BBECHUE U TIOPSIOK BHITIOTHEHUS PAOOTHI.
OdopMuTh MPOEKT OTYETA TIO OMBITY JabopaTopHON PaboThI (CM. TIpUIL. 2).
Hamucats ypaBHEHHE EKTPOIN3a BOAHOTO pacTBopa NaxSOy.
Brinenenne kakux Ta30B ¢ IOBEPXHOCTH JICKTPOJOB OyneT HAOMIOIaThCS B

> wnh e

MpOoILIECCE EKTPOIIN3A.
5. Kaxoii xapakrep cpenst (pH) umeet pactBop Na,SO,4? Kak msmenurcs pH
pacTBopa B MPUKATOAHOM U NMPUAHOAHOM MPOCTPAHCTBAX MOCIE AMEKTPoIn3a?
6. Kak uameHuTCs OKpacka jakMyca B IPUKAaTOJAHOM U MIPUAHOJIHOM
IPOCTPaHCTBAX ?
IHopsigok BbIMOIHEHHS PadOThI
PactBop cynb(dara menu HamuTh B U-00pa3Hyto TPyOKY AJIEKTPOJIM3Epa TAKUM
o0pa3oMm, 4ToObI MOMEIIEHHbIE B HEE 3JIEKTPO/Ibl ObUIH MOTPYKEHBI B pacTBOp Ha 1/3.
[Torpy3uth rpauTOBBIE BJIEKTPOABI B PACTBOP M MOIKIIOYUTH MX K CETH
(BHEHIHEMY HCTOYHHUKY JIEKTPUUYECKOTO TOKA).
HaGmionate BbIIETIEHHE Tra3a C IOBEPXHOCTH OJHOTO U3 3JIEKTPOJIOB,
oOpa3oBaHME HaJEeTa MEAH Ha APYTOM IIEKTPOJE.
Yepe3 1-1,5 MUH OTKIIIOYUTH AJNEKTPOIU3EP OT CETH, MOMEHSATH 3JIEKTPOJIbI
MecTaMu (JJ1s1 TOTO BUIIKY MOBepHYTh Ha 180° 1 BHOBH BCTaBUTH B PO3ETKY). Tenepb
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ANIEKTPO/I, MOKPHIBIIUICS MEIbIO, CTAHET aHOJOM (HaOJI0aeM cirydai 3JIeKTpoin3a ¢
PacTBOPUMBIM aHOJIOM).

Habmnronats n13MeHeHUs1 Ha MOBEPXHOCTAX AJIEKTPOJIOB.

[Io pesynbraramMm NOpPOBEAECHHOTO ONbITA 3alOJHUATH IYHKTBI OTYETA
«HabOmroneuus» u «BeiBOI».

JlabopaTropnasi pa6ora Ne 13. «JuekTpoxmMmuueckoe HaHeCeHHe
METAJIMYECKUX MOKPBITHID)

Heap paGorbl: QopMHUpOBaHME yMEHMI W  HABBHIKOB  HAHECEHUS
METaJUIMYECKOrO MOKPBITHS Ha CTAJIBHYIO OCHOBY TalbBAHUYECKUM METOI0OM

3amanue u 3Tanbl padoThl

IMoaroroBka Kk J1adoparopHoi padore

1. IIpoyecTh TEOPETUUYECKOE BBECHUE U MOPSAIOK BBINOIHEHUS PaOOTHI.
2. OdopMUTH TPOEKT OTUYETA IO OMBITY JabOpaTopHON pabOThI (CM. TpUIL. 2).
3. Hamucath ypaBHEHHsI POIECCOB, MPOTEKAIOIIMNX MIPH IEKTPOIU3E HA

ANIEKTPOAAX.

4. PaccuuTaTh CHIIy TOKA JUIs JIEKTPOJIM3a
S-D
'=Too

rae [ —cuna Toka mpu 31eKTpouse, A;

S — oAk MOBEPXHOCTH IIACTUHEI (KaToaa), CM2;

D — IJIOTHOCTH TOKA IIPH SIEKTposn3e, A/mm2,

IHopsigok BbIMOIHEHHS PadOThI

O6paboTka MOBEPXHOCTH KaToja

3a4UCTUTH CTABHYIO TUTACTHHKY HaxaauyHOW Oymaroi. IIpombITh mpOTOYHOM
BOJIOM M XOPOLIO IIPOCYINTh. M3MEpUTH MIoIans MOBEPXHOCTH IUIACTHHEI (S, cM?).
B3BecuTh miiacTiHy Ha 3JIE€KTPOHHBIX Becax (my, T).

HenocpencrBeHHO mpell MNOrpyKEHHEM IUJIACTUHBI B DJIEKTPOJIUTUYECKYIO
BaHHY 00€3XUPUTH €€ CIUPTOM (TI0C)Ie 00E3KUPUBAHUS CTAPATHCS HE MPUKACATHCS K
MOBEPXHOCTH TJIACTHHBI).

[ToAroToBNIEHHYI0 IUIACTUHKY TMOTPY3UTh B BaHHY M COCJUHHUTH C
OTPHUILIATENIbHBIM MOJIOCOM BHEITHETO UCTOUHHMKA TOKA.

Bxmounts Tok Ha 10 mumn. ITnotHocts Toka (D, A/aM?) s mponecca:
MEIHEHUS — 5; IMHKOBaHUS — 2; HUKEJIMPOBAHUS — 1 (CM. pacyeT MJIOTHOCTU TOKA).

HaOmionath mosiBIIEHHE TOHKOTO CJIOS MeTajyla Ha IOBEPXHOCTH KaToja
(cranbHOM macTuHbI). Ilo McTedeHMM BpEeMEHU DSIEKTPOJIM3a BBIKIIOYUTH TOK,
BBIHYTh KaTOJ[ W3 BaHHBI, MPOMBITH €T0 M XOPOIIO MPOCYIINTh. B3BeCUTh MIacCTUHY
Ha 3JIEKTPOHHBIX Becax (my, I).

58



3anuch JaHHBIX ONBITA U PacyeThbl

[To pe3ynpTaram NpOBEAECHHOTO OMBITA ONPEAECIUTD TOIIIUHY ITOTY4YEHHOTO
MMOKPBITUS U BBIXOJI METAJLJIA IO TOKY.

Pacuer ToMmuHbI HOKPHITUA

(m,—m4)-10
H — 2 1
oS

Tac H- TOJIIIWHA ITOKPBITUSA, MM,

)

M; ¥ My — Macca IUIACTUHBI JIO U MOCIIC OCaXACHUS TIOKPBITHS, T

p — IIIOTHOCTh OCAXkEHHOTO MeTaia, r/cM® (Menb — 8,94; Hukens — 8,9;
1UHK — 7,13);

S — mIomaak MOBEPXHOCTH IIOKPHITHUSL, CM?,

Pacuer BBIXOZA 11O TOKY:

__ Mypagr-100
n= )
Mreop

1€ 1 — BBIXOJ 110 TOKY;
Mupaxr — MACCa MPAKTUYECKas OCAKICHHOIO METAJLIA, T
Mieop — MACCA TEOPETUYECKAS OCAKICHHOIO METAILIA, I
Teopernueckas Macca OCaXIEHHOIO METAJlJIa PAaCCUUTBIBACTCS C

HUCIIOJIB30BAHUEM 3aKOHaA CDapazLe;I:
m __ 2t
TEOp T~ g

3anoaHUTh MyHKTHI oT4yeTa «Habmonenus» u « Beisoay.

3amaHus I CaMOCTOSITEIbHOM PadoThI

1. Ckremansl ABa MeTaula. YKaKHUTE, KAaKOM W3 METAIOB IIOJIBEpraeTcs
koppo3uu: a) Mn—Al; 6) Sn—Bi.

2. Kakne #3 HWKETIEPEUMCIICHHBIX METAJUIOB BBIMOJIHSIOT I CBHHIIA POJIb
aHonHoro nokpeitus: Pt, Al, Cu, Hg ?

3. Kakne w3 HmwKenepeyucICHHBIX METAJJIOB BBITIONHSIOT JJIsS CBHHIIA POJIb
KaTo/IHOTO MOKpbITUs: Ti, Mn, Ag, Cr ?

4. YxaxuTe MPOAYKT KOPpo3uu rpu koHTakTe Zn — Ni B HEHTpaabHOH cpejie.

5. VkaxuTe MpoayKT Koppo3uu mpu koutakte Zn — Ni B kucioi cpene (HCI).

6. IlpuBemuTe TpUMEpPHl METAJIOB, KOTOPHIE MOXHO TOJYYUTH AIICKTPOIU30M
PacCTBOPOB UX COJIEH.

7. Y CTaHOBHUTE IOCIIEIOBATEILHOCTh BOCCTAHOBIICHHUS META/UIOB M3 pacIuiaBa
CMECH. AlClg, CUClz, FGC'Q, CdClz

8. PaccuuraiiTe MUHMMAaJIbHOE HAIPSIKCHHUE PA3JIOKECHUSI, KOTOPOEe HE0OXOIUMO
NPWIOKHUTh K DJJIEKTpOIaM Jisi Hadaja »3JIeKTPoJih3a paciuiaBa XJIOpHa
ATFOMUHUS.
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9. I'a3000pa3HBIMH TIPOTYKTAMH JIIEKTPOIU3a KAKWUX COJIEH SBISIOTCS TOJIBKO
XJIOp U Boaopoa?

10.OnekTponu3 pacTBOpa KAaKOW CONMM TPUBOAWT K YBEIUYCHHIO €€ KOH-
neaTpanuu B pactBope: FeCls, NaNOs, Cu(NOs)2, NaCl?

Tema 1.8. O0mue cBoMcTBa METAJIOB

JlabGoparopuas paGora Ne 14. «O01mue cBoiicTBa METAJLJIOB)

Heapr paGorbl: (QopMHpOBaHME YMEHHUH M HABBIKOB B  MCCIIEOBAaHUU
XUMUYECKHUX CBOMCTB METAJJIOB Pa3JIMYHON aKTUBHOCTH; UCCIEN0BaTh 0COOCHHOCTU
B3aMMOJEHCTBHS METAIJIOB C OKUCIIAIOIIMMHA U HEOKUCISAIOIMMHI KHCIIOTAMH.

Onvim 1. Cpasénenue 60ccmano6umenbHvlX C60UCHE MEMANN0E6

3aganue 1 3Tanbl padoThl

IMoaroroBka Kk J1adoparopHoi padore
1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MOPSIIOK BBHIMOJIHEHUS paOOTHI.
OdopMuTh POEKT OTUETA IO JTAOOPATOPHOU padoTe (CM. mpusioKeHue 2).
3. OueHuTh BOBMOXHOCTh B3aUMOJICUCTBUSI MarHusi, kejae3a U MeIu C

no

pa3z0aBIEHHOM COISTHOMN KUCH0TOU. OOBSICHUTH, IOYEMY MEb HE
B3aNMOJENCTBYET C COJITHOW KUCIIOTOM.

4. CocTaBUTh ypaBHEHUS NPOTEKAIOIINX PEAKIUNA MEKIY METAJJIAMU U COJISTHON
KHMCJIOTOM.

IHopsigok BbIMOTHEHHS PadOThI

B dyerhipe mnpoOupku mMomMecTUTh MO &8 Kameiab pa30aBIEHHOW COJSHOM
KHUCIIOTHI.

B mnepByto mnpoOupky BHECTHM KyCOYEK MarHusi, BO BTOpPYIO — JKelesa,
B TPETHIO — ME/IM, B YETBEPTYIO — IIMHKA.

B otuére onucars HaOmMOACHMS.

B BBIBOmE yKa3aThb, COOTBETCTBYIOT JIM OOHapy»XCHHBIE B ONBITE CBOWCTBA
M3yYEHHBIX METAJJIOB UX TOJIOKESHUIO B PSAY HAIPSIKECHHUH.

Onobim 2. B3aumooeiicmeue  cenesa ¢  pazbaenenHoll u
KOHUEHMPUPOBAHHOU CONAHOU KUCTIOMOU
3ananue u 3Tanbl padoThl
IHoaroroBka Kk J1adoparopHoii padore
1. TIpodecTh TEOPETUUECKOE BBEICHHUE U MTOPSIIOK BBITOJHCHHS PaOOTHI.
OdopMuTh MPOEKT OTYETA IO JTAOOPATOPHOM padoTe (CM. MpUIIOKEHUE 2).

N

3. OneHnuTh BO3MOXKHOCTh B3aUMOJICUCTBHS JKelie3a ¢ pa30aBICHHOW U
KOHLICHTPUPOBAHHOM COJISTHOM KUCIIOTOM.
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4. CocTaBuUTh ypaBHEHHMsI IBYX BO3MOXHBIX PEAKIIUM jKeJie3a C COJITHOM KUCIOTOU

U OOBSICHUTH, Kakas M3 HUX Oojiee BEPOSATHA, W KaK BIUACT YBEIHMYCHUC

koHneHTpanuu HCl Ha e€ mpoTekanue.

ITopsaaoK BBINOJHEHUS PadOTHI

B nBe npobupku BHecTu mo 8—10 kamenas pa30aBICHHON COJITHOW KHUCIIOTHI U
110 OJTHOMY MHKPOIIATEIII0 TOPOITKOOOPa3HOTO Kefe3a.

JI71s1 yCKOpeHHUsI peakiiui MPOOUPKHU ClIeTKa MOAOTPETh.

3areM B IIEPBOIi IPOOUPKE MPOBECTH KAY4ECTBEHHYO PEaKInio Ha HOHBI xkete3a (11):

FeCl, + K3[Fe(CN)g] = KFe[Fe(CN)g]| + 2KCl,

a BO BTOpoii — Ha NOHKI xkene3a (111):

FeCl; + 3NH4,SCN = Fe(SCN)3 + 3NH,CI.

IIpy HanuuuM B THeEpBOH NpoOupke MOHOB Fe?* oGpasyercss TeMHO-CHUHUIA
0CaJ0K TypHOYJIEBOW CHHH, a BO BTOpPOI NpOOMpKe NpH HAIMYMU HOHOB Fe¥" —
KpOBaBO-KpacCHbIi pacTBOp poJaHUIa TPEXBAJICHTHOrO kene3a (IpH Malion
KOHIIEHTpaluu HoHoB Fe®* mabmonaercs cnaboe okpallMBaHUE PacTBOPA).

3areM OmBIT MOBTOPUTH OT Havaa JI0 KOHIIA, 3aMEHUB pa30aBICHHYIO COJITHYIO
KHCJIOTY Ha KOHIICHTPUPOBAHHYO.

ITo pe3ympraTaM ombITa 3aMOTHUTE MYHKT «HaOmronenus» n « BeiBogp».

Onwvim 3. Ilaccusayus scene3a 6 KOHYEHMPUPOBAHHOU CEPHOLL U A30MHOU
Kuciomax
3ananue u 3Tanbl padboThl
IToaroroBka Kk JadoparopHoi padore
1. TlpodecTh TEOPETUUECKOE BBEICHUE U MTOPSIIOK BHITOJIHEHHS paOOTHI.
OdopMuTh MPOEKT OTUETA IO JTAOOPATOPHOU padoTe (CM. MpuiioKeHue 2).

N

3. UTo mpOUCXOIUT C JKEIE3HON TIIACTHHKON MOCJIE MOTPYKEHHS €€ B paCTBOP
KOHUEHTPUPOBAHHOW KUCJIOTHI?
4. Hanucath ypaBHEHUE peakiuu xkejesa ¢ cyabdarom menu (II).
IHopsinok BeIMOJTHEHNSI PadOThI
Tpu sxene3Hble TJIACTUHKA OYMCTUTH HAXIA4HOW Oymaroid, mpOTpaBUTh B
KOHLICHTPUPOBAHHOM  COJIIHOM  KHCIJIOTE€, TPOMBITH  BOJAOW HU  OCYLIUTH
¢bunsTpoBanbHON OyMmaroi. OnHy TUIACTUHKY TOTPY3UTh B MPOOUPKY C KOH-
LICHTPUPOBAHHOMN a30THOMU, a IPYTYIH0 — C KOHUEHTPUPOBAHHOW CEPHOM KUCIOTOW Ha
1-2 MuH; TpeThIO TJIACTUHKY HE MaCCUBUPOBATH.
3areM Bce IUTACTUHKH MOrPY3UTh B pacTBOp cyibdara meau (11).
Omnucarp HAOMIOACHMUS.
OOBSICHUTH pa3IMYHOE OTHOIICHHE IIIACTUHOK K pacTBopy CuSOa.
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B BeIBOE chopmynupoBarh BIMSHHE OOpPaOOTKHM B KOHIIEHTPHUPOBAHHBIX
A30THOM W CEPHOM KHCJIOTaX HAa BOCCTAHOBUTEIBHBIE CBOMCTBA KE€J€3a M yKa3aTh
MPAKTUYECKOE 3HAYECHUE ITOTO SIBJICHUS.

3aganus I CAaMOCTOSITEJIbHOM PadoThI

1. Kakne meTamibl, U3 MPEII0KEHHBIX B IIEPEUYHE, B3aUMOACUCTBYIOT C BOJOM
pu oObIYHBIX yeioBusx: Ni, Na, Mg, Fe, Cu, Ca?

2. TlokaxuTe C MOMOLIBPIO YPAaBHEHUN PEAKIIMM MEXAHU3M B3aWMOACHCTBUS
AJIOMUHHS C PACTBOPOM IIEJIOYH, YUYHMTHIBAs, YTO €ro IOBEPXHOCTb MOKpPHITA
OKCHJIHOU TIIIEHKOM.

3. Hamummure HECKOJBKO YPaBHEHHWM B3aWUMOJICUCTBHUS LIMHKA C a30THOM
kucioTon. [IpoTexkanume kakoil peakuud HaumboIee BEPOSITHO MPU CTaHAAPTHBIX
ycioBUsAX? YpaBHSITE €€ METOIOM MOIyPEAKIU .

4. Haubonee CHIbHBIM OKHCISIONIMM BO3ACHCTBHEM 00JaaeT CMECh JBYX
KHCIIOT — a30THOM u (QropoBogopoaHoil. Hamummre ypaBHEHHE peaKIUU
B3aMMOJICHCTBHS BOJIb()paMa ¢ 3TOM CMECHIO.

5. IlpuBenute GopMyabl COCTUHEHHUH, UMEIOIUX Ha3BaHUA: TypHOyJieBa CHUHb,
OepnuHCcKas Ja3ypsb, poganuy xenesa (I1I).

6. Kakoe siBneHre Ha3pIBa€TCs NaccUBalMen Merauia?

Tema 1.10. XuMu4eckue MeTOAbI aHAJIN3A

Teopemuueckuii Mmamepuann, HeoOXxo0umblii onsa 6bINOJIHEHUA
aadbopamopnoii padomal

XKecTkocTh BOIBI OOYCJIOBIIEHA CONEP)KAHHEM B HEHW PACTBOPUMBIX COJIEH
KaJIbLIUsI, MarHUsl, ’Kelie3a: HUTPATOB, XJIOPUIOB, TUAPOKapOOHATOB U Jp. Paznuuaror
KECTKOCTh BpPEMEHHYIO U TOCTOSHHYIO. BpemeHHas >XeCcTKOCTh OO0yCIOBIICHA
conepskanuem ruapokapoonaro: Ca(HCOs),, Mg(HCOs3),, Fe(HCO3),, mocTosiHHas
— cozlep)KaHWEeM XJIOPUIOB, HHUTPATOB, cyibdaroB 3tux MeramuioB: CaCly,, MgCly,
Ca(NOs); u ap. CyMMa MOCTOSIHHOM M BPEMEHHOM KECTKOCTH COCTaBJISET OOIIYIO
HKECTKOCTh:

Kobm. = XKmoct. + XKepem.

JKeCTKOCTE BOZIBI OLIEHMBAETCS YUCIOM MUILIMMOJIb-3KBUBAICHTOB HOHOB Ca?*
u Mg2+, COZIEp KAITUXCS B OJHOM JIMTPE BOJABL. EMWHUIIA )KECTKOCTH — MMOJB/. J{s
OTIPEJICTICHUs] YUCJICHHOTO 3HAUYEHUS OJHOTO MMOJIb WOHOB KaJblUS W MarHus
HCIIOIB3YIOTCSI COOTHOIIEHUS:

Mbk(Ca?*) = Ar(Ca)/B = 40,08/2 = 20,04 r/mMonb

Mbk(Mg?*) = Ar(Mg)/B = 24,31/2 = 12,15 1/mo75,
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rae B — crexuomeTrpuueckass BAJICHTHOCTb KajblMs W MAarHus, paBHas JByM.
U3 5THX COOTHOLIEHHUH CIIEAYET, YTO OAMH MULIMMOJIL Ca?* IMpHOIM3UTENEHO PaBEH
20 MI MFOHOB KaJbIHMs, a OJMH MHJLIUMOIL Mg?* — 12 Mr HOHOB Maruus

Kectkas Boma HenmpurogHa JUisi MHOTHX TEXHUYECKUX LEJIEH, MO3TOMY
CHID)KEHUE JKECTKOCTH (YMATYE€HHE BOJIbI) SIBISIETCSl BaKHOW 3ajaued. OTa 3az1ada
pemaeTcss B TEXHHMKE TpeMsl croco0amMu: (PU3MYECKUM, XUMHYECKUM U (U3HUKO-
xuMu4eCcKUM. CyIIHOCTh 3THX METOJOB 3aKJII0YACTCS B YAAJICHUH U3 BOJbl KATUOHOB
METaJIIOB.

Puznyeckuili cnocod OCHOBaH Ha TEPMUYECKOM PA3JIOKEHUU COJIEH:

C&(HCOg)g = C&COsl + CO»+ H,0

Mg(HCOs3), = MgCOs| + CO.+ H,0O

Fe(HCOs3), = FeCO3| + CO,+ H,0

Takum 06pa3oM, MOCIE BHINAAEHUS OCANKOB conep:kanue nonos Ca®", Mg?,
Fe?* B Bozie yMeHbIIAeTCs. DTOT CrOCO0 MPHUIOEH JUIIb Ui yCTPAHEHUs BPEMEHHOM
KECTKOCTU BOJbl, TaK KakK Cylb(arbl, HUTPATbl M XJOPUABl 3THX METAUIOB IpHU
HarpeBaHWM W KUITYCHWM BOABI OCTAKOTCS B pacTBOpe. B IpOMBINIIEHHBIX
MacmTadax 3TOT METOJ NpUMEHSETCd B TeX CclydasX, Koraa BoJa JOJDKHA
ITOIOTPEBATHCS, COITIACHO TEXHOJIOTHH, B IPYTUX aIIapaTax.

XuUMHYeCcKuil crocod OCHOBAaH Ha yIaJ€HUH U3 BOJAbI MOHOB KaJlbLiWs, MarHus,
Kele3a 3a CYeT MepeBojJa UX B MAaJoOpacTBOPUMBIE COCAMHEHHUSA: KapOOHATHI,
THJIPOKCU/IBI, TeTpadbopatel U Ap. [yt 3TOro K )KecTKOM BOjE 100ABISAIOT pEareHThl —
ocaaurend.  OOblMHO  JOOABISAIOT — TallleHyld  W3BeCTb. B pesynbrare
ANIEKTPOJIUTUYECKON TUCCOLUALINNA NU3BECTH:

Ca(OH); = Ca?* + 20H-

Bo3pactaeT pH Bombl, uTo B coorBercTBUM ¢ mpuHiunoM Jle Illarense
IIPUBOAUT K CMEIICHUIO PABHOBECHSI PEAKLIAU:

OH +HCO; =CO03;2% + H,;0

B CTOPOHY 00pa3oBaHUSl KapOOHAT-MOHOB, B PE3YJbTaT€ YEro JOCTUTaeTCs
MIPOU3BEJIEHUE PACTBOPUMOCTH KapOOHAaTa KaJbLIMs U OH BBINIAJAET B OCA/I0K:

Ca?" + CO3;* = CaCOs3|; [TP(CaCO3) = 5-107°

Kpome toro, npu yBennueHHH KOHLIEHTPAUUU TMAPOKCUI-UOHOB JOCTUTAETCS
ITPOU3BENCHUE PACTBOPUMOCTHU TMAPOKCUIA MarHusi, U OH TaK)Ke€ BBINIAIAE€T B OCAJOK:

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

Peaknnm, mnporekaromme Opud BBEIACHMM M3BECTH, MOXKHO  3amucarb
YPaBHEHUSIMHU B MOJICKYJISIPHOM BUJE:

Ca(HCOg), + Ca(OH), = 2CaC0Os3| + 2H,0

Mg(HCOs3); + 2Ca(OH),; = Mg(OH),| + 2CaCO3| + 2H,0.

Meron M3BECTKOBAHMS HENPUTONEH IUIsl CHHXKEHHUS MOCTOSHHOM KECTKOCTH.
Jlist 3TUX 1eneit HeoOXOAMMO BBOAUTH PACTBOPUMYIO COJIb, COJEPKAILYIO0 KapOOoHaT-
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noHbl. OOBIYHO B BOMY J100ABISIIOT KapOOHAT HATpHUs, KOTOPbIM MPU AUCCOLMALIMU
naet noHbl CO3%, CBS3BIBAIOIINE KATHOHBI KAJIBIIHA (Maruus):

Na,CO3; =2Na* +C032_; Ca** +C032_ =CaCOs3 !

B MonekynspHOM BUE 3TOT CIOCOO MOKHO 3alTUCaTh YPaBHEHUEM:

CaS0O, + Na,CO; = C&COgl + Na,SO,.

[Touemy nnsi ycTpaHeHUsI TOCTOSIHHOM J>KECTKOCTH HE TMPOBOJISAT OCAXKICHUS
cynbdaroB? CpaBHEHHE 3HAYCHUI TPOU3BEACHUS PACTBOPUMOCTHU CyJib(ara Kaablus
(6:107°) u xap6onara xanbius (5-107°) moka3bIBaeT, 4TO CBA3BIBAHUE MOHOB KaJbIHs
B Bujie CaCOj3 siBnsieTcst 6oJiee IPOYHBIM.

YuureiBas, uto oproocdars eire MeHee pacTBOPUMBI, 4YeM KapOoHaThl, OoJiee
MOJTHOTO YCTPAHEHUS KECTKOCTH MOXKHO JOCTUYB C TOMOIIBIO peareHTa-0CaInuTes
oprodocdara HATpUS:

3CaS0, + 2N8.3PO4 — Ca3(PO4)2,L + 3Nast4; HP[Cag(PO4)2] = 1'10729

XUMHUUYECKUE METObI CBSI3aHBI C PACXOJIOM PEAareHTOB, MOTOMY B IMOCJIEIHUE
rojibl IIUPOKOE PACHpPOCTPAHEHUE MONYUYMIT (UBUKO-XUMHUYECKUM METOA — METOJ
MOHHOTO OOMEHa.

DOu3NKO-XUMUYECKH METOI YMSATYCHHS BOJBI OCHOBAaH HAa WMCIOJIL30BaHUU
MOHOOOMEHHBIX CMOJI, B KOTOPHIX MOHBI HATPUS WU BOIOPOAA, 3aKpEIJICHHBIC Ha
TBEPOM MOJMMEPHON MaTpulle, CIOCOOHBI 3aMEeIIaThCs Ha

katuonsl Ca?*, Mg?*, Fe?*, conepxammuecs B Bozie:

Na;R + Ca** — CaR| +2Na" RH, + Ca?* — CaR| + 2H",

rie R — pagukan noaruMepHoi enw.

UYepes KOJOHKY, 3alOJHEHHYIO TpaHylaMH HOHOOOMEHHHKA, MpPOKAuYMBaIOT
KECTKYIO BOJIY, KOTOpas, MPOXOs CIOW TpaHysl, OOMEHUBAET KATHOHBI KaNbIUS H
MarHusl Ha KaTHOHBI BOAOPOJIA, B PE3YJIbTaTe YET0 CHIDKACTCS KaK BPEeMEHHAs!, TaK W
MOCTOSTHHAS JKECTKOCTb.

OrneHka JKECTKOCTH BOABI U KATETOPUU IKECTKOCTU MPOU3BOAUTCS, €CIH
M3BECTHBI 3HAUCHUS XOTS OBl OJTHOTO M3 IKCIIEPUMEHTATBHBIX JTAHHBIX:

1) Macca conmepKammxcsi B BOJIE COJICH;

2) 00beM peakTHBa, UCIIOJIb3YEMOI'0 Ha TUTPOBAHUE BOJIbI;

3) KONMYEeCTBO WJIM Macca peareHra, HeOoOXOAMMOIro Uil YCTpaHEHUs
KECTKOCTH.

JlaGoparopHasi padora Ne 15. «OnpeaesieHue KeCTKOCTH BOAbI»

Hean padoTsl: popMupoBaHHEe YMEHUI U HABBIKOB B UCIOJB30BaHUM METO/IA
KOMIIJIEKCOHOMETPUUYECKOTO TUTPOBAHUSA, OMPEICIIUTD KECTKOCTh BOJAOIPOBOJHON U
KUITSTYEHON BOJEI.
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3aganue u 3Tanbl padoThI

IHoaroroBka k 1abopaTopHoii padore

1. ITpouecTh TEOPETUUECKOE BBEIACHUE U MOPSIO0K BBHIMOTHEHUS PA0OTHI.

2. OhopMHTH MPOEKT OTUETA TIO JTAOOpATOPHOU padoTe (CM. MpUIIoKEHUE 2).

Iopsiaok BhINOJHEHUS] Pa0OThI

[IpuroToBUTH TUTPYEMYIO CMECH. {711 3TOrO B KOJIOY /JIsi TUTPOBAHUS HAJIUTh
100 mu1 BOZOIIPOBOHOM BOJIbI, BOCIIOIH30BABIINCH MEPHBIM CTAKAHOM.

K Bone no6aButh 3—4 mi ammuauHo-0OydepHoit cMecu A nogaepxanusi pH B
nHTepBalie 9—10 u 2—3 Karm HHIUKATOpA — 3pUOXPOMA YEPHOTO.

TutpyeMyro cMech TIIATENIBHO MTepeMEIIaTh, OTMETUTD LIBET CMECH.

bropetky 3anonauth TuTpantoM — TpuioH b (JATA) — 1o HyneBoil oTMeTKH
(YpoBeHB ompeiesisieM Mo HUKHEH YaCTH MEHHUCKA).

[IpuctynuTh K TUTpOBaHUIO. TUTPOBaTh N0 U3MEHEHUS OKPACKH THUTPYEMOM
cmecu. OTMETUTh 00BEM PacTBOpa TUTPAHTA, U3PACXOJOBAHHOTO HA TUTPOBAHHUE.

TutpoBaHnue MOBTOPUTH TpU pa3a. Pe3ynbrarel 3anucars B Tabauiry 11.

Bce 10 e camoe MOBTOPUTH ISl KUISTYEHOW BOJIbI. Pe3ynbTarhl 3aHECTH B

Ttabmuy 11.
Tabmuua 11
OO6bem TuTpaHTa, .
Homep Cpenunuii KectkocThb
THThO O6beM BOAIBI MOIIE/IIETO Ha oBEen O
P V(H20), mn tutpoBanue V(5 TA), A
BaHUS TATpaHTa, Mt | K, MMOJIB/JT
MUIT
1
5 BononpoBognas
100 mn

3
1
2 Kunsiuenast 100 mu
3

ITo pesynbraTaM TUTPOBAHUS PACCUUTATh OOIIYIO )KECTKOCTh BOJIBI:

_ N3[[TA'V3[[TA'1OOO
Koo =

)
VBO,CLI)I

rae N (QITA) — HopManbHOCTB pacTBOpa TpuiioHa b.

Bocnonbs3oBaBmmck Toi ke (HOpMyIioN, pacCUuTaTh MOCTOSTHHYIO YKECTKOCTh
BOJIBI K pocr.

OnpenenuTs BPEMEHHYIO KECTKOCTh BOJIbI:

)KOGH_[aﬂ - >KHOCT = >KBpeM
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IIo pe3yiabraraM IPOBCACHHOIO  OIIbITa 3allOJJHUTb IIYHKTBI  OTUCTAa

«HaOmronenus» u «BeiBogy.

3aIlaHl/Iﬂ AJIA CaMOCTOATEJIbLHOM paﬁoTbl
I. COI[ep}KaHHCM COJIEH KaKHUX METaJIOB O6YCJIOBJI€H3 KCCTKOCTDb BOIH)I?

2. YeM oTMuaeTCsl BpEMEHHAs KECTKOCTh OT OCTOSTHHOW?

3. B kakux eIMHHIIAX U3MEPSAETCs )KECTKOCTh BOJIBI?

4. Ilpennoxutre HECKOIBKO CNOCOOOB YMSIUEHUs BOJBI, COJAEpIKaIIEH
ruipokapOoHaT u cyibdar xenesa (I).

5. Paccuuraiite BpeMEHHYIO KECTKOCTb BOJBI, COIEPKAIIYI0 THIPOKapOOHAT
KaJbLHUs, €ciid Ha TuTpoBanue SO mu1 3Toi Boasl u3pacxoaosano 3 mi 0,1 H. pacTBopa

COJITHOM KMCJOTHIL.
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HHPUJIOKEHHUE 1
TEXHUKA BBIIIOJITHEHUA JIABOPATOPHbBIX PABOT U TEXHUKA
BE30OITACHOCTH

B maGopaTtopHbIX paboTax HCHONB3YIOTCS €IKHE, arpPECCUBHBIC M SIOBHUTHIC
BemecTBa. lloaTtomy pabora B XuUMHUYecKOW naboparopuu Oe3omacHa JHINb TpU
CTPOTOM COOJTIONECHUH OOIIHUX TIPABWII U TPEOOBAHMI TEXHUKH O0€301TaCHOCTH.

[Ipu BEIMOTHEHUH JTA00PATOPHBIX PAOOT HEOOXOAMMO COOIOAATh CICAYIOIINE

oowue npasuia.
1. Coneprxatps pabodee MECTO B YUCTOTE U TIOPSIIKE.

2. IlpucTtynath K BBIIOJIHEHHUIO OIBITA JIUIIb TOTA, KOTJA YSICHEHBI €r0 LENlb U
3aJ1auu, Koraa 00 yMaHbl OT/I€JbHBIE ATAIIbI BHIITOJIHEHUS OIIbITA.

3. OnbITel JOMKHBI  BBINOJHATBCA aKKypaTHO, ©0€3 TOPOIUIMBOCTH, C
coOIoIeHneM Bcex TpeOOBaHUM, ColepKAIIUXCS B METOJUYECKUX YKa3aHUSX.

4. B naGoparopun HEOOXOAMMO COOJIOAATh TUILIWHY, 3alPEIIAETCA €CTh, MUTh
Y 3aHUMAThCSI IOCTOPOHHUMU JIeTIaMHU.

5. Ilocnie ucnonb30BaHUs PEAKTUBA €r0 HEOOXOAMMO Cpa3y CTaBUTh B LITATHB,
4TOOBI HE CO3/1aBaTh Oecropsaka Ha paboueM MecTe.

6. Ilocne okoH4aHus1 pabOTHI 0OS13aTENIBHO BHIMBITH PYKH.

Cpenu XMMHUYECKHX PeareéHTOB MMEIOTCS SJOBUTHIE BEIIECTBA, OKa3bIBAIOIINE
TOKCUYECKOE BO3JCHCTBME HAa OPraHU3M YelOBeKa B LEJIOM (MBIIIBSIK, CypbMa,
CBUHEL, PTYTh U MX COEAUHEHMS, TajloreHbl, cepoBojopon, okcup yriepoaa (II),
OKCHIIBI a30Ta W Jp.), U arpecCHMBHBIC BEIIECTBA, OKA3bIBAIOIINE JIOKAJbHBIC
BO3JIEHCTBUS Ha KOXY (KUCIOTHI M Ienoun). Ilpu pabore ¢ HUMHU HEOOXOAMMO

CO6J'IIOI[aTI> CICAVIOMMNEC npasuia no mexnuke bezonacnocmiu.

1. Bce OmbITHI C SIAOBUTHIMU M CUJIBHO MAaXHYIIMMH BEIIECTBAMH, a TAKKE
HarpeBaHHe W BHITAPUBAHNE PACTBOPOB MMPOU3BOIUTH TOJIHKO B BBITSDKHOM ITKaQy.

2. He HakJoOHATBCA HaJ COCYIOM C KHIAIIEH XUIKOCThIO. Harperaemyto
MPpOOUPKY WM KOJIOY JIep>KaTh OTBEPCTUEM B CTOPOHY, a HE K ce0e WK K COCey, Tak
KaK MOXET MPOU30UTH BEIOPOC JKUJIKOCTH.

3. Onpenensath 3amax BELIECTBA CIEAYET, HE BIbIXas Mapbl MOJHOW TPyIbIO, a
HampaBJsis UX K cebe JTETKUM ABUKCHUEM PYKHU.

4. PaboThl C KHCIIOTaMHU U IIEJI0YaMU TMPOBOJAUTH TaK, YTOOBI PEaKTUBHI HE
MoTa alid Ha OJIEXK Y, JIUIO, pyku. HanmuBast pacTBop B mpoOUpKy, €€ Halo JAepKaTh
Ha HEKOTOPOM PACCTOSTHUU OT ceOsl.

5. Ilpu oOpaiieHMu C HEU3BECTHBIMHM BEIIECTBAMU HEOOXOIUMO IPOSIBISITH
MIOBBIIIIEHHYI0 OCTOPOXKHOCTh. Hu npu xaxux oo6cmosmenbcmeax Helv3s npobosams
seuyecmeo Ha eKyc!
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6. HeobxonuMo HeMemieHHO yOpaTh Bce TPOJIUTOE, pa30UTOE M MPOCHIIaHHOE
Ha CTOJaX WU Ha Moy B jaboparopuu. Ecnu kucimora mpojbeTcss Ha CTOJ WIM Ha
oJ, €€ CIEAYET HEUTPATU30BaTh NIEI0YbIO WA COJOM.

7. Henw3st ymoTpeOmsTh 1Jis OMBITOB BEIIECTBA W3 KareIbHHI], KOJIO U
YIaKOBOK 0€3 3TUKETOK M ¢ HEpa300pUMBBIMH HAIITHCSIMH.

8. B xmMuueckoil nmaboparopuu mmeercs amnTeuka. Hago ymeTh oOka3bIBaTh
TIEPBYIO TIOMOIIIb MTOCTPAABIINM, KOT/Ia 3TO HEOOXOIUMO.

B Ttabmune I1.1.1 mpunoxeHus MpUBENEHBI CBEACHHUS 00 OKa3aHWUHU TEPBOM
MTOMOIIY TIPY BO3HUKHOBEHUH TPABM B JJaOOPaTOPHH.

Tabmuua I1.1.1

Ipoucmecreue IlepBast nomoub
OXOI't

Ooru orueM, napom, ropsiYUMH IpeIMETaMU

. HanoxuTe BaTy, CMOYEHHYIO STUIOBBIM
|-if crenienu (kpacHOTA)
cuptoM. [IoBTOpUTH cMaunBaHME

. To xe. O0pabaTsiBaTh 5%-HBIM pacTBOPOM
I1-i1 crenenu (my3bIpn) o
KMnOg4 nin 5%-HbIM pacTBOPOM TaHUHA

[11-i1 crenenun [1OKpBITE paHy CTEPWIBHOMN MOBA3KOU U
(pa3pylieHue TKaHek) BBI3BATh Bpaua

OXoru KucinoTamu, [IpOMBITH 0KOT OOJIBIIMM KOJTUYECTBOM BOJBI,
XJIOPOM UJI OpOMOM 3areM 5%-HpiM pacTBopoM NaHCO3

Osxoru menoyamu [IpomMbITE OOUITEHO BOAOM

[Ipu o)xore KucaIOTaMU MPOMBITH 3%-HBIM
Oxorwu 1ima3 pactBopoM Na,COs. [Ipu oxxore mienogamu
NPUMEHSTH 2%-HbI pacTBOp OOPHON KUCIOTHI

OTPABJIEHMA

[Ipu nonagaHuM KUCIOT MUTH KAIIUILY U3
Ilonmamanue enxkux .
okcusa maruud. [Ipu nonaganum meaoueit NuTh
BEIECTB B POT U 9
pPacTBOP JIMMOHHOW KUCJIOTHI UJIU OUYE€Hb
MUIIEBAPUTEIILHBIE OPTaHBI . .
pa30aBIECHHON YKCYCHOM KUCIIOTHI

OTpaBiieHHE TBEPIBIMH Br13Bath pBOTY, BHIIUB 1%-HBINH pacTBOP
WM SKUIKUMU BerectBaMu  [cynbdaTa mean (1) CuSOq

[TocTpanaBiiero HEeMEAJIEHHO BBIBECTH HA
Ortpasnenue razamu

CBEXKHUH BO3AYyX
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9. IIpn npUrOTOBIICHUH PACTBOPOB CEPHOU KUCIIOTHI HY>KHO JIMTh €€ B BOAY, a
HE HAOOOpOT, TaK KakK, BCIEACTBUE CHIBHOTO MECTHOIO pPa30rpeBaHHs, BO3MOKHO
pa3OpbI3TUBaHUE KOHLUEHTPUPOBAHHOW KHCIOTHL. llpu 3TOM Hago MOIb30BaThC
TOHKOCTEHHOU CKIISTHKOU min (papdopoBoii mocynoi.

10. Hukakux BemiecTB u3 1ab0paTopun Henwv3s Opams OOMOLL.

11. Merammuyeckas pTyTh M €€ Iapbl — CHIBHBIA Ax. [loatomy pryTs,
OpoJuTas NpU IOJIOMKE MNPUOOPOB M TEPMOMETPOB, JODKHA OBITh TIIATEIBHO
cobpana. CobuparoT pTyTh C MOMOLIbI aMaJbraMUPOBAaHHBIX IUIACTUHOK M3 MENU
UM O€JI0M JKECTH.

12. Ilpu mope3ax CTEKJIOM paHy HY>KHO MPOAE3HH(PHUIIMPOBATH PACTBOPOM
NepMaHTaHaTa Kajus WU CIIUPTOM, IepeBsi3aTh OUHTOM.

13. ITocne okazaHus NEPBOM MOMOILHM [TOCTPAAABLIETO HAIIPABUTH K Bpauy.

14. B unensix npoTUBOMOXKApHON O€30MacCHOCTH XUMHUYECKas J1adopaTopus
CHaOXXEHAa OTHETYLIMTENSIMHU, SIIUKaMU C [E€CKOM, acOECTOBBIMHU OJESIIAMHU.
HeoOxonumo 3Hath, Ie HaXOAsATCs IPOTUBOIIOKAPHBIE CPEACTBA U OPSAOK CPOYHOIM
ABaKyalluy U3 Ja00paTopuu Npu Moxkape.

15. O60 Bcex ciayyasix OTKJIOHEHHUS OT HOPMAJIbHOIO XOAa JIabOpaTOPHOTO
3aHATHS, YTPOKAIOLIET0 HAPYLIEHUEM HACTOAIIMX MPaBWII, COOOIIATh MPEXKIE BCETO
IIPETIO/IaBaTeNIo, JEXKYPHOMY JaOOPAHTy UM 3aBEAYyIOLEMY JabopaTopuei.
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HNPUJIOKEHUE 2
IPUMEP O®OPMJIEHUSI TIPOEKTA OTYETA IO JIABOPATOPHOM
PABOTE
Jlaboparopnasi padora Ne 1
«Omnpenenenue GopMyJibl KPUCTAJLUIOTHAPATA

Ilens pabompl: OCHOBBIBASICh HA SKCIEPUMEHTAIBHBIX JAHHBIX U HUCIOJb3Ys
3aKOH KPAaTHBIX OTHOIIEHUW, MPOU3BECTU PACUE€T MOJIBHOTO COOTHOIIEHUS MOJEKYJ
0€3BOIHOM COJIM U MOJIEKYJI BOJIBI B COCTaBE KPUCTAJIIOTUIPATA.

Ilpubopvr u peaxmuewt: HapdopoBbIi TUTENb, HaABECKa KPHUCTAILIOTUpATA,
AIIEKTPOHHBIE BECHI, MUKPOIITIATEb, TecyaHast OaHs, IIUIILIbI.

Ypasunenusn xumuueckux peaxyuii:

CoCl3*6H,0 = CoCl; + 6H,0

Ilopaoox evinonnenusn padoomaol

1. [omyuuts QapPopoBbIil TUTETb U OTMETUTH B 1a0OPATOPHOU TETPAAH €ro
HOMED.

2. TonyyuTh my3bIpeK C KPUCTAUIOTHMAPATOM COJIM MU 3alucaTh B TETpaau
(dhopmyiy COu, OTMETUTH €€ IBET.

3. B3BecuThb TUrENph Ha ANEKTPOHHBIX BECAX U 3aIMCATh €r0 Maccy.

4. C noMOIIbI0 MUKPOIITIATENsl BHECTH B TUTeJb MOPOILIOK KpUCTAIOTUIpaTa
COJIA U B3BECUTbh TUTENh C KPUCTAILIOTHIPATOM.

5. IlocraBuTh THredb C KPUCTAUIOTHIIPATOM Ha TECYaHyl0 OaHIO s
npokanuBanus Ha 25—30 MuH.

6. [Io okoHYaHUH MPOKATUBAHUS OTMETUTH IIBET O€3BOIHOM COJIH.

7. Ucnonb3ys WIMMIBI, CHITh TUTENb C TMECYaHOW OaHM W TIOMECTUTHh B
AKCHUKATOP A0 MOJHOTO OXJIaXKICHUSI.

8. B3BeCcUTh TUreJb HA AIEKTPOHHBIX BECAX.

3anuce oannbix onbima u pacuemal
Macca tunis, T, mp=
Macca THIIIS ¢ KPHCTAJUIOTHIPATOM JI0 MTPOKAJIMBAHU, T, My=
Macca kpucraioruapara, T, mz=my-m;=
Macca THIJIS ¢ KPHCTA/UIOTHIPATOM OCIIE TPOKATUBAHUS, T, Mg=
Macca BbITapHUBIICHCS BOIBI, T, Ms=My-My=
Macca 6e3BOIHOM COJIH, T, Mg=My-M;=
n (HzO) =
n (6e3BogHOM cOIN) =
n (H20) : n (6e3BoAHOM cOIH) =

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

a06CoJI.OIUOKA
Ommnocumenvuas oumubka = ———— *100 =
m,(Teop)
Haonwoenus:
Bwieoo:
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HHPUJIIOKEHME 3
CITPABOYHBIE TABJIMIIbI

Taomuma 11.3.1

Ha3Banusi BaxkHeHIINX KUCJIOT U MX aHMOHOB (CoJIei)

Kuciiora dopmy.a AHHOH dopmy.a
A3oTHas HNO; Hurpar NOs;~
A3zotucTas HNO; Hurpur NO;~
A30THUCTOBOAOPOAHAS HN3 A3zun N3~
(a3umoBOIOPOTHAS ) (HNNy)
benzoiinas CeHsCOOH benzoar CeHsCOO™
Bbopnas (opto) H3;BOs bopar BOs*~

TuapoGopar HBO3*
Jurunpobopar H,BO3™
Bbopnasi(mera) HBO; MeTtabopar BO,™
BopHas(terpa) H,B40; TerpaGopar B4O~
BpomMoBonoponHas HBr bpomun Br-
BbpomMHoBarucras HBro ['uno6pomut BrO™
bpomHoBaras HBrO3 Bbpomar BrOs;~
Bunnas H,C4H4O¢ Taprpar C4H406*
['maporaptpar HC4H4O6™
Bonbppamosas H,WO, Bonbsppamar WO,
Bananuenas(mera) HVO; Bananar VO3
[epManueBas H,GeO; I'epmanar GeOz>
['maporepmanar HGeOs3™
HNonosonoponnas HI HNomun I~
Honnosarucras HIO I'nnmonomut 10™
HNonnosaras HIO; Honar 103~
HNonuas HIO, [Tepuonar 104~
Kpemuuesas H,SiO3 Cuukar SiOs*
uapocunmkar HSiO3™
Mapranueas HMnO, [Tepmanranar MnO,4~
Maprannosucras H,MnO, Masnranar MnO, 2~
MonubaeHosas H,Mo00O, Monubaar MoO, %>
MypaBbuHas HCOOH dopmuar HCOO™
MBEIBAKOBas H3AsO, Apcenar AsO,>~
Tuapoapcenar HAsO,*
Jurunpoapcenar | HoASO4™
MEIIBAKOBHCTAS H3AsO3 Apcenur AsO3z*"




Kucisiora dopmya AHUOH dopmy.aa
TuapoapceHur HasO3?
Huruapoapcenutr | HyAsOs™
Mpnubskosuctasi(mera) | HAsO» MeraapceHut AsOy”
OnoBsiHUCTas H,SnO; Cra"HuT Sn0O*
['mapocTanHUT HSNnO;™
OnoBsHHas H,Sn0; CranHar SnOz*~
['mapocTtannar HSNO;™
Tuornuanaruas HSCN Tuommanatsl SCN~
CBuHIIOBas H,PbO; ILrombar PbOs*
[uaporutomOar HPbO5;~
CBUHIIOBUCTAS H,PbO, [TromMOuUT PbO,*"
[uaporroMOuT HPbO,™
Cenenucras H,SeO3 CeneHur SeOz*”
I'mppocenenur HSeO3™
CenenoBas H,SeOq Cenenar SeOQ4>”
['mapocenenar HSeO4~
CeneHoBOmOpOIHAS H,Se Cenenun Ser”
['uapocenennn HSe™
CepoBogoponHas H,S Cynbbun S
['uapocynbdun HS™
Cepaucras H,SO3 Cynbhur SOz*"
['uapocynbdur HSO;3™
CepHas H,SO, Cynbgar S04
['uapocynbdar HSO,~
TuocepHas H,S,0;3 Tuocynbdar S,03%"
Hancepuas H,S,0s ITepcynbdar S,08%"
I'maponepcynndar | HS;0g™
[TupocepHas H,S,0; [Tupocynsgar S,07*
TemmypoBogopoaHas H,Te Temnmypun Te*
I'mpporemnypun HTe
VronbpHas H,COs KapGonar CO3*
['mapokapOonar HCO3™
VYkcycHas CH;COOH Arnerar CH3;COO™
dochopuas (0pTo) H3PO, docdar PO,/
Tuapodocdar HPO4*~
Hurunpodocdar | H,PO4~
docdopnas (meTa) HPO3 Metadocdar POs~




Kucisiora dopmya AHUOH dopmy.aa
dochopuas (upo) H,P,0; [Tupodocdar P,O*
dTopoBOAOpPOIHAS HF dTopun F
XJI0pOBOIOPOIHAS HCI Xaopun Cl~
XJIOpHOBaTUCTAs HCIO ['unoxoput ClO™
XJopHoBaras HCIO; Xnopar ClOs~
XnopHas HCIO,4 [Tepxmopar ClO4
Xpomucras HCrO, XpoMuUT CrOy”
XpomoBast H,CrO, Xpomar CrO4*

['uapoxpomar HCrO4~
JluxpomoBast H,Cr,0- Juxpomar Cr,0*
(buxpomoBas) Imaponuxpomar | HCr,O7~
[HunanoBogopoHas HCN Huanmyg CN™
(cuHMIIBHAS)
[{unanoBas HCNO [{uanar CNO™
[{uHKOBas H,ZnO, [{uHKar Zn0,>
[1laBenepas H,C,0,4 Oxcanar C,04*
SAuTapHas H,C4H404 CykuuHat C4H404*
BucmyTtoBas HBi0O3 Bucmyrar BiO3~

[Ipumedanne: B Tabn. 11.3.1 mpuBeneHbl Ha3BaHUS BaXHEHUIIMX KHUCJIOT U UX

aHnoHOB 1o HoMmeHkJarype MIOITAK

PacTBOpUMOCTH THAPOKCH/IOB U COJIeH B BOJie

Tabmumna [1.3.2

KaTtnonsl AHHOHBI
CHs -

OH | F | CIF | Br | I | S | SOs* | SO | NOs | PO | CO3* | SiOs* | COO-
NHs |- [P |p |p |p|-|p P P |P |P |- -
KyNa"|p [P |p |p [plPp |P |P |P |P [P [P P
Mg>* |m |[H|p |p [plp |H |p p |m H H P
Ca** Mm [Hip |p |plmM|mH |mM |p |=H H H P
Ba?* p [Mip |p |pl|p |Hu H p |Hu H H P
AP H [M|p |p |p |- |- P p |H - H M
Cr3* u (Hip |[p |p|- |- p p |m - H P
Zn* H (M|p [p |plu |u |p p |H H H P
Mn>* |u [M|p |p |[p|H |H |p p |H H H P
Co?*, a (P |p |p |ple |H |p p |m H H P
Ni2+
Fe2* u (H|p |[p |p|lu |H |p p |m H H P
Fe3* u (Hip |p |p|- |- p p |m H H P
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Karnons! AHHOHBI
CHs -
OH | F | CIF | Br | I | S¥ | SOs* | SO | NOs™ | POs* | COs* | SiOs* | COO-
Cd* H ([P |p |p |plu |8 |p |p |=H H H P
Hg?* - |- |p M |B|H |H |p p |m H - P
Cu?* # (Hi|p |[p |plu |v8 |p p |H H H P
Ag* - P |u |H |H|H |H M p H H H P
Sn2* # (P |p |p |plu |- P - H - - P
Pb? H (H|mMm (M |H|H |H H p H H H P

Taomuma 11.3.3
OTHOCHTEIbHAS JIEKTPOOTPHULATEILHOCTD 3JIeMeHTOB OO0 (mo IlosmHry)

IHepuon I'pynnsi
I I 11 v \Y/ Vi | VI VIII

1 H He
2,10 -

2 Li Be B C N o) F Ne
0,97 |1,47 2,01 |250 |3,07 |3,50 |4,01 -

3 Na Mg | Al Si P S Cl Ar
1,00 (1.23 |1.47 |1.74 2,10 | 2,60 |2,83 -

4 K Ca Sc Ti V Cr Mn | Fe Co | Ni
091 {104 (1,20 |1,32 |1,45 |156 |1,60 |1,64 |1,70 | 1,75
Cu Zn Ga Ge As Se Br Kr
1,75 (166 |1,82 |2,02 [220 |2,48 |2,74 -

5 Rb Sr Y Zr Nb Mo |Tc Ru Rh |Pd
0,89 {099 (1,11 |1,22 |1,23 (1,30 [1,36 |1,42 |1,45 1,35
Ag |Cd In Sn Sb Te I Xe
142 (1,46 |[1,49 1,72 {182 |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
142 (144 |1,44 |155 |1,67 |1,67 |1,90 -

7 Fr Ra kel *mantanounst 1,08 — 1,14
0,89 |0,97 **axtunounas! 1,00 — 1,20
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Tao0mwua I1.3.4

Oobaactu nmepexoaa HEKOTOPbIX HHAUKATOPOB

HNuaukarop Oﬁnacn;;epexona N3MeHeHne OKpacKu
TUMOJIOBBIN CHHUI (h1,2-2,8 KpacHast — xenrast
MeTunoBbIi OpaHKEBBII 3,1-4.0 KpacHasi — opaHxkeBO-KenTas
MeTunoBbIi KpacHbIN 4,2-6,2 Kpacnast — sxenras
Jlakmyc (a30JIUTMUH) 5,0-8,0 KpacHast — cusss
TUMOJIOBBINA CUHUA (11) 8,0-9,6 YKenrtass — cunss
denondranenx 8,2-10,0 becrsernass — MajanHOBas
AJIM3apUH SKEJITHIN 10,1-12,1 Kenrasa — muiioBas
Tponeonun 0 11,0-13,0 JKeiras — oparkeso-

KOPUIHEBAS
NHaurokapMuH 11,6-14,0 [onybast — xeinras

Taomuma I1.3.5

Psin akTHUBHOCTEH (CTAHAAPTHBIX JIEKTPOAHBIX MOTEHIMATIOB) METAJLIIOB

y1eKTpOoN DJIeKTPON
oKHcJIeHHas | BoccTaHoBaeH- | E°B | okuciennas | Boccranopiaennas | E°, B
dpopma Ha# popMma dpopma dpopma

Li* Li -3,05 | Cd* Cd -0,40
K* K -2,93 | Co* Co -0,28
Ba?* Ba -291 | Ni# Ni -0,25
Ca?* Ca -2,87 | Sn* Sn -0,14
Na* Na -2,71 | Pb?* Pb -0,13
Mg?* Mg -2,36 | 2HY H> 0,00
Be?* Be —-1,85 | Cu® Cu +0,34
AP Al -1,66 | Hg,?* 2Hg +0,79
Mn?* Mn -1,18 | Ag* Ag +0,80
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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Taomuua [1.3.6

KoHCTaHTBI JUCCOMUALMH HEKOTOPLIX ¢J1a0bIX dj1ekTposauTos (20 °C)

Haspamme ®opmya K K> K3
(TpaauuMoOHHOE)
Kuciorsl
Azotucras HNO; 6,9-10*
Bopuas (opTo) H3;BO; 7,1-101° | 1,810 | 1,6-10"
BpomuoBaras HBrOs 2,0-1071
bpomnoBarucras HBrO 2,2:10°
Banepuanosas CH2(CH,);:COOH | 1,4-10°
Bananuesas (0pTo) Hs;VOq 1,8-10% 13,2:10%° |4,0-107%°
Bonbdpamosas H,WO, 6,3-10° |2,0-10*
JluxpomoBast H,Cr,0; 2,3:1072
WNonHoBatas HIO; 1,7-10%
WNonHoBaTucTas HIO 2,3-10°%
Kpemuuesas (opro) | HsSiOy4 1,3-10% | 1,6-10% |2,0-10*
MaprannosucTas H,MnO,4 10 7,1-101
MonubneHoBas H,Mo00O, 2,9-10% |[14-10*
MypaBbuHas HCOOH 1,810
MEImbSKoBast H3AsSO4 5,6:10% | 1,7-107 [3,0-10%?
[IponroHoBas CH;CH,COOH 1,3-10°
Cenenucras H,SeOs 1,8-10° |3,2:10°
Cenermcto- H2SeOs 1,310% | 1,0-10%
BOJIOPOIHAS
CeneHoBast H,SeO, 1,2:102
Cepaucras H,SO; 1,4-10% |6,2:10%
CepoBogopoaHas H,S 1,0-107 |2,5-1013
CununpHas HCN 5,0-10%
Tennypucras H,TeO; 2,710 | 1,8-108
Tennyposonoponnas | HoTe 2,3:10°% | 6,9-1013
TuocepHas H,S,03 2,510t 1,910
VronwHasg H,COs 4,5-107 | 4,810
VkcycHas CH3;COOH 1,7-10°
dochopucras H3PO3 3,1:102 | 1,6:107
docdopuas (0pTo) HsPO, 7,1-10° | 6,2:108 |5,0-1013
dTopoBOIOpOIHASL HF 6,2:10%
Xnopucras HCIO, 1,1-102
XnopHOBaTUCTAas HCIO, 3,0-108
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Ha3zBanue

S —— dopmyaa K1 K> K3
XpomoBas H,CrO4 1,6:101 | 3,2:107
[1laBeneBas H,C,0,4 5,6:10% |5,4-10°
OcHoBanust (TUPOKCHIBI)

ATIOMUHHUSI TUTP. Al(OH); 1-10°
AMMOHUS THAP. NHs -H,O (NH4OH) | 1,8:10°

Bepumnus rujp. Be(OH); 3,0:107 |3,3-10°%

Bucmyra (III) rugp. | Bi(OH)3 4,0-10% | 4,010
Kenesa (II) ruap. Fe(OH); 6,2:10° | 2,8:10°

Wenesa (1) ruap. | Fe(OH)s 32100 [5.0100 | 13102
Kammust rump. Cd(OH), 2,4-10°% | 1,5107

Ko6ansra (II)rump. Co(OH), 1,6:10° | 4,0-10°

Maruus rup. Mg(OH); 2,5:10°

Mapranna (II) rugp. | Mn(OH), 1,2:10%

Menu (IT) ruap. Cu(OH), 6,6:10% | 1,0-10°

Huxkens (IT) tuap. Ni(OH), 2,6:10% | 1,1-10°

Omnosa (II) ruap. Sn(OH); 9,8:101 | 1,2:1012

PtyTu (II) rump. Hg(OH), 3,9-101% | 5-10

Ceunna (I1) ruap. Pb(OH), 9,6:10* | 3,0-10®

Cepebpa rugp. AgOH 5,0-10°3

Xpowma (IIT) rump. Cr(OH); 2108 | 7,9-101
[IMHKA TUAPOKCHULL Zn(OH); 1,3-10° [4,9-107

Tabmura [1.3.7
IIpousBenenne pacTBOPUMOCTH MaJI0- U TPYTHOPACTBOPUMBIX B BOJIe COeIMHEHMIT

Coenunenue 1P Coenunenne Ip
Ag3AsO3 1-107 CuCN 3.2:10%
AgsAsO, 1-10%2 CuCO; 2.5-1010
AgBO; 4-103 CuC,0q4 3-108
AgBr 5.3-1013 CucCl 1.2-10°
AgBroO; 5.5-10° CuCrO, 3.6:10°
AgCN 1.4-10°16 Cul 1.1-10%2
Ag,CO3 1.2-1012 Cu(103), 7.4-108
Ag,C,0, 3.5-101 CuN3 5.0-10°
AgCI 1.78-101° Cu(OH); 2.2:10%
AgCIO; 2-10% CuS 6.3-1073¢
AgCIO; 5.0-1072 Cu,S 2.5-10
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Coennnenue I1pP Coennnenue 1P
Ag,CrO, 1.1-102 Fe(OH), 8- 101
Agzcr207 1-10710 Fe(OH)3 6.3-10738
Agl 8.3-107 FePO, 1.3-10%2
AglO; 3.0-108 FeS 5-1018
AgMnO, 1.6:103 FeS, 6.3-103
Ag2MoO, 28102 MgCO; 2.1-10°
AgN02 6.0-10* MgC204 8.5-107°
AgsPO. 13102 MgF. 65107
Ag.S 2.0-10%° Mg(103)2 3-10°
AgSCN 111072 Mg(OH), 6.0-1010
Ag:SO; 1.5-10% Mgs(PO.); .10
Ag2SO4 1.6:10° MgSOs 3-10°
Al(OH); 1-10%2 Mn3(AsO,); 1.9:-10%
AIPO, 5.75-107% MnCO3 1.8-101
AuBr 5.0-10°Y MnC;04 5-10°
AuBT; 40-10% Mn(OH), 1.9-1073
AuCI 20108 Mn(OH)s 1-107%
AUCI; 32-10% Mn(OH). 1-10%
AuOH 7.9-10% MnS 2.5-10%0
Au(OH); 5.5-107% NiCOs 13107
Aul 1.6-102 NiC,04 4-1010
Auls 110 Ni(CIOs), 1-10°
BaCO; 4.0-10°0 Ni(OH), 2.0-105
BaC,04 1.1-107 NiS a 3.2:10%
BaCrO, 1.2-10710 Pbg(ASO4)2 4.1-10%
BaF; 1.1-10° PbBr; 9.1-10°
Ba(105); 1.5-107 Pb(BrO3); 8.0-10°
BaMnO4 2.5:10% PbCO; 7.5-10%4
Ba(OH), 5.0-10° PbC,0, 48100
Bas(PO.); 6107 PbCI, 1.6-10°
BaSO; 81077 PbCrO,4 1.8-10%
BaSO, 1.1:10% PbF, 2.7-108
Be(OH), 63102 PbI, 1.1-107
BiAsO, 28100 Pb(105); 26105
Bils 8.1-10° Pb(OH), 5-101°
BiPO, 13105 Pbs(PO); 7.9-103
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Coenunenue 1mp Coenunenne 1P
BizSg 1-10°% PbS 2.5:10%
Caz(AsOy), 6.8-1071° Pb(SCN); 2.0-10°
CaCOs 3.8:10° PbSO, 1.6-108
CaC,0, 2.3-10° PszOg 4.0-107
CaCrOq 7.1-10 Snl, 8.3-10°
CaF; 4.0-10 Sn(OH); 6.3:10%
Ca(OH), 5.5-10°® Sn(OH), 1-10°7
Caz(POy)2 2.0-10% SnS 2.5-10%
CaS0; 3.2-107 SrCOs; 1.1-100
CaSOq, 2.5-10° SrC,0, 1.6-1077
CaSeO; 4.7-10° SrCrQq 3.6:10°
CdCO; 1.0-10%2 SrF; 2.5-10°
CdC204 1.5'10_8 SI’(OH)Z 3.2-10%
Cd(OH); 2.2-10% Sr3(PO4), 1-103
CdS 1.6-10%8 SrPOsF 3-10°3
Co3(AsOy,), 7.6:10% SrSOs 4-108
Co(BO,), 3.2:10° SrSO, 3.2-107
CoCOs 1.05-101° Zn(CN); 2.6-108
Co(OH)3 4-10% ZnCOs 1.45-10 11
Cr(OH), 1.0-10°Y ZnC,04 2.75-108
Cr(OH); 6.3-103 Zn(103); 2.0-108
CrPOy 1.0-10°Y Zn(OH), 1.2-10°Y
dbuoneTon
CrPOy 3enéuprii | 2.4-10% Zn3(POy): 9.1-10%
CuBr 5.25-10° ZnS 1.6-10%

Tao6muma 11.3.8

KoHCTaHTBI HECTOMKOCTH KOMILJIEKCHBIX HOHOB B BOJAHBIX pacTBOpax

KommnuiekcHblil HOH K HecTolikocTH PK
[Ag(NHs),]* 5,89-108 7,23
[Ag(NO,),] 1,310° 2,89
[Ag(S203).]* 2,510 13,60
[Ag(CN),] 1,410% 19,85
[Agla] 5,51012 11,74
[AI(OH)4(H20).] 1,010 33,0
[AlFe]* 5,01-1018 17,30
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[AuCly]
[Be(OH)4]? e
eton 10105 21,30
e 4,17 10 =
[CA(NH3)s]** 60 I
[Co(C204)s]* ST s
[Co(NH3)e]? oIS a:
[Co(NH3)e]** 10 z]
[CO(NO,)s]* . et
[CO(SCN)4]* S5 =
Cotsen) 5,50-10°3 e
[CU(CN).] s o
[Cu(CN).]* Tt m
[Cu(NH3)4]% e =
Coir 9,33103 30,29
[Fe(CN)]* 310 o
[Fe(CN)e]* i o
[FeFs]? o s
ey 7,94107 o
[Hgls]* i )
[HY(CN).J* i o
[Fa(SCN).T> 50102 ws
[Ni(NH3)4]** 210 e
[Ni(NH3)e]** 7105 i3
[, 9,77:10° o
[PtCl,]* g a:
[SnClg]* ST o
[Zn(CN)4]? e o
[Zn(NH3)4]** oo 7
[Zn(OH).]* 8107 o
3,6:10°16 e
15,44
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Taomuua I1.3.9
JlaB/ieHHe HACBIIIEHHOT0 BOASIHOTO Napa MpH Pa3jinuYHbIX TeMIepaTypax

o P(H20),| P(H:0), | o | P(H:0), | P(H0), | _ o | P(H,0), | PO
T,°C T,”C T,°C MM PT. CT.
klla | MM pT. CT. klla MM PT. CT. klla
17,5
10 |1,226 (9,2 15 1,706 12,8 20 2,333
18,0
11 |1,306 (9,8 16 1,813 13,6 21 2,479
19,8
12 1,399 10,5 17 11,933 14,5 22 2,639
21,1
13 1,493 11,2 18 |2,066 15,5 23 2,813
22,4
14 11,599 12,0 19 12,199 16,5 24 2,986

Ta6mumna [1.3.10

HopmanbHble (cTaHIapTHBIE) JIEKTPOJAHbIE MOTEHIIHAJIBI B BOAHBIX pacTBopax ¢°, B

JIeMeHT Honypeaxkuus D1eKTPOXHBIIA
norenuuas, B
AQ Ag,S + 26 = 2Ag + S2° 0,70
Ag(CN)o ™+ e =Ag +2CN- -0,29
Agl+e=Ag+ 1 -0,152
AgCN +e =Ag + CN- -0,04
Ag(S903)p3+ e = Ag + 25,052 0,01
AgBr +e=Ag + Br 0,071
AgCl+e=Ag +CI- 0,222
Ago0 + Hy0 + 26 = 2Ag + 20H" 0,344
Ag(NH3)o*+e = Ag + 2NH4 0,373
AgoCrOy+ 2e = 2Ag + CrO42' 0,446
AgyCrOy+ 26 = 2Ag + Cr04%" 0,472
AgBrOg+e =Ag + BrO3 0,55
2AgO + Hy0 + 2e = AgyO + 20H" 0,60
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

Agt +e=Ag 0,799
Ago0 +2HT +2e = 2Ag + Hy0 1,173
2AgO + 2H™ + 2e = Ag,0 + Hy0 1,398
Al AlO,™ + 2H,0 + 3¢ = Al + 40H- -2,35
Al(OH)3 + 3e = Al + 30H" -2,31
AlFg3- + 3e = Al + 6F" -2,07
AR* +3e = Al -1,663
Al(OH)3 + 3H™ +3e = Al + 3H,0 -1,471
AlOy™ + 4H™ + 3e = Al + 2H,0 -1,262
As As +3H* + 3¢ = AsHg -0,60
HAsO5 + 3HY + 3e = As + 2H,0 0,248
H3AsO, + 2H* + 2e = HAsO, + 2H,0 0,559
H3AsO, + 2HT +2e = H3AsO3 + Hy0 0,58
A AU(CN), + e = Au + 2CN- 0,61
AuBr,” + 2e = AuBry™ + 2Br° 0,802
AUCl,” +2e =AuCly” + 2 CI° 0,926
AuBro” +e=Au+ 2Br- 0,959
AuCly™ + 2e = Au + 2CI 1,15
Audt +2e = Aut 1,401
AuSt + 3e = Au 1,498
Aut +e=Au 1,692
B BF,~ +3e = B+ 4F -1,04
HgBOg + 3HY + 3¢ = B + 3H,0 -0,869
BO53- + 6H* + 3¢ = B + 3H,0 -0,165
Ba Ba2" +2e = Ba -2,905
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JIeMeHT Monypeakuust JIeKTPOJAHBbII
norenuuaj, B

Be Be2* + 2¢ = Be -1,847
Be(OH), + 2H™ + 2e = Be + 2H,0 -1,820
BeO,2™ + 4H* + 2e = Be + 2H-0 -0,909

Bi BiyOg3 + 3H,0 + 66 = 2Bi + 60H" -0,46
BiOCI + 2H* + 3e = Bi + CI" + H,0 0,16
Bi3* + 3e = Bi 0,215
BiO* + 2H™ + 3e = Bi + H,0 0,32
BioO3 + 6H™ + 6e = 2Bi + 3H,0 0,371
NaBiO3(r) + 6H™+ 2e = Bi3* + Na* + 3H,0 1,6 - 1,808

Br 2BrO” + 2H90 + 2¢ = Bry + 40H" 0,45
2BrOg™ + 6H,0 + 10e = Br + 120H" 0,50
BrOg3™ + 2H,0 + 4e = BrO™ + 40H" 0,54
BrO3™ + 3H»0 + 6e = Br™ + 60H" 0,61
BrO™ + H,0 + 2e = Br + 20H" 0,76
Brg™ + 2e = 3Br° 1,05
Bro(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 + 2H,0 1,59

c HCOO™ + 2H,0 + 2e = HCHO + 30H" -1,07
2C0O5 + 2HT + 26 = H,C,0, -0,49
CO, + 2HT + 2e = HCOOH -0,20
C(rpadur) + 4H' + 4e = CH 4 -0,132

-0,12

COy +2HT +2e =CO + H,0
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

HCOOH + 2H* + 2e = HCHO + H»>0O

-0,01

HCOOH + 4H™ + 4e = CH30H + H,0 0,145
HCOO™ + 3H™ + 2e = HCHO + H,0 0,167
CH3CHO + 2H™ + 2e = CoH50OH 0,19
COg2" + 6H™ + 4e = HCHO + 2H,0 0,197
HCOO™ + 5H* + 4e = CH30H + H,0 0,199
CO32" + 8H™ + 6e = CH30OH + 2H50 0,209
COg2" + 3H' + 2e = HCOO™ + Hy0 0,227
HCHO + 2H* + 2e = CH30H 0,232
2C03%" + 4H™ + 26 = Cy042" + 2H,0 0,441
CoH5OH + 2HY + 26 = CoHg + Hy0 0,46
COg2" + 6H™ + 4e = C(rpadpur) + 3H,0 0,475
CO + 6H* +6e = CHy + Hy0 0,497
CH30H + 2H* + 2e = CHy + Hy0 0,59
Ca Ca+ + 26 = Ca -2,866
Cd CdS + 2e = Cd + §%° -1,175
Cd(CN)42" + 2e = Cd + 4CN- 11,09
Cd(OH)5 + 2e = Cd + 20H" -0,81
[Cd(NH3)4]2* + 2e = Cd + 4NH3 -0,61
Cd2* + 2e = Cd -0,403
Cd(OH), + 2H™ + 2e = Cd + 2H,0 0,005
CdO + 2H* +2e =Cd + H,0 0,063
cl ClO4™ + HyO + 2e = ClOg™ + 20H" 0,36
2CIO™ + 2H,0 + 2e = Cly + 40H" 0,40
0,56

ClO,™ + Hy0 + 8¢ = CI” + 80H"
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

ClOg™ + 3H90 + 6¢ = CI” + 60H"

0,63

ClO5 + 2H,0 + 5e = CI” + 40H" 0,85
CIO™ + Hy0 + 2e = CI" + 20H" 0,88
ClOg™+2H* + e =ClO5 + H,0 1,15
ClO4™ +2H™ + 2e = ClO3™ +H,0 1,189
ClO) + 4H™ + 4e = 2HCI + H,0 1,351
Cly +2e=2CI" 1,3595
ClO4™ +8H™ + 8¢ = CI" + 4H,0 1,38
2ClO4™ + 16H* + 14e = Cl + 8H,0 1,39
ClO, + 5H* + 5e = HCI + 2H,0 1,436
ClO3™ +6H™ + 6e = CI" + 3H,0 1,451
2CI03™ + 12H + 10e = Cly + 6H,0 1,47
HCIO + H* + 2e = CI" + H,0 1,494
ClOy + 4H™ + 5¢ = CI" + 2H,0 1,91
2CI0, + 8H™ + 8e = Cl, + 4H,0 1,549
HCIO, + 3HT + 4e = CI" + 2H,0 1,57
2HCIO + 2H™ + 2e = Cly + 2H,0 1,63
2HCIO, + 6H* + 6e = Cly + 4H,0 1,64
Co [CO(CN)6]3' +e= [Co(CN)6]4' -0,84
Co(OH)9 + 2e = Co + 20H" -0,73
CoCOg + 2e = Co + CO3%" -0,64
[Co(NH3)g]2" + 2e = Co + 6NH3 -0,42
Co2* +2e=Co -0,277
0,095

Co(OH), + 2HT + 2e = Co + 2H,0
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JIeMeHT Monypeakuust JIeKTPOJAHBbII
norenuuaj, B

[Co(NH3)g]3* + e = [Co(NHg)g]2* 0,1
CoO +2H' +2e=Co + H,0 0,166
Co(OH)3 + e = Co(OH) + OH" 0,17
Co3* +3e=Co 0,33
Co3t + ¢ =Co2* 1,38 - 1,842

Cr Cr(OH)5 + 2e = Cr + 20H" -1.4
Cr(OH)3 + 3e = Cr + 30H" -1.3
CrOy™ + 2Ho0 + 3e = Cr + 40H" -1,2
Cr2*t +2¢=Cr -0,913
cr3t +3e=Cr -0,744
Cr(OH)3 + 3H™ +3e = Cr + 3H,0 -0,654
cr3t +e=cr2t -0,407
CrO42" + 4H,0 + 3e = Cr(OH)3 + 50H -0,13
Cry072 + 14H* + 12e = 2Cr + 7TH,0 0,294
CrO42- +8H* + 6e = Cr + 4H,0 0,366
CrO42- + 4H* + 3¢ = CrOy™ + 2H,0 0,945
CrO,” +4H™ + e = Cré* + 2H,0 1,188
Cry072- + 14H™ + 6e = 2Cr3* + 7TH,0 1,333
CrO42" +8H* +3e = Cr3* + 4H,0 1,477

Cu Cu,S + 2e = 2Cu + §2- -0,89
CuS +2e = Cu + §% 0,71
[Cu(CN),]™ +e=Cu+2CN- -0,43
Cuy0 + H,0 + 2e = 2Cu + 20H" -0,36
Cu(OH)9 + 2e = Cu + 20H" -0,22

-0,185

Cul+e=Cu+1I
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

[Cu(NH3),]" + e = Cu + 2NH3

-0,12

[Cu(NH3)s]?* + 2e = Cu + 4NH3 0,07
[Cu(NH3)4]* + 2e = [Cu(NH3)o]* + 2NH4 -0,01
Culy"+e=Cu+2I" 0,00
CuBr+e=Cu+ Br- 0,03
CuCl+e=Cu+CI 0,137
cu?t+e=cu* 0,153
CuCly,” +e=Cu+2CI° 0,177
2Cult + H,0 + 2e = Cup0 + 2H* 0,203
Cu2t +2e =Cu 0,337
Cu2* +2CI" + & = CuCly" 0,463
Cut+e=Cu 0,520
Cu2t + CI-+e = CuCl 0,538
CuO + 2H* +2e =Cu + H,0 0,570
Cu(OH) + 2H* + 2 = Cu + 2H,0 0,609
CuZ* + Br +e = CuBr 0,640
2Cu0 + 2H™ + 2e = Cuy0 + H,0 0,669
Cu?* +1-+e=_Cul 0,86
Cu2* + 2CN- + e = Cu(CN), 1,12
cud* +e=cu?t 2,40
F FoO + 2H™ + 4e = 2F + Hy0 2,1
Fo + 28 = 2F 2,87
Fe FeS + 2e = Fe + §2 -0,95
Fe(OH), + 2e = Fe + 20H" -0.877
FeCOg + 2e = Fe + CO32" -0,756
-0,56

Fe(OH)3 + e = Fe(OH), + OH"
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

Fe2*t + 2e = Fe -0,440
Fe30, + 8H™ + 8e = 3Fe + 4H,0 -0,085
Fe,O3 + HyO + 2HT + 2e = 2Fe(OH), -0,057
Fe,03 + 6H* + 6e = 2Fe + 3H,0 -0,051
Fe(OH), + 2H* + 2e = Fe + 2H,0 -0,047
Fe3* +3e = Fe -0,037
Fe(OH)3 + 3H™ + 3e = Fe + 3H,0 0,059
Fe(OH)3 + H' + e = Fe(OH), + Ho0 0271
[Fe(CN)g]3" + e = [Fe(CN)g]+" 0,356
Fe3* + e = Fe2t (1M HpS0y) 0,68
Fe3* + e = Fe2* (IM HCI) 0,70
[Fe(CN)g]3" + e = [Fe(CN)g]4™ (1M HClI) 0,71
Fe3* +e=Fe2* 0,771
Feq0,4 + 8H' + 2¢ = 3Fe2* + 4H,0 0,980
H 2H,0 + 2e = Hy + 20H" 0,828
2H' +2e=H, 0,0000
HpO9 + 2HT + 2e = 2H,0 1,776
Hg HgS + 2e = Hg + S2- 0,69
[Hg(CN)4]2" + 2e = Hg + 4CN- -0,37
Hgoly + 2 = 2Hg + 2I° -0,041
Hgl,2" +2e = Hg + 417 -0,04
HgO(xpacHas) + HyO + 2e = Hg + 20H" 0,098
HgoBry + 2e = 2Hg + 2Br~ 0,140
[HgBr,]2" + 2e = Hg + 4Br- 0,21
0,2415

HgoCly + 2K* + 2¢ = 2Hg + 2KCl (TB)
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

Hg2CI2 +2e = 2Hg + 2CI°

0,268

Hg,Cly + 2e = 2Hg + 2CI" (1M KCI) 0,28
Hg,Cl, + 2e = 2Hg + 2CI~ (0,1M KClI) 0,334
[HgCl412" + 2e = Hg + 4CI° 0,48
Hg,SOy + 2e = 2Hg + SO 42" 0,6151
Hgo2™ + 2e = 2Hg 0,788
Hg2* + 2 = Hg 0,850
2Hg2* + 2e = Hgy2* 0,920
HgO + 2H™ + 2e = Hg + H,0 0,926
! 103™ + 2H,0 + 4e = 10" + 40H" 0,14
2103" + 6H-0 + 10e = I + 120H" 0,21
103™ + 3H,0 + 6e = 1" + 60H" 0,25
2107 + HyO + 2 = |5 + 40H" 0,45
10"+ HyO +2e = I” + 20H" 0,49
lo+2e=2I" 0,536
13"+ 2e =3I 0,545
103" + 2Hp0 + 4e = 10™ + 40H" 0,56
HIO + HT +2e = I+ H,0 0,99
21Cly™ + 2e = 15 + 4CI7 1,06
103™ +6HT + 6e = I" + 3H,0 1,085
103™ + 5H™ + 4e = HIO + 2H,0 1,14
2103™ + 12H™ + 10e = |, + 6H,0 119
2HIO + 2H™ + 2e =I5 + 2H,0 1,45
1,60

HglOg + H + 2e = 103™ + 3H,0
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JIeMeHT Monypeakuust JIeKTPOJAHBbII
norenuuaj, B
K Kt+e=K -2,924
Li Lit +e=Li -3,045
Mg Mg(OH), + 2e = Mg + 20H" -2,69
Mg2* + 2e = Mg -2,363
Mg(OH)y + 2H™ + 2e = Mg + 2H,0 -1,862
Mn MnCO3 + 2e = Mn + CO32' -1,48
Mn2* + 2e = Mn -1,18
Mn(OH) + 2H* + 2e = Mn + 2H,0 -0,727
MnO4™ + e = MnO42" 0,564
MnO,4~ + 2H50 + 3e = MnO» + 40H" 0,60
MnO, + 4HT +2e = Mn2* + 2H,0 1,228
Mn,04 + 6HT + 28 = 2Mn2* + 3H,0 1,443
MnO4” + 8H* + 5e = Mn2t + 4H,0 1,507
Mn3* + e = Mn2* (8M HpS0y) 1,509
MnO4~ + 4H* + 3¢ = MnO, + 2H,0 1,692
MnO42~ + 4H' + 2e = MnO5 + 2H,0 2,257
N" 13Ny +2e=2Ng" -34
3Ny + 2H" + 2e = 2HNj3 -3,1
Ny + 4H50 + 2e = 2NH,OH + 20H" -3,04
N + 4H90 + 4e = NoH, + 40H" -1,16
Ny +8H,0 + 6e = 2NH4OH + 60H" -0,74
NO,™ + HyO + e = NO + 20H" -0,46
NO,™ + 6H-0 + 6e = NH4OH + 70H" -0,15
NO3™ + 2H,0 + 3e = NO + 40H" -0,14
-0,12

NO3™ + 7H,0 + 8e = NH4OH + 90H"

91




dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

NO3™ + HyO + 2¢ = NOy™ + 20H"

0,01

Ny + 6H™ + 6e = 2NH3 0,057
NoHy + 4H,0 + 2e = 2NH4OH + 20H" 0.1
Ny +8H™ +6e = 2NH,* 0,275
2NOy™ + 4H50 + 6e = No + 80H- 0,41
NH,0H + 2H,0 + 2e = NH40H + 20H" 0,42
2NO5 + 4H50 + 8e = Ny + 80H" 0,53
NO3™ +2HT + e =NO, + H,0 0,78
NO3™ +2HT + e =NO, + H,0 0,80
2NO + 2H50 + 4e = Ny + 40H" 0,85
HNO, + 7H* + 6e = NH4+ + 2H,0 0,864
NO3™ + 10H* +8e = NH,* + 3H,0 0,87
2NO5 +2e =2NOy” 0,88
N0 + HpO +2e = Ny + 20H" 0,94
NO3™ +3H™ + 2e = HNO, + H,0 0,94
NO3™ +4HT + 3e = NO + 2H,0 0,957
NO3™ + 4H" + 3e = NO +2H,0 0,96
HNO, + H* +e=NO + H,0 1,00
NO, + 2H* + 2e = NO + H,0 1,03
NO, + H* + e = HNO, 1,09
2NO3™ + 10H™ + 8e = NoO + 5H,0 1,116
2NO3™ + 12H" + 10e = N + 6H,0 1,246
2HNO, + 4H* + 4e = N»O + 3H,0 1,297
1,36

2NO, + 8H* +8e = Ny + 4H,0
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P +3H,0 + 3¢ = PHq + 30H"

JIeMeHT Monypeakuust JIeKTPOJAHBbII
norenuuaj, B

2HNO, + 6H* + 6e = Ny + 4H,0 1,45
2NO + 4HT + 4e = Ny + 2H,0 1,678
N2O +2H* +2e = Ny + Hy0 1,766

Na Na* + e = Na -2,714
Ni(OH), + 2e = Ni + 20H" -0,72
[Ni(NH3)g]2" + 2e = Ni + 6NH3 -0,49
NiCO3 + 2e = Ni + CO32" -0,45
Ni2* + 2e = Ni -0,25
Ni(OH), + 2H* + 2e = Ni + 2H,0 0,110
NiO + 2H* + 2e = Ni + H,0 0,116
NiO, + 4H™ + 2e = Ni* + 2H,0 1,68

O Oy + 2H50 + 4e = 40H- 0,401
Oy + 2H* +2e = H,0, 0,682
HO,™ + Hy0 + 2e = 30H" 0,88
Oy + 4H' + 4e =2H,0 1,229
O3+ Hy0 +3e =0y + 20H" 1,24
O3 +6H™ + 6e = 3H,0 1511
Hy0y + 2HT + 26 = 2H,0 1,776
O3 +2H* +2e = 05 + Hy0 2,07

P HoPOy™ + 6 = P+ 20H" -2,05
HPO32" + 2H50 + 2e = HyPO,™ + 30H" -1,57
PO,3" + 2H,0+ 2e = HPOg2™ + 30H" -1,12
2H3PO, + 2H™ + 2e = H4P»Og + 2H50 -0,94

-0,89
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dJIeMEeHT

Monypeakuust

JIeKTPOJAHBbII
noresuuai, B

H3POy + HT +e =P+ 2H,0

-0,51

H3POg + 3H* + 3¢ = P(Geneiii) + 3Hp0 -0,502
H3PO3 + 3H* + 2e = H3PO, + H,0 -0,50
H3POg + 3HY + 3¢ = P(kpacsiit) + 3HoO -0,454
H3PO4 + SHT + 5e = P(Gemnprit) + 4H»0O -0,411
H3POy + 4H™ + 4e = H3PO, + 2H)0 -0,39
H3PO,4 + 5H* + Se = P(xpacusiit) + 4H,0 -0,383
HaPOy4 + 2H + 2e = H3PO4 + Hy0 -0,276
HaPOg + 2H* + 2e = HaPO, + Hp0 -0,50
P+3H* +3e = PH3 0,06
HgP»Og + 2H™ + 2e = 2H3PO3 0,38
Pb PbS + 2e = Pb + S2° 0,93
PbO + HyO + 2e = Pb + 20H" -0,58
PbCO3 + 2e = Pb + CO52" -0,506
Pbly + 2e =Pb + 2I° -0,365
PbSOy + 2e = Pb + S04 20,3563
PbF5 + 2e = Pb + 2F° -0,350
PbBroy + 2e = Pb + 2Br” -0,280
PbCl, +2e = Pb + 2CI -0,268
Pb2* + 2e = Pb 0,126
PbO32™ + HyO + 2 = Pb02™ + 20H" 0,2
PbO + 2H* + 2e = Pb + H,0 0,248
Pb(OH); + 2H™ +2e = Pb + Hy0 0,277
0,28

Pb02 + HZO + 2e = PbO + 20H"
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dJIeMEeHT

Honypeakuus

DJIEKTPOAHBII
noreHuuas, B

Pb304 + 2HT + 2e = 3PhO + H,0

0,972

PbO, + 4H* + 2e = Pb2* + 2H,0 1,449-1,455
PbO, + S042" + 4H™ + 2e = PhSO, + 2H-0 1,685
Pb4* + 2e = Ph2* 1,694
Pd Pd(OH)5 + 2¢ = Pd + 20H" 0,07
Pdlg2™ + 2e = Pdi42™ + 2I° 0,623
PACI42" + 2e = Pd + 4CI° 0,623
PdO + 2H* + 2e = Pd + H,0 0,896
PAClg2™ + 4e = Pd + 6CI° 0,96
Pd2* + 2e = Pd 0,987
[PdBrg]2~ + 2e = [PdBr4]2" + 2Br- 0,993
PdO, + 2H* + 2e = PdO + H,0 1,283
[PACIg]2" + 2e = [PACI4]2" + 2CI° 1,288
Pt PtS + 2e = Pt + 52 -0,95
PtSy + 2¢ = PtS + S2° -0,64
Pt(OH), + 2e = Pt + 20H" 0,15
[Ptig]2™ + 2e = [Ptl]%" +2I" 0,393
[PtBry]2~ + 2e = Pt + 4Br- 0,58
[PtBrg]2™ + 2e = [PtBry]2- + 2Br- 0,59
[PtClg2™ + 2e = [PtCl4]%" + 2CI- 0,720
[PtCI4]2" + 2e = Pt + 4CI" 0,73
Pt(OH) + 2H™ + 2e = Pt + 2H,0 0,980
PtO, + 2H™ + 2e = P(OH), 1,045
Pt2+ + 2¢ = Pt 1,188
S -0,93

SO42" + HyO + 2 = SO32" + 20H"
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

25042 +5H,0 + 8¢ = S,032" + 100H"

-0,76

SOg2" +3H,0 +4e =S + 60H" -0,66
25032" + 3H,0 + 4e = S,042" + 60H" -0,58
S92+ 2e = 252 -0,524
S +2e = §2° -0,48
2S + 28 = 52 -0,476
S+H* +2e=HS -0,065
S,052" + 6HT + 8e = 2527 + 3H,0 -0,006
402" + 26 = 255032 0,08
SO42" +8HT + 8e = S27 + 4H,0 0,149
S+2HT +2e =H,S 0,141-0,17
SO42" + 4H™ + 26 = HySO3 + H,0 0,17
SO32" + 6HT + 6e = $27 + 3H,0 0,231
250427 + 10H* + 8¢ = S9042" + 5Ho0 0,29
SO42" + 10H* + 8¢ = HyS + 4H,0 0,311
SO42" +8H™ +6e =S + 4H,0 0,357
2H,S04 + 2H + 4 = $,042" +3H,0 0,40
HySO3 + 4HT + 4e =S +3H,0 0,449
$5042" + 6HT + 4 = 25 + 3H,0 05
250427 + 6H* + 4e = S9042" + 3H,0 0,705
S)0g%™ + 2e = 2504°" 2,01
Sb ShO,™ + 2H,0 + 3¢ = Sb + 40H- -0,675
Sb + 3HT + 3e = ShH3 -0,51
0,43

SbOg™ + HyO + 2e = ShO™ + 20H"
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dJIeMEeHT

Monypeakuust

DJIEKTPOAHBII
norenuuaj, B

Sb,03 + 6H™ + 6 = 2Sh + 3H,0

0,152

SbO* + 2H* +3e=Sh + H,0 0,212
SbO3™ + 2H + 3e = ShO,™ + H,0 0,353
SbOy™ + 4H™ + 3e = Sb + 2H,0 0,446
SbyOg + 6HT + 4e = 25hO™ + 3H,0 0,581
SbyOs + 4HT + 4e = Sh,03 + 2H,0 0,671
Se Se + 2e = Se2" -0,92
Se + 2HT + 2e = H,Se -0,40
Se032" + 3H,0 + 4e = Se + 60H" -0,366
Se042" + HyO + 26 = Se032" + 20H" 0,05
H,SeOg + 4H™ + 4e = Se + 3H,0 0,741
Se042" + 4HT + 2¢ = HySeO3 + Hp0 1,15
Si Si042" + 3Hy0 + 4e = Si + 60H" 1.7
SiFg2™ +4e = Si + 6F 1,2
Si0g2" + 6H™ + 4e = Si + 3H,0 -0,455
Si +4H™ + 4e = SiH, 0,102
Sn SNS + 2e = Sn + 52° -0,94
[Sn(OH)g]?" + 2e = [HSNO,]" + H,0 + 30H" 0,93
[HSnO5]™ + HoO + 2e = Sn + 30H" -0,91
[SnFa]Z' +4e = Sn + 6F" -0,25
Sn2* + 2e = Sn -0,136
SnO5 + 2HT + 2e = SO + H,0 -0,108
SnO, + 4H™ + 4e = Sn + 2H,0 -0,106
SnO + 2H™ + 2e = Sn + H,0 -0,104
-0,001

Sn(OH), + 2HT + 2e = Sn + 2H,0
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JIeMeHT Monypeakuust JIeKTPOJAHBbII
norenuuaj, B
[SnClg]2" + 2e = SnCl42* + 2CI* ( 1M HCI) 0,14
Sn4* + 2e = sp2* 0,151
Sr 52+ 4+ 26 = Sy -2,888
Zn ZnS + 2e = Zn + S2° -1,405
[Zn(CN)4]%" + 2e = Zn + 4CN- -1,26
Zn(OH), + 2e = Zn + 20H" -1,245
[Zn(OH)4]2" + 2e = Zn + 40H 1,22
Zn0y2~ + 2H,0 + 2 = Zn + 40H" -1,216
ZnCOg + 2¢ = Zn + CO5%" -1,06
[Zn(NH3) 412 + 2e = Zn + 4NH3 11,04
Zn2t + 2e = Zn -0,763
0,441

Zn0,2" + 4H* + 2e = Zn + 2H,0
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