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Tewma 3. XMMITUECKAS CBA3b

XHMHIeCKOi! CBA3BI0 HA3BIBAIOT Te CBA3H. KOTOPEIE yAeP:KHBAIOT aTOMBI B MOTeKyTaxX. IIpH MpHOTHKEHHH JBYX aTOMOB APYT K JAPYTY MeKIy HHMH BO3HHKAT IBa BHIA CHI:
‘BO-TIEPBBIX, CHIA NPHTKEHHA S TEKTPOHHOH 0G0T0MKH OHOTO aTOMA K AAPY APYTOTo; BO-BTOPBIX, CHIA OTTATKHBAHHA Y1EKTPOHHBIX 0GOTOUEK aTOMOB.
‘OIHAKO CHITBI IPHTS/KEHHSA CHITBHEE, TI03TOMY aTOMBI BOZI0PO/Ia IPHTATHBAKTCA IPYT K APYTY H 06PasyroT MOTeKy Ty Bozopora H2.

H H

O+O-

H
MeKITy aTOMaMH BOTOPOJa ASHCTBYeT €Ile H CHIA OTTATKHBAHHA. MO3TOMY OHH He CTHBAIOTCA, a HAXOIATCA APYT OT APYTa Ha PACCTOAHHH. IIDH 3TOM HX 3TeKTPOHHBIE
0GOTOYKH HAKTATBIBAOTCA. TaKasd XHMHIECKAA CBA3b, NIPH KOTOPOH 3TeKTPOHHBIE 0GOIOMKH B3aHMOISHCTBYIOIIHX aTOMOB HAKTATBIBAKOTCS, HA3IBACTCA KOBATSHTHOH. IIpH
B3AHMOZIEHCTBHH aTOMOB C OTHHAKOBOH 3TeKTPOOTPHIATETHHOCTBIO (B TACTHOCTH aTOMOB OTHHAKOBEIX 3TeMEHTOB) 0Gpa3yeTcs HEMOMAPHAA KOBATSHTHAs CBA3b. Hampmvep
Momekysl H2, O2. CI2. TIpH B3aHMOZISHCTBHH aTOMOB C Da3HOH 3TeKTPOOTPHIATETBHOCTBI0 0GTAcTh HAKTATBIBAHHA 3TEKTPOHHBIX 0GOTOYEK CMeMIeHAa K APy aToMa,
HMeoIIero Goblliee 3HaUeHHe MeKTPOOTPHIATENHHOCTH. OGpasyeTcs MOTApHAA KOBATeHTHAd CBA3b. B NMOTAPHBIX MOIEKy7TaX HEHTDH! IOTOKHTETBHOTO H OTPHIATETEHOTO
3apATI0B HAXOATCA HA OTIPEIIETIEHHOM PACCTOAHHL T.¢. L > O, TAKHE MOTAPHBIE MOEKy TEL, Hanpmyep HCL, CO, H20, rpaHieckn H300paKAIOTCA B BHIE JHIIONRH

CTeleHb MOTAPHOCTH MOTEKY.TEl XapaKTePH3YIOT THIIOBHEIM MOMEHTOM |1, KOTOpEIH PACCTHTHIBAIOT TI0 (opMyTe [1=qL. 37ech q — Be-THYHHA 3apfia THIOMA. L — paccTofHHE
MLy 3apATaMH (ATHHA THI0s). JIHIIOTBHEI MOMEHT H3MepAeTes B KyTOR-MeTpax (KT ).

119 HeTOTADHBIX KOBATEHTHEIX MOTEKy’ JHTIOTHHbI MOMEHT PaBeH HyTio. [I1% OTADHEIX MOTEKy! HTOTEHBI MOMEHT GOTbIe HyTa. HANpHMep, A MOTAPHORH MOTeKyTEL
HF JHOTBHBI MOMEHT j1=10-23 KTt

OG61acTh CTOKEHHA 3TeKTPOHHEIX OPOHTATEH MOKET PacTOTaraThes He Ha JTHHHH, CBA3BIBAIONISH AIpa B3aHMOIEHCTBYIONHX aTOMOB. ECTH 0671aCTh CIIOKEHHS PACIIoNaraeTes
‘HA TTHHHH, CBA3BIBAIOMISH [IEHTPEI B3aHMOISHCTBYIO-ITHX aTOMOB, TO TaKYK0 CBSA3b HA3bIBAIOT G-CBA3BIO.

TIpmvepst: Moexyst H2, HCL

EcTH 061acTh HAKTATBIBAHHA PACTIOTAraeTcs B INIOCKOCTH, MePHEHIHKYIAPHOH THHHH, CBA3BIBAIOIIEH LEHTPEI aTOMOB, TO TaKas CBA3b HA3BIBACTCA T-CBA3BIO. T-CBA3b MeHee
TpPOYHAdA. UeM G-CBA3b. OHa BCTpedaeTcs KAk JOMOTHHTETbHAS B TeX MOTEKyTaX. B KOTOPBIX yike HMeeTCHA G-CBA3b. DTO NPHBOIHT K 00PA30BAHHIO MEKIY ABYMS aTOMaMH
BOHHOH H aKe TPOHHOI CBA3H
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TpPOYHAdA. UeM G-CBA3b. OHa BCTpedaeTcs KAk JOMOTHHTETbHAS B TeX MOTEKyTaX. B KOTOPBIX yike HMeeTCHA G-CBA3b. DTO NPHBOIHT K 00PA30BAHHIO MEKIY ABYMS aTOMaMH
IBOHHOI H Jaske TPOHHOMH CBA3H
T
< T -
NoN
s -

T

KoBaTeHTHEIE MOTEKY/T5l HMEIOT ONpelle/eHHY0 [eOMETPHUECKYI0 CTPYKTYDY B IOCTpaHcTBe. Hanpmnep: BeCl2 — THHeiiHas MoekyTa, H20 — HyeeT yrioBoe cTpoerne. BF3
— TpeyToTbHAA MoeKyTa, CH4 — HMeeT TeTpasapHIeCKyI0 CTPYKTYDY. [IPOCTPaHCTBEHHAA KOHGMHTYPAIIHA MOTEKY!T ONpeIeAeTCs THIIOM THOPHIH3AITHH CBA3H. [ HOPHIH3aIHeH
'HAa3EIBAIOT NIepeCTPOHKY 2TeKTPOHHEIX 0GTIAKOB aTOMa, B Pe3ylbTaTe KOTopoii 06pasyloTcs HOBEIE 00/1aKa OTHHAKOBOH (JopMBI H ITTOTHOCTH. B MoekyTe CH4 aToM yrIepoma
TIpeTepreBaeT sp3-THOPHIH3ALHIO.

® K

ucxodwsie obnaxa eubpudneie obraxa
amonay

epoda amoayenepoda

'V rHGPHIH3HPOBAHHOTO aTOMA YI7IePOa GeThIpe Sp3-THOPHIHBIX 0671aka. IIpH B3aHMOTeHCTBHH C IeThIPBMA aTOMAMH BOJOPOJa oGpasyeTes TeTpasapHieckas MoreKy1a CH4.
KOBATeHTHAA CBA3H O¥eHb NIPOTHAA. TIDOTHOCTE CBA3H XAPAKTePH3YeTCA SHeprHeH CBA3H, T.e. KOTHIECTBOM HepTHH, HeOGXOTMMOf T4 PasphIBa CBA3H. DHepTHA KOBATEHTHOMH
CBA3H GoMbIIe 400 KJHK/MOTE.

BTOPBIM BHIOM CBS3H ABIAETCA HOHHAd CBA36. OHa 0GpasyeTcd B TOM Ciydae, KOTJA PasHOCTB 3EKTPOOTPHIATETBHOCTEH B3AHMOIEHCTBYIONHX aTOMOB MPEBEIMAET 1.9
SIIHHHAITEL B 3TOM CTy¥ae MPOHCXOIHT MePeXoll 3TeKTPOHA ¢ 0GOI0YKH OJHOTO aTOMAa Ha 0GOIOYKY aToMa ¢ GOBIIeH 31eKTPOOTPHIATETEHOCTEI0. OGPA3yIOTCS MOTOKHTETBHO
H OTPHUATETBHO 3APAKSHHEIE HOHBL, KOTOPBIE YIGPAHBAIOTCA APYT BOIE APYTA HA ONPEISTSHHOM PACCTOAHAH TPH MOMOIIH 3TeKTPOCTATHIECKHX CHT. VIOHHAS CBA3D TAK Ke
[POSIHA, KAK H KOBATCHTHAAL. DHEDTHA HOHHOH CBA3H GIIH3KA K HSPTHH KOBATEHTHOM CBA3H, T.e. Gombie 400 KIUK/MOTS. TIOHHBIE MOTEKyITS CHIBHOTIOTAPHBIE. HIIOTBHELT
MOMEHT HOHHBIX MOTeKy T Gobie 10-20 Kir*y. Hamprmep, 11 Moeky st KF ji=10-20 Kirhar.

KOHTPOIBHEIE BOMPOCH! H 341
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KOHTPOIBHEIE BOMPOCH! H 341

3.1. a) OmpeeTHTe THCTO CBAsell B MoTekyTax N2 1 HNO3 .
6) Kakast reoMeTpHeckas (popMa MoTeKy s NH3?

B) B KAKOIf H3 MIePETHCTERHBIX MOTeKyT CF4, PF.
©) OnpeieTHTe, cKOTHKO cBA3et B MoTeKyre H2S?

3.2. a) OmpeIeTHTe |HCT0 CBA3ell B MoTekyTax H2S04 1 O2. ™
6) Kakast reoMeTpieckas (popMa MoTeky s H20?

) B KAKOlt H3 MIePEUHCTERHBIX MOTeky PCI3, NCI3, SbCL3, ASCI3 3B 3TeMeHT — X10p HaHGoTee MoapHa? TTodeny?

T) OmpeZeTHTe, CKOTBKO CBsel B MoTekyTe NO2?

3.3. a) OmpeIeTHTe “HCT0 CBAseli B MoTekyTax H2S 1 H2S03.

6) Kakast reoMeTpieckas (popMa MoTeky1s CH4?

) B KaKolf H3 MIePEUHCTEHHBIX MOTeKy PbS, CaS, H2S. CS2 CBA35 XapaKTepH3yeTes GOTbIleft CTENeHbH0 HOHHOCTH? [Todey?

T) OmpedeTHTe, CKOTEKO CB3el B MoTekymax O2, CuSO4, NH4CI?

3.4. 2) OmpeIeTHTe THCTO CBA3ell B MoTekyTe NaHSO3.

6) Kakast reoMeTpIeckas (popMa MOTeky Tt BaC12?

) B KAKOIf H3 MIePEUHCTEHHBIX MOTeky LiCl, PCI3, AICI3, RbCl CBA3B HMeeT HaHGOTBIIYEO CTeNeRb ToTApHOCTH? TTotenty?

T) OmpeZeTHTe, CKOTBKO CBasel B MoTekyTax H20, H2S, PH3?

3.5. a) OmpeeTHTe THCTO CBAsel B MoTekyTax NO i HNO2.

6) Kakast reoMeTpieckas (hopMa MoTeky s H25?

) B KAKOIt H3 MIePEvHCTEHHBIX MOTeKyT NH3, SbH3, AsH3, PH3 CBA3b 3TeMeHT — BOZ0POT HAHGOTee MoApHa? TTodeny?

T) OmpeZeTHTe, B KAKHX H3 NIePETHCTEHHBIX MOTeKyT O2, C2H4, N2, NH3 HMEI0Tcs TOTEKO G-CBS3H H OTCYTCTBYIOT T-CBAH.

3.6. a) OmpeIeTHTe THCT0 CBA3el B MoTekyTe Na2HPOA4.

6) Kakast reoMeTpHTeckas (popMa MOTeKy Tt CCl4?

B) B KAKOI H3 MIePeUHCTEHHBIX MoTeKyT CH4, HF, NH3, H20 CBA35 37eMeHT — BOI0poT 0071aTaeT HAMMeHb el MOTAPHOCTBH0? TToteMy?

T) OmpeZeTHTe, B KAKHX H3 NIEPETHCTEHHEIX MOTeKyT O2, C2H4, N2, NH3 COTepHTCS T-CBa3b.

3.7. a) OmpeeTHTe |HCTO CBAsel B MoTekyTe KCIO3.

6) Kakast reoMeTpieckas (hopMa MoTeky sl PH3?

) B KAKOIt H3 MIePEUHCTEHHBIX MOTeKy SICI2, BCI3, AICI3, SiCl4 cB3b 3TeMeHT — XT0p 061TaeT HAHGO b IMelt MOTAPHOCTER0? TToteny?

iF4. SF6 CBA3B SMeMeHT — (yTop HanGoree moApHa? Moteny?
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Tewma 4. OKHICIIMTEJIBHO-BOCCTAHOBUTEJIBHBIE PEAKITHI

OKHCTHT TBHO-BOCCTAROBHTE T HBIMH HAZBIBAIOT PEAKLIHH, KOTOPIE DOTEKAIOT ¢ H3MEHEHHEM CTelIeHeH OKHCTEHIA ATOMOB, HATDHNED:

+1 0 +2 0
H,SO,+Fe=FeSO,+H,.
+3 -1 +2 0

2FeCl3+2K I=2FeCl,+1, +2KCl.
B epBOM NPHMEpPE CTENeHb OKHCTSHHA MEHSIOT BOJOPOT H Ke7Ie30, BO BTOPOM — Ke7Ie30 H HOI. [IPOTeKaHHe OKHCTHTETbHO-BOCCTAHOBHTETBHBIX PEAKIHIT H, ClTeI0BATEIBHO,
H3MEHEHHe CTeMeHeH OKHCIISHHA aTOMOB OGYCTOBIEHO MePEX0I0M TKTPOHOB OT OTHHX BEIIECTB K IPYTHM. ]
(OKHCIIeHHE — 3T0 POLIECC OT/IAYH TeKTPOHOB BEIIECTBAMH, HATIPHMED:

0 2

Fe-2¢'=Fe.

1 0

21-2e=1,.
TIpH OKHCICHHH MPOHCXOTHT YBETHUCHHE CTENEHH OKHCTIHHS aTOMOB. BeImecTsa, KOTOPEIE B TPOIECCe XHMHYECKOH DPEAKIHH OTJAlOT 3TeKTPOHBL HA3BIBAIOTCA
BOCCTAHOBHTETAMH. B NMPHBEICHHEIX BEINE NMPHMEPAX METATTHISCKOS KeTe30 H HOTHT KamHa (HTH I-1) ABIAOTCS BOCCTAHOBHTEIAMH. TaKHM 0GPasoM. B XOJ€ PeaKITHit
'BOCCTAHOBHTE TH OKHCIIOTCA.

BOCCTAHOBIIGHHE — NIPOLIECC NPHCOSTHHEHHA BEIECTBAMH SIEKTPOHOB.
1

2H+
EE) 2
Fete=Fe:

TIpH BOCCTAHOBTEHHH TPOHCXOIHT YMHBIICHHE CTEIISHH OKHCTCHHS ATOMOB. BeINECTBA, KOTOpSIC TIPHHHMAIOT 3TeKTPOHBI, HA3SIBAIOTCH OKHCTHTSTAMH. B MPHBEICHHEIX
TIPHMepaX OKHCTHTEAMH ABIIAIOTCA CePHAA KHCIOTA (HTH Bogopox H+1) u xtopra xenesa (I11) (i Fe+3).

B mr0Goif OKHCITHTETSHO-BOCCTAHOBHTETBHOH PEAKITHH CTh BEIIECTBA, KOTOPEIE OTHAIOT H NMPHHHMAKOT EKTPOHBL T. €. TMPONECCHI OKHCTSHHA H BOCCTAHOBIEHHA BCEraa
COMYTCTBYIOT APYT APYTY.

Bce OKHCIHTETbHO-BOCCTAHOBHTETBHBIE PEAKITHH MOIPa3IeAOTCS Ha TPH THITA. B X01e MeKMOIEKY IAPHBIX PEaKIHiT CTENeHb OKHCIIHHSA MEHSIOT aTOMBI. BXOJIAITHE B COCTaB

Pa3THIHBIX HCXOTHBIX BEIIECTB, HANPHMED:
0 0 -+
4
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0 0 +42
$+0,=S 02
TIpH BHYTPHMOTEKY/TADHBIX PAKIHSX ATOMBL MEHAIOINIHE CTEleHb OKHCTISHHS, BXOIAT B COCTAB OIHOTO COSIHHEHH (HHOTZA 3TO aTOMBI OJHOTO 37TeMEHTA B A3THIHBIX
CTeTIeHX OKHCTIEHIA). HATPHNMED:
+5 2 10
2KClO3=2KCl1+0, .
B PeaKIHAX THCTIPOTIOPITHORHPOBAHHS aTOMBI OTHOTO 7EMEHTa B ONPEIeeHHO#H CTENeHH OKHCIIHHA ABAIOTCSA KaK OKHCTHTETAMH, TaK H BOCCTAHOBHTETAMH, HAIPHMED:
0 !
Cl,+H,0=HCI+HCIO.
MHOTHe BOIIECTBA B XHMEFISCKHX DSAKIHAX HAHOONEE 9ACTO MPOSBIAIOT BOCCTAHOBHTETBHEIE CBOMCTBA. APYTHE BEIISCTBA — OKHCTHTSNBHBIE. Tak. K THIHGHBDM
'BOCCTAHOBHTEIAM OTHOCATCS METALTSL, BOIOPOZ, GSCKHCTOPOIHBIe KHCIoTs! — H2S, HCL HBr. HI H HX COMH, cOMH &ele3a (II) H HEKOTOPBIX APYTHX METATLIOB B HAMIX [
CTeIIeHAX OKHCTeHHS. OKHCTHTETBHBIe CBOHCTBA TIPOSBIAIOT TATOTEHEL KHCIOPOZL, CepHaA KHCTOTA, IePMAHTAHAT Kama KMnO4., Txpomar katmg K2C1207. XpoMaT Kamut
KCrO4 H MHOTHE JIpyTHE BEIIECTBa.
'HeKoTopEIe BEIIECTBA B 3aBHCHMOCTH OT YCIOBHi{ IPOTEKAHHA PeAKIIHH H OT TeX BIIECTB, C KOTOPEIMH OHH PEarHpYIOT, MOTYT NPOSBIATS CBOIHCTBA KAk OKHCTHTETeH, Tak
‘BOCCTaHOBHTeTefl. HampHMep. MepOKCH Bogopoaa H202 OKHCIAETCA CHIBHBIMH OKHCTHTEIAMH
1 +7 [ 2
5Hy O #2KMn 04 +3H;S04=50, +2MnSO4+K,S04+2H, 0.
B T0 ke BpeMs IIEPOKCHI BOI0POa MOJKeT MPOABIATH CBOHCTBA OKHCIHTEIA IIPH B3aHMOICHCTBHH C THITHYHBIMH BOCCTAHOBHTE/IAMH. HAIIPHMep:
1 1 0 9
2K 1+H, 0, +H,80,=1, +K,S0,+2H, 0.

3agada. COCTABBTE yPABHEHHE OKHCTHTETHHO-BOCCTAHOBHTETHHOI pe-akIIHH, IpoTekaiomelt o cxeme: HI +SO2 — 12+ + H20.

Permenre.

— TIoa60p KO>)(HIHEHTOR B YPABHEHHAX OKHCIHTETHHO-BOCCTAHOBHTENBHBIX PEAKIHH TPOBOIAT, HCTIOTE3YS METO TEKTPOHHOTO GATAHCA. DTOT METOX OCHOBAH Ha
CpAaBHEHHH CTelleHel OKHC/IeHHA aTOMOB B HCXOJHBIX H KOHEWHBIX BElIeCTBaxX.

VKa3EIBAEM CTeTIeHb OKHCIIEHI TeX ATOMOE, KOTODEIE €€ MeHAoT
-1 +4 0 0
HI+S0,——L,+S+H,0.

CTeTleHb OKHCTEHHA HOZA B X0Te PEAKIIHH MOBBIIIACTCS, CepbI — MOHIKACTCA. CTeI0BATeNbHO, I-1 i HI ABIAeTCA BOCCTAHOBHTETeM, S+4 HTH SO2 — OKHCTHTETM.

— COCTABIAeM 3TeKTPOHHbIE YPABHEHAA NOTydetd 102 i3 I-1 1 SO 13 S+4:
0
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=T =
-4 0 1
S+e’=s

OTcioza CIeIyeT. 1T B ypABHEHHH PEAKLHH IIPH BElIECTBE, COTePiKaIIeM I-1, J0/uKeH GBITh Ko3(@HIHEHT 2x2 = 4, npn 102-2. mpH S+4 1 S0-1.
— ToacTa/eM HaiIeHHEIe KO3 GHITHEHTE! B CXeMY PeaKIHH.

—4HI +SO2 — 212 + S + H20.

— TocneTunit KO3(GdHIHEHT (epe BoOH) HAXOIHM. TIOICTHTAB THCIIO aTOMOB BOJOPOIA B MPABOH H TeBOH JacTAX. OKOHIATETHHO TMOTyIaeM

4HI +S02 =212+ S + 2H20.

— TIpoBepseM MPABHTBHOCTS HATTHCAHHASA YPABHEHHA. [T 3TOTO MOICYHTEIBAEM THCTIO ATOMOB CEPBI. KHCIOPOZIa, BOIOPO/IA H HOJA B TIPABOH H JIeBOH 4aCTAX yPaBHEHHS. UHCTIO
aTOMOB KAKI0TO BHJIA B 0GSHX 9acTAX JOLKHO GBITh OTHHAKOBBIM, TOTJA YPABHEHHE HAITHCAHO BEPHO. OGBIMHO 1T MPOBEPKH GBIBAST TOCTATOYHO MOACTHTATH THCIO aTOMOB
KAKOTO-THGO OTHOTO 37eMeHTa, HaPHMEP KHCI0POIa.

|

KOHTPOIBHEIE BOMPOCH! H 341

HarmHcaTb ypaBHEHHe CTeIYIOMHX OKHCTHTETSHO-BOCCTAHOBHTETBHBIX PEaKIHil. OMpeIeTHTb, KaKOe BEMECTBO ABIACTCA OKHCTHTENEM H BOCCTAHOBHTENEM. KAKOE BEIISCTBO
co3qaer cpery. YKasaTh CTENeHb OKHCICHHS 3TeMEHTa OKHCTHTENS H BOCCTAHOBHTEIIA, ONIPEIETHTb, CKOTBKO STEKTPOHOB OTIAeT BOCCTAHOBHTETh H MPHHHMACT OKHCIHTES.
VDaBHATE KO3()(HITHEHTE! B yPABHEHHAX PEAKIIHH.

4.1.2) Cu+HNO3 (pa36.) =

6) KCrO2 + Br2 + KOH =

B) KNO2 + KMnO4 + H2S04 =

4.2. ) Mg + HNO3 (paz6.) =

6) SO2 + HCIO - H20 =HCl +

B) KNO2 + KMnO4 + H20 =

4.3. 2) Zn + HNO3 (ovesp pas6.) =

6) CrCl13 ~ H202 + NaOH =

B) PH3 + K2Cr207 + H2S04 = H3PO4 +

4.4.2) Cu+ HNO3 (koHIL)
6) NaCrO2 + J2 + NaOH
B) Al+K2Cr207 + H2S04 =

4.5. a) Al + HNO3 (pas6. o
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Tea 5. PACTBOPEL S

‘ConeprkaHHe BellecTBa B PacTBOPe, OTHECEHHOE K Macce HiIH 00heMy PacTBOPHTEA HIIH PACTBOPA. HA3BIBAIOT KOHIIEHTpalHeH pacTBOpa.

PaccMOTPHM HaHG0MTee YTIOTpeGIAeMEIE CTIOCOGE BEIDAKEHHA KOHIIEHTDALTHH PACTBOpA.

MaccoBas 10711 @(X) — 3T0 OTHOLIEHHE MacChl PACTBOPEHHOrO BelecTBa X K 0OIIIei Macce pacTBopa.

MacCoBYI0 07K OGEIMHO BBIPAKAIOT B JOTAX OT eTHHHIIBI

o(X)= _mx)

m(p - pa)

HUTH B IPOLGHTAX

() =M
m(p - pa)

T ( — MaccoBas 710711 PacTBOPEHHOTO BemrecTsa X: T(X) — Macca PaCTBOPEHHOTO BEMeCTBA: m(p-pa) — 06IIas Macca pacTBopa.

100%,

3a7a7a 1. OmpeleTHTe MaccoByHo 100 (B %) KOH B pacTBope, eci KOH Maccoit 40 T pacTEOPeH B BOJe MAccoif 160 T.
Pemenne. OSmas Macea pactsopa KOH pasHa

m(p-pa) = m(KOH) + 7(H20).

TI0ICTABIAA H3BECTHBIE BETHTHHEI B HOPMYITY. TIOTydIaeM:

o) =B 100, _ 40 15005 _ 2005,
m(p - pa) 200

3azgaua 2. OIpeIenHTe MACCOBYIO 0O (B MPOLEHTAX) XIOPHIA HATPHA. IIOMy4IeHHOro IPH CMeIIeHHH ABYX PacTBOPOB XTOPHIA HATPHA Maccoii 120 T ¢ MaccoBoii xoreii NaCl
—40% 1 Maccoit 200 T ¢ MaccoBoi 1ot NaCl — 15% .

Permenne. OmpeIemieM Macey XIOPHIA HATPHSA B 120 T pacTBOpa ¢ MaccoBoi 1omeit NaCl 40%.

om(p—pa) _40%-120 _

m(NaCl) 181
100% 100%
OnpezieTAeN Macey XTopHTa HaTHA B 200 T PACTBOPA ¢ MACCOBOH T07eit NaC'l 15%
-~
mvacty=23220_3

100%
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100% B
OG1mas Macea pacTBOpa COCTABTAET m(p-pa) = 1207 +200r = 320 T.
OG1mas Macea pacTBOpEHHOTO BetliecTBa M(NACl) = 48r + 30T = 78 I. CTeI0BATENBHO, MACCOBAR 0T XTOPHIA HATPHA B PACTBOPE, %

©(NaCl) = —5-100% = 24,4%.
320

MopHast KOHIIEHTpaITHA ¢(X) — OTHOMIEHHE KOTHISCTBA BemecTBa V (X)(MOTIB). COTePKAIIErocs B PacTBOPe. K 0GBeMy 3Toro pacTsopa V. T
()= M) eo)

M)V

J114 0603HAMEHHS MOAPHO#H KOHICHTPAIIHH HCTIOTB3YIOT CHMBOT

L TaK KaK V=2 1o ¢(X) =
M

3aza%a 3. BEIMHCTHTE MOTADHYIO KOHISHTPALIHIO PacTBOpa NaOH, 500 MT KOTOPOro coepHT 1 r NaOH.
Pemmrere:

1.5t crioco6: u
caom) =0 1T osvoms/n, mim 0,05 M.

M(NaOH)? _ 40r/wom5-0.51
2-0i crocos:

B 0.5 11 pacTBOpa THAPOKCHIA HATPHS COTePRHTCA 1 T NaOH
B 171 paCTBOPa FHAPOKCHA HATPHSA COTPAKHTCA X T NaOH1

BBIMHCIIeM MO/IIPHYIO KOHIEHTPAITHIO:

B 111 M pacTBopa NaOH cozepikutes 40 1 NaOH

B 1.1 M pacTopa NaOH coZepikuTes 2 T NaOH
_1M-2r

=0,05M.

40t
HopMATbHas. HIH KBHBATCHTHAR KORIRRTpami CH — OTHOIIGHAS KOTHYSCTBA BOIICCTBA B MOTAX SKBHBAICHTA (B MOTAX). COICPAAIICTOCH B PACTBOPE, K OGBEMY 3TOr0
pacTsopa,
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{715 0GO3HAYISHHA HOPMATbHOH KOHIISHTPALIHH SKEBHBATEHTA HCTIOTB3YIOT OOBITHO CHMBOT 'H'. B

3azata 4. OnpeZlemHTe HOPMATHYIO KOHUCHTPALIHIO PoChOpHOH KHCTOTSL, ecit B 0,3 1 pacTBopa cofepsucs 12 r H3PO4.
Pemenme:
_ mEHPOy _ 12
B NG (H;PO,Y 32,6703

M(H;PO,4) _ 98

e M (H;PO,) =
5(H;PO4) 3 3

=32,67 r/MOTB .

KOHTPOIBHEIE BOMPOCH! H 341

5.1. a) PaccuHTaifTe, CKOTEKO rpaMMoB Na2CO3+ 7H20 HeoGXOTHMO B3ATh 14 MPHIOTOBTERHA 2 1 0.5 H. pacTBopa Na2CO3. "

) BEIHCTHTe MaccoBBIi IPOLIEHT PACTBOPA, TOTYIeHHOTO PacTBOpeHHeM 50 T Na2SO4 B 1.5 1 H20.

) BEIMHCIIHTe HOPMATBHOCTS 20%-HoTo pacTBopa H2S04 (p = 1,14 r/exs3).

T) BEIHCTHTE MOTAPHOCTS 1.5 H. pacTBopa H3PO4.

5.2. a) PaccTHTafTe, CKOTEKO IpaMMOB CuSO4- SH20 HeoGXOHMO B3ATh 117 NPHIOTORTEHNS 0.5 0.3 H. pacTBopa CuSO4.

6) BEIHCTHTe MacCOBBIi TPOLIEHT PACTBOPA, MOy eHHOrO MH PACTBOPEHHH 15 T NaCl B 275 T BOTHI.

) BEIMHCITHTe MOTAPHOCTS S0%-HOro pacTBopa H2S04 (p=1.4 I/eM3).

T) OmpezeTHTe HOPMATEHOCTS 0,25 M pacTBopa Na3PO4.

5.3. a) PaccuHTaiiTe, CKOTBKO rpaMMoB MgC12:6H20 HeoGXOIHMO B3ATh 114 MPHIOTOBTeHHA 500 T 20%-HOro pacTBopa MgCl2.

6) PaccHHTATe, CKOTBKO MITHTHTPOB BOTE HATO J0GABHTE K 50 M1 26%-Horo pacTsopa H2S04 (p = 1,19 T/cM3), TGk pacTBOp CTa 10%-HEIM.

) BEIMHCHTe MOTAPHOCTS 0.3 1. K3PO4.

T) OmpeZeTHTe HOPMATEHOCTS 20%-HoTo pacTeopa NaOH (p = 1.22 r/eM3).

5.4. 2) B 200 M BOTBI PACTBOPHH 10,6 T Na2SO3. KakoBa MOTAPHOCTS MOTYHeHHOr0 PacTEOpa?

6) PaccHmTaliTe, CKOTBKO MILTHTHTPOE 30%-HOro pacTeopa HNO3 (p=1.205 1/cM3) cTeIyeT B32T 1% IPHTOTOBTeHE 0.5 0.1M pacTopa.

) BEIMHCITHTe HOPMATBHOCTS 40%-Horo pacTBopa H2S04 (p =1.3 r/exs3).

T) BEIMHCTHTE MOTAPHOCTS 0.03 H. pacTBopa FeCl3.

5.5. a) PaccuHTaiiTe, CKOTBKO rpamMoB Na2CO37H20 HeoGXOIHMO B3ATh T4 MPHIOTOBTEHHA 850 M1 0.5 M pacTBopa Na2CO3.
v
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Tema 6. TEPMOXVIMIA. 3AKOH T'ECCA. SHTPOITHA. SHEPTHA TMBECA

Bce XHMHYECKHe MPOLECChl COMPOBOKIAIOTCA BRIIETEHHEM HIH IOIIONIEHHeM SHePIHH. 3TO O0BACHACTCS MePecTPOHKOM 31eKTPOHHBIX CTPYKTYP BemlecTB, MPHHHMAKOIIHX
YUacTHe B JAHHOM Mporecce. XHMHISCKHE YPABHEHH, B KOTOPBIX YKA3aHBI SHEPTETHIECKHE 3()(EKTL, HA3BIBAIOTCA TEPMOXHMHIECKHMH.

‘OTZIeTTBHOS BEIIECTBO HITH COBOKYTIHOCTD BEMIECTB (HANPHMED BEIIECTB. YIACTBYIONIHX B XHMHISCKOH DEaKITHH) HA3bIBAIOT TePMOTHHAMHIECKOH CHCTeMO#H. OTHOPOIHBIE TaCTH
CHCTeMEI Ha3HIBAIOT (azoi.

KaKIyio CHCTeMy MOKHO XapaKTepH3OBATb, ¢ OJHOH CTODOHBL MapaMeTpaMH cocTosms (T — TeMIepaTypa. P — IaBIeHHE H T.1). C APYTOH — TePMOIHHAMHIECKHMH
ysxms (U — BHyTpeHsss sueprus, H — SHTATBIHA, S — SHTpormHA, G — SHepris [HO0ca). CHCTeMa MOKET GbITh H30TepMHdecKoff (T = const), H300apieckoii (P = const).
‘H306apHO-H30TepMETecKoii (T = con: const).

TIo MePBOMY 3AKOHY TEPMOIHHAMHKEH: SHEPTHA Q, COOGUISHHAT CHCTEME, PACKO/IYETCH Ha H3MEHEHHe BHYTpeHHEH SHepriit AU H Ha paGoTy A, COBEPIIASMYIO CHCTEMOT:
Q=AU+A.

BHYTPEHHAS 3HEPTHA CKIATBIBASTCA H3 3HEPTHH MOCTYTATETBHOTO, BPAMIATEIBHOTO H KOTeGATETbHOTO IBHKEHHA JACTHII, BXOIAIIHX B JAHHOE BEIIECTBO. MOTEKYTI HOHOB,
‘aTOMOB, 37T€KTPOHOB. 1ep H T.1. [ToTeHIHATbHAL H KHHETHIeCKas SHePrHA CHCTEMBI Kak LeToro B COCTAB BHYTPeHHeH SHePIHH He BXOIHT.

TIpH MOCTOSHHOM JaBTSHHH PaGoTa A XapaKTepH3YeTCs H3MEHEHHeM 05BeMA CHCTEMBI, eCH CHCTEMa Ta3000pasias A=pAV. TI0ACTABIM 5TO BHIpAKSHHE B (JOPMYTY 3aKoHa
TePMOJIHHAMHKH

Q=U2-Ul+pAV=U2-Ul+pV2-pV1I=(U2+pV2)~(Ul+pV1).

Bemmumsy U+pV 0603HaTmM GyKBoi H H Ha30BeM SHTATbIHEH

Q=H2-HI=AH.

TakiM 00pa3oM. SHEPIHA COOOIICHHAA CHCTEME. PACXOIYeTcs Ha H3MEHSHHe SHTATHIHH IAHHOH CHCTeMbl CIefOBATETBHO, SHTATHIHA -TePMOIHHAMHIECKAS (YHKIHS,
KOTOPast XapaKTepH3yeT TeILTOCOMeP/KAIIHE CHCTEMBL.

L1 3K30TEpMHMSCKIX PEAKIHH, HIYIIHX ¢ BELISTSHHEM SHEPTHH, SHTATBIIHSA CTABHTCA CO 3HAKOM MHHYC 2C0+02=2C02; AH=— 566 KJIA/MOTS.

114 peaKimii, HIYIIFX C MOTIOMSHHRM TeILTa, SHEPIHS CTABHICA CO 3HAKOM ITioc CO2 + C = 2C02; AH = 172.5 KIA/MOT.

VCIOBHA, PH KOTOPBIX JABTGHHE PABHO 1 aTMocepe. a TeMIepaTypa passa 298 K (25 °C). Ha3BIBAIOT CTAHIAPTHEIMH. DHTATBIHA OOPA0BAHASA OHOTO MO BINECTBA H3
TPOCTEIX SIEMEHTOB [PH CTAHIAPTHBIX YCTOBHAX HA3BIBACTCA CTAHZAPTHON SHTATBIHEH 00pasoBamms. Oma oGo3mawaetcs AHO298, (mampmvep: C(2P)+02=CO2:
AHO.298=-393,5 KIIK/MOTS).

TI3MeHeHHE IHTATSIIHH XHMHTECKOTO MPOLIECCa MOKET GBITh BBIHCISHO M0 CIIEACTBHIO H3 3aK0Ha T'ecca:
SHTATHIHI 06PA30BAHHA KOHETHEIX IPOIYKTOB H CYMMOF SHTATHIIHI 00pa30BAHHA HCXOTHEIX BEIIECTB",

"JHTATBITHA XHMHIECKOTO MPOIECCa PABHA PA3HOCTH MEKIY CYMMOH

TIPHPOITHBIM TIPONECCAM TPHCYIIH B IBHKYITHE CEUTBI: CTPEMISHHE NMePEHTH B COCTOSHHE C HAHMEHBIISH SHeprHell (CTPEMTSHHE MOHH3HTH SHTATBIIHIO) H CTPEMISHHE
TepeHTH B COCTOSHHE ¢ MAKCHMATBHOI I0MYCTHMOH CTENIeHbi0 GeCTIOPAIKA (CTPRMICHHE TIOBBICHTE SHTPOTIHIO).
SHIPOMHA — TEPMOIHHAMHYIECKAA (YHKITHA, KOTOpasd XapaKTepH3yeT CTeMeHb Gecropiika cHTeMbl. Ee 0G03Ha9aroT S . [I11 XHMHYECKOTO MPOIECca OMPEferiioT CTENeHb
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SHIPOMHA — TePMOIHHAMHYIECKAA (YHKIIHA, KOTOPAA XapaKTepH3yeT CTeMeHb Gecropaika cHCTeMsl. Ee 0G03HaTaioT S . JI14 XHMHYECKOTO MpoLecca OMpelesioT CTeNeHb
‘H3MeHeHH SHTDOIIHH NPH CTAHIAPTHEIX YCTOBHAX ASO PeaKIl.
AHATOTHIHO SHTATHIHH SHTPOIHIO XHMHTECKOro MPoIecca ASPeakll ONpeleNsioT Kak PasHOCTh CTAHIAPTHBIX SHTPOMHI 0OPA30BAHHA MPOIYKTOB PEAKIHH H HCXOTHBIX
BemrecTs. [[1a peaximit Fe304-+4H2=3Fe+4H20(r); ASO peaki=3S0Fe +4SOH20(r)~(SO0Fe304+4S0H2) (I#/Moms°K) SHTpOMHA 06pa3oBaHua S0289 eCTh B CIIPABOTHBIX
TabaHuax.
B XHMHYECKHX MPOLECCaX OJHOBDEMEHHO H3MEHSIOTCA H SHTATBIHA (SHEPreTHUECKOE COCTOAHHE). H SHIPOIHA (CTelleHb Oecriopanka). CYIIECTBYeT TepMOIHHAMHYECKAS
ynxims AG (cBoGomHas 3Heprus ['H66ca). KOTOpas YIHTEIBAST OTHOBPEMEHHO H3MEHEHHE SHTATBITHH H SHTPOITHH XHMHIECKOTO Tponiecca (AH u AS):
AG=AH-T*AS.
Bce caMOMPOH3BOTBHO MPOTEKAKOITHE XHMHIECKHE TPOIECCH! COMPOBOKIAITCA YMEHBIIEHHEM CBOGOIHO#H 3HepriH [H66ca. Ecu cBoGoaHas Heprusa ITHGGca MeHbIIe HyIA.
TO PeaKIIHs B BEIOPAHHOM HAPABTEHHH KT, TIH CBOGO.THOM 3Hepris [HO0CA, PABHOH HyITIO, yCTAHABTHBACTCA PaBHOBECHe. ECTH cBOGO A SHepris [HO0C GObIIe HyIA,
TO PEaKIIHA CAMONPOH3BOIBHO He MPOTEKALT.

KOHTPOIBHEIE BOMPOCH! H 341

TICroTeays CHPABOuHBIe JaHHBl, Ompelernnte H298, S298. G298. NpHBeIeHHBIE B 3aJAHHAX PeAKIMH: clelaifTe BHBOJ OTHOCHTETBHO CAMONPOH3BOTBHOTO MPOTEKAHHA [
mportecca mpu T = 298 K. 114 0GPAaTHMBIX IPOLECCOB OMNpeJeNHTe YCIOBHY PABHOBECHA. J[If MOIEKYTBL aHHOH IOX GYKBOH I). ONpeNelHTh aTOMAPHYK SHTATBIHIO
06Pa30BAHHA H CPETHIOK SHEPIHIO CBA3H B MOIEKYIE.

6.1. a) NH4CI () = NH3 (r) + HCI (r)

6) HCI (1) = .H (1) + .CI2 (1)

B) H2 (r) = 2H (1)

1) CI2 (1) = 2C1 (1)

1) HBr

6.2.2)NO2 (r) = N2 (1) + 02 (1)

6) 2NO2 (r) = N204 ()

B)N2 (1) =2N (1)

102 ()=20 ()

o) HCl

6.3.a) AgNO3 (k) = Ag () = NO2 (r) + .02 ()
6) 2NO2 (r) =N204 ()
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Tewma 7. XMIMITYECKOE PABHOBECHE

Bee XHMHYECKHe Peakliit MOKHO Pa3sleTHTh Ha J1Ba BHIA: Ha HeoGpaTHMBIe H oGpaTHMble. HeoGpaTHMEle PeaKIHH MPOTEKAOT TOBKO B OJHOM HAIPABIEHHH 70 HOTHOTO
TIPEBPAMIEHHS HCXOTHBIX BEMIECTB B MPOIYKTH! PeaKiHi. HeoGPAaTHMBIMH SBIIOTCS PEAKITHH, KOTOPbIE IPHBOIAT K BBIIATCHHIO 0CAIKOB, BBUIETCHHIO Ta3000Pa3HEIX BEIECTB,
06Pa30BAHHIO TPYIHOIHCCONHAPYEMEIX H KOMILTEKCHBIX COSTHHEHHIH. [TPHBETeM MPHMEPE! TAKHX PEaKITHIt.

NaCl+ AgNO3 = AgCl| + NaNO3.

Na2CO3 + 2HCl=CO021 + NaCl + H20

2NaOH + H2 SO4 = 2H20 +~ Na2SO4.

CuSO4 +NH3 = [Cu(NH3)4]S04

‘OGpaTHMEIE DEaKITHH OJHOBPEMEHHO NMPOTEKAKT B JBYX HAMNPABICHHAX. BCIENCTBHE XHMHYECKOH OGPATHMOCTH 3TH DEAKITHH HE JOXOIAT 10 KOHHA. B Xome oGpaTHMBIX
PeaKITHi CKOPOCTh MPAMOH PEAKITHH V1 YMEHBIIACTCA, a CKOPOCTh OGPATHOH PEaKITHH V2 YBETHIHBASTCA. B OMpeNIeseHHEIH MOMEHT 06& CKOPOCTH CTAHOBATCA OTHHAKOBBIMH
v1=v2. Takoe COCTOAHHE CHCTEMBL KOIJIa CKOPOCTh OGPAaTHO peaKUHH PABHAETCA CKOPOCTH MPAMOH PeaKIIHH. Ha3pIBAaeTCA PaBHOBECHEM. 3allHIIeM PAaBHOBECHYIO CHCTEMY B
obmeM BHIe

aA +bB=cC+dD.

TIPHMEHHM 3aKOH TefiCTBHA MacC K PaBHOBECHOI CHCTeMe

vi=k1[A]a [B]b : v2=k2[C]c [D]d.

K MOMeHTY PABHOBECHS, KOTIa CKOPOCTb IPAMOI PEaKIIHH paBHa CKOPOCTH 0GPATHOR V1= b2, HACTYTIHT PABSHCTBO MPABBIX HacTeit

Kk 1[Ala [B]b = k 2[C]c [D]d.

PacCMOTDHM OTHOIIGHHE KOHCTAHT mpsMoit (k1)  oGpaTHoft (k2) peakuii. ITo OTHOMEHHE ABIAETCS TOKe TIOCTOAHHOH BETHIHHOH; 0GO3HATHM ero GyKBoit
'KOHCTAHTOH PABHOBECHS

K=k1/k2=[A]a [B]b /[C]c [D]d

B KatecTBe NPHMepa 3alIHIIEM BEIPAKeHHE KOHCTAHTE! PABHOBECHA [T ClleyIomeil PABHOBeCHOM cHeTeME: N2 + 3H2 = 2NH3,

Kpasr=[NH3]2/[/N2] [H2]3.

‘COCTOSTHHE XHMHTECKOTO PABHOBECHS COXPAHASTCSA 10 TeX IOp, MOKA OCTAIOTCA HeH3MEHHBIMH YCTOBHSA, B KOTOPBIX HAXOIHTCA CHCTEMA: H3MEHSHHE YCTOBHIT (KOHIIGHTPAITHH,
TeMIepaTypsl HTH 1aBIeHHA) IPHBOIHT K CMEIISHHIO DABHOBECHA B Ty HUTH HHYEO CTOPOHY.

JI15 KaUeCTBEHHOTO OMpENIeTeHHs HATIPABTSHHs CIBHA DABHOBECHA DEAKIHH HCMIOMB3yeTcss MpHHIHN Jle IllaTellbe: eclH HA CHCTMy. HAXOIAINIYIOCH B PaBHOBECHH,
TIOeHCTBOBATh H3MEHEHHEM KOHISHTPAIIHH. TeMIEDAaTypsl HTH [aBISHHA, TO DABHOBECHE CMEIIACTCA B CTOPOHY. MPOTHBOISHCTBYIONIYIO BEI3BAHHOMY H3MEHSHHIO.
PacCMOTPHM JeHCTBHE 5TOr0 MPHHIHIA HA PHMEpE CIeAyIomei creTeMsr: N2 + 3H3 = 2NH3 . -AH.

1. TIpH NOBBIMEHHH KOHUEHTPALHH a30Ta H BOJIOPOa NPOHCXOIHT HX JaTbHeiilllee B3aHMOJeHCTBHE, ITO IPHBOIHT K CMEIICHHIO PAaBHOBECHA B CTOPOHY MPAMOMH PeaKIIHH.
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CMeIIIaeT PABHOBECHE B IPAMOM HANPABICHHH.

3. TIoBBIMEHHe TeMIEPATyPbl JOTKHO CMeIIaTh PABHOBECHE B CTOPOHY PEaKIIHH, HIyIIeii ¢ OITIOMeHHeM Tell1a. [I11 JaHHOH CHCTeMBI PAMO Ipolece HAET ¢ BbIISTEHHEM
TEILIOThL, TaK KaK 3HTAIBIHA 3Toro mpouecca AH CTOHT O 3HAKOM «MHHyC». Cle0BaTelbHO, MOBBIIICHHE TeMIEPaTypsl MPHBOIHT K CMEIISHHIO PAaBHOBECHT B CTOPOHY
'0GPATHO# peaKIHH.

4. KaTaTH3aTop PABHOBECHS He CMelaeT. OH YCKOPSET ero J0CTIKEHHe.

KOHTPOTBHBIe BONPOCH! H 3a1aHHA

B Ka)KIOM 3aJIaHHH DAaBHOBECHAs CHCTEMA OTHOCHTCA K ML «@» H «G».

JI14 . «a» HAHCAT BEIPAKSHHE KOHCTAHTHI DABHOBECHA H ONPEISNTHTH, B KAKYI0 CTOPOHY CMECTHTCH DABHOBECHE IDH TOBBIICHHH B 3aJaHHOH CHCTEME IABICHHA.
TeMIepaTypsL. OTBET 060CHOBATS. KAKHMH eIIié Bo3IeHCTBHAMH Ha CHCTEMY PABHOBECHE MOYKHO CMECTHTb BIPABO?

JI14 m. «6» 3a7aHHe B KAKIOM KOHKDETHOM CTydae CBOE.

7.1. a) 2H2 () + 02(r) © 2H20 (1).

) OnpeteTHTe HAYATEHBIe KOHIEHTpau: H2 i O2. eclH H3BECTHO, T PABHOBECHBIe KOHIEHTpaIHH H2 . O2 i H20 PABHEI COOTBETCTBEHHO 2 MOTB/I 1.5 MOMB/T, 3 MOTB/I.
‘HAYATbHAA KOHISHTPALHSA BOIb! PABHA HYTIO.

7.2.2) SbCI3 (1) + CI2 (r) = SbCI5 ().

) HallIHTe KOHCTAHTY PABHOBECHA, SCTH H3BECTHO, [TO K MOMEHTY HACTYILICHHA PABHOBECHA TIPOPEArHpoBano 80% SOCI3, a HavaTsHEre KoHIEHTpawHH SbCI3, C12 1 SbCIS
PABHBI COOTBETCTBEHHO 1 MOIB/T, 2 MOH/T, 0 MOTB/T.

7.3.3) 2NO (r) + 02 (r) © 2NO2 (r).

6) HaliZHTe HaYATEHEIE KORIERTpAIHH NO H O2, eCTH H3BeCTHO, IT0 PABHOBECHEIE KOHIIHTpaIHH NO, O2 i NO2 pasHs! 0,5 MOTB/1, a HAATbHAL KOHIeHTparms NO2 pasHa 0
MOTB/TT.

7.4.2) PCI3 () + CI2 (r) & PCIS ().

6) HaitTHTe paBHOBECHYHO KOHIEHTPamHio PCI5 (I). eclH KOHCTAHTA PABHOBECHA TPH HEKOTOPOIl TeMIIepaType PaBHA 2. a HCXOIHBIE KOHIHTparuH PC13. C12 u PCIS paBHs!
COOTBETCTBEHHO 1 MOTH/T, 2 MOTH/T, 0 MOTB/L.

7.5.a) N2 (r) + 3H2 (r) & 2NH3 ().

6) Hal{HTe HavaTsHEIe KOHIEHTpamHH N2 H H2. eClIH H3BECTHO, YTO PABHOBECHEIe KOHUEHTpammH N2. H2 1 NH3 paBHEI 1 MOTH/L. a HAUaThHA% KOHIeHTpauna NH3 pasHa 0
MOTB/TT.

7.6.) SO2 (1) + C12 & SO2CI2 ().

) Hali/THTe PABHOBECHYIO KOHIEHTpAIHI0 SO2C12, eClli KOHCTARTA PABHOBECHA PABHA 1.5; @ HCXOHEIE KOHIEHTpannH SO2, C12 i SO2CI2 PABHBI COOTBETCTBEHHO 2 MOTB/T, 1
MOTB/T, 0 MOTB/T.

7.7.a) CO (r) + H20 (r) © CO2 (r) + H2 ().

|
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Tema 8. THJIPOJIH3 COJIELT

TIpH PaCTBOPEHHH COeil IPOHCXOIHT He TOBKO MPOLIECC Pacliafa coleH Ha COCTABHBIE 9ACTH (IPOLECC AHCCOLHALHH). HO H IPOLECC COSIHHEHHS COCTABHBIX dacTeil COMH ¢
COCTABHBIMH 9aCTAMH BOZEL T.€. TIPOLIECC THIPOTH3A.

THIPOTH30M HAHIBAIOT B3AMMOIEHCTEHE HOHOB PACTBOPSHHOH COMH ¢ HOHaMH H+ 1t OH-BOTEL

(COTH MOJKHO PA3/IeTHTb Ha HeThIPE TPYTIIBL

) COITH CHITBHEIX OCHOBAHHH 1 CTaGBIX KneioT (Na2S, KHS, Na2C03):

) COH CTAGEIX OCHOBAHMI H CHTBHEIX KHCTOT (NHACL ZnSO4):

B) COTH CTAGHIX OCHOBAHHI! H CTaGIx KHCT0T (NH4)2S, ZnCO3):

T) COITH CHITBHEIX OCHOBAHHH H CHIBHEIX KHCTOT (NaClL, Na2S04, KNO3).

TlepBhie TPH TPYMIBI coTell TOIBEraioTcs THIPOTH3Y. ECITH MPOHCXOZHT THIPOTH3 COTel, 0GPA3OBAHHBIX CHITBHBIM OCHOBAHHEM H CTabOH KHCIOH. To oGpasyercs
CTaGOHCCOMMHPYeMad KHCTIOTA, H CPe/la CTAHOBHTCS IMITOTHOH

KCN +H2( KOH + HCN

CN-+H20 =HCN + OH-, pH > 7.

Koraa HIeT THAPOTH3 COMel. 06Pa30BaHHBIX CTaGhIM OCHOBAHHEM H CHITBHOH KHCTIOH, 06pasyeTcs cTagoe. T.e. CTaG0THCCOMHHPYEMOS OCHOBAHHE, H CPE/Ia CTAHOBHTCA KHCTIOH
NH4Cl + H20 = NH40H + HCI

NH4+ + H20 =NH4OH + H+,pH< 7.

THAPOIHS COTeH, COepKAIIHX MHOTO3apsIHbIe HOHEL, HIST II0 CTamuaM, HarHiey ypaBHeHHe rHapoisa com Na2CO3

I cTamms:
Na2CO3 + H20 =NaHCO3 + NaOH
CO32-+H20=HCO3 + OH-.pH > 7. u

11 cTamus: (HIST MPH HATPEBAHHH)

NaHCO3 + H20 —t H2CO3 + NaOH

HCO3 + H20 — H2CO3 + OH-

(meoMHOCTS pacTBopa emé Gomsime, pH BospacTaet). THAPOTH3 colefl, 0GPA3OBAHHBIX CTAGHIM OCHOBAHHEM H CTaG0H KACTOTOH HE3aBHCHMO OT 3apAia HOHOB, HIET B OHY
CTAHIO H 110 KOHIIA

(NHA4)2S + 2H20 = 2NH4OH + H2S, pH=7.

Comi, 06pA30BAHHBIC CHITBHEIMH OCHOBAHHAMH H CHTBHEIMH KHCTOTAMH, THIPOTH3Y He NOJBEPrAiOTCA, TOTOMY IO MPH PACTBODSHHH TAKHX COTell He 0Gpasyiorcs
CITaGOIHCCOMHHPYEMBIE COSTHHEHHA.

KOTHYECTBEHHO THIPOTH3 XapaKTePH3YeTCs CTEMeHbI0 THIPOIH3a. CTeleHb THIPOTH3A ONPEIeeTCA OTHOMIEHHEM THCIA THAPOTH30BAHHBIX MOTEKY K THCTY PACTBOPEHHEIX.
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KOTHYECTBEHHO THIPOTH3 XapaKTePH3YeTCs CTEMeHbI0 THIPOIH3a. CTeleHb THIPOTH3A ONPEIeeTCA OTHOMIEHHEM THCIA THAPOTH30BAHHBIX MOTEKY K THCTY PACTBOPEHHEIX.

*IHCTTO THAPOTH3HPOBAHHEIX MOTEKYT
p PR T 100%
“IHCTO0 PACTBODSHHELX MOTEKYT

CTenteHs MHIPOTH3A YBETHMHBACTCA MIPH TOBBIIIICHHH TEMTIEATY b1 H IPH YBETHHEHHH Pas6aBTe I PacTBOpa.

KOHTPOIBHEIE BOMPOCH! H 341

A. HaIHIIHTe B MOTeKYTADHOH H KDATKOI HOHHOI (hopMe YPABHEHIA THIPOTH3A coTelt.

EcIH THIPOMH3 HIET M0 CTamHaM. HalHOmTe ypaBHEHHS THAPOTH3A [0 CTATHAM. VKAKHTE YCIOBHA, MPH KOTOPHIX MPOHCXOIHT [IAHHAS CTANHA THIDOTH3A. VKAKHTE, KAk
H3MeHAeTCs pH-cpelBL.

S.1.a)AICI3  6) CH3COONa B) (NH4)2S

8.2.2) Co(NO3)2 6)Na2CO3 &) (NH4)3PO4

8.3.2) Ni(NO3)2 6) Na2$ B) (NH4)2C03

$4.2)CuCl2  6)Na3PO4 B) Fe(CH3C00)2

8.5.2) NH4)2504  6) NaCN ) Fe(CH3C00)3

5.6.2) Fe(NO3)3 6)Na3BO3  B) Ni(CH3C00)2

8.7.2)PbNO3)2  6)Na2SiO3 ) Mn(CH3C00)2

$8.2)CICI3  6) CH3COOK  B) (NH4)2S

89.2) AI2(SO4)3  6)K2CO3 B) Zn(CH3C00)2

5.10.a) Fe2(SO4)3  G)K2S ) CH3COOAg |
5.11.2) ZuSO4  6) K3PO4 ) (CH3COO)2Pb

5.12.2) CuNO3)2  6)K3BO3 ) Cu(CH3C00)2

8.13.a)FeCl3  6)K2Si03 B) (NH4)2503

5.14.2) AINO3)3 ) KCN B) (CH3COO)2Hg

§.15.2) CusO4 6) Ca(CH3COO)2  B) (NH4)3PO4

5.16.2)BiCI3  6)Ba(CH3C00)2  B) (NH4)2CO3

5.17.a)FeCl2  6) BeS B) Ni(CH3C00)2

5.18.)BiCI3  6) CH3COONa B) (NH4)2503
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Tema 9. BOIOPOJIHbIIT TIOKA3ATEID pH

KHCTIOTHOCTB CPEIBI OTpeTeTAeTCA HATHIHEM HOHOB Booposa H+ (a BepHee — HOHOB THIPOKCOHHS H30+). B BOTHOM PacTBOPE COTAHOI KHCTIOTE HOHOB BOZIOPOIa MHOTO, TaK
KaK MOTEKy/Tsl B PACTBOPE THCCOLHHPYIOT Ha HOHEI: HCI = Hi+ + Cl-. Cpela CTAHOBHTCS KHC/OH, NaOH B Tpoliecce pacTBOPEHHS THCCOLHHPYET Ha HOHbI Na+ u OH-, I13-3a
HOHOB OH-Cpela CTAHOBHTCA MeTOMHOH. CaMa BOTA. eCTH OHA XHMHMECKH THCTAf, ABIASTCA CTAGEIM 3TeKTOTHTOM. DT0 0OBACHAETCA TeM, UTO OYeHh HeGOTBIIAT O
MOITEKyT BOIIbI [I0IBEPraeTes 31eKTPOTHTHYECKOH JHccomHalmH (H20 = H+ + OH-). 3aHIeM KOHCTAHTY THCCOLHALHH BOTE!

Kw = [H+][OH-] / [H20]. SKCHepHMeHTATEHOE ONpelelleHHe KOHCTAHTH! THCCOLHAIHH BOIEI aeT 3HAYSHHe KOHCTAHTEL PaBHoe Kw = 1.8%10-16. Mo4pHAT KOHIIEHTpAIHA
Boz6I [H20]. T.e. IHCTO MOJIeH BOIBI B THTPE BOJBI, PaBHA 55,5 MOTB/T1. [I0JICTABHE 3TH JaHHBIE B BEIPAKSHHE KOHCTAHTEL, TIOTYTHM CTeIyiomee nponsseerne [H+][OH-]=10-
14, KOTOPOE HA3BIBAIOT HOHHBIM MPOH3BEISHHEM BOBI. VIOHHOE NMPOH3BEISHHE BOTEI HCMOTB3YeTCA A4 pactieTa KOHIEHTPAHH HOHOB Bojopora [H+]=10-14 / [OH-] u
KOHIEHTPAITHH THAPOKCHTBHBIX TPYML JITa THCTOH Bombl [H+]=[OH-]=10-7 Momb/1. Takas cpela HashBAeTCA HEHTPATHHOM. ECTH B cpelle MPHCYTCTBYET HOHOB BOIOPOZA
GoIme, eM 10-7 (HampHMep 10-3 MOTB/T). TAHHAS CPea KHCTAA. eClH HOHOB BOJOPOIa MeHBIIe, YeM 10-7 (Hanmpmyep 10-10 MOTB/T). To Cpefia IeTodHA.

1719 XapaKTepPHCTHKH KHCIOTHOCTH H IIeTOYHOCTH BOJHBIX Cpell HCIOTh3YeTCA He CaMo 3HaueHHe KOHIICHTPAIHH HOHOB BOJOPOZA, A ero JecATHIHBIH JorapH(M. B3ATHIH ¢
GDATHEIM 3HAKOM. Ta BeTHYHHA TI0TyHTA HasBaHHe BOIOPOTHOTO TIOKA3ATel A H 0G03HadaeTcs pH: pH = —lg[H+]. [11 HelfTpabHO# cpest pH=7. 1% KHCTOH cpems! pH<7.
a 7111 meoHol pH>7.

KOHTPOIBHEIE BOMPOCH! H 341

9.1. BEIMHCTHTE KOHUSHTPALIHIo HoHOB H+ 1 pH 0.1 k. pacTBopa C6HSCOONa, ecTH KOHCTAHTa AHccolHamH C6HSCOOH pagHa 6.3-10-5.
9.2. BEIMHCTHTE KOHUSHTPALIHIO HOHOB H+ 1 pH 0.06 . pacTEopa NHAL ecTH KOHCTAHTa Tuccounamy NHAOH pagra 1.8-10-5.

9.3. BEIMHCTHTE KOHUSHTPALIHIO HOHOB H+ 1 pH 0.08 &, pacTBopa NH4BI, eCTH KOHCTAHTa Auccounami NH4OH pasta 1.8-10-5.

9.4. BEIMHCTHTE KOHUSHTPALIIO HOKOB H+ 1 pH 0.1 . pacTeopa NHACL /i KOHCTAHTa Qrccounami NH4OH pastta 1.8-10-5.

9.5. BEIMHCTHTE KOHISHTPAIHIO HOHOB OH-H pH 0.05 M pacTBopa Na2CO3, eciH KOHCTaHTa auccommamis H2CO3 cooTseTcTBerHo pasHEl K1=4,5-10-7; K2=4.8:10-11
(YIHTBIBAaTh TOTBKO NEPBYIO CTYIeHb THAPOTH3A).

9.6. BEIMHCIHTe KOHIISHTpAIHIO HOHoB OH-H pH 0,05 H. pactBopa NH4NO3, ecH KoHCTaHTa auccommamsy NH4OH pasHa 1.8:10-5.

9.7. BEIHCTHTE KOHIEHTDAIHIO HOHOB OH-H pH 0,005 H. pacTBopa NaNO2. ecTH KOHCTaHTa AuccomHamiy HNO2 pagra 4-10-4.

9.8. BEIMHCIHT KOHIISHTpAIHIO HOHoB OH-H pH 0,05 H. pacTBopa NaClO, ecu KouCTanTa Muccomman NaClO pasia 5°10-8.

9.9. BEIMHCTHTE KOHISHTPAIHIO HOHOB OH-H pH 0.01 M pactBopa Na3PO4, eclH KOHCTAHTa AHCCOIHAImH Na3PO4 COOTBeTCTBeHHO pasHbl K1=1.1'10-3; K2=6,2-10-8;
K3=5-10-13 (yIHTBIBATE TOTEKO NIEPBYIO CTYTIeHb THAPOTH3A).





image21.png
[ www.decvlsu.

/pluginfile.php/6720/mod_resource/content/6/Praktikym%20dly%20sam%20rabot.htm

Tema 10. 3JIEKTPO/IHBIE ITOTEHIMATIBL. TATTbBBAHIYECKHE SJIEMEHTBL

DNeKTPOXHMHUECKHE TPOLECCH] — TETePOreHHBIe OKHCIHTETBHO-BOCCTAHOBHTENbHEIE MPOIECCHL, COMPOBOKIAIOMHEECH BO3HHKHOBEHHEM IEKTPHUSCKOTO TOKA HIH
TIPOTEKAKOITHE IOl BO3ACHCTBHEM TOKA HA TPAHHIE Da3feta: 3MeKTPOI-PACTBOP HIH PACILTAB 3TEKTPOTHTA. DIEKTPOXHMHISCKHE DEAKIHH MPOTEKAT B XHMHIECKHX
'HCTOYHHKAX 3TeKTPHHeCKOH SHEpTHH: TAThBAHHMECKHX TeMeHTAX. aKKyMyIATOPaX, TOILTHBHBIX YTeMeHTAX. TIPH STeKTPHIECKOH KOpPOHH METATIOB H CILTABOB, B MOLECCaX.

37IeKTPONH3 H Ip.

TIpH NOTPy:KeHHH MeTa/l1a B PACTBOP. COeP/KAIHIT HOHBI 3TOT0 MeTall1a, Ha IPaHHIIE pa3jea MeTa/LT — PacTBOP yCTaHABTHBAaeTCA MOIBIKHOE paBHOBecHe: Me <Men+ +ne .
DTOMY DaBHOBECHIO COOTBETCTBYET ONpEIESTeHHBIH CKATOK TOTEHIHATA TpaHHIE pa3lena (a3, Ha3bIBAeMBIH PABHOBECHBIM 3TeKTPOIHBIM IOTEHIHATOM. DIeKTPOIHBIT

TIOTEHITHAT MOKHO BEIMHCTHTS T10 ypaBHeHHio Heprera:
0,059

(]
= + lga ¥
("MJ’/ QMJ'/ 0 Bt
‘Me Me
0

(PMe"’/Me

TIe — CTAHTAPTHBIH MOTEHIHAT 3TeKTpora. B (Tabm. 1):

1 — KOTHIECTBO EKTPOHOB B MEKTPOIHOH PeaKIHH (3apA1 HOHA MeTalTa);

c
Me"* —KOHIIEHTDALIHS HOHOB MeTA/LTa B PACTBOPE, MOTIB/I.

B pacTBopax caGhIX >ICKTPOTHTOR AKTHBROCTS HOOB METATa MOKET GBITh HAFICHA 110 YPABHSHHIO

a, e =Cirh.

rae CM — MOIApHAA KOHIEHTPAIHA 1eKTPOTHTA; MOIb/T
0 —CTeTIeHb THCCOHALHHL

B — THCIIO HOHOB METATLTa, 0GPa3yIONIHXCA MPH JTHCCONHAIIHH OTHOH MOTEKYTbI BEIIECTBA HTEKTPOTHTA.

Tabmuma 1
CTAHZAPTHBIE STEKTPOIHbIE IOTEHIHATE HEKOTOPEIX METATIOR

mextpon

0

(PMe"’/Me

.B

mextpon

(PMe"’/Me

.B

Li+/Li

-3,045

Ni2+/Ni

-0,250





image22.png
[ www.decylsu.ru:81/pluginfile.php/6720/mod_resource/content/6/Praktikym%20dly%20sam%20rabot.htm

o o —
Srextpon Py R Srextpox Py R
Tt 3085 NN 0250
KHK 2,924 Sn2+/sn -0.136
cazt/Ca -2.866 PO2+/PD 0,126
Nat/Na 2714 Fe2+/Fe 0,037
Mg2+/Mg 2,363 22 0.000
Be2t/Be 1847 cu2t/cu 40,337
AlB+/AL -L663 Ccut/Cu +0.520
Ti2HTi -1.630 He/Hg +0.788
Mn2+/Mn -L170 Ag+/Ag 40,799
Zn24zn -0.763 He2t/Hg +0.850
Cr3vcr 0,744 PU24/PE +1.188
Fe2+/Fe -0.440 Audt/Au +1.498
cd2+icd -0.403 Aut/Au +1.692
Co2t/Co 0277 B B

114 pactieToB MPHMEHHTETHHO K PACTBOPAM CHBHBIX 3TeKTPOHTOB HOHOB MeTa'lTa PACCHHTHIBASTCH aKTHBHOCTS TI0 (hopMyTTe

CMen+=Cufb,

e f- KO3 QHITHEHT AKTHBHOCTH HOHOB B PacTBODE.

Ko3()()HIHEHT aKTHBHOCTH yHHTHIBAET 3TeKTPOCTATHIECKOE B3aHMO/IEHCTBHE MeKIIy HOHAMH B PACTBOPE 31eKTPOIHTA. [IDHHATO CHHTATH, 9TO JHCCOLHALIHA MOIEKYII Ha HOHBI
B PACTBOPAX CHITBHBIX 3TeKTPOTHTOB IPOHCXOTHT TOTHOCTEIO, TIOSTOMY CTeleHb THCCONHALIHH 0=1.

CTaHIapPTHbIE IOTeHIHATE! MeTATTHYIECKHX TeKTPOIOB ONPee 0T 10 OTHOMEHHIO K CTAHIAPTHOMY BOTODOIIHOMY 3TeKTPO/LY. OTEHIHAT KOTOPOr0 YCTOBHO MPHHAT PABHEIM
Hymo. ECIH JaBIeHHe ra3000pa3sHOro BOJOPOJA COOTBETCTBYeT CTAHIAPTHBIM YCIOBHAM. a KOHIEHTPAIHA HOHOB BOJIOPOJA B PAcTBOPE OTIHUACTCH OT CTAHIAPTHBIX YCIOBHI,
T.e. GOTbINe HITH MeHbIIe 1 MOTB/T, TO NOTEHIHAT BOIOPOIHOTO 7TEKTPOJA MOKET GEITh BEMHCIEH 10 (opMy:Te, TIOTyeHHOH H3 ypaBHeHHA HepHCTa.

1114 pacTBOPOB CTAGHIX 3TeKTPOTHTOB:

Gy ~0,0591g| [H’}
H
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7173 PacTBOPOB CAGHIX STEKTPOTHTOB: B
0. :o,osglg[H’]
H
A
J171% CHITBHBIX TeKTPOTHTOB:
0, y=0.05%lga__ .
B A b2t

TIOTeHIHAT BOZOPOIHOTO 3TEKTPOIA MOKHO BBIPA3HTh H IePe3 BOIOPOIHEIH MoKasaTems — pH pacTsopa. Tak kak pH= —Ig[H+]. T0
@+  =—0.050pH..
wh

3 mByX TOGEIX 3TeKTPOIOB, HMEIONIHX Da3THIHBIE MOTEHITHATEL MOKHO COGPATh TATBBAHHMECKHI 3TeMEHT. DISKTPO. HMEINHH Golee OTPHIATETBHBIH MOTSHIHAT.
CYHTASTCA AHOTOM. a GONee MOMOKHICTHHEIH — KATOTOM. Pa3HOCTs NMOTEHNHATOB KAaTOJa H aHONA MPH CHTE TOKA BO BHENIHeH NeMmH GTH3KOH K HYTIO COCTABIAST
snexTpoBITKYMyIO CHT (3]IC) 3Meventa 2HC = 9x ~ -

TIpu paGoTe raTbBAHHIECKOTO 3TeMEHTA Ha AHOJIE MPOTEKAKOT PEAKITHH OKHCTICHHS, HA KATOIe — BOCCTAHOBTCHHA.

TIprvep. BEIMHCTHTS MOTEHITHATE! MEIHOTO H HHKETEBOTO 37EKTPOJIOB, TIOTPYKEHHBIX B PACTBOPHI CyTh(haTa MeTH H CyTb(aTa HHKENS ¢ KOHNEHTpamHaMH: CM=0,1 MOTB/T
CuSO4 (KO>(QHIHEHT AKTHBHOCTH HOHOB y=0.16) B CM=0,1 MOMB/T NiSO4 (KO3Q(HIHSHT aKTHBHOCTH HOHOB y=0,15). COCTABHTS CXeMy TATBBAHHYECKOTO 3TSMEHTA,
BEIHCTHTS D/IC SISMEHTA, HAIHCATH YISKTPOHHBIC YPABHEHHS PEAKIIHH, NMPOTEKAMOMAX HA MEKTPOIAX, CYMMAPHYIO OKHCITHTITBHO-BOCCTAHOBHTEIBHYIO PEAKIHIO PaGOTE
TATbBAHIECKOTO STeMeHTa.

Pemenne.

'PaBHOBECHBIH NOTEHIHAT 3TEKTPOIA PACCTHTEIBASTCA 10 YPABHEHHIO HepHCTa.

TIOTeHIHAT MeTHOTO Y1eKTPOA
059

o
. ) = i+ lga_ 5.
q7an/ (PCuz/ L
o cu

o 2 s =034+ 2%%15010161-+0,236 B [
e é“ B

TIOTeHIHAT HHKETEBOTO YeKTPOIa

+ 7 =025+ 120.1:0,151=-0.3B.
‘szé‘ B g g

Tak KaK IIOTeHIIHAT HHKeIeBOr0 31eKTpo/a Golee OTPHIATENeH, TO HHKeIEBEIil 31eKTPO B JAHHOM 371eMeHTe ABTAeTCA aHOZOM. @ MeIHBI — KaTOZOM.
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Ha KaToZe Cu2++2 & =Cu0 — BOCCTAHOBTEHHe. -
(CyMMapHas OKHCITHTETHO-BOCCTAHOBHTETbHAS PEAKIIHA B YTeMeHTe

Ni0+Cu2+=Ni2++Cu0 — B HOHHOM BHIe,

Ni+CuSO4=NiSO4+Cll — B MOTeKyTADHOM BHIe.

CxeMa (YCTOBHOE 0603HAHHE) TATHBARIECKOrO YeMeHTa

Ni INiSO4, 0,1M £=0,15[CuSO4, 0, 1M, £=0.16/Cu

KOHTPOIBHEIE BOMPOCH! H 341

TIMest 3I1eKTPOZ. YKA3AHHBIH B 3aJaHHH, HEOOXOIHMO I0JOGPATh BTOPOIl MeTAUIHYECKHH 31eKTPOX H PACCUHTATh KOHLUEHTPALHIO COTH — YIeKTPONHTA (C yIeToM [ HIH ),
TG MOMYWHTH 3aaHHOe 3HaveHHe DJIC TATHBAHHIECKOTO >TeMEHTA, COCTABTGHHOTO H3 YKA3AHHOLO B 3a7IAHHH H TOTOGPAHHOTO BAMH >TeKTpoma. HarmcaTs
3TEKTPOXHMHIECKYEO CXeMY TaTbBAHHIECKOrO 3TeMeHTa. YKa3aTb. KaKOH 3TeKTPOIT ABTASTCA aHOIOM, a KAKOH — KaTogoM. HarHcaTs YPaBHEHHA PeaKITH, MPOTEKAKOITHX
QAHOZe H KaTofe.

10.1. Pt H2/ 0.015. HNO3 0= 21%: 3/IC =0.635B

10.2. Pt H2/ 0,11 HBr f=0.9:30C=1.565B

10.3. Pt, H2/ 0,111 HCOOH o= 4%; 37IC = 0.344 B

10.4. Pt H2/0.0018. NH4OH  0=0.1; 37IC=0.365B

10.5. Pt, H2 / 40 Mr/1NaOH f= 1; 37IC = 0.924 B

10.6. Pt. H2 /0.1 M CH3COOH 1.3%: 31C=0.277B
10.7.Pt, H2 /0,11 HI 37C=0.256B
10.8. Pt. H2 / H20 37IC = 0.668 B
10.9. Pt. H2/0.01 MHCI 3IC=0352B

10.10. Pt H2/0,1x. CH3COOH ~ 0.=0,013;: 3IC=0279B

10.11. Pt H2/4ur/1NaOH f=1:  37C=0407B |
10.12. Pt, H2 / pacTeop ¢ pH=11 3AC=1271B

10.13. Pt H2/0,001n. CH3COOH ~ a=13%: 3JC=0211B

10.14. Pt H2/ 0,011 HNO2 0 =0,07;  3AC=0.275B

10.15. Pt H2/ 0,1 NH4OH 0. = 0.01: 37IC=0478B

10.16.Cd/0.0SM CdSO4  f=02:  3IC=0.706 B
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Teya 11. SJIEKTPOJIIT3 B

DMEKTPOTH30M Ha3BIBAIOT OKHCIHTETBHO-BOCCTAHOBHTEIbHEI® TPOLIECCHI, MPOTEKAOMIHE Ha 3IEKTPOJAX MPH MPOMYCKAHHH TOCTOAHHOTO 3TEKTPHIECKOT0 TOKA TePe3 PacTeop
HITH DAacIlTaB 3TeKTPOTHTA. DIEKTPOTH3 OCYNIECTBIAIOT C IOMOMBI0 HCTOYHHKOB TOKA B YCTPOHCTBAX. HA3BIBASMEIX 3ISKTPOTH3EPAMH. DISKTPOI. COSTHHEHHBIH C
OTPHIIATETBHBIM TOTIOCOM HCTOYHHKA TOKA, HA3BIBAKT KAaTOIOM. a 3MEKTPOA. MOJKTIOYEHHEIH K IOTOKHTEIBHOMY IOTIOCY, — aHOTOM. Ha aHONe MPOTEKAKOT PeaKIHH
OKHCIIeHHS, Ha KATOJIe — BOCCTAHOBIEHHA.

TIpolecchl 3TeKTPOTH3A MOTYT MPOXOHTE ¢ PACTBOPHMBIM HTH HepACTBOPHMEIM AHOZOM. THIEMHEDM CTydaeM 3TeKTPOTH3A C PACTEOPHMBIM QHOZIOM ABIASTCH SMEKTPOTH

BOTHOTO PACTBOPA COTH, COTEpRAIEH HOHB METATTA, 3 KOTOPOrO Geast a0, HaTpimyep, STeKTPOTIS pacTBOpa K10t Hitke:ts ¢ sumedtensint asozont. Nicls N 208 +

peakms Ha aHoge: Ni—2e=
peakums Ha katoze: Ni” +2e=Ni.
HepacTBOPHMEIE aHOIEI CaMH He NPHHHMAKT YIACTHE B OKHCITHTETBHOM MpOIECCe. a ABIAIOTCA TOTBKO ePeHOCTHKAMH YIeKTPOHOB. B KadecTBe HepaCTBOPHMEIX aHOJOB
MOTYT GBITh HCIIOTB30BAHBI TPAGHT, HHEPTHEIE METATLTEL TAKHE KaK ILTATHHA, HPHIHI H ApyTHe. Ha HepacTBOPHMBIX aHOJAX MPOTEKAKT PEAKIIHH OKHCISHHA BOCCTAHOBHTETEH,
'HAXOJIAIIHXCS B PACTBOPE.
‘OTpHIATETBHBIE HOHEBI (Yallle BCETO KHCTIOTHBIE OCTATKH) OKHCIAIOTCH HA AHOIE B OMpPEIETeHHOH IOCTeI0BATETBHOCTH. 10 AKTHBHOCTH K OKHCISHHIO aHHOHBI MOTYT GBITB
PACTIOTOKEHE B PAT:

$¥7, 17, Br™. CI. OH™ (H,0). SO3™. NO3. SO3 ™. NOj .
TIpH XapaKTEPHCTHKE KAKIBIX PEAKIHH CeTyeT HMETh B BHIY. UTO MOCTEIOBATETBHOCTh BOCCTAHOBTEHHA HOHOB METATTOB 3aBHCHT OT IOTEHIHATOB MeTalioB. EctH B
PACTBOPE OTHOBPEMEHHO HAXOIATCA HOHBI JBYX HTH HECKOTBKHX METATIOB, TO B IEPBYIO OYePelb BOCCTAHABTHBAIOTCA HOHBI TOrO MeTalla, KOTOPBIH HMeeT Gotee
MOTOAHTeTHHEI TIoTeHIHAT, ECTH TIOTEHIHATE JBYX MeTATIOB GTH3KH, TO HAGTIOZIASTCA COBMECTHOE BbUIETeHHe BYX METATIOB, T eCTh 0GpasyeTcA CIUTas. B BOTHBIX
PAacTBOpaX Ha KaTOJIe COBMECTHO C TAKHMH MeTAIAMH, KAK IHHK. XDOM. MapraHell H 1. MOTYT BOCCTAHABTHEATCH Takike HOHEI BOTODOTA. B PaCTBOpAX. COepKAIIHX HOHEI
TETOTHBIX H MIETOTHO3EMETEHBIX METALTOB (CTAHJAPTHBIH OTEHITHAT KOTOPBIX OTPHIATETbHES 9eM —1.5 B) Ha KaToJIe MPH 3TeKTPOITH3E BBIISTALTCA TOTBKO BOJOPOI.
Macca OKHCTEHHOTO HIH BOCCTAHOBTEHHOTO Ha HTeKTPOIaX BElIecTBa MOKET GHITh PACCUHTAHA COFTACHO 3aKoHY Dapazes

M,It
m

F

TIe m — Macca BeIecTsa, I':

Mb — SKBHBATEHTHAT Macca, I/MOTh 3KE.
T cr1a Toka, A

T BpeMs, ¢

F — KoncTanTa dapazes, F

10:50

20022016




image26.png
[ www.decvisu.ru:81/pluginfile php/6720/mod_resource/content/6/Praktikym%20dly%20sam2%20rabot htm
—T=BpeNL T z
F — koHcTanTa ®apazes, F = 96500 K/voms.
ECITH NpH 3TeKTPOTTH3E Ha 3TeKTPOIAX BEIISTAIOTCA BEMECTBA B Ta3000Pa3HOM COCTOSHHH, TO 0GBEM MOKHO MOICYHTATh 10 hopMyTe
VIt
=
e V —obbeM rasa, 1.
V'3 — SKBHBATEHTHEIH 0GbeM Iasa, WAOTE* KB,

v

TIpiniep 1. ONPEIeTHTE Maccy MeIH, BELIETHBIIYIOCK TIPH STeKTPOTH:E PacTBopa CuSO4 B TeweHHe 0HOTO aca MPH CHTe TOKa 2.68 A.

Pemerme. CorlacHo 3axoHy ®apazes: m=M3T /96500

T m — Macea BelllecTBa, T: M> — SKBHBATEHTHAT MACCA, T/MOTH*3KE.: I — CIHTa TOKa, A T — BDEMS STEKTPOTH3A, ¢. SKBHBATEHTHAL Macea MeTH 63,54 / 2 = = 31.77 /Ao,

TloZcTaBHE B opMyTy 3Ha%etma I = 2.68 A: T= 3600 c. momym:

31,77-2.68-3600
96500

TIpiniep 2. CKOTEKO TPAMMOB THIPOKCHIA KATHT 00pasoBaToch y KAToTa MpH 3TeKTpomise K2SO4 ., ecii Ha arole BELIETTOCH 11.2 T KicIopoTa (i.y.)?

PermerHe. PeakIHH Ha aHOZe H KATOZe TPH 31eKTPOTTH3e CyTb(aTa KaTHA.

Anox: 2H:0—4¢=0, +4H".

4H,0+4e=2H, +40H .

=3,18r.

Karox:
TIox TeffCTBHEM 3TeKTPHYECKOTO TIOTA HOHBI K+ + HIYT K KATOTy. A Ha STeKTPOe BOCCTAHABTHBACTCA BOIOPOX H3 BOTHL B PACTBOpE OKOTO KAToTa 06pasyeTes menows KOH B
KOTHTeCTBe, SKBHBATEHTHOM BELIETHBIIEMYCH BOTOPOTY HITH KHCTOPOTY. DKBHBATSHTHELT 0OBeM KHCTIOPOZa Vo=Vi/4=22.4/4 = = 5.6 TMOTE*3KB. CIleI0BATETBHO,

‘BBUISTHBIIHECS HA aHOZE 11.2 7T KHCIOPOIA COCTABIAIOT 2 MOTB*3KBHBATEHTA. CTOMBKO e Mo KOH ofpasyetes y Katoza,
MOTIbHAS MAcca SKBHBATEHTOB THIPOKCHIA KATHA).

€. 56,11-2=112.22 r/mo7b (56.11 T/MOTB*3KB. —

KOHTPOIBHEIE BOMPOCH! H 341

|

11.1. PaccumTai{Te, KAKO CHITBI IOTUKeH GbITh SMeKTPHYIECKHH TOK, TT00HI 3a 4 T YIEKTPOTH3A CyThdara KaTisi y KaTola 05pa3oBatoch 22,4 T eIKOro KaTus. OTpelertTe,
CKOJBKO 1% 3TOT0 moTpeGyeTes 1 M pacTBopa CyTbdhaTa KaTHs.

11.2. PaccimTaifTe BpeMA, KOTOPoe HeOOXOTHMO T4 BELISTEHHA BCEro XpoMa H3 500 MI 0.6 H. pacTBopa Cr2(SO4)3 cHIOH Toka 2.68 A. IIpeINOTOKHTE, STO Bed
3TeKTPHTIECTBO PACXOTYETCA HA BLTETSHHE XpOMa.
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TIpmvep 2. CKOTBKO TPAMMOB THAPOKCHIA KATHS 0GpAZ0BATIOCH Y KATOA TIPH YTeKTporise K2SO4 . eciTH Ha AHOZe BELISTAIIOCK 11.2 1 KHCI0poza (H.y.)?
PermerHe. PeakIHH Ha aHOZe H KATOZe TPH 31eKTPOTTH3e CyTb(aTa KaTHA.

Anox ZH;0~42=0, + 48",
4H,0 +4e=2H, + 40H .

Karox:
TIox TeffCTBHEM 3TeKTPHYECKOTO TIOTA HOHBI K+ + HIYT K KATOTy. A Ha STeKTPOe BOCCTAHABTHBACTCA BOIOPOX H3 BOTHL B PACTBOpE OKOTO KAToTa 06pasyeTes menows KOH B
KOTHTeCTBe, SKBHBATEHTHOM BELIETHBIIEMYCH BOTOPOTY HITH KHCTOPOTY. DKBHBATSHTHELT 0OBeM KHCTIOPOZa Vo=Vi/4=22.4/4 = = 5.6 TMOTE*3KB. CIleI0BATETBHO,

‘BBUISTHBIIHECS HA aHoTe 11.2 1 KHCIOPOZIa COCTABIAIOT 2 MOTH*3KBHBaTTeHTa. CTOIbKO e MoTb KOH ofpasyetcs y katoza,
MOTIbHAS MAcca SKBHBATEHTOB THIPOKCHIA KATHA).

€. 56,11-2=112.22 r/nmo7b (56.11 T/MOTB*3KB. —
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11.1. Paccumraiite, KaKof CHITSI I0TKeH GbITh SIeKTPHIECKHH TOK, STO0H! 32 4 1 3MEKTPOH3A CyTb(aTa KaTHi y KaTofa 00pasoBatoch 22.4 T eIKOro Katis. OTpelerHTe,
CKOJBKO 1% 3TOT0 moTpeGyeTes 1 M pacTBopa CyTbdhaTa KaTHs.

11.2. PaccunTaiiTe BpeMs, KOTOpOe HEOOXOIHMO Ui BEUISTSHHS BCErO XpoMa H3 500 Mt 0,6 H. pactBopa Cr2(SO4)3 CHTOH Toka 2,68 A. TIpeIIONOKHTb, WO BCE
STEKTPHIECTEO PACXOTYeTcA Ha BELIETEHHE XPOMA.

11.3. Uepes pacTBOp XTOPHIA ABYXBATCHTHOTO MTATIA TIPOMYCKATH YTEKTPHIECKHIT TOK CHIOH 2.5 A B TeweHHe 5,36 1, IIPH 3TOM MACCA COITH B PACTBOPE YMEHBIIHTACH HA
32.5 r. Ha3oBHTe COIB.

11.4. BEMHCTHTE BpeMs, HEOGXOIHMOR U1 BBUTenenrs 11,17 T &elesa 13 1.1 1 M pacteopa FeSO4 TOKOM B 1.34 A. OTpelIelnTe, CKOMBKO TPAMMOB KeTe3a 0CTATOCH eImé B
STEKTpOTHTe.

11.5. BBIMHCIHTe, Kakoi CHIIOH TOKa HAZIO POBOIHTE 3TeKTPOTH3 PACILIABIEHHOT0 PHCI2 Maccoii 1 Kr, 900! 3a 1 1 BELISTHTOCH 1,12 1 ra3006pasHOTO X7Topa. PaccuuTaiite
‘TakoKe Maccy XTOPHIA CBHHIIA, OCTABIISTOCH TIOCTE MPSKPAIIHHS HTeKTPOTTH3A.

11.6. BBIMHCIHTe, CKOBKO BPEMEHH TOTpeOyeTcs Ui BhUIeTeHmss 16 T u3 1 1 1 M pactopa CuSO4 TpH CHTe Toka 10 A. CKOTBKO MeIH OCTATOCH B AcTBOPe TOCTE
TPEKPAIIICHHS STEKTPOTH3a?

11.7. PaccHHTaliTe, CKOTBKO BPEMEHH JOKSH [THTBCA YIEKTPOTH3, MTO0H! IPH CHIE TOKa 10 A PasTOKHTB HA BOZOPOX H KHCTOPOX 1 KT BOI? ONPENeTHTE, CKOTBKO
TIOYSHTCA KHCIOPOZA H BOZOPOTA.

11.8. PaccHuHTaiiTe, CKOMHKO BPEMEHH IOTUKEH THTBCA STEKTPOTH3 BOTHOTO PacTBOPA XTODHIA HATDHA, GTOGHI NPH CHTE Toka 10 A MOTywHTs y Katoma 200 T NaOH
.OnpeeHTe, CKOIBKO H3pacXogoBaHo NaCl.

11.9. TIpH TIPOXOAIEHHH STSKTPHISCKOr0 TOKA CHIOH 1.5 A B TeweHHe 30 MHH €epe3 PaCTBOP COMH TPEXBATEHTHOTO METATIA HA KATOZE BELISTHIOCH 1.07 T MeTamta.
O [eTHTE aTO? Maccy MeTalla H Ha30BHTE 3TOT MeTalll.
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Tema 12. KOPPO3ILI METAJIIOB E

KopposHeif MeTATI0B HazbIBASTCA TPOLIECC PA3PYIICHHS METATLTHIECKHX MATEPHATOB BCTEACTBHE XHMHFSCKOTO HITH 3TeKTPOXHMEFECKOTO B3aHMOeHCTBHA ¢ BHOHeH Cpelo.
B 0CHOBE MPOILECCOB 3TeKTPOXHMEECKOH KODPOIHH J&/KHT PaGoTa KOPOTKO3AMKHYTBIX MHKDO- HIH MAKDOTATHBAHHYECKHX 3TMCHTOB (KOPDOSHOHHBIX [ATHBAHOIAP).
TIpHYHHAMH BO3HHKHOBEHHS [aThBaHOMAp MOTYT CITy/KHTb KOHTAKT IBYX MeTATTOB, CONPHKACAOMIHXCA ¢ PACTBOPOM 3TeKTPOTHTA, PHMECH B MeTATIAX. KOHTAKT MeTalLTa Cero
OKCHZIOM, 3TeKTPOXHMITECKAS HEOTHOPOTHOCTS TIOBEPXHOCTH METALIOB H T.1.
Ha y9acTkax ¢ 6071ee OTPHIATETHHEIMH 3HAIEHHAMH TIOTEHIIHATOB, ABIAIONIHXCS AHOJAMH, MPOTEKAST MPOIIECC OKHCIIEHHS MeTaLTa [0 PEaKIIHH

Me -1 =Me™
C TePexoZIOM HOHOB METATTa B PACTBOP STEKTPOHTA H BOHHKHOBEHHEM HEKOMICHCHDOBAHHBIX TeKTPOHOB B METATIe. DTH TeKTPOHBI CAMOTIPOH3BOBHO MePEXOIAT Ha
YHACTKH ¢ GoTee MOTOKHTETHHEIMH MOTEHIHATAMH (KATOTHBIE YYACTKH) H OGYCTOBTHBAKT PEAKIHI0 BOCCTAHOBTSHHA KAKHX-THOO OKHCTHTeTell (IeNOTIApH3aTopoB). B
GOTBIIHHCTBE CITydaeB KATOJHBIMH [eMOAPH3aTOPAMH SBIAKTCA PAcTBOPEHHBIH B 37IeKTPOTHTE MOTEKYTADHBII KHCIODOX BO3AYXa HIH HOHBl BOJOPOJA. KOTOpEIE
BOCCTAHABIHBAOTCA Ha KATOJE T10 YPABHEHHAM:
~-B HeHTPATBHBIX H METOTHBIX CPETAX:
1.02+2H20 +4 e =40H-. 2.2H20+2 e =H2+20H-,

“B KHCITBIX Cpeflax:
3. 02+4H++4 e =2H20. 4. 2H++2 e =H2.

TIPHHITHITHATEHAA BO3MOKHOCTB POTEKAHHA MPOLECca 3TeKTPOXHMHIECKOft KOPPO3HH ONpeenseTcs cooTHomeHrHeN: Px” s, T.e. 111 3TeKTPOXHMHYECKOrO OKHCTEHHS MeTaTa
(aHO71a) HEOGXOTHMO TIPHCYTCTBHE OKHCTHTENA — IETOTAPH3ATOPA, PABHOBECHEIH MTOTEHITHAT KOTOPOro Go7lee MOTOKHTENEH 10 CPABHEHHIO C TIOTEHIHATOM METATTA B JAHHBIX
yerosmsx. TTpH cobmotermy yetoprii P ~ P50 i AG=-0F(0; — 02)<0 Bo3MOKHO CaMONIOH3BOTEHOE MPOTeKAHHE MOIIecca.

JI14 ompeeTeHAA KATOTHOTO MPONECca HEOGXOIHMO CPABHHTB TIOTEHITHAT KOPPOIHPYIOMIET0 MeTaTa (AHOA) B TAHHBIX YCTIOBHAX C PABHOBECHBIM TOTEHITHATOM BOJOPOIHOTO
> om

>
I KHeTopomHoro siektpoxos. Ecmm P = P2 10 Ha KaToZe B OCHOBHOM BOCCTAHABTHBASTCS BOZOPOX MO peakmmnv 2 i 4. Ecmm P02 7 P
'BOCCTAHABIHBATCA TOIBKO MOTEKYIAPHBIH KHCIOPO MO PeaKIHAM 3 HIH 1.

TIpHvep. PaccMOTPeTh KOpPOSHOHHEI MpOTIecc. BOSHHKAMOMIHI TIPH HADYIIGHHH CIVIOMIHOCTH CepeGpAHOTO MOKDHITHA HAa MeTHOM H3IeTHH B KHCTOH (pacTBop HCI).
‘HelfTpaTsHo# (pacTBop NaCl) i mentowHoi (pacTBop NaOH) cpeztax.

3 TaGIHIIBI 3TeKTPOHHBIX IIOTEHIIHATOB HAXOJHM HX THCICHHbIE 3HAUeHHA (Tl 2):

a) B KHCIOI cpefe:
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a) B KHCIOI cpefe:

@Cu=-+0,154 B: pAg = +0.277 B. B 0Gpazyiommeiics raTsBAHOMAPE MeIb AHOL, cepeGpo — KATOL. T.K. 9O2>9Cu>gH2 (9H2 =— 0,050 B; 902 =+ 1,173), To
peakuHs Ha aHoZe: 2Cu —4 e = 2Cu2+,

‘peakuHa Ha Katofle: O2+-4H++4 e =2H20:

©) B HelfTpaTBHOI cpe
@Cu=-+0.07 B: pAg =+0.277 B: MeIIb — aHOZ, Cepedpo — KATOX.

@H2 =-0.413 B: 02 =+0.805 B

peakuHs Ha aHoZe: 2Cu —4 e = 2Cu2+,

‘peakuHa Ha Katofe: O2+4H20+4 e =40H-.

B) B IMTOTHOH cperte:

@Cu =+0.027B: pAg =+0.3 B: MelTb — aHOIL. cepeGpo — KATox.

@H2=-0.765B : ¢O2 =+0.442 B

peakuHs Ha aHoZe: 2Cu —4 e = 2Cu2+,

peakuHs Ha Katode: O2+4H20+4e=40H-.

Bo Beex Tpex cpemax ¢CU<QAg. CIeI0BATeTBHO, TIPH HAPYIICHHH CILIONIHOCTH CepeGPHOro MOKPBITHA B KOPPO3HOHHOR raTsBaHomape Cu — Ag cepe6po ABIASTCA KATOIOM H
3TeKTPOXHMHYIECKH He 3alTHINACT MeIb OT KOPPO3HH, @ HA0GOPOT. CIOCOGCTBYET Pa3PYIISHHIO METHOTO H3TSTHA.

Tabmuia 2

DeKTPOIHbIE IOTeHIHATE! METATTOB, BOIOPOJA H KHCTOPoaa, B. B PASTHIHBIX 3TeKTPOHTAX IpH 25 oC.

Krcan cpeda 0.1 | Ilenowmas cpexa 0.1 | HelftpateHas

OreKIPOX | 1y MNaOH cpeta 3% HCl

Al 0,493 1403 0577

zn 0,769 -L126

cr 0,039 0412

Fe 0328 -0.161

cd -0.510 -0.565

Ni -0,031 0,126

Ps 0233 0511 L
cu 40,154 40,027

+0.277 +0,300
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0,769 -T126 <
Cr -0,039 -0.412
Fe -0.328 -0.161
cd -0.510 -0.565
Ni -0,031 -0.126
P -0,233 -0.511
Cu +0.154 +0,027
Ag +0.277 +0,300
Au +0.348 +0,245
H2 -0,059 -0.765
02 +1.173 +0.442
Sn -0.248 -0.127

KOHTPOIBHEIE BOMPOCH! H 341

12.1. XpOMHDOBAHHOE Kele30 HMeeT LAPANHHEL, HAPYIIAMIIHE CIUIOMHOCTS MOKPHITHS, HAIHIINTE YDABHEHHS XHMHWECKHX MDOIECCOB, MPOTEKAIONIHX HA KATOIHBIX H
QHOTHBIX YJACTKAX: B KHCTBIX, HeHTPATHHBIX H IMISTOTHEIX CPEIaX B Pe3yTbTaTe KOPPOHH JAHHOTO H3ISTHA. VKAKHTE, B KaKOH cpefe ene30 Gy/IeT 3alllHIISHO OT KOPPO3HH
GorTee HATEKHO.

12.2. TIpH HHKETHPOBAHHH JK€JIE3HBIE H3ISTHA CHAYATA MOKPHIBAIOT MEIBI0. A 3aTeM HHKeTeM. HalHIIHTe YpaBHeHHA PeaKIHil, MPOTEKAMONTHX HA AHOIHBIX H KATOJHBIX
Y9acTKaX B KHCITBIX. IIETOYHBIX H HEHTPATBHBIX CPEIAX MPH MOBPEKISHHH 3TOTO ABYXCIOHHOTO MOKPBITHA. ONPEIeTHTe, B KaKoif cpeie KOPPO3HA HIET HaHGOTee HHTEHCHBHO.
12.3. HaIHIHTe ypaBHeHHe peakIHii, POTeKAIOMHX MpH KOPPO3HH TyKeHOH KeCTH (Kele30, MOKPEITOE 0T0BOM) B KHCIOH, IeTOHOH H HeHTPATBHOM cpeax NPH HADYIICHHH
eTOCTHOCTH MOKPBITHA. ONpeeTHTe, B KAKOH cpejle keTe30 Golee HATEKHO 3aIIHIIEHO OT KOPPO3HH.

12.4. JIaTyHb. KaK H3BECTHO. COTEPXKHT 60% Cu H 40% Zn. OIpefeTHTe. B KAKHX CPelax (IIETOMHOMN. KHCIOH, HeHTpATEHOMH) IPOHCXOTHT KOPPO3HA JaTyHH. Hanmmme
YPABHEHHS PAKIIHiL, POTEKAOIIHX HA AHOIHBIX H KATOIHBIX YIACTKAX IIPH KOPPO3HH 3TOH IETATH B INETOTHOM. KHCIOH H HeHTPATEHOH cpeax.

12.5. JKemesHas J1eTaTb. IOKPBITAA KAIMHEM. HMeeT TPSIIHHEL HAPYIIHBIIHE [IeTOCTHOCTS MOKDHITHA. HAIHIIHTe yPABHEHHA PEAKIIHIL, IPOTEKAIOMIHX HA AHOMHEIX H KATOIHEIX
Y9acTKaX TPH KOPPO3HH 3TOH JETATH B MIETOTHOH, KHCTOH H HeHTPaTBHOIH cpefax.

12.6. Ha H37eTHe H3 YIIepOIHCTOH CTATH HaHeCEeHO KaIMHeBOe NOKpPHITHe. HAIHIIHTe ypaBHEHHH PEAKIHil, NPOTEKAMONIHX Ha aHOAHBIX H KATOAHBIX Y9acTKax B pesyIbTare
KOPPO3HH B KHCTOH, IIeTOMHOM, HeHTpATsHOIH Cpefax MPH HAPYIIHHH NETOCTHOCTH KaIMHEBOTO TOKPHITHA. VKAKHTE, B KAKOH Cpelle KOPPO3HA CTATH HIST HaGoTee
'HHTEHCHBHO.

12.7. KOHCTDYKUHOHHBI Y367 COCTOHT H3 CKOHTAKTHPOBAHHBIX ILTACTHH H3 LHHKA, /KeTe3a H Hikens. HAIHIINTE YPABHEHHS DeaKLIHii NOLIECCOB, MPOTEKAOMIHX HA AHOTHOM H_~





image1.png
[ www.decyvlsu.ru:81/pluginfile.php/6720/mod_resource/content/6/Praktikym9%20dly%20sam%20rabot.htm
> ey e =y > oy e oo

Tewma 1. SKBHBAJIEHT. 3AKOH 3KBHBAJIEHTOB

‘DKBHBATCHTOM HA3BIBAIOT PEATBHYIO HITH YCTOBHYIO JaCTHIIY BEIIECTBA, KOTOPAs MOKET 3aMEIIaTh, IPHCOSTHHATD, BEICBOGOKIATh OTHH HOH BOJIOPOIA B KHCITOTHO-OCHOBHBIX
HTH HOHOOOMEHHBIX PeaKUHAX HIIH OHH 37TeKTPOH B OKHCITHTETbHO-BOCCTAHOBHTEIBHEIX TIpoleccax. KOMHIecTBO SKBHBATEHTOB BelllecTBa 0603HATAIOT 13,

Macca OHOTO MO SKBHBATRHTOB HAZBIBACTCA MOTAPHOH MacCoi SKBHBATEHTA (SKBHBATHTHOR Maccoit), 0603HataeTes M H H3MEpSIeTes B PaMMaX Ha MoTs: Ma=m/ ns.

B 06IeM cTytiae SKBHBATEHTHAL Macca M ONpeIelieTcs OTHOMEHHEM MOTAPHOI Maccst M K GaKTopy SKBHBATRHTHOCTH (f5KB):

M3 =M/ fxB.

U1 1a3006pa3sHBIX BEMIECTR CYMIECTBYET TAKke H MOADHSIH 0GbeM SKBHBATSHTA (SKBHBATCHTHBIH 00BeM) V'3, KOTOpEIH ONpEeieTcs Kak OTHOMEHHE MOIAPHOTO 05BeMa
rasa Vi K (akTopy SKBHBATeHTHOCTH BeINeCTBa:

V3=Vm/ f3ks.

DHBHECKH CMBICT FKBHBATEHTHOTO 05BeMa 3aKTIOIaeTCA B TOM, IT0 OH MOKA3EBAET 0GHeM, AHMMASMEL OJHMM MoTeM SKBHBATEHTOB Ta3006Pa3HOro BellecTEa.

‘®aKTOp SKBHBATEHTHOCTH CTOKHBIX COESTHHEHHIT ONpeeieTes CeAyIOMHM 05pasoM:

a) (aKTOp SKBHBATEHTHOCTH KHCIIOTHI ONpe/lelfeTcs ee BaTeHTHOCTBIO, T.e. THCIOM aTOMOB BOJIOPOJIA B MOJIeKy:Ie KHCIOTEL Hampumep:

f3xB(H2S04) = NH+ = 2. a M> H2S04 = 98/2 = 49 r/moms:

6) (paKTOp SKBHBATEHTHOCTH OCHOBAHHS OIpe/elfeTcs BaIeHTHOCTBIO MeTaia BMe, 05pasyiolero OCHOBAHHE, HIIH 9HCIOM THAPoKcorpynn NOH. Hamprmep:
£3KB(Ca(OH)2)=NOH =2 1 M3 Ca(OH)2 =74/2=37 r/mo15;

B) (AKTOp SKBHBATEHTHOCTH COMTH OTPEIETAETCA IPOH3BEISHAEM BATHTHOCTH MeTATTa BMe Ha THCTO eTo aToMOB B Morekyre NMe: f>=NMe*BMe. Hapmvep:
HKB(AI2(SO4)3=NAI*BAI =2 3 = 6 11 M> AI2(SO4)3 =342/6=57 r/m075.

‘SKBHBATCHTHYIO MACCY OKCHITA M3.0KC MOKHO ONPEIHTS TI0 CYMMe SKBHBATEHTHEIX MACC YTEMEHTa M3.31 H KHCI0poza M».o:

Mbd.oke = M3.31 + Ma.o

‘Hampiep, SKBHBATEHTHas Macca CO2 GyIIeT PaBHA CyMME SKBHBATEHTHBIX Mace yIepoia H KHCIopoma: My CO2 =MD C +M3 0 =3 +8 = 11 r/moms.

3aKOH SKBHBAICHTOB: BEINSCTBA B XHMHYECKHX DeaKIHAX B3AHMOZSHCTBYIOT APYT ¢ APYTOM H 0GpasyloTcs B PesylIbTaTe PEakUHH B SKBHBATEHTHBIX KOTHIECTBAX.
MaTeMaTHIeCKH 3aKOH SKBHBATEHTOB BRIPA/KAETCS CIeTYIOMIHM 00Gpa3oM:

m_ m

M, M,

e m1 H M2 — MACCH PEATHPYIOIIHX BEIIIECTE, T:
M1 1 M>2 — SKEHBATEHTHBIE MACCHI PEATHPYIOIIHX BEIIIECTE, T/MOTb.





image2.png
[ www.decylsu.ru:81/pluginfile.php/6720/mod_resource/content/6/Praktikym%20dly%20sam%20rabot.htm
M>1 1 Mb2 — SKEHBATCHTHBIE MAcCHl PEArHpYIOIIX BeIlIECTE, [/MOTb. B
ECITH B PEAKIIAX YIACTEYIOT [A3hL, HX SKBHBATEHTBI MOKHO BEIPA/KATS MDH TIOMOIIH SKBHBATEHTHELX 0GBEMOB. B 5TOM CTy™1ae 3aKOH SKBHBATEHTOB MOKeT GBITh 3AIHCAH TaK:

h _ "% ]
» T
e You Y0 — 06beNEI peaTsHBIX r308, BIATEIX IPH HOPMATHHBIX YCTOBHSX, 1:

vl gt
% "% _ skpmatenTHEe 06BENB STHX Fa30B, TAMOTE.
HopMATEHEIE YCTIOBHS (H.Y.):
PO =760 MM pT. cT. = 101.3 kIla = 1 ar™, TO =273 K.
ECITH OTHO H3 PEarHpyFOITHX BEMIECTB HAXOTHTCA B TBEPIOM COCTOSHHH, a BTOPOE B a3006Da3HOM, TO 3aKOH SKBHBATEHTOB MOKHO BEIDA3HTB (JOPMYIOH:
m Y
M, 7,
TZle m — Macca TBepIOro BelecTEa, M3 — ero SKBHBATEHTHAT Macca;
V0- 0GBeM ra3a MPH HOPMATHHBIX YCTOBHSX, V30 — €0 SKBHBATEHTHBIH 06BEM.
3agaga. TIpH B3aHMoZeficTBHH 0.2 T MeTaTIa ¢ KHCTOTOH BBIISMHIOCH 67.6 M BOZOPOJA. H3MEPEHHOTO NMPH HOPMATHHBIX YCTOBHAX. OMpeleTHTh SKBHBATEHTHYIO MaccCy
MeTarTa.
Pemenne: MOMe =(miMe/V0)11200=(0.2/67.6)11200=33, 1 r/Mots.

KOHTPOIBHEIE BOMPOCH! H 341

1.1. a) Fmeerest 100 a1 0.5 M pacteopa Na2SO4. CKOBKO 3KBHBATSHTOB COMH COTSPAHTCA B JAHHOM PACTBOPE?
) CKOMBKO SKBHBATEHTOB IIEIOH BCTYTIHT B PRAKIHIO ¢ 20 T FeS04?

8) B KaKoM KommriecTBe NaOH COISp/KHTCA CTOTBKO e SKBHBATSHTOB, CKOTBKO B 40 T KOH?
) TIpH BOCCTAHOBIEHHH BOJOPOIOM 2,68 T OKCHIA MeTaLTa 10 THCTOTO MeTala 06pa30Batock 0,648 r H20. BEIMHCTHTE SKBHBATSHT MeTALTA.
1.2. a) Mmeeres 500 M1 0.1 M pacteopa A12(SO4)3. CKOTEKO JKBHBATEHTOB COTTH COISP/KHICA B JAHHOM PACTBOPE?
6) CKoTBKO SKBHBaTeHTOB H2SO4 BCTYMHT B peakimio ¢ 20 T Ca(OH)2?

8) B KakoM KommriectBe KOH COSPAAHTCA CTOMBKO e IKBHBATGHTOR, CKOBKO B 60 T NaOH?
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Tewa 2. SIEKTPOHHBIE ®OPMYJIbI 3IEMEHTOB. KBAHTOBBIE STUEIKII. BATTEHTHBIE 3JIEKTPOHBL KBAHTOBBIE UNCTIA

BIeKTPOHHBIE (OPMYTEL aTOMOB. CTPOSHHE 3TEKTPOHHOI 0GOTOUKH aTOMOB OMpeTlefAeT XHMHUECKHE CBOHCTBA TeMeHTa, TOSTOMY 3HAHHE 5TOTO CTPOGHHA UpE3BEAMHO
BaKHO [T XapAKTePHCTHKH JAHHOTO 37TeMeHTa. OOllee THCI0 3TeKTPOHOB B aTOMe, KOTOpPBIE COCTABIAIOT 3TeKIPOHHYI0 000I0UKY. PABHO IOPAIKOBOMY HOMepY 3iIeMeHTa B ||
TIepHOTHTeCKOH cHCTeMe [ 1. MeHieTeeBa.
CTpoeHHe >7TeKTpOHHOH OGOTOUKH aTOMa H30GPAKASTCH TEKTPOHHOH (OPMYTOH, KOTOPaf MOKASSIBAST PACTIONOEHHE TEKTPOHOB MO SHEIETHYCKHM YDOBHAM H
IO TyPOBHSM (YDOBHH 0GO3HAMAIOTCS MHGPAMH 1, 2, 3, 4, ..., TI0yPOBHH — GyKBam: 5. . d, f). UHCTO YeKTPOHOB Ha MOTYpOBHE 0G03HATAETCA MHGPOH, KOTOpas 3aMHCHIBACTCS
BBepXy CTIpaBa OT GyKBbL, OKA3BIBAIONIEH TI0TYPOBEHE (HATIPHMED P3).
TIpocTeHmInit aTOM — aTOM BoZ0poIa. OH COTEP/KHT OIHH 3TeKTPOH, KOTOPHIH PACTIONOKEH Ha S-TIOTYPOBHE 1-TO 3HEPTeTHIECKOTO YPOBHSA: 1S2. DeKTpoHHas opMyIa aToMa
TeIHd (COTep:KHT IBa 37TeKTPOHA) BRIIIATHT Tak: 1S1. Ha mepBoM 3HepreTHYeCKOM YPOBHE HAXOIHTCA TOIBKO OJHA S-OPGHTATh (THCIO 3TeKTPOHOB Ha OPGHTATH He Gorlee
JIBYX). ITO3TOMY SHEPIeTHISCKHI YPOBEHb B aTOME TeTHS ABIASTCS 3aBEPIICHHBIM.
'V 57eMeHTOB BTOpOro MepHO A Y1eKTPOH! 3ATIOTHAIOT 2-if SHepreTHIeCKHii YPOBEHS, Ha KOTOPOM HAXOTHTCA He G0Tee BOChMH 5TeKTPOHOB. BHAMATE 3TeKTPOHEI 3aTOTHAIOT S-,
TI0TOM P-TIOTyPOBEHE, HATIPHMED:

sLi1s?s. 4Be 15726 sBIs'2s?2p!. 10Ne 15225229° (3apeprmenmmIit BTopOit ypoBeHS).
TIOPAIOK 3ATIOTHEHS YIEKTPOHAMH SHEPIETHIECKHX YPOBHEH H IOYPOBHEIT ATOMOB MOKHO TIPEICTABHTS TIPH MOMOLIH CTEAYIOMeH CXeMEL: 15-25-2p-35-3p-4s-3d-4p-5s-4d-5p-
6s-
TpadHrecKHe TeKTPOHHEIE (OPMYTH TOKASHIBAIOT PACTIpeTlefleHHe SIEKTPOHOB [0 SHEPreTHIECKHM YPOBHAM, MOYPOBHAM H OpGHTATAM. TIDH 5TOM HCMOTE3YIOTCH
CIIeTyToNTHE 0G03HAYCHHS:

i 1

OPOHTATS TKTPOH  [apa JIEKTPOHOB

B KaiecTBe NPHNMEpA JAITHIISM IPAGHUIECKYH0 STEKTPORKYIO (JOPMYIY aToMa a30Ta:
7N 1s22s22p3.

3azata 1. HATIHIIHTe 5TeKTPOHHYI0 GOPMYTY aTOMa CepEL.

Pemtenne. 1. B MepHOTIMecKol cHCTeMe TeMerTor LTI MeHIeneeBa cepa HMeeT TODAIKOBBIE HOMep 16. CTEIOBATETBHO, STEKTPOHHAT OGOTOTKA ATOMA COTEPAHT 16
3MeKTPOHOE.

2. Pacnpezersen 16 3TeKTPOHOE aTOMa CEPBI IO SHEPTETHIECKHM YPOBHAM H MOTYPOBHAM, CTEAY OPAIKY HX 3ANIOTHEHHS H YIHTHBAS MAKCHMATEHOE THCTO STeKTPOHOB.

oTypOBHAX (Ha 5-2. Ha p-6):
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152 2522p 3523p4 (2+2+6+2+4=16).

3azmata 2. F306pasHTe paclpeIeNieHHe 3IeKTPOHOB [0 SHEPTETHIECKHM YPOBHAM, TIOIyPOBHAM H OPGHTATAM B aTOMe X7I0pa.
Pemrenne. 1. DTeMeHT X7T0p (TOPAIKOBBIH HOMeP 17) HMEST CIeyIoMIee PacTpeeTeHHe 3TeKTPOHOB M0 SHEPTETHISCKHM YPOBHAM H ITOIYPOBHAM:
17C1 152 2522p 3523p5 (2+2+6+2+5=17).
2. T1OGH! ORASATS PACTpeeTeHTte HTEKTPOROB 10 OPOHTATAN, COCTARTARN FPABIFIECKSIO JTENTPOMEYI0 QOPMYTY:
s P
S[TITITT
2T
il

KOHTPOIBHEIE BOMPOCH! H 341

2.1. a) HaIHIIHTe 37TeKTPOHHYI0 (OpMyTy aToMa THTaHa Ti.
6) Pacnpe/Ie;THTe 10 KBAHTOBBIM eHKAM TeKTPOHBI IBYX MOCTETHHX YPOBHe! aTOMa THTAHA, COG/Tr0as MPHHIHT [TayH i mpasrio yHia.

B) 3Has. ITO THTAH B COSTHHEHHAX MOKET MPOABTIATE BEICIIYIO BATSHTHOCTB, PABHYIO IV, ONpPe/IeTHTe, Ha KAKHX TOTYPOBHAX HAXOIATCA BATSHTHBIE STEKTPOHBI aTOMA THTAHA
H Ka/KHTE 5TH 5TeKTPOHE!. HAIHIIHTe 3HAYSHAS TeTHIPeX KBAHTOBBIX THCET /IS BCEX BATEHTHBIX 3TEKTPOHOB aTOMA THTAHA.
2.2. a) HaIHIIHTe 3TeKTPOHHYIO (GOPMyYTy aToMa BaHamHs V.

6) Pacnipe/ie;THTe 110 KBAHTOBBIM fMeHKAM TeKTPOHBI IBYX MOCTETHHX YPOBHe ! aTOMa BaHATHA. COG/TI0as MPHHIHT [Tay:TH H mpasHTo I'yHITa.
B) 3Hai, UTO BAHANHH B COSTHHEHHAX MOKET NMPOABIATH BBICHIYEO BATCHTHOCTh. PABHYIO V. ONpEIeNTHTE. HA KAKHX IOIYPOBHAX HAXOIATCH BATCHTHBIE 3TEKTPOHBI aTOMa
'BaHATHA H YK&KHTE 3TH TeKTPOHEL. HaIHIIHTe 3HAeHHS TeThpeX KBAHTOBBIX THCET T4 BCeX BATeHTHBIX S1eKTPOHOB aTOMA BAHATHA.
2.3. a) HaIHIIHTe 3TeKTPOHHYIO GOPMyYTy aToMa XpoMa CT.

6) Pacnpe/ie;THTe 10 KBAHTOBBIM eHKAM eKTPOHBI IBYX MOCTETHHX YPOBHe aToMa XpoMa, co6/To1as MPHHITHT [Tay T H mpaBHTo I'yHIa.
B) 3Had, YTO XPOM B COSTHHEHHAX MOKET MPOABIIATE BBICIIYIO BATeHTHOCTB, PABHYIO VI. OMpEIeTHTe, Ha KAKHX TIOJYPOBHAX HAXOIATCA BATSHTHBIE 3TEKTPOHBI aTOMA XPOMa H
YKAJKHTe 5TH 3TeKTPOHBL. HAIHIIHTe 3HAYEHHS TeTHPeX KBAHTOBBIX THCEN /LT BCEX BATCHTHBIX YTeKTPOHOB aTOMA XPOMA.
2.4. a) HaIHIIHTe 3TeKTPOHHYIO (DOPMyTy aToMa Mapraia M.

6) Pacnpe/ie;THTe 10 KBAHTOBBIM eHKAM TEKTPOHBI IBYX MOCTETHHX YPOBHei! aToMa MapraHIia, cOG6Toas PHHITHM [Tay.TH H mpasrTo ['yHIa.
B) 3Had, 9TO MapraHell B COeTHHEHHAX MO:KeT NPOABIATH BEICIIYI) BaTeHTHOCTh. PaBHYK VII, ompelelHTe, Ha KAaKHX IOJIYPOBHAX HAXOIATCA BaTeHTHBIE TeKTPOHEI aToMa
MapTaHIa H YKAKHTE STH 31eKTPOHI, HAITHIIHTe 3HAeHHs TeTHPeX KBAHTOBBIX THCET T BCEX BATCHTHBIX STeKTPOHOB aTOMA MApTaHIIA.
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