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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Nel( 2 gaca).

Tema: « IIpeamer u 3agaun xumun. OCHOBHBIE TIOHATHS XUMUID)
1.1.1 Bonpochl JieKum:

1.IlpencraBnenue o auddepeHInau ¥ HHTETPAIUU €CTCCTBEHHBIX HAYK.

2. Xumust — ofiHa U3 (PYHIaMEHTAIbHBIX HAYK O MIPHUPOJIC.

3. [Ipeamer u 3aauu XUMHUHU.

4. X¥IMHYECKOE U CEIhCKOXO035HCTBEHHOE MTPOU3BOJICTBA U MpobiiemMa oXpaHbl OHochepsl.

1.1.2 KpaTkoe cogep:kaHue BONPOCOB

1.Ilpeacrasienue o TuddepeHUIMANNHA U MHTETPALMH €CTECTBEHHbIX HAYK.

Xumus — HayKa 0 BelllecTBax, ux CBOICTBAX U npeBpaCeHUuAX

Xumus - 0051acTh HayKH, KOTOpasi Ha3bIBaeTcsa ecTecTBo3HaHHeM. Camoe IITaBHOE, YTO BXOJUT B
Kpyr HHTEPECOB XMMHHU - 3TO W3YyYCHHUE MPEBPAIICHUS OJHUX BeliecTB B japyrue. st Toro 4uto0sn
OCYIIECTBUTH MPEBPAIIICHNE BEIIECTBA HY)KHO 3HATh COCTaB, CBOMCTBA, 0COOCHHOCTH CTPOEHUS BEIIECTB.
[IpeBpareHre BEemEecTB W COMPOBOXKAAIONINE UX SIBICHUS — CYIIHOCTh XMMHUYECKOW (POPMBI JBMKECHUS
MaTepUH, KOTOpask ONPENSISICTCS B3aUMO/ICHCTBUEM JICKTPOHHBIX 000JI0UYEK aTOMOB M MOJICKYII.

Xumus - 3KCiepuMeHTanbHas Hayka. OHa BKIIFOYaeT B ceOs Hay4yHbIC (DaKThl, TUIIOTE3bI U TSOPUH,
OOBSCHSIIONTNE ONPEACIICHHBIN KPYT SABJICHUMN. B Xoze mccienoBanuii CHHTE3UPYIOTCS HOBEIE BEIIECTBA,
U3y4YaloTCsSd MEXaHM3Mbl XHMUYECKUX IIPEBPAICHUN, TPOW3BOIUTCS WIACHTU(UKAIUS BEIIECTB U
YCTaHOBJICHUE WX KOHIIEHTpaIuii. Pacro3HaBas moiydeHHbIE BEIECTBA, BBICHIETCS TO, KAKUM 00pa3oM
WX COCTaB W CTPOCHHE CBS3aHBI CO CBOWCTBAMH M PEAKIIMOHHON CIIOCOOHOCTHIO BemecTBa. CocraB
BEIIECTB U UX MPEBPAILCHHS, OMUCHIBAIOTCS (POPMYJIaMH M YpaBHEHUsIMU peakiuii. UMeHHo, B popmyie
BEIIECTBA 3aKIF0UeHa WHGOPMAIHS O COCTaBe, CTPYKTYPE, PEaKIIMOHHON CIIOCOOHOCTH STOTO BEIIECTBA.
HayuuThcs u3Bnekars 3Ty uHGOpMAIIIIO — BaKHAS 3ajada Kypca o0IIel M1 HeOpraHnIeCKOW XUMHUU.

CoBpeMeHHasi XUMHS TPENCTaBIIeT COOON CHCTEMY OTAENBHBIX HAYYHBIX IUCIHIUINH: OOIIEH,
HCOPraHWYECCKOW, aHAIMTHYECKOH, OpraHUYecKOl, (U3MUYECKOW, KOJUIOWIHOW XUMHH, OUOXVMHH,
TEOXHUMUH U AP.

Crnenmyer OTMETHTH, YTO XOTh XHMHS, U BBIIBUHYTa B OTAENBHYIO OOJIACTH €CTECTBO3HAHUS, OHA
TECHO B3aUMOJICHCTBYET C JPYTUMHU €ro OOJACTIMH, OCOOCHHO ¢ (pU3UKOHN M OHonorueid. XuMUIeCKue
PEaKIuu UTPAIOT BOKHYIO PONIb B (PU3UYECKUX, OMONOTUYCCKUX, TCOJOTHUCCKUX U JPYTHUX MPOIECCax.
Bce B mpupone B3aMMOCBSI3aHO, W HM3y4yaTh NPUPOAY HAJO0 BO BCEM MHOTOOOpa3swy HaOIr0gaeMbIX
apreHni. CBS3p MEXAY pa3NUYHBIMH E€CTECTBEHHBIMH HayKaMH OYEeHb TECHas W Ha CTBIKE HAyK
BO3HUKAIOT HOBBIC HAYKH, HANpPUMEpP SJACPHAS XUMUs, OUOXUMHUS, (U3MUecKas XUMHS, TCOXHMHUS,
KocMoxumusl. [IpakTndyeckn HET 0OJACTH €CTECTBO3HAHMSA, TI€ HE HMCIIOJB3YIOTCS XUMHUYECKHE 3HAHUS.
TloaToMy, HEJAPOM XUMUIO YACTO HA3bIBAIOT BE3/IECYIIIEH.



IIpenmer n3yvyenust

OO01mas XuMus

OCHOBBLI XMMUH, SABISIONMECS OOIMMH IS BCEX €€ COCTaBHBLIX 4YacTel; croaa
OTHOCATCS: CTPOCHHE BEIIECTB, XMMHYECKas CBI3b, OOIIME CBOICTBAa BEIICCTB,
XIMHWYECKIE PEaKIINU BEIIECTB.

HeOpFaHﬂ‘ICCKaﬂ XUMHUSA

ONeMeHThl W WX coeluHeHus ( 3a HCKIIOYCHHEM OOJIBIIMHCTBA COSAMHCHUN
yriaepoa, W3y4aeMBIX OpPTaHWYeCKOH XWMHeH) cO CBOMMH CBOWCTBAMH U
XUMHYECKIMH PEaKIUIMHU

Opralmqecncaﬂ XUMUsA

Coenunenns yraepona (3a HCKIIIOYEHHEM OKCHJIOB yTIIEPO/a, YrOIbHON KHCIOTHI U
KapOOHATOB, KapOMIOB M HEKOTOPBIX IPYTHMX COCIMHEHHMH YIiepoaa) cO CBOUMH
CBOMCTBAMH U XUMUUECKUMH PEAKIHUSIMU

Pduznyeckass XuMHIs

dusnyeckue SBICHUS U 3aKOHOMEPHOCTHU IIPU MPOTCKAHUU XUMHUYCCKUX peaKLIPIfI,
BIIMAHUC (I)I/I3I/I‘-ICCKI/IX BO3Z[eﬁCTBHﬁ Ha XUMHUYCCKHUC pCaKIIun
Xumuueckas TCPMOJMHAMMKA, XUMHUYCCKAasd KUHCTHUKA, DJICKTPOXUMUA U JIP.

XumMnuecKkasi TeXHOJIOTHS, €€
TMPOLECCHI U ANNAPATHI

HpI/IMCHeHI/Ie XUMHUYCCKUX 3HAHUH U TEXHUKU pa6OTI>I B TCXHHUYCCKH IIOJIC3HBIX
npoueccax u HeO6XOI[I/IMOC JUJIL OTOT'O allapaTypHoe O(I)OPMJ'ICHI/IC

AHaJIHTHYECKAS] XUMHSI

KauecTBennoe 06Hapy>KeHHe 1 KOJIMYECTBCHHOC OMNPCACICHUC COCTABHBLIX yacTen
BEIIECTBA WJIM CMECEi BCUICCTB, a TAKIKC BLISABJICHUC CTPYKTYPbI BECIICCTB

IIpenapaTuBHas Xumus

IIpon3BoACTBO BElIECTB

buoxumus

XuMHuuecKkue PCAKIMHU B )XMBLIX OpraHnu3Max

T'eoxumus

XuMHUeCKHI COCTaB, XUMHWYCCKUC PCAKIINU U USMCHCHUC 3eMHOI KOPbI

XuMust oKpyxkaromeii cpeabl

Biusaune xumudeckux BCIICCTB Ha OKPYXKAIOUIYIO CPEAy, aHaJIU3 3TOI'0 BJIUAHUA U
MCTO/IbI €T0 YCTPAHCHU .




2. Xumus — ogHa u3 pyHIaMeHTAJBHBIX HAYK O NPUpoO/e.
HNmenno HCOpPTaHUYCCKaA XUMUA ABIIICTCA TCOPCTUYCCKUM (I)YHI[aMeHTOM JJId U3y4YCHUS APYyrux
JAUCHUININH HCOPTraHNMYCCKOTO U OPraHnvYCCKOIro MUKIIA.

O MwHepanbHble yaobperus
O OyHrMuMAb! U MHCEKTULMAbI
O  [ectumas

0 dapmaueBTMYeckue npenapatbl
(nekapcTBa)
O MepauumrHckas TexHuKa

O Muwesble sobasku
KoHcepBaHThI

CuHTETUYeCKMe BOMOKHA
KocmeTudeckue cpeacTaa
Kpacutenu

Bymara

Crekno
Liement
Naku u kpacku

oo | 0000

Macna, cmasku
Tonnueo
[Jobasku k TonnuBy

O Ocobo uncTble BellecTaa
O Cucrema oxnaxaeHus
[ @ NUACTPYROVIUAABIE MATEPWarter |
O BopgonogroToska
U [posoga
O Mukpocxembl, Ynnbl
O AkycTuyeckue cuCTeMbI
O  KomnbtoTepbl




3. IIpeamer u 3a1a4u XUMMH.

IIpeamer n3yyeHust

Oo0mas xumus

OCHOBBI XMMHH, SBISIONIHECS OOIIMMM JUIS BCEX €€ COCTaBHBIX 4YacTel; croaa
OTHOCSITCSI: CTPOCHHE BEIECTB, XUMHUYECKas CBs3b, OOIIHME CBOWCTBA BEIIECTB,
XUMHUYECKHE PEaKlUU BEIIECTB.

Heopraﬂﬂqecmm XUMHUSA

ONeMeHThl W WX coeluHeHus ( 3a HCKIIOYCHHEM OOJIBIIMHCTBA COSAMHECHUN
yriaepoaa, HW3y4acMbIX OPraHMYEeCKOH XWUMHEH) CO CBOMMH CBOWCTBAMH U
XUMHYCCKIUMH PEaKIUIMU

Oprannyeckas XuMHus

COGL[I/IHGHI/ISI yriepoaa ( 3a UCKIIIOYCHUEM OKCHUOB yrjiepoaa, yI‘OHLHOﬁ KHCJIOTBI 1
Kap60HaTOB, Kap6I/I,HOB U HEKOTOPLIX APYrux COGL[I/IHGHI/Iﬁ yrnepo,ua) CO CBOUMH
CBOMCTBAMHU U XUMUYSCKUMHM peakuusiMu

Pduznyeckass XUMHS

®dusnyeckue SABICHUS U 3aKOHOMEPHOCTHU IIPU MPOTCKAHUNU XUMHUYCCKUX peaKuMi/i,
BJIUMAHHC (1)I/I3I/I‘ICCKI/IX BO3HCﬁCTBHﬁ Ha XUMHUYCCKUC pCAKIINU
Xumuueckas TCPMOJMHAMUKA, XUMHUYCCKAasd KUHCTHUKA, DJICKTPOXHUMUA U JIP.

XuMnuecKkasi TeXHOJIOTHS, €€
MpPoIeCcChl U ANNaPaThI

HpI/IMeHeHI/Ie XMMHUYCCKUX 3HAHUH U TEXHUKU pa60TLI B TCXHHUYCCKH IIOJIC3HBIX
Tpoueccax u HCO6XO,HI/IMOC JUIL OTOT'O allapaTtypHoe Oq)OpMJ'ICHI/Ie

AHaJIHTHYECKAS XUMHS

KauectBeHnnoe 06Hapy>KeHHe 1 KOJIMYECTBCHHOC OMNPCACICHUC COCTAaBHBIX yacreit
BEIIECTBA WIJIM CMecei BCHICCTB, 4 TAKKEC BBIABJICHUC CTPYKTYPHI BEIICCTB

IIpenapaTuBHasi XUMHS

TIpon3BoaCTBO BemeCTB

buoxumus

XuMHuueckue PCAKIMHU B )XMBLIX OpraHnu3Max

T'eoxumus

XuMudeckuit COCTaB, XUMHWYCCKUC PCAKIINU U USMCHCHHUC 3eMHOI KOPbI

XuMHuUsl OKpYyxKaouiei cpeasl

Biusaune xumudeckux BCIHICCTB Ha OKPYKAIOMIYIO CpCAy, aHAJIN3 3TOTO BIWUAHUA U

MCTOJBI €ro YCTPpAaHCHUS.

4. XuMun4eckoe u cejibCKOX0351liCTBeHHOe MPOU3BOICTBA U MPo0JeMa oxpaHbl Ouocdepsl.

Heo0xonmumMo OTMETHTB, YTO COBpPEMEHHas XMMHS - 3TO TIIyOOKHE TEOPETUUYECKUE HCCIICAOBAHUS
MIPOIIECCOB M SIBJICHHWH, KOTOPBIE CIIy’)KaT OCHOBOW JUISI CO3/IaHUS IEPEIOBBIX TEXHOJOTUHA W HOBBIX
MaTepHajoB, pa3BUTHS HOBBIX HAINPaBICHUI XMMUYECKOH HAYKH.

XUMHUYECKUE pEeaKIUH IIHPOKO HCHONB3YIOTCS BO MHOTHMX TPOM3BOJCTBEHHBIX MPOLECCaXx.
XHUMHYECKHe TPOILECChl MPOTEKAlOT NpHU paboTe YCTAaHOBOK, MamWH U mpubopos. llomydenue
JNIEKTPOPHEPTUH, TOIUIMBA, METAJJIOB, pPAa3IMYHBIX MAaTepHalOB, MPOAYKTOB TMHUTAaHUS H T.IL
HETIOCPEACTBEHHO CBS3aHO ¢ XMMUYECKUMH peakiusaMu. Hanpumep, B HacTosIIee BpeMs dIIEKTPUIECKYIO
Y MEXaHWYECKYI0 SHEPTHH MOIYJal0T B OCHOBHOM IpeoOpa3oBaHNEM XUMHUYECKON SHEPTHH MPUPOTHOTO
ToruBa. B mporecce 3Toro mpeoOpa3oBaHUs MPOUCXOAST CIOKHBIE XUMHUYECKHE PEAKIMH: TOPEHWS,
B3aUMOJICHCTBUSI BOJABI U €¢ IpUMeceil ¢ MeTaiiaMu U T.11. be3 moHnMaHus 3THX MPOLECCOB HEBO3MOKHO
oOecrieunTh Y3PPEKTUBHYIO PabOTy IMEKTPOCTAHINH 1 ABUTaTeIe BHYTPEHHEro cropanus. Benuka ponb
XUMHYECKHX MPOIIECCOB U B aTOMHOW YHEPTreTHKE, 3HAUeHNE KOTOPOI HETIPEPHIBHO BO3PACTAET.

[Ipon3BOACTBO  CHMHTETHUECKUX IOJMMEPOB M  BOJOKOH, BBICOKONPOUYHBIX  CTajied H
AHTUKOPPO3MOHHBIX MaTEpUaNOB, XUMHUUECKUX yIOOPEHUH M CPEACTB 3allMTHl pacTEeHHi, mepepadoTKa
He()TH W ra3a, Co3JJaHHe BBICOKOA((EKTHUBHBIX JICKAPCTBEHHBIX MPENapaToB, CPEICTB 3alUThI H OXPaHbI
OKpY’KaroIe cpepl - 7TO0 KOHKPETHOE MPOSBIECHHUE MPAKTHYECKOTO MPUMEHEHNSI XUMUIECKON HAYKH.

[Ipon3BoACTBO TOBAapOB HApPOAHOTO TOTpeOJeHUs -  JApyroe BakHOe Hampasienue. llepen
XUMHAYECKON HayKoW M MPOMBIIUICHHOCTBIO IIOCTaBJIeHA 3aJada CO3JaHUS HOBBIX CHHTETHYECKUX
MOIOIIHUX CPEACTB ¢ OMOAOOaBKaMH, YHCTSAIINX, KIEAINX, MONUPYIONINX, MaJOTOKCHYHBIX MPETapaToB
Ut OOpBOBI ¢ HACEKOMBIMH, AC3MH(UIHMPYIOUINX BEIECTB, KpacuTeNel, KOMIO3UIMNA MaTepHaoB JUis
W3rOTOBJICHUSI OOYBHM, TKaHEH, 0ONagarolX XOpPOUIMMU THIMEHHYECKUMH CBOWCTBaMHU. TONBKO
MOJIBEprasi HCXOAHOE TPUPOIHOE CHIphe XUMHUYECKOH mepepadoTke, yaaeTcs MOIYyIUTh HeOOXOIUMbIE
JUTSL CEJIbCKOTO XO35HCTBA YAOOPEHNs, METAIIIBI JIJIsl IPOMBIIIUIEHHOCTH, TOPIOYe-CMa304YHbIE MaTepHaIbl
JUTS TPAHCTIIOPTA, ONKUMEPHI H MJIACTMACCHI, JIAKH KPACKH, JIEKAPCTBEHHBIE BELIECTBA, MOIOIINE CPEACTBA
U | .

Het Hu ojiHOM OTpaciu MPOMBIIIEHHOTO TPOU3BOJICTBA, HE CBSA3aHHOW B TOW WJIM MHOW CTENIEHHU C
NpUMEHEHUEM XUMUH.




1. 2 JIeknus Ne2( 2 yaca).

Tema: « Ctpoenue atoma. [lepuoandeckas cucteMa XuMudeckux anementos .M. Menneneesa»
1.1.1 Bonpochl JieKnum:

OO0mme cBeeHUS O CTPOSHUH aToMa.
Cy06aTOMHBIC YaCTHIIBI: 3JIEKTPOHBI, IPOTOHEI, HEHTPOHEI
PanuoaxkTuBHOCTH
Mopenu atoma
KBaHTOBO-MEXaHWYECKOE ONMMCAHNE aTOMa
ATOMHBIE CIIEKTPBI
KBaHTOBBIC YKCIa
[IpuHIUT 3aMOTHEHHS AIEKTPOHHBIX 000JI0YCK
e [Ipunuun [Maynu
e [IpaBuno Kneukosckoro,
e [IIpaBuno XyHuna,
9. DnexTpoHHBIE HOPMYIIBI
10. ®opmynupoBka nepuoandeckoro 3akoHa J[.1. Menaeneena
11. Tlepwoas! u TpyIITEI
12. DnexTpoHHBIE aHAJIOTH
13. ®usndeckuii CMBICI MMEPUOTUIECKOTO 3aKOHA
14. TlepnoguyHOCTH B N3MEHEHUH OCHOBHBIX XapaKTEPHCTHK 3JIEMEHTA: aTOMHOTO U HOHHOTO
paanycoB, MOTEHIMANIA HOHU3AIIUH , CPOJICTBA K IJICKTPOHY
15. DneKkTpooTpHLATENEHOCTh

NN B WD =

1.2.2 KpaTkoe coaep:kaHue BONPOCOB

1.00mme cBegeHHMs 0 CTPOCHHMH aTOMA.

_ ATOM - HaMMeHbIIAsi XMMHYecKasi YACTHIA BelecTBa, SIBJsSETCS TNpeleoM XHMHUYECKOi |
| ICJIMMOCTH; JJIEKTPOHEHTPAIbHA XMMHYECKasi YACTHIA: AP0 BKJIIOYAET ONpee/IeHHOE YHCJIO MPOTOHOB |
i (+) 1 HeiiTpoHOB (0) B 3JIEKTPOHHOIi 000/109Ke aTOMAa - YHCJI0 JIEKTPOHOB = YHCITY IIPOTOHOB B siApe :

JyleKTPOHHasi 000J104Ka AaTOMa — 3Ta COBOKYIHOCTH AJIEMEHATPHBIX YACTHUI- 3JCKTPOHOB,
KKIOMY U3 KOTOPBIX MPUCYII] KOPITYCKYJISIPHO-BOTHOBON XapakTep.
Macca aToma cocpefioToueHa B SJIpe.

nopsaKoBbIN
pHcflmep 3apsag Yucno Yucno
= fa = KTPOHOB = NPOTOHOB
3neMeHTa apa 3NIeKTPOHO POTOHO

2 Cy0aToOMHBIE YaCTHUIIbI: JIEKTPOHBI, IPOTOHBI, HEUTPOHBI

Yacrtuia CUMBOJI Macca IoKOs 3apsin
KT OTHOCHUTEIbHAs Macca Kn
POTOH p 1,673 1077 | 1,007276 1,602 10"
HEUTPOH n 1,675 1077 1,008665 0
3JIEKTPOH e 9,109 10" | 0,000549 1,602 107"

3 PagmnoakTUBHOCTH

| PajHOAKTHBHOCTBIO ObLIO HA3BaHO SIBJIEHHE HCIYCKAHUS HEKOTOPHIMH 3JIeMEHTAMH
| M3JIyYeHHsl, CIOCOOHOrO NPOHHKATHL  Yepe3 BelIeCTBA, HOHU3HPOBATL BO31YX, BBI3BIBATH
| moyepHeHue GororpadguyecKux MIACTHHOK, 00yCJOBJICHHOE PACIIa0M ATOMHBIX sifiep. |

BI/I,I[I:I PAaaANOAKTUBHOCTH



Hasganue [MoBeeHkE B 3IEKTPUUECKOM TT0JIE Iponukaromas
H3ITyYCHHS CIIOCOOHOCTh
a sipa resust CJIETKa OTKJIOHSIOTCS 3aJIePIKUBAIOTCSI
Oymaroii
B JIIEKTPOHBI CHJIBHO OTKJIOHSIFOTCS IMM cBUHIIA
Y JIIEKTPOMArHUTHOE HE OTKJIOHSIFOTCSI, KaK u | mpoxogar uepe3 1 cm
U3JTyYeHHE PEHTI€HOBCKHE JIyYd CBHHIIA

4 Mopnenu atoMa
Moaenb atoma [lanbToa (1805):
Mopenb cAvBoBoro nyAMHIa: Tomcona, 1904 1
finepnaa mogenn atoma Peendiopa, 19111

inanetapnaa mopenb aroma bopa, 1913 1

5. KBaHTOBO-MEeXaHUYECKOE ONMUCAHUE aTOMa

CoBpeMeHHass TEOpHs CTPOEHUS aToMa OCHOBaHA Ha 3aKOHaX, OIMCBHIBAIOIIUX JBUKECHHE
MHUKpPOYACTHL (MUKPOOOBEKTOB). IIOCKONBKY Macchl M pa3Mepbl MUKPOYACTHLl YPE3BBIYAHHO Majbl IO
CPaBHEHMIO C MAacCaMu M Pa3MepaMu MaKpOCKOIHMUYECKUX Tell, CBOMCTBA U 3aKOHOMEPHOCTH JIBMKEHUS
OTJICNIBHOM MHKPOYACTHIIBl KadyeCTBEHHO OTIMYAIOTCA OT CBOMCTB M 3aKOHOMEPHOCTEH JBW)KEHUS
MaKpOCKOITMYECKOTO TeJla, YK€ JaBHO M3YUYEHHBIX Kiaccumueckod ¢usukoi. B 20 - roapt XX B BO3HHK
HOBBIN pa3zen (GU3MKH, ONMCHIBAIONINN JABIKEHHE M B3aUMOJIEHCTBIE MUKPOYACTHII, - KBAHTOBAs (MU
BOJIHOBasl) MexaHuKa. OHa OCHOBBIBAE€TCS HA IPEICTABICHUM O KBAaHTOBAHWU SHEPIUU, BOJHOBOM
XapakTepe [JBW)KEHUS MHKpPOYACTUI[ M  BEPOSTHOCTH  (CTATUCTHYECKOM) METOAE  ONHMCAaHHWU
MHKPOOOBEKTOB).

6. ATOMHBIE CIIEKTPBI

COBOKyl'lHOCTb BCEX IIEPE€X0J0B JJCKTPOHOB B aTOME - 06pa3y10T CIIEKTP. CHeKTp
NpeacTaBjaseT co00i pa3yioieHHe H3JIyIeHHS HA ero KOMIIOHEHTHI.

I[J'IH MOJIYUYCHUS CIICKTPA UCIIOJB3YCTCA CHCI_[I/IaJ'IBHBIf/’I HpI/I60p — CHCKTPOMCETD.

7 KBaHTOBBIC UKCNa
maBHoe KBaHTOBOE YKcno (n)

OpbutanbHoe kBaHTOBOE YMCNO |

MarsutHoe kBanToBog ueno mi
CnuHOBOS KBaHTOBOR YKCNO MS

8. IIpuHIMT 3aMOJIHEHUS AIEKTPOHHBIX 0007I04YeK

v" B aToMe He MOKeT OBITh JBYX JJIEKTPOHOB, Y KOTOPBIX ObLIH ObI OIHHAKOBbIE BCE YeThIpe
KBAHTOBBIX YHCJIA.

B naHHOM MOIypoOBHE 3JIEKTPOHBI CTPEMSITCS 3aHSITh JHEPreTHYeCKHE COCTOSTHUS TaKUM
00pa3oM , YTOOBI CyMMAapHbIii CIIHH GbLT MAKCUMATbHBIM.

lipasino Kneurosckoro

3anosiHeHHe 3JHEPreTHYECKUX YPOBHEHl MNPOMCXOIAUT B MOPSiAKE BO3PACTAHHUSA CYMMBbI
TJIABHOTO U MOOOYHOr0 KBAHTOBBLIX 4Mcea n + 1,

Ecau 011 HecKOJBLKUX opOuTAJIeil cyMMa OUHAKOBA, TO B NMEPBYIO OUepedb 3aNOJJIHSIETCS
Ta opOUTAab, I/Ie N HAUMeHbllIee.




9. DneKTpoHHBIE (HOPMYIIBI

S CeMelCTBO P ceMelicTBO d cemelicTBO f cemeiicTBO
JIOCTpanuBaeTCs
3aIOIHSETCS 3aIOIHSIETCS d-opOurann
JIOCTpanuBaeTCs
S-OpOUTAaIb MOCIEIHETO p-opOHTATE TOCIETHETO MIPEIIOCIIeIHEr0 F o ODOHTAE
SHEPreTHYECKOTO YPOBHS | 3HEPTEeTHYECKOTO YPOBHS DHEepPreTn4ecKoro P
YPOBHS
DJeKTpOHHAs! KOH(YUTYpAIHs BAJICHTHBIX dJICKTPOHOB
ns' | ns’p"° (n-1)d""ns*" | (n-1)d' (n-2) f''* ns*
. 24190 2y 272
sLi 1s"2s 2p ¢C 1s72s"2p
2s 2p 2 2p

«C * 1s72s"2p*
[+Hﬂ

e 129091 2 2p
4Be* 1s°2s 2p N 1s2s2p°

FHLL WD

2s 2p 2s 2p
sB 1s2s%2p’ 4

s0 1s2s2p
MUEN il

2s 2p 2s 2p
sB* 1s2251292 oF 1822822]25 wNe 1s22s22]g6

]
- G0 AT

2s 2p
2s 2p 2s 2p
10 ®opmynupoBka nepuoanueckoro 3akona J[.11. Menaeneena

CpoiicTBa MNpoOCTBIX TeJd, a Takxke (opMbl M CBOICTBAa COeJHHEHUN 3J1eMEHTOB HaXoAsTCi B
NMEePUOAMYEeCKO 3aBUCHMOCTH 0T BeJIMYUHBI ATOMHBIX BECOB 3JICMEHTOB

CpoiicTBa XHMHYECKHX 3J1€MEHTOB, a Taki:ke (GOPMBI U CBOMCTBAa COeJUHEHMII 3JIeMEHTOB HAXOAATCS B
NepruoANYecKoii 3aBUCHMOCTH 0T 3apsja sijep X aTOMOB

11. Tlepuoast u rpynmsl

1 nepuon 1 Manblil Iepuos 2 DJeMeHTa

2 nepuoj 2 MaJIbIi IEpUOA 8 aIIeMeHTOB
3 mepuona 3 MaJIblii IEpUOJ 8 nIIeMeHTOB
4 nepuona 1 GompIION IEpHO 18 smemeHTOB
S mepuog 2 0OJIBILION MEPHOJ 18 semeHToB
6 mepuon 3 0obLION epHoa 32 snemMeHTa
7 nepuon 4 60JBIION IEePHO He 3akoH4eH

@ I'pynna 3/1€eMeHTOB - BEPTUKAIBLHBINA Psjl JJIEMEHTOB, Y KOTOPBIX OJHOTUIIHAS DICKTPOHHAS KOH(pUTypamus |
| aTOMOB U CXOJIHBIC XUMUYECKHE CBOHCTBA ’

@Du3n4ecKUil CMBICJ I'PYIIIbI
®  yKa3bIBACT YUCIIO BAJICHTHBIX AIEKTPOHOB,
"  poka3blBaeT MaKCHMaJIbHOE 3HAUYCHHE TIOJIOKUTEIbHOM CTEIIEHU OKUCIIEHHS DJIEMEHTOB.

- > Tlepuof - 5T0 COBOKYIHOCTD 31eMEHTOB, B ATOMAX KOTOPbIX HIIET JI0CTPOiKa OTHOTO H TOTO e
. JHEPreTH4ecKOro ypoBHSI.

- > HoMep nepuojia moKa3sIBaer, CKOJIbKO IHEPreTHYECKHX YPOBHEil 320/ THSIeTCS Y IeKTPOHAMME

. > 3T0 MaKCHMaJbHOe 3HAYEHHe IIABHOI0 KBAHTOBOr0 YMCJIA B JIEKTPOHHON KOHUrypamum .
’ aTOMOB E




12. DneKTpOoHHBIE aHAJIOTH

I'pynna o0bennHsieT 3JeKTPOHHbIE AHAJIOIH, - 3JE€MEHTHI Y KOTOPBHIX CXOAHA 3JIEKTPOHHAS
KOHuUrypamnus.

13. ®uznyeckuii CMbICT NEPUOANUYECKOrO 3aKOHA
CBoiicTBa XUMHYECKHX AJIIEMEHTOB , KOTOPBIC UBMCHAIOTCA IEPUOANIYCCKU

"  3jeKTpOHHasi KOHGUTypauus (pacrpeiesieHIe JIEKTPOHOB IO OPOUTAIISIM)
" koH(pUTrYypaIUs BAJICHTHBIX JJICKTPOHOB
" . aTOMHBII paaunyc

14. Ileprnoan4HOCTh B U3MEHEHUH OCHOBHBIX XapaKTEPUCTHK 3JIEMEHTA: ATOMHOT'O

U MOHHOT'O paanycCoOB, IIOTCHIMAJIA MOHU3AIINH , CPOACTBA K SJICKTPOHY
Ilepnoanyeckoe H3MeHEHHE CBOHCTB 3JIEMEHTOB

=  CpoiicTBa NPOCTHIX BEIIECTB U3MEHIIOTCA OT METAIMYECKUX K HEMETANINUECKUM

*  DJeMeHTHI, 32 UCKIIIOYEHUEM TejlHs, HEOHa, aproHa, 00pa3yloT BOAOPOIHBIE U KUCIOPOIHbIC
COeAMHEHH, PU3NYECKIE CBOMCTBA KOTOPBIX H3MEHSIOTCS OT TBEPABIX K ra3000pa3HbIM.

"  BOJOPOJHBIC COEIUHEHUS U3MEHIIOTCA OT TBEPABIX K JIETYUUM;

= CBONMCTBAa OKCHAOB M THIPOKCHIOB H3MEHSAIOTCA OT OCHOBHBIM K KHCJIOTHBIM 4epe3
amMQoTepHbIE KaK BHYTPH NEPUOJA, TaK U TPYIIIIEL.

* B nepuoze OCHOBHOM XapakTep cjeBa HAlpaBO OKCHIOB U THAPOKCUAOB Ociabisercs,
cMeHssIch aMpoTepHbIMU. K KOHITy TepHoaa yCHIMBAIOTCS KUCIOTHBIE CBOWCTBA.

»  Kaxnplii mepuoj] HaYMHACTCS 3JIEMEHTOM , OKCHJA M THAPOKCHA KOTOPOro 00JafaioT SPKO
BBIP@)KEHHBIMM OCHOBHBIMH CBOWCTBAMM, W 3aKaHUYMBAETCSl JJIEMEHTOM, OKCHIBl MU
TUIPOKCHIIBI KOTOPOIO IPH MaKCHUMAaJIbHOM CTENEHH OKHCIEHUS LEHTPAJIBHOIO aTroMa -
CWJIbHBIE KHCIIOTHI.

» B xaxngoit rmaBHoi moarpymme ( kpome VIII) cBepXy BHU3 yCHIMBAETCs OCHOBHOH XapakTep
OKCHJIOB ¥ T'MJIPOKCHJIOB, KUCIIOTHBIE JK€ CBOICTBA 0CJIa0eBaOT

15 DnexTpooTpuLaTENBHOCTD

OJEeKTPOOTPULATENIBHOCTh XapaKTEPU3yeT CIIOCOOHOCTh aToMa B MOJIEKYJIE IIPUTATUBATE K cebe
aneKkTpoHbl. BriepBrie monsTue snextpootpunarensHoct Bee JI [oauar (1932). OH cocTaBui mUpoKo
M3BECTHYIO LKAy OTHOCHUTENIBHBIX AJIEKTPOOTPUIATEIHHOCTEM.

IHonycymmMa  3HepruM  HMOHM3allMM M CPOACTBA K  JJIEKTPOHY  HAa3bIBaeTcs
3JIEKTPOOTPHIATEIbHOCTHIO (Mainken).
_J+F

2

20

1. 3 Jleknus Ne3( 2 gaca).

Tema: XumMmuueckas CBI3b.
1.3.1 Bonpochl JieKnum:

1. Teopust XUMUYECKOTO CTPOCHHUS. THUIBI XUMUYECKO CBSI3U.

2. KoBanenTHast cBs3b. MexaHU3MbI 00pa3oBanus (0OMEHHBIN U JOHOPHO-AKIIETITOPHBIN).
3. CBoiicTBa KOBAJICHTHOM CBSI3H:

- JUINHAa,

- DHEpTHs;

- HACBHIIIaeMOCTh;

- HaIIPaBJICHHOCTb.

4. I'mOpuan3anys aTOMHBIX opOuTaneid. opma MOJIECKYIIbI.



5. Buapl KOBaJNeHTHOH CBS3M : TIONApHAS W HEMOJApHAs. OJIEKTPOOTPHIATEIHLHOCTb.
[Monsprzanus. MOIIPHOCTH MOJICKYIL.

6. MoHHas cBs3b.

7. Merannuueckasi CBs3b ....

1.3.2 KpaTkoe coaep:kaHue BONPOCOB
1 Teopust XUuMHUYECKOTO CTPOCHHUS. THUIBI XUMUYECKOM CBSI3H.

XumMugecKkasi CBA3b - CHJIAa, YAEPKUBAIOIIAsi BMECTE BA WM HECKOJHKO aTOMOB, HOHOB, MOJIEKY.I
| WM 1100y10 KOMOMHAIMIO M3 HUX

ITo cBoeit NIpUpoAC OHa IPEACTABIACT coboii SJIEKTPOCTATUYCCKYIO CHUIIYy IIPUTHIKCHUA MEKAY OTPULATEIBHO 3apsyKCHHBIMHU
SJIEKTPOHAMHU U ITOJIOKUTEIIbHO 3apsHKCHHBIMU SApaMHU. BennunHa 5TO# CHIIBI TIPUTSHKEHUA 3aBUCUT OT 3J'IeKTpOHH0]71 KOH(i)HpraHI/H/I BHEIIIHEH
000JIOYKH aTOMOB. HaHpI/IMCp, 6J'IaFOp0,Z[HLIe Tasel C TPyAOM 06p33yIOT XUMHYECCKHUE CBA3U, MOTOMY YTO OHHM MMCIOT yCTOfI‘IPIByIO BHCIITHIOIO

3JIEKTPOHHYIO 000JIOUKY. .
Buabl XMMHUECKOU CBA3N

KoBaneHTHas NoHHasn MeTannunyeckas

2 KoBaneHTHas cBsi3b. MexaHu3mMbl 00pa3oBaHusi (0OMEHHBIN U TOHOPHO-

aKIIENTOPHBIN).

KoBajieHTHasl CBSI3b - 3TO CBA3b MEKAY ABYMS ATOMAMH HEMETAIJIOB
XapakTepuCTHKA KOBAJECHTHOH CBSI3H

CBSI3BIBAIOTCS B snekrpoHHOM Ob6pasyrorest | Kpucrammmaeckas XapakTep BeIIecTBa: [Tpumepsr.
aTOMBI 000J109Ke MOJIEKYJIBI permreTka: Jleryunii nim H,, CHy,
HEMETAJLIOB HPOUCXOIUT: MOJIEKYJIIpHas , HEJIeTY4ni Almaz,
(pexe o0Opa3oBaHHe aToOMHast (MaKpOMOIIEKYJISIPHBII) Si,
METaJlJIOB) o0mmx AnMa30mog00HbBIH
3JIEKTPOHHBIX T1ap,
3aI0JIHEHHE
MOJIEKYJISIPHBIX
opowuraien

Xumuyeckasi CBSi3b Ha3bIBAETCSl KOBAJEHTHOW (MJIM AaTOMHOH), ecJdM OHa o0pa3oBaHa IyTeM
0000111eCTBJIEHHS MAPHI 31eKTPOHOB 000MMHU aTOMaMH

KoBaneHTHasi cBSI3b MO:KeT ObITH 00pa30BaHa Mo:

"\

o6MeHHOoMy AOHOPHO-AKLIENTOPHOMY
MeXaHU3My MeXaHU3My
(3a cueT nepekpbiBaHNS ( 3a cHeT OBYX3MEKTPOHHOIO
OLHO3MEKTPOHHbIX 06M1aKkoB C obnaka ogHoro atoma u csoboaHom
NPOTMBONONOXHLIMW CIMHAMM) opbuTanu gpyroro)

3 CBOMCTBa KOBAJIEHTHOU CBS3U:

JlnmHA CBA3M - 3TO PACCTOSIHUE MEXAY SApaMy aTOMOB B MOJICKYJIE, ONPEACIIIEMOe SKCIIEPHMEHTAIBHO.
XuMu9ecKas CBsI3b TEM MTPOYHEES, YeM MEHBIIE €€ JUTHHA.

OHeprusi CBSI3W OIPEIENSACTCS KOJUYECTBOM DHEPIHH, KOTOPOE HEOOXOIMMO JUIsl pa3phiBa CBS3H.
Wsmepsiercst B k/[x. C yBenmu4eHWeM KpPAaTHOCTH CBSI3M DHEPrUsl CBSA3M YBEIMYUBACTCS, a JUIMHA

YMCHBIIACTCA.
HacumaeMocrb - 9TO CIIOCOOHOCTH aTOMOB O6pa3OBBIBaTI> OrpaHUYCHHOC YHUCJIO KOBAJICHTHBIX CBSI3CH.

OmnpenensieT cocTaB U CTPYKTYpy aToMa.




- HanpaBJieHHOCTh KOBQJICHTHOI CBSI3M 00YyC/IABIMBACT IPOCTPAHCTBEHHYIO CTPYKTYPY MOJEKYIL, T. € HX |
. reomeTpuio (hopmy). |

4 T'ubpuaun3zanust aTOMHBIX opouTtaneii. DopMa MOJIEKYIIbI

[onsatne o rubpuanzanun aroMueix opoutaneit (JI1.-K. IMomunr, 1931) no3BosseT npeackasaTh
reoMETPUUECKYIO (OpPMY YacTHUI]

OueHp YacTO SJEKTPOHBI, YYacTBYIOIIME B OOpa30BaHWM KOBAJICHTHOW CBS3HM, HAXOAATCS B
Pa3NUYHBIX COCTOSHUSIX, HAallpUMep, OJMH Ha s- Ipyroil Ha p - opoutansix. Kaszamocs Obl u cBs3M B
MOJIEKyJIe II0 MPOYHOCTH [OJDKHBI OBITH HEpaBHOLEHHBIMH. OJHAKO OIBIT ITOKA3bIBACT, YTO OHHU
paBHO3HauHBI. [Ipomcxoant ruOpuansanms: nmepBoHa4YadbHAS (OpMa DIEKTPOHHBIX OOJIAKOB B3aHMMHO
u3MeHseTcsT W 00pa3yloTcs HOBBIE OAWHAKOBOH (opmbl. ['mOpugHoe o007MaK0 uMeeT OOJBIIYIO
BBITSIHYTOCTh 0 OJHY CTOPOHY OT siApa, YeM Mo Apyryio. BeiencTBue 3Toro mepekpbiBaHUs 00IaKOB
OyzneT OoJiee MONMHBIM M CBSI3U, 00pa30BaHHBIC 33 CUST TMOPHIHBIX 00J1aKOB, 00Jiee MPOYHBI, YEM CBA3H,
o0pa3oBaHHbIE OTAEIBHBIMUA S- M p-IeKTpoHamu. [MOpuanM3anmus cBsA3aHa C DJHEPreTHYECKUM
BBIMTPHILIEM 3a c4eT 00pa3oBaHHs OoJiee MPOYHBIX CB3CH M 0oJee CUMMETPUYHOTO pacHpeneieHUs
JNIEKTPOHHOM INIOTHOCTH B MOJIeKyne. B ruOpuan3ammm MoryT y4acTBoBath s-, p-, d- opOuTanu omgHoro
SHEPreTUYECKOr0 YPOBHA WIM S-, P- OpOMTaNM ¢ IJIaBHBIM KBaHTOBBIM 4nciioM n  u d-opOurtamu ¢
TJIABHBIM KBaHTOBBIM 4HciIoOM (n-1)

+ > S —e—
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§ p pp YeTbipe
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5 BI/II[LI KOBAJICHTHOM CBSI3M: noJsipHasd 1 HCIIOJIApHAsd. SHCKTPOOTPI/H_I&TCJII)HOCTB.

Honﬂpmaum{. MOJAPHOCTHb MOJICKYII.

B 3aBucuMocTH OT XxapakTepa pacHpeAcieHUs OJICKTPOHHOW TIJIOTHOCTH MEXKIy sIIpaMu
MOJIEKYJIBI TIOIPA3/EIAIOT Ha HETIONSPHBIE U MOJIIPHBIE.

Pacnpenenenne »eKTpoHHOW TIOTHOCTH B Moiekyinax Cl,, H,, Br, abcomoTHO cHMMETpHUIHO
BHYTpPH CBSI3BIBAIOIICH MOJIEKYJISIPHONH OpOHMTAaNIH, 2 MAKCUMYM SJIEKTPOHHOH TUIOTHOCTH MPUXOAUTCS HA
CepeANHY PACCTOSHHS MEXIY SIIPaMU.

[To-mpyromy pacmnpezenseTcsl 3JIeKTPOHHAs INIOTHOCTh B KOBAJICHTHBIX CBA3ZAX MEXIY aTOMaMHU
3JIEMEHTOB, UMEIOIUX PA3THYHYIO 3JIEKTPOOTPUIATEIIEHOCTD.

[onsipHas koBaJieHTHas CBsI3b OOpa3zyeTcss MEKAY aTOMaM{ Pa3HBIX JJIEMEHTOB C Pa3IHYHON
OTHOCHUTENIFHOU 3JIEKTPOOTPHUILIATENBHOCTRIO. B 3TOM citydae 3iekTpoHHOEe 00JaKo cmermaeTcs kK Oonee
3NEKTPOOTPHUILIATEIEHOMY aToMy. lIpuMepoM MOTYT CIyXHUTh MOJEKYJBl JETYYHX HEOPraHWIEeCKHX
coequnennit HCI1, H,O, H,S, NH;

ATom 0oJjiee DIIEKTPOOTPUIATEILHOTO 3JIEMEHTa IPUOOPETaeT OTPHULATEIIbHBIN 3P (HEKTUBHBIN
3apsn ( o0o3Hayaercs §-), APYroi aToM — MOJIOKUTENbHBIN 3P PeKTUBHBIHN 3apsa (O+).



IlosisipHBIE MOJIEKYJIBI HenoJssipabie MOJ1eKYJIbI
HCI, Cl,
Hzo H2
st Bl'z
NH; CO,

6 MouHag CBA3b.

YucTto MOHHOI CBSI3bI0 HA3BIBAETCSl XMMHYECKHM CBSI3AHHOE COCTOSIHME aTOMOB, IIPH
KOTOPOM YCTOYHBOE JIEKTPOHHOE OKPY/KeHHMe JOCTHUraeTcsl NMyTeM IOJHOIO Iepexona oomiei
3JIEKTPOHHOH IJIOTHOCTH K aTOMY 00J1ee 3JIeKTPOOTPHIATEIbHOI0 JJ1eMeHTAa.

XuMnyeckasi cBsi3b, B OCHOBE KOTOPOM JIEJKUT 3JIeKTPOCTATHYECKOE B3aNMo/elicTBHe HOHA,
Ha3bIBaeTCsl HOHHOIA.

HoHBI — 3TO 3JIEKTPHYECKH 3apsiKeHHbIe YACTHIBI, 0o0pasylolimecsi M3 HEHTPAJIbHBIX
aTOMOB MJIM MOJIEKYJI IIyTeM OTAAa4H MJIH IPUeMa 3J1eKTPOHOB.

7 MeTaluTHUeCKas CBI3b....vuvvneenn...

XuMH4YecKasi CBSI3b B KPHCTAUIAX ¢ MeTAJUINYECKO pelieTKoi, OCyIecTBIAsAeTCs CHIAMHA
| NPUTSOKEHHSI MEKAY IOJIOKHTENBHO 3apPSKEHHBIMH aTOMHBIMH  OCTOBAMH M CBOGOIHO |
| MepeBUTAIOMMMHCH JJIeKTPOHAMH W3 BHeIIHell 3J1eKTPOHHOH 00010YKH (3THUM OObsICHsIETCS |
| XopoIasi 3J1eKTPONPOBOAUMOCTh H TEIIONPOBOIHOCTh METAJLIOB, KAK H CKATHE IPH MPOKATKe 10 |
| Mepe HarpeBaHusl, ILIACTHYECKas 1eGOPMHPYEMOCTD, a TAK:Ke 0JIECK METAJLIOB.

1. 4 Jlekuus Ne4( 2 yaca).

Tema: «Ctexmomerpust
1.4.1 Bonpocsl JieKIuM:

1. IlonsaTne xumuueckuii anement. IIpocroe u cinoxxHoe BemecTso. OnpeneneHue
OTHOCHUTEIIBHBIX AaTOMHBIX M MOJIEKYJSPHBIX Macc. OCHOBHBIE IIOJIOKEHUS
aTOMHO-MOJIEKYJISIPHOTO yUEHHUSI.

2. KonuuecTBo BeliecTBa, MoJib. MossipHast macca.

3. 3aKOH COXpaHEHHs Macchl BEIIECTB. PacueTsl IO ypaBHEHUSM XUMHUYECKHX
peaKkuuid.

4. 3akoH ABoragpo. Monspublii 00beM. OmnpesneneHre MOJEKYISIPHBIX Macc
BEIIECTB, HAXOAIMXCS B Ta3000pa3HOM COCTOSIHUH.

5. XuMuueckuil OKBUBAaNIEHT. MoisipHas Macca dkBuBaneHTa. daxrop
SKBHMBAJIEHTHOCTH. 3aKOH DKBUBAJICHTOB.

1.4.2 KpaTkoe cogep:kaHue BONPOCOB

1 llonsaiTe xummn4yeckuni 31emenT. [Ipocroe u ci1oxkHoe BemecTBo. Onpenenenue
OTHOCHTEJIbHBIX AaTOMHBIX H MOJIEKYJIAPHBIX Macc. OCHOBHbBIE M0J10KEHUSI ATOMHO-
MOJIEKYJ/ISIDHOTO YYeHUsl.

BemecTBo — xummaeckas ¢opMa CyIiecTBOBaHHS MaTepHaIbHBIX OOBEKTOB

BemectBo - m00asi COBOKYMHOCTH aTOMOB W MOJIEKYN, HAaxOJSIIAsCi B OIPEIEICHHOM
arperatHoM coctossHuu. Kaxioe BemecTBo 001a1aeT Onpe/IeICHHBIMA CBOMCTBAMU

MoJiekyabl - 3TO HAWUMEHBIINE YaCTHIIBI BEIIECTBA, OOJAJAIONIUE €ro XHUMHYCCKUMU
cBoiicTBaMU. MOJIEKYJIbI HOCTPOEHBI U3 aTOMOB, IO3TOMY OHU TAKXKE 3JIEKTPOHEHTpaTbHbI

ATOM - HaWMEHbINAsd XWMHUYECKas YacTUIA BEIICCTBA, SBISACTCS TPEACIOM XUMHYCCKOH
JISTUMOCTH; JJICKTPOHEHTpaNbHass  XUMHYECKas 4YacTHIIA: SAPO BKIOYACT OIPEIEICHHOE YHCIIO
mpoToHOB (+) W HeHTpoHOB (0) B DJIEKTPOHHOH OOOJIOYKE aTOMa - YHUCIIO JJIEKTPOHOB = YHCITY
MIPOTOHOB B sIZIpe




Onpenenennblii Bua atomos - XUMHUUYECKHWM JIEMEHT (Bua aToMOB ¢ onpesieJeHHbIM
| MOJIOJKHTEJbHBIM 3apsSi/IOM SIAPa).

OcHOBHbBIE MOJIOKEHUS STON TCOPUH 3aKITIOYAIOTCS B CICAYIOICM:

(J BermiecTBa COCTOAT U3 MOJICKYJ, MOJICKYJIbI PA3IMYHBIX BEIICCTB OTIMYAIOTCA MEXIY COOOM
XUMHAYECKHM COCTaBOM, pazMepamMu, GU3NICCKUMHA U XUMHICCKHUMHU CBOHCTBAMHU.

O Monekyibl HaXOAATCS B HEMPEPHIBHOM [BIDKCHHH, MEXIY HHMH CYIIECTBYCT B3aWMHOE
NPUTSDKEHHE W OoTTankuBaHhe. CKOPOCTh JBIDKCHHS MOJICKYNT 3aBHCHUT OT arperaTHoro
COCTOSIHUSI BEIIIECTB.

O Tlpu ¢pusHyecKuX SBICHUAX COCTAB MOJCKYJ OCTACTCs HEM3MEHHBIM, MPU XUMUYECKUX - OHH
MPETEPIICBAIOT KAYSCTBEHHBIC KM KOJHUCCTBEHHBIC HM3MECHCHHS U W3 OJHHX MOJEKYI
00pa3yrTcs apyrue.

O MosneKyibl COCTOST M3 aTOMOB. ATOMBI XapaKTEpU3YIOTCS OMNPEICICHHBIMU pa3MepaMH |
Maccoit. CBOiCTBa aTOMOB OJTHOT'O M TOTO XK€ JIEMEHTA OJJUHAKOBBI M OTIIMYAIOTCS OT CBOHCTB
aTOMOB JPYTHX 3JICMEHTOR.

[Mpu XUMUYECKUX PEaKIUsIX aTOMbl B OTIMYME OT MOJIEKYJ HE MPETepPIeBalOT KAaYeCTBEHHBIX
U3MEHEHUI

pearupyronmmm BCIICCTBaMU.

CTCXI/IOMeTpI/Iﬂ - pa3zaei XuMumM, B KOTOPOM pacCMaTpruBaArOTCd MaCCOBLIC U 00bEMHBIE OTHOILIEHHMS MCKIAY

CrexuoMeTpusi — pasieJ XHMHH, BKJIIOYAKIMHUA 3aKOHbI KOJHYECTBEHHBIX COOTHOIIEHHUH MeXKIy
pearupyoImuMH BellecTBAMHU, BBIBOJ XHMH4YECKHMX (OpPMYyJ]T M coCTaBjIeHHE YpPaBHeHHUH XHMHYECKHX
peakuuii. Takas 001acTh XMMHH, CBA3aHHAA ¢ KOJIUYECTBEHHBIMH pacyeTaMi peareHTOB, H OblIa Ha3BaHa
HeMenKuM xumMukom H. Puxtepom crexmomerpueii ( oT rped. stoicheion- mepoHauano, 0cCHOBa, 31eMeHT H
metreo — Mepio).

1 aToMuas exuHUIA Macehl (a.e.m.) = 1/12 m( 2C) =1,66057 -10%* r.

OTHOCMTENnbHasAs aToOMHas Macca anemeHTa (Ar) — 370 6e3pasmepHas BENMYMHA, paBHas
OTHOLLEHMIO CpPeaHel Macchl aToMa 3neMeHTa k 1/12 maccel atoma *2C.

|

Ay = m(amoma) MokasbiBaeT, BO CKOMLKO pas Macca aToMa AaHHOro anemeHTa Gonblue 1/12
r= 1 12 4aCTh MaccCbl aTomMa yrinepoaa 2C, Unn O,IJ,HOVI aTOMHOW eanHnUbl MaccChbl.
Mom20)

OTHOCMTEeNIbHaA MoNeKynsipHas Macca BewecrtBa (Mr) — 510 6e3pasmepHas BeNM4YMHa, paBHas
OTHOLUEHMIO Macchl MOJIEKYbI K 1/12 Maccel aToMa 12c,

1

Mr = m( monexynvt) MokasbiBaeT, BO CKOMbKO jpas Macca Morekyribl BeluecTsa 6onblue 1/12 yactu
- % m(” C) Maccbl aToma yrrnepoga “C, nnm OHOW aTOMHOW eOUHNLbI MacChbl.
12

OTtHOCHUTEIbHAS MOJICKYJIApHad Macca paBHa CYMME OTHOCUTCJIbHBIX MACC aTOMOB, BXOJAAIIUX B COCTaB

MOJICKYIJIBIL.
' Mr = z (Ar)

A(coII0THAsE MacCa MOJIEKYJIbl PABHA OTHOCHTEJILHOM MOJIEKYJISIPHOI Macce, yMHOKEHHOI HA a.e.M.

m IMpumep 6.2.

Mr (H,0)= 2Ar(H)+ Ar(O) = 2+16=18. D10 3HAYUT, YTO Macca MOJICKYJbI BOJbI B 18 pa3 Oonbine 1/12 vactu
Maccel aToma yriepoza “C.




2 KonnvecTBo BelllecTBa, MoJib. MoJisipHas mMacca.

Yucmo aToOMOB U MOJICKYJ B 0OBIYHBIX 06pa3uax BCHICCTB OYCHb BCJIUKO, MO3TOMY HPU XapPAKTCPUCTUKC
KOJIMYECTBA BCIIECCTBA UCIIOJIL3YIOT CICHHUAIbHYIO CAUHUILY U3MECPCHHUSA — MOJIb.

Mosib (N) — 3TO KO/IMYECTBO BELLECTBA, KOTOPOE COAEPXKWUT CTONbKO CTPYKTYPHbIX eanHuL, (
MONIEKY/, aTOMOB, MOHOB, 3MEKTPOHOB), CKOMbKO aTOMOB yrnepoja coaepxutcs B 12 r nsotona *C.
EaguHnuen konuyecTsa BeLLECTBa SBASETCH MOJb

macca _yanepooa 0,012ke 23
Ny = = 5, 0:02-10 %WOJlb
macca _o0ono2o _amoma _yenepooa 1,993 -107°° ko

Na= 6,0221 -10%

MouJib BemecTBa coaep:kut 6,0221 -10® gacTHI 3TOr0 BelecTBA
®u3nYecKyo BeIMYMHY N, HaA3bIBAIOT MOCTOSIHHOW ABOTajgpo, OHA MMEET pa3MEepHOCTb [Nj] = Moub .
Yucio 6,0221 -10%® Ha3BIBAIOT YMCIOM ABoraapo.

Yucrio ABoragpo nokasbiBaeT YNCTO CTPYKTYPHbIX €AMHUL, B MOfe MioGoro BeLecTsa.

Ecnmm u3BeCTHO 4YHCIO CTPYKTYypHBIX eawmHmIl BemiecTBa X -N(X), TO KOJIHYECTBO 3TOTO BemecTBa n(X)
ompezensercs o Gopmyse

N(X)

n(X)= =

m IIpumep

B 1 Moub r060r0 Bemectsa conepxkutest 6,02 107 actui
1 mons atomos *C = 6,02 10% atomoB
1 mMosb Monekyn H ,0=6,02 10> monexyn
1 moub noros SO,* =6,02 10* noos
B 2 MOJIIX — 2x 6,02 10% =12,02 10* wacTun
B 3 Moisx — 3x 6,02 10% =18,02 10% wactun

KonnuecTsa BemiecTBa Bceryia OIMHAKOBBI, €CIIU B HUX COAEPIKUTCS OJUHAKOBOE Yucio yactull. Hanpumep
, B 18 I BOJBI COIEPIKUTCS CTOJIBKO MOJIEKYJI, CKOJIBKO aTOMOB B 56 T >kene3a. 3HauuT 18 r Boxabl u 56 T xenesa -
OJIMHAKOBBIE KOJIMYECTBA BEILIECTBA.

Moasippas macca (M) — sto mMacca 1 mMonb BemlecTBa. MoJsipHasi Macca BELIECTBA paBHA OTHOLIEHUIO MacChl
BEILECTBA K €r0 KOJIMYECTBY

UucneHHple 3HAY€HUS! MOJIIPHOW MacChl M OTHOCHUTEIBHOW MOJIEKYJSIPHOM Macchl Mr paBHBI OJHAKO
nepBasi BeJIMYMHA UMEET pa3MepHOCTh [M] = r/Moiib, a BTopast 6e3pa3MepHa.

m
M=— 5 0=
n M

MomnsipHast Macca o CTaHT IaHH TBa, OINpENENIeTCS TOIBKO COCTaBOM (POPMYIBHBIX
€IWHUI] ¥ HE 3aBUCUT OT POJa PEaKIMH, B KOTOPOU BEIIECTBO NPUHIUMAET YIaCTHE.

m IMpumep 6.4.

Hanpuwmep, monsipnas macca Cl , = 71r/mons, Ca = 40 r/mob, NaCl=58.5r/mMob.




3 3aKOoH CcOXpaHEHUsl MacChl BeHIeCTB. PacueTel MO ypaBHEHHSIM XUMHUYECKHX

peaKiuu.
B 1748-1756 rr. pycckuii yuensii M.B. JloMOHOCOB cHauama BbICKa3al TEOPETUYECKU, a 3aTEM
9KCIIEPIMEHTAIBHO O0OCHOBaJl 3aKOH COXPAaHEHHS MacChl BEIeCTB. B Hacrosimiee Bpemsi OH

hopMyIIUpYETCs TaK:
> Macca BemecTB, BCTYHAOUIMX B XHMHYECKYI0 peaKUHI0, paBHAa Macce BEIIECTB,
' o0pa3yommxcs B pe3yJbTaTe peakuuu |

[Tozxke JlaByaswe (1785 1) He3aBucuMo oT JloMoHOCOBa CHOPMYIMPOBAT ITOT K€ 3aKOH  C TOYKHU
3peHUs] aTOMHO-MOJIEKYISIPHON TEOPHH CyTh 3aKOHA COXPAHEHHWS MAacChl BEIIECTBA 3aKIIOYACTCA B TOM,
YTO MPU XUMHYECKUX PEaKIUAX aTOMbl HE WCYE3aI0T M HE BO3HUKAIOT M3 HUYETO - WX KOJIHYECTBO
0CTaeTCsl HEM3MEHHBIM 10 M Tiocie peakiun. [IocKoIbKy aTOMBI UMEIOT IOCTOSIHHYIO MacCy M UX o01ee
YUCIIO B pe3ylbTaTe peakIy HE H3MEHAETCS, TO Macca BEIIECTB /0 W IOCHIE PEaKIHWH OCTaeTcs
MMOCTOSTHHOM

Hampumep: mpu B3auMOJeHCTBUM JBYXaTOMHBIX MOJICKYJ BOAOPOA M XJIopa JODKHO 00pa3oBaThCs
ctonbko Monekyn HCl, 4ro0bl 4mciio aToMOB BOJOPOJa U XJIOpa OCTAOCh PaBHBIM JBYM, T. € JIBE
MOJIEKYJIBI:

H, + Cl,=2HCI

W, moCKONBbKY aTOMBI IMEIOT TIOCTOSTHHYIO MaccCy, He MEHSIETCS U Macca BEIIEeCTB 10 | MOCIe peakilny.

3akoH coxpaneHusi Mmaccol BemecTs (M.B. JlomonocoB, A. JlaBya3be)

Maccam, 2 1 8 9 HA OCHOBE IKCNEPUMEHMANbHBIX OAHHBIX
VYpasnenue xumuueckoii peaxyuu 2H,+ 0,=2H,0

Monexynapuas macca 2 132 18

Monapnas macca 2.-2+32 =2-18 Ha OCHOBe MeopemuyecKux npeocmasieHul

4 3akoH ABorajapo. Mossipablit 00beM. OnpeesieHrue MOJICKYJISIPHBIX Macc

BCIICCTB, HAXOAAIIINXCA B F33006p33HOM COCTOSHHU.

3akoH ABoraapo .
" B paBHbIX 00beMax JIOObIX ra3oB NPH OJAMHAKOBBIX YCJIOBHSIX (TeMmeparype M
' JAAaBJIEHNH) COAEPKUTCH OJUHAKOBOE YHCJI0 MOJEKYJI '

W3 3akoHa ABOrafpo BBITEKAIOT CIEICTBUS:
1.0auH Mos1b /1100010 ra3a NpU OAMHAKOBBIX YCJI0BUAX 3AaHUMAIOT OJUH H TOT ke 00beM.
3TOT 00bEM MOXKHO BBIUUCIIUTD, €CJIU U3BECTHA Macca 1 11 rasa. [Ipu HopMabHBIX yCIOBUSX, T.€.
npu 273 K (0° C) u 101 325 Ila, macca 1 1 Bogopona pasra 0.09 T, MONSpHAs Macca MOIEKY/ISPHOTO
Bogopoza (H,) paBua 2,016 r/mois. Torga o0beM, 3aHMMaeMblii 1 MOJIb BOIOpoaa, OyaeT

_ 2.0162/ monw
" 0,092/ 2

IIpu Tex ke ycmoBusx macca 1 1 kucnopoaa paBHa 1.429 r, MonsipHasg mMacca MOJIEKYJISIPHOTO
KHcIopoja coctaBiser 32 r/moinb. Torga o0beM OyaeT

= 22,41/ monw

_ 322/ monw

= =224/ monw
01,4292/ n

CraenoBaTeibHO,
NPH HOPMAJBHBIX YCJ0BUAX 1 M0JIB JIIO00T0 raza 3aHuMaeT o0beM, paBHbIi 22.4 71
ITOT 00bEM ra3a Ha3bIBalT MOJISIPHBIM 00bEMOM ra3a

Mpun H.y. V,=22,4 n

S5 XWMHUYECKUHU dKBUBAJICHT. MoJisipHas macca SKkBuBajieHTa. PakTop

SKBUBAJICHTHOCTH. 3aKOH YKBUBAJICHTOB.

3aKkOH 9KBUBAJICHTOB BBUT OTKPBIT HEMEIKMMHU XUMHUKaMu Puxtepom u Bennenem (1793r)



KonmdecTBoO 2716 MEHTOB, BXOSIIAX B COCTAaB XUMUYECKUX COCTUHEHUH, HAXOMITCS MEKITy COOOM
B OIPEACICHHBIX W IIOCTOSIHHBIX OTHOIICHHUSIX (3aKOH TIOCTOSHCTBA COCTaBa) OTH OTHOIICHHS
COOTBETCTBYIOT UX JKBHBAJICHTaM, T € C OJAHMM SKBHUBAJICHTOM JIFOOOTO 3JIEMEHTA COCIUHSICTCS OJHUH
SKBUBAJICHT JPYTOT0 3JIEMEHTA. B TOM COCTOUT CyTh 3aKOHA SKBUBAJICHTOB.

> BemecTBa pearupyrT MExXAy €000ii B 9KBUBAJICHTHBIX KOJIHYECTBAX:

n,; = Ny,
TO €CTb C OJAHMM 3KBHBAJICHTOM JI000r0 3JIeMeHTa COCIUHACTCH OJMH J3KBHUBAJCHT APYyroro
3JIEMEHTA.
@} IKeueanenm — YCIO6HAA UU  pealbHa:A dacmuyd, Komopas moocen npucoedunﬂmb,

8b1C600031C0aMb, 3amMewams O00UH UOH B000pPO0d 8 KUCIOMHO-OCHOBHBIX peaKyusx uiu Ovimo |
OKBUBANEHMHA OOHOMY INEKMPOHY 68 OKUCTUMEbHO-80CCMAHOBUMELHBIX PEAKYUSIX.

Ecnu onpenensiemoe BemecTBO A pearupyer ¢ TATPAaHTOM B 110 ypaBHeHHIO:
aA + bB — npooykmul peakyuu,

> Daxkmop IK6USGANEHMHOCHU — YUCTO, NOKA3bIBAIOWee, KaKas 00 PeaibHOU YaCmulybl 6eujecmsd
9KBUBANIEHMHA OOHOMY UOH)Y 8000P00d 8 OAHHOU KUCIOMHO-OCHOBHOU peakyuu (Ui 00OHOMY dJIeKMPOHY
6 OKUCIUMENbHO-80CCMAH08UMeNbHOU peakyuu). Cm. opmynvt Hudwce 8 madbauye .

®akTOp IKBHBAJIEHTHOCTH Beeraa <l1.
»Monsapuas macca IKGUGANICHMA BEULECIEA — MACCA 0OHO20 MOJISL IKGUBANEHMA IMO20 GeUecmed,
KOMOopas pasHa npou3eeoeHuio Gaxmopa sK8UBAIEHMHOCMU HA MOJAPHYIO MACCY 8euecmsed

M,=M -f.
OcHoBHBIE (hOpMYJIBI
IIpocmoe ewjecmeo Oxcuo Oxucnumens unu
Daxmop 1 1 80CCMAHOBUMEND
IKEUBATICHMHOCIU Jog = —— Soe =—— 1
B-n f;r(a I —
B- sanenmnocmo B- sanenmnocmo qucno e
21emenma; n- 4ucio (omoannwix unu
amomos snemenma NPUHATNBIX)
Conw Ocnosanue Ocnosanue Kucnoma Kucnoma
1 1 8 peaxkyusix 1 6 peaKkyuax
J IKe = J IKe = JIKe =
Z-n KUCLOMHOCMb Jowe =—— OCHOBHOCMb Sows = ——
Z- 3aps0 kamuoHa, (uucno OH zpynn) qucno (uucno amomos YUCTIO 3AMEUeHHBIX
1 - YUCTIO AMOMO8 3aMeueHHbIX 6000pooa) amomog 6000pooa
Kamuona OH 2pynn
Dopmynst Eo. uzmepenusn
MonApHas macca Konuuecmeo n=n,-f, Mo
IKeusanenma M,=M -f, 2/monb eewecmea m n
M, IKGUBATIEHN 06 n =— n =—
2 2
n, M> H
IKGUEATICHMHBLIL 3aKoH
B y m, Mo, m, Mo,
obvem V=V -f, J/MOJb IKEUBANICHMHBIX _—= —_—=
v, OMHOWEeHUIL m, MQZ V2 V92
n_rs
V, Vs,
IIpumepsr:
Ilpocmoe ewjecmeo Oxcuo Ocnosanue Kucnoma Conv
1 1 1 1 1
JIKe = ‘f:;KK = .f3l\'€ = JIKe = JoKe =
B-n KUCIOMHOCMb OCHOBHOCMb Z-n
B- ¢éanenmnocmo B- ¢éanenmnocmo (uucno OH epynn) (uucno amomos Z-3aps0 kamuoua,
oneMenma,; n- 4ucio 6000pooa) 71 - YUCIO amMOMO8 KAMUoHd




amomoe sjiemenma

faks (Hy) =1/2
faxB (0,) = 1/4

fake (MgO) =1/2
faxB (ALOs) = 1/6

faxe (NaOH) =1
f sk (Ca(OH),) =
1/2

fake (HCl) =1 foke (NaCl) =1

f axB (H3PO,) = | faxB (NaHCO;) =1

1/3 f sxB ((CuOH),SO, =
172

1. 5 JIexknus Ne5( 2 yaca).

Tema: «Xumnueckas kunetrnka. Karanusz Xumuueckoe paBHOBecHE. (PaKTOPHI, BIUSIONINE HA
CMEUICHUE PABHOBECUSD
1.5.1 Bonpocsbl JieKum:

1. Knaccudukamus peakuuii B XuMudeckod kuHeTtuke. IloHsTHE CcKOpocTH
XUMHYECKON PEaKIUu.
2. @aKTOpBI, BIUAIOIME HA CKOPOCTh XMMHUYECKUX PEaKLIUN.

3. 3aBHUCUMOCTH CKOPOCTH pe€akuuu OT KOHIEeHTpaluu. OCHOBHOW 3aKOH
XMMHYECKON KHHETUKU. KOHCTAaHTa CKOPOCTH.
4. 3aBHCHMOCTh CKOPOCTH peakiuu oT Temmeparypbl. IIpaBuno Bant-T'odda.
OHeprus akTUBALNH.
5. Karanutuyeckue peakuuy. I'OMOT€HHBIN U TeTEpOreHHbIM Kartanus. Mexanusm

Katanu3a. ABTOKaTaiaus.

1.5.2 KpaTtkoe cogep:xaHue BONPOCOB

1 Knaccudukanus peakiuii B xumuueckol kuHetuke. [lonsitue ckopoctu

XAMHUYECKOU PEAKIIUU.

XuMuueckasi KHHETHKA — HayKa, mdyvdammas 3aKOHOMEPHOCTDb IIPOTCKAHUA (1)](13](11(0-
XHMHYCCKHX ITPOLECCOB BO BPEMEHM.

Ilon CKOPOCTHIO XHMHY€ECKOH p€aki NMOHUMAKT H3MECHCHHEC KOHICHTPAIMM PpPearupyruimx
| BEHIECTB B €IMHUIY BDEMEHH B €IMHHULIE o0beMa

c,—¢C Ac
v, =—+—~L=—,
t,—t, At

DJieMeHTapHble PEAKINN KIACCH(DUITUPYIOT TI0 YHUCITy MOJIEKYJI, yYaCTBYIOIIUX B
JJIEMEHTAPHOM aKTe XUMHUYIECKOM Peaklii U Ha3bIBAIOTCS MOJIEKYJISIPHOCTBIO XUMUIECKOM peakinu.

MousekyJisipHBIMH (OJHOMOJICKYJISIPHBIMU) HA3bIBAIOT PEAKIIUH, B KOTOPBIX MPOUCXOAUT
XMMHYECKOE [IPEBPAICHUE OIHOM MOJIEKYJIbI

A—B

nin

CH3COCH3 —_—> C2H4 + Hz + CO

A—>=B+C

Iz—> I+I

& —© -0

BHMOJ’[eKy.]'IﬂpHBIe PCAKIUHN — 3TO TAKHUC PCAKIINHU, 3HCMCHTapHBIﬁ AKT KOTOPBIX
OCYIHICCTBIIACTCS IIPU CTOJIKHOBCHUHU JIBYX MOJICKYJI (pa3J'[I/I‘{HI>IX 5004 OI[I/IHaKOBI:IX).

A+B —> C

N

2A — B

00 — 00




—>

H2 + 12 - 2HI

3HAUUTENBHO PEXE BCTPEUAIOTCS TPUMOJIEKYJISIPHbIE PEaKIIUH — JIEMEHTAPHBII aKT
OCYIIECTBIISIETCS IIPU CTOIKHOBEHHH TPEX MOJIEKYII.

2A+B —> C WITH 3A—> B
2NO + O, —> 2NO, %O 0

CJ10KHBI€ peaKIIuN

CrnoxHbIe peaknuy OBIBAIOT TOCIIEI0BATEIbHbIE, TapaJUIebHbIe, 00OpaTUMBbIE, TeTePOTEeHHBIE,
LEHHBIE, COMPSKCHHEIE.

ITocaexoBaTeabHbIE XUMHUCCKHUC pCaKknuu.

I'ne P — mpoMexyTouyHast yacTuia
U= kl [A] ;

B HauanbHBI MOMEHT BpEMEHU KOHLIEHTPALXs IIPOMEXKYTOUHBIX YacTUI] paBHA HYJIO, HO B
nporecce mpeppamieHns A KoHueHTpanus P Oynet pactu 1o tex nop, noka k; [A] He OyzaeT paBeH
k,[P]. 3atem konnentparnus P Oyaer yObiBaTh.

Ha[!aﬂﬂeﬂbﬂble peaxkKnuu

3TO peakuuu, KOTOpbIe MOTYT NPOTEKaTh OAHOBPEMEHHO, C 00pa30BaHUEM Pa3IHYHBIX
MPOAYKTOB peakuuu. Hampumep:

> B —» 2KCl + 30,

A 6KCIO;

L > > 3KCIO, + KCI

OH
©/ NO,
—
OH
*+ HNO;
OH
NO,

Oo0paTuMbIe (IBYXCTOPOHHHUE) PeaKIIHH
Ky

A+B=<—— C+D

K2

2 (DaKTOpLI, BJIMAIOIIME HA CKOPOCTb XUMHUYCCKUX pCaKHHﬁ.

1. BiustHME KOHIICHTpAITUH pearupyromux BEIeCTB.

2. Bousaue TCMIICPATYPBI HA CKOPOCTH XHMUYECKOH pcaKkuuu. BHepFI/IH AKTHUBalluH.

3. JlaBieHue 11 Ta30B



4. IToBepXHOCTh KOHTAKTa PEArUPYIOIINX BEIIECTB

3 3aBUCUMOCTH CKOPOCTH PCAKIIMU OT KOHIOCHTpAIIUH. OcHOBHOI 3aKOH
XAMHWYECKON KUHETUKHW. KOHCTaHTa CKOpPOCTH.
1. Bausinue KOHIEHTPaMii pearnpyoumx BeuiecTs.

YUToOBI OCYIIECTBIBUIOCHh XMMHYECKOE B3aWMOACHCTBHE BEMIECTB A M B, WX MOJEKYNBl TOJKHBI
CTOJIKHYThCS. UHMCIIO CTOJKHOBEHHMH TeM OOJbIINE, YeM BEHIIIEC KOHIICHTPALUS PEardupyIONIAX BEIICCTB.
Otcioga chopMyJTUPOBAaH OCHOBHOH 3aKOH XHMHUYECKOW KMHETHKH, YCTAHABIMBAIOIINUN 3aBUCUMOCTh
CKOPOCTHU PEaKLUU OT KOHIICHTPAILUU PEarupyromux BEIIECTB.

- CKOpOCTh XHMHYECKOii Peakuuu MpsiMo NPONOPLHHOHAILHA NPOM3BEJEHHI0 KOHIEHTPALMIi pPearnpyomux
| BEHIeCTB B CTENeHsX, PABHBIX CTEXHOMeTPHYeCKHM K03(QHIHEHTAM - 3aKO0H AefiCTBYIOIIHX Macc.

DTOT 3aKOH OTKPHIT ONBITHEIM ITyTeM K. I'ynpnoeprom u I1. Baare B 1867

CormacHo 3aKOHY HeﬁCTBymmHX Macc, CKOpoCTb XHMUYECKOU PCaKnun ONPECACIACTCA
BBIPAXXCHUCM!

nA; +nd, <=—— n3A; +nsdy

n

— 1 M0
v=kcjcy
Ca1 1 Cpp — KOHIICHTPALMH PEarupyouIux BELecTB.

K — KOHCTaHTa CKOPOCTHU XUMHYCCKOU pcCaKkuu, paBHa TaKOH CKOPOCTH pe€aKluu, KOoraga KOHLEHTpalus
Ka)XI0TO M3 HCXOAHBIX BEIIECTB paBHa | MOJIB/IL.
4 3aBUCUMOCTb CKOPOCTH peakiuu ot Temiepatypsl. [Ipasuiio Bant-I'odda.

DHeprus aKTUBaIUU.

2. Bausinue TeMnepaTypbl Ha CKOPOCTh XHMHYECKOH peaknun. JHEePrusi aKTHBAIIMH.

Kak npaBuiio, ckopocTs pe3Ko BO3pACTAaeT C YBEIUYEHUEM TEMIIEpaTyphl. DTO OOBACHSETCS TEM,
YTO MOJIEKYJBl PEarupyroIIMX BEIIECTB MOJy4YalOT AOMOJHUTEIBHYIO 3HEPIHUIO, AAIOIIYI0 BO3MOKHOCTh
MIPEOAOJETh CHIIBI MEXMOJIEKYIAPHOTO MPUTSHKEHUS M pa3opBaTh CBA3H MEXKY MOJIEKYIaMH MCXOJHBIX
BellecTB. Torma mpu CTOJKHOBEHHMM MOJIEKYJ Pa3HBIX BELIECTB BO3MOKHO OOpa30BaHUE HOBOIO
BEIIIECTBA.

3aBUCHMOCTb CKOPOCTH peaklui OT TEMIIEpPATyphl onpexaensercs npaswioM Bant-T'oddga

o o
Mpu nosbimennn Temmeparypbl Ha Kaxmabie /07 C ckopocTh  GONBIIMHCTBA — peakumii |

. yBeamumBaercsi B 2 - 4 pasa
E AT =T,

v 10 10
=y =Y

T,

Y,

5 Karanutnueckue peakiuu. [ OMOT€HHBIN U reTepOreHHbIN Katann3. MexaHusm

KaTtajm3a. ABTOKaTalIn3.

Karanu3om Ha3bIBAIOT siBJIeHHE U3MEHEHH e CKOPOCTH PEAKIUHU B IPUCYTCTBUM BE€IECTB
KaTaJu3aTopoB. :




Karanm3atop — 310 BenecTBo, B3aMMO/IeiiCTBYIOIIEE C MOJIEKYJIaMH
pearupyrouux BeluecTs, H3MeHslIee CKOPOCTh XHMHYECKOH peakluu 1
BblJIeJISIIOIIEECSs] HA MOCAeAYOINX CTAANAX B XMMHYECKH HEU3MEHEHHOM BHIe.

Peammn, NpoTEeKAKIIUE C YIJACTHEM KAaTAJIU3aTOPOB, HA3BIBAIOT
KaTAaJIMTHICCKUMMU.

A+B+K —> [(A+B)K] —> C+D+K

A
aHeprus

|:aKTMBMpOBaHHbII7I]
KOMMMEKC

koopauHaTa
peakumu

. CHmxeHHE OHCPrur aKTUBAILIUU NIpU KaTaIMTUICCKOI pCaKkIuu.

Paznuuarot:
rOMOreHHbIN reTeporeHHbI ¢epMeHTaTUBHLIN
Katanus KaTanus KaTanus

I'oMoOreHHBIM HA3bIBACTCS TAKOM KaTalk3, KOT/Ia KATAIM3aTOP U BCE pearnpyroliie BemecTBa
COCTaBJISIIOT OJHY OOIIyIO (ha3y.

K reTeporeHHbIM OTHOCSAT KaTaTUTHUECKUE MPOIIECCHI, MPOTEKAIONIUE Ha TPAHHIIE passiesia
$ha3 T—T U TK .

. ®epMeHThI ( 3H3UMBI - I'peY. «3H» - BHYTPH, «3HM» - 3aKBACKa) - OMOJOrHYeCKHE KATAIH3ATOPHI
| GeJKOBOIi NPHPOJBI, KOTOpHIe 00pa3ylOTCSl B KMBBIX KJIETKaX M 00JaJal0T CIIOCOOHOCTHIO YCKOPSATH
| XHMHYecKHe Tnpomeccel B opranm3me. IlaBiaoB HazBad ¢epMeHThbI

HCTUHHBIMHM [BHraTeJIsiMH Bcex
| JKM3HEHHBIX NPOLIECCOB.




1. 6 JIlekuus Ne6( 2 yaca).

Tema: JHepreTuka v HanpaBJieHHe XUMHUYECKUX MPOLECCOB

1.6.1 Bonpochl JieKnum:

1. TernoBo#t 3¢ (HeKT XUMUIECKUX peaKIuid. DK30- ¥ YJHIOTCPMUICCKUE PEAKITHH.

TepMoxumuueckue ypaBHEHUS.

2. BHyTpeHHss SHEprus U HTAJbINS.
3. 3axoH I'ecca u ciencTBUsA U3 HETO. [IBHXKYIINE CHIIBI XUMUYECKOTO IIpoLecca.
4. Ilonstue o0 o»HTponuu. HampaBieHue caMONPOU3BOJIBHOIO NPOTEKAHUS

XUMHYECKOM PCaKInU.

5. Dueprus ['m66ca XuMHUYECKON peaKuu.

1.6.2 KpaTkoe cogep:kaHue BONPOCOB

1 TennoBoit 3pPekT XUMUIECKUX peakiuil. DK30- U SHAOTEPMHUUECKUE PEAKIIIH.

TepMoxuMuyeckue ypaBHEHHUS.

TepMOI{I/IHaMI/IKa BKJIFOYACT CICAYIOLIHUEC pa3/Icibl.

Xumunyeckas
TepMoauHaMuKa

|

®dusnyeckasn TexHuyeckas
TepMoauHaMuKa TepMoauHaMuKa
M3yyaeT 0bLyme 3aKoHbI 3yyaeT npunoxeHue

NpeBpaLLEHust SHeprum

TEPMOOUHAMUKU K TeopUn
TENnoBbIX ABUraTeNnen u

M3yyaet npumeHeHne
TEPMOANHAMUKN K
XUMUYECKUM SBMEHUAM

XONOoAWNbHbIX YCTAHOBOK
XumMuyeckasi TepMOAMHAMHKA — 3TO pa3ge]l XUMHH, H3YYalL[UMil NpeBpallleHHe 3HEPrHMH B
XHMHYEeCKHX Ipoueccax M JHepreTH4ecKHe XApaKTePHCTHKH pa3iuyHbIx BemecTB. (TemioBbie

3¢ deKkThl XUMHYECKUX peaKknuii, pa3oBbie Mepexobl, XMMHYECKHEe PABHOBECHS).

2 BHYTpEeHHSISI 3HEPTUS U SHTAJIBIHS

JIro6as TCPMOJHAMHNYCCKasd CHUCTEMAa COCTOUT H3 AaTOMOB W MOJICKYJ, HaXOOJAIIUXCSA B
HCIIPCPBIBHOM OBHKCHHUU. KonnuectBennoi XapaKTCpPICTHKOﬁ ABUXXCHUA ABJIACTCA JHEPIrus.

BHyTpeHHsAA 3Heprus (V)

XapakTepuayeT o6LUMIA 3anac dHeprum CUCTEMBI.

BenuunHa ~ BHYTpEHHEW  SHEprum
3aBUCHUT OT MPUPOJBI BEIIECTBA, €T0 MacChl U

OHa BKM4YaeT BCe BUAbl 3HEpPrun
ABWXKEHWS M B3aUMOAENCTBUS  YacTuu,
COCTaBNSIIOLWMX  CUCTEMY:  KMHETUYECKYHO
3Hepruto MONEKysipPHOro OBWXKEHUS;
MEXMOINEKYMAPHYIO 3HEPTUIO MPUTSKEHUS 1
OTTankMBaHWUA YacTul, BHYTPUMONEKYNSIPHYO
WM XMMUYECKYID  SHEPrulo;  3HEpruio
3MEKTPOHHOro BO30YXXAEHWS; BHYTPUSOEPHYIO
N NYYUCTYIO SHEPTULO.

AU =U

KOH

MapaMeTPOB COCTOSTHUS CHCTeMBl. OOBIYHO
BHYTPEHHIOIO DJHEPTHI0 OTHOCAT K OJIHOMY
MOJII0O BEIIeCTBA M BHIpAXaT B J[/MOIb.
OnpenerneHue TMOJHOTO 3amaca BHYTPEHHEH
SHEpPTUU BeElecTBA HEBO3MOXHO, Tak Kak
HEJIb3S TIEPEBECTH CUCTEMY B COCTOSIHHE,
JUIIEHHOE BHYTpeHHel sHepruu. [losTomy B
TEPMOJIMHAMUKE PACCMAaTPUBAIOT HW3MEHECHHE
BHYTPEHHEHW OJHEPrHH, KOTOPOE IPEJICTABISET
co0Oif  Pa3HOCTh  BEIUYMHBI  BHYTPCHHEH
SHEPTUM CUCTEMbl B KOHCYHOM W HAYaIBHOM
COCTOSTHUSIX:

-U

Ha4



A U — nonoxurenbHa, €Cld BHYTPEHHSS DHEPrusl IpHU NPOTEKAaHUM IPOLIECca BO3PACTaeT, U
OTpHLIATEIbHA, €CIIH yObIBaeT.

Hapsny ¢ BHyTpeHHEN sHEprUel IIMPOKO NCIOIB3YIOT dHTaNbIui0 H.

DHTAJBNMA — 3TO JHEPrHs, KOTOPOH o0jajaeT cucTeMa, HaxOIIAscsl MPH TMOCTOSHHOM
JIaBJICHUU; SHTAJIBIINS YACICHHO PaBHA CYMME BHyTpeHHeN sHepruu U 1 MOTEeHUUaIbHOU SHEpruu p V-

H=U+pV

W3MmeHeHne SHTaNbIMM HE 3aBHCUT OT IIYTH IPOLIECCA, a 3aBHUCHUT TOJBKO OT KOHEYHOTO U
HAYaJIbHOTO COCTOSHUHA. DHTANBINS HMEET 0CO00 BaKHOE 3HAYCHHE B XMMHH, TaK KaK Iepenada TerIoThl
B XMMHYECKOM peakIUu MPOMCXOAUT MpPH TMOCTOSHHOM AaBieHUH. ClenoBaTelbHO, Ui XUMHUYECKHX
nporeccoB BaxkHo 3HaTh H, a He U, Tak kak U He y4HUTHIBAET 3HEPTHUIO, 3aTPAYCHHYIO Ha U3MEHEHHE
00béMa cucTteMbl. B TepMoarHaMuke oniepupyroT BenmmuuHor AH:

AH = H ,,, — H 4,

Bemnmunny AH Beipakator B JIK/MOJb W NPUHUMAIOT MOJIOKUTEIBHOM, €CIM MPU MPOTEKAHUH

MIpoIECcCca SHTAIBITUS YBETHIUBACTCS.

3 3akoH ['ecca u ciencTBus U3 Hero. JIBIKyIIME CUITbI XUMUYECKOTO Mpolecca.

TemnoBbiM 3pHEKTOM XHUMHUUECKOW PEaKIMH HA3bIBAIOT MAKCHMAIBHOE KOJHMYECTBO TEILIOTEHI,
KOTOPOE BBIACISETCS MM MOTJIOMIAETCS B HEOOPATHMOM IIPOIlecce MPH IOCTOSTHHOM 00bhEME U TaBICHUN
U IIpA YCIOBHUH, YTO IMPOAYKTHI pEaKLMU U UCXOIHBIE BEIIECTBA MMEIOT OJUHAKOBYIO TEMIIEpPATYpy U
OTCYTCTBYIOT APYTHE BHUIIBI PaOOT, KPOME PACITUPEHUSI.

3akon I'.M. I'ecca: TemnoBoii 3¢gdekT peakuum He 3aBHCHT OT NYTH Mpollecca, a ompeaessieTcs
TOJbKO HAYAJILHBIM M KOHEYHBIM COCTOSIHHEM CHCTEMBbI.

A +B— AC, AHq

A AB

A+C— AC, AH; AC +B— AB +C, AH;

B coorBerctBuu ¢ 3akonoMm ['ecca AH; = AH, AQAH;,

TermnoBoit 3(h(deKkT XUMUYECKUX PEaKIUN 3aBUCHT OT MPHPOJHl PEATHPYIONIMX BEIIECTB U UX
arperaTHBIX COCTOSHHWH, II0DTOMY arperatHele CcOCTOsHHS —obOo3Hadatores (1), (k), (T) B
TEPMOXMMHUYECKUX YPAaBHCHHUSIX.

—>
Hz ) +1 02 ) B — HzO(m) - 285,8 KH)K/MOJ]])

Tak Harpumep, 06pa3OBaHI/Ie BOJABI MOXKET UATHU 10 PA3HBIM ITYyTAM

Hz +% 02 = HzO(r) - 241 Kl[)l(
H; + % 0;= H,0 —285,8 ]Ik
Hz +% 02 = HzO(T) —291,6 KI[)K

U cBs13b MEX Iy TEIIOBBIMU 3 (heKTaMu OYIAET ONPEeaeIATHCS:

AHP® o6p (HZO(T)) -A HO(HZO(M)) o6p — -5,83 k/[x
A Ho 06p (HzO(m)) -A Ho 06p (HzO(r)) = -44,01 KI[)K
AHP,5p(H201))- A H® 455 (H2O0 ()= -49,84 x/Ik

4 Tlomstme 00 »HTponuHU. HampaBieHne CcaMOMPOU3BOJHHOTO MPOTEKAHUS
XAMHUYECKOU PEAKIIUU.




OHTPONHUS HECOMHEHHO SIBIIAETCS (PYHKIIMEW COCTOSIHUA, TaK KaK PacCEenBaHUE SHEPTUU
3aBHCHT OT COCTOSIHHSI CHUCTEMBI. TaK KaK SHTPONUS SIBIIIeTCS GyHKIMENH COCTOSIHHUSA, TO ee
npuUMEHEHUE AS He 3aBUCHUT OT ITyTH MpoIlecca, a ONpeAeseTCs JIMIIb HaYalbHBIM U KOHEUHBIM
COCTOSIHUEM CHCTEMBI:

AS = Syon =Sy

Tak OHTPOIUA ABJIACTCA SKCTCHCUBHBIM CBOICTBOM CHUCTCMBbI, TO €CJIN MACCy CUCTCMBbIL
YBCJIHUYUTH B N1 pa3 Ipu ,Z[aHHOﬁ TEMIICPATYPC, SJICMCHTAPHOC KOJIMYCCTBO TCIUIOTHI, ITOJABOJANMOC K
CUCTEME, YBCIIMUUBACTCA B N1 pas.

Takum 06pa30M, OHTPOIKUA BEIIECTBA 3aBUCUT OT €TI0 MMPUPOABLI U MACCHI, 4 TAKIKC OT

TeMmIeparypsl. B muteparype mpuBoASTCS MOJISIPHBIC 3HAUCHHS SHTPOIHH, BhIpaxkaeMbie B J[/(MoIb
K).

Hepct (1906) mpurmien k BBIBOAY, YTO U3MEHEHHE YHTPOITMA MHOTHX IIPOIIECCOB TIPH
TemIeparypax OJM3KUX K a0COJIIOTHOMY HYJIIO, TpeHebpekuTensHo Mano. [losnnee [Tnank (1912),
JIstonc u Permon (1923) BEIABHHYIIN TIOCTYJIAT O TOM, YTO IIPH a0COIIOTHOM HYJIE DHTPOIHUS S,
YHCTOr0 KPUCTAJUIMYECKOTO BellecTBa 6e3 1e()eKTOB B KPUCTAJUINUECKON PEIIeTKE paBHa HYJII0. JTO
TpeTHii 3aKOH TEPMOJMHAMHKH B pacueTax HCMONB3YIOT CTAHAAPTHYO SHTPOIHIO S’y05. CTAHIAPTHOI
HA3BIBAOT SHTPOIHIO IIPH CTAHAAPTHOM jaBieHuu p’=1,013-10° ITa u T=298 K. PaccuntsiBaior
SHTPOIHIO I | MOJIb BelecTBa IPU HEM3MEHHOM arperaTHOM COCTOSTHUU

W3MeHeHne SHTPONHH Kak (DYHKIIMH COCTOSHHUS HE 3aBUCUT OT TOTO, COBEPIIACTCS TPOIIECC
00pAaTUMBIM HUJIA HEOOPATUMBIM IMyTEeM. DTO MOJOKECHUE TACT BO3SMOKHOCTh BHIYHUCIIUTH H3MECHEHHE
SHTPOIUH MIPH JIFOOOM peaTbHOM TIpoIiecce.

H3MeHeHne SHTPONIMHU B XUMHUYECKUX d)VHKI_II/IHX

[Ipu npoTekaHUM XUMUYECKUX MPOIIECCOB U3MEHEHUE PHTPOIIUH PACCUUTHIBAIOT C
WCTIOJIb30BaHUEM 3HAUCHHI CTAHIAPTHBIX JHTPOITUH €€ yYaCTHUKOB:

AS, 55 = Z(ViSio )npoa - Z(ViSio Jucx

0 0 y
rue z VS pog - z (V;S.) yjcx — CyMMa CTaHZApTHBIX SHTPONMI IPOLYKTOB PEAKLUH 1

HCXOJAHBIX BCUIECCTB € YUYETOM CTCXUOMETPUICCKUX KOS(I)(I)I/IHI/IGHTOB.

DHTpOonus KaK KPUTEPUI BO3MOKHOCTH, HAIIPABJICHHUS U IIPEIEa IPOTEKAHUS IIPOLIECCOB B
HM30JIMPOBAHHOM CHCTEME.

B u3onuposannoii cucreme 0Q=0, 03TOMY BHYTPEHHsISI SHEPTHSI B 00BEM ITOCTOSIHHBI,
TOTaa

(dS)y, » 20 (AS)y, »20

5 DOueprus ['m606ca XuMHUYECKON peaKIuu.
Oueprus ' nb6ca, xapakTepruzyer paboToCIIOCOOHOCTh CUCTEMBI, KOTOpast B ©300apHO-
U30TepMUIECKOM Tiporiecce (mpu p=const, T=const) npeBpamaercs B paboty. Duepruto ['n66ca
HA3BIBAIOT TAK)KE CBOOOTHOW PHEPTHEH.

TepMoIHAMUYECKUI MTOTEHIIAA SBISETCS QYHKIMEH COCTOSIHUS, 3aBHCUT OT TIPUPOJIBI
BEIIIECTB, UX MacChl, ¥ TemMrepatypbl. Kpome Toro, saeprusi [ mO06ca 3aBHCUT OT JaBlCHHS.
AOCOIOTHBIC 3HAYCHHUS TEPMOIMHAMUYCCKUX IMOTCHIINAIOB HEM3BECTHBI, a JI PACUCTOB
UCIOJIB3YIOT O0BIYHO M3MEHEHHUS OoTeHIIHaIOB (AG, KJ[K/MOJIB).

AG=AH-TAS



OTcroga MOXKHO CIeNaTh BBIBOJ, YTO 110 M3MEHEHHIO BeTHYrH 1 G MOYKHO CyIUTH O
HaIpaBJIEHIH CaMOTIPOU3BOJIBHBIX MporeccoB mpu moctosiHcTee T u P. TepmonnHamuaeckre
MOTEHITUAITEI — 00JIee BBITOTHBIC KPUTEPUH HAMIPABICHHOCTH MPOIIECCOB.

HeoOpatumomy miporieccy, T.€. CaMONPOU3BOIBHON PEeaKIIU COOTBETCTBYET OTPHUIIATEILHOS
W3MCHEHHE CBOOOMHOM dHepruu. Ecin m3MeHeHne cBOOOTHOM SHEPTHH PaBHO HYJIIO, TO HAYAJIBHOE U
KOHEYHOE COCTOSTHUE MOTYT CYIIECTBOBATH B paBHOBecuH. Eciii n3MeHeHne cBOOOTHOM SHEPTHI
MOJIOKUTENEHO, TO CAMOIIPOU3BOIBHO PeaTu3yeTcss o0paTHas peakiusl.

Jns XxuMuueckux peaxkuun

1
aA+bB <= cC+ dD

2 BO3MOJKHBI CIIEAYIOILIHE CITYyYau:
AG=0 AG<0 AG>0;
cUcTeMa HaXOOWUTCS B peanm3yeTcst peanm3yeTcst
JUHAMUYECKOM PaBHOBECHH, T.€. CaMOIIPOU3BOIBHBIH MPOIIECC B CaMOIIPOM3BOJIBHEII IpoIiece B
CKOPOCTh PEaKIUH, UAYIICH B HarpasieHuu 1. HAIpaBJICHUU 2.

HanpaBJIeHUH | paBHa CKOPOCTU
peakiuu uayei B
Hanpasieuu?.

Hcxons u3 cka3aHHOTO, MOXHO C/IeNIaTh BBIBOI, UTO ompezeicHue 3Haka AG no3BoiseT 0e3
9KCTIIEPUMEHTA YCTAHOBHUTH HAIIpaBICHUE XUMHUIECKON peakiuu. OTHAKO MPU 3TOM HY)KHO 3HATh
3HaueHrue AH, AS u T, tak kak AG=AH-TAS

W3menenue sueprun ['nb60ca u HanpaBiIeHUE MPOTEKAHMS TEPMOJMHAMUYECKOTO TIPOIECCa MOKHO
paccYuTaTh C MOMOIIBIO CTAHIAPTHRIX dHEpruil [ mobca mo mannoi dhopmye:

AG, 95 = Z (v, Gi() )npozz - Z( Vi Gio Jncx

CranjgaprHoii sueprueii ['n66ca o6pazosanus BemecTBa AG° 293 Ha3bIBACTCH U3MEHEHHE
sHepruu ['m00ca B peakiuu 00pa3oBaHMsI OJHOTO MOJISI TAHHOTO COSAUHEHHUS U3 IPOCTHIX BEUIECTB,
HaXOJSAIIUXCS B TEPMOAMHAMUYCCKH YCTOMYHMBBIX MOIU(DHUKANINSX, TPOBEICHHON B CTAaHAAPTHBIX
TEPMOIMHAMHUYECKUX yCIOBHIX.

HanpasieHne XUMIYECKUX peaKuil pa3InIHbIX THIIOB

3HaK
Tun peakuuu BriBoa
AH AS AG

1 - + - CamMoIpou3BOIBHBIN

2 + - + Hecamormnpon3BonbHbIi

3 - - ? CaMonpon3BOJIEHBIN MTPH
Hu3kol T

4 + + ? CaMoIpon3BOIHHBIN TTPH
BbICOKOH T




m IIpumep m IIpumep

Jloka3aTb, BO3MOKHA JIM peakuuss B pacTBope Mexay | Paccunmraiite npm T=298 K wusmeneHme 3Hepruu

HUTPATOM Oapus U cyjabdaToM HATpUA? I'n66ca peakumn Ny +O0yp>2NO,

Byner jin 3Ta peakuusi NpoTeKaTh CaMONPOU3BOJILHO B
3aKPBITOM cHcTeMe MPH YKA3aAHHBIX yCJIOBHAX?)

Pemenune Pemenune
3anuieM HOHHOE ypaBHEHNE: ITo maHHBIM TAGJUIIBI TEPMOAMHAMUYECKUX
2+ - — BEJIMYUH HAXOIUM:
Ba ® + S0, 0= BaSO4(m) TyS— 2 (il(l} —~
ITo maHHBIM TaOIHIIEI TEPMOIUMHAMUIECKUX BETUINH I; 06p.298. (‘)‘H MOJIb
HAXOIUM: Oi((?) 0
Beuecrso AG 46p.298. KJUK/MOIB INO, 87,58
Ba™, -547
SO ) -745 0 0
BaSO -1351,8 AG, 5 =D (V.G )npoa =D . (ViG; )yex
4(r) )
_ 0 0 _ 9. n_n_
AG, 05 =D (VG Dpoy = 2 (ViG] Jyex AG, 05 =2-87,58—0~0= 175,16

AGr298 =—13518—- (_ 547 + (_ 745)) — —59,81(,129/() AG>0, cnemoBaTelbHO, AaHHAs peakunus He OyneT

MPOTEKaTh CaMOTIPOU3BOJIBHO
AG<0, peakius UAET B CTOPOHY BBITIAICHUS OCAIKa.

1.7-8 Jlekumsi Ne7-8( 4 yaca).

Tema: PactBopsl. Peakuum, mnporekaromme B pacTtBopax OOmias XapakTepHCTHKa
pactBopoB. PacTBopuMocTs BemiecTB. CriocoObl BEIpaXeHUs KOHIIEHTPALUU PaCTBOPOB.

1.7-8.1 Bonpocs! JieKUMuU:

1. O6mas xapakrepuctuka pactBopoB. IIpomecc pactBopenus. PactBopumocts
KaK (pU3MKO-XMMHUYECKHUIl mpolecc.
2. Teopuun pacTBOPOB: XUMHUYECKast U (PU3NIECKASL.
3. IlepecbliieHHbIE PaCTBOPBI.
4. Ocmoc.
5. 3amep3aHue U KUIIEHUE PAaCTBOPOB.
6. CriocoObl BbIpayKEHUSI KOHLIEHTPAL[UN PaCTBOPOB.
1.7-8.2 KpaTkoe copep:xaHue BOIPOCOB

1 O6mas xapakTepuctuka pactBopoB. [Iporiecc pactBopenus. PactBopuMocTh Kak
(bU3UKO-XMMHUYECKHI MpoIecc.

PactBOpBI — 3TO HCTHHHBIE TOMOTEHHBIE (0HO(A3HBIE) TEPMOINHAMUYECKU
YCTOWYMBBIE CUCTEMBI, IEPEMEHHOTO COCTAaBA, COCTOSIINE U3 ABYX U OoJee
KOMITOHEHTOB (COCTaBHbBIX YacTel) U MPOAYKTOB UX B3aUMOICHCTBUSI.

BemecTsa, cocraBnstone pacTBop, Ha3bIBalOT KOMIIOHEHTAMH pacTBOPA.

JL.U. MenpeneeB SKCIEpUMEHTAILHO 00OCHOBal 00pa3oBaHME XMMUYECKHX COEAMHEHWH IPH B3aMMOJCHCTBUH
PacTBOPEHHOTO BEIleCTBAa C pacTBopuTeneM. IIpu 3ToM 00pa3yroTcst cONbBAaTHl (THIPATHI), KOTOPHIE AUCCOLMHPYIOT HA
HOHBI. DTU HOHBI CBSI3aHBI C MOJIEKYIaMH BOJBI, T.e ruaparupoBaHbel. M.A. KabmykoB momarai, 4to B BOJHOM pacTBOpe
COZIEPXKAThCS TOJIBKO TMAPATUPOBAHHBIE HOHBL ['mapataius (coabpBaTalys) - IPUYMHA JUCCOLUAIINY.

- Ipouecc pacTBOpeHus: pachaj MOHHBIX KPHUCTaLIOB HOJ BO3JCHCTBMEM MOJSPHOTO PACTBOPHUTENS-
.~ BOJIbI, IPMYEM BO3ZHUKAIOT CBOOOJHBIE TIOJBIKHBIE HOHBI, KOTOPBIE OKPYKEHbI 00OIOUKON M3 MONEKYIN
| BOJIBI (THpaTHAs 000I0YKa)

PacTBOpeHue xyopuzna HaTpusi B BoJE OOBSICHAETCS TEM, YTO MOJIEKYJBl BOIbI B3aMMOJEHCTBYIOT C
vonamu Na™ u CI” 10cTaTOYHO CHIIBHO, YTOOBI TIPEOIONETh TIPHTsKEHHEe Mex Ty noHamu Na™ u CI™ B



kpucramie. Ho obpa3zoBanue pactBopa TpeOyeT emie W TOro, YTOOBI MOJICKYJIBI BOABI Pa3IBUHYINCH H
JaTd MeCTO HOHaM. Takum 00pa3oM, TIPOIECC PACTBOPCHHS OIPEACIACTCS TPEeMs THIIAMH
B3aUMOJEUCTBUH:

1. Mexmy YacTHIIaMH PACTBOPSEMOTO BEIIECTBA

2. MEXIy 4acTHUIIaMH PACTBOPEHHOT'O BELIECTBA U PACTBOPUTEIIS

3. MeXIy YaCTHIIaMU PaCTBOPUTEIIS.

Pa3pymieniie HOHHOH peIeTKH MPOUCXOANT MO IEHCTBHEM PACTBOPHUTES, HAIIPUMEP BOIBI.

HOHHpHHC MOJICKYJIBI BOABI HACTOJIBKO IMOHUXAIOT CHUJIBI DJICKTPOCTATUYCCKOI'O MPUTKECHUA MEXKITY

HOHaMH B PCIICTKE, YTO MOHBI CTAHOBATCSA CBO6OI[HBIMI/I " NIEPEXOIAT B paCTBOP

M3onunpoBaHHble M3onupoBaHHble M3onunpoBaHHble M3onupoBaHHble
A YacTuubl + YacTuubl YacTuubl + YacTuubl
pacTBopuTens pacTBOPEHHOro pacTeopuTens pacTBOPEHHOro
BellecTBa BellecTBa
0 9
M3onnpoBaHHble M3onupoBaHHble
YacTuubl YacTuubl
pacTBopuTenb + pacTBOopsieMoro pacTeopuTenb + pacTBOpSieMOro
BellecTBa BellecTBa
)
= a B
()
o
= a Y
o
[
= pacTBopuTenb + pacTBopsiemoe PactBop
= BELLECTBO
[
©
=
I
™ -
PesynbTupytoLmn PesynbTupytoLmn
npouecc - —— npouecc -
3K30TEPMUYECKUI 3HAOTEPMUYECKUIA
Pacteop pacTBopuTEnb + pacTBopsieMoe
BeLLecTBO

m Ipumep

[ouemy x10pua KaJusi pacTBOpsieTcsi B Boge?

Hcmonb3ys BETMIUHBI ApamHO 1 AS” moskHO paccunTats 3HaucHne AG’ (298 K) st pacTBOPEHHS OIHOTO
moust KCl1 B Bog€.

ITpu 298 K:
AG" =AH" — AT -AS" =+20-(298-77-107° = =2.9x/lorc / monw

W3menenne osHepruu ['mbOca MeHbIIE HYJsS, I[OITOMY pACTBOPEHHE XJIOpHIA Kalus B BOJIC —
TEPMOJIMHAMHYECKH BBITOIHBIN TpoIiecc: pacTBOpUMOCTh npu 298 K cocTasiser 4,6 MOJb/I.

MOo’kHO OlIEHUTh M3MeHeHHe dHepruu [ 'nb6ca s aToro xe nporecca mpu 320 K



ITpu 320 K:

AG" =AH" AT -AS" =+20-(320-77-107% = —4,6xlorc / monw

Bonee orpurarensroe 3uauenne AG’ mpu 320 K no cpasrennio ¢ AG” npu 298 K ykaseiBaeT Ha To, 4TO
pactBopumoctb KCI ipu 320 K Beime, uem npu 298 K

Peanpable pacTBopuMocTH xsopuna kamus — 34 T npu 298 K u 40 r mpu 320 K ma 100 r Bomsl - ciyxar
MOATBEPKICHUEM MPABUIBHOCTH PACYETOB.

2 Teopuu pacTBOPOB: XUMHUYECKAst U (PU3HUECKASL.

3 IlepechllieHHbIE PACTBOPHI.

PacTBopuMoOCTH BellecTBa - 5TO CBOWCTBO BEILIECTBA PACTBOPATHCS B BOJE WIHU JPYTOM PACTBOPHUTEIE; €ro
Ka4eCTBEHHAss U KOJIMYECTBEHHAsI CMIOCOOHOCTh OOpAa30BBIBATH PACTBOP MPH CMENIMBAHHK C JPYTHMM BELIECTBOM

(pactBOpHTENEM)

KOHlIeHTpalII/lfl HAaCBIIIICHHOI'0 pacTBOPa HA3bIBA€TCH PACTBOPUMOCTLIO

HeHacCbILEeHHbIN

HacbILLleHHbIN

Bcsakuit pactBop, KOHUEHTpauus
KOTOPOro Npu 3agaHHbIX YCIOBUAX
MeHbLLE pPacTBOPMMOCTM
BellecTBa, ABnseTcs
HeHacblILweHHbIM: CKopocTb
pacTBOPEHWS NPU KOHTaKTe
BellecTBa C pacTBoputenem
6onbLUe CKOPOCTU BblAerneHus
BelllecTBa M3 pacTBopa

PacTtBopumocTb Bcerga paBHa
KOHLIEHTpaLuUn HacCbILLEHHOrO Npwu
OaHHbIX YCIOBMSAX pacTBopa.
[MoHATME HaCbILWEHHbIV pacTBOpP
CBsi3aHO ¢ 06paTMMOCTBIO NpoLecca
pacTBopeHus. Ha rpaHuue pasgena
BELLLECTBO - pacTBOpPUTENb
OOHOBPEMEHHO MAyT ABa npouecca:
pacTBOPEHMWS U BblAENEHUS

nepecbILeHHbIN

-« BellecTea U3 pacteopa. Ecnu
(v1>v2) - HeHacbIWEeHHbIN CKOPOCTU 3TVX NPOLIECCOB PaBHbI,
pacTtBop cUCTEMa HAaXoOMTCS B COCTOSIHUM
OVHaMWUYECKOro paBHOBECUSI
-«
(v1=v2) - HacbllWeHHbIN
4 OcmMmoc.

Mpu onpefeneHHbIX yCrnoBmsix
MOXHO MONy4nUTb pacTBOp
KOHLEHTpaLus BeLlecTsa B
KOTOpOoM 6onbLue pacTBOPMMOCTM.
Takow pacTBop Ha3sblBalOT
NnepechILLEHHbIM: KOHTaKT
pacTBopa C BELLEeCTBOM
BbI3bIBAET BblAeSIEHNE BELLECTBA
u3 pacTBopa
- o«
(v1<v2) - nNepecbIWEeHHbIN
pacTtBOp

Iporiecc camMompou3BonbHOI AubGY3HH PaCTBOPHTENS 4Yepe3 MOTYNPOHUIACMYI0 MeMOpaHy

| IpejcTaBIseT co60ii 0cMOC.

IIponukHOBEHME

pacTBOpUTEIIS U3 pacTBOpa

KOHLEHTPMPOBaHHbI pacTBop

Pa3baBneHHbI pacTBOp




<0
o0 o0°

MonynpoHuLiaemas MembpaHa

UT0o06BI IPHOCTAHOBUTH OCMOC, K PACTBOPY B JIEBOM YaCTH MPHUXOIUTCS MPHIOKUTH TaBJICHHE

MuHHMaIbLHOE THAPABJIMYECKOe /aBJieHHe, KOTOpoe TpedyeTcsi C031aTh, 4YTOOBI |
_ OCTAHOBHMTB OCMOC M3 YHMCTOI0 PACTBOPHTE/SI B PACTBOP, HA3bIBAETCS OCMOTHYECKHM [1aBJIeHUEM
| 3TOro pacTBopa.

OcMoTHYecKoe naBeHuE (1) CBA3aHO ¢ KOHIIEHTPAITEH pacTBOpa YpaBHEHUEM:
7=C-R-T
OcMoTHYeCcKOe JaBJICHUE PACTBOPA M3 HECKOJBKUX PACTBOPEHHBIX KOMIIOHEHTOB PaBHO CYMMeE
JIABJICHHUH, CO3JITaBAEMBIX KQXK/IbIM U3 HUX B OTJCIIEHOCTH:

Toiy= 10,082 T(C; + C; + C5+ C, ).

(ocMoTHYECKOE TaBIICHUE B JAHHOM ClTydae u3MepsieTcs B arMochepax)
R = 0,082 n-atm/(Moinb-K)
Korga momynpoHuIiaeMoil ieperopoakoil pa3ielieHbl Ba pacTBOpa, 00JIaTaronIiue OIiH
OCMOTHYECKHM [AaBJICHHEM, MPOHUKAHUSI PACTBOPUTENS 4Yepe3 MEeperopoixKy He HaOIromaeTcs.
?;(Ba PacTBOpPa Ha3bIBAKTCH H30TOHH‘I€CKHMH§.

| PacTBOpBI, MOJSPHAS KOHIIEHTPAlUs KOTOPBIX, U, CJIEIOBATENHHO, OCMOTHYECKOE JABJIECHUE, |
BBIIIE, YeM BHYTPH KJIETOK M TKaHEH, Ha3bIBAIOTCS THNEPTOHUYECKHM.
PacTBOpBI, MOJSIpHAsT KOHIIEHTPAIMS KOTOPBIX, W, CIEJOBATENFHO, H OCMOTHYECKOE JIaBJICHUE,

. HIDKE, 9eM B KIICTKAX M TKAHSIX HA3bIBAIOTCS THIIOTOHHYECKHM.

5 3amep3aHue U KUIIEHUE PACTBOPOB.

Kpuockonua W a6ynnuockonua

(3aMep3aHue U KUTICHUE PacTBOPOB)

PacTtBop B OTnMYME OT YHMCTOrO PAacTBOPUTENS KUIHUT WIM 3aMep3aeT HE TNpPH IOCTOSHHOMN
TEeMIIEpaType, a B HEKOTOPOM TEMIIEpaTypHOM HHTEpPBAJIE.

Tak eclou pacTBOp KMIUT, TO HAYAIO TEMIIEPATYpPHOTO HHTEPBANa HA3BIBAIOT TeMIeEPATypoil
| KMIIEHH$ PACTBOPA, 4 KOHEIl - TEMIIEPATYPOii KOHIEHCALHH.
Ecnu pactBop 3amepsaer, TO Hayano TEMIEpaTypHOTO HHTEpBala Ha3bIBAIOT TeMMepaTypou |
| KPHCTA/UIM3AIHM, 2 KOHEIl - TeMIIEPATYPOii IJIaBJIeHHs!.

Paznocth MCKAY TEMIICpAaTypaMu KUIICHUA PACTBOpa HEJICTYUCro0 BCIIECTBA W YUCTOIO
*
PaCTBOPUTECIIA HAa3bIBACTCA MOBBINICHUEM TECMIICPATYPhI KUIICHUA (A t )

Bcerna ®uakocTe KpHCTaTU3yeTCsA, KOTJA JaBJeHHWE IMapa CTAHOBHUTHCSA DPABHBIM J1aBIICHHIO
HACBHIICHHOTO TIapa COOTBETCTBYIOMICH TBepAoiW ¢as3pl. Pa3HOCTP MeXOy TeMIepaTypamu
KpUCTAJUIM3AI[UM YUCTOTO PACTBOPUTEIST M PAcTBOpPa HA3bIBAIOT IOHMKEHHEM TeMIlepaTypbl
kpuctaiusanuu (At). TemnepaTypy KpUCTAIIM3alMK YacTO HA3BIBAIOT TEMIIEPATypPOM 3aMep3aHusl.

3aBHUCHUMOCTH MEX1Y TOHUKEHUEM TEMIIEPATYPhl KPUCTAIIU3AIMH U TTOBBIIICHUEM TEMIIEPaTyphl
KHITEHHUS B 3aBUCUMOCTH OT KOHIIEHTPAILIUK PacTBOPA OIMPEIeIsIeTCs

_emopbim 3axkonom Payns .
Ilonn:kenue TeMmnepaTypbl KpUCTA/UIM3allUd, TAK U NMOBBIINICHUE TeMIIepaTypbl KUIICHUA pacTBOpa
| MPONOPIHMOHAJIBHO KOHIEHTPAIMH PACTBOPEHHOI0 BELIECTBA, T.€.
5 AT, =K f3

ATKun = E ﬂ




f - MoJIsIbHAS. KOHLIGHTPALUS PacTBOPA.
K - kpuockonuyeckasi nOCTOSIHHAS.

Koapduupment K moka3piBaeT MOHIDKEHHE TEMIIEpaTyphbl
KOHLIEHTpALUK, paBHOU enuHuMIe. B 3ToM u3nueckuii cMbICT 3TOH MOCTOSHHOM.

E - 30ynnmockonnyeckasi MOCTOSHHAS.
Koadpuiment E nokaspiBaeT NOBBIIICHUE TEMIIEPATyPbl KUIICHHS PAaCTBOPA IIPU €r0 MOJISUIBHON KOHIIEHTpALHH,
paBHoOI enuHHIE. B 3TOM u3nueckuii CMBICI 3TOH ITOCTOSHHOM.

E u K He 3aBUCAT OT IpUpObl pACTBOPEHHOTO BEILIECTBA, a 3aBUCAT TOJILKO OT IIPUPOJIbI PACTBOPUTEIIA.

[MoHmkeHue TeMIepaTypsl 3aMmep3aHus OHOCPE]T TI0 CPABHEHUIO C BOJIOM.

6. CriocoObI BBIpAKEHUSI KOHIICHTPAIIUH PACTBOPOB.

Buocpena AT,..., "C | Buocpena | AT,,.,"C
KpoBb 0,56 oT 0,13-0,65
TxaHeBo# COK 0,6-0,8 Mo4a 1,12-2,30
CrrHHOMO3roBas XuAKocTs | 0,56 MOJIOKO 0,55-0,57
CnroHa 0,19-0,49 | xemun 0,54-0,61
JKenynounslit cok 0,49-0,65 | Cox meuenu | 0,81-0,96

KPUCTAINIM3allMK  PacTBOpa TNPH €ro MOJSUIbHON

HaubGonee yacTo Moip3yroTcst CICAYIOIIUMHU CIOCOOaMU BBIPKEHUS KOJIMYECTBEHHOTO COCTaBa PAacTBOpPA: NOJIH M

KOHLIEHTpAaLUH.

JMonu: maccosas, 00vemnan, monvHa.
e MaccoBas 1051 (©) — YUCIIO TPaMMOB pacTBOpeHHOTO BeriecTBa B 100 r pactBopa (0%).

e Oonemuas mxoas — @ (%) 101 00bEMa BeIeCcTBa OTASIBHOTO KOMIIOHEHTA B 0011eM 00beMe CMeCH.

e  MousipHasi A0S y — IOJISI KOJIMYECTBA BEIIECTBA B OOIIEM KOJIHIECTBE BCEX BEIECTB CMECH.
Konuyenmpayueii pacmeopa nasvigaemcs cooepicanie OAHHO20 Gewecmed 8 eounuye Maccvl uiu odveme pacmeopa.
Konuyenmpayuu: monapnas, ykeusaneHmnasn, MoaARbHAA.

e  MousipHas koHueHTpauus (C) - 4ncio Mojel pacCTBOPEHHOTO BellecTsa B 1 J1 pacTBopa.

e MoJsipHasi KOHUEHTpauusi 3kBuBajieHTa (C3)

PacTBOPEHHOTO BEIECTBA), COAEpKaIMXcs B 1 J1 pacTBOpa.

- YHCJIO DJSKBHUBAJICHTOB (I/IJ'IPI 9KBUBAJEHTHBIX Macc M»d

e MoustibHas KOHIeHTpanus () - 4ncio MoJieil pacTBOPEHHOTO BelecTBa B | KI' pacTBOPUTEIS.

e  Tutp (T) - uncno rpaMMoOB paCTBOPEHHOTO BeIlecTBA B 1 MJI pacTBoOpa.

DopMybl En.
H3M.
MaccoBast Pacuers! ipu
m( eewecmea
nons = (“4—) 100% aom | paz6aBneHuu o, m,
PacTBOPEHHOT m( pacmeopa ) CMH“; " L <
0 BEIIECTBA P N MemiBammy w, m;
© o= m( 6ewecmea ) 100% pacraopos ¢
m(' 6 —6a )+ m( pacmeopumens ) pasIuaHO
MaccoBOH
Toei
PacTBOPEHHOT
_ m(eewecm@a) 100% 0 BEILECTBA
p-V(pacmsopa)
o0beMHast MOJIbHAs 0TI
JI0JIst Ao JI07I1
0 _ V(sewecmea) 100% e % _ n( ewecmsa ) 100% | e
V{(cmecu) bl 7o n(cmecu ) bl ;J‘IP[
0
MOJISIpHAst n(é—ea) W MOJIApHas n( 8 —6a )
KO RITCHI DAL = n= KOHIIEHTpalusl = /

C V(P —pa) M MOJB/I || skBHBaIEHTOB V(P pa) 4 M MOJIB/JT
ycrap. / wim M (yerap. WM H
MOJISIPHOCTh m(e—ea) (ycrap) HOPMATBHOCTS) ~ m(6—sa) (ycrap)

M(e—sa)-V(p—pa) M(e—6a)-V(p—pa)
MOJISUTbHASI HPaBUIIO
KOHIICHTPALIS n( sewecmea ) CMEIHBaHHS
B p= m( pacmeopumensi ) 1000 wos/wr || (npasiio
P P KpecTa)




WK KBaJpar o]
_ n( gewecmea ) 1000 Hnpcona 03—02
m(p—pa)—m(6—ea)) /0)3
w2 ®W]—03
m( sewecmea
p = e ) 1000
M My_pa ~Mg_gq
IUIOTHOCTh r/em® MIPUTOTOBJICHUE
BEIIIECTBa m(é—e6a) /M pacTtBOpa u3 0% -m- M,
p = Kkr/m’® KPHUCTAIUIOTHAD X=———
V(e—sa) ara 100-M,
IUIOTHOCTh
pacTBopa B m(p— pa) /i€ X - Macca KpUCTaJIOTHAPATa;
Pp) - v W - maccoBasi 40JIs;
(p -p a) m  -o0mas Macca  pactBOpa  (Mppt
Mypacraopirens);
Tutp m r/em’ M- MoJIsipHast Macca KpUCTaJUIOTUApaTa;
T T = ((sewecmsa) M,-MosipHasi Macca GEe3BOJHOTO TBEPIOTO
v, _ BEIECTBA;
(p=pa) Macca Boapl = m - X.
T-1000
Cy=——
M>

B npaktuke KOJMYECTBEHHOI'O aHajIM3a 4acTO MPUXOJUTCS MPOBOJUTH BBIYUCIEHHS, CBSI3aHHBIE C I1EPEXOJIOM OT OIHOMN
KOHUEHTPAIUH K IPYroi.

(DOPMlebl ona nepecuema 00HO020 KOIUUECME8EHHO20 sovlpasicenun
cocmasa pacmeopa ¢ opyzoe
w-p-10 w-p-10 1000- @
c=2pr 1Y C, = @-p 1Y f=— @
M M, M-(100-w)
1.9 Jleknus Ne9( 2 yaca).
Tema: «Teopust >IEKTPOJUTHYECKON JHUCCONMALMU. ODIIEKTPOIMTEL W HEJIEKTPOJIMTHL VOHHBIE

YpaBHEHHSL.»

1.9.1 Bonpochsl JieK1iuu

1. Ipormecc auccomuanyy B BOAHBIX PaCTBOPAX.

2. PaCTBOpLI OJICKTPOJIUTOB. CunbHble U cla0ble QJICKTPOJIUTHL. Koncranta u cTeneHb

JIUCCOLIMALINY.
3. NoHHO-MOJEKYISIpHBIE YpaBHEHUS.

4. Tucconmaryst Boabl. BoopoaHbIi moka3aTens.

5. CMeleHne HOHHBIX PaBHOBECHH.

1.9. 2 KpaTtkoe coaep:xkaHue BOPOCOB

1 Tlpouiecc nucconmalyy B BOJHBIX pacTBOpax.




e 1.Bce 2JeKTPOJIMTHI MOX /€HCTBHEM pPACTBOPHTENS PACHATAIOTCH HA MOJOKHUTEALHO H
i OTPHULATEJbHO 3apPssKeHHbIE YaCTUIbI - HOHBI i

B Pacnan 3JIEKTPOJMTA HAa HOHBI MOJ JAeilicTBMEM pACTBOpPUTE/sI WJIM NPH pPAaciuIaBJIeHUHN
HA3BIBAETCH 3JIEKTPOJUTHYECKON T CCONMALM el

e 2. Eciim 4epe3 pacTBOp NPONYCKATH MOCTOSIHHBIA 3JIEKTPHYECKHH TOK, TO IOJIOKHTEIbHO
3apskeHHbIe HMOHBI OyAyT ABHIaTbCAd K OTPHLIATEJHHOMY HOJIOCY - KaToAy (KATHOHBI),
OTPHLATEIbHO 3apsKeHHbIe HOHBI (AHUOHBI) OYyAYT NepeMeIaThbesl K M0JI0KHTeIbHOMY HOJII0CY
- anoxy. OO 3apsi]l KATHOHOB B PACTBOPE paBeH 001IeMy 3apsi/ly aHHOHOB, I03TOMY PACTBOP
Bceraa ObIBaeT 3JIeKTPOHEHTPAIbHBIM.

e 3. MoHBI M aTOMBI OJHUX H TeX K€ 3JIeMEHTOB OTJIMYAKOTCSI APYT OT Apyra mo CBOHCTBaM.

o 4. luccounamusi - mpomecc 0GPATHMBIIA, TOCKOIbKY NAPA/LIeILHO WIET PACHAL MOJIEKY HA HOHBI
(aMcconuanus) 1 Mpouecc coeJUHEHNS HOHOB B MOJIEKYJIbI (acCOMALIMA).

2 PaCTBOPBI QJICKTPOJIUTOB. CunbHble U cnadbIe QJICKTPOJIUTHI. KoncranTa n
CTCIICHb I CCOMAIINH.

O TOJTHOTE TUCCOLMMALMH CYIAT MO CTETICHN AUCCOIMALNHN, 0603HauaeMoit 6yksoit Ol

Crenenn qucconuanuu Ol - 3To oTHOLIEHHE YHC/IA AHCCONMMPOBAHHBIX YACTHI K 00IIEMY YHCITY
yacTull N pacTBOPEHHOI0 BeleCTBA, BLIPA’KEHHOE B MIPOIEHTAX

Nnucc n.qucc cnvlcc
oa=——-100% oa=——-100 % oa=——-100%
N06u.| n06u4 c06u4

Navc ¢ - YACIO NPOAUCCOLUMPOBAHHBIX MOSIEKYN
N, - o6lLiee Yicno Monekyn

Nauces Cance - KONMMYECTBO U MOMNSIPHAsi KOHLEHTPaLWs pacTBOPEHHOro BellecTsa, NoaBepriierocs
3MNEeKTPONUTUYECKON AnccCoLmMaLni.

No, Co - KOMMYECTBO M MOSAPHAsA KOHUEHTpaLuUs pacTBOPEHHOro BellecTBa, B pacTBoOpe B
MOMEHT ero NpUroToBneHns

CteneHb AuccoumMaLmm NokasbiBaeT, Kakow NMPOUEHT MoneKyn
pacTBOpPEeHHOro BewecTBa pacnascsa Ha UOHbI.

UYeM 00JIbIIIE CTENEHD AUCCONMANINU, TEM CUJIBbHEC JJICKTPOJIUT.

e — e ——

0<a<3 % 3<a<30 % o>30 %
Caa0ble CpenHue CuJiibHbIE
BeH_[eCTBa, KOTOPBIC B pacTBOpPEC NPUCYTCTBYIOT U BeH_[eCTBa, KOTOPBIC IMOJHOCTBIO
JAUCCOLUUPYIOT HA MOHBI JIUIIb MOJIEKYJIbI 1 HOHBI JAUCCOLMUPYIOT Ha UOHBI
YaCTUYHO
® [IOYTH BCE OPraHMYCCKUEC ® [IOYTH BCE COJIH
KHCJIOTBI ® MHHEPAIbHBIC KUCIIOTHI
® HEKOTOpHIE MHHEPAILHBIE H,C,0,4 H,S03, H;PO, (HNO3, HCI, H,SO4 HCIO,
KUCIIOTHI HF, HNO, HCIO;, HI, HMnO, HBr
H,S, HCN, H,Si0;, H;BO;, ® TUAPOKCUBI IIETOUYHBIX U
H,CO;, HIET0YHO- 3€MENBHBIX
® MHOTHE OCHOBAHHS METAJIIOB)
( KpOMe OCHOBAHHH MICITOYHBIX
U IIEIOYHO-3EMETbHBIX
METaJlJIOB)
a taxxxke NH,OH, Cu(OH),,
CT(OH)3




Koncranra quccouuanuu
B pactBopax cmabbIX 3JIEKTPOIUTOB MPOLIECC TUCCONUANNN IPOTEKAaeT 00paTUMO U, CICIOBATEIBHO, K HEMY
MOYeT OBITh IPIMEHEH 3aKOH AEHCTBYIOIINX MAacc.

Paccmorpum quccouuanuio yroabHoi kuceaorst H,CO;
1 crynens H,CO;SH' +HCO;~
2 crynens HCO;” S H' + CO;™” B .
[rico, ~} -] lco.* -]
Kc;, =Ka, = Kc, =Ka, =
[H 2C0; ] HCO;~

KOHCTaHTy PpaBHOBECUS U1 ITpoLecca AMCCOLUAIUU HAa3bIBAIOT KOHCTAHTOM JAUCCOU AU (nonmaunn)
K, —KOoHCTaHTa AUCCOIMALINY IS KUCIIOTBI
Ky- KOHCTaHTa ArccolMalMy A1l OCHOBAHHMS.

KoHcTanTa aucconmanuu MPEACTaBIsICT COOOW BAXKHYIO XapaKTEPUCTHKY CIAObIX JAeKMpPOIUMos, MmaxK Kak
yKasvleaent Ha NpPOYHOCMb UX MOJIEK)] 6 0aHHOM pacmeope.
Yem MeHbIIIE KOHCTAHTA Aucconmanvv B 1aHHOM PaCcTBOPHUTEIE, TEM cjaaoee JUCCOIIMUPYET
IJIEKTPOJUT U TEM VCTOﬁ‘lI/lBee €ro MOJICKYVJIbI.
Y‘II/ITLIBaSI, YTO CTCICHb AUCCOLUAILIMU B OTJIMYHUEC OT KOHCTAHTHI AUCCOLIMAIIUN UHU3MCHSCTCS C KOHHGHTpaHPIeﬁ
pacTBopa, H€06XOI[I/IMO BBISICHUTH CBA3b MCKAY CTCHCHBIO AUCCOLMAILIMHN BJICKTPOJIUTA U KOHHGHTpaHPIeﬁ €ro B
pacTBoOpe. ,’:[J'IS[ 9TOT'0 paCCMOTPUM PCAKIUIO JUCCONHANN yKCYCHOﬁ KHUCJIOTHI.
CH; COQHS H' +GH;C0O"
K- cmcooﬁ’[}ﬁﬁf)
[cH ;co0H |

Ecny ueX0aHy10 KOHIEHTPAMIO PacTBOpa
[CH ;COOH ] HpUHATH paBHoi C,
a cTeneHb JUCCONMAIMMH, COOTBETCTBYIONIYIO 3TOH KOHIEHTPAllUHK, « ,
TO YHCJI0 MPOAMCCOUHMMPOBAHHBIX MOJIEKYJ YKCYCHOH KHCITOTHI OyAET paBHO U3 (hOPMYIIBI

— C()uc = -
- %oém - C()uc = C()ﬁm

Tak Kak Ipyu AUCCOLMAUUK KaKAas MOJIEKYJa paclafaeTcs Ha OJUH aHUOH U OJMH KaTUOH, TO
paBHOBeCHAsi KOHUEHTpauust uoHoB |CH ;COO™ |u |H ™ | Gyner coBnajats u cocTaBisth a - Cooy

PaBHOBecHAst KOHIEHTPALMsl HEPACTABIIMXCS MOJIEKYJI YKCYCHOI KucoTsl Oyet papna C ooy ~ A" C by

wim C(1—« ) .1lpu3TOM B COOTBETCTBUM C YpaBHEHHEM KOHCTAHTa JAMCCOLMALNY OyIeT:

_a-C-a-C_a2~C_ o’
(I-a)C I-a (I-a)V
1
ede, V=7

3akon pa3oaBijenus OcrBanbjaa (1888 r)

e cTemeHb AMCCONUANNU €JIA00r0 IEKTPOJINTA BO3pacTaeT ¢ pa3daBjieHHeM pacTBopa
Jliist pacTBOPOB cIa0BIX AJNEKTPOIHUTOB, Y KOTOPBIX CTEIICHb TUCCOIMAIIMN MEHBIIE CIUHHIBI, YPABHEHUE MOKHO
YIPOCTHUTh, CUNTASA, YTO PA3HOCTD (1 - a) npumepHo pasHa 1. Torga

a~ K/ =~ Ke-v

CuiibHbIE JJICKTPOJIMTHI HE MOAYUHAIOTCHA 3TOMY 3aKOHY

CuribHBIE DIEKTPOIUTHl TUCCONMUPYIOT B BOJAE TMONHOCTHIO W HE TOAYMHSIOTCS OSTOU
3aBUCHMOCTH, TaK KaK B MX pacTBOpaX MMEET MECTO MEXHOHHOe B3ammojeiictsue. [lo aToil mpuumHe
3NEKTPOTIPOBOTHOCTh PACTBOPOB CHUIBHBIX AJICKTPOJIUTOB MEHBINE, YeM CJICJ0Bajio Obl OXUAATh TpHU
MOJMHOW aucconuanuud. B Takux pacTBopax KaXbli HMOH OKPYKEH HIPOTHBOMNOJOXKHO 3aps>KEHHOU
HOHHOHM aTMocdepoi, B3aMMOJCHCTBHE C KOTOPOHW pacTeT ¢ YBEJIMYECHHEM KOHIICHTpAlMU. OTH
B3aMMOJICHCTBHUS U3MEHSIOT CBOMCTBA pacTBOpa TaKUM 00pa3oM, Kak Oy/ITO OHH BBI3BaHBI YMEHBIIICHUEM
CTETICHH JTUCCOIUAIINH, T.C. MPUBOIAT K YMEHBIIICHUIO YUCIa CBOOOJHBIX «aKTHBHBIX HOHOBY MO3TOMY
3¢ (QeKTHBHBIC, TO €CTh TMPOSBIAIONKE ce0S B KOHKPETHBIX (U3IMKO-XUMHUYECKHX CBOWCTBaX




KOHIICHTPAI[MK MOHOB M BBIPAXKAIOT Yepe3 MX aKTHMBHOCTH (@), KOTOPbIE OTIMYHBI OT aHATMTHYCCKOH
KOHIICHTPAI[HH 3JICKTPOJIUTA.

Bokpyr  kaxaoro WOHA HAXOAATCS MPEHMYINECTBEHHO WOH MPOTHBOIIOJIIOKHOTO 3HAKa:
00pa3yroTcs MOHHBIC Maphl, TPUILICTHI U MOHHBIE aTMOochepbl. BosHukaeT 3¢(eKkT yMeHbIICHUS Yuciia
HMOHOB, YYaCTBYIOIIMX B XUMHUYECKHX IPOIIECCaX.

[Ipu ABMKEHUH WOHOB IOJ JCHCTBHUEM JJIEKTPUYECKOIO ITOJII MOH JAaHHOTO 3HAaKa JIBHXKETCSA K
MIPOTUBOIIOJIOKHO 3apSHKCHHOMY 3JICKTPOMY, a OKPY)KAroIllasi ero «MOHHAs aTMocgepa» TOPMO3HT €ro
JIBHKCHHE W YMCHBIIACT MOABM)KHOCTh HMOHA. Yem Ooubllie KOHIICHTpAlMs pacTBOpa, TeM CUJIbHEE
MPOSABJISACTCS TOPMO3sIiee ACHCTBHE «HOHHOH arMmocdepb». KpoMe TOro IBHKEHHE TOPMO3HTCS
colbBaTHBIMU OOosioukamu. [Ipu pazbaBieHUr pacTBOpa BIUSHUE «MOHHOW aTMOC(hephD» YMEHBIIaeTcs,
a mpu OECKOHEYHOM pa30aBJICHUM WCYE3aeT, TaK KaK MOHBI MPAKTUYCCKU HE B3aUMOJICHCTBYIOT MEKIY
CcOOOH.

o ©©
0 ATMocdepa HOHOB
0® 20

3 OHHO-MOJIEKYISIPHBIE YPABHEHUS.

KucI0TBI - 3TO CJI0KHBIE COeTHHEHHUs, 00pa3yolue NMpH AUCCONUAINUA U3 TOJ0KUTEIbHBIX
+ +
HMOHOB T0JIbKO HOHBI Boaopoaa H ( ruapoxconus H;O")

Pacnag Ha WMOHBI KHCIIOT IMPOUCXOAUT IO MECTY HauboJee HOJISIpHOﬁ CBA3H, T.C. MEXKIAY aTOMaMH BOJAOpOJAa U KUCJIOTHBIM
OCTaTKOM.

i_---__u-----__u-----__u-----__u-- 3 e e 3
: HAS nH' +A" : HCIS H* +CI
: KUCHOTa —> KaTUOH +  aHWOH : : MHOTrOOCHOBHbIE KUCIOThbI AUCCOLIMUPYIOT &
3 BOAOpPOAa KUCNOTHOrO & 3 cTyneHuaro
: octatka " H,S0, ©H"+ HSO,~ ;
: H,AA + nH,0 S nH;0" + A & : HSO, <« H'+S0,2~ :
u § 2 5
u § 2 5

OcHOBaHUSA - 3TO 3JIeKTPOJUTHI, 00pa3ylollde NpPH JUCCONUALNUHM B BOJHOM pAacTBOpe n3
OTPULATETbHBIX HOHOB TOJBKO THAPOKCcH] - HOHBI OH™ E

MeOH S Me® + OH™

OCHOBaHMe — KaTuoH <+ rugpokcun

NaOH s Na* + OH™
NH,OH 5 NH, + OH”

MHOrFOKMCINOTHble OCHOBaHUA

MeTanna MoH
+ _ ANCCOLMMPYIOT CTyNeHYaTo
Me(OH), s MeOH™ + OH I-cTyneHb Ca(OH), 5 CaOH' + OH-
—_ + 2+ =
MeOH" s Me* + OH -crynews  § 3 C7OH S Ca” +OH

COUA = 3T0 3NEKTPOIN I, 00PASYIOMNEC 1Py NNCCOUUATA B BUMHOM PaCrBopc RATHOHbI
AHHOHBI KHCJOTHOTO OCTATKA, 2 MHOIJAa KpPOMe HHUX M HMOHBLI BOAOPOAA (H+) U THAPOKCHA-NOHBI
(OH)

Cpe.qHMe conM B BO,D,HbIX paCTBOan MOSIHOCTLIO

Me, A,

coJlb

s

S katmoH +

OCHOBaHuA

n—
nMe*" + xA

aHUOH
KUCINOTHOro
ocTaTKa

ANCCOLMMPYIOT Ha UOHBI
Me,A, 5 nMe* +xA™
COJiIb — KaTuoH + aHUOH
MeTanna KUCJIOTHOIro oCctaTkKa
«—

NaCl s Na'+CI

AN — a2t L en 2-




Kucnble conu B BogHbix pacTBopax AMCCOLMMPYIOT Ha
MOHbI CTyNeHYaTo
1. Mey(HA), S yMe**+xHA ¥~ no tuny conu
corb —> KaTMOH + aHMOH
MeTanna  KMCMOTHOrO
ocTatka
2.HAY S H'+ A" notuny kucnotsi
KaTMOH aHMOH
BOIOPOAA KWUCMOTHOTO OcTaTka

1. NaHSO4 S Na'+ HSO4_ ruapocynbdart- MoH
2.HSO, 5 H' + 3042_ cynbdar - MoH

i R R R R Rl Rl e i

OCHOBHbI€ COJIM B BOAHbIX pacTBOpaXx AUCCOLMMPYIOT
Ha MOHbI CTYMeH4YaTo

1. (MeOH), A .5 nMeOH ** +zA ""no uny conu

conb —> KaTMOH + aHVoH
OCHOBaHMSI  KUCIIOTHOrO
ocTatka
2. MeOH* 5 Me**+ OH™  no tmny ocHoBaHus
KaTMOHbI  UIPOKCUA-MOHBI
meTanna
+ 2—
1. (CaOH),SO, 5 2CaOH* + SO,

2. CaOH's Ca?* + OH™

[BoWHbIe conu B BOAHbLIX pacTBOPax MOMHOCTLHO
AVCCOLMMUPYIOT Ha UOHBI

K Al (SO,),5 K'+Al* +2S0,*
NH,Fe (SO4), 5 NH, + Fe* +2S0,*

CMmellaHHble COMU B BOAHbIX PAcTBOpaXx MOSHOCTLIO
OVCCOLMMPYHOT Ha MOHBI

Ca(Cl)OCl 5 Ca* +CI~ +OCI

3.4 Tucconuanus BoAbl. BonopoaHblil mokazaTenb.

3HeKTpOHpOBOI{HOCTL BOJbI, AaXXC B CaMbIX €€ YHUCTBIX
06pa3uax, HUKOIrJa HE YMEHbIIACTCA CTPOTO A0 HYJIA. 210

00yCIIOBIIEHO CAMOMOHH3AIINEH BOJIBI.
Bopa, kak monsipHOE BELIECTBO,
MOHU3UPOBAHA 10 YPABHEHHIO
H,0 S H;0" +OH ~
WJIH YIIPOUIEHHO
H, OS5 H +0H"

Koncranra paBHOBECHUA OTOr0 Ipounecca (KOHCTaHTa
I[I/ICCOIII/IHIII/II/I) B COOTBCTCTBHMHU C 3aKOHOM HeﬁCTBy}OHIHX

Macc:

_ |H+ -|OH_

A7)

K-[11,0] = | on |

K - koHCTanTa Jucconyanuy BOAbl, €€ MOXHO BbIYUCIINTD,

0
UCIOJB3Ys 3HaYeHUs dieKTponpoBoaumoctu. [lpu 25~ C

B MAaJIOM CTCIEHHU

KW - TIOCTOSIHHAS TOJIBKO IPU MOCTOSTHHOW TeMIepaTrype

Juccoumanyss  BOAbI-  3HAOTEPMHMUECKMI  Ipouecc, a

cJe10BaTeNnbHO, K, pacTeT ¢ NOBBIILIEHUEM TEMIIEPATYPbI:

c’ 10 20 25 30 40

-14 2 6

K, 107" moms"/om” 0,29 0,68 1,00 1,47 2,92

U3  ypaBHeHusT  clenmyer, 4To IIOCKOJIBKY
+ -

npousBenenue [H |-[OH]

MOCTOSIHHAsT BEJIMYMHA, TO B JIIOOOM  pacTBOpe

KOHIEHTpalKsd HOHOB BOJOpPOJa M TUIPOKCHUI-

HMOHOB He PaBHA HYJIIO.

Besxuii pactBop copepxkut kak H 1 OH™ HOHBL
Jnst  uucTto  BOABI  KOHLEHTPAIMsI HOHOB

BOJZIOPOZA paBHA KOHLIEHTPALMU THAPOKCHU]l HOHOB,

TaKk U3 oHOro Monb uoHoB H™ u OH™ o6pasyercs

TOJIBKO OJJUH MOJib HoHOB OH .

K=18-10"° H'+ OH"SH,0
Tak kak BoJa JUCCOLMHUPOBAHA KpailHE Majno, TO B COJIGHOBEITGHBHO, KOHIEHTpalUs 3TUX HOHOB IIpHU
YPAaBHEHUH KOHLEHTPALMIO BOABI MOXHO cuutath | 25 C Oyner:
BEJININHOMN TOCTOSIHHOH. ;)ggopaBHa 55.56 Moub/m. [H+]: [OH"]: 10°% =107 mons / 1
n m 2
=55,56 monv/ n

TV MV 182/ mos- Ia

|+ | |or~|= & [1,0]= 18107 55,56 = 107
K- [H 20] o6o3naunMm kax K,
K, =" |lor=|=10-*
KW —3T0 HOHHOC ITPOU3BECACHUE BOIbI

IH+ J: [OH" J: 107 monw/ a -HeliTpajbHasi cpeaa
wim  0,0000001

H*|>1077 xucaas cpexa

H* <1077 LIeJI0YHAA cpeaa

[Tosb30BaTHCS TAKUMH YMCIIaAMU HEYTOOHO.

[TosToMy uTOoOBI M30€XaTh HEYNOOCTB, CBS3aHHBIX C IPUMEHEHHEM 4YHCEI C OTPHUIATEIEHBIM

IMMoKasaTeJIEeM CTCIICHHW, KOHICHTpAaluiO0 BOIOPOAHBIX
IToKa3aTejb 1 0003Ha4aTh CHUMBOJIOM pH

HOHOB IIPUHATO BBIpaXaTh 4Yepe3 BOAOPOAHBIN

p' 0003HAaYeHHE - 3TO IIOI‘apI/I(i)MI/I‘{eCKaSI 1KaJa, HpI/ICHOCO6JIeHHa$I XUMUKaMU I YIIPOUICHUS BBIPAXKCHUA MaJlbIX

BCJIIMYWH; HCIOJB3YIOT IS BBIPAXKCHUSA KOHL[eHTpaHI/Iﬁ HOHOB
KOHIEHTpalluu HOHOB BOAOPOJa.

BOJIOpOJa, (hOpPMaIbHO OIpEeAeNsieTCsl Kak MHHYC logy OT



BonopoansiM  moka3atejeMm pH  Ha3pIBalOT  OTPUMUATENbHBbI  JeCATHYHBbIH  Jorapugm
KOHIEHTPALUHM BOJAOPOAHBIX HOHOB.

Tonstue o BogopoaHOM Imokazarene Obu10 BBegeHo naTckuM 6moxumukoM C.IT. Copencenom (1868-1939), pa3pabaTeiBaromuii B 9T0 BpeMst
CII0COOBI YIy4IICHUsS KOHTPOJIS 32 Ka4eCTBOM IHBA. OyKBa p - HauajbHas OyKBa JaTCKOTO CIOBa potenz - MaTeMaTHyecKas cTerneHs, Oyksa H -
CHMBOJI BOJIOPOJia

J'IOl"apI/I(l)MI/I‘{SCKaS{ IKaiga

[H710° 10" 107 10° 10* 10° 10° 107 10® 10° 10" 10" 10" 10" 10

< YBCJIHMYCHHEC KHCIOTHOCTH

pH 0 1 2 3 4 S 6 7 8 9 10 11 12 13 14

p - o6o3HaUeHNE HeliTpajabHas
CHJILHOKHCJIAS cJa0oKHCcIasa cJ1a0oIeI0UHAS
CHJILHOIIEJT0YHAS

5 CmenieHre HOHHBIX PAaBHOBECHI.

a [Ipu MOBBINICHHH KOHLEHTPALMU OJHOTO M3 PEArcHTOB PABHOBECHE CABHIACTCS B HAIPABICHHU
00pa30BaHMs IPOAYKTOB PEAKIHH.
d [Ipy1 MOBBINICHHH KOHIEHTPALMH OAHOTO M3 MPOJYKTOB PEAaKIMH PABHOBECHE CIOBHIACTCS B

HaNpaBJICHUU 00pPa30BaHUS PEAreHTOB.

1.10 Jlexuus Nel(( 2 yaca).

Tema: Nonnoe npoussenenne Boasl, pH. Metonsl onpeaenenus pH ['maponus coneit

1.10. 2 Kparkoe conepxxanue BONPOCOB
1 Huccounanus Boasl. MoHHOE IPOU3BENEHUE BOJBI.
K, =|u* o |= 107
[H+ ]: [OH’]: 107" =107 monw / 2
[H+ J: lOH_ J: 1077 monw / 1 -HelTpajbHas cpea
uian  0,0000001

H*|>107 kncaas cpena

H"|<107 menounas cpexa

2 Bonopoansiii nokaszarens. Pemienue pacueTHbIX 3a1a4 Ha onpeaenenue pH.

BogopoanbiM  mokazatesieM pH  Ha3bIBalOT  OTPHLATENBHBIH  JeCATHYHBINH ﬂorapnq)M§
’ KOHIIEHTPALIMH BOJAOPOJHBIX HOHOB.




BBIYUCJIEHUE pH

; qu}; p?—?glo PH pactBopa, conepkariero .2.Yemy pasno pH pactBopa, cozepsKaiero
MOITIE/TT 2 mous/1 NaOH
Jato: PELIIEHUE Jato: PELIIEHUE
C(HCI) = 2monv/n HCI -smo cunbnas Kucioma, u 6 C(NaOH) =2monv/n NaOH -smo cunbnoe ocuosanue, u 6
pacmeope OHa HPUCYMCmEyem 8 6uoe pacmeope oHo NPUCYMCmEyem 6 6uoe UOH08
uonos NaOH & Na* + OH
HCl SH +Cr
Havimu: [HCI] = [H'] = 2 monv/n Haiimu: [NaOH] = [OH] = 2 monv/n
pH-? pH=-g [H']=-1g2 pH-? pOH = g [OH]=-Ig 2
pH=-03 pOH = -0,3
pH=14 —(-0,3) =143

3 Tunwt ruapon3a (o KaTHOHY, 110 aHUOHY, TI0 KATHOHY U aHUOHY).

Tunponus - peakuys HOHHOTO 00MeHA MEXITy Pa3JINYHBIMU BEIICCTBAMH U BOJIOH.

e T'mapoJus coJieii - npouecc B3aMMOelCTBHS COJIM ¢ BOAOH, NPUBOAAIIMIA K 00pa30BaHUIO CJIa00r0
JIEKTPOJIMTA.

e BsammopeiicTBHe coJIM ¢ BOAOI, MpuBoAsee kK n3MeHeHn0 pH pacTteopa, B pe3yjbTare KOTOPOro
00pa3yloTcs KUCJI0Ta (KHCJIas €oJib, M OCHOBaHME ( MJIM OCHOBHASA COJIb), HA3bIBAIOT TMAPOJIU30M
coJieit

Cay4yau ruaponsa
mun coau Xumuvyeckas nodeepeaemcx Jau peaxkyus 3HayeHue pH
(conb 06pa308aHa - KUCIOMOU U OCHOBAHUEM) Gopmyna 2udpoausy pacmeopa conu
[e{o¥17)
KHCJI0Ta OCHOBaHHE

1. CHJIbHASA CHJIbHOE KCl, NaNO; HeT HelTpanbHas 7

2. ciiabas CIJILHOE Na,CO; aa mieJ109Has >7

3. CHJILHAS cimaboe CuCl, aa KHcas <7

4. cirabast citaboe Aa, B CHJIbHOM

CTEeNNeHHU
OJMHAKOBO Ca0bIe CH3;COONH, NPaKTHYECKH ~7
HelTpajbHas
CUJIbHEE CHOBAHMS KHCJIast <7
CHJIbHEE KHUCJIOTHI ieJ0YHas >7

4 Viounsie YpaBHEHHS THAPOIIN3A.

CoctaBuM (GOPMYIEI COTEH:

KOH + H,S0O3;= K,S0;+ H,O NaOH + H,CO;= Na,CO;+ H,O

2UOPOKCUO Kanus + ceprucmas Kucioma = cyavgum xams + 6o0a
cunbHoe ocHoganue + cnabas Kucioma

2UOPOKCUO Hampusl + Y2ONbHAs KUCIOMA = Kap6onam Hampus + 600a
cunbioe ocHoganue + cnabas Kucioma

cynvguod Hampus
KapboHam Kanus

NaZS
K,CO;

N32CO3
Na3PO4

Kkapbonam Hampus
opmogocpam nampus

J I'uaposu3 TakuX coJieil MPOTEKAET CTYNEHYATO, Yepe3 00pa30BaHHe KHCJBIX COJIed, YHCIO0 CTyNeHel

THAPOJIH3a onpeaeaaeTcsds OCHOBHOCTBI0 KHCJI0ThI




rUIPOJIN3 KapOoHAaTa HATPUS
1.Coab oOpa3oBana:
NaOH - cunpHOE OCHOBaHME

Na2C 03 H,CO; - cnabas kucinora
TUAPOJIN3 [0 AHMOHY (CO;*" - moH 0T 1260 KHCJIOTD)

I ctrynens rugpoJmsa

2. Jucconmanms coiu

Na,CO;5 2Na' + C0:°

3. Jucconmanus BOJbI

H,05 H' + OH™

4. BpiOupaeM c1aOblii HOH M 3aMIUCHIBAEM PEAKIMIO C BOAOH (MOHHOE ypaBHEHHE THAPOJIN3A)
B ypaBHEHHH THIPOJIN3A HEllb3s MCHOJIb30BaTh 00JI€€ OHOW MOJIEKYJIIbI BOJIbI

C032_ + H OH'S HCO; + OH  pH > 7, cpena mesounas, T.K HaKanJIuBaoTces noust OH™

5. MOHeKyﬂﬂpHOC YpaBHCHUEC ' ApOJIN3a
N32CO3+ HzO s NaHCO3 + NaOH

II crynens ruapomn3a

Haxorutenne B pactBope ruapoxcun noHos OH™ ob6s3arensHO mpuBeneT kK oOpaTHON peaklMu - YacTUYHON HEHTpalu3aluu
yronbHO# kucnotsl. [ToaToMy NmpomyKToM TrHApOJIH3a paCTBOPUMBIX KapOOHATOB SIBISIETCA THAPOKApOOHAT -HOH, a HE YTOJIbHas
KHCIIOTA.

H,CO; + OH" 5 HCO; + H,0
[TpaBUIIBHOCTB ATOTO YTBEPKACHHS JOKA3bIBACT OTCYTCTBUE BBIACIECHHS JUOKCHIA YIJIEPOAa U3 pacTBOPOB KapOOHATOB.

IIpu KoMHATHON TeMITepaType THAPOIN3 MPOXOIUT TOJBKO IO TIepBOH cTyrnenH, mockobky HCO;™ Gonee ciabbie
anektponut, ueM HyCO; (IpoyKT BTOPOW CTYIICHH)
Oo6pasoasmasics kucias coas NaHCQO; moasepraercst ruapoan3y Opy APYTHX YCIOBHIX (TEMIIEpaTypa)

Couab o0pa3oBana:
NaOH - cunbHOE OCHOBaHUE
NaHC 03 H,CO; - cnabast IByXOCHOBHAsL KHCIIOTa

ruapou3 no annony (HCO;™ - HoH 0T ¢j1a00ii KHCJIOTHI)

2. Jluccounanus Coau

NaHCO;SNa" + HCO;~

3. Jucconmanus BOJbI

H,05 H +OH"

4. BuiOupaeM c1alOblii HOH M 3aIIUCHIBAEM PEAKIMIO C BOAOW (MOHHOE ypaBHEHHe MHAPOJIN3a)
HCO; + H OH $H,COs;+ OH pH > 7, cpena me104nasi, T.K HAKAIIMBAKOTCs HOHbI OH™

5. MOHeKyﬂﬂpHOC YpaBHCHUEC ' ApOJIN3a
NaHCO3 +H20‘—7H2C03 + NaOH

5 Komncranra u creneHs TUaApOJIn3a.

ITokazarenieM mpoTekaHMsA MpoLEecca THIPOJIM3a CIYXKHUT CTeNeHb ruapoiu3a h, mpeacTaBisionias coboit
OTHOLIEHHWE KOHLEHTPALMK T'HAPOIM30BAHHBIX MONEKYN Cryy, K MCXOAHOM KOHLEHTPALMU PAaCTBOPEHHBIX
MouteKyd anektponuta C:

CF"HP lMpouecc rmgponmsa Cconel  XapakTepusywT w
h e R — KOHCTaHTOM rmgponu3a K rugp, npeacrasnsiowen
cobo  KOHCTaHTy  paBHOBECUSI  MAPONUTUYECKOMN

C peakumm




Cmﬂp -KOHIEHTPALMS TMAPOIM30BAHHBIX MOJICKYJT
C - 001as KOHLIEHTpaLUs pacTBOpa

‘/ KoHncTanTa rugposm3a cojin, 00pa3oBaHHOW CHJIBHBIM OCHOBAHHEM H CJIA00i KHCJIOTOM, MpEACTaBIsIeT
c000¥ OTHONIICHHE HOHHOTO MIPOU3BEACHUS BOJIbI K KOHCTAHTE JIUCCOMUAIMK CIIA00H KHUCIOTHI, OTyJaroIIencs B
MPOLIECCE TUIPOIH3a.

6 PacueTr KOHCTAHTBI TUAPOJIM3A.

Ipu runpomuse comu CH; COONa
K CH; COONa + H,0 & CH;COOH + NaOH
Kr=—= CH; COO™ + H,0 5 CH;COOH + OH™

obpasytorcst sxBuBaseHTHBIE KomdectBa Mosekyl CH;COOH u OH™, a KOHIEHTpamuio ameraT MOHOB MOXKHO CUHMTATh PAaBHOI
HayanbHON KoHueHTpawun 3Toi conn (Ceopy), MOCKONIBKY COJb SIBISIETCS CHIIBHBIM 3JIEKTPOIUTOM, HOJHOCTBIO JUCCOLUMMPYET Ha
HOHBI.

3amens [CH3;COOH] na [OH ] u [CH; COO™ | Ha C, oy MOTYyYHM:
[HA] =[OH] [AT] = Ceomn

K, :IOH__]i L [OH_]ZJKF C omu

J'IOI'apVId)MMpyFl 3TO BbIpaXeHne U MeHAA 3HakKn Ha 06paTHbIe, nony4unm:
lg[H+]=éngw + Yl K, - 12 Cpp,

gl = - VigK, - Vlg K, + )IgC,,,

pH =7+ Isza _%pcca/m

pK=-IgK
pC=-IlgC

1.10.1 Bonpocsl Jekuuun

1. Tucconmanus soasl. MoHHOE NPOM3BEICHIE BOMIBL.

2. BomoponaHslii mokasatens. Perenne pacueTHBIX 3a1a4 Ha onpeaenenue pH.
3. Tuns! ruaponusa (0 KaTUOHY, IO AHUOHY, TI0 KATHOHY ¥ aHHOHY).

4. VloHHble ypaBHEHHUS MHAPOIN3A.

5. KoHcTaHTa 1 cTenieHb THAPOJIH3a.

6. PacueT KOHCTaHTHI THAPOIHU3A.
7. BausHue Ha CMEIICHNE paBHOBECHS THAPOIIH3a Pa3INIHBIX (PaKTOPOB

1.10. 2 Kparkoe conepxxanue BOIPOCOB




1.11-12 Jlekuusa Nell1-12( 4 gyaca).
TeMa: OKI/ICJII/ITCJIBHO-BOCCTaHOBI/ITCJIBHBIe pCaKI_II/II/I.
1.11-12.1 Bonpocs! JieKuu

1. ITousarue 06 OKUCIEHHU-BOCCTAaHOBIEHHH. CTEIIEHb OKUCIICHHS YJIEMEHTOB.

2. Knaccuukamus OKUCIUTENbHO-BOCCTAHOBUTENBHBIX PEAKIIUH.

3. Baxueilmme OKHCIMTEIN M  BOCCTAHOBHTENH. OKHCIUTENHHO-BOCCTAHOBUTEIbHAS
JTBOMCTBCHHOCTb.

4. BnusHUE cpenbl HAa MPOTEKaHWE OKHCIHTEIBHO-BOCCTAHOBUTENLHBIX peakiuii. Hampasnenue
npotexanus OBP.

5. IlpaBuna cocraBiieHne ypaBHeHui peakiuii OBP mMeTonoM anekTpoHHO-HOHHOTO OanaHca.

6. OKHCcIUTENbHbIE CBOMCTBA @30THON M CEPHOU KHUCIIOT.

7.ONeKTpOXUMHUS

8. CranaapTHbIE JIEKTPOAHBIE MTOTEHIIUAIIBI

9. Bunel 51eKTpoaoB

10. T'aibBaHMYECKHI DIIEMEHT U XUMAYECKHE HCTOYHHUKH TOKA

11. DnexTponu3

12. Koppo3ust METaJUTOB U METOIBI 3alTUTHI

1.11-12. 2 KpaTtkoe cogep:xkaHue BOPOCOB

1 TTousiTre 00 OKHMCICHUU-BOCCTaHOBICHUH. CTEIIEHb OKHUCIICHUS 3JIEMEHTOB.

OKHCIUTEIHLHO-BOCCTAHOBUTEIbLHBIE PeakuuM - 5mo peaxkyuu npomexarowue C USMEHeHUeM CcmeneHu
OKUCJIeHUSl D]IeMEHMOo6 U conpoeooicdaiomuec;z nepe()aueﬁ J/1EeKMPOHOE.

CTEIHEHU OKUCJIEHUA ATOMOB B COEJJMHEHUAX

Cmenenv OKucienus - YeloYUCIeHHbIN VCIO06HbIUL 3apsa0  (NOAOXCUMENbHLIL UTU  OMPUYAMenbHbILL),
NPUNUCHIBAEMbITL AMOMY 6 MOJEKYle Ul UOHe HA OCHO8e COBOKYIHOCHU (QYOPMANbHBIX NPABUN, VCI0BHO
00NYCKAIOWUX, YMO 8Ce MONIEKYIbl COCMOSIM U3 UOHOB

CreneHb OKMCIEHHS MOXET HMETh HOJIOKMTelbHOe, OTpULATeJbHOe M HyjJeBoe 3HayeHue. B ¢dopmynax BemecTs
CTENeHb OKUCIIEHHs 0003HaYaeTcssi apadcKoii HU@pPOii, oHA CTABUTBLCS HAJ CHMBOJIOM JJ€MEHTa CO 3HAKOM ILIIOC MJIH
MHHYC nepen nupoi. 0 +1-1 +2 +6 -2

Na, HCI, ZnSO,

BoccTaHoB/1eHHe - mpouecc NMpHCOeIHHEHUS dJie
peaKIyy, BCIESICTBUE IIPUCOSANHEHHS IEKTPOHOB)
B naunoii peakuun H' Boccranasmpaercs a0 H,'

€ CTCIICHHU OKHUCJICHHA 3JICMCHTA B XOJC

T

2H" +2e >H,’
OxmuciuTenb (0X) - BEMIECTBO, KOTOPOE NPUHUMAET JIEKTPOHBI U IIPH 3TOM BOCCTAHABIUBACTCS (CTEIEHb OKHUCIECHUS 3JEMEHTa
MOHIKACSTCsI MyTeM npucoenunenus anekrporos (HCI).
oxncmurens J +ne —> ™ BOCCTaHOBJICHHE
OkucieHHe - MpoUece OTAAYM JIEKTPOHOB (IPOMCXOMUT TIOBBILIICHAE CTEIICHH OKHUCIEHHUS JJIEMEHTa B XOJIE PEaKInH,
BCJIEACTBUE OT/AuH JIEKTPOHOB).
B peakuun Zn’ oxucasiercs 10 Zn>
Zn’-2e — Zn*

n+
BoccTaHoBHTeNs J — NE —> D OKHCJICHHE
BoccranoBurens (red) - BemecTBo, KOTOPOE OTHACT IJIEKTPOHBI U MPHU 3TOM OKHUCISETCS (CTCIICHb OKHCICHHS DJIEMEHTa
TTOBBIIIACTCS IIYTEM OTIIAYH JIEKTPOHOB (Zn)

2 Knaccudukamnusi OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKITHIA.

[ OKucnNUTEenbLHO-BOCCTAaHOBUTESNbHbIE peakumnmn ]

[ MeXMOoJeKylsspHble ]

CTeneHb OKUCTNEHNS N3MEHSIIIOT [,D.VICI'IPOI'IOpLWIOHVIpOBaHVIH] l /3ameHsoT cTeneHb OKUCTIEHUS! ATOMbI, '
aTOMbI DaSHb|X MoneKVﬂ RyNnnaiiiiie R ~NATAR NMNHNIA MNANAKVNKI

BHYTPUMOTEKYNsAPHbIe l




3 BaxkaeHnine OKUCIUTENN U BOCCTaHOBUTEIN. OKHUCIUTEIIBHO-

BOCCTAHOBUTCJIbHAA I[BOﬁCTBGHHOCTB.

Jasi Toro, 4Tro0bl ompeaeUTh HaNpaBJeHHe NMPOTEKAaHWs W NPOAYKTHI peaKnuH, Heo0X0AUMO
onpeaeauThb:

oKucnuTenb BOCCTaHOBUTENb
9+ne>3™ 9-ne—»> 3™

OxkMcnuTenaMuv MOIVT ObiThb:

1. ° HeﬁTpaanble aTOMbI M MOJIEKYJIbI.
2 MMonoxuTENHHO 3apAKEHHBbIC HOHBI METAJLJIOB:

3

4. | CnoxHble HOHBI M MOJICKYJIbI, COAEPKAIIME ATOMbI HEMETAJLJIA B COCTOSHUH MO0JIOKUTEIbHOM CTeNIeHH OKHUCICHUS
5. | Ios10:KUTENBHO 3apsikeHHbIe HOHBI BOAOPOJa ( B HEKOTOPBIX KHCJIOTAX, LIeJ04aX U BOJe)

‘BoccTaHoBMTENaAMM MOIYT ObITh:
1.
2
3
4

CJ10:KHbIE HOHBI U MOJIEKYJIbI, COACPKAINME ATOMBI METAJLJIA B COCTOAHUHA BBICIIEH CTEeNeHH OKUCIEeHHS.

HelTpajlbHbIE ATOMBI;

OTPHIATEJILHO 3apPs’KCeHHbIC MOHbI HEMETAJLI0B B HU31ICH CTelleHH OKHC/IeHUS

I0JI0KUTEIbHO 3aPSizKeHHbIC HOHBI METAJLIOB B HU3LICH CTENECHU OKHCJICHHUS.

CI0KHbIe MOHBI (KOMILICKCHbIE AHHOHBI) M MOJIEKYJIbI, CO/ep:Kalllie aTOMbl B COCTOSIHHMHM IPOMEKYTOYHOI
CTeNleHH OKHCJICHHSI.

5. 31eKTPUYECKHUI TOK Ha KaToJe U T.1.

Ecnm aToMbl HAXOISITCS B COCTOSTHIM HU3IIHAX OTPpULATEC/IbHBIX cTeneHel OKMCIeHUs (HaanMep a3orT,

MBIIIBSK, CEPa, CCJICH U TCIIITYP B COCANHCHUAX !
-3 -3 -2 -2

NH3 ASH3 ste, HzTe,
TO OHU MOI'yT OBITHh TOJHbKO BOCCTAHOBHTEJISIMH, TaK KaK Ha UX BHECIITHEM YPOBHE HaXOIUTCS 110
BOCEMB DJICKTPOHOB U IIPUHHAMATH JJICKTPOHBI OHHU HEC MOTYT

P ———————§—§—§—§$mM§G§;y
A3BOT, MBIIIBSK, CEpa, CEJIEH U TEJUTYpP, MapTaHel] ¥ XpOM B KHCIOTax
+5 +5 +6 +6 +6

HNO3 H3ASO4 HzSO4 steO4 H6T603

" UX COJIAX, a TAKXKC B
+7 +6

KMHO4, chr207
HaxOoIATCSd B BBICHIEH IOJOKNTEILHON CTENEHN OKUCJIEHHS U, CJICAOBATC/IBHO, MOTYT IPOABJATDH
TOJBbKO OKHCJIHTEJILHbIE CBOMCTBA.

B kucnorax
+3 +4 +4 +4 +4

HNOZ H3ASO3 H2S03 H2S603 H6TCO
U UX COJIsIX, a Takke B MnO, (+4), KoMnO, (+6) a30T, MBILIBSK, cepa, CENICH U TeJUTYp U MapraHel|
HaxoJSATCA B IPOMEKYTOYHBIX CTENEeHIX OKHCJIeHUsA

OTH COCAMHEHUS B 3aBUCUMOCTH OT PEaKIIMOHHOHN CIIOCOOHOCTH KOMITOHEHTOB, C KOTOPHIMU OHU
pearupyioT, ¥ yCIOBHUI peakIMy MOTYT MPOSBISTh KAK BOCCTAHOBUTEIbHbIE, TAK U OKMCJIUTEIbHbIE
CBOiiCcTBA.

4 BimsHaue CpCabl Ha TPOTCKAHUC OKHUCIUTCIIbHO-BOCCTAHOBUTCIIbHBIX peaKuHﬁ.

Hanpagsnenue nporekanust OBP.

KMnO, IHHEPMAHI'AHAT KAJIUA

Cunonbiil OKUcaumeb, npumeHsemcs 0151 OKUCIIeHUSL MHO2UX opcaHU4ecKux coedunenutl. Okucisem Cyﬂbd)umbl 6




cynvhamel, HUMPUMBL 8 HUMPAMbL, UOOUO KATUA 00 C80OOOHO20 U00A, COMAHYIO KUCIOMY 00 XA0pd, NepoKcuod
6000p00a 0o Kuciopooa. Xapaxmep soccmanosienusi KMnO, 3agucum om cpeowvi, 8 KOMopoi npomexaem peaxyus

HeliTpaanHas cpena

+4

6 +7

IleJouHas cpeaa

+4

2 +7

Kucaas cpena

+4

10

3| SO +H,0 -2 e —> SO, +2H"

2 I MnO4 +2H,0 +3e > MnO, +4OH”
CymMMupyeM 3/1eKTPOHHO-HOHHbIE YPABHEHHS
(npeaBapUTEeIbHO YMHOKEHHbIE HA K03()(PULMEHTDI)

3S0,> +3H,0 + +4H,0+ 2MnO, —3S0,+6H" + 2MnO, + SOH~
3S0;* + 7TH,0 + 2MnO, — 3S0,> + 6H" + 2MnO, + 8OH"
3N32SO3 + ZKMHO4 + HzO = 3Nast4 + 2Mn02 +2KOH

1 |SO;"+20H -2 e > SO, +H,0

2 I'MnO, + e > MO
CyMMupyeM 3/1eKTPOHHO-HOHHbIE YPABHEHUS
(mpeaBapuTeJbHO YMHOKeHHbIE Ha KO3 ULIMEHThI)

SO, +20H +2MnO, - SO, +H,0+ 2MnO/*
Na,S O;+ 2KMnO, + 2KOH = Na,SO, + 2K,;MnO, +H,0O

5 [SO.”+H,0 -2 e —> SO/ +2H"

3Na,S 03 +2KMnO, + H,0 = 3Na,S0,+ 2MnO, +2KOH

r]mwzemoeo—.wwmﬂoeaﬂ OKpacKa pacmeopa

6ypulil 0cadox
+6

BOCCTAHOBUTEC/Ib, OKHC/IACTCHA
+4

OKHMCJ/INTE/Ib, BOCCTAHABJIUBACTCHA

Nazs 03 + ZKMnOi +2KOH= Nast4 + 2K2Mﬂ04 +H20

r]mmlemoeo—.MaJmHoea}z OKpacka pacmeopa

3elenHasl oKkpacka pacmeopa
+6

BOCCTAHOBUTEC/Ib, OKHCJIHETCH
+6

OKMC/INTE/b, BOCCTAHABJIUBACTCHA

5NaZS 03 + ZKMnOi + 3stO4 = 5N32S04 + ZMnSO4 + K2S04 + 3H20

(ﬁuOﬂemO@O—.Wla}luHO@[lﬂ OKpacKa pacmeopa

€nabo-po306biil, Npu Manoli KOHYEeHMpayuu

bOecyeemmblil

+6
BOCCTAHOBUTE/b, OKHC/IACTCHA

2 nO, +8H" +5 e—> Mn*" + 4H,0 oxucauTesnb, BOCCTAHABJINBACTCS
5S 05> + 5H,0+ 2MnO,~ +16H* =580, +10H" + 2Mn** + 8H,0

5 IIpaBuina coctaBiieHue ypaBHeHUM peakiuii OBP MeTo/10M 371€KTpOHHO-MOHHOTO

OajtaHca.

CocraBjieHue YPABHCHUSA OKUCIUTEC/IbHO-BOCCTAHOBUTEIbHBIX peakum"l

HOHHO-3JEKTPOHHBIM METOA0M

HpaBﬂJ’la COCTaBJICHUSA

ITpumep

1. 3ammcats QopMynsl peareHTOB u
MIPOAYKTOB PEAKLUU.

NaQS 03 + KMI’]O4 + HQSO4 —>Na2804 + MHSO4 + KQSO4 + Hzo

2.0npenenutb 3JIEMEHTHI, aTOMBI
KOTOPBIX H3MEHSIOT CTCIICHb
OKHCJICHHS.

4 47 6 2
Na2803+ KMIlO4_ + HzSO4 = NagSO§+ MHSO4_ + KzSO4 + HzO

3.Hamucarb nonHoe ypaBHeHue
peaKuuy COTIacHO TEOPHH
3JIEKTPOJIUTUYECKON AUCCOLUALUH U
MOJYEPKHYTh HOHBI B KOTOPBIX
HM3MEHSIETCS CTCIICHb OKUCICHUS

+4 +7
2Na "+ SO,” +K'+ MnO, + 2H'+ SO, -
+6 +2

2Na™+S0,* + Mn*"+ SO,> +2K"+S0,> + H,0

4. 3anucarh ypaBHEHUS [10JIypeaKLUil
BOCCTAHOBIICHUS M OKHCJICHUS, AJIs
BEILECTB B KOTOPBIE BXOJAT DIICMEHTEI,
U3MEHSIOINE CTENEHb OKHUCIICHUS, B
TOM BHJI€ KaK OHH CYIIECTBYIOT B
pacTBOpe COTTIACHO TEOPUH
JJIEKTPOJIUTHYECCKON AUCCONUALUI

+4 +6

SO32_ —> SO42_
+7 +2

MnO,” — Mn**




4.1 OnpeneauTb KOJIMYECTBO
OTIAHHBIX M IPUHATBIX
9JIEKTPOHOB

4.2 Onpenenuth MPOLECC OKHUCICHUS
U BOCCTaHOBJICHHS

t

4.3 B 3aBucumocty ot cpenbl
nonucars HyO u H' wm Hy,On
OH"

cM. 1. 4

4.4
B Moy4eHHBIX MOTy4EeHHbIX
MOJTypeaKLHsiX HalTH
K02 GUILHEHTHI TIPH
BOCCTaHOBHTEJIC U OKHCIIUTEIC

+4 +6 CTeNeHb OKHC/ICHHs IOBBIIACTCS
2- 2-
SO -2e > SO, X OKHCIICHHE, BOCCTAHOBHTEIb
+7 +2 CTeNeHb OKMCICHHs] TTOHMIKACTCS

MnO, +5¢ — Mn* A

BOCCTAaHOBJICHUEC, OKHUCIIUTECIIb

cpena Kucias
H,0 +S0;" -2e —>
cieBa 3 atoma O
(ue xBataer 1 atroma O)
Ha KaxIblii HegocTatomumid arom O
cieBa nuieM Moiekyiy HyO,
(YpaBHSUIH 10 KHCIIOPOIY)
8H'+MnO, +5e— Mn’" +4 H,0
ciesa 4 atroma O crpasa HeT aToMoB O
(ue xBaraet 4 aroma O)
Ha KaxIplii HegocTatomuii arom O
crpaBa IuIeM Mojekyssl Boasl 4H,0,
(YpaBHsUIM 110 KUCIOPOLY)

SO, +2H"

crpasa 4 atoma O

CIIpaBa He XBaTaeT 2 aTOMOB BOJOPOA
3ammceiBaeM 2 Momb H'

CclIeBa He XBAaTaeT
8 aToMOB BoJOpOAa
3armceiBaeM 8 Momb H'

5| Hy,O+S05> -2e— SO, +2H' okucieHHe, BOCCTAHOBUTEINb
2 | 8H"+ MnO; +5e— Mn*" +4 H,O BoCCTaHOBIEHHE, OKHCIUTENb
03 huIeHTH!

OO0mee 4YuCI0 3JIEKTPOHOB, OTAABAEMBIX BOCCTAHOBUTEJIEM PABHO YHCILY
3J1eKTPOHOB, MPHCOENHIEMBIX OKHCJINTEIeM, - OTCIOAA HAX0AuM KodpPunueHT
JJ151 OKHCJINTEIS] H BOCCTAHOBHUTEJIS

5.Cymmupyem 3JIEKTPOHHO-HOHHBIE
ypaBHEHUS (IpeBapUTENBHO
YMHO>KEHHBIE Ha KOO QHUIHEHTHI)

5H,0 + 580, +16H" + 2MnO,” —5 SO, +10H'+ 2Mn** +8 H,0

6. CoxkpamaeM 1mom00HBIC
HAXOJIUM HOHHOC YpaBHCHHE

YJICHBI,

580; +6H' + 2MnO,~ -5 SO, + 2Mn*" +3 H,0

7. 3anucaTh OKOHYATENbHOE YpaBHEHHE
OBP

5N32S03 + 2KMUO4 + 3H2S04: 5N32S04 + 2MnSO4 + K2S04 + 3H20

6 OkucauTeIbHBIE CBOMCTBA A30THOW U CEPHOM KUCIIOT.

B3aumopelicTBHe a30THOM KHCJIOTHI C MeTAUIAaMU M HeMeTaJlJIaMu

| KoHuenmpupoeaHHas | « HNO; - | pa36aeneHHas
{ 4 N { {
He 83aumo0 WEeI0YHbIE U Opyaue memansibl aKmueHsble HeakmueHble
Al, Cr, Fe wesio4Ho3emerb u Hememarnns| memarnnsi memarnnbl U
Hble Memarnssl Hememaniibi
J J J \
N2O nnu N2
N,O NO, o4eHb pasb. NO
NHs;
(NH2 NO3)

-

~




He naccusupyem C WesIoYHbIMU U c Op. aKmueHbIMU | ¢ mskenbiMu c
peazupyem Fe, Al, Cr wesnnoYyHo- mMemannamu Memasnnamu Hememannamu
c Au, Pt, Os 3emMesibHbIMU ebidenisiem S ebidensiem (P, C, S)

Memasnnamu SO, ebidensiem SO,
ebidesnisiem
H,S

7 DIEKTPOXUMUS

DJIEeKTPOXUMHUS MPeACTABJIsIeT c000ii 00/1acTh XMMUM, KOTOPasi U3y4YaeT peakliu, NpoTeKame ¢

moaBoaoM U 0TBOJAOM 3HeKTpH‘leCKOﬁ JHEPIruu, TAaKUE NPoueCChbl HA3LIBAKTCHA IJICKTPOXUMHUIECCKUMHU.

8 CtaHgapTHBIC DJIEKTPOIHBIE TTOTEHIIHAIIBI

Bo3HuKHOBEHHE OKHCIUTENHFHO-BOCCTAHOBUTENHHOTO TMOTEHIMATA (P MOXXHO PacCMOTPETh Ha
MPUMEPe METaUIMIECKOTO AIISKTPo/ia. Eciu onmycTUTh METaNTMIECKYIO TIACTUHKY B Boay (puc.12.4.), To
MeTaJlJI B HeW XOTS OBl YaCTHYHO PacTBOPSETCS (llaXKe €CId pacTBOPHUMOCTh HUYTOXXKHO Mana). Ilonx
JIEHCTBHEM IOJIIPHBIX MOJIEKYJ BOABI MOHBI METalJIa TUAPATUPYIOTCS M MEPEeXOosIT B pacTBop. PacTtBop
3apspKAeTCA MOJIOXKUTEIBHO, & METAJUIMYECKAsl MNIACTUHA 3apsKaeTCs OTPULIATETIBHO. T.K. B HEH OCTalOTCs

OJICKTPOHBI

bnaromapst  anekTpocTaTHYECKOMY
KaTHOHAMH ¥  DJIEKTPOHAMH  KAaTUOHBI  YACPKUBAIOTCS  BOJIU3H
MOBEPXHOCTH  MeTaJla. B pe3ynbrate  BO3HUKAaeT BOWHOM
JNEeKTPUYECKHIl CJI0H W TOABISETCS PAa3HOCTh  DJIEKTPHUYCCKHUX
MOTCHITNAJIOB ( FUTH TaJIbBAaHU-TTOTCHITHAT).

Tak, Xopomo U3BECTHO, YTO NPOMYCKaHHE BOJBI 4epe3
cepeOpsHbI QWILTDP NEe3NHPUIMPYET €€ U TIOATOMY SIBIISICTCS OJTHOM M3
CTaIuil OYUCTKH BOJBI. DTO OOBSICHICTCS OAKTECPUIIUIHBIMU CBOMCTBAMHU
HMOHOB cepedpa, MepexoIsIinX B pacTBOP.

PacTBOopeHue xapakTepHO IS BCEX METaUIOB M OOYCIOBICHO
BO3PACTaHUEM SHTPOIIHH.

MPUTHKEHUIO  MEXIY

Puc.. .Metaminueckuid 31€KTpo.

Ecin morpy3utes MeETaTMYECKYylO0 IUIACTHHY B PACTBOP COJIM 3TOr0 :Keé MeTalaa, TO MOTYT
peann3oBaThCs 1BAa MEXaHU3Ma 00pa30BaHUs JBOMHOTO JIEKTPUIECKOTO CIIOS:

1. KaTHOHBI MOTYT BOCCTaHABIIUBATHCS U OCAKIATHCSA B BUJIE aTOMOB M3 PACTBOPA COJIM HAa METAJLT

(Tak Kak AN pa3psga dTHX HOHOB PacXOAYIOTCS DJIEKTPOHBI, TO B CaMOM aTOME MeTallia

BO3HHUKAET HEJOCTATOK 3IeKTpoHoB) M*" +ne = M’

2. aToMBl MeTa;la MOTYT OKHCIATHCA U TIEPEXOIUTh B PAcTBOP (BBIACISIONIMECS IICKTPOHBI
OCTAIOTCA B METAJlIE H 00YC/IaBIMBAIOT UX H30bToK) M’ - ne = M™

XUMHYECKH aKTUBHBIE
Metaiel  (Zn, Al) 1npu
MOTPY)KEHHH B PacTBOP
cBOEH cou 000
KOHI[CHTPAIMH YACTHYHO

HepexoAdaT B pacTBOp, H
TUIACTUHBI 3apsDKalOTCs
OTPHLIATEINBHO.

Jltst MaJIOAKTHBHBIX
metaimoB (Cu, Ag, Au)
HaOIII0TaeTCSI obOpaTtHas
KapTUHa, Tpu 000
KOHIICHTPAI[MK  pacTBopa
OPOUCXOIUT  OCAXKICHHE
HOHOB MeTasuia Ha
IUTACTHHE, KOTOpast
3apsKaeTCst
MOJIOKUTEIIHHO.




9 Busl 251€KTPOI0B

DNEKTPOBI MOTYT Pa3IMiaThCsl MO BUAY KaK UX MeTautnaeckor (as3wl, Tak W ¢asbl pacTBopa; 0oe (asw
OTIPEICIISIOT BeAYIIYIO K 00pa30BaHHIO MOTEHIIUAA PEAKIIHIO.

e DJeKTpox «MeTALI/KaTHOH MeTandia» 1 poaa:
MeTaJ/lJI, KOTOPbIii MOrpy:KeH B PacTBOpP CBOMX
KATHOHOB

O6o3nauenne Cu/Cu®*

Dnexrpomnas peakums: Cu <>Cu’* +2e

o  OKHCIHMTEILHO-BOCCTAHOBUTEIbHBIN 2JIEKTPO/L:
HHEPTHLIA MeTaJLI, IIOrPYyKeHHbI B pacTBOp
OKHCJIATEIHLHO-BOCCTAHOBUTEILHOM MAPHI.

O0o3HaueHHe : Pt/Fe2+, Fe**

DieKkTpoaHas peakius Fe’* oFe’ + e
K OKHCIHTENbHO-BOCCTAaHOBHTEIBHBIM
OTHOCSITCS FA30BbIC JCKTPO/IbI.
Bonopoauslii anextpon

Pt/H,, H;0"

Dnexrponnas peakuus: Hy +2H,06H;0" +2e

3JIEKTpOJaM

e DuleKTpox «MeTaI/kaTHoH Mmertauta Il popa:
MeTaJl, MOrPY’KeHHbI B HACHINIEHHBIH PacCTBOP
MaJIOpacTBOPHMOM COJIH €€ aHHOHOB

O6o3nauenne Ag/AgCI(T), Cl1°

DrexTponHas peakimsa: Ag <>Ag + e

Ag "+ CI” &AgCl(T)

Ag+ ClI" ©AgCI(T) + e
B cBs3M ¢ TTOCTOSSHHBIMH H XOpo1mo BOCHIPOU3BOANUMBIMU
MOTCHIIMAJIAMMA 3TH JJICKTPOJAbI IPUMCHAIOTCA B KAa4CCTBC
DJICKTPOA0OB CpaBHCHUA B IMOTCHIIMOMETPUH, B
0COOEHHOCTH KaJIOMEJIbHEIE QJICKTPOAbl C XJIOpUAOM

pryru (I)

10 I'anbBaHWYECKMI DJIEMEHT U XUMHUYCCKHE HCTOUHHUKH TOKa

XHMMHYeCKUM ralbBaHNYECKHM 3JIeMEHTOM Ha3bIBAIOT YCTPOHCTBO U3 ABYX JJIEKTPOAOB B
KOTOPOM XMMUYECKasi 3HEprHsl IPEBPALIAETCs B JIEKTPUIECKYIO.

B ranpBaHHYECKOM 3JIEMEHTE IPOUCXOJUT OKUCIUTEIFHO-BOCCTAHOBUTEIbHAS PEaKIIHs, KOTOpast
MPOTEKAET Pa3ICIbHO HA IBYX AJEKTPOJAX: Ha OAHOM - MPOIIECC OKUCIICHHUS, B PE3YJIbTaTe KOTOPOTO
3/1€Ch HAaKaIUTMBAIOTCS DIIEKTPOHBIL, @ Ha APYTOM - BOCCTAHOBIIEHUS (JIEKTPOHBI PACXOMYIOTCS).
Ecau nBa pazHpIX MeTajljia NOTPY3UTh B PACTBOP IEKTPOJIUTA, TO MeKIY HUMH BOZHUKAET

3JIEKTPUYeCKoe Hanpsi:keHue (Pa3HOCTh MOTEHI[HAJIOB), TAKasl CUCTEMA

Metayal |

PacTBOP JIeKTPOJIUTA

| MeTasa 2

Ha3bIBaeTCsl FATbBAHMYECKUM 3JIeMEHTOM, HJIH FaJbBAHHYeCKOil LenbIo.
BMecTo MeTaiioB MOKHO MCIIONIB30BaTh U IPYTUE BELIECTBA C METAJUTUUECKONW POBOAUMOCTBIO,
Hanpumep, rpadut (YroJbHBIN 3IEKTPOX)

XUMHYeCKHil raTbBaHNYeCKHI 3JIeMeHT NPHHATO 0003HAYATh CXeMOH:

* =) M, | M, M,* | M, )
%

CIUIOIIHBIMU JTUHUSMU Pa3AeisIFOT MOBEPXHOCTH (a3 T-T U T-XK, IITPUXOBBIMHU — MOBEPXHOCTH
paszzerna AByX pacTBOPOB (TIOJOXEHHUE COJICBOTO MOCTHKA).
DJIeKTPO] BMECTe C PACTBOPOM HA3bIBAIOT MOIydIeMeHTOM. [lomysieMeHTh n300paxaroT
CIIEAYIOIINM 00pa3oM:

M, |M11+; M, | M,"";

Zn"| ZnSO, u 1.1.

[Ipu 3aMbIKaHNH TaTHPBAaHMYECKOTO PIEMEHTA BOSHHUKAET AIeKTpoaBmkymas cuia J/1C, paBHas
Pa3HOCTH MOTEHIHAJIOB MOY3JIEMEHTOB: U3 TMOTEHITHAIIA IOy JIEMEHTa, B KOTOPOM IIPOUCXOAUT
BOCCTAHOBJICHHUE (TIOJIOXKHUTEBHBIN 3JICKTPO/T), BBIYUTAIOT TIOTSHITUAI IOy JIEMEHTa, B KOTOPOM



MIPOMCXONUT OKUCIICHUE (OTPUIIATEILHBIN 3ekTpon). [Ipu Takoit 3ammcu 3/]C nerm Oymet

MOJI0KUTETBHOM.
0

0
E=¢-¢ .
VpaBuenue Hepuera ni1s usmepenus 3/1C 3anuceiBaercs
RT 2,3RT
E=g" , BT 0 _po - 23RT, lox]
&Cd nF ared /Red nF [I’ed]

rae E°- cranmaptaas DJ1C. E°= ¢°; - ¢°.

: XuMHYecKHe MCTOYHHKH TOKAa - TrajibBaHHYeCKHe 3JIEMEHTBbI, KOTOpble CJIy:KAT sl
. obecrieueHHsl JJIEKTPHYECKOli YIHeprueii nepeaBH:KHLIX NPHOOPOB

B 3aBMCHMOCTH OT IPUHIUAINA JeiiCTBUSA PA3JINYAIOT:

NEPBUYHBIEC 3JIEMECHTbI BTOPUYHBIC 3JIEMEHTbI TOIIJIMBHBIC 3JICMEHTBI

peakuus B 3lIeMEeHTe HeoOpaTuMa; peakuus B 3IeMeHTe 00paTuma; HOCHUTENH SHEPTHHU IOCTOSTHHO BBOJSTCS B

najgbHEHIIee UCI0Ib30BaHUE MOCIIe MPOLIECCHI 3apSAKU-PAZPSIIKU peaKuuy Ha 3JIEKTPOAAX, JICMEHTHI
pa3pAaKd HEBO3MOXKHO MOTYT ITOBTOPSATHCS HETPEepHIBHOTO ACHCTBUS.

11 DnexTponus

DJIeKTPOIN3 - ITO OKHCJIUTEIHHO-BOCCTAHOBHUTEJLHBII MpPOIECC, NMPOTEKAINIUI TOx JAeilicTBHEM
_ 2JIEKTPHYECKOI0 TOKA HA 3JeKTPO/IaX, NOMENIeHHbIX B PACTBOP HJIM PACILIAB 3JIEKTPOJINTA.

3HeKTp0JII/I3 - Pa3/IoKeHHEe XMMHYECCKOIo COCIMHCHUSA II0J JeficTBUEM IJIEKTPUYECKOI0 TOKaA,
COoMmpoBoOKIaNOIICECCHA paspsiAoM UOHOB.

DeKTpoam3ep - AUelKa, COCTOSMNIAS U3 ABYX COSJAWHEHHBIX C BHEIITHUM UCTOYHHUKOM IOCTOSIHHOTO TOKa
9JIEKTPOZIOB M TOMENICHHBIX B JJIEKTPOJIHUT, B KOTOPOH OCYIIECTBISETCS Mpolecc dieKTpoim3a. s
WCKJTFOUCHHUST B3aUMOJICHCTBYSI MMPOAYKTOB JIEKTPOIH3a, 00pa3yIoIIUXCsl Ha KaTo/Ie U aHOJIe, IPUMEHSIIOT
3NEKTPOJIM3Ephl ¢ auadparmMamu (M3 acOecTa, KEpaMHUKH WM ILIACTMAcC) WM MeMOpaHamu. KaTompl
W3TrOTAaBIMBAIOT W3 rpadwura, cramu, Hg, Pt, Ni, anomer - Pt, Ni, HepxkxaBetomieit cranu, rpadwura, Ti,

l'IOKprTOFO OKCHIaMH METAJIJIOB. ;
JNEKTPONM3 pacnnasoB

| | IMpouecc anexrponu3a pactuiaa NaCl naer ro cienyrouieii cxeme:
NaCl <>Na" + CI'
+ Anon k() Na* CI > (HA
E K(-) Na'+ e »>Na'
A1) 2C1—2e —CL

Karoxg = 1

Na'+2CI-Na’ +Cl,
3J'leKTp0.]'lH3
2NaCl <>2Na + Cl,

JNEKTNONM3 BOAHLIX PACTBOPOB

[Ipu smexTponnse BOIHBIX PaCTBOPOB 3JICKTPOJHMTOB B JIEKTPOTHBIX MOIYIpOIleccaX MOXKET MIPUHUMATH ydacTue,
KpOMe 3JIEKTPOJINTA, BOJA.



NPOLECCDI HA HATOAE

Psn paspsizkaeMocTH Ha KaToje

HauboJiee HeGJIArOpoAHbIE METAILI  MeHee He0JIaropoiHbIe MeTAJLIbI 0J1aropoIHbIE METAJLIbI

Li* Rb* K'Ba**Ca>*Na*Mg> Al"* Mn®*Zn **Cr 'Fe* Cd> Co 2 Ni*'Sn ** Pb>* Fe*'H Sb Cu > Hg*Hg* Ag' P Au’ Au*

TPY/HO pa3psiiKaeMble

Helik0 paspsxKaeMble

NPOAYKTbI ANEKTHONW3A B BOAHOM DACTBOIE

Toabko H, metau1 u H, TOJIbKO METAJLI
® |. KatuoHs! MeTa/uIOB ¢ MaJoOH ® 2. KaTuoHBI METAJUIOB CO CTAHIAPTHBIM ® 3. KaTuoHBI METAJLIOB CO
BEJINYMHON CTaHAAPTHOTO 3NEKTPOAHBIM MOTEHIIUAIOM MEHBILIUM, YEM Y CTaHIaPTHBIM 3JIEKTPOAHBIM
JIEKTPOIHOTO MOTEHIHANA (METaJIIbI BOJIOPOJIA, HO GOIBIINM , ueM y amomuus (Mn?", MIOTEHITHAJIOM, OOJIBIIE, YeM Y BOAOPOA,
-+ + + + 2+ 3+ 3+
Havana psga Li', Na', K, Rb", ....no Zn™",Cr,Fe” ...nmo H). IIpu sanexrponuse 3ti PAacCIOJI0XKEHBI B PSANY CTAHAAPTHBIX
AP pxmounrensro). Ilpu KaTHOHBI, XapaKTepPHU3YIOIINeCs CPETHUMHA NIEKTPOAHBIX TOTEHIHATIOB MOCIIE HETO:
o 2+ 2+ + 2+ 2+ 4+,
JJIEKTPOJIM3€ HA KaTOJEe OHU HE 3HAYEHHUAMM JIEKTPOHOAKUEIITOPHOMI Cu™ ,Hg,”,Ag ,Hg", Pt" ... Pt
BOCCTAHABJIMBAIOTCS, BMECTO HHX CIOCOOHOCTH, Ha KaTo/ie BOCCTAHABIMBAIOTCS IIpu smexTponu3e OHU MOYTH HOIHOCTHIO
BOCCTaHABJINBAETCS MOJIEKYJIA BOJIBI. OJTHOBPEMEHHO C MOJIEKYIaMH BOJBI. BOCCTaHABJIMBAIOTCS Ha KaToJe U
BBLIEISIOTCS B BUJIE METaJLIA.
+ 0 + 0
® INPOMCXOIHUT e Me" +ne—>Me e Me" +ne—>Me
BOCCTAHOBJICHHE BOIbI e 2H,0 +2e »>H, +20H
2H,0 + 2e ->H, + 20H"
+
2H" +2e— H2
KAaTHOHBbI METAJJI0B OCTAIOTCH
B pacTBope

MPOLECCDI HA AHOE

ITpouecchl mpoTeKaomue Ha aHOAE, 3aBUCAT KaK OT JJIEKTPOJINTA, TaK M OT MaTepuaina ( BELIECTBA) U3
KOTOpOro cpaenaH aHoiA. HepacTBopuMBble aHOABI HE IPETEPIEBAIOT OKUCICHHMS B XOJE JJeKTposu3a. B
OIIpEe/IeJICHHBIX YCJIOBHSAX POJIb HEPACTBOPUMBIX aHOAOB MOryT BbImoyHATH Fe, Ni, Pb, Sn u np. PactBopumbie
aHO/IBI B IIPOLIECCE 3JIEKTPOJIM3a MOTYT OKHCIATCS ( pa3pyliaThCsi ) M MEPEXOJUTh B PACTBOP B BHJEC MOHOB. Mx

HU3roTaBJIMBAKOT U3 MCOU, cepe6pa, LWHKA, KaaAMUs, HUKCJIA U Ap. METAJUIOB.

Pan PaspAKaeMOCTH AaHUOHOB HA aHOAEC

Ha nepactBoprMOM aHOZE B TIPOIIECCE IIEKTPOII3a IPOUCXOIUT OKUCIICHIE aHIOHOB MIJIM MOJIEKYJ BOJBI.

S0,~, NO;, PO,™, S0;™, NO;,

TPYAHO pa3psKaeMble

s*, I, Br, CI,

P JIETKO pa3psizKaeMbie

IIpn snexTponuse BOAHBIX PACTBOPOB | AHMOHBI, COAEPXKAIINE HEMETAT B
KHCJIOPOAOCOAEPKAIUX KUCJIOT M MX || IPOMEXYTOYHOM CTENEHH OKUCJIECHUS
comeii ¢ MakcumanbHON creneHbio || (SO;, NO, u jp.) caMu OKHCISIOTCS
OKHUCJIEHUSI HEMeTaJlia (SO42', NO;, || Ha aHOzE,

PO,”) u F Ha aHOJE OKHCISIOTCS He
AQHHOHBI, a MOJEKYJIbl BOIBl C

Ilpu snexTponuse BOMHBIX PAacTBOPOB
OECKUCIIOPO/IHBIX KHCIOT M HX COJIeH
(xpome HF u ¢ropunos) y aHona Oyayt
OKHCIIAThCS  (pa3pshKaTbesl) aHHOHBL.
Tak HampuMep, TpH  3JIEKTPOIIM3E
pactBopoB kucioT u ux coneit (HI, HCI,

BBLICIICHHEM KHCIIOPO/Ia, T.K. HBr u 1.1.) Ha aHOJE OyAEeT OKHUCIATHCS
MOTEHIIHAI OKHCIICHHS BOJIBI COOTBETCTBYIOIIMH HOH TaloreHa W
3HAYMTENBHO MEHBIIE, YeM Ui TaKHX nepefaBaTh  CBOM  DJEKTPOHBI  Ha
AHHOHOB. BHELIHIOIO [1ETIb AJIEKTPOJIH3EPA.

+ 7 2 T —
2H,0-4¢ > 4H + 0, SO;7,+H,0-2e >S0,”+2H 2Cr, - 2e - 2C1,

4OH_, -4e > 2H20 + 02
B pacTtBOpe ocTarTCs aHMOHBI
KHCJIOTHBIX OCTATKOB.

12 Koppo3usi METAJIJIOB U METObI 3AIUTHI

- Kopposus memannog - smo camonpouseonbhulii NPOYECc ux XUMUYECKO20 DA3PYUenus nood Oeicmeuem

_ OKpydrcarowe cpeokwi.

OcCHOBHEIE MPpU3HAKHU, XapaKTCPHBIC NJI1 KOPPO3UU:



® Kopposus - npoyecc oxuciumensuwlii, amom Memanid (60CCmaHosumens) npu 63aumooesicmeui ¢
OKpYydIcarouelit cpedoll (oKuciumenem) omodaenm GaieHmMHbvle YeKMPOHLL U Nepexooum 6 UOHHOe
cocmosnue
M’ -ne ->M"
Q Kopposus - npeumyuecmeenio nogepxHocmubiii npoyecc, max KaK pazeusaemcs naeHbiM 06pazom
HA NOGEPXHOCIU Memad.
Y CTaHOBJICHO, YTO MOTEPS METaJIa BCJICACTBHE KOPPO3UHU TPOMOPIIMOHAIEHA HE Macce MeTaslia, a
ero moBepxHOCTH. OJHAKO TPHU CHUIBHOM pPa3BUTHH KOPPO3US MOXKET IMPOHUKHYTH U B TIyOb
METAJUTMIECKOTO U3JCIIHSL.

® Kopposus - npoyecc camonpousgonsbiii.  IIpoucxodum  eciedcmeue  mepmoOUHAMULECKOll
HeYCMOUYUBOCMU CUCHEMbL, COCMOsWel U3 Memanid U KOMNOHEHMO8 OKpycaiouell cpeodbl
(acpeccusnoii).

Pa3znnyaroT HECKOIBKO BUAOB KOPPO3UH METAIJIOB:

®  a) paBHOMeEpHas (PaBHOMEPHO OXBATHIBACT BCIO MIOBEPXHOCTh METAJIA)

=  O)mokanbHas (MECTHAas) MATHAMH (KOPPO3WHU TOIBEPTaroTCs JIUIIL OTIACIBHBIC YUACTKH
TTOBEPXHOCTH METAILJIA)

= B) TOUCYHAS

"  T) OUTTHUHT (S3BEHHAs)

" J)MEeXKpUCTAJIHMUYECKass (KOPPO3WHHBIA TIPOIECC PaCHpOCTpaHSIETCS BOOJIb TPAHHUIL
KpPHUCTAIIOB, COCTaBJISIFOIIIAX METaJL)

®  ¢) pacTpEeCKUBAIOIIAs

"  K) CeJEKTHUBHASI (KOPPO3HS IO HAPSOKEHUEM )

o s e ARGl 55

1.13 Jleknus Nel3( 2 yaca).
Tema: KoMIiuiekcHble cCOeIUHEHUS

1.13.1 Bonpocsl JeKkuuu

. Koopnunanmonnas teopus

. Kinaccudukanus KOMITJICKCHBIX COSTUHEHUH

. KoMrmnexcooOpa3oBaresb v JTUTaHIbI

. HomenkaTypa KOMIUIEKCHBIX COEeAMHEHUH

. XenaTbl ¥ KOMIUIEKCHI ¢ MaKPOIMKIHYECKUMH JIATAHAAMH 1 MHOTOSIIEPHBIC KOMIIIICKCHI
. lucconpanus KOMIUIEKCHBIX COeIMHEHUH B BOJIHBIX pacTBOpax

. XuUMHYeCKas CBSI3b B KOMILJIEKCHEIX COCIUHCHHUAX

8. BBICOKO- M HU3KOCTIMHOBBIC JIEKTPOHHBIC KOHPUTYpAITUH

9 MarnuTtHble CBOMCTBa KOMIUIEKCOB U OKpacka KOMILIEKCOB

10. [IpyuMeHeHne KOMIUIEKCHBIX COeUHEHUN

~N NN AW~

1.13. 2 Kparkoe conepxxanue BOIPOCOB

1 KoopannanmonHast Teopust

> CoeauHeHnem BbiCLIEro nopsigka (KOMMMEeKCHbIM, KOOPAMHALMOHHbLIM) Ha3biBalOT
CIIOXXHOE CcoeAMHEeHMue, COCTosiliee U3 MPOCTbIX, CMOCOGHLIX K CaMOCTOSITeNibHOMY
CYLLIeCTBOBaHMUIO.

> KoMnnekcHbIM coeauHeHMEM HasbiBaeTCsl BeLWeCcTBO, B Yy3naxX KpuUCTaniuMyeckomn
peleTKn KOTOPOro Haxo4sATCA CIOXHbIe YacTULbl, MOCTPOEHHbIe 3a CYEeT KoopAuHauum
OAHUM aTOMOM (MNIM HECKOJNIbKMMM aTOMaMM) O6bIYHbLIX MOJIEKYNn U MOHOB U CNOCOGHbLIEe
K CyLleCTBOBaHMIO MpuM Mnepexoge BellecTBa B pacnsiaBfieHHOe WM pPacTBOPEHHoe
cocTosiHue.

KomnnekcHble COeAMHEHWS Ha3bIBaT 4acTo KOOPAMHALMOHHBIMI COeaWHEHUAMM, NOAYepKnBad Tem CambiM Cnoco6HOCTb NPOCTbIX HEU3MEHHbIX
Yactuu onpeaeneHHbiM o6pa30M pacnonaratbca (KOOpﬂ,VIHVIpOBaTbCFI) OpPYr OKOno apyra B KOMNJIEKCHOM UOHE Unn KOMMNnEeKCHO Monekyne.




teopun Bepuepa (A.Bepuep, 1893 r.)

CrpoeHne MOJIEKYNT KOMIUIEKCHBIX COEAMHEHWH paccCMaTpHBAIOT HA OCHOBE KOOPAWHAIIMOHHOM

06pasoBaHMe KOMMJIEKCHOro MOHa;

M + nL—>[ML,]

[ML,] BHyTpeHHsI9 cchepa komnnekca
(6e3 ykasaHus 3apsga)
M — komnnekcoobpa3soBaTerns,

L — nuraHppl
LeHTpanbHbIN aToOM nuralAabl KomrmiekcHbie HOHBI 00pa3yroT ¢
(komnnekcoobpasoBartenb) HOHAMHU IPOTUBOIIOJIOXKHOTO 3apsaa
—£
Ks[Fe (CN)g]
- \
/
BHELLHAA cq)epa BHYTPEeHHSAA KoopanHaunoHHOEe
cchepa yucno
LeHTpanbHbIA aTOM nvraHabl

(komnnekcoobpa3oBaTenb)

¢ — =
[Cr(H20)4(OH),]
\ A KoopAunHaUuMNOHHOE

T —x] uucno 6 (2+4)

B kaxaom KOMMNNekCHOM COeqUHEHUM pasnnyaoT BHYTPEHHIOK 1 BHELLHIOK cdepy.

BHyTpeHHIOI0 cchepy Ha3bIBatOT KOMMJIEKCOM.

Mpn HanucaHuM XMMUYECKMX OPMYS KOMMEKCHbIX COEAMHEHUA BHYTPEHHIOW cdepy
3aKnto4atloT B KBagpaTHble CKOBKM.
LleHTpanbHbln aToM BHYTPEHHeW cdepbl KOMMIIEKCHOrO COeOWHEHWSI, BOKPYr KOTOPOro
rPYNNMPYIOTCSA MOHbI UM MOSEKynbl, Ha3blBaeTCcsa KoMnnekcoobpasoBaTternem (MMU MOryT
OblTb MeTannbl, Tak U  HemeTannbl). Hanbonee TunuyHble KOMMfekcoobpasoBaTenun -
af1eMeHTbl NOBOYHbIX NoArpynn nepunogmyeckon cucremol .. Mengeneesa.
ATOMbI MM KX rpynnbl  (MOMEKYnbl WM  MOHbI), HEMNOCPEACTBEHHO  CBA3a@HHbIE
(KOOPANHMPOBAHHLI) C LEHTpasnbHbIM MOHOM, Ha3biBAlOTCS NUraHgamu (MMu MoryT ObiTb
@HWOHbI KUCMNOT M TMAPOKCUMA-UOHBI, 3NEKTPOHEeNTparnbHble MOMeKynbl, Wnn Te Wu gpyruve
OLHOBPEMEHHO).
®dopMynbl  CMOXHbIX OpPraHMYEecKUX nUraHgoB (ONA KpPaTKOCTM) 3aMeHSAT  OGyKBEHHbIMU
o0b03Ha4yeHuamMu, Hanpumep: en- atuneHgnammd NH,CH,CH,NH,.

B dopmynax KOMMMAEeKcoB CMMBOM LIEHTparbHOro atoMa Bcerga CTOMT Ha MepBOM MecTe
cnesa.
Ecnn B cocTtaB BHYTpEHHEN KOOpPAMHALMOHHOW cdhepbl BXOOAT pasHble Mo Tuny 3apsga
nuvraHdapbl — NMonoXUTENbHO 3apskeHHble L', HenTpanbHble L n oTpuLaTenbHO 3apsKeHHble L,
TO MX pacnosnaratT B crieaytoLwemM nopsgke:

[M (L*)(L°) (L)]

OOwee 4ucno YacTuy, HEMNOCPEACTBEHHO CBSA3aHHbIX C  KOMMnekcoobpasoBaTenem,
Ha3blBaeTCA KOOPAUHALMOHHbLIM YUCIIOM LIeHTPanbHOro atoma.

2 Knaccudukarusi KOMIUIEKCHBIX COCTMHEHUN



Mo xapakTepy 3apaAa KOMNAGKCHOM YacTULbI

[ KaTUOHHbIE ] [ dHUOHHBbIE ] [ HeﬁTpaﬂbele ]
¥ ) A4 ¥
[Co(NH;)4(NO2).] NO; Na;[Sn(OH)e] [Mg(H;0)sS0,]
[Pt(NH;)6]Cl4 Ks[Fe(CN)¢] Na[Al)OH), [Cr(H20)4 (OH);]
[Zn(NH3),]SO,, [Ag(NH3),]CI NH,[ Ag (CN).] [Pt(NH3), Cl,]
[Ni (CO)4]

3. KOMIIJIIEKCOO0PA30BaATEIIb U JIMT'aH1bI

CriocoOHOCTE 3lIeMeHTa K 00pa30BaHUI0 KOMIUIEKCHBIX COCOUHEHHIH OTHOCHUTCS K BaKHEHIIUM
€ro XUMHYecKUM cBoiictBaM. OHO 3aBHUCUT OT CTPOCHHUS BHELIHErO 3JEKTPOHHOIO YPOBHS aToMa
JJIeMEHTa W OMNpeAersieTcd €ro TMOoJOKEHHEeM B Iepuoauueckoil cucreme. Kak mnpasuiio,
KOMITJIEKCOOOPA30BaTEISAMH SIBIAIOTCS aTOMBI MIIM Yallle HOHBI METAJIOB, MMEIOLIHNE JJOCTATOYHOE YHCIIO
cBoGOxHBIX opbuTaneit. (Cu®’, Ag" Au™, Bi’", Si*', Sn*").

d- 3JeMeHTBbI SBIAIOTCA THUIIMYHBIMH KOMIUIEKCOOOpA30BaTEJIAMHU, IIpUYEM MaKCUMajbHas
CIOCOOHOCTh K KOMIUIEKcOo0Opa3oBaHuio npuHaaiexut snementam VIIIB —rpynmer. dns d- anemeHToB
U3BECTHBI [IOYTH BCE TUIIBI KOMIUIEKCHBIX COSAMHEHUH.

f- 3JIeMeHTBI 00pa3yrOT Pa3IUYHbIC KOMIUICKCHBIC COCIUHECHHS, HO B OTIMYUE OT d-3JIEMEHTOB
JAHTAHOUJBI O0pa3ylOT CPaBHUTEIHHO HEOOJIBIIOE YHCIO KOMIUIGKCOB. JTO  OOBSICHIETCS
HECITOCOOHOCTRIO BHYTPpEeHHHX f-opOuTaneii k ruOpuau3anun, KOTopasi MOTJIa ObI IPUBECTH K TIOSBIICHUIO
MPOYHBIX KOBAJICHTHBIX CBS3eH. AKTHHOMABI Ooliee CKJIOHHBI K O0Opa3oBaHHI0 KOMIUICKCOB, 4YeM
JAHTAHOUIBI. DTO pa3jnyue BhI3BAHO ydactueM Sf-opOurtaneit B THOpHau3anmuu ¢ o0Opa3oBaHHEM
KOBAJICHTBIX CBSI3CH C TUTaHIAMH.

CrocoOHOCTh AJIEMEHTOB K KOMIUICKCOOOPa30BaHUIO OT IEPHOIa K IMEPUOAY PacTeT. DIECMEHTHI
MEPBOTO TEPUOJAa YYACTBYIOT B KOMILICKCOOOpPA30BaHMM TOJBKO 3a cueT | s opOwuTaneit, BTOPOTro
mepuojia - 3a C4eT S U p opOWTaned, y 3JEMEHTOB TPEThEr0 U YETBEPTOTO MEPUOJIOB K HUM
MpUCOETUHAIOTCS d - OpOUTaIH, Y DIIEMEHTOB IIECTOT0 W CEABLMOTO nepuoaa f - opouranm.

B kadecTBe JIMTAHI0B BBICTYNAIOT MOJIEKYJIbI UJIH HOHBI, COIEPKAIIHE JOHOPHBIE aTOMBI,
CIOCOOHBIE 0TAABATH KOMILIEKCO00PA30BaTEII0 HEMOAEJEHHYIO JJIEKTPOHHYIO Tapy.

Jlurangamu B KOMIUIEKCHBIX COCTUHEHUSIX MOTYT CITY>KUTh:

> anmonsl F, OH', CN', SCN", NO,, CO,%,
» HeiiTpaiabHble Mosekyasl - H,O, NH;, CO, NO, F,,

Iloutun Bce JIMTraHbI O6J'IaZ[aIOT O,I[HOﬁ WM HCCKOJIBKMMHU HCIIOACIICHHBIMU IIapaMU 3JICKTPOHOB.
I/IHOFZ[a POJIb JIMTAaHAOB UT'PAIOT MOJICKYJIbI, HCCOACPIKAIINUEC HCIIOACIICHHLIX Map 3JICKTPOHOB

4 HomeHKkaTypa KOMIUIEKCHBIX CO€AMHEHUIN

1. B Ha3BaHHMAX HePBbIM YKA3bIBAIOT AHHOH, 2 3aTeM KATHOH.

2. B Ha3BaHMHM KOMIUIEKCHOT0 MOHA MJIM MOJIEKYJbI JUTAHIbl YKA3bIBAIOT NMpekKIe MeTalia.
Buauasie Ha3bIBAIOT JUTaHIbl MOHHOTO NMPOMCXOKIEHHUs, a 3aTeM MOJIeKyJasapHoro. Bce
JMIaHAbl NEPeYUCISIOTC B aJd(aBUTHOM MOpsiAKe (IPHUCTABKH, YKa3bIBalOIIUe YHCJIO
JIMTaH/A0B, He CYUTAIOTCH YACTHI0 HA3BAHMS JIMTAHAA NPH YCTAHOBJIEHMH AJ(aBUTHOIO
NOPAIKA UX MepedyncaeHns.

3. Yucao oAMHAKOBBIX JHMIAHAOB YKa3bIBalOT I'PeYeCKHMM NpHUCTaBKaMu (AW, TpH-, TeTpa-,
neura- mis 2,3,4,5 u 6 coorsercrBeHHo). Eciim HazBaHHMe caMOro JIMTaHAAQ COJEPKHT
rpevyecKyi0 NMPHCTABKY, HAIPUMEP MOHO- WJIM [IH-, TO Ha3BaHHWe JIMTAHAA 3aK/JIIOYAIOT B
CKOOKM M K HeMY NPHCOCAWHSIIOT NPHUCTABKY Apyroro tuma (0mc-, Tpuc-, TeTpakKHc-,
NeHTaKHuC-, rekcakue- maaa 2,34,5 m 6 coorBerctBenHo). Hanpumep coegunenue
[Co(en);]Cl; Ha3pIBaeTcs xjopua Tpuc(3TWIeHaInaMmmMuH)kodaabTa (I1)



4. AHMOHHBIM JIUTAHIAM JAI0T OKOHYaHME — 0, 3 HeHTpaJIbHbIe JUTaHAbI HA3bIBAKOT TAK Ke
Kak MoJiekyJbl (HazBanus npuBeaeHbl B Ta0JIuILe).

5. Komiuiekcoo0pa3oBare/lo, ecii OH BXOAUT B cocTaB KaTuoHa (1) wiauM HeHTpaJbLHOro
KOMILIeKca (2), J1aeTcsi pyccKoe Ha3BaHUeE JAHHOIO JjieMeHTa B poauteabHoM (1) uiam
HMEHHUTEJIbHOM najge:xe (2).

Kommuiexcoo6pa3zoBareb, ecjid OH BXOJUT B COCTaB AaHMOHA, HA3bIBAIOT MO-JATHHCKH C
3aMeHoil cypdukca —ym Ha —at (deppym- ¢eppar).

6. CremeHb OKHCJIeHHS] MeTajlla YKa3bIlBalOT B CKOOKaX pUMCKMMH uudpamu cpady 3a
Ha3BaHHEM MeTaJjljia.

MHoro3/1eMeHTHbIE JIUTAHAbl MOT'YT ObITh KOOPAMHMPOBAHBI K KOMILIEKCO00OPAa30BATEII0
paziuyHbiMu atoMamu. Ilpu Ha3BaHMHM JIMTaHAAa KYPCHMBOM YKa3bIBAKT B KOHIe Ha3BAHUA
XUMHUYECKHii CHMBOJI KOOPAMHHMPYEMOro0 aToMa WM aToMoB ( 4depe3 aeduc), Hampumep CN -
muaHo-N u muaHo — C,

JJ1s1 HEKOTOPBIX JIMTAHI0B M3BECTHO MO HECKOJIbKO HA3BAHWi, MMM 00IMii KOpeHb,
NMOJIb3YSICh KOTOPHIMH YKAa3bIBAKOT IOHOPHBIH aToOM, 3amuchiBaeMmblii B ¢opMyjiax Ha nepBoM
Mecte: SCN” tnonuanaro, NCS™ m3oTHomuaHaro.

5 XenaTel 1 KOMILIEKCHI € MAaKpOIHUKIIMYCCKUMU JIMT'aHAAMHW 1 MHOT'OSAJACPHBIC

KOMIIJICKCHI
Jluranner ¢ 6osiee YeM OHON HETOAEICHHON Mapoi AIEKTPOHOB MOTYT 00pa30BBIBaThH OoJiee yeM
OJIHy KOOPAMHAILMOHHYIO CBSI3b C LIEHTPAIbHBIM aTOMOM, €CJIM HEMOJEJICHHBIE Maphl pacloIOKEHbI Ha
JIOCTAaTOYHOM PAcCTOSIHUU JIPYT OT ApYyra.
JIurana, umerommii JBe HelnojeJeHHbIE 31eKTPOHHbIEe Napbl (0MIEHTATHBIN JIMTaHA) CBA3bIBaETCS
¢ KOMILIeKco00pa3oBaTteseM cpa3y B IBYX TOUKAX, 3aXBATHIBAIOT ero NMOJ00HO KJIEeIIHAM Kpada.
Jluranael ¢ IBYMS HEIIOJICJIEHHBIMU 3JIEKTPOHHBIMU I1apaMU BBITJISIAAT KaK KJICIIHS.

Otcioza ux Ha3BaHue. ( OT rped. chelate- KiemHs)

B PE3YIbTATC MOJYJAaCTCsA KOMIUICKCHAA 4acTUlla, CoAcpIKallad TpU MATUYIICHHBIX [TUKIIA,
Ka)KZ[BIﬁ 13 KOTOPBIX, KaK KJICIIHA «CXKUMACT» KOMHHCKCOO6paBOBaTeJ'IB. HOSTOMy OUKINYCCKHUEC
KOMIUICKCHI Ha3bIBAIOT KJICINHCBUIHBIMHA WJIN XCIIATHBIMHU.

— — + — —_
W 3 (H,0)3—NH, 34
HsN ’ H-N NH,
2
\ / \ / \(CH2)2
Co \ Co /
3 2
NH; \ N
(HC),

6 ucconmanus KOMIJIEKCHBIX COEJUHEHUI B BOJHBIX PACTBOPAxX

DJIeKTPOIHTHI IPH IUCCONUALNH B BOJHBIX PACTBOPAX 00pa3yl0T KOMIIEKCHbIE HOHbI
KommiekcHble coeqUHEHNS JUCCOLUMUPYIOT B 2 CTaluH.
Juccoumnanusi KOMIUICKCHBIX COSIMHEHMI Ha KOMIUICKCHBI MOH M MOH BHELIHEH c(epbl MPOXOAUT MPAKTUYECKH HAIEe]0: Kak
CHJTbHBIA DJIEKTPOJIUT
K;[Fe(CN)g] == 3K ' + [Fe(CN)¢]>
[Fe(CN)s]" ==Fe’* + 6CN°

I[I/ICCOL[I/I&HI/ISI HNOAYUHSACTCA 3aKOHY HeﬁCTBHﬂ MacC M C KOJHMYCCTBEHHOM CTOPOHBI XapaKTEPU3YCTCA KOHCTaHTOﬁ, KOoTOpas
HOCUT Ha3BaHUE KOHCHMAHMbL HECIMOTKOCHU

C_x Fe ) [en T

c Hecmouxkocmu

KoMmuiekcHbIe HOHBI IUCCOLMHUPYIOT KaK Cadble AIEKTPONHUTHL. J{iccormanysi KOMIUIEKCHBIX COSIUHEHHM SBISIETCS
peakIMsIMH 3aMEICHUS JTUTaHJ0B KOOPIMHAIIMOHHOM chephbl MOJISKyIaMHU BOJBL.
Jlnst mepBoii cTyneHn «aucconuanum) rekcaaMMuaHukess (11)
[Ni(NH3)g]** ==[Ni(NH;3)sH,0]*" + NH;
WM YIPOILEHHO

[Ni(NH3)6]™" == [Ni(NH;)s]*" + NH;



YacTHAS KOHCTAHTA HECTOIHKOCTH paBHa
v [
6necmotikocmu [[NZ(NH3 )6 ]2+ J

K. =K

Jnsa nocnenHen, ECTON CTYNEHU «IMCCOLUALIM
[NiNH;]** == [Ni(H,0)¢]*" + NH;
WK YIIPOILICHHO
[NiNH;]** == Ni** + NH;
YacTHasi KOHCTaAHTa HeCTOﬁKOCTM paBHa

_ [Ni2+]'[NH3]

lﬁ = IK “ —_
C 6 necmotikocmu . 2+
NiNH., |

Ka)KZ[OfI us3 CTyHeHeﬁ «III/ICCOL[I/I&L[I/II/I))BHyTpeHHeﬁ KOOpZ[HHaHHOHHOﬁ C(i)epLI OTBEYAET CBOSI YaCTHAsI KOHCTAHTa HECTOMKOCTH
KHeCT

IIpoun3BeneHre YaCTHBIX KOHCTAHT HECTOMKOCTH aeT OONTYI0 KOHCTAHTY HECTOMKOCTH
Bi HeceT KIHCCTKZHCCTKBHeCT Kl HECT

7 XuMundeckas CBsI3b B KOMIUIEKCHBIX COCIMHEHUSX
CornacHo 3TOMy METOy, IPH 00pa30BaHIH KOMILJIEKCOB MEXy KOMILIEKCOOOpa3oBaTeieM 1
JIMranJjaMy BO3HMKACT KOBAJICHTHAS CBA3b 110 JOHOPHO-AKICOTOPHOMY MCXaHU3MY.

» KomiuiekcooOpa3opare il HMMEIOT BaKaHTHbIe OpPOMTAJH, T.e. HIPAOT PoJib
akuenTtopoB. Kak mpaBwino, B 00pa3oBaHMM CBSI3¢H YYaCTBYIOT pa3IMYHbIC BaKaHTHHIC
OpOUTATN KOMITIEKCOOOpa30BaTes, IO3TOMY MPOUCXOIUT X TUOPUII3AIIHSL.

» Jluranabl MMeET HeNoJeJIeHHble NMapbl JJIEKTPOHOB W HIPalOT pPoJib JOHOPOB B
JIOHOPHO-AKIENTOPHOM MeXaHH3Me 00pPa30BaHUsI KOBAJEHTHOI CBA3M.

» KoopauHanHoHHOE 4YHCJI0 KOMIUIEKCA 3aBHCHT OT YHCJIAa BaKAHTHBIX OpOUTANIei
KOMIUIeKkcooOpa3oBartesisi. IIpocTpaHCcTBeHHAsi CTPYKTypa KoOMILIEKCAa OmpeaeasieTcs
THNOM TuOpuan3amuu AQ KOMILIEKC000pa3oBaTeJisi.

THIIBI NpHMepbI

K4 reoMeTpuyeckas KOHGUrypauus
THOpUIN3anHU

2 sp [AgClL]” Ag'4d"'ss’

JInneiinas O_®_O I:I I::D
4d Ss

sp?, sd [Hgl;]~ Hg”* 5d"sp"

5p
IoCKast O_®\O

TpeyrobHas |:| D:l]

5d 6s 6p

8 BBICOKO- 1 HU3KOCTTMHOBBIE AJIEKTPOHHBIE KOH(UTYpaIun

V HOHOB MeTayIoB ¢ KoHuryparmsamu d’, d’, d’, d’ >1nekTpoHbI MOTYT pacronararbcs Ha st d-
OpOHUTAISIX ABYMS Pa3IHdHBIMHE criocobamu (prc.13.13). Pacemorpum koudurypaumto d*. Ecinu sHauenue
Aqw OTHOCHTENIBHO HEBEIHKO, BbICOKOCHUHOGAS KOH(GUTYpAMs 1y e, ' MOKET OKa3zaThcs Oojee
SHEPTEeTHYECKU BBITOHON, UeM HU3KOCNUHO6As KOHPUIYPALMS ty,', B KOTOPOH CYIIECTBYET 3HAUHTEIIb-
HOE DJIEKTPOCTATUYECKOE OTTAJKWBAHHE MEXKIY CIApPEHHBIMH JJIEKTPOHAMH OJHOH M TOH XKe fp, -
opbutanu. Kakyro koH(UTypalnio, BRICOKO- WM HU3KOCIUHOBYIO, OYJET UMETh MOH METallja, 3aBUCUT
OT OTHOCHUTEIIbHBIX 3HAYCHUHN SHepeuu CHapuearusi CNUHOG SIICKTPOHOB U Ay, JIMTaHIBI CHIBHOTO TIOJS,
BbI3BIBAIOIIME OOJiee CUIIbHOE pacilieryicHde d-opOuTaneld OyayT CTPeMHUTbCA K HHU3KOCIIHHOBOM
AIIEKTPOHHOW KOH(UTYpAIIUH, a TUTaHIbI CIIa00T0 MOJS MPHBOJUTH K BHICOKOCIIMHOBON KOH(DUTYPAITHH.
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9 MarauuTHble CBOMCTBA KOMIUJIEKCOB M OKPAacKa KOMILJIEKCOB

BeH.IeCTBa, coacprKalmuec HCECIIAPCHHBIC JJICKTPOHBI -
CIIOCOOHBI BTATHUBATHLCS B MATHUTOE TTOJIE.

Beme(:TBa, HC COACPIKAIINUC HCCITAPCHHBIX 3JICKTPOHOB, AMAMAIHUTHLI; OHU cinabo
BBITAJIKMBAIOTCA MarHUTHBIM ITOJICM.

ImapaMarauTHbl, T.C.

3 3+ 2+ 4-
[CoF] [Co(NH3)e] [Co(H,0)] [Co(CN)4]
Co’3d%s" Co’'3d%s" Co”'3d'4s’ Co”'3d'4s’
EA E A E | EA
4+ . —— . 4+ — . + 4+ s
++ + 4+ . W N N N H H - S TR VR W
BBICOKOCITMHOBBII HU3KOCIIMHOBBIN HU3KOCITMHOBBII BBICOKOCITMHOBBII
4 HecrapeHHbIX Her necniapennsIx 1 HeclapeHHBIN 3 HecnapeHHBIX
JIEKTPOHA IEKTPOHOB IEKTPOH UIEKTPOHA
napaMarHUTEeH JMaMarHuTeH napaMarHUTeH napaMarHuTeH

OO0 »TuX CBOICTBaxX CBUACTCILCTBYIOT U SKCIICPUMCHTAJILHBIC JAHHBIC

10 I[IpuMeHeHre KOMIUIEKCHBIX COEAMHEHU

B npakTuke Ka4YecTBEHHOr0 AaHAJM3a KOMIUICKCHBIC COCIMHEHUS HCIONB3YIOTCS B
KaueCTBE PEarcHTOB I OTKPBITHS IEJIOTO psifla KaTHOHOB W aHWOHOB. Crerududeckre (QyHKIUU
MHUKPOIJIEMEHTOB B OpPraHM3ME CBSI3aHBI C MPOLIECCAMH KOMILIEKCOOOpPa30BaHUS MEXKIy OeaKkaMu Hu
HOHAMH COOTBETCTBYIOITUX MeETaioB. MccimenoBaHne Ha MOJCKYJIAPHOM YPOBHE TIPOIECCOB,
MPOTEKAIOIIUX B OpPraHU3ME, MPEACTABISAECT U3YUYCHHE THICSY XUMHUYECKUX PEAKIMM, Cpelau KOTOPBIX
MHOTHE HauOoJiee OTBETCTBEHHBIC MYT MPH YYaCTHH KOMILICKCHBIX COeIUHEHUH. [TpeacTaBuTeIn 3T0ro
Kjacca OHMOKOMILICKCOB OTBETCTBCHHBI 3a TPAHCIOPT M XpaHEHHE KuciIopoaa (FeMOrjioOWH u
MUOTJIOONH), 3JIEKTPOHHBIA MEPEHOC B ITUTOXPOMAX, KaTaJlU3 OKUCIICHUS KHCIOPOJOM U TMEPOKCHAOM
BojiopoAa (OKcHIasel W TepokcHiasbl). Kartamus pasnoxkeHus mNepoKcHaa BOAOpoaa (KaTayasbl).
Iupokwuii criekTp (QYHKIUH, KOTOpbIE MOTYT BBIIOJHATH JKEJIE30COCPIKaIlNe KOMIUIEKCHI, eIle pa3
MOTYCPKHUBAET, HACKOJIBKO BJIMSIHHME O€JIKa MOXKET Pa3HOOOpPa3HTh CBOMCTBA OJM3KH IO CTPOCHHUIO
COETMHCHHH.

1.14 Jlexnus Nel4( 2 yaca).

TemMa: Knaccupukauus HOHOB HA aHAIMTUYECKME TPYINIbl. KadecTBEHHble PeaklUMd HA KATHOHBI M

AHUOHBbI




1.14.1 Bonipocsl JJeKunu

OCHOBHEBIE [TOHSATHS AHAIUTUYECKON XUMUHU
XapaKkTepuCcTUKa aHATTUTUICCKUX PCaKIIHiA
VYcnoBus BBITTOTHEHUS aHATTUTHYECKUX PEaKLIUN
XHUMHUYECKHE PEAKTUBBI

JlaGopatopHoe 00opymOBaHNE M U3MEPHUTENbHAS MTOCYIa
KauecTBeHHBIN aHaIN3

XuMUYECKUE METO bl OOHAPYKEHHUS

CucTeMbI KaYEeCTBEHHOIO aHAaIn3a

. CucreMaTu4ecKkuii 1 qpoOHBIN aHAN3

10. TexHHKa BBITIOJHEHUS JJAOOPATOPHBIX paboOT

11. AHanu3 KaTHOHOB

12. Ananu3 aHHOHOB

13. Ananu3s HEM3BECTHOI'O XUMUYECKOIO COCIUHEHHUS

1.14. 2 Kparkoe conepxxanue BONPOCOB

DO NA U AW~

1 OcHOBHBIC MMOHATUS AHAJUTUYECKON XMMHUU

AHAJIUTHYECKAA XHMHS — 3JTO HayKa 00 OIpeac/JicHUH XUMHYECKOro cocraBa, O crmocodax
HZIeHTH(l)HKaI[HI(I XUMHYECKHUX COQHHHCHHﬁ, 0 TIpUHIOUIIAX M MeEToAax OoIpeaejJeHuss XMMHUYECKOro
COCTaBa BeLIEeCTBA U €ro CTPYKTYPhI.

VYcraHOBIEHHE XUMUYECKOTO COCTaBa CBOAMTCS K PEHICHUIO 33/1aui: KaKHe BELIECTBA BXOJIIT B COCTaB U3y4aeMOro U
B KakoM Konudectse. [ToaToMy pasnuuaroT Ba BUa aHAIM3a: KAUECTBEHHBIN U KOJIMYECTBEHHBIH.
KadecTBeHHBII aHaNKU3 CBOJUTCA K ONPEIEICHUI0 XUMHUYECKOIO COCTaBa BELIECTB, a Ul ONpPEICICHUS KOIMYECTB
BEILECTB MCIOJIb3YyeTCsA KOJIUYECTBECHHBIN aHaIu3.
v'B 3aBHCHMOCTH OT XapaKTepa MOCTABJIEHHOI 321241 PA3JHYAI0T BU/bI AHAIN3A:
®  DJIEMEHTHBIN — YCTAHOBICHUE HAIIMYUS U COACPIKAHUS OTJEIbHBIX JJIEMCHTOB;
e MOJIEKYISIPHBII — OIpesieNieHHe COAEPKAHHS MOJIEKYIT Pa3IIMIHBIX BELIECTB;
e (a3oBblii — H3yueHHUE COAEPKAHUS PATHUHBIX (a3 B HCCIIEyeMOM BELIECTBE;
e  (YHKIMOHAJBHBIN — onpesesieHne (YHKINOHATIBHBIX TPYII B COSTMHCHUSIX.

JIro6oit Merox aHanmM3a HCIONb3YeT ONPECICHHBIH AHAJIMTHYECKUH CUTHAJT — XUMHYECKHH. (H3MKO-XUMUYECKHUIL,
¢busryecKuii mapameTp, XapaKTepHU3yIOLInii Olpe/ieIeHHOE CBOMCTBO H3y4aeMOro BEIIECTBa.
v'B CBSI3M ¢ 3THM BCE METOJBI MO XapPAaKTepPy M3MEPsEMOro CBOWCTBA MJM 0 CHOCO0Y PErHCTPANMH AHAIUTHYECKOIO
CHTHAJIA [TOJIpa3/IeIII0T Ha XMMHUUecKue, pU3NKO-XUMHUUYecKue U pusnueckue, OMOIOrHIecKre

Xumudeckue Mertopl, HCHONB3YIOINE AHAINTHYECKHE CUTHAJIBI HPU IPOTEKAHHMH XHUMUYECKHX DPEaKIUH.
(mIH KJIaccuiecKune) Takumu curHaIaMu SBISIIOTCS BBIMIAJCHUE OCajKa, BBIICICHHE Ta3a, 00pa3oBaHHE KOMIUIEKCHBIX
COCIMHEHUH, M3MEHEHHE OKpackd M T.I. K XHMHYECKMM MeTO#aM OTHOCSATCS KadeCTBEHHBII
CHCTEMaTHUEeCKUH aHAIN3 KaTHOHOB M aHUOHOB, a TAKXKE XUMUUECKHE KOJIMIESCTBEHHBIE METOMBI —
rpaBUMETpUs (BECOBOM aHAIN3), THUTPUMETPUS (00BEMHBII aHAIN3)

DU3MKO-XUMHUYECKHE I/ICHOJ'H>3y}OT TAK)KE€ XUMHUYCCKHUE PEAKIINN, HO B KAYECTBC aHAJIUTUICCKOI'O0 CUTr'HaJIa UCIIOJIB3YIOTCA

METOAbI aHAJIU3A CbPI3PI‘1€CKPIC sienusi. K atum METOAaM OTHOCATCA: JJICKTPOXUMHYECKHUE, (I)OTOMETpI/I‘{eCKI/Ie,
XpOMaTOFpa(i)I/I‘IeCKI/Ie, KHUHCTUYCCKUEC

duznueckue He Tpe6y10T MIPpOBEACHUSL XUMHAYECKON pCaKkuuu, a u3y4aroT (1)]/13]/1‘1601(]/16 CBOMCTBa BCIIECTBA, TaK,

YTO AQHAIUTUYECKUU CUTHAJ CBSI3aH C €ro HpPIpOIIOﬁ W KOJIMYECTBOM. DTO OINTHYECKUE CIICKTPLL
U3JyUCHUS, TOTJIOMICHUS, PECHTTCHOBCKUEC, MAI'HUTHO-PC30HAHCHBIC.

buojsoruyeckue HpI/IMCHH}OT B aHAJIN3€ OMOJIOrMYECKU-AaKTHBHBIX BEIICCTB.

2 XapakTepUuCTHKa aHATUTHYECKUX PEaKIINil

Y0051 XUMHUYCCKYHO pCaKUIO0 MOKHO OBLIO MPUMCHATL B KAYECTBCHHOM aHAJIU3€, OHA JOJKHA OTBEYaTh HEKOTOPBIM
Tpe60BaHI/IHM, TJIaBHBIMU H3 KOTOPBIX ABJIAIOTCA BBICOKasA 4YYBCTBUTECIBHOCTD, I/136I/IpaTeJ'IbHOCTb, 6I>ICTpOTa NPOTECKaHUA U
IPOCTOTA BBINIOJIHECHUS

3 VcnoBus BEINOIHEHUS aHAIMTUYCCKUX pCaKHI/Iﬁ

IIpy BBIMOTHEHMH AHAIUTHUYECKUX PEaKIMH HE0OXOAMMO COOMIONATh OMNpEJeTICHHbIE YCIOBUS, BAOXHEHIIUMU U3
KOTOPBIX SABILIIOTCST pH cpenbl, KOHIeHTpanus 0OHApYKMBAeMOT0 ¥ IIOCTOPOHHUX HOHOB, TEMIIEPaTypa.

Ot cocraBa pacTBOpa U CpeJibl MOXKET IIOJIHOCTBIO 3aBUCETh CaMa BO3MOXKHOCTb [IPOTECKAHUSI aHATUTUYECKOH PEAKIHH.
Tak, HanpuMep, U3 aMMHaYHOTO pacTBopa HUTpara cepedpa (pH =9,3) neiictuem NaCl He ynaercst ocatuTh XJIOpHA cepedpa.

UyBCTBUTEIBHOCTD PEAKIUH MOXET OBITH IOBBINICHA, SCIH ITOBBICUTH YBEJIMUUTH KOHIEHTPAIMIO 0OHAPYKUBAEMOTO
HOHA B PacTBOPE KaKUM JIMOO CrIocOO0OM.

IToBBICHTH YYBCTBUTEJIbHOCTh PEAKIIMM MOKHO € TIOMOLIBIO:




HOHHOTO OOMEHa,

9KCTParupoOBaHUs COSAMHEHHI OPraHMYECKUMHU PACTBOPHUTEIISIMY,
COOCaXKICHHS

JACTUUISIIAA

JNIEKTPOITH3a

®  yIaJeHHs MpUMeceil, MEIIAOIINX BBHIIOJHCHHIO PEAKIHH

Meton HOHHOrO 00MeHa

MeTon 3KCTparnpoBaHust

IKCeTparnpoBaHmue

JKcTpaKkuus

Bosronka (cyoaumanus

Merton coocazkaenus. IT0 Cocod KOHIEHTPHPOBAHUS HOHOB.

Ileperonka (IMCTHLISIIUSA)

Harpesanne

MackupoBaHue MeIIAIIINX HOHOB

YcTpaHeHHne MelIamoiero BJMSHHS NMOCTOPOHHHUX HOHOB C NMOMOIIbLI0 KOMILIEKCOOOPa30BaHUS HA3bIBaeTCsl
MAaCKHPOBaHHeEM.

4 XuMHYECKHe PE€aKTHBbI
XMMHYEeCKIMH PeaKTHBAMM HA3bIBAKOT BEIIEeCTBA, KOTOPbIE HCIOJIB3YIOT JISI IPOBEICHUS] XUMHUYECKHUX
peaKHHﬁ U IPUMECHAKT AJIA aHAJIU3a U CHHTEe3a BEIIEeCTB.
OHM JOIDKHBI OTBEYATh Psiay TpeGOBaHMIA. [ TaBHBIMH U3 HUX SIBIITIOTCS:
e  yucTOTa
®  YYBCTBUTEJIBHOCTH
e  crenupUIHOCTh
XUMHYECKUE PEaKTHUBbI KIACCH(ULIUPYIOT IO CTENCHU YUCTOTHI Ha:

CTeneHp YUCTOTHI PEaKTUBA 0O6o3HaueHne CopeprkaHue npuMecei
Texuuyeckue T. bonee 2% npumeceit
Yucteie q. 10 2,0% npumeceit
Uwnctele i aHaJIM3a 4.].a -101% npumeceit
XUMHUYECKH YUCThHIE X.4. meHee 1% npumeceit
BBICOKO-3TaTOHHO-YUCTHIC B.3. 4. menee 0,01-0,00001% mpumeceit
Oco060 yucThIC oc.4 menee 0,01-0,00001% mpumeceit

KonnuecTBo npumeceil B XUMUYECKUX PEAKTUBAX PEIIIaMEHTUPYETCS CHELMAIbHON TEXHUUECKOH JOKyMEHTaluen —
rocynapcrBeHHbIME crangaptamu (I'OCT).

5 JlabopaTopHoe 000pyOBaHUE U M3MEPUTENIbHAS TIOCYAa

Becnl
B 3aBucHMMOCTH OT TOYHOCTH, C KOTOPOH HEOOXOIMMO ONpPENEIUTh MAacCy BEIIECTBA, HCIOJL3YIOT BECHl PAa3IMYHON
KOHCTPYKILIHH:
® TeXHUYECKHe I rpyOoro B3BeMMBaHUA (TOYHOCTH 0 1 T'). DTO BeChl TPETHETO KI1acca TOYHOCTH
® TEXHOXMMHYECKHE BEChl (BTOPOIl Kacc TOUHOCTH) MOXHO ONPENEIUTh MAcCy BELIECTBA C IMOTPEIIHOCTRIO HE Oolee
0,0Ir;
® aHAIUTHYECKHE BECHI, SIBISIOLIMECS MPHOOPOM MEPBOTO Kiacca TOYHOCTH, MO3BOJISIIOT B3BELIMBATh BEILIECTBA C
TOTPEIIHOCTBIO 110 104 -10°r.
bann
Ileuu

T'azoBble TropeIKHu

OCHOBHBIM TpeOOBaHUEM, NIPEABSIBISIEMBIM K CTEKITHHON MOCY/IE, SIBISAETCS €€ XMMHUUYECKast U TEPMUUYECKasi yCTOHUUBOCTb.
JIydmuM CTeKJIOM CYMTAeTCsl MUPEKC, OHO 001agaeT TePMUIECKON 1 XUMUYECKOH YCTOHUMBOCTD. 111 IPOBEACHUS ONBITOB MPH
BBICOKUX TEMITEpaTypax UCIOIb3YIOT KBAPLEBYIO IIOCYY.

JlabopaTopHyto TOCYAy H3TOTaBIMBAIOT B OCHOBHOM M3 CTeKJia THIIOB TY (TepMmmyeckd ycrodumsoe), XY -1, XV-2
(xumuaecku ycroitumsoe). Ha puc. 13 npencrasiena nocyna, npuMeHseMasi B JaOOpaTOPHOU NPaKTHKE.

Hpoéupku TpocThIe M KaTUOPOBAHHBIC HCIIONB3YIOT TSI TPOBEICHUS OIBITOB C HEOOJBIINM KOJIHYECTBOM
pEaKTUBOB.

JlaGopaTopHBIe CTaKaHBI BBITYCKAIOT Pa3IMIHBIX Pa3MEPOB, ¢ HOCUKOM M 0e3 HOCHKa, IPOCThIe U KanuOpoBaHHbIe. CTaKaHbI
TIpeAHAa3HAYCHBI JUIS BHIIIOJIHEHHUS Pa3HOOOPa3HBIX JIAOOPaTOPHBIX paboT.

Konowt paznuusoro pasmepa v GopMsl (IUIOCKOJIOHHBIE, KPYTJIOJOHHBIE, KOHMYECKHE) IUPOKO NPUMEHSIOT B 1JaOOpaTopHOH
MpPaKTUKE.

Boponku. Xumuueckue cinyxar 1yt QUIBTPOBAHMSA M IEPEIMBAHHA JKUIKOCTEH; KalelbHbIC BOPOHKH MCIOJNB3YIOT JUIS
BBEJCHUSI B PEAKLMOHHYIO CPedy >KHIKUX PEaKTUBOB HEOONBIIMMU MOPUUSAMH. BOpOHKH IenuTeNnbHBIE MPUMEHSIOT Ul
pa3eneHus HeCMEIINBAIOINXCST AKUAKOCTEH.

Kanenvhuyst NCTIONB3YIOT JUIS BBEAEGHHS PEAKTHBOB HEOOIBIINMY ITOPIUSIMH, MO KaIUISIM.

Biokcwi. TIpenna3snaueHs! A1 B3BEIIMBAHUS U XPAaHEHHUS JKUKUX U TBEPABIX BEIIECTB.



Yacosoe cmexno. crions3yroT U1 B3BEIIMBAaHUS TBEPABIX BELIECCTB.

Kpucmannuzamoper. IIpuMeHSIOT A7 TONTy4eHHs] KPUCTAIUIOB U3 HACBHIILIEHHBIX PACTBOPOB.

W3mepuTenbHas mocyna, MpUMEHseMas B THTPUMETPHUECKOM aHAIM3€, BKIIOYAeT MEPHbIE KONOBI, MUIETKH, OIOPETKH U
MepHble IMIMHApHL. IlumeTkn ¥ OIOpPEeTKH TpaJyHpOBaHbl Ha BBUIMBAHME, TaK KaK HEOOJBLIOE KOJIMYECTBO >KUIKOCTH
yIEP>KUBAETCS] HA BHYTPEHHENH CTOPOHE HX CTEHOK.

6 KauecTBeHHBIN aHATHU3

Ka‘{eCTBeHHLIﬁ aHaJIn3 HeOpraHI/I‘{eCKI/IX %1 OpraHI/I‘{eCKI/IX BCHICCTB, OCyHleCTBHSIeMLIﬁ XHUMHYCCKHMHU MCTOJaMU,
OCHOBaH Ha peakuuax oOpa3oBaHMS oOcaJka ompeaejeHHoro mnsera. @OpMBI M CBOWCTB, OKpAIIEHHOTO PAaCTBOPHMOTO
COCOUHCHUS WU OKpaIJ.IeHHOFO l'IpO,Z[yKTa 0KI/ICJ'IPITCJ'II:HO-BOCCTaHOBI/ITeHLHOﬁ peaKumI, a TakKXe rasa co CHeI_II/I(bPI‘leCKPIMPI
XUMHUYCCKUMU U (l)I/ISI/I‘{eCKI/IMPI CBOﬁCTBaMI/I.

7 XuMu4ueckue MeTo bl OOHAPYKEHUS

‘/KaquTBeHHLIe AHAMTHYIECKUE PEAKIUH MO CIIOCO0Y MX BBHIMOIHEHUS ENATCS HA PEAKIUH «MOKPBIM» U «CYXHM)
myreM. Hanbonbiee 3HaueHRE HMEIOT PEAKIIUH «MOKPBIM» ITyTEM.
J1yist IpoBEICHUS HX UCCIIEyeMOE BEIECTBO JOJDKHO OBITh MIPEABAPUTEIEHO PACTBOPEHO.
AHanmM3 «CyXuM» IyTe€M MPOBOAUTCA C TBEpAbIMHU BemiecTBaMH. OH JeNUTCA Ha MUPOXMMHUUYECKUH aHAIW3 M aHAIU3
METOZIOM PaCTHPaHUsL.
B ocHOBe XMMHYECKOTr0 KaueCTBEHHOTO AaHAIN3a JIEXKAT XMMUYECKHE PEaKIUU MEXAY HCCIeoyeMbIM BeUulecTBOM X U
pearenToM R ("amie B BiIe HOHOB B PacTBOPE), COMPOBOXKIAIOIIMECS TOSBICHHEM aHATUTHYECKOTO curHana — P,
B xauecTBe cUrHajga B Ka4eCTBEHHOM aHAJIN3€ OOBIYHO HCIIOJB3YIOT:
° Brimagenue ocanaka
e  l3MmeHeHHe OKpacku pacTBopa
e  Briienenue GuKCHpyeMoro raza
e  lI3meHeHHEe POPMBI KPUCTAILIOB

8 CucreMbl KAUECTBEHHOTO aHaIN3a

IMo cynbduaHol KiIaccHpUKAIMK BCE KATHOHBI JCNAT HAa MATh IPyHm. [IpH BBINONHEHHWH KaueCTBEHHOTO aHAIM3a
CHCTEMAaTHYECKUM IIyTeM 110 CyJIb(QUIHONW KiIacCH(HUKALMU HCIOJIb3YIOT CIHOCOOHOCTh KaTHOHOB K B3aMMOJACIHCTBHIO C
CEpOBOAOPOJIOM H CYIb(HUAOM AMMOHHS

[To ammuavyno-pocdarHO KnaccuPUKALUM KATHOHBI PA3JENIOT Ha TATh rpymi. Kinaccudukaims ocHoBaHa Ha

pa3IMYHOM B3auMoJecTBUH (HOC(aTOB KATUOHOB C KHCIOTaMH, ILEJI0YaMH U THAPOKCHIOM aMMOHUS
B ananu3e KaTHOHOB LIMPOKOE pacIpOCTPaHEHHE MOJIYYHJIM DPEaKLUU KHUCIOTHO-OCHOBHOTO paBHOBecHus. I'ne B kauecTBe
TPYNIIOBEIX PEAreHTOB HCHOJB3YIOTCS OINpPEIelIeHHbIe KUCIOTH M OCHOBaHHMS. Tak, KaTHOHBI IO OTHOLICHHWIO K COJISTHOH M
cepHoil kucnoram, pactBopam ocHoBanuii NaOH u NH,OH noppaznesnsitorcst Ha mecTb aHAJIUTHYECKUX IPYIIL.

Homep Karnomust I'pynnoBoii Oopa3syomuecst XapakTepucTHKa
CpyIIbI peareHT COoeIHHEHHST I'pynrst
NH,", Na", K" XytopuIsl, CyTbhATHI,
I HeT TUIPOKCUIIBI PACTBOPHMBI B
«PacTBopumas» rpynna BOZIC
Ag+, Hg22+, Pb** XJ10pu/bl HEPACTBOPHMEL B
II HCI AgCl, Hg,Cl,, PbCl, BOJIC M pa30aBIICHHbIX
«XJiopuaHas» rpynmna KHCJI0Tax
Ca®". Sr** Ba®" Cynb(aTbl HEPACTBOPHMBI B
I i ’ H,S0, SrSO,4, BaSO,4, CaSO, BOJIE U Pa30aBIIEHHBIX
«Cyab(paTHas» rpynina HCnOTaX
[AI(OH)6]3- T'unpoxcuabl aMpoTepHBL
Zn2t. AP, Sn?*.Sn* Crt Zn(OH). 1> 6 ’
v n, ,Sn",Sn™" Cr 4 1 NaOH [Zn( )6]2 PacTBOPUMEI B H30BITKE
«AmdoTepHas» rpynna [Sn(OH)4]™ 1IENI0YH, ¢ 06pa3oBaHHEM
[Sn(OH)]* THIPOKCOMOHOB.
Mg(OH)b
Mg*, Mn**, Fe*' Fe*', Bi**, Mn(OH),, .
v T 41 NaOH Fe(OH), UIPOKCUIIBI HE PACTBOPHMBbI
B M30bITKE MIET0YH
«'uapoxkcuanasy rpynna Fe(OH);
Bi(OH),
[Cu(NH).I ™
2t 24 re2t 2 vy 24 25% [Co(NH3)4] TuapoKCH bl 06pasyoT
VI CZNI’M(I:/IOaK’al:l;a;I(lj“d l’II:f pacTBop [Ni(NH:,)“]2+ aMMHUaKaThl, PACTBOPHMBIC B
Py NH,OH [CA(NH5),]** Boze
[Hg(NHy),*




9 CucremMaTH4eCKHU U IPOOHBIN aHATN3

B uccnenyemom pacTBope MOKET IPUCYTCTBOBATH HE OJMH KaTHOH, @ HECKOJIBKO. [IpnyemM MHOTME KaTMOHBI AAIOT
CXOZHbIE PEAKIMH U MEIIAIOT OTKPBITHIO APYT Apyra. Hanpumep, ¢ ruapoTapTpaTOM HaTpusi pearupyloT HE TOJIBKO MOHA KaJlus,
HO M MOHBI aMMOHHMUS. HOSTOMY JJIA OTKpLITPIﬂ HMOHOB KaJIusl HeO6XOI[I/IMO CHayajia BbIICHUTB, €CTh JIK B paCTBope HMOHBI
aMMOHUA. OTCIOZ[a CJIIEAYET, UTO HEJIb34 IPOBOAUTH PCAKUN Ha OTACIIbHBIC HOHBI B IIPONU3BOJILHO BLI6paHHOﬁ
IMOCJIICAOBATCIIBHOCTH. Nx HY>KHO KOM6I/IHI/IpoBaTb TaKuUM O6p8.30M, ‘{TO6I)I K TOMY BpEMCHH, KOIr'/la MbI IIPUCTYIIAEM K OTKPBITHIO
KaKOFO-HI/I6O HOHa, BCEC NOHbI, MCHIAIOIIUEC OIIBITY, 6I)IJ'II/I 6])1 YAajiaceHbI.

CMCTeMaTH‘{ecKHi‘I X0 aHaJIu3a — Oﬂpeﬂe.]'leHHaﬁ IMOCJIeA0BATECJIbHOCTDH BBINMOJHECHUA AHAJIUTUYECKHUX pealcum‘/i,
NPU KOTOPOIi KaKIblil HOH 00HAPYKUBAIOT IOCJIe TOr0, KaK OyAyT 00HAPY:KEeHbI M YIaJIeHbI APYTHe HOHbI, MeLIaloLIHe
€ro 00Hapy KeHHUIO.

JpoOHbIil aHANM3 IPUMEHSIOT B TE€X CIIy4asixX, KOIJa COCTaB UCCIIEeLyeMOro MaTepuaa U3BeCTeH U TpeOyeTcsl TOJIBKO
IIPOBEPUTH OTCYTCTBUE HEKOTOPBIX IPUMECEH.

JIpoOHbIii aHAIU3 -00HAPY KeHH e HOHOB € IOMOUIBIO crielU(pYecKNX peaKkUuii, B 0TeJbHbIX HOPUUSIX
AHAJIM3MPYEMOro PacTBOPa, IPOU3BOANMOE B JII000H MOC/Ie10BATeIbHOCTH

Jlnst mpoBeseHns JPOOHBIX peakuuy TpeOyroTes crenuduaeckne WM n30upaTenbHo IeHCTBYIOMNE PEareHTh.
OZ[HaKO YHUCJIO UX MaJio. HO3TOMy IIpO6HO€ OTKPBITUE NOHOB IMIPOU3BOAUTCSH O6quHO B IBa IIpreMa: CHavdajla IyTeM
NOAXOAAIUX PCAKIINU BbIACIIAIOT OHpeIIeIISIeMLIﬁ HOH WJIM K€ MAaCKHUPYIOT HOHBI, MEIIAOIHNEC €I'0 OTKPLITHIO, a 3aTEM C
MOMOIIBIO XaPaKTEPHOU peakIy YOk IaloTcs B IPUCYTCTBUU ONIPENEIsIeMOro HOHA.

10 TexHuKa BBITIOJIHEHUS JTAOOPATOPHBIX PadOT
HarpeBanue u BolnapuBaHue.

Ocaxnenne LHenTpudyruposanmne.

duabTpoBaHue yepe3 OyMakHbIH PUIBLTP.
DuIbTpoOBaHNE Yepe3 BaTy.

@DuabTpoBaHNe Yepe3 MoJ0CKy GUILTPOBAJBLHOI OyMaru.

11 AHaau3 KaTHOHOB

Homep KaTHOHLI I'pynnoBoii Oopa3syomuecst XapakrepucTuka
TpyMIIBI pearenTt COeTMHEHH I'pynmsl
NH,", Na", K" Xsopupl, cyab(arsl,
I HET THAPOKCHIBI PACTBOPUMBI B
«PacTBopumas» rpynmna BOZC
Ag+, ng“, Pb** XI0pHIbl HEPaCTBOPUMBI B
I HCl AgCl, Hg,Cl,, PbCl, BOJIE U Pa30aBIEHHBIX
«Xu1opuaHas» rpynmna KucjoTax
Ca". Sr*" Ba* Cynbdatsl HepacTBOPUMBI B
10 N ’ E H,SO0, SrSO,, BaSO,4, CaSO;, BOJIC U pa30aBIEHHBIX
«CyabgaTHas» rpynna KHCIOTAX
[AI(OH)6]3- I'mnpoxcuast aM$OTepHEI
Zn?. AP, Sn?.Sn** cr¥* Zn(OH) 1> ’
v n, ,Sn",Sn™" Cr 4 1 NaOH [Zn( )6]2 PacTBOPUMEI B H30BITKE
«Amdortepnas» rpynna [Sn(OH)4]” LEJI04H, € 06pa3oBaHHEM
[Sn(OH)6]2' TUAPOKCOUOHOB.
Mg(OH),,
Mg*, Mn**, Fe*' Fe*', Bi**, Mn(OH),, .
v Sb3+,Sb5+ 4]‘[ NaOH Fe(OH)2 HUIAPOKCUABI HE paCTBOPHUMBI
B M30BITKE IICI09Hn
«'uapoxkcuanasy rpynna Fe(OH);
Bi(OH),
[Cu(NH),J
Cu. Co™. Nit*. Cd? He™ 25% [Co(NH3)4] TuapoKCH bl 06pasyoT
VI AM’MI/IaK’aTHa;I v l’Inf pacTBop [Ni(NH;), > aMMHAKaThl, PACTBOPHMbIC B
Py NH,OH [CA(NH5),]** Boze
[Hg(NH,), ™

12 Aranu3 aHHOHOB

HaI/I6OJ'Iee qacTo yHOTpe6H§[eMa$I KJ'IaCCI/ICbI/IKaL[I/I;[, 110 KOTOpOﬁ BCC€ aHHOHBI JCIIATCA HAa TPU AHAIUTHYCCKHUC T'PpYHIIbI B
3aBUCHMOCTH OT PAacTBOPUMOCTU HX OapueBBIX M cepeOpsHBIX cojell. PeareHtamu SIBISIOTCS pacTBOpUMBIE CONM Oapus u
cepedpa.

Homep AHHOHBI I'pynnosoii Oopa3zyronuecs XapakTepucTuka
rpynnsl pearent coeIHHeHNsI I'pynnbi
| SO42', SO32', CO32" PO43', Xiopun Gapust BaSO4, BaSO3’ Counu Gapust MPaKTHIECKA




, Siosz- , ele])SaaCb,OB BaCO;, Ba;(PO,),, HEpPacTBOPUMEI B BOJIC.
- - - HEHTpaIbHOM T .
5,057, C2_204 ’ B4297 ’ €11a00IIeI0UHOM BaSiO;,
CrO47, Cr,07. pacTBope
_ o Hurpar cepebpa Comnu cepeOpa NpaKTHYECKU
1 Cl,Br,1.,S AgNO; B AgCl, AgBl’, AgI, HEpacTBOPHMBI B BOZIE U B
MPUCYTCTBUH Ag,S pa30aBIeHHOH a30THOM
HNO; KHCIIOTE.

- - - I'pymmosoro Conu Gapus u cepebpa

1 NOs, NO,, CH;COO peareHTa HeT PAcTBOPUMBI B BOJIE

13 AHann3 HEU3BECTHOTO XUMUYECKOTO COEIUHEHUSA

JBeHleCTBO MIOCTYTIAeT Ha aHAJIN3 B CyXOM BHJE WM B pacTBope. IlosyunB obpasen BemecTa, MPOBOASAT HpeIBapUTEILHBIC
HaOJIIOEHMS U MCHBITAaHMS: UCCIIEAYIOT IBET 00pa3na, pacTBOPUMOCTD B Pa3JIMUHBIX PACTBOPUTENAX, OBECHUE TP BHECCHUH
B miams ropenku. Harpepanum B mpoOupkw, 3amax, GOpMy H IBET KPHCTAJUIOB, OJHOPOJHOCTH cocTaBa. lIpexnae Bcero
paccMaTpHUBaIOT HEOOJBIIYIO MPOOY CYXOro BEIECTBA, HEBOOPYKEHHBIM IJ1a30M M I10JL MUKPOCKOIIOM.

OTCyTCTByIOT B Hp06e OKpalICHHbIC KATUOHBI U aHUOHBI,

Fe*', Fe**, Cu®, Cr’", Mn**, Co**, Ni**, CrO, %, Cr,0;"", MnO,~

OnHOpOIHBIE OECIBETHBIC ITH
+0eIble KpUCTaUIBI

Cunuii BO3MOXHOE IPUCYTCTBUE COJECH MEIH,
PozoBoe BO3MOXKHOE TIPUCYTCTBHE cojell kobanbTa 1 Mapranna (1)
3eneHble BO3MO)KHOE npucyTcTBHe coseld skenesa (1), nukens (1) , mequ(Il)
Kentsie BO3MOXKHOE pUCyTcTBHE coseld sxenesa (I1I), xpomaros
OpanxeBble BO3MOXHOE TPUCYTCTBHE JUXPOMATOB.

KpacHo-¢puoneroBoe BO3MOKHOE npucyrcrue [lepmanranar nona

/HOBBHCHI/IB 06pa3ua B IIJITAMEHU UCCIIEAYIOT, BHOCA HEOOJIBIIIOE €r0 KOJIMYECTBO B METIIC IIIATHHOBOM IIPOBOJIOKHU B IJIaMA

TOpCJIKH. O6yI‘JII/IBaHI/Ie " CropaHue HpO6bI TOBOpUT 00 MPUCYTCTBUU OPraHUYCCKUX BEIICCTB, MTHOBEHHOC YJICTYYUBAHUC —
COJIe aMMOHUS. OKpaIIII/IBaHI/Ie IJIaMCHH — KaTHOHOB 06Hal[aIOHII/IM 3THUM CBOHCTBOM.

Jletyuast conp MeTasia
Harpus

Kanust

PyOunus u nesus
Jlutus u cTpoHIHS

Oxkpacka miaMeHu
MHTEeHCUBHO-KENTas
duoneroBas
Po3oBo-¢duonerosas
KapmuHOBO-KpacHast

bapus 3eneHas
Kanpuus Kupnuuno-kpacHast
Menu u 6opa lNonyGast nnu 3enenas (npu 60bIION

KOHIIEHTPAllUU MEIN)
Bbrenno-romybast

CBUHIIa, MBIIIBIKA H
CypbMBI

/I[anee npoOy MOJABEPraloT HAarpeBaHMM B IUIaMEeHM Ha (GapdopoBoil IUIACTUHKE WM Linartene, J00aBisis B Clydae

HCO6XOZ[I/IMOCTI/I HEKOTOPLIC PCAKTUBBLI. HpI/I O9TOM C Hp060171 MOXKET HpOHSOﬁTH pAan H3MeHeHHﬁ, XapakTep KOTOPLIX MO3BOJIICT
CAeJIaTb HEKOTOPHIC 3aKIIFOUCHUS:

Xapakrep H3MeHEeHHIt 3akinouenne

OtcyTeTBYIOT

He u3mensiercst
Hg, conn ammoHus1, kapbonaTsl. OpraHudecKue coeIMHeHns. Kpucramioruaparst

MoryT npucyTcTBOBaTh

[TnaButcs Hurpatel. Hutputsl. Kap6oHatsl, mepXxiiopatsl MEI04HbIX METAIOB, KPUCTAIUIOTHPATHI
(kBacipl, Cynb(aThl HATPHs, KaJIUsI, MarHUsl, THOCYNIb(arta HaTpusi. Kanms)
OOyrimBatoTcst Opranunyeckue coenuHenus. OkcanaTel, TapTpaThl. LluTpatsr
Ob6ecupeunBanue — okucienue cynbpunos (CuS — CuSQy); paznoxkeHue BeicuX okcuaoB (PbO,
U3menenve 1peTa ~ PbO);
[Toremuenue — o6pazoBanue okcunos CuO, Fe,03, CoO, MnO,; nozenenenue — conu xpoma (I1I),
XpOMaThl

becrBeTHble napsl — cosit aMMOHUs, KapOoHaTbl. Cyib(huIbl, IEPXIOPATHI, XJIOPATHI.
JKenTsle mapbl — HUTpAT, HUTPUT, OpoOMaT.
DroseToBsle Napsl — HOAAT, HOMNT

Bosronka




JECIII/I pu K00ABIICHHU KUCIIOT K aHATM3UPYEMOH MPOOe BBIICISIOTCS Ta3bl, TO IO XapaKTepy ra3a MOXKHO OIPEIEITUTh
aHMOH, BXOSIIUI B COCTAB BEIIECTBA.

Taz Crioco0 oOHapykeHHe AHNOH coJIepKalIuiCs B PacTBOPE
CO, [TomMyTHEHHE U3BECTKOBOM BOJIBI CO,* HCO;y

SO, 3amax ropsuueii cepbl S05%, S,0,%

NO, KpacHo-6yprie mapbl NO,

H,S 3anax TyXJIbIX SIMIL S%,50,7S,0,”

CH;COOH 3amax ykcyca CH;CO0O°

Br, KpacHo-6yprie mapbl Br’ (c oxucnurenem)

HC1 VY nyiuiuBslii ra3, nomytaeHue pactsopa AgNO; Cr

I, DuosneToBbIE Maphl I (c okucnurenem)

0, BcnbixuBanue Tieronei JIydnHsbl MnO,, ClO,, Cr,0,~, Cr0,” ,H,0,

‘/Ecnn npo0a pacTBOpHMa B BOZIE, LICHHBIC CBE/ICHHS O €€ COCTaBE MOXKET JaTh peakuus cpenpl. Kucias peaxius cpemnst

YKa3bIBa€T Ha IPUCYTCTBUE CB060Z[HI)IX kucioT. CoJielt CHIIbHBIX KMCJIOT U ClIa0bIX OCHOBaHHﬁ, KHUCJIBIX COJICH. Hlenqua;[
peakius Cpeabl TOBOPUT O IPUCYTCTBUU menoqeﬁ, CoJIeH CHIIbHBIX OCHOBAHHUH Cl1a0bIX KHCJIOT, OCHOBHBIX CoJIeH.

JPaCTBopPIMOCTL BeLECTBA ONpPee/IsIoT e/l 00pa3el] Ha TPH YacTH:
1. HCIBITHIBAIOT HA KATUOHBI
2.  UCHBITHIBAIOT HA AHUOHBI
3. HCHONB3YIOT IJIsl POBEPOYHBIX OIIBITOB
Ecnu B Bojie 06pasel] MOJHOCTBIO HE PACTBOPSIETCS, TO BOY MOJOTPEBAIOT.
IIpu mepacTBOpuMOCTH B Bozie, K Heit nobasisror 2 H HCl, npu nepactBopumoctu B HCI nerrarores pactsoputs B 2 H HNO;,
KOHIICHTPUPOBAHHOH a30THOM, COJIIHOU KHCIOTE, «1JapCKOU BOAKE», PACTBOPE aMMUAKa.
Korna BeriecTBo nepeBeseHO B paCTBOP TO NPHUCTYIAIOT K CHCTEMAaTHYECKOMY aHAJIN3y KaTHOHHOTO cocTaBa coaud. Cm
Tabn. AHanm3 cMecu katnoHoB [-VI aHamuTHYeckuX rpymi.
Onpenenns KaTHOHHBIH COCTaB HCCIEAYEMOTO PAacTBOPA , MPUCTYMAIOT K aHAIM3Y aHMOHHOTO COCTaBa PacTBOPA.
CoctaBbTe (OpMyITy 3aJaHHOTO BEILIECTBA, OTKPBIB KATHOHBI 1 AHUOHBI.

1.15-16 Jlekuusa Nel5-16( 4 yaca).

TeMa: TI/ITpI/IMeTpI/I‘IeCKI/Iﬁ aHanu3. KHCIOTHO-OCHOBHOE M  OKHMCIMTEIbHO-BOCCTAHOBHUTEILHOE
TUTPOBAHUC. OC&,HI/ITCHLHOG 1 KOMIIJICKCOHOMETPUUICCKOC TUTPOBAHUC

1.15-16.1 Bonpocsl JieKuuu

1. Turpumerpudeckuii aHanus.

2. CyumHocTs 1 0cOOCHHOCTH TUTPUMETPHYECKOTO aHann3a. MeToibl THTPUMETPUH

3. OcCHOBHBIE TIOHATHS TATPUMETPUYECKOTO aHAIN3A.

4. TurpoBaHHBIE PACTBOPHI: IPUTOTOBICHHBIC U YCTAHOBJICHHBIC

5. PacdeTsl B TUTPUMETPUYECKOM aHAIU3E.

6. Meron vefitpanm3anuu. CymHOCTS MeTO/1a . AIIMANMETPHUS U aTKamuMeTpust. MTHInKkaTopsl
METO0/1a KHCIIOTHO-OCHOBHOTO TUTPOBAHUSI.

7. Bwibop unaukaropa. Kpusbie TutpoBanus. IHIUKATOPHBIC OIIMOKHM TUTPOBAHUS

8. Tlopsanok TUTpoBaHUS.

9. IlpuMmeHeHHe METOIa HEUTpATH3AITUI

10. Metonsl penokcumerpun. Kimaccudukanuys MeTo10B pejokcuMeTpuu. [lepmanraHaToMeTpusl.

Monomerpust. JlHxpoMaToMeTpus
11. Metonsl ocaxxaenusi. CylHOCTb METO1a.
12. MnaukaTopbl METOIOB OCAXKACHMUSL.
13. Aprentomerpus. Meton Mopa. [IpuMeHeHre MeTona OCaXACHUS.
14. KommiekconomeTpus. CymHocTs MeToa. OnpeaeneHne TOYKH SKBUBAJICHTHOCTH
15. MeTo bl KOMITJIEKCOHOMETPHUIECKOTO TUTPOBaHUs. [[pUMeHeHHe KOMIUIEKCOHOMETPHH.

1.15-16. 2 KpaTtkoe cogep:xaHue BOPOCOB

.1 TurpumeTpuuecKkuil aHamus.



TurpumMeTpHyecknii aHaJW3 OCHOBAH HAa M3MepeHHMH o00beMa pACTBOpPa peareHTa, H3PacXoJ0BAHHOIO Ha
JKBHBAJICHTHOE B3aHMOJeiicTBHe C omnpejenaseMbIM BellecTBOM. I[Ipy 3ToM KOHLEHTpalMsi peareHTra HOJDKHA OBITh
MpeBapUTENbHO ycTaHOBNEHA. 110 KOHIIEHTpauyu 1 00bEMY pacTBOpa peareHTa BBIUHCIAIOT coaepxaHue BemecTBa. Ommbka
olpejeneHus Ipyu 3ToM He npessimaet 0,2 %.

.2 CymHoCcTh U 0COOCHHOCTH TUTPUMETPUUYECKOTO aHaau3a. MeTo bl
TUTPUMETPUU

Tumposanue — npoyecc nocmenenHo20 KOHMPOIUPYEMO20 RPULUBAHUS PACMEOPA C MOYHO U36ECMHOU KOHYeHmpayuel K
onpeodeneHHoMy 00vemy 0py2020 pacmeopa.

TurpoBanne He0OXOAUMO TIPOIOIDKATH IO TOYKH SKBUBAJIICHTHOCTH, T.€. JIO TOTO MOMEHTA, KOTJIa pEarupyolire BemecTBa
MTOJTHOCTBIO TIPOPEArupyroT Ipyr ¢ Apyrom. [losTomy peaxmue npubasisrom ne cpazy, a nocmenenno, HeOOIbUUMU NOPYUIMU
00 00CMUICEHUs. MOYKU IKEUBATICHMHOCHIU, M. €. 00 M020 MOMEHMA, K020a peakmugéa 0yoem npubasieHo POSHO CMOIbKO,
CKOILKO mpedyemcsi 05t 3auMOO0CUCMBUSL CO B3SIMbIM KOIULECHBOM UCCILe0YeMO20 8euecmed, UCX00s U3 YPAGHEHUs. peaKyuul
medncoy Humu. TOUKY SKBUBATCHTHOCTH MOYKHO YCTaHOBHUTH C OMOILBIO JF00OT0 KUCIOTHO-OCHOBHOT'O HHIMKATOPa — BEILECTRA,
KOTOPOE B TOYKE IKBUBAJICHTHOCTH M/ BOJIN3U HEEe MEHSET CBOIO OKPACKY.

B OCHOBY THTPUMETPHUYECKOTO aHATIHN3a MOTYT OBITh MOJIOKEHBI TOJIBKO T€ XUMHUIESCKHE PEaKLUH, KOTOPBIE:

e [Ipomexaiom ¢ 00CmMamoyto 8biCOKOU CKOPOCHIbIO U NPAKMUYECKU 00 KOHYd.

®  Buipasicaiomcesi  onpedeienHbiM  YPAGHEHUEM U He  CONPOBONCOAIOMCs. NOOOYHBIMU NPOYECCaMU, CEA3AHHbLIMU C
pacxo008anuem peazeHma uil AHAIUUPYEMO20 6eUjecmad.

®  Kpome mozo, 00adicen cywecmeosams HeCa0NCHbI CHOCO6, NO360NSIOWUL YCMAHABIUBANb MOYKY IKGUBANEHMHOCTIU.

B 3aBucMMOCTH OT THIIAa pEAKUMH, KOTOpas JIOKHT B OCHOBE OMNPEACICHHUs, pa3iUyaioT CICAYIOUIME METO/IbI

TUTPUMETPUUESCKOTO aHAIH3a!
B KHUCIOTHO-OCHOBHBIH; B ocaquTenbHBIN;

| OKI/ICIII/ITeHbHO-BOCCTaHOBI/ITeHLHHﬁ; | KOMHHeKCOHOMeTpH‘IeCKHﬁ .

3 OCHOBHBIE TOHATUS TATPUMETPUYECKOTO aHATIU3A.
GiopeTka TutpaHT (cTaHIapTHBIN WK pabouuii pacTBOP) — pacTBOP, KOTOPHI NPUJINBAIOT.
Tutpyemblii pacTBOp — pacTBOp, K KOTOPOMY NPHJINBAIOT THTPAHT.
TuTpyemblii pacTBOp 0OBIYHO NOMELIAIOT B KOJIOY AJISI THUTPOBAHUS, @ TATPAHT — B OIOPETKY.

TuTpuMeTpHuyeckasi cHcTeMa — CMECh BEIECTBa, 00pa30BaBIIAsCSA NPH B3aUMOACHCTBUM THUTPAHTA U
THTPYEMOT'0 BELIECTBA.

Touka YKBUBAJEHTHOCTH — MOMEHM mumpoeaHrusi, K020a 4UCIO DKEUBALEHMO8 mumpanma paeHo
Uucy sKeuesaienmos onpede/lﬂeMozo eewecmed.

Wupukatopel — Bewecmga unu  npubopul, npumensemvle OAsL  YCMAHOGAEHUS.  MOYKU
9KEUBANEHMHOCU.

4 TutpoBaHHbIE PaCTBOPBL: IPUTOTOBJIEHHBIE U YCTAHOBJICHHbBIE

» TuTpoBaHHBI PAacCTBOP (THTPAHT) — PACTBOP C TOYHO U3BECTHOM KOHIICHTPAIIHEH.

Tl/lTpaHTLI ACJAT HaA @

a) pacmeopul nepeuUUHOl cmauj@uzauuu 0) pacmeopsl 6MOPUYHOL CIMAHOAPMU3AUUY
Hcxoonvie (npuzomosnennoie), Pabouue
cmanoapmmuvle, unu (ycmanoenennvie),
nepeuunbvle CMAHOapmbl cmanoapmu3uposannle, Ui
6MOpUYHbIE CMAHOAPNIbL

C MOMOLIBIO HCXOJHBIX PACTBOPOB OMPEACISIOT TUTP U C nomotipio pabo4Yrx PacTBOPOB IIPOU3BOIST

HOPMAaJIbHOCTh pa004UX PACTBOPOB. TUTPUMETPUYECKUE (00BEMHO-aHATUTHYCCKHE)
OTIPEICNICHNUS, Y3HAIOT KOJIHMYECTBO ONPEENIICMbIX BEIICCTB
B PacTBOpax.

BemniecTBa, KOTOpBIE MOTYT OBITH HCIOJB30BAaHBI JUIS IOJNYYCHUS PACTBOPOB C IPUTOTOBICHHBIM THTPOM, HAa3bIBAIOT
UCXOOHBIMU (CIMAHOAPNIHBIMU) GEULECHIBAMU.

TpeGoBanus, npeaAbsiBsieMble K CTAHIAPTHLIM BelIeCTBAM:
®  BeIeCTBA JOJKHBI OBITh XUMUUECKH YHCTBIMU;
®  COCTaB UX JOJDKEH CTPOTO COOTBETCTBOBATH XUMHUECKOH hopMmyIIe;
®  JJOJKHBI OBITh YCTOWYMBBI B PACTBOPE U MIPH XPAHEHUH B TBEPAOM COCTOSHHU;




IIpy CTaHAapTrU3annuu pa60qer0 pacTBOpa XUMHUYECKas peakius NJOJDKHA IPOTEKATh 6bICTpO, YCTKO U 10 KOHLAa

To4yHyI0 KOHIEHTPAalMI0 BTOPHYHBIX CTAHAAPTHBIX pPACTBOPOB YCTAHABJIMBAKT TUTPOBAHMEM ¢ IMOMOIULIO
MOAXO/ASIIEr0 NePBUYHOI0 CTAHAAPTHOIO pacTBopa (Tab.)
» Ilpoyecc onpedeienus KOHYEHMPAyuu 6MOPUYHO20 CMAHOAPMHO20 PACMEOPd MUMPOSAHUEM NO NEPEULHOMY
CMaHOapmHoOMy pacmeopy (UHo20a u no BMOPUYHOMY) HA3bIGAEMCs CIAHOAPMU3ayuell pacmeopa

5 Pacuetnl B TUTPUMCTPHUUICCKOM aHAJIU3C.

Pacuemul, ceazannvie c gpluucienuem pe3yibmantoe mumpoeanus

mump m (6-6a) ¢opmyna nasecxku Cy-Ms-V
T T= — /mn m=———— F]
-codepaicanue V (p-pa) olem’ ecnu gewecmeo 1000
sewecmea (6 2) C M, scuoKoe, Cr -M> -V-100
¢ 1 cm’ pacmeopa T= ) V=s——-
1000 1000 -p- W \
M, 41000 o
C =
V-M,
Vi-Ca =V, -C, nonpasouHblL Cuem
K03 puyuenm K=
C’”_EDQ
T mump no onpedennemomy Geujecmey unu mump | m onpedensemozo eewjecmea | m = Cayumpanma Vomumpanma
coomeemcmeusn —cooepricanue onpeoeniemozo eewecmea (6 | cnocobom omoenvuwlx | My onped ¢-6a/1000
2) IKeueanenmuoe wuciy zpammos 6 1 cm’ mumpanma Hagecox
Tmum anm/onpeo. sao:CSmum anmaM30)1 e0. 6-6a /1000
m  onpeoeniemozo
eewecmea Camumpanma 'Vmumpanma' M> onpeo ¢-6a
cnocooom m=
NUNEMUPOBAHUL 1000-m 05, ¢-a

6 Meton Heltpanu3anuu. CylHOCTh METOAA .AUMAUMETPUS U AJTKATUMETPHUS.
Nupukatopsl

B ocHOBe MeTOs1a KHCIIOTHO-OCHOBHOTO THTPOBAHUS ITOJIOKEHA PEaKIHs B3aNMOJCHCTBUSI HOHOB BOIOPOJA C THUIPOKHM-
HMOHAMH, COIIPOBOXIAIOIAsiCS 00pa3oBaHUEM CJIab0HCCONUIPOBAHHBIX MOJIEKYJI BOJHI :
H ™+ OH —H,O0.
DTOT METOJ MPUMEHSETCA U1 KOJIMYECTBEHHOTO onpenenenus kucinot (H,S0,, HNO;, HCI, H;PO,, CH;COOH, H,C,0,
u 1p.), ruapokcunos (KOH, NaOH, Ba(OH), nu np.), coiell, CHOCOOHBIX T'MIPOJIM30BAaThCS B BOAHBIX pacTBopax (Na,COjs,
K,CO;), araxxe ux cmeceit ( cmecb NH,Cl u NaOH).

9.2. AUMAMMETIHA W ANKANUMETPHA

KuciotHo-ocHOBHOE TUTPOBAHUEC UMEECT JIBa OCHOBHBIX METOA:

' A

ayuoumempus anKanumempus

THTPAHT - OCHOBAHHE
TUTPAHTAMHU SBJISIOTCS tutpantamu sasisores 1;0,5;0,1;0,01 H pacTBOpHI
1; 0,5;0,1;0,01 1 pactBopsl H,SO, u HCI NaOH u KOH

THUTPAHT - KHCJIOTA

#* HOCKOIII)Ky OTHU KHUCJIOTBI U THAPOKCHUIBI HE MOTYT OBITH HCIOJH30BaHbI KaK HUCXOJHBIC BELICCTBA IS IPUTIOTOBJICHUSA
TUTPOBAHHBIX PAaCTBOPOB, TO CHa4dalla T'OTOBAT PacTBOPLI HpHMepHOfI KOHIICHTpauu, a TOYHBIN TUTPp U HOPMAJIbHYIO
KOHICHTPALWIO UX YCTAHABJIMUBAIOT I10 UCXOJAHBIM BELICCTBAM.

B rauecmee ucxoomvlx sewjecme O YCMAHOBICHUSL
mMumpa pacmeopo8 ujeioyeti UCnoIb3yIom Waseiesyio
H,C,0, -2H,0 unu aumapnyro Kuciomy

B kauecmege ucxoouwix eewjecme Onsi YCMAHOBNEHUs MUMpa
pacmeopos  KUCIoOm UCHOAb3VION — mempabopam HAmMmpus —uiu
xapbonam nampus 06e3600HbIl

[Tpu npoTekaHUU peakLuy HeHTpalH3aliy He HaOII0aeTcsl KaKUX-T100 BHEIIHUX PU3HAKOB, KOTOPbIE MOXKHO OBLIO OB
HaOIrOIaTh BU3YaabHO. [103TOMY T QUKCHPOBAHHS TOYKHM SKBUBAJICHTHOCTH HEOOXOAUMO IPUMEHSTh HHANKATOPHL.
> Kucnomuo-oCHOGHbBIMU UHOUKAMOPAMU, WU RPOCHIO UHOUKAMOPAMU, HA3bIEAION 6CUECMBd, MEHSIOUUE CE0I0
O0KpAcKy 8 onpedenenHoll obaracmu sHavenuti pH pacmeopa.



7 Boi6op unnukaropa. Kpussie TutpoBanus. MuankaTopHbie OMIMOKU
TUTPOBAHUA

IIpexxne ueM npecTynuTh K THTPOBAHHIO, HEOOXOANMO PacCUUTaTh BeIHIMHY pH, IIpH KOTOPOIi ciietyeT 3aKOHYNTh IPOIecC
tutpoBanua. Onpenenss 3HadeHHe pH B TOUKHM 3KBUBAJEHTHOCTH M 3Has pH WM3MeHEHHUs OKpacKd MHIMKATOpa, MOAOHpPAIOT
COOTBETCTBYIOLIMM HMHAMKATOP METOJAa HEWTpanu3auuu. Tak, HampuMmep, €CiaM Mbl XOTUM OTTUTPOBaTb PacTBOP YKCYCHOM
KUCIIOTBI MPH MOMOINM pacTBOpa THAPOKCHIA Kanus, Mbl y3HaeM pH B TOYKM SKBHBAJIEHTHOCTH. DTa BelHuuHa pasHa 9,0.
CrenoBatenbHO, OepeM WHIWKATOP C HHTEPBAJIOM Iepexoxa okoiao 9,0. Mel 3HaeM, YTO TaKMM HHAUKAaTOPOM SBILSIETCS
¢enondranenn, ob6aacTs nepexoaa koroporo 8-10, a pT=9,0.

Bectu THTpOBaHUE B MeTOJ¢ HeliTPpaIM3alMy HE00X0AUMO B IPUCYTCTBHH MHIUKATOPA, 00J1aCTh IepexoJa KOTOPOro
JIEKHMT B Npefenax ckauka pH na kpuBoii THTpoBaHus.

8 I1opsiiOoK TUTPOBAHUS.
HpaBI/UII)Hoe OIIpCICICHUEC KOHCYHOH TOYKH TATPOBAHUA 3aBUCUT HE TOJBKO OT BI)I60pa HUHAUKATOpa, HO U OT IIOpsJKa
THUTPOBAaHUA.
Ilo Meroay HeﬁTpaHHi%aL[HPI TUTPOBAHUC BBIINOJIHAIOT «OT KHUCJIOTHL K HICJI04YU», T.C. IIYTEM IPUIMBAHNSA K KHUCJIOTE HICJI0IU
Hu3 6}0peTKI/I, nim HaO60pOT, «OT IICJIOYH K KHCIIOTC». HpI/I 9TOM BI)I60p UHAUKATOpa HE 6e3pa3HI/I‘{eH. HaHpHMep, €CJIN TUTPYA
«OT KHUCJIOTBI K IIEJIOYN», BOCIOJIb30BATECA METUIIOBBIM OPAHXEBBIM, TO PO30Basi OKpACKa MHAUKATOpa OT M30BITOYHOMN KarlaIu
IIEJIOYH JOJDKHA TepeiiTu B skentyio. Ho Takoe n3MeHeHHe OKPAacKH ropasfo Xy)Ke yJIaBiMBaeTCs IJ1a30M, YeM MEpexof ee U3
JKEIATOW B po30BYyI0. [109TOMYy € METHIIOBBIM OpPAHXXEBBIM THTPYIOT «OT mienodu K kuciorey. C deHondranenHoMm ynobHee
TUTPOBATh «OT KUCJIOTHI K HICJIOYN», TaK KaK IIpHU 3TOM 6CCL[BeTHblﬁ PacTBOP CTAHOBUTCSI MaJIMHOBBLIM.
I/IHOF,Z[a JUIS JTyYIIEro OINpEeacICHUs KOHEYHOM TOUKH TUTPYIOT C TaK HA3bIBAEMBIM «CBUIACTEIIEM».

9 ITpuMeHeHne MeTo1a HENTpaIu3aluu
Auuoumempuueckoe mumposanue

Onpedenenue KapOOHAMH O HCECMKOCU 600bl
Pabora no onpeaeneHuio KapOOHATHOIM KeCTKOCTH BOAbI COCTOUT M3 HECKOJIbKHX ITAINOB:
HPHUTOTOBJICHUE PACTBOPA COJISTHOW KHUCIIOTBI C MOJIIPHOM KOHLIGHTpalMel skBuBaneHra ~ 0,1 Mons/m;
[PUTOTOBJICHUE CTaHJIAPTHOTO PacTBOpa TeTpabopara HATPHS;
cranmaptusanms pactsopa HCI mo Terpabopaty Hatpus;
olpeeNneHne KapOOHaTHOM JKECTKOCTH BOJBI.

10 Metoas! penokcumerpuu. Kiaccudukarys METO1I0B peIOKCUMETPHH.

B OCHOBY METOIOB PCHOKCUMETPHUU II0JIOKCHBI OKHUCIAUTE/IbHO-BOCCTAHOBUTE/IBbHbIC PECAKIMHA. Hasanue MCTOOOB, B
KOTOPBIX UCTIOJIB3YETCS MPUHIUII PEAOKCUMETPUH, IPOUCXOUT O0OBIYHO OT Ha3BAHUS pa60q1/1x TUTPOBAHHBIX PACTBOPOB.

Memoout Pabouuii pacmeop
Ilepmanazanamomempus METOJ] OCHOBAH Ha OKHCJIUTEIBbHOM JEHCTBUU pabouero pacTBopa nepManranata kaauss KMnOy
Hooomempus METOJ, B KOTOPOM pPa0OYUM TUTPOBAHHBIM DPACTBOPOM CIIYyXHT pacTBop cBoOoxHoro mozxa B KI. Merox

MO3BOJISIET ONPEENATh KaK OKUCIUTENH, TAK H BOCCTAHOBHUTENHM. JIJIsl onpeseNieH s OKHUCIHTENEH HCIIOIb3yeTcst
pabounii pacTBOp THOCYNb(aTa HATPHUS M BCIIOMOTaTeNbHBII pacTBop Hoxuaa kamus KI. MHANKaTOpoM CITy KUT

KpaxMail.
Buxpomamomempusn METOJl OCHOBaH Ha HCIOIb30BaHMH B KadecTBe pabodero pacTBopa OMXpoMaTa Kaimus. MeTom MoxeT
MIPUMEHSTHCS KaK JUIS IPSIMBIX, TaK U sl KOCBEHHBIX ONpEIeTIeHUH.
bpomamomempus HCIIONB3YeT B KaUeCTBE OKHUCIHUTENS PACTBOP OpoMara Kalus
Hooamomempus pabounii pacTBOp HOJATA KaJUs

Banaoomempus

pabounii pacTBOp BaHA/1aTa aMMOHMS

11 Ilepmanranaromerpusi. Mogometpusi. JluxpomaroMeTpus

Ilepmanzanamomempus — 5mo OKUCIUMENLHO-60CCMAHOBUMENbHBII MEMOO 00EMHO20 AHAU3A, OCHOBAHHBIU HA
Dpeaxyusax oKUCIeHUs, NPouU38o0UMbIX pacmeopom nepmaneanama xanus KMnQO,

Ilepmanzanamomempus - OAUH U3 Ty4IINX CIOCOOOB OIMpPE/IENICHNU kKele3a B pa3HbIX o0bekTax. ITocie pacTBopenus
obpasma (pyIs MUHEpalla, CIUIaBa) jKelIe30 OKa3bIBASTCS B CTETIIEHH OKUCIICHUS +3, TOITOMY €T0 IPEBAPUTEILHO IIEPEBOIAT B
Fe (1I) xnopunom onoa (II) mim meramnamu. Takum ke 00pa3oM ¢ peABapUTEIHHEIM BOCCTAHOBIEHHEM MOXKHO ONpeneNiTs V,
Mo, W, U, Ti, Nb, Sn, Sh, xoTopbIe TIOCJIC paCTBOPEHHUS 00PA3I[OB TOIYYAOTCs B BBHICIICH CTEIICHU OKHCIICHHS

Onpedenenue coodepiicanus xeenesa ¢ pacmeope coiu Mopa

PaGoTa cocToUT N3 HECKOJIbKHX 3TANOB:

e mpurorosieHue pactsopa KMnO, npubiu3uTensHoi KoHUeHTpauun  =~0,05 n;

® [IPUTOTOBJIEHHE CTAHAAPTHOTO PacTBOpA LIaBeNeBOM KHCIOTEl 0,05 n;




® CTaHIapTH3alUs IIepMaHraHaTa Kajus MO MIaBeICBON KHCIIOTE;
e ompezeseHue xenesa B conu Mopa (NH,),Fe(SO,),-6H,0.

Hooomempua — >mo OKUCTUMENbHO-80CCMAHOBUMENbHBIIL Memo0 00beMH020 AHANU3A, OCHOBAHHBIN HA PeaKyuu
80CCMAHO8AEHUSA C80O0OHO20 U00A 00 UOOUO-UOHOE U OKUCTEHUS UOOUO - UOHO8 00 MONEKVAAPHO20,
—  9MO MemooO PedOKCUMEmPUYECKo20 aHANU3A, NPU KOMOPOM O KOIUYECmEe OnpeoensemMo2o eeujecmed Cyosm no
KOIU4eCmsy no2ioujeHHo20 Ul 8bl0eNEeHHO20 U00d
Omnpenesnenne cofepKaHusi MeId B PacTBOpe M XJIOpa B Bojie
Pa6oTa cocTOMT M3 HECKOJIBKHMX 3TANOB:
® [IPUTOTOBJICHHE PACTBOpPA THOCYIb(aTa HATPHsI C MPUONIN3UTENBHOI KOoHIeHTpawueil ~0,05 H;
® IPUTOTOBIICHUE CTAHIAPTHOTO pacTBOpa auxpomara xamus, 0,05 H;
®  YCTaHOBJICHHWE MOJIIPHOI KOHICHTPAIMH SKBUBAJIICHTA PACcTBOPA THOCYIb(ara HATPHS 110 CTaHAAPTHOMY PacTBOPY
IUXpoMaTa Kajus;
NIPUTOTOBJICHHE PACTBOpA NOA C IPHOIM3UTEIBHON KoHueHTpauueil ~0,05 H;
YCTaHOBJICHHE MOJISIPHOIN KOHIICHTPAIMU 3KBUBAJICHTA PACTBOPA HOAA
10 CTAaHAAPTU3UPOBAHHOMY PAaCTBOPY THOCYIb(aTy HATpuUs;
OTIpEJICIICHUE COJICPKAHUSI MEIH B PACTBOPE;
OTIpEIeNICHUE COJICPKAHUS CBOOOTHOTO XJIopa B BOJIE.

[ ]
Juxpomamomempus — 5mo OKUCIUMENTbHO-80CCIAHOSUMENbHBIL MeMO00 00bEeMHO20 AHANU3A, OCHOBAHHUIU HA PeaKyusix
OKUCTeHUS, NPOU3BOOUMBIX pacmeopom ouxpomama kanus K,Cr,O; 6 kucioii cpede.
- +
Cr,07 + 14H" +6 ¢ — 2Cr** +7H,0.

JIUXpOMaTOMETPUIO  HCIIONB3YIOT JUISI  ONpefeleHHs MHOTHX BOCCTaHOBHUTENICH, Hampumep, kenme3a (Tocie
MpEBAPUTENBHOIO BOCCTAHOBIEHMSI) M OPraHMYECKUX KOMIIOHEHTOB BOA U TOYB (OKUCISIEMOCTh IO JUXpomary). B
TUTMEHWYECKOH TMpaKTHKEe OHAa Halula NPUMEHEHHE Uil ONpPEAeNeHUS] XUMHYECKOTO MOTPEONICHUs] KHCIOPOJa — OIECHKH
COZIEPXaHMs BCEX OPraHMYECKHX BEILECTB, KOTOPbIE pacTBOPEHbl B Boje. OHM NMpH KUMSYEHUH B M30BITKE JUXpoMara Kalus B
MIPUCYTCTBUU CEPHOM KUCIIOTBI OKUCIIAIOTCS O YIIICKUCIOTHL.

12 Metoap! ocaxaenus. CylHOCTb METO/IA.

Mertopl ocaxkieHus 00beJUHSIOT 00bEeMHO-aHAIMTHYECKUE OIPEJIEICHNUs, B OCHOBE KOTOPBIX JIEXKAT PeaKUUu 00pa30BaHuUs
0CaJIKOB MaJIOPACTBOPHMBIX coeuHeHUH. CYHIHOCTH METO/IOB OCAXkKIEHHs COCTOMT B TOM, YTO ONpeeisieMOe BelecTBO
(MOH) KOJUYeCTBEHHO NepeBOANTCs B ocaiok. O Macce BelIecTBa Cy/IAT 10 3aTpadyeHHOMY 00beMy pabodero pacTBopa.

IIpu 3TOM peakiMH J0JKHbI 0TBEYATh CJIEIYIOLIHM YCIOBUSAM:

®  0CajIOK JOJDKEH OBITh IIPAKTHYECKH HEPACTBOPUMBIM U OBICTPO BBINAAATH;
®  Heo0X0AUMO, YTOOBI JErKO (PUKCHPOBAIACh HHIMKATOPAaMH SKBUBAJICHTHAS TOYKA;
®  TUTPOBAHME HE JIOJDKHO UCKAXKATHCS SBJICHUAMU aCOPOLMU IPYTUX BELIECTB.

s yMeHbLICHHsS aACOpOLMH NPU IPUMEHEHHH METOIOB OCAXICHUS CJEAyeT THTPOBATH MEJICHHO BOJM3M TOYKH
9KBHBAJCHTHOCTH M IIOCJIE KaXKOT0 IpHOaBiIeHus paboyero pacTBopa THIATEIILHO IEPEMEIINBATh PACTBOP.

B 3aBHCHMOCTH OT HCIIOJIB3YEMBIX pab0UYHX PACTBOPOB METO/IbI OCAKICHHSI HMCIOT HAa3BaHMS:

apreHToMeTpus HCTIONIB3YIOT pabounii pacTBop HUTpaTa cepedbpa AgNO;
polaHoMeTpHus MIPUMEHSIOT pacTBop ponanua ammonus NH,SCN
MEPKYPOMeTpHs HCTIOJIB3YIOT PacTBOPEI COJICH PTYTH

13 HaukaTtopbl METOJIOB OCAXKACHUS.
Tqua OKBUBAJICHTHOCTHU B METOdaX OCAXKACHUS MOXKET 6LITI) OIIpeaciI€Ha TUTPOBAHUEM 663 HUHAWKATOpa U ¢ UHAUKATOpaMu.
MupukaTopsl gensaTcs Ha 2 FpyIIIbL:

1. MHAMKATOPBI -peareHThl.

OHM, KaKk M aHaJIM3UPYEeMOE BEIIECTBO, BCTYMAIOT B PEAKLUHIO ¢ PabOYMM PacTBOPOM C 0Opa3sOBaHHEM OCAJKOB MWIIH
OKpAILICHHBIX PAaCTBOPOB, OKpacka KOTOPBIX Jpyras, 4eM OCHOBHOI'O OCajika MM pacTBopa. Kpome Okpacku, ocalloK HOJDKEH
HMeTh OOJIBIITYIO PAaCTBOPHUMOCTD, YeM OCHOBHOH OCaIOK, HAIIPUMep:

AgCl - 6enwiti ocaoox, IIP = 1,110 -10

AgBr - sicenmosamwiii ocadox, I[IP = 7,7 10 -13

Ag>,CrO, kpacnoui, I[TP = 9 10 12

KoHueHTpauus HOHOB B HACHILIIEHHOM pacTBope OyzaeT: [noHa | = S IIp

[Ag] = [CI] = 1,05107 2-uon/n

[Ag] = [Br] =88 107 2-uon/n

[Ag] = [CrO/ ] = 2,1 -107 2-uon/n

2

Cren0BaTebHO, IPH NPHGABICHHH THTPOBAHHOTO PacTBOpa HUTpaTa cepebpa AgNO; k cMecr nonoB Cl” i CrO,” BHauane

Gymer Bbimagath Oemeri ocamok AgCl M TONBKO MOCHE DOCTIDKCHHMS KOHLEHTpamuu nouoB Cl, paBHoii 1,05 10™ r-mom/m,



JanpHelIIee nmpubaBiIeHUe HUTpaTa cepebpa BBI3BIBAET BbINAZCHUE KPAcHOrO ocaika xpomara cepedpa Ag,CrO,4, mosBieHue
KOTOPOTO YKa)X€T Ha OKOHYaHHUE PEaKIUH.
2. AacopOuMOHHbIE HHANMKATOPHI.

14 Aprenromerpusi. Meton Mopa. [IpumeHenne MeToJa OCaKIEHUS.

Apzenmomempua — mumpumempu4ecKuil Memoo aHanu3da aHUOHO8, 0OPAZVIOWUX MATOPACMEOPUMbLE CONU C KAMUOHOM
Ag”.

TurpantoM B apreHTOMETpUM SABIAIOTCA BojxHble pacTBopbl AgNO;. Pasnmuuaror 1Ba BapuaHTa apreHTOMETPUH,
OTIMYAIOLINXCS MEXLy COO0H TUIIOM HHAMKATOPOB: MeToa Mopa u meroxn PasHca.

» Memoo Mopa — MemoO apeeHmomMempuyecko2o Mumpo8anus, NPeOHAHAYEeHHbI Ol OnpedeNeHuss XI0pudos u
6pOMUI08.

Meton Mopa ocHOBaH Ha MPSIMOM TUTPOBAHUM HABECKU AHAIM3MPYEMOTO BEIIECTBA B PACTBOPE CTaHIAPTHBIM PACTBOPOM
AgNO; B npucyrcTBuu mHAuKaTopa — xpomara kamus K,CrO, . Anammupyemsble XJIOpua- Win OpoMHUI - HOHBI 00pa3yloT
ocanku AgCl wmn AgBr, nmocie mojHoro ocaxaeHus: KOTopbix u30sTok AgNO; B3anmozpeiictByer ¢ K,CrOy4. B npucyrcreun
rajoreHua-uoHoB ocanok Ag,CrO, He BbIMagaer, Tak Kak ero pacTBopuMocTh Bbiuie, yeM AgCl u AgBr. Dtum obbsicHseTc,
YTO B IIpoliecce TUTpoBaHus ocaiok Ag,CrO, oOpa3yercs JUIIb MOcIie MOMHOTO cBsi3bBanust HoHOB Cl 'm Br:

Ag" + CI - AgClY
24g" + CrO/ — Ag,Cro V.

O6pazoBanne AgCl Oynmer mpomoipKaThest OO TeX MHOp, TOKa K aHAIM3HPYEeMOMY pacTBOpy He OymeT mpubaBiieHO
sKkBHuBaneHTHOE KonmmdecTBo AgNO;. M3051ToK pactBopa AgNO; mocie JOCTHXEHNS TOUKH YKBUBAICHTHOCTH B3aHMOICHCTBYET
C HHJIMKATOPOM C 00pa30BaHUEM KHPITUYHO-KPACHOTO OcagKa XpoMmaTa cepedpa.

Meton Mopa HeNpUMEHNM B PUCYTCTBHH aHMOHOB, KOTOPBIE JAI0T ¢ HOHOM Ag’ Tpy/HOPacTBOPUMBIE OCAJIKH, HATIPUMED,
nousr PO, AsO,°, CrO4>, S* SO;%, a Takke KATHOHOB, KOTOPBIE OOPA3yIOT TPYAHOPACTBOPHMBIE OCAIKH ¢ HoHamu CrO,>
HMHAMKATOPA, HATIPUMEP, HOHBI Ba®, Pb*" u Ip.

Cpena mpu TUTPOBAHUM AOJDKHA OBITH HeWTpanbHas wiu ciabomenounas pH 7-10. B menounoii cpene HuTpar cepebpa
pearupyer co Ienodyamu. B kucrmotax ocagok Xpomara cepebpa pacTBopsieTcsi. THTpoBaHHE MpPOBOJST NpPHU KOMHATHOI
TeMmeparype, TaK Kak HpH IOBBIIICHAN TEMIIEpaTyphl pacTBOPUMOCTh XpoMmara cepeOpa YBEIMYHMBACTCS U MajaeT
YyBCTBUTEJIHOCTh MHUKATOPA XpOMaTa KaJIusl.

15 Kommnnekconomerpus. CymHocTs MmeToaa. OnpeaesieHue TOUKu

OKBHUBAJICHTHOCTH

Komnnexconomempusa — mumpumempuyeckuii mMemoo aHAnU3d, OCHOGAHHBII HA PeaKyusx 00PA306aHUS YCIMOUYUGHIX
KOMNIIEKCHbIX COCOUHEHUL KAMUOHO8 MEMAailos C HeKOMOPLIMU OP2AHUYECKUMU PeaKMUeamu (KOMNieKCoHaMU,).

MoHBl MeTauIoB MNPAKTHYECKH MTHOBEHHO B3aHMOJACHCTBYIOT C KOMIUICKCOHAMHM C OOpa3oBaHHEM pacTBOPHUMBIX
MaJIOJIMCCOLMUPOBAHHBIX COEIMHEHUH MTOCTOSHHOTO COCTABa.
> Komnuaekconwl — opzanuueckue coeOuneHusl, npouseooHble dMUHONOIUKAPOOHOBLIX KUCILOM, RPOCMEtuell U3 KOMOPbIX
ABNACMCA UMUHOOUYKCYCHAS KUCTOMA.:
Touky 3KBHBaJICHTHOCTH B KOMIUIEKCOHOMETPHH MOKHO OIIPEAEISTH PAa3INIHBIMU CIIOCOOaMU:
1. Tak kak TpM B3aUMOJEHCTBUM ONPEENAEMOrO KAaTMOHA C KOMIUIEKCOHOM TMPOHMCXOJUT Bbiaeienne uonos H' B
KOJIMYECTBE, DKBUBAJIEHTHOM KATMOHAM, TO ONpEEUB KOHIEHTpaluio HoHoB H' B pacTBOpe akaiMMeTpHUEcKH,
MOXXHO OIIPEJICITUTH KOJIMYECTBO ONPEEIIeMOro KaTHOHA.
2. Touky OKBHUBAICHTHOCTH B KOMIUIEKCOHOMETPHH MOKHO  OMPENCTATh  (QUIMKO-XUMHUYECKHMMH — METOIaMH
(cexTpopOTOMETPHIECKIM, aMIIEPOMETPUIECKUM, TIOTEHIMOMETPHUIECKIM).
TouKy SKBUBaJIEHTHOCTH ONPECISIOT O HCYE3HOBEHUIO ONPEEIACMOro KaTHOHA B PACTBOPE € IOMOLIBIO METALT -
HHAUKATOPOB. DTO OPraHWYECKHE KPACUTENH, 00pa3yIolne ¢ KATHOHAMH OKPAIICHHbIC KOMIIJIEKCHBIE
Onpeodenenue oduieii yHcecmKkocmu 600vl
PaboTa cOCTOUT M3 HECKOJIBKUX ITAIOB!
® IIPUTOTOBJIEHHE PacTBOpa TpUIOHa b;
® [IPUTOTOBJIEHHE CTAHAAPTHOTO PAacTBOpA Cyib(haTa MarHus;
e  craHpapTH3anys pactBopa TpmioHa b no cynbdary marmus;
® ompejeneHne ooIel KECTKOCTH BOJBL



1.17 Jlexuus Nel7( 2 yaca).

Tema: ®usuko-xumudeckue METOAbI aHAJIN3A.

1.17.1 Bonpocsl JJeKunu

1. Knaccudukanus GpU3NKO-XUMHYCCKIX METOJIOB aHAIIN3a
2. TloTeHIHOMETPUYECKUE METO/IbI aHAIN3a
3. Xpomarorpadwus.

4. ®OTOMETPUYECKUE METO/IbI AaHAIN3A

1.17. 2 Kparkoe conepxxanue BONPOCOB

1 Knaccudukanus Gpusnko-xuMu4ecKiuX METOI0OB aHAIN3a
OIITHYCCKHEC MCTOAbBI aHAJIN3a

MOTCHIUOMETPUYCCKHUEC METOAbI aHAJIN3a

KOHZ[YKTOMCTpI/ILICCKI/If/’I METOA aHaJIn3a

noJisiporpadMIeCKUil METO T aHaIn3a

XpOMaTOFpa(l)I/I‘-ICCKI/Iﬁ MCTO aHaJIn3a

2 HOTCHHI/IOMCTpI/I‘ICCKI/IC MCETO/JbI aHaJIn3a

B ocHOBe 3JIEKTPOXMMHYECKHX METOJ0B AaHAJIM32 H HCCJIE0BAHNS JIeXKAT MPOLecchI,
NPOTEeKAaIoIIKe HAa JIeKTPOAAX H MeXKIJIEeKTPOIHOM IpocTpaHcTBe. Yaiie Bcero, npu
BBINOJIHEHUH aHAJIN3a UCTIOJIb3YIOT (PYHKIMOHAIBHYIO 3aBUCUMOCTb CHJIBI TOKA, TOTEHIIHANIa,
ANEKTPUYECKON MPOBOJUMOCTH OT KOHIEHTPALlMU aHAJIM3UPYEMOT o pacTBopa. B 3aBucumoctu
OT U3MEPSAEMOro apaMeTpa MO>KHO BBIAEIUTH CIEAYIOUINE MIEKTPOXUMHUYECKHE METOABI (Tal.
20).

Knaccnpukanus 371eKTPOXHMHUYECKHX MeTO0B aHAJIN3a
M0 U3MepsieMOMY NapaMeTPy JIeKTPOXHMHYECKOH SUeiKH

H3mepsaemorit napamemp Ycnoeus usmepenua Memoo
Tlorenunan E, B 1=0 Tlorenunomerpus
Tok I, MKA, MA I = f(Euamon) Boneramnepomerpus
KonngectBo anekrpuuectsa Q, Kn I=const unu E = const Kynonomerpus
VaenbHas anexrpudeckas nposogumocts | I, 1000 I'g Konnykromerpus
x, Cy-cum™!

Maccam, T I = const unu OneKTporpaBUMETPHS
E = const

3 Xpomarorpadus.

Xpomamozpagusa — 5mo usuUKo-XxumuyecKuti Memoo pazoeieHusi cmecell 8eujecms, OCHOBAHHbIU HA
ux pacnpeoenenuu mexncoy 08yMs HeCMeUBAOUUMUCS Pa3amu, 0OHA U3 KOMOPLIX 6JISLEMC s
CMayuoHapHoll (HenoOB8UICHOIL), a Opy2as — NOOBUICHOU,

— OUHAMUYECKUll Memoo aHAIU3Ad, OCHOBAHHYIIL HA MHO2OKDATNHO NOSMOPAIOWUXCS NPOYeccax copoyuu
u decopbyuu.
O0s13aTeNIbHBIM YCIIOBHEM TSI TPOBEICHUS XpOMaTOrpauu SBISIETCS HATMYKE IBYX (a3:
HETIOABIKHOH (CTallMOHAPHOMN) U TIOABHKHOM.

[lo roMUHHUPYIOIIIEMY MEeXaHH3MY Pa3IHYAKOT:
aocopouuonHyio xpomamozpaguro.;
pacnpeoeumenbHy0 Xpomamozspaghuio.;
UOHOOOMEHHYI0 Xpomamozpaduro.;
XeMOCOpOUUOHHYIO Xpomamozpaduio.;
MONEKYTIAPHO-CUMOBYIO XPOMAMO2paApuio.



4 doTomMeTpUUECKUE METOIbI AHAIIA3A

K onTtrueckum MeToaaM aHaiam3a OTHOCAT (1)I/I3I/IKO-XI/IMI/I‘-IeCKI/Ie MCTOAbI, OCHOBAaHHBIC Ha
B3aHMOJCUCTBUH OJICKTPOMArHUTHOT'O U3JIYUYCHHA C BEIICCTBOM. 9710 B3aHMOJICUCTBHE IIPUBOOUT K
PAa3IMYHBIM S3HCPICTUYCCKUM MCPEXO0aaM, KOTOPBIC PETUCTPUPYIOTCA SKCIICPUMCHTAJIBHO B BUJIC
MOrJIOMICHUS, OTPAKCHUA U PACCCAHUA IJICKTPOMArHUTHOT'O U3JTYUCHUS. MCTOI[BI aHajIn3a, OCHOBAHHBIC
Ha IOTJIOIIEHUH DJICKTPOMArHUTHOI'O U3JIYUCHHUA aHAJIM3UPYEMBIMHA BEIICCTBaMU, ITPEACTABIIAIOT I'PYIIILY
a6C0p6LII/IOHHI:IX OIITHYCCKHUX MCTOOOB.

Pazimuaror:

1. AToMHO-aOCOpPOIIMOHHBIN aHaTW3, OCHOBAHHBIM Ha IIOTJIONICHWH CBETOBON DJHEPTHH aTOMaMH
aHaJTM3UPYEMBIX BELICCTB.

2. MonexkynapHblii aOCOpPOIMOHHBIA aHamu3, T.€. IOTJIONIEHHE CBETa IMPOUCXOIAUT MOJEKYyJIaMH
aHAIM3UPYEMOTO BEIECTBA M CJIOXHBIMH HOHAMH B YJIbTPa(UOJIETOBON, BUANMON M HH(ppaKpacHOU
obmactsx crektpa (crektpodoTtomeTpusi, porokonopumerpust, UK-crnextpockonms).

3. AHanM3 1O TOTJIOIIEHHI0O M PACCeSHUIO CBETOBOW JSHEPIUM B3BEUICHHBIMH YaCTHIIAMHU
aHAJIM3UPYEMOT0 BEIIeCTBa (TYpOuIUMeTpHs, HeeIToOMETPHs).

4. JlromuHecUEHTHbIH ((QIyopuUMeTpUYecKHUid) aHanM3, OCHOBAaHHBIM HA W3MEPEHHH SHEPrHu
W3JTy4eHHs, BO3HHUKAIOIIETO B PE3yJbTare BBIICICHUS SHEPrHM BO30YKICHHBIMH MOJICKYJIaMHU
aHAIM3UPYEMOTO BEIIECTBA.

Bce ati MeTobl HHOTA OOBEAMHSIOT B OHY I'PYIIY CHEKTPOCKONMMYECKHUX METO/I0B aHATU3A,
XOTS OHH U IMEIOT CYILIECTBEHHbIE pa3nnyusi. DOTOKOIOPUMETPHS U CIIEKTPOPOTOMEPHS OCHOBAHBI Ha
B3aMMO/ICWCTBUH M3ITYICHHUS C OAHOPOAHBIMU CHCTEMAaMH, U KX OOBIYHO OOBEINHSIOT B OJHY TPYIITY
(HOTOMETPUYECKUX METOIOB.

2. METOANYECKHUE YKA3AHMUA 110 BBIIIOJTHEHHUTIO
JIABOPATOPHBIX PABOT
2.1 JIaGopatopHas padora Nel ( 2 yaca).
Tema: «OCHOBHBIE IOHITHS XUMUH »
2.1.1 Hennb padoThl: H3yYNTH OCHOBHbIC NOHATHA XUMUH
2.1.2 3agauu padoTsI:
1. cocTtaBUTH POPMYIIBI OKCHIOB, OCHOBAHH, KUCIIOT, COJIeH
2. ONIPENIeNUTh CTENIEHH OKUCIICHUS 3JIEMEHTOB B COEIMHEHUSX
3. COCTaBUTh YpaBHEHUS XUMUYECKUX PEAKIIAN

2.1.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTIOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHOI padoTe:

1. Ilepnoanueckasi cuctema xumuueckux snemeHToB .M. MenneneeBa

2.Tabmuma pacTBOPUMOCTH

3. CripaBOYHbBIE MAaTEpUAITBI

2.1.4 Onucanue (xox) padorTpi:
1.3 npeanokeHHBIX BEIIECTB BEIOEPETE OKCHUIBI, KUCIIOTHI, COJIU, OCHOBAHUS, HA30BHUTE UX
NO,, Mg(OH),, Pb(OH),, SO;, MgOHCIl, CuOHNO;, NaOH, Ca(OH),, CO,, Mg(NO,),,
an(PO4)2, HzSO4, H3PO4, HCI, HF, NaHSO4, AI(OH)3, Zl’l(OH)z, BaSO4, AgCI, AgZO,
LiOH , P,0Os, Si0,, HoMnO,4, H,Si0Os;, H3BO;, Na,O, CaO, Cu(OH),, Fe(OH);, KOH, CuO,
ZnO, HNO3, (CaOH)st4, HC104, H2$O3, A1203, MgO, AI(OH)zNOZ, ZHOHCI, PbO,
KHMI’IO4, H2CO3, HNO3, NazHPO4, Ca(HSO4)2, BaO, F6203, NaCl, Ca(NO3)2,, BeO



2. C xakuMH U3 NPENIOKEHHBIX BEIIECTB OyIeT pearupoBaTh FMAPOKCUI HATPUs

( HanucaTh ypaBHEHMsI peakLui )
H,O, HCl, CO,, NaOH, SiO,, CaO, Fe(OH),, Zn, BaCl,, ZnO, Zn(OH),, H,SO4, SOs,
Nast4, CuSO4,

3. Kakumu cnoco6amu MOXXHO MOJIYYUTh KUCIOTHI
Ba(OH), —

SO3 + H20—>

Mg +0, >

H2 + C12 —>

Mg + C12 —>

Na + H,0 —»

Ba + H,O —

NaCl + HQSO4 —>

N>,Os+ H,O —»

A A L o o

4. CocraBbTe (GOpMyNy COCAMHEHUS XJIOPUTA KalbIMs, OMNPENEIUTE CTENEeHb OKHUCICHUS
KQXKJIOTO 3JIEMEHTA .

2.1 JlaGopatopnas padora Ne2 ( 2 yaca).
Tema: OCHOBHBIE KJIACCHI HEOPTaHUYECKUX COETMHEHMI: OKCUbI, OCHOBAHUS, KUCIIOTBHI.
2.2.1 leab padoThI: U3YIUTh XUMHIECKUE CBOMCTBA U CITOCOOBI MOTYyUYEHUsI OKCHIOB,
OCHOBaHHI, KHCJIOT
2.2.2 3apayu padoThI:
1. IToiyunTh ¥ U3y4HUTH CBOMCTBA OKCHJIOB
2. IOJIy4YUTh HEPACTBOPUMBIE OCHOBAHMS U U3YyYUTh UX CBOMCTBA
2.2.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOpPHON padore:
1. HraruB ¢ mnpoOupkamMu, CHUPTOBKA, THreNbHblEe wMNLBL, ¢apdopoBas yalika,
npobupkoaepxkarens puiIbTpoBagbHas Oymara
Mennas mpoBOJIOKA, KENE30, HUUHK, MElb, METAIUIMYECKUA HATPHUI
2. PacTBOpBI:
CuSO4, HCI, HZSO4, FCC13, A12(804)3
NaOH, Na,COs;, NH4Cl, BaCl,, AgNO3 Na,SO4, NaCl, BiCls
3. UapukaTopsI:
¢denondranens,
METUJIOBBIA OPaHKEBBIM,
JaKMycC, YHUBepcajibHas HHAWKATOpHAas Oymara

2.2.4 Onucanue (xox) padorTnl:
IHonyuyeHue U CBOIiCTBA OKCHI0B

OmnbiT Nel

ToHKYI0 MEeIHYIO TPOBOJIOKY 3a)KaTh TUT€IbHBIMU LIUIIIAMH U BHECTH B IJIaMsI TOPEJIKH.
Harpets 10 noueprenus. COCTaBUTh YPaBHEHHUE PEAKIIHHI

OnbiT No2

[Tonyunts B mpobupke romy6oit ocamoxk ruapokcuaa wmeau (II)  Cu(OH),
B3aUMOJICCTBUEM HECKOJbKHX Kamesib pacTtBopa CuSOs ¢ pactBopoM mienoyu. OCTOPOKHO
HarpeTh MOJy4YeHHbIN ocaiok. OTMETUTH LBET ocajgka. COCTaBUTh ypaBHEHHE PEaKIIUU



OmnbiT Ne3

HeGoubmioii kycodek mMena 3a)KaTh B LUl H POKAJIUTh B TEUYCHHE 5-7 MUH B BepXHEH
YacTH IJIAMEHU Topenku. 3areMm, 100aBuB B (paphopoByIO YaIIKy C BOJOW HECKOJIbKO Karejb
deHondranenHa, OMyCTUTh MPOKAICHHBIM KyCOueK. 3amucarh HAOMIOJEHUS W COCTaBUTh
ypaBHEHHE PEAKIINH.

B3aumopaeiictBue HATpHsI ¢ BOAOM

[TuHIIeTOM B35TH M3 OIOKCAa KYCOYEK HATpHsl, MPOTepeTh ero (puiabTpoBaIbHON Oymaroi
JUIS yAaJeHUs KepOCUHA U OpOCHTh B poOUpKyY ¢ Bojoi. [Tocne okoH4aHus peakiuu 100aBUThH
HECKOJIbKO Kamenb (eHondTanenna. 3amucaTh HAOMIOACHUS M ypaBHEHHE peakinuuPeaxius
HEUTpaIU3alun

Hanute B npoOupky 2 M 1meno4u, 100aBuTh 1-2 kamnu ¢peHonadTanenna. Jlo6aBasTs o
KaluIsiM PacTBOP COJISTHOW KHCJIOTHI (ITOCTOSTHHO T€pEeMEeITnBasi CTEKISHHOW TaJIO4YKon) 0
HCUE3HOBEHMS OKpacKu MHIuKaTopa. COCTaBUTh YpaBHEHUE PEAKIIMM HEHTpaTu3aum.

B3aumopaeiictBue oCHOBaHMIi ¢ coJisivu (00pa3oBaHNe HEPACTBOPUMBbBIX OCHOBAHM)
Hanute B ipoOupku:
Nel —2 M pactBopa cyabdara menu (II) + pactBop NaOH
Ne2 —2 M pactBopa xnopuna xenesa (I1I) + pacrsop NaOH
Ne3 —2 M cynbdara amromuans + pactBop NaOH.
OTMETUTH LIBET OCAJKOB U COCTABUTH YPABHEHUE PEAKIUU.
[TosryyeHHbIE cOelMHEHUSI MCNOJb30BaTh B cleayomeM omnbiTe! Bo3pMute mpobupku c
MOJIy4eHHBIMH B onibITe Ne6 ¢ HEepacTBOPUMBIMU OCHOBAaHUAMHM. Pa3sienuTe nosydeHHbIE OCaaKN
Ha 2 yactu. [IpoBepbTe pacTBOPUMOCTb B MHUHEPAIbHBIX KHUCIOTaxX M IIeJouyax. 3amucaThb
HAOIIO/IEHUS ¥ YpaBHEHHE Peakiuu. B3anMoaeiicTBie METaJlJIOB ¢ KHCIIOTaAMU
HcnbiTath aelicTBUe pa30aBICHHOTO PacTBOpA CEPHOM MM COJSTHON KHMCIOTHI Ha jKeJe30, LIMHK
U Menb. B kakux ciydasx HaOromaeTcs XuMudeckas peakmusi? Hamvcats ypaBHEHUE peaKIIUid.
OmnbiT Ne9
B3aumoaeiicTBue OCHOBAHUM ¢ KHCJIOTAMH
(peakuus HEHTpamu3aluu) coJieoOpa3oBaHUE
B dapdopoByro wamky Hamute 1 M pacTBopa COJSHOW KHUCIOTBI U CTOJBKO K€
ruapokcuaa Hatpus. CMech HarpeTh /10 MOJHOTO UcnapeHus Boabl. Ocraercs moBapeHHas COJlb,
MO>KHO YOEIUThCS MO BKYCY. 3amucaTh ypaBHeHUE peakuuu. [lelicTBre KHCJIOT U mIeJio4ueil Ha
HHAUKATOPbI
1. .B Tpu npoOupKu HaJeWTE MO 5 KameJb BOABI U
6 I-10 - kannaio nakmyca,
60 2-10 - MEMUI06020 OPAHICEBO20,
6 3-10 - penongpmaneuna.
Kakyro okpacky UMEIOT B BOJE 3TH UHIUKATOPHI?
2. 3aTem B Te Xe MPOOUPKH 100aBbTE MO S Kameab pa30aBICHHONW COJISIHON KHEJI0THI. Kak
M3MEHUTCS OKpacka MHIUKATOpa B KaKJIOM ciiydae?
3. B Tpu npoOupku HaselTe Mo 5 Kamnejb pacTBOpa FHAPOKCHAA HATPHS U 100aBbTE
¢ I-10 - Kannio nakmyca,
60 2-10 - MEMUII06020 OPAHICEBO20,
6 3-10 - henongpmaneuna.



2.3 JIabopatopHas padora Ne3 ( 2 yaca).
Tema: IlosryyeHue u u3y4eHHe XMMHYECKHUX CBOMCTB COJICH.
2.3.1 lenb padoThI: MOJYYUTDH COJIM M U3YYUTh HX XHMHYECKHE CBOIicTBa
2.3.2 3agauu padoThI:
1. Tloday4uTsb J€TY4yr0 KHCIOTY U3 COJIN
1. Tlomay4uTsb J€Ty4EE OCHOBAHME U3 COJIU
2. IloayyuTh OCHOBHYIO COJIb BUCMYTa
2.3.3 Ilepevyenn npud0OpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOPHON padore:
1. IratuB ¢ mpoOUpKamMH, CHOUPTOBKA, TUTENbHBICE IMMIbl, (apdopoBas yarika,
npoOupKoepKaTeas GUILTpOBAIbHAS Oymara
MenHas mpoBOJIOKa, KeJe30, IUHK, ME/lb, METANTMYECKUA HATPHI
2. PacTBOpbI:
CuSO4, HCI, H,S04, FeCls, Alx(SO4);
NaOH, Na,COs;, NH4Cl, BaCl,, AgNO3 Na,SO4, NaCl, BiCls
3.HauKaToOphI:
dbenondranens,
METHJIOBBIM OPaHKEBBI,
JaKMYC,yHUBEpCaJIbHasl MHIMKAaTOpHAs Oymara
2.3.4 Onucanue (xox) padoTsbl:
IHony4yeHnne nery4deil KHCJIOTHI U3 COJIH
K 1 mi1 pactBopa kapOoHaTa HaTpus NPUOABUTH MO KAIUISIM PACTBOP COJITHOM KHCIIOTHI.
3anucaTh HaOMIOJICHUS U YpaBHEHUE PEAKIIHH.
ITosryyeHnne eTy4ero 0CHOBAHUS U3 COJIM
K 1 mn pactBopa xnopuaa ammonus npuiuts 0,5 M pactBopa NaOH u conepxumoe npoOupku
Harpetb. Han  mpoOupkoil  nepkaTh  TOJNOCKY — JTaKMYCOBOM — OyMmarw, CMOYEHHOM
TUCTUTUPOBAHHON BO/OM. 3amucarh HaOMIONEHHs W ypaBHEHHE peakuuu. B3aummopeilcTBue
coJieu
a) K 1 mi1 pactBopa xnmopunaa 6apust mpuiuTh 1 M1 pacTBopa cyibdara HaTpHsl.
6) K 1 M1 pactBopa HUTpaTa cepedpa mpuiuTh | MII XJIOpUIa HATPHUS.
3anucarh HaOMIOJCHUS U YPAaBHEHHE PEAKIIUH.
IMosryyeHne OCHOBHOM COJIM BUCMYTA
K 1 xane pactBopa xmopuna Bucmyta (I11) no6aButs 3-4 mut Boabsl. O6pasyercst Oenblit
0CaJI0K T'MJIPOKCOXJIOPUA BUCMYTa

2.4 JlabGopatopnas padora Ne4 ( 2 yaca).

Tema: CTpoeHue aToMa U MEPUOINYECKUN 3aKOH.

2.4.1 Heab padoThi: U3YYUTH CTPOEHHE ATOMA U MEPUOANYECKUI 3aKOH

2.4.2 3agauu padoThI:

1. PaccMOTpeTh aeMeHTapHbIE YacTUIIbl, UX 3apsiabl. ATOMHOE si1po. MaccoBble uuca.
M3oTomsl,

2. PaccmoTpeTh KBAaHTOBO-MEXHHUYECKME TpeAcTaBieHuss 00 syekTpoHe. KBaHTOBBIE
qucilia.



3. PaccMmoTpeTh CTpoeHHE 3JEKTPOHHBIX 00siouek. [locienoBaTebHOCTh 3alOTHEHUS

3JIEKTPOHHBIX cioeB. (paBuio Kieukosckoro, [Tpuummn [Maynu, [Tpasuno XyHaa).

4. CocTaBUTh 2IEKTPOHHBIE (DOPMYIIBI HIIEMEHTOB.
5. OOBSACHUTH CBOMCTBA 3JIEMEHTOB C TOUKH 3PEHUSI CTPOCHUSI aTOMA.

2.4.3 Ilepeyennb npuOOpPoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1A00paTOPHON padore:
1. Ilepuoanueckas cucteMa xumuyeckux siementoB [[.1. MennaeneeBa

2.Tabnuma pacTBOPUMOCTH

3. CripaBouHbIE MaTepHAJIbI

2.4.4 Onucanue (xox) padoTsbl:

1. CocTaBUTH JIEKTPOHHYIO (HOPMYITY:

1. Na He
2. K Co
3 N Ni
2.

CocraBbTe 3JeKTPOHHO-TpadUIECKyIO cXeMy aToma siemenTa Ne28, 35,74

Omnpenenute 4YUCIO MPOTOHOB, HEUTPOHOB U 3JICKTPOHOB JIJISl aTOMA.
3. BeiOpaTh U3 IpeJI0KEHHBIX aTOMOB a) H30TOMBI 0) U300aphl B) H30TOHBI

T_Ca T AL Ee

T Ca T K ¥ _Ba

3 0 139
20Ca 20 Ca s7La

4. I'nmaBHOE KBaHTOBOE 4HMCIIO paBHO 4. Uemy paBHO OpOMTaNbHOE KBaHTOBOE umciio. KakoBa

3NIEKTpOHHAs! (popMysia 3TOTr0 YHEPreTUUECKOTO YPOBHS M SHEPreTHUYecKasi EMKOCTh YPOBHS

2.5 JIaGopatopHas padora Ne5S ( 2 yaca).

Tema: Xumuyeckas cBf3b

.2.5.1 leab padoThI: H3YYUTh THIIBI XUMHUYECKOH CBSI3H
2.5.2 3agauu padoThI:

1. PaccmoTpeTh 06pasosanue xumuueckoii cBsi3u

2. OOBSACHUTH MEXaHU3MbI 00pa30BaHMs KOBAJIICHTHOM CBS3H:
3. OOBICHUTH HACKIIAEMOCTH KOBAJICHTHOM CBI3H:

4. OOBSACHHUTH HANIPABJICHHOCTH KOBAJICHTHOMN CBSI3U:

5. PaccMoTpeTs THOpHIN3AIINIO AaTOMHBIX OpOUTANICH:

2.5.3 Ilepeyenb npuOOpPOB, MATEPHUAJTIOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHOI padoTe:
1. Ilepnoanueckasi cuctema xumuueckux snemeHToB .M. Menneneena

2.Tabnua pacTBOPUMOCTH

3. CnipaBouHbIE MaTEpHAIIBI

2.5.4 Onucanue (xox) padoTsbIi:

MexaHu3MEI 06pa30BaH1/1${ KOBAJICHTHOM CBSI3H:

- 0OMeHHBIH (Ha IpUMeEpe MOJIEKYJI XJIOpa, XJI0POBOIOPOA, KHUCIOpOo/ia, a30Ta);
- JOHOPHO-aKIENTOPHBIH (Ha NpuMepe 00pa30BaHMsl HOHOB aMMOHHS ¥ THIPOKCOHUS]).

HacpimaemMocTs KOBaJICHTHOM CBSI3U:

- pa3o0paTh epexoIbl AaTOMOB B BO30YKJICHHOE COCTOSTHUE (pacapuBaHUe dJIEKTPOHOR);
- [OKa3aTh Ha IpHMEpe BOAOPOIHBIX COCIUHEHHH Oopa, yriepojaa, a3zora Kak

ONPECACIIACTCA MOJIOKECHUEC DJICMEHTA B HGpHO,I[PI‘-IGCKOﬁ CHUCTEME.

HamnpapieHHOCTh KOBaJICHTHOU CBSI3H:

- (hopma PIIEKTPOHHBIX 001aKOB(S, p, d, f);
- TeoMeTpuYecKas KOHGUrypalus MOJIEKYJI(AJIMHA CBS3H, BAICHTHBIN yron);




- 00pa3oBaHUE G — U T- CBA3CH.

T'uOpuan3anus aToOMHBIX OpOHTaNIEeH:
- MOHSITHE O THOpUAN3ALINY;
- cIydai Sp-rudpuan3auy Ha mpuMepe oopaszoBanus MoJeKysl BeCl,;
- catywail sp*-rHOPHAM3AIIH Ha IpUMepe oOpasoBaHms Mosekybl BCls;
- catywail sp’-rHOPHAM3AIMH Ha IpEMepe oOpasoBanms Mosekyisl CH,.

2.6 JIabopaTtopHas padora Ne6 ( 2 yaca).
Tema: Crexuomerpus
2.6.1 Lleab padoThI: U3YYUTh OCHOBHBIE CTEXHMOMETPHUYECKHUE 3aKOHBI
2.6.2 3anayu padoThI:
1. PaccMoTpeTh moHATHS: ATOMHBIE U MOJIEKYJIApHbIE Macchl. Modib. [TocTostHHas
ABoraapo. MomsipHast Macca, MOJIIPHBIN 00beM
2. PaccMOTpeTh CTEXMOMETPUUECKHUE 3aKOHBI:
- 3aKOH COXpPAHEHHS MacChl BEIIECTB;
- 3aKOH MTOCTOSIHCTBA COCTAaBa BEIIECTB;
- 3aKOH ABOTajapo;
- 3aKOH SKBUBAJICHTOB.
3. IIpoBecTy KOJIMYECTBEHHBIN PacUeT

2.6.3 Ilepeyenn npud0OpoB, MaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOpPHON padore:

1. Ilepuoanueckas cucteMa xumuyeckux anementoB [[.1. MennaeneeBa

2.Tabnua pacTBOPUMOCTH

3. CripaBouHbIE MaTEpHAIIBI

2.6.4 Onucanue (xox) padoThi:
1. K pactBopy, conepkaiiemMy HUTpaT cepedpa Maccoit 25.5 r, MpUIHIN pacTBOpP, COAEP KA
cynbdua Harpus. Kakas macca ocagka odpazyercs mpu 3ToMm 2.
2. II10THOCTH raJIOr€HOBOIOPOAA 110 BO3AYXY paBHa 4.41. OnpenenuTe MIOTHOCTh ATOO ra3a Mo
BOJIOPOJYy U HA30BUTE €TO0.
3. XKene3o MoxkeT OBITH MONY4YEHO BoccTaHOBIeHHEeM okcuaa xenesa (II) amromunuem. Kakyro
Maccy aroMuHus 1 okcuja sxenesa (I111) mHamo B3sITh A1 momydeHus xene3a maccoit 140 r.
4. Paccunrtath a)pakTop SKBHUBAJIECHTHOCTH, O)MOJIIPHYIO MacCy SKBHUBAJICHTA, B)MOJISIPHYIO
Maccy, I')KOJIMYECTBO BEIIECTBA, J1)KOJIWYECTBO BEIIECTBA SKBUBAICHTA, €)YHCIO CTPYKTYPHBIX
€IUHULL

2.7 JIaGopatopHas padora Ne7 ( 2 4yaca).

Tema: Xumuueckas kunetuka. Katanu3. Xumudeckoe paBHOBECHE.

2.1.1 Heap padorpl: H3YYUTh (AKTOPBI, BJIAHSIONIME HA CKOPOCTH XHMHYECKHX
peaKHI/Iﬁ n (baKTOpLI, BJIMAIOMIMEC HA CMCHICHUC XUMHWYCCKOI'O PaBHOBCCHUS.

2.7.2 3agauun padoThI:

1. 0OBSCHUTH 3aBUCHMOCTh CKOPOCTH PEAKIIMH OT KOHIICHTPAIMH PEarHPYIOIINX BEIICCTB
2. 00BSICHUTH 3aBUCHMOCTb CKOPOCTHU PEAKIMH OT TEMIICPATYPHI.

3. paccMOTpeTh (haKTOPHI, BIUSAIONINE Ha cMeteHue paBHoBecus. [Ipuniun Jle [laTense.

2.7.3 Ilepeyenb NpuOOPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHON padoTe:
1. llITatuB c mpoOupkaMu, CIUPTOBKA, (haphopoBast yalika mpoOUpKoIepKaTellb, TydnHKa
[{uuk, men (Mmpamop), MnO,, KNO;



2. PaCTBOpI)IZ Na28203, H2SO4A NaOH, HCI, NH4C1, H202, KMI’IO4’ H2C204, MnSO4
3. UnaukaTopsl:
¢denondranen,
METUJIOBBIA OPaHKEBBIM,
JAKMYC,
YHHUBEpCcaIbHas HHIUKATOpHAs Oymara
2.7.4 Onucanue (xox) padoTsbl:
BrnusiHre KOHUIEHTpALMK HA CKOPOCTh XUMUYECKOW peaKLUU
B3aumooeiicmeue muocynvpama nampus c¢ cepHoil KUca0moiu
B Tpu npoGupku Haneite pacTBOp THOCYIb(aTa HATPUS U AUCTHILIMPOBAHHYIO BOY (0OBEMBI
BO3BMHUTE COIJIacHO Tabmwmie). Takum o0pa3oMmM, NpU OAMHAKOBOM OOBEME pPacTBOPOB
KOHIIGHTpAIlU THOCYJIb(aTa HaTpus B MpoOupKax oTHOCATCS, Kak 1: 0,5: 0,25.

BxirounTe cekyHaoMep M OJHOBPEMEHHO B TEpBYHO MpoOupky Bieite 1 mim 1M cepHoit
KUCTIOThl. OTMEThTE BpeMsi OT MOMEHTa JOOaBJIEHHsI KHUCIOTHI IO TMOSBICHUS TMOMYTHEHUS.
AHaJIOTHYHO MPOJENIaliTe OMBIT CO BTOPOW M TpeThell mpoOupkamu. Pe3ynbrarel HaOII0ICHMIA
3aMUIINTE B BUJIE TAOTHUIIBL.

Bausinue TemMnepaTypbl Ha CKOPOCTh XMMHUYECKOI peakuuu

K 1 M pactBopa xsopuaa ammonus npwmth 0,5 mut pactBopa NaOH u copepkumoe mpoOupku
Harpetb. Hag NpoOUpPKOW  JiepKaTh  TMOJIOCKY JIAKMYCOBOM  Oymarw, CMOYEHHOU
JUCTUJUIMPOBAHHOMN BOJOW. BiausHue cTerneHn n3Menb4eHus BEMECTBA

Ha CKOPOCTh XUMHYECKOW peaKIN1
OtBecbre 0.5 T Mpamopa (mena) kycoukamu u 0.5 r mopourkom. [Tomectute B cyxue mpoOUpKH.
Hanefite B kaxayio mpoOupky mo 5 MiI 2 H COJSIHOH KHMCJIOTBI M celdac kK€ BKIIIOUUTE
CEKYHJIOMED.

OTMeThTe OKOHYAHHE peakiuu B o0enx mpoOupkax. CocTaBbTe ypaBHEHHE PEAKITUU
Karanutnueckoe pasnokeHne nepokcua Bogopoaa
B IIPUCYTCTBUM OKcuja mapranna (IV) (rereporenHslii karaaus)

B mpoOupky Brueiite 3 min mepokcuia Bojgopona. HaGmromaercs 71U 3aMeTHOE passioKeHHUE

nepokcua Boaopoaa. JlobaBpTe Ha KOHYMKE Imarenst okeu Mapranma (IV). Uro nabnromgaere?
[lomnecure K OTBEpCTHIO TPOOMPKH ThEHOIIyO JydnHKy. Kakoil ra3 Bbinensercs?
CocraBbpTe ypaBHEHHE peaKkLii Pa3jIoKEHUs IEPOKCHIa BOLOPOAA.

Binsinne KOHUEHTPALMH pearnpyloIIMX BellecTB HA XMMHUYecKoe paBHOBecHe
Xoxa paboThl
Cumewenue XumMuieckoeo pagHo8ecus npu U3MEeHeHUsAX KOHYEHMPayutl yuacmeyouux &
peaxkyuu eujecms

CwmenieHre paBHOBECHS peakInu Mexay xiopuaom xkenesa (I11) u poganuaom aMmMoHuUs.

Ota peakuus ABISETCS KIACCUYECKUM IO HArJsSIHOCTU MPUMEPOM OOpaTHUMOM peakiu,
MOCKOJIBKY 00pa3ylomuiics B pe3yibTaTe peakiuu pacTBop pomanumaa xene3a (III) okpamen B
KpPOBaBO-KPACHBI IIBET, MHTEHCHUBHOCTb KOTOPOTO 3aBHUCUT OT KOHIIGHTpAaIlMM  pOJaHHIa
xene3a. CMeleHre paBHOBECHs JETKO HaOJI0JaTh MO W3MEHEHHI0O WHTEHCHBHOCTH OKPACKU
pacTBopa.
Hamute B mpobupky 5 wmn pa3baBneHHOro  pactBopa xjopuna sxenesa (III) u 5 wmn
pa30aBIEHHOrO pPacTBOpa poOJaHWAAa aMMOHHUS. Pa3nuTe MOJY4YEeHHYIO CMeCh IMOpPOBHY B 4
poOUpKH.
[Tpunuth B npoOUpKH:

Nel - 2-3 kanm KOHIIEHTPUPOBAHHOTO pacTBopa xJopuaa xenesa (11I)



No2 - 2-3 xamim KOHLEHTPUPOBAHHOI'O PaCTBOpPA pOAaHU1a AMMOHMS
Ne3 - BchInaTe HEMHOT'O KpPUCTAJJIOB XJIOPHIa AMMOHHS.

Ne4 — ocTaBuTh 15151 CpaBHEHUS

2.8 JIabopatopHas padora Ne§ ( 2 yaca).

Tema: Xumuyeckass TepMOAMHAMHUKA

2.1.1 lesan padoThI:

2.1.2 3agauu padoThI:

1. paccMOTpeTh TEPMOAMHAMUYECKHAE BETMYNHBI U 3aKOHBI
2. CranaapTHbIe TEPMOJIUHAMUYECKUE BEIIMUUHBI.

2. IPOBECTU TEPMOXUMHUUYECKUE PACUETHI.

3. Onpenenuth TEIUIOTY PEAKIIMM HEUTpaTIU3aluu

2.8.3 Ilepeuenn npuOOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHON padore:
1.Ilepuoauueckasi cucrema xuMmuueckux snemeHToB J.M. Menzaeneena
2.Tabnuma pacTBOPUMOCTH
3. CripaBouHbIE MaTEpHAIIBI
4.TepMOMETp; TEPMOCTAT, /1Ba cyxux crakana Ha 100 mu, 1 1 pactBopsl NaOH n HCI;

MEpPHBIH HUINHAP HA 25 MIL.

2.8.4 Onucanue (xox) padoTsbl:
Onpenenenne TemioBoro 3dgdekra peakyy HeHTpanTnu3anny.

B cyxoil crakan Hamuth 25 Mu 1 H pacTBOpa ILIENOYH, OMYCTUTh B HEro TepMOMeETp U depe3 10 MuHyT
U3MepuTh Temneparypy ¢ ToaHocThio 0,1°C. Bo BTOpoOl cyxol crakaH HamuTh 25 Ml 1 H pacTBOpa COJSTHON
KUCJIOTBI. BBICTPO IPUIIUTE PacTBOP KUCIIOTHI B PAcTBOP Iienoud. OCTOPOIKHO IMOMEIINBAsi CMECh TEPMOMETPOM
3aMETHTh MaKCHMAaJIbHYIO TEMIIepaTypy pacTBopa B MOMEHT cluBaHus ¢ TogHocThio 0,1°C.

HOHy‘IeHHLIe JaHHBbIC 3aHCCTU B Ta6nnuy. Temnora HeﬁTpaHHSaIII/II/I PacCUnTBIBACTCA 110 q)opMyne:

Teopernueckoe 3HAYCHHE TEIUIOBOTO 3(PdekTa peakiuu HEHTpamu3allid CHIBHOW KHCIOTHI CHIBHOU
IesT09b0 paBHo 57,4 kK.

TennoeMKoCTb pacTBOpa

MakcumanpHas
TeMIeparypa
AT
Queop
Qsxcen

IInoTHOCTH pacTBOpa

OO6wumit 00beM cMecu
Hauvanbnas Temmeparypa

% oIIHNOKKA




2.9 JIaGopatopHas padora Ne9 ( 2 yaca).

Tema: OOmas xapakrepucTuka pacTBOpoB. CrocoObl BBIpaKEHHUS KOHIEHTPALUU
pacTBOpPOB.

2.9.1 LHeap padoThl: HAYYNUTHCSI TOTOBUTH PACTBOPBI € 3aJAHHON KOHIIEHTPAHeH

2.9.2 3agauu padoThI:

1. mpurotoButs 0,1 M pacTBOp XJ0puAa HaTpUs

2.mpurotoButs 0,1 H pacTBOp cynbhaTa Meau

3. npurotoButh pactBop 0,1 H a30THON KUCIIOTHI

2.9.3 Ilepeuyenn npuOOpPOB, MATEPHAJIOB, HCIIOJIb3YeMbIX B J1A00paTOPHON padore:

1. CuSOy4

2.HNO;

3.NaCl

broperka BMecTUMOCTBIO 25 cM3

MepHas nuneTka BMECTUMOCThIO 10 cMm

MepHblif HITHHAP BMECTHMOCTBIO 20 CM.

MepHbie KOJIOBI

XuMudeckuii cTakan BMecTUMOCThI0 100 cm’.

Boponka aguamerpom 3 cwm.

2.9.4 Onucanue (xox) padorThi:

IpuroroButrs 100 mu 0,1M pacTBopa XJ10pHaa HATPUS

Paccunrtars Maccy HaBeCKH XJIOpHJIa HATPUSI.

B3Becuts.

HaBecky momectuth B MepHYI0 K0JIOY Ha 100 mut.

PaCTBOpI/ITB COJIb B HG6OJII:IJ_IOM KOJIUYCCTBE BOABI, 3aTCM HAIIOJIHUTH KOJ'I6y BO,Z[Oﬁ a0
METKH, 3aKPBITh TPOOKOI M XOPOIIIO MepeMeIaTh pacTBOP.

Ealball s

MpuroroBurs 250 mua 0,1 H pacrBopa cyiasdara meau (CuSQs)- U3 MeaHOro

kynopoca CuSQO45H,0
1 .Paccunrtars Maccy HaBeckH cynbdara meau

2. BsBecurs.

3. HaBecky momecTuTh B MEpHYIO KOOy Ha 250 mi1.

4. PacTBOpuTh COJIb B HEOOJBIIOM KOJIMYECTBE BOJBI, 3aT€M HAMOJIHUTH KOJIOY BOJOH [0

METKH, 3aKpbITh MPOOKOI 1 XOPOILIO MepeMeNIaTh pacTBOp.

IpuroroBurs pacteop HNO;3; 0,1 v, V=250 oM’

Pa30aBneHHBI pacTBOpP KHUCJIOTHI MPUTOTaBIMBAIOT M3 0ojiee KPemnKoro, H3MEpUB
MpeIBAPUTEILHO apPEOMETPOM IUIOTHOCTH P €ro M OMNpeNeiuB IO CHPaBOYHBIM TaOIUIIaM
MPOLEHTHYIO KOHLIEHTPALIHIO.

OtmepuBaioT _ %-ublit pactBop HNO; (V = M), Pa3daBIAIOT JUCTHILIMPOBAHHON
BOZIOH 10 250 cM’ U XOpOIIO NepeMemrBaioT. [[pUroToBIeHHbI pacTBOpP MEPEHOCAT B YHUCTYIO
CKJISTHKY.



2.10 JIabopaTopnasi padora Nel0 ( 2 gaca).
Tema: Teopus 31EKTPOIUTUYECKON JUCCOLMALUU. PaCTBOPBI JIEKTPOIUTOB.
2.10.1 LIesib PAOOTBI: c.vvevrrenreinnieinrcnnecnnes

2.10.2 3agaum padoThI:

1. 0OBSICHUTH MPOIECC AUCCOLHUAIMH B BOJTHBIX PACTBOPAX.

2. paccMOTPETh KOHCTAHTY U CTEIICHb TUCCOIMALIUH.

3.CpaBHHUTh XUMHYECKYIO aKTUBHOCTh CHJIBHBIX U CIa0BIX 3JICKTPOJIUTOB

4. COCTaBUTh HOHHO-MOJICKYJISIPHBIE YPABHEHHSI.

5. paccmoTpeth CBOKCTBA KUCIIOT, OCHOBAHUH | COJIel ¢ TOUKH 3peHus TI/]

2.10.3 Ilepeyenbs npuOOPOB, MAaTEPHATOB, HCIOJIb3yEeMBbIX B J1a00opaTOpHOii padoTe:
1. ratuB ¢ mpoOHpKamu, CIUPTOBKA, (apdopoBas yamika NPOOHPKOAEpIKATENb, JIyYHHKA
CuSOyq (6e3BoaH), CuCly, Zn, NH4C1
2.PactBopsl: Anieton, H,SO4, NaOH, HCl, , NH4Cl, CH;COOH, CaCl, , NH,OH
3.MunukaTtopsr:heHondTasernH, METHIOBBIN OpaHKEBHIH,
JaKMyc, YHUBepcajibHas HHAWKATOpHast Oymara

2.10.4 Onucanme (xox) padoThi:

Juccoyuayusa conei
B3sate HemHoro 6e3BoaHor0 cynbdara meau (I1) u ormeruts nBeT TBEpAOH conu. OaHY YacTh
COJIM PaCTBOPUTH B alleTOHE, a IPYTyIo - B Bojae. HabmonaTe okpacky pactsopa. Jlate
oowsacaenne Kpucrammk xmopuaa meau (I11) pactBoputs B 2-3 kamiax Boabsl. OTMETUTh OKPACKy
pactBopa. [lo6aBuTh HECKOIBKO MJI BO/IBI. Habmonate n3MeHeHne okpacku pactsopa. Hamucars
yYpaBHEHHE peakuu aucconnanuu xjuopuaa meau (1I).
CpaBHeHHe XUMHYECKOi AKTHBHOCTH CHJIBbHBIX H CJIA0BIX 3J1€KTPOJIUTOB

Xox paboTsl

a) Hanuts:

B npooupky Nel - 3 mu 0,1 H pacTBOpa COITHON KUCIOTHI, + Zn;

B npoOupky Ne2 - 3 mu1 0,1 H pacTBOpa yKCYCHOM KUCIIOTHI +Zn;
OOBSACHUTD SIBJICHUE, MOJIb3YSICh JAHHBIMH O CTEIICHH JHCCOIMAIIUH.

0) Hanmute B 1Be mpoOupku 1o 3 MIT XJI0pHUIa KaIbITUs.

B npo6upky Nel - no6aButh 2 H pactBop NaOH

B poOupKy Ne2 - 2 H pacTBOp aMMHaKa.

OOBSICHUTD IPUUMHY PA3IMYHOTO AEUCTBUS HA XJIOPU KAJIBLIUS B3STHIX THAPOKCUIOB..

OmngeiT Ned
XuMn4ecKoe paBHOBeCHE B PACTBOPAaX 3JIEKTPOJIUTOB

Xoxa paboTsl

Hanute B mpoOGupKy 5 Mi1 BoJbI M 1B€ Karun ¢eHondransenHa. Buectu B mpoObupky
KOHIIEHTPUPOBAHHOT'O pacTBOpa aMMHuaka. OTMETUTh OKpacKy pacTtBopa. ONpenesnTh peakiiuo
cpeabl pacTBOpa aMMHaka. Hamucats ypaBHeHUE peakiiii 00paTUMBIX MPOLECCOB.
Paznuthb comepxumoe MpOOMPKHU MOMOJIaM U K OJHON YacTH J0OaBUThH LIETIOTKY XJIOPHIA
amMMoHus. [lepemeniaTs CTEKITHHON NTAJIOYKOM U CPABHUTH OKPACKY pacTBOPOB B JBYX
npooupKax.

Hanucate BeIpa’keHHE KOHCTAHTBI AUCCOLUALIMH




2.11 JlabopaTopnasi padora Nell ( 2 gaca).
Tema: HMonnoe npoussenenue soasl. pH. Meroasl onpenenenus pH. ['maponus cosen.
2.11.1 Hesib PA0OTBI: c.vvvvrrinnreinniennrcnnecnnns

2.11.2 3apaum padoThI:

1. PaccMoTpeTh Auicconuanuio Bojibl, HOHHOE MPOU3BeAeHUE BOAbl. BogopoaHbii moka3arTenb
2. KonopumeTrpruyeckuit 1 MOTEHIIMOMETPUUECKUNA METOIBI onpeaesnenus pH

3. COCTaBUTh NOHHBIE YPABHEHHS THIAPOIIH3A.

4. paccunTaTh KOHCTAHTBI THAPOJIN3A

SOOBACHUTH BIUSHUC PA3IUYHBIX PAKTOPOB HA CMEUICHUE PABHOBECUH THIIPOIIHA3A

2.11.3 Ilepeyens npuOOPOB, MATEPHATOB, HCIOJIB3yEeMBbIX B J1a00opaTOpHOiil padoTe:
1. HlTatuB ¢ npoOupKaMu, CIMPTOBKA, (papdopoBas yarika npoOHpKoAEpKaTeNb, TyYHHKA
2. PactBopsr: H,SO4, NaOH, HCl, , CH;COOH, NH4,OH
3. UnaukaTopsl:
denondraneu,
METUJIOBBIA OPaHKEBBIM,
JaKMYC,
YHUBEpCaJbHas HHAUKATOpHAs Oymara

2.11.4 Onucanme (xox) padoThI:

Onpenenure pH B pacTBOpax yka3aHHBIX 3JEKTPOJIUTOB.

Jnst 3TOro CTEKJISIHHOM Tajouykod HaHecuTe 2-3 Kaljld HMCCIEAYyeMOIro pacTBOpa Ha
YHUBEPCAIBHYIO MHIUKATOpHYIO Oymary. CpaBHUTE OKpAacKy C IBETHOW mikaynon. Ompenenure
pH pactBopoB

JeiicTBHe KHCJIOT M 1IeJ0Yell HA MHIANKATOPbI

Xoxa paboTsI

1. .B Tpu npobupku HajelTe Mo 5 kameab BOAbI U
¢ I-10 - kannaio nakmyca,
60 2-10 - MEMUI08020 OPAHIICEBO20,
6 3-10 - henonghmaneuna.
Kakyro okpacky UMEIOT B BOJI€ 3TU HHIUKATOPHI?
2. 3areM B Te K€ MpoOHupKH N00aBbTe MO 5 Kameab pa30aBICHHON COJISIHON KUCJIOTHI. Kak
M3MEHUTCS] OKpacka MHIUKATOpa B KaXKJIOM cliydae?
3. B Tpu npoOupku HaselTe Mo 5 Kamnejb pacTBOpa FHAPOKCHAA HATPHS U 100aBbTE
¢ I-10 - kannw naxkmyca,
60 2-10 - MEMU08020 OPAHICEE020,
6 3-10 - henongpmaneuna.

Omnpenenenne pH CUIBHBIX U CIA0BIX DJIEKTPOIUTOB

Xoxa paboTsI

Omnpenenutre pH pacTBOPOB CHIIBHBIX M CIA0BIX AIEKTPOIUTOB, UMEIOIIUXCS B TabopaTopun

CrexissHHOM nNanoykod HaHecuTe 2-3 Kalld MCCIEAYyeMOro pacTBOpa HAa YHUBEPCATbHYIO
UHIMKAaTOpHYI0 Oymary. CpaBHHTE OKpacKy ¢ IBeTHOH mkanoil. Onpenenure pH pacTBOpOB.




CrenaiiTe BLIBOI.

2.12 JlabopaTopHasi padora Nel2 ( 2 yaca).

Tema: OxHUCINTENBHO-BOCCTAHOBUTEIbHBIE PEAKIIUH.

2.12.1 Henp pabdoThI: H3YYUTh OKHCIUTEIbHbIC CBOMCTBA - IEPMAHTaHATA KAJIUA B
Pa3JIM4YHBIX CcpeAax, AMXpoMaTa KaJHus, OKHCJIHTEIbHO-BOCCTAHOBUTEIbHbIC
CBOICTBA IEPOKCHAA BOAOPOAA

2.12.2 3apaum padoThI:

1. Onpez[em/m, CTCIICHHU OKHCJICHHUSA 3JICMCHTOB B COCOMHCHUAX

2. cocraButh OBP HOHHO-3JIEKTPOHHBIM METOJOM

2. 00BsCHUTH BIMSIHME cpepl Ha Xxapakrep OBP (Ha npumepe nepmaHraHara Kajius, COGIUHEHHH XpoMa,

TIEPOKCHIAa BOJOPOA).
3. pacCMOTpPETb OKUCIUTEIbHbIE CBOMCTBA a30THOM U CEPHOM KUCIIOT.

2.12.3 Ilepeyenb npuOOPOB, MATEPHATOB, HCIOJb3yEeMBbIX B J1a00opaTOpHOii padoTe:
1. IlItaTB c npoOMpKamMHu, CIUPTOBKA, IPOOUPKOIEPIKATEI,
JIyYUHKA
2. PacTBoOpHI:
HCI, H,SO,4, NaOH, KOH, KMnOy, Na,SO; K,Cr,0,, K,CrO, FeCl;, FeSO,4, H,O,,Cr(NO;);, KI, H,C,0y4,
NaNOz, C2H5OH
Kpaxmanbnsliii kieiicrep
3. MuauKkaropsl:
(eHondTAIENH, METUIIOBBIH OPaHXEBBIH, JAKMYC, YHUBEpCAJIbHASI MHIUKATOpHAs Oymara

2.12.4 Onucanue (xox) padoThi:

OxucauTe/ibHbIe CBOICTBA MEPMAHTAHAT - HOHA B Pa3JIMYHBIX Cpeaax
[lenoynas cpena

Xoxa paboTsI

B npo6upky Nel naneiire 1-2 kamau pactBopa nepmaHraHara Kanus, 1-2 Karim
KOHIIeHTpUpoBaHHOTO pacTBopa KOH u mo kamism pactBop cynbdura HATpHs, 10 Iepexoaa
MaJMHOBOM OKpacku B 3efieHyt0. CoCcTaBbTe YypaBHEHUE PEAKIMHU B MOJIEKYISIPHON 1 MOHHO-

AIIEKTPOHHOH (opMax.

B npobupky Ne2 nanelite 1-2 karmm pacTBopa epMaHraHata Kajius, 2-3 Karid BOAbI U IO
KaIuisiM pacTBOp cylb(ura HATpUs, 10 00pa30BaHUS KOPUYHEBOTO OCAJIKA.
CocraBpTe ypaBHEHUE PEAKIIMH B MOJICKYJISIPHOU U HOHHO-3JIEKTPOHHOM (hopMax
B npobupky Ne3 nanerite 1-2 kamim pacTBopa MepMaHraHata Kajnus, 2-3 Karid CEpHOU
KHCIIOTBI U IO KaIUISIM PacTBOP CyIb(pUTa HaTPHs, 10 00eCLIBEUUBAHUS PACTBOPA.
CocraBbTe ypaBHEHUE PEAKIIMH B MOJICKYJISIPHOW U HOHHO-3JIEKTPOHHOM (hopMax

OKHUCJUTEJBHBIE CBOMCTBA JMXPOMATA KAJIMA

Xox paboTsI

B npobupky HaneiiTe 1 M pacTBopa Auxpomara Kanus, 1 mi pa30aBiIeHHOHN CepHOM KHCIOTHI U
n00aBbTE PACTBOP CyNb(HUTA HATPUS 10 UBMEHEHHS OKPACKU PacTBOpA.
CocraBbTe ypaBHEHUE PEAKIMH B MOJICKYJISIPHON U HOHHO-3JIEKTPOHHOM (popmax

[Tepokcun Bogopoaa

Xoxa paboThl




B npo6bupky Hanute 0,5 M1 pacTBOpa noAKIA Kadusl W MPUOABUTH TaKOH ke 00beM
pa30aBIeHHON CepHOI KUCIOThI U HECKOJIBKO KaIleJlb pacTBOpa rnepekucu Boxopoaa. Kaxoi
OKpAIIIeHHBIA TPOAYKT 00pa3oBacs?

Jlo6aBbTe 2 Karum pacTBopa kpaxmana. Crenaite BHIBOI.

B npo6upky Hanute 0,5 mi pactBopa KMnO4 1 npubaBuTh Takoe ke KOJINYECTBO pacTBOpa
CepHOM KUCIIOTHI M HECKOJIBKO Karellb pacTBOpa MEPEeKUCH BOJAOPOAA 0 00ECIIBEUMBAHUS,
Kaxoii Beigensiercs ras?

2.13 JIadopaTopHas padora Nel3 ( 2 yaca).

Tema: KoMmiiekcHbIE COETUHEHUS.

2.13.1 Leanb padoThl: U3YYUTH CNOCOOBI MOJYYeHHS] KOMILUIEKCHBIX COeMHEHU W
HX XUMHYeCKHe CBOiicTBa

2.13.2 3agaum padoThI:

1. paccMOTpeTh OCHOBHBIE TTOJIOKEHHS KOOPAUHAIIMOHHOK Teopun BepHepa.

2. O6’I)5[CHI/ITB IIpaBUJia HA3BaAaHUA KOMIIJICKCHBIX COC,I[PIHCHPIFI

3. PaccMOTPETh XUMUYCCKHUEC CBOﬁCTBa nu CHOC06LI MOJIYUCHHS KOMIUICKCHBIX COGL[I/IHGHI/Iﬁ
4. PaCCMOTpeTB ,Z[BOI\/'IHBIG COJIM, UX OTIIMYHEC OT KOMIIJICKCHBIX

2.13.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIa00OpaTOpHOii padore:
1. llITaTuB ¢ mpoOUpKaMu, CIUPTOBKA, MPOOUPKOAEPKATEID
2. PactBopbi: HCL, H,SO4,NH4Fe(SO4),, Ks[Fe(CN)s] NaOH, NH4sOH, AgNO; Na,SO,4, NaCl,
CuCl, , NH4SCN, BaCl, PeaktuB Heccnepa
3. UHauKkaTopsbl:
dbenondranens,
METUJIOBBIA OPaHKEBBIM,
JaKMycC,
YHHUBEpcaIbHas HHIUKATOpHAs Oymara

2.13.4 Onucanmne (xox) padoThI:

Oo0pa3oBaHue KOMILJIEKCHBIX COEIUHEHUI

Xoxa paboTsl

a) Hamute B mpoOupky 1-2 mi pacTtBopa HHUTpaTa cepebpa M 100aBUTH HEMHOTO pPacTBOpa
xnopuna Harpus. K oOpa3oBaBumieMycst ocalKy MNpWIMBaThb pacTBOP aMMHaka Ji0 €ro
pactBopeHusi. COCTaBUTh YPABHEHUS PEAKIIHIA.

6) Hamute B ipobupky 1-2 mu pactBopa CuCl, u mpubGaBuTh MO KaruisiM pacTBOpP aMMHaKa J10
o0Opa3oBaHHsl ocajaka. 3aTeM MPWINTh U30BITOK pacTBOpa aMMMaKa IO PACTBOPEHUS OCaJKa.
CpaBHUTH OKpPACKY HOHOB Cu®’ ¢ OKpacKoil MOJy4eHHOTO pacTBopa. HammcaTe ypaBHEHUe
peaKkuuy NoJy4yeHUs] KOMIUIEKCHOTO COeTUHEHUS

Juccounanus ABOMHBIX U KOMILJIEKCHBIX COeTUHEHHIH

Xoxa paboTsl

B3satb 4 npoOupku :
Ne 1 - Imn K;[Fe(CN)g] + pomanun ammonus NH4SCN

3+
Pooanuo ammonus siensemcs peakmusom na Fe’, Ananumuueckas npoba ouens
YUYECMBUMENbHA: KPOBABO- KPACHASL OKPACKA NOSIGNISEMCSL 0adice 8 NPUCYMCMEUU CTe008bIX
Konuwecms uona xcenesa (I111)

Ne 2- 1M NH4Fe(SO4),+ponannn ammonns NH4SCN
Ne 3 -1mn NH4Fe(SO4), + peaktuB Heccnepa




Ne 4 - 1mn NH4F€(SO4) ) + BaC12 ,
CocTaBuTh ypaBHEHMsI pEaKLUM.

2.14 JIadopaTopHas padora Nel4 ( 2 yaca).

Tema: KauecTBeHHbIE peakMy HA KaTHOHBI U AaHUOHBI.
2.14.1 Ilean padoOTBHI: H3YyYUTh KAYECTBEHHBIC PEAKIMM HAa KAaTHOHBI M AaHUOHBI BCEX
AHAIUTUYECKUX TPYII

2.14.2 3anaum padoThI:
1. [TponenaTe aHaTUTHYECKUE TPOOBI HA KATUOHBI KAKIOW aHAIMTHYECKOU TPYIIITHI
2. [Ipoxenarh aHaTUTHYECKHUE MPOOBI HA AaHUOHBI KAKION aHAIUTUYECKOU TPYIIITHI
3. OnpenenuTs CoAepKaHuEe HMOHOB B pacTBOPE

2.14.3 Ilepeyenb npudOpPOB, MATEPHAIOB, HCIIOJb3yeMbIX B J1a0opaToOpHOil padoTe:

1. HraruB ¢ mnpoOupkamu, CHUPTOBKA, THreNbHble wMNUBL, ¢apdopoBas yalika,
npobupkoaepxkarenb puIbTpoBagbHas Oymara

Mennast mpoBoJIOKa, KENe30, HUHK, MENIb,

2.PacTBOpBI:

CuSO4, HCI, HZSO4, FCC13, A12(804)3

NaOH, NaQCO3, NH4C1, BaClz, AgNO3,Nast4, NaCl, B1C13 HCI, HzSO4,NH4F€(SO4)2,
Ks[Fe(CN)]NaOH, NH,OH, AgNO3; Na,SO4, NaCl, CuCl, , NH4SCN, BaCl, HCI, H,S80,, NaOH,
KOH, KMnO,4 Na,S0; K,Cr,0;, K,CrO, FeCls, FeSO4, Hy0,,Cr(NO3)s, KI, H,C,04, NaNO,, C,HsOH

3. UapukartopsI:

denondraneus,

METUJIOBBIA OPaHKEBBIM,

JaKMYC, YHUBepcallbHasi MHIUKAaTOpHast Oymara

2.14.4 Onucanme (xox) padoThI:

NH,"
Peaktun YpaBHEHUE peaKIUK U YCIOBUS TPOBEIACHUS Ananmutryeckuii dpdexr
Ipu oeticmeuu wenoueii Ha
PpAcmeop coiu AMMOHUS NPU
Haz2pesanuu 6bl0eAemcs
2a3000pa3Hblll AMMUAK,
Ilenoun NH,CI + NaOH —NH; + NaCl + H,0 KOMOpBLLL MOICHO OGHApYdICumb

nO U3MEHeHUI0 OKPACKU
BI1AJHCHOU YHUBEPCATILHOUL
UHOUKAMOPHOU UU TIAKMYCOBOL
oymaeu

B wenounoti cpede obpazyem c
PeaktuB Heccnepa - cMech KOMIUIEKCHOU CONU | UOHAMU AMMOHUSL OPAHIHCEBDILLL
K,[Hgly] m KOH 0CcaookK

PeakTun
Heccnepa




Na©

Peaktus

VYpaBHEHME peaKluu U YCIOBUSA
IIPOBEICHUS

AHaTATHYECKUN

ahdexr

I'excaruipokCOaHTUMOHAT

Na" + [Sb(OH)s]” — Na[Sb(OH)s]

B neiimpanvnoii cpede
ocaxcoaem u3

pacmeopos coieti
(V) xanus g
VY citoBHSI MPOBEIICHHUS OTIBITA Hampusi benvlil
K[Sb(OH)¢] .
KpUCManiudeckuil
0cadox
K+
PeakTus VYpaBHEHHE peakIu U YCIOBUS IPOBEICHUS ARAIHTHICCKHE
P peadl Y POBEIL s ekt
I'mpporaprpar HaTpus Oeviil
APOTApTp p KCl + NaHC4H,0 — KHC4H4O4 + NaCl Kpucmanuseckuti
NaHC4H406
0CA00K
reKcaHPI‘{ipT"‘;‘;’fam’TaT 2KCI+ Na;[Co(NO»)s]— KoNa[Co(NO,)s] |+ Keamiii
Nas[ CO?NO )] 2NaCl KPUCMALIUYeCKU
3 2/6 2K+ Na™+ [Co(NO,)s]> — K,Na[Co(NO»)s]| ocadok
Ag’
PeakTus YpaBHEHHE pEaKIMK W YCIOBHS TPOBEICHUS Ananmutuueckuii 3p ekt
AgNO; + KOH —AgOH |+ KNO; .
Menoun Ag’ + OH —AgOH O6pa3ygmc,<z 6y§bzqucaO()0K
AgOH —A50] 1 H0 oxcuoa cepebpa Ag>
-
Xpomar 2AENO; + KoCrOs —Ag,CrO, |+ 2KNO; K>CrO40aem c uonom Ag
KaJIust 0caook xpomama cepeopa
K>,CrOy4 KUPNUYHO-KPACHO20 YBema
EooMiL 1 AgNO; + KBr—AgBr |+ KNO; KBr, KI obpazyiom c
I:/IO HI[ Ag" +Br —AgBr| xamuonom Ag' 6redno-
A AgNO; + KI—Agl |+ KNOs JHrcenmviti 0cadox bpomuoa
KaJlus + - o
Ag +T —Agl| cepeopa AgBr, u sicenmolil
KBr, KI
0cadok uoouoa cepedopa Agl
Pb”
PeakTus PABHEHHC PEAKILHH H YCIIOBHS Ananmutrueckuii G ekt
MIPOBEICHUS
Obpa3zyemcs 6enviii 0caook
PB(NOs), +2NaOH —Pb(OH),| + Pb(OH), , pacmeopumpwiii kak 6
2NaNO;
lemoun

Pb*"+ OH —Pb(OH), /|

KUCTOMAX, max u 6
KOHYEHMPUPOBAHHBIX
pacmeopax euopoKcuoos

XpoMar Kanus
KQCI'O4
U AUXpomar
KaJIust

Pb*"+CrO,~— PbCrO; |

Obpazyemcs
ManoOpPaAcmeopuMblil XpoMam
CBUHYA JHCENMO20 Yeema




KQCI‘207 |

N
Ba’

Peaktus

VYpaBHEeHHE peaKkuu U YCIOBUS IPOBEICHUS

AHaIATHYECKUN

s dext

Xpomar Kanus

BaCl, + K,CrO4— BaCrO,4 |+2KCl

Kenmoiii ocaoox

Xpomama oapusi
BaC 7"04,

K>,CrOy4 Ba’" + Cr042'—> BaCrOy4 | Hepacmeopumuvlli 8
1. VKCYCHOU KUciome, Ho
pacmeopumblii 8
CUTTbHBIX KUCIOMAX.
Ca™
Peaktus YPaBHEHHE PEAKLIHH 1 yCIOBHS Ananutudeckuit 3P Pext
MIPOBEJICHUS

Okcanat aMMOHUA

CaC12+ (NH4)2C204 - CaC204 + 2NHCI

Benviii ocadox

(NH4),C,04 oKcanama cmpoHyus.
A13+
Peaktus ¥PABHEHHC PEAKILHH H YCIOBHS Ananurnuyeckuit 3p ekt
IPOBE/ICHUS
Benviii amopuwiii ocadok
2UOPOKCUOA ANTOMUHUS/
PactBop ammuaka AP + OH'—AI(OH)5| 0CAOOK He pACmBopuM 8
ammuaxe. Ho pacmeopum 6
wenouu
Cr”
Peaktus YPaBHEHHE PCAKLIHH 1 yCIOBHS Ananutudeckuit 3P Pext
POBEICHUS
Ocaodoxk eudpokcuoa xpoma
PactBop ammuaka Cr" + OH —Cr(OH);| Cr(OH); cepo-3enenoco (cepo-
guonemosozo)ysema
3+ - Ocaodoxk eudpokcuoa xpoma
+
IMaapoxcun Hatpus Cr + OH—Cr(OH)s{ Cr(OH); cepo-3enenoco (cepo-
@uonemosozo)ysema
Fe2+
PeakTus VPABHEHHE PEAKILHH H YCIIOBHS Anamutnaeckuii ekt
MIPOBEICHUS
Ceseoiceocasicoennbili 0caodok
Fe*" + 20H —Fe(OH),| umeem oenwviil yeem. OOHAKo
['uapoxcun HaTpwHS, 4Fe(OH), + 2H,0 + Ha 8030yXe 8 pe3yibmame
TUAPOKCHUJI KaJIHst 0,—4Fe(OH);]| YACMUYHO20 OKUCTICHUS
NaOH, KOH KUCTOPOOOM O0CAOOK
npuoopemaem cepo-3eeHvill
yeem
I'excarmmanodeppar 3Fe”” + 2[Fe(CN)s]” = Cunuii ocadoxk mypnoynesoi




(IT) xamus

Fe;[Fe(CN)gla |

cunu eexcayuarogeppama

K;[Fe(CN)g] arcenesa (11)
Kpacnas kpoBsiHas Ocaodox ne pacmeopsiemcsi 6
COJIb Kuciomax
JAnMeTHIranokcum
+
C.H N(OH), [Fe (C4H7N,0O,)] + NH3 Komnnexcnoe coeounenue

peaktuB Uyraena

KpacHo2o yeema

+
Fe’

PeakTus

YpaBHEHME peakluu U YCI0BUSA
IIPOBEJICHUS

Anamutnaeckuii ekt

I'mapokcun Hatpus,
TUAPOKCUJT KAJTUS

Fe*™ + 20H —Fe(OH);|

Kpacno-6ypuiii ocaook

NaOH, KOH
I'ekcanmanogeppar Temno - cunuii 0cadox
(IT) xamust 4Fe’" + 3[Fe(CN)s]* = bepauHcKol 1asypu
K4[Fe(CN)g] Feq[Fe(CN)sls | eexcayuanogeppama (11)
Kenras kpoBsiHas arcenesa (111)
COJIlb
Ponagnn aMmMoHus
NH,SCN Fe** + nSCN" Fe(SCN), Pooanuo sicenesa kposaso-
KpPAacHozo yeema
Cu®”
PeakTus /PABHCHUE PCAKIIHMH H YCIIOBHS AHnanmutnyeckuii dpdext
IPOBE/ICHUS

Bonnblii pactBop

CuSO4 + 4NH4,OH—[Cu(NH3)4]SO4

Ammuaxam meou umeem cume-

aMMHaKa +4H,0 Guonemosyro okpacky
I'ekcanmanogeppar
(I1) kamust 2Cu*" + [Fe(CN)e]*
K4[Fe(CN)g] =Cuy[Fe(CN)¢] | Kpacno-xopuuneswiii ocadox
Kenras kpoBsHas
COJIb
S04~
PeakTus YpaBHEHHE peaklMU U YCIOBHS IPOBEICHUS Ananutuaeckuit 3pdexr
o | a0 mso, el | O g
24 2-

BaCl, Ba™ + 50,7 —>BaS0, cynbdara 6apus BaSO4
Hurpar Na,SO4 +2AgNO3; —-Ag,SO4 + 2 NaNO; Benwrii ocanok cynbsara
cepebpa 2Ag + S04 —Ag SO, cepeOpa, paCTBOPUMBII B
AgNO; A30THOM KUCJIOTE

S0;*
Peaktun \ YpaBHeHUE peaKUK U YCIOBUS TPOBEIACHUS

Ananmutryeckuii dpdexr




Nopnas .
. ) , N [Ipu B3aumoaencTBrm ¢
SO5;” +I, +H,0—SO4~ +2I' + 2H pacTBopamu Cyiab(pHUTOB
OpoMHas
o0ecIBeYnBaeTCs

BOJIA

o | ke NSO SO, et | O G
2 | 2-

BaCl, Ba 503" —=Ba30; cynbdura 6apus BaSO;
Hutpar Na,SO; +2AgNO3; —-Ag,SO; + 2 NaNO; Bbenwrii ocamok cynshura
cepebpa 2Ag +SO3"—Ag,SO; cepeOpa, paCTBOPUMBII B
AgNO; A30THOM KUCJIOTE

CO™
Peaktun YpaBHEHUE peaKIUK U YCIOBUS TPOBEIACHUS Ananutryeckuii dpdexr
)%J;OI;I 1;1{;[ BaCl, + Na, CO; —BaCO; |+ 2NaCl OObpa3zyetcst Genblit ocagok
B ;)Cl Ba’" + CO;"—BaCO;| kap6oHara 6apus BaCOs |
2

2.15 JladopaTopHas padora NelS ( 2 yaca).

Tema: @Pu3zuko-xuMHYECKHE METOALI AaHAJIHN3A

2.15.1 Lesib PA0OTBI: ceuvviiinnrreiinnrecinsscnnns

2.15.2 3apaum padoThI:
1. Onpenenenue xene3a (I1) komopumerpruueckum (BU3yaTbHBIM METOIOM)
2. ®oTokonopumerpuaeckoe onpeaenenne meau (II) B pactBope
3. Paznenenue xene3a 1 Meau ¢ TOMOIIBIO Xpomarorpaduu Ha Oymare

2.15.3 Ilepeyenb NpudOPOB, MATEPUAJIOB, HCIOJIb3yEMbIX B JIa00OpaTOpHOii padore:
Bbropetka BMecTUMOCTBIO 25 cM3
MepHas nuneTka BMeCTUMOCThI0 10 cm
MepHBIii ATHHAP BMECTHMOCTHIO 20 CM.
Konnueckast kos6a aist TuTpoBanusi BMecTumMocTbio 100 cm3.
Xummdaeckuii cTakan BMecTHMOCTBio 100 ey’
Boponka nuamerpom 3 cm.

CrniuproBoii pactBop deHondranenna ¢ maccoBoit goneit 1,0 %o............ ...

2.15.4 Onucanme (xox) padoThI:

Konopumempusn. Onpeoenenue xncenesa (I11) konopumempuueckum (6U3yanbHblM Memooom)
IIpuroroBbTE CTAHAAPTHYIO LIKAJY.
Bosbpmute 5 0IMHAKOBBIX MPOOUPOK U MPUTOTOBBTE PACTBOPHI C PA3IINYHBIM COACPKAHUEM Fe'.

B xagecTBE HMCXOMHOTO pacTBOpa HYXKHO B3ATh PaCTBOP KeJIe30aMMOHUUHBIX kKBaciioB ~ NHy Fe (SOy),

1 2 3 4 5
NH/Fe(SOy);, Ma 1 2 3 4 5
H,0, ma 4 3 2 1 0

NH,CNS, ma 1 1 1 1 1




coaep:kaHue Fe'* (B Mr) 0,01 0,02 0,03 0,04 0,05

VHTEHCUBHOCTH OKpPACKH B MMPOOUPKAX CTAHIAPTHOM IITKAJIBI MTOCTETICHHO
YCUJIMBAETCS, TaK KaK COJIepKaHue Kelle3a yBennuunBaercs. PacyeT cienan Ha OCHOBE
TOTO, 4TO 1 MJI UICXOAHOT'O PAaCTBOPA KEJIE30aMMOHUUHBIX KBAacOB coaep:kut 0,01 mr

3+
Fe™.

2. [lomyuuTe y mpenoaBaTenns o0pa3er] MOYBEHHOH BBITSKKH U MIPUCTYTIHTE K €r0 aHAJIH3Y.
[ 5TOTO OTMEpBTE MUIIETKOW B MPOOUPKY 5 MIJI MCCIEIyeMOro pacTBopa M mo6aBpTe 1 MiI pacTBOpa
NH,CNS. CpaBHHTE WHTCHCHBHOCTH OKPAaCKH IOJYICHHOTO PAaCTBOpPAa ¢ MHTCHCHBHOCTBIO OKPAacKH B
MpoOHMpKax CTaHAAPTHOW IIKaJbl. PacTBOp, MHTEHCHBHOCTh OKPACKH KOTOPOTO OJIMKE BCEX MOIXOMIUT K
OKpacKe UCCIIeyEeMOr0 pacTBOpa MPUMHTE 3a CTAHJAPTHBINA IIPU KOJIOPUMETPUPOBAHUH.

®oTokonopumMerpuyeckoe onpenenenue meau (II) B pacTeope

1. IIpuroroB/ieHHsI pACTBOPA CPABHEHHUS

10 ma 10 % ammuaxka NH4OH nepenocsT B MepHyro koi0y eMkocThio 100 mi, mo0aBisior
OHY KaIli0 KOHIGHTPHPOBAHHON cepHOH kucmotsl (11,84 r/eM’) u  goBomsar
JTUCTUJUTMPOBAHHOM BOAOW 10 METKU ( HYJIEBOM pacTBOp)

2. IlpuroroBJ/jieHHE CTAHJAAPTHOI0 PACTBOPA MeAH

3,927 v xumudecku uucroro cyibpara mean CuSO4-5H,O mepeHocAT B MepHYIO KOOy
emkoctbio 1000 M, pactBopsitor, npmmBarT 5 M1 HoSO, (koHiL., p= 1,84 r/eM’) u goBomsT
BOJIOM 0 MeTKH. B 1 mu1 aToro pactopa conepxkurcs 1 Mmr nona Cu*".

3. Ilo3dHakoMbTECh € TEeXHMKOIl PpadoTbl Ha (POTOIIEKTPHUECKOM Kosiopumerpe ®IK u
MOCTPONTE KATMOPOBOYHBIN rpaduk.

4. PaboTy HAUMHAIOT C MOCTPOCHUS KaTMOPOBOYHOTO rpaduka.

B mecte mMepHBIX KO0JIO BMecTHMOCThIO 100 cM® HAIMBAIOT 25, 20, 15, 10, 5 u 3 oM’
CTaH/JIapTHOTO pacTBOpa cyibdaTa Meau. PacTBOpHI B Kak 10l KOJIOE HEUTPATH3YIOT PACTBOPOM
amMmuaka 110 10 cM® , 1OBOJAT BOJOM 10 METKH H TIIATENBHO MEPEMEIINBAIOT.

N3mepstoT oNTHYECKOE TIOTJIONICHWE TIOMYyYEHHBIX PAcTBOPOB B TIOPSAKE YOBIBAaHUS
koHuentpauuu [Cu(NH3)4] = (pacTBOp U3 KOJNOBI HaJeiTe B KIOBETY ¢ paboueit amuHoi 1 cMm,
3aKpONTE KIOBETY KPBIIIKOH M W3MEPhTE ONTUYECKYIO IJIOTHOCTh PAcTBOpa, MPU KPacHOM
cBeTopunbTpe Ne9).

[To pesynbraraMm u3MepeHUN CTPOSAT TpadUK 3aBUCHMOCTH ONTHYECKOTO IOTJIOIMIEHUS OT
KOHIIEHTpAIUU Meu B (Mr/ 100cn?).

5.

Xon onpeaesieHusi MeId B HCCJIelyeMOM pacTBope

1. HeMHOro MCIBITYEMOTO pacTBOpa MOMEMIAIOT B MEPHYIO KOJIOY BMECTUMOCTBIO 50 oM

2. TIpu6asbre B konby 1 kammo HoSO, (koHIL., p= 1,84 T/cM’), HelTpanu3yiite pa3baBICHHBIM
1:3 amMMuakoM, NpWIMBas €ro MO KamisaM 10 noseieHus myTtu. Ilpuneiite eme 10 mn
aMMMaKa M JOBEAUTE OO0BEM KHMJIKOCTH B KOJIOE BOIOW 10 METKH. PacTBOp J0IKEeH MMETh
royOyio OKpacky.




3.

PacTBOp mepemernaiiTe, HaMOJHUTE UM KIOBETY ¢ pabodeill UITMHOM 1 cM u u3mepbTe
ONITUYECKYIO IJIOTHOCTh €r0 Ha MpaBoM OapabaHe MpH KpacHOM CBETO(UIIBTpE, T.€. MPH TeX
e YCIOBHSX MPHU KaKUX ObUT MOJTyYeH KaJTuOPOBOUHBINA IpaduK.

3Has BeJIMYMHY ONTHYECKOM IUIOTHOCTH, HAWAWTE 1O KaauOpPOBOUHOMY TpaduKy
+

KOHIeHTparmio uoHa Cu’” B Mummurpammax Ha 100 cM®  pactBopa. Berumciute obmee

KOJIMYECTBO MEJH.

Paznenenue xene3a 1 MM C TIOMOIIBHIO
xpomarorpaduu Ha Oymare

Bo3sMuTe KpyTiasiii 06€330JICHHBIH GUIBTP «CHHSS JICHTa» nuameTpom 12.5 cM. [IpocTeiM
KapaHIaIlloM HauePTUTE Ha HEM «(DUTHIIbY» [UIMHOHM 40 MM M IIUPHUHOM 4 MM.

o +
Ha nenTp ¢puisTpa HaHecHTe MUKpOmHTeTKoi 0,05 M pacTBOpa, COIEpKaIIero KaTnoHs! Fe'' u
Cu®". PacTBOp He BUIHBaliTE Ha (GHIBTP, & MOCTENICHHO BBITYCKAHTE €ro U3 MUIETKH, YTOObI
BITUTBIBAHUE TIPOUCXOJIMIIO 32 CUST KAIMWUISIPHBIX CHJI OyMaru.

O0pasoBaBiiieecst MEPBOHAYATBHO MSTHO OCTOPOXKHO OOBEIUTE MPOCTHIM KapaHAIIoM, T.¢.
(ukcupyiiTe ero monoxeHue Ha 6ymare. [laiite GUABTPY BBICOXHYTH U BBIPEKBTE OPUTBOM
«huTHIBY.

3aTteM OTKpOMTE SKCUKATOP (T.€. XpoMaTorpahuiecKkyro KaMepy), IOCTaBbTE B HETO
KpucTaIH3aTop 1 turens ¢ 10 mit pactBopurens. [Tonoxure GuiibTp cBepXy Ha KPHCTAIUTU3ATOP,
CJIeisl IIPU 3TOM, 4TOOBI «(UTHUIIBY ObLI IOTPYKEH B pacTBOpUTENb. B KauecTBe pacTBOPUTEIIS
ucnonbsyire cmeck u3 90 % strnoBoro crupta u 10% 5 H consAHON KUCTOTH (TI0 00BEMY);
COJISIHYIO KHCIIOTY A00aBIISIFOT K OPraHMYECKOMY PaCTBOPHUTEIIO, YTOOBI IPEIOTBPATUTD
a7IcopOLMIO0 HOHOB OyMarou.

3akpoiiTe SKCUKaTOP KPBILIKON U, 3aMETUB BpeMs, OCTaBbTe Ha 3-4 yaca AJisl pa3MbIBaHUS
MIEPBUYHON XpPOMATOTPaAMMBI PaCTBOPUTEIIEM.

[Mocne sToro ocTanbTe PUIBTP U3 SIKCUKATOPA, OTMETHTE KapaHIallloM rpaHuIbl (PPOHTA
PacTBOPUTENS U JaiiTe paCTBOPUTENIO HCIIAPUTHCS.

3+ 2+ 0
Jlnst mposiBneHwust 30H Jiokanu3anuy HoHOB Fe™  Cu™ onpricHuTe Qrtbtp 10 % pacTBOpoM
K4[Fe(CN)¢] u3 crexisiHHOTO mMyNibBepu3aTopa. B pesynbTare Ha XpoMaTorpaMme MmposiBIIseTCs
cunss konbleBas 30Ha Ky[Fe(CN)g]; u kopuuneBas kounblieBas 30Ha Cuy[Fe(CN)g].

BrrurcnuTe mo npuBeIeHHOMN BhIIe (OpMYyJIe BETUIHHBI KOA(DMUITUSHTOB ABYKEHUS Ry st
katronoB Fe’™ Cu®". Hauanom myTu cumTaiite Hapy>KHyIO IPAHHILY IEPBOHAYATBHOTO [ITHA
(oTMe4eHHyI0 KapaHamoM), a KOHI[OM ITyTH - Hapy KHbBIE TPAHUIIEI 00PA30BABIIAXCS ITOCIIE
NPOSIBIICHUS KOJIBIIEBBIX 30H HOHOB. PaccrosiHue, MpoiieHHOe ()POHTOM PACTBOPHUTEINS, CUUTANTE
OT TICHTPa XPOMATOTPAMMBI, T.€. OT [IEHTpa QUILTPA.




3. METOANYECKHUE YKA3ZAHUA
O IMPOBEJEHUIO MIPAKTUYECKHUX 3AHATUN
3.1 lIpakTuyeckoe 3anaTue Nel-2 ( 4uaca).
Tema: «TurpuMerpuyeckuii ananus. Meroa KHCJIOTHO-OCHOBHOIO THTPOBAHMS.
Ilepmanranaromerpusi. Aprearomerpusi. Kommiexconomerpus»

3.1.1 3aganue njst padoThI:
. Onpenenenne KOHIEHTPANMH TMAPOKCH/IA HATPHUSA B PACTBOpe
. Omnpenenenne coaep:kaHue xkeje3a B coau Mopa
Onpenesienne XJ0pua HOHOB B MUTHEBOM Boe Mo MeToay Mopa
Onpenesienne 001eH &KeCTKOCTH BOIbI

N

3.1.2 Kparkoe onucanue MpoOBOAUMOIO 3aHATHSA:
......... Omnpenenenne KOHIEHTPALUM THAPOKCUAA HATPHUS B pacTBope
1.IlpurotoBnenue padouero pactsopa HCI
2. [IpuroroBneHue cTaHIAPTHOTO pacTBOpa KapOboHaTa HATPUs
3. Cranmaptuzamus pactBopa HCIl. Omnpenenenne HOpMalIbHOM KOHIIEHTPAlUU THAPOKCH]IA
HaTpUs

Onpenesienne KapOOHATHOM KeCTKOCTH BOAbI
1. ITpurorosnenue padouero pacrsopa HNO;
2. [IpuroToBneHNe CTaHIAPTHOTO PACTBOpa TeTpadbopara HATPHsI
3. Crangapruzanus pacrsopa HNO3
4. OnpeneneHre KapOOHATHOM KECTKOCTH BOJBI.

Onpenenenne cogeps;kaHue kejie3a B coan Mopa
. I[lpuroroBnenue padouero pactBopa KMnOy
. Hpurotosuts 0,1 H pacTBOp IIABENEBON KUCIOTH, V=250cM’.
. CranapTusanys pacTBopa epMaHIaHaTa Kaiaus
. Onpenenenne coaepxxkanue xenesa (II) B comn Mopa

AW N~

Onpenesienne XJ0pua HOHOB B MUTHEBOM Boje Mo MeTtoay Mopa
. [IpuroroBnenne pabodvero pacTBopa HUTpaTa cepedpa
. [IpuroToBneHre CTaHAAPTHOTO PACTBOPA XJIOPHUAA HATPUS
. Crangaptuzaius pacTBopa HUTpaTa cepedpa
. OnpexnenuTte coiepkaHMe MOHOB XJIOpA B MUTHEBOW BOJIE

AW N~

Onpenesienne 001eH KeCTKOCTH BOIbI
. [IpuroroBnenue paboyero pactBopa TpuioHa b
. [IpuroroBnenne crangapTHOro pactsopa MgSOq
. Crannmaptuzanus pactBopa TpuiioHa b
. Onpenenute 0OIIYIO )KECTKOCTh BOJIBI

AW N~

3.1.3 Pe3yabTaThl U BHIBO/BI:
Omnpenenunu: HOPMAJIbHYIO KOHIEHTPALMIO THAPOKCHAA HATpHs, KapOOHATHYIO >KECTKOCTb
BOAbI, conepkanue xene3a (II) B comn Mopa , conepxkaHue HOHOB XJOpa B MUTHEBOU BOJE,
OOIIYI0 KECTKOCTH BOBI






