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BBenenue

JlaHHBIE METOJIMYECKHUE YKa3aHUs MPEeIHA3HAYEHBI U HOATOTOB-
KM K JJabopaTopHOii paboTe «PaBHOBECHS B pacTBOpaXx JICKTPOJIUTOB» U
BBITIOJIHEHUSI CaMOCTOSITEIbHOM paboOThl MO TEMECTYJEHTaMUTEXHHUYE-
CKMX (HEXMMUUYECKHX) HAMpaBJICHUM MOATOTOBKU. MeToaudyeckue yka-
3aHUS COAEPKAT ONMHUCAHUE JabOpaTOpHON padOThl, BKIIOUEHHOM B Ja-
OOpaTOpPHBIN MPAKTUKYM JUCHUILUIMHBI « XUMUSD», TPEOOBAHUS K OTYETY,
BOIIPOCHI ISl CAMOIIOATOTOBKH.

[lenb qaHHBIX METOJUYECKUX YKa3aHUN — MOMOYb CTYJECHTaM U3Yy-
YUTh OCHOBHBIE MOJIOKEHUS TEOPUU AIEKTPOJUTHUECKON TUCCOIUALINH,
XapakTep AUCCOIMAIIMU BOJbI, KUCIOT, OCHOBaHUM, COJIEM B BOJE, MO-
HATHE CTENEeHb W KOHCTAHTa JIUCCOLMALUM DIIEKTPOJIMTOB, IMOHSATHE
MOHHOT'O MPOU3BEACHUS BOJIbI, BOJIOPOJHOTO MOKA3aTeNsl CPeabl, MeXa-
HU3M TIpoIecca TUAPOJIN3a, OCBOUTH IMOHATHE CTENEHH W KOHCTAHTHI
rUAposin3a, (HaKToOphl, BIUAIONIME HA CMEIICHHE PAaBHOBECHUS PEAKIIMIM
TUAPOJIN3A COJIEN.

B ykazaHusix pazOupaercss TEOpPETHUYECKUW MaTepuail 1Mo TeMe
«PaBHOBECHS B pacTBOpPAX AJIEKTPOJIUTOBY. PaccMaTpuBarOTCA NpUMEPHI
3aaHuii. Bece 3TO MO3BOMIsET CTyA€HTAaM MOJTHOIIEHHO OCBOUTH MaTepH-
aJl TEMbI U IOJATOTOBUTHCS K 3aHSTHUIO.

Metoauueckre ykazaHus MO3BOJSIOT MOATOTOBUTHCS K BBIMOJHE-
HUIO J1Ja0OpaTOpHOU paboTe, MPOU3BECTU TpeOyeMble pacdE€Thl U 0dop-
MUTb OTYET.

B Meroauueckux ykazaHUSIX MPUBOISTCS 3aJaHUs, PEKOMEHIYe-
MBI JIJII CAMOCTOSITEJIbHOTO BBITTOJHEHUS TIOCTE U3YYEHHUs TeopeTHde-
CKOro marepuaina no teme. [I[puBoauTCA CHCOK PEKOMEHIYEMOU JINTe-
paTyphl.

K nabGopaTopHOMY 3aHSITHUIO CTYJIEHTBI TOTOBSITCS 3apaHee, u3ydas
TEOPETUUYECKUN MaTepuaj, METOJIWKY BBITIOJHEHUS] HKCIEPUMEHTA U
TpeOOBaHUS K OTUETY.
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IJITEKTPOJIHTHYECKAA TUHCCOLTHALIHUAL.
CJIABBIE H CH/IBHBIE J3/IEKTPOJINTBI

BOJIBIIMHCTBO XMMHUYECKUX PEAKIUU TNPOTEKAOT B PACTBOpPAX.
Haubonee yHuBEpCcaIbHBIM PACTBOPUTEIIEM SIBJISIETCSI BOJIA, YTO OOBsIC-
HsIeTCA €€ YHUKAIbHBIMU (DU3UKO-XUMUUYECKUMU CBOMCTBAMHU, OOJIBIIION
XMMUYECKON aKTUBHOCTBIO U JOCTYITHOCTBIO.

IIpu pacTBOpeHHH B BOJE, KAK B OAHOM M3 NOJISIPHBIX PAaCTBOPH-
TEJIEH, BEIIECTBA IMPETEPIIEBAIOT 3HAYUTEIbHBIE W3MEHEHHUS, B PAJE
CJIy4aeB 3TO NPOSIBIISIETCA B AJIEKTPUUYECKON MPOBOAUMOCTH.

XUMHYECKH YHUCTasg BOJIA MPAKTUYECKU HE MPOBOJUT DICKTpUYE-
CKkuil TOK. BosiHbIE pacTBOPHI OOJIBIITMHCTBA OPTraHUYECKUX COCTUHECHUM
(cnupTOB, ANIbICTUIOB, KETOHOB, YIJIEBOJIOB) TaK)Ke HE MPOBOJSAT TOK.
PacTBOpBI k€ OOJNIBIIMHCTBA HEOPTraHUYECKUX COETUHEHUN (Coyel, Ku-
CJIOT, OCHOBAHUI) 3JIEKTPOIPOBOIHBI.

BemectBa npuaarT pacTBOpPYy 3JIEKTPONPOBOJAUMOCTD, €CIU OHU
COCTOSIT U3 MOHOB WJIM U3 MOJIEKYJI, CIIOCOOHBIX MPU PACTBOPEHUU pac-
[aaTbCsAd Ha MOHBI. Takue COCIUHEHUs HA3BIBAKOTCS 3J1€KMPOJIUmMAamu.
BemectBa, paCTBOpBI WM paCIIaBbl KOTOPBIX HE MPOBOJST JIEKTPHUYE-
CKUU TOK, HAa3bIBAIOTCS HEIJIEKMPOIUMAMU.

lIposooumocms 21eKkmMpoIUmMos onpeoensiemcs NnoOBUHCHOCHbIO
UOHO8 U NPUHYUNUATLHO OMIUYAEMCS OM NPOGOOUMOCHU MEMAilos.
Inexmpoaumuvl CHUMaromcst RPOBOOHUKAMU 6MOPO20 POOa.

IIpouecc pacmana BemecTBa Ha MOHBI HA3bIBAKOT J1EKHIPOJIUMU-
yeckoul ouccoyuayuei. 1Ipu pacTBOPEHUH AIEKTPOIUTA TUATIOINA BOJBI
3a CYET OPUEHTALMOHHOTO WJIM HOH-IUIIOJIBHOTO B3aUMOACHUCTBUS MPU-
TATUBAKOTCS K MOJISIPHBIM MOJIEKYJIaM WM K MOHaM pacTBOPSEMOTO Be-
miectBa. [loysipHBIE MOJIEKYJIBI B CMJIOBOM IIOJIE OKPYKAKOIIUX WX JTH-
NIOJIEW PACTBOPUTEISI NOJSAPU3YIOTCS, U BCIEACTBUE CUIBHOIO CMEIlle-
HUS CBS3BIBAIOIIMX JJIEKTPOHOB CBSI3b CTAHOBUTCSA MOHHOU. [Ipoucxo-
JIUT WOHU3AIUSI MOJIEKYJIbI, a 3aTeM JUCCOIMAIMs C 00pa30BaHUEM CBO-
OOJIHBIX MOHOB. [1OATOTOBUTEIBHBIM 3TANIOM 3JEKTPOJIUTUYECKON JTHUC-
COLMALNU ABJIIETCS COJIbBATAllUS BELIECTBA — B3AMMOJICHCTBUE YACTHII
pPacCTBOPUTEIISI C PACTBOPSIOIIEMCS BEIIECTBOM. Eciu pacTBOpUTEIIeM
ABJISIETCA BOJA, IPOLECC COJIbBATALIMM HA3BIBAECTCS TMAPATALMEH.

B pesynbpTare nucconuanuu o0pa3yroTcsi KATUOHBI (ITOJI0KUTEb-
HO 3apsiKEHHBIC MOHBI) U aHUOHBI (OTPHUIATEIILHO 3apsKEHHBIC WOHBI),



CyMMapHbIN 3apsJ KOTOPBIX paBeH HyIr0. Kaxxaplii HOH B BOOZHOM pac-
TBOPE OKPYKEH T'HIAPATHOM 000JIOUKOM, COCTOSIIEH M3 MOJIEKYJ BOIBI,
4TOOBI 1TOKA3aTh €& Hamu4Ke B ypaBHeHue BeoaaT ag: NaCl = Na* (aqg) +
Cl (aq). OxHako mus ynoOCTBAa B YPaBHEHHH BOIY MOXKHO HE YKAa3bl-
BaTh: NaCl = Na" + CI .

CuIIbHBIE JIEKTPOJIUTHI TUCCOLMUPYIOT MOJHOCTHIO U B PacTBOPE
HaxoAsTCA B BUAE MOHOB. [Ipoliecc qucconuanuu CUIbHOTO 3JIEKTPOJIH-
Ta MPUHATO CUUTATH HEOOPATUMBIM.

IHPUMEP 1.

Onpenenure konuentpauuto OH B 0,05 M pactBope Ba(OH),.

PEILIEHUE.

CocrabisieM ypaBHeHue auccoranuu Ba(OH),:

Ba(OH), — Ba®" + 20H .

CorsacHo ypaBHEHUIO PEAKIINH,

u3 1 mosie Ba(OH), o6pasyetcs 2 mosis OH

tornauz 0,05 monb Ba(OH), o6pasyercs x mons OH .
e 0,05 monwb - 2 monw

=0,1monn

1mons

BemecTBa, 1uccolMupyrone HE3HAYUTEIbHO, ABJISIOTCS ClIa0bI-
MH 3JICKTPOJIUTAMU, U B pACTBOPAX B OCHOBHOM ITIPEJICTABIICHBI MOJIEKY-
JJaMH ¥ TOJIBKO YaCTUYHO HOHAMH.

Cwta 3JIeKTpOIUTa, €ro CIOCOOHOCTh PacrajgaThCsi HA UOHBI, MO-
KeT ObITh OXapaKTepU30BaHa NP MOMOIIU CHieneHu ouccoyuayuu (a).
OTa BEJIMYMHA MMOKA3bIBAET OTHOLICHUE MOJIIPHOM KOHUEHTPAUUH MPO-
IUCCOLMUPOBABIINX MOJEKYHI (Cp) K UCXOIHOW MOJSIPHOM KOHLEHTpa-
U pacTBOPEHHBIX MoJeky (Cp).

= (1)

CreneHpb quccoumanuyu MOXKET ObITh BhIpa)KEHA B JIOJSAX WM MPO-
I[EHTaX.

CreneHp AMCCOIMALIMM CUJIBHBIX JJICKTPOJIUTOB MPUHUMAET 3HA-
yeHust ot 100% 1o 33%, npu o < 3% 3JAEKTPONUTHI — c1adble, MPU 3HA-
yeHusx o 0T 3% 110 33% - cpeaHen CuibI.



K CHJIBHBIM 3JE€KTPOJUTaM OTHOCSTCS PACTBOPUMBIE OCHOBAHMS,
KpoMe THAPOKCHIA aMMOHHS, COJH, HEKOTOpPhIC KUCJIOTHI (Hampumep,
HNOg, H,SO,, HCI, HBr, HJ, H,Cr,0O-, HC|O4, HC|O3, KMnO,H,SeO,
U T.1.). CiabbIMU JIEKTPOJIUTAMH SIBJISIOTCS TPYAHO PacTBOPUMBIE OC-
noBaausi, NH,OH, nexotopsie kmcnorel (Hampumep, H,CO,; HNO,,
H,SO,4, H,Si03, H,SO3, H,S, HOCI, HF, HCN u 1.1.). OpTodochopras
kucinota H3PO, sBnsieTcs cpefHUM 1O CTENEHU TUCCOLUAIMH DIIEKTPO-
JTUTOM.

CreneHpb AUCCOLMAIIMYU AJIEKTPOJIUTA 3aBUCUT U OT MIPUPOJIBI pac-
tBOpuTeNsa. OMHO W TOXKE BEIIECTBO B 3aBUCHMOCTH OT PACTBOPHUTEISA
MOXXET OBITh U CHJIBHBIM JJIEKTPOJIMTOM, U CIA0BIM DJICKTPOJIUTOM, H
HeanekTpoauroM. Hanmpumep, HBr B Boe miposiBisieT CBOMCTBA CHITLHO-
ro snekrposnTa, a B 100% yKCyCHOM KUCIIOTE€ CTAHOBUTCS BJIEKTPOJIM-
TOM CJIa0BIM.

B pacTBOpax cnalbIX U CpeIHHUX IO CHJIE DJIECKTPOJUTOB YCTaHAB-
JIMBAETCSI PaBHOBECHE MEKIy 00pa3yrOIUMUCS HOHAMU M HEJUCCOINH-
poBaBIIMMHU MosieKynamu, Hampumep, HNO, < H" + NO,". B Buny
00paTHMOCTH JTUCCONMANMS TaKUX DJICKTPOJIMTOB TOJYMHSICTCS IPHUH-
muny Jle-lllarense. OgHUM H3 CIMOCOOOB TMOBBIIICHUS JTUCCOLUAINH
cmaboro 3JIEKTPOJUTA SBISICTCS pa30aBIICHHE pacTBOpa. Y MEHBIIICHHE
CTENEHU JTUCCOLUAIMN MOKET OBITh BBI3BAHO JOOABICHHUEM B PACTBOP
AIEKTPOJINTA OJTHOUMEHHBIX MOHOB. Tak, mpu J00aBICHUU K PacTBOPY
YKCYCHOM KHCTIOTBI €€ CONiu (HampuMmep, alerata HaTpHs), MOBBIIIAETCS
KOHIICHTpAaIMs aneTat-uoHoB U paBHoBecue mnporecca CH3COOH <«
CH3;COO™ + H' cmemaercs BineBo. YKCycHas KMCIIOTa OyeT HaXOAUTCS
B PacTBOPE MPEUMYIIIECTBEHHO B BUJIE MOJICKYL.

PaBHOBeCHE peakIuy AUCCOIMAIINYU CIIA0BIX JIEKTPOJIUTOB XapaK-
TEPU3YyeTCS KOHCTAHTOW PABHOBECHUS — KOHCHIAHMIOU OUCCOUUAUUU
(Ky):

_[H+]'[Noz_] )
“ [HNO,] 2)
rae [H'], [NO, ] — paBHOBECHBIC KOHIIEHTPAILIMK HOHOB, MOJIB/JI;
[HNO,] — paBHOBeCHast KOHIIEHTpAIUS HEIUCCOIMUPOBABIINX MO-
JIEKYJI, MOJIB/JI.
DJEKTPONNT CUATAETCS CUIIbHBIM, eci K> 10




3HaueHWe KOHCTAHTHI JUCCOITMAIIMKN HE 3aBUCUT OT KOHIICHTPAIIUU
AJICKTPOJINTA, & 3aBUCUT OT €r0 MPHUPOJILI U TemIepaTypbl. KOHCTaHTHI
JTUCCOLMAITMNA HEKOTOPBIX CJIAOBIX JJIEKTPOJIUTOB IMPUBEACHBI B MPUIIO-
YKEHHH.

Takum 00pa3zoM, ITUCCOMMUPYIOIIAsS CIOCOOHOCTh CIaboro AjeK-
TPOJINTA OINKCHIBACTCS JBYMS BCIMYMHAMM — CTEIICHBIO W KOHCTAHTOM
ayucconmanuu. J[Be 3T XapaKTEpHUCTHUKHU CBSI3aHBI 3aKOHOM paszbOaBiie-
HUsl, ycTaHOBJIEHHBIM B. OctBanbaom (1888r.): cmenens ouccoyuayuu
C1ab020 ANEeKMPOIUMA YEeNUHUBACCS NPU pa30asieHuUu pacmeopa 0o-
PAMHO NPONOPYUOHATLHO KOPHIO KBAOPAMHOMY U3 €20 MOJSAPHOU KOH-
yeHmpayuu.

2

K="= o (3)

l1-o

rae Cy — MoJIsipHasi KOHIIEHTpaIUs pacTBOpa.
Ecmu o < 0,01, To s pacy€ToB MOXKHO MCIIOJIb30BaTh MPUOJIH-

oo 2
*&HnHoe cootHomenne K,=a"-C;. (4)

IHPUMEP 2.
Onpenenure koHueHTpanuo noHoB OH B 0,01 M pactBope ruma-
pokcuna ammonus (K (NH,OH) = 1,77:107).

PEILIEHUE.
Pemienne 1. Mcnonp3ys 3akoH pa30aBieHUs, HAXOJHWM CTEIICHb
nucconmanmu NH,OH.

f [ -5
177- 10 LY 0,042

HaXOI[I/IM KOHIOCHTPAIHUIO JUCCOMNHUPOBABIINX YACTHII.

a:C—ﬂ; C,=a-Cy: C, =4,2-10" momw/ 1.
0

CornacHo ypaBHenuto peakuun C (OH ) =Cy = 4,210 momb/m.
Pemenune 2. Konuenrtpanuto noHoB OH Takke MOXXHO BBIUMC-

JIUTh, NONBL3YsACh cooTHomeruem C(OH™) =K, -C, (5);
C(OH )=+177-10°-10° =4,2-10™ mom/ 1.

B cinyyae Hanuuusi B MOJIEKYJie BYX WM Oojiee CBsI3€il, KOTOpbIE
MOHMU3UPYIOTCS ¢ MOCJIEAYIONIEH THUCCOIUAIMEeN, polecc pacnajga Ha



HOHBI IPOTCKACT CTYIICHYATO U JIA K&)I(,Z[Oﬁ CTYIICHHN OIIPCACIIACTCA
SHAYCHHUC KOHCTAHTBI AUCCOIUAIINN, HAIIPHUMCD,

|. H,CO; «» H" + HCO;, Ky =4510";

Il. HCO; «> H* + CO5™, K, =4810"
umt | Pb(OH), <> PbOH" + OH™, K =9,5510""

Il. PbOH" <> Pb** + OH", K, =3,0107%

IIpn 3TOM KOHCTaHTa IUCCOLUMALMHU ISl KaXJIOW IMOCIEIYIOUIEN
CTaJINM BCErJa MEHBIIIE, YEM IS TPEBIYIIEH, T.K. YBEJIUUYCHHE 3apsi/ia
JOVCCOLMUAPYIONIEN YaCTHULIbI 3aTPYAHSAET BBIXOJ M3 HEE MOHA C MPOTH-
BOIIOJIOKHBIM 3apPSIJIOM.

CuipHBIE MHOTOOCHOBHBIE KHCJIOTBI U MHOTOKHUCIIOTHBIE IIETOYHN
JTUCCOLMUPYIOT 10 | CTymeHn Kak CHIIbHBIE AJIEKTpOiauThl, a 1o Il cry-
IIEHU — KAK BJIEKTPOJIUTHI CPETHEN CHJIBI.

PEAKIITUH HOHHOI'O OBMEHA

Hanuuue 3apsnoB Ha yacTuilax BellecTBa (MOHAX) MPUIAIOT UM
BBICOKYIO0 XMMUYECKYI0 aKTUBHOCTbh. [Ipy cmenmmBaHuu pacTBOpOB pas-
JIUYHBIX DJICKTPOJIMTOB HAXOSAIIMECS B HUX MOHBI MPOTUBOMOJIOKHOTO
3apsiia MOTYT acCCOLMUPOBATH B MOJIEKYJIbI, KOMIUIEKCHI UM KPUCTAILIIBI
HOBOTO BelllecTBa. Peakinu, 3akitoyaronecs B 0OMeHE HOHAMU MEXTY
Pa3IMYHBIMU DJIEKTPOJIUTAMU, HA3bIBAIOTCS PEaAKUUAMU UOHHO20 00-
MeHa, HaTlpuMep,

FeCl; + 3BKOH = Fe(OH); + 3KCI  wum  HCI + NaOH = NaCl +
H,O0.

OTauYuTENbHOW YepTOM OOMEHHBIX PEaKIUU ABISETCS COXpaHe-
HUE JJIEMEHTAMHM BCEX BEIIECTB CTEIECHEW OKHUCICHUS. JTH PEaAKIUU
IIPOTEKAIOT C BBICOKUMH CKOPOCTSIMU.

[Ipy OOMEHHBIX B3aMMOJACHCTBUSX B PACTBOpPaX 3JIEKTPOJUTOB
PaBHOBECHE CMEIIIAECTCSI B CTOPOHY 00pa30BaHUs TPYAHO PACTBOPUMBIX,
ra3zo00pa3HbIX WM MaJOJUCCOIMUPYIONINX BEIIECTB. Takue peakiuu
MIPOTEKAIOT MPAKTUYECKHU 10 KOHIIA.

B tex ciyuasix, korza ciadble IEKTPOJIUTHI (I MalopacTBOPH-
MBbIE BEIIECTBA) UMEIOTCSA KaK CPe/Id MCXOJHBIX BELIECTB, TAK U CPEIH
IPOJIYKTOB PEAKIIMU, PABHOBECUE PEAKIIMN CMEIAETCA B CTOPOHY 00pa-
30BaHUsI HAUMEHEE JUCCOIMUPOBAHHBIX (PACTBOPUMBIX) BEIIECTB.
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Tak, mpu B3aumoperictBuu cinaboit kuciaorel CH3;COOH u cuiib-
Horo ocHoBanusa KOH: CH3;COOH + KOH = CH3COOK + H,O - B pe-
aKIMKM Y4acTBYIOT JBa ciadbbix anekrposura - CH3COOH u H,0. Ilpu
TOM PAaBHOBECHUE OKA3bIBACTCSl CUJIBHO CMEILIEHHBIM B CTOPOHY 00pa3o-
BaHMs OoJiee c1aboro ANMEKTPOJIUTA — BOJIbI, KOHCTAHTA TUCCOLIMAIIIY €€
(1,810°) 3HauMTENBHO MEHbBIIE KOHCTAHTBHI AMUCCOLMALHU YKCYCHOI
kucnoTs! (1,8107°). OxHaKo 10 KOHIIA Takas peakIus IPOTeKaTh He OY-
JIET.

CylurHOCTh POTEKAIOIIUX MPOIECCOB HAaOO0IEE TTOJHO BhIPAXKALCT-
Csl TIPU 3aMUCH UX B JOpME HOHHO-MOJICKYJISIPHBIX YpaBHEHUM. B Takux
ypaBHEHHUAX CJIa0bIe SJEKTPOIUTHI, MAJIO PACTBOPUMBIE COCAUHEHUS U
ra3pl 3allMCHIBAIOTCS B MOJIEKYJIAPHOU (opme, a HaxoHsIIuecs B pac-
TBOPE CHJIbHBIE JIEKTPOJIUTHI — B BUJE COCTABIAIONIUX UX MOHOB. Pa3-
JUYAIOT TOJHOE M COKpaIIEHHOE MOHHO-MOJICKYJIsIpHbIE ypaBHEeHUs. B
NEPBOM YKa3aHbl MOHBI M MOJIEKYJbl BCEX YYaCTBYIOUIUX B PEAKLIHUU
BEIIIECTB, BO BTOPOM YaCTHIIbI, 00pa3yIolue ¢j1ado JAUCCOIUUPYIOIIEE
BelllecTBO. Hampumep, peakuusi HEUTpalM3alM CUJIBHOW KHUCIOTHI
cunbHbIM ocHoBanueM HCI + NaOH = NaCl + H,O BripakaeTcst coOT-
sercTByrommmu nonasiM H + CI™+Na™ + OH = Na™ + CI™ + H,0. Co-
KpaTuB U3 Hero GopMysibl OJWHAKOBBIX MOHOB, MOJy4yaeM COKpaIIEH-
HOE HOHHO-MOJIEKYJIsipHOe ypasHenue: H' + OH™ = H,0.

[Ipu cocTaBieHHMM HWOHHO-MOJIEKYJISPHBIX YpPaBHEHUU CIEAyeT
YUYUTHIBATh, YTO TPYAHO PACTBOPUMBIMHU BEILIECTBAMH U CIAOBIMU DIICK-
TPOJIMTAMU MOTYT OBITh KaK MPOAYKTHI pEaKIINK, TaK U PEarcHTHI.

IHPUMEP 3

CocraBbTe ypaBHEHHS peaKIUi (B MOJICKYJSSPHOW W HMOHHO-
MOJICKYJISIpHOU (popMax), MPOUCXOAAIINX B paCTBOPAX MEXKIY BEIIECT-
BaMH:

a) CaCO3; u HCI;

6) NaNO, u H,SOy,;

B) BaC|2 154 KZSO4.

OOBsICHUTE IS KOKAOTO Ciaydasi, 00pa3oBaHHE KaKOTO BEIeCTBA
00yCJIOBJIMBAET MPOTEKAHNE PEAKIIHH.

PEIHIEHMUE.
CocraBisieM ypaBHEHUS PEAKIIUM B MOJIEKYJISIpHON (popMme.
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a) CaC03 + 2HCI = CaC|2 + H,0 + COZT,

0) 2NaNO, + H,SO, = Na,SO,4 + 2HNO;;

B) BaC|2 + K,SO, = BaSO4l + 2KCl.

IIpu cocraBieHMH ypaBHEHUW B HMOHHO-MOJIEKYJISIPHOW ITOJIHOU
dbopme cremyeT MpUIEpPKUBATHCS TMPaBUJIA: CHIbHBIE M PACTBOPHUMBIC
AIIEKTPOJIUTHI YKA3bIBAIOT B BUJIE HOHOB — MPOJYKTOB UX JUCCOILUAIINH,
a ra3000pa3Hble, TPYJHO PACTBOPUMBIE BEIIECTBA, CIA0bIe JIEKTPOIIU-
Tl - B MojekyJsipHoi (opme. Ilocine dero, cokpatuB U3 ypaBHEHUS
GbopMynibl  OJMHAKOBBIX HOHOB, IOJYyYaeM COKpAIIEHHOE HWOHHO-
MOJIEKYJISIPHOE YpaBHEHHUE.

YuuTeiBas TpyJIHO PacCTBOPUMBIE, ra3000pa3HbIE WM MaJOJAUCCO-
nuupyromux Bemiectsa (CO, — raz, H,O, HNO, — cnalbie 21eKTpoauThI,
BaSO,; — TpynHO pacTBOpUMOE COEIMHEHHE) B PEAKIIMAX, COCTABIISIEM
YpaBHEHUSI PEAKIIUM B TIOJTHOM M COKPAIIEHHOW MOHHO-MOJEKYJISIPHBIX
dopmax.

a) Ca’* + CO5*” + 2H" + 2CI” = Ca** + 2CI” + H,0 + CO,?t

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

6) 2Na* + 2NO, + 2H" + SO, = 2Na" + SO,* + 2HNO,

2H+ + ZNOZ_ = 2HN02HHH H+ + NOZ_ = HNOZ

B) Ba’* + 2Cl~ + 2K* + SO,*~ = BaSO,| + 2K* + 2CI~

Ba’* + SO, = BaS0,|

[IpoTekanue NMpUBEAEHHBIX PEAKIMI MPAKTUUECKU 10 KOHIIA 00Y-
CJIOBJICHO oOpa3zoBaHHeM TpyaHo pactBopumoro (BaSQO,), razoobpas-
Horo (CO,), manoaucconuupyronmx Bemects (H,O, HNO,).

IIPUMEP 4

CocrtaBbTe MOJICKYJBIPHBIC YPABHCHUA peaKHI/IfI, KOTOPbIM COOT-
BCTCTBYIOT CIICAYIOIINC NOHHO-MOJICKYJIIPHBIC YPABHCHUA.

a) Mg”* + CO3>” = MgCO;;

6) Cu** + H,S = CuS| + 2H".

PEHIEHUE

Jl1st cocTaBneHus ypaBHEHUSI pEeaKIMM MOHHOIO0 oOMeHa B MoJie-
KyJISIpHOM (popMe HEOOXOAMMO KaXJAOMY MOHY U3 COKpPAIIEHHOTO MOH-
HO-MOJIEKYJISIPHOTO YpaBHEHHUS MOJ00paTh MPOTHUBOIOJIOXKHBINA 1O 3HA-
Ky HMOH, C KOTOPBIM OH COCTaBJIsiI Obl CHJIBHBIA M PACTBOPUMBINA 3JICK-
TPOJIHT.
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[IpyBeAEHHBIM MOHHO-MOJEKYISPHBIM YPABHEHUSAM MOIYT COOT-
BETCTBOBATH CJIEAYIONIME MOJIEKYIAPHbIE YPABHEHHS:
a) Mg(N03)2 + Na,CO; = MgCO;g,L + 2NaNOzunu
MgCl, + K,COs = MgCOs) + 2KCl
6) CuSO, + H,S = CUSl + H,SO, mim
CU(N03)2 +H,S= CUSl + 2HNO;

HOHHOE IIPOU3BEJEHHE BOJbL. BOJOPOTHBIN
ITOKA3ATEJTh CPEJbI

TiatenpbHO OYHMIIEHHAs] OT MOCTOPOHHMX IIpUMecel Boaa obJiaa-
€T HE3HAUYUTEIIbHOMN JIEKTPUUECKOW MTPOBOJUMOCTBIO. ITO MOXKET OBITh
00BSICHEHO TEM, 9TO MOJICKYJIbI BOJAblI HaACTUYHO PACIIAJal0OTCA HA MOHDI,
T.€. HyO sBisiercst cnabbiM anektponauToM. [Iporecc aucconuam Bo-
AbI IIPOTCKACT COIJIACHO CHCI[YIOHIGﬁ CXCMBbI

2H20 > H30+ + OH
HJIK YIIPOIICHHO
H,0 & H" + OH’

CocTtaBum KOHCTAHTY AucCconuanu BOJAbI, IPUMCHAA 3aKOH JeH-
CTBYIOIIUX MacC:

, = (] [0H] (6)
[H0]

rine Ky — KoHcTaHTa quCCoIraIim.

[TockoIbKYy Ha HOHBI JUCCOLIMHMPYET HEOOJbINAs YacTh MOJICKYII
BOZIBI (pacmazaercs Juib oxHa u3 npuMepHo 10° Momexyi), To ee koH-
IICHTPAIIMI0 MOXHO CYHMTAaTh HEU3MEHHOW M MOCTOSHHOW. OOo03Hauas
Ky [H.O] gepes K, momyuaem:

K = [H'][OHT], (7)

rae Kg — moHHOE mpou3BEIeHUE BOIBL.

Honnoe npoussedeHue 800bl noKkaszvigaem, uemy pasHoO NPOU3Be-
OeHlue KOHYEeHMpayull UOHO8 8000P0OA U SUOPOKCUO-UOHOB 8 BOOe.

3nauenune Ky 3aBUCUT TOJIBKO OT TEeMIEPaTyphl. Y CTAHOBIIEHO, YTO
pH 22°C nonnoe IIPOU3BEICHUE BOIbI KB:1O'14.

Tak Kak B COOTBETCTBUH C YPABHEHUEM JIUCCOIMAIIMN KOHIIEHTpa-
i noHoB H™ 1 OH™ B Bosie 0/TMHAKOBEL, TO MX MOYKHO OIPEIEIUTh
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[H]=[OH] = \/E =107 moub/m.

B cooTBeTrcTBUM C TEOpHUEH DIIEKTPOJUTHYECKOM TUCCOLIMALINU
noubl H' SBISAIOTCS HOCUTENSIMHU KUCIOTHBIX CBOWCTB, a noHbl OH ™ - HO-
CUTEJISIMUA OCHOBHBIX CBOMCTB. [loaTOMY, pacTBOp OyAeT HEUTpPaIbHbIM,
korna Cyy = Cop- = 107 monb/it; kucnorabM, kKorna Cy, > Cop- > 107
MOJIb/11, 1 ocHOBHBIM, Korna Cy. < Cop- < 107 Mosb/i1.

Ilpu uzmenenuu Kuciomuocmu pacmeopa UOHHOE NPOU3BeOeHUE
800bl OCMAEMCs NOCMOSAHHbIM. NPU NOOKUCTIEHUU PACMBEOPA NOBbLULA-
emcsi KOHYeHmpayusi UOHO8 8000p00d, HO B0 CHMOJILKO Jice pa3 YMeHb-
uwaemcs KOHYeHmpayusi 2UOPOKCUN-UOHO8, NPU NOOWENAYUBAHUU DAC-
meopa 8o3pacmaem KOHUEHMPAyus 2UOPOKCUNbHBIX UOHO8, HO COOM-
BEMCMBEHHO YMEHbUAEMC S KOHYEHMPAYUsi UOHO8 8000P0Id.

3Has KOHILIEHTPAIMIO MOHOB BOJOPOJA, JIEFKO HAWTH KOHLIEHTpa-
IIAIO THJPOKCHUI-UOHOB, U HA00OPOT.

IHPUMEP 5. OnpenenuTs KOHLEHTPAIMIO HOHOB BOJOPO/IA, €CIU
KOHIIEHTpAIUs TUAPOKCHI-MOHOB PaBHA 10 moub/i.

PEIIEHUE. Vcnons3ysa gpopmyny (7), umeem [H'] = Kg / [OHT].
[H]=10"/10° = 10®° monb/x.

OnepupoBaTh 4YMCIaMU C OTPULATEIbHBIM MMOKA3aTEIEM CTEIICHU
HEyJ00HO, TTOATOMY BBEJICHa 0c00as eIuHUIlA U3MEPECHUST KOHIICHTpa-
IMA MOHOB BOJIOpPOJA, Ha3blBacMasi BOJOPOJHBIM IOKa3aTesieM U 000-
3Hayaemas pH.

Booopoonvim noxasamenem pH nasvieaemcsi ompuyamenbHbiil
0eCAMUYHbBLU 102apUuhM KOHYEHMpPayuu UOHO8 8000POOA 8 pacmeope.

pH=-1g [H'] (8)

Bonopoansiil mokazarenb onpeesseT XapakTep peakiuu pacTBO-
pa. Ilpu 22°C B HeuTpanbHoU cpene pH = 7, B kucio cpene pH <7 u B
menouHou cpene pH > 7.

AHanocuuno ompuyamenvHoulll OeCAMUYHBIU 102APUPGM KOHYEH-
mpayuu 2uOpOKCUO-UOHO8 HA3bI8AEMCsl SUOPOKCUTbHBIM NOKA3amesiem
u oboznauaemcs pOH.

pOH = - Ig [OH'] (9)

[Tpu 22°C B HewTpansHou cpene pOH = 7, B kucinou cpege pOH >

7 n B menouyHou cpeae pOH < 7.
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W3 BpIlIE CKa3aHHOTO CIIEIYET, UTO C YBEIMYEHUEM KUCIOTHOCTH
pactBopa 3HaueHue pH ymenbiiaercs, 3nauenue pOH Bo3pacraer, a ux
cyMMa Bcernaa paBHa 14.

pH + pOH = 14 (10)

3unas pH cpensi, MoxHO Jerko paccuntath pOH cpenbl, u Ha060-
pOT.

IHHPUMEP 6.Paccuntare pH pacTBOpa u onmpeAenuTb XapakTep
cpenbl, eciiu pOH = 8.

PEIHIEHUE. Ucnonszys dopmyny (10), momygaem pH = 14 —
pOH,pH =14 - 8 = 6.
Tak kak pH < 7, cnemoBareiabHO, pACTBOP UMEET KUCIYIO CPELY.

IHPUMEP 7. Paccumraitte pH 0,01 M pacrBopa NH;OHmnpu
25°C.

PEHIEHME. I'unpokcua aMMOHMS — CJa0bIH 3JIEKTPOIUT U JIUC-
couuupyet ooparumo: NH,OH < NH," + OH".
3nauenue K; Haxonuwm B npuinoxennn; Ky (NH4,OH) = 1,810,
PaBHOBecHY10 KOoHIIeHTpauuo noHOB OH™ Haxonum u3 Gopmyiisl (4)
[OH] = (K, -C, = J18-10°.107 = 4,24-10™ monb/11.
ITo popmyne (9) onpenensieM rTMAPOKCUIBHBIN MOKA3aTEIb
pOH =-Ig [OH] = - Ig [4,24-10%] = 3,37.
Wcnonb3ys popmyiy (10), onmpenenmmm pH pactBopa:
pH=14-pOH = 14 - 3,37 = 10,63.

Bonopoanbiii mokaszareib UMEET BaXXHOE 3HAYEHHWE ISl TOHUMA-
HUs OOJIBIIMHCTBA MPOLIECCOB, MPOTEKAIOIINX B KUAKOW (pa3e, Tak Kak
ronsl H" 1 OH™ HemocpeCcTBEHHO y9acTBYIOT BO MHOTHX U3 3THX IIPO-
neccoB. Kpome TOro, 3Tu MOHBI SBJISIIOTCS TOMOI€HHBIMHM KaTajlu3aTo-
paMu MHOTHX peakuui. Bennunna pH MOXET ClyKUTb KPUTEPUEM CH-
JbI KUCJIOTHI M OCHOBaHUSA. B psay kucior Oonee cHibHOU OyAeT Ta, y
KOTOPOW MpPH OJAWHAKOBOM MOJSPHOW KOHLIEHTPALMM KOHLEHTpALUs
MOHOB Bojopoaa Boliie (pH Huxe). s ocHOBaHMM OA00HAs 3aBUCH-
MOCTh MMeEeT 0OpaTHBIN XapakTep.

C onpeneneHneM KHUCIOTHOCTH CPEAbl PUXOINUTCS UMETh JEI0 Ha
XUMUYECKUX MPEANPUATUAX U B XUMUUECKUX JIA0OPaTOpUSX; B KOHU-
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TEPCKOM H XJjeOomekapHoM mpou3BojicTBe. CyIeCTBEHHO BJIMSHHE Ha
YPOKaMHOCTh OKa3biBacT pH 1o4uBbl, HA 3KOJIOTUIO Bogoema — pH BOJIBI.

Cnocoowl onpeoenenus pH cpeowt

XumnyeckuMm nyrem pH pactBopa MOXHO ONPENECIIUTH IIPU I10-
MOIIX KHACIIOTHO-OCHOBHBIX HHAUKATOPOB.

Kucnomno-ocnosnvie unoukamopvl — opeanuyeckue eeujecmsad,
OKPACKa KOMOPBIX 3a8UCUM OM KUCIOMHOCIU CPEObL.

Hanbonee pacnpocTpaHEHHBIMU HWHIUKATOpPaMU SIBJISIIOTCS JIaK-
MYC, METUJIOBBIN OpaHkeBbIH, PpeHondranenn. JIakMyc B KUCIIOM cpefe
OKpaIllMBaeTCsS B KpPacHBIN IBET, B IIEJ04YHON — B cuHuil. denondrane-
WH B KACIION Cpefe - OCCIIBETHBIM, B MIETOYHON OKpAIIMBACTCS B Maju-
HOBBIN IBET. METWIIOBBIA OPAHKEBBIM B KUCJION CPENE OKPAIIMBAETCS B
KPaCHBIN 1IBET, & B IIEJIOYHOMN — B KEJTHIMU.

B nmaGopaTopHOil mpakTHKE YacTO CMEIIMBAIOT PsiJi MHIUKATOPOB,
no00paHHBIX TaKUM 00pa3oM, YTOOBI IIBET CMECU MU3MEHSJICS B IIHPO-
kux npexaenax 3HadeHud pH. C ux momoiiso MOXHO onpeaenuts pH
pacTBOpa ¢ TOYHOCTBIO 10 €AWHUIBI. JOTHU CMECH HAa3bIBAKOT YHUBED-
CAIbHLIMU UHOUKAMOPAMU.

Nwmerotes crienuaibHble pruOopel — pH—MeTphl, ¢ MOMOIIBIO KO-
TOPBIX MOXHO omnpeaenuTs pH pactBopoB B nuanazone ot 0 go 14 c
TOYHOCTBIO 10 0,01 enquamnub! pH.

THIPOJIH3 COJIEH

[Ipu pacTBOpEHUHM HEKOTOPBIX COJIEW B BOJIE HAPYIIACTCA PaBHO-
BECHE ITIpollecCa AUCCOLUMALAN BOJABI M, COOTBETCTBEHHO, U3MEHSETCA
pH cpenbl. 3T0 0OBSCHSIETCS TEM, YTO COJIM PEarupyroT C BOJOM.

T'uoponus coneit — xumMu4ecKkoe 0OMEHHOE B3aMMOJCHCTBUE HO-
HOB PacTBOPEHHOM COJIM C BOJOM, IPUBOJsIEE K 0Opa30BaHUIO CIado-
JTUCCOLMMUPYIONINX MPOIYKTOB (MOJIEKYJ CIa0bIX KHUCIOT WJIM OCHOBa-
HUM, aHHOHOB KHCJIBIX COJIEW MJIM KATHOHOB OCHOBHBIX COJICH) 1 COMpPO-
BOK1aroleecs namMeHenueM pH cpenpl.

PaccMmoTtpum mpouiecc ruiposin3a B 3aBUCUMOCTH OT TTPUPOIBI OC-
HOBaHHUI U KUCJIOT, 00Pa3yIOIINX COJIb.
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Coau, o6pazosannvle CUIbHLIMU KUCIOMAMU U CUTTbHBIMU OC-
nosanuamu(NaCl, KNO3, Na,SO,4 u op.).

JloniycTUM, 4TO NpW B3aUMOJCUCTBUHM XJIOPHJA HATPUA C BOJOU
MIPOMCXOJIUT PeaKlus THApojn3a ¢ o0pa3oBaHUEM KHUCJIOThI U OCHOBa-
HUSL:

NaCl + H,0O < NaOH + HCI

JI1s1 TpaBUIILHOTO MPEACTABJICHUS O XapaKTepe 3TOr0 B3auMO/ICi-
CTBMS 3alMIIEM YpaBHEHHE pEaKIMd B MOHHOM BHJIC, YUYUTHIBAs, YTO
€IMHCTBEHHBIM CJIa00IMCCOIUUPYIONIUM COSTUHECHUEM B ITOM CHCTEME
seisercs Boga:Na* + CI'+ HOH —« Na*+ OH + H" + CI’

IIpu coxpameHn OAMHAKOBBIX UOHOB B JIEBOW U IIPABOU YaCTAX
YpaBHEHUSI OCTAETCS] YPaBHEHUE TUCCOIUALIUM BOJbI:

H,0 <& H"+ OH’

Kak BHIHO, B pacTBOpe HeT M30bITouHbXx MoHoB H mmu OH™ no
CpPaBHEHHMIO C UX cojepkaHHeM B Boje. KpoMe TOro, HUKakux APYrux
C1a00IUCCOIUUPYIOIIUX UIU TPYJIHOPACTBOPUMBIX COCTUHEHUN HE 00-
pazyercs. OTcro/1a 1eJ1aeM BBIBOJI, YTO COJIU, 00PA306AHHbBIE CUTbHBIMU
KUCIOMAamMu U OCHOBAHUAMU 2UOPOIU3Y HE NO06EeP2AIOMCA, 4 PeaK-
Uus pacmeopos IMux coJjiell makasa yiee, KaK u 6 600e, HeuUmpaibHas
(pH=7).

IIpn cocTaBjIeHHU HMOHHO—MOJIEKYIISIPHBIX YPAaBHECHUM pEaKIUi
THAPOJIN3a HEOOXOIUMO:

1) 3anucaTh YpaBHESHUE JIMCCOIIMAIINHI COJIN,

2) opeaeiuTh NPUPOY KATHOHA M aHWOHA (HAWTH KaTHOH cJIadoro oc-
HOBAHMS WM aHUOH c1a00il KUCIIOTEI);

3) 3anmMcaTh MOHHO-MOJIEKYJISIDHOE YPaBHEHHE PEAKIIMH, VUUTBIBAs, YTO
BOJIA - CJIAOBII DJIEKTPOINUT- M UTO CYMMA 3aps 0B JIOJKHA OBITh OJMHA-
KOBOU B 00€HUX YacTIX YpaBHCHUSI.

Conu, obpazosannvie c1a00l KUCIOMOU U CUTbHBIM
ocnosanuem(Na,CO3, K,S, CH;COONaudp.)
PaccmoTpum peaknuio Tuaposin3a aieraTta HaTpus. OTa COJb B
pactBope pacnanaercsa Ha nonel: CH;COONa «» CH;COO™ + Na™;
Na" -katioH cunbHoro ocHoanusi, CH;COO - aHnoH ci1a60ii KUCIOTHI.
Karrons! Na* He MOryT CBA3BIBaTH MOHBI BOJBI, Tak kKak NaOH —
CUJILHOE OCHOBAHME - MOJHOCTHIO paclajaeTcsl Ha UOHbI. AHUOHBI Clla-
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oot ykcycHou kucioTel CH3;COQ™ cBs3pIBaIOT HOHBI BOJAOPOJA ¢ 0Opa-
30BAHUEM MaJIOAMCCOLMUPOBAHHON YKCYCHOU KUCIIOTHI:
CH;COO" + HOH <> CH3;COOH + OH

Bunno, uto B pesynbrate ruaponuza CH3;COONa B pactBope 00-
pazoBalicsi U30BITOK THIPOKCUI-MOHOB, U PEAKIUs CPEJIbl CTaja MIeI0Y-
Hout (pH > 7).

Takum 06pazoM MOKHO CJ€IaTh BBIBOJ, YTO COU, 0OpaA306anHble
CAabou KUCIOMOU U CUTbHBIM OCHOBAHUEM 2UOPOIUYVIOMCA NO
anuony (An"™). Ilpu smom anuonvt conu ceaszviearom uonvt H', a ¢
pacmeope nakanausaiomca uonvt OH, umo odycnagiueaem uienou-
Hy1o cpeoy (pH>7):

An" + HOH « Han™Y" + OH", (mpu n=1 o6pasyercs HAN — crabas
KHCJI0Ta).

['unponus comei, oOpa30BaHHBIX ABYX- M TPEXOCHOBHBIMH Clia-
OBIMM KUCJIOTAMH ¥ CUJILHBIMA OCHOBAHUSIMU, TPOTEKAET CTYIIEHYATO

Paccmotpum rumponus cynbbuga kamusa. K,S auccomuupyer B
pacTBope:

K,S < 2K + S%;
K" - KaTHOH CHIIBHOTO OCHOBaHHS, S° - aHHOH CI1a60H KHCIOTHL.

KaTnoHnsl xanusi He TPUHUMAIOT Y4YacTUsI B PEAKIMU TUAPOJIN3a,
B3aMMOJICUCTBYIOT C BOJIOM TOJIBKO aHUOHBI CIa0O0M CEpPOBOIOPOTHOMU
KUCJIOTHI. B m1aHHOW peakiuu Mo MepBOM CTYNEHU MPOUCXOIUT 00pa3o-
BaHHE CIA00AUCCOIMUPYIOMMX HOHOB HS', o BTOpO# cTyneHu — oopa-
30BaHME CIa00H KUCIOTEI H)S:

1-s crynenb: S° + HOH « HS + OH’;
2-s1 crynenb: HS + HOH < H,S + OH".

OO6pa3yromuecs 1o mepBou cTyneHu Tuapoan3a nonsl OH™ 3Hauu-
TEJIbHO CHUXAIOT BEPOSITHOCTh TMIPOJIU3a IO CIEAyIoNIeil cTyreHu. B
pe3yJibTaTe MPaKTUYECKOEe 3HAYEHHWE OOBIYHO MMEET MPOLeCC, UIYIIUi
TOJILKO TIO MEPBOM CTYNEHHU, KOTOPHIM, KaK MPaBUJIO, U OTPAHUYUBAIOT-
Cs TIpY OIIEHKE THUAPOJIN3a COJIeH B OOBIYHBIX YCIOBHUSIX.

COJlu, 05pa308aHHble CUTIbHOU KUCIOMOU U C1A0bIM OCHOBAHUEM
(FeC|3, A|2(804)3, NH4C| udp)
PaccMOTpUM peakIMIo THAPONIN3a XJIOPHIAa aMMOHHMSA. JTa COJb B
PacTBOpE AUCCOLIMUPYET HA HOHBL
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NH4C| > NH4+ + CI;
Cl" - aunon cunpHO# kuciaoTsl, NH," - kaTnoH c1a6oro ocHOBaHHS.

XIOpUA-UOHBI HE MPUHUMAIOT YYaCTHs B PEAKLIMHU TUAPOJIN3A, TaK
KaK HE MOT'YT CBSI3bIBaTh MOHBI BOJAOPO/IA: COJISIHASI KUCIIOTA - CHIIbHBIN
aneKkTposuT. C BOJOW B3aMMOAEHUCTBYIOT TOJIBKO MOHBI AMMOHUS, IPH
TOM 00pa3yeTcsi MAJIOJUCCOLMUPYIOIIEE OCHOBAaHUE — THUAPOKCHU]T aM-
MOHHUSL:

NH4+ + HOH <~ NH4OH + H+

B pactBope 00pasyercs u3bbTok nonos H' u cpena cranosurcs
kucioi (pH< 7).

Takum oOpaszom, coqu, odpazoeannvie CUNBLHOU KUCTOMOU U
cnadbvim ocnosanuem zudpoausyiomesa no kamuony (Kat"™). Ipu
IMOM Kamuonwl conu ceazviearom uonvt OH , a ¢ pacmeope nakan-
nuealomcsa uonwvt H', umo obycnasnueaem xucnyio cpedy pacmeopa
(pH<7):Kat"™ + HOH « KatOH™Y* + H*, (mpu n=1 o6pasyercst Ka-
tOH — c1aboe ocHOBaHueE).

I'maponus coseil, 00pa30BaHHBIX CIA0BIMU JBYX- U TPEXKHUCIOT-
HBIMU OCHOBAHUSMH M CUJILHBIMU KHUCIIOTAMU MPOTEKAET CTYIIEHYATO.

Hanpumep, paccmorpum rugponu3 xsopuaa xenesa (l11). B pac-
TBOpE dTa COJIb PACIIaIa€TCsl Ha UOHBI:

FeCl; < Fe** + 3CI;
Fe3* - katuon cnaboro ocuoBanms, Cl™ - aHHOH CHITBHOM KHCIIOTHI.

Tak Kak MOHBI XJIOpA B PEAKLIUH THAPOIU3a HE YUaCTBYIOT, MIOHHO-
MOJIEKYJIIpHOE ypaBHEHHE Tuapoiu3a xjopuaa sxenesa (11l) mo mepsoi
CTYIE€HU UMEET BU/I

Fe*" + HOH < FeOH*" + H',
a 10 BTOPOU —
FeOH*" + HOH « Fe(OH)," + H*.
Tpetbs cTagus — peaknus MOJTHOTO TUApoau3a ximopuaa xemesa (1) —
MPOTEKAET TOJBKO MPU KUIISTYSHUH pacTBOpA:

FE(OH)2+ + HOH <« Fe(OH)gl + H+.

Coau, obpazosannsie c1a00ll KUCIOMOU U C1ADBIM OCHOBAHUEM
(CH3COONH4, (N H4)2CO3, A|283 udp)
Paccmotpum atoT ciiyuait Ha npumepe conmu CH3COONH,, B pac-
TBOpPE KOTOPOU KaXJbIil U3 HOHOB MOABEPraeTCs TUIPOIU3Y:
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CH3COONH4 > NH4+ + CH3COO-
NH4+ + HOH < NH4OH + H+I/I
CH;COO™ + HOH« CH3;COOH + OH"

Oba npouecca ycunuearom oOpyz opyza 3a cuem HPAKMUYECKU
Heodpamumozo ceéasvieanusn uonos H' u OH (H + OH — H,0); 00-
HOBPEMEHHO npomeKaem SUOpPoaU3 U nO KAMuUOHy, U N0 AHUOHY:

NH4+ + CH3COO- + HOH & NH4OH + CH3COOH

Eciii KOHCTaHTBI AUCCOIMAIIMY OCHOBAHUS W KHUCJIOTHI OJHM3KHU 110
3HAYCHUIO, TO PEAKIMs PACTBOPA OCTACTCSA MPAKTUUYCCKH HEHTPAILHOM,
€CJIM K€ OHHM Pa3IMYAIOTCS Ha HECKOJBLKO MOPSJIKOB, TO CPEAa MOMKET
OBITH CIA00KHCIION MJIM CIA0OIICIOYHON — B 3aBUCMMOCTH OT CHJIbI KH-
CJIOTHI 1 OCHOBAHHSL.

s onpenenenust peakuuu cpeabl comu CH3;COONH, naiinem B
NPWIOKEHWW 3HAYCHHUS] KOHCTAHT JUCCOITMAIIMA COOTBETCTBYIOITUX
cmaboro ocHoBaHms u cmaboit kumenore: Kj(NH,OH) = 1,79-10°,
K;(CH;COOH) = 1,8:10°. Tak kak K (NH,OH) = K;(CH;COOH), To
Xapakrep cpeabl — HelTpaibHbId (pH = 7).

Tak xak rugposn3 coseil — nmporecc oOpaTUMBIH, TO JIJIsl €TO OIH-
CaHus MOXHO ucnoyib3oBaTh npuHuun Jle-Illarense. I'maponus comei
MOHO YCWJIUTh, TO €CTh CMECTUTh XUMHUYECKOE PABHOBECHUE IPOIECCa
TUAPOJIN3a BIPABO:
1) pazbaBneHuem pactBopa coyin (YBEIUUYECHHEM KOHLEHTpAlUU MOJe-
KyJ BOJIbl);
2) HarpeBaHUEM pPacTBOpa, T.K. caM MPOLECC TUAPOIN3a ABISETCS IHIO0-
TepMuueckuM. C TIOBBIIICHHEM TEeMIEpaTyphbl YBEIUYUBACTCS HOHHOE
MPOU3BEJECHUE BOJbBI, & CIEIOBATEIIBHO, YBEJIMYUBACTCS M KOHIIEHTpa-
st nonos H' 1 OH’, 4To IPUBOJMT K YCHIIEHHIO THAPOIIN3A;
3) yMEHbIIIEHUEM KOHIIEHTPALIMU MPOAYKTa TUAPOIN3a (CM. ipumMep 8);
4) CBA3BIBAHUEM OJIHOTO M3 MPOJYKTOB THAPOJIM3a B TPYIHOPACTBOPHU-
MO€ COEJIMHEHUE WX YJIaJIEHUEM OJHOTO U3 MPOJYKTOB rUposin3a (Ha-
pUMeEDP, B BUE raza) (CM. mpumep 8).

['uaponr3 MOXKHO NOAABUTH TyTEM:
1) yBenuueHus: KOHIIEHTPAIIUM PaCTBOPEHHOTO BEIECTBRA;
2) oxJaxAeHus pacTBOPa;
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3) BBeZICHUSI B pacTBOP OJAHOTO U3 MPOJIYKTOB THAPOJIU3a (CM. MpUMED
8).

HNPUMEP_8.Onummute nosenaenue B Boae coiau Al(NO3); pac-
CMOTPUTE PAaBHOBECHE B €€ PacTBOPE MpHU AOOABJICHUH CIEAYIOIIUX Be-
mectB: a) HNO3, 6) NaOH, n) K,SO3. JlaiiTe MOTUBUPOBAHHBIM OTBET
Ha BOIPOC: B KAKUX CIy4asx THPOJIM3 HUTpaTa aTlOMUHUS YCUIUTCS?
CocTraBbTe MOJICKYJISIPHBIE U MOHHO-MOJICKYJISIPHBIC YPaBHEHHS THAPO-
Ji3a COOTBETCTBYIOIIMX COJIEN U yKaxkuTe pH ux pacTBopoB.

PEIIEHME.AI(NO3); — conb, oOpa3oBaHHas c1a0bIM OCHOBAaHH-
eM M CHIIBHOM KHCIIOTOM, ruaponusyercst mo katuony. T.x AI*Y - muoro-
3apsAIHBIA KaTHOH, UMEET MECTO CTYINEHUYATHIN THAPOIU3 C MPEUMYIIe-
CTBEHHBIM ITPOTEKAHUEM TPHU OOBIYHBIX YCIOBHUAX IO TICPBOM CTYIICHH:

APP* + HOH < AIOH* + H",
B pacTBOpe HakaIIMBaroTcad HOHBI H', MOATOMY pacTBOp MMEET KUCIYIO
cpeay (pH<7).
PaccMmoTpuM paBHOBECHE B paCTBOPE JTAHHOW COJIM TPH JT0O0ABICHUU:
A) HNO; IIpu sToM yBennuupaeTcs KOHIEHTpanus noHos H' u pasHo-
BECHE CMEIIACTCS BJICBO, T.€. TUAPOJIU3 COJIU T0IaBIISICTCSI.
b) NaOH. IIpu stom nonsl OH OyayT CBS3bIBaTh UMEIOIIHMECS B pac-
TBOpe MoHbl H' B Manogucconuupyromue Monekyasl Boasl (OH + H*
<> H,0) u paBHOBecHe THIPOIM3a CMECTUTCS BIPABO, B HAMPABICHUU
oOpa3zoBaHus MPOAYKTOB THIPOJIN3A, T.C.TUIPOIIN3 YCUITUTCA.
B) K;SOs. [Ipu aTOM, BCeACTBHE THAPOIN3A STOM COJIU 10 aHUOHY:
SOz + HOH <> HSO; + OH'
B pacTBOpe HakarumBatoTcs noHbl OH', koTophIe Kak B citydae 0), nmpu-
BEIYyT K cMemieHuto paBHoBecus ruapoiusa coau Al(NO3)s Bpaso, T.¢.
K YCHUJICHUIO €€ THIAPOJIn3a.
B aTom ciryyae HabmomaeTcs cirydail COBMECTHOTO THAPOJIU3a, ¢ oOpa-
30BaHMEM KOHEUYHBIX MPOAYKTOB THAPOIN3a 00EHX COJIEH:
2A|(N03)3 + 6H20 + 3K2803 = 2A|(OH)3 l+ 3HQSO3 + 6KNO3
2AI°* + 6HOH + 3S05% = 2AI(OH);] + 3H,SO04

Konuuecmeennan oyenka npoyecca 2uopoausa
[TokazaTenem TIyOMHBI TPOTEKAHUS THAPOJINU3A SBISIETCS CTETIICHD
TUAPOIIN3A.
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Cmenenvto euopoausa f Hazvieaemcs OmHouleHue KOHYeHmpayuu
auoponuzoeannvix monekyn C.,y, K UCXOOHOU KOHYEHMPAyuu pacmeo-
pennvix monaekyn anekmpoauma C,,.

B = CFI/I,Z[p/ Co. (11)

CreneHb TUAPOIN3Aa KaK MPaBUJIO HEBETUKA. ITO OOBICHSIETCA
TE€M, YTO OJIUH U3 YYACTHUKOB MPOIlECca TUAPOJIU3a — BOJA — SIBIIACTCS
caObIM 3JIEKTPOJIUTOM W PABHOBECHE B CHUCTEME CHJIBHO CMEIICHO B
CTOPOHY UCXOJHBIX BellecTB. CTeneHb ruIpojin3a MOKHO YBEIIMUUTh:

1) pazbaBieHuemM pactBopa, uto o0bscHseTca npunnumnom Jle - [lare-
JIbE;

2) HarpeBaHUEM, T.K. NMPU ITOM BO3pacTaeT JOJs MOJIEKYJ, MOJBEPr-
IIUXCST TUAPOJIUZY.

['uaponus, kak 000 OOpaTUMBIM MPOIECC, KOIUYECTBEHHO
MOYHO OXapaKTE€pPHU30BaTh KOHCTAHTOW paBHOBECHS .
Koncmanma pasnosecus K. nokaszvieaem omHouieHue npousgeoe-
HUSl PABHOBECHLIX KOHYEHmMpayuu npooyKmos 2Uopoau3a K npoussede-
HUI0 KOHYEHmMpayuil UCXOOHbIX 8eUjecms, G35MmvlX 6 CmeneHu, pagHoll
K03 puyuenmy neped opmynrou 0aHHO20 eewecmea 8 YPasHeHUulU pe-
aKyuu euopoau3a.
Hamnpumep, HanuiiieM BbIpa’)keHHE KOHCTAHTHI PAaBHOBECHS IS pe-
akuuu rujposinsa cyibdura kanusa K,SO3 no nepBoi cTyneHu:
SO5% + HOH < HSO; + OH
K. = [HSO5][ OH]/ [SO3*][ HOH] mnu
K. [ HOH] = [HSO5][ OH/ [SO5°]
Oo6o3nauas K, [ HOH] gepes K, mony4yaem
K,= [HSOs][ OH/[SO5"], (12)

rae K, — koHcTaHTa ruponusa.

YacTo 1151 pacdyeToB KOHCTAHTHI THAPOJIN3A MOJB3YIOTCSI Gopmy-
JIOU:
K. =Kg /Ky, (13)
rae Kg — HoHHOE Mpon3BeIeHUE BO/IbI;
Kj; - koHCTaHTa nucconuanyy caaboro 3JIEKTPOINTa, 00pa3yromie-
r'0 COJIb, B35ATas 110 MOCIECAHEN CTYNEHU (CM. IPUI0KEHHUE).
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Koncmanma euoponusza K, nokasvieaem omHOUleHUe UOHHO20
npouzsedeHUst 600bl K KOHCIAHmMe Mo2o c1ab020 dleKmpoauma (ciabotu
KUCIOMbl UNU C1ab020 OCHOBAHUS), NO UOHY KOMOPO2O NpomeKaem
2UOPONU3.

Yem crnabee KuCIOTa WIM OCHOBAaHHE, OOpa3yroIIUE COJib, TEM
00JIbIlIe€ KOHCTAHTA TUJIPOJIN3a COJIU.

IHNPUMEP 9.PaccunTaTh KOHCTaHTY THAPOIM3a KapOOHATa Kajaus
10 NEpBOM CTyneHu. Hamumcare ypaBHEHHE TMAPOJIM3Aa TOM COJIM IO
IIEPBOU CTYIICHHU.

PEHIEHME. Kap6onat kamus K,COs, o0pa3oBaH CHJIbLHBIM OC-
noBanueM KOH wu cima6oi kucnoroir H,CO3;. CnenoBaTeibHO, ¢ BOJIOMU
OyJzleT B3auMOJEHCTBOBATh KApPOOHAT HOH.

K,COz¢> 2K* + COz”
CO3” + HOH < HCO; + OH

Koncranty ruaponusa paccuutaem mno Qopmyne (13), 3Has, yto
Kz =10 a K’ 1 (HaCO3) = 4,8-10™ (cm. mpunoskenue).

K, =10"/4,810™ =2-10".

CreneHb M KOHCTAHTa THAPOJIN3a CBSI3aHBI MEXIY COOOM COOTHO-

IICHUEM:
B> Co (14)
Kr=5——
1-p
rae Co — MosisipHast KOHUEHTpAIUs pacTBopa (MOJIb/J).

Otoit GopMysioif cienyeT MOJIb30BaThCsA, €CIM COJb 00pa3oBaHa
c1aboil KUCIOTOM M cinabbiM OCHOBaHUEM. [l cosel, oOpa3oBaHHBIX
C1aObIM OCHOBAaHHUEM M CWJIBHOM KHUCIOTONW WM CJIa0OW KHUCIOTOM U
CUJIbHBIM OCHOBAHHMEM CHPABEJIMBO MPUOIMKEHHOE COOTHOIIICHUE, KO-
raa P«l:

Kr ~ BZ.CO (15)

B= VK /C,  (16)

DTO COOTHOIIECHUE TO3BOJSET KOJIUYECTBEHHO OLECHUTH CTEIEHBb
TUJIPOJIN3a B PACTBOPAX COJIEU OMPENCIICHHON KOHIIEHTPALUH.

IIPUMEP 10.Paccuntath crtenens rugaponusza B 0,1M pactBope
XJIOpHUJa aMMOHUS.

0] 041
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PEHIEHME. Haiinem koHcTaHTy rujpoiusa mo (opmyne (13),
snas, ato Kg = 10™*, a K;(NH4OH) = 1,79-10™(cm.pusoskenwue).
K, =Kg/K;=10"/1,79:10°=5,5-10".
Tak xak conb 00pa3oBaHa CHJIBHOM KHCJIOTON U CIaObIM OCHOBAaHHUEM,
TO U3 Gopmyiibl (16) Beipazum f3:

B= K /Cy =/55:10°/10" =7,410°

INPUMEP 11.0npenenuts pH 0,1 M pactBopa docdata kanus.

PEHIEHUE. bynem cuutars, 4TO TUAPOJIU3 MIPAKTUYECKHU MPOTE-
KaeT MO NEepPBOU CTYIICHHU:

K3P04 + HzO > KzHPO4 + KOH
PO,* + H,0 - HPO,* + OH

KoHcTanTa rumponuvsa mo mepBOM CTYIIEHU OIPENENSIETCs KOH-
CTaHTOM JHMCCOLMAIMK 00pa30BaBIICHCS CIA00H KHCIOTHI HPO42', T.C.
TpeThel KOHCTaHTOM Aucconuanuu GocGopHOi KUCIOTHI, 3HAUCHHUE KO-
Topoit 6epem u3 npunoxkenns. K, (H;PO,) = 1,3-1072,

Hcnons3ys popmyiny (13), paccuntaem KOHCTAaHTY THAPOJIN3A;

K, = Kg/Ky = 10™/(1,3:10"%) = 7,7-10°,

Haiinem crenens ruaponmsa no dopmyie (16): p= /K, /1 C,

g=.77-103/0,1=2,8-1072.

Omnpenenum KoHIIEHTpaluio oopa3zoBasiuxcst OH™ -HOHOB:
[OH]=B-Cy; [OH]=2,81020,1 =2,8-103, orxyna pOH = - Ig [OH],
pOH = -Ig (2,8:10%) = 2,55.
pH=14 —pOH = 14 — 2, 55 = 11,45,

BOITPOCBHI AJ151 CAMOIIPOBEPKUA

1. Kakue BeliecTBa OTHOCATCA K TPYyIIE AJICKTPOIUTOB? Mexa-
HU3M pacnajia 3JICKTPOJIUTOB Ha HOHBI.

2. lucconuanusi KUCJIOT, OCHOBaHMUS, COJIEN (CpeIHUX, OCHOBHBIX,
KHMCJIBbIX, IBOMHBIX ). CTyneH4YaTast JuCcCoIalius.

3. CreneHb M KOHCTaHTa JJIEKTPOJMTUYECKON TUCCOIMAINU. 3a-
BUCUMOCTD UX OT pa3anyHbIX (PakTopoB. COCTOSHUE CUIIBHBIX U CJIA0BIX
AJIEKTPOJIMTOB B pacTBOpax. 3akoH OcTBaiIba.
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4. Peaknuu oOMeHa B pacTBOpax 3JEKTpoaMTOB. HampaBieHue
MpOTEKaHUs peakinuii HOHHOro ooMeHa. CocTaBiieHUE YpaBHEHUM peak-
Uit 0OMEeHa B MOJICKYJISIPHOM U HOHHO-MOJIEKYJIApHOH (hopmax.

5. IlpousBeaeHne PacTBOPUMOCTH. Y CJIOBHS, HEOOXOAUMBIC IS
oOpa3oBaHus OCajJKa U €ro paCTBOPEHUS.

6. Jluccoumanus Bonbl. Monnoe npoussenenne Bojbl. [loHsiTHe 0
BOJIOPOAHOM mnokazarene cpeasl (pH). Metonsl onpenenenust pH cpe-
JbI.

7. I'maposm3 cosiel. TunuuHele ciiydan ruaposim3a coner. Mexa-
HU3M THJIPOJIU3a COJIEM pa3HBIX TPYMIL: MO KaTUOHY, IO aHUOHY, IO Ka-
THOHY-aHUOHY.

8. pH pacTtBOpOB cojiel pa3IMYHbBIX TUIIOB.

9. CocraBneHne ypaBHEHUN THAPOJIN3A COJIEM B MOJIEKYJIIPHOU U
MOHHO-MOJIEKYJISIpHOM (popMax.

10. TloHATHS CTENEHW WM KOHCTAHTHI TUApoJin3a. Pacyér maHHBIX
BEJIMYMH.

11. BiusiHue Ha paBHOBECHE PEAKIUM THAPOJIN3a BHENTHUX (Pak-
TOpoB (pa30aBieHus, Temneparypsl, pH cpesb).

JIABOPATOPHAS PABOTA

OmnbiT 1. IKCnepUMEHTAJIbHOE HAOJIIOAEHHE JIEKTPONPOBO/IHO-
CTH BOJIHBIX PACTBOPOB BellleCTB

B crakaH ¢ qUCTHIUTMPOBAHHOW BOJOW OMYCTHUTH yTOJBHBIC DJICK-
TPOJbI, YKPEIUIEHHBIE Ha JEPEBSHHON JOIMICYKE M TOJAKIIOYEHHBIE B
IIeMb IMOCAEA0OBATEIbHO C MHJUIMBOJIBTMETpOM. Bxitounte mpubop B
ceTh. OTKIIOHSETCS JIM CTpesiKa MUUTHBOJIbTMETpa? [IpoBoaut au awuc-
TUJUTMPOBAHHAS BOJAA DJICKTPHUCCKUI TOK?

Takum xe 00pa3oM U3YUYUTH AJIEKTPOMPOBOIHOCTH pacTBOpa ca-
xapa, 0,1H. pactBopoB H,SO,, KOH, NH,OH, CH3COOH. O6parure
BHUMAaHHUE, OTKJIOHSETCS JIM CTPEJIKa MUJUIMBOJBTMETPA U HAa CKOJIBKO
CHJIBHO 3TO OTKJIOHCHHUE.

Cwmematite pactBopel NH,OH u CH;COOH. M3yuute mx 3iek-
TPOIPOBOTHOCTD.

Kakue u3 uCHBbITAaHHBIX BEIIECTB SBIAIOTCS dnekTposmtamu? [lo
IIIyOMHE OTKJIOHEHHS CTPEJIKHM MHUJUIMBOJBTMETPA OTMETHTE CHUJIBHBIC U
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ciabble IEKTPOIUTHL. YeM MOKHO OOBSACHUTH pa3HbIe MOKAa3aHU MUJI-
auosnbT™MeTpa s pactBopoB NH,OH, CH3;COOH u ux cmecu? K
CUJIBHBIM WJIA CJA0BIM JIEKTPOIUTAM OTHOCHUTCS MPOIYKT, OTYUEHHBIHI
npu cMmemmBanuu pacteopoB NH,OH u CH;COOH?

OdopmuTe nostydeHHbIE TaHHBIC B TAOJUILY.

BemectBo YpaBHEHUS TUCCOLMALINT IToxazanus
MMJUTMBOJIBTMETpPA

CocraBbTe ypaBHEHHs (B MOJICKYJIIPHOH M HOHHO-MOJICKYJISIPHOMN
dopmax) peaknmm, npotekaromert Mexay NH,;OH u CH;COOH mnpwm
CMEIIIMBAaHUH MX PACTBOPOB.

Cnenaiite oOIMiI BBIBOJ: CHJIBHBIMHA WIW CIA0OBIMHU DJICKTPOJIUTAMH
SIBIITFOTCSI KUCJIOTBI? OCHOBaHUSA? coiu? Uem m3mepseTcs cuiia dJIeKTpo-
auta? YKaXXWTe YCIIOBHBIC 3HAYCHUS CTEIICHM M KOHCTAHTHI JHCCOIIHA-
U JJIS CHIIBHBIX, CIIA0BIX U CPEAHCH CHIIBI DJICKTPOJIUTOB.

OneiT 2. HanmpaBJjieHHue 00MEeHHbIX MOHHBIX NMPOLIECCOB B PACTBO-
pax 3JIEKTPOJUTOB

a) O0pa3oBaHue MAJIOPACTBOPUMBIX BELIECTB

BTpu npobupku BHecUTE 10 2—3 Karuid CIEAYIOIIUX PacTBOPOB: B
nepByro — xyopuna xenesa (I11) FeCls, Bo Bropyro — cuimkara Ha-
tpust Na,SiOz, B TpeTbio — pa30aBieHHONW cepHO KHCIOTBI H,SOy,.
JloGaBbTE€ B HHUX IO TaKOMY K€ KOJMYECTBY PACTBOPOB: MEPBYIO MPO-
OUpKY — THAPOKCUJA HATPHS, BO BTOPYIO — COJISTHOM KHUCIIOTHI, B Tpe-
ThI0O — XJiopuna Oapus. HaOmronaiiTe B TEpBOM ciyuyae BBIMAJICHUE
ocagka ruapokcuaa xkenesza (1), Bo BTopom -— meTakpeMHHEBON Ku-
CJIOTHI, B TpeTheM— cyb(ara oapusi.

Hanummmre B MOJIEKYJIIpPHOM U MOHHO-MOJIEKYJISIPHOM BHJIE YpaB-

HEHUS TTPOTEKAIOIINX PEaKIINi, HAMPaBIEHHBIX B CTOPOHY 00pa30BaHUs
MaJIOpacTBOPUMBIX BEILIECTB.

0) O0pa3oBaHue ¢JIa0bIX KUCJIOT U OCHOBAHUM
B nBe npoOupku BHecuTe Mo 5—7 Kameiab: B IEPBYI0 — pacTBOpa
arterara Hatpusi NaCH3;COOQO, Bo BTOpyr0o — xiyopuga ammoHus. [o-
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0aBbTE B TMEPBYIO MPOOUPKY HECKOIBKO Kameiab cepHOM KuciaoThI (1:1),
IEPEMEIIAUTE PACTBOP CTEKJIIHHOM MAJT0OYKOMN U CIIETKA OJOTPEUTE.

Onpexaenure mo 3amnaxy, 4TO peakiivs MpoTeKaia B CTOPOHY oOpa-
30BaHUs Cla00N YKCYCHOM KHUCIOThl. Hanmummure MoJIeKyIsipHOE U UOH-
HO-MOJICKYJIIPHOE YpaBHEHUS peakinu. Bo BTopyro mpoOupky 100aBb-
T€ 4 H. pacTBOpa LIECJIOYH U NOoAO0rpenTe pactBop. Onpeaenure o 3amna-
Xy BBIJIEJICHHE aMMHaka. Hamummre MONEKyJIIpHOE ¢ HOHHO-
MOJIEKYJIIPHOE YPaBHEHUSI PEaKIMU, MPOTEKAIOIIEH B CTOPOHY 00pa3o-
BaHus cinaboro ocHoBanusit NH,OH, u ypaBHeHue ero pacnaga Ha am-
MHAK U BOJY.

B) O0pa3oBaHue JieTy4UX NPOJAYKTOB peaKIuu

[TomecTuTe B nBe mpoOOUpPKH MO 5—7 Kameib pPacTBOpa CObI
Na,COj3. IIpoBepbTe Hammune B pacTBope oHa CO3”~, ISt 4ero B OJHY
poOUPKy J00aBbTE HECKOJILKO Kalellb XJopuaa Kanbiusa. Kakoe Bee-
CTBO BBINANO B o0canok? Hamummre MONEKyISIpHOE W HWOHHO-
MOJICKYJISIPHOE YPABHEHUS PEAKIIHH.

Jlo6aBpTEe BO BTOPYIO MPOOHPKY HECKOJIBKO Kameilb CEPHOU KH-
ciotel (1:1) m HaGmromaiiTe BeIAeaeHue raza. [logorpeiiTe cierka mpo-
OUpKY, TIOXKIUTECh KOHIA BBIACICHUS Ta3a U J00aBbTE€ HECKOJBKO Ka-
nejib pactBopa xJjiopunaa kainsuus. [louemy He Bbimamaer ocamok Ca-
CO3? Hamummure MONEKYJSIPHOE WU HMOHHO-MOJIEKYJISIPHOE YpPaBHEHUS
peakyu B3auMOJIEMCTBUS COJIBI C CEPHOM KUCIIOTOM.

OneiT 3. Onpeaesienne xapakrepa cpeibl PacTBOPOB BelleCTB,
OTHOCSIIMXCH K PA3JIHYHBIM I'PYNIIAM 3JIEKTPOJIUTOB

Onpenennure ¢ MOMOUIBI0 YHUBEPCAIBLHOTO HHAMKaTopa pH cpensb
pactBopoB: H,SO,4, HCI, NaOH, H,O (muct.), Na,COj3, FeCl;, FeSO,,
CaCl,.

CocTaBbTe MOJIEKYJISIPHOE U MOHHO-MOJIEKYJIIPHOE YpaBHEHUS pPeak-
MU JUCCOIMAIlMK BEIECTB, a TakXKe ypaBHEHHUs THUAPOIU3a COjei
(mepBas CTyNeHb) B MOJIEKYJISIPHOW U HOHHO-MOJIEKYJISIPHOU (hopMax.

OnpiT 4. CMelnleHUe pPaBHOBECUSI PeaKIUU THAPOJIN3A COJHM TMPH
pa30aBJieHUN pacTBOpa

Yo6eaurech B TOM, 4TO KOHUEHTPUPOBAHHBIN pacTBOp aleraTa CBUH-
na (I) mpo3paden, B konnyeckyro konly Hajeite S0 M BOZOIPOBO/I-
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HOW BOJBI, J00aBbTe 1—2 Kamium KOHIIEHTPHPOBAHHOTO pPacTBOpa
Pb(CH3COOQ),. Habnrogalite oOpa3oBaHue ocaika.

[Ipu odopmiieHHH pe3yIbTaTOB OIbITA!

1.Ha3oBuTe rUApOIU3YIONIUMNACS HOH, COCTaBbTE MOJIEKYJSIPHOE U
MOHHO-MOJIEKYJIIPHOE ypaBHEHUS PEAKIUU TUAPOIH3a U OOBICHUTE,
noueMy KoHIeHTpupoBaHHbIH pacTBop PH(CH3COO)r npo3paueH.

2.00bscHUTE, MOYEMY TP pa30aBICHUHU B KOJIOE MOSBUJICS OCAIOK.
CocrtaBbTe ypaBHEHUE peakiiuy oOpa3oBanus ocagka. Mimeer a1 oTHO-
HIEHUE 3Ta PeaKkUus K MPOUECCY THAPOJIN3a pacCCMaTPUBAEMOU CoJin?

3.Caenaiite BBIBOJ O BIMSHUM pPa30aBIICHUSI pAaCTBOPOB T'UJIPOJIH-
3YIOIIUXCS COJIEN HA TUPOJIMTUYECKOE PABHOBECHE.

OnbiT 5. CMenieHne PaBHOBECHS] PeaKIMU THAPOJIM3a COJIH
NPU U3MEHEHNH TeMIIepaTypbl

B mpoOupky BHecure 5 — 6 MJ pacTBOpa aierara HaTpHs
CH3COONa u 1-2 xammm denondranenna. ComaepxumMoe MTPOOUPKU
pa3ieNnnTe Ha 2 Y4acTH, OJIHY U3 HUX OCTaBbTE ISl CPABHEHUS, JPYTYIO
— HarpemTe 10 KUMCHUSI.

CpaBHUTE OKpacKy MHJIMUKATOpa B 00eux mpooupkax. Jlaite npo-
OUpKe OXJIAIUTHhCS M CHOBA CPaBHUTE OKPACKy HWHIMUKATOpa B 00eux
npobOupkax. ONUIIKNTE U TOSICHUTE CBOX HAOIOICHUS.

CoctaBbTe MOJIEKYJISIPHOE W HOHHO-MOJIEKYJIIPHOE YpaBHEHHS
pEeaKry TUIPOJIN3a COJIU, HAa3BaB MPEIBAPUTEIBLHO THAPOIU3YIOIIUNCS
noH. CyenaiTe BBIBOJ O CpeJie PACTBOpPA U O BIUSHUU TEMIIEpaTyphbl Ha
TUAPOJIUTHYECKOE PABHOBECHE.

HHIUBHJIYATBHBIE 34/TAHUS

3aganue 1

CocTtaBpTe ypaBHEHHMSI peakuuil (B MOJEKYJISIPHOM W HOHHO-
MOJIEKYJISIpHOM (hopMax), MPOUCXOASAIIUX B PACTBOPAX MEKIY yKa3aH-
HBIMHU BEIIECTBAMU, U YKaKUTE, 00pa30BaHUEM KaKOTO BeIlecTBa 00Y-
CJIOBJIEHO TIPOTEKAHUE KAXKIAOU peakuuu. [Ipu cocraBieHun ypaBHEHUN
UCTIOJIb3YUTE CIPABOYHBIE JAHHBIE O PACTBOPMMOCTH W JUCCOLMALMU
BEIIECTB:

a) AgNOsu Na,SOy; Na,SO;u HCI;

6) B&(NOg)gI/I H,SOy; CU(OH)zl/I HCI;
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B) AgNO3u NaBr; Al(OH)su H,SOy;
1) Fe,(SO,)su NaOH: KCN 1 HCI:

,Z[) CaCIZH AgN03, Fe(OH);gI/I H,SOy;
¢) MgClou Na,COy; ZnNOHNOzu HNOs:
K) CrClsu NH,OH; FeS u HCI,

3) Cry(SO,)su NaOH: K,S 1 HCI:

I/I) FeSO,u (N H4)28, Fe(OH)ZI/I H,SOy;
k) CdClu H,S; CH3COONa u H,SOy;
JI) AgNO3I/I BaCIZ, KgSOgI/I H,SOy;

M) CuCl,u NaOH; NH,OH u HCI;

O) CaC|21/I Na,COg; Al(OH)gI/I NaOH;
H) Cr2(504)3H KOH; KNO,u HCI;

p) FeSOu KOH: NaHCO, u HCI;

C) K2C03H BaCIZ,
T) H,SO4u NaOH,;
y) AgNOzu NaJ;

NaHCO; u NaOH,;
Be(OH),u KOH:
(N H4)2804I/I NaOH;

) FeCluKOH: ZnOHCI u HCI;

3aganue 2

CocTaBbsTe MOJICKYJBIPHBIC YPAaBHCHUS peaKHHﬁ, KOTOPbIM COOTBCTCT-
BYIOT CJICAYIOIIMM HOHHO-MOJICKYJIIPHBIC YPAaBHCHHUS:

a) CH;COO + H" = CH;COOH; Cr** + 20H = Cr(OH),;

6) Ag* +J = AgJ; COz* + 2H" = CO, + 2H,0;

8) HCO;” + H* = H,0 + COy; Cu®" + S* = CuS;

r) Zn** + H,S = ZnS + 2H*; NH," + OH ™~ = NH,OH:;

1) HCO; + OH™ =CO3* + H,0; Zn(OH), + 2H* = Zn*" + 2H,0:;

e) H + NO, = HNO;; Fe** + SO;° = FeSOs;

%) SiOz* + 2H" = H,Si03; 3Ni?* + 2P0O,* = Niz(PO,),;

3) H" + OH "= H,0; Fe** + 30H = Fe(OH)s;

) ZnOH" + H" = Zn*" + H,0; H*+ CN = HCN;
k) Pb?* + 2) ™ = Pbd,; HSO; + H" = H,SOs;
1) SO5* ™ + 2H" = H,S03; Ag" + Cl = AgCl;

M) NH4OH +H = NH4+ + Hzo,
1) MgOH* + H* = Mg* + H,0;
O) NH4+ +OH = NH3 + Hzo,

CH,COO  + H" = CH;COOH ;
SO,% + H* = HSO, + H,0;
ZnOH" + OH = Zn(OH),;
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m) Fe(OH), + 2H" = Fe** + 2H,0;  FeS + 2H* = Fe?* + H,S;

p) CN™ +H" = HCN; Sn** + 20H ~ = Sn(OH),;

c) Pb®" + H,S = PbS + 2H"; Al(OH),* + OH ™ = AI(OH);;

1) Pb* + S~ = PbS; HCO; + OH™ = CO;* + H,0;

y) S*7 + 2H" = H,S; Ba’*" + SO, = BaSOy;

$) Cu+S*~ =CuS; HCO; + H*=CO, + H,0.
3aganue 3

a. Paccuuraitte pOH 0,1 H pacTBOpa YKCYCHOU KUCIOTHI.

(K;; CH;COOH = 1,8:10™).

0. Onpenenure KOHICHTpaIMo0 HOHOB Bojgoposaa B 0,01M pactBope
ruapokcuaa aMmmonns (o = 4,24-1079).

B. Beruucnuts pH 0,15 H pacTBOpa a30TUCTON KUCIIOTHL.

(KyHNO, =4 -10™).

r. Onpenenuts MOJIAPHYIO KOHIEHTPAIMIO PacTBOpPa MYpPaBBUHOM
kucoThl, pH koToporo pasen 2,2 (K; HCOOH = 1,8-107%).

1. CteneHp gucconuanuu ykcycHou kuciotsl B 0,1 M pacTBope pas-
na 1,32:107. Haiirtn pH atoro pacrBopa.

¢. Beiunciauth KoHLEHTpaly HoHOB Bogopoaa u pH B 0,02 M pac-
TBOpE cepoBOAOPOAHON KUCIOTHI (o =0,07%). Jluccoruanuein KucaoThbl
10 BTOPOU CTyINEHU NMPEeHEOpEUb.

x. Koncranra muccoumannu mypaBbuHou kuciiotel HCOOH paBHa
1,8:10™. Ykasats Bemmunny pH s 0,04 M pacTBopa 3TOil KHCIIOTL.

3. Onpenenuts MOJSIPHYIO KOHIEHTPALIMIO PacTBOPa IIMaHOBOIOPO/I-
Ho# kucnotsl, pH koToporo 5 (KyHCN = 7,2:10™9).

u. Beraucanuts koHneHTpanuio nonos H' m pH B 0,01 M pacTBope
TUTaBUKOBOM KUCIOTHI (00 = 15%).

k. Paccunras pH 0,2 M pactBopa ruapokcuaa ceunma (K ;Pb(OH),
=9,6-10™).

1. Haiigure monspayto xonnenTpamuio H' B pactsope 0,5 11 koTOpO-

ro conepxwur 0,26 r HBr.

M. Onpenemure [H'] B pactBope, B 1,5 1 koToporo conepxurcs 0,6
rNaOH.

H. Onpenenute pH 0,0005 M pactBopa H,SO,.

0. Paccuuraiite pH pactBopa NaOH, eciiu B 500 mi pactBopax co-
nepxutcs 0,036 T TuaApOKCHUIa HATPUS.
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n. Paccuuraiire pH 0,002 M pactBopa Ba(OH)s,.

p. PH pactBopa a3oTHOM KHCIOTHI paBeH 2. Kakas mMacca KHCIOTHI
coaepkuTcs B 1 1 3Toro pacrteopa?

c. pH pactBopa ruapokcuaa Harpus paBeH 12. Kakyro maccy NaOH
HYKHO B3STh JUJI IPUTOTOBJIEHUs | J1 3TOrO pacrsopa?

T. pH pactBopa ruapokcuaa 6apus paBeH 10. Kakoe koauuecTtBo
Ba(OH), ny»Ho B3sTh 115 ipuroToBieHns 200 Mi1 3Toro pacTeopa’?

y. Paccuuraiite pH pacTBOpa, mpuroTOBICHHOIO IyTEM pa30aBICHUS
100 M1 2 1. pactBopa HCI o 1.

¢. Paccumraiite pH pacTBOpa, ocCTaBIIErocsi MocCjie BbIIIapUBAHUS
500Mmn 0,02 M pactBopa KOH no 06béma 250 mut.

3ananue 4
a. Kakue u3 coneii FeSO,, Na,COs;, KCI moaseprarorcs ruaponusy?

[Touemy? CocTaBbTe MOJEKYJISIPHBIE 1 MOHHO—MOJICKYJIIPHBIE ypaBHE-
HUSI TUJIPOJIN3a COOTBETCTBYOIIMX coyier no 1-ou ctynenu. Kakoe 3Ha-
yenue pH umeer 0,01 M pactBop FeSO,?

0. Ykaxute peakuuto cpenbl pactBopoB Na,S u NH;NO;. Oteer
MOATBEPANTE MOJICKYJSIPHBIMA M MOHHO-MOJIEKYJISIPHBIMH ypaBHEHUSI-
MU peakiui. Ha3oBuTe mpoayKThl TMAPOIN3A NAHHBIX COJEH 1O 1-ou
ctynenu. Onpenenure pH 0,1 M pactBopa Na,S.

B. Ormmumute noBenenue B Bojae conu FeCly m paccmorpute paBHOBe-
CHC B €¢ pacTBOpe IpH jaoOamicHUM cieayromux BemectB: a)HCI, 0)
NaCN, B) KOH. CocraBpTe MOHHO-MOJEKYJSPHBIE U MOJCKYJISPHBIC
YpPaBHEHHUS THUIPOJIU3a COOTBETCTBYIOMMX coiel. Ykaxure pH 0,05 M
pactBopa FeCls.

r. Kakue u3 map coneil B BOAHBIX pacTBOpax B3aWMMHO YCHJIMBAIOT
runponns npyr apyra: a) AlCI; u Na,S; 6)Fe,(SO4); m ZnCly; B) FeCls u
K;SO3? Tlouemy? CocTaBbTe MOJEKYJSPHbIE U MOHHO-MOJEKYISPHBIC
ypaBHEHHSI COOTBeTCTBYyrommx peakuui. Onpenemnre pH 0,1 M pac-
tBopa AlCls.

1. Kakas u3 AByX coJjieil mpu paBHBIX YCIOBHUSAX B OOJBINEH CTENEHU
nojasepraercs ruapoausy: FeCl, unm FeCls; Na,CO3 mim Na,SO3? Ot-
Ber moarBepaure pacuérom K. CocTaBbTe HOHHO-MOICKYISIPHBIC
MOJICKYJISIPHBIC YPaBHEHHUS THAPOJIN3a COOTBETCTBYIOIITUX COJICH.

¢. IIpu cmemmBanuu pactBopoB Aly(SO,4); n Na,CO3 kakmas U3 B3s-
THIX COJIEW TUJIPOIU3YETCs HEOOpaTUMO J0 KOHIIA ¢ 0Opa30BaHUEM CO-
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OTBETCTBYIOIIUX OCHOBaHUS M  KUCIOTHl. (CoOCTaBbT€ HOHHO-
MOJICKYJISIPHBIE 1 MOJICKYJISIPHBIC YPABHEHUS THPOJIN3a KaXKI0U U3 CO-
Jeld U YypaBHEHUE cOBMeCTHOro ruaponusa. Onpenenure pH 0,05 M
pactBopa Na,COs.

k. Kakue u3 coneit - Alx(SO,)s, K,SO3, NaCl- noasepratorcst ruapo-
nn3y? Ilouemy? CocTaBbTe MOJEKYISPHBIE U MOHHO—MOJEKYJISIPHBIE
YPaBHEHUS TUAPOIM3a COOTBETCTBYIOMMX cojier o 1-ou ctynenu. Ka-
koe 3HaueHue pH umeet 0,04 M pactBop K,SO3?

3. Ykaxute peaknuro cpeasl pactBopoB Ky,S u Cr(NOs),. OtBet moj-
TBEPJIUTE MOJEKYISIPHBIMH W HWOHHO-MOJICKYJISPHBIMU YPaBHECHHUSIMHU
peakuui. HazoBuTe mpoayKThl TUAPOIN3A JAHHBIX COJIeW MO 1-0M CTy-
nenn. Onpeaenure KoHieHTpanuw K,S (Moaw/i), ecau pH storo pac-
TBOpa paseH 10.

u. Onumure noeaenue B Bojie conu NazPO4 u paccmoTrpute paBHo-
BECHE B €€ pacTBOpe MpH J00ABICHUN CIEayromuX BemecTB: a)H,SOy,,
0) KOH, B) ZnSO,. CocTaBbTe MOHHO-MOJIEKYJIIPHBIE U MOJIEKYJISIPHBIE
YPaBHEHHUS TUIPOJIN3a COOTBETCTBYOIMX cotier. Ykaxure pH 0,001 M
pactBopa NazPO,.

k. Kakue u3 map cosneit B BOJHBIX pacTBOpax B3aWMMHO YCHUJIMBAIOT
ruaposm3 apyr gpyra: a) FeCly; m Na,COj; 0)Fey(SO4); u AlCls; B)
NH,Cl u K,SO3? Tlouemy? CocTtaBbTe MOJICKYJSIPHBIE W HMOHHO-
MOJICKYJISIPHBIE yYpaBHEHHS COOTBETCTBYIOIIMX peakiuid. Omnpenenure
koH1eHTpanuio FeCl; (Monw/m), ecm pH aToro pactBopa paseH 4.

1. Kakas w3 AByX coJyiedl Mmpu paBHBIX YCIOBHUSX B OOJBINECH CTENEHU
nonsepraetcs ruaponusy: NaCN wm NaClO; MgCl, nmm ZnCl, ? Tlo-
yemy? OTBET MOATBEPAUTE PACUETOM K. CocraBbre HOHHO-
MOJICKYJISIPHBIE W MOJIEKYJISIPHBIC YpPaBHEHMsI THUIPOJIM3a COOTBETCT-
BYIOLIMX COJICH.

M. [Ipu cmemmBanun pactBopoB K,S n CrCl; xaxxnas u3 B34TBIX cO-
Jied TUAPOIU3YETCST HeoOpaTHUMO JI0 KOHIIA C 00pa30BaHUEM COOTBETCT-
BYIOIIIUX OCHOBaHMS U KHUCJIOThI. COCTaBbTE MOHHO-MOJIEKYJISIPHBIE U
MOJIEKYJIAPHBIE YPABHECHUS THUIAPOJIN3A KAXKIAOW U3 COJIEM U yPABHCHUE
coBMecTHOro rugapoimsa. Onpenenure pH 0,05 M pactBopa CrCls.

H. Kakue u3 coneii Cry(SO4)3, K,S, RbCl moasepratorcs ruapouzy?
[Touemy? CocTaBbTe MOJEKYISPHBIE U MOHHO—MOJICKYJISIPHBIE YpaBHE-
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HUSI TUAPOJIA3a COOTBETCTBYIOIIUX COJEr 1O 1-ou crynenu. Onpenenu-
te pH 0,05 M pactBopa K,S.

14. Vxaxure peakiuto cpeasl pactBopoB NazPO, u ZnSO,. Oteer
MOATBEPAUTE MOJICKYJISIPHBIMA M MOHHO-MOJIEKYJISIPHBIMH ypaBHEHUSI-
MU peakiui. HazoBuTe mpoayKThl TMAPOJIM3A NAHHBIX COJEW 1O 1-ou
crtynenu. Onpenenure pH 0,01 M pactBopa ZnSO,.

0. Onummre nmoBeaeHue B Bojie coiu ZNCl, 1 paccMoTpuTe paBHOBE-
CHE B €€ pacTBOpe IpHu J00aBlICHUHU clieayronux Bemects: a)H,SO,, 0)
NaOH, B) CH3;COOK. CocTtaBbTe HOHHO-MOJIEKYJISIPHBIE U MOJEKYJISP-
HbIC YpaBHEHMsI THIPOJM3a COOTBETCTBYIOIIMX coJied. Omnpenenure
KOHIICHTpaIio pactBopa (Mojw/i) ZnCl,, pH kotoporo paseH 6.

n. Kakue u3 map coiieif B BOJHBIX pacTBOpax B3aMMHO YCHJIMBAIOT
rugapoau3 apyr apyra: a) NiSO, u CHz;COOK; 6) FeCl; u Pb(NO3),; B)
NHsNO; u Na,CO3? Ilouemy? CocTtaBbTe MOJICKYJISIPHBIE U HOHHO-
MOJICKYJISIPHBIC YPaBHEHHUS COOTBETCTBYIOIIMX peakiuid. Onpenenute
koHueHTpanuio pactsopa FeCl; (moinb/i), pH xoToporo paseH 4.

p. Kakast u3 AByx coJieil mpu paBHBIX YCIOBUAX B OOIbLIEH CTEIIEHU
nojsepraercs ruapoinzy: NaCN umu CH3;COONa; SnCl, wim SnCl, ?
[Touemy? OTBET NOATBEPAUTE PACUYETOM K. CocraBbTe HOHHO-
MOJICKYJISIPHBIC W MOJIEKYJISIpPHBIC YPaBHCHHS THAPOJIHM3a COOTBETCT-
BYIOILLIUX COJICH.

c. [Ipu cmemmBanuu pactBopoB K,SO3 u PB(NO3), xaxknas uz B3s-
TBIX COJIEH THIPOJIM3YETCS HEOOpaTUMO JO0 KOHIIA ¢ 00pa3oBaHUEM CO-
OTBETCTBYIOIIUX OCHOBaHUS MW  KUCHOTBL. CoOCTaBbTe€ HOHHO-
MOJICKYJISIPHBIC I MOJICKYJISIPHBIC YPaBHEHUS THIPOJIN3a KAXKIOW U3 CO-
JIei 1 ypaBHEHHE COBMECTHOTO ruaposn3a. Onpenennre KOHICHTPAINIO
pactBopa K,SO3 (Moinb/i), pH xoToporo paseH 8.

T. Kakue u3 coneri Fe(NO3);, KsPO,4, Na,SO4 moasepraroTcst ruapo-
nn3y? Ilouemy? CocTaBbTe€ MOJEKYJSIPHBIE U MOHHO—MOJEKYIISIPHBIE
YpaBHEHHUS TMAPOJIN3a COOTBETCTBYIOMIMX CoJiei 1o 1-oi ctynmenu. Or-
peaenute pH 0,01 M pactBopa FE(NO3)s.

y. Omumnre noBenenue B Bojge coiu PD(NOs), u paccmorpute pas-
HOBECHE B €€ pacTBOpe NpH J00aBIECHWU CICAYIOIMIMX BEIIECTB: a)
KOH, 6) HCI, B) NaNO,. CocTtaBbTe HOHHO-MOJICKYJISPHBIC U MOJICKY-
JSIpHBIE YPAaBHEHUS THIPOJIM3a COOTBETCTBYIOIMX cojiel. Onpenenure
pH 0,1 M pactBopa Pb(NO3),.
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[Ipunoxenue

KoHcTaHThI AMCcCOUALNN CIaA0bIX 3JIEKTPOJIUTOB (20° C)

BemectBo Kn BemiectBo Kn
H,0 1,810 NH,OH 1,77-107
HCOOH 1,8-10™ Pb(OH), 1 9,6:10™

2 3,0-10°
HNO, 4-10™ Fe(OH), 2 1,3-10"
H,S 1 6,0-10° Fe(OH); 2 1,82:10™
2 107 3 1,35-102
HCN 7,2-10™1° Al(OH); 3 1,38:10
H,CO, 1 4,3-107 Mg(OH), 2 2,63-10°
2 5,6-10
H,SO, 1 1,3-10 Zn(OH), 1 5,0-107
2 5,010 2 1,5:10°
HsPO, 1 7,52:10° Cr(OH), 3 1,02-101°
2 6,31-10°
3 1,26-102
HOCI 5-107 Sn(OH), 2 1,17-10*
H,SiO4 1 2,210 Sn(OH), 4 1,2:10%
2 1,6:107*
CH;COOH 1,810 Cu(OH), 2 3,4-107
HF 6,810~
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