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Beenenue

AHIMTHYECKAS XHMHUSL 3AHUMACTCS pa3paboTKoii MeTomop
qani3a i UCCTCN0BAHMS AU HbIX 00BEKTOB, H3yyeHneM
«a4eCTBCHHOTO M KOIHYECTBEHHOrO COCTaBa BeluecTpa,
OGbeKTaMu HCCEN0BAHNS AHATUTHIECKO XMMUK MOTYT 6piTh
peliecTBa KaK pa3uaHon CTPYKTYPHOI4 CNIOXHOCTH (aToMpy
MoJeKyJIbl, MOHDL, CJIOXHbIE BELIECTBA U Mp.), TaK u paannq:
HOil XMMHYECKO! MPHPOLLEI (opraHuyeckue, HeopraHuyeckue)
AHANMTHYECKHE MCCIENOBAHNS HAXOMAT B JaHHOE Bpems npu-.
veHeHe B pasTuIHbIX 00IACTAX €CTECTBEHHbIX HayK U npo-
MBILLIEHHOCTH. be3 coBpEMEHHbBIX METOMIOB aHaNK3a Gl G
HeBO3MOXKEH CHHTE3 HOBBIX XUMHYECKUX COeAMHeHuit, Hu
OllMH TeXHOJIOTMYECKUH MPOLIECC, OCHOBAHHBIN Ha MpuMeHe-
i/ XMMUYECKUX BELIECTB WM UX TIPEBPALUEHUSX, HU OUH
SKCIIEPUMEHT B CMEXHBIX 00J1acTAX HayKu (GUOXMMHH, KO-
{[OTHH, TEOTOTHH 1 IP.) He OOXONATCS 6€3 MpHMeHeHus Me-
TOLOB qHAJTUTUYECKON XUMUH, TTOITOMY KOJIHYECTBO TaKUX
MeTOLOB 0YEHb BEHUKO.

Bce MeTOIbl MO MPHUPOJE U3YYaeMBIX MapaMeTPOB XUMH-
yecKoil CHCTeMbl NIOAPA3IENSIOTCS Ha XUMUYecKUe, hu3nyec-
gue ¥ QU3MKO-XUMHYECKHe. [TocnenHue HocAT Ha3BaHUe
MHCTPYMEHTATBHBIX METO/LOB. XUMUYECKUI aHAIN3 SIBJISIETCS
HEOTBEMIIEMOI YaCThIO XMMUUECKOI HAYKH, TI03TOMY HCTOPHIO
ero pa3BUTUs CJIEAYeT COOTHOCHTD C NMEpHOAU3aLMER TiocTe-
nHeit. MOXHO BBUIETUTD CIEAYIOWHE NEPHOLbL HAKOTLIEHHS
xUMUUECKMX 3HaHUI: MPEJATXUMHYECKUH (¢ Hayana pa3BUTHS
LUABUIM3ALMN L0 [V B. H. 3.), anxumuueckuii (c IV no XVI Bs.
H. 9.), TIep1OJ O0BEAMHEHHA XUMHH (XVI-XVIII BB. H. 3.),
Mepuol KOMMYECTBEHHBIX 3aKOHOB (mepseie 60 net XIX B.)
U cOBpeMEHHBIH MEPUOL.

B 1peBHOCTH XMMHUYECKHl aHaIN3 PUMEHSIICS ISl UCCIe-
0BaHMUs pyJ, CIUIABOB, U3JIENUH U3 AParOLEHHBIX METAJLIOB.
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OCHOBHBIM HHCTPYMCHTOM AHAIH3A B JIDEBHUE Bpemeyy,
11 BECHI; TIEPRLIMH HCTOMBIOBAHHC PABHOTUICYHEIX Kopy, ;nym;\
ABIX BECOB HAYAIH MPOBOJMTH CIUITSIHE H rpeky, Ap'aglcnm
i CPEANCAIMATCKHE AIXMMUKH 3HATHTEIBHO YeoBepiyey CKue
pai pechl, apabbl BIBEUIMBAIM BEILECTBA € TOYHocy CTh.
§ mr. B xuurax Cabur M6n-Koppa «Kuura o Kapacy -~
AOn ap-PaxmaHa an-Xasuuu «Becsl MyapocTu» (1121 F};He» U
noapoGHoe ONMUCaHUE PasIMIHbIX KOHCTPYKLIMIA B CCOB-(BﬂaHo
qHcJie THAPOCTATHYECKMX) M METOMIOB B3BELIMBAHKS. By TOM
OILMH 13 CI0c060B (DH3MKO-XUMUYECKOTO aHMN3a, a HMggf;Ile
M3MepeHHe TIOTHOCTH CHCTEMEI 30JI0TO-CePebpo, Gy HC‘}
0/Ib30BaH 3HAMEHUTHIM TPEYECKUM YICHBIM ApXuMerno)y,
(287-212 rr. 1O H. 3.). On peunn B 240 . 0 H. 3. 3anayy, 3,
JaHHYIO €My CHPaKy3CKHM IapeM InepoHoM Mnanm’HM-
0 KoJMYecTBe cepebpa B LIapCKOM KOPOHE, IPEATIONIOXHB, 70
TpH BBEJIEHMH GoJiee JIErkoro MeTajlia — cepebpa — B 3051010
[LTOTHOCTB MOCJIEIHEr0 A0JDKHA N3MEHUTBCA. B nepuox amxy-
MHM U ATPOXMMHUH I0TYy4aeT pa3BUTHE IIPOOMPHBINA aHANY3
CYXHM U MOKDBIM ITYTCM.

B 1637 r. B CToKro/bMe 0bla co31aHa «KopoJsesckasg xu-
Muyeckad JlabopaTopus», B KOTOpOJ} IUBEACKUI YYEHbIH Xu-
MUK ¥ MeTLTYpr Yp6aH HepHe MpoBOIUi aHAIU3 MUHEpPaJIoB
u crurapoB. B XVIII B. 65ICTPOE Pa3BUTHE POMBILUIEHHOCTH
BEI3BAJI0 HEOOXOAMUMOCTD MCC/Ie0BaHHUs COCTaBa HOBBIX UC-
TOYHHUKOB CBIphS — DY, MUHEPAIIOB, cojieil U pa3paboTKy
HOBBIX METOJIOB UCCIIEIOBAHNA. BciteicTBHE 3TOT0 IPaKTHYeEC-
Ky BCe McciIefoBaTe/i SToro neproaa 3aHUMAaJIMCh XUMHYecC-
xum ananusom (I. byprase, A. Maprrpad, T. beprman,
K. Illeene, S. bepueanyc, M.T. Knanpor, JI.H. BokieH,
TE. JTopuu). VUM M3BECTHBI ObLIH yyBCTBUTEJbHbIC MHIUBHU-
[(ya/bHbIe ¥ IPYTIIOBEIE pEaKTUBbI JUTSL 06HAPYXEHHUS TeX UK
UHBIX BELIeCTB, 06/1aIaloluX OMpefeCHHbIMH XapaKTepHBI-
MH cBoiicTBamu. Mcronb3oBaHUE IPYMIIOBBIX peaKTUBOB —

KUCIIOT, 11(eJI0ueii, CepoBOopoa u Ap. — Jalo BO3MOXHOCTb
pa3paboTaTh cycTeMaTHYeCKUit XoM aHalu3a CJIOXHBIX CMECEH.
i MeTon Uccle0BaHHA

B aToT mepuon 3KCIIepUMEHTAbHBI
oGoraruaeTcsl HOBBIMM CpelCTBaMU — ycOBepILIEHCTBOBaHHbI-
MU BecaM¥, TEpMOMETPOM, MMKPOCKOTIOM 1 apeoMeTpoM —
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st payueHnst cocTana n cpoiteTp peutectn. [MpuMenenue bu-
JyecKItX 1IPHOOPOB B PAKTHKE XHMHYECKOTO aHan3a 10310-
A0 ycrmmnmmznb )‘(‘ﬂpaKTCprIC pu3MYeCKHE KOHCTAHTDI K
celiHUecKe CBOFICTDA PASTHYHBIX BelliecTs, Ha ocHope
KOTOPbIX MOXHO GbI10 OTIHYATH OLHO COCAUHEHHE OT APYTo-
co. Tlpn oTOM 0coBEeHHO WNPOKO HCTIONIbI0BATH IHAYEHUS
ioTHOCTE METALIOB, COJIEH, KMCIIOT U T. .

XV[[[ p. JlaJl MHOTO KJIaCCHYECKHX 00pa3lios KayecTBeH-
{oro 1 KOJIHUECTBEHHOTO aHalu3a, Onpenenenue konuye-
<TBeHHOTO COCTABA PASAUUHBIX XHMHUYECKUX COENMHEHHH,
v ACTBYIOLLMX B PEAKLIHSX, prodpeno peluaioulee 3HaYeHue,
TaK KAK [03BOJISNO COCTABUTD MATEPUANbHBI/ GataHC Xumu-
qeckux peakuuit. K 1784 r. ®.K. Axapa u3roToBua nepspiis
(1aTHHOBbIl THTE/Ib, HTO TIO3BOIIIO IPOBOUTH aHATH3 Tpya-
{OpACTBOPHMBIX MUHEPAJIOB. C 1795 t. B nipaKkTHKy aHanuTy-
yeCKUX yccileloBaHUM BHEAPSETCS METONL 00BbEMHOr0 aHamy-
3a, OCHOBbL KOTOpOTO ObUIM pa3paboTaHbl GpaHuy3cKuM
sumukoM @. JleKpyasuieM. B }806 I. OH U300peN U3MEpUTEb-
Hplii MHCTPYMEHT, Ha3BaHHDBIH MM aKaIMMETPOM, KOTOpbIi
Jaqau IPAMEHATb MIPU KHCIIOTHO-OCHOBHOM THTDOBAHMH.
B yue6Huke K.P. ®pesenunyca (1846 ) 6bu1 noapodHO omu-
caH rpaBUMETPHUECKUH (BecoBOM) aHanu3. MeTox oCHOBEI-
pajicsl Ha KOJIMYECTBEHHOM BBUIENIEHUH HYXHOTO BElIeCTBa B
ocallok, BbICYLUMBaHUH, MPOKAIHBAHHH U B3BELIWBAHUM.

B coBpeMeHHbIi MepHOLI MOSBUNOCH BOJIbIIOE KONHYECTBO
hU3UYECKUX 1 GU3NKO-XUMHYECKHUX METOOB aHAH3a — Xpo-
varorpadusi, Macc-CrieKTpaibHbli, PEHTIEHOBCKHE, sUIepHO-
pu3UYECKHe, aTOMHO-aICOPOLIMOHHBIN, GOTOMETPHYECKHE H

np. Co3flaHbl METO/BI IOKATIBHOTO, HEPa3pyLIAIOWIEro, AUCTaH-
[IMOHHOTO, HEMPEPbIBHOTO AHAIM3a; MOBBICHIACH TOYHOCTD U
3KCMPEeCCHOCTb UCCIIEN0BAHHUS.

AHaTUTHYeCKast XHMHS TPaIHLIMOHHO NEJIUTCA Ha iBa pa3-
fesa; KauecTBEHHbIH 1 KOJIHYeCTBeHHBIH aHanu3. KayecTtpeH-
HBI} aHAJIU3 OTIpefeNseT ANeMeHTapHbIH COCTaB BELLECTBA, XU-
MHyeckylo GOopMyly H HajJH4yue B BELIeCTBE MpPHUMECEH.
KonuuecTBEHHbIH aHATU3 orpeaenseT KoNHYeCTBEHHOE COOT-
HOLIEHUE MeXIY JIeMEHTaMH, BXOAALIUMHU B COCTaB MOJIEKY-
JIbl aHAIM3MPYEMOTO BELLECTBA, CONEPXaHHe NpUMeceid, BlIax-
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Ihasa 1

KAYECTBEHHbIN AHANTU3

Pasnen 1
Teopernyeckue 0CHOBbI
Ka4yeCTBEeHHOro aHanu3a

§ 1. Kparkas xapakrepucruka meropnos
KayeCTBEHHOro aHanu3aa

Xumuyeckas nieHtHuramusa (oOHapyxenue) — 370 ycTa-
HOBJICHHE BIAA 1 COCTOSIHUS (ha3 MOJICKYII, aTOMOB, HOHOR U
APYTHX COCTaBHBIX UACTEHl BEIECTBA HA OCHOBE COMOCTABIC-
HHS 9KCTIEPUMEHTAJIBHBIX M COOTBETCTBYIOUMX CIIPABOY HbIX
JAHHBIX JUISL U3BCCTHBIX BeleceTn. Maentuduxanms sapisieres
LEIbI0 KAUECTBEHHOIO aHAIN3A. B 3aBUCHMOCTH OT BUta njel-
THOHIHPYEMDIX YACTHIL PABTHUALOT QJIEMEHTHBI, MOJEKYIsIp-
HbIit, H30TONHBIH 1 (pasoBblit ananu3. [Tpu uireHTHUKalMY
00bIMHO ONMPEACHSCTCS KOMILIEKC CBOICTB BEILECTB: 11BET:
azoBoe COCTOSIHME; IUIOTHOCTD; BA3KOCTh; TEMIIEpPATyph
IIaBJIeHMsl, KUIICHUSI 1 )a30BOro Nepexosia; pacTBOPUMOCTE
B BOLE, KHCJIOTAX, HIENOUAX, OPrAaHHYECKUX PACTBOPHTENISIX;
00pa3oBaHKe KPUCTALIOB ofpe/ieieHHoit hopmbl u aip. Yane
BCero 0OHApyXCHHUE IEMEHTOB OCHOBAHO Ha (PUKCHPOBAHUH
BHEILHUX U3MEHEHHH, IPOHCIICAILMX B PE3YIbTATE XUMUYEC-
KOU peaKlUHY aHAIM3UPYEMOT0O BEIIECTBA ¢ KAKUM-JIHGO npy-
MM BelecTBOM. BeutectBo, ucnonbayemoe uist XMMU4ecKoii
HIEHTHQUKALIMM, HA3BIBACTCSI PEArEHTOM, a pPeakius, B pe-
3yJIbTaTe KOTOPOi NPOMCXOAUT XUMUYECKas UIEHTUUKALIMS,
AHAIHTHYECKOH peaKuueii. XUMHUYECKUI aHAJIM3 BellecTBa
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NPOBOAST JIBYMSI crocobaMH: «CYXUM TYTeM» Wiun “Mok
MnyTem». o
AHAIH3 «CYXHM TTyTEM» MoApa3ICiisICTCs1 Ha nupoxiyy

Kl anaaui W awaaus memodom pacmupanus. K MUPOXH My
KOMY METOY OTHOCSITCS MTOJIyYEHNE OKpalleHHbIX nepnolcq
By

peakliu OKpalluBaHus MJIaMEeHH.

[MonyueHHe OKpaLIeHHbIX NIEPTOB 0CHOBAHO Ha Criocog,
CTH psiaa cojieit 1 OKCHIOB METAJUIOB IPH PaCTBOPEHuUy g PaO\
nnasneHHoit gpocdopuoit corm NaNH,HPO, - 4H,0 ypy 5 -
Na,B,0;, - 4H,0 obpa3oBbiBaTb CTEKIIA (nepJibl), OKpameHHyé)e
B onpefeieHHbIi UBeT. [1o oKpacke CTEeKJa BO3MOXHo Onpele
fleNIeHHe d/eMeHTa, BXOJUIIETO B COCTAB HCCIIENYeMOro peyy,
ctBa. Hanpumep, npucyTcTBie COEAMHEHUN XpOMa MPHBoy,
K OKpallIMBaHMUIO [Tep/ia B U3YMPYAHO-3€IEHbIN LUBET, Kogayy,
Ta — HHTEHCUBHO-CUHMI LUBET U T. [I. [ motyyeHus Neprop
0epyT MIaTUHOBYIO NPOBOJIOYKY, OIMH KOHELl KOTOpOI COTHyy
B YLLIKO, a BTOPOA BHaiIH B CTEKJISHHYIO TPYOOUKYy, HaKajiyg,.
IOT B IIAMEHHU Ta30BO¥ rOpeJKK Y MIOTPYXAIOT B Fopsiyey ¢q.
CTOSIHUU B JII0OYI0 U3 BBILIEONUCAHHBIX conen. Hacts copy,
pacIUlaBsieTCs OKOJIO ropsiYed MPOBONOYKH U OCTaeTey y,
yuuike. [TpucTaBllyIo COJib OCTOPOXHO, IIPH ITOCTENEHHOM 3.
IpeBaHUM, CIUTABIAIOT B GeCLBETHBIA MEPI. 3aTeM, He fapag
OCTBITh, IPUKACAOTCS K UCCleTyeMoMy BelllecTBY. [Toce 31q.
ro ITOBTOPHO HaKaJIMBAIOT IIEP] B IUIAMEHU TOPENIKYU 10 moy.
HOTO PacTBOPEHMUS B3STOIO BELIECTBA M OTMEYAIOT LBET fep.
Jla B TOpSIYEM U XOJIOIHOM COCTOSTHUM.

Peakyuu okpamueanus naamMeHi OCHOBaHBI Ha TEDMUYECK oy
pa3JIoXeHUH COJeit NpY BHECEHNWU X B IUIAMSI FOPEJIKU: Mpy
BBICOKOI1 TeMIepaType 00pa3yrolrecs HOHbI BOCCTaHaB 1B, -
IOTCSI B aTOMBI METAJIJIOB, TTapbl KOTOPBIX U OKPALIUBAIOT 13-
ma. HanpuMep, cony HaTpus OKpallMBAlOT MJIaMs B XENThLj
LIBET, KaJIMsl — B pO30BO-(QHOJETOBbIN, KAJIbLIUA — B OpaHxXe-
BO-KPACHBI, MEAU — B 3e/IEHblii U T. 1. JlaHHbIA MeTox B nep-
BYIO OYyepellb aeT XOpOLIXe Pe3YNbTaThbl C JIETYYUMHU CONSIMK
(x1opugamMu, KapooHaTaMU U HUTpaTaMu). Henetyuue cony
TaxKe MOTYT OBbITb MCCIIEIOBaHbI 3THM METOIOM, HO IIpU Npef-
BapUTeIbHOM 00paboTKe KOHIEHTPUPOBAHHOM COJISTHOM Kuc-
JIOTOM JUIA MepeBofa UX B JIETYYUeE XJIopuabl. s npoBeneHus
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PCTTR TR TUTATHHORYIO HE HUXPOMOBYIO [IPOBONOKY, Biia
GHIYIO N CTCRTTHHYIO TTUTOUKY, TIPCIBAPHTEILHO HATpenato|
o (IANMEHIE TOPSIRIL 3aTeM Ha HPOROKOYUKY [TOMEINAIOT AHA-
HEAMPYCMOE BEHECTRO, KOTOPOE BHOCST B [IAMS TOPE/IKI #
caeT 3 TOSIRICHHEM OKpacKn miaMenn. K nenocrarkam
YO0 METO/LA OTHOCHTCS TO, YTO [IPH OAHOBPEMEHHOM [1PH-
CVTCTRI HECKOMBKHX HOHOB, CIIOCOOHBIX OKpALNBATE [11a-
\$, OKPACKA OTHOTO H3 HOHOB CIIOCOOHA MACKHpOBaTh OKpac-
Ky COCUTHEHITE APYTHX dIeMeHTOR, Hanpumep, ecnu ne-
CCIYEMASE CMECh BEIILECTB CONCPXUT COSIMHEHMSI CTPOHIIMS,
Gapist, KUIBIUSL, TIPHYCM COTI CTPOH LS CORCPXATCs B BOJb-
(1eM KOJHUECTBE, TO MATIHHOBASI OKPACKa [IAMEHH OT COeIH -
HeHHit CTPOHLLSL HEKOTOpoe BpeMst Oy/eT MoaaB/siTh OKpac-
KY, BbI3BIBACMYIO COMAMM Oapust u Kanbuus. Ho, Tak kak
cOCUIHEHMSL CTPOHLUS obnanaioT GoJiblueit JIETYUECThIO,
B janpHeiileM 3ejeHast OKpacka rjaaMeHu oT coeit Gapus u
0paHXEBO-KPAacHasl OT CONel KATIbLISI CTAHOBATCS YXe paiu-
quMbIMH. JlaHHBIM METON OBICTPBIM, YYBCTBUTENbHBIN, HO
BC/IENCTBHE BbIILEYKA3aHHOTO HENOCTATKA €ro PUMEHSIIOT NpH
rpeaBapUTEIbHBIX UCTIBITAHHMAX WM B KaYeCTBE AOMOIHHMTENb-
Hoii peaKUHH.

Memod pacmuparus TIPUMEHSAETCS B TEPBYIO OYepelb [UIS
aHaJIU3a YA U MUHEPATIOB B MOJIEBBIX YCJIOBUSIX. CoracHO Me-
TooUKe aHalu3a, UCCleNyeMOe TBEPLOE BELIECTBO MOMEIIAIOT
B (ap¢OpOBYIO CTYIKY ¥ PaCTHPAIOT € MPUMEPHO PABHBIM KO-
JTMYeCTBOM TBEPAOro peareHra, Mo oKpacke Mojy4eHHOro Be-
JLeCTBa CYAAT O HAIMYMM onpenensemMoro uoHa. Hampumep,
JUISL OTKPBITHS MOHA KODanbTa HECKOJIbKO KPUCTalIJIUKOB
CoCl, pacTupaioT ¢ KpUCTAUIMKaMH POJaHUIA aMMOHUS
NH,CNS. IIpu aTOM CMeCh CHHEET BCIEACTBUE 00Pa30BAHUS
KOMIIJIEKCHOM COJIM:

CoCl, + 4NH,CNS = (NH,),[Co(CNS),] + 2NH,CI.

AHAIU3 «MOKPBIM CTOCOOOM» — 3TO XUMUYECKHE PEaKLIH,
MpoTeKalollKe B PacTBOPAX 3JIEKTPOIUTOB. AHAIU3UPYEMOe
BeLLECTBO [IPeIBAPUTESIbHO PACTBOPAIOT B BOAE WM APYTHX pa-
CTBODUTEJISIX, IPU 3TOM MOJIEKYJIbl 3TUX BELIECTB MOABEpPra-
otcsl muccourauny. [To3ToMy aHau3 cBOOUTCS K OMNpenee-
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nu ()K[)illllt‘llll()l'() OCULKa, HIMCHCHMe [[“C“‘ N I“IQ
¢

43000pA3HBIX BEUIECTH ¢ Xapag Tho.
Chiyy
llM

Lx
" ,“\\1“""

Genoro .
pa WL BhLACACHIC |
JA1IAXOM 1T LBCTOM. Hanpnmep:

aunadenue ocaoKd.

BaCl, + H,80, = BaSO,l + 2HC|
Ba2t + SO, — BaSO4i;

uaMeHeHue yaema pacmeopa:
FeCl, + 3NH,SCN = Fe(SCN), + 3NH,C]|

pacTBop KpOBaBO-KpacHoro usera

Fe* + 3SCN- — Fe(SCN);;

gbldenerue easa.
NH,CI + NaOH = NaCl + NH,T + H,0.

NH,* + OH- — NH; + H,0.

[poBeleHye aHaNu3a «MOKPBIM IyTEM> BO3MOXHO Muuany-
epamm-memodom. ITo criocoGy BbITOMHEHHS JaHHbIH MeTop e-
JIUTCS] Ha MUKPOKPUCTAIIOCKOIIMYECKUH 1 KaneJbHbIH ana-
JIU3BI.

MukpokpucmaniocKonu4ecKoe uccredosanie TIPOBOIUTCS ¢
[OMOLLBIO MUKpocKora. Ha mpeAMeTHOM CTEKJIE POBOAHTCY
peakis B3aUMOLeHCTBUS KaIllh KCCIIeyEMOTO BELUECTBa ¢
KarUleit peareHTa; B pesyJbTaTe peaklutH 00pa3yloTcs KpUCTa-
JIB1, TI0 UX (pOpMe 1t OKpacKe CYAAT 0 HUTMYHH TOTO HIH HHO-
ro noHa. HanpuMep, [l onpefeaeHust HOHOB KIbLUA Kan-
JII0 MCCJIeflyeMOro pactBopa NpHBOIST BO B3aUMOECHCTBHE ¢
Karieif cepHoOif KUCJIOThI, 00pa30BaHNe XapaKTCPHBIX UTOJb-
yaTbix KpucTaanos runca CaSO, MOATBEPXAAET HUTHYHE HOHA
KapLyst. OMHaKO KPUCTALIbI TOTO HIX HHOIO BELIECTBA MPH-
HMMAIOT XapaKTepHylo L1 HHX ¢opMy TOJIBKO NP ONpeje-
JIEHHBIX YCJIOBUSIX KpUCTATM3ALIMK. B nepByIo ouepelb K HUM
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oTHOCHTCS CKOPOCTD POCTa KpUCTAJIIOB, MOITOMY C/IEyeT He
cMeLLHBaTh HCC/IEAYEMbIH pacTBOp M peareHT Ha MpeMeTHOM
creKe, @ HYXHO COCIMHATD MEXILy coboif Kanau peareHToB
ip¥t OMOLLH TOHKO# CTEKJISIHHOM MaJIoYKH MIIK KYCOYKOM BO-
/l0KHa, 4TOObI pacTBOPEHHbIE BELUECTBA MOT/IU ME/UTEHHO (-

qupoBaTh M3 OIIHOM Karuin B Apyryto. Takxe ¢gopma Kpuc-
7a110B MOXET U3MEHUTBLCS! B MPUCYTCTBUU MOCTOPOHHHUX
{IOHOB, 4TO ABMIACTCH [JIaBHBIM 3aTPyAHEHUEM MNPU BbIMOIHE-
Hiy JaHHOTO aHATU3a.

KanenbHolll Menod OCHOBAH Ha UCI0JIb30BaHUM KallWuIsp-
HbIX 1 ACOPOLUOHHBIX HBJICHMI?E B BOJIOKHaX QUIBTPOBATbHOM
pyMaru. BciieICTBUE Pa3M4HOM CTENeHH ancoPGuun KOMIIO-
HeHTOB PacTBOPA BOJOKHAMH buneTpOBaIbHOM GyMaru u He-
oIMHaKOBOM CKOPOCTH ajicopOLuH, NPV HAHECEHUHU KaILH pa-
cTBOpa Ha MOJNOCKY ¢GuIbTPOBAJILHOM OyMaru MPOUCXOMUT
pa3flefieHHe 1IOHOB 10 KOHLIEHTPUYECKUM 30HaM, I/e MocJe-
[[Hyie MOTYT OBITD o6HapyXeHbl YyBCTBUTENBHBIMU U XapaKTep-
HpIMy MOHaMU. biarofaps buABTpyIOLEMY NEHCTBUIO OyMa-
[yt obJieryaeTcs pasjeneHue MOHOB, TaK KakK obpasylolieecs B
oTIebHBIX PEAKIMIX MallOPACTBOPHMOE BELUECTBO 3ANEPXH-
paeTcs B KanmwuIsApax Gymaru, a paCTBOPHMMbIE MPOAYKThI ABH-
ratoTcs gablue. [TpaBiia BHIMONHEHUS KaleNbHbIX peaKiuii
cleyIolLMe: MPY MOMOLIH CTEKJISIHHOM TPYOOUKH, OTTAHYTOH
Ha KOHLIE B KalMUIAp, HAGUPAIOT TaKOE KOMUECTBO HCCTeny-
eMOT0 PacTBOPa, KOTOPOE YAEPXHBAETCA KaNWIAPHBIMHU CH-
jaMH. 3aTeM BEPTMKAIbHO MOCTaBleHHYIO TPYOOuKY MIOTHO
[pIXMMAIOT K TOPU3OHTANBHO PACTIONOXEHHOMY JIMCTKY PbIX-
JToit GUIBTPOBAIBHOM 6ymaru, Ha KOTOpoi Npu 3ToM 00pa3sy-
eTcsl Kpyrioe MATHO. B LIeHTp 00pa3oBaBliIerocs NnATHa aHa-
JJOrMYHbIM CMOCOOOM MOMELIAIOT KMo PeaKTHBA, U TOTAa,
B 3aBUCHMOCTH OT PACTBOPUMOCTH MOJTyYaIOLLerocs CoeiuHe-
Hus, obpa3yercs 60JIblIOE UM MIEHBKOE OKpalIEHHOE MAT-
HO. B HEKOTOpBIX clyyasix TpeOYIOTCs MpeaBapuTeNbHas 00-
pa6oTKa Gymaru peareHTOM U BBICYLIWBaHHE. B naHHOM
METO/IE UCTIOIb3YIOT peakliuH, B pe3y/ibTaTe KOTOPbIX 00pa3y-
J0TCSl XapaKTepHble LBETHble Karuid Ha 6ymare. [IpumepoM
MOXET CJIYXXUTh peaKLUsl OTKPBITUS KATHOHA aJIIOMUHHS aJlH-
3apMHOM: Ha GUJIBTPOBAIBHYIO OyMary MmoMewiaroT Karuio uc-
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ceveMoro pactnopa i obpabarteibaioy Hapany, x""n,,
‘e YTOroO Hi * MCCTO TOMEILAIOT K a

nocJe 21010 HA TO XKC M H1a107 K(n““() “ilC}:,MMakav

[0 CITHPTOROTO pactnopa euvnympn'uu H CHopg O0pagy,, . Mo,
papamit aMMiaka. B npucyTcTBUM alioMung 4y, (bu(; Tmnak)
(ome 1MoABISeTCsl KPACHOBATO-PO30BOE Myt "cT(mQ\:

§ 2. YyBCTBUTE/ILHOCTD aHanuTUyecyy,
peakuum

BaxHbIM YCJIOBMEM MPaBUIIBHOTO MPOBE/eH g akay
JisleTcsl YyBCTBUTENILHOCTb. qYBCIBMTeHbHoﬁ Ha3biBger, 3Ta .
peaKLs, P MOMOLLH KOTOPOH MOXHO OTKpbITy, Mithiny ay
HOE KOJIUYECTBO BELECTBA MM HOHA M3 HalMeHbyer, Ogn .
ma pacTBopa. Ko/14ecTBEHHO YYBCTBUTENIBHOCT}, Xapakpe s
3yercd TpeMsl B3aUMOCBSA3aHHBIMU TlapaMeTpamy: Pu.

1) OTKpbIBaeMbIM MUHUMYMOM 111;

2) mpenejbHOM KOHUEHTpaLHUEeH C

pa36aBieHHeM V.5,
3) MMHUMAaJbHBIM 00BEMOM IPEAETBHO pa36aBHeHH0r0

1ped MITH npeﬂeﬂb}{bm

pacTBOpa.
OTKpbIBaeMblii MUHUIMYM — HaUMEHBIIAs Macca Belllecry,

KOTOpas MOXET ObITE obHapyXeHa TaHHOH peakiueit; BIpa.’
xaercss B Mukporpammax (1 mxr = 10-6 1 = 10-3 ) Yey,
MeHbllle OTKphIBAEMBII MUHUMYM, TEM 0ostee quCTB”TeﬂbHa

peakuus. IIpenebHoM KOHIEHTpaLueli OTKpbIBaEMOTro Belllecy,
HA3bIBAIOT OTHOLIEHHE OJHOH BecOBOK YacTH (1 r) onpepejge.

MOIO BelllecTBa WIX MOHAa K HauOoJblIeH Macce wiy 06bemy
pacTBOPUTEJIS; BBIPAXAETCA B I/MJ M [I0KA3bIBAET, Npy KaKojj
HauMeHblled KOHUEHTpaUUHY pacTBopa MaHHasl peakuus ng.
3BOJIAET OMHO3HAYHO OTKDbIBATh UCCIEAYEMBIi HOH. Hanpy.
Mep, TpefebHasi KOHLEHTpaLus KaThoHa Kanus K*) ocaxgg-
eMOro B BUJIE XeJTOr0 KpUCTALIHYECKOro ocanka K,[PtCy)
U3 OIHOM KaIlIu aHaJIM3UPYeMOro pacTBopa, paBHa 1 : 10 000,
DTo 03HaYyaeT, YTO KaTHOH KalUs ellle MOXHO OOHapyXurs
B Buge K,[PtCls] B BomHOM pacTBope, comepxalieM I r K+ p
10 000 ms1. Ho eciii KOHLEHTpaLMs MeHbLUE, yeM 1 : 10 000,
TO 00HApYXXUTh €0 B BMJIe JaHHOI'0 0cagKa B OJHOM Karlje Uc-
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[JLYEMOTO pacTBOPA HEBOIMOXHO. Benuuntia, oGpartast ripe-
Lljcm,uon KOHIECHTPALUMH, HA3BIBACTCS Npe/IesbibM pazbanie-
)

[

qeM.
‘ 1

Vn ped =N
C

nped

V/W [10Ka3bIBACT, B KaKOM o0beMe BOHOrO pacTBopa co-
JepXUTCA | r onpeaessieMoro HoHa. Buipaxaercs B w/r. Ha-
npHMED, npefeibHoe pa3baBlieHue, ﬂonygxaemoe Npu oOHa-
pyXeHuH K+ B Bune K,[PtClg] u3 onnoit karnu pacrsopa,

aHo 10 000, T. €. 0OBEM PacTBOPa, COAEPXAILUil | T OHOB
ganis, He MOXKET OBbITh pa3bdaBJieH B 3TOM Cllyyae Oonblile, yem
10 10 000 MIL. Peaxuus OyIeT TeM UYBCTBUTEIILHEE, YeM MeHp-
e npefebHas KOHLIEHTPAUUSL UK YeM GoJiblle npegenbHoe

a36aneHye. MUHIMAIbHBIM 00beMOM MNpENeNbHO pa3babey-
HOTO pacTBoOpa Ha3bIBAETCSI 00BEM PacTBOpa, COMEPXKALIHii OT-
Kpblsaemmﬂ MI/IHIfMYM OIlpeleNIIeMOro UoHa.

OTKpbIBaEMbll MUHUMYM, TIDENENbHAS KOHUEHTpalus,
MMHnMaﬂbeIﬂ 00beM U TNpelesIbHOe pa3daBleHNe B3aMOCRS -

3aHbl:
m= Cnpea ) V;uuu ) 106 MKT,

70)8%4
V. 10°

m=-2ue___
V‘npea

YyBCTBUTEJIbHOCTD PEAKIIUH OTIPENIENIAETCS TaAKXKe Bpeme-
HeM, B TeYEHHE KOTOPOro MpoTeKaeT peakuus. bosnee vys-
CTBUTEJIbHON SBIAETCS Ta peakuusl, B KOTOPOi peareHT B3a-
JMOIEHCTBYET C OMpe/ieNsieMbIM MOHOM 3a Gojiee KOpOTKUit
MPOMEXYTOK BPEMEHH. Hanpumep, KaTuoH MarHus Mg2+
MOJHO OTKPBITb HECKOJIbKUMH CIIOCODaMHU, B TOM YMCIIE Neii-
creueM rugpodocdara Hatpust Na,HPO, B npucyrcrsuu run-
pokenpa amMonust NH,OH u xnopuna ammonus NH,C1 u
kap6oHatoM Hatpust Na,CO,. Oxasajnoce, 4to o6pazoBanue
6eJ1oro KpUCTaJIMYECKOro ocajaka docdara MarHus-aMMoHUs
MgNH,PO, npoucxoaut 6bICTpee, YeM OCHOBHOIO KapOoHa-

ta Marius (MgOH),CO,; cienoBatenbHo, nepsas peakius
0oJiee YYBCTBUTEJIbHAS.
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§ 3. Ycnosusi nposeaeHus aHanmmecK"x
peaxkuuu

Ha pesynbrar KauecTBEHHOIO ONpeie/ieHus| okaabmalm-
GOJIBLIIOE WINSIHUE YCIOBUS TIPOBEICHHSI peakuuid, g leppy,,
ouepesth peakiust cpejibl M Temiiepatypa; pH B iepsyio OUepey,
BAMSICT Ha [Ipoliecchbl 00pa3oBaHUsl 0CAJIKA: OCA/KH, Pacthopy,.
MBIC B 11ieJIoax, He BbinanyT npu pH > 7, pactBopumpie g Kite.
JIOTax — B KUCJIOM cpefie; a TaKXe MOXET OIpPeAesiTh 4YBCTRY.
TeJlbHOCTh peakuuu. Hampumep, npu oKucieHuy CMecy
conepxarieit Cl-, Br-, [-, mepMaHraHaToM KaJius KMn()4 qu:
CTBUTE/ILHOCTb PEaKLMU MOBBILIACTCS 110 Mepe YBeMnyeyy,,
KoHLeHTpauuu HoHoB Bogopona. [pn pH =5 1 M pacrg,
KMnO, oxucaser tonbko [~ 10 I,, He oka3biBast Biusnyg Ha
ocTajibHble MOHBI, NpU pH = 3 okuCHsAET Takxe Br- jo Br
anipu pH < 1 okuensercs u CI- o Cl,. Heobxonnmoe ayaye.
Hue pH co3pmaeTcst mpubaBieHUEM K pacTBOPY KHCIOTH] Wiy
enoyu. MameHeHue TeMIiepatypel peakluu (HarpeBaHHe)
MOXET YBEIMUMBATh CKOPOCTb PeaKLMH, HO ONHOBpeMeny,
MOBbIILAET PACTBOPUMOCTD OCALKOB M TEM CaMbIM IMOHMXaey
YYBCTBUTEJILHOCTb peakunu. [10aToMY Liesblif psin KayecTgeyy.
HBIX peakluii MpoBOAT Ha Xojiofe. Hampumep, npu npoge.
JeHUM Ka4yeCTBEHHOM peaKUMM Ha KaTHOH HaTPUS C UCTojp.
30BaHMeM auruapoaHTuMoHara Kajuss KH,SbO, o6Hapyxenye
MOXET MPOMUTH TOJBKO B HEMUTPAIBHOMU Cpelle Ha XoJlone, Tak
KaK KMCJIOTBI pa3jlaraloT peakTUB, B LUEJIOYHOM Cpelie U B ro-
psiumx pactBopax ocagok KH,SbO, pacTBopsercs ¢ 06pasopa-
HUEM CpeOHEN COMu.

HexoTopble peakiun MpOTEKAIOT B HY>XXHOM HalpaBleHuy
TOJIbKO MpPU COOJIIONEHUU ONPEleNIeHHOM NOCIe10BaTeIbHOC-
T 100aBJIeH U peaKTUBOB. [Ipy U3MEeHEeHUU MOpsIIKa cMeLre-
HUS HUCCJIeAyeMOTO pacTBOPa U PeaKTUBOB YYBCTBMTEIbHOCTS
PeakIMuy MOXeT Pe3KO U3MEHHUTBCH, U HEOOXOMMMBIIt pe3yp-
TaT He OyIeT LOCTUTHYT. Hanpumep, OTKpbITHE HOHOB MarHus
MPOU3BOMUTCA peakuuel ¢ ruapodocaToM HaTpHs, KOTOPBIN
C COJISIMU MarHus B IIPUCYTCTBUM pacTBopa ammuaka NH,OH
u xjopuna ammonuss NH,C1 obpasyet Genblit Kpuctaniuyec-
KMH 0cajioK pocdara MarHus u aMmmonuss MgNH,PO,.
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A PEAKIN VAACTCR IRNEL TIPK TTOCACA0BATE ILHOM i
O CTeaviommx onepattit: € vebhoon

HTOMY KOnMtec Iy
L TROPA COTHMATHUSE TTPHIHBAIOT CTONLKO pactnopa N ( |
qroOn nocteayiotee npubanienme NH,OH ne nitnang -
natennsg 0c1oro amMopdhHoTo ocanka \1;-(()”))' HOCHE YTO1 6
MO KM IPINBAIOT pasbasieHnbiii pactaop lmlpm\m(
data HATPUSE W TTOCIAC KAXLOH Kalull peakiuna WO THIBA
0T COCPARIMOC TPOOHPKI. TakuM 00Pa3oM 1pH WIMeHe 1y
MOPS/IKA TPHINBAHMS PEAKTHBOB MOXET 00pa3oBaThes He-
autit amopdubtit ocanok Mg(OH),. [pu cunbho wenouno
peakunit (pH >10) MoxeT 00pa3oBaThesi Majio xapakTepiif
ocajok docdata maruusi Mg,(PO,),.
B HEKOTOPbIX CNIyHasiX MOBLICUTH YYBCTBUTENBLHOCTb MOXK-
HO BBEACHHMEM MOCTOpoHHero noHa. Tak, npu onpenenenuu
MOHOB KOOAIbTa B BUIIE CHHEro KPUCTAUINYECKOTO OcafiKa TeT-
poponaHomepkypata Kobanbra Co[Hg(SCN),] peakuus ne
WAET MPH MablX KOHUEHTpalUMsX HOHOB Kobajbra. Ho npu
106aBaeHMN HEDONBILOTO KOMMYeCTBa HOHOB LIMHKa Zn2* cpa-
3y Xe MMPOUCXOIUT BbiMaieHKUE rojlydoro ocafaxa, CoCTosLiero
u3 cmecu Zn[Hg(SCN),] u Co[Hg(SCN),]. 310 sBneHue Ha-
3pIBaeTcs coocaxneHueM. ONHAKO MOBbIIIEHUE YYBCTBUTEb-
HOCTM He BCerJa JaeT MOJIOXUTEebHBIA 3DMEKT: MOXHO MpuU-
HSITh HeOOJIbIIME 3arpsA3HEHUs peareHTa JaHHbIM MOHOM 3a
HaJu4yue OOHapyXUBaeMOro UOHa B UCCIEAYEMOM OObBEKTE.
JU1s1 TOro yToObI M30eXaTh NMOLO00HOU OLLIUOKU, IIPOBOISIT KOH-
TPOJIbHBIN, TaK Ha3bIBAEMBIA «XOJIOCTOM», OMBIT C NaHHBIM
peareHTOM B OTCYTCTBME MCCIeTyeMOro pacTBopa.
CrnenoBaTesibHO, [UIS MPaBUJIBHOIO MPOBEAEHUSA KaYeCTBEH-
HOro aHaji3a HeJoCTaTOYHO MoaodpaTh peareHT, HEOOXOauU-
MO TaKXXe 3HaTh YCJIOBUS NMPOBeIeHUS peaKlliu, TeOpeTUYEC-
KYI0 OCHOBY [pOTEKaHUSA peakUUi B pacTBOpax (TEOpHIO
3JIEKTPOJIMTUUECKON IMCCOLMALIMMU, BOLOPOIHBIH MOKa3aTeNb
cpellbl, XMMUYeCKoe paBHOBECHE U T. I.) U CBOICTBA CaMoro
peareHTa. B COOTBETCTBUU C BbIIIECKa3aHHBIM, 0CO00€ BHU-
MaHUe NPy KaueCTBEHHBIX ONpeNeeHUsX CIIEAYET O0PaTUTh Ha
YUCTOTY NPUMEHSIEMbIX PEaKTUBOB, TaK KaK JAaHHbIA (haKTop

orpeuensger YyBCTBUTEIbHOCTb peakKlUun, MO3TOMY NaAUM Xa-



A"m\"""'lm‘k.

16 as

m— AN 110, IeMent Xhuy,

ey ATOMY NOHSITHIOL < APHOE Bera 4
pAKTEPHCTHK) HTOMY Clllecy,,

epKHT OCHOBHON ({Jlanm,m) KOMirg, )””H
(pUMECH (TOCTOPOITTHE . 1 st K e Conclc:,’ .
st B OUeHB MAIBIX KoJpuecTBax, To ux H;J.bmam "C“Cnag%
TepMuHbI oTpeyaloT Monnp}‘{:lMI (})I_OBJ.ISIM B 700 «Chiefp, _ | 0“1'».
10-1; «MHKpOCACIBI> = 10="= <’]0<‘_Y9”*gPaMHKpocﬂem),b .
10-9—10-9; «CyOMUKPOCTCAb — : eluczcmo ”a”’“sae-\
csl nblCOKO‘lHCTbIM npu cojiepXXaHUH ITIPUMECEN He 60Hee ]0\4L
10-3 % (MoASpHblE M) 1 0C000 gljfTbIM (Yﬂpraq”CTu““
apn coepxaiti npveceit ke 1077 7 (Morspisge 5,1
CneayeT OTMETHUTh, UTO OﬂPeﬂeﬂeHI/Ie %TCHCHM q“CTOTb[ qac"
TO 3aBUCHUT OT HaiMeHbLIei CYMMapHOH KOHUEHTpayy "y
veceit, KoTopylo Y1aeTes oGHapyXuTh. Hanpumep, ClieKTpay,
HO YHCTHIMM Ha3bIBAIOTCA BelllecTBa, IpUMeCH B KOTopyy
MOXHO OmnpeaeuTh crieKTpaJlbHbIMY METOIaMu.

BoinyckaeMble peaKTHBbI U151 IPOBEACHHS 2HATU THy eCkity
peakUuil oApa3eNsioTes Ha 6 KBaTUbUKaLMIA:

1) TeXHUYECKHUE,

2) OYMLIEHHDIE;

3) yuctbie (4);

4) yKCThlE UIS aHAIU32 (4. I. a);

5) XUMUYeCKue YUCTHIC (X. 4.);

6) ocobo yncThIe (OC. q.).

Oco60 KCTble PeaKTHBBI CONEPXaT HAUMEHbILEe Kouye.
cTBO npuMeceil. 115 60bIIMHCTBA aHATUTHIECKHX PadoT Mo-
[YT PUMEHSTBCA PEAKTHBBI «4. I 4> H «X. €.».

ToBbILIeHMS YYBCTBUTEIBHOCTH MOXHO TaKXe 106HThey
BBINapMBAHUEM PACTBOPA; MPEABAPUTETBHBIM OCAXIeHHeM B
BUJIe MATOPACTBOPMMOTO COEMMHEHHS € MOCIEAYIOUIHM pa-
CTBODEHHEM €r0 B IIOJXOMALIEM PACTBOPHTE/IE; IKCTpaKIlieii
HcclefyeMbIX COeTMHEH NI OpraHMYeCKMMH PACTBOPUTE IS Mu:
TUCTUIIALMEN; N301paTeNbHON acopOLMeif Ha TBepaOM Be-
utectse (agcopbeHTe) U T. .

COL‘JUIHCHHL‘ cOJ



. N aaAn q
| KA uu‘l'""”} " — 17

PO s Nl
[

g 4. CrneuuPuIHoOCTL U u3buparenuuocr,
AHANUTUMECKMX Peakuuii

(T THICCKHE PEAKITI XapakTepuyio ey Clenmduyo-
. ‘(‘uum(bu‘nn,n\m, WiIn u';(mpu'lcm,m,lMM, HasbiBaKoT 12-

cn,IO'Cquum U PCAKTUBDL, TIPU TTOMOI1IY KOTOPBIX MOX 10 i

ke l)l ‘uou B HPUCYTCTBUN JIDYTUX MOHOR. ﬂpHMcmMM TAKUx

l\'l’::‘;”“ W PEAKTHBOB MOTYT ClyKUTH pe

)ei

- Ba2* xpomaroM kKaiust K,CrO,, KOTOpast conpoBoxact-

o o6paaonanne{\:+ocam<a APKO-KeITOro usera; peakiyg oT-
KpbITHS MOHA Fe’* peakTBOM pontanuna ammonyy NH,SCN
¢ 06pa3oBAHNUCM PACTBOPA KPOBABO-KPacHOro yperq. Yem
MeHblle YMCI0 MOHOB, BETYNAIOWMX B peakipio ¢ NaHH by
peaKTHBOM, TeM Oonee u3GUpatenbHbIM apysercy PEAKTUB,
Jlnsi OUEHKHU BIUSHUS IOCTOPOHHKMX MOHOB pig Xapakrep-

Hyl0 PeaKLMIO UCTIONB3YIOT NpefiebHoe OTHOLIEHKe, KOTopoe
paccUMTHIBAETCS KAK OTHOLIEHHUE KOHUCHTpawmy o

fpenense-
moro MOHa K KOHUCHTPALMM NOCTOPOHHero oy, [penens-
Hoe OTHOLICHHUE MOKA3BIBALT, P KaKoM Becopgy COOTHOI1e-
UMY OTIPEIENSIEMOTO MOHA M MOCTOPOHHEro Koy MOXHo
0OHApYXUTb OMPENENSEMbI HOH TaHHoj PEakliuent, u gpyg-
eTcst MepO# CEUUGUYHOCTY peakiyy. Hanpumep, MUKpO-
KPUCTAJI-JIOCKOTIMYECKAs PEaKLUs Ha HOH cBypa [eHCTBYeM
itomuna Kanmua KI B ipucytersuu nomnop M€/ BO3MOXHa Tojp-
KO B TOM CJ1y4ae, KOria KOHLEHTpalus HoHop Cu* npespyga-
eT KOHLIEHTPALIUIO MOHOB Pb2+

He Gosee yeMm p 25 pa3. [Ipe-
flelbHOe COOTHOLUEHUE Uil NaHHOM peakuuy PaBHO: Pb2+ -
: Cuzt =1 :25. B cnyyae, kor

na KOHLleHTpaLII/IS{ NIOCTOpOH-
HeTo MOHA IIPEBBILIACT MpeNebHOoe COOTHOLUCHHB, NIPUMEHS-

10T MACKMPOBAHUE NyTEM CBA3bIBAHUS B [IPOYHEBIe KOMIIJleK-
CHBIE COE[IMHEHHS. TaK, Npu onHOBpeMeHHOM MPUCYTCTBUK
B MCCJIEYEMOM pacTBope MOHOB HuKens Ni2t y xenesa Fe3+
00HapYXXEHUIO HOHOB HUKEJS PeakTUBOM Yyraesa B ammuay-
HOH cpelie MelllaeT o6pa3oBaHue KOpUYHEB0-6yporo ocanka
Fe(OH),. [ToaTomy MoHBI Xee3a MaCKUPYIOT MyTeM Npu6as-

JIeHUst HTOPUMIA HATPUS, TIPU STOM 0BPA3YIOTCH KOMILIEKCHbE
noHsl [FeF]3-.
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, — i HA, oon.
A, ocnonatiit 1 l||)l|M(‘.ll(?Ill'1HC\ll(-\\%
POARTIIE, HAARIACTCN APOOHTLIM. ARTTTTINTY M(\'IT('lml)w,ch
OTRPRIATE HOHBE B 110001} |lm',nvmm:n‘cnmmc.”’1 J““M (,.}k:’“
HEOOIRIIIN opuni neeneyemoro PACTROpY T l()'l'}l‘em.“'l()
HIWO, ¢1poro (‘|lt‘lll|(|)l|‘l(‘CKHX I)CélK'an(m, l C()" ‘U)K;UIZX
pearnpoBart, I(UII\KHU € OILHUM HoHOoM, Mimcc.l"‘“‘;'l()c()ﬂnmx
HATHE peaktisb feiicrnyior ¢ HECKONbK UMK ”()”“He Hopy,
PEANTHBLL 1 peakiimu HasbIBaloTCy 001IUM Y lil 1”' [’akné
Housl NH* i K+ ¢ l‘CKCilHlsl’l‘p()KOGZUIbTHTOM.(][a” “Mep,
Nay[Co(NO,) | nator ocankn KENTOro upera, g ¢ l Hatpy,
patoM Hatpust NaHC,H,0, — 6enioro LiBeTa, },Ecnn;tmpOTapT.
AACT CXO/IHBIC peakinu ¢ LEJIon rpynnoij HOHopB 0: peare}”
CH TPYNINOBBIM peareHToM. Hanpumep, COMsiHag ,HC]ﬂBHSIeL
Hast H,S0, kucnors, XJIOpUA Gapust BaCl, 1 cep.

) » HUTpar ce
AgNO,. [ToaroMy nonumii aHaJIu3 MHoroxomnonemHonpeﬁpa
CMe.

CHMOXHO NpoBecTH, npumenup CUCTEMaTHYeCKHif Merq
m3a. CucreMatuveckuii X0 aHalu3a — 370 Onpeﬂenﬂ e
MTOCNICI0BATENIBHOCTD OTKPBITHS MOHOB, HaxonsmUxCcy ; s
cu. st ynpouenus NIPOBEeNEHUS CHCTeMAaTHYecKoro chMe-
3a WOHBI, COCTAaBNSIOLYe CMECb, pasleNsioT Ha TPYIITE] aﬁ?
MTOJIb3Ysl CXONCTBO WM pasuyus UX CBOMCTS. 3aTe1’\4 n;
TPYNIbI BBIACNSIOT ONpeeeH e UOHBI, KOTOPBIE OTKppp,.
YOTCH XapaKTepHBIMU IS HUX peakuuamu. Peaxuuy, Xapax-
TCPHbIC U1l ONHOTO MOHA, Ha3bIBAIOTCS HaCTHBIMU. [Ing pas.
[ICJIEHNSI MOHOB Ha IPYIIbI NPUMEHSIOT PasnyHble MeTopy:
OCaXIeHWEe HOHOB B BUJe MaJIOpacTBOPUMBIX COENMHEHN;
BOCCTaHOBJIEHME MOHOB METAJLIAMMU B COOTBETCTBHU C MX Hop-
MaJbHBIMU OKMCITNTENBHO-BOCCTAHOBUTEIbHBIMIL MOTeHUUa-
JlaMM; U30UpaTeNbHas afcopOIUSI HOHOB U Ap.

§ 5. AHanuTuyeckas Knaccudukaums noHos

PasniesieHue Ha rpynmnsl MoxHO MPOBOIUTD B COOTBETCTBIU
C Pa3IUYHBIMU CHUCTEMaMHU aHaJIM3a, KOTOPBIE MO3BONSIOT
MICHTUDULUPOBATD 3/IEMEHTbI B GOPME TeX MM HHBIX HOHOB.
Harnpumep, B ocHOBe cynbdUIHON CHCTEMBI aHAIN3A JTEXIUT

PacTBOPUMOCTD CYIbPUIOB, XJIOPUIOB U KApGOHATOB KAaTHO-
HOB (Tabu1. 2).
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Tabauua 2

Cyﬂbd"Ul"“" CHCTEeMA KJIIICCH(I)HKH“HH KaTHOHORB

’Rﬁf,;'uu, OTHOCAUIHECA K 1aloil
pynne

Pactsopumocts
coneii

['pynuiosoii pearenr

PACTBOpHMbLI B BOAC

K. Na TNH, Mg Xnopuin, Her
kapbonarel u
cynbhuant

7T 5 .%2
— | Ca~, Ba’

KapGouarur B Boge
HEPacTBOPHMBI

Kap6ouar ammotus s
npucyrcrsu NH,OH
1 NaOH

11epacTBOPHMbI B
BOJE, 1O PACTBOPHMbI
B pa30aBneHHbIX
KHCJIOTax

| Fe Fe,Co . Mn,Zn", Al"", KapGonarsl Cynbdua ammonus
3 agit2
Cr'”, Ni cynbQuabl
THAPOKCHIBI

HHEpacTBOPHMBIL B

v |Hg. Hg ' Ag', Pb*, Cu'™~ Cynbbuast CepoBonopoa B
HepacTBOPHMBI B npucytcreun HCI
pa30aBneHHbIX
KHCIO0TaxX

% Sn', Sn, As™, As”, Sb™, Sb*™ Cynsdumsl Ceposozopon B

KHCNOit cpeae

pa3daBneHHbIX
KMCOTax, HO
PacTBOPHMBbI B
cynbdHIe aMMOHHA

PacTBOPMMOCTb COJEii ¥ TIPOKCHIOB KaTHOHOB, JieXalllast

B OCHOBE aHAIMUTUYECKOI KiaccuduKaluu, KaK 1 Bce Apyrue

CBOICTBAa KATMOHOB, (PYHKIIMOHAJIbHO CBSI3aHa C IOJIOXEHU -
eM COOTBETCTBYIOLIMX 3JIEMEHTOB B IEPUOIUYECKON CUCTEME,
KaTHOHBI s-2/1eMEHTOB, 00J1aalolue 2- U 8-3/1EKTPOHHBIM
pueinrHuM cioeM (Lit, Nat, K+, Mg?+, Ca?*, Sr?*, Ba?* u nip.),
qBJISIIOTCS CNIaBbIMU MOJISIpU3aTOpaMy U MOYTH He MOJISIpU3y-
joTcs caMu. [Ipy B3auMoIeicTBMU MOJOOHBIX KaTHOHOB C
cy/lb(pUI-MOHAMHI HE TPOMCXOAUT 3aMeTHOM AedopMalum
3MeKTPOHHBIX 000JioveK. Takue KaTHOHbI, KaK MpaBuio, He
0Gpa3yIoT TPYAHOPACTBOPUMBbIX B BOJE CYTbOUIOB 1 OTHOCAT-
cs K [ u 1] ananutuyeckum rpynnam. Katuonnot Agh, Hg?*, As
(I1D), As (V), Sn*, Sb (III), Pb2*, Bi** u ap., obnagarouiye MHO-
roJIEKTPOHHBIM BHeIIHUM cioeM (18 u 18 + 2), apisiorcs
CUJIbHBIMM TMOJIIPU3aTOPaMU U B TO X€ BpeMs JIETKO IOJIAPpU-
3ytoTcs caMu. [Ipu B3auMoneidCTBUU MOJOOHBIX KaTUOHOB
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r-nonon NPOUCXOMT CHITLHAS TTOJSIPU3ATINS 0Honx Mooy
0 anauHTeabHas edopMatins X BHEITHAX JICKTPOHHBIX 0.
qouek. B coorpeTcTBHH € 9THM BCC KATHOHBL, o()muuuonmc

pHetneit MeKTPoHHOM cTpyKTYpoit 18 € nin (18 +2¢), Kak
npapiuio, 00pasyiot cyibgpuibl ¢ 04eHb MAJIBIMU 3HaYCHUsI My
KOHCTAHT PACTBOPUMOCTH M [OTOMY NMpHHaLIEXaT K [V i v
AHAUTUTHYMECKHUM TpYyInaMm.

KaTinoHbl ¢ nepexonHoil 2JIeKTPOHHOH CTPYKTYPOH, T. e, ¢
HE3aKOHYEHHbIM 18-2/1eKTPOHHBIM BHELWHUM cioeM (Mn2+
Fe2t, Fe3t, Co2+, Ni2* u ap.), 3aHUMaIOT MPOMEXYTOUHOE 10-
JoXeHHe. SABassch cpaBHUTEIbHO CUIIbHBIMU MOJISIpU3aTOpa-
MU, OHU B TO Xe BpeMsl 3aMETHO MOJIIPU3YIOTCS CaMH U To-
TOMY MpPU B3aUMOAEWUCTBUHM C CyJIb(UI-UOHAMU AalOT
TPYAHOPACTBOPUMBIE CYNb(MUALI. OTH KaTHOHBI 00pa3yiot []]
aHaJIMTHYecKyto rpynny. X cynbduabl UMEIOT 3HAYUTETBHO
OoJibLIKE 3HAYEHUS] KOHCTAHT pacTBOPUMOCTU, YEM KaTHUOHBI
IV u V rpynmn.

Takum obpa3oM, cylbduiHasg KiacciPuKauusg KaTUOHOB,
OCHOBaHHas Ha MpU3HaKe, MMEIoLLUEeM Ha IepBhIil B3MJISII YU-
CTO INpPaKTUYECKUI XapakTep, HU B KOei Mepe He cliyyaiHa,
a CBSI3aHa C 2JIEKTPOHHOU KOHQUTrypalueid aToMOB U UOHOB.

B naHHOM y4eOHHKe KaK OCHOBa pacCMaTpUBAETCs KUCIIOT-
HO-OCHOBHOI METOJl, OCHOBaHHbIN Ha pa3IMYHOM OTHOILIEHUHU
KaTHOHOB K KMUCJIOTaM U lienoyaM (tabi. 3).

Tabauya 3
KucioTHO-0cHOBHAs cHcTeMa KiaccH(UKAIUH KATHOHOB
" Xapakre
AHanuTHyYeckas| Xapaktepuctdka | ['pyrnoBoit paxtep
MOoNy4aeMbIX
rpyrmna rpymnmn peareHT "
COCIMHEHHU

I |K* Na¥, Xnopuuel, cynsdatel |He umeeT  |Pacteop K, Na*,‘
NH4+ U TMAPOKCHUIBI pac- NH4+

TBOPUMBI BBOJIE

Il [Ag*, Pb*?, |XnopumbrHepactBo- |[2H.pactBop (Ocamku AgCl,

Hg,™ pumbl B Boge U pa3- |HCI PbCl,, Hg,Cl,
0aBJIeHHbIX KUCJIOTaX
II1|Ba*? sr*?, |Cynbdatsl HepacTBo- |2 H. pacTBop |Ocamxu BaSO,,
Ca*? (Pb”) pPUMBI B BoZie U KMCO- H2504 SrSO,, CaSO,

as (PbSO,)
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Oxonyanue maba, 3

N i Xapaktep
/ckﬂ/’J Xapakrepiicrika | | pynnorls;) MoJy"aeMbix
At 1H“"[‘1°q rpynn i COCAMHEHU I
" — KCIbl amdo- MN36bITOK 4 H. Pactsop AlO,”,
- +3 ['wap 4cTBODA i
N CT L |reprin, pacTBopHAb! ?\IOH‘;M Cr0; , Zn0;,
gt . un a
Lnusi:” p H30BITKE LEIO KO Sn0; ™2, AsO;”
Sn ) *3’ (Sb03—3)
AS*S (Sb ) —
{7, TapokcHis Msbbrok  |Ocanku Mg(OH),,
\ M%z ’F v |HepacTBOPUMbL 25%-Horo Mn(OH),, Fe(OH),,
Fe'\Fe » |pmbpmeemenoun  |pactsopa | o
Bi#J, Sb+3’ NH40H C( )3) Bl(OH)3,
o HSbO,, HSbO,
//”5’1'{?3:— T apoKcus! Visosrok | Pacteop
v Cu”a +2 |oBpasytoT 25%-Horo  |[Cu(NHj),]*2,
cd”,Co pacTBOPHMBIE pacTBopa [He(NH,),]"2.
Ni™ aMMHaKaThl NH,OH =4 ”
[Cd(NH;),] ™,
[Co(NH),)?,
[Ni(NH),] >

ApHOHBI 0B6BIYHO KITaCCUQULUPYIOT 10 PACTBOPMMOCTH CO-

Jeif WM TIO OKUCTHTENbHO-BOCCTAHOBHTEIIbHBIM CBOMCTBAM.
HauGosee YACTO TIPUMEHSEMOI SIBIISIETCS KiacCHbUKalys B
2aBUCHMOCTH OT PACTBOPMMOCTH MX GapUEBBIX U CepeOPSHBIX
coneit. MccenyeMble aHUOHbI MONPA3NENSIOTCS, B 3TOM ClTy-
yae Ha 3 TPYMIbL (Tab. 4).

Tabauya 4
Knaccudukauus aHHoHOB
[pynma| AHMOHBI I'pynnosoii peareHT | XapakTepycTHKa rpynsL
[ |80, 50,7, |Xnopun 6apus BaCl,  |Conut Gapus npaxmyecku
CO, 2, PO, |B HeMTpANBHOM WK Cria- HEPACTBOPUMBL B BOJIE
Si0.2 001LIeJI0YHOM pacTBOpe
3
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['pynna AHHOHDI ['pyniosoi pearcit Xapakiepuciyyy h
'py”l”‘,
Hupat cepeOpa Ag NO, [Conu cc;)cﬁp,lm
e AKTHon
HEPACTHOPUMLI 1 ey, Chy

I |c1,Br,
.S B MpUCYTCTBHN HNO,
U B pasobaBacHuoy atomy,
Ol

KUC0TE
Conu Gapm

TS
[pynmnoBoro pcarcHTa
HET PacTBOPUMBI B Bose
—
3aHATHUSA TTO KayeCTBEHHOMY aHM”3y Mp
Hue ceMUHapOB M0 TEOPETUICCKUM Bongﬂ'
0-

[JojiaratoT npoBeae
caM COOTBETCTBYIOLLETO pasjiesia, 03HAKOMIIEHHE C YacTHpyy,
X MOHOB, CAMOCTOSITENIbHOE pelieyy
€

peakLHAMH u3ydyaembl
aHajuTHIecKoi 3a1aiu (onpefie/IeHHe COCTaBa HeM3BeCTHoj;
cmecH), opopMIeHHE pe3y/IbTaToB B BUIC IPOTOKONA. Mprye.
pbI 3aIOJTHEHHUSA JlaGopaTOpHOro XypHaia:

Jla6oparopHas pabora Ne

[IpaKTHYECKHE

YacTHble peakLuy Ha KaTuoH ___
Ir PeareHT I YpaBHeHHe peaKUHH HabnroaeHus BriBog
KoHTponbHas 3agaya Ha cMecb KaTMOHOB __ rpynnbl
Cocre
Bomon| o Cocas
oCa/IKa | pacTBopa

HabmoneHus

BCLLUECTBO

[ |

KoHTpONbHbIE BOMPOCH! M 33AaH

[NQ / HccneayeMoC / Paasalir

[, Maiime onpedenerue AHAAUMUHECKOU XUMUU.
2 Ymo geasemcs hpeomemom usyHeHus ananlm u4ecKoll xu-

muu?
3. Ymo nonumarom nod anaaumu4ecKoll peakyuei, peazen-

mom? [Tpueedume npumepbl.
4. Kax kaaccuguuupyromes npumect 6 XumMueckux peazenmax?
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10.

11.

12
13.
14.

I5.
16.

17.

peHHBI aHaAu3 ’

——

oM cyu(HOCInb aHanu3a, npogoodUMo20 «CyxXumy» y «MOK -
i

?
poim> nymem:

yem pasHud Medkcdy Makpo-, HOAYMUKPO- U MUKpome-

B panu? Hasosume npeumyu4ecmaa noayMuKpomemoda.
m :

[Tpugedume npuMepbl PEaKyUl OKpauenHbIx nepaoe,
B uem saKao4aenca Memod pacmuparus?

Kaxosa 10c1e008aMeNbHOCb 0Nepayuil Muxpoxpucman-
ﬂocxommec;coao uccne0o6aHus?

Yo maroe cneyuguieckue peakyuu u peaxmussi? [Tpu-
gedume hpumepel cneuud)uuec;cu)f peakyuil. ObsacHume
sqaueHue cneyu@uU1eckux peakyuu i peakmieos e anany-
s¢ cmecu KamuoHog.

Yo noHUMarnm nod 4y8cmMeUmMenbHOCbI0 aHaumuYec-
xoil pearyuu? Jlaime onpedeneHue OMKPbIGAEMOMyY MUHU-
JiyMy U npedeabHoil KOHUeHmpayuu.

KakuMu Memooamy MOJICHO NOBbICUMb HyscmeumenbHocmy
nanumuveckoll peakuuu? Ilpugedume npumepi.

Oxapakmepusyiime OpobHbIll U cucmemamuyeckuil xod
aHanusa.

Ha em 0CHOBAHA KUCAOMHO-0CHO8HAS Kadccuuiayus
KamuoHos?

Ha uem 0CHOBAHA KAACCUDUKALUA AHUOHOB?

Omipeigaemblii MUHUMYM uoHog Bi* ¢ B-nHagmuaamunom
cocmaensem 1 mxe. Munumansholili 06sem pacmeopa conu
gucmyma pasen 0,001 ma. Buiuucaume npedensnyro kon-
yeHmpayuro pacmeopa.

Omeem: 1: 1000 2/ma.

Jlna onpedeneHusa uyecmeumenbHocmu peakyuu Ha VOH
Pb2* b1 3sm pacmeop Pb(NO,),, codeparcawuii 1 2 Pb2+
g 1 1. bovino HalldeHo, wmo npu pazbaenexuu 3mo2o pacmeo-
pa & 14 pa3 peakyus yoaemcsa. Onpedeaums omxpovleaemolil
MUHUMYM U nPE0eNbHYI0 KOHUEHMPAyUuro npu ycaoguu, 4mo
oxa yoaemcs ¢ Kanaeil pacmeopa obsemom 9,8 - 10~ ma.

Omeem: 0,07 mke; 1: 14 000 2/ma.



AHaA"T""OCKaﬂ
Xn

ﬁi"//
7 M
2 canuiona K+ deticmaue Ny
lCo(Ng )
2)g]
.

18, M omKpuint
emoeo Geujecmea. Ompp,,

Gdey
(3

g3amo 2 Me aHanausupy
e 4 me K- Onpedenums mace
08yi0 g

suHuMyM pac
K*e ananusupyemom geujecmae.

omeem: 0,2 %.

TBUS MACC KaK 0CHOB3

§ 6. 3aKOH fenc
HHOro aHanu3a

KayecTBe

kiist OJIKHA NIPOTEKATh Gbicry,
0y

AHanmnquKaﬂ pea I
OLITh cpeundnueckon 1 yyBCTBUTEIBHOM. Kak ussectio,
M onpenessieTcs KOHH@HTpa’u :0_

ei

Kol peaKuH
B B COOTBETCTBUM C 3aKOHOM Ielict
B[/I;{

pearupyroLuX 3
macc: cKopocTb yMuaecKoii peaKiit PAMO Tpomopyy
HaJIpHa mpou3peleHHIo aKTHBHOCTEN pearnpyroLmx BeulecTo.
p3gThIX B cTEMEHH HX CTeXHOMETPUYECKHUX Koaq)qmu“e“ToB,
Tl pa36aBeHHbIX pacTBOPOB K03(pOULIUEHTDI aKTHBHOe B.

allMy. 3anuiuem MaTeMTau

~ | 1 aKTUBHOCTH paBHBI KOHLIEHTP
Tyueckoe BbIPXKEHHE [aHHOrO 3aKOHa JUIS XUMHYECKOIi pe

aKLUH:
mA+nB= C+ D;
V= k- aAm . aBH =k -fA : [A]'" 'fB ) [B]", UITH
V= k [A]m . [B]n,
rae k — K09(h(PULIUEHT [IpONOPLHUOHATBHOCTH, HA3bIBAeMbLi]

KOHCTAHTOM CKOPOCTH.

Ipumep. BoryucIuTh, BO CKOMBKO a3 YBENHYMBAETCS CKO

pPOCTb peaKluH
NH4OH + HCI = NH4C[ o H20

[IpY yBeIMYeHWH KOHUGHTPALUM PEareHTOB B CHCTEME B

2 pa3a.
Pe
[eHHe. 3anuiLeM ypaBHEHHUS 3aKOHA TEHCTBUS Macc JUld
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;= k (2NH,OH]) - (2[HCl)).
HailaeM OTHOLICHHE ITUX CKOPOCTei:

V. _k-4-[NH,OH]-[HCI] _

it &
V, k- [NH,OH|-(HCI]

Cie0BaTEbHO, TPH MOBbIMEHHH KOHUEHTPaLMU B ciic-
Tee B IBa pa3a CKOpOCTb PEAKLUMH YBETUUUBaeTCs B 4 pa3a.

[Tpi COCTABJEHINH YPABHEHNS 3aKOHa JeicTBUS Macc ce-
JyeT yHTBIBATb ATPEraTHbIE COCTOHIS BELLIECT, a Takxe uX
<odectBo. KOHLEHTPaUNs TBEPILIX BELECTB, a TakxXe Be-
L1eCTB, HAXOAALLMXCS B PEAKLIOHHOM 30He B U3BHITKE, Mpit-
vaeTcs 38 OCTOSIHHYIO BEUYHHY H BXOIHT B KOHCTaHTY
CKOpOCTH. Hanpumep, CKOPOCTb THAPOIIM3a 3¢Hpa B pa3bas-
JIeHHBIX BOAHbIX PaCTBOPAX

CH,COOCH, + H,0 = CH,COOH + CH,0H

;aBHCUT TOMBKO OT KOHLUEHTPALHK 3dHpa, TAK KaK BOJa B pe-
AKUMOHHOI 30HE HAXOMUTCS B M3OBITKE U €€ KOHIEHTpalus
[pMHMMAETCA 32 MOCTOAHHYIO BEMIUHY.

PeakUMH aHATUTHYECKON XUMUH B OOMBLIKHCTBE 06paTH-
Mbl. OBpaTHMOlt Ha3bIBAETCS XMUMUYECKas PEaKLMsl, KoTopas
MpoTeKaeT KaK B MPSMOM, TaK H B 06paTHOM HalpaBJieHHHU.
Ciel0BaTeJIbHO, €C/IU peaKLidsi obpaTiMa, HEOOXOMHUMO 3HaTh
yc10BUSA UIst Goriee MOMHOrO MPOBEACHHS PEAKLIMH. Bocnosie-
3yeMCsl 3aKOHOM JAeHCTBUA Mace U 00paTUMOM peakLu:

aA + bB & cC +dD.

CKopOCTb NPAMON peaKUnH paBHa:
Vi = klp ’ aAa ‘ aBb = knp /;1 ' [A]a 'fB ' [B]b

np }
CkopocTb 00paTHOM peaKLUMH paBHa;

Vo = Kogp Jarayl ffB cagd = kog ' Sy [C) S [DI

XuMHUuecKoe paBHOBECHE HACTYMaeT INpU paBeHCTBE CKo-
pocTeil psAMoil W 0GPaTHOH peakLHH. CnegoBaTeNIbHO:

V

np = obp
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Ecsy paBHB
yacTH:
np f [AJa fB [B] 06p j:{ : [C]C .fB 3 [D]d
CrpynnupyeM [1of00HbIE YICHBl YPABHEHUS:
_/f'l’_=_jl[cl 'fD'[D]d
koGp -f;-l [A]”fB[B]b
OTyolueHue ABYX KOHCTaHT €CTh BEIMYMHA MOCTogy
Ha3blBaeMas KOHCTaHTOU paBHOBECHS: Hag,
K _
kaﬂp ’
CnegoBaTeJIbHO:!
¢ LelCr Sy DT

poon = f AL Sy -[ B

Jns pa3baBJeHHBIX pacTBOPOB!
¢ d
., =KoL

[A]"-[B]

KoHcTaHTa paBHOBECHA o6paTUMOI peakLHK paBHa OTHo
LIeHHIO TPOU3BEAEHUH KOHLIEHTPALIMi IPOAYKTOB peaKkiuu y
KOHLIEHTpALMI MCXOIHBIX BEUIECTB C YUETOM MX CTeXHOMet

pHYECKHX Ko:a(quuuenTOB
[Tosb3ysich KOHCTAHTON paBHOBECHS, MOXHO YIPpaBisTh

COCTOSTHUEM XUMHUYECKOTr0 paBHOBECHSI, PACCUUTBIBATDL BbIXO[

MpOAYKTOB peakUun U T. A.
[Tpumep. [uisi peakLmu obu1o B3SITO 2 MoJib NaCl u | Mo
H,SO,. [Tpy KaKuX KOHLEHTPALMsIX YCTAHOBUTCS XHMUYECKOe

ypaBHeHHe 00paTUMOid peaKUHH
NaCl + H,S0, = NaHSO, + HCI,

ecJIM KOHCTaHTa paBHoBecUs: paBHa 0,87
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_[NaHS0, . [HCl]
[NaCl)-{H,S0,] -

PR ——

3124 CRONTCS K OMPe1e/ICHIIO PABHOBECHBIX KOHecTR
(M,mmqrpuunm PearnpylolliX BEIECTB Yepe3 KoHcTaHTy
paBHOBECHSL. M3 ypaBHeHIst peakuu BUAHO, uTo | Mosnb NaCl
pearitpyet ¢ | Motb H,SO, 1 obpasyetcst o 1 Monb npoayk-
TOB peaKUHi. [Tpeanon0XHM, YTO B PEaKLMK H3PACXOA0BAHO
v MOJIb XJTOpHIA HaTpUsl, cJief0BaTebHO, 00pa3oBaloCh Mo X
\0/1b FipocyibdaTa HaTpHs H COJISIHOM KUCIoThI. Toraa pas-
HOBECHBIE KOHUEHTPALIMH BELIECTB B CMECH PaBHbL:

[NaHSO,] = x [HC1] = x
[NaCl] =2 — x [H,SOJ=1-x

[loxcTaB/ss 3TH 3HaYeHUs B BbIPaXeHMe KOHCTAHTbI paB-
HOBecHs, MOJIY4HM:

AT R
e (2=x)-(1-x)

PelieHye JAHHOTO KBAJpaTHOTO ypaBHeHUs maeT x = 0,6
MOJIb.

OtserT. [Ipy TOCTMXEHUU XUMUYECKOTO PABHOBECHSL KOJIU -
yeCcTBa pearupylollKX BEIECTB B CMECU COCTABSAT:

[NaHSO,] = 0,6 Monb, [HC1] = 0,6 monb,
[NaCl] = 1,4 Mob, [H,S0,] = 0,4 Mmonb.

0,8.

§ 7. OcHOBHbIE NOJIOXEHUS TEOPUU
3/1eKTPONUTUYECKOU AUCCOLMaLVA

BojHble pacTBOPHI COJIeH, KMUCIOT U OCHOBAHUN MPOBOAAT
anexTpuyeckuit TOK. [1of00HBIE BEL1ECTBA HA3bIBAKOT 31€KMpO-
aumamu. OHU SBJISIOTCS MOHHBIMU TTPOBOJHUKAMU 3JICKTPU-
4eCKOro ToKa (pOBOJIHMKAMU BTOPOTO pofa). OYeBHIHO, YTO
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HP” pacTuopCllHH B Bol€ 3THU BELIECTBa HOIIBCDI‘EIIOTC;I 3

10 [yGOKIM H3MEHEHUSAM, KOTODIC M 06ycriopyyp, :QK“M
TponponoﬂHOCTb rnosyyaeMbIX pacTBOpOB. [lng 0Bbg¢ BHCK‘
cpoiicTs pacTBopob 6bisa paspaboTaHa B 1887 Meopy Hepgy,
mpoaumuueckoli Uccoyuayuil, aBTOPOM Kotopojy ;i ey
C. AppeHHuyc. fergy,
CoriacHo 3T0if TEOPUH, NP PACTBOPEHNY B pop, :~)n
POJIUTHI PacMafatoTest (IMCCOLMMPYIOT) Ha Moy OXiTenyy ek
oTpuuaTenbHble HOHbI. [TOJIOXHUTENbHO 3APSIKEH e ble
Ha3bIBAIOTCH KaTHOHAMM, a OTPULATENbHO Bap”*eHHuZHBI
aHUOHaMH: .

-

CH,COOH « H* + CH;CO0-,

Tpoueccy duccoyuayuy TOABEPraloTCs BeLeCTRy 1oy,
CHJILHO MOJNSPHBIMY MM MOHHBIMHU CBA3AMMU, a
JMCCOLMALIMK 3aBUCHUT OT TUIA CBS3M.

[lepelwreauine B pacCTBOP MOHBI OCTAIOTCS CBs3ay
MoJIeKYJIaMHi BOJIbI U 0Opa3yIoT eudpamst, a B clyyae
HOTO PACTBOPHTENS — CONbEAIMNDbL.

[TpoLiecc AMCCOLMALIMM SIBIISIETCS 00PaTHMBIM, T, ¢, COMpo.
BOXA€TCs MPOLIECCOM MOAAPUIALUU U B PACTBOPE YeTanagy,,.
BAIOTCS PABHOBECHBIC KOHLIEHTPALUH HOHOB If Moxekyn,
[TOCTOSIHHBIX YCJIOBMSIX HE H3MEHSIOLINECS BO BpeMeny.

JU1st KOMMYECTBEHHOMN XapaKTePHUCTUKM SMEKTPONUTHye,.
KOl muccolMalyy Obl10 BBEIEHO MOHATHE CTENEHU IUCCOLy-
atu. OTHOLIEHHE YKCIa MOJIEKYJl, TMCCOLMUPOBAHHbIX g
HOHbI, K 0GLIEMY YHC/TY MOJIEKYI PACTBOPEHHOTO 3/eKTpojy-
Ta Ha3bIBaeTCs cmenersro duccoyuayuu o. 1o ctenenu auceo.
LMaLKMy B pacTBOPaX BCe SJIEKTPOJIUTB AENATCS HA CUJbHpe
(o > 0,03) — pactsopsl H,S0,, HCI, HNO,, KOH, COoNy;
cnabbie 21eKTpouThl (o < 0,03) — pactBopsl CH,COOH,
Cu(OH),.

CreneHb IMCCOLMALIMY YBEJIMUMBAETCS € pa3baBieHueM u,
[UTs1 HEKOTOPBIX JEKTPOJIUTOB, C yBEJIMYEHHEM TeMIepaTypei,

B o61ueM Bune 11t OWHapHOro 3JIEKTPOJIMTA MPOoLECe auc-
COLIMAaLMM MOXHO 3alucaTh B CIELYIOLIEM BUE:

AB & AT + B-.

bKo ¢

HbIMy
HEBop-
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Kounumma P u'ummum ITOro nportecea, Ha3bIBaeMast Koy -
cranToil Accounaumu, 6yner papa:

K,=A1B]
[AB] -

OGo3naunM vepe3 C ucxonnyio KOHLIEHTp
NNTA, & YEPE3 O CTETICHb IUCCOUMaUmM, To
KOHUEHTPALIMH HOHOB OYAYT paBHpbi [A+]
a KOHUEHTPALMSI HEMPOAMCCOLMUPOBAH H|
C — C «. [loxctaBuM 3TH 3HaYeHuy B yp
CTaHTbI AUCCOLMALIMHK:

dll1Io ANEKTpo-
[Ia paBHOBeCHpe
=[B-]=cC. g
X MONeKyn Gyner
ABHEHUWE 1St Koy -

gk -CaCa Co
R T R
[Tony4eHHOE YPaBHEHME — aHANMTHYECKOE BbIpaxerye

3axoHa paséederus OctBanbaa. [ cnabpix NEKTPOIUTOR
a<k1 (0,05), 1 310 ypaBHeHUe MPUMET BUA;

s o K
K =C'(X-=—— ' S
a1 7 W o ,’ s

rie V= 1/C — pa3baBieHue.

IIpumep. BbiuncauTh CTereHb auccoumatuu 0,1 M pacTBo-
pa MypaBbuHoii kKucnoTsl HCOOH, ecnit konctanTa nuccomy-
aLUMy KMCIOThI paBHa 2 - 104,

Pewenue. BocriobayeMcst 3akoHOM pa3Benenust Octsanp.-
aa JUis pa3daBiieHHbIX PacTBOPOB:

K,=C- 2 na o Ky _ [2107 0.047
= (- 04, OTCIO = = = (),
. ‘ C 0,1

KoHcTaHTa quccolHaumny saBasieTest pyHKumeit TeMnepary-
pbl. 3MeHEeHHEe KOHCTAHTBI AMCCOLMALIMK (YBENUYEHMe WK
yMEHBLLUEHHE) HEPENKO MOXET IPOUCXOIUTD 0 KAKON-TO TeM-
reparypbl, a 3aTeM HaUHMHAET U3IMEHATBCS B 06paTHOM Hamnpas-
neHuu. Hanpumep, auccounauust MypaBbHHOM KUCTOTBI MaK-
cuManbHa I1pu 24,4 °C, ykcycHolt — nipu 22,5 °C.
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[eopnst Appetmyca oKazalach HEMPUMEHUMO}] g,
rope/icHHS pacTBOpPOB CHIIBHBIX DJICKTDO“"TU( 067,
crpopax cnaGbIX EKTPOJINTOR B3auMoaeiHcTBHe ”0013_
¢ ApYroM OTHOCHTEILHO HEBEJIMKO BCICACTBHE nx ,}IOB Ipy;
reibHOIt KOHUEHTPALHH. A CUJIbHBIE IJIEKTPONUTR Il;eaumm\
pax AHCCOIHHPOBAHBI [TOJTHOCTbIO, U BCIIEACTBUe 3T0DacTBo~
(leHTpalHs HOHOB pesnuka. [loatomy CBOHchrO Koy
pacTBopoB CyLIIeCTBEHHO 3aBUCST OT CTEIICHH Bm”MOLIe Takyy
BXOJSILIIEX B X COCTaB HOHOB KaK IPYT C IPYTOM, Tak :CTBH,]
JApHBIMHU MoJieKyJJaMi pacTBOPHUTEJIA. JU1s1 06bsicHey € No.
geleHUsl CHIBHBIX 3J1eKTPOJIUTOB ObUIa pa3paboTaHa BV]“; no-
TeopHsl CHJIBHBIX 3JIeKTPOJIUTOB, aBTOPAMHU KOTOPOIt g3 3¢
cs 1. Je6aii u [, XioKKe/b. B COOTBETCTBUH ¢ 3Toit Tegg;?T“
i

pOH3BOJIBHO BbIOpaHHbIN HOH B PaCTBOpe okp
¢epoit. B cocras )?KGH
MOHHOI1 7.

HeHIA |
Pa.

KaxIbli 1T
TaK Ha3bIBaeMOM HOHHOH aTMoC
Mocdepbl BXOIAT KATHOHBI K aHHOHE (puc. 1). Oxnako

Mpe-

00J1agaloT UOHBI, POTHBOIIONOXHBIE 110 3HAKY 3apsiia
pajlbHOMY HOHY. Bce MOHBI B paCTBOPE PaBHOIIPABHBI, no:l:: i1
KaXIBI M3 HUX ABIACTCA ueH:rpaJIbeIM HMOHOM U onHoBOMy
MEHHO BXOIHUT B COCTaB UOHHOU aTMpcq)epr JApyroro HOHap§ )
cyeT TerUI0BOro ABIDKEHHUS HOHBI, BXOLSIIHNC B COCTaB MoHﬁo51
aTMoc(ephbl, TOCTOSHHO MEHSIOTCSI MECTAMHU C MOHAMU Hax()“
IAIIMMHucA 3a €€ npenejamy, T. €. HMOHHas aTMOC(bepa,HMee,;

JIMHAMUYECKUH XapaKTep.

Puc. 1. Monenb HOHHOI aTMoCc(epBl
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[Toab3ysch TeopHeit Jebast u Xiokkenst, MoxHo o6bsic-
{ITh MOBE/ICHHUE PACTBOPOB CHITBHBIX YACKTPONUTOR, HATIPU -
Mep YMEHBLICHHE DNEKTPOTIPOBOAHOCTH € YBeTHUEHUEM KOH -
[eHTpattmiu. [Ipun ypenuueHnu KoHUeHTpaunu WEKTPONUTA
[1OTHOCTD 3apsiia HOHHO#M aTMocdepsl pacrert, a ee CpeIHMid
paiyc YMEHbLIACTCH. OT0 MOBBILIACT SHEPIUIO BIAUMOJIEH -
cTBUS LEHTPATbHBIX MOHOB C UX MOHHBIMKM aTMOC(epamH,
yTO BbI3bIBAET YMEHbIUEHUE MOABMXHOCTH MOHOB. [ToHMXe-
jue JIEKTPONPOBOAHOCTH BbI3BAHO TEM, YTO BCIEACTBUE
TOPMO3SILETO AEHCTBUS MEXUOHHBIX CHIl COOTBETCTBYIOLLIUA
31eKTPOJIUT IPOBOIUT TOK TaK, KaK OYATO He BCe MONEKYIbI
pacrajuch Ha HOHBI, a JIMILIb YaCTb UX, paBHas o. Ha ocHo-
BaHMU NMEKTPONPOBOAHOCTH PacTBOpa, KaK U B Cly4ae cia-
6bIX 2JEKTPOJUTOB, MOXHO BHIYUCIMTE KOHCTAHTY AUCCOLIM-
allMi O, HO 3Ta BeJIMYMHa OYIeT MpeacTaBisiTh coboii He
MCTUHHYIO, 8 KaXYLIYIocs CTeNeHb IUCCOLMALIUM.

Jlng yyeTta 3JIEKTPOCTATUYECKOTO B3AUMONEHCTBUS MEXIY
MOHAMU ObLJIO BBEAEHO MOHATHE aKTUBHOCTHU 3JIEKTPONUTA
(MoHa). AkmugHocmb SNEKTPONIUTA (1oHa) — 3 dexTrBHAaY,
KaxyLuasgcsi ero KOHLUEHTPALKs, ¢ KOTOPOU OH AEHCTBYET MpH
XUMUYECKUX peakUusiX. AKTUBHOCTb YYUTBIBAET HE TOJIBKO
B3aMMOJIEICTBIE HOHOB MEXIY CO00M, HO U B3aUMOJENCTBIE
pacTBOPEHHOTO BELLECTBa C PAaCTBOPUTEIEM 1 MHOTHE Ipyrue
(haKTOpHl.

AKTMBHOCTS (a) CBSI3aHa ¢ KOHLEHTpaLuei (¢) clenyommm
ypaBHEHHUEM:

a=f-c,
rie f — Koa(GUUUEHT aKTHBHOCTH.

Koaghpuyuerm axmugHoCmu XapaKTepu3yeT CTeNeHb OTKI0-
HeHMUsI paCTBOPOB CUJIBHBIX 3/IEKTPOJIUTOB OT CBOKCTB UG-
HbIX pacTBOPOB. B CuJIbHO pa3baBieHHbIX PacTBOPAX JJEKT-
poauToB f= | 1 a =c¢. Koo pULMEHT aKTHBHOCTHU 3aBUCUT OT
061Ler0 MOHHOIO COCTaBa pacTBOpa U KOHLIEHTpallu1 HOHOB.
[To3TOMY ero BeJMYMHa JUIsl ONHOTO U TOro Xe HOHa OyaeT
HMeTb pa3HOe 3HaYeHUe B PaCTBOPAX 3NEKTPOJIUTOB Pa3HOTO
COCTaBa.
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09 PULHEHTOB AKTUBHOCTY OTI 0
(yecKH ornpenc/siot CPEAHUIT Koy bl ey,
ATHOHOB M AHHOHOB 110 ‘bOPMyne-H[

freNrr

JleGaen 1t XIOKKEEN GbU1 pa3pabOTAH METOL pacyery g,
Hero ko3 HHUHEHTA aKTUBHOCTH. Jlnst GUHapHoOro MEK]; \
it B pa36aBIeHHBIX pacTBOpax (0,01-0,05 H.): 0

lof, = =0,5122\T .

HBIX HOHOB,
€HT ZIKTHBHOCTH

rne | — MOHHas cuia pacTBopa.
Jns bonee KOHLIEHTpHPOBAHHBIX paCcTBOPOB (0,1-0,5 )

dbopMyna OCJIOXHSAETCS:

K14
Iof = 0,512 .
4 1+/1

ayeHUs1 cpeaHHX KO3 HLIHEHTOB ak-

[Tpu6aMKEeHHbIC 3H

TUBHOCTH JaHbl B ﬂpHﬂO)KCHHM.
a HHTEHCHBHOCTH 23J1eK-

Hounaa cusa pacmeopa — 3TO MEP
TPUYECKOTO moJs, BO3HHMKaloLlero B peE3yJbTaTE€ HalHYHg

MOHOB B pacTBOpE. OHa paCC‘lHTblBﬁCTCH M0 YPABHEHHIO:

1 s
= — E . = — 2
T. €. paBHa MoJIycCyMMe pou3BeacHIi KOHUEHTPaLHi Beex

HOHOB, ﬂpMCYTCTB)’!OUlHX B pacTBope, Ha KBaapar HX 3apsiia.

IMpumep. BbruucaAuTh HOHHYIO CHILY H AKTHBHOCTD cyabdar-
nona SO,2- pacTBoOpa, CoAepXallero 0,005 M ZnS” L o ...

AICl,.
Pewenue. OnpeneisieM HOHHYIO CHITY pacTBOpa:

1
I=5(C* (2,") * Cso,” (Zso ) + Cu* 2y ) +
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1
+ C(2a)?1 = (0,005 - 22 40,005 - 22 + 0,01 - 32 4
+0,01 -3+ 12) = 0,08,

OnpenensieM KO3IQOUUHMEHT aKTUBHOCTY:

lgf=—0,512JT = -0,51-22.0,08 = 0 265
OnpenesieM aKTUBHOCTD CYbdaT-uoHop SO 2~
S0, =f-C=0,265-0,005=1,3 - {0-3 MOJib/ Nt

KoapduuueHTbl aKTUBHOCTH YMEHBLIAIOTCH ¢ YBEIIUYEHY
eM MOHHOH CHJIBI PACTBOPOB U 3apsifia MOHOB, [Ipu 3ToMm UOHEBI
OJHAKOBOH 3apANHOCTH, HE3ABUCHMO OT MX NPUPOLL. B pa3‘

; =

6aBJIeHHBIX PACTBOPAX C ONMHAKOBOM MOHHOMN CHIOM MMeloT
i\
paBHble KO3(OUIMEHTHI AKTUBHOCTH.

KonTponeHble Bonpocs! u 3agayy

Ymo nonumarom nod ckopocmsto Xumuteckoii pearyuy ?
2. Copopmynupytime 3axoH delicmeus mace.

3. 3anuwume svipaxcenue 3axkona delicmeus macc das che-
Jyroujux peaxyuu:
a) Zn + 2HCI = ZnCl, + H,;
6) Na,S,0; + H,80, = Na,S0, + SO, + H,0 + S,

4. Onpedeaume U3MeHeHUe CKOPOCMU XUMUYECK O peakuuu,
ecau KOHUeHmMpayusa peaz2upyrouiux eeuiecms @ cucmeme uz-
MeHumcsa 6 mpu pasa:

a) CH,COOC,H; + NaOH = CH,COONa + C,H,0H;
6) 4HCI + O, = 2H,0 + 2Cl;
.o, 2H,0 = Ca(OH), + H,.
Omeem: a) 9; 6) 243; 8) 9.
5. Kakue peaxuuu Hazvliearomes obpamumbimu?

6. Ymo makoe KOHCMAHMA XUMUHECKO20 PABHOBECUA U KAK
OHQ eblpadcaemca’?

7. 3anuwume gvipaxcenue KOHCMAHMbl XUMU1ECK020 PABHO-
gecus 0 caedyrouux peakiyuil 6 600HbIX pacmeopax:

~
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a) 2BaCl, + K,Cr,0; + H,0 & 2BaCrO, + 2Ky xuMHR
Q.

6) ZnCl, + H,S < ZnS + 2HCI;
¢) NH; + H,0 & NH,OH.

(S). Bbl‘”/(‘ﬂlﬂnc’ [)CIGHOHC’CH(JIG KUHH@HIH[)G!{UH Vedo)s)
0podq
(0]

10.

11.

12.

13.

/4.
19;

¢ cucmeme H, + 1, = 2HI, ecau ussecmuo, yme
J
Hole KoHuenmpayui cocmasgaiau no 0,02 MOﬂb/ux Hayq,,
/0 .
gecnan konyenmpauus HI pasna 0,03 mons/ 'Ba Pagyg_
- Dblyye
Y-

me KOHCINAaHIny pagHogecus.
Omeem: [H,] = 0,005 mone/a; [I,] = 0,005 4
4 Oﬂb//l.

K, = 0,028.
Umo Ha3wl8aencA CmeneHbo duccoyuayuy 3nexm
p on um()e’

om wezo 3agucum ee seaununa? Ilpusedume npumepy,
[ ClUnp-

HbIX U CAA0bIX INEKMPONUMOE.

coenume KOHCIMAHMmy OUCCOYUAaRUL YKCYCHOL Kucao
Mey

Onp
CH,COOH, ecau cmenens ouccoyuauu 0,12 M pacme
0-

pa pasra 1,21 %.

Omeem: 1,73 - 107°.
Paccuumaiime, KaK UsMeHumca cmenexs duccoyuayuy
0,2 M pacmeopa yKcycHou KUCAONTBL, €call e20 pazbdasume
¢ 2 pasa. Ky = 1,74 10-7.

Omeem: y8eAuuuUmca & 11,7
Ymo HA3bI6AEMCA LOHHOI amMmoc
Hamu onpeoeniemci €€ pazmep?
Kax cea3aHbl meaicdy coboll aKmugHocib U K03 puLenm
axmuerocmy ? 3agucum 1 sHayeHlle Ko3gpuyuenma ax-
mugHocmi om npupoobl UOHA ?

Umo makoe Kascyuaci cmeneHb OUCCoRUauuu?

cdenime UOHHYIO cuy pacmeopd Inekmpoauma, cooep-
0,2 M Na,SO, u 0,1 M AL,(S0Oy)s.

pasa.
gepoil, Kakumu eeautu-

Onp
seausezo 0,1 M AlCl;,

Omeem: 0, 7).
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KucioTHO-OCHOBHbIE B3aUMOJIEUCTBUSI AABHO MPUBJIEKAIOT
pHUMaHKE YYEHBIX, TaK KaK LUIMPOKO PacrpoCTpaHeHbl B MpH-
pojie 1 TeXHUKe. [ljisl OOBSICHEHUs! 3TUX TIPOLIECCOB MpeUIo-
KeHbI HECKOJIbKO TEOPHi1, KOTOPbIE, Kak ObUIO I0Ka3aHO, He
[IpOTMBOpPEYAT IAPYr APYTY, a UMEIOT Pa3iuyHble 06aacTU Npu-
meHeHus. HanboJjiee u3BecTHBI TEOPUS, OCHOBAHHAS Ha MeXa-

HU3ME BHCKTpOHMTH‘ICCKOﬁ AWMCCOUUAlMU, MPOTOJUTUYECKAS
1 2JIeKTpOHHAA TEOPUUN KHUCIIOT U OCHOBaHUM.

OrnpefeieHUsT KUCJIOT X OCHOBAaHUM C TOUKY 3PEHUS NUC-
coumauuu 6puM faHel C. AppeHnycoM. Kucaomoil HazbiBaeT-
cs coelMHeHKe, 00pasyolliee NMPU IUCCOLMALUY B BOLHOM pa-
cTBOpe U3 MOJIOXKUTEIbHO 3aPAXKEHHBIX HOHOB TOJIBKO MOHBI
popopona H*. CunbHble KucnoThl (consiHas HC, a3otHas
HNO,, cepras H,S0,) auccouunpyioT noiHocThIo, y ciiabbix
gucnot (ykcycHasg CH;COOH, cepoBonoponHas H,S) nucco-
LIMMpOBaHa JULIb YacTb MOJIEKYN. YeMm syulie Kucnora auc-
COLIMMPYET, T. €. UeM O0JIbllie €€ KOHCTAHTA AUCCOUMALINY, TeM
oHa cuiibHee. OcHogaHueM Ha3blBaeTCs COeHeHue, oOpa3y-
jolllee TpY AUCCOLUMALMMI B BOIHOM PacTBOPE U3 OTPULIATENIb-
HBIX MOHOB TOJIbKO rapoKcui-noHbl OH-. Cuna ocHoBaHui,
KaK Y CUJa KUCJIOT, ONpPENENSeTCs BENUUUHON KOHCTAHTBL
nuccouanyy. YeM Gosibllie KOHCTaHTa AUCCOLMALUN JaHHOTO
OCHOBaHHsl, TEM OHO CUJIbHEE.

CyLIECTBYIOT JIEKTPONIUTBI, KOTOPblE MOTYT MUCCOLUUPO-
BaTh KaK KKMCJIOTa ¥ KaK OCHOBaHUeE:!

OH- H*
H+ + RO- & ROH < R*+ OH-.

Takue 3/1eKTPOJUTBL Ha3bIBAIOT aM(OTEPHBIMU 3/IEKTPONIH-
tamu. [Tono6HOe CBOWCTBO OOBSICHSIETCS TEM, YTO B JaHHOU MO-
JNIeKyJie TIPOYHOCTh CBA3U MEXIY METAJIOM U KUCJIOPOIIOM He-
3HaYUTEJbHO OTJIUYaeTcss OT MPOYHOCTU CBA3U MEXILY
KHC10pofoM U BopopooM. K aMdoTepHbIM JIEKTPOIUTAM OT-
HOCSITCSl HEPaCTBOPMMble TMIPOKCHUIbI IMHKA, ATIOMUHUA, XPO-
Ma, CBMHLA U T. I. OHHU CIIOCOOHbI BCTYTIATh BO B3aUMOJIEHCTBHE
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+ 2HCI1 = ZnCl, + 2H,0,

= Na,ZnO, + 2H,0.

Y OCHOBHOMY THUIIaM UJET fy
UJIU ejijouaMH. P
GBbsICHEHUE CBOMCTB Kucg
A He ko, o6HKM. B qacTHocmT
paHHUs MOTIyT peampOBaTb Apyr € ApYrom, Hé
Tak, 6e3BOAHBII Xi0po-

KHCIIOTbl 1 OCHO
oyay4Hu ,E[I/ICCOLII/II/IpOBaHbI Ha UOHBI.

BOAOPOA, cocTosLLM# TOTBKO 13 MOJIEKYJI, JIETKO pearupyer c

Kpome TOro, y3BeCTHBI BELIECTBa

b

fe3BOIHbIMH ocHOBaHUAMH.
He MMemoLHe B cocTaBe rugpokco-rpyni, HO MpOSABJISIIOIHe
CcBOIMCTBA OCHOBaHHH. Hanpumep, aMMHaK B3aUMOJEHCTBYeT
c KMCJIOTaMH, 06pa3sys colu aMMOHMA. .

gobHoro poia peakLuid, a TaKxXe peakLuii,

M3yyeHue 1o
BOJHBIX cpeAax, rpHBeJIo K CO3AaHUIO 60-
¥ u ocHoBaHHsX. Han-

poTeKatoIHX B HE
jiee 0OILIUX HpeﬂCTaBHeHI/If/i 0 KucJjoTa

poJsee HpM3HaHHOI71 oKa3ajlach npoOMOAUMUHECKAA MEOPUS

BpeHcTead — Jloypu (1923 r). OHa npyMeHUMa KakK K BOA-

HBIM, TAK 1 HEBOXHBIM cpenaM. CornacHo 5TOI TEODUH, KUcC-

JTOHOPOM [IpOTOHOB, 4 ocHogaHue — aKUEITO-

{{cTBUM KHCJIOTa OTHACT, a

s0my CYUTAIOT
poM HpPOTOHOB- [Ipu B3aUMOAE
enuHsAeT MPOTOH. CoOTHOILLIEHHUE MEXIY

ocHoBaHHUE IPHUCO
KUCJOTOH U OCHOBaHHEM ornpeAeseTca cXeMOM:
e + [IPOTOH < KHCJIOTa.
yeM OCHOBaHHME H KHUCIO0Ta
HanpuMep, HOH HSO,~ sB-

xuciote H,S0,.
Uu, B3aUMOAEHCTBHE

eTcs CXeMOM:

7n(OH),

7n(OH); * 2NaOH

pejorHoMy M
c KUCJIOTaMH

1oe AppeHHycoM O

OCHOBaHHU

Cps3aHHblE 9TUM COOTHOLIEH

Ha3bIBaloTCA COﬂpﬂJlCGHHOﬁ napou.
conpsKeHHbIM

jseTcsl OCHOBaHHEM,
CoryacHO npomnmuqecxoﬁ TEOop
MeXKIY KI/ICJIOTOﬂ 1 OCHOBaHHEM o6o3Haya

panue II > KHCJI0Ta II + ocHoBaHue .
g aM-

xuciaora I + OCHO
HpopmmoCTpMpyeM 3TO Ha npuMepe p3auMOJIeCTBH

MuaKa ¥ ¢ropuaa BOJIOPONA:
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He NH, & NH! + |

aicnora boocnoanmne I kuenora [l ochoparye |

B 5TOM PABHOBECHH YUACTBYIOT 2 [1apbl KMCIOT U 0CHOBA-
witit, SBISIOUHXCA CONPSKEHHBIMU. Kunenore HF coorper-
cTRYCT CONPSKEHHOE OCHOBaHUe F-, a ocHopatuio NH, — co.-
psOKCHHASE KHCTIOTa NH,*. '

B KaxX10it KOHKPETHOM peakuUnm posib KUCIOTh WJIK OCHO-
BaHHsl MOXET MCHSTBCSA B 3aBUCHMOCTH OT MapTHepa, ¢ KOTo-
pbIM MPOUCXOMUT B3auMonercTsue. Hanpumep, soga mo oT-
HOLUIEHHNIO K aMMHUAKYy SBJIETCS KUCIOTOM, a 110 OTHOLIEHHU]o
K TOpHIY BONOPONA — OCHOBaHUEM:

H,0 + NH, © OH- +  NH,*,
HF # H,O © F- + H,0+,
KMCJIOTa OCHOBaHUeE OCHOBaHHUe KUCJI0Ta

B cucteMe U3 IBYX CIIOCOOHBIX B3aUMOIEIiCTBOBATE C
MPOTOHOM BEIIECTB OCHOBaHUEM CYUTAETCS TO, KOTOPOE
cuJIbHEE IPUTATHBAET MIPOTOH (06J1anaeT 6OIbIIMM IIPOTOH -
HBIM CPOJICTBOM). B paccMOTpeHHEIX MpUMepax Boia UMe-
eT GoJblllee 3HaYEHHE IIPOTOHHOro cpoactBa, yeM HE Ho
meHblle, yeM NH;.

[Iporonutuyeckas teopus bpeHcrena — Jloypu He MoxeT
0XBaTUTh BECH CIIEKTP KUCIOTHO-OCHOBHBIX B3aUMOIEH-
ctBuii. B 1924 . JIx. JIbrouc npeiioXui 3JeKTPOHHYIO TEO-
pHIO, KOTOpas Aajla BO3MOXHOCTh 0OBeIMHUTE BCE CYIIECT-
BylOIlMEe KUCIOTHO-OCHOBHEIE Teopuu. [lo onpeneneHuio

JIx. JIplouca, ocHoéanue — 3TO TaKas YacTHLa, KOTOpas CIo-
co0Ha MpeI0CTaBUTh NTapy 3JIEKTPOHOB [UISl 00pa3oBaHUS KO-
BaJIEHTHOI CBSA3M, a KMCJIOTa — 3TO TaKad YacTH1la, KOTopas
crocobHa NMPUHATS M1apy 2JIEKTPOHOB C 00pa3oBaHUEM KOBa-
JIeHTHOU cB43U. TakuM 00pa3oM, IS OCHOBaAaHUHN OOIIUM
CBOMCTBOM SIBJISIETCS HAJIMYME MAphl 3JIEKTPOHOB, a IS Kuc-
Aomel — TyCTOi opb6uTanu. B 3TOM ciiyyae KHCIOTHO-OCHOB-
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noe pansmoneierse HaeT o MEXaHuimy ()(‘)pzl'mnaum, Ko.
RANCHTHOM cBsI3M.
o H F H
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F H F H
KHUcJIoTa OCHOBaHHe IMPOAYKT peakiimu

CornocrapieHne onpeaeNeHnii KHCJIOT U OCHOBAHHUIf pas.
JTUYHBIMH TEOPUAMM IPEACTaBIEHO B Tabil. 5.

Tabauyq 5
ConocrasieHHe onpeneneHHii KHCJIOT H OCHOBaHHI]
LHO orpeaeneHHUIO Kucnora OcHoBaHue
L AppeHnyca Conepxur H* Conepxur OH™
Epencrena — JloypH | Tonop H™ Axkutenrtop H*
JIplonca AKuenTop JloHOp aneKTpoHHOI! napgl
SJIEKTPOHHOMH Iapkl J

§ 10. BoaopopaHbiii nokasarens cpefpl

U3 npoBeneHus 1a60paTOpHOM paboThI MO 00HapyXeHu1o
KaTHOHOB I rpymibl MOXHO 6BUIO 3aMETUTb, YTO PEaKIIMS cpe-
JIbI OKa3bIBaET OOJIBLIOE BIMSIHUE Ha pe3yJIbTaThl aHaIH3a. Ha-
[IpUMep, oMpeaejieHHE HOHA HATpUs AUTUAPOAHTUMOHATOM
kamug KH,SbO, MoXeT NPOHTH TOJBKO B HEHTPaJIbHOl cpe-
/e, TaK KaK KHCJIOTBI pa3jaraloT peakTHB 10 METAaCypPbMSIHOIL
KHUCJIOTBI, B IEJI0YHOH cpefe ocanok NaH,SbO, pacTteopser-
¢4 ¢ obpasoBaHUeM cpefHeit conu. CneoBaTenbHO, IS Mpa-
BHJIBHOTO NPOBEACHMST XUMUYECKOM UINEHTU(PUKALUU HEODXO-

JAMMO 3HAaTh, YTO TaKO€ peaKLHUs Cpelbl U KAaKOBbl METOLbI
OIpeJie/IEeHUs] peaKLMKU CpeIbl.

Bona npencrapisger co6oif ciadmlii 3JIEKTPOJIUT, TIO3TOMY
OHa NOoJBEpraercs AMCCOLUALUU B HE3HAYUTEJILHOM CTeEHU

I10 ypaBHEHUIO (aBTONPOTONU3 BOMKI):
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all g— // '
N H,O + H,0 © H,0" + OH-.
| clyuac JpYyrux ciabblX JIEKTPOIUTOB, THpoliecc
KK i oKy poJtbl Ha HOHDL MOXET ObITh OXapaKTepu3o-

na ! . X
K()

P a -a
H,0' ~ OH™

2
a y,0

K, (aHzo)2 = dy,ot " dHo
7p BOMBI IPH NaHHO} TeMIIEpaType NPaKTUYECKH
« 1), noctosHHa 1 BenruyuHa K. Crenosa-
4o, BCA jiepast yacTh MOIy4EHHOTO YPaBHEHMS, a 3HAYMUT,
1eN1b :’BBC eHuUe dp 0" oy~ ABNISIETCS TAKXKE BENTMYMHOIA 110~

i
J{ TIpO it 970 [po13Be/leHue Ha3BIBACTCS UOHHBIM IPOM3Be-

crosiH osHayaercs Ky. TakuM obpasom,

gerneM poitbi 11 00

g0 " Gou™ = Ky
q25°CB yuCTOl BOIE €ro 3HaveHue pasHo 1,0 - 10-14y
2CTeT C yBe HEHHEM TeMIIEPaTY bl (Tabn. 6), TaK Kax 1po-
Pecc uccoLaLi oIl SHIoTEpMIYeH. I1py 3TOM aKkTHBHO-
oHOB Bofiopona 1 rUAPOKCHIA B Pa30aBIIEHHBIX PAcTBO-
X [pUOTUBUTEIPHO paBHBI KOHLIEHTPALMK, [I03TOMY HOHHOE
nponsﬁeﬂeﬂﬂe BOJbl MOXHO 3aIMCcaTh B CIENYIOWEM BHUJE:
Ky = [H;0*] - [OH-].
[ mpOCTOTE! 0003HaYMM TMIPaTUPOBAHHBIA HOH BOJO-
poja cymBosioM H* ¥ IIOMyduM: .
Ky = [H*]- [OH] = 10714,
B ueitrpanbHoit cpene [H*] = [OH-], Torma:

[H*] = [OH] = ,
\/K;': 1,0 - 10-7 monb/n.
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CKagy
N
3anicHMOCTh HONHOTO NPOIIBE/ICHHA BOBL M Koryyeyy I"Umum
wonon H* 1w OH- ot Temneparypu ITpayyy,

[ I, K 273 | 293 | 298

K, 10" 011 [ 068 [ 1,11

(H' ) =fou D107 | 034 | 078 | 1,05

B coOTBETCTBHH C TeOpUElt IIEKTPOIUTHYECK O

atn noHbsl H* SIBJIAIOTCS HOCUTENAMU KHCIIOTHBx

a OH- — HocuTeJIsIMH OCHOBHBIX CBOMCTB. [ToaTom

OyleT KHCJbIM, €CIIH dy+ 2 dgy—, U LUEJTOYHBIM, ec
< dop-

Jlns XapaKTepHCTHKH KUCJIOTHOCTH (ILENOYHOCTY) ¢
BBEleH CleLHaIbHblIi MapaMEeTP — BOXOPOAHBII MoKasare
o6o3HavaeMblii pH. Bodopodnsim noxazamenem Haabmae;I ¥

Cq

B3SITBIi ¢ OTpULIATE/IBHBIM 3HAKOM IECATUYHBI i JIOTapucy 3
TUBHOCTY HOHOB BOXOpPOJA B PACTBOPE: K-

Afccoyy,
CBOI"JICTB
yPa‘CTBOp,

Peny;

pH = —Ig ay-+.

Kax yKa3pIBaJIoChb BbILLI€, B Pa30ABIEHHBIX PACTBOpax ax
TUBHOCTb HOHOB BOAOpOJa paBHa KOHUEHTPALIUU U

pH = —Ig [H*].

U3 ypaBHEHHS] MOHHOIO IIPOU3BEAEHHST BOABI MOXHO Bp-
YUCJIUTh KOHILleHTpaluio noHoB OH~:

K
[OH-] = [_H_;ff
I[To aHanoruu ¢ pH BBeaeH rokasareslb HOHOB TMAPOKCHIIa
pOH:
pOH = —Ig [OH-],
KOTOpBIii cBs3aH ¢ pH ciieayloliM COOTHOLIEHUEM:
pH + pOH = 14.

BoxoponHslit MoKa3aTellb ONpeNeNseT XapakTep peaKLuu
pactBopa (Tab.1. 7).

1 v
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Tabauya 7
CooTHOmEeNHs MEXIY KOHIEHTPAUMAMK
uonos sonopona u pH

/”[;{'1]— pH Peakuusi pacteopa
— |
*"""—Taj 3 CunbHo kucnas
/"’10_'3 3
,-——'—’"1’0'_2 4
| - 5 Cna6o xucnag
/""‘l'ofe 6
/‘1'53 7 Helttpanbhag
10" 8
/——-—16_ 9 Cnabo wenoynag
—/Fo 10
—-—"”’1'0'_1 [ 11
/Fz 12
- Cunbho wenoynag
107" 1)
/TM 14

Boiopo/IHbI/ MOKa3aTellb UMeeT 6oJiblIoe 34,
[qoHMMAaHHsl GOJIBLIMHCTBA MTPOLIECCOB, TIPOTEKAIOIMX B XKt
koii (pase, TaK Kak MoHbl H* 1 OH- Henocpencrrento ydacTay-
joT BO MHOTUX W3 9TUX Tpolleccos. Bennuuna pH moxer CIy-
XHTh KPUTCPUCM CHIILL KUCIIOTBI WIN ocHoBaHuA. B psiny
KUCJIOT TPYU HX OLMHAKOBOK MOMSIPHOM KOHUEHTpaL) Gosee
ciJIbHOM OYJET Td, Y KOTOPOX KOHUCHTpaLys oo H* phypye
(pH nmxe). Tak, pH 0,1 M pacrsopos ykeychoii u COJISTHOM
kuciot oynyt 2,87 1 1,088 coorsetcTBeHHO. st ocHoBauuil
roJ100Has 3ABUCUMOCTb UMEET 00paTHBIji Xapakrep.

YEeHUE Iy

Pacuer pH c/1aObIX M CHJIBHBIX KHCJIOT K OCHOBANMi

[Tpu pacuere pH cnaGbix anekTponuToB 06b14HO MpUHMMA-
o1, uro aH* = [H*]. B atom cinyyae;

pH = —lg [H*].
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KOoHIEHTPAIHIO HOHOB BOJIOPOJIA b pacTpo

Pe cinaGy,
JIOT ONpeaesior 110 ypasHeHnio Ocrpajibja: "X ke,

H']=C-a=c.|K
C

AHAUIOTHMHO OIIPENESSIIOT KOHLEHTp

aAlUMI0 UOHOR Hap
KCHIla B pacTBOpax cJa0bIX OCHOBaHMIA: G

[OH-]=C-a=c. K
C

3HaueHne pOH B 3TOM ciyyae HaxomsT no YPaBHeHuo:
pOH = 14 — pH.

IIpumep. BplaMcIUTh KOHUEHTPALIMIO HOHOR BOLOpoya,
ruapokcun-noHos, pH u pOH 0,1 M pactBopa NH +OH npy
TeMIlepaType 295 K

Pewenyne. Tuapokcun aMMOHUS — ci1aBlii 3JIEKT
M IUCCOLUHUHMPYET 0OPATUMO IO peaKLUU;

NH,OH < NH,* + OH-.

PaBHoBecHass KOHUEeHTpaLMsg MoHOB OH- PaBHa:

K 176 10-5
[OH-] = c-\gr- 0,1 =J1,76-10% =

= 1,33 - 10-3 monb/1.
Paccyuraem pOH:
pOH = —Ig [OH-] = —Ig 1,33 - 10-3 = 2,88,
Paccuuraem pH:
pH=14-2,88=11,12.

[Tpu pacyete pH cuIbHONM KUCIOTHI HEOOXOMUMO UCTIONb-
30BaTh aKTUBHOCTb HOHOB BoJopoja. JlJ1sl 3Toro paccyuThiBa-
IOT HOHHYIO CHJIY pacTBopa U KO3((PUIUUEHT aKTUBHOCTH
HOHOB BOAOpPOAA MJIM FMAPOKCU]IA.

poaur
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[TpHMep: Onpeneants pH 0,05 H. pactsopa HCI.

p:menue. Tak Kak COJIiHasi KUCNOTa SIBASIETCS CHUNILHBIM
KTPOTHTOM, TO OHa AMCCOLMMPYET MOJHOCTHIO:

)1¢ ‘

HCl & H* + CI-,

(Co0TBETCTBEHHO, pH pacTBopa onpenensieM o dopmye:
pH=-lgaH* = —Ig [H*] - fi;+.

Jlns pacieTd K03 HULIMEHTa aKTUBHOCTU HEOBXOMUMO Ofi-
peﬂeﬂHTb MOHHYIO CUJYy pPacTBOpa:

] 1
= E[CH+(ZH+)2 +Co- (2 ) = 3 0,05-12+

+ 0,05 - 12) = 0,05.

M cmoyb3yd JaHHBIC MPUIOKEHUS, HAXOMUM fi+ = 0,84,
BoryMCIIACM.

Gyt = 0,05-0,84 =0,042=42- 102 MOJIb/JI.
Onpenensem pH:
pH = —lg oy = —1g (4,2 - 10-2) = 1,377

Jind ©3MepeHNs pH pacTBOpOB UCTONB3YIOTCH MHMKATO-
pbi H CIICLIMATBHBIE npu6opsl — pH-Metprr; pH-Metper mo-
3BOJISIOT ONMPENETHUTD pH B 1uanasone or 0 1o 14 ¢ Toygoc-
1pio 10 0,001 eIMHHLIBI pH.

Hrouxamopamu Ha3bIBAIOTCS BELLECTBA, MMEIOIIUE Ompejie-
JeHHYl0 OKpacky B 3aBucuMocTu oT pH cpepsl. Yame peero
[pUMEHSIOT MHMKATOPBL, TIEPEYUCIEHHbIe B Tabn. 8. Cyure-
cTBYeT YHUBEPCATIbHBIA MHIMKATOD, KOTOPbIi MpelcTaBiser
co60il cMeCh HECKOJIBKHMX. OH Mmo3BoligeT u3Meputs pH pa-
cTBOpOB B 60JIEE LIMPOKOM NMala3oHe, TaK KaK ero okpacka
namenstercs ot KpacHoi (pH < 3,4) yepes opanxesyio (pH =
=3 4-4,7), xentywo (pH = 4,7-6,2), senenyo (pH = 6,2-7,2),
ronybyto (pH = 7,2-8,5) o dpuonerosoit (pH > §,5).
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XapakTepnas okpacka H 06.1acTH nepexosa pssa “M“Ka'm:,ﬁﬂuqa 8
oB
Okpacka
Mumikatop anasn, B KMCJIOM
nepexona pH B lenoynoy
pacTBope DacTBope
[TukpHHOBas KucioTA 0,0-2,0 BecupetHas XKenrag
MeTinossiit 31—4.4 ke
OpaH>XeBBblii il Potosas  |Op AHXKEBO-Xerag
MeTHNOBbIT KpacHBIit 4,2—-6,3 Kpachas Opamxeam
JNlakmyc 6,0-8,0 KpacHas Cunss
DcHomoBbli KpacHblt|  6,8—8,4 Kentas Kpac;r
DeHondraneny 8,0—10,0 becuBetHas MannHopag
AJIM3apUHOBBLA
eI 10,1-12,1 Kenrag Opamxepag

HHupukatoph! yame Bcero NIPEACTABIASIOT CO6OM crnabyie
OPTraHHUY€CKHUE KUCIIOTHI MM OCHOBaHUSA, UMEIOLIMe pasiny-
HYIO0 OKpacKy MOJIEKYJIIDHOX M MOHHOI ¢ opM. Huccoumanug
STHX BCILECTB B paCTBOPE IPOTEKAET [0 CIEYIOLIEMY Mexa-

HU3MY:
IndOH < OH- + Ind+

H/nd & H* + Ind-

Tak KaxK npoliecc IMCCOUUALIUU CNabbIX STEKTPOJUTOB 06-
paTuM, I10JIOXXEHHE paBHOBECUS OYIET ONpenensiThCs KUCIIOT-
HOCTBIO HcciaenyeMoro pactBopa. IlpenmonoxuM, 4To Moe-
Ky/JasipHasl (opMa MHAMKATOpa JJaKMyca — OpraHUYecKoi
kuciaotbl Hind — MMeeT KpacHyI0 OKpacky, a MoHHas (Ind-) —
CUHIOI. B KMCIIBIX pacTBOpax, B COOTBETCTBUU C MPUHLIUIIOM
JTe-IllaTenpe, MOMOOHBIA UHAUKATOP MPEUMYILECTBEHHO Ha-
XOIMUTCS B BHIE MOJIEKY, U OKpacka pacTBopa KpacHas. Ilpu
cMerneHuy pH pacTBopa B CTOpOHY OOJIBIIMX 3HaYeHUH (Lue-
JIOYHas cpejia) paBHOBECHUE CMECTUTCSI BIPaBO U PacTBOP IpH-
o6peTeT CUHIOW OKpacKy. IHIMKaTOpbl, HMEIOLIHE IBE OKpa-
lueHHbIe (GOpPMBI, Ha3bIBAIOTCA )IBYXLIBGTHBIMPI.UK TaKUM
MHIUKaTOpaM OTHOCSTCS] KpOMe JIaKMyca METUJIOBBIM OpaHXe-
BBIif, METUJIOBBI KpacHBIX U T. I. W HaukaTopbl, UMEIOILHE
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OIBRO BatoTey ¢
it ((pcnmul)‘runmn{). UIHOUBeTYy,.
" JlaMeHeH e OKPACKH HIIMKATOPA chsiyagg ¢ Tay
‘ T()Mcp”o“

AHHUCCKHIX MOJICKYIL, Colepxalitix XPOMOdoppe 1
a3bIBACMbIC HOCHTEI 1BETA), costepyaye ;cL Ll
an6oJiee UIBCCTHBIMU XPOMO(DOpHbiMu rpy"":'f:l][c'('rp(),
OTCH gapOoHWIbHBIE rpynnbl —COH, Pacﬂonox(c”(, W stnng -
oie/IeHHOIL MOCHCIOBATENLHOCTH, a3orpynp, Nlmc B of-

__O_ | = a — ] .

nTporpymnia N=0umn Morekyns myqn
TAKKE coliepXaT ayKCOXPOMHbIE 1 AHTHaYKCOXpoM iy e aTopa
oTOpBIC B MPUCYTCTBUU XpOoModopop TPy,

YCuiuBaior o
cyeT BJIUSAHUA Ha PacTpefieNieH!e INeKTPOHHojj nﬂol;gz(l)CKy 3a
CTHU B

\OTIEKYJIE. K mepBbIM OTHOCATCS FIOTeHUA- oKk

C1, —Br; TMIPOKCHIbHAS Tpynna —OH; aMUko-rp ~B ~
NH,; KO BTOPBIM oTHOCsITCS —NH,*; —SO,NH,: _yg?\? -
cOOCH;. CornacHo XpoModhopHoix TGOpI/mz’ OKDAc, o
(IpUCOE/MHEHNE WM OTILEIUIEHUE MPOTOHg BbISbIBI;:gKVl,
peCTpoﬁKY MOJIEKY/Ibl HHAUKATOpa, B pe3yisrate koTode ne-
gpsIoTCsS HOBBIE WM MCUE3AI0T CYIecTBOBaBMIye paHno-
XpoMocboprIe IpYIIIIbI, YTO, B CBOIO oyepesp, MPUBOIHT ce
VieHeHHMIO OKPAaCKH. B kavecTse npumepa PACCMOTpHM “Hus-
KaTop (peHojI(bTa.HeMH, KOTODBIN ABNsAETCH Caboji oprannqi“-
) xucnoroil. MonekyispHas GopMa HInd OeclLiBeTHa Tali-
<aK He HMeeT XpOMOGhODHOH IPYNTUPOBKH, 2 HoHHast hopya
nd- MeeT KpacHO-MalTMHOBYIO OKpacKy. B cocta Moneky;p
(beHONDTATICHHA BXOLAT TPH OCH3OMBHEIX P2, ONHO U3 Ko-
TOpBIX MOXET MMEPEXOANTD B XHHOUIHYIO IPYIIY, KOTOpast sB-
jsetcsa xpoMoopoM. B pacTBopax maHHoro MHIWKAaTOpa Yc-
TaHABJIUBaeTCs PABHOBECHE MEXIY OEH30JIbHOM ¥ XMHOUTHO

CTPYKTYPaMHU:

opr
(mK H
ol H

HO OH O\ 0-
j ey : - 3\ /O/
grEen - C " 4H"+H,0
Co0- Co0-

6ecLBeTHbIN KpaCHbI
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Kay
Xn
CTPYKTypHbIE H3MEHEHHUS B PACTBOpaX mery, Topgr O
XeBoro npu M3MeHeHUM pH MoxHo npepc

(0]
TaByTy, CXGM§§QH~

Ind- (6ecLBeTHbIN)

— (CH,),N =C>= N—NHO S0,

Hind (kpacHslit)

B xavecTBe MHIHKAaTOPOB Takxe NCIIONB3yI0TCY Ipyry
TPYNIIBI OPraHUYECKUX COeTUHEHMUIA: Cynbdodranemyy, (me
MOJIOBBI CHHMH, GPOMKPE3ONOBBIi 3eNeHki, etonopyy
KPAacHEIN), TPUDEHUIMETAHOBEIE KPACUTENY (MeTHJIOBLm
(QHONETOBEIN, KpUCTATTHYECKIi duonerossIit, METUNOpE;;
¢uonerosslit) u ap. [Ipu cMemennu HECKOMbKHX HMHIMKarq. .
POB MOXHO MONYYUTH YHUBEPCATbHBIL HHINKATOD, uyeyy.
LM COOTBETCTBYIOLIYIO OKPACKY IIpH J11060M SHaYeHuy py.

§ 11. BydepHbie pacTeopsi

IIpu npoBeneHnn aHaTUTHYECKHX Peakuuit KayecTpeyyg-
IO U KOJIMYECTBEHHOIO aHalM3a OYeHb 4acTo Heo0Xoumo
NO/L1epXXUBaTh OCTOAHHEIM pH pacTtBopa. Hamnpumep, Ollpe-
AenieHne HOHOB Ba?* B npucyTcTBuM MoHOB Ca2+ i Sr2* npo-
BOJAT B KUCJIOit Cpefie, MPUMEHSIS alleTaTHbI OydepHbIii pa-
CTBOp. bydepHbIM pacTBOpoM HasbIBaloT TaKoi pactBop
SJIEKTPOJIUTOB, KOTOPBIA NMPAKTUYECKU COXpAHSET TIOCTOSIH-
cTBO pH npu pas6asnennu, KOHLEHTPUPOBAHUY, a TAKXE TpH
IODAaBIEHUHU K HEMY HeGObIIUX NOPUUH KUCIIOT U 1IenoYei,
B 3aBucumoctu ot NIPUPOABI BELUECTB, BXOMSLIMX B COCTAB
6ydepHrIx pacTBopoB, nocienHue HeNATCs Ha:
— KHCIIOTHBbIE OydepHEBIe pacTBOpbI, 00pa3oBaHHEIE Clla-
boit K1cnoTOI U ee conpio C CHJIBHBIM OCHOBAHUEM.
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[TpMMEPOM MOXET CIIYXHTD aueratHblit 6ydep, cocro-
quuuit 13 ykeycnoit kuciorst CH;COOH u ee conu
CH,COONa;

__ ocHoBHbIE 6yepHbIe pacTBOpbI, 06pa3oBaHHbIE ClAOLIM
oCHOBAHMEM U Er0 COJbIO C CUJILHOM KMCIIOTOM, HampHy-
mep ammonuitnsiit (NH,OH + NH,CI).

K KMCIOTHBIM 6YdEPHDBIM PACTBOPAM OTHOCSTCS TaKXKe pa-
<TBOpBI, 06pa3oBaHHBbIE CMECAMU CoJieid MHOTOOCHOBHBIX KUC-
0T pasanHoﬂ cTeneHy 3aMelleHHOCTH, Harpumep docdar-
Hbe;[ (N3H2P04 & NEIZHPO4).

Kaxas 6ydepHasi CMECh XapaKTepU3yeTCss Olpe/ieleHHbIM
yeM pH, 3aBUCSILIMM OT KOHLEHTPaLUK U 00BEMOB pa-

3HayeH
CTBOPOB, BXOLSILIUX B €€ COCTaB (Tabn. 9).
Tabauya 9
IIpumeps! OyepHBIX pacTBOpOB
e i
. H nipu cootHome
oiicmecu | HasBaHue 6 P K
CocTaB 6ydepHO ydepa KOMITOHEHTOB 1 : |
HCOOH +HCOONa DopMuaTHbIA 38
MR e URE
CH,COOH + CH3;COONa ALETaTHBIA 4,7
NH,OH + NH4CI AMMOHUHBIA 9,2
F_‘/— (¥)
NaH,PO, + Na,HPO, ®ocaTHb 5,6
| VA

ByepHble PaCTBOPbI UTPAIOT 0OJIBLIYIO POJIb B GMONOTHH,
TaK KaK aKTUBHOCTb MHOTMX (epMEHTOB U TOPMOHOB CHJIBHO
sapucuT oT pH cpelbl, a MOCTosHCTBO KaToHoB [H*] obec-
[le4uBaeT CoracoBaHHYIo pPaboTy XU3HEHHO BaXXHBIX OPTaHOB.
BydepHbIMU cBOlcTBaMM 00J1a1aeT, HanpuMep, CMECh PacTBO-
poB C/1a0bIX KUCIIOT 1 UX coJjieil, 00pa30BaHHBIX CUIIBHBIMU OC-
HOBAHMSAMM. B 1acTHOCTH, aleTaTHbI OyQepHblil pacTBop:
CH,COOH + CH,COONa. PaccmoTpuM, KaK «paboTaet» Ta-

Kol pacTBOp.
JluccouuaLMio KOMIIOHEHTOB OydepHOro pacTBopa MOXHO

MPeCTaBUTh:
CH,COOH « CH,COO- + H*;

CH,COONa > CH,COO- + Na*;
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————

. (CH,COO |- [H']
CHLooH [(CH,COOH]

[CH,COOH|

IH ] K(,“,umll' lc”l(‘.(‘)() l '

IHpyu sseactnu B pactsop Xopouio JUCCOUUPYIOLICTo
CH,COONa ucconmanust KUCHOTB, B COOTBETCTBAN C HIPUK-
nunom Jle-Hlatenne, nogapusercs, B pesyisprare »1oro koy-
HeHTpalng nepanccotnuposaibix Mosexyn [CH,COOH|
CTAHOBUTCH NIPUMEPHO PABHOR KOHIICHTPALIUA KUCHOTHI, 4
koHuentpanmg nonos [CH,COO-| — obuie#t kounenrpanuy

COJIN, TOIJ1A:

[kucnoral

- ¢ — .
[H l“Kcu,r.mu [con]
Tak kak Kenycoon = 1,8 - 1078 1 noctosina, 1o

; [CH,COOH]|
(CH,COO| *

[H"|=1,8-10"

[Tepeitnem or KoHleHTpalMU HOHOB Bojopoja K pH, o6o-

3Hayus —lg K, = pK, ., Torna:
[conb]
pH =pK_ ., + Ig——2,

[kucnoral

IMpu nocrogncre [CH;COOH] = [CH,COO-] pH = 4,74.

Ecin xe Gydepplii pacTBop 1oyyaioT ciMBaHueM pas-
JNYHBIX 00BEMOB KOMITIOHEHTOB € Pa3IMYHON KOHIIEHTPALIHU-
¢it, 10 dopmyna juis Boruuciaenust pH kuciaotHeix 6ydepos
BBITIAJIAT CIEJYIONIUM 00pa3oM:

[conw|V

coau

[kucnoralV,

pH=pK, 6 +1g

ucaomid
AHAJOTUYHBIM 00pa30M MOXHO BBIBECTU HoOpMyay s

pacucera pH ocHoBHOro Gyhepa Ha nnpumMepe aMMOHUIAHOTO BY-
(hepHoro pacrsopa.
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Cr1ocoOHOCTD OydepHbIX cMeceit oIePKUBATD [TOCTOSIH -
180 pH CBSI3AHO C TEM, UTO € JlobaBICHMEM KUCIOTBI pearu-
yeT OfMH KOMITOHEHT CMECH, a ¢ LueiouaMu — apyro#d, Benest-
cTBME Yero MPOUCXOMUT CBA3bIBatine uoHos H* uiu OH-.
HanpuMep, KOra K aleraTHomy Oy(epHomy pactBopy 11pu-
Gap/IsloT HEMHOTO NaOH, runpokcun-uonsl (OH-) coennsi-
joTCsl ¢ KATHOHAMHU BOJI0po/Ia (H*) ykeycHoi kucnotsl U naior
HeIMCCOLMHPYIOLLYIO BOA:

" CH,COOH ~ ~ — _

~—
—

H L —+ OH- = 0 +CH,co0-

| CH;C00-

KouueHTpauusi HoHoB H* BocctaHaBiuBaeTcs 3a cyeT cme-
[ieHHs paBHOBECHSI IMCCOLIMALIMM KUCIIOTBI BIPABO 110 MPHH-
uuny Jle-11artense. B uenom pH mano mensietcs.

Ecny K aueTtaTHoMYy OydepHOMY pacTBopy NpH6aBUTh He-
MHOr0 CHJIBHOM KUMCJIOTBI, TIPOLIECC MAET APYTHM MyTeM:

- CH,COOH

o
—

) r___,.——-" + H*'" — CH,COOH.
[ IEH—-LC—QO; e "'J

3nech KaToHbl HY cuiibHOM Kuenotel HCI csizpiatoTes
¢ annoHamu CH;COO- coin B MoJekybl ciaboanccoum-
upyloluen ykcycHoil kucjorel CH;COOH. Quccoumna-
uust CH,;COOH nonasnsierest anerar-wonamu CH,COO-.
B pesy/bTaTe 3TOrO CHJbHASL KMCJIOTA 3aMeHsieTcst cnaboit
CH,COOH u KoHueHtpauus [H*| masto meusietcs.

[Tpu npoBeACHUH aHAIM3A CIIEYeT MOMHUTB, YTO CMOCO0-
HOCTb OY(hepPHBIX PACTBOPOB MMOIEPXHBATH [IOCTOSIHCTBO 3HA-
yeHust pH HeoMHaKoBa U Hebe3rpaHUHA, OHA 3aBUCHT OT Ka-
yeCTBEHHOro cocTtaBa Oy(depHOro pacrsopa U KOHUEHTpALMU
ero KoMnoHeHToB. CUJla COMPOTHUBJIEHHUS TaKUX PacTBOPOB
NeHCTBUIO KUC/IOT U OCHOBAHUH Xapaktepuayetrcst OydepHoii
eMKOCTbI0. [IpenenbHoe KOMMYeCTBO KUCTOTbI MJIM OCHOBAaHHUS
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(MOJIB/TT), KOTopom

HHO KOHLEHTpALHH . »
U
[ 5 GydepHOro pacTBOpa, YTO0b! 3Ha4EHH e ep 0.

eqHULY; 1 Ha3bIBaeTCHd 6ydepHoi eMKocy 5
AcTBOPBI IIMPOKO HPVIMCHHIOTCH p—
Mep, aLeTaTHbIH GydepHblit pacTaop Kpg\
mepa MpUMEHSIOT JUIA pa3ﬂeneHH5;

IIOHOB, ocaxzaaeMblX B pye TMIPOKCHIOB 1 OKC”a”eTaTOB
(Cr“, Al Fe3t), oT V[OHOI:’:, HeVOCB.)KHaCMIiIX B BMe YKa3aH_
HBIX coeliHEHUH. AMMOHHIHBIA GyQepHBli PACTBOD Mpyye.
HsiOT TIpH OCaXIEHHH kapGoHaTOB 6apHs1, CTPOHLIUA, Kby
i oraeneHus Mx 0T 1{OHOB MarHusl, a TaK}K?D ng Bblzxen?H,,m
HAPOKCHIOB AnioMUHHUA, XPOMa, Kene3a. 4 %“égaTHbm 6y
tepHbIit pacTBOp npuMeHAIoT 1151 OTHEJICH B NIPHUCYT-

cTBUM KaTHOHOB gobanbTa, HUKEIA, mapraHua. Pocdathyjs
ycrob3yioT TIPH MpOBEAEHUH MHOTuy

6ycpeprIy“1 pacTBOP
peaKL1H OKI/ICJIGHHH—BOCCT&HOBHCHI/I}I.

onpencc
GauTh K
us.\teHnnOCb Ha

ByQepHbIC P
KOM aHaJIH3e. Hanp#

KoHTpOJIbHBIE porpockl ¥ 3aBa9H

gaemcsa UOHHbIM npousgedeH
MOIICHO 02DAHUHUIMBCA 6EAUUL-

bl (6 mom yucae U u{enouHoii)?
neopa, codepicaieco 0,001 M

?

]. Ymo Ha3vl uem 6006 :
2 Ymo maxoe pH? ouemy
noii pH 6 onpedeneHull cpe

3. Onpedenume pH U pOH pact

NaOH.
4. Onpedenume pH u pOH pacmeopa, codepacauyeeo 0,001 M
NH,OH; X} (NH,OH) =1, 76 - 107°.

5 Kax uzmenumes pH pacmeopos KOH u HCI npu pasbas-

senuu ux 6odoii 6 100 pas?

6. Ha cxonvico eOuHUY USMEHUMCA pH pacmeopa, codepaica-
wiezo 2udpoKcUd Kanus 6 KOHYeHmpayuu 103 mons/n, npu
npubasnenuu k 1.1 e2o 0,001 mons: a) NaOH, 6) HCI?

Omeem: a) yseaudumcs Ha 2; 6) yMeHvIUUMCA HA 6.

7 Kakue geujecmsa a61a10mes UHOUKamopamu? Ha3zoeume
UHOUKAMOPYI, NpUMeHseMble 8 AHAAUMUHECKOU XUMUl,
yKadicuine ukmepean nepexooa oKpacku 0As Kaxcooo.

/ -~
8. O6sAcHume mexanusm delicmeus UHOUKamopa, npeocmas-
Afroue2o coboli caaboe opearuueckoe ocHosarue IndOH.
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[Ipugedume npume
9. 1p puMepbl Xpomodhopuuix, aykcoxpommuix
MUAYKCOXPOMHbBIX 2pynn.

10. Kaxumu ceoticmeamu obnadaiom Oycheprute pacmeopot ?
9 |

11. Botgedume popmyny dns pacuema PH ocnoenoeo 6 yiheproeo
pacineopa Ha npumepe amMmonuinozo Gygepa

12. Mlemy pasen pH qopmuamnozo byrepiozo pacmeopa
ny4eHHO20 CAUBAHUEM 00uHaKoGbiX 06vemos | M p[c)lc;n’;z:
pa mypasoutou kucaomot HCOOH u 0,1 M pacmaopa
dopmuama Hampus HCOONa; K, (HCOOH) =2- ,0_p4,

Omaem: 4,73.
13. Jlaiime onpedenerue KUcaomam, OCHOBAHUAM u congy g co-

omeemcmeul ¢ npomoaumutexoii meopueii Bpencmeda
Joypu.

14. 4mo makoe conpasicerHvle napsl 6 nPOMonUmuUeKoil me
opuu bpercmeda — Joypu? Ilpusedume npumeps:

15. Jlailme onpedeneHue KUCAOMAM U 0cHOBAHUAM no meopuu
Jvrouca. Tlpusedume npumepht.

51

u an-

§ 12. PaBHOBECHE B reTeporeHHbIX cucTemax

[TpoliecC OCAXAEHMS LIMPOKO UCTIONB3YIOT B KAYeCTBeH-
HOM aHATK3€ KaK JUIs ONPENeNeHNsl MOHOB, TaK U JUTS MX pa3-
neneHus. Janee OYIET yKa3aHO, KaK MPOLIECC OCAXICHHS Ha-
XOIUT CBOE OTPaXeHHE U B KONMYECTBEHHOM aHalu3e.
CieoBaTeNbHO, NPY MPOBENEHUN aHANU3a HEOBXOXMMO TO-
yuMaTh npoliecc 00pa3soBaHUs OCALKOB, YCIOBHUS MONHOrO
ocaXXeHKs OTKPhIBAEMOr0 MOHA ¥ IMOBEJIEHUE OCalKa B pa3-
NMYHBIX TEXHONOTMYECKUX TPOLIECCaX, HATIPUMED TIPU IPOMBI-
paHUM. PeakTHBbl, 00pa3yIoLMe OCAIKH, MOXHO Pa3NENUTh Ha
crielMduyecKye — Jarollue 0CaIKH B ONPEAENEHHBIX YCIOBH-
qX TOJIbKO C OIHUM MOHOM, CElIeKTUBHbBIE — Jalolue 0caaoK
¢ HeCKOJNbKMMM MOHaMU, U TPYIIIOBble — JalOLKe 0CaloK C
rpynmoit HoHoB. K creunduyeckuM peakTuBaM OTHOCUTCA
6OJIBLIMHCTBO OPraHUYECKUX pEaKTHBOB, Halp1Mep B OIpe-
JeJIEHHBIX YCIOBHSX O--OCH3WIIMOKCUM JIAET 0CAlOK TOJIBKO C
katoHoM Ni2*. KonuyecTBo TaKUX peareHTOB HEBEJIUKO.



K creundnyecKuM peareHTaM oTHocUTcy Gombiyg Mig
s

peareHToB: AM3apHH, mAbeHWIKap6asun u T, g, g . "PYiin,
peaKTHBaM OTHOCSTCS CONSHAS H CEPHas Kucnory, luen biy
)

OB
pacTBOp aMMHaKa. Touy ,
O6pa3oBaHie 0CfKa B PE3YIIBTATE XUMHUYecKojy De
[IpUBOJMT K YCTAHOBJIEHUIO [ETEPOCHHOr0 XMM”quKOrE(i)Ku”“

HOBECHS MEXLy TBepaoit (a30it M HOHAMU pacTBopy: -

CaSO4 & Ca+2 + 804‘2
TBEpAas co/lb WOHbI B paCTBOD'e

DToT NpoLiece AB/ICTCA ETEPOrEHHEIM, T. €. MpoTekaer
nosepxHocTU ocazKa. ClIefl0BaTeNbHO, IPOU3BENEH e akyyy
HOCTell HOHOB SJIEKTPONIHTA, CONCPXALLIUXCA B Er0 Hackiiyey.
HOM pacTBOpe MPY NaHHOU TeMIlepaType, OyaeT BEIMYUHoj;
OCTOSHHOI. DTy BeTMYUHY Ha3bIBAIOT 1poL3eedeHuem axmyg.
wocmeil u 0603HavaroT [P

(c,*2 " Aso;? = TP ci50,-

[Ipou3BeneHUE AKTUBHOCTEH 3aBUCHUT OT IIPUPOJIBI PacTRo-
pEHHOr'0 BELLECTBA 1 pacTBOPHUTENS, @ TAKXKE OT TEMIIEPATyp

1 He 3aBUCUT OT aKTMBHOCTY HOHOB B PaCTBODE.
B o6ieM Buze pou3BeeHe aKTUBHOCTEH U1 CoenuHe-

Hus A, B, 3anucbIBaeTCd CELYIOLMM 00pa3oM:
HPoAmBn = (aA+")m ' (aB"'")"-

B ynpolleHHOM BUIE BMECTO aKTMBHOCTEH HCIIONb3YIOT
KOHIIEHTPALMIO, TaK KaK B PacTBOPaX TPYXHOPACTBOPHMBIX
3/1eKTPOUTOB KOHLEHTPALIMK HOHOB 0Y€Hb HU3KH, MTO3TOMY
f=1ua=C.B cBi3u ¢ 3TUM Yallle UCTIONB3YIOT BETUIMHY
[1P — mpousBeeH1e paCTBOPUMOCTH, HallpuMep, Ul Tpya-

HOpacTBOPYMOIO COEAUHEHHS
A,B, & mAr + nBn-

[pOM3BENEHIE PACTBOPUMOCTH OYIeT paBHO:
IIP = [Art]m - [Bm=]n.

I[IpousBeeHre pacTBOPUMOCTH €CTh BEJMYHHA MMOCTOSH-
Hasl IpY JaHHOM TeMIIepaType, XapaKTepUu3yeT paCTBOPUMOCTb
TPYAHOPaCTBOPHMOTrO BELIECTBA.
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a
i
[Tpumep. Haittu pacTBopiMocTs AgBr B Monib/ 1 r/n, eciy
HP = 5’3 [ 10—13.

Pemenue. 3aNMILEM YPaBHEHUE, XapaKTepu3yioliee reTepo-
reHHOE PaBHOBECHE:

AgBr & Agt + Br-,

[IpenoN0XUM, YTO PaCTBOPUMOCTb CONM PABHA X MO/,
Tak KaK MpH AMCCOLMALMM ONHOTO Monst AgBr o6pasyercs
olL{tH MOJIb KaTMOHOB Ag* If OJIMH MOJIb aHHOHOB Br-, 7o KoH-
[{eHTpaLMsA HOHOB OYIET TakKe paBHa x Mosb/1. Torxa

P = [Ag*] - [Br]=x-x=53-10-13

x=453:10"° = 0,73 - 10-6 Monb/1.

OnpeJeniM pacTBOPUMOCTS B I/I:
S=M-x=188-0,73-10-6 = 1,37 - 10~ /.

3Hag pacTBOPUMOCTb COJIM, MOXHO ONpenenuTh [OTEpto .

ocalka Mp¥ MPOMbIBAHUH, PACCYNTAB €€ C YYETOM H3BECTHO-
ro o6beMa NPOMBIBHOM XHAKocTH. Hanpumep, ecnu nanHbii
ocafloK rocje otaeNeHus (PunbTpaunu, cM. . 2, pasn. 1,
§ 2) MpoMbITh Bofo# oObeMoM 200 M1, To noTepst ocanka co-
craput 2,74 + 10-5 /11,

ITonk3ysich POU3BEEHHEM PACTBOPHMOCTH, MOXHO OMpe-
JeJIUTh PaCTBOPUMOCTD TPYAHOPACTBOPHMOTO COENUHEHHS B
NMPUCYTCTBUM OJHOUMEHHDIX HOHOB.

[Tpumep. OnpeneanTb, HACKOILKO U3MEHHTCS PAaCTBOPU-
mocTb AgBr B npucytcTBud 1| M NaBr.

Pewenue. PacTBOpMMOCTb IaHHOM COJIM B BOIE paccyMTa-
Ha B MpeablaylieM npumepe. PaccuutaeM pacTBopuMocTh B
npucyrctBuu NaBr:

AgBr & Agt + Br-.

[Tpenmnonoxum, 4To pacTBOPUMOCTB COJIM paBHA X MOJIb/J1.
Tak kak npu avccounauuu ogHoro Mojisi AgBr obpasyetcs
OOUH MOJIb KAaTUOHOB Ag* 1 OUH MOJib aHHOHOB Br, KOHLIEH-
TpaLus MOHOB cepeOpa OyaeT paBHa X MOJIb/Jl, a KOHLIEHTpa-
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M
st woHoB 6poMa pasHa x + 1 (1 MOMb/N 3a cyer gy -
LMK cupHoro anekTpoiuta NaBr). Ceouyy,

[P = [Agt] ' [Brr]=x-(xt 1) =x=53"0-13
Tak Kak x + 1 = 1

CnegoBaTebHO, B MPUCYTCTBUU OMHOMMEHHBIX UoKo
CTBOPUMOCTb TPYAHOPACTBOPUMOTIO COEAMHEHHUS YMCHbu? o
cs1, 3TO croco6CTByeT GoJiee MOJHOMY OCAXIEHHUIO Tpe aeT:
cba3pl. [ToaTOMy MpU POMBIBAHUH 0CA[Ka B IPOMBIBHYI0 ol
KOCTb HEOOXOMUMO BBOAUTH HEOONBILOE KOMHUYECTBO oca,[l)l;yl£l~
JISL ¥ [IPOBOIMTD OCaXIEHHE U30BITKOM PearcHTa, R

3Hast KOHLEHTpaLuy HOHOB MaIOPACTBOPUMOTO 3MeKTpg
JIUTA B pacTBOPE, MOXHO OLIEHUTD, BbITALCT I B NAHHBIX yc-
noBUSX ocamok. Eciu mpou3BeleHEe KOHLEHTPalui IfIOHo-
npebiaet [1P npy 3aaHHbIX YCIOBHSAX, TO 0Ca0K Bbmane-?

[Ipumep. BbinazeT JIM 0CaJoK X10pulia CBUHLA IPU CMelmy-
paHuy paBHBIX 06beMoB 0,1 M pacTBOpa HUTpaTa CBUHUA

xJlopyia HaTpus?
Peluenue. 3anuiueM ypaBHEHUE peaKLIMU:

Pb(NO,), + 2NaCl = PbCly} + 2NaNO;,.

[Ipu cMeluMBaHUU PaBHBIX 00bEMOB 000UX PaCTBOPOB 06-
HIMii 06BEM yBEJIHYUTCS B 2 pa3a a KOHLEHTPAl1H cojieit npu
5TOM YMEHbLIAIOTCA B 2 pasa U 6ynyT paBHbl 0,05 Monb/1.

Haiigem npou3sBeneHUe KOHLIEHTpal1ii HOHOB:

[Pb+2] - [C1-]2 = 5-10-2-(5-10-2)2=1,25-104
10-5. Tak KaK npou3BeIeHue

Bennuuna [1Ppyc;, paBHa 1,6
TO pacTBOp TEpeEChIeH

xonuentpauuit mpesblimaer [Ppyc,
OTHOCUTEJBHO TOM COJIM M 0CAOK o0pasyercHl.
PacTBOPUMOCTb OCAXIAEMOT0 COSIMHEHNA BJIMSIET Ha IOJ-
HOTY OCaXIEHUS HOHA. PaccMOTPHM BJIMSIHUE BeJIMYUHBI ITPO-
U3BeJeHHs pacTBOPUMOCTHU Ha MPUMEDE XUMUYECKOM HICHTH -
¢uKaLud KaTHOHOB 6apus BaZ* u KajbLHA Ca2t. JlaHHbBIE
MOHBI MOTYT ObITh ONpeAeeHbl B BUIC cy/1bGaToB, XpOMAToB,

KapbOHATOB U OKCaJIaTOB.
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m =1,1-10-1 [TP(CaSO,) = 2,5 - 10-5
P(BaCrO,) = [,2-10-1 [MTP(CaCrQ,) = 2,3 - 10-2
[1P(BaCOy) =4 - 107 MMP(CaCO,) = 3,8 - 10~
Pp(BaC,0q = L1 10-7 [MP(CaC,0,) =2,3 - 10-9

[Tpy POYHX PABHBIX YCIOBUAX OCaxieHue Ba2+ u Ca2+ 6y-
1T TeM TOJIHEE, eM MEHEE PACTBOPUMO COENUHEHMUe, B BUJle
{OTOPOTO OCAXIAETCS NAHHBLH HOH. IIpuBeneHHbIe BenUyMHB
[pou3BeeHNs PacTBOPUMOCTH COOTBETCTBYIOLIMX CoNelt Tio-
Ka3bIBAIOT, YTO U3 COIEH 6apust HaUMeHee pacTBOpPUM cynbdar
BaSO,, U3 COJet KaJIbLI1s — OKcasat CaC,0,. TosToMmy Hau-
Gostee MOJIHO TAHHBIE KATUOHDL YIAETCS OCAMIUTh B BUJE STUX
Coe;[MHeHI/Iﬁ. BennuuHel TP Takxe xapakTtepusyror YYBCTBU-
. e THOCTB PEAKINH OCAXIEHUS UOHOB Ba?* u Ca?*. Tak, mpy
ocaXaeHUH Ba2* yyBCTBUTEIBHOCTH MOHOB OCATUTENEN MOH -
xaeTcsl B CIIEIYIOLIEM IOpsIIKe:

SO~ > CrO2- > CO2- > C,0 2.

[Ipu 06HApYKEHUU KalbLIUS YYBCTBUTENLHOCTL MOHMXa-
eTcsl B MHOM M1OCTIEN0BATEILHOCTH:

C,0.2* > CO2- > SO 2~ > CrO2-.

Ha noJHOTY OCRKACHHUS TaKXKe BIMSET BBEIEHUE B PAaCTBOD
cIbHBIX 21EKTPONUTOB. [IpK 3TOM pacTBopuUMOCTbL ocajka
[OBBIILIAETCS, TAKOE SIBJICHUE Ha3bIBAETCS «CONEBBIM 3ddex-
ToM». ECIIM paCCMOTPETh MOJIHOE YpaBHEHUE TMPOU3BEIECHUS
pacTBOPUMOCTH B OOLLIEM BUIE:

[IP(4,B,) = (@) - (@g-m)r = [Ar]m - [Bn={n - fym - fin,
yBuIuM, yTo BesuuHa [P Takxke onpenensercs Koaduim-
eHTAMU aKTUBHOCTH f,, f5, BEIMYMHBI KOTODBIX TPU BBEACHUM
KaKHX-JIN60 MOHOB YMEHBIIAKTCS BCIEICTBUE BO3pacTaHus
MOHHOI CUJIBI pacTBOpa, YTO NMPUBOJUT K COOTBETCTBYIOIIEMY
MOBBILIEHUIO PACTBOPUMOCTH.



|

X
Ipumep. Onipene/inm, Kak BIMSET Ha pacTBOPHMoc] """a
b

¢para Gapus ssejetie 0,1 M pacrsopa KNO,, Y,
Pewenne. 1. BbunciinM pactBopuMocts BaSq
¥
BOJIE, 110JIL3YSICh IPOU3BEIEHUEM PACTBOPUMOCTY 4y lmlh%ﬁ
b
qTO K03 (PUUMEHTBI AKTUBHOCTH BJIM3KU K MR, Tmnaﬂ

[1P(BaSO,) = ap,*  daso, = [Ba?*] - [SO] =2 = | |

~

x =4IMP=1,05-10-5

2. BblyncauM pacTBOpMMOCTD IaHHOM CoJjiy B MpHcyTey
CWJIBHOTO JIEKTPOJIMTA. E’IOHHaH CHJIa pacTBOpa Gyjper onB
NEeNATHCSl KOHLIEHTPALIMEeW U 3apsiiaMu Bcex HpHcchTBylom“‘
HOHOB: X

[= %([K*’] - 12 - [NOS—] <12 [Ba2+] - 22. [8042-] : 22) -

1
= 20,1+ 12:0,1 - 12+ 1,05 105-22- 1,05 105 29 = q

W3 npuiioxeHust HalgeM KO3 @ULUEHT aKTHBHOCTH JByX-
3apsaHoro noxHa f = 0,33. Torna ypaBHeHHE NTPOU3BEiCH U aK-
TUBHOCTEM NMPUMET BUL!

[MP(BaSO,) = ap*asgk = [Ba?*] - /- [SO2] - f=x2- 0,33,

[TP .
x= 0.1089 3,18 - 10~

Takum o6pa3oM, B npucyrctBun 0,1 M pactBopa KNO, pa-
ctBopuMocTh BaSO, Bo3pacTaeT npuMepHO B 3 pa3a.

B aHAJIMTHYECKOH XUMUU MPUMEHSIEMbBIE peareHThl MOTyT
J1aBaTh OCaJIKU C HECKOJIbKUMH HOHAMM, HaxXOAALIMMUCS B pa-
cTtBope. [IpM 3TOM NPOUCXOAUT TaK Ha3biBaeMoOe JIpoOHOe
ocaxjaeHue. PaccMoTpuM, B KaKoi IMOCae10BaTeIbHOCTH Oy-
JYT OocaxaaThCsl U3 pacTBopa, copepxawiero mo 10-1 Moap/i
noHoB Cl- u Cr,0,2-, ocanku AgCl n Ag,Cr,0, npu nobasJe-
Hun AgNO;. 3HayeHHs] KOHUEHTpaUMK MOHOB cepebpa Ag,
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HeoGXOLMMOH LISl OCAXMEHMS Kaxaoro 3 OCaKOB, MOXHO
paccyMTaTh U3 MPOUIBEACHHS pacTBOpHMOcTY:

MPpgci = [Agt]2 - [CI-] = 1,78 - 10-10,

nPAgZCrzo-, = [Ag+]2 ) [Cr2072—] = 1,1 - 10-12,
OTclona:

NP, 1,780
[Ag+]AgCl = [Cl_] = 10__] ] =l,78 < 10-° MOHb/ﬂ

_ HPAngizo, _\/1,1-10'[2
[Ag*]ag,cri0; = [Cr,0,7 ]

100 = 3,3-10-5 mons/x
CoJib, [UT KOTOPOM paHblie (T, e, IIPU MeHb
paLyu Ag') oyner HOCTHrHyzo TIPOU3BEIEH e
11, 6YLET OCXKIATHCA NIEPBOIA. B NaHHOM ciryyae MEPBBIM 06-
pa3yeTcs 0calloK AgCl. ITo Mepe ocaxneng XIOPHIa cepeGpa
KOHLIEHTpaLA MOHOB CEpedpa B pacTBope OyIeT yeenuyypary,-
cs1 (TaK KakK npousseneHue [Agt] - [Cl-]

OCTaeTes nmoctosy-
HbIM) ¥ B KaKO-TO MOMEHT BpeMeHH Gyger IOCTUIHYTO 3Ha-

yeHUe MPOU3BENEHUS PACTBOPUMOCTH Ag,2Cr_2O7 1 B Ocanok

GyIyT BbIMALATh IBE COJIM OXHOBPEMEHHO. B 370T MOMEHT Bpe-
MeHu OyIeT COOMI0IAThCS YCIIoBHe:

CrZO-Z,— _ HPAngIIOT =«,/1,1-10'12 =541
[CI] MPye L7810 >

WEH KOHLEeHT-
PacTBopuMoc-

Tak xak KoHUeHTpauus Cr,0,2- Ha nayayo OCaXIeHus

Ag,Cr,0; 1o ycnoBuio paBHa 10~! Mons/1, To KOHLEHTpaLug
XJIOpU[I-IOHOB B JIaHHBI MOMEHT BpeMeHy paBHa:

JICr0*1 o

58100 58100 > 107 Mo/

[Cl-] =

CrenoBatenbHO, ocaXIeHue IUXpoMaT-HoHa HaYMHaeTcy
TOJIBKO ITOCJIE [TPAKTUYECKU MOJTHOrO ocaxmeHus Cl-.
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axIcHHsI MAIOPACTBOPHMOTO Coepyy,

la nporiece oc
lmmizr pJIsIHHE peaKumI cpelbl pacTBopa. PaCcMO Hyg,
> HUe MaJlopacTBOPHUMbIX mﬂpoKCHIIOB

caxuac
cayyac oCaXIeHHC [MPpOBOINTCS BBeﬂeHHeM -
B

pacTBOP FHApPOKCHA-UOHOB, u KoHLeHTpauuss OH-, Heopy,
uMast sl ocaxieHus, 1, COOTBETCTBEHHO, BEJIUYHHA pH ,,
BUCAT OT BeJIMYMHBI rpon3BeieHHs PACTBOPUMOCTH Coorpg,
CTBYIOLLETO rMApOKCHIA. [Tonp3yacCh HPOHBBeﬂeHneM
pacTBOPUMOCTH, paccuHTaeM, Mpy KaKMX 3HaYeHHUsX pH
yuHaeTcd U saKAHYMBAETCH OCAXICHUE TMIPOKCHAA Mapray

na Mn(OH), u3 pacTBoOpa € KoHLIeHTpauuei 10-1 Moxh /g,
3BeIeH} s pacTBOPHUMOCTH 0e3 yyeta K03y

YpaBHeHHUE MMTPOU .
[(HeHTOB aKTHBHOCTH HOHOB yuMeeT BUL:
I Pygron), = [Mn2t] - [OH-]2=1,9 - 10-13,

yACh 3THM YpaBHEHUEM, paccYUTaeM KOHLEHTpalo
s pOU3BEIEHHE PACTBOPHMo-

OKd
Juist NpUMepa o
ranioB. B 9TOM

[Tonb3
OH-, ipy1 KoTopoH JOCTUraeTC

CTH U HaYUMHAETCH OCaXXIECHUE:

1,9-107"
0, QU e | e ST =1’38 - 10-6.
[OH ] 10-[
CenoBare/lbHO,

10—14
= = . 10-9: = _ +] =
[H*] ~ioH] 7.9 - 10-% pH Ilg[H*] = 8,1.

TakuM 06pa3oM, ocaxAeHne rMIPOKCHIa MapraHua u3

0,1 M pactBopa HaYMHAETCA MPH pH, paBHoM 8§, 1.
OcaxeHue MOHa MOXHO CYMTATh ITOJIHBIM, €CJTH €T0 KOHLIEH-
Tpalus B pacTBOPE HOCTHTaeT 3HAYEHHUs! 10-5—10-% Mosnb/1.

PaccyuTaeM 3HAYEeHUE KOHLIEHTpaUMHU MOHOB TMIPOKCHIIA!

1,9-107"

[OH-] = | ~0—=4,36 - 10

pH = 12,64
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Ecnu pH 6yner < 12,64, To ocaxnemye R —
a npu pH < 8,1 ocaxpeHue THOpOK [bIM,

CHIa Mapranua ya
acTpo-
a JaHHON KOHUEHTPALUHU NPOUCXOAUTE e HoweT pactso

Hapsiny ¢ 06pa3oBaHKeM ocalika B kay CCTBHHOM atfa
Gosplui0e SHAUCHME MMEET U pacTBopenue ocanka, ko ::%e
KaK yXe YKasbIBATOCh, ABIAETCS 0Bpathbim mpoyeccy 065&130 ’
paHUS. =

CaSO, & Cat? + SO,2,

TBEPAAsn CoNb MOHbI B pacTBope

Capur reTeporeHHOro paBHoOBecUs Brpaso Mo
XOIUTDb B CICAYIOLIHMX Cllyqasx:
— MPOMCXOIUT CBA3BIBAHNE MOHOB B pacTpo
MeHee paCTBOPUMBIi ocafok;
— MPOMCXONUT PEAKLUS KOMILIEKCO06pasoBakyy ¢
THEM HOHOB MeTajuia;
— aHMOH NEPEXOIUT B MATOMUCCOLUHUpYIoLy
— MPOMCXOXHT BOCCTAaHOBJIEHUE WM OKHC]]
B r1iepBOM CJIyyae COOCTBEHHO PacTBOpeH Ocalika He 11po-
HCXONUT, HO TaKasl ONEPalKsl O3BONSET ONpeeuTs B pacTBo-
pe aHHOH HIIM KaTHOH, BXONALLMM B IEPBOHAYATBHbI{ OCaJloK
Hanpumep, IIpX 00paboTKe OKcaltaTa KagMus HUTpaTOoM CBHH-.
12 Wix KapOOHATOM HaTpus GYIYT npoucxomurs peaxkiuu:

CdC,0, (ITP =22 - 10-8) + Pb(NO,), &
& PbC,0, (ITP = 8,3 - 10-12) + Cq2+ + 2NO,~:

T Mpouc-
P€ B Iipyroii,

yuac-

YI0 KHcoTy;
CHUE NOHOB.

CdC,0, (TP = 2,2 10-%) + NaCO, ¢
¢ CACO; (TTP = 2,2 10-12) + INat + C,0,-,

B nepBoM cityuae B pe3ysibraTe 06paboTKu ocanka B pacTBop
MepeXoiUT KaTHOH, BO BTOPOM — aHMOH. Crenyer YYUTBIBAT,
4TO COeJMHEHHE, KOTOPBIM MPOBOAUTCS 06paboTKa, HOMKHO
ObITh XOPOLLIO PACTBOPUMO U MOJIHOCTBIO AMCCOLMUPOBAHO Ha
HoHBI. TakXe MPY 3TOM CJIENyeT YYUTHIBATh KOHLEHTpALUIO pe-
areHTOB.

[Ipu nepeBoje KaTHOHA OCagKa B KOMIUIEKCHOE COelMHe-
HUe HEOOXOAUMO, YTOOB! KOHLIEHTpALUs KATHOHA MeTala Hay
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ocallkoM Obu1a 60JIbLIE, YEM €r0 Konum
B 9TOM CITydae OCaloK pacTBopsieTcs. Ecny yee Ko:ﬂ Oca'[lk X
KaTHOHa Hal 0CaIKOM MEHBLIE, OCaNOK He pacryp, “eﬂmalj’“;
npiMep, M3 OCAIKOB XIOPHIOB Cepebpa y o, PAepeg "y

OB Ha
{ Mo HedcTBUEM FMIPOKCHIA aMMo ey, &
PTYTH TTOA Hus neDBBI‘-HTHOH

&

pacTBOPATHCA. i oy,

HakoHel, 0caaKyd MOTYT paCTBOPSIThCS B PE3ynkTate T
COB OKMCJIEHUs MJIU BOCCTAHOBJIIEHUS. B aToN Cyag Poye,
PUMOCTS OTIPENENSCTCS COOTHOLIEHHEM NIPOH3Be ey Acry,
PUMOCTH OCAJIKOB COEJIMHEHUN BBICUIEH U Hygyyey; ; ATy,
oxucnenus. Hanpumep, ocanok Hg,Cl, (ITP = | A Tengy,
pacTBoOpseTCs TOX NeHCTBUEM OKUCIIUTENS — ”eP0;<cH 10~1g)
mopofa, TaK Kak pacTBOPUMOCTB XNOPUIA BhiCiye); CTila B,
oxkucnennst HgCl, 3HaYHTENBHO Bblllle. B HekoTopyy Al Meyy,
pacTBOPUMOCTB 0Ca/IKa CBI3aHa C IIEPEXOLIOM B Ipyryie, CTgr?aHx
oKHCeHuUs aHHoHa. Hanpumep, pacTBOPMMOCTS cyjy, i O™
a30THOJ KHC/OTe CBsI3aHa C OKMCIIEHUEM S~ 110 SO 2- 8 C?B B
phIM GONBIIMHCTBO KATHOHOB HAET XOPOLLO PaCTBOPKMpye :o.
enyueHust. Cama BO3MOXHOCTb OKHCIIEHUS WK BOCCTaHang“
HUA ompelesisercs OKHCJIHTBIIBHO—BOCCTaHOBHTeJIBHBIML;

roteHanamu (cM. § 15.)

KoxTponeHeie BOMPOCH M 33[a4n

1. Ymo Hazvléaenmcs npou3eedeHuem pacmeopumocmy ? Ka-
Kol gpaxmop énusem Ha UIMEHEHUE BEAUUNBI NPou3gegp.

HUsA pacmeopumocmu ?
2. Kaxas céa3v cyujecmayem Mexcdy HeHACBIUEHHbIM, Hacy .-
W{eHHBIM U NepeChlUeHHbIM PACEOPaMU U BPoU3sedenyey
pacmeopumocmy ? [pusedume npumepui.
ObsscHUmME HA OCHOBAHUU 3AKOHA 0elicmeyIouux Mace y

npou3zeedeHus pacmeopumMocmu npUHUHY pacmeoperus
Mg(OH), 6 kucromax u ammorulinblx consx (Hanpumep,

¢ HCl ¥ NH,OH).

4. Pacmeopumocms kKapboHama Kanbyus npu Hexomopou
memnepamype cocmagasem 6,9 - 10-5 moas/n. Onpedenu-
me npouseedenue pacmeopumocmu 3moi cou. -
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al KayecTBe

[aaP e GuipadiceHis, NPoU3GeOeHU pacmeopumociu Ons

5i 3aﬂau:(lftllmx gewecme: ) Bay(PO,),; 0) AgCrO,; 6) Fe(OH),,

ened) yme npoussederue pacmeopumocmu Ag,CrO,,

6. Bb;‘;”c;n 0 ¢ 100 Mn HACbIUEHHO20 pacimeopa ezo codep-
3HaA,

scumcA 0,002 156 e.

omeem: 1,110 .
yeaiime pacimeopuMOocinG OKCanama Kasius 6 mons/

o B0 cau npousgederue pacmeopuMocini e2o pagHo

957 10-°.

omgem: 5,07 10 3016/2; 6,5 - 10-3 /.

Bruucaume KOHUeHmpauylo UOHOE cepedpa: a) 8 HacbluyeH-
8' yoM pacmeope xnopuda cepebpa (IIP = 1,78 - [0-5).

) 6 HacbleHHOM pacmeope xn0puoa cepebpa, K aumpy ko-

mopo20 npubagAeHo 1+ 10~% mons KCl.

Omeem: @) 1,25 - 1073 moav/a, 6) 1,56 - 10-6 moav/,
9, Ymo Ha3vleaemca «conegvim 3gpgpexmom» ? [Todomeepdume

| LpusHUe NpUCYMCMBUS 6 pacieope 00HOUMEHHbIX UOHOg Ha
pacmeopUMOCHb COMU Ag,CO,.

[0, Paccuumaiime, 6 kakoll nocaedosamensrocmu 6ydym
" ocasicdambcs oKcaramsl 6apus u kaavyus u3 pacmeopa,
codepocauiezo.0,01 M Ba¥.u 0,2 M Cat,

11, Paccuumatime, npu kakom 3raxenuu pH 6ydem nawurnams-

" ¢q ocaxcderue eudpokcuda scenesa u3 0,01 M pacmeopa

FeCl,? Tpu kaxom araveruu pH ocavcdenue Gydem non-
HbiM ?

Omeem: 2,2; 3,5.

§ 13. Tupponus coneit

Ocoboe MecTo cpeii OOMEHHBIX peaklUuil 3aHUMAaeT Tu-
ponus. [uIponu3 — 3To B3aMMONEHCTBHUE BELIECTB C BOJOIA.
Tuzponuay MOTyT MOJBEPraThCs XUMUYECKUE COeUHEHHUS pa3-
JIMYHBIX KJIACCOB: COJIM, YIJIEBOMBI, OEIKH, XHUPHI 1 T. I Bax-
HBIM Clly4yaeM TMIPOJIK3a SBJISIeTCS TUIPOIU3 CONEN.
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[udpoauzom coneil Ha3bIBAIOT PeAKLIMH O0MeHa Mme .
10it 1 pacTBOPEHHBIMU B HEU COJIAMM. B pesyinbrare "POTeKO'
{itsl THIPONH3A COMU B PACTBOPE MOSIBIACTCS HEKOTopog |-
6LITOUHOE KoJinyecTBo HOHOB H™ niu ?H-, C°°6ma*01un
pPacTBOPY KUCJIOTHbIE MM OCHOBHBIE CBOMCTBA, U °6Pa3yerce
cn1aGblit 51eKTpoT. TakiM 06pa3oM, 3TOT NMPOLECE 06pay, ;‘I
npoleccy HeiTpaIu3aluu, T. €. npoueccy B3aHM0I{e1‘;ICTBHH
KHUCIOT C OCHOBaHHSIMU.

B Boje coiy IMCCOLIMUPYIOT, YPABHEHUE SJIEKTPONINT Y, _
Koil muccollMallMy ¢ yYeTOM THIpaTaluy °6Pa3YIOLHMxCH
JIOHOB MOXET ObITh NPEeLCTaBIeHO CAEAYIOIMM 00pa3om:

KatAn + nH,0 = Kat's(H,0), + An=(H,0),, n=p+ 4

Katuon (Kaf?*) cBS3aH ¢ MOJEKYJIaMyi BOJBI TMApPaTHoj;
0GOJIOUKHM 34 CUET JOHOPHO-AKIENTOPHOIO B3aUMOIEHCTRyg
(KaTUOH — aKUEITop, MoJieKyJa BOIbI — ;[[OHOp SJIEKTPOHHoj
napsl). AHHOH (An?~) CBA3aH C TUIPaTHOU 000JI0YKOH 3a cyey
BOJIOPOIHBIX CBsI3eit. UHCIIO MONEKY BOJBI B THIPaTHPOBaH-
HOM KOMIUIEKCe (KOOpIMHAlIMOHHOE YUCII0) 32aBUCHUT OT TIpy-

-~

~

pOIbl MOHaA.
H
7
0
H H |
S H
H l H A T )
\:0 :—>Katz+<—:0:/ \O —He«— An-— H — _Q\
/ N\ 1
H T H H
/AN it
H H |
20
&

H
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MexXaHH3M THAPOJIN3A N0 KATHOHY -
[iagpoNIM3 COEH MOXHO paceMaTpubat kak pesynyrar o

n;{pHBaUMOHHOEO B3aUMONCHCTBUS HoHoR oo
HO¥ 000JOHKOM. Tak, nonspusauus CBSI3aHH
\oNIeKYJTBI BOJbI MIPUBOJIMT K Oc/ablieHuio cpg
Co3faroTesl YCIOBUS U1 IPOTOHHOTO 06Mena
jaMJ BOJBI, HAXOAAUMMHUCS B pacTBope, 1 ryy
vt woHaMu. C TOUKH 3PEHUS NIPOTONUTYYec
poJIV3 ABISETCA MPOTONUTHYECKUM Tpoliece
¢ 0OMEHOM TNPOTOHA.

“uc MX runpar-
OH C KaTuoHoy
3 O—H B yej.
Mexny Moneky-
IpaTUpOBaH K-
KOW Teopuu ryp-
OM, TIPOXoasiiy

H
H H
+<__0/ ]z++;0:/ — K I
[[(atZ : \ \ Y [ a’OH](Z"l)+[H—Q—H]+
H H

[Tpy 9TOM 3apSIll KaTMOHA YMeHbLIaeTcy Ha e

YeMm OOJIBIIE 32PN U MeHblle Pa3Mepsl Ka
cuibHEe UX aKUENTOpHbIE CBOICTBA U Mojg
crpre. KaTMOHBI $-31€MEHTOB, UMelowmye
cpaBHUTENBHO 6ONBLIOI pamuyc, obnanaor Cl1adbIM Monsipy-
3yIOLMM JEACTBUEM, 1 TUAPOIIN3 UX IPaKTHYeCcK) He MMeeT
MecTa. DTUM KaTHOHaM COOTBETCTBYIOT CUJIbHBIE OCHOBaHuy
nanpumep NaOH, Ba(OH), u sp. ’

JBYyX- U TPEX3apSIHBIC KATUOHBI p- U d-3MeMeHTOB, Takye
kak Cu®?, Zn*2, Fe*?, Fe®3, A1*3 u np., xapakrepusyiores
GobLIMM 3apSIOM 1 MEHBILIMM panuycoM. OHu 06pasyiot 1o-
BOJIbHO MPOYHBIE AKBAKOMIIEKCHI, B KOTOPBIX IOHOPHO-aK-
LenTtopHast cBsi3b Kat*# « :0 u3-3a nonsipusyiouero nefictnsg
KaTHOHa OKa3biBaeTcs OoJiee MpoyHoil, yeM cpsiap O—H g
nuranaax. [1oaToMy BO3MOXEH THIPOU3, T. €. oTpbIB [IpoTO-
Ha OT MOJIEKYJIbl BOJAbI-JIUTaHAA U IPUCOEIUHEHHE €r0 K MO-
JieKysie BOJibl M3 pacTBopa ¢ 00pa3oBaHUEM KaTHOHA OKCOHUS
H,0*. MHoro3apsiiHble KaTHOHbI THAPONU3YIOTCS CTYMeHYa-
TO, B OOBIYHBIX YCIIOBMSIX TMIPONU3 3aKaHYUBAETCS MeEpBOii
cTanuei. [MApoKcuabl KaTMOHOB, 06J1aJaK0IUX CHIIBHBIM TO-
JIIPU3YIOLIUM NENCTBUEM, B BOIE IJIOXO PaCTBOPUMBI U IHC-
COLIMUPYIOT HE3HAYUTENBHO, T. €. SABJSIOTCH CIa0bIMU OCHO-

TUHHULY.

THUOHOB, Tey
PH3yIOLLEe feji-
MaJIbli 3apsp y
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pannamit. [Toisipusyloluee IeHCTBHE HEKOToppy y Xy,
ubix KatHoHoB (Tit4, Sb¥3, Bi*3, Zr+4) tak BeMUKo . 32D
KyJla BOIbl H3 BHYTPEHHelH cdephl Moxer °T11aaa’ YTQ - Us
IWHIO cdepy He OIMH, a [Ba TIPOTOHA ¢ 06paTb
oKcoKkaTHOHOB. Hanpumep: 30Bay
: s —
[Ti(H,0)¢]* + 2H,0 = [TIOH(H,0)5]%2 + oy
IV

M3a 110 KaTUOHY cpena CTaHog
HTC
!

B pesynbraTe rHApOJI
kucioit (pH < 7).

MexaHH3M THIPOJIH3A IT0 AHHOHY

B ruapatMpoBaHHOM aHHOHE An—Z(HzO)q MOJIeKyy,
CBSI3aHBI C aHHOHOM 32 CYET BONOPOLHBIX CBS3el. HOJI;II Bopy,
LIMOHHOE B3aUMOIENCTBUE MEXIY aHHOHOM Y OHerma“
BOILBI MOXET IIPUBECTH K IIPEBPALIIEHUIO BOXOPOaHOj} CBYnop[
KOBaJIEHTHYIO, [P 3TOM IIPOTOH, OTPhIBasCh OT MOJIeH3H B
BOJIBI, IPHCOEIMHAETCA K aHHOHY, a B PAaCTBOP yXomut ml;ys;vl

KCHUI-HOH.

H
gy 0
dnim - - - H|—0 S An— He-n-

B pesyibTate 3apsit aHHOHA YMEHBLIAETCA Ha eNUHuyy
Yem Gosblie 3apsA M MEHbLIE PAIHYC aHUOHA, TeMm 63’},
XOpOLIHM JIOHOPOM 3JIEKTPOHHBIX MAp OH SBJISIETCS, U Tey neie
4e MPOUCXONUT OTPBIB NMPOTOHA OT BOABL. AHHOHBI CUJIpKy -
xucinor (Cl-, Br-, I-, NO,—, SO, u 1p.) obnanaior cna6bn:;:

3/1IEKTPOHO-A0OHOPHBIMH CBOCTBAMHU U TUAPOJIN3Y He HOﬂBé

rarorcsl. AHMOHBI c1abbix KucnoT (CN-, CO,-2) SO,-2, PO 3
S=2 U Ap.) ABJLIOTCSA JOHOPAMM CPENHEN CHUJIBI H ;mgme i‘a’
I0TCA TMAPOAN3Y. [MAPOIN3 MHOr03apsiAHbIX aHHOHORB P‘I)ﬂe-
CTyneH4YaTo. B pesyibrate ruapoausa cpea CTaHOBUTCS [uef

ao4yHo# (pH > 7).
Bce usBecTHble cyyan runponnsa coneit MoxHo KJlaccu-

(buimposan, CJIeNYIOLIUM 06pa3oM:
: gamm, TUAPOIU3YIOLIMECS 110 KATHOHY, — COJIb 06pa3o0-
M};a Kc)unbﬂo ITOJISIPU3YIOLUMM KaTUOHOM M €1a00 MoJIs-
PUSYIOLIMM aHMOHOM (COJIb CJIA00r0 OCHOBAHUS U CHITb-
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{0il KHCJIOTBI). Hanpumep, NHCL, FeSO,, AICI, 1 1
[1pi PACTBOPCHUM TAKUX CONCi peakiimst et Klr]lCJlélil'
., Con, TWAPOIM3YIOLHECS 110 AHUOHY, — cortb 06pa'1()|;;1.,
jia CIIBHO TONAPH3YIOLUM AHHOHOM M ¢/la6o Mosspy-
JyIOLIMM KATHOHOM (couth CHIIBHOTO OCHOBAHMS ¥ ¢aGoik
kucsotht). Hanpumep, Na,CO,, KCN, CH,COON
i ip. PeaKitust Cpesbl LwesoyHas, Y ’
3. Conn, THAPOJIU3YIOLUMECS U T10 KATHOHY, U 10 aHKo-
Hy, — COJib 00Pa30BaHA CUITLHO MOSPUIYIOUIMM 1 aky-
OHOM, ¥ KATHOHOM (COJH CNaGbiX OCHOBaH Ui 1 Kucor)
Hanpuntep, (NH,),CO;, CH,COONH,, (CH,CO0),Al
PacTBOpbI COJIEN 3TOTO THIIA B 3aBUCUMOCTH OT COOTJHO-.
weHns KOHCTAHT AUCCOLMALUM 0Bpasylowuxces npy
[UAPONIN3E KUCIOTBI M OCHOBAHMS MOTYT UMeTh ciaGo-
KUCITYIO MM CNabOLIENOYHYIO peakiiuio, T. e. BeMynHa
pH 613K K T
[Joka3aTeNeM TTYOUHbI TUAPONU3 SABNAETCS cmenens 2uQ-
ponu3a h, TipefCTaBAAO1Las o0t OTHOLIEHNE KOHUEHTPaL My

[JAPOTU30BAHHBIX MOJEKYI Cnmp K MCXOIHOM KOHLEHTpaLuy
paCTBOpeHHbIX MOJIEKYJT 3NEKTPOJIUTA;

h= riup

C

CrerneHb TMAPOJIM3a BO3PACTAET ¢ pa3baBlieHneM pacTBopa
1 yBeMYeHHEM TEMIIEPATYPBI, TOCKOBKY THAPONM3 — Mpo-
Liecc FHAOTEPMUYECKHI. |

[Tpotiecc TMAPOIIM3a XapaKTePU3YeTCs KOHCTaHTOl paBHO-
pecys. PaccMOTpUM TpoLiece M’MAPONH3a CONH, 06pa3oBaHHOIA
OIHOKMCNOTHBIM CHJIbHBIM OCHOBAHUEM U ONHOOCHOBHOI!
c1a60i1 KUCIIOTOM:

CH,COONa + HOH « CH;COOH + NaOH,

CH,CO0- + HOH & CH,COOH + OH-.

B 3TOM cCllyuae KOHCTaHTa paBHOBECH

_ [CH,COOH]-[OH"]
P~ [CH,COO0"]-[HOH]

K
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Tak KaK KOHLIEHTpaUuHs BOAbI IIPU IMAPOIU3e "3M3Hﬂe~m
1

0¥EHB MO, TO €¢ PHHUMAIOT 32 MOCTOSHHYIO Benyyyy,
MepeHOCAT B JIEBYIO YaCTb YpPaBHEHMS: Yn
[CH,COOH]-[OH"]
K =[HOH]=K_ =
p =IHORI=A, = e oo
[Tpoussenenue K, - [HOH] siBasietcs BennyuHois nocrosy.

Hoif U obo3Havaercs K. — xoncmarma eudponusa. YMHOXI
YUCIIUTENIb M 3HAMEHaTeNb Ha paBHOBECHYIO KOHUEHTpayyyy,

BOJOpOJa U IOJYYHUM CIIEAYIOLIEE.
Ilpoussenenune [OH-] - [H*] naer noHHoe TMPOM3BENieH e

Boakl K, a OTHOLIEHHUE

W2

[CH,COOH]
[CH,COO™] - [HY]

SIBJISIETCS 00paTHOM BeNIMYUHOM KOHCTAHTHI JMCCONUaIy
cnaboit kuciotsl 1/K;, ... B ob1ieM Buze ypaBHeHHe npuygy-

MaeT BUA:
K. =K, / Ky gom

Jns pacyeta creneHy ruapoiu3a oObeIUHUM JIBa ypaBHe-

HHUA:

x <[CHLCOOHIOHT] |\ _ K, .
"~ [CH,CO07] K,

[CH,COOH]-[OH"] _ K,
[CH,COO7] K.

[TpumeM, yTo KOHLEHTpaUMs colu paBHa C, . (MOJb/M).
Eciu crenens ruponusa paBHa A, TO NOABEPIIOCH TUAPOIHU-

3y Ceony * # MOJIB/JI, He ruaponusoBaHo C,,,, — C,.... - h MOJIB/1
Ceomy * 1 MOJB/N

colv. BenencTBue runponnsa 06pa3oBaioch
- h Moiib/s1 OH-. Yurq 310, MONYYuM:

kucjaorsl 1 C,
2 2
Coh K,

COJIH

C - C ' h ) KK-TbI ,

Conu COJIH
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A .

/-_
oTKYA4

Ccoml _h2 2 Kw

I-h K

K-Thl

Foy BeHYUHA f MaJia B CPAaBHEHHUH C 1, TO MOMY4MM:

O <0 L
canit K »

K, _|K
h—JQMmeu—JQmJ

KaK yKe GbUIO YKa3aHO, MPOLece rHApONN3a NPUBOLUT K
y3MeHeHHI0 peakLny Cpelbl. Ilﬂfj BbIBOJ (G opMyJibl pacyera
pH pacTBopa CcOJH, 06pa30BaHHOI KATHOHOM CHJILHOTO OCHO-
paHUA 1 aHUOHOM cnaboit KUCJIOTbI, BOCIIOJIB3YEMCA YpaBHE-

HUEM.

[CH,COOH]-[OH"] _ K,
[CH,CO0"] K.

K-Tod

[Tpu rumpou3e Coin, coliepXallei OHO3apsIHbIE KaTH-
on vt auuoH, [OH-] = [Cy ], Torna:

OH} K,
[CH,CO0"] K

K-Thl

Ecnu cteneHb ruaposnsa Maia (<10%), To koHueHTpauus
neruaponn3obanHoii wactu conn [CH,COO-] npunuzurtes-
to paBHa Cgy, (COMb, KAK CHIIbHBIA 3IEKTPONUT, NpaKTHYeC-
KM TMONHOCTBIO AMCCOLMUPOBaHa B pacTBope). C yyeTom 3To-
ro ypaBHeHUE NIPUHUMAET BUL:

K

w

Corn* K

COIN K-Thl

K
Iepexonst or OH- x H* (H* = [O_Ir\;'] ), IOMYYHM:

[OH-] =



A:mmnn'mcmm XUMy
n

Kv'me l
(HY = \/T“‘ pH = —IglH'| = IgK, _

l l
= 'z_ngK-n,[ T 5 IgCCOJIH'

l
OGo3HaYUM — 2 gk, =7, =gk 1= PK.1yys MONYunM }op-

Myny st pacyera pH:

] |
pH =7t Ep K-TBl Elgccomr'

CrienyeT y4uThIBaTh, YTO ECIIM CTeNeHb MMAPOIM3a Bosbire
10%, To BhIYMCcIeHHE pH cefyeT NPOBOAUTH 110 Gojee TOY-
HOMY YpaBHEHHUIO, IPUHUMAs BO BHUMaHUE, 4TO KOHLEHTpa-
LMsT HErMAPOIM30BaHHOH YacTh coi [CH,COO-] He papyy

C

coiu*

IIpu runposuse conu, 06pa3oBaHHOI ONHOOCHOBHO CHIE-
HOW KUCIOTOM U OMHOKUCIIOTHBIM CJIA6BIM OCHOBaHHUEM, KOY-

CTaHTa PaBHOBECHS paBHa:
NH,Cl + HOH < NH,OH + HCI;

NH,+ + HOH <> NH,0H + H*:
x [H'JINH,OH]
® " [NH,*][HOH] -

JaHHy10 HopMYITy MOXHO npeobpa3oBaTh n01106ﬁo IpEJIhI-
LYILIEMY CIyYalo:

3 ___ [H'][NH,OH]
K, - [HOH] = K. = NHL']

YMHO)KI/IM YHUCIUTEJIb U 3HaMeHaTeNb Ha PaBHOBECHYIO
KOHIEHTpaLUIo TMIpOKCHUIAa U [TOJIYYUM: -
 _ [H'IINH,OHJ[OH"]
* [NH,*][OH"]
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ac
T MOHHOoe HDOH3BCIICHHC

Bo

_INH,OH]
INH,"][OH")

et 0OpATHON BEJIMMUHOMK KOHCT
}

) dHTBI JIHCC()I[HH[IHH

. . aHust —— . B OGULCM
110010 ocHOBa oink
a0 A oci YPaBHeHMe npyyy.

= K
.\lﬂCT BUL. Ay K

W

I OCH
BoisenieM GOPMYIY JUIS pacyeTa cremeny MO
K

[H*][NH,OH]
K. = : K= _"w_
[NH4 ] A K

O ocH

JIoMyCTUM, 4TO COJIb CNado ruaponusyercy (h < 10%

(o]

0603Ha4MM KOHLCHTPALMIO MOABEPTiIelicy AUcCColna
cosii KaK ¥ B NIPEABIAYIIEM Cllyyae, Torga

) u
LUK

Com? . K,
Cconu _Cco:m -h - Knocu :
OTKyHa:
Com B K,
1 = h B K}l OCH

Ecu BeNMYMHA /i MaNa B CpaBHEHUH C 1, To momyqmy:
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Buinoa popmyint juist paciera pH rakxe AHAIOr MYy
amayiieMy ¢ yuerom, uro [H*] = [NH,OHJ: lpe.

K, =[H*][NH4OH|.
K [NH,"]

ROCH

K,[INH,] [K,-C__
[H+1=\/ 7 =\/ Sl

OCH K-Thl

[lepeiineM OT KOHLEHTPALHK HOHOB BOLOPOaa K pH:

l L 1 1
pH = EpKw - EpKocu T —Ccomi == 'ipK + lIgC

P OCH 7 comy-

KoHcraHTa ruipoyin3a cojii, 00pa3oBaHHOI Ciabpiy OCHo
BaHMeM M cJ1aboi KUCIOTOH, ONpPeIeNseTCs KOHCTAaHTO} fy.
COLIMaLlMH KaK KHCJIOTbI, Tak U OCHOBaHHSI:

NH,NO, + HOH < NH,OH + HNO,.
NH,* + NO,~ + HOH & NH,OH + HNO,,

_ [NH,OHJ[HNO, ]
r [NH,*][NO,]

[NH,0H] [HNO,]

[NH,] ~ [NO,T]

OJUcCoOUMalu KUCIOTEI U OCHOBAHHUSA PpaBHBI:
[NH,OH] _ [OH'] [HNO,] _ [H']
[NH,"] [K,] [NO, ] [K

OCH K-Tbl ]

OTHoLIEHUS COTIACHO KOHCTaHTay

CienoBaTe/IbHO:

_ [H'][OH"] K

Vv

KOCH .

CreneHb MOpoJin3a IMpru 3TOM HE€ 3aBUCUT OT UCXOIHOMK
KOHUCHTpallUU COJIH. ,HJ'IH IMOATBEPXKAEHUSA 3TOro 0003HaYuM

A=K K, K

K-Tbl
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no_npexﬂemy 001LLy10 KOHLEHTPALMIO Coli Yepe3 C,  a cTe-
neHb [pOJIN3a Yepe3 h. Torna yucio nOﬂBeprmHXC;}M;‘”ﬂpo_
JH3Y viofieit COJIM paBHO Ceonn * h- VI3 KaX10it MonekyneI 3T0jf
soJiit TIPU [MApONM3€e 00pa3YETCs OfHA MOJIEKYNIa KUCTIOTHI U
olHa yiojieKy/1a OCHOBaHHS. Torna:

[HNO,] = [NH,0H] = C

CcoN '

h.
K oHLIEHTpaLMs COIH, He MMOJBEPTLIeHCS TMIPOU3Y, paBHa:
Cconu ol Cconu = Ji = Cco;m (1 = h)

Cypras ee TIPAKTHYECKH NOTHOCTBIO MCCOUUPOBAHHOI
B [1epBOM pUOTXEHIA UMEEM; ’

[NO2_] == [NH4+] P Cco;m (1 - h)
Bocrionb3yeMcs STHMHU 0603HaYEeHUAMH 1A YPaBHEHUS:

. INHOHIHNO K,
r [NH4+][N02_] K_KX._ X

[TonyyuM:
C_hC,,h K,

COJIH COH

C_(1-hC,y (1=H) e =K,

CoNH

OTKYA2
Bt il Iht X
(1 - h)2 KK-Tbl KOCH d

| K
L-h KK-TbI KocH '

oit conu pH pacTBopa TaKXe

WA

B pesyibTate ruapoiusa AaHH
He 3aBUCUT OT KOHLIEHTpaUuu COJU. B 3TOM ciiyyae MOXHO

CHOBA MPUHATH, YTO MPAKTHICCKH [NH,OH] = [HNO,] u
[NO,] = [NH,*] = Cop B 9TOM ClyHae MOLYHM creyloLee

PaBeHCTBO:
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"'4
p /
K A, | [HING), |

I / 4 (rl.' '

Ko (]| rann

Capytoft cropornt, 1K Kik
[H'|[NO, | lll'](,"
[HINO,| , i can

k TG, K '

Hno,

PO YIRS JLnoe ypaprerme, HOJIYYUM:!

K W ‘i il

KK

s
Kol nel| ol

K [H P
14

Petast 910 ypantenune o1nocurensiio nonon BOJ

oposia, 1.
NYHUM:

K K 1 1 |
= |=4en . g = _pk 4 Log 1

Coub, cosepxatuast B cocrape Mosiekysp MHOrO3aps i pj

KATHOH WM aHHOH, KaK YKa3aHo BbILle, MogBepraeTes CTYMey-
HaTOMY MM/PON3Y, HATIpUMeD:

I-s1 ctynens: Na,CO, + HOH NaHCO, + NaOH;:
2Na* + CO,2- + HOH & Na* + HCO,- + Na+* + OH-:
CO,?- + HOH & HCO,- + OH-,

2-s1 ctynens: NaHCO, + HOH o H,CO, + NaOH;
Nat + HCO,- + HOH « H,CO, + Na* + OH-;
HCO,- + HOH & H,CO, + OH-,
Hn:

I-s1 ctynens: AICI, + HOH o AlOHCI, + HCI;
AP* + 3CI- + HOH © AIOH?* + 2CI- + H+ + Cl-;
AP* + HOH « AIOH?* + H+,

2-51 CTYIEHb: AIOHCI, + HOH & Al(OH),CI + HCI:
AlOH?* + 2CI- + HOH Al(OH),* + CI- + H+ + Cl=
AlOH?* + HOH « AI(OH),* + H+,
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3-s1 crynenb: AI(OH),Cl + HOH « Al(OH), + HCI:
A(OH)," + CI- + HOH & AI(OH), + H' + CJ-
Al(OH),* + HOH ¢ AI(OH), + H*,

TakuM 00pa3oM, CTyneHvaTbiit FUAPOJIMS NMPUBOANT K 06-
pa3oBAHHMIO KHCJIBIX I OCHOBHBIX coneit, HO ruaposN3 o BTo-
pOIi 1 TPETbEH CTYTIEHSIM HACT B HE3HAUUTEbHO] CTEeMeHu MIu
€ TOJIbKO TIPH CO3NaHN K OTIPENleNIEHHbIX YCa0BMiL,

73

[Tpumep. OnpeneniTe KOHCTAHTY U CTeNeHb ruaponunsa 0,1 M
pacTBopa (hopmuata Kajus.

Pemenue. 3anuuieM peakLuio rHAPONU3A JaHHOM CONY:

HCOOK + HOH = HCOOH + KOH;
HCOO- + K* + HOH = HCOOH + K+ + OH-:
HCOO-+ HOH = HCOOH + OH-,

TuapONU3 NMPOTEKAET MO aHWUOHY, BOCIIO/B3YeMCS COOTBET-
cTByloLLEH HOPMYITON:
K 107
Kr = w i K -
K

K-Tbl

K 5-107"
h=/ - 22410,
. 0l 2410

B HEKOTOPBIX CIy4yasx sIBJIEHUE MMAPONN3a OTPHLATENBHO
BJIMSET Ha NPOBEAEHUE peakKlMid XMMUIYeCKOH MASHTH(UKa-
IIMM, CefoBaTeNbHO, HEOOXOAMMO 3HATh CMIOCOOb! YCHIIEHMUS
Y NoJaBJIeHUs] TMAPONM3a. YCHIIMTh WM TIONABUTH TMAPOJIH3
MOXHO TPEMSl CIIocobaMu:
— mnpubaBieHHEM K pacTBOPY COJIM JPYToro 3JEeKTPOIHTA,
CIIOCOOHOr0 MoABEpraThes rUAPOIU3Y, HAPUMEp KUc-
JIOTBI MJIM LUEJIOYH;

— W3MEeHEHMEM KOHUEHTpauWuu pacTBOpa;

— TOHMXEHHEM WJIM NMOBLILIEHUEM TEMIIEpaTyphl pacT-
BOpa.

Jns ycuneHus THAPOJIM3a COIM, 00pa3oBaHHOH KaTHOHOM
c1a0oro OCHOBaHUA M aHWOHOM CHJIBHOM KUCJIOTBI, HE0OXO-

SERTE R
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Mo J106aBITL OCHOBAHUE JUIST CBA3LIBAHMSI T10/1yvay,
5 IIpoLecce [HIpOI3a HOHOB BOXOPO/ia:

NH,* + HOH & NH,OH + H.

u“’lXC;;

[Tpu foGaBeHHM OCHOBAHNS IPOU30M/IET Heﬁmaﬂmauuq
KICJOTBI 1 IMHAMHMYECKOE PABHOBECHE CABHHETCA Brppg,
T. e. THAPONM3 yeuauTes. ECin Xe K pacTBOPY NOA06Hoj ¢ Onp;
NpU6GaBUTh KMCIOTBI, TO TMIPOIU3 3aTOPMO3HUTCS].

Y106kl YCHITUTh THIPONU3 COJM, 00Pa30BaHHOI aHUOH oy
C1a601 KUCIIOTBI M KaTHOHOM CHIBHOIO OCHOBAHUS, Heofy,,_
[IMO CBSI3aTh CBOGO/IHEIE MOHBI THIPOKCHI, ONyYakomyecy

B IIpoliecce TMAPOJIN3a:
CH,COO- + HOH < CH,COOH + OH-.

[IpubaBiieHUe KUCIOTHI IPUBOIUT K HEUTPATU3AUUY OcKo.-
BaHUS, U JYHAMUYECKOE PaBHOBECHE CABUIAeTCS BIIPaBo, T, ¢
THAPONM3 yeuiuBaeTcs. Eci B pacTBOP MOTOOHOM CoNy Bpe-

CTH OCHOBaHUeE, TO TUAPOJIU3 3aMEIIUTCH.
Cas3atb noHsl H* 1 OH~ MOXHO H00aBJIEHUEM He TOJIbKo

IIEJI0Yel MM KUCTIOT, HO U APYTHX 3NEKTPOIUTOB. Hanpumep,
MOHBI BOJIOPOJa MOXHO CBS3aTh B CNOXHbIE aHHOHBI (HCO,-,
HPO,2-, H,PO,~ u 1p.) U4 B HEWTpabHbIE MOJIEKYJIBI Clia-
651x kucioT (H,CO,, CH,COOH, HyBO; 1 T. 11.), ReiicTBys Ha
pacTBOPHI ITMAPOJU3UPYIOLIUXCA CONEH CONSAIMM, 00pa3oBaH-
HBIMW KaTMOHOM CHJIBHOI'O OCHOBaHHSI 1 aHHOHOM cliaboij

KucioTsl, Hampumep Na,CO;:
CO,2- + H*— HCO;;

HCO,- + H* - H,CO, & H,0 + CO,.

WoHBl TMAPOKCHIIA MOXHO CBS3bIBATH B KOMIIJIEKCHBIE
noHsl [Co(OH)]*, [AI(OH)]?*, [AI(OH),]* u np. vnu B HelT-
paJibHbI€ MOJIEKYJIbI CJIA0bIX OCHOBAHUH, 1EHCTBYSI Ha pacTBoO-
pBI TUIPOJIUIYIOLIMXCS COJIEN COSIMU, 0Opa30BaHHBIMH KaTHU-
OHOM ¢€J1aboro OCHOBaHMS U aHUOHOM CUJIBHON KHUCJIOTHI.

ITogo6HO ruaponu3y, HaOnlomaloIeMycss B BOOHBIX pa-
CTBOpax, COJIM TaKXe IOJBEPraloTCs COJIbLBOJU3Y B HEBOIHBIX
pactBopaX. Conbeosu3om B HEBOIHBIX pacTBOpax Ha3bIBAalOT
B3aMMONIEICTBYIE MOHOB PACTBOPEHHOTO BELIECTBA C HOHAMU
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pactBoputenst. Haupumep, n cpene 6epogmoro STHIIOB
i i oro
cnnpra NH{" 1t CH,CO0~ pearupyior cormacio YPaBHEHHUSIM:

NH,* + C;H;0- & NH, + C,H,0H:

'CH3COO" + C2H50H2+ © CH3COOH + CZHSOH.

B 3TOM Clly4yae TaKXe MOXHO PaccYMTaTh KOHCTAHTDI
conbBonu3a. ECIM conbBou3 umet no anuony, CNENYeT ucC
: -

[10JIb30BaTh CJieAylolLlee ypaBHeHue:

K-Thl

rne K, — MOHHOE [POK3BeleHUe (KOHCTaHTa aBTOIPOTOJIK34)

JaHHOTO PacTBOPHUTEJIS,;
K.ty — KOHCTaHTa IUCCOLMALUMU KUCIIOTHI B JaHHOM pa-

CTBOpUTEIJIE.
EciM e COJIbBOJIM3 UIET IO KaTHOHY, TO COOTBETCTBEHHO

rie K., — KOHCTaHTa JUCCOLMALMK OCHOBAHHsI B JaHHOM pa-
CTBODUTEIIE.

§ 14. AMdoTepHOCTb rMAPOKCUAO0B

[Tpu npOBeNEHNH HEKOTOPHIX YACTHBIX PEAKIIMit KATHOHOB
BBl YOEUTECH, YTO HEKOTOPHIE BELIECTBA, B 3aBUCHMOCTH OT yC-
JIOBHI, MOT'YT IPOSIBJIATE CBOMCTBA Y KHCJIOT, X OCHOBaHHUM. Ta-
Koe siBJIeHUe MOIYYWIO Ha3BaHUe aM(OTEPHOCTH. DTO ABNEHUE
0OBICHAETCS TEM, YTO B MOJIEKYJIaX aM(OTEPHBIX SNEKTPOIU-
TOB MIPOYHOCTB CBSI3M MEXTY METAJUIOM U KUCIOPOIOM HE3Ha-
YUTEIBHO OTVIMYAETCH OT IIPOYHOCTH CBA3H MEXITY KUCTIOPOAOM
u BogoponoM. CrenoBaTeIbHO, JUCCOLMALMA TAKMX MOJIEKYT
BO3MOXHA IT0 MecTaM obeux cs3eit. Ecu 0603HauuTh amgo-
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TepHbIH 2JIEKTPOIHT hopmysoit DOH, 1o
MOXXHO BbIPa3uTh CXEMOM: ISR

H* + 30~ & BOH & 3+ + oy-

K yncity aMbOTepHBIX COeAMHEHHIT 0THOCy
Ibl GEPHILTUSL, ATIOMUHUS, XPOMa, LIMHKA 1 p ECH Mpoe,,
4yecTBe NMPUMepa MMAPOKCHA LIMHKA. OCHOBHE e O3bMey p
NPOSIBISIOTCS BO B3aMMOAEHCTBUHU C KHCJIOTaMyfrO CBOticry,

Zn(OH), + 2HCI = ZnCl, + 2H,0;

ancounalufno

Zn(OH), + 2H* + 2Cl- = Zn?* + 2C1- + 21 ¢
2V
Zn(OH), + 2H* = Zn?* + 2H,0.

* [MIpoKCHI LIMHKA TAKXKe JIETKO PACTBOPSIETCS B Iey
06pa30BaHUEM LIMHKATOB: Wiaxe

Zn(OH), + 2NaOH = Na,Zn0, + 2H,0;
Zn(OH), + 2Na* + 20H- = 2Na* + Zn0,2- + 2H.0:-
2%y
Zn(OH), + 20H- = Zn0O,>~ + 2H,0.

CrnenoBaTelIbHO, B CHCTeMe THAPOKCHIA LIUHKA OCafok
pacTBOp MMeeTCs CeAyIOUIMH Tl pABHOBECHS:

2H* + ZnO,2~ & Zn(OH), <> Zn?*+ 20H-,

Wcxoas U3 TAKOTO JONYIIEHHUS, JIETKO OOBACHUTD CI10CO6-
Hocts Zn(OH), pacTBOPSITECA KUCIOTaX U Lieovax. [Tpu sae-
JeHUH B pacTBOP THAPOKCHI-HUOHOB LeJI091 ITPOUCXOIHUT CBS-
sprBaHMe H*, 06pa3yeMoro ripoKCHIoM LMHKa. Benencraue
3TOro pacTBOP CTAHOBUTCS HEHACHIIEHHBIM OTHOCHTENIBHO
Zn(OH),, uTo BJIeYeT 34 co00l pacTBOpPEHHE OcaliKa U HaKorm-
neaue ZnO,2—. [1pu AeACTBUN KUCIOT IPOMCXOTUT IIPOTHBO-
ToJIOKHBIA mpolecc: caspiBanie OH~ 1 HaKoIUIeHue B pa-
, T. €. COJIM LINHKa COOTBETCTBYIOLEN KUCTIOTBI.
aeT [IOJIHOIO OOBSICHEHMS SIBIEHUS aM-

1ee BpeMs1 aM(pOTEPHOCTh pacCMaTpH-
Y TUA-

cTBope Zn?*
JlaHHas cCXeMa He [

¢orepHocTH. B HacTOA
BaeTcs Ha OCHOBE IPOLIECCOB KOMILIEKC000pa30BaHuA
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paTallMH MOJIEKYNT THAPOKCUAOB U 00pa3syloliuxcst U3 HUX
jonoB. HanpuMep, IpY pacTBOPEHUH AlCl, B Bozie o6pa3y-
(oTcsl THIPATMPOBAHHBIE MOJIEKYJIbI COCTaBa [A1(H,0)(]Cl,,
7aK KaK KMCIODOJ BOLBI 33 CYET CBOMX HEMOXENICHHBIX IMap
obpasyeT 6oJiee IPOYHbIe KOOPIMHALMOHHIE CBA3H C aTOMOM
MeTaia, YeM aToM Xjopa. Taxoit e cocTaB UMEIOT U KPHUC-
Ta/UTOTHADATHI, BUIENEMBIE M3 BOIHBIX PACTBOPOB XJIOpHIA
amoMuHUS. [MIpaTHPOBaHHBIE MOJEKYJIbI XIOPHAA ANIOMH-
HHS, TTOABEPrasdCh HajibHeM1Iel TuapaTauuu, TUCCOLUUUPYIOT

Ha UOHBL:
[AL(H,0)Cl; & [AL(H,0)] ™ + 3CI~

TunpatupoBanHbie oHbl [Al(H,0)¢lp,,** mposiBnsior
CBOICTBa KHCJIOT, TaK KaK IPOTOHBI KOOPIAMHALUMOHHO CBSI3aH-
1oil BOXBI MCTIBITHIBAIOT CHIbHOE OTTA/IKMUBAIOLIEE AEHCTBHE CO
CTOPOHHI TOJOXUTENBHO 3aPAXEHHBIX HOHOB ATOMUHHUS.
BelieICTBUE 3TOIO CBA3b O—H ocnabngercd U B pacTBOp Ie-
DEXOJIAT MOHBI TMIPOKCOHHS ¥ TMPOKCOAKBAKOMILIEKCHI allio-
wvrng H,0* u [A1(OH) (H,0)51% . B HelTpaibHOM pa-
cTBOpE 3TOT MpOLlecC MPOLONKAETCH 10 06pa3oBaHUs
HelTpaJIbHOTO TMAPOKCHAA aIOMUHHS [A1(OH);(H,0);] 15
4TO BbIPaXEHO CEAYIOIMMY YPABHEHUAMM:

(AIH0)g s + 2H,0 > [AIOH) (H,0);]2*,,,, + H,0%;

[Al(OH)(H,0)5]* 1 T 2H,0 > [AI(OH),(H,0),]*p T Hy0%;

[AI(OH),(Hy0)y]* s + 2H,0 6 [Al(OH)y(H;0); ] + H;O*.

HeltTpanbHblil TUAPOKCUI aTIOMUHHUS B 3aBUCUMOCTH OT
cpellbl M IIPUPOAbI BTOPOr0 KOMITOHEHTA, Y4aCTBYIOLIETO B pe-
aKLMU, CITOCOOEH TUCCOLIMUPOBATH WIIM 110 TUITY KUCIIOT, MU
110 TUITY OCHOBAHMMA, YTO 00YCJIOBIEHO ONU3KUMU 3HaYEHHUS-
MU SHepruy cBsseit Mexay voHamy Al*~0~ u O~—H* B Mo-
nekyne [Al1(OH),(H,0),]. deticTBuTeNbHO, B KMCION Cpene
BC/IJICTBUE CBA3BIBAHMS MOHAMM TMAPOKCOHUS KucnoThl OH-
MOHOB 00pa3yeTcsl CHOBa I'MAPATUPOBAHHAS CONb ATIOMUHUS!

[A1(OH),(H,0);] + 3H,0* + 3C1- < [A1(H,0),]Cl; + 3H,0.
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(¥ HT"uecRaq
JlatHbli 11poliecc nporekaer CTylenyarg, g x"“’"n
Cpee POHCXOIUIT OTHICIVIEHHME NPOTOHa o qul,“c"O‘“mﬁ
JUMHAIMOHHO CBSI3AHHON ¢ KaTMOoHOM fUHoM““P:cpTQ” o ke
HUgy

BOJILI K 00pa3oBaHue KOMIUIEKCHOIO aluoyy
|AI(OH),(H,0),| s UTO CXEMATHUHO Mg
YpaABHCHHCM: .

AIOH),(H;0)5] + OH- & [AIOH)(H,0),)-
uap 0.

Takum o6pasoM, aMm(oTepHbIe CoennHen g Oftito
HO SIBJISIIOTCS JOHOpPAMU MPOTOHOB (KI/ICIIOTaM“) “ aerM°“~
paMH NpOTOHOB (OCHOBaHUSIMH), KaK B np“BeHeHHOM nﬂemoﬁ
pe, WIH MposIBISIIOT 3JIEKTPOHOAKLENTOPHbIe (Kncnosg“‘&
WIH 3JIEKTPOHOIOHOPHBIE QYHKLIUH. o ble)

[lo BeJIMYUHAM KOHCTaHT nnccounaqnn ’M0>KH0 Oripe
JITh, KAKHE CBOMCTBA, KUCIOTHBIE MM OCHOBHbIe, ”peosne‘
aloT y AaHHOTo coefuHeHus. Hanpumep, mpoctefyjag o
Ma IMCCOLMAlNK THIPOKCUIA OEPUIIIUA UMEET Byy:

2H* + BeO,?~ &> Be(OH), < Be2* + 20H-,

O6a TuIa QUCccolMalUy XapaKTepU3ylTcs K’OHCT&HT&MH
IUCCOLIMALIMHN:

Jlo
2 anjgy, iy

ag CXe-

. [H"][BeO: ] N
— g KI/ICJIOTI)IVK = Be (OH)ZZ =107

il

[H*][BeO:"] 3k
— 1uis ocHoBaHud K, = Be(OH) =10
: 2

Kaxk BUIHO M3 NpHUBEIEHHBIX YHUCIEHHBIX 3HAYeHUI KOH-
CTaHT, TUIPOKCHI OepUUTUS MOABEPTacTCs AUCCOIUALIUY 1o
TUITY KUCIJIOTHI Y 110 TUIY OCHOBaHUS B HEOMMHAKOBOI cTene-
HU, OCHOBHOM TUII JUCCOLMALIM NpeobianaeT. CnenyeT y4u-
TBIBATh, YTO BCJIEJCTBUE 0OPa30BaHUS FMAPATHPOBAHHBIX
HMOHOB IIpolLlecC OUCCOLMALIMM NpOoTeKaeT HECKOJILKO BoJee
CJIOXHO, U aMdoTepHble TMAPOKCUABI XapaKTEPU3YIOTCS He-
CKOJIBKHUMU KOHCTaHTaMH CTYIeHYaTol nuccouuanuu. Cpas-
HUM KOHCTaHTBI IUCCOLMALIUU HEKOTOPBIX BCTPEYAIOLLIUXCS B
TIPaKTHUKE XUMUYECKOTO aHaIM3a aM(bOTEPHBIX MMIPOKCH/IOB:
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[WwapokcHa Kocu K, ..
Pb(OH)z 9,6 104 210 16
Al(OH)J S ’ 10")(" 4 lO 0
In(OH), [,3:10-M [ 1016
Ga(OH), 1,6 - 10-11 5. 10-11
As(OH), 1 10-14 5,7 1010

CornocTaBleHHe NMPHBENEHHBIX AAHHBIX MOKA3BIBALT, YTO
y OOHHX aM(OTEPHBIX THAPOKCHAOB boJee SICHO BbIPAXEH bl
OCHOBHBIE csoiictBa (Pb(OH),), y Apyrux — KucaotHple
( As(OH),), 8 y HEKOTOPBIX KHCIOTHbBIE H OCHOBHBIE CBOfiCTRA
BbIpAKEHBI B onuHakoBo# creneHH (Ga(OH),).

SIpieHHe aMPOTEPHOCTH LIHPOKO HCMOJIB3YRTCH B XHMH-
yeckoM aHanu3e. HanpuMep, NpH aHAIH3e CMECH KATHOHOB,
o6pa3yolIlHX HEPACTBODHMbIE B BOJIE THIPOKCHIbI, Ha PACTBOP
1efCTBYIOT H30OBITKOM CHJIBHOTO OCHOBAHHSL. EcJii cpenu Bhi-
[e/MBLIMXCS B OCaJOK COEXHHEHHI HMEIOTCH aMdoTepHble
[UAPOKCHIbI, TO B H3OBITKE IIENIONH OHH pacTBopaTes. Hanpu-
Mep, B XOJIe aHATH3a CMECH, colepxaliei HoHbl Fed*t y A3t
Tp4 AEHCTBHH 1306BITKA 11eJIOYH B ocanokK Beinanaer Fe(OH),,
a  pactsope ocraetcsi Na[Al(OH),(H,0),]. Takum o6pasom,
KaTHOHBI TPEXBAJIEHTHOTO eJie3a MOXHO OTAENHTD OT KATH-
OHOB AIIOMUHHA. AHATOTHYHBIM 00pa3oM aM(OTEpHbIE THI-
POKCHIIBI Al(OH),, Cr(OH),, Zn(OH); MOXHO pacTBOpHTDH B
[PUCYTCTBUH APYTHX HEPACTBOPHMBIX B LLENOYAX THAPOKCH-
10B. AM(oTEpHBIE THAPOKCHIBI COCTARJSIOT YETBEPTYIO aHA-
JIMTHYECKYIO TpYNMy KUCIOTHO-OCHOBHOM KiaccH(HKaLMn
KaTMOHOB, IIO3TOMY IPYNIMOBBIM PEareHTOM JUISl IAHHOI rpyil-
npl apasiercs u30bIToK wenoyd NaOH win KOH. Amdorep-
HOCTb MOXHO MUCIOJIB30BaTh HE TOJBKO ISl OTHENEHUS aMo-
TePHBIX TMAPOKCUAOB, HO U VISl NIPOBEACHUSI POBEPOUHBIX
peakuuit. Hanpumep, npu OTKpBITHH HOHOB Oapust aeiicTau-
eM XpoMaTa KaJiusl B TPUCYTCTBUH YKCYCHON KHCJIOTbI BMECTE
¢ XpoMaToM Oapys BbINafaeT OCalOK XpoMaTra CBHHLA, MO
BHEILIHEMY BUIY HEOTJIMYMMBIIt OT Xpomara Gapus. HToObl He
JOTYCTHUTb OLIMOKH, 0CaloK Xpomara 6apus U Xxpomara CBHH-
11a 06pabaThIBaIOT rOPSIYUM PACTBOPOM THAPOKCHIAA HATPHSL.
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[Tpi 5TOM XpOMAT CBUHIA PACTBODSIETCS C 06pazopay,,,
UTloMGHTA, a XpoMaT 6apHsl OCTaeTCsl B ocajke. M

L.

2.

KoHTpO/IbHbIE BONPOCHI M 38Aa4u
Yo Ha3bI6aEMCA 2UOPOAUIOM U KAKUe COAU Nodeepagqy,

cq eudponusy?
Kakyto peakyuro 00NCH ! UMeNtb 800Hble pacmeopy 44

aeii: NH,NO,;, KCN, (NH,);PO,, ZnCl,? Hanuuwym,
HOHHbIE U MONEKYAAPHbIE YDAGHEHUS PEAKUUU 2UOpoys,
OaHHbIX conel.

Kaxue u3 coneii — Na;PO,, AI(NO,);, NaBr, Cr,S, _
nodsepearomes 2udpoau3y U KaKas gopma audpoausa (npo.-
cmas, cmynenvamas, noaxas) Oyoem 0as Kaxcooil coay ?
Umo makoe cmeners audponusa? Kax usmensemea cme-
neHb 2udponu3a npi yeeauteruy U yMeHbUleHUU KOHYeHm -
payuu coau 6 pacmeope U NOgvlUeHUU meMnepamype: ?
Kax ompazumecs Ha pasHoeecuu 2udpoau3a YUAHUOA Ha-
mpusa npubasaenue WeaoHy Uau Kucaomeol ?

Onpedenume cmeners eudpoausa u pH pacmeopa, codep-
acauezo 0,2 monv/n xnopuda ammornus. K., = 2+ 10-3,
O6zscnume, nowemy npu éeedenuu ¢ pacmeop FeCly pa-
cmeopa Na,CO, evinadaem ocadok eudpokcuoa icenesq

(I1l), a He kapboram dcenesa.

Ymo makoe amgpomepHocms?

Paccmompume pagrogecue 6 cucmeme 2UOpOKCUOQ anioMu-
HUA 0CadoK-pacmeop 041 00bACHEHUA amgpomepHocmu

OaHH020 COeOUHEHUS.

§ 15. OkucnuTenbHO-BOCCTaHOBUTENbHbIE

peakuuu

Bce xuMuyeckre peaklMM MOXHO pa3fie/IUTh Ha JBa TUIIA.
K niepBoMy 13 HUX OTHOCSITCS peakLMH, MpoTeKatoLue 6e3 13-
MEHEHHU CTEeNeHN OKHUCIEHUSI aTOMOB, BXOISLIMX B COCTaB pe-

arupyrolmx sewects. Hanpumep:
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Ca+2c+4o3-—-2 = Ca+2o-2 + C+402_2'

Ko BTOpOMY TUITY OTHOCSITCSI peaKLIMM, UIYILIKe C U3MeHe-
HyeM CTeNEeHN OKMCIIEHHSI aTOMOB pearvpylolyX BELIECTB.

Hanpumep:

—

2Hg*20-2 = 2Hg + 0,0,

PeaklMy, IPOTEKAIOLINE C UBMEHEHUEM CTeleHU OKHUCIIe-
HUS ATOMOB, BXOISILIMX B COCTaB pearMpyrolnX BELIECTB, Ha-
3pIBAIOT OKUCAUMENbHO-80CCMAHO8UmMeEnbHbIMY. MOXHO AaTh
enie OMHY (POPMYJIUPOBKY: OKUCINUTENBHO-BOCCTAHOBUTEb-
Hple peaKLMH — 3TO PeaKlMu, NPX KOTOPBIX MPOMCXOAMT Me-
pEXOJl ANEKTPOHOB OT OJXHMX aTOMOB MJIM MOHOB K APYTUM.

PaccMOTpHM OCHOBHBIE TIOJIOXKEHMUS TEOPUH OKUCIUTEID-
HO-BOCCTAHOBUTEJILHBIX peaKlMii:

1. Okucneruem Ha3bIBaeTC IpOLIECC OTAAYM INEKTPOHOB
aToMOM, MojieKynoil uid uoHoM. CTeneHb OKMCIEHUS MPU
3TOM MoBblmaercsa. Hanpumep: P

Al — 38 = Al*3; Fet? — g = Fe*.

2. BoccmaHogneHuem Ha3bIBaeTCs MPOLIECC IPUCOETUHEHUS
3JIeKTPOHOB aTOMOM, MOJIEKY/I0# Uiu noHoM. CTerneHb OKUC-
JleHus TpU 3TOM MoHMXKaetcst. Hanmpumep:

S + 28 = S-2; Fet3 + €= Fe*2

3. ATOMbBI, MOJIEKYJIbI MJIK MOHBI, OTAAIOLIME SJIEKTPOHBI,
Ha3bIBAIOT goccmarnosumenamu. Bo BpeMsi peaKUMH OHU OKHC-
ns10TcA. ATOMBI, MOJIEKYJIbl WJIM HOHBI, MPUCOENMHSIIOLINE
3JIeKTPOHbI, Ha3bIBAIOT okucaumenamu. Bo Bpemsl peaklUnM OHHU
BOCCTaHaB/IMBalOTCA. B KayecTBe BOCCTAHOBUTEJIEH B aHAJIH -
TMYECKOI XMMMUHU yallle BCETo MCob3yloT cepooropon H,S
B KUCJIO# cpenie, cepHucTyio KucioTy H,SO;, oxenn cepst (IV)
SO,, iHogoBogoponHyto kucnoty HI, cBOOOAHbBIE METANIBL U
T. I. B KayecTBe OKUCIUTENEH NCMIONB3YIOT CBOOOAHBIE TaJIO-
relsl Cl,, I,, asotHyto xucinory HNO,, mepMaHraHat Kaius
KMnO,, nepoxcun Bonopona H,0,, BucMytat Hatpust NaBiOs,
nuxpomar Kanus K,Cr,0;.

4. OKuclieHue BCeraa conpoBoXaaeTcsl BOCCTAHOBJICHHEM,
1 Ha060pPOT, BOCCTAHOBJIEHNE BCET/Ia CBA3aHO C OKMCIEHHEM.
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Hy
goccmanogument — € & OKUcaumens,;

okucaumens + € & goccmanosumeny,

[Tpu BbIYMCIEHUH CTENMEHN OKHCIEHUS B XUMHYeckyy co-
eMMHEHUAX CJIeAYET TOMHUTE: 5
1) B ueNOM MOJIeKY/a 3JIEKTPOHEUTpasbHa;
2) cTeneHb OKMCJIEHHMS aTOMOB BOOpPOza +1, 33 HCKITioye.
HUEM TUPUIOB, TIE €r0 CTEMEHb OKUCIEHUS papy,
3) cTeneHb OKHUC/IEHHUS] aTOMOB KHCJIOPOAa paBHa -2;
4) creneHb aTOMOB OKHCIICHUS HMIENOYHBIX METaop +]

._1,

B MOHHBIX COEIMHEHMSX, CONEPXALIHX IIPOCThIe aHUOHE]
CTETNEHb OKUCIIEHHSI MOHA OIpenesseTcs ero BJIGKTpI/I‘JCCKMN;
3apsnoM, Hanpumep Na*Cl-. B coenuHeHusx, colepxaryy
CIIOXHbIE AHHOHBI, BHa4aJle PACCTaBIISIIOT CTENEHNU OKHCITeHys
Ha[l JleMEHTaMU, UMEIOLMMH MOCTOSIHHBIE CTENEHU OKHC e
nus. Hanpumep, B KMnO, cteneds okucnenus K+, 0-2, Y.
Xo[Isl M3 anre6payecKoi CYMMBI 3apsiIOB aTOMOB KHCIOpoja
(—8) u xanusa (+1), MOXHO ONpeNeNUTh CTENeHs OKHCIIeHU]
aToMa MapraHia, yYuThIBast ANIeKTPOHEHTPATLHOCTb MoseKy-
JIpl, — Mn*7.

OKHCTUTEIbHO-BOCCTAHOBUTENBHBIE PEAKLIMM JENSATCH Ha
CJIEAYIOLLUE TUITBI:

PEAKUUU MEHCMONEKYAAPHO20 OKUCNCRUA-B0CCMAHO8ACHUA:
K,Mn*0, + 8HCI- = 2KC1 + Mn*:Cl, + 2C1,0 + 4H,0;

Peaxyuyu 6HympUMoNeKynapHo20 OKUCACHUA-80CCMAHOBACHUA.
B Takux peakuusax oGMeH 3J1€KTPOHaMM [POUCXOMUT MEXIy
aTOMaMM Pa3HbIX 3JIEMEHTOB, BXOMSALMX B COCTAB OIHOI MO-
NEKYJIBL

2KCIO, = 2KCI + 30,

WJIN OTHOTO 3JIEMEHTA, BXOOSIIETO B COCTaB OIHOM MOJIEKYIJIDI,
HO Haxonsiuierocs B PAa3HBIX CTECIEHSIX OKUCTIEHUS:

N-3H,N+0, = N0 + 2H,0;

Peaxyuu camookucaenus-camogoccmaroenenus. B aToM ciy-
1ae TPOUCXOMUT pacnal BeIEeCTBA Ha COeNUHEHUS OIXHOTO




[Aana [, KauecTBeHHbIH aHAAH3 83

{{ TOTO XKC VIEMCHTA OLHOBPEMEHIHO Oosiee HU3KOU U Bojtee
pBICOKOI creneHeit OKMCIeHMst (peakLms AMCHpOnopUrnoHHy -

pmmnml)
Cl,Y + H,0 = HCI- + HOCI+,

[Tpu cOCTaBACHUU YPABHEHUSI OKMCIUTENbHO-BOCCTAHOBH -
TeJibHOI peaKnK HeOOXOAUMO OTpeeuTh BOCCTAHOBUTESB,
OKUCIUTEJIb M YNCIIO OTAABAEMBIX U [IPMHMMAEMBIX 31EKTPO-
yop. Kak mpaBuio, K03 bUUMEHTB TOAGKUpaIOT, UCIOJb3Ys
1160 METOLL dAEKNPOHHO20 banarca, OO METON anexmporHo-
wonHo2o 6ananca (TaK Ha3bIBAEMBIt METOI nodypearyui).

B kauecTBe PUMeEpa COCTABJICHMS YpaBHEHU OKUCTUTENb-
HO-BOCCTAHOBUTEJIbHBIX PEaKLUi paCCMOTPUM NPOLIECC OKKC-
JleHUsl MEIY KOHLIEHTPMPOBAHHOM a30THOM KHCIIOTOI:

Cu + HNO, (ko) —

[pexae Bcero onpeenuM NMpoaykTel peakuun. HNO,
gqBJIAeTCS CUIBHBIM OKUCIUTENEM, TOATOMY Meb ByneT omc—
narbes fo Cutz, npu atoM HNO, BoccTanapnnBaercs no NO,:

Cu + HNj oy — Cu(NO,), + NO, + H,0.

BHayase ypaBHsIEM JaHHYIO PEAKLIMIO METOMIOM 3/IEKTPOH-

Horo 6aJiaHca.
[Tpouecc BOCCTaHOBJIEHUA:
N+ + le - N4,

[Ipoliecc OKUCIIEHHUS:
Cul — 2& —» Cut*2,

O61uMii 6anaHc:

1| Cu? — 28 — Cut2,

21 N¥5 + [e —» N*.

Cu® + 2N+ — Cut? + 2N*,

JBe monexynsl HNO, unyt Ha oxucnenue Cu, 1 ele 1se
Mosekysisl HNO, HyXHbI Ha 00pa3oBaHHE Cu(NO3)2

Cu0 + 4HNO; gy = Cu(NOy), + 2NO,.
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Yr1o6bl ypaBHSTE BOJIOPOI U KUCJIO
BYIO HaCTb IB€ MOJIEKYIbl BOMBI:

Cuo + 4HNO3 (KoHu) = CU(NO3)2 + 2NO

[pumeHum MeTox SJIEKTPOHHO-1
METOJE pacCMaTpPUBAIOT Me

poﬂu HOGaBHﬂEM B npa

2+ 2H,0.

OHHOTO Gajay,
pexon SJIEKTPOHO

Jlad, LenoYHas unu HeUTpasnbHas) it IipoTexqe
akuus. ITpu cocrasnenuy YPaBHEH U} T
1 BOCCTAHOBIIEHUS UCTIONb3YIOT
dacTiue! B pactBope. Kpowme To
COKPALUEeHHBIX MOHHBIX YpaBHey
vpyromue, IJIOXOPacTBOPUMELe My Bbmenmomnec,{ B By
rasa cjenyer nucate B MOJEKYIISIpH O dopme. -
Paccmotpum g Hallero ciyyag Nonypeakiyg OKucye
HUS: i

A peanpHg

IO, KaK u npy COCTaB ey,
W, BelilecTpy Manonuccoyy,

Cud —2&- Cu*2,

PaccmoTpum TETIEPb NoNypeakiuio BOCCTaHORNe Ky HUT-
paT-MoHa:

NO;-— No,.

YpaBHHBaeM ciepa y CIIpaBa aTOME Kucnopopga, N06aByg

- 10TJa ciieBa cienyer H00aByTy IIBa
LIECTBYIOIIUX B PacTBope Honop H+

NO,- + 2H+ - NO, + H,0.
s ypaBHMBaHuMs 3a

PAna K neBoit yacty (3apsx +1) no6a-
BUM | 3/1eKTpoH:

NO,- + 2H* + 15 NO, + H,0.
OxoHYaTeNbHO MMeeMm:
1| Cu® — 28 — Cut2,
2INO,- + 2H* + 15 NO, + H,0.
Cu? + 2NO,- + 4H* — Cu*2 + 2NO, + 2H,0.
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[Tosnyuuin COKPALIEHHOE HOHHOE ypaBHEHUe oKucyre)p-
Ho-BOCCTAHOBHTE/IBHOM peakuum. J1o6aBuB B 06e wacTy coor.
peTCTBYIONIEE KOMYECTBO HOHOB NO,™;

Cu? + 2NO;~ + 4H* = Cu*2 +2NO, + 2H,0,
+2NOy +2NO,

[ONYYMM MOJIEKYIISIPHOE YpaBHEHME peakiyy:

Cu? + 4HNO3 (KoHw) CU(NO3)2 + 2N02 + 2H20.

MeToZl 3NeKTPOHHO-MOHHOT0 GaJiaHca Gojee MpaBUIEH Y
yHUBEPCAJIEH I10 CPABHEHMIO C METOLOM S/EKTPOHHOTO Gayay-
ca ¥ UMeeT HEOCTIOPUMOE MPEUMYILECTBO Mpy nondope Koag-
(UUUEHTOB BO MHOTHX OKHMCIIMTEIbHO-BOCCTAHOBUTE TbHbrx
peaKUisX, B YACTHOCTH C Y4acTHEM OPTaHUYecKUX coepue.
Huit, B KOTOPBIX aXe NpOoUefypa onpenenequs CTeMNeHe}t
OKHMC/IEHUSI B HEKOTODBIX CIyYasiX SIBISETCS Oyeys CJIOXHOIH.

PaccMOTPUM, HalpUMep, NpoLece OKUCTeHys 3TUJIeHa
CH, = CH,, IpoXoIsLuuii Npu ponyckanmy ero“iepes pop-
HBI pacTBOp lepMaHraHaTa Kajus KMnO,. B peaynsrate 3TH-
JieH OKMCIISIeTCS 0 STUIEHIIUKONS HO—CH2—~CH2—OH

(C,H¢O,), a IepMaHTaHaT BocCTaHABIMBaeTCS 1
ranua (IV):

KMnO, + H,0 + 3C,H, —» 2MnO0, + 3C,H,0,.

Kpome Toro, KaK 6yIeT 04eBMIHO U3 UTOFOBOIO YpaBHeHUs
banaHca, 00pasyeTcs Takxke TUIPOKCHI KaTus:

2{MnO;~ + 2H,0 + 38 - MnO, + 40H-,
31C,H, + 20H- — 28 - C,H,0,
2MnO,~ + 4H,0 + 3C,H, + 60H- — 2MnO, + 3C,H,0,+ 80H-

[Tocne npoBenenyist cokparieHuii u B TNIpaBoi, 1 B JIeBOIf Ya-
cTaX 60H- 3amuchiBaeM ypaBHEHHE B OKOHYATENLHOM MOTe-
KYJSIDHOM BUJie, 10OaBUB B 00€ YaCcTU MOHBI KaJIUS:

2KMnO, + 4H,0 + 3C,H, — 2MnO, + 3C,H,0,+ 2KOH.

MeTon 351eKTpOHHO-HOHHOrO GajlaHca MO3BOJSET YYUTHI-
BaTb peakuuto cpensl. Hampumep:

0 OKCHJIa Map-
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Kucnag cpena:
Cu® + H*NO,- = Cu2*(NO,-), + NOo + H,*0-.

M3 creneHeit okucieHUsI BUTHO, YTO B Pe3ynbTaTe Peaky
aTOM Melu oKucisieTcs 1o KathoHa Cu?t, a apyoy N03~ BOC“
CTaHaBJIMBaeTcs 4O oKcuaa azota NOO )

Cud —2g — Cuz+ ‘

NO,~+ 4H* + 38 — NO + 2H,0

CyMMupysl 06a ypaBHEHHUS, TONYYUM:

3Cu + 2NO,~ + 8H* = 3Cu2* + INO" + 6H,0,

3Cu’ + 8HNO, = 3Cu(NO,), + 2NO + 6H,0.

[ITenoynas cpena:

K*CrO,~ + Bry® + KOH = K,*CrO,2- + K+Br-+ H,0.

[Monypeakuuu:

CrO,~ + 40H- — 38 — CrO2- + 2H,0 3

Br,%+ 28 — 2Br- I ‘

CyMMapHast HOHHasl peakLus:

2CrO,~ + 80H- + 3Br? = 2CrO- + 4H,0 + 6Br,
MOJIeKyNsipHasl:

2KCrO, + 3Br,+ 8KOH = 2K,CrO, + 6KBr + 4H,0.

B paccMoTpeHHOM MeTofie cocTaBieHus YPaBHEHUIi pe
LINK alIpUOPH NPEATIONIAraloch, YTO JaHHAS PEaKLst BoaMox-
Ha. MOXHO JI1 npe/icka3aTh HarpaslieHue OKHCIUTENbHO-
BOCCTaHOBUTEJIBHBIX peakuMit? Kak u B o61uem ciyyae nioGoi
XMMUYCCKON peaKiuM, ONpeaeNsiownM haKkTopom CIYXHT
3HAK N3MEHEHUsI U300apHOro noteHumaa. Ecnu usmenenye
aHepruu [M66ca oKMCIUTEIbHO-BOCCTAHOBUTEBHO peakuuu
MEHBLIE HYJIS, TO peakuUust OyNeT MpoTeKaTh B MPSIMOM Ha-
MpaBIeHUH. Ec/M Xe yKasaHHOe U3MeHeH e SHepritu GoNbue
HyJs1 (AG > 0), To npsiMast peakuusi B JaHHBIX YCIIOBUSIX He-
BO3MOXHa, a BO3MOXHa JIUIb o6paTHast peakuus. [is pacyera
AG peakuuu ucnoss3yorest AGO peakuuit 06pa3oBanus npo-

aK-




t 1 KauvecTREHHBIT aHAANI -
[‘,\(m( y
{1 HCXO/UHBIX BEWLECTB, KOTOPBIE JUISI CTAHJAPTIBIX CO-

i anUO,IUl'l‘Cﬂ B CIIpaBOYHHKAaX.
puUM I npuMepa B3aUMOIEHCTBHE MaTHMSI U [1aJ-

yKToP

st ¢ BOROH:
Mgo + H,*0 (x) = Mg"20 + Hy,

Pd? + H,*0 (%) = Pd*20 + H0,

s nepsoit peakun AG® = —94,5 kJIx/monb. Crenopa-
re/IbHO, OKHCIIEHNC MarHust BOJOH B 3THX YCIOBUSX BO3IMOX-
- o6parHas peaKLus BOLOPOAA OKCHIOM MarHusi HeBo3-
MO’)KHa‘ M3MeHeHUe CTaHIAPTHOW 3Hepruu [M66ca Bropoii
peakLH paBHo +126,5 KILX/MOJIb, 1 NIpsiMast peakuus okuc-
[{oHs TTAJLIALHS BOLOW HEBOIMOXH. ITpu maHHBIX ycnoBUsx
£03MOXHO JIHLLIb OKUCIEHHE BOLOPOA OKCHIOM Naniaus.

Jns Gojiee TOYHOTO PACYeTa CIENYeT MONb30BATACS Ypas-
eHyEeM M30TEPMBI XUMIIECKOR peakiuu:

aa’
AG = AGY + RT In2-E
alaf’
B C
W TS pa30aBJIeHHBIX PaCTBOPOB!
d 1

CD CF
b

c
cB cC

AG = AGY+ RT In

O HanpaBJeHU! OKUCITUTEIbHO-BOCCTAHOBUTENBHOM peak-
[/} MOXHO CYUUTh TaKXe 110 BEJIMYUHE ¥ 3HAKY CTAHIAPTHbIX
OKHC/IUTENBHO-BOCCTAHOBUTEJIBHBIX TOTEHLMATOB ¢, 3Haye-
pye ¢° XapaKTepU3yeT MONypeaKUMK BOCCTAHOBNEHHUS! Cliely-
jolLiero o01LEero BUaa:

{oxucneHHas ¢opma} + n€ — {BoccTaHoBlIeHHas GopMal.

BelMYMHY OKMCIUTENbHO-BOCCTAHOBUTENBHOTO MOTEHIIU -
aJ1a MOXXHO OMNpefesIUTh, M0JIb3YsICh ypaBHeHUeM HepHcra:

RT a
E=F— —In =,
nF a
rae E° — cTaHJApTHBIM OKUCIUTEIbHO-BOCCTAHOBUTENbHBIIH
noTeHUHWasl JaHHON CUCTEMBI,
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__ AKTMBHOCTH OKHUC/IEHHOI (OPMBI;

s" _KTUBHOCTH BoCCTaHOBJIEHHOM (OPMB;

' KoJUUecTBO dJIEKTPOHOB, P MHUMAIOUHX Yiactye |

oK THTENIBHO-BOCCTAHOBUTE/IDHOM PEAKLILH.
OraapTHbIM OKHCIHTEbHO-BOCCTAHOBUTEIILHEIM nogey,

LyiasioM Ha3bIBAETCs IEKTPOAHBIA TIOTSHLIAN, MIMEpetiy

=298 K, P = 101,3 [T,

[pH cTaHIapTHBIX yCJIOBHSIX (T )
pacTBOpax ¢ AKTUBHOCTbIO HOHOB, PABHOH eOMHULE. OH g;.

jnseTcs 06BHEeKTUBHOM xapamepucmxoﬁ «CHJIBI> laHHop,
esis1. YeM GOJIbLUE TTOJTOXHUTejy,.

OKMCTUTES T BOCCTAHOBHT
oe 3HaYeHUe MOTeHLHaNa, TeM bosiee CUILHBIM ABisercy
JAPTHBIH OKUCTUTENBHO-Bo.

oxucaurens. Hanpumep, cTaH
CTaHOBUTEJbHBIA MOTEHLHAT peIoKC-Taphl TaJloreH / rajore.-

HUI yMEHbIIAeTCS B PALY:
EY(F,/2F-) = 2,87 B > E°(Cl,/2Cl-) = 1,36 B >

> EV(Br,/2Br-) = 1,07 B > B%(I,/2I-) = 0,54 B.

CiienoBaTeqbHO, 6oliee CUIBbHBIM OKHCIUTCNICM SBIISETCS
dbTOp, a HaMMeHee CUIIbHBIM OKUCIIUTEIEM CPEIH TalloreHos

SIBJIgETCS MOL.
J{nist pa36aBlieHHBIX paCTBOPOB aKTWUBHOCTH MOXHO 3aMe-

HUTH KOHLEHTpaLMeil, TaKk KaK Ko3(OHUUHEHTbI aKTUBHOCTH
B 3TOM cJIy4yae OJIM3KM K eIUHHULE:
RT C
E=FP~—:In =%
nF G,
Hanpumep, m1s peakuuu
MnO,~- + 8H* + 58 - Mn2* + 4H,0

ypaBHeHHe HepHcTa MMeeT BUI:

E=p_ RT . [MnO;][H'T
SF [Mn2+] .

- nﬁg:ueﬂrpauuﬂ BOIBI IIpU COCTaBIEHUM YpaBHEHUS MPU-
: H36I:IT?(;2: 3; ITOCTOSIHHYIO BETUYMHY (TaK KaK OHa HaXOMUTCS
YHTEJIBHO) Hegx?)eﬂﬂq”m B XO[I€ peaKLMM U3MEHSeTCH He3HA-
T B COCTaB CTaH]
apTHO
BOCCTAHOBHTEJIBHOTO MOTeHIHA A PTHOTO OKUCJIUTEJILHO-
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b
X
ono = Eredo > 0. \HMHR

Hanpumep, peaKuni
5KBr + Cl, = 2KCI + Br,

coctouT 13 nap Bry/Br-# Cl,/Cl-. Jl1sl paccMaTtpupae
craHIapTHBIC rroTeHLalbl paBHBI EBrz m-=1,09B glb:x Map
— 1,36 B. ITapa ¢ 60mbLIAM cTaHAapTHbIM no*reHL[;,IEU;:(‘):MCI‘-§
feT urpathb pofib OKYCJIUTENS TI0 OTHOLIEHHIO K Mape ¢ N";f Oy-
[ITUM CTaHIapTHBIM noteHuuanoM. Tak kak 1,36 > 1,09, 1 €Hp.-
aKIIs GyneT MpoTeKarh B HanpaBJIeHUH OKUCIEHHS :BOpe-
cpo6oaHoro Bry. B ™ Ko

aKTHBHOCTH MOHOB, TIDHHUMal0pyyy

Eciy e y4uTbIBaTh
1 OKUC/IEHHSI-BOCCTAHOBNEHHUS, NoMyyyy

E,, = Epeq WK

y'{acme B pCaKHI/I

RT. [Br]
E °+—In ~E +—1 2
ox SF [Cl—]2 red 5F n [Br_]2 > O s

0611IEM BUJIE UISI CUCTEME]
b

3amnuilueM JaHHOE ypaBHEHUE B
gaxodIIencs B paBHOBECHH:
Ox; + Red, & Red, + Ox,;

RT ,_[O%,][Red]

RT [Ox,][Red)]_¢
red, ncF [Redzl[Oxl] .

B =
o " nF  [Red,][Ox]

[TocJie HECTIO0XKHOI0 rpeo6pa3oBaHUA MOTYIHUM:

n,F(E, —Ews) | [Ox,][Red,]

RT "Red,][Ox,]’

BripaxeHue In [OXZHRedlln efcTa 6oii
[Red, ][O, pecTaB/IsIeT CO60M orapudm

xoucranTsl papHoBecus K. Torna:

F ok
In Kc = - (E‘l‘i E“?dn )
RT
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’ KaquTBe“"mﬁ
pa ’
ep OnpeaenTb KOHCTAHTY paBHOBECHUS peakLUU
Mep-

!
[1p oKCHIOM CEpBL.
jona © ‘e, Poakus mpoTeKaeT 10 YpaBHEHHUIO:
e L

Peltl
[, + SO, + 2H,0 = 2HI + H,50,
pieM cOOTBETCTBYIOLUHE NOJYpEaKLMK:
[, + 28 & 21~ E°= 0,54 B;

[0

Jan

s02 4H* + 28 & SO, + 2H,0; E* = 0,17 B.

penenuM pe/IMYUHY KOHCTAHTbl PAaBHOBECHSI:

on
0, F(Eq, ~Ewg) _ 2-96500(0,54-0,17)
loKzf - = 12,54;
8 2,3RT 2,3-8,31-298
K=3,5"10m2

ponplIad peJIMYHHa pacchTaHHoﬁ KOHCTaHTBhI paABHOBECHA

foka3bIBaeT, 4TO peakLKs 110 IPUBEIEHHOMY YPaBHEHHUIO MPo-
rexaeT MPaKTHIeCKH HeobpaTuMo. OIHAKO GOJIBLIOE YUCIO-

So¢ 3HaueHUE KOHCTAHTH! PABHOBECHA Ll He rapaHTHpyeT
BICOKOIl CKOPOCTH PeaKLHy. KoHcTaHTa paBHOBecHs JaeT
03MOXHOCTb PACCYMTATh KOHUEHTPALMU BELECTB NpU Ha-
CTyTUIeHUU PaBHOBECHS, HO HE TO3BOJSET MPEABUIETS, Kak

cKOpO OHO HACTYTIHT.

KoxTpOnbHbIE 33Aa44 Y BONPOCI

1. Ymo Hazvieaemca 080UHbIM IneKmpuyecKum caoem? Onu-
wume MexaHusm e2o 603HUKHOGEHUS.

2 Boigedume popmyny 045 onpedenenus 31eKmpooHozo no-
meHyuana memannda.

3 Bagucum AU 6eAUUHA IAEKMPOOH020 nomenyuana om pH?

4 Ymo Hazvieaemcs CMaHOapmMHbIM 21eKMPOoOHbIM HOMeH Y-

anom?

5. Paccuumaiime 31eKmpo0HbLil NOMEHKUAA HUKENe8020 dNeK -
mpoda ¢ akmugHocmbto uonoe 0, 1 mons/n, ecau cmandap-
mHbiil 3nexmpooHstil nomenyuan paser 0,25 B.

Omeem: 0,28 B.



a)

10. Kak paccqumeieaemcs cmenenv oxucieny
; g
3ﬂ€MeHm06 4

11. Paccyumailme cmenenv oKucnenus cepel g coedyye
Ruyy
12. Ymo makoe cmandapmnuiil OKUCAUMENbHO-80CCmaR (g,

13. Kak onpedeaums HanpaeneHue OKUCAUMENBHO-80ccmay,

14. Cepopmynupyiime npasuna paccmanosku Kosgduyuenmos

0.

7. [lomenyuan HuKeneeozo snexmpoda g Pacmg
Ope

8. Kakue peaxyuu Ha3vlgaromes ozcua/zume/zbﬁo-eoCcm

9. Haiime onpedenerue caedyrouum nonsmysy- OKuCy
) Umey
b

A"M"T"‘leok
Borucaume, HACKONLKO UsMeruncy eicm ~ ’tm.,H
/ “ ) p—t poa [ q
wian medu (E¥ = 0,337 B), 1o2pyorcenyy Hog; ”0'?79,
{

/

G
CuSOy, ecau pacmeop paszbasumy, g 10,00, Y Pacy "
KO3Q@uUUUEHM aKmMUSHOCINU UoHog Hoth CUlipg, 00
eoy He u3M ’ lt;no

npu pazbaeneruu, eny
Omeem: 0,0295 B.

ma Huxeas npu 235 °C pasen 0,275 B, Botuucnyy,,, Y othg
HOCMb HUKeAs 6 pacmeaope. e arpy,.

Omeem: 0,142.

MeAbHbIMU ?

60CCIAHOBUMENY, OKUCNEHUE, 80CCMAHO8 ek, A
XUMUYECKUX COCOUHEHUSX?

AL(SO,);.
menvHulll nomernyuan?

gUMeNbHOU peaKyuu nO 3HAHEHUAM OKUCAUMENbHO-go,
CINAHOBUMENBHBIX NOMEHUUANO0E UOHHBIX nap ?

& Memode 2NeKmPOHHO-UOHHO20 banarHca.

15. Paccmasvme Kos@duyuenmol, nons3yace Memodom sjex.-

IMPOHHO-UOHHO20 OANAHCA 6 CAEOYIOUUX OKUCAUMeNbHo-
B0CCINAHOBUMENLHBIX PEAKYUAX:

a) H,S + K,Cr,0, + H,S0, =S + Cry(SO,); + K,SO, + H,0:
6) HCIO, + H,SO, = HCI + H,SO,;

¢) K,SO, + KMnO, + H,SO, = K,SO, + MnSO, + H,0;
¢) KI + H,0, = KOH + I; '

d) SnCl, + NaOH + Bi(NO,); = Bi + Na,Sn0O, + H,0.
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§ 16. KomMrieKCHble COeiMHeHus

B KaquTBe pear¢HTOB aHaIUTUYECKUX PeaKUMHA WHpoKo
C aHeHDbI KOMITJIEKCHbBIE COEIMHEHNS, HalpuMep, Mpu
e (ATHOHA K+ MCroJIb3yeTCsl FeKCaHUTpoKobatbTar ([]])
atl - Nﬂ;[CO(NO3)3]' [Ipouecc Komnnexcoo6upa3013aﬂm{
e MOKET ﬂpoyxc{onmb B XOJIe Ka4YECTBEHHOM peakuuu,
T4 JMED, AT fOMUHHI 1aeT KOMIUIEKCHBIE COEUHEHUS ¢ ay-
" a_)'{}oM]dHOHOM.
KoMnneKCHblMM, WIX KOODAMHALIMOHHBIMU, COeIUHEHH-
ya3bIBAlOTCA CJIOXXHbBIE COEIMHEHHUS, Y KOTOPBIX UMEIOT-
MK g3, 06pa30BaHHbIE N0 JOHOPHO-aKLENTOPHOMY Mexa-
cq :Sy_ éornaCHo KOOpPAVUHAUMOHHOW TeopuHu A. BepHepa,
I}:ngeKC”M? cOeIMHEHUS COCTOST U3 NBYX ccbeP; BHELIHE}
;1 BHYTpEHHEN. Y Na,;[Co(NO,),] noHOM BHellHel cdeprl gB-
qqtorcst MoHbl Na¥. BHYTPeHHsA cdepa, HasbiBaemas Takxke
KOMILIEKCOM, BKIIIOHacT LEHTPANbHBIX MOH, BOKPYT KOTOpO-
ro KOOpAMHUPYIOTCA (reoMeTPUYECKH MpaBUIbHO pacrojara-
joTCA B [pOCTPaHCTBE) OTPULIATEIbHO 3apsSXEHHbIE HOHBI WK
yeiTpaibHbIe MOJICKYJIB. BuyTtpeHHIot0 cdepy npu Hanwuca-
yun GOpPMYJIBl 3AKJIOYAIOT B KBaApaTHBIE CKOGKM —
[Co(NO,)gl*- LleHTpa/ibHbIi MOH Ha3bIBaeTCs KOMIUIEKCO06-
pa3oBareieM, @ KOOPAMHUPYEMbIE MM HOHbI WITH MONIEKY b —
nuraHfaMu. Xots CocoOHOCTh K KOMILIEKCo06pa3oBaHHio —
obLee CBONCTBO XUMUUIECKUX 2JIEMEHTOB, HO Hanboee npoy-
Hple KOMIUIEKCHI 00pa3yloT METaJl/Ibl, HMEIOLIHE BaKaHTHbIE
d-opOuTtaiu. B BJ10Kax NepuoinuecKon CHCTEMBI KOMILIEKCO-
oGpasyioLliasi CHOCOOHOCTL YMEHbBLIAETCSI NPUMEPHO B CleAy-
foLeM ropsiake: /> d > p > s. Hanpumep, 1S Xu3Henes e -
HOCTH uesioBeka 0COOCHHO BaXHbl KOMIUIEKCHbIE COeIMHEHUH
takux d-snemenros, Kak Fe, Co, Cu, Zn, Mn, Mo. AMmdorep-
Hble p-2JieMeHTbl Al, Sn, Pb Takxe 00pa3yloT pasiuyHble KOM-
[JIeKChbl, OMOreHHbIe $-2JIEMEHTbI MOTYT 00pa3oBbIBaTh He-
MPOUYHbIC KOMIUIEKCHBIE COCAMHEHUSI TOJIBKO € JIMTAaHAAMU
ornpenesieHHOM CTpYKTypbl. B laHHOM NpHMepe LIEHTpaJIbHbIM
HoHoM apiisietcst Co’*. Yucno snuraHaos, KOOpAHHUPYEMBIX
KoMIuiekcooOpa3oBaTejieM, Ha3blBalOT KOOPAMHALHOHHBIM
41cIIoM. B faHHOM ciiyvae OHO paBHoO 6.



B 3aBucMMOCTU OT 3apsfia pa3InialoT aHUOHHbe Komp.
nexchl, Hanpumep [Zn(CN),J*, [Co(NO,)]*; KaTHoKyy,
KOMIUIEKCh]l, HAalIpUMED [CU(NH3)4]2+, [Nl(H20)4]2+; Heltr.
pansubie Kommiekesl — [Ni(CO),], [Pt(NH,),CL,). Hejiz.
paJbHble KOMILIEKCH HE UMEIOT HOHOB BHEWIHE cipepy,
3aps KOMIUIEKCa YHCTEHHO PaBEH CYMME 3apsiia LeHTpay, .
HOTO MOHA W 3aps0B JuranioB. HanpyuMep, 3apsay Z KOMI-
nekca [Co(NO,)¢|*- paBen Z = +3 + 6 - (=1) = -3,

K umciy JiuraHz0B OTHOCATCS NPOCTBIE aHUOHBI, TaKHe kay
Cl-, F-, S2-, Br-, I, cioxHble aHHOHBI, HalpuMep CN-
NCS-, NO, -, monexysbl, HanpuMep H,O, NH;, CO, H,NCH,,
CH,NH, (En). MoHbl 111 OTIEbHbIE ATOMBI HOHOB I Mo.-
JIEKYJl JIATAaHI0B UMEIOT Helo/IeJeHHBIE Maphbl 3IEKTPOHOop,
B 3aBMCHMOCTH OT TOTO, KaKO€ YUCJI0 BAKAHTHBIX OpOUTalei;
y KOMILIEKCO0Gpa30BaTe/isl 3aHMMAKOT JIMTaHIbl, OHU MOJpa3-
IeNAI0TCA Ha MOHOJEHTAaHTHbIe (OIHA OpOUTaNlb), HaMpuMep
Cl-, CN-; 6uneHTaHTHbIe (IBe opbUTaNH), HanpiMep En; no-
JTUIEHTaHTHblE, HAIpUMep STUJIEHAMaMUHOTETPAYKCYCHag
KHUCIIOTa. : :

K KOMIUIEKCHBIM COENMHEHUSM, COIEPXALMM MONEKYJIp-
Hble MOHOAEHTAHTHbIE JIMTAH/bI, OTHOCSTCS:

— aKBaKOMIUJIEKChI, MM TUAPATHI, IUTAHAAMH SABISIOTCS
MoJieKyJibl Boaibl, Hanpumep [Cu(H,0),]SO,. B BonusIx
pacTBOpax TaKUX COEMHEHNH KaXIblit MOH IMIPaTHpo-
BaH, [IPY KPUCTUUTU3ALIMK HEKOTOPBIE U3 BELLIECTB CII0-
COOHBI YIIEPXUBATh OMNPEEIEHHOE YUCIIO MOJIEKYIL, 06-
pa3ysl KpUCTaJIOTUAPATHI;

— aMMMaKaThl, CoAepXalllMe B Ka4eCTBE JIUTAHIOB MOJie-
KyJbl aMMHuaka, Hanpumep [PtCly(NH,),]Br;

— KapOOHMIIbl, B KOTOPBIX JIMTAHAAMMU CIIyXaT MOJIEKYJbl
OKcuAa yriepoza, Hanpumep [Fe(CO),].

K KOMIIEKCHBIM COETMHEHUSM, COAEPXKALIMM HOHHBIE JTH-
raH/bl, OTHOCATCS aLUNOKOMILIEKCDI, Y KOTOPBIX B KAYECTBE
JTATaHI BBICTYNAIOT aHHOHBI KaKOM-JINO0 KUCIOThI, HapUMep
Nay[Co(NO,)¢]. K aunmokomriiekcam Takcke otHOCSTCS Coen-

HEHUS, Ha3bIBaCMBIE IBOMHbBIMU CONAMH, HampuMep 3NaF -
* AlF;; CuCl, - KCI.
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ennii AMAAND

Kd.w(’l 1]
qecKoil XHMIH (KOJMUCCTBEHHBLA atasin) Iy-
p ettt 111Dl LMIJTHUCCKUE KOMIUICKCHBIC COC/HHC-
. )O(;:E‘aMHIlOIIOJlHKﬂpﬁ()l-IOBbIX KMCJIOT, HATIpUMeEp
sl oo {oTeTpayKcycHas KUHEIoTa U ee coJin (KOMIUICK-
netuutad i
(oKe MHOTOSUICPHBIC KOMIUIEKCHBIC COC/MHE-
a WY HCCKOJIBLKO KoMILIeKcoobpasopateiei
rpoM Jiuranaos. Harpumep, B AByXbsiaep-
j1eKCHOM COCTMHCHUH [(NH,)Cr—OH—Cr(NH,),|
Cré*, sBJISIIOLLIHXCS KOMIUTeKcooOpasoBaTesiMH,
encrsom rpynnst OH. Takas cs3yrowas rpyn-
MOCTHKOBOI. B KauecTBe MOCTUKOBBIX YT
ppicTynarb BCE [oJIMAEHTAHTHBIE JIMTAHIBI (32 UCKITIO-
JIUraHaoB, obpa3sylolux KOMIIIEKCOHBI), a TAKXe MO-
(e JIMTaHIbl, obnafaoLUe HEMOAETEHHBIMHU
OHHBIMH TapaMu. F-, C1- v gp.
gﬂeﬁm J COCTaBIEHUH Ha3BaHUA KOMIUIEKCHOTO COeJMHEHUS
nepBElM yrIoMHAeTCs aHHOH B MMEHUTETBHOM Mafiexe, 3aTeM
KaTHOH B pORUTENILHOM, He3aBUCHMO OT TOTO, KaKOH M3 3TUX
J{OHOB KOMIUTEKCHDII. B Ha3BaHHM KOMIUIEKCHOTO HOHa CHa-
yasia nepedycsioTes JIUTAHABI B aJIpaBUTHOM TTOPSIIKE C MPH-
cTaBKaMH, 0603HaYAIOLIMMK UX YHUCIO. ECIIH KOMILIEKCHbIH
jioH — aHHOH, Ha3BaHME KOMITIEKC000pa3oBaTeisl COLNEPXHUT
cydduxear. [locie Ha3BaHMsl YKa3biBaeTCA CTENEHb OKUCIIe-

HHs LIeHTpaIbHOTO HOHA. HanpuMep,
Na,Pb[Cu(NO,)¢] — rekcanutpokynpat (Il) Harpus-

CBUHLA,
[PtCly(NH;);] Br — GpoMHI TPHaMMHHTPHXTOPILIATHHbI (Ivy;

1)
cotib!) pyIOT T

161, | .
HH HEHD! mocpe/ic

cprsatibl MOCP

yeHHEM

[Pt(NH,),Cl,] — AMaMMUHIUXTIOPIUIATHHA (1).

KoMIUieKCHbIE COEIMHEHHs MOIBEPraoTCs CTyNneHYaToM
puccoumanuu. [1o nepBoii CTyNeHH POUCXOMUT AUCCOLMALIKS
Ha MOHbI BHELLHEH cepbl U KOMIIEKCHbIH HOH. Komnneke-
Hble COeIUHEHHUST SIBSIOTCS CUJIBHBIMU JJIEKTPONUTAMMU, U
JMccoLMaLMsl 110 MepBoil CTyMeHU MpOoTeKaeT JIETKO:

Na,Pb[Cu(NO,),] &> 2Na* + Pb2* + [Cu(NO,),]*.
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BTOpOI CTYIICHHU NOBEPIaeTCsi Koy,
K.

Jlicconati 110
1eT 110 TUITY CIaBLIX MeKTpojiyy,
B;

cHblit Hoti, 1 OHa [POTEK:
|Cu(NO2)6]4'“ & Cu?t + 6NO,~.,

ol JICHCTBUSI MacC K 3TOMY MpoLeccy, 1o
) -

[TpumeHss 3aK
ecTOKOCTH JaHHOI0 KOMIUIEKCHOIO Hojyy.

JlydUM KOHCTaHTY H
_ [Cu* |- [NO; I°
Ko [Cu(NO, ) ]

Yem O0sblLE KOHCTAHTA HeCTOMKOCTH, TEM JIETYe Mpoxo-

UT mpoLecc auccouraunu fno BTOpPOIA CTYIEHH.
[ob3ysich KOHCTAHTOM HecTOMKOCTH, MOXKHO ONpPeJIe/nT

KOHLIEHTpALIMIO YaCTULL B pacTBOPE, 06pa3yroLLUXCs MPY pac-

nage KOMIUIEKCHOro HOHa.
[Ipumep. OnpenennTb KOHLeHTpaluio HoHOB Zn?*, NH, B
I M pactsope [Zn(NH;),JCl, - K,=2,6"10-".
Pemenye. 3anuuieM 1-10 1 2-10 CTYNeHb TUCCOLIMALIUU:

(Zn(NH,),ICl, & [Zn(NH,),J?* +2C17

(Zn(NH,),J?* & Zn2* + 4NH,.

KoHcTaHTa HECTOMKOCTH paBHa.
_ [Zn*]-[NH,]'
H [[ZI].2+ (NH3 )4 ]2+]

0603HaYUM KOHLIEHTpaLlMi0 HOHOB LIMHKa 3a X, Toraa KOH-
aBHa 4x, KOHUEeHTpaLHus KOMILUIEK-

aBUM OTHU 3HAYCHHS B KOHCTaH-

LIeHTpaLLMsI MOJIEKYJI NH, p
cHbIX MoHoB pasHa 1—x. [ToacTt

Ty HECTOMKOCTH:
4
_ x-(4x)

H—_zl_;—)_c_)_.

Tak kKak x< 1, T01 —x = 1.
K =445 =26-10"10x=4-10-3 MOJIb/JL.

H
BennunHa, 06paTHas KOHCTaHTe HECTOUKOCTH, Ha3bIBaeT-

cs1 KOHCTaHTOil ycToiunBoCTH K|, U IO €€ 3HaUCHHUIO € [1OMO-
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1, KauecTho -
[aane (15l M30TEPMbl XUMHUCCKON PCAKLIAH (VIL. 1)

apHCl i
UL ”“'26‘”11-;111, craiapTHyio aHepruto [n66ca obpasosa
10 P

s © AGO = —RT Ink,.

qyHa SBJSETCS SHEPreTHICCKOi XapaKTepUCTH-
i 00pa30BAHMS KOMIIEKCHBIX COeMHEHH L. Ee

xoil peaKil , X 1 nocobusix obo3HayatoT B, a sora-
p crIpaBOIHUKAY,

wacto ® = anTHI yeToituMBocTy Ig f.

HQM KQ‘L* B0CTh KOMIUIEKCHBIX COSIMHEH Mt 3aBUCHT KaK OT

i meHTpaJIbHOFO ATOMa, TaK U OT MPUPOJIBI CBA3AHHBIX
anPOﬂ";?aHn HO CJeLyeT OTMETUTb, YTO MOMUAEHTAHTHbIE
c HUM HI CBQBI;IBa}OTCﬂ ¢ MOHAaMU MeTalljla ropasfo CHJIbHee,
UraHib OCHTAHTHbIE TUTAHIBI C TEMH Xe JOHOPHBIMU aTo-
yeM MogaanM ep, POYHOCTb XeaTHBIX STUIEHIUAMUHOBBIX
MaMit. excon [Me(En),]"* Ha 8—10 mopsinKoB BblLlIe, YeM Mpoy-
KoMTU;IKOMmeKchlx MOHOB TeX K& METAIOB Me ¢ aMMUaKOM
?fflce(NH3)4]n+. [ToBblLIEHHAS YCTOP'I‘{EIBOCTI: XENIaTHBIX KOMII-
1eKCOB OOBACHAETCS NOTONHUTEIBHOI KOOPIUHALIHel 3a CYeT
53a){MOCBA3aHHOCTH IOHOPHBIX aTOMOB.

[Tpouecc 06pa3oBaus (1 AUCCOLUALIM) KOMILIEKCHOTO
coeMHEHUS B [EHCTBUTENHOCTU POTEKaeT cTyneHyato. Ha-
npuMep, peaKius o6pa3oBaHMs KOMIUIEKCA HOHA CBUHLA C
JOHOM i0ZIM1a TIPOXOIUT Yepes ClieylolHe POMeXyTOYHble
CTallM, XapaKTepH3YIOLIUECs COOTBETCTBYIOLUMMHU CTyTIEHYa-
ThIMM KOHCTAHTaMH YCTOHUMBOCTH:

. i e . ! |

Pb2* + I- — [Pbl] B =y ey e B = 126

L)

[PbI]* + I- — [Pbl,] Bz———[Pb]__“_],1C,B2 2,8;
_ [PoLJ

[Pbl], + I- = [PbLy]- B, = 3,42;

—m;lgﬁs
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_[Pbl, )"

" . ) 2- e e L —
[PLI4]- + [- — [Pbl,] By [Pb,] [I"]’ lg By = 3,92

CryneHvaTbic KOHCTAHTBI YCTOHTMBOCTH CBA3aHbI ¢ ofyy, i
ot

NpoCTbIM COOTHOUIEHHWEM!

B, = B B, Ps By

KoxTponbHbie BONPOCH M 3a4a4n
1. Ymo seasemca Komnaexcoobpasosamenem?

2. Ymo nasvieaemes aueanoom?

3. Jlaiime onpedenenue KoOpOUHAUUOHHOZ20 HUcAa.

4. Onpedenume cimeneHb OKUCAEHUA U KOOpOUHAYUOHHOE Yyc-
210 KoMNAekcoobpaszoeamens 6 CAeOYIOUUX KOMNACKCHbix
coedunenusx: [Pt(NH,),]ICl,, [Co(NH;);Br]SO,,
K,[SiF]. Hatime nazeéanua OQHHBIM COeOUHEHUSM.

5 Hanuwume koopOuHayUoKHble Gopmynbl Cnedyrouux Kom-
nAeKkcHbIX coeduHeHUll U 0B0CcHylime 86100p KOMNAEKCoo0-

pazosamens: 2Ba(OH), - Cu(OH),; 3NaF - AlF;; CoCl, -

- 4NH, - 2H,0; 3KCN - Fe(NO,),.

Cocmagbme KOOPOUHAYUOHHBIE QOPMYAbI CAEOYIOUUX O~

edunenuii: 1) MpUAMMUHMPUHUMPOKOGansm, 2) HUmpam

nenma-amunpodarokobansma (111); 3) 6pomonenmanum-
ponaamunam (1V) kanus; 4) eexcayuaroxobaremam (I11)
sexccaammunorobarsma (111); 5) mempaxaoponsamuram

(I]) mempaammuduzuopokconaamunsl (1V).




Paapen 2

06HapyxeHne NHAUBUAYANbHBIX HOHOB
M aHallu3 CMeceH UOHORB

§ 1. YacTHble peakuum kaTmoHos
| aHaNMTUYECKON rpynnbl

1.1. Peakumu katmoHa K+

1) Tunporaptpat Hatpus NaHC,H,O naer ¢ pacrsopayy
coreil Kausi GeJiblit KpUCTainuyeckuii ocagok:

KCI + NaHC,H,04 - KHC,H,0l + Nacl,

Jnsl IpOBE/IEHNS peaklliK B IPOGUPKY Hastelite 4—5 kame,
pacTBOPA COJIV Kausl 1 IPUGABETe CTOJIBKO e Karlesib pacTBopa
rugpoTapTparta HaTpust. [lepemeluaiite conepxumoe NIPOBUpPKY
cTEKJISIHHOM MaJIOYKOM — BHINIANET Geblif KPUCTAJUTMYECK U
ocajiok. YOEIUTECh, YTO 0CATOK KPUCTAMIMYECKUt. [Tocre
5TOTO MCTIBITANTE NEUCTBUE HA OCANOK KUCIIOT U lmenoyen. ing
9TOT0 B3MYTUTE PACTBOP M PA3NENUTE €r0 Ha Tpu NIPOOUpPKH.
K mepBoii poOUpKe MnpubdasbTe 1—2 Kamy LIEJI0YH, KO BTO-
poil — CHJIbHOM KUCIIOTBI, K TPeThell — 2 Karnu TUCTUIIK-
pOBaHHOM BO/IBI U, NIEPEMELINBAS CTEKIISHHOI MaJoOYKOM, Ha-
rpeiite Ha BOASIHOM OaHe. YTo Bbl Habmonaere? Crenaiite
BBIBOJIBI.

2) Texcanurpokobanstar (I11) Hatpus Na,;[Co(NO,),] naer

¢ kaTHoHOM K* XeNThlit ocaok KommnekcHoii cony TE€KCaHHUT-
poxo6baisraTa (III) Kanus-Hatpus:

ZKCl + Nay[Co(NOy)¢] — 2NaCl + K;Na[Co(NO, ).

K karne pacTBopa conu Kanus npuasbre 1—2 Kamm pac-
TBopa Na;[Co(NO,),]. O6pasyercst ocanox SIPKO-XENTOro 1Be-
Ta, PACTBOPUMBIH B CUJIbHBIX KMcToTaxX. [TpucyTcTBre 1meoueis
MEILACT peaKl1K, TaK KaK LWeIoYU, pasjiaras peakTus, oGpasy-
I0T TEMHO-OYphIii 0CanoK ruapokcuaa Kobaisra Co(OH),. Cne-
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ELeil
AyeT MMeTb B BUAY, uTo KaTHoH NH,* o6pa3syer ¢ reKcaHyr.

pokobansratoM (I1) HaTpUsA TaKOH Xe 0cafoK U Mo3aTomy ye.
LIaeT OMpeAeNeHUIO HOHA KaJIMsl.

3) MuKpoKpHCTaILTOCKOMHUYecKast peakuus. [ekcanurpo.
xynpat (II) Hatpug-cBuHUa Na,Pb[Cu(NO,),] ¢ KaTHOHamy
K* obpasyer Kyouueckue KpUCTAIbI YEPHOTO MM KOpUYHe.-
Boro 1peta coctaBa K,Pb[Cu(NO,),]:

Na,Pb[Cu(NO,)] + 2KC1 — K,Pb[Cu(NO,),]{ + 2NaC|.

Jns npoBeXeHMs ONMbITa KaILIIO PacTBOpa COMK Kajlug
TOMECTHUTE Ha MPEIMETHOE CTEKIIO M 10CYXa BBIIIApBTe €ro Hay
murtoi. [lociie Toro Kak cojb OCTHIHET, obpaborTaiite ee pe-
aKTUBOM rekcaHuTpokynpara (II) Hatpus-cuHua. O6pasopa-
HU1E XapaKTePHBIX YEPHBIX KYOUYECKUX KPUCTAJLIOB Habioa-
0T C MOMOINbI0 MUKpOcKona. [Ipy mpoBexeHnu peaxuuy
CIIENyeT UMEThb B BUAY, 4T0 pH pacTBopa ucxonHoit conu goj-
XEH ObITb paBeH 6—7. DTOI peakUWM MELIAIOT HOHBI aMMo-
HHUS, 00pa3yiollMe C peaKTUBOM CXOXHe KPUCTAILIEL,

4) OkpamnBanue niamenu. II1aTHHOBYIO MK HUXpOMoO-
BYIO IIPOBOJIOKY TILATEJbHO OYUCTUTE OT CIEHOB COJejt
NpOKannBaHusl. [l 3TOro CMOYMTE €€ B CONSIHOM KHUCIIOTe 1
NIpOKaNNTE B MIAMEHU IOPEJKM (IO MOJHOIO UCYE3HOBEHUS
OKpacKHM M1amMeHu). [IpuKocHUTeCHh pacKaleHHO IPOBONIOKOI
K KprCTallaM conv Kamus. Ilpuctasiuye K mpoBoJioKe Kpy-
MMHKH COJIM BHECHUTE B IUIaMsl ropenku. bieqHo-duonerosoe
OKpallIMBaHUE INIAMEHH TOPENIKH CBOMCTBEHHO COMAM KA.
JIydie cMoTpuTe Yepes cuHeEE CTEKIIO WK yepes MIOCKUM

(JIaKOH C pacTBOPOM MHIMTO.

1.2. Peakuuu katuona Na+t

1) uruapoaHTMMOHAT Kaius KH,SbO, o6pasyer ¢ kaTuo-
HaMu Na* 6eblif KpUCTALIMYECKHIH 0CanoK AUTUIPOaHTUMO-

HaTa HaTpHs:
NaCl + KH,SbO, — NaH,SbO,J + KCl.

Bo3sbMuTte 5—6 kamnejs pacTBOpa COJIM HATpHUS, pUOaBETe
TaKod Xe 06BbeM pacTBopa AUTHUAPOAHTUMOHATA KaJiud
KH,SbO, 1 notpure crenku npoGUpKy CTeKNITHHOM Nanoy-
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«oit. Bpiraner Genblit ocanok. Yoenurtecs, yto ocazox KpHc-
caymnyeckuit. [IpU IPOBENeHNK ombITa ciienyeT umers, 5 BULY,
410 KOHLCHTPALMs HATPUA ONKHa BbITh JOCTATOYHO Bhico.
<oif, IOSTOMY pa?ﬁaBHeHHEIC PacTBOpbI ynapupalor, cpea
OJIXHA 6bITh HEUTPATBHOM UK CNaboWEeNoYHOM, Tak Kak
gUCIIOTBI PA3araloT MMTHAPOAHTUMOHAT Kajiys KH,SbO, ¢
obpasoBaH1eM aMOP(HOT0 0CaKa MeTacypbMsHoif KUCIIOTHI
HSbO,; peaKLuio Hallo BECTH Ha Xollofe.

2) MUKPOKPUCTAITOCKONHUYECKAs peakuns. g ee
poBEACHNs IOMECTUTE Ha NIPEAMETHOE CTEKNO Kaltio pa-
crpopa cony Hatpus. OCTOPOXHO BhIMapete ec pocyxa. Ox-
jaXaeHHbli 0Callok 00paboTaiiTe Kaneit pacteopa YpaHuia-
nerara UO,(CH,COO0),. PaccMorpurte nop MHUKpPOCKOMoM
06pa30BaBIIUECA MPABUIIbHON TETPasapuyecKoif uny OKTa3[-

nyeckoil QOPMbl KPUCTAaNNBl HAaTpUHypaHunaLeTata
CH,COONa - UO,(CH;CO0),.

3) OxpalllMBaHUe IIaMeHn. OYKCTUTE MATHHOBYIO Wy
HUXPOMOBYIO MPOBOJIOKY, CMOYHTE €€ UCCIeNyeMbIM PACTBO-
poM U BHECHUTE B OeclBeTHOE TIaMs Topenku. [Tnams ropen-
Ky OKpaIUMBACTCA B XKENThIN LBET. Peakuus oyenp yypcrpy-
TeJIbHa, TOITOMY O MPUCYTCTBHM HATPUSI MOXHO CYIUTB JIHIIL
B TOM Clyyae, eclld HHTEHCHBHO-XENTask OKpacka He Mcyes-
net yepe3 10—15 c.

1.3. Peakuuu katnoHa NH,*

1) Ilenoyu pa3jaraloT COJM aMMOHMUS C BBIIEIEHUEM [a30-
06pa3HOro aMMMaKa:

NH,CI + NaOH — NH,T + NaCl + H,0.

JU1s 1IpoBe/IeHUs] SKCIEPUMEHTa Ha YacoBoe CTEKIIO (WK
B TpOOKPKY) MOMECTUTE 2—3 KallId pacTBOpPa COJIM AMMOHHS
U 3—4 KaIuiM pacTBOpa LUENT0YH U clierka Harpeitte. OGpature
BHUMaHWe Ha 3arax BblAessouerocs raa. Jlist o6HapyxeHus
aMMUaKa IoJIepXMTe Hall YaCOBBIM CTEKIIOM BIIXHYIO JIAKMYCO-
BYIO OyMary Tax, 4To0bl OHa He Kacanach XUIKOCTH U CTEKIA.

2) Peaxtu Hecciepa (cMech komruiekcHoi conu K,[Hgl,] 1
KOH) o6pasyer ¢ KaTHOHOM aMMOHHKS KpacHO-OYpBIif 0calloK:

NH,* + 2[Hgl,]>- + 40H- — [OHg,NH,]I{ + 7I- + 3H,0.
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K Kaluie pactsopa ot aMMOHUS to6aBbre [—2 kayy, be
aktipa Hecciepa, 11pyH 9TOM BBINAJIET 0Ca/loK. Peakiyy O‘Icn;
yypcrButenbHast. CieyeT UMETDb B BUILY, UTO MOJiyvaempy OCa:
JIOK PACTBOPUM B COJISIX aMMOHHS, T103TOMY PeakTun Heccyq.
pa Hy>xHo 6patb B M36bITKe. KpoMe Toro, o6HapyxeHuio KaTy-

OHA AMMOHMS MellaloT KaTHoHbI Fe?*, Cr3*, Co2*) Nij2+ y 1. e

§ 2. Xog aHanu3a cMeCcu KaTUOHOB
| rpynnol

KatuoH ammoHuss NH,* MOXHO OTKDHITb B OTAeNbHOj
npoGe B mpucyrcTBuM KatnoHoB K* u Na* geiicTBuem peak-

TMBa Heccepa. [lnis mocieqyroulero onpeaeneHUsT HOHOB Ha-
TPHS M KaJlusl PUCYTCTBHE KaTHOHA aMMOHHSI HEXelaTelbHo,

W B cllyyae olpefejieHMs ero ynausitot. s atoro 15—20 ka-
[eJib UCCIIelyeMOoro pacTBopa rnomMeLaroT B hapdopoByio yari -
KY Y BbINapUBalOT IOCYXa, a 3aTeM MPOKaJUBAIOT IO MpeKpa-
LLIEHUS BbIeJIeHUS «0ejloro AbIMax»:

NH,C1 — NH3T + HCl.

OxJtaxxnaroT colepXuMoe Yalulki M pacTBOPSIIOT €ro B §—
10 KarsIx IMCTUIIMpOBaHHOI Bosibl. [Tocie yero npopepsior
Ha MOJIHOTY OCaXIeHUs KaTUOHa aMMOHMS peakTMBOM Hec-
ciaepa. JIMWb 3aTeM NPUCTYNAlOT K 0OHApYXEHUIO KaTUOHOB
Na* n K* ¢ 1oMol11b10 cOOTBETCTBYIOILMX YaCTHBIX peaKLIMii,

§ 3. YacrtHbie peakuum katnoHos Il rpynnbi

3.1. [leiAcTBue rpynnoBoro pearexTa

IpynnosbiM pearentoM 11 aHanuTHYecKol rpynmne! KaTHo-
HOB sBJisgeTcs1 coisiHas Kuciaora HCL. Katnousr Agt, Pb2+,
Hg,?* npu B3auMozeificTBUHU ¢ Heit 06pa3yloT TPYAHOPACTBO-
PUMBIe B BoJe U pa30aBJeHHbIX KUCJIOTAX OCANKU:

Ag* + Cl- - AgCU:
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Ph2t + 2C1- — l’hClzl;

Hg,* + 2CI- — Hg,Cl,l.

PacTBopHMOCTb xjiopuos pasnuuna. [pu temneparype
100°C pacTBOPH MOCTb XJIOPHJIa CBUHLA YBEAUUMBACTCS B TPU
a. B TO BpeMsl KaK pacTBOPUMOCTDL XJIOPUIOB Ccpeﬁpa "

a3 b (Y]
IIZT)’TH (IpaKTHYECKH HE MEHSIETCS. ATO CBOMCTBO UCTIONBIY-

ercA LA oT/le/leH1sl KaTHoHa Pb2* ot KaTtnoHoB Ag* u Hg,2*.
yiopHiL PTYTH Hg,Cl, npu B3anMOEHCTBUU € pacTBOPOM
aMMHaKa o6pa3yeT XJIOpUI AMMEPKYPAMMOHHUSI, KOTOPbIHA Hey-
CTOUMB M pa3JjiaraeTcs Ha MaJlopacTBOPUMBbII XJIOPULL MEPKY-
aMMOHHUSA METAIMUECKYIO PTYTh, KOTOpasi PUIAET Ocaf-
Ky yepHbId LBET. OTO MO3BOJSET OTAENUTD KaToH Hg,2* ot

gaToHa Ag":
Hg,Cl, + 2NH,OH = [Hg,NH,]CIl + NH,* + CI- + 2H,0;
[ngNHz]Cll 2 [NHzHg]CLL + Hgl.

Xjopuf cepedpa XOpoulo PacTBOPUM MOJ AeHCTBUEM
aMMHaKa ¢ 00pasoBaHMEM KOMIUIEKCHOM COJu:

3_9. Peakuuu KaTuoHa Ag*

1) bpomup ¥ #omui Kamis KBr u KI obpa3syiot ¢ KatHo-
oM Ag* 6/eTHO-XENThIA ocaiok Opomusa cepebpa AgBr u
KeJIThlll 0calok foaua cepedpa Agl:

AgNO, + KBr = AgBrl + KNO,;
Ag* + Br- — AgBrl;
AgNO, + KI = Agll + KNO,;

Agt + - > Agll.

B 1Be npo6UpKU MoMecTUTe 2—3 Karuiu pacTBOPUMOT CONK
cepedpa, B OHY MPOOUPKY 06aBETE IKBUBAIEHTHOE KOJIMTE-
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cTBo GpoMuaa HaTpusl, B ApYrylo — MOAMAA KaJlKs. CpaBH”Te

LBET MOJyYEHHBIX OCaLKOB.
2) [MApOKCHUABI KATUSI U HATPHS KOH 1 NaOH o6pazyg;

¢ kaTHoHOM cepebpa Ag* Oyphblit 0Caf0K OKCHIIA cepedpa Ag,():
AgNO, + KOH — AgOH!L + KNO;;

Agt+ OH- - AgOH{;

2AgOH — Ag,0d + H,0.

Oxcup cepebpa (I) pacTBopseTcsl B paCTBOpe aMMUaka
NH;:
Ag,0 + NH,OH — 2[Ag(NH,),]OH + H,0.
[TonyyuTe ocamoK OKCHUAa cepedpa CIMBAHUEM PaBHBIX

00BeMOB HUTpaTa cepebpa M rMAPOKCHIA Kalud, INPOBEPETe

ero pacTBOPUMOCTb B TMAPOKCH/E aMMOHHS.
3) Xpomar kamus K,CrO, faeT ¢ KaTMOHOM Ag* ocaiok

xpoMara cepebpa Ag,CrO, KUpTMYHO-KPACHOTO LIBETA!
K,CrO, + 2AgNO; — AgCrO,d + 2KNO;;

Ag* + CrO,~ — AgCrOl.

[ToMecTUTe B MpoOMpKY 2—3 KaIlld pacTBOpa HUTpaTa
cepebpa 1 106aBbTe 3—4 Karuii JMCTHLTUPOBAHHOH BOIBI U [—
2 Kard xpomara Kanus. Ciaeayer yYuTbIBaTh, YTO B aMMUay-
HOIt U CHJILHOKUCIION cpejJie 0caloK He 00pa3yeTcs, ONTUMANb-
goe 3HaveHue pH pasHo 6,5—7,5. Monsl Pb?*, Ba** u np. Ka-
TUOHBI, 00pasylolIre ocalK/ ¢ XpoMaT-aHUOHOM, MELIAIoT

pOBEIEHUIO pPEaKLUH.

3.3. Peakuuu katuoHa Pb2*

1) Xpomat xanus K,CrO, u nuxpomar kanus K,Cr,0O, 06-
pa3yloT ¢ KaTioHaMu Pb2* MayropacTBOPHUMBIN XpOMaT CBUH-

La XXeJITOro LUBETAa:
Pb(NO,), + K,CrO, = PbCrO,l + KNO;;
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pb2t + CrO,2- = PbCrO,l.

oMar cBuHlA PACTBOPUM B F’MAPOKCHIAX, HO HEpPacTBO-

pHM B chycuoi/l kucaorte. [ToATBEpAMTE 3TO IKCIIEPUMEHTAb-

' 0, TIONY4HB ocaJoK CIMBaHUEeM paBHBIX 00LEMOB peareHTos.
2) Mok 17 o6pa3yeT ¢ KaTHOHOM Pb2* xentblit ocagox;

Pb(NO,), + 2KI = PbL,L + 2KNO;;

Pb2* + 21- — Pbl,!.

PeakLKIO CTEAYeT MPoBOAUTh npu pH = 3-5. Crenyer
/MeTb B BILY, 4TO B n36biTke Kl ocagok Pbl, pactopsiercs ¢
oGpa3oBaHeM KOMILIeKea K,[Pbl,].

[IpoBepbTe PACTBOPUMOCTE 0JTY4EHHOTO OCalIKa Pol,. Inga
5Toro J0GABBTE K YaCTH OCA/IKa HECKOJILKO KarleJb BOIbI M Ha-
rpeiite. OCalOK YACTUIHO PACTBODSAETCS, HO NPU OXTaXIeHUH
aHOBb 00PA3YeTCs B BUIE 30JI0TUCTBIX KPUCTAJLIOB.

3) CepHast KUCIIOTA 1 CyNb(aThl 0CAXKAAOT KATUOHBI CBUH-
ija Pb2*, BbImanaet Oesblit ocanok PbSO,. IMpu narpepanuu
cynbgaToB CBMHLA € PACTBOPaMU THAPOKCHIOB obpa3yroTca
[IOMOHUTBL:

PbSO, + KOH — K,PbO, + K,SO, + 2H,0;

PbSO, + 40H- — PbO,~ + 2H,0.

[TonyyuB OCafioK Cyibdara CBUHLA, NpUeiiTe LIeIoyb U
rpoBepbTe PACTBOPUMOCTD OCa/iKa NP HarpeBaHuH.
4) JinpeHnnTHOKapOa3oH (AUTU3OH)

 N=N-CH;
$=C
NH-NH-C¢H,

o6pasyeT ¢ CONSIMU CBUHIA BHYTPUKOMILIEKCHOE COEMHEHME,
OKpalleHHOe B KMPIUYHO-KPACHBIA LBET. Peakuus yyscT-
sutensHas. [IpenensHas koHueHTpauus 1 : 1250 000.
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3.4. Peakuum katmoHa Hg,?
Hon Hg,?* MoxeT GbITb BOCCTAHOBJICH 10 MeTallnYecKojj
pTYTH. )
1) JUtst aTOr0 K Karuie pacTBOpa COJIM OXHOBAIICHTHOI pry.-
TH HYXHO 106aBUTh 2—3 KaIlJ¥ CBEXENPUIOTOBJIEHHO g

pacTBopa xjopuaa oJoBa SnCl,. [Ipu aTOM BHayaie o6pa3yer-
cs1 6eJIblit ocaloK, KOTOPBIN MpY CTOSHUU TEMHEET BCJIEACTBUe

BOCCTaHOBJIEHUS MOHOB PTYTH Hg22+ J0 METAJIMYECKO PTYTU:

Hg,(NO,), + SnCl, = Hg,CL,{ + Sn(NO;),;

[Hg,)?* + 2CI- — Hg,ClL,l;

Hg,CLd + Sn?* — 2Hgl + Sn* + 2CI-.

2) BoccraHoneHue Hg,?t BO3MOXHO U C TOMOLBIO METaI-
Jauueckoit Meau. Jist Toro Ha OYMIIEHHYIO HaXIa4HOH Oyma-
roif MeIHyIO IUIaCTUHKY ITOMECTHTE KaIlllo pacTBopa coy
OJAHOBaJIEHTHOM PTYTH M JaiiTe rmocrosiTh. Yepes HeKoTopoe
BpeMsl Ha IIaCTMHKE 00pa3yeTcsl cepoe MSITHO — MeTallIuyec-
Kasi pryTh. O6MoifiTe MIaCTUHKY BOJOH U NMPOTPUTE (PUIBTPO-
BaJIbHOM 6yMaroi, nsiITHO CTAaHOBUTCS OJIECTILUMM:

[Hg,]?* + Cu — Cu?* + 2Hg2J/.
[TosiyyeHHast pTyTh J0JIXKHA OBITh yAaJeHa.
3) [napokcuibl 06pasyloT ¢ KaTHOHOM [Hg, |2t uepHblii oca-
JIoK okcuaa ptytu (I):
Hg,(NO,), + 2NaOH — Hg,0! + 2NaNO, + H,0;

[Hg, | + 20H- - Hg,0l + H,0.

PactBop amMMuaka ¢ kathoHoM [Hg,|** obpasyer xjiopun

aumepkypammonus [Hg,NH,|CI.

4) Xpomar kanus K,CrO, naet ¢ karnuonamu [Hg,|?* kpac-
HbIH ocanok Hg,CrO,, HepacTBOPUMBI B rMAPOKCHIAX U B
pa30aBjieHHOH a30THOIf KUCIIOTE:

Hg,(NO,), + K,CrO, — Hg,CrO,| + 2KNO;;

[Hg,]** + CrO,2- - Hg,CrO .
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§ 4. Ananu3 cMeck KatoHoB Il rpynnp

ecky HET HU OJHOTO PeaKTHBa, KOTOPbIM MOXHO
aKTHqTKprBaTb TOT WIK UHOU KatuoH II rpynnp B
GuU10 6bl OHM JpYTHX, MO3TOMY HEOOXOIMMO NMPUMEHSTE
npﬂcchTqucKMﬁ XOJl aHaNu3a. JUIs 3Toro B KoHMYecKyo
ycreMat crute 20-30 Karesb uccrenyemoro pactsopa u,
on6y ”0};{; n06aBETE 2 H. PACTBOPA CONAHON KMCIOTHL. Ye-
MelLHB }; 0caloK OTLEHTPUYTUpYITe U NpoMoiiTe Xono-
e3 1-2 MU colepXallef HECKOJBKO Kamefp 2 H. pacTtBopa
ot BO%O:V’ICJIOTLI. [eHTp1dYraT U NPOMbIBHbIE BOIBI He Kc-
conﬂHOVchH Ocajiok 0bpatoTaiite 2—3 pasa ropsyeii Boxoii
nOﬂb3ymmby'mpyme. [Ipu 3TOM XJIOpUL CBUMHLA PbCl, nepe-
i UEHTP acTBOp, a Xyopunsl cepebpa AgCl u prytu Hg,Cl,
XOMUT Bg B ocajKe. B LeHTpUdyrate oTKpLIBaIOT KaTwoH
ocm}oTCﬂeﬁcTBMeM nomuna Kanus KI. B ocanke otkpsisator
CB“HuabI cepeOpa U OTHOBANEHTHO! PTyTU. JIns 3T0r0 MpH-
KaEMOH ocaKy 5—7 Karenb pacTBopa aMmuaka. Eciu npucyr-
pu ? katroHsl Hg,?*, To ocalok yepHeer. Xiopux ammua-
CTBr{OlOﬂ neficTBMEM PACTBOPA aMMHUaKa NIEPEXONUT B PacTBOp B
gzne KoMIuIeKcHo# cony, a conb [HgNH,|Cl octaetes B ocan-
ve. LleHTpUDYTUPOBAHKEM omenume 0CafloK. Ll(iHTpI/I(byraT
pa3jieliiTe Ha JBE YACTH I K ONHOM 13 HUX TIpHJieliTe pacTsop
sonua kaus KI, a K ApYroit — a30THoM Kucotsl. [pu Ha-
IUYMY KaTHOHA Ag* B TepBOii npoﬁupKeUBbmanaeruxembm
ocaok Momuza cepedbpa Agl, a Bo Bropoit — Geblii ocanok
xnopuna cepebpa AgCl. B ToM 1 uHOM ciyyae npoucxonut
paspylleHHe KOMILIeKca:

[Ag(NH,),|Cl & [Ag(NH,),]* + Cl-;

K

[Ag(NH,),]* & Ag* + 2NH;;
INH, + Ag* + 2H* + CI- = AgCl + 2NH,*;

[Ag(NH,),|Cl + 2HNO, = [Ag(NH,),]Cl + 2NH,NO,.
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§ 5. YacTHble peakuyu KamOHWW":"“‘"*l
b

9.1. [ledcTBue rpynnoBoro pearexra

[pynnosbiM peareHToM III aHaNIMTHYeCK O rpyn
HOB ABJIsieTCsl pa3baBlieHHas CepHasl KKCIoTa KoToﬂbl Katy,.
3yeT ¢ MoHamu Ba?*, Sr2*, Ca2+ ocankp, Hel,aacm é)aﬂ 00pa.
kucnotax. [Tockonbky npousBeneHne pachOpHMOCT“PHMue B
Ta KanbLUus paBHO 9,1 + 106, To ocaxxneHue HOHOB C:i’fb(b&
0aBJIEHHOM CEPHOM KMCIOTOM MPOUCXOAUT He MOJHo pas.
YTo6bl He moTepsTh KaTHOH Ca2t NMpu aHamu3e Heo6 CThbio.
NIPOBOJUTL IPOBEPOYHbBIE peakKUUU Ha Kamo;{ Ca? j‘?]ﬂumo
OCaXXIEHMsI KATUOHOB TPETHEM TPYTIIBI [PYIIIOBBIM Deare :cne
WA BECTU OCaXACHUE KATUOHOB 3TOI [PYIIIBI CMeckio Cep:{()hf
KMCJIOTBI ¥ 3TaHOJIA. o

9.2. Peakuuu katuoHa Ba2+

1) lnxpomar Kanus JaeT ¢ KaTHOHOM Gapust XenThiji oca
JIOK XxpoMara Oapus:

Cr,0,2 + H,0 — 2CrO,- + 2H™;

CrO,2- + Ba?* — BaCrO,.

B ocanok Bbinagaer xpomar 6apus, Tak Kak B pacTBope
nportekaet B3aumoaerctsue HoHoB Cr,0,%- ¢ Bonoit. Koxuey-
Tpalys 00pa3yIoLUXCs IPY 3TOM XpOMaT-HOHOB BIIOJTHE J0-
CTaToYHa Julsl ocaxaeHust noHa Ba?* B Bune BaCrO,. Cnepyer
MMETb B BUIY, YTO NpH B3aUMoaeicTBuu OUXpoMara ¢ Bomoif
00pa3yloTcsl MOHbI BOAOPOJa, MPUAAIOLLME PACTBOPY KUCIYIO
peakuuio. st 6oJiee MOJIHOro MpOTeKAHHS peaKUUH UX Halo

CBSI3bIBATh alleTaTOM HaTpusI:
CH,;COONa + H* - CH;COOH + Na*.

B o6pasoBaBlileificsl YKCYCHOH KHC/IOTe XpOMAT 6apHs He

pacTBOPSIETCS.
JIns npoBeleHus 9KCIEpUMEHTa BO3bMUTE B MPOOMPKY

3 Karuld pacTBopa cojiu 6apusl, 1o6aBbTe 3 Karuii pacTBopa
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woMaTa Kas i 5 Kanesb pacTBopa alierara HaTpus1, ya-
Ow‘i‘n_e ya BojutHoit Gane. Onuiure cpon Habosenuy,
)cﬂ opeAHTE AHANOTHYHEIC ONBITH ¢ COMblo Kanpyyy
OUHLLIATE HabIoAeHUS.
2) OkpalllMBaH1e mnameHu. Jletyyue cony 6q

LBaIoT 6ecLBETHOE I/IaMSl B XETO-3eNeHbiit 11pe

I'/\(IH

PHs oKkpa-
T.

5.3. Peakuum katoHa Ca2t

) OxcanlaT aMMOHHSI M IPYTHE PacTBOpUMble oy LaBene-
poil KMCIOTBI 00pa3yIOT ¢ KaTMOHOM Kajy
KpucTannM‘ieCKﬂﬁ 0CaJIOK:

CaCl, + (NH,),C,0, - CaC,0 | + 2NH,CI;

U1 Oenplif

Ca* + C,0- - CaC,0,l.

B npoGUPKY HallelTe 3 Karuiu pacTBopa cony KaJblug y
ji06aBbTe KaIllio PACTBOPA YKCYCHOM KUCTOTH, 3aTe npunei-
Te 3 KaIUI pacTBopa OKcaJIaTauaMMOHI/IH M 1-2 Kamm pacrgo-
pa aMMHaKa. Brinmagaet 6emzm KpUCTanIYeckuii ocanok.

[TpoBeaKTe AHATIOTUYHbIH SKCEPUMEHT ¢ consimy Gapus.
Uro Bbl Habmionaere? [IpoBeprTe pacTBopuMocTs OKCanaTos
KaJIbLIMA U 6apUs B PaCTBOPaX YKCYCHOM, CONsIHO y a30THOM
kucaoT. OnMUIIUTe BallK HAaOMIOOEHUS.

2) MUKpOKPUCTANIOCKOMUYeCKas peakuus. [Ing ec
MPOBEJECHUS OIHY KaILI0 PaCTBOPA CONU KalbLUst IOMeCTHTe
Ha MpeAMETHOE CTeKJIO, f06aBbTe Karo 2 H. pactBopa cep-
HOM KUCJIOTBI U OCTOPOXHO HarpedTe Hal IUTUTOM 10 mMosp-
neHus oenoit KakMel. 1o Kpasm Kanu 00pasyIoTcs UroNbLya-
Tele KpucTaiusl CaSO, - 2H,0 B Bume nyykos uu 3pesnoyex.

[Ipy HanM4YuM B pacTBOpe KaTHOHOB Bal+ MOCTYNaloT
ClelylolUM 00pa3oM: B NPOBUPKY BHOCAT 3—4 Kamny
McCllelyeMoro pacTBopa, X00aBisoT 4 Kariu 2 H. pacTBopa
CepHOM KUCIIOThI, HATPEBAIOT 5—6 MUH Ha BONAHO GaHe, TpH
3TOM MOHBI Ba2* mepexonat B ocafok, a nonsl Ca2* ocrarotes
B pacTBope. OcafloK OTAENSIOT LieHTpUpyruposaHyeM. Kario
UEHTpH¢YraTa MOMELIAIOT Ha IPEAMETHOE CTEKIIO U yTapuBa-
10T 110 MOSIBJIEHUS €101 KaliMBbl, a 3aTeM paccMaTpUBaloT Mo-
Jy4YEeHHbIE KPUCTAIIBI IO, MUKPOCKOIIOM.



HM
3) OKpallMBaHHe MIaMEHHU. JIequnem
an

OKpAalIMBalOT OeCLIBETHOE IUIaMsl TOpeJIKY B KMpPnuyy buy,,
HBIIT LIBET. O-Kpac.

5.4. Peakuuu katuona Sr2+

KaTHOH cTpoHUMSA Sr2* He UMeer Cieunbuyecky
aKLui, b
1) TurcoBas Boma (HachllEHHBIM PAacTBOD TIurca Cag
- 2H,0) obpa3syet ¢ KaTHOHOM CTPOHLMS Sr2+ OCaziok cyjy, o1
cTpoHUMA SrSO,. JIng npoBedeHUs NaHHOI P€aKiuy 4 (fam
JIIM pacTBopa HUTpara cTpoHuus Sr(NO,), 106apkTe 5—6 igh
NTEJIb TUIICOBOM BOMAKBI, HarpeiiTe Ha BOOSHOIT OaHe, majite n0~
CToATh cMecH 10—15 MuH U HabmofaiiTe 06pazoBanye Ocaﬂ](a-.
JlaHHast peak1Ms MOXET IPUMEHATECS MpU OTCYTCTBHH Kary.

OHOB Ba?*,
2) Oxkcanat ammonus (NH,),C,0, ocaxmaer katuoy Sp2+

B BUJle GeJIOro ocagka:
St(NO,), + (NH,),C,0, - S1C,0, + 2NH,NO,;

Srzt + C,0,2- — SrC,0,4.

3) IIpubaBneHueM HECKOJIBKUX Kalleslb OKcajiaTta aMMOHUg
K 3KBHBaJIEHTHOMY 00heMY PaCTBOPUMOM COJIM CTPOHIKg
MOJNy4UTE OCATOK OKCANaTa CTPOHIIUS, CDABHUTE €0 ¢ ocaj-
KaMM OKcanaToB Gapus U KaJbLusl.

4) MukpokpucTaulocKonuyeckas peakuus. [ToMecTure Ha
NpeAMETHOE CTEKJIO KaIlllo pacTBOpa COMu Sr2*, BhINapeTe,
npubaBkTe Karutio 2%-Horo pacTBopa HUTpaTa MeAu Cu(NO;,),
M CHOBa BhINapreTe focyxa. Jlaite ocThITh, NpHOaBLTe 3 Kamiu
0,05 H. pacTBOpa YKCYCHOM KUCJIOTBI U BHECUTE 2—3 KpUCTaIIa
HutpuTa Kajiust KNO,. Habmonaiite mox MUKpOCKomoM Mel-
Kue cuHe-3eseHble Kyoudeckue Kpucramsl K,Sr[Cu(NO,),].

5) OxpawuBaHue raMeHd. CoJid CTPOHLIMS OKpallKBaloT
OecLiBETHOE IUTaMs TOPEIKH B KAPMUHHO-KPAaCHHI IIBET.



raasa 1. KaueCTBEHHBIH aHaAH3
prana L. 111
§ 6. AHanu3 cMecu karnonog
1l aHanuTMyeckoi rPyNnbI

Pa3fe/ieHHe KATHOHOB OCHOBaHO ja

\ocTH HX coneil. PacTBopumocts YMEHbLIAETCS B payry Ca2+

sp2+ > Ba?*. Tak, B OTIM4KE OT KaTuomop Sp2+ 4 CF; 2ny a2t >
Bal* 0CaX1AETCs B BUIIE XPOMATOB B YKCYCHOKH GO c, : a;HOH
toH Sr2*, B CBOIO O4epe/lb, ocaxnaercy HﬂCbIUleHHog IE; Ka-
poil BOLOH. THIICO-

Bravanie OMpPENCISIOT B OTAENbHOI MpoGe Ba2+ oca

ero XpOMATOM (IMXPOMATOM) Kaniust B YKCYCHOKHCJ;OFI cxélaﬂ
Ecmi OH MPUCYTCTBYET, Er0 YAAISIOT 110 3To} we peaKuv?Hﬂe.
peeit mpoObl. Ilocie ocaxnenus UeHTPHYTUpYIoT. K « u3
LeHTpU(yraTa J00aBISIOT TUTICOBYIo Bony. Eey HO;JJ]e }:acm
TOpOro CTOSTHUA BBITMANACT OCANOK, TO B PacTBope nP”CYrc?;O_
et KaTOH Sr**. Ero yransior u3 octasimerocs pacrong 4
GonatoM HaTpus. IIpu sToM ocaxnaercy y Ca2t I;oxap_
CTBOPUMOCTb 00pa3yIollerocs Kap6ouara KarbLius ﬂz)crang:

HO BEIMKa, YTOOb! ONPENeNUTE B duneTpare Ca2+ ¢ TIOMOLIBIO
(NH4)2C204‘

Pa3MYHON pacTpopy-

§ 7. AHanu3 cMecu KaTMoHOB
I-1ll aHanuTM4eckux rpynn katnonos

HccnenyeMblit pacTBOp, COIepXalluii CMECh KaTHOHOR Tpex
rpYII, MOXET OBITH C 0CalKoM U Ge3 ocamka. Ocanok Moxer
cogepxarb xnopunsl AgCl, PbCl,, Hg,Cl,, cynsdarst BaSO,,
CaSO, nmu Bce BMecTe. IloatoMy pasnuvaror aga cnyyas: pac-
TBOP C OCaJIKOM UM pacTBop Oe3 ocajka.

7.1. PactBop 0e3 ocapka

1) B oToenpHO MOpUMM pacTBOpa OTKPHIBAIOT KaTUOH
NH¢*+ HarpeBaHHEeM C PacTBOPOM THIPOKCUIA HATPHUS HIIH C
noMo1uelo peaktuba Hecciepa.

2) K uccnenyeMomy pactBopy M06aBisIOT 2 H. pacTBOp
HC1, nepeMelIMBalOT CTEKJISHHOI MAJIOYKOH 1 HEHTPHPYTH-
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PYIOT, OCIOK NPOMBIBAIOT BOAON, TOJIKUCIICHION ) . pac
POM cOIHON KHea0Tl uist HOHMXKCHUSI PACTBOPUMOCTY x;“”
I().

PILA CBHIIA).
3) K nenrpudyrary, CogepxaieMy Katuonn Ba2+ Ca2s

' . I ‘KOT . )CT !
K*. Na‘, NH," 1 nekoropoe Kojimuecrso Pb2*) MpUnnpyy,
1215 kanejan pacrBopa cyjibpara aMMOHHUsI (NH,),S0 " !
rpenaloT S—6 MUH Ha KHISIIICH BOIHOM Oane, jajor ()?I,'CT(()L

arhest 10 MUH W HEeHTPUDYTHPYIOT,

4) OcajloK, IOJIYUCHHBIH B 1. 3, MOXET cojiepxath BaSo
CaSQ,, PbSO,, SrSO,. [lnst ynajeHusi CBUHLA Ocafok 06pa6a4_’
THIBAIOT NpH HarpeBaHUK 30%-HbIM PacTBOPOM alieTaTa amyo.
nusgs CH,COONH, 110 nosHOro pactBopeHusi cyabdara cpyy.-
wa. [Mocae aToro ocTaBUMMCSI 0CaIOK CyNb(]haToB Gapus y
KaJIbLIMSI TPOMBIBAIOT [Ba pa3a AUCTHJUIMPOBAHHOM Bofoijj
nepeHocsT B apdoposyto yaliky, 106aBasorT 3—4 ma 10 Hf
pactBopa K,CO; u kunatar 5 MuH. Ilocie oxnaxmenus g
¢dapcdopoBylo yaLIKy 106aBASIOT 2 MJI BOIbl, [IEPEMELLUBAIOT,
JaloT OTCTOATBHCS U IPO3pavyHblil CI0M XUIAKOCTU CIMBAIOT,
O0paboTKy KapOOHaTOM KajMsl NPOBOAAT 2—3 pa3a (Io mnoj-
Horo yaaneHus noHoB SO,2-). [Tocie nmpoMeIBaHUS Ocagok
KapOOHAaTOB 0apusl, CTPOHUUS WU KaJbLMs pacTBOPSAIOT B 10—
12 Kamasgx yKCYCHOM KUCOTBHI.

5) B pacTtBope, MOJy4eHHOM B I1. 4, 00OHapYXMBalOT UOHBI
Ba2+ u Ca?*. Ing sToro 6epyT 3 KaIulM pacTBopa U npubasis-
10T K HUM 3 kamiu K,Cr,0, 1 3 Kamju auerata HaTpug
CH,COONa. Obpa3oBaHue 0CajIKa YKa3bIBaeT Ha IIPUCYTCTBHE
noHoB Ba2*. JIisg ux yHajleHusl K pacTBopy N00aBJsIOT U30bI-
TOK GUXpoMaTa Kajug B IPUCYTCTBUHU alleTaTa HaTpHs, rnepe-
MEILUBAIOT CTEKISHHOM MaJTOYKOM, JAIOT MOCTOATh 2—3 MUH
1 ocanok otaensiioT. OcTaBLIMiiCS pacTBOP MOXET COEPXaTh
UOHBI Sr2* u Ca?*. JIng ooHapyxkeHust Ca2*t K pacTBOpy n00aB-
as1oT Heckosnbko kaneib (NH,),C,0,. IToaBneHue oeyoro
KpUCTAIMYECKOTO OCajIKa YKa3blBaeT Ha HaJIny1ie HOHOB Ca?*,
MoHbI Sr2t MOXHO OTKpbITh AeiictBueM CaSO, M NOATBEPAUT
peakuMeil oKpall¥BaHUs [UIaMEHH.

6) LleHTpudyrat, nony4eHHsIA B M. 3, MOXET CONEPXaTh
noust K+, Nat, NH,*, yactudHo Ca?*. FIx obHapyXXeHHE MOX-

HO MpPOBOIUTE APOGHBIM MeTonOM. [l 9TOro BHavalle yiani-
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jo1 MOHDI Ca?* mcojgg)ﬁ MOPLMK LIeHTpHyrata neiictayen
,COy. Ocapok LatUy, ?T‘l”iﬂbTPOBbllmlOT, a B bunprpare
STKpBIBAIOT KATHOHE! Na* neitctBuem KH,8b0,. U3 npyrois
oplHH ueHTpudyrata noHn Ca?* yaansior neficTBueMm
Na,CO» Ocanok CaCO; Toxe oThunsTposinator 1 OTOpach-
5aloT, @ 13 (PMJIpraTZI YATIOT KaTHOH aMMoHus. 115t 9Toro
noﬂY‘leHHbm (WIILTPAT MOMELLAIOT B TUreN}, Wi ([)ap(boponym
yaluky, BbINAPUBAIOT KOCYXA M NpoKanusalot, [ocye oxJ1ax-
neHust CONEpXHMOC UL obpabaTbiBaior HECKONIbKUMM Kaf-
M AUCTHIUTMPOBAHHOM BObI. Onepauuio MPOKaIKMBaHUg
[10BTOPSIIOT HECKOIBKO pas. [Tocne storo IMPOBEPSIIOT Ha noj-
HOTY YAQIEHUA CONIEH aMMOHUSI C NIOMOLLIBIO peakTHBa Hec.
c/iepa M OTKPBIBAIOT KaTHOHBI K* meitctuen Na;[Co(NO,)]
WIn NaHC4H406' 6

7) OcalioK, MONY4EHHBI B 11. 2, Moxer COMEPKATh XIOpU-
161 ACl, Hg,Cly, PoCl,. Jinst otnenenus nonos CBMHLa oca-
710K HeOOXOAMMO 2—3 pa3a 06paboTath ropsiveit Bogojf i oT-
qedTpudyrupoBats. [lpu stoM xmopup CBHHUa PbCl,
repeXofUT B paCTBOP, a XIOPHIbI cepebpa U pTyTH ocTatoTcs
B O0CaJiKe. .

8) Jl1st OTKPBITHSI MOHA CBMHL@ K 3—5 Kamsm HEHTpuy-
rata 43 1. 7 106aBbTe TaKoe Xe KonuuecTtso K] — o0pasyercs
SKeJNITBIN 0CaJlOK MOMAA CBUHLA Pbl,, KoTopsrii MpH Harpesa-
H{Y PACTBOPSIETCS, a IPH OXJTAXACHUH BHOBb BbIMANAET B BHLe
30/I0TUCTO-XKEJIThIX KPUCTAJIIOB.

9) K ocanky, nofy4yeHHOMY B 1, 7, no6aBste 5—7 Kanens
pacTBOpa ‘aMMHaKa 1 nepemetuaiite. Ecu [IPUCYTCTBYET Ka-
ToH Hg,2*, To ocanok yepHeet. Xnopun cepebpa noa geii-
CTBUEM aMMHUaKa MEpPeXoaUT B PacTBOP B BHIE KOMIIEKCHOI
conu, a cob [HgNH,]Cl u pTyTh ocTalotest B ocanke u nator
yepHbIil LBeT. OTUEHTPU]YTHpYiiTe ocanok 1 oT6pockTe ero.
[lenTpucyrat pasjieiuTe Ha 1Be YaCTH ¥ K OJHOMN M3 HUX npH-
neitre pactsop KI, a K apyroit — azoTHoit kucnotsl. [pu Ha-
JIMYUKM KaTMoHA Agt B NepBoii NpoOUpKe BbIMageT XeThlil
ocaJloK Moauaa cepedpa Agl, Bo Bropoit — Geblit ocanok x1o-
puia cepedpa. B oboux ciyyasix MpOUCXOAUT pa3pylueHue
KOMILJIEKCa.
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7.2, PacTBOp C 0Ca/AKOM o

1) B oTeibHOR 11pobe pacTBopa OTKpbipajoy Kary
OH N“q},

Harpesast ero ¢ LeI0UbIO.
2) K ucenenyeMoMy pacTBOpY ¢ ocalikom KOGangy,
oT,

merunpas, 2 H. pactsop HCI u npoBepsior ya Moo
neHns. OcaloK OTAENSIOT LEHTPUDYTUPOBakuey y np}(; OCay.
0T OJMH pa3 BOIOH, MOIAKUCIEHHOH HECKOJIbKnMy L IIIWHB(L
COJISTHON KHMCJOTBI (11 MOHUXEHUS PacTBopuMocry X;lﬂM“
na cBuHLa). OCaloK MOXET COLEPXATh cou AgCl Opy-
PbCl,, PbSO,, BaSO,, CaSO,, a UeHTpUbyraT — ;{angclz,
Ba2+, Ca2t, K+, Na*, NH,*, Pb%*. llenTpucyrar MO)KHZOHM
ce/loBaTh, KaK yKa3aHo B MHCTPYKUMH MO aHaNu3sy cye, :CI
[I, III rpymnn KaTMOHOB 0€3 OcajiKa. ,
3) OcajIoK, MoNy4eHHbIH B I1. 2, IPOMBIBAIOT 3—4 Pasa ro
yeii BOJOIi (HarpeToi 10 KUMEHHUS); PaCTBOP CoGHpaior y Ongg‘
neJsitoT B HeM Pb2t yaCTHBIMM peakUUAMU (HaanMep, ¢ KI )
4) Tlocse oTAeNeHMs CBUHIA K OCAKY U3 II. 3 an6aBH$1'-
joT 10—12 Kamesb 25%-HOr0 pacTBopa I'MAPOKCHIA aMymopyg
¥ nepemelyBaioT. IIpu STOM XTOPUI Cepedpa pacTBopsercy
mepexofs B KoMIUIeKcHYIo conb [Ag(NH,),]Cl, a xnopuy pTy:
it Hg,Cl, naet ocanok ([HgNH,]CI + Hg) yepHoro ngera. By
cTpoe MoYepHeHUe CMeCH OT IeHCTBUS TMIPOKCUIA aMMOHKy
yKa3blBaeT Ha HaIM4ue pTyTd. OcaloK, ConepXaluuii coenume-
HUS PTYTH, a TaKXXe CyIb(arhl CBUHLA, KaIbLUA U 6apug, or-
HeNsIoT LeHTpUdyrupoBaHueM. B ueHTpudyrare, conepxa-
meM coiib [Ag(NH,),]Cl, OTKpBIBaIOT KATHOH Ag* (Hampumep,

nob6asigg KI umu HNO,).
5) Ocanok U3 1. 4 2—3 pa3a 06padaTbIBAIOT AMMHAKOM [

yIaJeHUs U3 Hero MOHOB cepebpa (10 TeX IMOop, MoKa LieH-
Tpuyrar He IacT OTpULAaTeJIbHYI0 peaKIMIo Ha KATHOH cepeb-

pa). [Tociie 3TOr0 OCaJ0K IMPOMbIBAIOT BOIOH, 3aTEM N00aBIIs-

1ot 15 xanenp 30%-Horo auerata aMmmonus CH,COONH,,

rlepeMellBaloT CTEKJISTHHOM IMaJlOYKOM U HarpeBaloT Ha BOAS-
Hoif 6aHe 3—4 muH. ITpu aToM cynbpar ceuHua PbSO, 1 xjio-
pun MepkypammoHnust [HgNH,]Cl pactBopsitorcs. Ocaiok,
colepxKalluit CyJbdatThl KaJIbLUUA U 6apHsl, OTAENAIOT LEHTPH-
(yrupoBaHUEM U UCCIENYIOT TaK, KaK yKa3aHO B MHCTPYKLHH
o aHamusy cMecu I, I, III rpynn kaToHOB 6e3 ocanka (§ 7,
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§8. YacTHble PeaKuumn katuoxog |V rPynnbi

g.1. [leHCTBME rPYNNOBOTO pearenTa

[pynIOBbIM PEATEHTOM Ha KaTHOHbI [V

[UAPOKCILL HATPUS WK THAPOKCHA Kanus p N30bITKe, [Ty
npoBepKH AICUCTBUS TPYMINOBOTO pearenta Bo3pMyrTe TPH 11po-
GUpKH 11 BHECUTE B KAXAYIO 10 5 Kamey, PacTBoOpa coorper-
cTpylolleil CONM KaTHOHOB A+ Cp3+, Zn2*| noGappre o
5 Kane/b pacTBOpa MMAPOKCHIA Kaus KOH, fiepeMerLuaiite
cTeKIHHOU TIATIOYKOH, OTMETBTe 06pasopatye i LIBET ocaj-
KOB, HAMMMLIMTE YDABHEHUSI XUMHYeCcKyx Peaxuwmii. [Mocne 31o-
ro HAJIEHTE B KAXMYIO U3 MPOGUPOK 110 §—7 Kanens pacrpopa
TMAPOKCUAA Kanus (M30BITOK), Mepemernajire CTEKJISIHH O}

aouKon U [IPOBEPLTE PaCTBOpeHue OCankoB B U30bITKe pe-
aKTUBa.

PYIIbI SIBIISIETC Y

8.2. Peakuuu katuona Al3+

1) Anmsapun C1,HO,(OH), o6pasyer s aMMHaYHoIf cpe-
ne ¢ A1(OH); tpynHopacTsopumoe COCIUHEHME SIPKO-KpacHo-
ro LBeTa, Ha3bIBAEMOE ATKOMUHUEBBIM JaKOM. Peakuuio pI-
MOJHAIOT KaleJIbHBIM METOXOM. JIns 3Toro Ha OJIOCKY
(bUIBTPOBANIBHOM GyMaru HaHecute | —2 KaIui pacTBopa Xj0-
pulia alOMIHUA U TIONCPXKUTE 3aTeM 1—2 MUH Haj cKIsHKoi}
€ KOHLICHTPUPOBAHHBIM PACTBOPOM aMMuaka. [1pu 3Tom ka-
THOH A1* ocaxpaeTcs B BuIe TMAPOKCHIA A1(OH),. Ha no-
JIYICHHOE BIIaXXHOE IIATHO IOMECTHTE KAILTIO CIMPTOBOTO pa-
CTBOpa ali3apyHa U CHOBA MOJEPXUTE B Mapax aMMUaKa.
B mpucyteTBum A13+ nposiBisieTcst po3oBoe KONbLo Ha dbuo-
JIETOBOM (oHe. DTOT BOH NpeACTaBIseT co6oil OKPacKy anu-
3apvHa, MpUHUMaeMYI0 UM B LLEIOYHOM cpene. Bymary ocro-
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' LeviTe Hat wirtoit, Tpn 91oM aMMUak yieryy,,

reronast OKpacka AJIM3APUHA TICPEXOINT |y g,
10 MYy B KHCJIOH Cpeie, M HE MELIACT Hatyy,

pORHO 1O
pactest Qo

vio, cpoiferpetty | ,
l;‘lllll() OKpAcKH AUTIOMHHHEBOTO JiaKa.

HO — Al — OH
7\

AlOH) + [

MeTh B BULY, UTO OIOOHBIE OKPAIICHHbIE JIaky
HOM U Ipyrue KaTUOHBL. ITo3TOMY UX HE0OX0-
IMMO OTHENATH OT A13+. DT0 JOCTUTaeTCsl NPUMEHEHUEM TIPO-
MUTKU U3 K4[Fe(CN)6], C KOTOpPBIM MElIaIIUe KaTHOHBI
(Cr3%, Zn?, Fe3* u ap.) HaroT MaJIopacTBOPUMBbIE TeKcallhaHo-
depparts! (II). s 3TOr0 Ha nosocKy GuIETpOBaJIbHON OyMa-
[M HaHOCST Karulo pacTBopa K,[Fe(CN)g]. B LeHTp BiIaXHo-
ro MSTHA NMOMeEUIaloT Kalllio HCCIelyeMOro pacTsopa,
comepxaliero Al13* 1 Mellarolne KaTHOHbL. Eciiu B pacTBope
JMeIoTCd Melaiolye peakuy KaTHOHBI, TO B LIEHTPE IIATHA
[10sIBJIIE€TCS OCaJ0K U3 MaopaCTBOPUMBIX rekcalyaHodeppa-
toB (II). UYTOOH! BBIMBITH U3 HETO afcopoupoBaHHbIe Al3*-
MOHBI, HYXHO OCTOPOXHO HaHECTH Ha OCalloK KaIlJIl0 BOMIBI.
Jlanee peakLuIo ONpeNeIeHNA A13* BeCcTH MO ONMUCAHHOM

Crnenyetr U
[IaloT ¢ ajiu3apy

BbILlIe METOIMKE.
2) Jlng onpeneneHns Al ¢ oOMOLIbIO aTIOMUHOHA HaJieu-

Te B po6UpKy 3—4 KaIlli aHaIH3UPyeMOro pacTBopa, 100aBb-
Te 3—4 KaIUIM 2 H. pacTBopa YKCYCHOU KUCJIOTBI 1 2—4 Karnu
0,1%-Horo pacTBopa ajJloMUHOHA. [Tpo6upKy MOMECTUTE B
BOISIHYIO OaHI0, HarpeinTe, XopoLlo repeMenIanTe 1 100aBbTe
[0 KaIuisM 2 H. pacTBOp aMMHMaKa, a 3aTéM BHECUTE 2—3 Karl-
JM 2 H. pacTBopa KapOoHaTta aMMOHMS. [Tpy HaMYUM UOHA
Al3* pacTBOp OKpAalllMBaeTCs B KpaCHbIA LBET WM MOSBIACT-
cs1 KpacHbIA 0caIoK aJJloOMMHOHOBOTO JiaKa.
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3) PacTBOP aMHAKA OCAKIAET KATHOH alloMIHUst Al
AI(NO,), + 3NH,OH — Al(OH), + INH;NO;;

AB* + 30H- - Al(OH),{.

[{pOKCHIL ATIOMUHIST He PACTBOPSIETCS B pacTBOpax coieii
aMMOHHSL.

4) Peakuusi Ha KaTUOH allOMUHUSA AP+ cyxum myrewm.
OyeHb pa3baBIeHHBIN HUTpAT KobasibTa Co(NO,), maer ¢ ka-
THOHOM ATIOMUHUA AP amoMuHar ko6ansta Co(AlO,),, ume-
jOLLLAI CUHWI LIBET, Ha3bIBaEMbIil TEHAPOBOIi CHHBIO:

2A1)(SO,); + 2Co(NO;), —

— 2Co(AlO,), + 650, + 4NO,T + 0,T.

Jins npoBefeH!s peaklUu BO3bMUTE MOJOCKY GUIBTPO-
BaIbHO OyMart, CMOYMTE ee MCCIeyeMbIM PaCTBOPOM i pa3-
©aBJIeHHOI a30THOU KUCIIOTOM, MOJEPXUTE B TOKE TEILIOrO
BO3IyXa (Hall rOpeNKoif), CMOYUTE pa3daBieHHBIM PaCTBOPOM
(0,05 H.) HUTpaTa KoOaJkTa, a 3ateM coxrute. [Tpu Hanuyum
KaTMOHa aJIIOMUHUS TeTel, KOTOpbIi NnojyyaeTcs Npu CxXura-
HUU, UMEET TeMHO-CUHIO oKpacky. [IpoBeneHMIO 3Tl peak-
MY MelnaoT KaTuoHbl Zn?t, Cr3+ Cuz*, Ni?t.

8.3. Peakuuu katuoHa Cr3+

1) Peakuiyu oGHapyXeHHUsI XpOMa OCHOBaHbI Ha OKHCIEHHH
KatuoHa Cr3* B Cr (VI), KoTopbie MOTYT ITPOTEKATh B LIeJI04-
HOM U KUCJION cpenax.
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—ra) Jli1st OKUCTEHMA Cr3* p LIeJI0UHOM cpejie K 2--3 Kaluigy

paCTBOPA COIIN Cr*+ npu6apbTe 4—5 Kaneib 2 H. PacTop,
NaOH, 2-3 Karju 3%-HOro pacTBopa MEPOKCHIA Bojopgy,
H,0, 1 Harpeite Ha posiHOM OaHe llCCK()JIbK9 MUHYT 10 7oy
rop, MoKa 3eJieHas OKpacka pacTBopa He IepeHeT B xe Iylo,
[TepoKcuZ BOIOPOAA MOXHO 3aMeHUTD [1EPOKCHIIOM Hatpyy.

Cr3+ + 20H- = Cr0,~ + 2H;

Cr0,~ + H,0, + 20H- = CrO,?- + 2H,0.

yraHat Kaus B kucnoit cpeae okucaser Cr3t o
am pactBopa conu Cr** 106aBystioT Tpy
H,SO,, 5—6 kanenb pactsopa KMnO, u

6) [lepma
Cr,0,2~. K 5—6 xani
KaIruiy 2 H. pacTBopa
OCTOPOXHO HarpeBaloT Ha IUIUTE.

10Ce3* + 6MnO,~+ [1H,0~ = 5Cr,0,% + 6Mn?* + 22H*

[Tpy GONBLLIOM M30bITKE KMnO, peakuusi CONpOBOX/IaeT-
cs1 obpazoBaHueEM Oyporo ocaika MapraHLUOBHCTOM KMCIIOTBI
H,MnO; (MnO(OH),). PacTBop Hag ocalkKoOM MMEET XeJITo-

OpaHXeBYIO OKPACKY:
2MnO,~ + 3Mn2* + 7H,0 — 5MnO(OH), + 4H*.

B) Obpa3oBaHHUE HagxpoMoBoi KucioThl. [lepokcun
ponopona obpasyer ¢ Cr,0,2~-MOHaMH B KUCJION cpelle Hajl-

xpomoByo kucaoty H,CrOg:
Cr,0,2- + 4H,0, + 2H* - 2H,CrO; + 3H,0.

K pactBopy 61XxpoMata 00aBbTe HECKOJIbKO KaIle/b 2 H.
pacTBOpa CEpHOM KMCJIOTbI, a 3aTeM npuneiite 8—10 Kareb
AMUJIOBOTO CIIMPTA WM JUITUIIOBOrO 3Hpa U HECKOJIBKO Ka-
nenb H,0,. [Ipu aToM 06pasyeTcst HaAXpoMoBas KHCJIOT4, KO-
TOpas Mpy B30AITbIBAHUU MEPEXOAHT B CJIOI aMUJIOBOTO CITUP-
Ta WM APYroro OpraHn4ecKoro pacTBOPUTEIs, OKpacHB €ro B
CUHUI LiBeT. B BOIHBIX pacTBOpax HaaXpoMoBas KMCJIOTa He-
ycTOMYHMBa, B cpelle Xe OpraHUYeCcKuX pacTBopUTeJei ee
YCTOYMBOCTD MOBBILIACTCH.

2) BomHelii pacTBOp aMMHaKa 00pa3yeT ¢ KaTHOHOM Cri+
ocanok runpokcuia xpoma Cr(OH); cepo-3e/ieHOro (WM cepo-

(H0JIETOBOTO) LIBETA!
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= ¢rCly + INH,OH - Cr(OH). | INH,CI:

Cr’* + 30H- - Cr(OH)

3-

3) TMIPOKCHIL HATPHS TAKXKE AT ocaok iy
a (I10) Cr(OH);, KOTOpBIA NpK u36biTKe Les0y
':: o ¢ obpasoBaHieM xpomuta NaCr0,, nverore

Cr(OH), + NaOH — NaCrO, + 2H,0:

POKCHAa xpo-
U pacTBopsier-
I0 sIpKo-3ejie-

Cr(OH), + OH- - Cr0,- + 2H,0,

Xpomut Hatpust NaCrO,, B OTIMYHeE OT attio
NaAlO,, TMIPOITU3YeTCst BONOU NPU Harpepany
eM TMIPOKCUIA XpOMa.

Jlng MPOBEIEHMUS OIBITA B MepByio POOYPKY Hanejite 3—
4 KaIlUIX pacTBOpa XIOpUia xpoma CrCl,, a po BTOpYI0 — 3—
4 xaTJiyi pacTBOpa XJIOpUIa alloMUHKg AlCl,, B KaXnyto
nobasbre 10—12 Kanenb 2 H. pacTopa TMIOPOKCUIA HaTpug
NaOH 1 Harpeiite. Obpatute BHuMaHue, yTo p TepBoit npo-
6upke 00pa3oBaBLUIMICA BHayale ocagok TMApOKCHIa Xpoma
Mpy JajibHeHIIeM 106aBleHUN Wieloyy PacTBoOpsieTes, a npy
HarpeBaHUM CHOBA BhINaaeT B BULE cepo-3efieHoj Macchl. Bo
BTOPOi1 IMPOOUPKE BHIMABIINI 0camok TUIPOKCHAA alllOMUHUY
pacTBOPSIETCS B U3OBITKE TMAPOKCHIA HaTpKA, HO Ny Harpe-
BaHUU OcCaJiKa He 00pa3yeTcs.

Inppoxcunst NaOH v KOH npu neftcteun na KaTuoH Cp+
B IPUCYTCTBUM KaTHOHA Zn* 06pasyioT ocafoK uuHKata Xpo-
Ma, HEpaCTBOPMMOTO B U3OBITKE OCaIUTENS. [Tponenaiire nay-
HBII OIBIT, B34B 3 KaIlli pacTBopa CrCl, 1 3 xamm ZnCl,,
nepeMeLaiTe CTeKISIHHOM Nanoukoit 1 nobassre 10—12 Ka-

IIEJIb THAPOKCU A HaTpus4. Onumure PC3YJIbTaThl U HAMTULLIU-
T€ YpaBHEHUE peaKLUU.

MUHaTa HaTpug
Y € 00pa3oBayy-

8.4. Peakuuu kaTvona Zn2+

1) lutuson (audenunTnokap6aszon), NpUMeEHSEMBI B
BUJIe pacTBOpa B XJ10pohOpME MK YEThIPEXXIOPUCTOM YIie-
POZe, 0bpasyet ¢ MoHaMK Zn2+ BHYTPMKOMILIEKCHYIO COJIb,
OKPAIIEHHYI0 B MAIMHOBO-KPACHBIi1 LBeT. Peakuus mo3Bois-
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eT OTKpbIBATh JaHHON peakuueil MoH Zn?* p NpUCYTCTRyy,

ApYTHX MOHOB. JIIst MpOBENeHHUsT peaKLMH HasleHTe B 1po6up.
Ky 2—3 Kaniu pacTBopa coiu Zn?*, n1o6abbTe 5 Kanens 2 y
pacTBopa M'MAPOKCHIA HaTpus. BeinaBLIni ocamok (ecny OH.
obpasyeTcs) OTUEHTpUdYrupyiTe. Karutio ueHTpudyrara rq.
MECTHTE Ha NpeaAMeTHOe CTEKJIO U obpaboraiite 2—3 Karnsyy
pacTBopa IMTU30HA B XJlopodopMe, NepeMeLLMBaTe CTek gy -
HOIl MaJIoyKoM 10 TeX MOop, MOKa He UCMApUTCSl BECh pacTao.-
putenb. [Ipy HUTMYUK KaTHOHA Zn2* BOAHBIA pacTBOp mpy-
oOpeTaeT po30BYIO MJIM KPAaCHYIO OKpacKy.

N=N'—C5H5
Znt*+8§ =0
NH—NH — C4H;

1—2)‘1+

CoHs— NH — N—— Zn N—NH — CH;
| 2N |
C=3S § =C

CGHS—N:N N=N—C6H5

[Tpy OTCYTCTBMHU €ro MOXHO HabJIIOAaTh MOSIBIEHUE XeJl-
TOJ OKpacKU, BbI3BAHHOM 00pa3oBaHUEM NUTU30HATA HATPHS.
Eciu okpalvBaHue Hab110gaeTcs TOJBKO B CJIOE PaCTBOPUTE-
JiF, TO 3TO elle He FTOBOPUT O MPUCYTCTBUMU KaTUOHa Zn2*,

2) PacTBop amMmMuMaKa ¢ KaTHOHOM UMHKa Zn?t obpa3syer Oe-
nblit ocamok ruapokcuaa UuHka Zn(OH),, pacTBopuMBblit B 13-
OBbITKE peareHTa, ¢ 00pa3oBaHKeM KOMIUIEKCHOIO COETMHEHUS —
aMMuakata uuHkKa [Zn(NH;),](OH),:

ZnCl, + 2NH,OH — Zn(OH),| + 2NH,CI;
Zn(OH), + 4NH,OH — [Zn(NH,),](OH), + 4H,0.
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ATl 111eJI0MHDBIX METAJIJIOB U aMMOHHUS 00pa3yloT Oe-
‘ OBHOM COJIN:

2ZnCl, + 2Na,CO; + H,0 —

_s Zn,(OH),CO5d + 4NaCl + CO, T,

gzmt +2C08 H,0 - Zn,(0OH),CO, + CO,,

CocTaB ﬂ.aHHOﬂ COJIM 3aBUCHT OT TEMIIEPATYPLI U KOHLIEHTpa-

ACTBOPA.
umj')pcePOBoﬂOpoﬂ H,S 06pa3yeT ¢ KATHOHOM LIMHKa Zn2* Ge-
p1it 0CaoK cynpdua UMHKa ZnS:

ZnCl,+ H,S = ZnS{ + 2HCI;

J

Zn2t + S- — ZnS\.

Jlns NPOBEAEHUS peaKLni HaJeiTe B pobupKy 3—4 Kar-
sy pacTBopa xjopua wuHka ZnCl,, no6assre 2—3 Kamu
A[eTATA HATPUS CH,COONa u 5-7 kanensb cepoBogopoaHoi
pofbl. Habiogante 3a 96pa3OBaHMeM ocanka. [Tposepsre pH
pacTBopa yHUBepCcalbHOM MHANKATOPHOW Gymaxkoii. Tpu
KaKoil BeJIu4nHe pH ocanok cynpduna unHka 6yner pacTBO-
patbca?

4) Texcaunano-(I1) deppat kanus K,[Fe(CN)] o6pasyer
¢ KaTMOHOM LIMHKa Zn?* Beblif ocanok ABOIHOM conu:

3ZnS0O, + 2K, [Fe(CN),] - K,Zny[Fe(CN)],) + 3K,S0,;

3Zn2* + 2[Fe(CN)g|?- + 2K* — K,Zn,[Fe(CN) 4.

OTa peakuUMusl MO3BOJIAET OTAUYUTh KATUOH LUHKA OT
KaTHOHa ajJloMUHUS Al3t,

§ 9. AHanua cmecu katvoHos IV rpynnbl

Xon aHaynM3a KaTuoHoB IV rpynmsl pacrnamaercs Ha TpH
Tana:

— BBIIEJIEHKE U ONMpefeieHUe KaTHOHa allloMUHUS AL,

— BBbIIEJICHUE U OTKPHITHE KATUOHOB LINHKA,

— OTKpBbITHE KaTMOHa XpoMa.
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[Toc/ieoBaTeNbHOCTD Orepalui: 6epyT 8—9 kaneyy, MCere
JyeMOro pacTBopa, 106aBJIsioT B POGHPKY 8 Karteny, aMMy a:
Ka 1 5—6 Kane/lb ePOKCHAA BOIOPONA 1 3aTeM Harpeajoy ¢
7 MUH Ha BofsiHo# 6aHe. OcalloK rmapoKcuma aIOMy
Al(OH), otrenstior UeHTpHpyriupoBatueM. Lentpugyrar o,
JEISIIOT TIMMETKON U IIEPEHOCST B IPYTYIO MPOGUPKYy, Ocago
pacTBOPAIOT B 5—6 KarlIsix COIsSIHOM KUC/IOTI U M3 Nonyyey,
HOTO pacTBOpa OTKPbIBAIOT AJIIOMUHHUMY.

OTKpbITHE KATHOHA AIIOMUHUSA IPOU3BOISIT AIU3apHHoy
HutpatoM Kobaisra Co(NO;),.

Llentpudyrar, conepxaruni annoHsl CrO2-u [Zn(NH D2t
HeHTpan3yloT YKCYCHON KUCI0TOM (100aBiss Kucnory n(;
KamisM ¥ MOMeLIMBasi CTeKISTHHOM NMaJlouKoi) U Harpepajor
Ha BOJISIHOIt 6aHe 3—5 MUH, 3aTeM 100aBasIOT 5—6 Kaney pa-
ctBopa Kap6oHarta Hatpyust Na,CO; U ocaXnaloT uuHK B BHIle
ocHoBHoi conu (ZnOH),CO;. Ocanok oTaensor u pacTBops-
IOT B HECKOJIBKMX KaIlIsX YKCYCHOM KHCJIOThL. B monyyennoy
pacTBOpe KaTHOH Zn?* 0GHapyXUBAIOT peaKUMeH ¢ IUTH30HOM.

dunpTpat nocje oTAeNeHUS OCHOBHOM COJIH (ZnOH),Co,
MOXET COlepXaTh XpOMaT-aHUOHBI. VX OTKDBIBAIOT B Buge
CrO; uu HamxpoMoBoit kucinotel H,CrOg4 neiicTBreM nepok-
cuaa BOIOpoJa.

AHaJn3 cMecH KaTMOHOB MOXHO IPOBOAUTE U JPOGHEIM
METOJIOM.

§ 10. YactHbie peakumu katmoHoB V rpynne

10.1. Jencreue rpynnoBoro peareHra

Inapokcuabl KaTHOHOB V IpYIINLI He obiagaoT aMdoTep-
HOCTBIO M He 00pa3yloT pacTBOPUMBIX aMMHAYHbIX KOMILIEK-
cOB. OHM KOJIMYECTBEHHO OCAXAAIOTCS U3OBITKOM THIPOKCU-
noB KOH unu NaOH, kotopsle ¥ IBASIIOTCA TPYIIIOBBIM
peareHToM. JJisl MPOBEPKU AEUCTBUS IPYIIIOBOrO peareHTa
BO3bMUTE YEThbIpe NPOOHUPKH U BHECHUTE B KAXKIYIO 1O 5 Kareib
pacTBOpa COOTBETCTBYIOLIEH colt KaTuOHOB Fe2t Fe3*+, Mn?+,
Mg?*, noGaBsre 110 5 KalleJib pacTBOpa TMAPOKCUIA KaJlUd
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eMelIaiiTe CTeKISIHHOL MUIOYKOH, o
KOH, 1ep LIBET OCAAKOB M HaMUWIUTe ypapyey
4oBaHHC Hnﬁ [TpoBepbTe 0canoK Ha PacTBopum
KUX Peji‘gfn M'25%-Horo PaCTBOpa aMMuaka.

ke 1€

METLTE 06pa-
sl XUMUyec-
OCTb B U36bIT-

10.2. Peakumm katnoHa Fe2+

creopbl conieit xenesa (II) okpaweny g
E—’ra1.—;as6a;meﬂmale PACTBOPBI GeclBeTp,
uBeT,

1) Texcaunanodeppart (111) kanyg K3[Fe(CN)q] naer ¢
rroHoM Fe2* CHHUI ocanok TYPHOYyIe
Ka

6ﬂe11Ho-3eneHbm

BOU CUHY:
Fe2+ + [Fe(CN)()P‘ — Fedt+ 4 [FC(CN)6]4‘;

Fe3* + K* + [Fe(CN)]+- - KFe[Fe(CN)G]J,,

OcalloK HE PacTBOPSETCH B KUCNOT
npooauthb pK pH-3. Ilpyrue xatuoyy,
HUIO peakUH He MeLIaloT.

2) JuMETIITIMOKCHM (peaxTus g
HOM Fe?* KOMILIEKCHYIO Coltb Kapwm

aX. Peakuuio Jyyure
LV rpynms; [poBe e -

Yyraesa) obpasyer ¢ KaTHo-
MHHO-KPacHoro 1gera:

HyC — C— Nog
Fe?* +
HyC — C — NOH
—-2H*
OIIIII”III”N’IIH e 0
) |
HC —C— N

N—C—CH,
\ ™ B "

|

HC—C=N " “NN_c_q,
| )

0 = HIIIIIIIIIIIIIIIO
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JI1s MpoBeNeHMs SKCIIEPUMEHTA Ha TIPEAMETHOE c1e ~
MECTHTe KAIUIiO ZHATH3MPYEMOTO DACTBOPA, Noagyy, KO 0s
DEAKTYBa 4 KAIULO THAPOKCHIA aMMOHI (Dearygs rrpy
s B aMMHa4Hoit cpene npu pH = 9). B TIPHCYTCTBYY Kaomn‘
FeZ* pacTBOp OKpalIMBaeTcs B KapMHHHo-KpacHH,;ImOHa
ObHapyxeHuio noHa Fe?* Memaior katuonsr Mp2+ Niz+uBeT'

3) a, o' -[umipumi o6pasyer ¢ Fe2+ yc*roﬁ‘maoé KoMp
CHOE COEIUHEHME PO30BO-KPACHOTO LiBeTa. Peaimyy npoTeeK'
€T B XMCJou cpene nipi pH = 1-2, 6onmpmue KOIHYecTRa FK§+
MACKHMpYIOT N00aBlIeHHEM HECKONBKUX KPUCTALIOR NaF e
KF. K 1-2 KarmsaM moaxucieHHoro AHATU3UDPYEMOro pacry
pa nobasngioT 1-2 Karum pactsopa O - TUTHP UV " q,TOE
DU (€CIIM IIPHCYTCTBYIOT MOHEI Fe3t). Hamop -

aloT IOsR
OKpacKd pacTBOpa. ek

/ B -

N \ N/ \ 2+

Fe2t & | =i E \=

/

N 7\
— —if ]

4) OxucneHue KaTuoHa xene3a Fe2t B katuon Fe3+,

BospMute 3—4 karuii pactsopa conmu xenesa (II) u mpn-
6aBeTe 3 KaIUmM 2 H. pacTBOpPa CEPHON KMCIIOTH ¥ 2—3 Karum
32%-HOro pacTBOpa a30THOH KMCJIOTHI, CMECH HATPEIHTE 10 HC-
Ye3HOBEHMS OYpoil OKpacKu:

6FeSO, + 3H,S0, + 2HNO; — 3Fe,(SO,); + 2NOT +
+ 4H,0;
3Fe?t + 4H* + NO;- — 3Fe3* + NOT + 2H,0.

5) Imapoxcunst NaOH, KOH ocaxnawot katoH Fe?* B
BUE THapokcuaa xenesa (II):

Fe?t + 20H- — Fe(OH),.
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- )KeocameHHblM 0caJloK HMeeT Oenblit uset, OnHako Ha

«¢ B pe3yJIbTaTe YaCTHIHOTO OKUCIEHHS Kicnopogoy
BO:HOK npnoBpeTaeT cepo-3eJieHbli LBeT:

4Fe(OH), + 2H,0 + O, = 4Fe(OH),,

p poGHPKY HATHTS 2—3 KanM pacTBopa cynbdara xeje-
a (10), 106aBUTb 5 KameJib TUCTHILTHPOBAHHOM BOXBI 1 2 Kary-

10.3. PeaKuuu KaTHoHa Fel+

PacTBOPbI coJie, CONEPXalUMX KaTHOH Fel*, umelor xej-

10 WIK KpacHO-0YpYIO OKPacKy.
) TapoKCH/bI KOH, NaOH u ruzpoxkcus ammonug
NH,OH 06pa3yioT ¢ KaTHOHOM Fe** kpacHo-6ypslit ocagox

Fe(OH)s:
Fe3* + 30H- — Fe(OH),!.

[npokeun xene3a (I11) B ominune ot ruspokcuma xpoma
J TMIPOKCHAA AIIOMUHUA HE PACTBOPSAETCS B M36bITKe Lieno-
gy, TIP JaHHOTO COCAMHEHHS PaBHO 3,2+ 10-28, crenoBareip-
Ho, Fe(OH); He OyaeT pacTBOPSATLCA U B CONISIX aMMOHUS., st
[poBe/ieHHs OMbITA BOIbMHTE 3—4 Kanu pacTBopa Xjiopuia
wenesa (I11), nobapbre 3—4 Kanuu QUCTUNNMPOBAHHOM BOMbI
i 2—3 kamuu wejoun. Obparute BHUMaHUe Ha XapakTep u
uper ocanka. [TOJIOBUHY Ocajika BMECTE ¢ XHAKOCTBIO Mepe-
gecuTe B APYyrylo MpoOupKy. B nepsyo npobupky nobasste S—
7 xanenb pactsopa xjiopuia ammonust NH,Cl, a Bo sropyio
4-5 Kamnejb COJISTHOM KUCJIOTHI,

2) lexcaunanodeppar (I1) kanus K [Fe(CN)| obpasyer ¢
kaTMoHOM Fe3* TeMHO-CHHUI OCafoK OEPIMHCKOM Jla3ypu
KFe[Fe(CN)g], coctaB KoTOpOi 110 J]aHHBIM PEHTTEHOCTPYK-
TYpHOTO aHa/IM3a UIeHTHYeH TypHOYIeBoi cutu (eM. 10.2, 1. 1).
Peakuuto Jyyiue BECTH B CJIaBOKMCABIX pacTBopaX. [lis a10ro
BO3bMMTE B MPOOMPKY 2—3 KaIUlM pacTBopa coiu xerneda Fe*,
HoGaBbTe 3—4 Karuu AUCTWUIMPOBaHHOI Bofibl, 1—2 Karuii 2 H.
pacTBOpa CONSIHOM KUCIOTHI U 2 Karlli pacTBopa K,[Fe(CN)l.
O6pasyeTcst CHHUI 0CaNOK MM OKpaluuBaHue. [ipyrue Kati-
OHbl HE MeLlIalOT NMPOBEJEHUIO PEAKLIUH.
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3) PonaHux aMMOHHA NH,SCN o6pa3syeT ¢ KaTHonop Fe3+

polaHHI XeJe3a KpoBaBO-KpaCHOro LBeTa. CocTap og

pasylollierocsi KOMIJIeKca HeMOCTOSHEH M B 3aBUCHMOCTy o

KOHLEHTpalUuu HoHoB Fe3* u SCN- moxert Konebartpcg f,’T

[Fe(SCN)]?* 1o [Fe(SCN)gJ**: !
Fe3t + 3SCN- — [Fe(SCN),].

Hanuuune noHoB Fe?* He MelIacT NMPOBEAEHUIO peakiyyy

Hasneiite B mpo6upKy 2—3 Karuu pacTBopa comu Fed+ ppy,
6aBbTe 4 KaIUlM BOABI M 2 KalUIM HaChILIEHHOTO pacTBopa po-

JAaHMIa aMMOHMS MK Kauus. O6paTuTe BHUMaHUe Ha oKpac-

Ky pacTBopa.

10.4. Peakuum katmoHa Mn2+
PacTBOpsI coJieii MapraHila MMeloT 6JIeIHO-PO30BYIO OKpa-

CKY, a pa36aBJieHHble paCTBOPhI OECLIBETHE.
1) OueHp 6oJibLIOE 3HaYEHHE JUISI OOHAPYKEHUS KaTHOHa

Mn2+ uMeeT peaKLHs OKHUCJIEHHs KaTMoHa Mn?* B aHMoH
MnO,-, KOTOpbIif UMeeT XapaKTepPHYI0 MaIMHOBYIO OKDACKYy.
Peakiiisi OKHMCIeHUS O3BOJISET OTKpbIBaTh Mn?* B npucyr-
CTBUM KaTUOHOB BCeX aHaTUTUYECKUX Ipynm. B kayectge
OKUCJIUTENS MOXHO MCITOJb30BaTh JIIOOOH C OKHUCIUTENBHO-

BOCCTaHOBHTEIBHBIM MOoTeHLHaIoM Bhlle 1,51 B.

Oxucnaerue okcuoom ceUHYA:
2Mn2+ + 5PbO, + 4H* — 2MnO,~ + 5Pb2* + 2H,0.

Bo3bMuTe B TPOGMPKY HEMHOTO OKCHIa cBHHLA PbO,, no-
6aBbTe Tyda 5—7 KamneJjib 2 H. pacTBopa a30THOM KHUCIOTHI (s
co3ganug pH < 2) u Harpeiite. Yepe3 1—2 MUH OTUEHTPHQY-
rupyiite PbO, n o6paTHTe BHHMaHHE Ha OKpacKy pacTBopa.
Eciu pacTBOp CTal MATHHOBBIM, TO OKCHI CBMHLA COAEPXUT
c/lebl MapraHLa v [Uls ofblTa HernpuroieH. Ecin xe okpacka
OTCYTCTBYET, pHGaBbTe KaIlllo pa30aBI€HHOr0 pacTBOPa COJH
Mn2+ (ToJIbKO He XJIopHA!), mepemellanTe H CHOBa HEMHOTO
Harpeiite. [IpH BbINOJHEHUH 3TOU H cJleqylollei peaKLIUH He-
00Xx01MMO MpHOABIATH OYEHb HEMHOIO pacTBOpa COJH Mn?¥,
TaK KaK M30BITOK €e BOCcCTaHaBJHBaeT 00pa3oBaBLIMKCS

MnO,- no MnO(OH),.
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OxucaeHue nepeyasphamom ammonus (NH,),S,0 P
129,08 npogodumen

d mmcyrmw:mm kamanusamopa AgNO,;

5,0, + 8 A__gNO,’
. .2~ + 81
2Mn“ +5 P 120 2MnO4- + 103042_ FIGH

BoabMHTE HEMHOTO fiepeyibhata amMoyy i
poOHPKY, npubansre 8 Karenp 2 y. PacTBopa asor OMuec'rme B
b1, 2 KQIUIH pacTBOpa HUTpaTa cepebpa u HarpeﬁTHo“ KHcCIo-
rylo CMech BHECUTE HA MANOUKe HeMHorg pnaﬁe' B
pam.uopa, HCTIBITYCMOTO Ha KaTHOH Mn2+. e ﬂBneHHPro
Eci OKpacka cabasi, To MOXHo ewye npp;saB“TpeMeLuame,
\Oro pacTBopa. Ecnu xe, HaoGopor, BBITIAMAET 6 b HSCHeﬂye-
MnO(OH),, TO, CNIENOBATENBHO, KOHIEeHTPy YPBIH ocagok
Vn2* CAMLIKOM BenuKa. B aToM ciyvyae Onb‘T%oL:;HH KaTHOHa
GapbTe MCCIIENYEMBbIH pacTBop Bogoii e TOpUTE: pa3-
4 Karuli BOJbI) U Harpelite. NS pacTBopa u

2) [MApOKCHABI KOH, NaOH ocaxnaior -
o6pazoBaHUeM 6eloro ocanka runpokcuaa Magir?:; Mn2+ ¢
paCTBOPHMOTO B KMCIIOTaX, HO HEpaCTBOPMMOro p mﬁgq(a[?’

Ml]2+ . 2OH‘ - Mn(OH)’

OcajloK Ha Bo3liyXe GYpeeT BeeacTsHe nepexona k
Mn2?* B kKaTHOH Mn**, nipn atom o6pasyercs MnO(OPZ{lmOHa
HZMHO3. )2 U
BosbMHTE B IPOOHPKY 3—4 Kannit pacTsopa cynbata »
raHua, fobasbre 3—4 Karuim Boasl M 4—5 Kanens pacm‘otal fap-
noun. Obpa3syeTcst Oenblif 0cafoK, KOTOphIit HSMCHHC'IP cs(l)z
OKpACKY [10 XeJITO-0Yypoi.

Harpe-

10.5. Peakuum katuoHa Mg2+

1) Tunpodocdar Hatpust Na,HPO, naet ¢ katuonom Mg+
B MPUCYTCTBUH TMAPOKCHAA U XNOPHAA aMMOHUS Oeblit
KpUCTALIMYECKUI 0calioK ocara MarHus-aMMOHHS:

Mg2* + HPO2- + NH,OH — MgNH,PO,l + H,0.

JIn1s1 BBITIOJIHEHHMST peakUuuH BO3bMHUTE 3—4 Karuim pacTBo-
pa COJI MarHuAd " cMeLaiite ¢ 4—6 KarisaMmu 2 H. pacTBopa
CONSIHOM KMCJOTHL M 3—5 KanjusiMu pacTBopa runpodocdara
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ITH‘IQCK‘IH X
narpus Na,HPO,. ITocae rroro nfm
OIHOI Karae 2 1, pacTnopa AMMHaKa, HCDCMCHIHI;a('TH()p
Hocae Kaxaoi ka. Buavane ammpgg ”CHTPZU]H" acnu,p
OARNCHHYIO KHCIOTY, NpHyeM 00pa3syercy X10py ye iy
NH,C1, npensrernyionmit oOpaloBaumuio r”ﬂpoxc”;wo"""
Mg(OH),. Mocne okonvauus peakumu BbiNanaey " Manm,,
HbII Oeablil KpHeTaaanueckiii 0CaJloK — hoc . Dakrep
Ao MgNHPO,. Creayer umers, BUI
Katnonos NH,* mMewaer Boinagenuio oc
KaTtHoHbl Beex aHatuTHYeCKIX rpy

allKa MgNHb;l) Ok

4

[, Kpome ” 4
» KPO} ﬂepBOH, MOFH
MELIaTh NPOBEeAEHHIO peaKLHy.
A1t MUKpOKpHCTaLTHYeCKOro OOHapyxeHuy Mg2+ .
MgNH,PO, nomectite kamio aHAJIH3Upye “le

MOro pacrpqy,, Ha

MPEAMeTHOe cTekn0. K Heli npu6asbTe 13 Kaunnsapyoj; ny

MIETKH CHayaJ1a Karuo pacTBopa NH,CI, xanno KOHUeky,,
POBaHHOr0 pacTBopa aMMHaKa U 3aTeM BHECHUTe KpHcTay
rapodocdara Hatpug Na,HPO s+ [IpenmeTHoe CTeKIo
MEHIYETCH OCTOPOXHO HarpeTs, NP1 3TOM 0Gpa3
TaJUIbl, BUI KOTOPBIX pacCMaTpUBAalOT non
2) Marnesoy | (vm 1) — n-HUTPOO
CIIOCODEH B ILUENOYHOI cpene apcopbup
Mg(OH),, mensas TPH 3TOM KpacHO-¢uHo

uk
PeKo-
YIOTes Kpyc.
MHKpocKomoy

eH30Ha30pe3opuHH
OBaThCH Ha OCajke

€TOBYI0 OKpacky Ha

CHHIOIO:
Mg(OB)+0,N _szw on
HO
—-H,0

Mg(OH)+0,N ~©_ N—N o

HO —Mg—o0
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bm()]]llcllllil peakLAM Ha NPCJIMETHOE CTCKIIO NTOMECTH -

1/1521 l:“uum aHaIn3MpyemMoro Ha katuon Mg?' pactsopa u

GanbTe |—2 Karuli UIEJIOUHOTO pacTBopa peaktusa. Tosip-

,rcsl CHHS oKpacKa Wi cuHuii ocanok. Eciiu pactBop 1me-

nsie JIHOKNCAYIO peaKLUIo, TO MOSABSETCS Xe/Task OKpacKa.

BT;aHHOM cilydae K pacTBopy Halo 106aBUTb HECKOIBKO Ka-

qetb 2 M NaOH. Conut aMMOHHUS MPEMSITCTBYIOT OCAKICHMIO
o(OH)y: [09TOMY MX MPEABAPUTENBHO YIATSIOT.

3) [ pOKCHIDL NaOH u KOH o6pa3sytot ¢ katoHoM Mg2*
setplil aMOpHBIit 0CALOK Mg(OH),, pacTBopuMblit B Kuco-
rax W conX aMMOHHA. LISl BbITOJIHEHMS] peakuuu B TepBYIo
poGHPKY 303bMHTE 4 Karlli pacTBOpPa CONIM Maruus, npnubasb-
Te 4 ganju HacbILIEHHOIO pacTBOpa XJjiopuaa aMMOHUS
NH,Cl. Bo BTOpYIO MPOBUPKY BO3bMUTE 4 Karjlu pacTBOpa
cony MarHuA 1 npubasbTe 4 Karniu Bofb! (4TOGbl KOHLIEHTpa-
il pACTBOPOB GbLia OIMHaKoBas). 3aTeM B 06e NPOOUPKH [10-
6appTe OCAINTENb — THIPOKCUIL AMMOHMS NH,OH. Bo sro-
poil poGUpKe BBIMANET Oesiblit aMOpdHBIit ocamok.

TC

§ 11. AHanu3 CMecK KaTuoHoB V rpynnbl

Tak KaK peakuuu Fe2* ¢ rekcaunarnodepparom (I11) kanus
u Fedt ¢ rekcauvanogepparoM (II) kanua cneuuduynel, ux
OTKPBIBAIOT B OTACJIBHBIX npooax.

PacTBOp, COAEPXAIMI KaTHOHBI Fe2t, Fe3t, Mn2+, Mg2+,
0GpaGaThIBAIOT PACTBOPOM IMIPOKCHIA HATPUSI W Kaslkist, 10-
GapysoT nepf)Kcun BOJOPO/1a, HAaTPeBaloT ¥ UEHTPUDYTHPYIOT.
[TonyueHHbIi 0CaloK runpokenaa xenesa (I11) U TMpOKCUaa
varHus 06pabaThIBaiOT PACTBOPOM XJIOPH/IA AMMOHMS JUIst pac-
reopernss Mg(OH),. Ocrasluuiicst ocagok Fe(OH),, MnO
o6pabaTbIBAIOT pa30aBIeHHOI a30THOI KUCIIOTOM Juist pacmo-2
perusa ruapokensa xenesa (111). B nonyuennom pactsope ot-
KpbIBaloT NOH Fe3* xapakrepHoii peakuueit. Ocagok MnO, pa-
CTBOPSIIOT B COJISIHOM WMJIM CEPHOM KUCNIOTE U B MONYYEHHOM
pacTBOPE OTKPbIBAIOT KATUOHDI Mn?* niepcynbpaToM aMMOHUS
(NH,),S,0;. KaTioHbl Martus oTKpbiBaioT runpopocdarom
Harpust Na,HPO,,.
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§ 12. YacTHble peakuum KaTuoHOB VI rpynpy,,

12.1. [eiicTBue rpynrnoBoro pearexra

[pynoBbIM peareHToM Ha KaTHOHBI VI rpymmer SIBJIsIeTC
[MAPOKCHI aMMOHMS B M36bITKE. Bo3bMuTE 5 NMpobrpox BH:
CUTE B KAXIYIO U3 HUX [10 3 KaIlI¥ pacTBOpa CoJiei Me;:[;[ ([[)_
pryti (1), KanMus, HUKeNs U KobasbTa, 106aBETe cHayang n(;
3 xarui 25%-HOro pacTBOpa aMMMaKa, NepeMelliaiite crey.
NAHHOM manoykoii. O6paTuTe BHUMaHMe Ha LBET ocajkop
3aTeM [00aBETE B KaXAylo IpobUPKY Mo 6 Kamnenp KOHIIeHT:
pUPOBaHHOIO PacTBOpa aMMHUaKa, CHOBA MepeMellaiite crek-
JISIHHO MaJIOYKOJ, KpOMe TOro, 00aBETe B PaCTBOPSI, cozep-
xauue katuoHbl Hg?t u Co?*, HECKOJIbKO KpHCTalop
xnopyna aMMoHus NH,C1. CpaBHUTE LIBET OCa/IKOB ¢ oKpac-
KOjf pacTBOPOB KOMILIEKCHbIX coseif. Hamuiuure ypapHenyg

peaKLuii.

12.2. Peakuuu katnoHa Cu?*

1) MeTautMyeckye alOMUHUM, XKeJ1e30 ¥ LIMHK BOCCTaHAaB-
nuBaioT kaTdoH Cu?* 1o cBOOOJHOr0 MeTajlla, UMEIOILEro B
KpacHoj ry6yaroit Macchl. Hamuiuure ypaBHeHHUs! peaKuuii,
JInst poBefieHusl SKCIIEpUMEHTa Ha 00e3XHPEHHYIO U 3ayK-~
[IEHHYIO METAIUTHYECKYIO [UIACTUHY (UTIOMUHHEBYIO, XeJe3-
HYIO WJIM LIMHKOBYIO) HaHECUTE KaIlllo pacTBOpA MeMIH, MO~
KHCJIEHHOTro cepHoit KucjoToi. Yepes HEKOTopoe Bpems
rosiBJisieTcsl KpacHoBatoe MITHO Mefu. HyxXHo uMeTs B Buny,
4TO B MPUCYTCTBUU a30THON KHCJIOTBI BBILEJIEHME MENU He
IIPOUCXOIMT.

2) Uomun kamust okucasiercs coiisimu Menu (1) c seinere-
HueM cBobomHoro uoga. OQHOBpEMEHHO BbIMajaeT Majopa-

CTBOPUMbIii ocanok noauaa Meau (I):
2Cu?* + 4I- — 2Cull + I,

3) Tuocynbar HaTpust Na,S,0;, npubaBiIeHHBbIH K MOAKHC-
JIECHHOMY PACTBOpY COJM MEIHM, 00eCcLBeYMBAET pacTBOP, TaK
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<K 06pa3yeTcs KOMILIEKCHAs CoJtb, [1pu HarpeBanum nony-
yeHHOro pacTBOpa 00pas3yeTcs TeMHO-6yphlit ocafok cynbduna

yeau CugS. "

PeakLis KaTHOHA Cu?* Moxet npotekath ¢ THOCYJb(aToM
HaTpHs € 06pa3oBaHUEM Pa3JIMYHBIX MIPOLYKTOB B 3aBUCHMO-
o7yt OT KOJIMYECTBA PEAreHTA. [1pu u3bbiTKe:

2CUSO4 % 2Na28203 - NaISO4 + Na2S4O6 + CUZSO4;

Cu,50, + Na,8,0, = Na,S0, + Cu,8,0,:

Cu,$,0; + Na,8,0; = Na,[Cuy(5,0,),);
NaylCus(8;05):] + HiSO; = NaySO, + Hy[Cliy(5,0,), )
"Hz[cuz(szog)zl — H,80, +50,T +S+ Cu,s!; |

P RARIEIE S

JCuSO, + 4Na,$,0; — 3Na,S0, +Na,$,0, +S0,T + 8L + Cus!.
[Tpy SKBMBAICHTHBIX COOTHOIIEHUSX 1 HENOCTATKE peareHTa:
CuSO, + Na,5,0; - CuS,0; + Na,S0,;-

CuS,0; + H,0 = Cu,S! + H,80,.

s MpOBEACHHUS OTIbITa HaJleiiTe B IPOOMpPKY 2—3 Karuiu
pacTBopa cynb(ara M, n06aBeTe 4—5 Karenb BOIBI, 2—
3 KariM pacTBopa CEpHOM KHCJIOThI U OpockTe 2—3 KpUcTa-
yKa THoCyJibaTa HaTpHsl Na,$,0,. [lepemeluaiite cTexsaH-
Hoii masiodKoit ¥ HarpeiTe. Obpasyetcst TeMHO-OYpBlii 0Caf(OK.

192.3. Peakuuu KatuoHa Cd2*

1) CepoB0OOPOA (M1 CepoBONOPO/Has BOAA), B HE CHJIb-
HO KHUCTIBIX, a TAKXE B HEHTPalbHBIX 1 B LENOYHBIX pacTBOPax
(npu pH 2 0,5) obpasyer xenTolit ocagok CdS, Hepac-
TBOpUMBII B Lienodax. OTKpHITHIO KaTHOHA Cd2* MewatoT
npyrue KatoHbl VI rpymrbl.

Cd2 + S- = Cdsl.
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2) TuoMoyeBHHE o6pa3yeT C CONAMM KaIMHS Iergq.

paCTBOPHMBIC KOMIUIEKCHBIE COJTH.
cdcl, + 4CS(NHy), - [CA(CSNH,),ICL,

B nipo6upKy Haneitre 3—4 Karum COXH KaMs, 106aBkre 3
4 XpUCTAUIMKA THOMOYCBUHEL nepeMelIanTe NAI0YKOoH, naifre
oCTOSTh 2—3 MUH M 3aTeM J00aBETe 5—6 Kamens cpexe.-
[IpUTOTOBJIEHHOM CEPOBOJOPOMHOU BOABL. B IIpUCYTCTBIY Ka-

tuona Cd2* BhINanaeT XeJIT0-0parDKeBhIH 0CaNO0K. BTa peakiry
I03B0JIsIET OTKpbIBaTh HOHEl Cd?* B IPUCYTCTBUM HOHOB Cu2+,
KOTOpBIE Jal0T IPOYHELA PACTBOPHUMEIN THOMOYCBUHHEI KOM-

TUICKC.

12.4. Peakuuu KatuoHa Hg?+

Conu pmymu sdoeumbl!

1) Vozun xamus o6pasyet ¢ Hg2* oparxeBo-KpacHbIix oca-
nox Hgl,. B u306HITKe peareHTa 0CaXoK pacTBOpPAETCS ¢
06pa3opaHKreM YCTONYMBOIO KOMIUIEKCHOTO HOHA:

Hgl,~ + 2I- - [Hgl, ]~

Ecmi K 10 Ty4e HHOMY PacTBopY IPMOABUTE KaILTIo pacTsopa
aMMMaKa WIM KaKoH-TU60 COJTM aMMOHUS M HECKOJIBKO KAIIEIE
KOHLIEHTPMPOBAHHOIO PacTBOpa IIEJIOYH, TO OYNET NMpoTeKaTs
u3BecTHas peakuus Hecciepa ¢ BRITANEHHEM XapaKTepHOro
KpacHO-6yporo ocajika Hoauiaa MepKypaMMOHMUS.

2) CepoBomopox 1 THocyIbhuT HaTpus Na,S,0; B xucioi
cpeze ¢ costMu pTyTH (II) Mpyu HarpeBaHUM NAlOT YepHEIf oca-
nok cyneuna prytH (II), HepacTBOPUMBIIL B pa3baBieHHOI
a30THOM KHCIIOTE:

HgCl, + H,S — HgS{ + 2HCI.
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12.5. PeakuyH KaTHOHA Co2+

aMMOHHA NH,SCN unu ks KSCN o6pa3sy-

{) PogaHHA
Co* KOMIUICKCHYIO COJTb CHHETO LBETa:

Cot* + 4SCN- & [Co(SCN),J2-

;5. IpoBeRCHHA peakuun K 3—4 KariaM pacTBopa CONH
g1e 10—12 Karieb HACHIIIEHHOTO aCTBOPa U He-
KpUCTALIOB TBEpHOM COMM POaHU/2 aMMOHM, 8 TaK-
eJlb AMHJIOBOTO (WIH H30aMUIIOBOTO) CITHPTA. B ero
np"cyTCTBHH qyBCTBUTE/BHOCTE PeaKIiM TIOBBIIIAETCA, TaK
caK 06pa3yIOIII€€CH KOMIUIEKCHOE COEANHEHHNE OoJiee pacTBO-
pHMO B aMUJIOBOM CIIMDTE, yeM B Boge. Obpa3oBaBlIKeCs
[Co(SCN) 4]2———140}151 OKPAIIXBAIOT KOJBLO PACTBOPHUTEIS B
JHTEHCHBHO cynuit 1eT. JTpOBENEHMIO peakIli MEIIaeT pH-
yoHoB Cu?*, Fe3*.
2) Temaponaﬂo-(ll) MepKypaT aMMOHS (NH,),[Hg(SCN),]
rp jelicTBUM Ha xatroH Co?* 06pasyeT CHHMH 0CaJloK KOM-
rexcHo cOlH Co[Hg(SCN),]. BolmazieHue ocajika ycKopseT-

| caB ﬂpI/ICYTCTBHH KaTHOHA IMHKA:
Z(NH4)2[HS(SCN)4] + ZnSO4 + COSO4 s

KOJTBKO
e 6—8 Kall

- Zn[Hg(SCN)4] ' Co[Hg(SCN)4]~L + 2(NH,),S0s.

yoa Cu2t MeLaeT MPOBEJICHHIO PeaKiiH, TaK
KaK KaTHOH Cu?* B PUCYTCTBHHM KAaTHOHOB Zn2t [aeT OJIMB-
xoso—senemﬂﬁ 0caloK, KpoMe TOr0, HalMiHe JPYTHX UOHOB
(FC”, Ni2t) oTpHLATEJIHO BJIMSIET Ha X0 peaKLHH.

B npo6upKy BO3bMHUTC 73 karu Terpaponaro- (1) MepKy-
pata aMMOHHA, npu6aBeTe 2 KAk 7 H. pacTBOpa CEpHOH KHC-
J1OTHL U TIPUJICHTE 7 KaIii pacTBopa cyibdara UHHKA H
2 KaIuty COJIM KobaJbTa. [TepemelanTe CTEKITHHOM TTAJIOUKOH,
[py HANWYUY KaTHOHA Co?* BBIMALET 0CATIOK CHHE-ToMy0oro

[[BETA.

Haiaue Kat

12.6. Peakuum KaTHOHa Niz*

JMMeTIITTHOKCUM (peaxTHB Yyraesa) B aMMMAYyHOi cpelie
naeT ¢ kKatnoHoM Ni?* ocalok BHYTPUKOMIUIEKCHOH COJIH:
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HyC — C = NOH
N2 +
H,C — C = NOH
—2H*
O.wmwnuf”/ H e 0
i |
3 ~N 3
, Ni ,
HC—C= N / \N=C_CH3
j d

0 _ HII/II!IIIIIIIIIO

IIpoBefeHuUI0 3TOM peaKLMy MeLaloT HOHbI Fe3+*, 06pasyro.-
LIMe ¢ IUMETHIITIMOKCUMOM PacTBOPHMBIE KOMILIEKCHI Kpac.-
Horo 1BeTa. Ha punbTpoBanbHyto 6yMary HaHecuTe OIHY Kap-
mo pactsBopa Na,HPO,. Obpasyroiiuiics ocazok FePO, (ecy
pacTBOp 3arpsA3HeH HoHaMM Fe3*) octaetcs B uenTpe NSTHa,
a nyqine pactBopuMbii Niy(PO,), — Ha nepudepuu. O6Beny-
T€ BOKPYT NATHA KaIUJUISIPOM € IUMETHITIHOKCUMOM. [Toc.
Jie 3Toro 6ymary obpabortaiite aMMUaKOM (mogepxure Hajp
CKISTHKOHM € KOHLIEHTPYPOBaHHBIM aMMuakoM). Ha Oymare
TOSIBJISIETCST PO30BOE KOMBLO, YKA3BIBAIOLLEE HA TIPHCYTCTRe

MOHOB HUKEJS.

§ 13. Avanus cmecu katuoHos VI rpynnsi

KaTHOHBI 3TOi IpYNMbl IETKO MOTYT GbITH OTIpeNeNIEH bl
JaCTHBIMU peaKUMSIMU U3 OTAEbHBIX MPO6.

OtkpbiTe KaTHoHa Cu?* [ie/1eco006pasHo [IPOBOMUTH JEii-
CTBUEM KOHUEHTPUPOBAHHOIO pacTBOpa aMMUaKa. B Tom cly-
1a€, ecjiM OKpacka MOJYYaeTesl HENOCTATOYHO XapaKTepHO
ans KatruoHa Cu?*, MOXHO MpOBECTH npoBepKy. s sToro
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_4 KaruJii uccienyemoro

34 K y PAcTBOpa, npu6apgre

joasMIT® [MAPOKCH A
1 it acTBOpA TMAPOKCHIA HATPUS M 06pa3oBapyii
7 K - garpeiiTe Ha BOMSIHOM OaHe 5 MuH, B ——— Kaﬂ

a .
Olc;o e 0 calloK NPHODPETET YepHbIif LipeT BCIIGACTBUE 06
: .

OBaH“ﬂ . H i
OTKpmme kaTHoHa g™ MPOBOIUTCA Mogumom K

OrpbiTHe KATHONE Cd* mpoBonnTes ¢ cepoBogopono;
oif WK Tocy1bdaToM MarHus. it
OTKpBITHE kationa Co?* MPOBONMTCS ponanumonm "

Hid. 12+
OTKpBITHE KATHOME Ni** mpoBonuTes peakunei Yyraesa
c ﬂMMETHJIFJmOKCMMOM.

§ 14. Ananu3 cmeci KatuoHos IV, V u VI rpynn

[pH yccleJ0BaHNUU CMECH KaTHOHOB [V—V] TPy
uenecoo6pa3l{0 MPUMEHSATD IPOOHBIA X0 aHaNU3a, Tak Kak
gaXmplil 13 MOHOR MOXET OBITb OGHAPYXEH M3 OTHEbHBIX
1po6 B [pUCYTCTBUM OCTANBHBIX KATHOHOB.

Kariot Fe* MOXHO OTKbITb pactBopom K;[Fe(CN),] 5
JcJIf Cpefie WM O, O - IHTHDUITIOM.

Karnon Fe3* MOXHO 00HApYXUTb neiicTueM K, [Fe(CN),].

KarvoH AP+ OTKPBIBAIOT PEAKIIUEH C aNH3apHHOM, ucnoni—
3y K4[F6(CN)6] JUISL CBSI3BIBAHUS TIPUCYTCTBYIOLUMX KATHO-
HOB, W TPA MOMOLLH ATIOMUHOHA. :

Karnon Cr3* oTkpbiatoT okucnernem 10 H,CrOg. B npo6up-
Ky [IOMECTHUTE 3—4 KarJi UCCJIE[lyeMOro pacTBopa, npuJeiite
5_7 Karieib 2 H. paCTBOPa TMAPOKCUAA Kanksl M 3—4 Karuiy
394-HOTO PacTBOPa MEPEKKUCH BOAOPOIA U Harpeiite Ha Bozs-
Hoii GaHe, MOKa 3eJIeHast OKpacka He nepeitier B xentyo. [To-
JIoBHHY T0JTy4EHHOrO PACTBOPA NEPEHECUTE B APYTYIO NPOOHp-
Ky, OXJIAIUTE U 100aBbTe 2 H. pacTBOp a30THOH KHCJIOTH! 10
KUCIION peaKIMU Ha JIAKMYC, CHOBA 100aBbTe 2 KarH Mepok-
cuna pogopona H,0,, 5 Kanejb H30aMUJIOBOTO CNHUpTa U
p3GosnTaiite. O6Gpa3oBaHHe CHHEr0 KOJMbLa Ha MOBEPXHOCTH
pacTBopa FOBOPUT O HATMYUM KaTHOHA Cr3* B uccnenyeMoM

pacTBOPE.

K
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Kation Zn2* oTKpbIBaIOT MPH MOMOLUM IUTU30H] In
31,

ro B apdopoBylo yauIKy Hauente 2—3 Karuu MCMbITYe)
pacTBopa, 3 MJI aueTaTHolt 6ydepHo# cmecH, 4—5 Kanepy, |

pacTBopa THocybdara HaTpusl U NpubaBbTe 1 M PacTBopg ;-
TH30Ha B XJopoopMe, CHOBa nepemeliaite. [py y an“qum
KaTHoHa Zn2* cjloif pacTBOPUTENA IPHOBPETaeT Kpachyy, B
packy. )

Katnon Mg?* yno6HO OTKphIBaTh NpH MoMoLIy Markesq.
Ha [ wiu MarHe3soHa II, a Takxe MHUKPOKPUCTAINOCKOmyye,._
Koit peakuueit runpogocdara Hatpus Na,HPO,.

Katuon Mn?*+ onpenensior peakuuen oK1CIeHus o HOH3
MnO,~. B xayecTBe OKUCIUTENSA MOXHO UCITOJIH30BaTE T0Goj;
OKUCITUTENb C OKUCITUTENILHO-BOCCTAHOBUTENbHBIM MOTeH .
JioM BeIte 1,51 B, Hanpumep PbO, unu (NH,),S,0,.

Katron Co?* jierko o6Hapy>XHBaeTCs KareJbHbIM METozoMm
Ha QWIBTPOBaJIbHOM GyMare KOHLIEHTPUPOBaHHbIM PacTBopoy
ponaHMaa aMMoHUS. [IpoBeaeHu IO peaklIuK MellaeT TpPHUCYT-
cTBUe KaThuoHoB Cu?t, Fe3t, B ux npucyrcrsuu Co2+ MOXHo
OTKPBITh CJIeAyIoLIMM 00pa3oM. Ha rmosocky GUIETPOBaNbH O}
Gymaru HaHecHTe Karuiio KOHLEHTPHPOBaHHOTO PACTBOpa po-
AaHM[la aMMOHHS, a Ha MOJIyYeHHOE IATHO — OJHY KaILTIO Yc-
MBITYEMOro pacTBopa, 3aTeM 6YMaXXKy IMOAEPXUTe B napax am-
MHaKa (Hal ropJblKOM CKISHKH C KOHLEHTPHUPOBAHHBIM
PacTBOPOM aMMHaKa) U MOACYUIMTE Hal TUTMTKOM. Eciau ume-
eTcs KaTioH Co?*, To nepudepuyeckas 4acTb MATHa OKpacHT-

CS B MHTEHCUBHO-CUHUM L(BET.

Karuon Ni2* MoxxHO 06HapyXuTh peakuueit Uyraepa. [Ipo-
BEeJIEHUIO 3TOi peakUMHU MelaloT HOHb! Fe3*, obpasylouue ¢
AMMETUIITIIMOKCUMOM PacTBOPHMblE KOMIUIEKCHI KPacHOro
ueta. Ha punsTpoBajibHylo Gymary HaHecHTe OIHY Karutio pa-
ctBopa Na,HPO,. O6pasyiomuiics ocanok FePO, (eciu pa-
CTBOPp 3arpA3HeH MoHaMu Fe’*) octaeTcs B LeHTpe nATHa,
a iy4iue pactBopuMsiit Ni,(PO,), — Ha nepudepun. O6peau-
T€ BOKPYT MSATHA KaNWUISIPOM ¢ AUMETHIATIUOKCHMOM. [Toc-
Jie aToro 6ymary obpaGoTtaiiTe aMMHaKoM (MogepxXuTe Han
CKIISIHKOH C KOHLIEHTPHPOBaHHBIM aMMHaKoM). Ha Gymare ro-
SIBJISIETCS PO30BOE KOJIBLIO M MATHO, YKa3bIBAIOLLEE Ha TPH-
CYTCTBUE MOHOB HUKEJIS.
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[aand
’/”'ﬂqmnuum ¢ 1HOMOILBLIO cepopojioposta. Jlis

ol Ce .
" i IPOOUPKY pasieire 2—3 Kaluiy UCTIBITYEMOTro pacTBo-
oro

aro gapbTe 3—4 Kanau 2 H. pacTBopa cepHoi KUCIIOTHI, J10-
pa, 10 ‘1,2 KpUCTAJIMKA tTuocylibata HaTpusl, NOJEPAKUTE
(’“”mlc Ha gumsiuei poJIsiHOI OaHe v oTUeHTpUdyrupyiTe. 3a-
Mull{a [10JIOCKY (pUIIBTPOBANIBHOM OyMaru HarecuTe 2-3 Kan-
TeM eprpudyrata 1 [ofiepXMTe Hajl CKIISIHKON C CepoBOIOPO/I-
””;; pooit. [TosBiICHUE XEJTOr0 OKpalIMBaHUSl TOBOPUT O
:anmn xatoHa Cd?*.
[KaTHOH Cu?* OTKpbIBAIOT JEACTBMEM pacTBOpa aMMHaka.
jisl 9TOTO B bapopoBYIO HALIKY MOMECTUTE 4—5 Karellb Uc-
cjiefyeMoro pacTBopa, OCTOpPOXHO BblITApBTE OCYXa Ha acbe-
cToBOIL CETKE, oxJIalUTe U Ha [eprudepruyecKylo YacTeb MATHa
qaHecuTe Karuio KOHLEHTPUPOBaHHOIO pacTBOpa aMMHUaKa.
[TosiB/IeHUEe HHTEHCUBHOTO CUHe-(HUONETOBOTO OKpaLlIMBaHUA
[OBOPHUT O MPUCYTCTBAA KaTUOHa MEIH.

§ 15. AHanu3 CMeCH KaTHOHOB BCEX LLeCTH
rpynn

15.1. MpepBapuTesibible UCMbITAHUS

[Ipy aHATM3e CMECH KATHOHOB BCEX aHATIUTUYECKHX IPYIIIL
rpexzae BCero HeoOXOOMMO 00paTUTh BHUMaHKe Ha OKpacKy
1 peakuuio pacTBopa. OTCYTCTBIE OKPACKU AT BOSMOXHOCTh
NpeNoJIOKUTh, YTO B PaCTBOPE HET xaTuoHoB Cr3*, Fe3t,
Cuz+, Co?t, Ni?*. HeiiTpanbHas peaKius pacTBopa MOKa3bl-
BaeT, YTo KaTMOHbI Sn2*, Sn**, Hg?* 0TCYTCTBYIOT. 3aTeM B OT-
[TebHBIX TPOGaX pacTBOPa IPOBOMAT PeaKLMH ¢ CEPHOH U CO-
JISHOM KHUCJIOTaMH.

Eciu ripy IIpUGaBIeHUH K OTAENbHOM Mpode Hecienyemo-
ro pacTBOpa CEpHOM KMCJIOTBI OCajiKa HE obpa3zyeTcs, TO B
pacTBOpe OTCYTCTBYIOT KaTUOHBI Pb2*, Sr2+, Ba?t 1, BeposATHO,
kaTioH Ca2+. Ec/ii He BBITAZET OCAOK IpU pode ¢ COJISTHOM
KUCJIOTOI, TO MOXHO CHeJIaTh BbIBOL O TOM, HTO KaTHOHOB
Ag*, Hg?* U, BO3MOXHO, KaTHOHa Pb?* HET. AHAlU3 CMecH
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KaTHOHOB MOXET IPOXOAHUTH C OTACJIeHUueM OcCanka Wiy 6&3
OTACJIEHUA ITOC/IeAHEro.

15.2. AHanu3 cmecu KaTMOHOB Beex wecty rpynn
C oT/lenieHuem ocagka

Otaenute ocamox u AHATU3HUPYITE OTOEIbHO OCaJI0K Y pac.
TBOp. sl 3TOrO BO3bMUTE 2—3 M TMOJIy9EHHOM U yecpa.
[OBaHUS CMECH (YacThb aHAJIM3MpYyeMoro NMPONYKTa OcTapyre
JULAL TIOBTOPEHUS ONpeneneHust), BCTPAXHUTE U OTLEHTPUy.-
rUpynTe (OTUILTPYiiTe).

OtkpbiTie Katnona Ph2+. Ocanok Npomoiite 6—8 Kamsvy
ropsYed TMCTUITMPOBAHH O BOJIBI, OTHEHTPUDYTUDYiiTe "
npunenre vonun xamug KI.

ObHnapyxenue katHonos Ag*, [Hg,]?*. Moce YOaleHuy
XJIOpYZa CBUHLIA KaTHOHBI Ag*, [Hg,]?* otkpoiite U3BECTHp]-
MU peaKUUHIMMU,

OTKpbITHE KaTHOHOB Bat, Sp2+, Caz+, pp2+, OTH KaTHOHE
ObHapyXbTe B ocamke mocie OTHENICHUS KaTHOHOB Ag+* y
[Hg,]**, ana yero ocanok mocye 00paboTKM pacTBopom aMMy-
4Ka NIPOMOHTE IUCTUIIMPOBAHHOM! BOIIOH (11Ba pasa mo 4—
5 Karnens Bogbl). Iloce storo OCAllOK HECKOJIBKO pa3 06pafo-
TailTe ropstauM 30%-Hbim PA4CTBOPOM alleTaTa aMMOHuUS 110
IIOJTHOTO ynaneHus KaTuoHa Pb2+ XJIOPHAMEPKYPaMMOHUS
OtrmenuB xatuousr 1 TPYIIBL ¥ KaTHOH Pb2*, ocanok meeye-
nyiiTe.

PactBop (LleHTpUdYraT) noce OTACNIEHUS OcaKa aHau3y-
PYIOT 110 Tabu. 10.

Tabauya 10

. +
1. B otenbHoii npo6e onperensior katnon NHy " Harpesanmenm
C pactBopom NaOH.

2. Knccnenyemomy pPacTBopy noGapisior 2 H. pacteop HCI. HeHTpncbyrﬂpymT,
TIPOMBIBaIOT 0Ca/10K 0,5% CONAHOI KHCIOTBL

3. Ocanok (I) AgCl, Hg,Cly, PbCl,  [4. Uentpndhyrar (I) cozepxarT KaToHbI
aHaJIU3HPYIOT. Ba2+. Srh, Caz+, Pb2+, K*, Na*, NH4+.
Ho6arnsior (NH,),S0*, rator NOCTOATD
H UEHTPH GYTHPYIOT.
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Oxonvanue mabn, 10
oD BaSOs, S1SO4, CaSOy, 6. Lientpudpyrar (I1) K', Na*, NH,', Ca”":
Oct

5’.1 SO 0GpaGATLIBAIOT TOPSHM a) orkpuinaior Ca’' B omiebHON ripoGe
pHSO4

30%-HbM pacTBOPOM CH,;COONHy,
y JISIoT PbSO;, LeHTPUQYTHpyIoT,

aueronoM CHy;—CO-CHy miu crimprom
C,H;OH. [Mposepstior Ha rams,
6) B ipUcyTCTBUM Kanona Ca®'

il.
oMBIBAIOT BOIO
;IpOcaJIOK (1) BaSOy, S804, CaSO,

s eBOJLT B kapGoHaThl 06paboTKOi
i

K-_,CO3
W (11) oTGpachbBaior

OTKpbIBaKoT KaThoH Na' u3 oTzesibHoik
npo6bl eHTpHyraTa, nodasnss K,CO;,
Omnensior CaCO; 1 B LieHTpH DyraTe

OTKPbIBaIOT KATUOH Na' pacTBOpOM
KH,SbOy4 1 Ha n1amMeHU ropeiky,
npeapapuTensHo yranus NHy';

2+
B) B TPUCYTCTBM U KaTHOHa Ca

oTkpbiBatoT KatuoH K, ymapusaior yacts

ueHTpudyrata B papdopoBoii yallke,
paCTBOPSIIOT B ropsiueit Bojie, 106apIstoT

Na,CO;, otpensiror CaCOj; M OTKpBIBAIOT
xatnoH K" pactBopom Na;s[Co(NO,)q] B

caboykcycHokucoif cpene. I1posepsior
Ha OKpalllMBaHUe TUTAMEHH,

npenBapuTenbHo yranue NH,' .

15.3. AHanu3 cMmecu 0e3 oTaeneHus ocaaka

PacTBOp € OCaIKOM TILaTeJbHO B30O/NTalTE U YaCTh CMECH
(2—3 MJI) MCCIIeAyiTe, a IPYTYI0 COXPAHMTE ISl KOHTPOIBHBIX
yuamepeHuii. [IpoBeauTe NpeaBapUTeIbHbIE UCTIBITAHUS U3 OT-
JeJIbHBIX ITOPLIMI KaneJbHbIM METOIOM: Ha KaTHOH Fe?* ¢ rek-
cauado-(I11)-deppatoM Kajiust B KUCJIOH Cpelie, Ha KaTHOH
Fe3t ¢ rekcauuaHo-(I1)-deppatoM Kaius B KUCJIOM Cpefie U Ha
katoH NH,* ¢ rHIpoKCUIOM HaTpHsl.

[TocJie npeaBapUTENbHbIX UCIIBITAHMIA K 2 MJT cMeCH 106aBb-
Te 6—7 Karejb 2 H. paCTBOpa a30THOM KUCJIOTB, fepeMeLuaii-
Te, HarpeiTe Ha BOASIHON OaHe, oxyafuTe, o6aBLTe 5 Kaneib
KOHLIEHTPUPOBAHHO! CONISIHON KUCIIOTHI, HAlTE MOCTOATh 2—
3 MUH ¥ LMHTpUYrUpyiiTe. B ocaake MOryT ObITh KaTHOHBI
BTOpO#l U TpeThell rpynn B Bune coieit PbCl,, PbSO,, AgCl,
Hg,Cl,, BaSO,, SrSO,, CaSO,.
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B ueHtpudyrate MOryT HaXOAHTBCSI KATHOHBI Beey u
rpyiit. Ocanok aHaJIM3upyTe. €Cy

15.4. AHanu3 cmecu 6e3 ocapka

[TpeasapuTebHOE onpe/eNenie KaTHOHOB Fe2+, Fed+ Ny
MPOBOJASAT U3 OTAEJBHBIX MPOD.

Onpeneienie H OTKPbITHE KaTHOHOB Pb2+, Agi+ [Hg,]2+
NMpPOBOJAT TaK Xe, KaK U [PH aHaiM3e CMECH KaTHOHOB nzep_
BbIX TpeX rpymIl. UB coctaB LeHTpUdyraTa (I) Moryr Bxogury
KaTHOHBI NepBOii, TpeTbel, YeTBEPTOM, NATOM U wecToj
rpymnil.

Boinesnenne H odHapyxeHue KaTHoHOB III aHanuTHYecKoji
rpynnbl. LleHTpUgyraT nocjie oTaeneHus: XxJaopunos PbC]
Hg,Cl,, AgCl obpabatsiBatoT 8—10 KamisiMu 2 H. paCTBOpZE;
CepHOM KMCJIOThI, HarpesBaloT 4—5 MUH, HalOT [1OCTOATh M B
NaJIbHEHIIEM UCCIENYIOT.

OtkpbiTe KatHoHoB I rpymmsr NH,*, K*, Na*. Bo3pmure
I M ueHTpudyrara (mocie oTaejeHUss KaTHOHOB III rpyn-
nbl), HelfTpanu3yiTe ero 0 cradoOLIETOYHOH peakIuu
KOHLIEHTPMPOBaHHBIM pacTBOpOM aMMHMaKa, nobaBbTe 5—
6 Kariesb Kap6oHata aMMoHUs. [IepemelanTe cMech, 0caok
OTHeJUTe LeHTpHdyrupoBaHueM. PacTBop yrnapbTe n0ocyxa Ha
ceTKe M IPOKAaJUTE A0 IOJHOro YAaNeHHs CJIENO0B KaTHOHaA
NH,* (npoba ¢ peakTUBOM Heccnepa). [Tony4yeHHBIit mocie
MpOKaJMBaHUsl 0CaOK pacTBOPHUTE B 5—6 Karisix JUCTUILTH-
pOBaHHOM BOIbI M ONpENEHTE KATHOH K* 1 xatnoH Na*.

Boiuzenenne H otkpbiTHe KaTHoHoB IV, Vi VI rpymm. IleHTpu-
¢yraT nocjie OTAeNeHHUs] KaTHOHOB [1] rpynmnbl HEATpaIH3YHTe
TMAPOKCUIIOM HaTpUA 0 LIEeJIOYHOM peaKLMU Ha JIaKMYC, Ha-

[TOJIOBMHY yIlapbTe W aHATU3UPYHTE APOOHBIM METOLOM.

§ 16. Peakuuy aHMOHOB | aHaNIMTUYECKOM
rpynnbl

AHMOHBI | aHATMTUYECKOi rpyNIbl 00pa3yloT ¢ KaTHOHOM
Ba2+ cofy, MaJIo pacTBOpUMbIE B BOIE, HO, 34 UCKJII0YEHHEM
cynbdarta 6apusi, XOpoLIO pacTBOPHMBIC B pa36aBJIeHHbIX
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‘”mcpzu]bllblx kucnotax. [loaToMy Buigenuts anuony ITOH
. ynﬂbl p BUJE OCd/lKa IPYNITIOBBIM peareHToM — XJIOpUIOM
r {0XHO TONILKO B HEUTPANbHOM WK cnaboluenoyyois

6apl'm s

16.1. PeaKuuu cynbar-aHmona SO,2-

[) CynbaT-aHHOH MOXHO 00HAPYXHUTb ¢ MoMoILbio
(iopia 6apus, KOTOpbIH obpasyet ¢ aHnoHOM SO,2- Genpii
ocallok BaSO,, HepaCTBOPUMBIH B KUcOTaxX (NpoBepsTe 310

ya omblTe):
Ba2* + SO~ — BaSO,!.

7) Hutpar cepedpa AgNO; npu B3anMoneitcTsuu ¢ anmo-
HOM SO,2~ B KOHLIIEHTPMPOBAHHBIX PaCTBOpax 06pa3yeT Gebii
ocarok cynbdara cepedpa Ag,50,, pacTBOpUMBIit B a30THojt
KUCIIOTE:

Na,SO, + 2AgNO; — Ag,S0,l + 2NaNo,;

SO~ + 2Ag* — Ag,SO,.

16.2. Peakuuu cynbdut-anuona S0,2-

1) MonHaa uin OpOMHas BOJa NP B3aUMOMEHCTBUM C
pacTBOpaMu cybOUTOB 0becuBeYHBaeTCs:

SO, + I, + H,0 — SO2- + 2I- + 2H+,

Jlns npoBefieHns] peakUUK HaleiTe B NPoOUpPKY 4—35 Ka-
MeJsib pacTBopa CyJb(hUTa HaTpHs, N06aBBTE 5 Kamenb pacTso-
pa cepHO! KMCJIOTBI M 2—3 Kamjiu pacTBopa uoma. Pacteop
yoaa obecLBeYMBaeTCs.

2) Hutpat cepe6pa AgNO, o6pa3yeT ¢ aHHOHOM SO,2- Ge-
JbliA ocanoK cyibuTa cepedpa Ag,SO,, pacTBOPUMBIiA B a30T-
HOU KHCJIOTE:

2AgNO, + Na,S0; — Ag,S0, + 2NaNO;;

2Ag+ + SO, — Ag,S0,L.



» Amum'muucknu X

16.3. Peakuuu kapbonar-auoHa CO,-

Mu,‘

1) KapGonar-aHHOH HIPU B3aUMOJICHCTBUY ¢ ’U'UDMJL(;M 6
pist oGpasyet Oeibi 0cajlok KapboHata Gapus, pacrm)p”m)'
B KHCJToTax (KpoMe cepHoit): ’

Ba?* + CO,2- — BaCO,-,

2) Kucnorbl pasjiaraloT costm YroJibHOM KUCHIOTh ¢ Bbijle e

Huem okenpta yrieposa CO,. Okeun yrnepona, B cpoy 0Ye

Pelb, MOXHO 0OHAPYXHTb M3BECTKOBOM BOJ10iA (HaCblmeHHm,‘;,
pactBop Ca(OH),): ;

Na,CO; + 2HCI - 2NaCl + H,CO;;

-
‘

7

H,CO; - H,0 + CO,;

CO, + Ca(OH), - CaCO;d + H,0.

I1s mpoBefeHMs 3KCIIEpUMEHTA B NIPOOUPKY ¢ ra3oorBog-
Holl TpyOKoii HaneiTe 5—8 Kamenp HCCIIeNYEMOT0 pacTBopa y
TIPUJIEHTE TAKOM XKe 06beM 2 H. COJSTHON KUCTOTBL, [azo01B01-
HYIO TPYyOKY IIOMECTUTE B IIPOGUPKY ¢ PacTBOpOM H3BecTko-
Bou Boabl. Habmonaiite moMyTHeHMe M3BECTKOBOM Bonbl, Crre-
OYET UMETh B BUIY, YTO IIOMYTHEHHUE Mo>1~ce'fMcqeanyn>
BCJIEACTBUE 00pa30BaHUA KUCIOM COIU:

CaCO, + CO, + H,0 — Ca(HCO,),

OoHnapyxenne annona CO,2- B IPUCYTCTBHM aHHOHA SO,2-.
AHMoHBI SO42- MemanT 06HapyXeHUIo KapOOHaT-aHUOHOB,
TaK Kak BBINENAIOLIMACS NPY AEVCTBUM KUCIIOT IMOKCHIL CEphI
MOXET NaTh ¢ U3BECTKOBOU Bomoi Ca(OH), 6enblit ocanok
cynbdurta KaubLus. [103ToMy, 0GHAPYKUB aHUOH SO;2-, He-
- 00XOMMO €ro OKMCIHTB B aHHOH SO,2-. JIs 5Toro rnepexn 00-
HapyxeHueM aHnoHa CO;2- HyXXHO 106aBUTb 4—5 Karep me-
POKCHIa BOAOPO/a U Jajiee OTKPhIBaTh aHHOH CO,2-,

3) Hutpat cepeGpa AgNO, 06pa3yeT ¢ aHHOHOM CO,2- 6e-
JIbIA 0CalOK, pacCTBOPUMBII B KMCJIOTAX.
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16.4. Peakuuv docdar-anuona PO,3-

) Xnopua 6apust 00pa3yeT ¢ aHMOHOM PO,3- Genpiit oca-
oK runpodocdara 6apust BaHPO,, pactBopumsiii B kucso-
tax (KDOME cepHOM):

BaCl, + Na,HPO, - BaHPO,| +2NaCl.

) MarHesuantbHas cmecs (cvech MgCl,, NH,OH, NH,C1)
o arioHanu PO~ 00pasyeT Oenbiit Kpuctaimmyeckuii ocaloK:

Na,HPO; + MeCl, + NH,OH — MgNH,PO,| +2NaCl + H,0.

[ist POBENEHUS IKCEPUMEHTa K 5—6 Karnam xiopuna
MarHud rpubaBbTe HECKONBKO Kallelb pacTBopa aMMMaKa
o6paaoBaBLum“lc51 0Ca[I0K TMAPOKCH/Ia MarHUs pacTBOpHTe, no-’
GBSt XIOPUIL AMMOHUS, 2 3aTeM Tpu0GaBLTe HECKOJIBKO Kafle/p
pacTBOpa runpocdocdara Hatpus Na,HPO,. O6pasyrommuiics
6esplif 0CaloK MarHuii-aMMoHui-docdarta MgNH,PO, yxa-
xeT Ha NpYCYTCTBAE aHUOHOB PO~

3) MonubeHoBas XHUIKOCTb (pacTBOp MONMGAATa aMMo-
nug (NH 4)2M004 B 230THOM KUCJIOTe) 06pasyeT ¢ aHMOHAMU
PO XeNThI KpUCTALTMYECKU ocaok 12-Monubrodocda-

Ta aMMOHHUAL.
PO + 3NH,* + 12Mo0O,2- + 24H* —
— (NH,) ;[P(M0,0,p),J{ + 12H,0.

JUist IPOBEEHUS SKCTIEPUMEHTA OMECTUTE B NPOGHpPKY
8 KareJib pacTBOpa MoiubxaTa aMMOHUSA U 8 Kxamenb KOH-
[[eHTPUPOBAHHOM a30THOM KHCJIOTBL. K cMecu nobasere 2—
3 karuii pacTBopa (ocata HaTpHUsl, MEPeMeLIanTe CTEKIISAH-
woit manoukoit u Harpeiite no 40—50 “C Ha BofsiHOM OaHe.
B ToM cliyyae, ecjiv Bbl KCCEyeTe CMECh aHUOHOB, 0bpaTuTe
BHUMAaHMe Ha XapakTep W LBET ocaika. AHHOHBI SO;2-, 52~
§ Ap. MOTYT BOCCTAHOBMTD LIECTUBANEHTHBIA MONUOLEH
(Mo00O,2-) 10 MOJIUOIEHOBOM CUHH (cMech coelIMHEHUH MO-
JIMGIeHa pa3TUYHBIX cTereHel okucneHus). [ToaToMy pacTBop
MOXET OKPACUThCSA B CUHMIA LBET. 1S yIaneHu1st BOCCTaHOBH-
Tesieil He06XOMUMO TPOKUIMSATUTL 2—3 Karly pacTsopa ¢
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-2 KarisIMK KOHLeHTPMPOBaHHOU a30THOM KMCNIOTE, 4,
jle yero MpoBECTH PeaKLiio OTKPBITHA aHUOHE PO -,

16.5. Peakuumn cunukaT-aHnoHa Si0,2-

1) Xnopua 6apHs oGpa3yeT ¢ aHHOHaMHU Si042- Gebiif oy
[IOK CHMIIMKaTa 6apus:
BaCl, + Na,Si0; = BaSiO;! + 2NaCl;

Ba2+ + Si0,2- — BaSiO;l.

2) Pa3bapneHHbIE KMCIIOThI 00pa3yloT C KOHLIEHTPUPOBAHHE]-
M pacTBOpaMH CIUIMKaTOB Gellblif CTYIeHUCTBIA OCaNOK (res)

KpeMHUEBOX KUCJIOTHI:
2HCI + Na,SiO,> — H,Si0; + 2NaCl;

2H* + Si0;2- — H,Si0;.

EcJiy 0caioK Ha XoJiofe He o6pa3yeTcs, TO paCTBOP HE06xo-

JIMMO HEMHOTI'O Harpeth.
3) Coin aMMOHUS NPy JENCTBUM Ha KaTHOH SiO;2- Bbife-

JISIIOT U3 PacCTBOPOB CUJIMKaTOB KPEMHUEBYIO KHCIIOTY. [Mapo-
JIU3 YCUIIMBAETCs B pe3ysibTaTe CBA3bIBAHUS 00pa3yloliuxcs
nonoB OH- nonamu NH,*:

Si0- + 2H,0 & H,Si0, + 20H-;

20H- + 2NH,* & 2NH,OH;

Si0g2- + 2H,0 + 2NH,* & H,Si0,+ 2NH,OH.

Haneiite B npobupky 4-5 kamnejib cUIMKaTa HaTpus
Na,Si0;, nobasere 4—5 Karnejnb AMCTHUIMPOBAHHON BOJBI,
Opocbre 2—3 kpuctainuka xiopuaa aMmmonust NH,OH u Ha-

rpeiite. [Ipu aTOM 00pasyercs CTYAEHUCTBIN 0Cal0K KpeMHH-
€BOM KUCJIOTBI.
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§17. PeaKuuu aHUOHOB |l aHanuTU4eCKoil
rpynnbl

Antorbt 11 AHATUTUYECKOH TPYNIBL 06pa3yioT ¢ KATHOHOM
Agt colth, HepacTBOPUMBIE B BOJE U pa3baBieHHON a30THOIA
cfoTe. [pYNTOBbIM DEATCHTOM Ha BHHOHE [l rpynns! sns-
o7osl HUTPAT Cepedpa AgNO, B IPUCYTCTBUM a30THOI KHCIIO0-
1y, XiopHL 0apusi ¢ aHUOHAMH I rpynnet ocankos He o6pa-

3yeT.

17.1. BeicTBUE rPYNMOBOrO peareHTa

Hutpat cepedpa o0pa3yet ¢ aHMOHOM Cl- Genblit TBOpoXHU-
cTblii OCAZIOK, HEPACTBOPUMBIIA B BOJIE 1 KUCIOTAX, HO X0po-
(110 pACTBOPUMBIIf B AMMUAKe ¢ 00Pa3OBAHUEM KOMILIEKCHOI
con cepeopa [Ag(NH;),|Cl (npu neitctBuu azotHoit kucmo-
Tbl KOMIUIEKCHBII HOH paspyllaeTcst 1 XJI0pHA cepgbpa cHoBa
phIMafaeT B 0CalloK); ¢ aHWOHOM Br— — xenToBatblit ocanok
GpoMuaa cepedpa AgBr, HepacTBOpHMBIii B a30THOI KuchoTe
/l TUIOXO pACTBOPUMBI B aMMHAaKe; ¢ aHMOHOM [~ — xenThIii
ocalloK noauaa cepedbpa Ag|, HepacTBOPUMBIIT B a30THOIT Kiic-
JloTe ¥ pacTBOpE aMMHAKa; ¢ aHMOHOM S2- — YepHblif ocanox,
HepaCTBOPUMBIif B pacTBOPE aMMHaKa, HO PacTBOPHMBIii npn
HarpeBaHWM B pa30aB/ieHHO a30THOM Kucnote:

Cl- + Ag* - AgCl:;

AgCl + 2NH,OH — [Ag(NH,),|Cl + 2H,0;
[Ag(NH,),|Cl + 2H* - AgCI + 2NH,*;
Br- + Agt — AgBrl;

- + Agt — Agld;

S2- + 2Agt — Ag,S.

JUnst IpoBefieHus 3KCMepMMeHTa B TPH pa3Hble MPOOUPKH
HaJleliTe COOTBETCTBEHHO PaCTBOPBI COJIEM, COLEpXKALIUX HOHBI
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uGapbTe K HUM 10 1=2 Kariy pacy,
LI M3 0CAIKOB Ha IBE YacTH, 1ipg,
b B 30THOH KMCIIOTE U B pacTpops

Opa
Cpy,.
am.

Cl-, BrH [, u1p
AgNO,. Pasjeaunn Ka
T¢ UX HA pac:"rnopuMocT

MU AaKa. us xJopuaa B MPUCYTCTBUHU 6P0M”ﬂa '

onpene/icH
Jls onp BHecUTE M0 2 KaIlJIk pacTBOpoB XI0py

a B POOMPKY
gs(fﬂﬁia H ly)lomma kanns, CMech MOAKUCIHTE Karllel pacry,,.

pa a30THON KUCJIOTBI U HPMﬁaBbTe 5—6 Karneinb PacTBopa wyy.
pata cepeGpa. BoimapLiiuif 0CAIOK QTUCHTPé/I(bYl”prﬁTe  ipo.
MoiiTe 2—3 pa3a ropsA4en pomoii. IlpubaBeTe K HeMy 6
8 xarnenb 12%-Horo pacTBopa KapboHaTa aMMOHUSA (I1g fq.
HUKEHWS paCTBOPUMOCTH 6pomn{xa cepebpa) U XopoILo Mepe-
velaiite. XJiopu cepedpa neperieT B paCTBOP B BUIE Koy .-
nrekchoil conu [Ag(NH;),]Cl, a OPOMHIBL M Hoxuy
OCTaHYTCA B OCaIKe. OTHCHTpM(bYI‘MpYHT? ocanok. Lentpy-
¢yrat pasgenTe Ha ABE YacCTH. K onHO# YacT npu6apkre
7 xarwtu KBr 1 HaGJiiofaiiTe MosBIeHNe HEOOIBILIOTO CBeTIo-
xeJrtoro ocanka. Ko BTopoii yacTd £00aBbTe 110 KaIlIAM 2 j,
pacTBOp a30THOM KHCJIOTBI JI0 kucioi peakuud. Habmonajite
[MosIBJIEHKE OeJIoro ocajika. DTH peakLUH ABIIIOTCA Haubojee

XapakTepHbIMU [UIS XJIOPUI-HOHA.

17.2. Peakuuu 6pomua-aHuoHa Br-

XnopHas Boga (pactsop Cl, B Bolie) pH B3aUMOLENCTBUM
c 6pOMUI-UOHAMU OKUCISIET UX IO CBOOOLHOrO Gpoma:

2Br- + Cl, — Br, + 2Cl-.

Jlig npoBefeHUs SKCIIepUMEHTa B IPOOUPKY ITOMECTUTE | —
2 KaIlIM pacTBopa 6poMuia HaTpUsl, IMOAKUCIIUTE HECKOIBKHU-
MU KaIUISIMU 2 H. pacTBopa CepHOM KMCIOThI, MpubaBsTe 1—
2 KaIuii XJIOpHo# Boabl. BenencrBue BeleIEHHS CBOGOJHOrO
6bpoma pacTBop Gypeer. Jlo6aBsTe 5—6 Kamenb ximopogopma
(ru Jr06Oro ApYroro pacTBOPUTENS) U B3GonTaiite. X10po-
(opMHBIA (HUKHUH) cION OKpallMBaeTcsa B KpacCHOBaTO-6y-
PBIF LUBET, & IMPY U3OBITKE XJIOPHOI BOIBI CTAHOBUTCS JIMMOH-
HO-XEJIThIM BCJIEACTBHE 00pazoBaHus xinopuna 6poma BrCl.
IIpu mpoBeneHuy 3Toit peakUMM ClemyeT UMETD B BULY, YTO
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" oHbl-BOCCTAHOBHTEIM MEIAIOT NpoBeseHuio
STOMY JOJDKHBI OBITb YAQNEHBI MM OKKMCIIeHp].

Peakuuu, mno-

17.3. PeaKuuu UOAVA-aHUOHa |-

1) KatuoHbI CBMHUA Pb2* o6pasyior ¢ MOMA-HOHOM |-
30JI0THCTBIN OCANIOK MOAMA CBUHLA Pbl,.

2) XnopHasi BOJA, KaK U JUist 6pOMMI-HOHOB, sipNseTcy BaX-
peitludM PEaKTMBOM Ha HOMUA-MOHbL. TTpu npuGasnenuy ce
K pacTBOpaM MONMJIOB B KUCIOU Cpefle MPOUCXomuT okicye-
e HOIL-HOHOB 110 CBOOOIHOTO 1ofa, KOTOpBIi oKpatuypaer
kpaxmall B CHHUM LIBET, a OpraHnyeckue PacTBOpUTENH —
p puoeToBblil. IIpMMeHeRKe B KavecTse okucuTE NS XJI0pa
1103B0JII€T OTKPBITh KaK MOLMA-UOH, TaK U OPOMUL-HOK pH
" AX COBMECTHOM NPUCYTCTBUM.
" Jlna TIpOBE/lEHUs IKCIIEPUMEHTa CMellaiiTe o Kapjje
pacTBOpa MOMMIA Kallus M 6POMUIA KaNus, MOAKUCITe 2=
3 KarUIIMM 2 H. pacTBopa CEPHOM KHCNOTBI, NpUOaBbTE He-
CKOJIBKO KameJb GeH3ona u NpUOaBLTE MO Karursy XJIOpHY10
BOAY, KaX/IbIi pa3 XOPOLII0 B3GAITHIBAs comep)uMoe npoGup-
xu. [Ip1 3TOM B COOTBETCTBUY C OKUCTUTENBHBIMK TTOTEH L~
anaMy CHavala OKUCISIETCA HoMMI-UoH. [Tosinsercs xapak-
TepHast JUIl Holia HHUOJIETOBAsI OKpacKa GeH30bHOro CJIOS.
Bceft 32 HCYE3HOBEHUEM (DUOJIETOBOM OKpacKH MosBiseTcs
KpacHO-0ypasi oKpacka BpoMa, cMeHSoIIasIc 3aTeM Ha Ji-
MOHHO-XeNTYyI0. HanuiuuTe ypaBHeHust peakuuis obHapyxe-
HUS MOAUI-HOHOB.

17.4. Peakuuu cynbpupa-aHuona S2-

Kucnoret (H,80,, HCI) npu neiictsun na cynsdunsr
pa3jiaraioT UX ¢ o6pa3oBaHHeM CEPOBOIOPOA:

Na,S + H,S0, — H,ST + Na,S0,.

CepoBoOpOl MOXHO OOHAPYXXHTH [0 3alaxy, a TaKXe [0
IoYepHeHUIo GyMaru, CMOYeHHOM pacTBOpOM alleTaTta CBUHIA
Pb(CH,COQ), npu nofHeceHU! ee K OTBEPCTHIO NPOOUPKH:

H,S + Pb(CH,CO0), — PbS + 2CH,COOH.
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{aAHTHqECKaq :
§ 18. Peakuuu anuonog ||| aHanTYy ey Mg
Kojj

FPYNMbI

uKaTl/lOHbl Gapus u cepebpa c aHUOHamy [[p a
KOM IpynIbl 0cankos He o6pasyior. prnnoaoro a"queC‘
aHnoHs! [11 rpynmsl Her, Peareyr, Ha

18.1. Peakuyuu HUTPUT-aHUOHZ NO,-

1) Monun kanus KI B NPUCYTCTBUK Pa3baBneyyqj;
KUCIIOTBI OKUCIISIETCS HUTPUTaMH 1o CBOOOIHOG noljl

€PHoy;
a-
2+ IOy~ +4HY 5 1, + 25,0 + an 01

2) Cynbdanunopag KHéHOTa H,N—C.H
2 6 4‘80 H H -
bTunamuy CioH;—NH, npu B3aMMoneiic it

VOHaMK 00pAa3yIOT OKpallleHHblif B KpacHBbI
TeJIb:

H ¢

Nb(aHUNORan K-
Cynbhanunomas K-1a NH,

OO C! — Hadminamuy
| N———N-@—SQH
NH,

a3okpacutent

M LIBET a30kpacy,

K kamne HeiTpanbHOro MK YKCYCHOKHUCJIOTO UCCNenyeMo-
['0 pacTBOpa, HaXOMSLIErocsl Ha YaCOBOM CTeKJIe, IPUGABETE [0
OITHOH KaIllle pacTBOpa CYJbhaHWIOBOI KUCIOTH I Ha(TUNa-
MWHa. B nipucyTcTBUM aHMOHa NO,- nosinsieTcs xapakrepHas
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: o okpacka, CICAYCT HMETL B DAY, HTO OKHCIUTEH Mo-

KpiICH‘ ”pm;cﬂcll”lo pPCakKUMH, OKUCIISISI HUTPUT-HUOH.

en1aTh
yl;)‘ {3C/10Th! PASAATAIOT BCE HHTDHTLI C BhLCICHHEM OKCH-

joB 43072
9NaNO, + H,80, = Na,SO, + 2HNO,;

JHNO, = NO,T + NOT + H,0.

4) YaaneHue anroHa NO,™ MOXHO OCYLIECTBUTD [TyTeM Ha-
rpepatii pacTBOpa C TBEPABIM XJIOPUIOM aMMOHHS:

NH,* + NO,~ - N,T + 2H,0.

4 pOBE/eHNs OMBITA K 4—5 KarsiM pacTBopa Npr6assTe
{ecKOIbKO KPYNUHOK XJI0pUAa AMMOHHUSA M OCTOPOXHO Ha-
rpeiire. [1pHt 9TOM 06pa30BaBLIMICS HUTPUT aMMOHHS MOJHO-
cThl0 pa3pyLIaeTcs C BbIIEJIEHHMEM CBOOOIHOTO a30Ta,

18.2. Peakuuu HUTpar-aHuoHa NO,- !

Tupennnamut (CHy),NH B3aumoneiictayer ¢ Hutpar-
sorioM NO;~ B IPUCYTCTBUU KOHLEHTPUPOBAHHOI! CepHOIi
KUCIOTBI € 00pa30BAaHMEM NMPOIYKTOB OKMCIEHUS HHTEHCHB-
Ho-curero sera. Ha cyxoe i ucToe yacosoe cTekio momec-
uTe 4—5 Karenb pacTBopa IMeHUIaMHHa B KOHLEHTPHpO-
paHHOM CepHOM KUCIIOTE. BHecuTe Tyna Xe CTeKNSHHOI
qal0YKOil Karllio MCIBITYEMOTO pacTBOpa U NepemelnaiiTe.
B npucyrcTBue aHuoHa NO;y~ NOSBASETCS HHTEHCHBHO-CHHSAS
oKpacka. AHaJIOrHYHOE OKpallMBaHHe 1aeT U aHHOH NO,-.
[Tpy BHIMTONHEHUU PEAKLUHU CIEYeT UMETh B BULLY, YTO OKILC-
JUTENIM U BOCCTAHOBUTENHM MOTYT MeLUaTh NPOBEACHHIO peak-
LK. ,

Cynbdat xenesa (II) ¢ Hutpar-annonom NO;~ ofpaayer B
KOHLIEHTPMPOBAHHOM PacTBOPE CepHOM KUCIOTBI KOMIIIEKC-
Hylo colib 6yporo useTa [Fe(NO)]SO,:

6FeSO, + 2NaNO, + 4H,50, — 3Fe,(SO,), + Na,S0, +
+ 4H,0 + 2NO;

2NO + 2FeSO, — 2[Fe(NO)]SO,.
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AuaAmuqecrcau XHMy
1

[ToMecTHTe Ha yaconoe CTEeKJIO Karuto pacTtsopa
'r_vnn X€ BHCCHTC MaJICHbKUI| KPHUCTALIYK cynb(baT:x“:KT
eSO, u npuban

. I bT¢ Kamnjio Konuempnpoaaﬂnoﬁ c

;:\mue obpa3zoBaHus KOMIUIeKCHoro COeMHEeHMUy | Fe(N())]s
HHOHBI |-, Br- 00pasyioT cxogHbe I10 OKpacke Kospiya AH?;.

OH NO,- naer 9Ty peakluuo c Gojee pa3baBineHHBIMy

TaMH., KHcno-

5) MHKpOKpMCTaJLHOCKonnquKa;I PeaKUMs: Ha KaIulio pac-
TBOpa, CONEPXKAIIEro HUTPaT-aHUOK NO;-, nogeiictayiite ka-
ekt 10%-Horo pactBopa HUTpoHa CyH (N,. Beimanaior xa-
PaKTEpHbIE IIyYKU UIJT HUTPaTHUTPOHA, ITposenenuio peakiuy
MELIaeT NPUCYTCTBUE aHUOHOB NO,~, I-, TaK Kak oHu Toxe
00pa3yIOT KpUCTAIMYECKHUE OCaJIKHy.

18.3. Peakuum auerar-aHmona CH,COO-

1) CepHas kuciora, B3auMorneitcTsys c alieTaTaMu, BBITECHS -
€T M3 HUX CBODOIHYIO YKCYCHYIO KUCIIOTY, KOTOpas, YJIeTYYUBa-
ACb IIpY HarpeBaHMU, IPUIAET PACTBOPY CrieLUpUYECKHIA 3a-
ax ykcyca. B npo6upky nomecture 5—6 xameip pacTBopa
aleraTta HaTpHus M N00aBbTe 2 Kallsld KOHUEHTPUPOBAHHOIL
CEpHOU KHUCJIOThI (0cmopoxcro!). OCTOPOXHO Harpeiite. ObHa-
PY>KbT€ YKCYCHYIO KMCIJIOTY I10 3aIlaxy.

2) [1pu B3aMMOIEHCTBUU CITUPTOB C PACTBOPAMM ALIETATOB
00pasyrorcs 3¢ Upbl, KOTOPBIE Y3HAIOTCA 10 3aIaxy:

2CH;COONa + H,S0, — Na,SO, + 2CH,COOH;
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}l”" l”)()lﬂ‘}“fl“”l DKCHEPUMENT TR K HECKONLKUM KM
pacthopi AT np.mmm:u, f |4 KATEA KOmuerrpuposaiion
o ol KHCHOTIE W CTONRKO AC AMUAIOIOLO Clingy (;,'””()”'
RN pelbre 1 ool bare i ‘H-,'muw',/l O MU, 1HOGH
4ero CONEPAUMOE TIPODUPKK BLUICUTE W Craran ¢ AONOJHOK
nu)l““- OOpasyetTes HMHJHHH'/I:I'I‘I(: KAPRKTEDHBIM Satiaxom
a.pynwnuu HeCCHUUe, AMUIOBLI i 1ie CHEyer Hpar,
HAOLITKE, THK KK 0T M(I)}I’.("/l‘ HOMCHTTL OOHAPY AU satiax,

3) XHOPHJL KEIe FeCly tipu wsanmonehicrinmg ¢ PACT 10
paMH AIETHTON OOPAIYET KOMILICKE KPacho-6yporo miera, ko
roputit 1ipu PASOABIICTINN W HATPEBAHANA JICTKO HojBepractcy
FPOIIIY © OOPATOBAHKCM OCIIKA OCHOBHOR Conu artetary
wenean (1) [Fe (CHLCOO)OJOH,

I O KaluisIM UCCHICILYEMOLO PACTBOp mmﬁzuu;lcylmn,m e
KJIOPUJLA KENE3A FeCly, Tpu arom obpasyerc Kpacto-Oyprii
OCIJLOK areraTa Kejesa, Hpy pasbasycring PacTBOpPa BOJIOK B
93 pasa U HAIPEBAHMU BEITAJACT OCAOK OCHOBHON cosu
||:c)((j||,(J()()),,()I()ll. OTKPLIBATH ALETAT-KOHBI YTOU
peakieit Hesbsi b pueyrersuun annotion COZ 1§07
PO, S7 . BoTOM Clytae JIanibie Hotbl HEoOXOAMMO ocauth
JeUeTBMeM XJaopuia bapust u nurpata cepebpa,

§ 19. AHanu3 cmecn aHMOHOB BCex
aHaNUTUYeCKMX rpynn

JUist anamsa sosbmure 30 Kanesan (1,5 Mir) ucnbiryemoro
PACTBOPA, COCTABJCHHOTO U3 COJICH TOJNLKO HIEJTOUHBIX METal-
nop, OctaibHast 4acTh pacTBopa CoXpaHseTcs Juist KOHT-
POJLHBIX UCITBITAHWA,

19.1. MpepsapurensHbie UCNbITaHUS

[IpoGut na aumonst [ rpynust. K 4—5 karuisiM HedtpajibHoro
WK caabotesiontoro pacrsopa (pH = 7-9) npubassre CTojib-



152 AnaAmm,eC

- N x"
<0 K¢ PACTBOpA wiopwia 6apust. Obpasopane Ocayiy Mg

oT Ha [IpUCyTCTBAC AHHOHOB I rpynnbl. B takoy C"Yllaika}'"lim
jjailTe YacTHbIC PEAKLMHM HA KATHOHD IIEIHH()‘ﬁ Dyiiny, IPoge
[Tpo6a Ha AHHOHBI [ rpynnbl. Pcnn [DH AeficTay, Ha.uc
fiyeMblit pacTBop cMECH a30THOH KUCIIOTHI M Hutpgr, CQD%‘
BLI[agaeT 0cajok, To B OTACI bHOW MOpLUHK PacTBop, 0TKp§§pa
aHuoHbl 11 rpymnrbl.

[Tpo6a Ha AHHOHbI-OKHCIHTEIH. K 5-6 kamgy Moo
eMOTO pACTBOPA, MOIKHCIEHOTO 2 H. PACTBOPOM cepyyqy V-
JI0TbI, MpHOaBbTE 2—3 Kanuau paCTBOpf, MOMUIa Kayg K e
HeCKOJIbKO KarleJib KpaxMaibHOro Kieucrepa, Ipy Hany, 1
aumona-okucautens NO,~ pacTBOp OKpalliBaetcy g CHH”;

LIBET.
[Ipo6a Ha AHHOHBI-BOCCTAHOBUTE]H. K 5-6 anngy, e

cJielyeMoro pactsopa nmpu6assTe 2 KAl 1 H. pacTaopy cep.
HOi KHCIOTBI U 2—3 KaIulM pasoaBiIeHHOTO PACTBODA Mepyy,,
ranata kamusa KMnO,. Eciu NMpH 3TOM NepMaHTaHar kayy,,
o6GecLBedMBaeTCsl, TO B paCTBOPE MOTYT IIPUCYTCTBOBATS ayy,,_
upr-poccraHosutenu SO;2-, NO;, Ir, Bru, Boamoxwo, CJ-,

[Ipo6a Ha BblIeNeHHE ra30B. K 3—4 kamisam nccilenyemoro
pacTBopa Tpuieiite 3 Karu 4 H. pacTBOPa CEPHOM. Kicyory
U clierka BCTPSXHHUTE npo6upky. Eciy BhlIeneHKe rasg
He3aMeTHO, TO CJlerka HarpeiTe pacTBop. BeeneHue myspipy,.
KOB Ta3a yKa3blBaeT Ha BO3MOXHOE NPUCYTCTBHE aHHOHop
CO,2-, SO,2-, §2-, NO,~. I1o cBOMCTBaM rasos C?z, S0,, H,8,
NO, (3anax, 11BET) YCTaHOBUTE UX BOBMS))KHBIPIUCOCTaB, Ha
OCHOBAHYY MpeJBapUTENbHbBIX UCTIBITAHUM CHENANTE BBIBOY o
ToM, KaKye aHMOHBI MOTYT HaXOAMTBCA B pacTBope. ITocre
3TOro TpUCTynaiiTe K UX 00HapYXEHHIO.

HcnbiTanue peakiuy pacTBOpa HA YHHBEPCAJIbHYIO HHAUKa-
TopHyto 6ymary. Eciu peakius rmokasana Kuciyro cpeny pH < 2,
B pacTBope He MOryT MpucyTcTBOBaTh aHUOHBI CO42-, SO,2-,

NO,-.

19.2. O6HapyxeHue OTAeNbHbIX aHUOHOB

Cynbpar-uon SO 2~ OTKpHIBAIOT IPOOHBIM INyTEM U3
OTAEJIbHOM MPOOBI pacTBopa AedcTBHEM XJIopuia 6apus BaCl,
B MOAKHCJICHHOM (a30THOM MU COJISIHOM KHUCJIOTOI) cpefe.



[rand [, KauecTReHnbiit anaau,

Cyanpur=Hou SO = o1kppy, _
(popa PAMIOKCHUEM cephoit kye
|;|,|11cm||oun-1Hc:s| CCPHUCTBIN T
qepManranara kaaust KMnO,,

Kapbonat-non CO,2- OTKpbIBajoT Y3y 0Ta
Ecau B pacTBOPE NMpUCyTcTRyer SO~ 10 e:"b”(’“ Mpoodw,
(IpeABAPUTETBHO OKHCTHTL B apyoy SO 0 n 0 Heobxonumo
¢ - IR 9Toro 106apy,-

a3 lponycka

5 kanaAx 2 H. pacTBoOpa consiyoj KUcnoTy
ny3bIPbKU ra3a YKasblBalOT Ha
pacTBOpe aHWOHa CO,2-,

CHJIHKaT-HOHUSiO_;z" OTKPBIBAIOT U3 oTgepp0 3
neicTBys COITHOW KUCIOTOM iy XJIOpHIOM amm o i rrap

®ocar-uoH PO 2~ otkpriajor y3 OTHENbH ety
He3UabHOM CMEChIO WU Mo1OaeHORO] mnzgcl;pbom Har

Ecu B pacTBOpe NpHCYTCTBYIoT apy o
Si0,2-, TO OTKpbITHE docdar-anunona
o6pasoM. K 5—6 karuiam ananusupye
Te 9KBUBAJIEHTHBIA 00BeM pacTBopa
OTLIEHTPUGYTUPYITE, NipoMoiite Bo
2 H. paCTBOPE COJITHON KHCIIOTHL,
JIbIA pacTBOP HEUTPANIU3YiiTe aMmy
KO KpMCTaJLJUAKOB XJIOpUIa aMMOHUS. Brinmarmyis ocaok
KPEMHHEBOX KHCIIOTBI OTQUIETDYiATe Y B LeHTpUdYyraTe o
KpbiBaiiTe pochaT-aHUOH, "

Cynbua-HoH S2- OTKpPBIBAIOT U3 0THEbHOG] NMpoOb! aneta-
toM cBUHUA Pb(CH;COO0),. Uous S2- Menaror 06Hapyxe-
HUIO ralloreHna-uoHoB CI-, Br, I~ [lna ynanenus S2- ¢ | ML
HEHTPIbHOTO UJTH C/Iab0LLEN0YHOr0 pacTBOpa No6assior pa-
ctBop ZnSO, U HarpeBaloT. Buimapuuis CYNbOUA UUHKA
OTQUIIETPOBLIBAIOT, PACTBOP MCTIONB3YIOT IS OTKPBITHS [a0-
reHUI-MOHOB.

Xunopua-uoHbl Cl- OTKpBIBAIOT B LeHTpHYraTe, He conep-
XameM cynbdua-aHuoHoB. K 5 xamnam pactsopa no6asisior
4-5 KareJib pacTBOpa HUTpaTa cepeGpa AgNO,. Ocaok raio-
reHu10B o6pabaThiBaloT 6—8 KarisimMu 12%-Horo pactsopa
kapboHata aMMoHus (NH,),CO, uiu moueBuHsl. Ocanox ot-

MOT0 pactBopa npuieii-
xnf)pvma Oapus. Ocanok
AO0H M pacTBopuTte ero B
Honyyenyrit CONSTHOKKC-
dKOM U no6aBrkre HECKOJb-
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anator, B puairpate onpeessior C| '/“Nnm,,m“'
KT 2 1. paciigy n'u,-,:"';.
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prutsipom ’
KATUISIM pacTBop MO KaJIusl

KHCHOTHI. N
IspoMit-Hot Br= onpesesistior OKUCIICHHCEM jio CBOBOs ¢y,
(

OpoMa xJI0pHOI BOJLOH. Ecnu pucyrerpyior M()llbhll()()(:’l;”m
ptrean SO, 2, 82, UX OKHCIIOT HEpMatTanatom Kast g 1.
Kuestoit epejie: K 5—06 Karuisim lflCC‘J'IC}LYCM()['() PACTBOPA J1065, " ~‘
te 2 KAl 2 H. pacTBOpa CepHOK KUCIOTHI U 110 Karyyigy Dn'~
CTBOP liepMaHraHata Kajus J1o CIA0OMANIMHOBO OKpacky
a 3aTeM onpeesiiite GpOMU/I-aHUOH. ’

Honma-uon I-. [1py HaJIMUNK B pacTBope MOHOB-BoCCTay ().
BUTEJICH [OCTYNAIOT aHAJOIMMYHBIM 00pa3oM, Kak ripy Olipe.
neneHuu Br. Mopua-aHUOH OMNpeNessioT aleTaTom CBUHIYY
WK XJIOPHOW BOJIOM.

Hurpar-non NO;~ B OTCYTCTBHE HUTPUT-HOHA NO,~ or.
KpbIBaloT AudeHnIaMiHOM. Eciiy Xxe B pacTBope npucyTeTpy.-
eT HUTPUT-aHUOH, TO €ero NPeABAPUTENLHO YAANSIOT ¢ MoMg.-
(IO XJIOpUJIa AMMOHHUSI UJIU MOYEBUHHI.

Hutpur-on NO,~ OTKpbIBalOT U3 OTAE/IBHON MPOGHI feji-
CTBMEM MUHEpaJbHBIX KUCIOT UJIU UOAUIOM KaJlUSl.

Anerar-uon CH;COO- OTKpbIBAIOT U3 OTAENBHOMN Mpo6y
IEACTBMEM CEPHOM KUCJIOTBI UM U30aMUJIOBBIM CIIUPTOM
B [IPUCYTCTBUM CEPHOM KUCJIOTHI.

§ 20. AHanu3 TBepAoro BeLecTea

Jlist aHannsa TBepaoro Beulectsa ero Gepyr 0,1—0.3 r
[Ipexie yeM NPUCTYNMUTH K aHAIU3Y, UCCENYEMOE BELLECTRO
HEeo0X0AMMO U3MENbYUTh B (apdopoBoii ctynke. Usmens-
YEeHHBIM MaTepua JeNAT Ha TpU YacT: IS aHaIM3a KaTHO-
HOB, IUI aHAJI3a AaHWOHOB M [VIS IPOBEPKU WK TOBTOPEHMS
OMbITOB. AHJIM3 HAYMHAIOT C UCTIBITAHUS Ha PACTBOPUMOCTS
BELLECTBA B PA3MYHBIX PACTBOPHUTENAX CHayalla Ha XOJOfe,
a 3aTeM, eCJIM HaJlo, U IPU HarpeBaHWM. B 3aBuCHMOCTH oT
PacTBOPUMOCTH UCCIIENYeMOr0 BEIECTBA PUMEHSIOT Pasiuy-
Hble BapraHTbl aHaiu3a. [Ipocreiilunii — anaius BelleCTBa,
pacTBopuMoro B Boze. [lo Tabnuue pactBopuMocTH cpasy
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”‘///1-| BLIBOJL, KAKKAE COJT HE MOTYT IIpUCYTCTBOBAT
cnetatn

L pac ”w;ch [IPUCTYTTATD K aHaJIA3Y, obBpaTuTe BHUMalne
[ ¢HJIE 4t pEAKILAIO pacTBOpa. [To okpacke pacrsopa Mox-
g [peaBapuTebHoe JAKIIOUYEHUE O HANTUIUU UIU
o ¢ M[;[ pex WM MHBIX MOHOB, Hanpumep: Cu?t, Co2t,
oTCYTCI';cia- i, CrO2, CryO72 u jip. Ulenounan peaxius
2, . Z;TBYCT O [IPUCYTCTBUU B PACTBOPE TUAPOKCUIIOB WIITK
=y i D ()
CBM’U“:TzMﬂbl‘lblx ocHoBaHUi 1 cnadbix kuenot (Na,S, K,CO,,
- l,[ ‘
ConcCoONa u T. 1.). Krciast peakimst yKasbiBaer Ha rpucyT-
CHy 5 pacTBOPE cBOOOJHBIX KMCIIOT, KACHBIX COJIEl UIu CO-
Cnimswjlb HbIX KUCIIOT U cnadbbix ocHoBanui (NH,C1, ZnCl,,
P[ L)
61C1 u T A HeiTpasbHasa peakurs YKa3biBaeT, YTO B pa-
A t 3e MOrYT GBITh COJIM CHIIBHBIX KHUCIIOT U CUIIBHBIX OCHO-
cTBOR” 'KC1, Na,SO,) WX COK CrabbiX KUCAOT 1 Clabbix
panitfl (80 bk CH,COONH
ocHoBaHHUH, nogo0HbIX 3 45
[locne MPeiBapUTeIbHOTO MUCHblTaHVlH PacTBOpAa aHaNU3U-
pyeMoro pellecTBa MPUCTYyNanTe K OTKPHITUIO KATUOHOB U

aHUOHOB.

20.1. OGHapyXeHue KaTUOHOB

o Hayala CUCTEMAaTHYECKOTO X0/1a aHAIK3a LeNleco06pas-
HO OMpeeNUTh KaTuoHbl Fe2t, Fe3* NH,*. B otnensHoi nop-
LM pacTBOpa OTKPBIBAIOT KaToH NH,* Harpesanuem ¢ pa-
CTBOPOM T'HAPOKCHUIA HATPUS WU C TIOMOLIBLIO PEaKTU-
pa Heccnepa. Katuon Fe?* MOXHO OTKpPBITH pacTBOpOM
K,[Fe(CN)¢| B kucnoit cpene. Katuon Fe’* moxHo obuapy-
xuthb geiictereM K, [Fe(CN)|,

M3 oTAENBbHBIX MPOO pacTBOpa MPU MOMOLIU TPYITOBBIX

peareHTOB OINPENENIUTEe, KATUOHBI KAaKUX aHATUTHYECKUX TPYIITL
IPUCYTCTBYIOT B PaCTBOPE.

20.1.1. UcnbiTaHne Ha KaTnoHsl | rpynnel

K 3—4 xanjisiM KccleayeMoro pactBopa npudassTe He-
CKOJIbKO Karnesib KapOoHaTa HaTpusl. Eciu ocagox He Bhirnaja-
€T, TO B PacCTBOPE MOTYT MPUCYTCTBOBATH TOJBKO KAaTUOHDI
[ rpynmel. B uccnexyeMoM pacTBOpe B IEPBYIO OUEPe/b OTKPEI-
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pato1 KaTHOHBI Na' jicHcTnHeM KIH,5b0, WK W’”llmmm._’;
rom. TToCKOIBKY HAJTHIAE HOHA aMMOHUSE Obio Hpc;[“;';);l

LeIBHO TTpOBEPEHo, TO, B CIytac [IPHCYTCTBIS, ero uy ,j,m”’:

unun:/UUlf“”"”CC”C“yCMh”[pac”"”)”“MCHmuA

rurens win papopoByto qalIKy, BLITAPUBAIOT JIoCyxa llp(),‘i
kasnpator. Tlocse oxIaxXacHms! COMEPKHUMOC TUTJIsI 0Opa6ay b
BaloT HECKOIBKUMI KaIUSIMU AMCTHIIAPOBAHHON Bojpy, Orte.
palMio MpoKajJuBaHms [OBTOPSIOT HECKOMIBKO pas, [[ogy,
YTOro NpoBepsIoT HA MOJHOTY YIAICHHUS CONCH aMMonyy
nomolibto peakTupa Hecciepa U OTKPBIBAIOT KaTHOHp [
jeitctsiiem Nay[Co(NO,)| miu NaHC,H,O4. B ciyyae oTCyr-
CTBUSI KATMOHA aMMOHUSI onpejiesieHne noHa K* npopogg,

| 56 e ”

pata yaa

cpasy.

20.1.2. UcnbiTaune Ha katvonsl I rpynnel

Ecnu rpy AeHCTBUM KapOOHaTa HaTPUA Ha MCCIenyeMprit
pacTBOP BbINALAET 0CaI0K, TO GEPYT HOBYIO MOPLIMIO STOTO pa-
ctBopa (10—12 karieJib) 4 MpUOABJISAIOT 2—3 Karuii 2 H. pacTso-
pa cosiHOM KUCIOThI. B ciiyyae MosABIEHUA 0CaiKa 100aBsioT
COJISHOM KUCJIOTHI A0 MoJHOro ocaxneHus. Ocanok otmeng-
0T LeHTpUpYTUpOBaHUEM, TPOMBIBAIOT BOAON U 06GHa-
PYXMBAIOT B HEM KATMOHBI BTOpO# rpymibl. OCamoK MOXeT co-
nepxatb xaopuasl AgCl, Hg,Cl,, PbCl,. [lna otaenexus
WOHOB CBUHLA 0cagoK HeoO0xomumo 2—3 pasa obpaboTarh
ropsiyeil BoIo# U oTUeHTpUPYrupoBath. IIpu atom Xiropun
ceunua PbCl, mepeXomuT B PacTBOP, a XJOPUIBI cepedpa U
PTYTH OCTAlOTCSL B OCAJIKe.

Jl1g OTKPBITUA MOHA CBUHLA K 3—5 KaIlIAM ropsgy4ero LeH-
Tpudyrara 106aBETe Takoe Xe KoauyecTBo KI — obpasyercy
XeJThIA ocaJoK noguaa cBuHua Pbl,, KOTOpeli npu Ha-
rpeBaHUM PaCcTBOPSIETCS, a NPU OXJIaXIEHUU BHOBD BbINaJaeT
B BUIE 30JIOTUCTO-XENThIX KpucTauioB. K ocTaBiiemycs ocaji-
Ky, B KOTOPOM MOTYT HaXOOUTbCs XJIOPUAbI cepedbpa U PTYTH,
npuieite 5—7 Kanejp pacTBOpa aMMHUaKa U IepeMellaiTe.
Eciu npucytcTByeT KatuoH Hg,?*, To ocagok yepHeeT. XJio-
pUJI cepebpa Mo AeicTBUeM aMMUaKa IIEPEXONUT B pacTBOD B
BUIe KOMITJIEKCHOI cosiu, a conb [HgNH,]Cl u pTyTh OCTal0T-
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e 1 patoT YepHblit BeT. OTUeHTPUdYrUpyitTe oca-

ok H rpudyraT pa3fie/InTe Ha [BE YaCTU U K ONHON M3 Hux
Z};Te pacTBop KI, a K Ipyroit — a30THOi Kucnots. Mpy
aph” (it KATIOHA Ag* B nepBoi MPOOUPKe BBIMANET XeNThiil
a;oK oA cepedpa Agl, Bo BTOpoit — Benbiit ocanok xio-
od cepedpa. B ofoux ciyyasx MPOUCXONUT pa3pyuieHue
KoMnﬂeKCa.

20.1.3. HenbiraHue Ha katoHsl [l rpynnsi

K 2-3 xariiM aHaJM3NUPYEMOro pacTBOpa NpHBSaBasior
c10bKO K€ 2 H. paCTBOpA CEPHOU KUCJIOTHI M Harpesalot, Bui-
[afieHHe ocalka yKa3bIBaeT Ha MPUCYTCTBUE KaTHoHOB |1

yriTIbl, KOTOPHI® OTKPBIBAIOTCS XaPAKTEPHBIMU I8 HUX pe-
acupAmH. TIOMyUeHHEIH 0CAIOK MOXeT conepxats BasSo,,
CaSO, 1, YaCTHIHO, PbSO,. [ing ynanenus cBuHua ero obpa-
garbiBatoT 30%-HbIM PaCTBOPOM CH,COONH, nipu narpesa-
{uM [0 TIOJIHOTO YAAJIEHUS cynmbdata cBuHua. Crenyer no-
MHUTD, YTO PACTBOPHMOCT CaSQ, Boicoka. Tlostomy mocne
oTIENEHMs 0CalKa OT PACTBOPA B PACTBOPE NPOBEPSIOT NpH-
cyTCTBHE HOHOB KANbULUS IEHCTBUEM OKCANlaTa aMMOHMs
(NH 4)2C204. [Tocnie 3TOTO OUCTaBUllmCﬂ 0CallOK MPOMBIBAIOT
[Ba pa3a JUCTHIUPOBAHHOH BOMOH, MmepeHocsT B dapdopo-
ByIO YAIlKY, 100aBISIOT 3—4 mn 10 H. pacteopa K,CO, u xu-
ot 5 MuH. [locne oxnaxneHus B Gaphoposylo vauky xo-
6aBJISIOT 2 MJI BOIbI, MEPEMELIHBAIOT, JAIOT OTCTOATHCA W
[po3payHbIil CIOW XUIAKOCTH CIIHBAIOT. O6paboTKy KapOoHa-
TOM KaJIMsl IPOBOASAT 2—3 pa3a (110 MOJHOTO yAaJleHUst HOHOB
$0,2-). Tlocrie MpOMBIBAHUS OCANOK PACTBOPAIOT B 10-12 kan-
JISX YKCYCHOM KUCTOTBI. B MoNyyeHHOM pacTBope aueraTos
oGHapyxuBatoT HoHbl BaZ* u Ca2*. Jlng storo BHavane 0epyt
3 xaru pactBopa M rnpubasnsiior K HuM 3 anmn K,CryO; 1
3 kamuu auertara Hatpust CH,COONa. OGpa3oBanue ocanxa
yKa3blBaeT Ha MPUCYTCTBUE HOHOB Ba2t. [lns uX ymaneHus K
pacTBOpY N00aBNAIOT M30BITOK OHXpoOMaTa Kajius B MPHCYT-
CTBUM alleTaTa HATpH4, MepeMelIHBaloT CTEKIAHHOM malod-
KOM, JAlOT MOCTOSATh 2—3 MUH U OCANOK OTACNAOT. OcraBIUHii-
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est PACTROP MOXET CoepXath nonst Ca?', JUis ux “(’“:lpy)« [

K pacTBopy 100aB/IoT HECKOJIBKO Katlesih OKcastary Al Chy,,

(NH,),C,0,. Hospaetue Ges1oro KpUCTanteckor, . f)xm,,
¢

" (‘
vKasbinaeT Ha Hatnune noton Ca?, Uty

20.1.4. Ucnbiranna Ha katnolsl IV, V u VI rpynn

Llentpudpyrat nocie oTAeAeHUst KaTHOHOB HTT rpyrpy, Hejj
TPIM3YIOT THAPOKCHIOM HATPHS 110 WETOUHOR peakyy,, ”‘
nakMyc. PactBopeHue nepBoHayajlbHO BbIMaBliero Ocaaka
(MOJHOCThIO MJIM YaCTHYHO) CBUAETENbCTBYET 0 ”p“CYTcTB”a
kaTHoHoB [V rpynnbl. Ecin xe 0CafoK He pacTBopgercy Hn:
PacTBOPSETCs TOJIKO YACTHUHO, 9TO YKA3BIBAET Ha Hayyyy,
kaTioHoB V win VI rpynnsl. [IpoBepUTb NPHHALTEXHOCTy, Ka.
THOHOB K 3THM IPYMNaM MOXHO C MOMOLUbIO aMMuaka. Ey,
[py ACHCTBMY Ha MCIIBITYEMbIH OCAIOK H3OBITKOM PacTBop,
aMMHaKa OH pacTBOPSIETCS, TO 3TO NIPU3HAK MPUCYTCTBHY gy
THOHOB IIecTo# rpymimbl, [Tocie npeaBapUTeIbHOrO onpeje.
JIeHUs TIpUHAIUIEXHOCTH KaTHOHOB K 1V, V i VI rpynnay
MOMOIIBIO TPYNIOBLIX PEAreHTOB AalbHEMIIee UCCIeNoBak e
MOXHO MPOBOJIUTE IPOOHBIM METOIOM, KaK 3TO OMUcaHo p
§ 14 «Ananua cmecy kaTioHoB IV, V u VI rpynm».

20.2. 06Hapy)KeHue éHﬁOHos

20.2.1. HcnbiTaHnsa Ha aHWoHBI | rpynnbl

K 4—5 xaniaM HeHdTpalbHOro WM clabolienoyHoro
pactBopa (pH = 7—9) npnbaBeTe CTONBKO XE PacTBOpa XJio-
pyza 6apust. ObpazoBaHUeE OCAKa YKA3bIBAET Ha MIPUCYTCTBUE

AHMOHOB I1EPBOM IPYIINLL. B 3TOM ci1yyae npojenaiTte yacTHble -

peaklMy Ha Kax[plil aHUOH nepBoi rpynnsl. Cyasgpam-uon
OTKpPBIBAIOT JPOOHBIM MYTEM U3 OTAEJNBHOH MPOOLI pacTBopa
IPUCYTBUEM XJIOpUZa 6apus B MOAKUCIEHHOH (a30THOM WJu
COJIIHOM KucnoTol) cpene. KapboHam-uox OTKPHIBAIOT U3 OT-
JIeIbHOM MOpLUMM pacTBOpa YaCTHOM peakuuei (B3auMomei-
cTBUE C coyisiHoM kucnotoii ¢ BbiaeneHueM CO,). Curuxam-uon
0OHAapyXMBalOT U3 OTIEJILHOM MPOOBI UCTILITYEMOTO pacTBOpa
IyTeM 00pabOTKM ee CONISTHOM KHUCIOTOM ¢ 0Opa3oBaHUEM De-
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20.2.2. MenwiTannd Ha annonud Il rpyrine

JIpe KAMIK MCXONHONO PACTROD TIORKACAA1E 2 tanaav
2 H. pacTBOPa A0THON KACHUTH Y BOTARNTE | Yanne pacry-
HUTpaTa cepebpa. BRANACHUE OCAJKE YYaABAET W2 TPV~
crpye aHUOHOR [1 rpynnet. B OTREALHUX NOPUAAL pacToops
poliTe aHUOHB [ rpyrust, [Ing onpejenesing xaopud-uowkoe
g IpUCyTCTBAM GpoMUNA Y KONKIA B NIPODUPKY BRECHTE  Ka-
1e/ib MCCHEAYEMOro PacTBOpa, NOAKUCHATE KAILIEA pacTsops
30THO# KUCIIOTBI U npubaBkTe 56 YANENL PACTBOPE HUTPE-
T1a cepeOpa. Boinapiiyil 0Caflok OTUEHTPUDYIUPYATE ¥ IIpo-
wojite 2—3 pasa ropaych posiok. [Npudaskre « vewmy 6% ra-
nenp 12%-HOTO pacTBopa kapboHaTa aMMouug (1
[OHUAKEHUS PaCTBOPUMOCTH OpoMuia cepehpa) v Xopolo 1ie-
pemelanTe. XJ10pujL cepedpa NEPERIET B PACTBOD B BUIE KOM-
rnexcroit com [Ag(NH,),|Cl, a GpoMusibt v vomst ocTanyT-
cq B ocanke. Otuentpudyrupyire ocanox. Henrpudyrar
pa3jiefiuTe Ha JIBe YacTH. K oxHo#t yacTu npubasuie 2 xallin
KBr u HaGojaiite nospjieHue HedOJIbIOro CBETI0-AETTOI0
ocanka. Ko BTOpoii yacTu /106aBrre 10 KariaM 2 H. pacTsop
a30THOI KUCIOTHI 10 KUcioi# peakiini. Habmoaante nozeie-
Hue GeIOoro 0Casika. DTU peakinu ABI4ITCA Hanboee Xapax-
TepHbIMU ISt MoHa Cl-. bposud-uonsl OTXPLIBAIOTCA OKHCIE
HUEM UX XJIOPHOW BOJIOH 10 CBODOIHOIO HpoMa, KOTOpLIH
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wantekaetest i xaopodops. JList OTKPLITUS Uuodud-uoyg,
§ KaIUISIM HCCICAYEMOTO PACTBOPA JIOOABKTE 2 KATLIN Koli1ey.
[pHponatHoli cepHoH KHCIOTDI. Bbmcnn“mnHMCSl cBoBoIh
oL OBHAPYKETE BIAKHOH KPAXMAILHOU OYMaKKoHh, Cyeg,
GPOMILLOB H XJIOPHLOB TAKKE MOKHO ONPEACIHTE C HHOMotiy,,
\JIOPHOIT BOJLI, KAK OMUCato B L. 17.3 «Peakumst hopmp-apy.

OHa»,

20.2.3. Ucnwiranns Ha annotst lIl rpynne:

Ecau npy ncnbitaHud Ha aHuoHbl [ u I1 rpynim ocamky i,
BBITAIH, TO, BO3MOXHO, IPUCYTCTBYIOT AHUOHDI TPETBEH Ipyy;.
nbl. [Uisi oGHApYXeEHUs! HUmpum-uoHa BO3bMUTE 5—6 Kaney,,
MCCIIelyeMoro pacTBopa, 100aBeTe 2—3 kanuu 2 H. pacTBopa
cepHoit KueaoThl, 4—5 Kanesb 10%-Horo pacTBopa oauaa ka-
1S U HecKoJIbKO Karenb pacTBopa KpaxMaia. Ilonyyennyio
cMech nepemeluaiite. B npucyTcTBUM HUTPUT-UOHA MoABS-
eTcs MHTEHCUBHOE CMHEe OKpallMBaHUe pacTBopa. Ecnu Hut-
DUT-MOH TIPUCYTCTBYET B PACTBOPE, TO TEPE] ONpe/eeH em
Humpam-uoxa ero ciefyer ynaiuth. [Uist aToro B npo6upky
oMecTUTe 5—6 Karejb aHAJIM3UPYEMOTro pacTBOpa, A00aBkTe
HECKOJIbKO KpUCTAJLIOB XJIOpUIa aMMOHUSI M HarpeuTe 10 npe-
KpallleHusl BblAeJeH U ra3a N,. Bo3bmute 2—3 Kanu pactso-
pa fudeHuIaMUHa B KOHIEHTPUPOBAHHOW CEPHOH KUCIIOTE 1
TOMECTUTE MX Ha npeameTHoe cTekio. Tyna Xe BHecute Ha
KOHYHKE CTEKJSHHOM MajJouKU HEOONBLIOE KOJIUYECTBO aHa-

JIM3MpPYeMOro pacTBopa 1 nepemeLuaiTe. B mpucyTcTBuu HUT-
paT-¥oHa MosIBIsAETCH MHTEHCUBHO-CUHEE OKpallUBaHue.
O6HapyxeHUe ayemam-uoxa nyylle BCero NpoBOANUTD € MOMO-

LbIO peaKUMH B3aUMOEHCTBUS C CEPHOM KUCJIOTOJ.

KontponeHsie BONpocs! u 3a3[a44

1. IMouemy Henvza npoeodumoe omgpoimue KAmMUOHA Kaaus
cexcanumporobansmamonm (I11) nampus Na,[Co(NO,)

6 wienouHol u Kucaoll cpede?
2. Iloyemy npucymcmeue KamuoHa amMoHua mewiaem
OMKPLIMUI0 UOH08 Kaus U Hampus?



Ma
3.

10.
11.

12

13.

14.

I5.
16.

17.

{ Kaqeaseﬂnufi aHaAM3 (81
pa’

Kakogsl ycA08Us OMKPLIMUA KaMmUoHa Hampus duzudpo-
HMUMOHAMOM KAAUA KH,SbO,?

Kakumu peakmugaMu U npu Kaxux yciogusx Mosicxo om-
kpbimb KamuoH kaaus K*? Hanuwume ypaenenus peax-

yuil 63aumodeicmeus gocpama kanus ¢ smumu peaxmu-
gamu 8 MOAEKYAAPHOU U UOHHOU ghopme.

Ha kakom ceoiicmee AMMOHUUHBIX conell 0CHOBAHO omde-
1eHlie KamuoHo8 AMMOHUS OM KAmMUOKO8 HAMPUA U Kaaus ?

Ha ueM OCHOBAHO OMOefeHuUe UOKA CBUHYA OM OCMAnbHbIX
LIOHO8 NPU CUCTEMAIMUHECKOM X00e AHAAU3a cMect KamuioHos ?

B uem 3akaw4aemcs Oeiicmeue azomuoil Kucromsl g

onpedeneHuU KamuoHa cepedpa npu cucmemamuueckoy
yode ananuza’?

Kakue kamuoHbl 6X003m 80 emopyio anaaumuyeckyto

zpynny kamuoros ? O0sAcHume deiicmeue zpynnogozo pe-
azeHma.

Ha uem ocHogaHo omdenerue uonos Ba2* om cymecu
xamuoros 111 epynne?

[Touemy St2* ModicHO 0OHapycumsy euncosoil 60001 ?

[Tpednodcume cxXeMy anaausa, ecau é pacmeope npucyn-
cmeyiom uorvl Ba2* u Ca2*. Kakue sgaenus 6yoym npu
amom Habarodamoca? Kak omoensemesn kamuoy arromunusg
A13* om cmecu kamuoros 1V epynnw?

Ha kakoli peakuyuu ocHo8aHo omadenenue KamuoHos LuH-
Ka om Kamuoxog xpoma?

Ha uem ocHosaHo omdenenue maznus om 2udpokcldos Ka-
IMUOHO8 NAMOU 2pynnbvl?

Kakosa pors AgNO, 6 okucaenuu Mn2* nepcyavpamom
amMMoHUusa?

Kax moxcro pazdeaums emeco kamuonos Fel*, Mg?*, Mn?*?

Ha uem ocHosaro deiicmeue apynnogoeo peazerma VI ana-
AUmMUYecKoll epynnvl Kamuoxosg?

Kak sausiem npucymemeue KkamuoHo8 YUHKA HA nposede-

HUle peakyuu omKpbimus Kamuora Kobansma mempapood-
?

no-(11) mepxypamom ammonus (NH,),[Hg(SCN),]:
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18, Cocmagbine cxemy 00a aHanu3a cMecu cyxux coneij zﬂClz,
(NH,),SO,. Hanuwume ypagneyyy Pe.

MnSO,, KNO;,
aicuuil OMKPLINMUA 6CEX NPUCYMCIMEYIOIUX coneil,

19. Cocmagome cxemy xX00a AHAAU3A CMECU CYXUX conel CrC|3
BaCl,, NH,CI, Pb(NO,),. Hanuwiume ypasnenus Pea;c.,

LUl OMKpoIMUA 8Cex npucymcmeyrowux conei.

20, Cocmaguwme cXemy X004 aHAAU3A CMECU CYXUX cogej
NH4C1, AgNO3, Bﬂ(Noa)z, FeZ(SO4)3- Hanuulume
ypasrenus peaKyuil OMKpsIMUL 6CEX NPUCYMCMmEYIouyx

conel.
21. Cocmasbme cxemy x00a anHanu3a cmecu uoHog Fed+, Mn2+

Ba2+*, NH,*. Hanuwume ypasHeHUus coomeemcmeayiouuyy
peaxyull pazdenenus U OmKpblmus UOHO8.

22 Cocmasgeme cxemy xo0a anarusa cmecu uoxog Cl-, CO,2=,
NO,-, Br-, SO;2-. Hanuwume ypasrernus coomeemcm-
GYIOUUX peaKyuil pazoeneHlus U OMKPsIMUa UOHOE.

23. Cocmasbme cxemy Xx00a aHaau3a cmecu uoHog Nat, Zn2+,

- AP*, Sr?t. Hanuwume ypasHenus coomeemcmeyouux pe-

aKyuil pasoenenus U omKpslMmusa UOHOS.




Ihaea 2

KONWYECTBEHHbIA AHAJIU3

-

KonuuecTBeHHblil AHATM3 — COBOKYIMHOCTb XUMHYECKHX,
(U3IKO-XMUMUUCCKUX 1 (bM3NYECKUX METONOB ONpeneneHus
(0INUECTBEHHOTO COOTHOLIEHUS KOMIOHEHTOB, BXOMSLLIMX
g COCTAB AHATM3UPYEMOTO BELLECTBA. Hapsiny ¢ KayecTBeHHBIM
AHAIM30M KONMYECTBEHHBIA aHaNU3 SBJISIETCS OHUM U3 OC-
HOBHBIX pa3e/IOB aHUTUTUYECKOM XMMUK. MeTonamu Konuye-
CTBeHHOrO aHAIM3a TOJIB3YIOTCA B CAHUTAPHO-TUTMEHUYECKUX
naGopaTopusx ISl aHaliM3a NMPOAYKTOB NMUTAHUS, MUTHLEBOM
goabl U T. L.

B 3aBUCUMOCTH OT 0ObEKTa UCCIIEOBAHUS Pa3NUYAIOT He-
opraHM4ecK1i W OPraHUYECKUI KOJIMYECTBEHHBIH aHaNN3,
pasfieIlEMbIH, B CBOIO OUepelb, Ha 3JIEMEHTHBII, BYHKIIMO-
HaJIbHBIA U MOJIEKYJISIPHBIN aHANIU3. DaeMenmustili anasuz no-
3BOJISIET YCTAHOBUTD COLAEPXKAHUE 3JIEMEHTOB (UOHOB), PyHK-
YUOHAAbHbIU AHAAU3 — CONepXaHWe QYHKUMOHANBLHBIX
(PeaKLMOHHOCTIOCOBHBIX) aTOMOB M IPYIII B aHAIU3UPYEMOM
00bekTe. MonekyaapHolil KOJTMYECTBEHHbLI AHAIM3 TIpeLycMaT-
pHBAaET aHAIU3 UHIAUBUAYAJIbHBIX XUMHUYECKUX COEIMHEHUiL,
XapaKTepu3yloUIUXcs ONpeeSieHHON MOJIEKYNApHOI Maccoii.
BaxHoe 3HaueHHe UMEET TaK Ha3blBaeMblii (hazosuiii anaius —
COBOKYITHOCTb METOJOB pa3feNieHUs] U aHaM3a OTAENbHBIX
CTPYKTYPHBIX ((pa30BBIX) COCTABNSIOIMX ETEPOrEHHBIX CHC-
TeM. [ToMuMO criendUYHOCTH 1 YYBCTBUTENHOCTH BaXHas
XdpaKTEPUCTUKA METOLOB KOJIMYECTBEHHOTO aHalIW3a — TOY-
HOCTb, TO €CTb 3HAYEHHUE OTHOCUTEJIBHOM OLUMOKM onpesee-
HHUS; TOYHOCTb U YYBCTBUTENBHOCTb B KOJIMUECTBEHHOM aHa-
JIU3€ BbIpAXaloT B MPOLIEHTaX.
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K kraccM4eCKMM XMMUYECKUM METOdaM KOHquCTBeHH
10 aHAIM3a OTHOCSTCS: 2pasuMemputeckuil ananus, OCHonaS'
HBIif Ha TOYHOM H3MEepeHUH MZ}‘CCH OIipenessieMoro Be”lecTB 5
1 o6semubiii ananu3. TlocneqHUN BKIIOYaeT TMTplfIMeTpnquK”a’
06beMHBIl aHaIM3 — METOABl U3MEPEHUS 00beMa pacTBopZ
peareHTa, U3pacxXof0BaHHOrO Ha peakLHIO C aHANN3Mpyey;,,
BelLLIECTBOM, M Ta30Bblil 00beMHDIH aHATU3 — MeTofp H3Me-
peHust 06beMa aHATM3HPYEMbIX ra3o00pa3HbIX MpoayKTop

Hapsny ¢ kjiacCUYeCKUMH XUMUYIECKHMH MeToxaMu u.m-
POKO pacmpocTpaHeHbl GU3NYECKHUE U cpuauxo-xumuqeckne
(MHCTpYMEHTaJIbHbIe) METOAbI KOIMYECTBEHHOTO aHaly3,
OCHOBaHHbIE Ha U3MEPEHUH ONITUYECKHUX, SJIEKTPUYECKHX, a[[.,
COpOLMOHHBIX, KATATUTUYECKUX U APYTUX XapaKTepucTyy
aHATM3UPYEMBIX BELLECTB, 3aBUCALIMX OT UX KOJIMYECTBa (KoK-
neHTpaliy). OOBIYHO STH METOMbI AEMAT Ha CIIEAYIOLIHE IpyTy-
Mbl; AMEeKTpOXUMUYeckue (KOHIYKTOMETPHUS, MoJisporpadus
[TOTEHLIMOMETPUS U Ap.); CIIEKTpaJibHble MU onanecKué
(SMUCCHOHHBIH U a0COpOLMOHHBIA CIEKTPAIIBHBIN aHalu3
(boTOMETPHS, KONOPUMETPHUS, HedenoMeTpHs, )IIOMMHCCL[CH.,
THBIH aHAJIU3 U Ip.); PEHTTeHOBCKUE (aOCOPOLIMOHHBIN N
SMUCCHOHHBIHM peHTIeHOCIEKTPANIBHBIN aHANU3, PEHTIeHOda-
30BbIil aHAIM3 U Ap.); XpoMaTorpagpuyeckue (KULKOCTHad,
ra30Basi, ra30-X1AKOCTHAst XpoMaTorpaus M Ip.); paxuoMer-
pryeckue (aKTHBaLMOHHbIH aHATU3 U Jp.); Macc-CIIeKTpOMET-
puyeckue. [TepeyrciieHHble METOAbI, YCTYNas XHMUYECKUM B
TOYHOCTH, CYLLECTBEHHO TIPEBOCXOMAT UX 110 YYBCTBUTENbHO-
CTH, U3OMpPATENbHOCTH, CKOPOCTH BBIMONHEHUS. TOYHOCTH
XUMUYECKHUX METOLOB KOJMMYECTBEHHOIO aHaJlM3a HaXOMUTCA
o6byHo B npeaenax 0,005—0,1%; omubKu onpeneneH!s HH-
CTPYMEHTANBHBIMH METOJAMH cocTaBisioT 5—10%, a nHorna
U 3HaYuTeIbHO 6oJiplIe. YYBCTBUTENBHOCTh HEKOTOPBIX METO-

0B KOJIMYECTBEHHOTO aHAM3a NpHUBeJeHa HIXe (%):

O0BbeMHBIN 10-1
[paBuMeTpUYECKUM 10-2
104

DMUCCUOHHBI CHIEKTpaTbHbIN

AGCOpGLHOHHBIH PEHTIEHOCTIEKTPAIBHbIH 104
Macc-CIeKTpOMETPUYECKH I 104
KynoHoMeTpr4yecKUi 10-3
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.,IMMHHCCHCHTHL\!H 106 10

d)oromcmuqecxmi. KOJMOPHMETPHYECKHi [0-7—10+
no.mporpadnmecmu‘l 10-4—10-6
AKTHBAUHOHHbBIR 10-9— 105

[Tpit HCTO1b3OBAHMM DHINYCCKNX 1 DHIMKO-XHMUYecKsx
\(eT010B KOTHYECTBEHHOTO aHaN3a TpebyloTes, Kak npapy-
'10_ \(HKPOKO.1HYECTBA BELLIECTB. AHallN3 MOXeT 6bITh psiie
'cj)qaes pbiNo;THEH 03 pa3pyLIeH sl MPobbl; HHOMa Bo3MOK -
4a TAKXe HEMpepbiBHas H aBTOMATHYeCKast pericTpais pe-
3y 1bTaTOB. DTH METOIbl HCMIONBIYIOT /LISl aHA/M3A BelecTs
BICOKOIT YHCTOTBI, OUEHKH BBIXONOB TPORYKLUH, H3yderys
cBOICTB H CTPOSHHS BEWIECTB H T. 1.

OwmOKH MPH Ko.THIeCTBeHHOM aHamm3e. [To cBoemy xapak-
Tepy OLIHOKH aHai3a MOPA3NIENAIOTCS Ha CHCTeMaTHYecKu e,
cayyaifHble H NPOMax.

1. CucteMaTHYe€CKHE — TIOIPELUHOCTH, OAMHAKOBLIE MO
3HaKy M BIMSIOIIHE Ha PE3YILTaT B CTOPOHY €ro yBeNHYeHUs
1160 B CTOPOHY YMEHBIICHHA.

a) MeTonHYeCKHE — 3TO OLIWOKH, KOTOpbIE 3aBUCAT OT
0COGEHHOCTH TNPUMEHSIEMOr0 MeToAa (HemojHoe fpo-
TeKaHWe peaKUuH, YaCTHYHOE pPaCTBOPEHHE OCafKa,
CBOMCTBO MHIMKaTOpA).

6) OnepaTHBHBIE — HENOCTaTOYHOE NMPOMbIBaHKE OCanKa
Ha puibTpe, OIUOKHU NPUOOPHBIE UK PEaKTUBOB, He-
paBHOIUIEYHOCTD BECOB.

B) WHauBUAyalbHble — OLIMOKM J1aOOpPaHTOB (CIOCO6-
HOCTb TOYHO OINpPENENATh OKPAaCKy MpPU TUTPOBAHUU,
MICUXOJIOTHYECKHE OLUUOKH).

r) IIpubopHble UIH peaKTUBHbIE (OIIKOKHU, CBA3AHHBIE C
HeJ0CTaTOYHOH TOYHOCTBIO MCITONB3YEMBIX MPUOOPOB,
OLLIUOKM 1abopaHTa).

2. CnyvaiiHple — HeH30eXHbI MpH JII06OM onpeneseHUHU.
OHM MOTYT ObITb 3HAYUTEJILHO YMEHbILUEHE! IIPU YBEIHYEHUH
yuca napajule/ibHbIX OnpeneseHuii.

3. [lpomaxu — rpybbie OLIUOKU, KOTOPbIE 00YCIOBIEHDI
HernpaBUJbHBIM MTOLACYETOM pa3HOBECOK, IIPOJIMBAHUEM YaCTH
pacTBopa, NpochlllaHUeM ocajKa.
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Pazpen 1
I paBumeTpuyeckuii aHanu3

§ 1. CywHocTs rpaBuMeTpuyeckoro aHanua,

[paBumerpuyeckuit, wiu BECOBO, aHay3, OIUH Y
HBIX METO0OB KOIMYECTBEHHOTO XMMUYECKOro aHamyu3 o
BaH Ha TOYHOM M3MEpPEHUU MACChI BEILECTRa. el

CyllecTBYeT HeCKOJIbKO CIIOCO60B TIPOBEICHNUS IpaBype
PUYECKOI'o aHaJu3a. -

OnpenenseMoe BerecTBo YOAAIOT U3 UcCllenyemoix Mpo-
OBl 1 MO pa3HUlle B Macce PaCCYMTBIBAIOT COMepX)aHye Ollpe-
ACJISIEMOrO BelleCTBa. TakuM cnoco6oM mpoBosT Ofpenese-
HHE BJIAXXHOCTU ChIPbs WM PA3IUYHBIX BUIORB KYJIUHapHojt
nponyxuuu. Hanpumep, eciiu Macca npo6si o BBICYIIMBaH Uy
@, Macca IpOoOBI MOC/Ie BBICYLIMBAHUA b, TO BIAXHOCTE pac-
CUMTBIBAETCS IO ClleAyroILei hopmyie:

a-b

a

100 %.

(0::

OnpenensieMoe BeLIECTBO MOJTHOCTHIO BBUIENSIOT U3 aHATH-
3MpYEMOU MPOOBBI U 110 Ero Macce MPOBOAAT pacyeT. JlaHHbIi
METOI IIPUMEHSIIOT ISl ONpeleSIeHUs 30JbHOCTH IIPOLYKTA.
Ilycte @ — Macca npo6sl, b — Macca 30JIbI T1ocie 00yryiMBa-

HHS, TOTAa pacyeT IIPOBOIST CIEAYIOLIUM 00pa3oM:

w=—b—100%.

a

OnpenensieMoe BeleCTBO O0bIYHO BbIAENSIIOT U3 aHAJIU3U-
pyeMol npoObl B BUAE MaJOpacTBOPUMOTrO COeIUHEHUS U3-
BECTHOI'O MOCTOSIHHOIO XMMUYECKOT0 COCTaBa, TaK KakK Bbl-
JIeJIEeHUE BELIeCTBA B XUMHUYECKU YUCTOM BHUJIE CBSI3aHO C
OOJBIIUMU TPYOAHOCTSIMU, 2 UHOTIa U HEBO3MOXHO. [paBUMET-
PUYECKHUH aHAJIU3 HAYMHAETCSd CO B3SITUSI TOYHOM HaBECKU
aHaJIU3UpPYeMOi NMpoOkI U TlepeBo/ia ee B pacTBop. 3aTeM, IpH-
OaBJIsis COOTBETCTBYIOLIMI peaKTUB, 0Jy4YaroT MaJIOpaCTBOPU-
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;ql‘l|‘ OCANOK (“()t‘}lHllt‘IHUI. cojlepxatiero OHpeiesiemoe neye

CTRO. Jlannbiil OCALOK HA3BIBACTCH ocaxaeMolt dopyoi. (ca

Lok OTAensIoT OT PacTBOPa (PUAKTPOBAHKEM, POMBIRAIOT ¢
cymat Wi NPOKAIMBAKOT 10 TOCTOSAHHOTO YHAUCH s Macch|
PeliecTno MOCIC BBICYITHBAHMS WM TIDOKAHBAHMS HaIbina -
oTCsl TPABUMETPUNCCKOI (bopmoit. Ecatn b pesynptare tepyiy-
qecKoro BOYICHCTBHS HE TIDOHCXOMHT H3MeEHEHe XHMUecKof|
opMyb! BELIECTBA OCANIKA, TO OCAXNACMAs U IPaBUMETPH -
yecKast popMbl COBIALAIOT. Hanpuwmep, a1o nabnioaetcs npy
oripeaeIeHH CONCpXaHHs Ba2* B Buae BaSO,, Tak Kak cyjip-
bar 6apust yCTOHUMB NPH I0CTATOYHO BBICOKUX TeMriepaTypax.
Ecu Xe OyZ1eM OnpenesTh Ca?* B Buze CaCO,, To ocaxmae-
\asi ¥ TPaBUMETPHYECKAs] (hopMbI He COBMaaloT, TaK Kak fpu
HarpeBaHiy KapOoHaTa KaIbLUs POUCXONHT Ciiedyioluast pe-

aKuus: r
CaCO; — Ca0 + CO,,.

[TosTOMY HE0OXOAMMO YOEIUTBCS! B TOM, YTO FPaBUMETPH-
yeckas (hOpMa — TO BEIIECTBO TOYHO U3BECTHOTO MOCTOSH-
HOTO COCTaBa, He COllepXxallee npy¥Meceii. 3Hag HaBecKy aHa-
TU3NpyeMon npo0Obl @, Maccy ocajiKa (rpaBUMETPUYECKOMH
dopMbl) b 1 ero cOCTaB, BEIYUCIISIOT COAEPXaHHUe OTpeese-
\Or0 BelecTsa x (0ObITHO B % 1o Mmacce):

x=b-F-100/a,

e F — ¢akrop nepecyera (aHAJIUTUYECKU MHOXHUTED),
npeﬂCTaBJlH}OUlI/Iﬁ co00i OTHOIIEHHE aTOMHOW Macchl OIpe-
Ne/igeMoro BelecTBa (MM BETMYUHBI, KpDaTHON aTOMHOM
macce) K MOJIEKY/IIPHOM Macce cOeMHEHHUS B ocalKe (rpa-
BUMETPHYECKOH (POPMBI). Harnpumep, npu onpefeseHuu co-
JepXKaHus xeje3a (aToMHast Macca 55,85), BbIIEJIEHHOTO B
pune ero okucu Fe,O, (MossipHas Macca 159,70).

25585
159,70

JList pa3HbIX aHATM3MPYEMBIX BELLECTB IPUMEHSIOT PasHbIe
ocaxarolue pearedTsl. HexoTopble U3 HUX IIPUBEACHDI HUXKE

B TaoOu. 11.

F = (,6994.



AHarHTHYecKkag Xty
Uy

168

Tao‘,,uq al
[ AHamu3npyeMoe BeLLIeCTBO Pearent . ———
Ag+ C1™ (3 KCI wau NaCl)—\

N 8-TUIPOKCUXUHOMHH
ca* 6oL o> .

NiZ* JIMMETUNTTHOKCUM
[anoreHUAb! Ag’ (13 AgNO;)

50,2 Ba*" (u3BaCl) ]
— |

cTBeHHasl onepalus JAHHOI'O METOaa Ipa-

BUMETpUYECKOro aHajlu3a — oJiydeHHe JIETKO QUIBTpYiolre.
rocs (1Mo Bo3MOXHOCTH KpYMHOKPUCTATMYECKOr0) Majopa-
CTBOpMMOIO OcCalKa (roTepst BEILECTBA BCJICACTBHE erg

pacTBOPUMOCTH HE JI0JKHA MPEBbILLIATh 0,1 Mr), cBoGomHorg
oT npuMece# MOCTOPOHHHX BELIECTB, HE yAANSIIOUIMXCS NMpy

CyLIKe WIH MPOKaTMBaHHH.

TpeGoBaHus K ocaxaaemoii gopme:
1) Majiass pacTBOPHMOCTD ocaxaaeMoii popMbl coeanHe-

pxallero onpeieseHHoc BELLECTBO, M, KaK Oonee
AHMe B Heil onpeaessseMoro BeLeCTsa.

Haubonee OTBET

HuUs, code
HU3Koe, COAEPX
— H - $i0, - xH,0

ocaxmnaemas (opMma
= Al¥* = Al(OH); - xH,0 = Al,0;

ACTBOPUMOCTD, T. €. TIPO-
a JOJIXHO

AgCl,

- Sio,

BecoBast (popMma

Si

Al

TpeGopatue K 0CallKy — Majlasi p
H3BeLeHMe PACTBOPHUMOCTH MOJY1aeMOro ocajiK
6bTh < 10-8. K TakuM ocaakaM OTHOCATCS, Halpumep,
BaSO,, Fe(OH),, Sb,S;.

2) CtpyKTypa ocaika 10JKHa OTBEYATh yCJIOBUSIM (DUIBT-
pOBaHMS U I103BOJIATH POBOAMTD MPOLECC [pOMbIBaHHUS 0Call-
KOB OT [IPUMeCEIi ¢ 10CTaTOYHOH CKOPOCTHIO. MeiKokpucTal-
JIMYecKUe OCaAIKU MOTYT MpOMTH yepe3 MOpbl ¢GUIBTPA.
Hau6onee y1o0HbI KpYTHOKPUCTAUTHYECKHE oca/iku, TaK KaK
OHHU He 3a6MBaIOT Opbl (GHIKTPa, UMEIOT Cabo pa3BUTYIO
[OBEPXHOCTb, MaJIO aiCOPOUPYIOT MOCTOPOHHHE UOHBI U JIeT-

KO OTMBIBAalOTCS OT HUX.
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- dBd -
I ra/UIyecKne ocalki o6pa3ytoTcs U3 repechillieHHbIX
Kpme™

ey Gonblle MepechilleHie, TemM fonbllie BO3HU-
cTBOPOB- p KPHCTA/TH3ALIHI, TEM MeJIbUe NOYIatoTCst KpH-
aeT ucHEPHOCﬂOBMeano, [UTA TONAYYEHUS] KPYMHBbIX KpUCTa-
Cf.mbl-cﬂmp He 10JKEeH ObITb CHIBHO MEPECHILIEHHBIM,
108 P“ | GbIT CO3IAHBI YCTOBHA, 4yT0ObI OOpasylounecs Me-
"0’“’“,‘{blcr'l““b‘ PACTBOPSHCH 11 32 UX CYET POCIH KPYMHBIE.
RIG M?‘ﬂ 0cOBCTBYIOT HATPEBAHITE PACTBODA, MepeMellHBaHHe
awmﬁrcmue BellleCTB, MOBLILLAIOLIMX PACTBOPHMOCTh Ocal-
’ ll%lgi\ﬂ{eHHbll"i ocanok 00bIYHO cpa3y He GUIBTPYIOT, a JaloT
m-, C(;3i)eTb. Co3peBaHHe COCTOUT B TOM, YTO MeJKHe KpHe-
e,‘“}qbl o6nanaole OONbIIOH CYMMapHOii MOBEPXHOCTHIO,
T?{“C[}Bo’pﬂm% co3/1aBasi MECTHOE MEePeChIllieH e, CIIOCOBCTBY-
oliee POCTY KPYMHBIX KPUCTALJIOB; KPOME TOTO, B MpoLecce
CaKoil MEPEKPHCTALIM3ALIH B PACTBOP MEPEXONST NPHMECH,
Jarps3HEHUs, W KPUCTALIBI ONyYatoTes DoJiee YHCTHIMM.
[Ipoliecc CO3PEBAHUS JUIHTCS OKONIO CYTOK, TIO3TOMY, NPOH3-
pelsl OCAXIEHHE, OCANOK CENYRT OCTABUTH 10 CAENYIOLIEro
;aHATHSA, 3aKPbIB CTaKaH OyMaroii MM YacoOBBIM CTEKIIOM.

3) BaxHO, 4TOOBL OCAXaeMasi HopMma Nerko nepexoniia s
BeCOBY1O.

p d

TpeGoBaHus K IPABHMETPHYECKOIi (BecoBoii) dopwme:

I. TouHoe COOTBETCTBME €€ COCTAaBA XHMUYECKOIT hopmy-

ne. Eciit TAKOTO COOTBETCTBHSA HET, BHIYHCIAEHHE pe-
3y/7IbTATOB HEBO3MOXHO.

2. XUMHYECKas YCTOHYHBOCTB BeCOBOI (OpPMBI.
. ConepxaHue onpeaeseMoro B BecoBoii Gopme n0ix-
HO OBITb KaK MOXHO MEHbBLUHM, TOT/Ia MOTPELIHOCTH OIl-

peacICHHA MEHBIIEC CKAXVTCH HA OKOHYATEIBHOM pe-
3yJIbTaTE aHaJiu3a.

Ocaxnaemast 4 BecoBast GOPMbI TOKHbI GbITH XMMITYEC-

KH WHEPTHBIMH, YTOOBI HEe MTPUBOANTL K KONHYECTBEH-
HBIM OLLIHOKAM.

[Tpumep:
1) 2AgCl — 2Ag° + CL,T;
AgNO, + NaCl — AgCl + NaNO;.
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Ny ‘ ‘ KA Xtmyg,
2) CaCl, + H,C,0, = CaC,0,l + HCI;
l
CaO + 2C0,,.
CaQ — BbICOKOpeaKUMOHHOE BCLUCCTBO, 3TO 03Hay

PR & a
OHO MOXCT «3aXBaATHUTbh» [1apbl BOMALI MJIU yFJleKPICHb!ﬁ(FZT’ b
3.

CaO + H,0 - Ca(OH),;

CaO + Co, —» CaCoO,.

TpeboBaHus, npeabsBisieMble K OCaiKaM, B 3HaYUTENbHojf
CTENEHHU ONpeNesIoT BbIOOp ocamuTens. Ocanok yBnexaer 3a
Cco00Ji HEKOTOpPbIE MOHbI, MPUCYTCTBYIOLIME B PacTBope
OOBIYHO 0CaLOK MOJIHOCTbIO OTMBITH OT NpuMeceif He yﬂaeT_'
¢sl, [I03TOMY O4E€Hb BaXHO, YTOOBI IPUMECH GbUIN JeTyqiyy
M YIaNsUIICh NMPY NpOKaIMBaHUM ocajka. Hanpumep, ocax.
AeHHWe bapusl BEAYT paCTBOPOM CEPHOM KMCIIOTBI, a He pacTgo.-
poM Na,SO,, XOTsl U B TOM, ¥ B IPYTOM CJIyyae MOJIYYMICS Gy
ocafok BaSO,.

He MeHee BaXXHBIM 4BJISIETCS M BOIIPOC O KOJIMYECTBE 0ca-
autens. [Ipexie BCero 0Ho JOJXHO ObITh JOCTaTOYHEBIM, YTo-
651 0O6pa3oBajIcs ocanok. s 3Toro Heo6X0AMMO, YTOBBI Mpo-
U3BeleHHe KOHLeHTpauuil noHos Ba?* u SO2- npeBrbicuio
BEJIMYUHY [POU3BEIEHHUS pACTBOPUMOCTH, T. €. NIPU [Ba2+] -
- [SO,2-] > 1,1 - 10~1° mpoMcXOMMUT BblMafeHUe ocanxa (. 1,
pasn. 1, § 12). Kak TojpKo Mpou3BeieHHe KOHLIEHTpaU Ui cTa-
HET paBHBIM IPOMU3BELEHUIO PACTBOPUMOCTH, BhINaJeHUe

ocazika npekpatutcs. Tak Kak BeqruyuHa [P npu naHHO# TeM-

riepaType sIBJseTcsl IOCTOSIHHOM, To IS 60Jiee MOJIHOTO Ocax-
JeHUs] MoHOB Ba?* u3 pacTBopa HEOOXOAMMO IENCTBOBATh U3-
6bITKOM ocaguTessi. OOBIYHO IS OCaXAeHUsd OepyT
1,5—2-kpaTHbIif U30BITOK OCaqUTeNs, OONBLIEro U30BITKA
6paTh He cJieqyeT, TaK KaK 3TO MOXEeT NPUBECTH K YaCTUYHO-
MY pacTBOPEHHMIO OCajKa 3a CYET 00pa30BaHUSI KOMILIEKCHBIX
COeIMHEHUH U KUCJIBIX COJIEN.

[paBUMeTpHYECKUI aHATU3 OTJIMYAETCS OOJIBLION TOYHO-
CTBIO: OTHOCHTeNbHas olIMbKa onkita He npesbiliaet 0,1 %,
a IIpy ocobo TlIaTeJbHOH paboTe MOXET OBITH TOBEAEHA [0
0,02—0,03 %. HenoctaTKu rpaBUMETPHYECKOr0 aHaju3a —

= S S N——..
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jiuTeibHOCTD BLIMOMHEHHUA M HeobXxoxumocTs npumeney
cpaBHHTeanO GOHBEIHX KOJIMYECTB aHaMM3npyemoii 1 ém

- 0,5 r). [Toc/enHuit HENOCTaTOK yeTpausercs e r1130 bl
s0BaHM1 MUKPO- U YIETPaMUKpOMeTo0B rpaBumeTpmegigz
ro aHanu3a.

§ 2. Texnuka BuinonHenug
rPaBUMETPUYECKOr0 aHanu3a

Bechl ¥ B3BemmBanye

BaxHeHIIEN OMepalMel B KONMYECTBEHHOM aHayze
it 0cOGEHHO B TPABUMETPHUYECKOM aHallM3e, SIBSETCs B3Belf..
paHue. B 3aBUCHMOCTH OT 3alla4y, CTOSIILEH Mepen aHaTuTy-
KOM, UCTIOJIB3YIOT BEChI Pa3UYHBIX TUIOB (puc. 1, 2). s
[pUO/IMXEHHOTO B3BELIMBAHMSA Mace 1O 1 KT ¢ ToyHOCTbo 0, ] —
0,01 T MPMMEHSIOT TEXHOXMMHUYECKHe Beckl. [l aHaﬂmuq’ec-
KuX paboT UCMOJB3YIOT AHATUTUYECKHME BECHI C MpeeNbHOIL
narpy3koit 100 i 200 r 1 ToYHocThI0 0,2 MK AHanHTHYeC-
Kife Bechl MPEACTaBISIOT cobolt NpHGop BBICOKOI ToyHOCTH
TpeByIoLLUi OCTOPOXHOrO obpaleHust. Uto6b! nadexars BIU-
gHUS MEXaHUYECKUX KOJNEOAHU, BEChl CTAaBAT Ha KpOHLLITE] -
Hax, YKpeIUIEHHBIX B KaruTalbHOM cTeHe. He monyckaetcs
yCTaHOBKa BECOB BOJIM3M OTOMUTENBHbIX MPUGOPOB, TaK Kak
y3MeHeHe TeMIEPaTypbl CHUXAET UX TOYHOCTb. JIIst aHau-
3a B3BELLMBAIOT OMNPE/EJIEHHYIO MACCY BELLECTBA, HAa3bIBAEMYIO
Hapeckoif. B XMMHUYECKOM aHaliM3e NPUHATO BhlpaXeHue
«B3ITh HABECKY», T. €. OTBECUTb Ha aHATUTHYECKUX BEcax OIl-
pefe/IeHHOE KOIMYECTBO BeLlecTBa. BenuiHa HaBecky 3apu-
CUT OT CBOMCTB BELLECTBA U METOAMKH aHaIn3a. XuMHYecKoe
BELECTBO HeNb3sl B3BELIMBATh Ha YalllKe BECOB HEMocpen-
cTBeHHO. JLJIsl B3BELIMBAHMsI €ro MOMeLIAIoT B 010KC — CTaKaH-
YUK C MIPUTEPTOii KPBILIKON UM Ha YacoBOe CTEKIO.

CyLiecTBYIOT pa3MyHble NpaBija B3BEIIUBaH1A Ha aHaIH-
THYECKUX Becax, HUXe NMPUBEJEHbI HEKOTOPBIE U3 HUX:

1. K KaXnpIM BecaM JaeTcsi CBOM aHaTMTUYECKU i paBHOBEC.

2. Bce B3BelIMBaHUSA HEOOXOAMMO [TPOBOAUTD Ha ONHHMX U

TeX Xe Becax U OXHUM U TeM Xe PaBHOBECOM.
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Puc. 1. JemnepHble aHaTUTHYECKHE Beckl AB-200

Puc. 2. Ananutiyeckue Becsl (OAHOYALEYHbIE) CEPUN was

3. YcraHoBieHHBIE BeChl HeJIb3s CABUIaTh ¢ Mecta. [locie
NepeCcTaHOBKH BHOBb YCTAHOBUTH BECHI MO YPOBHIO.
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TH-
yopaHi (BBIKJIIOUCHIS). ‘

BJBCLUHBL\C.\(bIﬂ MPEAMET NOJKEH HAXOMHTBES 1 Te
ATypHOM PABHOBECHH € Becawmi,

ch[ﬂllﬂﬂt.\lblﬂ MPEAMET DOJXEH OBITH CyXim n e

\eTh 3arPA3HEHHI Ha noBepXHOCTH,

Bo BpeMsl BIBELUHBAHIIS OTKPBIBAIOT TONLKO GoKOpke

1peplibl BECOB.

Henb3s Hal:p)%'aTb BECBI BBILLE UX TipenenibHoil Harpysy
PapHOBEC OEPYT TOJIBKO MItHUETOM. '
PapHOBEC MOMELIAIOT B LEHTPE YaluKH,

Tpepable BELLECTBA BIBEUIMBAIOT TOILKO Ha Yacopoy

cTekuie, B IPOOMPKE MM B CTakaHymke. Xuakocty. je-

TydHe I THIPOCTATHYECKHUE BelllecTBa — p 6EOK,Ce C

3aKpbITON KPBIIKOH (puc. 3).

[Tepen B3BELLMBAHUEM Ha aHATUTHYECKHX BecaX npej-
BapHTENBHO OTPE/CINAIOT BEC Ha TEXHUYECKMX Becax ¢
goJibliieil Harpy3KOMu.

B3BellMBAIOT Ha aHATUTHUYECKUX BECAX TONbLKO CHyS.
[Tepe/t B3BEIIMBAHUEM YCTAHABIMBAIOT HYJIEBYIO TOYKY

BecOB 1 YPOBEHb.

B3pellMBAEMBlH NPEAMET MOMEIIAIOT Ha JIeByIo yatiKy
pecoB, @ TMPBKU Ha TNpaBylo.

[MpbKK MOAOHMPAIOT PABHOMEDHO, NOC/IENOBATENLHO.
KosplLieBOM paBHOBEC MOAOMPAIOT MOCHEN0BATENbHO
(cHayasa JIecsTbIe, 3aTeM COTBIe).

3anuChIBAIOT B XYPHaJl Maccy B3BELIMBAEMOTO Bellie-

CTBa, BEChI BBIKJIIOYAIOT.

YoupaloT paBHOBEC.

JIuM®BI CTaBAT Ha HYJIEBOE MOJIOXEHHUE.

[TpoBepsIIOT HYJIEBYIO TOYKY BECOB.

MITTe-

§ 3. OcHOBHbIE Onepauumn rpaBUMeTpU4EecKoro

dHannz3a

PacTBopenne. B3sTylo HaBecKy NEPEHOCAT B XMMUYECKU
CTaKaH ¥ pacTBOPSAIOT, UCHOJb3YS B KaYeCTBE PACTBOPUTENA
BOLY, KUCJIOTY MM 1enoyb. KoluyecTBO pacTBOPUTENS H ye-
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gy
JIOBUSI pacTBOPEHMS YKa3aHbl B METO/MKax m
YCKOpUTb pacTBOpeHHe, COAEPKUMOE CTakaHa No%orpey, 106y,

NepeMeLIMBAIOT CTEKISIHHOM NMano4koi. [Tpu aroy HY«HS H
AMTDb, YTOOBI HY OJIHA KaIlUIsl pacTBOpPa He 6bLyg noTepg,, Cre.
3TO NPUBEAET K OLIMOKe B aHaIM3e. 4~

Ocaxnenne. OcaxueHne — 3T0 0/Ha U3 ocHopyy,

§ IX one

LUMH rpaBUMETpHUYecKoro aHaiu3sa. Llenp ee — nepesecry ga-

pefesieMylo YacTh aHaIM3UPYEMOT0 BELLECTBa B xMMqucKn~
Oe

COelMHEHME, YIO0OHOe /ISl OTIpefeeHUS BECOBLIy CMocogg
Hanpumep, 6apuit B x1opuze 6apus onpenesior B dopy,
cynabdata 6apus, KOTOPBI 0CaXAAIOT U3 BOAHOrG pacma :
xJiopuaa 6apus fob6aBieHUEM CEPHOM KUCIOTE]. Takxe Heogil
XOLMMO 4YTOOBI OCaXXAEHH1E [TPOUCXOIMIO KONMYeCTBeHHo, 1,
ONpedeIsIEMBI MOH MOJHOCTBIO TIEPEXONUI B 0Cagok. ﬂn,;
3TOr0 HEOOXOAUMO COOIOAATh BhIllIeYKa3aHHble TPedoBanyy
K ocafxy. Micxo/1s U3 aToro noAGKMpaloT U peakTUBb! g OCax-
IOeHHUA (KaK YKa3blBajoch Bhille). OcaxmeHue BEAYT, Npuny.
Basl pacTBOp OCaQUTENS B CTaKaH C PACTBOPOM aHaTM3Upyeyo.
F0 BELIECTBA NMPY HENPEPbIBHOM NepeMeLnBaHMU CTEKIsH oy
najo4ykon. [ToNHOTY ocaXkaeHUS ONMpelensioT nocie OTCTay-
BaHHs1 0CajlKa 1 00pa30BaHMUs HAXl HUM MPO3PAYHOro pacTpg.
pa. K HeMy 0CTOpOXHO 100aBISIOT HECKOMBLKO Kamnep pacTBo-
pa OCaiuTeNd — OTCYTCTBME MOMYTHEHUS YKa3blBaeT ga
MOJIHOTY OCaXKAEHHS.

®uibrposanue. Lenb onepaunu — oTaeNeHMe ocanka oT
pacTBopa, U3 KOTOPOro OH BbINaJl (MATOYHOTO pacTBopa). g
(UITBTPOBAHUS MCIIONB3YIOT 6e330/bHbIE PUIBTPBI — Gymax-
Hple. OTU GUILTPBI NPU CrOpaHUH 00pa3yIoT TakK Majlo 30J1HI,
4TO €6 MacCOM MOXHO MpeHedpeyb. B 3aBucuMocTH oT Xapak-
Tepa ocajika UCIMOJIb3YIOT 0€330JIbHbIE QUILTPBI Pa3THYHbIX
MapoK. VX pas3jnyalor o LBETY JIEHThl Ha YIaKOBKe (UJILT-
pa. CaMble IUIOTHbIE (T. €. C HAUMEHBIIUM Pa3MepoM Top) —
C CUHEH JIEHTOM, QUILTPHI CpellHell MIOTHOCTH — ¢ Geoii
JIEHTO, HaUMeHee IUIOTHbIE, ObICTPO QUIBTPYIOLIKE — C
KpacHOH JieHToi. ByMaxXHBIA QUIETP MOMELLAIOT B CTEKIISIH-

HYI0 BOPOHKY (puc. 3).
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Puc. 3

st 3TOTO KPYJIblif QUIBTD CKITANBIBAIOT MoMoay Mo 1y
aMETpY, 3aTeM CHOBA TIONONAM 1 BKIIABIBAIOT B CyXylo Bopo

ky (puC- 4)-

Puc. 4

3aTeM HaIOJHSIOT QUIBTP OUCTHITMPOBAHHON BOXOIi 1
[JIOTHO MPIXMMAIOT K BOPOHKE. BopoHKy nomeuaior B kosb-
110, yKperieHHoe Ha liratiBe. [lox BopoHKy nomewaror cra-
kaH. GUIBTPaLIMIO BEAYT, ACKAHTUPYS XUIKOCT: CUBAIOT Ha
HWIBTP MO CTEKISIHHOM MaJI04Ke OTCTOSIBLUYIOCS XKUAKOCTD, He
p3MyuuBas ocagok Korma noytu Bech pacTBOp CAUT, K06aBis-
10T 50—70 MJT IPOMBIBHOM XUIKOCTH, MEpPEMELLMBAIOT 0CAlIOK,
JIAI0T eMY OTCTOATBCS ¥ BHOBb IEKAHTUPYIOT. JlekaHTaluio mo-
BTOPAIOT 2—3 pa3a ¥ HaKoHell CIMBalOT Ha (bUJIBTP XUIKOCTD
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vi. CTaKaH CIOJACKUBAIOT 2—3 pasa

pMecTe ¢ 0CalKo . Maje

¢unbTp. [TPOMBIBHYIO XHAKOCTb YIO0OHO MOaaBaTh 13 Mo Ha
KM (pHC. J)- 3aTeM OMOJIaCKHUBAIOT CTEKISAHHYjo nanoqbl‘
1o KOTOpOil CIMBATH OCALOK. [Tpu 3TOM HEXOMyCTiy, o)
pA yacTHLU ocagka — OH JIOJIXKEH ObITh MIEPEHECEH Hg e

Gug,
onuyecTBeHHO. PUIBTPALIIO MPOOJIKAKOT 10 TeX Mop, no;p
¢ HoCHKa BOPOHKH He NMepecTaHyT CTEKaTb Karuiy KHUIKocry,
[Tociie 3TOro CTpYeH XHIAKOCTH 13 MPOMBIBATKH OTloNackyy,
f0T BepXHHil Kpait ¢

2. CMbIBasg 0CalOK B HUMX
(pHJIpra.

OcHoBHOe NpaBuio GUIbTpalii M MPOMBIBKH: HaluBpaty
Ha (UIbLTp HOBYIO MopLIMIO TOJIbKO MOC/IE TOTO, Kak MoNHoc-
Thio OTHILTPOBANACH MPEABILYLIAS. [To OKOHYaHUM Nenator
npo6y Ha MOJIHOTY [poTeKaHHs POMBIBKH, T. €. Ha OTCYTCTRHe
B XXUJKOCTH, cTeKalolleii ¢ BOpOHKH, OTMBIBAEMOTO BELECTBa,
Hanpumep, Wwisl IpoBepKH Ha [1OJIHOTY OTMBIBAHUSA CYyJbdart-
HOHOB K HECKOJILKUM KaruisiM XHIKOCTH, cTeKarolleil ¢ Bo-
POHKH, 00aBJISIIOT Karllio pacTBopa XJ10pHia oapust. Otcyt-
CTBHE MOMYTHEHMS YKa3piBaeT Ha OKOHYaHHE MPOMBIBKH.
Jlaee BOPOHKY € 0CaJIKOM HaKpbIBAIOT IHCTOM GUNBTPOBAH-
HOi1 Gymaru, CMOYeHHOH JAUCTWLIMPOBAaHHOM BOJIOM, MJIOTHO
MpUXUMaKT Gymary K KpasM BOPOHKH M MOMELIAKT B Cy-
uabHBIA WKad. TTocae noacywnBaHus GUILTP € OCaIKOM
KOJIMYECTBEHHO MEPEHOCAT B MIPOKAJIEHHDBIM U B3BELICHHbIH
dapdopoBblit TUTEND (pUC. 6).
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P(M”'O mVO 511 iz .;/ i5TP4, T2K Y106y 0C210% SRt ie

pHYTpY QUILTDE, ¥ nepwrf." 3 THreas. Tirels ¢ ocatxow
floMelzoT B CeluratsHeiil dapdoposun TPEYTOI5H
JOXCHHBIA Ha KOTBLO WT2THE2, ¥ ra30307 rope;
paoT TUTETh TaKuM 00paloM, 4Toby du.
obyranics (puc. 7).

HX. no-
AkOl ..~—-e-
1bTP NocTensxxo

Puc. 7

Turesnn ¢ 00yrIeHHBIM QUALTPOM U 0CATKOM MOMRILAIOT B
MyesibHYyIO 1eub (pUC. 8), OTPEryIMpOBAHHYIO Ha 3a71aHHYI0
TEeMIIEPATYPY, U NPOKAJIMBAIOT B TEUCHUM 2 4. 3aTeM THTe1b-
HBIMM LMITHAMM BbIHUMAIOT TUIE/Ib M CTABAT €10 B IKCHKATOP
(puc. 9), KOTOPBIi 3allMIaeT COACPKMMOE THIS OT BAArK
po3ayxa. B akcukatope THreb MOCTENEHHO OXIaX1aeTca 10
KOMHATHO# TeMrieparypbl. Ero B3BeLIMBatoT, 3aTeM CHOBA CTa-
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= 4. NaGopatopHbie pabors!
TpABMMETPHYECKOTD aHANK3a

Pabora 1

OnpeRenchne CoREPXanHa
mycra/lﬂﬂ.?auﬂaﬂﬂaﬁ sogs 8 BaCl, - 2H,0

ReltleCTBa, oTOpbIe KPHCTALTH3YIOTCS U3 PACTBOPOB C Or-
. cHHBIM KOIUECTBOM .\mnek?'n BOJIbI, HA3bIBAKOTCA KPHC-
B paTaNi, @ BOIA, COTEDXAIIAACA B HIEX, — KpHCTal-
s soit. B GOPMY/1aX KPHCTALIOTHAPATOB YKa3bIBACTCA
ot ~exv:1 BOIBI, IDHXOAAIIHXCA Ha OXHY MOIEKYITY COTTH.
i “}z‘mzéuuouﬂaﬂ BOJIA YAATSAETCA MPH HarpeBaHUH COH
l\?}{:i;buou mkady 10 120—125 °C, 0CTaTOK B3BEUIMBAIOT Ha
?: zﬁmmecmm Bzcax H IMPOH3BOIAT Pacyer.
- ppmomemne padoThl. TIIaTeTbHO BENBITAI Bloke cymar
40 v B cynnaTbHOM mKady npu 120—125 °C, oxnaxna-
5 3XCHKATODE H B3BEITHBAIOT HA aHATUTHYECKMX Becax. Pe-
sy 15T2T BIBEIIHBAHILA 3AMHCAIBAIOT B 71200PaTOPHBIN XYPHAI.
7% KAXIOTO FPABHMETDHHECKOTO OMPEAeTeHIA BHIOMPAIOT OI1-
(2 T5HYI0 HaBCKY HCXOTHOTO BEINECTBA, MAcca KOTOPO# MO-
wam x01e0ATECH OT ZECATHIX J0JCH rpaMMa 10 HECKOJIBbKHUX

Al A

— w03, OT MP2BILTBHOTO BbIOOPa HABECKH 3aBUCHT TOYHOCTh

Ly

5

ormzIenerms. ECM HaBecka 00/bLIas, TOYHOCTD ONpENeNeHHs
mmaeTcd, HO Ha ee 00paboTKy (Ha BEICYIIHBAHHE) 3aTpa-
; WHOro BpeMeHH. Ec/iM HaBecka ManeHbKas, ee 1erko
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paB0TaTH, HO 3TO NMOTEPH JaXe HE3HAYNTENEHOTO KOTHYE-
cT32 BELISCTRA CH.ILHO CHU3AT TOYHOCTD ONpeaeleHUs.
PaccumraeM Hasecky BaCl, - 2H,0, Kotopyto cienyer B34Th,
gT005l B Helt cogepxaiock 0,1 r Boaw:
s 2443 r BaCl,-2H,0 cozepxurcs 36,00 r H,O;
» x » BaCl,-2H,0 » 0,1 » H)0
244 3.0,1
m=————=0,6786r=0,70r
1
36,0

Hzsecxa He 0bs3aTe1sHO gomkHa OwITh TogHO 0,70 I, OHa
MOXeT ObITh ¥ 00/bIIE, H MEHBIIE, HO B 3THX Npeleiax.
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Bo B3BeLIEHHEI 6I0KC MOMELIAIOT NIPUMEPHYI0 Hape,
COJTH, 3aKpBIBAIOT OIOKC KpBIIIKOM M B3BELIXBAIOT Ha TexHoxKy
MHYeCKHX Becax ¢ TOYHOCTHIO 10 0,1 1, 3aTeM nepeHocay 610?
Ha AHAIUTHYECKUE BECH, TIe POM3BOIMTCSA TOYHOE BBBCH_[HB;
yye. Pe3y/bTaT B3BelIMBaHKA 3aITHCBIBAIOT B PabOYLit XYDHay

BIOKC C COJBIO M TIOCTaBIEHHOM Ha pebpo KphllKoix noMe'
IAOT B CYIIMILHBIHA mKad, HarpeThId MPeIBapUTENBHO 1o 120 )
125 °C. Yepes 4yac OIOKC 3aKPBIBAIOT KPHILIKOM 1 nepeHoch\
sKcHKaTop i oxnakneHus. ITocie oxnaxneHus mpuMepyo qu
pe3 15—20 MUH OIOKC B3BEIUUBAIOT HA aHATUTHYECKIX Becaxh
pe3y/IBTAT 3AIUCHIBAIOT B XYPHAI, Ilocie B3BEMMBAHUA omsyy,
OTKpBIBAIOT KPHIIKY 0IOKCa, CTAaBAT €€ Ha PedPo M cymar of.
pasen ete 25—30 MuH. ITocie CyIIKM 1 OXITaXNEHUS BBelmy-
BAIOT HA aHAIMTHMYECKIX BECax U pe3yIbTaT BTOPOTO B3Belry-
BaHHS 3alIMCHIBAIOT B XYPHAlL. BEICYIIHBaHHE MOBTOPSIOT fg
TeX TI0p, TI0Ka PE3YJBTATH IBYX B3BEIIMBAHUH HE OYIyT oiry-
yaThcA He 6osee yeM Ha 0,0002 r. BricymmBaHue pekpamaror
M CYMUTAIOT, :rro BOJIa yHaJleHa IT0JIHOCTEI0, 06pa3elt HoBeleH o
OCTOSTHHOI MACCHI M MOXHO IPUCTYTATh K BEIMUCIEHUAM pe-

3yJIbTaTa aHaJIK3a.
Ocopmienue paboThl
[IpuMep 3aITMCH PE3YJIETATOB B paboyuii XXypHAI (IpUMep-
HBIif pacyerT):
1. Bastue Haecku xiopupa 6apus BaCl, - 2H,0.
Macca 610Kca ¢ XIopuIoM bapus, T 17,5831
Macca 1mmycToro 610Kca ¢ KpBIIIKOH, T

16,8223

Macca HaBecku BaCl, - 2H,0, r 0,7608

2. BricymuBanue HaBecky xiopuia bapus.
Macca 610Kca ¢ X10puIoM 6apus N0CJIe BHICYIUHBAHUS, T

1-e B3BELITUBAHUE 17,4896
2-e B3BeLIMBAHUE 17,4712
17,4712

3-e B3BELUMBaHUE
3. BhIYMC/IEHUE MACChl KPUCTAUTM3ALIHOHHON BOJBL:

17,5831 — 17,4712 =0,1119 .
4. Conepxanue (%) KpUCTALTU3AIHOHHOH BOJIBI BEIHCILA-
IOT 1o (hopMyIE:




YeCTBEHHBIN aH
raand 2, Koanuec 4An3 N
a-b
0= —-100 9%,
a
0,1119

W= . -
0,7608 "100% = 14,719,
OwnoKa onpeaeneHus. Macca BOLbI, BXopsag B ‘
KpHCTAMIOTHAPATA, SABIISIETCS Bennyyyojy Teopery (bODMYHy
pbIYMCTAETCS U3 TIPONOPLUHY: HECKO y

p 2443 T BaCL-2HO comepuures 3¢

r :

» 100 » BaCl,: 2H,0 » X » }[:I'Iz(())’
A

‘o 36-100 B
Pa3sHOCTb MEXTY MONYYEHHOM U TeopeTyyec s
Mt SIBIISIETCS aBCOIOTHOM OlKGK o Onpeﬂe?e(::;?fnlﬁqma"
14,75 = —0,04. OTHocUTENBHAY OLINOKa; il =
1475  ~0.2%
Pabora 2

Onpepnenenue conepxanus 6apus g BaCl, - 2,0

JUist KONMYECTBEHHOTO OMpeeNieH s 6a
B BiIe Cy/IbdaTa 6apust cepHoit Kucnoroit:

BaCl, - 2H,0 + H,S0, = BaSO,l + 21,0 + 21(y.

Ocafiok cyibdata Gapus MPOMbIBAIOT, MPOKAMBaHUeM 1o0-

BOIAT 10 MOCTOSIHHOM MACChI, B3BEIUNBAIOT U PACCYUTHIBAOT
cofiepXaHue dapus.

PHs €ro ocaxnaror

Beinonnenue padoTsl

Ocaxpenne BaSO,. Hasecky BaCl, - 2H,0 nowmewmator B
CTaKaH U pacTBOPSIOT B 30 MJI IMCTUIINUPOBAHHOM BOJIBL, TIPU-
basistiot 2—3 M 2 H. HCL. B npyroii crakan Hanusarot ~ 30 mx
OUCTUJUIMPOBAHHOM BOMbI U YIBOEGHHBIH MPOTHB PacCYHUTaH-
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noto oonem 2 1 HLS0, O6a crakatta HArpenaior Ha acegy,.
noil cerke Topekoil e Ha nojustitofl Gane 1o 6080 (1o
e a0 kuternnt). Ho okonuanui narpenatust ropsumft p,
CTROP CepHOil KHCJOTBE 110 KATUBIM O TTOUKE HpHitHBalor g
ropuieMy pac nopy HilCl,. FATC)ILHO TTEpEMCIINBAIOT, K-
PHIAIOT OYMAXHOIL «KPLIIKOI» K OCTaRBIOT UL COIPeBaiyy
O CACAYIONLETO YAHSITHSE,

O6paGorka ocauka, K pactsopy ¢ ocaJIkoM 10 CTCHKE ¢ry-
Kana npwmpator 23 ka2 1, H,50,. Eciin pactBop ocrg.-
¢Tesl 1PO3PAMHBIM, 1OJIHOTA OcaXieHus JJOCTUTHYTA. Ecjy
NPOMCXOJMT ¢llaboe noMyTHeHUe, fo6aBIsIoT eue 2—3 yy
CCPHOM KUCJIOTBI, XOpOUIO MepeMellBaIOT, 0T OcCajky
OCECTb 1 elle pa3 MpoBepsiioT MOJHOTY OCaXIACHHAL.

[Ton BopoHKy noacrapisiior crakaH X OCTOPOXHO T10 fa-
NOYKE ACKAHTUPYIOT [po3pauHyio XHWAKOCTb C OCallKa.

Korna sest xxunxocts Gyaer ciuta, 2—3 pa3a NpoMbIBaior
OCaJIOK B CTaKaHe HeGOoJbII MMM MOPLUHSIMHM [TPOMBIBHOM XKup-
kocti. [locne npombiBaHus 0cagoK KOJMYECTBEHHO MEPeHo-
CAT Ha QuALTP U eule 2—3 pa3za NpoMbIBaloOT, MEPUOAUYECKY
npoBepsist GUALTPAT Ha npucyTcTBre HoHoB Ba2*. Eciu dunp-
TPaT ocTaeTcst Mpo3payHbiM oT AeiicTBus 1-2 Kanenb H,SO,
MMpOMbIBaHHE OcajKa 3aKaHYKUBaloT.

Korna mociennsst nopuus MpoMbIBHOW XMIKOCTH CTeyer
C OocajKa, BOPOHKY C ocajkoM MoMewaloT B CYyIIMIbHBIN
lKag.

B3seimsanue. Bo Bpemst BoICYLIMBaHUSA (QHIBTPA C OCAKOM
MOATOTOBUTB THIEJb, B3BECUTD €0 U Maccy 3anucaTh B pado-
YUH XypHau. BeicyiieHHbIH GUIBTP C 0CANKOM MOMELLAIOT BO
B3BEILEHHBII1 TUTe/b, OOYIJIMBAIOT U 3aTEM CTaBAT B Mydes-
HYIO Meyb U [IpOKAIMBAHUS, KOTOpPOE MPOAOJIXKAIOT N0 Tex
[op, rnoka ocagoK He CTaHeT coBceM OelibIM, 6e3 BKparuleHuii
yris. OcafgoK HJOBOIST A0 MOCTOSIHHOM MacChl U pacCYMUThIBa-
IOT pe3yJbsTaT aHaju3a.

Odopmaenne padboTsl

[MpuMep 3anucH pe3ynbTaToB B pabouuii XypHa (rpumep-
HbIHA pacyer):

Jara...

Pabora Ne...
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Tema: [pasUMETPUYICCKOE Onpesienetine coepxan g Gapus
o BaCh’ 2H;0.

BasiTe HaBECKM XJopuaa Gapus:

" Macca uacoBoro ctekia ¢ BaCl, - 2H,0, ¢ 12,6981
Macca 4acoBoro CTeKna, r

12,2756
Hapecka BaCl, - 2H,0, r 0,4225

5. PacueT obneMa ocaguTest (2 H. H,S0,):
443 T BaCl,-2H,0 — 98 r H,SO,
0.4225 » BaCl, 2H,0— x » H,S0,
x_0,4225-98_0 ;
- 2443 =0,1695r.

OKpyIIMM MOJYYEHHYIO BEMUMHY 110 0,17 r 1 paccynrae

M
mmit eit 06beM 2 H. H,S0,:

p 1000 MJI 2 H. H,SO, conepxurcs 98 r H,S0,
s X » » HZSO4 » 0,17 » H2504
0,17-1000
=———=173 (mn).
X 08 (Mn)

Jinst OCaKIEHNS caeayer B3SiTh ~ 3,5 mn 2 H. H,S0, (1,5-
Q_KpaTHblﬁ U30BITOK).

3. [IpokaiMBaH1e THUIJIS 10 MMOCTOSAHHOM Macchl:

1-e B3BEILMBaHKE, T 11,8616
2-e B3BELIMBAHME, T 11,8615

4. [TpoKaMBaHUe OCalKa B THIIE:
" |-e p3BELIMBaHHUE, T 12,26§1
2-e B3BeLIMBaHHKE, T 12,2659

Macca npoKaleHHoro ocanka: 12,2659 — 11,8615 = 0,404 .

5. Buiyucnerne macchl 6apust B 0,4044 r ocanka BaSO,:

W= _lf_i 100 %:;
a
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A(Ba) 137,4
3(BaSO,) 2334

44.0,5887
o = 2A044-09887 500 — 56,339,
0,4225

6. BblupcicH1e OLHOKH ONpefeaeHH. TeopeTnyeckoe cq.
fepxatiie Gapiisi B Xjopiie Oapust cOCTaBJiIeT.

04225 r BaCl,-2H,0 — 0,2380 r Ba;
100 » BaCl,-2H,0 — x » Ba.
x = 56,24

a) aGcosoTHas olIMOKa OMpefeIeHHA.
56,33 — 56,24 = +0,09;
6) OTHOCHUTEJbHAas oLIMOKa oNpeaeNeHHU:
0,09-100
56,24

[Ipu TLIATENEHOM BBINOJHEHHHM IPaBUMETPHIECKOTO Olipe-
neseHus owndxa coctapisieT 0,1 %, T0O3TOMY TMOJYYEHHBIN pe-

3yJIbTaT JOMYCTHM.

=0,16%.

KouTposibHbIE BOMPOCH! H 3agaqyu

1. Kax kaaccugpuyupyromes Memoosl KoAuHeCcmeeHHo2o ana-

auza?
2 Kakue Memodsl KOAUHECIMEEHH020 AHAAU3A OMHOCAIMCA K

xumuyeckum?
Ymo makoe epagumMempuHecKitil amanus?

Kakue 3aKoHsl aedcam 6 0cHoge epasumempuu?

Kaxue memodsl ucnonb3ylomes 6 epasumempuu?

Kakoso ocHosHoe ycnogue eoinadenus ocaoka? Kaxue mpe-
6oeanus npedsAsAIOMCA K 0caoumento?

7 Kakoli 00sem ocadumens pekomeHdyemces opams 05 aHa-
auza?

SN LA W
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Kakue haxmopu 6AUOmM na pe, —

(\‘.
9.

10.
[1.
/2.

13.

4.

16.

17.

18.
19.
20.
o

22,

23.

AHaA

(akoit uz ocadumeney: .
A("\Uu u: ¢ “(”0’”(’, ('y/”,(/)(”" na-
MPUR, CYAham ammopyy bonee H0ns ocq Wedenuy

(e cyy bthamaq Oapun ? Jjq,-
me NOACHeHus,

Ymo Hazvleaiom 0cadncdae gy thopmoi ?

Ymo makoe PaABUMEMPUY ek g hopaa ?
Cosnadarom au xumuyecy thopm

. VAol OCncdaemog pa-
GUMEMPUHECKOTl ghopy 0cadka, ogpqy Yioleaocs pypyy 0Ca -

Ecmeo au pasnuya MeXCAY Xumyyee KU ghopy
daeMoll U epasusentpiyee

Koll thopm ocadk
npu 0cadicOeHuu uonq bapus Pacmeopoy

Hanuwume xumuyecyeye ¢

Mempu4eckoit gopm ocag
deHuu UOHa Kanouus pacmeo

Yaamu ocq .-
a, oépmy/ou(eeoc;l
CepHol Kucaome ?

Kakas cmpykmypa ocadk
ocadxicoeHuu ?

Kakue ycnosus HeoGxoou Oast 00pazoganyg Kpucmanay-
YeCKUX 0caokog ?

a noayyaemcesg NPl Gbicmpoy

Kaxoeo! ycnosus 06pazosanus aMopehreix ocady
Tlowemy ocadky nocae ocadxcdenusn darom nocmo
Hem Xapakmepusyemes npoyece CO3pesanun ocagyq ?

Borucaume ananumuyeckui; MHOMCUmMens dan apagien.-
puHecKozo onpedeaenusn komnonenmq K 6 8lide coedunenyy
K,Na[Co(NO,),] - H,0.
Omeem: 0,08925.

Botucaume ananumuvecrui MHOJICUMens nn epagumen -
puteckozo onpedenenus komnonenma Ca y(PO,), 6 sude co-
edurernusn CaO.,
Omeem: 1,8438.

H3 nasecku ananuzupyemoco éewecmea maccoli 0,2109 2
nocae coomeemcemeyrouseit 0opadomxu noayueno gelyecmeo

08?

AMe ?
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counonenma Clé amoil npooe,

Omeem: 18,32%.

J[5 HagecK QNANIUPYENO20 BEUecea Maccoi (1
noc.1e coomeememeylouell 06paboinxu noayueno g ez’«eCZS 2
Mg, P,0;, waccoir 0,1669 e. Bortucaume maccogy Mo

ldylpgs 10 do
(¢ %) KoMnoHenma Mg ¢ amoit npooe. R
Omeem: 32,40%.
Karoii odvex pacmeopa sewjecmea (NH),C,0, ¢ konye
-~ - A ” N H‘
mpatueit 0,25 M01b/a Heo0xo0uM 018 NOAHO20 0caicdeyy,
A A
wona Ca* u3 pacmeopa, codepaicauieeo 0,77 e coedunenyy

Ca(NO,),? Cuumante 0ocmanmoHoiM 04 N0AHO20 ocaye
denus onpede.1semozo UoHa noaymopHulil U3bbimox ocagy

me.s.
Omeem: 0,4151 a.

Ocadok geujecmea BaCrO, maccoi 0,3 2 npomsieaiom go-
doii o6semom 250 ma. Beruucaume maccosyio doio (8 %)
nomepb 0cadka 3a cyem npoMbiganus.

Omeem: 0,23%.

AeCl waccoit 0, 1562 &, Botwucaunte Maccoayrg gy, o0y
09




Paagen 2
O0beMHbIN aHanua

g 1. CywHoCTs TUTPUMETPUYECKOr0 aHanuaa

()51,c.\|umii AHIN3 — OTO COBOKYITHOCTL METOLOB XHMUeC-
AT Ko,lnl‘lCCTHL‘IlHOl‘O AHATIIA, OCHOBAHHBIX HA H3MEpeHnH
w-l (ol JUIS] YCTAHOBICHIS KOHUCHTPaLIit (comepxanus) orr-
"SK:}],wmm petecta. K oOneMHbIM ML“'I‘()}LHM atajmsa or-

cAT pacnpocrpanmmmc B 1abopatopHoil npakTike pasjiny-
- , papHaHTbl THTPUMETPIUCCKOrO aHAH3A, OCHOBAHHOIO Ha
H.bl\;cp‘emm 00beMa U3PACXOOBAHHOIO PacTBOPa peareHTa u3-
lnljcruoi‘i KOHLIEHTPALMK, HEOOXOAUMOTO JUISL JIOCTHXKECH S
rouKil KBIHBAICHTHOCTH. MHorna TutpuMeTpHtecKie MeTo-
bl HE coBceM TOUHO OTOXIECTBIISIIOT ¢ 0ObEMHBIMH METOMIA-
ait. K 06BEMHOMY AHAIHM3Y OTHOCHT TAKXEe MHOIHE METOJbI
ra30BOr0 aHAIH3A, KOTa MPU BbIMOJHEHUU OMNpeaeieHUs H3-
MepAIoT 06BbEM KaKOro-JiM0O MOrJIOTHBIIErOCs WIK BbIIEAUB-
yjerocs ra3a. HAMeroTcst METObl 00BLEMHOI0 aHATIH3A, OCHOBAH-
yble Ha H3MepeHUH 00bEMa OCAIlKOB; HANpHMep, KONHYECTBO
cepbl B 4yTYHE MOXHO onpe%en511‘b no OGBCMX ocajika cynbda-
Ta Gapnd B TPalyMpOBAHHOIL LEHTPHYXHOIT npobupke. Ko-
[MYEeCTBO BELLECTBA OMPEALNSIOT 110 00BbEMY MONYYEHHOTO
ocalka B YJbTPAMHKPOXHMITUECKOM aHATH3E, KOTa B3BELIH-
paHie 3aTPYAHEHO WIH HEBOIMOXHO.

TTpHMEeTPHYECKHIT AHANH3 — METOM KOIMYECTBEHHOIO aHa-
n13a, OCHOBAHHBIH HAa H3MEPEHHIL oObeMa pacTBopa ¢ TOYHO
U3BeCTHOM KOHLIeHTpalueil peakTupa (riaanamm NAHHOTO pa-
cTBOpA: cTaHAAapTHLIN pacTBop, paﬁoqu‘!i pacTBop, TUTPOBAH-
Hblil pACTBOP, TUTPAHT; AHATUINPYEMbIH PACTBOP HACTO HAbl-
paloT aHAJMTOM), Tpebylolerocs Ml peakuuu ¢ ﬂﬂHHbH\}
KOJIMYECTBOM OTIPE/IENSIEeMOro BELIECTBA. TuTpuMeTpUUECK Uil
aHAJIU3 LIMPOKO MPUMEHSETCSH B OHOXMMUUYECKHX, KIMHHYeC-
KHX, CAHUTAPHO-TMTHEHHYECKUX 1 IpYTHX nabopaTopusiX B 3K-
CcriepMMEHTAIbHBIX MUCCIEN0BAHUAX H [UIA KJIMHNYECKUX aHa-
nu3os. Hanpumep, npu yCTaHOBICHUN KUCJIOTHO-1LIEJIOYHOTO
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1. BropeTKH: Puc. 2. BropeTtka uucdposas
Puc. 1. bropeTKH: !
a) ¢ KpaHuKoM, 6) ¢ OYCHMHKOH

o6paxaloT rpauyecku B BUle

0-
KpPUBbIX TATPOBaHH (CM. TL. 2, pasq. 2, § 4), KoTopble 3231;%
JIFFI)}OT HarJIIHO NPeJACTaBUTh BECh XOX TUTPOBAHMA quH A fpe
g JIYYEHUS TO  pe-
e MPUTOAHBIN IS 110
MHAMKATOp, Hauboe pe.
3yJIbTATOB, :I‘aK KaK KpUBYIO TUTPOBaHUsI MOXHO COMOCTAB

[Ipouecc TMTPOBAHUA U3
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Puc. 3.

¢ YHTEpBAIOM M3MEHEHHS OKPacKH WHIMKaTOpa (CM. ri. 2
’ . “he &y
pa3ﬂ- 2a § 2)

B TUTPUMETPHYECKOM 2HATHIE CYLIECTBYET HECKOIbKO
anCMOB.

[IpsAvoe THTPOBAHHE COCTOMT B TOM, YTO NPOBY aHatHIK-

pyeMOro BELLECTBA TUTPYIOT CTAHAAPTHBIM PACTBOPOM, WM
TUTPAHTOM, 10 TOUKH IKBMBAIEHTHOCTH — MOMeHTa, Koria
KOJHYECTBO CTAHIAPTHOTO PACTBOPA IKBUBANEHTHO KOUYe-
cTBY OMPENE/ISEMOrO BELIECTBA B COOTBETCTBMM C YpaBHeHHM-
eM XMMHUYECKHM JUTs JaHHOM peakunu. KoHeu THTpoBanus ye-
TaHAB/JIMBAIOT BU3YATbHO 110 H3MEHEHHIO OKPACKM BBOIHMOTO
uHaMKaTopa 1100 HHCTPYMeHTaNbHO. Yem Gonee ToyHo on-
pefie/leHa TOYKA IKBHUBLIEHTHOCTH, TeM MeHblLe OLIKOKa aHa-
N3,

TurpoBaHHe 00paTHOE, WK 10 OCTATKY, IPHMEHSIOT, KOraa
onpele/IfeMoe BelLUECTBO He PearupyeT CO CTAaHIapTHBIM pa-
CTBODOM WJIM pearMpyeT HeAocTaToyHo GbicTpo. B 3ToM cay-
yae K npobe aHATH3UPYEMOro BE1leCTBa NpUbaBIfIOT 328810
MBlil H30BITOK CTAHJAPTHOrO PacTBOPa M OCTATOX ero mocie
peakLiHH C ONpee/sieMbIM BELLECTBOM THTDYIOT IPYTHM CTak-
NapTHBIM PacTBOPOM.



190 AHaAMTHYecKag Xitwy,

Turposakie 1o 3aMellleHHio MPUMEHSIOT, Kora Hemocpe,
cTBeHHOE onpeaesieHye JaHHOro BEIECTBa 3&prﬂH”Tean(;
(OTCYTCTBYET NOAXOASLIMH THTPAHT, HET HEobXonnUMoro yyy,
KaTopa U T. Ai.). B aTOM ciiyuae aHATU3UPYEMOE BELIECTRo
CpeNCcTBOM peakLHH ¢ HeorpeeJeHHbIM H30bITKOM COOTRer.
CTBYIOLLETO peareHTa nepeBoAsIT B IPYTO€ COCMUHely,
KOTOpOE THTPYIOT CTaHIapTHbIM PaCTBOPOM, KaK 3To Bbitg
omucaHo Bbilie. Hampumep, 3TUM METOLOM ONpPENEsioT k.
JIMYecTBO OUXpomaTta Kajiusl B paCTBOPE.

B TUTpUMETPUYECKOM aHAINU3€E HapsLy C BOIOH MpPUMeHg-
I0T OpraHMYecKye pacTBOPUTENH: YIIEBOAOPOIbI, HX rajore-
HOMPOM3BOIHBIE, CIIUPTBI, KETOHBI, KHCIOThI, aMHHBI, aMuzp),
HUTPUJIBI, YTO MO3BOJIAET PACLIMPUTD KPYT OTIPENENIEMBIX Co-
eIMHEHUN, TOCKOJIbKY TUTPUMETPUYECKHH aHAIU3 MOXHo
NpPOBOIMTH Ha OCHOBE TeX PEAKLMH, KOTOPbIE B BOAE He Hayt
WK He JaloT PE3KMX KOHEYHBIX TOUEK TUTPOBAHHUA, Hanpunép
ciabble KUCJIOThI (OCHOBaHMS) MM CMECH OJIM3KHX MO CHie
kucioT (ocHoBaHMit). To4HOCTb ONpeneNeHNH B HEBOIHbIX
pacTBOpax OObIYHO BbILIE, TAK KaK BCICACTBHE He0oIbLIoro
MOBEPXHOCTHOTO HATSDKEHMSI BEJIMUHHA KareJlb OpraHHYecKix
KUIKOCTEH MEHBLIE, YeM BOAHBIX pacCTBOPOB.

CraHaapTHbIl pacTBOp [TPUMEHSIETCS B METOAAX THTPHMET-
pUUECKOro aHaJIM3a JUlsl YCTAHOBJICHHS KOJIMYECTBA ONpeaens-
eMOT0 BellecTBa MOCPEACTBOM THTPOBAHHMS 10 TOUKH 3KBHBA-
JIEHTHOCTU. TOUKY 2KBUBAJIEHTHOCTH ONpPE/E/SIOT MO H3-
MEHEHMIO OKpacKH THTPYEMOro pacTBopa MM HHANWKATOPa,
BBOJAMMOrO B Hauajie Wiu B rpolecce THTPOBAHHS, 110 H3Me-
HEHMIO DJIEKTPONPOBOAHOCTH PACTBOPA, H3MEHEHUIO [10TEH-
LHasia 2JIeKTPOJa, MOrPYXEHHOTO B TUTPYEMbIH pacTBop, 110
U3MEHEHHU IO BEJIMUMHBI TOKA, ONITHYECKOH [JIOTHOCTH U Jp.

B Toyke KBUBAIEHTHOCTH KOJHUYECTBO CTAHIAPTHOTIO pa-
CTBOpA XMMHUYECKH KBUBAICHTHO KOJIMYECTBY MCC/IENYeMOro
Benecta. CTaHIapTHbIE PaCTBOPbI 101Y4alOT:

a) pacTBOpEHHEM TOUYHOH HaBECKM BELIECTBA B TOUHOM
06beMe pacTBOPUTEJIS (MCIIONb3YIOT MepHBIE KOJIObI (pHC. 4));
[P 3TOM MCXOJHOE BELECTBO HOJKHO OBITH XHUMHYECKH HHC-

ThIM, YCTOYMBBIM TP XpPaHEHHH B TBEPIOM BHIIE M B pacTBOpE,
COCTaB JOJIKEH TOUHO COOTBETCTBOBATh (hOpMYyJie XMMUYECKOI;

— c—————
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Puc. 4. MepHble Konoy

[Tpumep. PaccyuTaTh Maccy rMAPOKCUAA HATPHS, HeoBxo-
MY LISt TPUTOTOBCHUA 200 M1 0,1 H. pacTBopa. Pacyer
pefeM 1o GopMyJie:

n = N'Mafm'V
1000 °

rie N — HOpMaJIBHOCTb pacTBopa (cM. § 3);

M, , — MOJISIpHAst Macca SKBUBAIEHTa (cM. § 3)

YV — 00bEM pPacTBOpa;

6) THTPOBAaHUEM I10 APYTOMY PacTBOpY, MMEIOLLEMY TOYHO
H3BECTHYIO KOHLUEHTPALMIO; YA0OCTBO METONA B TOM, YTO OH
[03BOJISET, He MpUOeras K TOYHBIM HABECKaM, YCTaHABIUBATE
KOHLIEHTPALIMI0O MHOTHX pacTBOPOB;

B) ¢ MOMOLIBIO (PUKCaHaNa, NPEACTABNSIOIETO COGOI Ccy-
X0€ BELLECTBO UM PACTBOP B KOJTUYECTBE, HEOOXOLMMOM JUTS
MPUrOTOBJIEHMS 1 JI pacTBOpA OMNpENENEHHO KOHIEHTpauuu
(puxcaHabl BBITYCKAIOTCS MIPOMBILJIEHHOCTBIO B hopMe 3a-
MassHHBIX CTEKJITHHBIX aMITyl).

CraHgapTHble pacTBOPbI JOJKHbBI XPAHUTBCSI B YCJIOBUSIX,
obecrieyMBaIOLIUX IOCTOSTHCTBO UX COCTaBa C y4E€TOM XMMHU-
YeCKOM MPUPOABI PACTBOPEHHOTO BELLECTBA.

bJ
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B rHTPHMETPHYECKOM AHANIC HCHONB3YIoTCy Pea
ocaxeHIsl, KHCIOTHO-0CHOBHbIE, ()Kncuu'rcnbno-nocc.r,m”
{ ’ = ; AHO.
IbHble, KOMIUIeKcooOpasoBaus u ap. K Dczu(“”“)
M

BHTC
NpeNbABAKIOTCS CACAYIOUIHE TpeboBaHus:

¢ peLecTBa A0JIKHbI pearnpoBatb B CTporo K(umqecmew

HBIX (CTEXHOMETPHUECKHX) OTHOLICHMSIX Ges 1060y

peakUuit;

«  peakLin 10JKHbI TPOTEKATh OBICTPO 1 NpakTUyecky, 10
KOHLIA; VIS yCTAHOBCHHS TOUKH OKBUBAJICHTHOCTY
00XO/LHMO NPHMEHSATh N0CTATOHO HAEXKHBIE CIocopy.
BAMsIHIE [TOCTOPOHHMX BELLECTB Ha XOA peakuuu oy,
XHO OBbITh HCKJIIOYEHO;

XeJlaTeJIbHO, YTOObI MPU THTPUMETPUYECKOM aHafyze
peakLMi MPOTEKaIn NPU KOMHATHOH TeMMepaType.

Ha3paHKs METOAOB THTPMMETPUYECKOIO aHAIN3a COOTReT.-
CTBYIOT Ha3BaHUSIM peaKLMif, eXallnX B OCHOBE MeToa,

1. MeTozpl HEATPAIU3AUMH, UJTU KUCTIOTHO-OCHOBHOTO THT-
poBaHMs, OCHOBaHbl Ha peaKLMAX HEUTPAIU3ALMNY, T. €. Hg
B3aUMOIENCTBUM KUCIOT U OCHOBAHU . ITU METOBI BKITIOYa-
0T allMAOMETPHIO (KONIMYECTBEHHOE OMpeNeIeHHE OCHOBaH MU
C MOMOLLbIO TUTPOBAHHBIX PACTBOPOB KHCJIOT), aIKATUMETPHI0
(onpemeneHHe KHUCIOT C IOMOLLbIO THTPOBAHHBIX PacTBOpPoR
OCHOBAaHMUI1), raloMeTpulo (KOJIMYECTBEHHOE ONpeneNeHie
coJieif ¢ MOMOLLbI0 OCHOBaHUI WM KHCIIOT, €CJIH OHH peary-
PYIOT C COJISIMM B CTEXHUOMETPHYECKNX COOTHOLLEHHSX,

2. MeToapl ocaaeHHss OCHOBaHbl Ha THTPOBAHHU Be-
1{eCTB, 00pa3yIoLLMX B ONpeeSIEHHOIH cpe/ie HepacTBOPHMble
COeMHEHUs, HanpuMep coJik bapusi, cepedpa, CBUHLA, LIMH-
ka, kaamus, prytu (II), mean (II1) u ap. K atum metonam
OTHOCSIT apreHTOMETPHIO (THTPOBaHHE PacTBOPOM HMTpara
cepeOpa), MEPKYpPOMETPHIO (TUTPOBaHHE paCTBOPOM HUTpa-

Ta pTYTU) U Ap.
3. MeToabl KOMILIEKC000pa30BaHHsA, HIH KOMILIEKCOMeTpHs

(MepKypuMeTpusi, (GTOPOMETPHUS W Ap.), OCHOBAHbI Ha MpUMe-
HEHUH peaklinii, TpU KOTOPLIX 00pa3yloTCcs KOMIUJIEKCHBIE CO-
envHenus, Hanpumep Ag* + 2CN- = [Ag(CN),|-. Metosl
KOMIUIEKCOOOpa30BaHUS TECHO CBSI3aHbI C METOJaMH Ocax/ie-
HUs1, TaK KaK MHOTME peakLMH OCaXIeHUs COMPOBOXAAIOTCS
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[ pitio), f1010OMETPHIO, OpoMatomeTpiio, epumer -

aromel
o LOMETPHIO 1P,

pIIO: paHd

§ 2. Xumuyeckue WHAKKATOPLI pns
ycTaHOBHEHMﬂ TOYKW OKBUBANCHTHOCTHU

BeuecTBA, BBC/ICHHE KOTOPBIX B aHAH3HpPYeMbiil pacTop
[103BOIACT yCTAaHOBUTL KOHELL XMMHUCCKO#M peakimm nam kor-
LeHTPALIMIO BOLOPOLHBIX HOHOB 110 JIETKO 3aMETHOMY NpH3Ha-
Ky, Ha3blBAIOTCS unoukamopamu. UHIMKaTOpbl Henonn3yior
r7aBHbIM 00Pa30M B THTPHMETPUUECKOM aHa/in3e MU yeTa-
yop/ieHUs TOUKH SKBUBAIEHTHOCTH (KOHEUHOI TouKH THUTpO-
panus). B MPUCYTCTBUH WUHIANKATOPOB B 3TOil TovKe (Wi
pGM3K OT HEE) MOLYT HaOMONATLCSl M3MEHEHMe LBeTa, [105B-
jeHue WK UCUE3HOBEHHE MYTHOCTH, CBeueHMe 1 T. 1., 06yc-
jioB/leHHbIE N3MEHEHUEM OTPENL/IEHHOTrO CBOiicTBa ueeney-
emoro pactBopa. MHIMKaTOpbI Ae1aT 06biut0 Ha 5 rpynn:
KHCJAOTHO-OCHOBHbBIE, OKMUCAUTENIbHO-BOCCTAHOBHTEIbHBIE:
KOMIUIEKCOHOMETPHYECKHE; aICOPOLIMOHHbIE: xemumommec:
LEHTHDIE.

Kuc10THO-OCHOBHbBIC HHAHKATOPHI — BEIECTBA, W3MEHSIO0-
L1e CBOIO OKPACKY MPH H3MEHEHHH BOJOPOIHOro NoKasare-
as (pH) cpenbl. ITU UHIAMKATOPDI, paccMartpuBaemble (1o te-
opuu B. OcTBasIb1a) KaK cj1adble OpraHuyeckue KUCAOTh Wi
OCHOBAHUS, UCTIONBL3YIOT B METOAX HEHTPAIM3ALINK, a TAKXe
npu onpenejaeHnn pH Metonom Konopumerpun. Uurepna
sHayeHuit pH (MHTEpBAI epexo/a), B KOTOPOM HabaionaeTCs
U3MEHEHUE OKpAcKH, CBSI3aH ¢ KOHCTAHTON AMCcoUUalinm
unaukaropa (pK) coorHowenuem pH = pK £ 1. Tlpu npose-
JEHUHU aHaJIM3a UHAUKATOP BbIOMPAIOT TaAKUM 0Dpa3oM, uTo-
Obl MHTEPBAJ MEpexoa OKPacKH BKJIOUal TO 3HaueHue pH,
KOTOpOE pacTBOP JOJIXEH UMETb B TOUKE IKBHBAIEHTHOCTH.
HauGonee yacto aHann3bl METOLOM HEHTpaiu3allui TPOBOMAT

"~ .
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¢ MCTHIODBIM OPATDKEBBIM (MHTEpBAL HTEPeXo/1a 3,l~4,4) Me
THAOBBIM KPACHBIM (4,2—6,3), denondpranennom (8,()‘]9 8’)'
KpoMe WHAHBIYILHBIX HIAMKATOPOB IPUMEHSIIOT Tak ;m_'
3bIBACMBbIC CMEILIANHbIC MIUIHKATOPbI — CMCCH JIBYX Mitinky
ropoB (Hanpumep, TUMONOBBLIK CUHUIR -+ q)cnon(]rrzmcnu)
KOTOPbIM CBOHCTBEHHO OTUETIMBOC UIMCHCHUE OKpacky ,;
y3KOM HHTepBae fepexoa (10 0,2 emumibl pH). K knepor.
HO-OCHOBHBIM OTHOCATCS TaKXe MHAMKATOPbI: (utyopeciiey.
THble (Hanpumep, a-HaTUIAMHH, aKPUIKH), B IPUCYTCTRIY
KOTOPBIX MOSIBJSIETCS, MCUe3aeT MM UIMEHSETCS! LBET (utyopec.-
LeHLIMM MYTHBIX WM CHIbHO OKPaLIEHHBIX PaCTBOPOB NpH yy
OCBELlEHNUH YALTPaQUOJIETOBBIMM JIydaMU; YHUBEpCallbHble —
CMECH HECKOJIBKUX MHIMKATOPOB C pa3/IniHbIMU UHTEpBaJia-
MM Tepexo/ia, MHOTOKpaTHO M3MEHSIIOLHE CBOIO OKPACKY Tpy
pasHbIX 3Ha4eHUsIX pH 1 vcrob3yeMble JUIsl PUOIHKEHHbix

OHpC,[[CJICHPII;i 3TOro IoKa3atelis.
Tabauya 12

3nayenus pH nepexona Hanbonee pacnpocTpaHeHHbIX
MHINKATOPOB

Cmonbey «x» — xapakmep UHOUKAmMopa: K — KUcaoma, 0 — 0CHo8AHue

WUnauKaTop ¥ HOMEp L{seT Gonee Wnrepean pH| - Llger 6°”ef
nmepexoja X1 kucnoit (popMEl sHEMED srliahe
rnepexona opMBI
| 2 3 4 5
i et |0.13—05(1] | i
¢uoeToBbli [I] X ; S ] RoRshain
kpegoHOBE kpacueit | 02— 1,8(I] XeJITHIN
kpacHbi [I]
MeTunoBsIit A
3eJIeHbIA 1,0—1,5]1 CHHM
¢uonetoBbi [11] ] .
TumoJtoBsli cHHUH (1] KpacHbIH 1,2—28(I] XeJIThIH
Tponeonux 00 KpacHblif 1,3—3,2 XENThIA
MeTWI10BbIA .

CUHHUH 2,0—3,0[III Ho. 7
¢uonetoBbiit [111] (V1] dwresteromn
Gl METHARERL KpacHbIH 3,0—4,0 XKENTBIN
XeJThIN
EpOprcnonosbm —— 30— 46 CHHe- )
CUHUH ¢uoeTOBbIH
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Oxonyanue matn, |2
//"l"— ) 3 y 5
/ oy i
KOHIO kpacHbiil KPacHblit 30-5,.2 CHIMI
/
MeTi nopblit opatxeBblit| o | Kpachbiit  {3,1 —(4,0)4,4] (opaxeno-)
| —— KCNTHIN
-ne30OBbIH )
BpoMKPe K KCATLII 38-54 P
sencHblit
e30/10BbI
BpoMKPE KENTHI 38-54 P
A -
JTakMOHA K[ kpacnwiii 40-64 CHHUi
JlakMOIR
. a : . 42(4,4) -
sry10Bblil KpacHbUL | O KpacHblii o> B , i
Me 62(6.3) KeNThI
/ ~
XnioptheHOOBBIN " — i
& JITBIN 50-6,6 i
kpacHBill ) KpacHif
KpacHblY
JlakMyC (R30MTMUH) KpaCHBIit 50-8,0 CUMU
e S (45-8.3)
OMKpPE30/I0BBIH . "
- n pﬂbrv“i . Kenmit - 15,2-6,8(6,7) i P
_‘IXE-YE— - - - KpacHbI
wnosbm CHHMIf| K XKEJIThIM 6,0-7,6 CHHUI
Heifrpa/tbHbIA KpacHblit | 0 KPacCHHbIii 68—8,0 SIHTApHO-
XKEJITHIN
oy I) 1 0 ) Tt ﬂpKO'
(DeHONOBbII KpAaCHBIN XKEJITBIi 6,8 —(8,0)8,4 .
- %8| XpacHslit
KpesonoBbil KpacHblit | I 70(7,2) - TEMHO-
(1] 8,8 (1] KPACHBIi
HadrondraienH K| [xenmo-pososblif| 7,3—87 CHHMI
Tumonossiit curmit [11] | K XENTBI 8,0-9,6(l1) CHHMUI
Oenondranent (1] K Gecusebiit |8,2—10,0 (1] |5 MMHHOB?'
*| xpacHbri
o 9a3(974) -
UMOJI eHH K OecuBETHBII i CHHUI!
Timongan 10,5(10,6) i
. " GneaHo- ;
Ann3apUHOBBIH XE/ITbIH KOPUYHEBO-
SOK K auMonHo- | 10,1-120 it
XENTHIN
Hwsckuit rony6oit CHHMH 10,1 = 11,1 KpacHblit
JnazoroneTosblit KenTbi 10,1 -12,0 ¢uoneToBbit
UHaurokapMuH CUHMI 11,6 -140 KENThIHA
; " TeMHO-
Epsilon Blue | opamxesbit | 11,6—130
& (HOETOBBIH
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KHeoTHO-0CHOBHBIE HH/INKATOPDI HpejcTapjisiior cobol

wallle Beero erabbie opraHuiecKue KHeoTy i ocHobaHue. U3-
MeHCHHE 1BeTa pacTBopa HHJIMKATOpa B 3aBHCHMOCTH OT Be-
anunisl pH B COOTBETCTBHM € Teopuei uoulu',lx oKpacok Ocr-
BIBIA MOXHO OOBIACHUTL pasHOi OKPAcKoi MOJICKYJIsIpHOH

H HOHHOI (popM HHIHKATOPA. Hanpumep, eciin HHAUKATOP
npejcrapisier coboi cyabyto opraHuyecKyto KUCJIOTY, TO [po-
[ece AMCCOLMAIINM €ro MOJIEKYJIbl [IPOUCXOMUT MO CIeAyIoLLeH

CXCMC!

H/nd & H* + Ind-

MoJiekysipHast popMa UMeeT KpacHYIo OKpacky, a HOHHas
dbopma — cuHiolo. B coorserctBuu ¢ nputuunom Je-Ilare-
JIbE B LIEJOYHOU cpelie MPOUCXOAUT CBA3bIBAHUE NIPOTOHA BO-
JOpoZa B MOJIEKYJTy BOJbI, U paBHOBECHE MpoLecca IMCCOLH -
allMy cMellaeTcsl BIpaBo, pacTBOp NMpUOOpeTaeT CUHIOK
oKpacky. B pacTBope, HMeIOLIEM KUCIYIO Cpeny, UMEeTCs 13-
GBLITOK MOHOB BOJOpOAa, U PaBHOBECHE CMEILAETCs BJIEBO,
OKpacKa pacTBopa CTaHOBUTCSI KDacHOM,

W3MeHeHUe LBETa UHIUKATOpPa CBSA3aHO TaKXe C cylle-
CTBEHHBIM U3MEHEHHUEM €r0 MOJIEKY/ISIPHOM CTPYKTYpHI. B co-
OTBETCTBUM C XpOMO(DOpHOIi TeopHUeil OKpacka coelMHEeHUS
CBSI3aHa C HAUIMYMUEM B €ro MoJieKyJie TaK Ha3bIBaéMbIX XPOMO-
¢opHbIX Ipym, K KoTopbiM oTHocsATest NO>-, —N=Nurt 1.,
Y ayKCOXPOMHBIX, KOTOpbIE€ B IPUCYTCTBUH XPOMOGOPHBIX
TaKKe BIMAIOT Ha okpacky. [IpucoennHeHne U OTILEMIEHHE
POTOHA IO 3TOil TeOpUM BbI3bIBAET MEPECTPOHKY MOJIEKYIIBI
UHIMKATOpa, B pe3yjasrate KOTOPOM IMOSBJISIIOTCS HOBbIE MK
Mcye3aloT CYLIECTBOBaBIIME paHee XpPOMOGOpPHBIE IPYIIIBI U
TAKUM 06pa30M MPOUCXOAMT U3MEHEHUE LIBETA HHAMKATOPA.

OKHCJIHTeJIbHO-BOCCTAHOBHTE/IbHbIe HHAXKATOPbI — Bellle-
CTBa, CITIOCOOHBIE OKUCISATHCA MM BOCCTAHABIMBATBCSA B OI-
pelieieHHBIX MHTepBalaX 3HaYeHUI OKUCITUTEIBHOIO MOTEH-
LMajia ¥ U3MEHATh ITPU 3TOM CBOIO OKpacKy. DTU UHIUKATOPHI
(HarpuMep, METHJIEHOBBI CUHUIA, TUeHUTaMUH, KpaXxMal)
HCIIONB3YIOT B THTPUMETPUYECKHMX METOAX aHaIM3a, OCHOBaH-
HBIX Ha peakLusIX OKUCIEHUS! — BOCCTaHOBJIEHHUS.
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K(,wmexcm|o.\1c'r|m'|cc|me HIVIMKATOPL — peqiiect na,ofm
jolLHe © ONpe/eISIEMbIMU HOHAMU OKpatlieH pe KOMILIeK-
CHDIC cOC/IMHEHMUSI TaKHQ MHILIKATOPBI HasbiBaloT Takxe
MC'r;umoxl?O‘\””w 1 WL MCTalLl-ninkatopamu, ueronpayjor
\ Tmp”"‘c"'pwlcwom METO/C aHaN3a, OCHOBaHHOM kg Mpu-
(eHEHIH aMUHONOJIMKAPOOHOBLIX KUCTOT, B KauecTne Kow-
kel OMCTp“qccmx UHIIMKATOPOB MCTOL3YIOT fpenmyue-
cTReHHO pOA0PAcIRAPHMAS OPTaluveckue kpacuteny —
JpHOXPOM qepHbIi T, KCHJICHONIOBBII OpaH:Ke Bt
XPOM TeMHO-CHHUH 1 Ip.

AcopOuOHHbIE HHMKATOPbI — BELLECTBA, B NpHCyTeTayy
(oTOpbIX B TOUKE SKBUBANICHTHOCTH, YCTAHABAMBAEMO! MeTo-
oM ocaxjeHus (HanpuMep, Npu TUTPoBaHMu HOHOB XJ10pa
cTaHIAPTHBIM PACTBOPOM HUTpaTa cepebpa), U3MeHsieTcs per
ocafKa. B xauyecTBE TaAKMX MHAMKATOPOB NMPUMEHSIOT TTTaBHBIM
0Gpa30M KpacuTeu (Hanpumep, 303uH, dayopecient).

XeMuIIOMUHECUEHTHbIE MHIMKATOPBI — BELUECTBA, CrOCOH-
ypie B TOYKE SKBUBATEHTHOCTU CBETHTBCS BHAMMBIM CBETOM
 MCTIoNIb3yeMble TPU TUTPOBAHMU CHIIbHO OKpALLIEHHBIX pa-
crBopoB. K TaKnM MHIMKATOPaM OTHOCSTCS! IOMUHON, CHJIOK-

ceH U Ap.

» KHCIIOTH b

§ 3. PacueTbl B TATDUMETPUYECKOM aHanuse

Jlnst pacyeToB Pe3yJbTATOB YCTAHABNMBAIOT KONMYECTBO
(06bEM, MHOTA Maccy) CTaHJapTHOTO PacTBOPa, 3aTpayeHHOro
Ha B3aUMOJIEHCTBUE C OTpEENseMbIM BellecTBOM. ToyHOCTh
orpefe/eHUi 3aBUCUT OT NPABHILHOCTH YCTAHOBNEHUS KOH-
[leHTpALIMK CTaHAapTHOrO pactBopa. OOBIYHO ee BblpaxaoT
HOpMaJIbHOCTbI0. HOPMabHOCTD, MM MOJIIpHAs KOHLIEHTpa-
LSl KBUBAJIEHTA, 1I0KA3bIBAET KONUYECTBO MOJIEit IKBMBaIeH-
Ta, Haxoserocst B 1 J1 pacTBopa. DKBUBAJIEHTOM Ha3bIBAeT-
cd TaKoe KOJIMYECTBO BeLecTBa, KOTOpPOe COOTBETCTBYET B
KUCJIOTHO-OCHOBHOM B3aUMOJIEHCTBUM OHOMY MOJIIO aTOMOB
BOZOPO/IA, B OKUCIIUTENbHO-BOCCTAHOBUTEBHBIX PEAKLIMAX —
oIHOMY 3J1eKTpoHY. HopMaJIbHOCTb MOXHO paccyuTath Mo

¢dopmyie:
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N, — YHCIHO MOJCH AIKBHBATEHTA BellecTBa. Paccumypy,.
eIy no popmyie:
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» MO/1b-3KB,

rA¢ m — MAacca BellecTsa,
M, — MOaspHas Macca DKBHBAIEHTA. Onpeaeasiercs ty-

MOM BIAHMOASTICTBHA MEXAY ornpeaeasdeMbiM BEUIECTBOM ¥ Be-
uiecTeOM paGoyero pactsopa (M. r1. 2, pasa. 2, § 1). @opwmy-
1a 119 pacyera:

M
E)

M,

rae M — MonasgpHas Macca BelllecTBa;
3 — 3KkBHBaj1eHT. B MepBylo o4yepeab, €ro Bel1HYHHa Olpe-

nensercs fpHpoaoit coetHeHHd. [lag KHCIOT NPH MOJTHOMN
HeHTpaIH3aLHH 3KBHBATEHT PaBeH OCHOBHOCTH (YHCIY HOHOB
Bozopoia B popmy.ie kuciaoTel). Hanpumep, 11a ocdoproi
xuciaotel H;PO, 3xBHBateHT paBeH 3. Eciu Xe B pe3yabrare
peakilHH MPOHCXOIHT obpa3oBaHHe KHMC/IOH COJIH, CiledyeT
VYHTBIBaTh SKBHBAIEHTHOCTb B3aHMOIECHCTBUS KUCIOTHI U OIl-

peleisieMOoro BelllecTBa:
H,PO, + 3NaOH = Na,PO, + 3H,0; 3 = 3;

H,PO, + 2NaOH = Na,HPO, + 2H,0; 3 = 2;

H,PO, + NaOH = NaH,PO, + 3H,0; 3 = 1.

J11s ocHOBaHMH 3KBMBAJIEHT paBeH KUCIOTHOCTH (YUCIy
THAPOKCHIBHBIX TPYMI B XMMHYECKO# popMyie). Hanpumep,
juis ruapokcraa Menu (1) Cu(OH), skBuBaeHT paBeH 2. s
coJieif 3KBUBaJIEHT paBeH MPOU3BEAEHHUIO YUCjla KATHOHOB B
XUMHYECKOM (OpMYJie COIM Ha BAJIEHTHOCTh KaTUOHa:

M(AL(SO,),
Moa(Ay(50,)) = S 2C20)
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250 Mt ero conepxrics 0,5 1 kapbonara ya oHA

PaccuntacM cojiepkanmue Na,CO

[rant /,_

(I
. eci B

iy
1[4 He.
Pewen y B IIATpE pa-

c1Ropa: o
51 Nn,(,(), cojiepruTes B 250 mu paciBopa,
X 1000 MJI pacTBOPA.

~0,5-1000
Torid X = ~ 950
JateM pacc‘l.l/l'l‘blnich MOISIPHYIO Macey JKBUBANEHTa Kap-
gonata HaTPY:
M(2) (Na,CO,) = 1/2- 106 = 53 r/moitp,
HopMmaiibHiasi KOHIICHTPALMSI PACTROpa KapGoHaTta Hatpus:

2
N:__= 0 1
53 ,037 Mmonb/x.

Jlist npaKTHICCKUX LieJIeH MONb3yroTes Takke TUTpoM. Tut-
oM Ha3bIBAETCS! KOTUECTBO IPaMMOB PACTBOPEHHOTO Belite-
cTBa, colepxaiieecs B 1 M1 pactBopa. PaccunthiBaetcs mo

(opMyTIe.

=721/n.

Tutp cBsi3aH ¢ HOPMAILHOCTBIO M0 hopmye:

=T-1000
T

KB

N

Kak yxe yKa3blBaJoCh, PacyeT BEAYT 10 00beMy CTaHaap-
THOTO PacTBOpA, 3aTPauyeHHOro Ha 10CTHXKEHHE TOUKH IKBH-
pajieHTHOCTH. [1py 9TOM B MPOXO/SILIEH B pacTBOPE XHMHUYeC-
KOii peaKLy COG/IONAeTCs! 3aKOH IKBHBATEHTOB:

Ny =N 1,

rae N, ¥} — HOpMaJIbHOCTb 1 00beM CTaHIapTHOTO pacTBOPa;
N,, V, — HOpMaJibHOCTb 00BbeM MCCIENyeMOro pacTBopa.
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[1pn npopeieHiH AHAJIN3A YacTO BO3HUKaer Hoon
MOCTh HATIPAMYIO OI1peieJINTh MACCy BelllecTsa, c‘mepmuxo]l“*
cTpope. B 9TOM cilytae pacteT BEAYT 110 dopmy,, (l:llero_

cA B pa

KoaGu

”l = 7}){[6.[’"’/0"’,'"-"0 ' I/pnﬁ.p-pal )
nmn

— TUTp paboyero pacTBopa no Ollpeney
fle-

rae 7}).»16,p-p/nnp.9-no
MOMY BELIECTBY,
— 06beM paboyero pacTBopa, MoLleLero ya ™
T~

Vmﬁ.p-pa

I
poBaHHe AaHATU3UPYEMOro pacTBopa,
— 06beM pacTBOpa, B KOTOPOM CONEPXKUTCS Ollpep
e~

on.wﬁbl
JieMoe BeLeCTBO;

V. . — 00beM aHalu3UPyeMOro pacTBOpa, B3STOTO s Ty
POBAHHA.

IMocnexHuit MHOXHTEJIb POPMYJIbI HCTIONIB3YETCS TOIbKg g
TOM cJiy4ae, ecili [Uisl THTPOBaHHA OEPETCA HE BECh 06beM py

CTBOpa, codepXallero onpeneasseMo€ BELLUECTBO.

'ﬂlTp no onpenejieHHOMY BelIeCTBY PACCYHTBIBAIOT 1o (bop_

MyJe:
Vpaﬁ.p-pn ) Mam ofnp.R-Ra

1, PaG.p-p/onp.s-y 1000

ITpumep. BbI4MCIUTL Maccy CepHOIl KHCIIOTHI B pacTBope
o6beMoM 500 mi1, ecu Ha TuTpoBaHue 10 MJI 3TOro pactsopa
3aTpayeHo 8 M1 0,1 H. pacTBopa r’MAPOKCHIA HaTpHs4l.

Pemenue
|. OnpeneuM THTP paboyero pacTBopa Mo onpee/seMo-

MY BELLECTBY:
Vpaﬁ.p-pa g M:xu onps-sa 091 ' 49 _
1000 1000

7;)a6.p-p/onp.5-sy -
= 4,910~

BblynciuM Maccy cepHoit KHCOTHI B pacTBope:

[
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V . Vko.'\ﬁb.' e
pad.p-pa -

m=T

pa6.p-p/onp.s-Bo '

o

500
10

[Jpu BBITIONHEHUN aHANN32 HEOOXOLMMO YYUTHIBATH TO-
peLIHOCTb Esmepenun. OLWnoKK B TUTPUMETPHYECKOM aHa-
qu3e MOryT OBbITb METOANYIECKUMH U Crieunduyeckumu, obyc-
joBAeHHBIMA 0COOEHHOCTAMMU TaHHOM peakuuy.

MeTonMyecKHe OLIMOKU CBS3AHBI C OCOBEHHOCTAMM MeTo-
Ja THTPOBAHHA 1 3ABUCAT OT MOTPeIHOCTEH U3MEPUTENBHBIX
(1pG0pOB, KAMOPOBKM MEPHOH MOCYAI, MUIETOK, GiopeTok,
HeTOIHOTO OTEKAHHS XUIKOCTEH M0 CTEHKaM MepHO NoCy/bI.

CrieltpuyecKye oMUOKN 00YCIOBNEHbB 0COGEHHOCTIMHU
aHHO# PeaKLIuM 1 3ABUCAT OT KOHCTAHTEI PABHOBECHS peaK-
1M ¥ OT TOYHOCTH OOHAPYXEHHUS TOYKH IKBUBANIEHTHOCTH.

=49-103-8 2= =196

KoHrTponsHbie Bonpocs! u 3aga4u

. B ueM cywHoCmb 006eMH020 Memoda ananusa?
2. Ymo Ha3vleaemcs CMaHAapmHuiM pacmeopom ?

3. Onuwume U no0meepoume npUMepamu pazauyHsie cnoco-
Gbl NPU2OMOBAEHUSA CINAHOapmHo20 pacmeopa.

4. Hazosume mMemodsl mumpumempuyeckozo anasusa. Ymo
nevcum @ ocHoge Memodos?

5. Ilpusedume npumepsi U 06BACHUME MEXHUKY EbINOAHEHUA
Pa3AUYHbIX HPUEMOE MUMPOBAHUS.

6. Ha uem 0CHOBAHO UKCUPOBAHUE MOYKU IKBUBANCHMHOC-
mu 8 mumpumempu4eckom araause?

7. Maiime kaaccuguxayuio xumuieckux unduxamopos. Ha
yeM OHa OCHO8AHA?

8. Onuutume npuryun Aelicmeus KUCcA0MHO-0CHOBHbIX UHOU-
xamopos. Ymo makoe unmepean nepexoda? Kax ezo pac-
cyumams?

9. Hazoeume Haubonee pacnpocmparerHsle UHOUKAMOpbl, Ux
OKPACKY 8 Pa3NU4HbIX Cpeoax.
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N, SOy, Fe(NOy)y.
250wt pacmeopd codepacum 1,3125 ¢ aewecmaa H,S$0)
4

Rusricaume mimp pacmeopd, MOPHIO U HOPMANbHYIO Koy
weHmpauu, ecau gaxmop IKauaarenmmuocmi paeen /2

Omeem: T(H,80,) = 0,005250 &/mn;
C(H,80,) =0, (05353 moav/a;
C(1/2 H,S0y) = 0, 10706 moav/2.

mump, MUMposanHolil pacmeop?

X guipaxcarom mump ? Bottucaume nop-
n60pa CEPHOU KUCA0MbI, ecau

e 0,0049 e/ma.

Ymo maxoe
B xkakux eOuHui
MaIbHYI0 KOHWeHmpawio pac
mump pacmeop Kucaomol pas
Omeem: 0,1 monv/a.

Haiidume mump pacmeopa gelyecmeda HNO, no onpede-
Ca(OH),, ecau HOpMANbHAS KOHUeH-

mpauyus pacmeopa pasHa 10,3254 monb-3Kk6/1.

Omeem: T(HNO;,/Ca(OH)Z) = (,5873 o/ma.
Beuucaune, cKoAbKO 2paMMO8 KUCAONb! H,SO, codep-
sycumea 6 500 ma pacmeopa, ecai Ha mumpogarue 25 ma

e2o 3ampayero 26,15 ma pacmeéopa eudpokcuda Hampus c
HOpMAAbHOU xonyenmpayuei 0,1002 Monw/A (Helimpanu-

3ayuro cHUmame noAHoll).

Omeem: 2,5699 a.
Haiidume mump pacingopa eeiiecmed Na,S,0; no onpe-

densemomy gegecmay K,CryO;, ecalt HOpMANbHAA KOHUeH-
mpayus pacmeopa pasHa 0,1015 monb-3k6/1.

Omeem: T(Na,S,0,/K,Cr,07) = 0,004977 o/ma.

Boimucaume CKOAbKO 2pAMMO8 gelyecmea Ca(OH), codep-

scumea 8 250 ma pacmeopa, ecau Ha mumpogarue 20 ma
ee0 3ampaveno 19,85 ma pacmeopa X10p08000POOHOU KUC-
20mbl ¢ HOPMAAbHOU xonyenmpayuei 0,11 Monv/a (Hetim-

panu3ayuio cHumams NOAHOU).
Omeem: 0,8734 e.
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» MACCOGYIO 000 Gellec .
9, O pedeaune ) ) fecmaa Na,C,0,, codep-

Jalijecocs 8 6,2435 2 mexuuueckoeo npodykma, ecau nocpe

(‘()()m(i(?l"C"I({yl()ll(ll.\' ONepayuil us 3moi nageciy noayyen
»acmeop obvemom 500 ma, a Ha mumposarue
cmeopa 3ampaieno 42,20 ma pacmeopa nep

. . Maneanamgq
Kaauf ¢ HOpMAALHOU KOHUEHmpayueu (),()920 H

omeem: 83,32%.

2. KoHueHmpayus uoHos 6000poda pagha (-6 MOAb/1. By~

yucaume enuiuny pH, konuenmpayuio uonog 2udpokcu-
1a [OH] Kaxyro okpacky 6ydym umems UHOUKamopei pme-
MUAOPAHIC, NAKMYC, theHoagpmaneun ?

39 M pa-

§ 4. MeTop HenTpanusayuu
(KMCNOTHO-0CHOBHOE TUTPOBaHME)

MeToJ HeATPIM3ALMHI OCHOBAH Ha PeakLMH HeifTpayaa-
LMK

H,S0, + 2NaOH = Nazs()4 +2H,0;

7H* + SO% + 2Na* + 20H~- = 2Na+ + SO~ + 2H,0,

npotekatolne Mexiy uoHamu H* u OH- ¢ o6pasopanmen
MoJIeKyJ BOJIbI, BELLECTBA CIabONMCCOLMUpYeMOro:

H* + OH- = H,0.

MeTox HeATpaU3aLMK MPUMEHSIETCS VI KONMMYECTREHHO-
ro onpeeNeHUst KUCJIOT, OCHOBaHUM) U coniell (KoTopble pea-
[UPYIOT C KUCJIOTAMU U OCHOBAHUSIMH B CTEXUOMETPUYECKMX
cooTHoweHusX, Hanpumep Na,CO,, NH,CI, Na,B,0, u np.).
PabounMMM pacTBOpPaMU B METOME HENTpanu3aluu SBISIOTCS
pacTBOPBI CUJIBHBIX KUCJIOT U 1iesoveit. [Toatomy pasnuyator
alMIOMETPHIO (KOJIMUECTBEHHOE ONpefie/ieHUe OCHOBAHMUIT ¢
IOMOLIBIO TUTPOBAHHBIX PACTBOPOB KUCJIOT), aIKATUMETPUIO
(ompefeneHe KUCJIOT ¢ TIOMOLLBIO TUTPOBAHHBIX PacTBOPOB
OCHOBaHU), raJIOMETPUIO (KOJIUYECTBEHHOE ONpe/e/ieHUe Co-
JIeii ¢ TIOMOLLBIO OCHOBAaHUM MM KUCIIOT).
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Y UM NIPH THTPOBAHHU
B peakuii HeifTpan3all P P " Mpoucxoy,,

noctencHHoe H3MEHEHHE Kouuem;[)]aunu HOHOB BOLopoy,
a cjegoBaTeNbHO, 1 pH pactsopa. [Toatomy g (I’“KCHpo.’
saHis KOHEYHOIl TOUKH THTPOBAHUS UCTIONb3yioT KhCroTy,.
ocHOBHbIC HHAMKATOPBI (CM. [ 2, Pa3fl. 2, § 3). B ¢y, -
MYTHbIX MM OKpaUICHHBIX aHaTH3HPYEMBIX PACTBODOB py,,.
HAI0T HHCTPYMEHTAIbHbIE METOLBI YCTAHOBAEHHS KOHeyyqj,
TOYKHM TUTPOBaHHSI (TTOTEHLUHOMETPHYECKHE, KOHIYKToMeryy,
yecKue M Ap. MeTO/bl).

[Tpu KONHYECTBEHHOM OMPENENEHHH KHCOT — ajkqy,
MeTpHM — pabOouMM PacTBOPOM ABJACTCA PACTBOD wiengyy
NaOH wiu KOH. [1puroToBuTh TATPOBaHHBIH PacTBop ye.
JI04M 110 HABECKE HEBO3MOXHO, TaK KaK LIEI0Yb He 0TBeyzer
TpeGoBaHUAM, NMPEObABIAEMBIM K BELIECTBAM, H3 KOToppi
MOXXHO TOTOBMTb PAcTBOP TOYHON KOHLEHTPALMH MO Toyyg
B3ATOll Hapecke. Kpome TOTo, MPU CaMOM TLUATeNbHOM xpg.
HeHMH pacTBOPbI LEJ0YEH 10BOJIBLHO OBICTPO MEHSIOT cpojj
tutp. [T03TOMY TUTp 3THX PabOYMX PACTBOPOB YCTaHaBAHBa-
10T. MicX0OHbIM BELIECTBOM [UISl YCTAHOBKM THTpa paboyero pa-
cTBOpA IIEN0YM MOXET CYXHTh LlaBeesas kuciora H,C,0,
WIM SHTapHas Kuciora. Yacto B 1aD0OpaTopHOil NMpakTike p
KayecTBe MCXOAHOro pactsopa ynorpedasior 0,1 H. pactsop
LIeI0YM, IPUTOTOBJIEHHBIN U3 (PUKCcaHaIa.

[Tpy KOJIMYECTBEHHOM ONpeleieHHHN LIeJI0YH — aluao-
MeTpUH — paboyMM pacTBOPOM SIBJISIETCS PACTBOP CHIbHOI]
kuciaorbl (06b1yH0 HCIl win H,S0O,). [IpurotoBUTh THTPOBAH-
HBIIf paCTBOP KMCJIOTDI, UCXO/Sl M3 KOHLIEHTPHPOBAHHOM KHc-
JIOTBI, HEBO3MOXHO. KaK 6bI TOUHO MbI HE B3SUIH HABECKY KOH-
LIEHTPUPOBAHHOM KUC/IOTBI, Mbl He Oyl1eM 3HaTh MCTUHHOTO ee
KOJIMYECTBA, TaK KaK cepHasi KUCI0Ta THIPOCKONUYHA, a KOH-
LIEHTPUPOBaHHas! XJIOPOBOAOPOAHASI KMCI0Ta BbIAEISET XJI0-
posojopos. [1oaToMy TUTp pabouHX pacTBOPOB KHCJIOT TAKXe
ycraHaBiuBaloT. McXO[AHBIM BELECTBOM JUISl YCTAHOBKH THT-
pa pacTBopa KHCJI0Thl ciyXut 6ypa Na,B,0, - 10H,0 uau
X. 4. cona Na,CO,, B HeKkoTopbIX ciyyasix paboyuil pacTBop
KUCJIOTbI TOTOBAT U3 (uKcaHana. TUTp pacTBopa KHCIOT He
MEHSIETCS 1OBOJIbHO MPOLOJIKUTENBHOE BpeMs.

KuCN0oTHO-0CHOBHOI MeTO MpUMeHSIeTCs B KIMHHYECKHX
nabopaTopusXx ISl onpenesieHust KHCAOTHOCTH KeyI0YHOro
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’ B caHITAPHO-THTHEHHUCCKUX N1ab0OPaTOPUSIX METOJL HElf-

coKkd- ¥ (i HAXOUHT caMoe LWKMpoKoe npuMerenue, Mpu no-
rP‘”"”‘,‘,.Om METO/1A ONPENCISIIOT KapboHATHYIO XecTKocT)
st )llcﬂomocrb MOJIOYHBIX MPOJIYKTOB, KBALIEHOH Karty-
nunbl‘GKJSIU]Koroanmx HanutkoB. B papmauestuyeckom ana-
Cﬂ,’l\nxnc JJOTHO-0CHOBHOI METON MPUMEHSIOT U1t oripenese-
» SpLIHTPALIAH XIOPOBOIOPOAHOI KHCAOTHI, KonHyecTna
il "K,lpgoHﬂT"‘- GOPHOI KUCJIOTBI U Ap.
ruﬂPJ‘:H‘non@opu HHMKATOPOB NPUMEHSIOT KPHBbIE THTPOBA-
1, TIOKa3BIBAIOLILHE 3ABHCHNOCTS PH pactBopa ot ofbema
}:qgc’)qero pactBopa (puc. 5). OBLLKil BUI KpHBOiA THTPOBaKHs
l;}oeoﬁpa:ﬁH. B Havane TUTpoBaHUs pH M3MeHsieTcs oyenp
,s.[cﬂﬂeHHO' BGH3# TOYKM SKBUBANEHTHOCTH PH u3Mensercs
23K0, CKAUKOM. OTOT yYacTOK KPUBOI TUTPOBAHUS Ha3bipa-
0T CKAYKOM TUTPOBaHMS. 3a TOUKY SKBUBAIEHTHOCTH MpH-
HUMaloT TOUKY, JIEXALLYI0 Ha CEPENMHE OTpe3Ka MpAMoii,
yrBeuaollledl CKauKy THTPOBAHMS. [To 3HaueHmI0 ckayka TyT-
pOBAHHS [pOM3BOAMTCS BbIOOP MHAMKATOpA, Heobxomumo,
4706bl MHTEPBA IEPEXOIA OKPACKU HHANKATOPa CoBMaLan co
cKAYKOM THTPOBAHHUS (. 2, pasn. 2, § 2, ta6n. 11).

Ec/ii TUTPOBATh PACTBOP JI000i KUCTOTI PacTBOpOM Lie-
[104H, TPOMCXOUT CBA3bIBAHME HOHOB H* KHCIOTBI HOHamy
OH- 1 koHUeHTpaLKst noHoB H* nocrenenko YMEHbLUaeTcs,
a pH pacTBopa BO3pactact. [Tpu onpeneneHHoOM 3HaveHHH pH
[OCTHraeTcsl TOUKA SKBUBANCHTHOCTH W THTPOBAHME JOJIKHO
6bITh 3aKOHUEHO. [TpY THTPOBaHIH PacTBOPa Le0uH pacTRo-
pOM KMCIIOTbI CBA3bIBAIOTCS HOHBI OH- W KoHUeHTpauus ux
B pACTBOPE YMEHBLLIAETCS], & KOHLUEHTpaLMst HoHOB H* yBeniu-
yupaercs U pH pacTBopa yMeHblllaetest. OnHako 3xavenue pH
B TOYKE IKBUBAIEHTHOCTH HE BO BCEX CIYYasiX UMEeT OfHO U
TO )€ 3HaY€HHE, OHO 3ABUCUT OT NPUPOJLI pearkpyoLLei Kuc-
JIOThl K OCHOBAHMUSI.

[Ipu HeiTpaH3aLIUK CUIIBHON KUCIOTHI CHIIbHBIM OCHOBA-
HueM (puc. Sa):

HCl + NaOH = NaCl + H,0

o6pa3yeTcsi TOJILKO OAMH C/1a0blit ANEKTPONUT — Bojia. Peak-
LMS TIPAaKTUYECKHU IOXOAUT 10 KoH1a. Obpa3sytoLuascs npu pe-
aKLUMU COJIb TMAPONU3Y He MOJIBEpraeTcs U UMeEET HeHTpaib-
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108 6 4 2 0 2 4 6 8 10%

H3buTox H3buox
WenoyH

KHCToTN

Puc. 5a

Hyto peakuuio (pH = 7,0). CnegoBaTenbHO, NPU THTPOBaHHUY
CWIBHOI KMCJIOTHI LLIEJI0YbIO, U HA000DOT, B TOYKE 9KBUBAJIEH -

THOCTH cpella pacTBopa HeiiTpaiibHa, pH pacTBopa paBeH 7,0,
Ecjiy BMECTO CHJIBHOIM KMCJIOTBI THTPOBATh LIENOYbIO Clia-

610 KHCJIOTY, HalIpUMED YKCYCHYIO0, TO POUCXOMHUT peaKuus:
CH,COOH + NaOH = CH;COONa + H,0.
B pacTBOpe B ToYKe 3KBMBAJIEHTHOCTH OYAET MPHCYTCTBO-
BaTh colb CH;COONa, nozaepraoLiasicsi rHaApoJIH3y:
CH,COONa + H,0 = CH;COOH + NaOH.

CrieoBaTe/ibHO, NTpOTeKakoLasi B JaHHOM cJiyyae IpH TUT-
pOBaHMM peakiiys obpaTUMa M He OyleT TOXOAUTh 10 KOHLA.
B Touke 3KBUBaJIEHTHOCTH B pacTBOpe OYIYT MPHUCYTCTBOBATh
CH,COOH u NaOH. Cnabas ykcycHast KHC/I0Ta HAXOIUTCS B
pacTBope B OCHOBHOM B BUZI€ HEAUCCOLIMMPOBAHHBIX MOJIEKYII,
a NaOH auccounypoBaH MoYTH MOJHOCThI0. KoHLeHTpauus
1oHoB OH mnpeBbIlIaeT KOHLEHTpaLU0 MOHOB H* U TUTpOBa-
Hue 6ynet 3akaHyuBaThes npu pH > 7,0 (Puc. 56).
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108 6 4 2 0 2 4 6 8 f0%
Habumox wHenom  Habibmok wenoyw

Puc. 56
[1py TUTPOBAHUH CNIabbIX OCHOBAHUM CUIIBHBIMU KUCIIOTa-
MY, HaanMep:

NH,OH + HCl = NH,Cl + H,0

oGpasyloLascs cob TOBEPraeTCs TUAPONU3Y. Peakuug Heji-
Tpanu3alun 6yneT 00paTMa U B TOYKE SKBUBAIEHTHOCTH
KOHLIEHTpALUs] HOHOB H* npesbicut KOHUEHTPALIWIO UOHOB
OH-. TuTpoBaHHE Oyner 3aKaHyuBaThes ipu pH < 7 (puc. 5B)
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1008 6 4 2 0 2 4 6 8 10%
W3bwrok Kucnory  M36uToK wenoy

Puc. 58
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§ 5. JlaGopaTopHble paboTbl Metopy
HeuTpanusauum
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Pa6ora 1

[puroroBnexne paboyero pacteopa
4 0,1 H. NaOH

Boinoanenue padorsl
Pactsop NaOH nesib3st IpUroTOBUTE TOUHO 3aftanjgj; Ko

HEHTPALIMKI TI0 TOUHO B3STOM nzuiccr(e, TaK Kak Tseppagy e
/104D BCerya COACPXKHT BO/Y H KApOOHATLI, CAC/I0BaTE 110, Ko.-
anvectso NaOH He OyaeT cOOTBETCTBOBATH B3sTOIlf HaBecke
45 r YUCTOro rHApOKCHIAa HATPHUS MOMELIAIOT B <])apq)0p08yi(;
yalKy u pactBopsiioT B 60 MJI JIMCTHIMPOBAHHOI Boa,. Haior
oca/Ky KapboHata HATPHSI 0CECTb U OCTOPOXHO Climpajor pa-
CTBOp ILEJIOUH C OCajKa B YUCTYIO KOJIOY (ecin ocanka MHo.-
ro, ayuue oruabTpoBaTh Yepes puibTp [yua), ﬂOﬁﬂBnmoT
950 M1 cBexerneperHaHHoON THCTHUIMPOBAHHOI Bofp, Mony.-
qeHHBIH pacTBop OyAeT NPUOJIU3UTEIBHO | H.; pasdaBjienyey,
aToro pactsopa B 10 pa3 nojyuaiot 0,1 1. pactsop lesoyy.
Cy1uecTByeT JApyroii crnocod NpuroToBJIeHHs pacTsopa NaOH,
He cogepxariero Na,CO,. OTBelnBalor Ha TEXHOXHMUYeCKx
Becax rMJIPoKcHa HaTpHst Ha 5 % G0JIblIIE pACCUHTAHHOI wac.
cbl uist npurotossienust 0,1 H. pactBopa. Kycouku lenoyy
MomellaloT B cTakaH ¥ ObICTPO OMONIACKUBAIOT 2 pasa Malieyy,.-
KHMH [TOPLIMSIMU BOJIbI [UTsI pacTBOPEHMsI KapOoHaToB. Octap-
LIMFCS THAPOKCHJL HATPUSI PACTBOPSIIOT B HYXHOM KOJIHYecTpe
BOJIbI. 3aTeM K 110JIy4eHHOMY pacTBOpPY 100aB/ISIIOT HECKo},-
Ko Muutnautpos 2 H. BaCl juist ocaxaenusi HoHa CO2-

Na,CO, + BaCl, = BaCO, + 2NaCl.

Haior ocajiky orcrostbest. [Tpospaunstii pactsop NaOH
C/IMBAIOT B [IPUrOTOBJIEHHYIO CKISIHKY. Boza fosixHa 6biTh cBe-
XeneperHaHHast. [IpuroToBaeHHbIIH TEM MM HHBIM CITOCOGOM
pactBop NaOH HeoGXoaMMO 3alMLIATh OT MOMIOLICHUS OK-
cuna yraepoaa (1V) u3 sosayxa. Jlnst 970ro cKsIHKY 3aKpbiBa-
0T POOKOii ¢ nornoTuTeIbHOM TPYOKOIi, 3aMOMHEHHOI Ha-
TPOHHOI U3BECTHIO.
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- Pabora 2

y(:mmmm HIPa PacTsopa wenoyn no 0,1 H.
pacraopy X/I0POBOAOPOAHON KHCNOTbI

ﬁulli““‘mw padoThl _
Ihe HENOAHOTO pacipopa oeperest 0.1 1, pacthop

B Kauee |
| KHCAOTBI, TIPHTOTOBACHHLIT W3 (PHKCaHA-

‘N\‘w}\,n;lllﬂl‘

oupe (e tenie ey no JBYM HEUKATOPAaM: METHAOBOMY
> m\\‘l‘\“‘-" I qwnn,uh1:\.}|cuu_v.
ONI‘:'r.n'zf'ummu:' ¢ uHOUKAmMopos drenoadmaneunom. [puroron-
lctl“;‘l\‘l pac ROPOM LSO 3AHOJHSHoT (')I()pc IKY BMECTHMO-
b0 hARIAE B e Kﬂ()llll‘lL‘CKHL‘ KOJOBI BMCCTHMOCTHIO 250 M1
:uwll’~“" [ uunc,l-xqu uo’l() \l;l‘(),l H. PACTROPA XI10POBO;1OPO/1-
qoil KHe10 (bl. [ .\clm?p h'HC:.’lOllxl PAIBABSIOT AMCTILTHPOBAH-
yoil portoii (20- 30 \.m’)f A00aR/SHOT 2 Kal/in pactoopa dheno-
‘i,[-;,,lcuua i ’l‘nlzl'p)'l()l PACTBOPOM WETOMH 10 MOABICHMS
6.’lc,lllo—pmm;ml OKpAcKH, He neuesatoteit B reuenue 30 c.
[jrrpoBatie (TOBTOPSIIOT 10 MOJAYUCHHUS 2—3 CXOAMUMXCH e -
W/AKTATOB (PACXOX/CHITE B COTLIN OSIX MUILTHINTPA). Pe-
syapTarh! THTPOBAHMS 3AITHCHLIBAIOT I PACCHITLIBAIT TOMHYIO
[bHOCTb PACTBOPA ULEAOUH I THTP 110 TOI KHcoTe, }\:0-

HOPML D
Gy/AyT B LIBHERTLIEM OIIPEICTITD,

1'\\‘)}'!0
Odpopm.ieHne padoThi
(bopma JAIHCH (npumep):
V(HC1) = 10 M1
N(HCI) = 0.1 1.
v (NaOH) = 10,70 1
v (NaOH) = 10,75 w1
V(NaOH)cp. = 10.73 \mon.
PACYE ]
1\’\__n|| ' l/\l““w \'H\ e l'm i
10-0,]

l\’\“()“ . “) -;7 “|U\)‘2‘



L e——————— A.A.'l‘_,'f\_.'.' MeeKay Kihy,
NN.HII ' Mll(l 0,0932.36,5 T
’N.mum | 1000 1000

Limposantie ¢ WHOUKAMOPOM MCUROG UL OPdsceany |
LETPONAHINE € HIUUIKATOPOM MCTIIOBBIM Opaitke iy “l"M by
WS TC THTPOBALIIE €O «CBHICTCIICMD, B kauecrpe “Chy ‘M“
sty fipimensiior 0,1 1. pacrsop NaOH., Moxio up”Mc””,L.“"
JUCTIUTHPOBALTYIO BOJLY. B /e KOHUYECKIE KojiGp, (().I.GI/:I.'H
o1 nunerkoit no 10 ma 0,1 1. pacrsopa xm)pou(m(,m”“l[m»
KHOJIOTBL. B Tperblo KOJIOY HOMCIHLAIOT PACTBOpP «cpy ”C'rc“:)”
06bEM KOTOPOIo [IPUMEPHO, PABCH 00BEMY pactBopy, uou'»’
yaiolerocst B KoJjoe B KOHUE TUTPpoBaHus 50—6() M), K p'):‘
CTBOPY KUCJIOTBI M «CBUICTENN0> 100ABISIOT 10 3—4 KilllJ;p;
BOJLHOTO pacTBOpa METHJIOBOrO OpaHxeBoro. Kuciory THTpy.
IOT PaCTBOPOM LUCJIOUH 10 TCX 110D, TOKA OKPacKa TuTpye .
ro pacTBOpa He CTAHET TaKOM XE, KaK OKPacKa «CBuereyy,
C METHJIOBbIM OPaHXEBbIM TUTPOBATh BOJIN3K aKBMBa.neHTHon"
TOYKH HaJlo OCOOEHHO OCTOPOXHO, TaK KaK JIErko nponycryry,
TOYKY KOHLIa TUTPOBaHUsl: B HEUTPAILHOM Cpelie U B wiejioy.
HOIl METHJIOBbIN OpaHXeBbI{ HMEET OIMHAKOBYIO OKpacky,
[ToaTOMY, KaK TOJIbKO pacTBOP M3 PO30BOr0 CTAaHET Opakye-
BbIM, pacTBOD LUEJOYM U3 OIOPETKH HAIO MPUOABISIThL He Go-
Jiee 4eM I10 OHOM Karuie U Mocie KaxIon Kariu Tulatepyo
fepeMeLIMBaTh pacTBOP U CPaBHUBATh €ro OKPACKY € OKpac-

KOI «CBUOETENSI».

Od¢opmiienne padoTh
3anuch M pacyeTbl TaKKe Xe, KaK Npu THTPOBAHUK ¢ (e-

HoJIpTaIEMHOM.

Pabora 3

YcraHoska turpa pacreopa wenoyu no 0,1 H.
pacTBopy LaBeneBoH KUCNOTbI

BoinosHeHue padoThl
[oroBst 0,1 H. pacTBOp lUaBeneBO KUCIOTHI. [[as1 aToro

HaBecky 0,6304 r waBeseBOM KMCIOTbI OTBELIMBAIOT HAa aHa-
JIMTUYECKUX BecaX U B MepHOii Kojibe Ha 100 mJ1 roToBsIT pa-
cTBop. B 1Be KOHMYeckue Konbbl BMECTUMOCThIO 250 Ml OT-
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gupaloT MAMETKOM no 10 Mi mpuroropgeyy o, PacTBopa
jnapeneBoil KUCIOTSL. K pactopy ucjory Robasnsior |-
2 Karumh pacTBopa eHondraneusia y THTDYIOT pacTopoy ye-
soun 10 MOTBICHHS BACTHO-posonol OKPacKH, He ncyesao-
eit B Teuerie 30 c. Pesynbrare TUTPOBAHNUS 3amC R o7 ”
pacCUHTBIBAIOT THIYIO KOHUEHTpawmio pacrpop, wenoyy
[Tpu TUATEEHOM paGoTe pesyisary OTIpeAeeHit 1o ape.
nieBoit 1 XJIOPOBOLODOLHOU KucnoTam ¢ oppyyyy HIMKaTopoy

JOJXHbI 1aBaATh O4CHb OIM3KHUE pesynprary Bonee uny ye-
Hee 3HAUMTCTBHBIC PACXOXICHHS YKasbipajor kg T0NylenHyto
rip¥t THTPOBAHUM OLUKOKY.

OdopMIeHHe paboTel
3anych 1 PACUCTBI TaKue Xe, Kak B paGore ).

Pabora 4

KontponeHas 3anaya «Onpegenenme coaepxanug
CEPHOM KUCNOTb! B pactsopen

BpinosHeHue padoThl

[Tonny4eHHYIO JUISl aHAJIM3a Koty pas0asisiior B MEPHO
KoJi6e BMECTUMOCTDIO 100 Mt 1o MeTKM 1t Twatenpyo nepeMe-
wupatoT. JUist THTPOBaHUSL 0T6HpaloT B KOHHecKylo Koy
10 MJ1 IOJIYUCHHOTO PACTBOPA U THTPYIOT paBoysry pacTBopon
wieiodn. TUTPOBaHHE MOXHO IPOM3BONTE c benondranen-
HOM MJIM € METHJIOBBIM OpatxeBbiM. [Tpy pacyere cenyer
[10/Ib30BATHCS! SHAUCHUEM THTPA pacTBOpa lieioyy, KoTopoe
ObLIO TMOJIYYEHO € TCM X HHIIMKATOPOM, ¢ KaKuu [IPOU3BO-
JUTCS TUTPOBAHUC B KOHTPONIBHOI 3anave. Tutposanue mo-
BTOPSIIOT JIO TIOJIYUCHHUSI TPEX CXO/BILLLUXCS Pe3yNbTaToR,

Odopmiaenne padoTsl
3anuch TaKasi Xe, Kak B padote 2. Paccuurtbipator conep-
XaHWe KUCJIOThl B aHAIM3UpYeMoil 1pode no gopmyre:

= . V . Vkom’)u
m= Tpa(’),p-p/onp.B-BO pa(’)_p-pa V .
nun
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Pabora5 =

[lpHroToBexHe paboyero pacrsopa 0,1 ,,
X/10p0BOAOPOAHON KHCAOTSI .

JAHHBLIL pacTBop xuopunmmp(,

[TpuroToBUTH THTPOI |
KHCAOThI, HCXOS H3 KOHILEHTPHPOBAHHOI KHcoTy ”Cluo“
09TOMY TOTOBAT IPHOJIM3UTENBHO 6, D'\cr:‘s,‘

© FetTRo

voxHto. I1

i ycraHapaupaior THTp ero. [ IPHTOTOBACHIS! | i qy
pacTBOpa HYXHO B3ATH 8 Ml KOHLEHTPHUPOBAHHOI H(| (qm
= 1,19 r/en?).

Pabora 6
YcTaHOBKA THTPA X/10POBOAOPOAHOH KUCNOTbI

Bbino/iHeHHe padoThl
JIns ycTaHOBKH THTPa paboyero pacTBOpa KHCIOThI KcXoy-

HBIM BELLECTBOM SB/SIETCS KapOOHAT HATPHS Na,CO, niu rer-
pabopaT HaTpuA Na,B,0, - 10H,0 (6ypa). Ucnonb3oBanpe
Gypbl KaK yCTAHOBOYHOTO BELLECTBA JUIAL OMIPENENICHUS THTa

¥ HOpMaJbHON KOHLEHTpaLUH HCI ocHOBaHO Ha TOM, yTo
K COJIb CHJILHOTO OCHOBaHMS U CJ1a0OM KHCJIOTBI Moj-

oypa Ka
Bepraercsl B BOJXHOM pacTBOpE TUAPOJIHN3Y:

Na,B,0; + 7TH,0 = 2NaOH + 4H,BO;. (1)
OpToGopHasi KHCI0Ta — cnaoas kuchora, a NaOH — cup-
Hoe OCHOBaHHME, KoTopoe 0y/1eT THTPOBATHCH KHCI0TOM. B pe-

3y/IbTATE PEaKLMU THAPON3 0GPA3YIOTCS IBE MOJIEKYITY Lite-
JI0YH, KOTOpble BY1yT B3aMMOJIEHCTBOBATD C ABYMS Mole-

KyJJaMHd KHCJIOTbI:
2NaOH + 2HCI = 2NaCl + 2H,0. (2)

CrnoxuB ypaBHeHus (1) U (2), noayuium cyMMapHoe ypas-
HeHUe, oTpaxaloLee Mpouece, [IPOUCXOMSILIMIL TTPY THTPOBA-
HUM 6ypbl pACTBOPOM COJISIHOH KHCJIOTBL:

Na,B,0, + 5H,0 + 2HCI = 2NaCl + 4H,BO,

B TOYKe SKBUBAJEHTHOCTH peakLsl cpelibl OyneT KHCIoH,
MO3TOMY CJIeAyeT B3ITh HHAMKATOP, MEHSIOLIMIH CBOIO OKpac-
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i pll T, HANPHMED METHIOBBHT opatokenuiit, Mepor -
gt (IPHMEHSTE HEAL L, TAKKAK O tyncTamTenen axe
‘\.vu‘l““ RILAL KHCTOTaM.,

[exHIKA YCTAHOBKH THTPA 10 TETPAbOPATY HATPHS HIYeM
e o1 e Tes OT TEXHIKILYCTAHOBKH THTPA 110 KapGokary 1a-
i [oronst] 0,1 1. pactpop I’Cl']”)(l})()[)illil Hatpust. JUst aroro
L9072 1 (e PEKPHCTAUTIBOBANHOI BYpbl oThentnBaIoT Ha aya-
eCKIX BECAX 1B MEPHOIL Koitbe pyecTimocThio 100 pi
(OTORAT PACTROP- B KOHITHeCKYio KOJIOY BMECTUMOCTBIO 250 Myt
orGHpaIoT rrietkoit 10 M1 npurotosietoro pactopa Oypol
yay0apmiior JIMCTHJUIHPOBAHHON BOAOKH W obapjisiior 3—,
4 KaILIit METILIOBOTO OPAHXEBOIO. B nipyroit takoit xe kon6e
cOTOBAT pacTBop «CBHAETC]I b»“. It atoro B KoJIOY HaiMBatoT
50-60 M JUCTHJUTMPOBAHHOK BO/bI, 100aBASIOT 3—4 Karu
\(CTIUIOBOTO OPAHXEBOTO I | Kano KueaoTh (3 GiopeTku)
PacTBOP 10JKCH HMETD po30BaThiit OTTeHOK. TuTpyiot pactsop
Gypot 0,1 H- HCI, noka oKpacka TUTPyeMOro pacTBopa He cTa-
HeT TAKOIl Xe, KaK OKpacKa «CBUIETEsI». SIpKo-po3oBas ok-
pacKa THTPYeMOro pacTBOpa 03HAYAET, YTO OH MePETMTPOBAH.
TytpoBaHue MOBTOPSIOT 2—3 pa3a U U3 CXONSIUMXCS pe3yiib-

raToB 6epyT cpelHee.
OcopmieHHe padoThl

PaccyuThIBaIOT TOYHYIO HOPMaJILHOCTb pacTBopa XJIOpoBO-
[10pOIHOI KUCIOTHI M THTP 11O TMAPOKApOOHATY HATPUS MO

(bopMy/aM TJL. 2, pasn. 2, § 3.

i

Pabora 7

OnpegeneHune coaepxaHus
ruapokapboHata HaTpusi B pacTeope

BhinoJiHeHe padoThl

WcnpITyeMblif pacTBOp MOMELIAIOT B MEPHYIO KOJIOY Ha
100 MJI, pa30aBJISIIOT AUCTUIUIMPOBAHHON BOOM 1O METKH M
nepememmpaioT 10—12 pa3. [Tunetkoii neperocsit 10 M nc-
[BITYeMOr0 pacTBOpa B KOHUYECKYIO KonGy, pasbanysioT He-
MHOTO BOZOiA, JOOABJSIIOT 3 Karii METUJIOBOrO OPAHXEBOro
U TUTPYIOT paGOYMM pacTBOPOM KUCJIOTBI 10 MOSIBJICHHS PO-
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Odop
Paceditwnalor CO

crpope o opmy/IaM 1.

pabora 8

Onpenenexue coiepKaHms Na,CO, n NaOH
npu nX COBMECTHOM MPUCYTCTBUM

pKaHHs Na,CO, H NaOH B ux cmecy

QupeeseHne cole
(CTOJIAMH, OCHOBAHHBIMU Ha

MOXKCT OBITH BLITOJIHEHO JABYMSI N
PAULHMHBIX NPHHIHTTAX.

Meroa |

Cravaia THTpylor AHAIHINPYEMYIO CMCECh 0,1 H. KKC0TOI
B pHCYTCTBHN (penoipranenta. [1pu 2TOM HElTpaIU3yeTCs
pCe KOJHIECTBO NaOH n «HatioJloBuHy» Na,CO,, npespatia-
enbtil B NaHCO,. DM [yTeM MOXHO YCTAHOBHTD, CKOJILKO
MIJULIJIHTPOB KHCJIOTH (V') mjet Ha THTPOBaHHC NaOH +
+ 1/2 Na,CO,. 3areM pacTBop JOTHTPOBLIBAIOT KHUCJIOTOH B
[PHUCYTCTBHI METHIOBOTO opatixeporo. Tak ycTaHaBIHBaIoT,
CKOJILKO MIUUTIIMTPOB KHCJIOTBIE MOHUIO Hal turposanne NaHCO,,
obpasopasierocst 3 Na,CO,, T. €. [10JIOBHHEI Na,CO,. Takum
06pasoM, 110JIL3YHCH JIBYMS HILIMKATOPaMH, yaaeTcst 3adukcu-
poBaTh JIBe TOUKH KBHBAJICHTHOCTH: 11E€PBYI0 — KOILa [10]1-

HOCTBIO HelTpaan3oBal NaOH u «nanososuny» Na,CO,,
i BTOPYIO TOUKY — KOILA HEHTPAIHIYCTCs NaHCO,. B arot

MOMCHT HACTYIACT [TOJIHAs HEHTPAIH3aIls CMeCH Na,CO, +
NaOH. B neppoii TouKe YKBHBUICHTHOCTH.

pH = (1/2) - [PK(H,CO, + pK(HCO,")| =
= (1/2)(6,4 + 10,3) = 8,35,

CuieoBaTeIbHO, KO FHAPOKCHIL HATPHst OYIET MOJIHOC-
THIO HEHTpaIM30BaH, a KapbOHAT HATPHSI TIPEBPATHTCH B ou-
KapGoHAT, pacTBOp cTaHeT cabolIe IO MHBIM. DTOT MOMEHT
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s peaKinit:

()ll + ll’ = “)()

it
wet!!
patc

ypanHe

(‘012 + ll’ = l;lC()‘ .

HCO, + H* = H,C0, = CO, + H,0
F | 2 "

Bpinoanenue padoTbl
Ec/iit KOHTPOJIBHbIi PACTBOP nonyuen » meproj
ppuanBaloT [0 METKH JUCTUILIMPOBAHHOI BODHOM Konbe, 1o
HO nepeMeLHBaloT. K Tutpyemomy paCTBOpyﬂbl pé THIATe -
B 00beme V

npu6aBasIoT 3—5 Kaneib ¢peHondraney
paCTBOpOM HCI 1o odecuBeunBaHus noﬂﬂ W TuTpylor 0, | ";'f
e S SKEATSETHASTH OTC‘lPlTbIBa.}OT K;;?Icmxeunn NepBoi
crBOpa KMCJIOThI, U3PACXOIOBAHH O} Haﬁ:eSTBo 0,1 H. pa-
NaOH u «10/OBUHbI> Na,CO, (V, HC). 3aTZmpann3aumo
My PacTBOpY B TOU Xe Konoe npubasnsior | M K TUTpyeMo-
norioro OpaHXEBOTO U, He 106aBss THTpa ~2 Karim Mmety-
Boil OTMETKH OIOPETKH, IOTUTP OBbIBgK}){: CHOBA 10 HyJle-
s e X, o s
XOJOBAHHOE Konmfeec:;:gnrmneﬂmocm’ OTCIMT“BM%(T)B;:M,
[1eJIOYHbIE PACTBO utpanTa — V, HCL. 3amer =
PBIJIETKO TOrIOMaioT CO. 1 UM, YTO

5TOMY OTMEPEHHBIN 00BEM ananu3upyemor02p;;gzgxa' 116s
a TUTpyY-

10T HEMEMJIE
JUIEHHO U ObICTPO, U36erast U3NNILHETO B36aNThI
TThIBAHUS,

Odopmienne padoThi:
dopma 3anucu (mpumep):

VKOH6bI =__ ML
me =__ ML
N(HCI) = H.
V,(HC1)= MJI.

Vz(HC1)= MJL.
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T (HrpOnAne FIJPOKCHIL HTpUs i e
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KapoonaTa paTpIvt oo V,(HCL), & i tarponagye (‘nmu,,
N, CO, i NaOH V,(H(C 1), 1O 1 THTpOBAME uunm,”“'l'Mcc
‘ Kap.

GonaATa HATPIE HAPACXOUODAHD!
AV(HCI) V,(HCI) V,(HCI)
HO, HA 'I‘H’l'p()llill(lrlc pecero KOJMUYUCCT ¢ :
. N"‘z(,()]

AV(HCI).
aOH 13pacxofopaHo.

Coteqronaredib

HAPACXOAOBAHO 2
Ha turposatue N
(V,(HCl) = 2AV(HCI)).

Macca xkapOoHaTa HaTPHA:

m= Tpaﬁ.p-pa/onp,u-uo + 24 VHCI' ’;ﬂﬁ&
mam
Macca ruapokcuia HaTpus:
m= TpaG.p-pa/onp.n-no ) (Vz(HCI) as 2AV(HC1)) . -;—“’“‘-‘i_
I

Meron 11

BrimosHeRHe paboTHl
K mosry4eHHOMY B MEPHOH Konb
MY B MEp ¢ BMECTUMOCTBIO V, - KOH-

TPOJILHOMY PacTBOpY, coaepXalleMy cmech Na,CO, u NaOH

NPWIHBAIOT AUCTHLIHPOBAHHYIO BOZY IO METKH U TIIATENLHO
nepemennnBaior. OT6MpaoT B KOHHIECKYIO THTPOBAJILHYIO KO

6y V_,q [TOIy4eHHOTO pacTsopa 1 THUTPYIOT 3TY ITOPLIMIO B MPU
CYTCTBHM METHJIOBOTO OPaHXEBOTO. DTHM CaMbIM ycraHaBﬂn_
patoT 06beM kucaothl V,(HCI), KoTopsIit HIET HA THTPOBAH :
cmecn Na,CO; 1 NaOH. 3aTeM BO BTOPYIO KOHHYECKYIO mne
pOBAILHYIO K0JIOY 0TOHPAIOT aHATU3UPYEMBIX pacTBop V p
npwinBator pactop BaCl,. IIpi 3TOM BHIManaeT ocmm )
BaCO,, a NaOH ocraercs B pacTBOpe. Ecnu, He OTd)pm:ﬂOK
BBIBas 0CaNKa, OTTUTPOBATh KUCIOTOH NaOH’ B IIPUC chp 0-
heHONGTAIEHHA, TO MOXHO OMPEAETHUTH, CKOJILKO MHJ)I;IrPUII:fIHH
pos kuciotsl (V;(HCI)) morpebyerca Ha THTPOBaHHE Tonbr:;
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) l(u\lmvrnwunmi'l aHAAMI
p /

NaOH. Pastoctb Mexiy oobemom V,(HCI) u
aet oonem 0,1 H. pactsopa HCI, rpebyrotiei-
saumu Tosnbko Na,CO,.

\'lllllt‘. I‘()JII,KU
WL Cl) puIpaX

\ IpAX?
;: Jinit peitrpain
¢

ypzumcmm peakLuit:
OH- + COy + 3H* = 2H,0 + CO,;

Ba?* + CO,? = BaCOjy;
OH— + H+ = l-[zo

swienye paboTel

Odop
popma 3am1ch (pumep):
= MJL.

onﬂﬁbi = ——
me = MJL.

N(HCD = H.
Vl(HC1)=____ MJL.
VyHC= ___ M.

PACYET

1. Ecix Ha TUTPOBaHHE MMAPOKCHIA HATPUA U MOJOBHHDI
cap6oHaTa HATpHs MOLLIO V|(HC1), a Ha THTpOBaHKeE CMeCH
Na,CO; U NaOH V,(HCl), To Ha TUTpOBaHHUe MONOBUHBI Kap-

GoHaTa HaTpHs H3pacXolOBaHO:
AV(HCI) = V,(HC1) — V(HCI).

9. Ha TutpoBaue NaOH u3spacxonopao:
(V,HC1 — 2AVHCI).

3. Macca KapOoHaTa HaTpUs:

- 2A VHCI 'Vk'onﬁu.

nun

m= Tpaﬁ.p-pﬂ/onp.a-so

4. Macca rMapoKcKia HaTpHs:

m= TPHG-P'Pn/Oﬂp.B-so ) (VZHCl - 2A VHC[) * Kxonbst

aumn
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Pabora 9

HMe aMMUaKa B pacTeope

Onpepenexlne copepxa
om obpartHoro TTPOBaKyg

aMMOHHEBO# coNk METOA
Mon aMMOHHsI B BOXHOM pacTBOPE SABISICTCSH OUCHD, ¢iag

(¥ % P ¢ 1

kaTHOHHOH KHCJIOTOH, KOTOpast He MOXET ObITh onpcflcnc”‘1
HenocpeAcTBEHHO. [TosTOMY COJIM AMMOHHMSI OTIPENIENSIoT Koca

BEHHO.

Merox 1

OrnpejieJieHue 10 3aMecTUTEIHO (chopManberuaHblif MeTop)
OCHOBAHO Ha peaklMu HoHa aMMOHHMST € (hopManbaerumon, g
pe3ynbTaTe KOTOpOIi BbUIEJSIETCSl 9KBUBAJICHTHOEC aMMoH”’ﬁ~
HOI COJTM KOJIMYECTBO KUCJIOTI, M MOCJICAYIOLIEM Olpesiese-

HUU ee TUTPOBAHUEM cTaHJapTHbIM PACTBOPOM IIICJIIOYH.

BeinoaHenxe paboTbl
B k0/16bl /Ul THTPOBaHUSI HATUBAIOT MO 15 M1 25%-Horo

BOJIHOro pacTBopa (popMajbaeriia u 100 MJ1 TMCTUILIMPOBaK-
HoIl Bo/bl, A06aBISAIOT 2 Kaluli pacTBopa ¢heHoNnbTAEUHA Y
HeliTpanu3yioT (B ¢popMalbleruie CooepXHUTCH HCOOH)
CTAHIAPTHBIM PACTBOPOM LIeN04M (M3 BIOPETKH) 110 MosiBe-
Hus cna6o-po30Boi okpacku. [TuneTkon (Viym) QTHKBOTHbIe
yaCTH aHaIM3UPYEMOro pacTBopa NMepeHoCAT B KOJIOBI VIS THT-
pOBaHHUs € HETPATM30BAHHBIM (POPMAIIBIETHIOM. [Ipu atom
pacTBopbl obeclBeunBatoTcs. Hepes 3—5 MHH pacTBODbI THUT-
pYIOT CTaHAAPTHBIM PaCTBOPOM LLEJIOYH J10 NOAABNEHMS cnabo-
pOBOBOf:i okpacku. ITo 5—7 pe3ynbraTaM THTPOBAHUS HAXOAAT
CpefHUi paCXO TUTPaHTa H PACCUMTBIBAIOT CONEPXKAHUE CONH
aMMOHHMS g (B T) MO KOHUEHTpaUMH U THTPY CTaHAApTHOTO
pacTBopa LIEJIOYH.
Meron 2
OnpeseicH1e M0 OCTaTKy (METOI OTTOHKH) OCHOBAHO Ha
OTrOHKE aMMMaKa, BBLIIEJISIIOUIErocs B pe3yJibTaTe peakuHnu
COJIM aMMOHMSI CO LIEJIOYBIO, U MTOIJIOLEHUH €ro TOUHO H3Me-
peHHbIM KOJIMYEeCTBOM CTaHIapPTHOrO pacTBopa KUCIOoThI. [1pu
9TOM Ha B3aUMOJICiCTBHE ¢ aMMHAKOM PacXollyeTcsl S9KBUBa-
JIEHTHOE aMMOHUIHOM COJIM KOJIMYECTBO KUCJIOTBI, a8 OCTATOK
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Ommzunum KMCHOThE ONPEILHSIOT TUTPOBatyem
e ypat “'” M pact BOPOM LIEJIOMH.
I AanTHD
ap

. ‘,\Hﬂ ' -
i goanenHe paboThl

Ja10T uieTKoM AIMKBOTHYIO YacTy V- PacTBopa
101 welaloT e¢ B Kondy npubopa wis otronku. B go-
" "lg koG- NIPUEMHNK HAIMBAIOT TOYHO MIMepeH i
e  ranapTHoro PAcTBOPA KUCIIOThI U TIOACTABASIOT fipy-
M (1ofl AIOHK npudopa, NOrpyxas ero B pactop Kucio-
epe3 karnebHYI0 BOPOHKY HanuBaiot 50 Ma 50%-toro pa-
opa Wien04¥ W HArpeBaloT KOy, OTroHsis aMMuak 10 Tex
(joKa HE NeperoHuTCs 1/2 conepxumoro xon6u p npu-
Sk [10GaB/SII0T B PACTBOD NPUEMHUKA 2 Karu pacTsopa
eM 410BOTO OPAHXEBOTO, TUTDYIOT CTAHAAPTHBIM pacTBOpoM
MeeTno‘l“ [0 Mepexoia OKpacku UHAUKaTopa u3 KpacHo# B
lélpa {KeBYIO 11 U3MEPHIOT PacXoll TuTpanTa. [oBTopsioT onpe-

JeNeHHE 3—5 pa3, HaXolsT CPeHUi pacXos TUTpanTa © pac-
cquTHIBAIOT CONEPKAHUE CONM AMMOHMS g (B T).

MeTOA 3
Onpe/e/ieHue 1O OCTaTKy (BTOpOit BapuaHT) ocHoRako Ha
eaKLLMM aMMOHUMHOK CONU € TOYHO M3MEPEHHBIM KONKYe-
cTBOM CTaH[aPTHOTO PACTBODA ENIOYU NPU KUNAYEHUH, B pe-
synbTaTe YEro YIANAETC aMMUaK, TIPH 3TOM pacXopyeTcst 3K-
pBAJIEHTHOE COJIA KOJTUYECTBO wenoun. OcTaToK wieiouu
onpeAensoT TUTPOBAHUEM CTaHIAPTHLIM PaCTBOPOM KUCIOTEL.

Tbl-

BrinojHeHue padoThbl

PacTBOp aHaJIM3UPyeMOro ofpaslia rOTOBAT, KaK yKa3aHo
poite. [TUMETKOM MEPEHOCAT ANMKBOTHBIE YaCTU V, ,  aHalu-
3pyeMOro pacTBopa B KOJNObI i TUTPOBAHUA U 100aBASIOT
3aBeIOMO U30bITOYHOE TOUHO U3MEPEHHOE KOJTUYECTBO (0ObIY-
HO 2 MUTIETKW) CTaHIapTHOrOo pacTBopa luenouu. Cmech B Kon-
6ax HarpeBaloT Ha necoyHoii 6aHe 10 nonxoro yraneHus NH;,
(npo6a Ha MOJTHOTY yAAJIEHHUs 10 OTCYTCTBUIO YEPHOTO NATHA
Ha qmnmposanbﬂoﬁ oyMmare, CMOYEHHOW pacTBOPOM
Hg,(NO,),). [MocJie OXNaXIeH!s B KONOb! 100aBsioT 1 Wi
2 KarUid pacTBOpa METUJIOBOTO OPaHXEBOTO 1 TUTPYIOT CTaH-

JapTHLIM pacTBOPOM KMCJIOTBI 110 nepexofia OKpacKu WHAKWKaA-
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ropa i’ XCJATOIL B oparxenylo, Cpentnni pacxqy, x
v ATETS 7 rur 1

PEACASIOT 1O pe3yJibTaTam 5-7 THTpOBaK i A
Pacuer. PaccuuThIBaloT Macey cony :mmmmu o
!

nam . 2, pasi. 2, § 3

KontponbHbie Bonpoce: i 3agayy

. B uem CYU{HOCIb memoda Hc’l7lllpa/lll3(umu ? K(I K
- ' a
YecKkan PeaxKi{iia Aexcuin 8 0CHoege IMoeo Memodq 9 '\'”Mu\

«

Ymo makoe cmandapmuoill uau miumposayy,,, p
0

Ymo maxoe ycimanosouroe geyecmego, Kakum mpes
AM OHO 00AJICHO ydoenemeopame ? O,
Ymo nazvieaemca UHOuUKamopom ? Karkue UHOu e,

NPUMEHRIOMCA 8 Memode Helmpanuzayuy ? Yo it (f)nop "
Aacme nepexooa UHoOuKamopa? € 0.
Ymo makoe unduxamop? Kax npasunvyg 10006pq),
OuKamop Kk OaHHOMy CAYMar0 mumpoeanys ? b uy.

6. Kax paccuumams codepxcanue Kucaomet uay enoyy, o
Pa.-

Ay,

cmeope?
Boruucaume mump 0, 1096 . pacmeopa HC].

Omeem: 0,0040 2/ma.
Berucnume T(HCl/Na,CO,), ecau T (HCI) = 0,036503/J‘m

Omeem: 0,05300 2/mua.

9. Cronvko epammos wasenesoii kuciome, codepaicanocy, g pa
cmeope obsemom 250 ma, ecau na mumposatrue 10, 0p M/;
eeo uspacxodosaro 12,50 ma 015 H. pacmeopa NaOH »
Omeem: 2 9550 a. '

10. Karoea Hopmanshas KOHUermpayus pacmeopq HC], ecay
1,00 ma ee weiimpanuzyem 0,0265 2 cody do NaHCQ,»
3.

Omeem: 0,3155 sxe/n.
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[uTpoBaHne (pepokcumeTpus)

~alibl orueseHms = BOCCTAHOBJICHUN OCHOBAHLI 114
cl({{ ' {0-BOCCTANOBUTEIDILIX PEAKIMSIX, (1pOUCKOs-
OldlCJll'l' ci ,c'r"“ JapTHBIM PACTBOPOM U OHIPE/IENsEMBIM ncmc-
(X ME Fein mmmz\p'rnmﬁ PACTBOP CONEPAKUT OKUCHUTCIT
o l;(,m»rrcnh), TO OHPC/CHIEMOC BEHIECTBO JIOMKHO CO-
cudl Coo'mc'rc:'mcl-mo BOCCTAHOBUTENL (OKUCUT ehb), Jig
); ;wéﬂ;cuuoro aHaaM3a MOTYT ObITH UCHONLIOBAHBI OKUC-
Tenbno-uoccral1onwrcubumc PEAKIMK, KOTOPLIC 1IpOTEKa-
anecmcnno J10 KOHI1a, C IOCTATOUHOU CKOPOCTHLIO U 06-
T ocTosIHHBIM COOTHOUICHUEM MEXJLYy BCTYIAOUIUMU
eaKLHMIO OKMCJIUTENIEM M BOCCTAHOBHUTEIICM,

Cr10co6HOCTDb BeLECTB K OKHMCIICHUIO WIIK BOCCTAHOBJICHKIO
— Mepoit OKMCITUTEIbHO-BOCCTAHOBUTENLHOM CrTo-

cOBHOCTH CHIYKUT OKUCIMTENBHO-BOCCTAHOBUTEABH bl NOTeH -
quat. EcnH OMyCTATH METAUIMYECKYIO INACTUHKY B pacTBOp
Co6cTBCHH01“4 COJIM, HATIPUMED LIMHKOBYIO MJIACTUHKY B pa-
CTBOP 7nSO,, MONY4NM LIMHKOBbIH 1Oy /IeMeHT (v anek-
Tpofl), B KOTOPOM Ha IPaHuLe pa3aiena MeTall — pacTBop cou
po3HMKaeT ckadoK roTeHmnana. AGCONOTHYIO BENIMYUHY ITO-
ro MoTeHIMAJIA HIMEPHTD HEJb3sl, HO MOXHO MIMEpPUTH pa3-
HocTh MOTEHIMAIOB MEXILY JIHHBIM IEKTPOLLOM U CTaH1ap-
THBIM 2JIEKTPOIOM CPABHEHHUSL. B KayecTBe CraHaapTHOTO yalle
pcero NpUMEHsIoT HOpPMAJIbHBIH BOJLOPOIHBIN 3JleKTpos, mo-
TeHLMAT KOTOPOTO YCIIOBHO MPUHAT 32 HYllb. Ecnu uameputs
pa3HOCTb [oTeHLMaJIOB OOJBIIOTO YKCHIA TIONYINIEMEHTOB OT-
HOCUTEJIBHO BOJOPOIHOTO JJIEKTPO/A, MOKHO MONYIHT 3Ha-
yeHUs TTOTEHIMAIOB 3TUX T10/1Y2/IEMEHTOB OTHOCUTENBHO YT
npyra. B npuioxeHuu 6 npuBeieHbl 3HAUEHUA HOPMAJIbHBIX
2IeKTPOLHBIX MOTEHIMANOB E”, KOTOPbIE U3MEpeHbl NpU 25°C
110 OTHOIIEHNIO K HOPMaJIbHOMY BOLOPOLHOMY 3JIEKTPOLY,
TpH YCJIOBUM, YTO KOHLICHTPALIMHU UX COJIEBbIX pacTBOPOB pab-
Hbl | MOJIB/JL.

YeM BbIllIE 3HAUEHUE OKUCTIUTENIbHO-BOCCTAHOBUTEIBHOTO
MOTEHIMANa, TeM OOoJbLIen OKUCJINTENbHOI CTIOCOOHOCTBIO
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oGaaeT AaHHas napa. Hanpumep, HOHBI Mnm
asrn ot CryO7-, €l Br, u T. . Oy,

B npouecce peakui oxncmn-em,fxo-uoccmnonmen“

HoTeHIUIAT HIMEHSIETCs B 3ABHCHMOCTH OT H3MeHeryy Klu
[[L‘HTP&H[““ OKHCJIUTENIS N IiOCCTZIHOBHTCIIﬂ, oT TeMnepaT; ) |
1 peaKuuit cpeibl. B KHCIOM Cpeac B PUCYTCTBUM Koy, gbl |
HAG,1101aeTCsl BO3PACTAHIE OKHCIHTENBHO-BOCCTaH Ry g, !
HOTO MOTeHIHaIa Y TeX HOHHBIX 1ap, OKUCTEHHas (hopyg K"“
TOPBIX COAEPXKHT KHCI0POL, HAMPUMEDP Cr,0%-, MNO,, 50 g‘
PeakLIHH OKHCJIEHHS] — BOCCTAHOBJIEHHS MIPOTEKAIOT He Mr;:o'
BEHHO, [103TOMY THTPOBaHHE OKHCIIUTCIEM UIH BOCCTHHOB“:
TeJleM CJIeyeT BECTH C TaKOI CKOPOCTbIO, YTOOBI Belyecry
ycresii MpopearupoBarh MoJHOCTBIO. WHorna mns YeKOpetyg
peakLHK MCIONB3YIOT HArpeBaHHe. CKOpOCTb HEKOTOPBIx Pe-
aKIIMI 3aMeTHO BO3pACTaeT B [IPUCYTCTBUH KaTallU3aTopa (yg.
npumep, mexay KMnO, 1 H,C,0, B KHCIIOI Cpefie peakiyg
ycKopsleTcsl Iocjie Toro, Kax 06pa3yioTcst MOHBl Mn?*, yrp,.

lolue pojib KaTaJIM3aTopa).
MeToIbl peAOKCUMETPUH MPUMEHAIOTCS U1 KONMYEeCTBey-

HOTO OMpee/ieH!s] OKHCITUTENeN U BOCCTAHOBUTENEH. Js on-
pejie/IeHUs] BOCCTAHOBHUTEJIEH HEO6XONMMO UMETh CTAHIAPTHpYj{
pacTBOp OKHCJIMTENS, a AJisl ONpeeNeHUs OKUCIHTENel —
cTaHIapTHbI pacTBOp BOCCTaHOBUTEJIA. Ha3sBaHus MeTomop
pENOKCUMETPUH ONPENENAIOTCS TEM, KaKo# CTaHAapTHBIIt pa-
CTBOp MPUMEHSIETCS, pasiinyaloT METObI lepMaHTaHaTOMer-
puH (TUTPOBaHHE PACTBOPOM KMnO,), 1oIOMETPHH (HCTIONE-
3yIOT pacTBOp ifofa), XxpoMaToMeTpuH (THTPYIOT PacTBOpom
JMXpoMara Kajus) U Ap.

[Tpy npoBeeHMH pacyeToB CIIEAYET YUHTBIBATb, TO 9KBH-
BaJIeHT BELEeCTBAa COOTBECTBYET YHC/Y JIEKTPOHOB, YHacTBy-
JOIIUX B peaKLM1 OKHUCIEHHsI—BOCCTAHOBICHHSL. Hanpumep,
B KMCJIOi cpelie BOCCTAHOBJIEHHE MepMaHraHaTa Kalus npo-

TeKaeT M0 ypaBHEHHIO
MnO,” + 8H* + 5¢ & Mn?* + 4H,0

M 158 2
M =—=—=3](———
R B (MOJIb—C-)KB’)
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1 l epMaHraHaTOMETpMH

ot ﬂHraHaromcrpm — 9TO METOM 00bEMHOT0 aHaM3a,

[lel oM B gayecTBe CTAHIAPTHOrO PACTBOpa UCTONL3YeTCH

s xoToP nﬁpMaHraHaTa kanus. Ilpu neitctouu BOCCTAaHOBUTE -
paCTBO MaHra”‘“’”OH B KMCJIOTHOM CpEJe Mepexoaut B Hec-
el il KaTHOH mapraHua (2+). OKoHYaHMe TuTpoBanus yc-
e " BAETCs [0 OTCYTCTBUIO PO30BOi OKpacky nep-
ra JHaT-HOHA WM € TIOMOLUBIO MHAUKATOpa (HampuMep,

i CHIIbHBIM OKHUCIMTENIEM, B KUCIIOH Cpefie nepman-
T cavisl OKUCIISIET MHOTHE BELIEeCTBa. Meton nepmanra-
HaToMeTp“” yacTO MPUMEHSETCS MIPU UCCENOBAHUY MK ILe-
gbIX IIPO)IYKTOB Ha colepXaHue ODYOUNbHBIX BELIECTB,
apenieBol KUCIIOTBI, HUTPUTOB. JlaHHBIM MeTomoM MoxHo
orpeAeATb KOCBEHHO uoHbl Ca?*. Wonsl Ca2* ocaxzaior g
je mageneBoxucngro Kanbuus (oxcanar KaJbUMs), ocafgok
2CTBOAIOT B CEPHOM KHCIOTE, TP 3TOM MPOTeKaeT peakiius
10 ypaBHCHHIO:

CaC,0,4 + H,80, = CaSO, + H,C,0,.

BhiIe/MBIIYIOCS LIABENEBYIO KMCIOTY OTTHTPOBBIBAIOT pa-
crgopoM KMnO,, 10 00bEMY U3PaCXONOBAHHOTO Ha THTPOBA-
pyie pACTBODA [EPMAHTaHATa PACCYMTBIBAIOT KONHYECTBO HOHOB
Ca2*, KOTOPOE OYET IKBUBAIEHTHO KONUYECTBY HoHOB C,0 2

[lepMaHraHaTOMETPUSI MOXeET OBbITh NpUMEHeHa [uis onpe-
feneHus OKUCJIUTENIeH, KOTOPbIE HETOCPENCTBEHHO C MepMaH-
[aHATOM KaJusl He B3aMMOJEHCTBYIOT, TAKHX KaK AMOKCHI
MapraHia, BbICUIHE OKCHJIbl CBUHLIA, XJIOPATh, Mepcynbdarhl
i 1p. CyUIHOCTD TAKMX OTPEJIe/IHUI COCTOUT B TOM, UTO K Onl-
pefie/isieMoMYy 00bEMY OKUCIUTENS NPHIMBAIOT TOYHO OTMe-
peHHblit 0GbeM BOCCTAHOBUTEIS (HanpuMep, UABENEBOIT KHc-
nothl), B3aThiil B U36biTKe. [locne okonvauus peakunu
0CTaTOK BOCCTAHOBUTEJISI OTTUTPOBBIBAIOT PACTBOPOM MEPMaH-
ragaTa Kauus. [1o pa3HOCTH HAXOAAT MAcCy BOCCTAHOBUTESS,
NpOpearnpoBaBLLYIO C OKUCIIUTEIEM, OTKY/1a BbIYHCSIOT Mac-
Cy OKMCITUTESL.

[puMeHeHHE TepMaHTaHATOMETPHH HECKOIBKO OCNIOXKHSI-
eTcsl peaklieil, KoTopasi MOXeT WATH B KOHIE THTPOBAHUA
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WO KHCHOTHOCTH PACTROpg 1
(MECKOTO OHPECTCHIS Boeer, " )"'"m )
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anant
F Mt 2H,0 = SMno, + gy,

Jra l\(‘.’ll\'llll)l _\'L‘K()I)SIL‘IL’H B HPHCYTCTBUH J[”()KCH
ICHHS [)Il()'l’ll()p«’l [pu HCpMilll['a“aTOj;l wdp,
Me

cana, Lo [OJIKHC)

0OBLIMHO HCTTOJNL3YIOT cepHYIO KHCIIOTY, TaK Kak Conspg, y
[§

Khe

o1a (JIopIU-HoHb) 1 asoTHast (PUMECH OKCHAop 5,
© OKHCAATHCS TIEpMAHTaHATOM KaJMS M TeM cayy, o

[ THTPOBAHHSL.
actpopa KMnOy WIET €ro nocrepey,
”Qe

[Tpu xpaHeHIH P
M KHcjopojia 1 0dpason
p PAJORaHHem Mg

pasloxeHne ¢ BbiC/ICHIC
70 BeeT K H3MCHCHHIO KOH1IEHTPALIMH UCXOLNHOTO pactpyn.
[yecKH OMpENENSIOT Xeneso (252)1.

)

ﬂcp.\mnrunnTo.\te"rpL
sonbppam (V), BaHanui (IV) Yh
’ -~

xpoMm (3+), raumit (1),
a, TMAPA3NH, OPTaHUYECKHe Beyyq

my (I11), nepokciil BOJIOPOIL
CTBA. ﬂcpmleraHaTOMCTpWIQCKOC THTPOBAHHE MPUMeHserc

JUTA OI’I})GIIE}ISHHSI OYEHb CUJIbHBIX BOCCTaHOBUTEJIEH, peary

yIOLLHX C KaTHOHAMH welesa (3+), NEPEBOLS UX B KaTHoyy,
pOBbIBAIOT IEPMAHTaHATOM Ka

wenesa (2+), KoTOpble OTTUT
. MeToa MCMoJIb3yeTed TaKKe M1 KOCBEHHBIX OMpejese.
HMil, HanpUMep B Q)eppomerpnn,vcy*rb KOTOpbIH 3aKiloYaercy
B BOCCTaHOBJIEHHU oKUCAUTENEN KAaTHOHAMU XKene3a (2+),
U36bITOK KOTOpOro pearnpyer ¢ epMaHraHaTOM Kajug.
O6paTHbIM nepmaHraHaTomeprxecxuM TUTPOBaHUEM Of]-
cCTAHOBUTENH, MEMJIEHHO pearupyiollune c

penejsloT BO
KMnO, — Takue KaK HOLAMbL, [IMAHUObI, THOLMAHATBI U T. N

n ey
N HIIIIHH\;I.\I

IMn0O,

\MOTY y e
KakaTh [)C'Jy]l[ﬂ'il'l‘h He.

6.2. NaGopaTopHble padoTbl METOAA
rnepMaHraHaToMeTpuu

Pa6ora 1
[puroToBneHne CTaHAapTHOro pacTeopa KMnO,

BhinoJiHeHHe padoThI
[TepmaHraHaT Kasusi 00bIYHO COAEPXHT MPUMECH JIHOKCH-

J1a MapraHLa, T03TOMY TOUHbIi pacTBOp €ro NPHTOTOBHTE He-
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crpento 13 HapecKu HeNb3st. Pactsop rotopsir g em-
ke (Ha cBeTy PACTBOD NepMaHratata Kamsi pasjia-
) (pHEANIUTCABHO HYXHON KOHUCHTPALLMN U BhiepKy-
o1 HECKOBKO JUHEHl, B TEUCHHUE KOTOPBIX Niepmarastat
c]]}ICT OpFaHMllECKVle TIPUMECH, coliepxXalimecs B BOIE
acTIUHO NPCBPAUIACTER HDH STOM B MnO,, Beinagaowmij
5 0CAILOK: B nepBble HU MOC/IE [IPUTOTOBJIEHMS pacTBOpa ero
yyp MEHACTEM, 03TOMY TUTP YCTAHABMBAIOT He paHee yey
10 mHeif. B KauecTBe YCTaHOBOYHOrO BelecTsa yc-
o3yt pactBop H,C,0,. B naGoparopwoit npakrue
[oN3YI0TER 0,02 wiu 0,05 H. pactBopamu KMnO,, tutpoa-
e BT B KUCIION CORIE, TOSTOMY LISt pactertos Gepyr ak-
pupaNIeHTHYIO Maccy KMnO,=31,6r.
PaccuMTaeM HaBecKy KMnO,, koTopyio HeoGxomumo Basits
e [PUrOTOBNEHUS 250 mn 0,05 1. KMnO,;:

_ MBKB.N-V _ 31,6-0,05-250
1000 000 0.3%r

m

Tak KaK YacTb NIepMaHTaHaTa Kanust 6yneT u3pacxogopana
ya OKVc/IeH!e OpraHueckux NIPUMECeH, NONaBLIUX B TUCTHI-
1upoBaHHYIO BOAY M3 BO3/IyXa, HABECKY CNENYET YBENUYUTD
pUOIU3UTENbHO Ha 10%, T. e. B3aTb OKONO 0,43 1. Hageck
GepyT Ha TEXHOXUMHUUECKUX BECAX, PACTBOPAIOT B Konbe Bme}j
cruMocTbio 250 MJI U OCTaBJISIIOT B TEMHOM MecTe (WiH nepe-
,;:iBaloT B CKJISIHKY M3 TEMHOTO crekiia). Yepes 8—10 aueit pa-
cTBOp OTGHIBTPOBBIBAIOT OT BbIMABIIETO 0CAJKa Yepes
CcTeJISSHHYIO BaTy U YCTaHABIMBAIOT €70 TUTP M HOPMAIbHYIO
KOHLEHTPALMIO. ByMaXHbIM GUILTPOM MONB30BATLCS HeNb3s
[oTOMY UTO ByMara BOCCTAHABJIMBACT [ePMAHTAHAT. ’

Pabora 2

Mpurotosnenne 100 mn 0,05 K. pacTeopa
1L|aBENIEBON KMCNOTh

BuinosiHenne padoThl

LU.aBeneBaﬂ KUCO0Ta B peakuuu € nepMaHraHaToM Kajus
qBJISIETCSl BOCCTAHOBUTEJIEM U OTAACT Tpy 3TOM [1Ba 3JIEKTPOHA!
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YKMnO, + SH,C,0, + 3H,50,

= 2MnSO, + 10€0O, + K,50, + 8H,0,
RoceTaHoWICHHE HaBe1e O KHCJOTBE IPOXOIIT [0 Peakiyy,
C,0,% + 2¢ & CO,.
CaeloBatesibHO, MOJBIPHASE Macca SKBHBWICHTa Oyjer Pany
M, (H,C,0, 2H,0) = 63,03 1.

Hapecka (waneieBoii KMCJIOTbI, HeobXonumast juis Mpro.
topnenust 100 M 0,05 H. pacTBOpa, paBHa:

M_-N-V _ 6303-0,05100
T T000 1000

Ha anaMTHYECKHX Becax 6epyT HaBECKy IIAaBENeBOi kyc.
JIOTBI, GJIM3KYIO K PACUETHOM, NIEPEHOCAT €€ B MEPHYIO Kojby
BMecTHMOCTbIO 100 MJI, pacTBOPSIIOT, IOBOAST 06BEM pacTgo.-
pa Jlo METKH AUCTULIMPOBAHHOM BOJIOM, 3aKPhIBAIOT MPo6Koij
U TLATENBHO NepeMeLIBaIOT. .

BBIYMCIISIIOT TUTP U HOPMAJIBHYIO KOHLIEHTPALMIO MPUTo-

TOBJIEHHOI'O pacTBOpa I0 Macce KHUCJOTHI.

=0,3151r,

Pabora 3

YcraHoBneHnue TMTpa U HOPManbHOM
KOHUeHTpauuu pacteopa KMnO,

Boinonnenne paGorel
Peakuus Mexuy nepMaHraHaTOM KaJlus M LIaBeJIeBoil Kilc-

JIOTOH NpoTeKaeT B KUCoit cpefe. s NOAKUCIeHHS NpUMe-
Hsetes 2 H. H,SO,. Jlns yBenuyeHus ckopocTH peakimu pa-
CTBOp HarpeBaloT Ha BoasiHoi GaHe 10 60—70 °C (noBommTb 10
KHMEHUA HE CIIeNyeT, TaK KakK LuaBeseBast KUCIOTa pa3jiaraet-
cs1). Peakuus aBToKatanuTHyeckas, T, e. ee CKOpOCTb Bo3pac-
TaeT OT IEHCTBHUSI KaTalM3aTopa, KOTOPBIii SIBNIsIeTCs MpOayK-
TOM peakuuu. Kak Tonbko o6pa3syercs cosp Mn?*, ckopocTs
PCaKLIMM 3aMETHO YBEJIMYMBAETCS,
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h',,',p;yy GG D 0 s M I AR it i Yl AA
I TR R AL L Y N O DY N T T N TR VA IT
My M A L L U L O L O I R TV R T [t
py one e T T T T W T TP R RV PR
TG KONEY I TR ONATIAN, Y10 H0 LAARI A 1t
it LMt 200 LSO gty it e paseat st sttt
profh e e GO 70 °CLOpstsum e Eseps e 4e 104 ¥ 1e 1
RN AN T FOPOM HEpmaniitnitinstn ¥anud  Jlotunsiawsi
TR R FCPIMIIE T KA, I TC A 11t 10
IIIIHHIIHI |t HIOp, HOOMBMHE L Lo O A UBAANA, B 1LY
(O O upn!mmmuu CHEJY Iy i Mene e ofwaiie
QIO TR TORBKO THERILE Y atiiu 1o sepe gavorieins
Muh O, iponect HPOUCAOJAT HOTW MEHORCHIG, Ta¥ ¥ar
o MI?! KT spyion sry peariimie

[ on i OYIET JIOCTHEIY Lt 10K K BRI oL TA, ey
JOLns Kt CHEPTHONG pac it OUECHBE U TIAA HE
Gyet U OKpACHT ANIEOCTE I OO PO SOBA T Saline i
g1 0leM pactopi i palionyio rerpans, Tuiposane iid
QOJSIOT CHLE AL, W s 1pes HOMY e HIIAL Obna Mo pac1is)
it hepyr cpejinee sHte e JUs pactieron

Odpopmacnme pabornl
(Dopma saiuen (HpuMep);

V(H,C,0y) ML,

N(H,C,0,) = 0,051

V(KMnQO),) ML

VI (KMnQO,) ML,

VIKMnQO,)cp. MUl
PACYL]

Niwao, Vr:.w.nw Ve o, Vu,: 0

N .A’uni‘i'”‘

) KM,

7
1000



228 A"“"’""ch.-,,,
X

Pa6ora 4 N

Onpenenetue copepxanus xenesa g conu I

Boinoanenue paGorn

PactBop conn Mopa nonyyaior p me
MocTbio 100 Mi, foBoasT 00BeM ero IO MeTky AUCTH THs
BaHHOIA BOOM, TILATeIbHO MepeMellnBaloT. BIOpen(y 33;1
HAIOT pactBopoM KMnO, 10 Hynesoro IeeHuy, n“neon‘
OTOJIACKUBAIOT PacTBOPOM conu Mopa 1 10 py ero nepe;K
CAT B KOJIOY U1l TATPOBAHMS, Ky/ia npubasgior OTMepeHHbo‘
UUIHMHIPOM 8—10 M1 2 H. H,SO,. He Harpesas pactpop, (Conle
Fe2* ipy HarpeBanuu OKUCIIAIOTCS ), TUTPYIOT PacTBopoy ﬂeplil
MaHTraHaTa Kallus 10 c1a6o-po30Boro OKPaLMBaHKg, Tyyp,.
BaHUE TOBTOPAIOT elle ABaXMb M LIS pacyeTop HCTIONb3yygq
CpenHee 3HayYeHue o6beMa

Odopmierne paGorsr

®opma 3anucu (mpumep):

V(p-pacomu)=__ 10mn

Opa

PHO# Konge BMec

V'(KMnO,) = ML

V'(KMnO,) = M,

V(KMnO,)cp. = ML
PACYET

_ Nm\mo4 'Mmpc

TKMnO4/Fe 1000

+ * Konbbt .

m = Timnoyre * Viemno,

mun

6.3. Metop noagometpuu

MeTon OKUCIUTENbHO-BOCCTAHOBUTEJILHOTO THTPOBAHHUS,
B OCHOBE€ KOTOpPOIO JIEXAT pEaKLIUH:

[,0 + 2&- & 2I-

2A- - 26 &

——— ——————————— T ——————————
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C_wwnnwnmm. NAHHBII METO/L TTO3BOMISIET ONpeaesITH Kak
oKHC quredin, TaK i noc’crauom!Tcnu. [Ipu a1OM Henonwayior-
. ABA cTaHAapTHBIX PACTBOPA: JULL OTIpENeieHHA BOCCTaHO-
. i{ — pacTBop Hoad (OKMCJIHTENIb), VIS OrpeaeseHHs
1“<“C“” reneit — pacTBop THocynbdaTa Hatphst Na,S,0, (soc-
CTaHOBHTeﬂb)~ }

O“peﬂe.ﬂeﬂﬂe oxucmneneuu. OKHCAUTENN onpenensioT Me-
TO1OM ;aMelLeHHst, KOTOPbIi COCTOMT B TOM, 4TO K Hecrenye-
\OMY pacTBOpY no6apnsioT U3bbLITOK KI B Kucnoit cpene.

OKHCIUTEND liblﬂ.ellﬂeT u3 Kl axkBuBaneHTHOE KonnyecTBo

1O, KOTOPBIil OTTHTPOBBIBAIOT PACTBOPOM Na,S,0,.
HanpuMep, peaKLis ¢ OKMCITHTENEM K,Cr,0, uner no ce-

ﬂywmeﬁ cxeMe:
K2Cr207 + 6KI + 7H,SO, = 31, + Cr,(SO,), +
+ 4K,SO, + 7H,0.

jpxpoMaT Kalus BhUIENAET 3KBUBAJIEHTHOE KOJINYECTBO
yona. Io 0GbeMY pacTBopa THOCYNb(daTa HaTpUsl, U3pacxono-
paHHOTO Ha TUTpOBaHHE JaHHOTO KONUYECTBA MOJa, MOXHO
BBHIYMCITUTD HOpMaJIbHYI0 KOHIleHTpauuo pactBopa K,Cr,0,,
4 3aTEM €ro TUTp 1 Maccy B rpaMMax.

OnpefeJieHHe poccTaHosuTeseif. CofepXaHHe BOCCTaHOBHU-
Tefieii B pacTBOPE HAXOIAT TNpSAMBIM TUTPOBaHHEM CTaHAApT-
HBIM PACTBOPOM HOAa WIH KOCBEHHBIM MeTolOM. B nocieaHeMm
cayyae K pacTBOpY BOCCTAHOBMTENS [06ABNSIOT 3aBEOMO H3-
GpITOUHBIA, HO onpe/e/ieHHbIi 00beM pacTBOpa HOA. B pe-
AKIIIO BCTYTIAET YacTh HOJIA, SKBUBANICHTHAS KOJIMHECTBY BOC-
cranosutens. He MpopearnpoBaBLIKit HOI OTTHTPOBBIBAIOT
pacTBOPOM Trocy/bdara HaTpys. 3Hast KONTHYECTBO nobaBneH-
HOTO MOJa M OCTaBLLEECS M0CTIE B3aMMOJIEHCTBHSA C BOCCTAHO-
puTe/EM, 110 Pa3HOCTH BbIYUCIISIOT Maccy BOCCTaHOBUTENS.

[Ipy TUTPOBAHMH HecLIBETHBIX pacTBOPOB B HOAOMETPHH,
TaK Xe KaK ¥ B MepMaHraHaTOMETpHH, MOXHO HE UCTIONB3O-
BaTh MHAMKaTOp. IIpH TMTPOBAHHH OKpALICHHOrO pacTBopa
ffona (B 3aBUCMMOCTH OT KOHLICHTPALH1H OKpacKa MEHsETCS OT
XeJTol 10 KpacHO-0ypoii) THOCYIb(hATOM OH IpeBpallaeTCs
B GecupeTHblil pactBop KI. IToaToMy BOJIU3U TOYKHM 3KBHBa-
JIEHTHOCTH OKpacKa uoja HCHe3acT. Eciu pacTBOp OKpalleH
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JaMETHTh H HEOOXOAMMO MCITOTE b _'p_ Kave.
cTRE MHJIMKaTopa B MOLOMETPHH ”.0”01 y EMC TBOP Kpay .
vasta. Kpaxman ¢ iHojioM 06pasyeT okpallieHHOE B UHTEH Y,
Ho cHHMIt UBET aAcOPOUHOHHOC COCAUHEHNE. Peay,
061a1aeT BLICOKOI YYBCTBUTEbHOCTDIO. Kpaxman He Crenye;
npubaBATL B CAMOM Hayajle TATPOBaHMUS, Korja Koimempa_
uus iosa B pacTBope elue Bejika, OBbIYHO pacTBop ]fOHa THT.
pyIOT THOCYJb(aTOM /10 HCUE3HOBEHHS XapPaKTEPHOI e jiroy
OKpacKH M JIMILb T10C/Ie 9TOro 106aBisioT 2—3 M PacTBopy
KpaxmaJa, [pu 9TOM MOSABAETCA CHHEE OKpaLuBaHHUe. Tyy.
poBaHHe NPOJOJKAIOT 10 HCYE3HOBEHHUS CHHEH OKpacku. [Tpy
pacyeTax YYMThIBalOT CyMMapHblii 00beM pacTBopa TUOCYTp-
(ata (o u nocie npubaBlieHUsT Kpaxmasa).

JUtst MpUroTOBIIEHHMS pacTBOpa KpaxMaia HaBecKy ~ ()5 p
pactupaloT ¢ 50 MJI BOABI, IIOJYYEHHYIO CYCIIEH3UIO BJIUBatoT
NpH repeMeliBaHUy B Koy ¢ 200 MJ1 KUINALLEH BOmbI 1 ky.-
[ATAT A0 MOJyYeHHUS PO3PayHOro pacTsopa. Ox1amus pa-
CTBOp 10 KOMHATHOH TeMIIepaTyphl, Er0 UCMOIb3YIOT B Kaye.
CTBe MHAMKaTopa. be3 crieliMaibHbIX KOHCEpBAHTOB pacTBop
OBICTPO MOPTHUTCH, ITOITOMY €ro Jiyyllle UCIOIb30BATE B CBe-
XKETpUTOTOBNIEHHOM BHJIe. B KayecTBe KoHcepBaHTa MIPUMEHS -
tot Hgl, (0,01 r Ha onuH nuTp pacTBOpa Kpaxmaia).

HMonometpuyeckuii MeTon unpoko MCIIONb3YETCS B Mulije-
BBIX JIaOOPaTOPUSIX U1 UCCIEAOBAH USI XHPOB Ha ColepXaHue
HEHAChILIEHHBIX XHUPHBIX KUCIIOT.

6.4. Jlabopatopusie pa6otsi MeToAa nogomMerTpum

Pabora 1

lMpuroroBnenue CTaHAapTHOro pacreopa
THocynsdara Hatpus

Bbimosinenue paGors

Tuocynbdar Hatpus, wiu FHNOCYIbOUT, KpucTamuayercy
C ATBIO MOJIEKYIAMU BOJIbI: Na,S,0, - 5H,0. Ha BO3/yxe OH
TEPACT BOLLY, MO3TOMY €ro cocTan He BCEria orBeyaer ykaszay-
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myse. TouHbIA pacTBOP THOCY.Ib(aTa HaTpus mpuro-

HenocpeﬂCTBBHHO M3 HABECKH HeNb3sl, MO3TOMY ero ro-
oI npanMsnTeano HYXHOW KOHLIEHTpaluu, a 3atem yc-
70 1 pJIHBAIOT TUTP M HOPMaNbHYIO KOHUEHTpPaLMIO Mo
TaHe guxpomara Kaius. PaccuuTaeM Hasecky Na,$,0, -
3

0
?aCTBOpgﬂ“ npurotosnerns 250 M 0,05 H. pactsopa,

OKHCTEHNE Tuocynbdara HaTPHs MIET Mo cxeMme:

CienoBarebHo; MOJIipHast Macca 9KBMBAIEHTa THOCY/Ib-
paTa yatpus 6yaeT paBHa ero MOJIEKYISIPHOM Macce U Hasec-
Ka coJin oyaeT paBHa.

M NV 248005100
m= 1000 o0 T

Ha TeXHOXUMHMYECKHX BECAX B3BELIMBAIOT 3,5 r THocynbda-
1a HATPHSL (M30BITOK Bu10~15% OepeTcs U3-3a TOTo, YTO 4acThb
Kmeamusaunor{;{ou BOLb! BHIBETPHBAETCA), MOMELIAIOT B
MepHyto Kooy Ha 250 MJ1, JOBOJAT 10 METKH AUCTHTUPOBAH-
oil BOZIOH, NEPEMELIUBAIOT. [TepeHoCAT B TEMHYIO CKISTHKY U
ocTaBAIOT HA 8—10 queit. [Tocneaxee cBs3aHo ¢ TeM, YTO pa-
c7B0p, OCOBEHHO B NIEPBbIE JLHIT TOC/E NPHTOTOBNEHHA (non
jeiicTBUEM CO, 1 KHCJIOPOJIa BO3NYXA, A TAKXEe MHKpPOOpra-
HH3MOB), CKJIOHCH MCHSATb THTP. [To ucreyeHnu ykasaHHoro
cpoKa THTP PacTBopa He U3MeHsIeTesl JUtuTeNIbHOe BpeMst. Tou-
Hyl0 KOHUEHTPALHIO pacTBopa ycTaHaBJIUBAIOT M0 JUXpOMATy

KaJIU.

Pab6ora 2
MpurotoBnenue pacteopa K,Cr,0,

BoinoJineHue pabdorsl

JIMXpOMAT KaJlHsi SIBJISIETCS! YCTAHOBOUHBIM BELUCCTBOM, €rO
pacTBOP FOTOBAT MPSIMO U3 HABCCKH. Jlnxpomar-aH1oH BoOC-
cTaHABJMBAETCS 110 CXEME!

Cr,0.2- + 14H* + 68 & 2Cr* + TH,0.
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. CAeAONATERHO, FKDHBAICHT JIHHON cosy Paney ¢,
g \ . R N Ay ' ' '
TAPHAS MACCA IKRIHBAICHTA CoCTaIe 19 1. Hanecy, ”HxM”

MATA KA, HEOONOUHMAS VBT HTPHTOTORACHMSE 1(() ), 0 ”2",.
" W) "'

K"M""

pacTRopa;
M, NV 49-0,05-100

0000 oo 245

Ha aHAIHTHYECKHX BECaX B3BEUIMBAIOT Habecky JMXpOo.
ra Kainst, GJIH3KYIO K pacCUUTAHHOMN, KOJIMYECTBEH HO nepeno.
caT B MepHYylo Kosiby Ha 100 mut, 10BOISIT 10 MeTKy JMCTY.
NAHPOBAHHOI BOMOI H XOPOLLIO MepeMelLBaloOT, Paccumbmam
THTP H HOPMAIbHYIO KOHLIEHTPALIMIO MPUTOTOBJIEHHOT pa-

CTBOpA.

Pa6ora 3

YcraHosneHue HOpManbHOM KOHLEHTpaLuu
pacTtBopa Tuocynbpara HaTpus

HopMajibHyl0 KOHLEHTPALMIO pacTBOPa THOCYb(dara Ha-
TPHS YCTAHABIMBAIOT M0 PaCTBOPY JUXpoMarTa Kanusi. Tutpo-
BaHHe BEIETCS METONOM 3aMelueHHUs. Peakuus B3aumopeii-
CTBUS AMXpOMaTa Kajus ¢ HOLMIOM Kajiusl UMeeT psp
0COOEHHOCTEH:

1) mporekaeT B KUCIION cpele, ISl IOAKUCIEHUS UCTIONE-

3yercs 2 H. pactBop H,SO,;

2) [uia BeIIeIEHUS iHo/la TpebyeTcs BpeMsl, O3TOMY Moce
IMpUOaBIeHUSA pacTBoOpa HoMKMIa Kajius K010y HaKpbIBa-
IOT YaCOBBIM CTEKJIOM M CTaBSAT MPUMEPHO HA 5 MUHYT
B TEMHOE MECTO;

3) cpenu MpoAyKTOB peaklMH 06pa3yeTcsi CoMb Cr,(S0O,),
3eJIEHOro LIBeTa, YTOObI YMEHBIUUTh HHTEHCUBHOCTD OK-
packu, rnepen TUTpOBaHHUEM B KoJIOy npubasasor 50 M
JUCTUJUTUPOBAHHOM BOJBI;

4) MHIMKATOp — pacTBOp Kpaxmaja — H0GaBiIseTcs He
Cpazsy, a JIMLUb TOra, Koraa 6oJbliast 4yacTh Mojga 6yaer
OTTUTPOBaHa U pPacTBOP MPUMET COJOMEHHO-XEJTHIN
LBET.
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Ruinoanenne paboTbl

[iopeTKy TIaTebio BBIMBITh, ONOJIOCHYTE IPUTOTOBCH-
HbIM oTaHAPTHBIM PACTBOPOM THOCY I b(haTa HATPUS U 3a110/-
LTh 10 HyJIEBOTO JIENICHHUS. Jlist TuTpoBanust 6epeTcst KoHu-
yecKast gon6a Ha 200 mii. B koJby MeH3ypKoit oTMepuBaloT
4—6 M 0,2 H. KI u 8—10 mnt 2 1. H,SO, (ecnu pactsop xe-
Teer, npubaBJIAIoT -2 Kariu pactBopa THocys baTa 10 obec-
uBequuaHml). Munerkoit neperocstt 10 Mit pactopa K,Cr,0,
p Kon6Y TUTPOBAHHUSI, HAKPBIBAIOT €€ YaCOBLIM CTEKJIOM U CTa-
BT HA 5 MMH B TeMHO€ MECTO IUISl Bblde/eHHs noga. BeiHu-
\aloT KoOJIOY, Hal Hed U3 MPOMbIBaIKM OOMbIBAIOT YaCOBOE
cTeKo (Ha HeM MOTrYT OBITh KpUCTallIbI oxa), Ko6aBasoT
\ieHaypKoit 50 MJl IMCTHILIMPOBAHHOM BOMIbI U 110 KaILISIM TUT-

yloT pacTBOp THOCYIb(ATOM 10 MOSBIEHUS COTOMEHHO-XE -
Toil OKPAcKH. 3aTeM B K0JIOy MpUOaBsIoT 2—3 MJI Kpaxmania
pacTBOP CTAHOBHTCA TEMHO-CHHUM. TutpoBanue nponoj])((a:
10T 10 MCYE3HOBEHHS CUHEH OKPACKU U MOSIB/IEHHUS! CBETII0-3¢-
JieHOM.

OGbeM pacTBopa THOCYJbdaTa, MOt HA THTPOBaHUE
samuchiBaloT B paGouMil XypHal. TuTpoBaHue BBIHOJIHH}O'I"
eliie J1Ba pa3a U PacCYUTHIBAIOT CPENHHMI 0OBeM, KOTOPBIN He-
[0B3YIOT NP BBIYUCIEHHUAX.

OdopmieHHe padoThI
dopma 3aMUcH (npumep):

V(K,Cr,07) = ___MIL
N(K,Cr,07) = 0,05H.
V'(Na,S,0;) = MIL.
V*(Na,S,0;) = ___ ML
V(Na,S,0;)cp = ____ ML
PACYET

N(Na,S,03) - V(Na,5,0,.,) = N(K,Cr,0;) - V(K,Cr,0,);

T= N NaS,0; - M aks Na$,0,
1000
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T pabora 4
Onpenenerne coepxamusi MeAH B pacTeope
cynbpara meau

ML 0CHOBAHO HA PCAKIHAX:

QupeneeHue
¢ 4K1 e 2Cul + 1, + 2K,50,.

2CuS0,
Peakiuts Mexay CuSO, 1 KI o6parnMa, Juist 60JIee MoHorg

ec NpoTEKaHIA ciea Halpabo Heo6XoUM 60MbIIOI U3GbiToK
pacTBopa KI, 4To I0CTHIaeTCA npuMeHeHHeM 6oJiee KoHIen-
pactsopa Kl (0,5 H) 1Mo CPaBHEHHUIO C TeM, Ko-

TPHPOBAHHOTO
TOpBIN HCI10J1b30BAICS 1TPH YCTaHOBJIEHHH HOPMAJIbHOM KOH-

LeHTpallMK pacTBopa tHocyjb¢ara.
KoHTpO/1bHBIH PACTBOP CuSO, nonyyaroT B MEPHOH Konbe

Ha 100 M1, 10BOAAT 10 METKH JMCTUNTMPOBAHHOM BOMIOK U Xo-
poLIo MepeMeLHBatoT. BiopeTKy 3amoJIHSIOT 10 HYJIEBOro fe-
JleHusl pacTBOPOM THOCY/Ib(aTa HATPHA. OnonacK1BaloOT MUIIET-
Ky pacTBOpOM CuSO, u nepeHocAr 10 M1 ero B KOHMYECKYI0
k0.16y. MeH3ypKoil B K010y OTMEpHBAIOT 8—10Mn0,5H. Kl n
noakucasior pactop 2—3 ma 2 H. H,SO,. Cpaz3y xe TUTpYIoT
TeMHO-Gypblil pacTBOp THOCYJIb(aTOM, HE obpalliasi BHUMaHHUs
Ha BblMaBLIMit ocaoK. Koria pacTBop ¢ 0CalkoM CTaHeT bjien-
HO-XeTbIM, NpUbaBsioT 2—3 M pacTBopa Kpaxmana. Tur-
poBaHUE MPOIOJKAIOT 10 HCUE3HOBEHHSI CHHErO OKpalluBa-
Hust. TuTpoBaHMe MOBTOPAIOT €lle ABAa pa3a U CpelHee
3HayeHue oObeMa pacTBopa THOCYIb(paTa HCIONB3YIOT IS
BeIYMCIEH M coepxanust Mean B 100 Mt pactBopa cynbdara

MEIH.

Odopmaenne paboTl
@opma 3anucu (npumep):
V(p-pa cosn) = 10 m.
V'(Na,S,0,) = _ M.
V*(Na,§,0,) = _ mn.
V(Na,S,0,)cp. = _ M.
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s
PACHET
M
¢ S O CU - Na$,0, 3kn Cu .
T(N'l) 2 3/ ) 1000 ’

Kon0st

m= TNa25203/Cu ' VNazszo, '

nun

Pabora 5
OnpepeneHue COAePKaHus cynbuToB

CynbHTbI OTIPEIENSIIOT HOJOMETPUYECKH CIIOCODOM 00-
4THOTO THTPOBAHUS. K aHanu3MpyexMoit rpobe J06aBsioT
U36BITOK cTaHIapTHOTrO pacTBopa iofa. [Tocne Toro Kak pe-
aicHst MEXILY ifozIoM %ynb(bHT—MOHaMH MpoiIeT N0 KOHIIa,
yenpopeartpoBaBLIii 10l TUTPYIOT B IPUCYTCTBUU Kpaxma-
na cTaHAapTHBIM pacTBOpOM THOCYJIbGdaTa 10 UCYE3HOBEHUS
el OKpacKy pacTBopa. Peaxis Mexmy HOIOM U CYJIbGOUT-
joHaMy NpOTeKaeT CpPaBHUTENIbHO MEIIEHHO, 0COOEHHO B
xoHLle TATPOBaHMS, KOTId KOHLIEHTpalUs CYyTbOUT-HOHOB
CTaHOBHTCS HE3HAYUTE/IBHOU.

BrmoHeHe padoThl
VccenyeMblit pACTBOP, COEpXAlllui HOHBL SO,2-, pa36aB-

JIS10T B MEpHOH K0J16e MTUCTUIUTMPOBaHHOM BOLOW 10 METKU U
TIaTeJIbHO NepEMEILIHBAIOT. AJIMKBOTHYIO 4acTh aHaJIU3Upye-
MOT0 pacTBopa MepEHOCAT TUIETKOM! B KOHUYECKYIO KOJIOY U1
TUTPOBaHUA, n00aBJIAIOT (UKCUpPOBAHHBIN 3aBEIOMO U30bI-
TOYHBIH 00BEM CTaHIapTHOro pacTBopa HOMa, K0JIOY HakKpbl-
B2IOT YACOBBIM CTEKJIOM, COIEPXUMOE MEPeMELLIUBAIOT, NaloT
ocTosTh 5—10 MMH B TEMHOM MECTe, MOKa He 3aBEPIIATCAH
peakius. FI30BITOK HE BOLIEILIETO B peakiuIo ifofa TUTPYIOT
CTaHIapTHBIM pacTBOPOM Na,S,0; [0 Tex 10p, MoKa oKpacka
He CTaHET cJ1ab0-XeNTo’, 3aTeM TUTPYeMBIil pacTBOp pa30aB-
JIAI0T TUCTWUIMPOBaHHON BOIOM NpUOIU3UTENIBHO B 2 pa3a,
N06aBIAIOT MHAXKATOP KpaxMall ¥ 3aKaHYUBaIoT TUTpOBaHHE
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pPabora 6

OnpepeneHne ¢opmManbaernaa

CJIIOT HOJIOME IPHUYCCKHM CIOCOGE,
{

Popmaibieril olpeil
Oro THTPOBAHIBL K anagnsipyeMoil npobe B wiesoy
Hoil cpelle poGanstiorT H3GBITOK CTAHMAPTHOTO PACTBOPA fog,

npu ATOM llpm‘CK;IL‘I‘ pcuKllllH }lllcllpollopllllmmpmmmm
fiona. Oﬁpnsymumilcn PHITOHOIHT (10-), obnanas 6osnee pyy.
COKHM OKHCJHTEbHBIM [TOTeHLIHALIOM, EM [,, OKHCsIer hop-
MaIbIETHI 10 Mypanmmoil KHCJIOTBL, KOTOPast B UIEN0YHoj;
cpene oGpasyeT ¢opMHAT. [1pH NOAKHCACHHH PACTBOPA Helpo-
pearupomwmuﬂ FHITOHOMHT paspyuaeTest H obpasyercs itog,
KOTOPBIil THTPYIOT cTaHMPTHHIM PacTBOPOM THOCYIb(DaTa p

NpHCYTCTBHI KpaXMaid.

obparH

BeinosiHeHHe paboThl
B MepHY10 KonOy ¢ QHATH3HPYEMBIM PACTBOPOM dhopMaib-
1 2 H. pacTBOpa KOH, noBoasiT 10 MeT-

jeruaa no6apJsioT Sm
KH ﬂucnmnuponalmoii BOJI0i1 H TLIATEJIBHO TEPEMCIIHBAIOT,
AJIHKBOTHYIO 4acTh pacTBopd nepeHocsT [MHITETKOI B KOHH-

yecKylo Kooy At THTpOBaHHS, 100ABISIOT (DHKCHPOBAHHDIIL
3aBeqoMO H30bITOUHbII o6BbeM CTAHAAPTHOTO PACTBOPA fona
i 20 M1 2 H. pacTBopa KOH. Liper pactBopa NOJXeH OblTh
GeHO-XeATbIM. Bypo-KOpHUHEBaA OKPACKa pacTBOPA YKa3bl-
BaeT Ha TOo, UTO peaKIHs JUCTIPONOPIIHOHHPOBAHHA itona npo-
12 He TOJHOCTIo. B 9TOM Clytae Halo 100aBHTh €lle He-
CKOJIBKO MIJUTHJINTPOB 2 H. pacTBOpPA KOH.

Ko/16y HAKpbIBAIOT YaCOBBIM CTCKIIOM, cojJlepXHMoe Tepe-
5—10 MHH B TEMHOM MeCTe JUIS

MelLLUMBAaIOT, 1aloT NMOCTOATD -
[1OJIHOTO 3aBeplieH st OKHCICHHH popMaJIbAETHIIA THITOHOH-
TOM. 3aTeM IIeJJOYHOIH pacTBOp HeitTpai3yoT, 100aBHB 2 H.
pactsopa H,SO,, naberas ce H30bITKa (00beM H. pacTBopa
H,SO, noxeH NpUMEPHO cooTBeTCTBOBATH 00BEMY 2 H. pd-
cteopa KOH, npu6apicHHOMY B KOHHUCCKYIO KonOy JuUIst THT-
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BOPOM tHocyibdara B PUCYTCTBUU Kpaxmaya

c ;

pacuer. PacueT BEAYT N0 Gopmynam ry, 2, paL. 2, § 3

PaGora 7
Onpenenexue ackopomHoOBOM Kucnore

ACKOpPOMHOBYIO KUCIIOTY ONpenensior HOIUMETpUYecky
(pAMBIM TUTPOBAHMEM CTaHIAPTHBIM PacTBOPOM fioga p KHcC-

nioft Cpene-.
BoimoHeHHe paboTsl

Hasecky (0,1-0,2 r) ackop6uHoBoii KUCJIOTBI, B3Belley-
ylo Ha aHAJIMTHYECKNX BECaX, NEPEHOCAT B KOHMYeCKy1o Ko
Gy Ans TUTPOBAHMM, no6asnsoT 50 M AUCTUIIUPOBAaHH O
pogb, 10 M1 6 H. pactBopa H,SO,, 2—3 mx unmukaropa Kpax-
Maia i TIATETbHO NMePeMeInBAIOT. TUTDYIoT cTaHmapTHM
pacTBOPOM HOJIa 10 MOSIBIEHUS CHHelt OKpacKy pacTBopa, [Ta-
pallIeIbHO IPOBOJIAT OTIPEJIEIeHHE He MeHee Tpex Npo6.
Pacyer. PacueT BellyT 1o dopmynam ru. 2, pasy. 2,§3.

Pa6ora 8
Onpepenenune muiwbska (I11)

OmnpezeneHye coenMHeHni Mpllbska (I11) nomomerpuyec-
KM METOLOM OCHOBAaHO Ha MPSIMOM TUTPOBAHUM apCEHMTOB
CTaHJApPTHBIM PacTBOpPOM ioja:

AsO33- +1, + H)0 & AsO2- + 2I- + 2H+.

Peaxkuus obpatuMa. Kak BUIHO U3 peaklMu, Ha COCTOSIHME
paBHOBECUSI OKa3bIBAET OOJIbIIOE BAUSIHUE KOHLEHTPALUS
MOHOB Bofiopoaa. [Tpu TUTpOBaHMY MBILIBSIKOBUCTOM KHUCTIO-
ThI HoJ0M BesiMuMHa pH pacTBopa momKHa ObITE GoJblIE 5, HO
He 6osiee 7—8. Ecnu pH < 5, To npoTekaeT oOpaTHas peakius;
ecid pH > 8, To HacTynaer peakuusi JUCIIPONOPUMOHUPOBa-
HMA Hoza. Beinensioniyiocst mpy peakUUy KUCIOTY HEHTpaIK-
3y10T 6uKkapOooHaToM Hatpus (pH = 8). Ilpu HerTpanu3auuu
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Hanecky onpee/sieMoro petectna (As,O, Hanpy,

) . oT ) Me
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PAIOT B KOHLEHTPHPOBAHTHOM pacTBope CAKOH tienoyy -/
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TOM B [TOJIyTOPHO ’
woit H30GBITOK 1ETOUH nexenaresneH. [lo OK Oty
|

pactpopens As,Oy pacTbop p1136a'mlsuo; 10 TipuMepig
pepTH EMKOCTH K0J10bl U HEHTPAJIU3YIOT 2 H. PACTBOpoy, cep.
HOIi KHCJIOTbI € HHIMKATOPOM q)CHOH(bTﬂ{lCHHOM. 3arteym py.
6apslioT K HeiTpasbHOMY pacTBopy ABOMHOC Kofuuecty,
CpaBHEHHIO C paccyMTaHHbIM KOJIN4€CTBOM OUKapGOHary i,
pus, T. €. 16—20 r/n. HarpeBaTb pacTBOp Henb3si. Ecay g,
Jie pacTBOpeHHMs 6uKapOOHaTa PACTBOP OKAXETCH OKpayyey,_
HBpIM, TO ero obecupeinBaior, npubaBiasd no Karngy,
pa3GaB/eHHYI0 CepHYI0 KUCIOTY. Ecnu 15 aHaU3a NaH rory.
BbIi pacTBOP HaTpUeBOIi COMM MBILIbAKOBUCTOM KHCIOTEI, 1,
cHayaia MPWIHBAIOT 2 H. paCTBOP CEPHOM KHUCIIOTBI JUIY Hejj.
TpaJIM3alu cB0GOIHOMI Luenoqu,uscema COIYTCTBYIOLUE! Ha.
TpHEeBbIM COJISM MBIILIBSIKOBUCTON KUCJIOTBI, a 3aTeM Gukap.
6onar HaTpug Ko pH, paBHOTO 6—7. IIpurotoBneHHyj
pacTBOp pa30aBisIOT BOJOJ M IOBOMAT 00bEM pacTBopa g
METKU, TUTPYIOT CTaHIapTHBIM 0,1 H. pacTBOpoM Hona. J{ig
THTPOBaHHS OT6MpaloT muneTKoit Mopa 25 M aHau3Upyemo-
ro pacTBOpa, MPUOAB/ISIOT HHIUKATOP — KPaXMall ¥ TUTpYIor
itomoM. CrefiyeT UMeTh B BULY, 4TO MO KOHEL TUTPOBaHHus,
| KOra KOHLEHTpallMsl apceHUTa IOHU3UTCS, PeaKLIUsl OKUCTe-
HUI — BOCCTAHOBJIEHUSI MEXIY HONOM U apCEHUTOM 3aMef-
ngercs. [TosToMy CHHee OKpalllMBaHUe KpaxMaiia MmosBisercs
npexaespeMeHHo. Ho eciu aath pacTBOPY MOCTOATb HEKOTO-
poe BpeMsl, TO CUHAS OKpacka UCYE3aeT. Koraa nosiBnsgercs He-
ycye3aollee CMHee oKpalllMBaHHe, THTPOBAHUE CYUTAIOT 3a-
KOHYEHHBIM M MPUCTYNAIOT K pacyeTy pe3yJIbTaTOB aHajlu3a.

Pacuer. Pacuer Benyt rmo gopmyniam ri. 2, pasn. 2, § 3.
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3 [lowemy neavii npuzomoaums mounviii pacmeop KMnO,

HpAMO U3 nagecku?
3 Hok KoMy GeW{ecmay YCmanasaugaiom mump u Hopman-
HYIO KOHIEHMPALUIO PacMeopa nepmanzanama ataa?
KaKue 6euyecmaa Moxcio onpedensms nepmanzanamomem-

puvecKum memodom?

5. H3 nagecku mexnuyeckoit H,C,0,2-H,0 maccoii 1,7 2
npu2omosuu pacmeop obsemom 200 mr. Ha mumpoeanue 20,00
1 HOAYHeRN020 pacmeopa uspacxodoear pacmeop KMnO,
oGoemon 16,20 ma ¢ mumpom no xcenesy 0,005800 z/ma.
Boucaume codeporcatie (8 %) wasenesoii Kucaomoi 8 06-

pasue.
Omaem: 62,35%.
Kakue peakyuy nexcam 6 ocHose memoda uodomempuu?

7. Yemy paeua'alceuea/zenmnaﬂ macca muocynsgpama Hampus
@ peaKyuu g3aumodeiicmaus ezo ¢ iiodom?

8. Ymo makoe mumposanue Memodom 3ameuierus ?
9. Kaxosbi ocobeHHOCMU meHeHus peakyuu Medcdy muocynb-
gamom Hampus u duxpomamom Kanus?

10. K 0,05 1. pacmeopy K,Cr,0, o6zemom 10 ma dobaenenvi
cepHas Kucaoma u uooud kasusa. Ha mumposanue evide-
ugUIe20cs U004 U3pacxo008aH pacmeop muocyasgpama Ha-
mpus 005eMom 12,50 ma. Paccumatime HOpMAAbHYIO KOH-
yeHmpayuro pacmeopa muocyabgpama Hampus.

Omeem: 0,040000 axe/a.

11. Ha mumposarue pacmgopa CuSO, ofsemonm 25, 00 mn u3-
pacxodogaro 0,05 1. pacmeop muocyasgpama Hampus obve-
mom 18,60 ma. Bwwucaume deyms cnocobamu codepxca-

Hue medu (2) 6 100 ma 3mozo pacmeopa.
Omeem: 0,2363 2.
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. pacTBOPHMBIM 1 umuzum-,-b11()‘::;:1:;21(1)(;6[,|c1po, 6¢3 0.
pasopatisl llcpccl.llllClHl'le Pt' ( K: ’)K;MH'UIC o
3. JloJuKkHa "MeTKO olpejiesii rbC‘H rouKi - HTHOCTY,
4 Slwienmst ajicoponny (coocakueHHs) Ilf)ﬂ/KHbl OBITh By -
' paxeHbl pH TUTPOBAHUKU HACTOJILKO C/1abo, YTOOk pe-
3yJIbTAT Olpe/IeICHHUST HE ucxzuxzmcn._
Haumenopatiust OTAEJbHBIX METOAOB OC‘"‘*HC'TM Mpoucxo-
JSIT OT HA3BaHUil MPUMCHSIEMbIX PHCTBOI)@- Mcxczn, UCIONTb-
3yloUMIA pacTBOp HUTPATa cepebpa, Ha3bIBAIOT ApreHTOMETpy-
cil. DTUM MeToloM onpeaesitior cogepxatune noros Cl- u Br-
B HEUTpaJILHLIX MM CJabOLILEIONHBIX Ccpeflax. Tuoumnanaro-
MeTpusi OCHOBAHA Ha MPUMEHEHHH pacTBoOpa THOLMAHATA aum-
monust NH,SCN (mm kamss KSCN) u cyxnt juisi onpepe-
jeHust caenos Cl- n Br-, HO yKe B CHJIBHOUIEJIOMHBIX U KUCBIX
pactopax. Mcrojib3ylor ee u [Uist ONPEIC/IEHUS COAEPKaAHUS
cepebpa B pysax win citapaX. JloporocTtosiiumnit apreHTomer-
pHUCCKUIM MCTOJL ONpeICICHUS TAJIONEHOB 1OCTEIEHHO BbiTeC-
HSeTCsl MEPKYPOMCETPHUCCKUM. B nocnieaitiem nenosibayior pa-
crop Hurpata pryru (I) Hg,(NO,),.
ApreHToMeTpuieckoe THTpoBanue. MCTO1 OCHOBAH Ha peak-
tnn ocaxaerust nonos Cl- un Br- katnonamu cepeGpa ¢ 06-
Pa3oBaHUEM MaJIOPACTBOPUMBIX FAJIOM€HUIOB:!

Cl- + Ag* = AgCl; Br- + Agt = AgBrl.

M )/L'.ll()llll}IMf |
NOJLKTT H[)()']'CKil'l‘h CTpoOro 1o y[)illﬂl(‘l[;,““ "
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4 oM B KAa4ecTBe paboyero (CTaHaapTHOro) Ucrosb3y-
rpi 217 urpara cepeopa. Ecnu xe aHalu3UpYyIloT Belle-
10T pacTBOP Hx(aHne cepebpa, TO B KauecTne pabouero UCroJsb-
cTBO i:)“qg?ggg w1opK/a HaTpust (WM Kastus). J1as1 ToHUMaHus
T p? " :
MeKT)Oﬂﬂ apreHTOMeTpUH 6oJibllioe 3HaYeHHe UMEIOT KPUBbLIE
THTPOBaHVI;flU'I ckauKa TpJ ApreHTOMETPUYECKOM TUTPOBAHUM
MHTC%T‘KOHHGHTPHHHM pacTBOPOB M OT 3HaYEHMS MPOu3-
aaBHH’ ACTBOPMMOCTH OCalKa. Yem MeHblue BenuuuHa [1P
Beﬂeﬂﬂﬁ)ﬁ‘leroc;i B pe3y/ibTaTe TUTPOBAHMS COEAUHEHNS, TEM
noﬂyqfil yTepBaJl CKauKa Ha KpYBO# TUTPOBAHUS U TEM Jlerye
L opaTh KOHEUHYIO TOUKY TUTPOBAHHUS C MOMOLLBIO UH-
d):xf;;g;a- B 5TOM METOJIE TOYKY SKBUBAIEHTHOCTH yCTaHaB-
ﬁMBaK’T: &

__ fe3 MHAMKATOpa, 3a(MKCUPOBAB MpeKpallieHe 00pa3o-
paHUs ocaiKa oT no6aBieHus] HOBOM MOPLIMK CTaHAap-
THOrO PacTBOPa; )

_ ¢ UHAMKATOPOM, KOTOPBI/ B TOYKE 3KBUBAJIEHTHOCTH
jaeT OKpallleHHOE COENMHEHHE OT no0aBieHUsI OQHOMU
JAULIHEN Kariu AgNO;;

__ MOXHO B KauecTBe MHIMKATOPa MCM0/b30BaTh KPacHTe-
/M, KOTOpble B MOMEHT OKOHYAHMUS PEaKLNH ancopou-
pyloTCsl OCAIKOM M M3MEHSIIOT €ro LBET, i T. 1.

B 3aBUCHMOCTH OT TOTO, KaKUM MyTEM YCTaHABAMBAIOT TOY-

Ky 9KBUBAJIEHTHOCTH, pa3jiMyaioT HECKOJIBKO CMOCOOOB Bbi-
[JO/IHEHNS APTEHTOMETPUUECKOrO METOAA.
Metoa Mopa. Cyu(HOCTb ITaHHOTO METO1a COCTOUT B MNpsi-
VOM THTPOBAHMH XHAKOCTH PacTBOPOM HUTpaTa cepebpa ¢
UHIMKATOPOM XpOMaToM Kajlusl 10 nodypeHust 6enoro ocau-
«a. Unaukatop Metofa Mopa — pactsop K,CrO, naet ¢ Hut-
paToM cepedpa KpacHblit ocanok xpomata cepedpa Ag,CrO,, Ho
pacTBOPUMOCTb OCA/IKA (0,65 - 10-4 r/n) ropasno Oosblie pa-
CTBOPMMOCTH XJ10pHa cepedpa (1 ,25-10-3 r/n). [Moatomy npu
TUTPOBAHHU PACTBOPOM HUTpaTa cepedpa B MPUCYTCTBUU XPO-
MaTa KaJusl KpaCHbII 0CaloK XpoMaTa cepedpa rnosipjsieTcs
JUILB NocJie Jo6aBieH s U30bITKa HOHOB Ag™, KOraa BCe XJi0-
pUI-HOHBI yXe ocaxnaeHbl. [Ipu aTOM Beeraa K aHaiu3upye-

MOW XXMIKOCTH MPUIMBAIOT PACTBOP HUTPATa cepedpa, a He Ha-



AHAANTHY e Kas x g
iy

‘ ‘ —————————————————————————————

———————— -

O0OPOT. Bo snMORHOCTH HPHMEHEHIBEApreHToMeTpiy Nonoy,,.
HO OFpPAHHYCHDBL Fe HCIoibiylor TOALKO [1pH “”P()H.u”m
HENTPAABHBIX MW CIK 100MENOUHBIX pacTBopon (pH o 71
10). B Kucioil cpeie ocatok XpoMatra cepebpa Pdunopﬂcr ,,
B CHABHOLULECOUHBIX pACTBOPAX HHTPAT cepebpa Pastaraery
¢ BBUCJACHHEM HEPACTBOPHMOTo OKcHta Ag,0. Merton Henpy.
POJICH JUISE AaHAJIH3a pacTBOPOB, COACPXKALIHX HOH N“4 Tak
KaK [pH 2ToM o0pasyeTcs ¢ KaTHOHOM Ag* aMMHav bl KOM-
naeke [Ag(NH,),|*. AHan3upyembliii pacTBOp He JloixeH Co-
aepxars Ba?t, Sr?t, Pb2*, Bi?* M HEKOTOPBIX Apyrux HOHOB,
AAIOLMX OCAZIKH C \p()MﬂTOM Kasinsi. Metox Mopa Takxe e.-
MPHTOAEH Ul onpe/ieNIeHUsl HOMNI- U THOLIMAHAT-HOHOB,
TeM He MeHee apreHTOMETpHsI YIoOHa Npu aHaIu3e Gec-
LBETHBIX pacTBOpoB, colaepXaliux Cl- u Br- uoHbl. Pactpo-
pbl, coaepxatune Ag*, He BBUIMBAIOT B PAKOBHHY, a COGUpalot
B CIIELIHAIBHYIO CKIISIHKY, TaK KaK cepebpo U3 HUX pereHepy-
pYIOT.
Merox @oasrapaa. MeTox OCHOBAaH Ha TUTPOBaHHUM pa-
cTBopa HOHOB Ag* pactBopoM KSCN B NpUCYTCTBUM MOHOB

Fe(I11):
Ag* + SCN- = AgSCNU;

Fe3* + nSCN- = Fe(SCN) (-m+,

ITocne oTTUTPOBBIBaHUS MOHOB Ag U30OBITOK TUTPAHTA aeT
c HoHaMmu Fe3* KpacHblit KomIuieke. OOGBIYHO CO3MaI0T KOH-
ueHTpauuio Fe3t okono 0,01 M. TutpoBaHMe MPOBOIAT B KUC-
JIOH cpeJe.

Mt onpeneieHUss aHUOHOB 3TUM MeTofoM (CI-, Br-, CN-,
CO,%, CrO -, 8%, PO2-) ucnonb3yloT 06paTHOE TUTPOBa-
Hue. K pacTBopy TUTpyeMOro MoHa J06aBisIoT U30BITOK CTaH-
HapTHOIo pacTBopa HHUTpata ce<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>