METOJIUYHI PEKOMEHJALIIT
10 BUKOHAHHSA JIABOPATOPHHUX POBIT
3 AHAJIITUYHOI XIMI{
JUISL CTYAEHTIB 010JI0T1YHOTO Ta reorpadiqHoro GpaxkyibTeTiB

IlepenmoBa

Memoouuni  pexomenoayii  manucamo  0a1  cmyOeHmié  0ionociuHO20  ma
eeoepagiunozo Gaxyribmemis, wo BUBYAIOMb AHATIMUYHY XiMmito. /[0 6udauHs, wWo
NPONOHYEMBCS, HECEHO 6 MAKCUMANbHO CHMUCIOMY I CKOPOUYEHOMY GUNAO0L Juule
OCHOBHI MeopemuyHi NONOHCEHHS AHANTMUYHOT XIMII ma HAUMUNosiwi 1a60pamopHi
pobomu. Bueuenns ix 0ozsonums cmyoeHmamu 0i0102I4HO020 mMa 2eoepaghiuHoco
gaxyromemie odepocamu O00CMAMHi GIOOMOCMI 3 NUMAHb Meopii [ NPaAKmuKu
SAKICHO20 U KIIbKICHO20 AHATI3Y.

AHalliTUYHA XiIMisl - HayKa IpO METOAM BHU3HAYECHHS CKJIany pedoBuHU. Kypc
aHATITUYHOT XiMIi CKJIAJJa€ThCsl 3 JIBOX PO3JLIIB - SIKICHOTO Ta KIJIBKICHOTO aHai3y.
SkicHuil aHaMi3 3aBXKIU Mepeaye KUIbKICHOMY, TOMY IO MEpII HIX BU3HAYUTHU
cKilbKkH, Tpeba 3HATH MO BU3HauaTu. KpiM TOro, Bij SIKICHOTO CKJIaay PEUYOBUHH
3QJICKUTh BUOIP THUX YW IHIIMX METOJIB aHai3y JJI BCTAHOBJICHHS KUIbKICHHUX
CIIBBIIHOIIEHb.

Icnye 6musbko 50 MeToiB aHamizy. IX MoskHa po3ainuTy Ha ABi Tpynu: 1) XimivHi Ta
¢izuko-ximiuni, 2) ¢izuuni. [Ipu BUKOHAHHI aHATI3y XIMIYHUM a00 (i3UKO-XIMIYHUM
METOJIaMH TOJIOBHUM € TIPOBEACHHS XiMI4HOI peakiii. [Ipu Bukopucranti GpiznaHux
METO/IB SIKICHHM CKJIaJ PEYOBUHH, IO AaHAMI3YEThCS, BUSBIAIOTH BUMIPIOIOYH
BEJIMYMHY [EBHOI (PI3UYHOI XapaKTEPUCTHUKH.



SAKICHU AHAJII3
Bumie BiamMiueHo, 110 B OCHOB1 XIMIYHUX METO/IIB aHAJII3y JeXaTh XIMI4HI peakiii. B
SKICHOMY aHaji31 BUKOPUCTOBYIOTh JIMILE Tl XIMIYHI peaKilii, aKi CypOBOIKYIOThCS
NIEBHUM 30BHIIIHIM eeKTOM: yTBOPCHHSM a00 PO3YMHEHHSIM 0OCaTy, YTBOPECHHSIM
ab0 pyilHYBaHHSM 3a0apBJEHOI PO3YMHHOI CHOJYKH, BHAUICHHSM Ta30Moai0HOT
pedyoBuHH. Taki peakiii HA3UBAIOTHCA AHANITUYHUMH, & PEAKTHUBH, 32 JOMOMOIOIO
SIKUX BOHU MPOBOJIATHCS, - AHATITUHYHUMM PeareHTaMH.
VYcemimHe 3acTOCyBaHHS aHAJMITUYHMX PEAreHTIB  3aJeXKUTh Bl YYTJMBOCTI
aHAMITHYHUX peakiiil. [1ig gyTnuBicTIO peakiiii po3yMiloTh Ty HalMEHIy KUIBKICTh
peuoBrHM (i0HA), SKYy MOXKHA BHUSIBUTH 3a JIONIOMOTOK) 3a3HAYCHOI'O pearcHTy.
KijbKICHO YyTJIHMBICTh peakilii XapakTepu3yeThbCsl MesKelw Bu3HauveHHs (r/mi) Ta
MiHiMaJbHUM 00’ €MoM po3unHy (V MJI) 3 TAKAUM BMICTOM PEUYOBUHH.
3aJIe’KHO BiJ KUIBKOCTI PEYOBHHHM, III0 BUKOPUCTOBYETHCS ISl AaHAITIZY, PO3PI3HAIOTH
MaKpo-, MiKpo- Ta HamiBMiKkpoaHaJi3. Meton anamni3y, s sikoro 6epyts 0,1 - 11
pEUOBUHH, Ha3UBaOTh MakpomeToaoM, Mesblie 0,01 r peyoBHHN — MIKPOMETOIOM,
0,01 - 0,1 r pe4yoBUHU - HAMTIBMIKPOMETOJIOM.
[Tpu BHOOP1 aHATITUYHOTO PEAreHTY BEJIMKE 3HAYEHHS Ma€ HOro cneuu@iuHicTh, 10
XapaKTepU3ye po3MaiTTs 10HIB, 3 SKUMHU 1M peareHT Ja€ mo{iOHUM 30BHIMIHIN e()eKT
peakmii. Ti peareHTH, 10 [alOTh MOXJIUBICTh BUSBISATA OJWH BHJ 10HIB Y
NPUCYTHOCTI IHIIMX, Ha3UBalOTh cneuugiuHuMu. 3BUYANHO, CcHeUPpIYHUX
peareHTiB, M0 PearyrTh TUIBKKM 3 OJHUM BHJOM I10HIB, YK€ Majo. AHaJiTU4HI
peareHTH, SKi B3aEMOJMIIOTH 3 OOMEKCHHM 4YHCJIOM BHJIIB 10HIB, Ha3WBaIOTh
BUOipKOBUMHU 200 cejieKTUBHUMHU. KpiMm crienn@iyHuX 1 CEIEKTUBHUX PEareHTIB,
PO3PI3HAIOTH 1€ IPYIOBI Ta 3arajibHi pEareHTH, SIKi pearyroTh 13 OUIBIION KITBKICTIO
10HIB.
Sk mpaBuio, y pO34MHI, IO JOCIIIKY€ETbCS, MPUCYTHI JEKUJIbKA PI3HOBUAIB 10HIB.
[Tpudyomy, 6arato 3 HUX JAOTh CXOXKI PEaKIIil Ta 3aBaXKarOTh PU BU3HAYEHH1 OJHUX
10HIB Y NPHUCYTHOCTI IHIIMX. TOMy HE MOXHA MPOBOJUTH PEAKLIi BHUSABIICHHS
OKpEMHUX Pi3HOBUJIIB i0HIB y JOBLIBHIN MOCHiZOBHOCTI. IX Tpe6a KOMOIHYBaTH TaKUM
YUHOM, 1100 MTPY BU3HAYEHHI [IEBHUX 10HIB yC1 1HIII, 110 3aBaXKaI0Th, OyJIM YCYHYTI.
[TocnigoBHICTh peakiliid, M0 BIAMOBIAE 11 BUMO31, HA3UBAETHCA CHCTEMATUYHUM
xoa0M aHaui3y. [Ipu 11boMy 10HH PO3AUIAIOTH 32 TOMIOMOIOI0 TaK 3BAaHUX I'PYNOBHX
peareHTiB, SKi O0Ca/PKYIOTh Pi3HI 10HM UMMM rpynamu. Ile Mae Benvke 3Ha4YeHHs, a
caMe:. CKJIaJHa 3aja4ya aHajli3y CyMIIll 10HIB PO3KJIAIA€ThCs HA PsJl OUIBII MPOCTUX
3amad. OKpiM I[bOTO, TPYMOBUM pPEAreHTOM MOKHAa BCTAHOBUTH BIJICYTHICTH MEBHOI
TpyIH 10HIB.
BB cTopoHHIX 10HIB Ha peakxiiiio, 10 € XapaKTEPHOIO I JAHOTO BHUIY 10HIB,
3aJIEKUTH BIJ X KOHIIEHTpAIl Ta YMOB MPOBEACHHS peakiiid. loHu, sSKi 3aBaXKalOTh
NPOBEICHHIO peakKilii, 4yacTo 3B’S3yIOTh y CTiliKi KoMIUIeKcH (MacKyloTh), a IIe
CIIPOIIlY€ Ta MPUCKOPIOE MPOLIEC aHaJI3y, OCKUIbKM JI03BOJISIE BUSIBIIATU OJHI1 10HU B
IPUCYTHOCTI THIIMX.
Jyist BUSIBJIEHHS KaT1OHIB Ta aHIOHIB BUKOPUCTOBYIOTh PI3HI CXEMH aHAII3Y.




BusBnenHs kaTioHiB. ICHyrOTh pi3H1 Kiacu@ikauii KaTiOHIB Ha aHAJIITUYHI TPyIH.
Tak, cipkoBogHeBa Kiacu(ikaiisi TPYHTYEThCS Ha HEOJHAKOBIM PO3YMHHOCTI
KapOOHaTIB i cynb(iaiB MeTaliB y BoAi Ta kuciorax (tadi. 1). Leit metox po3moainy
KaTiOHIB Ha TPYIU € KIIACHYHUM, HUM 3aBXKJI1 KOPHCTYIOTHCS B CKJIQJHUX BHUITAJKaX,
came el MeToJ1 € apOITpaKHUM.

Kpim cipkoBomHeBoi kiacudikaiii mpu monepeaHix AOJCIIKYBAaHHSIX PEUOBHH, Y
MOJIbOBUX YMOBaxX KOPHUCTYIOThCS MW IHIIMMH KJIAacHQIKaIiIMH — KHUCIOTHO-
OCHOBHOI0, aMiaqHO-(poc(aTHOIO TOIIO.

VY nanomy mociOHHMKY aHaIi3 CyMillll KaTIOHIB PEKOMEHAYEThCS MPOBOJIUTH APOOHO-
CHCTEMATHYHUM MeETOJAO0M 13 BHUKODHUCTAaHHSAM  0e3CipKOBOJIHEBOI0 MeTOAY
PO3/UICHHS KaTIOHIB HA TPYIU - KUCJIOTHO- OCHOBHOTO.

['pynoBuMu peareHTaMu KUCIOTHO-OCHOBHOTO METO/Ty € COJIsSIHA Ta cipyaHa KUCIIOTH,
JYT Ta rIPOKCUA aMOHII0. 3a iX TOMOMOIOK KaTIOHH PO3JUISIOTh HA FPYIH, a MOTIM
aHaJII3yITh OCTAHHI HAa MPUCYTHICTh TUX YM 1HIIMX KaT1OHIB.




Tadoauua 1. Po3noais kationiB Ha rpynu 3a cyabgigHo kiaacudikanicio

I'pynu Kationu ['pymoBwuii peareHt i yMOBH OneprxaHHs XapaKkTepHuCTUKA OJICPKAHUX CIOTYK
ocaKEHHS CHCTEMU
Cynbdinu 1 kapOOHATH, PO3YMHHI Y BO/II,

K*, Na*, OCHOBHUI KapOOHAT MarHito

I NH,*, Mg®* Bincyrwiit (MgOH),CO3 —TiabKH Y IPUCYTHOCTI
coJieii aMOHIIO
KapGonat amoHir0

Ba2+’ ;5+r2+' (NH4)2CO3 B HeliTpanbHOMY Ocaiu Kap6OHATIE: Cynbdiam, po3unHHi Yy BOA1, PO3YHHHI y

II Ca a00 c1aboIy)KHOMY PO3BEICHUX KUCIOTaX
CepeIOBHIL BaCOg, SrCOs,
CaCO;
Ocaay T1IIpOKCHU/IIB:

AP, Cr¥, | Cymbdix amonito (NH,),S y Al(OH)3, Cr(OH); | Cynbdiau, Hepo34HHHI y BOAI, PO3UUHHI
11 Fe3+, Fe2+, HEUTPAIHPHOMY CEPEIOBHIIII Ocanu cynbdimis: y PO3BEACHUX KUCITIOTaX

Ni**, Co*, FeS, Fe,S3,NiS,

Mn?*, Zn** CoS, MnS, ZnS
v Pb2+, Bi3+, CipkoBoaenb H,S y kucnomy Ocanu cynbdimis: Cynbdiau, HEPO3YUHHI Y BOJI,

cu®*, cd*, cepeIoBHIIT PbS, Bi,S;3,Cus, PO3BEICHNX KHCIOTaX (KpiM HITpaTHO) i

Hg** CdS, HgS B NOJIiCYb(]ii aMOHiIO
Ocanu cynbdinis: Cynb®hiny, HEpO3YHHHI B PO3BEICHHUX

Sn2+, Sn4+, CipkoBoaenb H,S y kucnomy SnS, SnS; ,As,S3, KHCJIOTaX , PO34YMHHI B CyJbdimax (kpim

V As* As™ cepeIoBHIII As,Ss, Sb,S3, ShSs | SnS) 1 momicynbgigax JTyKHAX METaIiB

Sb3*, Sb°*

a00 aMOHI0




Tabnuusg 2. Po3noais KaTioHiB Ha TPYIH 38 KUCIOTHO-IYHOK KiIacu(piKali€ero
XapakTeprCTHKA OJIEPYKAHHS CITOIYK
I'pymna Karionn ['pynoBuii OneprkaHi CHCTEMH
peareHT, yMOBH
OCaPKEHHS
| Na*, K*, NH," BincyTHiii Xnopuan, cynbdartu, TiIpOKCHUIH,
pPO34YMHHI y BOJI
11 Ag’, Pb?", H922+ XJ10poBOHEBA Ocamu xnopuais: AgCl, PbCl,, Hg.Cl, Xopuan, HEPO3YUHHI Y BOJI 1
kuciora HCI PO3BEICHUX KHCIOTaxX
1 Ba®*, Sr**, Ca®* | Cipuana kucnora | Ocanu cynbdaris: BaSOs, SrSO4, CaSO, Cynbdarty, HepO3UMHHI y BOI i
H,SO, PO3BEACHUX KUCIOTaX
Po3umnHy, 1110 MICTATh KOMIUIEKCH] aHIOHU:
Tiapokcua Zn(OH)42' - terpariapokcoruakar (II)- [iapokcuan, HEPO3UHUHHI y BOJII;
v Zn?*, AI**, Cr¥*, | matpito a6o kamito | Al(OHy)" - Terparizpokcoamonminar (II) — | BHacITiTOK aM(pOTepHOCTI - pO34HHHI y
sSn?*, sn**, As®, (NaOH, KOH) Cr(OH)53' - rekcarigpokcoxpomar (IIT) — Jayrax
As®* Sn(OH)s” - rekcarigpokcocranar (IV) —
Sn(OH),* - terparigpokcocranar (II) —
ASOgg' oproapceHiT-; AsO4” - apceHiT
V Mg2+, Mn2+, Bi3+, Bonnuii po3unn Ocaau riApOKCUIIB!
Fe?*, Fe**, Sb*, amiaKy Mg(OH),, Mn(OH),, Bi(OH)3, Fe(OH)s, INgpoxcuan, HEPpO3UMHHI y BOAI Ta
Sb5+ NH;  H,O Fe(OH)3, Sb(OH)3, H3Sb04 Jyrax
Po3unny, 1110 MICTSATH KOMIUIEKCHI KaT1OHU.
Cu?, ng+, Cd*, | Bonanuii pO34HH [Cu(N H3)4]2+ - retpaamiamias (11)- INppoxcuan, HEPO3YMHHI Y BOJI Ta
VI Co?*, Ni** amiaKy [Hg(NH)3]s** - terpaaminpryTs (II) — JIyTax, pO3UMHHI Y BOJHOMY PO3YHHi
NH; H,O [CA(NH)3]4*" - Terpaaminkammiit — amiaky
[Co(NH)3]s”" - rexcaaminkoGanst (I1) —
[Ni(NH3)s]*" - rexcaaminnixens (II) -




3a KHCIOTHO-OCHOBHOIO  Kiacu(iKali€r0 KaTiOHM TOJUISIOTBCS Ha  MICTh
aHAJTITHYHUX TPy (IUB. TaOI. 2).

[Ipyn BUsBIECHHI aHIOHIB 3a3BUYail KOPUCTYIOThCS JPOOHHMMHM PEAKIISIMU, XOua
aHIOHM MPUIHATO TUINTH HA aHAITHYHI Tpynu (quB. Tadm. 3).

Metoro 1a00paTOpHOTO MPAKTUKYMYy 3 SKICHOTO aHalli3y € BUBYEHHS  METO/IIB
BUSIBJICHHSI Ta PO3JUICHHS KaTIOHIB Ta aHIOHIB Yy PO3YMHAX, a TaKOXX IPOBEICHHS
aHaI3y 1HAMBIAYyaTbHUX pedoBUH. CTYICHTH NMOBUHHI BUBYUTH XapaKTEPHI peakiiii
HA KaTIOHM W aHIOHW, 3HAaTH YMOBHU MPOBEJEHHS IUX PEakiiiif, BIUIUB CTOPOHHIX
10HIB, YMITH PO3AUISITH 10HW 3a JIOIMOMOIOK TPYIOBUX pEareHTiB, HABUUTHUCS
BUSIBJISITA KaTIOHU 1 aHIOHM B CKJIQHUX CyMiIlax.

VY mporieci BUKOHaHHS JTa0OPAaTOPHUX POOIT CTYJECHTH MalOTh OTPUMATH MPAKTUYHI
HABUYKH MPOBEJCHHS XIMIYHUX pEaKIliii y po3drMHaX HAMBMIKPO- Ta KPArUIMHHUM
METOJOM; POOWTH BipHI BHUCHOBKM 3 OTPHUMAaHMX JaHHUX; 3acBOITH cHocoOu
PO3AUICHHS Ta BHUSBJIEHHS 10HIB y PO3YMHAaX K MNPHU CUCTEMAaTHUYHOMY XOJIl aHail3y,
TakK 1 IPU BUKOHAHHI PEaKIiil JPOOHUM LIJISAXOM.

Jlnst  BUKOHAHHS peakuiid  HaMIBMIKPOMETOJIOM BHUKOPUCTOBYIOTh MPOOIPKH.
KpamnunHai peakuii BUKOHYIOTh Ha MPEAMETHUX CKENbISX abo (QUIbTPYBaJIbHOMY
narnepi. BigginenHs ocamiB Bix piakoi ¢a3u mpoBOASITH 3a JOMOMOIOK CKIISTHUX
BOPOHOK 1 MarepoBux QuibTpiB. BUnaproroTh po34rMHu y MOPILEISHOBUX YalllEYKaXx.

Tabauys 3. Knacudikaiiis aHIOHIB 32 PO3YMHHICTIO COJIei O6apiro 1 cpibia

I'pynu AHiOHH ['pynoBuit XapakTepucTUKa OAep KaHUX
peareHt i yMOBH CTIOJYK
0CaJKEHHS
Xnopup 6apiro
| S04%, SO4%, BaCly, y
COs", PO~ HeHTparbHOMY Coui 6apito, HEpO3UHHHI Y
Sios%, (BO,) a6o BOJI
CJIa0KOITYKHOMY
CepeIOBHIIII
Hitpar cpibna Coui cpibiia, HEPO3YMHHI Y
Cl, Br, I, SZ', AgNQOs3 y po3unHi | BOI1 1 pOo3BeIEHIN HITpaTHIN
II (SCN’, CN) HITpPaTHOT KHCIIOTi
kuciota HNO3
11 NOs3', NO,, Biacyrhiii Comi 6apiro 1 cpibia
CH3;COO PO3UMHHI y BOJI

[Ticns BUBYEHHS peakuiid Ha 10HK KOXXHOI I'PYHH CTYJIEHTU BUKOHYIOTh KOHTPOJIbHI
3a/avi. 3ajaya - 1€ PO3YMH HEBIJOMOTrO CKJIAJy, SIKMl MICTUTh CyMIill KaTiOHIB a0o
aHiOHIB JieKibkox rpyn (abo cymim ycix rpyn aHioHiB). CTyAEeHTH MOBHHHI



IpoaHali3yBaTH PO3YMH 32 3aIPONOHOBAHOIO a00 CKIAJCHOI0 CaMOCTIHHO CXEMOIO 1
pe3yJbTaTH aHaJ3y EPEBIPUTH Y BUKJIA1a4a.

[Ticnst BUBYCHHS KOXKHOI I'pynH KaTioHiB (aHIOHIB) CJIiJl MOJATH 3BIT y BHIVISII
IPOTOKOIY, B SIKOMY NOTPIOHO HABECTU PIBHSHHS BCIX MPOBEAEHUX pEAKUINA Ha
KOKEH KaTioH (aHiOH) i BKa3aTH BJIACTUBOCTI OTPHUMAHOTO MPOAYKTY peakilii, yMOBH
IPOBEJCHHS peakliii, 3a3HAYMUTH, K1 10HU 3aBa)KalOTh BMSIBJICHHIO JIAHOTO 10HA 3a
I[I€I0 PEaKIlI€r0; 3aMrucaT KOPOTKHUM XiJI aHali3y KOHTPOJIBHOI 3a7adl Ta OJeprKaHi
pe3ynbratu. [licas BUKOHaHHS KOHTPOJIBHUX 33J1a4 CTYJEHTH CKJIaJal0Th KOJIOKBIyM
3 SIKICHOTO aHaJi3y.



Tema 1. BuBueHHs peakuiili Ha kaTionn | aHaJdITHYHOI rpynuU

. . . .. . . + + -+
Jlo kaTioHiB | aHaMITHYHOT rpyny HaleXaTh KaTioHu Jy)kHuX MeTaniB K, Na (Li ,

Rb+, Cs' ), a Takox ioH amoHilo NH;', OCKiIbKM pO3uMHHICTH HOro conel €
10/110HOI0 1O PO3YMHHOCTI COJIEH JIyKHUX METAaJIIB.

[ ananmiTHYHa Tpyma HE Ma€ TPYMOBOTO Ta 3arajbHUX PEarcHTiB, 3a JOMIOMOTOI0 SKUX
MOHa O0yJI0 O IepeBeCTH 3a3HAUYCHI KaTIOHU B OCA/I.

+
XapakrepHi peakuii Ha ioHu K
T'iopomapmpam wnampiro NaHC,H,0s; yTBOpioe 3 1oHaMH Kajito OuIHid
KPUCTAIIYHUM OcaJl T1ApoTapTpaTy Kajiko:

KNO;+ NaHC,H,O4= KHC4H4OG\L + NaNO;

Ocan He pO3UYMHAETHCA B OLTOBIMH KHCIOTI, aje pPO3UMHSAETHCS B PO3BEIACHHUX
MIHEpaJIbHUX KUCIIOTaX:

KHC4H,O¢! + HCI = H,C,H,O¢ + KCI
Ta B JIyrax 3 YTBOPEHHSIM CEpPEIHIX COJICH:

KHC4H40g {+ NaOH = KNaC4H40g + H20 |
KHC4H40g {+ KOH = K2C4H40g + H20
Ocan KHC4H40g MoxHa oaepkaTv TakoXX J1€H0 BUHHOI KHCIIOTH, ajie B I[bOMY

BUTIAAKY JO JOCIIPKYBaHOTO PO3UMHY Tpeba J0JaTH ACKiIbKA KpPAIUIMH PO3YUHY
arnieraty Hatpiro CH3COONa mist Toro, mo0 y pe3yibTaTi peakilii He yTBOPIOBaJach

CWJIbHA MiHEpaJibHA KUCJIOTA!
KNO3 + HpC4H40g + CH3COONa = KHC4H40g4 + NaNO3 + CH3COOH
Pozuunnicts coni KHC4H40g nocuts momiTHO 3pocTae mpu HarpiBaHHI.

Bukonanns peakuii

o 0,5-1,0 M me#tTpanpbHOro ab0 OLTOBOTO PO3YMHY, HIO MICTHUTh JOCUTH BUCOKY
KOHIICHTpAIII0 10HIB Kamiio, noaaTu Takuil camuii 00’em po3unmny NaHC4H4O0g.
OO0epexHO TOTEPTH CTIHKKA MPOOIPKH CKISIHOW Majiudkoro. Yepes pgeskuii dac
BUMAaJIe OUTHIA KPUCTATIYHUN Oca.

BusHaueHHIO 10HIB Kajil0 3aBaXalOTh 10HM AaMOHIIO, SKI YTBOPIOIOTH OCa
NHgHC4H40e6.

I'excanimpoxooanvmam (II1) nampiio (Kobanemunimpum nampiro)
Na3[Co(NO2)g] yTBOpIoe 3 ioHaMH Kaiiro >KOBTHH OCaj, HEPO3UMHHUI B OLTOBIH
KHCJIOTI:

2KNO3 + Na3[Co(NO2)g] = KoNa[Co(NO2)g]\ + 2NaNO3



CuibHI KUCIIOTH Ta JIYTH PO3KJIaIal0Th PEarcHT:
Nas[Co(NO,)s] + SHCI — CoCl, + NO + 3NaCl + 5SHNO,
Na3[Co(NO2)g] 4+ 3NaOH = Co(OH)3| + 6NaNO>

OTxe, peakiliro IPOBOIATh Y HEUTPaTbHOMY 200 OITOBOKHCIOMY CEPEIOBHIIII.
Bukonanna peakuii

Ha cknsHy miacTUHKY MOMICTHTH 1-2 KparulMHU JOCTIIKYBAaHOTO PO3YHMHY 1 J10JaTH
2-3 kparuuau Na3z[Co(NO2)g]. YrBoproerses sxoBTHit ocan KoNa[Co(NO2)g].

3aBakaroTh BUsBICHHIO Kaiito ioru NHat, Pb2+, Hgp2t ta mesixi immmi.

3aobapenenna noaym’sa

JleTk1 crioyku Kaito 3a0apBiIOI0Th MOJIYyM sl B 0J11710-(i0J€TOBUIN KOMTIp.
Bukonanna peakuii

[11aTUHOBY IPOTHHY 3MOYUTH POZYMHOM XJIOPOBOAHEBOI KUCIOTH Ta MPOXKAPUTH Y
noJiyM’i 10 3HMKHEHHs 3a0apBiieHHs. UuWCTy MpokapeHy APOTUHY BMICTUTH Y
JIOCTIKYyBaHUi po3urH (a00 CyXy Cijlb) 1 BHECTH B MOJyM’s. Y MPUCYTHOCTI Kalito
MOJIyM’ 51 3a0apBIIOETHCS B 01110-(H107ETOBHI KOITIP.

Bussnennro ionis Kt muM croco6oM 3aBaxaroTh i0HH HATPIO.

Xapakrepni peakuii na ionu Nat

Hunkypaninayemam 2Zn(U02)3(CH3CO0O)g  yreoproe 3 iomamm Nat y
HEUTpAJIbHOMY a00 OLITOBOKHMCIOMY pPO3YMHI 3€JE€HKYBATO-)KOBTHI KpPUCTaTIYHHIA
ocaJi, HpO3UMHHUM B OILITOBIM 1 MiHEpAIbHUX KUCIIOTAX:

NaNO3 + Zn(U02)3(CH3CO0)g + CH3COOH = NazZn(U02)3(CH3CO0)gl +
HNO3

Buxonanua peaxyii

Jlo onHi€l KparIMHU JTOCTIHKYBAaHOTO PO3YMHY HA CKISHINA IJIACTHUHIN J0jaTh 2-3
KpaIruIMHU PO3YHMHY peareHTy, OOEPEeKHO MOTEPTH CKISHOI0 MAIMYKOI. Y TBOPECHHS
3€JIEHyBaTO-)KOBTOTO OCaJy CBIAYWTH MPO HAsBHICTH 10HIB HaTpito. Ocajn kparie
pO3IIIAIaT HA TEMHOMY (DOHI.

Ipucyrhicts 20-kparHoi kimbkocti KT, NHgt, Mg2+, Ca2t, Sr2t Mn2+ Ba2t,
AI3t, Cr3+ Fe3t zn2+ Co2* Ni2t, cd2t, Bi3t, Cu2t, Pb2t ra Hg2t ne 3aBaxae
BUSIBIICHHIO HATpifo. 3aBaxkarors BusBaeHuio Nat iomm: Agt, Hgo2t, PO43-,

AsO43-, AsO33-.

SIKIO B JOCTIIKYBaHOMY PO3uMHi KOHUeHTpauis ioniB Kt Bucoka, To MOXyTb
YTBOPUTHUCS FOJTYACTI KPUCTAJIM COJII Kauito. [l Toro mo0 cosi Kajaio po3uyMHUIKCS,
ocaji 00poOJISIIOTh BOJIOIO.

I'excaziopoxcocmubam (V) kanito K[Sb(OH)g] yTBOproe 3 ionamu Hatpito Oinuit
KpUCTaNigHui ocax Trekcarigpokcoctudary (V) narpito Na[Sb(OH)g], momitHO

PO3YMHHMM Y BOJII MPU KIMHATHIN TeMIIepaTypi Ta TapHO - IPU HarpiBaHHI:



NaNO3 + K[Sh(OH)g] = [Na{Sb(OH)g] + KNO3
Y KucioMmy cepefoBHINi, B TPUCYTHOCTI HAaBITh OITOBOI KHCJIOTH, pEareHT

PO3KJIAZIA€ThCS 3 YTBOPEHHIM Oioro amopdHoro ocaay Meractubatoi (V) KKCIoTu:
K[Sb(OH)g] + HCI = HSbO3, + KCI + 3H20,

VY cunbHONMY)HOMY cepenoBuiii ocan Na[Sb(OH)g] mocuts rapHo po3unHAETHCS.

Buxonanns peaxyii

Ho 0,5 mu HelTpambHOro abo ciiabKOIY>KHOTO JAOCHIA)KYBAaHOI'O PO3YMHY JIOAATH
takuid camuii 00’em po3unHy K[Sb(OH)g] i moTepTd CTiHKM MPOOIPKH CKIISTHOIO
NAJTNYKOI0. Y MPUCYTHOCTI 10HIB HATPIIO BUNIAAA€ O KPUCTATIYHUN OCa.
Bussnennro Nat 3aBaxarors ionn amoniro. BHacmiok riponizy y BOJHUX PO3YMHAX
coJied aMOHII0 MICTSThCS 10HM BOJHIO, SIKI PO3KIAMAIOTh PEAreHT 3 YTBOPEHHAM
HSbO3, 110 Mosxe MPU3BECTH 10 MOMUJIIKH:

NH4* + HoO = NH40H + H*

3aobapenenna noaym’sa

JIeTk1 CroyKH HATPIIO 3a0apBIIIOIOThH MOJIYM"'sl y )KOBTUH KOJIP .
Xapakrepni peakuii na ionu NHzt

Inki nyru (KOH a6o NaOH) nipu HarpiBaHHi 3 pO3YMHAMHU COJICH aMOHII0 BUAUIAIOTH
amiak:

NH4NO3 + NaOH = NH3T + NaNO3 + H20

NHzt + OH- = NH3T + H20

AMiak MOXHA BHSIBUTH

a) 3a creuIYHIM 3aaxom;

0) SIKIIO YEPBOHMIA KOJIIP JAKMYCOBOI'O TAMipIis, 3MOYEHOTO BOJIOI0, 3MIHIOETHCS Ha
CHUHIH,

B) (QinbTpyBaybHUE mamip, 3modeHuid posumHoMm Hitpary ptyti (I) Hg2(NO3)2

yopHie. [loyopHiHHS (DUIBTPYBANIBHOTO Marepy 3yMOBIIOETHCS BUIIJIEHHSM BLIBHOT
PTYTI1 y BUIJISIAL APIOHOIUCIIEPCHOTO YOPHOTO OCady:

H -
PN
2Hg2(NO3)2 + NH3 + H20 = 2Hgd  + 0\ _NH; 1{ NO, l + 3NH;NO;
Hg

Bukonanna peakuii
o 0,5-1,0 M gocnimkyBaHoro po3unny poaaTtu 1-2 mu po3uuny NaOH i o6epexxHo
HarpiTd Maibke 10 KumiHHA. Buaiiserscs raszononiOHuii amiak. Peakiis e

cnerudiunoro. [ karionu He 3aBaxaroTh BussieHHio NHgt.
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Peaxmue Hecnepa (Ko[Hglg]+KOH) 3 iomamu NHat yreOproe uepsono-Oypwmii
ocaj onuny auitonoaumepkypamonito NHoHg213:

+
I—Hg

NH4NO3 + 2K2[Hgl4] + 2KOH = _NH, : l + 5KI + KNO3 + 2H20
I—Hg

Buxonanns peaxyii
Ha cxisiHy miacTHHKY MOMICTUTH 1-2 KparIuHU JOCIHIKYBAHOTO PO3YUHY 1 IOAATH
2-3 KparulMHA PO3YUHY PEareHTy. Y TBOPIOETHCS YEPBOHO-OypHil oca.

Busnauennio NHgt 3aBaxkarors i0HM, IO yTBOPIOIOTH 3 IyroM 3a0apBieHi Ta
Hepo3unHHi y Boxi rigpoxcuau (Fe3*, Cr3+, Ni2+ rowo), a Takosx iorn Sh3t, Sn3+t,
Hg2*, sixi ipu B3aemoyii 3 f0M1-iI0HOM PyHHYIOTh PEAKTHB.

Buoanenns ionie NHg*

Tonu NHg*t 3aBaxarors Bussnennro ionis K+, oMy nepen BusBieHHsm kajiio Tpeba

NOBHICTIO BUJAJUTH 3 PO3UMHY 10HM aMoHI0. [Ipu mpoxkaproBaHHI OyJib-SKOi coui
aMOHII0 BOHA PO3KJIAJIA€ThCS.

Coul aMOHII0, YTBOPEHI KHCIOTaMU-HEOKUCHUKAMH, PO3KJIAJA0ThCsl 3 BUAUICHHSAM
amMiaKy:

NH4Cl + NH3T + HCI
(NH4)3P0O4 = 3NH3T + H20O + HPO3

Coui aMOHI10 3 aHIOHAMH-OKMCHUKAMU PO3KJIAJIal0ThCS 3 YTBOPEHHSIM CIIOJIYK a30TYy,
B SKUX BiH
Ma€ pi3HUH CTYMHiHb OKMCHEHHS:

3(NH4)2S04 = N2 T + 4NH3T + 35021 + 6H20
NH4NO3 = N2OT + 2H20

NH4NO2 = NoT + 2H»0

(NH4)2Cr207 = N2T + 4H0 + Cro03
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Tema 2. BuBuenHsi peakuiii Ha kaTionn II anamiTuunol rpynu

Jlo xarionis II aHamiTianoi rpymu Hazexats Ph2t, Hgp2t, Agt. IpynoBuii pearent
- po3Bezena xioposoauesa kuciora HCI (CHc|=0,3 mous/n).

Hist rpynosBoro pearenty HCI

Torn Pb2t, Hgo2* ta Ag™ mpu B3aeMopii 3 XJTOPOBOIHEBOK KHUCIOTOK YTBOPIOKOTH
oini ocagu PbCl2 (kpucraniunuii), Hg2Cl2 (y Burmsini mopomky), AgCl (amopdnwmi,

cupornoaioHuit). Ocagy MOraHO PO3YMHSIOTHCS Y BOJI Ta PO3BEACHUX MiHEpPaIbHUX
KHUCIIOTaX:

Pb(NO3)2 + 2HCI = PbCloJ + 2HNO3;

Hg2(NO3)7 + 2HCI = HgoClod + 2HNO3;

AgNO3 + HCIl = AgCIl + HNO3;

Buxonanns peaxyii

Jlo 0,5-1 mu posunniB Ag*, Pb2+, Hgp2t (B oxpemux mpoGipkax) momatu 3-4

kparuinau po3penernoi HCI. Bunamarots Oini ocaam.
PbClo ocamkyeTbes He MOBHICTIO Yepe3 Te, IO BiH YaCTKOBO PO3YUHSETHCS Y BOJII

npu KiMHaTHIN Temmeparypi; PbClo moGpe po3unHsieTbes B rapsadiidl BOfi, a TAKOXK y

po3unnax NaOH i CH3;COONH; ta B  konueutpoBanii HCl 3 yrBopeHHSM
KOMIUIEKCHHUX CTIOTYK:

PbCl2| + 4NaOH = Nap[Pb(OH)4] + 2NaCl,
PbClp| + 2CH3COONH4 = (CH3COO)2Pb + 2NH4Cl,
PbClo| + 2HCI = H[PbCl4]

Posunnnicts PbCl9 y rapsiaiit Boxi BUKOPHCTOBYIOTH fUIs BiZOKpeMiIeHHs ioHiB Ph2+
Bix Agt ta Hgp2t.

AQCI posunnsierscs B konuentposanii HCl ta B rimpokcumi amoniro NH40H 3
YTBOPEHHSIM KOMIUIEKCHUX CTIOJYK:

AgCH + HCI + H[AgCl2],

AgCI + 2NH40H = [Ag(NH3)2]CI + 2H20

bes6apeuuii komiekce [Ag(NH3)2]Cl pyiinyerses npu nii HNO3 a6o KI, BHacnigok
yoro BumnanarTh ocaau AgCl ra Agl BignoBiaHo.

Pozunnennst AgCl B amiaky 3 HacTymHuM BuAUIeHHIM ocany mpu 1ii HNO3 a6o Ki
BHKOPHCTOBYETBCS B aHAMi3i s Bimokpemnenns Agt Bix Hgp2t i usnenns iioro

B PO3YHHI.
Hg2Clo (kamomers) po3unnseTses B KoHlieHTpoBanii HNO3 npu HarpiBaHHi.
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IMpu nii NH4OH nHa ocax Hg2Clo ytBOproeThcst cymim OiI0ro ocamy XJIOpHIY
MEpPKYpaMOHII0 Ta JpIOHOAMCIEPCHOT METajaeBOi PTYTi, BHACIIJOK YOro Ocaj
3a0apBIIOETHCA B YOPHUIA KOJIIP:
Hg2Clo + 2NH40H = NH2HgCH + Hgd + NH4CI + 2H20

Olmmit YOPHUM
Ilf0 peakIiilo 3aCTOCOBYIOTH JUIsi BHsiBNeHHs ioniB Hgo2t y mpucyrocti Agt Ta
Pb2+,
st 3arajibHUX peareHTiB
VYci peakuii 13 3aralbHUMH peareéHTaMU BUKOHYIOTbCS TakuM 4uHOM: 10 0,5 mu
PO3UYHHY COJIi JOCHIKYBAaHOTO 10HA B MPpoOipii qoaatu 3-4 KparuimHU peareHTy, Jito

SIKOT'O BUBYAIOTb.
Ioxi nyeu (NaON ab6o KOH) B exBiBaJIeHTHUX KIJIBKOCTSX YTBOPIOIOTH 3 10HAMH

Pb2+, Hgp2t ta Ag* Heposumui y Bozi rigpokcumn:

Pb(NO3)2 + 2NaOH = Pb(OH)24 + 2NaNO3,
Hg2(NH3)2 + 2NaOH = Hg2(OH)2d + 2NaNO3,
AgNO3 + NaOH = AgOHY + NaNO3

Ocann AgOH i Hg2(OH)2 mBuako poskinagaroThes 3 yrBopeHHsM Oyporo Ago0 i
yopuoro Hg20 ocanis.

2AgOH = Ag20 + H20

Hg2(OH)2 = Hg20 + H20

[Tpu aii HaaMmipy imkoro syry posuuHsieTbes Tiibku ocan PB(OH)2 3 yTBopenHsM

TETPariIpoKCOILIIOMOITY HATPIIO :
Pb(OH)2] + 2NaOH = Na2[Pb(OH)4],

Tigpokcun amonito NH4OH B exBiBaeHTHHX KiIBKOCTSX yTBOpIOE 3 ioHamu Ph27 |

Agt ocamm Pb(OH)? i AgOH. AgOH Bigpa3sy x TeMHi€ BHACHiJIOK YTBOPEHHS
okcuay cpibma Ag20. YV manmipi NH,OH posuunnsierscs nmume Ag,0:
Ag20 + 4NH40H = 2[Ag(NH3)2]OH + 3H20

3 joramu Hg22t B3aemonis BinOyBaeThes 3a TAKOKO PEAKIIIEIO!
H -
/ g\
2Hgo(NOs), + 4NH,OH — Hgd +3NH4NO; + 3H,0 + O\ _NH, | NO,
Hg

YTBOpro€eThCs O 0ca HITpATy MEPKYPAMOHIIO 1 METalleBa PTYTh.
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Hoouo kaniro KI B exBIMOISPHHX KUIBKOCTSIX yTBOpro€ 3 iomamm Hgp2t, Agt i

Pb2+ ocamu nomumiB. Pblo - xostoro, Hgolp - cBitio-3enenoro, Agl - ceitio-
KOBTOT'O KOJIbOPIB.

Pb(NO3)2 + 2KI = Pblod + 2KNO3

Hg2(NO3)2 + 2Kl + Hgolod

AgNO3 + KI = Agl + KNO3

VYeci ocamu moraHo PO3YMHHI Yy BOJI, PO3BEACHUX MIHEpPAJIbHUX KHCJIOTax 1
HepozunHHi B NH4OH. Vonun cBuHIIO PO3UYMHSIETHCS Y BOJII IPU HArpiBaHHI, MIiCIIS

oxonopkeHHs ocan Pblp  Bupinserbcs 3HOBY, ane Bke y (Gopmi OIUCKYydUX

30JIOTUCTUX KPUCTAJIMKIB, SIKI HA3UBAIOTH ''30JI0TUM JOIIEM .
Ocamu Pbl2 i Hg2l2 po3umHsioThCS B HagMmipi HOIUAY Kallilo 3 YTBOPCHHSM

KOMIIJICKCHUX CHOHYK:
Pblo] + 2KI = K[Pbl4]

Hgolo| + 2KI = Ko[Hgl4] + Hgd

(Po3uunenns ocaay Hg2l2 cynpoBoOKY€ETHCS BUAICHHSIM METAICBOT PTYTI).

Ocan Agl po3unnserscs B Haamipi KI numie 4acTkoBo:

Agl + Kl = K[Agl?]

Kapéonamu nampito NapCO3 ma amoniro (NH4)2CO3 yrBOpIotoTs 3 ionamu Pb2+,

Hgo2% i Agt 6imi ocamu kapbomaris cpibiaa AgpCO3, OCHOBHOrO KapGOHATY
ceutmo Pb2(OH)2CO3 i xoBtuit ocan kapoounary pryti (I) HgpCO3. 1li ocaam
po3umnnHi B kucnorax; Ag2CO3 po3unnsierbes Takoxk y HaaMipi (NH,).(COg).
Tiopogpocpam nampiro NagHPOy4 yrBoproe 3 ionamu Pb2t ta Hgp2t 6imi ocamm
docpary Pbz(POg)2 i rimpodochary HgoHPO4  Bimmosimno; 3 iomamu AgH
YTBOPIOEThCS KOBTUM ocan (ocdary cpidra Ag3PO4. VYei mi ocaam po3uwHHI B
MmiHepanbHuux kuciorax; Pb3(PO4)2 posuunserscs takoxk y NaOH, Ag3POy4 - y
NH4OH.

Xpomam kanito KoCrOg i duxpomam kaniro KoCrpO7 yrBoproots 3 ionamu Pb”,
Hg22% i Agt ocagn xpomaris (Bumsitox: Agt yreopioe 3 K,Cr,0O; TeMHOUepBOHHMI
ocag Ag2Cro07) BiAMOBIIHO )KOBTOI0, YEPBOHOI'O 1 IIETIMCTO-YEPBOHOIO KOJIBOPY:
Pb(NO,)2 + K,CrO, = PhCrO44 + 2KNO;

2Pb(NO3), + K,Cr,0; + H,0 =2PbCrO4 + 2HNO; + 2KNO3

Hga(NO3)2 + KoCrOg4 = HgaCroad + 2KNO3
2H92(NO3)2 + K,Cr,0; + H,0 = 2Hg2CI‘O4 + 2HNO; + 2KNO;
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2AgNO3 + K2CrOg4 = AgoCrOg4 + 2KNO3
2AgNO3 + K2Crp0O7 = AgpCro074 + 2KNO3

PbCrO4 morano po3umHsieTbest B posBeneHiii HNO3, ane jerko po3uuHSETHCA B
NaOH i CH3COONH4. Hg2CrO4 e po3unnsetscs B po3Beaeniii HNO3; AgoCrOg
no0pe pozunnsetbes B po3senenin HNO3 1 NH40H.

Cipuana xucaroma H2SO4 abo cynvgpam nampiro NapSO4q. Po3Benena cipuaHa

KICI0Ta a60 po3unHHi cynbdarn 3 ionamu Pb2t yreoprorots 6immii ocax PhSO4:
Pb(NO3)2 + H2SO4 = PbSO44 + 2HNO3

Ocan  po3uMHSAETBCS TNpPU  HarpiBaHHI B JIyrax  BHACIHIJOK  yTBOPCHHS
TETPariIpoKCOIIIOMOITY HATPIIO:
PbSO4J + 4NaOH = Na2[Pb(OH)4] + Na2SO4

a TAaKOJXX B alleTaTl aMOHIIO:

PbSO4 + 4CH3COONH4 = (NH2)2[Pb(CH3COO0)4] + (NH4)2S04

Ta KOHIICHTPOBAHIN CipyaHiil KUCIOTI 3 YTBOPEHHSIM KHUCJIOI COJi:

PbSO,+ H,SO, = Pb(HSO,),

3 iomamu Hg22t i Agt 6imi ocamm Hg2SO4 i Ag2SO4 yTBOPIOIOTBCS TiNbKH 3
KOHIIEHTPOBaHUX PO3YUHIB.

Depu- i gepouianio xaniro K3[Fe(CN)g] 1 K4[Fe(CN)g] B3aemonitors 3 ioHamu
Agt, Hgp2t i Pb2+, yrBoproroun ocamu pisHOrO CKIamy i KOIbopy.

Cipkoeoodenv H2S i miocynvgham nampiro NapS203 y cepenoBulll po3BeIEHOI
XJIOPOBOJHEBOI KHCIOTH Ta 0OpH HarpiBammi 3 iomamm Pb2t, Hgp2t i Agt
YTBOPIOKOTH YOpHI ocaau cyisdinis PbS, HQS, Ag2S, Hepo3unHHI B XJIOPOBOIHEBIMH
kucioTi; PbS i Ag2S po3uuHsOThCS B a30THIM KHUCJIOTI MpH HarpiBaHHi, a Hg - y
apChKil BOJIIII.

Hanpuxian:

3PbS + 8HNO3(po3s.) = 3Pb(NO3)2 + 3S{ + 2NOT + 4H20

3 §2--2e=50

2 NOjs +3e+4H"=NO + 2H,0
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XapakTrepHi peakuii Ha kaTioHu || anamiTHYHOI rpynu

Peakuii ioHiB cCBHHIIIO

Hoouo kanito KI yrBoproe 3 iomamu Pb2t  xosrumii ocax (peakuis "3010TOro
poury”):

Pb(NO3)2 + 2KI = PbI + 2KNO3

Peakiito nmpoBoasSTh y HEHTpaIbHOMY 200 CIIa0KOIY>KHOMY CEPEIOBHIIL.

Buxonannsa peaxyii

Ho 0,5-1 mu po3umHy coyli CBUHIIIO B MpoOipill Joaath 2-3 KPaIlUuIMHU PO3YUHY
Honuy Kamiro. YTBOPIOEThCA HKOBTHI MOPOIIKONOAIOHMM ocaa. JloauTu B mpoOipKy
4-5 M1 IMCTUIBOBAHOI BOAM 1 3-4 KparIuHH OouToBOi KuciaoTu. CyMill Harpitéa 10
IIOBHOT'O PO3YMHEHHS OCaAy 1 MOCTYIIOBO OXOJIOAUTH. Y TBOPIOETHCA OCaJ] y BUIJISIL
30JIOTUCTHX OJNUCKYYHUX KPUCTAJIHKIB.

Agt, Hgo2% ta iHmi ioHn, siki yTBOPIOIOTH Ocamy 3 HOAMIOM Kaiilo, 3aBaXKaroTh

BHsiBIICHHIO Ph2T,

Cipuana xucnoma H2SO4 a6o cynsgpam nampiro NapSO4 3 iomamu Pb2+
YTBOPIOIOTH AP1OHOKPUCTATTYHUI OCca;

Pb(NO3)2 + H2SO4 = PbSO44 + 2HNO3

Peakriito nmpoBoaSTh y HEUTpaTbHOMY 200 CITA0KOKHCIOMY CEPEIOBHIIL.

Buxonanns peaxyii

Jlo 0,5-1 mn po3unHy comi CBHHLIO J0JaTH 3-4 KpaluIMHU PO3BEACHOI CipyaHOoi
kuciotu (abo cynbdarty HaTpit0). Y TBOPIOETHCS OLIHI Oca.

Tonn Ag™ i Hg22+, SIKITO TX KOHIIEHTpAIlisl B PO3YMHI HE Jy’Ke BEIUKA, HE 3aBAKAIOTH
BusiBiteHHI0 Pb27; 3aaxarors ionu 111 ananituanoi rpymum (Ba2t, Sr2t, Ca2t), sxi
YTBOPIOIOTH TP B3a€EMO/II1 13 CIpYaHOIO KUCIOTOIO aHAJIOTT4HI OCaIH.

Xpomam kanito K,CrO, 3 ionamu Pb2% yTBoproe xo0BTHiT MOPOIMIKOIORiOHNMI Oca;
Pb(NO3)2 + KoCrOy4 = PbCrOz4+ 2KNO3

Peakiito mpoBoAsSITh y HEUTpaIbHOMY 200 OIITOBOKHUCIIOMY CEPEIOBUIIL.

Buxonanns peaxyii

Jlo 0,5-1 M1 po3uuHy cOJIl CBUHIIO J0JaTh 3-4 KparulMHU PO3YMHY XpOMAaTy Kaliio.
Bumnagae ;xoBTHH ocal.

Ag*t, Hg't ta inmi ionn, mo yreoprorots ocamu 3 KoCrOy, 3aBaaroTh BHSABICHHIO
Pb2+,
Peakuii ionis Hgp2+

Tiopokcud amoniro NHAOH y npucytrocti ionis Hg22+ yrBopioe wopHwuit oca:
Hg2Clo + 2NH40H = NHoHgCH + Hgd + NH4CI + 2H20
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H -
O/ g\NH
2Hg(NO3), + 4NH,OH = 2HgJ + 3NH,NO; + 3H,0 + o NO,
g

Buxonannsa peaxyii
Ha cmyxky ¢insTpyBanmpHOrO manepy HaHectd kparummny poszuuHy HQ2(NO3)2 i

nomati 1-2 xpammann posunny NH4OH. V mpucyrthocti Hgp2t Bumamae wopmuit
oca.

lonn cpibna y BenMMKUX KUIBKOCTSAX Ta Jaeski ionn V 1 IV anamituunux rpyn
3aBakaroTh BusBIeHHIO pTyTi (I) 32 MOMOMOTORO I1i€T peaKiiii.

Xnopuo onoea (I) SnCly Bigrosmoe ionn Hgp2t o meranesoi pryri Hg woproro

KOJIBOPY:

Hg2Clp + SnCl = 2Hgl + SnClyg

Peakiito mpoBoASTh Yy PO3UMHI XJIOPOBOIHEBOI KUCIOTH.

Buxonannsa peaxyii

Jlo 0,5 ma posuuny coumi pryti (I) momatu 4-5 xpammua posuuny SnClp y HCI.
Crouatky yrtBOproeThesi Oinmuii ocam HQoClo, sgkuit mBHIKO YOpHIE BHACHIIOK
B1JIHOBJICHHS PTYTI JI0 METaJIEBOI.

Toru Agt, Hg2t 3aBaxators BusiBnensro pryri (I).

Memanesa mios Bimmosmoe ionn Hg22+ 1o meraneBoi pryTi.

Hgo(NO3)2 + Cu = 2Hg{ + Cu(NO3)?

PtyTh, 1m0 BuUAUISETbCS HA MOBEPXHI MIJHOI IUIACTHHKH, YTBOPIOE OJIUCKYyUY
amaybramy.

Peaxiiito mpoBOIATh Y CIAOKOKHCIOMY CEpPeIOBHII (pO3BeIcHa HITpaTHA KUCIIOTA).
Buxonanns peaxyii

Ha wmigny mractudky (abo MoHeTy) HaHecTd 1-2 KparuiiHH JOCHIKYBaHOTO
po3unHy. Uepe3 1-2 XBUIWHU TUIACTUHKY TMPOMHUTH TMPOTOYHOIO BOJOKO 1 MPOTEPTH
(UIBTPYBAIBHUM MManepoM ad0 KIANTHKOM TKAaHWHUA. Y TPUCYTHOCTI PTYTI
YTBOPIOETHCS OIMCKYyYa TUISIMA.

Tonn Hg2t i Agt 3aBakarots BusiBiennio Hgo2 miero peakuiero.

Peakuii ionis Ag*

Tonu Ag* y po3uuHi BUSBISIOTH 3@ JOIOMOIOIO TPHOX IOCHITOBHMX PEAKIIiM.

1. ITpu nii X10pOBOIHEBOI KMCIOTH YTBOPIOETHCS OLITMH OCal:

AgNO3 + HCI = AgCH + HNO3

2. Ocan xJyopuay cpiOna pO3UMHSETBCS y HAUIMIIKY amiaky 3 YTBOPEHHSIM

0e30apBHOro KOMILIEKCY aiamoHocpioio (I)-xmopu:
AgCH + 2NH40H = [Ag(NH3)2]CI + 2H»0
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3. Ipu nii na xommuekc [Ag(NH3)2]" mitpatHOi kucnortu abo Homumy Kaiiro

yrBoproeThes Oimuit ocan AQCl abo »xostuii ocag Agl:

[Ag(NH3)2]CI + 2HNO3 = AgCH + 2NH4NO3

[Ag(NH3)2]Cl + KI + Hp0 = Agld + KCI + 2NH40H

Buxonanns peaxyii

o 0,5-1 mn po3uuny comi cpibna gomatu 1-2 mui po3BeAEHOT XJIOPOBOJHEBOT
kuciaotd s ocamkenHs AQCl (mepeBipuT Ha TOBHOTY OCa/DKEHHS), OcCaj
BiaGLIbTpyBaTH, IpoMuTH 3-4 pasu posBeneHoro HCI i 00poOutu iioro Ha (GiabTpi
po3unHOM amiaky. DiabTpaT 310paTy B UUCTY MPOOIPKY.

Honatu no ¢inerpary po3und HNO3 mo kucioi peakiii cepepoBuina (epeBipuTH
CHHIM JIAKMYCOBHM TAIIpIEM).

YTBOpeHHs OUTOro Ocajy CBIAYMTH PO HASBHICTH 10HIB Cpi0ia B JTOCHIIKYBAHOMY
PO3YMHI.
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Tema 3. BuBuenHsi peakuiii Ha kationu III ananiTuunoi rpynu

Jlo xarioniB 11l aHaniTHYHOT rPYIIH HAJIGKATH 0HH TyKHO3EMEIbHUX MeTanie Balt,

Sr2+, Ca2*t. [pymoBHM peareHTOM € pO3Be/IeH CipyaHa KHCIOTA.
Hist rpynoBoro pearenty H2SOy4

Karionn Ba2t, Sr2t | Ca2t yreopoooTs 3 TpyHOBHM pearcHroM Oimi
JTpIOHOKpHUCTAIIYHI Ocaau Cyib(hariB, HEPOZUMHHI B KHUCIOTaX, a TAKOX Y PO3UYHMHAX
JYTiB.

Ba(NO3)2 + HpSO4 = BaSO44 +2HNO3

Sr(NO3)2 + HpSO4 = SrSO44 + 2HNO3

Ca(NO3)2 + HpSO4 = CaSO4d + 2HNO3

PozunnHicTe ocaxiB 3poctae B psagy BaSOyg4, SrSOy4, CaSOy4; pozuunnicts CaSOy4

JIOCUTH BEJIMKA, 1 ISl TIOBHOTO BUAAJICHHS MOTO 3 PO3YMHY 3aCTOCOBYIOTH CTHIIOBHIM
CIUPT SIK BUCOJTFOBAY.

[lepeBectu B po3umH ocaau cyib(hariB 0apito, CTPOHIIIIO 1 KaJIbI[II0 MOXKHA ILISIXOM
OararopazoBoi 00poOku (5-6 pa3iB) HACHYEHHM pO3YMHOM KapOOHATY AaMOHII0
(NH4)2CO3 mnpu HarpiBaHHI Ta MOAAJBIIUM pO34YMHEHHSIM KapOoHatie BaCOs3,

SrCO3 i CaCOg3, mo yrBopuiucs, B ouroBiit kuciaori CH3COOH.

BaSO4| + NapCO3 = BaCO3 + NapSOy

BaCO3| + 2CH3COOH = Ba(CH3COO0)2 + H20O + CO2

Cynbdar Kanpliiro, Ha BIAMIHY BiJ cyibdaTiB 06api0 Ta CTPOHIIIO, POZUHHIETHCS B
HajMmipi cynbdary amonito (NH4)2SO4 3 yTBOpeHHSM po3uuHHOI Oe30apBHOI

KOMILJIEKCHO] CIIOJIYKH
CaSO4| + (NH4)2S04 = (NH4),[Ca(SO4),]

110 peakiiio BHKOPHCTOBYIOTh B aHami3i mms Bimokpemtenns Calt six Ba2t Ta
Sr2+,

Buxonanua peaxyii

Jlo 1-2 M po3unHy coiieii 0apiro, CTPOHIIIIO Ta Kajbllilo (B OKpEeMHX MpOOipKax)
nonatd  3-4 KparuiMHUA PO3BENIEHOT CipUaHOoi KUCIOTH. Y TBOPIOIOTHCS 0111 OCau.
Jis1 3arajibHUX peareHTiB

Ioxi nyzu (NaOH aéo KOH ) ma ziopoxcuo amonito NH,OH, He 3aropynHeHi
kapOonaramu (BHachimok moriwHanHs CO?2 3 MOBITPs), HE 0caKyOTh KaTionu III

aHATITUYHOT TPYIH, TOMY IO iXHI TIPOKCU/INA € CUJILHUMH OCHOBAMHU 1 JIOCUTD JI00pe
PO3YHMHSIOTHCS Y BOJII.

Kapoonamu nampiro NapCO3 ma amonito (NH4)2CO3 yTBOpIOIOTH 3 10HAMHU
Oapiro, CTPOHIII0 Ta Kaibliro OuTi amopdHi (Ha Xomoxai) abo kpuctamiudi (npu
HarpiBaHHi) 0caJu KapOOHATIB, HAIPUKIIAL;
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Ba(NO3)2 + (NH4),CO3 = BaCO3{ + 2NH4NO3

OcamKeHHs] TMPOBOJAATh y HEUTpaIbHOMY a00 ClIaOKOIy)KHOMY CEpPEOBHUII TMpHU
HarpiBaHHI.

Ocaay JIerko pO3YMHSIIOTHCS B ONTOBIH 1 pO3BEACHUX MiHEPATBHUX KUCIOTaX (KpiM
cipyaHoi), HaNpPUKJIAI:

BaCO3 + 2CH3COOH + Ba(CH3COO)2 + CO2T + Ho0O

Tiopoghocham nampio NapHPO4 y HelTparbHOMY CEepeIOBHII YTBOPIOE 3 10HAMHU
Oapiro, CTPOHIIIIO Ta KajbIlit0 6111 amopdHi ocaau riapodocdariB, HaNIPUKIAI:

BaClo + NagHPO4 = BaHPO44 + 2NaCl

VY ny>)xHOMY cepeioBHUIlli (HaBiTh y CIa0KOIY)KHOMY) YTBOPIOIOTBCS OLTI KpUCTAIIYHI
ocaay CEepPeHIX COoJIeH, HapUKIaI;

3Ba(NO3)2 + 2NagHPO4 + 2NH40H = Bag(POg4)2+ + 4NaNO3 + 2NH4NO3 +
2H20

VYci ocagm docdariB Ta TimpodocdaTiB pO3UMHSIOTHCS B ONTOBIMA, a TaKOXK Yy
PO3BENIEHUX XJIOPOBOJAHEBIN Ta HITPATHIN KUCIOTaX.

Oxcanam amouniro (wasenesoxucauit amoniii (NH4)2C204 vy HeliTpambHOMY a00
C1a0KOTY>)KHOMY CEpEJIOBHUILI YTBOPIOE 3 10HAaMU 0apiro, CTPOHINIIO Ta KaJbIlito O
JTPIOHOKPHUCTAIIYHI OCaU OKCAJIaTiB, HAITPUKJIIA/;

Ba(NO3)2 + (NH4)2C204 = BaC2044 + 2NH4NO3

Yci ocaau 1o6pe pozunnsioThes B po3seacHux HCl i HNO3. B omnrosiit kucioti npu
KUIT ATIHHI  9acTKoBO po3umHstoThest BaCo0g4 1 SrCo04, a CaCpO4 He
PO3YMHSIETHCSI.

Peakiito 3 okcamaToM aMOHII0 BUKOPHUCTOBYIOTH IIPH aHai31 ISl BUSIBJICHHS 10HIB
KaJIBIIIIO0 B PO3YMHI, aJIe TUIBKH ITICIIs BIJOKPEMIICHHS 0apito 1 CTPOHIIIIO.

Xpomam kaniro K9CrO4 y HeUTpalbHOMY CEpEOBUII YTBOPIOE 3 i10HAMU Oapiro Ta
CTPOHIIIIO >KOBT1 MOPOIIKOIOAIOH1 OCaau, HATPUKJIIA/;

Ba(NO3)2 + K2CrO4 = BaCrOgd + 2KNO3

Ocan SrCrO4 yTBOPIOEThCS JIUIIE MTPU JOCUTH BEJIUKIA KOHIIEHTpAIlli 10HIB CTPOHIIIIO
B PO3YHHI.

Ocaaun 100pe pO3YMHSIOTHCS B PO3BEIICHUX XJIOPOBOJHEBINM Ta HITPATHINA KUCIIOTaX.
B ouroBiit  kucmotri He posumHseTbest ocan BaCrOg4. Lo BractusicTh
BUKOPHCTOBYIOTH B aHaJli31 JJIsl BUSIBIICHHS 10HIB 0apit0 B MPUCYTHOCTI CTPOHIIIIO Ta
KaJIBII110, @ TAKOXK JIJIsl BIIOKPEMJICHHS 10H1B Bal+,

I'excauianogpepam (II) kaniro K, [Fe(CN)¢] yTBOpIOE 3 i0HAMM KaJbIlil0 Ta Oapiro
o111 IP1IOHOKPUCTANIIYHI OCA/IU, HAPUKIIAI!

Ca(NO3)2 + K4[Fe(CN)g] = K2Ca[Fe(CN)g]¥ + 2KNO3

VY IpHUCYTHOCTI COJIell aMOHI0 YTBOPIOIOTHCSI MEHILI PO3YMHHI CIIOJYKU:

Ca(NO3)2 + NH4Cl + K4[Fe(CN)g] = CaNH4K[Fe(CN)g]¥ + KCI + 2KNO3
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Ocaau HepO3YMHHI B OLITOBIM KUCJIOTI.
Peakmito 3 K4[Fe(CN)g] BHKOpHCTOBYIOTH IpH aHai3i IS BUSBJICHHS 10HIB

KaJIBIIiIO, ajie JIMIIIE TIC/I BiIOKPEMIICHHS Oapiro.
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XapakrepHi peakuii Ha kaTionu Il ananiTuuHol rpynu

Peaxuii ionis Ba2+t

Juxpomam kaniro K2CrpQO7 yTBOproe 3 ioHaMu 0apito )KOBTUH 0cajl XpoMmaTy Oapiro
BaCrOg4.

2Ba(N03)2 + K2Crp0O7 + HoO = 2BaCrOgd + 2KNO3 + 2HNO3

YrBopenus ocaay BaCrOg4 3yMOBIIOETBCS THM, 1[0 BHACHIIOK Tigposi3y (B3aeMoist
IMXPOMAT-i0HIB 3 BOAO) y po3umHi, kpiM ioHiB CrpO72-, mpucyTHi TakoX ioHHM
CrOg2-:

Crp072- + HpO = 2Cr0Og2- + 2Ht

Xpomar Oapir0 MEHII PO3YMHHHH, HDK auxpomar. Came TOMy 1 BHMAJaEe ocaj
BaCrOg.

Xpomar Oapito A00pe PO3UMHSETHCS B PO3BEACHUX XJIOPOBOJHEBIM Ta HITpaTHIN

kuctoTax. TOMy peakiiio BHsBICHHs Balt HpOBOAATH y NIPHCYTHOCTI amerary
Hatpito CH3COONa. [1pu nipoMy cuiibHA KUCTIOTA 3aMIHIOETHCS CIIA0KOIO - OI[TOBOIO,
B SIK1i Xpomat 0apito HE POZUMHSIETHCA:

KoCrpO7 + 2BaClo + HpO + 2NaCH3COO = 2BaCrO,d + 2KCI +2NaCl +
2CH;COOH

loHM CTpPOHIIIIO Ta KAJIBIII0O HE 3aBAXKAIOTh BUSIBIICHHIO 10HIB 0apii0 II€I0 PEAKIIIEIO.
3aBakarOTh 10HU METAJIB, Kl YTBOPIOIOTh HEPO3YMHHI B OLITOBIM KHCJIOTI XpOMAaTH

(mampuxiazx, Ph2t, Agt, Hgo2+, Hg2t).

Buxonanns peaxyii

Mo 0,5-1 mn po3uuHy cojii 6apito goaatu 3-4 KpariuHU PO3YMHY alleTaTy HATPiro
CH3COONa 1 3-4 kpamivHH PO34YMHY IUXPOMATy Kalliio. YTBOPIOETHCS >KOBTUMI

ocaf.
Poouzonam nampiro yTBOPIOE 3 i0HaMH Oapito YEPBOHMIA OCaj pOAU30HATY Oapiro:

o o)
O ONa 0 0

+ Ba(NO;g)z = Ba + 2NaNO;
/

(0] ONa o] O

0 0

Ocajn He PO3YMHSIETHCS B OITOBIM 1 PO3BEJCHIN XJIOPOBOIHEBIN KuciaoTax. Peakirito
MIPOBOJISATH Y COJISTHOKUCIIOMY PO34HHI. B X yMOBax 10HU CTPOHIIIIO Ta KAJIBIIIO HE
3aBa)KAIOTh BUSBIICHHIO 10HIB 0apIo.

Buxonanns peaxyii
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Ha cmyxky QinpTpyBaipHOTrO mamnepy HaHECTH 2 KPAIUTMHA PO3YUHY POIU30HATY
HATPIIO 1 1€ 2 KPAIUTMHA PO3BEIACHOI XJIOPOBOIHEBOI KUCIOTH. Y HEHTP IUIIMH, 110
YTBOPUJIACS, TIOMICTHTH KpAIUIMHY PO3YMHY COJIi Oapiro. YTBOPIOETHCS YEPBOHHMA
ocaJl poJIM30HATy Oapiko.

3abapenenns nonym’ s

Jletki comi Oapiro (XJIOpUIH, HITpAaTH) 3a0apBIIOIOTH MOAYM'S MajlbHUKA Y KOBTO-
3€JICHUH KOJIp.

3aBaxkaroTh ionu Cu2+, Nat ta mesxi immi.
Peaxuii ioniB Sr2+
IincoBa Boaa - Hacuuenuit pozunH CaSO4 - yTBOprOE 3 10HAMH Sr2+ Ginmit

NPpIOHOKpHUCTATIUHUI ocal (KalaMyTh) cysib(aTy CTPOHIIIIO:
Sr(NO3)7 + CaSOy4 = SrSO44 + Ca(NO3)2

Peaxiiiro mpoBoASITE MpH HarpiBaHHI MaiXe J0 KHIIIHHS, OCaj YTBOPIOETHCS Yepe3
JNEeSIKUH Jac.

Tonn Ba2t i Pb2% 3apaxarors BusiBieHHIO Sr2F, yTBOPIOIOUH OCaH MPH KiMHATHil

TeMIlepaTypl Ta Bipa3y K Micis J0JAaBaHHS T1IICOBOI BOJU.

Buxonanua peaxyii

o 0,5-1 mn po3uuny comi crponiiro aogatu 0,5-1 mi rimcooi Boau.  Bwicr

npoOiIpKU HArpiTH 10 KUIIIHHSA. Y TBOPEHHS OcCajy CrocTepiraroTh yepe3 5-10 xpunun

OTOMY.

Poouszonam mnampio yTBOPIOE 3 10HAMH CTPOHIIIO UYEPBOHO-Oypuil ocaj

POAM30HATTY CTPOHIIIIO:
Q o)

O ONa 0 0
+ Sf(NOg)g = \Sr + 2NaN03
O ONa (@] O/

O O

Ocajn po3uMHSAETHCS B PO3BEACHIN XJIOPOBOJHEBIM KHUCIOTI. Peakiiito mpoBOgITH Y
HEHUTPATILHOMY CEPEIOBUIIII.

[oHM KambIliO 1 JIyXKHUX METaTIB HE 3aBaKarOTh Il peakinii. [onn OGapiro 3aBaxaroTh
BUSIBJICHHIO 10HIB CTPOHLIIO IIEI0 PEAKLIELO.

Buxonanns peaxyii

Ha cmyxky inbTpyBanpHOTO manepy HaHECTH KPAIUIMHY PO3YHMHY COJIi CTPOHIIIIO Ta
3MOYHTH BOJIOTY TUIAIMY KpaIUITMHOIO POAM30HATy HaTpito. [lmsMa 3abapBiroeThCs B
OypyBaTo-4epBOHUN KOMIp. SKIO TISAIMY 3MOYUTH PO3BEJCHOI XJIOPOBOIHEBOIO
KHCJIOTOI0, BOHA 3HE0APBIIOETHCS.

3abapenenus nonym’ s
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JleTki coyll CTPOHLIK 3a0apBIIOIOTHh IMOJIYM 'S MajJbHUKA B KapMiHOBO-YEPBOHMIA
KOJIIp. 3aBa)ar0Th 10HU KAJIBIIIO Ta JEAKI IHIIIL.

Peakuii ionis CaZt

Oxcanam amoniro (wmasnesoxucnuu amoninn) (NHg)2C204 3 ioHamMH KajbIito
yTBOPIO€ 011U ApiOHOKpUCTaIiYHUM ocaj okcanaTty Kaibiito CaC204:

Ca(NO3)72 + (NH4)2C204 = CaC2044 + 2NH4NO3

OxcanaT KaJbllil0 PO3YHUHSETHCS B MIHEPAIbHUX KHCJIOTAaX 1 HE PO3YMHSIETHCS B
ONTOBIM KHUCIOTI. Peakiito TpoOBOAST, Y HEHUTpaIbHOMY ab0 OLTOBOKUCIOMY

cepenosui. lorn Ba2t i Sr2* sapaxarors BusiBienHo ionis Ca2t.

Buxonanua peaxyii

o 0,5-1 mu po3uuny coii kanbifio gaogatd 0,5-1 M po3umHy OKcanaTy aMoOHIilo.
[Ipy 11bOMy 3 KOHIIEHTPOBAHOI'O PO3YMHY BiJpazy, a 3 PO3BEACHOIO IOCTYIIOBO
BUMAAa€ OUTUH TPIOHOKPUCTAIIYHUM OCa/l.

I'excayianogpepam (II) xaniro Kyg[Fe(CN)g] yTBOproe 3 ioHamu KaJbIlif0 B

npucytHocti xjaopuny amoniro NH4Cl 6inuit npiGHOKpuUCTaniyHuii ocan:
Ca(NO3)2 + NH4Cl + K4[Fe(CN)g] = KCI + 2KNO3 + CaNH4K[Fe(CN)g]¥

Peakuiro mpoBoasT, y HEUTpaJibHOMY cepenoBuili. loHuM Oapito 3aBaKkarOTh
BUSIBJICHHIO 10HIB KaJIBIIO.

Buxonannsa peaxyii

o 0,5-1 M1 po3unHy COJli KaJIBIIIO J01aTh 2-3 KPAIUTMHU PO3YUHY XJIOPHUIY aMOHIIO
1 0,5-1 mx1 po3umny rekcanianodepary (II) kaxiro. YTBOproeTbes 6imit oca.
3abapenenna noaym’sa

JleTk1 coul Kanblito 3a0apBIIOOTh MOJYM 'Sl MAJIbHUKA B LETJIMCTO-YEPBOHUI KOIP.
3aBa)karOTh 10HU CTPOHIIIO Ta JCSIKUX 1HIIUX €JIEMEHTIB.
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JlabopaTopHna podora Ne 1
Anaui3 cymimi kationis I, 11 ta |1l ananituannx rpyn

Irpyna: NHat, Kt N*t

I rpyma: Pb2+, Agt, Hgo2+

I1I rpyma: Ba2*t, Sr2+, Ca2+

BusiBjienns NH4+. Ho 0,5-1 Mn po3uuHy, 10 AOCIIKYEThCA, mojaatd 1-2 mi

po3urHy NaOH, cywmim Harpité Maike 10 KUIIHHS. AMiak, [0 BUIUISETHCH,
BU3HAYMTH 3a 3amaxoM abo 3a JOTOMOTOK YEpPBOHOTO JIAKMYCOBOTO TMAmipIisd,
3MOYCHOT'0 BOJIOKO (YEPBOHMIA KOJIP 3MIHIOETHCS HA CUHIH).

Binoxpemuennss Pb2*t Agt i Hgp2*. Jlo 2-3 mu posumHy 3amaui gojaTé 2 M
pPO3BEIIEHOT  XJOpOBOAHEBOI KuCIOTH. Ocaay, 10 YTBOPUBCS, JaTh TPOXHU
BIJICTOSITUCSl 1 MEPEBIPUTU HA MOBHOTY OCA/UKEHHS, JAOJABIUM 1O PO3YUHY Ie 2-3
kparumau HCI.

Ocan BiadinbTpyBaTH, mpo3opuil GiabTpaT 310patd B NPOOIPKY 1 3aTHUIIUTH JJIS
BUSIBJICHHS 10HIB, 5SIK1 B HbOMY 3HaXOJIAThCS.

Ocan: PbClo, AgCl, Hg2Clo (PbCl2 ocamkyeThest 4acTKOBO).

Posunr: NHgt, K+, Nat, Ba2t, Sr2+, Ca2t, Pb2+ (zammmox).

Ocan Ha GinbTpi MpoMuTH 3-4 pa3u XJIOPOBOJHEBOIO KHCIOTOK (IPOMHBHY PiIUHY
BIIKUHYTH).

Businennsi Pb2+. Jliliky 3 ocagom momictuTi Hax umcToro mpobipkoro. Ocan Ha
¢imbTpi 00pobut 3-5 Mur rapsiuoi Boau. (Bomy Harpité M0 KWIiHHS B IHIIN
npoOipii). o okpemoi mopiii ogep>kaHOro pPO3YMHY JOJATH OJMH 13 XapaKTEePHUX
peareHTiB Ha iOHM CBHHIIIO: Hoau[ Kaiito (peakiist "3010Toro pomry') abo po3uuH
cipuanoi kuciotu (YTBOpeHHsI 01100 Ocaay cysib(dary CBUHIIO).

Busisaennst Agt. Jliliky 3 ocamoM, 110 3aIMIIMBCS, IIOMICTUTH HAJ iHIIOK YHCTOK
npobipkoro. Ocan Ha GutbTpi 006poduTn 2-3 M po3unny NH4OH. lo ogepxanoro

IPO30POT0 PO3YMHY JOJATH PO3YMH HITPATHOI KHUCIOTH JO KHUCJIOi peaxiii
cepenioBuIa (OCTaHHE TEPEBIPUTH 32 JOTIOMOTOK CHHBOTO JIAKMYCOBOT'O MAIipIIs).
. . . . . . +

YTBOpeHHs 61510r0 ocany (KagaMyTi) CBIAYUTH PO HASIBHICTD 10HIB A .

BusiBaenns Hgo2+. Tlowopuinns ocaxy Ha (insTpi mpn 06podui po3unHOM amiaky

(nuB. BusBenns AgQ') Bkasye ma mpucythicts iomiB Hgp2t y mocmimkyBamomy
PO3YHHI.

Bizoxpemuenns aomimxkn Pb2t. Jlo dinsTpary, 0fepKaHOro micist BiLOKpeMICHHS
Pb2+, Agt i Hgp2t, nomarm kparmimHaME pO3YMH amiaky a0 JIyRKHOI peakiii

cepenoBuiia (MEpeBIpUTH POXKEBUM JIAKMYCOBMM mamipiieM) i1 motiMm me 1-2
kparutnHu. Oca, 1o yTBOPUBCS, BIAGIIBTPYBATH 1 BIAKUHYTH.
Ocan: Pb(OH)2
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Posunn: NHgt, K+, Nat, Ba2+t, Sr2+, Ca2t
®inprpar Bukopucrary s Bussienns K, Nat, Ba2t, Sr2+, Ca2t.
Busisnennss Kt i Na*t. 2-3 mn opmepxanoro micns Bimokpemnenns Pb(OH)2

biapTpary nomictutu y (papdopoBy uamieuky, BUMIAPUTH JAOCyXa Ha MICOYHIN OaHi,
MOTIM YaIlleyKy 13 3aJMIIKOM IMPOXKAPUTH HA BIAKPUTOMY TOJIYyM’1 MaJbHHUKA IO
NPUNUHEHHST BUAUICHHS Oijoro mumy i me 1-2 xwmmam. [licas oxoiomkeHHS
Yameykyd A0 CyXOro 3aJMIIKy AoAath 1-2 Mil TUCTHIIBOBAHOI BOJM 1 MEepeMilIaTH
MATNYKO0. 1-2 KparuimHu OEP’KaHOTO PO3YHMHY MOMICTUTH Ha CKJSHY TUTACTUHKY 1

nepesiputu noBHOTy BupanenHs NHa* peaxrusom Hecnepa. Ilpu HerartusHil

peaxiii Ha 10HU aMOHII0 1-2 KpariMHU IPO30pOro po3uuHy 13 papPopoBOi YalICUKU
NOMICTUTH Ha CKJISIHY IUTACTUHKY 1 JUIsl BUSIBJICHHS 10HIB KaJlit0 A0JaTH 2-3 KParuIiMHU
po3unHy rekcanitpokooansTaTy (III) Harpito. YTBOpPEHHS *KOBTOrO OCaay CBIIYUTH
PO HASIBHICTH 10HIB KaJil0 B JIOCIIKYBAaHOMY PO3YHHI.

Busibiennss Nat. Kpammny mnposoporo posunny 3 (aphopoBoi 4Yalieyku
NOMICTUTH HAa CKJISHY IUIACTUHKY 1 Jojath 2-3  KPAIUIMHA  PO3YUHY
muHkypanitaneratry Zn(UO2)3(CH3CO0)g. Tlpu HasBHOCTI B JI0CIIIHKYBaHOMY

PO34MHI 10HIB HATPIIO YTBOPIOETHCS 3€ICHYBATO-KOBTHI OCa/I.

Busisaennst Ba2+, Sr2+, Ca2+,
Jlo yacTuau GiIbTpaTy, IKUi 3aauiuBces micias Bigzokpemienns Pb(OH)o, noxatu 2-

3 M po3unny kapOoHary amoHito (NH4)2CO3, cymim tpoxu Harpitu. [lepeBiputu
MOBHOTY oOca/pkeHHs aoxaBmu 1me 1-2 kpammuau po3unmHy (NH4)2CO3. Ocan
BiAQuIbTpyBaTH (LIBTPAT BIIKUHYTH).

Ocan: BaCO3, SrCO3, CaCOs.

JIifiky 3 0cagoM MOMICTUTH HaJl YKCTOO MPOoOipKoro, ocan Ha (PiibTpi oOpoduTn 3-4
mi onroBoi kuciotn CH3COOH. B oxeprkatomy posunHi BusiButd ionn Ba2t, Sr2+
i Ca2t,

BusiBaenns Ba2t, Jlo 1-2 v OJIEpP’)KaHOTO PO3UMHY 10JaTH 3-4 KpaIUIMHU aleTary
Hatpito CH3COONa i po3unn guxpomarty kamiro KoCroO7 no 3abapBieHHS piauHH

HaJ[ 0CaJIOM B OPAaH)KEBUH KOJIIP, 10 CBIAYMTH PO HASIBHICTh HAJIMIIKY PEAKTHBY.
Ocan: BaCrOg4 (5k0BTOT0 KOJIBOPY).

Poszuun: Sr2+, Ca2+,
Ocan BindiabTpyBaTH 1 BIAKUHYTH. DLIBTpPAT AOCIIIUTH HA BMICT Sr2+ i Ca2t,

Busiaenns Sr2*. Jlo 1 Mu ozepxaHoro mposoporo (imerpary momaté 1 mi
rircoBoi Boau (HacwdyeHud po3uuH cyibdary kanbilito CaSO,). Cymim Harpita 10
KUMIHHA 1 JaTy noctostd 5-10 xBunuu. Bunagae 6iiuii 1piOHOKpUCTAIYHUN OCa,
10 CBITYUTH PO HASIBHICTH CTPOHIIIO B PO3YUHI.
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Busisnennsi CaZt. Jlo 1 M3 po3uuHy, OJCP)KAHOTO IICIsS PO3YMHCHHS OCaJliB
kapoonarieB BaCO3, SrCO3, CaCO3 B omrosiit kuciori CH3COOH, nogatu 2 min

po3unny cyibdary amoniro (NH4)2S04.
Ocan: BaSOy4, SrSO4, CaSO4 (uacTkoBO).
Po3unn: (NH4)2[Ca(S04)2]

Ocan BigdineTpyBatu 1 BiakuHyTu. [lo mpozoporo ¢imerpary momatu 0,5-1 wmu
po3unny okcanaty amoHiro (NH4)2C204 ab6o 1-2 kpamnman po3unHy amiaky i 0,5-1

w1 po3unny rekcanianodepary (II) kanito K4[Fe(CN)g]. YTBOpeHnHs Oinux ocauiB y

nepuioMy 1 JApyroMy BHUIAJKaX CBIAYUTH MPO HASBHICTh 10HIB KaJbI[ll0 B
JOCIIIKYBAaHOMY PO3UMHI.

KoHTpoJIbHI 3an1MTaHHA
1. HazBatu manopo3uunHHi coji kaTioHiB I, II ta III anamitnunux rpyr.
2. SIkwii peareHT CIIiJi BAKOPUCTATH, 00 PO3UNHUTH OCAIH:
a) XJIOPUJIY CBHHIIIO;
0) fioguny pryTi (I);
B) cynb(diny cpidia;
I) XpOMaTy CBUHIIIO;
1) cynbdary 6apiro;
€) OKcaaTy KajibIlito ?
3. SIkuit peareHT cii BAKOPUCTATH, 00 BiITIITUTH:
a) 10HU KaJIBIIIIO Bijl 10HIB CTPOHIIIIO;
0) 10HU aMOHIIO BiJI 10HIB Kalilo;
B) 10HM 0apiro BiJ 10HIB KaJIbIIO;
r) 10HM CBHMHIIIO BiJl 10HIB 0apiro;
1) 10HH cpiOJia BiJl 10HIB KaJbIIiioO;
¢) 10HU CBHUHIIIO Bij 10HIB cpidia i pryTi (I) ?
4. Jlo okpeMux MOpPIIA po3unHy, MmO MicTuTh Karionu I[-1II anamitmunmx rpym,
JI0J1aJIu:
a) (NHg)2CO3 + NH40H + NH4Cl - Bunas Ginuii ocas;
0) NaOH - po3uuH 3aJIMIIMBCS TTPO30PUM;
B) K4[Fe(CN)g] + NH4CI - po3uun 3anuimBcs mpo3opum.

o moxHa cka3zaTu Tpo ckiax po3unny? [IpucyTHICTh UM BIACYTHICTD SIKUX KaTiOHIB
MO>KHA BBaXXaTH JJOBEICHOIO?
5. o oxpemux mopuiid po3uuHy, 1mo Mictuth KarioHu I-III anamitmyHux rpym,
J0J1aJIu:

a) KoCrpO7 + CH3COONa - yTBOpHBCsI )KOBTHIT OCa;

0) NaOH - yTBopuBcst Oinuii oca;

B) Zn(UO2)3(CH3COO0)g - yTBOpUBCS CBITIO-CAATOBUH OCa].

[IpucyTHICTh UM BIACYTHICTb KHUX KaTIOHIB MOXHA BBAXKaTH JOBEJIEHOIO?
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Tema 4. BuBuenHs peakuiii Ha kaTtionu IV anagiTu4yHol rpynn

Ho IV aHamitTu4HOi Tpynu HaJIEXKaTh 10HM METaliB, TIAPOKCUAM SKUX MarOTh
amdoTtepri BracTHBOCTI it posumuHi B Hammmky ayry: Al3T, Cr3+, zZn2+ As (Il
V), Sn (I1, 1V), Be2*, Ga3t, In3+, Ged+.

I'pynoBum peareaToM € Haamip ayry (NaOH ado KOH).

isi rpynoBoOro peareHry

3 exBiBaeHTHOM Kimbkictio myry NaOH (KOH) ionn AI3t, Cr3+, zZn2+, Sn (I,
IV) yrBoprotots 6ii ocamu rigpokcuais AI(OH)3, Zn(OH)2, Sn(OH)2 i Sn(OH)4 Ta
cipo-3enenuit ocax Cr(OH)3; As (I1V) y po3unnax (KpiM CHIBHOKHCIIHX)
3HAXOAUThCS y BUrIiAi amioniB AsO33- ta AsO43- i He yTBOpIOE OCamiB mpH Aii
JYTIB!

AI(NO3)3 + 3NaOH = Al(OH)3{ + 3NaNO3

Cr(NO3)3 + 3NaOH = Cr(OH)34 + 3NaNO3

Zn(NO3)2 + 2NaOH = Zn(OH)24 + 2NaNO3

SnCl, + 2NaOH = Sn(OH),\ + 2NaCl

SnCl, + 4NaOH = Sn(OH).4 + 4NaCl

[Mpu nii HaUIMIIKY JIyry OCaaH, MO0 YTBOPUJIHMCS, PO3IYMHSIOTHCS 3 YTBOPCHHSIM
KOMIUICKCHHX 10HIB.

[Mpu pozunnenni Al(OH)3, Zn(OH)2, Sn(OH)2 ta Sn(OH)4 yTBOpIotoThcst Oe30apBHi
po3unny, nipu pozunHeHHi Cr(OH)3 po3unH HaOyBa€e TEMHO-3€JICHOTO KOJIBOPY.

Al(OH)3{ + NaOH = Na[Al(OH).]

Cr(OH)3sd + NaOH = Na[Cr(OH),]

Zn(OH)zd + 2NaOH= Na,[Zn(OH).]

Sn(OH),{ + 2NaOH= Na,[Sn(OH).]

Sn(OH),{ + 2NaOH= Na,[Sn(OH).]

Bukonanmus peaxyiti

Jo 0,5-1 mi po3unHiB coseli katioHiB 1V aHamiTHuHOI rpynu (B OKpeMuX mpoodipkax)
nonatu crmovaTtky kpammuHamu po3unH NaOH; mo ocanmiB, 1o yTBOpwWINCS, TOAATH
Hauumrok (2-3 mur) NaOH.

Jis1 3arajibHUX peareHTiB

Tixpoxcux amonito NH4OH B exBiBaneHTHHX KinbKocTsX yTBOpIo€ 3 ionamu Al3t,
Cr3+, Zn2+, Sn2+ ta Sn4t ocamu rinpoxcumis. Iorn AsOg3- ta AsO33- mpu xii
NH4O0H ocaziB He yTBOPIOIOTE.

Y magmipi NH4OH po3unnsiernscs muire ocan ZN(OH)2 3 yrBopeHHsM 0e30apBHOTO

PO3YHMHHOTO amiakaTy [UHKY
Zn(OH)2 + 4NH40H = [Zn(NH3)4](OH)2 + 4H20

28



Bci ocanu riapokcuaiB po34rHHI B OITOBIH Ta po30aBICHUX MiHEPATbHUX KUCIOTAX.
Kapoonam nampio NapCO3, kanito KoCO3 ma amoniro (NH2)2CO3 ocamkyroTh

ionn AI3t, Cr3t Sn2t ta Sp4t y Burmani BigMOBIZHMX TIAPOKCHAIB, MO3asK
KapOOHATH LIUX €JIEMEHTIB MOBHICTIO TAPONI3yIOTh Y BOAHUX PO3YMHAX:
2AICI3 + 3NapCO3 = Alp(C0O3)3 + 6NaCl

Al>(C03)3 + 3H20 = 2AI(0H)3! + 3CO»

a0bo 3arajioMm
2AICIl3 + 3NapCO3 + 3H20 = 2AI(OH)3¢ + 6NaCl + 3CO»

2CrCl3 + 3NapCO3 + 3H20 = 2Cr(OH)34 + 6NaCl + 3CO2

SnClo + NapCO3 +H20 = Sn(OH)24 + 2NaCl + CO2

SnClg + 2NapC0O3 + 2H20 = Sn(OH)44 + 4NaCl + 2CO»

2ZnCly + 2NapCO3 + H20 = Zno(OH)2CO34 + 4NaCl + CO»

Ocan Zn2(OH)2CO3 posumnserscss B Hammuimky (NHg)2CO3, B omrosiit Ta
p030aBJICHUX MIHEPATbHUX KUCIOTaX.

Tonn AsO33- Ta AsO43- 3 kapGoHaTaMH OCa/IiB HE yTBOPIOIOTE.

Tizpodocdar narpito NapHPO4 yrBoproe 3 ionamu Al3t, Zn2+t, Sn2t a Sn4+
6im, a3 Cr3* - 3emenyBatuii ocamm cepenHix pocharis:

AICI3 + 2NagHPO4 = AIPO44 + NaH2PO4 + 3NaCl

CrCl3 + 2NagHPO4 = CrPO44 + NaH2PO4 + 3NaCl

3ZnCly + 4NagHPO4 = Zn3(POg)24 + 2NaHPO4 + 6NaCl

3SnCly + 4NapHPO4 = Sn3(PO4)24 + 2NaH2PO4 + 6NaCl

3SnCly + 8NagHPO4 = Sn3(PO4)2 ¥ + 4NaH2PO4 + 12NaCl

Torn AsO33+ ta AsO43* 3 NapHPO4 ocaiiB He yTBOPIOIOTB.

Ocamu AIPO4 Ta CrPO4 Hepo3unHHI B OITOBIM KHUCIIOTI, OJHAK 100pe PO3YMHHI B
po30aBiICHUX MiHEpAIbHUX KHCIOTax Ta po3unmHax JyriB. Ocax Zn3(POg4)2
PO3UYMHHHMI B OLITOBIM Ta MIHEpPAJIbHUX KHUCJIOTaX, a TaKOX y pPO3YMHAX JYriB Ta
T1IAPOKCHITY aMOHIO.

Tiocynvgpam nampiro NapS203, cipkosoodenv H2S ma cynvghio amonito (NHg)2S.
Tiocynedar nHatpito NapS203 Tta cipkoBomenb H2S y cepemoBuini T0CTaTHHO
KoHIeHTpoBanoi (6:1m3bko 6 H) HCI 3 ionamu Sn2+, Sn4+, AsO33- ta AsO43- mpu

HarpiBaHH1 YTBOPIOIOTH OCaAM CYJb(iAIB. IIOKOIAJHO-KOPUYHEBUH SNS Ta KOBTI
SnS2, As2S3, As2Ss. Ocaau Hepo3uuHHi B po3dasiieHiit HCI , npoTe po3unnHi B 2 H

HNO3 (npu HarpiBansi) Ta B NaOH.
Torn AI3*, Cr3+*, Zn2+ ta Sn2+ ocamxyrorscs nipn il (NH4)2S vy cnabkomyxHOMY

cepenoum (ctBoproethes nomasammsM NH4OH). TIpu mpomy ionn Zn2t ta Sn2+
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YTBOPIOKOTH cyibdimm ZnS ta SnS, a ionn AIS* ta Cr3* Bracmimox rigpomisy ix
cyabdiniB yrBoprooTh ocanu rigpokcuais Al(OH)3 ta Cr(OH)3.

Zn(NO3)2 + (NH4)2S = ZnS{ + 2NH4NO3
AI(NO3)3 + 3(NH4)2S + 3H20 = 2AI(OH)34 + 3NH4NO3 + 3NH,HS
Cr(NO3)3 + 3(NH4)2S + 3H20 = 2Cr(OH)3{ + 3NH4NO3 + 3NH,HS

bumit ocax cynbdiny 1muHKy ZNS HEPO3UMHHUM B OITOBIA KHCJIOTI, IIpoTe J00pe
PO3YHMHSAETHCS B PO30aBICHUX MiHEPATLHUX KUCIOTAX.

Tonun Sn4+, ASO33‘ Ta ASO43' y syxxHOMY cepenosuii npu aii (NH4)2S ocaniB He
YTBOPIOIOT, y CHibHOMYXHOMY cepenosumt Sn2t mpm mii (NHg),S Takox He
0CaKY€ETHCS.

XapaxkrepHi peakuii Ha KaTiOHH Al3+

Ioxuit namp NaOH 3 mactynmHuMm nomaBaHHIM cyxoro xjopuay amoniro NH4CI.
Ipu nii va iomm AIST mammmky NaOH yrtBOproetbesi Ge36apBHHII PO3YHHHUIL
amominatr Hatpito Na[Al(OH),], sxuit pyiinyerbcs npu gomaBanni cyxoro NH4CI.
[Tpu ubomy yTBOpro€eThCs Oimuii amopduuit ocax Al(OH)3:

Al(NO3)3 + 4NaOH = NaAIl(OH)4 + 3NaNO3

NaAl(OH)4 + NH4Cl = AI(OH)3¢ + NaCl + NH40H

BusiBrieHHI0 aroMiHiIO 3a JOMIOMOTOIO ITUX PeaKIliii 3aBakaloTh 10HU Cr3+ 1a Sn (m,
V).

Buzwﬁalmﬂ peaxyiu

o 0,5-1 mut po3unny coui amominito qoaatu po3urH NaOH 10 moBHOTO po3urHEHHS
ocafy, 1o yrBopuscs. Jlomatu 2-3 mi Boau 1 apioky cyxoro NH4CI, cyminr Harpitu.

Y TBOPIOETHCS KallaMyTh O1JI0T0 KOJIbOPY.

Anizapun S ytBoproe 3 ionamu Al3t Manopo3uHHHY KOMILUIEKCHY CIIOTYKY SICKPABO-
YepBOHOTO KOJbOPY - anizapuHoBHM Jnak. Croimyka po3uyMHHa B pPO30aBIEHUX
MIHEpaJIbHUX KUCIIOTAaX, ajleé HEPO3UUHHA B OUTOBINA KUCIIOTI.

BHSBJIECHHIO alfoMiHil0 3aBaxarorh ioru Cr3t, Zn2+ Sn2+ ta immux meranis, sxi
YTBOPIOIOTh MANOPO3YHHHI Tipokcumu. Jus ycyHenns BBy Cr3t  jioro
nepeBoaTh B CrO42-, a inmi ioHHM 38’ 3yI0Th Y HEPO3YHMHHI CIIONYKH 33 JOIOMOTOI0
Ka[Fe(CN)g].

Buxonanns peaxyii (kpaniunnuii eapianm)

Ha cmyxky ¢QiuibTpyBanbHOro mnamepy MNOMICTUTH OAHY KpAaIUIMHY pO3YUHY
K4[Fe(CN)g] i B meHTp IuisiMu, 1110 yTBOPHIIACS, - OJHY KPaIUIMHY JOCIKYBAHOTO
po3uuny. [Ipu boMy 10HH, 110 3aBaXKAIOTh, OCAKYIOTHCS Y BUTIISAAL (eporiaHigiB 1
3aJIMIIAI0THCS B LIEHTPI IJISIMU
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a iomm AI3t 3a paxymok kamimpHux cunm aubyHmyiots Ha mepudepio. 1106
OPUCKOPUTH LEH TPOIEC, CIiA HAaHECTH B IEHTP IUIIMH OJHY-ABI KpaIUIMHU
JIMCTWIBOBAHOI  Boau. Ilmsmy oO0poOTM ra3yBatuMm amiakoM  (HOTpUMATH
(GUIbTpYyBaJIbHUN Mamip HaJ OTBOPOM CKJISHKM 3 KOHILIEHTPOBAHUM PO3YHMHOM
NH40H). ITicns mporo HaHecTH Ha IMepUQEpiHy YacTHHY ILIAMU 1-2 KparuiiHh

PO3YMHY ajJi3apuHy S Ta 3HOBY 0OpOOUTH ra3yBaTHM aMiaKoM.

3a BKa3aHMX YMOB caM peakTuB (amizapud S) HaOyBae (iaJIkOBOro 3a0apBJICHHS.
ToMmy, s MiABUIIEHHS KOHTPACTHOCTI CJiff OOpoOUTH MMy po30aBIIEHUM
PO3YMHOM OLTOBOI KUCJIOTU. Y MPUCYTHOCTI AJIOMIHIIO CIOCTEPIra€ThCs YEPBOHO-
pokeBa IuIAMa Ha jkoBTOMY (oHI (amizapuH S Mae JKOBTe 3a0apBICHHS B
OLITOBOKHCJIOMY CEPEIOBHIIII).

XapaxrepHni peakuii Ha kationn Cr3+
11{06 BusButu iomn Cr3*, ix maifuactime okucHIOOTTE 10 xpomar (CrO42-)- a6o

muxpomat (CrpO72-)-ionis. ITpomec OKHCHEHHS MOXe BiIOyBaTHCh SIK y ITyXKHOMY,
TakK 1 B KUCJIOMY C€PEIOBHILII.
Y ayacnomy cepedosuwyi misi oxucuernns Cr3t BUKOPHUCTOBYIOTH MEPOKCHI BOHIO
H202, nepokcun Harpito NapO2, 6pomuy Boay (po3uuH Bro y Boji), XJ0opHY BOIY
(po3unn Cl2 y Boai) Ta iHii.

Haifuactime okucHenHs iomie Cr3t 1o XxpoMar-ioHIB y IyXHOMy CepeIOBHILI

IPOBO/IATH 3a JOTIOMOTOIO TIEPOKCHTY BOIHIO:
2CrCl3 + 3H202 + 10NaOH = 2NayCrOg4 + 6NaCl + 8H20

2 Ccr3t - 3e + 80H™ = CrO42- + 4H0

3 092- + 2e = 202~

Peaxmuiiro mpoBoasaTs y npucytHocti Haamipy NaOH y po3uwnHi.
Buxonanua peaxyii

o 0,5-1 Mn po3unHy, 10 MICTUTh Cr3+, nonatu 2-4 mn po3unny NaOH, Bwict
npoOipku A00pe nepemimard, notTiM pogatu 5-10 kpamnun pozunny H202. Ilicns

NPUITUHEHHST OYPXJIMBOI peakifii BMICT MpoOipKu Harpiti a0 KumiHHs (oOepexHo!).
HNonaBanass H202 1 HarpiBaHHS TIOBTOPIOBAaTH JOTH, JOKH TEMHO-3EJICHE

38,6apBJICHHH PO3UHHY HC 3MIHUTBCS Ha YHCTO-KOBTE.
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HasiBrictb ionie CrO42-, mo yTBOpWiINCS, Tpeba IMiATBEPANTH, BHKOPHCTOBYIOUH

OJIMH 13 TAKUX PEAKTHUBIB:
a) xaopuo 6apiro BaCly. YacTuHy OTpMMAHOrO pPO3YHMHY IiJKUCIUTH OITOBOIO

kucinotoro CH3COOH no kucnoi peakiii cepenoBuiia (EpeBipUTH JTaKMYCOBHM
narmipIiiem) i J10JaTi Kiibka kparmiH po3unny BaClo.
NapCrO4 + BaClo = BaClpd + 2NaCl

V npucytaocti CrO42- yTBOPIOETHCS JKOBTHIT 0Ca XpOMATy Gapiro.

0) 6en3udun HZNNH2

Ha cMmyxKky hinbTpyBanibHOTO Naniepy HAHECTU OJHY KPAIUTMHY PO3YUHY OCH3UINHY;
y HEHTP IJISIMH, IO YTBOPWUJIACS, HAHECTH OJIHY KpaIUIMHY PO3YUHY, IO OJEPKaju.

ITosiBa HACHYEHO-CHHBOTO 3a0apBICHHS BKA3ye Ha HAsBHICTS ioHiB CrO42- y posunmi
(YTBOPIOETBCS IPOIYKT OKUCHEHHST OCH3UIMHY XPOMAT-10HAMH).
Bussnennro CrO42' 3aBAKAIOTh JEAK] 1HIII OKUCHUKH, 110 OKUCHIOIOTH OCH3UIUH 3
YTBOPEHHSIM TAKOT'0 5K CAMOI'0 CHHBOI'O MPOAYKTY PeaKili.
JIna oxkucnenns Cr3t oo ouxpomam-ionie Cr2072' Y KUciomy cepeoosuuyi MoxHa
BukopucTtoByBaTH Tniepcyibdar amonito (NHg)2520g, nmiokcua ceunio PbO2,
BicmyTaT Hatpiro NaBiO3 1a iH.
Sk npukiag po3risTHEMO PEAKIIII0 3 BICMYTaTOM HaTPIIO.
2Cr(NO3)3+3NaBiO3+6HNO3=H2Cr207+3NaN03+3Bi(NO3)3+2H20

1 2Cr3*-6e + 7H20 = Crp072- + 14H*

3 BiO3 + 2e + 6H* = Bi3* + 3H70
Peakiiito nmpoBoaTh y npucytHocTi Haamipy HNO3.
Buxonanns peaxyii
Jlo 3-4 xparutue po3unHy, mo mictuts ionn Cr3t, nomarn 1-2 mx HNO3 i mpi6ouky

cyxoro NaBiO3; BmicT npoOipku Harpiti 10 KumiHHA. HasBHICTH 10HIB Crp072-

H1TBEP/KYIOTh PEAKIIEI0 OJIEPHKAHHS HAXPOMOBOI KUCIIOTH.
st mporo mo mpuOmm3HO 1 M po3umHy, MO OTpuMaiu, moaatu 5-10 kparumH
nepokcuay BojaHio, 3-4 kpammau H,SO4 ta 1 mut edipy. Bmict npoOipku 3nerka

CTpYCHTH, y prcyTHOCTI ioHiB CrpO72- BepxHiii OpraHiuHuMii map 3a0apBIIOETHCS B
CHHIN KOJIp BHACHIIOK yTBOpeHHs Hajgxpomoi kucinotu H2CrOg (mepokcua xpomy
CrOs). 3abapBiieHHSI IIBUIKO 3HUKAE.

K2Cro207 + 4H202 + H2SO4 = 2H2CrOg + K2SO4 + 3H20

K2Crp0O7 + 4H202 + H2SO4 = 2CrOg + K2S0O4 + 5H20

XapaxTepni peakuii Ha kationn Zn2+
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Cipkosooens H2S y tBOproe 3 ionamu Zn2t Gimmii ocax ("kamamyts") cyabdizy
IIUHKY ZNS.
Zn(NO3)2 + H2S = ZnS{ + 2HNO3.

Peaxiiito mpoBOASITH Y CEPEAOBUII OLITOBOI KUCJIOTH, OCKUIBKK OCajJ PO3YMHHUU Y
MIHEpAJIbHUX KUCJIOTaX, ajle HEPO3YMHHUI B OLUTOBIM KUCIIOTI; O PEaKI[1HOI CyMilll
nonaioTh Takox arnerat Hatpiro CH3COONa.

Zn(NO3)2 + H2S + 2CH3COONa = ZnS{ + 2NaNO3 + 2CH3COOH

Buxonanua peaxyii
o 0,5-1 mut po3uuny coni uHKy aojatu 3-4 kpamiuau pozunny CH3COONa Ta 5-7

KparuinH po3unny H2S. YTBoproeThes kanamyTh O1710TO KOJIBOPY.
BusBieHHI0O NMHKY I1I€I0 PEAKINEI 3aBaKalOTh 10HU, SKi yTBOPIOIOTH 3 H2S
cyiab(diay, HEpO3YMHHI B ONTOBIA KHCIOTI (10 HUX Hajexarh. yci karioHu Il

anamitnaHoi rpymu; SN2t ta Sn4t 3 IV amanitmunoi rpymu; yci kationn V Ta VI
AHATITHYHUX TPYII).

Ocan ZnS yTBOPIOETHCS 1 B JIy’)KHOMY CEpENOBUII; Y I[bOMY BUIAJAKY SK pEarcHT
BUKOPHUCTOBYIOTh Cynb(in HaTpito Na2S. ¥V mux ymoBax kationu IV anamituyHOi

IPYIU HE 3aBAYKAIOTh BUSBICHHIO [IUHKY .
®epouianio kaniro K4[Fe(CN)g] yrBoproe 3 ionamu Zn2t Ginmit oca ("kamamyTs")
nongiiiHoi comi KoZn3[Fe(CN)g]2

Ocan posunnnuit y NaOH (KOH) ta NH4OH. Peakuito npoBoIsiTh y KUCIOMY

cepeOBUIILI.
Buxonanns peaxyii

Ho 0,5-1 mMn po3uuHy, IO MICTUTh 10HH Zn2+, momatu 0,5-1 M posuuHy
K4[Fe(CN)g]. YTBOpIoeThcs kamamyTh O1710T0 KOJIBOPY.
Bci kationw, siki yrBoproots ocanu 3 K4[Fe(CN)g], 3aBaxarors BusiBnennio Zn2+,

XapaxrepHi peakuii Ha kationn Sn2* ta Sn4+
Cipkosooens H2S yrBoproe 3 iomamu Sn2t ta Sn4t BigmosizHo wrokonamHO-

KOPUYHEBHH Ta KOBTUH Ocaau Cyiab(iaiB, Hepo3unHHI B po3oasneHiit HCI:
H2SnClg + H2S = SnSY + 4HCI

H2SnClg + 2H2S = SnS2 + 6HCI

Peakuii mpoBosath y cepenoruini 0,3-6 1 HCI.
Oo6unsa cynsdiau po3unnHi B KoHieHTpoBaHiii HCI; SNS2 posunnsierses Takox y

NaOH. IIpu B3aemonii 3 konmentpoBaHoro HNO3 ocaam SnS Tta SnSo
NEPETBOPIOIOTHCS HA OUIHIA 0caj] HEPO3UMHHO1 0J10B" siHOT Kuciaotu H2SnO3.
Buxonanua peaxyii
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o 0,5-1 mi po3uuHy, 1O MICTUTH 10HU Sn2+  a6o Sn4+. nomaru 3-4 KparInHA
koureHrpoBanoi HCI 1 ngekinmbka kpamiud po3uuHy H2S . YTBoproertbes

II0OKOJIaTHO-KopuuHeBHid (SNS) abo »xoTuid (SNS3) ocan. Yci kaTioHu, sKi B IUX
YMOBAX yTBOPIOIOTH ocamd 3 HpS, 3aBaxarots BusieienHo SN2t ra Sndt

Coni gicmymy (IIT) BiCl3 aéo Bi(NO3)3 BimHOBmOIOThCS KaTioHamu Sn2t o
METaJIEeBOro BICMYTY, 3a0apBIEHOT0 B YOPHUM KOJIIp.

3SnClo + 2BiCl3 + 18NaOH = 2BiJ + 3NapSnO3 + 12NaCl + 2H20

3 Sn2*-2e=Sn4+

2 Bid++3e=Bil

Peaklito MpOBOMATh y CHIIBHOIYXHOMY cepeoBuii. lonn Sn4+ nepen BussieHHsIM

HEOOX1THO BIJHOBUTH 10 Sn2+ 3a JIOIIOMOTO0 METAJIEBOIO 3a113a.
Buxonanns peaxyii

o 0,5-1 mu1 po3uuHy, 110 MICTUTh 10HH Sn2+, nonatu pozunH NaOH 1o moBHOro
po3uuHeHHs Oimoro ocaxy SN(OH2, sikuii yTBOprOEThCs Ha mmouaTky peakiii. Jlo

npo3oporo po3umHy goxatu 2-3 kpamwmbu po3unHy BiCl3 a6o Bi(NO3)s.
YTBOPIOETHCS YOPHUM OCA.

BusiBICHHIO 0J10Ba 3aBaxkaroTs ionn Hgo2t, Hg2+, Agt.

Coni pmymi (I ma II) ma cpiéna BigHOBMIOIOTBCS ioHamu Sn2t. KinmeBum
IIPOJIYKTOM BIJIHOBJICHHS € METaJIeBa PTyTh, 3a0apBiieHa B YOPHUN KOJIp, a60 cpibdiio
(BiamoBiAHO).

2HgCl, + SnCl, = Hg2CI2¢ + SnCl, ; Hg,Cl, + SnCl, = 2Hg + SnCl,

2AgNO; + SnCl, + 2HCI = 2Agd + SnCl, + 2HNO;

2Hg2t + 2e = Hgo2+t

Peaxuito nmpoBosaTh y kuciaomy cepenouiti (HCI).

Buxonanua peaxyii
Jo 0,5-1 mn posunny SnClp  nomatu 1-2 kpammmaun poszuuny Hgo(NO3)2 abo

Hg(NO3)2. VTBOproerbest cipuii ocajn, skuid 3 4acoM 4opHie. [Homi 3"SBISIOTHCS
NpiOHEHbKI KpaIIMHy pTyTi. BusBienHo onosa 3aBaxaroth ionu Agt.
Jumemunzniokcum (peaxkmue Yyzaceea)

(ckopodeHo mosnauarors HoDm) ytBoproe 3 iomamm Sn2* y mpucyrmocti Felt
3abapBiIeHy B YCpPBOHMII KOIIp CIOIYKY, JO CKmagy skoi Bxomste Sn2t, Fe2* ta
HoDm. Cnonyka 3aaTHa eKkcTparyBaTucs OyTHIOBUM a00 1300yTUIIOBUM CIUPTOM.

Buxonanua peaxyii

Jlo 1 M7 po3uuHy, 110 MICTUThH 10HU OJIOBA, 10JaTh 3-4 KparIMHU KOHIIEHTPOBAHOI
HCI, 3ani3ui omypky i NpokuI ' ITUTH OpOTSIroM 1-2 xBuinH. PO34nH 0XOJOIUTH i
nofgatd nyxkHuil pozunH HoDm no syxHoi peakmii cepemoBuina (mepeBipuTH
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JAaKMYCOBUM TarripiieM), a moTiMm ime 1 mn. 3uoBy nomatu HCl o xucnoi peakiii
cepenoBuIa (MEpeBIpUTH JIAKMYyCOBUM TMamipieMm), momatd 1 mi OytmiioBoro abo
1300yTUJIOBOTO CHHMPTY Ta CTPYCUTH BMICT HOPOOIpKU. Y TMPUCYTHOCTI OJIOBA
opranivauid map (BepxHiii) HaOyBae dYEpPBOHOrO KOJbOpYy. Jlisi TMOpPiIBHSIHHS
HEOOX1THO MPOBECTH "'CIIMUNA" JTOCIII.

BusiBienHo 0110Ba He 3aBakarOTh 1HIII KaT1OHHU.

Xapaxrepni peakuii Ha ionn AsO33t Ta AsO43-

Cipkosodens H2S 3 ionamu AsO33- ta AsO43- yrBoproe xo0BTi ocamu cybbimis
As2S; ta AspSk:

2Na3As03 + 3H2S + 6HCI = As»S34{ + 6NaCl + 6H20

2Na3AsOy + 5H2S + 6HCI = AsoSsd + 6NaCl + 8H20

Peaxiiii mpoBoasats y cepenosuini 6 H HCl mpu wHarpiBanni. O6umBa cynbgiau
posuunni B NaOH, HNO3 (npu narpisanni), NH4OH, npote Hepo3uunni 8 HCI.

Buxonanua peaxyii
Jlo 1 mut po3unHy coji apceny moaatu 1 mu konienTpoBanoi HCI, BmicT npobipku
HIIICPITH W JOJATH IEeKIIbKa KpariuH po3uuny H2S. YTBoproeThCs xKOBTUH OCa.

BusneHHio apceHy 3aBa)aroThb YCl 10HHM, 11O YTBOPIOIOTH CyJib(]i1M, HEPO3YMHHI B
HCI (Pb2+, Ag*, Hgp2t, Hg2+, Sn2t, Sp4+, Bi3* tain.).

Himpam cpiona AgNO3 ytBopioe 3 ionamu AsO33- ta AsO43- ocaxn Ag3AsO3 ta
Ag3AsO/ 5k0BTOr0 Ta KOPUYHEBOTO KOJIbOPY BiAMOBIIHO.

Na3AsO3 + 3AgNO3 = Ag3AsO34 + 3NaNO3

Na3AsOz + 3AgNO3 = Ag3AsO44 + 3NaNO3

Ocaau nepozunnni B CH3COOH, npote po3unnni 8 HNO3 ta NH,OH.

Peakriito mpoBoASTh Y HEUTPATEHOMY 200 OIITOBOKHCIIOMY CEPEIOBHIIII.
Buxonanns peaxyii
Ho 0,5-1 mMn po3umnHy comi apcenHy npomatu 3-4 kpamiuau poszuuny AgNO3.

YrBoproeTbest xoBTHI (AG3ASO3) abo kopuunesuit (Ag3AsO4) oca.

BusiBneHHI0 apceHy 3aBakaloTh 10HH, sIKI YTBOPIOIOTH 3a0apsieHi ocaau 3 AgGNO3.
Macnesianvna cymim (cymimu MgClp, NH4OH ma NH4Cl) yrBOproe 3 ionamu
AsO43- 6innii apibHOKpucTaTiunmii ocan (“kamamyTs") MOABiiHOI comi MarHiro-
amoHito apceHaty MgNH4AsO4.

NagHAsO4 + MgCly + NH4OH — MgNHgAsO44 + 2NaCl + 2H20

Peakiiro mpoBosATh y ciabkoiryskHomy cepenoBuii, y npucytHocti NH4Cl. Ocan
po3unnsieTbcsi B CH3COOH Ta B MiHepaibHUX KUCIOTaX.

Buxonanns peaxyii

35



Jlo 0,5-1 M1 po3unny, 1o Mictuts iorr Mg2t, nomart kparsamu posana NH4OH

70 YTBOpPEHHS He3HauHoro ocany ("kamamyrti"), moTiM momatu JpiOKy Cyxoro
xiopuay amoniro NH4Cl  Ta 3-4 kpammuau pozunny NapHASO4. YTBoproeThcst

OLIHH ocajl.

Vi ioHH, sIKi YTBOPIOIOTH Mamopo3dnHHi cronykn 3 Mg2t ta AsOg3-, 3aBaxaroTs
BUSIBJICHHIO apCCHY.

Moaniboenosa piouna (cymim moniooamy amoniro (NH4)2M0oOg4 ma HNO3) npu
HATpiBaHHI yTBOPIOE 3 ionamu ASO43" NpiOHOKPHCTATIUHMI SCKPABO-KOBTHI 0CaL

aMOHIMHOI COJI1 apCEeHOMOJTI0/ICHOBOT IeTePOIOIIKUCIOTH.
H3AsO4 + 12(NH4)2Mo04 + 21HNO3 =

= (NH4)3[As(M01,040)]¥ + 2LNH4NO3 + 12H20
Peakuiro mpoBoasaTs y npucytaocti Haamumky HNO3. Ocan nepo3unnnuit y HNO3,

npote pozunHHui y NaOH.
Buxonannsa peaxyii

Jo 1 Ma po3unHy, 10 MICTUTH 10HU ASO43', J0/1aTh 5-6 MJI MOJIIOAECHOBOT PIAVHHU.

BwmicT npobipku HarpiTé mMaiike 10 KUITIHHS Ta 3aJIMITUTH NPUOIU3HO HA 5 XBUJIUH.
Y TBOPIOETHCS SCKPABO-KOBTHH OCA.

lonu A8033' HE paryrTh 3 MOJi0eHOBOIO piauHO0. [1[06 iX BUsSBHTH, MOTPIOHO
MOIIEPEAHbO OKHCHHTH iX 10 ASO43~ KOHIEHTPOBAHOI a30THOK KHCIOTOK abo
H209.

Busiiennio AsO43- 3apaxarots ionn PO43-.

Memanesuii yunk BigaoBmoe AsO33- ta AsO43- o rasyearoro apcuny AsH3,
HATIPUKJIIA;

Na3zAsOg4 + 4Zn + 5NaOH + 7H20 = 4Na,[Zn(OH),] + AsH31

1 AsOg3- +8e + 11H* = AsH3 + 4H20

4 Zn0 - 2e = Zn2+
Peakitiro mpoBOIsATh y Ty)KHOMY cepemoBulili. ASH3, 10 BUAIIAETHCS, BUSBISIOTH 32
JOTIOMOTOI0  CMYXKU (UITpYBaJIbHOTO Tamnepy, 3MoueHoro po3urnHoM AgNO3;

CMY>KKa YOPHI€ BHACIIIOK BUAUICHHS] METAJIIYHOTO Cpi0jia 3a peakui€ro

6AgNO, + AsH, = AsAg, - 3AgNO, 4 +3HNO,

AsAg, - 3AgNO, + 3H,0 =H,AsO, + 3HNO, + 6Ag 4

Buxonannsa peaxyii

o 2 mn po3unny NaOH nomatu 1-2 rpanynu meraneBoro nmuHKy. Bmict npoOipku

HArpiTU JI0 TOYATKYy peakilii pOo3YMHEHHS Ta J0JaTh 3-4 KpaIluIMHH PO3YMHY COJI
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apceny. [IpoOipKy 3akpuTH BaTHHUM TaMIIOHOM, 3MOYEHHM pPO3YHMHOM aleraTy
ceuHIo Ph(CH3COO0)2 (st mornuHaHHS MOKITUBOL TOMIIIIKK CIPKOBOJIHIO). 3BEPXY

npoOipKy 3aKkpuTh (GUIBTPYBAIBHHM MarnepoM, 3MoueHuM po3zunHom AQGNO3. V
IPUCYTHOCTI apCEHyY Ha mamnepi uepe3 JeKUIbKa XBUIIUH 3’ SIBISIEThCS TEMHA IUIAMA.
Po3uun 1100y 12 3HE0apBIIOETHCS, SKINO WOTO JOAABATH O PO3YMHY, IO MICTUTh

10HHA A8033'; 11e B110yBa€ThCS BHACIIIIOK OKUCHEHHS apCEeHITY 10 ASO43'.
Na3AsO3 + 12 + H2O = NagAsOgq + 2HI

AsO33- - 2e + HoO = AsOy43- + 2H+

o+ 2e =2I-

Peaxiiito mpoBOJATh Yy CIAOKOIYKHOMY CEpeIOBHUIII (CTBOPIOIOTH 3a JIOMOMOIOI0
Oikap6onary Harpiro NaHCO3).

Buxonanns peaxyii
Jlo 0,5-1 M1 posumny, mo Mmictuth ioHu ASO33", momaté 3-4 KpamIMHH PO3UMHY
NaHCO3, a noTiMm, KparimHamu, po3uuH 12, skuil 3He0apBIIOETHCS.

Bussneunsro A5033' 3aBaYKarOTh OUIBIIICTH BIIHOBHUKIB.
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Tema 5. BuBueHHsI peakiiiii Ha KaTioHu V aHAJITHYHOI TPyNH

Jlo V ananitiuHOi rpynu Hanexarsb kationn:; Fe2t, Fe3t Mn2+ Mg2t, Bid+, Sh(lll
1V).

['pynioBum pearentom € po3uun ayry NaOH.

Jisi rpynoBoro peareHry

Tonu Fe2t, Fe3t Mn2t, Mg2+, Bi3t yreoproots 3 rpymoBuM pearentoM amopdHi
ocaju rigpokcuis, a Sb (111 V) - ocaau BiAMOBIIHUX KKCIIOT.

FeSO4 + 2NaOH = Fe(OH)24 + NapS04

Fe(NO3)3 + 3NaOH = Fe(OH)3{ + 3NaNO3

Mn(NO3)2 + 2NaOH = Mn(OH)24 + 2NaNO3

Mg(NO3)2 + 2NaOH = Mg(OH)24 + 2NaNO3

Bi(NO3)3 + 3NaOH = Bi(OH)3{ + 3NaNO3

[Tpu BuBuenHi peakuiii Ha Sb (III i V), sk npaBuiIo, BUKOPUCTOBYIOTH COJSTHOKHCITI
PO3UUHH, B IKUX CTUOII 3HaxoauThes y Burisiai conyk H3[ShClg] ta H[SbClg].

H3[SbClg] + 6NaOH = HShO2! + 6NaCl + 4H»0

H[SbClg] + 6NaOH = HSbO34{ + 6NaCl + 3H20

Yci ocamu, kpim Fe(OH)2 ta Fe(OH)3, Ginmoro kosmwopy. Ocax Fe(OH)3 mae
4yepBOoHO-0ype 3abapsneHus, Fe(OH)o - 6mino-3encHe.

Ocaau Fe(OH)2, Fe(OH)3, Mn(OH)2, Mg(OH)2, Bi(OH)3 Hepo3urHHI B HAJIUIIKY
NaOH. IIoitHo ocamkeni HSbO2 ta HSbO3 no6pe po3umuni B Hammumky NaOH.

VYci ocanu 100pe po3dMHHI B CONSHIA KHCJIOTI; B @30THIM KHUCIIOTI PO3YMHHI BCI, 3a
BuHsATKOM HSDbO2 1a HShO3.

Ocanu Fe(OH)2 ta Mn(OH)2 OKHCHIOIOTBCS KHCHEM IMOBITPS 1 HAOyBalOTh 3 4aCcOM
Oyporo 3abapBieHHS.

4Fe(OH)2 + O2 + 2H20 = 4Fe(OH)3

2Mn(OH)2 + O2 = 2MnO(OH)»

Bukonanna peakuiii

Jlo 0,5-1 M posunnis coreit Fe2t, Fe3+ Mn2+, Mg2+, Bi3+, [SbClg]3- ta [SbClg]-
(B okpemux mpoOipkax) mgomatd 1o 3-4 kpammmau po3uunHy NaOH (y Bumaaky
[SbClg]3- ta [SbClg]- momatu mo 5-10 kparwie NaOH).

Jis 3araJibHUX peakTHUBIB

Bukonanns peaxuii

VYci peaxiii 13 3araibHUMH pEaKTHBAMU BUKOHYBATH TaKUM YHHOM: Yy CEpII0
npo6ipok BMicTUTH 110 0,5 MIT coJieli 10HiIB, SKi BUBYAIOTh, 1 JoAaTH 10 3-4 KparutiHu
BIJINOBIJTHOTO PEAKTUBY .

T'iopokcuo amonito NH4OH B3aemosie 3 ioHaMu V aHAIITUYHOT TPYNU aHAJIOTTYHO

NaOH i ytBoproe 3 HuUMH Taki cami ocaau rigpokcuni. Ocaau Fe(OH)3, Bi(OH)3,
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HSbO2 ta HShO3 He po3unnsitoreest B Hammumky NH4OH. Mn(OH)2, Mg(OH)2 ta
Fe(OH)2 posunnom NH4OH ocamkyroThCcsi HE IOBHICTIO; y NPUCYTHOCTI COJICH
aMOHII0 PO3UMHHICTb IUX OCAiB 3HAYHO M1JABUIILYEThCS.

Kapoonamu nampiro NapC0O3, kaniro KpC0O3 ma amoniro (NH4)2CO3 yTBOPIOIOTH
3 ionamu Fe2t ta Mn2t Gini ocanu xap6onaris FeCO3 Ta MnCO3; Fe3* yreoproe
4epBOHO-Oypuii ocan ocHoBHOI coni Fe(OH)CO3, skwuii mpy KM’ ATiHHI IEPEXOIUTh
y rigpokcun Fe(OH)3; Mg2t yreoproe 6inmit ocax ocroroi comi Mg2(OH)2CO3,
PO3YMHHOI Y TIPUCYTHOCTI coreii amoniro; BiST yreopioe ocax Bi(OH)3; Sb(Ill) Ta
Sb(V) - ocanu HSbO2 ta HSbO3 BinmnosiaHo.

lIonn Fe2t, Mn2+ ta Mg2t kapGonarom amonito (NH4),CO3 ocamkyroTTscs He
MOBHICTIO.

Tiopogpocpam nampiro NapHPO, yreoproe 3 ionamu Fe2t ta Mg2t 6ini ocamu
rizpodocdarie FeHPO4 ta MgHPO4. Torn Mn2+, Fe3* ta Bi3t yreoprotots ocaau
cepennix ¢ocdaris: O - Mn3(PO4)2 ta BiPOy, xostuii - FEPO4. Yci ocaau, 3a
BuHATKOM FEPO4 ta BiPOy, po3unnni B ouroBiii kucioti CH3COOH. Ocax FePOy
posuunsieTbess B MmiHepanbHux kuciaorax (HCI, HNO3, H2SO4); BiPOy4
po3unnserses B HCI, mpote norano pozununuii B HNO3 (po36asieHiii).

Depu- ma epouyianio kaniro K3[Fe(CN)g] ma K4[Fe(CN)g] yrBOproroTs 3 ioHamu
Fe2+ Fe3+ Mn2+* ta Bi3* ocamu pisnoro ckiamy ta 3abapsiaenns. Mg2t ta Sb (I,
V) 3 mumu pearentamu He B3aemoitotb. Ocanau Fe3[Fe(CN)glo Ta Fes[Fe(CN)gl3
3a0apBJICH] HACTIILKU 1HTEHCHBHO, 110 MOXXYTh OyTH BUKOPHCTaH1 ISl BUSBJICHHS
ionis Fe2* ta Fe3* y mpucyrHocTi GaraThox iHIIEX i0HIB y pO3UHHI.

Cynvghio amonito (NH4)2S y ueitrpamsHOMy abo0 C1a0KOIy’)KHOMY CEpEIOBHII
yrBopIoe 3 ionamu Fe2t, Fe3+ Mn2+ ta BiStocaau cymasbizis: sopi - FeS, FepSa,
BipS3 Tta TinecHuii - MnS; iorn Mg2t ta Sb (111 i V) ocaxi He yrBOprooTs. Ocanu
FeS, Fe2S3, MnS po3unnni 8 CH3COOH, HCI ta HNO3. Ocan Bi2S3 po3zunnnunii
muiie B HNO3 npu narpiBanHi.

Cipkoeodenv H2S ma miocynvgham nampio NapS>03 y cepenoBuiili po30aBieHO1

HCI npu narpisanni yrBoprotots 3 ionamu Bidt, [SbClg]3- ta [SbClg]- woprmii ocaxn
cyabdiny BicmyTy BipS3 Ta opamkesi ocamu cynbdigiB crubito SbpS3 Ta Sh3Ss,
Hepo3unHHI B po3basieHii HCI. SbpS3 Ta SbpSg poszunnni B konnentpoaniii HCI,
a Bi2S3 - y pos6asieniit HNO3 npu HarpiBaHHi.

XapaxTepHni peakuii Ha kationn Fe2+
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®epuyianio kanito (wepeona kpos' ana cins) K3[Fe)CN)g] yrBoproe 3 ionamu Fe2+
TEMHO-CUHI! ocaj TypHOYJIeBOi CHHI.
3FeS04 + 2K3[Fe(CN)g] = Fe3[Fe(CNg]2¥ + 3K2S04

Peakriito mpoBOATh y HEUTPATHHOMY CEpEOBHUIII ab0 B CEpeIOBUII pO30aBIeHOI
HCI.

Bukonanns peaxkuii

V mpobipKy BMILyOTh OHY KpAILIHHy po3unny comi Fe2t i nomarors 3-4 kpammuu
posunny K3[Fe(CN)g]. VYTBoproerbcs TeMHO-CHHIM ocajn. [HIII KaTiOHH He

3aBaKAIOTh BUSBJICHHIO KaTioHa Fe2+t, 3aBaxarors yrn.

2,2"-0unipuoun (\ / \ /) yTBOpIOE 3 ioHamu Fe2+ po3uyuHHY
N N

KOMIUIEKCHY CIIOJIYKY,

3a0apBiieHy B YEPBOHUN KOIIp.
Peakiriro mpoBoisATh y cepenonuiii po3oasienoi HCI.
Bukonanna peakuii
Ha ckisiHy IUIacTHHKY momictutd 1 kpammuay posumny comi Fe2*, 1 kpammmny
posseneHoi HCI 1 2-3 kparumau po3uuny 2,2'-aumnipuanty. Po3dnH 3a0apBiIioeThCs
B YEPBOHUI KOJIIP.
XapaxkTepHi peakuii Ha KATIOHH Fe3+
Depouyianio kaniro ("'ncosma kpos''ana cinv'') K4[Fe(CN)g] yrBOproe 3 ionamu
Fe3* temuo-cuniii ocax GepriHcekoi Gmakurti (j1asypi).
Peakiito mpoBomATh y HEUTpaIbHOMY CepeloBHINI a00 B po30aBICHOMY pPO34YMHI
HCI.
Bukonanns peaxkuii

Ha ckisiHy IUIACTHHKY momictuT 1 kparmmuay posumHy comi Fe3t i nomatn 3-4
kpamuan po3ununy K4[Fe(CN)g]. YTBOpro€eTbest TEeMHO-CHHIN OCal.

Busisnennto Fe3t 3apaxarors ionn Cu2t Ta myru.

Pooanio amoniro NH4ASCN  yrBOproe 3 iomamm Fe3t posummny komruiekchy

CIIOJIYKY, sIKa MA€ HaCUYEHE YepPBOHE 3a0apBIICHHS.
Fe(NO3)3 + 6NH4SCN + (NHg4)3[Fe(SCN)g] + 3NH4NO3

Peakiiro poBOAATh y CIIA0KOKHCIOMY CEpEIOBHIII. 3 BOJHOTO PO3YHHY CIOIYKY
MOKHA EKCTparyBaTH OpPTraHiYHUM PO3UYMHHUKOM - aMiJIOBUM CIUPTOM. UepBoHE
3a0apBIICHHST KOMILJIEKCY HE 3’ SBJISIEThCS B MPUCYTHOCTI hropuay Hatpito NaF, sxuii

3B”s13y€ ionn Fe3t y Ginbin criiikuii 6e36apBHIil KOMILIEKC.
Fe(NO3)3 + 6NaF = Na3[FeFg] + 3NaNO3

Bukonanns peaxuii
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o 0,5-1 mn po3uuHy, 10 MICTUTh 10HU Fe3+, nomatu 1 M po3unny NH4SCN .
Po3unH 3a0apBiato€ThCa B HACHYEHO-YEPBOHUI KOJIIP.

V mpucytHocti ioniB Cu2*, Hgp2t, Hg2t, Bi3t ta neskux iHmmx Heo6XizHO
nonasaru Benukuilt Haamip NH4SCN.

XapakrepHi peakuii Ha kationn Mn2+
Jlnst BusiBiensss Mn2t HeoGXimHO OKHCHHTH f0rO 10 nepmaHranar-ioniB MnOg4-,

P LIbOMY PO34MH HaOyBae pokeBO-(hioseToBoro 3adbappieHHs. OKHUCHEHHS MOKHA
IIPOBOJIUTH SIK Y KUCIIOMY, TaK 1 B Ty>KHOMY CEpPJIOBHUIIII.
Y kucnomy cepedosunyi six OKMCHUKYA BUKOPUCTOBYIOTH nuxpomar kaiio KoCroO7,

niokeun ceuHito PbO2, BicmyTar Hatpito NaBiO3 Ta in. Hanpukna:
2Mn(NO3)2 + 5NaBiO3 + 16HNO3 = 2HMnOg4 + 5Bi(NO3)3 + 7H20 + 5NaNO3
2 Mn2t-5e + 4Hp0 = MnOg- + 8H*
5 BiO3~ + 2e + 6H* = Bi3+ + 3H20
Peakmito mpoBoasats y po3unmHi HNO3 3 nyxe po30aBieHUM pPO3YMHOM COJI

Maprasifo.
Bukonanna peakuii

V npobipky momictutn 1 KpaminHy po3dmHy, mo MicTuTh ioHm Mn2*, nomatu 5-6
mi HNO3 1 apibky cyxoro NaBiO3. Po3uun HaOyBae poxeBO-(}hiaIkOBOTO

3a0apBIICHHS.

L1 peakiist jae MOXKIMBiCTh BusiBuTH MN2t y mprcyTHOCTI BCix KaTioHiB.
Y ayscnomy cepedosunyi Sk OKUCHUKHA BHUKOPUCTOBYIOTH. Mepokcu BogH H202,

nepokcu Hatpiro Na2O2, xnopuy Boay (po3unn Clo y Boai), 6pomHy Boay (po3uuH
Bro y Boxi). Bei mi okucHuku okucHiOIOTs MN2t 1o wornpusanentHoro. I e
rimoopomit Hatpiro NaBrO B mpucytHocTi katamizatopa (po3umn CuSO4)) i mpu
HarpiBaHH1 OKHUCHIOE Mn2t o nepManranat-ionie MnOy4-, 3ab6apBieHUX y pOXKEBO-
¢1ioneroBuil komip. L0 peakuiro NpPOBOAATH Yy CHIBHOJIYKHOMY CEpPEIOBMIL,

BHKOPHCTOBYIOUH Jy>e po3GaBieHnii pozuns coxi Mn2+,
CuSOy

2MnCl + 5NaBrO + 6NaOH — 2NaMnNOgy4 + 5NaBr + 4NaCl + 3H20
t0

2 Mn2* - 5e + 80OH- = MnOg- + 4H20

5 BrO-+2e+ H20 =Br-+20H-

Bukonanns peaxuii

Y npo6ipky nomictutu 1(!) kpamiuHy po3dnHy, IO MICTUTH 10HH Mn2t, nomartu 1
KkpaminHy po3unHy CuSOy4 1 5-6 mu moitHo BurotoBiaeHoro po3unny NaBrO. Bmict
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npoOipku J00pe Iepemiliaty, Harpith A0 kumiHHsa (oOepexHo!), mpokun’ stutu 1
XBWIMHY 1 3aJMIINTH Ha JAeIkuil vac. Po3umH Hajy ocamom HabyBae pOXKeEBO-
(1aakoBOro 3a0apBICHHS.

Busisnennio Mn2+t 3a nomomororo wiei peakKIlii He 3aBa)KarOTh 1HII KaTiOHH.

XapakTepHi peakuii Ha KATIOHU Mgz"'
Macnesianvna cymim (Na,HPO, 6 cymiwi 3 ziopoxkcuoom amoniro NH,OH ma
xnopudom amoniroNH,Cl)  yrtBOproe 3 iomamn Mg2t Gimnmii mpiGHOKpHCTATIYHMI
ocaj MarHiiamoHiiidocdary.

NH,CI
Mg(NO3)2 + NH40H + NapHPO4 — MgNH4PO4{ + 2NaNO3 + Ho0
Ocan po3uMHHUHN B OLTOBIN KUCIIOTI Ta p030aBIIEHUX MiHEPAIbHUX KUCIOTaX.
Bukonannsa peakuii
Ho 0,5-1 ma po3uuny coisi marHito aojgatu 1-2 kpamnunu NH4OH. Ilicns nosiu
HeBenukol kanmamyTi gomatu cyxuid NH4CI no 11 moBHoro 3uukHeHHs. ITicis 11s0ro
JI0 TIPO30poro po3unHy nojatu 3-4 kpamuimHu po3uuHi NapHPOg4. YT1BOoproetscs
OuInii oca.
Bussneunsro M92+ 3aBakaroTh OurblricTh KatioHis I, III, IV, V ta VI anamituaaux
rpym.
Tumanosuit scoemuii (OpraHiYHHN PEAreHT) YTBOPIOE B  CHIIBHOJIYKHOMY
cepenoBHIi 3 ionamu M2t sickpaBo-poxeBHit oca.
Bukonanna peakuii
VY npobipky BHECTH 5-6 KpaluluH pO34HMHY COJII MarHito, 10JaTy 5-6 KpariuH MOWHO
BUTOTOBJIEHOTO PO3YMHY THUTaHOBOro >koBTOro, 2 miu po3unny NaOH 1 moGpe
nepemimari. Y TBOPIOEThCS ICKPABO-POKEBHI Oca/l.
VYci kationu, ski ytBoproioTh 3 NaOH wmanopo3dmHHI TiApOKCHAM, 3aBaXKaIOTh
BUSIBJICHHIO MarHIIO.
XapakTepHi peakuii Ha KaTIOHH Bi3+
Tioponiz (63aemodin 3 600010). Ilpy PO3BEICHHI BOJOK PO3YMHU COJIEH BICMYTY
JIETKO T1APOII3YIOTh 3 YTBOPEHHSIM OUIMX 0CajliB OCHOBHUX COJIeH, HAIPUKIIaI:
BiCl3 + H20 = BiOCH + 2HCI
Bukonanna peakuii
Mo 0,5-1 mn po3uuny comi BicMyTy goaatu 5-6 mu H2O. 3"saBnserbcs kanamyTh

01JI0r0 KOJIbOpY.

Busisennro BiST zasaxarors iorn Sb (111, V) ta Sn (11, IV).

Xnopuo onosa (I SNCly y cunbHOMYKHOMY cepenoBui BigHoBmoe ionn Bidt o
METaJIeBOTO BICMYTY, SKUH Ma€ 4OpHE 3a0apBIICHHS.

2BiCl3 + 3SnCls + 18NaOH = 2Bid + 3NapSn03 + 12NaCl + 9H0
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2 Bi3*+ +3e - Bi0

3 Sn2*-2e — Sn4t

Bukonanna peaxkuii

B okpemy npo0Gipky BHecTr 0,5-1 Mt po3unny xsopuay ojosa (II), momaTu 10 HHOTO
po3und NaOH, noku He po34MHUTHCS YTBOPSHHH criodyatky Oinuit ocax Sn(OH)2. Jlo

OTPMMAHOTO TaKMM YMHOM IIPO30POT0 PO3YMHY JOAATH 2-3 KPAIUIMHU PO3UMHY, IO
mictuth iouu Bi3t. YIBOproeThCst qopHmii oca.
Busisennto Bi3T sapaxarors ionn Hgo2+, Hg2tta Ag* (wactkoso Pb2t).

Hoouo kanir K yreoproe 3 ionamu Bi3* wopnuii ocax ioquy BicMyTy Bil3, axuit
Jerko po3uuHseTbes B Haamipi Kl 3 yTBOpeHHSM OpaHXEBOTO PO3YMHHOTO
komiutekcy K[Bily].

Bi(NO3)3 + 3KI = Bil3d + 3KNO3

Bil3 + Kl (magmip) = K[Bily].

Peakito npoBoASTh Yy KUCIIOMY CEPEIOBHILII.

Bukonanns peaxkuii

Jlo 0,5-1 M1 po3urHy, 110 MicTHTb ioHH BiST, nomaBarn kpammaamu posuns KI (1-2
KparuiHu). J{o gopHOTro ocaiy, 10 yTBOPHUBCH, 1oAaT Hauok po3unny KI. Ocan
PO3YMHSETHCS 1 HAOyBa€e OPAHKEBOTO KOJIBOPY.

Busienennto BiSt saBaxarors ionn Fe3t, Hgo2+ Sb (V) ta 6arato oKHCHUKIB.

Tiocewosuna SC(NH2)2 yrBoproe 3 ionamu Bi3*t posumnny kxommiexkchy cronyky,
3abapBiicHy B uepBoHO-opamkeBuit koiip Bi[SC(NH2)2]9Cl3.

Peak11ito MpoBOJATH y COJIIHOKUCIOMY CEPEJOBUIIII.
Bukonanna peakuii

Jlo 0,5-1 mur posumny, mo Mictuts ionn Bid3t, nomaru npibry cyxoi TiocewoBuHm.
Po3unH 3a0apBItO€ThCA B 4EPBOHO-OPAHIKEBHI KOJIIP.

Busisnennto Bi3t zaBaxators ionn Fe3t, Hgp2+ ta Sb (V). Herarushy aito cTu6io
MO>KHA YCYHYTH, SIKIIO Joaatu BuHHOKKcauM Hatpiid NapCqgH4Og, sikuil yTBOpIOE 31

cTuOieM CTiiikuii 6e30apBHUN KOMILIEKC.

Xapakrepni peakuii Ha kationu Sb (111, V)

Tioponiz (e3aemo0in 3 600010). Ilpu po3BeAeHHI BOMOK KHCII PO3YMHH, IO MICTATH
CHOJIYKH CTHOII0, JIETKO TIPOJI3YIOTh 3 YTBOPEHHSIM OLIMX OCa/liB OCHOBHUX COJEH.
Hanpuknan:

H3SbClg + H2O = SbOCH + 5HCI

HSbClg + H2O = SbOCI3! + 3HCI

Bukonannsa peakuii
Jlo 0,5-1 mu posumuny com ctubito (III a6o V) momatu 5-6 mum H2O. YTBOpuThCS

KaJlaMyTh O1JI0T0 KOJbOPY.
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BusIBIEHHIO CTUOiI0 3aBaXaioTh ionu Bist, Sn2+ ta Sné+,

Jia memanie. AxtuBni metanu (Al, Zn, Sn, Fe) sigaosmototrs Sb (11 1 V) i3 fioro
CIOJIYK JO BUILHOIO METaly, KM Ma€ B LILOMY pa3i BUIJISAA YOPHMX ITYXHACTUX
macTiBmiB. Hampukman:

2H3SbClg + 3Fe = 2ShJ + 3FeCly + 6HCI
2HSbClg + 5Fe = 2ShJ + 5FeCly + 2HCI

Peaxuiro npoBoisath y cepemoruiii HCI.

Bukonanna peakuii

Y npo6ipky BHectu 0,5-1 Mi posuumHy coii ctubiro, gomatu 1-2 KpariuHu
konueHntpoBanoi HCI Ta 3ami3Hi omypku. 3"IBIs€TbCsS YOPHUN TyXHACTUH OCal.
Bussnenntio ctubiro 3aBakaroTh yCl METaJH, SIKi B PSAy HAMPYT CTOATh MPaBOPYU Bij
3ai3a.

Cipkosodenv H?S i3 po3uunis, mo mictats Sb (111 1 V) , ocamkye oparkeBi ocaan

cyabdiniB SbpS3 ta SboSk.

2H3SbClg + 3H2S = ShoS3d + 12HCI

2HSbClg + 5H2S = ShpSg + 12HCI

Peaknito mpoBogsate y cepemoBuini 3 H HCl. O6umgsa cynbdimgu po3unHHI B
xonnentpoBaniit HCl ta B NaOH. Ilpu B3aemonii 3 koHuenTpoanoro HNO3 oOujiBa
cynbdiar TEepPEeTBOPIOIOTHCA Ha OUIMA 0caa MaJOPO3YMHHOI CTHOIEBOI KHUCIOTH
HSbOs3.

Bukonannsa peakuii
Jlo 0,5-1 mu po3uuny, mo mictuth citb Sh(IIl) a6o Sb (V), nonatu 2-3 kparuiuHu
konnentposanoi HCl i mpomyckaTu depe3 po3udH MOBUIBHUN cTpyMinb H2S.

3"SBIsSE€THCS OpaH)KEBUHN Ocal.
VYci karionu, siki yTBOprolOTH 3 H2S y nux ymoBax 3abapmieHi ocaau cyiab]ifdis,

3aBaXal0Th BUABJICHHIO CTHOIIO.
Memunosuit ghionemosuit (opraniunuii pearent) 3 ionamu SbClg~ yTBOprO€ i0HHUI

acowuiat (10JE€TOBOrO KOJbOPY, SIKMM €KCTParyeTbCs OPraHIYHUMH PO3UMHHUKAMU -
TOJIy0JI0M 200 OEH30JI0M.

Peaxuiro npoBoasath y cepenosuii 1-2 H HCI. V peakiiito 3 MeTHiioBUM (ioeTOBUM
BCTYIIA€ JIMIIE IIORHOOKUCIeHHH cTrOii (V).

Bukonanna peakuii

Jlo 0,5-1 mn po3umny, mo wmicturk ctudii (III) um (V), nomatu 1-2 KpamaiuHu
konneHntpoBanoi HCI ta 3-4 kparummuau po3uunHy aBoxiopuctoro ojosa SNClo (mis

BigHOBIIeHHsT BCchoro ctubito g0 Sb (111)). Ilicns nporo momaBatu kparuimaamu (!)
10%-nuii po3uun HiTputTy Hatpito NaNO2 1o 3HUKHEHHs Oyporo 3a0apBieHHS

pPO34MHY, K€ BUHUKAE CIIOYATKY, 1 TOoTiM e 1-2 kpamnuuu. Po3unn BizncToo0Ts 1-2
xBWIMHUA. [Tpu mbomy ctr6iii okuCHIOETBCS 10 Sb (V) (YTBOpIOETHCS KOMIUICKCHHIMA
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ion [SbClg]"). Hdnsa Bunmanenus Hammuimky NaNO2 (sxkuii 3aBakae HOJAIBIIOMY
NPOXOJDKCHHIO peakilii) g0 po3umHy nonatu cyxy cedoBuny CO(NH2)2 y rakiii
KUIBKOCTI, 1100 pO34YWH TepectaB MiHUTUCH. CyMilml po30aBUTH BOJOK 10 5-6 M,
nonatu 2-3 kpamuaua 0,2%-HOro po3umHy MeETWIOBOro (QioseroBoro ta 1 i
toiyoiry. Bwmict mpobOipku crpymyBatu 1-2 XBWIMHH. Y TIPHUCYTHOCTI CTHOIO
opranivanid map (BepxHid) HaOyBa€ CHHBOTO KOIbOpYy. st MOpIBHSHHS CiiX
MpOBECTHU "Ciinui” AOCHII.

[H111 KaTiIOHM HE 3aBaXKalOTh BUSBIICHHIO CTUOIIO.
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Tema 6. BuBuenHsi peakuiii Ha kationn VI ananiTuunoi rpynu

Jlo xarioniB VI anamituuHoi rpymu Hanexarts ionn Co2¥, Ni2+, Cu2*, Hg2t, Cd2+.
I'pynoBum pearentom € rigpokcua amonito NH4OH (y Haamipi) y cymimri 3 NH4CI.

Hist rpynosoro pearenty NH4OH

3 HEBEIMKOK KiIBKICTIO rimpokcuay amonito iomm Co2t, Ni2+, Cult ta Cd2+t
YTBOPIOIOTH OCAJIH, CIIOYaTKy OCHOBHHX COJICH, a Aalli - TiPOKCH/IIB.

Co(NO3)2 + 2NH40H = Co(OH)24 + 2NH4NO3

Ni(NO3)2 + 2NH40H = Ni(OH)2{ + 2NH4NO3

Cu(NO3)2 + 2NH40H = Cu(OH)2{ + 2NH4NO3

Cd(NO3)2 + 2NH40H = Cd(OH)2{ + 2NH4NO3

lorn Hg2t YTBOPIOIOTH  0OCaJl COJII MEPKYpPaMOHIIO, HANpUKIAJ, XJIOPHU]
MEPKYPAMOHIIO:

HgCl, + 2NH,OH = NH,HgCI + NH,CI + 2H,0

Ocanu Cd(OH)2 Tta NH2HgNO3 - 6inoro xonpopy; ocaau Co(OH)2, Ni(OH)2 ta
Cu(OH2 3abapgiieHi BiAOBITHO B POKEBHH, CBITJIO-3€JICHUN Ta OJIAKUTHHUI KOJIP.
[Mpu xii naomipy NH40H ocagu Co(OH)2, Ni(OH)2, Cu(OH)»2, a takox i Cd(OH)»

PO3UMHSIOTHCA 3 YTBOPEHHSIM KOMIUIEKCHUX CIIOJYK aMiaKarTiB.
YTBOpPEHHSI PO3UYMHHOIO aMiakaTy PTyTi npoxoauTsh npu Aii Hammmky NH4OH y
cymiri 3 xopuaom amoHito NH4CI (npu HarpiBanHi):
NH2HgCI + 2NH40H + NH4Cl = [Hg(NH3)4]Cl2 + 2H20

{0
Awmiakatu pryti (II) Ta xaamiro - 6e30apBHIi, HIKENIO Ta Mildi - SICKPaBO-CHHBOTO
KOJIbOPY, KOOAJbTy - OpyIHO-’KOBTOTO.
Bukonanns peaxkuii
Jo 0,5-1 mu po3unHiB coseli kationiB VI ananmiTuaHoi rpynu (B OKpeMux mpoodipkax)
nonatu cnouyatky kpamiuHamu po3uuH NH4OH, no ocaai, mo yrtBopwiucs, -

koHnenTpoanuit pozunH NH4OH 10 moBHOTO po34nHEHHS WX OcaiB. Y MPOOIpKYy,
mo mictuts iorn Hg2t, nomatu takox apibky cyxoro NH4CI; cyminr migirpiT.

Jisi 3arajibHUX peaKkTHBIB

VYci peakiii i3 3aralbHIMH PEaKTUBAMU BHKOHYBAaTH TaKMM YWHOM: Y JEKiUJIbKa
npobipok BHecTH 10 0,5 M1 po34MHIB coJiel 10HIB, SIKI BUBYAKOTh, 1 J0JaTu no 3-4
KparuIMHYU BIJIIOBITHOTO pEarcHTy.

JIyzu NaOH a6o0 KOH  yTBOpPIOIOTH 3 yciMa KarioHamu VI aHamMITHYHOI Tpynu
ocaJiy T1IPOKCUIIB, HEPOIUMHHUX Y HAJUIMINKY peareHTy. Bci ocaau 1o0pe po3unHHi
B MinepaiibHux kuciotax (HCIl, HNO3, H2SOy).

binuit rigpokcua pryti HgQ(OH)2 mocuth MIBHAKO pPO3KIAAAETHCA 3 YTBOPECHHSIM
xoBToro okcuay pryTi (II).
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Hg(OH)2 = HgOY + H20

Kapoonamu nampiro NapCO3, kaniro K2CO3 ma amoniro (NH4)2CO3 ocamkyroTh
10HM HiKeIo y BUIIIsAL 3esieHoro kapoonaty NiCO3, a ioHM KOOalIbTy, pTYTi, MiJli Ta
KaaMilo - y BUIJISAI OCHOBHUX cojieii: yepBoHoro Co2(OH)2CO3, yepBoHO-Oyporo
HgCO3-3HQgO, 3enenoro Cup(OH)2CO3 Ta 6ioro Cdo(OH)2CO3. Yci ocaau jerko
po3unHHI B KucioTax. KapOoHaTu HIKelNo, a TaK0K OCHOBHI KapOOHATH KOO aJibTy,
Migi Ta kaamiro po3urHHI Takok Y NHAOH ta nagmipi (NHg)2CO3.

Tiopogpocpam nampiro NapHPO,4 yreoproe 3 ionamu Ni2t, Co2t Cd2+ ta Hg2t
ocamu cepeanix ¢ocdari: 3enenuit Ni3(POg)2, dionerouit C03(POg)2, Oimi

Cd3(PO4)2 Ta Hg3(PO4)2. Iomm Cult yrTBOPIOIOTH CBITIO-GIAKHTHHI OCaj

3MIHHOT'O CKJIay.
Bci ocanu, 3a Bunsatkom HQz(PO,4),;, po3uuHHI B OLTOBIH Ta MiHEpAIbHUX KUCIIOTAX,
a TakoXK y rigpokcuai amoniro. Ocax Hg3(PO4)2 nobpe posunnnuii nuire 8 HCI

Depu- ma epouyianio kaniro K3[Fe(CN)g] ma K4[Fe(CN)g]
K3[Fe(CN)g] yrBoproe depBono-Oypuii ocan Co3[Fe(CN)g]lo Tta xoBTO-Oypwii
Ni3[Fe(CN)g]o. Ioru Cu2t, Hg2* ta Cd2t ocazis 3 muM peareHTOM He yTBOPIOOTS.

3 Ky[Fe(CN)g] B3aemomitots yci ionn, xpim Hg2+t, 3 yTBOpeHHSM 3eimeHyBaTOro
ocany Co2[Fe(CN)g], xorto-3enenoro Nip[Fe(CN)g], Oimoro Cdo[Fe(CN)g],
yepBoHO-Oyporo Cup[Fe(CN)g]. Ocan Cup[Fe(CN)g] 3abapsiacHuMi HACTUIBKH

{HTEHCHBHO, 110 BUKOPUCTOBYETHCS MUl BusBieHHs ioHiB Cu2t y mpucyTHOCTI BCix
iHImMX KaTioHiB y posunni (mame ion Fe3t sKxoroch Miporo 3aBaXarOTh BUSBICHHIO
Cu2™).

Binbrricte ocamiB Hepo3zuuHHI B posBeaeHin HCl, mpoTe po3dyuHHI B HaJIUIIKY
NH4OH.

Cyavpio amonito (NH4)2S  y HelTpaabHOMY Ta CIIA0KOJIY’)KHOMY CEpEIOBHIIT

yTBOPIOE 3 yciMa kationamu VI aHanmiTiuHol rpynu ocaau cynbdiis: sxkoBTurii CdS Ta
yopui CoS, NiS, CuS, HgS.

HloitHo ocamkeni ocaau NiIS Tta COS po34YMHSIOTHCS HABITH B OITOBIM KHCIIOTI.
Yepe3 pesdkuii yac BOHM MEPEXOJATh y MEHII PO3YMHHY MOAUQIKAII 1
posunssitorbess Jimmme B HNO3 npu HarpiBanHi. Ocan CdS Hepo3unmHHMIA Y

posseneniit HCl, mpore nocuth mo0pe po3umuHHuii y kouuenrpoBanii HCIl Tta
posseneniit HNO3. CuS neposzuunnuii y HCI, ane mo0pe po3uvHHUE y po3BeacHI

HNO3 npu narpiBanui. HQS po3zuunnuit nume B koneHtpoBanii HNO3 abo B
cymimn konneHTpoanoi HCl ra HNO3 (mapcbkiii Boli) mpu HarpiBaHHi.
Cipkosodenv H7S 'y cepenosuii po3odasienoi HCl ocamkye ocaau cynsdinis CusS,
HgS, CdS.

47



Tiocynogham nampiro NapS203 ocamkye 13 COJISHOKUCIUX PO3YMHIB TPHU
HarpiBanni mume cyasdizm migi (I) Ta pryri (II). Iorn Co2t, Ni2t ta Cd2* ue
ocamxkytoTbesd NapS203.

XapakTepHi peakuii Ha KaTIOHH Co2t
Pooanio amoniro NHASCN (po3urH y aMiJIoBOMYy CIUPTiI abO alleTOHi) YTBOPIOE 3

ionamu Co2% posunHHy KOMIUIEKCHY CIIONYKY, 3a0apBiIeHy B chHii komip. Crionyka
HEHCTIMKa y BOJHOMY PO3YMHI, aji¢ CTa€ CTIMKOI IpH BHIIy4eHHI (eKcTpakiiii) i
aAMUJIOBUM CIIUPTOM; OpraHidyHuid map (BepxHii) HaOyBa€ NpU LBOMY CHHBOTO

konbopy (“'cune Kibie").
Co(NO3)2 + 4ANH4SCN = (NH4)2[Co(SCN)4] = 2NH4NO3

Peakiito mpoBOAsSITh y HEUTpaIbHOMY 200 CI1aOKOKHUCIOMY CEepPEIOBHIIII.
Bukonanna peakuii

Jlo 0,5-1 M posumny comi Co2t momaté 5-6 KpammMH po3UMHY POJAHILy aMOHIIO
NH4SCN B awminoBomy cruprti (e mepemimysaru!). Illap aminmoBoro cmupty

Ha0yBa€e CHHBOTO 3a0apBJICHHS.

Busisnennto Co2™t sapaxarors ionn Fe3*, Cu2t, Hgo2+ ta Hg2*. IlIkimmBuit Brutus
Fe3* ycyBaroTh, 10ar0un 10 PO3YHHY, SIKHil aHATI3yIOTh, CyXuil QTOPHI HATPIIO
NaF, sixuit 3B”s13ye ionn Fe3T y crifiknii 6e36apsuuii kommiexc Nag[FeFg]. Bruus
Cu2*, Hgo2*tra Hg2t ycysators, momarounm cyxy TiocewoBuny SC(NH2)2 a6o
tiocynbhat Hatpito NapS203, ski B cepenopuiti poszbasienoi HCI 3B’s3yro1h i
10HH B CTiiK1 0€30apBHI KOMIUIEKCHI CIIOJIYKH.

_O
N

o-Himpo3o0-F-nagpmon ( O O OH - peakxmue | Lnvincokozo)

yTBOpIOE 3 ioHamu Co2¥ depBoHMIi Oca, HEPOZUNHHMII Y PO3GABICHIX MiHEPATHHAX
KHUCIIOTAaX.

Peakiiro mpoBosTh y cepenonuiii po3dasinenoi HCI ta mpu HarpiBauHi.

Bukonanna peaxuii

Peaxmiro MoxHa MpoOBOAUTH B MpoOIpIil abo HA CMYXIll (PUIBTPYBAIBHOTO IManepy
(kparuTMHHMI BapiaHT):

a) 10 0,5 M pozunny comi Co2t nonarn 3-4 kparmman HCI ta 3-4 kpamman moitHo
BUTOTOBJICHOTO PO3YMHY O-HITP030-B-HadTONy 1 CyMmimn Harpith. 3’SBISE€TbCS
YEPBOHUM OCa/I;
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6) Ha CMYXKY (UIBTPYBAIBHOTO MANepy BMiLIyoTh 1 Kpamtuny posunny comi Co2™,
1-2 xpammuan HCI ta 1-2 xpammuHu po3uuHy O-HITPO30-B-HadTOy. 3’ SABISETHCS
YEpBOHA ILISIMA.

Busisnennto Co2t saBaxarors iomm Fe3t, Fe2t Cu2* Hgo2t rta Hg2t, sxi
YTBOPIOIOTH 3a0apBiIeH] ocamu; mpote Bei ui ocamw, kpim ocany 3 Fe3t, posunnni B
HCI. IlIkigmuBuii BIUIMB IMEPEIIIYCHUX KaTIOHIB MOYKHA TaKOK YCYHYTH, IOMAr0Yd
docdar amoniro. Fe3*t 38 s3y1oth Gropuaom Harpiro NaF.

XapaxTepni peakuii Ha kationn Ni2+

. HO—N  N—OH
JMMeTHIITTIOKCHM \ 7

H,C CH,

(ckopouero mosuauaroTs H,Dm) yrBopioe 3 iomamu Ni2t sckpaso-posxeBmii ocar,
PO3UYMHHMI Yy MIHEpaJbHUX KUCIOTAX Ta Jyrax, npote noraHo pozunHuuii y NH4OH.

Peax1iiro mpoBoAsTh y ClIabKOMY aMiadHOMY CEPEJIOBHIIII.

Bukonanua peaxkuii

Peakiito MoxkHa TIpOBOIUTH B TPOOIpIii a00 HAa CMYXKIll (IIBTPYBAIBHOTO Marepy
(KparIMHHHMI BapiaHT):

a) 1o 0,5 i posunny comi Ni2t nomaru posuna NH4OH 1o nosiBu 3amaxy amiaky

Ta 5-6 KpamimH CIHUPTOBOTO PO3UMHY IAMMETWITITOKCUMY (He mepemimryBatu!). V
BEPXHII YaCTHHI CyMIlIl YTBOPIOETHCA SICKPaBO-POKEBUI OCa;
0) Ha CMYXKY (UIBTPYBAJILHOTO MAarepy HAHECTH OJHY KpAIUIMHY PO3YMHY COJIi

Ni2*, 2 kparmmn posunny NH4OH Ta 2-3 kpammnan posunny HoDm. 3’sBiseTses
YepBOHE 3a0apBIICHHS.

Tiopokcud amoniro NHAOH, sxio #oro B3satH y HaaMipi, yrBoproe 3 ionamu Ni2+
PO3YMHHY KOMILIEKCHY CIIOJIYKY - aMiakaT HIKEJIO ICKPaBO-CUHBOTO KOJIbOPY.
Ni(NO3)2 + 6NH40H = [Ni(NH3)g](NO3)2 + 6H20

Bukonanna peakuii

Jlo 0,5 M posuuny comi Ni2t momaBatn (kparumnamu!) po3unH KOHIGHTPOBAHOTO
NH4OH, nmoku He po3uMHUTHCS OCaJ, 110 YTBOPIOETHCS crioyaTky. Po3unH HalOyBae

SICKPaBO-CUHBOT'O KOJIHOPY.
Busienennto Ni2t zaBaxarors iomm Cult, ski Takox y LIMX yMOBaX YTBOPIOKOTh

SICKpaBO-CHHIl amiakar. Y mpucyrtHocti ioHiB Co2% cune 3abapBieHHs amiakary
HIKEJTI0 Ha0yBa€ 3€JICHKYBATOTO BIJTIHKY.
VY mpucytHOCcTi KaTioHiB, 1m0 yTtBoprooTh 3 NH4OH Hepo3umHHI Trigpokcumu ado

PO3UYMHHI aMmiakaTH, MPU BUSBJICHHI Ni2+ Heo6XimHO HOMABATH BEIMKHIA HaIMIp
NH4OH Ta 3ayimmaru cyminn Ha ISSIKAM Jac JJIs BIJICTOIOBAHHS OCay.
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XapakTepHi peakuii Ha KATIOHH Cu2+t

®epouianin kamiro K4[Fe(CN)g] yrBopioe 3 ionamu Cu2t wepsono-Gypuii ocas,
MaJIOPO3UYMHHUI Yy pO30aBI€HUX MIHEpAIbHUX KHUCJIOTaX, MPOTE€ PO3UMHHUN Y
Haamipi NH4OH.

2Cu(NO3)2 + K4[Fe(CN)g] = Cu[Fe(CN)g]¥ + 4KNO3

Peakuiiro mpoBoaATh y HEUTpaTbHOMY 200 CIIa0KOKHCIOMY CEpEIOBHIII.

Bukonanna peaxuii

Jlo 1 kpammuu posunny comi Cu2t momaru 5-6 xparmmun posuumy K4[Fe(CN)g].
Y TBOPIOETHCS YEPBOHO-OYpUI Ocal.

BHSBICHHIO MiJIi IIEBHOIO Mipoio 3aBaxaroTh ionn Fe3t ta myrn.

T'iopokcuo amoniro NHAOH, sx11o 1#oro B34TH y HaaMIpl, YTBOPIOE 3 10HAMU Cu2t

pPO3UMHHY KOMIUIEKCHY CHOJYKYy - amiakaT Miai, 3a0apBieHUil y SCKpaBO-CHHIH
KOJIp.

Cu(NO3)2 +4NH40H = [Cu(NH3)4](NO3)2 + 4H20

Bukonanna peaxuii

Jlo 0,5 M posunny coni Cu2t momarn (kpammuaamu!) po3UMH KOHIIGHTPOBAHOTO
NH4OH no po3unHeHHS ocaay, 10 YTBOPUBCS crioyaTKy. Po3unn HaOyBae sckpaBo-

CHUHBOTO KOJIBOPY.

Busisnennto Cu2t zasaxarors iomm Ni2*t. ¥V npucyrsoctri iomie Co2t cune
3a0apBIeHHS aMiakaTy MiJii HA0yBa€ 3€JICHKYBAaTOTO BiJITIHKY.
VY npucyTHOCTI KaTioHiB, 10 yTBOprotoTh 3 NH4OH manopo3uunHi rigpokcuan ado

PO3UMHHI aMmiakaTH, HEOOXIHO MpPHU BUSABICHHI MiAl J1OJaBaTH BEJIMKUM HaIMIP
NH4OH Ta 3ayimmatu cyminn Ha I€sIKUM Yac JJIs BIJICTOIOBAHHS OCay.
Hoouo kaniro KI 1npu B3aemojii 3 ioHaMH Cul+ BUJIUIAE BUIbHUM |9, skuit

€KCTParyroTh OpraHIYHUM PO3YMHHUKOM - OeH30sioM. IIpu 11bOMy OpraHiuHuil map
(BepxHiii) HaOyBae pokeBO-(HiaIKOBOTO KOJILOPY.

2Cu(NO3)2 + 4Kl = Cu2l2d + 12 + 4KNO3.

Peakuiro mpoBoaATh y HEUTpaTbHOMY 200 CIa0KOKHCIOMY CEpEIOBHIII.

Bukonanns peaxkuii

Jlo 0,5 ma posumny com Cut momaru 1 mut Gensomy Ta 5-6 kpamtuu posunny K.
BwmicT npo6ipku cTtpycutu. BepxHiit map HaOyBae poskeBo-(piaikoBoro 3a0apBIICHHS.
Busiienmio Cu2t sapaxae Fe3t,

XapakTepHi peakuii Ha KATIOHU H92+

Memanega mios Binuosmioe ionn Hg®* 1o Hg’. PTyTh, 110 BHAIISETHCS HA TOBEPXHI
MIJHOI TUTACTUHKH, YTBOPIOE OJUCKYUy aMaabramy.

Hg(NO3)2 + Cu = Hgd + Cu(NO3)?

Peaxitiro npoBosTh y ciiabkokuciaomy cepenosuiii (pozbasiena HNO3).
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Bukonanns peakuii

Ha MigHy miacTHKY HaHecTH 1-2 kpammuu posumny comi Hg2t. Uepes 1-2
XBUJIMHU TUTACTMHKY TPOMUTH MPOTOYHOK BOJOIK 1 HACYyXO0 BUTEPTH

dinbTpyBambHEM mamepoM. Y mpucytHocti iomiB HQZ2t yTBOproerhes Gnmmckyda
("HikenpoBaHa") MIsAMA.

Busisnennto Hg2+ saaxarors iorn Hgp2t ta Agt.

Jeoxnopucme onoeéo SnClo BimmoBmoe iomum Hg2t mo HQ’ sxa B
IpiOHOAMCIIEPCHOMY CTaHI Ma€ BUTIISAL OCay YOPHOTO KOJIBOPY.

2HgCly + SnClo = HgoClod + SnClg

Hg2Clo + SnCly = 2Hg0! + SnCly

Peax11ito BUKOHYIOTh Y COJISTHOKUCIIOMY CEPEOBHIIII.

Bukonannsa peaxuii

Jlo 0,5 mx posunny comi Hg2+ nomatn kparmmaamu posunn SNClo 10 nepeTBopenHs

6inoro ocaxy HgoClo, o yrBoproetses criouarky, Ha gopauii HgO.
Iorn Ag*, Hgo2% ta immmx meramiB, mo BigHOBIIOMOTHCS posumHOoM SNCly 10

BLIbHHX METAIIB, 3aBa)kaloTh BusiBIeHHO HG2™.

Hoouo xaniio K1 yrsoproe 3 ionamn Hg2+ uepBono-opamkeBuii ocan Hoaumy pryTi
(IT). Ocan Hepo3urHHUE y p0o30aBICHUX KUCIOTAX, ajie po3unHHul y HaummKy Kl 3
yTBOpeHHsIM 0e30apBHOT KoMIUIeKcHOT crioryku Ko[Hgl4].

Hg(NO3)2 + 2KI = Hglod + 2KNO3

Hglod + 2KI = Ko[Hgl4]

Peaki1iro mpoBOASITh y HEUTpaIbHOMY 200 CITaOKOKHUCIOMY CEepPEIOBHIIII.
Bukonanna peakuii

Jlo 0,5-1 mu posunny coni Hg2t momartu (mo ogmmiit!) 2-3 kpamman posunny KI.
Y TBOPIOETHCS Y€PBOHO-OPAHKEBUI OCA/I.

Busisnennto Hg2t 3aBaxarors ionn Cu2t ta Bi3t.
XapaxTepni peakuii Ha kaTionn Cd2+

Cipkogooens H,S 'y cepenosuri pos6asinenoi (0,3 ) HCI yrBoproe 3 ionamu Cd2+
KOBTUH ocaji, Hepo3unHHUE y po3basieniii HCI, ane po3unHHuUil y KOHIIEHTpOBaHI#
HCI i po36asneniit HNO3 npu HarpiBaHHi.

Cd(NO3)2 + H2S = CdS + 2HNO3

Peakiriro mpoBoisATh y cepenoBuiili po3odasiienoi (omm3wko 0,3 H) HCI.
Bukonannsa peaxkuii

Jlo 0,5-1 mx posumny comi Cd2% pomarm 2-3 kpammun HCl ta 5-6 kparums
cipkoBoHeBoi Boau (po3unH H2S y Boai). YTBOPIOETHCS KOBTHIH OCaI.
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Busisnennro Cd2t 3aBaxaroTh yci i0HH, sIKi YTBOPIOIOTH CYJIb(DiAH, MAIOPO3YHHHI B

kuciotax. Tomy mepen BusBaenmsMm Cd2t meoGximmo Bimmimurn Bci ioHw, mo
3aBaxaroTh. [[poro pocsraroThk, ocamxytoun ix Tiocyibdarom Hatpito NapS203 y

cepeosumi posbasneroi HCI. Torn Cd2+ TiocymnbgatoM HATPiro He 0CAIKYIOTHCS.
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JlabopaTtopna po6ora Ne 2

Xin anamizy cymimi kationis 1V - VI ananiTnuanx rpyn

IV rpyma: AI3t, Cr3*, Zn2+ As(ll1, V), Sn (11, 1V)

V rpyma: Fe2t, Fe3t Mn2t Mg2+, Bi3t, Sb (lll, V)

VI rpyma: Cu2t, Hg2+t, Ni2t, Co2+, Cd2+.

JlocmipkyBanuii po3unH (3a1a4a) Moke OyTH TPO30PHM, a MOXKE MICTUTH OCal
(3aseKHO BiJI KUCIIOTHOCTI cepeIoBHINa). SIKIIO PO3YMH 3a/1a4i MICTUTh OCaJl, TO JIJIs
BUSBIJICHHSI BCIX KaTIOHIB OEPYTh PO3UMH Pa30M 3 HUM.

Jpo0Hi peakuii

Businennsi Fe2¥. [0 peakuifo IpoBOMsTH y Tepiry uepry, ockinbku Fe2t merko

OKHCHIOETBCS KHCHEM TOBITpst 110 Fe3t,
Jo 0,5 mn posumnHy 3amaui jgoxatu kimbka kpammiH HCl ta 1 mn po3umny

K3[Fe(CN)g]. TTosiBa TeMHO-CHHBOTO Ocajy BKa3ye Ha HasBHicTH Fe2T,

Busiaenns Mn2t, Jlo 1-2 kparms posumny 3agadi gomatm 5-6 ma HNO3 Ta
HEBENUYKy JIpiOKy cyxoro BicmyTaty HaTpito NaBiO3. [losiBa posxeBo-(iankoBoro

3aGapBICHHS CBiTUNTh mpo HasBHicTE MN2t y po3uni.
Busiaenns Hg2t. Jlo 1 mu posumny 3amaui momaru 0,5 max HNO3. V posuun

BHECTH MIJHY IUIACTUHKY 1 4epe3 1-2 XBUJIMHHU MPOMUTH il MPOTOYHOIO BOAOKO Ta
BUTEPTH HACyxo (QUIbTpYBadbHHM mamepoM (micis mbOro ao0pe BHUMHUTH pyKwu!).
[TossBa Ha muacTUHUI OJMCKYYOI IUIAIMU CBIJYUTH PO HAABHICTH 10HIB PTYTI B
PO3YHHI.

Busisniennsn As (I11, V). Jlo 1 mun po3umny 3amaui jgomaru 10-12 kparumx
koHueHTpoBaHoi HNO3. Cymim y npo6ipii OpoKU ITUTH OpoTsaroM 1-2 XBuiMH

(o6epexno!). Ilicms mporo momatu 5-6 kpamiuH MOMIOACHOBOI PIAHMHM, HATPITH IO
KHIIIHHS Ta 3QIUIUTH Ha 5-10 XBUIMH. YTBOPEHHS SCKPABO-)KOBTOI'O OCaJy BKa3ye
Ha HasiBHICTb apCEHY B PO3YUHI.

Busipjienns Fe3™, Ho 0,5 mu po3unny 3agadi noaatu kiabka kpamma HNO3 ta 1
mi poxaHigy amoHito NH4SCN ab6o xamito KSCN. 3abapeneHHs po3unHy B

HACHYCHO-YEPBOHHIT KOJIp CBIiIUnTh Mpo HasBHicTh Fe3T,

Businennsi AI3*. JluB. kparumHHumii BapianT peaxiii amoMiHito 3 amizapuroM (c. ).
Pesynmbrar He MOXHA BBaXXaTH JOCTOBIPHHMM, HEOOXiJHA TMepeBipka NpH
CUCTEMaTUYHOMY XO/JIl aHaJI3y.

Busisniennsn Sn (I, 1V). o 2 mu po3umHy 3agadi jgojatu 3-4 KparuimHU
koHneHtpoBanoi HCl Ta 3ami3Hi omrypkw, HpOKWI SITUTH CyMimn mpotsrom 1-2
XxBWIMH. [licnst OXO0JOMKEeHHsST CyMIlll JOJATH JY>KHUW PO3YMH JAMMETHIITIIOKCUMY
H,Dm no nyxHOI peakuii cepenopuiia (IEpeBIpUTH JIAKMYCOBUM MaMipieM) i IoTiM
me 1 mu. Jlomatu HCl no kmcnoi peakiii cepenoBuina (NepeBipUTH JTAKMYCOBHM
namipem). [TotiMm gogatu 1 mi OyTriioBoro (abo i300yTHIIOBOIrO) CIHUPTY 1 300BTATH
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BMICT TpoOipku. Y TPUCYTHOCTI OJIOBa OpraHiuyHmii map (BepxHii) HaOyBae
YEPBOHOI'O KOJBOPY. JlJIsl NOPIBHSAHHS MPOBECTH ' CAINUK" TOCII.

BusiBjenns Cul™, Jlo 0,5 mi po3unny 3agaui gomatu 2-3 kpammuan HCI ta 10-12
kparmina po3uuHy Kgq[Fe(CN)g]. Cymim 3anumute Ha 2-3 XBWJIMHH. YTBOPCHHS

4epBOHO-6Yporo ocamgy cBimumTh mpo HasBHicT Cu2t y posumni. Pesymprar He
MOKHA BBa)KaTH JOCTOBIPHHMM, HEOOXiJHa MepeBipKa MpPHU CHUCTEMATHYHOMY XOJi
aHasy.

Businennss Sb (111, V). o 1-2 mu po3umHy 3amadi gomatu 1-2 KparoiiHH
konneHntpoBanoi HCI ta 3-4 kpammuau po3umny asoxsopucroro onoBa SnClp .

[Ticnsa uporo momasatu kparauaamu (1) 10%-uuit po3unn HiTputy Hatpiro NaNO2,

NMOKU HE 3HUKHE OypyBare 3a0apBJieHHs, IO CIOYAaTKy YTBOPKOEThCA, 1 e 1-2
KparimHu. Po3uuH 3anummtu Ha 2-3 XBWIMHHM, @ MOTIM, 100 MO30yTHUCS JIMILKY
NaNQO»2, nmomaBatu 10 HBOro HeEBeIMKUMH mopiismu cyxy cedoBuny CO(NO?2)2,

MOKM PO3YMH HE TepecTaHe MHUTHCH. Cymim po30aBiISIOTH BOJOIO 10 5-6 M,
nonaiote 2-3 kpamwmau 0,2%-HOro po3unHy METHSIOBOTO (iojmeTtoBoro t1a 1 mi
Toayoiry. CyMmilll IepeMilnyoTh. Y MPUCYTHOCTI CTUOIF0 OpraHiuyHUi map (BepXxHii)
Ha0yBa€e CUHBOTO KOJIbOPY. 1 MOPIBHSAHHS MPOBECTH ' CIIMUNA" AOCHTIA.

BusiBaenns Ni2+:

a) Ha CMYXKY (UIBTPYBAJIBHOTO Tarepy HaHecTH 1 KpaluiMHy po34MHy 3aaadi, 2
KparuimHu HacwdeHoro posunHy (ocdary amoniro (NH;):PO, (s 38’s3yBanHs
10HIB, sIKi 3aBa)KarOTh) 1 HA MEpPUPEPil0 IUIAMH HaHECTH 1-2 KpaliMHH CIIUPTOBOTO

posunHy muMeTHirmiokcmMy. Y  mpucytHoeti  Ni2t  3’sBuserscs  poxese
3a0apBIICHHS;

0) no 0,5 mi posunny 3amaui gogatu 2-3 mu pozuuny (NH4)sPO,4 ta 2-3 kpamiuau
po3unny NH4OH, no0Ope nepemiiatu CKISHO MAJIMYKOI0, a ToTiM 00epexHo (!) mo

cTiHmi npobipku moxatu 1-1,5 mMiI cHpPTOBOrO PO3YMHY AUMETHIIIOKCUMY (HE
nepeMimryBatu!). YTBOpPeHHsS y BEpXHIH YacTHHI CYMIII SICKPABO-POYKEBOTO OCAIy

cBimunTh 11po HaseHicTs Ni2t y posumHi.

Busiiaennst Co2t:
a) mo 0,5 Mu1 po3unHy 3a7a4i JOJATH TaKy caMy KiJbKiCTh 3a 00’€MOM TiOCCUOBUHHU i
tpoxu NHgF. Cymim y npo6ipmi ctpymryBatu 1-2 XBHIMHHU, JaTH BIJICTOSITHCH, a

noTiM o0epekHo 1o cTiHIi npoOipku goxatu 10-15 kpamiauH poaaHigy aMOHIO
NH4SCN B aminoBomy crmpti (e mepemimysatu!). Y mpucytsocti Co2t mmap

aMiJIOBOTO CIIUPTY HAOyBae CHHBOTO KOJIBOPY.
0) Ha cMYXKYy (IIBTPYBaIBHOIO Marepy HaHeCTH 1 KpaIIMHYy PO3YHMHY 3aaadyi, 2
KpaIyIMHA HacudeHoro po3unHy docdary amonito (NHg)sPO4 (mist 3B"s3yBanHs

10HIB, SIKI 3aBa)KalOTh) 1 Ha mepudepiro MIAMHA HaHECTH 1-2 KpaIlUIMHH PO3YUHY OL-
HiTpo30-B-Hadrony. V npucyrHocti Co2t 3’sBIIs€ThCS YepBOHE 3a0apBIICHHSL.
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Bizokpemienns ta BusBiaenns Zn2t, Cr3* AI3*. Jlo 1 wmn posumny 3amadi
noaatu 5-6 mi po3zunny NaOH 1 cymim 10o06pe mepemimaTd CKISHOK MaJIMYKOIO.
Hani nonaBatu (kparmuaamu!) 10-12 kparmmud nepokcuay BogaHio H2O92, moku He

NPUIMHUTBCS OypxusmBa peakuis. [licns uporo cyMii 3HOBY NepeMiliaTH 1 HarpiBaTu
1 xBwmny. JonaBanust HpO2 1 HarpiBanHst noBTopuTH Ie 2-3 pasu, ocaa Fe(OH)3,

MnO(OH)2, Mg(OH)2, Bi(OH);, Cu(OH)2, HgO, Ni(OH)2, Co(OH);, Cd(OH)2
BiIQ1ITPYBATH Ta BIIKUHYTH.

®inerpar CrO42-, Zn(OH)42-, Al(OH)4-, Sb(V), As(V), Sn(IV) 3i6patu B umcty
npoGipKy i BukopucTath s BusBnenns Cr3t, Zn2+ ra A3+,

Businennsi Cr3*. Ha cMykky (igbTpyBalbHOTO mamepy HaHecTH 1 KparummHy
pO34YMHYy OCH3HWIMUHY 1 B IEHTp MisiMu - 1 kpamnuny oTpumanoro ¢iastpary. [losiBa
HACHYCHO-CUHBOTO 3a0apBIEHHS BKa3ye Ha HASIBHICTh XPOMY B PO3YHHI.

Busiiennst Zn2t. Jlo 1-2 mu dinsrpary gomatn 3-4 KpamwmmHu po3duHy Cynbbiny
Hatpito . [TosBa kajlamyTi O1JI0T0 KOJILOPY CBIIYUTH MPO HASBHICTh IIMHKY B PO3YHHI.

Busiaenns AlST. Jlns Busaenns Al HeoOXimHo momepeanb0 BHAANATH 3
OTPUMAHOTO0 QUIBTPATY cmubill Ta 01060, O 3aBaXKAIOTh BUSABIEHHO. {115 11bOro 10
2-3 ma ¢inerpary aoxaru kparmHamu(!) HNO3 mo kucnoi peakiii cepempoBuina
(mepeBipUTH JAKMYCOBHUM MartipiemM) i motim e 5-6 kpamaua. Ocan BiadiabTpyBaTn
i BigkuHyTH. PinbTpar BUKOpHCcTaTH 11t BusiBeHHs Al3T,

Ocan: H3SbOy4, H2SnOs3.

®inprpar; Al3t, Zn2+ Crp072-, AsOy3-

Jlo 2 mu1 1poro ¢inerpaty gonatu kpammaaMmu (1) pozuna NaOH mo mayskHOT peakiii
cepenoBuina (MEPeBipUTH JJAKMYCOBHUM Tarmipiem) i motiM e 1 mit. /lo orpumaHoro
posuuny nonatu cyxuii NH4Cl nmo macuuenns. BMmicT mpoOipku TpoXu MiAirpitu.
Y TBOPEHHS HEBEIMKOTO G110ro aMophHOro ocay CBiaduTh mpo HasBHicTs Al3T,

Bizokpemsiennsi Ta BusiBienns Mg2+, Bid+, Cu2* . Jlo 1-2 mu posumny 3amadi
nogatu 3-4 mn konneHtpoaHoro po3unHny NH4OH i cymim nobpe mepemimaru

nannukoro. Jlami mo kparmmmsi (1) momatu 10-12 kpamnud nepokcuay Boanio H2O92,

NOKM HE MNpUIUHUTBCS OypxnuBa peakis. Cymimn nepeMillaTd HaJlHyKow 1
HarpiBatu 1 xBununy. JlonaBanust H2O2 1 HarpiBaHHSI HOBTOPUTH 1€ 2-3 pa3H.

Ocan Mg(OH)2, Bi(OH)3; Fe(OH)s;, AlI(OH)3, MnO(OH)2, NH2HgCI, H2SbO4,
H2SnO3 Biadinstpysarn i Bukopucrarn s Bussnerns Mg2+ ta Bidt,

®insrpar  [CU(NH3)4l”", [Zn(NH3)4]*", [Ni(NH3)g]*", [Co(NH3)g]*", AsO43-,
CrO42- 3ibparu B uncTy npobipKy it BuKoprcTaTH ast BusiBaenns Cult

Busiaenns Mg2t. Ocax Ha GinbTpi IPOMHTH TpHUi JMCTHIBOBAHOIO BOJIOIO.
BopoHky 3 ocazioM MOMICTUTH HaJ YMCTOK MPOOipKoro, ocal Ha (PiIbTpl 00poOUTH
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3-4 mn wacwuenoro poszunmHy NH4Cl (mpuroryBatm B okpemiit mpo0ipii). o
OTPUMAHOTO 1P0O30p0o20 Ta 0e30apéHo2o PO3UMHY AojaaTh 1-2 KpaIliuHU PO3YHHY
NH4OH 1 notim 3-4 kpamnunau po3unHy Tiapodocdary Hatpito NagHPOg4. Tlossa
O110r0 0caly CBIIUUTH /10 HASABHICTh MAarHilo.

Businennsi BiSt. Uactuny ocamy, sikmii sammmmBes Ha (iasTpi, mepemecTH 3a
JOTIOMOT'O0 CKJISIHOT MaJIM4KU B YUCTY MPOOIPKY 1 PO3YMHUTHU Y HEBEJIMKIN KUIBKOCTI
HCI (zopmaBaru kparumaamu!). B oTpuMasoMy po34nHi mepeBiputa HasiBHicTs BiS™:

a) 1o 0,5 mu po3unny momatu 3-4 KpamiiHH PO3YHHY ABOXJopHcToro ojosa SnClo

JUIA B1JIHOBJIEHHS Fe3+ bi (o) Fe2+, notiM o kpamnuHi(!) momatu 5-6 kpamuH
po3uuny Hoauny kamiro Kl. TTosiBa wopHOTro 0ocamy, SKuil pO3YMHSAETHCSA Y HAIUIIKY
KI 3 yTBOpeHHsIM OpaHXeBoi po3UMHHOI KOMIUIeKCHOT crionyku KBilg, cBimuuTs mpo

HasBHicTh Bid™T:

0) no 0,5 M po3uuny nonatu 4-5 kparumH po3unny Taptpary Hatpito NapCgqH4O0g 1
npibky cyxoi TioceuoBurr SC(NH2)2. IlosiBa 4epBOHO-OpaHIKEBOTO 3a0apBJICHHS
CBIIYUTH MPO HASBHICTh Bi3+,

BusiBaenns Cu2t. Ha ckisHy MIacTHHKY momicTutd 1-2 KpamuMHM IiIKHCIEHOTO
¢binbTpaTy 1 JHekiibka KpammmH po3uuny (epouianiny kamio K4[Fe(CN)g]. Hdaru

CyMiln TOCTOSATH 2-3 XBWIMHHU. YTBOPEHHS YEPBOHO-OYpOro ocaay CBIIYUTH IPO
HasIBHICTH M.

KoHTpoJIbHI 3an1MTAHHA
1. Slkuii peareHT ciiji BUKOPUCTATH, 1100 BUSBUTH

a) ionn Zn2* y npucyrrocti Al3T;

6) iorn Ni** y mpucytrocti Cu2*, Co2t, Hg2t;

B) Hg2% y npucyraocti Co2% ta Ni2*:

r) Cu2t y mpucyrrocri Fe3t ;

) Fe3+ y IPUCYTHOCTI] 1HIIUX KaTiOHIB V aHaJIITUYHOI IPYIIH;

¢) Hg2t y npucyrHocri inmux xarionis 1V, V ta VI aHamitnysux rpyi;

€) Mn2+ y npucytrocri immux kationis 1V, V ta VI ananitranux rpym ?
2. SIxkuii peareHT ciiJi BUKOPUCTATH, 100 BIIIUIATH:

a) ionn Zn2+ Bixg AI3t;
6) iorn Cr3* iy Zn2+;
B) Zn2* Bix Hg2* ta Cult;
r) Cd2+ sig Hg2*, Cu2t 2
3. SIkuit peareHT ciij BUKOPUCTATH, 100!
a) Bigokpemutn Mg2% i3 cymimmi ocazgis Mg(OH)2, Fe(OH)3, MnO(OH)2;
0) po3unnutH ocax Cr(OH)3;
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B) po3uunuTH ocaa Ni(OH)2;
r) pozunnutu ocag NHoHQCI;

1) HEe PO3YMHUBCSA ocaj ZNnS;
¢) He pozunnHuBcs ocag Cuo[Fe(CN)g] ?

4. Jlo oxpemux mopiiiid 3amadi Ha cymim katioiB 1V, V ta VI anamituyHuux rpyn
J0J1aJIi PO3YMH TaKMX PEAKTUBIB!

a) NaOH - BumaB Oinmii ocan, skuii He po3umHHBCS B Hammumky NaOH i ne
noOypiB pu 30epiranHi Ha MOBITPI;

B) SNCl2 - He criocTepiraiy HiIKOTo eeKTy.
[Ilo mMoXHa ckazatu Mpo CKJIaJ po3uuHy? SIKi 10HW HameBHE BIJCYTHI B PO3YMHI?
HasBHicTh SIKMX 10HIB MOXKJIUBA?
5. o okpemux mopiiiii po3unHy 3aaadi Ha cymim katioxiB 1V, V, VI anamituanmnx
TPYII JOJIaJTH TaKi PEaKTUBH:

a) K3[Fe(CN)g] - BumnaB cuHiii ocan;,

0) naamip NH4OH - po3uun Hajx ocagom HaOyB CHHBOI'O KOJIbOPY;

B) KSCN B amiioBOMY CITUPTI - HISIKOTO €(peKTy HE CIIOCTEPIraaoch.

[Ilo MokHa cKka3aTu Mpo CKiIaJ po3urHy? BiacyTHICTh a00 MPUCYTHICTh SKUX 10HIB
MO>KHa BBaXKaTu J0BeaeHOr0? HassBHICTE SIKMX 10HIB MOXKJINBA?
6. SIxuii peareHT ciiji BAKOPUCTATH, 1100 BUSBUTH

a) Cu2t y npucytrocTi iHmmx karionis VI anamituaHOl rpyIH;

0) Sn (11, IV) y mpucytHocTi inmux kationiB IV, V ta VI ananmitnyaux rpyr,

B) Bi3* y mpucyrHocTi inumx kationis IV, V ta VI aHaTiTHYIHEX TPy,
r) As (Il, V) y npucytHocTi inmmx kationis IV, V ta VI ananituaaux rpyn?
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Tema /. BuBueHHsI peakiliii Ha aHIOHH

V¢l aH10HM NOAUIAIOTh HA TPU AHATITUYHHUX TPYIIH.

I rpyma; SO42-, CO32-, SO32-, Si032-, PO43-, BO33-, (BO2-, B4072-), F-, Cp042-
ta iH. ['pynoBum pearenrom € xiopuj Oapito BaCly y HeliTpambHOMy a0o0
C1a0KOITYy>KHOMY CEPEIOBHIIT.

II rpyna: ClI-, Br, I, 82', SCN-, CN- Ta in. ['pynoBumM peareHTOM € a30THOKHUCIIE
cpibmo AgNO3 y cepenosuiii pozdasienoi HNO3.

III rpyna: NO2-, NO3~, CH3COO" Ta iu. LI rpyna He Ma€ rpynoBOro peareHry.

BuB4yeHnHs peakuiii Ha a”Hionu I aHaXiTHYHOI IrpynH
Jis rpynoBoro pearenty BaClo

Xnopux Gapiro 3 iomamu SO42-, SO32-, CO32-, Si032-, PO43-, BO33-, (BOy-,
B4072-), F- yrBOpIOE 6inti 0Ocany BiAMOBIAHHX CONEIl.

NapSO4 + BaCly = BaSO44 + 2NaCl

NapCO3 + BaCly = BaCO34 + 2NaCl

NapS03 + BaClo = BaSO3, + 2NaCl

NapSiO3 + BaCly = BaSiO34 + 2NaCl

2Na3PO4 + 3BaCly = Ba3(POy4)24 + 6NaCl

2NaBO> + BaClo = Ba(BO2)24 + 2NaCl

2NaF + BaCly = BaFol + 2NaCl

Vi peaxuii NpoBOASTH Y HEUTpAIbHOMY a00 C1a0KOy>)KHOMY CEPEIOBHUILII.
Ocan cynedary Oapito BaSO4q He posuunserscs B onroBii CH3COOH Ta

minepanbaux (HCI, HNO3) kucnorax. Ocaau kapoonaty 6apito BaCO3 ta cynbdity
Oapito BaSO3 posumnstotecss B CH3COOH, HClI ta HNO3 3 yTBOpeHHSIM
razonofionux CO2 ta SO2 Binnosiano. Peakimis BaSO3 3 CH3COOH BinOyBaeTbes

Jy>Ke MOBLIBHO.
BaCO3] + 2CH3COOH = Ba(CH3COOQO)2 + CO21 + H20

BaSO3| + 2HCI = BaClp + SO21 + H2O

Ocanu BaCO3 ta BaSO3 po3uuHsoThCs TakoX npu B3aemoaii 3 CO2 ta SO?2
BIJIMOBIAHO, 3 YTBOPECHHSAM PO3YNHHHUX KUCITUX COJICH:

BaCO3| + CO2 + H20 = Ba(HCO3)2

BaSO3| + SO2 + H20 = Ba(HSO3)?

Ocamu Ba3(PO4)2 ta Ba(BO2)2 nerko po34uHsIOTHCS B OLITOBIH, COMSAHIN Ta a30THIN
kucinorax. Ocan BaSiO3 pyiHyeTbCcsI KHUCIOTaMH 3 YTBOPEHHSM JKEIeTmoaiOHOTO
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ocany cwrimieBoi kuciiot H2Si03. Ocamu Ba(BO2)2 Ta BaSiO3 ocamkyrorbes

JUIIEe 3 JOCUTh KOHIEHTPOBAHMX PO3UYMHIB, OCKUJIBKM MAalOTh CXWIBHICTH [0
yTBOpeHHs nepecudeHnx po3unHiB. Ocan BaF2 we pozunnserscs B8 CH3COOH, ane

posunnsierbess B HCl ta HNO3.

Bukonanna peaxkuii

Jo 0,5-1 mu po3umHiB, MmO MicTATh aHioHM | aHamiTHuHOI Tpymu (B OKpeMHUX
npo0Oipkax), monatu o 3-4 kparuau pozunny BaClo.

XapakrepHi peakuii Ha cyabdat-ionn SO42-

Xnopua Gapito BaClo yrBoproe 3 ionamn SO42- Ginmii npibHOKpHCTATIUHMIA Ocaz
cynbdary 6apiro:

Nap2S04 + BaClp = BaSO4J, + 2NaCl

Ocan He po3uMHHUH y po30aBIeHNX MiHEpaIbHUX KUCJIOTaX Ta JIyrax, aje 4acTKOBO
po3uMHSETHCS B KOoHIIeHTpoBaHit H2SO4 3 yTrBOpeHHAM KUCIIOT COTi:

BaSO4 + H2SO4(koni) =Ba(HSO4)2

Bukonanns peaxuii

o 0,5-1 mut po3unHy, 0 MICTUTh 10HU 8042', nogatu 10-12 kpammma HCI ta 3-4
kparnan po3uuny BaClo. YTBoproerbes 6innit ocan.

[H1i aHiOHHM He 3aBaXaroTh BUsBICHHIO SO42-,

XapakTepHi peakiii Ha KapOOHAT-iOHH CO32‘

OuroBa kucmora CH3COOH ta minepanbhi kuciaoru (HCI, HNO3) Buainsiors i3
po3unHiB, o Mictsate CO32", ByryeKnCIHii ras:

NapCO3 + 2HCI = 2NaCl + Hy0 + CO»T

Bukonanns peakuii

o 1-2 mn po3uuHy, IO MICTUTh 10HU CO32‘, nogatu (mo oxmiit!) 3-4 xparmmHu

HCI. ITicas mogaBaHHS KOKHOT KparuIMHU KHUCJIOTH BMICT MPOOIPKH CTPYIIyBaTH Ta
crioctepiratd BUAUICHHS apiOHKUX OynboOainok rasy (CO?), skuii He Ma€e Hi KOJbOpPY,

HI 3a1axy.

Bussneunsro C032' 3aBaKarOTh 10HU 8032', 82', NO2-.

XapakrepHi peakuii Ha cyabdir-ionn SO32-

Comsna xucaora HCl Buminse 3 posumuiB, mio mictarts ionn SO32- | rasyaTuii
nBookcus cipku (cipurctuit anriapum) SO2.

NapS0O3 + 2HCI = 2NaCl + HpO + SO»1t

Bukonannsa peakuii

Jlo 1-2 M po3unny, o Mictuts ionn SO32- | nogarn (kparmmHamu!) 3-4 KparuHg
HCI . Tlicns mogaBaHHS KOXKHOI KpAIUTMHM KHCJIOTH CYMIII Yy MpoOipIli HEOOXiTHO
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CTPYIIyBaTH Ta CIOCTEpIraTu BUAUICHHS ApiOHuX OynwpOamox SO - Ge30apBHOTO
rasy 3 pi3KuM 3araxoM.

Busisienmio SO32- 3aBaxarors ionn CO32-, S2- NO2-.,

Hoona é0oa (posuun 12 y 600i) 30e6apBIIOETHCS, AKIIO A0 HEl J0JABATH PO3YHH, IO

mictutb ioru SO32- . [Tpu upoMy BinOyBaetbes okuciterns SO32- o SO42-.
Na2S03 + 12 + H2O = NapS0Ogq + 2HI

1 SO32- - 2e + HpO = SO42- + 2H*

1120 +2e=2I"

Peakuiro mpoBoATh y HEUTpaTbHOMY 200 CIIa0KOIYy)KHOMY CEPEIOBHIIII.

Bukonanna peakuii
Jlo 2-3 M po3unHy HMOAHOI BOAM JOJATH MO KParulMHI PO3YMH, IO MICTUTh 10HU

8032' . Cnoctepiraerbcs 3HeOapBICHHS HOAHOT BOIH.

Busisennio SO32- 3aaxarots ionn S2-
Ilepmanzanam kaniro KMNnQO4 3He0apBIIOETHCS MPU B3AEMOJII 3 PO3UMHOM, IO

MICTUTH 10HU 8032', OCKUJIBKHA 8032' OKHUCITIOETHCS TIPU LIbOMY JI0 8042'.

5Na2S03 + 2KMnOg4 + 3H2S04 = 5NaS04 + 2MnSO4 + K2SO4 + 3H20

2 MnOs2- +5e + 8HT = Mn2* + 4H>0

5 S032- - 2e + HpO = SO42- + 2H+

Peakuiro npoBonsaTs y npucytHocti H2SO4.

Bukonanna peaxkuii

o 2-3 ma po3unny KMnOg4 noxatu 4-5 kpamiua HpSO4 1 xpammmnamu(!) po3uus,
mo mictuth ionn SO32-. 3abapBieHHS IEPMAHTAHATY IOCIAGIIOETHCS, 3rOJOM
PO34YMH 3HEOAPBIIIOETHCS.

Bussnennro 8032' 3aBaxaroTh ionu S2-, -, Br- ta NO»o-.

XapaxkTepHi peakitii Ha cHJIiKAT-iOHH Si032'

Xnopua amonito NH4CI Buginse 3 posunnis, mo mictsrrs ionn SiO32-, amopduuit
(ckenmerromiOHMI) ocaa CHIILIEBOT KHUCIOTH (peakifisi Kpaiie MPOXOJUTh IpHU
HarpiBaHHi).

Na2SiO3 + 2NH4Cl + 2H20 = H2SiO3 + 2NH40H + 2NaCl

Bukonanna peakuii

Jlo 2-3 M1 po3uMHy, IO MICTHTh 10HH SiO32‘ , momatu npioky cyxoro NH4CI.
CymMim miairpitu. 3"sIBaseTbCs KeNeno110HuI ocal.

THI1i aHIOHH He 3aBaXarOTh BHsBICHHIO SI032-,

XapaxrepHni peakuii Ha gocdat-ionn POg3
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Macznesianona cymim (cymimu MgClo, NH4O0H ma NH4Cl) ytBoproe 3 ionamu
PO43- Gimmit  apiGHOKpHcTamiummii ocax  (kamamyTh) momBifHOT comi -
MarHiiamosiiidocdary.

NH4CI
NaoHPO4 + MgClo + NH4OH — MgNH4PO44 + 2NaCl + HoO

Peakuiro mpoBOAATh y CIa0KOIYKHOMY CEPENOBUIL Y PUCYTHOCTI XJIOPUIY AMOHIIO
NH4Cl. Ocan po3unnnuit y CH3COOH Ta B minepansnux kuciorax (HCI, HNO3,

H2S0y).

Bukonanna peakuii

Jlo 1-2 Mt po3umHy, mo Mictuth ion PO43-, nonartu 1-2 kpamman NH4OH, npibky
cyxoro NH4Cl Ta 3-4 kpamunau po3unny MgClo. YTBoproersest Oiuit ocaj.

Vei ioHH, MO YTBOPIOIOTH MAJOPO3UMHHI cronykd 3 iomamu Mg2t ta PO42-,
3aBa)KAOTh BUSBIICHHIO (pOC(aT-10HIB.

Moniooenosa piouna (cymiwm monivoamy amoniro (NH4)2MoOg4 ma HNO3)
yTBOpIOE 3 ioHamu PO43- npiGHOKpHCTATIYHMIT THMOHHO-XKOBTHI 0Ca]] aMOHIHHOT

coumi pochopHOMOJTIOIEHOBOT IeTEPOTIOIIKHUCIOTH.
NaoHPO4 + 12(NH4)2Mo0Og4 + 23HNO3 =

= (NH4)3[P(M03010)4N + 21NH4NO3 + 2NaNO3 + 12H20
Peakuito npoBoasate y Hammmky HNO3 y po3uuni. Ocan vepo3unnauii y HNO3,

npote po3unHHui y NaOH.
Bukonanns peaxkuii

o 1 M1 po3unHy, 110 MICTUTh 10HH PO43', noaatu 10-12 kparuiiH KOHIICHTPOBAHO1
HNO3, HarpiTi 10 KUIMiHHA Ta NPOKHUM ATUTH 2-3 XBuiInHU. [licns uporo nonatu 5-6

MJ MOJIOJACHOBOI PIAMHU 1 3HOBY HArpiTH, IOTIM 3aJMIIATH Ha 5 XBHWJIHWH.
Y TBOPIOETHCS ICKPABO-KOBTUH OCa.

Busisennio PO43- 3aBaxatots ionn AsO43- ta SiO32-, yreoproroun momiGHi 3a

30BHIIIHIM BUIJIJIOM OCaiu. BIMB IUX 10HIB MOXXHA YCYHYTH, JAOJAIOYU BUHHY
KHCJIIOTY.

XapaxkTepHi peakuii Ha Gopart-, MeTadopaT- Ta TeTpadopaT-ioHH 8033', BO2o-,
B40O72-
Metunosuit cnupr CH30H y npucytHocTi kKoHueHtpoBaHoi H2SO4 yTBoproe 3

OopaTamu JIETKY CIOJIYKY - OOpHOMETHSIOBUN edip, sIKWWA TIPHU 3ropsiHHI 3a0apBITioe
HOJIyM sl B ICKPaBO-3€JIEHUI KOJIIP.
Bukonanns peaxkuii
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2-3 MJ po3uMHy, 10 MICTUTh 1oHM BO?2- (B033' a6o B4072-), BHecTH 10

MNOPLENSTHOBOT 4YalllKK Ta BHUMAapUTH jAocyxa. Jlo cyxoro 3amumky noxatu 3-4
KkparinHu koHueHTpoBanoi HpSO4 ta 10-15 kpannun metunosoro cnupty CH30H.

Cymim y yamigi mnepemimatd naanukoro Ta Bigpasy (!) sanmanutu. 3’SBISIOTHCS
CHajaxu 3eJIEHOTO KOJIbOpY.

BusiBnensto B033', BO2" un B4O72" He 3aBaXaroTh iHIIi aHIOHH, 3aBAXKAIOTh 10HH
Cu™, Ba™,

XapakrepHi peakuii Ha pTopua-ionu F-

Cipuana xucnoma H2SOy. Jlns BusiBieHHs 10HIB F~ BUKOPUCTOBYIOTH 37aTHICTh
dbTopuniB mpu peakiii 3 KoHeHTpoBaHorw H2SOy Buninsatu razyBatuii GTOpUCTUN
BoneHb HF, mo mnpusBoaute 1o pyiinyBanus ckia (HF Bszaemomie 3 SiOp -
CKJIaJIOBOO YaCTHHOIO CKJIA).

2NaF + H2SO4 = 2HFT + NapSOy4

SiO2 + 4HF = SiF4T + 2H20

SiF4 + 4H20 = HgSiOg4J + 4HFT

Bukonanna peakuii

3-4 Mu1 po34HHY, 10 MICTUThH 10HU F~, BHECTH 10 OPUEISHOBOT YAIlIKK Ta BUMIAPUTU
nocyxa. Cyxui 3ajqMIIOK TEpeHecTH B MpoOipKy, noxatu 3-4 KpaluIMHH
koHreHTpoBaHoi H2SO4. Uepes 1-2 xBunmmuaM 1podipky obepexHo (!) cronocHyTn

BOJOI0. Y MPUCYTHOCTI 10HIB F~ THO MPOOIpKH CTa€ MaTOBUM.

BuBuenHns peakuiii Ha a”ionu || anajgiTu4aHOl rpynu
Hist rpynosoro peareaty AgNO3

Hirtpar cpidna yrBoproe 3 ionamu Cl-, Br-, I~ Ta S2- 0CaJIu BIAMOBIIHUX COJIEH.
NaCl + AgNO3 = AgC + NaNO3

KBr + AgNO3 = AgBrl + KNO3

Kl + AgNO3 = Agly + KNO3

NaS + 2AgNO3 = AgoSY{ + 2NaNO3

Yci peakiiii mpoBosTh y cepenoBuiii po3seaetoi (2u) HNO3.

binuit ocax xmopuay cpidiaa AgCl Hepo3unHHUE y pO3BEIECHUX MiHEpPAILHUX
kucnotax, npore pozunHHuid y NH4OH ta B 10-12%-HOMYy po3uuHi kapOoHaTy

amoHito (NH4)2CO3. Pozumnnicts AgCl y (NH4)2CO3 BuUKOpHUCTOBYIOTH IS
BimokpemieHHs Cl- Bix ioHiB Br- ta I~ i momanbimoro #oro BHSIBICHHS.

’KostyBaTtuit ocan Opominy cpidna AgBr nepo3unHHuil y po3BeIeHUX KUCIIOTax Ta B
poszunni (NHg)2CO3, npore posunnamii y NH4OH. Csitio-xoBTHiA ocax HOaUITY

cpibma Agl Hepo3umHHUN y KOJHOMY 3 TepelueHux peareHTiB. YopHuii ocan
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cynpdiny cpidna Ag2S HEPO3UMHHUN y KOTHOMY 3 MEPENIYCHUX PEarcHTiB, MPOTe
pu HarpiBaHHi po3unHseThes B 2H HNO3.
Bukonanna peakuyiit
Jo 0,5-1 ma po3umHiB, 1m0 MICTATh aHioHH Il aHaMITMYHOI TPynH, B OKpPEMHUX
npoOipkax gogatu no 5-6 kpamua HNO3 ta no 3-4 kpamuau pozuuny AgNO3.
XapakTepHi peakuii Ha xsopua-ionun Cl-
Hitpar cpibna AgNO3 y cepenoBumii po3seneHoi HNO3 yroproe 3 ionamu Cl-
Oimuii ocan xmopuay cpidiaa AgCl. Ha sigminy Big AgBr ta Agl ocax AggCl
posuunsierbesi B 10-12%-nomy posumny kapOonaty amonito (NHg)2CO3, i1 1e
BUKOPUCTOBYIOTh i Bimokpemienus Cl- Bix ioniB Br- ta |- i momanbimoro ioro
BUSIBJICHHSI.
Ionn Cl- BusBNAIOTH y po34MHI 3a JOMOMOTOK TPHOX IOCHIJOBHO MPOBEICHUX
peaKiiii:
a) NaCl + AQNO3 — AgCH + NaNO3 - yrBoproeTscst 6inmii oca;
0) AgCl + (NH4)2CO3 = [Ag(NH3)2]Cl + CO2 + H20 - ocan AgCI po3uunsieTnes 3
YTBOPEHHSM 0€30apBHOT0 PO3YMHY aMiakaTy cpioina;
8) [Ag(NH3)2]Cl + 2HNO3 = AgCIl. + 2NH4NO3 a6o

[Ag(NH3)2]Cl + KI + 2H20 = Agly + KCI + 2NH4OH - 3HOBY yTBOpIO€THCS

oinuit ocag AgCl abo cBitimo-xoBTHIt ocax Agl.
Bukonanna peakuii

o 1-2 mn posuuny, mo mictuts ionu Cl-, nomatu 10-12 kpammua HNO3 Ta 2 mn
po3unHy azotHokucioro cpidiaa AGNO3 (10 npunUHEHHS peakilii yTBOPEHHS ocaay
AQCl ). Ocan BindinsTpyBaT, mpoMuTd 3-4 pasu Bojoro. JIiHiKy 3 0cajoM BCTaBUTH
B UMCTY NpoOipKy U ocal Ha PuibTpl 00poOUTH 2-3 MJT pO3UMHY KapOOHATy aMOHIIO
(NH4)2CO3. [lo orpumanoro mpo3oporo GiibTpary J101aTH:

a) pozunH HNO3 nmo xucioi peakmii cepemoBuina (MEepeBipUTH JTAKMYCOBHM
narmipieM). YTBOpPeHHsS Oi101 KalaMyTi BKa3y€ Ha HAsBHICTb Yy JIOCIIIKYBaHOMY
po3uuHi ioHiB Cl- ;

0) posunn KI - yTBOpEHHS CBITI0-KOBTOrO ocaay Bkasye Ha HasBHicTh Cl- y
JOCIIIKYBAaHOMY PO3YHHI.

XapakrepHi peakuii Ha Opomia-ionu Br-

Xnopua eooa (pozuun Clp y 600i) Buminsge 3 pO3YHHIB, IO MICTATH 10HH BIr-,
BUTbHUNA Opom Br2, skuil ekcrparyerbcs OpraHIYHUM PO3YMHHUKOM OEH30JI0M.
Opraniunuii map npu HpoMy HabyBae )KOBTOTO ab0 KOBTO-0ypOro KoJIbopy.

OeH30I
2NaBr + Clp — Brp + 2NaCl
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Bpowm, sikuil npu 1bOMY BUAUISIETHCS, BCTYIIA€ B PEAKIIIO 3 HAAMIPOM XJIOPHOI BOJU.
Y TBOprOETHCS O11i10-5K0BTa, Maibke Oe36apBHa cionyka BrCl.

Bro + Clp = 2 BrCl

Peaki1ito mpoBOATh y KUCTIOMY CEPEIOBHIIII.

Bukonanna peaxkuii

Jo 1-2 kparmmun(!) po3unHy, 110 MicTUTh ioHK Br~, mogatu 1 Mt Boau, 2-3 KparinHu
H2S04 Ta 1-1,5 M 6en3omy. Ilicis 1poro qoaaBaT XJIOPHY BOJY MOPIIAMH MO 3-5

KpaIUIMH, IOCTIMHO mepeMilnyoun cyMim. CrocrepiraTi Cro4aTKy MOsIBY >KOBTOIO
3a0apBIICHHS, a IOTIM HOTO MOCIa0JICHHS.

Busenennio Br- 3aBakaroTh 10HHM [°, a TakoX BelWMKa KIJIbKICTh BIJHOBHHKIB Y
JOCIIIKYBAaHOMY PO3YHHI.

XapakrepHi peakuii Ha iloaua-ionn I~

XnopHa Boaa (po3umn Cl2 y Boxi) BuaiIs€e 3 pO3UMHIB, IO MICTATH 10HU [~, BIIbHUIA
[2, AKMI1 eKCTparyeThesi OPraHiYHUM PO3ZUYMHHUKOM OceH30510M. OpraHiyHul map npu
IIbOMY Ha0yBa€ poKeBO-(Hi0JIIETOBOTO KOIBOPY:

2KI + Clp — 12 + 2K

Wonx, 1m0 BUAUISETHCS, BCTYINA€ B PEAKLIIO 3 HAJUIMILIKOM XJIOpHOi Boau. IIpu npomy
yTBOpIO€eThCS Oe30apBHa oaHyBara kuciaora HIO3:

I2 + 5Cl2 + 6H20 = 2HI03 + 10HCI

1 19-10e + 6H20 = 2103~ + 12H*

5 Clp+2e=2CI-

Peaki11ito mpoBOASITh Y KUCIIOMY CEPEIOBHUIIII.
Bukonanna peaxkuii

Jo 1-2 kparmma(!) po3uuny, mo MicTuuTh 108U [-, nomatu 1 mit Boau, 2-3 KpariuHU
H2S04 Ta 1-1,5 mn Genzomy. [licas uporo noaaBatu XJopHY BOAY MOPLIAMHU MO 3-5

KparuimiH 1 mepeMimryBaTd  cymiml. CrocrepiraTd  CHodYaTKy TMOSBY POXKEBO-
¢bioseToBoro 3a0apBiIeHHs, a MOTIM MOTO 3HUKHEHHS.

Busisnennio [~ 3aBakaroTh BIJTHOBHUKH Y BEIUKIN KUTBKOCTI.
Coni mioi (nanpuknao, cipuanoxucina miob CuSO4 ) BHIUISIOTH 3 PO3UYMHIB, IO
MICTSTh 10HU I, BitbHUH 12,
OeH301
2CuSO4 + 4Kl — Cuglold +2K2S04 + 12

Peakriito mpoBoASTh y CITAOKOKUCIOMY CEPEIOBHUIIL.
Bukonanns peakuii

Ho 0,5-1 mu po3umny, mo Mictuth ionu I°, momatm 1-1,5 mn Genzonmy ta 3-4
kparminau po3unHy CuSOg4. 36oBTaTu BMICT npoOipku. Opra"iyHuii map HaOyBae

pOkeBO-(10JIETOBOTO 3a0apBICHHS.
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BusiBniensto [~ 3aBakae HasBHICTh BIIHOBHUKIB y JOCIIKYBAHOMY PO3YHHI.
Himpum nampio NaNO? (abo nimpum kaniro KNO?) y npucyTtHocTi kKuciaotu (?)

BHJILISIE 3 PO3YMHIB, IO MICTATH [, BUTbHUH 2.

2K1 + 2NaNO2 + 4HCI = I + 2NO + 2KCl + 2H20 + 2NaCl

21--2e =19
NO2- + e+ 2H*t =NO + H20
Bukonannsa peakuii

o 0,5-1 M po3umny, 1m0 mMictuTh ioHu I~, nogatu 2-3 kpammuau H2SOy, 1-1,5 mn
Ooenzony Ta 3-4 kpamumHu po3unHy HiTpuTy HaTpito NaNO2. Bwmict mpobipku
300BTatu. OpraniyHui map Ha0yBae poxKeBO-(P10JI€TOBOTO 3a0apBICHHS.

BusiBnennto [~ 3aBaka€e HasgBHICTh BEJIMKHUX KIUIBKOCTEH BIJHOBHUKIB Y
JOCIIIKYBAaHOMY PO3YMHI.

XapaxTepHni peakuii Ha cyabdin-ionn S2-

Conana kucnoma HC| Buginse 3 po34MHIB, IO MICTATh CYJIb(ia-i0HH 82',
cipkoBojieHb H2S.

NagS + 2HCI = 2NaCl + HoST

Bukonanns peaxkuii

o 1-2 mi1 po34yuHy, 10 MICTUTH 10HU 82', nogatu (o oxwii!) 3-4 kpammuaun HCI.
[Micns nopaBanus koxkHoi kparmmau HCI BMicT mpoGipku HEOOXITHO CTPYIIyBaTH.
Buninenns razyBaroro cipkoBogHio H2S MokHa BUSBUTH:

a) 3a XapaKTepHUM 3aIaxoM;
0) 3a MOYOPHIHHAM (UIBTPYBAJBLHOrO MAIIPIl, 3MOYCHOIO PO3UYMHOM aleTaTy
ceunIro Pb(CH3COO0)2 . Braciigok peakiii

Pb(CH3COO)7 + H2S = PbS| + 2CH3COOH yTBOpIo€eThes HopHMii ocas cyabdimy
ceuHIo PhS.

[HIIl aHIOHH He 3aBaXKAIOTh BUSBICHHIO S2 32 I€0 PeaKIiero.

Himponpycuo nampiio Nag[Fe(CN)sNO] y cepedosuwi NaOH  ytBOpIOE 3
cynbdin-ionamu S2- 4epBOHO-(iaNKOBY CIONYKY. AHIOHH 8032' YTBOPIOIOTH 3 ITUM
peareHToM YepBOHUHN MPOAYKT PEaKilii, aje JUIIe B HelUmpaibHOMy CEPEIOBHIINI, a B

JIy)KHOMY HE 3aBa)KalOTh BHSBJICHHIO S2-,
Bukonanna peaxuii

Jlo 0,5-1 M1 po3umny, mo Mictuts ionn S2-, nomatu 2-3 kpammun posdnay NaOH
Ta 3-4 KpamivHU PO3YMHY HITPOINPYCHAY HATpit0. 3’SBISETHCS 4YEPBOHO-(iasIKOBE
3a0apBIICHHS.

[HII aHIOHM He 3aBa’KalOTh BUSBIEHHIO S2-.
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Coni kaomiro (nanpuxnao, wimpam kaomiro CAd(NO3)2 ) yTBOpIOIOTH 3 CyJbdia-

iomamu S2- sxoBTHIT ocax cymbbimy Kamamio, mamoposunuanii y CH3COOH Ta

posseaeniit HCI.

Peaxitiro npoBosath y cepenosuini CH3COOH a6o possenenoi HCI.

Bukonanna peakuii

o 0,5-1 mur po3unHy, MO MICTUThH 10HU 82', nomatu 1-2 xparuman HCl ta 5-6
kparuH po3unHy Cd(NO3)2. 3’ sBisieTbest AKOBTHIA OCAI.

[HIIl aHIOHM HE 3aBa)KAIOTH BHSIBICHHIO S2-. 3aBaKarOTh KATIOHH, K YTBOPIOKOTb 3
SU2' 3a0apBIIeH] CyJIb(iau.

Hoona eéooa (poszuun 19 y 600i) y HeiTpaibHOMY a00 CIIa0KOIYKHOMY CEepEIOBHILII
Ta po3uuH nepmanranary kainiro KMnOg4 y kucinomy cepenoBuili 3HE0ApBIIOIOTHCS,

SKIIO J0 HUX J0JIaBaTH PO3YMH, 110 MICTUTh 10HU S2- | BukoHaHHs peakiii (auB.
Busieenns ionis SO32- (c. ).

BuBuenHns peakuiii Ha a”ionu |11 anagiTuanol rpynu
XapakTepHi peakuii Ha HiTpuT-ionn NO2-

Conana xucnoma HC| Buninse 3 posumHiB, mo wmictate ionn NO2™ , raszysaruit

0e30apamuii  okcuy azory NO, saxuii mnpu  B3aemonii 3 KHCHEM TMOBITPS
NEPETBOPIOETHCS HA JIIOKCHU]T a30Ty - Oypuid ra3, 1110 Mae pi3KHii 3anax.

3NaNO> + 3HCI = 3NaCl + HNO3 + 2NOT + H»0

2NO + 02 =2NO9
Bukonanna peakuii
Jlo 1-2 mu po3unny, mo Mictuth ioHM NO2-, nomaBatu (o oxwuiit!) 3-4 kpariuHuA

HCI. Tlicnsa pomaBaHHS KOXHOI KPAIIMHU BMICT IIPOOIPKH HEOOXIIHO CTPYIIyBaTH,
CIIOCTEpirarouu Mpy I[OMY BUIUICHHS Oyporo ra3y, o Mae pi3Kui 3amax.

[H111 aH10HU He 3aBaXkatoTh BusABieHHI0 NO2™.
Hoouo kanirw Kl y npucyrrocti HaBiTh o1nrToBoi kuciotu CH3COOH oxucnroeTses

ioramu NO2~ 3 BuIEHHSIM BITBHOTO Hoay |2:

2KI1 + 2KNO2 + 4CH3COOH = 4CH3COOK + 2NO + 2H20 + 19

Bukonannsa peaxkuii

o 0,5-1 M po3uuny, mo mictuth ioHu NO2~, nonatu 3-4 kparmuau po3uuny Kl, 1-
1,5 mn OGenzony Tta 2-3 kpammuan CH3COOH. Bwict mpolGipku cTpycuTH.
Opraniunuii map HabyBae pokeBo-(ioJeTOBOTO 3a0apBICHHS.
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Busisnenntro NO2~ 3aBakae HasiBHICTh OKMCHUKIB Ta BITHOBHHKIB.
Hugpeninamin (CgHg)2NH (opraniunmii peareHT) y CepeoBHINI KOHIIEHTPOBAHOT
H2S0O4 yTBOpIoe 3 ionamu NO2~ crioiyKy CUHBOTO KOJIbOPY .

Bukonanns peaxkuii

VY mpoOipky 1o 11 CTIHKax HaJIMBAIOTh KIJbKAa KPAIUIMH JOCIHIKYBAHOTO PO3YHHY.
[ToTiM KparIMHAMM TaKOX MO CTIHKaX MpoOIpKU J0JAI0Th po3unH Audeninaminy. Ha
CTIHKaxX MNpoOIpKH Ta B PO3YHMHI YTBOPIOETHCSA CIIOIYKa CHUHBOTO KOJIbOPY, SKa
CBIIYUTH MPO HASBHICTHh HITPHUT-iOHIB (200 iHIIMX OKWCHIOBadiB). [Ipu 300BTYBaHHI
PO3UMHY CHHE 3a0apBICHHS 3HUKAE.

Bussnennio NO2™ 3aBaxkaroTs ioart NO3™ Ta /1esKi OKMCHIOBAYI.

XapakrepHi peakuii Ha HiTpaT-ionn NO3-

Jugpeninamin (CgHg)2NH y cepenoBumii konmentpoBanoi HpSO4 ytBOproe 3

ioHamu NO3~ criosyKy CHHBOTO KOJIBOPY.
Bukonannsa peaxuii (nuB. Bukonanus peakiiii 3 NO2~).

Bussnennio NO3~ 3aBaxaroth 10Hu NO2~ Ta geski okucHioBaui. 11100 mo30yTuch

ioniB NO2~, 10 J0CHipPKyBaHOTO po34yuHy aojaarTh xjopua amonito NH4Cl a6o
ceuoBrHy CO(NH2)2 i cymimn HarpiBaroTh.

XapakrepHi peakuii Ha anerar-ionn CH3COO"
Cipuana kucnoma H2S0O4 13 CyxXux OLTOBOKHCIIMX COJICH BHAUISE OITOBY KHUCIIOTY,

Ky MOKHA PO3MIi3HATH 3a CIeU(IYHIM 3aIIaXoM.
2CH3COONa + H2S0O4 = 2CH3COO0OH + Na2S0Oy4

Bukonanna peakuii
2-3 Mn po3umHy, mo Mictutb CH3COO-, BHecTH A0 MOPIEISHOBOI YalllKH 1
BunaproBatu jgocyxa. o cyxoro 3amuiky pojgatu 5-6 kpamnmun H2SOg4. Ilossa

XapaKTepHOIo 3araxy OLTOBOi KHCIOTH CBITYUTH Npo HasBHICTH 10HIB CH3COO" y
JOCIIKYBAaHOMY PO3YMHI.

Bussnennio CH3COO™ neBHOIO Miporo 3aBaxatoTh i0oHu |-, Br, 82', NO2o-, 8032' Ta
1H.

Aminosunt (a60 emunosuit) cniupt y npucyTHOCTI KoHIleHTpoBaHoi HpSO4 yTBoproe

3 arjeratamu - aminanerar (a00 eTuianerar) - CkiaaHi edipu, Mo MarTh MPUEMHUI
XapaKTEepHUM 3arax.
Bukonannsa peaxkuii
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2-3 mi1 po3uuny, o Mictuth i0Hu CH3COO™, nepenect B MOPLEISHOBY YalIKy Ta

BUTIAPIOBATH Jocyxa. J[o CyXOoro 3ajMiiKy A0AaTh 5-6 KparuiMH KOHIICHTPOBAHOI
H2SO4 Ta 1-2 xpamnunu aminoBoro cnupty. Cymiml mepemMilliaTéd Majudykow Ta

3JIeTKa MiAIrpiTH Ha MimaHid 0aHi. XapakTepHUM 3amax rpylieBOi €CeHIlli CBITYUTh
npo HasBHicTE CH3COO" y nocnipkyBaHOMY PO3UHHI.

Bussnennio CH3COO- 3aBaxatots |-, Br-, NO2- 8032' Ta 1HII1 10HU.

Xnopuo 3aniza (III) FeCl3 ytBoproe 3 ionamu CH3COO- amerar  3aiisa,
3a0apBJIEHUI Y TEMHO-YEPBOHUHN KOJIP.

FeCl3 + 3CH3COONa = Fe(CH3C00)3 = 3NaCl

Peakito nmpoBoasTh y HEHTpaIbHOMY 200 CITa0KOIY>KHOMY CEPEIOBHIIL.
[Ipn HarpiBaHHi amerar 3aii3a MEPETBOPIOETHCS B YEPBOHO-Oypuil OcCaj OCHOBHOI
CcoJIi.

tO
Fe(CH3C00)3 + 2H20 = Fe(OH)2(CH3CO0)Y + 2CH3COOH
Bukonanna peaxkuii
o 0,5-1 ma po3uuny, mo mictuth ionn CH3COO", nogatu 3-4 KpariMHu pO3YUHY
FeCl3, 1-2 mu Boam i minirpité BMicT mpoOipku. Crioyatky 3"SBISE€THCS TEMHO-
yepBOHE 3a0apBiIeHHS, a TOTIM (ITiCIIsT HArpiBaHHS) YepBOHO-OYpHit Ocajl.
Busisnennto CH3COO- 3aBaxkarots ionn SO32-, PO43-, CO32-, C2042-, F- Ta in.

68



JlabopaTtopna po6ora Ne 3
Xin anamizy cymimi anionis Il, 11 Ta 111 ananituunux rpyn

I rpyma; SO42-, SO32-, CO32-, Si032-, PO43-, BO33-, F-.

Il rpyna: Cl-, Br-, I, S2-,

I rpyna: NO3-, NO2-, CH3COO-".

Busiaenns SO42- . Jlo 1-2 mn mocmimkyBaHoro posumuy (3amaui) momatm 10
kparna HCI ta 3-4 kpammman po3unny BaCl. TlosBa 6inmoro ocamay CBiUuThH PO
HasBHICTD SO42' .

BusiBaenns S2-. Jlo 1 ma posunny 3agadi gogatu 2-3 kparmman HCI, 8-10 kparumns
poszunry Cd(NO3)2. V npucyrtHocTi S2° y po3duHi 3’ IBISETHCS KOBTHIA OCAL.

BusiBjieHHs 8032'. SIK11o B 3a71a4l BUSABIIEHO 10HU 82', TO 10 1 M1 po3unHy 3ama4i
nogatu 2 mi po3unny Sr(NO3)2. Jlatu cymimn nocrostu 3 xuiauau. Ocai, 1o
mictuth SrSO3, BiAQIIbTpyBaTH Yepe3 UIIbHUNA (DIIBTP, TPOMUTH 3-4 pa3u BOJOIO.

JIi#iKy 3 0ca0M IMOMICTUTH HaJl YUCTOIO MPOOIpKOIO 1 po3unHuTH ocan B 1-2 mur HCI.
10-12 kparmmmH oTpuMaHOro po3uuHy goxatd mo kparuHi(!) Jlo 2-3 M po3umHy
fonHoi Bomu momatu mo kparwtnHi(!) 10-12 kpamivH OTPUMAHOTO PO3YMHY. Y

MPUCYTHOCTI 8032' HoaHa Bojia 3HEOAPBIIFOETHCH.

ko y 3aa4i He BUSBJICHO 10HIB §2- , TOJ1 JUIS BUSBJICHHS 10HIB 8032' 0 2-3 M
po3unHy WoaHOT Boau AojaaT kpartuHamu(!) po3unn 3amadi (10-12 kparumn).

BusiBjieHHs C032'. SIk1to B 3a7a4l BUSIBJIEHO 10HU 8032' qu 82', TOIl 10 2-3 MII
po3unHy 3amadi jgogatd 1o KparmwmHi(!) po3uuH [2 10 MOSBH CBITIIO-)KOBTOTO

3a0apBJCHHS, K€ HE 3HHMKae 3 vacom. [licas 1poro mgomaBatu mo onuii(!) 3-4
kparman HCI. ITicns gomaBamus xokuoi kpammuad HCl mpoOipky 3 po3duHOM

3JIeTKa CTPYIIYIOTh. Y MPUCYTHOCTI C032' CIIOCTEPITAETThCS BUJIUICHHS JIPIOHUX
MyXHUPIIIB razy.

SIkio B 3amauyl HEMAE 10HIB 8032' Ta 82', TOJII1 JUISI BUSABJIEHHS 10HIB CO32' 1o 2-3
MIT 3314l 1oaaroth 1o oaHii(!) 3-4 kparmman HCI.

BusiBienust Si032'. Jlo 2-3 mut po3umHy 3amadi goxatu apioky cyxoro NHzCl.
CyMimr mmirpita. Y NpucyTHOCTI SiO32‘ 3’ ABIISICTHCS JKEJIEMOI0HUI ocal.
BusiBirennst PO43-. o 1 vt po3unny 3ana4i gogaty 8-10 KparinH KOHICHTPOBAHOI
HNO3. Cymim nOpokunsSTATH #OpoTsAroM 1 XBWIMHM, MOTIM J0JaTH 9-6 M

MOJTI6eHOBOT pimaH i 3aimimmTy Ha 5 xBwmH. Y mpucytHOCTi PO43- 3’ sBisteTsest

SCKpaBO-KOBTUH ocaja. SIKio B 3adadi Oyiu BUSIBIICHI 10HU Si032', TO, MEpI HIK
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JoJaBaTH MOMiOAEHOBY piauHy, 10 Hel cmig gogatu 10-12 kpamnua po3uunHy abo
npiOky cyxoi BuHHOI kucnotu HoC4H4Og .

BusiBiennss BO2~. 2-3 mn po3unmHy 3a4a4yl BHECTH [0 MOPLEISHOBOI YaIIKH 1
BUMaproBaTu nocyxa. [lo cyxoro 3anumky aojatu 3-4 KparuliHU KOHIEHTPOBAHOI
H2SO4 ta 10-15 kpammun wmerunoBoro crnupty CH30H. Cymim y wvammmi
nepeMiliaTi NaJIMYKoK 1 3pa3y K miananutd. Y npucytHocti BO2™ 3’saBastoTbes
CHaJlaxy 3€JIEHOTO KOJIbOpPY.

BusiBiennss F-. 3-4 Mn po3umHy 3amadi BHECTH 10 TOPIEISHOBOI YaIlKd 1
BumaproBaTi gocyxa. Cyxuil 3ajquIlIoK mepeHecTH MpodipKy, noaaTu 3-4 KparuimHU
koHueHTpoBaHoi H2SO4. UYepes 1-2 xBuiauHU 1poOIpKYy CIOJOCHYTH BOJAOKO
(o6epexno!). Y npucyrrHocTti F- ckito npoOipku cTae "MaToBuM".

BusiBsiennss I ta Br- . Jlo 1-2 kpamun(!) po3umHy 3agadi, 110 3HAXOAMTHCS B
npoOipri, momatu 1 mu Bogw, 2-3 kpammman HpSO4 Tta 1-1,5 mi 6enzomy a6o

Toryody. ITicist mboro oKpeMuMu MOPIisAMH TI0 3-5 KpaIuIiH J0/1aBaTH XJIOPHY BOIY,
P LIbOMY ITICJISI JOJIaBaHHS KOXKHOT MOPIIiT MpoOIpKy cTpyuryBaTH. SIKIo B 3a71a4i €

ionu 7, TO micias AoaaBaHHS MEPIIXMX MOPIH XJIOpHOT BOAM BepxHii map (OeH30:1)
Ha0yBae PoOKeBO-(P10JIETOBOr0 KOILOPY. JloJaBaHHS XJIOPHOI BOJU MPOJOBXKYBATH,
MOKU 3HUKHE pOXeBO-(hiojeToBe 3abapBieHHsA OeH30ibHOTO Mmapy. Ilicios mporo,

SKIIO B 3a/adl € TakoX 1 10HM BI™, HacTynHa mopiiisi XJIOPHOT BOJAU MPU3BEAE A0
3a0apBiieHHs1 OCH30JIbOHOTO IIApy B KOBTHUH abo >XKOBTO-OypHil Koiip. SAKmio x y

3a1a4i 10HIB [~ Hemae, a € ymiie ioHu Br-, To xoBTE 200 *KOBTO-Oype 3abapBIICHHS
OCH30JIbHOTO IIapy 3'ABJISETHCS MICIS JOAaBaHHS BXKE MEPIIMX MOPIIN XJIOPHOT
BOJIH.

Busissiennsi Cl=. [lo 2-3 mn po3unny 3anadi nonatu 8-10 kparmua HNO3 ta 2-3 mu
pozunny AgNO3. Po3unn 3anuiimtu aas BigcroroBanHs (a00 TPIIKM Mimirpita) i
NEPEeBIPUTH HA MOBHOTY OCAPKEHHs, nodatouu mie 2-3 kpamiuau po3unny AgNO3.
Ocan BiadinpTpyBaTtd, mpomMuTd Ha (uIbTpi 3-4 pa3w a30THOIO KHCIOTOK Ta

BUKOPHCTATH Ui BusiBiieHHs ioHIB Cl~. @iabTpaT 1 NPOMHUBHY PiAMHY BIAKHHYTH.
Ocan: Agl, AgBr, AgClI, AgaS.

Jlifiky 3 ocajoM BCTaBUTHU B YMCTYy MpoOipKy il ocax Ha PuibTpi 00poduTH 2-3 M
pozuuny (NH4)CO3. [lo orpuMaHOro po3uyuHy, SKHii OBHHEH OyTH MPO30PUM Ta
0e30apBHUM, JTOTATH:

a) HNO3 mo kucnoi peakmii cepenoBumia (mepeBipuTH JIAKMYCOBUM Tamipiiem). Y

npucyTHOcTi Cl- 3’sBIIsIETECS KaslaMyTh O110T0 KOJBOPY;
0) 3-4 kparummau po3unny KI. TlosiBa 611i70-)KOBTOr0 0caay BKa3ye Ha MPUCYTHICTh
XJIOPU/I-10HIB Y PO3UHHI.
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BusiBiennst NO2~. Jlo 1 mut po3unHy 3anayi qonatu 5-6 kpamnus po3uuny K, 1-1,5
mi 6enzony ta 3-5 kpamnud ouroBoi kucnotu CH3COOH. Cywmim mepemimaru

300BTYBaHHsAM. Y npucyTtHocTi NO2~ opraniuyHuil map HaOyBae pokeBO-(iaIKOBOIO
3a0apBIICHHS.
Busisnenns NO3". Skmo B 3amaui BusiBieHo ioHu NO27, To ix Tpeba BUIaIUTH,

nepin HiK npuctynatu a0 BusiieHHs NO3™. [Ins uporo no 2-3 mit po3unHy 3aaadi
nojgatu apioky cyxoro xjopuay amoniro NH4Cl a6o npioky cewoBurm CO(NH2)2.

Po3unn npoxun''stutu. JlogaBaHHsS XJIOPUIY aMOHIIO a00 CEUOBMHM Ta KHUIT ATIHHS
PO3UYHHY MTOBTOPUTH 2-3 pasH.

Onny KpamiuHy po3uuHy, wo He micmumes NO2™, TOMICTUTH Ha CTIHKY MPOOIPKH 1
nonatu 2-3 KpaliuHU po3uuMHy audeHinaminy B KoHueHtpoBaHii H2SOg4. V

npucytHocTi NO3™ 3’ IBUThCS HacuueHe CUHE 3a0apBIICHHS.

Sxmo ionn NO2™ y 3amaui He BusiBneHi, Toai A BussieHHsS NO3™ ogHy kparmiiny
pO3UMHY 3a7a4l MOMICTUTH Ha CTIHKY MPOOIpKH 1 JojaTv 2-3 KpalIMHU PO3UYUHY
mudeHiaMiny B KoHueHntpoBaniii HpSOy .

Busisnennss CH3COO".

a) 2-3 MJI pO34MHY 3aJ1a4i BHECTH JI0 IOPIICITHOBOT YaIlIKK 1 BUIIAproBaTu gocyxa. 1o
cyxoro 3amumky pomatu 5-6 kpamnuH H2SO4. TlosBa XxapakTepHOro 3amaxy
CBITUUTH Tpo HasiBHICTH i0HIB CH3COO™ ;

0) mo 2-3 mu po3unHy 3aaa4i qogatu 3-4 mu pounny AgGNO3, 3amummTy cymim Ha
NEBHUN Yac i BigcToroBaHHsA (a00 TPINIKK HiAIrpiTH) 1 MEPEBIPUTH HA IMOBHOTY
ocaJpKeHHs, noaasmu e 2-3 kparmuau po3unHny AgNO3 . Ocan BiadiasTpyBatH i

BikuHYTU. DinbTpat Bukopucrtatu st Businenus CH3COO0".

Ocan: Ag2CO3, AgoS0O3, Ag3POy, AgeSiO3, AgBO2, Agl, AgBr, AgCl, Ag»S.
®inprpar; CH3COO-, NO3~, NO2-, SO42-.

Jlo 1 M orpumanoro ¢ineTpaty nogatu 3-4 kparminau po3uuny FeCls, motim 1-2 Mo
Boau 1 cymim migirpitu. Y mnpucytHocti CH3COO™ cnoyatky 3’SIBUTHCS TEMHO-
YepBOHE 3a0apBIICHHS, a TIOTIM, IICIIA HarpiBaHHA, - YePBOHO-OypHii Ocas.

KoHTpoJIbHI 3an1MTaHHA
1. SIxi aHiOHM HaNEXaTh J0:
a) | aHamiTHYHOT IpyIIH;
0) II anamiTHuHOl rpymy;
B) III anamiTHuHOI rpymu?
2. BkaxiTh TPyNOB1 peakTUBU HA aHIOHU Ta YMOBU iX BUKOPUCTAHHSI.
3. SIkuM YMHOM MOYKHA BUSBUTH:
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C032' y IPUCYTHOCTI 8032';
S2- y npucyrHoCTi 8032';
I y nmpucytHocti Br-;
Br- y npucytHocri I7;
SiO32- y mprcyTHOCTI BCiX iHIIMX aHiOHIB;
PO43- y npucyrnocrti SiO32-;
PO43- y npucyrrocri I-;
Cl- y mpucyrnocti Br-, I,
NO3~ y npucytaocti NO, ?
4. JTo okpeMux nopuiid po3uuHy, o Mictuts anionu I, II Ta Il anamituunux rpym,

JIOJTAJTH:

a) NH4ClI - yrBopuBcs nparnucruii ocan;

0) MOOCHOBY PiAMHY 1 HATPIJIK - YTBOPHUBCS KOBTUH OCa;

B) BaCly - Bumas 6inuit ocan, sikuit moBHicTIO He po3unHuBCs B HCI.

Ski BUCHOBKH IIOJI0 CKJIQJy PO3YUHY MOKHA 3pOOUTH ?

5. lo oxpemux mopiiid po3unHy, mo Mictuth aHionu I, Il Ta Il anamitnunux rpym,
J0JaIIu

a) OCH30J1, XJIOPHY BOJY - 3a0apBJICHHS OPTraHIYHOTO IIapy HE CIIOCTEPIray;

0) HNO3 no kwucnoi peaxkiii cepenosuina Ta AGQNO3 - yrBopuBcs Oinii oca;,

B) YaCTHHY PO3YMHY BHIIAproBaiu jocyxa, poxanun H2SO4 - Bimuyiau xapakTepHHid

3arax.
[Ilo MoxHa cka3aTu Npo cKiaj po3uuHy? [IpUCyTHICT YM BIJICYTHICTh SIKHUX aHIOHIB
MO’KHA BBa)KaTH JOBEIEHOIO?
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Tema Ne 8. Anaui3 inauBigyaqbHOI pe4yOBUHU
JlocmimxyBaHuil 3pa30K MOXe OyTH PO3YMHOM ab0 TBEPIOI0 PEUOBMHOIO. AHAII3
TBEPAOi PEUOBMHU BKJIIOYAE, SIK OKPEMY CTaJlll0, aHalll3 PO3YHMHY, L0 YTBOPIOETHCS
IiCJsl PO3YMHEHHS MPoOU y BO1 a00 KUCIOTaX.

JlabopaTopHna pobora Ne 4
AHaJi3 iIHIMBIAYaJIbHOI pEYOBUHHU

IHomepenHi BUIpoOyBaHHS

[lepm 3a Bce 3pa3ok ciifi peTeIbHO OMVISIHYTH 1 BU3HAYUTH JI€IKlI HOro (hi3u4Hi
BJIACTUBOCTI. 30KpeMa, JEerkKo BCTAaHOBUTH, METAJIEBHM YW HEMETAJIEBUHA XapaKTep
Mae mpoOa. 30BHINIHIN BUIJISIA HEMETAIEBOI MPOOW I1HKOIM MOXKE JaTh TEBHY
1H(pOopMaIlito MMpo ii XIMIYHUNA CKIIaI.

Hacammepen, 3BepratoTh yBary Ha koiip npobu. Hampukian, cube abo OmakuTHE
3a0apBJ€HHS Ja€ MIACTaBy rajaTv, IO OO0 CKJIaay CIOJIYKH BXOJATh 10HU MIiJL;
pOKeBe - 10HU KOOaIbTy a00 MapraHilio TOIIO.

[leBHy 1H(pOpMaLIiI0 MOXHA OTPUMATH, CIIOCTEPITal0UM KOJIIP MOJIYM sl IPU BHECEHHI
B HBOTO IUJIATUHOBOI JPOTHUHKM 3 HAHECEHOK Ha HEl peyoBUHOK. Tak, »XKOBTe
3a0apBIICHHS TIOJIYM sl CBITYMTH MIPO HASBHICTH Y TIP0oO1 HATPIIO, (P10JIETOBE - KaJilo,
LETJITHO-YEPBOHE - KaJbIIO TOIIIO.

3 momnepenHiX AOCTiAIB He MOXHA POOUTH OCTAaTOYHUX BUCHOBKIB, OCKIJIBKH JIOCHUTH
4acTo 3a0apBIEHHS OJTHOTO €JIEMEHTY MACKY€EThCSI 1HIIIHMM.

IlepeBeeHHs peYOBHHH Y PO3YHH

JocnimKkyBaHuil 3pa30K Ciifl MOAUIMTA Ha Tpu YacTuHU. OAHY 3 HUX BUKOPHUCTATH
JUTSI TIA00PY PO3YMHHMKA, IPYTY - JUISl TPOBEICHHS aHATI3Y, & TPETIO 3aJUIIUTH IS
KOHTPOJTIO.

Po3uunenna y 600i. 11in0ip po3uMHHHMKA MOYMHAKOTH 3 TOTO, 10 HAMararThCs
PO3UYMHHUTH HEBEJIUKY KUIBKICTh 3pa3Ka y BOJI, CIIOYATKy B XOJIOJHIH, a MOTIM IpH
HarpiBaHHI.

Ao 3pa3ok  PO3UMHSETHCS, TOAI 3a JOMOMOTOK 1HIUKATOPHOTO MamipIs
BHU3HAYAIOTh KHUCIOTHICTh cepefoBuina. Kucna peaxuis Moxke CBIAUUTH aboO Mpo
HaAsIBHICTHh BUIBHUX KHUCJIOT, 400 KHUCIIUX COJIEH, a00 COJIel CiIa0KUX OCHOB 1 CHJIbHHUX
KucnoT. JIy>kHe cepeloBUIIe CTBOPIOIOTH OCHOBH, JI€AKl KUCII COJIl Ta COJII CHIIBHUX
OCHOB 1 CJTabKux KuciI0T. HeoOXiIHO TakoX 3BEPHYTH yBary Ha KOJIip OTPUMAHOTO
PO3YMHY.

Po3uunennsa 6 kuciomax. SIKIO peyoBHMHA HE PO3YMHSAETHCA HI B XOJIOJHIN, HI B
raps4iii BoJii, TOAl HAMararThCsS PO3UUHHTH ii B KUCIIOTaX, CIIOYATKy B PO30aBIICHHX,
MOTIM Y KOHIIEHTPOBAHUX, CIIOYATKy Ha XOJIO, a MOTIM MPU HarpiBaHHi.

[Tix yac po3unHEHHS MPOOH B KUCIOTaX CIiJ] yBAKHO CTEKHUTH 32 SBHUILAMH, K1 IPH
IbOMY B1I0yBalOThCS. 30KpeMa, 0cOOIMBY yBary HeoOXiJHO 3BEPHYTH Ta BUIUICHHS
ra3iB i3 XapakTepHUM 3amaxoM 4 0e3 Hboro. Tak, kapOOHATH MpPH PO3UMHEHHI B
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KHCIIOTaX OypXJMBO BWAUISIOTH BYIJICKMCIWN Ta3. 3amax CipKOBOJIHIO a0o
CIPYMCTOrO ra3y BKa3ye Ha MPHUCYTHICTh BIAMOBIIHO CyNb(iaiB uu CyIbQITIB.
BunpoOyBaHHs pPO3YMHHOCTI B KHUCJIOTAaX IMOYMHAIOTH 3 OLITOBOI KHUCJIOTH, MICIIA
IIOTO OEpyTh COJISIHY, Jaii, SKI[0 PEYOBHHA HE PO3YMHIIACH, OEpPyTh a30THY
KUCJIOTY. HapemTi, Km0 pedyoBHMHAa HE PO3YMHWIACH 1 B a30THIA KHCIOTI,
PO3UYMHSIOTH 11 B IIAPCHKIN BOJIIII.

Conana kucnoma HCI po3uunnsie Bci MeTaiu, sIKi B PsiIy Halpyr CTOSATH JIIBOPYY Bif
BoaHo, Hampukiaa: Mg, Zn, Al, Cr, Fe, Co, Ni, Cd; OugbmmicTs OKCHIIB, YcCi
KapOoOHATH Ta TIAPOKCUAM, 3a BHHATKOM crnoayk Pb, Ag, Hg(l). Skmo neBimoma
PEUOBHHA PO3YHHSIETHCS B po3Gasieniit HCI, To Boma He mictuts Agt ta Hgo2t.

Konnentposana HCI| npu HarpiBanui po3unnsie Bci cynbdian, KpiM cynbdiaiB pTyTi
ta apceny. Posbanena HCIl posuumnse nume CdS, FeS, FepS3, MnS, ZnS. Ilpu

06pobwi xonmenTpoBanoro HCI| meskux pedoBmH, mo € okucHioBadamu (CrpO72-,

MnOg4~), Moke BUIUISATHCH BUIBHUAN XJIOP.
Azomna kucnoma HNO3 po3unHsie BCl OKCHIH, T1IPOKCHIH, Cyiabdiau (kpim HQYS)

Ta BC1 HEPO3UMHHI Y BO1 COJII CTA0KKUX KHUCIOT 32 BUHATKOM COJIeH CTUOIIO Ta OJIOBA.
binbmicts MetaniB po3unnserscs B HNO3; npu po3unnenHi Sb ta Sn yrBoproroThes

marnoposuntHi kucinoru HSbO3 ta HoSnO3 BianogiaHo.

Posuunenns 6 ayzax ma inwux po3yunnukax. Y JIKUX BUNAAKAX IS
IIEPEeBEICHHS PEYOBMHHA B PO3YHMH JOLIILHO 3aCTOCOBYBATH Jyrd abo cCreliaibHi
PO3YHMHHHUKH.

Tak, y ayrax po3umHsIOTBCS Taki meran, sk Zn, Al, Pb, Cr, Sb, Sn, ix okcummu,
T1POKCUIU Ta ACSAKI 1HII CITOTYKH.

Posunr NapCO3 BHKOPHCTOBYIOTh [UIsl IIEPEBEICHHS B PO3dHH cyibharis Balt,

Sr2+ 1a Ca2t,
30%-uum po3urHOoM arieraty amoHito NH4AC nepeBoasts y po3unn PhSO4.

[HOMI 111 TepeBEeNEHHS PEYOBMHU B PO3YMH JOBOJAUTHCSA CIUIABIATH 11 3
BignoBiganMu wiaBasMu (KHSO4, NapCO3 Ttoro).

AHaJII3 01ePKAHOT0 PO3UMHY

Haitgacrime mociipKyBaHH PO3YMH HEBIJOMOI PEYOBHMHU MICTHUTh OJWH KaTIOH 1
OJIMH aHIOH. AJIe PO3YMHM KHCIIOT HE MICTITh 10HIB METally, a B PO3YHMHAX OKCH/IIB,
TIIPOKCHJIIB Ta BUILHUX METaliB He Oyjae aHioHIB (KpiM THX, SKi BBOJSTBHCS IPH
PO3UYMHEHHI B KUcIoTax). Hapemiri, qociimKyBaHa pedoBHHA MOXEe OYTH TOJBIHHOIO
CULTI0 200 KOMILIEKCHOIO CIOJTYKOIO, 1 TO/1 B po3unHi Oyjae 1Ba abo Oliblle KaTioHIB
YK aHIOHIB.

BusiBjieHHs1 KaTiOHIiB MOYMHAIOTH 3 TOrO, 110 32 JOMOMOIOIO IPYIIOBOIO pEareHTy
BU3HAYAIOTh, 10 KO aHAJIITUYHOI T'PyNH BOHU HaliexkaThb. [[ani BHUKOPHUCTOBYIOTH
XapaKTEpH1 peakilii abu BUZHAYUTH, SIKUI caMe KaTIOH JIaHOT TPYIH € B PO3UYHUHI.
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BusiBjieHHs1 aHiOHIB MOYMHAIOTH 3 TOTO, LI0 32 JONOMOI'OK) I'PYNOBUX pPEarcHTIB
BU3HAYAIOTh, AHIOHM $KUX aHAJITUYHUX TPyl NOPHUCYTHI B po3uuHi. Jlam
BUKOPUCTOBYIOTh XapaKTEpHI peakiii Juisi BUSHAYEHHS, SIKI caM€ aHIOHU 3 TIET 4H
1HIIOI TpyNU € B pO34MHI. BUSIBIEHHS aHIOHIB 1HOMI YCKJIAIHIOETHCA HAABHICTIO B
PO34MHI IEBHUX KaTIOHIB.

SIKmo mocniKyBaHa peyoOBHMHA PO3UMHMIIACH y BOAL, TOJI KaTIOH, SIK MPaBUJIO, HE
3aBa)ka€ BUSBJICHHIO aHIOHA CIIOYATKy 3a JOIOMOTOI0 TPYNOBUX PEAreHTIB, a MOTIM
XapaKTepHUMHU pPEeaKLisIMU B MEXaX BU3HAYEHOI IPyIH.

SIKIIO K pEeyOBHHA PO3UYMHSETHCS JIMILE B KHUCIOTaX, TOAl Tpeba BpaxyBaTu Taki
00CTaBUHMU:

a) psia aHIOHIB MPHU 0OPOOIIl 3pa3ka KUCIOTAaMH BTPAYarOThCS BHACIIIOK BHIIJICHHS

rasis (CO32-, SO32-, S2- Ta in.);
0) pu PO3YMHEHHI CIIOJIYKH B KHUCIIOTI BBOJUTHLCS TICBHUH aHIOH.
JIns BUSIBICHHS aHIOHIB CIIOJYK, [0 PO3YMHUIUCH y KHUCIOTaX, TOTYIOTh, fK

IPaBWJIO, CHEIIAIbHUI PO3YMH 32 TAKOK METOAMKO. Jlo JOCIIHKYBaHOTO PO3UMHY
J0JIal0Th KOHILIEHTPOBAaHUU po3unH KapOoHaty Hatpito NaCO3, cymimn Kum' sTsTh 1

ocan BIAQUIBTPOBYIOTh. 3a Takoi OOpOOKM TepeBakHA OLIBIIICTh CHOJIYK
MEPETBOPIOETHCS B T1IPOKCUIN ab0 kKapOoHnatu MeTtaniB. Hampukia:

Ba(NO3)2 + NapCO3 = 2NaNO3 + BaCO3

2FeCl2 + 3NapCO3 + 3H20 = 2Fe(OH)3 + 6NaCl + 3CO»

VY ¢inpTpaTi MOXYTh 3HAXOAWUTUCH COJII BCIX aHIOHIB 3 JIY)XHHMH METajlaMu 3a
BUHSTKOM PO43', F-, S2- Ta ramorenimis, sKki MOXYTh 3QJIUIIUTHCh B OCaJl Y
Bursial, Hanpukian, Baz(POg)2, CaFa, CuS, Agl Toimo.

Kpim Toro, y ¢inmbrpaTi MOXyTh 3HaXOJUTHUCh TAKOXX apCEH, AJIOMIHINA, OJIOBO,
ctubiii 'y Burmsimi NaAsO2, NazAsOy4, NaAlOp, NapSnO3, NaShO3, a Ttakox

4acTKOBO Miab. [lo30yTHCh 1HMX €JeMEHTIB (32 BHHATKOM apceHy) MOXHa
00epeKHOI0 HEUTpati3al€lo pO3UrMHY OLTOBOIO KHCIOTO. Y HEUTpaIbHOMY PO3UMHI
OCaKYIOTHCS BiJIIOBIJIHI T1IPOKCHU/IH.

[Tin wac HeliTpamizanii Tpeda CTEKUTH 3 TUM, IIO0 HE OYJI0 HANIUIIKY KUCIOTH, 0O
TOJI1 TIIPOKCHUJIH, IO YTBOPHINUCH, 3HOBY PO3UHHSITHCSI.

HefiTpanizoBanuii po3urH BiUIBTPOBYIOTH BiJl ocany 1 GiabTpaT BUKOPUCTOBYIOTH
JUIA BUSIBJICHHS aHI1OHIB 3a 3BUYAMHOIO METOIUKOIO.

o6 BusiBUTH Qocdar-i0HH, YACTHHY OCaxy, SKHH 3alUIIMBCA Micias OOpoOKU
pPEUOBMHH PO3UYMHOM KapOOHATY HATPIIO, PO3UMHSIOTH B a30THIN KHUCIIOTI 1 10aI0Th
70 pO34uHy MOJi0AeHOBY piauHy. [losBa »KOBTOro ocaay BKa3zy€e Ha MPUCYTHICTb

anionis PO43-.
CynbQia-ioHH BHUSBISIIOTH, OOPOOJSIIOYM YACTUHY OCaAy CIPYaHOI KHUCIOTOIO.

CipkoBOJieHb, W10 BHUJIUIAETHCS, BUSBISAIOTH 3a 3amaxoM abo 3a MOYOPHIHHSAM
GITBTPYBAIBLHOTO MAMepy, 3SMOUYEHOTO PO3UMHOM arleTaTy CBUHIIIO.
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o6 BusButu (QTOpUA-IOHM, OCa] BHUCYUIYIOTh, MEPEHOCATH Yy MPOOIpKYy 1
o0pobmsitoTh  KoHIeHTpoBaHoto H2SO4. Yepes 1-2 xBuwimnHu mpobipky Tpeda

crniosiocHyTH Bojiot0 (00epexno!). Edexrt auB. Ha c.
Hapernri, rajioreHii-ioHd BU3HAYaKOTh, SIK I BKa3aHO Ha C.
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KIJIbKICHU AHAJII3

KinbkicHU# aHai3 - po3/iJl aHATNTUYHOI XiMii, 3aBJIaHHSIM SIKOTO € BU3HAYCHHS
KUIBKICHOTO BMICTY €JI€MEHTIB, 10HIB 200 XIMIYHHMX CIONYK, III0 BXOJSTh JI0 CKJIATy
PEYOBHH 1 MaTepialiB, Kl BUBYAIOTHCS.

VY Hamr yac Bce OUTBIIOrO MONIMPEHHsT Ha0yBatoTh (P13MKO-XIMIUHI Ta (PI3MUHI METOIU
aHaj i3y, 3aCHOBaHI Ha BUMIPIOBaHHI BEJIWYMHHU SKOiCh (DI3UYHOI BJIACTHUBOCTI
(rycTHHH, TeMIIepaTypu KHUIIIHHS, TEMIIEPATypH IUIABJICHHS, 1HTCHCHMBHOCTI CMYTH
NOTJIMHAHHS y CIEKTPi TOIIO), aj€ 3HAYCHHS XIMIYHHUX METOJIB 3aJIUIIAEThCS
BaromuM. lle moB’s3aHo 3 TUM, IO, MO-TIEpIIE, XIMIYHI METOJIW aHa3y IPOCTi y
BUKOHAHHI ¥ MalOTh BUCOKY TOYHICTh. [lo-mpyre, 3acTocyBaHHs (pi3MKO-XIMIYHUX Ta
G13MYHUX METOJIB aHai3y MOTpedye KamiOpyBaHHS BUMIPIOBAIBHOI anapaTypH, s
YOr0 BUKOPHUCTOBYIOTHCS CTaHAAPTHI PEUOBHHM, TOUHHHA CKIIAQJ KX BU3HAYAETHCS
XiMIYHUMH MeTogamu. B mporeci BUKOHaHHS J1a00paTOpHUX POOIT 3 KUIHKICHOTO
aHali3y CTYJEHTH NOBWMHHI JICTaTH MPAKTAYHI HABUYKH, TOJOBHUM YUHOM, 3
TUTPUMETPUYHUX, TPABIMETPUYHUX Ta CIIEKTPO(HOTOMETPUYHUX METO/IIB aHATI3Y.

JUist  CBIIOMOrO BHMKOHAHHS pOOIT CTyJIEeHTaM HEOOXIAHO 3acBOITH TEOPETHYHI
MUTaHHS, 110 TOB’sA3aH1 3 JTOOYTKOM PO3YMHHOCTI OCa/iB, TOYKOI €KBIBaJEHTHOCTI,
poOOYMMHU pO3YMHAMH, BHUXIJHUMH PEUOBUHAMM TOIIO, 3aCBOITH MPUHIUIU 1
CIOCOOM PO3paxyHKIB.

Y mpomy po3aini OyayTh pO3MJISHYTI XIMIYHI MeToau aHamizy. HaiGimbin
MOIIUPEHUMHU METOAMH €:

1) rpaBiMeTpuuHMiA (BaroBuii) aHai3;

2) TutpuMeTpuyHuii (00’ eMHUIT) aHai3;

3) poToMeTpUUHMIA aHAITI3;

4) enexTpOXiMiYHHIA aHAITI3.

B ocHOBI BCiX XIMIYHMX METOJIB aHaNI3y JeXaTb XIMIYHI peakiii, fKi MO>XHa
300pa3uTH TaKOK CXEMOIO:

X+R=P

KibKICTh pe4YOBUHHM, $KY BH3HAYalOTh, PO3PAXOBYIOTh, BHUMIPSBIIU KIUIBKICTh
IPOAYKTY peakiii P abo kibKicTh pearenty R, sikuii OyB BUKOPUCTAHUN MTPU PEAKIIii.

Kiacudikaiiis MeToaiB KUIBKICHOTO aHajlizy IOB’s3aHa 3 THUM, KUIBKICTh SIKOTO
KOMITOHEHTA PEaKIlii BUMIPIOEThCA.

VY rpaBIMETpUYHOMY Ta KOJIOPUMETPUYHOMY METOJIaX BHUMIPIOIOTh KUIBKICTH
npoaykry peakiuii P; B 06’eMHOMY - KilbKicTh pearenta R.
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Tema 1. I'paBiMeTpu4HUIl aHAJI3

B oCHOBI rpaBIMETpHUYHHX METOJIB AHANI3Y JEXATh XIMIYHI peakUli yTBOPEHHS
MaJOpO3YMHHUX CIOJIYK, HAIPUKIAJ:

FeCl; + 3NaOH = Fe(OH)34 + 3NaCl
BaCl, + H,SO, = BaSO, | + 2HCI

Ocan, 1O YTBOPUBCA, BIJOKPEMIIIOIOTH BIJl pO3YMHY (UIBTpYyBaHHSAM abo
HEeHTPU(PYTYBaHHSIM, TPOMHUBAIOTh, BHCYIIYIOTh a00 MPOXKAPIOIOTh Ta 3BAXKYIOThH
(3Biaku ¥ Ha3Ba - BaroBui aHaiiz). OCHOBHOIO IEPEBAroi0 I[bOT0 aHaJI3y € BeJIMKAa
TOYHiCTHh BU3HaYeHHs, sika nopiBHIOE 0,01%. Hemoniku monsiraroTb y MOMKIMBOCTI
BUKOPHUCTAHHS TUIBKM OJHOTO THUITY PEAKIIAd — peakiliii Oca/yKeHHS - Ta BEIUKii
BUTpATI Yacy.

['paBiMeTpuyHU aHaji3 3aCHOBAaHWUN HA BUMIPIOBAHHI MacHh MPOAYKTY XIMIYHOI
peaxiiii, o YTBOPIOETHCS y BUTIIA MAaJOPO3UYMHHOT cIoNyku ApRp.

Ocany, 1110 BUKOPUCTOBYIOTH JUUISl BU3HAUEHHS THX YW 1HIIKMX BOHIB T'PaBIMETPUYHUM
METOJIOM, TOBMHHI BIJIOBIJIATH PSIAY BUMOT:

1) Ocan noBuHEH OYTH MPAKTUYHO HEPOIYUHHUM

VY po3umHi micisi OCa/pKEHHS 10HIB, $IKI BU3HAYalOTh, MOBUHHO 3aJUIIUTUCH
MEHIIIE, HI)K MOYKHA

3BOXWTH Ha aHAIITHYHUX Tepe3ax (3apas 1e < 10™ 1, mo Bimmosigae KOHIICHTpaIlii

-6 . .
PO3UHHY ~10" momnb/i). JIJis 3MEHIIICHHS. PO3YUHHOCTI 0Cay BBOASTH HaJMip
oca/KyBaya, peryirorTb pH po3unHy, BUKOPUCTOBYIOTh OpPraHiuHI PO3YMHHUKH,
TOLLO.

2) Cknaa ocaiy Imicias BHCYIIYBaHHS a00 MPOKApIOBAHHS IMOBMHEH BIAMOBIATH
neBHi dopmyimi. Tak, npu ocagkKeHHI TIAPOKCUAY 3ali3a MU OTPUMYEMO OCal
3MIHHOTO CKJIaJly Fe(OH);s - nH,0, a micns npoxkaproBarus mpu 900-
1000 °C ckaan cionmyku neBuuit: Fe,0s.

[I{o6 ocan mij 4yac yTBOPEHHsI HE 3aXOBJIIOBAB CTOPOHHI PEYOBHHH 3 PO3YHUHY,
NOTPIOHO JOTPUMYBATUCh MEBHUX YMOB OCA/KE€HHs, TOJOBHI 3 SKHX: TEMIEPATYpa,
KOHLIEHTpAL[isl Ta TOPSAIOK 3JIMBAHHS PO3YMHIB.

3) Ocan moBuHEH OyTH y (GopMi, 3pYUHIN I BIIOKPEMJICHHS HOr0 BiJl PO3IYUHY
GbUIBTPpYBAHHAM, 10 JIOCATAETHCS TEX TMEBHUMH YMOBAaMH IPOBEJICHHS
OCa/KCHHSI.

B 3anexxHOCTI BiJi CTPYKTYpHU CIOJYK, IIO YTBOPIOIOTHCS MPHU OCAIKEHHI, YMOBU
OCaJIKEHHS

pizai. Tak, ocamkeHHs aMOphHHUX CHOOJNYK, SIK TMPaBUIO, BEAYTh 3 TapsIuux
KOHIIEHTPOBAaHUX PO3YMHIB, OCA/KyBad J0AAaI0Th ojapasy. [licis mepeBipku MOBHOTH
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OCAQDKEHHS CIOJIYKH 10 CYMIIli OJA0Th TEBHHM O0’€M Tapsdoi BOAM, 100
3MEHIINTH KOHLEHTPALIIO JOMIIIOK y PO3YHHI 1 TAKUM YUHOM 3MEHILIUHU aJCOPOIIII0
iX BEJIMKOIO MOBEPXHEI0 ocany. BincroroBanns amopduux ocaniB Henopre (5-10 xB);
MPOMUBAIOTH iX TapsA4YOI0 BOJIOI0, YAaCTO 3 JOJIaBaHHSAM II€BHOI KUIBKOCTI HITpaTy
aMOHi10, 11100 He OyJI0 NenTu3aii ocaay Ta yTBOPEHHS KOJIOiIJTHUX PO3YUHIB.

OcapkeHHsT KPUCTAIYHUX CIOJYK, SK MPaBWIO, BEAYTh 3 TapsuuX PO3BEICHUX
PO34YMHIB, OCa/DKyBad [0JalOTh TIOCTYIIOBO TPH IHTCHCHBHOMY TIIE€pEeMilllyBaHHI
cyminiri. BiicTOrOBaHHS KPUCTAIIYHUX OCAJIIB JIJIsl 1X MOBHOTO (pOpMYBaHHS 3HAYHE —
Bi1 40 XBUIMH 10 24 TOUH; IPOMHUBAIOTH 0CAIU XOJIOTHOIO BOJIOKO.

B 3anmexHocCTi Bi CKIIaay 3paska, 10 aHali3yI0Th, OPSIOK 3JTUBAHHS MOXKE OyTH
pizHuM (po34rH OCapKyBava J0al0Th 0 PO3YMHY 3pa3ka Yd HABIAKH), MOKHE OyTH
3MiHEHA 1 MBUAKICTH 3JTUBAHHS PO3YHHIB.

KonnenTpanito HagMipy ocajpKyBada, HEOOX1IHY JJis1 KIJTbKICHOTO OCaJI)KEHHS TUX
YM 1HIIMX 10H1B, 00YUCIIOIOTH 32 JOOYTKOM PO3YMHHOCTI CIIOJIYKU:

AnR, < mA™ +nR™
e, . =A™ [R™]

Ipu kinskicaomy ocamkenni A™, [A™ ] < 10 mons/71, 0TKe KOHIEHTpALs HAAMIPY
peaktuBy R™ y po3uuni

P
AR vone/i

(t-10¢)
Hanpuknan, npu ocampkeHH1 804'2 y Burisaai BaSO, mamiuikoBa KOHIEHTpAIlis
ocapKyBava ITOBUHHA OyTH HE MEHIIIOO

[R™]>,

P 1010
[Ba2+]2 A (335‘24) > 1-10 - >1-10*momb / 1
1-10° 1.10°

OcHOBHI eTanu rpaBiMeTPUYHOIO0 AHAJI3Y

Bin6ip nmpo0u pedoBHHM - 1I¢ BiJ0Ip YaCTMHU PEUOBHMHH, IO XapaKTepusye ii
cepeaHii XIMIYHUM CKIa.

B3SITTTS HAaBAa)KKM - 3BRKYBaHHSA Ha aHATITHYHHX TEpe3aX YaCTHHH HPOOH JUIs
aHami3y (sk npasuio, 0,2-1 ).

Po3unHeHHsI HaBaKKH. SIKITO HaBaKka HE PO3UYMHSETHCA y BOJII, 11 0OpOOJISIOTH
pPO3YMHAMH KHCJIOT, 1HOJI - Jyramu. YacTo BUKOPUCTOBYIOTh CIUIABJICHHS 13 COJOIO,
ayroM (ped4oBHHU OCHOBHOT'O Xapaktepy), 3 OicyibdaToM abo OipTopHaoM Kallito
(peuoBHHU KHCIOTHOTO XapakTepy). [1oTiM po3uuHSIOTH Y Boai a00 KKCIOTI. Y Oyib-
SIKOMY BHIAJIKy HEOOX1THO JOCATTH TTOBHOTO PO3YNHEHHS HABAKKU PEUOBUHHU.
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OcamkenHst. J[ns oTpuMaHHS KPYIMHO3EPHUCTHX OCAaliB, SKi 100pe (PimbTpyroThes,
HEOOX1/THO BUKOHYBATH NIEBHI YMOBHM OCAJ[KECHHS, SIKI HABOJATHCA B METOUKAX.
@inbTpyBanHsa ocany. PuibTpyBaHHS MNPOBOAATH Ha (UIBTpaX Pi3HOI MOPHUCTOCTI

(“uepBona”, “Oina”, “cuHs” CTpivyKa) 3aJICIKHO BiJl BIACTHBOCTEH OJICPIKAHOTO OCaIYy.

IIpoMuBanusi ocaay HEOOXiAHO POOUTH JJii BWIYYEHHS 3 HBOTO CTOPOHHIX
nomiok. [IpoMuBHI po34rHU TOBUHHI 33JI0BOJIBHATH TaKl YMOBU:

a) HE B3aEMOJIISATH 3 0CAJIOM;

0) JIerko BUAAJIATHUCS IPU BUCYIIyBaHHI a00 MpOKapiOBaHHI 0Cay;

B) 3a MOJKJIMBOCTI 3MEHIITYBATH PO3UYHMHHICTh OCAY;

I') IEPEIIKO/PKATH YTBOPCHHIO KOJIOIAHUX PO3UHHIB.

Jlns mpoMuBaHHS OCaJliB HAMYACTIIIE BUKOPUCTOBYIOTh XOJIOAHY a00 rapsdy BOY,
0,1%-n11 po3uMHHM COJIC aMOHIIO, PO3BEACHUN PO3YMH OCaHKyBada, HACHUCHHI
PO3YHH OCAJKCHOI CIIOJYKH, OPTaHidHl pO3YMHHHUKY (HAIIPHUKIIA]l, CTAHO).

BucymyBaHHsl Ta NPOKAPIOBAHHSA O0cajy, TOOTO OTpPUMaHHSA BaroBoi (opmu.
@uIbTp 3 0CaZOM NEPEHOCATHh O MPOMXKAPEHOrO Ta 3BAXKEHOIO THUIJIS, BUCYLIYIOTh 1
030JII0I0Th (DUIBTP TakK, 00 BIH HE CHAJAXHYB, MOTIM MPOXKAPIOIOTh y MYy(]enbHii
nevi 10 craynoi macu. Ilpu oTpuMaHHI MaJOpPO3YMHHHUX CIIOJYK 3 OpraHiYHUMH

peareHTamu, ocaau GUIBTPYIOTh Yepe3 CKIsiHI GinbTpu 1 BUCyIytoTh pu 105-1100C
1o ctanoi Baru. [licis mposkaproBaHHS TUTENb 13 BaroBol (GOPMOIO OXOJOKYIOTh B
eKCUKAaTOop1, MOTIM 3BaXXYIOTh Ha aHANITUYHUX Tepe3ax. Barosa ¢opma moBuHHA MaTu
BIJIOMUH XIMIYHHM CKJIa] 1 OyTH CTIMKOIO Ha TOBITPI.

Po3paxyHOK NmpolEeHTHOr0 BMiCTY KOMIIOHEHTA, SIKWA BU3HA4YalOTh, MPOBOAATH 32
BIJIOMUMU (hOpMYyJIaMHu.
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JlabopaTopHna podora Ne 1
BusHaueHHsi BMicTy 3aii3a B cyabdari 3amiza (111)

3amizo (III) ocamkyroTh mpu i HAAIUIIKY aMiaky 1 orpuManuii rigpokcua Fe(OH);
npoxaprorTh 10 Fe,03 (Barosa popma).

Fe** + 30H <> Fe(OH);
tO
2F€(OH)3J, —> Fe203 + 3H20

Memoouka

B crakanuuk emuictio 100 mi HanMBalOTh PO3UMH, IO MICTUTHh MEBHY KUIBKICTb
Fex(SOy)s, momatots 0,5-1 M konnerTpoBanoro po3unHy HNOj, HarpiBaroTh cyMimr
70 KUMIHHS 1 mpuiauBaiob oapasy 1,5-2 mn konnentpoBaHoro po3unHy NH,OH,
NOTIM MEPEMINIYIOTh. SIKIIO cyMill HEe Mae clIabKoOro 3amaxy amiaky, JOJarTh LIE
po3undn NH,OH. Ilotim  nonmatots 80-90 M rapsiuoi BOaM, NEPEMIUIYyIOTH 1
3aJIMINAI0Th CyMill HHa 3-5 XB. 3a 1eil yac ToTyoTh Bee s QiIbpyBaHHs (BEIUKHIA
cTakaH g (QuUibTpaTy, Ji€dyky Ta 0e330JbHUM (QUIBTp I (PUIBTPYBAaHHS
KPYITHO3EPHHUCTHUX OCaJliB — “‘Oiyia abo porkeBa cTpiuka’”.

CriouaTKy 37MMBalOTh Ha QUIBTP PO3UMH HAJ 0CAJIOM, IPOMHUBAIOTH OCAJl IEKAHTAI[IEI0
3-4 pa3u (BUKOPHCTOBYIOTH Iopasy mo 5-10 mi raps4oi Boau), MOTIM KiIbKICHO
MEePEHOCATh 0caJ Ha GUIBTP, 3MHUBAIOYM HOTO HEBEIMKHMH IOPIIISIMH BOJIH,
NPOTHUPAIOTh CTAKaH 1 MAJIWYKY IMIMAaTOYKOM O€330JbHOTO (DIIbTPYy, SKHHA  TEX
BMIIIYIOTh MOTIM y TY K JIE€YKY .

[TpomuBatoTe ocany Ha (QinbTpi 5-8 pasiB rapsdor BOM0O0I0, B KiHIII MPOMHUBAHHS

poOisTh MpoOy Ha IMOBHOTY NPOMHBaHHA (HAa BMICT B OCTaHHIX KparuinHaX
. . 2-

npoMuBHHUX BOJ i0HIB SO, - monatote BaCl,.

[licnst MOCATHEHHS TOBHOTH TIPOMHUBAHHS JIE€YKYy 3 0CaJ0OM HAKpUBAIOTh
(GUIBTPYBAJIbHUM TNANEPOM 1 CTaBJIATh B CylIwibHY 1mady Ha npubn. 1 roxa. Cyxui
ocaa 13 (QUIBTPOM MEPEHOOCATHh Yy JOBEJACHUM MPOXKAPIOBAHHSAM JI0 CTajloi Baru i
3BakeHuil papdopoBuil Turens. Turens 3 ocagoM MPOXKAPIOIOTH KildbKa pas3iB MpH
900-1000° y mydeni, moBoASTTL 10 cTajoi Baru.Ilepen 3BaKyBaHHSIM KOKHHM pa3
OXOJIO/KYIOTh TUT€JIb B eKCHKATOpi. 3Haxoa1Th Macy Fe,O3 (Bix macu turis 3 Fe,0s
BIJTHSITH Macy THIJISI) Ta PO3PaxOBYIOTh KUIbKICTh 3aili3a.

M(Fezo;g) - 2M(Fe)
m(Fe,03) - m(Fe)

m(Fe) = m(Fe,0,) - 2M(Fe)
~ M(Fe,0,)

()
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KoHTpoJIbHI 3an1MTAHHA

1. 3aKiHYMTH PIBHSAHHS peakLiid, 10 3aCTOCOBYIOThCS B IPaBIMETPUYHOMY aHa131 JUIs
po3KiIaay npoo, OCaIKEHHS €JIEMEHTIB:

FeS, + HNO3; + Br, + H,O0 —
FESZ + 02 —>
FeS, + HNO; —
Fe + HClI —
Fe + HCI + HNO; —
Fe + HCI + H,O, —
FeCl, + HNO; —
FGCIZ + HCI —»
CITIKaHHS

Fe,O; + Na,CO; —
NaFeO, + HCI —
Fe,O; + CO —

t® = 900-1000°

Fe(OH);g —>

FesC + HNO; —

2. SIkuM BUMOTAaM MOBHWHHI BIAMOBIZATH XIMIYHI peakiiii, 10 BUKOPUCTOBYIOTHCS B
rpaBiMeTpUYHOMY aHaji3i? BubepiTh npaBuiibH1 BIATOBIII:

a) MOBHOTA OCAKCHHS,;

0) BHCOKa YHNCTOTA OCALy;

B) CTaJIHil CKIIAN;

r) meBHa arperatHa ¢opmMa ocazy;

1) BeJIUKa IIBUJIKICTB;

¢) IOCTaTHS CEJIEKTUBHICTb.

3. SIxuit crioci6 mpoMUBaHHS HAWOLIBIT €PEKTUBHUM JIJIsT OUUIIEHHS OCA/IIB!

a) oxgHOpa3oBe (bararopa3oBe) MPOMUBAHHS BEIMKHM 00 €MOM (MaJldMHU TOPIIISIMH)

IIPOMUBHOI PIJIUHU;

0) omHopasoBa (Oararopa3oBa) JeKaHTALis?
4. Yomy He MOXKHA Biakianaty ¢pinerpyBanHs ocanxy Fe(OH)s mo HactymHoro aHs?

5. SIkor0 TPOMHUBHOIO PIIMHOIO 3 HABEJIEHHX HIDKYE Tpebda CKOPUCTATHUCS JUIs
npomuBanHs ocaay Fe(OH)s:

a) CIIMPT, COIUPTOBHIA PO3YUH TUMETHIITITIOKCUMY;

0) po34MH HITpaTy, XJIOPHIY, OKCAJIATy, alleTaTy aMOHit0?

6. Slka 3 HaBeJICHUX TEMIIEPATyp € ONTUMaIbHOI i nepeBencHus Fe(OH); B okcun
3amiza (I11):

a) 50; 6) 100; B) 200; r) 800; x) 900; e) 1000-20000C ?
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7. Bkazatm mery abo npuuumHy BHKOpucTaHHA KoHueHTpoBaHoi HNOjs; mnepen
ocamkenHsM Fe(OH); Tta HiTpaTy aMOHIIO TpU TPOMHBAHHI OCaxy B METOJI
BU3HAYCHHS 3aJ1i3a y BUIIISLII okcuy 3aiiza (I10).

8. Po3paxyBaru, mnpu sxomy 3HaueHHI pH Oyne KUIBKICHUM OCaJKE€HHS 3aji3a y
surisiai Fe(OH)s;
AP eeon), =110

9. Pospaxysatu posuunnicts F&(OH); mpu pH = 3,8; JIP oy, =1-107°

10. V domy mnossrae mpuuMHA CIIBOCAPKCHHS NPH YTBOPEHHI KPUCTAIIYHUX Ta
aMOp(HUX OCaIiB:

a) YTBOPEHHS 130MOP(MHUX KPUCTAIIB,;

0) YTBOpEHHS HOBUX XIMIYHHUX CIIONYK;

B) BHYTPIIIHS a7CcOpOILis;

T) afcopOIIis Ha TOBEPXHI OCay;

1) YTBOPEHHS TBEPIUX PO3UMHIB ?
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TuTpuMeTpUYHI METOAN aHAJII3Y

CyTb METOJly THTPUMETPUYHOI0 aHAJI3Y MOJISArae y BUMIPIOBaHHI 00’ €My PO3YUHY
pEaKkTUBY BIJIOMOI KOHIIEHTpaIlli, SKHM BUTPAUYEHO HA B3aEMOJII0 3 PO3UYUHOM
JOCTIKYyBaHOT peuoBUHU. KiNBbKICTh OCTAaHHBOT PO3PAXOBYIOTH 3a PIBHSHHAM
xiMiyHOT peakili. Po3unH peakTuBy 3 BIJOMOIO KOHIIEHTPAIlIEI0 HA3UBAIOTH POOOUNM
abo TutpoBanuM. [Iporec nogaBanHs po6OYOro PO3UKHY A0 PO3UMHY PEUOBHUHH, IO
BU3HAYaIOTh, HA3MBAIOTh TUTPYBaHHAM. Po0Ooumii po34nH MOCTYMOBO AOJAIOThH 0
pO34MHY, IIO0 KWOro aHaji3yloTbh, OO THX IIp, MOKH KUIBKICTh PEAreHTy HE CTaHe
CKBIBAJICHTHOIO KUIBKOCTI HOCIIKYBaHOI pedoBUHH. Lleil MOMEHT IpH THTPYBaHHI
HA3MBAIOTh TOYKOI0 €KBIBAJEHTHOCTI. [i 3BUYAiiHO BCTAHOBIIOIOTH 33 JOMOMOIOIO
pEYOBHH, SKi 3MIHIOIOTH CBifi KOJip TIpH BBEACHHI po0OOYOro pPO3YHMHY B
€KBIBAJICHTHIN KUIBKOCTI. PEYOBMHM Takoro THIy HA3UBAIOTh IHAMKATOPAMMU.
3aJIe)kHO Bl crocoOy 3acTOCYBaHHS BOHM OyBarOTh BHYTPIlIHIMH 1 30BHIlIHIMM.
BuyTpimHi 1HIAMKATOPU BBOJATH O€3MOCEPEHBO B PO3YUH, SKUH TUTPYIOTh. Y
OUTBIIOCTI BUMNAJKIB KOPHUCTYIOTHCS BHYTPIIIHIMHU I1HAWKATOpaMu. 3OBHINIHI - II€
CMYKKHU TIamepy, 3MOUYeHI PO3YMHOM IHAMKATOpa. Y TPOIECi TUTPYBAHHS IMOOJIU3Y
TOYKH EKBIBAJCHTHOCTI KpAIUII0 PpPO3YMHY, SKAA TUTPYIOTh, HAHOCATh Ha
IHIUKATOPHUM mamip 1 CIOCTEPIraloTh 3a 3MIHOK HOT0 KOJBbOPY. 3aCTOCYBaHHS
30BHINIHIX 1HUKATOPIB MEHIII TOYHE 1 3pYUHE.

Tounicth 00’€MHOro aHadi3y BHM3HAYAETHCS TOYHICTIO BUMIpPY 00’eMy, SKUN
3MIIACHIOIOTH 3a JOTIOMOTOI0 OropeTku. BizyanbHo MokHa Bu3Haumtu Horo ao 0,05
MJI, a 32 JOMIOMOIOI0 CIEHIaJbHUX MPUCTPOIB MOXHA BUMIipsTH 3 TouHicTio 10 0,01
MJI1. 3araJibHUM 00’ €M pO3UHrHY, 1110 MOr0 aHaJi3yI0Th, IOPIBHIOE, K npasuio, 20 abo
25 mu. IligcraBuBmm wi mudpu y Gopmyiny s po3paxyHKY BIJHOCHOI MOXMOKHU
tutrpyBanns (I1T), oxepxxumo:

.1000
IIT = —0’0121500 % =0,04%

Axmo 00’em po3uuHy, sSKuW aHami3yoTh, npuitHath 3a 10 mm, to IIT  Oyne
nopisutoBatu 0,1%.

TurpyBaHHs 3pa3KiB MOBTOPIOIOTH Kibka (TpH i Oiibilie) pa3iB; PO30IKHICTE MK
OTPUMaHUMH

naauMu (00”em V, 1o MINIOB HA TUTPYBaHHS) HE MOBUHHA nepeOinpuryBaT 0,2 M.
Jl1s po3paxyHKiB OepyTh cepenHe apupMETHIHE 3 OTPUMAHUX JTaHUX.

TouHicTh 00’€MHOT0O aHami3y 3aJeXHUTh TAaKOX BiJ BIPHOrO BUOOpY IHIUKATOpA.
[ToxuOka TUTpyBaHHS, OB’ s13aHa 3 BUOOPOM 1HIMKATOPa, HE TOBUHHA NIEPEBUIIYBATH
NOXUOKH, MOB’A3aHOI 3 TOYHICTIO BUMIPIOBaHHA 00’ €My .

IlepeBarn 06’eMHUX METO/IIB aHAJI3Y:

1) MOKJIMBICTh BUKOPUCTAHHS PI3HUX THIIIB XIMIYHHUX PEaKIIii;
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4) HeBeJMKa BUTPATa Yacy Ha MPOBEICHHS aHAII3Y.

Oo0mexeHHs 00’ €MHUX METO/IIB aHAJI3Y:

1) peakuis MiK poOOYUM PO3YMHOM 1 BHU3HAYYBAHOK PEUOBMHOK IOBHHHA
BIJIOYBaTUCh y MEBHUX CTEXIOMETPUYHUX CIIBBIIHOLIEHHSX.

2) y BH3HAYyBaHOMY pPO3YMHI HE MOBHHHO OyTH IHIIWX PEYOBHH, SIKI pearyTh 3
pPOOOYNM PO3UHNHOM;

3) peakirist Mi>k pOOOYUM PO3YHUHOM Ta PO3YMHOM JOCIKYBAHOT pEUOBUHU TMOBHHHA
MIPOXOUTH IIBUIKO.

3ane)kHO BIJ TUMY XIMIYHOI peakilii, mo BIAOYBA€TbCS MPH TUTPYBaHHI, METOAU
00’ €MHOTO aHaMi3y MOISIOThH Ha:

1) MeTo 1M KUCIIOTHO-OCHOBHOTO TUTPYBaHHS a00 HEUTpasIi3allii;
2) METOJIM OCAKECHHS 1 KOMIUIEKCOYTBOPCHHSI;
3) METOIM OKHCHEHHS 1 BITHOBJICHHS.

BumiproBajJbHuii mocyn

Jlist TOYHOTO BUMIpIOBaHHS 00’€MIB PO3YMHIB BUKOPHCTOBYIOTH BHUMIPIOBAIbHI
KOJIOM, OFOPETKH, IMIIETKH.

BumiproBajibHi K0JI0H - 11¢ KOJIOW 3 TOJIOBXKCHUMH ITUHKAMU MaJIOro JliamMeTpa 3
npunuripoBannmu (a0o 0e3 HHUX) CKITHUMH TpoOkamu. Ha mmiini koyi6u HaHeceHO
KOJIOBY PHCKY, sika oOMexye meBHH 00’eM. KpiM Toro, Ha OiuHIN MOBEpXHI KOJIOU
NO3HAYEHO 1i MICTKICTh y MUIUTITPaxX 1 TEMIIEpaTypy, NpU K HAIUTHA 1O PUCKH
po3uMH 3aiimae 3a3HaueHuil 00’eM. O0’eM BUMIPIOBAIBHUX KOJO PO3paxoBaHUU Ha
BJIMBaHHA. BumipioBajibHI KOJIOM TMpU3HA4Y€H1 JUIsl PO3BEACHHS PO3YMHIB Yy IE€BHE
yucio pasziB. llepen BUKOpPHCTaHHSIM BHUMIPIOBajIbHI KOJOM CTapaHHO MPOMHUBAIOTH
JUCTUIIHOBAHOIO BOJIOKO.

IlineTku mpu3HaAYeH1 I BiAOMpaHHS TMEBHOI KUIBKOCTI PO3YMHI 1 BIAMOBIIHO 10
I[bOT'0 KaTIOpOBaH1 Ha BUJIMBAHHS. 00’ €M BHJIMTOTO PO3YMHY JOPIBHIOE HOMIHAJIbHIN
MICTKOCTi TineTku. [lepen BUKOPUCTaHHAM MINETKH PETENbHO MUIOTh. He MokHA
KOPHUCTYBATHCh MIMETKAMH, Ha CTIHKaX SKUX 3aTPUMYIOTHCS OKpPEMi KPAIUTMHH, TOMY
10 PO3YHH Y IIbOMY pa3i BUMIPIOETHCS HE TOYHO.

[Ipn xopucTyBaHHI mineTkamMu Tpebda MOAEpPKYBaTUCh MEBHHUX mpaBui. [limerky
IPOMUBAIOTH BOJOIO, @ IOTIM TUM PO3YHHOM, 00’ €M sIKOro OynyTh BuMiptoBatu. [Ipu
HATIOBHEHHI MINETKH ii KIHYUK BECh Yac MOBUHEH OyTH 3aHypeHHH y po3uuH. Pimuny
00epeKHO BTATYIOTh TPYLICI0 Yepe3 BEpXHiil OTBIp MINETKH, CTEKadyH, 1100 piBEHb
PO3UYMHY MiAHSBCS mpoxu uuje pucku. Ilicig Hboro BKa3iBHUM NaJIbLIEM 3aKPUBAOTh
OTBIp, BUIMAIOTh 13 PO3UMHY MINETKY 1 3aiiBUN PO3UMH BUIYCKAIOTh, MMOCHAOIIOI0YH
TUCK nanbls. HxHIM MEHICK pO3YMHY NOBUHEH OyTH Ha OJIHOMY DIBHI 3 PUCKOIO.
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[Ticns BWIMBaHHS PO3YHMHY B KIHUMKY MINETKU 3aJIMILAETHCA TPOXH po3unHy. He ciin
BUIyBaTH LIEH 3aJIMIIOK, TOMY L0 Or0 BpaxOBYIOTh TP HAHECEHH] PUCKH.

Broperku npusHayeHi [Uisl TUTPYBaHHA, TOOTO ISl OBUIBHOTO BIMBAHHSA poO0OYOro
pPO34YMHY B PO3YMH JOCIIKYBaHOI PEUOBUHU. BOHM HO3BOJISIIOTH BUMIPSTH TOYHO
00’eM po3uuHy, KMl BUKOPUCTAaHUI HA TUTPYBaHHA. BIOpEeTKH MPOMHUBAIOTH BOJAOIO,
a MOTIM pOOOYHM PO3UHHOM.

Huninapu npusHayeH1 11 TpUOIM3HOT0 BUMIPY 00’ €My PiAUHHU.
Cnoco0u BU3HAYEHHS KOHLIEHTPALil pO3YMHIB

IIpomeHTHA KOHUEHTpaWisi pevyoBuHHM B po3umHi (%) - KOHIEHTpaIls, sKa
BU3HAYA€THCS KUIbKICTIO rpaMiB pedoBuHU y 100 r po3uuny.

MoJisipHa KOHIEHTpaIis a00 MOJSPHICTb, MOJIB/JI - KUIbKICTh MOJICH PEYOBHHH B
1 niTpi po3uuny.

HopMmanbHa koHueHTpaunia a6o0 HopMaJabHicTh, N - 4uclio, 110 MOKa3ye, CKITbKU
CKBIBJICHTIB PEYOBHMHU MICTUTBCI B 1 miTpi po3umHy. Po3umH, B 1 1 sKoro
po3unHeHu# 1 ekiBaJeHT peuOBUHHU, HA3UBAETHCS OJTHOHOPMATILHUM PO3YHHOM.

TuTp - KUTBKICTh TPaMiB PEYOBUHH, SIKa MICTUTHCS B 1 MJT po3uunHYy.

ExBiBajsienr

XiMiYHUM eKBiBaJIEHTOM CITOJIYKH Ha3MBalOTh TaKy ii KiUJIbKICTh, sSika B3aeMoJi€e 3 1
MOJIb aTOMiB (OJHHM CKBIBAJIEHTOM) BOJHIO a00 IHIIOrO  OJHOBAJCHTHOIO
eleMeHTy. Maca OJHOro €KBIBaJIEHTA PEUOBHHU HA3UBAETHCS €KBIBAJEHTHOIO.
PeyoBuHM pearyloTb y BAaroBuX CHIBBIIHOIIEHHSIX, NPONMOPUIHUX IXHIM
XiMiYHHM eKkBiBajieHTaM (3aKOH CKBIBaJCHTIB). EKBIBaJCHT HE € CTajok0
BEJIMYMHOIO, a 3aJIKUTH BiJI XIMIYHOT peakilii, B siKiii 6epe ydacTb pedoBHHaA. K0
MOPIBHATH JIB1 XIMIYHI peaKIlii

Na,CO3 + HCIl = NaCl + NaHCO;

Na,CO; + 2HCI = H,0 + 2NaCl + CO,

TO B TEPIIild €KBIBAICHT COJM JOPIBHIOE ii MOJICKYJISpHii Maci (3aMilly€eThCsl OJUH
aTOM BOJIHIO KHCIIOTH), ToOTO 106. ¥ Apyry peakiiifo BCTyNarwTh 2 aTOMH BOJHIO (3

nBox mouiekys HCI). Tomy ekBiBasieHT comu Oyne IOpPIBHIOBATH IIOJIOBUHI i
MOJIEKYJISIpHOT Macu, ToOTO 53 T.

Po3paxyHKH B THTPUMETPHYHOMY AHAJI3i

B o06’emHOMYy aHami3i HalyacTilieé BHKOPHUCTOBYIOTh HOPMAJIbHi KOHIIEHTpALii
po3uuHiB. [le moB’s13aH0 3 BOMa 0OCTaBUHAMMU:

1) po3unHM 3 OIHAKOBUMH HOPMAIBHOCTSIMU PEaryroTh B OJJHAKOBUX 00’ €Max;
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2) HOPMAJBHICTH PO3YMHY - II€ YMCIIO, MHOXKCHHSM Ha SIKE MU 3BOJAMMO 00’ €M
po3unHy OyIb-SKOi HOPMAJIBHOCTI 10 00’ €My TOYHO OJTHOHOPMAJIBHOTO PO3YHHY.
[Tpu TUTPUMETPUYHHUX BU3HAUCHHSIX PO3YMH PEUOBHHH HEBiOMOI HOpMaNbHOCTI Ny,
B3STUH Yy MEeBHOMY o0 eMi Vi, THUTPYIOTh BIANOBIIHUM pPOOOYHM PO3YHUHOM,
HOpMalbHICTE siIKOro Ny,  Bigoma. O0G’eM poOOYOro po3dMHy, BHUTPAYEHOTO Ha
TUTPYBaHHS (BiAPAaXx0OBAHOIO 3a JOMOMOToI0 Or0peTkn), - Vpp. 0o0yToK VppNyp 3rinHo
3 2), DOPIBHIOE KIIBKOCTI MIILTITPIB TOYHO OJHOHOPMAIBHOIO POOOYOro PO3YHHY
BHU3HA4YYyBaHOi peuyoBUMHU. OJHOHOPMAJbHI PO3YMHHU PEAryloTh y pIBHUX 00’ €Max.

Tomy

ViNx= VipNgp )

3BiICH 3HAXO0JIUMO HEBIIOMY HOPMAIBHICTH Ny:

N = N Voo (2)
X Vl

Yacto BuHHMKae HEOOXITHICTH pO3paxyBaTh Macy pedoBUHM B y rpamax, mio
MICTUTBCA B MEBHOMY 00 ’e€Ml po3unMHy. PO3paxyHOK MpOBOIATH, BUXOJIAYU 3 TAKUX
MIpKyBaHb. B 1 M 0JHOHOMaJIBbHOTO PO3YMHY MICTUTHCS OJIHA TUCAYHA €KBIBAJICHTA
pedyoBHHH; MU K MaeMo V3Ny MII OJTHOHOMaJIBHOIO po3unHy. Tomy

_Ew
B.r=22UN, (1) ©

ne Enp — ekBiBajieHT 1OCIIKYBaHOT peYOBHHHM B rpaMax. Buxoastuu 3 piBHsHHS (1),
moskHa (3) mepenucary Tak

Enp
B,F:mvpprp (r) (4)
Jlist po3paxyHKy pe3yJIbTaTiB TUTPYBAHHS B MPOIEHTAX (M) HEOOXiTHO 3HAlIeHY
Macy pe4oBUHU B, BUpaxeHy B rpamax, MOJAUIMTH Ha MAacy HaBaXKH (J 1 HOMHOKUTHU

na 100:

N,V E
% =—""%"w1000  (5)
1000g

SIkuio At TUTpyBaHHS OepyTh HE BeCh BU3HadyBaHuid po3unH (V3amadyi) , a mMeBHY
fioro wactuny (anmikBoty) — Va, Gopmyna s po3paxyHky (4) Oyae matu Takuii
BUTJIAL!

B.r= NPPVPPEHP . Vzajlaqi (6)
! 1000  V,

[Ipu aHamizi po34MHIB pe3yJIbTaT PO3PAXOBYIOTh y TpaMax, MPH aHaji3l TBEPIAUX
PEYOBHH - y MPOIEHTAX !
NWSVWSEV3

0,% =
10009V,

100% 7)
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e V3anaui - 3araJpbHUi 00”eMm pO3UHHY, 110 BHU3HAYAIOTh.
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Tema 2. MeToau KHCJIOTHO-OCHOBHOI'O TUTPYBaHHsI (MeTo/ HeliTpasizanii)

Konuentpauisi BogneBux ioHiB. Ilonsitrsa npo pH

Boja € 1yKe c1abKuM eeKTpoIiToM, po3nanarounck Ha ionn H i OH™:

H,O =H" + OH-
Buxojsuu 13 3aK0oHy J1IF0YUX Mac, AiCTaHEMO

v [on]

[H.0]
ne K - crama 3a paHuxX QI3MYHUX YMOB. 3HAaMEHHHUK Yy pIBHSHHI IIOKa3ye
KOHIICHTPAI[II0O HEJAMCOLIIHOBAHUX MOJEKYJ BOJAW. TakuM YHUHOM, KOHIIEHTpallis

HCHHCOHiﬁOBaHHX MOJICKYJT BOAM MOXKC BBaXAaTUCA CTaJIOK0 BCIMYHUHOLO. vy

PO3BCACHUX PO3YHHAX KOHHCHTpaLIiﬂ BOJH B MOJIAX I[OpiBHIOE:

[H,0]= % =555 MOJIB/1I

K =

3Bigcu BumumuBae, mo K -55,5 = [H'][OH"] a6o K(H,0) = K -55,5.
Bemmanny K(H,0), sixa npu 24 OC gopisaioe 10™*, HasuBaroTh  ioHHHM J06yTKOM
BOJM. 3 BIBUIIEHHSAM TEMIIEpATypHu 10HHUN JOOYTOK BOAM 30uIbITyeThes. Tak, mpu

100 oC K(H,0) = 0,58-10™*,
VY XiMI4HO YHMCTIH BOJA1 KOHIICHTpAIlisl BOAHEBUX 10HIB JOPIBHIOE KOHIICHTPAIIil 10HIB
rigpoxcuny: [H'] = [OH-] = 107 (mons/n, mpu 24 OC). Ha mpaxtumi 3pydHimre
KOPHUCTYBATHCh 1HIIIOIO BEJIMYUHOIO - BOJHEBHM IOKa3HUKOM - pH:
pH =-Ig[H]; Bizmosiguo [H*] = 10""
Uepes BiAMOBIAHUN MOKa3HUK KOoHIEHTparii pOH MoXxHa TakoX XapakTepu3yBaTH
KOHIIEHTpAIII0
I'IPOKCUIIBHUX 10HIB!
pOH = -Ig[OH-]; [OH] =10"°"
Skmo nponorapudmysaru Bupas 1 K(H,0) 1 3MiHUTH 3HAKH, 01ePKUMO
-1g10™ = -Ig[H™] - Ig[OH-], a6o 14 = pH + pOH; pH = 14 - pOH
Jlnst HeiitpanbHux po3uuHiB pH=7, mis kucoux - pH<7, mnsa myxuux - pH>7. Lle
BUILIUBAE 3 TOTO, o KoHueHTpauis [H'] y kucnux posunmnax 6impma, mix [OH™] i

6inbima, Hix 107. V nyxkHux poszumnax [H'] memmma, mix [OH-] i menma, aix 107,
T00TO pH Oyne Ounbiie 7.

KonuenTpauiss BogHeBHUX iOHIB PO3UMHIB KHCJIOT i OCHOB.

CuabHi T2 ¢J1a0Ki KHCJIOTH i OCHOBH
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Cunvni Kucnomu i OcHO6u - 1€ Takl, SIKI B PO3BEJIECHUX PO3UMHAX MPAKTUYHO
MOBHICTIO JIMCOLIIOIOTh HA 10HW, TOMY /I CHUJIBHUX KHUCJIOT 1 OCHOB MOKHA

Beakatd, mo [H'] = Cy; [OH] = Cocn, i€ Cr, Cocn - KOHIIGHTpALLSI KUCIOTH 1 YTy B
po3unHax BiamoBimaHo. 3Bifcu mus kuciotu maemo pH = -IgC,, s nmyry - pOH = -
19Coci, pH = 14 + 19C .

[Tpuknan:

Chel = 107 moms/n, pH =-IgC, =3

Chion = 10% Mons/it, [OH-] = 10% pOH =2; pH=14-2=12

Cnabki Kuciomu i 0OCHOBU

CnalKi KUCIIOTH, PO3YMHHI Y BOJ1, YaCTKOBO JUCOI[IIOIOTh HA 10HU:

HA=H"+ A (1)

KoHcranTa aucormiamii B 1boMy BUMIAAKY Oyze (2)

P
3rifgHo 3 piBHAHHAM aucortianii (1), [H+]= [A' ], ToMy K, = [[:A]\] :

[H']? = Kua[HA];

[H+]: V KHA[HA] (3)
VY 3B’43Ky 3 THM, IO CIA0KI KHCIOTH IHUCOIIIOITH JyKEe HE3HAYHOIO MIPO0, MOKHA

JOIYCTUTH, IO KOHLEHTpaUis HEIUCOLIMOBAaHUX MOJEKYJ KHUCIOTH IPAKTHYHO
JIOPIBHIOE 3arajibHiil KOHUEHTpPALIl KUCIOTH:

[HA] = C,
Toni (3) MoxHa 3anucaTu K

[H'] =VK..C,

3BIJIKH
pH =-1gK,.C, =—%Ig Kiia —%IQCK =%pK—%IgCK
ne pK — Big’emumii jorapudm KoHcTaHTH aucoriamii kucimotu: pK=-IgKuya.

baraTooCHOBHI KHCIOTH JTUCOIIOIOTH CTYMIHYACTO; HAMPHUKIIAA, BYTUIbHA KHUCIOTa
JTUCOIIIIOE 3T1THO 3 PIBHSHHSIM

H,CO;=H"+ HCOS'
HCO; = H" + CO5*
KoHcTanTu aucorriaiii BiIMOBITHO JOPIBHIOIOTH:

 _ [H*HHco;J:

3.10°7 K1=6,5
'~ H,co,] PR

K, = [nggofz_J: 6-10™; pK2=10,2
3
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Ax 6aunmo, K, npubnuszno y 5.103 menma y nopiBasHHI 3 K;. Konnenparis HCO3
y po3uMHI He3HayHa. Buxonsun 3 mux MipKyBaHb, pOOMMO BHCHOBOK, IO TIPH
oOuucnenHi pH po3umHy BYTribHOI KMCIOTH MOXXHaA OpaTu n0 yBaru jumie Kj.
Bzarani, gst obuncnenns pH BogHMX po3uMHIB 0araTOOCHOBHUX KHUCIIOT HEOOXiTHO
OpaTH 10 yBaru Jidiie nepuy KOHCTAHTY JAUCOLiaMii.

AHanoriyHo ca1abKuM KHUCIO0TaM, IS CIIA0KUX OCHOB
1 1
H=14-=pK,+=IgC
p 2 p 0 2 g OoCH

ne K, - xoHcranrta gucomianii ciaaOkoi ocHOBH, Coy - KOHIIEHTpALliss OCHOBU B
PO3UHHI.

Jnsa  pospaxynky pH po3unmHiB  0araTokKMCIOTHHX OCHOB TakKOX  3aBXKAU
BUKOPHUCTOBYIOTh 3Hau€HHA pK mepuioi KOHCTaHTH JUCOLalli.

Coni cunbHuXx 0CHOG i CUTLHUX KUCTIOM
Taki coJii He T1ApoJI3yI0Th Y PO34YHHI, TOMY 1X PO3UMHH HEUTpasibHi, TOOTO iXx pH=7.

Couni cnadkux Kuciom i CUIbHUX OCHOB

1 1
H=7+=pK, +=IgC
p 2P K 29 c

ne C. - KOHIIEHTpaIlisl COJIl B PO3UHHI.

pH BomHOro po3uMHy cOJl C€Ia0KOi KHUCIOTHM 1 CHJIBHOI OCHOBHM 3pOCTae 3i
30iIbIIeHHIM BenuduHH pKpya (TOOTO 31 30UIBLICHHSM CHJIM CIA0KO1 KHCJIOTH) i
KOHIleHTpallii. [ns comeit 0araTOOCHOBHUX KHCJIOT 3aBXKIU BHUKOPHCTOBYIOTH
3Ha4YeHHS pK 0cTaHHBOI KOHCTAHTH JAHMCOIIAIli BIATOBITHOT KHCIIOTH.

Coui cunvHux Kuciiom i c1adKux 0CHO8

1 1
H=7->pK,6—=IgC
p 5 PK, 3 1gC,

Ax 6aunmo, pH po3uuHy coui ¢1abKoi OCHOBH 1 CHIJIBHOI KUCJIOTH OyJie TUM MEHIIIE,
yuM cia0kima ocHoBa (4uM Oinbiina BenuurHa pK) 1 uum OiibIia KOHIEHTPAIS COJI,
st comeli 6araTOKMCIOTHUX OCHOB 3aBXIM BHKOPUCTOBYIOTH 3HadeHHS pK
OCTAaHHBbOI KOHCTAHTH JucoIamii BIAMOBIIHOI OCHOBH.

Coni 6azamoocnoenux xkuciaom. Kucni coni 6azamoocnosnux Kuciom

H — pKn +pKn+1

P 2
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. K, +pK

Hns comi NaH,PO,  pH = %
. K, +pK

a uist comi Na,HPO, pH = %

Takum ynHOM, pH pO34YMHIB KHCIIMX COJIEH HE 3aJIeKWTh B1JI KOHLEHTpalli CcoJjll, a

XapaKTEPHU3Yy€ETHCS JIUIIE TOKA3HUKOM KOHCTAaHT 0araTOOCHOBHOI KHCIIOTH.

byghepni pozuunu

bydepri po3unHM MICTITh CyMill CIa0KOT KUCIOTH 1 COi 1€l KHUCIOTH a00 CyMiIn
cmabkoi OCHOBH 1 COJIi I1i€i OCHOBH 1 MarOTh BaXKJIMBY BJIACTHBICTH. KOHIICHTPAIIis
BOJHEBUX 10HIB Oy(epHOi cyMilll MiJ BINIMBOM HE3HAYHUX KUIBKOCTEH CHIIBHOI
OCHOBHM a00 CHJIbHOI KMCJIOTH IPAKTUYHO HE 3MIHIO€ThCS. [lpu po3BeaeHH1 Takoi
cymimn A0 mneBHOI Mexi pH po3uMHy Takox 3anuinaerbcs crtanuMm. Ilpuknaau
OydepHux cymimiei:

CH3COOH + CH3COONa, NH4CIl + NH40H

pH 6ydepHoi cyminr po3paxoByroTh 3a hopMyIamu:

C .. . - .
pH = pK, +IgC—° - g cymimed cimabkoi KHUCIOTH — Ta 11 col abo
k

C S . - .
pH :14—£pK0 + Igc—°j - s cymimed cnabkoi ocHoBu Ta ii comi; C, -
0
koHueHTpaiis coni, Cy , C, — KOHIIEHTpalliss KUCIOTH a00 OCHOBHU BIAMOBIHO.
3 nHaBepenux popmyn mia po3paxyHky pH OydepHux cymimieit BUIHO, 10 IpH 3MiHi
CHIBBIHOIICHHS KOHIEHTpamiid com 1 kuciaotu (abo comi i ocHoBu) B 10 pasis pH
CyMilIIl 3MIHUTBCS HA OJMHUIIIO.

P0604i po34yuHH MeTOIiB KNCJIOTHO-OCHOBHOTO THTPYBAHHS

Haiinpocrime Oyno 6 mpurotyBatu poOOYHMII TUTPOBAaHUN PO3YMH 3BAKYBAHHIM
TOYHOI HABaXXKW YWCTOrO TMpemapaTy Ha aHAIITHUYHUX Tepe3ax 1 PO3YMHEHHSIM
HABA)XKU Y IEBHOMY TOYHO BiAMIpSHOMY 00’ €M1 pO3YMHHHKA.

PeuoBuHHM, pPO3YMHM SKUX TOYHO BIJOMOi KOHIEHTpAIlii MOXHA MPUTOTYyBau 3a
HABa)KKOIO, HA3UBAIOTHCS BUXIAHUMU PEUYOBUHAMHU.

BuxinHi peuoBUHM MOBUHHI BIJMIOBIIaTH IEBHUM BUMOTaM:

1) Cxian pevoBUHM MOBHUHEH TOYHO BIAMOBIAATH NEBHIHM XIMIUHINA GOpMyMI.
2) PedoBuHa Mae OyTH CTIMKOIO SIK y CyXOMY CTaHi, TaK i B pO3YHHI.

3) Baxkano, abu BuXiJHa peUOBHHA MaJia BEJIMKY MOJICKYJISIPHY Macy.

92



PoGourMu y KHCIIOTHO-OCHOBHOMY THUTPYBaHHI € po3unmHU cwibHHX kucior (HCI,
HNOj3, H,SO, Tomo) ta ayrie (NaOH, KOH ra in.) Haliuacrine BUKOPHCTOBYIOTh
XJIOPUCTOBOJIHEBY KHCIIOTY, TOMY 1[0 a30THA - OKuCHIoBay, a H,SO, Mmae, 3anexno

B1JI peakKIlii, SMIHHUM €KBIBaJICHT.

[TpurotyBaTé po34rH KHCIIOT 1 JIYTiB IEBHOT KOHIIEHTpAIIil 3 HABAXKKU HEMOKJITUBO.
CrouaTky TOTYIOTh PO3YHMHHU MPHUOIH3HOT KOHIIEHTpallii. TOYHY KOHIIEHTpAIIiI0 IUX
PO34YMHIB BU3HAYAIOTH 32 IOTIOMOTOI0 PO3UMHIB BUXITHUX PEUOBHH.

JlJiss BCTaHOBJIEHHS TOYHOI KOHIIGHTpAIii poOOYMX PO3UMHIB KUCIOT HaidJacTimie
3acTtocoByioTh 0ypy - NapBg07.10H20, nans nyriB - miaBjieBy KHCJIOTY -

H2C204.2H20.

Konnentpariito poOo4nMx poO3YMHIB MOXHA BCTAHOBUTH TAaKOX 32 JOIMOMOTOIO
(ikcaHamiB a00 TATPOBAHUX PO3UMHIB, TOYHA KOHIICHTPAIliS SKHX y)Ke Bijoma (Takuit
METO]] MCHIIl TOYHHIA).

Tunu XimMiyHUX peuoGUH, WO GUHAUAIOMBCA 304 MEMOOOM KUCTOMHO-OCHOBHO20
mumpyeanus

3a TIOOMOT0r0 METO/IIB HEUTpasizaiii MOKJIMBO BU3SHAUUTH:

a) cunbHi ocHoBH (Hampukian, NaOH);
0) cmabki ocuoBu (Hampukiaan, NH40H);

B) COJIi CHJIbHMX OCHOB 1 ci1a0kux kuciot (Hanpukiaa, NapCO3). YV takomy BHUIAIKY

SIK pOOOYMI PO3UYMH BUKOPHCTOBYIOTH, sIK paBwmiio, HCI.
r) cwibHI kuciioTu (Hanpukitan, HCI);
1) ciaa0ki kuciotu (Hampukia, onrosa kuciora CH3COOH);

€) coii CWIbHUX KHCIOT 1 cimabkux ocHoB (Hampukiam, AICI3). Lli peyoBuHu

3BUYANHO TUTPYIOTH po3unHoM NaOH.
B 0cHOBI ycCixX 3rajlaHux peakuii JIeKUTh 3MiHA KOHIIEHTpALlli 10HIB BOJHIO B PO3YMHI
(rooTo pH po3uuny).
pH po3unHy B TOUIll €KBIBAJICHTHOCTI 3aJI€KUTh BiJ MPOIYKTIB PEaKIlii.
Hanpukian:
1) NaOH + HCI = NaCl + H,0
Cepenosuiie 0yno ayxxaum (NaOH), B pesynbraTi peakiiii yTBOpuiIach Cijib CHIbHOI
kucnotH i cuiibHol ocHoBu NaCl, Tomy pH y Toulli ekBiBaJIcCHTHOCTI JOPIBHIOE 7.
2) CH3COOH + NaOH = CH3;COONa + H,0.
Cepenosumie 0yno cnabkokucianm (CH3COOH), micnst THTpYBaHHST YTBOPUIIACH CilTh
CHJIBHOI OCHOBH 1 c1a0Koi kucnotu; pH B Toulll €KBIBAJIEHTHOCTI > 7.
3) Na,CO; + 2HCI = 2NaCl + H,CO; — cepenosume Oyino ayxuum (Na,COg),
yTBOpHIIach cinabka kucnora, pH < 7.

Buznauennsa mouku exeieanenmmnocmi
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JIJ1s1 BCTAaHOBJIEHHSI TOYKH €KBIBAJIEHTHOCTI 3aCTOCOBYIOTh iIHAMKATOPH. [HaMKaTOpH
KUCJIIOTHO-OCHOBHUX METOJIB - Cia0Ki OpraHiydi Kuciotd abo ocHoBu (abo
amdoImiTh), sAKi 32 NEBHHUX, XapaKTEPHUX I KOXKHOTO IHAMKATOpa, 3Ha4YeHb pH,
JUCOIIIOIOTh Ha 10HU, HAITPUKJIAJI:

Hind = HT + Ind-

XapakTepHO iX OCOOJMBICTIO € Te, 10 3a0apBiieHHs 10HHOI (GopMH i1HAMKATOpa
BIJIPI3HSAETHCS BiJ 3a0apBJeHHS MOJICKYJSIpHOI (opmu. TakuM YWHOM, 1HJAMKATOPHU
METOZy HeuTpaizaliii 3a MEeBHUX 3HauYeHb  pH po3uMHy 3MIHIOIOTH CBOE
3a0apBIICHHS.

KinbKiCHOIO XapaKTEepPUCTUKOIO 1HIAUKATOPIB METOJy HEUTpamizaili € NMOKA3HHUK
TuTpyBanisi - pT imgukaropa. pT umcensHO nopiBHIOE 3HaueHHIO pH po3uunny,
pu sIKOMY B1I0yBa€eThCs pi3Ka 3MiHa 3a0apBIICHHS 1HAUKATOPA.

Hnsa nmakmycy pT=7, ToOTO nakMyc 3MiHIOE CBO€ 3abapBiieHHs mpu pH=7,
Metusioparx mae pT=4, penondranein - pT=9.

[Ipu TuUTpyBaHHI 1HAWUKATOp MiAOUPAOTh TaKUM YWHOM, OO #oro pT OyB Ou
HaNOLIBI OM3bKUM 10 pH po3unHy B TOYIl €KBIBAJIEHTHOCTI.

[IpakTUYHO MOCTYNAIOTh TAKUM YHAHOM:

1) nuiryTh PiBHAHHS peakiiii, sKa BiI0OyBa€ThCs MPH TUTPYBAHHI;

2) po3paxoByiOTh pH TOYKH €KBIBaJICHTHOCTI, BUXOSIYH 3 TIPOTYKTIB peaKilii;

3) pH ToukM eKBIBAJIEHTHOCTI TOPIBHIOIOTH (32 moBimHWKOM) 3 pT pi3HUX
1HIMKATOPIB 1 00MparOTh HaWOLIbII OJU3bKUI 32 3HAUECHHSIM.

ITpuknan:

NapCO3 + 2HCI = HpCO3 = 2NaCl
VY TO4Ili €KBIBAJICHTHOCTI YTBOPIOETHCS ciabka kuciota (pK; = 6,5; Ci ~ 0,1 n)

- %pKl —%Ig C. =325+05=375

p TOYKH €KB.

3 iHAMKATOPIB, HABEJICHUX BUIIE, HAMOUIBIIE MMAXOIUTh METHIIOPAHXK.

Ha npakTuiii 1ocuth BaXKo migiOpatu iHauKaTop Tak, mod pT iHauKaTopa CriBnaaan
3 pH po3uuHy B TOYIll €BIBAJICHTHOCTI.. UuM OuIbIIa PI3HUIS MK 3HaUYCHHSIMU pT
iHaukaTopa 1 pH TOYKM eKBIBaJIEHTOCTI, THUM OulbIla I1HAWKATOPHA ITOMHUJIKA
TUTPYBaHHS. [HIUKATOp HEOOXIMHO BUOMpATH Tak, adM 1HJAMKATOpHA MOMMJIKA HE
nepeOuUTbITyBaia MOMUIIKY, 3yMOBJICHY TOUHICTIO BUMIPIOBaHHS 00’ €MiB.

[HTEpBa)l KHUCIOTHOCTI pPO3YMHY, B MeEXaxX SKOro BiJIOyBa€TbCA IMOMITHA JUIS
JIIOJICBKOTO OKa 3MiHa 3a0apBIICHHS 1HIMKATOpa, HA3WBAIOTh 1HTEPBAJIOM MEPEXOIy
inaukaTopa. el tHTepBan, a takox Horo pT 3aiexarb Bii KOHCTAHTH JUCOIIALlii
1HIMKaTOpa
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K =[H+]-[Ind‘] [H*]=K
" THInd] " Jind]

3BIKHU

[Ind’]
pH =pK , +lg+——
"= [Hind]
3MiHy 3a0apBiICHHS 1HAMKATOPa MOKHA MOMITUTH IPH JECATUBIICOTKOBOMY BMICTI
3a0apBiIeHO1 no-inmomy (¢opmu iHaukaropa. [ligcTaBUBIIM B OCTaHHE PIBHSHHS
BMICT BIANOBIIHUX (POPM, OAECPKUMO:

10
le = pKInd + Ig%z pKInd -

90
pHZ :pKInd +Igﬁzpl(lnd +1

TOOTO iHTCpBaJI nepexony iHI[I/IKaTOpa 3HAXOAUTHCA B MEKaAX.

pH=pKjg 1

VY upomy inTepBanti 3Haxoautbes pT inaukaropa (pT =~ pKing).

[ngukaropu Metomy HeWTpamizaiii OyBarOTh JBOKOJBOPOBHMHM, KOJH 3a0apBIICHI
MOJICKYJIsipHA © i0oHHA QopmMu (METHIOpAHK), Ta OIHOKOJbOPOBHUMH, KOJIH
3abapBicHa TIIbKU ojHa (Gopma (deHondranein). [HIUKATOPH TAKOX MOALISAIOTH Ha
cuiabHI Ta cinadki. Ilepmri 3MiHIOIOTH CBOE 3a0apBJICHHS y KHCJIOMY CEPEIOBHII
(meTunopamx, pT=4), a npyri - Fe203 + 3H20

95



O
MeTtoauka
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B crakanumk emuictio 100 Ma HaJaMBawOTHL PO3YHH, 10 MICTHTH NEBHY
kinokicmo Fe2(S04)3, oodaroms 0,5-1 Mn konneHTpoBaHoro po3unny HNO3,
Haepisaioms cymiue 0o KUNIHHA | npunueatob ogpasy 1,5-2 Ms KOHUEHTPOBAHOIo
pozunny NH4OH, mnortim nepeMimytoTh. SKiIo cymim He Mae claOKoro 3amaxy
amiaky, nonarTh me po3unH NH4OH. Tlorim pomarots 80-90 mn rapsiuoi BOmH,
MepPEeMIIIyIOTh 1 3aJMINAlOTh cyMim HHa 3-5 XB. 3a el 4Yac TOTYHOTh BCE IS
¢inbpyBanus (BequKui cTakaH s QUIbTpaTy, Ji€YKy Ta 0€330JbHHEA (GUIbTp is
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GiIbTpyBaHHS KPYMHO3EPHUCTUX OCaiB — “Oiya abo pokeBa cTpiuka’.
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Crio4atky 371MBarOTh Ha (DUIBTP PO3YMH HAJ OCATOM, TIPOM,B,I0,??0Ca] TEKAHTAIIIEI0
3-4 pa3u (BUKOPHCTOBYIOTH mmopasy mo 5-10 mu1 raps4oi BoaM), MOTIM KUTbKICHO
NEepPeHOCATh ocaa Ha GUIBTP, 3MUBAIOYM HOTrO HEBEJIUMKUMHU TMOPIISIMH BOJH,
OPOTUPAIOTh CTAKaH 1 MNAJIWYKY IIMAaTOYKOM O€330JbHOT0 (UIbTpYy, SKUA  TEX
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BMILLYIOTb [TOTIM y TY K JIIE€UKY.
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[TpomuBatoTe ocany Ha (QinbTpi 5-8 pasiB rapsdor BOI0O0I0, B KiHIII MPOMHUBAHHS
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poOisiTh MpoOy Ha IMOBHOTY NPOMHBaHHA (HAa BMICT B OCTaHHIX KparuiiHaX
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npoMUBHHUX BOJ i0HIB SO42- - nomarots BaCl2.
[Ticns mOcATHEHHS TIOBHOTH TIPOMHBAHHS JTIEUKY 3,,0€aZlooM  HaKpHBAIOTh
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GIIBTpYBaJIBHUM TANEepOM 1 CTaBIATh B CymnibHY Imady Ha mpubn. 1 roa. Cyxuit

104



ocaa 13 (QUIBTPOM MEPEHOOCATHh Yy JOBEJACHUU Mp KApIOBAHHSM IO CTajoi Barv 1
0
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3BakeHu#l (papdopoBuil Turenb. Turemp 3 ocazoM MPOXKAPIOIOTH KiUTbKa pa3iB MpH
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900-10000 y mydeni, moBonaTTs 10 crajoi Baru.llepen 3BaKyBaHHAM KOXKHMII pa3
0X0J100icylomb muzeiv 6 ekcuxkamopi. 3Haxonath Macy Fe203 (Bix mMacu TUTIS 3
Fe203 BigHsiTH Macy TUIJISI) Ta PO3PaxOBYIOTh KiJIBKICTh 3al1i3a.
M(Fe203) - 2M(Fe)
m(Fe203) - m(Fe)

EMBED Equation.3 (r)
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KoHTposibH1 3anuTaHHs
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1. 3akiHuuTH??pIBHAHHA PEAKIIii, WO, 34CTOCOBYIOTHCA B IpaBIMETPUYHOMY aHAJI31
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JUIs1 PO3KJIay Ipo0, OCaIKeHHS €JIEMEHTIB!
FeS2 + HNO3 + Br2 + H20 SYMBOL 174 \f "Symbol"
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FeS2+ 02 SYMBOL 174 \f "Symbol"
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FeS2 + HNO3 SYMBOL 174 \f "Symbol"
Fe +??HCI SYMBOL 174 \f "Symbol"
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Fe + HCI + HNO3 SYMBOL 174 \f "Symbol2003
Fe + HCI + H202 .

OcTaHH1{ pO3paxOBYIOTh 3T1JTHO 3 PIBHAHHSAM PEaKIIii:
Nao>B407 + 7H20 = 2NaOH + 4H3BO3

2NaOH + 2HCI = 2NaCl + 2H20

VY cymi Maemo:

NaoB407 + 2HCI + 5H20 = 4H3BO4 + 2NaCl

3riIHO 3 II€I0 peakili€ro, ogHa MoOJeKyja OypH BIJAINOBIJA€ JBOM MOJISIM aTOMIB
BOJIHIO, TOMY €KBIBaJICHT ii Oyjie JOPIBHIOBATH TOJIOBHHI 1i MOJICKYJISIPHOI Macw,
10610 190,71 1. I3 piBHaHHA (1) ogepkumo ¢=4,7677 r. Ha anamiTH4HUX Tepe3ax
3BaXylOTh 4,7677 T OypH, NEpeHOCATh 1i y BUMIpIOBalbHY KOOy Ha 250 mi i
PO34YMHSIOTH y BoAl. [1oTiM po3BOASTE BOJOIO 10 pUCKH 1 J0oOpe mepeminnyioTh. bypa
JIOCHTh TIOTAHO PO3YMHSETHCS B XOJIOAHIN BOAI, TOMYy Kpalle CIOo4YaTKy MEPeHECTH
HABAXKY B CKJISTHKY 1 PO3YMHUTH B Tapsdiid BOJI, PO3UYMH OXOJIOAWTH, TIEPEHECTH Y
BUMIpIOBaJIbHY K010y Ha 250 i1, 706pe MOMHUTH CKIISHKY 1 1€l pO3YHH MEPEHECTH JI0
BUMIPIOBAJIbHOI K0JIOU. PO3unMH y HIiNl pO3BOASATH, JOBOIATH 10 PUCKU BOJOKO 1
NEPEMIIIYIOTb.

MoxHa B3ITH ¥ iHIIYy, OJNM3BbKY J0 pO3paxoBaHOi, HaBaXKy ( 3BaXHUTHU 11 TaKOX
HeoOxiaHo 3 TounicTio 70 0,0001 r) i po3paxyBaTi HOPMAJIBHICTh PO3YUHY OypH, IO
HOro oTpuMaiu, TAKUM YHHOM:

3 47677r - 250 wmn0,1 H po3uuny
3 Ar - 250 M1 X H PO3YHHY
01-A
X =
47677

(BuxigHi peyoBrHHM HEOOXIJTHO 3aBXKAW 3BaxkyBat 3 TouHicTio 10 + 0,0001 T, a
HOPMAaJIBHICTh PO3YHHY PO3PAXOBYIOTHJIO UETBEPTOIO 3HAKY).

HaBaxxku Ha aHaANITUYHUX Tepe3ax 3BaXylTh B CKISHUX Orwkcax. IlomepeaHno
3BaXKYIOTh OIOKC Ha aHAIITHYHUX Tepe3ax Takoxk 3 TouHicThio 70 0,0001 r.

Bcmanoenenns nopmanonocmi pozuuny consHoi kuciomu

Memoouka

BropeTky 3amoBHIOIOTH pOOOYUM PO3YMHOM COJISIHOI KHUCIOTH 1 IOBOJATH JO PUCKHU.
Ham 6epyTh Tpu KoHiuHI koyiOu Ha 150-200 My 1 B KOXKHY 3 HUX MINETKOK BBOJSITH
no 25 MJ MPUTOTOBJIEHOTO po3uMHy Oypu 1 mo 1-2 KpamiuHu 1HAMKATopa -
METHUJIOBOTO YEPBOHOT0 a00 METUIIOPAHXKY. [HIUKATOp 00MPAIOTh 3 TAKMX MIPKYBaHb.
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Y Toumi ekBiBasieTHOCTi po3unH Mictuth Jume NaCl i H3BO3, me 3ymoniroe

cnabKoKHCIy peakiiio Horo. pT MeTwiopaHxky JOpiBHIOE 4, 110 BIANOBITAE
HEOOX1HINA KUCIOTHOCTI po3unHy. Po3unH Oypu THUTPYIOTH KHUCJIOTOIO JI0 MEPEXOIY
3a0apBIEHHS 3 JKOBTOTO JIO OPAH)XEBOro. Y KIHII TUTPYBAaHHS PO3YMH KHUCIOTH
JOJIal0Th MO KparimHax. [3 Tphox pe3ynbrariB OepyTh CepeHid, SKIO BOHH
pi3HATECSA MK co00r0 He Oinbine sik Ha 0,2 ma. B inmomy pasi TuTpyBaHHsA OypH
COJISTHOIO KHUCJIOTOIO TTOBTOPIOIOTb.

[Mpunyctumo, mo Ha TutpyBaHHs 25 mia 0,1 H po3uuny Oypu BuTpadeHo 24,7 wmu;
24,6 mur; 24,5 M pO3UMHY COJISTHOI KHCJIOTH. 3HaXOIWMO CEpEeAHidl pe3ynbTar
TUTPYBaHHS sK cepeaHe apupmeruyne: 24,6 miu. HopMmalbHICTh COJISIHOI KHUCIOTH
3HAXOJSTh 3a (HOPMYJIOLO:

VNaZB4O7 2510 : Oll

N .
Ny = “azB‘*C{?/ = 01016 r-mMou/1
NaCl '

Ilpucomyeannsa pooouozo po3uuny iokozo nampy

3asoanns. Ilpucomysamu 500 ma 0,1 1 pozuuny NaOH

[nkuii HaTp He € BHXiJHOIO PEYOBHMHOIO, TOMY INO 3aBXKAU MICTHTH JOMIIIKHU
KapOOHATYy 1 MOTJIMHAE BOJIOTY 3 MOBITPs. TOMy TOTYIOTh crioyaTky po3unH ~ 0,1 H
KOHIIeHTpaii. TOYyHy KOHIIEHTpAIil0 BHU3HAYAIOTH 3a INABJIEBOI KHCIOTOIO abo
pOOOYUM TUTPOBAHUM PO3YMHOM COJISTHOI KHCIIOTH.

Po3spaxynoxk nasasxcku

st mpuroryBanns 500 mi 0,1 H po3unHy JIyry HEOOXITHO B3SITH:
g= 40 _ 2r 1IKOTO HATpPy

10-2

Ha Ttexniunmx Ttepe3ax 3BaxyoThb 2,5 T NaOH. HaBaxky mepeHOCSTh y HEBEIHKY
CKJISIHKY 1 HIBUJKO OJIMH pa3 OOMHMBAIOTh KPUCTAJU HEBEIMKOI KUIBKICTIO BOJU IJIS
BUJIQJIEHHSI COJAM, SIKa YTBOpHWJIACS HA MOBEPXHI PEAKTUBY Mij Yac oro 30epiraHHs.
[Torim NaOH nepenocars y konOy, po3uunstors y 0,5 1 Boau, SKy BUMIPIOIOTH
HWIIHAPOM, 1 100pe nepeMIilyroTh.

Ilpucomyeannsa euxionozo po3uuHny wiaeneeoi Kuciomu

3asoanns. Hpueomysamu 250 mn 0,1 H pozuuny waenesoi kuciomu
[Tpu TUTpyBaHHI IIaBIEBOT KUCIOTH IIKUM HATPOM BiI0OyBAa€ThCs TaKa PEaKIIis:

H2C204 + 2 NaOH = Na2C204 + 2H20
Tomy ekBiBaJIEHT ii JOPIBHIOE MOJOBUHI MOJIEKYJIIPHOI MacH
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Mico 2n,0 126,06

EHZCZO4~2HZO = 5

- 98051 5706
10-4
Po3paxoBaHy KiNBKICTh IABJICBOI KUCIOTH (MIEPEKPUCTATI30BAHOT Ta BHUCYIICHOI HA
HOBITPI) MEPEHOCATh Y BUMIPIOBANbHY K00y Ha 250 MII, pO3UYHMHSIOTh B OYHIICHIN
BiJl BYIJIEKHCIIOTO Ta3y BOJi, MOBOJASTH JI0 PHUCKH TaKOI CaMOIO0 BOJOIO 1 A00pe

NePEMIIITYIOTh.

=63,03

Bcemanoenenna nopmansnocmi po3uuny iokozo yyzy
3aeoannsn. Bcmanosumu konyenmpayiro pozuuny NaOH.

a) 3a uiaejieeor Kuciomorw

broperky HanoBHIOOTH po3unHoM NaOH. YV konOy nns TUTpyBaHHS NEPEHOCSATH
ninetrkoro 20(25) M1 BUXiTHOTO PO3YMHY IABJICBOI KHCIOTH, TOJAI0Th 2-3 KPAILTHHH
iHauKaTopa heHondTaneiHy 1 TATPYIOTh PO3UMHOM JIYTY JI0 TOSIBU CIaOKO-POIKEBOTO
3a0apBiieHHs, ke He 3HUKae mpoTsiroM 30 cek. TuTpyBaHHS MOBTOPIOIOTH 2-3 pa3Hu.
HopmainbHicTh po3unHy JIyTY PO3paxoBYyIOTh 32 (hOpMYIIOIO:

N naon Vieon = NH2C204VH2C204
0) 3a conaAnoI0 KUCI0MOI0

VY koniyny kon0y Ha 150-200 M BHOCATH 25 M TUTPOBAHOTO PO3UMHY COJSHOL
KUACJOTH, JonatTh 1-2 kpammmuu ¢eHondTaneiny i THTPYIOTh JYIOM A0 CIabKo-
PO’KEBOTO 3a0apBJICHHS 1HAWKATOPA, sSKe He 3HUKae npoTtsiroM 30 cek. HopmanbHiCTh
PO3YMHY JIyTY pO3paxoBYIOTh 32 (POPMYIIOH0.

N _ VHCI : NHCI
NaOH — V
NaOH

JlabGopaTopHna podora Ne 2

Bu3HaveHHsI BMiCTY BYTIJIEKHCJIOT0 HATPiIO (COaN)
Na,CO; + 2HCI = 2NaCl + H,CO4

Memoouka

Po3uuH 3a1a4i BHOCATH Y BUMIpIOBaIbHY KoJI0y eMHicTiO 100 M1, po3BOAsTE BOAOKO
JI0 PUCKH 1 100pe nepeMimnyioTh. Bigouparots 20(25) M 11b0ro po3dyuHy y KijibKa
koHiuHMX ko0 Ha 150-200 mu1, nomarTh 1-2 KpariuHu METHUIIOPAHKY 1 TUTPYIOTh
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TUTPOBAHUM PO3UMHOM COJISTHOT KMCJIOTH J0 MEPEXO0/y XKOBTOr0O KOJIbOPY 1HAUKATOPA
B OpaHKeBHil. BMICT Byriiekuciioro Hatpito, B, y rpamax o04ucio0Th 3a (hOpMYyJIOHO:

B _ VHCINHCIENaZCO3 -100
(Na,co;)' T =
1000V,

ne E - exsiBaent NapCO3, Vyc - cependiit 06’em comstHOol Kuciotu (M),

BUTpA4YeHOi Ha TUTPYBaHH:, Nyc| - HOPMAJIBHICTD COJISTHOT KUCTIOTH, VA - allIKBOTHA
YacTUHA PO3YMHY 3anadi, B3storo s BusHadeHHs (mi), 100 - 3aranbHuii 00’em
po3unHy 3amaqi (M).

JlabopaTopHna podora Ne 3

Bu3zHa4yeHHs BMICTY OITOBOI KHCJIOTH
CH3COOH + NaOH = CH3COONa + H,0

Memoouxa pooomu

Po3unn 3amadi y wmipriii kon6i emuicTio 100 My po3BOASATH BOJOIO 10 PHUCKHU 1
nepeMimyTh. Bigoupatots 20(25) Mt 1iboro po3vrHy, IEPEHOCATh Y KOHIUHY KOJIOY
Ui TUTPYBaHHS, AOMAIOTh 2-3 KpamiuHu (eHondraneiny 1 TUTPYIOTh poOOUYHM
PO3YMHOM IKOT0 HATPY JO MOSIBH POKEBOTO 3a0apBieHHs, sIKe HE 3HHKa€e. KibKicTh
OLITOBOI KMCJIOTH B TpaMax po3paxoBYIOTh 32 TaKO0 (POPMYIIOI0

_ N NaOHVNaOHECH3COOH -100
1000V,

ne Nnaon - HOpMaNIbHICTh POOOYOro PO3YMHY iIKOro HATPY; VNaon — 00’ €M pO3UUHY
IZIKOro JIyry B MIJI, SKHH IIIOB HA TUTPYBaHHA, Ecy ooy - E€KBIBAJIEHT OLTOBOI

kucaotu, 100 - 3aransauil 06”eM po3unHy 3a1adi B M1, VA — 00’ €M po3unHy 3a1a4i B
MJI, B3ITOTO Ha OJJHE TUTPYBaHHs (aJiKBOTHA YaCTUHA).

KoHTpoJIbHI 3an1MTaHHA
1. JIsigt 9oro BUKOPUCTOBYIOTH 1HAMKATOPU B TUTPUMETPUUHOMY aHAIIi31?

2. Sx BIAPI3HAIOTHCS TMOHATTS IHTEpBAJI TMEPEXOAy 1 TMOKAa3HUK TUTPYBaHHS
iHaUKaTOpa?

3. B saxwuii komip 3ab6apBieHi MoJIeKyJIsIpHA i 10HHA (JOPMU 1HIUKATOPIB. METUIOBOTO
OpaHKEBOI'0, METUIIOBOTO YEPBOHOI0, JJAKMYCY, peHoipTaneiny?
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4. SIxy macy 10%-noro po3uuny Oypu Tpeba B3saTH, m00 npurotyBatu 2 1 0,025
po3unny?

5. Skuit 06”em 92%-Horo po3umHy cipuanoi kuciotu (p=1,824) tpeba B3sATH s
npurotyBanHs o i1 0,01 H po3unHy i€l KUCIOTU?

6. YoMy OpiBHIOIOThH €BIBAJICHTH MEPETIUEHUX HUKYE PEUOBHUH:
1) H3PO,4 nipu TUTpyBaHHI IIKHUM JTyTOM:

a) 3 MeTUJIOBUM opamxeBuM (pT=4);

0) 3 ¢penondraneinom (pT=9);

2) mipodochopnoi kuciaotu H4P2O7 npu TUTpyBaHHI IAKUM JIyrOM 3 METHIOBHUM
opamxkeBuM (pT=4), sxmo s nipodocdopuoi kuciaotu pK =1,96; pK=4; pK
=6,54 pK =9,40 ?

7. Busznaure, K1 3 HaBeJEHUX HUXKYE CyMIIICH peUuOBHH, 10 MICTATHCS B PO3UMHAX,

MarTh OydepH1 BIaCTHUBOCTI:
CH3COONa + NacCl,

NH4CI + HCI;

NapCO3 + NaOH,;

NaHSO3 + NaOH;

HoC4H40g6 + NaHC4H40g ?

8. Po3paxyliTe HOpMaJbHY KOHIICHTPAI[II0 PO3UHHIB!

a) XJI0poBoAHEBOI KuciaoTu 3 TuTpoM 0,00294 r/mi;

0) cipuanoi kucimoru 3 TutpoM 0,00294 r/mu;

B) Oypu 3 Tutpom 0,00572 r/mi.

9. SIky MOJNSIpHY KOHIEHTpAIlII0 Ma€ PO3YHMH TiapoKcuay Kaiblito 3 TutpoM 0,080
r/min?

10. Po3paxyiiTe TuTpHu:

a) 0,05 u ta 0,05 monb/1 po3unHiB OypH;

0) 0,08 u po3unny ¢GochopHOi KUCIOTH, SKIIO HOrO0 HOPMAJIbHY KOHIICHTPAIIIIO
BCTAHOBJICHO THUTpPYBaHHsAM 3 (eHondtaneinom (pT=9)? A 3 mermnopaHxkem
(pT=4)?

11. Po3paxysaru, sikuii 00’em 0,2 MOJIb/ po34KMHY iAKOTO JIyry OyJe BUTPAYCHO Ha
tutpyBanHs 15 mu 0,09 Monb/n po3unHy cipuaHoi KHCIOTH.

12. SIxy MoJsipHY KOHIICHTpAIIi0 T1IPOKCHUI-10HIB Ma€ po3urH 3 pH=11 ?

13. Yomy nopisutoe pH 0,5%-noro posunny NHACI (pKayiaxy = 4,8)?

14. Po3uun NaOH wmae pH 12,8. Po3zpaxyiite, y ckiibku pa3iB Tpeba po3BecTH e
PO34YHMH BOJIOO, 1100 ofepxkatu po3uun 3 pH=10,2 ?

15. Pospaxyiite pH 0,1 moms/n pozumny NH4CN, akmo  pKpen=9,2,
pK(NH3)=4,8.

1 1
(pHNH4CN =7+§pKHCN _EpKNH4OH )
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16. Axuit 06’em 0,5 monw/n po3umHy inkoro kamito Tpedba momatu go 10 mu 0,5
MOJIB/JT PO3YMHY MYPAIINHOT KHCIOTH, 00 onepxaru po3zunH 3 pH=3 (pK =3,75) ?

17. SIkwii iHOUKATOP CIiJ BUKOpHCTOBYBaTH mpu TuTpyBaHHi 0,1 monb/nm po3umny
xJ10poBoAHEBOT KUCIOTH 0,1 MOJIB/1 pO3YMHOM TIKOTO HATPY B MPUCYTHOCTI XJIOPHILY
aMOHII0?

18. Jlns mewitpanizamii 0,513 r opraniuHoi KHCJIOTH 3 1HAUKaTOpOoM (eHodTaneiHOM
ButpadyeHo 24 mia 0,1 monb/n po3uuHy igkoro Harpy. Slka opraHiyHa KHCIOTa
3HaXOJIUTHCS B PO3UMHI1?

19. Ha TuTpyBaHHS pO3uUMHY CyMilield XJOpoBOAHEBOI Ta (ocopHOi KHUCIOT 3
inaukaropom metuinopamxkem (pT=4) Butpadyeno 24 mi, a 3 ¢peHoadraneinom (pT=9)
- 30 M 0,1 mousb/a po3unHy inkoro Hatpy. Po3paxyiite BMicT ojHIi€l Ta APYyroi
KHUCIIOTH B PO3UHHI.

20. 0,2 monw/i po3uuH onroBoi kuciotu (pK=4,8) THTpyr0Th pO3YMHOM iTKOTO HATPY
3 inaukaropom (eHonoBuM depBonuM (pT=7,6). Po3paxyBaTu momMuiky TUTpyBaHHS
B IPOIICHTAX.

Tema 3. MeToau OKHCHEHHA-BiTHOBJICHHSA

Metoro poOOTH € O03HAWOMIJICHHS 3 THTPUMETPUYHMMH METOJAMH BHU3HAYCHHS
PEYOBHH, K1 3aCHOBaHI Ha PeaKIlisgX OKUCHEHHS-BIAHOBICHHs. CTyIeHTaM HEO0OX1THO
3aCBOITH NMUTAHHS, MOB”S3aHl 3 BJIACTUBOCTSIMU OKHMCHO-BIJHOBHOTO IOTEHINATy Ta
croco6amMu po3paxyHKy WOTo BETUYMHU; 3 BIACTUBOCTSIMH PEYOBHH-1HIUKATOPIB, K1
3aCTOCOBYIOTBCS B IIMX METOJAaX, 1 MPUHIMUIOM iX BHOOpPY; MO3HAHOMHTHCH 13
CIICIAJIbHUMH YMOBaMHM II€PMAaHTaHaTOMETPUYHHUX Ta MOJOMETPUYHUX METO/IIB
aHamizy.

B OCHOBI TUTPUMETPUYHMX METOJIB OKHCHEHHS-BIJHOBJIEHHS JI€XaThb XIMIYHI
peakuii, B Ipoleci AKUX MPOXOAUTh 3MIHA CTYIEHS OKHCHEHHS PEYOBHUH, IO
pearyroTh. Hanpukian:

Fed3++Tid+=Fel++ Ti4+
Sn2++Jo=Snd++2J

a00 B 3arajJbHOMY BUTJISIII:
Aok tBginn—>ApiantBox
(3)

Sx BUAHO 3 HaABEAEHUX TMPUKIAAIB, KOXXHE OKHCHEHHS CYNPOBOKYETHCS
OJIHOYACHHUM BIJTHOBJICHHSIM MapTHEPA 1 HABIAKH.
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Buacnigok peakiii yTBOPHOETHCS HOBMH BIJHOBHHMK Apjnpy i HOBMH OKMCHUK Bgg,

TOMY HE BHUKJIIOUEHA MOXJIMBICTh 3BOPOTHOI B3a€EMOJII MK HUMH, TOOTO peakilis
MOXKE IITH Yy 3BOPOTHOMY HAINpsAMKYy. SIKUM J>kK€ YMHOM MOXKHA Iepea0adynuTH
MO>KJIMBICTh MPOXOJHKEHHS peakilii B moTpiOHOMy HampsMmKy? J[Jis 11boro HeoOXigHo
3HaTH TIEBHY KUIBKICHY XapaKTEPUCTUKY CHJIM OKHCHHKA 1 BiJHOBHHKA. TakKoro
XapaKTEPUCTUKOID € CHEpris CHOpITHEHHS 1O eJNEKTPOHY, SKy MOXKHA
XapaKTepHU3yBaTH SIK CHITY TPHUTITAHHS €JIEKTPOHY J0 OKHMCHEHOI (OpMH PEYOBHHH
Aok Ipu nepexoi i 10 BigHOBIEHOT GopMHu Agjny.

Tak, OKUCHUKAMHM € PEUYOBHHH, 10 NPArHyTh MPHUETHATH IO ceOe eaeKTpoHH. Ymm
CHJIBHIIIIE MPUTSTAHHS, TUM CHJIBHIIINN OKMCHUK. /{711 BITHOBHUKIB - HaBIAKH, YHUM
CHJIBHIIINKA BiTHOBHUK, THUM JICTIIIC BiH B1JIJIa€ CBOi €JICKTPOHH.

Cuny npuTsITaHHS €JIEKTPOHIB MOYKHA BU3HAYUTH €KCIIEPUMEHTAIBHO 1 BUPA3UTH ii y
BUTJISAII OKMCHO-BITHOBHOT'O TTOTEHITIAY, 10 BUMIPIOEThCS y BoJibTax (B).

YuMm Oibllia BETUYMHA OKUCHO-BITHOBHOTO MOTEHITIATY, THM CHIIBHIIINM OKHCHHUKOM
¢ peuoBrHa i HaBmaku. Tak, Fe3t mpu mepexomi y Fe2t mpursirye enexrponn i3
cuoro, pisaoro 0,77 B (E(Fe3*/Fe2+)=0,77B). IIpu 1poMy OkncHeHa GopMa THTaHY
Ti4t npursarye enexrponn cmmoro 0,1 B mpu mepexomi y BimmoBmeny Tid*
(E(Ti4t/Ti3+)=0,1B). Taxum unrom, Fe3* ¢ Ginbur cunphnm oxncuukom, Hixk Ti4T i
peakiist (1) mige 3iBa Harpaso.

llopiguanus 6enuuun OKUCHO-BIOHOBHUX NOMEHYialie 080X nap IoHi8 0ae€
MOJICTUBICMb  GUHAYUMU HANPAMOK peakyii oKucHenHs-6i0Hoenenns. Peaxuis (3)
SIBHO UTHUME BIPABO JIMIIIE TOJ1, KOJU MOTEHIIaN Agg Oyae OUTbIINUM, HIXK MOTEHITIAT

BOK.
BiaacTUBOCTI OKMCHO-BIIHOBHOTO MOTEHIIATY

1.OKkuCHO-BIIHOBHUM TIOTEHIlIAJ XapaKTepU3y€ HE OKPEeMHUH 10H OKHCHHUKA abo
BITHOBHHMKA, a OKHCHO-BiIHOBHY mapy ioniB. Hanpuknaa, OKHCHO-BiIHOBHUU

notenuian mapu Fe3t/Fe2t popismioe 0,77 B (Fe3* + e =Fe2t), a mis mapu
Fe3*/Fe0 (Fe3* + 3e=Fe0) in ysxe inmmii i nopisuioe —0,036 B.

2. BennunHa OKMCHO-BIIHOBHOTO TMOTEHIANY 3a/edcumsb 8i0 npupoou eilemenma,
T06TO0 st Fe3t/Fe2* - ne onua Bemuuuna, a s SN4+/Sn2+ - inma.

3. BenuumHa OKHCHO-BIJIHOBHOTO TIOTEHIIANY 3aA1edcumsv Gi0 CHIBBIOHOUIECHHS

KOHYeHmMpayitl OKUCHeHoi ma 6ionoeieHol opm peuosunu (iona) 6 pozuumi, Us
3QIIEKHICTh ONUCYEMbCA pieHAHHAM Hepnema:
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RT, [0
nF  [Bix]

ne Ex - BeauumHa OKHCHO-BITHOBHOTO TIOTEHIATy 3a OyAb-SKHX 3aJaHuX

E.,=E,+

X

KOHLIEHTpAI[lil OKUCHEHOI Ta BIAHOBJIEHOI ()OPM 10HIB,;

Eo - HOpMaIbHUI OKMCHO-BITHOBHUM MOTEHITIAT,

R - razosa mocriiina (8,313 JI>x/mMoi1b);

T - abcomroTHa TemMIepaTypa;

N - YHUCIIO €JICKTPOHIB, 110 BiJiJIa€ a00 MPUETHYE 10H Y pe3yJIbTaTli OKUCHO-BITHOBHOL
peaxIii;

F - uncio ®apanes (96500 Ki/mounsb).

SKII0 MiACTAaBUTH 3HAYCHHS KOHCTAHT 1 BijJl HATYypaJbHOTO JIOTapu(dMy MEpEeUTH 10

necatkoBoro, To ajist 20 0C orpumaeMo:
0,06 [Ok]

n [Bi,[[]
VY Bunajaky, KOJU KOHIICHTpallli OKMCHEHO1 1 BIIHOBIEHOT (POPM 10HIB JOPIBHIOIOTH
1 mousib/n abo CIiBBIIHOMICHHS IIMX KOHIIEHTpAIiil JOPIBHIOE OJWHMII, OKHCHO-
BiJTHOBHUI MMOTEHIIIA)I HA3UBAETHCS HOPMAJTbHUM (200 CTAHIAPTHHUM).

E,=E,+

X

HopmainbHi moTeHuiany A pi3HUX Nap 10HIB BUMIPSHI 1 3BEACHI B TaOJULIO, sKa
MICTUTBCS B JIOBiMHUMKaX. KOpUCTyBaHHS HEIW Ja€ MOXXIHUBICTh TEpen0aduTH
HAIPsIMOK Peakxii.

[Tpukian:
a) [Fe3+]=1 mouns/n, [Fe2+]=10-4 mons/1; Eq(Fe3t/Fe2+)=0,77 B

Fe3+ + e =Fe2+

3+
E,=E, + 0.06 Ig{%} =0,77 +0,061910* =0,77 + 0,24 =1,01B
n €

6) [Fe3+]=10-4 mouns/x, [Fe2+]=1 mons/n
E«=0,77+0,061g10-4=0,77-0,24=0,53 B

4. BenuynmHa OKHMCHO-BIIHOBHOTO MOTEHINIANy B ACSKUX BHUMNAIKAX 3dA1edCUmsv 6i0
KoHyenmpayii ioHi@ 600HI0 6 po3uuni. lle BigOyBaeThCcs B pasl MEPETBOPECHHS
OKHMCHEHOI (hOpMHU PEYOBHMHU Y BiHOBJICHY (i HABIAKH) i CYNPOBOKYETHCS 3MIHOIO
XapaKTepy CIOJYKH, HAPUKIIA!

MnO4-+8Ht+5e=Mn2t+4H»0 (4)
Buacnigok i€l peakiii nepMmanranar-iod (anion) MnO4~ mepeTBOPIOETHCS B KaTiOH

Mn2t. ¥V npomy Bunaznky piBHsiHHs HepHera HaGyBae BUIILLY:
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006, [Mno, [T

«=Eq+ Ig >
5 [Mn +J

KonrieHTpariiss i0HiB BOJIHIO, BUpaXCHA B MOJIB/JI, BXOJUTH 110 piBHAHHS HepHcra B
CTENEHl, IO JOPIBHIOE CTEXIOMETPUYHOMY KOe(QILIeHTy OuIs 10HY BOJHIO Ta
CIICKTPOHHO-10HHOMY PiBHSAHHIO (4).
[Tpukian:
a) [MnO4-]=[Mn2+]=0,1 moxns/n, [H*]=1 monb/n

Eg(MnOg-/Mn2+ 8H+)=1,54 B
0,06
5
6) [MnO4-]=[Mn2%]=0,1 M, [H*]=0,001 momb/n

E, =154+ O’—506 lg10™** =154 + 0,012 - (—24) =1,54 - 0,29 =1,25B

E

E, =154+ lg1=154B

5. Bennuuna OKMCHO-BITHOBHOTO TIOTCHINAITY 3A1eHCUMb 80 NPUCYMHOCMI 8 PO3UUHI
KOMNIEKCOYMBOPI08ayie abo 0caoicyeadis, siki 3B’ 13yI0Th OKUCIIEHY a00 BIJHOBICHY
dopmu enmemeHTa B KOMIUIEKCHI a00 HEPO3YMHHI CHOJYKH 1 TUM CaMHM Pi3KO
3HWKYIOTh KOHIEHTpALil0 BiIMOBIAHOI ¢opMu B po3umHi. [Ipu 1npomy 3MiHIO€THCS
BEJIMYMHA OKMCHO-BITHOBHOT'O TIOTEHITIATY.

TakuM 4MHOM, 3MIHIOOYM KOHLIEHTPALIIO Pearyoyux PeuOBHUH, KOHIIEHTPALIIO 10HIB
BOJIHIO B PO34MHI, JOJAIOYU Pi3HI KOMILJIEKCAHTH 1 OCap)KyBadi, MOXHaA 3MIHIOBAaTH
MOTEHI[IAJIM Pearyrourux peYOBUH 1HOJII TaK CYyTTEBO, IO II€ MOXKE NMPHU3BECTU HABIThH
70 3MIHHM HANpsSMKY pPeakKilil OKHCHEHHS-BIIHOBICHHS (OCOOJMBO Jisi PEYOBHH 13
OJMU3bKMMH OKHCHO-BIJTHOBHUMHU TOTEHIIAIAMH).

Touka ekBiBaJIEHTHOCTI B peaKisiX OKUCHEHHSI-BiITHOBJICHHS

Y TUTPUMETPUYHUX METOJIaX OKHUCHEHHS-BIIHOBIEHHS TUTPYIOTh JOCIIIHKYBaHHMA
PO3YMH, [0 MICTUTh OKHUCHUK 200 BIJIHOBHUK, pOOOYHM PO3YMHOM BiJIHOBHHKA ab0
OKHCHHMKA (BIIITOBITHO), HAIPUKJIA:

Sn2+ + Jo = Sndt +2J-

[Ipu nmomaBanHi POOOYOTO TUTPOBAHOTO PO3UYMHY BITOYBAETHCS 3MiHA BENUUUHU
OKUCHO-8IOHOBHUX nomenyianie 06ox ionnux nap: J2/2)- ta SN4+/Sn2+, tomy mo B
IpoLeCl TUTPYBAHHS 3MIHIOIOTHCS KOHIIEHTpAlil pearyrounx pedoBuH. [Ipu npomy
notenuian napu J2/2J- 3menmyerscst, a mapu Sn4+/Sn2t - 3Ginburyerses.

Touxa exeigareHMHOCMI HACMAE 8 MOMEHM, KOJU NOMEHYIaIu 000X nap cmamymso
OOHAKOBUMU.

TakuM 4YHHOM, Yy METOJaX OKHWCHCHHS-BIIHOBIICHHS MOYKA eKGIBANeHMHOCHI
Xapakmepuszyemvcsi NeGHUM 3HAYEHHAM GeIUYUHU OKUCHO-BIOHOBHO20 NOMEHYIALY
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poszuuny. (ITopiBHATH: B METOJAaX KHCIOTHO-OCHOBHOI'O THTPYBAaHHS TOYKa
CKBIBAJICHTHOCTI XapaKTePU3y€eThCs NIEBHUM 3HaYeHHSIM pH po3uuny).
[ToTeH1ian TOYKH €KBIBAJIEHTHOCTI PO3PaXxoBYIOTh 3a (OPMYJIOHO:

PE  + aB g

E
= a+b

Jie a - KITbKICTh €JIEKTPOHIB, 1110 Bi/I/IaB BiIHOBHUK;
b — KiTBKICTh €EKTPOHIB, 110 IPUHHSB OKUCHUK.
Hanpukian:
MnO, + 5Fe? + 8H" = Mn*" + 5Fe** + 4H,0
MnO, + 5e + 8H* = Mn*" + 4H,0
Fe** - e = Fe*
5E .. +1-E

E _ 0MnO,” /Mn
M-eKB.
5+1

OFe®* /Fe?*

InaukaTropu MeToAiB OKUCHEHHS -BIIHOBJICHHA

[agukaropu, sKi  BUKOPHUCTOBYIOTBCS B  METOJaX OKHWCHECHHS-BIJIHOBJICHHS,
NOAUISIIOTCS] HA TPU TPYIIH.

1. [npukaTopom Moxke OyTH pOOOYHIl PO3YMH.

Hampuknan,  po3umH  mepmaHraHary — Kajilo, [0  3aCTOCOBY€ETbCS B
nepMaHraHaroMerpii. SIKIo mnpu TUTPYBaHHI PO3YMHOM [EPMAHraHATy Kajiio
JOCSTaeThCA TOYKA €KBIBAJEHTHOCTI, TO 3aiiBa KpaIUIMHa L€l peYOBUHU 3a0apBIIIO€
PO34MH, 110 aHAII3YIOTh, B POXKEBUNA KOJIP.

2. CnenmiajibHi iHIMKATOPM - PEUYOBHUHHM, SIKI YTBOPIOIOTH 3a0apBieHI CIOJIYKU 3
OJTHUM 13 KOMIIOHEHTIB peakiii. Hanmpukiaa, Kpoxmaib, SKHil yTBOPIOE 3a0apBlieHy B
IHTEHCUBHO-CHHIN KOJIIP CIOJYKY 3 HOJIOM, 3aCTOCOBYETHCS B HOJIOMETPI.

3. OpraniyHi pe4oBHUHH, SIKi 3/1aTHI OKMCHIOBAaTUCH UM BIJTHOBJIFOBATHUCH 33 TIEBHOTO
3HAUYEHHS OKHCHO-BIJIHOBHOTO TMOTEHIIAly pPO3YMHY, NpUUOMYy 3a0apBIICHHS
OKMCHEHOT (hopMH BIIPI3HAETHCS BiJ 3a0apBieHHs BiIHOBJIEHOI dopmu. [HauKaTopu
i€l TPy MOXYTh OyTH 00OPOTHUMH 1 HEOOOPOTHMMM. Binbin 3pydHi B poOOTi
00OpOTHI I1HIWMKATOPH, SIKI 3MIHIOIOTH CBO€ 3a0apBJICHHS O0OPOTHO (HAIPHKIA,
nudeninamin). HeoOopoTHI iHIUKATOPH, OKUCHIOKOYNCH, 3MIHIOIOTH CBiil KOuip, aje
npu Al BIAHOBHUKA iXHE TiepBiCHE 3a0apBICHHS 3HOBY HE BiJHOBIIOETHCS
(MeTHOpaHX).

[HaukaTopyu TpeThOi Tpynu MiAOMPAaIOTh TAaKUM YUHOM, HI00 NOTEHIIall TOYKH
CKBIBAJICHTHOCTI 1 MOTEHIIaM, 32 SKOr0 1HIUKATOp 3MIHIOE CBOE 3a0apBIICHHS, OyiH
OJIM3bKUMU.

Po06o4i po3yuHM MeTO1iB OKMCHEHHSI-BITHOBJICHHA

122



SIk poboYl THTPOBaHI PO3YMHH 3aCTOCOBYIOTh PO3YMHH PI3HUX OKHUCHIOBAYiB (IIst
TUTPYBaHHS BiJHOBHUKIB). 3HA4HO piJiIe 3aCTOCOBYIOTH pPOOOYI  PO3UMHU
BIJTHOBHUKIB (IUIsi TUTPYBAaHHS OKHUCHUKIB), TOMYy IO TaKi PO3YHMHH BaXXKO
IPUTOTOBJISITH Ta 30€piraTh yepe3 OKUCHEHHSI iX KUCHEM TMOBITPS.

Knacudikaiis MeToiB OKMCHEHHS-BIAHOBJICHHS 3aJIeKUTh BiJi poOOYUX PO3UHHIB,
10 3aCTOCOBYIOThCs. Hailigacrime 3acrocoByroThes Taki poszuumnu: KMnOg (y
nepmanranarometpii); KoCrpO7 (y xpomatomerpii); KBrO3 (y 6pomaromerpii); J2
(B iomomerpii); NH4VO3 (y Banagomerpii).

TutpyBaHHs poOOYMMH PO3UYMHAMH OKHCHHKIB IOTpPeOy€e 1HOMAI MONEPEIHBOrO
BITHOBIIEHHSI BU3HAUYBAaHOTO €JIEMEHTa, TOMY IO IiJl Yac MEpEeBEJICHHS HABaXKKH B
pPO34YMH BIH MOX€ OKHUCHUTUCH. ToMy mepea TUTPYyBaHHSM HEOOXIJIHO MONEPEIHbO

BIJIHOBUTH €JIEMEHT, 1110 BU3HAYAIOTh, aJIe TakK, 1100 13 PO3YMHY MOXHA OyJI0 MOTIM
BUJIAJINTU HAJIMIIOK BiAHOBHUKA. J[JIs 111€T METH 3aCTOCOBYIOTH TaKl BIJIHOBHUKH:

1) SO2 - HaUIMIIIOK HOTO JIETKO BUAAISIETHCS KHIT ATIHHAM PO3YHHY, 10 aHAII3YIOTh.

2) SnClp - 3acTOCOBYIOTH JIsi BIJHOBIICHHS Fe3+ no Fe2*. Hammmmox SnClp

OKHCHIOIOTB 3a momomororo HYClo | o mepesoauts SN2t B Snét, ane e okuchioe
Fe2+

3) piauHHI amMaabraMd METAliB, SIKI BiIHOBIIIOIOTh TOH YW IHIIHN €IEMEHT 1 JIETKO
B1JIOKPEMITIOIOTHCS BiJI PO3UHHY, [0 aHATI3YIOTh, 3a JJOIOMOTOIO JIIJTUILHOI BOPOHKH;
4) wmertaneBl pEAyKTOPH - KOJIOHKH, IO HANOBHEHI TPaHYJIbOBAaHHM METAIIOM,
Hanpukiaa, uuHKoM. Ilig Jac mpomyckaHHS po3dMHY, IO MOro aHaII3yIOTh, Kpi3b
TaKy KOJIOHKY [IeBHMI i0H BiXHOBIIOETHCs, Hanpukiay, 2Fe3+t+Zn=2Fe2++zn2+

Ilepmanranaromerpist

OaHUM 13 MOUIMPEHUX TUTPUMETPUUYHUX METOJIB € MepMaHrasarometpis. Pobounm
TUTPOBAaHUM PO3YMHOM CIIYI'ye TIEPMAaHTaHAT Kajilo. B Kuciomx po3unHax
NepMaHraHaT Kajlill0 € JyXe€ CHJIbHUM OKHCHHUKOM, SIKUWA 3JaTHUM OKHCHIOBATH
MPaKTUYHO BC1 BITHOBHUKU. [Ipy IbOMY IepMaHraHaT-i0H BiTHOBIIOETHCS 10 Mn?*

MnO, + 5e + 8H* = Mn? + 4H,0

(5) ekBiBajIeHT KMnO, = @ =31,61

Exeieanenm peuoeunu 6 peaxyisix OKUCHEHHS-8IOHOBIEHH OOPIGHIOE U020

MONEKVIAPHIU MACT, NOOLNEHIl HA YUCLO eNeKMPOHI8, WO NPULHALA AO0 8i00ala 0OHA
MOJIEKYNa YI€l pe4OBUHU.
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OCHOBHOIO YMOBOIO MEpPMaHraHATOMETPUYHUX BHU3HAYEHb € BUCOKA KUCIOTHICTTh

CepeIOBHINA, TOMY IO B PIBHSHHI peakiii € i0H BoaH. Sk BuaHO 3 (5), moTeHIian
- 2 . v s ..

napu MnO,/Mn“"  3anexuts Biji KOHIIEHTpALi] i0HIB BOJHIO Y BOCBMOMY CTEMEH

Mno, JH- T’

MnO,” 0,06
|_Mn2+

E =E,. + |
Mn?2* ° 5 J

Ha mpaxTtumi goctaTHhO, 100 pO3UMH, SKAW aHANI3ylOTh, OyB OZHOHOPMAJIHHUM
BIJIHOCHO KHUCJOTH. J[JI1 CTBOpPEHHS TakOi KHCJIOTHOCTI BUKOPHUCTOBYIOThH CipUyaHy
kucyioty. CoJisiHa KUCIIOTa Ma€e BIJTHOBJIIOBAIbHI BIACTUBOCTI 100 NMEpPMAHTaHaTy, a
a30THA - € OKUCHUKOM.

S0 cepenoBUIe HEJOCTATHBO KHUCJIC, TO B PO3YHMHI MOXKYTh IMPOXOIUTH I1HIII
peaxIii:

MnO, + 4H" + 3e = MnO,{ + 2H,0
2MnO;, + 3Mn?* + 2H,0 = 5MnO,4 + 4H*

2+ . . coe
(Mn“"  yrtBOproethcs mia uac tuTpyBaHHs). L{i peakiii mpu3BOAATH 10 3HAYHHX
MOMUJIOK PE3yJIbTaTiB aHaTI3y.

Ilpuzomyeannsa pooouozo po3uuny nepmanzanamy Kajiiro

[lepMaHranar kajuito HE HAJICKHUTh JO0 BUXIJIHUX PEYOBHH, TOMY IO 3aBXIU MICTUTh
JOMIIIKK JIBOOKCHUJy MapraHilio, BiJl SKOTO AY’K€ BaXXKO Mo30yTuch. OKpiM IbOTO,
KOHIICHTpAIIisl IEPMaHTaHaTy KaJito 3 4aCOM 3MIHIOEThCS M1 €0 CBITJIA 1 BHACHIIOK
BIJIHOBJICHHSI MOTO HEBEJIMKOIO KIJIBKICTTIO OPraHIYHUX PEUYOBHH, SIKI IMOINAJAI0Th Y
PO3YHH 3 TTUJIOM.

ToMy po3paxoBaHy KiJIbKiCTh IEpMaHTaHATy KaJlif0 3BAKYIOTh Ha TEXHIYHHUX Tepe3ax
1 TOTYIOTh PO3YMH NPHOIU3HOI KOHIICHTpAIlli, BIAMIPSAIOUM NUCTUIHLOBAHY BOIY
MIpDHUM IIIIHAPOM. TOUYHY KOHIICHTpAIII0 BCTaHOBIIOIOTH depe3 10-12 nHiB 3a
BUX1JTHOIO PEUYOBUHOIO - IIaBJIEBOIO KHUCIOTOIO.

Po3paxynok nasaxcku KMnQ,

Bignosnenus MnO, no Mn? 171e 3 MPUEHAHHAM S €JICKTPOHIB, TOMY €KBIBAJICHT
KMnO, nopisuroe

M
Emo, =5 =1585’O3 =3161 T

Hns npurotyBanus 1000 mn 0,1 H po3umHy HeoOXxijHa HaBa)xKa, IO JOPIBHIOE
3,1610 r (1/10 yacTuHA eKBiBAJICHTY), PO3UUHSIETHCS Y JUCTUIBOBaHIM BOJI 1 00”eM
nosoauThest 1o 1000 mut.
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Ilpuzomyeannsa euxionozo po3uuny uiaenesoi Kuciomu

[Ipn THUTpyBaHHI INABJICBOI KHCIOTH IIEpMaHraHATOM Kallifo BigOyBaeThCs Taka
peaKiris:

2KMnO, +5H,C,0,4 +3H,S0, = 2MnS0O,+K,SO,+10C0O,+8H,0

L 2- . 2- _
Oxucuenns ioniB C,0,” BimOyBaerbcs 3a cxemoro C,047 -2e=2CO, , T0o0TO TIpH
OKHCHEHHI KOYKHA MOJIEKYJIa IIaBJICBOI KUCIOTH BiJla€ 2 eEKTPOHH.

OTxe, eKBIBAJICHT JIOPIBHIOE:!

126,06
E(HZCZOA»ZHZO) = T =6303 T

Jns npuroryBanas 250 mn 0,1 H po3zunny H,C,0; HEoOXigHO po3paxoBaHy Macy
IIaBJIEBOI KHCJIOTH 3BAXKUTH Ha aHAMTHYHUX Tepe3ax 3 ToudicTio g0 0,0001 r,
HABAXXKY MEPEHECTH 3a JIONMOMOTOK BOPOHKH B MipHY K00y Ha 250 Mi1, pOMHTH
BOPOHKY JUCTUJILOBAHOKO BOJIOIO, JOBECTH PO3YMH JI0 MITKH 1 IEPEMIILIATH.

Bcmanosnenns HopmanvHocmi pooouo2o po3uuny nepmanzanamy Kairo

Memoouka

bropeTky HaNoBHIOIOTh PO3YMHOM MEpMaHTaHATy Kajito. Y KoJOy i TUTPYBaHHS
nineTkoro mnepeHocath 20(25) Ml BUXIIHOTO PO3YMHY MIABJICBOI KHUCJIOTH, J0JAI0Th
15-20 wmn  posuuny cipuyanoi kucimor (1:4) s CTBOPEHHS KHCIOTHOCTI

cepenopunia. Harpiatote po3unn 10 70-80 OC (He MOXKHA JTOBOJUTH JO KHITIHHS,
TOMY III0 B TAKOMY BHIIAJIKy PO3KJIAJA€ThHCS IIABJIeBa KMCIOTA) 1 TUTPYIOTh PO3YHHOM
nepMaHranary kamiro. Ha mouaTky TUTpyBaHHS A0 Tapsdyoro pO3YMHY IABJIEBOI
KHUCIIOTH A0JAI0Th JEKIJIbKA KPAIUIMH IEPMAHIaHaTy 1 YeKatOTh 3HUKHEHHS POKEBOIO
3a0apBieHHs. KoXXHy HOBY TMOpIII0 pPO3YMHY [E€pMaHraHaTy [OJAl0Th MICIs
3HMKHEHHs 3a0apBJIeHHs nonepeaHboi nopuii. TUTPYIOTh 10 MOSABU 3a0apBJIEHHS, SIKE
He 3HuKae npotsarom 30 cek. HopMmasibHICTh pO3UnHY BU3HAYAIOTH 32 (POPMYIIOLO:

N _ NHZCZO4 'VHzczo4
KMno, — Vv

KMnO,

JlabopaTopHna podora Ne 4

HepMaHraHaTOMeTpane BU3HAYCHHA MMEPOKCUTY BOAHIO

Y 1bOMy METOAl BHKOPHCTOBYIOTHCS BIJIHOBHI BJIACTHUBOCTI MEPOKCHUAY BOJHIO.
Peakitiss Mi>K MEpPOKCHUIOM BOJIHIO Ta MEpPMaHTaHATOM KaJliio BIIOYBA€THCS 32 TaKUM
PIBHSIHHSIM:
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2KMnO, +5H,0,+3H,S0, = 2MnS0O,+K,S0,+50,+8H,0

Memoouka

Po3uun 3amaui B MipHiid kosi01 Ha 100 Mi po30aBisSIOTh JUCTUIBOBAHOO BOJOKO 10
MITKH 1 TnepeMinyioTh. Bigouparore minetkoro 20(25) M 1mporo posuuny,
IEPEHOCATh Y KOJIOY JUIsl TUTpYBaHHs, 1oymBaroTh 10-15 mut cipuanoi kucnotu (1:4) i
TUTPYIOTh POOOYHMM PO3YMHOM IepMaHTaHary (0e3 HarpiBaHHS) JI0 TOSBU POXKEBOTO
3a0apBiieHHs, sIKe He 3HUKae mnporsaroM 1 xB. KinbKicTh Hepokcuay B Ipamax
PO3paxoBYIOTh 3a (POPMYIIOIO:

NKMno4 'VKMno4 ’EHzoz -100

B =
Ha02 1000 - A

A€ N0, -~ HOPMAIBHICTh POOOYOro PO3YKHY;

Viwno, = 00°€M poO040ro po34uHy, 10 BUTPAYEHO HA TUTPYBAHHS,

Ey0, - E€KBIBAJIEHT NEPOKCHIY BOJHIO;

100 - 3aranpHHIT 00’ €M pO3UUHY 3a1a4i;
A — 00’eM po3uuHy 3aJ1avi, B3ATUH JIJIs TUTPYBaHHS (QTIKBOTHA YaCTHHA).

Hoxomerpisn
HNonomeTpudHi METOIM aHaJIi3y 3aCHOBAHI Ha PEaKIisaX OKMCHEHHS-BIIHOBJICHHS, K1
OB’ s13aHi 3 IEPETBOPEHHSIM BUIBHOTO HOAY Ha 10AMI-10HU a00 HABITAKH.

Jo+ 2e = 2J - #ion BUCTYTA€ SIK OKUCHUK;
2) - 2e = J, - Hoana-10H - SIK BIJTHOBHHUK.

HNonomerpiss mocigae ocoOiaMBe MICLE cepell METOIIB OKUCHEHHsS-BIIHOBJIEHHS. Lle
3YMOBIICHO JIEKUTbKOMa MPUIHMHAMH.

1. HopmanbHHii OKHCHO-BIIHOBHUH ToTeHIian mapu Jo/2)° nopiBhioe 0,54 B i €
MPOMIKHUM cepeJl 3HaUeHb MOTEHI1aJIB CUJIbHUX OKMCHHUKIB 1 BITHOBHHKIB.

E, =154 MnO, "+ 5e + 8H" = Mn** + 4H,0
E, = 0,54 J,+2e=2J
E,=-0,96 Sn0s> + 2e + H,0 = Sn0O,* = 20H"
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I3 HaBeneHOi cxeMU BHUJIHO, 1110 ICHYIOTh TaKl BIHOBHHKH, SIK1 3JaTHI OKUCHIOBATHUCH
BUIbHUM HonoM. lle Taki BiAHOBHUKH, sl sSIKMX Egp y cXeml 3HaXOASThCA HUKYE
noteHuiany napu Jo/2J. Takok iCHYIOTh OKMCHHKH, IO 3JIaTHI OKUCHIOBATH HOIU/I-
ioH. [lo HMX HajexaThb Taki, MOTEHIIA] SKUX y CXeMl 3HAaXOJUThCS BHUIIE, HIK
noreHmian mapu Jo/2) . Uepe3 me HOJOMETpil0 MOXKHAa BHKOPHCTOBYBATH IS
BU3HAYEHHS K BIIHOBHUKIB, TaK 1 OKUCHHUKIB.

2. OKHCHO-BITHOBHUM TOTEHIIIAJ Mapy Yy IIMPOKOMY IHTEPBAl He 3a1edicums Gio
senuyunu pH myxe xuciaux po3uuHax 1 npu pH Oineiie 8-9 BuHUKaIOTH MOOIYHI
IpoLecH, SIKI MPU3BOJATH 0 pO3uuHy, IO JTO3BOJISIE MPOBOJUTH HOIOMETPHUYHI
BU3HAYCHHsS 3a Pi3HOI KuciIoTHOCTI. OpHak y Benukux nommiok. [li mporecu
OMHCYIOTHCS PIBHSIHHIMHU

4KJ + Og + 2H2$O4 = 2K2804 + 2J2 + ZHZO

J; + 2NaOH = NaJ + NaJO + H,0

3. Ha BemunHy OKMCHO-BITHOBHOTO MOTEHIIANY MapH Jo/2) ne ennusac nasguicmo y
PO3UUHI POy KOMNIEKCOYMBOpIo8adie ma ocadaicysayis. 11 oco0MuBICTh PO3LIUPIOE
MOJKJIMBOCTI HOJAOMETPUYHUX BU3HAYEHB, TOMY IO BBEJCHHS 3a3HAYCHHUX CIIOIYK Y
po34MH 30UIbIIyE a00 3MEHIye 3HaveHHs norteHuiany cucremu (Ey ememenTty, 1o
HOro BU3HAYAIOTH), a IOTEHINAJ MTAPH  TIPU I[bOMY Oy/Ie 3aJTUIIATUCH TOCTIHHUM.

4, Peakmiss J, + 26 2 - obopomna, TOOTO HE CYNPOBOIKYETHCS HITKUMHU
no0iunuMu nponecamu. Lle 3ymMOBIIOE BETUKY TOYHICTH HOJAOMETPUYHHX METOIIB
aHawizy.

5. Ilpu HOAOMETPUYHMX BHU3HAYCHHSIX SK 1HIMKATOP 3aCTOCOBYIOTH KpPOXMalb,
KOTPHH 3 0JIOM yTBOPIOE THTEHCUBHO-CHHIO 3a0apBiieHy cronyky. Peakiiis omy 3
KpOXMaJieM Jy>K€ YyTIUBa, 1[0 3yMOBIIIO€ BEJIMKY TOUYHICTh aHAIII3Y.

IMpuxaagu HoaOMEeTPUYHUX BU3HAYECHD

3 I0IOMOror0 HOJOMETPIi MOKHA MPOBOAUTH KUIbKICHE BU3HAYEHHS TAKUX PEYOBHH,

SIK:

CunvHux 6i0OHO6HUKIEG

SnCl; + J, + 2HCI = SnCl, + 2HJ

Po3unHu BIZHOBHUKIB TUTPYIOTh POOOYMM PO3UYMHOM HOIy. VY LIbOMY BHMAAKY HOJ BHUCT
poJ

OKHCHHKA, TOMY 1110 HoTeHIian mapu Jo/2)” (Eq=0,54 B) Oinbiuwmii 3a moTeHIian mapu Sn*/e

Cnaokux 6i0HOBHUKIG

2Fe® +J, = 2Fe* = 2T

3a 3BMYAWHHUX YMOB II¢ THUTPYBAaHHS IPOBOJIUTH HEMOXKJIMBO, TOMY IO TOTCHITIA
cucremu Fe**/Fe? (Eo=0,77 B) Oimpmmii 3a moteHiian Jp/2)° 1 peakiisi MOBHHHA
MPOXOJUTH Yy 3BOPOTHOMY HAMPSIMKY.

AJle moTeHIag CUuCTEMH Fe**/Fe** moxna 3MEHILNTH, SKIIO 10 PO3YMHY J10]1aBaTh
dropun Hatpio. [Tpn poMy ioru Fe** 38’ s3yI0ThCS B MIl[HHI KOMILIEKC
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Fe* + 6F = [FeFe]*

KonneHnrpariiss BUTbHUX 10HIB Fe* (oxucHeHa ¢Gopma) pi3KO 3MEHIIYETHCS, IO
TPU3BOIHTE [0 PI3KOTr0 3MEHIICHHS Beanduuy noteHmiany Fe**/Fe®*. Moro snagemms
CTae MEHILIUM, HiXK TOTeHIial Jo/2), TOMy BUIbHUIA O MOXKE BUCTYIIATH SIK OKHCHUK
oo ionis Fe?",

Cunwvnux oxucrnukie. KMnQO,4, K,Cr,04

SKIo0 BiIHOBHUKU TUTPYIOTH POOOYMM PO3YMHOM BILIBHOTO WOy, TO MNPUPOIHO
YEeKaTH, 10 OKUCHUKHM Tpebda TUTPYBATH POOOYMM PO3UMHOM HOAUIYy Kamito. Aje
TaKe TUTPYBAHHS HEMOXJIMBO MPOBOJUTH, TOMY LI0 HEMOXXIHUBO Oyje 3adikcyBaTH
TOYKY €KBIBJICHTHOCTI. 3 PIBHSIHHS peaKIlii

2KMnO, + 10KJ + 8H,S0, =5J, + 6K,SO, + 2MnSO, + 8H,0

BHUJIHO, IO BUIBHUM HOJ YTBOPIOETHCS TPH JIOJaBaHHI CaMHX NEPIINX IOPIii
po3unHy Homuay Kaiiro. [HaukaTop (Kpoxmallb) HpH LBOMY 3pa3y K CHHIE, IIe
3aJI0BI'O IO TOUYKHU €KBiBaJeHTHOCTI. Ha HoauA-10H 1HAMKATOpa HE 1CHYE.

Tomy 3a HOAOMETPUYHMX BH3HAYEHb OKHCHHUKIB 3aCTOCOBYIOTh HENPSMHA METOJ,
KW Ha3UBaIOTh METOJIOM 3aMimieHHa. CyTh I[bOTO METOAY MOJIATAE B TOMY, IO IO
PO3YMHY BH3HAUyBaHOTO PO3YMHHHUKA H0jaar0Th Hamauimok KJ , (KJ e momomixHuM
po3unHOM). BHaCiIOK peakiii yTBOPIOETbCS BUIBHUN WO, IPUYIOMY HOTO KiJIBKICTh
€ 4iTKO €KBiBaJE€HTHA KiJIbKOCTI OKUCHMKA. M0, 110 BUILINBCH, TUTPYIOTh PO3YMHOM
Tiocynb(hary HATPIkO:

Jo + 2Na,S,05 = 2NaJ + Na,S,04

KinbkicTs Tiocynbhary HaATpiro, 110 MIlUIa HA TUTPYBAHHS, EKBIBAJIEHTHA KUIBKOCTI
fony, sika BUIUTUIIACH 32 TIOTIEPETHBOIO PEAKIIIEIO.

TakuMm 4UHOM, K pOOOUUL MUMPOBAHUL PO3YUH NPU UOOOMEMPUYHOMY BUIHAUEHH]
OKUCHUKIB 3aCMOCO8YEMbC po3uur miocyrvghamy uampiro. 1 xoda Tiocynbdar
HATpI0 B HOMY BUIAJKYy O€3MOCEPEHbO HE B3aEMOJIE 3 OKUCHUKOM, iX KUIBKOCTI
€KBIBAJIEHTHI . 3HAIOUM KUJIBKICTh OJHOIO, MOKHA 3aBXKJU pPO3paxyBaTH KUIbKICTh
HIIIOTO.

Cunwvni Kuciomu

(a Takox comi cinaOKMX OCHOB i CHIIBHHX KucioT, Hanpukian, AlCl; . Busnauenns
0a3yeTbcs HAa peakiii

KJO; + 5KJ + 6HCI = 6KCI + 3J, + 3H,0 , mpuuomy KJ ta KJO3 BBOIATH y CyMil
y HaaMIpi.

s peakiiss IpOXOAUTH TUIBKKA B IPUCYTHOCTI BUILHOT KUCIOTH B po3unHi. KinbKicTh
Homy, 110 BUJIITTUBCA 32 PEAKINIEI0, €KBIBAJICHTHA KIIBKOCTI KHCIIOTH, SIKa MIPUCYTHS B
po3uuHi. BiarurpyBaBmm o po3drmHOM Tiocyib(dary, MOXKHA pPO3paxyBaTH
KIJIbKICTh KMCJIOTH B PO3YHHI.

Po6o4i po3uunu iHogomerpii

Jlist MIOOMETPUYHOTO BHU3HAYEHHSI BIJHOBHUKIB 3aCTOCOBYIOTH POOOYMI PO3YMH
fony B po3uMHi Hoauay Kamio. [IpucyTHICTh HoAUAY Kajlll0 B pO3YMHI HEOOX1IHA IS
i BUTIIEHHS PO3YMHHOCTI MOy 3a paxyHOK yTBopeHHs Kl3, mpu 11s0My 3MEHIITy€e€ThCs
JIETKICTh HOay. PO3YMH 3 TOYHO BIJJOMOIO KOHIIEHTPAII€I0 TOTYIOTh 32 HABAXKKOIO,
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B3STOI0 HAa aAHAIITHYHMX Tepe3ax (Mo BiIMOBiZae BCIM BHMOTaM JUIS BHXITHUX

PCUOBHH).

JInst TUTpyBaHHSI OKMCHMKIB 1 KMCJIOT 3aCTOCOBYIOTH POOOYMIT pO3UUH TiOCYyJb(ary

Hatpito. Moro rotyrots 3 kpucranoriapary Na,S,0; . 5H,0. IlpuroryBatn po3unH

TOYHOI KOHIIGHTpAIlii 32 HAaBaXXKOIO B JaHOMY BHIAJIKy HEMOXJIHBO, TOMY IO

KPUCTAJIOTIpaT HE BIANOBIJAE BUMOTaM, IO CTABJIATHCS JI0 BUXIIHHUX PEUYOBUHIO

Kpim TOTO, IIOMHOBUTOTOBJICHI PO3YMHU 3MIHIOIOTH CBOIO KOHIIEHTpPAIlIK0 BHACIIIIOK

OKHUCHEHHSI KHCHEM TIOBITPSI 1 PO3KIIay ITiJI €0 BYTJEKUCIIOrO Ta3y, TIo0aKTepii Ta

cBitia. Tomy HaBaxxky Tiocynb(hary OEpyTh Ha TEXHIYHHX Tepe3ax, PO3UHUHSAIOTH y

BOA1, 3anumatoTh Ha /-10 gHiB. TOYHY KOHIIEHTpAIIO TiOCYJIb(aTy BCTAHOBIIOIOTH

3a BUX1JIHOIO PEYOBHHOIO — O1XpOMATOM KaJifo.

B ocHOBI B3aemMoii IEKUTH Taka PeaKIlis:

K2Cr207 + 6KJ + 7H2804 = 4KZSO4 + Crz(SO4)3 + 3J2 + 7H20

Hoyn, mo BHmiIMBCA, THTPYIOTH Tiocyibdatom (muB. MomoMmerpuuHe BH3HAYCHHS

OKHCHHKIB).

IopiBrioroun motenmianu map  Cr0O;7/2Cr** (Ey=1,36B) Ta S,06°/2S,05"

(E=0,087B) ©Oauumo, mo OiXxpoMaT 3JaTHUH OKHUCHUTH Tiocyibdar, TOOTO BOHHU

MOXKYTh pearyBaTtu 0e3rnocepeHbo. Aje 1 B3a€MO/Iisl TPOXOAUTh YK€ CKIaAHO, il

HE MOXXKHA OIKCAaTH OJHHUM pIBHSAHHAM peakuii. lle o3Hadae, MO0 HEMOMXIHMBO

IPOBECTH TOYHUH PO3PAXyHOK 3a pe3ysibTaTaMH TUTPYBaHHA. ToMy Ha MpakKTHII

BUKOPUCTOBYIOTh METOJ] 3aMIIICHHS, B SIKOMY 3aCTOCOBYETHCSI IOMOMDKHHUI PO3UHMH

Hoauay Kamiro.

Ingukartop

Jlist BCix HOMOMETPUYHMX BH3HAYECHBb SK 1HIAMKATOP 3aCTOCOBYIOTH KpoxMaib. BiH

HEPO3YMHHHUM Yy BOJI 1 HOr0 BUKOPUCTOBYIOTh B BUIJISIII KOJIOITHOTO pO3uUuHY. SIK

cTabimi3aTop BUKOPHCTOBYIOTH HOIMI JBOBANEHTHOI pryTi. Mom i3 KpoxmaieM

YTBOPIOE aiCcOpOifiHy CIIONyKy I1HTEHCHBHOTO CHHBOTO Kombopy. Ll cmomyka

YTBOPIOETHCSI B MPHUCYTHOCTI JOCTATHBOI KUIBKOCTI 10HIB Hoauay B po3uuHi. [Ipu

BU3HAYEHHI BIJIHOBHMKIB, TOOTO TMpH TUTPYBaHHI pPOOOYMM PO3UYMHOM HOLy,

KpOXMaJib TOJAI0Th IO PO3UMHY, [0 aHANI3YIOTh, MEpe] TUTPYBAHHIM.

[Ipy BH3HAUYEHHI OKUCHUKIB 1 KUCJIOT, TOOTO MPH TUTPYBAHHI pOOOYHMM PO3UYMHOM

TiocyJib(ary, KpoXMalib JOJAI0Th HE3aJ0BrO JI0 KiHISI TUTPYBaHHSA, KOJU OCHOBHA

Maca oAy, 10 BUIUIMBCS BXK€ BIATHUTpoBaHa. He MOXHA 10aBTH KpOXMalb Iepen

TUTPYBaHHSIM, 4epe3 Te, IO MpPH BEJIMKUX KOHIEHTpALIsX WOAY BIH 3AaTHUM

OKHCHIOBATH 1HAMKATOP, a 1€ CYTTEBO BIUIMBAE HA PE3yJIbTATH TUTPYBAHHS.

Ymoeu npoeeoennsa inooomempuunux euznauens

Jlist ogeprKaHHsA TOYHUX PE3yJbTaTIB MPU HOAOMETPUYHUX BU3HAYCHHSIX HEOOXITHO

BUTPUMYBTH TaKi YMOBHU:

1. TutpyBatn Tpeba Ha XOJOHl, TOMY WLIO IPU HArpiBaHHI WOJ JIETUTh, a TaKOXK
3HIDKYETHCS Yy TIUBICTh KPOXMAITIO SIK IHIUKATOPA.

2. TuTtpyBaHHS HE MOXXHA TPOBOJUTH B CHJIBHOJNYXHOMY 1 CHIBHOKHUCIOMY
cepenoBumax. Ontumansaum € pH=5-6.
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3. TutpyBaHHS HEOOXiIHO MPOBOAWUTH B MPHUCYTHOCTI HAUIMIIKY HOAUAY Kalliio,
KWW 3/JaT€H NPUCKOPIOBATH PEAKLII0 MDK HOAUMIOM Kajll0 Ta OKHUCHUKOM, a
TAKOX PO3YMHATH O,

4. PeakIii M’k OKMCHUKaMHU Ta HOAUAOM Kajilo MPOXOJSTh HEAOCTATHHO IMIBUIKO,
TOMY J10 TUTPYBaHHS HOAY, IKMI BUAUIMBCS, MIPUCTYNAIOTh Yyepe3 3-5 XB.

5. baxxaHo TmNPOBOAUTHM peEakilild B TEMHOMY MicCIll, TOMY IO Ha CBITJ
IMPUCKOPIOETHCS B3AEMO/I1s1 HOAUIY KaJlito 3 KUCHEM IOBITPSI.

Ilpuzomyeanns pooouozo po3uuny miocyavghamy Hampiio

PoGouunii po3unH Tiocynb(aTy HATPIIO 3aCTOCOBYETHCA IMPU HOJIOMETPUUYHOMY

BU3HAYCHHI OKMCHUKIB, I TUTPYBAaHHS MOy, IO BUIAUIUBCS MPU PEaKilii OKUCHUKA

3 HOAMJIOM KaJliio.

Tiocynbdar Harpiro Na,S;03 . 5H,O He BigmoBizae BHMOTram, IO CTaBJISITHCSA 10

BUXITHUX PEUOBHH, TOMY NPHUTOTYBaTH TUTPOBAHHWA PO3UYMH HOTO 3a TOYHOIO

HAaBAKKOIO HE MOKHA. TioCylnb(aTT HaTpil0 3BaXYIOTh Ha TEXHIYHHUX Tepe3ax, a

BCTAHOBJICHHS TUTPY PO3YHMHY TIPOBOATH Yepe3 10 aHIB micis MpUroTyBaHHS.

Po3paxynox nasasxcku

[Tpu TUTpYBaHHI MIXK TIOCYJIb(ATOM HATPIO T HOJAOM MPOXOAUTH PEAKIIIsS

2Na,S,03 + J, = 2Nad + Na,S,04

25,05 - 28 = $,06”

Jho+2e=2)

[Ipu boMy ABa 10HU TiOCYJb(aTy BIIJAIOTH MOJICKYIl HOMy 2 €JIEKTPOHH. 3BiACH

CKBIBAJICHT TiOCYJb(aTy HATPit0 AOPiBHIOE 2 MOJb/1/2, To6TO 1 Monb/n abo 248,2 r.

ExBiBaJIeHT oIy JOpIBHIOE MOJISIpHIN Maci, Tooto 126,9 .

Hust mpurotyBanuss 1000 mn 0,05 M posuuny Tiocynbdary Hatpito HeoOxigHa

HaBakka 12,41 r (1/20 yacTrHa CKBIBaJICHTY.

TouHy KOHIIEHTpAIiIO TIOCYIb(paTy HATPIIO BCTAHOBIIOIOTH 3a BUXIAHOIO PEYOBHHOIO

— 6ixpomatom kamiro K,Cr,0x.

Ilpucomyeanna euxionozo po3uuny dixpomamy Kauiio

[Ipu BCTaHOBJIEHHI HOPMAJbHOCTI POOOYOr0 PO3UMHY TiOoCyJb(aTy HATPIIO

BIJIOYBA€ETHCS TaKa peaKiis:

K,Cr,0;+6KJ+7H,S0,4 = 4K,S04+Cry(S0,)3+3J,+7H,0

Cr,0;” +6e + 14H" = 2Cr*" + 7TH,0

2 -2e=1J,

Wox, 1m0 BUAIINBCS, THTPYIOTh PO3YHHOM TiOCyIb(haTy HATPIIO

Uepes Te, 110 3a peakiicro 3 HOAUAOM Kajlito MOJIEKYyJia 61Xpomary Kajito oTpumye 6

CJICKTPOHIB, TO €KBIBAJICHT OIXpOMATy Kajlito TIOPIBHIOE

_Mr_2942 4903t

K,Cr,0; — 6

Pospaxynok nagascku
Jnsa npurotryBanus 250 mu 0,05 M po3unnHy 6ixpoomaTy Kamiro HEOOXigHa Taka
HaBaXKKa!
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g= o 49034109

20-4 80
Po3paxoBany kinbkicTe OixpomaTry (200 ONM3BKY 10 pO3paxoBaHOI) 3BaXKYIOTh Y
Orokci Ha aHamiTHYHHX Tepe3a 3 TouHicTio g0 0,0001 r. HaBaxkky 3a momomororo
CyXO01 BOPOHKH MEPEHOCHATH J0 MIPHOI KOJIOM MicTKicTio 250 M, IpOMHUBAIOTh OIOKC
2-3 pa3d AMCTWIBOBAHOIO BOJAOK, PO30ABIISIIOTH PO3YMH JI0 MITKM 1 PETENIbHO
NEPEMIIIYIOTb.
Bara Orokca 3 6ixpoMaToM Kajiito T

Bara 6rokca r
HaBaxka AT
3 0,6129 r - 0,05 H po3unn
3 Ar - XH pO34uH
_ 0,05-A
0,6129

Po3paxoByl0Th HOPMaJIBHICTh OTPUMAHOIO PO3YMHY OiXpoMmary Kajiio 13a HUIM — HOpMar
po60oUYOro po3unHy TiOCyJIb(haTy HATPIIO.

Bcmanoenenna nopmanvnocmi pooouozo po3uuny miocyanvpamy Hampiio
Memoouka

bropeTky HamoBHIOIOTH PO3YMHOM TiOCYJIb(aTy HATPit0. Y KOJOy JIsi TUTPYBAHHS 3
JOTIOMOT' OO

MipHOTO TWIiHAPY HamuBIOTH 15-20 mut 10%-ro po3unny Hoaumy kaimiro ta 15-20 mu
po3unnHy cipuaHoi kuciotu (1:4). Skmo oTpuMaHHii pO3YMH Ma€ >KOBTHH BIITIHOK,
To Tpeba 00epeXHO M0JaTH NEKUIbKa KpamiuH TioCyib(haTy A 3HeOapBICHHS
pO3UKHY.

Jlo onepskaHoi cyMilln JOJUBAIOTh 3a jonomororo minetku 20(25) mi ctangapTHOrO
(BUX1IHOTO0) pO34KHY OIXpOMATy KaJlito 1, HAKPUBIIHK KOJIOY narepoM (1o0 3anodirtu
BTPATH 33 PaXyHOK JICTIOYOCTH HOJy), 3aJUIIAIOTh CyMilll HA 5 XB y TEMHOMY MicIIi
st 3aBepuieHHst peakuii. [lotim HanuBaroTe y konOy 100-150 mun nuctuiaboBaHOi
BOJIM 1 TUTPYIOTh PO3YMHOM TioCyJb(haTy HaTpiro (crouaTky Oe3 iHgukaTopa). Komu
3a0apBiIEHHS PO3YMHY 3 TEMHO-KOPHUYHEBOI'O IEPETBOPUTHCS B CBITJIO-KOBTE,
JOJIalI0Th MNPUOIM3HO S MJ PO3UYMHY KPOXMAIO 1 MPOJOBKYIOTH TUTPYBATH [0
Eepexoly TEMHO-CHUHBOTO 3a0apBJICHHS B CBITJIO-3€JICHE.

OcTaHHl KpalIMHU PO3YMHY TIOCYJIb(aTy M0Ma0Th MOBUIBHO, KOXKEH pa3 1o0pe
HNepeMillyloud po3yuH. TUTpyBaHHS MOBTOPIOIOTH 1€ 2 pa3u A OTPUMAaHHS
CIOPIJTHEHUX PE3YJIbTATIB.

HopMmanpHicTh po0O0OYOTO0 THUTPOBAHOTO PO3YMHY TiOCYIb(haTy pO3paxoBYIOTh 3a
dbopmyIioro
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N _ Nieno, Vicero, eV — CcepejHii Pe3ybTaT i3 TPhOX TUTPYBAHb
Na,S,0; — v HAC Vias,0, pEa peE3y P Py .

VNaZSZO3

JlabopaTopHa podora Ne 5

Honomerpnune Bu3HayeHHs ioHiB Mifi

Memoouxa

Jlo po3uuny 3amadi B MmipHii kosbi emuictio 100 mi gomarote 3-5 M1 2 H OITOBO1
KHUCIIOTH, TOJIMBAIOTh JUCTUIHLOBAHOIO BOAOKO /10 MITKH 1 epeMillytoTh. BinOupaiorsb
ninerkoro 20-25 MJ1 IbOTO PO3UMHY B KOHIYHY KoJIOy Ha 250 mu1, gomarots 10-15 M
Hoauay kanito. [Ipu nbomy BiiOyBa€eThCsl Taka peaxiis:

2CuSO, + 4KJ = 2Culd + 2K,SO, + J;

Bwmict xonbu nobpe mepemimryiots. Yepes 2-3 XB O, IO BUIUIMBCS, TUTPYIOThH
poOOYMM PO3UHMHOM TiOoCYJb(haTy HATPIIO:

Jo + 2Na,S,03 = 2NaJ + Na,S,04

[Ticns Toro, sik Oype 3a0apBieHHS PO3YMHY CTAaHE CBITJIIIMM, JOJUBAIOTH 2-3 MII
PO3YMHY KPOXMAIIIO 1 MPOJOBXKYIOTh TUTPYBATH JOTH, MOKUA OJHA KPAILJIUH PO3UYHUHY
Tiocyib(aTy He 3MIHHTH KOJIP PO3YHMHY 3 TEMHO-CHHBOTO Ha »OBTO-Oinuii (ocan
HomucTol Miji).

KinpkicTh 10HIB M1/l B PO34YHMHI 33/1a4l, BUPXKEHY B TpaMax, 00UHCIIIOI0OTH 3a (POPMYII0r0

VNa25203 -Eg, -100
1000-A

N .
B, (1) = s

ne Ny, so - HOPMAIBHICTH POOOYOro po3uMHYy TIOCYNIb(ATY HATPIIO;
Vya,s,0, - 00'€M pO34nHY TIOCYNIb(aTy HATPIKO, IO MMIIIOB HA TUTPYBAHHS,

Ecu - ekBiBajeHT Mij,
A - 00’eM po3umHYy 3ajaui, B3ITHI Ha OJHE TUTPYBaHHs (JTIKBOTHA YaCTHHA).

JlabopaTopHna podora Ne 6
HoaomerpuyHe BU3HAYCHHS ACKOPOiHOBOI KHCJIOTH

Busnauenns 6a3yeThcst Ha peakxirii
CeHsgOg — 28 + H,O — CgHgO; + 2H"
J+2e > 2)

CeHgOG + Jz + Hgo = C6H807 + 2HJ
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Ho 9 o

/ OH
O
HO + 1, + Hy0 — o OH
OH
HO HO OH
acKopOiHOBa KMCJIOTA 2,3-TUKETO-TYJIOHOBA
KHCJIOTa

JloaroTh HAATUIIOK MOy 1 BIATUTPOBYIOTH HOTO TIOCYIh(})ATOM HATPIIO:
Jo + 2N328203 = 2Nal + N3.28406

Macy ackopOI1HOBOiI KHCIIOTH B 3aJ1a4l pO3pax0OBYIOTh 32 (hOPMYJIOO

(NJz 'VJz -N Na,S,05 'VNa2szo3 ) EHA -100
1000-A
ne N, - HOPMAJIBHICTL PO3YKHY HOLY;

B(r) =

V, -00"eM po3duHy Houy;

Vyas,0,~ 00”€M pO3unHy TiOCy/Ib(haTy HATPilO, IO BUTPAYEHO HA TUTPYBAHHS,

N \a,s,0, - HOPMAJIBHICT PO3YMHY TIOCYJIb(haTy HATPIIO;

. . . _M-M

E,,» - CKBIBAJIEHT aCKOPOIHOBOI KUCIOTH = — - 88,

A - 00”eM po3uMHY 3a/1a4i, 1110 OEPETHCS /I TUTPYBAHHS (QTIKBOTHA YaCTHHA).
Memoouka
Po3unn 3amaui B MipHiit k01101 emHicTIO 100 M1 po30aBisIOTh AUCTUILOBAHOO BOJOIO
0 MITKM 1 mepeMimyroTh. Bimouparors minetkoro 20(25) M mporo po3dwHy B
KOHIUHY KOJIOY JUIsl TATPYBaHHs. Tyau »x mpuiauBaroTh 4 mut cipyanoi kuciotu (1:4),
BIAMIPSIFOTh MIPHHM IMJIIHAPOM), MOTIM JOJAI0Th 3a jonomoroto mnerku 15 mn 0,01
H po3uuny Hoxay. Yepes 30 ¢ noaatots S5 mut 0,5%-ro po3unHy KpoxXmaro i TUTPYIOTh
0,01 1 po3urHOM TiOCYJIb(ATy HATPIIO JO 3HEOAPBIECHHS PO3UUHY.

KoHTpoJibHI 3aIUTAHHSA

1. Cknanith pIBHSHHS peakiliid, 10 BiJOYBalOThCS MK TaKUMU pPEUYOBUHAMH, Ta
BKQXXITh MOJISIPHI MacH iX €KBIBAJICHTIB!

KMnO4 + H2C204 + H2804 =

KMnO, + KNO, + H,S0O, =

KMnO, + FeCl, + H,SO, =

KMnQO, + MnSO, + H,0 =

KMnO, + KJ + H,SO, =

chr207 + KJ + HzSO4 =

chr207 + F@CIZ + HCIl =

CuSO, + KJ =
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FeCl; + KJ =

H202 + KJ + HCI =

2. SlkuM 4YMHOM MOXHA MepeN0auuTH MOXJIMBICTh HPOXOJKEHHS peakuli B

NOTPIOHOMY HANPSAMKY?

VYKaxiTh BIaCTUBOOCTI CTAHAAPTHOTO OKUCHO-BIJHOBHOTO MOTEHIIIAITY.

SIKi IHIMKATOPU BUKOPUCTOBYIOTHCS B METOAaX OKUCHEHHS — BITHOBJICHHS ?

Sxi BITHOBHUKHM 3aCTOCOBYIOThH JUIsl MONEPEIHBOIO BIJHOBJICHHS BH3HAUYBaHHUX

€JIEMEHTIB?

6. Ha3BiTh 0COOJMBOCTI MEpMaHTaHATOMETPUYHOTO Ta HOJIOMETPUYHOI'O METO/IIB
BU3HAYCHHS PEYOBUH.

7. HaBenith hopmyiny st po3paxyHKy OKHCHO-BIJIHOBHOTO TOTEHINAy CUCTEMH B
TOUIIl €KBIBAJICHTHOCTI.

8. YoMy mepmMaHTaHATOMETPUYHE BU3HAUCHHS STy BiTHOBHUKIB (Fez+, C,0,%, H,0,
TOIIO) BHUKOHYIOTH Yy KHCIOMY cepefoBHmIi? SIKy KHCIOTYy  Kpalie
BUKOPUCTOBYBATH TIPH IIbOMY: XJIOPOBOJHEBY, a30THY YU CipuaHy?

9. Un MOXHa BHWKOPHUCTOBYBAaTH IS THUTPYBAaHHS CBIKOBUTOTOBJICHUW PO3YMH
nepMaHraHary?

10.YoMy mpu BCTAHOBJIEHHI KOHIIEHTpalli pPO3YMHY I[E€pMaHraHaTy Kajio 3a
IIABJICBOI0 KHUCJIOTOIO TTUTPYIOTh Tapsyuil pPO3YMH, @ BU3HAYEHHS MEPOKCHUIY
BOJIHIO BEyTh Ha XOJOM1?

11.Yomy peakiiiss MK ITIEpMaHTaHAaTOM KaJIilO Ta IIaBJIEBOIO KUCIOTOK BiOYBAETHCS
CIOYaTKy Iy’K€ MOBLIBHO, a MOTIM MPUCKOPIOEThCA? K MOXHA BIUIMHYTH Ha
MIBUJIKICTh PEaKIlii?

12.Yu MoxHa mpuUrotyBatu poOOYl pO3UMHU MEPMAHTAHATY Kajlilo Ta TiOCylbdary
HATPI0, BUXO/ISYM 3 TOYHOI HABAXKKH PEUYOBHH O3 BCTAHOBJICHHS X KOHIICHTpAIIil
3a BUXIJTHUMHU PEYOBHHAMMU ?

13.AHnaniz Oyn0 BUKOHAHO 32 HABEACHUMH HIDKYE METOAMKaMH. Pe3yibTaT aHamizy
BUSIBUBCS HeBipHUM. SIka mpuanHa:

a) IIPY BCTAHOBJIEHHI KOHLEHTpALii pO3UYMHY MEPMAaHraHATy Kaliio 10 PO3YUHY

IIaBJIEBOI KUCIOTH MEBHOI KOHUEHTpalii gojanu 1 mul po3unHy cipyaHOi KHUCIOTH

(1:4) 1 cymim BiATUTPYBAJIM PO3YMHOM IIEPMAHTAHATY KaJIilo;

0) MOCTiKYBaHUN PO3YMH MEPOKCUY BOJHIO PO3BEIIM rapsiuor0 Bojaor, noganu 10-

15 M1 KOHIEHTPOBAHOI COJIAHOI KUCIOTH 1 BIATUTPYBAJIA PO3UMHOM IE€pPMaHTaHATy

JI0 TOCSITHEHHSI TOYKU €K1BaJICHTHOCTI;

B) npy HOJOMETPUYHOMY BH3HAYEHHI MiJli PO3YMH Cyib(haTy Mil MiAKUCITHIN

XJIOPOBOJTHEBOIO KHUCJIOTOIO, HArpiuiv, Aojanu 3-4 r HoauIy Kajiio 1 BIATUTPYBAIH

ron Tiocynbdarom?

14.Po3paxyiiTe 3HA4eHHS OKHCHO-BITHOBHOTO IOTEHIIANY HJisSi HABEJACHHX HIDKYE
CHUCTEM B yMOBaX, KOJIHU

[Ox] = 0,05 mons/n E°Mno, +8r** /mn2e = 1,51B

[Red] = 0,5 mons/n Ecr,0,% s11am* 120 = 1,33B

ok w
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[H'] = 0,01 mons/n
16. BuznauTe HampsAMOK XIMIYHUX PEaKIliid, CXeMH SKUX HaBEJICHI HUKYE, B yMOBaX,
KOJIH
a) [Ox] = 0,0001 monp/n
[Red] = 0,01 moman/n pH=1
0) [Ox]=[Red] =0,01 momas/n B 1 MOJb/11 pO34KHI CHIBHOI KHCIOTH;
B) nipu 1 MOJIB/1T KOHIICHTpAI[isX pearyodux peuoBud Ta pH=3.

CI‘2072' +J+H > Cr3+ +J, + H,O

MnO, + C,04% + H" = Mn* + CO, + H,0O
Cu* +J > Cu" +1J,

AsO,> +J +H" = AsO;¥ + J, + H,0

Tema 4. O0”eMHO-aHAJTITHYHI METOAU OCATKEHHS

Mera poOGoTH — OBOJOMIHHSA 00’€MHUMH METOJIaMH, B OCHOBY SKHX IOKJIaJcHI
peaxinii yTBOpeHHs MaJOpO3YMHHUX CroiayK. CTyneHTaM HeOOXiIHO TTO3HAHOMHUTHUCH
3 KUIBKICHUMHU XapaKTEPUCTHUKAMU TaKWX pEeaKLid, 30KpeMa, 3 MOHATTAM JI00YTKY
PO3YMHHOCTTI, OTPUMATH YSABJICHHS PO CIIOCOOW BU3HAYEHHS TOYKH €KBIBaJICHTHOCTI
IPU BUKOPUCTAHHI PI3HUX POOOYMX PO3UYMHIB, HABYUTHUHUCH IPABUIBHO OOUMCIIIOBATH
pe3yJIbTaTH aHali3y.

B ocHOB1 00’ €MHO-aHaITUYHUX METOIIB OCAJPKEHHSI JISKATh PEaKIlii, BHACTIOK SIKUX
BIJIOYBA€ETHCSI YTBOPEHHS MAaJIOPO3YMHHUX CHOJYK, TOOTO peaKilii 0caJKEHHS.
Bigomo, mo abCcoqoTHO HEPO3YMHHUX CHONYK He icHye. KpiM 1mporo, OUIBIIICTH
0CaJliB HEOPraHIYHUX CIOIYK Ma€ 10HHMM Xapakrep. ToMy B po34MHI Haja OCagoM
3aBY/IM [IPUCYTHS [IEBHA KUIBKICTh KaTioHiB Ta aHionis. Hanpukian: BaSO, = Ba?* +
SO42' (1). B HacnueHMX pO3YMHAX OCaj] Ta 10HH 3HAXOASATHCS B CTaHI JUHAMIYHOI
piBHOBaru. KibKiCTh 10HIB y PO34MHI 3aJI€KHUTh BiJ] PO3UMHHOCTI ocaay. Yum OibIie
PO3YMHHUIN oOcaja, TUM OuUIbIIEe 10HIB BIH HAJCWJIAE JO PO3YMHY 32 OJHAKOBUX
(b13MYHUX YMOB.

OCHOBHOIO ~ KUIBKICHOKO ~XapaKTEpPUCTUKOK PO3YMHHOCTI OCaaiB € JI00yTOK
pozunnHOCTI (IP). ®opmyna mis po3paxysnky [P ocamiB pi3HOTO CKIJIaay BUBOIUTHCS
3 KOHCTAaHTH PIiBHOBAaru i HaCHMUYeHMX po3uuHiB. Hampuknax, mis piBHoBarm (1)
xoHcranTa K, € Takoro:

_[Ba*]s0,” |
P~ |BasSO,]

Ockinbku cynbdar Oapito € ocagoMm, To [BaSO,] € moctiiiHOWO BETMYMHON, IO
XapakTepusye ryCcTHHY Iboro ocany. 3Biacu K, . [BaSO,] 3a He3minnux ¢izuannx
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YMOB € CTaJOK BEJIWYMHONO, 1i mno3Hadatoth Ak JP. Takum unnHOM,
TP oo, = [Ba*]50," ]

Hwxue HaBeneni dopmynu as po3paxyHky P ocaziB pi3HOTo cKiay:

Py, =[ca” JFf

I[PAQQCrOA = [Ag+ ]2 [CI‘O427]

[[PCa3(PO4)2 = [Caz+ 3[PO43_ 2

3Biacu, JIP popiBHIOE A0O0YTKY KOHIIGHTpAIlid 10HIB y HAcHYE€HOMY PO3YMHI B
CTyTEHI1, 110 BIJMOBIJIA€ iX CTEXIOMETPUYHUM KOE(illiEHTaM.

Slkmo BenmumHa JIP Bimoma, MOXHa pO3paxyBaTH pPO3UYMHHICTE pevyoBUHH (i
HaBnaku). KpiM 11p0ro, KO BijJloMa KOHIIEHTpAILis OJHOIO 3 10HIB y HACHYCHOMY
PO3UKHI, MOYKHA PO3paxyBaTy KOHIIEHTPAIIIO 1HIIIOTO 10Ha.

[Ipuknanu:

a) PospaxyBaTtu po3uuHHicTh ocagay BaSO, y Bogi:

BaSO, <> Ba® +S0,”; P, = [Ba*][SO,7]

AP0, =1-107 (Tabmuuui JaHi).

3 piBusHHSA (1) MOKHA TTOOAYMTH, 110 B HACHYCHOMY PO3YHHI [Ba2+]=[SO42']. 3Bigcu
[Ba®|=10"" =10 moms/n

0) Pospaxysartu posunnnicts ocamy CaF, y Bomi. JIP,. =4-107".

CaF, <> Ca®" + 2F; JIP . = [Ca'][FT

Konuentpamiss F°  y HacuueHOMy poO3uMHI y JIBa pa3u Oulblla, HIK KOHLIEHTpALis
2
Ca”". ToMy MO’KHa 3aIiCcaTH

[F1=2[Ca®] i P, =[ca* Joca® [ =4ca® |
3Biacu

-11
[Caz+]= ﬂ% =3 # =3/10-10" =21-10"* Momb/n

B) PospaxyBatu koHueHrpamito Ba®* y posumni, sxmo [SO,”] nopisatoe 0,01
MOJIB/ 1.

P Baso, — [Ba2+ ][8042_ J; = =10"° momub/n

- |so, | 107

B 06’emHOMYy aHasi31 BUKOPUCTOBYIOTh PeaKIlii OCayKeHHs, K1 3aJ10BOJIbHIIOTH TaKi
BHUMOTH.

1. Ocanx Mae OyTH NPaAKTUYHO HEPOZYMHHUM, TOOTO PO3YMHHICTH HOTO HE
moBuHHa  mepesuinyBati 10° Monb/1L.

2. YTBOpEeHHS Ocajly IpW TUTPYBaHHI Ma€ BiIOyBaTHCS MUTTEBO, TOOTO HE MOBHUHEH
YTBOPIOBATUCH NIEPECUYCHHUI PO3YHUH.

3. Ocany, 10 YTBOPIOIOTHCS, HE MOBUHHI a/1cOpOyBaTH PEUOBUHH, SIKi pearyroTh.

[Ba 2+ ] _ ;[P BasO, 107
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4. HeoOXiTHO MaTh MOXJIMBICTh BH3HAYATH TOYKY €KBIBaJIEHTHOCTi, TOMY IO OCaj,
SKUW YTBOPIOETHCS, YacTO 3aBa)KAa€ CIIOCTEPEKEHHIO 3a 3MIHOIO 3a0apBICHHS
1HAMKATOPA.

YkazaHuMm BUMOTaM BiJIOBIIaI0OTh JAJIEKO HE BC1 peaKilii 0ca»KEeHHS.

HaityacTinie BUKOPUCTOBYIOTh peakilii YTBOPEHHS MaJlOPO3YMHHUX CIOJIYK cpiOia.
3acHOBaHI Ha IMX peakIigX MeToad O00’€lIHaHl TijJ 3arajbHOI HAa3BOKO
apeenmomempis. 3BUYAHO apTreHTOMETPIs 3aCTOCOBYETHCS IS KUIBKICHOTO
BU3HAYCHHS rajoreHia- ta poxanig-ionis: Cl', Br, I' ta SCN'. [HOM 1A
BU3HAYEHHS TaJOTeH1/I-10HIB BUKOPHUCTOBYIOTh PO3UYMH HITPATY OJHOBAJICHTHOI PTYTI
- Hg2(NOz3),. . ¥V 11b0My BHIIAJKY yTBOPIOIOTHCS Baykkopo3uuHHi crionyku: Hg,Cly,
ngBrz, Hgglg.

Touyka eKBIiBAJEHTHOCTI B METOIaX OCAIKECHHSA

VY nporuieci TATpYBAaHHS B IOCIHII)KyBAaHOMY PO3UMHI 3MIHIOETHCSI KOHLIEHTpAL(sl 10HIB,
110 pearyoTh, HATPUKIIA!

Cl' + Ag" = AgC¥

Crouatky B po3uuHi € Hammumok Cl° . Ilicis JOCATHEHHS TOYKH €KBIBaJCHTHOCTI
3’ IBJIIETHCA HAJIUIIOK Ag+. V TouIl €KBIBAJIEHTHOCT! KUJIBKICTH 10HIB Ag+, 110
J07a7i, Mae OyTH €KBiBaJIeHTHO KibkocTi ioHIB Cl', Ky BH3Ha4aroTh. Ajie 1e HE
O3Hayae, 0 B PO3YMHI HE 3AIMIIIIOCH 10HIB Ag+ ta ClI'.  KinpkicTh UX 10HIB, 1110
nepeiinia 3 ocaay B PO3YMH, 3aJ€XKHUTh B1Jl TOOYTKY PO3YMHHOCTI ocaxy. [Hmmmu
CJIOBaMH, TOYKA €KBIBAJICHTHOCTI B METOJAaX OCAKCHHS XapaKTEPHU3YEThCS MEBHOIO
KOHIICHTpAIIEl0 10HIB Yy po3umHi. Ll KOHIEHTpamisi 3aleXuTh BiJ JOOYTKY
PO3YMHHOCTI OCay, IO YTBOPIOETHCS.

[Tpuxnan.

Po3paxyBaTy KOHLIEHTPALIIIO 10HIB Y TOYIIl €KBIBAJIEHTHOCTI:

a) Ag" Tta ClI', JIPag =110 AQCl <> Ag” + CI'; TPagci = [AG'][CIT

Y Touli eKBiBaJEeHTHOCTI B PO34MHI Hemae HaaIumKy ioHiB Ag® a6o Cl', To6To
[Ag*]= [CI']. Tomy MoxkHa 3amucarH:

[ag7]=[cr]=+10™ =10~ moms/x
6) Ag" ta J, JIPa; =1.107 Agl <> Ag" +J; IPag = [AG1]
[ag ] [ir]=1-10" [ag*|= [0 ]= 10 =10 mons/n

MeToau BU3HAYECHHS TOYKHU €KBiBAJICHTHOCTI B apreHTOMeTpIl

IcHye nBI rpynu METO/IB!

oesinaukaTopui (BOHM HE3py4HI B PoOOTI i He 3a0e3MeUyOTh TOYHHUX PE3yJIbTaTiB
TUTPYBaHHS);

iHgMKaTopHi. VYHiBepcalbHUX I1HIAMKATOPIB B METOJAX OCADKEHHS Hemae. Y
KOXXHOMY KOHKPETHOMY BHUNAJAKy I1HAMKATOp MiAOUpAIOTh 3aJekHO BIiJ YMOB
TUTPYBaHHS. 3BUYANHO BUKOPUCTOBYIOTH PEYOBUHHM, SIKI MOONH3Yy TOYKH
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€KBIBAJEHTHOCTI YTBOPIOIOTH 3 pOOOYMM THUTPOBAHMM PO3YMHOM 3a0apBi€H1 ocaau
a00 po3unHHI 3a0apBIieHi crioyku (1HOI aJacopOITiiiHi).
Haii611b111 po3MOBCIOKEHUMH THAMKATOPHUMH METOJIaMHU B apre€HTOMETPIi € METOA
Mopa ta meTon @omnbrapaa.
Metonx Mopa 3acToCOBY€EThCS JIs KiIbKicHOrO Bu3HaueHHs ioHiB Cl” ta Br . Sk
pobGounii po3unH 3actocoByioTh po3unH AQGNOj;. [HaukaTopoM BHCTYINae pO3YUH
xpomary kamito K,CrO,. Iomn CrO,” yrBoprotots 3 iomamn Ag™ 3abapsrnenuii y
nersiHo-uepBonnit kosip ocan Ag,CrO, . Ileit ocan mouynHae yTBOPIOBATHUCH JIUIIIE
TICIISL TOTO, SIK MPAKTUYHO BC1 XJIOPHUA-10HU OYyIyTh OCAPKEH1 y BUTJISA1 O1JIOTO Ocaxy
AgCl. Ile 3ymoBaeHo TuM, 110 po3uuHHicTh Ag,CrO, Oinbiia, HK PO3YMHHICTH
AgCI.
KinbkicTe 1HOUMKaTOpa Mae OyTH 4YITKO po3paxoBaHoro. ko pomatu 3abarato
K.CrO,4, To 3abapmienmii ocax Ag,CrO, yrBOopuThCs panimie, HiX yci ionu CI
OyInyTh BIITUTPOBaHIi; AKMIO iHAMKaTOpa Mayo, To ocamx Ag,CrO, yTBOprOEThCS B
OPUCYTHOCTI HAIJIMIIKY 10HIB cpibma, TOOTO po3uuH Oyde MepeTUTPOBAHO.
OnTumanbHy KUIBKICTh 1HIUKATOPa PO3PaxOBYIOTh TAKUM YUHOM,
Sk yxe Bizomo, y Touni exsiamentHocti [AgT]=[CI7=10" momns/n. Heobximxo
po3paxyBaTHH KOHIeHTparifo ioniB CrO,” , mpu sKii y 3amaHMX yMOBax Oyne
yTBOptoBaTuch 3abapBiennii ocan AQ,CrO,. Ilio KoHUeHTpamito 3HAXOIATh 13
n00yTKy po3unHHOCTI AQ,Cro, :
-12
1P co, =l Tl J=10 Ao 10

2t =—— =107 (momns/n)
[Ag°]”  (107)

3Biacu

[CrO,*]= AP/[Ag?]* =107%/(107)* = 10™4/10™"° = 10 mons/n

TakuMm dYMHOM, Tmepes TUTPYBAaHHSM KOHIICHTpAIllsli XpoMary B PO3YMHI Mae
JOPIBHIOBATH 10 Mo/

['onoBHUM HemomikoM mMeTory Mopa € Te, 1o BiH MOXe OyTH 3aCTOCOBAHHI JIUIIIE B
HEUTpaAIbHUX po3unHax. Y kuciaux po3umHax ocan Ag,CrO, He yTBOPIOETHCS, TOMY
Mo J00pe pPO3YMHSAETHCA B KHUCIOTaX. Y JYKHUX PO3YMHAX TAaKOX HEMOMIJIHBO
3a(ikCyBaTH TOYKY €KBIBJIEHTHOCTI, TOMY IO 3 CaMOrO IOYaTKy TUTPYBaHHS
yTBOPIOEThCS Oypuit ocan Ag,0.

BusnaueHHio rajnoreHi-ioHiB 3a MeTojoM Mopa 3aBaxaloTh YCi 10HM, SIKI B
HEHTPaIbHOMY CepenoBHINi yTBOpIoloTh 3 Ag® moranoposumuni croxyku ( COs”,
PO43' TOIO), & TAKOXK JEAKI KATIOHH, SAKI B HEHTpPAJIbHHMX PO3YMHAX TiAPOI3YIOTh
(Fe*, AI**) a6o yrBoproroTh 3abapsieHi ocagu 3 CrO,> (Pb*, Hg™).

Meton douabrapaa 3acToCOBYEThCS JUIS KiibKicHOro Bu3Hadenus ioxis Cl, Br, I,
CN Tta SCN'. Sk poGoui BukopuctoByioTh po3unHu AgNO; ta KSCN (abo
NH,SCN). Inaukaropom BHCTyMae pO34HMH 3aiizoaMOHIHHHX TanyHiB Fey(SO4)s
(NH,)2SO, . 24H,0. Y npomy pasi BAKOPHUCTOBYIOTh TaK 3BaHHUN METTOJI 3BOPOTHHOTO
TUTPYBaHHS, SKUHW TOJSATAaE B TOMY, IO JO PO3YMHY, HANpPHKIad, 3 ioHamu Br
nonaTh neBHUH HaummoK po3unHy AGNO; . YTBoproeTses Oinmii ocan
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Br + Ag’ = AgBr{ + Ag" (3annmox)

Tonn AQ’ , ki 3anummmucs He3B sI3aHUMH, THTPYIOTh posunHoM KSCN, sxwmii 3
ionamu AQ” Takox yTBOprO€ Oinuii ocan;

Ag" (3ammmok) + SCN = AgSCN{

ITics 3B’ a3yBaHHs Beix ioHiB AQ” B ocaz, 3aiiBa kpamamuHa pobodoro posunny KSCN
Gyze pearyBaTH 3 iHAMKaTOpoM Fe>, yTBOPIOIOUH PO3UMHHY KOMIUIEKCHY CIIONYKY
YEPBOHOTO KOJIbOPY, 1 PO3UMH 3a0apBIIOETHCS B YEPBOHUN KOJIIP:

Fe* = SCN = FeSCN*

PospaxyHok kiapkocTi 10HIB BI™ | siki BU3HA4al0Th, 3A1HCHIOIOTH 3a (HOPMYII0I0

Brp = ((NAgNo3 'VAgNo3 - NKSCN 'VKSCN) ) EBr 3&[{3‘{1)/1000 Vaﬂ‘i

[luM MeTOIOM MOKHA BH3HAYAaTH TAKOXK KUIBKICTH CpiOja B pO3YMHI THUTPYBaHHSIM
po6ounm pozunHom KSCN (adbo NH;SCN).

Meron @oinbrapa 3acTOCOBYIOTh B KHCIOMY CEPEIOBHINI — 1€ € MOr0 OCHOBHOIO
nepeBaror0; 10Hu C032', PO43', Fe** ta APP*  He 3aBakaroTh BU3HAYEHHIO.

JIns BCTaHOBJIEHHS TOYKH €KBIBAJECHTHOCTI 1HOJI BHKOPHUCTOBYIOTH ajCOpOILiiHI
inaukaropu (duyopecuein, eo3un). Lle opraniudi OapBHUKH, 37aTHI aacopOyBaTHCS
Ha TIOBEPXHI OCAaJliB, IO YTBOPIOIOTHCA, 1 HPHU LBOMY pPI3KO 3MIHIOBATH CBOE
3a0apBieHHs. 3BHUAHO OCaau a/IcOPOYIOTh 3 PO3UMHY HAWCHIIBHIIIE T1 10HU, 3 SIKUX
BoHM yTBOpeHi. Tak, Hanpuxiasn, ocan AgBr ancopbye nepepaxuo ionn Ag’ ta Br .
Jlo mocsirHeHHS! TOUYKH €KBIBaJIGHTHOCTI ocan Oynae agcopOyBatu 3 po3uuHy ionu BI,
SIKI 3HAXONATHCS TaM y HAJIUIIKY, HaOyBalOuUd TMPHU IIHOMY HETAaTHUBHOTO 3apsiiy.
ITicyis1 JOCATHEHHS TOYKM €KBIBAJIEHTHOCTI B PO3UMHI 3 SBJIAETHCA HaaMip ioHIB AQ';
ocaj tenep Oyze agcopOyBaTH came Il 10HH 1 3apsii HOro CTaHe MO3UTUBHUM.

VY po3uuHi, SIKUI aHATI3YIOTh, 3HAXOJUTHCS TAKOXK 1HIUKATOP €O3UH, IKUU € CIa0KOI0
kuciororo (mosnauumo ii HE), sika wactkoBo mucornitoe Ha ionu: HE = H + E.
Anionn E 3abapBieHi B poxeBuil Kojip. JI0 HOCATHEHHS TOYKH €KBIBAaJICHTHOCTI
aHIOHM €03UMHY HE MOXYTbh a/icopOyBaThCa 0CagO0M, TOMY IO BiH TaKOXX HETaTUBHO
3apsypkeHui.  Ilicass  JOCSTHEHHS  TOYKM — €KBIB&JICHTHOCTI  aHIOHHW  €O3UHY
a7copOyIOThCS TO3WTHUBHO 3apsKCHUM 0CaJoM 1 3a0apBIIIOIOTh MOTO B YEPBOHO-
(bi07eTOBUH KOJIIP, IO CBIAYUTH PO JIOCATHEHHSI TOUKH €KBIBAJICHTHOCTI.
ApPreHTOMETPUYHUN METOJI BH3HAYCHHS TaJIOTCHIA-10HIB, 30KpeMa, XJIOPUI-10HIB,
Ny’)K€ TOYHUU Ta 3pY4YHUI 1 IIMPOKO 3aCTOCOBYEThCA Ha mpakTull. OCHOBHUM
HEJIOJIKOM IIhoTO MeToay € Bucoka miHa 1 gedimutaicTh AGNO3. Tomy wacto
3aCTOCOBYIOTHCS MEPKYPUMETPUYHHA METOJ, SKHA BXKE HAJICKUTH 0 METOIIB
KOMITIJIEKCOY TBOPEHHHI.

OO0’ eMHO-aHAJITHYHI METOAH KOMILIEKCOYTBOPEHHS

I{i MeToau cXoX1 Ha METOAM OCaJKEHHs. Pi3HUIM mossirae B TOMy, IO 10H, SIKMH
BU3HAYaIOTh, 3B’ SI3yEThCS. POOOUYMM TUTPOBAHUM PO3UYHMHOM y PO3UMHHY KOMILJIEKCHY
CIOJIYKY, 5IKa [TIOTaHO JIMCOLIIIOE, HAIPUKIIA!
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Ag’ +2CN’ = [Ag(CN),]

Hg®" + 41" = [Hgl.]*

3BuyaitHo B 00’€MHOMY aHalli31 BUKOPUCTOBYIOTH pEaKI[li KOMILIEKCOYTBOPEHHS
10HIB METAJIIB 3 raJoreH1g- Ta ICEeBI0TraJOre€H1 -10HaMH.

OmHuM 13 HAWBKIIMBIIIMX 1 PO3IMOBCIOKEHUX METOMIB KOMIUIEKCOYTBOPEHHSI €
3rajlyBaHa B)X€ MEpPKypHMeTpis. MeToa 3aCHOBaHMM Ha yTBOPEHHI TaJIOTeHIIB abo
MICEBJIOTAJIOTEHIIIB PTYTi, SKI MOTaHO JUCOLIIITh. 3a KWOro JOMOMOrOK MOKHA
susnayatu Cl, Br, I, CN" ta SCN", a takox com pryTi (II). Pobounm po3zunHoM €
po3unH azotHokucI01 pTyTi (II) — HG(NO3),.

JIyisi BCTAHOBJICHHS TOYKH EKBIBAJICHTHOCTI BUKOPHCTOBYIOTH I1HJAMKATOPU, fAKI €
OpraHIYHUMH pPEUOBMHAMH, IO 3JaTHI YTBOPIOBATH 3 OJHUM 3 1OHIB, IO
B3a€EMO/IIIOTH, 3a0apBlieHy a00 MOTAaHOPO3YMHHY CIIONYKY. [HIMKaTOp MiAOMparoTh
TaKUM YUHOM, 00 3a0apBicHHS a00 ocaJl BUHHKAJIM (3HHKAJIM) B PO3YMHI JIHIIC
Hiciasl TOro, SIK 10HM, IO BU3HAYAIOTh, OyIyTh HNPAKTUYHO 3B s3aHI B KOMIUIEKCHY
CIIOJTYKY.

[lpu mepkypumerTpuuHOoMy Bu3HadeHHi ioHiB ClI° Ta Br K 1HAUKATOP
BUKOPUCTOBYIOTH HiTponpycu Hatpito — Nay[Fe(CN)sNO],

1@

NH-NH
mudeHiTkapoazu — o)
NH-NH
~0)
abo audeHnIKapoba3zoH O:<

NH-NH

9

L1i peareHTH yTBOPIOKOTH CIONYKH 3 ioHamu Hg?'. Ate OKH B pO34nHI IPUCYTHI 10HH
Cl a6o Br’, ionn Hg* i3 po6odoro posunty GyayTh pearyBartd 3 HUMH i He OyLyTh
B3aEMOJIIATU 3 1HAMKATOpOM. [licis mOCATHEHHS TOYKHM €KBIBaJEHTHOCTI 10HU PTYTI
BCTYNalOTh B PEAKIliI0 3 iHAUKATOpOM. [Ipu BHKOpHCTaHHI HITPONPYCUAY HATPIIO B
TOYIll  EKBIBAJICHTHOCTI  YTBOPIOEThCS Ot  ocan.  SIKmI0  1HIAUKATOpPOM
BUKOPUCTOBYIOTh  audeHinkapbasungy abo mgudeHinkapba3oH, TO B  TOYII
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CKBIBAJICHTHOCTI BHHHUKA€ 1HTEHCHUBHO-CHUHE 3a0apBJEHHA pPO3YMHY, 3YMOBIICHE
B3aemoiero ionis HG®" 3 numu pearentamu.

YacTto KaTiOHM METaJliB MOXYTh YTBOPIOBATH 3 POOOYMM PO3UYMHOM KOMIUIEKCH
pizHoro ckiany. lle ycknaaHioe po3paxyHOK KUJIBKOCTI BU3HAUYBaHOI PEYOBHHM Ta €
OCHOBHUM HEJIOJIKOM METOJIIB KOMIUIEKCOYTBOpeHHs. OpraHiyHi peakTUBH, SKi
HaJeXaTh JIO0 Kjacy IoJiaMIHOKapOOHOBHX KHUCIOT 1 00 €qHAHI i 3arajbHOI0
HA3BOI0 KOMIUJIEKCOHHM, TAKOI'0 HENIOJIKY He MarTh. Hailuacriiie BUKOPHCTOBYIOTH
komiuiekcon Il (abo Ttpmmon B) —  1Bo3amimieHy — HaTpieBy — Cilib
CTHJICHAMAaMIHTETPaolTOBOI kuciotu (ckopoueno EJ/ITA):

COOH
//

*2 H,O
/N ?
HOOC COOH
NJ (NaszEdta 2H20)
HOOCJ

Tpusmon b, sk 1 1HIII KOMIUIEKCOHM, YTBOPIOE PO3YMHHI KOMIUIEKCHI CIIOJIYKH 3
oarateMa ionamu Mmetaiis. Cu, Bi,Pb, Cd, Ni, Fe, Co, Mn, Th, Ga, In, Ca, Sr, Ba, Mg
Ta iH. [Ipu npomy 10H MeTalny 3aMmillye aToMH BOAHIO kapOokcuibHux rpyn — COOH

1 KOOpJAMHALIMHO 3B’ A3y€ThCS 3 aTOMAMHU a30TY:
O

O o

>

o N
\M<\1)

O |/

o

/
r—
O

O

Meroau, 3aCHOBaHI ~ Ha  BUKOPUCTAaHHI  KOMILIEKCOHIB, HA3UBAIOTHCS

KOMILICKCOHOMETpi€ro (y BUMAAKY TPUIOHY b — TpriioHOMETpi€r0).

[TopiBHSHO 3 IHIIMMH METOJAMH KOMILJIEKCOYTBOPEHHS, KOMIUIEKCOHOMETPIS Ma€

Taki MmepeBaru:

1) KOMILIEKCOHH YTBOPIOIOTH MillHi CIIONYKH Maitke 3 ycima kationamu (kpim Na',
K" ta Li%), Ipy IbOMY cHiBBigHOMmEHHS MR Maibke 3aBxau nopiBHioe 1:1;

2) KOMIUICKCOHU YTBOPIOIOTH CTIMKI KOMIUIEKCH 3 KaTiOHAMH JTy>KHO3EMEIbHHX
METAJIIB — Mgz+, Ba2+, Ca2+, Sr2+, 0 Ja€ MOXJIMBICTH iX MPSIMOTO 00’€MHOIO
BU3HAYCHHS (10 IbOTO BUKOPUCTOBYBAIM HENPsIMi 00’ €MHI METO/IH);

3) B3aeMOJisl MK KOMIUIEKCOHAMH 1 MeTajaMH BiJOYBA€TbCS 3a yMOB PIi3HOI
KHCJIOTHOCTI. Peryirorum KUCIOTHICTh, MOXXHAa BHM3HayaTh OJHI MeETalud B
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npucyTHOCTI 1HImMX. OAHAK € € 1 HEeIOJIKOM KOMILJIEKCOHOMETpii, TOOTO
HEOOX1IHO CYBOPO JIOTPUMYBATUCH YMOB BU3HAUYEHHSI.
Inouxkamopu
JIJ1si BCTAaHOBJIEHHSI TOYKHM €KBIBaJICHTHOCTI B KOMIUIEKCOHOMETPil BUKOPHCTOBYIOTh
METaJOIHANKATOPH (METAIIOXPOMHI iHIUKATOpH). METanoiHMKATOPH — 1€ OpPTaHivHi
PEUYOBHHH, SIKI YTBOPIOIOTH 3 KaTIOHAMHU MeTaly 3a0apBiieHI KOMIUIEKCHI croiyku. L1
CITOJTYKH MEHII CTIiMKi, H)K KOMIUIEKCH BIAMOBIAHUX MeETaJiB 3 KOMILJIEKCOHAMU. Sk
NOpHKIIa] MOKHA HaBecTd iHgukatop epioxpoM uopuuit T (EXY-T), sikuii yacTo
3aCTOCOBYIOTh B TPUJIIOHOMETPII:

_ ()

O,N
3ab6apenennss EXY-T 3anexuts Bigx pH posumny. Ilpu pH 7-11 imgukarop
3abapBicHHUN y cHuHIN KoJip. Y 1bomy inTepBajii pH ionn 6arathox metanis (Mg, Ca,
Zn, Cd, Al, Co, Ni, Cu Tomio) yrBopiorots 3 EXY-T xoMIUIEKCH BUHHO-Y€PBOHOTO
KOJIBOPY, a 3 KOMIUIEKCOHAMH — OUIBIII CTiHKI, 9acTO Oe30apBHI KOMITJICKCH.
Posrnsmemo mnpouecu, skl BIAOYBAalOTbCA B PO3YMHI MPU TPUIOHOMETPUUHOMY
BH3HAYCHHI MarHifo. J[0 PO3YMHYy, IO aHAT3yIOTh i sKHi MicTuTh ioHm Mg™,
J0J1al0Th amiadyHuil 0y pepHuii po3unH it BecraHoBiaeHHs pH 8-9 ta ingukarop EXY-
T. Po3uun 3a0apBiItO€ThCS] y BUHHO-YEPBOHUI KOJIIP 32 PaXyHOK YTBOPEHHS CIIOIYKH
Mg®* 3 EXY-T. Ipu tutpysanni Tpuion b 38’s3ye Mg y Ginbir iy 6e36apBHy
CIOJIYKY:
Mg EXY + NayH,Tr = MgNa,Tr + EXY + 2H"
[Ipu oMy BuAinseTbes BulbHUN EXY-T, sikuii 3a yMOB BU3HAUCHHS 3a0apBJeHUN y
cuHii Koiip. TakuM YMHOM, HANPUKIHII TUTPYBAHHS PO3YHMH 13 BUHHO-UYEPBOHOTO
CTa€ CUHIM.

JlaGopaTopHna podora Ne /7

KoMiuiekcoHoMeTprYHe BU3HAYEHHS BMICTY iOHIB MarHiio

Memoouka

Po3unn 3amaui B MipHiii k0161 Ha 100 Mi goBoasTh A0 MITKH BOJOK 1 J00pe
nepeMimyrTh. ITotim Bimouparote 20(25) mi1, mepeHOCATh Yy KOHIYHY KOJIOY JJis
TUTPYBaHHS, TOJIMBAIOTh S MJI aMiayHOTO Oy(epHOro po3uMHy Ta JIeKUIbKa KpariuH
1HIUKaTopa epioxpoMuopHoro T 10 BUHUKHEHHSI MOMITHOTO, aje He Jy>Ke TEMHOTO
BUIITHEBO-4EpBOHOTO 3abapmiieHHs. [licis 1bOro TUTPYIOTH POOOYHM POZYUHOM
TpwioHy b 710 3MiHM 3a0apBiIeHHS 3 BUITHEBO-YEPBOHOTO HA CUHE.
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KinbKicTh MarHito B po34rHi po3paxoBYIOTh 32 POPMYIIOIO

Brp = (Nyp . Vip . Eng - 100)/(1000.A)

ne N, — HopMmanbHICTh TpWIOHY b, V., - KUIBKICTP TpWIIOHY, BHMTpPadcHa Ha
TUTPYBaHHsA, Epg — rpam-ekBiBaieHT M(Q, A — ajliKBOTHA 4acTWHA PO3YMHY 3a/adl.
EMg =12.

KoHTpoJibHI 3aIUTAHHSA
1. Axum BUMOTaMm MOBHHHI BIAMOBIIATH PEaKIIii OCAIKEHHS, 110 BUKOPUCTOBYIOTHCS
B 00’ eMHOMY aHai31?
; : _9.10-2
2. Pospaxysatu po3unHHIcTh ocany Caz(POy), y BoII. AP .. po,), =2-10

3. PospaxyBaru KoHIEHTpawito ionie Sr** y posumsi, skmo [F] mopisaroe 0,001
Mounb/1. JIPg. =25-107°

4. PospaxyBaTu pPO3YMHHICTH Xpomary cpibna npu pH=2. IIP,, .. =11.10", a
KOHCTaHTa JHCOIiaIii XpOMOBO1 KHCIIOTH Kico, = 51-10°8.

5. Uum XxapakTepu3yeThCs TOUYKA €KBIBAJIGHTHOCTI B 00’ €MHO-aHAITHYHOMY METO/II
OCa[KCHHSI ?

6. Po3paxyBaT  KOHLIEHTpalil0 10HIB y  TOYIl  €KBIBaJEHTHOCTI  IpHU
aprentomMeTpuuHoMy BusHadeHHi SCN'. JIP, o =11-107

7. ki aHIOHM Ta KaTIOHM 3aBa)KAIOTh BU3HAYCHHIO XJIOPHIIB 3a MeTogoM Mopa?
[TosicHITE YoMy .

8. Jlns BU3HAuUEHHS AKHX 10HIB 3acTOCOBYEThCs MeToq Dombrapaa? HassiTe poboui
PO3UMHU Ta IHIAUKATOP LBOTO METOAY.

9. V vomy nosnsAratoTs nepesaru merony Ponprapaa y HopiBHsAHHI 3 MeTo10M Mopa?

10.Yomy innukatop nudeninkapOazua 3MiHIOE 3a0apBlIEHHS MpU 00 €MHOMY
MEPKYpPUMETPUYHOMY BU3HAYEHH1 XJIOPHIIB?

11.BusnHaure BiICOTKOBUM BMICT CpibJia y CIUIaB1, SAKIIO HA TUTPYBAHHS PO3UYUHY, IO
yTBOpHUBCs micis po3unHeHHs 0,5 r cruiaBy B a30THIM KucioTi, ButpauyeHo 20 mi
0,1 1 po3unny NH,;SCN?

12.Ckinbku rpamiB BaCl, mictutbes y 250 M1 po3uuHy, SKIO MiCas AOIUBAHHS 10
25,0 mn mporo posuumny 40,0 mn 0,102 v posunny AQNO; Ha TUTpyBaHHS
HAJJIAINKY HITpaTy cpidma ButpadeHo 15 mu 0,0968 u pozunny NH,SCN?

13.Yomy mpu TPWIOHOMETPUYHOMY BHU3HAYECHHI MarHil0 3 1HJAUKATOPOM
epioxpomyopHuM T 3a0apBi€HHSI PO3YMHY B TOYI[l €KBIBAJEHTHOCTI 3MIHIOETHCS
BiJl BUHHO-YEPBOHOTO IO CHHBOTO?

14.Yum mosiCHIOETHCS MIUPOKE 3aCTOCYBAHHS TPWIOHY b 117151 06’€eMHOTO BU3HAYEHHS
KaJIBLIIFO, MArHiro Ta 1HIINX METaIIB?

Tema Ne 5. @oTomMeTpUYHI METOAU AHAJII3Y

Jlns npoBeneHHs O10XIMIYHMX TIPOLECIB, JJIS POCTY POCIWH, a TaKoX IS
HOPMAaJILHOTO PO3BUTKY OpraHi3MiB TBapHH 1 JIOJWHU BEJIUKE 3HAUYCHHS MaIOTh Malli
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KUTBKOCTI PI3HHUX €JIEMEHTIB, TaK 3BaHI MikpoeineMeHTH. HempocTaTHs KUIBKICTH abo
BEJIMKWIA HAJIUIIIOK OJHOTO 3 MIKPOEJIEMEHTIB MOXE MPU3BECTH JIO 3aXBOPIOBAHHSI
YKUBOTO OPTaHi3My, YIIOBUTLHEHHS POCTY POCIHH i TBapuH. TOMY BEIMKOTO 3HAYCHHSI
HAJAE€ThCSI METOJIaM BHU3HAYCHHSI MAJIUX KITbKOCTEH €IEMEHTIB. Y TaKUX BHITaJIKax
HIMPOKO 3aCTOCOBYIOTh (DOTOMETPUYHI METOAM AHAIII3Y.

Merta po60OTH — HAaBYUTHUCH NMPABUIBLHO BUOWpATH MOTPIOHHM 1711 (POTOMETPUIHOTO
BHU3HAYEHHS TOT'O YU 1HIIOTO €JIEMEHTY PEeareHT Ta crocid aHajizy, a TaKoK BUPOOUTH
HABUYKHM BUKOHAHHS KOHKPETHUX BU3HAYEHb.

doToMEeTpUUHI METOIW aHaTi3y 3aCHOBAaHI Ha pEakKIisX, 5K CYNPOBOIKYHOTHCS
YTBOPEHHM 3a0apBIICHUX PO3YMHHUX CIIOJNYK (IHKOJIM — X PyHHYBaHHSM).

VY mporieci GOTOMETPUYHOTO BU3HAYEHHS KOMIIOHEHT X MEPEBOJATH 3a JOTIOMOTOIO
aHAIITHYHOTO peareHty R y 3a0apBiieHy pO3UMHHY CHOJIyKYy P

X + R — P (3abapieHuii)

[Ipo KUIBKICTH €JEMEHTY, KU BU3HAYAIOTh, CYJSATh? 32 IHTEHCHUBHICTIO 3a0apBIICHHS
po3unHy. Yum Oinbllia 1HTEHCHBHICTh, TUM OUIbIlIa KOHIICHTpAIlil €JIEMEHTY B
pPO3UMHI 1 HaBIAKH.

IlepeBaru ¢poTOMETPUYHUX METOAIB AHAJI3Y

1. MoXIuBICTh BHU3HAYCHHS AY)KE€ MaJUX KIUIBKOCTEH €IEMEHTIB, TaK 3BaHHX
“ciminiB” (10‘4-10‘5 mouw/n). Hampukiam, MokHa mobadnTd 3a0apBiIEHHS OZHI€T
kparmnan (0,05 min) KMnO, y 100 M po3zunny. Taky KijgbKiCTh PEUOBHHH HE
MOXHA 3BaXUTH HA AaHAJIITUYHUUX Tepe3ax ad0 BHU3HAYUTU 3a JOIMOMOTOIO
00’eMHOr0 MeToAy aHai3y. TakuM 4YMHOM, (POTOMETPUYHMI aHaII3 BiIPI3HIETHCS
HU3BKUM MTOPOT'OM BHU3HAYCHHSI.

2. BusHaueHHS BUKOHYETHCS MIBUIKO, METOJIUKH JTOCUTH IIPOCTI.

3. MOXIJIMBICTh 3aCTOCYBaHHS XIMIYHUX PEAKIIi pI3HUX THUIIIB.

OCHOBHMM HEIOJIKOM (OTOMETpUYHHUX METOJIIB € Te, IO peakKiii, SIK1

3aCTOCOBYIOTBHCS, 4acTO MajiocrenugiuHi

Tunu poroMeTpUUHMX peakuiid, AKi 3aCTOCOBYIOThCH Y poTomMeTpil

1. Peakii yTBOpeHHs 3a0apBJI€HHX HEOPTaHIYHUX KOMILUIEKCHHUX CIIOYK. aMiaKaTiB
(manpuknan, [Cu(NH3)4]SO,) ), ramoreninaux komruiekcis (KBiJy), mepokcuaaux
cnonyk ([TIOH,0,]SO,), rereponomikucior (H3[P(M012040)] ) Totro.

2. Peakuii yTBOpeHHs 3a0apBJICHMX KOMIIOHEHTIB 3 OpPraHIYHUMHU peareHTaMu:
CIOJIYKH AJIFOMIHIIO 3 alli3apUHOM S , KOOANIBTY 3 Ol ~HITPO30-B-HaPTOIOM, MarHito
3 THTAHOBHM KOBTHM TOIIIO.

3. Peakiii OKUCHEHHs-BITHOBJICHHs, BHACIIJIOK SKUX YTBOPIOIOTHCS 3a0apBiieHI
conyku. Tak, mng (GOTOMETPUYHOrO BHU3HAUCHHS MAapraHIl0 3aCTOCOBYIOTh
peakiiiro okucuenuss Mn(Il) no Mn(VI11); nepmaHranat-ioH, 1o yTBOPIOEThCS, MA€E
IHTEHCUBHE POKEBO-(ioJeTOBE 3a0apBICHHS.

4. THKONMM BUMIPIOIOTh IHTEHCHUBHICThH 3a0apBJICHHS CaMOTO PO3YHMHY PEUYOBUHH, SKY
Bu3Ha4aroTh (Hanpukiam, NiSO4 CuSQOy,).
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VY dotomeTpii BUKOPUCTOBYIOTH PEAKIIil, sIKi 3aJOBOJBHSIIOTH TAKUM YMOBaM:
1) ioH, sKWil BU3HA4YAIOTh, Tpeba sSKOMOTa IOBHIIIE TEPEeBECTH y 3a0apBiICHY
CIIOJIYKY;
2) 3abapBiicHa CHOJyKa y PpO3YHMHI IMOBMHHA MaTH II€BHUH XIMIYHHHA CKIIaJ,
OJIHAKOBHH 13 CKJIAJIOM CHOJYKH B CTAHAAPTHOMY PO3UHHI.

JBa eTanu (p)OTOMETPUYHOTO BU3ZHAYEHHS
1. Enement, sxuii BHU3HAYaIOTh 3a JOIMOMOIOI0 XIMIYHOI peakilii, NepeBOAiTh Yy

3a0apBieHy CIONYKY. 3a0apBiieHHS OyAb-SIKOTO PO3YMHY  XapaKTepU3YETHCS

CHEKTPOM TOTJIMHAHHSI.
2. BumipioroTh IHTEHCUBHICTH 3a0apBIEHHS PO3UYHHY.
[HTeHCHBHICTD 3a0apBJICHHS IMOB’s3aHa 3 IHTEHCHUBHICTIO MOTJIMHAHHS CBITIA, SKa Y
CBOIO UEpry 3aJekKuTh Bij

a) KOHIICHTpAIlii 3a0apBJICHOT CIIOJIyKH B PO3YHHI,
0) TOBIIMHY TOTJIMHAIOYOTO MIApY.

L5 3a1€XKHICTh ONUCYETHCS POPMYJIIOIO
lgds/d=¢.1.C
1e Jo — IHTEHCUBHICTB CBITJIOBOTO MOTOKY, SKUW BXOJUTH Y PO3YHH; J - IHTEHCUBHICTh
CBITNIa, IO NPOWNUIO Kpi3h PO3YMH, a0O0 IHIIMMHU CJIOBAaMH, I1HTEHCHUBHICTH
10C1a0JICHOT0 MOTJIMHAHHS CBITJIOBOTO MOTOKY; | — TOBIIMHA MOTJIMHAIOYOTO IIAPY;
C — KOHIEHTpallis 3a0apBiieHOT PEYOBMHU B PO3YMHI, MOJIB/I;, € - MOJSIPHUMN
koedirieHT moriauHaHHs. OCTaHHIN € TMOCTIMHOK BEIMYMHON, KA 3aJCKHTh Bij
IPUPOAN PEUOBUHHU Ta BiJl JIOBKMHU XBWJII MaIal04u0ro CBITia. SIK BUIHO 3 PIBHAHHS,
MOJIAPHHUH KOEMIIIEHT MOTJUHAHHS YUCEIBHO JOPIBHIOE ONTHYHINA TyCTHHI 1 MOb/I
PO34YMHY NP TOBIIHMHI MOTJIMHAIOYOTO mapy 1 cwm.
Monapnuii Koeghiyienm no2iunanHa &  XapaKTEpU3ye BHYTPILIHI BIACTUBOCTI
PEUYOBHHHM 1 HE 3aJ€XKUTh BiJ 00’€My PEYOBMHM, TOBIIMHM IIAPY Ta IHTEHCUBHOCTI
ocBiTJIeHHs. Tomy 111 BeIMYMHA € HAWOUIbII Ba)XJIMBOK, 3arajbHONPUUHSITOIO
XapaKTEPUCTHKOIO MOXKIIMBOI YyTIUBOCTI ((OTOMETPUYHOTO BU3HAUCHHSI.
Benuunna 19Jy/J xapakrepusye cTymiHb mociadieHHss a00 MOTJIMHAHHS CBIT/Ia MPH
MIPOXOJPKEHHI HOTO Yepe3 pO3UrH, HA3UBAETHCS ONTHYHOIO I'YCTHHOIO 1 TO3HAYAETHCS
A.
3a3HaueHa (popMysa BHU3HAYA€ OCHOBHHMM 3aKOH CBITJIONIOTJIMHAHHS ISl PO3YHHIB,
KU HOCUTH Ha3By 3aKk0H bepa 1 popMyIIIO€ThCS Tak: onmuyHa 2ycmuna po3uuHtie
nponopuyiiitna 000ymKy KOHUeHmpayii  3a0apeneHoi pe4yoeuHu Ha MOBUIUHY
noziunarouozo wiapy. Ha npomy 3aKkoHI Ta WOro HacliJKaX 3acHOBaHI CIIOCOOH
BUMIPY IHTEHCUBHOCTI 3abapBieHHsS. BOHM MOALIAIOTECA HA 1HCTPYMEHTAIbHI
(boTtomertpis) Ta BizyanbHi. B 000X BHmagkax 3a0apBiIeHHS PO3YUHY, 110 aHATI3YIOTh,
NOPIBHIOKOTH 13 3a0apBIEHHSM PO3YMHY, B SIKOMY KOHIIEHTpALlsl KOMIIOHEHTA, IIO
H0ro aHani3yroTh, Bigoma. Taki pO3ulMHHA Ha3UBaIOTh CTAH/IAPTHUMMU.
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BizyanbHa poTomeTpist

BizyanbHO HEMOXIJIHMBO BHU3HAYMTH HAaCKUIBKM OJMH pO3YMH 3a0apBiIeHUI
IHTEHCHUBHIIIE 3a IHIIUNA. AJie JTOCUTh TOYHO MO’KHAa BHU3HAYUTH, KOJIU PO3UUHU
3a0apBlIeHI OJIHAKOBO I1HTEHCHMBHO. Tomy 3a BI3yaJIbHOIO (OTOMETpPIED THUM abo
IHIIMM  crIOCOOOM HaMararOThCsl JIOCATTH PIBHOCTI 1HTEHCUBHOCTI 3a0apBieHHS
JOCIIIKYBAaHOTO Ta CTaHJAPTHOTO PO3YUHIB.

3aJIe)KHO BiJl CIOCO0Y JOCSATHEHHS TaKOT'O0 CTaHy PO3PI3HAIOTH TaKil Bi3yallbHI METOIU
BUMIPY IHTCHCUBHOCTI1 3a0apBJICHHS.

Meton craHgapTHuUX cepiii. 3a0apBieHHS pPO3YHMHY, IO WOTO aHAJI3YIOTh,
MOPIBHIOIOTH 13 3a0apBIEHHSAM cepli CTaHAAPTHUX PO3YMHIB Pi3HOT KOHIICHTpAIIii
(trak 3BaHOK 1IKajg0r0). KOHIEHTpalis JOCHIKYBAHOIO PO3YUHY JIOPIBHIOE
KOHIIGHTpAI[ll CTaHAAPTHOTO PO3YMHY, SIKMM Ma€ OJHAKOBY 3 HUM IHTEHCUBHICTh
3a0apBiieHHs. MeToj € 3py4yHUM 3a YMOB MAacOBHUX aHaji3iB, AKIIO0 3a0apBIICHHS
PO3UMHIB CTilike B Yaci (IIKay, sK MpaBuIo, TOTYIOTh 3a3/JJIETi/Ib).

Metoa po36aBjieHHs. Y IbOMY BHUIAJKy TOTYIOTH JIUIIE OJWH CTAaHAAPTHUHN PO3UHH.
[HTEeHCUBHICTh HOro 3a0apBJIEHHsS MOPIBHIOIOTH 3 I1HTEHCUBHICTIO 3a0apBIICHHS
JOCIIIKYBAaHOTO pO34MHY. [ IbOTO MOCTYMOBO PO30aBIISIOTH BOAOIO TOW PO3YMH,
SAKUW Mae OLIbII iIHTeHCHBHE 3a0apBiieHHS. Po30aBieHHs Ta MOPIBHIHHS 3a0apBIICHb
IPOBOJSATh Yy TpaaylOBaIbHUX LHIIHIApaX. KigbKicTh BH3HA4yBaHOTO KOMIIOHEHTA
PO3paxoBYIOTH 32 (OPMYIIOIO

Cer/her = Cilhy

ae he, 1 hy - BHCOTa piTUHM y CTAHIAPTHOMY 1 JOCIIPKYBAaHOMY PO3YMHAX ITiCTIS
po3BenieHHA. MeToJl 3aCTOCOBYIOTh Y BHUIIAJKaX, KOJM 1HTEHCHUBHICTh 3a0apBJICHHS
JOCIIIKYBAHOTO 1 CTAHIapTHOrO PO3YMHIB JIOBOJII OJM3bKa.

MeToa KOJIOPUMETPUYHOTO TUTPYBAaHHSA. Y JBa OJHAKOBUUX CKISTHUX HUJIHIPH
BHOCSATH yC1 HEOOX1/IHI pEaKTUBU B OJHAKOBUX KIUJIBKOCTSIX. B OAWH 13 HUX J0JaI0Th
pPO34MH, KU aHai3ylTh, @ B APYrMil — TaKy > camy KuibKicTh Boad. lloTim y
OpYruil LHWIHAP 13 OIOPETKH [0Jal0Th CTAHJAPTHUN PO3YUH KOMIIOHEHTA, SIKHUM
BU3HAYAIOTh, JIOTH, JOKH IHTCHCHBHICTH 3a0apBieHHS B 000X IMWJIIHApPAX HE CTae
OJIHAKOBOIO. 3a PIBHOI 1HTEHCHUBHOCTI 3a0apBlICHHS1 Ta PIBHUX 00’ €Max Cymimiei
KOHIICHTpAI[ii KOMIIOHEHTIB y JOCIIPKYBAaHOMY 1 CTAaHJIAPTHOMY PO3YMHAX TEXK PIBHI.
3Har04M KUTHKICTh CTAHAAPTHOTO PO3YMHY, MOXKHA PO3paxyBaTH KUIbKICTh PEUOBUHH
3a Takor (HopMyJIoH0:

BF = TCT . VCT' V3a11aqi / A;

ne T, — TUTp cTaHAApTHOTO pO34MHY; V. — 00’ €M J0JaHOTO CTAaHJAPTHOTO PO3UUHY;
Viamasi - 3arajlibHUB 00’€M JOCHIIKYBaHOTO pO34yMHY; A — 00’€éM  amiKBOTHOI
YaCTHUHHU.
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Len METOJZ JOCHUTb UIMPOKO BHUKOPHUCTOBYETHCS. (OCHOBHOIO BHMOIOK €

HEOOX1HICTh MHTTEBOTO PO3BUTKY 3a0apBieHHS. B ycix ommcaHux BumMaakax

NOPIBHSHHS 1HTEHCUBHOCTI 3a0apBieHHS HEOOXIAHO MPOBOAUTH, AOTPUMYIOUHUX

BIJIMOBIAHUX YMOB!

1) 1o cTaHAApPTHOTO PO3UMHY JOJAKOTh Ti CaMi PEaKTHBH, y Tid CaMil OCIIIOBHOCTI

Ta B TUX CAMHUX KUIBKOCTSIX, IO i IO PO3YUHY, AKUH aHATI3YIOTh;

2) SAKIIO B PO3YMHI, IO aHAII3yIOTh, MPUCYTHI CTOPOHHI 10HH, SIKI BILUIMBAIOTh Ha

3a0apBJICHHS, TO TOYHO Taki ) 10HM 1 B THUX CaMHUX KIJIBKOCTSIX JOJAIOTh J10

CTaHAAPTHOTO PO3YHHY;

3) nopiBHSIHHSA 3a0apBiicHb PO3YMHY, IO AHATI3yHOTh, 1 CTAHJAPTHOTO PO3YUHY
MPOBOJISATH TIIBKU B OJJHAKOBOMY MOCYIi.

JlabopaTtopna po6ora Ne 8

doToMeTpUYHEe BU3HAYEHHS BMicTy ioHiB 3amiza (III)

B ocHOBI BU3HauYeHHS Jie)KaTh PeaKilii yTBOPEHHs 3a0apBICHUX KOMIUICKCHUX CIIOJIYK
ioniB 3amiza (III) 3 ioHamu pomaHigy (Y4EPBOHOTO KOJBOPY), Cepell SKUX MOXKHA
BUJIUIUTH TAKY:

Fe** + 6SCN = [Fe(SCN)e]*

Ymoeu npoeeoennsa euznauennsa

a) KOHIICHTpAILlis POJaHiAy MOBHHHA OyTH JOCHTh BHCOKOI Ta OJHAKOBOI SK Y
CTaHJAPTHOMY PO3YHHI, TaK 1 B PO3UHHI, SIKUW aHATI3YIOTh;

0) Tpeba, mobO po3uMHM OyIW MiAKHUCICHI, TOMY I0 30imbiieHHs pH Beme 10
TAPOITI3y COi 3aji3a il yTBOPEHHSI OCHOBHUX COJIeH a00 T1APOKCHIY;

B) TIJKHCIIIOBATH HaWKpalle pPO3BEICHOI a30THOI KHCJIOTOI, TOMY IO COJISHA,
cipuana i ¢ocdopHa 3HWKYIOTh 3a0apBICHHS 32 PaXyHOK YTBOPEHHS BIAMOBITHUX
KOMILJIEKCIB 3aj1i3a.

Memoouxa

VY po3uuH 3aa4i B MipHii k0161 e€MH. 50 M nogaroth 1 M 2 H a30THOT KUCTIOTH, D
M 10%-ro po3unHy pojJaHiy Kajito, po3BOJATh JO PUCKH JTUCTHIHOBAHOIO BOJOIO 1
nepeminryotb. ONTHYHY TYyCTHHY pO3YMHY BHMIPIOIOTH 3@  JONOMOTOIO
dboToenekTpokoopuMeTpa Tnpu AoBxkuH1 XBUal 490 HM 1 TOBIIMHI KoBeTH 1 cMm.
BwMmicT 10HIB 3a1i3a BU3HAYAIOTh 32 TPAAyIOBAIHHUM TPadiKoM.

Ilobyooea cpadyrosanvrozo zpaghixa

['oTytoTh cepito CTaHIAPTHUX PO3YUHIB. Yy WICTh KOO emH. 50 M1 BHOCSTH
cranmaptamii po3umu 3amiza (III) — 0; 2; 4; 6; 8 Tta 10 mu Bignmosiguo. ITotiM 10
KOXKHOI KOJIOM J07ar0Th MO 1 Mi 2 H a30THOI KHCIOTH, IO 5 MJI PO3UMHY pOJaHITY,
JOBOJSATH 00’€M KOJIOM 10 PUCKU JAUCTHUIIHOBAHOIO BOJOIO 1 mepeMmilnyoTs. OnTuuny
TYCTHHY PO3YHMHIB BHUMIPIOIOTh TPHW 3a3HAYCHHUX BWINE MapaMeTpax NpHiIagy, a
pe3yabTaTH 3aHOCATH B TAOJIUIIIO
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Ne konbu | O6’em crangapthoro | Konnentpamist | Ontuyna ryctuna, A
PO3UYHHY 3aJ1i3a, MJI 3ayi3a, Mr

3a maHuMH TaOMUIi OyIyloTh aHaNITHYHY 3ajexHicTh A=f (¢) 1 3a oTpumaHuM
rpadikoM 3HaXOASITh BMICT 10HIB 3aJi3a B pO3UMHI 3a/1a4i.

KoHTpoJIbHI 3anIMTAHHA

1. V yomy CyTb KOJOPUMETPUIHHUX METOIB?

2. B sxoMy crnieKTpaJlbHOMY 1HTEpBai BUMIPIOIOTh IHTEHCUBHICTD CBITJIONOTJIMHAHHS

3a0apBIEHUX CIOIYK?

3arajgbHl YMOBH KOJIOPUMETPUYHUUX BU3HAUEHD.

3akoH bepa.

SAxi npyuurHM BIIXUIICHB Bij 3akoHy bepa?

["0710BHI IepeBaru KOJOPUMETPUYHUX METO/IIB.

OCHOBH1 HEAOJIKH KOJIOPUMETPUYHUX METO/IIB.

Ski TUNIH XIMIYHUUX PEaKIliii BUKOPUCTOBYIOTHCSI B KOJIOPUMETPIi?

Sxi BUMOTH TIOBHHHI 3aJ0BOJIBHATH XIMI4HI peakilii, 10 BUKOPHCTOBYIOTHCS B

KOJIOPUMETPii?

10.11o Take MeTox CTAaHAAPTHUX CEPiif?

11.CyTp MeTOony pO30aBICHHS.

12.0OcHOBH MeTOY KOJIOPUMETPHUUYHOTO TUTPYBAHHS.

13.Ponanignuii metoa Bu3HaueHHs 3aiiza (I11).

14.Yomy nipu BuzHavenHi 3amniza (I11) y Burmsiai poaaHifHOTO KOMILIEKCY CTBOPIOIOTH
KHCJIE CepEIOBUIIIE?

15.Yu moxna BusHauutd 3amizo (III) y Burmsgi pomaHigHOrO KOMIUIEKCY B
MPUCYTHOCTI 10HIB PTOpPY?

16.4xki e 10HK MOKHA BU3HAYMTH Y BUTJISI POJAHITHUX KOMIUICKCIB?

17.Bu3HaynTy ONTUYHY TYCTHUHY SKOICh PEYOBHHHM 3 KOHIIeHTpalieo C, sKka mpu
toBuuHi mapy | moriaunae 50% cBitia.

18.3a6apBiena croyKa 3aii3a mpu ToBIIHHI mapy 1 cM i koHnenTpauii 3amiza 1.107
r-ion/nn mMae ontuaHy ryctuHy A=1,2. 3HalTH MOJIIpHUIA KOS(IIiEHT NOTJIMHAHHS.

19.Bu3HaYuTH KOHLIEHTPAIIiI0 3a0apBICHOI PEUOBHMHU 32 TAKUX YMOB!
| =1cm; A=0,7; ¢ =3.10°

20.Bu3HaunTy ONTUYHY TYCTUHY 3a0apBIIEHOT PEUOBHUHHU 32 TAKUX YMOB!

21.1=2cm; ¢ =5.10% C = 10™ r-ion/n.

© 0N UMW
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