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Beryn

[Mporpama kypcy “AHaniTHYHa XiMis TPUPOJHOTO CEpeOBHINA’ BU3HAYAE
3amadi 1 Micue MUCHHIUTIHA B CHCTEMi NMPUPOAHWYHMX Hayk. Jucumiutina
"AHaNiTUYHA XiMis NPUPOTHOTO CepeloBHIIA" 3aliMae NMPOMIXKHE Micle
MiX 0a30BHMH 3araJbHOOCBITHIMH TpeAMETaMH Ta CHeHiaJbHUMU
JUCUMIUTIHAMKA 1 3a0e3niedyye (opMyBaHHS OCHOB 3HaHb Ta HAaBHKIB
CIeTiaJIicCTiB y Tamy3i exoJorii. MeToauyHi peKoMeHAalii MpU3HAYeHi s
HAJIaHHS JIOMIOMOTH CTYJCHTaM y BHMKOHaHHI JIabOpaTOpHUX pPOOIT Ta y
caMOCTIilHIH poOOTi IIpH BUBYCHHI aHATITHIHOT XiMil.

B pexoMeHnauisix NpeAcTaBlIeHI TEOPETUYHI Ta METOAWYHI BKa3iBKH 10
BHKOHAHHS JJA0OPAaTOPHUX POOIT 3 SIKICHOTO, KUTBKICHOTO aHaJi3iB.

Koxwniit 3 nmaboparopHux poOiT mepelaye TeopeTH4YHa YacTHHa,
NPU3HAYECHHS SKOI — JIONMOMOTTH CTYJEHTY CHCTEMaTH3yBaTH 3HAaHHS,
oJlep KaHi Miciisl BUBUEHHS IIEBHOTO PO3MLULY MO MiIPYyYHHUKY, HABYaJIHHOMY
MOCIOHUKY, KOHCTIEKTY JICKIIH.

ExcnepuMmeHTanpHa YacTHHA POOIT BKIFOYAE OMHC AOCIHIIIB, SKi CTYICHT
BUKOHYe B Jaboparopii caMOCTIHHO MiJ 3araJiHUM KepiBHHIITBOM
BHKIanavya. HeoOXimHI AN BUKOHAHHS JTa0OpAaTOPHUX POOIT AOBITHHUKOBI
JlaHi mpuBecHi y «J{omaTkaxy.

3HaHHS OTpPHMaHi TPH BHBYCHHI Kypcy «AHANITHYHA XiMisd
MIPUPOJTHOTO CEPEIOBHIIA» BUKOPUCTOBYIOTBCS CTYJIEHTAMH NMPU BHUBYCHHI
nucnumutin “T'eosorist 3 ocHoBamu reomopdostorii”’, “3aranpHa exoJoris”,
“Exosoriuna Tokcukouoris”, “OriHKa BIUTMBY Ha HOBKULIL”, “Berym mo
(daxy” Ta HIIHX, MepeJ0aYCHUX HABYATbHUM IUIAHOM.

OCHOBHUMH  TpPyZIHOLIAMM TpPH  BHUBYEHHI Kypcy €  #oro
0araToruIaHOBICTh Ta KOMIUIEKCHICTh. 3aCBO€HHS Marepially HEMOJMJIUBE
0e3 camocTiitHOI poboTu 3 IiTeparyporo, MoOumi3amii 3HaHb, HAOyTHX Yy
TIOTIEpeTHIX CeMecTpax.
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MeToauuHi Bka3iBkH 10 0poOpMJICHHS i 3aXHCTy
J1a60paTOpHHX PodiT

Bka3zieku 0nsa niozomoeku, 6uKOHaAHHA ma 30a4i 1a00pamopHux
pooim.

1. OcHoBHOI0O (OPMOIO HiATOTOBKH, BUKOHAHHS Ta 3[adi J1a0OpPaTOpHOTO
NPaKTUKyMy CTyIEeHTaMH € caMocTiiiHa poGorta. [Ipucrymaroum o
MATOTOBKK JabopaTtopHoi poOOTH, BHKOHAHHIO 3aBIaHHSA OO Hel,
CIIOYaTKy  PEKOMEHAYETHCS ~ BHUBYUTH  TCOPETHYHY  YACTHHY
«MeTonyHHX BKa3iBOK». [l MOTMOICHOTO BUBYCHHS TEMHU 3aHATTA,
YCIIIIHOTO BUKOHAHHS Ta 37adi poOOTH HEOOXIJHO TaKOX YBa)KHO
BUBYMTH BIJOBIAHI PO3JUIN MiIPyYHHKa YM HABYAJIBHOTO MOCIOHHMKA,
03HaHOMHTHUCH 13 PIllIEHHSIM THIOBUX 3a/1a4 110 3a/Ia4HUKY.

2. Koxna maboparopHa poOora moBuHHa OyTH oGopMIICHA y BHIVIAIL
3BiTY, SKMH BKItouae B cebe : 1) 3aBaaHHA 10 AaHOi poGoTH; 2)
JOCHiHYy 4YacTHHY poOoTtH. Jlomyckaerbesi oGOpMISTH 3BITH B
3araJlbHOMY 30IINTI B KIITHHKY. THTYJNbHa CTOpPIiHKA 3allOBHIOETHCS
3TiTHO BKa3iBOK BHKIamada. CTOpIHKM 30mMTa TOBHHHI OyTH
NPOHYMEpOBaHI Ha HIKHbOMY psOKy. BupuBatn nucTH i3 30mIHTa
3a00poHsAeThesA. Ha KoXHIl cTOPIHI 31 CTOPOHH MPOIIUBKHA IMPOBOIATH
TOJIe LIMPUHOIO 2,5 ¢M, a 3 IPOTUIICIKHOT CTOPOHH — ITUPUHOIO 1 CM.

3. Koxny poboTy moTpiOHO MOYMHATH 3 HOBOT CTOpPIiHKU. BKa3yroTh umco,
NmoTiM Ha3By pobOotu, mnortiM 11 Homep. Ilicis 1BOTO MUIIYTH
Mi3arojioBoK: «3aBmaHHs A0 JabopaTopHOi poOOTH», a HIKYE
MOBHICTIO 3aNMCYIOTh THMTAHHS 3aBJAHHS 1 MICIS KOXXHOTO IHTAaHHS
MIPUBOAATH KOPOTKi, ajnie eMHi BiamoBiai. [Ipu HamucaHHI MaTeMaTUIHUX
¢dbopMyn MOTPIOHO TMOSICHUTH 3HAYCHHS CHMBOJIIB — JITEp, 3aaadi
moTpiOHO  BHpINIyBAaTH  CIIOYATKy B 3arajJbHOMY  BHIJIAMI,
BUKOPUCTOBYIOYH 3arajibHi CHMBOJIM — MO3HAYEHHS, a JIMIIE TIOTIM — B
9uCcIOBOMY BHIIIANi. Bei 3amumcm moTpiOHO BecTm oxaifHO, 0e3
BUIIPABJICHb.

4. 3aBpaHHS 110 1a0OpaTOpHOi POOOTH, MiArOTOBKA O HEi BUKOHYETHCS B
MO3aypovyHMil 4ac, sAKWH nepenye JsaboparopHii poboti. Ha
71ab0paTOPHUX 3aHSTTAX NPOBOJMTHCS TEpeBipKa BUKOHAHHS 3aBJaHb
CTyIGHTaMH, X ONUTYBAaHHS MO TEOPETHYHHMX MHUTAHHAX podoTh. o
BUKOHAHHS J1a00paTOpHOi POOOTH CTYAEHTH NPUCTYNAIOTh 3 J03BOJIY
BHKJIajIa4a.

5. V¥ 3BiTi micas BUKOHAHHA 3aBIAaHHS MHITYTh IMig3aroJIOBOK : «JlocmigHa
YacTHHa». Bka3yloTh MLijlb pOOOTH YHM KOPOTKY XapaKTEPUCTUKY
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npuHOuny il BUKOHAaHHS, NPUBOAATH KOPOTKI ONMCaHHS 1 PHUCYHKH
npucTpoiB Ta mpwiagiB. IIoTiM ONHMCYIOTH XiJ BUKOHAaHHS POOOTH,
pe3ysbTaTi BUMIPIOBAaHb YU O€3M0Cepe/iHIX CIoCcTepekeHb. 3aKiHIyIOTh
3BIT MOSICHEHHSIM SBHUIL, IO CIIOCTEPIrayid, CKJIAAaHHAM XIMIYHHX
PiBHAHB peakliii, moOynoBoto rpadikiB, 0OpaxyBaHHSAM peE3yJbTaTiB
BHMIpIOBaHHSA. | HapemTi MPUBOIITH KOPOTKHIH BHCHOBOK UM KiHIICBUI
00paxoBaHUi pe3yIbTaT.

6. [ms maGopaTopHUX pOOIT 3 SKICHOTO aHaNi3y O(GOPMIICHHS MPOTOKOIY
3MIACHIOETHCS Y HACTYITHIH hopmi:

JlabopaTopna podota Ne 1
Harta: 12.03.09
Tema: KaTtionu nepioi aHaIITHYHOT TPYIIH.

o cnoctepiraeTbest

1o SIKUM peaKkTUBOM JIIOThH R PiBusnnsa| VYmoBwu, 3aBa-
. ) (BacTUBicCTH L .
aHauri- a00 sIKy oreparlito . . XIMIYHOT | O3HaKHW, |’Kardi
aHATUYHOT popmMu |
3yI0Th BUKOHYIOTb peakiii | Tum peakiii | ioHM

MPOJYKTY peaKiiii)
XapakrepHi peakuii K'—kariona

BuxoHaHy abopaTopHy poOOTYy CTYyIESHTH 3aXWINAlOTh Y BUKIanaya. J{ms
YCHIITHOTO 3aXHUCTy MOTPIOHO MAaTH 3BIT 1 BIpPHO CKJIACTH €JIIEKTPOHHHUHA TECT
3 TeMu Ja00opaTOpHOI POOOTH, KM 3HAXOTUTHCS HA OCBITHHOMY MOPTAi
yHiBepcuTeTy. JlomyckaeTbcst 3axuCT poOOTH 3a pe3ysbTaTaMu YCHOT
criBOECiIM, KoK MOTPIOHO BiAMOBICTH HA MUTAHHS, OB’ sI3aHi i3 CYyTHICTIO,
3aKOHOMIPHOCTSIMH SIBHILL, 5IKi CIIOCTEPIirau.
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3arajbHi npaBuJia 0e3neKku, 3acTepe:kHi 3aXoau mia yac podoTu B
ximiuHiii 1a6opartopii

JloTprMyBaHHs BUMOT IHCTPYKLII 3 TEXHIKM O€3MEeKH CTYAEHTIB i Yac
poboTH B XiMiyHiH Jlabopartopii 000B’s13K0BE.

Bxix croponHiM ocobaMm mix yac HpOBEOCHHS JaOOPAaTOPHHUX 3aHATH
3a00pOHSAETHCS.

HeoOxigHO 3HaTH po3TamryBaHHA B JlabopaTopil MPOTHIIOKEKHUX
3aco0iB, anTeykW W YMITH HUMH KOPUCTYBATHCA. Y pa3i BUHUKHCHHI B
mabopaTopii mix dYac 3aHATh AaBapiHMX CHUTyamid (MOXKeka, MosiBa
CTOPOHHIX 3amaxiB) He JOMYCKaTH MaHIKK ¥ IiANOPSIKOBYBATUCS TLIBKU
BKa3iBKaM BHKJIajaya abo 3aBigyBaya j1aboparopii.

Y pa3i HemacHOro BHUIAAKy HErailHO 3BepTaTHCSA [0 BHKIazxaya,
3aBigyBaya Jaboparopii. Cmig mnam’staTM HaWTHIOBINN  HPUKIAAH
HeOe3neku npHu podoTi B taboparopii ximii:

- OTPYEHHS KHCIIOTaMH, JIyraMu, ()eHOJIOM, ra3aMu;

- ONIKM TEpMi4Hi, IAKMMH pEYOBHMHAMH, PO3YHMHAMH KHCIOT YH
JIYTiB, HEMIOTAIICHUM BAITHOM, HOJIOM, PiTKUM OpOMOM; TMOPi3H, yIapH;

- TOTpPAIlUITHHS B OYi CTOPOHHIX TUI, IAKMX piIWH; YpaKeHHS
SNIEKTPUYHUM CTPYMOM TOLIO.

[lig yac BWKOHAHHS JTAOOPATOPHUX POOIT MOTPIOHO TOTPUMYBATHCS
TaKUX BHMOT, a caMe:

1) 1o mouarky po6otu:

— 1o mabopaTOpHHUX POOIT MOMYyCKAIOTh TUTHKH CTYICHTIB, SIKi JT0Ope
3aCBOINIM  TpaBWiIa TEXHIKM OE3NeKM Ta METOAWKY IPOBEICHHS
nmabopaTopHOi poboTH;

— TpaIfoBaTH B XIMIYHii J1abopaTopii 000B’A3KOBO B CIEIIOI31;

— XIMIYHI peakTHBH, MpPU3HAYEHI IJISl JOCIHIAIB, CTyJEHTaM BHUJIA€E
BHKJIa1a4 200 JabOpaHT y KiJIBKOCTSIX, NepeadaueHuX METOIUKOIO;

— 3a00pOHSIEThCSL ICTH, TIMTH B JIaboparopii, 3axapailyBaTy MPOXOIu
CYMKaMH;

2) migygac poboru:

— He BUXOJUTH 3 J1abopaTopii 6e3 103B0Jy BUKIaZada, He BXKUBATH 1Ky
B J1aboparopii;

— Iepel BUKOPUCTAHHSAM OYZb-SKMX PEYOBHMH ISl JOCIHIAIB YB)KHO
PO3MIISTHYTH €TUKETKY Ha CKISHI, y sKili 30epiraloThCsi peakTHBH, JUIS
3ar00iraHHs MOMIJIOK, 110 MOXYTh IPU3BECTH JIO HEIIACHUX BUIIA]IKIB;

— JIOCHiIA TPOBOAUTH 3 THUMH KUIBKOCTSAMH W KOHIICHTpAIisIMHU
PEYOBHH y MOCY/Ii 32 THX YMOB 1 TIOCJIITOBHOCTI, sIKi 3a3Ha4€Hi METOINKOIO;




MIHICTEPCTBO OCBITU I HAYKH YKPATHU
JEPKABHHMI YHIBEPCUTET < ZKUTOMHUPCBHKA ®-23.07-
JKuromupeska MNOJITEXHIKA» 05.02/2/101.00.1/MB/OK13
MoJTiTeXHiKa Cucrema ynpasiinns sikictio Bianosinae ICTY ISO -2021
9001:2015
Exsemnasp Ne | Apx 9418

— HacHIaTy abo HaJIMBATH PEaKTHBU CJiJI HA CTOJI;

— 3a00pOHsIETbCS OpaTh peakTHBU HE3aXUIIEHHMHU PyKaMH, IUIS IIbOTO
BUKOPHCTOBYBaTH (ap(OpoBi JIOXKKH, IIIaTeli 800 COBOUKH;

— HE JI03BOJISIETHCS MPOCUIIAHUHA a00 MPONUTHH BHUMAJAKOBO PEAKTHB
3cunaty abo 37MBaTH Ha3aJl y Tapy 10 OCHOBHOI KiJIbKOCTI pEaKTHBIB;

— yci omepanii 3 JITKO3aiIMUCTIMH PEYOBHHAMH, KOHIIEHTPOBAHHMHU
KHCJIOTaMH Ta JyraMH i poOOTy 3 METaJIiYHUM HATPiEM IPOBOIUTH JIUIIIE Y
BHTSDKHIN 1madi;

— 3a00pOHSAETHCA 3ANUIIATH O3 HATIISAY 3alajieHi CIIUPTIBKH, a TaKOXK
YBIMKHEHI €JIeKTpOHATPiBaIbHI IPUIIAIM;

— i 4yac HarpiBaHHs piAMH HE 3a3MpaTd B IOCYJMHY (HaBiTH Yy
mpobipKy) 3ropu, 00 B pa3i MOXKJIMBOTO BUKHIAHHSA HArpitoi peYyOBHHU
MOXYTb OyTH HELIACHI BUIIAIKH;

— JUIS YHUKHEHHS BUKUAY KHUIUIAYO! PIAMHH 3 peakUiitHOI MmocyIuHU
HarpiBaHHs ii MPOBOAMTH PIBHOMIPHO, YacTO MEPEMILIyIOYH, 3a3/alerijb
MOMICTUBIIM Ha JHO MOCYJUHU 2—3 KHUII'SATHIbHUX KaMiHIi (ApiOHi
IIMaTOYKM  THOPUCTOrO  HEOPraHiYHOrO  Marepially,  HaNpHKIaZ
HET1a3ypOBaHoi OOIHIFOBATEHOT IUTUTKH);

— HarpiBaHHSA TPOOIPOK 3 PEUYOBHHAMH MPOBOTUTH IOCTYIOBO 1
PIBHOMIPHO, TpUMaTH TPOOIPKy 3a MOIMMOMOTOIO CIIEIiaTbHOTO 3aTHCKYBada
MTOXUIIO, TIEPIOJUYHO CTPYIIYIOUH, CIPSIMOBYIOUH OTBIp MPOOipKHu Bix cebe
Ta BiJI IHIINX JIFOJICH, SIKi MPaNOI0Th y JabopaTopii;

—BH3HAYaTH PEUOBHHY 32 3allaXOM HACTYIHHM YMHOM — JIETKHM PyXOM
JIOJIOHI HaJl OTBOPOM IIOCYJMHHU CIpSMyBaTd mnapy abo ra3 ;o Hoca i
BIUXATH 00EPEIKHO;

3) micns 3akiHUCHHS POGOTH:

— BaIMIIKKA KHUCIIOT, JIYTiB, CIPYUCTUX CIHOJIYK, BOTHEHEOE3NEeYHUX
pIAMH 37MMBATH B TIpU3HAYCHI JUIS i€l METH CKISHKM (HE BHJIMBATH B
PaKOBHHN);

— BHMHTH JaOOpaTOPHUH IOCYH, PO3CTABHTH €MHOCTI i CKJSIHKH 3
pobouYrMH pO3YMHAMH Ha X MICLs, BUTEPTH pOOOYY MOBEPXHIO CTOJY,
3aKPYTHTH BOJIONIPOBI/IHI KpaHW, BUMKHYTH €JIEKTPONPWIAAN, BUTSDKHY
BEHTWIIALIIO 1 IOTacUTH CBITJIO B Jlaboparopii;

— peTeNbHO BUMUTH PYKH 3 MHJIOM.




MIHICTEPCTBO OCBITH I HAVKH VKPAIHU
JEP)KABHUU YHIBEPCUTET « X KUTOMUPCBKA ®-23.07-
JKuToMupebKa MOJITEXHIKA» 05.02/2/101.00.1/MB/OK13
MoJTiTeXHiKa Cucrema ynpasiinns sikictio Bianosinae ICTY ISO -2021
9001:2015
Exsemnasp Ne | Apx 9419
SAKICHUW AHAJII3

Jnst  BU3HAYeHHS  SKICHOTO  XIMIYHOTO  CKJagy  pEYOBUHHU
KOPHUCTYIOTBCS SIK XIMIYHMMHU, TaK i (PI3UKO-XIMIYHUMU METOZaMH aHAaJIi3Yy.

XiMi4HI METOIM OCHOBaHI HA BHKOPUCTaHHI XIMIYHHUX pPEaKIii
MEBHOTO eJIeMEeHTa 3 pI3HUMH peareHTaMu. Y SKICHOMY aHaji3i
BHKOPHCTOBYIOTHCS aHANITHYHI peaKiii. AHATITHYHA PEaKIlis — IIe PEeaKiis,
10 CYNIPOBOIKYETHCS IKUM-HEOYIb 30BHIOTHIM eeKToM (YTBOPEHHAM a00
PO3UMHEHHSM Ocaly, BUAUJICHHAM Ta3y, 3MiHOIO KOJNbOpPY PO3UMHY H T.I.),
SIKHHA JTO3BOJISIE 3pOOUTH BHCHOBOK PO HASsIBHICTH BIAMOBINHUX 10HIB a0o
MOJICKYJ] B aHaJi30BaHii pedoBHMHI. AHaNITHYHI peakuii IOUIATbCS Ha
cneuudiyHi i rpynos.i.

Cnenndiuna peakuist — 1e aHATITHYHA PeaKilis, 30BHIIIHIA epeKT
SIKOT XapaKTepHHUH TiJIBbKH JUIS JAHOTO ioHa abo CIOJyKH. 3a JOMOMOTOI0
cneuudivyHol peakuii iOH MOxe OyTH BHSBJICHUH Yy NPHUCYTHOCTI IHIIMX
1OHIB.

I'pynoBa peakmis — 1e peakiis, 3O0BHIMHIN edekT Kol
XapaKTepHUH IJIs TPYIH i0HIB. 3a JOMOMOTOIO TPYMOBHUX PEaKMiid Ccymimri
10HIB PO3IUIAIOTH HAa aHANITHYHI TPYIIH.

BinmpmicTh aHATITHYHUX peakliii BUKOHYETHCS y BOASHUX PO3UHHAX.
Tak sK mepeBakHAa OUTBIIICTF HEOPTaHIYHUX CIIONYK Yy PO3YHMHAX
JMCOLIIOBaHO, TO IIPW aHaNi3l NMPAKTUYHO BU3HAYAIOTHCS HE €JIEeMEHTH
B3araji, a ioHW. ToMy SIKICHUI aHami3 OUIMTBCS HA aHai3 (BiOKPUTTS)
KaTIOHIB i aHaJIi3 aHIOHIB.

JlpoOHuii i cucteMaTHYHUI MeTOAN aHATI3Y.

SIkicHuit  aHani3 Moxke OyTM  BUKOHaHUH  JpoOHMM  abo
CHUCTEMAaTHYHUM METOIOM.

JpoOHmii MeToJ aHaNi3y MOJIATaE B TOMY, IO 10HH BiIKPUBAIOTH Y
Oyab-sKil ITOCIIZOBHOCTI 32 JIOTIOMOTOO CIICIIU(IYHUX peakIliii B OKpeMux
mpo6ax po3UMHY B MPHUCYTHOCTI iHIKX ioHIB. OHAK, HE 3aBXKIU IPOOHUI
METOJ{ MOKHa BUKOPUCTOBYBATH Ha MPAKTHIII, TOMY IO HE AJIs BCIX 10HIB €
cneuudiuni peakuii. Tomy npm aHamizi cymimi IiOHIB B OCHOBHOMY
KOPHUCTYIOTHCSI CHCTEMAaTHYHUM METOZOM aHaMi3Yy.

CucreMaTHYHUNA METOJ SKICHOTO aHali3y TMOJsrae B TOMY, IO
CyMIIII i0HIB 3a JIOTIOMOT0I0 TPYTIOBUX PEAreHTiB MONEePEIHBO PO3AUISIOTE Y
MeBHIM TOCHiZOBHOCTI Ha aHamiTHYHI Tpymu. OKpeMi 10HM ycepeawHi
KO’KHOI TPYTIH BHSIBIIIIOTHCS 32 JOIOMOTOIO iX aHAMITHIHHUX PEeaKmii micis
oIty abo B yMOBaX, 1110 YCYyBalOTh (MAaCcKYIOTh) BIIMB iHIIIUX 10HIB.
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AHAJIITUYHA KHUCJIOTHO-OCHOBHA
KJIACU®IKAIIA KATIOHIB

B OCHOBI KHCJIOTHO-OCHOBHO1 knacudikarii KaTiOHIB,
sanporonoBanoi C.JI. beckoBum i O.A. Cnu3KOBOIO, JICKHTH IX pi3HE
BiTHOIICHHS MO XJOPHIAHOI i Cyib(aTHOI KHCIOT, OO PO3YMHIB JYTiB 1
amoHiaky. KaTioHU ninaThcs Ha MIiCTh AaHATITUYHHX TpyH (AuB. TadmI. 1).

[epma ananiTH4yHa rpyna KaTioHIB (PO3YMHHA TpyTa) BKIIFOYAE
iorn K*, Na* i NH4*. Il# rpyma He Mae IrpymoBOTO peareHTy, TOMY IO
OUTBIIICTH CITOJTYK KAaTiOHIB Li€i TPYITH J0Ope pO3YHHHI Y BOII.

Jpyra ananiTHYHa rpyma KarioHiB (XJIOpHIHA Tpymna) BKIIOYAe
kationn Ag*, Hg2%*, Pb?. T'pynoBuM peareHToM € XJIOpUIHa KHCJIOTa, 110
0CaKY€ i KaTIOHU y BUTJISII MAJOPO3UMHHUX XJIOPHIIB.

Tpersi ananitnyHa rpyma kaTioHiB (cyjibdaTHa rpymna) BKIIOYae
kationu Ba?*, Ca®*, Sr?*. Ix rpymoBuM peareHTOM € cynb(aTHa KHCIOTA,
110 OCAJPKYE 11i KaTiOHW Yy BUTJISII MaJIOPO3YMHHUX Y BOJI CyJbdaTiB.

YerBepra aHANITHYHA Tpyna KarioHiB (aMmdoTepHa Tpyma)
noeanye kationu ALY, Cr¥, Sn?*, Zn?*, 'pynoBUM peareHTOM CIy:KUTb
PO3YMH JyTy, TIpH [il HAUIMIIKY SKOTO YTBOPIOIOTBCS PO3YHHHI
KOMIUIEKCHI CITONYKH (TipOKCOKOMIUIECKCH).

[I'aTa apamiTHYHA Tpyna KaTioHiB (TIAPOKCHIHA Tpyma) BKIFOYAE
ionn Mg?, Fe*, Fe®*, Mn?, Sb*. Sk rpynosuii peareHt
BUKOPHCTOBYEThCS 25%-HUI PO34YMH aMOHIaKy, 10 OCaJDKY€E Il KaTiOHH y
BUTJISII T1IPOKCHIIB, HEPO3UYMHHUX Y HAJIMIIKY PEareHTy.

locTa aHajiTHYHA Tpyna KaTioHIB (aMiayHa rpyrma) MoeJHye 10HH
Cu?*, Co?*, Ni?*. Tpynosum pearentoM € 25%-Huil pO3YUH aMOHiaKy, IIpH
HAJUIMIIKY SIKOTO YTBOPIOIOTbCS PO3YMHHI y BOJI KOMIUIEKCHI CHOJYKH
(amiakaTm).

Amnamiz cymimi kartioHiB [-VI aHamiTHYHUX TpyI, 3aCHOBaHUN Ha
KHCJIOTHO-OCHOBHIH Kiacu(ikarii, MOYNHAIOTH 3BHYAIHO 3 BHUSIBICHHS 10HA
aMOHII0 IPOOHUM METO/IOM.

CucreMaTHYHHHM aHadi3 MHOYMHAIOTH 13 OCAaIKEHHS M BiIIiICHHS
xsopuniB karioHiB Il anamitmunoi rpymum. IlotiM mepeBoxasTs B ocan i
BiTOKpeMITIOIOTh cynbdaTu KatioHiB Il anamiTruHoi rpymm. ITpu o6pobi
pO34MHY, OTpUMAHOTO Ticist ocamkenHs katioHis II 1 Il anamiTiaHuX TpyII,
HQUTIIIKOM PO3YMHY HATPid TiAPOKCHIY B OcCaj MEPEeBOAATH OCHOBHI IO
CBOI# mpupoi rizpokcuau KatioHiB V i VI rpym, a B po34nHi 3aJIMIIAI0TECS
KaTioOHHA v aHATITHYHOL rpynu y BUTIISAI1 BIIIMOBITHUX
T1IPOKCOKOMILIEKCIB.
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Tabnuyn 1
AHaJIITHYHA KHCJIOTHO-OCHOBHA Kjacupikaisi kaTioHiB
Ne Kationu I'pynosuit XapakTepucTuKa Xapakrep
rpynu peareHT rpynu OJICPIKYBaHUX
CIOJYK
| K", HEMae XJIOPUJIH, pO3UnH
Na*, cynbgary, K*, Na*, NH4*
NH4* T1IPOKCH/IH,
pPO3YMHHI Y BOAI
1 Ag*, 2 M po3unH | XJIOpHUIH, ocan
Hg2?, HCl MAaJIOPO3YHHHI Y AgCl, Hg:Cly,
Pb% BOMi i y PbCl.
PO3BEACHHUX
KHCIIOTax
Il Ba**, 1 M po3unH | cymedatw, ocan
Ca?, H,S04 MaJOpO3YUHHI Y BaSO4, CaSO0s,
Sr#* BOIi A1y SrS04 (PbSOa4)
(Pb?*) PpO3BEIEHNX
KHCITOTax
v AP, 4 M pozunn | amdorepHi po34nH
Cr¥, NaOH TiIpOKCHIH, [AI(OH)4],
Sn?*, PO3YMHHI B [Cr(OH)4],
Zn** naguuky NaOH | [Zn(OH)4]%,
(Sb®) [Sn(OH)4])*
([Sb(OH)4])
Vv Mg?, 25%-unit TiIpoKcuan, He ocan
Fe?*, pO3UHH PO3YHHHI B Mg(OH)2,
Fed, aMOHiaKy naummky NaOH Mn(OH),
Mn?*, i amoniaky Fe(OH).,
Shs* Fe(OH)s,
Sb(OH)3
VI Cu?, 25%-nnit TIAPOKCUIH, PO34MH
Co*, pO3unH MaJlOpO3YHHHI B [Cu(NH3)4]%*,
Ni2* amoniaky | Hammmky NaOH, | [Co(NHa3)s]?*,
aJie po34YHHHI B [Ni(NHz3)s]?*
HATHIIKY
aMOHiaKy
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Jlabopamopuna poboma Ne |
TEOPETHUYHI OCHOBU AHAJITUYHOI XIMIi.
PO3B’SI3YBAHHS 3AJTAU. OBJIAJTHAHHS I TEXHIKA
JJABOPATOPHUX POBIT 3 AHAJITUYHOI XIMII

JlaGopatopni poOoTH 3 aHANITHYHOI XiMii (SIKICHOTO 1 KiJTbKiCHOTO
aHaNl3y) € HAWBAXKJIMBIIIOI CKJIAJOBOI0 YaCTHHOIO Kypcy. BHKOHaHHS
poOiT B maboparopii aHATITHYHOI XiMii 3B'sI3aHE 3 JEAKOI0 Hebe3NeKoro, 00
OUTBIIICTH PEYOBWH, 3 SKAMH TMPAIIOIOTh CTYACHTH, OIIBII YW MEHII
HeOe3nmewHi. ToMy KOXXHHHM MPaIoYHid y JT1adbopaTopii aHAITHIHOT XiMii
HE3aJIC)KHO BiJl XapaKTepy CKCIePHUMEHTY IOBHHEH JO I0YaTKy poOIT
MO3HAHOMHUTHCS 3 TAOOPATOPHUM OOJIATHAHHSIM 1 3 OCHOGHUMU RPAGUNAMU
mexHiku 0e3nexku podOTH B aHATITHYHIHN JabopaTopii.

1. 3a00poHSETBCS TpalOBaTH OJHOMY B Jlabopatopii, OCKUIBKH B
pa3l HemiacTs HIKOMY IIOaTH JOIOMOTY WOTEpIIOMY 1 JIIKBioyBaTtu
HACJIiJIKN HEI[aCHOTO BUIAJKY.

2. KoxHuil mpauroo4uii NOBUHEH 3HATH, J€ 3HaXOAATbCA B
nabopatopii 3acoOU MPOTHITOKEIKHOTO 3aXUCTY (MUK 3 TPOCITHUM ITICKOM
Ta COBKOM JUI1 HHOTO, IPOTHUIIOKEKHA KOBJPA, 3apsUKEHIH BOTHETACHHK)
Ta anTeyka, siIka MICTUTH Bce HEOOXigHE JUId HaJaHHS IepIIoi JOIMOMOTH
(po3uman KMnO4, H,BO3, NaHCO3 i cnmpToBuHii po3uuH OOy, CIHPT,
Bara, OMHTH, [JIACTUP, Ma3b BiJl OIIKIB).

3. Mix yac poGotu B nabGoparopii Ciif JOTPUMYBATUCS MPaBHI
TEXHIKHU Oe3MeKu.

4. He MoHa MouyuHaTH pOOOTY, MOKH HE 3acBOIII BCiei TexHIKH 1T
BHUKOHAHHSI.

5. KareropudHo 3a00pOHSETBCS OpaTH pEYOBMHM pyKaMH i
npoOyBatn iXx Ha cmak. HioxaTu pedyoBHHM MOJKHA, JIMIIE OOEPEkKHO
HanpaBJsIOYM Ha cebe ra3W 4u mapy JEeTKUMH pyxamu pyk. He MoxHna
HaXWISTHCS HAJ TIOCYOM 1 BANXATH HA TIOBHI IPY/IH.

6. Bci nociian BUKOHYIOTH JHIIe B ynctoMy nocyni. [licis koxHoro
eKCIIEPUMEHTY TI0CY /1 3pa3y kK HEOOXiTHO TOMUTH.

7. Ilig yac po6OTH HEOOXiTHO NOTPUMYBATHUCH YHCTOTH, OXaWHOCTI.
CrinkyBaTy, 00 PeYOBUHHU HE MOTPAIUBIIN HA PYyKH 1 OOIHYYS, TOMY IO
Jeski 3 HUX (KHCIOTH, JIYTH Ta iH.) BUKIMKAIOTh. PYWHYBAaHHS HIKipH i
CIIU30BHUX OOOJOHOK.
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8. EKOHOMHO BHWTpayaTH pPEaKkTUBH, JHCTHILOBAHY  BOJY,
eJIeKTpocHepTito 1 ra3. Ilicns 3akiHYeHHS POOOTH HEOOXiTHO BUKIHOYUUTHU
BOJIY 1 €JICKTPOCHEPTIIO.

KypHTH.

IMpaBujia podoTH 3 HeOe3NEYHUMH, JIETKO3AHMUCTUMH i

TOKCHYHUMH PEeYOBUHAMM.

1. Bci pobotm 3 HeOE3MeYHUMH 1 TOKCHYHUMH PEUOBHHAMM
(mpuknan: AMOPOM, OpraHivYHI PO3YUHHUKHN (IPHKIAL: XJIOpOhOopM, alleToH,
OeH30i1, TONyo), HiTporeH miokcun (NOz), TOIIO) HEOOXITHO MPOBOJUTH
JIMILIE Yy BUTSDKHIN 1adi, npuuoMy nBepii mady MOBUHHI OYTH ONMyIICHUMH
Ha 1/2, i B TyMOBHX pyKaBHYKaXx.

2. Jlocmian 3 JIErKO3aiMHCTUMH, BOTHCHCOC3MCYHUMHU, PIIHHAMHU
(npuknan: edip, aneToH, OEH30J1 YK 1HII OpraHiuHI PO3YMHHHUKH), OB's13aHi
3 HarpiBaHHsM, HEOOXiJHO NMPOBOJMTH Ha IIONEPEAHbO HArpiTiil BOAsHIH
0aHi 3 BUMKHYTHM MaJbHUKOM. IIpu poOoTi 3aBkau Tpeba MaTtH MmooIu3y
JUCTOBHH a30€cT 1 MiCOoK.

3. Skuo po3nHAM  BOTHEHEOE3MEeYHYy PEYOBHHY, HEOOXIIHO
BUKJIIOYMTH BCl MAJbHUKH, 3aCHIATH ITICKOM DO3JIUTY PEUOBUHY, MOTIM
00epexHO Bce 310paT 1 BUKHHYTHU Y CIICLIaTBHO BiIBEACHY Tapy.

4. HeoOXigHO BMITH KOPHUCTYBAaTHCS BOTHETaCHHKOM, SIKUH € B
naboparopii aHaTITHYHOT XiMil.

5. Ilpu 3aropanHi ofexi Tpeba HAKWUHYTH Ha MOTEPIIIOr0 a30ecToBi
JIUCTH, SIKi TIOBUHHI JIGKATH MOCTIHHO B JTabopaTopii.

PoGoTa 3 oTpyiiHUMH pe4OBMHAMM.

1. Bci poGotn 3 OTpyHHMMH 1 igKMUMH pEdOBHHAMH HEOOXiTHO
MIPOBOJIUTH y BUTSDKHIN 1madi 3 omymeHnnmMu Ha 1/3 neepustamu madu.

2. lpunan y BUTsDKHIN madi He po3OHparoTh, A0 THUX Tip, MOKH 3
madu He Oy/Je BUTICHCHHI BECh ra3 UM Iapa PSYOBHHHU.

3. [ToppiOHeHHS INKHUX JYTiB, KNI IIEPMaHTaHATy TOIIO HEOOXITHO
NIPOBOINTH Y BUTSDKHIM mmadi 3 omymeHUMH IBepisiMu madu Ha 2/3 1 B
FYMOBHUX pyKaBHYKaX.

4. Tlpu po3YMHEHHI KOHIIEHTPOBAHOI CyNb(hATHOI KHUCIOTH y BOJI,
IIpU TIPUTOTYBaHHI XPOMOBOI CyMilli, NMPH 3MINIyBaHHI CHJIBHHUX KHCIIOT
(mpuxmazn: HITpaTHOI i Cynb(aTHOI KHCIOT, HITPATHOI 3 XJIOPHIHOIO CIIJ
KOPHUCTYBATHUCS TiNbKH TOHKOCTIHHUM ITOCYZOM.

5. Tapstai pigviHA HE MOYKHA BIMBATH Y TOBCTOCTIHHHUN TOCY/I.
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6. He MoxHa BWIMBAaTH y PAaKOBUHH 3QJUNIKK KHCJIOT, JIYTiB i
BOTHEHeOe3MmeuHuX peuoBrH. Lli piquHM 3MUBAIOTh Y CHCIiaibHI CKIISHKH,
SIKl 3HAXOJISIThCS Y BUTSDKHIHN 1madi.

Ilepma gomoMora npu omikax Ta OTPy€HHSIX.

1. Ilpm HEe3HAYHUX TEIUIOBUX OINKaX IIKipy HEoOXiaHO 00poOHUTH
MPUMOYKaMH 3 €TaHody abo BogHMM po3unHoM KMnOs 3 MacoBoro
YacTKOIO PEYOBUHH 5%.

2. Ilpn "XiMigyHEX omikax" IAKUMH pPEYOBHHAMH (KHUCIOTaMH YU
JlyraMy) HEOOXiJTHO TMPOMHTH YpaKEHE Miclle BEIMKOI KIUIbKICTIO
BOJIONIPOBIHOT Boxu, a Toai BogHuM po3unHoM NaHCOs, 3 MmacoBoro
yacTKolo peuoBuHH 3% (po3BeneHuM po3unHom CH3COOH), micns yoro
3HOBY TMPOMHUTH BEJIMKOK KUIBKICTIO BOAM. AHAJIOTIYHHM CHOCOOOM
3ano0iraroTh MOMIKOKEHHIO OAATY Ta B3YTTs, KOJM Ha HHX IIOTAAal0Th
kuciora abo ayr. IIpu noTparuisHHI XIMIYHUX PEYOBUH B O4i, IX HEOOXIIHO
MIPOMHUTH BEJIMKOIO KIUJIBKICTIO BOJH, MOTIM PO3BEJCHUM PO3YMHOM OOpHOT
kuciotn H3BOs, 1 HeraifHO 3BepHYTHCS 10 JTiKaps.

3. Tlpu BauxaHHi mapiB auOpomy Tpeba TIMOOKO TMOIUXATH Ha
€TaHOJIOM, a TOJIi BUIIUTH MOJIOKO i BUMTH Ha CBIXE MOBITPSI.

4. He MoxHa mpoOyBaTH Ha CMak i1 HIOXaTH OTPYWHI 1 B3araii
HEBiZIOMi pEYOBHHU.

5. Ilpm BHUmagKoBOMYy TIOTPAIUITHHI pPEaKTHUBIB  BCEPEOHHY
PEKOMEHYEThCSI BUIIUTH sikoMora Oinbie Boau. [lotiM HeoOXinHO: a) mpu
OTPYEHHIO JyraMH BUIIMTH PO3YMH aleTaTHOI, €TaHOBOi abo JIMMOHHOL
KHCJIOTH 3 MacOBOIO YaCTKOK PO3YMHEHOI peuoBHHH 2%; 0) Npu OTpyEHHI
KHCJIOTAaMHM BHUIIUTH CTakaH pO34YMHY HATpid rigporeH kapOoHaty 3
MaCOBOIO YaCTKOK Po34rnHEeHOi pedoBuHU 2%.

6. [Ipu Oyb-IKOMY OTPY€EHHI HEOOXITHO CTBOPUTH OUTBIIHIA MTPUTOK
CBIXKOTO TIOBITPsI 200 BUHECTH MOTEPIILIIONO Ha CBIXE MOBITPSI.

Oo0siagHaHH i TexHiKa J1a0opaTOPHUX POOIT.

1. Micue Ha mabopaTOpHOMY CTOJ, 3a SKUM IHpALIOE CTYAEHT Y
naboparopii aHaTITHYHOI XiMii, 3aKpIIUISIETbCA 32 HUM Ha BeCh 4ac HOTro
po6otu. Lle poboue mice cTyaeHTa, 3a 30epeKeHHsI IKOTO BiH BiAMOBIIaE.

2. Ha poGouomy Mmicui He TOBHHHO OyTH CTOPOHHIX peuei, siki He
MAIOTh BIJIHOIICHHS /10 BUKOHAHHS 3aB/IaHb.

3. KoxeH CTyIeHT MOBMHEH BUKOHYBATH BCi JOCHITM TIABKH Ha
CBOEMY POOOUOMY MICIIi.
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4. PeakTnBM Bii0eparoTh IIETKOIO 1 IEPEHOCATh, HE TOPKAIOYHCH
KIHYUKOM TINEeTKH J0 CTIHOK MPOOIpPKA YU IHIIOTO MOCYdy, B SKOMY
NIPOBOAATH peakuito. [yt poboTH HaOUPaIOTh y MiNeTKy Hebararo po34yuHy,
OCKIJIbKM HEBUKOPHCTAaHY YacTUHY PO3YMHY PEaKTHBY HE MOXKHA 3JIMBATH
Ha3al y CKISHKY 3 peakTuBoM. CKISHKM 3 peakTHBaMH ITOBHHHI
3HAXOJIUTHUCS Ha MOCTIHHUX MICIAX, BUHMATH iX 3 AIIUKA 91 MIEPCHOCUTH 3i
CTOJly Ha IHIMWK, OpaTH OyAb-KHH IOCYH, MPWIATX 1 T.II. 3 TyXKOTO
po00YOro MicHsa KaTeTOPUIHO 32a00POHSIETHCA.

5. Tlepm, HIX 3aJHIIUTH JTA0OPATOPil0, KOXKEH CTYNEHT MOBHHEH
puOpaTH CBOE poOOYe MicCIle, 3aKPUTH BOJOTPOBITHI KpaHU Ta BUMKHYTH
CJIEKTPUKY O1JIs1 CBOTO MicCIlsl pOOOTH.

Ipukaaau po3B’A3yBaHHS 3224 3 TEOPETHYHHX OCHOB

aHAJITHYHOI Ximii.

3agauya 1. OOYMCIUTH CTYNiHb JAWCOLIAlil OLTOBOiI KHUCIOTH Yy
pO3uMHi 3 MOJIIPHOIO KoHIeHTpanicto pedosran CH3COOH 0,1 mons/ame.

Jano:

Cu(CH3 COOH) = 0.1 mons/mm®

o(CH3COOH) —?

Jls po3B's3yBaHHS 3a7a4i HEOOXIJHO B3SATH 3 JOBIIHHKA 3HAYCHHS
KOHCTAaHTH Aucomianii onerosoi kucnotu: K, (CHsCOOH) = 1,74-107.

Po3zB's3yBanHs:

1) Skwuit cTyniHb AMCOMiAlii alleTOBOT KUCIOTH y PO3UHHI?

Dopmyiia

OTtxe, o( CH;OOH) = 1,33%.

Bignosige: 1,33%.

3amaua 2. O6uucnury HouHy cuity y 0,01 M po3uuni KC1.

Jano:
Cu(KC1) = 0,01 mons/mm®
Po3zp's3yBanHs:

1). flka #oHHa cuia y pO3YMHI Kalliil XJOpUAY 3 MOJIPHOIO
koHuenTpauieo pedopunn KC1 0,01 mosn/am3?

u=C(KC1), u= 0,01 moms/mm>,

Ockinpku Kamiii xjopun OiHapHUH CHIBHHHA €JIEKTPOJIT, KUK Yy
BOJJHOMY pO34MHi MOBHicTIO aucomifoBanmii, To C(KC1) = C(K*) = C(CL)).

B.: 0,01 mons/mm°.

3agava 3. OOUMCIUTH aKTUBHICTH HATPill 1 HITPAT 10HIB y PO3YMHI
HaTpiil HITPaTy 3 MOJIAPHOIO KOHIEHTpamicio peuosranu 0,1 Mons/mme.

Jano:
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0,1

cunn?

C (NaNOs) = 0.1 mons/nm®
a(Na*)-? a(NO3) —?
Po3B's3yBanHs:

1) SIka MoJsipHA KOHIICHTpALlisi PEYOBHHU KOXKHOTO HOHA Y pO3uuHi?

NaNO; = Na* + NOg
1 Mmom» — 1 momb 1 mop
0,1 moms — 0,1 moas 0,1 moib

(O6'eM pozumnHy cramuii. Harpiéi HiTpaT y BOJHOMY pO3YHHI
CHJIBHHH EJICKTPOITIT).
Otxe, [Na* ] = [NO3] = C(Na®) = C(NO3) = C(NaNOs3) = 0,1 mo:15

2) Slxa lioHHa cuJia y pO34MHI HaTpii HiTpaTy?

W= 12[C(Na*) - Z%a. + C(NO3) - z%n0 = 1/2-[0,1 -12+ 0,1 -17] =

3) Sxwuii koedilieHT aKTUBHOCTI HATPIH 1 HITpAT 1OHIB 3a Li€l HOHHOT

(3unaueHHs KOedillieHTa aAKTUBHOCTI OEPYTh 3 TOBIIHUKA).

f (Na*) = f (NOy) = 0,81

(KoedimieHTH aKTUBHOCTI HMOHIB pIiBHI, OCKUIBKM HOHH MaroTh
OJTHAKOBHIA 32 BEJIMIHHOIO 3apsij).

4) SIka aKTUBHICTB HATPI# 1 HITpAT 10HIB y pO3YHHi?

a(X) = [X] - f,
ne [X] — MoIsipHa KOHIIEHTpAIlis HOHA.

a(Na*) = a(NOgz) = 0,1 moms/am® - 0,81 = 0,081 momb/nm?

Binmnosizns: 0,081 moms/ame.

3amaua 4. O6uucautu pH y 0,01 M po3unHi HITPaTHOI KUCIIOTH.

Jano:

C(HNO3) = 0,01 monb/nm®
pH-?

Po3zB's3yBanHs:

1) SIxa momsipHa koHuentpattis [H*] y po3uuni?
[H*] = C(HNO3) = 0,01 moms/nm?,

OCKIJIbKM HITpaTHa KHCJIOTa Y BOJHOMY pO3YMHI — CHJIBHHH
SJIEKTPOJTIT.

2) Sxwuit pH po3unny?
pH = - Ig[H*] =-1g0,01 =2
Biamosings: pH = 2.

3agaya 5. OGuncnutu pH y 0,05 M po3umHi Kamiéi rigpokcumy
(KOH).

Jano:
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C(KOH) = 0,05 mosnb/mm®

pH-?

Po3B's3yBanHs:

1) SIxa momnsipHa xonuentpauis [OH] y po3uuHi kxaniit rigpokcuny?

C(OH") = C(KOH) = 0,05 monb/nm3, oCKinbkM Kajilf rigpokcua y
BOJHOMY PO3YHHI — CHIIbHUN EJIEKTPOJTIT.

2) Axuii pOH po3unny?

pOH=-lg[OH ]=-1g 0,05=1,3

3) Sxwuit pH po3unny?

pH=14-pOH=14-13=127

Bignosigs: pH = 12,7

3agaya 6. Yu yrtBopuThCA ocan, sxkmo g0 0,01 M posumny
witoMObym aunitpary — Pb(NO3), momatu piuuii 06'em 0,01 M posuuny
kanii cynsdary KoSO4? Ha3Batu peuoBuHy ocany.

Hano:

C(Pb(NO3), = C(K2S04) = 0,01 mosn/nm®

Yu yTBOpHTBCS ocag — ?

Jlns po3B's3yBaHHS 3a7a4i HEOOXIJHO B3SATH 3 JIOBIIHHKA 3HAYCHHS
I00YTKY PO3YMHHOCTI Ti€l MaJOpO3YMHHOI CIIONYKH, SIKa YTBOPIOETHCS B
XIMIYHIH ~ peakmii ocapkeHHA, Y JgaHoMy Bumaaky 1ie  PbSOa:
JPposos= 1,6-108

Po3B'szyBanHs:

1) SIki MoNsIpHI KOHIEHTpAIil KOXXHOI PEYOBHHH B PO3YMHI MiCIs
3MIIIyBaHHS PO3YHHIB?

C(Pb(NO3)2) = C(K2S04) = 0,005 mons/am® (mpu 31uBaHHI ABOX
piBHHX 00'eMiB PO3UMHIB 3arajibHUI 00'€M pO34YHMHY 30UIBIIUBCS y 2 pasy, a
MOJISIpHa KOHLIEHTpAIlisl KO)KHOI PEYOBHHHM B PO3YMHI 3MEHIIWIACh y 2
pasm).

2) SIki MossipHi KoHUeHTpauii ioHiB Pb?* i SO4% y po3uuni?

[Pb?*] = C(Pb(NO3)2) = 0,005 mMomns/am®

[SO4*]= C(K2S04) = 0,005 mMoms/am®,

ockinbk# (Pb(NO3)21 K2SO4 — crutbHi enekTpomiTy.

3) Sxuit 106yToK MONSApHUX KOHUEeHTpaniit Pb?* i SO42 y posunni ?

[PbZ*][SO4*] = 0,005momns/mM3-0,005moms/nme = 2,5-107°

4) TIlopiBHATH mOOYTOK MOJSPHUX KOHIIGHTpALif PEdOBHH
mwrroMOyM(2+) 1 cynbdat-ioHIB 3 [P pysos:

2,510% > 16-10%
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Omxe, mpu 3muBaHHi piBHEX 06'emiB 0,01 M po3uunie Pb(NO3z)2 i
K>SOs yTBOprOETBCS TEpECHUYCHHMH PO3YMH, TOMY BHUIIAJa€  0CaJ
wiroMOym(11) cynbdaty — PbSOs,

Binmnosige: Tak.

3agaua 7. Uu Oyze xsopHa Bojia OKHCHIOBATH Kaniit 6pomin (KBr)?

PosB's3yBanns:

Jl1s1 BIATIOBIII HA 3alMTaHHSA HEOOX1IHO:

1) B34TH 3 JOBITHWKA 3HAYCHHS CTAHIAPTHUX OKHCHO-BITHOBHHX
norenmianis mapu Clo/2Cl 1 Bro/2Br:

E°(Cl/2CI) = +1,35 B, E°(Brz/2Br) = +1,06 B. Omxe, mapa
Cl2/2C1" Oyne OKMCHUKOM I10 BiJHOILEHHIO J10 apu Bro/2Br.

2) 3HaWTH PI3HUIIO CTAHAAPTHUX OKHCHO-BIJTHOBHUX TOTEHI1aJiB:

AE°= E°(Cl,/2CI") - E°(Br2/2Br)=1,35B - 1,06 B=0,29 B.

BignoBigs: Pi3HWIlE MOTEHIANiB MO3UTHBHA, TOMY pPEaKIlis
MOXKITHBA.

THopsaoox euxonanns pobomu:

1. Iono-o0MinHi peakmii. B oxpemi mpoOipku 10 TphOX Kpareib
OJTHOTO PO3YMHY JOJATH TpH Kparut iHmoro po3uuHy: 1) NaCl i AgNOs;
2) NaxCO3 i BaCly; 3) NaxSO3z i HCI; 4) BaCl, i H2SO4; 5) FeClz i NaOH;
6) Al2(SO4)3 i NaOHyanmmmox. Hamucatu crioctepexeHHs i piBHAHHS peakiii
B MOJIEKYJSIDHOMY Ta HOHHOMY BUIJISII.

2. Bnuus rigpoaidy coseii na pH po3umny. Ha crpiuky-namipens
YHIBEPCAILHOTO 1HAMKATOPHOTO MAalipils MOCTaBUTH 10 4ep3i MiNeTKO
kpammo HacTymHux posumHiB: 1)Pb(NOgz)z; 2)NaxCOs; 3) Cra(SO4)s;
4) CoCly; 5) NH4CI; 6) NiSOs; 7) FeSOs; 8) KoCrO4. 3anncatu pH po3uuny
3a KOJIbOPOM YHIBEpCAJIbHOTO IHANKATOPHOI'O MAMipIis Ta PIBHSIHHS peakiii
TiApOMi3y 3a CTYHNECHAMHU B MOJICKYJIIPHOMY Ta 10HHOMY BHUTJISIIIL.

3. BmiuB KHCJIOTHOCTI cepeloBHIIA Ha mnepedir OKHUCHO-
BilHOBHUX peakuiii. HanpsiMok nNpoTiKaHHSI OKHCHO-BiZHOBHMX
peakuiii. B Tpum mpoOipku TOMICTHTH MO dep3i mo 3-5 Kpamens
NepMaHraHaTy Kajifo Ta Ha KiHYMKy LINaTelst coiii Hatpito cynbdity. B
nepiry npoOipKy ronaté ABi Kpamui cyib(aTHOI KHUCIOTH, B APYry — ABi
Kparuti JIyry, B TPETI — JUCTHUIILOBAHOT BOJH. 3alUCaTH CIIOCTEPEKEHHS,
obumcnauT JUIT KOKHOI peakuii enexkTpoaHuil moreHmian MnOs  Ta
PI3HHINIO OKHUCHO-BIIHOBHUX TIOTEHIIANiB KOPHUCTYIOUUCHh 3HAYCHHIMH
CTaHJIAPTHUX EIEKTPOIHUX TOTEHIIATIB 3 TOBITHUKA.
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AHAJITUYHI PEAKIIII KATIOHIB I AHAJIITUYHOI T'PYIIU

1. AnaniTnuni peakuii kationa kasirw, K*.

1.1. Peakuim 3 Harpili  rexcanirpoko6aasTaTtom(lll),
Nas[Co(NOz)s]. Hatpiii rexcanirpokobanstat(Ill) 3 katiomamu K* mpm
pH 4-5 yrtBoproe xoBrmit ocam komruiekcHoi comi KoNa[Co(NO2)s] —
KA HaTpiid rekcaHiTpokobamsTaty(I1l):

2K* + Na* + [Co(NO2)s]>* — KzNa[Co(NO2)s]¥

Buxonanus peaxyii: TOMICTITh B IPOOIpKy 2-3 Kparuii po34ruHy COJi
Kamilo i oOepexxHO noxaiTe 1-2 Kparuli CBOKOIPHUIOTOBJICHOTO DPO3YUHY
Nas[Co(NO2)s] abo kimbka KpHUCTAIUKIB CyXoi cOJi. BHKOHAaHHIO peakiii
3aBakaroTh iond NHa*, ame ocax (NHa)2Na[Co(NO2)s] serko
poO3KIanaeTbcs NpH HarpiBanHi. ToMmy peakuilo BapTo HPOBOIUTH IPH
HarpiBaHHi. [Hii kaTionu I i Il aHaniTHYHKUX rpyT NPOBEAEHHIO 1€l peakiii
He 3aBaxaroThb. Skwmo pH po3uuny > 7, To BapTO AoAatu mo kpamwiix 2 M
po3una CH3COOH, sikmo pH po3uuny < 3, To BapTO J0JaTH 1O Kpamsax 2
M po3una CH3COONa mis mocsTHeHHS HeoOXigHoro 3HadeHHs pH.
Cepenosume i3 pH > 7 — HenpumycTumMe.

3anumIiTh CIIOCTEpe)XeHHS I PIBHAHHS Peakilii B MOJEKYJIIPHOMY i
10HHO-MOJICKYJIIPHOMY BHTJISIII.

1.2. 3aGapBiaennst moaym'si. Jletki coii Kajito 3a0apBIIIOIOTH
MOJIyM'st Ta30BOT0 MAIBHUKA Y (i0JIETOBHIA KOJIIp.

Buxonanusi peakyii: 4uCTy HIXpOMOBY JPOTHHKY OITYCTITh B
HACHYEHHI PO3YMH COJIi Kallito abo B CyXy ClIb Kalilo i MMOTIM BHECITH 11 B
MOJIyM'sl ajIbHUKA. 3a0apBIICHHS MOIyM'sl Kpallle CIIOCTEPIraTu Yepe3 CHHE
CKJIO. 3alHIIITh CIIOCTEPEKEHHS.

Jus  oudImeHHs  HIXpOMOBOi  JPOTHHKH  OMYyCTiTh 11 B
koHIeHTpoBaHuid po3unH HCI, moTiM BHeCiITP y TMONyM'S Ta30BOTO
nanpHUKA. [ToBTOPITH 110 omeparito KillbKa pasiB. BincyTHicTh hapOyBaHHS
TOJTyM'sl CBITYHTD ITPO YUCTOTY HIXPOMOBOI JPOTHHKH.

2. AnaniTu4Hi peakuii kaTioHa HaTpiro, Na®.

2.1. Peakuin 3 kauiii rekcarigpoxcocrudarom(V) K[Sb(OH)e].
Kauiit rekcarigpokcoctu6ar(V) 3 ionamu Na* y HelitpansHOMY abo ciabko
myxkHOMy cepenoBumi (pH = 7-8) mpm oxomomkeHHI yTBOpioe Oinmmid
kpuctamiuauii ocax Na[Sb(OH)g] — Hatpiii rekcarigpokcoctudat(V):

Na* + [Sb(OH)s] — Na[Sb(OH)e] ¥

Ocan Na[Sb(OH)s] po3unHHHMI y Tapsdiii BOAI i 9aCTKOBO B JIyTax.
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BukoHaHHIO peakiii 3aBa)karoTh KUCIOTH, SIKi BUALISAIOTH aMOp(hHUI
ocan, ionu amonito. Coji aMOHI0, MOAIOHO KHCIOTaM TEX BHILIAIOTH
amophHHi oca:

[Sb(OH)s] + H* — HSbO3 { + 3H20

KpiMm TOr0, BUKOHAaHHIO PeakKIii 3aBaxaroTh ionn Li* i Mg?”.

Buxonauns peaxyii: Bi3pMITH y TpOOIpKy 5-6 Kpameiab pO3UUHY
Oyap-AKO1 CONi HaTpif0 W 3a JOIIOMOTOI0 YHIBEpPCAJbHOTO IHAWKAaTOpa
BusHaute pH cepemosuma. Skmo cepemosmme kucme (pH < 7),
HelfTpanizyiite Horo, momatounm mo kpammix KOH. Sfkmo cepemoBuie
ayxae (pH > 7), nomaiite 1O Kpamwmsix pO3YMH OLTOBOI KHCIOTH
(CH3COOH) mo weitrpansHoi peakuii (pH = 7). 1o 1boro po34nHy JOIHNATE
2-3 xpamr posunHy K[Sb(OH)es]. IIpoOipky oXONOXiTH Wi CTpyMEHEM
X0JomHO1 BomompoBimHOi Bomu. [loTmpaHHS CTIHOK TPOOIPKH CKISTHOIO
MAJTMYKOI0 TIPHCKOPIOE TPOLEC BUMAJaHHSA O1IOr0 KPHCTAIYHOTO OCamy
coui Na[Sb(OH)g].

3anumIiTh CrIIoOCTEepe)XeHHS I PIBHAHHS PEakIiii B MOJIEKyISIpHOMY i
10HHO-MOJICKYJISIPHOMY BHTJISIIL.

2.2. 3abapsiiennsi moaym's. Jlerki coxi HaTpito 3a0apBIIOIOTH
MOJyM'st Ta30BOTO MAJIbHUKA B )KOBTHH KOJIIP.

Buxonanusi peakyii: 4uCTy HIXpOMOBY JPOTHHKY OITYCTITh B
HACHYEHHI PO3YMH COJIi HATPiIO0 a0 B CyXy CUIb HATPItO i MOTIM BHECITH 11
B HOJIyM'sl TTaJIbHUKA. 3aIHIIITh CIOCTEPEIKESHHS.

3. AnajiTu4Hi peakuii kaTiona amoniro, NH4".

3.1. Peaknis 3 ayramu. Jlyru NaOH a6o KOH B3aemomiroth i3
COJISIMH aMOHIIO 3 BUAUICHHSM T'a30M0Ji0OHOTO aMOHiaKy:

NHs* + OH & NHsT + H.0

AMOHIaK, IO BHUIUIAETHCS, MOXXKHA BHMSABUTH 3a 3amaxoM abo 3a
J01oMOror0  eHondTaneiHoBOi CMYXKH, 3MOYEHOi JHCTHIHLOBAHOIO
Bosot0. YTBopeHi ionn OH™ 3miHolOTH 3a0apBieHHs deHondraneiny 3
0e30apBHOrO Ha MaJIMHOBHiL. Peakuis crenudiuHa, 103BOJIsIE BUSIBUTH 10H
aAMOHIIO B IPUCYTHOCTI BCiX iHIIMX 10HIB.

Buxonanns peakyii: JOCTiI Kpaile MPOBOJUTH B “Ta30Bill kamepi” —
(dapdopoBiii yami, HAKPUTI TOAWHHUKOBUM CKJIOM. Ha BHyTpintHio
MOBEPXHIO CKJIA IIOMICTITh 3MOYEHY JUCTHIbOBAHOK BOJOIO CMYXKKY
¢denondraneinoBoro namnepy. Y ¢appopoBy Hamky Bi3bMiTh 2-3 Kparuii
po3umHy JIyry W nmopaite 1-2 kparuli po3duHy Oynb-sKOT COJIi aMOHIO.
3akpuiite haphopoBy HaIIKy rOJUHHUKOBUM CKJIOM (TpOXH migirpiiite ii Ha
BOJISHIHN OaHi).
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3amuIIiTh CIOCTEPEKESHHS Ta PIBHAHHS peakiii B MOJIEKYJISIPHOMY 1
10HHO-MOJICKYJISIPHOMY BIJISIAI.

3.2. Peaknist 3 peaktuBom Hecciiepa. PeaktuB Heccnepa (cymim
Kz[Hgls] i KOH) ytBoproe i3 katiomamu NHs* ocam vepBoHO-Gyporo
konbopy [Hg2ONH:]I:

NHs* + 2[Hgls]?> + 40H — [Hg2ONH]I { + 71" + 3H.0

Bukonanns peaxyii: Ha TIpegMETHE CKJIO a00 B MPOOIPKy IMOMICTITh
1-2 xpamti po34rHy COJi aMOHIIO i JogalTe 10 HBOTO 2-3 KpaIuli peakTUBY
Heccnepa.

BukoHaHHIO peakilii 3aBa)KalOTh KaTiOHW METaJIiB (HATIPHUKIIA, Fed,
Cr¥* i in), WO YTBOPATH y JY’KHOMY cepeloBHILi 3adapboBaHi ocamu
BiMOBiTHHUX TiIPOKCHIIB.

3anmuIiTh CIOCTEPEKESHHS Ta PIBHAHHS peakiii B MOJIEKYJIIpHOMY
10HHO-MOJIEKYJISIPHOMY BHUTJISIJI.

ﬂa6q_pam0pna poboma Ne 3 .
AHAJIITUYHI PEAKIII KATIOHIB I1 AHAJITUYHOI T'PYIIN

I'pymoBuM peareHTOM Ha KaTiOHM APYroi aHamiTHYHOI rpymu € 2 M
PO3YMH XJIOPUAHOI KMCJIOTH, 110 3 Kationamu Ag*, Hg,** i Pb?* yrBoproe
6imi ocanu AgCl, HgoCl, i PbCl,.

1. AnaniTuuni peakuii kationa aprearymy, Ag*.

1.1. Peakuis i3 xJopuaamu. XjiopuaHa KUCIOTa i PO3YHHHI Y BOJI
XJIOPHIM 3 KATIOHOM apreHTyMy YTBOPIOIOTH Oinuii cupauctuit ocan AgCl:

Ag* + CI' > AgCK

Ocan AgCl po3uuHsS€TbCS B HWIMIIKY PO3YMHY aMOHIaky 3
yTBOpEHHIM 6e36apBHOT KoMIuteKcHOI cronyku [Ag(NH3)2]Cl:

AgCN + 2NHs — [Ag(NHs)2]* + CI-

OtpuMaHa KOMIUIEKCHA CIIOJIyKa CTiHKa TUIBKM B TNPHCYTHOCTI
HAIUIMIIKY aMOHiaky H Moxe OyTH 3pyilHOBaHa CHJIBHUMH KHCJIOTaMHU
(HNOs3, H2S04) 3 yTBOpenusm ocamy AgCl:

[Ag(NH3)2]* + CI + 2H* — AgCH + 2NH.*

Buxonauns peaxyii: momicTiTh B eHTpUQY>XHY NPOOIpKy (KOpOTKa
KOHIYHa 1pobipka) 2-3 Kparul pO3YMHYy COJI apreHTymy W JojaiTe 10
HbOTro 2-3 Kparti 2 M pozunny HCL

BinokpemTe ocan Bl po3uMHY LEHTPUDYTYBaHHSIM.
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Jlo ocajpKeHOTO XJIOPHIY apreHTyMy IO KpaIulsiX JoJaiTe po3unH
aMOHiaKy JO TIOBHOTO pPO34YMHEHHS ocangy. Jlo OTpMMaHOro poO34YHHY
noxaiire 1-2 kpamn ¢enondraneiny, a notiM aiero (mo kpamwix) 2 M
po3uuny HNOj3 HeliTpanizyiiTe Ha[UIMIIOK OCHOBHU W 3pyHHYHTE KOMIUICKC.
[ToMyTHIHHS po34HMHY BKa3ye Ha yTBopeHHs ocany AgClL

3anuIriTe CIOCTePEKEHHS Ta PIBHAHHS PEaKIiil Y MOJIEKYISIPHOMY i
10HHO-MOJICKYJISIPHOMY BHTJISIII.

1.2. Peakuin 3 kaxiii iommmom, KI. Kamiit fiogmn ytBoproe i3
KaTioHOM Ag® sACKpaBO-)KOBTHH 0CaJ apreHTyM HOAWIYy, NPaKTHIHO
HEpPO3YMHHUH Y BOJ1 i KOHIIEHTPOBAaHOMY PO3YHHI aMOHIaKy:

Agt + I' > Agli

Bukonanns peakyii: ToMicTiTh B IpoOipKy 2-3 Kparti po3duHy COi
apreHTyMmy ¥ jonaiTte 10 Hboro 2-3 Kparuli po3uuHy Kajliid Hoauay.

3anmuIiTh CIOCTEPEIKESHHS Ta PIBHAHHS peakiii B MOJICKYJIIpHOMY
10HHO-MOJICKYJISIPHOMY BHTJISIII.

2. AnaniTuuni peakuii kationa numepkypis(l), Hg2?".

2.1. Peakuis i3 xiopugamu. XJIopuaHa KUCIOTa i pO3YHHHI Y BOII
xyopuan 3 KatioHoM Mepkypito(I) yTBoproroTe Oinmii ocany IUMepKypii
muxnopuay — HgoCly (kamomens), mpu B3aemomii SKOrO 3 PO3YHHOM
aMOHiaKy yTBOprOeThcs Oinmmit ocan cmomyku [HgNH2]Cl i Buminsgerscs
MeTajeBa pTyTh YOPHOTO KOJILOPY.

Hg2?* + 2CI" - Hg.Cl{

Hg.Cloy + 2NHs — [HgNH2]JCd + Hgd + NH4*

Bukonanns peakyii: ToMIcTiTh B IpoOipKy 2-3 Kparti po34uHy COi
Mepkypiro(l) i momaiite mo HBOrO 3-4 Kpart 2 M po3zunny HCL. o ocany,
0 YTBOpHUBCS, Jomaite 5-10 xkpamenp KOHIEHTPOBAHOTO PO3YUHY
aMOHiaKy.

3anuIiTh CIIOCTEPEIKESHHS i PIBHSHHS PEaKLiil y MOJIEKYJSIpHOMY 1
10HHO-MOJIEKYJISIPHOMY BHTJISIJI.

2.2. BigHoBaenHs mepkypilo(I) MeraneBoro Mminale. Mertanesa
Mizb BigHOBIIOE HE,?" 10 MeTally 3 yTBOPEHHSM aMallbraMHu:

Hg:?* + 2Cu — 2Hgd + Cu?

Buxonauns peaxyii: Ha MimHy MoHeTy a0 MiJHY IUIACTHHKY
NoMICTiTh 2-3 Kpamii po3uuHy cousti Mepkypito(I). Uepes 2-3 xBwimHK
3MUTE PO3UMH BOJIOIO ¥ MOTPITh MOBEPXHIO IIMATOYKOM (UIHTPYBaIBLHOTO
narepy.

3anmumIiTh CriocTepe)XeHHs i pIBHAHHS peakiii B MOJEKYJISIpHOMY H
10HHO-MOJIEKYJIIPHOMY BUTJISJI.
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3. AnasiTuuni peaxuii kationa naromoymy, Pb?”,

3.1. Peakunis i3 x1opuaamu. XiopuaHa KHCIOTa i PO3UMHHI Y BOJI
XJIOPH/I YTBOPIOKOTH 13 KaTioHamu mitoMOymy Pb2* Ginuit ocan mmoMGym
XJIOPHIY, PO3YMHHUH Y rapsdiil TUCTHIILOBAHIN BOJII:

Pb?* + 2CI" — PbCl4

Bukonanns peaxyii: momicTiTh B UeHTpH(]YXHY npobipky 2-3
Kpamti po3umHy coui rumoMOymy. [lomaiite mo mporo 2-3 kpamn 2 M
po3unny HCI.

Ocan BiTOKpeMTE Bill pO3UHHY HEHTPU(PYTYBAHHIM.

Jo oTpumaHOTO Ocaxy monmuiiTe 2-3 MII QTUCTHIIHOBAHO! BOJIH, CYyMIII
mepeMimraiiTe CKISTHOIO MaTMYKOIO i Harpiiite mpoOipKy Ha BoAsHIlN OaHi.

3anmuIiTh CIOCTEPEKESHHS Ta PIBHAHHS peakiii B MOJIEKYJIIpHOMY
10HHO-MOJICKYJISIPHOMY BHTJISIIL.

3.2. Peakuis 3 kauaiii ifomupom, KI. Kaniii iiogun yTBoproe i3
ionamu TrOMOyMy Pb?* ocan KOBTOTO KOJIBOPY, PO3UMHHUH y rapsdiii
IACTUIHLOBAHIN BOII:

Pb% + 21" - Pbl2d

ITpu oxonomxenHi po3unny Pbl, 3HOBY Bumamae B ocaja y BUIIIAIL
XKOBTHX KpuctaimiB. Llfo peakmilo 4acTo Ha3MBAIOTh “‘PEAKLIEI0 30JI0TOTO
nouy”.

Bukonanns peakyii: momicTiTe y ipoOipKy 2-3 Kparuli po3duHy COJIi
mwiroMOyMy # JofaiiTe 10 HBOTO 2-3 Kpamil po3unHy Kamiid Homumy. o
OTPUMAHOTO Ocaxy IONHATe 3-5 MJI TUCTHIBOBAHOI BOMW ¥ Harpiiite
mpoOipKy Ha BOIsAHIN OaHI O MOBHOTO pO34YMHEHHsS ocaxy. OXONomiTh
mpoOipKy i CTPYMEHEM XOJOAHOI BOIU. [IpH MOBIIBHOMY OXOJIOMKECHHI
PO3YHHY YTBOPIOIOTHLCS BEJHKI 30JI0TaBO-KOBTI KpucTanu Pbly.

3anuIiTh CIOCTEPEIKESHHS Ta PIBHSAHHS peakiii B MOJIEKYJIIpHOMY i
10HHO-MOJIEKYJISIPHOMY BHTJISIJI.

3.3. Peakuis i3 mukaiiit xpomatom, KoCrQs. J{ukamiii xpomar 3
katioHamu miroM6ymy Pb?* yreoproe ocan mmom6Oym(Il) xpomary PbCrOg4
KOBTOTO KOJILOPY, PO3YMHHHH Yy CWJIBHMX KHCJIOTaX 1 Jyrax, ane
HEPO3YHHHUH B OLTOBIA KUCIIOTI:

Pb?* + CrOs#* — PbCrOsl

2PbCrOsd + 2H* — 2Pb*" + Cr207* + H.0

PbCrOs + 30H" — [Pb(OH)3] + CrO4*

Buxonanns peaxyii: y npoOipKy MOMICTiTh 2-3 Kparul po3udHy Couli
IUIIOMOyMy, JofaiTe a0 HbOro 2-3 Kpaml po34yMHYy AUKAIIH XpoMmary.
OtpumaHMii ocaj pO3ALIITE HA /B YaCTHHM. Y Iepury npobipKy 3 ocaaom
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noxaiite 4-5 kpamt 2 M pozunny NaOH a6o KOH. ¥V npyry npoGipky 3
ocanoM aoxaite 4-5 kparuti 2 M po3uunan orroBoi kuciotu CH3COOH.

3anumIiTh CIIOCTEPEXKEHHS Ta PIBHSHHS PEAKLii y MOJICKYJIIPHOMY M
10HHO-MOJICKYJISIPHOMY BHTJISII.

Jlabopamopna poboma Ne 4 )
AHAJITUYHI PEAKIIII KATIOHIB IIT AHAJIITUYHOI

I'PYIIN

I'pynoBUM peareHTOM Ha KaTiOHH TPEThOi aHaNiTHUHOI rpynu € 1 M
po3uuH cynb(aTHOI KUCIOTH, WO 3 KaTionamu Ba?* i Ca?* yTBOpIoe ocaau
Maniopo3unHHEX cyibdaTiB BaSO4 1 CaSO, 6isoro kossopy.

1. AnaniTnuni peakuii kationa 6apiro, Ba%*.

1.1. Peakuis i3 cynaspaTHoro kuciororw. CynbparHa Kuciora i
po3uMHHI cynb(aTu 3 ionamu 6apito Ba®* yTBopIooTs 6inmii kpucTamiuHuii
ocajl, HEpO3YNHHHUN Y MiHEpaIbHUX KHCIOTaX:

Ba?* + SOs — BaSO«

Bukonanns peakyii: momicTiTe B po0Oipky 1-2 Kparmti po3duHy coi
Oapito i gomaiite o Heoro 2-3 kparuti 1 M po3unny H2SOs.

3anuIiTh CHOCTEPEIKESHHS Ta PIBHAHHS Peakiii B MOJICKYJIIPHOMY i
10HHO-MOJICKYJIIPHOMY BHTJISIII.

1.2. Peakuis i3 nmukaniii xpomatom, KoCrQOs aGo mmkasiit
auxpomatom, KoCr:07. Jlukaniii xpomar 3 ioHamu Oapito Ba?* npu
pH = 4-5 yTBOpto€ x0BTHI Ocan Gapiii xpomaty BaCrOs:

Ba?* + CrO+# — BaCrOs

Bapito xpomar po3unHHUH y cuibHUX Kuciorax (kpim H2SOs), ane
He pO3YMHHMHA B ouToBiii kuciori. Ilpu mpoBeneHHi peakuii B
OLITOBOKHCIJIOMY CEpPEeIOBHII BU3HAYCHHIO 10HA 0apil0 HEe 3aBaXKarOTh 10HU
Ca?*, Tomy mo ocan CaCrO,4 He yTBOPIOETHCA.

Buxonauns peaxyii: 3mimaiite B mpoOipii 1mo 5 kparmenb po34yHHIB
Gapiii xnmopuay U amkaniii xpomary. OTpuMaHMii ocaj pO3IUNITH HA MBI
mpobipku. Y mepury npoOipky 3 ocamom monaire 2-3 miu 2 M po3unny HCI,
a B iHmy - 2-3 mu1 2 M posunny CH3COOH.

3anmumIiTh CHOCTEPEKEHHS Ta PIBHSIHHS Peakiii B MOJEKYJSIpHOMY U
10HHO-MOJIEKYJIIPHOMY BUTJISJI.
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1.3. 3abapsiennst moaym'st. Jlerioui cosi Oapiro 3a0apBIIOIOTH
MOJIyM'st Ta30BOTO MAJIbHUKA B )KOBTO-3€JICHUH KOJIIp.

Buxonauns peaxyii: 4uCTYy HIXpOMOBY JApPOTHHKY 3aHypTe B
HacHYEHHUH PO3YMH coJi Oapiro abo B CyXy CiJib i HOTIM BHECITH ii B IOIyM'st
ra30BOr0 MaJbHKUKA. 3alUIIiTh CIOCTEPEKEHHS.

2. AHaqiTuyHi peakuii kaTioHa Kajabiilo, Ca?.

2.1. Peakuisa i3 cyiabpaTHo kucaorow. CyipdarHa KHCIOTa H
pO3uUnHHI CyIb(paT B KOHIIEHTPOBAHUX PO3YMHAX YTBOPIOIOTH i3 KaTiOHOM
kanblito Ca®* kpucranu rincy CaSO4-2H,0 6in0ro Konpopy, 10 MAaloTh
rosrgacty Gpopmy:

Ca?* + SO + 2H20 - CaSOs2H20{

Buxonanns peaxyii: TOMICTITP Ha HpEIMETHE CKJIO | Kparuio
PO3YMHY COJIl Kallbllito, Aojaiite 10 Hboro 1 kpammo 1 M po3unny HoSOq i
1 xpammo CoHsOH ms 3meHmieHHs posdywmnHHOCTI. OOEpekHO Harpiite
MpEeIMETHE CKJIO Ha BOJSHIA OaHi O MOSBH OUIMX KPHUCTATIB TiICy.
Po3risiHbTe 1X i MIKPOCKOIIOM.

3anuIiTh CIOCTEPEKESHHS Ta PIBHAHHS peakiii B MOJICKYJIIpHOMY
10HHO-MOJICKYJISIPHOMY BHTJISIII.

2.2. Peakuin 3 amamowniii oxcaiaarom, (NH4)2C204. uamowniii
okcanaT 3 ioHamu Kanbuiro Ca?* yTBOproe Oinuii KpucTamiyHmii ocan
CaC;04, HEpO3UMHHMI B OLTOBIH KHCIOTI, ajlé PO3YMHHUN y CHIBHHX
KUCJIOTax:

Ca? + C2047 — CaC:04

Bukonanns peakyii: moMicTiTh B poOipKy 1-2 Kparmti po3duHy coli
kanplito, 3-4 kpamwt po3unHy (NHa)2C04 i 1-2 kpamm 2 M po3uuny
amoniaky. OTpuMaHHii ocaj]] pO3ALTITh Ha JIBI YacTHHU. Y mepury npoOipKy
3 ocagom noxaite 2-3 mu 2 M pozunny HCI, a B iHmy — 2-3 mn 2 M
po3unay CH3COOH.

3anuIiTh CIOCTEPEIKESHHS Ta PIBHSIHHS peakiii B MOJIEKYJSIpHOMY 1
10HHO-MOJIEKYJIIPHOMY BHII.

2.3. 3abapBieHns moayMm'st. JIeTiodi comi KajibIlifo 3a0apBIIOIOThH
MOJTyM'st Ta30BOTO MAJIbHUKA B TIOMapaHYeBO-UE€PBOHUH KOJIIp.

Buxonauns peaxyii: 4uCTy HIXpOMOBY JIpPOTHHKY OITyCTITH B
HacHYEHWH PO3YMH KalIbIlii XJIOpuay a0o B CyXy CUIb 1 MOTIM BHECITh ii B
MOJTyM'st Ta30BOTO MaJbHUKA. 3aIUIIITh CIIOCTEPEKEHHS.
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Jabopamopna poooma Ne 5
AHAJII3 CYMIIUI KATIOHIB I-1I1 AHAJITUYHUX T'PYIT

Ilonepenni BUNpoOyBaHHS.

1. 3a ponomoror yHiBepcalnbHOrO IHAWKaropa BH3HauTe pH
PO3UHHY.

2. IlpoBenith peakxiito BigkpurTs iona NHs* (muB. .p.1).

1. Ocamxenns xjopuaiB kartioniB II anamituynoi rpynm
rpynosuMm peareatom HCI 2 M).

1.1. TIMomicriTk B neHTpu(y)KHY TPOOIpKYy 2-3 MII AOCITIKYBaHOTO
po3unHy # pomaiite mo Hboro 8-10 kpamens 2 M pozumny HCI.
INepeMirmaiiTe CyMilll CKISIHOK MAJUYKOI M MOTIM BiOKpEeMTE Ocai Bin
PO3YHMHY LHEHTPU(YTYBaHHSIM.

[NepeBipTe nMoBHOTY ocaKeHHs. [1Jist IbOro 710 PO3UMHY HaJ 0CaqoM
(uentpucdyrary) ponaiire me 2-3 kparuti pozunny HCI. SIkmo npu upomy
He BiZI0OyBA€THCS MOMYTHIHHS PO3YHHY, TO OCAIPKCHHS TTOBHE.

Ocan 1 enTpudyrar 1
PbCl,, AgCl, Hg.Cl, NH.*, Na*, K*, Ba®*, Ca®*

1.2. Hentpudyrar 1 3mmiite 3 ocaxy B OKpeMy MpOoOipKy i HAIHUIIITh
HOMep (ckiorpadomM ab0 BOCKOBHM OJIBIEM). 3aNIUINITh [EeH PO3UMH IS
MIOJIAJIBIIIOTO aHATII3Y.

1.3. TIpaoiite 3 ocagom 1.

Ocaj nMpoMHiATe ITUCTHUIILOBAHOK BOJOIO, IO MICTHTh 2-3 Kparui
HCI. BigokpemTe ocaj Biji po34HHY HEHTPUPYTIyBaHHIM, 00EpEKHO 3IIniiTe
po34MH 3 ocaay B pakoBuHy. Jlo mpoMuUTOro ocamy jgojaite 2-3 M
JUCTUIIHOBAHOI BOJH, MMEPEMIIIaiiTe CKISHOK MAJWYKOK W HarpidTe Ha
BOJsIHIM OaHi.

PbCl, (sikiro BiH €) HOBMHEH PO3YMHUTHCS B rapsidiit Bomi. B ocai
saymmathes (ko Boru €) AgCli HgoCly (ocan 2).

1.4. Bigokpemre ocax 2 Big pPO3YHHY LEHTPUPYTYBAHHSIM.
Lenrpudyrar 2 3mumiite B okpeMy MpoOipky W NpOBEAITH pEaKIiro
Binkpurts Pb?* (peakuiero 3 KI).

Ocan 2 Hentpudyrar 2
AgCl, H92C|2 Pb%

1.5. JTo ocany, mo 3anummBces B eHTpUd Y Hii mpobipii 2 moxaiite
2-3 MJ KOHIEHTpoBaHOro po3unHy NHa, mepemiinaiite cymimn CKISIHORO
MATHYKOIO.
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AgCl (sK110 BiH €) PO3YMHHUTHCS B PO3YMHI aMOHIaKy 3 yTBOPEHHSIM
6e30apBHOrO po3unHy aprenTyMm amoniakaty [Ag(NHaz)2]Cl (muB. m.p. 2).
Hg.Cl; (sixmio BiH €) meperBoproethest B cymim [HgNH>]Cl i Hg — woproro
KOJIbOPY (AMB. JL.p. 2).

BinokpemTe ocan 3 Bi po3uMHy HEHTPUDYTYBaHHSIM.

Ocan 3 Hentpudyrar 3
[HgNH:]CI + Hg [Ag(NHa3)]* + CI

1.6. o mentpudyrary 3 momaiite 1-2 kpamm deHondTaneiny it
motiM 1o kpamrix po3uuH HNOs (KOHIL) [0 3HWKHEHHS MAaJIHHOBOTO
3apapsnenns. Kowmmnekcna crnonyka [Ag(NHs)]Cl (skmo BoHa €)
pYHHY€ETBCS 3 yTBOpEeHHsIM Oitoro ocaxy AgCl.

Mpumitka. Skmo npu npoBeneHHI peakuiii Bu He crocrepiraere
ouikyBaHMW egeKT, oTxe, y Bamomy 3aBaaHHi BiICYTHI BiJIOBiIHI
KaTiOHH.

2. Busnavenns kationis III ananirmynoi rpynu.

2.1. MTomicriTh B Ipobipky 2-3 kparmti nertpudyraty | i qonaiite 1o
Hboro 2-3 kparmti po3zunny H2SO4 (1 M) 1 5-7 kparnespb eranoiy. Y TBOpEHHS
ocamy ab0 MOMYTHIHHS PO3YHMHY CBiTYHTH IO MPHUCYTHICTH KaTioHiB III
TpyIIH.

2.2. MowmictiTh B meHTpUYX)HY TpoOipKy 1-2 mi neHTpudyrary 1,
nopnaiite 10 Heoro 3-4 kparmii pozunay CH3COONa i 4-5 xparens po3duny
K2Cr;07. dxmio B posuuHi npucyTHi ionu Ba®*, Bumanae oBTHii ocaj

BaCrOa.
[epeBipTe NOBHOTY OCa/pKeHHs. BigokpemTe ocaja Bifi pPO3UMHY
LEeHTPUYTYBaHHSIM.
Ocan 4 HenTpudyrar 4
BaCrOq4 NH4+, Na*, K+, Caz*, Cr2072'

2.3. Uentpudyrar 4 3abapBleHHN y >XOBTOTApSYHA KONIp dYepe3
npucytHicts ioHiB Cr207%. o uporo uenTpudyraTy nofaite 5-7 kpaneib
po3unny auamoHiii okcanary (NHa)2CoO4. SIKiio B po3uuHi NpUCYTHI 10HH
Ca?*, Bumage Oummii ocam, KOJNip sKOro Jmo0pe TOMITHHHA Ticis
ueHTpudyryBanss. Ocaj 5 mpoMUIATE JUCTHIHOBAHOIO BOJIOO i TEpeBipTe
HOro PO3YMHHICTG y XJIOPUAHINA 1 OITOBIM KHCIOTax, a HeHTpudyrar 5
BUJIMITE B PAKOBUHY.

Ocan 5 Henrpudyrar 5
CaC,04 NH4+, Na*, K+, CI’2072'

3. BusnayenHs kationis I anajgirnunoi rpynu.
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3.1. SIkuio B momepeHix BUNpOOyBaHHSIX Bamu OyB BusiBIeHHH 10H
amoHito NHy4*, To He cmim mrykatu i0HM Kamifo H HaTpito, TOMy LIO BiH
3aBa)kKa€ BIAKPUTTIO 1IMX i1OHIB.

SIkmo i0H aMOHir0 He OyB BHSBICHHMU, TO IUIS BU3HAUCHHS 10HIB
KaJlito i HaTpiro MPOBOASATH HACTYIIHI omeparii.

3.2. Jlns Bimkputts ioHiB K* 3 BHXiZHOTO pO3UYHMHY 3a JOTIOMOTOO
po3unHy Hatpiii kapOoHaty Na,COsz ocamxkyrors kationm II i III
AHAINITHYHUX TPYIL, & B PO3UNHI 3aIHIIAI0ThCS ioHn K*.

VY nenTpudyxHy npoOipKy HOMICTITE 1-2 MJ BHXiZHOTO PO3YMHY U
nomaiite 1-2 mi po3umHy NapCOsz. Bimokpemure ocanm Big po3UdHY

LEeHTPUDYTYBaHHSM.
Ocan 6 HenTpudyrar 6
Kap6onaru 1 i Il rpyn Na*, K*

3.3. Jo uentpudyrary 6 momaiite 1-2 kpami ¢enondraneiny,
nekinbka kpamens po3unHy CH3COOH, 10 3HUKHEHHS MalMHOBOTO
3abapBiieHHs i Hebarato cBixompurorosieHoro posunny Nas[CO(NO2)e]
(muB. m.p. 1). YtBopenus xosroro ocaxy KoNa[Co(NOy)s] cBimuuth mpo
MIPUCYTHICTH Y PO3YMHI 10HIB Kaif0.

3.4. Jlns Bimkpurtst ioHiB Na* 3 BUXiZIHOTO PO3YHHY 3a JOMOMOTO0
po3uuny Kaniii kapbonaty KoCOs3 ocamxkyrots kationn II i 11 anamiTiraamx
IpyIl, & B PO34HHIi 3ajuIaThes ionn Na®.

VY uenTpudyxHY IpoOipKy HOMICTITH -2 MJI BHXiZHOTO PO3YHHY i
nopaiite 1-2 wmn pozumny K>COsz. BimokpemTe ocajy Bin po3unHy

LEeHTPUDYTYBaHHSIM.
Ocan 7 Henrpudyrar 7
Kap6onaru II i Il rpyn Na*, K*

3.5. lo 2-3 kpamnens uenrpudyrary 7 gomaite 3-4 kparmii po3uuHy
K[Sb(OH)s] i oxomoaiTh mif cTpyMeHEM XOJOJHOI BOAM MPH MOTHUPAHHI
CKIITHOIO MATHYKO0 (IuB. J1.p.1). YTBOpeHHS OL10TO MpiOHOKPUCTATITHOTO
ocaxy Na[Sb(OH)s] cBiT4uTE IO MPHUCYTHICTH 10HIB HATPIFO.

Jlabopamopna poﬁomf N 6
AHAJIITUYHI PEAKIIII KATIOHIB 1V

AHAJIITUYHOI T'PYIIN

I'pynoBumM pearenrom Ha kationu IV anamituasoi rpynu € 2 M po3unH
Hatpi# rizpoxcuxy NaOH. Ilpu nii NaOH Ha po3uus, mo MicTuts ioan IV
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AHAITUYHOI IPYIIH, CIOYATKY yTBOPIOIOTHCS aMOp(]Hi 0ca Iy BiAIOBITHUX
rigpokcuis: cipo-3eneruit Cr(OH)s, 6ini Zn(OH)2, Al(OH)3 i Sn(OH)s.
Ockinbku rigpokcuan xpomy (I1I), nnuky, anrominito i mmomoOymy(11)
TIPOSIBIISIFOTH aM(OTEPHI BIACTHBOCTI, TO BOHU PO3YHHSIOTHCS B HAJUIHIIKY
JIYTY 3 YTBOPEHHSM BiJITIOBITHUX T'iIPOKCOCIIONYK:
Zn?* + 20H — Zn(OH)
AB* + 30H — AI(OH)s¢
Cr3* + 30H — Cr(OH)sl
Sn?* + 20H" — Sn(OH)2d
Zn(OH)2d + 20H" — [ZNn(OH)4] %
Al(OH)sl + OH — [AI(OH)4]
Cr(OH)sl + OH — [Cr(OH)4
Sn(OH)2d + OH — [Sn(OH)s]

1. AnagiTnuni peakuii kationa uunky, Zn?*,
1.1. Peakuis 3 po3unnom amoniaky. lonu Zn?* 3 po3uMHOM amMoHiaKy
YTBOPIOIOTH OUIMH OcCal IWHK TiAPOKCHUILY, IO PO3UHUHAETHCS B HAUIUIIKY
aMOHIaKy 3 yTBOPCHHSM aMiakara [HHKY:

Zn?* + 2NHs + 2H20 — Zn(OH)2d + 2NH4*

Zn(OH)2d + 4NHs — [Zn(NH3)s]** + 20H-
Bukonanns peaxyii: moMicTiTh B Ipo0ipKy 4-5 Kparenb po3duHy O
nuHKY. Jlomuiite 10 HBOTO M0 Kparurix 2 M po34iHA aMOHiaKy 10
YTBOpPEHHs O110r0 ocaay. Jlo OTpuMaHOro ocaxy AOJIUHTE HA/UIHIIOK
po3unHy NH3 10 po3unHeHHS ocany.
3anuIiTe CIIOCTepeKeHHs i pIBHAHHS PEaKIii y MOJIEKYIIPHOMY H 10HHO-
MOJIEKYJIIPHOMY BHIJISATI.
1.2. Peakuis 3 guTusonom. lonn Zn?* 3 quTusoHom
(mudeninriokapoazonom, CeHs-NH-NH-CS-N=N-CsHs, HoDz) yTBOpIooTh
BHYTPIIIHBOKOMIUIEKCHY CiJIb Y4€PBOHOTO KOJILOPY, PO3UHHHY B
xsopodopmi (CHCls).
Buxonanmus peaxyii: noMicTiTh B mpoOipKy 2-3 Kparuti po34rHy coJii HIMHKY,
Joxaite 2-3 xparmii aneraTHoro 0ydepa i notim 2-3 kparmti 10% pozunny
JUTU30HY B xsiopodopmi. EnepriiiHo cTpyciTh mpobipKy. YTBOpeHa B
pe3yJbTati peaxiii BHy TPilIHbOKOMIUIEKCHA ClTb, EKCTPAryETHCS B IIAp
xsopodopMy, i BiH 3a0apBIIOETHCS B YSPBOHUIA KOJIp. 3alUIIIiTh
CIOCTEPEKEHHS.

2. AnaniTu4ni peakuii kationa amominiro, A%,
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2.1. Peakuist 3 pozuunom amoniaxy. lonu Al¥* yTBOpIOIOTE i3 po3unHOM
amoHiaky Oinuii amopHuii oca amrominii rigpokcuay Al(OH)s,
HEPO3YMHHUH Y HAIJTHIIKY aMOHIaKy:

AR* + 3NHs + 3H20 — AI(OH)sd + 3NH.*
Buxonauns peakyii: moMicTiTh B Ipo0ipKy 4-5 Kparenb po3uuHy codi
AIOMIHIIO 1 ToaiTe 10 HHOro 5-6 kpamenb 2 M po3unny NHs. [lepeBipre
PO3UYMHHICTH AOMiHiH TAPOKCHIY B HA[UIAIIKY PO3YHHY aMOHIaKy.
3anuImiTh CIIOCTePEeKEHHs Ta PIBHAHHS PeaKiii B MOJICKYISIPHOMY H 10HHO-
MOJIEKYJISIPHOMY BHII.
2.2. Peakuis 3 anizapunom. Anizapun — C14HsO2(OH),, yTBOpIOE 13
Al(OH)3 BHYTPIIIHBOKOMILIEKCHY CLJIb Y4€PBOHOT0 KOJIbOPY (ATFOMiHIEBHIA
JIaK).
Buxonanus peaxyii: Bi3bMiTh HIMaTOYOK (UIBTPYBaIBHOTO Manepy i
HAHECITh Ha HHOTO MIMETKO 1 KParIro PO3UUHY COJi ATFOMIHIO.
[Torpumaere namip npoTsroM 1-2 XBUIMHU HaJl BIJKPUTOIO CKIISTHKOIO 3
KoHLeHTpoBaHUM (25%) po3unnoM NH3. Ha nanepi yrBoputscst AI(OH)a.
VY LeHTp BOJIOTO1 IUIIMU HAHECITh KPaIUTIO ajli3apuHy i mie 1-2 XBUIMHU
norpuMaeTe GiUTbTPYBANTBHIN TP HaJ CKISHKOO 3 KOHIICHTPOBAHUM
po3unHOM NH3.
[igcymite QiTTpyBaNbHUH AP HaI TOXYM'sIM Fa30BOTO MalbHUKA. [Ipn
IFOMY 3HHKAE (ioJeToBe 3a0apBICHHS ai3apUHY, a YePBOHA TUIIMa
QIIOMIHIEBOTO JIAKY 3aJIMIIA€THCS. 3alUIIiTh CIIOCTEPEKEHHS B 30IINT.

3. AnaniTuuni peakuii kationa xpomy(I1T), Cr3*,
3.1. Peaxuist 3 myramu. Hatpiif i kaiii rigpokcuau ocanxyrots ionu Créty
Burisiai rizpokcuy Cr(OH)s cipo-3eneHoro KoJibopy, 110 PO3YHHSIETHCS B
HAJUIMILIKY JYTy 3 YTBOPEHHSM 3€JIEHOTO PO3YHHY TeTpa- abo
rekcarigpokcoxpomata (III).

Cr3* + 30H — Cr(OH)sl
Cr(OH)sl + OH — [Cr(OH)4]

3.2. Peaxuist 3 rigporeH NepoKCcHI0M B JIy:KHOMY cepenoBui. lonu Cré*
Y HQ/JTMIIKY JIYTY OKHCHIOIOThCS TijiporeH nepokcuaom HO2 o xpomar-
ioniB CrO4? - %OBTOrO KOJILOPY:

2Cr¥ + 100H" + 3H202 — 2Cr0+* + 8H20
Buxonauns peakyii: TOMICTITh B TpoOipKy 2-3 Kparuli po34rHy COJli XpOMy
(I1I) 1 nonaiire 6-7 kpanens 2 M pozunHy NaOH 10 yTBOpeHHs 3eeHOT0
pozunny rigpokcokommiekcy xpomy(Ill). lo orpumanoro pozuuny
nonaiire 3-4 xpamti 10% pozunny H>O; i HarpiBaiite cyminn Ha BOJSHIN
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6aHi mpoTarom 2-3 XBUIMH. 3a0apBIICHHS] PO3UUHY B )KOBTUH KOJIIp
CBiuMTHL PO yTBOpeHHs ioHa CrO42".

3anumIiTh CIIOCTEPE)KEHHS Ta PIBHSAHHS peakiiil y MOJIEKYJISIpHOMY 1
10HHO-MOJICKYJISIPHOMY BHTJISII.

4. Ananitu4ni peakuii kationa cranymy(Il), Sn?”.

4.1. Peakuis i3 consamu Gicmyty(I1I) y aysxHoMy cepenoBuii. lonu Sn?*
y IIy’KHOMY CepeIOBHIIlI OKHCHIOIOThCA consamu GicmyTy(IIT) no Sn** 3
YTBOPEHHSAM YOPHOT'O 0CAAy METAIEBOTO OiCMyTY:

2Bi** + 3[Sn(OH)s]" + 90H — 2Bid + 3[Sn(OH)s] =
Bukonanns peaxyii: o 2-3 xpaneib po3dHHY COIi Sn?* fopaiiTe HAUTUIIIOK
po3urny NaOH (4 M) — 1o po3uuHeHHsI 61710r0 ocay, U0 YTBOPUBCS,
Sn(OH),. Jlo oTpuMaHOro po3YuHy JOJAATe IO KPaIlIiX po3uuH coi Bi%*
JI0 TIOSIBU YOPHOTO OCaJy.
3anuIIiTh CIIOCTEPEKEHHS Ta PIBHSAHHS peaKiiil y MOJIEKYJIIPHOMY 1
10HHO-MOJIEKYJIIPHOMY BHII.

Jabopamopna poooma Ne 7
AHAJIITUYHI PEAKIII KATIOHIB V AHAJITUYHOI T'PYIIN

I'pynoBumM peareHToM Ha KaTioHH V aHAMITHYHOI TpymnH € 25% po3unH
NHa. Ilpu 1ii po3unHy aMOHiaKy Ha PO34HH, 1110 MICTUTh KaTioHH V
AHaJIITUYHOT IPYIIH, yTBOPIOIOTHCS aMOP(HI 0Cay BiJIIOBIIHIX
rigpokcuais: 6ini Mg(OH)z, Fe(OH)2, Sb(OH)s, uepBoro-6ypuit Fe(OH)s i
xoBTO-poxkeBuit Mn(OH)», siki Hepo3uuHHiI B Hauiuiky NHa.
Mg?* + 2NHs + 2H20 — Mg(OH)2d + 2NH.*
Fe?* + 2NHs + 2 H.0 — Fe(OH)2d + 2NH4*
Fe** + 3NHs + 3H20 — Fe(OH)sd + 3NH4*
MnZ* + 2NHs + 2H.0 — Mn(OH)2d + 2NH4*
Sb** + 3NHs + 3H20 — Sb(OH)sd + 3NH*
Buxonannsa peakyii: TOMICTITh B IpoOipKy 2-3 Kparuli po34rHy BiJIOBiTHOT
coui # 2-3 kpami 25% po3uuHy aMOHiaKy.
3anuImiTh CIIOCTEPEKEHHS Ta PIBHAHHS PEaKIii y MOJIEKYIIpHOMY i
10HHO-MOJIEKYJIIPHOMY BH/II.
Tiapokcuan Mg(OH)2, Fe(OH)2 i Mn(OH)2 po3uHHAIOTECS B HACHYCHOMY
pozunni NH4CI:
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Mg(OH)24 + 2NHs* > Mg?* + 2NHs + 2H20
OcuoBu Mg(OH),, Fe(OH),, Fe(OH)3; i Mn(OH), He po34nHSIOTECS B
pO3YMHAX JIYTiB i aMOHiaKy, aje JerKo PO3YUHSIOTHCS B CUIIBHUX KHCIIOTaXx.
®epym rigpokcun(ll) y ayxHOMY CepeIOBHILI MIBUAKO OKUCHIOETHCS
KucHeM noBiTpst 10 Gepym rinpoxcuay(111):

4Fe(OH)4 + 02 + 2H0 — 4Fe(OH)sd

Ctubiii rigpokcun Sb(OH)3 po3unHsAEThCS B PO3UHHAX JTYTIB i
KOHIICHTPOBAHIH XJIOPHUIHI KUCIOTI 3 YTBOPSHHAM BiIIIOBITHUX
koMIuIekcHUX 10HiB [Sb(OH)4] i [SbCl4]".

1. AuaniTu4ni peakuii kaTiona marniro, Mg?*.
1.1. Peaxuis 3 8-okcuxinoainom, (CsHsNOH). Tonu Mg?* B amoHiauHOMY
cepenoui (pH = 9-10) 3 8-0KCHXiHOTIHOM YTBOPIOIOTH 3€JICHYBATO-
XKOBTHIA ocaj MarHiil okcuxiHomsT Mg(CoHsNO)2:
Mg?* + 2CgHsNOH — Mg(CsHsNO)2 + 2H*
Buxonanus peaxyii: mOMicTITh B IPOOIpKy 2-3 Kparuti po3yHHY COJIi
MarHito, 3-4 Kparii aMoHiaq4HOTO Oy(epHOro po3uuHy i 3-4 Kparuti
po3unHy 8-okcuxiHomiHy. [lepemimnaiite cyMinn naau4Koro.
3anuIIiTh CIIOCTEPEKEHHS Ta PIBHSAHHS peakiii B MOJIEKYJIIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BHUTJISII.
1.2. Peakuist 3 HaTpiii rizporendocdarom, NaoHPO4. KaTionn marHiro
Mg?* y npucyTHOCTI aMOHiaKy if aMOHiii XIOpUy YTBOPIOIOTH GiIuit
KpHUCTaTigHUH ocan amoHii MarHiit pochary MgNH4PO4, o nerko
PO3UYMHSETHCS B OLTOBIH 1 CHIIBHUX KHCIOTaX:
Mg? + NHs; + HPO — MgNH:PO4
MgNH:POs + 3 H+ — Mg?* + NHs* + HsPO.

MgNHsPO# + CH;COOH — Mg?* + NH4* + CH3COO +HP Q4
Bukonanns peaxyii: ToMicTiTh B IPoOipKy 2-3 Kparnii po3YuHy COJi
MarHito, goxaite 2-3 kpamti pozunay HCI (2 M) i 2-3 kparwii po3uusy
Na;HPOs. TTotim nonaiite B poObipky 1 kparuto po3unny deHondraneiny
i 10 Kparusix po34yrH aMoHiaky (2 M), mepeMilnyioduu BMIiCT poOipKu
CKIISTHOIO TTAJTMYKOIO, IO TIOSIBU PO’KEBOTO 3a0apBiIeHHS QeHondTaneiny
(pH = 9). Y npucyTtHocTi iona Mg?* Bunasae 6iuii kpuctatiunuil oca,
3anuIiTh CIIOCTEPEKEHHS Ta PIBHAHHS PEaKIliil y MOJIEKYIIpHOMY i
10HHO-MOJIEKYJISIPHOMY BHTJISI.
1.3. Peakuis 3 pozunnamu jyris. lonn Mg?* 3 pozunnom NaOH a6o0 KOH
yTBOPIOIOTH Oinmii amopduuii ocan Mg(OH),, Hepo3UMHHMIN Y Ha UTUIIKY
NyTy, aje pO3YMHHUIA y KoHLIeHTpoBaHOMY po3unHi NH4CI:
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Mg(OH)2d + 2NHs* — Mg?* + 2NHsz + 2H:0
Buxonauns peakyii: moMicTiTh B poOipKy 4-5 Kparnens po3uuHy codi
MarHiro i nrogaiite 10 Hporo 4-5 kpanens pozunHy NaOH (2 M), a notim 5-
7 xparnens po3unny NH4Cl.
3anumIiTh CIIOCTEPE)KEHHS Ta PIBHAHHS peakiil y MOJICKYJISIPHOMY 1
10HHO-MOJICKYJISIPHOMY BHTJISIIL.

2. Ananituyni peakuii kariona gpepymy(Il), Fe?*.
2.1. Peakuis 3 kaJiii rexcanianogpeparom(IIl), Ks[Fe(CN)s]. Ionu Fe?* y
KHCJIOMY CepeloBHIi 3 Kamiii rekcanianodeparom(I1l) yTBoproroTh cuHii
ocan — kamitt pepym(Il) rexcamianodepat(Ill) (TypHOyneBa cuHb):

Fe?* + K* + [Fe(CN)s]* — KFe[Fe(CN)g] +

Bukonanns peaxyii: TOMiCTiTh B IPOOipKy 2-3 Kparuti po3YuHY COJi
depymy(1l), nonaiite 1-2 kparuti 2 M pozunny HCl i 1-2 xpamuii po3uuny
K3[F€(CN)6].
3anuIIiTh CIIOCTEPEKEHHS Ta PIBHAHHS peaKiii B MOJIEKYJISIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BUTJISII.

3. AnaniTiuni peakuii kationa 3axiza(Ill), Fe®*
3.1. Peakuis 3 kaJiii rexcaunianogeparom(Il), Ks[Fe(CN)e]. Ionu Fe3* y
KHCJIOMY CepeIOBHIII 3 Kamiii rekcarianodepaTtoM(I]) yrBoproroTs TeMHO-
cuHiit ocan kainiit pepym(Ill) rexcanianodepar(Il) (6eprincrka masyp):
Fe3* + K* + [Fe(CN)s]* — KFe[Fe(CN)s]¥
Bukonanns peaxyii: TOMICTiTh B IpoOipKy 2-3 Kparuti po34nuHy COi
¢depymy(I1l), momaiire 1-2 xpammi 2 M pozuuny HCl i 1-2 kparuti po3unHy
K4[Fe(CN)s].
3anuIiTh CIIOCTEPEKEHHS i PIBHAHHS peaklii B MOJIEKYJSIPHOMY i i0HHO-
MOJIEKYJIIPHOMY BHIJISATI.
3.2. Peakuis 3 amoniii ponaninom, NH4sSCN, a6o kasuiii ponanigom,
KSCN. Tonu Fe3* y kucnomy cepenorumti (pH = 2) 3 amMoHiii posanizom
a00 KaJii poAaHiJOM yTBOPIOIOTH KOMIUIEKCHY CIIOJIYKY, 10 3a0apBIIIoe
PO3YHH Y KPUBABO-YEPBOHHIA KOJIIp:
Fe¥* + 6SCN- — [Fe(SCN)s]*
Buxonauns peakyii: moMicTiTh B po0ipKy 2-3 kparii coni ¢pepymy(I1I).
VYHiBepcansHUM iHIMKaTOpoM nepeBipre pH. IIpu HeoOxigHOCTI Honaiite 1-
2 kparti 2 M po3unny HCI. Jlonaiite 2-3 kparuii HACHUYEHOTO PO3YHHY
poxdaHiny amoHiro (abo kaiito) abo cyxy cisib. 3BEpHITh yBary Ha
3a0apBIICHHS PO3UHHY.
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3anumIiTh CIIOCTEPEKEHHS Ta PIBHAHHS peakiii B MOJIEKYJIIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BUTJISIII.

4. AnaniTuani peakuii kationa manramy(I1), Mn?*,

4.1. Peakuist 3 6icMyraTom Hatpito, NaBiOs. lonn Mn?* B
HITPAaTHOKHCIIOMY CEpEIOBHINI OKHCHIOIOTHCS 0iCMyTaToOM HATpilo 10 iOHIB
MnOy, o 3a0apBIifoe PO3YNH Y MAITMHOBUH KOJIp:

2Mn% + 5NaBiOs + 4H* — 2MnOs + 5Bi* + 5Na* + 2H20
Bukonanns peaxyii: BHECITh y IpoOipKy Ha KIHYUKY IIMATEIS TPOLIKH
mopomky OicmyTara Hatpiro. Jlomadte 2 Ma 2 M po3duHy HITPaTHOL
kucyoty i 1-2 xparuti pozuuny coni Manrany(1l). ManuHoBuii kosip
PO3YMHY BKa3ye Ha yTBOpeHHs ioHa MnOy.
3anuIIiTh CIIOCTEPEKEHHS Ta PIBHAHHS peaKiii B MOJIEKYJIIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BUTJISII.

5. AnajiTu4ni peaknii kationa cru6iro(I1L), Sh3*.

5.1. Peakuis 3 Tiocyabdarom HaTpito, Na2S203. Karionu Sb* npu
HarpiBaHHI 3 TIOCYITH(}ATOM HATPIIO YTBOPIOIOTH 0CAJ] YePBOHOTO KOIHOPY
(cynbdookcun ctubito(1Il), Sbo0Sy):

2Sb3* + 25,052 + 3H20 — Sbo0S2l + 2S04% + 6H*
Bukonanns peaxyii: moMicTiTh B IpoOipKy 2-3 Kparwii po3UuHY XJIOPHIY
ctubiro(11l), monaiiTe Aekiiapka Kpamnenb cyiabdarHol kucinotu (1 M), kuHbTe
kpuctaimuk Na»S;03 i HarpiiiTe Ha BOJIsHII OaHi. Y TBOPHTHCS YSPBOHUIA
ocax Sbo0Ss.
3anuIIiTh CIIOCTEPEKEHHS Ta PIBHSIHHS peakiii B MOJIEKYJISPHOMY i 10HHO-
MOJIEKYJIIPHOMY BHIJISATI.

Jlabopamoprna poboma Ne 8
AHAJIITUYHI PEAKIII KATIOHIB VI AHAJITUYHOI I'PYITA

I'pynoBum pearenrom Ha kationu VI ananitiuunoi rpymu € 25% po3uuH
NHa. Ilpu aii Ha[UIMIIKY PO3YHHY aMOHIaKy Ha PO34HH, 10 MICTHUTb
KaTioHu VI aHaNITHYHOI rpyINH, yTBOPIOIOTHCS 3a0apBiIeH] PO3YHHH
KOMIUIEKCHUX CIIOJIyK — aMiaKariB.

1. AnajiTnuna peakuis kationa kynpymy(11), Cu?*.
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1.1. Peakuist 3 po3unHoM amoHiaky. Kationn Cu?* 3 HAUIHIIKOM
KOHLIEHTPOBAHOTO PO3UMHY aMOHIaKy YTBOPSATH KOMIIJIEKCHY CIIONYKY -
amiakat kynpymy(ll), sickpaBo-cHHBOTO KOJILOPY:

Cu?* + 4NHz: — [Cu(NHs3)s]*
Buxonanns peakyii: moMicTiTh B poOipKy 2-3 Kparuii po3unHy coJi
kynpymy(Il) i nonaiite no Hporo 4-6 xpaneinb 25% po34rHy aMOHIaKy.
3BepHITH yBary Ha KOJIip PO3UHHY.
3anuImiTh CIIOCTePEeKEHHs Ta PIBHAHHS PeaKiii B MOJICKYISIPHOMY H 10HHO-
MOJIEKYJISIPHOMY BHII.

2. AnaniTuyni peakuii kationa xo6anbty(Il), Co?*.
2.1. Peakuis 3 po3unnom amoniaky. Karionn Co?* 3 HAJUTHIIIKOM
KOHLIEHTPOBAHOTO PO3UMHY aMOHIaKy YTBOPIOIOTh KOMIIJIEKCHY CIIONYKY —
amiakat ko6anbTy(I1), [Co(NH3)6]?*, scKpaBo-KOpPHYHEBOTO KOJILOPY:

Co* + CI + NHz + H20 — CoOHCN + NHa*

CoOHCH + 6NH3; — [Co(NH3)s]?* + OH" + CI-
Buxonanus peaxyii: noMicTiTh B Ipo0ipKy 2-3 kparuti ko6anbT xiopumy(1l)
i nonaiite 1-2 kparuti 25% po3uuny amoHiaky. CriocTepiraiite BUNaiaHHs
CHUHBOTO ocaay ocHOBHOI coii kobanbTy(Il) — CoOHCI. Po3uusnits ocan y
HAJUTMIIKY 25% pO34MHYy aMOHiaKy.
3anumIiTh CIIOCTEPE)KEHHS Ta PIBHSIHHS Peakuiil y MOJICKYIIIpHOMY 1
10HHO-MOJICKYJIIPHOMY BHTJISII.
2.2. Peakuis 3 amoniii ponanizom, NH4sSCN (abo kauiii poganigom,
KSCN). Karion Co?* y HeifrpansHoMy 260 c1aGOKHCIOMY CEpeloBHUILI 3
poJaHif-ionamu yTBoproe kommnekcHuii ion [Co(SCN)4]%, 3a6apsnenuii y
CHHIH KoTip:

Co?* + 4SCN- — [Co(SCN)4]*

BuKkoHaHHIO peakilii 3aBa)ar0Th 10HU Fe®, mo YTBOPIOKOTH 13 POJIaHII-
10HOM KOMILIEKCHY CIIOJIyKY KPHBaBO-4EPBOHOTO KOJILOPY. ToMy pH
Bu3Ha4eHHI ioHiB Co?* peakuicro 3 pofaHijg-ioHoM y ipucyTHocTi Felty
peakiiiiHy CyMilll I0Ia0Th CyXy ciib HaTpiil hiayopuay (abo amoHii
(ayopuay) 1 38'a3yBanns ioHis Fe®* y Miauil 6e30apBHuii KOMILIEKC
[FeFe]?".
Buxonanns peaxyii: moMicTiTh B IpoOipKy 2-3 Kparuti po3unHy coJi
ko6anbTy(Il), 5-6 Kpamenap HACHYESHOTO PO3YHHY aMOHIH poxaHimy (abo
Kaii pojaHiny) i 5-6 xpaneib cymili 130aMiJIOBOrO CITUPTY 3 eipoM.
CrpycHiTb po0OipKy. YTBOpEeHa KOMILIEKCHA CIIOJIyKa eKCTParyeThes y
BEPXHil OpraHivyHMi map i 3a0apBUThH HOTO B CHHIH KOJIIp.
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3anumIiTh CIIOCTEPE)KEHHS Ta PIBHAHHS peaKiii B MOJICKYJISIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BUIJISIII.

3. AnasiTuani peaxuii kationa nikomy(IT), Ni%*.

3.1. Peakuisi 3 pozunnom amoniaky. Karionu Ni?* 3 pozunHOM aMoHiaKy
CIIOYATKY YTBOPIOIOTH SICHO-3€JICHHH 0cag ocHOBHOI coui Hikomy (I1), mo
HOTIM PO3YMHSAETHCS B HA/UIMIIKY KOHIIGHTPOBAHOTO PO3YHHY aMOHiaKy 3
YTBOPEHHSAM CUHBOTO po3uuHy amiakaty Hikomy(IT) [Ni(NHs)e]?*:

Ni2* + CI + NHz + H20 — NiOHCH + NH4*

NiOHCH + 6NHs — [Ni(NHs)s]?* + OH + CI
Bukonanns peaxyii: momicTiTh B Ipo0OipKy 2-3 kparmti po3unry Hikoi(1l)
xsopuny abo iamoi comi Hikomy(Il) i momaiite mo kpamsix 25% po3unH
aMOHiaKy JI0 YTBOPEHHs SICHO-3€JICHOTO 0caxy OocHOBHOI coui Hikomy(Il), a
MOTIM HaJUTHUIIOK 25% pOo34MHy aMOHIaKy 10 pPO3UMHEHHS O0caay. 3BEpHITh
yBary Ha KOJip pPO34HHY, 0 YTBOPUBCS.
3anuIIiTh CIIOCTEPEKEHHS Ta PIBHSAHHS peakiiil y MOJIEKYJIIPHOMY 1
10HHO-MOJIEKYJISIPHOMY BUTJISII.
3.2. Peakuisi 3 nuMerniriaiokcumom (peaktusoM Uyraesa), CsHsN20o2.
Karionu Ni?* B amoniaunoMy cepenosuii (pH = 9) yTBOpIOIOTS i3
JIMMETHITTIOKCHMOM MaJIOPO3YMHHY BHYTPIITHEOKOMIUICKCHY CilTb
SCKPABO-POXKEBOT0 KOJIBOPY:

NiZ + 2C4HsN202 + 2NHs — [Ni(CsH/N202)2]d + 2NH4*
Bukonanns peaxyii: TOMiCTITh B TPOOiIpKy 2-3 Kparuti po3yuHY COJi
nikony(Il), nonaiiTe no HeoroO 5-6 Kpanens 25% po3unHy aMOHiaKy i
2-3 kpami peaktuBy Uyraesa. CTpycHITs IPOOIpKY ¥ criocTepiraite
YTBOPEHHS SICKPaBO-YEPBOHOIO OCATYy.
3anuIIiTh ClIOCTEPEKEHHS Ta PIBHSIHHS peakiii B MOJIEKYJIIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BHUIJISIII.

Jlabopamopua poboma Ne 9
AHAJII3 CYMIIII KATIOHIB 1V - VI AHAJIITUYHUX I'PYIT

IMonepenni BUNpoOyBaHHS.
1. 3BepHiTh yBary Ha 3a0apBieHHs po3unHy. BincyTHiCTb 3a0apBieHHS Jae
MOKJIHBICTh IPHITYCTHTH, IO B po34nHi HeMmae kaTionis Cr¥, Fe?*, Fe3*,
Mn?2*, Cu?*, Co?, Ni?".
Tonu: Cr* 3a6apBmoIoTh po3unH y (ioaeToBuii Koip,
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Fe? -« - i ko
y SKpaBo-3€JICHUH KOJIip,
Fe3* -« y JKOBTHH KOJIip,
Mn?* -«- y SCKPaBO-POKEBHI KOJIp,
Cu? -«- y GIaKuTHHUIH KoJTip,
Co? -«- y POKEBUH KOJIIp,
Ni2 - «- y 3eJIeHui Komip.

IpumiTka: y po3BeeHUX po3unHax 3a6appieHHs ioHiB Fe?* i Mn?*
HE CIIOCTEPIraeThCsl.

Ha mincTaBi 3a0apBieHHS pO34HHY 3pO0ITh MPHUITYIICHHS PO MOXKIUBY
MPUCYTHICTb 10HIB.

2. 3a J0NOMOTOI YHIBEpPCAIBHOTO IHAMKaTOopa Bu3HauTe pH
PO3UHHY.

3. /IpoGHUM METOJIOM NPOBEITh BIAKPHUTTS 10HIB, BUSBICHHIO KX
HE 3aBaXKAIOTh 1HII 10HM:

Fe?* — peaxuis 3 kanii rexcauianopeparom(I11);

Fe3* — peaxuis 3 kaniii rekcanianogpeparom(Il) it amoHiil pogaigom;

Mn%* — peakuis 3 6icMyTaTOM HATpil0 B HPUCYTHOCTi HiTpaTHOI

KHUCIIOTH.

4. OcamxeHHs KaTioHIB V 1 VI aHANITHYHUX TPYTL.
[MomicTiTh B IeHTPUYKHY TPOOIpKy 2-3 M JOCITIHKYBAaHOTO PO3UHHY U
Jonuiite 1o Hhoro Hammmok po3unny NaOH (2H). Cymimn mepemirmaiite
cKisiHOM nanuykoro. Ocajy 1 BiIOKpeMuUTe Biji pO3UMHY
uentpudyryBannsam. Lientpudyrar 1 3nuiite B okpeMy npoOipky i
HaMuIITh Ha Hill HOMeED.

Ocan 1 Hentpudyrar 1
Fe(OH),, Fe(OH)3 [Zn(OH)4]*
Mn(OH),, Cu(OH), [AI(OH)e]*
Co(OH)2, Ni(OH) [Cr(OH)e]*

5. Binkputrs ionis Zn?*, Al**, Cr¥*,

IMomicTiTh B mpobipKy 2-3 M meHTpudyrary 1 i gomaidte 10 HHOTO
Jutst Herrpanizanii 1-2 M pozunny HCI (2H).

3 OTpHMaHOr0 pPO3YMHY B OKpEeMHX Mpobax IpoOHMM METO0M
BIIKpUIATE 10HU:

Zn?* — peakliisi 3 JUTU3OHOM;

Al¥* — peaxliis 3 anizapuHoM;

Cr* — peakuis 3 IEPOKCH/IOM BOJHIO B HA JIUIIKY JIYTY.

6. Pozunnenns ocany 1 i Bizkpurts ionis Cu?*, Co?*, Ni%*,




MIHICTEPCTBO OCBITU I HAYKH YKPATHU
JEPKABHHMI YHIBEPCUTET < ZKUTOMHUPCBHKA ®-23.07-
JKuromupeska MNOJITEXHIKA» 05.02/2/101.00.1/MB/OK13
MoJTiTeXHiKa Cucrema ynpasiinns sikictio Bianosinae ICTY ISO -2021
9001:2015
Exsemnasp Ne | Apk 94138

o ocany 1 nonmiite 2-3 mut pozunny HNO3z (2H) i Harpiiite Ha BosiHIM
0aHi 10 MOBHOTO PO3YMHEHHs ocafy. Y po3uuHi nepedysaroTs ionu Fe¥*,
Mn?2*, Cu?*, Co?, Ni%".

3 0TpHMaHOTro PO34YMHY B OKpEMHX Npo0ax IpoOHUM METOAOM BiIKpHHTE
10HU:

Cu?* — peakuist 3 HAJUIMIIKOM PO3YMHY aMOHIaKY;

Co% — peaxiiist 3 aMoHil abo Kaliil poaaHiIoMm;

Ni?* — peaxuis 3 peaktupom Uyraepa.

PesynbraTtu aHamni3zy y BUIIIAI piBHSHB peakiliii 3aMumIiTe y pododomy
30MIMTI f MOKAXITh 3BIT BUKJIAJa4eBi.
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AHAJIITUYHI PEAKIIII AHIOHIB

3aranpHONpUitHATOI Knacudikarii aHioHiB He icHye. Halivacrime
BUKOPHCTOBYETHCSI Kilacu(iKallis aHIOHIB O PO3YMHHOCTI coJiel Oapito i
apreHTymy.

IMepma anajirnuna rpyna amionis noennye ionu SOs2, COs%,
PO,*, SiO3%, sKi yTBOPIOIOTH MalOpO34MHHI coni Oapiro. I'pymoBum
peareHToM € po3unH Oapiit xmopuny BaCl,.

Jpyra anaxitu4yna rpyna amioniB Bkitodae ionu Cl, Br, I, S%,
SKi YTBOPIOIOTH MAaJOPO3YHMHHI COJIi apreHTyMy. [pyIOBHM pearcHTOM €
po3unH apreHtyM Hitpaty AgNOa.

Tpers anajgiruuna rpyna anioniB noeanye ionn NO3z', CH3COO
, MoOs*, WO, VO3 6inpliicTs conell SKMX A00pe PO3UMHHI Y BOJI.
I'pynoBoro peareHty Hemae.

Awnani3 aHiOHIB Mae cBOI 0coONMBOCTI. AHIOHM 3BHYAITHO
BIZIKpUBAIOTh JPOOHMM METOJOM B OKPEMHUX TOPLISAX IOCHiIKYBaHOTO
po3unny. [Ipy BUKOHAaHHI XapaKTepPHUX peakLiil Ha aHIOHHW BapTO 3BEPHYTH
0cOONMBY yBary Ha BIACTHBOCTI i pO3UMHHICTD OJICp)KYBaHUX OCAIiB COJICH
Oapito i apreHTyMy (TOMY IO 30BHIIIHIN BHUTIIA OCaliB 0araTb0X aHIOHIB
NPaKTUYHO OJTHAKOBHIA).

Jlabopamopna poboma Ne 10 )
AHAJIITUYHI PEAKIII AHIOHIB I AHAJIITUYHOI T'PYIIA
(SO4%, CO3%, PO4*, Si03%)

I'pynoBum peareHtoM Ha aHionu | rpynu € po3uns Gapiit ximopuay BaCly. Y
pe3yIIbTaTi YTBOPIOIOTECS COJIi, MaJIOPO3YHHHI Y BOJII, ajie JIETKO PO3YHHHI
B MiHEpaIbHUX KUCIOTaX (3a BUHATKOM BaSO4 i BaSiO3). Comi apreHTymy
aHioHIB | rpyny po34nHAIOTHCS B po3BeeHil HiTpaTHIN kucioti, HNOs.

1. AnaniTnuna peakuis cyabdary-iona, SO
1.1. Peakuisn 3 6apiii xaopnaom. Anion SO4> 3 katioHoM Ba?* yTBoproe
Ginuit kpucramiuauii ocax Gapiit cymsdary (BaSO.), Hepo3unHHHHN y
MiHEpaTbHUX KACIOTAX:
Ba?* + SO+ — BaSOs
Buxonanns peaxyii: TOMICTITh B TPoOipKy 4-5 kpamnenb po3unHy Oyib-
skoro cynbgary (NazSOs, K2SO4 a60 (NH4)2S04) i nomaiite 10 Hporo 2-3
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Kpamti po3uuny 6apiit xnopuny (BaCly). Otpumanuit ocan po3aitite y ABi
npobipku. Y mepury npoGipky monaiite 4-5 kpamnesns posunny CH3COOH (2
M), a B inmry — 4-5 kpanens HCl (2M).

3amumIiTh CIIOCTEePEKEHHS Ta PIBHAHHS peakiii B MOJIEKYJIIPHOMY i 10HHO-
MOJIEKYJIIPHOMY BUIJISIII.

2. Anajitnuni peaknii kaponar-iona, COs>.

2.1. Peakuis i3 6apiii xaopuaom. Kap6onar-ion CO3? 3 kaTioHOM
Ba?* yrteoproe ocaj Gapiii kap6onary (BaCOs) 6inoro xombopy. Sk Bci
kapbonaru, BaCO3 nerko po3unHAETHCS B XJIOPHUIHIN, HITPATHIHN 1 OMTOBIN
KHCJIOTaxX 3 BUIUICHHAM okcuay kapoony (IV), COy:

Ba?" + COs* - BaCOsd

BaCOs} + 2H* — Ba?* + CO.;T + H:0

Buxonanusi peaxyii: momicTiTh B MpoOipKy 4-5 Kpamenb po3dnHy
Oynb-saxoro kapOonaty (Na,COs, K;COs; a6o (NH4).COs3) i momaiite mo
HBOTO 3-4 Kparuti po3uuHy Oapiii xjopuay BaCly. Posminmite ocam y aBi
npobipku. Y mepriry npobipky momaiite 1-2 min CH3COOH (2 M), a B iHmy
—1-2 ma HC1 (2 M).

3anmuiiTh CrIoCTEepeKEHHS Ta PIBHSHHS PEaKIiil y MOJIEKYJISIPHOMY
11 I0HHO-MOJIEKYJISIPHOMY BHTJISII.

2.2. Peakuist 3 minepanbHumu kuciaoramu. HCl, HNO3 i H,SO4
BUJUIAIOTh 13 KapOoHaTiB BimbHy kapOonatHy kucioty (H2COs), mio
posmamaetecss Ha COz i H»0. VYrtBopenmit CO, MoOXHa BHUSIBUTH 32
nonomoroto peakiii i3 Ca(OH); (BanHsiHa Bojia), IPH LIbOMY BUITaa€ Oinnit
ocajx CaCOas:

COs* + 2H* — CO.T + H20

Ca(OH); + CO, — CaCOsd + H20

Buxonanns peaxyii. Peakuilo Kpaile NPOBOJUTH B MOCYAWHI
Jlanponbra. B 071HE 3 KOJIH MOCYAMHH MOMICTITh 5-6 Kparejib HaCHYEHOTO
po3unny Ca(OH);. B iHme xonino — 4-5 kpamens po3duuHy OY/b-SKOTO
KapOoHary i goaaiite Tyau x 5-6 kpaneis HCI (2 M). 3akpuiite nocyauny
MPOOKOIO ¥ CIocTepiraiiTe YTBOPEHHS 0Caly B KOJNiHI 3 PO3UMHOM KaJbITil
rizpokcumy.

3anumIiTh CroCTepeKEeHHs i PIBHAHHS peakuiid y MOJEKYJIIPHOMY
1 10HHO-MOJIEKYJIIPHOMY BHTJISA.

3. Ananituani peaxuii pocdar-iona, PO
3.1. Peaknis i3 0apiii xsmopmaom. bapiii xnopun ytBoploe i3
PO3YMHHUMHU coiisiMu (ocaTHoi kucioty Oini ocaaum Oapiit rigpo docdary,
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BaHPO; (pH = 7-9) a6o Oapiit docdary Bas(PO.), (pH > 9), ski
PO3YMHSIOTECS B MiHEPAJIbHUX KUCIIOTAX:

HPO.* + Ba** — BaHPO«

2P0+ + 3Ba? — Bas(POu)2d

Buxonauns peaxyii: momicTite B npoOipky 3-4 Kparmi po3yuHY
Hatpiit rigpodocdary (NaHPO.) i momaiite 2-3 kpamii po3uuHy OGapiii
xnopuny (BaCly). IlepeBipre pO3YMHHICTH OTPHUMAaHOIO OCaay B
MiHepanbHuX KuciaoTax (kpiMm HoSO4), Hanpuknan, 8 HCI i 8 CH3COOH.

3anumIiTh CriocTepeKEHHS Ta PIBHSHHS PEakIliil y MOJIEKYIIPHOMY
11 I0HHO-MOJIEKYJISIPHOMY BHTJISI.

3.2. Peaxkuis 3 MoJIi0eHOBOK PpiIMHOI, PO3YHH aMOHIW
moaionara (NHi):MoO: B HirpaTHiii kucioTi. AMOHIA MomiOmat B
HiTpartHiit kucaoTi i amoHiit Hitpari (NHsNO3) npu HarpiBanHi yTBOPIOE i3
docpar-ionom  (PO,*)  xoBTMH  KpuCTaldiuHuii  ocal  aMoOHii
dochopomomnionara, (NH4)z[P(M03010)4]:

PO +3NH4s+12Mo0+> +24H* — (NHa4)3[P(M0sOw)s]¥ +
12H20

Buxonanus peaxyii: moMicTiTh B npoOipKy 5-6 Kparmenb po3unHy
aMoHil MoniOaaTy ¥ Harpiiite fioro Ha BoasHii OaHi. [lonaiite 10 Temioro
posunny 2-3 kpamt po3unny HNO;z (2 M) i kineka kpuctanie NHsNO3
(U1 3MeHIIeHHsT po34yMHHOCTI ocaay). o orpumanoi cymimn gonaite
2-3 xparuti po3unny H3PO4 abo Oyap-sKoi ioro couti.

Tax six ocax poszumHsAeThes B HammUmKy HzPOs a6o NasHPO., To
BapTOo OpaTu HaUIUIIOK MOJNiOMeHOBOI pimmHuU. [Ipm Mamiii KOHIEHTparil
¢docdar-ioHIB ocam MOke HE YTBOPHUTHCS, alleé PO3YMH MPH LHOMY
3aapOyeThCs B AKOBTHI KOJIP.

3anmumIiTh CIIOCTEPEKEHHS Ta PIBHSIHHS PEakiii B MOJEKYJIIPHOMY
1 I0HHO-MOJIEKYJISIPHOMY BHZI.

SIKo B po34MHi NPUCYTHI BifHOBMOBaui (SZ, Sn%*, Fe?* i in.), saxi
BiHOBMOIOTL, i0H MoQs* 10 MomibaeHoBoi cuHI (CyMill CHOIYK
MONIOAeHY pI3HUX CTYIEHIB OKHCIIOBAHHS), TO PO3YHMH 3a0apBIIOETHCS B
cuHil Komip. Jlms BuAalieHHS BiTHOBIIOBAYiB MOMEPETHHO HEOOXiTHO
MPOKUMI'SITUTH 2-3 Kpamli JOCHiKYyBaHOTO po3unHy 3 1-2 KpamrMu
KOHLIEHTPOBAHO{ HITPAaTHOI KHCJIOTH, a ITOTIM MPOBECTH PEAKII0 BiAKPHUTTS
¢ocdar-ioHa.

4. AnajiTiani peakuii cmtikaT-iona, SiOs%,
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4.1. Peaxuis 3 possenennmu kucaoramu. lonm SiOz% 3
PO3BEICHNMHU pO3YMHAMH KHCJIOT YTBOPIOIOTH CHJIIKATHY KHCIIOTY Y
BUTJISII TEITIO:

Si0s> + 2H* — H:SiOsl

Buxonauns peaxyii: momicTiTh B MpoOipKy 5-6 Kpamenb po34HHY
Hatpiit cumikaty (NaxSiOs) i momaitre 3-4 kpamni posumny HCl (2 M).
Crocrepiraiite yTBOPEHHS CIIIIKATHOI KUCIIOTH Y BUTIISL TEIIIO.

3anuIiTh CIIOCTEPEKEHHS Ta PIBHAHHS Peakilii B MOJICKYISIPHOMY
11 I0HHO-MOJIEKYJISIPHOMY BHTJISII.

4.2. Peakuis i3 cossimu amoniaky. Comi amoniaky (NH4Cl, abo
(NH4)2S04, a60 NH4NO3) npu fii Ha anion SiOs% BUIAIIAIOTE i3 pO3YUHIB
CHUITIKATiB, BHACHIZIOK 3CYBY peakiiii rizponisy, cunikatay kucioty (H2SiOs)
y BUTJISA[I I'eJlio:

SiOs + 2NHs* + (2H20) « H2SiOsl + 2NHsz + (2H20)

Buxonanusi peaxyii: moMictite B npoOipKy 5-6 Kparmenb po3unHy
Hatpii cuitikaty NaySiOs 1 monmaiite 5-6 Kparesib po3uMHy aMOHIN XJIOpUay
(NH4CI). Cymim Harpiiite Ha BomsHiii Oami. CrmocrepiraiiTe yTBOpPECHHs
CTYAEHHCTOTO 0CaJy CHIIIKaTHOT KHCIIOTH.

3anmuIiTh CIIOCTEPEIKESHHS Ta PIBHSIHHS Peakilii B MOJEKYJIIPHOMY
11 I0HHO-MOJIEKYJISIPHOMY BHTJISI.

Jlabopamopuna poboma Ne 11
AHAJIITUYHI PEAKIIITI AHIOHIB IT AHAJITUYHOI I'PYITA

I'pynoBum peareHToM Ha aHioHu I rpynu € po3uuH apreHTyMm HiTpary
(AgNO3). V pesysbTati yTBOPIOIOTHCS COJTi, HEPO3UUHHI Y BOI i
po3BezeHiit HiTpatHiit kucnori. Couni Oapito 3 anionamu 11 rpynu po3unHHI
Y BOJIi.

1. AnaniTnuni peakuii xsiopua-iona, CI-.
1.1. Peakuis 3 aprentym Hitpatom, AgNOQOs. [oH aprentymy Ag*™ yTBOproe
i3 xsopua-ionom Cl° 6inuii amopdHuit ocan aprentym xiopuay (AgCl),
HEepO34YMHHUHI y Bogi i kucnotax. Ocan aprentym xnopuay (AgCl) nerko
PO3YHHSAETHCS B PO3YMHI AMOHIaKy 3 YTBOPEHHSIM KOMILJIEKCHOI CIIOTYKH
[Ag(NHz3)2]CL. TIpu xii miTpatHoi KHucI0TH KOMIUTeKCHHI i0H [Ag(NH3)2]*
pyHHYEThCS it 3HOBY BHIagae ocan apreutym xiopuay (AgCl):

Ag* + CI - AgCH
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AgCH + 2NHs — [Ag(NHs)2]* + CI
[Ag(NH3)2]* + CI' + 2H* — AgCH + 2NH4*

Buxonauns peaxyii: momicTite B mpo0Oipky 4-5 Kpamnenb po34HHY
Oynp-sxoro xiopuay (NaCl, abo KCl, abo NH4Cl) i nonaiite 2-3 xparuii
posuuny apreatym Hitpaty (AgNO3). o ocany, 110 YTBOPHBCS, apreHTyM
xnopuny (AgCl), momaiite mo kpammusix pozunH amoniaky NHs (25%) mo
MOBHOTO pPO34YMHEHHs ocany. Jlo orpumaHoro 0e30apBHOTO pPO3YMHY
KOMIUIEKCHOT CIIONKH JOJalTe MO KpamuisiX HITPaTHY KUCIOTY HO IOSBH
6imoro ocaxy (pH < 7).

3anMIIiTh CIIOCTEPEKEHHS Ta PIBHAHHA PEaKLiil y MOJICKYIIPHOMY
11 I0HHO-MOJIEKYJISIPHOMY BHTJISI.

2. AnaniTnyni peakuii cyibdig-iona, S%.

2.1. Peakuis 3 po3uunHamu po3BeaeHux kuciaor (HCl abo
H2SO4). PosBeneni po3uuHu  XJOpPUAHOI ¥ Cy’bharHOl  KHUCIOT
po3KiIanaoTh cyibdinn 3 BumineHHsM cipkoBomHio (H»S). CipxoBoaeHb
MOJKe OyTH BHSIBIICHHIA 3a 3amaxoM a0o0 3a MOYOPHIHHAM (DiTbTPYBaIbHOTO
narepy, 3mo4eroro mwiroMoym(Il) ameratom, Pb(CH3COO),:

S* + 2H* — HLST

H2ST + Pb* + 2CHsCOO — Pb + 2CH3COOH

Buxonanusi peaxyii: moMmicTith B NpoOIpKy 2-3 Kparuli po3duHy
com (NagS, K3S, a6o (NHa)2S) 1 momaiire 3-4 kparmii po3unHy cyiab(paTHOT
(1 M) abo xmopumroi (2 M) kucnor. YrtBopeHuii HpS Bu3Haute 3a
3amaxoM, abo MigHICIM X0 Kpaw MpoOipku (QimbTpyBadbHHU TMATip,
3MOYEHHH aleTaToM CBHHIIO (Ha mamepi 3'SIBUTHCS YOpHA IUIsIMa IUTFOMOYM
cynmpdiny).

3anMIIiTh CIIOCTEPEKEHHS Ta PIBHAHHS PEaKiil Y MOJEKYJIAPHOMY
1 I0HHO-MOJIEKYJISIPHOMY BHTJISIII.

2.2. Peakuist i3 consimu kaamiro(IT). Cynwsdin-ion (S%) yrsoproe
13 consimu kaamito(Il) sxoBtuit ocan kaamiii(1l) cynbdiny:

S* + Cd* — CdSY

Buxonanna peaxyii: TIOMICTITh B TpoOipKy 2-3 Kparuli po3uuHy
HaTpiii cyneginy i momaiite 2-3 kpamti po3unny coiti kaamiro(Il) Cd(NOs)..
Crocrepiraiite yTBOPEHHS JKOBTOTO OCay.

3anuIniTh CIIOCTEPEKEHHS Ta PIBHAHHS PEaKIlii B MOJEKYISIPHOMY
1 10HHO-MOJIEKYJIIPHOMY BHJII.

2.3. Peakuis i3 consamu crudiro(I11l). Cynsdig-ion S% yreoproc i3
comsamu ctubito(Ill) ocan ctubiro(Ill) cymsdiny (Sh2Ss) xoBTorapsdoro
KOJIbOPY:
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3S* + 2Sb** — ShaSad

Buxonauns peaxyii: moMicTite B npoOipky 2-3 Kparmi po3YHHY
HaTpii cynbdiny ¥ nomaiite 2-3 kparuti pozumHy ctu6ii(IIl) xmopuny
(SbCls). CriocrepiraiiTe yTBOPEHHS JKOBTOrapssdoro ocaiy.

3anuIiTh CIOCTEPEKCHHS Ta PIBHIHHS PEaKIil B MOJICKYISIPHOMY
1l 10HHO-MOJIEKYJIIPHOMY BHIJIS.

Jlabopamopua poboma Ne 12
AHAJIITUYHI PEAKIIII AHIOHIB III AHAJIITUYHOI TPYIIN

1. AHajiTnyHa peakuis HiTpaT-iona, NOs".

1.1. Peakuiss 3 mudeninaminom, (CeHs)2NH. (Posunn audeninaminy
NpUrOTOBNICHUH y  KoHieHnTtpoBaHiii HSOs (6yabTe o0epexHi!)
JudeHinaMid y NPHUCYTHOCTI KOHIEHTPOBAaHOi CyNb(aTHOI KUCIOTH
okucHioeTbes Hitpar ioHoM (NO3z) 10 cHomykd, 10 Ma€ TEeMHO-CHHE
3a0apBIICHHS.

Buxonauns peaxyii: BHeciTh y cyxy npoOipky (mo crinmi mpo6ipku!) 1-2
Kpamti po3umHy Oyne-skoro HiTpaTy (NaNOs, abo KNOs, abo iH.) i
nonaiite 1-2 kpammi po3umHy mudeHinaminy (mo crinmi mpo6ipkm!). Ha
CTiHII TIPOOIpKH (y MicCIli 3iTKHEHHS PO3YMHIB) CHOCTEpIraliTe TEMHO-CHHE
3a0apBIICHHS.

3anuIiTh CIOCTEPEKEHHSI.

2. AnajiTuyni peakuii anionis MoO4+>, WO4>, VOs'.
2.1. BigHoBieHHs muHKOM y KoHnenTpoBaHiii HCl. Axionu MoO.%,
WO,?, VO3 BiIHOBIIIOIOThCS LIMHKOM Y KOHIIEHTPOBAHIH XJIOpUIHii
kucaoTi 10 Mo20s — 3enennii, W20s — cuwiit i VOCl, — dioneroBuii:
2WO4Z + Zn + 6H* — W20s5 + Zn?* + 3H20
2VOs + Zn + 8H* + 8H:0 — 2[VO(H:0)s]** + Zn?*
2Mo0Os* + Zn + 6H* — Mo20s + Zn** + 3H20
Buxonauns peaxyii: moMicTite B 3 mpoOipku 10 3-4 Kparuti JoCIiKyBaHIX
po3unHiB (3BUyaiiHo BukopuctoByeThesi (NH4)2WO4, (NH4)2Mo0Os,
NH4VO3), nonaiite 3-4 xparwii KOHIICHTPOBAHOI XJIOPHIHOT KUCIIOTH i
OJIHY TpaHyJy IUHKY. 3adapOyBaHHS pO3YUHY B CHHIH, 3eJIeHni ab0
(ioneToBuUil KOIip BKa3ye Ha MPUCYTHICTh X aHIOHIB.
3anuImiTh CIIOCTEPE)KEHHS Ta PIBHAHHS PEaKIii y MOJIEKYJISIPHOMY H
10HHO-MOJIEKYJISIPHOMY BHTJISAI.
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2.2. Peakuii na anion MoO4% y npucyrnocti WO42",

His xonunentposanoi HCl, po3unny NH4SCN i po3unny SnCl..
ITpu Bussnenni MoO4? y npucytHocTi WO ocTanHiil Bumanae B ocan y
Burnsagi HoWOs min nmiero konnentpoBanoi HCl. MomibaeHoBa KuciaoTa
(H2Mo0O3) 3anuiaetbest B po34rHi, TOMY 110 po3urHHa B Hamumky HCL:

WO4Z + 2H* — H:WO4

IotiMm MomiOmeHOBY KHCIOTY BigHOBIIOIOTH SnCly, y Kucimomy
CepeNoBUIIi, a II'SITUBAJICHTHUA MONiOneH y BUTIAni ioHa [MoOJ®*
3B"13y10Th NH4SCN y KOMILIEKCHY CIIOyKY YePBOHOTO KOJIBOPY:

2Mo004* + Sn?* + 12H* + 10SCN" + 6CI- — 2[M0oO(SCN)s]* +

+[SnCle]* + 6H20

[Micns uporo BiAHOBIIOIOTH BoNb(ppamMoBy kuciaory SnCl, B
konnentpoBaniit HCI no okcuay W2Os CHHBOTO KOJIBOPY:

2HWO4l + Sn?* + 2H* + 6ClF — W20s + [SnClg]* +
3H20

Buxonanus peaxyii: Ha QiapTpyBalbHUI Nanip HaHECITh 2 Kparuii
konnentporanoi HCI, 1 kpammo posumny NHsSCN 1 1 kpamio
nocmimkysanoro posunHy ((NH4):WO, i (NH4);Mo0Os), a motim -
1 xpamto pozunay SnClo. Ilnsama cTaHe 4epBOHOTO KOJBOPY 3a PaxyHOK
YTBOPEHHS KOMILIEKCHOro ioHa [MoO(SCN)s]?. 11[06 Binkputu ion WO4%,
y ueHtp MM, ne € ocan HoWO4, momadite mo 1 xpamm SnCly i
xoHuenTposanoi HCL. ¥V npucyTtHocTi iona WO4% LeHTp IIAMU CHHIE 3a
paxyHok yTBopeHHsI W20s, a Kpal 3aIMIIaloThcs YePBOHUMH.

3anmumIiTh CrIocTepeKEHHS Ta PIBHAHHS PEAKIiil y MOJIEKYIISIPHOMY
1 10HHO-MOJIEKYJISIPHOMY BHTJISII.

2.3. Peakuii Ha anioH VO3,

2.3.1. Peaxuis 3 nepoxcuaoM BoaHI0. [Iepokcua BOAHIO OKHCHIOE
ion VO3 1o HaaBaHanieBoi KucioTH. Kouip po3uMHy MIHSETBCS Bif
YKOBTOTapsT40T0 JI0 YePBOHO-KOPHYHEBOTO 3aJIeKHO Bij pH po3uunny:

VO3 + H202 — VOs + H20

Buxonauns peaxyii: momicTiTe B mpo0Oipky 3-5 Kpamnenb po3duHY
cynbdartaoi kucnotu (1 M) i 1 kpammo pozunny H20», a uepe3 2 XBUIMHU
— 5 kpanens edipy # 3 xpamti gociipkysaHoro po3unny (NH4VOs). 1o6pe
nepeminiaiite. Y mpucytHocti ioHa VO3~ opraniuHa ¢asa 3adapOyerscs B
YKOBTOTAPSTYUIN KOJIp.

3anuImiTh CIIOCTEPEKEHHS Ta PIBHAHHS PEaKIlii B MOJIEKYISIPHOMY
1l 10HHO-MOJIEKYJIIPHOMY BUII.
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2.3.2. Peakuist 3 jgirninom. JlirHiH, 10 MICTUTbCS B Ta3eTHOMY
nanepi, BigHOBMOEe i0H VO3 10 HIXKYMAX CTYICHIB OKUCHCHHS, SKI
3a0apBIIIOIOTH Ta3e€THUH Malip Y YOPHO-3€JIeHUH KOJip.

Buxonanns peaxyii: kpammo aHamizoBaHoro posuuny (NHsVOs)
HAHECITh Ha ra3eTHUH mamip, ponaiite 1 kpammo konneHTpoanoi HaPOs 1
CIIOCTEPIraiTe MOsIBY IUIIMU YOPHO-3€JICHOTO KOIBOPY.

3anuIriTh CIOCTePEeKEHHS.

2.4. Peaxuii Ha anion CH3COO".

Hist cyabdaTthoi kucoru, H2SO4. CynpdaTHa KHCIOTa BUTICHSE 3
PO3UYMHIB alleTaTiB BUTbHY ONTOBY KHCIOTY, SKy MOJKHA BHSBUTH 32
3araxom.

Buxonanusi peaxyii: momicTiTh B npoOipKy 5 Kpameib po3duHy
arieraTy HaTpito ¥ momaiite 2 kpamii konueHTtpoBaHoi HSO.. Bussith
OLITOBY KHCJIOTY IO 3anaxy. 3alHIIiTh CIIOCTEPEIKEHHSI.
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KUIBKICHUM AHAJII3

KinpkicHMII aHaili3 BHBYA€ METOOM BHU3HAYEHHS KIUIBKOCTI
CKJIaIOBUX  4YacTUH  (CJICMCHTIB,  10HIB,  MOJCKYJ,  pPaJHKaliB,
(YHKIIOHAJBHUX TPyNm 1 T.J.) B aHali30BaHOMY 3pasKy (pE4OBHHI,
CKJIaTHOMY MaTepiaii, MiHepalli, TipChbKild TOpOoi).

MeTtoan KibKiCHOTO aHANI3y MUIATHCS Ha XiMidHi, Qi3UKO-XiMidHI
it ¢iznuHi. BimHeceHHs MeToxy m0 Toi abo iHINOI rpymH 3aJIeKUTh Bill TOTO,
SIKOIO MIpOIO KUTbKiCHE BH3HAYCHHS 3aCHOBAaHE HA BUKOPHCTAaHHI XiMIYHHX
peaxiiii, ¢pizuko-xiMigHNX a00 Pi3UIHUX IPOIIECIB.

BiAmoBinHO TpHOM arperaTHUM CTaHaMm Martepii - TBEpAOMY,
pinkoMy ¥ ra3omofiOHOMY - KUIBKICHI BHMIpH MpPOBOAATH LUIIXOM
BU3HAYCHHS] MacH (3Ba)KyBaHHs) 1 IIUIIXOM BH3HAYEHHS O0'€MIB PigKHX i
ra3omno/i0HNX Pe4OBHH.

Jlo XiMIYHMX METOMIB BiJJHOCATHCS TpaBIMETPUYHHI (BaroBuii),
TUTPUMETPUYHKH (00'eMHMIT) 1 Ta30BUI aHAaII3.

@i3uuni #  (QI3UKO-XIMIYHI METOOW  BKJIIOYAIOTH  OITHYHI,
SJIEKTPOXIMIiYHi, Mac-CIIeKTpalIbHAHN, XpoMaTorpadigHmii, pagioMeTpUIHUI
iH.

TPABIMETPUYHUI AHAJII3

KisnpkicHuii aHaIi3 — 11€ CYKYIHICTh XIMIYHHX 1 (I3MYHUX METOZIB
BU3HAYCHHS! KUIBKOCTI €JEMEHTIB, 10HIB 4YHM XIMIYHHUX CIIOJNYK Yy
JOCIIDKYBAaHOMY 3pa3Ky. MeToau XIMIYHOTO aHali3y MOAUISIOTh Ha
ximiuHi, pi3uyHi Ta Pi3uKO-XiMIUHI.

Jo XiMiYHHX HaleXaTh TPAaBIMETPUYHHHA 1 THUTPUMETPUIHHUN
METO/IH, IO TPYHTYIOTHCS Ha XiMIYHHX PEaKIisX.

@Di3uYHI METOAM MOCTIKEHb IPYHTYIOTHCS Ha BUBUCHHI (Di3MIHUX
BJIacTMBOCTEH  pedyoBuH. Jlo HHMX HaJleXaTb —  CIIEKTPAJIbHHH,
JIIOMIHECHIEHTHHUH, pEHTT€HOCTPYKTYPHUH Ta 1HIII METO/IH.

@Di3uKo-XiMiYHI METOAM aHami3y IependadaroTb BHUKOPHCTAHHS
XIMIYHUX peakmiid, mepedir SKUX CyNPOBOMKYETHCS 3MIHOKO (Hi3MIHHX
BJIACTHUBOCTEH aHami3oBaHOI cucreMu. lle enexkTpoximiuHi, ONTHYHI Ta
xpomarorpadigHi MeToIu.

Cymb__epasivempuunoco _ananizy. ['paBIMETpUYHMM aHaIi30M
HA3MBAIOTh METOJ KIiJIBKICHOTO aHajli3y, WI0 TIPYHTYETbCS HA TOYHOMY
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BU3HAYCHHI MacH PEYOBUHU a00 ii CKJIaIOBUX YaCTHH, BUAIJICHUX Y BUIIISI
CHOJNIYKH MEBHOTO CKiany. [paBiMeTpuuHI METOAM NOAULIIOTE HAa TpPHU
rpymu: 1) MeToau BIATOHKY; 2) METOM OCaJDKEHHS; 3) METOAN BHUIIJICHHSI.

MerogaMu BiJTOHKH BU3HAYAIOTh TIJIBKH JIETKI CIIOJNYKH a0o Taxi,
110 MEPETBOPIOIOTHCS Ha JIETKI B Tpoleci aHamizy. Tak, MOKHa BU3HAUYUTH
BMICT KpHCTaNi3aIlifHOI BOJAW B COJSAX, BHCYIIYIOYM HABKKY COJII 3a
nieBHO1 TemmepaTypH (CuSOs-SH20; FeSO4-7H20).

Haifgactime  3acTOCOBYIOTh ~ METOAM  OCQDKCHHS.  BoHHm
IPYHTYIOTbCS Ha MEPEBEICHHI BU3HAYYBAaHOI PEYOBHHHU y BAXKKOPO3ZUNHHY
CIIOJIYKY, SIKY BHUIUISIOTH, 3BaXYIOTh 1 32 Macol OOYHCIIOIOTH BMICT
KOMIIOHEHTa (eleMeHTa, pedoBHHM). CxeMa MeTOony OCaPKeHHA Taka:
NEeBHY  HAaBAXKy JOCTI[PKYBaHOI PEYOBMHHM  PO3UMHSIIOTH,  JIIOThH
ocapKyBaueM JJIsi OTPUMAaHHS Ba)KKOPO3YMHHOI CIOJIYKH (OCaKyBaHOT
¢dbopmu), ocax BUIAULIOTH (GUIBTPYBaHHSM, OYMILYIOTH NPOMHBaHHAM 1
BHUCYIIYIOTh 200 MPOXKAPIOIOTh IS OTPUMAHHS XIMIYHO CTIHKOi CHOIyKd
CTaJIOro CKJIaIy, TaK 3BaHOI rpaBiMeTpUIHOT (POpMHU.

Ocaooicysana hopma nosunHa 6i0N0GI0Amu maxKum eUMO2am.

1. Ocan mae OyTH NMPakTHYHO HEPO3YMHHHMM, TOOTO MaTu Maie
3HaueHHs 100yTKy po3unHHOCTI (He Bumie 10°8).

2. baxano, mo0 B  pe3ynbTaTi  OCAa[KyBaHHA  YTBOPIOBAINCH
rpy0O03epHUCTI KPUCTAIN, OCKUTBKH JIUIIE TaKUi ocaj He 3a0MBa€ MOpH
¢inpTpa, cmabko ancopOye 3 pO3UMHY CTOPOHHI PEYOBHHH 1 JIETKO
BIZIMHUBA€ETHCS BiJl Pi3HUX 3a0pyaHeHb. [[piOHO3EpPHUCTI OCaIu MOXKYTh
MPOXOJUTH CKpi3b MOpH (inbTpa, M0 B TpaBIMETPUYHOMY aHai3i
Henomyctumo. AmopdHi ocamm, ocobmuBo aparmucti  (A1(OH)s),
CXWJIBHI 10 BOMpaHHs 3 PO34YHHY CTOPOHHIX PEYOBHH, iX Ba)KKO BIIMHUTH
BiZ nomimok. Kpim Toro amopdHi ocaay noBinbHO GibTPYOTHCS.

3. Jlerko i MOBHICTIO IEPETBOPIOIOTECS HA TPaBIMETPUIHY (popMy.

Cnonyky, 3a Macoro K01 OLIHIOIOTh KiIbKICTh BU3HAUYBAHOTO KOMITIOHEHTA,

Ha3MBaIOTh I'PaBIMETPUIHOIO HOPMOIO.

I'pasimempuuna ghopma nogunHa 8i0N0GIOAMU MAKUM BUMOAM.:

1. Cxyag ocamy micisi BUCYIIYBaHHS 4YHM HPOXKapIOBaHHS IIOBHHEH
BIZINIOBIIaTH TIEBHIH XiMiuHii Gopmyi.

2. Byrtu XiMIYHO CTilik0ol0, He OyTH TIrpOCKOINYHOK, HE IOTJIMHATH
BYTJIEKHCITUH Ta3, HE OKHUCHIOBATHCH 1 HE BiJHOBIIOBATHUCH Iij] Yac
MIPO’KapIOBAHHSI.

3. BinHocHa MonekynspHa Maca rpaBiMeTpU4YHOT GOPMHU MOBHHHA OYTH
ssKoMora OuIbIIOI0, 100 MOXHMOKAa BH3HAYCHHS SKHAWMEHIIE BILIMBajia
Ha pesymbrar. Hampukman, npu BusHaueHHi katiomis Fe®*, A1%
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ocamKyBaHoro ¢opmoro BixnosigHo Oynyts Fe(OH)s, A1(OH)s,
OTpHMaHi B pe3ynabTaTi Aii TiIAPOKCHIYy aMOHII0 Ha IOCIIKYBaHHUH
po3umH. Ilig uyac mpokaproBaHHS I TIAPOKCHIM BTPAadyaroTh BOAY 1
MIEPETBOPIOIOTHCS Ha BiAMOBiIHI okcuau FeoOs, A1203, sKi i 3BaXKYIOTh.

B okpemMux BHmagkax OcCaJ)KyBaHOIO 1 TpaBIMETPHYHOIO (HOPMOIO
OyBae onHa W Ta cama croiyka. Hampukian, woHu bapito ocakyroTh 3
PO3YHHY CYIh(paTHOIO KHCIOTO Yy hopMi BaSO4 1 3BakyI0oTh y Takiit camiit
(dbopmi, ockibku Oapili cyibdaT B pe3yJabTaTi MPOXKaprOBaHHS HE 3MIHIOE
CBOTO XIMIYHOTO CKJIaIy.

ITepeBaroro rpaBiMETPUYHOTO CIIOCOOY aHAI3y € BHCOKa TOYHICTH
pe3ysbTartiB, a OJHMM 3 T'OJIOBHMX HENOJIKIB — BEJMKa 3arpara yacy Ha
WOro BUKOHAHHS.

Mo3navenns: Ta po3paxyHkoBi ¢opmyan. Y rpaBiMETpHYHOMY
aHaJi31 BUKOPUCTOBYIOTh TaKi MO3HAYCHHS:

m(xX) — Maca BU3Ha1yBaHOI'0 KOMIIOHEHTA (€JIeMEHTa, pEYOBUHH), T;

Mrpas — Maca rpaBiMeTpu4HOl hopMH, T;

g — Maca HaBa)XXKH 3pa3Ka, T;

®(X) — MacoBa yacTKa KOMIIOHEHTA B 3pa3Ky;

F(x) — dakTop mepepaxyHKy Macu 0caay Ha Macy KOMIOHEHTA.

i Bemu4IrHA OOYHUCITIOIOTH 32 TAKUMH (DOPMyIaMHu:

m(X) = Mrpas. F(X) (1)1
o(x) = mx) 2);
q
o() = PO (g,
q
F(x) = MG @)

rpas.
s obunciieHHs pakTopa mepepaxyHKy MOJISPHI MacH ciiig OpaTa 3
TaKAMU CTEXiOMETPHYHIMH Koe]ilieHTaMu, o0 BOHU OyITH
€KBIBaJICHTHIMH, TOOTO 00 Y HUX MiCTHJIaCh OJHAKOBA KiJIBKICTh aTOMIB
BigmnoBinHoro enementa. Hanmpuknan: F(Fe) = 2M(Fe)/M(Fe203);
F(Ag) = M(Ag)/ M(AgC1); FMg) = 2M(Mg)/ M(Mg2P,07).

3Bu4aitHO BenmnuuHa F 3amumiaeTbes CTaNIO JIMIIE 32 YMOBH, SKIIO

He 3MIHIOETHCS Hi TpaBiMeTprudHa popMa, Hi BU3HAUyBaHA PEUOBHHA.
PosrngHemMo mpuKiIan TpaBIMETPUYHOTO BH3HAYCHHS METOJOM

OCaIKCHHA.
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Busnavenns Bmicty Bapiro y kpucranivnomy 6apiii xsiopuai
(BaCl2:-2H20). OcamxeHHs 6apiro TPOBOAATH 3 pO30ABICHOTO HATPITOTO it
IiIKACJICHOTO PO3YHHY, JOOABISIFOUN PO3YHH CyIb()AaTHOT KUCIOTH:
H2S04 + BaC12=BaS04| + 2HC1

BaxnuBoro yMoBOIO arperamii KpuCTadiB (yKpyNHEHHS) Ta ix
YUCTOTH € TOBIIbHE AOJaBaHHA ocapKyBada. Oca/KEHHS BHKOHYIOTH 3a
HAsBHOCTI XJIOPHUIHOI KHCIIOTH 3 METOIO 3aro0iraHHs 3a0pyAHEHHIO OCamy.
YKpYIHEHHIO KPHCTANiB CIpHUS€ TakoX HarpiBaHHA. OcapkeHHS CIlif
3aKiHYyBaTH Ha XOJIONi, TaK SK PO3YMHHICTH Oapiii cymbdaty mpu
HarpiBaHHI [IEIIO IMiJBUIIYEThCA. Sk mpaBwiio, Uil aHamizy Oepyts | M
po3uuH cyNb(haTHOT KUCIOTH.

Jlabopamopna poboma Nel
BU3HAYEHHS BMICTY ®EPYMY, % METOJ10M
OCAJI’KEHHS

1. Bubip ocamxkyBaua. OcamkyBadem ¢epym(3+)-ioHiB OepyTh
PO3YHH aMOHiH TiIpOKCUIY:

[Fe(OH2)6]** + 3NH3-H20 — [Fe(OH)3(H20)3]| + 3NH4* + 3H20

fers (FE3*) = 1/3,

M(1/3 (NHa)2 Fe2(SO4) 4-24H,0), r/mois.

®epym(1Il) rinpokcus He po3uMHAETHCS B aMOHii Tigpokeuai. Ocan
JIETKO (PUIBTPYETHCS 1 BIIMHUBAETHCS BiJl aICOPOOBAHUX TOMIIIIOK.

2. Po3paxyHok TeopernuHoi HaBaxku (NHz)2Fe2(SOs) 4-24H20

HaBaxky amoniit ¢depym(Ill) cynpbary Ha 24 MOJEKyIHd BOIH
PO3paxoBYIOTh, BHXOIIYM 3 3aralbHUX HPABWJI OCADKCHHS aMOp(HHX
ocafmiB. 3okpemMa, OepyTh HaBaXKy PEYOBHHH, SKa CTAHOBUTH KIJIBKiCTh
PECUYOBHHH €KBiBaJICHTa

n (1/3 (NH4)2 Fez(SO4) 4'24H20) = 0,005 MOJIb.

3 MeToI0 €KOHOMI{ peaKkTHBIB y HaBYaJIbHOMY HPAKTHKyMi MOXKHa
opatu 0.001 — 0,002 monb exBiBaneHta pedoBuHu (NHa)2 Fe2(SO4) 4-24H20,
TOOTO

n(1/3 (NHa)2 Fe2(SOa4) 4-24H,0) = 0,001 — 0,002 MoJb.

Toni

m((NH4)2 FCQ(SO4) 4° 24H20) = M(1/3 (NH4)2 Fez(SO4) 4° 24H20) '
n(1/3 (NHa)2 Fe2(SO4)a- 24H,0).
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3. Baarra HaBaxkn (NHa)2Fe2(SO4)2-24H20. PozpaxoBany

HaBaXXKy 3BaKYIOTb Ha TEXHIYHHUX 1 YTOUHAIOTH Ha aHAJIITUYHUX Barax.

4.

Pozunnenns naBaxku (NHas)z Fe2(SO4)s - 24H20. HaBaxky

KiJIbKICHO MEpEHOCATh y XiMidHuMii cTakan MicTkicTio 100 cM3, po34uHSIOTE
y 15 cm® muctunboBanoi Boau, 10 skoi go6asneno 0,5 cm® 2 M po3uuny
HITPAaTHOT KACIOTH. [IpUCYTHICTh KHCIIOTH BUKITIOUAE MOMITHBICTh PEAKITii
rigpoinizy coii ¢pepymy(IIl) 3 yTBopeHHSIM OCHOBHOI (T1IPOKCO) COi:

Fe** + HOH + SO4* « Fe(OH)SO4+ H*

[Ipu uboMy OnEpKYIOTh IPO30PUI POZUHH.

5.

8.

HinroroBka ocamxyBaua. OcamkyBad — aMOHIH Tigpokcunm. Jlis
ocamkenns (epym(3+)-ioniB 3 po3umnny amowniit depym(Ill) cynbdary
Ha 24 MOJeKyJIH BOJY BUKOPUCTOBYIOTH HAJUIMIIOK KOHIIEHTPOBAHOTO
pPO3UMHY aMOHIN Tigpokcuay. Haaaumok aMoHiaKy BHKIHMKA€E OUIBIITY
azcopOIiI0 aMOHIN-KaTIOHIB 1 MOHMXYE aacopOLito Ta CIIiBOCAIKEHHS
IHIIUX KaTiOHIB, OCKIIBKHM 3a BHUCOKOI KOHIICHTpAIlli aMOHIiH-KaTiOHIB
BiIOYBA€ETHCS 3aMillCHHS aMOHIH-KaTiOHOM IHIITUX KaTIOHIB y Ocai.
MiaroroBka po3unny (NHai)2Fez(SOs)s - 24H20 no ocamkenns.
Pozunn (NHg)2Fe2(SO4)s - 24H20 narpisarots g0 70-80 °C. HarpiBaunss
HEOOXiHEe I TOTro, 00 He YTBOPHUBCS KOJoimHui po3umH depyMm(IIl)
TIAPOKCUAY 1 AT TOCHUJICHHS KOATYJIAIIT y MPUCYTHOCTI €IEKTPOIITY —
Koaryistopa. Poib  Koaryistopa BHKOHYE Cillb  aMOHIIO, sKa
YTBOPIOETHCS B Pe3yJbTaTi HeHTpaumizamii HITPaTHOI KHCIOTH aMOHIN
TiAPOKCUAOM.
Opep:xanns  ¢opmu  ocamkeHnss — ¢epym(IIl) riapoxcuay. o
rapssaoro posunty (NHa)oFex(SOs)s - 24H,0 m06aBnsitoTh KparuisiMu
KOHLIEHTPOBAaHUI pPO3YMH aMoOHiil rigpokcuny B Hammumky. [lepen
BCTAHOBJICHHSIM HA/UIMIIKY aMOHIl TiJPOKCHAY 3a 3alaxoM, 3MUBAIOTh
BHYTPIIIHI CTIHKH CTaKaHY i MAIWYKY Trapsa0l0 TUCTHIHOBAHOO BOJIOIO,
OCKUTPKM Ha HHAX MOXE 3aJHIINTACh aMOHIaK HaBiTh TOHI, KOJH B
po3uunHi He Oy/e HaUINIIKY T1APOKCHA-10HIB. SIKIIO BCTAHOBIICHO, IO B
PO3YMHI € HAJJIMIIOK OCa/PKyBava, TO Y CTAKaH 3 0CAJ0M JOJIUBAIOTH
6m3bKo 50 cM rapsa4oi IMCTHUIILOBAHOT BOH 1 100pE MEPEMIIIYIOTh.
Binokpemiennst ocaxy. Uepes 2-3 XB BiJCTOIOBAaHHS, KOJIM 0CaJl

30epeThCsl Ha OHI cTakaHy, (QUIBTPYIOTH IPO30PY PIAMHY HAJ HHUM Kpi3b
6e33ompHMN  GinbTp (4epBoHa cmyxka). Ocax depym(Ill) rimpoxcumy
HPOMHUBAIOTh METOJOM JEKaHTALii, /Ul 90ro JI0 HhOIO J0AarTh 5-8 cm®
raps9oro po3drnHy aMOHiil HITpaTy 3 MaCOBOIO YaCTKOIO pedoBUHH |%.

IIpomuBanHsa ocamy npoBoisaTh 4-5 pasziB. IloTiM ocam mepeHOCSTH Ha
(inbTp, NpUMBIIKM 10 HLOro 8-10 cM® rapsyoro po3unHy amoHil HiTpary,
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nepeMiliaBId HOro 1 3/IMBalOYM OJAEp)KaHy KalaMyTh 10 MNAJIMYII Ha
¢uteTp. Yactunku pedosunu pepym(Ill) rinpoxcuay, ski OIiIBHO PUCTAIIH
JI0 CTIHOK CTaKaHy, 3HIMalOTh LIMaTOYKOM (iIbTPYBaIBHOTO Mamnepy
(6e330mpHOTO (DimbTpa) 3a JOMOMOTOK CKIISTHOI MAJWYKH 3 TyMOBUM
HaKOHEYHHKOM.
Ocan Ha QUIBTPI MPOMUBAIOTH 1M K€ PO3YMHOM aMOHIM HITpaTy IO THX
mip, TMOKU Kparuist (GiabTpaTy 3 J00aBJICHOIO KpAaIICl0 PO3YHHY Oapiii-
KaTiOHa HEe yTBOPIOE OCal, IO MiATBEPUKY€E TIOBHOTY IPOMHBAHHS OCay.
9. Onep:xanHsi rpaBiMeTpuuHoi popmu Fe20s3
a) BucymyBanas ocamy. JIiiiKy 3 TpOMHTHM ocaioM Ha (imsTpi
3aKpUBAIOTh (DUIBTPYBAJbHUM MANEPOM 3 HECBEIUKUMH OTBOpPaMHU 1
BUCYIIYIOTh Yy CylIibHIN madi (6nm3eko 30 XB).
0) O3oniHHs ¢inbTpa. 35erka BoJoruid GijabTp 3 0CaoM MEPEHOCSTh Y
dapdopoBuit THUrenab, MpOXKAPSHHH 1O CTaJoi MacH, 1 O30JIAI0Th Ha
ra3oBOMY NaJbHUKY (YHHKalO4u 3aropanHs ¢inerpal).
B) [MpokaproBanHs ocany. EnemeHTHHME cknan (opMu oOcalKeHHS
(bepym(Ill) Timpokcwmy) BIOpi3HAETBCS BiX TpaBiMeTpHuHOI (HOpMH
(dbepym(I1l) oxcuay), och YoMy ISl OJCPKyBaHHS TpaBiMeTpHIHOI (hopMu
moTpiOHa BHCcOKa Temmeparypa. Tomy ocax ¢epyM(Ill) rimpokcumy
npoxaproioTh 30-40 XxB y MydenbHii nedi 3a temmneparypu 1000-1100°C.
Mydenp nepioTuIHO BIIKPUBAIOTh, MO0 3a0€3MEYUTH TOCTYT TOBITPS AJIS
IMOBHOTO 3ropaHHS (QimbTpa. THTrems OXOJOMKYIOTH y €KCHKaTopi 1
3BaXYIOTh; 3HOBY MNpOXaprooioTh 20-25 XB i 3BaXYIOTh MOBTOPHO IMiCIIsA
oxojomkeHHs. IlpokaproBaHHsi 1 3BaXyBaHHS IOBTOPIOIOTH  JO
OJIepKyBaHHS CTAJIOT MaCH THIJIS 3 0CAJIOM.
IMpu nposxaproBanni ¢epym(Ill) rimpokcua mneperBoproeTbes B 0€3BOIHY
rpaBimeTpuuny dopmy dhepym(Ill) okcuny:

[Fe(OH)3(H20)3] — 2Fe203 + 9H:0
[oOivHi mpoIlecH IPH MPOXKAPIOBAHHI:
a) OKHCHO-BiTHOBHI IIPOIIECH:

3Fe203 + CO — 2Fe30s + CO2t
6) TepMmiuHa quconianis okcuay 3a Temneparypu nonan 1200°C, sxa Bene
10 yactkoBoro BigHoBieHHs Gepym(IIl) okcumy:

6Fe203 — 4Fe304 + O21

Jis ycyHeHHs TOOIYHHX MPOIECiB BUNHSIOTH TaK: IMICIS IEePIIOTOo
3BaKyBaHHS xonoguui ocaz Gepym(IIl) okcnmay 3mouyroTh 2-3 KparusiMu
KOHIIEHTPOBAHOTO PO3YMHY MOHOTiIporeH TpuokcoHitpaty HNO3z —
KOHIIEHTPOBaHOTO po3unHy HiTpaTHOI(V) Kucmotu. I[Ipu usomy depym(Il)
OKHUCHIOETECS 110 pepymy(I1I):
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FesOs + 10HNOz — 3Fe(NOz): + 5H20 + NO:2t
[ToTiM THreNH 3 0CATOM IIy’Ke 00CPEIKHO HATPIBAKOTh, TOTOPKAKOYUCH JI0
JTHA TUTJISE KIHIIEM TOJTyM'sl TAJIbHUKA, IOKU HITPAT-10H MOBHICTIO
3BiTpuThes 13 hepym(I1l) HiTpaTOM MOBHICTIO BiIOYAETHCS BHYTPIIIHBO
MOJICKYJISIPHE OKHCHCHHS-BITHOBJICHHS:
4Fe(NOs3)s — 2Fe20s + 12NO2t + 3027
[Ticns TOBHOTO BUAAJICHHS HITPOTSH OKCHIIB, HATPiBaHHS ITiICHITIOIOTH 1
MIPOXKaPIOIOTh THTedb MpoTsaroM 15-20 xB. [Ticis Takux omepariiii Maca
THUIJIS 3 0CAJIOM TIOBHHHA 3aJIUIIUIICS CTAJIO, X04 MOXE JISIIO 1
301TBITUTHCS.
10. Po3paxyHok MacoBoi yactku, %, ®epymy B (NH4)2 Fe2(SO4) 4
24H>0:
a) [TepepaxyHok rpaBiMeTpuuHOi popmu Ha Depym:
m(Fe) = m(Fe;0s) x F(2M(Fe)/M(Fe203)
ae
2M(Fe)/M(Fe203) — ananitnunuii haktop abo hakTop nepepaxyHky, sKuif
y IIbOMY BUTIAJIKy AopiBHioe 0,6994
(F(2M(Fe)/M(Fe203)) = 55,85 r/monb x 2 moas/159,70 r/monb X 1 MOJIb

=0,6994)

Otxe, m(Fe) = m(Fe203) x 0,6994 (1)

0) Busnauenns macoBoi yactku, %, ®epymy B (NHa)2 Fe2(SO4) 4 -
24H,0:

w(%) (Fe) = [m(Fe) / m((NHa)2 Fe2(SO4) 4- 24H,0)] x 100% =
= [m(Fe203)x2M(Fe)/m((NHa)2 Fe2(SO4) 4-24H20) x M(Fe,03)] x 100%
11. IlepeBipka TOYHOCTi BU3HAYEHHSI MACOBOI YacTku, %, @epymy B
(NH4)2Fe2(SO4)4 -24H20

a) obumcierHs MacoBoi yacTku, %, ®epymy B (NHa)2Fe2(SOs)s -

24H,0;

0) 00uYHCIIeHHs aOCOIIOTHOI HOXMOKHU (A= | Mee reop = Mrenocn. | )

B) PO3PaxyHOK BiHOCHOT TOXHOKHM BU3HAYEHHS (11— — 2 . 100% )
Fer

Jlnst oep kaHHS BIIEBHEHOCTI B JIOCTATHIN TOYHOCTI BUKOHAHHS
Br3HaueHHSA Depymy Horo moTpiOHO BUKOHYBaTH HE MEHIIIE ABOX PasiB.
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BU3HAUEHHS KPUCTAJII3ALIIHOI BOJIU B
KPUCTAJIOTIAPATI XJIOPUY BAPIIO (BaClz-H.0)

3aJIeXHO BiJl TEPMOAWHAMIYHHUX YMOB OJHA 1 Ta X Cilb MOXeE
KPHUCTaTi3yBaTUCS 3 PI3HAM YHCIOM MOJEKYJT BOAM. Tak, HAIPHUKIA,
Terpabopar HaTpiro mpu Temreparypi Hwkde 60°C yTBOPUTH KpHCTaIH
CIOJIyKH NazB407-10H20, a BUIIIE 60°C — Na,B,O7-5H,0

IIpu HarpiBaHHI KPHCTAJOTIAPATIB BUAUIAETHCS KpUCTATI3alliiftHa
Boma. Ilpm mpoMy  Temmeparypa — BUCYUIyBaHHS Uil PI3HHX
KPHCTAJIOTiApaTiB MOKe OyTH pi3Ha ¥ 3aJeKUTh BiJ MIIHOCTI 3B'S3KY,
KOOpAMHAMi i MOJ0XKEHHS MOJIEKYJ BOAM B KpHCTaiiuHii pemritii. Tax,
HaNpHKIajg, MpY BU3HAYEHHI KpUCTaNi3alliifHOi BOAM B KpHCTAJOTinpaTi
miaBeneBoi  kucinotd  HoCrO04:2H2O  Temmepatrypa i BHCyIIyBaHHS
minTpumyetses B Mexkax 110 - 112°C, y kpucranoriaparax BaCly-2H20 i
Na,Cr,07-:2H20 — 120-125°C, a B migHoMy kymopoci CuSO4-5H,0 — 140-
150°C Too.

Bwmict KpHUCTaTi3aIifHo1 BOIH IIOBUHEH BIIIOBIIATH
MIPUNKUCYBaHid Homy XimiuHid (opmymni. Tomy I BU3HAYCHHS BapTO
OpaTH NepeKpPHUCTANI30BaHy XiMiYHO YUCTY CLTb.

Tlopsi0ok 6UKOHAHMA:

1. Bastrs HaBaxkku. biokc, y sxomy Oynae BinOyBaTHCs
3Ba)KyBaHHS, HEOOXIIHO PETeIbHO BUMHTH, BUCYIIUTH B CYIIMIbHIN madi
i moctaBuTH B ekcukaTop Ha 20 XB y BaroBiii kiMHaTi. [Ipu BuCylIyBaHHi i
0XOJIO/KEHHI OIOKC MOBHHEH OYTH BIJKPUTHH, a IPU 3BAXKyBaHHI 3aKpUTHIi
Kpumkoro. [Ticis poro 3Baxre OFOKC 13 KPUIIKOI Ha aHANITHUYHUX Barax.
Bi3pMiTh Ha TEXHIYHHX Barax rpyoy HaBakKy xiopuny Oapito BaCl,-2H>0
6mu3pK0 1,5 T 1 MOMICTITB 11 B OFOKC, 3aKpUHTE HOTO KPHUIIKOIO I 3Ba)KTE Ha
aHANTITHYHHUX Barax.

2. BucymyBanus. IlepeBepHyBmIM KpuIIKy OlOkca Ha pedpo,
IIOCTaBTE HOTO HAa MOJHIO CyImibHOT madu. [1ig OroKe migKIagiTe JUCTOK
nanepy. 3akpuidte aBepiaTa madu i TpuMaliTe B HbOMY OIOKC Oinsi JBOX
rogud npu Temneparypi 120-125°C. Tlicis 3akiHYeHHS IBOTO Yacy
TUTEIFHUMH IIUNIIMH IEPEMICTITh OFOKC pa3oM i3 KPUIIKOIO B EKCHKATOP i
IocTaBTe Horo y Baroii kiMHaTi. Uepe3 20 xB 3akpuiiTe OI0KC KPUIIKOIO 1
3BOXTE HAa aHANITHYHMX Barax. Jlami 3HOBY mocTtaBTe OIOKC i3 CiLLIO B
cymmibHy mady i nmporpumaiite oro tam Oifisi TOAMHHU, 3HOBY OXOJIOMITh
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B €KCHKaTOpi # 3BaXkTe. SIKIO Apyre 3Ba)KyBaHHs JaJio TOH ke pe3yJbTar,
o ¥ mepre, abo Bigpi3HIETHCS BiJ HBOTO He Oinbmie Hixk Ha 0,0001 T, TO
KpHCTajl3amiiHa Boja BHWIy4YeHa MPAaKTUYHO MOBHICTIO. SlKkmo npyre
3BaKyBaHHS BIJIpPI3HAETBCSA Bix mepumoro Outem HiXK Ha 0,0001 T, TO
BHCYIITYBaHHS HEOOXITHO MPOJOBKYBATH JIO OJCPKAHHS IMOCTIHHOI Macu.
[udpoBi maHi BCiX MOBTOPHUX 3BaXKyBaHb HEOOXITHO 3alKMCyBaTH B
Jab0PaTOPHHIA KYpHAIT.

3. O0uucJeHHsI BMICTY KpHcTaJi3anilinoi Boau (y BizcoTkax).
[Ipumyctumo, 0 OTPUMAHO HACTYITHI ITU(PPOBI JaHi:

Maca Orokca 3 pedoBuHOO - 13,9602

Maca Orokca » -12,4234
HaBa)kKa -1,5368r
Maca Orokca 3 pe4oBHHOIO Ticist BucymryBanus: 1. 13,7352 r; 2.

13,7341 r; 3. 13,7340 r. KitbKicTh KpUCTATI3aIliiiHOT BOAU B HABAXKII:
13,9602 r - 13,7340 r = 0,2262 r
B 1,5368 r BaC1,-2H20 mictuthes 0,2262 r H,0O
B 100rBaCl2:2H,O » X rHO
_0.2262-100 _ 14,72(r),a6014,72%
1,5368
4. IlepeBipka TOYHOCTI MPOBEIEHOTO AHAJTI3Y. 3HAICHY BEIUUNHY
KpHUCTaNi3amiifHOT BOAX TOPIBHSITE 3 TEOPETHYHO OOYHCIICHUM 3HAYCHHSIM
BMicTy 1i B kpucTanoriapari BaCl-2H,0. Buxomstau 3 popmyinu, ckiageMo
HACTYITHY IPOMOPIIO:
B 244,3 r BaCl2-2H20 wmictutscs 36,03 r H.O
B 100 r BaCl2-2H20 » X rH0

_36,03-100

- 2443
AOcouoTHA TIOXHOKA aHAITI3Y CKIIAJe:

14,72 - 14,75 = - 0,03(%)
BigHocHa mommika Oyie TOpiBHIOBATH:
(-0.03):100 _ 5 06)
14,75

Piznunsg B 0,03 Moxe OyTH BUKIMKaHa HEMUHYYUMH HOMHIIKaMH
3BaKyBaHHs. [IpaBIIIbHO POBEICHUIA aHAJII3 BBAXKAETHCS TO, KOJIH IS
pizHuLs He nepeBuinye + 0,05%.
AHAJNOTIYHUM METOJIOM TPOBOISTH BH3HAYCHHS BOJOTOCTI PI3HOTO POJIY
PEYOBHH 3 TIE€IO JIMIIE PI3HHUIECIO, [0 BUCYIIYBAHHS IPOBOIMUTHCS HE IPH
125°C, a mpu 105-110°C. Boga, agcopboBaHa pedoBHHAMH, HA3HBAETHCS

=14,75(r), a6014,75%
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rirpockomiyHoro. Ha BigMmiHy Big KpucramizamiiiHoi Boxu  BMICT
rirpockomiyHoi BOIM HemocTiiHWi. BiH 3amexuTs Bix Temneparypu i
BOJIOTOCTI MOBITpS. 3BaXKyIOTh NONEpPEeJHbO BHUcymeHnd Orokc. [lortim
OepyTb HaBakKy Omm3pko 2-5 1 pmo0Ope mnoApiOHEHOT pPE4YOBHHH i
BUCYIIYIOTh JI0 MOCTIHHOI MacH. 3MEHIICHHS Macu BKa3zye Ha KUIBKICTbh
TirpocKomyHoi BOAHW. Pe3yiabTaTH BHPaKarOTh y BIJICOTKaX 10 HABAXKKH
PECUYOBHHH.
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TUTPUMETPUYHHI (OB'€EMHUIA) AHAJII3

THTpUMeTPHYHNM aHAT{30M Ha3UBAIOTh METOJ KiJIBbKICHOTO
XIMIYHOTO aHali3y, 10 OCHOBAaHMH Ha TOYHOMY BHUMIpi 00'€eMy peakTHUBY
BIZIOMOI KOHLIEHTpalii, HEOOXiITHOro Ui peakuii 3 JaHOI KUIBKICTIO
JOCITIIKYBaHOT pEYOBUHU.

Mertop nosiirae B TOMY, IO IO PO3YHHY JIOCHIIKYBaHOI PEIOBHHHU
A TIOCTYHmOBO [ONAIOTh pO3YMH peakTHBY B BimoMoi KOHIEHTpaIii.
JonaBaHHS peakTHUBY B TpuBae 10 TOro MOMEHTY, ITOKH HOTO KUIBKICTh HE
CTaHE CKBIBAICHTHOIO KIUIBKOCTI pearyrodoi 3 HHM JOCIiIKyBaHOL
pevoBUHU A.

KinpkicHi BU3HaYEHHS 3a JOITOMOTOIO I[bOI'O METOY BUKOHYIOTHCS
JyXke IBUAKO. MOMEHT 3aKiHUeHHs peakiiii, KON pearylodi pedyOBHHH

IOBHICTIO POpPearyoTh MiK c06010, Ha3UBacTHCS TOYKOIO
eKBiBaJIeHTHOCTI. Y 1eli MOMEHT KUIBKICTh MpPOpPEaroBaHUX PEUOBHH
€KBIBaJICHTHA.

TuTpyBaHHsi — Il TpOLEC IMOCTYHOBOIO MPHIMBAHHS OJHOTO
PO3YMHY 10 IHIIOTO /IS BU3HAYCHHS KOHIIEHTpaLil OJHOTO i3 IMX PO3YHUHIB.

Turpant (TUTpPOBaHHMH 200 po0oYMii PO3YMH) — L€ PO3UYUH 3
TOYHO BiJOMOIO KOHIICHTPALII€IO.

KoHueHTpaliro po6oYnx pO3YHHIB BH3HAYAIOTH 38 CTAHAAPTHOIO
PevYOBHMHOI0, 5Ka TOBHHHA BIANOBIIATH HACTYIIHUM BHMOraM: OyTH
cTilfikoro mpu 30epiraHHi, SK y TBEPIOMY CTaHi, Tak i B PO3YHHIi, CTPOTO
BiJINIOBiaTH MIEBHIH (GOPMYIIi, JOOPE OUHIITATHUCS.

OO0uuc/IeHHS] B THUTPUMETPHYHOMY aHaJi3i.

Jlnst BUpa)KeHHsI KOHIEHTpallii pO3YMHIB y IbOMY METOJI aHaji3y
3BUYaifHO BUKOPUCTOBYIOTh MOJISIDHY KOHIEHTPAaNilo eKBiBajieHTa .

MonasipHa KOHLEHTpalisi eKBiBajieHTa (HOPMAJbHiCTB) — I
KUTBKICTh PEUYOBHHH CKBIBaJICHTA, IO MICTUTHCA B | JTITpi po3unHy.

MonsipHa  KOHIICHTpamis  ekBiBaieHTa  mo3HadaeTbess  Ce
(momyckaersest N), 1 po3paxoByeThest 3a (HOpMYIIO0:

Ce=n.lV,
J€ N — KUIBKICTh PEYOBHHH EKBIBaJICHTa, MOJIb;
V — 06'eM pozuuny, 1.
OpnuHMIE BUMipIOBaHHS KOHIIEHTpaIlii — MoJib/J1. KibKicTh pedoBHHU
ekBiBajeHTa (Ne) Tiei a00 IHIIOT PEYOBUHH B 33JaHOMY 00'€Mi JOPIBHIOE:
Ne=m/M.=C.V,
57
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Jie m — Maca pe4OBHHH, T}

M. — MoJisipHa Maca eKBiBaJeHTa, I/MOJb,
V — 06'eM pozuuny, .

TakuMm YHHOM, IPH TUTPYBAHHI B TOUILli €KBIBaJIEHTHOCTI KUJIBKICTh
PEUOBHHH €KBIBaJICHTa TUTPOBAHOTO PO3YMHY JOPIBHIOE KIJIBKOCTI
PEUOBHHH €KBIBaJICHTa PEYOBUHU, 1110 BU3HAYAETHCS — 3AKOH

eKBiBaJIeHTIB:
ne(A) = ne(B),
abo
Ce(A)'V(A) = Ce(B)-V(B).
3Biacu

C.(B)-V(B)

Ce(A)= V@A)

Kpim MomsIpHOT KOHIIEHTpaIii eKBiBaJICHTa KOHIICHTPAIIIF0 BUPAKAIOTh
THTPOoM (T). TUTP — e KITBKICTh TPaMiB pO3YNHEHOT pEIOBUHH, 110

MICTUTBCS B | MII pO3UHHY.
Tutp i MoJIsIpHA KOHIICHTpAIIis €KBIBaJICHTa PO3YHHY 3B's13aHi (popMyIoro:

=Ce M, m,(r/lvm)
1000 V

TuTp Mo pe4oBHHI, 0 BUBHAYAETHCSI — 1€ KUIBKICTh IPaMiB PEYOBHHH,
110 BU3HAYAETHCS, SIKA pearye 3 1 MJl THTpaHTa.

C, (HCI) - Me(NaOH)
1000

T(HCI/NaOH) =

IlpuiioMu THTPYBaHHS.

, (v/™m)

IIpsiMe THTPYBaHHS — 1ie HANNPOCTIMINI TPUHOM TUTPYBaHHS, IKUH
MOJIATae B TOMY, 1110 JI0 IEBHOTO 00'eMy PO3YMHY PEUOBUHH, SIKUH
BHU3HAYa€eThCS (A) MO KparuIsaX AONMHUBAIOTh TUTPAHT (POOOUHI PO3UHH)
pedoBunH (B). 3Haroun kKoHIEHTpAILiIO i 00'eM pobodoro po3unny (B),
BUTPAYCHOT'O Ha PEAKII0 3 PEYOBHHOIO, 1110 BU3HAYAETHCS (A), MOXKHA
JIETKO OOYUCIIMTH KOHIIEHTPAIil0 OCTAaHHBOTO:

C.(B)-V(B)

CeW ==

SIK1I0 OCHOBHA peakilisl e MOBLUIFHO, 800 HeMAae MiAXOAIIOro iHANKAaTOpa
JU1s piKcyBaHHS TOYKH €KBIBaJICHTHOCTI, OCOOJIMBO ITPpH poOOTI 3
HECTIHKHMHU PEYOBUHAMH, TO 3aCTOCOBYIOTH 3BOPOTHE 200 3aMicHe
THUTPYBAHHSL.

58
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3BOpOTHE TUTPYBAHHS — L€ TIPOLIEC TUTPYBAHHS, IIPH SIKOMY [0 ICBHOTO
00'eMy pO34MHY PEUOBHHH, 1[0 BU3HAYAETHCS (A) JOTUBAIOTH TOUHO
Bizomuii 00'eM TuTpanTa (B1), y3sroro B Hammuuky. Hammmoxk, mo He
BBIHIIIOB y peakiito pedoBuHH (B1), BIATUTPOBYIOTH PO3YNHOM IHIIOTO
tutpanTa (B2) 3 BimoMoro KoHIeHTpauieto. Po3paxyHku poOsTh 3a
dopmynamu:

Ne(A) = ne(B1) — ne(B2);

C.(By)-V(B,) -C,(B,)-V(By)
V(A)

C.(A)=

TurpyBanns 3amicHuka. CyTh IbOTO METOY MOJISITAE B TOMY, IO JI0
PEYOBHUHH, 10 BU3HAYAETHCS (A) JOAAIOTH HOTIOMiXHY pedoBuHy (P), mo
pearye 3 Hero 3 BUIUICHHSM €KBiBaJCHTHOI KiJIbKOCTI HOBOI pe4oBHHH (A1),
SIKY BIATUTPOBYIOTH BiATIOBiAHAM THTpaHTOM (B). [HaKIIE KaXxKydw, 3aMiCTh
Oe3rocepeIHOr0 TUTPYBAHHS PEUIOBHHH, 1[0 BU3HAYAETHCS (A) THTPYIOTh
rioro 3amicHUK (A1). Tak sk KitbKoCTi A U A1 €KBIBaJICHTHI, TO KUIBKICTh
PEUOBHHH €KBIBaJICHTa AOCIIIKYBaHOT PEYOBUHHU Ne(A) TOPIBHIOE KIIBKOCTI
PEYOBHHHU CKBiBaJIeHTa TUTPAHTA Ne(B):

Ne(A) = Ne(A1) = ne(B) ;

C.(B)-V(B)
CA)=—"""
V(A)
Knacudikauis MeToaiB THUTPUMETPUYHOI0 aHATI3Y.
3aJIexHO BiJ| TUITy XIMI4HOT peaKliil, 1110 CTAHOBUTH OCHOBY METOY, Y
JIAHOMY TIOCIOHHMKY pO3TIISAAI0THCS TUIBKH TP METOAU TUTPUMETPUUHOTO
KUTBKICHOTO aHaJi3y:
1. Memoo Kuciomno-0cHo8H020 MumpysanHs (neumpanizayii), B
OCHOBI SIKOTO JISKUTh peakilis B3aemoil ioniB H* 3 ionamu OH".
2. Memoo okucHioganHs-6iOHo61eH s (pedokcumempis). Meron
3aCHOBaHUI Ha 3aCTOCYBaHHI peakiili OKUCHIOBAHHSI-BITHOBJICHHS.
3. Memoo komnnekcoymeopenus (KOMNIeKCOHOMempis) 3a0CHOBAaHUN
Ha 3aCTOCYBaHHI peakuiil yTBOPEHHSI KOMIUIEKCHUX CIIOJYK.
IMocyn st TATPUMETPHYHOTO AHAJI3Y.
Jis TouHOrO BHMIipY 00'€eMy pO3YMHIB y THTPHUMETPUIHOMY
aHaji3l 3aCTOCOBYIOTH BHMIpPIOBAIGHUH (MipHHIA) MOCYA: MipHI KOJIOH,
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OropeTkH, mineTKu. Jis TUTpyBaHHS BUKOPHUCTOBYIOTH KOHIUHI KOJIOW Ha
250 M.

MipHi K010H — 1€ TIOCKOJOHHI €MKOCTI (TIOCYIMHHN) 3 BY3bKHM
ropioM. Ha ropmi kondu € KinblieBa MITKa, JO SIKOi HEOOXINMHO HATUTU
po3uuH, 100 oro 00'eM MOpiBHIOBAB MO3HAYCHOMY Ha Ko0J10i. Haifuacrimie
BUKOPHCTOBYIOTH MipHi k0161 Ha 1000, 500, 250, 200 i 100 M.

Mipai kondu mpu3HAYEHI [UIA MPUTOTYBAaHHS PO3YMHIB TOYHOL
KOHIICHTpAIIil, IJIsI pO3BEICHHS PO3UMHIB JI0 TOYHO 3aJaHOTO 00'eMy. MipHYy
KOJIOY 3aIlOBHIOIOTH PO3YMHOM TaKUM YHHOM, MO0 HIDKHIA Kpal MeHicka
6e30apBHOI pinmaN (200 BepXHiil Kpail MeHiCKa 3a0apBIIeHOI PiAMHN), MiTKa
1 OKO IO crocTepirae, mepedyBay Ha OHIN JIiHil.

HineTrkn. [ns BiAMIpIOBaHHS HEBENWKHX 00'€eMiB pO3YHHIB
3aCTOCOBYIOTh TINETKH, SIKI SIBISIOTH COOOI0 BY3bKI CKIISTHI TPYOKH,
BIATATHYTI 3 OJTHOTO KiHIA ¥ po3IIUpeHi nocepeauHi. i1s ToO4YHOro BUMipy
00'eMy pIiAMHH, MO BiIOMPAETHCS, 3aCTOCOBYIOTH MIMETKH, IO MAalOTh
TUIBKK OJHY MITKY. [Ipy 3allOBHEHHI MIMETKH, HIDKHIH KiHElb ii OIyCKaloTh
y PO3YMH, a Yepe3 BEPXHiil KiHElb 3aCMOKTYIOTh PIIUHY 3a JOMOMOIOIO
ryMOBOI Tpy1i (200 MOPIIHEM) i TOBOASATH PIBEHb PIAWHM A0 MITKH.

BiopeTkn cimyxate Uil TOYHOTO BHMIpY 00'eMy pO34MHY,
BUTPAYCHOTO0 Ha TUTPYBaHHA. BIOpeTKM — CKIsHI rpagyioBaHi TpyOku 3
BIATATHYTUM KIHIIEM, II0 MalOTh KpaH abo 3aruck. YacTo 3acTOCOBYIOTH
OropeTku 06'eMoM 25 abo 50 mur. Ix mominky BiAMOBiMArOTE MiKHM 1 HECITHM
gacTKaM MiTiMeTpa.

[IpaBuna pobGotm 3 Oroperkamu. Yucty OIOpETKy, IPOMHTY
BOJIOIIPOBIJTHOIO, @ MOTIM JUCTHIBOBAHOKO BOJIOIO, 3aTUCKAIOTh Y IITATHBI B
CTPOrO BEpTHKaJIbHOMY ToOJIOKeHHI. [lepen modaTkoM poOOTH OKOpeTKy
[IPOMHUBAIOTH TUM PO3UUHOM, SIKUM ii 3aII0BHIOIOTb.

Y MOMEHT Bi[UIIKy IOKa3aHb OIOPETKH OKO EKCHEepHUMEHTaTopa
MOBUHHO Niepe0yBaTH Ha PiBHI MeHicka. Bijylik MpOBOJSTH 10 HMKHBOMY
(m1st ©e3bapBHMX po3unHIB) ab0 1O BepxHbOMY (st 3adapOOBaHUX
PO3YMHIB) Kpalo MEHICKa.

BunuBaru piguny 3 OropeTku (TUTpyBaTH) HOTPIOHO MOBIIBHO,
JIal0YM MOXKJIMBICTh BCiM PIIMHM CTEKTH 31 CTiHOK Oroperku. Hanpukinmi
TUTPYBaHHS pO3YMH JOAAIOTH MO Kpamiix. THUTpyBaHHA MOTPiOHO
MIPOBOJINTH KUIBKA Pa3iB 0 OJlepKaHHS pe3yJbTaTiB, AKi BIAPI3HIIOTHCS HE
Oinpmre Hixk Ha 0,1 ML
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METO/I HEUTPAJII3A LT

B ocHOBI MeTonMy JI€KHThH peaxilis B3a€MOJii i0HIB TigporeHy abo
iOHIB TIIDOKCOHISI 3 TIAPOKCHI-IOHaMH, WO IMPHU3BOIUTH JI0 YTBOPEHHS
C1a00JUCOIIIIOBAaHIX MOJIEKYT BOJIH:

H* + OH »> H20 a6o H3O" + OH — 2H:0

um MeTonoM MOKHA BHU3HAYaTH KOHIIGHTPAII0 W KIJIBKICTH
KHCJIOT, OCHOB, COJIEH, BOAHI PO3YMHH AKHX ITAJAIOTHCS TiAPOII3Y, a TAKOX
CyMIIIIi X PEYOBHH.

OCHOBHUMH  THTpaHTaMH (pOOOYMMH  pO3YMHAMH) METOJIY
Helrpamizanii € pozunmHn cwibHUX kucinoT (HCl a6o HoSOs) i cumpHHX
ocHoB (NaOH a6o KOH). B sxocti po6ounx po3unHiB (200 MEepBHHHHX
CTaHAapTiB) Uil  BCTAHOBJIIGHHS THUTPY (CTaHAapTH3alii)  KHCIOT
BHKOPHCTOBYIOTh Harpiii Tetpabopar (Na:BsO7-10H20) abo Hatpiit
kap6onat (NazCOs), mwist craHgapTH3aIlil JIyriB BUKOPHUCTOBYIOTh IIIaBEJIEBY
kucnory (H2C204-2H,0) abo GypurrunoBy kucioty (H2CaH40a).

Jlis BU3HAUCHHS TOYKU CKBIBAJICHTHOCTI B METOJI HeHTpaizamii
3aCTOCOBYIOTH KHCJIOTHO-OCHOBHI iHIMKaTOpH (muB. Tabm. 2). Lle cxmamHi
OpraHiyHi KACIOTH a00 OCHOBH, SIKi 3MIHIOIOTh CBO€ 3a0apBIICHHS 3aJI€KHO
Bim pH posumny. IluTepBanm pH, y skoMy iHIUKaTOp 3MIHIOE KOJIIp,
Ha3MBA€THCS iIHTEPBAJIOM Nepexoay 3a0apBJieHHs iHAMKATOPA. 3HAUYECHHS
pH, mpm sKoMy 3aKkiHUylOTb TUTPYBaHHA 3 JaHUM IHIUKAaTOpPOM,
Ha3MBAETHCSl MOKA3HMKOM TUTpPYBaHHs inamkartopa (pT). Bennuuna pT
nepeOyBae yceperHi iHTepBally TIepexoay 3a0apBlIeHHs 1HIUKAaTOpa.

IMpu migbopi iHAMKATOpa KOPHUCTYIOTHCS HACTYIIHUM IPaBUIIOM:
pH y Touni exBiBasieHTHOCTI MoBUHeH 30iratucs i3 pT iHaukaTopa ado
nepedyBaTH ycepeauHi iHTepBay nepexoay 3adapBJieHHs iHAUKAaTOpA.

Touka ekBiBaJICHTHOCTI HE 3aBxau 30iraethcs i3 pT iHauKaTopa,
110 TIPU3BOANTD JI0 HOMIJIKH TUTPYBAHHS, SIKa HA3UBA€ThCS iIHANKATOPHOIO

MOMHJIKOIO.
Tabnuya 2

XapaKTepHCTHKH JeIKUX IHIUKATOPIB

[naukarop IarepBan Kouip iHauKaTopa 3aexHo BiJ BEJINYUHA
nepexony pH po3uuny
pH

Jlakmyc 5-8 4epBOHUI ¢bioneroBuit | cuHIl

pH<S5 pT=pH=7 | pH>38

61




MIHICTEPCTBO OCBITH I HAVKH VKPATHU
JIEP)KABHUI YHIBEPCUTET < KUTOMUPCHKA ®-23.07-
Kuromupenka TOJIITEXHIKA» 05.02/2/101.00.1/MB/OK13
IoJTiTexHika Cucrema ynpasiinns sikictio Biznosizae JICTY ISO -2021
9001:2015
Exzemnaap Ne | Apr 94162
Oenondranein | 8,2-10 0e30apBHHUI | pOKEBUIA MaJIMHOBHA
pH < 8,2 pT=pH=9 |[pH>10
Metunopanx 3,1-4,4 YepBOHHHN OpaHXeBUH JKOBTHH
pH < 3,1 pT=pH=4 | pH>44

PosrnsiHeMo HAaCTYIHI BUIIAAKK TUTPYBAaHHS.
1. TuTpyBaHHS CHWJIBHOI KHCJIOTH CHJIbHOI OCHOBOIO:

HCl + NaOH — NaCl + H20

H* + OH - H20
VY TouIli eKBiBAEHTHOCT] YTBOPHUTHCS CiIb CHIIBHOT KHCIOTH U CHIIBHOT
OCHOBH, 1110 HE MiAgaeThes rigpoisy. Peakiiis cepenopuiia 0yme
HelTpansHoto (pH = 7). Y 1ipoMy BUNagKy iHIMKATOPOM MOXE CITY>KUTH
JIAKMYC.
2. TuTtpyBaHHs c1a0K0I KMCJIOTH CHJILHOI0 OCHOBOIO:
CHsCOOH + NaOH — CHsCOONa + H20
CHsCOOH + OH" —» CHsCOO™ + H:0
YTBOpeHa Ciib C1a0KOT KMCIIOTH i CHIIbHOT OCHOBH B PO3YHHI MiJIIA€THCS
rinpoizy:
CHsCOO" + HOH — CHsCOOH + OH-
Touka eKBIBaJICHTHOCTI B IIbOMY BUIIJKy OyJie epedyBaTH B JIy>)KHOMY
CepeI0BUIIli, TOMY BapTO 3aCTOCOBYBATH 1HIUKATOP, 1110 MiHsE 3a0apBICHHS
pu pH > 7, Hanpuknax, perondranein.
3. TurpyBaHHs cJ1a0KO0i OCHOBH CHJIbHOIO KHCJIOTOIO:
NH4OH + HCI — NH4Cl + H20

NH4OH + H* — NHs" + H20
YTBOpEHa Cillb Y PO3YHHI HiATA€THCS TiAPOTI3Y:

NHs* + HOH —» NHiOH + H*
Touka ekBiBaJICHTHOCTI Oyze repeOyBaTH B KUCIOMY CEPEIOBHII, TOMY
MO’KHa 3aCTOCOBYBAaTH METHUIIOPAHK.
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3PA30K odopmieHHs 1a0opaTopHOi podoTH B

THTPUMETPUYHOMY aHANTI3I

JlaGopaTopHa pobota No ...

“Ha3Ba j1a06opaTtopHoi podoTun”

[epsunnnii cragmapt — C.(NaOH) = ..........

Harta

PedoBuHa, 1o BusHa4yaetbes (turpant) — C.(HCI) =?, T(HCI) =?

[HaMKaTOp — METHIIOpaHX

YmoBu TuTpYyBaHHA — (pH cepenoBuia, HarpiBaHHS 1 T.11.)
PiBHsIHHS peaktii (y MOJIEKYIISIpHIN Ta i0HHO-MOJICKYJIIpHIN

dhopmax):
Pe3ynbpTaTi eKCIEPUMEHTY 3aHOCSATHCS B TaOJIMIIIO:
Ne nocminy V(NaOH), ma V(HCI), ma
1. 10,00
2. 10,00
3. 10,00
Veep (HCI) =
OO6uucieHHs:
C,(HCl) = Ce(NaOH)- V(NaOH) (vormb/1)
V(HCI)
T(HCI)= C.(HCI)- M(HCI) (t/vam)
1000
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BU3HAYEHHSI BMICTY JYI'Y i COJIA B PO3YUHI ITPH
CILIBHIN iX MPUCYTHOCTI

Sk BiIOMO, TyTH MOTIHHAIOTH 13 MOBITPss CO2, MEPETBOPIOIOYHCH Y

BiJINIOBiTHI KapOOHATH:
2NaOH + CO2 —» Na:COs; + H20

Tomy po3uuH Jyry 3aBXIH MICTUTB JOMILIKH KapOOHATIB. Y NESKUX
BHITAIKaX HEOOX1THO 3HATH BMICT JIyTy 1 KapOOHATy B po3unHi. Y naHiit
nmabopaTopHil poOOTi, SIK IPUKIA], PO3TIITHEMO Bu3HadeHHs BMicty NaOH i
Na,CO3 mipu crinbHii iX IPUCYTHOCTI.

Bzaemonis cymimni NaOH i NapCOz i3 CHIBHOIO KUCITOTOO MOYKHA
PO3IIIAIATH SIK TPH HPOLIECH:

NaOH + HCl —» NaCl + H2:0 m
Na:COs + HCI —» NaHCOs + NaCl (m
NaHCOsz + HCI —» NaCl + COz2 + H0 (IIl)

BusnaadeHHs IyTy ¥ COIM NPH X CHOUTBHIM MPUCYTHOCTI IPOBOIATH 13
IBOMa iHIuKaTopamu: ¢peHondraneinoM i MeTmwiopamxeM. [Ipu TuTpyBaHHi
3 benondraneinom (V1) npoiiayts mpouecH I i II, Touka ekBiBaJICHTHOCTI
Oyze nepeOyBaTH B JIy’)KHOMY CEPEIOBHII (Yepe3 MPOIIEC TiApoTizy
6ikapboHary), T00TO 3 peHoIBTANICTHOM BIATUTPOBYETHCS BECH JIYT i
nojioBrHA conu. Touka ekBiBajenTHoCTI nporecy 111 6yne nepedyBatu B
KHCJIOMY CEepEIOBHIII, TOMY BiH MOe OyTH IPOBEICHHI IPH TUTPYBaHHI 3
MeTunoparxkeM. L{i BU3HaueHHs! poOJISTh MOCIIIOBHO, HE JIOTIOBHIOIYH
OIOpETKY KUCIOTOK. TOYKa eKBIBAJICHTHOCTI IO METHUIIOPAHIKY ITOKA3yE
KiHellb TUTPYBaHHs BCiel cymiti (Va).

KinmpkicTh KHCTIOTH, IO BCTYNIIIA B peakiro 3 ionoM HCO3”
nopiaoe (V2 - V1), BiAIOBIIHO:

V (HCI/COs%) = 2(V2 - V1)
KibKiCTh KHCIIOTH, €KBIBaJICHTHA JIYTY, JIOPIBHIOE:
V (HCI/NaOH) = V3 - 2(V2 - V1)

Tlopsdok suxonanus pobomu.
1. Orpumaiite koHTposipHy cymint NaOH i Na,CO3z y mipHiit kon6i
Ha 100 M1 1 tomaiiTe MMCTUIHOBAHOT BOIU A0 MiTKH. [lepemimaiite po3duH.
2. OTI0NIOCHITS 1 3aMOBHITH OIOPETKY ITPUTOTOBIICHOIO Bamu
XJIOPHUIHOIO KUCIIOTOIO (HE 3a0y/bTe 3aIIOBHUTH KiHELb OIOPETKH).
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3. OTONOCHITE MMETKYy KOHTPOJIBHIM PO3YHHOM i BiMIipsHTE
TOYHHH 00'eM AOCIiHKYBaHOTO po3unHy. [IlepeHeciTb po3unH y Kooy st
TuTpyBaHHd. JJonaiire 20-30 Mn qucTUIBOBaHOI BOAM i 5-6 Kpanenb
¢denondraneiny.

4. Biatutpyiite CyMilll XJIOPUIHOIO KHCIOTOIO 10 3HUKHEHHS
POXeBOro Koabpopy (heronbTaneiny. 3anuirite 06'eM kuciotu (V1).

5.V konly A THTpYBaHHS JoJaiTe 2-3 Kparli MeTHIOPaHKY.
Po3unn 3a0apBuTHCS B )KOBTHH KOJIip. [IpomoBkyiiTe THTpYBaHHS (KHCIOTY
B OIOpPETKY HE JOJINBATH) A0 KOBTOTAPSIOTO 3a0apBICHHS PO3UYHHY.
Banuirite 00'eMu kuciotu (Va).

6. TurpyBaHHA MOBTOPITH KITbKA Pa3iB 10 OTPUMAaHHS 301KHIX
pe3yIbTaTiB.

7. OOGUUCHITH MOJISIPHY KOHLEHTPAIII0 EKBIBAJIICHTIB, TUTP 1 Macy JUIs
COJM I JIyry OKpeMO 3a HaBeJICHUMH BHIIE (POPMYJIAMH.

8. Po3paxyiiTe BiTHOCHY MOMMUJIKY BU3HAUCHHS 110 KOXHIM PEYOBHUHI.

METO]I KOMILIEKCOHOMETPIi

KomniiekcoHOMeTpissT —  TUTPUMETPUYHUN  METOJ  aHAII3y,
3aCHOBAaHMH Ha peakIisiX KOMIUIEKCOYTBOPCHHS 10HIB METaliB, IO
BU3HAYAIOTHCS, 3 JEIKMMH OpraHiYHUMH pEYOBMHAMH, 30KpeMa, 3
KOMNJIEKCOHAMU.

KoMIJIeKCOHH — 1 aMiHOMOJiKapOOHOBI KHCIOTH 1 1X MOXigHi
(comi).

Peakuii KOMIUIEKCOYTBOPEHHSI 10HIB METaliB 3 KOMIUIEKCOHAMHU
MPOTIKAIOTh MIBUAKO i CTEXIOMETPUYHO KIJIBKICHO.

Y TUTPUMETPUYHOMY aHali3i IMUPOKO BUKOPHCTOBYETHCS OJWH i3
TIPE/ICTaBHUKIB KJacy KOMIUIEKCOHIB —  JauHaTpieBa citp
eTwienquamMinTerpaonroBoi kucaoru (Na:H:EJITA). Lleit kommuiekcon
YacTO HAa3WUBAIOTh TAaKOXK TPHJIoHOM b a6o komnuiexconom I11:

HOOCCHz\ /CHchONa
N- CHz-CHzN\
NaOOCCH, CH,COOH
abo
[NazH:EATA]
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Tpuon b 3 6aratbMa kaTioHaMH METaJliB yTBOPIOE MIIHI pO3UMHHI Y
BOJIi BHYTPIIIHBOKOMIUIEKCHI croiyku (xematw). IIpm yTBOpeHHi Xenata
KaTIOHM MeTally 3aMillaloTh JiBa aTOMHM T'1JJpOTeHy B KapOOKCHIIBHHUX IpyIax
TpwioHa b W yTBOPIOIOTH KOOpJMHALINWHI 3B'S3KM 3a Yy4acTiO aToOMIB
HITPOTE€HY aMiHOTPYII.

YTBOpEHHSI KOMIUIEKCHOI CIIOJIyKH MOYXHa IIPEJCTaBUTH CXEMOIO:
Me?* + HEATAZ — [MeEATA]> + 2H*

Touky eKBiBaJIEHTHOCTI B Tpoleci KOMIUIEKCOHOMETPUYHOIO
TUTPYBaHHS  BCTaHOBIIOIOTH 33  JONOMOTOI0  MeTaJ0XPOMOBHX
iHIUKATOPiB, AKI YTBOPIOIOTH i3 THTPYIOUMMH iOHAMH METalliB PO3YMHHI
3a0apBJICHHI KOMIDICKCHI CIIONYKH, CTIMKICTh SKHX MEHIIA, HXK CTIHKICTh
KOMIUIEKCHHX CIIOJyK THX K€ KaTiOHIB i3 TPUIOHOM b.

Bimomo ©Oarato MeTamoxpoMoBUX iHAWKATOpiB. Jleski 3 HHX
yHiBepcallbHi, 30KkpeMa, epioxpom yopHuii T.

ITpu pH = 7-11 anion uporo inauxaropa (HInd?) mae cune
3a6apBienHs. 3 kationamu metaiis (Ca*, Mg?*, Zn?* tain.) y
cnabonyxuomy po3unHi (pH = 8-10) BiH yTBOPIOE KOMILICKCHI CIIOTYKU
BUHHO-YEPBOHOT'O KOJILOPY 32 CXEMOIO:

Me?* + HInd*> < Melnd + H*
CHHIH BHHHO-YEPBOHUI

[Tpu THTPYBaHHI JOCIIHKYBAaHOTO PO3YHHY TPUIIOHOM b 11i
KOMIUIEKCHI CIIONIYKH PYHHYIOTBCS, TOMY IO 10HH METay 3B'SI3YIOThCS
TprwiIoHOM b y OLIBII MIITHII KOMILICKC, 8 aHIOHH iHAWKATOpa, 0
BUBUIBHSIOTHCS MIEPEXOATh Y PO3UUH, 0OYMOBIIIOIOUH HOTO CHHE

3a0apBJICHHS:
Melnd- + H:EATA? « [MeEATA]> + Hind* + H*
BHUHHO- 6e36apBHUI 6e36apBHMIA CHHIHN
4YEPBOHUI

Ku([CaInd]) =3.,9-10® Ku([CaEATA]?) =2,7- 101
Ku([MgInd]) =1,0010°  K«([MgEATA]?*) =2,0-107
Jist 6i7BII TOBHOTO MPOTIKAHHSA PEaKIiii KOMIUIEKCOYTBOPEHHS
(3B'3yBaHHs 10HIB H, 1110 YTBOPIOIOTECS) O JOCIIKYBaHOTO PO3YHHY MTPU
TUTPYBaHHI 10/1af0Th aMiaunuii Oydepruit pozuns (NH4OH + NH4Cl), pH
=9.
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METO/IM PEJIOKCUMETPII

Meroau pemokcHMeTpii 3acHOBaHI Ha 3acTOCYBaHHI peakIii
OKHCHCHHS-BIJHOBJICHHSI. P0o0oOYMMM po3YMHaMH B PEJOKCHMETpil €
PO3YMHH OKHCHHUKIB a00 BiZHOBHUKIB. OTXe, MMM METOJaMHU MOXKHA
MIPOBOJIUTH KiJIbKICHI BU3HAYCHHS BiTHOBHHUKIB | OKUCHHUKIB.

HeoOxigHOI0O YMOBOIO TPOTIKaHHA OKHCHO-BITHOBHOI peakmii €
HasBHICTD PI3HUIN IMOTEHIaNiB (peHOKC-TIOTEHIIANIB) y pearylounx Imap
(mapum — oKkuCHeHa ¥ BigHOBIEGHa (opMa OKHCHHKA a00 BiTHOBHHKA).
3HaI04M BEJIWYMHHU CTAaHAAPTHHUX penokc-moTeHmianis (E°) pearyrounx map,
MOXHa CYJWTH NP0 HANpsSMOK OKHCHO-BIZHOBHHX peakuiil. OKucHeHa
¢dopma mapu 3 OITBIIAM CTaHIAPTHUM PEIOKC-TIOTEHIAIOM € OKHCHHUKOM
CTOCOBHO BiJTHOBJICHOT (pOPMU MapH 3 MEHIINM MTOTEHIIAIOM.

Penokc-noTeHmian Oyab-1KOi Mapu 3aJeKHUTh BiJl KOHIICHTpAIiil
OKHCHEHOI 1 BIHOBJICHOI (hOpM, peakilii cepeoBHIla, TEMIICPATYPH i T.1I.
Moro MoHa po3paxyBaTy 3a piBHsHHsM HepHera:

E—E°4+ 0,059 Iy [Red]
n [OX]
ne [Ox] — koHIeHTpallis OKUCHEHOI Gopmu;
[Red] — koHmeHTpartist BigHOBIECHOT hopmI;
N — KUTBKICTh €IEKTPOHIB, 0 OEPYTh YIaCTh Y HAIIBPEAKIIii.

Peaxiist BUKOPUCTOBYETHCS B KITBKICHOMY aHali31, SKIIO Pi3HUIIL
noteHIianiB pearyrounx nap (EPC cucremn) mae 3nagenns 0,4-0,5 B.

MeTtoan peqoKCUMETPil, 3aJIeKHO BiJl THTPAHTIB, IO
BUKOPHCTOBYIOTBCSI, TIOAISIOTHCS Ha TaKi BUAH:

1. IlepmanranaToMerpisi. TUTpaHT — pO34MH KaJlilf IEpMaHTaHaT
KMnOs. [Hnukatop — HaUIMIIKOBA KPAIuIs TUTPAHTY.

2. Mopgomerpisi. Tutpant — po3uun BineHOro itony (I2) aGo HaTpiit
tiocynbdar (NazS203). [naukarop — Kpoxmai.

3. IuxpomaTtomeTpisi. TUTpaHT — pO3UUH KaJlill TUXpoOMaT
(KQCI‘207).

MeTo1 3aCTOCOBYIOTHCS SIK JUIS IPSIMUX, TAK 1 JUTT HETIPSIMUX
BU3HAYCHb.

O0uunc/IeHHSI MOJSIPHUX MAC eKBiBaJICHTIiB OKHCHHUKIB
i BizHOBHHKIB

67




MIHICTEPCTBO OCBITH I HAYKHM YKPATHI
I[EP)KABHI/Iﬁ YHIBEPCUTET < KUTOMHUPCBKA ®-23.07-
JKuroMupchbKa MOJITEXHIKA» 05.02/2/101.00.1/MB/OK13
noJiTexHika Cucrema ynpasiinns sikictio Biznosizae JICTY ISO -2021
9001:2015
Exzemnaap Ne | Apr 94168

[Ipu oGumcIIeHHI MONAPHUX Mac €KBIBAJICHTIB OKHCHUKIB 1
BiJTHOBHHUKIB BUXOJIATH 13 UKCJIA CICKTPOHIB, AKi IPUEAHYE a00 BiIIa€e B
JIaHii peakIlii OJJMH MOJIb PEUOBHHU. [[JIs 3HAXOPKECHHSI MOJIIPHOT Macu
eKBIBaJICHTa OKMCHUKA (BIIHOBHHKA) MOTPiOHO HOr0 MOJISIPHY Macy
PO3IUTUTH HA YUCIIO IPUHUHATHX (BIIIAHKUX) ENEKTPOHIB Y JaHii
HariBpeakIii.

Hanpuknan, y peaknii okucuHerHs ¢pepym(Il) cynpdary kamiit
MIEPMAHTaHATOM B KHCJIOMY CEPEIOBHIII:
2KMnOs + 10FeSO4 + 8H2S04 = 2MnSO4 + 5Fe2(SO4)s3 + K2SO4 + 8H20

1 MnOs + 8 H* +5¢ — Mn* + 4H,0

5 Fe* - e — Fe¥
ion MnOj sk OKHCHHK HpUIiMae I'ATh €JeKTPOHIB, a i0H Fe?* K BiIHOBHUK
BiZ/Ia€ OJIMH €NEeKTpoH. ToMy Ui po3paxyHKy MOJSIDHHUX Mac €KBIBaJICHTIB
OKHCHHKA 1 BITHOBHHKA X MOJISIPHI MacH BapTO PO3IUINTH HA IT'ATh 1 Ha
OJIMH, BIJITOBIIHO.

M, (KMnO,) =

M(KMnG,) = 158,04 =31,61r/monb

5
M. (Fes0q) = MFES).
M.(Fe?*) = M(Fe?*) = 55,85 r/moib
VY peaxiii OKHCHEHHS HATpiil cynbQiTy Kalii mepMaHraHATOM B
HEUTPaJbHOMY CepeIOBHILI:
2KMnO4 + 3Na2SOs3 + H20 = 2MnO: + 3Na2SO4 + 2KOH

2 MnOs + 2H;0 + 3e — Mn2 + 40H"

3S0s* + 20H + 2 — SO + H20
ion MnOj mpuiimMae TiIbKK TpH €JEKTPOHM, a 10H BinHoBHUKA SO3% Binnac
JIBa ENIEKTPOHH, OTXKE!

MC(KM”Q;):w,
M(N
Me(Nazsog):%

3 HaBeICHUX MPUKIIAIIB BUIHO, IO MOJSIPHI MacH €KBIBaJICHTIB
BiJIHOBHUKIB i OKUCHHUKIB 3aJIeXaTh BiJl yMOB IMPOBEIEHHS PEaKIIiil i
BH3HAYAIOTHCS BUXOJISTYH 3 BiJINIOBIIHUX HaITiBpEaKIIii.
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NEPMAHT'AHATOMETPIA

Mero 3acHOBaHMI Ha OKHUCHO-BIJHOBHHUX peEakKLisiX, y SKUX
OKHCHHUKOM € nepManranar-ion (MnOy).

Kanii mnepmaHranaT TpOSBISE OKHCHIOBaJbHI BJIACTUBOCTI B
KHCJIOMY, HEHTpaJbHOMY H JIy>)KHOMY cepenoBumax. OpHaK HOro OKHCHa
aKTUBHICTH y kuciomy cepemoBumi (E° = 1,51B) mabarato Buma, HiX Y
HeiirpansHOMY (E° = 0,59B) 1 myxxHomy (E° = 0,56B) cepenoBumax. Tomy
TUTPYBaHHS KaJlill IEpMaHraHaTOM MIPOBOAATH y KHCIOMY cepenoBumii. [Ipu
BiTHOBJICHHI TICPMAaHTaHAT-IOHIB Yy KHCJIOMY CEPEIOBHUINI YTBOPIOIOTHCS
Maitxe Oe30apBHi ioHM Mn?*, mo 103BoNAE Jerko (iKCyBaTH TOUKY
€KBIBaJICHTHOCTI.

HamiBpeaxkuiisi BigHoBineHHs ioHa MnOg4 y KHCIOMY CepeloBHILI
MOKe OyTH MPeICTABIICHA HACTYITHOK HalliBPEaKIIi€o:

MnOs + 8H* + 5 e -» Mn* + 4H;0

[TepmaHraHatoMeTpisi BAKOPUCTOBYETHCS HE TiJIBKH JUISl KiJIbKICHOTO
BHM3HAYEHHS BiIHOBHUKIB, ajie i OKUCHHKIB.

BigHOBHUMKM  3a3BMYail  BU3HAYAIOTHCA  METOIOM npsMOro
THTPYBaHHSl PO3YMHOM Kalliif TepMaHraHaTy, OKHCHHUKH — METOIOM
3BOPOTHBOTO THTPYBaHHsA. Y IIbOMY BHIAJKy PpO3YMHOM  KaJlii
TIepMaHraHaTy BiATHTPOBYIOTh Ha/UIMIIOK BiJIHOBHHKA, IIO JIOJIHMBAETHCS /10
OKHCHHKA.

InankaTopoM y mbOMy METOJi CIYXHTh caM pOOOYMI pO3UMH —
Kamiii mepmanranat. OpHa HammmmikoBa kpamrt KMnOs 3abapsiioe
0e30apBHUI pPO3YXH, IO TUTPYETHCS, ¥ O1TI0-POKEBHIA KOIIP.

Jlabopamopua poboma Ne 4 .
CTAHIAPTU3AIISA POBOUYOI'O PO3YNHY KAJIIN
MNEPMAHI'AHATY (KMnOa)

Kaniii nmepmaHraHart 3BHYailHO MICTHTH PSS JOMILIOK, TOMY He
MOJXKHa BBa)KaTH, L0 PO3YMH, NPHUIOTOBJICHWH 3 HABaKKH, MAa€ TOYHY
KOHLIEHTpalilo, TOOTO € craHpapTHuUM. KpiM TOro, KOHIEHTpalis
NepMaHraHaty B PO3YMHI 3HWXKYETbCA 4Yepe3 HOro B3aeEMOJII0 3
OpraHiYHUMH PEYOBMHAMHU H 1HIIMMH BiTHOBHUKAMH, SIKi IPUCYTHI Y BOJI.
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Po3unH kxaniif nepMaHraHaT HOBHHEH 30epiraTrcs B CKIISHII 3
TEMHOTO CKJIa, TOMY IO IiJT JII€F0 CBITJa BiiOYBAETHCS PO3KIAJaHHs HOro
3a PeaKIIi€lo:

4KMnO: + 2H20 — 4MnO2{ + 4KOH + 302

Yepes 5-7 mHIB micist MPUTOTYBaHHS PO3YHH KaJliii IepMaHTaHaTy
(GUIBTPYIOTH Yepe3 CKIITHUH (QUIBTP 1 MPOBOASATH HOTO CTaHIAPTH3ALIIIO.

MonsipHy KOHLICHTpALI0 EKBiBAJICHTA PO3YHMHY Kaliil IepMaHraHaTy
3BUYaifHO BCTAHOBIIIOIOTD 32 CTAHJAPTHUM PO3YHHOM
MEePEKPHUCTANTI30BAHOTO KPUCTAJIOTIIpaTa IABEIeBOI KHCIOTH
(H2C204:2H20).

CrangapTuzalisi po3uMHy KaJliil IepMaHraHaTy 3a IaBe/ieBolo
KHCJIOTOI0.
Peaxiist Mixk Kaniii IepMaHTraHATOM i IABENIEBOIO KHUCIOTOIO B
CyNb(haTOKUCIIOMY CEPEIOBHIIl MPOTIKAE 32 HACTYITHUM PiBHSHHSIM:
2KMnQOs+5H2C204+3H2S04=2MnS04+10C0O2+K2504+8H20
2 MnOs +8H* +5 e = Mn? + 4H;0
5 HoC204 - 2€ — 2CO; + 2H*

Tlopsiook suxonanns pobomu.

1. IIpomuiite i HaMOBHITH OIOPETKY PO3YMHOM Kalliii IIepMaHTaHaTYy.
BcTaHOBITH piBEHb PINMHM HA HYJIBOBIM MOALINI 10 BEPXHBOMY Kparo
MeHicka (@ 3abapmieHuX piguH). He 3a0ynpTe 3alOBHUTH KiHYHK
OIOpETKH.

2. Y xonOy i TUTpyBaHHS LWIHApoM Hammite 15 mm 1 M
po3uuny cyibdarHoi kucimotn HoSO4 i 25 M muctunboBanoi Bogu. Konby
MIOCTaBTe Ha a30€CTOBY CITKY HaJl Ta30BMM IAJbHUKOM 1 Harpiite po3yuH
no 70-80°C. UwmcTy MIiNETKY CIIOJNIOCHITH PO3YMHOM INABEIEBOI KHCIIOTH.
Bigmipstiite mineTkoro TouHui 00'eM po3unHy maseseBoi kucinotu HoCyO4 1
IepeHeciTh HOoro B KOJOY Ui THUTPYBaHHA 3 HArpiTUM PO3YHHOM
Ccynb(haTHOT KHCIOTH.

3. Bigrurpyiite rapsudii PO3YMH IIABEJICBOI KHCIOTH KaJlil
nepmanranatom. Karajizatopom peakuii ciyxars ionn Mn?*, siki € ogHum
i3 mponykTiB peakmii. Ha mowaTtky THTpyBaHHS peakilisi Hae MOBLIBHO,
nepi Kpamji HepMaHraHaTy 3HeOapBIIIOIOThCS BaXKo. ToMmy JonaBaHHSA
MIepIIOr0 MUTIIITpa NepMaHraHary MOTPIOHO NMPOBOAWTH JyXe ITOBUILHO.
ITicxst TOrO K yTBOpUIKCA 10HM Mn?', IIBHAKICTB peakilii 361IbIIy€ThCs, i
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TUTPYBaHHA MOXHA BECTH INBUAIIC, J[JOJAOYM Kaliii TNepMaHraHaT
MaJICHBKUMH TIOPIISIMM W CIJIBHO TNEpeMIlllylo4M po34yMH y Koyibi. HoBa
Topuisi JOAAETbCS TUIBKM Ticis 3HeOapBieHHA mnonepeanboi. Kinenp
TUTPYBaHHS BU3HAYAETHCS 110 MOSIBI HE3HUKAIOYOTO MPOTAroM 1-2 XB 01iz10-
poxeBoro 3abapBlieHHS Bij oxaHiel 3aliBoi Kpami Kajiii IepMaHraHaty.
Bzsaruii 00'em miaBeneBoi KHCIOTH M 00'eM Kalliii mepMaHraHaTy, SIKHHA
IIIIOB HAa TUTPYBAHHS, 3alIUMIITH Y TaOIHIIO.

4. TutpyBaHHS MOBTOPITH A0 OTPUMAHHS ABOX-TPHOX MOTIOHNX
pe3ynpTariB. OOUHCIITE cepeiHe 3HAUCHHS 00'€MyY Kaii TepMaHTaHaTy.

5. Po3paxyiite MOISIpHY KOHIICHTPAIIIIO €KBIBaJICHTA i TUTP PO3UHHY
KaJii mepmanranary. OTpuMaHi pe3yabTaTi OyayTh BUKOPUCTaHI Bamu B
HACTYIHIH poOOTi.

Jlabopamopna poboma Ne 5
BU3HAYEHHSI BMICTY ®EPYMY B PO3UHMHI COJII MOPA,
FeSO4-(NH4)2S04-6H20

®epym(Il) cympdat, mo BXoIUTh 10 CKiIamgy cori Mopa, BCTyIae B
PeaxIIiro 3 KaJiii IepMaHraHaTOM B CYJIb(aTOKHCIOMY CepeOBHIII 3a
PIBHSHHSIM:
2KMnO; + 10FeSO4 + 8H2S04 = 2MnSO4 + 5Fe2(SO4)s3 + K2SO4 + 8H20

1 MnOs +8H* +5e — Mn?" +4H;0
5 Fe* - e — Fe¥

THopsoox euxonanwns pobomu:

1. Orpumaiite y nabopaHTa MipHY K0J0Yy 3 KOHTPOJILHHM PO3YHHOM
couti Mopa.

2. 3anoBHiITH OIOpETKy pO3YMHOM Kaliii nepMmaHraHary i3
CTaHIapTU30BAHOIO MOJISIPHOIO KOHIIEHTpaliero ekBiBasneHTa (Cy = 0,1H).

3. Y konOy 11 TUTPYBAHHS Bi3bMITh MIIETKOIO MPOOY PO3UHMHY COIi
Mopa (00'eM miNeTKH 3amMINITh y TaOIMINO), JoJalTe MMIHIPOM 15 M
1 M po3uuny cynb(aTHOT KHCIOTH | 25 MIJI AUCTHIIHOBAHOT BOJIH.

4. Bigrutpyiite po3unH coii Mopa Kajii nmepMaHraHaToM JI0 MOSIBU
0J11/10-PO’KEBOr0  KOJBbOPY. THUTpyBaHHS TPOBOIUTHCS NPH KIMHATHIN
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temneparypi. O0'eM kamiif TepMaHTaHaTy, KW IIIOB HAa THUTPYBaHHS,
3aIUIIITh Y TaOJIHIIO.

5. TuTpyBaHHs MOBTOPITH KiIbKA Pa3iB 10 OJEPKAHHSI CXOKHX
pe3ynbrariB. O0UHCHITh cepeHil 00'eM Kaiill mepMaHraHary.

6. Po3paxyiite MOJSIpHY KOHIICHTpAIlil0 €KBIBAJICHTA, TUTP PO3UUHY
coii Mopa no depymy i BMicT hepyMy B KOHTPOJIBHOMY po3unHi (00'emi
KOJI0M).

7. O0uHCHITh BITHOCHY IOMIJIKY aHATI3Y, TOBiIAaBIINCh y BUKJIa1a4ya
CIIpaBXHii BMICT (pepyMy B KOHTPOIBHOMY PO3YHHI.

MOJOMETPISA

Mogomerpisi — MeToz1 06'eMHOTO aHai3y, OCHOBaHHIi HA OKHMCHO-
BIJTHOBHUX PEaKIisX, AKi MOB'sI3aHi 3 BiqHOBIEHHM 12 10 Hoaua-ionis (I7)
a60 okucHIOBaHHAM Hoaua-ionis (1) 1o BinsHOTO I3

I + 2e —» 21" - iion BUTpavaeThes
21" - 2e — |2 -i#iox yTBOpIOETHCS

Binbuuit #o1 € BiIHOCHO CIaGKAM OKMCHHKOM. Moro CTaHAapTHUMA
norentgian (E° (12/21") = + 0,54B) nepeGyBac npuOIH3HO B CEPEIUHI MOBHOT
TaOJIMILI OKUCHO-BIJTHOBHUX TOTEHIIIaiB.

BigHOBHMKHN, IO MalOTh CTAHAAPTHUH EJNEKTPOIAHWI IOTEHIial
MeHie, Hix 0,54B (mampuknag, NaS;03, 1 iH.) MOXYTh OyTH OKHCHEHI
HOIOM.

OKUCHHKH, CTAaHTAPTHUHA €JICKTPOTHIHA IMOTEHITIAN SKUX OLTbINe, HixK
+0,54B (wampuknag, KMnO4, K>Cr,07, Cu?* i in.) OyIoyTh OKHCHIOBATH
WOMUI-10HH.

Takum uYWHOM, MeTOA HOIOMETpil MOXKe 3aCTOCOBYBATHCS UL
BU3HAYCHHS SIK OKUCHUKIB, TaK 1 BiTHOBHUKIB. [Ipu npoBeneHHi TUTPyBaHHS
HEOOXIJHO BpPaxoOByBaTH, HI0 l» TPOSBIIAE OKUCHIOBAJIbHI BIIACTHBOCTI
TUIBKK B CEPENOBHIINAX, ONM3BbKUX O HEHTPaJIbHOr0. Y KHUCIMX PO3YMHAX
HOU/I-10HM JIETKO OKHCHIOIOTHCS 10 BUIBHOTO WOy HaBIiTh KHCHEM ITOBITPS
(oco0nuBO A BIUIMBOM CBITIA), a B JIY)KHOMY CEPEIOBHINI KO
JUCTIPOTIOPIIiOHYE 3 yTBopeHHsM [ 1 [O™ - ioHiB.

PoGounmu po3unHamMu B MeTOZl HomoMeTpii € He TUIBKH PO3YMH
Hoxy (OKHCHUK), ajie i po34MH HaTpiil TiocynbhaTy (BiJTHOBHHK). 3BHYAWHO
BukopuctoByots 0,1 M abo 0,05 M poGounmii pozunn l;. OnHak, Hon
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MaJIOpO3YMHHHUN y Bomi (HacwmdueHmil pozumH mictuth ~ 0,03% mo maci
Hofy), TOMy Ul IPUTOTYBaHHS POOOYOro po3dMHYy HOZY KOPHCTYIOTHCA
Horo n100por0 PO3YMHHICTIO B KOHIEHTpOBaHUX po3umHax Kl (He Hmxue
10% mo Mmaci), IO CYIMPOBOKYETHCS YTBOPCHHSAM KOMIUICKCHOI CITOTYKH
K[|3]Z

I + KI - KI[l3]

Komrnekcuuii ioH [I3]", Matouu Manmy KOHCTAaHTY CTIHKOCTI, J€rKO
JHCOIIitoe Ha [™-i0H 1 I 1 B po3uMHAX MOBOJUTHCS TaK caMo, 5K 1 .

PoGoumii po3unmH iomy B sabopaTopisix YacTto TOTYIOTh i3
¢dikcananiB (pikcanan — craHgapTHUI PO3YMH BHUCOKOI KOHLIEHTpAILl B
3aMassHuX aMIIyJlax 3aBOACBKOTO BHTOTOBJICHHS) IIJSIXOM PO3BEACHHA
BMICTy aMIyJlIH B MipHHX Koj0aX BigmoBigHOTO 00'eMy (00'eM i 9mcIO
MOIJIiB €KBiBAJICHTIB PEYOBHHH B JAHOMY 00'eMi BKa3yIOThCSA Ha aMITyJIi).

VY 3B'MI3Ky 3 THM, 1[0 PEaKIIii 3a y4acTiO BUTPHOTO HOMY BiIOYBatOTHCS
MOBUTBHO, TO JUIA BH3HAUEHHA CWIBHMX OKHCHHKIB 3BHYaifHO He
BUKOPHCTOBYIOTh ~ METOZ  NpPSAMOrO THUTpyBaHHs. /I  KiIbKICHOTO
BU3HAYCHHS CWJIBHMX OKHCHHUKIB METOAOM HOIOMETpii HpOBOISTH
TUTPYBaHHS 3acTyNHHKa. Y L[bOMY BHUIQAKy JO PpO3YHMHY OKHCHHUKA
(mocmimKyBaHOT pEUOBHHM) TOJAIOTH HA/UIAIIOK PO3YHHY Kamii Homumy KI.
OKHCHIOBAaY BHTICHSIE 3 HBOTO EKBIBJIEHTHY KIJIBbKICTh BUIBHOTO ioay Io.
Mox, mo BHAIMBCA, BiATHTPOBYIOTh BiIHOBHHKOM — CTAaHIApPTHHM
pO3UMHOM HaTpiif TiocymepaTy 1 BH3HAYAIOTH 3MICT OKHCHHKAa B
aHaI30BaHOMY PO3YHHI.

IngukaTopom B ifomomMeTpii CIyXHUTHh CBOKOIPUTOTOBICHUI
1%-nwmit po3unH KpoxmManro. [Ipu B3aemoxii Horo 3 HOHAOM MPOTIKAIOThH JBa
TponecH: afcopOuis ooy Ha MOBEPXHI MOJIEKYJ KPOXMATIO H YTBOPEHHS
KOMIUIEKCHOI CIIOJIyKH CHHBOTO KOJILOPY — HoA-Kpoxmaitro. [t 3MeHIIeHHS
azcopOIii mpu TUTPYBaHHI OKHCHUKA KPOXMajb JOJAIOTh y PO3UMH, IO
TUTPYETHCSI HANPUKIHII TUTPYBaHHS, KOJU OCHOBHA KIUIBKICTh HOIY BiKe
npopearysaja.

Jlabopamopua poboma Ne 6
BU3HAYEHHS BMICTY KYIIPYMY B PO3UUHI
KYIIPYM(II) CYJb®ATY

TurpyBaHHS POBOAATH 32 METOJIOM 3aMIIICHHS 13 BAKOPHCTAHHIM
HATHIITKOBOI KiIbKOCTI gonoMixkaOro 20% po3unny KI. I[Tpu B3aemonii
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ioniB kynpymy(Il) 3 fiogun-ioHaMu BUAISAETHCS BITBHUN 1O ¥ KITBKOCTI,
eKBiBaNeHTHiil KibkocTi ioHiB kynpymy(Il) y po3umni. Mox, mo Buginuscs
BIITUTPOBYIOTH po00YNM po3drHOM NayS;0s:
2CuSOs + 4Kl — 2Cul + 2K2SOs + |2
2|cu* + I+ e - Cul
|21 - 26 - 1
2Naz2S203 + 2 —> NazxS40s + 2Na
[Nepiua peakuist MpOTiKae KiIbKICHO Yepe3 YTBOPEHHS
Maiopo34rHHOI crionyku Kynpym(l) omauay. J{ns 3amo6iranus riaposizy
kynpym(Il) cynbdaty peakiiito IpOBOISTE y CITA00KKUCIOMY CEPEAOBHIII.

Ilopadok suxonanus pobomu.

1. Otpumaiite koHTpONMBHIH po3unH KynpyM(Il) cynedaty, momaiire
1o Hhoro 5 Mt 1 M pozunny H>SOj4 i noBezitTe 00'eM y MipHil K0JI0i
JIMCTHIIHOBAHOIO BOJIOIO 10 MITKH. [lepemimmaiite po3dmH.

2. Minetkoro BizpMiTh 10 Mt pozunny kymnpym(Il) cymsdary i
MIEPEHECiTh HOTO B KOHIYHY KOJIOY ISt THTPYBAHHS.

3. Jonaiite B koOy mumiaapoM 15 M 20% po3unHy Kamiii Homumy.
Ipu ubomy Bunagae ocan Cu, a po3unH 3adapOOBY€eThCS B KOPUUHEBHIA
KOJIIp 4epe3 BUJIIICHHS BUILHOTO HOLY.

4. Hakpuiite kon0y (ijbTpyBaJbHUM MAepoM i I 3aKiHUEHHS
peaxIiii mocTaBTe B TEMHE MICIIC Ha 3-5 XBUJIMH.

5. Wox, mo BUIIIMBCA BiATUTPYiiTe PO3YMHOM HaTpiii TiocybdhaTy
JI0 SICKPaBO-)KOBTOTO 3a0apBJCHHS PO34YKHY B K0JI1Oi. JlofaiTe B KOOy
2-3 MJI KpOXMAITIO 32 TOTIOMOTOIO IIITiHApa. Po3unH 3a0apBUTECS B CHHIN
kouip. [IpogoBXiTh TUTPYBAaHHS MOBUIEHO IO KPAILIAX, A0 Pi3KOTO
3HUKHEHHS KOJIbOPY PO3UYHHY.

6. [ToBTOPITH TUTPYBAHHS 2-3 pa3u IO OJepKaHHS MOAIOHIX
pe3ynbpTatiB. Pe3ynpTaTi 3amunIiTe y TabIHIIFo.

7. Po3paxyiite MOJISIpHY KOHIICHTPAI[II0 CKBIBAJICHTA PO3YHHY
CuSO., Tutp pozunny CuSOj4 1o KynpyMmy i Macy Kynpymy B
KOHTPOJIHFHOMY PO3YHHI.

8. Po3paxyiiTe BiTHOCHY MOMMIIKY €KCTIEPUMEHTY (ICTHHHE 3HAYEHHS
MacH KynpyMy B pO34YHMHIi TOBiaiTecs y BUKJIaayda).
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OOTOKOJIOPUMETPIA

doTokoIOpUMETpisl — 1€ ONTHYHUA METOJ aHali3y, IO PO3IIiiae
B33a€EMOJIII0 PEYOBUHHU 3 €JICKTPOMArHiTHUM BHIPOMIHIOBaHHSIM Y BHAMMIH
obnacri: nosxuna xwii (A) 380-750 um; yactora (v) 2,510% - 1,510% cm™?;
enepris BunpowmintoBanHs (E) 1-10 eB. V pesynbrati NOrIHHAHHS
PEUOBHHOIO MEBHOI KINBKOCTI €HEprii B MOJICKYJaxX Ili€i peYOBUHH MaloTh
Miclie eJIeKTPOHHI ePEXOH.

Metoto  (QOTOKOJOPHMETPUYHOTO  AHANI3y €  BHU3HAYCHHA
KOHIICHTpALil PEYOBHHH B PO3YHMHAX 3a0apBJICHHUX CIONYK. SIKIIO peYOBHHH
HE MAaloTh KOJBOPY, TO NPOBOIATh PpEaKUilo, y pe3yiubTari sKoi
YTBOPIOIOTHCS PO3UMHHI 3a0apBiieHHI crioayku. Komip po3unHy moB's3aHuUit
3 JIOBXXMHOIO XBWJIi MOTJIMHEHOI YaCTHHH CBITJIOBOTO MOTOKY. Y BHIHMIii
00macTi KoJip po34rHy OOYMOBJICHUH TOBKHWHOIO XBHIII BHUIIPOMIHIOBaHHS,
HE MOTJIMHEHOTO MM PO3YMHOM, 1 € JOJATKOBHM 0 KOJbOPY MOTJIMHEHOT
YaCTUHHM CBITIA (IUB. Ta01.3).

Taonuuys 3
3ajiekHiCTh KOJHOPY PEYOBHHH BiJl YaCTHHU CIIEKTPa, 110
HNOTJTHHAETHCS
. Koumnip noraunenoi .
Konip po3uuny . A TIOTIIMHEHOI YaCTHHU
PEYOBHHH (IOJATKOBHI) HACTHHI CBITIOBOTO crnexTpa, (HM)
HOTOKY

JKOBTO-3€JICHUI (hioneToBH 400-450
JKOBTHH CHHIHN 450-480
JKOBTOTapSTIHA 3eJICHO-CHHIH 480-490
YepBOHHHI CHHBO-3CIICHIH 490-500
ypIypHUii 3€JICHUH 500-560
(ioneroBuit YKOBTO-3€JICHHI 560-575
CHHIHN KOBTUH 575-590
CHHBO-3eJICHUI 4EepPBOHHI 590-625
3eNIeHUI MypIypoBHUit 625-750

[TornuHeHe CBITIOBE BUIIPOMiIHIOBaHHS KUJIBKICHO OITUCYETHCS
3axkoHOM Byrepa-JlamGepra-Bepa:

75



MIHICTEPCTBO OCBITH I HAYKHM YKPATHI
I[EP)KABHI/Iﬁ YHIBEPCUTET < KUTOMHUPCBKA ®-23.07-
JKuroMupchbKa MOJITEXHIKA» 05.02/2/101.00.1/MB/OK13
noJiTexHika Cucrema ynpasiinns sikictio Biznosizae JICTY ISO -2021
9001:2015
Exzemnaap Ne | Aprk 94176

A:IgT:Igll: e b-C,
0

Je: A — NMOTJIMHAHHS PEYOBHHU, 200 HOr0 ONTHYHA LIUIHHICTD;

T — mpormyckHa 31aTHICTB 3pa3Ka, TOOTO BiIHOIIEHHS IHTEHCUBHOCTI
CBITJIa, SIKE MPOMIIIIIO Yepe3 3pa3oK, A0 IHTEHCUBHOCTI 1a/Ial0uoro
ceitia (I/1,);

C — KoHIIEHTpaIlisl peUYOBHHU (3a3BHYail MOJIB/M);

b — ToBuuHa xroBeTH (CM);

€ — MOJISIpHA TIOTJIMHAI0YA 3J[ATHICTh PEYOBHHH, 00 MOJISIPHUIH

KOeQII€HT MOTAMHAHHS [J1/(MOJB CM)].
Po3paxyHOK MOJIsIpHOTO Koe(illieHTa MOTJIMHAHHS POBOIATH 32
bopmynamu:
e=A/(Cb) abo &y=A/(Cy D).

O0aacTh 3acTocyBaHHs (pOoTOKOIOPpUMeETPIi.

doTtomMeTpuUHI METOIU AyKE UIIMPOKO BHKOPUCTOBYIOTHCS LIS
BU3HAYCHHS JIOMIIIOK y cIulaBax abo MiHepajax i mopojax, /i BUBUCHHS
KIHETUKH peakuii, Juii Oe3nepepBHOrO KOHTPOJIIO TEXHOJIOTIYHOTO
Ipoliecy, Uil BU3HAUYEHHS MaJIuX KUJIbKOCTEH pEeUOBHH.

@doTOMETPUYHMIT METOX aHANi3y XapaKTepH3YEThCs BHUCOKOIO
BHOIPKOBICTIO 1 € OJHMM 31 IIBHAKHX METOMiB aHamizy. Llum meromom
MOYHA BU3HAYUTH KOHIEHTpallii pedosrt 10 1-107 Moms/m.

Merton kaaiopyBaJjibHOro rpadgika.

Jnst  Bu3HA4YeHHS  KOHHEHTpamii  pedyoBWHH  (eleMeHTa) Yy
JIOCITI/DKYBAaHOMY PO34MHI BHKOPUCTOBYIOTH HaifyacTilie KaniOpyBalbHHIA
(rpanyiioBanuii) rpadix y koopaunarax A — C (ONTHYHA IIUIBHICT —
KOHIIEHTpAIlif).

I'oTytoTh cepilo CTaHAapPTHUX PO3YMHIB 3 BIZOMOIO KOHLEHTpAI€I0
pedoBHHH. BUMIpIOIOTH ONTHYHY LIUJIBHICTH LUX PO3YHMHIB, ITOPIBHIOKOYH
IHTEHCHBHOCTI ~ MOTOKY  BHUIPOMIHIOBaHHS, IO IIPOXOJUTh  4epe3
CTaHAApPTHUH pPO3YMH, 3 IHTEHCHUBHICTIO MOTOKY BHIIPOMIHIOBaHHS, IO
MIPOXOJUTh Yepe3 PO3YMH IOPIBHSIHHS, IOTJIMHAHHS SKOTO NPHUHMArOTh
piBHHUM HyI10. By ytoTh KaniOpyBaiabpHUH rpadik.

KaniOpyBanbHa mpsiMa siBJsie 0000 MPSIMY JIiHIIO, 10 HAE 3 OYaTKy
koopauHaT. [ToTiM BUMIPIOIOTE ONTHYHY LIIBHICTH aHAJII30BAHOTO PO3YHHY
1t 3a rpaikoM BH3HAYAIOTH HOTO KOHIIEHTPAIIiIO.
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Jlabopamopna poboma Ne 7
BU3HAYEHHS KYIIPYMY ()

B amiayHuX po3uMHAX i0HU KYIPYMY yTBOPIOIOTH KOMIUIEKCHI 10HH
CHUHBOTO KOJIbOPY:
Cu?* + 4NH3 = [Cu(NH3)4]?*
[HTEeHCHBHICT 3a0apBICHHS TaKUX PO3YMHIB MOJKHA BH3HAYUTH
(hOTOKOJIOPIMETPHUIHO.

THopsaoox euxonanns pobomu:

1. BizpMiTe 7 MipHUX K010 Ha 100 MIT 1715 IPUTOTYBAaHHS
cTaHmapTHUX po3unHiB comi kKynpymy(Il). Hanmmmite Ha HUX cKitorpadom
nomepa 0, 1,2, 3,4, 5, 6.

2. Hanuiite 3 6ropeTku B K0JI0U, MOYnHarOuH 3 Kojaou Ne 1, Toune
YHCII0 MII po3uuHy codii Kynpymy(Il), mo mictuts 1 Mr kynpymy B 1 M
po3uuHy (nuB. Tabi. 4) abo iHII 00'eMU Ha PO3CY/l BUKJIaava.

Taonuuysn 4
PearenTu pJs1 poromerprunoro BusHayeHuss kynpymy(Il)
O0'eM comi Konnenrparmis O0'eM
kynpymy (II), | xympymy (II), pOo34HHY
MII MT/MIT aMOHIaKy, MJI

Ne
KOJION

OnTtHnyHa
MIUTBHICTH

oo |W[IN|[F|O
> |o|galhlwN|IFR|O

gjorjforjorjorjorforjon

3. Y x0XHY KOJIOY AOIUiTe MUIiHApOM 1o 5 M 25%
(KOHIIEHTPOBAHOT'0) PO3YMHY aMOHIaKy, J0JIaiTe TUCTHILOBAHOI BOAH /10
MITKH, 3aKpHUiTe MpoOKoI0, 100pe nepemimaiire.

4. Bumipsiite ONTHYHY LIJIBHICTH KOXKHOTO CTaHJApTHOTO PO3YHHY
it 3anumIiTh y Tabsuimio 4. BumipioBaHHS IpOBO/IBTE 11010 PO3YMHY B KOJIOI
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Ne 0 (mynmpoOBHET po34uMH) y KioBeTaX 3 b = 34 MM i3 BUKOPHCTaHHIM
JKOBTOTO CBITJIOPLIBTpA.

5. 3a pesynpraramu 1moOynydTe KanmiOpoBaHMH rpadik Ha
MiniMeTpoBOMY narepi B koopauHatax A — C.

6. OtpumaiiTe y BUKJIaJaya KOHTPOJIbHE 3aBIaHHS 3 HEBIIOMOIO
koHIeHTpatiero coii Kynpymy(Il) (konba Ne x), nogaiite 5 mit 25% po3uuny
aMOHiaKy, TOBEIITh JUCTIIHOBAHOIO BOJOIO 10 MITKH. 3aKpHHTE MPOOKOIO,
no0pe mepemimaiire.

7. BumipsiiTe ONTHYHY IMUTBHICTH KOHTPOJBFHOTO PO3YHHY Ay i 3a
rpadikom Bu3HaunTe KoHIeHTpalio kynpymy(Il) Cs.

Jlabopamopna poboma Ne 8
BU3HAYEHHSI ®EPYMY (III)

lorn pepymy(Ill) yTBOPIOIOTH i3 poJaHiI-iOHAMH KOMILIEKCHI
CIIOJIYKH KPOBAaBO-YEPBOHOTO KOJBOPY:
Fe** + (3-6)SCN" = [Fe(SCN)z.6]%)
3abapBieHHS PO3YHHIB HECTIHKE, TOMY iX TOTYIOTh O€3MOCepETHBO
mepe] BAMipOM ONTHYHOI IIITHHOCTI.

Tlopsooxk suxonanns pobomu:

1. BizpMiTh 6 MipHHX K0n0 Ha 100 M1 Uit rOTYBaHHS CTaHAAPTHHUX
po3unHiB couti pepymy(I11). Hamumite Ha HUX ckiorpadom HoMmepa 1, 2, 3,
4,5, 6.

2. Hanwmiite 3 GropeTku B K0JIOHW, MMOYMHAKO4YU 3 Koiou Ne 1, TouyHe
yucino mi po3unny coii pepymy(Ill), mo mictute 0,02 Mr ¢pepymy B 1 M
po3uuHy (nuB. Tabm. 5) a6o maHi BUKIIaava.

3. Y xoxHy KOOy IHIiHIpOM goxaiite mo 2 mi po3seaeHoi (1:1) azoTHol
kucnotd ¥ mo 10 mi 10%-Horo posumny amoniii pomanimy (NHsSCN).
JonaiiTe AUCTIIBLOBAHOI BOJHM JIO MITKH, 3aKpwidiTe NpoOKOro, m00pe
nepeminianTe.

4. BumipsiiTe ONTHYHY LIUIBHICT KOXKHOT'O CTaHAAPTHOTO PO3YHHY B
KioBeTaXx 3 b = 34 MM i3 BUKOpHUCTaHHSM CHHBOTO CBiTNIIOQinbTpa. 3a
“HyJTBOBHH PO3YMH’ Bi3bMITh AWCTHILOBAHY BOXy. Pe3yipraTé BuMIpiB
3aMUIIITh Y TaOIHIO 5.
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Tabauysa 5
PearenTu ny1s ¢goToMeTpHyHOro Bu3HaueHHs ¢gepymy(1Il)
. . . O0'em O0'em
O6'em comi | Konuentpariis
Ne depymy(ID), | depymy(IIT) pPO34UHY p-HY OnTuuHa
KoJIon pyMy(EL, pyMy(ED, HNOs, [ NHsSCN, | miinsHicTh
M MI/MIT
MII MII
1 0,5 2 10
2 1,0 2 10
3 2,0 2 10
4 3,0 2 10
5 4,0 2 10
6 5,0 2 10
X X 2 10
5. 3a oTpuMaHMM 3HAYECHHSIM ONTHYHOI INUIBHOCTI MOOymIyiHTE

KaniOpyBanbHUi rpadik Ha MiliMeTpoBOMY namnepi B koopauHatax A — C.

6. OrtpumaiiTe y BHKIaJa4a KOHTPOJIHE 3aBJaHHS 3 HEBIJIOMOIO
koHieHtpaiieo com Gepymy(Ill) (konba Ne x), momaiite 2 mMa po3BeaeHOT
(1:1) azorHoi kumcmorw, 10 MJ pO3YMHY aMoOHId ponaHimy, JOBEIITH
JUCTHUIIOBAHOK  BOJZOK O MITKH. 3akpuiite mnpoOkoro, mobpe
repeMimranTe.

7. BuMipstiiTe ONTHYHY MIUTBHICTE KOHTPOJIBHOTO PO34YHHY Ay 1 3a TpadikoM
BH3HauTe KoHIeHTpamio Gepymy(Ill) Cy.
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NOTEHUHIOMETPIA

MeToa TOTEHIIIOMETpii 3aCHOBAaHHMI Ha 3aJICKHOCTI MOTCHIATY
€JICKTPO/Ia, 3aHYPEHOTO B PO3YHH, Bijl KOHIICHTPAILlii ICBHUX 10HIB Y JAHOMY
po3umHi (piBHsHHsA HepHcra). [loTeHmian CKISHOTO eNeKTpoja, IIo
BUKOPHCTOBYETHCS B POOOTI 3aJISKUTh BiJl KOHIIEHTpalii i0HIB TiJIporeHy B
pO34KHi, 0 BUKOPHCTOBYEThCA Npy BuUMiptoBaHHI pH. CKIgHUI eneKTpos
y mapi 3 eIeKTPOAOM MOpPIiBHIHHSA, MOTEHINAN SKOTO He 3aJeXHTh Bix pH,
OIyCKAalOTh B PO3YMH, IO BHU3HAYAETHCA 1 BHUMIPIOIOTH PI3HUIO iX
MOTEHIialiB. BompT™MeTp, 0 BUKOPHCTOBYETHCS I BUMIpIB, Ma€ IIKAIy,
rpagyioBaHy SK Yy MIiTiBOJIBTaX, Tak 1 B OoAMHMIMX pH, mo mo3Boise
3HIMaTH nokaszanHs pH po3unHy Ge3mocepeHbO 31 MKaIK NpHiIay.

ITpu KUCIOTHO-OCHOBHOMY THTPYBaHHI JOJaBaHHS KOXKHOI MOpLii
TUTpaHTa BUKIMKae 3miHy pH pozumny. Ha umpomy ocHoBaHe
MOTCHI[IOHOMETPUYHE TUTPYBaHHA. Jlo TO4YHOTrO 00'€eMy pO3YHHY, IO
BU3HAYAETHCSI, MOCTIMOBHO JOMAIOTh HEBEIWKI MOPIHI CTAaHAapPTHOTO
pO3YMHY ¥ Tmmicis KOXHOro jojaaBaHHs BuMiptoerbess pH. Touky
€KBIBaJICHTHOCTI BU3HA4YalOTh rpadiuHo (quB. puc. 11 2).

-~

| -
o A 5
i AV
|
|
| [
[ [
I I
I |
24 !
- [
_—t == v
T.C. T.C.
Puc. 1. InTerpanbHa kpuBa: ToUka Puc. 2. ludepennianbHa KpuBa:
€KBIBaJICHTHOCTI BiAIIOBiJa€e TOYKa €KBIBAICHTHOCTI BiJITOBiIa€
cepe/nHi Bifpi3Ka IOTHYHIH MaKCUMyMYy KPHUBOI.

cTprOKa TUTPYBAHHSI.
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JOJATKH
Taoauna 1
Di3uKo — XiMiyHI KOHCTAHTH
Hasga 3HayeHHs
I'pasiTariitna crana, G =6,6720 - 10 H- m/xr?
IIBuaKicTH MOLIMPEHHS | C =2,99792458 - 108 Mm/c
€JIEKTPOMArHITHUX XBHJIb B BAKYYMi,
MarHiTHa IPOHUKIIUBICTH BAKYyMY, Lo =1,256637061 - 106 | I'e/m
EnextpuiHa NpOHUKIMBICTE BaKyyMYy, | €o =8,85418782 - 1012 | ®/m
Crana ITnanka, h =6,626176 - 1034 Jox/T'
ATOMHA OIMHUIIA MacH, a.0.M. | =1,6605655 - 107 KT
Maca enexTpoHa, Me =9,109584 - 1031 KI'
Maca npoTony, mp =1,6726485-10% | kr
Maca HeiftpoHa, Mhn =1,6749543 - 10% | kr
EneMeHTapHUiT eNeKTpUYHMIA 3apsn, | € =1,6021892 - 10'° | Kn
Krnacuunmit pafiyc enekTpoHa, e =2,817938 - 10°%° M
Crana ABoraspo, Na =6,022045 - 1023 monp?
Crana dapages, F =9,648456 - 10* Kn/monp
Crana Jlomminra, N. | =2,686754 - 10% v
VYHiBepcasbHa ra3oBa craja, R =8,31441 JLx/(K-mo11p)
HopmaibHi yMoBH:
—THCK, p =1,01325 - 10° IMa
—TeMmmeparypa, T =273,15 K
MonspHuii 06’em rasy, Vm | =2,241383 - 102 M3/MOIB
Crana Bonpimana, k =1,380662 - 102 Jx/K
MarHiTHHI MOMEHT €NeKTpOHa e =0,284832 - 10% A - m?
Ta6auus 2

IIpucTaBKku Ui YTBOPEHHSI KPATHUX i AiJIeHUX OTUHUIB

IIpucraBka MHOXXHHK IIpucraBka MHOHHK
Tepa, T 1012 Jeuu, 1 101
lira, I 10° CanTn, C 102
Mera, M 1068 Mini, M 103
Kino, k 108 Mikpo, MK 106
I'exTo, T 102 Hano, H 10°°
Jlexa, na 10! IMixo, 1@ 1012
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Taoauua 3

®@iznko—ximiuHi Bennuunm i oqununi Mixknapoanoi cuctemu (CI)

Beanuuna Opmunuui CI
BuyTpimas enepris, U JUKOYIIb, JIK
Yac, t CEKYHJa, C
Tuck, p mackais, I1a
JunonbpHUI MOMEHT, L KysnoH-meTp, Ki- M
JloBxuHa, | METp, M
KiibKiCTh pe4yoBHHH, V MOJIb, MOJIb
Kinpkicth Temia, Q JoKOYIIb, JIx
KiJBKICTB €JIeKTPUKH, g KyJoH, K

Maca, m

KiJIorpam, Kr

Mousipna maca, M

KiJIOTpaM Ha MOJIb, KI/MOJIb

Mousipauid 00’eM,  Vm

Ky6.METp Ha MOJIb, M%/MOJTh

MossiibHa KOHIIGHTpaIisl, Cm

MOJIb Ha KiJIOTpaM, MOJIb/KT

MossipHa KoHIeHTparis, Cy

MOJIb Ha Ky6. MeTp, MOJIb/M3

[otyxHicTs, P

BaT, BT

06’em, V Ky6iunuit MeTp, M

['yctuna, p Kijlorpam Ha Ky6. MeTp, Kr/M°
[Tnoma, S KBaJpaTHUii MeTp, M2
IToBepxHeBH HATAT, G JKOYJIb Ha KBaap. Metp, ix/m®
Po6ora, W JOKOYIIB, JIK

Pizunng morenmianis, AU BOJGT, B

Cuna, F HbIOTOH, H

Cuia ctpymy, | amrnep, A

1IBuaKicTh peakuii, v

MOJb B CEKYH/Y, MOJIB/C

Temmepatypa TepMonuHamivna, T

KenbBiH, K

Tewmmepatypa Lenscis, °C

rpanyc Lemscis, °C

Temnoemkicts, C

JOKOYJIb Ha KelnbBiH, JDK/K

Enepris, E

JoKOyIb, JIx

Enepris I'i66ca, AG

JHKOYJIb Ha MOJIb, J[»/MOITB

Enranenis, AH

JHKOYJIb Ha MOJIb, J[»/MOITB

Enrpomis, S

JOKOYJIh Ha KenbBiH-MouIb, JIx/(K: MoITh)
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9001:2015
Exzemnnap Ne 1 Apk 9483
Ta6auus 4
Bignocui aToMmHi MacH XiMiYHHMX eJIeMeHTIB
EsnemeHT Ar Enemenr Ar Eaemenr Ar
8o*Ac 227,0278 g7*Fr 223,0197 g0 15.9994+3
47AQ 107,8682+3 1Ga 69,723+4 7608 190,2+1
13A1 26,98154+1 64Gd 157,25+3 15P 30,97376+1
95*Am 243,0614 32Ge 72,5943 91*Pa 231,0359
18Ar 39,948+1 1H 1,00794+7 s2Pb 207,241
33AS 74,9216+1 2He 4,002602+2 46Pd 106,421
g5*At 209,9871 72Hf 178,49+3 61*Pm 144,9128
79AU 196,9665+1 soHg 200,59+3 84*PO 208,9824
sB 10,811+5 s7HO 164,9304+1 59Pr 140,9077+1
s6Ba 137,33+1 53l 126,9045+1 78Pt 195,08+3
4Be 9,01218+1 49ln 114,82+1 94*Pu 2440642
83Bi 208,9804+1 771r 192,22+3 gs*Ra 226,0254
97*Bk 247,0703 190K 39,0983+1 37Rb 85,4678+3
35Br 79,904+1 36Kr 83,80+1 7sRe 186,207+1
6C 12,011+1 104*Ku [261] 45Rh 102,9055+1
20Ca 40,078+4 s7 La 138,9055+3 g6*Rn 222,0176
48Cd 112,41+1 3L 6,941+2 44RU 101,07+2
ssCe 140,12+1 103*(Lr) 1260,1054 165 32,066+6
98*Cf 251,0796 71LU 174,967+1 51Sh 121,753
17CI 35,453+1 100*Md 258,0986 21SC 44,95591+1
96*Cm 247,0703 12Mg 24,305+1 345e 78.96+3
27CO 58,9332+1 2sMn 54,9380+1 14Si 28,0855+3
24Cr 51,9961+6 42Mo 95,94+1 62Sm 150,36+3
55CS 132,9054+1 7N 14,0067+1 509N 118,710+7
20CU 63,546+3 11Na 22,98977+1 38Sr 87,62+1
66Dy 162,50+3 41Nb 92.,9064+1 73Ta 180,9479+1
=g 167,26+3 soNd 1442443 esTh 158,9254+1
99*ES 252,0828 10Ne 20,179+1 43*¥TC 97,9072
63EU 151,96+1 28N 58,69+1 soTe 127,60+3
oF 18,998403+1 |102*(No) |259,1009 90" 232,0381
26Fe 55,847+3 93*Np 237,0482 2Ti 47,88+3
100*Fm 257,0951 105*Ns [262] 1Tl 204,383+1
69T M 168,9342+1 54Xe 131,29+3 4021 91,2242
92U 238,0289 39Y 88,9059+1 *106 [263]
23V 50,9415+1 7n0YDb 173,04+3 *107 [262]
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9001:2015
Exsemnaap Ne 1 Apk 941 84
Tabauus 5

CranaapTHa eHTaabIist yreopennst AH®(298), enrponisn S°(298) i
€4OBUH

eHeprisg I'm66ca yreopenns AG°(298) nesikux

Peyosuna AH9s, k/x/Monb | S°gs, JLx/Monb K | AGC98, KJK/MOJIB

1 2 3 4

TIpocTi peyoBUHH
Adw 0 42,55 0
Alm 0 28,33 0
Fem 0 27,15 0
Ham 0 130,52 0
HYw) 0 75,90 0
Mg 0 32,68 0
N2 0 191,50 0
O2(n) 0 205,04 0
S(T pomb.) 0 32,9 0

XiMiYHi CIIOTYKH
Ag20( -31,1 121,0 -11,3
AgNOs@) -124,5 140,9 -33,6
Al2030) -1676 49,9 -1582
Al2(SO4)30) -3442 239,2 -3101
B2Hs() 38,5 232,0 +89,6
BaCOs() -1202 1121 -1164,8
BaOw) -553,54 70,29 -525,84
Ba(OH)2p) -943,49 100,83 -855,42
COw -110,53 197,55 -137,15
CO2() -393,51 213,66 -394,37
CaOw) -635,09 38,07 -603,46
CaCOs) -1206,83 91,71 -1128,35
Ca(OH)2( -985,12 83,39 -897,52
CS2 +88,7 151,0 +64,4
CHar) -74,9 186,2 -50,8
CaHa +226,75 200,82 +209,20
C2Ham 52,3 2194 68,1
CrClsw) -556,47 123,01 -486,37
FeOw -264,8 60,75 -244.3
Fe203() -822,16 87,45 -740,34
Fe3O4) -1117,1 146,2 -1014,2
Fe(OH)2w) -561,7 88,0 -479,7
Fe(OH)3w) -826,6 105,0 -699,6
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9001:2015
Exsemnaap Ne 1 Apk 94185
[IponoBxeHHs TAOIHII 5
1 2 3 4
HCl -92,31 186,79 -95,30
H20@) -291,85 (39,33) -
H200) -285,83 69,95 -237,23
H20() -241,81 188,72 -228,61
H202p) -187,8 109,5 -120,4
HCN@ 135,0 113,1 1255
H2SO04) -813,99 156,9 -690,14
HNO3(p) -173,00 156,16 -79,90
HgClaw -229,00 242,3 -197,4
HgOw -90,9 70,29 -58,6
HgSm -59,0 82,4 -51.4
KClw -436,68 82,55 -408,93
K2Cr207@) -2067,27 291,21 -1887,85
KMnO4x) -828,89 +171,54 -729,14
KNOs@) -493,2 132,93 -393,1
K2S04() -1433,69 175,56 -1316,04
MnOzq) -521,49 53,14 -466,68
MgC -601,49 27,07 -569,27
MgSQOum) -3089,50 348,1 -2635,1
NH3() -46,2 192,5 -16,1
NH4Cl) -314,2 94,5 -203,2
N2Has(n) -50,50 12,1 149,2
NaBr -151,86 62,1 -
NOw) 91,26 210,64 87,58
NO2) 33 240,2 51,5
NaOH) -426,35 64,43 -380,29
NazSO03(x) -1089,43 146,02 -1001,21
Na2SO4) -4324,75 591,87 -3644,09
Pb3Oa4(x) -723,41 211,29 -606,17
PbCla -359,82 135,98 -314,56
PbO2w) -276,56 71,92 -217,55
Pb(NO3)2(x) -451,7 217,9 -256,9
SO2(n) -296,90 249,1 -300,21
SOs(p) -439,0 122 -368,4
TiO2m) -938,6 49,92 883,3
Zn0w) -350,6 43,64 -320,7
Zn(NO3)2:6H20( -2306,8 426,3 -1174,9
Zn(NO3)2() -483,7 - -
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Exsemnaap Ne 1 Apk 94/ 86
Tabumusg 6
Koncrantu nuconianii 1eaKux cJJadKuX e1eKTPOTiTIB
Enekrtpouir PiBusiHHA qucomiamiii K
. _ 4
Hirputna xucnora HNO, < H" + NO; 4,0-10
AMoHis rifipoxcuy NH,OH < NH; + OH™ 179-107
: + _ L1010
boparna kucnora (I cTynise) H,BO, < H" + H,BO; 6,0-10
Bona H,0 < H* + OH- 18:107
CrutikaTHa KHCIIOTa H,SiO, < H* +Si0; 32-107"°
L . o 16-10™"
HSiO; < H™ + Si0;
®opmiaTHa KHCIIOTA HCOOH < H* + HCOO™ 18-107
. _ —2
CynbbiTHa kucnoTa H,SO0, < H* + HSO, 13-10
_ N 2 6-107*
HSO; < H™ +80;
Cynb(inna kucnora H,S < H* + HS- 89-10°°
B . ” 1,3-107"
HS" < H" +S
+ - .1077
KapOonaTna xucnora H,CO, < H' + HCO; 431-10
HCO; < H" +CO;
®dTopuiHa KuciIoTa HF < H'+F 74.1074
AneraTHa KucinoTa CH,COOH < H* + CH,COO" 1,86-107°
- -3
®docdarHa kucnora H,PO, < H" + H,PO, 75-10
—8
H,PO, < H' + HPO?" 62107
22-107"
HPO; < H' +PO;
LianigHa kucnora HCN < H" +CN™ 72-10™°
— -2
OkcanaTHa Kucjiaora H,C,0, & H + HC,0; 59-10 ]
_ . . 64-107
HC,0, < H" +C,0,
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9001:2015
Exzemnusp Ne 1 Apx 94187
Taoauus 7
J00yTOK PO3YHHHOCTI MAJTOPO3YHMHHUX PEYOBHH Y BOJi
Dopmyaa t,°C P Dopmyaa t,°C AP
T'inpoxcunu Xpomaru
A1(OH)3 25 1,9-10% Ag2CrO4 25 9,0-1012
Cr(OH)s 17 54-10% BaCrO4 25 2,4-10710
Fe(OH)s3 18 3,8:10%8 CaCrO4 18 2,3-107
Fe(OH)s3 18 4,8-10°16 PbCrO4 25 1,8-101
Mg(OH)s 25 5,0-1071? SrCrO4 25 3,5-10°
Mn(OH)2 18 4,0-10 Cynbgaru
Zn(OH)2 20 1,0-10Y7
Ag2SOs 25 7,7-10%
Tanorenigu BaSOs 1,1-10-
5 10
AgCl 25 1,6-101° CaSOs |25 6,3-10°
AgBr 25 7,7-101 PbSO4 25 2,2-:103
Agl 25 1,5-1016 SrSO4 25 2,8:102
PbCl; 25 2,4-10* KapGounaru
Pbl> 25 8,7:10°
Cynbdiau Ag.COs3 |25 6,2:101?
BaCOs3 25 8,1-10°
AQ2S 25 1,6-10% CaCOs3 25 4,8-10°
As2S3 18 4,0-102° MgCOs 25 1,0-10°
Cds 18 3,6:10% SrCOs 25 1,6-:10°
CuS 25 8,5-:104° ®docharu
FeS 25 3,7-10%
HgS 18 4,0-1053 AgsPO4 20 1,8-:1018
MnS 18 1,4-10% Caz(PO4)3 25 3,5-10%
PbS 18 1,1-10% CaHPO4 25 ~5-106
ZnS 25 1,2:10% MgNH4PO4 25 2,5-10713
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Taoauus 8
CTaHapTHI eJeKTPOAHI MOTeHIiaJIn MeTaTiB

Enextpoa EJjieKTpoina peakuis E% B
Li*/Li Li*t+e 2Li -3,045
K+/K Kt+e 2K -2,925
Rb*/Rb Rb*+e~ 2Rb 2,925
Cs*/Cs Cst+e 2Cs -2,923
Ca?*/Ca Ca**+2e 2Ca —2,866
Na*/Na Na*+e 2 Na -2,714
Mg?*/Mg Mg? +2e~ 2 Mg 2,363
AR/Al AP +3e 2 Al —-1,662
MnZ*/Mn Mn?* + 2e- 2 Mn -1,179
Zn%/Zn Zn**+2e 2 7Zn -0,763
Cr3¥*/Cr Cr¥*+3e 2Cr —-0,744
FeZ*/Fe Fe**+2e 2 Fe —0,440
Cd?*/Cd Cd**+2e 2Cd -0,403
Co?%*/Co Co**+2e 2Co -0,277
Ni2*/Ni Ni%*+2e~ 2 Ni —0,250
Sn?t/Sn Sn?* +2e~ 2 Sn -0,136
Pb2*/Pb Pb%* +2e- 2 Pb -0,126
H*/%/>2H2 H*+e 2 YH; +0,000
Cu?*/Cu Cu**+2e 2Cu +0,337
Hg-**/2Hg Hg2?* +2e~ 2 2Hg +0,788
Ag*/Ag Agt+e 2 Ag +0,799
Audt/Au Au¥ +3e 2 Au +1,498
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Exsemnaap Ne 1 Apk 94189
Ta6auus 9
CTaHapTHI eJIEKTPO/IHI MOTEHLiaIH OKMCHO-BigHOBHHUX cucTeM (25 °C)
(:I:cop;cizua BignoBnena ¢gopma Estextpona peakiis E° B
2H* H> 2H* +2e- 2 Hg 0,00
S S2 S+2e 25* -0,51
PbSO4 Pb + SO4% PbSO4 + 26~ 2 Pb + SO4* 0,356
Sn#* Sn2* Sn*t + 2 2 Sn?* +0,15
Cu Cu* Cu*+e 2Cu* +0,153
SO4* +2H* S03* + H20 SO4* +2H* +2¢- 2 SOz> + H0 | +0,22
[Fe (CN)s]*- [Fe(CN)s]* [Fe(CN)J>+ e~ 2 [Fe(CN)s]* +0,36
Y202+ H20 20H- 1>,02+ H20 +2e 2 20H" +0,401
Y212 I- late 21 +0,536
MnO4 MnO42 MnOs + e 2 MnQs% +0,564
MnOs+2H20 | MnO2(t) + 40H [MnO4+2H.0+3e 2 +0,57
2 MnO2(1)+40H-
Fes* Fe?* Fe3* +e 2 Fe?* +0,771
2Hg* Hgo?* 2Hg? +2e” 2 Hgo?* +0,910
NO3z + 3H* HNO2+ H20 NO3 + 3H* + 2e- 2 HNO2 +H.0 +0,94
NO3z + 4H* NO + 2H.0 NO3 + 4H* + 3e- 2 NO +2H20 +0,96
HNO2 + H* NO + H20 HNO2+ H*+e 2 NO + H.0 +1,00
1/2Bra(x) Br ;Br. +e 2 Br +1,065
103~ + 6H* 212+ 3H20 105+ 6H* +5e- 2 Y212+ 3H,0 | +1,195
O2 + 4H* 2H:0 02 + 4H* + 4e- 2 2H0 +1,229
Cr207% + 14H* | 2Cr¥* + TH20 Cr207% + 14H* + 6e” 2 +1,36
2 2Cr¥* + 7H20
Y, Clp Cl- Y2Ch+e 2 CI- +1,36
ClOs + 6H* Cl- + 3H20 ClO3z + 6H* + e~ 2 Cl- + 3H20 +1,44
PbO, + 4H* Pb2* + 2H,0 PbO2 + 4H* + 2~ 2 Pb* + 2H,0 | +1,455
MnOs+8H* Mn?*+4H,0 MnO4 +8H* + 5e- 2 Mn?**+4H,0 | +1,51
H202+2H* 2H.0 H20242H* + 2~ 2 2H.0 +1,77
Co®* Co? Co®* +e 2 Co* +1,82
S208% 2504 S208% + 28~ 2 2S04% +2,01
Y, F F hF+e 2 F +2,87
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Tadauus 10
CTiliKicTh IeSIKMX KOMILIEKCHHUX iOHiB Y BOAHUX po34uuHax npu 25 °C

Kommnexco- |PiBHsiHHs quconianiii KoMIeKCHUX iOHOB Ky Kcr
YTBOpIOBaY

Ag* [Ag(NHas)2]" 2 Ag* + 2NH3 6,8-10°8 1,5-107
[Ag(CN)2]” 2 Ag*+ 2CN- 1,0-10% 1,0-10%
AlR* [AlFe]> 2 AL% + 6F 2,0-1028 5,0-10%7
Co®* [Co(NH3)s]** 2 Co%* + 6NH3 8,0-10-3%¢ 1,3-10%
cu? [Cu(NHs)4]** 2 Cu?* +4NH; 4,6-101 2,1:108
[CuCls]* 2 Cu?* + 4CI- 2:10% 5-10°
Fe?* [Fe(CN)e]* 2 Fe?* + 6CN- 1,0-10°% 1,0-10%
Fe3* [Fe (CN)s]* 2 Fe?* + 6CN- 1,0-104 1,0-10%
Pt?* [PtCls]* 2 Pt?* + 4CI- 1,0-10°%6 1,0-10%¢
Zn% [Zn (NHs)4]?* 2 Zn?* + 4NHs 4,0-10°%0 2,5-10°
[Zn(CN)4]* 2 Zn?* + 4CN- 6,3-:1018 1,6-10Y7
N3~ [NH4]* 2 NHs + H* 6,0-10°1° 1,5-10°

Tabauus 11

MOJ'IﬂpHa Maca Ta ryCTuHa J€AKHX IOBCPXHEBO-aKTUBHUX P€YOBUH

AP M 1018, kr/m®
IIpomninoBuii ciupT 60,09 0,804
[30aminoBHii ciupT 60,09 0,789
ByTunosuii cnmpt 74,04 0,804

1300y THIIOBHIA CIUPT 74,04 0,800
AninioBuii cnupT 88,10 0,815
[30aminoBHii ciupT 88,10 0,810
EtnieHraikons 62,00 1,113
O1nToBa KHCJIOTa 60,03 1,049
[IpomioHOBa KHCIOTA 74,05 0,992
MacisiHa Kucjiora 88,06 0,964
Banepianosa kuciora 102,08 0,932
[30BanepiaHoBa KUCIIOTA 102,08 0,931
KamnponoBa kuciorta 116,10 0,929
MoJioyHa KHcaoTa 90,05 1,240
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PexoMenoBaHa Jiitepatypa
OcHoena nimepamypa

1. Huranok JLII. Amnamituyna Ximis. XiMidHI METOAM aHAII3y:
HaBYaJIbHUN MOCIOHHMK / JLIT.I{uranox, T.O.byb6ensb,
A.b.Bumnikin, O.}0.Bamkesuy; 3a pen. npod. JL.II.Iluranok -
Huinponerporebk: IHY im. O.'onuapa, 2014.- 252 ¢

2. AwnanituuHa XiMis (aKkicHUH aHani3): HaBuyaneHuit nocionuk / I. O.
Cupoga, B. M. IleTronina, JI. B. JIyk’sHosa, T. C. Timakoga, O. B.
CagenpeBa. — Xapkis, 2019. — 131 c.

3. Bazems A.P., Hlxymbatiok P.C., Cyxapea O.1O., Bopornua O.I.
Hapuanpauii mociOHHK 3 Kypcy «AHamiTHYHA XiMisp». YactuHa 1.
SxicHmii XiMigHMIA aHai3. — Yxropon: B-o YxkHY, 2010. — 4. 1. -
116 c.

4. Ckuba I'.B., Tpyckasenpka JI.M., I'epacumuyk O.JI., 3aHbKkOBeLb
H.M., Apucrapxosa E.O. AHaniTi4Ha XiMis Ta T€OXIMisl JOBKLUISA.
HaBuanbHO-MeTOANYHUI MOCIOHMK Il BUKOHAHHS J1a0OpaTOpHUX
poOiT Ta camocriiiHoi pobdotu crynentiB. — XK.: XKJITVY. — 2008. —
128c. (B Oibmioteni «XKutomupcbkoi momiTexHikn» —150
MIPUMIPHHKIB).

5. Kysema 0., JlomuHumpka ., Yaban H. AHamitmaHa XiMmis:
HapuanpHuil TOCIOHUK 3 TEOPETHYHUX OCHOB aHATITHYHOI XiMil. -
JIsBiB: BunaBH. neHTp JIpBIBCEKOTO HAIIOHATBHOTO YHIBEPCHTETY
imeni [Bana @panka, 2001. - 297 c.
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