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Oowasa xumus

Tema 1. OCHOBHbIE NMOHSAMUS U 3aKOHbI XumMuu

OnbIT 1. OnpeneneHne MoNsipPHOW Macchbl YrIeKNcnoro rasa

Obopyoosanue u peakmuswi. 0ropeTka oobemoM 25 (50) mii, Bo-
poHka, cocyn JlanmonpTa, CTakaH, MTaTUB ¢ MpoOupkamMu. PacTBopsI:
cepHast kuciora (C= 1 mounb/n), consnas kuciora (C = 0,1 Monw/n);
kapOoHaT HaTpus (Kp.).

Buvinonanenue pabomul

[Ipumep nmpeaBapUTEIBHBIX PACUETOB

1. Pacuer Maccel kapOoHata HaTpus (COHbl) JJIsi MNPOBEACHUS
omnbiTa B Oropetke o0beMoM 25 mit (wiu 50 mut). O0beM BhIJETHUBIIIE-
rocsi Ta3a He JIOJKEH MPEBBIIIaTh 00beMa OIOPETKH.

Jlano: Havumu: Dopmynvl c8A3U:
V=25mn m(Na,CO3) =? n=V/V,
V= 22400 mn/mMomns m=M"-n
M(Na,CO;)=106 r/mo1b
Pewenue: Na,CO; > CO,
Mo Mo

1. KonnuecTBo BeliecTBa yrieKUciaoro raza o0beMoM 25 MII:

n (CO,) =V/V,=25/22400 =0,0011 moms.

2. Macca HaBECKHM:

n (N32C03) =n (COz)
m( Na,CO3) =M -n=0,0011-106=0,1183r

Omeem: pacdeThl TO3BOJUIN YCTAHOBUTH, UTO JJI MPOBEACHUS
onbiTa B OlOpeTke 00BeMOM Ha 25 My HEOOXOAUMO B3ATh HABECKY
kapOoHarta HaTpus He O6omee 0,1183 T.



2. HeoOxomumplii 00bEM  CEpHOM

KUCJIOThl KOHIICHTPaLUEn
1 Momw/1:

Jlano: Havumu: Dopmynvl C8A3U:

m( Na,CO;)=0,10821r  V(H,S0,) =?

M(Na,CO5)=106 r/mo1nb
CMm = 1 Moab/1

n=m/M;Cm=n/V

Pewenue: Na,CO; + H,S0, = Na,SO, + H,O + CO,T
1Mo0JB 1Mo0IB

1. KonnuecTBo BeliecTBa kapOoHaTa HATPUSL:

n ( Na,CO3;)=m/M =0,1082 /106 = 0,0010 mons

2. O06beM CepHOU KUCITOTHI:

H(H2S04) =1 (N32C03 )
V(H,SO,4) =n/Cm=0,0010/1=0,0010 1= 1,0 mn

Omeem: pacyeThl MO3BOJWIM YCTAHOBUTH, UTO ISl NIPOBEACHUS
XUMUYECKON peakiui HeOOXO0AMMO B35ITb HE MeHee | MJI cepHOl Ku-

ciotel (C = 1 monb/n). JIJ1sl MOJHOTHI MPOTEKAHUS €€ 00BEM KHCIIOThI
HaJI0 YBEJIMYUTH B 2 paza.

Cobepurre yCTaHOBKY COIVIACHO PUCYHKY 1.

Puc. 1. Yemanoska ons onpedenenusi MOIAPHOU MACChL Y2NIeKUCIO20 2A3A
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B Gropetky (1) uepe3 BopoHKy (2) HajelTe pacTBOP COJISTHOM KH-
CJIOTHI 10 HyJIeBOTO JnesieHus. (B pacTBope KHCIOTBHI B OTIMYHUE OT
TUCTUIUTUPOBAHHOM BOJIBI YIJIEKHUCIIBIA a3 pacTtBopsieTcs Xyxke). Co-
cya JlangonbTa cBS3BIBAET ¢ OIOPETKOM coequHUTENbHas TpyOka (3).
B onHo koneHo cocyna Jlanmonbra (4) MOMECTUTE HABECKY COJIbI, B
IPYroe — pacTBOP CepHOM KUCIOTHL. OOBEM KHUCIIOTHI BO3BMHUTE C U3-
OBITKOM B 2 pa3a Mo CPaBHEHUIO C PACUETHBIMU JaHHBIMHU.

[IpoBeprTe IpHOOP HAa TEPMETUUHOCTD. J|JIs1 3TOr0 NpPUCOSIUHUTE
cocyn JlanmonbTa K OIOpETKE M OMyCTUTE BOPOHKY BHHU3. Ecim mpu-
OOp TepMETUUYEH, TO YPOBEHb JKUIKOCTH B OIOPETKE OCTACTCA HEU3-
MeHHBIM. [Ipy HapylieHUM repMETUYHOCTH CIIeyeT MPOBEPUTH BCE
COEUHUTEIIbHBIE Y3JIbI.

OTMepbTe NMEepBOHAYATIBHBIA YPOBEHB KUJIKOCTH B OIOPETKE — ATO
BepxHUl ypoBeHb (V). OCTOpOXKHO ONpPOKUHBTE cocyn Jlanmonbra
TaK, 9TOOBI KMCJIOTA OKa3ajach B KOJICHE ¢ COA0M. BelmenuBmmiics ras
BBITECHSIET JKUJIKOCTh M3 OIOPETKH, €€ CIMBAIOT B CTaKaH 4epe3 BO-
poHky. BHauane peakuust uaetr OypHo. [loxaurech MOMEHTa, KOTAa
pacTBoOp OyJeT mpo3pavyHbIM, 0€3 YIIIEKUCIOTO rasa.

[Tocne Toro Kak cocyja OXJIaJUTCS 0 KOMHATHOW TEMIIEpaTyphl,
otMepbTe 00beM (V;) — 3TO HUKHUM ypOBEHb. JIJIs1 3TOr0 COBMECTUTE
YPOBHU KHUJIKOCTH B OIOpPETKE M BOpPOHKE. Bprumciaute o0beM IO
bopmyne: V=V,-V,.

Pe3ynbpTarhl SKCIEpUMEHTA

— Macca COMBI (HABECKM).....ccuvvveeeeennnnnns. r

— 00beM Traza (B yCJIOBHUSAX OIBITA)............... MJT

—TeMIepaTypa (t).....ccoovviiiiiiiiiiinnnnn... e

— aTMoc(epHOe JaBJICHHE. ........... ... MM. PT. CT.

— JaBJIEHUE HAChIIEHHOTO BosiHOTO napa (h ) nmpu

— TEMIEPATYPE OMbBITA........ceuven.... MM. pT. cT. (cM. [Ipunoxe-

HUE).
[IpuBenenne oObeMa raza K HOpMaJIbHBIM YCIIOBHUSIM

V- (p-h) - 273
V()(C02) = ,» MIJI
(273 +1) - 760




1. KonnyecTBO BemiecTna yrieKuciaoro rasa:
n (CO;) =n (Na,CO3) = ...... MOJIb
2. Macca Boiaenusiierocs raza (p = 1,9769 mr/mn):
m(COy))=p -Vo=......... r

3. MoisipHasg macca yrieKucIIoro rasa, MoJiydeHHas B JKCIEpH-
MEHTE:

M(3ken. COy) =m/n=.......... T/MOJIb
4. MonsipHast Macca yIrjIeKUCIIOro ra3a (TeopeTuyeckas):
M(teop.) = 44 r/moib.
5. OraocutenpHas ommoka (0.0.):
M(teop.) — M( akcr.)

0.0.= 100%.
M(teop.)

CnenanTte BBIBOJI.

Tema 2. Ckopocmb XuMu4Yeckux peakuyuu

OnbIT 1. BnnaHMe KOHUEHTpauuM pearvpylowmx BeLeCTB
Ha CKOPOCTb XMMWYECKOW peakunm B rOMOreHHOU CUcteme

Obopyoosanue u peakmugvl: CEKyHAOMEp (WJIM Yachl C CEKYH/I-
HOM CTpenkoi), 0ropeTku eMKocThio 25 (50) mu — 3 mIT., IITaTUB ¢
npoOUpKamMu, CTEKJISHHBIE MallO4uKW, (QUIbTpoBasbHas Oymara, Mo-
Jocka Oymaru, oKpaiieHHas B TEMHBIN LBET. PacTBOpHI: THOCYIb(AaT
HaTpus u cepHas kuciora (C = 0,15 Moib/); IMCTUIIIMPOBaHHAs BO-
1.

Peakiusa trocynbgara HaTpUsi C CEPHOM KUCIOTON MPOTEKAaEeT Mo
YPaBHEHUIO:



Na,S,0; + H,SO, = Na,S0O, + S{ + SO, T+ H,0.

B neicTBUTENEHOCTH OHA MIPOTEKAET B HECKOJIBKO CTAIUN:

N328203 + stO4 = H28203 + NﬂzSO4 (1)
H,S,0; = H,S0; + S{ )
H,SO; = SO, T+ H,0. 3)

[lepBasi peakiusi TPOTEKAET MPAKTUUYECKH MTHOBEHHO, CKOPOCTh
BCETO IpoIlecca OonpeAesieTcss Hanboaee MeIJICHHON cTaiueil — peak-
UEN PA3JI0KEHUSA TUOCEPHOU KHUCIOThI, & KOHLIEHTPALUS TUOCEPHOMU
KHCJIOTHI paBHA KOHILIEHTPALIMK THOCYIb(aTa HaTpuUsl.

Buvinoanenue pabomoi

N3 Oroperok HajielTe B OJHY M3 MNPOOMPOK 3 MJ pacTBOpa
Na,S,03, B napyryto — 3 miu pactBopa H,SO4. Beuteiite pactsop H,SO4
B pactBOp Na,S,0;. Coaepxxumoe NpoOUPKH TIIATEIBHO MEPEMEIIIN-
BalTE CTCKJIIHHOM MaJOYKOM B TEYEHHUE BCETO ONbITa. O THOBPEMEHHO
BKJIIOUHMB CEKYHIOMEpP, MPOBOAUTE OTCUYET BPEMEHHU, COCPEIOTOUYUB
CBOC BHMMaHME Ha TEMHOM Mojiocke Oymaru. OHa MJIOTHO IpukaTa K
CTEHKE IPOOUPKHU, U Bbl €€ MPOCMATPUBAECTE YEPE3 CIOUN KHUIAKOCTH.
CHauana oHa XOpOIIO BUJHA. YUYUThIBasA, 4TO 0Opa3oBaBIIascs B pe-
aKIuu amopQHasi TOHKOJIUCTIEPCHAsI C€pa BBI3BIBACT MOMYTHEHHUE pac-
TBOpA, B MOMEHT MCUYE€3HOBEHUSI BUJMUMOCTH TEMHOU MOJIOCKUA OCTaHO-
BUTE CEKYHJOMEpP W 3alUIINTE Bpems. B creayrommx onbiTax KOHEIl
peakIi OTMEYaeTC aHAJTOTUYHBIM 00pa3oM — MO JOCTUKEHUU TaKOU
€ MIIOTHOCTH CYCIIEH3UM (MYTHBIN PacTBOP JAEIAET TEMHYIO MOJIOCKY
Oymaru HeBHIUMON).

[IpoBeauTe aHAJIOTMYHBIN SKCIIEPUMEHT IIPU TOU KE TEeMIIepary-
pe, HO KoHIeHTpannio Na,S,0; ymensmuTe B 2 pasa. s sToro us
OropeTku B nmpooupky Hazieite 1,5 mu Na,S,0;5 u 1,5 M guctusmiupo-
BaHHOW BOABl  (KOHIIEHTpalMs THOCYyJbdaTra CcTajla paBHOU
0,075 monp/n). B apyryro mnpobupky Hamerte 3 wmia H,SO4
(C = 0,15 Monb/1), pacTBOpPHI CIEUTE W THIATENBHO MEpEeMEIIaiTe.
Jlasiee ONbIT BBINOJHANTE, KAK OIMMCAHO BBHIIIIE.

[IpoBenuTe aHAJIOTUYHBIA DKCIIEPUMEHT IIPU TOM KE TEMIIEpaTy-
pe, HO KOoHIeHTpauuio Na,S,03; ymMeHbIINUTE B 3 pa3za Mo CPABHEHHUIO C
ucxoaHou. st aToro u3 6ropetku B mpooupky Haneute 1 mi Na,S,04
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¥ 2 MJI JUCTHUTUPOBAHHOM BOJIbI (KOHIICHTpAIMS THOCYIb(aTa cTajia
pasuoit 0,05 monw/m). B apyryro mpoOupky Hamekdite 3 ma H,SO,
(C=0,15 momnn/n). Jlanee onbIT BEIOIHANWTE, KaK OMTMCAHO BHIIIIC.
Peszynomamul sxcnepumenma
[TonydeHHbIE JaHHBIC 3aHECUTE B TaO. 1.

Taomuna 1
3aeucumocmp CKopocmu pa3jiloxHceHusn
muocepuoﬁ Kucjiiomsl om KOHyenmpauuu
Ne O0Bem O0BeM O0Bem OO6mmit Komni. [Ipomexyrtok | Cko-
omnel- | H>S,03, H,SOy4, M H,O, ma | o6bem, Mt | HyS,03, | Bpemenu ot pOCTh
Ta MJI MOJIB/T | Hagama oTcye- | XHUM.

Ta JI0 MOMEHTA | peak-
HMCUYE3HOBEHHS | IMH,

IIBETHOH I10- 1/AT,
JIOCKH, C 1/c

C y4€TtoM TOrOo, 4TO CKOPOCTh XMMHUUYECKOW PEaKIMu U BpeMs
JOCTHIKEHHUSI OJTHOM M TOW K€ TIJIOTHOCTH CYCIICH3UM CEephbl 00paTHO
MPONOPIIMOHATBHBI, BeMUrHa 1/AT OyJIeT XapakTepru30BaTh CKOPOCTh
XHMHUYECKON PEeaKIuM pa3oxKeHUs THOCEpPHON KHUCIOTHI (2). Hauep-
TUTE€ Ha MUJUIMMETPOBOM Oymare rpaduk 3aBUCHMOCTH CKOPOCTH XH-
MUYECKON peaklMu OT KOHIICHTpAIlUM PEarupyroiux BelecTB (THO-
cynb(dara Hatpusi). Ha ocu abcuucc oTJIOKUTE B ONPEICICHHOM Mac-
mrade KoHueHTpauu Na,S,03, Ha 0CH OpJAMHAT — COOTBETCTBYIOIINE
uM ckopocTu (v =1/AT)". Chenaiite BBIBOI.

OnbIT 2. BnnaHne temnepaTtypbl HA CKOPOCTb XUMUYECKOW
peakuunm

ObopyoosaHue u peakmusbl. CEKyHIOMEp (WM 4Yachl C CEKYH]-
HOM CTpENKoii), TepMocTar (WIh 3 CTakaHa C Topsiueil BOJOM €MKO-
cThi0 200-250 MJ1 ¢ TepMOMETPOM), OFOPETKH eMKOCThIO 25 (50) Mt —
3 mT., MTaTUB ¢ MPOOUPKAMH, CTEKIITHHAS Tajo4dka, (PUIbTPOBaIbHAS
Oymara, mojocka OyMard, OKpailleHHas B TEMHBIM I[BeT. PacTBOpHI:
THoCysb(at HaTpus u cepHas kucinora (C = 0,15 moinb/n).

" — 3HaK IMPOIMOPUHHUOHAJIBHOCTHU




Buvinoanenue pabomoi

Hcnonp3yrot 2 Tepmocrata — ¢ TeMneparypout 30 u 40°C. U3 61o-
pEeTKH B MpOoOUPKY HajenTe 3 My pactBopa Na,S,03, B Apyryro — 3 mi
pactBopa H,SO, u momecture B Tepmoctat ¢ Temmeparypoii 30°C Ha
1 MuH. /lasiee ONBIT BBIMOJIHANTE, KAK ONMMCAHO BHIIIIE.

AHANOTHYHEI OMBIT IpoBeauTe mpu Temmeparype 40°C.

Pesynomamul axkcnepumenma

[TonydyeHuble AaHHble 3aHecute B TaOn. 2. Ilpu sToM cremyer
YYE€CTh, UTO 3KCIIEPUMEHT IIPU TEMIIEPATYpE 20°C 6bin IIPOBEJIEH pa-
Hee (CM. ombIT 1).

Tabmuma 2
3asucumocmsp CKopocmu pa3jloxHceHus
muocepuoﬁ Kucjiomsl om memnepanmypbl
No Temneparypa, | IIpomexyrok | Ckopocts xuM. | TemnepaTypHbiid
OmbITa °C BPEMEHU peakiuu ko3 duLent, y
OT Haydasia 1/Az, 1/c
oTcuera
J10 MOMEHTA
VICYE3HOBEHUS

IIOJIOCKH AT, ¢

Paccuutaiite TeMnepaTypHbiii KO3QdUITUEHT (y) AJ1s1 IBYX UHTEP-
BAJIOB Temreparyp 20 — 30°C, 30 — 40°C u CPEIHIOI0 BEJIUYUHY, UC-
NoJIb3YS cieAyromue GopMyJibl:

U T+10 Kr+10 Aty

’Y = = =
V71 kT ATT+10

CrenaiiTe BBIBOJ O 3aBUCUMOCTH CKOPOCTH XMMUYECKOU peaKuu
OT TEMIEPATYPHI.




Tema 3. Xumu4yeckoe pasHoegecue

OnbIT 1. CMmelleHne XMMUYeCcKoro paBHOBeCUs 0OpaTUMbIX
XUMUYECKMX  peakuuin  npu  U3MEHEHUMM  KOHLIEHTpaLMu
pearvpyroLwmx BewecTB

Obopyoosanue u peakmugvl. KamneiabHbIC THUIETKH, (PUIBTPO-
BaJibHasi Oymara, IpeaMeTHOE CTEKJI0. PacTBOpHI: pa3daBiieHHBIE PO-
nanuaa kanusa u xjaopuaa xkeinesa (III) (C = 0,0025 monw/i1), KOHIIEH-
TPUPOBaHHBIC poAaHUIAa aMMOHMS, xJopuaa xene3a (II1) u xmopuna
ammonus (C = 1 monb/n).

Buinonnenue pabomul

Peakums mexny FeCl; u NH4CNS siBasiercst oOpaTumoii:

FGC13 + 3NH4CNS > FC(CNS)3 + 3NH4C1
ponanun xenesa (I11)

Ponannn sxenesa (III) mmeer kpoBaBO-KpacHyio okpacky. [Ipu
CMEIICHUN XHMHUYECKOT0 PaBHOBECHSI MHTEHCHUBHOCTH OKpPACKH pac-
TBOpa u3MeHsiercs. Jljiss HaOMoIeHUs] Ha MPEIMETHOM CTEKJIE TMOJTY-
yuTe 4 KamiM OKpalieHHOro pactBopa. Jljisi 3Toro Ha HEOOJbIIOM
paccrosiHuu Apyr oT apyra nomectute 4 karum FeCl; u psaom 4 kar-
mn NH4CNS. AkKypaTHO cMelIaiTe uxX MONapHO, MOIMYYHTE 4 Karuu
OKpalIEHHBIX B KPOBAaBO-KPACHBIM LIBET PACTBOPOB. 3aTE€M PSIZIOM IMO-
MECTUTE OJHY KAaIUI0 KOHILIEHTPUPOBAHHBIX PACTBOPOB: OKOJO OJ-
Hoit — FeCls, okouo npyroit — NH4,CNS, y tpetheit — NH4Cl u uetBep-
Tass — KOHTpoJdb. OJHAKO KalUld KOHIIEHTPUPOBAHHBIX PaCTBOPOB
JTOJDKHBI OBITH TIPUMEPHO PAaBHOTO 00bEMa, HO MEHBINE, YeM 00BheM
Karim ¢ pa30aBJICHHBIMU pacTBopaMu. Jlajee Kamd cMelIaTe, He
3a0bIBasi KaXAbld pa3 MPOTHPATh CTEKISHHYIO Tajouky (QuibTpo-
BaJIbHOM Oymaroi. HaOmromaiiTe m3aMeHeHre NHTEHCUBHOCTH OKPACKU
pacTBoOpa B KaKJIOM CIIydae.

Pesynomamur sxcnepumenma

Hanumure BbIpakeHUE MJIsI KOHCTAHTBl XMMHYECKOTO PaBHOBE-
CHsl COOTBETCTBYIOIIEH XUMUYECKON PEAKIIUH.

Kakue BeniectBa HaXOASATCS B paCTBOPE MPHU PABHOBECHUU !

Kakoe BeniecTBo npuaaeT OKpacKy pactBopy?
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Kak B coorBercTBun ¢ npuHiunoM Jle-Illarense cMmemaerca xu-
MUYECKOE paBHOBecHe NpHu jgoOamieHuu: a) xyopuaa skeneza (II);
0) poaHua aMMOHHUS; B) XJIOpUJIa AMMOHHS?

Kak u3MeHsieTcss npu 3TOM KOHIIEHTpAIUsi KOMIIOHEHTOB PaBHO-
BECHOI cucTeMbl: a) pojaanujaa xenesa (I11); 0) xnopuna ammoHus; B)
xnopuna xeneza (III); r) pomanmga aMMOHHSI IO CPAaBHEHHIO C MX
KOHIICHTPALIMSIMU MIPU YCTAHOBJICHUH NIEPBOHAYATILHOTO PAaBHOBECHSI.

Tema 4. QHepeemuka XuMu4Yeckux peakyuu

OnbIT 1. OnpeneneHne TennoBoro adpdekra XUMUYECKNX
peakuunn (paboTta BbINOMHAETCA HA KOMMbIOTEPE)

Obopyodosanue u peakmugvl: KOMIIBIOTEP C U3MEPUTEIBHBIM 0J10-
koM, natuuk temreparypoel 0—100°C, xumuueckue crakansl Ha 50 u
100 mn, MarauTHas Memanka, MepHbId nuiuHIp Ha 100 Mo, mratus
XUMUYeCKUi. PacTBOpPBI: coyisiHas KUCIOTa, TUAPOKCU HATPUS, Kap-
ooHnar kanus, Tuocyibdar Hatpus (C = 4 Moub/n).

Buinonnenue pabomuwi

JI71s1 SKCIEPUMEHTAIBHOTO OIpe/IeNIeHHs TEII0BOro 3¢ dexra pe-
aKIMK TIPOBOJIAT PEAKIUIO C U3BECTHBIM KOJMYECTBOM BEIIECTBA (n) U
U3MEPSIIOT, CKOJIBKO MIPU 3TOM BBIAECIHIIOCH TEIUIOBOM 3HEpruu. Yro-
OBI 3TO U3MEPUTH, PEAKITUIO TIPOBOJIAT B CpeJie U3BECTHOM MacCHI (m) ¢
U3BECTHOM TEIJIOEMKOCTHIO (¢) M M3MEPSIOT PAa3HOCTh TeMIEpaTypbl
cpeasl 10 u nocne peakuuu (AT).

TenmoBoit 3pdekT pacCUUTHIBAIOT 110 hopMyie:

Q=AT - (C p—pa - m)/V.

K nepBoMy pazbeMy U3MEPUTEIBHOTO OJI0KA MOJIKIIOYUTE TaTUUK
Temriepatypsl. B MmeHto nmporpammel L-XuMust — mpakTUKyM BbIOEpUTE
cueHapuit «Jlatuuku: Temmneparypa 0-100°C (IJIUHHBIA [aTYUK):
PyuHoii BBo abciicchl». BoiiiinTe B OKHO U3MEPEHUM.

B xumunueckuit crakan Ha 100 mu maneite 50 min HCl konuen-
Tpauuend 4 MOJb/J, TOCTaBbTE HA MAarHUTHYIO MEIIAJIKY U MOTPYy3UTE
JNaTYNK TEMIIEPATYPHI.

Brirounte Memanky, Ha)XaTUeM Ha JKpaHHYK KHOMNKY «Ilyck»
3aIlyCTUTE Tpouecc n3Mepenus. Korjga noka3zanus natyumka TeMmmepa-
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Typbl YCTAHOBSITCS, HA)KaTHEM SKpaHHOW KHOTKU «Bbi0op» BBenuTE B
KOMIIBIOTEP 3HAYECHHUE TeMIEpaTyphbl. B mOsSIBUBIIEMCS] PU 3TOM OKHE
yKaxkute 3HaueHue aobciucchl «1». B ctakan ¢ HC1 nununapom no-
0aBbTe 50 M1 NaOH konuenTpanueit 4 Mmomw/n. Kak Toiabko TemMiepa-
Typa MEepPeCcCTaHET PACTH, BBEJIUTE €€ B KOMIIBIOTEP, YKa3aB 3HAUCHUE
abciuccel «2». OCTaHOBUTE U3MEPEHHUE HAXKATUEM SKPaHHON KHOIKH
«CTom» U COXpaHUTE Pe3yJIbTaThl HAXKATUEM SKPAHHOM KHOMKHU «Ap-
xuB». AHanornyHeie oneparuu noropute ¢ mapod HCI — K,COs
(mpunvBaiiTe pacTBOPbl MEUIEHHO, YTOOBI M30eXaTh 00pa30BaHUS
nenbl) 1 HC1 — Na,S,0; (mocneauuil onbIT MPOBOIUTE MO TITOMN).

OTtkpbiBatoT Qainel ¢ pesyibTraTamu B nporpamme «Excel». B
KaXJI0M M3 HHUX JBa cTtoyioma. Ilepserit — Homep u3mepenus (1 — mo
CMEILICHUSI PEaKTHUBOB, 2 — MOCJIE), BTOPOM — TeMIepaTypa Mpu STOM.
PaccunThIBalOT pa3HOCTh TemmepaTyp A0 U nocie peakuuu (AT) u
BBIYHCIISIIOT €€ TeII0BOM 3 (PeKT 1o dhopmysie, MpUBEICHHON BhIIIIE.

[Ipu 3TOM CUMTAIOT, YTO B SKCIEPUMEHTE HArpeBaETCs TOJBKO pac-
TBOp. [l03TOMY 3a Maccy cucTeMbl MPUHUMAIOT KOHEUHYIO Maccy pac-
TBOpa (TUIOTHOCTH PACTBOPOB MOYKHO MPHUOJIUKEHHO CUMTATh PaBHOM 1).
Ero TennoeMkocTh MPUOIMKEHHO MPUHUMAIOT PABHOM TEIJIOEMKOCTH
BObl. KonmmyecTBOo mpopearvpoBaBIIEro BEIIECTBA (N) CUMTAIOT, 3HAS
o0Bem ero pactBopa (V) u konrentpamnuto (C) o popmyie:

n=C-V.

Bo3moscnovie eapuayuu. XenatenpbHO TPOBECTH ATOT IKCIIEPHU-
MEHT JBaXbl. Torma oT4eT mnpeacTtaBisieTcsl B popMe TpeX TaOiuil
(oTmenbHas A1 KQXKIOW peakiliu), a B BBIBOJIE JAIOTCA yCPEIHEHHbBIC
3HAYEHUS UX TETUIOBBIX 3 (PEKTOB.

Pe3ynomamul sxcnepumenma

3anuIIuTe TEPMOXMUMHUYECKOE YpPaBHECHHE HHUKECICIYIOIMINX pe-
aKIMi, ONpPeACINB UX TETUIOBOU 3P (DEKT.

1. HC1 + NaOH = Na(Cl + H,O0.

2. K,CO;3 + 2HC1 = 2KCI + H,0 + CO,1.
3. N&zSzO3 +2HC1 = 2NaCl + Hzo + Sl + SOZT

12



B TabnuuHo# hopMe yKaxuTe: ypaBHEHHE PEaKIuu, HadyalbHYIO
U KOHEUHYIO TeMIIEpaTypy pacTBOpa, U3MEHECHHE TeMIlepaTyphl U Te-
T10BOM 3(PhEKT peakiuu.

Kak n3menuTtcst opmya ajis pacuera TerioBoro dddexra, eciu
B HEE TMOJICTaBUTh KOHIIEHTPAIIUIO BEIIECTBA, MEpPel KOTOPHIM CTOUT
CTEXHUOMETpHUUECKUi KodpuuneHt n?

Yem 00yCIIOBIEHBI OTKJIIOHEHHUS IMOJTYYEHHOTO 3HAYEHUS TEIUIO-
BOro 3¢ (pexra peakuru OT ICTUHHOTO?

Kakue n3meHeHus HyKHO BHECTH B METOJMKY U3MEPEHUM U pac-
YETOB, YTOOBI MIOBBICUTH MPABMIBHOCTH MOJIYIYECHHOTO pe3yiabTarTa’?

Tema 5. Xumu4yeckoe pasHosecue
68 pacmeopax 3JIeKmpoJsiumoa.
Anekmponumuyeckasi duccoyuayusi Kucsom

OnbIT 1. CpaBHeHI/Ie XUMNYECKON aKTUBHOCTU KNUCIOT

Obopyoosarue u peakmugvl: TATUB ¢ MpoOUpKamMu. PacTBopsI:
coJIsiHas ¥ yKcycHast KucioThl (C = 2 MOJIb/J); METaINYECKUM ITUHK.

Buinonnenue pabomoi

B nBe mpobupku Ha 1/3 oObeMa HalieliTe pacTBOPHI COJISTHON U
YKCYCHOM KHUCJOT. B Kaxkayro mpoOUpKY MOMECTHTE MO KYCOYKY Me-
TaJUTMYECKOTO IIUHKA.

Pe3ynomamul sxcnepumenma

B kakoMm ciydae BOAOPOJI BBIIACISICTCS Oojiee dHEPruyHO? 3aru-
IIUTE MOHHBICE U MOJICKYJISpHBIE ypaBHEeHMs. OObsICHUTE HaOIOae-
MBIE Pa3JIMYUsI B CKOPOCTSAX XUMHUYCCKUX PEaKIid, NCIIOJIb3ys 3HaUe-
HUS KOHCTaHT AUCCOIHAIINN KUCIIOT.

OnbliT 2. CmelleHne paBHOBecUs AuccouMauumn cnaodbix
SNEeKTPonuToB

ObopyoosaHue u peakmugwl: TATUB C MPOOUPKAMHU, CTEKIISTHHAS
najgouka. PactBopsl: ykcycHas kuciota (C = 0,1 monb/im), ammuak
(kKoHII.) MeTWIIOpaHX; (peHodTaienH; anerar HaTpusi U XJIOPUJ aMMO-
HUs (Kp.).

a) Bauanue conu cnadoit kucaiomsl Ha ouccoyuayuro 3moil Ku-
comeol.
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Buinonanenue pabomeoi

B 2 npobupku BHecute 1o 0,5 M pacTBOpa YKCYCHOM KHUCIOTHI
U 2 Kam Metuiopanxka. [loa BIusiHUEM KaKMX MOHOB MHAUKATOP
NPUHUMAET PO30BYIO OKpACKy?

OnHy OpoOUpPKY OCTaBhTE B KaUE€CTBE KOHTPOJIBHOM, B APYTYIO
BHECHUTE HEOOJIBIIIOE KOJUYECTBO KPUCTAJIOB arleTata Hatpus. Co-
NEPKUMOE TEPEMENIANTE CTEKISIHHON Manoykoil. CpaBHHUTE OKpa-
CKY IIOJIy4EHHOTO PacTBOpa ¢ KOHTPOJEM.

Pezyromamur sxcnepumenma

3anuiuTe ypaBHEHUE JJICKTPOJIUTUUCCKON AUCCOIMALNU YK-
cycHou kucnotel. Berumcnure pH pactBopa. Kak cmemaercs xu-
MHUYECKOE PAaBHOBECHE NHMCCOIMAIIMU KUCIOTHI MPU TO00aBICHUU K
HeH anerara HaTpus? Kak M3MEHSIOTCA MPU 3TOM CTEINEHb JTUCCO-
HAIMA YKCYCHOU KUCJIOTHI U KOHIICHTPAIUSI KATUOHOB BOoJOpoaa’?
[Touemy?

0) Bauanue conu cnabo2o0 ocHoganus Ha OUCCOUUAUUIO INO20
OCHOGAHUA.

Buvinonanenue pabomul

B nBe npoOupku BHecute 1o 0,5 Ml pacTBOpa aMMuaka v OJHOM
karuie ¢enondranenna. [lon BausiHMEM KakuxX MOHOB (heHOJIPTaIECUH
NPUHSI MaJTUHOBYIO OkpacKy? OJHy MpOOHPKY OCTaBbTE B KaueCTBE
KOHTPOJILHOM, B JIPYTyI0 BHECHUTE HEOOJBIIIOE KOJIMYECTBO KPUCTa-
J0B xJopua aMmMoHusl. CpaBHUTE OKPACKY IMOJYYEHHOT'O pacTBOpa C
KOHTPOJIEM.

Pesynomamul sxcnepumenma

3anuImTe CXEMY PAaBHOBECHUS B PACTBOPE aMMHMAaKa, YYHTHIBAs,
4yTO OOJbIIAs YacTh aMMMaKa HAXOAUTCS B BUJIEC TMAPATUPOBAHHBIX
monekyn (NH;-H,O). Kak cMmeriaercs paBHOBECHE B 3TOM PacTBOpE
IIPA BHECEHUU XJOpUJa aMMOHUA? [loueMy MHTEHCHUBHOCTh OKPAaCKH
dbenondTanenHa yMeHbIIaeTCs?

Tema 6. r'udposnu3 coneu

OnbiT 1. Peakuusa cpegbl (pH) B pactBopax pasnuyHbIX
coneu

Obopyoosanue u peakmusbl: ITATUB C TPOOUPKAMU, CTEKIITHHAS
najo4ka. PacTBopsl: kapOOHAT HATpus, Cyiab(aT aTtOMUHUS, XJIOPHU
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Hatpus, anietaT ammonus (C = 0,1 monw/n). YHUBEpCcanbHAsS WHIUKA-
TOpHas Oymara.

Buvinonnenue pabomol

B 4 npoOupku Hanelte pacTBOphl cienytoumux cojieid: Na,COs,
Al (SO4);, NH4,CH;COO, NaCl. Ucnons3yst yHUBEpCaAIbHYIO MHJIUKA-
TOpHYIO OyMary, yctaHoBuTe pH Kak1oro pactBopa.

Pesynomamul sxcnepumenma

[Tomy4yeHHBbIE JaHHBIC NIPEICTaBbTE B BU/JIC TAOIUIIBI.

Dopmyiibl coIen Peakuus cpenbl Paccuurannoe
pH>7,pH=7,pH <7 pH pactBopa
Na,CO;s
Al(SOy4);5*
NH4CH;COO
NaCl

*K;Al(OH); = 1,38.10”

Kakne u3 conell moaBepriimch rugposin3y? 3anuiinuTe HOHHBIE U
MOJIEKYJIIpPHBIC YpaBHEHUSI. Y KOKUTE TUI TUAPOIU3a (110 KaTHOHY, 1O
aHUOHY, M0 KaTUOHY U aHUOHY, HEOOPATUMBIN WJIM MOJIHBIN, HEOOpa-
TUMBIM COBMECTHBIN), popMy ruaponnsa (MpocTou, CTyneHuyaTsiii). B
Cly4ae CTYNEHYaTOro CIEAYEeT 3alrcaTh YPABHCHUE PEAKIIMU TOJIBKO
st | ctyneHn (B 1OCTaTOYHO KOHLEHTPUPOBAHHBIX pacTBOpax IO-
CIEAYIOIINE CTYIICHH THIPOJIN3a MIPOTEKAOT O4YeHb ci1abo). HazoBute
VOHBI, MOJIEKYJIBI, KOTOPBIE MPUCYTCTBYIOT B pacTBope. Paccunraiite
pH pacTBOpoB coJieil, KOTOpbie MOABEPrIUCh Tuaponusy. Crenaiite
oOlIIMe BBIBOJBI O BO3MOXHOCTH MPOTEKAHUSI PeaklMK TUAPOIU3a CO-
JIEA U PEAKIIUU CPElbl COJU, B COCTAB KOTOPOM BXOJAT CUJIBHO MOJIA-
PHU3YIOIIME BOJY HMOHBI (COJb OOpa3oBaHa CHJIBHBIM OCHOBAaHHUEM U
cJIa00M KHCJIOTOM, ciaObIM OCHOBAHHMEM M CHUJIBHOM KHCJIOTOM; Cia-
OBIM OCHOBAaHHEM M CJIa00OW KHCIIOTOM, CHJIBHBIM OCHOBAaHHMEM U
CHJIBHOM KHUCJIOTO). Ha30BUTE AMEKTPOIUTHI, TPUOABIECHNE KOTOPHIX:
a) YCWIHIIO ObI THAPOJIN3; 0) 0CIadUIIO ObI THAPOJIHU3.
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OnbIT 2. HeobpaTumbin (NOMHbBIN) COBMECTHLIN TMAPONN3
coneu

ObopyoosaHue u peakmugvl. MTATUB C MPOOUPKAMHU, CTCKIISTHHAS
najoyka. PacTBopsl: kapOoOHAT HATPHs, CyJIbGhaT aTIOMUHUS, CYIb(U
Hatpus, xjaopu xenesa (III) (C = 0,1 mons/n).

Buvinonanenue pabomul

B npoOupky ¢ pactBopoMm cynbdara aqrOMUHUS TPUICHTE pac-
TBOp cyibduna Hatpus. B apyryro npoOGupky ¢ pacTBOpoOM XJIOpHAA
xenesa (III) mpuneitte pactBop kapOoHara HaTpusi. OTMETHTE BbIJC-
JeHue ra3a B 00enx npooupkax, B TOM YHUCIIE MO 3anaxy; o0pa3oBaHue
OCAJIKOB.

Pesynemamur sxcnepumenma

3anuImTe MOHHBIC W MOJICKYJISIPHBIC YpaBHEHHS HEOOPATHMOIO
COBMECTHOTO THUJIpoiiu3a IByX cojied. [louemy B ciydae, korja ojiHa
COJIb TUJIPOJIN3YETCS MO KAaTUOHY, a Jpyras — 1o aHUOHY, MPOTEKaeT
UX COBMECTHBI HEOOpPaTUMBIN THAPOIIN3, a HE KJIaCCUYECKash peakius
MOHHOT'0 OOMEHa ¢ 00pa30BaHUEM COOTBETCTBYIOIIUX COJIECH?

OnbiT 3. BnnaHune TemnepaTtypbl Ha CTENeHb rMaponmsa
conen

Obopyoosanue u peakmuepl. IITATUB C MPOOUPKAMH, BOIsHAsT Oa-
Hs1. PactBopsl: anerat Hatpus (C = 0,5 Moib-3kB/1), heHondraneus.

Buinonnenue pabomoi

B npoOupky ¢ pacTBopoM arerata HaTpUsi BHECUTE 2 Karuid ¢e-
Hondranenna. Harpeiite npobupky. Uro nabmomaere? OxmnaauTte
npoOupky. Uro Habmonaere?

Pesynemamul sxcnepumenma

3anuuiMTe MOHHOE W MOJIEKYJISIPHOE ypaBHEHHE THUIPOJIM3a ATOU
conu. Kakoit BbIBOA 00 M3MEHEHUH KOHIICHTPAIIMK THIPOKCHI-MOHOB
B PacTBOpE MOKHO CJ€JaTh Ha OCHOBAHUW W3MEHEHUs (yCHUIICHUS)
okpacku (eHoTaserHa NMpu HArpeBaHUU. YUUTHIBAs, YTO PEAKIIUS
TUAPOJIM3a DHIOTEPMHUYECKas, B KAaKOM HaIpaBJICHUH CMEIaeTcs
paBHOBecHE Tuaposin3a. B Kakyl CTOpOHY CMeIlaeTcs paBHOBECHE B
peaKIMu TUpoJik3a MpU NOHMKEHUU TemmepaTypbl. Kak »To corna-
cyercs ¢ npuHuunom Jle-lllarense? Bprunciaure TemnoBoil 3dext
peakiuu ruaposuza. Onpenenure BO3MOXKHOCTh €€ TNMPOTEKaHUs B
CTaHJIapTHBIX YCJIOBHUAX pacueToM sHepruu [ 'ndoca.
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Tema 7. lMpou3eedeHue pacmeopumocmu

OnbIT 1. YcnoBusa BbinageHns ocagka

ObopyoosaHue u peakmugwl. MTATUB C MPOOUPKaAMHU, CTEKIISTHHAS
najgouka. PacTBopel: cyinbdar Maprasiia, CEpOBOJOPOAHAS BOJA,
cynbdun Hatpus, xjgopun maraus (C = 0,2 MOJb-3KB/JT), aMMHUaK
(C = 2 MoJb-3KB/11); XJ0pua aMMOHHUS (Kp.).

a) Ocaxcoernue uonoe Mn

Buvinoanenue pabomoi

B 2 npoOupku Haneite o 0,5 mu pactBopa cyibdara Maprasia.
B oany npuieiite Takoi ke 00beM cepoBOAOPOIHOM BOJibL. B npyryto
BHECUTE TaKoH ke o0beM cynb(duaa HaTpusi. B kakom ciydae Bblna-
JaeT 0caJloK cyJsibduaa mapranma? Yro nadmrogaere?

Pesynemamul sxcnepumenma

3anumnTe MOHHBIE U MOJIEKYJISIPHBIC YPAaBHEHUSI XUMUUECKUX Pe-
akiui MoHHOTO OOMeHa. Ilonb3ysich MOHATHEM POU3BEIACHUS pac-
TBOPUMOCTH, OOBSICHUTE BBINAJICHUE OCAJKa B OJHOM CIy4dae U €ro
OTCYTCTBHE B Apyrom. OTBET MOATBEPIUTE pacyeTaMHu.

0) Oopazosanue 2udpokcuoa mazHus

Buvinonnenue pabomuwi

B 2 npo6upku Hanerte mo 0,5 ma pacTBopa xjopuaa maruus. B
OJIHY M3 HUX BHECHUTE HECKOJIbKO KPHUCTALIUKOB XJIOPHJIa aMMOHUS U
PACTBOPUTE MX MNEPEMEIIMBAHWEM CTECKIISIHHOM MaJO4YKOW. 3aTeM B
KKJIYI0 U3 MPOOMPOK MpuiieiiTe mo 2 Mi pacTBopa ammuaka. [louemy
B TON IpoOWpKe, KyJia MpeaBapUTEILHO BHECIH XJOPHUI aMMOHUSI,
0CaJIOK TUJIPOKCUJIa MarHus He oOpazyercs?

Peszynomamul axcnepumenma

3anuiIuTe MOHHOE U MOJIEKYJISIPHOE YPaBHEHUE PEAKIIMH TOJTY-
yenust Mg(OH),. O6bsicaute, mouemy Bo BTopom ciaydae Mg(OH), ne

oGpasyeTcsi, ueM 00yCIOBICHO, 4TO B 3ToM ciydae [Mg®'] [OH ] <
1P Mg(OH), =2.10"'?

OnbIT 2. CpaBHeHme NOJIHOTblI  OCaXgeHnd WMOHOB
pa3fiMt4yHbIMN OCaanUTENAMA

ObopyoosaHue u peakmugwl: MTATUB C MPOOUPKAMHU, CTEKIISTHHAS
najgouka. PacTBOpbI: HUTpaAT CBUHIIA, XJIOPUJT HATPHUS, CyIb(daT aMMo-
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Hus, cyabdun ammonus unu Harpud (C = 0,1 Moab/id, cosgHas KUCIO-
Ta (C = 2 MOJIb-3KB/N).

Buvinoanenue pabomul

Cwmemnaiite B mpoOupke 1 M1 pacTBOpa HUTpaT CBUHIIA M 3 MII
pacTBopa xJiopuaa Hatpusd. B TedeHune 3 MHMHYT OCaJOK XJOpHIa
CBHUHIIA JOJKEH OTCTOSITHCS.

[Tocnie oTcTanBaHus HAJIO0CAAOUYHYIO KHUJKOCTh pa3jieiTe B 3 mpo-
oupku. B nepByro BHecute 2—3 kamau pactBopa HCI, Bo BTOpyro 2—
3 kamm pactBopa (NH,),SOy,, B TpeThio — (NHy),S. Uto nHabmronaere?

Pesynemamul sxcnepumenma

3anuIlnUTe MOHHBIC U MOJICKYJISIPHBIE YpaBHEHUS peakiuii oOpa-
30BaHUS Cojied CBUHLA. ONHUpasCh HA 3HAHUE YCJIOBUW BBINAJCHUSA
ocajiKka Ipu MPOBEJACHUN PEAKIIMM HOHHOTO 0OMEHa, 00bsICHUTE 00pa-
soBanue PbCl,, PbSO,, PbS. VuurwmBasg, uro IIP PbCl, = 2.10'4,
TP PbSO, =2.107, TP PbS = 1.10™>".

B kakom ciyyae KaTHOHBI Pb*" BeIzEISIIOTCS M3 pacTBopa Hanbo-
nee 1oiaHo? OTBeT 000CHYITE COOTBETCTBYIOIIMMU PAaCUETaMU.

OnbIT 3. YcnoBust pacTBOPEHUST ocagka

Obopyodosanue u peakmugpl: IITATUB C MPOOUPKAMHU, CTEKIITHHAS
najoyka. PacTBOphI:  XJIOpUJ ~ KalbI[Us, OKCajllaT  HaTpus
(C = 0,1 monp/n), conanas u ykcycHas kuciaotsl (C = 1 Mosb/m).

Buvinonnenue pabomuwi

B 2 npobupku BHecute no 0,5 M pacTBOPOB XJIOpUJIA KAIBIUSA U
okcanata Hatpusa. K ocaaky CaC,04 B mepBoil mpoOupke A00aBbTe
1 MJT COJIAHOM KMCIIOTBI, BO BTOpOW MpoOupKe — 1 M YKCYCHOM KH-
CJIOTHI TOU k€ KOHIEeHTpauuu. [louemy B consiHoM kuciore CaC,0Oy
pacTBOpsIETCA, a B YKCYCHOU — HET?

Pesynomamul sxcnepumenma

3anuIIUTe MOHHBIE U MOJICKYJISIPHBIC YPaBHEHUS TOJYUYCHHUS
CaC,04 u pacTBOpeHUs B COJITHOM KHcioTe. Onupasch Ha yCJIOBUSA
pacTBOpeHHsl ocajka, omenure, nouemy CaC,0O,4 pacTBopsieTcss B CO-
JSTHOW KHUCJIOTE, a B YKCyCHOM — HEeT? OTBET 00OOCHYWTE COOTBETCT-
BYIOIIIUMH pacUETaMHU.
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Tema 8. KomnnekcHble coeQUHeHUs

OnbIT 1. MonyyeHue n nccnegosaHMe  CBOMCTB
KOMIMEKCHOro coegmMHeHns ammmnakaTta cepebpa

ObopyodosaHue u peakmusbl. TATUB C MPoOUpKaMu. PacTBOpHI:
coJisHas Kuciota win xjopua Hatpus (C = 2 MOJb-3KB/J), HUTpAT ce-
peopa (C=0,1 ™Momb-3kB/11), aMMHaKk (KOHII.) W a30THas KHCJIOTa
(C =1 Moab-3kB/n).

Buvinonnenue pabomol

1. B npoOupky K OJHOM Karie pacTBopa HUTpara cepedpa mpu-
0aBbTE 2 KaIUIM PacTBOpA COJITHOW KHCIOTHI WJIM XJIOpHJIa HATpPHS.
CrneliTe HaTOCaJOYHYIO KHUJIKOCTH M K OCAaJAKy NpUOABbTE PacTBOP
THAPOKCHUAA aMMOHHUS JI0 TIOJTHOTO €r0 pacTBOPEHUS.

2. B mpoOupKy ¢ pacTBOPOM MOJYYEHHOTO KOMIIJIEKCHOTO COEIH-
Henus ([Ag(NH;),]Cl) npubaBbTe HECKOJIBKO Kameilb a30THOW KHUCJIO-
Thl. Krciiora 6epercs B U30BITKE, UYTO KOHTPOJIUPYETCS HHIUKATOPOM.
Urto Habntoaere?

Pe3zynomamul sxcnepumenma

3anuImMTe YpaBHEHHUS PEAKIUN MOJYYEHUS W pa3pylIeHUs KOM-
mieKcHoro coenuHeHus. [loaTBepauTe HaOI0IaeMble pEaKIuu pac-
qeTamH.

OnbIT 2. Nony4yeHne rmgpokcuaa Megu u npespalleHne ero
B KOMMJIEKCHOE coeanHeHune. PaspyLueHne Komnnekca

Obopyoosanue u peakmusvl. WTATUB ¢ MpoOupkamu. PactBo-
pel: cynbdar menu, cyiabuna Hatpus (C =2 MOJIb-IKB/JI), aMMHUAK
(koHII).

Buvinonnenue pabomot

K TpeMm xamism pactBopa cynbdaTta Meau MpubaBbTe IBE KaIljau
pacTBopa amMuaka. Habmrogaiite BelmajeHue ro1yooro ocajaka Tui-
poKcuIa Meau. 3aTeM Mo KaruisiM NpubaBbTe€ H30BITOK pacTBOpa
rujipokcuaa aMmmoHus Yto Habmonaere? Pa3pyiibTe KOMIIEKCHOE
coeMHeHUe 3—5 KarisiMu cyiab(uaa HaTpus.

Peszynomamul axcnepumenma

3anummuTe ypaBHEHHS peakiuii oOpa3oBaHUs THIPOKCHIA MENH,
KOMILUIEKCHOTO CO€IMHEHUS, a TAKXKE Pa3pylICHUS] KOMILJIEKCHOTO HO-
Ha B MIOHHOM U MOJIEKYJIsipHOM BuJe. OO0BsicCHUTE 00pa30BaHKE OcalKa
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yepHoro usera. lloarBepaure HaOJIOqaeMble  SIBICHUS pacueTaMu
(ITPcys = 8,5.10™%).

OnbIT 3. KOMNNekcHble CoeauMHEeHMa B peakuusix MOHHOIO
obmeHa

ObopyoosaHue u peakmusbl. ITATUB C MPoOUpKaMu. PacTBOpHI:
cosib Mopa, xnopun xkenesa (I1I), rekcanmanodeppar (II) kanusa (xen-
Tasi KpoBsiHasi cojib) U rekcanuanodeppart (I1I) xamusa (kpacHas Kpo-
BsiHas coJib) (C = 0,3 MoJIb-3KB/).

a) Kauecmeennasa peaxuyua na kamuon sycenesa (1)

Buinonnenue pabomuwi

B npoOupky BHecuTe 2—4 KaruiM CBEKEHPUTOTOBICHHOTO pac-
TtBOpa coiu Mopa ((NHy),Fe(SO,),) u npubaBbTe paBHbIN 00bEM pac-
TBOpa rekcanuanodeppara (I11) kamus (K;[Fe(CN)g]). K conepxumo-
My MpoOupKK mpubaBbTe 3 MJ IUCTWIIMPOBAaHHOM BOnbI. UTO Ha-
omonaere?

0) Kauecmeennasn peaxyusn na kamuo sycenesa (I11)

Buinonnenue pabomuwi

B npoOupky BHecute 2-3 kamiu pactBopa FeCl; u mpubaBbTe
2-3 xamu pactBopa rekcanuanodeppara (II) xamus (K4 Fe(CN)g]).
ConepxuMoe MPOOUPKHU TaK ke, KaK U B MPEAbLAYIIEM OIbITE, Pa3-
0aBbTe Bomou. Uto HadOmomaere?

Pesynemamul sxcnepumenma

3anumnmTe ypaBHEHHWE COOTBETCTBYIOIIUX PEAKIMHA B MOHHOM H
MOJIEKYJISIpHOM Buje. Ha3oBHUTEe BCe KOMIUIEKCHBIE COCIMHEHUS IO
HomeHkiarype FOITAK, maitte TpuBuanbhbie Ha3Banus. Cpopmymu-
pyiTe, KaKue KOMIUICKCHBIE COCIMHEHUsI KaTUOHOB JKelie3a (KpacHast
KpOBSIHAasl COJIb, JKEJITasi KPOBSIHAsl COJIb) SIBJISIFOTCSL pEaKkTHBaMU Ha
nonsl xkene3a (11) u (III).

Tema 9. OkucnumesnbHO-eoccmaHoeumMesibHbIe
peakyuu (OBP)

OmbiT 1. Brnuanme  pH-cpegbl Ha  npoTekaHue
OKUCNUTENBbHO-BOCCTAHOBUTENBHON peakunm

Obopyodosanue u peakmuebl: IITATUB C NMPOOUpPKaMu. PacTBOpHI:
nepmMaHrasat kanus u cyiabut Hatpus (C = 0,5 Monb/n), nuxpomar
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kamusg (C = 1 Momb/i), TUAPOKCUA HATpUs W CepHas KHUCIOTa
(C=0,1 momaw/m).

a) Bauanue pH-cpedvl na éoccmanosiienue nepmanzanama Kaaius

Buvinoanenue pabomoi

Harneiite B Tpu ipobupku 3—4 Karim pacTBOpa repMaHraHaTa Ka-
nusi. B mepByto mpoOupKy BHecHUTe 2—3 Karid pacTBOpa CEPHOM KHU-
CJIOTBI, B IPYTYIO — CTOJIBKO K€ TUCTUIUIMPOBAHHOW BOJIBI, B TPETHIO —
Tako# ke 00beM pacTBopa 1ienoud. Bo Bce 3 npoOupku n00aBpTe 1O
3—4 xamu cynabduta HaTpus. OTMETbTE U3MEHEHUS B IIBETE PacTBO-
POB, TTOSIBJIEHUE OCAJIKA.

Pesynomamur sxcnepumenma

Hanummre ypaBHeHus peakunit BocctaHoBieHuss KMnO, cyib-
(¢uUTOM HATpUsd B KHUCJIOW, HEUTpPaJbHOM, IIEJIOYHOM cpeie. YUTHTE,
YTO COEJMHECHUSI MapraHila B Pa3JIMUYHBIX CTEIEHSIX €ro OKUCIICHUS B
pacTBOpax Mo-pa3HOMY OKpailieHbl: HOH MnO4 umeeT (UOIETOBYIO
okpacky; Mn®" mpakruueckn GecrBereH (B KOHI[CHTPUPOBAHHOM Pac-
TBOpE — c1a60-po30By0), MnO,*” — 3enenyto, MnO, — Gypblit 0CaIoK.

YKaXUTe TUIT OKHCIUTEIbHO-BOCCTAHOBUTEIIBHON peakiuu. Bbi-
yuciauB DJIC, o0baAcHUTE, B KaKOW cpejie mepMaHraHaT-uoH HanboJee
CUJIbHO MPOSIBISICT OKUCIUTEIbHBIE CBOMCTBA. BhIuucainTe MOISIpHYIO
MaccCy BENIECTBA IKBUBAIICHTA OKUCIIMTENS B KAXIOM CIydae.

0) OKkucnumenwvHbvle c80IICMEA COCOUHEHUII XPOMA CO Cmene-
HblO OKucienus +6

Buvinoanenue pabomoi

B nBe npoOupku BHecuTe 4—5 kamenb pacTBopa OuMxpomara Ka-
aus, 100aBbTe B MEPBYIO 3—4 Kamil pacTBOpa CEPHOM KHUCIIOTHI, BO
BTOpYIO — 3—4 Kamii pacTBopa ruapokcuaa Hatpusa. OOpaTuTe BHU-
MaHHE Ha W3MEHEHHE IIBE€Ta pacTBOpPa BO BTOPOH MPOOHpPKE: sipKas
aneJbCUHOBAs OKpacKa Mepenuia B xKeITyo:

Cr,0,> + 20H = 2CrO,* + H,0.

B 006e npobupku nqo6aBbTe 3—4 Karmm cyiabduta HaTpus. UTo Ha-
osroaere?

Pesynemamur sxcnepumenma

Hanumiure ypaBHEHUS! peakiii BOCCTAHOBJICHUSI OKUCIUTENS B
KUCJION U LIEJOYHOU cpeAe. YUTHUTE, YTO COCIMHEHUs Xpoma B pac-
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TBOpax Mo-pasHoMy okpartetsr: Cr,O;° UMeeT SpKO-arelbCHHOBBIH
IIBET, CrO42'— JKEJITBIN, Cr' - TeMHO-3eneHbli, CrO, — >KeIThIi.
YKaOKUTE TUIT OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOM pEaKIuu. Bhraumc-
auB DJIC, o0BsicHUTE, B KaKOM Cpelie COCIUHEHHUS Xpoma CO CTere-
HbIO OKHCJICHUS +6 HanOojee CHUIbHO MPOSBISIOT OKHCIUTEIbHbBIC
CBOMCTBa. BpIunCINTE MOJSPHYIO MacCy BEIIeCTBa HKBHUBAJICHTA
OKHCIIUTENS B 000MX CITydasx.

OnbIT 2. Peakuus OVCMPONoOpLMOHNPOBaHNA
(caMOOKUCNEHNA — CaMOBOCCTaHOBIIEHUS)

ObopyoosaHue u peaxmuewvl: BOJAsHas OaHs (CTakaH C Topsueu
BOJIONM), IITaTUB C mOpoOupkaMu. PacTBOpHI: TEpPOKCHJ BOJIOPOJIA
(c maccoBoit noneit 3 %), cepnas kucnota (C= 0,2 MOJIb-3KB/T).

Buinonnenue pabomuwi

Haneiite B nBe npobupku no 1 mi pacteopa H,O, u B ogny u3
Hux BHecuTe 3—4 kam MnQO,. JIpyryio nmpoOUpKy TOJBKO C MEPOK-
CUJIOM BOJOpPOJAa HArpeuTe, OIYCTUB €€ B CTAKaH C ropsA4eil BOIOMU.
Uto Habmogaere? Kakoit mpoayKT BbICISIETCS?

Pesynomamur sxcnepumenma

3anuiIuTe ypaBHEHUE PEAKIHMHM JTUCTIPONOPIUOHUPOBAHUS Tie-
POKCHJIa BOAOPOIA SJICKTPOHHO-UOHHBIM METOAOM. Y KAXKUTE, B KAKOU
MOJYPEAKINHU MEPOKCU]T BOAOPOJIa — OKUCIIUTENb, B KAKOW — BOCCTa-
HOBUTENb. OOBSICHUTE, MOYEMY MEPOKCH BOAOpPOAA CIIOCOOEH K pe-
aKIMU JUCIPONIOPUMOHUPOBAHUS. B KakuUX yCIOBHUSIX 3TOT MPOIECC
MIPOTEKAET Jierye?

OnbiT 3. BHYyTpUMOneEKynspHble OKUCIUTENbHO-BOCCTAHO-
BUTENbHbIE peakunn (4eMOHCTPALMOHHBLIN)

Obopyoosanue u peakmugvl. KepamMHuecKas IUIACTHHKA, CIIHP-
TOBKa, CIIMYKH, TyYUHKA, TUXPOMAT aMMOHUS (Kp.), STUJIOBBIM CIIUPT.

Buvinonnenue pabomuwi

N3yunte peakiuio pasinoxeHus guxpomara amMmMmoHus. Ha kepa-
MUYECKYIO IJIACTUHKY IOMECTHUTE TOPKOM HEOOJbIIOE KOJIUYECTBO
COJIM, CMOYHUTE €€ CIIUPTOM M MOJOXKTHUTE €ro. Yepe3 HECKOJIBKO Ce-
KYH/Jl IPOTEKaeT OypHOE pa3I0KEeHUE JUXpOMaTa aMMOHUS («BYJIKaH-
JUK).
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Pe3zynomamul sxcnepumenma

3anummTe ypaBHEHHE XUMUYECKOW pEaKIuu pPa3IoKEeHHUS IH-
XpoMaTra aMMOHHS, HCIOJB3Yys METOJ dJIEKTPOHHOro OarnaHca.
VYuyecTb, uTo TIpu 3TOM 00pazyercss okcua xpoma (III), Beigensercs
a30T U Tapbl BOJABL. ATOMBI KAaKOTO 3JE€MEHTa OBLIM OKHCIUTENIEeM?
BoccranoButenem? [loyemy yMEeCTHO HCIOJIB30BaHHE METOAA DJICK-
TPOHHOTO OajaHca TIPM COCTABJICHWHM JAaHHOW OKHCIHUTEIHHO-
BOCCTAHOBUTEIIbHON PEAKIINU ]

Tema 10. Anekmpoxumudeckue rnpoyecchbl

OnbIT 1. BnekTponus pacteopa nogmaa Kanus

Obopyoosanue u peaxmugvl: TPaPONPOEKTOP, BBINPSIMUTEIND
anekTpuueckoro toka BC-24, yamka Ilerpu, MenHble AJIEKTPOJBI.
PactBopel: moaun kaaus (o =30 %), denondTamenHn, kpaxmai
(0 =1 %).

Buinoanenue pabomet

B wamky Iletpu moMemaroT 37€KTPOAbI, HAJIMBAKOT PACTBOP
MOJUJa Kajdusd TOHKHM CJOEM TaK, YTOOBI 3JICKTPOJIbl KacalucCh
*KuakocTu. HaBeaute Ha pe3kocTh M300pakeHUsT Ha 3KpaHe. Bkiiro-
YUTE UCTOYHUK MOCTOSIHHOTO TOKa. Uepe3 HECKOMbKO CEKYH/T y aHO-
7ia TIOSIBIISIETCS JKeaToe naTHO. B 30Hy anona (A) u katonaa (K) BHO-
CAT IO KaIuie pacTBOP KpaxMmalia. B CMHUU UBET OKPAIIMBAETCS MAT-
HO TOJBKO Yy aHoAa. B 3TW ke 30HBI BHOCST IO Kalje pacTBopa
dbenondranenHa. Y KaToja MOSBISETCS XapaKTEPHOE MaJIMHOBOE
OKpallluBaHHUE.

Pesynemamur sxcnepumenma

3anummuTe MoJiypeakiiMi BOCCTAHOBJICHUSI U OKUCIICHUS HAa KaTo-
JIe ¥ aHOJIe MPHU DJICKTPOJIM3E PACTBOpPA COJIM, a TaK’K€ MOHHOE U MO-
nekynsipHoe ypaBHeHusA. Kak oOHapyXuiu B 30He aHOAa 0Opa3oBaHue
Mo/a, a B 30HE Karoja — ruApokcui kanus? Ilonb3ysich 3HaUYCHUSIMU
CTaHJIAPTHBIX JJICKTPOIHBIX IMOTEHIIMATIOB, OIICHUTE, KaKUe U3 yKa-
3aHHBIX TMOJYPEAKIHI MPOTEKAIOT Ha JJIEKTPOAAX IMPHU DIICKTPOJIHN3E
pacTBopa noauaa kanus? 3apucyure npudop.

23



Puc. 2. Dnexmponus pacmeopa uoouoa xanus

OnbIT 2. 3NeKTponmM3 HacbIWEHHOro pacTBopa Xxrfopuaa
HaTpWs

Obopyoosanue u peakmuevl: TpUOOP IS dJIeKTpou3a (puc. 3),
BBITIPSIMUTENb AekTpudeckoro Toka BC-24M unu BC-12, npobupku,
CIUpPTOBKA. PacTBOpHI: HACKIIMIECHHBIN XJI0pua HaTpus, ¢peHondraie-
nH. MonokpaxmanbHas Gymara.

Buvinoanenue pabomoi

CoOuparot npubop coryacHo puc. 3. B cocyn HaauBarOT 3JIeK-
TPOJIUT — XJIOpUJ HaTpusi. Katon (5kene3HbI CTEp>KEHb) MPUCOEIU-
HSIOT K KJIEMME KaToJa BbIIpSAMUTENA. AHOJ (YTOJbHBIM 3JIEKTPO)
MPUCOEUHSIIOT K aHOAY BbINpsiMuTeNisa. Ha BOpOHKY MOMeENaroT cMo-
YEHHYIO0 HOJOKpaxMaibHylo Oymary. Uepes3 aleKTpoIUT MpOImyCKaroT
TOK HampsibkeHueM 110 20 BOJIBT ¢ CUJIoN Toka 4—5 ammep. Boiaensto-
IUicsl BOJIOPOJA Ha KaToje cobupaercss B npooupky. Hamuuue ero
MPOBEPSIOT MO OOIIENpUHATON MeTonuke. Hamuuue xmopa moarsep-
KIAIOT HOIOKpaxMaabHOW Oymarou, KOTopasi OKpaliuBaeTcs B CHHUM
1BeT. [IpoayKT anekTposu3a — TUAPOKCU HATpUsl OOHAPYKUBAIOT C
nomoIipio peHondranenna.
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Puc. 3. Dnekmponuz pacmeopa xnopuoa Hampus

Pezynomamur sxcnepumenma

OOBsICHUTE MPOLECCHI, MPOUCXOMASIINE Y KaToJla U aHoja, HC-
MOJIb3YSI CXEMbl OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOIIECCOB. 3a-
MUIITUTE UOHHBIC U MOJIEKYJISIPHBIC YPaBHEHHUS AJIEKTPOJIU3a COJU. 3a-
pucyiTe mpuoop.

OnbIT 3. 3nekTponus pacTBOpPOB Xfopuga v cynbdarta
mveam (11)

Obopyoosanue u peakmugvl: yTOJbHBIE SJIEKTPOJIbI, YKPEILICH-
Hble B miactuHke (M3onsaTop), XUMUYECKUN CTakaH (IO pa3Mepam
3NEKTpoJ0B). Brimpsimurens snexkrpuueckoro toka BC-24M, pactBo-
psI conelt: cynbdar u xnopug meau (11).

Buvinonnenue pabomuwi

YcraHoBKy coOMparoT coriacHo puc. 4. B crakan HaimBaroT pac-
TBOpP COJIM — XJIOPUJIA MEIU, B KOTOPBIM MOTPYKAIOT 3JIEKTPOBI.
Bxitouarotr uctounuk Toka. Habmogaercs oTioKeHUue MeJId Ha KaTo-
ne (K). Ha anome (A) BbiaensieTcs XJjop, KOTOPBIM MOXKHO OOHapy-
KUTh MO 3aIaxy WU M0 MMOCUHEHHUIO HOJ0KpaxMalibHOU OyMaru.

Dnexktponu3 cyiabdara meau (1) mpoBoasat anamoruuno. Hanuuue
CEpPHOM KHUCIOTHI MOATBEPKAAOT HHAUKATOPOM.
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Puc. 4. Dnexmponuz pacmeopa xnopuoa meou (11)

Pesynemamur sxcnepumenma

3anuIIuTe peakiiiu BOCCTAHOBJICHMS Ha KaTOJE€ U OKUCJCHUS Ha
aHoJIe MpH dJIeKTposin3e xjopuaa u cysibdara meau (II), a Takxe HoH-
HbIE U MOJIEKYJISIPHBIE YPAaBHEHUS 3JIEKTPOJIM3a PACTBOPOB ITUX CO-
nen. 3apucyite npudop.

HeopraHn4yeckasa xumwus.
ANeMeHTbl FMaBHbIX noarpynn

Tema 11. ManozeHsbI

OnbIT 1. PacTBOpeHue Bry, J2 B BoAe 1 B Tonyorse

Obopyodosanue u peakmugul: ITATUB C NpoOupkamu. HacwlieH-
HbIE pacTBOPBI: OPOM, O B BOJIE, TOIYONd (JIPYrod HEMOISPHBIN Op-
raHUYECKUN PACTBOPHUTEIID ).

Buvinoanenue pabomoi

B nBe nmpoOupku HaneiTe o 1 mi 3apaHee MPUTOTOBJICHHBIX pac-
TBOpOB Opoma u iona B Boge. OOpaTuTe BHUMaHHUE Ha LIBET BOJHBIX
pPacTBOpPOB rajoreHoB. B kaxmyro mpoOupky BHecutTe 1o 0,5 mu To-
JAyoJia ¥ SHEPTUYHO BCTpsXUBaiTe npuMepHo 20 CEKyH]I JBE HE CMe-
[IMBAIOLIUECS MEXKIY COOOU HKUIKOCTH.
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Pesynomamul axcnepumenma

3apucyiTe pe3yabTaThl onbiTa. OTMETHTE IIBET T'aJOI€HOB B I10-
JSPHOM W HEMOJISIPHOM pacTBopUTeNax. Pa3zdepute cTpoeHHe MoJie-
KyJIbl TasioreHa (Ha mpumepe ioaa) metogoM BC u MO u o0bsicHuTeE,
MOYEMY OKpPACHUJICSI OPraHUYECKUN CJIOM, a BoJiHAs (Da3a OKpacKy yT-
patuna? Kak HazpiBaeTcs IpoLECC IEpeXoj/ia BEIIECTBA U3 OJHOTO
pacTBOPUTENS B APYTrOM, B KOTOPOM BELIECTBO PACTBOPSIETCA JTyUIIe?
[Touemy rajioreHsl Jy4iie pacTBOPSIFOTCA B HEMOISPHBIX PACTBOPUTE-
75X ?

OnbIT 2. denctBne xnopHoM BoAbl HA pacTBOp rmapokcuaa
HaTpus

Obopyoosanue u peakmugwl: ITATUB ¢ npodupkamu. HaceieH-
HbIII pacTBOp XJIOpa B BOJE, pPAcTBOpP THUAPOKCUAA HATpHUs
(C =0,1 moab-3kB/1).

Buvinonanenue pabomul

B npoOupky k 2—3 M XJIOpHOW BOJIBI IpHIICHTE N0 KaruisiMm (U3
MUIIETKU) PACTBOP FMAPOKCUAA HATPHUsA, IOKA HE MUCUYE3HET 3amax XJIo-
pa.

Pesynemamul sxcnepumenma

Kak oObsicHUTH HCUE3HOBEHHE 3amaxa xjopa? B kakoi mocieno-
BaTEJIbHOCTH THUAPOKCH]I HATPHUsl HEUTpaU3yeT ABE KUCIOTHI, KOTO-
pble HaxXoJATCAd B pacTBOpe? 3anMIIMTE HUOHHBIE M MOJIEKYJIAPHBIE
YPAaBHEHHUS COOTBETCTBYIOIIUX XUMUYECKUX PEAKIIMIA.

OnbitT 3. CpaBHEHME  OKUCIUTENbHOWM  aKTUBHOCTU
ranoreHoB

ObopyoosaHue u peakmugul: MTaTUB C MPOOUpKamMu. PacTBOpBI:
rox (Hac.), cynbbua Hatpus u consiHas kucyota (0,1 mons/mn).

Buinonnenue pabomuwi

B npoOupky BHecute 3—5 Karesib WOJHOW BOJIbI, 3aT€M J100aBbTE
1-3 KamiM CoNsTHOM KUCIOTHI U HECKOJIBKO Kamesb CyibGuaa HaTpHsl.
HaGunromaiite moMyTHEHHE pacTBOpa, KOTOPOE BBI3BAHO OOpPa30OBaHU-
€M B3BeCcH aMOp(HOM TOHKOIUCTIEPCHON CEpPHI.

Pe3zynomamul axcnepumenma

3anuImTe ypaBHEHUS OKHUCIUTEIHLHO-BOCCTAHOBUTEIBLHON peak-
1. [Ipennonaoxure BO3MOKHOCTh MPOTEKAHUS PEAKIUHU C XJIOPHOU
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u OpoMHOM BOJION. Pacrosno)kuTe rajoreHbl B psJl MO0 yOBIBAHUIO MX
OKHUCJIMTEJIbHOM aKTUBHOCTHU. [loCiieIoBaTeIbHOCTE PACIOI0KEHUS
OOBSACHUTEC HAa OCHOBAHWM OKHCJIUTEIHLHO-BOCCTAHOBHUTEIBHBEIX I10-
TeHnuaioB. Moryt nu ranorens! (F,, Cly, Br,, J,) nposBisiTh BoccTa-
HOBUTEJIbHBIE cBOMcTBa? OTBET 00OCHYHTE.

OnbIT 4. BoccTaHOBUTENBbHLIE CBONCTBA ranoreHna-MoHoB

Obopyoosarue u peakmusvl: ITATUB C MPOOUPKAMHU, CTEKIITHHAS
nanouka. PactBopsl: noaua u ouxpomar kanus (C = 0,1 mons/i), cep-
Has kuciota (C = 0,1 MoJb/1), TOTYOIL.

Buinonnenue pabomul

B npo6upky BHecuTe 2—4 Karim OMxpomMara Kajaus U MOJKUCIIUTE
ero 1-2 xamisMu pacTBOpa CEPHOM KUCIOTHI, 100aBbTe 2—3 Karuiu
voauaa kanusg. PactBop TmiarensHO mepemeniaiite, npuiente 0,5 mi
TOJYyOJIa U TIPOBEJUTE FKCTPAKIIMIO 00pa30BaBIlIETOCs rajoreHa opra-
HUYECKUM PACTBOPUTEIIEM.

Pe3ynomamul sxcnepumenma

B kakoM ciyuae BOCCTAHOBJICHHE IUXpOMara Kajius HE TMpo-
n301U10? 3aNuIIUTe MOHHBIE M MOJICKYJISIPHBIC YPaBHEHHUS XUMHUYE-
CKHMX peaKIuii BOCCTAHOBJICHHMS OMXpOMAaT-MOHA B KaTHOH Xpoma 3+,
Pacmonoxute raJoreHua-uoHbI B Psijl 0 YOBIBAHUIO MX BOCCTaHOBH-
TEJIbHOW aKTUBHOCTH.

Tema 12. XanbkozeHbl. Cepa u ee coeQuHeHuUsl

OnbIT 1. AnnoTponHble Moandukaumn cepsbl

ObopyoosaHue u peakmugol: MTATUB C TPOOUPKAMHU, CIIUPTOBKA,
CIIMYKH, MMUHIIET, CTakaH o0beMoM 50 MJI ¢ X0JIOJHON BOJOM, OyMaK-
HBIN «IMaKeT», 3aKUM JIJIs1 TPOOUPOK, MOPOIIOK CEPHI.

Buinonnenue pabomuwi

[TonoBuHy oOBeMa MPOOMPKH 3aMOJHUTE MOPOIIKOM CEPhl. YK-
penuB ee B 3aKMMe, MEJJICHHO HarpeBaiiTe mo Bcemy oOwnemy. Ha-
OJIToJIaliTe MPOUCXOAAIINE U3MEHEHUSI B I[BETE U BSI3KOCTU PacIljiaB-
JIEHHOM cepbl. B MOMEHT, KOrJa BA3KOCTb CEPhI PE3KO YMEHBIINIACH,
BBIJICHTE OJHY MOJIOBUHY pacillaBa B CTaKaH C XOJOJAHOW BOJOU (ObI-
CTpOE OXJIAKJCHHUE), IPYI'YyI0 — B OYMa)KHbIM MakeT (MEIJIEHHOE OX-
naxaeHue). [lonydeHHy10 IacTUYECKYI0 CEpy BBIHBTE M3 CTaKaHa C
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MOMOIIIbIO TIMHIIETa U PACTIHUTE B TOHKYIO HUTh. PazopBure Oymax-
HBIN MAKETUK U PACCMOTPUTE CTPOEHUE MOJYYEHHBIX KPUCTAILIOB CE-
PHI.

Pe3zynomamul axcnepumenma

[ToueMy mpu HarpeBaHUM pacIIaBa CEPbl €ro IBET U3MEHSAETCS OT
KEITOrO0 JO0 TEMHO-KOPUYHEBOTO, a C MOBBIIIEHUEM TEMIIEPATYPHI
pacruraBa 10 160° 1 BbIIIe BSI3KOCTB KHMAKOCTH yBeanunsaercs? [Ipu
KaKoW TeMIlepaType M IOYEMYy BSI3KOCTh paciljlaBa Cepbl BHOBb
yMeHbIIaeTcs? YTo mpouCXOAHT, €CIM TaKOW paciuiaB BBUIMTH B XO-
noanyro Boay? KakoBa cTpykTypa miactudeckoit cepbi? Uem oTinya-
eTCsd poMOMYecKasi cepa OT MOHOKIMHHOUN (IO CTPYKType, (pusnue-
CKUM CBOMCTBaM)?

OnbiT 2. [lony4yeHne ManopacTBOPUMbIX Cynb(pUaoBs
MeTannos

Obopyoosarue u peakmugvl: MTATUB ¢ TpoOUpKamMu. PacTBopsI:
cyinbdar umHKa, cyiabpar wmeaum (1), xymopup  kaamus,
(C = 0,2monb-3kB/11), cCcynbhua HATpUsl WIK  aMMOHMS
(C =4 monb-3kB/11), consgHas kucyiota (C = 1 Moab-3KB/J).

Buinonnenue pabomuwi

B Tpu npobupku BHecuTe o 3—4 Karid paCTBOPOB COJICH ITUHKA,
menu (I) m kagmusi. B kaxawiii pactBop m00aBbTe 2—4 KaIljid CYJib-
dbuna Hatpus (v ammoHusi). HaGmronaiite oOpazoBanue ocajnkoB. K
ocajikaM npuieiTe 1 M coystHor KUclIoThl. UTo Habmogaete?

Pe3zynomamul axcnepumenma

3anuIIuTe MOHHBIE U MOJICKYJISIPHBIC YPABHEHUSI XUMUUECKUX Pe-
akiui oOpazoBanus cyiqbpuaoB 1uuka, meau (I1) u kagmus. OTMeThb-
T€ I[BET MOJYYEHHBIX OocaaKoB. I1oyib3ysich MOHATHEM NPOU3BEACHUS
pPacTBOPUMOCTH, OOBSICHUTE OOpa30BAHHUE MAJIOPACTBOPUMBIX CYJIb-
¢dbunoB nuuka, meau (II) u kagmusi. Onupasicb Ha yCJIOBUSI PacTBOpE-
HUS 0CaJiKa, OLIEHUTE UX PACTBOPUMOCTH B COJISTHOM kuciioTe. OTBET
000CHYWTE COOTBETCTBYIOIIUMH PacyeTaMH.

OnbIT 3. BoccTtaHOBUTESBbHbIE CBOMCTBA CYNbdUa-NoHa

Obopyoosanue u peakmugwvl: WTATUB ¢ NpoOupkamu. PactBo-
pel: nepmanranat kanus C = 0,5 MOnb-3KB/JI, OUXpoMaT Kajus
(C = 0,6 MOnb-2KB/J1), HACHIIIEHHBIM pacTBOp CyiabPuaa HaTpUs
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unu amMmmoHust (C = 2 MOJB-3KB/I), pacTBOP CEPHON KHUCIOTHI
(C = 4 Mmonp-3KB/1).

Buvinonanenue pabomul

B oany npoOupky BHeCHTE 5 Karellb pacTBOpa IepMaHraHaTa Ka-
Jus, a B IPYTYI0 — TAKOE K€ KOJIMYECTBO OMXpomara Kajaus, MOJKHUC-
JIUTE WX JIByMs KaIUISIMA CEPHOM KUCIOTOM. BHECHTE B KaXIyr0 mpo-
OMpKY MO KaIulsiM CyJb(uaa HaTpUsl WJIM aMMOHHUS 0 U3MEHEHUS OK-
pPacKu KaXJ0ro pacTBOpa W €ro MOMYTHEHUS BCJIEJCTBUE BbIJCICHUS
TOHKOJIMCIIEPCHOM Cepbl, 00pa30BaBIIICICS B pe3yJIbTaTe OKUCIUTEIb-
HO-BOCCTAHOBUTEJIbHOW PEAKIIUU.

Pesynomamur sxcnepumenma

3anuIInMTe MOHHBIE U MOJIEKYJIAPHBIE YPABHEHHUSI COOTBETCTBYIO-
IUX OKUCIUTEIbHO-BOCCTAHOBUTEBHBIX PEAKIUNA. YYEeCTh, YTO B KH-
CJIOM cpeJie BOCCTAaHOBJICHUE NIEPMaHraHaT U OMXpoMaT-uoOHOB MPOTe-
KaeT nmo cxemam: MnQO, — Mn2+, a Cr2072' — 2Cr’". Kakoii mser
UMEIOT 3TU HOHBI? MOXET M Cynb(UA-UOH BBICTYNAaTh B KaueCTBE
OKHUCIIUTEJIS, BCTYNaTh B XUMUYECKUE PEAKIIMU JAUCITPOTOPIIMOHUPO-
BaHusA? OTBET 00OCHYHTE.

OnbIT 4. B3anmogencreme pasbaBreHHOW CEPHON KUCMOThI
C MeTannamm

Obopyodosarue u peakmugul. ITATUB C TPOOUPKAMHU, DIIEKTPUUE-
CKasg IUIMTKA, CTakaH C BOJOM, pacTBOP CEPHOW KHUCIIOTHI
(C =4 Moab-3KB/11), KYCOUKH LIMHKA, Kejie3a, MEeIH.

Buvinoanenue pabomoi

B Tpu npobupku BHecute 5—8 Karenab pa3z0aBICHHOIO pacTBOpa
CEpHOM KHUCIIOTHI, @ 3aT€M METAJUIbI: B MEPBYIO — KyCOUYEK IIMHKA, BO
BTOPYIO — JK€Jie3a, a B TPEThio — Meliu. Ecnu peakius uaer MeajieHHo,
CJIETKa MOJOTpeTe coaep >KuMOoe MPOOUPOK Ha BOISTHOM OaHe.

Pesynemamur sxcnepumenma

B kakowm ciyuae U moueMy XUMHUYECKas peakius HE MPOTEKaeT?
Kako#i nOH BBINMOJHSAET POJIb OKUCIUTENA? 3alMIINTe HOHHBIE U MO-
JEKYJISpHBIC YPaBHEHUS] XUMHUUECKUX peakiuii. C KaKuM METaioM U
no4yeMy XMMHUECKas peakiius mporekaer opicTpee? OTBET 000CHYHTE.
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Tema 13. A3om

OnbiT 1. [lonyyeHne ammmaka W €ro CBOWCTBA
(AEeMOHCTpPaLUMOHHbIN)

Obopyoosanue u peakmuevl: KEJIE3HbIA IITATUB, Ta300TBOIHAS
TpyOKa, KpUCTATU3aTOp C BOJOH, hapdopoBas CTymka C MECTHKOM,
2 mimaresns, COUPTOBKA, CIIMYKH, CTEKJISHHAS IajodYKa, ITaTUB C CYy-
XHUMH IIpoOHpKaMu. PacTBOpHI: cojissHas KucioTta (KoHIl.), dheHondTa-
JICVIH, XJO0pHUT aMMOHUS (KP.), THAPOKCHU (MIJIH OKCHUJT) KalabIus (Kp.).

Buvinoanenue pabomul

Pazorputre B CcTymke cmech XJOpHAa aMMOHHS U THAPOKCHIA
Kkanblus (mpumepHo 1o 1 r). 3amax Kakoro raza oOHapyKUBaeTcCs?
[lepenecure cMmech B CyXyl MNpPOOHPKY € Ta300TBOAHON TpyOKOM

(puc. 5).

Puc. 5. Ilonyuenue ammuaxa u e2o ceoticmea

Ha cnabom mimaMeHHM CIMPTOBKH CMECh HarpeBaiTe 3—5 MUHYT.
[Ipy momMomM Mmajgo4ku, CMOYEHHOM COJITHOW KHUCJIIOTOW, W BJIAXKHOU
JaKMYCOBOW OyMa)KKu yOeAUTECh, YTO MPOOMpPKA MOJHOCTHIO 3am0JI-
HEHA AMMHUAKOM.

[Ipekpatute HarpeBaHue, CHUMUTE MPOOUPKY C aMMHAKOM U, HE
nepeBopaunBas ee (moyemy?), 3aTKHUTE PE3MHOBOM mpoOkoit. Omyc-
TUTE TPOOHPKY B KPUCTAUIM3ATOP C BOJOW, KyJa MPEaBAPUTEIHBHO
n00aBUIIM HECKOJIbKO Kamneib (eHoyndTanenHa. YgaauB HpoOUpKY,
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Ha0Jr0/1aiTe, Kak OBICTPO MPOOUpPKA 3aIMOIHSAETCS BOJOW U U3MEHSCT-
Cs1 OKpacka BoJibl ¢ (PeHOJI(PTATICMHOM.

Pesynemamul sxcnepumenma

3anumuTe ypaBHEHUS] XUMUYECKUX PEaKIUi MOTy4YeHHUs] aMMHa-
Ka, XJIOpHUJIa aMMOHHUS, B3aUMOJICUCTBUSI aMMHUaKa ¢ BOJION (MOJIEKY-
JsipHBIE U MOHHBIE). [louemy npu B3aMMOJEHCTBUUA aMMHUAaKa C BOAOU
npu J00aBJICHUU K pacTBopy (deHodTarenHa pacTBOp CTAHOBHUTCS
MaJUHOBBIM? YKaXWTe, B KAKOM HaIpaBJICHUU CMEIIAETCs paBHOBE-
CHE B BOJHOM PacTBOpPE aMMHaKa Mpu J00aBJICHUH K HEMY PacCTBOPOB
HUTpaTa aMMOHHUS, COJISTHON KUCIIOTHI?

OnbIT 2. BoccTaHoBUTENbHbIE CBOMCTBA aMMuMaka

Obopyoosarnue u peakmugvl: MTATUB ¢ IpoOUpKamMu. PacTBophI:
OpoMmHass Boda, ammuak (® = 25%) uW mnepMaHraHar Kajaus
(0,3 MosIB-DKB/1I).

Buvinonanenue pabomul

B nBe npoOupku BHecuTe 1o 3—4 Karuim pacTBOPOB OPOMHOMN BO-
bl WM TepMaHraHatra kKaius. B kaxmayro u3 mpoOUpOK J100aBbTE IO
3—5 Kamnenb KOHLEHTPUPOBAHHOTO pacTBOpa aMMmuaka. Kak usmeHnser-
Csl OKpacKa pacTBOPOB B Kax 0¥l mpoOupke?

Pesynomamur sxcnepumenma

3anuimnre XUMHYECKHE ypaBHEHUSA OKHCIIUTENBHO-
BOCCTAHOBUTEIIBHBIX  PEAKIU  AJIEKTPOHHO-UOHHBIM  METOJIOM.
VYuecTh, 4TO B 000UX CIydassX aMMUAK OKUCIISIETCSA IO MOJICKYJISIPHO-
ro a3oTa, a OKHCIUTESIM BOCCTaHaBiauBaloTcd 10 Br umw MnO,
COOTBETCTBEHHO.

OnbiT 3. lNonyyeHne okcuga asota (IV) u uccneposaHune
ero CBOUCTB

Obopyoosanue u peakmuebvi: KEIE3HBIA MITATUB, TA300TBOJIHbIC
TpyOKH, KpUCTALUIU3ATOP C BOJOM, MpUeMHUK okcujaa azota (IV), cra-
KaH, 3all0JIHCHHBINA JIbJOM, CMEIIAHHBIM C XJIOPUAOM HaTpus (0XJIax-
JAroIasi CMeCh), CIIMPTOBKA, CIIMYKH, IITATUB C CYXUMH ITPOOUpPKaMHU.
PacTBopbl: HUTpAT CBUHIIA (KPUCT.), MHIAUKATOP-METHIIOPAHK.

Buvinoanenue pabomoi

[Tonyuute okcun azora (IV) pasznoxennem HuTpara cBuHua. s
3TOro cobepute nMpubop, ykazaHHbIN Ha puC. 6.
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Puc. 6. Ilonyuenue oxcuoa azoma (IV)
1. IIpobupka ¢ Humpamom ceunya (4-5 2).
2. Ilpuemnux oxcuoa azoma (IV) 6 cmakawne ¢ oxnasxcoarowei cmecwio.
3. I[lpuemnuk Kucropooa.

B npoOupky 1 moMecTuTe HUTpAT CBUHIIA U HarpeuTe miaMeHemM
cnupToBku. HaOmtonaiite BbifieneHue Oyporo raza («IHMCHH XBOCTY),
KOTOPBIM B IPUEMHHUKE 2 NIPU HU3KOW TEMIIEPATYpPE MPEBpALIACTCS B
OCCLIBETHYIO KHUJKOCTb. B mpoOupke 3 coOepuTe KHUCIOPOJ, BBIJE-
JSIIOIIUUCS B XUMUYECKON PEAKIHMM PA3JIOKEHHUST HUTpaTa CBUHIIA.
[Ipy momoiu TICIOUIEH JTYYUHKH yOEAUTECh, 4TO 3TO KHUCIOpoa. B
npoOUpPKy 2 BHECUTE KyCcOUekK Jibaa. UTo HabmoaaeTe?

Pesynemamul sxcnepumenma

3anuIIuTe XUMUYECKOE YPaBHEHUE Pa3JI0KEHUs HUTpaTa CBUHIIA
(MeToJ1 AIEKTPOHHOI0 OajlaHca), YKaXKUTE OKUCIUTENIb U BOCCTAHOBH-
T€JIb U TUN OKHUCIUTEIbHO-BOCCTAHOBUTENIbHOM peakunu. Kakoe Be-
IIECTBO OCTAJIOCh B mpobupke 1?7 Ykaxkure ero uert. [louemy B mpo-
Oupke 2 mpu OXJaXIECHUM KpacHO-Oyphii okcun azora (IV) mpepa-
maercss B OCCIBETHYIO JKHUJKOCTb, KOTOpas OKpAaIIMBAeTCS B
WHTEHCUBHBIN CHUHUN LBET NMPU BHECEHUU abaa’? Kakue xummuueckue
peaKUy Opyu ITOM MPOUCXOAAT? 3aMUIIUTE UOHHBIE U MOJICKYJISIPHBIC
YpPaBHEHUSA. YKAKUTE TUIN OKHCIUTEIbHO-BOCCTAHOBUTEIIBHOM peak-
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i, OOBSICHUTE HCIMOJb30BaHUE TIICIONICH JTYYMHKHU IS TOJITBEP-
JKJICHUS HAJTU4HWs B MPOOUPKE KHUCIIOPO/Ia.

OnblIT 4. OKUCNUTENBHO-BOCCTAHOBUTENBHLIE CBOWCTBA
HUTPUT-NOHOB

ObopyoosaHue u peakmusvbl. TATUB C MPoOUpKaMu. PacTBOpHI:
cepHas  kuciaora C=0,2 MoONb-3KB/NI), TMEpMaHTaHaT  KaJus
C=0,5 monp-3kB/1, noaua kamus (C=0,1 MOJb-3KB/I1), HUTPUT Kaaus
(C=0,2 M0aBb-3KB/11), TOJIYOJ1, UHAUKATOP-(EeHOJI(PTaTICHH.

Buvinoanenue pabomul

B onxy u3 npoOupok BHECUTE 2—3 KaIUlM pacTBOpa MepMaHraHara
KaJIusi, B IpYyryto — 3—4 karim uojauja Kajaus U B KaXIyl J00aBbTE
3—5 Kamenb pacTBOpa CEPHOM KHUCIIOTHI. B MEPBYIO BHECUTE HECKOJIb-
KO Kamejab pacTBOpa HUTPUTA Kaius (10 0OECIBEUMBAHUS COJECPKU-
MOTr0), BO BTOPYIO — 2 Kamuii pacTBopa HUTpuTa Kanus u 0,5 mi To-
JyoJa U THIaTeNbHO nepemMeriaiire. Uto nabmonaere?

Pesynemamul sxcnepumenma

Kakue cBoiicTBa MpOSBISET HUTPUT KaIUsl B XUMUUYECKUX pEaK-
USIX C MEPMAHraHATOM Kalaus U ¢ MOAUJOM Kaiusi? 3anuIlnuTe ypaB-
HEHUSI OKUCIIMTEIbHO-BOCCTAHOBUTENBbHBIX peakiuid. [louemy okpa-
CHJICSI OpTaHUYECKUM CJI0# (TOIy0J1) BO BTOPOM MpoOupke?

Tema 14. docghop

OnbIT 1. KauecTBeHHble peakumu Ha docdat-noH (PO,™)

Obopyoosanue u peakmuevl: WTATUB C MPOOUPKAMU, BOJSHAsS
Oansi. PactBophel: dochopHas kuciora (KOHIIL.), MOJIUOJACHOBAS JKUJ-
KOCTb (HACBHIIIEHHBIN PacTBOp MOJIMOAAaTa aMMOHUS, TOJKUCICHHBIN
a30THOM KHCJIOTOM), MmarHesuanbHas cmech (MgCl, + NH,OH +
NH,CI), nutpat cepedpa, pocdar narpus (C=0,3 M0ab-3KB/1), Kap-
oonar Hatpusa (C=0,2 MONB-3KB/NI), THUAPOKCH]I aAMMOHHUSI
(C=1 MoaB-3KB/11), UHAUKaTOpHAsI OyMara.

a) /leiicmeue monuboama ammonus

Buvinonanenue pabomul

B npoOupky BHecuTe 5—6 Kameilb MOJMOJCHOBOM KUJKOCTH,
npubaBbTe Karmio ¢ochopHoi kuciaotsl. Coliep:KUMOe MPOOUPKHU Ha-
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rpeiiTe Ha BOAsSHOW OaHe. BrimageHue »KenToro ocajaka MOJHOIAEHO-
dbochara aMMOHUS CBUAETENBCTBYET O HaM4Yuu Pocdar-uoHa.

H,PO, + 12(NH,),M00, + 21HNO; = L(NH,);H4s[P(M0,0,)s] +
21NH4NO3 + IOHzo 01041 ((NH4)3PM012040 X 6H20) + 6H20

0) Heiicmeue mazne3uanvHoil cmecu

Buvinonnenue pabomuwi

B npobupky BHecute 5—6 kamenb pactBopa docdara HaTpus U
n00aBbTE PAcCTBOP MarHe3naibHON cMecH. KakoB IIBET U XapakTtep
BBINIABLIETO OcaaKa?

B) /leiicmeue numpama cepeopa

Buinonnenue pabomwi

B npoOupky BHecute 3—5 kamneib (ocHOpHON KUCIOTHI U HEW-
TpaJIM3yHTE €e pacTBOPOM KapOoHATa HATpHUA 10 CIAOOKUCIION peax-
uuu (MpOBEPATh UHAMKATOPHON OymMakkoi). 3aTeM 100aBbTe 2 KaIljiu
pacTtBopa HUTpaTa cepedpa. Uto Habmtomaere? PacTBopuTe mojgydeH-
HBIM OCaJIOK B pacTBOpe aMMHakKa, UMes B BUIY, UYTO 3TOT IPOIIECC
MPOTEKAET MO0 YPABHEHUIO:

AgiPO, + 9NH,OH = [Ag(NH;),]OH + (NH,);PO, + 6H,0.

Pezynomamui sxcnepumenma

3anumuTe ypaBHEHMs] TPEX KaueCTBEHHBIX peakiuuid Ha docdat-
noH. [louemy docdar cepedbpa pacTBopsieTcsi B pacTBOpe amMuaka?
CpaBHuTe TpoU3BEJCHUE pacTBopuMOCTU ¢ochara cepedpa U KOH-
CTaHTY HECTOMKOCTH KOMIUIEKCHOTO COCTUHEHUSI.

OnbiT 2. [lonyyeHne docdaTtoB antoMuHnda, Oapus wn
xenesa (Ill)

Obopyoosanue u peakmugwl: MTATUB ¢ NpoOUpKaMu. PacTBopsI:
cynbdar amomunus, xjaopua xkenesza (III), anerar vHaTpus, ruapodoc-
dat natpus (C=0,2 monb/n), conanast kuciaota (C=2 Moyb-3KB/N).

Buvinoanenue pabomoi

B 2 npoOupku BHecHUTE MO 5 Kameiab pacTBOPOB CyJibdaTa airo-
muHUA, Xaopuaa xkenesza (11I). B kaxmayo nodaBeTe 2—3 Kamm anera-
ta Hatpus, 10 kamens rumpodocdara kampius. Uto Habmromaere?
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Crnenyer uMeTh B BUIY, UTO B pacTBOpax colieid, OydepupoBaHHBIX
aleTaToM HaTpusi, 00pa3yrTCa CPEIHUE COJIU:

Me>" + HPO,* + CH;COO = MePO,d + CH;COOH.

K conmepxxumomMy kaxaoi nmpoOupku mnpudaBbte 0,5 MII CONSHOM
KucJIoThl. UTo Habmomaere?

Pesynemamul sxcnepumenma

3anuImTe NOHHBIC U MOJICKYJISIPHBIC YPAaBHEHUS XUMHUECKUX Pe-
akuuii monmydenus gocdaros amomuHus u keneza (III). Ormerste
IIBET OOpa3yrIMXCs OCaaKoB. VCmoyb3ys IMOHATHE NPOW3BEICHUS
pactBopuMocTtu (I1P), cooTBeTCTBYIOIMMHU pacdeTaMu IMOJATBEPIUTE
pe3ynbTaThl pacTBopeHus: gocdaron xkenesza (III) u amomMunus B co-
JITHOM KUCJIOTE.

OnbIT 3. 'ngponus conen pocdopa

Obopyoosarnue u peakmugpl: ITATUB C MPOOUPKAMHU, CTEKIITHHAS
nanouka. PactBopsl: ocdart natpus (C=0,3 Monb-3kB/11), TuapodocC-
dar Hatpus (C=0,2 w™omb-3kB/1) u gurugapodocdar HaTpus
(C=0,1 monb-3xB/11), constHasi kuciora (C=2 MOIb-3KB/II), PacTBOp
ammuaka (C=1 monb-3kB/1), xnopua dochopa (V) u (III) (kpucrt.),
JUCTWILTMPOBaHHAs BOJA, MOJUOACHOBAs >KHIKOCTb. MHAukaTopHas
Oymara, JJakMycoBas Oymara.

a) I'uopoausz kucavix pocpamos nampus

Buvinonanenue pabomul

[TomecTuTe B JBE MPOOUPKH 1O 5 Kamedb pacTBOPOB rujpodoc-
¢darta Hatpus u aurugapodocdara Hatpus U onpenenute pH pacTBopos
C TIOMOIIIbIO UHIUKATOPHON OyMard.

Pesynemamul sxcnepumenma

OObsicHUTE, B pe3yJIbTaTe KaKUX MPOLECCOB pacTBOpPHI docdara
HaTpus, Tuapodocdara HaTpUsd UMEIOT IIEIOYHYIO PEaKIHio, a pac-
TBOp nuruapodocdara — kuciyro? Hanummure MOHHbIE U MOJIEKYJISAP-
HbIC YPABHEHHUS COOTBETCTBYIOIINX XUMHUUYECKUX PEaKITUH.

0) T'uoponusz zanozenuooe ocgopa (006s3aTeILHO B BBHITSHKHOM
mkady).

Buinonnenue pabomuwi

B npoOupky nomecTuTe COBCEM MalleHbKOE KOJIMYECTBO XJIOPHUAA
docdopa (V) u nob6asere 0,5 M qucTUIIMPOBaHHOM BOAbI. Habumro-
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naiiTe BbIeNeHre rasa. [logHecuTe K OTBEPCTUIO TPOOUPKHU JTAKMYCO-
BYI0 OyMa)XKy, CMOYEHHYIO BOJIOM, U CTEKISIHHYIO TAJI0YKy, CMOYCH-
HYI0 pacTBOopoM ammuaka. Urto nHabmromaere? JleiicTBuem mosuOe-
HOBOM KUJIKOCTH yOeauTeCh, UTO B pacTBope oOpa3oBanack (ocdop-
Hasi KUCIIOTA.

Pezynomamur sxcnepumenma

3anumuTe ypaBHEHHUS XUMHYECKON peakluy THAPOJIM3a Tajiore-
HUJ10B Pochopa. O0bAcHUTE HAOIIOJAEMbIE SIBJICHUSI.

Tema 15. Yenepo0 u kpeMHul

OnbIT 1. Aocopbuuns BeLlecTB U3 pacTeBopa

Obopyoosanue u peakmuevl: WTATUB C NPOOUPKAMHU, TMHUIETKA
KanesiabHasl, GUIbTpOBaJIbHAS Oymara, yrojb aKTUBUPOBAHHBIN, yTOJb
JIPEBECHBIN (OpOIIIOK), pacTBOp IepMaHraHaTa KaJus
(C=0,05 mosb-3KB/7).

Buinonnenue pabomuwi

B nipobupky 10 noJioBUHBI €€ 00bema Hajente pactBop KMnO,.
BHecute B pacTBOp HEMHOrO aKTUBUPOBAHHOrO yrid. IlimotHo 3a-
KporTe MpOoOUPKY MPOOKOW M SHEPTUYHO BCTPAXUBANTE €€ 2—3 MUHY-
Thl. JlaliTeé pacTBOpPY OTCTOATHCS M MPOHAOII0JANTE ero oOeClBEYU-
BaHMUE.

Pesynomamul sxcnepumenma

OTMeThTe aJICOPOIIMOHHBIE CBOMCTBA YTJIA.

OnbiT 2. O6bpatuMbIM N HeobpaTUMbIA TUOPOSIU3 COJSIEN
YronbHOW KUCNOTbI

Obopyoosanue u peakmugvl: MTATUB C poOUpKaMu. PacTBOpHI:
dbenondranenn, xmopun okenesa (III), cynpdar amromMuHuSA
(C=0,1 monb/n), conu xkene3a (III); kapboHaT HAaTpUsA HATPUs, TUAPO-
KapOoHaT HaTpus (Kp.), TMCTUIIIUPOBAHHAS BOJIA.

a) I'uopoausz kapoonama nampus, 2uopoKkapooHama Hampus

Buvinonnenue pabomwi

B nBe npoGupku BHecute 1o 5—6 Kameib AUCTHUIUPOBAHHON BO-
Ibl U 10 2—3 Kamiu pacTBopa (geHondTarenHa. 3aTteM B OJIHY IPO-
OMPKY BHECUTE HECKOJIbKO KpHcTaiuioB coiau Na,CO;, B Jpyryro —
NaHCOs;. Habntonaiite 3a u3aMeHEeHHEeM OKPAaCcKU WHIUKATOPA.
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Pesynomamul axcnepumenma

B o06eux nu mpoOupkax IMPOUCXOJUT THIAPOIU3 IPHU OOBIYHOM
temneparype? OTMeThTE pazindue B OKpacke uHaukatopa. CocTaBb-
T€ YPaBHEHUS PEAKIMU THUIPOJIN3A B3SITHIX COJIEM. Paccunranre KOH-
cranty ruaponn3a u pH mims coast Na,CO; u 11 NUTHEBOM COJIbI
NaHCOs;. [lns xakoil comu Tuapoiu3 mporekaeT riyoxke? B kakom
ciydae cpeaa 6omee menodHas? [louemy?

0) B3aumnoe ycunenue 2uopoausza KapooHama Hampus u Xjio-
puoa xcenesa (IIl), cynohama anromunusn

Buinonnenue pabomuwi

B oany npobupky Bo3bmutTe 3—4 Karid pacTBOpa XJopuaa xKele-
3a (III), B mpyryro — Takoi ke 00beM pacTBOpa cyiabdaTa aTtOMUHUS.
B 006e npoOupku no6aBbTe 1Mo 3—5 Kameiab pacTBopa kapOoHara Ha-
Tpus Na,COs. Uto Habntonaere?

Pesynemamul sxcnepumenma

OtMmeThTe 1BET ocaakoB. COCTaBbTE ypaBHEHUS PEAKIIMI B MOJIe-
KYJISIpPHOW U HOHHOU (hopMax.

OnbiT 3. MNonyyeHne rmagporens U rmapo3ons KPeMHUEBON
KUCMOThI

Obopyoosanue u peakmugpl: IITaTUB ¢ TPOOUPKAMH, CIIUPTOBKA,
CTEKJIIHHAs Majo4yKa, COUYKUA. PacTBOpBI: HACHIIIEHHBIN CUIUKAT Ha-
Tpusi, xJopoBojopojaHas kuciora (C=0,1 MOJb/1) U KOHIEHTPUPO-
BaHHasl.

a) /eiicmeue pazbasnennozo pacmeopa conAHOU KUCIOMbl HA
HACHLUWEHHBLIL PACMEOP CUIUKAMA HAMPU

Buinonnenue pabomuwi

B nipobupky BHecuTe 1Mo 4—5 Kareib HaChIIIIEHHOTO PacTBOPaA CH-
nukaTta HaTpus Na,SiO; u 100aBbTE NPUMEPHO TAKOM K€ 00BEM pas-
OaBJIEHHON COJSHOM KHUCJOTHI, MEPEMEIIANTE PACTBOP CTEKIIIHHOM
najioukor. Yto HaOromaere?

Pesynemamul sxcnepumenma

Hanucars ypaBHEHUs peakiyii 1 OOBICHUTH PE3yJIbTAThI OIBITA.

0) [eiicmeue KOHUEeHMPUPOBAHHO20 PACMEOPA COJAHOU KU-
C10Mbl HA HACLIWEHHBLI PACMEOD CUTUKAMA HAMPUsL
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Buvinonanenue pabomoi

B mpoOupky ¢ cuiamkaToM HaTpusi BHECUTE B 2 pa3a OOJIbIIHI
00bEeM KOHIICHTPUPOBAHHOU COJISTHOM KHCJIOTHI. BBIMagaeT 11 ocagok
ruaporenst H,Si05? TlomyyeHHBIH TUAPO30Jib KPEMHHUEBON KHUCIOTHI
HarpeThb 110 kunenus. Yto Habdmromaere?

Pesynomamul sxcnepumenma

Hanucats ypaBHEeHUsI peakinii 1 OOBICHUTH PE3yJIbTaThl OMBITA.

OnbIT 4. ['Mgponna conen KPEMHUEBON KUCIOTDI

Obopydosanue u peakmugvl: WTATUB ¢ NMpoOupkamu. PactBo-
pel:  (deHondrTanenH, CcuIMKaT HATPUA, XJOpPUIAA AMMOHHS
(C=0,1 monp/m).

a) Onpeodenenue cpeovl pacmeopa CUIUKAMA HAMPU

Buinoanenue pabomet

B npoOupky BHecute 3—5 Kalelib pacTBOpa CUJIMKAaTa HATPUS
Na,Si0; u 1 kammto pactBopa penondranenna. Yro nabmogaere?

Pesynomamur sxcnepumenma

3anuiuTe ypaBHEHUs TUJpoiu3a cuinkata Hatpusi Na,Si0; B
MOHHOM M MOJIEKYJISIpHOU (popmax.

0) I'uopoaus cunukama ammonus

Buinoanenue pabomet

B npoOupky ¢ pactBopom cuiukata Hatpus Na,SiO; (3—5 ka-
nenb) J00aBbTE TaKOM ke 00BEM pacTBOpa XJIOpUJAa aMMOHUS
NH,C1. Ykaxure, Kakoe BEIIECTBO BhINAagacT B OCaJOK.

Pesyniomamui axcnepumenma

3anuiuTe  ypaBHEHHWE THUAPOJIM3a  CHJIMKAaTa  aMMOHHUS
(NH4),S103 B nonnoit u monekyiasipaoit popmax. O0bACHUTE, TTOYE-
MY THIPOJIU3 CUJIMKATa aMMOHMS NMPOTEKAET A0 KOHIIA.

OnbIT 5. OrHECTOMKOCTb TKAHEW, MPOMUTaHHbLIX CUITMKaATOM
HaTpUs

ObopyodosaHnue u peakmugwl.: ITATUB C TPOOUPKAMHU, CIIUPTOBKA,
cnuuku. PactBop cunukata Hatpust (C=0,1 Monb /n); TKaHb.

Buvinonnenue pabomuwi

B npobupky c¢ pactBopoMm cuiukata Hatpus Na,SiO; omycture
Kycouek TKaHu. Uepe3 HECKOIBKO MUHYT TKaHb U3BJIECKUTE U3 PACTBO-
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pa, MOJICYIIUTE HA MUIAMEHH. 3aTEM BHECHUTE B IiaMs. sl cpaBHEHHs
BHECUTE B IUIAMS TKaHb, HE MPONMUTAHHYIO CUJIMKATOM HATPHS.
Pesynomamul sxcnepumenma
Crenatb BBIBOJI O CBOMCTBAX CUJIMKATa HATPHS.

OnbIT 6. BocctaHoBneHnne onosa (ll) n3 pacrteopa

Obopyodosarue u peakmugvl: MTATUB ¢ MpoOUpKamMu. PacTBopsr:
xsopup osoBa (IV) (C=0,1 moinb/i1), 0JI0BO M IMHK TPaHyIUPOBAHHBIE.

Buvinonnenue pabomuwi

B npoOupky BHecuTe 5—6 kamenb pacTBopa xjopuaa ososa (II).
OnycTute B HETO MaJICHBKUN Kyco4yeK IHUHKA. OTMEThTE BBIJCICHUE
METAJJTMYECKOT0 0JI0BA HA MOBEPXHOCTHU LIMHKA.

Pesynemamur sxcnepumenma

3anuiuTe ypaBHEHUE pEaklMd B UOHHOM BujeE. JlokakuTe BO3-
MOKHOCTB ee npotekanus (AG, E.x.c.).

OnbiT 7. BocctaHoBUTENbHbIE CBOWCTBA COEOUMHEHUN
onosa (ll)

ObopyoosaHue u peakmugbl. TATUB C MPoOUpKaMu. PacTBOpHI:
xynopug osioBa (II), xmopoBomopoaHasi KHCIOTa, AUXPOMAT Kayus
K,Cr,07, pactBop xsopuaa xenesa (I11), rekcarmanodeppar (I111) ka-
st K3[Fe(CN)g ] (peaktus Ha won Fe*) (C=0,1 moub/).

a) Boccmanoenenue ouxpomama Kanus

Buinonnenue pabomuwi

K pactBopy xnopuna onosa (II) no6aBbTe 1-3 Kamiau XJI0poBOIO-
poaHoi kKucnoThl. K moaKucIeHHOMY pacTBOPY MO KarjisiM NpubaBbTe
nuxpomat kanus (2—3 karu). HabGnrogalite mosiBieHUE 3€J€HON OK-
PACKH BCJIEJICTBUE BOCCTAHOBJICHUS HOHA Cr2072' B rou Cr”,

Peszynomamul axcnepumenma

3anumuTe ypaBHEHUS MpOTEKAIOIIEH OKUCJIUTEIBHO-
BOCCTAaHOBUTEIILHOM pEaKIMU, ONPEACIUTE BO3MOKHOCTh MMPOTEKAHUS
peakiuu (E.x.c.).

0) Boccmanoenenue xaopuoa xncenesa (I11)

Buinonnenue pabomuwi

B nBe npoOupku BHecHTe Mo 1-2 KaIjiu pacTBopa XJIOpHUIa Kelie-
3a (IIT) u rekcanmanodeppara (III) kanus K5[Fe(CN)¢ ] (peakTHUB Ha
non Fe’"). B 06e mpoGupku 106aBbTe Bombl. OTMETHTE OKPACKY IO-
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JY4YEHHBIX pacTBOPOB. OAHY MPOOUPKY COXpPAHUTE JJIsi CPAaBHEHHUS, B
Ipyryro 1006aBbTe 2—3 Karmm pactBopa xjopuaa ojosa (II) u nadmio-
JTalTe B HEHW IOSBIICHHWE CHHEH OKpPACKH BCJEICTBHE OOpa3OBaHUS
Fes;[Fe(CN)g],. [Touemy HeT cuHel okpacku B IEPBOMl mpoOupke?

Pesynemamul sxcnepumenma

3anuimuTe ypaBHEHUS MPOTEKAIOIMINX PEAKIUH, JJISI OKUCIUTENb-
HO-BOCCTAaHOBUTEIBLHON PEAKIIMU OMPEIeTUTE BOZMOKHOCTh IIPOTEKa-
Hus ee nporekanus (E.xa.c.).

Tema 16. AnromuHuUU

OnbIT 1. Blanmoagencrtesme antoMmMHUA ¢ KUCNOTaMu

Obopyoosanue u peakmuevl. WTATUB C MPOOUPKAMU, BOJSHAS
OaHsi, HaxgayHas Oymara. PacTBOpwl: pa30aBiC€HHBIC €IKHI HATP
(NaOH), xJI0poBOJOpOJIHAST KHUCJIOTA, CEpHAsl KUCIOTa, a30THasl KH-
cinora HNO; (C=2 MOab-3KB/1); KOHUEHTPUPOBAHHBIE KUCIIOTHI, JIAK-
Myc (HeiTpanbHbIit), amoMuHui Al (moporok, ¢hoiabra uin mpoBoJIo-
Ka).

a) Bzaumooeiicmeue anomunus ¢ pazoasieHHbIMU KUCIOMamu

Buinonnenue pabomuoi

B Tpu npoOupku BHecUTE MO 5—8 Karelib pacCTBOPOB KUCIOT XJIO-
POBOJIOPOTHOM, CEPHOM, a30THON KOHIIEHTpanueil 2 MoJib-3kB/1. B
KXIYI0 IPOOUPKY OIYCTUTE M0 MAIICHBKOMY KYCOYKY aJIIOMUHUEBOM
donbpru. Bo Bcex nu ciiydasx mpoTekaeT peakius Ha xonomy? Ha-
rpeiTe mpoOoupKu Ha BoAsHOM Oane. Uto HaOmomaere?

Pesynomamul sxcnepumenma

3anuiure ypaBHeHUsA peakuuid. Kakol ra3 BblIENISA€TCS TPHU
B3aMMOJICCTBUM AJIFIOMUHUS C pa30aBiIeHHON a30THOW kucioToi? C
pa30aBICHHBIMU CEPHOM U XJIOPOBOIOPOTHOM?

0) Bzaumooeiicmeue anomunus ¢ KOHUEHMPUPOBAHHBIMU KU-
caromamu

Buvinonnenue pabomuwi

[Iponenaiite OMBIT, aHAJOTMYHBIA OMNBITY la, 3amMeHUTE pa30aB-
JICHHBIE KHUCJIOTHI KOHIICHTPUPOBAHHBIMU: XJIOPOBOAOPOAHOMN (TLIOT-
HocTs 1,19 r/em’), cepHoii (rwiotHOCTh 1,84 T/cM’), a30THOMN (ILIOT-
HocTh 1,4 r/cm’). Kak mpoTekaror peakuuu Ha xonoxy? C Kakoi Ku-
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cinotoi amroMuHui He pearupyer? Ilouemy? Harpeiite npoOupku Ha
BOJIsTHOM OaHe. Kak Ha B3anMMOJIeiCTBHUE BIMSAET HarpeBaHue?

OTtMeThTe HaOIIOAaEMbIC SIBJICHUSI.

Peszynomamut sxcnepumenma

3anuIInTe YPaBHEHUS PEaKIUi, YUYUTBIBAS, YTO MPU HAarpeBaHUU
a30THAs KACJI0TAa BOCCTAHABIMBAECTCS B OCHOBHOM JI0 IMOKCH/IA a30Ta,
a CepHasl KMCJIOTa — 0 CEPHUCTOrO ra3a Ha XOJOIy U YaCTUYHO — JI0
CBOOOJIHOM cepbl MPHU HarpeBaHUU. Biuser nu W3MEHEHHE KOHIICH-
TpalMK XJIOPOBOAOPOIHON KHCIIOTHI HA XapaKTep €€ B3aUMOJICHCTBUS
C AMIOMUHHEM? YKaXUTE NPU3HAKU NMPOTEKaHUs peakiuid. OTBEThTE
Ha BOIPOCHI.

OnbiT 2. PacTBopeHue anioMuvHUS B BOOHOM pacTBope
LLLero4m

Obopyoosanue u peaxmuevl: WTATUB C MPOOUPKAMH, BOJSHAS
Oansi, HaxnmayHas Oymara. PactBopel: enkuii Hatp NaOH
(C=2 Mmonb-3xB/n); amomunuii Al (mopomok, ¢osibra uim mpoBoJIO-
Ka.).

Buvinoanenue pabomul

Brecute B mpoOMpPKY MOJIOCKY aIFOMUHUEBOW (POJIBIU U 100aBbTE
3—4 kannu Bojabl. Harpeiite npoOupky Ha BojisiHOM Oane. HaGmtonaer-
cs1 U BbiAeneHue Bojgopoaa? JlobaBeTe B mpoOUpKYy 5—6 Kameib pac-
TBOpa €JIKOT0 HaTpa KOHILEHTpaIuenl 2 MoJib-3kB/1. OTMEThTE UHTCH-
CUBHOE BBIJICJIEHUE BOJOPOJIA.

Peakiys npoTekaeT mo cxeme:

1)A1,05+ NaOH + H,0 — Na;[Al(OH)q].
2) Al + H,0 — A1(OH); + H, 1.
3) AI(OH);+ NaOH — Na;[A1(OH)q].

Peszynomamul axcnepumenma
[Ton6epute kodPhUITMEHTHI K TIpenoaaraeMbpiM cxemaMm. OObsic-
HUTE BO3MOKHOCTh TPOTEKAHUS JJAHHBIX PEAKITUH.
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OnbiT 3. T[lonyvyeHue rugpokcuaa arnoMUHUS WU €ro
OTHOLLEHME K KUCNOTaM U Lenoyam

Obopyoosarue u peakmugvl: MTATUB ¢ TpoOUpKaMu. PacTBophI:
cynbdat amomunus, eaxkuii Hatp NaOH (C=1 moib-3KB/11), XJ10pOBO-
noponnas kuciora HCl (C=2 MoOnb-3KB/T U KOHIIEHTPUPOBAHHBIM
mwiotHOCTHIO 1,19 r/em).

Buvinonanenue pabomoi

B npobupky nmoMecTuTe 2 Kariu pacTBOpa COJIM alFOMUHUSI KOH-
HeHTpanre 1 Moib-3KB/I1 ¥ 2 Karulkl pacTBOpa HIEJI0YMd KOHIIEHTpa-
e 1 mMoyb-3KB/1. BbIMaBIIMiA OCAaJ0K pa3ieuTe Ha JIBE€ 4acTU U
U3YUYHUTE €r0 OTHOIIEHUE K KUCJIOTE U MET0Yr. YTO MPOUCXOIUT MPH
N00aBJICHUH K OCAJKy KUCJIOTHI U IIEJI0YH?

Pesynvmamur sxcnepumenma

3anuiure ypaBHEeHUs peakiuu. Kakumu cBoilcTBamu o0iagaet
A1(OH);3? O6bsacuute B3aumoaeiicteue A1(OH); ¢ kucnoroit u ie-
JIOYBIO.

Tema 17. MacHuu, 6epunnuu

OnbIT 1. B3anmogenctesne marHusa ¢ Bogou

Obopyoosanue u peakmugsl. IITATUB ¢ TPOOUPKAMU, CIIUPTOBKA,
CIIUYKH, JAep)KaTeb, HaKaauHas Oymara, marauii (Mg) (neHra), pac-
TBOp (eHon(Tanernna, IMCTUUITMPOBaHHAs BOJIA.

Buvinonnenue pabomul

Bo3bmute kycouek (1-2 ¢cM) MarHMeBOM JICHTHI, OYUCTHUTE €€ I0-
BEPXHOCTh HAXKJIa4HOM OyMaroil oT Hajieta okcuja. B npoOupky BHe-
cure 6—7 Karenb JUCTUUIMPOBAHHOW BOJABI U ONYCTUTE B HEE OYU-
HIEHHBbIA MarHuid. OTMEThTE OTCYTCTBHE PEAaKUWH NPU KOMHATHOW
temrnieparype. Harpeiite npoOupky HEOOJbIINM IJIAMEHEM TOPEJIKH.
Urto nabmogaetre? [IpubaBpTe K MOJYYEHHOMY PAacTBOPY OJHY KarUTO
dbenondranenna. Ha obpa3zoBaHne KakKux MOHOB B PaCTBOpPE yKa3bIBa-
€T MOSIBJICHUE OKpacku (peHosndranenHa?

Pesynemamur sxcnepumenma

Onumute HaOIr0Maemble siBieHUss. OTBEThTE HA BOIPOCHL. 3aru-
IIUTE YPABHEHUE PEAKLIUH B3aUMOJEHUCTBUS MarHusi ¢ BOJAOW MpHU Ha-
TPEBAHUMU.
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OnbIT 2. B3anmogencteme marHua ¢ Kucrnotamm

ObopyodosaHue u peakmugvl: MTATUB C NMPoOUpKamMu. PacTBOpSI:
dbenondraneu, XJIOPOBOJIOPOJIHASL M a30THast  KHUCJOTHI
(C=2 monb-3KB/1); Maruui (JeHTa).

Buinonnenue pabomuwi

B n1Be mpoOupkH OIMycTUTE MO HEOOJBIIOMY KYCOUKY MarHHWEBOM
neHthl. B onHy npoOupKy 100aBbTE€ HECKOJIBKO Kalleilb pacTBOpa XJI0po-
BOJIOPO/THOM KHCJIOTHI, B JIPYT'YIO — TaKOE€ K€ KOJMYECTBO pPacTBOpa
a30THOM KUCIOTHL. UTO miporcxoaut ¢ MaraueM? Kakoil ras BbijensieTcs?

Pesynemamul sxcnepumenma

3anummMTe ypaBHEHHS pEaKIUid B3aMMOJCHCTBUS  MAarHuUs:
a) C XJIOPOBOJOPOIHOMN KUCIOTOM, 0) C a30THOM KUCIOTOM.

OnbIT 3. lNonyyeHne okcMaa MarHus N B3aMmMogencTene ero
C BOOOW

Obopyoosanue u peaxkmuevl. WITATUB C MPOOUpPKAMH, THIJIb,
CTEKJISTHHAsI TaJloyka, CTEKJISTHHAs TPyOKa, CIIUPTOBKA, CIIMYKH, MHUH-
1eT, mpodupka. PactBopsl: dheHonbTAIEHH, XJIOPOBOIOPOIHAS KUCIIO-
Ta, a3oTHas kucioTa (C=2 MOJb-3KB/JT); MarHuil (JeHTa); AUCTUILIU-
pOBaHHas BOJIa.

Buinonnenue pabomuwi

BospMute nuHiieToM 2—3 ¢M MarHueBOM JIEHTHI U MOJ0XKTUTE €€
B TUIaMEHM Tropesiki. Kak TOJbKOo MarHuWii 3aropurtcsi, BRIHBTE €TI0 U3
IJIaMEeHU U AepxkuTe Haj TurieM. OOpa30BaBIIMIICS OKCUJI MarHus
cOpOChTE B TUTENb, TPUOABLTE TY/1a K€ HECKOJIBKO Karelb TUCTUILIU-
POBAHHOM BOJbI, pa3MeEIIalTe BCE CTEKJIIHHOW NAJOYKOU U MEepesenTe
COACPKUMOE THUIJIS B IIPOOUPKY, 100aBbTe 1 Kario ¢eHoidTalenHa.
[Touemy >XKUIKOCTb MyTHas?

Pesynemamul sxcnepumenma

Hoxaxute obpazoBanue B pactBope Mg(OH),. 3anummure ypas-
HEHHUs peakiuil: o0pa3oBaHUsl OKCHJA MarHusi IMpU €ro ropeHuu u
B3aUMOJEHUCTBUU OKCHJAa MarHus ¢ BOJOM.

OnbIT 4. Tnaponuna conen 6epunnus

Obopyoosarnue u peakmugwvl: TATUB ¢ TpoOUpKaMu. PacTBopsI:
XJIOpuA ~ Oepwiivs,  XJOopWaa  MarHus, KapOoHar  HaTpHs
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(C=0,5 monb-3kB/1), xmopua ammonus (C=2 MOJb-3KB/), PacTBOp
JaKMyca.

Buvinonanenue pabomul

B mpobupky k 5—6 KamisM HEUTpalbHOTO pacTBOpa JakKmyca
npruOaBbTE TaKOM ke 00beM pacTBopa XxJjiopuja oepmuins. Kak uzme-
HUJIaCh OKpacka jakmyca? [Touemy?

Pesynomamul sxcnepumenma

3anuiuTe ypaBHEHUE pEaKIMU TUAPOJIN3a XJIOpUJa Oepuiuius,
OOBACHUTE U3MEHEHUE OKPACKH JIAKMYCa.

OnbIT 5. PacTBOpeHme LUMHKa B KUCIIOTaxX U Wweno4vax

ObopyoosaHue u peakmugwl: MITATUB C MPOOUPKaAMU, MUKPOIIIIIA-
Tenab. PacTBophl: pa30aBiieHHBIE CEpHAs KHUCJIOTa, XJOPOBOAOPOIHAS
kuciora, enkuid Harp (NaOH) wumm eakoe kamu (KOH)
(C=1 MoJIb-2KB/JT); KOHIICHTPUPOBAHHAS CEpHAs KHCIIOTA, IIUHK (TIBLIb
WJIY TPaHyJIUPOBAHHBIN ).

Buinonnenue pabomuwi

Harneiite B mpoOupky 4—5 Kamnenab pacTBOpa CEPHOU KUCIOTHI, J10-
0aBbTe 1 MUKpoIINaTe b MUHKOBOW MBUIA M clierka mojaorpeiite. To
e TPoJIeJIalTe ¢ KOHIIEHTPUPOBAHHON CEPHOM KUCIOTOHN (MJIOTHOCTH
1,84 r/cM’) 1 TI0 3amaxy OMPEAEIHTE BBIICICHIE CEPHICTOTO rasa.

Takum xe 00pa3oM MPOBEPHTE PACTBOPUMOCTH IIUHKA B paCTBOPE
XJIOPOBOJIOPOTHOM KHCJIOTHI M B PACTBOPE €IKOM IIEIIOUH.

Pesynomamur sxcnepumenma

Onumure HaOmogaeMble mponecchl. [louemy pazbaBieHHas u
koHLeHTpupoBanHass H,SO, mo-pazHomy pearupyer ¢ nuuHkom? Ka-
KO aTOM M B KAaKOW CTENEHU OKHUCIICHHS SIBJISIETCS OKHCIUTEIIEM B
TOM U JIpyroMm cirydae? CocTaBbTe YpPaBHEHHS PEAKIU.

NepexogHble d-3neMeHTbI

Tema 18. QuHk u KaOmuu

OnbIT 1. BoccTaHoBUTENbHbIE CBONCTBA LIHKA

Obopyoosanue u peaxmuevi: GHapPOPOBbIA THUIJIb, IIIATENb,
CIIMPTOBKA, CIMYKH, KEJE3HbIA IITAaTUB. PacTBOpBI: €IKUKA HATpP
NaOH (C=2 monb-3kB/1), HUTpaT Kanus (C=0,5 MOJb-3KB/I); ITUHK
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(IBLIb W TPaHYJIMPOBAHHBIN), KpacHas JlakMycoBasi Oymara, JUCTHII-
JMPOBAHHAS BOJIA.

Buvinonanenue pabomul

B dapdopoBeiii TUTEIEK TOMECTHUTE HEMHOTO ITMHKOBOM IIBLIH,
npubaBbTe 4 KaIlJld pacTBOpa HUTpATa Kaius U 4—5 Kamneiab KOHIICH-
TPUPOBAHHOIO pAacTBOpa eAKou mienoun. OCTOpoXKHO HarpeunTe (Ha
acOECTUPOBAHHOM CETKE), JOBEAUTE COJCPKUMOE TUTEIIbKA MOYTH 10
kuneHus. HabOmronaiiTe BoIjieIieHHEe aMMHUaKa 1o 3araxy 4 1o MoCuHe-
HUIO B HEM KPAacHOM JIaKMyCOBOM OyMakKKH, CMOYeHHOM Bogou. Kakas
COJIb IMHKA JOJKHA MOJYYUTHCA B JAHHBIX YCIOBUAX?

Pesynomamur sxcnepumenma

3anuIunTe YpaBHEHHS PEAKIIUN B MOJIEKYJIIPHOM U MOHHOM BUJIE.
OOpaTuTe BHUMaHUE HAa BHICOKYIO BOCCTAHOBUTEIBbHYIO CIIOCOOHOCTD
IAHKA. BpINUIIATE COOTBETCTBYIONIME OKHUCIUTEIBHO-BOCCTAHOBHU-
TEJIbHBIE TTOTCHIAAJIBL.

OnbIT 2. M'Mapokcuabl UMHKa U KagaMns 1 X CBOUCTBA

ObopyoosaHue u peakmugvl: MTATUB C MpoOUpKamMu. PacTBOpBI:
cepHast kuciora, eakuil HaTp (C= 2 MOJb-3KB/MN), CylbdaTr KaaMus,
cynbdar nunka (C=0,1 MoJb-3KB/1).

Buinonanenue pabomuwi

Haneiite B 1Be mpoOupku nmo 3—4 kariu pacTBOpa COJY IIMHKA, B
JIBE JIPyTHU€ — CTOJIBKO K€ pacTBOpa COJU Kaamusa. B Kaxmyro mpo-
Oupky n00aBbTE IO KaIUIsIM PAcTBOP €JKOM IIEIOYM JO IOSBICHUS
O€JIbIX CTYACHUCTBIX OCAAKOB THIPOKCUIOB. VICTIBITATE OTHOIICHUE
MOJIYYEHHBIX THAPOKCHIOB K KHCIIOTaM | IrenodaM. Uto Habmromae-
Te?

Pe3zynomamul axcnepumenma

Kaxkoii BEIBOJ MOXKHO ¢JIeJIaTh O CBOMCTBAaX THAPOKCHUIOB ITUHKA H
kaamus? Hanummre ypaBHEHUS] peakdii B MOJIEKYJISIPHOW U HOHHOU
dbopme. OOBSICHUTE pa3Iuyue B CBOMCTBAX THIPOKCUIOB.
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Tema 19. Xpom u mapaaHey

OnbiT 1. BocctaHoBUTENbHbIE CBOWCTBA COEOUMHEHUN
mapraHua (Il)

Obopyoosanue u peakmugvl: WTATUB C NMPOOMPKAMH, BOJSHAS
Oansi. PacTBOphI: TUAPOKCHUA HATpHs, CyJIb(aT MapraHiia, cepHas Ku-
ciota, HUTpAT cepedpa, nmepcyibdar ammonus (C = 0,1 mosb/n),
OpomHas BoJja.

a) B3zaumooeiicmeue cynvpama mapzanya c 6pomHoiL 60001l

Buinonnenue pabomuwi

Bnecure B mpoOupky 2 karu pactBopa cyibdara maprania (II)
U 3 Karii pacTBopa rUAPOKCUAA HATPUS U pa3lieNIuTe COAEPKUMOE Ha
2 npobupku. B nepByto npoOHpKy K MOIYYEHHOMY OCaAKy JA00aBbTE
5—6 kanenb OpoMHOM BOAbl. OTMETHTE U3MEHEHHUE 1[BETA OCAKa B pe-
3yabTaTe obOpaszoBanHuss MnO, (depe3 MpoMExKyTOUHOE OOpa3OBaHUE
MaprasioBatuctoi kuciotsl H,MnQOs). JIpyryto nmpoOupKy OCTaBbTE
B IITATUBE U HAOJI0AalTE MOCTENEHHOE N3MEHEHHUE 1[BETA OCaKA MO
JIEUCTBUEM KHCJIOPOJa BO3/1yXa.

Pesynemamul sxcnepumenma

3anuIInuTe ypaBHEHUE PEAKIMU MOJYYEHHS] THIPOKCHUIA MapraH-
na (II) u ero B3aumoseiicTBue ¢ 6poMoM U KuciaopoaoM. CHIIBHO JIH
BBIPAYKEHbI BOCCTAHOBUTEILHBIC CBOMCTBA THApokcuaa mapradna (II)?
Moxer au OH  OBITh  OKHCIMTEIEM B  OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIUIX?

0) B3aumooeiicmeue cyavhama mapzanua c nepcyibghamom
AMMOHUA

Buvinoanenue pabomoi

B npoOupky BHecuTe 2—3 KaIid pacTBopa cyJibaTta Mapraiia
(IT), 5-6 xamenp pacTBOpa nepcyiabdara aMMOHHUS U OJHY KaIlIIO cep-
HOU KUCHOTHL. B KadecTBe Karanu3aTopa A00aBbTE 2 KAl pacTBOpa
HuTpata cepedpa. Coaepxkumoe norpeite Ha BoJsHON Oane. Habumro-
JalTe N3MEHEHHUE 1IBETA pacTBOpA.

Pe3zynomamul axcnepumenma

Hanumure ypaBHEeHHE XUMUUYECKON PEAKIIMM, YUUTHIBAsI, YTO OHA
MPOTEKAET MO CXEME:

Mn*" + S,0¢> — MnO, + 2S0,*".
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OnbIT 2. OKUCNUTENBLHbLIE CBOMCTBA NEepMaHraHaT-noHa

ObopyoosaHue u peakmugul: MTAaTUB C MPoOUpKamMu. PacTBOpSI:
TUAPOKCHUJ HAaTpHUs, CepHas KHUCJIOTa, CyJb(aT Maprasiia, repMaHra-
HaT Kanusi, coiab Mopa (C = 0,1 Moab/1), 3STUIIOBBIN CIIUPT.

Buinonnenue pabomuwi

B Tpu npobupku BHecute 1o 3—4 Karii pacTBOpa MepMaHraHarta
k. B oaHy mo0OaBpTe 2 KaIlljid CEPHOM KHCIOTHI, B APYTYIO —
CTOJIBKO K€ BOJIbI, B TPEThIO — 3—4 Karuium pacTBopa T'MJAPOKCHJA Ha-
Tpusi. 3aTeM B TMepByr TMpoOWpKy mobaBbTe coib  Mopa
((NH4),SO4*FeSO4* 6H,0O) no oOeciiBeunBanusi pactBopa. Bo BTO-
pyto — 3—4 xamu pactBopa cynbdara mapranua (II). Uro nadmronae-
Te? B TpeThto 100aBbTe 3 Karum 3THiIOBOro cnupTa. Habmronakte mo-
CTEIIEHHOE BOCCTAHOBJICHHE IE€pMaHTaHAT-HOHA CHayaja /10 MaHra-
HaT-MOHa, a 3aTeM 10 okcuaa Mapranua (IV).

Pesynemamur sxcnepumenma

3anuIIuTe MOHHBIC U MOJIEKYJISIPHBIC YPABHEHUSI OKUCIUTEIBHO-
BOCCTAHOBUTEIILHBIX PEAKIIMN. YUECTh, UYTO B KUCJIOW, HEUTPAJIbHOU U
IIEJIOYHOM CpeJie€ OKUCIUTEIbHO-BOCCTAHOBUTEIbHAS PEAKIIUS IPOTE-
KaeT B COOTBETCTBUM CO CXEMOIA:

PH<7 MnO, + Fe*" — Mn*" + Fe’*

PH=7 MnQ, + Mn*'— MnO,

PH > 7 MnO, + C,H;OH — MnO,* + CO, + H,O — MnO, + CO, + H,0
12KMHO4 + CzHSOH + 12KOH = 12K2MHO4 + 2C02 + 9H20

OnbIT 3. OkMcnuTenbHble CBOMCTBA KaTnoHa xpoma (111)

OO0opy/10BaHUE U PEaKTUBBI: IITATUB C MMPOOMPKAMU, METaJIINYe-
CKUIl IIMHK. PacTBOpBI: cepHast kuciora (KOHII.), cyabdar xpoma (L)
(C =0,1 Mmonp/11), TOMYOJ; METAJUIMYECKHUM ITUHK.

Buinonnenue pabomuwi

Hauneiite B mpoOupky 5—6 kanenab pactBopa cyibdara xpoma (III),
n00aBbTE TaKOW K€ 00bEM KOHIICHTPUPOBAHHOM CEPHOM KHCIIOTHI U
HECKOJIbKO KPYNHUHOK METaJUIMYecKoro IMHKa. OJHOBPEMEHHO BHE-
cute B mpooupky 0,5 M1 ToJIyosa B KA4E€CTBE 3allIUTHOIO CJIOS OT J10C-
Tyla KHCJIOpOJia K peareHTaMm M3 Bo3ayxa. HaOmromaiite m3MeHEHHE
OKpacKu pacTBopa.
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Pe3ynomamet axcnepumenma

3anummre YpPaBHECHUE MPOTEKAIOIIEH OKHCJIUTEIILHO-
BOCCTAHOBUTEIILHOW peakunu. Kakoe BemecTBO B JaHHOM XHUMHUYE-
CKOM peaKIUM SIBJISIETCS BOCCTaHOBUTENIEM? OLEHUTE OKUCIUTEIBLHYIO
aKTUBHOCTH coJieit xpoma (III).

OnbIT 4. MNMonyyeHne ManopacTBOPUMbIX XPOMAaTOB

Obopyoosanue u peakmugvl: MTATUB ¢ MpoOUpKamMu. PacTBophI:
TUJPOKCHUJT HAaTPHs, a30THAsI KMCIIOTa, HUTpaAT cepedpa, Ouxpomar Ka-
must (C = 0,1 mounb/).

Buinonnenue pabomeul

B 2 npobupku Haneilrte no 3—4 kamiaud pacTBopa OMxpomara Ka-
7S, B OJHY W3 HUX BHECHUTE 5 Kalejb pacTBOpa TMAPOKCHJIA KaJUsl.
Uto HabmogaeTe? 3aTeM B KOKAYIO U3 TPOOUPOK BHECUTE 2—3 KaIliu
pacTBOpa HUTparta cepedpa. B meppoii mpodupke (¢ XpoMaToM Kajius)
cpa3zy oOpa3yeTcss OTHEHHO-KpacHBIM OCajioKk xpomara cepedpa. Bo
BTOPOi, ¢ OMXpOMATOM Kajus, cHayaiga oOpa3yeTcss KpacHO-OypbIil
ocaZok ouxpomara cepedpa. OJIHAKO OH HEYCTOMYHMB U pa3araercs:

Ag,Cr,07 = Ag,CrOy4 + CrOs.

B 00e npoOupky npuieTe HECKOJIBKO Karellb a30THON KUCIIOTHI U
HaOJII0IaliTe MPOLIECC PACTBOPEHUSI 0CaIKOB. OOBACHUTE 3TOT MPOLIECC
pPacTBOPEHMS, MOJIB3YSICh MMOHATHEM IMPOU3BEACHHS PACTBOPHUMOCTH.

Pezynomamui sxcnepumenma

HamumuTe ypaBHEHHME peaklMM Iepexoja OuXpomaT-HoHa B
XpOMAaT-HOH B IIEJIOYHON cpejie, XUMUUECKHE peaKIuu o0pa3oBaHUs
TPYJIHOPACTBOPUMBIX OCAJKOB XpoMara M Ouxpomata cepebpa. Uc-
M0JIb3YSI 3HAYCHHMsSI POU3BEICHUS PACTBOPUMOCTH ATHX BEIIECTB, CO-
MIOCTaBbTE UX PACTBOPUMOCT.

[Iporiecc pacTBOpeHUsI 0CAIKOB B a30THOM KUCIOTE MPOWILIIOCT-
pUpPYHTE COOTBETCTBYIOIIUMH PacUCTaMHU.
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NMpunoxeHue

[aBneHue HacbIWEHHOro BOASIHOro napa
B MM pPT. CT. IpY pa3HbIX TemnepaTtypax, 'C

Temneparypa | Hasnenue | Temneparypa | [lasnenue | Temneparypa | /laBienue
| 4,93 11 9,84 21 18,65
2 5,29 12 10,52 22 19,83
3 5,68 13 11,23 23 21,07
4 6,10 14 11,99 24 22,38
5 6,54 15 12,79 25 23,76
6 7,01 16 13,63 26 25,21
7 7,51 17 14,53 27 26,74
8 8,05 18 15,48 28 28,35
9 8,61 19 16,48 29 30,04
10 9,21 20 17,54 30 31,82
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