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OBIITAA XUMUA

Tema 1. OcHOBHBIE TIOHATHA H 3AKOHBI XHMHH

Onwim 1. Onpedenerite MoagpHOl Maccvt YeAeKUueA020 2asa

Obopyoosanue u peakmueswl. 0r10peTka oobemoM 25 (50) mi, Bo-
poHka, cocyn JlanmonpTa, cTakaH, IMTAaTUB C MpoOUpKaMu. PacTBopsI:
cepHas kucnota (C = 1 Moaw/n), consinasa kucnora (C = 0,1 Momaw/n);
KapOoHAaT HAaTpUsl (KPUCT.).

Buvinonnenue pabomoi
[Ipumep npeIBapUTEIBHBIX PACUETOB

1. Pacuer maccwhl kapOoHata HaTpus (COIbI) Uil MPOBEACHUS
onbiTa B OropeTke 00beMoM 25 mit (miau 50 mit). O6beM BbIICTUBIIIC-
rocsi ra3a He JI0JKEH IPEeBbIIaTh 00beMa OIOpETKHU.

Hano: Hajiitu: DopMyJibl CBA3M:
V=25 wmn m (Na,CO,) =? n=V/V_
V_ = 22400 mn/moins m=M-n

M (Na,CO,) =106 r/moins

Pewenue: N212CO3 —>CO,
1 MoJ1B 1 MoJb

1. KonndecTBo BemiecTBa YriaeKUCIOro raza o0bemMom 25 Mit:

n (CO,) =\\// = 2224500 =0,0011 momns.

m

2. Macca HaBECKHU:

n (Na,CO,)=n(CO,)
m(Na,CO,)=n-M =0,0011-106 =0,1183 r.

Omeem:. pacyueTbl TMO3BOJMIM YCTAaHOBUTb, YTO JIJI MPOBEACHUS
omnbITa B OIOpeTKEe 00bEMOM 25 MJI HEOOXOJIUMO B3STh HABECKY Kap-
Ooonata HaTpus He 6oisiee 0,1183 r.

2. HeoOxomuMblii 00bEM CEpHOM KHCJIOTHI KOHIICHTpaIueu
1 mMonb/i:



Hano: Haiitu: DopMyJibl CBA3M:

m (Na,CO;3)=0,1183 r V (H,SOy4) =? n=m/M,;
M (Na,CO3) =106 r/momnb C=n/V
C =1 momp/1

Pewenue: Na,CO,+H,SO, — Na,SO, + H,0 + CO,1
IMonp  1MoJb

1. KonmnuecTBo BemiecTBa kapOoOHATa HATPUSL:

m 0,1183
n(Na,CO,)=—=- =0,0011 monb
(N 2 3) M 106
2. O6BeM cepHOM KHUCIIOTHI:
n 0,0011

V(H,SO,) N =0,00111~1m

Omeem. pacydCThbl IMO3BOJIMIN YCTAHOBUTDL, YTO JISA IIPOBCACHUA
XUMHUYECKOU pC€aKIuun HGO6XOI[I/IMO B3SATHh HE MeHee 1 miI cepHoﬁ KHC-

aotel (C =1 monb/n). J1Jis MOTHOTHI €€ MPOTeKaHUS 00BEM KHCIOTHI
HAJI0 YBEJIMYUTH B 2 pasa.

Cobepute yCTaHOBKY COTJIaCHO pucC. 1.

Puc. 1. YcranoBka st onpeaeneHus MOJSIPHOW MacChl YIJIEKHCIIOrO ra3a

B Oropetky (1) depe3 BOpoHKY (2) HaleWTe pacTBOP COJISTHOM
KUCJIOTBl JI0 HYJEBOrO JeJjeHUs (B PacTBOPE KHUCIOTHI, B OTIUYUE
OT TUCTUJTMPOBAHHON BOJIbI, YIJICKUCIBINA a3 pacTBOPSETCS XyXkKe).
Cocyn JlanmonbTa CBSI3BIBA€T C OIOPETKOM COEIUMHUTENbHAsA TpyOKa
(3). B onHo xoneHo cocyna JlangonbTa (4) moMeCTUTE HABECKY CO/JIBI,
B JIpyroe — pacTBOp CepHOM KHUCIOTHl. OOBEM KUCIOTHI BO3bMHTE
C U30BITKOM B 2 pa3a [0 CPAaBHEHHIO C PACUETHBIMU TAHHBIMH.



[IpoBepbTe PHOOP HA TEPMETUIYHOCTH. |11 3TOr0 MPUCOETUHUTE
cocyn JlanmonbTa K OIOpETKE U OMYCTUTE BOPOHKY BHU3. Eciu mpu-
0Op repMeTHYeH, TO YPOBEHb JKHUJIKOCTH B OIOPETKE OCTAeTCs HEU3-
MeHHbIM. [Ipy HapylIeHMHM TepMETUYHOCTH CIEIYyET MPOBEPUTH BCE
COEMHUTEIIbHBIC Y3JIbl.

OTMepbTe NMEpPBOHAYATBHBIA YPOBEHb XKUJIKOCTH B OIOpPETKE —
5TO BepXHHI ypoBeHb (V). OCTOPOKHO ONPOKUHBTE COCy JIaH1071b-

Ta Tak, YTOOBI BCA KHCJIOTA OKa3ajaach B KOJIEHE ¢ cogol. BeigeimB-
ITUHCS Ta3 BBITECHSIET XKUAKOCTh M3 OIOPETKH, €€ CIIMBAIOT B CTaKaH
yepe3 BOpoHKY. BHauane peakius uger 0OypHo. JloKauTech MOMEHTA,
KOTJ1a pacTBOp OyJeT Mpo3payHbIM, O€3 YIIeKHCIIOro rasa.

[Tociie TOro kak coCyJ; OXJAaUATCS 10 KOMHAaTHOM TEMIIEPaTypHhl,
OTMEPBLTE 00BbEM V, — DTO HIKHUHM yPOBEHb. JlJIs 5TOr0 COBMECTHUTE

YPOBHH JKHJKOCTH B OIOpeTKE M BOpPOHKE. Bpluuciaure o0beMm
no Gopmyne: V=V, -V,.

Pe3yﬂbmambl IKCnepumernma

- MACCa HABECKHU COJIBL.....uvvennerserrinneeeennneannens. r
- 00beM raza V (B yCIIOBUSAX OMBITA).......... ........ MJT
- Temriepatrypa onbITa (t)........ccceveviiiiiiiinn.en.. °C
- aTMOC(EPHOE TABICHHUEC. ... v errreeeennrineennnnnss MM. PT. CT.
- JIaBJICHUE HACBIIIEHHOT0 BozAsHoro mapa (h)

IpU TEMIIEPAType OMbITa (CM. MPUIIOKEHHUE). ............ MM. PT. CT.
1. [IpuBenenune oObeMa raza K HOpMaJabHBIM YCIIOBUSIM:

V,(CO,) = P=M:273

760 (273 +1)

2. KoanuectBo BeIICCTBA YIJICKHUCJIOTO Ira3a.

m
1(CO,)=n (Na,CO,) = N0 _ o,
M (Na,CO,)
3. Macca BoienuBiierocs raza (p = 1,9769 mr/mn):
m(CO,)=p-V, =....... r

4. MonspHass Macca YIJIEKACIIOrO rasa, IOJIy4YEeHHAs B JKCIEpU-
MEHTE:



M(CO,),.. = % = s I/MOJIb.
2

5. MonsipHast Macca yriaeKuciaoro raza (TeopeTudeckasi):
M (CO,),.,, =44 r/Moib.

TEOp.
6. OtHocuTenbHas omuodka (O.0.):

0.0.= M (COZ):aKcn, -M (COZ)
M (CO,)

=100 % =.... %

TEop.

Cnenaiite BBIBO/I.

Tema 2. CKOpoCTs XHMHYIECKHX PEAKIIHH

Onwim 1. Bausnue xonyenmpayuu peazupyromux eeufecns

Ha CKOPOCHID XUMUUCCKOU Pearyutl 8 c0MOLerHol clucrmzeme

Obopyoosanue u peakmugwl. CEKyHAOMED (MM Yachl ¢ CEKYHIHOM
CTpEINIKOi1), OropeTku emkocTtbio 25 (50) mm — 3 mT., INTaTUB
C MpoOMpKaMH, CTEKJISTHHBIC MaJI0uKy, (GUIbTpoBaIbHas OyMara, moiaoc-

ka Oymarw, OKpallleHHass B TEMHBIA IBET. PacTBOpbl: THOCYIbGAT
HaTpus U cepHas kucyota (C = 0,15 MoJb/11); IUCTUITUPOBAHHAS BOJIA.

Peakuusi THocynbdara HATpUs C CEPHOM KHUCIOTOM MPOTEKAET
110 YPABHEHUIO:

Na,$,0, + H,SO, — Na,SO, + S| + SO, 1+ H,0.

B I[CI‘/JICTBI/ITGJIBHOCTH OHa IMPOTCKACT B HCCKOJILKO CTaHHﬁI

Na,S,0, + H,S0, — H,S,0, + Na,SO, (1)
H,S,0, — H,S0, + S| )
H,S0, — SO, 1 + H,0. 3)

[lepBas cTagus MpOTEKAaeT MPAKTUYECKU MIHOBEHHO, CKOPOCTH
BCETO Tpolecca ONMpeaesieTcs Hanboiee MeIJICHHON cTaaueit — pe-
aKIMen pasJIoKEHUs] THOCEPHOW KHUCIOTHI, a KOHIIEHTpAIUs THOCEP-
HOM KHCJIOTHI paBHA KOHIICHTPAIIMU THOCYJIb(aTa HaTpHs.



Buvinonnenue pabomul

N3 GropeTok HaneiTe B oJIHy U3 IpoOupok 3 mit pactBopa Na,S,0s,
B Jipyryro — 3 mi pactBopa H,SO,. Beuielite pactsop H,SO4 B pactBop
Na,S,0;. Coaepxumoe MPOOUPKHU TIIATEIBHO NEPEMEIIUBANTE CTEK-
JITHHOM TMAaJOYKOW B TEYEHUE BCETO OMbITA, CTApasiCh HE KacaTbCs JHA
npoOupku. OJHOBPEMEHHO BKIIFOUMB CEKYHIOMEP, MPOBOJUTE OTCUET
BPEMEHH, COCPEIOTOUYMB CBOE BHHUMAaHHE HA TEMHOW MOJIOCKE OyMardu.
OHa MJIOTHO MpUXKaTa K CTEHKE MPOOWPKH, M Bbl €€ MPOCMATPUBACTE
gyepe3 ciioi kuakocTu. CHavyajla OHa XOpOIIO BUJHA. YUUTHIBAs, YTO
oOpa3oBaBIIasiCsl B peakiuu aMopQHas TOHKOAMCIIEPCHAs cepa BbI3bI-
BacT IOMYTHEHHE PACTBOPA, B MOMEHT MCYE3HOBEHHUS BUJIUMOCTU TEM-
HOM TOJIOCKM OCTAHOBHUTE CEKYHJIOMEp W 3amuiuuTe Bpems. B cienyto-
IIMX OMbITaX KOHEI[ PEaKIMK OTMEYAETCA aHAJIOIMYHBIM 00pa3oM —
M0 JIOCTM>KEHUM TAaKOM K€ TUIOTHOCTH CYCIEH3UM (MYTHBIA pacTBOp Je-
JaeT TEMHYIO MOJOCKY OyMaru HEBUJIUMOH).

[IpoBeanTe aHATOTUYHBIN SKCIEPUMEHT MPU TOW K€ TEMIIEPATypeE,
HO KOHUeHTpaunio Na,S,0; ymensmmre B 2 pasza. g  sroro
u3 OropeTku B npodupky Hanenrte 1,5 i Na,S,03 u 1,5 M auctuiu-
pOBaHHOM BOABI  (KOHIIGHTpaIMsi THOCyJh(dara crajga paBHOU
0,075 monw/m). B gpyryro mpobupky Hamedte 3wman H,SO,
(C= 0,15 Momaw/1), pacTBOPHI CIIEUTE U TIIATEILHO mepemernaite. Jla-
JIEE OIBIT BBIMOJIHANTE, KaK OMMCAHO BHIIIIE.

[IpoBenuTe aHAJIOTUYHBIA DKCIIEPUMEHT IPU TOM KE TEMIIEpaTy-
pe, HO KOHIeHTpaui Na,S,0; yMeHbpIIUTE B 3 pa3a 1Mo CPaBHECHUIO
c ucxoaHoil. Jlns 3toro w3 OWOPETKH B NpoOUpPKY HaienTe 1 mi
Na,S,03 1 2 M JUCTUITMPOBAHHOM BOJBI (KOHLIEHTPALUS THOCYJIb-
dara crana paBHoit 0,05 monb/i1). B apyryto npoOupky Hajelte 3 mi
H,SO,4 (C = 0,15 monb/n). [lanee ONbIT BBIMOJHSAWTE, KaK OMMCAHO
Bhile. [lomydeHHbIe JaHHbBIC 3aHECUTE B Ta0. 1.

P@Syﬂbmambl dKcnepumernma

C y4eToM TOro, 4To CKOPOCTh XMMHYECKOW pEaKIMHU U BpeMs
JTOCTUXKEHHUS OJJHOW U TOW K€ IIOTHOCTHU CYCIIE€H3MHU CEpbl 0OpPAaTHO
NpONMOPIMOHANBHBI, BelnuuHa 1/At Oyaer XapakTepu3oBaThb CKO-
POCTh XMMHYECKON pEAKLNU PA3T0KEHUS] TUOCEPHOU KHUCIOTHI (2).
HaueptuTe Ha MUIIUMETpPOBOW Oymare rpaduk 3aBUCUMOCTH CKO-
pPOCTH XMUMHUYECKOW PEAKIIMU OT KOHLEHTPALUU THOCEPHOW KHUCIIO-
Thl. Ha ocu abcuucce oTJI0XKUTE B ONpeASICHHOM MaciiTade KOHICH-



tpauu H,S,03, Ha ocu opaAMHAT — COOTBETCTBYIOIIUE UM CKOPO-
*
cta (v = 1/A1) .
CnematiTe BBIBOI.

Taomuna 1
3aeucumocmov ckopocmu pasznoxceHus
MUOCEPHOU KUCTIOMbL OM €€ KOHUEHMPAauuu
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Onwim 2. Bauanue memnepanyper
Ha CKOPOCIIL XUMUYECKOU peaKyuu

Obopyoosanue u peakmuguvl. CEKyHIOMEDP (WM Yachbl C CEKyH/I-
HOM CTpesKoii), TepMocTar (Wiu 3 cTakaHa ¢ ropsiueil BOJOMl €MKO-
cThio 200-250 M1 ¢ TEpMOMETPOM), OIOPETKH €MKOCThIO 25 (50) mi
— 3 WT., WTAaTUB C NPOOMPKAMU, CTEKJISIHHAs Maloyka, QUiIbTpo-
BaJibHasi Oymara, Mojiocka Oymaru, okpalieHHas B TeMHBIN 11BeT. Pac-
TBOpPBI: TUOCYIb(DAT HAaTpud U cepHas kucioTa (C = 0,15 Momnw/m).

Buvinonnenue pabomeot

Hcnons3ytor 2 Tepmoctata — ¢ Ttemmeparypoi 30 u 40 °C.
N3 0ropetku B mpoOupky HaneiTe 3 mi pactBopa Na,S,0s, B Apyryto
— 3 Mt pactBopa H,SO4 1 moMecTUTE B TEPMOCTAT C TEMIIEPATYPOU
30 °C na 1 mun. Jlanee omnpIT BBINOJHIWTE, KaK OIMMCAHO BhIIIEC. AHA-
JoruyHbIM onbIT npoBeaute npu temneparype 40 °C. IlomydeHHbie
JaHHbIEe 3aHecuTe B Ta0d. 2. [Ipu 3TOM cienyeT y4ecTh, 4TO IKCIEepu-
MeHT 1ipu Temiieparype 20 °C 6bu1 TpoBeieH paHee (CM. ombIT 1).

P€3y]lbmal’l/Ibl dKcnepumernma

1. Haueptute Ha MUJIITUMETPOBOU Oymare rpaduk 3aBUCUMOCTHU

P
3HaK MpONOPIUOHATBHOCTH



CKOPOCTH XMMHUYECKOW peakiuu OT Temmeparypbl. Ha ocu abcuucc
OTJIOKHUTE B OMNpPEEICHHOM MaciiTabe 3HAYeHUsl TEMIIEpaTyp, Ha OCH
OpJINHAT — COOTBETCTBYIOIIUE UM CKOPOCTH.

2. PaccuuTaiite TemmnepaTypHblid KO3QhUIUEHT (Y) I ABYX UH-
tepBainioB: 20—-30 °C u 30—40 °C, ucnons3zysa popmyiy:

DT+10 kT+10 A,cT

’Y = = = .
Uy Ky A

3. Haliqute cpenHee 3HaueHHe TeMmmepaTypHoro koddduimenta
(Yep)-

4. PaccumTaiite 3Hepruto aktupanuu (E, Jx/Monb) peakuuu pas-
JI0’KEHUS THOCEPHOUM KUCIIOTHI JUIsl IBYX TEMIIEPATypHBIX UHTEPBAJIOB:
20-30 °C u 3040 °C, ucnonb3ys popmyiy:

E-R 1y
(Tz - T1)
rae R — yHuBepcanbHas razoBas noctosiHiasi, 8,314 Jx/(monb-K);
T,, T, — abcomoTHas Temmneparypa (K) onbrro ¢ uarepsagom 10°;
Y — TeMIIepaTypHbIi KO3(PGUIIMEHT B JAHHOM JHarna3zoHe TEMIEpaTyp.

5. Chenanrte BBIBOJI O 3aBUCUMOCTH CKOPOCTH XHUMHUYECKOU PEeakK-

oMU OT Temnepatypsl. Kak coriacyercsi mojiyd€eHHOE 3HAYEHUE TEM-

neparypHoro kodpunuenra Y., ¢ npasuioMm Baur-I'opda?

Ta6auma 2
3asucumocmuv ckopocmu paznoxceHusn
MUOCEPHOIl KUCTIOMbL OM MeMNepamypbl
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Tema 3. Xummaeckoe paBHOBecCHE

Onvim 1. Cmemgerine xumuueckozo pasrosecus
00pamumurx: peaxyutl npu usMerenun KoHyeHmpayu
peazupyrowux ecupecrne

ObopyoosaHnue u peakmugvl. TATUB ¢ MpoOupkamu. PacTBopsr:
paz0aBiieHHBIE pojaHuga kKaaus u xyopuaa  okenesa  (II)
(C=0,0025 mo1np/n), KOHIIEHTPUPOBAHHBIC POJIAHUA AMMOHMS, XJIO-
puna xenesa (I11) u xnopuaa ammonus (C = 1 monb/1).

Peakuus mexny FeCl; u NH4CNS siBasiercst oOpatumoii:
FeCl; + 3NH4CNS < Fe(CNS); + 3NH,Cl,

MIO3TOMY B OIPE/ICIICHHBIII MOMEHT B CUCTEME HACTYMAET XUMHYECKOE
paBHOBecHE (Kak MPaBUIIO, IS TOMOTE€HHBIX PEAKIIHM, MPOTEKAIOIINX
B pPacTBOpax, PABHOBECHE HACTYIAET MPAKTUUYECKA MTHOBEHHO).

B HayanbHBIE MOMEHT BPEMEHHM KOHIIEHTpalus HCXOJHBIX Be-
HIECTB BEJIMKA, a MPOJAYKTOB — paBHa HyJt0. [locie Havana peakuuu
KOHIIEHTpAIlUsl pPeareHToB OyJeT yMeHbIaThes (puc. 2 A), a 3HA4WT,
B COOTBETCTBHUM C 3aKOHOM JICUCTBYIOIINX MacC CKOPOCTb IPSIMOU pe-
aKIMu Toxke OyaeT ymeHnbiarhes (puc. 2 b). [IpoaykTsl B X0/€ peak-
MY HAKaIlJIMBAIOTCS, UX KOHIIEHTPALMsS YBEJIUYUBAETCS, UTO COMPO-
BOXJIA€TCSI POCTOM CKOPOCTH OOpaTHOM peakiuu. XMMHYECKOE PaB-
HOBECHE YCTAHABJIMBACTCS B TOT MOMEHT, KOTJla CKOPOCTHU MPSMOM
1 00paTHOI peakinu ypaBHsatoTcs (puc. 2 b).

[Ipu noGaBnenun B cucremy ucxoanoro BemectBa (FeCls) ero
KOHIICHTpAIlUsl YBEJIUYUTCA U COOTHOIIEHHE PABHOBECHBIX KOHIICH-
Tpaluii KOMIIOHEHTOB HapymuTcs (puc. 2 A). OT0 IpUBEAET K POCTY
CKOpPOCTHU IPSIMOM PEAKIIMU U HAKOILJICHUIO TPOJAYKTOB, YTO MOBJIECYET
3a coOOM W yBEJIMYEHUE CKOpPOCTH oOpaTHOM peakuuu (puc. 2 b).
[To Mepe pacxo/ioBaHUs peareHTOB CKOPOCTU MPsIMOM U 0OpaTHOM pe-
aKIMi OyAyT MOCTENEHHO YMEHBIIAThCS A0 TE€X IMOp, MOKa HE HACTY-
IIUT HOBOE COCTOSIHUE PAaBHOBECHUS. DTOMY COCTOSIHUIO OYyIyT OTBe-
4aTh HOBBIC 3HAUYCHUS PABHOBECHBIX KOHIICHTPAIMHA BCEX KOMITOHEH-
TOB CHCTEMbI, OJJHAKO COOTHOIIIEHWE KOHIIEHTpALMi OyJeT TaKuM K€,
KaK U MMPU YCTAaHOBJICHUH MEPBOHAYATILHOTO PAaBHOBECHSI.
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: \ recs, 1/~
/ \FeCl,
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PABHOBECHUE
PABHOBECME l

|

v

jPABHOBECWE

PABHOBECHE

Unp.

/ _——l_) 06p.
/

i
Puc. 2. I3meHenune koHIeHTpauui (A) 1 CKOpOCTEN NpsiMOit
1 00patHOi peakuuii (b) mpu ycTaHOBIEHUHM XUMUYECKOTO PABHOBECHS

Buinonnenue pabomet

Ponanun xeneza (III) wMeeT KpoBaBO-KpacHYK OKpACKY.
[Ipu cMeNIeHNH XWMHUYECKOTO PaBHOBECHUS MHTEHCUBHOCTH OKPACKH
pactBopa uaMmeHsercs. [{ns HaOmogeHus B 4 npoOupKax CMeEIIalTe
no 1 mun paszbasnennbix pactBopoB FeCl; u NH4,CNS, B pesynbrare
4Yero JOJDKHBI MOJYy4YUThCS 4 OJMHAKOBO OKpAalIEHHBIX B KpOBa-
BO-KpACHBIM LIBET pacTBOpa. 3aTeM B MpoOupku a00aBbTe 1 MJI KOH-
LHEHTPUPOBaHHOTO pacTBopa: B mnepByto — FeCl;, Bo BTOpyro —
NH,4CNS, B tperbto — NH,Cl, uerBepTas — xkontponas. Habnronaiite
M3MEHEHNE NHTCHCUBHOCTH OKPACKH PACTBOPA B KAXKJIOM Cllydae.

P@S’y]lbmambl dKcnepumernma

1. Hanummute BeIpaXkeHue JJ1s KOHCTAaHThl XMMHUYECKOT0 PaBHOBE-
CHUsS COOTBETCTBYIONIEH XHMHUYeCKOW peaknnu. Kakue BemiecTna
HaXOJATCSI B paCTBOPE MPU PABHOBECUH ?

2. Kak B cootBercTtBUu ¢ npuHuunom Jle Illarense cmemaercs
XMMHYECKOE PAaBHOBECHE MPHU J00ABJICHUM B CHCTEMY: a) XJIOpHJa
xenesa (I11); 6) ponanuga aMMOHMS; B) XJIOpUAa aMMOHUS?

3. Kak M3MEHATCS B KaOXIOM M3 ATHX CIIY4aeB KOHIIEHTpPallMU
OCTaJIbHBIX KOMIIOHEHTOB PABHOBECHOW CHCTEMBI 110 CPABHEHHIO C UX
KOHIICHTPAIIUSIMU MPH YCTAaHOBJICHUH TTIEPBOHAYAIBHOTO paBHOBECHS ?
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Tema 4. DHEpreTrHrka XHMHYECKHX PEAKITHH

Onwim 1. Onpedeneriue menso6ozo 3¢pexma
XUMUYECKUX pearyutl (paboma 6vinoanaenca Ha Komnuonepe)

ObopyoosaHue u peakmugobl. KOMIIBIOTEP C U3MEPUTEIbHBIM 0J10-
koM, aatyuk temneparypel 0-100 °C, xumunueckne crakansl Ha 50
u 100 My, MarauTHas Memaaka, MepHbI nuinHAp Ha 100 mi, mraTtus
XUMUUYECKUU. PacTBOpPHI: COJiiHAasi KUCJIOTA, TUAPOKCU]T HATPHUS, Kap-
ooHnar kanus, Tuocyiabdar Hatpus (C = 4 Moyb/n).

Buvinonnenue pabomoi

JIJ1s1 SKCIIEpUMEHTAIIBHOTO OIpEeeHusl TEIIoBoro 3ddexra pe-
aKIMU MPOBOJST PEAKIUIO C U3BECTHBIM KOJIMYECTBOM BeliecTBa (N)
Y U3MEPSIOT, CKOJIBKO MPU 3TOM BBLACIWIOCH TEIJIOBOW SHEPTUH.
UT00OBI 3TO U3MEPHUTH, PEAKIIUIO TTPOBOJSAT B CPEAE U3BECTHOM MacChl
(M) ¢ U3BECTHOM TEIUIOEMKOCTBIO (¢) U U3MEPSIIOT PA3HOCTh TEMIIEpa-
TypbI Cpeibl 70 U Tociie peakuuu (AT).

TennoBoit a3hpekT pacCUUTHIBAIOT 10 HopMyIe:

c-m-AT
Q=
n

K nepBoMy pazbemy U3MEPUTEIBHOrO 0JI0KA MOAKIIOYUTE JATUYUK
TeMmnepaTypbl. B MeHI0 nporpamMmbl «L-XuUMuUsS — MPaKTUKyM» BbI-
oepute cueHapuil «/latuuku: Temnepatypa 0—100 °C (anuHHBIN 1aT-
yuK): PyuHoil BBOJ aObciucchy. BoliiinTe B OKHO U3MEPEHMUIA.

B xumuyeckuit crakan Ha 100 mi naneite 50 ma HCl koHiien-
Tpauue 4 MoJb/J, MOCTaBbT€ HA MATHUTHYIO MEIIANKYy U MOrPY3UTE
JTATYUK TEMIIEPATYPHI.

Brirounte Memanky, Ha)KaTUEM Ha 3KpaHHYIO KHOMNKY «Ilyck»
3aIyCTUTE Tpouecc niMepenusd. Korjga nokazanus natuuka Temnepa-
Typbl YCTAHOBSITCS, HA)KaTHEM 3KPAHHOW KHOMKHU «BbIOOp» BBEIUTE
B KOMIBIOTEpP 3HAYEHUE TEMIIEpaTypbl. B TOSBHUBIIEMCS TPU 3TOM
OKHE yKakuTe 3HaueHue adbcuuccel «1». B ctakan ¢ HCl nuununapom
no6asbTe 50 M1 NaOH konnentpanueii 4 mosb/n. Kak Toabpko TeMre-
parypa nepecTaHeT pacTv, BBEJUTE €€ B KOMIIBIOTEP, YKa3aB 3HAYCHUE
adcuuccesl «2». OCTaHOBUTE U3MEPEHUE HAXKATHEM DKPAHHOU KHOIKHU
«Ctom» M COXpaHUTE Pe3yIbTAaThl HAKATHEM SKPAHHON KHOMKHU «Ap-
XUB». AHanoruunsle onepanuu nopropute ¢ napoid HCl — K,CO;
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(TpuMBaiiTe PacTBOPHI MEJICHHO, YTOOBI M30€kaTh 00pa30BaHUS
nenbl) 1 HCl — Na,S,0; (mocneanuil onbIT IPOBOAUTE MO TATOM).
OtkpeiBatoT (Qaitniel ¢ pesynbTatamMu B mporpamme «Excely.
B kaxxmom u3 HuX aBa ctonoOma. [lepBeiii — HOMeEp m3mepenus (1 —
JI0 CMEIIICHHUST PEaKTUBOB, 2 — TIOCIE), BTOPOM — TEMIEpATypa
npu 3ToM. PaccuuThiBaroT pasHocTh Temmeparyp AT 1o u mocie peax-
uuu. {1 3TOro mpou3BOJAT IKCTPANOJIALMIO JIMHEMHOTO yYacTKa TEM-
neparypbl KOHEUHOTO IEPUOIa K MOMEHTY Haudaja peakuuu (puc. 3).

& T
Q

Bpewms, ¢

Puc. 3. I'padnueckoe onpeneneHrne pa3HOCTU TEMIIEPATYP

Janee BpUMCIAIOT TemioBOM 3ddekt peakiuu mno dopMmye,
NpUBEACHHON BbIlIe. [Ipu 3TOM CUMTAIOT, YTO B KCIIEPUMEHTE HArpe-
BaETCs TOJBKO pacTBOp. [loaTOMY 3a Maccy CUCTEMbl TPUHUMAIOT KO-
HEYHYIO Maccy pacTBopa (IJIOTHOCTh PACTBOPOB MOKHO MPUOJIHKEH-
HO cuMTaTh paBHOUW 1 r/mi). Ero TemmoeMkocTs NpUOIUKEHHO MpH-
HUMAIOT PaBHOM TEIMJIOEMKOCTU BOJBI, C,oqy = 4,18 Jx/(rK). Komnu-
YECTBO MPOpearupoBaBIero BemecTra (N) CYUTAIOT, 3HasA 00BEM €ro
pactBopa (V) u konuenrpanuto (C) o hopmye

n=CV.

Boszmoorcnvie eapuayuu

XKenatenbHO IPOBECTU ATOT HKCIEPUMEHT ABaXAbl. Toraa oTder
npejacTaBisieTca B popme Tpex Tadsuil (OTaeIbHast sl KaXKI0W peakx-
IIUHU), a B BBIBOJIC JTAIOTCSI YCPEAHCHHBIC 3HAYCHHS MX TEIUIOBBIX d()-
(heKToB.

Pe3yﬂbmambl dKcnepumernma

1. 3anummure TEPMOXUMHUYECKHE YPABHEHUS HHUKECIICIYIOIINX
peaKIuid, ONIPeICTUB UX TETI0BOM A PEKT.
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HCI + NaOH — NaCl + H,O
K2C03 + 2HC1 — 2KC1 + HzO + COzT
Na,S,0; + 2HCl — 2NaCl + H,O + S| + SO,1.

2. B TabnuuHoii popMe yKaKUTe ypaBHEHUE PEaKIMH, Hadyallb-
HYI0O U KOHEUHYIO TEMIIEpaTypy pacTBOpa, U3MEHEHUE TeMIEepaTyphbl
U TEI10BOM (PG EKT peakiuu.

3. Kak cornacyercsi moiydeHHOE 3HayeHUE TEmIoBOro 3¢ dexra
MEPBOM PEAKIIUU C 3aKOHOM IMTOCTOSIHCTBA TEIJIOT HEUTPAITU3AIUN?

4. Jlyist TpeThel peaklnu HAMUIIUTE MOHHOE ypaBHeHHE. Mcromnb-
3ys 3aKOH ['ecca, BEIYMCINTE CTAaHAAPTHYIO SHTAIBIHNIO 00pa30BaHUs

° 2—
tHocynbdar-nona AH_ . (S,05") 1mo 3HaYCHUAM TaOJIMYHBIX JAHHBIX U

AKCTIEPUMEHTATBHO ONPEIEICHHOTO TEIIOBOTO Y (PeKTa peakiuu.

5. Kak m3menutcs dopmyna ais pacuera TeruioBoro s¢dexra,
€CIM B HEE MOJCTaBUTHb KOHIIEHTPAIIUIO BEIIECTBA, MEpei] KOTOPHIM
CTOMUT CTEXUOMETpUUYECKHUI KoddpurueHt n?

Tema 5. Xumuaeckoe paBHOBECHE
B pacTBOPax 3A€KTPOAHTOB.
DAEKTPOAHTHIECKAA AHCCOLTHALIHA

Onwim 1. Cpasrerine xumuueckotl akmusHocmu KUeaom

Obopyoosanue u peakmugwl. IITATUB C IpoOUpKamMu. PacTBopsr:
COJIsTHAsA U YKCycHast KUCIOThI (C = 2 MOJIb/JT); METaUTHYECKUHN 1TUHK.

Buvinonnenue pabomoi

B nBe mpoOupku Ha 1/3 0oObeMa HanelTe pacTBOPHI COJISTHOM
U YKCYCHOM KHCIIOT. B Kaxayio MpoOHpPKY MOMECTHUTE IO KYCOUKY
METaJUTMYE€CKOTO [IMHKA.

P@Sy]lbmal’l’Ibl dKcnepumernma

B kakoMm ciydae BOIOpOA BbIAEsSETCS Oojiee dHEPrudHo? 3aru-
IIUTE MOHHBICE U MOJICKYJspHbIE ypaBHeHMs. OObscHUTE HaOroae-
MBbI€ Pa3IMYUs B CKOPOCTSIX XUMHUUYECKHUX PEaKIUi, UCIIOIb3Ys 3HaUe-
HHUS KOHCTAHT JUCCOLMAIINN KHUCIIOT.
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Onvim 2. Cmemperiue pasrosecus
duccoyuayuy caabwrx 34eKmpoauNI08

Obopyodosarue u peakmugwl. MTATUB ¢ MPOOUPKAMH, CTEKIITHHAS
najouka. PactBopsl: ykcycHas kuciaora (C = 0,1 momaw/i1), aMmmuax
(kKoHII.), METUJIOpaHX, (peHoN(TaTenH; alleTaT HaTPHs, XJIOPHUI aMMO-
HUS (KPUCT.).

1. Bausanue conu craoon kuciomol
Ha ouccouuayuio IMoil Kuciomaol

Buvinonnenue pabomeot

B 2 npoGupku BHecute 1o 0,5 M1 pacTBOpa YKCYCHOM KHCIIOTHI
U 2 xar metuniopanxka. [lo BIMSHMEM KaKMX HWOHOB HHIUKATOP
MIPUHUMAET PO30BYIO0 OKPACKY?

Onny mpoOUPKY OCTaBbTE€ B KAaYECTBE KOHTPOJBHOU, B JPYTYIO
BHECHUTE HEOOJIBIIOE KOJUYECTBO KpHUCTALIOB arerara HaTpus. Co-
JIEPKUMOE TEPEMENIANTE CTEKJISTHHOW Majouykord. CpaBHUTE OKPACKY
MOJIYYEHHOTO PACTBOPA C KOHTPOJIEM.

Pezynomamul sxcnepumenma

3anuuInTe YpPaBHEHUE DJJIEKTPOJUTHYECKON JUCCOLMAIMHA YK-
cycHou kuciotel. Beruucimte pH pacrBopa. Kak cmemaerca xu-
MHYECKOE PAaBHOBECHE JIUCCOLMAIIUM KUCIOTHI MPU J0OABICHUU K HEH
anerara HaTpus? Kak M3MEHAIOTCSA MpPU 3TOM CTENEHb AUCCOLMALINU
YKCYCHOM KHCJIOTBI U KOHIIEHTpAIUA KaTHOHOB Bogopoaa? [louemy?

2. Bausanue conu chabozo ocnosanus
Ha Ouccouuauulo amo2co ocCHoeanus

Buvinonnenue pabomeot

B nBe npobupku BHecute no 0,5 Ma pacTBopa aMMHaka U OJHOU
kamie genondranenna. [lox BiussHuEeM Kakux HOHOB (peHoNPTaAICHH
MPUHSI MATUHOBYIO OKpacky? OaHy mpoOHpPKY OCTaBbTE B Kaue€CTBE
KOHTPOJIbHOM, B JIPYTyI0 BHECUTE HEOOJIbIIOE KOJIUYECTBO KPHUCTaJ-
J0B xjopuaa amMMoHus. CpaBHHTE OKpPACKY MOJIyYEHHOTO pacTBOpa
C KOHTPOJIEM.
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P€3yﬂbman’Ibl dKcnepumernma

3anuIMTe CXeMy pPaBHOBECHS B PacTBOpPE aMMHAKa, YUWUTHIBas,
qTO OOJIBIIAsl YacTh aMMHaKa HaXOJIUTCS B BHUAC THAPATHPOBAHHBIX
mojekyn (NH;-H,O). Kak cmeniaercss paBHOBECHE B 3TOM PacTBOpE
P BHECCHHMH Xjopuaa aMMoHM:A? [loueMy MHTEHCHBHOCTh OKpPACKH
dbenondranenHa yMeHbIIAETCS ?

Onstm 3. Hsyuenue csoticme 6ygeprvix pacnsopos

Obopyoosarue u peakmusvl. MITATUB C TMPOOUpPKAMHU, MEPHBIN
IAJIWHIP, KOJI0a KOHWYECKas, CTEeKJISHHAs majodka. PacTBOpBI: yK-
CyCHas KHCJIOTa, alleTaT HaTpHsl, TUAPOKCU]T HATPHUsl, COJITHAST KHUCIIO-
ta (C = 0,1 monp/a). YHHBepcanbHas HHAMKATOpHAs Oymara.

Buvinonnenue pabomoi

A. IlpuroroBsTe 20 M aneTaTHOro OydepHOro pacTBOpa, COCTO-
smero u3 CH;COOH + CH3;COONa c¢ xonnenrpareit 0,1 Mojb/m.
st 5TOr0 OTMEPBTE MEPHBIM HUIMHAPOM 1O 10 M yKCYCHOU KHCHO-
ThI U alleTaTa HATPUs U CMEIIAlTe UX B KOHUYECKOH KoJioe.

b. Berunciiure pH npurorosiennoro pactsopa. C nMoMoOIIp0 yHU-
BEpCAILHON MHAMKATOpHOU Oymaru omnpenenute pH momydenHoro Oy-
dbepHOro pacTBOpa M CPaBHUTE ATO 3HAUCHUE C PACUCTHBIMU JaHHBIMHU.

B. B tpu npobupku Haneite 1mo 1 My mpurotoBieHHOro Oydep-
HOTO pacTBopa. B oaHy nmpoOupky nob6aBete | Kamio pacTBopa THi-
POKCH/Ia HATPpHsI, BO BTOPYIO — | Karuio pacTBOpa COJISTHOW KHUCIIOTHI,
B TPETHIO — | MJT TUCTUIIIIMPOBAHHOW BOJbI. XOPOIIO MEpEMEIIanTe
COJIEP)KMMOE TPOOHUPOK CTEKIISTHHOM nanouykou. Onpenenure pH pac-
TBOPOB C IMOMOIIIbIO UHANKATOPHON OyMaru.

P@Syﬂbmambl dKcnepumernma

3aHecuTe BCE MOJTYyYECHHBIEC JAHHBIE B TA0OPAaTOPHBIN JKypHAJ.

1. [lpoananu3upyiite AaHHble 3KcrnepuMmeHTa. Kak u3aMeHsiercs
pH Oydepnoro pactBopa npu 100aBIC€HUN KUCIOTHI, IIEJI0YU U BOJIbI?

2. Kakoe npakTudeckoe NpuMeHEeHHe UMEIOT Oy(depHbIe pacTBOPHI?

3. Cnenaiite BbIBOA, c(HOpPMYJIHPOBAB CBOWCTBA Oy(pepHBIX pac-
TBOPOB.
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Tema 6. IIpuroroBaerue pacrBopa
3aAaHHOH KOHIICHTPAL[HH

Obopyoosanue u peakmuawl. BECbl TEXHUUECKHE, KaJIbKa, OIOpET-
Ka 00beMoM 25 M1, Kojiba MepHas ¢ Ipookoit oobemom 100 mi1, koaba
KOHHUYECKas JJIsi TUTpOoBaHusi 00bemMoM 50 mil, MUIEeTKa TpayupoBaH-
Hasi, BOPOHKA, TpyIlla, CTakaH JJig CJuBa. PacTBOpHI: COJIsTHAsA KUCIIOTA
(C = 0,1 monw/n), ruapoxcua HaTtpus (C = 0,1 Moib/n), colisTHAsE KUC-
jgoTta (KOHIL.), cE€pHasi KHUCIOTa (KOHI.); MHAUKATOPHI: METUIOPAHIK,
dbenondranenH, OpoMTUMOIOBBIN cuHuil. Kpucramiuyeckue Belie-
CTBa: THUJPOKCHUJ HATpus, TUJIPOKApOOHAT HATpus, TeTpadopar
HaATpUS, IIaBeJIeBasi KUCIOTA.

IIpuecomosenenue pacmeopos

[Tomyuyute y mpenojaBaresisi HOMEP BapuaHTa ISl BBIIIOJHECHUS
3alaHus.

Bapuant PacTBOpsiemoe C, Nuauxkartop
BelleCTBO MOJIb/JI JJISL onpeeIeHust

| NaOH 0,15 OpOMTHUMOJIOBBII CUHHI
2 NaHCO; 0,10 METHJIOPAHK
3 Na,B,07 - 10H,O 0,05 METUJIOPAHK
4 HCI 0,08 OpOMTHUMOJIOBBII CUHHI
5 H,SO,4 0,06 OpOMTHUMOJIOBBIN CHHUIM
6 H,C,0,4 - 2H,0 0,25 dbenondranenn

B Mepnoit kosibe o6beMoM 100 M MPUTOTOBBTE PACTBOP Bellle-
CTBa ¢ TpebyeMoi MOJIsIpHOI KoHIIeHTpatuei C.

A. Ecau pacTBOp TOTOBHUTCS IyTEM pPAaCTBOPEHUSI KpUCTAIIIUYE-
CKOro BelecTBa (BapuaHTthl 1, 2, 3, 6), HEOOXOIUMO CHayaja B3STh
HABECKY Ha TEXHUYECKUX Becax. Maccy HaBecku M (T) ONpenesstoT
o ¢hopmyiie:

m=CMV,
rie M — wMomspHas Macca KpPUCTaUIMYECKOrO BEMIECTBa, I/MOJb
(111 KpUCTAJUIOTUPATOB HEOOXOJIMMO YUYUTHIBaTh KPHUCTAJUIU3AIIMOH-
HY10 BoAy); V — o00BeM pacTtBopa, J1 (paBeH 00beMy MEPHOM KOJIObI).

Jlnst rugpokcuaa HaTpus (BapuaHT 1) pacueTHOE 3HAaYEHHUE MaCChl
clielyeT YMHOXXHUTh Ha MONpaBO4HBIM ko3 dunment 1,25 (kpucran-
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JMYECKUE MIEJI0YM aKTUBHO TMOTJIONIAIOT BJIAry U3 BO3/yXa, B PE3yJib-
TaTe 4Yero Macca KPUCTANIOB CTAHOBUTCS OOJIbIIIE).

B3saTyr0 HaBecKy akKypaTHO IIEPEHOCSAT C TOMOIIBI0 BOPOHKH
B MEPHYIO KOJIOY, JOOABIISIIOT Ha 1/3 TUCTHILIMPOBAHHOM BOJBI U TIEpE-
MEMIMBAIOT PaCTBOP JI0 MOJHOTO pacTBOpeHUs Kpuctamuios. [locne ypo-
BEHbB KHJIKOCTH B KOJIOE TIOBOJAT AUCTHJUTMPOBAHHOW BOJIOM 10 METKH.

b. Ecu pacTtBop rotoBuUTcs myTeM pa3z0aBieHUS KOHIEHTPUPO-
BaHHOT'O PacTBOPA KUCJIOTHI (BapuaHThl 4 U 5), HEOOXOUMO OTMEPUTD
C TIOMOIIBIO MUNETKH TOYHBINH 00beM V.., KOTOPBI MOXKHO paccyu-
TaTh Mo GopmyIie:

v_oo_MV
1000-®-p

rae M — MoursipHasi Macca KMCIIOThI, I/MOJib; V — 00beM pacTBopa,
1 (paBeH 00beMy MEpPHOM KOJOBI); ® — MaccoBas M0Js UCXOIHOTO
pacTBOpa KUCIOTHhI, JOJU €IUHUIBI; P — INIOTHOCTh PacTBOpA KHC-
JIOTHI, T/MII.

[IOTHOCTH KOHLIEHTPUPOBAHHOTO PACTBOPA KHUCJIOTHI 3aMEPSIIOT
apeoMeTPOM B MEPHOM IMWJIHUHAPE C COOJIIOJICHUEM MPaBWJI TEXHUKHU
0€30IMacHOCTH, a 3aTE€M OINPEACIISIIOT MO CIPAaBOYHUKY MACCOBYIO J10-
110. Bce pad0oThl ¢ KOHIHEHTPUPOBAHHBIMUA KHUCJI0TAMHU MPOBOAAT
1O0/1 BKJIIOUEHHOM TAroM B 04KAX M 3aIIMTHBIX MepYaTKax!

B MepHyto KoJ0y, 3anoHeHHY10 Ha 1/3 TUCTUIIMPOBAHHOMN BOJIOH,
aKKypaTHO MEPEHOCAT C MOMOIIbIO BOPOHKU B3STHIN (C MTOMOIIBIO MEP-
HOUM MUMNETKN) 00BEM KOHLIEHTPUPOBAHHOUW KUCIOTHI. PacTBop mepeme-
IIMBAIOT, OXJIAKIAKOT 10 KOMHATHOW TEMIEPATYPhl U JOBOAST YPOBEHb
YKUJKOCTH B KOJIO€ TUCTUIIMPOBAHHOM BOJIOM 10 METKH.

lIposepxa xonyenmpayuu

[IpoBepky MHpOBOAST MYTEM KHUCIOTHO-OCHOBHOTO THUTPOBAHUSA
IPUTOTOBJIEHHBIX PAaCTBOPOB. [l 3TOro coOMparoT YCTaHOBKY
(puc. 4).

Ha mtatuBe 3aKperuisiioT YUCTYIO, OMOJOCHYTYIO IUCTHILIUPO-
BaHHOU BojoW Oroperky (1), KOTOPYIO HAMOJHAKOT PACTBOPOM THT-
paHTa (2) BBILIE HYJEBOTO AEJIEHHUS, YIAISIOT BO3IyX U3 HAKOHEUHUKA
U PE3UHOBOW TPyOKM OropeTku. B KkayecTBe TUTPAHTOB B KHCIIOT-
HO-OCHOBHOM THUTPOBAHUU HMCHOJIB3YIOT PACTBOPHI CHIIBHBIX KHUCJIOT
u menoveit. B Hactosmeit padore 3to pactBopsl HCI (y1s1 BapranTOB
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1-3) u NaOH (mma BapuanTtoB 4—6) C TOYHON KOHIIEHTpalUEH
0,1 Monb/n. YpOBEHD KUJIKOCTH YCTAHABIMBAIOT HA HYJIEBOM JICJICHUU
(oTcueT BeAyT MO HUKHEMY MEHHUCKY), OCTOPOKHO CJIMBas U30BITOK
TUTPAHTA B CTaKaH JJisl ciauBa (3).

Puc. 4. Cxema ycTaHOBKU ISl TATPOBAHUS

B koHMYeCKy0 KOJIOY JI7I1 TATPOBAHUS MUIIETKON OTMEPSIIOT TOY-
HO 5 MJI MpUroTOBJIEHHOTO pacTtBopa (Vi) U mobapisoT 1-2 xamim
uHaukaropa. Kondy ¢ pacTBopoM CTaBsT 1moj OIOPETKY Ha JUCT Oernoit
OyMmaru u 1o KaruisiM J100aBJISIIOT TUTPAHT, MOCTOSSHHO MEPEMEIINBAs
KUJIKOCTh TUIABHBIMHU JBW)KCHUAMHU KOJOBI. TUTpOBaHHE MPOBOJIAT
JI0 MOMEHTa CMEHbI OKPACKU UHAUKATOPA.

HNuTtepBan
Nuaukartop Ilepexoa okpacku oH
OpOMTHMOJIOBBIN CUHUIN . .
CUHUUN — 3eJICHBIN 6,0-7,6
(tutpant — HCI)
OpOMTHMOJIOBBIN CUHUI . .
JKEJITBIA — 3€JICHBIN 6,0-7,6
(turpant — NaOH)
METHJIOPAHK . .
p YKEJITBIM — KPACHBIU 3,1-4,4
(tutpant — HCI)
eHosiTaieu . .
¢ ¢ OECIBETHBIN — MAJIMHOBBIN 8,2—10

(tutpant — NaOH)

Pe3ynbrar TuTpOoBaHus ¢ TOYHOCTHIO 0,05 M 3anKCHIBAIOT B Jia-
OopatopHbIi XypHall. Jlanee TUTpOBAHHWE MOBTOPSIOT JO0 MOJYyYCHUS
TpEX CXOISUIUMXCA PE3ylbTaTOB (pa3HHIlAa B OTCYETAX IO OHOpETKe
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MEXy NapajyieIbHBIMU onpeiesiecHusaMu He npesbimaet 0,1 mu). Boi-
YUCIISIIOT cpefiHee apudmMerndeckoe Vr, yUuThIBask TOJIBKO CXOSIIUE-
Cs1 3HAYCHUA.

P@S’yﬂbmal’nbl dKcnepumernma

1. [lpuBenute pacyeThl, HECOOXOAMUMBIEC ISl PUTOTOBJICHUS pac-
TBOPA C 3aIaHHOW KOHLIEHTPALMEM.

2. 3anuiunTre ypaBHEHHUE PEAKIMU TUTPOBAHUS. OTMETHTE MOJIBHOE
COOTHOIIICHHE PEarupyroInX BeecTB ((hakTopbl SKBUBaJICHTHOCTH f).

3. PaccunTaiTe KOHIEHTPAIIMIO BEIIECTBA B MPUTOTOBICHHOM
pactBope C,; IO pe3yiabTaTaM TUTPOBAHMUS:

C _ CT ) VT f
JKCIT V

Il
rae Ct — MoJIsIpHasi KOHILIEHTpalus TUTpaHTa (Moinv/n); Vi — cpen-
HUl 00beM THTpaHTa (M), MoImeAmuid Ha TuTpoBanue; f — daxrop
HKBUBAJIEHTHOCTH OIpPEAENSIEeMOro BemecTBa; Vi, — 00beM pacTBoO-
pa, B3ATOro JJisl TATpOBaHUS (5 MII).
4. OnpenenuTe OTHOCUTEIIbHYIO OIIMOKY:

0.0.=%-IOO %.

OKCII

b

5. Ha ocHoBaHMM 3HayeHWN HWHTEpBaja IEpPEXoja WHIUKATOPA
00OCHYHTE BO3MOKHOCTbD €r0 IPUMEHEHHUS VISl UCCIIENYEMOU PEaKLInu.

Tema 7. I mapoan3s cosed

Onwim 1. Peaxyus cpedw: (pH)

8 pacmeopax paziuuisix cojel

ObopyoosaHnue u peakmugwl’ ITATUB C MPOOUPKAMHU, CTEKIITHHAS
najgouka. PactBopel: kapOoHaT HaTpus, Cyabdar aTIOMUHUS, XJIOPUA
Hatpus, anietaT ammonus (C = 0,1 monb/n). YHUBEpcaibHas UHINKA-
TOpHasi Oymara.

Buvinonnenue pabomoi

B 4 npobupku HaneiTe pacTBOpwl cienyronmx cojieit: Na,COs,
Al(SOy4);, NH,CH;COO, NaCl. Ucnonb3ysi yHUBEpCAIbHYO MHIUKA-
TOpHYI0 OyMary, ycranoBute pH kaxaoro pactBopa.
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P€3yﬂbmamw dKcnepumernma
HOJ’IY‘IGHHBIG JAaHHBIC IPCACTABLTC B BUJIC Ta6J'II/II_IBI.

Ta6muma 3
Onpeoenenue PH pacmeopos paznuunsvix coneit

Peakuus cpensl Paccunrannoe

DopMyJibl COJEN .
0 UHAUKATOPHOU Oymare pH pactBOpa

N32C03
Aly(SOy4);
NH4CH;COO
NacCl

Kakue u3 coseil moABEPTIIMCh TUAPOIN3Y? 3anuIIuTe HUOHHBIC
U MOJICKYJIIpPHBIC YpaBHEHUsI. Y KOKUTE TUI TUIpoiau3a (M0 KaTUOHY,
10 aHWOHY, IO KAaTHOHY U aHUOHY, HEOOPAaTUMBIN WJIM TIOJIHBINA, HEOO-
paTUMBIF COBMECTHBIN), (opMy THAPOIU3a (IPOCTOM, CTYNEHYATHI).
B ciyuae cryneH4aToro cieayeT 3anucarh YpaBHEHUE PEAKIUH TOJb-
ko s [ crynenu (B JOCTAaTOYHO KOHIIEHTPUPOBAHHBIX pacTBOpax
CJIeAYIOIIME CTYNEHH THAPOJIN3a MPOTEKAOT OueHb cj1abo). HazoBute
VOHBI, MOJIEKYJIBI, KOTOPbIE UMEIOTCA B pacTtBope. Paccumrainite pH
pPacTBOPOB COJIEM, KOTOpbIE MOABEPIIIUCH ruaponusy. Caemaiite 00-
1IM€ BBIBOJBI O BO3MOXHOCTH MPOTEKAHUS PEAKIIUU TUIPOJIN3a COJIEN
Y PEAKIMU CpPeAbl COJU, B COCTaB KOTOPOM BXOIAT CHIIBHO ITOJISI-
pU3yloIue BOJYy HOHBI (COJb OOpa3oBaHa CHJIBHBIM OCHOBAaHUEM
U c1a00# KUCIIOTOM; c1a0bIM OCHOBAHMEM U CUJILHOW KHUCJIOTOM; Clia-
ObIM OCHOBaHMEM H CJIa0OW KHCJIOTOW;, CHJIbHBIM OCHOBaHUEM
U CUJIbHOM KuclioToW). Ha3zoBuTe 31€KTpOonuThl, NpubaBieHUuE KOTO-
PBIX: @) YCWIHIIO ObI THAPOJIN3; 0) 0CIa0UIIO ObI TUAPOIIHU3.

Onsim 2. Heobpamumuril (nosmsedl) cosmecmmpiti 2udpoaus
co1el

Obopyoosanue u peakmugwl: MITATUB C MPOOUPKAMHU, CTEKIITHHAS
najgouka. PacTBopsl: kapOoHAT HATpus, CyJibdaT aTtOMUHUA, CYJIbOUL
Hatpus, xjaopu xenesa (III) (C = 0,1 moaw/m).

Buvinonnenue pabomoi

B nipoOupky ¢ pacTBopoM cyib(dara arOMUAHUS TIPUIIEUTE PaCcTBOP
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cynbduna Hatpus. B apyryro mpoOUpKy ¢ pacTBOPOM XJIOpHAA XKeje-
3a (III) mpuneiite pacTBop kapOboHata HaTpus. OTMEThTE BbIIEICHUE Ta-
3a B 00euX MpoOUpKax, B TOM YHUCIIE IO 3aaxy; 00pa3oBaHUE OCAJIKOB.

P@S’yﬂbmal’nbl dKcnepumernma

3anuIMTe MOHHBIE M MOJICKYJISIPHBIE YpaBHEHHS HEOOPaTHMOTO
COBMECTHOTI'O Tujiposin3a AByX coiieid. [loueMy B ciydae, Koraa oJiHa
COJIb THIPOJIN3YETCS 110 KaTHOHY, a Apyras — I10 aHUOHY, MPOTeKaeT
WX COBMECTHBIN HEOOpATHUMBIN THAPOJIN3, & HE KJIACCHUECKas PeaKIus
HOHHOTO 00OMEHa ¢ 00pa30BaHUEM COOTBETCTBYIOIIMX COJICH?

Onvim 3. Baugnue memnepanyper
Ha cmenens eudpoausa coell

ObopyoosaHue u peakmugnvl. MITATUB C TPOOUPKaAMHU, BOJAsiHAs Oa-
Hs. PactBopsr: anerat Hatpus (C = 0,5 monw/n), peHondranens.

Buinonnenue pabomeot

B npoOupky ¢ pacTBopoM arerata HaTpUsi BHECUTE 2 Karuiu ¢e-
Hoindranenna. Harpeiite nmpobupky. Uto nHabmromaere? Oxmnaaute
npooupky. Uro Habmogaete?

Pe3yﬂbmambl IKCcnepumernma

. 3anuimnTe MOHHOE M MOJIEKYJSIPHOE YPAaBHEHUE THAPOJIU3A
arerara HaTpusl.

2. Kakoii BbIBOJ1 00 MU3BMEHEHUHU KOHIIEHTPAIIMHU THIPOKCHUI-UNOHOB
B PacTBOpE MOXKHO CJEJaTh Ha OCHOBAHWUM M3MEHEHMSI OKpacku (¢e-
HosidTalienHa Mpy HarpeBaHuu? B kakyro CTOpOHY cMelllaeTcsi paBHO-
BECHE B PEaKIUU TUIPOIN3a MPU MOHUKESHUH TEMITEPATypPhI?

3. B coorBercTtBUM ¢ npuHiunom Jle Illarense cnenaite BBIBOJ
0 3HaKe TETUIOBOTO 3 (DeKTa B peaKiuu ruaposin3a (3K30TepMudecKas
WJIU DHIO0TEPMUYECKas ).

4. Ilo nOHHOMY YpPaBHEHHUIO BBIUYUCIUTE TEIJIOBOU 3P(DEKT peak-
MU TUJAPOJIU3A, UCIIOIB3Yysl TaOJWYHbIE 3HAYEHUS CTAHIAPTHBIX DH-
Tanenuil oOpazoBanus. Kak cormnacyercs pe3yJbTaT pacdeTa ¢ dKCIe-
PUMEHTOM?

5. Onpenenute BO3MOXKHOCTh MPOTEKAHMS PEAKIIMU THUAPOIU3A
B CTaHJAPTHBIX YCIOBUIX pacueToMm 3Hepruu [ mooca.
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Tema 8. IIporn3BeseHHE PACTBOPHMOCTH

Onvim 1. Yenosua evinaderius ocaora

Obopyoosanue u peakmuepl’. MTATUB C TPOOUPKAMHU, CTEKIITHHAS
najoyka. PacTBopbl: cyibdar wmapraHiia, CEpoBOJOPOJHAs BOJA,
cynbua Hatpus, xjopun waraums (C=0,1 monp/m), ammuak
(C =2 monb/nn); Xxaopug aMMOHHUS (KPUCT. ).

2+
A. Ocaxicoenue uornoeé Mn
Buvinonnenue pabomeot

B 2 npob6upku Hanerite mo 0,5 mia pactBopa cyib(ara Maprasia.
B onny npuiieiiTe Takoil ke 00beM CepoBOAOPOIHOM BOJBL. B npyryto
BHECUTE TaKOH ke 00beM Ccynbhuaa HaTpus. B kKakom ciaydae BbITa-
JaeT 0caJiok cysbduaa mapranma? Yro nabarogaere?

Pe3yﬂbmambl IKCnepumernma

3anuImMTe HOHHBIC U MOJICKYJISIPHBIC YPAaBHEHUSI XUMUYECKUX pe-
aknuii moHHOTO OoOMeHa. Iloap3ysch MOHATHEM IPOM3BEICHHS pac-
TBOPUMOCTH, OOBSICHUTE BBINIAJCHUE OCaJKa B OJHOM CJIydae M €ro
OTCYTCTBHUE B APYroMm. OTBET MOJATBEPIUTE PaCUETAMMU.

b. Oopazoeanue 2uopokcuoa maznus
Buinonnenue pabomeot

B 2 npobupku nHaneite mo 0,5 mi pacTBopa XJjopuja MarHwusl.
B 0JIHy U3 HHX BHECUTE HECKOJIBKO KPHCTAJUIMKOB XJIOPHUAA AMMOHUS
Y PaCTBOPUTE HX NEPEMEIIMBAHMEM CTEKJISTHHOM NAJIOYKOW. 3aTeM
B KOXIYI0 M3 MPOOMPOK MpuieiTe mo 2 mia pacTtBopa ammuaka. Ilo-
yemy B TOW IpoOHpKe, KyJa MpeaBapUTEIbHO BHECIU XJIOPUA aMMO-
HUS, 0CaJIOK THAPOKCUA MarHusl HEe oOpazyercs?

P@Sy]lbmal’l’Ibl dKcnepumernma

3anummuTe MOHHOEC U MOJIEKYJISIPHOE YPaBHEHHE PEAKIIUU TOTY-

yeHust Mg(OH),. O0bsicuute, mouemy Bo BTOopoM ciyyae Mg(OH),
He oOpaszyetcs? YeM 00yCI0BIEHO, UTO B TOM CJIy4ae
[Mg*"][OH ]* < IIP Mg(OH), =2:10"'"?

23



Onvim 2. Cpasreriue noonr 0casicoerus noros
pasanursimu ocadumensimu

Obopyoosanue u peakmugwl . ITATUB C NPOOUPKAMU, CTEKIITHHAS
najouka. PacTBOpbI: HUTpAT CBUHIIA, XJIOPUJ HATPHSs, CyJbpaT aMMO-
Hus, cynbbua ammonusa uiu Hatpusa (C = 0,1 Moab/n), consiHas Kuc-
aota (C =1 mounb/m).

Buvinonnenue pabomeot

Cwmeraiite B mpoOupke 1 M1 pacTBopa HUTpaTa CBHHIA M 3 MII
pacTBopa xJiopuaa Hatpus. B TeueHue 3 MHUHYT OCaJIOK XJIOpHJIA
CBHUHIIA JIOJKEH OTCTOATHCA.

[Tocne orcTanBaHus HAAOCATOUYHYIO KUIAKOCTh Pa3ICUTEe B 3 TIPO-
oupku. B nepByto BHecute 2—3 karum pactBopa HCI, Bo BTOpyro 2—3
karau pactBopa (NH,),SOy, B TpeTbio — (NHy),S. Uto Habatogaere?

Pe3yfzbmambz dKcnepumernma

3anuImMTe WOHHBIE U MOJICKYJISIpHBIC YpaBHEHHS peakiuii oOpa-
30BaHUs cojiel cBuHIA. Onupasch Ha 3HAHWE YCIIOBHM BBITIAJICHHUS
ocaJika MpHU MPOBEICHUH PEaKIIU HOHHOTO 0OMEeHa, 00BsICHUTE 00pa-
3oBanue PbCl,, PbSO,, PbS, yuutsiBas, uto IIP (PbCly) = 1,6:107,
IIP (PbSO,) = 1,6:10°, TIP (PbS) = 2,5-107".

B kaxoMm ciydae katnoHs! Pb>" BeIzemstoTCs M3 pacTBOpa HaHGo-
nee mosiHo? OTBET 000CHYHTE COOTBETCTBYIOIUMH pacueTaMH.

Onstm 3. Yenosua pacmsoperius ocaoka

Obopyoosanue u peakmugwl: ITATUB C NPOOUPKAMHU, CTEKIITHHAS
najoyka. PacTBOphl:  XJIOpHUJ  KajblMs, OKcajaT  HaTpus
(C=0,1 Mmonw/n), consinas u ykcycHasi Kucjotsl (C = 1 monb/n).

Buvinonnenue pabomoi

B 2 npobupku BHecute 1o 0,5 Myl paCTBOPOB XJIOPUJA KaJbIIUS
u okcanara Hatpus. K ocaaky CaC,0,4 B nepBoil npobupke n00aBbTe
1 MJT COJISTHOM KUCJIOTBHI, BO BTOpOU MpoOupke — 1 M1 yKCYCHOM KH-
CJIOTBI TOM K€ KOHLECHTPALUH.

Pesynomamul sxcnepumenma

3anuIIuTe WOHHBIE W MOJIEKYJISIPHBIE YPAaBHEHUS IOJYYEHHS
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CaC,04 m pacTBOpeHHS B COJIIHOM KucioTe. Onupasch Ha YCIOBHS
pacTBOpeHMsi ocajika, oueHute, nouemy CaC,0,4 pacTBopsieTcs B Co-
JISTHOW KHUCJIOTE, a B YKCYCHOM — HET? OTBET 000CHYHTE COOTBETCT-
BYIOIIIMMHU PaCUETAMMU.

Temva 9. KoMIIAeKCHBIE COEAHHEHHUA

Onwsim 1. 1 losyuenue u uccnedosarue ceoticine
KOMNAEKCHO20 cOeOUteHus amMmuarama cepedpa

ObopyodosaHue u peakmusvl. TATUB C MPoOUpKaMu. PacTBOpBI:
CoJIsiHas KUcioTa wiM xjopua Hatpus (C = 1 Momb/in), HUTpaT cepeo-
pa (C=0,1 monp/m), ammuak (KOHI.) W a30THas KHCJIOTa
(C =1 moxaxw/n).

Buinonnenue pabomeot

1. B mpoOupky kK OAHOM Karuie pacTBOpa HUTpaTa cepedpa mpu-
0aBbTE€ 2 KaIulM pacTBOpa COJITHOM KHCJIOTHI WJIM XJIOpUJIAa HATPHSI.
CrneiiTe HaJOCAJOUYHYIO KHUJIKOCTh M K OCaJKy IMpUOaBbTE pPacTBOP
TUAPOKCH]Ia AMMOHHUS JI0 TIOJTHOTO €r0 PaCTBOPEHHSI.

2. B npoOupky ¢ pacCTBOPOM MOJY4YEHHOTO KOMILJIEKCHOT'O COE/IU-
Henus [Ag(NH3),]Cl npubaBbTe HECKOIBKO Kareab a30THOM KUCIIOTHI.
Kucnora Gepercs B M30BITKE, YTO KOHTPOJHMPYETCS HHAUKATOPOM.
Yro nabmogaere?

P@Sy]lbmal’l’Ibl dKcnepumernma

3anuIumnTe ypaBHEHUS PEAKIMU TMOJYYCHUS U Pa3pyLICHUAS KOM-
IeKCHoro coenuHeHus. [loaTBepaure HaOI0JaeMble pEaKIUU pac-
YEeTaMH.

Oneim 2. I Losyyenue cudpoxcuda medu u npespamyeriue e2o
6 KoMnexcroe coedurerine. Paspyuserine xomn.iexca

ObopyodosaHue u peakmugvl. TATUB C NMPOOUpPKamMu. PacTBOpHI:
cynbbat meau, cyibbun Hatpus (C = 1 Mosb/i1), amMuak (KOHIT).

Buvinonnenue pabomoi

K Tpem kamisim pactBopa cyib(daTa Menu mpuOaBbTE JBE KAIlIM
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pacTBopa ammuaka. HaGmromaiiTe BbITIajieHHEe ToayOoro ocagka TH/I-
pokcuaa Meau. 3aTeM I10 KaruisiM MpruOaBbTe M30BITOK pacTBOpa T'H/I-
pokcuaa amMmMmoHusi Uto Habmronaere? PaspyiibTe KOMIUIEKCHOE CO-
eAUHEHHE 3—5 KamIsIMu CyJIb(puIa HaTPHS.

Pe3yﬂbmambz IKCnepumernma

3anumuTe ypaBHEHUs peakiuil o0pa3oBaHMs THAPOKCUAA MEJH,
KOMIUIEKCHOTO COCJMHEHUS, a TAK)KE Pa3pyIICHUsI KOMIUIEKCHOTO HO-
Ha B MIOHHOM U MOJIEKYJISIpHOM Bujie. O0bsicHUTE 00pa3oBaHKUE OCaaKa

YCPpHOTO I1BCTA. HOI[TBep,Z[I/ITe Ha6JIIO,Z[a€MI>I€ SABJICHUA pacucTaMu
(ITP (CuS) = 6,3-10 ).

Onwim 3. Komnaexcrsre coeounerus

6 pearyusax uomnoeo obmera

ObopyoosaHue u peakmusvl. MTATUB C MPoOUpKaMu. PacTBOpHI:
cosib Mopa, xnopun xenesa (III), rekcanimanodeppar (II) kamus (xen-

Tas KpoBsiHas coib) U rekcanuanodeppar (III) kanus (kpachHast kpo-
BsiHas coiib) (C = 0,1 mosb/n).

A. Kauecmeennasn peakuus na kamuon xcenesa (Il)

Buinonnenue pabomoi

B npoOupky BHecute 2—4 KaruiM CBEXKENPUTOTOBJICHHOTO pac-
TBOpa comi Mopa (NH,),Fe(SO,4), u npubaBbTe paBHBI 00BEM pac-
TBOpa rekcarmanodeppara (III) kanus K;[Fe(CN)g]. K conepxxumomy
npoOoupku npudaBbTe 3 MJI JAUCTUJUIMPOBAHHOM BOJbl. YUTO Ha-
osonaere?

b. Kauecmeennaa peaxkyusa na kamuon sxycenesa (I11)

Buvinonnenue pabomoi

B npoOupky BHecute 2—3 karmu pactBopa FeCls u npubaBete 2—3
karum pactBopa rekcarmanodeppara (II) kamus Ky[Fe(CN)g]. Co-
TEePKUMOE MPOOUPKH TaK ke, KaK U B MPEbIAYIIEM ONbITE, pa30aBbTe
BoJI0M. UTO Habmonaere?

Pe3yﬂbmambl dKcnepumernma

3anumure YPaBHCHHUC COOTBCTCTBYIOIINX peaKHI/Iﬁ B HOHHOM
U MOJICKYJIIPHOM BHAC. HazoBuTe BCE KOMILJICKCHBIC COCAMHCHUA
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no HomeHknatype UIOIIAK, naiite TpuBuanbhuble Ha3zBaHus. Cdop-
MYJIUPYUTE, KaKU€ KOMIUIEKCHBIE COEIUHEHUSI KATUOHOB JKEJe3a
(KpacHasi KpOBsiHasl COJIb, JKE€JITasi KPOBSHASI COJIb) SIBJISIIOTCSL PEaKTH-
Bamu Ha noHblI xkene3a (11) u (II).

Temva 10. OKHCAHTEABHO-BOCCTAHOBHTEABLHBIE

peaxnuu (OBP)

Onvim 1. Baugnue pH cpeder 1a npomexarie
OKUCAUNIENBHO-60CCIIAHOBUINEABHOY peaKyuil

ObopyoosaHue u peakmusvl. MTATUB C MPoOUpKaMu. PacTBOpHI:
nepmaHrasat kanus u cyabdut Hatpus (C = 0,5 Momaw/1), nuxXpomat
kamusgs (C = 1 Momb/i), THUAPOKCHA HATpHs W CepHas KHUCIOTa
(C=0,1 momnw/m).

A. Bauanue pH-cpedvl ha 6occmanogienue nepmaHeanama Kaaus
Buvinonnenue pabomeot

Hanetite B Tpu mpoOupku 3—4 Karuiy pacTBOpa NepMaHraHaTa Ka-
naus. B mepByro mpoOupkKy BHecuTe 2—3 Kallld pacTBOpa CEPHOU KH-
CJIOTBI, B IPYTYIO — CTOJIBKO K€ JTUCTULIMPOBAHHON BOJbI, B TPETHIO
— TaKoM ke 00beM pactBopa menour. Bo Bce 3 mpobupku n1006aBbTe
no 3—4 xamnu cynabdura Hatpusi. OTMEThTE U3MEHEHHUS B IIBETE pac-
TBOPOB, MOSIBJIEHUE OCAJIKA.

P@Syﬂbmambl dKcnepumernma

Hanummre ypaBHeHusa peakuuii BoccraHoBieHuss KMnO, cynb-
¢buTOM HATpHUs B KUCIIOW, HEUTPAIbHOU, METOYHON cpefie. YUTHUTE,
YTO COCAWHEHUS MapraHila B Pa3JUYHBIX CTEHEHSIX €ro OKHUCJICHHUS
B pacTBOpax Mo-pazHOMY OKpaiieHbl: HoH MnO,4 nmeet GUoIEeTOBYIO
okpacky; Mn”' mpakThdyeckn OeciBeTeH (B KOHIIEHTPHPOBAHHOM
pacTBOpe — C1a00-pPO30BbIil), MnO,” — 3enenyo, MnO, — OypbhIid
OCaJIOK.

YKaXuTe TUIl OKUCIUTEIBHO-BOCCTAHOBUTEIIBHOW pEaKIMU. BbI-
yuciauB DJIC, o0bAcHUTE, B KaKOW cpejie IepMaHraHaT-uoH HanboJee
CUJIBHO TMPOSABIISET OKUCIUTEIBHBIE CBOMCTBA. BhIUHUCINTE MOJISPHYIO
MAacCCy BEIIECTBA SKBUBAJICHTA OKUCIUTEIS B KAXKIOM CiIydae.
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b. Okucaumenvusie ceolicmea coeOuHeHUIl Xpoma
CcO cmeneHnvlo oKucienus +6

Buvinonnenue pabomeot

B nBe mpoOupku BHecuTe 4—5 Kamenb pacTBOpa Ouxpomara Ka-
nausi, 100aBbTe B MEpBYI 3—4 Kaljid pacTBOpa CEPHOM KHUCIOTHI,
BO BTOpYI0 — 3—4 Kkaruiu pacTBopa ruapokcuaa Hatpus. OOparute
BHUMaHUE Ha U3MEHEHHE I[BETa pacTBOpPa BO BTOPOI MPOOUPKE: sSpKasi
areJIbCUHOBAs OKPacCKa Iepenuia B JKENTyHo:

Cr,07 +20H™ —2CrO; +H,0.

B 06e nmpoOupku nodaBbre 3—4 kamau cynbputra HaTpus. UTo
HaOmronaere?

P@S)Ulbl”l’ldl’l’lbl dKcnepumernma

Hamuimure ypaBHEHMsS peakUUil BOCCTAHOBJIIEHHUS OKHUCIIUTENS
B KHCJIOM M LIEJIOYHOMN Cpelie. YUTUTE, UTO COEAUHEHUS XpOMa B pac-
TBOpPAX IIO-PAa3HOMY OKpAILICHBI: Cr2072_ MMEET SIPKO-aNeIbCUHOBBIN
IIBET, CrO42_ — JKCJITHIN, Cr — TeMHO-3¢eneHbIi, CrO, — KEJITBIN.
YKax)UTE TUIT OKUCIUTEIbHO-BOCCTAHOBUTEIBLHON peakuuu. Beruuc-
muB DJIC, oObsicHUTE, B KAKOW Cpejie COCIMHEHHS XpoMa CO CTere-
HbIO OKHCIIEHHS +6 Hambojee CHIBHO MPOSBIIIIOT OKHCIUTEIbHBIC
CBOMCTBA. BpruncinTe MOJAPHYHO MacCy BEIIECTBA SKBHUBAJICHTA
OKHUCJIUTENS B 000UX CIIydasXx.

Onsim 2. Peaxyus ducnponopyuonuposarius
(CaMOOKUCACHUA — CaMOBOCCINANOE.1e1US)
ObopyoosaHue u peaxmusvl. BOJAsHAs OaHs (CTakaH C Topsyeu

BOJIOM), INTAaTUB C MpoOupkamMu. PacTBop: mepokcua BOIOPOIA
(c maccoBoi nogeit 3 %).

Buvinonnenue pabomoi

Haneiite B nBe mpoOupku mo 1 mu pactBopa H,O, u B oaHy
u3 HUX BHecute 3—4 kamiu MnQO,. [pyryro npoOUpKy TOJBKO C Iie-
POKCHJIOM BOJIOPOJIa HArpeuTe, OMyCTUB €€ B CTakaH C TopsiYed BO-
noit. Uro nHabmromaete? Kakoil mpoayKT BbIACASETCS?
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P€3yﬂbman’Ibl dKcnepumernma

3anuIIuTe YpaBHEHUE PEAKLUMU AUCHPOIOPLIMOHUPOBAHUS TIE-
POKCHIa BOAOPOIA SJEKTPOHHO-UOHHBIM METOAOM. Y KAXKUTE, B KAKOU
MOJIYPEAKIMA MEPOKCHJ BOJOPOJIA — OKHUCIHUTENb, B KAKOM — BOC-
ctaHoBUTENb. OOBSICHUTE, MOYEMYy IMEPOKCHUJ BOJIOpOJa CIOCOOEH
K PEAKIIUM JUCIPOIIOPIMOHUPOBAHUS. B Kakux yCJIOBHAX 3TOT IIPO-
1[eCC MpOTEKaeT Jjierue?

Onvim 3. Bruympumosnexyaapeze
OKUCAUINESNbHO-B0CCIIAHOBUINENBHDLE PeaKytl
(Oemoricmpayuoririviii)

ObopyoosaHnue u peakxmuevl. Kepamuuyeckas IUIACTUHKA, CIIHUP-
TOBKa, CHUYKH, JYYHHKA, AUXPOMAT aMMOHUS (KPHUCT.), STHIIOBBIN
CITHPT.

Buvinonnenue pabomeot

N3yuure peakuurio pasiiokeHus guxpomara amMmmoHus. Ha kepamu-
YECKYIO IJIACTUHKY MOMECTUTE TOPKOW HEOOJIBIIOE KOJWYECTBO COJIH,
CMOYMTE €€ CIIUPTOM U MOAOKIUTE €ro. Yepe3 HECKOIbKO CEKYH/I MPO-
TEeKaeT OypHOE Pa3JI0KEHUE AUXPOMATa AMMOHMUS («BYJIKAHYHUK).

P@Syﬂbmambl dKcnepumernma

3anuinMTe ypaBHEHHE XMMHUYECKOW pPEaKIuu Pa3JIOKCHUS -
XpoMaTra aMMOHMS, WCHOJIb3ysl METOJA BJIEKTPOHHOro OanaHca.
VYuectb, uTO TIpU 3TOM 00Opazyerca okcua xpoma (III), BeimensieTcs
a30T W Mapbl BOABL. ATOMBI KaKOTO 3JIEMEHTAa OBUIM OKHCIUTEIEM?
BoccranoButenem? Iloyemy yMecTHO MCIHOJIb30BAaHHE METO/AA DJIEK-
TpOHHOrOo OajlaHCca TPU COCTABJIEHUU JIAHHOM  OKUCIIHUTEIb-
HO-BOCCTAHOBUTEIBHOU PEAKIIUU?

Tema 11. DaexTpoxumudeckre Iporecchl

Onsim 1. Daexmporus pacmeopa noduda xaius

Obopyoosanue u peakmugol. TpadONPOEKTOP, BHIIPIMUTEIH JJICK-
Tpuyeckoro Toka BC-24, yamka [letpu, mennbie 3nekTpopl. PacTBOpPHI:
noaua kaus (o = 30 %), benoadraneun, kpaxmai (o = 1 %).
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Buvinonnenue pabomoi

B vamky IleTpu nomMemaroT 31eKTpoapl (pUc. 5), HAIUBAIOT pac-
TBOp MOJIUJIa KaJldsl TOHKUM CJIOEM TakK, YTOOBI AJIEKTPOJIbI KacaaucCh
KUJKOCTH.

AHOJ{ KATOJ{

Puc. 5. DnekTponus pacTBopa noauaa Kajius

HaBeaute Ha pe3kocTh M300pakeHUs Ha dKpaHe. BkirrounTe ncroy-
HUK TOCTOSIHHOTO TOKa. Uepe3 HECKOJIbKO CEKYHJ y aHOJa MOSBIISETCS
xenroe niaTHo. B 30ny aHona (A) u karona (K) BHocsT Mo karuie pac-
TBOp KpaxMmaia. B cuHuUil 11BeT OKpammBaeTcs IMSITHO TOJBKO Y aHOJA.
B 3TH xe 30HBI BHOCAT 1O Karuie pactBopa (enondranenHa. Y karoaa
MOSIBJISIETCS XapaKTepHOE MAJIMHOBOE OKpaIllMBaHHE.

Pe3yﬂbmambl IKCnepumernma

3anuIuTe MoJypeakiui BOCCTAHOBJICHHS U OKUCIICHUSI HA KaTo-
JI€ M aHOJI€ TPU 3JIEKTPOJIM3E PacTBOpa COJIM, a TAKKE MOHHOE U MO-
JekyiasipHoe ypaBHeHus. Kak oOHapyXuiii B 30HE aHOoJla 00pa3oBaHUe
1oja, a B 30HE KaTtoga — TuApokcu kKanus? [lonb3ysch 3HaUEHUSIMU
CTaHJIAPTHBIX DJICKTPOIHBIX IMOTEHIIMATIOB, OIICHUTE, KaKUe U3 yKa-
3aHHBIX MOJYpEaKUUi MPOTEKAIOT Ha AJIEKTPOAAX MPU DIIEKTPOIIU3E
pacTBOpa MOJIUIA Kalus. 3apucyuTe mpuoop.

Onvim 2. Daexmposus nacviaeriozo pacmeopa
x0puda Hampus

Obopyoosanue u peakmugol: IpUOOP ISl dJeKTponau3a (puc. 6),
BBITIPSAMUTEND AekTpudeckoro Toka BC-24M unu BC-12, npobupkwu,
cnupToBKa. PacTBOPHI: HACHIMICHHBIM XJIOpHUI HATpus, eHondTane-
uH. MonokpaxmanbHas Oymara.

Buinonnenue pabomet

CoOuparoT mpudop corjacHo puc. 6.
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Puc. 6. DiekTposin3 pacTBOpa XJIOpUIa HATPUS

B cocya HanmmBarT 35eKTposUT — xJjopua Hatpus. Katon (xe-
JIC3HBIM CTEP)KEHB) MPUCOSTUHSIIOT K KJIEMME KaToJ/la BBIMPSIMUATEIIS.
AHOJI (YTOJBHBIA 3JEKTPOJI) MPUCOEIUHSIIOT K aHOAY BBIIPSIMUTEIIS.
Ha BOpOHKY MOMEIIAIOT CMOYEHHYIO HOAOKpaxMalibHyt0 Oymary. Ye-
pe3 DIIEKTPOIUT MPOIYCKAIOT TOK HANpsHKeHUEM 10 20 BOJIBT C CHIION
Toka 4—5 ammep. Beimensronuiicss BOAOPOJ Ha KaToje COOMpParoT
B MpoOupky. Hannune ero nmpoBepsitoT Mo OOUIECIPUHATON METOUKE.
Hanuuue xyopa nmoATBEpKIal0T HOJOKpaxXMalbHON Oymaroii, Kotopas
OKpAalIMBAaeTCAd B CUHMUM LBET. [IpOMYKT 3JIEKTpOIM3a — TUAPOKCHUT
HaTpus — OOHAPYKUBAIOT C MOMOIIBIO (heHOoIPTaIenHA.

P@Sy]lbmal’l’Ibl dKcnepumernma

OOBsicHUTE TPOLIECChl, MPOUCXOAIINE y KaToAa W aHoJa, HUC-
MOJIb3YS. CXEMbl OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX IMPOIECCOB. 3a-
NUIINTE UOHHBIE U MOJIEKYJISIPHbIE YPABHEHHUS 3JIEKTPOJIM3a COJIH. 3a-
pucyiite mpuodop.

Onvim 3. Daexmponus pacmsopos

xaopuda u cyaspama meou (1)

Obopyoosanue u peakmusvl: YroOJbHBIC DJIEKTPOJbI, YKPEIICH-
HbIE B IUIACTUHKE (M30JIATOp), XMMHUYECKHI cTakaH (10 pa3zmepam

AIEKTPOA0B). Brimpsimutensb snexktpudeckoro toka BC-24M. Pacto-
pbI coueil: cynbdar u xsmopug meau (II).
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Buvinonnenue pabomoi

YcTaHOBKY COOMpAIOT coryiacHO puc. 7. B cTakaH HaimMBaroT pac-
TBOP COJIM — XJIOPUJA MEAU, B KOTOPBIA MOrPYKAIOT 3JIEKTPOJbI.
BxtouaroT nctouHuk Toka. Habmromaercs oTiioxkeHue Meau Ha KaTo-
ne (K). Ha anone (A) BbiaensieTcss Xjop, KOTOPBIM MOKHO OOHapy-
YKUTh MO 3aIaxy UJIU M0 MOCUHEHUIO HoJ0KpaxMalibHOM OyMaru.

Onexrponus cynbpara meau (II) mpoBonar ananoruuno. Hanuuue
CEPHOM KHUCJIOTHI MOATBEPKAAOT UHIUKATOPOM.

KATOJ ) [ AHOT

Puc. 7. Dnekrponu3 pactopa xsopuaa meau (II)

Pe3yfzbmambz dKcnepumernma

3anuiuTe peakiud BOCCTAHOBJCHMS Ha KaTOJ€ M OKHCICHUS
Ha aHOJIe MpH 3BJeKTposnze xjaopuaa u cyinbdpara meau (II), a Taxxe
WOHHBIE U MOJICKYJISIPHBIE YPABHEHUS 3JIEKTPOJIM3a PACTBOPOB 3THUX
coJieil. 3apucyite nmpuoop.

Onsim 4. Hsyuenue kopposuu memannoé

Obopyoosanue u peakmugvl: BEChbl TEXHHUUECKHE, XUMHUYCCKHIM
crakaH. [{lmHKOBAs, Kee3Has M MeAHas TJIACTUHBI, PACTBOP COJISTHOM
kuciotsl (C = 0,1 monb/n).

Buvinonnenue pabomoi

Mertammuueckue IUIACTUHBI TIIATEIBHO 3aYUCTUTE HAXKIAYHOMN
Oymaroil, MpoMOWTE AUCTUIUIMPOBAHHOW BOAOW M TpoTpuUTe (HUIIb-
TpoBaJibHOM Oymaroi. Omnpenenure MacCy IUIACTHH Ha TEXHUYECKHUX
Becax, pe3yJibTaT 3aMUIINTE B JIAOOPATOPHBIN KypHaI.
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B xuMHuYecKkuil cTakaH 3aJIeTe pacTBOP COJSHOW KHUCIOTHL. Co-
CANMHUTE MEXIY COOOHM KEIe3HYI0 M IIMHKOBYIO TUIACTUHBI M TIOMeE-
ctutre ux B crakaH Ha 30 muHyT. V3BNEKkUTE NMIaCTUHBI U3 CTaKaHa,
CIOJIOCHUTE UX AUCTHUJUIMPOBAHHOW BOJOU M MPOTPUTE (PUIHTPOBAIH-
HOI1 Oymaroii. BHOBb mpoBenuTe B3BEIIMBAHUE MJIACTHH.

[ToBTOpUTE OMBIT C KEJIE3HOM U METHOM ILUIACTUHOM.

P@S’yﬂbmal’nbl dKcnepumernma

1. IlpuBeauTe cxeMy KOPPO3MOHHOTO BJIEMEHTA.

2. JIyist KaxKJI0W Mapbl METAUIOB YKAXKUTE KATOJ U aHOJ. 3aluIIIN-
T€ YPAaBHEHUS AaHOJHOI'O M KaTOJHOIO ITPOLIECCOB, & TAKKE CYMMapHOE
ypaBHeHUE peakiuu. OOBSCHUTE C MOMOIIBI0 ITUX PEAKIMM JKCIIe-
pUMEHTaIbHbIC HAOIIOACHUS U3MEHEHHS MACChI IJIACTHH.

3. PaccuuTaiiTe MOTEHIMAI KaTOAHON peakluuu U O0bICHUTE BIIU-
SHUE MMPUPOJIBI KCITOIB30BAHHBIX METAJIOB.

4. Kakoe mpakTUYE€CKOE HCIOJIb30BAaHHE MOTYT UMETh HaOJIIO7a-
EMBIC SIBJICHUSA !
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HEOPTAHMNYECKAA XUMMNA.
DAEMEHTDI 'TAABHDBIX ITOAT'PVYIIII

Tema 12. ' asroressr

Onwtm 1. Pacmesopernue Br,, 1,6 60de u 6 mosyose

Obopyoosarnue u peakmugvl: ITATUB ¢ TIpoOupkamu. HacwlieH-
HBbIE PacTBOPHI: OPOM, MO B BOJAE, TOMYOd (MK APYroil HEMOJSIPHBIN
OPTraHUYECKUN paCTBOPUTEID).

Buvinonnenue pabomoi

B nBe npoOupku HaneiTe mo 1 mi1 3apaHee MPUTOTOBICHHBIX pac-
TBOpPOB OpomMa u #ona B Boae. OOpatute BHUMAHHE Ha I[BET BOJIHBIX
pacTBOpOB rajoreHoB. B kaxayio mpoOupky BHecute 1o 0,5 M To-
JyOoJia U YHEPTUYHO BCTpSAXHUBAWTE MpUMEPHO 20 CEKyHJ ABE HE CMe-
MIMBAOIINECS MEXKITY COOO0H KUIKOCTH.

P@S’yﬂbmanbl IKCnepumernma

3apucyite pe3yabTarbl onbiTa. OTMETHTE LBET TajJOreHOB B IIO-
JISIPHOM M HETIOJISIPHOM pacTBOpUTENsiX. Pazdepute cTpoeHre MOJIEKYJIbI
rajorena (Ha npumepe oaa) merogoM BC u MO u o0bsicHuTE, TTOUEMy
OKpacuJICsl OpraHUYECKHid cllol, a BoAHast (haza okpacky yrparuia. Kak
Ha3bIBACTCSA MPOLECC MEPEXO0Ja BEMIECTBA W3 OJHOTO PACTBOPUTEIIS
B IPYTOM, B KOTOPOM BELIECTBO pactBopsercs Jiyumie? [louemy ramore-
HBI JIY4IIIE pPACTBOPSIIOTCS B HEMOJISIPHBIX PACTBOPUTENSX ?

Onsim 2. Aeticrnsue x0protl 600s1
Ha pacmeop cudpoxcuda Hampus

ObopyoosaHue u peakmusvl: MTATUB ¢ TpoOupkamu. HacwlieH-
HBII pacTBOp XJopa B BOJE, pPAcTBOP THAPOKCHUAA HATPUS
(C=0,1 monw/m).

Buvinoanenue pabomul

B npobupky k 2—3 M1 XJIOpHOI BOABI MPUJIEHTE N0 KaIIsiM (U3 MH-
MIETKW) pacTBOp TMAPOKCHUA HATPUS, TOKA HE UCUE3HET 3aIax XJopa.
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P€3yﬂbman’Ibl dKcnepumernma

Kak o0bacHUTH MCUE3HOBEHHE 3amaxa xjopa? B kakoil mocnemo-
BATEIBbHOCTU THUJIPOKCHU]T HATPUA HEUTPAIU3ZYET ABE KHUCIOThI, KOTO-
pble HaxoIsATCs B pacTBOpe? 3aluUIIUTE WOHHBIE W MOJIEKYJISIPHBIE
YPABHEHHS COOTBETCTBYIOIINX XUMHUYECKUX PEAKIIAM.

Onvim 3. Chasrerine oKUCAUNENBHOW AKINUSHOCHIU 2d1026106

Obopyoosarnue u peakmugwl: MTATUB ¢ TpoOUpKkaMu. PacTBopsI:
Hox (HackIl.), cyabdua HaTpus u cosisiHas kuciota (C = 0,1 mosb/n).

Buvinonnenue pabomet

B npoGupky BHecuTe 3—5 Kamenb HWOJHON BOJbI, 3aTEM J0OaBbTE
1-3 Karmim coyIsTHOM KUCIIOTHI U HECKOJIBKO Kamesb CyJab(uaa HaTpusl.
HaOmtonaiite moMmyTHEHHE pacTBOpa, KOTOPOE BHI3BAHO OOpa30BaHMU-
€M B3BeCcU aMOP(HON TOHKOIUCTIEPCHOM CEpPHI.

P@S)Ulbl”l’ldl’l’lbl dKcnepumernma

3anuIInTe YPaBHEHHUSI OKHUCIWUTEIBbHO-BOCCTAHOBUTEIIBHON PEaK-
uuu. [Ipeanonoxure BO3MOKHOCTh MPOTEKAHUS PEAKIIUU C XJIOPHOU
u OpoMHOM BoAOM. Pacmosnoxxure rajoreHsl B psl Mo yOBIBAHUIO UX
OKHUCJIUTEIbHOM AaKTUBHOCTH. IlOCHEM0BATENBHOCTh PACIOJIOKEHUS
OOBSICHUTE HAa OCHOBAHUHM OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX TO-
TeHanoB. Moryt iu rajgorensl (F,, Cl,, Br,, I,) nposBisaTe BoccTa-
HOBUTEJIbHBIE cBoMcTBa? OTBET OOOCHYHTE.

Oneim 4. Bocermarosumenstoie c80icinéa 2a02eHu0-1oHo8

ObopyoosaHue u peakmugwvl: MTATUB C IPOOUPKAMU, CTCKIISTHHAS
nanouka. PactBopsl: noaua u ouxpomat kanus (C = 0,1 mons/n), cep-
Hag kucinota (C = 0,1 moib/n), TomyoIL.

Buvinonnenue pabomoi

B npo6upky BHecuTe 2—4 Karii OuxpomMara Kajius U MOJKUCINUTE
ero 1-2 kammsMu pacTBOpa CEpPHOM KHUCIOTHI, 100aBbTe 2—3 Karuiu
noauaa kanusa. PacTBop TmiatenabHO Tnepememnnaite, npuiente 0,5 mi
TOJIyOJia U TIPOBEAUTE IKCTPAKIMIO 00Pa30BaBIIErOCs rajoreHa opra-
HAYECKUM PACTBOPUTEIIEM.

35



P€3yﬂbman’Ibl dKcnepumernma

B kakoM cilyyae BOCCTAaHOBJICHHE IUXpOMAaTa Kalus HE MpoO-
V301107 3aNUIINTEe UOHHBIE U MOJICKYJIAPHBIE YPAaBHEHHS XUMHUYE-
CKHUX pEeaKIui BOCCTAaHOBJICHUS OUXpOMAaT-MOHA B KaTHOH Cr’". Pac-
MOJIOKUTE TaJOTCHHUJI-UOHBI B Psi MO YOBIBAHMIO HUX BOCCTAHOBH-
TEJIbHOW aKTUBHOCTH.

Tema 13. Xasprorensr. Cepa u ee COEAHHEHHA

Onsim 1. Asnomponrvie moouguxayuu cepor

Obopyodosarue u peakmugul: TATUB C TPOOUPKAMH, CIIUPTOBKA,
CIIUYKHU, TUHIIET, cTakaH o0beMoM 50 MJI ¢ XOJIOAHOU BOJIOH, OyMax-
HBIN «IIaKEeT», 3aKUM JIJISI IPOOUPOK, OPOIIOK CEPHI.

Buvinonnenue pabomoi

[lonmoBuHy OOBEeMa MPOOUPKU 3aMOTHUTE TMOPOIIKOM CEpPhl. YK-
penuB €€ B 3aXKUME, MEIJICHHO HarpeBaiite mo Bcemy o0bemy. Ha-
OJItO/TaiiTe TIPOUCXOMSIINE W3MEHEHHUS B I[BETE€ M BSI3KOCTH pPacIlIaB-
JIEHHOU cepbl. B MOMEHT, KOraa BSI3KOCTh CEPBI PE3KO YMEHBIINIIACH,
BbUICHTE OJHY IMOJOBHHY pacIulaBa B CTaKaH C XOJOJIHOW BOAOH (ObI-
CTpO€ OXJXKIECHUE), NPYTYI0 — B OyMa)KHBIM MakeT (MEIJIEHHOE OX-
naxnaenne). [lomydeHHyIO IUIACTUYECKYIO CEpy BBIHBTE W3 CTakKaHa
C MOMOIUIBIO NMHUHIIETA U PACTSHUTE B TOHKYIO HUTh. PazopBure Oymax-
HBIM MMAKETUK U PACCMOTPUTE CTPOEHUE MOJYYEHHBIX KPUCTAIIIOB CEPHI.

P@Sy]lbmal’l’Ibl dKcnepumernma

[Touemy mpu HarpeBaHWHW pacriaBa Cepbl €ro IBET U3MEHSETCS
OT >KEJITOT0 JO0 TeMHO-KOPUYHEBOTr'0, a C MOBBIIICHUEM TeMIepaTyphl
pactiaBa 10 160° u BbIIE BSI3KOCTh JKUAKOCTH YBEIWYUBACTCS?
[Ipu kakol TemIiepaType U IMOYeMy BSI3KOCTh paciljlaBa Cepbl BHOBb
yMeHbIaeTca? YTo MpoucXouT, €ClIM TaKOW paciljiaB BBUIMTH B XO-
noanyro Boay? KakoBa cTpykTypa miactudeckou cepol? Uem oTimya-
€TCsd poMOMYecKasi cepa OT MOHOKIMHHOW (IO CTPYyKType, pusnue-
CKUM CBOMCTBaM)?
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Onvim 2. I Losyyenue
ManopacmeopuMsLx ¢)16@uoos Memaiios

ObopyodosaHue u peakmusvl. TATUB C MPoOUpKaMu. PacTBOpHI:
cynbdar nuHka, cyabpar meau (II), xmopun kaamus (C = 0,1 moinb/n),
cynbdua Hatpusa wiaum ammoHusi (C = 4 Moyb/1), COJIAHAsT KUCIOTa
(C =1 monw/n).

Buvinonnenue pabomet

B Tpu npobupku BHecuTe no 3—4 Karid pacTBOPOB COJICH ITMHKA,
menu (I1) m kagmus. B xaxapiid pacTBop n00aBbTe 2—4 KaIlid CYJib-
dbuna Hatpus (uniu ammoHus). HaOGmromaiite oOpa3zoBaHHME OCAIKOB.
K ocagkam npuneiite 1 M constHoi KucinoTel. Uto Habmogaere?

P@S)Ulbl”l’ldl’l’lbl dKcnepumernma

3anuiIMTe MOHHBIE U MOJICKYJISIPHBIC YPABHEHUS XUMUUYECKUX Pe-
akiui oOpazoBanus cyiabpuaoB 1uuka, meau (I1) u kagmus. OTMeThb-
T€ UBET MOJYYEHHBIX OCAAKOB. [101b3ysICh MOHATHEM MPOU3BEACHUS
pPacTBOPUMOCTH, OOBSICHUTE 00pa30BaHHWE MAJIOPACTBOPUMBIX CYJIb-
dbunoB nuuka, meau (II) u kagmus. Onupasick Ha YCIOBHUSI pacTBOpe-
HUS OCaJKa, OLIEHUTE UX PACTBOPUMOCTb B COJISTHOM Kuciote. OTBET
000OCHYHTE COOTBETCTBYIOIIUMH PACUECTAMH.

Onsim 3. Bocemarosumenvrwie céoticmséa c)is@uo-uotia

Obopyoosanue u peakmugvl. TaTUB ¢ NpoOUpKamMu. PacTBOpHI:
nepMaHrasat kauus, omxpomat kanus (C = 0,1 MoJib/i1), HachIIIEH-
HBII pacTBoOp cyJibduaa HaTpus win aMMonus (C = 1 Monw/1), cepHas
kuciora (C = 2 MoJb/1).

Buvinonnenue pabomet

B oany npoOupKy BHECHTE 5 Kallelib pacTBOpa NepMaHraHara Ka-
7S, a B IPYTYH0 — TaKOE K€ KOJIUYECTBO OMXpoMarta KaJius, IOJKKC-
JIATE UX ABYMS KaIUIsIMU CEPHOM KUCIIOTON. BHEecUuTe B KaxIyro Ipo-
OMpPKY MO KaruisiM CcyJibGuia HATPUS UM AMMOHHUS 0 U3MEHEHUS OK-
PaCKM Ka)JI0ro pacTBOpa U €ro NOMYTHEHUS BCJIEIACTBUE BbIICICHUS
TOHKOJIMCIIEPCHOM CEphl, 00pa30BaBILICHCS B PE3yJIbTaTe OKUCIUTEh-
HO-BOCCTaHOBUTEIBHON PEAKIIUH.
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P€3yﬂbman’Ibl dKcnepumernma

3anuImMTe MOHHBIE U MOJIEKYJISIPHBIE YPABHEHUSI COOTBETCTBYIO-
IIUX OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIMil. YUEeCTh, YTO B KHU-
CJIOM cpejie BOCCTAHOBJICHUE TIEPMAHTaHaT U OMXpOMaT-uOHOB IIPOTE-
KaeT 1mo cxemam: MnO, — Mn2+, a Cr20727 — 2Cr". Kakoii LIBET
UMEIOT 3TH MOHBI? MOXET U CyJab(pUI-UOH BBICTYNATh B KauyeCTBE
OKHCJIMTENSA, BCTYIIaTh B XUMUYECKUE PEAKIIMHU JUCIPONOPIIMOHUPO-
BaHusA? OTBET 00OCHYHTE.

Onvim 4. Bsaumooedicmesue pasbaserot ceprotl Kucaonvl
¢ Memanaamu

Obopyoosanue u peakmugsl. ITATUB ¢ TPOOUPKAMH, dIEKTpUYE-
CKas IUINTKA, CTakaH C BOJIOM, pacTBOpP CEpPHOM KHUCJIOTHI
(C =2 Monb/11), KyCOUKH IIMHKA, XKeJIe3a, ME]IH.

Buvinonnenue pabomeot

B Tpu npoOupku BHecuTe 5—8 Kamenab pa30aBICHHOTO PacTBOpa
CEpHOM KHUCJIOTHI, a 3aTEM METAJUIbl: B MEPBYIO — KYCOYEK IIUHKA,
BO BTOPYIO — jKeJje3a, a B TpeThio — Meau. Ecnu peakuus uaetr mea-
JIEHHO, CJIETKA MOJOTPENTe cCoaepKUMOE MPOOUPOK Ha BOJSHON OaHe.

P@S)Ulbl”l’ldl’l’lbl dKcnepumernma

B kakoM ciydae M moyemMy XHMHUYECKasi peaklys He MpoTeKaetr?
Kaxoil MOoH BBIMOJNHAET POJIb OKUCIHUTENA? 3alUIliTe UOHHBIE U MO-
JICKYJISIPHBIE YpPaBHEHUS XUMHUYECKUX peakimid. C KakuM MeTaljioM
Y TIOYEMY XMUMHUYECKasl peakiys nporekaeT obicTpee? OTBET 000CHYMTE.

Tema 14. Azor

Onoim 1. I losyuerue avimuara u ezo céoticméa
(Demorcmpayuonriviii)

Obopyoosanue u peakmugvl. >KENE3HBIM IITATUB, Ta300TBOIHAS
TpyOKa, KpUCTAIIU3aTOp C BOOH, (papdopoBas CTymka ¢ IMECTUKOM,
2 mmaressi, ClIMPTOBKA, CIIMYKU, CTEKJISTHHAS TTAJI0YKA, IITATUB C CyXUMHU
npooupkamu. PacTBopbl: comisiHas kuciota (KoHIL), deHoadTaaeuH;
XJIOpUJ, aMMOHUSI (KPHUCT. ), THAPOKCH (MM OKCH) KATTbIIUA (KPHCT.).
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Buvinonnenue pabomul

Pazotpute B cTymnke cMECh XJIOpUJa aMMOHHS U TUIPOKCUAA Kallb-
s (mpumMepHo 1o 1 1). 3anax kakoro rasa ooHapyxuaerca? [lepene-
CUTE CMECh B CYXYIO IIPOOHPKY C Ta300TBOIHOM TPYOKO# (puc. 8).

Puc. 8. [TonydyeHue aMmMuaka v €ro CBOMCTBa

Ha cnaboM miamMeHu CIUPTOBKM CMECh HarpeBailTe 3—5 MUHYT.
[Ipy momMomM MajgO4Yku, CMOYEHHOM COJIAHOM KHCJIOTOHM, W BJIAKHOM
JaKMYCOBOW OyMaKKu yOeIHuTech, YTO MpOOUpKa MOJHOCTHIO 3amoJi-
HEHA AMMHAKOM.

[IpekpaTuTe HarpeBaHWe, CHUMHUTE MPOOUPKY C AaMMHUAKOM U, HE
nepeBopaunBas ee (rmoyeMy?), 3aTKHUTE PE3UHOBOM MpoOkoil. Omyc-
TUTE MPOOUPKY B KPUCTAUIM3ATOP C BOJOHW, KyAa MPEABAPUTEIHHO
n00aBUIM HECKOJIbKO Kamenb (eHondranienHa. YaaauB mpoOUpKY,
Ha0r01aiTe, Kak ObICTPO MPOOUPKA 3aMOTHSAETCS BOJIOW U U3MEHSIET-
Csl OKpacka BoJibl ¢ (PEHOIPTATEUHOM.

P@Sy]lbmal’l’Ibl dKcnepumernma

3anuimnTe YpaBHEHUS XUMHUYECKUX PEAKIIMU MOJIYyYECHUS aMMHUa-
Ka, XJIOpUJa aMMOHUSI, B3aUMOJICHCTBHSI aMMHUaKka ¢ BOJOM (MOJEKy-
JsipHble U MOHHBIE). [louemy npu B3auMOAEHCTBUM aMMHUaKa C BOJAOU
npu 100aBJICHUU K pacTBOpY (¢eHondTagenHa pacTBOp CTAHOBUTCS
MAJIMHOBBIM? YKaXUTE, B KAKOM HAIPABJICHUHN CMENIAECTCS PaBHOBE-
CH€ B BOJIHOM PacTBOpPE aMMHAaKa P JOOABICHUHU K HEMY PacTBOPOB
HUTpATa aMMOHHUSI, COJISTHOW KUCJIOTHI?

Onwim 2. Boccrnarosumensroie céoticinéa amMmuara

Obopyoosanue u peakmugul. TATUB C poOUpKkamMu. PacTBopsr:
OpomHas Bojia, ammuak (o = 25 %), nepmanranat kanus (0,1 Momw/m).
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Buvinonnenue pabomul

B nBe npoOupku BHecuTe 1Mo 3—4 Kariu pacTBOPOB OpOMHOM BO-
Ikl U TIepMaHTraHaTa Kajius. B kaxayro u3 npooupok go6aBpTe 1mo 3—5
Kareiab KOHIIEHTPUPOBAHHOTO pacTBopa ammuaka. Kak u3zmeHsercs
OKpacka pacTBOPOB B KaXK10W MpoOupke?

P@S’yﬂbmal’nbl dKcnepumernma

3anuImnTe XUMHAYECKUE YPABHEHUS OKHCIUTEIIBHO-BOCCTAHO-
BUTEJILHBIX PEAKIMHA DAJICKTPOHHO-MOHHBIM METOJO0M. YYeCThb, YTO
B 000MX CIly4asX aMMHaK OKHCJISETCS J0 MOJICKYJSIPHOTO a30Ta,
a OKHCJIUTENIM BocCTaHaBIuBaroTcs 10 Br 1 MnO, COOTBETCTBEHHO.

Onvim 3. I losyuenue oxcuoa asoma (111) u eco pasioncerue

ObopyodosaHue u peakmusvl. TATUB C MPOOUpKamMu. PacTBOpHI:
cepHas kucnota (C = 1 Moyib/1), HUTPUT Kaius (HACHIILL. ).
Buvinonnenue pabomul

Brecute B npobupky 3—4 Kamid HaChIIIEHHOTO pacTBOpa HUTPH-
Ta Kaiusl U 700aBbTe | Karuio pacTBOpa CEpHOM KUCIOThL. OTMEThTE
MOSIBJICHUE B pacTBope rojiyooit okpacku N,Os, KOTOPBIM SBISETCS
aAHTUJIPUJIOM HEYCTONYMBOM a30TUCTON KUCIOTHI. OOBsICHUTE 00pa3o-
BaHME HaJl paCTBOPOM Oyporo rasa.

P@Syﬂbmambl dKcnepumernma

3anuImnTe ypaBHEHUS PEAKUUN B3aMMOJECUCTBUS HUTPUTA Kalus
C CEpHOM KHUCJIOTOM, MpOTEKarollero ¢ oopazoranueM N,Os, u mocie-
aytouero pacnazaa 3toro okcuaa Ha NO u NO, (peakuust qucrporop-
MOHUPOBAHUA).

Oneim 4. I Losyuenue oxcuoa asoma (117)
U ucenedosariue eo ceotce

Obopyoosanue u peakmusvl. *eJIE€3HbIH IITAaTUB, TA300TBOJHBIC
TpYOKH, KpUCTAILIIU3ATOP C BOAOM, mMprueMHUK okcua azota (IV), cta-
KaH, 3al0JTHECHHBIN JIbJIOM, CMEIIAHHBIM C XJIOPUIOM HaTpus (0XJIax-
JAl0Iasi CMECh), CHUPTOBKA, CIIMYKH, IITATUB C CYXUMU MPOOHUPKAMHU.
PacTBOpbI: HUTpAT CBUHIIA (KPUCT.), UHAUKATOP-METHUIOPAHK.
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Buvinonnenue pabomul

[Tonyuute okcua azora (IV) pasnoxkeHWeM HHUTpaTa CBHUHIIA.
Jlns aTOoro cobepurte npudOp, MoKa3aHHBIM Ha puc. 9.
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Puc. 9. [lonyuenue okcunaa azota (IV):
1 — npobupka ¢ HUTpaToM cBUHIA (4—5 T), 2 — NPUEMHHK OKCHJIA a30-
ta (IV) B cTakaHe ¢ oxjiaxaarolenid CMECh0, 3 — MPUEMHHUK KUCIOPO/Ia

B npoOupky 1 moMecTuTe HUTpPAT CBUHIIA U HATPEUTE IJIaMEHEM
cnupToBkU. HaOmromaiite BeiAeneHne Oyporo rasza («IMCHM XBOCTY),
KOTOPbI B NMPUEMHUKE 2 TMPU HUZKOW TEMIEpaType MpPEeBpAIIAETCS
B OCCIIBETHYIO XKHUJIKOCTh. B mpobupke 3 cobepure KUCIOPO, BBIJIC-
JSIOMIUNCS B XMMUYECKON pEaKIUM Pa3JIOKECHHS HUTpaTa CBUHIIA.
[Ipy moMomuM THEKIIEH JYYUHKA YOEOUTECh, YTO ATO KHUCIOPO.
B npo6upky 2 BHecuTe Kycodek jbpaa. Yto HabmomgaeTe?

P@Sy]lbmal’l’Ibl dKcnepumernma

3anuIrMTe XMMUYECKOE YPaBHEHUE PA3JIOKEHUSI HUTpAaTa CBUHIIA
(MeToxd AMEKTPOHHOTO OanaHca), YKaXUTe OKUCIUTENh U BOCCTAHOBHU-
TeIb U TUI OKUCIHUTEIbHO-BOCCTAHOBUTEIBbHON peakiuu. Kakoe Be-
IIIECTBO OCTaJIOCh B mpobupke 1?7 Ykaxure ero 1sert. [louemy B mpo-
Oupke 2 mpu OXJaXIECHUHM KpacHO-Oypbii okcua azora (IV) mpespa-
njaeTcss B OECUBETHYIO JKHAKOCTb, KOTOpasi OKPAIIMBAETCA B WHTECH-
CUBHBIM CHHMI LBET MpHU BHECEHMM Jbaa? Kakue XxuMHUecKue peak-
IUA OPU ITOM MPOUCXOAAT? 3aNUIIUTE HWOHHBIE U MOJEKYJSIPHbIC
ypaBHEHUS. YKOKUTE TUN OKHUCIUTEIHbHO-BOCCTAHOBUTEIIBHON peak-
i, OOBSICHUTE HWCIOJb30BAHUE TIICIOMICH JYYHMHKH JJIA TOJATBEP-
KJECHUSI HAJTMYUs B TPOOUPKE KUCIOPO/Ia.
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Onvim 5. Oxucaumensro-6occmariosumensiivie c60tcnea
HUmpum-uoros

Obopyodosarue u peakmugul. TATUB ¢ poOUpkamMu. PacTBopsr:
CepHas KHUCJIOTa, TIEpMaHTaHAT KaJus, WOAWA Kalvs, HUTPHUT KaJIUs
(C = 0,1 monp/m), TOMyOJI, UHAUKATOP — (PeHondTanenH.

Buvinonnenue pabomeot

B oany u3 npobupok BHEcCHUTe 2—3 KaIuld pacTBOpa MepMaHraHarta
KaJivs, B APYryr0 — 3—4 KaIiu MOJu/a Kalus U B KaXIyr 100aBbTe
3—5 Kamnenb pacTBOpa CEpHOM KUCIIOTHI. B MepByt0 BHECUTE HECKOJIb-
KO KalleJIb pacTBOpa HUTpHUTA Kaiaus (10 oOeCIBEUMBAHUS COJCPIKH-
MOTr0), BO BTOPYI0 — 2 KaIlJld pacTBopa HUTpUTa Kanus u 0,5 M To-
JyoJja ¥ TIHIaTeJIbHO nepemMeraiire. Uto nabmonaere?

Pe3yfzbmambz dKcnepumernma

Kakue cBoiicTBa MPOSABISET HUTPUT KAIUS B XUMHUYECKUX PEaAK-
IUSX C MepMAaHTaHATOM KaJusl U C UOAUIOM Kayusi? 3amuiinTe ypas-
HEHHSI OKHCIHUTEIbHO-BOCCTAHOBUTENBbHBIX peakiui. [louemy okpa-
CHUJICSI OpTaHUYECKUM CII0H (TOJIy0J1) BO BTOPOI Ipooupke?

Tema 15. Docghop

Onsim 1. Kauecmsernmwie peaxyuu ra gocpam-uon (PO,”)

ObopyoosaHnue u peakmuevl: MTATUB C MPOOUPKAMU, BOJSIHAS
O0ans. PactBopsl: dochopHas kuciaoTa (KOHIL.), MOJUOACHOBAS KU/~
KOCTh (HACBIIIEHHBIA PacTBOpP MOJMOJaTa aMMOHUS, MOJKUCICHHBIN
a30THOM KHCIIOTOM), MarHe3uanbHas cmech (MgCl +NH,OH+ NH,Cl),
HUTpAT cepedpa, hocdat HaTpus, kapoonat HaTpus (C = 0,1 monw/n),
ruapokcust ammoHus (C = 1 MoJb/11), MHOAUKATOpHAs Oymara.

A. /leticmeue monuooama amMmoHnus

Buvinonnenue pabomoi

B npoOupky BHecuTe 5—6 Kameilb MOJHOJCHOBOM KUJIKOCTH,
npubaBbTe Kario ¢pochopHor kucioTsl. CoaepKUMoe NPOOUPKH Ha-
rpeiiTe Ha BOAsSHOW OaHe. BrlmajgeHue xKeaToro ocajaka MoOJHUOICHO-
dbochara aMMOHMS CBUAETENBCTBYET O HaM4Yuu (pocdar-uoHa.
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H3PO4 + 12(NH4)2MOO4 + 21HNO3 =
= l(NH4)3H4[P(M0207)6] + 21NH4NO3 + IOHzo
niIn ((NH4)3PM01204() : 6H20) + 6H20

b. /[eticmeue maznezuanvnoil cmecu

Buvinonnenue pabomeot

B mpoOupky BHecute 5—6 kamenb pacTBopa (ochara Hatpus
U 100aBbTE PAacTBOpP MarHe3uaabHOW cMmecu. KakoB IBET M XapakTep
BBIITABIIETO OCaaKa?

B. /leticmeue numpama cepeopa

Buinonnenue pabomeot

B npoOupky BHecute 3—5 kameib (ochopHON KUCIOTHI M HEM-
TpaIM3yHTE €e PacTBOPOM KapOoHAaTa HATPHUA 10 CIAOOKUCIION peak-
MU (POBEPSATHh UHIUKATOPHON OyMa)kkoil). 3aTeM 100aBbTe 2 Karliu
pacTBopa HuUTpaTa cepedpa. Uro Habmonaere? PacTBopuTe MOITyUYEH-
HBbI OCaJ0OK B pacTBOPE aMMHakKa, UME€sS B BUJY, YTO ATOT IMPOLECC
MPOTEKAET MO0 YPABHEHHUIO:

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

P@Sy]lbmal’l’Ibl dKcnepumernma

3anuiuTe ypaBHEHHUS! TPEX KaueCTBEHHBIX peakuuii Ha docdart-
nuoH. Ilouemy ocdar cepebpa pacTBOpsieTcs B pacTBOpe amMmHuaka?
CpaBHuUTe TpOU3BEICHHE pacTBOpuUMOCTU (ocdarta cepedpa U KOH-
CTAHTY HECTOMKOCTU KOMILJIEKCHOT'O COCIMHEHUSI.

Onsim 2. 1 Losyuenue gocpamos anromunus,
bapusa u scenesa (111)

Obopyoosanue u peakmugwl: MTATUB ¢ TpoOUpKaMu. PacTBopsI:
cynbdat amomunus, xiaopun xeinesa (III), anerat Hatpus, rugpodoc-
dat Hatpus (C = 0,2 moib/n), consinas kuciora (C = 2 MoJib/J).

Buvinonnenue pabomoi

B 2 npoOupku BHecHTEe MO 5 Kamejab pacTBOPOB Cyib(daTa aito-
Munus, xjaopuaa xkenesa (III). B kaxayro no6aBsTe 2—3 Kamim arera-
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ta Hatpus, 10 kamens rumpodocdara kanpius. Uto HaOmomaere?
Cnenyer umMeTh B BUIY, UTO B pacTBOpax cojieid, OydepupoBaHHBIX
alleTaToM HaTpHsl, 00Pa3yrOTCsl CPEIHUE COJIH:

Me’" + HPO,> + CH,COO = MePO,| + CH;COOH.

K comepxumoMy Kaxxaoil npoOupku npudabte 0,5 MII COsTHOM
KUCIOoTHL. YTOo Habmogaere?

Pe3yﬂbmambz IKCcnepumernma

3anuimuTe HOHHBIC U MOJICKYJISIPHBIC YPABHEHHUSI XUMUUECKUX pe-
akuuii monydenus: gocdaroB amromuHus u keneza (II). Otmerste
IIBET OOpa3yroImXxcs 0ocaakoB. Vcmonb3ys MOHSATHE MPOU3BEICHUS
pactBopuMocTu (I1P), cooTBeTCTBYIOIMMHU pacdeTaMu ITOJITBEPIUTE
pe3yabsTathl pactBopeHus ¢gocdaron xenesza (II1) u amromunus B co-
JISTHOM KHUCIIOTE.

Onvim 3. 1 udposus coneil ocgpopa

Obopyodosarue u peakmugwvl. MTATUB ¢ MPOOUPKAMH, CTEKIITHHAS
najgouka. PactBopsl: docdar Hatpus, runpodocdar HaTpus, AUTUA-
podocdar narpus (C = 0,1 monb/n), consinas kucaora (C = 2 Moyb/n),
pactBop ammmaka (C = 1 momaw/m), xmopun ¢ochopa (V) u (II)
(KpHUCT.), TUCTHITMPOBAHHAS BOJIa, MOJUOACHOBAS KUIKOCTh. MHIHU-
KaTopHas Oymara, JJakMycoBasi Oymara.

A. T'uoponu3s Kucavix gpochamos nampus

Buvinonnenue pabomet

[TomecTuTe B ABE MPOOMPKU MO 5 Kameiab pacTBOPOB Tuapodoc-
¢dara HaTpus u nuruapodocdara Hatpus u onpenenure pH pactBopoB
C IOMOIIbIO UHAUKATOPHOU OyMaru.

P@Syﬂbmambl dKcnepumernma

OOBsicHUTE, B pe3ysibTaTe€ KaKWUX MPOIIECCOB pacTBOpHI ¢ocdara
Hatpus, Tuapodocdara HATPUS UMEIOT IIEJIOYHYIO PEaKIrio, a pac-
TBOp auruapodochara — kuciayro. Hanuimmre HOHHBIE U MOJIEKYJISP-
HbIC YPABHEHUS COOTBETCTBYIOIINX XUMUUECKUX PEAKITUN.
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b. I'uopoaus canozenuoos gpocgpopa (6 evimasxcnom wikagy)
Buvinonnenue pabomeot

B npoOupky moMecTUTe COBCEM MaJIeHbKOE KOJIMYECTBO XJIOPH/IA
docdopa (V) u nobasere 0,5 M qUCTUILIMPOBAHHOM BoAbl. Habiro-
nanTe BbieNeHre ra3a. [logHecure Kk OTBEPCTHIO MTPOOUPKH JTAKMYCO-
BYI0 OyMaXXKy, CMOYCHHYIO BOJOW, U CTEKIITHHYIO MaJI04YKy, CMOYCH-
HYI0 pacTBOpoM ammuaka. Uto HaOmronmaere? JleiicTBuem monuoe-
HOBOM KHJIKOCTH yOE€IUTECh, YTO B pacTBope oOpaszoBaiachk dhocdop-
Hasl KUCJIOTA.

P@S’yﬂbmal’nbl dKcnepumernma

3anumInTe ypaBHEHUS XUMHYECKOU PEaKId THAPOJIN3a Talore-
HU10B (hocopa. OObsicHUTE HAOIIO1aeMbIe SIBJICHMUS.

Tema 16. Yraepoa u KpeMHHH

Onwim 1. Adcopbyus semyecns us pacmeopa

Obopyodosarue u peakmugvl. MTATUB ¢ MPOOMpPKAMU, IHUIIETKA
KarenabHasl, GUIbTpOBaIbHAS Oymara, yrojib aKTUBHPOBAHHBIN, yTOJIb
JPEBECHBIM (OpoII0K), pacTBOp IIepMaHraHaTa KaJTHs
(C=0,01 monn/mn).

Buvinonnenue pabomet

B npobupky 10 nonoBuHbl ee oObema Haneiite pactBop KMnO,.
Brecure B paCTBOp HEMHOIO aKTUBUPOBAHHOTO yTJId. [1710THO 3akponTte
POOUPKY MPOOKOIN U IHEPTUYHO BCTPSAXUBaAWTE ee 2—3 MUHYTHIL. [laiiTe
PacTBOPY OTCTOSATHCS U MPOHAOIIOIaliTe €ro 00eCIIBEYMBAHKE.

P@Syﬂbmambl dKcnepumernma

OTMeThTE aJICOPOIIMOHHBIE CBOICTBA YTJIA.

Onvim 2. Obpamumuril u reobpamumuiril eudposus

CO1€U Y206HOU KUCA07/151

ObopyodosaHue u peakmugvl. TATUB C MPOOUpPKamMu. PacTBOpHI:
dbenondranenn, xmopun okenmesa (III), cyasdar amomunuMs

(C=0,1 monw/n), comm xeneza (III); xapOboHaT HaTpusi, THUAPO-
KapOoHaT HATpUs (KPHUCT.), IUCTUILIMPOBAHHAS BOJIA.
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A. I'uopoaus kapoonama nampus, 2uoOpoKapoOoOHama Hampus
Buvinonnenue pabomeot

B nBe npobupku BHecute mo 5—6 Karneib AUCTULUIMPOBAHHON BO-
bl U 110 2—3 Kamiu pactBopa deHondTanenHa. 3aTeM B OJIHY IPO-
OMpPKY BHECUTE HECKOJBKO KpuctaioB coiu Na,COs;, B Ipyryro —
NaHCO;. HaGmromaiiTe 3a m”3MEHEHHEM OKPACKU WHANKATOPA.

Pe3yﬂbmambz IKCcnepumernma

B o0eux nu mpoOupkax MPOMCXOIUT THAPOJIHM3 HPH OOBIYHOM
temneparype? OTMeTbTE pa3inuue B OKpacke uHaukaropa. CocraBb-
T€ YPAaBHEHUs PEAKUMM TMIPOJIM3a B3STHIX cojied. PaccuuraiTte KOH-
cranty rugaponusza u pH nmmsa conbl Na,CO; u ISl TUTHEBOU COJIBI
NaHCOs;. [ns kakoi coiau TUApOIu3 mpoTekaeT riayoke? B kakom
ciydae cpena oosee menounasn? [Touemy?

b. Bzaumnoe ycunenue zudponusza kapoonama nampus
u xaopuoa sxcenesa (Ill), cyrvgpama anromunusn

Buvinonnenue pabomoi

B oany mpobupky Bo3pMuTe 3—4 KaIid pacTBOpa XJIOpHAA KeJle-
3a (III), B 1pyryro — Takoi ke 00beM pacTBopa CcyJibhara aTFOMUHUA.
B 006e mpobupku nobaBpTe Mo 3—5 Kamenb pacTBOpa kapOoHarta Ha-
Tpusa Na,COs. Uto Habmtonaere?

P€3yﬂbmambl dKcnepumernma

OtMeThTe 1BET ocaakoB. COCTaBbTE ypaBHEHUS PEAKIIUM B MOJIE-
KYJISIpPHOW U MIOHHOU (hopMmax.

Onstm 3. 1 Losyuenue cudpozens u cudpo3ons
KpeMHuesotl Kuc107776!

Obopyoosanue u peakmugwpl’ IITATUB ¢ MPOOUPKAMH, CIIUPTOBKA,
CTEKJISTHHASI MaJ04yKa, CIUYKUA. PacTBOPHI: HACHIIICHHBIA CUITUKAT Ha-
Tpus, XJiopoBoaopoaHas kuciora (C = 0,1 MOJB/T ¥ KOHIL.).

A. leticmeue pazbasnenno2o pacmeopa cOAAHOU KUC10Mbl
HA HACLIUWEHHBLIL PACMEOP CUTUKAMA HAMPU

Buvinonnenue pabomoi

B nipobupky BHecute 1o 4—5 Kamnesab HacChIIIIEHHOTO0 pacTBOpa CH-
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nukara Hatpust Na,SiOz 1 100aBbTe NMPUMEPHO TaKOU Ke 00beM pas-
OaBJICHHON COJISTHOM KHCJIOTBHI, MEpEeMEIIaiiTe PacTBOP CTEKISTHHOM
najoukoi. Uro Habmonaere?

Pezynemamul sxcnepumenma

Hanummure ypaBHeHUsI peakiiuii 1 OOBSICHUTE PE3YyJIbTaThl OIbITA.

b. /leiicmeue Konuenmpupoeannozo pacmeopa CcOAAHOU Ku-
C710Mbl HA HACBLIWEHHBLIL PACMEOD CUTUKAMA HAMPU

Buvinonnenue pabomet

B mpoOupky ¢ cuiamkaToM HaTpusi BHECUTE B 2 pa3za OOJIbIIMI
00bEeM KOHIICHTPUPOBAHHOW COJITHOM KHUCIIOTHI. BhITIamaer au ocagok
ruaporens H;Si10;? IlomydeHHbI rHApO30Jb KPEMHUEBOW KHCIOTHI
HarpeThb 10 kuneHus. Yto Habmonaere?

Peszynomameol sxkcnepumenma

Hanummure ypaBHeHUsI peakuuii 1 OOBSICHUTE PE3YJIbTAThI OIbITA.

Onvim 4. 1 udposus coned Kpemruesodl Kuc10716.
Obopydosanue u peakmugsl. TATUB ¢ TPoOUpKaMu. PacTBOpHI:
dbenondraneuH, cunukat Hatpus, xjopug ammonus (C = 0,1 monb/mn).

A. Onpeodenenue cpedvl pacmeopa CUIUKAMA HaAmpus

Buvinonanenue pabomuwi

B mpobupky BHecuTe 3—5 Kamenb pacTBOpa CHIJIMKATa HATPHUS
Na,Si05u 1 karmno pactBopa dheHondrarenna. Uro Habmomaere?

Pezynomamul sxcnepumenma

3anuImuTe ypaBHEHUS THUIApoJM3a cuiaumkara HaTpus Na,SiO;
B HOHHOM M MOJICKYJISIpHOU (popMax.

b. I'uopoaus cunukama ammonun

Buvinonnenue pabomoi

B mpoOupky c pactBopoMm cuiukara Hatpusi Na,SiO; (3—5 ka-
nesib) 700aBbTE Takoi ke 00beM pacTBopa xyopuaa ammonus NH,Cl.
VYKaxknTe, Kakoe BEIIECTBO BBINAAAECT B OCAIOK.
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P€3yﬂbman’Ibl dKcnepumernma

3anumuTe ypaBHeHUE ruaponnsa cuiukata ammonus (NHy),Si10;
B MOHHOW U MoJyiekyJisipHor (opmax. OObACHUTE, TOUEMY TUIIPOIIU3
CUJIMKAaTa aMMOHMUS IPOTEKAET O KOHIIA.

Onwim 5. Ocrecmodixcocmny mkxaned,
NPONUMAHHBIX CUAUKAIIOM HAIIDUA

Obopyodosarue u peakmussl. TATUB ¢ TPOOUPKAMU, CIIUPTOBKA,
cnuuku. PactBop cunukara Hatpus (C = 0,1 Mosb/n); TKaHb.
Buvinonanenue pabomuoi

B npoGupky ¢ pactBopom cunukata HaTpusi Na,SiO; omycture
KYCOUY€K TKaHU. Uepe3 HECKOJIbKO MUHYT TKaHb W3BIIEKUTE U3 PACTBO-
pa, NOACYIIUTE Ha TJIaMEHU. 3aTEM BHECUTE B Iiams. [[Jisi cpaBHEHUs
BHECHUTE B IUIAMS TKaHb, HE IPONUTAHHYIO CUIIMKATOM HATPHS.

Pesyrnomamul sxcnepumenma

CnenaiiTe BBIBOJI O CBOMCTBAX CUJIMKATa HaTPHS.

Terva 17. OsoBo u cBuHEIr

Onwim 1. Bocemarosaenue onosa (11) us pacmesopa

Obopydosanue u peakmusvl. ITATUB ¢ NpoOUpkamu. PacTBOpSL:
xsopua ososa (IV) (C = 0,1 Momnb/1); 0J10BO ¥ HUHK FPaHyJIUPOBAHHBIE.
Buvinonnenue pabomoi

B nmpoOupky BHecute 5—6 Kamenb pacTtBopa xsiopuaa onosa (II).
Onyctute B HETrO MAJICHBKUN KycOodeK IUHKA. OTMEThTE BBIICICHUE
METaJUTMYECKOTO 0JI0Ba Ha TOBEPXHOCTHU LIMHKA.

Pezynomamul sxcnepumenma

3anuImnTe ypaBHCHHE PEAKIIMM B MOHHOM BHC. JloKakuTe BO3-
MOXHOCTb ee npoTekanus (AG, D]1C).
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Onvim 2. 1 udpoxcuo on06a (11) u eco céoticmea

ObopyoosaHue u peakmugvl. TATUB ¢ MPOOUpKaMu. PacTBOpEI:
xnopup onoa (II) (C = 0,1 moaw/i1), colstHass KUCIOTA, THIPOKCHU/I
Hatpus (C = 2 MOJb/1).

Buvinonnenue pabomoi

B nBe mpobupku BHecuTe mo 2—4 Kaluid pacTBopa XJIOpHIa OJIO-
Ba (II). B kaxmyro npoOupky n00aBbTe MO 2—5 Kamejb pacTBopa Tuj-
pOKCHIa HAaTpus 10 00pa3oBaHUA Ocajka, He aaBas u30biTka. K momy-
YEHHOMY THAPOKCHIY OJIOBA JI00aBbTE: B IIEPBYIO MPOOUPKY — 3—5 Ka-
eJIb PACTBOPA COJITHOM KHUCIIOTHI, BO BTOPYIO — CTOJIBKO K€ pacTBOpa
uiesiour. OCTOpPOKHO BCTpsiXxuBaiTe npooupku. Uto HabmoqaeTe?

Pe3yﬂbmambl IKCcnepumernma

OTMeThTe HaOJIOAAEMbIE SIBJICHUS M CJEIaiiTe BBIBOJ O CBOM-
cTtBax ruapokcuaa osiosa (II). 3anummnre ypaBHEHHE peakUid MOTY-
YEHUS] TUAPOKCHUAA U €r0 B3aUMOJICMCTBUSA C KUCIOTOW U IIEJIOYbIO,
YUYUTBIBAsl, YTO B IIEJIOYHOM PACTBOpPE 00pa3yeTcs KOMIUIEKCHBIN HOH
[Sn(OH)4]2_ terparugpokcocranHara (II). Kakue nonsl onoBa Haxo-
JATCSI MPEUMYILECTBEHHO B pacTBope npu pH < 7? IIpu pH > 77

Onvim 3. Bocemarosumensrvie ceoticnéa

coeourteriutl on106a (1)

Obopyoosanue u peakmugul. TATUB C IpoOUpKamMu. PacTBopsr:
xynopun onosa (II), consnas kucnora, nuxpomar kanus K,Cr,0O,, pac-

TBOop xjopuaa xeneza (III), rekcamumanodeppar (III) xkanus
K;3[Fe(CN)g] (C = 0,1 momnb/i).

A. Boccmanosnenue ouxpomama Kaaius

Buvinonnenue pabomoi

K pactBopy xmnopuna onosa (II) mo6aBbre 1-3 Kamim cosTHOM
KUCJIOTH. K MOAKHUCIEHHOMY pacTBOPY MO KaIjisiM NMpUOaBbTE JUXPO-
Mat kanusa (2—-3 karum). HaGmromaiiTe mosiBiIeHHE 3€JIE€HON OKPacKH
BCJICJICTBME BOCCTAaHOBJICHMS HMOHA Cr2072* B nou Cr- .
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P€3yﬂbman’Ibl dKcnepumernma

3anuiuTe YPaBHCHUA HpOTCKaIOIHGfI OKHCIUTCIIBHO-BOCCTAHOBH -
TSJILHOM p€aknuun, OIPCACIHUTC BO3MOKHOCTHL IIPOTCKAHUA PCAKINH

BHCO).
b. Boccmanoenenue xnopuoa scenesa (I11)

Buvinonnenue pabomeot

B nBe npoOupku BHecuTe Mo 12 Kamiy pacTBopa XJIOpUJa Keyes3a
(II) n rexcaumanogeppara (III) xamus K [Fe(CN)g] (peakTnB Ha MOH
Fe’"). B oGe mpobupku n06aBbTe BOAbL OTMETBTE OKPACKY IIO-
JTy4eHHBIX pacTBOpoB. OnHYy NpPOOMPKY COXpaHUTE IS CPaBHEHMS,
B JIPyTyI0 100aBbTe 2—3 Karwiu pactBopa xjopuzaa ojoa (II) u nadmro-
JaiTe B HEW TNOSBJICHHUE CHHEW OKpacKH BCJEJACTBHE OOpa3OBaHUS
Fe;[Fe(CN)g)o. ITouemy HET cuHE#H OKpacKku B IEPBOM MPOOUpKE?

Pe3yﬂbmambl IKCnepumernma

3anumnTe ypaBHEHUS MPOTEKAIOIINX PEAKIUM, IS OKUCIIUTEb-
HO-BOCCTaHOBUTEIBLHON PEAKIMK OIPEICTUTE BO3MOKHOCTH €€ IpO-
tekanus (D1C).

Onvim 4. Boccmarosaenue céunya us pacmeopa

Obopyoosanue u peakmugul. TATUB C IpoOUpKamMu. PacTBopsr:
Hutpat cBuHIA (C = 1 MOJIB/T); HIUHK TPAHYJUPOBAHHBIM.

Buvinonnenue pabomoi

B npoOupky mnomMecTure Kycouek LMHKA U 100aBbTe 5—6 Kamenb
pacTBOpa HATpaTa cBuHLA. HaOmrogaiTe BolIIeIEHUE METATUIMYECKOTO
CBHUHIIA B BUJIE OJIECTSIINX KPUCTAILIOB.

P@Syﬂbmambl dKcnepumernma

3anummTe YPaBHCHHA pCaKIIMU B MOHHOM BHJC. Kakumu metai-
JJaMH MOKHO 3aMCHHUTH B 3TOM OIIBITC I_[I/IHK?

Onwim 5. 1 Losyuenue coned ceurya (11)

Obopyoosanue u peaxmugvl. MTATUB C MPOOUPKAMHU, CITUPTOBKA.
PacTBOpBI: COJiTHAas KHUCIOTA, CEpHAs KHUCJIOTa, a30THAas KHCIOTa
(C =2 mons/n), nogua xkaaus (C = 1 MOJIb/11); CBUHEI METAJUTMYECKHUH.
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Buvinonnenue pabomul

B Tpu npoOupkyM MOMECTUTE MO MaJeHbKOMY KYCOYKY CBHHIIA
Y PUJICUTE MO 5—8 Kalleab pacCTBOPOB KUCIOT: B IEPBYIO — COJISTHOM,
BO BTOPYI0 — CEpHOM, B TpeThi0 — a3oTHOW. Harpeiite mpobupku
Ha MaJIEHbKOM IJIJaMEHHU CIUPTOBKU. Bo Bcex m mpoOupkax mpoTeka-
€T peaKius?

[To oxyaxaeHnr pacTBOPOB B KAXKIYIO MPOOUPKY BHECUTE MO 2—3
KaIlJIi pacTBOpa MoAuJa Kains. B kakoM cityyae BbIIai 0CaJ0K UOH-
Ja cBUHIIA?

P@S’yﬂbmal’nbl dKcnepumernma

Ha ocHOBaHuHM OmbITA CHENANTE BBIBOJ, B KAKOW U3 B3ATHIX KHC-
JIOT CBHUHEI] MPaKTU4YeCKu pacTBopsiercs. OObSICHUTE MPUUUHY pPas-
JMYHOTO OTHOILIEHHS CBUHIIA K YKAa3aHHBIM KHCIIOTaM.

3anuiuTe ypaBHEHHS PEaKUUi, YUYUTHIBAs, YTO MPU B3aUMOJICH-
CTBUM CBHUHIIA C pa30aBJICHHONW a30THOM KHCIOTOMN BBIACISETCS Mpe-
umytiectseHHO NO.

Onstm 6. Onpedenerue cmeneru oxucaernusa céurnya 6 Pb;0,

ObopydosaHue u peakmugvl. MTATUB C MPOOUPKAMHU, MUKPOIIIIIA-
TeJb, MUATIETKA, CIMPTOBKA. PacTBOphI: a3oTHas kucnota (C =2 MoJb/1),
cynbdar Hatpus (C = 1 monw/n); cypuk Pb;O, (kpuct.).

Buvinonnenue pabomet

B npobupky BHecute 1 mukpommnaresns nopoimka Pb;O4, 1006aBb-
Te 5—6 Kamnenab pacTBOpa a30THOW KUCJIOTHI U HarpeuTe Ha MaJ€HbKOM
IJIaMEHUA cIUPTOBKUA. OTMEThTE M3MEHEHHE 1[BETA Oocajka. Kakoe 3to
BemecTBO? Hamwmmmre ero dopmyny. KakoBa cTeneHb OKHUCIEHUS
CBHUHIIA B ’TOM COCJIUHECHUN?

JlailTe pacTBOpPY OTCTOSATHCS, MOCJIE YErO0 HECKOJIBKO Kalleslb pac-
TBOpa NEPEHECHUTE MHUIETKOW B 4YUCTyr Npooupky. IlomeiicTByiite
Ha HEro pacTBOpoM cyib(ara HaTpus. Ha Hanuune Kkakoro MoHa yka-
3bIBaET 00pa3zoBaHue Oenoro ocaaka? Kakoe 3To BeecTBo?

Pezynomamul sxcnepumenma

3anumurte peakiu B3aumopaencTeus Pb;O4 ¢ a30THOM KucIOTOM
Y MOJIY4YEHHOTO B PaCTBOPE COCIMHEHMS CBHHIIA C CYJIb()aTOM HATpPHUSI.
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Bripasure dopmyny Pb;O4 B Buae AByX OKCHAOB CBHUHIIA C COOTBET-
CTBYIOILIMMU CTENCHSIMU OKHUCIICHHUS.

Tema 18. Bop u asAroMuHHE

Oneim 1. Ilosyuenue bopa

Obopyoosanue u peaxmusol. dhappopoBas yallka, IIIaTelb, JIy-
yrHa, cnu4ky. Terpabopar Hatpus (0ypa), MarHuii MeTaTMYECKUN.

Buvinonnenue pabomoi

B ¢B0OOJIHOM COCTOSIHUHM OOp MOXXHO MOJYYUTh METOJIOM METall-
JotepMuH (BOCCTAHOBJIGHHE MarHueM Wi HatpueM). B dapdopoByro
YaliKy TOPKOW HACBIbTE€ KPUCTAJUIMYECKUN TeTpabopaT HaTpus, 3a-
CBIIIBTE CBEPXY MOPOILIKOM METALIMYECKOTO MarHus. He mepemenu-
Bas MOJOKTUTE CMECh C MOMOIIBIO TiCIomel tyuynHbl. Habmromaiite
oOpa3oBaHuEe KOPUIHEBOTO HajieTa OOpa Ha JTHE YAIlIKU.

Pe3yﬂbmambl IKCnepumernma

3anumuTe ypaBHeHHE peakiuu. Ha yeM ocHOBaH crmoco0 moiry-
yeHus 6opa?

Onvim 2. I losyuenue 6oproil kucaomer u usyeriue ee c60tcns

Obopyodosanue u peakmugwl. INTATUB C MPOOUPKAMH, CIUPTOBKA,
cnuuku. PactBop cunukata HaTpus (C = 0,1 MoJb/i1); TKaHb.

Buvinonnenue pabomet

B npoOupky ¢ 5—6 KamisiMu ropsidero HachIIIEHHOTO pacTBOpa
Oypbl BHECUTE 2—3 KaIllId KOHIEHTPUPOBAHHOM CEpHON KUCIOTHI. OT-
METhTE OBICTPOE BBINAJCHHE KPUCTANIOB OOpHOW KHUCIOTHI. Jlaiite
OCAJIKy OTCTOSITbCS M CIIEUTE HAJI0CAJOUYHYIO )KUJIKOCTb.

[IpokanuTe B IJIaMEHH CIHUPTOBKU CTEKJISHHYIO MaJO4yKy, OT-
METhTE 1BET IIaMeHU. OMyCTUTE MPOKAJIECHHYIO MaJ04YKy B MOPOIIOK
OOpHOM KUCJIOTHI U BHOBb BHECUTE B IIaMs (Y Kpasi BHEIIHETO KOHY-
ca). Kakyto okpacky miaMeHu gaet OopHas KuciaoTa?

B npoOupke pacTBOpUTE HECKOJIBKO KPUCTAINIUKOB OOPHOM KUCIIO-
Tel. OmycTuTe B NPOOUPKY MOJIOCKY YHUBEPCAIBHOW WHIUKATOPHOMN
oymaru. 3adukcupyiite 3HaueHue pH pacTBopa 1o »TaJIOHHOM HIKaJe.
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P€3yﬂbman’Ibl dKcnepumernma

3anumuTe ypaBHEHUE PEAKIUU TMOJTy4YeHUS OOpPHOM KHUCIOTHI.
Conplo KakoOW KHUCJIOTBI SIBISIETCS TeTpabopaT HaTpusa? 3amnuiimre
dbopmyITy 3TOM KUCIOTHI.

Onwirmr 3. Bsaumooecmsue aitoMurug ¢ Kuci0mami

Obopyoosanue u peakmuevl. WTATUB C MPOOUPKAMHU, BOJSHAS
Oansi, HaxnauHas Oymara. PacTBopbl: pa30aBlieHHBIE THAPOKCHU]
HATpUsl, XJOPOBOJOPOJHASI KHCIIOTa, CEpHAas KHUCIIOTa, a30THas K-
ciora (C =2 Moib/1); KOHUECHTPUPOBAHHBIC KHUCIOTHI, JIAKMYC
(HeUTpasbHBIN), ATFOMUHUH (TTOPOIIOK, (OJIbIra UK MTPOBOJIOKA).

A. Bzaumooeiicmeue antomunus cpa36aeﬂenﬂbmu Kuciomamnmu

Buvinonnenue pabomeot

B Tpu mpoOupku BHECUTE MO 5—8 Karmenb pacTBOPOB KUCJIOT XJIO-
POBOJIOPOJIHOM, CEPHOM, a30THOM KOHIICHTpamue 2 Mojb/i1. B kax-
Iy10 OpOOHUPKY OMYCTUTE MO MAJIEHbKOMY KYCOYKY QJIIOMHHUEBOM
donbpru. Bo Bcex nmu cimydasx mpoTekaeT peakius Ha xonomy? Ha-
rpeiite mpoOoupku Ha BoAsiHOM Oane. Uto HaOmomaere?

Pe3yfzbmambz dKcnepumernma

3anumuTe ypaBHeHUs peakunil. Kakoll ra3 BeiaenseTcs npu B3a-
UMOJECHCTBUM aTIOMUHUS C pa30aBlIeHHON a30THOM kucnotoit? C pas-
OaBJIEHHBIMU CEPHOM U XJIOPOBOJOPOTHOM?

b. Bzaumooeiicmeue anromunus
C KOHUEHmMPUPOBAHHLIMU KUCOMaAMU

Buvinonnenue pabomet

[IponenaiiTe ONbIT, aHAJTOTUYHBIA OMBITY 3a, 3aMEHHUTE pa30aB-
JICHHBIC KUCJIOTHI KOHIIEHTPUPOBAHHBIMU: XJIOPOBOJIOPOJAHOMN (TIJIOT-
Hocth 1,19 F/CM3), cepHoi (TIoTHOCTH 1,84 F/CM3), a30THOM (IJIOT-
HOCTh 1,4 r/em’). Kak mpotexaror peakuuu Ha xomony? C Kakoil Ki-
ciotoi amoMuHuii He pearupyet? Ilouemy? Harpeiite npoOupku
Ha BoAsHOM OaHe. Kak Ha B3ammojeiicTBUe BiuseT HarpeBanue? Ot-
METhTE HAOII0/1aeMbIE SIBIICHUSI.
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P€3yﬂbman’Ibl dKcnepumernma

3anuIImnTe YpaBHEHUS PEAKIMK, YUYATHIBAsI, YTO IIPU HArPEBAHUU
a30THAs KUCJIOTa BOCCTAHABIIMBAETCS B OCHOBHOM JI0 JUOKCHJIA a30Ta,
a CepHas KHCJIOTa — JO CEPHHUCTOrO ra3a Ha XOJOAY M YaCTUYHO —
710 CBOOOJIHOM cephl MU HarpeBaHuu. BiusieT 1 u3aMeHeHne KOHIICH-
Tpaluu XJIOPOBOJOPOTHON KUCIOTHI HA XapaKTeP €€ B3aUMOJICUCTBUSA
C aMOMUHUEM? YKa)XuUTe MPU3HAKKU MPOTEKaHUs peakuuid. OTBEThTE
Ha BOIIPOCHI.

Onvim 4. Pacmsopenue anromunusa
6 60010M pacmeope ufesouu

Obopyoosanue u peakmugvl. WTATUB C TPOOUPKAMHU, BOJSHAS
OaHs, HaxgayHas Oymara. PacTBOpBI: THIPOKCHJ  HATpHUS
(C = 2 monb/n); anmroMuHUN (TOPOIIOK, (POJIBra WM MPOBOJIOKA. ).

Buvinonnenue pabomet

Brecute B MpoOUPKY MOJOCKY ATFOMUHUEBOU (POJIBTH U TOOABHTE
3—4 xannu Boabl. Harpeiite nmpoOupky Ha BojisgHOM Oane. HaOmtonaer-
csl 11 BblaeneHue Bogopoaa? Jlo6aBere B mpoOUpKy 5—6 Kamenb pac-
TBOpa €IKOro HaTpa KOHIeHTpaiuer 2 moiyib/n. OTMEThTE HHTEH-
CUBHOE BBIJEJIEHUE BOIOpOAa. Peakiysi mpoTeKaeT Mo cXeMe:

1) A1203 + NaOH + H20 — Na3 [AI(OH)6]9
2) Al+ H,0O — AI(OH); + H, 1;
3) AI(OH); + NaOH — Na;[Al(OH)].

P@Syﬂbmambl dKcnepumernma

[Ton6epute kKod3(pduLMEHTHI K TpeAnonaraeMeiM cxemam. OO0bsic-
HUTE BO3MOKHOCTh IPOTEKAHUS JAHHBIX PEAKIIUU.

Onwim 5. I Losyuenue cudpoxcuda anromunus u eo omouteriue

K KUCAOTIAM U Yeq04YaM
Obopyoosarue u peakmugpl. MTATUB ¢ IMpoOUpkaMu. PacTBo-
pol: cyinbdar amomMuaus, ruapokcua Hatpus (C = 1 monw/i), XJo-

poBogopoaHas kuciora HCl (C = 2 Moib/1 U KOHII. MJIOTHOCTBIO
1,19 r/em?).
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Buvinonnenue pabomul

B npoGupky momectuTe 2 KaruiM pacTBOpa COJU altOMUHUSA
Y 2 KaIllJld pacTBOpa IIEJIOYU. BBIMAaBIIMN OCaJOK pa3/ICINTE HA JIBE
YaCTH Y U3YUYUTE €r0 OTHOLIEHUE K KUCJIOTE U MEenouu. YTo nmpoucxo-
JUT TIPU T100ABJICHUH K OCAJIKY KHUCIOTHI U IIET0UU?

Pe3yﬂbmambz IKCnepumenma

3anumute ypaBHeHus: peakiuu. Kakumu cBoiicTBamMu o0Jaaet
Al(OH);? O6Bsacuute B3aumoaericteue Al(OH); ¢ xuciaoToi u mie-
JI0YbIO.

Tema 19. Maramsi o 6eprasns

Oneirmr 1. Bsaumooecméue maztusg ¢ 60004

Obopyodosarue u peakmussl. MTATUB ¢ TPOOUPKAMU, CIIUPTOBKA,
CIIUYKHU, JAep’KaTellb, HaXjayHas Oymara, mMarHuii (JIeHTa), pacTBOP
dbeHondranenHa, IUCTUIUIMPOBAHHAS BOJIA.

Buvinonnenue pabomoi

Bosbmute kycouek (1-2 ¢cM) MarHueBOM JIEHThI, OYUCTUTE €€ T0-
BEPXHOCTh HAXKJIAUHOW Oymaroil oT HajeTa okcuja. B mpoOoupky BHe-
cute 6—7 Kameib AUCTUIUIMPOBAHHOW BOABI M OIYCTHTE B HEE OYHU-
IIEHHBIM MarHud. OTMEThTE OTCYTCTBHE PEAKLIHMH IMPHU KOMHATHOMN
temnepaTtype. Harpeitte mpoOupKy HEOOIBIIUM IUIAMEHEM TOPEIKH.
Uto nabmonaere? [IpubaBbTe K MOJIYYEHHOMY PacTBOPY OJHY KaILIIO
denondranenna. Ha oOpa3zoBaHne Kakux HOHOB B PaCTBOpPE yKa3bIBa-
€T TOSIBJICHUE OKpacku (peHosndranenHa?

P@Sy]lbmal’l’Ibl dKcnepumernma

Onummnre HaOMt01aemble siBlieHUsI. OTBEThTE Ha BOMPOCHI. 3aru-
IIMTE YPABHECHUE PEAKINU B3aUMOACHUCTBUS MAarHUs ¢ BOJAOM NpHU Ha-
IPEBAHUU.

Oneim 2. Bsaumoodecmeue ymaziug ¢ Kuci0mami

ObopyodosaHue u peakmugvl. TATUB C MPOOUpKaMu. PacTBOpHI:
dbeHondTanenH,  XJOpPOBOAOPOAHAS W a30THAsA  KHUCIOTHI
(C =2 monb/i1); Maruui (JeHTa).
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Buvinonnenue pabomul

B nBe mpoOupku omycTUTe MO HEOOJBIIOMY KYCOYKY MarHue-
BOM JIeHTHI. B 0/1HY poOupKy 100aBbTE€ HECKOJIBKO Kaleilb pacTBO-
pa XJIOPOBOJIOPOJHON KHUCIOTHI, B IPYTYI0 — TAKOE€ K€ KOJIUYECTBO
pacTtBopa a30THOM KuCJHOTHL. UTOo mpoucxoaut ¢ mMarauem? Kakou
ra3 BhIAEISIETCSA?

P@S’yﬂbmal’nbl dKcnepumernma

3anumnTe ypaBHCHUS pPEaKIUi B3aWMMOJACHCTBUS MAarHHS:
a) C XJIOPOBOJAOPOIHOM KHCIOTOM, 0) C a30THOM KHUCIIOTOM.

Onwsim 3. 1 losyuenue oxcuda mazrus
U 63aumooeticrmeue ezo ¢ 60001

Obopyoosanue u peakmuevl. ITATUB C NPOOUPKAMH, TUTEIb,
CTCKJITHHAS TaJouKa, CTCKJISHHAs TpyOKa, CHUPTOBKA, CIIMYKH, ITHH-
1eT, npooupka. PactBopsl: dheHondTanenH, Xa0poBOOPOIHAS KUCIIO-
Ta, a3oTHas kuciora (C = 2 MOJb/i1); MarHuil (JIeHTa); AUCTUILIM-
poBaHHas BOJA.

Buvinonnenue pabomoi

Bo3pmuTe nuHIETOM 2—3 CM MarHue€BOM JIEHTHI U MOJOXKIHUTE €€
B IUIAMEHH TOopenku. Kak TOJbKO MarHuid 3aropurcs, BBIHBTE €r0
U3 IUNIAMEHU U epKuTe Haa TurieM. O0pa3oBaBIIMICS OKCHUJI MarHUs
cOpOChTE B TUTENb, TPUOABHTE TYJIA K€ HECKOJIBKO Kaneiab JUCTUILIH-
POBAaHHOW BOJbI, Pa3MEIIANTE BCE CTEKJIIHHOW NAJOYKOU U IepesienTe
COJIEP)KMUMOE TUTJISI B MPOOUpPKY, 100aBbTe 1 Kamito ¢eHondranenna.
[loueMy XKUIKOCTH MyTHas?

P@Sy]lbmal’l’Ibl dKcnepumernma

Jokaxute obOpazoBanue B pactBope Mg(OH),. 3anumure ypas-
HEHMS peakiuil: o0pa3oBaHUsI OKCHJAa MarHus IpPU €ro TOpPEHUH
Y B3aUMOJECUCTBUU OKCHUJA MarHus ¢ BOJOW.

Oneim 4. 1 udpmw coietl 5epuﬂﬂuﬂ

Obopyoosanue u peakmugul. TATUB C poOUpKkamMu. PacTBopsr:
xJjopun ~ Oepwuusi,  XJOpHJa  MarHusi, KapOOHaT  HaTpus
(C = 0,5 momaw/n), xnopua ammorus (C = 2 MOJIb/IT), TaKMYC.
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Buvinonnenue pabomul

B npoOupky k 5—6 KamisM HEHUTpaJbHOTO pacTBOpa JaKMyca
npubaBbTE TaKoW *Ke 00beM pacTBopa xjopuaa oepuwinus. Kak uzme-
HUJIACh OKpacka jakmyca? [louemy?

P@S’yﬂbmal’nbl dKcnepumernma

3anuiuTe ypaBHEHUE PEaKIMu TUAPOJU3a XJIOpuja Oepuuius,
OOBACHUTE U3MEHEHUE OKPACKH JIAKMYCa.

Onwim 5. Pacmsopenue yurixa 6 xucaomax u ues04ax

Obopyodosarue u peakmugwsl: MTATUB ¢ TPOOUPKAMH, MUKPOIIITIA-
Teab. PacTBopbl: pa30aBiieHHbIE CEpHAsl KHUCJIOTA, XJIOPOBOAOPOAHAsS
kucioTa, ruapokcua Hatpus (C = 1 Moab /1); KOHIEHTPUPOBAHHAS
CepHas KUCIOTa, HUHK (MbUIh WU TPAHYJIUPOBAHHBIN).

Buvinonnenue pabomeot

Haneiite B npoOupky 4—5 Kkameib pacTBOpa CEPHOW KUCIOTHI, J0-
0aBbTE 1 MHKpOIITATETh IIMHKOBOM MBUIM U ClIeTKa mojorpente. To ke
IpojieJlaiTe C KOHIIGHTPUPOBAHHOM CEPHOM KHUCIOTOM (TUIOTHOCTH
1,84 r/CM3) Y 110 3a1naxy ONPEIEIIUTE BBIACICHUE CEPHUCTOIO Iasa.

Takum ke 00pa3om MPOBEPbTE PACTBOPUMOCTH IIMHKA B PACTBOPE
XJIOPOBOJAOPOTHOM KUCJIOTHI U B PACTBOPE IIECIIOUH.

P@Sy]lbmal’l’Ibl dKcnepumernma

Onummre HaOmogaemble npouecchl. [loyemy pazbaBieHHas
u KoH1eHTpupoBanHas H,SO,4 nmo-pazHomy pearupyer ¢ uuakom? Ka-
KOM aTOM M B KAakOW CTEIIEHU OKHUCJICHHS SBJISACTCS OKHUCIUTEIIEM
B TOM U JIpyrom ciydae? CocTaBbTe YpaBHEHHUS PEAKIIUM.
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IlepexoaHble d-3aeMeHTHI
Tema 20. Iluak u kasmMue

Onwim 1. Boccmanosumensivie céoticinea yunka

Obopyoosanue u peaxmusvl. GhapPOpOBbIA TUTENb, IIIATENb,
CIIUPTOBKA, CIWYKH, J>KEJIE3HBIM INTaTUB. PacTBOpBHI: THIAPOKCH]
Hatpus (C = 2 monaw/n), autpat kanus (C = 0,5 mMoinb/in); OUHK (MbLUIb
WM TpaHyJIUPOBAHHBINA), KpacHas JIakMycoBasi Oymara, JIUCTHII-
JUpPOBaHHAS BO/IA.

Buvinonnenue pabomoi

B dapdopoBbiii TUTENh MOMECTUTE HEMHOI'O ITMHKOBOM IBLIH,
npubaBbTe 4 KAy pacTBOpa HUTpaTa Kaius U 4—5 Karenab KOHIICH-
TPUPOBAHHOTO pacTBopa menour. OCTOPOKHO HarpenTe (Ha acOecTu-
POBAaHHOU CETKE), JOBEIUTE COJCPKMUMOE TUTJISA MOYTH JO KHUIICHHUS.
HaGmronalite BeIIeIeHHE aMMHAaKa 110 3araxy U 1Mo MOCHHEHUIO B HEM
KpaCHOM JIaKMyCOBOHM OyMa)Xku, CMOYeHHOM Bojiol. Kakast comib 1uH-
Ka JOJDKHA MOJYYUTHCS B JAHHBIX YCIOBUAX?

P@S)Ulbl”l’ldl’l’lbl dKcnepumernma

3anuimnTe YpaBHCHUS PEAKIIMK B MOJICKYJISIPHOM U HIOHHOM BUJIE.
OOpaTuTe BHUMAaHUE Ha BBICOKYIO BOCCTAHOBUTEIBLHYIO CIIOCOOHOCTH
IAHKA. BpINUIIATE COOTBETCTBYIOIIME OKHUCIUTEIBLHO-BOCCTAHOBHU-
TEJIbHBIE TTOTCHIAAJIBI.

Onsim 2. 1 udpokcuder yunka u kadmus u ux c60tcnsa

Obopyoosanue u peakmuguvl. TATUB C IpoOUpKamMu. PacTBopsl:
cepHas KucioTa, ruapokeua Hatpust (C = 2 MoJib/in), cyabdaT kaamus,
cynbdar nuHka (C = 0,1 mons/m).

Buvinonnenue pabomoi

Haneiitre B aBe mpoOupku mo 3—4 Karui pacTBOpa COJIM IMHKA,
B JIBE€ JIpyTME€ — CTOJIBKO K€ pacTBOpa COJM KaaMmus. B kaxmyro mpo-
OMpKy 700aBbTE IO KaIIIM PACTBOP €AKOM IIeJI0Ur A0 MOsBICHUS Oe-
JBIX CTYJICHUCTBIX OCAJKOB TMAPOKCUIOB. VCHbITaiTEe OTHOIICHHUE I1O-
JYYEHHBIX TUAPOKCUIOB K KMCJIOTaM M 1esiodam. Uto HaOmoaeTe?
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P€3yﬂbman’Ibl dKcnepumernma

Kakol BbIBOJI MOXKHO CJI€JIaTh O CBOMCTBAX T'MIPOKCUIOB IIUHKA U
kaamusi? Hanuimmre ypaBHEHUS peakMid B MOJIEKYJISIPHOM U MOHHOM
dbopme. OOBICHUTE pa3TUINE B CBOMCTBAX THIPOKCHUIOB.

Onstm 3. Cyas@uoer yurka u KadMmus u ux c60icnéa

ObopyodosaHue u peakmugbl. TATUB C NMPOOUpKamMu. PacTBOpHI:
CepHasi  KUCJOTa, THAPOKCHA  HATpUs, YKCyCHas  KHCIOTa
(C =1 monb/n), consinas kuciora (C = 2 MoJb/i1) cyabPua HATpus,
cynbdar kagmus, cyiabdat nuaka (C = 0,5 Mosb/mn).

Buvinonnenue pabomoi

Peakuy MOHOB LIMHKA W KaJAMHUS C CYJIb(PUI-UOHOM SIBIISIIOTCS
Ka4eCTBEHHBIMU U MCIIOJB3YIOTCSI B XUMHUYECKOM aHalu3e JJis oOHa-
pyKeHUs Zn™ u Cd*' B pactBopax. B nBe npoOupku BHecute no 3—4
KaIlJId pacTBOpa COJIA IIMHKA, B JIBE€ JIPYTU€ — CTOJIBKO € pacTBOpa
coni Kaamud. B kaxayro nmpoOoupky 100aBbTE HECKOJIBKO Kameilb pac-
TBOpa cyibduaa HaTpus. 3adUKCUpPYHTE IBET OcaakoB. VcmbiTaiTe
OTHONIIEHHUE MOJIYYEHHBIX OCAJKOB K KHCJIOTaM U 1enoyaM. [IpoBeps-
T€ PaCTBOPUMOCTH CyJb(HU/Ia IMHKA B YKCYCHOM KUCIIOTE, a Cyibhuaa
KaaMusa — B coirstHou. UTto Habmronaere?

P@Syﬂbmambl dKcnepumernma

Kakoi1 BBIBOJ MOXKHO CZI€JIATh O CBOMCTBAX TUAPOKCUIOB IMHKA U
kagmusi? Hanummre ypaBHEHUs peakMid B MOJIEKYJISIPHOM U HOHHOM
dbopme. OOBICHUTE pa3IUIUe B CBOMCTBAX TUIPOKCHUIOB.

Tema 21. Xpom u mapramer

Oneimr 1. Bocernarosumensrvie céoticinsa
coeourerutl Mapearnya (11)

Obopyoosanue u peakmugvl: MTATUB C TPOOUPKAMU, BOJSHAS
Oans. PacTBOphI: TUAPOKCHA HATpusl, CyJdb(aT Maprania, cepHas Ku-
ciota, HUTpaT cepebpa, mepcyibdar ammonus (C = 0,1 moinb/n),
OpoMHas BoJa.
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A. Bzaumooeiicmeue cyavghama mapzanua ¢ Opomnoit 6000ii

Buvinonnenue pabomoi

Bnecute B mpoOupky 2 karu pactBopa cyibdara maprania (II)
¥ 3 KamM pacTBOpa THUAPOKCUIA HATPHUS U PA3IACIUTE COJECPHKUMOE
Ha 2 mpoOupku. B mepByro mpoOUpKY K MOIYYEHHOMY OCAJKy J0-
O0aBpTe 5—6 Kamenb OpoMHOM BoJbl. OTMEThTE HM3MEHEHHE I[BETa
ocajaka B pe3yibpTare oopazoBanus MnO, (depe3 mpoMeKyTOUYHOE 00-
pazoBaHue MapraHuoBatuctod kucinotel H,MnOs). Ipyryro mpobup-
Ky OCTaBbTE B IITATHBE W HAOIIOJANTE TOCTEIICHHOE N3MCHECHHE IIBE-
Ta 0CajiKa MoJ ICUCTBUEM KUCIOpOa BO3IyXa.

Pe3yfzbmambz dKcnepumernma

3anuiruTe ypaBHEHHUE PEaKIMU MOJyYEHUs] THIPOKCHIA MapraH-
ua (II) u ero B3aumoneiictBue ¢ OpoMoM U KUCI0poioM. CUIIBHO Jin
BBIPAXKE€HBI BOCCTAHOBUTENBHBIE CBOMCTBA ruipokcuaa Maprauua (11)?
MoxeT 1M OH OBITh OKHCIUTEIEM B OKHCIUTEIbHO-BOCCTAHOBHU-
TEJIbHBIX PEAKIUSIX?

b. Bzaumooeiicmeue cynvgpama mapzanuya c nepcyivphamom
AMMOHUS
Buinonnenue pabomoi

B npoOupky BHecuTe 2—3 KamiM pacTBopa cyib(dara MapraH-
na (II), 5-6 xanens pactBopa nepcyibdara aMMOHUS U OAHY KaruIio
CEpHOM KHUCIIOTHI. B kadecTBe kaTanu3zaTopa J00aBbTE 2 KarulM pac-
TBOpa HuTpaTa cepedpa. Colep:KUMoe MOrpeiTe Ha BOASHON OaHe.
HaGnronalite n3MeHeHne 1IBETa pacTBOpA.

P@Sy]lbmal’l’Ibl dKcnepumernma

Hanummnre ypaBHEeHHME XUMAYECKOW PEAKIINM, YUYUTHIBAS, YTO OHA
IIPOTEKAET IO CXEME:

Mn*" + S,05° — MnO, + 2S0,”.

Onwim 2. Oxucaumensiwie céoticniéa ﬂ@pM&lHZ&lh’&lﬂZ-Zth’d

ObopyodosaHue u peakmugul: MTATUB C MPoOUpKamMu. PacTBOpHI:
THAPOKCHU HATpHs, CEpPHAs KUCIOTa, CyIh(ar MapraHiia, epMaHra-
Hat Kanus, coiab Mopa (C = 0,1 MoJb/JT), STUITOBBIN CITUPT.
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Buvinonnenue pabomul

B Tpu npobupku BHecuTe 1o 3—4 Kamid pacTBOpa MepMaHraHarta
Kanus. B onHy n0o0aBbTe 2 Karuld CEPHOM KHCJIOTHI, B JAPYIYIO —
CTOJIBKO K€ BOJBI, B TPEThIO — 3—4 KaIUIh pacTBOpa THAPOKCUIA Ha-
Tpusi. 3aTeM B TMEpByK mpoOuUpKy no6aBbTe coidb Mopa
((NH4),SO4 - FeSO, - 6H,0) no obecnseunBanusi pactBopa. Bo BTO-
pyto — 3—4 karuu pactBopa cyibdara maprania (I1). Uro nadmronae-
Te? B TpeThio 100aBbTe 3 Kamiu 3TUiI0Boro cnupra. Habmrogaiite mo-
CTEIIEHHOE BOCCTAHOBJICHUE IEpMaHTraHAT-MOHA CHadajla /10 MaHra-
HaT-MOHA, a 3aTeM 110 okcuaa mapranua (I1V).

P@S’yﬂbmal’nbl dKcnepumernma

3anuIluTe WOHHBIE M MOJIEKYJISIDHBIC YPaBHEHUS OKHUCIUTEIb-
HO-BOCCTAHOBUTEIIBHBIX PEAKIUU. YUYECTh, UTO B KHUCIIOW, HEUTPAJb-
HOW W WIEJOYHOM Cpele OKUCIUTEIbHO-BOCCTAHOBUTEIIbHAS PEAKIIUS
MPOTEKAET B COOTBETCTBUU CO CXEMOM:

pH <7 MnO, + Fe*" — Mn”™" + Fe’”
pH="7 MnO, + Mn*" — MnO,

MnO, + C,HsOH — MnO,” + CO, + H,0 — MnO, + CO, +
pH > 7 + H,O

12KMnO, + C,HsOH + 12KOH = 12K,MnO, + 2CO, + 9H,0.

Onwim 3. Oxucaumensmwie céoticmsa xamuora xpoma (111)

ObopyoosaHue u peakmuewl: MTATUB ¢ TPOOUPKAMH, METaJIINYE-
CKHI1 ITUHK. PacTBOphI: cepHast kucioTa (KoHII.), cyibdar xpoma (III)
(C = 0,1 Moap/11), TOTYOJ; METALUTMUECKUMN ITUHK.

Buvinonnenue pabomoi

Haneiite B npobupky 5—6 kanens pactBopa cyibdara xpoma (I11),
no0aBbTE TakoOM k€ 00bEeM KOHIICHTPUPOBAHHOM CEPHOM KHUCIOTHI
Y HECKOJIBKO KPYITHUHOK METAJUIMYECKOT0 UHKA. OJTHOBPEMEHHO BHE-
cute B pooupky 0,5 MJ1 TOJIyosa B KQUeCTBE 3aIlUTHOTO CJIOS OT JOC-
Tylna KHACJIOpOJia K peareHTaM U3 Bo3ayxa. HaOmronmaiite n3MeHeHHe
OKpacKu pacTBopa.
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P€3yﬂbman’Ibl dKcnepumernma

3anuImTe YpaBHEHUE NPOTEKAIOIIEH OKUCIUTEIBHO-BOCCTAHOBHU-
TEJIbHOW peakiuu. Kakoe BEmEeCTBO B JAaHHOM XMMHUYECKOW PEAKIUU
ABJSIETCS BOCCTaHOBUTENEM? OIIEHUTE OKUCIUTEIbHYI0 AKTUBHOCTD
couieit xpoma (III).

Onvim 4. I Losyuerue manopacmeopumerx: xpomani06

ObopyoosaHue u peakmugvl. TATUB ¢ MPOOUpKaMu. PacTBOpEI:
TUJIPOKCHUJ HATpUs, a30THAsI KUCJIOTa, HUTpAT cepedpa, OuxpomMar Ka-
aus (C = 0,1 mons/m).

Buvinonnenue pabomoi

B 2 npobupku Haneite mo 3—4 karmiud pacTBopa OMxpomara Ka-
JUsl, B OJTHY W3 HUX BHECHTE 5 Kalellb pacTBOpa THIPOKCH/IA KaJHs.
Uro nabmogaete? 3aTeM B KaKIyI0 U3 TPOOUPOK BHECUTE 2—3 Karuiu
pacTBopa HUTparta cepedpa. B mepBoii mpodbupke (C XpoMaToM Kaiusi)
cpady 00pa3yeTcsi OTHEHHO-KPAaCHBIM OCaJ0K XpomaTa cepeodpa.
Bo BTOpOI1, ¢ OuxpomaToM Kamus, CHadajga o0pasyercsi KpacHO-OyphIit
ocaZok ouxpomarta cepedpa. OHaKO OH HEYCTONYHUB U pa3jIaracTcs:

Ag2CI'207 = Ag2CTO4 + CTO3.

B o00e mpoOupku mpuieiiTe HECKOJbKO Karejlb a30THOM KHCIOTHI
1 HAOJIIOTaiiTe MPOIECC PACTBOPEHHUs OCaaKOB. OOBSICHUTE ATOT MPO-
11€CC, TOJIb3YSICh MOHIATUEM ITPOU3BEICHUS PACTBOPUMOCTH.

P@Sy]lbmal’l’Ibl dKcnepumernma

Hanmumure ypaBHEHHE peaklMM Iepexoja OuxpomaT-uoHa
B XpOMAT-MOH B IIIEJIOYHOM CpeJie, XUMUYECKHE peakIiuu 00pa30BaHus
TPYAHOPACTBOPUMBIX OCAJIKOB XpomaTa M Ouxpomara cepedpa. Hc-
MOJIB3YSl 3HAUCHUS TTPOU3BEJCHUSI PACTBOPUMOCTH 3TUX BEIIECTB, CO-
MOCTaBbTE UX PACTBOPUMOCTb.

[Ipouiecc pacTBOpeHUsI OCAAKOB B a30THOM KHCIJIOTE MPOUILITIOCT-
pUPYHTE COOTBETCTBYIOIIMMHU pacueTaMHu.
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Onwim 5. Llsemmsie npepamperus xpoma

Obopyoosarue u peakmugul. TATUB ¢ MpoOUpKkamMu. PacTBopsr:
xjopus xpoma (C = 0,1 Monb/11), TMAPOKCHUJ HATPUSI, CEPHASL KUCIIOTa
(C =1 moaw/nm), nepokcua Bojgopoaa (o = 10 %).

Buvinonnenue pabomeot

B npobupky BHecutTe 2—3 M pactBopa CrCls (pacTBop 3e5eHoro
nsera) U 1-2 mn pacrBopa NaOH. HaOmronmaiite BbimajeHue ce-
po-3eneHoro ocajaka ruapokcuaa xpoma (I111):

Cr’" +30H — Cr(OH),|.

Jlo0aBbTE K pacTBOPY OJIHY KaILTIO IEPOKCUAA BOJOPO/Ia, HArpeuTe
COJIEP)KMMOE MPOOUPKHU Ha crUpTOoBKE. OTMETHTE PaACTBOPEHUE OCAIKa
2—
1 obpazoBanue xpomar-uoHa CrO4~ JTUMOHHO-KENTOrO 1BETA:

2Cr(OH); + 40H + 3H,0, — 2CrO,> + 8H,0.

[Tocne Toro kak mepoKCcHUa BOAOPOJA M3pacXoayeTcs (KUCIOpO
MIePECTaHET BBIACIATHCS), 100aBbTE B MPOOUPKY 1-2 MJI cepHOI KHC-
J0ThI. 3aUKCUPYUTE MEPEXO]I KEITOTO XpOMaT-UOHA B OPaHKEBBIM
JUXPOMAaT-uOH Cr2072_:

2Cr0,> +2H" — Cr,0 + H,0.

HemHoro oxyiaaure pacTBOp U J00aBbTE OJIHY KaIlIlO MEPOKCHUIA
BoJoposa. HaOmromaiite oOpa3oBaHME TEMHO-CHHEH HaJaXpOMOBOM
kucsioTsel H;CrOg:

Cr,0,> + 7H,0, — 2CrOg” + 5H,0 + 4H"
H € 6BICTpO€ péBJIO)KGHI/Ie C 06paBOBaHI/IeM HNOHOB CI‘3+I
CrOg” +4H™ — Cr’™ + 30, + 2H,0.

P@Syﬂbmambl dKcnepumernma

3anuinuTe ypaBHEHHS MPOBEACHHBIX peakiuu. OTMETbTe U3Me-
HEHHSI OKPACKH, NMPOUCXOuBIINE B npobOupke. Kakue BemecTBa (no-
HbI) 00eCTIeYMBAIIN OKPacKy?
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[Tpunoxenue

JlaBJjieHHe HACBIIIEHHOT 0 BOASTHOTO Napa B MM PT. CT.
NPHU pa3HbIX Temneparypax, °C

Temmepa- JaBnenie Temnepa- | [asme- | Temmepa- TaBnenue
Typa Typa HUE Typa
10 9,21 17 14,53 24 22,38
11 9,84 18 15,48 25 23,76
12 10,52 19 16,48 26 25,21
13 11,23 20 17,54 27 26,74
14 11,99 21 18,65 28 28,35
15 12,79 22 19,83 29 30,04
16 13,63 23 21,07 30 31,82

Koncranrsl AUCCONUNAINH HEKOTOPLIX KUCJIOT 1 OCHOBaHUM

Kucaora ®opmya Ka pPKa = -IgK,
CepHucTas K,| H,SO; 1,710 1,76
K, 6,210 7,20
CepoBogopogHas K, H,S 1,0-1 0’ 6,99
K, 1,3:10°° 12,89
VromsHas Ki| HCO; | 45107 6,35
K, 4,8-107" 10,32
YKcycHast CH;COOH | 1,74-10° 4,76
[[aBeneBast K| H,C,0, 5,6:10 1,25
K, 54107 4,27
OcHoBaHue dopmya Kp pK, = -IgKy
Amomunns rugpokcusl  K; | Al(OH); 1,38-107 8,86
AmMMHaka pacTBOp NH;-H,O 1,76 10° 4,755
Keneza (I) rugpoxkcun K, | Fe(OH), 2,8:10° 5,55
leieﬂnesa (IIT) rugpox- K, Fe(OH); 131012 11.89
Kanpums ruipokcu K, | Ca(OH), 4,0-1 0~ 1,40
Maruausi ruIpOKCHUJI K,| Mg(OH), 2,510 2,60
Memu (I) rugpokenn K, | Cu(OH), | 1,0-10° 6,00
Cunna (IT) rugpoxcun K, | Pb(OH), 3,0-1078 7,52
Xpoma (III) runpoxkcung K; | Cr(OH), 7,9-10" 10,10
[{rHka rugpokcu K,| Zn(OH), 4,9-1077 6,31
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IIpousBeaeHnss pacCTBOPUMOCTH
HEKOTOPbIX TPYAHOPACTBOPUMBIX BellECTB

Tooel;ﬁf np pIIP= "1 Dopmy.a 113 pIIP =
st =—IglP | coenmHeHHs = —|gIlP
I'mapoxkcuabl KapGonarsl
Al(OH); | 1,010 32,00 BaCO; 5110 8,29
Ca(OH), | 5,510° 5,26 CaCO; 4,810 8,32
Cr(OH); | 6,310 30,20 CdCO; 52:10"° 11,30
Cu(OH), | 2,2-10* 19,66 FeCO, 34710 | 10,46
Fe(OH), | 1,0-10 " 15,00 Li,CO, 3,98:10° 2,40
Fe(OH); | 3,2:10°° 37,50 MgCO; 2,110 4,67
Mg(OH), | 1,8-10" 10,74 PbCO; 7,49-10" | 13,13
Pb(OH), | 1,110 19,96 SrCO; 1,110 9,96
Zn(OH), | 7,1-10° 17,15 ZnCO; 1,45-10"" | 10,84
I'agorennabl OxcaJjarbl
AgCl 1,7810"° | 9,75 BaC,0, 1,1-10” 6,96
PbCl, 1,610 4,79 CaC,0, 2,310 8,64
AgBr 5310 " 12,28 MgC,0, 8,6:107 4,10
Agl 8,310 "7 16,08 PbC,0, 4,810 " 9,32
CaF, 4,010 10,40 SrC,0, 5,6:10° 7,25
Cyabdarsl Xpomatsl
BaSO, | 1,1-107" 9,97 BaCrO, 1,2:10"° 9,93
CaSO, 9,1-10° 5,04 CaCrO, 7,1-10° 3,15
PbSO, 1,6:10° 7,80 PbCrO, 1,810 " 13,75
SrSO, 32107 6,49 SrCrO, 3,6:10° 4,44
Cyabdursl dDocharsl
BaSO, 8,0-107’ 6,10 Ca3(PO,), 2,010 28,70
CaSOs 1,3-10°° 7,89 Mg;(PO,), 1,010 " 13,00
CyJibpuabl Jpyrue coiu
CdS 7,9-1077 26,10 AgBrO, 55107 4,26
CuS 6,3-10°° 35,20 AgCN 1,410 15,84
FeS 5,0-10 " 17,30 AgCNS 1,1-10 " 11,97
ﬁ“cig;) 251010 | 200 1 Ageno, | 10100 | 1000
PbS 2,510 26,60 Ba,P,0; 3,010 " 10,50
Ziip(;%a— 1,610 23,80 MgNH,PO, 2,510 12,60
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