BCEPOCCHICKA ST OJIUMITUAJIA IIKOJIbHUKOB
10 XUMWU. 2018-2019 yu. .
MYHULUIIAJIBHBIN DTAIL 9 KJIACC

3ajaHusA U KPUTEPUH OIlEHUBAHUS
OO0mue ykazanusi: eclid B 3ajadye TpeOyroTCsl pacu€Thbl, OHU 00S3aTEJIbHO JIOJKHBI
ObITh MpUBEACHBl B pemieHuu. OTBET, NPUBEAEHHBIM 0e€3 pacu€TOB WM HHOTO
00OCHOBAaHHS, HE 3aCUUTHIBACTCS.

3ananmue 1. Yto pearupyer ¢ Bogou?

IIpy B3aMMOJEUCTBUM HEKOTOPOTO Ta3za C BOAOM 00pa3yroTcs (PTOPOBOAOPOS U
kucinopon. Onpeaenure ¢GopMmyny rasza, €ClId H3BECTHO, YTO OJUH O0BEM
HEU3BECTHOI0 raza o0pa3zyeT Npu B3aUMOJEHCTBUM C BOAON OMH 00BbEM KU CIOPOA.
Jlaiite HazBaHue 3TOMY rasy. Kakue raspl JalOT Takhe K€ MPOAYKThl PEAKIUU IIPU
B3aMMOJICICTBUU C BOJIOW ? 3aNMIINTE YPABHEHUS BO3MOKHBIX PEAKIIHUM.

3aganmne 2. [IpeBpanienus 3j1eMeHTa U €ro COeUHEHU I

IIpocroe BemecTtBO X1 — 3TO cepeOpUCTO-O€bld META, IMIMPOKO HCIOIb3YyEMBbIi
B TexHuke. [lpu B3amMopgerictBuu X1 C KEITHIM MOPOIIKOM MPOCTOro BemecrBa Y
oOpaszyercst coenunenue X, coaepxkamiee 64,0 % nsnementa Y. BemectBo X2
MOMECTUJIM B BOAY, IPU 3TOM HaOMIOANIOCh BbINaJeHHE Oeyoro ocagka X3 U
BBIJICJICHUE HEMPUATHO MaxHyiiero ra3a Yi. Ocalok oTOUIBTPOBAIN U pa3feianin
Ha 7aBe vactTu. K mepBoil yYacTu NOPWIMIM PAcCTBOP CEPHOM KHUCIOTHI, OCAJ0K
pacTBopuiicsi, U oOpa3oBajicsi pacTBop BemecrBa Xs. Bropyoo uacth ocanka
pacTBOPIIIM B IIENOYM U MOJYYUIIUM PACTBOP BellecTBa X4. 3aTeM K MOIY4EHHOMY
pacTBOpy IO KarisiM JO00aBUJIM CEpHYKO KHUCIOTY. Bce omucaHHble peakiuu
MPEACTaBICHBI HA CXEME:

H,0 NaOH
X, > Xy — X,
H,SO,
H,SO,
Y
X4 Ky =

1) Onpenenure Bce HEM3BECTHBIE BEIIECTBA U 3AIUIIIUTE YPAaBHEHUS peaKkIuil.

2) OnuumTe, 4TO MPOUCXOUIIO IPU 100ABJICHUN CEPHOU KUCIIOTHI IO KarJIsiM.

3) Ilpeanoxute cnocod MoaydyeHus BelecTBa Xs U3 BellecTBa X2.

4) Cpenu BEIIECTB, YIIOMSIHYTBIX B 3aj1ade, HAUTE KUCIOTY H OCHOBAHUE, KOTOPBIC
HE BCTYIAIOT APYT € APYIOM B PEAKLIMIO HEUTPATU3AIUH.
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3ananue 3. Pacuér cocraBa pacrsopa

UYepe3 110 mu1 u3BECTKOBOM BOJBI (HACHIIIEHHBIM PacTBOpP THAPOKCHUIA KaJbIIHS,
minotHocTh 1,01 r/mm) mponycrunu yraekucnsii ra3. [pu stom Bemano 0,1 1 ocajnka,
a MOJIyYeHHBIN pacTBOp HE JaBayl okpamuBaHus ¢ ¢peHonpranrenHoMm. Kakoir o0bEM
YTJIEKUCIOTO Tra3a, U3MEPEHHBINA TP H. Y., ObLT MponyileH yepe3 pactsop? Haiinure
MacCOBYIO JI0JIF0 PACTBOPEHHOT O BEIIECTBA B MOJYYEHHOM pacTBOpe. PacTBOpuMOCTh
rugpokcuaa kameuus B Boge cocrasiser 0,16 r B 100 r Bogst ipu 20 °C.

3ananue 4. @Topupyromi ra3

BemectBo X — XUMHYECKM AaKTUBHBIM Ta3, KOTOPBII
UCIIONB3YIOT Uil (PTOPUPOBAHUSL PANTMYHBIX BEHIECTB. ITO
JTOBOJIBHO TSDKEJBIN a3, €ro njIoTHOCTh IO BOJOPOAY paBHa 54. J
X pearupyeT ¢ BOJOW W WIEJIOYaMH, MPUUYEM OSTU PEaKUHU

IIPOTEKAIOT 0e3 W3MCHEHHMS CTElCHell OKHCICHHs dIeMeHToB. | MOAENb Monekynbl X

[Ipu HarpeBanuun X paznaraercsi Ha JiBa BEIIECTBA — MPOCTOE U CIOXKHOE, IPU 3TOM
CTEIIEHb OKHUCJIEHUSI MEHSIET TOJIBKO OJUH 3JIEMEHT.

1. Onpenenute popmyny X.

2. Haitnute tmotHOCTR X  TIpH  KOMHATHOM — TeMmmeparype W HOPMaIbHOM
arMochepHOM JIaBJICHUH, €CIH MIJIOTHOCTh BO3/lyXa MPH 3TUX YCIOBUAX paBHa 1,2 r/i.
3. Hanumme ypaBHEHUS TPEX MEPEUUCICHHBIX PEAKITUH.

3aganue S. OkucaUTE b PAKETHOTO TOIJIMBA

Heoprannueckas conbp A SBISIETCI OYEHb CWIBHBIM .
OKHCIIUTEIEM M BXOAUT B COCTaB TBEPABIX PAKETHBIX .;{ R

ToruB. OHA COCTOUT U3 YETHIPEX AIEMEHTOB-HEMETAIIOB ,“_‘
(omuH u3 HUX — a3oT, 11,9 % mo macce) u mpeacraBiseT ,R :

co0oll OeciBEeTHbIE KpUCTaJIbI, pacTBopumbie B Boae. [lpu - %
JNEUCTBUM IIETOYM HA PACTBOP A MOSBISIETCA PE3KUM 3amax } ’

u Bbyaensercs ra3 b, koropeli jerde Bo3ayxa u
OKpallMBaeT BJIAXHYIO JAKMYCOBYI0 OYMaXKy B CHHUM
user. IIpy HarpeBaHuu coib A pasnaraetcs CO B3PbIBOM,
OIHAUM W3 MPOJAYKTOB PA3JIOKEHUS SBIKACTCS KENTO-3€JIEHbIM ra3 B, KoTophid
TsDKenee Bosayxa B 2,45 pasza. YcranoBute dopmyisl BemecTB A-B, orBer
noaTBepaAuTe pacu€rom. Hanummre ypaBHEHME peakuud A CcO LEJIOYBI0 U
BO3MOXXHOE YPaBHEHHE Pa3IOKEHUS A.

KPHETEIJ'IJ'II-"ILIE'EKEH
CTpyKTYpa A
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3aganue 6. OnpeaesieHue coJsiel MO MJIOTHOCTH PacTBOpPa

[lepen roHbIMM XMMHKaMU ObUIa MOCTaBJICHA 33/1aya UJICHTU(DUIUPOBATH BbIJAHHBIC
COJIM: XJIOpUJ HaTpHsl, XJIOPUJ Kaius, cylbdar HaTpus u cyiabdar kamus. OgHako
YUUTENb BB IOHBIM HMCCIEAOBATENIIM HE 4YeThIpe, a MATh 00pa3ioB (MPOHYMe-
poBaHbI udpamMu 1-5), KOTopble MPEACTABISIIN CO00N KPUCTALTNUYECKUE TTOPOIIKH
OeJoro nBera.

JI71st pelieHust MOCTaBICHHOM 3aaun ObLI MPEIOKEH cienyromuii cnocod. Ha
Becax oTMmepunu mo 10T kaxaoro oOpasila, KOTOpbIE MEpEeHECId B CTaKaHbl,
copepxkamme 90 MJI JUCTUIUIMPOBAHHOM BOJBIL, W MEpEMEIIAA A0 MOJHOIO
pacTBOpeHUs cojieil. 3areM IIOTHOCTh MOJY4eHHBIX PAacTBOpPOB ObLla H3MEpEHa
C TTIOMOIIBIO aPEOMETPOB (CM. PHCYHOK).

)

N3mepenure mioTHOCTH pacTBOpa C MOMOIIIBIO
apeomMmeTpa: 1 — apeomerp; 2 — HUWIMHJIP
C UCCIIEYEMOM KUIKOCTBIO

I/ISMepeHHBIG 3HAYCHMS MJIOTHOCTEH IMOJYYCHHBIX paCTBOPOB IMPUBCACHLI B Ta6JII/II_[C.

Ne oOpasna 1 2 3 4 5

I11oTHOCTH

pacTBopa, 1,063 1,071 1,081 1,092 1,038
/Ml
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I'padviku 3aBUCUMOCTH TIJIOTHOCTU PACTBOPOB OT MAcCCOBOM J1OJU COJIEM MpPUBEICHBI
HA PUCYHKE.
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Maccopas gond conn, %

C moMoup0 JOMOJHUTEIBHBIX HCCIEIOBAaHUN OBLIO yCTAaHOBJIEHO, YTO PAacTBOPHI,
MPUTOTOBJICHHBIE U3 00pa3loB 4 U 5, UMeJIM OIMHAKOBBIM KaueCTBEHHBINA COCTaB.

1. KakoBBI MaccoBBI€ JI0JIM COJICH B PacTBOpax, MPUTOTOBJICHHBIX U3 00pasioB 1-47?
N3BecTHO, 4TO 3T 00pa3libl NPEACTaBISIIOT CO00M 0€3BOTHBIE COJIH.

2. OnpenenuTe, Kakue COJIM BBIIAHBI B KAU€CTBE OOPA3IOB JJISi MCCIICOBAHUS IO
Homepamu 1-5.

3. [Ipennoxxute BO3MOXHOE OOBSICHEHWE TOTO, YTO PACTBOPHI, TPUTOTOBJICHHBIC U3
o0pasioB 4 u 5, UMenu pa3HyIo MJIOTHOCTD.

4. OnpenenuTe cOCTaB BELIECTBA, BBIIAHHOTO B KauecTBe 0Opasia Ne 5.

5. [Ipennoxure anbTepHATUBHBIA CIIOCOO0 HUIACHTHU(UKAUKM BBIIAHHBIX BEIIECTB.
B03MO0OXHO MCIIOIB30BaHHUE AOMOIHUTEIBHBIX PEAKTUBOB.
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Peinenus u KPUTCPHUHU ONCHUBAHUA OJIUMIIMAAHBIX 3aI[aHI/II7[

B HTOTOBYIO OLICHKY U3 6 327124 3aCYUTHIBAKOTCA S pemeﬂuﬁ, 3a KOTOPbIC
Y4aCTHHUK Haﬁpa.ﬂ Hau00JIbIlINe 63.]1.]1]:[, TO €CTh OAHA U3 3aJa1 ¢ HAUMCHBIIINM
0aJ1JI0M He YUINTHIBACTCH.

3aganue 1. Yro pearupyer ¢ Boaoii?
Pemrenue u Kputepum OeHMBAHUSA:
Tak kak B coCTaB NPOAYKTOB peakunu BxoasaT 3nemeHTsl H, F m O, B cocras
HEU3BECTHOIO ra3a MOT'YT BXOJAUTh TE K€ AJIEMEHThl. B0O3MOKHbIE BApUAHTHI:

a) F2, 6) OF2, B) OzF2, 1) HF 2 0ana
BapuanTt ¢ HF ne moaxoaut, Tak kak (TOPOBOJIOPO/I HE pearupyeT ¢ BOAOM.
Bo3MoxHbIE ypaBHEHUS PeaKIU:

a) 2F2 + 2H20 = 4HF + O2 2 danna
0) OF2 + H2O = 2HF + O2 2 0anaa
B) 202F2 + 2H20 = 4HF +30; 2 6anga

N3 npuBenéHHBIX ypaBHEHUU TOJBKO YypaBHEHHE (0) YIOBJIETBOPSIET YCIOBUIO
3a7a4H.

HazBanue raza — ¢gropua kuciaopoma(ll). 2 dasna
Bcero 3a 3agauy — 10 0a/u10B.

3ananmue 2. [IpeBpaienus 3/ieMeHTAa U €ro COeIMHEeHH I
Pemienune u Kpurepuu OeHUBAHUA:

1) Xi-Al
X2 — Al2S3 (W(S) =96 / 150 = 0,64 = 64 %)
X3 — Al(OH)3

X4 — Na[Al(OH)4] (mpuarMaeTcs aro0as pa3yMHas 3alIUCh aJIIOMUHATA)

Xs — Al2(S04)3

Y-S

Y1-H2S 7 Bemects 1o 0,5 6amra 3,5 6ay1a
YpaBHEHHUS PEAKLIUI:

2Al + 3S = Al,S3

AlS3z + 6H,0 = 2AI(OH)3  + 3H,S-

Al(OH)z + NaOH = Na[AI(OH)4]

2AI(OH)3 + 3H2S04 = Al2(SO4)3 + 6H20 4 peakiuu o 0,5 6auta 2 6ayuta

2) Ilpu no0aBIeHHHM CEPHOM KHMCIOTHI IO KaljigM CHaudana o0pa3yeTcs TUAPOKCH]L
AIIFOMHMHUS, KOTOPBIM 3aT€M PACTBOPIETCS B U30BITKE KUCIIOTHI:

2Na[Al(OH)4] + H2SO4 = 2AI(OH)3 + NazS04 + 2H,0

2AI(OH)3 + 3H2S04 = Al2(SO4)3 + 6H20
WK CYyMMAapHO

2Na[AlI(OH)4] + 4H2S04 = Al(SO4)3 + Na2SOs + 8H.0 2,5 6amna
3) X2 — Xs: Al>S3 + 3H2S04 = Al2(SO4)3 + 3H2S 1 6ana
4) B peaknuto HerTpamu3anuu He BcrymaoT Al(OH)s u HoS. 1 6ann

Bcero 3a 3agauy — 10 60a/u10B.
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3ananue 3. Pacuér cocraBa pacrsopa
Pemenue:

Mp-pa(Ca(OH)2) = 110« 1,01 = 111,11
®(Ca(OH)2) = 0,16/ (0,16 + 100) = 0,0016
m(Ca(OH)2) =111,1-0,0016 =0,1775
n(Ca(OH)2) =0,1775/ 74 = 0,0024 momb
n(CaCOz) =0,1/100= 0,001 mob

0,0024 0,0024 0,0024
Ca(OH)2 + CO. = CaCO3 + H20

0,0014 0,0014 0,0014
CaCOs + CO; + H20 = Ca(HCO:3)2

Tak Kak MOJYy4EHHBIH PACTBOP MMEET HEUTPAIbHYIO WM CIa0OKUCIYIO PEAKIUIO
Cpebl, TO TUAPOKCUJ KAIBLUS IPOPEArupOBAI IIOTHOCTHIO.

n(CO2) = 0,0024 + 0,0014 = 0,0038 mMob

V(CO2) = 0,0038 x 22,4 = 0,085 i

m(CO2) = 0,0038x44 =0,1672r

m(Ca(HCOs)2) = 0,0014 x 162 = 10,2268 r

m(p-pa) = Mp-pa(Ca(OH)2) + m(CO2) — m(CaCO3) = 111,1 +0,1672 - 0,1 = 111,17 r
w(Ca(HCO3)2) = 0,2268 / 111,17 = 0,00204, niu 0,204 %.

Kpurtepuu oneHuBanus:

VYpaBHEHHS peakuid 2%x15 3 6aaaa
Pacuér 00béma yraekucinoro rasa 3 dasia
Pacuét maccoBoit 1onm ruapokapOoHaTa KaabIlus 4 danua

(pacuét 6e3 yuéra Bbinasiiero B ocagok CaCOs — 2 6anna)
Bcero 3a 3agauy — 10 0a/u10B.
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3ananue 4. @Topupyromi ra3

Pemenne u KpuTepun oeHUBAHUS:

1. Cyas no monenu, Mosiekyia X cofaepxxut 4 aroma ropa.

M(DF4) = 54«2 =108 r/moib. M(D) = 108 — 4% 19 = 32 r/mounb, D — S.

®opmyna X — SF4 2 banaa
(13 Hux — 1 6amt 3a OF 4 nunmu 3a Mmonsipayro maccy 108 r/moib)

2. OTHOCUTENbHAS IIOTHOCTD 10 BO3AYXY: Dgosx (SF4) = 108/ 29 = 3,72.
p(SF4) =1,2x3,72 = 4,47 1/n. 2 6a/1a

3. YpaBHEHUS peaKInil:

SF4 + 2H,0 = SO; + 4HF 2 6anna
(mpuHUMAarOTCS Takke peakiuu ¢ oopazoBanueM SOF2 i H2SO3)

SF4 + 6KOH = KzSOs3 + 4KF + 3H20 2 danya
(ecmu B menouyHoit cpene Boiaensercs SOz unu HF — 0 6anos)

3SF4 = 2SFe + S 2 danna

Bcero 3a 3agauy — 10 0a/u10B.

3aganue 5. OkucauTEb PAKETHOIO TOILIMBA

Pemenue:

Peakumsi comm co mEnoYybl0 TOBOPUT O TOM, 4TO A — COJb aMMOHHUsS. YwucCHo
DJIEMEHTOB B A M €ro OKHCIHTEJIBHBIE CBOWCTBA MO3BOJIIOT IPEAIONOKNUTH, YTO
AQHUOH COJIM COAEPKUT KHUCIOPOJA M HEMETAI B BBICOKOW CTENEHHM OKHCIICHHS.
Hu3skoe copepxanue a3ora CBUAETEIBCTBYET O TOM, UTO B aHHOHE aTOMOB a30Ta HET.

Jlia onpenenenuss GpopmMyJsibl A HCIOIb3YyEM MaccoByl Jo0Jit0 a3zora. Ilycts
dbopmyna comu — NHsX, Torna

M(NH4X)=14/0,119 = 117,6 r/monb, M(X) = 117,6 — 18 = 99,6 1/ Mmou1b,

YTO COOTBETCTBYET nepxiiopar-uony ClOs .

Hamuuwne xyopa B aHMOHE IOATBEPXKAACTCA BBIACICHHEM rasa B, KOTOpbIi
npeacrapisgeT codoorr MoJeKYISpHBIA XJOp Cl2 (Dgoss. = 71/29 = 2.45). I'az B,
OKpallMBAOIIUHI JaKMYC B CUHUH LBeT, — amMuak NHs.

A — NH4ClO4, B - NHs, B -Cl..

YpaBHEHUE PEAKIIUH CO IETOYBIO:

NH4ClO4s + KOH = KCIO4 + NH3- + H20.

Peakiua pasnokeHuss TMPOTEKAET 110 HECKOJBKMM HAIlPABICHUAM, IIO3TOMY
BO3MOXXHBI pa3nuHble ypaBHeHUs. [IpuHuMmaeTcs n1000e ypaBHEHHE, B KOTOPOM
o6pasyercs Clo n okucnsercs N3, Hanpumep:

2NH4CIOs %:3® Clo— + 2NO; + 4H,0

NJiIn

ONH4ClOs ¥5® Clo— + 2NO + 05 + 4H,0
NJiIn

ANHCIOs 58 2Cl— + 2N20 + 305 + 8H,0
NJIn
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2NH4ClOs %% Clo— + Nz + 202 + 4H0
(He 3acuuThiBatoTCs ypaBHEeHMS, B KOTOpbIX Hapsiny ¢ Cl2 oopasyrorcss NHs wm Hz.)

Kputepuu oneHuBanus:

dopMyIIbl BEUIECTB 3x2 6 0asL10B
YpaBHEHUE PEAKIIUU CO IIETOUBIO 1 0a
YpaBHEHUE PA3T0KECHUS 3 dana

Bcero 3a 3agauy — 10 0a/u10B.

3ananue 6. OnpenesieHue coJie 1Mo MJIOTHOCTH PacTBopa
Pemenne u cucreMa OueHMBAHNS:
1. Ucxoas u3 Toro, 4To o0pasiibl 1-4 — 6e3BOAHBIE COMU, UX MACCHI B KQXKJIOM ClIydae

ObuTH paBHbI 10 T, MaccoOBbBIE JOJIM BO BCEX UYETHIPEX pacTBOPaxX ObLIM OJUHAKOBBIMU:

10r
e =0,1=10% 1 6aa
Omaxlr/ma+10T
2. Hcnone3ys npuBeAEHHbIE TpapUKH W YUYUTHIBAs, YTO MAaCCOBBIE JOJIM COJeil
B pacTBOpax, MPUTrOTOBICHHBIX U3 00pa3oB 1-4, paBusl 10 %, monydaem:

1 - KCI; 2 - NaCl; 3-K3504; 4 u 5 — NaxSOsa. 5 0an10B

3. OueBugHO, 0Opazer] 4 sBiseTcss 0€3BOMHBIM Cylb(aToM HaTpus, a oOpaserm 5 —
Kpucrtajmoruaparom. B sToM ciydae pacTtBOopbl OyayT HMETh OJMHAaKOBBII
Ka4eCTBEHHBIA cocTaB, a MaccoBas nojs NaxSOs B pacTBOpe, IPUTOTOBJICHHOM M3
KpUCTAJJIOTUApara, OyJaeT HUXKe, YeM B PacTBOpE, MPUTOTOBJICHHOM U3 0€3BOJHOMN
COJIH. 1 0ana

4. Ecnu npuHsATh, 4T0 obpasen 5 — kpucramtoruapar NaSO4-xH20, To koaumuecTBo
BENIECTBA BO B3ATOW HaBecke Maccor 10 r paBHO
10
n(Na,SO,) =——
(N 50.) 142 +18x
Torma maccoBas moist NaxSOs B pacTBOpe
D2
W(Na2804) - 142 +18x — !
90 + 10 142 +18x
ITo rpaduky nnornoctu 1,038 r/Mi COOTBETCTBYET MaccoBasi 1075 Cylib(haTa HATpus
~4,4 %. Ilonydaem ypaBHEHHUE:

142 0o
142 +18x
Xx=10

Na,SO4-10H.0
[Ipunumaetcs Takke oTBeT X = 11, mpu KOTOPOM MoiydaeTcs OJM3KOE 3HAYCHHUE
MacCCOBOM J10MIK coix B pactBope (4,2 %). 1 0an
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5. OI[I/IH N3 BO3MOXHBIX BAapHAHTOB I/II[eHTI/I(l)I/IKaLII/II/I BBIAAHHBIX BCIICCTB
npcacraBJICH B BUAC Ta6JII/II_U)I.

NaCl KCI Na2S0a4 Na2S04-10H2.0 K2S04
Ipo6a Ha Tnams Tnams TInams Tnams
H
oK EH_II/IBaHI/Ie NPUHAMAET | MPUHUMAET MIPUHAMAET [Tnamst mpuHEMaeT MPUHAMAET
EJI&MCHI/I KENTYI0 | PHOJIETOBYIO KENTYIO KENTYIO OKPACKy | (PHOJIETOBYIO
OKpPAacKy OKpPAacKy OKpPAacKy OKpPAacKy
N3menennii | U3menennit Brinajmaer Brinajmaer
PactBOp Brimagaer ocagok
HE HaAOJII0- HE HaAOJII0- 0ocaJioK 0ocaJioK
BaCl 0esnoro 1uBera
naercs naercs OeJoro mBeTa OeJoro mBera
IIpu He3HAYUTEIIB-
HOM HarpeBaHUU
Harpesanue . I1aBUTCH (BEpHEe .
P 3menennit (Bepree, 3meneunnit
KpPHUCTAILTH- e pacTBopsieTcs e
YECKOTO B KPUCTAJUTU3AIHOH-
HaOII0aeTCs N HaOII0aeTCs
BEIIIECTBA HOM BOJIE),
BBIJICIISIFOTCS TTIAPHI
BOJIBI

Bcero 3a 3agauy — 10 60a/u10B.

2 0ass1a 3a J11000€e BEpHOE peleHne




