PEIIIEHUA 3A/1A9 M3 BCOLI 110 XUMHWH 25/26 I'O1A
11 KJTACC

3aoaua 1

PactBopumocts nipu 100°C: kq50 = 1,020 (102,0 r/100 T BozbI)
PactBopumocts nipu 70°C: k5o = 0,893 (89,3 1/100 1 Bo1BI)
PactBopumocts nipu 40°C: k.o = 0,634 (63,4 1/100 T BoIBI)

Macca ucxogHoro pactopa: 216 r

ITepssiii ocagok (70°C): m; = 2091 r

Bropoii ocanok (40°C): m, = 79,05

Haiitu n u m nnsa xkpucramnoruaparos SrCl, - nH,O u SrCl, - mH,0
Ncxonneriii pactBop npu 100°C, macca pactBopa 216 In.

HyCTb X — Macca CoJid, Yy — macca BOJbI.

x+y =216
x
—=1,020
y
W3 nepBoro: y = 216 — x.
= 1,020

216 — x

x =~ 109,069 r SrCl,

y = 216 — 109,069 = 106,931 r H,0O
Oxnaxxaenue 10 70°C — Haxoaum n:

[TepBeiit ocanok: my = 20,91 .
ITycth a; — macca 6e3BoaHOI conu B HEM, b; — Macca BOJIbI B HEM.
Ilocne BeImIameHus:

Coub: 109,069 — a,
Boga: 106,931 — b,

Otnomenue npu 70°C:



109,069 —a; 0.893
106,931 —b;,
Taxxe a; + b; = 20,91.

Pemaewm:

a; = 17,037 r conun

b; = 20,91 - 17,037 = 3,873 1 BojbI
Monspuaas macca SrCl,: 87,62 + 2 X 35,45 = 158,52 r/mou1b.
Monsipraas macca H,O: 18,015 r/monb.

17,037
Momu conu:
158,52

3,873
Momu BoIbI: ~ 0,21496
18,015

~ 0,10746

0,21496

n=0.10746 ~ 200

[epsrrit kpuctamnoruapat: SrCl-2H-0.
Oximaxaenue ot 70°C no 40°C — HaxoauM m:
[Tocne nepBoro oxnaxaeHus:

Comnb: 109,069 — 17,037 = 92,0321
Bopa: 106,931 — 3,873 = 103,058

Bropoii ocamok: m, = 79,05 .
ITycts a, — macca conu B HEM, b, — Macca BOJIbI B HEM.
Tlocne BeITameHus:

Conb: 92,032 — a,
Boga: 103,058 — b,

Otnomenue npu 40°C:

92,032 —a, 0634
103,058 — b,
Taxxe a, + b, = 79,05.
Pemaem:
a, = 46,995 r conn
b, = 79,05 — 46,995 = 32,055 r BoxbI
Mounu conu: 269% 0,2965
158,52
Momu BoIpI: 32055 o 1,779
18,015
_ 1,779 6.00
™ =0,2965 "

Bropoii kpucramnoruapar: SrCl-6H20.



Hmozoeviit omeem:
[Tpu oxnaxnennu 1o 70°C Bemagaer SrCl-2H-0,
npu oxnaxaeHnu 1o 40°C Bemanaer SrCL-6H-0.

Kommenmapuiit Kk npoeepke: omeemvl y WKOIbHUKOE MO2YM HEMHO20 OMAUYAMbCA 8
3A8UCUMOCIU O OKPY2LeHUSl 8 NPOMENCYMOUNBIX pacuemax. Bre 3agucumocmu om okpyeneHuu
npu NpasuIbHOM peulenuy cmasumcs noausii oan. Takowce 6 npedcmagieHHom peuwieHuu opanu
OoNlee MouHble 3HAYEHUS AMOMHBIX MACC, WKOIbHUKY OKPYIALU UX 00 YelblX.

Kommenmapuii k npoeepke: peuienus, 8 KOmopbwix npedocmasieH mojibko omeenm 0e3 Kakux-iubo
pacuemos u paccysxcoenutl oyenusaemcs 0 dannamu.

Kommenmapuii k npogepke: pewiams nooodHvie 3a0a4u 4epe3 Maccogvle 00U CIUWKOM 2pyoo,

3aCUUMbI8ams peuleHus: MoabKo 4epe3 COOMHOUEHUS %.

Kpumepuu oyenueanusa:
Pacuem maccwot 600l u conu 6 HAUAILHOM pacmeope no 2 4 oanna
oanna
3anuce cucmemul ypasnenuil (KaK 6 peuieHuu uiu e 2 banna
no000HOIL) uepe3 coomuouenue macc coau u 600ul npu 70°C
Onpeoenenue yucnan 2 banna
3anuce cucmemul ypasnenuil (KaK 6 peuieHuu uiu ei 2 banna
no0o0OHOIL) uepe3 coomuouieHue macc coau u 600vt npu 40°C
Onpeoenenue uucia m 2 banna
Bcezo 12 pannos




3aoaua 2
1. Pacuér A, H5gg 11 A,S3og
CO(r) + Cly(r) = COCly(r)

ArHog = ApH(COCLy) — [AsH(CO) + AsH (CLy)]
A, HSgg = —220,1 — [(—=110,5) + 0] = —220,1 + 110,5 = —109,6 x/x/Mo7b

A, S595 = S°(COCL,) — [S°(CO) + S5°(CL,)]
A,.Sy9g = 283,8 —(197,7 + 223,1) = 283,8 — 420,8 = —137,0 [Ixx/(mob-K)

2. Koncranra paBHoBecus Ky, npu 510 K

ITo ycnosuro A,.H®° u A,.S° He 3aBuCAT OT T.

AyGsio = ArHzog — TArS50g

A.Gsi9 = (—109,6 X 1000) — 510 x (—137,0)
A,Ggqy = —109600 + 69870 = —39730 [Ix/monb
A,.Gg19 = —RTInK,

—39730 = —8,314 X 510 X In K,

InK, = 9,37

K, = %7 = 11750

3. [MapuuansHoe nasienre CO B paBHOBECHOW CMECH
N3 ycnoBus pasHoBecus ipu 510 K:

p(COCL,)

P p(CO) - p(Cly)
Hano: p¢;, = 1,1 6ap, pcoci, = 3,4 6ap.

11750 = 34
- p(CO) x 1,1
3,4 3,4
p(CO) = ~ 2,63 X 10™* Gap

11x 11750 ~ 12925

4, HaHpaBJ'ICHI/Ie peaKkuuun 1npru Ha49aJbHBIX YCIIOBUAX

Bcenomuum Teopuio. YpaBHeHHe H30TepMbl xumuieckoil peakunu (Banr-TI'odda)
Jns peakuuun

ald + bB = cC + dD
B ra3oBo# (haze MpH MOCTOSHHOM TeMIieparype:

AG = AG° +RTInQ,



rIe:
e A,G — m3mMeHeHue »Heprun [ MO606ca Mpu NaHHBIX MAPIUATBHBIX JABICHUSX,

e A,G° — crannaptHoe u3MeHeHue sHepruu ['ndoca (rpu p° = 1 Oap),

0 _ c/p")(pp/p")*
P a/p)*(wa/p°)P
(6e3pa3mepHasi BeTUYMHA),

— CTaHJaPTHOE BRIpAKEHHE ISl KO PHUIMEHTA PEaKIIUU

e p° =1 0ap (cTaHIapTHOE AABICHHUE).

c.
Ecmu p° = 1 6ap u nasnenus B 6apax, 10 @, = pa £

B paBnoBecun A,.G = 0, mosTomy

A,.G° = —RTIn K,
TloxncraBiss:

AG = RTIn 22

Ky

Kpurepuii HanpaBjieHHs peaKLum:
e Ecm Q, < K,, 10 A.G < 0 — peakuus uaET B MPAMOM HaIpPaBIEHUH (— NPOTYKTHI),
e Ecm Q, > K,, 10 A.G > 0 — peakuus uaeT B 00paTHOM HAIPABIECHUH («— IPOIYKTHI),

e Ecmm Q, = Kj, T0 cCTeMa B paBHOBECHH.

HauanbHble naBieHU:
po(CO) = 0,25, po(Clz) = 0,7, po(COClz) = 1,1 6ap
_ po(COCLy) _ 1,1 _ 1,1
O = po(CO) - po(Cly)  0,25% 0,7 0,175

~ 6,286

CpasnuBaem ¢ K, = 11750:

Qp < K, = peakuus nolinér Bupaso (B CTopoHy o0pa3oBanus (pocrena).
Peaknust mola€T B MpsiMOM HaNpaBJICHUMU.

Kommenmapuiit k npoeepke: omeemvl y WKOIbHUKOE MO2YM HEMHO20 OMAUYAMbCA 6
3a6UCUMOCIU O OKPY2leHUsl 8 NPOMENICYMOUHbIX pacuemax. Bre 3asucumocmu om oxpyanenuti
npuU NPAGUILHOM PeUleHUU CMagumcs NOIHbLL Oa.

Kommenmapuii k npoeepke: peuienus, 8 KOmopuix npedocmasiet mojibko onmeem 0e3 Kakux-iuobo
pacuemos u paccyxcoenuii oyenusaemcs 0 dannamu.

Kpumepuu oyenusanusa:

Pacuem A:H 298 u A:S°208 no 2.5 6anna 5 dannos
Onpeoenenue Kynpu 510 K 2 banna




Ilapyuanvnoe dasnenue yzapnozo 2aza 2 oann
Obocnoeanue nanpaenenus peakyuu ¢ NOMouiblo ypasuenus | 4 oanna
uzomepmol
Bcezo 13 6annoe
3aoaua 3
oH O oH n
NO, NH,
1) Zn/HCl 1) NaNO,
—_—
2) NaOH HBF,
0-5°C
2)t°c
HNO3(259%,)

OH B
1) O,, Co?* 1) POCl3;, DMF 1) NaH
2) Hy0" 2) Hy0* 2) CHjl

BI’Z
H,0
O Na*
EtoJ\/U\OEt
X on u Et;N
Br Br o~
1) CO,
180°C
Br 5atm OEt
2) H;0*
Brause) o = H
H,0 OH O
(0] OEt
3 K OH
o o
Br Br \/K
(CH5C0),0 o o 1
Br Br OH

O/

) (CH3CO),0 _ PG
_—
CH3COONa t°C
2) H;0*
) 3 =

COOH o

1) NaOH
2) HyO*
tC

K — canununoBas kuciorta, JI — aciipyH (aueTHICaIuIIoOBast KUCIOTA)

Kpumepuu oyenueanusn:

auemuacaiuyunosas kucioma, mo 0.5 éanna

Bewecmea A-P no 1 6anny (6éemyecmea H nem) 15 6annoe
K — canuyunosasn kucaioma 1 6ann
JI — acnupun (1 6ann), eciu yxazana moaibvko 1 6ann

Bcezo

17 6annoe




3aoaua 4

Pemenue 3amaun MOXXHO HayaTh C YCTAaHOBJICHHE KJIACCOBOM MPHUHAJICKHOCTH HEKOTOPBIX
BelllecTB: BemecTBa b — xiopuj (IpocToe BEIIECTBO B3aUMOJICHCTBYET € XJI0poM), /[ — OKCU
(mpocToe BemeCcTBO B3auMOJIEHCTBYeT ¢ kuciopoaom), K — cymbdum (mpocroe BemecTBo
B3aUMOJICHCTBYET C cepoit). Perenre MOXKHO HAYMHATD C aHAJIK3a JIF000TO U3 ATUX COCAUHEHUH.

K nmpumepy, Haunewm ¢ Bemectsa b. O6mas hopmyna ximopunoB XCl,. 3Hass MOJCKYISPHYIO
Mmaccy b u3 ycinoBus 3a1a4u v iepedupast 9uciao aToMOB XJIOPa, HaxouMm, 9to X = Mo.

OcTanbHbIe BCUICCTBA paCCYUTHLIBAIOTCA WUJIW ITOATBCPIKAAOTCS YUCIICHHBIMHA JaHHBIMH.

Bewecmea:
A=Mo

b=MoCl;
B=Mo0Cl,
I'=Mo(CO)¢

= Mo0;
E=(NH4)sM0,0,,
K=(NH,)3PMo01,0,
3=Na,Mo0,
H=Mo0,
K=MoS,
JI=Mo0,Cl,
M=MoCl,

1) 2Mo + 5Cl, - 2MoCl;

2) MoCl; + Al + 6C0O —» Mo(CO)g + AlCl,

3) 2Mo + 30, = 2Mo00;

4) Mo + 25 - MoS,

5) Mo + 2C0, - MoO, + 2C0

6) MoO, + 2Cl, - Mo0,Cl,

7) MoS, + 2H,0 - MoO, + 2H,S

8) MoO, + 2CCl, —» MoCl, + 2C0Cl,

9) 2MoCl; + 0, » 2Mo0Cl, + Cl,

10) 2MoS, + 70, —» 2Mo05 + 450,

11) 2MoCls; + 12HNO; — 2Mo005 + 5Cl, + 12NO, + 6H,0
12) Mo(CO)¢ + 12HNO3; - MoO3 + 6C0, + 12NO, + 6H,0
13) MoO; + 2NaOH — Na,MoO, + H,0

14) 7M0o0; + 6NH; + 3H,0 - (NH,)cMo0,0,,

15) (NH,)¢Mo0,0,4 + 7TNH,H,PO, + 36 HNO3; = 3(NH,)3PM0,,0,49 + 36 NH,NO; + 24H,0



Kommenmapuii k npoeepke: peuienus, 8 KOmopbwix npedocmasieH mojbko omeem 0e3 Kakux-iubo
pacuemos, paccylicoeHull U nOOMeepHCOeHUll 8eujecms N0 Mamemamuyeckum OaHHbIM 3a0a4u
oyenusaemcs 0 dannamu.

Kommenmapuiit Kk npoeepke: eciu ypasHeHue XUMUYECKOU peakyuu Hanucamo 6e3
Koa(puyuenmos, mo cmagumvbcs HNONOBUHA 0ANNI08 3d OAHHYIO peakyuu npu YCi08uUl
NPABUIbHO20 HaANUCAHue NpoOYKMos U peazenmos.

Kpumepuu oyenueanus.

Bewecmea A-M no 1 d6anny 3a éewecmeo 12 6annoe

Peaxyuu 1-15 no 1 d6anny 3a peakuuto (ecnu peakyus ne 15 éanna

ypasnena, mo no 0.5 6annos)

Bcezo 27 banna
3aoaua 5

Pemenue 3aiaun ynoOHO HauaTh C aHAJIM3a KadyeCTBEHHOM mH(popmauuu. benblii TBOPOXKHUCTHIN
0CaJIoK — XJIopua cepedpa (HayaabHOE BelecTBO X1 COIep>KUT B CBOEM COCTaBE aTOMBI XJIOPHI),
IPOKAIMBAaHUE C YIJIEM B TOKE HABOJAUT HA MBICIIU O peakluK KapOoxsopupoBaHus (BemecTBo X9
— okcua, X10 - xjopun). XKenro-opaHkeBble I[BETa COJEH HABOJAT HAa MBICIM O XpOMarT-
OUXpoMaTax, AEUCTBUTEIbHO NOJKUCIEHHUE KEJITOro Ocajka (BUAMMO HEPACTBOPUMO XpOMara),
NPUBOAUT K OOpa3oBaHUIO 0o0Jie€ PAaCTBOPUMOIO JIUXpOMara OPaHKEBOIO IBETa. XpOMaTbl
LIEJIOYHO3EMENBbHBIX AIEMEHTOB IJIOXO PACTBOPHUMBI B BOJE.

X1=Cro,Cl,
X2 =Na,Cr0,
X3 =NaCl

X4 =S5rCr0,
X5 =5rCr,0,
X6 =AgCl

X7 =H,S

X8 =Cr(0OH);
X9 =Cr,04
X10=CrCl;

YpaBHeHHSs peaKIuii:

Cr0,Cl, + 4NaOH - Na,Cr0, + 2NaCl + 2H,0

Na,CrO, + Sr(NO3), = SrCr0, L +2NaNO;

25rCr0, + 2CH;COOH - SrCr,0, + Sr(CH;C00), + H,0
AgNO; + NaCl - AgCl 1 +NaNO,

8Na,Cr0, + 3H,S + 8H,0 - 4Cr(OH); | +3Na,S0, + 10NaOH

2Cr(OH)3 - Cry05 + 3H,0

Cr,05 + 3C + 3Cl, - 2CrCls + 3CO
Na,Cr0, + 2KClL + 2H,50, — Cr0,Cl, + Na,SO, + K,S0, + 2H,0

NN kD=



Kommenmapuii k nposepke: peuierust, 8 KOmMopbix NpedoCmasied moibko 0meem 6e3 KaKkux-1uoo
pacyemos, paccy#coeHull u noOMmMeepHCOeHUl 8euiecme no Mamemamuyeckum OaHHbIM 3a0ayu
oyenusaemcs 0 bannamu.

Kommenmapuiit Kk npoeepke: eciu ypasHeHue XUMUYECKOU peakyuu Hanucamo 06e3
Ko puyuenmos, mo Ccmasumvcs NOLOGUHA OANN08 3a OAHHYIO peakyuu npu Yclosuu
NpABUIbHO20 HANUCAHUE NPOOYKMO8 U Pea2eHmos.

Kpumepuu ouyenueanusn.

Bewecmea X1-X10 no 1 6anny 3a eeuiecmeo 10 6annoe

Peakyuu 1-8 no 1 oanny 3a peaxyuro 8 banna

Bcezo 18 6annos
3aoaua 6

OnuH 13 BapuaHTOB PACCYXACHUMN:

AIC I3H36/He):[ ZnSO4I/I36/HeL[ Ag N O3PI36/HCI[ N H31/I36/H€I[ N ao HI/I36/HCZ[ KI Pb(N 03)21436
/Hen
AlCl3 e - AgCl AI(OH)s ~IAIOH)s | - PbCl,
ZnSO4 newnss Ag2S04 ~/Zn(OH), | —/Zn(OH). - PbSO4
AgNOSHeL[/mG
AgCl Ag2S04 —1Ag20 Ag20 Agl -
NH3 s
3 nen/sd Al(OH)s | Zn(OH)z/— — | Pb(OH).
NaOHHezl/mG
Al(OH)a/— | Zn(OH)2/- Ag.0 Pb(OH)2 /-
KI - - Agl -
PB(NO3)zucws | ppCl, PbSO4 - Pb(OH), —IPb(OH),

1) EnuncTBeHHOE coeanHeHue, aaroliee 2 xenThix ocanka — Kl.

2) OnuH KenThIi 0CaOK M OJMH OBl 0CaI0K, KOTOPBIA PACTBOPSIETCS B M30BITKE
peareHTa, COOTBETCTBYET HUTpATy CBUHIIA, HE PACTBOPSIIOIIEMYCS B M30BITKE aMMHUaKa, HO
pacTtBopsitoriemycst B u30biTke NaOH.

3) [IBa kopruHEBBIX OCa/IKa YKa3bIBAIOT Ha COJb cepedpa, T.e. AgNOs.

4) Oxcup cepeOpa pacTBOpsieTCs B MU30BITKE aMMHaKa, YTO YKa3bIBa€T HA PACTBOP
aMMHaKa.

5) CnocobeH pacTBOpPUTH TPHU OETBIX 0caka B m30bITKe auinh NaOH.

6) be3s kenThIX 0CaJKOB U C OJTHAM OCAaJIKOM, KOTOPBIA PACTBOPSETCS B M30BITKE pearcHTa
— 910 AlCL.

7) o uckimroueHuto (Wian: He 00pa3yeT KeNThIX 0caakoB. PacTBopsieTcst B U30BITKE Kak
aMMHAYHOTO pacTBopa, Tak 1 NaOH).



Peakuyuu:

1) AlCl; + 3AgNO5; = Al(NO3); + 3AgClL 1

2) AlCl; + 3NH; + 3H,0 = Al(OH); | +3NH,Cl
3) AlCl; + 3NaOH — Al(OH); | +3NacCl

4) AI(OH)3; + NaOH — NalAl(OH),]

5) 2AlCl; + 3Pb(NO3), — 2AIl(NO3)5 + 3PbCl, 1
6) ZnS0, + 2AgNO; — Zn(NO3), + Ag,S0,

7) ZnS0, + 2NaOH - Zn(OH), 1 +Na,S0,

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

9) ZnS0, + 2NH; + 2H,0 — Zn(OH), | +(NH,),SO0,

10) Zn(OH), + 4NH; — [Zn(NHs),](0H),

11) ZnSO, + Pb(NO3), — Zn(NOs), + PbSO, |

12) AgNOs + 2NHs — [Ag(NHs),]NO5

13) 2AgNOs + 2NH; + H,0 — Ag,0 L +2NH,NO;
14) 2AgNO; + 2NaOH — Ag,0 | +2NaNO; + H,0
15) AgNOs + KI > Agl L +KNO,

16) 2NH; + Pb(NOs), + 2H,0 — Pb(OH), | +2NH,NO,

17) Pb(NOs), + 2NaOH — Pb(OH), | +2NaNO,
18) Pb(OH), + 2NaOH — Na,[Pb(OH),]
19) Pb(NOs), + 2KI = Pbl, L +2KNO,

Hmoczoewiit omeem:

1) PactBop 1 — KI; pactBop 2 — Pb(NO3)2; pactBop 3 — AgNOs3; pactBop 4 — NH3(om);
pactBop 5 — NaOH; pactBop 6 — AlCl3; pactBop 7 — ZnSO4

Kommenmapuii Kk npoeepke: eciu ypasHeHnue XUMUYECKOU peakyuu  HANUCAHO
Koa(puyuenmos, mo cmagumvbcs NONOBUHA 0ANN08 30 OAHHYIO peakyuu npu yCio8uu

npasujlbHoO20 Hanucavue l’lpanKWZOG u peacenmoe.

Kpumepuu oyenusanusa:

Onpedenenue nomepa Kax3cooz2o u3 eewecme (no 0.5 éanna)

3.5 6annoe

Xumuueckue peakyuu no 0.5 éanna, ecu Hem
K0Ippuyuenmos, mo no 0.25 éanna (19 peaxyuii)

9.5 6anna

Bcezo

13 6annoe
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