3aaHus 3aKJII0YUTENbHOr0 3Tana OJIUMIHAIBI IKOJILHUKOB
Cankr-IleTepOyprckoro rocyiapcTBeHHOI0 YHUBEPCUTETA
2023/2024 y4eOHOro roa mo XuMHuu

8 KUIACC

3aganue 1. «Ilapanaeasnas Beesennas»

[IpencraBpTe cebe, YTO MapauIeIbHO C HaIled CYIIECTBYET HEKOTopas apyras BceneHHas,
HaceJICHHasl aHaJloraMu JItoJiIel — romuHouiaMu. B 3Toil mapaiuiensHoil BeeneHHOW KBAaHTOBBIE
YHUCJIa UMEIOT CIIEIYIONNEe 3HAYCHHUS:

n=123,..
1=0,1,2,..n

mi = -(1+1) ... (I+1)
ms = +1/2

[Tonp3ysick cUMBOJIAMU XHUMHYECKHMX DJJIEMEHTOB Haied Bcenennoit (T.e., cumrtas, 4TO
3JIEMEHTBI C OJMHAKOBBIM KOJHWYECTBOM 3JICKTPOHOB B Hallled U MapajyienbHol BceneHHbIX
0003HAYAFOTCS OJIMHAKOBO):

1) mocTporiTe mepBhIe 1Ba Mepruoaa MEPUOINICCKON CHCTEMBI MapajIeIbHOTO MUPA;

2) yKaxuTe. YTO MbIOT M YE€M YMBIBAIOTCS TOMUHOWJBI; JIe)Ka HA YeM OHHU MPUHHUMAIOT
COJTHEYHBIC BAaHHEI,

3) HanuIIMTE ypaBHEHUS PEAKIMHA, COOTBETCTBYIOIIMX B HAIlIEM MHUPE TOPEHHIO OCHOBHOTO
KOMIIOHEHTa TPHPOIAHOTO Ta3za B BEIIECTBE, HOPOHCOAOweM KUCIOmMbl, ¥ TOTJIONIECHUIO
MPOAYKTOB TUAPOKCUIIOM KAMEHHO20 dJleMeHmd.

Penrenne

HerpynHo yBuzeTsh, 4TO B napasuienbHoil Beenennoil B mepsom nepuoje oyzaer 3
AJIEMEHTA, BO BTOPOM — 8§ 3JIEMEHTOB, B TPEThEM — 15 3J1€MEHTOB.
[TocTpouM COOTBETCTBYIOMUHN (PparMEHT MEPUOTUIECKOMN TaOTUIIBI
H | He | Li
Be | B | ¢ | N | O | F | Ne | Na
Mg| Al | Si|P|S|CI|A| K |[Ca|Sc|Ti|[V]|Cr|[mn]Fe

Toraa anamorom Bojbl OyAeT COEIUHEHHE BOJIOPOAA CO BTOPHIM C KOHIIA 3JIEMEHTOM BTOPOTO
nepuoa (BaXKHO, YTO 3TOMY 3JIEMEHTY JOJDKHO HE XBaTaTh ABYX 3JIEKTPOHOB O 3alOJHEHUS
aNIeKTpOoHHOTO cios) — HzF, anamorom mecka — coeuHEHHE YETBEPTOrO C Hayaja JIEMEHTa
tperbero nepuoaa (PF2). OcHOBHOI KOMIOHEHT MPUPOJHOIO raza — MeTaH — OyJeT 3aMeHEH Ha
NF4, rugpokcu nutus (kaMeHHOTO d1eMenTa) — Ha BeFH.
YpaBHEHUs peaKIuil:

NH4 + 3F2 = NF4 + 2H2F

NFs+ 2BeFH = BeaNF3 + HoF

Cucrema OLleHUBAHHUA:
[TocTpoeHue 1ByX nMepruoaoB albTEPHATUBHON MTEPHUOINUECKON cucTeMbl — 11 6armioB



Ompenenenre aHaJIOTOB BOJBI U TUOKCH/IA KPEMHHUS — 110 2 Oaia

3HaHUE OCHOBHOTO KOMIIOHEHTA MIPUPOIHOTO Ta3a U THIPOKCUA KAMEHHOTO 3JIEMEHTA B
3€MHBIX YCJIOBHSX — 110 2 Oaiia

CocraBiieHre ypaBHEHUH peakiuii B mapauiensHoi BeenenHol — mo 3 Gaa

3ananme 2. «Macc-cieKTpOMeTPUsD)

OpHMM U3 BaKHEMIIMX METOJOB HCCIIEOBAaHUS KadeCTBEHHOI'O U KOJIMYECTBEHHOI'O COCTaBa
ra3oBoii (ha3bl ABISETCS MACC-CIIEKTPOMETPUS — METO, B KOTOPOM PETUCTPUPYIOTCA 3apsyKCHHbIE
YacTHIIBI, 00pa3yromuecs: B X0Je 3KCIepuMeHTa. B mMacc-criekTpe Bo3ayxa oOHapy:KEeHBbI NMUKU
pa3anH0ﬁ HHTCHCHUBHOCTHU IIPU NECPCUHUCIICHHBIX HHKXC 3HAUCHUAX m/e (m — MaccCa B aTOMHBIX
€IMHUILIAX MACCHI, € — 3aps]] YaCTULbl B €IUHMIIAX 3apsi/ia 21eKTpoHa). JlaBieHue Bo3lyxa B Macc-
CIEKTPOMETpe COCTaBIAI0 5-107° MM pT. cT. OCHOBHBIE IUKH TIPEICTABIICHBI HIKE B TAOIMIIE

m/e 14 16 17 18 20 28
HNutencusnocts | 0.069 | 0.019 | 0.001 | 0.006 | 0.004 | 1.000
m/e 29 32 34 40 44
Hurencusnocts | 0.007 | 0.240 | 0.001 | 0.013 | 0.002

A) Kakum yacTuiiaMm MO>KHO MPUIUCATh KaXIbIM U3 YKa3aHHBIX MUKOB?
b) xak 1OMKHBI N3BMEHUTHCS OTHOCUTENIbHBIE MHTEHCUBHOCTH MTUKOB IIPU aHAJIM3€ BO3/1yXa U3
MPOMBILIUIEHHO Pa3BUTHIX PAiOHOB?

Pemrenue

HetpynHo noramarbes, 9To Hanboee HHTEHCHBHBIHN MUK JOJDKEH COOTBETCTBOBATH OCHOBHOMY
KOMITIOHEHTY BO3/lyXa — a30Ty, TOUHEE, €r0 OJJHOKPATHO HOHU3UPOBAHHOMY MOJIEKYJISIPHOMY
noHbl. Toraa Kk MOJIEKYISIPHOMY KHUCIOPOJYy MOKHO OTHECTH MUK MU M/e = 32, K yrIIeKHCIOMY
ra3y — 44, k HeoHy — 20, k BoAsiHOMY napy — 18.

m/e 14 16 17 18 20 28
Ortrecenue | 0.069 | 0.019 | 0.001 | H2O* | Ne* | N2*
m/e 29 32 34 40 44
Otnecenne | 0.007 | O2" | 0.001| Art | CO2*

[Ipu moHM3a1MK BO3/1yXa BO3MOXKHO 00pa30oBaHUE HE TOIBKO OJTHO3APSIHBIX, HO U
JBYX3apSIHBIX MOJEKYISAPHBIX HOHOB. DTO MO3BOJISIET OTHECTH TTHKH 1Tpr M/e = 14 1 16 k N2>* n
022*, CcooTBETCTBEHHO. BO3MOKHA M JINCCOIMAIINS MCXOIHOIN MOJIEKYIIBI, HAPUMED, PACTIa
moekysl Boasl Ha H u OH (ms mocnennero m/e = 17).

m/e 14 16 17 18 20 28
Orrecenne | N2t | 027 | OH' | H: O | Ne* | No*
m/e 29 32 34 40 44
OtHecenne | 0.007 | O2F | 0.001 | Ar" | CO.*




Haxkonerr, BO3MOKHO 00pa30BaHue pa3IMYHBIX H30TONMOI0r0B. Tak, muk mpu m/e =29 MOKHO
otuectu k NN, a mpu 34 — x °0%0.

B npoMbITIeHHO pa3BUTHIX PaiioHAX B BO3IyXE JOJDKHO OBITH MOBBIMIEHO COICPIKAHNE
YIJIEKHCIIOrO Ta3a (BO3pacTeT MHTEHCUBHOCTD MUKa ¢ M/e = 44), a TakkKe MOSIBUTCS TTHK,
COOTBETCTBYIOLIUI TUOKCHIY a3oTa (m/e = 46).

Cucrema olleHUBAHUSA:

OTtHeceHue nepBbIX 6 TUKOB — 110 1,5 Oajuta 3a KaXslid, Bcero 9 6amion

Yd4er TBOEKPAaTHO HOHU3UPOBAHHBIX YACTHII U U30TOIOJIOTOB — 10 2,5 6ajia 3a Kaabli,
Bcero 12,5 6amnoB

VYka3zaHne Ha U3MEHEHHE COCTaBa BO3AyXa B MPOMBIIINICHHO Pa3BUTHIX paiioHaxX — 3,5
Oamra

3aganue 3

[IpemyioskuTe TOCIEN0BATEIIEHOCTh TPEBPAIICHUIH, CONMPOBOMXIAIOMIMXCS CICAYIONIMMU
u3MEeHEHHMsIMU OKpacku: KpacHblii(l) — sxentoiii(l) — cepo-3eieHblii — TPaBSIHUCTO-3€JCHBIA —
OpaHXeBbIil — CHHHUN — (hH0sIeTOBbINH — romyboii — xentoiid(ll) — kpacusiii(l1). Bee okpareHHbie
BEIIIECTBA COJIEP)KAT OJIMH U TOT XKe dIeMeHT. [IpeBpalieHus: OCyeCTBISIIOTCS B OJHY CTaIuIO.
3anumuTe ypaBHEHHS COOTBETCTBYIOIIUX peakmuid. I MmociemHero CoequHeHUsT MPUBEINTE

CTPYKTYPHYIO (OpPMYITY.

Pemenue:

Onun u3 Bo3MokHBIX 0TBETOB: CrO3 — K2CrO4 — [Cr(H20)sCI]Cl2 — K[Cr(OH)4] — K2Cr207 —
CrOs — Cr2(S0s)3 — CrSO4 — Cr(OH)2 — Cr2(Ac)4*2H:0.

Pazobannoexa: 3a kaxx0€ ypaBHEHUE Peakly 110 2,5 6aa (B ciiydae HEBEpHBIX
ko3 duuuentoB — 1,5 6anna). CtpykTypHas popMysa KOHEUHOTo BellecTBa — 2,5 Gana

3aganne 4. «'ocTh U3 KOCMOCa»

bunapnoe coeamHeHue X 30JOTHCTOrO I[BETa O0Opa3yeT MHHEpal, BCTPEYAFOIIHIACS
MIPEUMYIIECTBEHHO B MeTeopuTax. BemiectBo X 06sagaet 601b11101 TBEpAOCTHIO U UCIIONb3YETCS
JUIST HAHECCHMS TOKPHITUH Ha pa3IudHble METAUIMYECKHE HW3JeNus. MaccoBoe OTHOIIEHWE
anemeHToB B X coctaBiaseT 3.49. X MOXHO MOJYyYWTh B3aUMOJCHCTBHUEM >KHIKOCTH Y,
IBIMSIICICS Ha BO3Ayxe W Tasa A, Xxopomo pactBopumoro B Boje. [lpu peakmuu A C
ra3zo000pa3HbBIM XJOPOBOJIOPOJOM O0pa3yeTcsi KPUCTAUIMUECKUH TPOAYKT C MAacCOBOW JoJiei
xaopa 66.4%. XKunkocte Y Takxke pearupyer C XJIOPOBOJIOPOAOM, 00pa3ys TEeMHO-CHHEE
BEIIIECTBO C MAcCOBOM noseit xmopa 82.0%.

1. Onpenenute ¢popmyry BemecTBa X.

2. 3anummre peakiuto oopazoBanus X u3 A u B.

3. Tlouemy maHHBI MUHEpall 00pa3zyeTcs B yCIOBUsAX KocMoca? Uto memraer emy
¢dopmupoBathcs Ha 3emie?



PeweHune

1. TiN -7 6a/uioB
2. TiCls + NH3 =TiN +HCI + Cl> - 10 6anioB
3. Hamuuwme kucnopoaa — 8 6ajioB Hroro 25 6am10B



9 KUIIACC

3ananue 1. «XKuakocTb = ra3 + TBepjoe BeliecTBoO»

>KI/II[KOC IIpU CTaHAAPTHBIX YCJIOBHUAX BCIICCTBO A, JICTKO pasjiararomeccs Mnpu Harp€BaHuU Ha
TBEPAOC BEHICCTBO b u ra3 B, 06J1a1[aeT pAAOM HHTCPCCHBIX CBOﬁCTB, HEKOTOPBIC M3 KOTOPHBIX
IMPUBCACHBI HUXKC B BUIC CXCMBI:

No T

|
0 CsHs | NaOH H,S0,
X< E < A >B >T

|
| CsHs
!
|

1. Pacuudpyiite cxemy, ecinu U3BECTHO, YTO MPH Pa3I0oKEHUU 3,5 T BelecTBa A Mojaydaercs
2,0 nraza (H.Yy.)

2. IIpennoxure MeToa cuHTe3a BemecTBa A. I'ie oHO MoxkeT ObITh Mcnosib30BaHO? KakoBa
IpUpoJia CBA3M B 3TOM coeAuHeHun? Moskete a1 Bbl mpuBecTu mpumep, e TakOH THUII CBSI3U
UTPAET PE3KO OTPHUIIATEIBHYIO POJIh?

3. BemectBo I' conepxut ruppunasii Bogopona. OObsICHATE, TOYEMY OHO SIBIISIETCSI IOBOJIBHO
CUJIbHOM KHCIIOTOM.

4. BemectBo XX sBISieTCS TpPEACTaBUTENIEM OJHOTO W3 HEOOBIYHBIX KJIACCOB XHMHYECKHUX
coenuHenuil. Kakoro? Kak ono 6b110 cuHTE31pOBaHO BriepBbie? Kakue ellle npeacTaBuTeNu 3T0ro
KJacca BemecTB Bam n3BectHb1?

Pemenne n pasboaiioBka

Jlerkoe pa3yokeHHe BelecTBa A Ha TBEp/I0€ BEIECTBO U Ta3, a TAKIKE BeChbMa CBOCOOpa3HbIe
CBOMCTBa YKa3bIBaIOT Ha TO, YTO JJAHHOE BEIIECTBO, CKOPEE BCEro, KapOOHUII KAaKOT0-TO
metasuia. JKuaKuMu pu HOPMAITbHBIX YCIOBHSX SIBIISTIOTCS TOJBKO jBa 3 HUX — Fe(CO)s u
Ni(CO)s. Pacuet mokassiBaet, uto ucxoHoe BeiiecTBo — Fe(CO)s. — 3 Gama

Fe(CO)s + 2NO = Fe(NO)2CO (B) — 2 6asia

Fe(CO)s + 2NaOH = Na[HFe(CO)4] ( B )+ HCOONa — 2 6aia
Na[HFe(CO)4] + H2S04 = NaHSO4 + HaFe(CO)4 (') — 2 Gana
Fe(CO)s + CaHs = Fe(CaHs)(CO)s (JI) + 2CO — 3 6amia
2Fe(CO)s + 2CsHe = (Fe(CsHs)(CO)2)2 (E) + 6CO + Hz— 3 6ayuna



6(Fe(CsHs)(CO)2)2 = 2Fe(CsHs)2 (0K) + 2Fe3(CO)12 + 4Fe — 3 6amna

[Ipu onpeneneHnn cocTaBa BEIIECTB CIEIYET MOIb30BATHC “IPaBUIIOM 18 3J1eKTPOHOB™ U
yuecTh. uTo Ha obpazoBanue cBsa3u CO npenocrasisier 2 anextpona, NO — 3 anekrpona, CsHg —
4 snextpoHa, CsHs — 5 a1eKTpoHOB.

2. KapbOoHui jxeire3a MOXKeT ObITh MmotyueH npsmbiM cuaTe3oM : Fe + 5CO = Fe(CO)s ( npu
MOBBIIIICHHBIX TEMIIEpAType U JaBieHUH ). CBsA3b B TOM COCIIMHCHUH OUYCHB ITPOYHA BCIICACTBUE
CBOCOOPa3HOr0 MEXaHH3Ma ee 00pa30BaHHMsI: MPOUCXOUT KaK aKICITUPOBAHHUE HETIOACICHHOM
AJIEKTPOHHOMW TIaphl yIJIepo/ia Ha BAaKAaHTHBIC OPOMTAIIH XKeJlie3a. TaK U aKIeITUPOBAHHE
AJIEKTPOHHOM IJIOTHOCTH C 3all0OJIHEHHBIX 3d-0pOuTaeil IIeHTpaIbHOIO aToMa Ha
HU3KOJICKAIIYIO PA3PHIXJIIONIYI0 MOJIEKYIIsIpHYI0 opouTtans CO ( JaTMBHOE B3aMMOJICHCTBHE ).
HmeHHO 00pa30oBaHKEM TAKOTO MPOYHOT'O KOMILIEKCAa OOBSICHIETCS! CHIIbHOE OTPAaBJISIOIIEe
JICMCTBUE HA JIFOJICH yrapHOro rasa. — 2 oaia

3. JIOBOJIBHO CHJIbHBIC KHCIOTHBIE cBocTBa coenuneHus HoFe(CO)s 00bACHIIOTCS BRICOKOM
crabunbHOCThIO annoHa HFe(CO)4™ ( 18-31ekTpoHHOE OKPY)KEHHE IICHTPATLHOIO aToMa ). — 3
Oamna

4. BemectBo X — auuukioneHTaaueHua skene3a ( (QeppoueH ) — NPeACTaBUTENb Tak
Ha3bIBAEMBIX “‘COHABHUEBBIX” coeanHeHuit. OHo ObLI0 monyueHo mo peakiuu: FeCly + 2CsHsNa
= Fe(CsHs)2 + 2NaCl. JIpyrue npeacraBurenu storo kiacca — Cr(CeHe)2, V(CsHs)(C7H7) u T.11.
— 2 banna

3aganue 2

[Tpu B3aumoaeiicTBUM (PHUONETOBBIX MAPOB C U3OBITKOM KEITO-3€JIEHOr0 Ta3a B 3aKPhITOM
cocyJie IpU KOMHATHOHM TeMIlepaType Ha CTEHKax cocya 00pa3yroTCs IPKO-KENThle KPUCTAILIbI
OMHapHOTO coeAMHEeHHsI A, coJepXKallero 3JIeMEHThl TOJIbKO OAHOM rpymmsl [leproanueckoit
cucteMbl. MaccoBasi JIoJisi OJHOTO U3 3JI€MEHTOB B coefuHeHuu A coctasnser 54.4%. Ilpu
HarpeBaHuu coequHenus A 1o 70°C macca HaBecku ymeHbaercs Ha 30.4% u oOpazyeTcs TeMHO-
KpacHbI pacrmiiaB coenuHeHus b, oOmajgaromuii 3aMeTHOM 35eKTponpoBojHOCThIO. [lpu
no0aBlIeHUH B paciijiaB coeiuHeHHst b 0e3BoHOro xsopuaa Kaaust Uik 0€3BOIHOTO TPUXJIOPUAA
JIIOMUHUS 3JIEKTPONPOBOJIHOCTD PACILIABA CYIIECTBEHHO BO3PACTAET.

Coenunenus A u b odueHb peakIMOHHOCIIOCOOHBI, OHU pa3laraloTcsi BOJOH, aKTUBHO pearupyroT
C MeTaJUIaMH, HeMeTaJlJIaMH, KUCJIOTAMU, OCHOBaHUSIMU U OPTaHUYECKUMU COEAMHEHHUSIMH.

Bonpocsr:
1. Omnpenenure xumuyeckue (opmynsl coequHeHuid A u b, ykaxwure cnocoObl uX
MOJIyYECHHUS.

2. Hammmute peaknmm coenuuHeHnii A m B ¢ ¢ocdopom, sxeme3om, ropsueit BOIOH,
pPacTBOPOM HIEJIOUU U C TBEPIBIM XJIOPUOM Kallusl.

3. TlosicHuTe, KakWe MPOILECCH MPHUBOIAT K TOSBICHUIO SJIEKTPOIPOBOAHOCTH pacIliaBa
coenquHeHuss B um Kk e€ cyllecTBEHHOMY YBEIMYEHHUIO NpU J100aBIEHUU K paCIIaBy
0e3BOHOTO XJIOpHa Kanus U 0e3BOAHOrO Xjopuaa amomunus. [IpuBenure ypaBHeHUs
COOTBETCTBYIOLIUX PEAKIIUH.



Pemenne ¢ pa3danioBkoi

1. ®wuonerobic napsl — uox I2 (1 6aswLI), sxento-3enensiit ra3 — xyop Clz (1 6asmr). B u30biTke

xJjiopa oOpasyeTcs BeICIIMKA xyopu noga — tpuxiopun (IIposepka: MaccoBas 1ois nona
cocrasisiet 127*100/(3*35.5+127) = 54.4 % (1 6amn)). Coenunenne A — 3to ICl3 (uau
1.Clg) (2 6anna). [loreps 30.4% maccer 0.304%233.5 = 71 oreuaer notepe Clo (1 6amn).
Coenunenre b — 310 Mmonoxopu noaa ICI (2 6aswra).
B cBs3u ¢ HeycroitunBocThio ICl3 mpu HarpeBaHuu €ro cCiieayeT MoyydaTh M0 PEaKIUuH
MoJIa C KUAKHM XJIOpoM 1ipH -78 °C ¢ OCIeaYIONIMM HU3KOTEMIIEpaTypPHBIM HCIIapEHHUEM
Cl (1 6ana). Monoxmopua wuoxa ICl MOXHO TONYYUTh B3aUMOJCHCTBHEM
CTEXMOMETPUYECKUX KOJIMYECTB HO/Ia M XJIOpa IPU KOMHATHOM Temreparype (1 6amwr).

2. YpaBHEHUS pEaKIIHii:
5I1Cls+ 3P =3PCls + 2.5 I2 (1 6amm1)
5ICI+P = PCls+251, (1 6amxn)

ICl3 + Fe = FeClz + 0.5 12 (1 6am1)

3ICI + Fe = FeCl3 + 1.5 I> (1 6amn)

5 ICl3 + 9H,0 (rop) = 15HCI + 3 HIO3 +l,. (1 6aw)

5ICl + 3 H20 (rop) = 5HCI + HIO3 + 2l2. (1 6amm)

3ICl3 + 12 NaOH (p-p) = 2NalOs + Nal + 9NaCl + 6H20 (1 6amn)
3ICI + 6 NaOH (p-p) = NalO3z + 2Nal + 3NaCl + 3H20 (1 6amn)
ICI3 + KCI(tB) = K[ICl4]. (1 6a11)

ICI + KCI(tB) =K]JICI;]. (1 6amx).

3. DnekrponpoBogHocTh paciuiaBa ICl obycnoBiena ero aBromonuzanuei B pacmiase (1
6aJ1). Ypasuenue nporecca asrononusanuu: 3ICI = LCI™ + ICly (1 6am).

[Mpu nmoGaBieHWW XJIOpUAA Kallusl W XJIOpUA ATIOMUHHS YBEIHMYUBACTCS KOJHMUYECTBO
HOcHTeNel 3apsiia (CMeleHne paBHOBECHsI poliecca aBTornoHu3amuu) (1 6amn).

ICI + KCI(tB) = K" + [ICI2]". (1 6a).

2ICI + AICI3(tB) = [I2CI]"+ [AICL4]". (1 6aamn).

3aganue 3. «CTHPAJBHBII NOPOLIOK)

B coctaB cTupanbHOro nopomka «ApHuaib» BXOIAT CAEAYIOINE BAXKHEUIITNE KOMIIOHEHTBHI:
KaJbIIMHUPOBAaHHAS COJIa, CWIIMKAT HATpus, Tpunoaudocdar HaTpus, AoASUMICYIb(haT HATPUS,
nepbopar Harpus, [poTeasa, JuIasa, aMmuiaasa, TIEepaHuoJ, ONTUYECKHE a3ypEeHBl,
KapOOKCHMETHIILIEIIII0I103a, aMUJL JIAyPUHOBOM KUCIIOTBI. Y KaXXUTE HA3HAYCHHUE KaXKJOTO U3 ITHX
BemecTB. KakoB Mexanusm ux aeicteua? [IpuBennre ypaBHEHUS COOTBETCTBYIOIIMX PEAKIIMM.

Penrenne

KanprimaupoBanHasi co/la U CHIIMKAT HATPUS MPU THUAPOJIU3E CO3JAI0OT MICIOYHYIO CPeLy,
YTO CHOCOOCTBYET pACIICIUICHHIO (THAPOIN3Y) MHOTHX OpraHMYecKux BemlectB (I 6anrn 3a
obvscHenue, no 2 6anna 3a ypasHeHus 2UOpoau3a coell + 2 6aina 3a ypasHeHue 2uopoiu3d Heupa)



Tpunomudochar HaTpus 3a cueT oOpa30BaHUsI XENATHBIX KOMIUIEKCOB CBSI3BIBAC€T COJIH
KECTKOCTH, a TaKXKe yAalsieT MATHA PXKaBYMHBI U T.I. (I 6amn 3a obwacHenue, 2 6annia 3a
YpasHeHue peaxkyuu)

Honeunncynbdar HATpUsT — THUIMYHOE TIOBEPXHOCTHO-aKTUBHOE BEILECTBO, YAAISET C
HIOBEPXHOCTH OpraHUu4ecKue 3arpsizHenus (1 6aun).

[lepbopar HATpHsi — OKHCIUTENIb, UCTOYHUK «AKTUBHOTO KHCJIOPOJ/ay», OKHUCISIET 3arpsi3HEHHUS,
oTOeNnMBaeT TKaHb. AKTHBUpPYETCsS Ha cBeTy! (I bamn 3a oOwscHeHue, ypasHeHue peakyuu — 2
banna)

[Iporea3za, nunasza, amuiaa3a — DJH3UMBL, OWOJIOTMYECKHE KATaIHM3aTOPhl  Pa3lIOKEHUS
OpraHMYECKUX BeIlIecTB (OEIKOB, JKUPOB U YIIIEBO/IbI, COOTBETCTBEHHO). — 3 bania

OnTuueckue a3ypeHsl — ONTHYECKUE 0TOeIMBaTeNH, (PI0OpEeCHUPYIOIIUE BEIIECTBA, CO3/IAI0IINe
AJUTIO3UIO O€JIN3HEL. — 2 bajia

['epanmnon — apomaTudeckasi OTAyIIKA. — 2 6ania

Kapbokcumerunmenitono3a o0pa3yeT IUICHKY Ha TOBEPXHOCTH TKaHU, MPEMSITCTBYIOLIYIO
TATBHEUIIIEMY OCKICHHIO TPS3U. — 2 Oania

AMUJIBI KUPHBIX KUCIOT — CTa0MIU3aTOPBI IEHBI — 2 Oasia

3aganue 4. «I'a30BbIe cMecH»

XuMuK Butanuii upe3Bpl4aliHO BOOAYLIEBWIICS CTaThEW O TOM, Kak B HoBouepkaccke B
1952 romy coBeTCKHE HMH)KEHEpHI 3allyCTUJIM IPOU3BOJCTBO IO IMOJYYEHHUIO OPraHUYECKHUX
coequHeHnnit MerogoM Dumepa-Tporia, CbIpb€M Uil KOTOPOTrO CIYXKWJI yrojib JloHEnKoro
Oaccelina. PemB moBTOPUTH MOJIBUT OTIIOB-OCHOBATENEH, OH coOpall B CBOE 1abopaTopuu B
MOIIHBIX YCTAHOBKH ISl pa0OTHI C CHHTE3-Ta30M.

3arpy3uB B anmnaparsl 00beMoM 1o 10 TUTpoB cUHTE3-Ta3, OH J00aBUJI B IEPBBIN COCYl B
BUJE KaTalM3aTopa HUKEIb HA OKCHAE MarHus, a BO BTOPOM — TPUOKCHJ IUXPOMA; TaKUM
o0Opa3oM, nepBasi ycTaHOBKa Oblila peHa3HaYeHa Il CUHTEe3a MeTaHa (M BOJbl Kak OOOYHOTO
IpO/yKTa), a BTOpas — JUIs CHHTe3a MeTaHoja. B o6a anmapara 6bu10 3arpyxeno no 1500 momnb
yrapHoro rasa, BO BTOpOH ammapaT ObUT Takxke Ao00aBieH apros. Ilpu BbIxoae ammapaToB Ha
IPOEKTHYI0 MOIIHOCTh B HHMX ObUIO gocTUrHyTo namnenue 1,5 Mlla u temmeparypa 600 K.
KonunuecTBo MeTaHoI1a, CHHTE3UPOBAaHHOI'O BO BTOPOM alrnapare, 0Ka3ajJloCh PaBHO CYMMapHOMY
KOJIMYECTBY METaHa M BOJbl, NOJYYEHHBIX HAa IEPBOM YCTAHOBKE. TakKe H3BECTHO, 4YTO
KOJIMYECTBO BOJIOPOJA, BBEAEHHOTO BO BTOPYIO YCTAHOBKY, PABHO CYMM€E Ha4aJIbHOT'O KOJIMUECTBA
BOJIOpOJia B IEPBOM aIllapaTe U aproHa BO BTOPOM.

3areM SKCIepUMEHTATOp COeAUHIII 00a ammapaTa ¢ 20-TUTpOBBIM cocynoM (00bEMaMu
COEIMHUTENIbHBIX TPYOOK MOKHO MpeHeOpeus). [1o mpomecTBUM HEKOTOPOTO BPEMEHHU cHCTEMa
OpUIIa B COCTOSIHME paBHOBECHs, B KOoTopoMm Ipu Ttemmeparype 720 K olmee naBnenue
coctasuiio 0,96 MIla. IIpu 3TOM KOJIMUYECTBO BEIIECTBA METAHOJIA HE U3MEHUJIOCH 110 CPABHEHUIO
C TeM, 4TO OBUIO JI0 COETUHEHUS] EMKOCTEH.

V3MepuB KOHLEHTpAIMIO METaHa U MPOBes pacuéTel, Butanuii BbISICHWI, YTO 00BEMHAs
J10J1s1 METaHa IIPU YCTAaHOBMBILIEMCSI PaBHOBECUHU paBHa 5,746%



[Tomorure Burtanuo HalTH napuUaibHbIE AABJIEHUS BOAOPOAA:
1) B kaxaoM u3 anmaparoB JI0 UX COSAMHEHUS C ABAALATHIIMTPOBBIM COCYIOM.

2) B cucreme, nony4uBIielics B pe3yiabTaTe COEAMHEHUS TPEX COCYI0B, MOCIE
YCTaHOBJICHHS B HEH PaBHOBECHSI.

OO0BEMOM BBEIEHHOTO KAaTAIM3aTOpa U PACHIMPEHUEM CTEHOK COCYAO0B IIPU HarpeBaHUU
npeneOpeus. Bee peakuuu cyuTath paBHOBECHBIMMU!

Penrenne

MBbICeHHO Hallly 3a/1a4y MOXKHO pa3felIuTh Ha 2 3Tama: 10 U I0CIe COCUHEHUS COCY/IOB.
PaccmoTpum ux no oyepenu:

1) [TycTh HayanpHOE KOJMYECTBO BOJIOPO/IA, 3arPYKEHHOTO B IIEPBYIO YCTAHOBKY, PAaBHO X MOIIb,
a aprosa Bo BTOpYI0 — Z MoJib. Torma N(H2 Bo Bropom Hav) = x+Z. U mycTh KOJTUYECTBO METaHa,
MOJIY4YMBIIIETOCS B IIEPBOM arimapare, paBHo K, a MeTaHoa BO BTopoM - M

Hanumiem peakiuu B amnmaparax, COIPOBOX/Aas UX TaOIMYKON ObLIO/TPOpearoBano/ocTaTok:

1. CO+3H2=CH4+H0
1500 X 0 0
k 3k k k
1500-k  x-3k Kk k

2. CO +2H; = CH30H
1500 X+z 0
m 2m m
1500-m x+z-2m m

Tenepb MOkeM OCYUTATH CYMMapHOE YKCIIO MOJIb BCEX BEIIECTB B KaXKJIOM U3 anmnaparoB Ipu
yKa3aHHBIX YCIIOBUSIX, UCTIONB3Ys ypaBHeHHe MenneneeBa-Kmnaneitpona: pV = nRT

1,5*%108 * 10 = n * 8,314 * 600, a 3nauut n = 3006,9762 Moib

B nepBom ammapare teneps copepxarcs CO, Hz, CHs u H20, a Bo BTopom — CO, Ar, Hy,
CH30H,.

[Tomyuaem aBa ypaBHEHHs HA KOHEYHbBIE YCIOBUS (MCXOS U3 CYMMapHOTO KOJIMYECTBa
BEIIECTBA - CyMMBI BCeX MOCIEAHHI 3HAUEHUI B CTPOKE “OCTaTOK’, HE 3a0bIBast +Z OT aproHa
JUUIST BTOPOTO arrapara):

1500 + x — 2k = 3006,9762 1)
1500 + X + 2z - 4k = 3006,9762 (2)

O4eBHUIHO, YTO ATH YpaBHEHUS IMHEIHO 3aBUCUMBI, a 3HAYUT BBIPOXKAAIOTCS B OHO. BpiuTeM
IIEPBOE yPAaBHEHUE U3 BTOPOTO:

22-2k=0
K =z, ero u ocTaBUM ISl CHCTEMBI 3

n2(CH4) = n2(H20) =k, a konruecTBO MeTaHOIa, CHHTE3UPOBAHHOTO BO BTOPOM arlrapare,
PaBHO CyMMapHOMY KOJIMYECTBY METaHa U BOJbI, IOJIy4YCHHBIX HA IIEPBOM YCTAaHOBKE, 3HAUUT

m=k+k=2k (4)



2) Cocynsl coenunuiy. [locuntaem cyMMapHO€ KOJIHMUYECTBO BELIECTBA MPHU 33JaHHBIX YCIOBUAX
o MeunneneeBy-Knaneripony:

1,5%10° * 10 = n * 8,314 * 600, a 3Haunut N = 6414,8825 MoJIb

3ameTuMm, uro 6414,8825 > 2 * 3006,9762. Cyas no kodpduiineHTaM peakiifii, 5T0 03HA4aeT,
YTO YBEIUYMIOCH KOJUYECTBO BOJIOPOa. T.K. KOJIMYECTBO METAHOJIa OCTATIOCh HEU3MEHHBIM, TO
ynoOHO OyZeT 3amucarh epBoe paBHOBECHE (C METaHOM) B 0OpaTHOM HalpaBIICHUU.

Pacnmmem tabnuuky Obuto/mpopearupoBaiio/octatok. He 3a0yaeM yyecTb TO, KOJIMYECTBO
MeTaHoJa HE U3MEHUJIOCH, @ 3HAYUT HAC U3 BTOPOTo (C METAHOJIOM) paBHOBECHS OyaeT
MHTEPECOBATh TOJIBKO IOCIEIHS CTPOUKa, 0TOOpaxkarolias paBHOBecHe. Takxke paBHOBECHE,
OUYEBHUJIHO, OYAET MpeAroiaraTh, 4To B 000ux “octatkax’ OyAeT HAJIM4eCTBOBATh PABHOE
KOJINYECTBO METaHa U BOJBI, T.K. OHU TETIEPh HAXOAATCS B OJHOM COCY/IE, @ UX Ha4aJIbHOE
KOJINYECTBO B 001IeM cocyie OyeT OnpeaesaThCsl CYMMOM KOJMUYECTB BELECTB B ABYX COCYAAX
10 OTJENBHOCTH JI0 UX COCTUHCHUS:

1. CH4+HO=CO + 3H2
k k  3000-3k 2x+z-7k
y y y 3y
k-y k-y 3000-3k+y  2x+z-7k+3y

2. CO + 2H; = CH30OH
3000-3k+y 2x+z-7Tk+3y 2k

¢(CH4) = 0,05746 => n(CH4) = k-y = 368,5991 - nepBoe ypaBuenue cuctemsr (5)

Bropoe ypaBHEeHHE BO3bMEM U3 O0OLIETO YHCIa MOJIEH BCEX BELIECTB, PABHOMY CyMME 3HAYCHUN
CTPOKH “0CTaToK” (IIOMHUM, YTO YTapHbI! I'a3 U BOJOPOJ ABAXK/Ibl CYUUTATh HE HY)KHO):

3000 - 6k + 2y + 2x + 2z = 6414,8825 (6)

HewussectHbix Bc€ emé TpH, a ypaBHeHu aBa. I e B3a1h TpeTbe? Bo3bMEM 0/1HO U3 TeEX,
KOTOPBIE BBOAWIUCH HA CYMMAapHOE KOJIMYECTBO BELIECTBA HA IIEPBOM JTarle 3aJauu (¢ y4éToM
TOrO, 4TO Z = K, 3TH J1Ba ypaBHEHUS CYTh OJTHO).

Toraa nonysaem UTOI'OBYIO CUCTEMY:
k-y=368,5991

3000 - 4k + 2y + 2x = 6414,8825

1500 + x - 2k = 3006,9762

Pemas nannyro cucreMy, noiay4aem: (7)
X = 2645,1045
y = 200,4651

k =569,0642 (= z)

U torna:

n(H2 B mepBom “n0”") = X - 3k =937,9119
n(H2 Bo BTopoMm “m0”’) =X + z - 4k = 937,9119



n(H2 B cucreme “nocne”) = 2Xx +z - 7Tk +3y = 2477,2191

[MaprmansHbie AaBacHUs HaxoauM o MenaeneeBy-Kianeiipony (p = nRT/V, He 3a0yaeM, uto
“n0” u “mocne” remneparypa u 00bEMBI pa3HbIe):

p(H2 B mepBoMm “10”’) = 0,4678 (MIla), p(H2 Bo BTropom “n0”) = 0,4678 (MIla) (8)
p(H2 B cucteme “nocne”) = 0,3707 (MIla) 9
Paz6amnoBka (Ha 25):

1. Pacuér obmiero konmyecTBa BemecTBa Ha 000uX 3Tamnax - mo 1 6amry (Bcero 2)
2. IMonyuenue ypaBuenuii (1), (2) u (6) - mo 2 6anna 3a kaxxaoe (Bcero 6)

3. [lony4enue nr00bM criocobom ycnoBwii (3) u (4) - mo 1 6amny (Bcero 2)

4. Ypasuenue (5) - 1,5 6amia

5. CocraBjieHue U pelieHue B 1r000M Buje cucteMsl (7) - 7,5 6amion

6. HaxoxeHne napuuaibHBIX TaBICHUH - 1o 2 6ajuia 3a Kaxaoe (Bcero 6)



10 KITACC

3aganue 1. «XXHMHK-CHHTETHK)

B pacnopsikennn FOHOro XMMuka umeeTcs ClieAyoUMi Habop BEEeCTB: KapOua c1aokozo
onemenma  (HA3KOTEMIepaTypHas MOAMMDUKIUA), KYNOpOCHOe Maclo, YHUBEPCANbHbIl
pacmeopumens, ceNUmpAnas 600Kd, a3ypum, MOPCKAs KUCI0MA, cy1emd, KayCmu4ecKutl Nomau,
XJIOPUI Kunpckozo snemenma. 11okaxxure, Kak, HCIOJIb3Ys TOJbKO 3TH BEIIECTBA U MPOLYKThI UX
B3aUMOJICHCTBUSA MEXAy cOOOM, MONyduTh HE MeHee 15 HeopraHumyeckux M 15 opraHmdeckux
coeauHeHuil. Bece coenuHeHMs NOKHBI OBITh BBIACNIEHBI B BUIE WHIMBHYaJbHBIX BELIECTB.
[TpuBenuTe ypaBHEHUS COOTBETCTBYIOIUX PEAKLIUN U YCIOBUS UX IPOTEKAHHUS.

CucreMa oneHUBAHHSA:
3a nepseie 10 Heoprannueckux u 10 oprannueckux Bemects — 1o 0,5 Oamia
3a nmocieHNe 5 HEOPraHUYECKUX U 5 OpraHU4ecKHX BemlecTs — 1o 1,5 Oamia
[Ipu oTcyTCTBUM ypaBHEHHs peakiuu (WU HEMPaBUILHOM YPaBHEHWH) BEIIECTBA HE
3aCYATHIBAIOTCA.
HenpaBuibHble K03 GUIMEHTH B YpaBHEHUSAX pEakIMi WM OTCYTCTBHE yKa3aHMM Ha
yCIIOBHS IPOTEKaHUs — OaJlIbl 32 COOTBETCTBYIOIIMIA ATAIl yMEHbBILIAIOTCS B 2 pa3a

3amanne 2. «[lomooHOE ¢ MOTOOHBIM»

XKento-Oypblil ra3 A mpu HarpeBaHWU CO B3PBIBOM pasjiaraercsi Ha ra3ooOpa3Hble IpPOCThbIE
BemectBa b u B, npu sTOoM miotHocTh Tra3a b mpu H.y. coctaBiser 3,17 r/n. BemectBo b
HOJTHOCTBIO MOTJIOIIAETCS MPHU MPOMYCKaHUH Yepe3 ropsiuuil pacTBOp LIEJIOYH, IPU 3TOM 00beM
ra30BOi CMeCH YBEIMUYMBAETCS B MOJTOPaA pa3a (00beM MPUBEIEH K OJHUM U TEM K€ YCIOBHUSM).
O6pa3yromuiics npoAyKT I’ B IpUCyTCTBUM KaTalu3aTopa — IMOKCHa MapraHiia 3K30TepMUYECKU
pasnaraercs Ha Bemectsa B u JI. IIpm B3ammonelcTBUU XOJIOJHOIO pacTBOpa Bemectsa ' B
COJISTHOM KHUCJIOTE C MOJUI0M Kajusi oOpa3yercs KeNThli ocanok E nerko ruaponusyromuiics 10
¢ o0Opa3oBaHMeM TEMHO-KOpHUYHEBOTO pacTBopa. M3pectHo, uro E mpexacraBiser coboit
MHTEPrajjIoreH B BUJIE IUMEpa, B KOTOPOM MaccoBas AOJsS 3JeMeHTa oOpasyroiero ras b
cocrasiseT 45.596%.

1) Ompenenure BemectBa A — E;

2) HamumuTe ypaBHEHHS YIIOMSHYTBIX B 33/1a4€ PEaKIIHii;

3) HasoBute BemectBo E mo HOMenkmatype. Uro Bbl Moxkere cka3aTh O KHCIOTHO-
OCHOBHBIX cBoictBax mo Jlproncy BemectBa E? OrBer mnoscHuTe U
IPOUJUIIOCTPUPYHITE COOTBETCTBYIOIIMMH YPaBHEHUSMHU PEAKLIUI.

4) Pewenue:

5) 1. BzsaumojeiicTBue ¢ PpacTBOPOM IICIOYH, OOpa3OBaHUE HK30TEPMHUECKU
pasiararoueiicsi Coiau Mo3BOJSIOT NPUWTH K 3aKIIOYEHHI0, YTO BeecTBo b — xiop.
Taxxke BemectBo b moarBepxaaercs pacueToM MousisspHOM Maccel: M = p*Vm(ipu
H.y.), M = 71, 94TO COOTBETCTBYET MOJEKyJIsIpHOMY Xjopy. Mcxoas u3 o6bemMHOrO
cooTHoIeHus Bemects b u B nmerko yBuaers, uro A — CloO, torma B — kuciopos.
Torma I' — xjopar menounoro meramna, a JI — ero xmopua. Paccuutaem ¢opmymy
MHTEPrajoreHa, B peakiiuu uMeroTcst Toibko 2 ranorena Cl u |, 3naunt dpopmyna IxCly,
COTJIACHO MAaCCOBBIM JIONISIM  Haiaem mpocrteiimyo  gopmyny: o (1)/Ar(l)



o(CD/Ar(Cl), momayuaercs 1:3, Torma dpopmyna ICl3, omHako B ycI0BHH CKa3aHO, 4TO
E — numep, 3uaunt E — 12Cle.

6) 2. 2CI20 — 2Clx + O

7) 3Clz + 6KOH — 5KCI + KCIO3 + 3H20

8) 2KClO3 — 2KCl + 302

9) 4KCIO3 + 24HCI + 6KI — 31>Clg + 12H,0 + 10KClI

10) 512Clg + 18H20 — 30HCI + 6HIO3 + 212

11) 3. I'ekcaxyopu/ auroia 00J1a1aeT OKUCIUTEIbHO-BOCCTAHOBUTEIbHON
JIBOMCTBEHHOCTBIO, T.K. MOJKET BBICTYIIATh U B KAYE€CTBE JOHOPA XJIOPUI-UOHA, U B
Ka4eCcTBE aKI[ENITOPa TAKOBOIO:

12) 1,Cle + 2AIClz — 2[ICI2][AICI4] ( meficTByeT kak OCHOBaHHUE)

13) 12Cle + 2KCIl — 2K[ICl4] (meficTByeT kak KucIOTA)

Kputepuu ornieHUBaHHMS:
Onpenenenne Bemects A-E — 1 6amn 3a kaxmoe (6 6amios)

3a nmpaBUIbHO HANIMCAHHBIC ypaBHEHUs peakiuii (1-7) — 2 6amna 3a kaxaywo (7*2 = 14 6awios).

3aganue 3

[Tpu 6pomupoBanuu coequaenHust A N-OpOMCYKIIMHIMUIOM B IPHUCYTCTBUU MTEPEKHUCH ObLIa
noyiydeHa cMmechb IeneBoro BemiectBa B u m3zomepa C. Jlna monydenuss B Bocmonb3oBaiivich
albTEpHATUBHBIM METOJIOM (uepe3 mpoMmexyrouHble coeauHeHus D u E). Bemecrtso B
UCTIOJIB30BAJIM B CHHTE3€ CoeMHeHNUs F (B BUe cMeCH IBYX AMACTepEOMEpOB; MOJI. BEC Ha 5 eI
6osnbiie, yeM y B) u coenunenns H (mon. Bec Ha 50 ex. MeHbIie, ueM y B).

1. Pacmmupyiite cTpykTypsl, 0003HaueHHbIEe Ha cxeme OykBamu B-H.
2. W3obpa3ute quactepeon3oMepsl Ui CTPYKTYphI F.
3. Ipemnoxure mexanusm obpasoBanus F.

Me NBS
CO,Me ~ B + Cc

(PhCO,)O (kaT.)

A CCly, kunaveHne
MW = 164 r/mon
©
OH
1. NBS HS
socl, HBr (kar.) " NH,
D E B G
KunaveHve 2. MeOH K,CO3, MeOH
o MeONa | LiAIH,
=
Et,0 COMe Et,0
NBS = N-Br
@] F H

Pemrenne:



Me NBS Me Br
CO,Me ) cCo,Me CO,Me
c

(PhCO,)0 (kaT.
A CCly, kunsiyeHune B Br
MW = 164 r/mon
S}
OH
Me 1.NBS 0
j@v socl, Me HB (kar.) HS i, pToI\)KNH
COH —— - > —
27 wunauenme CocCl B S\)
2. MeOH K>CO3, MeOH G
D E
MeONa P
CO,Me ;
Et,0 2 LiAIH, l Et,O
P Tol Tol T
P COMe PO\ ,cO,Me pio
NBS = N-Br 2 a/ 2 Y\NH
* . S\)
0 CO,Me “CO,Me
F H

Mexanu3m o0pa3oBaHus coenuHeHHs F: reHepanus kapOeHa u3 Opomuna B mon aeiictBuem
OCHOBaHUS B pe3yJbTaTe MOCIEA0BATEIbHOIO OTIICTUICHUS MPOTOHA U OpoMuUI-aHHoHa; [2+1]-
LUKJIONPUCOCTMHEHHE KapOeHa K BoKHOM cBs3u C=C MeTuaakpuiaTa.

Me Me Me
MeONa OMe
CO,Me —  » O CO,Me =—> Pz O@
Br r

B Br B
o
-Br
Tol Tol
> coMe P \sCOMe PP\ ,COMe
pT0|\/002Me [ —— +
. [2+1] CO,Me "'CO,Me

OCHOBHOM

3ananue 4. «YHUBepPCAJIbHBIH AaHTHI0T»

B MenuiuHe aHTH0TaMH Ha3bIBalOT BELIECTBA, KOTOPBIE CIIOCOOHBI HEUTpPaIM30BaTh WIIH
IIPUOCTAaHOBUTH JEUCTBHE f7]a B OpraHUu3Me uenoBeka. MI3BECTHO, UTO BEECTBO X MPOSBISAET
ce0st Kak TPUACHTATHBIA JIUTaHJ, COAEPKUT cepy, yraepoxa (19,14 %), Bomopox (4,28 %),
kuciopon (25,49 %), oTHOCUTCSI K YHHBEpPCAIbHOMY THIY aHTHUAOTOB (IPOTUBOSAIUIN) U HE
00JaaeT BHICOKOM TOKCHYHOCTBIO. ITO COEIMHEHUE YacTO MCIOJIb3YETCs MPH OTPABICHUIX
COJISIMU TSKEJBIX METAJUIOB, U XJOPHUPOBAaHHBIMU YTJIEBOJIOPOAAMHU, a TAK)KE MPU JICUEHUH
6one3nu Bunbcona-KoHnoBanoBa, koTopasi 3aKIl04aeTcs HApyIIEHUU 0OMEHa HOHOB MEIH 3a
CYET UX HAKOIUJICHHs B MOJAKOPKOBBIX SJJpax TOJIOBHOTO MO3Ta.

3amanus:

1. O xakoM BelecTBe UAET peub? Hanmummre cTpykTypHYI0 GOpMYIy COETUHEHUS U HA30BUTE
ero.

2. Ilpepnoxxurte METON CHHTE3a BBILIEYKA3aHHOTO BEIIECTBA W3 TJMLEPUHA U JPYIHX
HEOPraHUYECKUX PEareHTOB.

3. Hanuiure npumepsl ypaBHEHUM peakiuil (He MEHee IBYX ), ONPEACIISIONINX BO3MOKHOCTh
MCIIOJIb30BaTh JAHHOE BEILECTBO B KaUE€CTBE aHTHI0TA (€CJIM B PE3YJbTATE PEAKIIUH MOYKET
00pa30BaThCsl HECKOJIBKO N30MEPHBIX IPOAYKTOB, IIPUBEIUTE UX BCE).



4. Kakue aHTUIOThI, HEUTPAIM3YIOIIHE ACCTBUE ITMaHuA-MOHOB Bam u3BectHb? Kakue u3
HUX OyIyT HETOKCHYHBI IJisi OopraHu3Mma denoBeka? IlpuBeaurte peaxiyu, MO3BOJISIONINE
HEUTpaIn30BaTh TOKCUUECKOE JEHCTBUE LIMAHUA IPYU MTONAaJaHUN €r0 B OPTaHu3M (YKaXHuTe
KaK MMHMMYM J1Ba [IPUMEPA C pa3HbIMU aHTUIOTAMH).

5. KaKI/Ie CIIC BCLICCTBA, HpI/IMeHSIeMBIe B KQUECTBC aHTUIO0TOB HpI/I OTpaBJIeHI/II/I TAXKCIIBIMU
Mertautamu, Bam u3BectHbI? [IpuBeauTe ypaBHEHHs] COOTBETCTBYIONIUX pEaKIuil (He MeHee

JIBYX).
Pewenue:
1. Haiinem cOOTHOIIIEHUE UHACKCOB U3 popmyIibl: ® = A*n/M.
n(C):n(H):n(0):n(S) = o(C)/A(C) : o(H)/w(H) : ®(O)/A(O) : o(S)/A(S)
0,1914/12,01 : 0,0428/1,01 : 0,2549/15,99 : 0,5109/32,06

0,0159 : 0,0428 : 0,0159 : 0,0159, paznenum Bce Ha 0,0159, monmyyaem 1 :2,7 :1:1,
noMHOXkuUM Ha 3, B mrore Oymer 3:8:3:3, zammmem C3HgO3S3 m coctaBum mis
CTPYKTYpHYIO ¢opmyiy. Bo3moxxkHO 2 m30Mepa, OJHAKO OKOHYATEIBHBIM BBIOOD
MOJKHO CZI€JIaTh MOCJIC UCXOIS U3 MOJCKA3KH, YTO CUHTE3 IIPOBOIUTCS U3 TIIHMIIEPUHA.

SH
HS SO3H

Yuutnoin. 2,3-mepkanto-1-nponancynb(poHoBast KUCIOTA.

2. C3Hs(OH)3=>H2C=CH-COH + 2H20

H.C=CH-COH+Br,=C,H3Br,-COH

C2H3Br>-COH +NaxS03 + HCI=C>H3Br.,CH>SO3H + NaCl (MoxHO 1 Apyryo CHIbHYIO
KHUCIIOTY)

C2H3Br.,CH,SO3sH+2NaHS=CH,SH-CHSH-CH>SO3H

3. B cimyyae B3aMMOJIEHCTBHS ¢ METaJlIaMH 00pa3yloTcsl XeJIaTHbIe KOMIUIEKCHI, B Cliy4yae
B3aUMO/JICHCTBUSA C XJIOPOPTaHUKON MPOUCXOANT AIKUIMPOBAHUE CEPBI 32 CUET 00pa30BaHuUs
YCTOWYMBOU YXOIALIEH IPYIIIIBL.

CH2SH-CHSH-CH>SO3sH + 2RCl = CH>SR-CHSR-CH>SO3H + 2HCI
CH2SH-CHSH-CH2SO3H + CdCl;=Cd(CH2S-CHS-CH2SOzH). + 2HCI
CH2SH-CHSH-CH2SO3H + FeClz= Fe(CH2S-CHS-CH»S03)3 +3HCI



HOuc
4. MepkanTaHbl, IUCTEUH (HETOKCUYCH), THOCYIb(}AT HATpUs (HETOKCUYHBIN), THOCYIb(aHBI,
METHUJICHOBBI CUHHI (HETOKCUYHBIN), TTI0KO3a (HETOKCUYHBIN).
CN- + S203%= SCN" + SO3*
HO2CCH(NH2)CH2SH + CN"= SCN" + HO,CCH(NH2)CH3

O S=
| z O Fr S
CH ., - CH-CH-CH-CH ”‘f HCN —
: =—~H
OH O OH O H
OH

|
— CH, -CH-CH-CH-CH-CH-—-C=Iv.
OH COH COYH CYH OH

5. Kommnekconbl(DATA wunu tpuion b).

HOOCCH,,. _ __CH,COONa
N—CH,—CH,N
e ~
NaOOCCH, CH,COOH
ONa NaO\ /ONu NaO\
0=C—C 2 HzC_C‘-:O 0=C"CH2 HzC"‘C':O
N 7/ 2+ \ / 2+
/N‘ N\ + Pb —» /N\ N\ + Ca
o=<':-CHz‘\ ,/Hzc—(|:=o 0=(|:—CH2\\ ;" HoL=C=0
Y e |
0 Ca 0 0 Pb 0

Na;[CaEDTA] + In*=In[EDTA] +Ca?" + 2Na’*

Kpumepuu oyenusanus:
3a BeIBOA (hOPMYIIBI C YKa3aHUEM CTPYKTYpHI (C MOATBEPKACHHBIMU pacueTaMu) — 4 Oana,
3a mpaBWJIbHYIO METOJIMKY CUHTE3a — 4 Oaiina,

B 3amanusx 3,4,5 3a kaxaoe ypaBHeHHE peakiuu — 2 6ana, T0JDKHO OBITh MUHUMYM 2
ypaBHEHUS TSl KXI0T0 3aaHust. Becero 6 ypaBHeHui, 2*6 = 12 6anios).

Hroro 20 6a110B.

3ananue S. «[IpeBpalnieHusi rOpHOIo 1yXa»

HepacTtBopumblii B Boie uepHbIiA OKCU A ¢ MaccoBoi qosier metamia 73.44% craBuiau Ha
BO3JlyX€ CO ILIEJIO0YbI0 U MOJYYHIIU IPOAYKT b, KOTOpBIN pacTBOpuiIu B CoJIsiHOU Kuciote. [Ipu



3TOM 00pa30BaJICsi PO3OBBIN pacTBOp coiii B, mprobpeTarommii CHHIO OKpacKy MpH J00aBICHUN
all€TOHA, U BBIIEIWIICA a3 ¢ IVIOTHOCTHIO MO BO3AyXy 2.45. Ilpu npomyckanuu 3Toro rasa yepes
pacTBOp HMOAUAAa Kallus pPacTBOpP CHayajla CTAHOBUTCS JKEITO-KOPUYHEBBIM, a 3aTeM —
OecuserHpiM. OOpaboTkoii pacTBopa B HUTpUTOM HATpHUs M YKCYCHOM KHCIOTOW MOIYyYaroT
BemiecTBo I', KOTOpoe NCIOIB3yeTCs Kak peareHT JJIs Ka4eCTBEHHOT0 OOHAPY)KEHUSI NOHOB KaJIHsL.
ITpu neiictBum Ha pactBop conu B pactBopom miesnoun oOpasyeTcs TEMHO-CUHMH OCaJoK,
PO30BEIOIIMKA CO BpPEMEHEM, KOTOpBIA MPH PACTBOPEHUHM B BOJHOM aMMHUAaKe OKHCISAETCS Ha
Bo3ayxe no BemectBa J. Ecau Ha 3TOT HpoayKT mojeiicTBOBaTb HEOOJBIIMM KOJMYECTBOM
pa30aBIEHHO COJITHON KMCIIOTBI, a 3aTeM U30BITKOM ILEI0YH, TO 00pa3yeTcsi TEeMHO-KOPUYHEBOE
HepacTBOpUMoOe B BoJie BeulecTBo E, pasnaratomieecs Ha CBETY.

3amanuda:

1) Ompenenure BemectBa A-E. Hanumurte ypaBHEHHS BceX YHNOMSHYTHIX B 3ajaue

peaKLHnii.

2) Ilouemy mpu Jqo0aBJIEHUMHM alleTOHA OKpacka pacTBopa coiu B MeHseTcs MMEHHO C
pPO30BOIf Ha CHHIOW, a He HaoOopor? Kak 3TO CBA3aHO C MPOCTPAHCTBEHHBIM CTPOCHHEM
COOTBETCTBYIOLIUX YaCTHUI?

3) KakoBo IpoCTpaHCTBEHHOE CTpOEHHUE BellecTBa [ (eciu ecTh M30Mephl, YKaKUTE MX
Bce)?

Pewenue:

Hcxons U3 TaHHBIX MOXKHO TOCYMTATh MPEAIOIOKUTEIHHYI0 MOJISIPHYIO Maccy mepedupast
passbie N u3 popmyssl W = N*Ar/M, M=Ar*n/w. UepHblie OKCHIbI HEPACTBOPUMBIE B BOJIC ITO
HEKOTOPBIE OKCHBI TEPEXOJHBIX METAJUIOB. JTO MOTYT OBITH OKCHJBI jKeie3a, KoOalbTa
HUKEJS WK Meu. PO30BBIi OKpacKy pacTBOpa MOXKET UMETh TOJIBKO MOH KOOAIbTa, TO3TOMY
A - okceup kobanbta. [Ipu mogdope N nonydaem maccy 241, 3Haunt Gopmyna okcuga - Coz0a,

1)4C0304 + O2 + 12NaOH = 12NaCoO:; + 6H20

Kucnora, B KoTOpoii pacTBOPHIIN MPOAYKT b - comsiHast, Tak KaK BBLACIHUBIIMIACS ra3 - XJI0p,
TaK Kak MOKHO OCYMTATh €ro MOJISIpHYI0 Maccy M = 29%2.228 = 71.

2NaCoO; + 8HCI = 2CoCl; + Clz + 4H20 + 2NaCl

[CoH20]6Cl (po3oserit) + 4C2HeO= [Co(C2Hs0)4]Clao(cunmnit) + H2.0

Cly + KI =2KCI + I2 (5kenTo-KOpHYHEBbII)

Clo+12 + H2O=HCI + HI03 (o0ecuiBeunBanue)

CoCl, + 7NaNO; + 2CH3COOH = Naz[Co(NO)e] + 2NaCl + 2Na(CH:COO) + NO + H.0O
CoCl; + 2NaOH =Co(OH); (cunwii, mamee po3osetomiuii ocaaok) + 2NaCl

Co(OH)2 + 6NH3 * H,O = [Co(NH3)s](OH)2 + 6H20

4[Co(NH3)s](OH)2 + O2 + 2H20 =4[Co(NH3)s](OH)3

[Co(NH3)s](OH)3s+ 3HCI =[Co(NHs3)s]Cl3+ 3H20

[Co(NH3)s]Clz + 3NaOH =Co(OH)3 (temuo-kopuuneBbiii) + 3NaCl + 6NH3

A — C0304; B — NaCoO2; B — CoClz; T — Naz[Co(NO2)s]; I — [Co(NH3)s](OH)s; E —
Co(OH)3

2)Naz[Co(NO2)e] + 3KNO3z= K3[Co(NO2)s] (:kenTbic HEPaCTBOPUMBIE KPHCTAILIBI)
+3NaNOs

3)Naz[Co(NOz2)s] - okTasapudeckas CTpyKTypa, KOOPAUHALINSA JINTaH/1a IIPOUCXOINT Yepes3
aTroM aszora. M3oMepoB HeT.



Kpumepuu oyenusanus:

OnpezeneHue BemecTBa A ¢ MOATBEPXKICHHBIME pacyeTaMu — 2 Gasuia
Bemectsa b-E o 1 6amny (1*5 =5 6anon)

[IpaBunsHOE ypaBHEeHHE peakmuio 1o 1 6amry (1*11 =11 6amnos).
3anmanue 2 u 3 o 1 6amry.

Hroro 20 0a1710B.



11 KIIACC

3ananue 1. «BbITH 1OHOPOM — NO4YETHO!»

be3BonHas comp X TPEXOCHOBHOM OPraHUYECKOM KHUCIOTHI A, B KOTOPOIl MaccoBble JOJH
yriepojia u Bogopoaa coctaisitor 37.5% u 4.17%, ucnosnp3yercs B MALLEBOM TPOMBIIUIEHHOCTH
B KauecTBE KOHCEpBaHTa, a B MEIUIMHE KaK aHTUKOATYJISHT Ui alapaTHoro 3abopa
TpOMOOLIUTapHOH Macchl y JIOHOpPOB. M3BeCTHO, 4TO pacTBOp conu X MOXKHO OTTHTPOBATH
COJITHOM KHCIIOTON ¢ 00aBleHHMEM IUATHIOBOrO 3pHUpa W WHAMKATOpA MeETHIopaHka. Ha
tutpoBanue 0,1032 r conmu X pacxogyercs 12,0 mu 0,1 kucnorsl. Kuciaora A Moxer
B3aUMOJICCTBOBATh KaK C 3TAHOJOM, TaK W alETUIXJIOpUIIOM, 00pa3ys coeauHeHus b u B
cootBercTBeHHO. Takke A pearupyert ¢ okcugom meau(1l) ¢ oopaszoBanuem coenunenus I' cunero
BeTa.

3ajanus:

1. Ykaxute ¢popmyny U Ha3BaHue BeuiecTBa X (0TBeT moareepaute pacuetamu), A-I". J{ns
BeniecTBa [ n300pa3ute CTpyKTypHYI0 hopmyiy.

2. Hanumvre ypaBHEHUs BCEX YHOMSIHYTBIX PEAaKIUil.

3. OOwbscHUTE, TOYeMYy JJIsI THUTPOBAaHUS X WCIONB3YeTCS TUATWIOBBIA dShup u
metwiopamk?  Kak npm  3ToM  (QuUKcHpyeTcs ~— KOHEYHas  TO4YKa  THUTPOBAHUS?
4. Paccuuraiite, CKOJIBKO BCETO HYKHO B3SITh (B TpaMMax ) TUTUApaTa coiiu X JIJIsl PUTOTOBIICHUS
anTuKoaryinsnTta o 500 mi ¢ maccoBoit noneit 3,2% (p = 1,0014 r/mu) ang Tpoux 10HOPOB?

5. OOBsiIcHUTE, MPUTOJICH JIH BBIIICYTIOMSHYTHII pacTBOp coiu X IJis HEOCPEICTBEHHOTO
BIIMBAaHUS B KPOBOTOK YENOBEKAa, MCIONB3YS CIeAyroIue AaHHbIe: PHposn wenosexa)y = 7,4-7,5;
KOHCTaHTbI AUCCOLUAIINY KUCIOTHI A PaBHBI:

Ki=13103 K2=5,810% Kz=2,4-10°, Ky = 104,

Ecnu Her, TO mpeioxuTe, Kakue BEHIECTBA MOXHO JOOAaBUTH ISl TOCTHXKEHHS TTOJTHOU
OMOJIOTNYECKON COBMECTUMOCTH?

Pewenue:

1. icxons U3 TaHHBIX, MOXHO HaiiTh MossipHyro Maccy M(X) = m(X)/n(X).

Bamnuirem cxemarnyHo ypaBaenue: CxHy(COO)sM + 3HCI = CxHy(COOH)3 + MCI;

n(HCI) = 0,1*12*103 = 1,2*10° moms; N(X) = 4*10** (cornacro ypasuenuto peakumn); M(X) =
0,1032/4*10* 258 = r/moms. [Ipeanonoxum, 9To cob X pacTBOPUMAS, T.€. METaJII J0JKEH OBITh
HICJIOYHOM WK TIeJI0YHO3eMeNbHbIN. Jlomyctum 310 Hatpuii, To M(R) = 258-3*(23+44) = 57.
Komnmaectro atomoB C Moxket ObITh 4, TO CxHy Oyner CsHg, ojTHaKO ecThb MmojcKa3Ka, 9To PeaKius
C KHUCIIOTOH, KOTOpasi o0pa3yeT JaHHYIO COJIb, HJET HE TOJBKO CO CHHPTOM, HO U C KHCJIOTOMH,
3HauuT mnpucyrcTByer rpymma —OH. Torma ocraercs C3HsOH wm xmcmora A — nauMoOHHas
C3H4OH(COOH)3, a conb X — iutpat Hatpus C3HsOH(COONa)s.

Takke s pacuera OpyTTO (OPMYITBI MOKHO HCIIOJIh30BAaTh MACCOBBIC JIOJH, MPEIBAPUTEIHHO
BBIYHCIIMB MacCOBYIO JIOJFO KHCIIOPOJa:

o (C)/Ar(C) : o(H)/Ar(H): ®(0)/Ar(0)=37,5/12 : 4,17/1 : 58,3/16, nenum Ha HAUMEHBIIIEE TUCIIO
noigy4yaeM mnpocreimyio ¢opmyny: 1:1,3344:1,1661, yto06 mnoiayuyuTh Lejble YHCTIa, HYXKHO
JIOMHOXHTH Ha 6, Toraa nmoydaeM CeHgO7. [Ipu mocTpoeHMr CTPYKTYpHOH (OPMYIIBI COTIACHO
YCIIOBHIO MOJTy4aeM JTUMOHHYIO KUCIIOTY.

Hanee, cornacuo ypaBuenusm peakiuii b — C3HsOH(COOC;Hs); B — C3H4(OOCCH3)(COOH)s;
I' — Cu3z(CsHs07)2



" — crpykrypHas popmyna Cuz(CsHsO7)2

2. C3H4sOH(COOH)3 + 3C2Hs0H — C3H4sOH(COOC;Hs)3 + 3H20 (3acuuThiBacTCs BapHaHT C
C3H4O(C2Hs)(COOC;Hs)3)

C3H4OH(COOH)3 + CH3COCI — C3H4(OOCCHz3)(COOH)3 + HCI

2C3H4(OH)(COOH)3 + 3CuO — Cuz(CeHs07)2 + 3H20 — nmocunenue ocaaka

3. JudTriioBslid 3pup HE0OXOIUM IS SKCTPAKIIMK JTUMOHHON KHCIIOTHI, YTOO OHA HE CO3/aBajia
KHCITYIO CPEeIy B IIPOIECCE TUTPOBAHMUS:

C3H4sOH(COONa)3 + 3HC1 — NaCl + C3HsOH(COOH)3

KoHeuHyI0 TOUKY TUTPOBAHUS OTPEICIISIOT PU NIEPEX0JIe OT OAHON KaIlJIM TUTPAHTA (KHCIIOTHI)
OT YKEJITOTO IIBETa K OPAHIKEBOMY.

4. m(X*2H20) = o(X*2H20)*V,*p = 0,032*500*%1,0014 = 16,0224 r. [{yist TpouX AOHOPOB M =
3*16,0224 = 48,0672 r.

5. pH cuuraem mo cneayromeit popmyine: pH = -Ig[H] = 14 — (-Ig[OH"]), Ho 11 Havana HyKHO
MOCYUTATh MOJISIPHYIO KOHIICHTpaIHio U3 npeapaynmx nanusix. C = n/V = 0,0545/0,5 = 0,109
Moutb/i1. (N = 16,0224/294 = 0,0545 u3 11.4)

3anuiinem ypaBHEHHE THAPOIIN3A:

C3H4OH(CO0)s* + H20 = C3H4sOH(COOH)(C0O0),* + OH-

3anuiiemM KOHCTaHTY THAPOIIN3a IBYMsI CIIOCO0aMHU:

K; = [C3H4sOH(COOH)(CO0),*1*[OH-]/ C3H4OH(COO0)3* - MOMHOXHM U pa3/IeIiM BEIPAKECHHE
na [H*], nonyunm: Kr = Kw/K3

K, = C?h%c-ch = Ch%1-h (h — crenens rugponmsa, C — HauanbHAs KOHIEHTPALMS IUTPaTa
HaTpus), h B 3HaMeHaTese MOXKHO MpeHeOpeyb U3-3a €€ Majoi BETMYHUHBI.

TpupaBHsieMm BbipaskeHus u HaiineM h = V(Kw/C*Kas)

Haiinem [OH] = c*h = C*\/(KW/C*Kg) =0,109*1,955*10* = 2,13*10°

3arem pH = 14 — 4,67 = 9,33

JlanHoe 3HaueHWe HEe yKJIaJabIBaeTcs B auamna3oH 7,4 — 7,5, mostomy HykHa nobaBka. [lns
JOBeJICHHs 10 JaHHOro PH HeoOXoauMo 4YacTHYHO HedTpanu3oBaTh rutpar HaTpuss HCl wam
JIMMOHHOM KHCJIOTOM.

Kpumepuu oyenusanus:

[TpaBunsHOE HaxoxaeHUE X — 2 6ami, 3a A-I" o 1 6amty (6 6aymoB Bcero)

3a CTpYKTYpHYIO (pOpPMYITy KOMIUIEKCHOTO efuHenus I' — 1 Gann

[TpaBuiibHBIE ypaBHEHMsI peakiuii B 3aqanuu 2 — 1 OamoB (3 Oasia Bcero).
[TpaBuibHOE 00BsICHEHHE BBIOOpa crtoco0a TUTPOBAaHUE B 3a/laHUH 3 — 2 Oasuia.

[IpaBunbHBIE pacueThl HABECKH B 3a7aHUU 4 — 2 OajuI.



B 3aganun 5 3a pacuer C — 2 Gaia, 3a MpaBUIbHOE YpaBHEHHE THApou3a — 1 Oan, mpaBuIbHbIHA
pacuet pH — 2 6an, 3a conocTasieHue C PH KpoBU U IPEUI0KEHHbIE HETOKCUYHBIE /IS YETI0OBEKa
n00aBKH B pacTBOp IUTpaTta HaTpus — 1 Gamr (Bcero — 6 0awion).

Hroro 20 6ayuios.

3aganue 2

[Tpu n3y4eHUH B3aMMOCHCTBHSI aMUHOB CO CIIOKHBIME d()UPAMH CTYJECHT MPUTOTOBHII JIBE
CMECH, pacTBOPUB B JTHJIOBOM cmupTe OcH3uigamMuH (A) W 100aBUB B OJHY KBHUBAJICHTHOE
KOJIMYECTBO JTUJIAIeTaTa, a B JIPYTIYyI0 — ATHJIaKpuiaTta. BbIACHUIIOCH, YTO B MEPBOM Cilydae
peakiusi He MPOHMCXOAUT, a BO BTOPOM IONy4aeTcs OCHOBHOHM mpoaykT B u mobounsiit C (c
Oombiieid MoJ1. Mmaccoit). [lonmyuyeHHY0 cMeCh KUMIATUIH ¢ JOOABJICHHUEM pacTBOpA 3TUJIATa HATPUS
Y U THIIOKCAJIATA, TIOCTIC YeTo IMPH MOAKUCICHUH BhIIeTIIHN 1Ba mpoaykTa D u E, monyunsmmecs
u3 B u C, coorBercTtBeHHO (mpuuem Mos. Macca D Bospocna na 54 en., a mon. macca E
ymeHblmiachk Ha 46 ef.). BemectBo E B peakuuu ¢ MmoueBuHOM 00pazyet npoaykt F. BemectBo
D npu KumnsYeHWW B CIHPTE B TPHCYTCTBHH COJITHOM KHCIOTHI ITOJABEPracTCs] YaCTHYHOM
JNECTpYKIUU, TpeBpamasch B G, a mnpu HarpeBaHWM B YKCYCHOM KHCIOTE C Opmo-
(beHnneHmaMiHOM — B axupaibHyo cTpykTypy H.

1. Pacmdpyiite ctpykrypsl coenqunenunii B—H.

2. Ilpeanoxxkure ycloBuUsl MPOBEICHUSI PEaKUi OCH3WIaMUHA C STHJIAKPUIATOM, B KOTOPBIX a)
coequHeHusi C monydanoch Obl KaKk MOKHO MEHbIIE M 0) HAa000pOT, MOIY4alIoCh ObI TOJNBKO
coenquuenue C.

MeCO,Et ZC0,Et
HeT o~ T B .
peakuun o Ph™ "NH, ¢
EtOH, 20 °C A EtOH, 20 °C
(CO,Et),
EtONa/EtOH
KunsiyeHue
PhCHO
H B — D E
HCI/H,0
EtOH, kunsiueHune
(o]
EtOH EtONa/EtOH
Kunﬂqeuue\ HCIH20 HZN)LNHZ ‘ KunsyeHue
G F
C11HuNO, C44H15N30,
Pemenue:
Etozcj

ver MeCO,Et 7 C0,Et Ph” > NH ., PN
peakuum Ph/\NHz > K/co,a K/COZEt

EtOH, 20 °C EtOH, 20 °C B c

A

(CO4Et),
EtONa/EtOH

KunsayeHne

NH,
2 X 0 ~
PR NH, PR Ph N(;\L

N
NH N
S o o
AcOH COLE
g CO;
o H KunsueHue D Co,Et
EtONa/EtOH
EtOH
" Kwnme"“e‘HCIIHZO H,N NHZ‘ KunsyeHune
o PR N
N\
"o “
0~ 'N” "0
G F H
CriHiNO, C14H15N30,

VYcioBus a) — MeIUIeHHOE J00aBIICHHE dTHIIAKPHUIIaTa K aMHHY
YcnoBus 0) IBYXKpaTHBIHA (MJIH HEMHOTO 00JIbIIe) U30BITOK STHUIIAKpUIaTa



3ananue 3. «KKOHCTPYKTOpP XMMHYECKHX PeaKuuiD»

3ammrTHas rpymnna — (yHKIMOHANbHAS TPyINa, BPEMEHHO BBOJINASNCS B MOJEKYITY
XUMHUYECKOTO COCTUHEHHUs Ui O0ECIeYeHUs] XEMOCEJIEKTHBHOCTH MPOTEKaHUs HEO0OXOAMMOM

XUMHYECKON peakIuu. 3a4acTyl0 B IpOllecCe CHUHTE3a B MOJIEKYJY MPUXOIUTCS BBOJIUTH
HECKOJIBKO Pa3HbIX 3alIUTHBIX TPYIII, KOTOPbIE yIAISIOTCS B pPa3HbIX ycIoBHUAX. Takue 3aluiuTHbIe

TPYIIIbI HA3BIBAIOT — OPTOTOHAILHBIMHU.
B mpencraBnenHoii cxeme 3ammudpoBan meroa cunHre3a tpumentuaa (NHo-Leu-Lys-Phe-
OH) ¢ wucnonp3oBaHWEM OPTOTOHAJIBHBIX 3AIUTHBIX Tpymm. M3 NpemiokeHHOro IMepeyHs

peareHToB M KaTalu3aTOpPOB COCTABbTE CHUHTETUYECKYIO CXEMy NpeBpamieHuii o0Oparute

BHMMAaHME, YTO YETHIPE NNO3ULIMH U3 IIEPEUHS PEareHTOB WX KaTaJu3aTOPOB SABIISIOTCS JUIITHUMU.
O6patute BHUMaHHe, uTO B crektpe SIMP C mna coenunenus 2 npucyTcTByeT eMHCTBEHHbII

curHas. OOBSICHUTE NMPUYUHY CEJIEKTHUBHOIO MPOTEKAHHUs! MOCTAHOBKH 3aLIUTHOM IpYIIbI AJIs
ausuHa. OTBET npeacTaBbTe B BUJE nap Oyksa-uucio. (Hanpumep: A-1, b-2 n.t.11.)
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OTBETbI
1 C
2 H
3 r
4 n
5 (0]
6 nu
7 n
8 0]
9 y
10 3
11 L
12 T
13 0]
14 P
15 X
16 3
17 w
18 b
19 Y
20 bl
21 M
22 K
23 a
24 E
- X
- B
- )
- A
3aganue 4
bunapuoe coenunenue |, oOpa3oBaHHOe cocemqHUMH dyeMeHTamMu [leproandeckoit

CHCTEMBI, SIBJIIETCSI BEChbMa PEAKIIMOHHOCHOCOOHBIM M BO BpeMs BTOPOW MHMPOBOM BOMHBI
MCIIOJIb30BAJIOCh B 3)KUTATEIbHBIX O00MOaX, KOTOPbIE OBIJI0O HEBO3MOXKHO NOTYIIUTH eckoM. [Ipu
KOMHaTHOU Temneparype | npeacrasiser co0oil OeclBeTHBIH ra3, kKotopslil B 3.19 pa3za Tskenee
Bo3nyxa (temmneparypa kunenus | cocraBnser 12 °C). Coegunenue | sHeprudHO pearupyer ¢
MeTaJUlaMH U HeMeTaJlIaMH, BOCIUIAMEHSIET acOecT U JipeBecuHy. [ opsuet Bojoit | momHOCTRIO
pasiaraercsi ¢ 00pa3oBaHUEM PacTBOPA, COAEPIKAIIETO TPU KUCIOTHI.
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Pucynok 1. IMP-cniektp coenunenus | Ha sigpax OqHOTO U3 AIEMEHTOB.

B SAIMP-cniektpe coequnenus | Ha siapax ogHoro u3 snemeHToB (puc. 1) mpu 60 °C
Ha0JII0IAI0TCS OJIMH CUTHAM, a ipu -60 °C 11Be Irpynibl CUTHAJIOB ¢ COOTHOLLIEHUEM
MHTETPaIbHBIX HHTEHCUBHOCTEW 2(ay0seT): 1 (Tpurier).

Bonpocsr:
1. Ompenenute xumuueckyto popmyny coequnenus |, ykaxxurte cnoco0 ero moayyeHusl.
2. Hanummure peakumu coenuHeHuss | ¢ BOJOH, cepoif, Kele3oM, YpaHOM, TECKOM H
acbecTom.
3. Ompenenure T€OMETPUIO MOJICKYJIBI cOeAMHECHHS | U THI THOpHUIM3aUK [IEHTPATBLHOTO
aToOMa B 3TOM COCIMHEHUHU.
O06nsicuute HaOmogaemblil AMP-criekTp coequnenus | mpu -60 u +60 °C.

Pemenue ¢ pazdamnoBkoii (20 6asi1oB).

1. Tlockonbky | B 3.19 pa3a Tsxenee Bo3ayxa, ero MojiekyisipHas macca 3.19%29 r/mons = 92.5
r/monb (1 6aai). C meckoM pearupyroT GTop-coAep Kaliue COeIUHEHUs U3-3a 00pa30BaHUs
razoobpasHoro terpadropuaa kpemuus, Toraa | cogepxut ¢prop (1 6amr), odmas Gopmyna
OFx, npu x = 3 nonyuaem 92.5 - 3%19 = 35.5. Cocennuii smemMeHT — 310 XJyop (1 6amw).
Coenunenne | — tpudropun xmopa CIF3 (3 6amma). OcHoBHo# crioco6 monydenus CIF3 —
npsMoe GTopupoBaHue XJjiopa B razoBoit (aze npu 200-300 °C B anmaparype u3 Meau, HUKeIs
WM MoHenb-MeTasuia. (1 6asmw).

2. 3CIF3 + 6H20 (ropsiuas) = 9HF + HCI + 2HCI1O3 (1 6ax)
2CIF3 + S = SFs (ra3) + Cl2 (1 6amn)

CIF3 + Fe = FeFs (tB) + 0.5 Cl> (1 6am)

2CIF3 + U = UFs (ra3) + Cl2 (1 6aa)

4CIF3 + 3SiO2 (1B) = 3 SiF4(raz) + 2Cl, + 302 (1 6am1)

16 CIF3 + Mg7SigO22(OH)2 (tB) = 8 SiF4(ra3) + 7 MgF (t8) + 2HF(ra3) + 12 O, + 8 Cl(1

oas).
VY aroma xJyiopa 7 BaJICHTHBIX 3JIEKTPOHOB, KaX/IbIi aTOM (TOpa 171 00pa30BaHUs CBSA3U
naet 1 3nexkTpoH, utoro 10 3JeKTPOHOB WM 5 3NIEKTPOHHBIX Nap B BAJIGHTHON 000JI0YKe
xyiopa (1 6amm). M3 aTux 5 map 3 cBA3BIBAIONIUX U 2 HEMIOACNEHHBIX. THUI THOpUIU3auy —
spd (2 6aaua), HemoaeNeHHbIE Maphl M OfUH aToM (GTopa Fs 3aHUMAIOT SKBATOPHAILHBIE
MO3MIIMHU, OCTABIINECS aTOMBI (propa Fa — akcHanbHbIE MO3UIUK; TEOMETPUS MOJIEKYJIbI T-



obpasnas (1 6amr). M3-3a 00IbIero OTTalKHBaHUS HEMOAEACHHBIX map, yribl F>-Cl-Fa
qyTh MeHbIIe 90 °, a yron Fa-Cl-Fa uyts menbie 180 ° (1 6amw).
Fa

Cl—F»

|

Fa

3. B SAMP-cnekTpe Ha sapax 19F npu -60 °C HabmromarTCs JBa CHTHaja, OTBEYaronue -

00pa3HoOM CTPYKType, B KOTOPOH aToMbl (hTOpa cCOXpaHsioT cBou nosunmu (1 6ami): mpu 4
ppm curHaisl Fa (ay6net) u npu -116 ppm F» (tpuruter). [Tpu narpeBanuu 1o +60 °C aTombl
¢Topa Fa u F> OpicTpo oOMeHuBatoTcs apyr ¢ napyrom (ncesnosparienue beppu) u B AMP-
crekTpe Ha sapax °F HabmoaaeTcs TONBKO OJMH yCpeTHeHHbIH curHan. (1 6aJwr)

3aganue 5

B xumnueckoit naGopatopuu Oblia OOHapykeHa OaHKa C KpUCTaJIaMHU KpacHO-
KOPUYHEBOTO IIBETAa. DTHUKETKA C Ha3BaHWEM Ha OaHKe orcyrcTBoBaja. OOHApYKUBIINUK OaHKY
CTYACHT PELIMJI CaM OIPENEeNUTh, YTO 3TO 3a KpucTaiwibl. OH B3sJ HaBECKY BEIIECTBA MAcCOM
0,5180 r u obpaboTan ero BoAOW — BEIMIECTBO PACTBOPHIIOCH MOJHOCTHIO, TIPH 3TOM TOJIYUIHIICS
KPacHO-KOPHYHEBBIH pAacTBOp C CHIBHO KHCIOW peakiueid. PacTBOp CTYIEHT OCTOPOKHO
HEeUTpanu3oBall THIPOKCUIOM Lie3us — obpazoBasock 0,674 r xentoro ocaaka. B3sB apyroi
KpHUCTaJlJI, CTYAAGHT pacTBOPUII €ro B BOJE, 100aBMI KapOOHAT HATPUS U MPOKUIIATHII PacCTBOP B
TE€YEHUE HECKOJbKUMX MHUHYT. IIpu sTOM BbINAN OCaJOK KOPUYHEBOIO L(BETa, 00JIaJarOLIHi
CJICAYIOIIMMHU CBOUCTBAMM:

a) TpU JeHCTBMHM W30BITKAa KOHIICHTPHUPOBAHHOTO pAacTBOpPa THIPOKCHAA HATPHS
00pa30BBIBAJICS CBETIIO-)KENTHIH PacTBOP;

0) mpu nelcTBUM M30bITKAa KOHIIEHTPUPOBAHHOM COJISHOM KHUCJIOTHI pEereHepupoBajcCs
UCXOJHBIA KPAaCHO-KOPUYHEBBIM PACTBOP; €CIM K ITOMY KPacHO-KOPHYHEBOMY DPaCTBOPY
n00aBUTh M30BITOK pacTBOpa HUTpaTa cepedpa, o00pa3yercs CBETI0-Oyphlli  OCaJoK,
conepsxkamtuii 34,6 macc.% cepebpa;

B) NpU HAarpeBaHUU OOpazyeTcs CMECh ra3oB C IUIOTHOCTBIO 1O BO31yXy okoisio 0,78 u
NOJIy4aeTcsl MeTalll, Macca KoToporo B 1,35 pa3 serue, yeM mMacca ocajka J0 MpOKaJIHUBaHHUS.
AHaiu3 ra3oBoil cMecH Mmoka3all, 4YTo OHa COCTOUT M3 BOJSTHOTO 1apa U KUCIOpOo/a.

Omnpenenute GopMyITy HICXOTHOTO BENIECTBA U HATTMIITUTE YPAaBHEHUS BCEX YIOMSHYTHIX
peaKkui.

Pemrenne:

[TockoNbKY TPH TPOKATTUBAHUU KOPUIHEBOTO OCAJIKA ITOTYYAFOTCS BOJSTHOM Map, KHUCIOPOI U
METAJIJ, TOT OCAJIOK SBISETCS TUIPOKCUIOM KAKOTO-TO M3 OJIArOpOJHBIX METAJIOB:
M(OH)x =M + x/2H20 + x/402— 2 6anna

Torjga MOKHO COCTaBUTH CJEAYIOIIEE YpaBHEHUE:



M + x*17)/M=1,35 (M — MosipHasi Macca MeTasia)
M =48,57x

[Tpu x = 3 MeTa1 — IPOMETHI WIIM HEO UM, HO X THJIPOKCH/IbI IPH HATPEBAaHUU HE
pasnararoTcs 10 Metaiia, npu X =4 M = 194,2, 910 COOTBETCTBYET IIJIaTHHE WJIM UPUIUIO — 3
banna

ITockonbKy IO JEUCTBUEM COJISTHOM KUCIIOTHI PETEHEPUPOBAIICA UCXOAHBINA CUIIBHO KUCIIBINA
pacTBOp, MOKHO MPEAIONOKUTH, YTO UCXOAHBIN PacTBOP MPEACTABISLT COOOH pacTBOP
criIbHOM KomIuiekcHor Kuciotel H2MClg. Takue kucioTsl 00pa3yroT 30JI0TO U IJIATHHOBBIC
MeTaibl. [lockoabKy Mpuauil B CTENIEHU OKUCIIEHUS +4 SBIISIETCS CUIbHBIM OKHCIUTEIEM,
HCKOMBII MeTaJll, CKOpee BCEro, IIaTuHa. — 3 bania

[Ipu OCTOPOKHOU HEWTPATHU3AIUK YTOTO PACTBOPA THAPOKCHIOM LIE3HsI MOTYyYaeTCsI COJb,
koriekcHbii xopua Cs:PtCle. — 1 bann

HpI/I KUAMSYEHUHN ¢ U30BITKOM pacTBOpa COAbI MOJYHYACTCA TMAPOKCU:
H2PtCls + 3Na,CO3 + H20 = 6NaCl + 3COz + Pt(OH)s— 2 6anna
Pt(OH)4 + 2NaOH = NaxPt(OH)s — 2 6anra

tO
Pt(OH)4 = Pt + 2H20 + O2— 1 6ann
Pt(OH)4 + 6HCI = H2PtCls + 4H20 — 1 6aa

H2PtCls + 2AgNO3 = 2HNO3 + Ag2PtCle— 2 6anna

OueBHIHO, TPH HEHTPATHU3AINN THAPOKCHIOM I1e3ust obpasoBaiics ocanok CSoPtCls. Mcxoms
U3 €ro MaccChl JITKO BBIUUCIUTD, uTO B peaknuio Berynmio 0.001 mons HoPtCls. OnmHako
MOJISIpHAst Macca 3Toi KucnoTsl coctasisieT 410,1 1, a ve 518 r. CiienoBaTeabHO, HCXOTHOE
BEII[ECTBO MPEACTABISLIO0 coboi kpuctamnoruapar, H2PtCle*6H20 — 3 6anna



