OEIEPAJIBHOE ATTEHTCTBO 110 ObPA3OBAHHNIO

Huzkeropoackmii rocynapcrBeHnblii ynupepeurer um. H.M. JlodbaueBckoro

YIJIEPOJ

KoHcnekT nekuuii no Kypcy HEOpraHu4eCcKo XuMHuu

PekoMeH10BaHO METOIMYECKON KOMUCCHUEH XUMUYECKOTO (haKyIbTeTa
s ctyneatoB HHITY, oOygatonuxcs mo HampaBJICHUIO MOJATOTOBKU
020100 “Xumua” u cnenuanbHoctam 020101 “ Xumua”, 020801 “ Dxkonorus”,
240306 “ Xumuueckasi TEXHOJIOTUSI MOHOKPHUCTAIIJIOB, MAaTepUaJIOB U U3EIHMA
AIIEKTPOHHON TEXHUKH

Hwxunit Hosropon

2011



VJIK 541.15
BBK 24

YI'JIEPOJl: CoctaButens: Cubupkun A.A. KoHCnekT lekiuid mo Kypcey
HeopraHuueckon  xumuu. —  Hwxaun  Hosropon: Hwuxeroponckuit
rocyHuBepcutet, 2011. —c.

Penensenr:

B wmetonuueckoit pa3paboTke TpeACTaBlIE€H MPOTPaMMHBIM MaTepHa,
OTHOCSIIIIMICS K XUMHUH yTIEPOJia U €T0 COSAUHEHUH.

Koncnekr nexkuuit npeanasznauex s cryaentoB HHI'Y, oOyuaromuxes mo
Hanpapienuto moaroroBku 020100 “Xwumus” wu cnenumanpHocTsM 020101
“Kumua”, 020801 “Dxomorus’, 240306 “Xumuuyeckasgs  TEXHOJIOTHS
MOHOKPHCTAJIJIOB, MAaTEPUAJIOB U U3ACJIMM SJIEKTPOHHOU TEXHUKH .

© 2005 A.A.Cubupkun



3

XUMHYECKHUH IJIEMEHT YIJIepo/

Haxooicoenue 6 npupooe.
Conepxanue B 3eMHo# kope 0.48 % macc.

B nurocdepe Mmunepansr:

C anmas, rpagut

CaCOs WU3BECTHSK
Na,CO340H,0 KpUCTAJUIMYECKas coja
MgCO; MarHe3uT
CaCOzMgCOs TOJIOMHT
Na,COzNaHCO32H,0 TtpoHa

FeCO; CUJEPUT

Cu,(OH),CO5 MajaxuT
Cuz(OH),(CO3)3 a3ypuT

KapOonaTHele MuHEpaiabl MNPEACTABIAIOT COOOM OCaJO4YHbIC WIIU
BBIBETPUBIINECS PYIbI.

OpraHuyecKkue HMCTOYHUKHU: HE(PTh, MPUPOAHBIN ra3, KAMEHHBIN U
OyphIii yTojb, Toproure cianipl, Topd. BxoauT B coctaB pacTteHuil u
YKUBOTHBIX.

B armocdepe B Bume CO, (0.046 % macc.).
B ruapocdepe B Buje pacTBOpeHHBIX TuapokapooHaTtoB u CO,.

CmpoeHnue.

1s” 2p* 2p* *

—5— >C< mwm =C< wmwm =C-—

KapOEeHHI OOJIBIIMHCTBO OPTaHUYECKUX COCTUHEHUIA:
;‘fe \ -e CH, H.C=0 HC=N

- - - _) - -

_C — _ch_
| |

KapOOaHMOHBI KapOOKaTHOHBI

© 2005 A.A.Cubupkun



Hzomonwi. Tpu TPUPOAHBIX H30TOMA, B TOM YHCIEC OIUH
PaAMOAKTUBHBIM.

°C 98.9%

BC11%

YC T% = 5730 rer, 061pa3yeTcsI B atMocdepe 10 sJIepHON peakIuu

l47N + 10n — 11p + 46C (a30T — W3 HUTpPATOB, HEUTPOHBI — U3
KOCMHYECKOTO U3ITydCHHUS.

buonocuueckass ponb. DBUOTEHHBIM DJIEMEHT, BXOAUT B COCTaB
KUBBIX opranu3moB (~ 18 %).

Kpyzoeopom. Ilpu roperun u npixanuu npespamaercs B CO,. U3
atMocdepnl CO, ycBauBaeTcs B pe3yiibTrate GOTOCUHTE3a Y pacTeHui. B
BUJIC TIUIIM MONAJAeT B OPraHU3M >KUBOTHBIX. [Ipy OKHCIIEHHH BHOBB
naet CO».

IIpocThie BemecTBa
Amop¢usiii yriaepon C
Ilonyuenue. Tluponu3 opraHUYECKHUX CcoeAMHEHUH (IeIII0JI03a,
caxap, He(Th, NPHPOAHBIA Tra3, KaMEHHBIH yroib). Ilomydaembie

IPOJYKTHI — KOKC, IPEBECHBIN YTOJIb, HE(YTAHOM KOKC, Caxa.

CH4 —C+ 2H2
(CeH1005)n — 6C + 5H0

CmpoeHnue.
PazynopsijoueHHasi CTpyKTypa MEIKOKPUCTAIINYECKOTO rpaduTa.

Duszuyeckue ceolcmada.

ITopomrok WM KyCKM YEpHOrO LIBETA, Xpynkue. TyrorsiaBkud u
HEJICTYYHUH.

© 2005 A.A.Cubupkun



Xumuueckue ceolucmad.
1. BoccTtaHOBUTENBHEIE CBOMCTBRA.

C+H,O —- CO+H, 800 — 1000 °C
C+0,— CO, 600 °C
2C+ O, — 2CO coitre 800 °C

C + 2H,S04 — 250, CO, + 2H,0O  kown1. ropstuas H,SO4
C +4HNO3; — CO;, + 4NO, + 2H,0 kon1r. ropsdas HNO3

C+25—-CS, 700 — 800 °C

C + 2PbO — 2Pb + CO» 600 °C

2C + N328()4 — NaZS + 2C02 1000 °C

2C + Na,CO3 — 2Na + 3CO 1000 °C

C+2F —Ck BrIiIe 20 °C

2C + Ny — CoN; BJIEKTPUUYECKHM pa3psij
2C + N, + H— HCN BrIIe 1800 °C

2. OKucnuTeNnbHbIE CBOMCTBA. DTU CBOWCTBA MEHEE XapaKTEPHHI,
YeM BOCCTAHOBUTEIbHBIC.

C+ 2H2 — CH4 600 OC, kat. Pt
2C+H, — C,Hy; 0omee 1500 °C
3C + 4A| — A|4C3

2C+Ca— CaC, 550°C

Ilpumenenue.

1. Toruso.

2. BoccTaHOBJICHUE B METAILTYPIHH.

3. Ilomyuenme BomsHoro raza CO + H,, kapbumoB (SiC),

cepoyriepona CS,.

I'pa¢gur C

Illonyuenue.

1. CamopoHOE COCTOSIHUE.

2. JlnuTenpHOE BBIACP)KMBAHWE B OJIEKTPONCYH YIS WU
HedTaHoro kokca npu temmneparype 2200 — 2800 °C, unm anmasa
(1200 °C) u kap6una (2300 °C).

© 2005 A.A.Cubupkun



CmpoeHnue.
['excaronanbHas pelieTKa, CIOUCTasi CTPYKTypa.

Duzuyeckue ceoucmaa.

IT. ~3800°C, «kwum. ~4000°C. Bepicokag  TeIwio- ©
AIEKTPOBOIHOCTb. M3BecTHBl  cTekiIoOOpasHas  MoOAU(UKAIUSA
(crexmorpadur), nuporpadur (¢ aHM3OTpomMEH  TEIUIO- |
AJIEKTPOTIPOBOTHOCTH), TpaduTOBOEC BOJOKHO. JKHUPHBI HA OIIYIb,
pAa3JEISeTCS HA YCITYUKHU.

Xumuueckue ceoticmaa.
1. Bce peakumu, XapakTepHble a1 amop(HOro yriepoja, HO
IPOTEKAIOT B 00JI€€ KECTKUX YCIOBUSX.
2. OOpazoBaHune TIPOAYKTOB BHenpeHUs (B MEXKCIOEBOE
IPOCTPAHCTRBO):

C (rpadwur) + 5F, — CF 450 °C, dropun rpadura
C (rpagurt) + K — KCg 150 °C, rpadutust

Rb RbCg

Cs Cs(Csg

C (rpadur) + H,SO,+ KCIO; — C,0 20 °C, okcua rpadura
HNO; KMnO,
C (rpadur) + AICl; — CLAICI;3

Ilpumenenue.

1. DNEeKTPOTEeXHUYECKU MaTepuasl (dJICKTPOAbl TaThbBaHUICCKUX
AJIEMEHTOB M CHEKTPAIbHBIX NPUOOPOB, IIETKH TE€HEPATOPOB U
AJIEKTPOIBUTATEIICH .

2. SinepHas TexHHKa (3aMEHHUTEIh HEUTPOHOB).

3. CwmazouHbli MaTepual i BBICOKOHATPYKEHHBIX JIeTajei
(mBepH, MIapoOBBIC MIAPHUPHI).

4. Kapanpgaiu.

Asmas C
Tllonyuenue.
1. CamopoaHoe coctosiaue (SxkyTus).

2. N3 rpadura npu 1800 °C u 6 I'Tla, xaramuzaropsl FeS, Ni, Ta.

© 2005 A.A.Cubupkun



CmpoeHnue.

KyOuueckass pelierka, TeTpadApuUISCKOe OKPYKCHHE aTOMOB,
IPOYHBIC XHMMHYECKHE CBS3M, KOBAJICHTHBIA KPHCTAJLI, BBICOKHUI
noKasareib npemomiicHus (2.48).

Duzuyeckue ceoucmaa.
[Tepexoaut B rpadut npu temneparype 1000 °C, UCKIHOUYUTETBHO
TBEPABIH.

Xumuueckue ceoticmaa.
[TogoOHbl amopdHOMYy yriepoay u rpadurty. Peakuuu te xe, HO
IPOTEKAIOT B 00JI€€ KECTKUX YCIOBUSX.

Ilpumenenue.

1. AGpasuBHbINi MaTepuan (OUTM(OBAILHBIC IMOPOIIKH, OTPE3HBIC
KPYTH Ha METaJUTMIECKOM OCHOBE, 3yOHBIE OOPHI, CTEKIIOPE3HI).

2. FOBenmupHoe neino (OpuuTnaHThI - KpYITHBIC OTPAHCHHBIC KAMHHU).

o — Kapoun (mosiuun)

llonyyenue. KaranmuTuyeckoe OKHUCIEHME WIM JACTUIPUPOBAHUE
alleTHJICHA B HU3KOTEMIIEPATYPHOU ILIa3ME!

NHC=CH —» (- C=C -),+ nH,

CmpoeHnue.
JIuHeiHass MaKpOMOJEKYyJla C YEpeAyIOLIMMHUCI TPOWHBIMU U
OJIMHAPHBIMHU CBSI3SMH.

Duzuueckue ceoucmaa.
YepHbin MEJIKOKPUCTAILUINYECKU I IIOPOLLIOK v
noJynpoBoAHUKOBbIMU cBoiicTBaMu. [Ipu 2300 °C nmepexoauT B rpadur.

Xumuueckue ceolcmaa.
1. CBolicTBa, XapakTepHbIe M1 aMOP(HOro yrieponaa, pearupyer

Jerye, 4eM ajamas v rpadur.

© 2005 A.A.Cubupkun
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2. O3oHUpOBaHHME. HA MECTE€ TPOUHOM CBSI3U MOSIBISETCA
KapOOKCHIIbHAS TpyMIa:

.—C=C-C=C-...+ O3+H,O0O — HOOC —COOH
IIpuMeHeHne He HaXOIUT.
p — Kapoun (mosmKkymyJieH)

Ilonyuenue.

JIeruaponoIMKOHICHCAMSL ~ aJuleHa W €r0  aHajJoroB B
HU3KOTEMIIEPATYPHOU I1a3Me!

nH2C:C:CH2—>(:C:C:C:)n+2nH2

Cmpoenue. JInneriHast MAKpOMOJIEKYJIA.

Dusuueckue ceoucmea. YepHbI MOPOIIOK.

Xumuueckue ceoucmaa.

1. Bce cBoiicTBa aMOop(HOTO yTiiepoja.

2. O3onupoBanue — gaer CO, B pe3yabTare MOJHON JAECTPYKUUU
LEITH

( =C= )n + 2n0O3 — NnCO, + 2n0O,

IIpuMeHeHns He HAaXOUT.

Jloncaesiut C

llonyuenue. llpeBpamenue rpadurta npu Temmneparype 900 —
1000 °C u naBnenun 60 ['Tla.

Cmpoenue. Kpucrtammueckas pelieTka TeKCaroHajJbHOrO THIIA,
noIo0Has BIOPTIUTY ZNS.

y 3
Qusuueckue ceoticmea. IlmorHocts 3.51r/cm” (kak y anmasa),
IUIOTHAS YIIaKOBKa.

© 2005 A.A.Cubupkun



Dysuiepenbl Cgy, Cop.
Illonyuenue.
1. Ucniapenue rpadura 1eCTBUEM MOIIHOTO JIa3epa B CPEIE reaust
2. IlpucyrcTBYOT B  MpPOAYKTaX  HEMOJHOIO  CropaHus
yriaeBoaopo 0B (mapaduH, aleTUiIcH.

Cmpoenue. 3aMkHyTass cdepuyeckas CTPYKTypa M0J00Has
GbyTOO0JIBHOMY MUY, COCTOSIIAs M3 D- U O-4ICHHBIX IUKJIOB. BHyTpHU
noJibie. CTPyKTypa MOJIEKYJIsIpHAS.

QDusuueckue ceoticmea. PacTBOpuMBI B O€H30JI€, MaJMHOBBIN
pactBOp. Cgo — KENTHINA XPYNKHA TOPOIIOK.

Xumuyeckue ceoticmea.

1. CroticTtBa amopdHOro yriepoja.

2. Peakimuun npucoenunenus K, Rb, Cs, ramorenos, docdopa, NO,
BOJIOPO/A:

K3Cs0, CeoHzs 1 CeoHep (hazzuboun).

IIpuMeHeHne He HAaXOIAT.

Jluteparypa.

Coxkonos B.U., Craukesuu 1.B.Ycnexu xumun. — 1993. — Bei. 5. —
c.455-470.

© 2005 A.A.Cubupkun
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CoeguHeHus ¢ BOAOPOAOM

Knaccugurxayusa. Itv coequHEHUsS Ha3bIBAIOT YIVIEBOAOPOJAMH,
OHM COCTaBJLIIOT MpPEAMET OpraHudyeckod xumuu. Ilo Xxapakrepy
CTPOEHUS pA3IUYAIOT NPEACIbHBIC, HENPEACIbHbIC, apOMAaTHYECKUE,
IUKJINYECKUE YTIIEBOIOPOIBI.

B Heopranmyeckol XMMHUM HMMEIOT 3HA4YEHUSA 2 YIJIEBOAOPOJA:
METaH U AalETUIEH, KOTOPbIE HMMEIOT AHAJIOTU CPEAU COCIUHEHUM C
BOJIOPOJIOM Y APYIUX IJIEMEHTOB.

Metan CH,4

Tllonyuenue.
1. CaMopoaHOE COCTOSIHME — ITPUPOAHBIN Ta3, cBbilie 95 % CHa.
2. JlexapOoKcHIMpOBaHUE alleTaTOB:

CH;COONa + NaOH ® CH4 + Na,CO3 400°C, niaBka
3. 'mapoan3 MeTHIIBHBIX METAJIOPTaHUYECKUX COSTUHCHMN:

CH3MgBr + H,O ® CH4 + MgOHBTr

4. I'mppomm3 metanuaoB Al4Cs, Be,C.

4o o 20
2 2
Al,Cs AICI,
Be,c T HCl — CHi + g

. 3 .
Cmpoenue. Sp -rubpuauzaiiys, MNPaBUIbHBIM TETpad’ap, CTEICHb
okucienus C = -4, crenenb okucienus H = +1.

© 2005 A.A.Cubupkun
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Duszuyeckue ceolcmada.

becusernsiii a3, mi. -182.5 °C, kum. -161.5 °C, o6pasyer kiaTpat
8CH, - 46H,0 ¢ temneparypoit auccounarmu O °C.

Xumuueckue ceoticmaa.
1. Tepmuyeckuii pacnai.

CH; — C+ 2H, 1000 °C, caxa
2 CH4 — HC=CH + 3H, 1500 °C, kpaTKOBpEMEHHO B TLIa3Me

2. BoccTanoBuTEILHBIE CBOMCTBA.

CH4 + 202 — C02 + 2H20
CH4 + C|2 — CH3C| + HCI

KaTtanutuueckoe OKHUCIIEHHME METaHa JaeT Takxke (popmanbiaeruj u
Jajaee MypaBbUHYIO KUCJIOTY.

3. [TapoBosiHass KOHBEPCHS:
CH4 + Hzo — CO + 3H2 (800 OC)

[Tonydyaemass cMmech HeoOXoauma JJii CHUHTE3a IPOCTEUIIHX
OpraHUYECKHUX BeIlecTB (MeTaHoa, (popmaibaeruia).

4. CoBmectHOe okucienne CHy ¢ qpyrumMu coeiuHEeHUSIMU:

CH, + NH; + %,0, — HCN + 3H,0  (1000°C)

Ilpumenenue.
1. TonuBo.

2. IlonyyeHue npoCTEUIINX OPraHUYECKUX BEIIECTB.

Texnuxa 6eszonacnocmu. I'optoy, B3pbiBoOonaceH. HakaninuBaercs B

YroJbHBIX MIAXTaX W MPHBOIUT K B3pbIBaM. JJIg OOHApY)KEHUS YTCUKH
onopupyoT gobaskoit (CoHs),S mim C,HsSH.

© 2005 A.A.Cubupkun
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Anermiied HC = CH

Illonyuenue.
1. M3 wmeraHa B YCIOBUSX TEPMHUYECKOTO KpPEKUHTA WM
anekTpokpekunra npu remneparype 1500 °C.

2CH4 — C,H, + 3H»
2. I'uiponn3 aneTuiICHU/10B:
CaC, + 2H,0 — C,H, + Ca(OH), (B BOJTHOM pacTBOpE)
3. OKUCIUTENBHBIN TUPOJIN3 METaHa.
6CH,4 + O, — 2C,H;, + 2CO + 10H;

Cmpoenue. HC=CH. TpoliHas cBs3b o0jagaer  0coOoid
NPOYHOCTHIO, HO CKJIOHHA K pEAKIMUSIM TMPUCOCTUHECHUSA. ATOMBI
BOJIOPO/IA MOIBEPKEHBI U OTIIETUIAIOTCS B BUje H' mpu neficTBUYM 0ueHb
CUJIbHBIX OCHOBAHUU.

Duzuyeckue ceoucmaa.

becusernbiii ra3. Kumn. -83.6°C. CnaObiii >¢QupHBIi 3amax.
AueTtwieH u3 KapOuaoB o0JialaeT 3alaxoM, XapaKTEepHBIM  JIs
npuMeceit npyrux ruapuaos (dhocdopa, azota, KpeMHUs, O0pa).

Xumuyeckue ceolicmea.
1. Oxucnenue — g0 CO, B yCIOBUSX TOPEHUS WM JICUCTBUS
KMnQOy, O3 B KUCTBIX pacTBOpax.

O>
C,H, + KMnO4 + H,S0O, — CO,+ H,O+ K,SO,+ MnSO,
O3

2. Peakiiuy npucoeIMHEHUs:

H,O CHCH=0 areTanbJIerug
HCI CH, = CHCI BUHUJIXJIOPH/]T
C,H, + HCN - CH, =CH —-CN axpunoHUTpHII
R - OH CH; = CH - OR ajKkuaBUHWIOBBIE 3(DUPBI
H> H,C = CH,» kat. Pd, orpasn. Pb
H2 H3C - CH3 Kart. Nl, Pd, Pt

© 2005 A.A.Cubupkun
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3. Onuromepu3zanusi B BUHWJIALIETUJIEH, 0OeH3011,
IUKJI00KTaTeTpacH—1,3,5,7:

CH,=CH-C=CH xar. CuCl + NH.CI
HC=CH — CgHsg kat. yroJyib; 600 °C
CgHsg KaT. KOMILJI. CO€Jl. METAJIJIOB

4. Peakuu 3aMeliieHus Bogopoaa. Oo6pasyroTcs alleTUICHU/ b

HC=CH+ 2Ag(NH3)zOH — Ag2C2 + 4NH3 + 2H,O BoxH. P-p NH;
HC=CH+ 2CU(NH3)20H — Cu,Cs + 4NH3 + 2H,O BOnH. P-p NH;

HC =CH + CdR, — CdC, + 2RH B mIeTp. dupe

HC =CH + ZnR; — ZnC; + 2RH B IETp. dpupe

HC = CH + Na — NaHC, + Y/,H, HarpeBaHue

HC =CH + K — KHC, + Y/,H, HarpeBaHue
Ilpumenenue.

1. TonmnuBOo B BBICOKOTEMIIEPATYpPHOW TOpENKE MJI1 CBAapKU
MaTepUaJIOB.
2. [TonyyeHre OpraHM4eCcKUX COCAMHEHUM.

Texuuxa besonacnocmu.
B3psiBoomaceH, TEpPMOJWHAMUYECKH TP OOBIYHBIX YCIOBHSIX
HeCTaOuJIEH, CIOCOOEH pasilaraThbCsi CaMOIPOU3BOJIIBHO CO B3PHIBOM

C2H2 — 2C + Hz.

XpaHAT W TEPEBO3SIT B PACTBOPCHHOM COCTOSHUU (B alleTOHE,
kodurmeHtT pactBopuMoctu 1Mo OcTtBanbay npu Temmeparype 20°C
o = 25), alleTOHOM IPOIHUTHIBACT acOECT.

© 2005 A.A.Cubupkun
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Kapouabt

OT0 COCITMHCHUS yrieposa C MeTaJTaMH H
AJIEKTPOITOJIOKHUTCIIbHBIMA HeMeTautaMu (KpeMHHUi, 00p).

Knaccuguxayus.

ITo xapakTepy XMUMUUYECKOW CBSI3U PA3JIAYAIOT:

1. ConeobOpa3zHbie KapOUJbl, CPEIU KOTOPBIX BBIACISIOT METAHU/IbI
(Al4Cs, BeyC) m anermnenunbl (CaCy, LioCy). Jpyrue coneoOpasHbIe
KapOUAbl MOTYT BBLICIUTH Takke MermiaaneruiacH (Mg,Csz) mim cMech
yTII€BOJIOPOJIOB U BOJOPO/IA.

2. Meranmonomoonsie kapouasl (CroCs, FesC, ZrC, TiC, Mn3C).

3. KoBanenrnsie kapouasr (SIC, B4C). X paccMaTpuBaloT B XUMUHU
KpEeMHHUS U Oopa.

CoJsieo0pa3nbie kapOuAbI

Ilonyuenue.
1. BzaumonetictBue npocthix BemectB Al4Cs, Beo,C, CaCy, LioCo.

2. 3aMeIleHre aTOMOB BOJIOpOJa B alleTHJICHE (CM. XMMHYECKHUE
CBOICTBA allCTUIICHA).

3. Tepmuueckuit pacnaa Apyrux KapOuaoB:
2MQgC, ® M@,C3z+ C 500 °C

4. BoccTaHOBJIEHUE OKCHUJIOB METAILIOB M30BITKOM YIJIepoAa:
Ca0O+3C® CaC,+CO 1900 °C

Cmpoenue. ConepkaT HW30JUPOBAHHBIE AHHOHBI Cc*, G, C5",

KOTOPBIC MPOSBIISIOT CBOIO MPUPOY MPHU TUAPON3E. ATOMBI yriiepoaa
00pa3yroT «OCTPOBKHU».

© 2005 A.A.Cubupkun
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Xumuueckue ceoticmaa.
I'maponu3. KapOunael mOpeBpamialoTcss B COOTBETCTBYIOIIME
yTII€BOIOPO/IbI:

Al,Cs+ 12H,0 ® 4AI(OH); + 3CH,
BeZC + 4H20 ® ZBG(OH)Z + CH4

Can +2H20 ® Ca(OH)z +C2H2
Mg2C3 +4H,O ® 2 Mg(OH)Z + MeC° CH
2La*™*C, + 6H,0 ® 2La™*(OH); + H, + 2C,H,

MeTanionoxo0Hbie KapOUabI

Illonyuenue.
1. BzaumonetictBue npocthix BemecTB (MNnzC, CryCs)
2. BoccTaHOBJIEHHE OKUCIIOB M30BITKOM YTJIA:

3FeO +4C ® FesC + 3CO.

CmpoeHnue.
Mauiible aToOMBI yIJIepoJia 3aHUMAIOT MYCThIE B IJIOTHOYMAKOBAHHBIX

CTPYKTypax METAUIOB. OJIEKTPOHHAas CTPYKTypa MeTajla He
HapyllaeTrcs, a BHEAPEHHE AaTOMOB C IMapoil  JOMOJIHUTEIBHO
CTAOMJIM3HUPYET PELIETKY, MOBbIIAs TBEPIOCTb.

Duszuyeckue ceolcmada.

TBepable, TYromiaBKUE, JJICKTPOIPOBOJAIIME  BEIIECTBA, C
METAJUIUNYECKUM OJIECKOM.

Xumuueckue ceovicmaa.
1. Okucnenue 10 OKCUAOB METAIJIA U YTIEpOoaa:

Cr,Cs + 30, ® Cr,O3 + 3CO

© 2005 A.A.Cubupkun
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2. JleficTBUE BOABI U KUCJIOT. ATOMBI YIJIEpOJa B METAILUIONOI00HBIX
KapOugax wu30iupoBaHbl. OHM MpeBpalialOTCs B METAH B YCIOBUSIX
BBIJICJICHHUSI aTOMapHOTO Bojaopozaa (mpw MEHCTBUM BOJIBI WU KUCJIOT-
HeokucuTenei) wim okucisercs 10 CO, B IPUCYTCTBUN OKHCITUTEICH.

MnzC + 6H,0O ® 3Mn(OH)2 + CH, + H»
Fegc + 6HCI ® 3F€C|2 + CH4 + H2
3ZrC + 8HN03 + 18HF ® 3szr|:6 + 8NO + 3CO, + 10H,0

Ilpumenenue.

N3roroieHue pexyuiero nHcTpymeHnta. CepJa, peslbl cojiepKar
miactudku u3 kapouaoB TaC, MoC, WC. HanwibHuKH, TOJOTHA
HOKOBOK I10 METAJTy M3rOTaBJIMBAIOTCA W3 YIVIEPOJUCTON CTaiH,
coaepxkarniei FesC.
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CoenuHeHus1 yIiiepoaa ¢ KUcJI0poaomM

CO, CO»,
C30, (Hemokucs), Cs0o,
C120g (aHTHAPH MEIUTUTOBOM KUCIOTHI)

Monookcua yriepoaa CO, yrapHbli ras.

Ilonyuenue.
1. leruaparanusa mypaBbuHoin kuciaorsl HCOOH neiicTBueM KOHII.

H28()4:
HCOOH — CO + H,0 (100 °C)

2. Henomnoe oxucienune yriepoaa. IloBbIIEHHE TeMIIepaTyphbl
omaronpusaTcTByeT nosbimieHnio Beixoga CO. Beime 800 °C B raszopoii
daze npeodnagaer CO.

2C + 0, — 2CO
C + CO, — 2CO (peaknus bynyapa)

3. B cmecu ¢ apyrumu razamu KOHBEPCUEH YIIIS:
a. YacTu4HOE OKHCJIGHHWE YIS BO3IyXOM (IIpu TemIepaType
1000 — 1200 °C) pmaer reHepatopHblii (Bo3aymHbIi) Ta3 (25 % CO,

70% Ny, 4% CO,;, wmemee 1% CHy;, Ho u  Op). Peakuums
HK30TePMUYCCKAS .

2C+0,— 2CO

0. BzaumopetictBue packanennoro yris (1200 °C) ¢ mapamu BOIBI
naet BojsHou a3 (40 % CO, 50 % H,, 5% CO,, 4 % N, u 1p.)

C+H,O —- CO + Hy

Peakuusi sHA0TEpMUYECKasi, MOJOIPEB CJIOS YIiIsl o0ecreyuBaeTCs
yepe0BaHUEM T10JIa4y BOJIbI M BO3AyXa.
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6. CMeIaHHbBIN Ta3, Wi JayCOHOBCKHMM Ta3 (DOwson) monydaror

COBMECTHBIM MPOITYCKaHWEM BOJIbI M BO3ayxa uepe3 yroiib mpu 1000 °C.
Conepxut 30 % CO, 50 % N, 15 % Hy, 5 % CO..

2. Cmemanneni ra3 mo Bunkiepy (Winkler, 1922) o6pa3yercs

comecTHoi momauerd H,O + O, Ha packamennbiii yroib: (38 % CO,
38 % H, 22 % CO, u ap.)

4,  PaznoxeHWe  JBOMHBIX W  KOMIUIGKCHBIX  IIMAHHUJIOB
KOHUEHTPUPOBAHHOW CEPHON KUCIIOTOW:

ZKCN + 2H28()4 + 2H20 — K28()4 + (NH4)28()4 + ZCO
K4[ FG(CN)G] + 6H>,S0,4 + 6H,0 — 2K>S0 4+ FeSO,4 + 3(NH4)2804 + 6CO

Cmpoenue. JIsyxaromuas wmanonomsgpaas (0.12 D) wmoiekyina,
n3odJiekTpoHHasi N,. HesHauuTenbHbI OTpUIIATEbHBIN 3apsij] HA aTOME
KHUCJIOPO/Ia. Yrnepon: KOBaJIEHTHOCTD 3, oTpUIaTEIbHAS
AJIEKTPOBAJICHTHOCTh 1, Baj€HTHOCTH 4, CTENEHb OKMCICHUA +2, THUI
ruopUIU3aIU P .

c=0" N=N

O6namaer BBICOKOM CTaOMIBHOCTHIO. OOpa3yer KapOOHWIbHBIE
KOMILICKCHI 3a CYET OJJICKTPOHHOH ITapel aToma yriepoaa (3ToMy
CIIOCOOCTBYET OTpUIIATEILHBIN 3apsi HA aTOME yriiepoja, 0ojaee HU3Kasl
AJIEKTPOOTPULIATEIbHOCT, aTomMa (C 1O CpaBHEHUIO C aTOMOM
KHCIIOPO/a).

Dusuueckue ceovicmaa.
becuseruniii ras. Iln. -204°C, xum. -191°C. be3 3amaxa, majo
PacTBOPUM B BOJIE.

Xumuueckue ceoticmaa.
1. OOGMeHHbIE peaKlyu:

CO + NaOH — HCOONa 200 °C, 15 atm
CO + NH3 — HCN + Hzo 500 - 800 OC, KaT.Alzog + Th02
CO + NH3 + H O — HCOONH,4 ropsiYnil BOJIHBINA PacTBOp
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2. O0pazoBaHue KapOOHWIbHBIX KOMITJIEKCOB:

CuCl + 2H,0 + CO — CuCl - CO - 2H,0 CuCl B BomaoM NH3
Ni + 4CO — Ni(CO), 50 - 100 °C
Fe + 5CO — Fe(CO)s 100 — 200 °C, nmaBiieHue

IToapo6no: Ceipkun B.I'. KapbonuiabHbie MeTasuibl. — M.1978.

3. BoccranoButenbueie  coiictBa CO. [IlposiBisiercss mnpu
HeBBICOKUX TemriiepaTypax (mo 800 °C).

CO + H,O — CO, + H, 230 °C, katanuzatop Fe O3
2CO + O, — 2C0O, CrOpaHUE Ha BO3yXE
CO + Cl, — COCl, 125 °C, xaranu3arop C Ha Pt
CO+S— COS 350 °C, karanmuzatop C
5CO + 1,05 — |, + 5CO, KadecTBeHHas peakuus Ha CO
2CO + O, — 2C0O, 20°C, Kar. MnO, + Cu(
TOIKAJIMTOBBIN IIATPOH IIPOTHUBOIa3a
CO + H,O + CaO — 500 °C
— CaCO3z + H,
CO + PdCl; + H,O — BOJTHBIH pacTBop, Ka4eCTBCHH:
— Pd| + CO,1 + 2HCI peaknus Ha CO

3CO + 2KMnO4 + KOH + H,O — cnaboienoyHas cpena, kat. Ag
— 2MnO,| + 3KHCO3

3CO + K,Cr,07 + KOH + 4H,0 — cnabomenoynas cpena, kat. HQO
— 2 Cr(OH)3 + 3KHCO3

CO + NayO, — Na,CO3 20 °C, menyieHHO

4. Nucnponopruonupopanue (500 - 700°C)
2CO - C+CO;, 3arpadguuuBaHue TpPyOOIPOBOJIOB

5. Cunte3bl oprannueckux BemectB Ha ocHoBe CO. B nux CO
IPOSIBJISIET OKUCIIUTENbHBIE CBOWCTBA.

CO + 3H, — CH,4 + H,O 200 °C, kar. Ni

CO + 2H, —» CH3;0H 250 — 300 °C, xaranuzatop CuO + Cry0g,
ninu 300 — 600 °C, kar. ZnO, 500 at™

nCoO + 2nH, —» C,H,, + NnH,O kat. Co — Ni, mo 200 °C

2nCO + nH, —» C,H,, + NCO, «xar. Fe, mo 200 °C

[Tpu N = 6...8 obOpa3yercs CUHTUH (CHHTCTHYCCKHUI OCH3HMH), BBIIIIC
200 °C npeodnanaror CH4 1 aerkue yrireBogopoas). Jlanbiine Ha TOM ke
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Karanuszarope oOpasyrorcs ankanel (F.Fisher, H.Tropsh, I'epmanus,
1923):

CnHZn + H2 — CnH2n+2 kaT. Co — Nl, a0 200 °C

Ho6asnenne HC = CH pacmupsieT CUHTETHYECKHE BO3MOXHOCTH
(kapOonmnmupoBanue o Permme, W.Reppe, I'epmanus, 1930 — 1950).

HC=CH+CO+X—->HC=CH+X
\
C

O

rone. X = H,0, To H,C = CH — COOH akpwusioBast Kuciiora
X =ROH, 10 H,C = CH — COOR axpunatsl

MoxxHO BMeECTO alleThieHa ucnoib3oBath Oenzon (L.Gatterman,
Yu.Koch, 1847, I'epmanus):

PhH + CO — PhCOH kat. AlCl; + HCI

Ilpumenenue:

1. TormmuBo (reHepaTOpHBIH Ta3).

2. CHUHTE3BI MPOCTEUIIINX OPTaHUYECKUX BEIIECTB.

3. [lomydyerne KapOOHWIOB M BBICOKOYHCTBIX METAJIOB HX
TEPMUYECKUM PA3I0KCHHUEM.

Texnuxa 6e3onacrHocmu.

ConepKUTCsi B BYJIKAaHWYECKHX, OOJIOTHBIX, TOINOYHBIX Traszax, B
maxrax, PYyAHUKAX, BBIXJIONAX JBUrATEJIEd BHYTPEHHErO CrOpaHus,
razax METaJUTypru4ecKux 3aBOI0B, 00pa3yeTcs MPHU JIECHBIX MOXKapax.

Koopaunupyercs nonom Fe®* remorno6uHa, MIPEKpAILACT YCBOCHUE
KUCJIOpOJla M TKaHEBO€ JbIxaHue. Hapymiaer oOMeH BeliecTB
MIPEUMYILIECTBEHHO B HEPBHBIX KJIIETKAX, BbI3bIBAsA CYJIOPOrH, MapajinyH,
rosouele 6omu. IIJIK (paGoueit 30us1) 20 mr/m® KIIB 12 - 74 % B
CMECH C BO3JIYXOM.

["oprounii ra3, XpaHAT B CKATOM COCTOSHUHM B OajlIOHaX KpacHOTrO
1[BETA.

IIpu oTpaBiieHUAX — CBEXKUM BO3YX WIM MEAULIMHCKUNA KUCIOPOJ.
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JMuokcna yriepoaa CO, (yriaekucibli ras).

Illonyuenue.
1. T'openue yriaeponocoaepxkamux BemectB (yriasa, CO, merana,
JIPEBECUHBI)
CH4 + 202 — C02 + 2H20
2CO + 02 — 2C02

2. CriupToBO€ OpOKEHUE YTIIEBOIOB:
C6H1206 — 2C2H5OH + 2C02

3. Tepmopacnan kapOOHATOB, TUAPOKAPOOHATOB  WIIH
Pa3JIoKEHUE KUCIOTAMM.

CaCO3z — CaO + CO,
2NaHC03 —> N32C03 + C02 + Hzo
CaC03 + 2HCI| — C&CIZ + C02 + Hzo
NaHC03 + NaHSO4 —> N328()4 + C02 + Hzo

CmpoeHnue.
JluHeriHas HenoyIsipHas MOJIEKYJIa

0=C=0

Sp — THOPUIHOE COCTOSIHUE BCEX aTOMOB,
CTETIeHb OKHUCJICHUS yriiepoja +4, Kkuciopoja -2.

Duszuyeckue ceolcmada.

ux

becuserHpiii ra3 0e3 3amaxa, Bo3r. -/8°C mpu 1arm. Tpotinas
touka -57°C u 5.2 arm. Kputnueckas touka +31°C u 73 atm. Ilpu

20 °C naBnenue mapa 57 aTM.

B 00bIYHBIX yCIIOBHSX B Oa/sIOHaX OH >KUAKUU. [Ipyu BbIIMBaHUM U3
OaJlloHa MHTEHCUBHO HCMAPAETCS M OXJIAXKIAETCs, IMPEBpaIlasch B
«cyxou Jen». B cMmecH Cyxoro Jipaa M aleToHa JOCTUIaeTCs
temneparypa -78 °C. PactBopum B Bojme o (OctBampma) = 1.71 (npum

0°C), 0.66 (pu 30 °C).
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Xumuueckue ceoticmaa.
1. Tepmuyeckuii pacnan:

2C0O, — 2CO + O, BoI1e1200 °C, o = 75 % mpu 2800 °C
2. OOMeHHbIe peakiuu. [IposiBasieT KUCIOTHBIE CBOMCTBA!

C02 + Hzo — H2C03

C02 + 2NaOH (I/I36) — N32C03 + Hzo

CO, + 2NaOH (uen.) — NaHCO;

CO, + 2Ca(OH), — CaCO3 + H,0O Ka4. peakius, aHair. Ba(OH),
CO5(m36.) + NH3z + HO — NH4,HCO3 20 °C, BBICOKOE IaBJIEHUE
C02 + 2NH3 (I/I36) —> H2NCOONH4 20 OC, 1arm

C02 + NaZO — N32C03 200 —-400 °C

CO, + 2NH3; — (NH,),CO + H,O 180 — 300 °C, naBneuune

3. O6pazoBanue kiaaTpara 8CO, - 46H,0 (Hmwxke -21 °C npu 1 atm).

o +4,
4. Oxucnureabubie cBOUCTBA 3a cuer C

CO, +4H, — CH, + 2H,0O 200 °C, kat. Cu,0O
CO,+C — 2CO BrIme /00 °C

CO, + 2Mg — 2MgO + C 500 °C

2C0O, + 5Ca — CaC, + 4Ca0O 500 °C

CO, + KH — HCOOK 1o 150 °C, naBnenue

5. Bri3biBaer JUCIIPOIIOPIHMOHUPOBAHUEC IICPOKCHI0OB MCTAJIJIOB.
2C02 + 2N3202 —> 2N32C03 + 02 20°C

Ilpumenenue.

1. IumeBas MPOMEBIILIEHHOCTE (caxap, BHHO, MHBO, Ta3UPOBAHHBIC
HanuTKH). KoHcepBaHT.

2. YTIEKUCIIbIe BaHHBI B MEHIIVHE.

3. [ToxkaporymieHue (yriaekuciaoTHeie orHeTymuTend OY).

4. TTpon3BOCTBO MOYEBHHBI M cOABI 10 COJBBI:

C02 + 2NH3 — (NH2)2CO + Hzo
NaCl + C02 + Hzo + NH3 — NH4C| + N&HCOgl

5. XnagoreHtT (cyxoi jien).
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Texnuxa 6e3onacrHocmu.

o 1% B Bo3ayxe — uW3MeHeHUE (GYHKIUMU JAbIXaHus, 10 5% -
rojioBHass 0O0Jib W pa3ApakeHUWe MAbIXaTelbHBIX nyTed 10 7% -
rojioBokpykenue u pBora, 20% - ocraHoBka jAbIXaHus. Puck
OTpaBJICHUS M VYAYIIbS — OYUCTKA BHHHBIX NOTpeOOB, IUCTEPH,
OBOIIEXPaHUJIUII, CUJIOCHBIX OaIlleH.

IIpn npuroroBneHuu oxnaxaaromen cmecu u3 tBepporo CO, u
alleToHa CyxoW Jien J00aBIAIOT MaJbIMU IMOPUUSIMHU, OCTEpErasich
pazopb3ruBanus. PaboTaTth B 0UKaX UM MAcKe.

Henoxucs yraepona C3;0;
Illonyuenue.
1. deruapaTtanus MajJoOHOBOM KHUCIOThI HarpeBanuem ¢ P09 110

150 °C, neruaparaius U BOCCTAaHOBJICHUE €€ TaJ0r€HaHTUIPHUIOB:

HOOC —CH,—-COOH + P,O10—>0=C=C=C =0 +4HPOs

CICOCH2COCI +7n0O — ZnC|2 + H,O + C30,
BrCOC Br,COBr + 2Zn — ZnBr, + C30,
Cmpoenue. O=C=C=C=0
JInunentnas Mosnekyna ananoruaHo CO; ¢ yAJIMHEHHOH LETBIO.

Bce aTombl B cCOCTOSHUM Sp-TUOPUIU3ALIIY.

Duzuueckue ceolcmea.
becuBerHblii ra3 ¢ ynyuuinebiM 3anaxoM. [1n. -107 °C, kum. +7 °C.

Xumuueckue cgoticmaa.
1. Tepmopacnan (200 °C).

C302 — C02 + C2
Hanee C, npeBpaiiaercs B rpadut win npucoeauusercs K C30o:

C30, + C;, — Cs0, (nmmueiinas Moiekyia, aHanorudaa CzO,, Kwil.
+105°C).

© 2005 A.A.Cubupkun



24

2. Peakiiuy npucoeIMHEHUS

C30, + 2H,0 — HOOCCH,COOH (manoHOBast KHCIIOTA)
C30, + 2NH3 — HoNCOCH,CONH, (auamMu; MamoHOBOM KHUCIIOTHI)

3. [Tormmepuzarus npu uiuTeabHoM XpaneHuH: (C30,), —KpacHOro
I(BETA.
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KucJsiopoacoaep:xamme KHcJao0ThI yriiepoaa
¥ AHHOHBI ITUX KHCJIOT

N3BeCTHBI MHOTOUYHCIICHHBIE COCIMHEHUS YIJIEpo/ia ¢ BOJOPOJIOM U
KUCI0poJoM. VX u3ydeHue sIBJISIETCS MPEAMETOM OPTaHUYECKON XUMUHU.
B Heopranndeckoil XMMUM HauOOJIbIIIEE 3HAUCHUE UMEIOT TPU KUCIIOThI
1 UX COJIU.

YrosbHas MypaBbuHas [IlaBeneBas
H>CO3 HCOOH HOOCCOOH
KapOonaTsl dopmuarsl Oxkcanatsl
COs” HCOO™ “00CCO0
['mapokapOoOHaTHI
HCO;

YroabHasa kucjaora HoCO3

Ilonyuenue.
1. Bzaumonernicteue CO- ¢ BOOOH.

C02 + Hzo — H2C03

OcHOBHasi 4acTh PACTBOPEHHOTO BEIIECTBA HAXOJWUTCS B PacTBOPE B
Buae CO,, menpiast — B Bujae HoCOa.

2. JleficTBUE KUCIOT HAa KapOOHAThI WU TUAPOKAPOOHATHI:

Na,CO3; + 2HC| — 2NaCl + CO, + H,O
NaHC03 + HCI| — NaCl + C02 + Hzo

CrpoeHue.

HO-C=0 °—rubpumroe cocrosiaue atomos C u O.
|
OH
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Dusuyeckue ceoucmaa.
B cBOOOIHOM COCTOSHUU HE BBIAEIICHA.

Xumuyeckue ceoucmaa.
1. Tepmuyeckuii pacnan:

H2C03 — C02 + Hzo
2. luccouuanus B pacTBOpE:

H2C03 — HCOg_ + H+

_[HCO3 14{H"] _ -4
K qi(ucm) = =1.32X10
alucm) [H,CO5]

_ [HCOs 1{H"]

= =4.27X0 '
[H,CO5] +[CO,]

HcTtuHHAas KOHCTaHTAa COAECPKUT B 3HAMEHATENE KOHILIEHTPALIUIO
MOJIEKYJI YroJIbHOM KHUCIOThl. Ee BbIpakeHuWe aHaJOTrM4YHO 3aIKCH
KOHCTAHT JIUCCOLMALIMM APYTUX KUCIIOT, HE CIIOCOOHBIX MPEBPAIATHCS B
pacTBOpE B Apyrue He3apsKeHHbIE MOJIEKYIsipHble popMbl. Kaxyiascs
KOHCTaHTa COJEP>KUT B 3HAMEHATENIe OOILIYI0 KOHUEHTPAIUIO YrOJIbHON
KHUCJIOTBI M €€ aHTUJIPUJA.

HctuHHash KOHCTaHTa JAeT MPEACTaBICHUE O CUJIE KHUCIIOTHI,
MO3BOJISIA CPABHUTH CUJIY YTOJIBHOW KHUCJIOTBI C CUJIOW APYIMX KHUCIIOT.
Kaxymasacss KOHCTaHTa YYUTBHIBAET CHOCOOHOCTh YrOJIbBHOW KHCJIOTBI
pasyiaraTbCsl Ha YIJIEKUCIBIM ra3 U BOJy B pacTtBope. Eil monb3yrorcs B
pacueTax paBHOBECHMM HOHHBIX peakuuii ¢ ywyactuem CO,.
PaccmaTpuBas OTHOILIEHME ATUX KOHCTAHT, OOHApyXMBaeM, 4YTO B
(opMe yYroapHOW KHCJIOTHl HAXOAUTCS JIMIb HE3HAYUTENIbHAs 4YacTh
YIJIEKHUCIIOTO Tas3a.

HCO; — CO5* +H'

_[Co# 1{H"]
[HCO;' ]

K a0 =4.68x10 1

YronpHas KuclOTa SBIMETCS Clab0l 1O O0EUM  CTYIEHSIM.
3nauenusa K,; u K, Ha HECKOJbKO MOPSAKOB OTJIWYAIOTCS APYr OT
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Jpyra, 4YTO OOBSCHSIET BO3MOXKHOCTb CYILIECTBOBAHUSA KHUCIBIX U
CPEIHUX COJIEH.

3. OOMeHHBIE PEaKIINH:

NaOH + H2C03 — N&HCOg + Hzo
2NaOH + H2C03 — N32C03 + 2H20
N32C03 + H2C03 — 2NaHC03
NH3 + H2C03 — NH4HC03
HzCOg + 2NH3 (I/I36) — (NH4)2C03

. 4
4. OxuciutenbHble cBoifctBa 3a cuer C'°  HexapakTepHBI,

BOCCTAaHOBHUTEIbHBIC CBOMCTBA 34 CUCT C+4 HEBO3MOKHBI.

Ilpumenenue. He naxomur. Haxomurcss B cocTaBe ra3upOBAHHBIX
HAITUTKOB.

I'mapoxapoonarst HCO3

Ilonyuenue.
HeiictBue n30biTka CO, HA OCHOBaHUS U KapOOHATHI:

NaOH + C02 — N&HCOg
N32C03 + C02 + Hzo —> 2NaHC03

Cmpoenue. O—-C=0

|
HO

Du3suueckue ceoticmed.
TBep/ibie BelecTBa, pa3iararoimecs 10 MIaBJICHUS.

Xumuyeckasa ceoucmsa.
1. Tepmopacna:

2NaHC03 — N32C03 + C02 + Hzo (BBII_HG 100 OC)
2. OOMEHHBIE peaKIUu:

N&HCOg + NaOH— N32C03 + Hzo
2NaHCO3; + HCI — NaCl + CO;, + H,0O
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3. He CKIOHHBI K OKHUCIHTEIHLHO-BOCCTAHOBUTEILHBIM pCaKIAM.

OnHaxo, BO3MO>KHO AIIEKTPOXUMHUYECKOE OKHCJIEHUE 10
NEPOKCOKAPOOHATOB:

2NaHC03 — N32C206 + H2
CrtpoeHnue: _O—ﬁ—O—O—C"—O_
@) @)

[TepokcokapOoHaThl THAPOIU3YIOTCS ¢ oOpazoBanuem HCOsz wu
H,0,, okucastor | 10 lo, moaBepraroTcss TepMUUYECKOMY pacnamy

N32C206 — N32C03 + C02 + 1/202

BXomsT B cCOCTaB YUCTAIIUX CPEACTB («IIEPCOIIBY).

Ilpumenenue.
Omnpenensercs TJIaBHBIM 00pa30M MPUPOIOH MeTalia.
NaHCO; — nmnwmmeBas NIpOMBIIUICHHOCTh (IIMThEBass Coja),

MEIUIIMHA, HeHTpaau3alys MONaBIIMX Ha KOKY KHUCIIOT.
Ca(HCO3), u Mg(HCO3), 00yCIIOBIUBAIOT KECTKOCTH BOIBI.

KapoOonatsl CO5”

Illonyuenue.
1. HetictBue CO, Ha OKMCHUIBI U TIEPOKCHUIBI:

CaO + CO, — CaCOg3
2NaOH + C02 —> N32C03 + Hzo

2. TepMopacna)l FI/I)IpOKap6OHaTOB:
C&(HCOg)Z —> C32C03 + C02 + Hzo

3. JlekapOOKCHIIMPOBAaHKUE OPTAHUICCKUX COSAMHEHUN B IIETOYHOU
cpene:

NaOH + CH3COON3 — N32C03 + CH4
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4.O0MEHHBIE PEAKIIUN
Na,CO3 + 2AgN03 — 2NaNO3 + A92C03
Cmpoenue. O-C-0

O
Bce atomel KHCJIOPOJa PaBHOICHHBI BCIICACTBUC COIIPSKCHU .

Duszuyeckue ceolcmada.

TBepabie BemiecTBa, OOJbIIEH YacThIO pasjiararoliygecs IMpu
HarpeBanud. [InaBsrcs Tonbpko kapoonatel Na, K, Rb, Cs.

Xumuueckue ceoticmaa.
1. Tepmuyeckuii pacrnan:

(NH4)2C03 — 2NH3 + C02 +H20 BoI1Ie 20 °C
CaCO3 — CaO + CO, 800 — 1000 °C
AQ,CO3 — 2Ag + CO, + 11,0, 120 °C

2.00MeHHBIE peakiuu. [IpoTOHUPYIOTCS CTYINEHYaTO, MPOSIBISIOT
BCE CBOMCTBA COJIEH.

Na,CO3 + HCl — NaHCO; + NaCl B PacTBOpE
NaHCO; + HCI — H,COz+ NaCl B PacTBOpE
Na,CO3 + CaCl, — CaCO3 + 2NaCl B PacTBOpE

3. Beitecuenune CO, Heneryuum okcuaoM (SO, B,0O3):
N32C03 + SlOz —> N&zSi 03 + C02 (900 OC)

Ilpumenenue.

Onpenensiercs NpUpOIOA METAILIA:

Na,CO3 — npou3BOJCTBO MbLIA, CTEKJIA, CTUPATILHOTO MTOPOIIIKA.
K,CO3 — ynmobpenune (i1 KUCIIBIX ITOYB).

CaCO3 — HeuTpamuzamusi MPOIUTHIX KUCHOT, noidydeHune CO, B
JabopaTopum.
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Mypasbunas kucaora HCOOH

Illonyuenue.
1. OnquH u3 NPOAYKTOB KATAIUTHYECKOIO OKHMCIICHHS aJIKaHOB
(omaoBpeMenHo ¢ CHsCOOH u3 6yraHa)
2. U3 metaHa uepe3 popmamui;

CH30OH + CO — HCOOCHj3; (meTtrndopmuar)
HCOOCH3; + NHz; — CH30H + HCONH; (dbopmamu)

3. HeticTBue KHUCIOT Ha (popMHuaThl ¢ MOCIEAYIONIEH OTTOHKON
HCOOH:

2HCOONa + H28()4 — 2HCOOH + N328()4

Cmpoenue. H-—C=0

|
OH

[Ipocreiimas KapOOHOBas KHUCJIOTA, OM(YHKIIMOHAIBHOE
coemuHeHrne (ambICTHIOKHUCIOTA). AHAIoOr (GocpopHOBATUCTONH U
dbochopucToil KHUCIOT, COAEpKAIIUX CBS3M IIEHTPAJIBLHOIO aToMa
(bocdopa) kak ¢c aToMOM BOAOPO/IA, TaK U C THAPOKCUIBLHOM IPYIIITON.

Dusuueckue ceovicmea.
becnBeTHas )KUIKOCTh ¢ pe3KuM 3amaxom, 1. +8 °C, kurm. +101 °C.
PacTBopuMa B Bojie, criupte, dpupe, HepacTBOpUMa B ajikaHaXx.

Xumuueckue ceovcmad.
1. KucinoTHO-OCHOBHBIE CBOMCTBA.

HCOOH — HCOO +H* K,=2-10"
Kucnora cpeaneii cuiibl, 00J1a1a€T BCEMH CBOMCTBAMU KUCJIOT:

HCOOH + NaOH — HCOONa + H,0O
HCOOH + NaHCO3 — HCOONa + CO,+ H,0

2. [lpyrue peakuuu no kKapoOKCUIbHOM rpymnmne:

HCOOH + CHgoH — HCOOCH3 + Hzo Kar. H28()4
HCOOH + H,0, — HCOOOH + H,0 HaJIMypaBbUHAs KUCJIOTa
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3. Peakiuu no anbaeruHoM rpymre:

HCOOH + ZAg(NHg)on — CO, + 2H,0 + ZAg + 4NHj;,
JaJjiee C02 + 2NH3 + Hzo — (NH4)2C03
HCOOH + H,PtCl, — CO, + Pt + 4HCI,
HCOOH + 2HgC|2 — CO, + Hg2C|2 + 2HCI,

4. Tepmuueckuii pacnai;

HCOOH — CO; + H; kaT. Pt, HarpeBaHnue napos
HCOOH — CO + H,0 B TIpHCYTCTBHUU  KOHII. HoSOy4
JUTMTEIIBHOM XpaHCHHH 0€3 BOIbI

Ilpumenenue.

1. bymaskHasi, TEKCTUIIbHAS, KOKEBEHHAsI POMBIIIIEHHOCTD
2. KoHcepBupoBaHue cuiioca U COKOB.
3. Opranu4ecKkuii CHHTES.

®opmuatet HCOO

Ilonyuenue.
1. Bzaumogpeiictere CO ¢ pacTBOpaMu CHJIbHBIX OCHOBaHUM:

CO + NaOH — HCOONa (200 °C, 7 at™.)

2. I'nppomuz HCN npu AyuTeibHOM XpaHEHUH BOJHOTO PacTBOpa:

HCN + 2H,0O — HCOONH,4
3. HetictBue CO, Ha ruapuasl KH mm NaH

NJIN

KH + CO, — HCOOK (150 °C, naBneHue)

Cmpoenue. H—-C=0

|
o

Du3suueckue ceovicmea.
TBep/ibie BellleCTBa, pa3jiararoirecs pyu HarpeBaHuu.
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Xumuueckue ceoticmaa.
1. Tepmuyeckuii pacran:

HCOONa — H, + Na,C>0,4 400 °C, ObIcTpOE HAarpeBaHUe
(HCOO),Ni — 2Ni + 2CO, + H; 200 °C, IUTA MaJIOaKTUBHBIX
METAJIOB

2. OOMEHHBIE peaKIUu:
2HCOONa + H,S04 — Na,S0,4 + 2ZHCOOH
3. BoccTaHOBUTENBHBIE CBOMCTBA (32 CUET aJIbJICTHIHOMN TPYIIIIHI):
10HCOOK + 4KMnO, + 11H,S0, — 7K,S0,4 + 4MnSO, + 10CO, + 16H,0

Ilpumenenue.
1. [TonydyeHue okcanaToB aKTUBHBIX METAJLIIOB.
2. TlonydyeHue BBICOKOJUCIIEPCHBIX MOPOIIKOB MaJlO0aKTHUBHBIX
METAJIJIOB.

IlaBeaeBasi kuciaora HOOC-COOH

Tllonyuenue.
1. Karaautnuyeckoe OKHCJIEHHUE STUJICHTIUKOJISA CMECHIO a30THOM
U CEpHOM KUCIOT, Katam3aTop V,0s.

HOCH2CH20H — HCOCHO — HOOCCOOQOH
2. JleiicTBrE KUCIIOT HA OKCaJIaThl.
N32C204 + H28()4 — H2C204 + N&zS()4

N3 BoaHoro pactBopa kpuctamumsyercsa B Buae HoC,0O4 x2H0,
1. 101.5 °C.

CmpoeHnue. HO OH

|
0=C-C=0
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Duzuueckue ceolcmea.
becusernbie kpuctaisl. [L1. 190 °C, pacTtBopruM B BOJE.

Xumuueckue ceoticmaa.
1. Tepmuyeckuii pacnan:
H-C,04 — HCOOH + CO» (200 °C, enkue napsl)

2. O0mennble peakiuu (kuciioTa cpemner cuibl K, = 6 x10 2,
K, = 6 x10°°)

H,C,04 + KOH ® KHC,04 + H0O
KHC,;04 + KOH ® K,C,04 + H0O

«Kucmmunasa conp» KHC,04 XH-,C,04 XH50
3.0xucnenue 10 CO,, peakuusi C KMNO aBTOKaTamuTu4ecKas.
5H,C,04 + 2ZKMnO,4 + 3H,SO, ® K>SO, + 2MnSO, + 10CO, + 8H,0O
H,C,04 + V205 — 2VO, + H,O + 2CO,

Ilpumenenue.
1. KpamieHnue TkaHew.
2. IIpurotoBiieHNE YEPHMUIL.
3. Ynanenue p>kaBurHbI.
4. YcraHoByeHue koHreHTpauuu KMnQO,.

2-
Oxkcaaatel C,04

Tllonyuenue.
1. OGMeHHbIE peaKluu:

H2C204 + NaOH — N32C204 + Hzo
H2C204 + N32C03 —> N32C204 + Hzo + C02
N32C204 + C&CIZ —> CaC204 + 2NacCl

2. Tepmuueckuii pacnag GOpMHATOB:

2NaHCOO — N32C204 + H2
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Cmpoenue. O O
|
0=C-C=0
bupenrtaTHbIN TUTAH/.

Dusuueckue ceorcmaa. TBepple BEIECTBA.

Xumuueckue ceoticmaa.
1. Tepmopacna:

CaC,0O4 — CaO + CO + CO» aKTUBHBIE METaJIJIbI
NiC,04 — Ni + 2CO, MaJI0aKTHUBHbBIE METAJLII

2. OOMEHHBIE peaKIUu:
CaC,04 + 2HCI — H,C,04 + CaCl,
3. BoccTanoBuTenpHbBIE CBOMCTBA:
5K,C,04 + 2KMnO,4 + 8H,S0, ® 6K,S04 + 2MnSO, + 10CO, + 8H,0O

Ilpumenenue.
1. Ynanenue p>kaBYMHBL:

Fe3+ + 3N32C204 —> NagFe(C204)3 + 3Na+

2+
2. I'paBumerpuyeckoe ompeneneHue Ca”, ocaxmaioT CaCoOy,
IPOKAJIMBAKOT, B3BemmnBaroT Ca0.
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CoeuHeHHUs yIJ1epo/a ¢ rajoreHamMu
CF,, (CFXHyCIZ (l)pCOHI)I), CC|4, CBry4, Cly,

Terpadropua yriaepoaa Ck,

Illonyuenue.
1. dropupoBaHue yriaeBoA0POI0B (Cropanue Bo prope):

CxHy +F, - xCk, + yHF

2. ®ropupoBanue SIC ¢ nociemyronuMm ynaiecHuem SiF, neiictBuem
menoun. CF4 He pasnaraercs meaoublo.

S|C + 4F2 — S|F4 + CF4
S F2 + 8NaOH — Na4Si 04 + 4NaF + 4H4O (20 % NaOH)

3. OOMeHHas peakius:
CCl, + 4AgF — CF, + 4AqCl (150 - 300 °C)
Cmpoenue. Terpasapuueckas  MoJICKyIa, BaJICHTHASA 51
KOOpIMHAIIMOHHAS HACHIIICHHOCTh (HeT d-opOuTaiei) oOyclioBIMBaeT
XUMHYECKYI0 HHEPTHOCTH CHFy.
Quzuueckue ceoticmea. becusernsprit raz. 11, -185 °C, kum. -128 °C.

Xumuyeckue ceoticmea. Beicokass XuMHu4ecKast HMHCPTHOCTD.

Ilpumenenue. 3anmparomas >KUIAKOCTb B HHU3KOTEMIIEPATYPHBIX
TEH3UMETpax (aHaJOT PTYTH B OOBIYHBIX MAHOMETPaX).

Terpaxnopua yraepoaa CCly

Ilonyuenue.
1. NcueprnibiBaroliiee XJIOpUPOBAHUE METaHa!

CH,4 + 4Cl, — CCl, + 4HCI (am3kuii BeIxoa ~ 1 %)
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2. Xnopupoaane CS, (IpOMBIIUICHHBI CIOCOO TONTYYCHUS)
i CaCo:

CSZ + 3C|2 — CC|4 + 82C|2

CS, + 25,Cl, — CCl, + 6S (kaTanmzaTop FeS)

Can + 5C|2 — CaC|2 + 2CC|4 (250 OC)

Cmpoenue. Terpasapuueckas MOJEKYIIA, 503 — rubpuaHoe

COCTOSAHHC, BAJICHTHASA U KOOPpAWHALIMOHHAA HACBIIIICHHOCTD.

Quzuueckue ceoticmea. becuBeTHas KHIKOCTh. Temmeparypa
riaBsenus -23 °C, temneparypa kurenus +77 °C.

Xumuueckue ceoticmaa.
1. Tepmuyeckoe pasioKeHHeE.

CCl, — C + 2Cl, (600 °C)

2. 'maponus, npoTeKaer ¢ OONbIINM TPYAOM.

CCl, + 3H,0 — H,CO3 + 4HCI (20 °C, xarammzatop Fe)
CC|4 + 6NaOH — N32C03 + 4NaCl + 3H20
(kunsTYeHUE ¢ KOHIICHTpUpoBaHHBIM pacTBopoM NaOH)

3. Peaknnm 3amMerieHust Xjaopa:

2CCl4 + O, — 2COCl, + 2Cl,
CC|4 + 2H28€ — CSCZ + 4HC|
CC|4 + 2HF — CF2C|2 + ZHCI

O6pa3ytorcst GpeoHbI:
®-11  CFKCls
®-12  CFCl,

O-22 CHCIR;

© 2005

(250 °C, kat. Ni)
(500 °C)
(pactBOp SbF;3 B *)uaKOM HF)

®-113 C,Cl3F;
®-114 CyFR.Cl,
®-115 C,RsCl
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OHM YCTOWYMBBI K JIEMCTBUIO KHUCJOT M IeoYeld, OOJBITUHCTBA
METAJIJIOB U CIUIABOB. VCIOJIB3yeTCA B XOJOAUIBHOM TEXHUKE U CHIPHE
JUIs TIOTy4YeHUs (PTOPOILIacTOB:

2CHF,CI — C,F4 + 2HCI (600 — 700 °C)
a manee u3 CoF,4 monmyvaror nmomurerpadpTopaTricH (TediIoH).
CHCI3 + 2HF — CHCIF, + 2HCI (700 — 1000 °C)
CCl, + 4AgBr — CBr, + 4AgCl (200 °C)
CCl, + 4Agl — Cl, + 4AQgClI (200 °C)
2CC|4 + T|02 — T|C|4 + 2COC|2 (400 OC)

CC|4 + 3C6H6 — (C6H5)3CC| + 3HCI (KaT. AICIg)

Ilpumenenue.

1. PacTBOpuTENH KUPOB, CMOJI, JTAKOB.
2. XUMYHCTKA.

3. [loxxapoTyieHue.

Terpadpomup yraepoaa CBr 4

Illonyuenue.
Peakiinu 3amerrieHus:

CCls +4AgBr ® CBr4+ 4AqgCl 200 °C
3CC|4 + 4A|Br3 ® 3CBr, + 4A|C|3 100 °C
CS,+2Br, ® CBrgy+2S 200 °C

Cmpoenue. TeTpasipudeckasi MOJICKYJIA.

Qusuueckue ceovucmea. Iln. 94 °C, xun. 190 °C. Xenrwie
KPHCTAJIIbI, PACTBOPHUMBIE B OPTaHMYECKUX PACTBOPHUTEIISX.

Xumuueckue ceoticmaa.
1. 'uaponus:

CBrs+ 2H,0 ® CO, + 4HBr (200 OC)

© 2005 A.A.Cubupkun



38

Terpaunoaun yriepoaa Cl,4

Ilonyuenue. Peakuum 3aMelieHus .

3CCl, + 4AllI; ® 3Cl, + 4AICI5

CCl,;+4Lil ® Cly+4LiCl

CC|4 + 4C2H5| ® C|4 + 4C2H5C| (KaT. AICIg)

Cmpoenue. Aaanornano CCl,.

Duszuyeckue ceolcmada.

Kpacnsie kpuctasmibl ¢ 3anaxom iona. Iln. 171 °C, paznaraercs npu
HarpeBaHuH, Bo3rousiercs B Bakyyme npu 100 °C.

Xumuueckue ceoticmaa.
1. Tepmuyeckoe pas3noKeHHe:

Cl4® Cylgt C
Clu,® C+1, (2000 °C, Ha rpadure)

2. 'maponus:

Cly+ 2H,0 ® CO, + 4HI

IIpuMeHeHns He HAaXOUT.
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HOJII/IFaJIOFeHHpOI/ISBOI[HLIe MeETaHa

CH3F CH2F2 CHF3

CHxCl CH,ClI, CHCl;

CH5Br CH,Br» CHBr3

CH3| CH2| 2 CH I 3
Illonyuenue.

1. Ilpomecc 3amemnienus Bogopona B Merane (Cl, wm Br, na
cBery) nerictBue CoFs mpu 150°C Ha MeraH, pa30aBieHHBIA a30TOM. |,
HE pearnupyeT ¢ METaHOM.

CH4 + Cl, ® CH3CI + HCI

2. Peakiuu 3amenieHus xjopa Ha ¢rop aeiictBuem HF + SbF;
(cM. momydenue GppeoHoB).

3. 3amemenune OH-rpynms B Metanone neiicteuem HBr wnuHI B
BOJHOM pactBope mim rasoBor ¢ase. HCl pearupyer ¢ tpymom mo
npuurHe Manoil HykieopunsHocTd. HF B ananormunyro peaknuio He
BCTYIIAET.

CH3;0H + HI ® CHgsl + H,O

4. T"anoopMHOE palllerieHuE:

3Cl5
CH;—-C—-R+ 3Br, + 3NaOH ® CX3—C—-R + 3NaX + 3H,0O
I 3l> I
Q) Q)
anee

CX3—C—-R+NaOH® CHX3+Na-O-C-R
| I
O O
5. 3amemnienre xjopa Ha Opom min non aeiicteueM AlBrs mimm Alls

3CH2C|2 + ZAIBr3® AICIg + 3CH,Br»
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Cmpoenue. I1onsipable MOJIEKYJIbI B BUJIE UCKAXEHHOTO TETpa’Apa.

Duzuueckue ceoucmad.
becliBeTHBIC MIIM KENTHIC Ta3bl, KUIKOCTH, TBEPABIC BEIECTBA, C
xapakTepHbIM 3amaxoM (CHX3).

Xumuyeckue ceoucmaa.

1. 3amemnieHue rajgoreHa Ha KHUCJIOPOJOCOJEPKAIINE aTOMBbI
NEUCTBUEM 1eno4Yerd. MOHOrajJoreHnpou3BOAHbIE IIPEBPALAIOTCS B
CIIUPTHI, JIUTAJIOTEHIIPOU3BOJHBIE 00pasyroT aJbJIETU/IbI,
TPUTAIOT€HITPOU3BOIHBIE — KAPOOHOBBIE KUCIIOTHI.

CH3X + NaOH ® CH30H + NaX
CH2X2 + 2NaOH ® H2C =0 +2NaX + Hzo
CHX3+ 3NaOH ® HCOOH + 3NaX

AHaJIOTUYHO TIPOTEKaeT peaknus C aMMuakoM (oOpasyroTcs
NepBUYHbIC aMHUHBI), amMuHamMu (0Opa3yroTcs BTOPWUYHBIC WU
TPETUYHBIC AMHHBI), alTKOTOoNIsITaMu (00pa3yroTCs MPOCThIe dQUPHI WITH
KapOeHsbl), maHuaamMu (00pa3yroTCsS HUTPHIIBI KUCIIOT).

2. DnexkTpopuiIbHOE 3aMelIeHHE:!

CHC|3 + 3C6H5R ® (RC6H4)3CH + 3HCI (KaT. AICIg)

Tak MOJTy4aroT COEeINHEHUA beHu-, nudeHu-,
TpU(EHUIMETAHOBOTO Psijia.

3. IlepBuuHble TEHNPOM3BOAHBIE METaHA pPEarupyroT C
metaimamu gaBast MOC (MeTaioopraHndeCKHe COSAMHCHUS):

CHsX +2Li ® LiCHz+ LiX (rexcan, 20°C)
2CH3X + 2Na® C,Hg+ 2NaX
CHsX + Mg ® CHsMgX (3¢up, TT' D)

CH;X +2Zn® (CH3)ZZn + ZnX,
2CHACl + S ® SICl,(CHy),
ACHAC| + Pb + 4Na ® 4NaCl + (CHz),Pb
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Ilpumenenue.

CH3Cl — xnmagoarent, cuate3 SI(CHz)oClo.

CH,Cl, — pactBoputenr XUpPOB M Macel B TapproOMepuHu U
dbapmakoI0ruu.

CHCl; — pactBoputens pe3uHBbI, OPICTEKIa, HAPKOTHYECKOE
CPEACTBO.

DTOpPNPOU3BOIHBIE — (PEOHBI, XJIaI0ATE€HTHI.

OxcorajioreHu1bl yrijiepojaa

COF, COCl, COBr,
U CMEIIAHHDbIC COFCI COFBr

dropuctelii kapooumia COF;
Illonyuenue.

1. OkucneHre MOHOOKCH/IA YIJIepo/ia:

CO + 2AgF, — COF; + 2AgF (mporryckaHue mapoB)
AgF, nmonyuaror nerictBuem ClF; + AgCl — AgF, + CIF + Y,Cl,
(>KeNTO-KOPUIHEBBIH).

2. BeposiTHBII MNPOAYKT TEPMOOKUCIUTEIBLHON JIECTPYKLIHUU
¢dToporacra

(_ CF —-Ck _)n + O, — 2nCOF;
3.Peaknus 3amerneHus:

COCl; + 2NaF — COF, + 2NaCl (B ameronutpue).
CmpoeHnue. F
OZé—F
ITnockas momnekyna.

VYBenuuenue kpatHoctu cBszu C — F 3a cuer conpsbkeHus

00yCJIOBJIMBAET 3aMETHO 00JIe€ BHICOKYIO TPOUYHOCTh cBsizu C — F, yem B
CF..

© 2005 A.A.Cubupkun



42

Du3zuueckue ceolicmaa. beClBETHBIN ra3 ¢ pE3KUM 3aIaxoM.
ITn. -114 °C, xun. -83 °C.

Xumuueckue ceoticmaa.
1. OOmenHbIe peakiuu. Paznaraercst BOAOU U 1IeI0YaMHU:

Hzo + COF2 — C02 + 2HF
COF; + 4NaOH — Na,COs3 + 2NaF + 2H,0

2. BBIpa)KeHHBIX OKMCJIMTCIILHBIX U BOCCTAHOBUTCIILHBIX CBOMCTB
HC ITPOSBJIACT.

IIpuMeHeHns He HAaXOAUT.

Xaopuctolii kapoonu, gocren COCl,

Illonyuenue.
1. OkucneHre MOHOOKCH/IA YIJIepo/ia:
CO + Cl, — COCl, (kat. C, 120 — 150 °C, nuau Ha CBETY).

2. O)II/IH N3 IIPOAYKTOB OKHUCJIICHUSA ITOJIUXJIOP3aMCHICHHBIX aJIKAHOB.

CmpoeHnue. F

|
O=C-F

Menbmras, gvem y COF,, 1BOECBS3aHHOCTH IO NMPUYUHE MEHBIIETO
TIepeKpPhIBAaHUS KOMITAKTHON opoOuTtamu (2p) yriepoga u 0O0BEMHUCTOM

opoutanmu (3p) xmopa. Ces3p C — Cl — MecTO HauBBICIICH pEeaKIMOHHOM
CIIOCOOHOCTH.

Duzuueckue ceoucmaa.

becuBeTHbIN ra3 ¢ 3a1axoM THUAJIOTO C€Ha WK (PPYKTOB.

[In -118°C, xun. +8°C. Mano pactBopsiercs B HO wu
TUIPOIU3YETCS €.
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Xumuueckue ceoticmaa.
1. Tepmuyeckoe pasioKeHHe:

COCl, — CO + Cl,
2. BoccTaHOBUTENIbHEIE cBOiicTBa 3a cuer Cl™:
COC|2 + KMnO, + H,SO, — CO, + C|2 + K>SO, + MnSO, + H,O

3. Peaknum 3amerieHusi aTomMa Xjopa Ha OJHOBAJCHTHBIM aTOM
WJIU TPYIIIY:

Cl X
/ /
O=C +HX—->HCI+0=C

\ \
Cl Cl
X X

/ /
O=C +HX—->HCI+0=C

\ \

Cl X

Hanpuwmep:

COC|2 + Hzo — 2HC| + C02

COC|2 + 4NaOH — 2NaCl + N32C03

COCI; + HOR — CICOOR + HCI (3¢pup x510pyroisHOM KUCTOTHI)
COCl; + 2ZHOR — ROCOOR + 2HCI (3¢pup yroasHOM KUCIOTHI)
NCOCI; + NnNaOCgH4ONa — (-OOCOCgH40O-), + 2nNaCl (monmkapOoHaTh)
COCl; + 2NH3 — NH4CI + CICONH,; (amua X0pyrojibHON KHCIIOTHI)
COC|2 + 4NH3 — 2NH4C| + H2NCONH2 (Kap6aMI/I)1)

COCl, + 4H,NR — CO(NHR), + 2[HsN*R]CI (N,N’ - muankunmouensa)
COCl; + 4HNMe, — CO(NMe,), + 2[NH,Me]Cl (TeTpameTriiMOUeBHHA)
COCl; + 2PhH — PhCOPh + 2HCI  xaramm3zatop AlCl3

R —COONa + COCl, - ROCOOR + NayCOs3
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4. 3aMellieHre aTOMOB XJI0pa Ha JIBYXBAJICHTHYIO TPYIIY WK aTOM:

3COC|2 + A|203 — 2AIC|3 + 3C02
COCl, + RNH,-HCl — RN = C = O + 3HCI (u3oumanar)
RNCO + HOR — RNCOOR (ypeTan)

Ilpumenenue.
1. boeBoe oTpaBJstolee BEIIECTBO YAYIIAIONIETO JEHCTBUS.
2. Tlomyuenune nupEHUIMETAHOBBIX KpacuTene, MOYEBUHBI,
U30I[MAHATOB U  YpPEeTaHOB, A(QUPOB  yroJbHOW  KHUCIOTHl U
nonukapooHaToB, Jetyunx xjaopuaoB AlClz u TiCl,.

Texnuxa 6ezonacrnocmu.

Omnacueie koHueHtparuu oT 5 Mkr/i, 100 —300 Mkr/n B TeueHue
15 MmuHyT cMepTenbHO. JlareHTHOE neicTBue oT 2 1o 12 yacos. 3amnura
— npoTuBoras. Jlerazamnus menoubio Wik aMMHAAKOM.

Oxcuauopomun yriepoaa COBr,

Ilonyuenue.
CO + Br, — COBr; (Ha CBETY WJIH C YTOJILHBIM KaTaJIN3aTOPOM)
CmpoeHnue.
Br
/
0=C

\

Br
IToBeimenne kpatHoctu cBsa3u C — Br He 3aMeTHO, Tak Kak

NepeKphIBaHUE OpOUTaNield, CWJIbHO OTJIUYAIOIIUXCA pa3sMepami,
HE3HAUUTENIbHO. ATOM Opoma JIETKO 3aMEllaeTcsi M CKIOHEH K
OKHUCJICHUIO.

Duzuueckue ceoucmaa.
XKunkocts, Temneparypa kuneHus +65 °C, KUIUT C pa3ioKEHUEM.
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Xumuueckue ceoticmaa.
1. Tepmopacna:

COBr, — CO + Br,

2. Bce peakiun, xapakrepubie 11 COCl,. OHu mpoTtekaror Jjerye,
] -
ocobenno okucienue: Bri — BrP,

IIpuMeHeHns HE HAXOAT.
CMelmiaHHbIEe TPOU3BOIHbIEC
[TonyyaroT  peakuusiMu  OOMEHa  WIM  NPUCOEAUHEHUEM
MEXTAJIOTEHHBIX COeIUHEHUM. VX CTpoeHHne aHaJIOTMYHO NPUBEACHHBIM

BBIIIIE  COEAUHEHUAM. X  CBOMCTBA  TOBTOPAIOT  CBOKCTBA
CUMMETPUYHBIX COeNUHEHUU. [[pUMEHEHNE HE HAXOAT.
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CoenuHeHus yrjepoaa ¢ cepou
CS CS, CsS,

Monocyabdua yriepoaa CS

Tllonyuenue.
CS,—->CS+S (-185 °C, taerouuii pa3psm)

CmpoeHnue.
BepositHo, ananmornuno CO.

Xumuueckue ceoticmea. Ilomamepmzarus npu -180°C B (CY9)..
CBolicTBa HE U3YUYCHBI.

IIpuMeHeHns He HAaXOAUT.

Tuonenoxkucs yriepoaa CsS,

Illonyuenue:
CS, + 2C — C3S, (B mmaMeHH 2JICKTPUYSCKOM TYTH)

Du3zuyeckue ceolcmead.
Kpachas xxuakocTtsb ¢ pe3kuM 3anaxom. 1. -1 °C.

Cmpoenue: S=C=C=C=S
XuMuueckue cBomcTBa aHajgorudubl Cz05,.

IIpuMeHeHre He HaXOIUT.

Cepoyriepoa CS;

Illonyuenue:

C+25—-CS, (700-800°C)
Cmpoenue:. nuHetHas MoJiekyia, mojgooHa COs,.
S=C=S
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Duzuueckue ceoucmaa.

becuBerHas xxuakocTh. Yncras — ¢ 3anaxom ¢uanku. He pactBopum
B BOJE, pacTBOPUM B OPraHUYECKUX pPACTBOpUTEIAX. ABisgercs
pactBoputenem Bry, |, Sg, Py [T, -112 °C, xun. +46 °C.

Xumuueckue ceoticmaa.
1. OOMeHHbIE peaKlyu:

la. KucnorHo-ocHOBHBIE cBoMcTBa. Cepoyriepos MOXKHO
paccMarpuBarb  KaK ~ CMELIAHHBIA  aHTUAPUI  YIOJIBHOW M
CEPOBOJIOPOIHON KUCIIOT:

CSZ + 2H20 — C02 + 2H28 (150 OC)
CS, + 3Ba(OH), — BaCO3; + BaS+ 2H,0 (BoaHbIit pacTBOp)

16. Cepoyriieposi ABISETCS KUCIOTHBIM CYJb(PHUIOM:

CS, + K;S — Ko CS; (xoHII. BOJH. pacTtBOp K55)
COJIb TPUTUOYTOJIbHOU KUCIIOTHI

CSZ + N&zSZ —> N32C84
(coytb THOHATYTOJILHON KHCIIOTHI)

1B. SABnsieTcs cynb(UPYIOLUIUM areHTOM:

CS, + PCls — CSCl, + PSCl5 (TrodocreH, KpacHas
KHUJIKOCTh, TeMmmepaTypa kunenus +/6°C, oOpazyer aumep, ILI.
116 °C, pazi. 180 °C 1o moHOMEpa).

Cl S Cl
\/\/
CC
JAVA

Cl S Cl

CS, + 2510 — CO,+2SnS (300 °C)
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1r. Peakuiuu mpuCcOEAUHEHUS 110 JTBOMHON CBSI3H.

PearI/IpyeT C NH3: CSC|2 + 4NH3 — CS(NH2)2 + 2NH4C|
oOpazyercss THOMOYEeBHMHA, M. +172°C, 00pa3yer KOMIUIEKCHI C
TSOKCITBIMHA METaJIaMHU. )

SH S NH,
/ + NH; /
CS,+NH; - S=C > S=C
(B opr. p-i¢) \ \
NH, NH,

OOpaszyercss  auTHOKapOaMHMHOBas KHCIOTa (HEyCTOHYHBas
KHUCJIOTa CPEIHEN CHUIIbI Ka=10_3, 1. 99 °C ¢ paznoxeHuem). B n3obiTke
aMMHMaKa IMoJIy4aeTcs €€ Cojlb — IUTHOKapOamMaT aMMOHUS.

NaOH
—  EtbNCS;Na + H,O

CSZ + (C2H5)2NH — EtzNC =S

|
SH

OoOpasyercs mudtmiautrokapoamar Hatpus (ADATK). Oto
COCIMHEHNE 00pa3yeT JIeTydne COCIUHEHHUS ¢ METaUIaMH XeJIaTHOTO
tuna. VX BBICOKas JICTy4ecTh OOYCIIOBJICHA 3KpPaHUPOBAHHEM HMOHA
MeTaiia 00bEMUCTHIMU OPTaHUYECKUMU TPYIIIIaMH.

CSZ + 2NH3 + Ca(OH)z —> NH4NCS + CaS+ 2H20

Peakiuss mpotekaer B BogHoM pactBope. Ca(OH), oGmeruaer
otpeiB H,S oT mepBoHavansHOTro 00pasyromeics: TuTuokapOoaMrUHOBOM
KHCJIOTHI ¢ oOpa3oBanueM u3otronuaHoBoit H — N = C = S, koropas
naJjiee MepPeXoUT B aMMOHHMIHYIO COJIb (POAaHMI aMMOHUS).

CS,+HN; - S=C—-SH a3UJIOJIUTHOYTOJIbHAS KUCJIOTa

|
N3

H,0
CS;+RMgX —— RC=S — RC =S+ HOMgX

| |
SMgX SH
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[IpoaykTOoM sIBIsIETCS TUTHOKApPOOHOBAS KUCIIOTA.

SNa

|
CS, + RONa — S=C—-OR

[Tonyuaercs kcanToreHaT Na — colb MOHOAJIKHUIOBOrO 3¢upa
JATUOYTOJILHOM KHUCJIOTBI. BMECTO alIkorosista MOXHO I10JIb30BaThCs
CIIUPTOM U Ienoubto. B ponum cnupra yacto Beictynaer OH-rpynma
I[EJUTIOJIO3bI, B PE3YJIbTATE YEro 00pa3yI0TCsl KCAHTOTEHATHI 1IEJTIOIO3bI
(BHCKO3a) — BSI3KMI BOJHBIM pacTBOP, M3 KOTOPOTO Jajee JeHCTBHEM
pactBopa H,SO,4 momydaroT BUCKO3HOE BOJIOKHO. [Ipy neicTBHM KUCIOT
KCaHTOT'€HAThI Pa3pyIIaloTCcs ¢ 00pa30BaHUEM CEPOYIJIEPO/Ia:

ROCSSNa+ HCI — ROH + CS; + NaCl

2. OKucIuTeIbHBIE CBOMCTBA — Majio XapakTepHbl 11 CS,, oHH
cBs3anbl ¢ Hamanem C4:

CS, + 4H, — CH, + 2H,S (50 °C, xaramuzatop Pt/MoS,)
3. BoccTaHOBUTEIIBHBIC CBOMCTBA — XapaKTEPHBI, OHU CBSI3aHBI C
S
CS, + 30, — CO, + 250, (cropaer Ha BO3IyXE)
CSZ + 3C|2 — CC|4 + 582C|2
CS, + 25,Cl, — 6S + CCly (katanuzaTop FeS, eciim S,Cl, HEe HyXeH)
CS, + 3Cl,0 — COCl, + 2S0Cl, (20 °C)
CSZ + 38()3 — COS + 48()2 (20 OC)
CSZ + CaCNz — C2N2+ CaS+S (800 OC)

3CS, + 4AKMnO, + 2KOH — 6S + 4MnO, + 3K2C03 + H,O

Ilpumenenue.
1. PacTtBOpuUTED.
2. Tlonyuenne CCly, BHCKO3HOTO BOJIOKHA, JAPYTUX CEPHHUCTHIX
COEAMHEHUH yriepoaa. B TOM YHCIIC POJAAHUIOB.

Texnuxa 6ezonacnocmu.

Tokcuuen (meficTBHE Ha JKEIYIOK M IICHTPAJIbHYIO HEPBHYIO
CUCTEMY), OYCHb T0KapOOIIACEeH, B3PBIBACTCS B CMECH C BO3YXOM.
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CoennHeHnus yrjepoaa ¢ cepoid 1 KMCJIOPOAOM.
COS Kapoonmicyabdua, cepookucs yriaepoaa

Illonyuenue.
1. Bzaumopeticteue CO u mapoB S npy BBICOKOH TeMIIepaType.

CO+S® COS (350°C)
2. [leiictBue kucimor Ha NH4NCS:
NH4NCS + H,0 + H,SO,4 (pa36.) ® COS+ (NH,),SO, (30—40°C)
Cmpoenue: 0=C=S

Dusuyeckue ceolcmaa.
becuBerHpiii ras3, 6e3 3amaxa, ropuT Ha Bo3ayxe. Ilm. -138 °C,
kur. —50 °C. PactBopum B CS,, EtOH.

Xumuueckue ceoticmaa.
1. Tepmuyeckoe pa3noKeHUE TPOTEKAET MO IBYM HANPABJICHUSM

2COS® CO,+CS;

COS® CO+S
2. OOMEHHBIE peaKIUu:
COS+ H,0® CO, + H,S (MEeUICHHO pearupyer ¢ BOJOH H
IICJTOYAMM )
COS+K,S® K,COS, TUTHOKApOOHAT KaJus
NHsz
COS+NH;—® O=C-SH—® O=C-S NH,
| |
NH- NH-
THOKapOaMUHOBAs THOKapOamaT
KHCJIOTA AMMOHUS
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H,NCOS NH," ® H,S+ CO(NH,), (TepMuueckoe pa3noKeHue)
THOKapOamaT KapOamug
AMMOHHMS

H2NCOS_ NH4+ + H2804 ® st + COS + (N H4)2804 (B paCTBope)
SH
H |
COS+RONa® O=C-0OR—® O0=C-0OR

|
SNa

Takxum 06pazoM, peakiiuy MPUCOECTUHEHUS MPOTEKatoT 1o cBsizu C = S.

3. BoccTanoBuTenbHBIE CBOMCTBA.
COS+3,0,® CO,+ S0,

Ilpumenenue.
[IponsBoacTBO TepOUIUIOB, (YHTHUIIUAOB, THOKAPOAMUHOBBIX
KHUCJIOT U UX COJIeH, MOUEBUHHBI.

THO}’FOJ’ILHLIG KHCJIOTHI 1 UX COJIN

HZCS.3 H2C84 H2COSZ
CS” CS” COS,”
Illonyuenue.

1. AHMOHBI THOYTOJBHBIX KHCJIOT OOpa3yrTcs JAEHCTBHEM
cynbduaoB wim aucyiabdumaos Ha CS, unmu COS:

K;S+CS® KiCS;
K2S, + CS,® K. CS
K;S+ COS® K,COS;

2. TuokapOaMUHOBBIE KUCIIOTHI O0pa3ylOTCs MPU MOAKUCICHUU
PacTBOPOB, COJIEPKALUTUX UX AHHOHBI:

KzCSg + HzS()4 ® H2C83 + KzS()4
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CmpoeHnue.
HS HSS HS
\ \ \
C=S C=S wm C-S
/ / I\
HS HS HS S
HS HS
\ \
C=0 «——® C-0H
/ |
HS S
sTa popma
npeodJiagacT

Dusuueckue ceolicmed.

H,CS; crabunbaee n cuinbHee Ho,CO3z (mn. -27 °C, K1 =2 x107°,
K. = 7 x107).

H,CS4 — kpacHast KUIKOCTh, 1. -36 °C, colii — TBEpbIC BEIICCTRA.

Xumuueckue ceoticmaa.
1. Tepmopacna:

H,CS® H,S+ CS,
H,COS, ® H,S+ COS
H,COS, ® H,S, + CS,

2. OOMEHHBIE peaKIUu:

KzCSg + H28()4 — H2C83 + K28()4
H.CS; + 2KOH — K,CS; + 2H,0

3. Boccranosurensaeie cBoictBa. Oxucistrores  Cly, o,
3- 2—
Fe(CN)s” , Hy0,, S;0g° mo cBs3u S— H ¢ oOpa3zoBaHHEeM MOCTHKOB
S-S

S S
| | D D
2R-OC=S® R-OC CO-R ® 2R-OC=S® 2RO-+2CS,
| \ / |
SH S S S
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AHAJIIOTUYHO pu OKUCJIEHUH BEIyT ceos
TUATKAIIUTHOKapOaMuHOBBIE KHUCI0Thl RoONCSSH.

Ilpumenenue.
1. K;CS; — 6oppba ¢ BpeIuTeIsIMH CEIbCKOTO XO3SMCTBA.
2. Ddupsl mMocCiI€ OKUCICHHS — JUMEpPU3ALUM  SIBIISIIOTCS

HNCTOYHHUKaAMHU CBO60)1HBIX paanuKaJioB.
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CoenuHeHus yrijepoaa ¢ a30TomM
C3Ny CoN;y

Hutpun yraepoaa C3Ny4

Tllonyuenue.
1. Pasnoxxenue ponanuaa pryTd (onbIT «haphopoBOii 3MEH»):
ZHQ(SCN)Z ® 2HgS + CS5 + C3Ny4

2. Uepes IUaHUCTYIO cepy:

2AgCN + SCl, ® S(CN), + 2AgCl (pactBOp B CS,)
[Muanucrass cepa - OecuBeTHble Kpuctawibl, I1miI. 61°C,
pazyaraercs 1o ypaBHEHHUIO
ZS(CN)Z — CSZ + C3N4

Cmpoenue. BeposTHO, MOJUMEPHOE.

Dusuyeckue ceovicmaa.
O0BeMucTast Macca JKEJITOTO 1IBETA.

Xumuueckue ceoucmaa.
TepMuueckoe pas3inoxKeHue

2C3N,® 3C;N, + Ny (700 °C)

IIpuMeHeHne He HAXOIUT.
Jumman CoN,

Illonyuenue.
1. BzaumopeicTBre MPOCTHIX BEIIECTB B AJIEKTPUUYECKOM pa3psiie:

2C + N, ® CoNs
2. VI3 nmnanaMuia Kajablius

CaCN, +CS,® C,N,+CaS+S (800 °C)
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3. TepMudeckoe pasoKeHUE U OKUCICHUE [TUaHUIOB:

Hg(CN), ® Hg + C,:N, (HarpeBaHue)
Hg(CN)Z + HgCIZ ® H92C|2 + CoN, (HarpeBaHHe)
2KAQ(CN), ® 2KCN + 2Ag + C,N, (250-400°C)
4KCN + CuS0O4 ® 2CUuCN + 2K,S04+ CoN,  (koHIL. pacTBOp)
CUCN + FeCl3 ® CuCl + FeCl, + Y/,CoN, (KOHLL. pacTBOp)

4. Oxuciaenane HCN:

2HCN + NO, ® H,0 + NO + C5N»
2HCN + Cl, ® HCI + C,N» (kaTayM3aTOpP YIroJb)

Cmpoenue:. N©° C—CO° N nuHHTpUI IaBEIECBON KUCIOTHI.

B xuMnuecknx peakuusx mpoucxoauT paspsiB cBsizn C —C i
npucoequHenne mno cBmwu C° N. B coorBerctBHM ¢
AIEKTPOOTPULIATENILHOCTAMU aTOM yIyiepoJa o0JafaeT YacCTUYHBIM
NOJIBYKUTEIbHBIM 3apsJI0M, aTOM a30Ta — YACTUYHBIM OTPULATEIbHBIM.
DTO onpenenseT HanpaBJICHUE TPUCOEAUHEHUS YACTHLI.

Duszuyeckue ceolcmada.

becuBerHplii Ta3 ¢ 3amaxoM ropbkoro wMuHpamd. Iln. -34°C,
kum. —21 °C.

Xumuyeckue cosucmea.
1. Tepmuyeckoe pa3ioXKeHUE Ha IUAHUIHbIEC PaAUKAJIbL:

CoN, ® 2CN- (Beie 1100°C)
2. Ilonumepu3zaius. NPOAYKT MOJUMEPU3AIMN C TBOUHOM IENbIO:
N
-\ /[ \
C 860 °C
| _ NnC,N,
C
[ \\'/
- N -n
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3. OOMeHHBIE PEaKIINH;
I'maparanus B KOHUEHTPUPOBAHHOM COJISIHOM KUCIIOTE!

CoN, + H)O — O = C — C = O (oxcamui, 1HaMuI [ABEIICBOM KHUCIOThI)

/ \
NH, NH»

H,NCOCONH, + 2H,0 — (NH,4),C,0, (B xucioii cpene)
OKCaMUI
+HyS
N

NC-CN+H,S—-NH=C-C=N&- NH,-C-C=N

| I
HS S

(db1aBeaHOBBIN BOJAOPO/T
H,0, H*
— NH2 —C-C- NH2 — H2C204 + 2H28
I
S S
IUTHOOKCaMHKT (pyOCaHOBOIOPOAHAS KUCIIOTA)
AHaJIOTUYHO:
- NH
|
+ ROH —-RO-C-C=N
(xat. KCN)
NH
|
+ RNH, —- RNH-C-C=N
N=C-C=N
NH
|
+ R,NH» —R,N-C-C=N
NH
|
+ NH,OH — HONH-C-C=N

Bropas HuTpuiibHas rpyImmna pearupyer BCIe 3a HEPBOM.
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4. Peakuuu aucnponopuuoHupoBanus mno ceszu C — C,
aHaJoruyHele rajgoreHam. [lo 3TOM mpuuYMHE OUIIMAH PACCMATPUBAIOT
KaK TICEB/IOTaJIONeH:

C,N, + 2KOH — KCN + KOCN + H0O
C2N2 + H28()4 + 3H20 — COT + COzT + 2NH4HS()4
(xoH11. pacTBOp HyS04)

5. Peakuuu oKucieHU.
CoNs + 20, — 2CO5, + N, (cropaer Ha BO3IyXE)
6. Peakiiuu BOCCTaHOBJICHUA.
C,oN, + Zn + H,SO4 — 2HCN + ZnS0O4 (B BogHOM pacTBOpe)

Ilpumenenue.

OrpanryeHHO B CHHTE3aX [IUAHUCTHLIX COEAUHEHNH, (POPMAMUIUHOB
R-ON-C—-C=N,

|
NH

HCKOTOPLIX IIPOU3BOJHBIX maBeneBoﬁ KHCJIOThI ()II/ITI/IOOKCElMI/I)I -
II}’BCTBI/ITGJ'IBHBII\/JI PCaKTUB HAa MOHBI MCIHN U APYI'UX TAKCEIIbIX MCTAJIJIOB.
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COCI[I/IHCHI/IH yriiepoaa ¢ a3oToM 1 BOAOPOA0OM, X AHUOHBbI

HCN H,N — CN
[nanoBomopon [UaHAMU]T
CN” NCN?*
[{raauapl ITHaHAMUIbI
Huanosogopox HCN
Tllonyuenue.
1. Y3 npoCThIX BEIIECTB:
2C + N, + H, ® 2HCN (1800 °C)

2. Bzanmonericteue CO n amMmuaka

CO+NH;® HCN+H,0  (500—800 °C, xar. Al,O3 + ThO,)

3. CoBMecTHOE OKHCIICHHE METaHa U aMMUaKa.

2CH, + 2NHs + 30, ® 2HCN + 6H,0 (900 °C, kar. Pt)

4. JIeiicTBHE KHCJIOT Ha IIMAHHUIbI.

KCN + HCI® HCN + KCI  (30-40°C)
KCN + H,SO, ® HCN + K,S0,4

KCN + CO; + H O ® HCN + KHCO3

5. deruaparanus opMuaTa aMMOHUS
HCOONH, + P4O10 ® HCN + 4HPO;

6. [Iuponu3 TpuMeTUIaMHUHA!

(CH3):N ® HCN + 2CH, (1000 °C)

CmpoeHnue. H-C°N« C°N°‘-H
N30umanoBoiopoa
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Duzuyeckue ceoucmaa.
becusernas xumkocte ¢ 3amaxom wMuHmaisg. [ln. -13 °C,
kum. +26 °C. PactBoprma B BOJE B JTFOOBIX OTHOIIICHUSX.

Xumuueckue ceoticmaa.
1. Tpumepu3zaiiiss B CHMMETPUYHBIN Tpua3uH (TIOJ00HO aIleTHIICHY
B OCH30I1):

CH
I\
N N

| I
CH CH

\\ N
N

2. T'mpparanms (rugponu3) mpo npomsBoansix HCOOH mpu
JUIATEILHOE XpaHECHUE BOJTHBIX PACTBOPOB:

HCN + 2H,0 ® HCOOH + NH; ® HCOONH,4
HCN + H,O + H, SO, ® CO + NH4HSO,4  (kowi1r. pactBop HpSO,)

3. Peaknuu oxucienus no cssa3u C — H:

4HCN + 50, ® 4CO, + 2N, + 2H,O (cropaer Ha BO3AyXe)
4HCN + O, ® 2C,N, + 2H,0 (150°C, xaramuzarop AQ)
2HCN + Cl, ® C,N, + 2HCI (kaT. aKTUBUPOBAHHBINA YTOJIb)
HCN + H,O + Cl, ® HOCN + 2HCI (katammuzaTop Al,Os)
2HCN + 5HCIO ® 2CO, + H,O + N, + 5HCI

2HCN + NO, ® CoN, + HHO + NO  (20°C)

4, Peakniuy BOCCTAHOBJICHHUS 3a CUET IPHCOCIUMHEHUS BOJOPOJa 10
cBsizu C© N.

HCN + 2H2 ® CH3NH2 (KaT. Nl)
HCN + 2Zn + 5HCI ® CH3NH3 CI™ + 2ZnCl,
XJ'IOpI/II[ MCTHUJIIAMMOHUMA
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5. [IpucoeauHenne K OpraHUYECKUM COCTMHCHUSIM
HC° CH+HCN® H,C=CH-CN+H,O (akpuinoHuTpun)
6. Ciabble KMCIOTHI cBOlicTBa, K, = 540 %

KOH + HCN ® KCN + H,0

Ilpumenenue.
1. ITpon3BOACTBO AKPUIIOHUTPHUIIA.

2. llonspHblii pacTBOPUTENL C BBICOKOM IUAJIEKTPUUECKOM
IPOHULIAEMOCTBIO.

Huannasr CN°

Ilonyuenue.
1. Heitrpanuzamuss HCN menoyamu:

HCN + KOH — KCN + H,0

2. BoccraHoBieHHE I[MAaHAMHMAOB KOKCOM C  IMOCJEIYIOIINM
BrinienaunBanreM NaCN Bogoii:

CaCN, + C + Na,CO3z — 2NaCN + Ca + CaCOs3 (700 °C)

3. BoccTanoBieHue aMu10B 1 IIMAHAMHUIOB YIJIEM:

NaNH, + C — NaCN +H, (>800°C)
N32CN2 + C — 2NaCN (>8OOOC)

4. JleiicTBHE MICI0YaMHU Ha JUIIMAH.
2KOH + C,N, — KCN + KOCN + H,O
5. Tepmuyeckue paznoxKeHUe KOMIUICKCHBIX 1THAHUIOB:

2KAQ(CN), — 2KCN + 2Ag + CoN, (300 — 400 °C)
3K,Fe(CN)s — 12KCN + FesC + 5C +3N., (650 °C)
6K3Fe(CN)s — 18KCN + 2FesC + 8C,N, +N, (350 — 400 °C)
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Cmpoenue: C=N Yacrtuma, uzosnektponHas mojekyie CO.

Du3zuyeckue ceolcmead.
TBepaple BElIECTBA.

Xumuueckue ceoticmeaa.

1. T'maponus.

HCN

BriTecHEeHUE

PacTtBOpsI
IPOUCXOJIUT

UMEIOT CWIBHOILICIOYHYIO Cpeny.
Ipyu  JIEUCTBUU

CUJIIBHBIMU H

HEKOTOPBIMHU CJ1a0bIMU KHCI0TamMu, B ToM unciie HoCOg!

KCN + H,O — KOH + HCN
KCN + HC| — KCI| + HCN

JInuTenbHOE KUIITYeHHEe pacTBopa JaeT (opMaThl:

KCN + 2H,0 — HCOOK + NHj3

2. O0pazoBaHue MUAHUIHBIX KOMILIEKCOB:

FeCl, + 2KCN — 2KCI + Fe(CN),
FG(CN)Z + 4KCN — K4[F€(CN)6]

B BHUJIC IMAHUCTBIX KOMIIJICKCOB YIAaCTCA CTa6I/IJII/13HpOBaTB HU3INEC
CTCIICHU OKHCJICHUS HCKOTOPBIX 3JICMCHTOB.

KRe’(CN)g sxenraiit | KegCr'CN)g 3enenbiit | KsV(CN)s po3oBsiii
KeMn™(CN)g 6ecis. | KeTc™(CN)g KsRe ™ (CN)g 3enensrii
3€JICHBIN
KMN"™(CN)g cunmii | K.Cr'o(CN)g cunmit | KsFe™(CN)g 3H,0
YKEJIThIN
K4V 4(CN)g sxenreiit | KsRe™“(CN)g sxemnrsrii
KsMn"(CN)g kpach. | K3V (CN)g kpacubiii | KsCr°(CN)g sxemnrsrii
KsRe™(CN)g 3erneH.
K,;Te™(CN)g K, Mn™(CN)g KsMo(CN)g xenr.
KpacHBIN KpacHBIN K4W(CN)g xenr.
KsRe™(CN)g K3sMo°(CN)g xentbiii | KsW(CN)g sxxentorii
KOPHYH.
K3Re™®(CN)g myprr.
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3. Peakiiuy HyKJI€O(QUIBLHOTO 3aMEIICHUS U TTPUCOCTUHCHUSA

CICH,CH,CI + 2KCN — NCCH,CH,CN + 2KClI
CYKIIMHOAUHUTPHII

R—CH=0+KCN + H,0 — R—CH - OH + KOH
|

CN
HUTPUI 0-OKCHKHCIOTBI
4. Peaxuuu okucnenms (C® C™)
2KCN + O, ® 2KOCN (xat. Ni)
KCN + S® 2KNCS (kuIsTYCHUE BOJTHOTO PacTBOPA)

KCN + (NHy),S, ® KNCS + (NH4),S  (BomHBIi pacTBOp)
KCN + H,0, ® KOCN + H,O  (Bomubrit 30%-HbIi pacTBOp)
KCN + PbO ® KOCN + Pb (400-500°C)

NaCN + PbO, ® NaOCN + PbO (250°C)

KCN + 2KMnQO,4 + 2KOH ® KOCN + 2K-MnO4 + H,O (BO)IH. p-p)

Bonee cuibHBIE OKUCIUTEIN OKUCISIOT OJHOBPEMEHHO a30T (-3)

B azor (0):

2NaCN + 5NaOCl + H,O ® 2NaHCOj3; + 5NaCl + N,

Ilpumenenue.
1. [TonydyeHue MUAHUIHBIX KOMIUIEKCHBIX COSJIMHEHUM.
2. OTpagJsitoIiee BeIecTBO.
3. Oprannueckuii cuHTE3 (KapOOHOBBIX KHCIIOT YepPe3 HUTPHIIBI).
4. Toosua Ag, AU u3 py.
5. Ilony4yenue rajJoreHIIMaHoB:

KCN(xonm. Bogs. pactBop) + Cl, ® KCI + CICN
KCN(xonm. Bogs. pactBop) + Br, ® KBr+ BrCN
HQ(CN), (tBepamrii) + 21, ® Hgl, + 2ICN

dTopuMaH MOJy4aeTcs Mo PeaAKIun
CICN+KF® KCI+FCN (700 °C)
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OTHU COEAMHEHUSAX TUAPOIU3YFOTCS

CICN + H,O ® HOCN + HCI
BrCN + H,O ® HOCN + HBr
CICN + NaOH ® NaOCN + NaCl
BrCN + NaOH ® NaOCN + NaBr

["anoreHmanbl TPUMEPHU3YIOTCS B IPOU3BO/IHBIC LIMAHYPA!

X N X
\/l o\
c C

|l
N N

Texnuka 6e3onacnocmu.

O06ama0T BBICOKOW TOKCMYHOCTHIO. [lera3upyroT rumoxjiopuTamu.
[Ipusnaku orpaBieHuss aHanoruyHbl CO. 3aTpyIdHSIOT TKaHEBOE
npixanue. [lepBas moMolb: BbI3BaTh PBOTY, IPUHATH BHYTPh N&pS,03,
win Bapixatb NHj py MHransiiiuoOHHOM OTpaBJICHUMU.

Huamug HONC © N

Illonyuenue.
1. JleiicTBHE KUCIIOT HA ITHAaHAMM/IHI.

CaCNz + H28()4 ® HzNCN + CaSO4
2. JleficTBe aMMHaKa Ha XJIOPI[MAH:
CICN + 2NH3; ® NH,CN + NH4CI (B adpupe)

CmpoeHnue.
H-N-C° N« HN=C=NH
|
H
[Tpomssogroe C (IV), auautpumoxapoonar(lV) muBomopona,
KapOOUUMUI.
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Dusuueckue ceolicmed.
becupernsie kpuctamisl, wi. +43 °C, kun. 140 °C (B Bakyyme),
XOPOIIIO PaCTBOPUM B BOJIC.

Xumuyecxue cgoticmaa.
1. TloBenenmne npu HarpeBanuu (150 °C): mommmepu3zaius B
MEJTaMUH:

H,N N NH;
\/\

NH-
2. C1a0ble KUCIIOTHBIE CBOIMCTBA
2H,NCN + Ca(OH), « Ca(NHCN), + 2H,O (1o mepBoii CTyIICHH)

3. Peakninm npucoeaunenus mo cBsizu C ° N

OH O

| |
H2N-C0 N+H20—)H2N—C:NH® H2N-C-NH2

Ho-N—-C° N+ NH; — H.N-C—-NH, ryanujiuH, mi. 90 °C

|
NH

['yaHuIMH — CUJIbHOE OCHOBAHHUE, 00pa3yeT KaTUOH I'yaHUIUHUSL:

(H2N),CNH + HNO; ® (HoN)sC'NO3- B3pPBIBUATHIN
+ H,O(OH ) ® H,NCONH,; + NH; (ruapoims)

Jumepwusanus B npanoryanuaus (. 209 °C):

H2NCN+H2N—CO N® HzN—C:NH® (HzN)zC:N_CN

|
NH-C° N
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4. Ipyrue peakiuu:

H2NC ° N+ 2H2 ® C(l"pa(bI/IT) + 2NH3 (400 OC)
2H,NC © N + 30, ® 2CO, + 2N, + 2H,0 (300 °C)
HpI/IMeHeHI/Ie HaxXoauT TpUMCP MCIAMHUH — JJId H3TOTOBJICHUS

CUHTeTHYECKUX cMoNl U JakoB (Tpu NH, — rpynmel B Mosekyne B
pe3yabTaTe MOJMKOH ICHCAITNN 00SCTICYNBAIOT CIIMBKY ITOJIMMEPA).

IMnanaMmuabl NCN?

Ilonyuenue.
1. BzaumopeiicTBue kapOuaa Kajablus ¢ a30TOM U aMMHAaKOM:
CaC, + N, ® CaNCN + C (1000 °C)

2CaC, + N, + 2NH; ® 2CaNCN + HCCH +2H, (800 °C)

2. Iluponu3 uranoBoopoja B npucyrcteun CaO:

Ca0 + 2HCN ® CaNCN + CO + H, (700 °C)

3. BzaumoelicTBre kapOoHaTa KajdbIUs C aMMHAKOM:

CaCO3+ 2NH; ® CaNCN + 3H,0 (700 -900 °C)
Cmpoenue. “N—C° N« N=C=N « N° C-N*

Jmunsl cBsa3et N = C oqpHaKOBBIC.

Xumuueckue ceoticmeaa.

1. Tepmuyeckoe pasnoKeHHe:

2CaCN, ® CaC, + Ca+ 2N, (BeImze 1000 °C)
2CaCN, ® Ca(CN), +Ca+ N, (m1g npyrux MeTaioB)

2. OOMEHHBIE peaKIUu:

CaCN5 + 3H,O ® CaCO3 + 2NH3 (BeImze 300 °C)
CaCN; + H,SO4 ® CaSO4+ HoNCN (B pacTBOpE)

CaCN, + H,O + CO, ® CaCOsz+ HoNCN (B pacTBOpE)
Na,CN, + BrCN ® NaBr + NaN(CN), (coJtb TUITMAaHUMM/IA)
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3. [Ipyrue peakuuu.

CaCN, + 3H, ® Ca + C(rpadwur) + 2NH;
2C3CN2 + 302 ® 2C21C03 + 2N2 (450°C)

Ilpumenenue.
1. ITonyuenne NH3 o peakuuu ruaposusa.
2. YnoOpeHue.
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CoenuneHue yriepoaa ¢ a30ToM, BOAOPOA0M, KHCJIOPOAOM
1 UX MPON3BOHbIE

HNCO HOCN HCNO H,NCOOH  H,NCONH,
M3oumnanoBas I[luanoBas  I'pemyuass KapOamunoBas MoueBuHa
KHUCII0Ta KHUCII0Ta KHUCII0Ta KHUCJI0Ta
"NCO “OCN CNO H,NCOO

M3oumnanatel Iluanater @ynemuHaTel  KapOamaTsl

IuanoBas kucjaora HNCO « HOCN

Ilonyuenue.
OkucieHre NMaHoBOAOPOAA XJIOPOM B BOJTHOM PACTBOPE.

HCN + H,O + Cl, ® HOCN + 2HCI

Cmpoenue. H—-N=C=0« H-0O-C°N
N3onmnanoBas [{UaHOBas

Tayromerpuss — IMHAMUYECKOE paBHOBecHe (OPM, CBI3aHHOE C
nepemenienneM uoHa H' B Monekyne. PaBHoBecHe cMelaeTcsi BIEBO
npu oxnaxacHuu (98 % HNCO mpu 20 °C)

Quzuueckue ceoticmea. Xunkocts. [11. -87 °C, xkum. +25 °C.
Xumuueckue ceoticmea.
1. Kucmora cpenneit cuibl, K, =3 x10 . IIposiBnsieT cBOMCTBA
kucioT (pearupyer ¢ NaOH, Na,COz).
HNCO ® H' + NCO
2. IIpucoeaunenue no cesizu N = C:
HNCO + H,O ® H,N —COOH ® CO; + NH; (ruaponu3)

HNCO + NH3 ® (HzN)z CcC=0
HNCO + HCI + H;O ® NH4CI + CO, (B KHCIIOH cpejie)
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3. [Tonumepuzaius B IIMaHYPOBYIO KUCTIOTY:

HO N OH
\/\

IIpuMeHeHns He HAaXOUT.
Huanater NCO

Tllonyuenue.
1. Heitrpanmu3zanuss HNCO menouamu:

NaOH + HNCO ® NaOCN + H,0

2. OOMEHHBIE pEaKIUu:

KOCN + AgNO; ® AGOCN ™ + KNO3
AgOCN + NH,Cl ® AgCl™ + NH,OCN

Dusuueckue ceorucmaa. TBepble BEIECTBA.
NaOCN 1. 550 °C.

Cmpoenue. O—-C° N  « O=C=N
C )KECTKUMU C MATKUMH
KaTHOHAMU KaTHOHAMU

Xumuueckue ceoticmaa.
1. Tepmuyeckoe pasioKeHHe:

4KOCN ® 2KCN + K»,CO3+ CO + N, (700 —900 °C)
NH,OCN ® (NH,),C =0 (MoueBuHa) (180 °C, Bakyym)
(oOpatHsIi nporecc npotekaet mpu 60 °C).
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2. 'maponus u pyrue 0OMEHHBIE PEaKIIUN

KOCN + 2H,O(ropsiaas) ® KHCO3+ NH;

KOCN + HCI ® KCI + HOCN  (20°C)

KOCN + AgNO; ® AgOCN + KNO;

NH,OCN + 2NaOH ® 2NHj3 + Na,COj3 (kunsueHue)

KOCN + N2H5HS()4 ® KzS()4 +HN=C=0+ N2H4.
Jlajiee IpOUCXOAUT KOHACHCALUS THAPA3UHA C IMAHOBOW KHUCJIOTOM:
HN :C:O+H2N_ NH2® HzN—NH—C_ NH2+H20

|

O cemukapbaszuj
3. BoccTanornenue:
KOCN + H, ® KCN + H,O (500 °C)

4. OkucneHue:

2(AgOCN) + I, ® 2Agl + NCO-OCN (8 CCly, 0°C, okcorman)
NH,OCN + 2HNO, ® 2N, + CO, + 3H,0
NH4OCN + 3NaOC| ® N2 + 3NaCl + C02 + 2H20

IIpuMeHeHns He HAXOIAT.
N3ouuanarsl

JIg  MeTajuioB  HEXapaKTEpPHbI, W3BECTHBI JJI1 KOBAJIEHTHBIX
COCIMHEHW, HATIPUMED,

H-N=C=OuwmR-N=C=0.

P(NCO)3, SI(NCO),.
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I'pemyuas kuciiora HCNO

Illonyuenue.
JleiicTBUE KUCTOT HAa (yJIbMUHAT PTYTH:

Hg(OCN), + H,SO, ® HgS0, + 2HCNO

Cmpoenue. H-C= N -0 -C=N'-0-H
nepBas (popma npeodagaet

Duzuueckue ceoucmaa.
B cB000OIHO coCcTOsIHUMU HE BbIAENAETCS. B pacTBope HeyCcTOYMBA U
CKJIOHHA K MOJIMMEpHU3aluy B PyJIbMUHYPOBYIO KUCIIOTY:

HC —C =NOH
I
N C=NOH
\ /
0

Xumuueckue ceolcmed.
1. Cna0Ople KUCJIOTHBIE CBOMCTBA.

2. Peakimu npucoeiMHEHUS K aToMy yIJepojaa BTOpPOU
TayTOMEPHOU (POPMBL:

C=N*"-OH+H,® H,C=N-OH® HCN + H,0

C =N*-0H + H,S® HC =N—-OH® HNCS+ H,0

|
HS

C =N*"-OH+Br, — Br,C=NOH
C =N*-0OH + H,0 — HOCH =N — OH — HCOOH + NH,OH

IIpuMeHeHns He HAaXOUT.
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®yabmunaTel CNO

Illonyuenue.
1. Okuciienre 3TaHona a30THOM KUCJIOTOM B IPUCYTCTBUU PTYTH
(wn ee HuTpara). O6pasyercs ocagoxk HG(CNO), /,H,0

2. 3 HuTpomerana. BHauane paelicTBHEM MIEIOYM IMOJY4arOT
conb anu-popmsl HUTpoMeTaHa CH,NOoNa, nanee ee mnepBoasiT B
PTYTHOE WJIHM CEpeOpSTHOE IPOM3BOJHOE, KOTOPOE CaMOIPOU3BOILHO
neruapaTupyeTcs 10 GyaipMUHaATA:

CH3N02 + NaOH — CHzNOZNa + Hzo
CH,NO;Na + Hg** — [Hg(CH,NO,);] + 2Na* — Hg(CNO),

Cmpoenue. KatnoH Merajuia (pTXTI/I WK cepedpa) CBSA3aH ¢ aTOMOM
yriiepojaa Ag—C=N"-0
Xumuueckue ceoticmaa.
1. B3pbIBaroTcs py HarpeBaHWK HIIN yIape:
Hg(CNO)Z —>Hg +2CO + N,
2. Peakiiuy, cBOMCTBEHHBIE aHMOHAM COJIEH .

Hg(CNO)Z + H,SO, — HgS()4 + 2HCNO

Ilpumenenue.
Nuanuuupyroiiee B3pbIBUATOE BEMIECTBO.

Kap6amunoBasi kucjiora

Illonyuenue.
JleficTBUE KUCTIOT HA KapOaMaThl:

NH,—C~-0O NH; +H"— NH, - C—OH + NH4
I I
O O

KapOaMaT aMMOHUS KapOaMHMHOBasi KMUCJIOTa

Du3uyeckue ceoucmaa.
B cB0OOOJHOM COCTOSSHMM HE BBIJIEJICHa, B MOMEHT IOJy4YCHUS
pasiaraercs.
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Xumuyeckue ceoucmaa.
TepMuyeckuii pacranu:

NH2COOH — C02 + NH3

IIpuMeHeHns He HAaXOUT.

Kapoamartsl
Tlonyuenue.

B3anmoaencTBrue yriiekuciioro raa ¢ aMMHakoOM IIPU HEBBICOKOM

TEeMIIepaType W OOBIYHOM JIaBIICHUM B HEBOJAHOM pacTBOpuTene (CIHpT,
KEPOCHH):

CO; + 2NH3 — H,NCOONH,4

Otnenenne npumecu (NHy),COz mpoBomar ngelicTBHEM COJICH
kaibius (oOpasyercs ocamok CaCOs).

Cmpoenue. HN-C-0
O
Duzuueckue ceolicmed.

TBepabie BemecTBa. [loapoOHO U3yUueH TOMbKO KapOamMaT aMMOHHMUS.

Xumuueckue ceoticmaa.
1. Tepmuyeckoe pasioKeHHe:

H,NCOONH, ® CO, + 2NH; (70 °C, 1 atm)
H,NCOONH, ® (H,N),C = O + H,0 (200 °C, 150 atm)

2. Peakiu ¢ KHCI0TaMU MPUBOAAT K KapOAMHHOBOH KHCIIOTE
(cM.), KoTOpas pa3naraeTcs Ha aMMHAaK M YTJICKHCIIBIN Ta3.

H,NCOONH,; ® H;NCOOH ® CO,

IIpuMeHneHne He HAXOIAT.

N3BecTHBI XJIOpaHTUAPU U 3(PUPBI KapOAMHUHOBOW KUCIIOTHI:

NH,COCI + ROH ® NH,COOR + HCI
HNCO + ROH ® NH,COOR
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Kap6amun (moueBuna) (H,N),CO

Illonyuenue.
1. CunTe3 U3 aMMHaKa U YIJIEKUCIIOro ra3a:

2NH3; + CO, ® (H,N),CO + H,0O (Beimre 130 °C, Boime 50 at™m)

2. CunHres wu3 (docreHa u ammuaka (4epe3  CTaIUIO
XJIOpAHTUIPHIa KapOaMHUHOBOM KUCJIOThI, KOTOPBIA HE BBIACIISCTCS)

2NH; + COCl, ® H,NCOCI + NH,CI
H,NCOCI + 2NH; ® (H,N),CO + NH,CI

3. IlpucoenuHenue amMmuaka K IIMAHOBOM KHCJIOTE C
nocJeAYyIoLIeH n30MepUu3alreii naHaTa aMMOHUS .

H-N=C=0+NH3® NH,OCN® (H;N),CO
4. PaznoxxeHue kapbaMaTta aMMOHUS
H,NCOONH,; ® (H,N),C = O + H,0O
5. 'maparanus nmaHamMua:
H,NCN + H,O ® (HoN),C =0

CmpoeHnue. O=C-NH;

|
NH,

Dusuueckue ceoticmsa. becriBeTHple KpucTainisl, . +133 °C.

Xumuueckue cgoticmea.
1. Tepmuaeckoe paznoxkenue (Boie 150 °C)

(H,N),C =0 ® NH,NCO ® NH;+HNCO
(HzN)zC =0+ HNCO® H2NCONHCONH2 6HypeT
3HNCO ® (HNCO); nnanypoBast Kuciora

(HzN)zC =0+ H2NCONHCONH2 ® (HNCO)3 + 2NH3

2. I'maponus. YckopsieTcsl KUCJIOTaMHu, Ieiaodyamu, (GepMEeHTOM
ypeasou

(HzN)zC =0+ Hzo ® 2NH3 + C02
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3. O0Opa3zoBaHue aJayKTOB MPU COBMECTHOM KPHUCTALIU3AIUU
BOJIHBIX PaCTBOPOB:

(HzN)zC =0- HN03

(HzN)zC =0 - H3PO4

(HzN)zC =0 - NH3

(H2N)-C = O - HyO, (ruapomnepur)
(HzN)zC =0- CHgoH

4. OOMEHHBIE peaKuuu

2(H2N)2C =0+ N32C03 ® 2NaOCN + C02 + 2NH2 + Hzo
(HzN)zC =0+ NH4N03 ® (NH2)2CNH ><HN()g + Hzo
HUTpAT T'yaHUJIUHUS

(HzN)zC =0+ H28207 ® 2H2NS()3H + C02

0JIEYM cynb(paMHHOBAs KUCIIOTA
(HzN)zC =0+ (CH3CO)20 ® 2CH3CONH2 + C02
aleTaMu
(HzN)zC =0+ N2H4 ® H2NNHCONH2 + NH3
ceMukapOazu

5. Peakuuu okucieHu.

(HzN)zC =0 + NaOCl ® N2H4 + NaCl + C02
(HzN)zC = 0O + NaOBr ® N,H,; + NaBr + CO,
(HzN)zC =0+ 2HN02 ® 2N2 + 3H20 + C02

6. BoccTanoBieHue HaTpUEM:

(HzN)zC =0+3Na® N32CN2 + NaOH + 3/2H2
[IMAaHAMM

Ilpumenenue.
1. Ynob6penue.

2. Tlonyuyenue anayktoB. ['mapomepuT — J€3UHPUIIUPYIOIINE
BEIIECTBO 1 OTOEITMBATEND.

3. INonyuenue ruapasuHa, Cylab(GpaMUHOBON KHCIOTHI (YUCTSIIEE
CPEIICTBO), [IMaHATa HATPHSI.
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4. TTomyuenre MoueBMHOGOPMAaIbAETUIHBIX MJIaCTMACC!
H2NCNH2 + CH2 =0® H2NCNHCH20H
|
O
(HzN)zCO + H2NCNHCH20H — H2NCNHCH2NHCNH2 + Hzo
I |
O O U T.].
5. Vpanenne caenoB HNO; wu okcumoB a3zora u3
koHreHTpupoBanHoii HNO;z;  (oOecrBeunBaercs, Tepss  KEITYIO

OKpacKy) WM BOJHBIX pPAacTBOPOB, €CIIM HUTPUTHI MEIIAIOT B
AHAIUTUYECKOU MPAKTHUKE.
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CoenuHeHus1 yIiiepoaa ¢ cepoi u a30ToOM
HSCN SCN (SCN),

PoaanucroBoaopoanasi kucaora HSCN

Ilonyuenue. JIeWCTBUE KUCIOT HA POAAHUIBI:

NH4NCS + H,SO, ® NH4HSO, + HSCN B pacTBOpe

Ba(NCS), + H,SO,® BaSO4 + 2HSCN B PacTBOpE

Pb(NCS), + H,S® PbS+ 2HSCN (tBepawrii PO(NCS),)
Cmpoenue: H-S-C°N« S=C=N-H

npeobiiagaeT

Dusuueckue ceovicmaa.
becusernas xxungxkocth, 1. +5°C.

Xumuuecxue ceoticmaa
1. Tepmopacnan (BbIie TeMIIepaTyphI TIIABICHNUS)

SHNCS® HCN + H,C5N,S; KCAaHTaHOBBIN BOJOPO/I, U3MEHSET
OKpAacCKy IIpU HarpeBaHuu: keJITbld ® opaHxeBbili ® KpacHbIN

. ~1
2. Kucnorueie cBolictBa. CyiibHas kuciaora, K, ~ 540 .

HNCS + NaOH ® NaNCS + H,0O

3. [Ipucoenuuenue no cesizu N = C:

HNCS + H20® HzN—C:S® COS + NH3
|
OH

2HNCS + 2H20 + H28()4 ® (NH4)28()4 + COS (pa36. H28()4)

B mpucyrctBun HCI mpoucxoaut ruaponus COS, tak 4To:

HNCS + 2H,0 + HCI ® CO,- + H,S + NH,CI
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B npucyrcreuu HoS uner npespamenne COS B CS,, a 3HAUUT:
HNCS+ H,S® CS; + NH3

4. JlelicTBUE  OKHUCIMUTENEW. OTH  MPOLECCHl  MPOXOMAST
dakTHUIeCKH B KUCTIOUW cpenae, co3panHoi camoir HNCS, n mpuBoasT k
OKHCJICHHIO TI0 aTOMY CEPBI JI0 Cyibdara:

HNCS + 3H,0, ® HCN + H,SO, + 2H,0
S5HNCS + 4H28()4 + 6KMnO,® 5HCN + 6MnS()4 + 3K28()4 + 4H,0

IIpuMeHeHns He HAaXOUT.
Poganuanl (Tuomuanatel) SCN

Illonyuenue:
1. Hetitrpamuzanus HNCS menouamu.
2. BzauMojielicTBrE IIMaHUJIOB C CEPOA:

KCN + S® KCNS

3. HeiictBue menoueii Ha (NH4)NCS:
NH4NCS + NaOH ® NaNCS + NH3 + H,0O

4, BzammopneiictBue BogHoro pactBopa NHz; ¢ CS, B
npucyrctBun Ca(OH),:

2NH3 + CSZ + Ca(OH)z ® NH4NCS + CaS + 2H20
Cmpoenue: "S-C°N « S=C=N

2 2
K MSrknM KaTHOHaM mHpHcoenuHsercs aTomoM cepsl (Hg™, Pb™,
+ + + 3+
AQ’), k )xecTkuM — atromoMm azora (H', Na’, Fe™).

Dusuueckue ceorcmaa. TBepple BEIECTBA:
KNCS, ni. 161 °C
NH4NCS, n. 150 °C
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Xumuueckue ceoticmaa.
1. Tepmuyeckoe pasioKeHHe:

NHsNCS® S=C(NH,), THOMOYEBUHA
2KNCS® K,S+ (CN),+ S (aKTUBHBIC MCTAJLIBI)
KNCS® KCN + S (6wrcTpO, BhIIIE 500 °C)
2Hg(CSN), ® 2HgS + C3N4 + CS, (bapaonoBBI 3MEH)

2. OOMEHHBIE pEaKIUu:

2KNCS + 2H,S04 + 2H,0 ® K,S04 + (NH4),S04 + 2COS
2KNCS + Pb(NO3), ® 2KNO3 + Ph(SCN),|
3KNCS + FeCl; ® 3KCI + Fe(SCN);  (kpacHbrii)

Bboiee TOYHO cocTaB POJAHUAHOIO KOMILIEKCA JKejie3a IepeaacT
dopmyna [Fe(H,O)5(NCS)]Cl,.  DkcneprMEHTaIbHO — YCTaHOBJICHO
coorrommenne Fe>* : NCS =1: 1.

B u36srrke NCS™ 06pasyrores kommiekesl AG(NCS), , HY(NCS),~,
Fe(NCS)s> u apyrue.

3. Peakiun okucienus. B BogHOM pactBope:

OKNCS + I, <> 2KI + (SCN),
ponaHn (mupoiaH)
2KNCS + 2H,S0, + MnO, ® (SCN)2 + MnS0,4 + K>SO, + 2H,0
KNCS + 8KMnO4 + 10KOH ® KOCN + 8K,MnQ, + K»,S0, + 5H,0

ITpu crimaBieHuu:
2KNCS+ SnO, ® SnS+2CO + N, +K,S (450 °C)
Ilpumenenue:
1. PeareHT 11 KAUECTBEHHOI'O M KOJIMYECTBEHHOIO ONPEACICHUS
Fe(ll1).

2. I[Ipuroroenenne oxnaxaaronmx cmecerd (KNCS)
3. OcagurensHoe TuTpoBanue Ag" 10 AgSCN.
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Poxan (SCN),

Illonyuenue.
Msrkoe OKHUCJICHHE pOAaHWAOB (B HEWUTpaNbHOM Cpeie WU
C1a00IIEeIIOYHOM cpejie):
2KNCS + |, «> 2Kl + (SCN),
Cmpoenue: N°C-S-S-C°N
Dusuueckue ceoucmea.
becuBeTHass KMAKOCTb, KpacHEET MNpH IOJUMEpPU3ALNU  OT

JUTMTEIBLHOTO XpaHeHus, mi. -2 °C.

Xumuyeckue ceolicmaa.
1. OtHOLLIEHHE K BOJE:.

3(SCN), + 4H,0 ® HCN + 5SHNCS + H,S0,
(SCN), + O, + 2H,0 ® HCN + HNCS + H,SO,

2. BocTaHoBUTEIbHBIE CBOMCTBA.
(SCN)2 + 16HNO3 koui. ® 2H,S0, + 2C0O, + 2NH4NO3 + 14NO, + 2H,0
3. OKuCIUTEIbHBIE CBOUCTBA:

(SCN), + 2Na ® 2NaNCS
(SCN), + 3KI ® 2KNCS + K5
2(SCN), + H,S® S(SCN), +2HNCS

IIpuMeHeHns He HAaXOUT.
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VIJIEPO]]

CocraBurens:
Anexkceit AnekceeBud CuOUpKUH

Koncnexm nekuuil no Kypcy Heop2anuiecKkoii Xumuu

['ocynapcTBeHHOE 00pa30BaTEIbHOE YUPEKACHUE BBICILIETO
npodeccroHaabHOT0 00pa3oBanus «HKeropoaCKuil Tocy1apCTBEHHbIN
yauBepcuret uMm. H.W. JlobaueBckoro.

603950, Huxxuuit Hosropoa, nip. 'arapuna, 23

[ToamucaHo B revyaTh . ®opmar 60" 84 1/16
bymara odcernas. Ileuats opcernas. ['apuutypa Taiimc.
Yci1. ned. I. . YU-usgm. 1.
3aka3 Neo . Tupax 150 k3.

Otneuyatano B Tunorpadun Huxeropoackoro rocyHuBepcUTeTa
um. H.W. JloGbaueBckoro
603600, r. Hmwxuuit HoBropona, yn. bonbmas ITokpoBckas, 37
JInnenzus 171 Ne 18-0099 ot 14.05.01
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