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CepoBopgopogn,
CepHUCTbIN Bogopoa H:S

O6wume

CucremaTtmyeckoe HauMeHoBaHme ceposoaopos / hydrogen sulphide
Xvmuyeckaa ¢gopmyna H.S

OTH. Monek. MaccaOTH. Mmonek. Macca 34.082 a. e. M.
MonsipHas MaccaMonsipHas Macca34.082 r/monb
dusnyeckne CBOMCTBA

CocrosaHueCocrtosiHue (CT. yci.)becuBeTHbIN ra3
[1noTHOCTL1.5392 r/n r/cm3

TepMuuyeckue CBOMCTBA

TeMnepartypa naasnexHmns-82.30 °C

TeMnepartypa kmneHus-60.28 °C

XnMmnueckme csomcrBa pKab6.89, 1912
PactBopumocTb B Boae0.25 (40 °C) r/100 mn
KnaccnpumkauyumaPer. Homep CAS7782-79-8




CepoBopgopogn,
CepHMUCTbIN Bogopoa H:S

becuBeTHbIV ra3 ¢ HENPUSATHBIM 3aMaxoM (TyX/10ro
MLA) N CNaaKoBaTbiM BKYCOM. [1710X0 pacTBOpUM B
BO/Jle, XOpOLLO — B 3TaHone. lNpn 6onbLunx

KOHLEHTpauusax pasbeaaeT Metann. B3pbiByaTas
CMecCb C BO3aAyxoM 4,5 - 45%.

B npupoae BCTpe4aeTcst O4eHb peaKo B BUAE
CMeLLaHHbIX BewecTB HedpTu U ras3a. MIMeeT ouveHb
HENPUATHBIN 3anax, BpeaeH ANns NErkux n Bcero
opraHmn3Ma. Cenyac cepoBoaopoa UCNONb3YIOT B

ne4vyebHbIX Lensx, HanpuMep, B CEpOBOAOPOAHbIX
BaHHaXx




CepoBopgopop H-S
* dusnyeckme CBONCTBa

TepMuueckn HeycTonumBs (Mpu Temnepartypax 6osbiue 400 °C
pa3/laraeTcs Ha NPOCThle BELIECTBA TE€PMUYECKN HEYCTONYNB
(npv Temnepatypax 6onblue 400 °C pa3naraetca Ha NpocTble
BelwectBa — S TepMuyeckn HeycTonums (npu TeMnepaTypax
6onblue 400 °C pa3fiaraeTcs Ha npocTble Bellectsa — S u Hz),
00BUTbIW (BAbIXaHME BO3AyXa C €ro NPUMECHIO Bbi3bIBAET
FO/IOBOKPY>XeHWe, rosioBHY0 601b, TOLWHOTY, a CO
3HauYUTENbHbIM COAEPXXAaHMEM NPUBOAUT K KOMe, Cyoporam,
OTEKY NErKMX N Aaxke K fieTasibHOMY UCXO0AY), ras, Tskenee
BO3AyXa C HENPUATHbLIM 3araxoM TyXJIbIX L.

Monekyna Monekyna cepoBoaopona UMeeT yrnoByto popMmy,
noatomy oHa nonspHa (M = 0,34:10-29 Kn*M). B otnnume ot
MOJIEKY/T BOZIbl, MONEKY/Ibl CEpOBOAOPOAA HE 06pasytoT

MPOYHbIX BOLOPOAHbBIX CBA3EN, NO3TOMY H2S — ras.
HacblLLEeHHbIN BOAHBINS — ra3 HacbIWweHHbIM BOAHbIA PacTBopS

— ras. HacblleHHbI BOAHbIN pacTBOp (CepoBOA0pOaAHASA BOAA)
H2S aBnseTcs oueHb cnabon cepoBOAOPOAHON KUCIOTOM.




CepoBopgopop H-S
XMuyeckme CBoOUCTBaA

B Bozie cepoBoAopOA Masno pacTBopvM, BOAHbLIM pacTBop H2S aBnsetcsa oueHb cnabon
KMUCNOTOW:

H2S — HS—- + H+

Ka = 6.9x10-7 monb/n; pKa = 6.89.

C ocHOoBaHuAMK pearupyer:

H2S + 2NaOH = Na2S + 2H20 (obbi4Has conb, npu n3bbitke NaOH)

H2S + NaOH = NaHS + H20 (kucnas conb, npu oTHoWweHun 1:1)

CepoB0oAOpPOA — CUNbHBIN BOCCTAHOBUTENb. Ha BO3AyXe OH FOpUT CUHUM M/TAMEHEM:
2H2S + 302 = 2H20 + 2502

npwv HegocTaTKe Kuciopoaa:

2H2S + 02 = 2S + 2H20

(Ha 3TOM peakuUmMM OCHOBaH MPOMBILLSIEHHBIV COCO6 NONyYeHUs cepbl).

CepoBoaopos, pearMpyeT Takxe CO MHOMrMMWU APYrMMU OKUCIIUTENSMU, NPU €ro OKUCIIEHUN B
pacTBopax obpasyetcs cBoboaHas cepa unu SO42-, HanpuMmep:

« 3H2S + 4HCIO3 = 3H2504 + 4HCI
« 2H2S + SO2 = 2H20 + 3S
. H2S + 12 =2HI + S




CepoBopgopop H-S
XMuyeckme CBoOUCTBaA

Cyabduabl

= Conn cepoBOAOPOAHOM KMCNOTbI Ha3bIBalOT Cynbduaamn. B Boge XopoLuo
pacTBOPMMbI TONbKO Cy/ibuabl LWENOYHbIX METaNIoB, 6apns 1 aMMOHMS.
Cynbubl 0CTanbHbIX METAINIOB NPAKTUYECKN HE PAaCTBOPUMbI B BOAE, OHY
BbiMaAaloT B 0CaZ0K Npv BBEAEHMM B pacTBOPbI CONIEN METAsNIOB pacTBopa
cynbdpumaa aMMmoHns (NHa4)2S. MHormne cynbduabl SpKO OKpalleHbl.

« [Ng WenoyHbIX 1 Wweno4YHo3eMesibHbIX METalNTIoB U3BECTHbI TaKXXe
ruapocynbdunabl M+HS 1 M2+(HS)2. F'mapocynbduabl Ca2+ 1 Sr2+ o4YeHb
HECTOMKMN. ABNSASCb CONaMM cnabon KMCNOoTbl, paCTBOPUMbIE CyNb@uUAab
noasepratTca rmaponusy. 'maponms cynbcbwp,os coAepXXalumx MeTansbl B
BbICOKMX cTeneHax okucnenuns (Alz2Ss, Cr2S3 1 gp.) 4acto npoxoamT HeobpaTuMO.

= MHorue npupoaHble cynbduabl B BUAE MUHEPASIOB SIBASIOTCS LIEHHBIMU pyAaMu
(nupuTMHOrmne npupoaHble cynbduabl B BUAE MUHEPASIOB SIBNAIOTCA LIEHHbBIMU
pyaamu (MUpuT, xalbKonuputMHOrMe npupoaHbie cynbduabl B BUAE MUHEPAIOB
SIBNAIOTCS LEHHbIMM pyaamMu (MUPUT, XanbKOMMPUT, KMHOBAPh).

NMonyuyeHue
= B3auMMopencTeBue pazbaBneHHbIX KUCIOT Ha Cynbhuabl:

= B3aumopeinctene cynbduna anomMuHmnsBanmoaencTame cynbduaa antoMmHNS ¢
BOJIOWN (3Ta peakumsi OT/IMHAETCS YNCTOTOM r0/1yHEHHOIO CEPOBOAOPOAA):




[lpuMeHene cepoBoaopoaa
H.S

= CepoBoaopos M3-3a CBOEN TOKCUYHOCTU HaxoAUT OrpaHUYeHHOE
NpUMEHeHMKe.

= B aHanuTMueckoi xumMumn cepoBofopoa M cepoBoaopoaHas BoaaB
aHasIMTUYECKON XMMIUN CEPOBOAOPOA U CEPOBOAOPOAHAS BOAA
NCMOSb3YIOTCA KaK peareHTbl A1 OCHKAEHUS TAXKENbIX MeTa/10BB
aHasIMTUYECKON XMMIUN CEPOBOAOPOA U CEPOBOAOPOAHAS BOAA
MCMOJIb3YIOTCA KakK peareHTbl AN OCKAEHUS THKENbIX METANIOB,
cybduabl KOTOPbIX OYeHb C/1ab0 pPacTBOPUMBI

« B MeauumHe — B cocTase NPUPOAHbIX N NCKYCCTBEHHbIX
cepoBOAOPOAHbIX BAHH, d TAKXE B COCTaBE HEKOTOPbLIX MUHEPAJIbHbLIX
BOJ

« CepoBoaopos NMPUMEHAIOT AN NOSTyHEHUs CEPHON KUC/OTbI,
3N1EMEHTHOW Cepbl, CyNbdpnaoB

« Mcnonb3yloT B opraHmyeckoM cnHTeselcnonb3yoT B OpraHU4yeckom
CUHTe3e Ang nonyyeHus TnodeHallcnonb3yoT B OpraHU4yeckom
CHMHTE3E ANd NoJsyvyeEHNa TMOMPEHA N MEPKAINTAHOB

« B nocnegHue rogbl paccMaTpuUBaeTCs BO3MOXXHOCTb MCMOJIb30BaHUA
CepoBOAOpOAa, HAaKOMIEHHOro B rinybnHax YépHoro MopsiB nocnegHue
roAbl paCCMaTPUBAETCA BO3MOXXHOCTb UCMNOIb30BaHUA CepoBOA0POAa,
HaKOMJIeHHoro B rnybuHax YépHoro Mopsi, B KQ4ecTBe
3HepreTunyeckoro (cenoBo10DOIHAS 3aHEDreTuka) u XMmmMmyeckoro







Okcunp cepsl (IV)

O6uwime cBoOMUCTBA
CuctemaTtnyeckoe HamMmeHoBaHue Okecnp cepbl(IV)
Xummnyeckas dopmyna SO2

OTHOoCcuTEeNbHaa MonekynapHagd MaccaOTHOCUTeNbHas MOJeKynspHas
Macca 64.054 a. e. M.

MonsipHasa MaccaMonsipHas Macca 64.054 r/mMosb
dusnyeckne CBOMCTBA

CocTtosgHue (HOpM. yCrioBus )6ecLBETHbIN a3,
[1noTHoCTh 2,927 r/n (r/cm3)

TepMuuyeckue CBOMCTBA

TeMmnepatypa naasnenua—75,5 °C

Temnepartypa kmneHns—10,01 °C

XnMuyeckme CBOMCTBA

PactBopumMocTb B Boaell,5 r/100 mn
Knaccnpmkauma Per. Homep CAS[7446-09-5]




XMnyeckme CBoOUCTBaA
okcupa cepsbl (IV)

= OTHOCKTCA K KUCNIOTHBIM OKCMAaM. PacTBOPSAETCA B BOAE C
0bpa3oBaHNEM CEPHUCTON KMCNOTbI (NPY OBbIYHBIX YCIIOBUSX
peakumst obpaTtnma):

SO2 + H20 « H2S0:s.

= Co weno4yamu obpasyeTt cynbOuUThI:
SO2 + 2NaOH — Na2503 + H20.
= XuMMM4eckas akTMBHOCTb SO2 BecbMa Benvka. Hanbonee apko

Bblpa>Xe€Hbl BOCCTAHOBUTEJIbHbIE CBOWCTBA SOZ cTerneHb
OKNCIEHNA Cepbl B TaKUX peaKunAX NnoBbILLAETCA.

SO2 + Br2 + 2H20 — H2504 + 2HBr,

25(3}25 (-)l-o ((:))z — 2S03 (TpebyeTtcs katanusatop V205 1 TeMnepaTypa




XMnyeckme CBoOUCTBaA
okcupa cepsbl (IV)

= [laHHas peakuusa ABMSETCA Ka4eCTBEHHOM peakumen Ha
cynbpuT-noH SO32- n Ha SO2 (obecuBevnBaHne HGUONIETOBOIO
pacTeBopa).

5S02 + 2KMnO4 + 2H20 — 2H2S04 + 2MnS04 + K2S0a.

« B npucyTcTBUM cinnbHbIX BocctaHoBuTenen SO2 crnocobeH
NPOSABNATb OKUC/IUTENBHbIE CBOMUCTBA. Hanpumep, ans
N3BNEYEHMS CEPbI NX OTXOASALLUMX ra30B METaTypPruyeckomn
NPOMBILLUNEHHOCTU UCMONb3YIOT BOCCTaHoBMeHue SO2 oKCMA0oM
yrnepoga(ll):

SO2 + 2CO — 2C0O2 + S|.

Nnn ana nonyyeHns ocpopHOBATUCTON KNCNOTbI:
PH3 + SO2 — H(PH202) + S|




CepHuUCTas KMcnoTa
H-SO0:s

Heyctonumas ABYXOCHOBHas KuciotaHeycTtonymBas
[IBYXOCHOBHas KNCNOTa CpeAHEN CUIlbl, CYLLECTBYET JILLb B
pa3baBnieHHbIX BOAHbIX pacTBopax (B CBOOOAHOM COCTOSIHUU He
BblZle/1IeHa):

SO2 + H20 s H2S0O3 s H+ + HSO3- s 2H+ + SO32-.

S\
0" o




XUMmnyeckme CBOUCTBA
CepHucton Kncnotbl H2S03

= Kwucnorta cpegHen cunbl:

H2S03 <=> H+ + HSOs-, KI = 2:10-2

HSO3- <=> H+ + S032-, KII = 6:10-8

= PactBopbl H2S0s Bcerua MMEIOT PE3KMI CrneLmbnyecKnin 3anax
(MOXOXMW Ha 3anax 3aXWUraroLencs COnYKMBCErAa MMEKOT PE3KMI
cneunduyeckni 3anax (NOXoKUN Ha 3anax 3aKUraloLLencs CrnyKkm),
06yCNOB/EHHbIA HAaIMYMEM XMMUYECKN HE CBSA3AHHOro Boaon SO».

= [IByXOcHOBHas kuncnota/lByxoCHOBHasl KUCOTa, 0bpasyeT ABa paaa
COMEN: KNCble — CUAPOCYIbOUTH ﬂ,BYXOCHOBHaﬂ Kucnota, obpasyet
NBa psiAa conen: Kucnble — rnapocynbdutbl (B HeLI,OCTaTKe LLENOYM):

N cpeaHne — cyNb@OUThLIN cpegHne — Cynb@PuUTbl (B M36bITKE LLEIOYN):

= Kak 1 CepHUCTbIV ra3, CepHUCTas KUCNoTa U eé ConMun SBNSATCS
CWU/TIbHbIMW BOCCTaHOBUTE/ISIMU:

= [pn B3auMoaencTeum ¢ ewlé 6onee cunbHbIMN BOCCTAHOBUTENSIMY
MOXET UrpaTb POJib OKUCINTENS:

) KaueCTBeHHaq DeakLung H? cvnbd T NoHbI — 0becuBeYnBaHuEe
5SO‘+6H +2 MnO,; — 5 SO; +2 Mn“" + 3 H,0




lIpuMeHeHue
CepHucton kncnotbl H2S03

CepHuUcTad KMCnoTa 1 eé conu NPUMeHSIOT Kak BOCCTaHOBUTENMN,
ans 6eneHns wepctnCepHUCTast KUCI0Ta U €€ CONU NPUMEHSIIOT
KaK BOCCTaHOBUTENN, ansa 6enenus wepctu, wenkaCepHUcTas
KUCMOTa N €€ CONMM NPUMEHSAIOT KakK BOCCTaHOBUTENN, AN
6eneHus WwepcTu, Wwenka n gpyrux Mmatepuanos, KOTopble He
BbIAEPXKMBAIOT OTOEIMBAHUS C MOMOLLBIO CUJTbHBIX OKUCINTENEN
(xnopa).

CepHUCTYIO KNCNOTY NMPUMEHSIIOT MPW KOHCEPBMPOBAHWUK MNJI0A0B U
OBOLLIEN.

rnapocynbdut kanbums Ca(HSO3)2 (cynb®UTHBIN LWENOK)
NCNOMb3YIOT ANs nepepaboTKu ApeBeCuHbl B TaK Ha3bIBAaEMYIO
cynbduTHYIO Lenonosylmapocynbedut kanbums Ca(HSO3)2
(CynbMUTHBIW WENOK) UCMONb3YIOT A8 nepepaboTku
LpeBeCuHbl B TaK Ha3blBaeMylo CybUTHYIO LENoI03y
(pacTBop ruapocynbduTa Kanbums pacTBopsieT
nurHunHl mapocynbduT kanbumsa Ca(HSO3)2 (cynbduUTHbIN
LLEeSTOK) NCNOMb3YIOT AN nepepaboTKu ApeBeCcuHbl B TaK
Ha3bIBAEMYIO CYNIbPUTHYIO Lienntonio3y (pacTeop ruapocynbduta
KanbLUusa pacTBOPSET JIMTHUH — BELLECTBO, CBA3bIBatoLLEee







Okcunp cepsl (VI)

O6ume cBOMCTBA

Cucrematmnyeckoe HamMmeHoBaHue Okcung cepbl(VI)
Xnmuyeckasa dopmyna SO3

OTH. Moniek. MaccaOTH. monek. Macca 80.06 a. e. M.
MonsapHas maccaMonsipHast macca 80.06 r/mMonb
dun3mnyeckue CBOMCTBa

CocrosHmeCocrtosiHue (CT. yi.) 6ecuBeTHbIN ras
[1noTHOCTH1.92 r/cMm3

TepMuuyeckue CBOMCTBA

Temnepartypa nnaenennsl16,9 °C

Temnepatypa kunenms4s °C

JHTaNbNnsa 0bpasoBaHUgIHTaNbNNA 0bpa3oBaHus (CT. yci.)
—397.77 k[x/monb Knaccndpmkauma Per. Homep
CAS[7446-11-9]




Okcupa cepsbl (VI)
dusnyeckne CBOUCTBA

Okcnp cépbl(VI) (cépHbivi aHrnapua, TPEOKUCh CEPBI,
CEPHbIV ras)
SO3 — BbICLUMM OKCUJ, CEPbI,
TUIM XMMUYECKOWN CBSA3M: KOBA/IEHTHAs NonsipHast

B 06bI4HbIX YCIIOBUSIX NnerkosieTyyast becupeTHas
XXMAKOCTb C yayLLaloLWmMM 3anaxoMm.

[1pn TeMnepaTypax HMXxe 16,9 °C 3acTbiBaeT C
obpa3oBaHMEM CMeCK PasSINYHbIX KPUCTANITNYECKNX
Moamndukaunn TBépaoro SO:s.



* Okcup cepbl (VI)

[1pn nepexoae B XWAKOe N KpUcTaninyeckoe
COCTOSIHUS 06pa3yoTCA LUKINYECKUN TPUMED
N 3uraaroobpasHbie Lenu.

[IpoCcTpaHCcTBEeHHaa Moaenb Monekynbl SO3




[lonyyeHmne okcnaa cepbl (VI)

= [lonyyatoT, okncnaga okema cepbl(IV)Iony4daroT, OKUCISAS OKCUA
cepbI(IV) kucnopogomllonyyatoT, okucnss okeua cepbi(IV)
KUCTOPOAOM BO34yXa NpW HarpeBaHWu, B NPUCYTCTBUM
KaTanm3laTopallonyyatoT, okncnsas okema cepbl(IV) kncnopoaom
BO3AyXa Npwu HarpeBaHuu, B NpucyTcTeum katanusatopa (V20s,
Pt, Pt unn Na2VO3):

2S02 + 02 — 2S03 + Q.

= MOXHO MOMYyYNTb TEPMUYECKUM Pa3NOXEHNEM Cy1bMDATOB:
Fe2(S504)3 — Fe203 + 3S03,

= WM B3anmoaenctenem SO2 ¢ O30HOM:

SO2 + O3 — SO3 + 021.

« [na okucneHmna SO2 ncnonb3yoT Takke NO2:

SO2 + NO2 — SO3 + NOfT.

JTa peakuUus NEXUT B OCHOBE UCTOPUYECKM NEPBOro, HATPO3HOIO
cnocoba nonyvyeHus CepHOU KUCIOTHI.




Okcupa cepsbl (VI)
XnMmMyeckme CBOMUCTBA

1. KNCNOTHO-0OCHOBHbIE: SO3 — TUNMUYHbIN KMCJ’IOTHbIVI okcua —
TVII'IVIl-IHbIl/I KUCNOTHbIN OKCUA, aHrmapua — TUMUYHbIV
KWUCMTOTHbIM OKCUA, aHMMAPUA CEPHOU KMUCIOThl. Ero xnmMmmnyeckas
aKTUBHOCTb JOCTAaTOYHO BeJIMKa.

[pn B3aMMOAENCTBUM C BOAOU 0Bpa3yeT CEPHYIO KUCOTY:
SO3 + H200 — H2504.
= B3auMopencTByeT ¢ OCHOBaHUAMM:
2KOH + SO3 — K2S04 + H20,
= OCHOBHbIMW OKCUAAMM:
Ca0 + SO3 — CaS0s4,
« C aM(dOTEPHLIMU OKCUAAMMW:
3503 + Al203 — Al2(S04)s3.
= SO3 pactBopsieTca B 100%-1 cepHON KUcioTe, obpasys oneym:
H2504 (100 %) + SO3 — H25207.




Okcupa cepsbl (VI)
XnMmMyeckme CBOMUCTBA

2. OKMcnuTenbHO-BOCCTaHOBUTENIbHbIE: SO3 XapakTepusyeTcs
CUNIbHBIMW OKUCNINTENBHLIMW CBOMCTBAMM, BOCCTAHAB/IMBAETCS,
06bI4YHO, 4O CEPHUCTOro aHrMapuaa:

5S03 + 2P + 2P— P20s5 + 5502
3503 + H2SS — 4S02 + H20

2503 + 2KI + 2KI — SO2 + I2 + K2S0s4.

3. Mpun B3anMOAENCTBUM C X/TOPOBOAOPOIOM 0bpasyeTcs
XnopcybdoHOBas KUCOTaA:

SO3 + HCI + HCl — HSO3(Cl
Takke npucoeamHsIeT x10p, 0bpasyst TMOHUNXIOpUA;:
SOs3 + Cl2 + 2SCl2 — 3S0CI2




i CepHas kucnota H2 SO4




CepHasg kncnota H2 SO4

O6wme cBOCTBA

CucreMatmyeckoe HaMMeHOBaHUE CepHast KUCOTa

Xnmunyeckas gopmyna H2S04

OTH. Monek. MaccaOTH. Monek. Macca 62.03 a. e. M.

MonspHas maccaMonsipHas Mmacca98.078 r/mosb

dusnyeckmne CBOMCTBa

CoctogHueCocTtosiHMe (CT. ycii.)becuBeTHas Mac/IstHACTast XXMAKOCTb 6e3 3anaxa
[1noTHOCTHL1,8356 r/cM3

TepMmunueckue CBOMCTBaA

Temnepatypa niaenennda10,38 °C

Temnepartypa kunexuns279,6 °C

XnMunuyeckme CBOMCTBa

PacTBOpPUMOCTL B BOAECMELLMBAETCS BO BCEX COOTHOLWeEHUSX /100 mn
Knaccucdbumkauus

Per. Homep CAS7664-93-




dusnyeckme CBOUCTBA
cepHoun kucnotbl H2 SO4

CépHasa kucnota H:SO+ — cunbHas ABYXOCHOBHast
KNC/10Ta, OTBEeYaloLWwas BbiCLLEW CTENEHUN OKUCIEHUS
cepbl (+6).

[1pn 06bIYHBIX YCNOBUSIX KOHLIEHTPUPOBAHHAs cepHas
KNCNOTa — TAXENasa MacnaHUCTasa XUAKocTh [Npu
OObIYHbIX YCTOBUSX KOHLEHTPUPOBAHHAs cepHast
KUCNOTa — TSXXENas MaCNaHUCTAs XUAOKOCTb 6e3
LiBeTa Mpn 06bIYHbIX YCIOBUAX KOHLEHTPUPOBAHHAs
cepHast KUCNOTa — TSHXKENASA MACISIHUCTAs XUAKOCTb
6e3 uBeTa 1 3anaxa.

B TeXHUKE CEpHON KMUC/TIOTOWN HA3bIBAlOT €€ CMECU KaK C
BOAOW, TaK U C CEPHbIM aHrnapuaom SO:s.

Ecnn monsgpHoe otHolwleHune SOs3:H20 < 1, To 37O
BOAHbIW PacTBOpP CEPHOU KUCNOTbI, ecnu > 1, —




XnMmyeckme CBOUCTBa
cepHoun kmncnotbl H2 SO4

CepHas KMcnoTa - cunbHas ABYXOCHOBHAs KMUCI0Ta, AMCCOLMAUNS ee NPOTeKAeT No ABYM CTYMEHsM:
H2S04 = H+ + HSO4- - nepBas CTyneHb

HSO4- =H+ + S042- - BTOpas CTyneHb

B KOHLEHTPMPOBaHHbIX pacTBOPax AMCCOLMALNS CEPHON KMCNOTbI MO BTOPOW CTYNEHN HE3HAYUTESNbHA.

CepHasi KUCNOTa - CUNbHeLWwee aernapatmpytowee (BogooTHUMaroLee) Bewectso. OHa MornowaeT Bnary M3 Bosayxa
(rurpockonuyHa), OTHUMaeT BoAy

1. OT KpucTaniornapaTos:

CuS04*5H20 ONyOOIN ===========mmmmmmmmmanna > CuS04 6enbii + 5H20
2. yrnesogos (0byrnuBaeTt aepeso n bymary):

C12H22011 ---============mmmmmmomee > 12C + 11H20

3. CNUpTOB:

C2H50H -=-======meeccccccccncnnanan= > CH2=CH2 + H20

B OKMCIIMTENBHO-BOCCTAHOBMUTESbHBIX PeakLusaxX pas3baBnieHHas cepHas KCNOTa NposiB/sieT CBOWCTBA
06bl4HOW KMCNOTbl (HEOKUCNTESb) - MPU 3TOM BOCCTAHAB/IMBAOTCA MOHbI H+, Hanpumep:

Fe + H2S04 pa36.= FeSO4 + H2

PazbaBneHHass H2S04 He B3anMOoAENCTBYET C MeTa/NlaMu, CTOSILLMMN B psily HaNpsKEHUIN npaBee
BOAOpoAa.

KOHLéeHTpVIpOBaHHaﬂ CcepHas KMCnoTa - KUC/I0Ta-OKUCNTENb, NP 3TOM BOCCTaHAB/IMBAETCA cepa
+6).

OHa OKUCNAET MeTaN/Ibl, CTOSALLME B paay HanpshKeHWA NpaBee BOAOpoaa:

Cu + 2H2S04k0HLU. = CuSO04 + S02 + 2H20



XnMmyeckme CBOUCTBa
cepHoun kmncnotbl H2 SO4

CepHas KncnoTa nposiBASIET BCE CBOMCTBA CUJIbHbIX KMUCOT:

a) B3aMMOAENCTBYET C OCHOBHbIMU OKCUMAAMW:

CuO + H2S04 = CuS04 + H20

6) ¢ oCHOBaHUSAMM:

2NaOH + H2S04= Na2S04 + 2H20

B) BbITECHSIET pYrHe KMUCMIOTbl U3 UX CONEN, HanpuMep Te, KOTopble criabee Hee:
CaCO03 + H2S04 = CaS0O4 + CO2 + H20

nnn 6onee netyume (obnagarolme TeMnepaTypamm KUMNEHNS HUXKE, YEM Y CEPHOM
KWUCMOThI):

NaNO3TtBepabin + H2S504 koHu.= NaHSO4 + HNO3- npu HarpeBaHuu

N MeTannbl,CTosLLNE nesee BoAopoaa, Npu 3TOM cepa BOCCTaHaBIMBaETCH
[0 cTeneHn okncnenms +4, 0 n -2:

Zn + 2H2S04 = ZnS04 + S0O2 + 2H20
3Zn + 4H2S04 = 3ZnS04 + S + 4H20
4Zn + 5H2S04 = 4ZnS04 + H2S + 4H20



XnMmyeckme CBOMCTBa
cepHon kncnotol H2 SO4

Xene30, antoMMHUK, XPOM KOHLIEHTPUPOBAHHOW CEPHOWN KNCNOTOM
NacCMBUPYIOTCS, OAHAKO NPU CUIbHOM HarpeBaHUKU peakLms
HauYMHAETCH, HanpuMep:

2Fe + 6H2S04 = Fe2(S04)3 + 3S02 + 6H20

KOHLIeHTpUpOBaHHas cepHas KUCNOTa OKUCSIET HEMETas b,
HanpuMep:

C + 2H2S04 = CO2 + 2S02 + 2H20

S +2H2S04 = 3502 + 2H20

KOHLUEHTpMpOBaHHasa CepHas KMUCNOTa OKUCNAET TaKXe CNOXHbIE
BellecTsa, Hanpumep HI n HBr:

2HBr + H2S04 = Br2 + SO2 + 2H20

8HI + H2S04 = 412 + H2S + 4H20

conu xenesa (2):

2FeS04 + 2H2S04 = Fe2(S04)3 + 2H20 + SO2



3aJaHua and
i CaMOCTOSITENbHOW paboThl:

HanuwuTte ypaBHEHUS B3auMMOAENCTBUS
pa3b6aBNeHHOU CEPHOW KUCOTbI C

= MEeTannamu;

= OCHOBHbIMW OKCUAAMU;

= aMdOTEPHbIMN OKCUAAMMU;

= OCHOBaHUAMMU;

= aMOTEPHBLIMN MMAPOKCULAMM.




Conun cepHon KUCNOThl

CépHas KMCNoTa Kak ABYXOCHOBHas KMCOTa obpa3yeT ABa psaa Conemn
Kucnble - rmapocynb@atbl U cpegHue - cynb@aTtbl. B 6e3sogHOM
MApoCcyNEMaThl LWEN0YHbIX

mMeTannos. CpeaHue cynbdaTbl (6e3BoAHbIE) - KakK NPaBwUIIo,
becuBeTHblE KPpUCTaNIMYEeCKNe BELLLEeCTBA, CKNIOHHbIE K
06pa30BaHMIO KpUCTaiornapaToB (4acTo OKpalleHbIX), HanpuMep:

Na2S04*10H20 - rnaybepoBa conb (Mupabunumr) -
6ecuBeTHas

MgS04*7H20 - ropbkan (aHrnMuckKas) conb - 6ecuBeTHas
CuS04*5H20 - MeaAHbIN KYNopoc - rosiyéom

FeS04*7H20 - »xene3HblX Kynopoc - rosiybosato-3esieHblN
CaS04*2H20 - runc - 6enbin

Cynb@aTbl Npn HarpeBaHWM pasnaratoTcs (KpoMe cy/ibdaToB
LLESTOYHbIX METAIOB, KOTOPblE TEPMUYECKN YCTONYUMNBDI), HAanpuMep
CaS04 - npu 14000C:

2CaS04 = 2Ca0 + 2S02 + 02

CynbdaTbl nepexoaHbiX METANIoOB pa3naratoTcs npyu bonee HU3KMX
TeMnepaTtypax, Hanpumep Fe2(S04)3 - npu 700-8000C:

Fe2(S04)3 = Fe203 + 3S03



NMpon3BoACTBO CEPHOU KUCNOTbI

CbIipb€M AN MoyYeHNUst CEPHON KMCOTbI Ciy>aT cepaCbipbEM Afis
NOJTy4eHNs CEPHOMN KUCNOTbI CNyXaT cepa, Cy/ibdunabiCbipbEM
[NS NMOJSTyYEHNs1 CEPHON KMCMOTbI CITYXKaT cepa, CyNbduabl
MeTa/I1I0BCbIpbEM A1 NOSTyYEHUS CEPHOM KMCOTbI CNyXaT
cepa, cynb@uabl MeTanIos, ceposoaoponCblpbEM A
NOJTy4eHNs CEPHOMN KUCNOTbI CyXaT cepa, CyNbhuabl METasIIOB,
CEPOBOAOPO/, OTXOASALME ra3bl TEMI03IEKTPOCTAHLINNA,
cynbdaThbICblpbEM AN NOMYYEHUSA CEPHON KUCNOTbI CAYXaT
cepa, Cynb@uabl METANIOB, CEPOBOAOPO/, OTXOASLIME rasbl
TenI03/1eKTPOCTaHLMN, cynbcbaTbl xene3aCblpbeM AN
NOSTYYEHNSI CEPHOWN KUCIOTbI CNYXKAT cepa, Cynbduabl METAsOB,
CepoBOAOPOA, OTXOASLIMNE ra3bl TennoaneKTpOCTaHuMVl,
cynbdaTbl XXenesa, kaabumsa u ap.

OCHOBHbI€E 3Tanbl NO/Ty4YeHNS CEPHOWN KNCNOTbI:
= O6Xxur colpbs € nonyyeHnem SO2

« OkuncneHune SO2 B S0O3

« AbcopbumsaAbcopbumnsa SO3

B NpOMbILLIEHHOCTH NPUMEHSIIOT [Ba METoAA OKucieHns SOz B
NMNDOINRRONCTRA r‘pnl-lnm KIACOOTKI" l(nI-ITHI(TI-II-\II/I —_—




NMpoun3BoacTBO CEpHOMN

KMCINOTbI
0
HO—ﬁ—OH
O

Peakunu no nponsBoaCTBY CEPHOW KNCNOTbI U3
MWHepana nupurta Ha KkatanusaTtope — okcuae saHaaus (V).

4FeS2 + 1102 = 2Fe203 + 8502
2502 + 02 (V205) — 2503




Cxema «lpou3so0cmso cepHOoli KUC/I0mbl KOHMAKMHbIM CITIOCO6GOM»:

Ceprnn -
KOTeaaH

Cepuan xuenoma

1 Oneym

Cepnan NOHTAXIOFO :
KHCNOTR annapara "2 Can

1 - neyb 0151 06XU2a B8 KUNsWeMm c/oe; 2 -
YUKJIOH;
3 - anekmpochunbmp, 4 - cywusibHas 6awHs;
5 — mens1006MeHHUK; 6 — KOHMAKMHbIU
annapam;
7 - nozsiomumesibHasi 6awHs



NpuMmeHeHne cepHOn KUCNOTbI

B npon3BoacTBE MUHEPANbHbIX YA0OpeHNIA;
= KaK 3NEeKTPONIUT B CBMHLIOBbIX aKKYMynsTopax;
= U1 NONYyYEHUSA PasfIMUHbIX MUHEPATbHbIX KUCIOT U COMeN;

= B MPOU3BOACTBE XMMUYECKUX BOJIOKOH, KpacuTenen, AbIMoobpasyomnx BELLECTB
M B3PbIBYATbIX BELLECTB;
= B HedpTaHOM, MeTannoobpabaTbiBatoLLEN, TEKCTUTbHOW, KOXXEBEHHOU U Ap.
OTpacnsaxX NPOMbILLNIEHHOCTH;
= B MULIEBOWN NMPOMBILLJIEHHOCTU — 3apErMCTPUPOBaHa B KQYECTBE MULLEBOU
no6aBku E513(3Mynbratop);
= B NPOMbIWNEHHOM OPraHNYeCKOM CUHTE3E B peakuumsax:
« germapataumm (nonyyeHue an3TuUI0BOro adupa, CNoXHbIX 3UPOB);
= rmapatauum (aTaHonrnapataumm (3TaHOM U3 ITU/IEHA);

= CyNbdUPOBaHNA (CUHTETMYECKME MOIOLLIME CDE/ICTBA U NPOMEXYTOUHbIE NPOAYKTHI B
NPOV3BOACTBE KpacuTenen);

. AJIKUIMpPOBaHUA (nonyqume N300KTaHaaJIKUIMpoBaHUA (nonyqume M300KTaHa,
NOJIMITUNEHTTUKOSA, KaI'IDOJ'IaKTaMa) nap.
CaMbli KpyrHbliA NOTPEOUTESNb CEPHOW KUCIIOTbI — MPOM3BOACTBO MUHEPASIbHbIX
yaobpeHun.




NUcTopunyeckue ceegeHus
O CEPHOMUN KUCIOoTE

CepHas K1CcnoTa n3BeCcTHa C ApeBHOCTU. [lepBoe ynoMMHaHne 0 KUC/bIX
rasax, rnosyyaemblx Npu NpokaamBaHnn keacLioBCepHas KMCI0Ta
N3BECTHa C ApeBHOCTW. [lepBoe ynoMMHaHne 0 KUC/bIX rasax,
Nosly4aeMbIX Npu NMpoKasMBaHUM KBACLOB W/N XKeJs1e3HOro
KyrnopocaCepHas KUCNOTa U3BECTHA C APeBHOCTU. [lepBoe yrnoMmnHaHune
O KMC/bIX rasax, nosiydaemMbix npu npokaamBaHUn KBacLOB UK
XKene3Horo Kynopoca «3€eJ1eHOr0 KaMHs», BCTPEYaeTCs B COUNMHEHUSIX,
NPUNNCbIBAaEMbIX apa6CKOMy ANXUMUKY [xabup 16H XalisiHy.

Mosxe, B IX Beke nepcmackni anxummk Ap-Pasullosxe, B IX Beke
nepcwncmm anxuMmmnk Ap-Pasu, npokanmeasa CMecCb KENE3HOTO W
MEIHOro Kynopoca (FeSO4o7H20 n CuSO4e5H20), Takxke nony4ymn
PacTBOP CEPHOMN KNUC/OTbl. 3TOT CrOCO6 YCOBEPLIEHCTBOBAJT
eBponencknin anxmmmnk Anbbept MarHyc, »ulumn B XIII Beke.

B XV Beke anxuMmku o0bHapy>Xusnm, YTo CEPHYIO KUCNOTY MOXHO MOJYyYuTb,
CKurast cMecb cepbl 1 cennTpbiB XV Beke anxmMnkm obHapy>Xumnm, 4To
CEPHYIO KNCMOTY MOXHO MOJTYUYUTb, COKUrasa CMeCb Cepbl N CENUTPbLI, UK
n3 nuputaB XV Beke anxnuMukyu 0b6HapYy>Xnnu, 4To CEPHYIO KUCOTY
MOXXHO MOJTy4YUTb, OKUrasa CMeCb Cepbl U CENUTPbLI, UN U3 MUpUTA —
CepHOoro KonyenaHa, 6onee aeweBoro U pacnpoCcTpaHEHHOro Chbipbs,
yeM cepa. TaknuMm cnocoboM nostydann CEpHY KUCIOTY Ha MPOTSXKEHUN
300 neT, HeBONBbLLIMMU KONUYECTBAMU B CTEKISAHHBLIX peTopTaxB XV
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[lononHuUTeNbHbIE CBeaeHus
O CEPHOM KUCNoTe

MenbYyanllme Kanenbkn CEPHOMU KMCNOTbI MOTyT 06pa30BbIBaTbLCS B
CPEHMX N BEPXHUX CNIOAX aTMOCdEPLI B pe3y/bTaTe peakuum
BOASHOrO Napa  Menb4Yaulume Kanenbkn CEpHOM KUCNOTbl MOTyT
06pa30BbIBATLCS B CPEAHMX M BEPXHUX CNOSIX aTMOCdepb! B
pe3ynbTaTe peakuny BOAAHOIO napa v BY/JIKaHWYECKOro

Menbyaniime KanesnbKu CEPHON KUCOTbl MOryT 0Bpa30BbIBATLCS B
CpedHUX U BEPXHUX CNnosix atMocdepbl B pe3ybTaTe peakumm
BOASHOIO Mapa W BYNKaHWMYeCKOro nenna, coaepallero 6onblune
KONMYeCTBa cepbl  Menbyaniume KanenbKu CEPHOM KUCNOTbl MOTYyT
06pa30BLIBATLCA B CPEAHNX N BEPXHUX COSIX aTMOCdeps! B
pe3ynbTaTe peakuun BOASIHOro napa v BYJIKAHWUYECKOro nenna,
cofepxallero 6osbline KOMYeCTBa cepbl. MNonyynsluascs BBBer n3-
3a BbICOKOro ankbeno  Menb4yanlume Kanenbkn CEpHOU KUCNOThI
MOryT 06pa30BbLIBATLCA B CPEAHNX N BEPXHUX COSIX aTMoCcdeps! B
pe3ynbTaTe peakuun BOASIHOro napa v BYJIKAHWUYECKOro nenna,
cofepxallero 6o/blive KOMYecTsa cepbl. Monyynsluaacs BBBer n3-
3@ BbICOKOro anbbefo 061akoB CEpHON KUCOThI, 3aTPyAHAET p,OCTyn
COJTHEYHBIX JTy4en K NOBEPXHOCTM M/1aHETHI, I'IoaTOMy a TaKxe B
pe3ynibTaTe 60MbLLIOro KONNMYECTBA MebYallLIMX YacTul
BYJIKQHMYECKOIro Nensa B BEpXHUX CNOsIX aTMOCdepbI, Takxe
3aTPYAHAIOLIMX AOCTYN CONMHEYHOMY CBETY K nnaHeTe) nocne oco6o
CUBbHbIX BYJIKAHNYECKUX U3BEDXEHUN MOIVT NMDOU30OUTU 3HAUYUTENbHbIE




NMponsBoacTBO CEPHOU KUCIOTLI

X UMKINOH OT, UT B nos. 2):
KOHTaKTHLIM COCO60oM LIMKINOH OTAenuT Bpas (Mnos. 2)

B Hem anga Hux bapbepsl.
[1Ba umnuHapa B HEM, U BOT,
CBepxy BHM3 0ObIYHO,
[lo cnupanu ras uager.
r (FeS2) [lb1b M3 rasa ynager,

Ho He BCS, YaCTU4HO.
Cwmecb B anekTpoduneTp nogas (nos. 3),
[Oe cnnoLwHble CETKN
I nog Tokom nposoaa,
[MbiNb, Kak NTULY B KIETKY,
JloBAT KaxabIn pas noapsa,
Beab 4yacTuykm nbinu
Ob6peTaloT 30echb 3apsia,
[logunHasicb cune
ONEeKTPUYECKMNX NONEN.
MwuHyc-3HaK novmana
[1bInb, NPUNUNHYB Maccon Bceu
K ceTke n3 metanna.
B 6yHkep nnm npocTo B poB
OnapaeTt cpaay.
Ho ounctutb oT napos
ELwe Hago rasbl.

B ngub, roe xap-oroHb roput (nos. 1),
T pa3gpobneHHbIn

BoT OH, packaneHHbIN,
Cepon CTpyruKkou NblneBown
CBepxy BHU3 HECETCA.
Bo3gyx MoLuHo cTpyen
CHunay nogaetcs.

MoOLLHbIW cTan NPOTUBOTOK,
CMepy TYT HacToALWMN,

N, Kak OrHEHHbIN LBETOK,
Crnon YyacTuy, KuNaLwmm,

B BMXpe packaneHHbIX Macc
Kncnopog c nupmtom
[MpeBpartuncs B nNerkiun ras
B TOoM npouecce cKpbITOM.
@3 cooepXXu T Mblsib N rPA3b,
Ot okcnaa cepol (SO2)



M B cywmnbHol 6aliHe cmechb (noas.

4)
C nerkocTtbo 6e3MepHOl

byaeT BbicylleHa 34ecb
KncaoToi cepHoil

CBepxy NbeTcAa KucnoTta,
lNornowas Boabl,

I oroHb el He yeTa,

OH He ToW nopofpl.

lNocne aTux npouenyp

Y okcupga cepsl

Bynet cnenytowmii Typ:

K Hemy n3 atmocdepsl
MopaatoT BO3AYLUHbIN CNOW,
W B y3/1e KOHTaKTHOM

OH oKkncanT cam coboi

R B Rapar gnos
é§ﬁ2 +0, Q§63pﬁ‘ (5 '
UTo B HEM npoucxoanT?
Kucnopop okncnuts paj
a3, KOTOPbIA BXOAMNT.

Ho HarpeTb A0/IKHbI Mbl
CMEChb,

N B TennoobMeHHUK (noa3. 5)
[MocTynaeT ra3 Hall BecCb,
Kak nog ctpaxy nieHHuK.

Ho BOT coBceM XOrnoaHbIn
WpoeT npoaykT, u TyT-TO
[MocnegHuin NyHKT npoLecca
EcTb Ha nyTu npogykra.
Okcua HanpaBneH B BalwHio (nos. 7),
[Oe nornowarbca byaer,

Ho He Bogon obbl4yHOM,

A KMCIOTOW €ro ocTyasaT 34ecCb.
Hepapom okcuabl cepbl NPOYHO
BctynaroTt ¢ BOgHbIM napom
B kOHTaKT BCcerga 4OCPOYHO:
SO3 + H20 = H2S04 + Q.

N 6yneT cepHOKUCIIbIN

TymaH BpegHEeNLINN BUCHYTb.
Hpyroe geno, cpasy

UTto6 cepHoM KMcnoTomn
[MpoaykTbl 3TN, rasbl,

BHyTpun 3a cnoem crnown
[MornoweHbl Obl ObINK:

B peakuuio BcTynunu

C Bogon, KOTOPOW MHOro
EcTtb B cepHom kucnore.
Oxkcungbl cepbl CTpOro

MOyT B KOHTaKT 3a TeM,

YT00 nony4unca B yaHe
BesBogHbIN oneym.

Ha aTom okoH4YaHbe.

[MycTb OTQOXHET BaLl yM.



