«... BXOJIUT TAKKe B COCTAB Y:KACHOIO
U300peTeHus — MOPOXa, KOTOPbI MOKET
MeTaTh JAAJIeKO0 BIeped KYCKH KeJie3a,
OpOH3bI WJIM KAMHSA — OpyA¥€e BOMHBI

HOBOI'O THUIIA».

ArpukoJia,
Hapcree MuHepajaos», XVI B.

... IPUMEHSACTCH ISl OUNILECHU S HosbIii 1 BeTxuii 3aBeTHI

KUJIUIL, TAK KAK MHOTHE JIePKATCH

MHEHUS, YTO 3a11aX U TOPEeHHe ero

KaK HCTOYHHUK TeIuia mpu
MOI'YT HPCAOXPAHUTD OT BCAKHUX

u TepMOOOPaAdOTKe IPEeIIHUKOB
YapoaencTB U MPOrHATH HEYHUCTYIO

cuiry" L 2
Ilauaui Crapumii (23-79 rr. H.3.)
"EcTrecTBeHHas ucropus'

AJIXMMHKH HAa3bIBAJH ITO
BelleCTBO «00MTAJHIILE
0ecCMepTHOro aAyxa» u
«HAYAJI0 TOPHYECTH.

KUBOIMMUCYHOT 3TO BCIICCTBO



CEPA

Cepa
B MpUpo/e

HHonyuyenune
cepbl

dusnueckue
CBOHCTBA

AJJIOTPONIHBIE
MoaupUKALUHA
cepbl

ITpumenenue cepol

XMMHUYECKHE CBOMCTBA



YUT00bI M3YUUTH CBOMCTBA
BellecTBa HE00X0AMMO 3HATH €r0
IIEKTPOHHOE CTPOCHHE

Jlamnyc IloauHr



IHUIAH XAPAKTEPUCTHKH

. HazBaHnue, XuMHUye€CKU CUMBOJI 1 OTHOCUTEJIbHASA aTOMHAsA Macca 3JIEMEHTA.

. ATOMHBIN (ITOPSIKOBBIN) HOMED.

. [TonoxxeHue 3J1eMEeHTa B IEPUOANYECCKON CUCTEME XUMHUYECKUX DJIEMEHTOB.
CTpoeHre aTOMOB XMMHYECKOTO 3JIEMEHTA

4. 3apsia spa aroMma dJIEMEHTA.

5. Huciio nmpoTOHOB.

6. Uuciio HEMTPOHOB.

7. OO0111€€ KOJIMYECTBO IEKTPOHOB.

8

9.

1

ok

W o

. Cxema CTpO€HHS PJICKTPOHHON 000JIOYKH aTOMOB.
DJIEKTPOHHO — rpadudeckas popmyia.
0. K kakoMy Kj1acCy OTHOCHUTCSI SJIEMEHT 110 CBOMCTBAaM aToMa.
B03MOXHbBIC CTEIEHU OKHCICHUS IS aTOMOB JAHHOTO 3JIEMEHTA
11. Beicuiasg cTeneHb OKHCICHUS.
12. MuHuMasibHas CTEIICHb OKHUCIICHUS.
13. IIpomMeKyTOUHBIE CTETICHN OKHUCIICHUS.
14. B xakoi poyiu (OKUCIUTEIS U BOCCTAHOBUTEIIS) PJIEMEHT MOXKET
BBICTYIIaTh B OKUCJIUTEIbHO-BOCCTAHOBUTEIIbHBIX PEAKIIUIX.
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OKHC/INTECJIBbHO-BOCCTAHOBUTC/IbHAaA IIBOIVICTBCHHOCTL BOCCTAaHOBUTEC/IDb

Cepa
B MpUpo/e

[Hony4yenue
cepbl

dusnueckue
CBOHCTBA

AJJIOTPONIHBIE
MoaupUKALUHA
cepbl

ITpumenenue cepol

XMMHUYECKHE CBOMCTBA



AHntyaH JlopaHn
JlaByasbe

(1743-1794 r.1.)

HCTOPHA OTKPAITHA

DpaHny3ckuil XuMuK. OTuH U3
OCHOBOIIOJIOKHUKOB
KJIACCHYECKOW XUMMUM.

BBeJs B xXumMurio crporue
KOJIUYeCTBCHHbIC METOAbI
UCCJICIOBAHUS.

Jloxka3aJ CJI0KHBIN COCTAB
arMoc(epHOro Bo3ayxa.

IlepBbIM yOeaHJICS B TOM, YTO
cepa — CaMOCTOATEIbHbIN
XHUMHYECKHUM 3JIEeMEHT, a He
coeIUHEHue.



CEPA B IIPHPOJ/IE

«HeT Hu enuHOM pyabl, HET TOYTH HU €IMHOIO KaMHSI, KOTOPbIi OBl
yepes3 B3aMMHOE C JIPYTUMH TPEHHUE HE JIall OT CE0sl CEpHOTO AyXYy M
HE OOBSIBUJI TEM CaMbIM €€ B c€0€ MPUCYTCTBHE

M.B.Jlomonocos

CEPA B IIPUPO/IE
MPOCTOE BEIIECTBO B COCTABE CJIOKHBIX
BEIECTB:
CAMOPO/LHAS CEPA

- cYnbougbl
e CY/Ib®ATbI

15-TbI# 110 PACTIPOCTPAHEHHOCTH XUMHUYECKHIT IJIEMEHT HA 3eMJ1e
(ceabMoOil cpeau HEMETAJLJIOB).
IllecToi 371eMEeHT 10 COAEPKAHUI0 B IPUPOTHBIX BOJAAX.
Conep:xkanue cepbl B 3eMHOU kope cocTasiseT 0,05% mo Becy.



IHTPUPO/JHBIE MECTOPOK/IEHUA CEPbI
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OKHC/ICHUHA OKHUCJIUTEIb OKHCJIHUTEJIHbHO-BOCCTAHOBUTEIHHAA IBOMCTBEHHOCTH BOCCTAHOBMTEJIb
Cepa IIpocToe BemecTBo B cocTaBe cJ10:KHBIX BellleCTB
B pUpoje (caMopoaHasi cepa) (cyabgarsl, cyab(puabl, B cOCTaBe OPIL. B-B)
HHonyuyenune
cepbl
dusnueckue
CBOliCTBaA
AJJIOTPONIHBIE
MoaupUKALUHA
cepbl

IpumeneHue cepbli: XuMHYecKue CBOiicTBAa:



HOJIYYEHUE CEPbI

1. Meroa @pamia. BelmiaBjieHue cepbl MOA 3eMJIEH C
IMOMOIIbLI0 BOASHOIO Napa M BbIKAYMBAHHUE HA
IMOBEPXHOCTH M3 CKBaKUH. (I'epman ®@pam 1890r.)

2. J1oOb14a pyabl OTKPLITHIM crioco0oM. IloryuyeHHyro pyny
PACILIABJIAKOT B ABTOKJIABAX, PACILIABJICHHYIO CEpy
CJIMBAKOT, 2 IPUMECH OCTAKTCH HA JIHe.

3. Cepy MO:KHO MOJIYYUTh U3 coequHennii : HemosHoe
OKMCJIeHHEe CePOoBOA0PoaAa (IPU He0CTATKe KUCJI0POaa).

2H,S + 0, —28 +2H,0




III mepuox VI rpynmna 1. moarpynmna CEPA +16S 1s*25*2p®3s23p*3d°

B 3d
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Crenenn -2 0; +2; +4 +6
OKHMC/JICHUA OKHCJIUTENb OKHMCJIUTETbHO-BOCCTAHOBHUTEILHAS IBOMCTBEHHOCTD BOCCTAHOBHTEJIb
Cepa IIpocToe BemecTBO B cocTaBe cJI0:KHBIX BEIIECTB
B NIpUpoje (camopoanas cepa) (cyabgarsl, cyabpuabl, B COCTaBe OpPIL. B-B)
1. IIpoMBbIIIJIEHHBII METO/I - BHITJIABJI€HHE U3 PYIbI ¢ TOMOIIBLIO BOASIHOTO mapa (Meton ®pama).
Homyyenne | 5 Jl00bIua Pyabl OTKPBITHIM CIIOCOO0M € MOC/IEAYIOIIHAM OT/AeJeHHEM Cepbl. 3.
cepel Henosnoe okuciienne cepoBoiopoa (nNpu Hexocrarke kuciopoga)  2H,S+0, —2S+2H,0
dusnveckue
CBOMCTBA
AJJIOTPONIHBIE
MoaupUKALUHA
cepbl

IpumeneHue cepbli: XuMHYecKue CBOiicTBAa:




KPUCTA/UVTHYECKAA CEPA




III nepuoxa VI rpynna ri1. moarpynmna CEPA +16S 1522322p63s23p43d0 3p [;[;_EC’ED
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Crenenn 2 0; +2; +4 +6
OKHCICHAS OKHUCJIUTEb OKHUCJIUTEJIbHO-BOCCTAHOBUTEIbHAS IBOHiCTBEHHOCTH BOCCTAHOBHUTEb
Cepa HpOCToe BelIeCTBO B cocTaBe CI0KHBIX BCIIICCTB
B IIpHUpoe (caMopoxHasi cepa) (cyabgarsl, cyabpuabl, B COCTaBe OpPIL. B-B)
1. IIpomMblILIEeHHBIA METO] - BBIILUIABJICHUE U3 PYIbI ¢ IOMOIIbLIO BOASIHOTO Mapa. 2.
[Tonyyenue | {oObI4a pyabl OTKPBITHIM CIIOCO0OM € MOCJIEAYIOIINM OTAeJICeHUEM Cepbl. 3.
cepsbl HemnosHoe okuc/ieHne cepoBoa0poaa (MpH HEA0CTATKE KMCJIOPOAA) 2HS+0,—28+2H0
CBeTi10-:xej1TOE Xpynkoe TBepaoe BelIeCTBO, uMeeT cnenuduyeckuit 3amax,

Pduznyeckue .
CcBOIiCTBA: tm = 112,8 °C, tmm = 444,674 °C, ue cmaunBaercs Boj0ii, pacTBOpHMAa B OPraHHYeCKHX
pactBopuresax (CSz2 u ap.). Umeer MoJieKyJISIPHYI0 KPUCTAIMYECKYIO PELIETKY.

AJJIOTPONIHBIE
MoaupUKALUHA
cepsl

IpumeneHue cepbli: XuMHYecKue CBOiicTBAa:




AJVIOTPOIIHBIE MO/THOHKAILIHH CEPbI

MOHOKJ/IMHHAA

CEPA POMBUYECKAS

S nu '
1roJpuarthbiec KPUCTaJljlibl
8 P ’ CEPA

mwi. = 119°C; p = 1,96 r/cm3.
YcrorunBa npu TeMmneparype Sg, toma. = 113°C; p = 2,07 r/em3.
0oJiee 96°C. Hauoosee ycroitunsasi

MoaM(pUKALUSA .







AJVIOTPOIIHBIE MO/THOHKAILIHH CEPbI

MOHOKJ/IMHHAA

CEPA POMBUYECKAS

S nu '
1roJpuarthbiec KPUCTaJljlibl
8 P ’ CEPA

mwi. = 119°C; p = 1,96 r/cm3.
YcrorunBa npu TeMmneparype Sg, t°ma. = 113°C; p = 2,07 r/em3.
0oJiee 96°C. HauboJ1ee ycroituuBas

MOAM(PUKALIUS .

HNJJACTHYECKASA
CEPA

s 8 S8
/N NN N

/ KopaneBaﬂ pe3I/IH01'IOIl06HaH Macca
HeycToiiunBa, ipu 3aTBepaAeBaAHUHU

NMpeBpPAIIAETCH B POMONYECKYIO

S
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CEPA  +16S 1s2s?2p®3s?3p*3d°

3s b
s
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OKHCICHAS OKHUCJIUTEb OKHUCJIUTEJIbHO-BOCCTAHOBUTEIbHAS IBOHiCTBEHHOCTH BOCCTAHOBHUTEb
Cepa HpOCToe BelIeCTBO B cocTaBe CI0KHBIX BCIIICCTB
B IIpHUpoe (caMopoxHasi cepa) (cyabgarsl, cyabpuabl, B COCTaBe OpPIL. B-B)
1. IIpoMbINLIEHHBIH METO/ - BHIIJIABJIEHHE U3 PYIbI ¢ MOMOIIBIO BOASHOTO Mapa. 2.
Hoay4enne | 11,651a pyasl OTKPHITHIM CHOCOGOM ¢ TIOCTETYIOIINM OTAEICHHEM CepbI. 3.
cepel HenosiHoe okncIeHHE CepoBOIOPOAA (IIPH HEAOCTATKE KUCJI0OPOIA) 2HS+0,—2S +2H,0
CgeTyi0-:Ke/ITOe  XpynmKoe  TBepaoe  BellecTBO, B  YHCTOM  BHjAe 0e3  3amaxa,
Puznyeckue tm = 112,8 °C, tmm = 444,674 °C, ne cmaunBaercsi Bonoii (poTanus), pacTeopuMa B
CBOMCTBA: | goprapmueckux pacreoputensx (CS2 u ap..). UMeer MoJIeKyIsSpHYI0 KPHCTAIHYECKYIO PEIIETKY.
A.]I.HOTpOI[HI)Ie POMBHUYECKAS S8; MOHOKJIMHHASA MJIACTHYECKAASA
MouduKa K W uzonvuamole s s s s
ceph1 Kpucmanvl; S, Sn / \s/ \s/ \S/ \s/

IIpumenenue cepsol:

XMMHUYECKHE CBOMCTBA:




XUMHYECKHE CBOHCTBA CEPBI

B3AMMOJIENUCTBHUE C METAJIJIAMUA

Ig‘fm"= HgS- (IpH H.y. Me/JIeHHO)
2A1+ 3S = AlZS3 (150-200° C)
2Na+ S = NaZS (Bbimre 130° C)
Ca+ S =CaS (150° C)

Fe +S =FeS (600-950° C)

4




XUMHYECKHE CBOUCTBA CEPBI
B3AUMO/JIEICTBUE C HEMETAJVIAMUA

2e

[0 0 +1 -2
H2+S = HZS (150-200° C)
C+2S = C82 (700-800°C)

.



I nepuoa VI rpynmna rii. moarpynmna
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'p16 ml6 g16 (©))) ¥
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1 1 2é 8é 6e 1]
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OKHC/ICHUHA OKHUCJIUTEIb OKHCJIHUTEJIHbHO-BOCCTAHOBUTEIHHAA IBOMCTBEHHOCTH BOCCTAHOBMTEJIb
Cepa HpOCT()e BelIeCTBO B cocTaBe CJI0:KHBIX BCIICCTB
B pUpoje (caMopoxHasi cepa) (cyabgarsl, cyabpuabl, B COCTaBe OpPIL. B-B)
1. IIpoMbIILIEHHBII# METO - BHIILIABJIEHHE U3 PYAbI ¢ IOMOIIbIO BOASIHOIO Mapa. 2.
Hoayuenne 00bI42a PYIBI OTKPBITHIM CIIOCOGOM € MOCTETYIOMIMM OTAeJIEHHEM CEePbI. 3.
pYy. p y p
cepel HenosiHoe okncIeHHE CepoBOIOPOAA (IIPH HEAOCTATKE KUCJI0OPOIA) 2HS+0,—28+2H,0
® CBemio-)KeJIToOe  XpPYyNKoe TBepAoe BelecTBO, B YHCTOM BHJe 0e3  3amaxa,
H3MYeCKHue .
. t =112,8 °C, t = 444,674 °C, ue cmaunBaercs Bojoii, pacTBOpHMAa B OPraHMYeCKHX
CBOMCTBA: I KHIT ;
pacrBopureasnx (CS2 u ap..). UMeeT MO/IEKYJISIPHYI0 KPUCTAJLIHYECKYIO PELIETKY.
AJLIOTpOMHbIE S POMBEMYIECKAS MOHOKJIMHHASI MJIACTHYECKASI
MoaupUKALUHA 8 W S uzonvuamole S s 8§ 8 §
8
CEphI Kpucmauiol; n / \s/ \s/ \s/ \s/

IMpuMmenenue cepsol:

XMMHUYECKHE CBOMCTBA:

OKMCJUTEND. S + 26 —S™2 2Me + nS —Me,S_

H,+S=H,S C+S=CS,




XUMHYECKHE CBOHCTBA CEPBI
B3AHMOI[EI7ICTBI/IE C HEMETAJILJIAMUA

% 0 +1 -2

H2+S = HZS (150-200° C)

C+2S = CS2 (700-800°C)

,—l 0 +4 -2

S+O S() (280-360°C)
+6 1

S+3F2=SF 6 (KOMH.)

.
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OKHCJICHUHA OKHCJINTEb OKHCJIHNTEIbHO-BOCCTAHOBUTEILHASA IBOIICTBEHHOCTh BOCCTAHOBHTEJID
Cepa IpocToe BelecTBo B cocraBe cJIOKHBIX BeLECTB
B IpUpoOJe (caMopoxHasi cepa) (cyabgarsl, cyabpuabl, B COCTaBe OpPIL. B-B)
1. IIpoMbIIIIEHHBIH METOJI - BBIIJIABJI€HHE U3 PYIbI ¢ IOMOIILIO BOASAHOIO MAapa. 2.
Hoay4enne | 11,651a pyasl OTKPHITHIM CHOCOGOM ¢ TIOCTETYIOIINM OTAEICHHEM CepbI. 3.
cepel HenosiHoe okncIeHHE CepoBOIOPOAA (IIPH HEAOCTATKE KUCJI0OPOIA) 2HS+0,—28+2H,0
® CBeTJI0-;KeJIToe  XpynKoe TBepAoe BelecTBO, B  YHCTOM BHjAe 0e3  3amaxa,
H3NYeCKHe .
. t =112,8 °C, t = 444,674 °C, ue cmaunBaercs Bojoii, pacTBOpHMAa B OPraHMYeCKHX
CBOMCTBA: h KHII .
pactBoputensnx (CS2 u ap..). UmMeeT MoIeKyJISIPHYI0 KPUCTAIMYECKYH PEIIETKY.
AJL10TPONHbIE S POMBIUYECKAA MOHOKJIMHHASI MJIACTHYECKASI
MoaupUKALUHA S uzonvuamole s 8§ S 8§
8 8 . S, AAAA
cepb] KpucmaJiiibl, [ S ) S

IMpuMmenenue cepsol:

XMMHUYECKHE CBOMCTBA:

OKMCJUTEND. S + 26 —S™2 2Me + nS —Me,S_

H,+S=HS C+S8=Cs,
BOCCTAHOBHTEJIb: S'-48 — S*; 8- 68 —»S™
S +0,=50, S +F, =SF,

S + 6HNO, omn) = H,8O, + 6NO, 1 + 2H,0
JUCIHTPOIIOPIHIMOHUPOBAHHUE
38" + 6KOH(xom) = 2K,S? + K,$™0, + 3H,0




IHHPUMEHEHHE CEPbI

«Cepa - ABUTI'aTCJIb XUMHUYECKOU IIPOMBIIIJICHHOCTH»

A.E.Depcman
CynbduTthl

KPACUTENU l S~ —

y T~
PE3UHA l / \

MOPOX l

B cenbCKkom
XO3AUCTBEe

NEKAPCTBA l

CNMnN4Ku k




bHOJIOTHYECKAA POJIb CEPBI

7ZKn3HEeHHO Ba:KHBIA 3JI€MEHT JAJIA BbICIIHUX OPraHu3mMosB,
CoCTaBHadA YaCTb MHOI'MX 6EJIKOB, KOHICHTPHUPYETCHA B BOJIOCAX.

Tak:ke MHOTO0 cepbl B 0M0JIOTHYECKH AKTHBHBIX BelleCTBAaX
(HanmpuMep, B BUTAMHUHAX).

Urpaer 3HAYUTEIBHYIO POJIb B IPOLECCAX 00e3BPeKUBAHUSA
SIIOBUTHIX BEIECTB B MECYECHH.

OCHOBHBbIC UCTOYHUKH CEPbI - MPOAYKTHI 5 KUBOTHOTO
IPOUCXOKIACHHUS, HO TOBOJILHO 3HAYUTEJIbHO €€ COJAepPKaHue U B
pacturteabHOM muiie. Coip comepkut 263 mr cepsi B 100 r
NPOAYKTA, siiina, Msico - 230, puida - 175, ropox, ¢pacoJib, oBcsiHAA
Kpyna - oosiee 200, npyrue kpynsl 1 xJied - 0osee 100 mr.

IloTpeOHOCTH OPraHu3Ma B cepe 0K0J10 1 I' B CYTKH.



CEPA
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OKHCICHAS OKHCJIUTE]Ib OKHCJIUTEILHO-BOCCTAHOBUTEIbHAS IBOWCTBEHHOCTH BOCCTAHOBHUTEIb
Cepa IpocToe BelecTBo B cocraBe cJIOKHBIX BeLECTB
B IpUpoOJe (caMopoxHasi cepa) (cyasdarsl, cyiabduasl, B cocTaBe Opr. B-B)
1. [IpoMBINIIEHHBIIT METOI - BBIIIABJIEHHE U3 PYABI ¢ IOMOIIBIO BOASIHOTO Mapa.
Hoay4enne | 11,651a pyasl OTKPHITHIM CHOCOGOM ¢ TIOCTETYIOIINM OTAEICHHEM CepbI. 3.
cepel HenosiHoe okncIeHHE CepoBOIOPOAA (IIPH HEAOCTATKE KUCJI0OPOIA) 2HS+0,—28+2H,0
® CBeTJ10-:KeJIToe XPYNKoe TBepA0e BelecTBO, B YHCTOM BHjIe 0e3 3amaxa,
U3nYecKne .
8 t =112,8°C,t  =444,674 °C, ne cmaunBaercst Bojoii, pacTBOPHMAa B OPraHMYECKNX
CBOIiCTBA o KHI ;
pactBoputensnx (CS2 u ap..). UMeeT MoOIeKyJISIPHYI0 KPUCTAIMYECKYH PEIIETKY.
AJLIOTPOIHBIE POMBHYECKAS MOHOKJIUHHAS TACTHUYECKASI
Mo bHKALHH SS W SS uzonvuamoie ] SO A A
Kpucma.Jijibl
cepsbl P /NN N N

IIpumeHneHue cepobl

* INPOU3BOACTBO CEPHOM KHUCJIOTHI;

* INPOU3BOACTBO OyMarwu;

* BYJKAHU3ALMSA PE3UHbI;

* MOJIyYeHHE KpacHuTeseH;

* B CeJIbCKOM XOXAIMiCTBE — y100peHus U
SAA0OXMMHUKATHI;

* INPOU3BOICTBO JIEKAPCTBEHHBIX
Nnpenaparos;

* NPOU3BOJACTBO IOPOXA M CIIMYEK M JP.

XMMHUYECKHE CBOMCTBA

OKUCJUTEL. SY + 26 —S2 2Me + nS —Me,S_

BOCCTAHOBUTEJB: S-4e — S™; SY- 68 —S*
S +0,=S0, S +F, =SF,

S + 6HNO, omn) = HLSO, + 6NO,1 +2H,0
JAAUCITPOITIOPIHIMOHUPOBAHUE
3S° + 6 KOH (xoun.) = ZI(ZS'2 + KZS+4O3 + 3H20



AOIHO/IHUTE/IbHAA HH® OPMAIIHUA 110 TEME:

HNuaTepuer:

http://ru.wikipedia.org;

http://links.alhimik.ru/teleclass
http://mediateka.km.ru/bes 2002
http://him.1september.ru;

http://bizinfo.otrok.ru
http://www.alhimik.ru/teleclass/konspect

http://www.rossibneft.ru/showpage/sprav/chem

CD: | «BupryaabHas jgadoparopus 9 Kiaacc»;

«ba3oBbIil Kypc xXuMuu 8-9ki1ace»;

«O0mas 1 Heopranuvyeckast xumus» QopaszoBaresibHas Kouiekuus 1C;
«Ypoxku xumun Kupusuia u Medonaus»

BupryaabHas mkoaa Kupusia u Medonus; «1C:
Penerutop. Xumus».




CIHIACUbO 3A BHUHMAHHE!



