OnemMeHTbl 161 rpynnol
XanbKoreHsol



JnemMeHTbl 16 rpynnbl

1 2 13 14 15 16 17 18
H (H) | He
L1 | Be B| C|N| Q]| F |Ne
Na | Mg Al St | P | § | Cl|Ar
K | Ca Ga | Ge | As | §e | Br | Kr
Rb | Sr | d-block | In | Sn | Sb |Te| I | Xe
Cs | Ba Tl | Pb | Bi |Pg| At | Rn
Fr | Ra

O — kncnopon, S — cepa, Se — ceneH, Te — tennyp, Po — nonoHUn




AT. Homep
on. KoH.
Paguyc (nm)
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, (3B)

ls (3B)

A. (aB)

XP

XAR

C.O.

CBoucrTBa aNneMeHTOB

O S
8 16
25%2p* 3s23p*
73 103
13. 62 10.63
35.12 23.33
138.1 88.05
1.47 2.08
3.4 2.6
3.50 2.40
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Se

34
3d1%4s24p4
117
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21.19
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2.6
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-2,-1,0,(2),4,6

Te

52
4d105s25p4

135
9.01

18.55

70.7
2.01

2.1

2.01

-2,0,(1),(2),4,6



CBoucrTBa aNneMeHTOB

O S Se Te

AT. Homep 8 16 34 52
an. KoHd. 2s%2p* 3s23p* 3d1%4s24p4 4d105s25p4
Paguyc (nm) 73 103 117 135
1, (aB) 13. 62 10.63 9.75 9.01

, |, 9B . .
l, ( r ZI;/' 3 335- )
s (] &

1104 23] |2
Ae 100 4 20_
XP 90 15—- ____________________ H
o AF N 10- |I\‘* .

i 0O 10 20 30 40 50 60

C.C 0 4 n 4.6



AT. Homep
on. KoH.
Paguyc (nm)
|, (3B)

, (3B)

ls (3B)

A. (aB)

XP

XAR

C.O.

CBoucrTBa aNneMeHTOB

O S
8 16
25%2p* 3s23p*
73 103
13. 62 10.63
35.12 23.33
138.1 88.05
1.47 2.08
3.4 2.6
3.50 2.40

21,02 -2-1,0,(2),4,6

Se

34
3d1%4s24p4
117
9.75
21.19
81.7
2.02

2.6
2.48

-2,-1,0,(2),4,6

Te

52
4d105s25p4

135
9.01

18.55

70.7
2.01

2.1

2.01

-2,0,(1),(2),4,6



CBoucrTBa aNneMeHTOB

O S Se Te
X
AT. Homep ¢ 35 52
On. Koud. 2 4 40105525
Paguyc (nv) ) 5‘ P 135
l, (aB) A XAN 9.01
l, (3B) 3 4 * 18.55
0O 10 20 30 40 50 60

I (3B) 13 n 70.7
A, (aB) 1.4/ £.UB Z.UZ 2.01
%P 3.4 2.6 2.6 2.1
AR 3.50 2.40 2.48 2.01

C.O. 21,02 -2-1,0,(2),4,6 -2,-1,0,(2),4,6 -2,0,(1),(2),4,6



[1pwn H.y.

T.nn., °C
T.kun., °C

AnnoTtponus

CTtpoeHue

AHC_,..(298),
k[x/Mmonb

CBouncTBa NpocTbIX BelecTB

O

becuB.
ras

-219
-183

O,, O;

MOJIEKYIb

498

S Se
XenToe cepoe
TB. B-BO TB. B-BO

120 220
446 685

pomMbudyeckasi Kpuctanm.
MOHOKITUH. aMopdoH.

MONEKynbl,  MonMmep,
nonuMepbl  MONeKynbl

266 192

Te

cepoe
TB. B-BO

450

990

nonMmep

=120



HaxoxpeHue B npupoae v nony4vyeHue
Kucnopon
~21% atmocdepbl. MuHepanbl ~50% 3eMHON KOpbl
1. JlabopaTtopHoe nosny4yeHune
2KNO, = 2KNO, + O, (t°)
2. NpoMbILLNEHHOE NONyYeHUe a3oTa U Kucnopoaa:

dopakunoHnpoBaHue BO3ayxa Oxygen-permeable

UM pasgerieHne Bo3gyxa Ha . membrane
Nitrogen /

MemMmObpaHax ﬂ [ 5 ‘

Atmocdepa: 75.3% N,, 22.9% O,,
1.4% Ar, 0.3% CO,, 0.1% npounx
B6rnaropoaHbIX ra3os

\ 1
Oxygen Air

anic Chemistry, Fourth Edition
P.W.Atkins, T.L. Overton, ). P.Rourke, M. T. Weller,and F. A. Armstrong

Figure 14-3



HaxoxpeHue B npupoae v nony4vyeHue
Cepa
0.05 mac.% B 3eMHOWN Kope

CamopopgHas. Cynbcugbl FeS, (nmput), ZnS
(ccbanepur, BlopTumT), HgQS (kmHoBapb). CynbdaThl
Na,SO,:10H,0 (MmupabunuT), CaSO,-2H,0O (runc)

[lony4aloT HarpeBaHuem camopogHou S ¢ H,O npwu
160°C n 20 at™m

nnm 2H,S + O, = 2S + 2H,0 kat.: C/Al




HaxoxageHne B npupoae n nony4vyeHue

CeneH, Tennyp

ConyTcTBylOT cepe B MuHepanax. CuFeS,
(XanbKonupur).

[Mony4atloT U3 OTXOA0B MEOHOro NPou3BoaCcTBa
Se0, + 2S0, = Se + 2S0,

TeO, + 2NaOH = Na, TeO, + H,0,
ganee arekTponun3 pacteopa




HaxoxageHne B npupoae n nony4vyeHue

CeneH, Tennyp

C.ONvVTeTRVINT cene R MmuHenanay CliFeQ.

O  55.00 Fe 149 P 0.052 Cr 0.0064 |Zn 0.0033
S 16.35 Mg 1.42 N  0.038 Rb 00060 |Sr  0.0029
H  15.52 K 1.10 Mn 0.028 V 0.0049 (Cu 0.0028
Al 499 i 0152 S  0.027 Ni  0.0046 |B 0.0027
Na 2.03 C 0.129 F 0.026 Zr 0.0040 |Co 0.0012
Ca 150 Cl 0.085 Li  0.016 Ba 00034 |Be 0.0011




HaxoxageHne B npupoae n nony4vyeHue

Cen

(xar

< B 0 E2yfe
4 . c - (“
Ta .
W L Ge
"Rhpi o, :
,El,aﬂ A5 Cd In Sn

RE{/ S8 a5
PG e e Sb
Au He rn Pb

L)
Ie

m;ll




Se

Te

[MpuMeHeHHue

nogaepkaHme ropeHus
nogaepXxaHve OblXxaHus
NPoOn3BOACTBO CTanu

Npon3BOACTBO CEPHOWU KNCNOTbI
BYyNKaHMU3auUua HatypanbHOW pe3nHbI
Npon3BOACTBO NOpOXa

B KONMpPOBanbHbIX MallnMHaXx («KCEPOKC»)
Npon3BoacTBO POTO3NEMEHTOB

B MONYNPOBOAHNKAX
B TEPMO3IEKTPUYECKNX 3reMeHTax



CBouncrtBa Kucnopopga

1. O, — becuBeTHbIN ra3, KOHOAEHCUPYETCA B XXUOKOCTb
roniyboro uBeTa U TBEpOOE BELLECTBO CUHEIO LIBETA
[TapamarHuTeH B nNtobom arperaTHOM COCTOSIHUM
d(0O=0) =121 nm
O, Taxenee Bo3ayxa, d = 1.43 r/n
[1110X0 pacTBOPUM B NOMSIPHbIX PACTBOPUTESNAX

(3.15 mn O, B 100 mn H,O npu 20°C)

XOpOoLLO pacTBOPUM B HEMOMSAPHbLIX PACTBOPUTENNAX
2. Kncnopop BcTynaert B peakuum coO BCEMU BELLLEECTBaAMMU,

KPOME Jerkmx rafioreHoB " 6J'IaFOpO,EI,HbIX ra3oB



CBouncrtBa Kucnopopga
3. Okucngaet meTtannbl U HeMeTan bl

P,+50,=2P,0;
S + 0O, = SO, - HemeTannbl
C+0,=CO0, )

3Fe + 20, = Fe;0, MeTansbl

4. Okncnsaer opraHn4yeckme n HeopraHmn4eckmne
coeHeHns
CH, + 9/20, = 6CO, + 3H,0
C,H.OH + 20, = 2CO, + 3H,0

6FeO + O, = 2Fe;0, HeopraHnyeckme
3PH; + 40, = P,O; + 3H,0

} opraHu4yeckme

5. Okucngaercsa cunbHbIMU OKUCIIUTENAMMU
O, + PtRg = [O,7][PtF47]



26
1

1
26

1o
lo

MoneKynsipHbIXN Kucnopogn

HopmanbHoe Bo3byxaeHHble
COCTOsIHME, TPUNMeT COCTOSIHUSA, CUHITIETbI

AE = 92 k[Ix/Mmonb
H,O, + NaOCI = O,* + NaCl + H,0O
KOPOTKOXUBYLLIEE COCTOAHNE




O30H

1. O30H (Oy)
ras rornyooro LBeTa rnpu H.Y., C CUNbHbIM 3araxom
anamMmarHuTeH
T.nn. = =-192.7 °C, T.kmn. = =119 °C Q. d
AN
d =128 nm, o = 116.5° @ « @

2. lNonyyatloT npu 4eNCTBUN TUXOMO 3NEKTPUYECKOro
paspsna Ha O,
30, & 20, Bbixoa =10%
AHO,g = +142.7 k[x/MONb



O30H
3. CnnbHEenwWwmnm okMcnnTenb

O;+2H" +2e~ =0, + H,0 E0=+2.07 B
O;+H,0+2e™ =0, +20H" EC=+1.24B
O;+S+H,0=H,S0, B KMCI1OU cpeae

O; + 2KI + H,0 = 2KOH + O, + |, B LLIENTOYHOU cpeae

505 + 2KOH = 2KO;4 + 50, + H,0 O30HUAbI
(B3pbiBYaTHI!)

4. PaapylueHue o3oHosoro criost @ + 6P —> 00O + 00

ozone



Okcuabl

Tunbl OMHAPHBLIX KNCNOPOAHbLIX COeaNHEHUWN:

1. Okcuabl 0%

BCe anemMeHThbl, Kpome He, Ne, Aru F
2. MNepokenapl O,2"
Cynepokcuapbl O,”
TOSNbKO Camble aKTUBHbIE MeTasnbl
3. O30HMAbI Oj5”

TOJIbKO CaMbl€ aKTUBHbIE METallJlbl

Bce meTannbl 00pa3yrT OKCuabl




Okcuabl

Tunbl OKCUAOOB:

1. Okcuabl aKTUBHbBIX METanoB
M,O (M), MO (LLLI3M), M, O, (P3M)
BbICOKME K.Y., MIOHHAasi CBA3b, pearnpyroT C BOOOW
2. Okenpbl p- 1 d-anNemMeHTOB B HU3KKX C.O.

(o1 +1 go +3, nHoraga +4)
KOBaneHTHble OKCUAbI C NONMMMEPHbLIMU
CTPYKTYpamu, He pearmpyrot ¢ BOAOW, He
PacTBOPSIOTCS B BOAE

3. Okcuabl p- 1 d-arneMeHTOoB B BbICOKUX C.O. TIO,
MOJTEKYIIAPHbIE CTPYKTYPbI, YaCTO MOBbLILLEHHAS
KpaTHOCTb CBA3W, paCTBOPUMbI B BOAE C
obpa3oBaHUEM KUCNOT



AnnoTtponusa cepbl, cerieHa U Tennypa

Cepa

LMKITNYECKNE CTPYKTYPbI OT S; A0 Sy, @ TAKKE Sig, Sy

uenu 1S

d(S-S) = 205-207 nm \fk\/&
CeneH \/‘\

6 NONMMOPMHBLIX MOANdUKALINI: 2 Ss

3 KpacHble — pa3Hble YNaKoBKUN Sg

amopd@Haga — pasynopagodyeHHas popmMa Sg

yepHas (LMKIbl 60nbLOro pasmepa) s

cepas (ctabunbHas) — uenn 1Se_ ;\7’
Tennyp f

TONbKO Kpuctannuyeckun (1Te,) ¢
KaTeHalusa BMeCTo mt CBA3N ! 35,



AnnoTtponusa cepbl, cerieHa U Tennypa

Cepa
B R “her S20
CeneH A AA::;L
e
§ Sc WS
Tennyp e

TONbKO Kpuctannuyeckun (1Te,) ‘Z
KaTeHauunsa BMECTO 1t CBSA3N ! 3s,

Structure 15-3
Shriver & Atkins Inorganic Chemistry, Fourth Edition
2006 by D.F.Shriver, PW. Ak, T.LOveston, J.P Rourke, M.T.Wellerand . A Amstiong



AnnoTtponusa cepbl, cerieHa U Tennypa

Se '
10 8 3 Sei1
SEE 7 544
' 6 J4
‘ ‘/J
J\ 2
10
1
9 8
Seqn 3 Ses 7 Sezo «
7 g i (In) 10 .r7
- 12 5
e W ’ Sa
2 11 6
1 ‘ .
10 16 1
\ 1 |
Do 12 i a—f g/g
15
17 20



Ounarpamma coCTosHUA cepbl

P, atm

1 atm




CBouncrtBa cepbl, ceneHa u Tennypa

OTtHoweHue k O,

OTtHoweHwne k H,O

PacTBOpMMOCTb B

B3anmogencreume c
HemeTannamm

B3anmogeuncrteue ¢
MeTannammu

E0(39/92°), B

S Se Te
ropuUT roput roput
— SO, — Se0, — TeO,

He pPacTBOPSKOTCS U HE pearnpyroT Npu H.Y.

B CyH; He pacTBOpAIOTCA

CS,
Kpome Ng  kpome Ng Tonbko O,
l,, N,, Se l,, N,, S, C 1 ranoreHbl

pearnpytoT ¢ 60nbLUMHCTBOM METanNoB

—-0.48 —-0.92 -1.14



CBouncrtBa cepbl, ceneHa u Tennypa

1. Peakuun c ranoreHamm
S + 3F, = Sk,
2S + Cl, = S,Cl,
Se + 2Cl, = SeCl,
Te + 21, =Tel,

(Se, Te)

(Br)

(Te)

(Ho He S, Se)

S,Cl,



CBouncrtBa cepbl, ceneHa u Tennypa

2. ['opeHue
S+0,=S80, ronyboe nnams
Se + O, = Se0, KpacHoe nnams
Te + O, =TeO, ronyboe nnams

3. OkucneHuve
S + HCIO; + H,O0 = H,SO, + HCI
Te + 2H,0(ra3) = TeO,, + 2H, (t°)
Te + 3H,0, = H;TeOq
Se + KBrO; + 2KOH = K,SeO, + KBr + H,0O



CBouncrtBa cepbl, ceneHa u Tennypa

4. ObpasoBaHMe NoIMKaTUOHOB U NONMMaHNOHOB
Sg + 3AsF, = [Sg?*][AsFg ], + AsF, B xxugkom SO,
6Te + 6AsF; = [Te *][AsFs], + 2AsF; B xuagkom SO,
4Te + 3H,SO, (koHL) = [Te,**](HSO,), + SO, + 2H,0

4Se + K,Se = K,[Se:] B AM®

7Te + K, Te = K,[Teg?T] B AM®

Te 2- Se:: i—lz- S/_’\Z:;ajm
o

35 s3t

Siive 8 Atk Icegansc Chamistr Fourth Gt

2—-
31 Teg



CBoucTBa cepbl, ceneHa v Tennypa

4, Obpas3oBaH

ngkom SO,

6Te + ¢\
4Te + ]
415e +
7Te + |

I::S;¢

31 Teg

Structure 15-11
Shiver & Ackinsinorganic Chemistry. fourth Edtion
2000 by DL Shrer WAt T Overion, o

L+ 2H,0
M

(Ter)[ TaFs]-2

Tea Te3!

Te3

Z. Anorg. Allg. Chem. 2023, 649, 202300142



CBouncrtBa cepbl, ceneHa u Tennypa

5. ducnponopumoHmnpoBaHue
3Se + 6KOH = K,SeO, + 2K,Se + 3H,0 (Te)
S + Na,SO; = Na,S,0, (t°)
6. BoccTtaHoBneHue
Cu+ S=CuS
Fe + Se = FeSe
7. S, Se, Te obpasyloT xanbKoreHmabl
Xanbkorenumnasl LM n LI3M — noHHble coegmnHeHuns,

OcTarnbHble — KOBareHTHble U MeTaninyeckme



CBoucTBa NonoHusA

|2 13 14 15 16 17 18 Po: [Xe]4f145d106526p4

H e | Metann

Li | Be B C|N|O|F|Ne| Tan=927K, Ty =1235K
Na | Mg ALl Si| P S |cCllAr| He unmeer ctabunbHbIxX

K | Ca Ga|Ge | As | Se |Br | Kr | U30TOMOB, U3Y4YEH XYyXe

Rb| Sr | d-block | In | Sn|[Sb | Te | [ | Xe| XaJlbKOreHOB

Cs | Ba TL | Pb | Bi (Po) At|Rn

Fr | Ra ~ PbPo obHapyxeH B npupoae

Haunbonee yctonumsbin npupoaHbin nsoton 21°Po: t;,, = 138 aHewn,
Haunbonee ycTonymBbIN UCKYCCTBEHHbIN U30TOoN 2%°Po: t;,, = 126 net

OCHOBHbIE C.0. =2, +2 1 +4 Po + O, = PoO,
Po + 2Cl, = PoCl, PoCl, + 2CsCl = Cs,[PoClg]
Po + 2HBr = PoBr, + H, Po + 2Na = Na,Po

3PoBr, + 2NH; = 3P0 + 6HBr + N,
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169
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'mapuabl

H,0 H,S
T.nn., °C 0 -85.5
T.kun., °C 100 -60.3
k[x/Mmonb
dib
O(: 1004
(. !
50
pK N T.knn
pK -50_- \/
| T.nn
O¢c w00db — - 0
0 10 20 30 40 50 60
CB( n ns

100 -

-100 4

-200 4

H,Se
-65.7

-41.3
73.0

H,Te
-51.0
-4.0
99.6

50 60



T.nn., °C
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AfH0298’
k[x/Mmonb

d(H-3), nm
/(H-9-H),°
pKa,
pKa,

Ocobble
CBOUCTBA

'mapuabl

H,0 H,S H,Se
N Ko~ ~ _RE 7
160
| d(H-9), nm
140+
120+
100- Z(H-3-H),°
— = —Q
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-100

0 10 20 30 40 50 60
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90
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npu 0°C
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'mapuabl
1. Nony4eHune
AlLS; + 6H,0 = 2AI(OH), + 3H,S
Al,Te; + 6H,0 = 2Al(OH),; + H,Te (c pa3an.)
FeSe + H,SO, = FeSO, + H,Se
2. ObpasoBaHue coneu

H,S + CuSO, = CuS| + H,S0O,
(HepacTB. B KUCIOTaXx)

Na,S + FeSO, = FeS| + Na,SO, n -
(pacTBOpUM B KMcnoTax) KA /2 L3~ L.

_ P /|\/// SO\
NaOH + H,S = NaHS + H,0 @) 7aNlig17a\llg

2NaOH +H,S=Na,S+H,0 [ ¥ X VY -




'mapuabl
3. OkucneHune

2H,Se + O, = 2H,0 + 2Se

H,S+1,=2HI+ S (B pactBope)

3K,Se + 4H,0 + 8KMnO, = 8MnO,, + 3K,SeO, + 8KOH
5H,S + 3H,S0, + 2KMnO, = 5S + 2MnSO, + K,SO, + 8H,0

4. [pyrne rmgpuabl

H,O H,S H,Se H,Te
HZOZ HZSZ
H2S;

H,S6



Boaa

Q.
PN

sp2 — rmbpuansaums

d(H-O) = 96 pm
AB,E, no 'mnnecnu
E, O H,0 H
3a;
2b,
O (HO) == | 4t tlgp

V
2
AOHOPHbIE —H— | i al

: T 1a
ceolicmea 800hbI




CTpykKkTypa BOAbI

o

Figure 9-5 Figure 9-9
Shriver & Atkins Inorganic Chemistry, Fourth Edition Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P.W. Atkins, T.L. Overton, J. P. Rourke, M. T. Weller,and F. A. Armstrong © 2006 by D.F.Shriver, P.W.Atkins, T.L. Overton, J. P.Rourke, M. T. Weller,and F. A. Armstrong

Nen-1 Knartpart (Xe),(CCl,)s 46(H,0)



CTpyKTypa BOAbI

Hi
SbH 104.5°

3

SnHZ I

= \—/5:
2 gt
2 5
= 2:

100

.......... HZO

St  Asir ergeni Chrmsr Foarh Eion

o

H,O TB. — 3 BOOOPOOHbIE CBA3M
H,O X. — 4 BOOOpOAHbIe CBA3WU

-
o
=

p (H,Ox.)>p (H,OTB.)!

Temnepamypa kuneHusi, °C

N
o
o

2 3 4 5
Homep nepuoda

Figure 9-4
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P.W.Atkins, T.L. Overton, J. P. Rourke, M. T. Weller,and F. A. Armstrong



CBoucrtBa BOAbLI

d,=1r/cm® d=0.92 r/cm®

2. 2H,0 & H;0* + OH- ky =21-10-14
ocHoBaHne H,0O + HCl < H;0* + Cl-
Kncnorta NH; + H,O < NH,® + OH"

3. Okucnuntens
2H,0(x) + 2Al(TB) = 2Al(OH); + H,

H,O(r) + 3FeO(TB) < Fe;0, + H,

4. BocctaHoBuUTEND



CBouctBa BOAbI

1)

5. Boga n nen
.
® &
® ® ® HIGHEST DENSITY
il
__ 1.0004 Ll
E ICE
-
< 0.950-
=
A 3%{ 7 WATER
U W 0.900-
S ) ; =
| } oo ) T T T 1
=] - ﬂ @ N -40°C -0 0°C 20T 40°C
= " -
H | ISe
5| &, & _
@ o [ o

DOODDDO0

TEMPERATURE (°C)



Mlepokcup Bogopoaa

H,O, ©OnegHo-ronybas »xngkoctb
T, =-0.4°C
T = 152 °C (c pasnoxeHnem)
AGO,9q = =120.5 k[x/MOsb
u=157D

[lony4yeHue:

BaO, + H,S0, = BaSO,| + H,0,
PasnoxeHue:

H,O, (k) = H,O (k) + 1720, (r) AH%gs =—98 k[Ix/Monb
Kucnora:

H,O, + H,0 & H;0* + HO,~ pKa = 11.65

H,0O, + 2NaOH < Na,O, + 2H,0




Red/OX cBouctBa H.,0O,

1. CUnbHbIV OKUCNIUTENb B KNCNOW cpeae
2Nal + H,0, + H,50, =1, + Na,SO, + 2H,0
E° (H,O,/H,0) =+1.78 B

2. BoccTtaHoBUTENDb B KNCMNOWU cpeae
2KMnO, + 5H,0, + 3H,SO, = 2MnSQO, + 50, + K,SO, + 8H,0
E° (O,/H,0,) = +0.68 B

3. Okmncnurtens B WENOYHOM cpeae
2Cr(OH); + 3H,0, + 4KOH = 2K,CrO, + 8H,0
E° (H,O,/OH") =+1.14 B

4. BoccTtaHoBUTENb B LLENOYHOWN cpeae
2KOH + Cl, + H,0, = 2KCIl + O, + 2H,0
E° (O,/H,0,) =+0.15B

5. [[eTeporeHHbIN OKUCNUTENb
PbS (t8) + 4H,0, = PbSO, (T8) + 4H,0



Cl

Br

[f[anoreHupbl cepbl, ceneHa v Tennypa

S

SZFZ

SF,

SF,

S2|:10

SF,

S, Cl, (x=3)

S,Cl,

SCl,

SCl, (pa3n.<0°C)
S,Br,

Se

Se,F,
SeF,
SeF,

Sek,

Se,Cl,
SeCl,
SeCl,
Se,Br,
SeBr,
SeBr,

Sel,

Te

Tek,

Tekg
Te,Cl,

TeCl,
TeBr
TeBr,
TeBr,
Te,l
Tel
Tel,



[f[anoreHupbl cepbl, ceneHa v Tennypa
1. ManoreHnabl S, Se — XMokKoctu U rasbl, kpome 1B. SeCl,

[ UrpocKonu4Hbl, Kpome Sk,
SeCl, + 3H,0 = H,5e0,; + 4HCI rmoponmn3s
SF;+ 6HI =6HF +3I,+ S SiF>~ < PF¢~ < SF,

2. [anoreHnabl Tennypa — TBepAble BelecTsa, kpome Tek,

F

bpomunabl U noanabl He pearnpyroT C BOAOW NPU H.Y.
TeBr, + H,O ;'(
TeCl, + 3H,0 = TeO,-H,O + 4HCI




ﬂonyquMe rajioreHNAoB Cepbl, CeJyieHa U TesnJypa

1. lNpambiM mMeToooM nosiy4varoT rekcaropuobl S, Se, Te;
S,Cl, n S,Br,; SeCl, n TeCl,; SeBr, u TeBr,; Bce
noamnabl Tennypa

2. [lonyyeHne HU3WKNX ranoreHNOoB Se, Te
3Se + SeCl, = 2Se,Cl,
5Te + TeCl, = 2Te;Cl,
3Se + SeO, + 4HBr = 25e,Br, + 2H,0

3. lMony4eHune guranoreHnaoB Cepbl
H,S + OF, = SF, + H,0
S,Cl, + Cl, = 2SCl, (kaT. FeCl.)

4. [Nony4veHue TeTpadTOpPUAOB
3SCl, + 4NaF = SF, + S,CI, + 4NaCl
3Se + 4CIF; = 3SeF, + 2Cl,
TeO, + Sek, = TeF, + SeO,



Okcupabl cepbl, ceneHa v Tennypa

S, Se, Te obpasytot okeuabl 30, n 30,

Takke nsBectHbl S0, S,0, SO, S,0,, Se,0.

SO, SeO,
T.Nn. =-75.5°C T.cyon. = 315 °C
T.kun. =-10.0°C  xopoLio pacTBOPUM

pacTBOpUM B BoAe — H,Se0O,
< H,S0,
SO, SeQ,

T.nn. = 16.9 °C T.nn. = 118.5°C
T.kumn. = 44.8 °C

pearnpyeT c BOgou pearnpyet c Bogou
— H,S0, — H,SeO,

S0
TeO,
T.cyon. =450 °C
Ny1I0X0 pacTBOPUM
— Te0O,-H,0

TeO,

pasnaraeTcs B
TBEpaon gase
HE pacTBOPUM



Ounokcunabl cepbl, ceneHa U Tennypa
S0O,, Se0,, TeO, nmerT pasnMYIHoe CTpoEeHMne

)
Z

[l

N

RO/
./‘(

W

2K
"l.‘—_
Y s
¢ .“l‘“

Sp?-rmbpmnansayms
[Tony4deHue:

3FeS + 50, = Fe;0, + 3S0, (t°)

Na,SO; + 2HCI = 2NaCl + SO, + H,0

Te + 4HNO; = TeO, + 4NO,, + 2H,0

Se + O, = Se0,
PacTBOpMMOCTb B LLierno4vax

SeO, + 2NaOH = Na,SeO, (S, Te)



CeouctBa SO,

1. NonyyeHne B NPOMbILLNEHHOCTH:
S +1/20, = SO, ropeHue

2. PactBopumocTtb: 40 n SO, B 1 n H,O

3. BoccTtaHoBuUTENDb B LLENOYHOU cpeae:
2K,CrO, + 3S0, + 2KOH + 2H,0 = 2Cr(OH),; + 3K,S0O,

4. BoccTaHOBUTENbL B KNCNOW cpeae:
SO, + 1, + 2H,0 = 2HI + H,SO,
5S0, + 2KMnO, + 2H,0 = 2MnSQO, + K,SO, + 2H,SO,

5. Cnabbin okMcnnTernb B KUCION cpeae:
SO, + 4HCI + 4FeCl, = S + 4FeCl; + 2H,0



CeouctBa SO,

6.PactBoputenb
2S0, & SO?*+ SO,%~ aByx3apsagHble NOHbI!

3ASF. + 51, —2%) | 5| [ASF] + AsF,
7. OkmncnuTtens B ra3oBon dase
SO, + 2C0O = 2CO, + S (750 K)

8. JluraHa B KOMMMEKCHbIX COeAUHEHUAX

SO,
NH, | NH;

Y

NH; NH;

Cl



TpuoKkcugbl cepbl, ceneHa v Tennypa

[TonyyeHne

250, + O, = 250, 400°C, V,0O¢ t

K,SeO, + SO, = K,SO, + SeO, 142 pm o

H.TeO, = TeO, + 3H,0 (t°) .’é?*‘

6 SO;, Dy,

SeQ,, TeO; HeyCcTONYMBLI NPU HarpeBaHUK - SO

2Se0, = 2Se0, + O, () (T&)  sp2-rubpuansaLms
OkcoranoreHngsbil:

SO, + SCIl, = SOCI, + SO,

SO, + Cl, = SO,CI, kaT. C

SO, + PCl. = SOCI, + POCI,
SO,Cl, + 2NaF = SO,F, + 2NaCl




KucnopogHbie KMCNoOThbIl S, Se, Te

H,SO,
cepHucTas
pKa, = 1.82
pKa, = 6.92
ycTon4mBa
TONbLKO B p-pe

H,S0,
cepHad
pKa, =-3.1
pKa, =1.92
BA3Kas XXUAKOCTb
pactBopgeT SO,

H,SeO,
cerneHucras
pKa, = 2.45
pKa, = 7.3
MrPOCKONUYHbIE
benble KpUCT.

H,SeO,
cerneHoBas
pKa, = -2
pKa, = 2.01
XUOKOCTb
T.nn. = =57°C

H,TeO,
Tennypucras
pKa, = 2.51
pKa, = 7.7
benble KpucTannol
NS10X0 PacTBOPUMBI

H;TeOq
opToTennypoBasd
pKa, = 7.68
pKa, = 11.3
benble KpucTannol
pacTBopseTcd
TOJ1IbKO npwm 1°



KucnopogHblie KMCnotbl S, Se, Te (1V)

1. NonyyeHne
SeO, + H,0 = H,SeO, (S)
3Te + 4AHNO; + H,0 = 3TeO,-H,O + 4NO

2. [lnccounaums
H,SO; < H" + HSO,~ (Se, Te)
HSO; < H* + SO;2- (Se, Te)

3. Red/Ox cBoucTtBa
H,SeO; + 2K,SO,; = Se + 2K, SO, + H,O



NonyyeHue n ceonuctBa H,SO,

1. KoHTaKkTHbIX npoLecc
SO, + 1/20, < SO,  AH? =-96 k[bx/Monb
[1pn HM3KKMX T Mana CKOPOCTb peakuunn
[1pn BbicOKMX T paBHOBeCKe cOBUraeTca BreBo
Katanusartop V,0./SIO,/K,SO,
V,0: + SO, = 2VO, + SO,
4VO, + O, = 2V, 0O; }

2. SO;+ H,0=H,S0, pacTBopeHne SO,
H,SO, + SO; = H,S,0, nonyvyeHue oneyma
H,S,0, + H,0=2H,50, pa3baBneHne oneyma



NonyyeHue n ceonuctBa H,SO,
3. CunbHaga kucrnoTa
H,SO, + H,O0 & H,0* + HSO,~
HSO,” + H,O < H,O* + SO,%~
2H,S0O, + HNO; < NO,* + H;0* + 2HSO,~

4. MvHepanusaTtop
H,SO, + CaF, (18) = CaSO, + 2HF
H,S50, + CaCO; = CaSO, + CO, + H,0

KR
KKK,



NonyyeHue n ceonuctBa H,SO,

5. Okucrnimtens npu ¢ > 70%
H,SO, (p) + Zn = ZnSO, + H,
2H,S0O, (k) + Zn = ZnSO, + SO, + 2H,0
E(HSO,/SO,)=0.16 B

6. ObpasyeTt conu — cynbdarol
PacTtBopumbl B Boge, kpome M!SO,
BaCl, + FeSO, = FeCl, + BaSO,]
K,SO, T.nn. = 1342 K, 1.kun. = 1962 K
CdSO, = CdO + SO, ~ 1400 K
Ag,SO, =Ag + SO, + 0O, =1050K



®as3oBas guarpamma H,S0,-H,0

Conepxanue SOz, Mac. %
0O 10 20 30 40 50 60 70 80

10 ' \
0 H,S04°8H,0  Kuakoctb /
IizSO46H20 :
-10
@) H28044H20
o =201
< -28,4°
5 =301
[0
g 40
() L o (]
= -0 I
6ol ol
_ s S
70 2 |%&
o) ==
-80

0 10 20 30 40 50 60 70 80 90 100
Conepxanue H,SO,4, Mac. %



KucnopogHblie Kkucnotbl Se, Te (VI)

1. Auccoumauyung
H,Se0, < H" + HSeO,~
HSeO,” < H* + Se0, %"
H;TeOgz < HY + H. TeO,”
H.-TeO, < H* + H,TeO4?"
2. CBoncTea
H,SeO, + 2KOH = K,SeO,+ 2H,0
H,S5e0O, + CdCO,; = CdSeO, + CO, + H,O
HTeO4 + 2KHCO, = K,H,TeOg4 + 2CO, + 2H,0
3. lNonyyeHune
H,SeO; + H,0, (30%) = H,Se0O, + H,O
Te + 3H,0, (50%) = H TeOq




CpaBHeHue CUNbl KUCHOT

OcnabneHune rwt-cBa3n 3—0

YMEHbLLUEHNE CUMbl KUCOT

YBennyeHme cusnbl KUCNoT

YBenuyeHue yncna cessen 3=O>




CpaBHeHue CUNbl KUCHOT

B g H SO, H,SeO, HTeO,

OcnabneHve n-CBsa3u 3>

YMeHbLUEeHWEe Yncna CBH3GM}
YMEHbLLEHNE CUMbl KUCAOT >




OkucnutenbHble CBOUCTBA KUCNOT

| =l |

YcuneHmne okmcnmTernbHOU cnocoOHOCTU

H,SO; He MOXeT BbITb CaMblM CUSTbHBIM OKUCTIUTENEM, MOCKOSbKY
CYLLECTBYET TONbKO B pa3baBneHHOM pacTBope

H,S0, H,SeO, H;TeOq
| = < |

YcuneHmne oKkncrnmTenbHOM CNoCcoODHOCTU

OKpaHupoBaHue !

H,S5e0O, + 6HCI| = Se + 3Cl, + 4H,0
H,SeO; + 250, + H,0 = Se + 2H,S0O,



KucnopogHblie KUCNOTbI CO CBA3bIO S-S

1. H,S,05; TnocepHas Tnocynbpat pKa, = 0.6; pKa,=1.74
2. H,S,0, AnTnoHuctasd AUTUOHUT pKa, = 0.35; pKa, = 2.45
3. H,S,0, AuTMoHOBasd auTuoHat pKa, = 0.12
4. H,S;04 TpUTHMOHOBAaA TPUTUOHAT
5. H,S,0, TeTpaTuoHoBas TeTpaTvoHaT O\ R
6. H,S5,0O; NONMUTUOHOBLIE  MONMUTUOHATHI ow'S—Si‘O
(x=5.. 20) g 3 \O
S 127 12 O\ 127
| 99 7 o
/'g ST Sy Oo/ \s_;”' ?
O:EL;’/;} \O Ol 5 \o 4 O/ ?’O



[MonyyeHne n cBOUCTBA TUOKUCHIOT

1. HSO,Cl + H,S =H,S,0; + HCI <0°C
4S0, + 2H,S + 6NaOH = 3Na,S,0,; + H,0
Na,S,0; + 2H,SO, = 2NaHSO, + S + SO, + H,O
2Na,S,0,4 + 1, = Na,S,0, + 2Nal
3Na,S,0, + AgBr| = Naj[Ag(S,0;),] + NaBr KOMMNJieKkc

2. Zn+ 2S0, =7nS,0, (B BOOHOWU cpefe)
Na,S,0, + 3Fe,(S0O,); + 4H,0 = 6FeSO, + Na,SO, + 4H,S0O,

3. MnO, + SO, = MnS,04
BaO, + SO, = BaS,0q4
BaS,0O; + H,SO, = BaSO,| + H,S,0, (koHU) HeT red/ox cBOUCTB



[lepOKCOKMNCNOTLI cepbl

1. H,SO; «kucnota Kapo (nepokcoMoHOCepHasa) OKUCIUTENb
2. H,S,04 nepokcogucepHas CUIbHbIV OKUCTINTEND

%f

19 Peroxomonosulfuric acid, H,SO;

20 Peroxodisulfuric acid, H,S,0g

o i asopnic ity e s
2006 by 0. F Shives, . Ak, T Oveton. P

0
& Athins Inorgoaic Chemistry, Fourth Edition
P Atkins, T.LO

2H,S0, 2~ H,S,0, + H,

H,S,0, + H,0 = H,S0, + H,SO.

5H,S,0, + 8H,0 + 2MnSO, = 2HMnO, + 12H,S0,
E(S,0,27/HSO,”) = +2.1 B



[F[anoreHOKUCNOTbI cepbl

1. HSOsF  dTopcynbdoHoBad OYeHb CUINbHagqa K-Ta
1.0n. = -88 °C, 1.kmn. = 167 °C, pK, = -10
2. HSO,ClI  xnopcynbdoHoBas O4YeHb culbHas K-Ta

T.nNn. = =80 °C, 1.kmn. = 152 °C

Conwu:
SO,CI- 1. PdTopcynbdoHaThl
2. XnopcynbgoHarbl

SO, + HF = HSO,F (Cl)
H,S,0, + 2KHF, = HSO,F + 3HF + K,SO,
PCl. + H,S0, = HSO,CI + HCI + POCI,



[F[anoreHOKUCNOTbI cepbl

[maponuna: |
HSO,CI + H,0 = H,SO, + HCI g
CsoucTaa: HSO,4(CF,)

2HSO,F + SbF. = [H,SO;F]* + [F:SbOSO,F|”
«BonwebHasa kucnota» (pK, = —23)

2HSO,Cl + H,0, = H,S,04 + 2HCI
bpomcynbdoHoBaga Kucrnorta HeycTonymea:

2HSO;Br = H,50, + SO, + Br, (8 9C, T.nn./paan.)
TpugptopmeTaHcynboHoBas kucrnora HSO,(CF,)

pPK, = —15; conu — «TpudnaTtbI»
4HSO4(CF;) + (CuOH),CO4 = 2Cu(SO,;CF;,), + CO, + 3H,0



[F[anoreHOKUCNOTbI cepbl

[maponuna: |
HSO,Cl + H,0 = H,S0, + HCI g
CBoucTBa: ~ B HSO,(CF5)
2HSO,F + N @) 011
Br13 Py <a ~ _23)
2HSO,CI 4 R (7] i
Bpomcynbd g .
i &~ 012
2HSO;Br - S r.nn./pasn.)
Tpugptopme: =)

pPK, = —15; conu — «TpudnaTtbI»
4HSO4(CF;) + (CuOH),CO4 = 2Cu(SO,;CF;,), + CO, + 3H,0



OpraHocynb(pOHOBbLIE KUCNOTbI
1. O6bwaa dpopmyna RSO;H, rae R = Alk, Ar

2. MetaHcynbgoHoBaga kucnorta CH;SO;H

[Tony4yeHue: c

CH, + SO; = CH;SO;3H (50°C, 100 at™m) unu (kar.)
CunbHaga kucnota, pK, =-1.9; T.. =19°C, T,,, = 165°C
Conu — me3unarbl:

2CH;SO4H + Na,CO; = 2CH;SO;Na + CO, + H,0



CoeavHeHUA cepbl C a30TOM

6S,Cl, + 16NH, CCl, S,N, + Sg + 12NH,CI

S,N, HepacTBopUM B BOAE,
rmaponn3yeTca LWenoYbko . V7 1.62A

2.
S,N, + 6KOH + 3H,0 = K,S,0, + 2K,SO, + 4NH,

36 S,N,
N=SF Hg\“ 8 PO > O
2
S,N

‘y Lo 4&’
N=SF CcCls Z% \ (SNBrg 4)y

[S4N,#][AsF],



OOLme 3aKOHOMEPHOCTH

YcunuearoTtca «MeTansimdeckme» CBOMCTBa 3N1eMEHTOB, YMeHbLUAeTCs
KMCIOTHOCTb OKCUAO0B, YBENUYNBAETCA MOHHOCTb ranoreHnaoB; NofoHUN
— paguoakTUBHbLIN MeTans.

Bce anemeHThI, Kpome Tennypa, nonumopdHsl. Kncnopog obpasyer
MOJSIEKYSIbl C KpaTHbIMU CBA3SMMN, ONA APYrMX 9NeMeHTOB XapakTepHa
KaTeHauus, MakcumarsnbHO nNposiBnsiemMmas cepou.

Kncnopopg — okucnutens; onga opyrnx anemMeHToB 6onee TUnuYHbI
BOCCTaHOBUTENbHbIE CBONCTBA.

[ns kncnopoaa Hanbonee xapakTepHa C.0. -2, Apyrie anemMeHThbl
CTabunbHbI B MONOXUTEMNbHbIX C.O.

Tepmuyeckasa ctabunbHocTb H,3 nagaet BHU3 No rpynne, cuna
COOTBETCTBYHOLUNX KMUCIOT yBenuymaaetcd. Ocobble ceorncTtea H,O
onpenenstTca HannM4nem NPOYHbLIX BOAOPOAHbLIX CBA3EN.

Cuna KMCcnopoaHbIX KNCOT YyMeHbLLAETCA BHM3 NO rpynne u
yBENMUMBaeTCcH C yBenmieHnem ymcna cesasen 9=0.

OkuncnntenbHasa cnocobHOCTb KUCIOT B C.0. +4 N +6 N3MeHAETCA Nno
pagy Se>Te=S.
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