onemMmeHTbl 171 rpynnbl
[anoreHsbl

HeopeaHuyeckas xumus, 1 Kypc, 2024/2025



JnemMeHTb! 17 rpynnbl

| 2 13 14 15 16 17 18
H (H)| He
L1 | Be B| C|N|O/|F|Ne

Na | Mg Al S1 | P | S |(C]| Ar
K | Ca Ga | Ge | As | Se | Br | Kr
Rb| Sr | d-block | In | Sn | Sb | Te | T | Xe
Cs | Ba Tl | Pb | Bi | Po | At| Rn
Fr | Ra

F — dpTop, Cl — xnop, Br — 6pom, | — noa, At — actar




CBoucrTBa aNneMeHTOB

F Cl

AT. Homep 9 17
on. KoHo. 25°2p° 3s23p°
Paguyc (nm) 71 99

|, (aB) 17.46 13.01
|, (aB) 34.71 23.85
I, (aB) 184.2 113.8
A, (aB) 3.5 3.6
P 4.0 3.2
AR 4.10 2.83
C.O. -1,0 -1,0,1,3,(4),5,(6),7

Br

35
3d104524p5
114
11.82
21.47
103.5
35
3.0
2.48
-1,0,1,3,5,(7)

53
401055255
133
10.30
19.11
90.2
3.3
2.7
2.21
-1,0,(1),3,5,7



F

AT. Homep 9
an. KoHd. 25°2p°
Paguyc (nm) 71
ly 1404 I, MM I
I2
| 120- Br
! C
A, 100
17 so- E

10 20 30 40 50

CBoucrTBa aNneMeHTOB

3s23p°

Br I
35 53
3d1%4s24p>  4d195s?5p°
114 133
180 -
160- D
0] 13
5120-
100—-
80—-
60- . .
2 3 4 5



CBoucTBa 31eMEeHTOB

F Cl Br I
AT. Homep 9 17 35 53
an. KoH. 25%2p° 3s23p° 3d104s24p> 4d105s25p°
Paguyc (nm) 71 99 114 133
, (3B) 17.46 13.01 11.82 10.30

I (

17 (
Ae (

18' —a— 17
—e— 16
16 - ——15
—v—14
14 - —— 13

0 1o

P 10 -

X

X
C.

AR

I

N’
N_
w
D
(63}



CBoucrTBa aNneMeHTOB

F Cl

AT. Homep 9 17
on. KoHo. 25°2p° 3s23p°
Paguyc (nm) 71 99

|, (aB) 17.46 13.01
|, (aB) 34.71 23.85
I, (aB) 184.2 113.8
A, (aB) 3.5 3.6
P 4.0 3.2
AR 4.10 2.83
C.O. -1,0 -1,0,1,3,(4),5,(6),7

Br

35
3d104524p5
114
11.82
21.47
103.5
35
3.0
2.48
-1,0,1,3,5,(7)

53
401055255
133
10.30
19.11
90.2
3.3
2.7
2.21
-1,0,(1),3,5,7



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

l, (3B)

17 (3B)

A. (aB)

XP

XAR

C.O.

CBoucrTBa aNneMeHTOB

F Cl Br |
x 4
¢ 40 53
' 1052505
2 35, 4d*°5s<5p
' 133
3,0-
1 | 10.30
3 2% 19.11
18 20— — 90.2
10 20 30 40 50
3. n 3.3
4.0 3.2 3.0 2.7
4.10 2.83 2.48 2.21
1,0 -1,0,1,3,(4),5,(6),7 -1,0,1,3,5,(7) -1,0,(1),3,5,7



T.kun. (°C)

T.nn. (°C)
BHewHUn Bna
npu H.y.

AH° aucce.,

k[>X/Morb

EO (X,/X), B

MonekynsipHble ranoreHbil

-188.1 -34.0
-219.6 -101.0
onegHo- XEenTo-
XEenTbin 3eneHbIn
ras ras
158.8 242.6
2.869 1.358

Br,

59.5

-7.2

bypas

XUOKOCTb

192.8

1.065

192.8
(cybn.)

YyepHble
KpucTannbl

151.1

0.535



CtpoeHue ranoreHoB

B razoBoun gpase: AByXaTOMHbIE MONEKYIbI

-
Py o]
o Lt o
S
9 v
g c
wl w
1o
u
u
2s 2s
1o
- 10
9
Figure 16-4
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
Figure 2-14

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

OKpaCKa rajioreHoB CBA3aHa C 3JIEKTPOHHbLIMU Mnepexogamm



CtpoeHue ranoreHoB

B TBepaou pase: ynakoBka ABYyXaTOMHbLIX MONEKyn

cl, Br, I,

a, pm 198 227 272
b, pm 332 332 350
C, pm 374 399 427
b/a 1.68 1.46 1.29

Tonbko AMnosbHble B3anmoaencteus !



XnmMmunyeckme cBOUCTBA ranoreHoB

1. Okucnutenu

2. Bzanmopencteue
C BOOOWU

3. Peakunsa c H,

4. Bsanmogencreune
C MeTannamu

5. Bzanmopencrtaue
C HemeTannamm

6. Peakuum c
oKucnuTenamm

F,

H* + F-
+[O]
B3pbIB

npn 20K
= HF

bypHoe

Kpome
He, Ne,
Ar, O,

cl,

8.2 r/n

OYEHb
BypHO
= HCI

BbypHoe

Kpome
N21 C1
O,, Ng

F;

Br,

35 r/n

BypHO

= HBr

CMOKOWHOe

raJjioreHbl
XaJ1bKOlMeHbl
P, As, H,

F2, C|2

1,

ocnabneHne okucnuTenbHbIX CBONCTB —s

0.15r/n

obpaTtumo

< HI

He Bce
pearnpyot

TOINbKO
ranioreHbi
P, As, H,

HNO, (6/8)



XnmMmuyeckKkme cBOMCTBA rarioreHoB

PacTtBopeHune noga B soge (+KI) n rekcaHe

Brian Wagner, CE&N, Nov. 21, 2016



Peakuuu ranoreHoB

F, + Xe = XeF, (+ XeF, + XeFy)

5Cl, + 2Sb = 2SbCl, ropeHue

2Cl, + Zr = ZrCl, ropeHue npu 250 °C
Cl, + Cu = CuCl, (Ho He CuCl)

Br, (k) + Hg (k) = HgBr, (TB)

2Al + 31, = 2All,

21, + Sn = Snl, CCl,/60°C

H, + |, & 2HI obpatnmasn peakums

AGO59g = +1.8 k[/MONb



Peakuuu ranoreHoB

Br, + H, = 2HBr LenHasa peakuus
Br, & 2Bre UHNUnauuns

Bre + H, = HBr + He »
He + Br, =HBr+Bre | passuTtune
HBr + He=Bre+ H, |
2Bre = Br, pekoMbuHaums
2He = H, }




Peakuuu ranoreHoB

5. 2F, + 2H,0 = 4HF + O, 20°C
X, + H,O & H" + X~ + HOX 20°C
K=42-104% X =Cl
K=7.2-10° X =Br
K=2.0-1013 X=1
X, + 20H < X+ OX~+ H,0 20°C
K=7.510%" X =Cl
K=2-103 X =Br
K=30 X=1
nna X =Br, I

30X~ < 2X + X054~
O4YeHb ObICTpasi peakuus



[Mlony4yeHue ranoreHoB

®dTop nony4yaroT anektponuaom HF B pacnnase KHF, nnu
pasnoXeHneMm BbICLLUMX PpTOPUOOB

2CeF, = 2CeF; + F,
Xrop nony4atot okucrieHmem HCI (B nabopartopum) ...

KMnO,(tB) + 16HCI(k) + 2KCI = K;MnCl, + 2Cl, + 4H,0
... N B XJTOPLLENOYHOM MPOU3BOACTBE (B MPOMBbILLIIEHHOCTW)
anektponua 2NacCl + 2H,0 = CI, + 2NaOH + H,

1, AHOd  Kamod
BICE

W ~ 25 M/IH MOHH 8 200

Epo n mnona onyaroT BbITECHEHWEM N3 CONEWN XJTOPOM
2KBr + Cl, = 2KClI + Br,
2Kl + Cl, = 2KCI + |,



[lpuMmeHeHUe ranoreHoB

dTop
B A4epHOU npoMsbliwsieHHocTu (UFy)
B metannyprun (CaF,), B xummnyeckom cuHtese (HF, BrF,)
B xonogunsHoMm gene (CF,Cl,, ...)
Xnop
B OpraHn4eckom v nonumepHom cuHtese (MBX, ...)
B XMMUYECKOMN MPOMbILLUITIEHHOCTM (ranoreHnabl)
B OYMCTKe BOoAbl 1 Kak otbenueatens (Cl,)
bpom
B OpraHu4eckom cuHrtese (Br,)
B (papmMmaLeBTuKe
Non

B metannyprum (l,)

ong pepesoobpabotku (K, Kil,)

B aHanuTuke (MogoMeTpus)

B nuwesbix gobaskax (Nal, NalO,)



OcobeHHOCTM acTaTa

| 2 13 14 15 16 17 18
H (H) | He
L1 | Be B|C|N/|O]|F|Ne
Na | Mg Al S1i| P | S |(C]| Ar
K | Ca Ga| Ge | As| Se | Br | Kr
Rb| Sr | d-block | In |Sn|Sb|Te| [ | Xe
Cs | Ba Tl | Pb | Bi | Po (\At/) Rn
Fr | Ra —
209Bj + 4He = 211At + 21n
CBouncTBa: At, MeHee neTyy, yem |,

AcTaT UMeeT NoPSALAKOBLIN
HOoMep 85, He UMeeT
CTabUIbHbIX N30TOMOB,
NOYTU He BCTPEYaAETCS B
npupoge, Mano nsyyeH
XUMUYECKM

nony4yeHue

Haunbonee yctonumsbin nsoton %YAt, t,,, = 8 4yacos, 6 MUHYT

At, + SO, + 2AgNO; + 2H,0 = 2AgAt| + H,SO, + 2HNO,
At, okncnsietTcs ¢ nomoLbio S,042~ nnum Br,



[[anoreHBOgOpOAbLI

B c.0. —1 ranoreHbl 06pa3ytoT ranioreHBogopoabl U rarnoreHuapl

HF, HCI, HBr, HI NONAPHbIE MOJIEKYbI
HF HCI HBr HI

T.nn., °C -83.5 -114.2 -86.9 -51.0
T.kmn., °C 19.5 -85.1 -67.1 -35.1
d(H-X), pm 92 127.5 141.5 161
E.., Kbx/Monb 570 432 366 298
u, D 1.83 1.11 0.83 0.45
PacTtB. B BoOge oo 450 600 425
nHXB1n H,0

pKa 2.95 -9 -11.2 -12.4



[[anoreHBOgOpOAbLI

B c.0. —1 ranoreHbl 06pa3ytoT ranioreHBogopoabl U rarnoreHuapl

HF, HCI, HBr, HI nongapHbIe MONeKynbl
HF HCI HBr HI
T.nn.. °C -83.5 -114.2 -86.9 -51.0
0C 25- - 50+ KOX/Monb

0_- i O-
| 7. '
e T.KATT. -50__
50. 2 09
- -1501
R 11 00
1001 T.NN. 0 -250.

HF  HCI  HBr HI HF  HCl HBr  HI

pKa 2.95 -9 -11.2 -12.4



[[anoreHBOgOpOAbLI

B c.0. =1 ranoreHbl 06pa3ytoT ranoreHBo0podbl U rarioreHnabl

HF, HCI, HBr, HI NONAPHbIE MOJIEKYbI
HF HCI HBr HI

T.nn., °C -83.5 -114.2 -86.9 -51.0
T.kmn., °C 19.5 -85.1 -67.1 -35.1
d(H-X), pm 92 127.5 141.5 161
E.., Kbx/Monb 570 432 366 298
u, D 1.83 1.11 0.83 0.45
PacTB. B BoOge oo 450 600 425
nHXB1n H,0

pKa 2.95 -9 -11.2 -12.4



CBouctBa kucnot HX

1. CunbHble kncnoTbl (kpome HF)
2. BocctaHoBuTenu (kpome HF)
4HCI(k) + MnO,(TB) = CI, + MnCl, + 2H,0
2HI + 2FeCl; = 2FeCl, + I, + 2HCI
4HI + 2CuSO, = 2Cul + I, + 2H,S0O,
3. ObpasoBaHne a3eoTPOorHbIX CMECEN C BOOOM
HF HCI HBr

T.kun, °C 112 108.6 124.3
(p =1 aTtm)

CHX’ MaCO/O 38 202 476

HI
126.7

56.7



CBouctBa kucnot HX

HCI HBr HI

2.95 -9 -11.2 -12.4

YBenunyeHne paguyca ranoreHa

YMeHbuweHune E_, (H-X)

YBenu4yeHue crnocobHOCTU K anccoumnaumm

VYV



CBouctBa kucnot HX

4. Ocobble ceBoncTtea HF
a) BogopoaHasi ceBa3b — Bbicokue T. nn., T. kmn.
6) obpasoBaHue rugpodtTopuaos (budtopmnaos)
HF + F- = HF,~ (NH,HF,, KHF,)
NMMHENHbIN aHWOH [F-H-F]~

B) peakuusa c SIiO,
4HF + SIO, = SiF,1 + 2H,0

r) *xuakmih HF — pactBopuTtens [F-H-F]-
3HF < H,F" + HF,~ aBTOMOHM3aUm4
2HF + BF, < H,F* + BF,- OCHOBaHMe

HF + BrF; < Brk,* + HF,~ Kncrota



NonyyeHue HX

Peakuua H, + X, = 2HX He ncnosne3yercd B flabopatopuu

CaF, + H,SO,(k) = CaSO, + 2HF (t°)
KCI(tB) + H,SO,(k) = KHSO, + HCI (t°)

KBr(t8) + H,SO,(k) AKHSO, + HBr

2KBr(tB) + 3H,S0,(k) = 2KHSO, + Br, + SO, + 2H,0
KBr(tB) + H,PO, (85%) = KH,PO, + HBr (t°)
PBr, + 3H,0 = H,PO, + 3HBr

Ki(tB) + H;PO, (85%) = KH,PO, + HI (t°)
3l, + 6H,0 + 2P, = 2H;PO; + 6HI (t°)
l, + H,S =S + 2HI



[[anoreHupgbl meTannos
Bce meTtannbl 00pa3yoT ranoreHnabl

3 rpynnbl — KNnaccugukaumng Ha OCHOBE
OCOBEHHOCTEN CTPOEHMUS

1. loHHble ranoreHuabl :
LEeNOYHbIe, LENoYHo3eMenbHble MeTanmbl, P33 ¢5C

NaCl, CsCl, CaF,, BaCl,, LaF,
2. KoBaneHTHble ranoreHnabl

d-meTannbl B HU3KUX C.0., P-MeTannbl, UMetloLLne
HU3KYI0 9NeKTpooTpuLaTENbLHOCTD
FeCl,, CrF;, BICl;, CdBr,

3. MonekynsipHble ranoreHnabi

cd1,

AriekKTpoTpuuaTeribHblie p-MeTaliflbl, d-meTannbl B
BbICLUNX C.O.

SnCl,, GaBr;, NbCl;, WCI,



NMonuranoreHNAa-aHNOHDbI

[NonuranoreHna-aHMOHbI:
e Hambonbluee Konm4yecTso u3secTtHo anga I
I3, 1,4, Iy, I, Ig%, I, I, I,

2— 4 4- 3- R
:[16 y I16 y I22 y I29 /i

« obpasytotcsa Cl, Br, |, HO He F
Obpa3oBaHue:
KI(ag) + 1, < Klg (ag) — (+KIo)
I- + I, < I5- K=700npu25°C

d(I-1) = 283 n 303 nm B Csl,
=290 nm B [Ph,P]l;




MexranoreHHble coeanHeHusa (MI'C)

[[anoreHbl cNoCOOHbLI B3BaMMOAENCTBOBATL Mexay cobon,
obpasysa MI'C

B MI'C 6ornee anekTpooTpuuaTenbHbIv rasioreH npuHMMaeT c.o. —1,
a MeHee anekTpooTpuuaTenbHbIN — C.0. +N

[Mpumepsl MI'C: CIF, BrF, IBr, IF;

B MIC:

\ F Bcerna nmeer c.o. —1

\ Hanbonbluas c.0. gocturaetcs B psagy Cl < Br < |

\ Hanbonbwasa c.o. Cl, Br, | gocturaetca B kKomouHaumm ¢ F
\ CTpoeHue onuncbiBaeTca Ha ocHoBe MeToda [mnnecnu



MexranoreHHble coeanHeHusn (MI'C)

dopmyna Bua u, D T.nn., °C
ClIF OecuBEeTHbIN ras 0.89 -156
BrF XXenTo-KOPUYHEBLIN ra3 1.42 -33
IF KpacHoe TBepaoe B-BO — 14 (cybn)
BrCl XKenTo-KOPUYHEBLIN ra3 0.52 —66
ICI KpacHoe TBepaoe B-BO 1.24 27.2
IBr YyepHoe TBepaoe B-BO 0.73 41
ClF, becuBeTHbIN ra3 0.61 -76.5
Bri XenTtas >XMOKoCTb 1.19 13
IF, Xentoe TBepaoe B-BO — —-28 (pa3n)
ICl; (1,Clg) opaHXeBoe TBepA. B-BO 0 101 (cyon)
ClF becuBeTHbIN ra3 — -103
Bri: becuBeTHasa XNOKOCTb 1.51 -60.5
IF- OecuBeTHas XXUOKOCTb 2.18 9.5
IF- becuBeTHbIN ras 0 5 (cybn)



CBouctBa MI'C

1. CnocoBbHOCTb K pas3noXXeHuto

2ICl; = 2ICl + Cl, c obpasosaHnem MI'C
21Cl =1, + Cl, (t°) Ha cocTaBnalLne
10IF = 2IF; + 41, (t°) ancnponopLumMoHmMpoBaHue

2. Bsanmogeunctsue ¢ soagou
BrF; + 3H,0 = HBrO; + HF rmaponmns
5ICl; + 9H,0 = [, + 3HIO; + 15HCI N

2ICl, + 3H,0 = HIO, + HICI, + 4HC| § ©AWcnponop-
LIMOHMPOBaHMEM

2ICl, + 6H,0 = 2HIO, + HI + 9HCI



CBouctBa MI'C

3. ObpasoBaHue coneu

CIF + CsF = Cs|[CIF,]

|, + 3Cl, + 2KCI + 2H,0 = 2K]ICI,]-H,O]

2KCIO, + 3Kl + 12HCI = 3K]ICI,]-H,0| + 2KCI + 3H,0
4. [anoreHnpoBaHue

W + 6CIF = WF, + 3Cl,

2C050, + 6CIF; = 6CoF; + 3Cl, + 40,
5. ABTOnoHu3auus

2BrF;(k) < Brk," + BrF,~

BrF; + Ask; = [BrF,*][AsF,"] ocHoBaHue

NOF + BrF,; = [NO*][BrF,”] kucnorta




CtpoeHune MIC

OnucaHune no metoay 'mnnecnu

7e” (Cl) + 3e” (F) = 10e"-

l

AB;E, = be nap
T-obpasHasa morekyna,
nceBaoO-TpUroHanbHasa bunupamunaa

7e” (Br) + 5e” (F) = 12e-

l

AB:E ———06e™ nap
KBagpaTHasa nmpammaa,
nceBao-oKTasgp



CtpoeHune MIC

CtpoeHue [,Clg & L
- b

~
/

—
Bcerga gumep ! 2

OnucaHne no metoay mnnecnu:

7e” (1) + 2e™ (Cl) + /2-2e™ (u-Cl) = 10e~

l

AB,E, =——— (4+1)e nap
KBagparT, NceBao-oKTasap




KucnopoagHblie coeaAMHEHUA ranoreHoB

Okecunabl pTopa — dTopuabl Kncnopoaa

OF,
T.nn. —-223.8°C O,F, O3F;, O4F;
Tkun. —145.3 oC Pasnaratorcsa Huxe 0 °C

T.pasn. +201 °C

0°C
2NaOH (pas3b) + F, — 2NaF + OF, + H,0

— 141 nm
CunbHeuWwmnn TopoKkucnunTens ! A\'

tO

OF, +H,0 — O, + 2HF 03



Cl
CL,O

ClL,0,
clo,

CL,O,
Cl,0,

O0630p okcupos Cl, Br, |

Br
Br,O

Br,O4
BrO,
Br,Og

1205
1206



C.o.
T.nn., °C
T.kun., °C

BHelwHnn
BMAO

CLO

OKkcupgbl xnopa

CL,O clo, ClL,0,
+1 +4 +6
-120.6  -59 -3.5
2 11 203
KeqToO- KeqToO- KpaCHad
KOPUYH. 3eneHbIn XKNOKOCTb
ra3 ra3

2Cl, + 3HgO = Hg,0,Cl, + C,O
2Cl, + Bi,0, = 2BiOCl + CI,0
CL,O + 2KOH = 2KOCI + H,0

Cl,0,
-91.5

81

becus.
XNOKOCTb

nony4eHune

aHrMopua



CBouctsa CIlO,

ClO,
2KCIO; + 2H,C,0, = 2CIO, + 2CO, + K,C,0, + 2H,0 (nab.)
2NaClO,; + SO, + H,S0O, = 2NaHSO, + CIO, (npom.)
2CIO, + H,0 = HCIO,, + HCIO, (2CI** — CPB* + CPPY)
2ClO, + 2NaOH = NaClO, + NaCIO; + H,O  (2CI** — CPP* + CIPY)
2CIO, + Na,O, = 2NaClO, + O, oKkucnuTenb

[TapamarHuTHaa monekyna

EOVHCTBEHHbLIM HECNAPEHHbIN 3NEeKTPOH
HaxoOUTCS Ha pa3pbIxnsaowen opbutanu
= Hem oumMepu3ayuu




CeoucTtBa C|O,

ClO, NO,
19 e 17 e”
1 HecnapeHHbIN €~  HEeT HecnapeHHbIX €~ 1 HecrnapeHHbIN €~
Ha pa3pbIXNAloLen Ha CBA3bIBalOLLEN
opbutanu opbutanu

He npoucxoanT gumepusauum
ClO, — monekyna-pagukan



OKkcupgbl xnopa

Cl,O4 (CIO,)
ClO, + O, =CIO; + O,
[nmepeH B Xuakou gase

OyeHb CUNbHbIA OKUCIUTENb, HO NErko AUCNPONOPLNOHMNPYET

2CIO, + H,O = HCIO, + HCIO,

ClL,0O,
2HCIO, + P,0O, = Cl,0O, + 2HPO, nonyveHune
Cl,O, + H,0 = 2HCIO, aHrngpua

OuyeHb B3pbIBOOMNAaceH !



«MeHTaokcng» noaa
1,O¢
2HIO; < [,O: + H,0 aHrmagpua
21, + 50, = 21,04 AHO,55 = —158.1 k[x/Monb

EAVHCTBEHHBIN TEPMOANHAMMNYECKN CTabunbHbIM OKCUA
ranoreHa, Ho: peakuunsa obpatuma, 1,0, pasnaraetcs npu 350 °C

,O; + 5CO =1, + 5CO, OKUCIUTESb
31,0; + H,0O = 2HI1,04 rMrpocKonuyeH
HI;O4 + H,O = 3HIO;,




KVICHOpO,D,H bleé KUCJ10TbI rayfioreHoB

1. Obwme ceBeageHus (0630p KMUCNOT)

C.O. F Cl Br |

-1 HOF

+1 HOCI HOBr HOI
+3 HCIO,

+5 HCIO, HBrO, HIO,
+7 HCIO, (HBrO,) H:IO,

2. dTOpHOBATUCTAs KMCNoTa
-50°C
F,(ra3) + H,O0(tB) — HF(x) + HOF(ras)
2HOF = 2HF + O, HeyCcToun4YmMBa Npu H.y.
4HOF + 2H,0 = 4HF + 2H,0, + O, pasrnoxeHue Bobl



KucnopoagHsie kucnotbli Cl, Br, |

Cl

HOCI

pKa = 7.53
XNopHoOBaTUCTad
MNXI10PUTDI

HCIO,
pKa = 2
xnopucrtaga
XNOPUTHI

HCIO,
pKa=-1.2
XJiopHOBaTas
Xriopartbl

HCIO,
pKa=-10
XJ10pHagda
nepxnoparsl

Br

HOBr
pKa = 8.69

HBrO,
pKa = 0.7

HBrO,
pKa = -9

HOI
pKa = 10.64
pKb =10.1

HIO,
pKa = 0.8

H:104
pKa, = 3.3
opTonoaHas



KucnopoagHsbie kucnotbl Cl, Br, |

1. HOX cyLecTBYIOT TOMbKO B pacTBopax

IO~ + H* < HOl < I + OH™ amdoTepHOCTb

2HCIO < HCIO, + HCI

3HBrO < HBrO, + 2HBr  (HOI)

2Cl, + H,0 + 3HgO = Hg;0,Cl, + 2HOCI nonyveHue
2. HCIO, cyLlecTByeT TOMbKO B pacTBope

4HCIO, = 2CIO, + HCIO; + HCI + H,O  (4CI3* — 2CI** + CPP* + CI")

HCIO, = O, + HCI )
5HCIO, = 4CIO, + HCI + 2H,O0  nobo4yHble peakunu
3HCIO, = 2HCIO, + HCI )

Ba(ClO,), + H,50, = 2HCIO, + BaSO,| nony4eHue



KucnopoagHsbie kucnotbl Cl, Br, |

3. HCIO,, HBrO; cyLiecTBylOT TOMBLKO B pacTBope
HIO; — becuBeTHbIE KpUcTanmbl
3HCIO; = HCIO, + 2CIO, + H,0 (t°) (3CP* — CI™* + 2CI4Y)
4HBroO; = 2H,0 + 2Br, + 50, (t°)  pasnoxeHue
2HI10, = 1,0 + H,0O (t°  pervgparauus
|, + 10HNO,(6/B) = 2HIO, + 10NO,, + 4H,0 )
1,O; + H,0O = 2HIO, > nonyvyeHue
Ba(ClO;), + H,SO, = 2HCIO, + BaSO,|
2HIO; + 5H,0, = |, + 50, + 6H,0
, + 5H,0, = 2HIO, + 4H,0 }

S




KucnopoagHsbie kucnotbl Cl, Br, |
4. HCIO, — becuBeTHas XUOKOCTb

HBrO, HeycTonymBa gaxke B pa3baBrieHHbIX pacTBopax
H:10, — 6ecuBeTHbIE KpUcTannbl

HCIO, — oKMCnuTEnb TOMBbKO B KOHLIEHTPMPOBAHHbLIX PacTBOPax
2HCIO,(p) + Ca = Ca(ClO,), + H,
Hs1Og + K,CO5 = Ky,HlO04 + CO, + H,O | Het 5-3amelueHHbIx
KoH310g + KOH = K4H,lOg + H,0 coneli B pacTBope
HCI + NaClO, = HCIO, + NaCl| }
Bay(H,I0,), + BHNO,(6/8) = 2H,IO; + 3Ba(NO,), |

[Tony4yeHune B
KMUCIoun cpeae



CpaBHeHUe cUurbl KUCIOT
HCIO HCIO, HCIO, HCIO,

OCHOBHOWM NpoLECC — CMELLEHNE SFTIEKTPOHHOM MIMOTHOCTU
no kpaTtHomn cea3n Cl=0O = ocnabneHune cBsa3n O-H =
nerkoe oTuwensrieHne NpoToHa: gnccoumaumns

OcnabneHune cea3sm O—H

YBenuyeHune kpatHocTtn ceasu Cl-0O

YBenuyeHue cunbl U YCTONYMBOCTU KUCNOT

VYY



CpaBHeHUe cUurbl KUCIOT
HCIO, HBrO,4 HIO,

YBenuyeHune anuHel cBsdm X-O

YMeHbLLEHWE NPOYHOCTU CBSA3M X-O>
YMEHbLLEHUE CUMbl KNCMOT >

ClO5™ BrO,;~




Ounarpammbl PpocTa

Bonbr-akBUBaneHT — cteneHb okncnenna  X(N) + Ne” = X(0) E° B

12 12 12
BrO,
10 clo;. 10 s 10
y H,IO,
8 / 8 § £ 8 O
CR)/30/ BrO; § /
> 6 / 6 6 0, ,/
; HCIO, v~ 2 = Pa
b = BrO . W
/ clo; / v 4 -
/ - / Py 7 o
5| HClo /| QO——0O7 5| HBrO O 2 / 20
37 ¢lo, 0, 9 1o BrO, HIO 10; )//
H e H ‘_r
0 clo 0 BrO~ 0 - N
e &/ Jr: <S|.7’Iz n
2] 2| Br -3
-10 1 2 3 45 6 7 -10 1 2 3 45 6 7 -10 1 2 3 45 6 7
Oxidation number, N Oxidation number, N Oxidation number, N
Figure 16-14
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Red/OXx cnoCOOHOCTbL KUCNOT U OCHOBaHUM
1. Bce kucnotbl bonee curbHble OKUCIIUTENN, YEeM UX COSU
ClO,~ + 2H* + 2e~ = CIO;~ + H,O pH=0, E°=+1.20 B
ClO,” + H,0 + 2e" = CIO,”+ 20H~  pH=14, E°= +0.37 B
HCIO, + H,SO, + 2FeSO, = HCIO; + H,0 + Fe,(SO,),
2KClO, + FeSO, < Fe(ClO,), + K,SO,

2. Mpn pH=0 X* n CI3* ckNOHHbI K ANCNPONOPLINOHNPOBAHUIO
npu pH=14 gucnponopunoHUpyoT X,
camasi ycTon4umBas nosioxXnTtenbHas c.o. +5
2HCIO, ——— HCIO; + HCIO
3NaClO = NaClO; + 2NaCl (npu 60 °C)




Red/Ox cnocCoOOHOCTb KUCIOT U OCHOBaHUM

3. HCIO HCIO, HCIO, HClO,

YBenuyeHune akpaHupoBaHusa Cl
YBenuyeHne Bknaga n-CBsA3N

YBennyeHme yCTom4mBOCTU KUCINOT

AL

YMEHbLLEHNE OKUCTTUTENBHON aKTUBHOCTU

Y

Tonbko HCIO, cyuiecTByeT B YACTOM BUAE U HE ABMNAETCHA
oKkucnutenem B pazdaBneHHOM BOAHOM pacTBope



Red/Ox cnoCoOOHOCTb KUCFIOT U OCHOBaHUU
4. B c.o0. +7 npon3BoaHble bpomMa camMble CUSMbHbLIE OKUCITUTENN
n npu pH=0, n npmn pH=14
5HBrO, + 2MnSO, + 3H,0 = 2HMnO, + 5HBrO, + 2H,SO,
HclO, + 2HCI = HIO, + 3H,0 + Cl,
HCIO, + HCI ¥

MNpuunna: r(Br)>r(C1) = ymeHbLUaeTcsa 3KpaHMpoBaHMe Ans
K.M.=4, HO anga I K.4.=6

5. B c.0. +5 okncnurtenbHasa cnocobHOCTb MEHSAETCS NO psay
Cl=Br>|

2KBro, + I, = 2KIO, + Br,
2KCIO, + 1, = 2KIO, + Cl,



CpaBHeHuMe KUCIIOT B nepuoae

H,SO,

YBennyeHue 4yncna ceasenm 9=0

Ocna6nexue ceasn O—H >

YBennyeHune cunbl KUCNoT




CpaBHeHuMe KUCIIOT B nepuoae

H,SO, HCIO,

YcuneHme okncnmTenbHOn cnocobHOCTU

[loBblLLEHME C.0. NPU OANHAKOBOM CTPOEHUU



Conu kucnopoaHubix kucnort Cl, Br, |
1. F'mnoxnopwuTsil:
2KOH + Cl, = KCIO + KCI + H,0 20°C
CaO + Cl, = CaOCl, [Ca(OCl),-CaCl,] 20°C
CUINbHbIE OKUCITUTENMN
4NaOH + 3NaOCI + 2Fe(OH), = 2Na,FeO, + 3NaCl + 5H,0

2. XNopuThbl
Na,O, + 2CIO, = 2NaClO, + O,
5NaClO, + 2H,S0O, = 4CIO, + 2Na,S0O, + 2H,0 + NaCl

: N ol >

“< 9 7 % 9 «——=  Crpykrypa Ca(ClO,),

O/ q\\ B Kpnctasruin4eCkoM COCTOAHUN
VS Q > < 9 ,/O



Conu kucnopoaHubix kucnort Cl, Br, |

3. Xnopartbl, bpomarsl, nogarbl
6KOH + 3Cl, = KCIO, + 5KCI + 3H,0 60°C
6KOH + 3Br, = KBrO, + 5KBr + 3H,0
2KCIO, + |, = 2KIO, + Cl,
4KCIO, = KCI + 3KCIO, 2KCIO,
2Ca(l0,), = 2Ca0 + 1, + 50, (Br)

MnO,

tO

2KCl + 30,

4. Iepxnopartbl, nepbpomaTsl, nepuogaTsl
KBrO; + F, + 2KOH = KBrQ, + 2KF + H,O
KOH + H,0 + KIO; + KOCI = K,H,;I04 + KCI
K,H;104 + HNO; = KIO, + KNO, + 2H,0
KCIO, = KCI| + 20, (nnoxo pacTeopumas CoJib)



OOLme 3aKOHOMEPHOCTH

Bce anemMeHThl CyLWecTBYIOT B BUAE 2X-aTOMHbIX Monekyn. iameHeHune
T.NS1. U T.KUMN. YKa3blBaeT Ha BaH-Aep-BaanbCOBO B3anMogencTeme
mexay X,

[MposiBNAOT cBOMCTBA TUMUYHBIX HEMeTannoB. [Ans F Hen3BeCTHbI
NONOXUTENbHbIE CTENEHU OKUCTEHUS

[[anoreHbl — okncnutenn. OkucnuTenbHasi CNOCOOHOCTb NagaeT BHM3 MO
rpynne. F CTa6|/|n|/|3|/|pyeT BbICLLUNE C.O. NMNOYTN BCEX 3NNEMEHTOB

CtabunbHocTe HX nagaet BHKU3 no rpynne. Ons HF xapakTepHbl
Hanbonee nNpoYHbie BOAOPOAHbLIE CBSA3MN.

Ilerko obpasytotca MI'C, cTpoeHmne KOTopbIX ONMUCbIBAETCS N0 METOAY
[vnnecnu

KucnopogHbele coegnHeHus xapaktepsol ana Cl, Br, I. MakcumanbHas
C.0. paBHa +7. OkncnutenbHas cnocobHOCTb X*’ n3aMeHsieTcs no pagy
Br>CI>l.

Haunbonee ctabunbHbl €.0. -1 n +5. OcobeHHOCTb Xnopa — obpasoBaHue
anokcuga CIlO,

Cuna KUCNOPOAHbIX KUCITOT YMEHbLUAETCA BHU3 MO rpynne
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