dnemeHTbl 81 rpynnol



Tpl/lana XXerlea3a, niatmHoBble MEeTAarllllibl

lpaA | Sc | Ti

2pan | Y | Zr

3pag | La | Hf




[logrpynna »Xenesa

3 4 5 6 7 8 9 10 11 12
Sc | Ti V | Cr |  Mn | Fe | Co| Ni | Cu | Zn
Y | Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd
la | Hf | Ta | W | Re | Os | Ir Pt | Au | Hg

Fe — xxene3o, Ru — pyteHun, Os — ocMunu




[logrpynna »Xenesa

Fe
AT. Ne 26
on. KoHd.  3d®4s?
R(aT.), nm 126

l,, B 7.87
l,, aB 16.18
v(A-R) 1.64

C.O. 2,3,(4),(5),6 (2),3,4,6,(7),8

Ru
44
4d75s?

134
7.37
16.76
1.42

Os
76
4f145d°6s2
135
8.70
17.0
1.52
(2),(3),4,6,(7),8



CBowncTtBa MeTannoB

Fe Ru Os
T.nn., °C 1539 2334 3033
T.kmn., °C 3200 4080 5010
A HO, k[x/Monb 428 557 665
d, r/cm3 7.87 12.45 22.59
s, CM/Mm (-106) 10.5 14 12
T, °C 770 - -
Ctp.TuUn Fe, Cu Mg Mg
EO(M2+/M©), B ~0.44 +0.46 +0.85

o-Fe 170°C, 5 po 910°C, - 1401°C, o - 1539°C




Xnmmyeckme ceounctea Fe

1. Naccusumpyetca koHUeHTpupoBaHHbIMU H,SO,, HNO; 1
LlapCcKon BOOKOM

2. PacTBopseTcs B KMCNOTax — HEOKUCTTUTENSAX U OKUCITIUTENAX
Fe + 2HCI = FeCl, + H, Fe?*
10Fe + 36HNO, (pa3b) = 10Fe(NO;); + 3N, + 18H,0 Fes*

3. He pacTBopsieTcs B Llenoyax

4. Pearnpyet ¢ KNCNOPOAOM NpW HarpesaHum
MenKoOUCMNEPCHOE YMCTOE XKerneso NMpogopHo!

4Fe + 30, = 2Fe, 0, Fes*



XumMmyeckmne ceounctea Fe
5. P>xaBeert
4Fe + 30, + 2H,0 = 4FeO(OH)
6. Pearnpyet c ranoreHamu
2Fe + 3Br, = 2FeBr, Fest
Fe + 1, = Fel, Fe?*

7. Pearnpyet ¢ HemeTannamm npu HarpeBaHnu

Fe + S, = FeS, Fe+4P=FeP, 9 %}So% : gre

19 19
o3 8

S FeO(OH) &gﬁﬁ%

FeS, = Fe2*S,>-




Xnmmyeckme ceounctea Fe

8. Pearupyert ¢ yrnepogom

3Fe + C = Fe,C (uemeHTUT)

TEMMEPATYPA, °C
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Xumuyeckmne ceounctea Ru, Os
1. OKncneHme KUCrnopoaom

Os + 20, = 0s0, (200°C)  Ru+ O,=Ru0, (400 °C)

2. OkncneHne ptopom

Ru + 3F, = RuF, Os + 3F, = Osk,
3. Npn T > 1000 °C pearunpytT c S, Se, Te, P, Si, C, B,
HO He N,
Ru + Si = RuSi

4. He pacTBOpPSIOTCS B KUCIOTaAX-OKUCIIUTENSAX U LLiEenoYax

5. LLleno4Hoe okncneHne B pacnnaee

Ru + 3NaNO; + 2NaOH (x) = Na,RuV'O, + 3NaNO, + H,O
aHanormnyHo ang Os



[TonyyeHue Fe

Keneso — cambln pacnpocTtpaHeHHbin d-metann (4.1%),
4-1 NO pacnpoCTpaHeHHOCTU 3fIeMEHT B 3€MHOMN Kope

OCHOBHble MUHepansbl: Fe,0O; KpacHbIN XXene3Hdak, remaTtuT
FeCO; xenesHbin wnat, cuaeput; Fe;O, MarHnTHbIn
xernesHsak, marHeTuT; FeTiO; unbmeHut; FeOOH retur; FeS,
XKenes3Hbin Konvyeaax, nMpuT e

[OomeHHbIN npouecc: Fe,O5; + CO =Fe + CO,
(700-900 °C)

«lpamoe» nonyyenwue: Fe;,0, + CH, = 3Fe + CO, + 2H,0
(1000 °C)

Ceepx4yucrtoe xeneso: Fe(CO), = Fe + 5CO (200 °C)



© a0 &~ W D

[lpumeHeHmne Fe, Ru, Os

Fe — ctanu, 4yyryH. Yucrtoe xeneso
He npumMeHsaeTca!

a-Fe,05; — B pepputax
Okcuabl Fe — NUrMeHTbI
Fe,O; — B cocTaBe KaTtann3aTtopoB

Ru — B cocTaBe NOKpbLITUA

RuO, — Anga cnHTesa KatanusaTopos,
B 3IIEKTPOHUKE

Ru, Os — narotoeneHne ceepxreepablX, MUHEPTHbLIX U
N3HOCOCTOUKUX NHCTPYMEHTOB

Ru
K.Knayc (Ru, 1844)




«3AnemeHT 44: Bne4yaTtneHue»
K. YexxuHbcka-lonow, akBapersnb (2019)

Kapn Kapnosuny Knayc (1796-1864)



Onarpamma Ppocta anga Fe

FeO,%




CoeguHeHnsa Fe(VI)

1. lNony4yeHue
2Fe(OH); + 10KOH + 3Br, = 2K,FeO, + 6KBr + 8H,0
K,FeO, + BaCl, = BaFeO,J + 2KC|  kpacHbiI/

2. YCTONYMBOCTb: CTabunbHbI TOMBbKO B LLLENOYHOM pacTBope
4Na,FeO, + 6H,0 = 4FeO(OH) + 8NaOH + 30,

3. Okucnutens
2K,FeQ, + 16HCI = 2FeCl; + 3Cl, + 4KCI + 8H,0
4K,FeO, + 10H,SO, = 2Fe,(SO,); + 30, + 4K,SO, + 10H,0
2K,FeOQ, + 2NH; = 2FeO(OH) + N, + 4KOH




CoeauHeHus Fe (1V, V)

1. Mony4yeHne okConpPOM3BOAHbIX

8Na,O, + 2Fe,O,; = 4Na,FeO, + 30, (800 °C)
12KO, + Fe;0, = 3K,FeO, + 80, (900 °C)
2510 + Fe, 0,5 + 720, = 2SrFeO, (900 °C)

2. [lonyyeHne Toponpon3BoaHbIX

FeF, + 2CsF + XeF, = Cs,[FeF¢] + Xe d* t,,%e,"
3. HeycTon4mBbl B pacTBope

3Na,FeO, + 5H,0 = Na,FeO, + Fe,O; + 10NaOH
4. INpownssoaHble Fe(V) HeycTONYMBLI

2Na,FeO, = NasFeO, + NaFeO, + O, (700 °C)



CoeguHeHunsa Fe (l1)

1. Hanbonee yctonuymeas c.o. Fe
2. N13BeCTHbI oKcua v rugpokcuabl

3. Fe,O; — kpacHoe Kpuctaninyeckoe BeLLEeCTBO, M
5 Kpuctannuyecknx mogudoukawmnm, OCHOBHbIE:
a-Fe,O; (rematut) y-Fe,O; (MarremuT)

a-Fe,O; — HU3Kas peakunoHHas cnocobHOCTL
v-Fe,O; — BblcOKasg peakunoHHas cnocobHOCTb

y-Fe,0;——o-Fe,0, 400 °C
FeOOH —— y-Fe, 04 90 °C
y-Fe, 05 + 6HCI = 2FeCl; + 3H,0 poo
y-Fe,04 + 6KOH (koHu) + 6H,0 = 2K [Fe(OH)g]  ¥®0s
a-Fe,05 + KOH # a-Fe,O; + HCl =




CoeauHeHunsa Fe (lI)

4. T'napokcnabl
Fe,(SO,); + 6KOH = 2Fe(OH), + 3K,SO,
2Fe(OH); + 3H,S0O, = Fe,(SO,); + 3H,0 KOPUYHEBLIN
Fe(OH), + Ba(OH), (koHu) = Ba[Fe(OH)] benbin
2Fe(OH); + 3Sr(OH), (koHu) = Sr;[Fe(OH),], 6enbin

5. anoreHnapbl

N3BecTHbl FeF;, FeCl;, FeBr,

2Fe + 3Cl, = 2FeCl,
Fe,O; + 3C + 3Cl, = 2FeCl; + 3CO
FeCl; + 6H,0 = [FeCl,(H,0),]CI-2H,0

FeCl,



[maponuns coeanHeHmnn Fe(lll)

1. AkBaunoH [Fe(H,O),]3* 6ecueTeH E | 11 e

d> BbICOKOCMUHOBbLIN KOMIMIEKC
OCKI1=0 t 4t

I 1 1 "2¢g

2. Conun Fe(lll) HTEHCMBHO OKpalleHbl (KpacHbIe, KOPUYHEBLIE)

[Fe(H,0):]** + H,0O < [Fe(OH)(H,0):]** + H,O* pK = 2.7

2[Fe(OH)(H,0):]** < [(H,0);FeOFe(H,0):]**+ H,0O pK=3.0

[Fe(H,0):]Cl; < [FeCl,(H,0),]CI-2H,0

3. 'mgponna nog AeUCcTBUEM NPOU3BOAHbLIX CNabblX KUCMOT
Fe,(SO,); + 3Na,S + 4H,0 = 2FeOOHY + 3Na,SO, + 3H.,S
Fe,(SO,); + 3Na,CO, + H,O = 2FeOOH{ + 3Na,SO, + 3CO,



Komnnekcbl Fe(lll)
1. AMMMaKkaTbl HEyCTONYUBbI

FeBr; + 6NH; (ra3) = [Fe(NH;3)4]Br;

> [Fe(H,0)¢]Br3
2. YCTOM4YMBbBI KOMMNIIEKCbI C T-NMUraHAaMn U XxenaTHble
[Fe(H,0)s]** + SCN- = [FeENCS(H,0):]** KPacCHbIW

Fe,(SO,); + 3K,C,0, + 3BaC,0, = 2K;[Fe(C,0,),] + BBaSO4¢
CBETJ10-3e1eHbIn

Fe,(SO,); + 3Ba(CN), + 6KCN = 2K,[Fe(CN),] + 3BaSO,
KpacCHbIN
[FeNCS(H,0).J?*




BocctaHoBneHue coeanHeHunn Fe(lll)
1. CoeanHeHuns Fe(lll) — cnabble okucnuTenun B KUCNon cpeae
Fe,(SO,); + H,S = 2FeSO, + H,SO, + S
Fe,(SO,); + SO, + 2H,0 = 2FeSO, + 2H,SO,
2Fe,(SO,); + 2(NH;,OH)HSO, = 4FeSO, + N,O + 4H,SO, +H,0
Fe,(SO,); + 2KI = 2FeSO, + K,SO, + |,

2. BnusiHve komnnekcooGpasoBaHus 22 [Fe(H,0)6]"
EO(Fe3t/Fe?*) =0.77 B 1o
E°([Fe(CN)eJ*/[Fe(CN)gJ*) = 0.36 B ;2 [Fe(CN)e]™
EO([Fe(C,0,);]*/[Fe(C,0,);]*) =0.02 B -251

K3[Fe(C;0,)s] + KI # n
4K, [Fe(CN)] + 4KOH (koHL) = 4K,[Fe(CN) ] + 2H,0 + O,



CoeaguHeHns Fe (I

1. ManoreHnawbl

FeF, FeCl, FeBr, Fel,
T.nn.  1100°C 674°C 688 °C 594°C
LiBeT Oenbin CBETIOo- CBETIO- KOPUYHEBLIN
XENTbIN 3eneHbIV
Ctp. TiO, CdCl, Cdl, Cdl,

TN

Fe + 2HBr = FeBr, + H,
Fe + |, =Fel,

FeF, HepacTBopuM B Boae, obpasyet rugpart FeF,-4H,0
FeCl,, FeBr,, Fel, pactBopumbl, rugpaTupoBaHbl B pacTBope



CoeaguHeHns Fe (I
2. Okeng FeO

Ctpyktypa NaCl
Hectexnometpua: Fe, O 0.05<x<0.16
Tonbko ocHoBHble cBoncTBa FeO + 2HCI = FeCl, + H,O
OKUCIISETCA NpU HarpeBaHnu
6FeO + O, = 2Fe;0, (600 °C)
[lony4yeHue:
FeC,0, 22°°S FeO + CO + CO,




CoeaguHeHuns Fe (I
3. Okeng Fe 0,
Fe;O, = Fe,05FeO
obpalleHHasa WNUHENb
Fe;O, — peppomarHeTuk, T- = 630 °C
Fe;O, + 8HCI = FeCl, + 2FeCl; + 4H,0

Fe;0,

4. 'vgpokcuna
npenmyLLecTBeHHO OCHOBHble cBoucTBa Fe(OH),
pK, =3.9
Fe(OH), + H,SO, = FeSO, + 2H,0
6Fe(OH), + O, = 2Fe;0, + 6H,O okucneHue



Komnnekchl Fe(ll)
1. YcTOMn4mMBLI OKTasgpuveckne akBakoMmnieKcol

FeCl, (6/) + 6NH, = [Fe(NH,)]Cl,
[Fe(NH,)(]Cl, + 2H,0 = Fe(OH), + 2NH,CI + 4NH,
FeSO, + (NH,),SO, + 6H,0= (NH,),[Fe(SO,),]-6H,0

conb Mopa
2. TeTpasgpunyeckmne KOMMekcbl HeYyCTOUYNBbI ,
2CsCl + FeCl, = Cs,[FeCl,] Fe(cp), .‘.{:
3. PeppoueH

FeCl, + 2Na(cp) = Fe(cp), + 2NaCl

(NH,),Fe(S0,),-6H,0
w, Y



Komnnekchl Fe (1)

4. Komnnekcol ¢ JiMraHgdamin CUJ1IbHOIO MOJ1A
K,[Fe(CN)g] + O, #
2K,[Fe(CN)4] + Cl, = 2K,4[Fe(CN)] + 2KCl

OCKIM =12/5 Ag
Fest d°

nw=20




CoegunHeHuna Fe(0)
1. KapboHunbl

Fe + 5CO = Fe(CO), (200 °C, 20 atm) npasurno 18 e~ !
Fel (8e) :CO (x5)
Fe(CO)5 ET_"_ _t"_ _t"_ _nj_fxx XX XX XX XX

. J
Y

3d 4s 4p
3Fe(CO); + 4NaOH = Na,[Fe,(CO),,] + Na,CO, + 3CO + 2H,0
Fe—2/3

h
Fe(CO). —— Fe,(CO), + CO  HauBoree ycToiumB




Boicwiune c.o. Ru, Os

1. Nony4veHune

Os + 20, = 0s0O, Na,RuO, + Cl, = RuO, + 2NaCl
2. CoeaunHeHunsa Os(VIII)

OsO, + 2KOH = K,[0OsO,(OH),] nepocmart

OsO, + 2NaF = Na,[OsO,F,]

OsO, + NH; + KOH = K[OsO;N] v
3. OkucnuTtenbHblEe CBOUCTBA [F((?Song)zr

20sV"OQ, + C,H-OH + 5KOH = 2K,[0Os"'O,(OH),] + CH;COOK

2RuV"Q, + 4KOH = 2K,Ruv'O, + O, + 2H,0 okucnurernb

3K,RuO, + HNO, = 2KRuUO, + RuO, + 4KNO, + 2H,0
ancnponopumoHmposanne  Ru®t — Ru’ + Ru#t




Bbicwine c.o. Ru, Os
4. i3BecTHbl RUuF,, OskF,

OsF, + H,0 = OsOF, + 2HF; 20sOF, + 4H,0 = 0sO, + 0OsO, + 8HF
5. PyTeHatbl 1 ocmaTbl

CUJTbHOE AH-TESNNNEePOBCKOE UCKAXXEHUNE,

anamarHuTHble (d?)
(a) (b) N 22
E 1 Y \
: . x2y2
>a A —
o
© @ () — — X4, YZ

H

Sr,NaOsO,

Ba,Ca0sOg

0eer
°Fg¢
2.327

0 1.823
®



CoegunHeHusa Ru, Os (1V)

1. lanoreHngbl:
n3sectHbol RuF,, RuCl, (Heyctonums), OsF,, OsCl,, OsBr,
10RuF¢ + I, = 10RuF, + 2IF
Os + 2Cl, = OsCl,

[Ru,OClyo]*
2. [anoreHokomMnnekcol

Ru + 2Cl, + 2KCI = K,[RuClg]  t,,%e,%, n=2.8 Mb
OsCl, + 2KCI = K,[OsCl]
K,[OsClg] + en = [OsCl,(en)] + 2KCI

RuO, + 14HCI + 4KCI = K,[Ru,OCl,] + 7H,0 + 4Cl,
TEMHO-KPaCHbIU



CoegunHeHusa Ru, Os (1V)
3. Okenabl RuO,, OsO,

CTPYKTypa pyTuna
RUuO, : TeMHO-CnHUK, T.paan. = 1200 °C
OsO, : cBeTno-kopu4yHeBbIU, T.pa3n. = 600 °C

Ru + O, = RuO, (400 °C)
OsO, + H, = 0OsO, + 2H,0 (25 °C)
2RuO, + 8HCI (koHu) = 2RuCl,; + Cl, + 4H,0

4. KncnopoaHble coegmHeHnsd
RuO, + SrCO; = SrRuO; + CO, (700 °C)

+ 4K,SO, + 20HCI



Huswwue c.o. Ru, Os
1. anoreHngbl Ru, Os(ll)

N3BeCTHbl Bce MX;, kpome Osk,
2Ru + Cl, = 2RuCl,
2RuO, + 16HI (aq) = 2Rul; + 51, + 8H,0
2. Komnnekcol Ru, Os (lll) Bce — okTasapbl, HU3KOCMUHOBbIE
2Ru0Q, + 16HCI (koHu) + 6KCI = 2K,[RuClg] + 5CI, + 8H,0
RuCl;-3H,0 + 2NaCl = Na,[RuCl;(H,0)] + 2H,0 KpacHbIU

RuCl;-3H,0 + 3H,C,0, = H;[Ru(C,0,),] + 3HCI + 3H,0
TEMHO-3€eS1eHbIN

2K,[0sO,(0OH),] + 16HCI (koHu) + 2KCI = 2K;[OsClg] +
+ 12H,0 + 3Cl,



Hu3wwue c.o. Ru, Os

3. Red/Ox noTteHumansbl
[Ru(H,O) ]** + e~ = [Ru(H,0)]*" E°=+0.23 B
[RU(NH,)(]? + €= = [Ru(NH,)]?" E°=+0.24 B

4. Okengbl Ru, Os(I1), (1) Hen3BeCTHbI

5. ManoreHngbl Ru, Os(Il)

n3BecTHbl Bce MX,, kpome MF,

6. Komnnekcbl Ru(ll)

Ru(CO); + I, = Ru(CO),l, + CO RU(CO),l,

[RUNHS)s(H,0)ICl, + N, —— [Ru(NHy)s(N,)ICl, + H,0




buonornyeckasa pons Fe

1. TpaHcnopT Kucnopoaa

I _ d/ 0, 6
o2
V%
_ Fe ($2 Fe
Komnnekc Fe(ll)

C NOPAPNPUNHOM / ObpaTumbI NepeHoC K1cropoaa

V) ~ (@) Occupied (b)
¥y Y7 Unoccupied
02(71'9)

i | O,(m,)

Wresd o Fead,,

CBda3bliBaHue
CUHIMETHOro Kucnopoaa

[emMornobuH: 4 akTUBHbIX LEeHTpa



buonornyeckasa pons Fe

2. ONEKTPOXMMUNYECKNIA TPAHCMOPT: NEPEHOC SHEPTUN

depmeHTbl: nepokcuaasa, kapbokcunasa, okcureHasa,

HUTpOreHasa, rmgporeHasa

«KybaHoBbIN KnacTep»
[Fe, S, + e = [Fe,S,]*
2Fest:2Fe?t — Fe3*:3Fe??
S=0 S =%
EC=-0.2...-0.7B

[Fe,S,]
doeppenmnKkcuHa

[
»

KybGaHoBble knactepbl B ruaporeHase
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