InemeHTbl 61 rpynnol



[logrpynna xpoma

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

Cr — xpom, Mo — monmnbageH, W — Bonbcpam




C.O.

CBoucTtBa 3rnemMeHTOB

Cr
24
3d°4s?
127
6.77
15.50
90.6
1.56

2,3,(4),(5),6

Mo

42
4d>5s
139
7.10
16.15
68.0
1.30
2,3,4,5,6

W
74
4f145d46s2

140
7.98
17.70
60.9
1.40

(2),(3),(4),5,6



CBoucTtBa 3rnemMeHTOB

Cr Mo W
x(A-R)
B 6 rpynna
1,501 S rpynna
1,45- 4 rpynna
1,401
1,35—-
1,30—-
1,25—-
1' 2 3
[lepexoaHbin pag

2,3,(4),(5),6 23,456 (2),03),4),5,6



CBouncTtBa MeTanioB

T.nn., °C
T.kun., °C
A HO, kx/Mosnb

d, r/cm3

EO(M3+/MO), B

Cr
1860
2680
348.8
7.23
—0.74

Mo W
2620 3410
4630 5700
594.1 799.1
10.22 19.30
—-0.20 -0.11

CTpYKTYpHbIN TN a-Fe

peLueTka Kybnyeckas
ob6beMoLIeHTpUPOBaHHAasA



Xnummyeckme cesomctea Cr

1. Naccusupyetca koHUeHTpupoBaHHbIMU H,SO,, HNO; 1
LLlapCKOM BOOAKOW MPU H.y.

2. PaCTBOpFIeTCFI B KUCJTOTaX-HEOKUCITUTENAX N KUCITIOTaX-
OKUCITINTENAX

Cr+ 2HCI = CrCl,+ H, (6e3 goctyna O,)
ACr + 12HCI + 30, = 4CrCl; + 6H,0
10Cr + 36HNO, (pa3b) = 10Cr(NO;); + 3N, + 18H,0

2Cr + 6H,S0, (koHu) — . Cr,(SO,); + 3S0, + 6H,0

3. He pacTtBopseTca B Lienovax



Xnummyeckme cesomctea Cr

4. OkucnsieTcs B LLENOYHOM pacraBe

Cr + 3KNO; + 2KOH = K,CrO, + 3KNO, + H,0 400 °C
5. OkucnsieTca napamu BoApl

2Cr + 3H,0 = Cr,0O4 + 3H, 900 °C
6. Pearnpyert c ranoreHamu, obpasys CrX, (Bcerga Cr3*)

2Cr + 3F, 229°C, 2CrF,

7. Pearnpyet c Knucnopoaom npu HarpeBaHuu

4Cr + 30, = 2Cr,0, 400 °C



Xnummyeckme cesomctea Cr

8. Pearnpyet co MHOrMMK HeMeTannamMmm npm
HarpeBaHuUn

Cr+S=0CrS

2Cr + N, = 2CrN

Cr + 2P = CrP,

Cr + As = CrAs

7Cr + 3C = Cr,C; (1.nn. 1810 °C)

Cr+B=CrB (1.nn.2100 °C)

CrN



Xumnyeckme cesounctea Mo, W

1. He pacTBopst0oTCS B KUCNOTax-HEOKUCIINTENNAX
2. OkncnsawTcda B KUCNOW cpeae:
W + 6HNO, + 8HF = H,[WFg] + 6NO,, + 6H,0
Mo + 2HNO, + 2HCI = MoO,Cl, + 2NO + 2H,0
3. OkncnsaTCcA B LWENOYHbIX pacniaBax
Mo + 3KNO; + 2KOH = K,M00, + 3KNO, + H,0
4. OKNCNATCA KMCoOpoaoM Npu HarpeeBaHnm
2Mo + 30, = 2MoO, (400 °C)
5. PearnpytoTt ¢ ranoreHamu

Mo + 3F, = MoF, 2Mo + 5Cl, = 2MoCl;
W + 3Cl, = WClg 2W + 5Br, = 2WBrg



[TonyyeHue Cr
XpoMm —
cpeaHun no pacnpoctpaHeHHocTn anemeHT (0.012 mac.%)

OCHOBHble MuHeparnbl: FeCr,0O, XpoMUCTbIN XenesHsk (Cra*)
PbCrO, kpokout (Cr¢*)

XpoMum

Kpokoum

[Tony4yeHne goeppoxpoma
FeCr,O, + 4C = Fe + 2Cr + 4CO



[TonyyeHue Cr

[Tony4yeHne TeXHM4eCckoro Xxpoma
4FeCr,0, + 8Na,CO4 + 70, = 8Na,CrO, + 2Fe, O, + 8CO,

2Na,CrO, + 2H,S0, + 2KCl = K,Cr,0, + 2NaHSO, + 2NaCl

K,Cr,0, + 2C = Cr,0, + K,CO, + CO

Cr,O5; + 2Al = Al,O,5 + 2Cr antomorepmMus

[Tony4yeHne 4YncToro xpoma

Cr,O; + 3H,50, = Cr,(SO,); + 3H,0

2Cr,(S0O,); + 6H,0 = 4Cr + 30, + 6H,S0O,
9J1IeKTPOsinN3 pacTeopa



[Tony4yeHune Mo, W

Pegkune anemeHTbl: No ~10-3 mac. % B 3eMHOM Kope

MwuHepanbi: MoS, MOnnoOeHUT cynbgud
CaWwQO, LweenuT

OKCUOBbI
(Fe,Mn)WO, Bonbgpamut

2MoS, + 70, = 2Mo0O, + 4S50, oOxwur npu 600 °C
MoO; + 3H, = Mo + 3H,0 BocctaHoBneHue npu 600 °C

4(Fe,Mn)WO, + 4Na,CO; + O, = 4Na,WO, + 4CO, +
2(Fe,Mn),0O,

Na,WO, + 2HCI = WO, + 2NaCl + H,0
WOQO; + 3H, =W + 3H,0




© N o 0 bk~ W D=

[TpumeHeHune Cr

ExxerogHoe MnpoBoe Npon3BOACTBO XpoMa ~ ¥4 MITH. TOHH
doeppoxpoma ~ 9 MIH. TOHH

Hepxkaetowine ctanu
[lekopaTuBHbIE MOKPbITUA

3epkana, NpoXeKTopbl

Harpesatenu (HUXpoOM)
Abpasuesbl (Cr,0,)
[TurmeHThl (3eneHbin Cr,04, xentbi PbCroO,)

NHrmbutopsl kopposum (MgCrO,, CaCr,0O-) §

Katanusartopsbl (Ha ocHoBe Cr,0,)



[lpumeHeHne Mo, W

-ANA NPON3BOACTBA »Kapornpo4HbIX CMNNaBoB
-B pagNOTEXHUKE U 3NEKTPOHUKE

-B aBManpoOMbILLIIEHHOCTH

-AN9 NPON3BOACTBA CBEPXTBEPAbIX CMNilaBoB
-B XMMWYECKOW MPOMBbILLITIEHHOCTM

-Ans namepeHns sbicoknx (>2500 K) Temnepatyp
-MoO,; B KayecTBe Katanusaropa
-Mo0S, B Ka4yecTBe TBEPAOM CMa3Ku




Onarpamma ®pocta ansa Cr

Cr(V)

Cr,0,%-




CoeauHeHunsa Cr(VI)

1. Tpuokena xpoma CrO,
KpacHble Kpuctannsl, T.nma. 197 °C

2CrO,; = 2Cr0O, + O, T.pa3n. 205 °C
aHrMapua XpoOMoBOW KNCAOThI
CrO; + H,0 = H,CrO,
CrO; + 2KOH = K,CrO, + H,O pacTtBopeHue CrO,
4CrO; + C,H-OH = 2Cr,0, + 2CO, + 3H,O0 6ypHO

CrO,




CoeauHeHunsa Cr(VI)

2. XpOMOBbI€ KUCNOTh!

H,CrO, & H"+ HCrO,~ XxpomoBasg kucnota
HCrO,~ < H*+ CrO -

cunbHag kucnota pKa, = -0.61, pKa, = 6.49

2HCrO,~ < Cr,0,4~ + H,O ouxpomar, pK = -2.2

2K,CrO, + 2H,S0, = K,Cr,0, + 2KHSO, + H,0
K,Cr,0, + 2K,CO, + H,0 = 2K,CrO, + 2KHCO,
K,Cr,0, + 2BaCl, + H,0 = 2BaCrO,4 + 2KCI + 2HCI



CoeguHeHunsa Cr(VI)

3. lNonnmepunsauyms xpomaros
2CrO, >~ + 2H* < Cr,0,4 + H,0 OpaHXeBbIN
3Cr,0,% + 2H* < 2Cr;0,,> + H,O  kpacHbIN
4Cr;0,4% + 2H* < 3Cr,0.5>~ + H,O  KkpaCHO-KOpPUYHEBLIW

Cr,0,,> + 2H* < 4CrO4d + H,0

-~

20—
Cry0; Cry0,02 Cr, 0,52

Bceraa k.u. (Cré*) = 4 r(Cré*) <r(v>")



CoeaguHeHunsa Cr(VI)

4. OKUCnUTENbHbIE CBOWUCTBA XPOMAaTOB
(NH,),Cr,0, =N, + Cr,O5 + 4H,0  “xumuyeckuu syrikaH”
K,Cr,O- (1B) + 14HCI (koHu) = 2CrCl; + 3Cl, + 7H,0 + 2KCl

= 3Fe,(SO,); + Cr,(SO,), + 6(NH,),S0, + K,SO, + 7H,0

3(NH,),S + 8K,CrO, + 8KOH + 20H,0 = 8K,[Cr(OH),] +

CUNbHbIE OKUCITUTENN B KNCIOW cpeae, crabble — B LWEToYHOM



CoeaguHeHunsa Cr(VI)

5. anoreH-npoun3BogHbIE

2CrO, + 3F, 361803 Tﬁ 2CrF, + 30,
XerllTble Kpnctalsibl

Crkg = Cri; + VaF, npu H.Y.
K,Cr,0, + 2HCI = 2KCrO,Cl + H,0
K,Cr,0- (1B) + 6HCI (ra3) = 2CrO,Cl, + 3H,0 + 2KClI

XpOMUJT X10pUO

[CrO,Cl]-



CoeguHeHusa Cr(V,1V)

1. lanoreHnabl

CrF., CrF,, CrCl,, CrBr, TOnbKo qoTOpUAbLI YCTONYUBLI

2CrO, + 5F, = 2CrF. +30, T.nn. 30 °C
KpacCHbIN
150 °C
Cr + 2F, >CrF, T.pa3n. 200 °C

donorsneToBbIn
2. Okeug CrO,
yepHbIn, T.pa3n. 400 °C, HepacTBOpPUM
4CrO, = 2Cr,05 + O,
2CrO, + 8HCI (koHu) = 2CrCl; + Cl, + 4H,0




CoeaguHeHusa Cr(V,1V)

3. Xpomartbl (V) u (1V)
4BaCrO, + 2Ba(OH), = 2Ba,(CrO,), + O, + 2H,0

2K,CrO, + K,SO,; + 2KOH = 2K,CrO, + H,0O + K,SO,
roniyoomu

CrO, + Na,O, = Na,CrO, + 720,
TEeMHO-3€eleHbIn

3Na,CrO, + 5H,0 = 2Cr(OH), + Na,CrO, + 4NaOH

Xpomartsl (IV) 1 (V) o4eHb cunbHble okMcnnTenu!



CoeaguHeHusa Cr(V,1V)
4. INepokcuabl
2K,CrO, + 9H,0, + 2KOH = 2K,CrO, + 10H,0 + O,
K,CrO, + 3H,0, + 3NH; = Cr(0O,),(NH3); + O, + 2H,0 + 2KOH

Cr(0,),(NH3); + 720, + py = CrO(O,),(py) + 3NH, N
K;CrOg: K5[Cr(0O,),] kopnyHeBbin, Cr(V) N |
Cr(0O,),(NH;); 3eneHbin, Cr(1V) AVPUANH, Py

CrO(0,),(py) cuHun, Cr(VI)

[Cr(O,)a]> Cr(O,),(NH3);



CoeguHeHunsa Cr(lll)
1. Okeung

Cr,0O; 3eneHbIn
T.NN. 2275 °C, CTpyKTypa KopyHAaa
OYeHb TBeEPAbIN, XUMNYECKN UHEPTHLIN

Cr,04

Cr,0O; + HNO, # Cr203 + KOH (p-p) #
Cr,0, + 4KOH + 3KN03 2K,CrO, + 3KNO, + 2H,0
Cr,0, + 3K,S,0, —— Cr,(SO,), + 3K,S0,

Cr,0; + K,CO, —Y . 2KCrO, + CO,

Cr,0, + 3CCl, —— 2CrCl, + 3COCl,



CoeguHeHunsa Cr(lll)

2. 'npgpokenabl
Cr(NO,), + 3NH, + 3H,0 = Cr(OH),J + 3NH,NO,
Cr(OH); -+ CrO(OH) + H,O «CTapeHne»
Cr(OH); + KOH + 2H,0 = K[Cr(OH),(H,0),] pKa =16
2Cr(OH), + 3H,S0, = Cr,(S0O,); + 6H,0 pKb =10




CoeguHeHunsa Cr(lll)

3. 'maponus
K,[Cr(OH)] + 2H,0 < K[Cr(OH),(H,0),] + 2KOH
[Cr(OH)gJ3- + 2H,0 < [Cr(OH),(H,0),]- + 20H-
Cr(NO,); + H,O < Cr(OH)(NO,), + HNO,
[Cr(H,0)6]*" < [Cr(OH)(H,O)s]** + HY
K4[Cr(OH)¢] + 3CO, = CrO(OH){ + 3KHCO, + H,0

Cr(NO,), + 3Na,CO; + 3H,0 = Cr(OH),J + 3NaNO, +
3NaHCO,



CoeguHeHunsa Cr(lll)

4. OKncneHme n BoCCTaHoOBeHne

2Cr(OH); + 10KOH + 3Br, = 2K,CrO, + 6KBr + 8H,0
pH>38

Cr,(SO,); + 3MnO, + 2H,0 = 2H,CrO, + 3MnSO,
pH =16

Cr,(SO,); + 2K,S,04 + 7H,0 = K,Cr,0, + 7TH,S0O, + 2K,S0O,
pH =2

CrCl; + Zn = CrCl, + ZnCl,
pH=1



CoeanunHenunsa Cr(lll)
5. ManoreHngbl

CrF; CrCl, CrBrj Crl,
3eNneHbln  PUOSIETOBbLIN  TEMHO-3€MNeHbI  YepPHbIU
Bo3r. 1200 °C Bo3r. 1115°C  1.nn. 1130  pasn. ~700 °C

HepacTBopuMbl B Boge, pacTBopuMbl B nnpuguHe (kpome Cry)

2Cr + 3Br, = 2CrBry 700 °C
Cr,0O4 + 3C + 3Cl, = 2CrCl; + 3CO 500 °C
2CrCl; + 3H,S = Cr,S; + 6HCI 400 °C
CrCl; + NH; = CrN + 3HCI 500 °C

CrF
] CrCl, w



Komnnekcbl Cr(lll)

1. T'nppartsl

[Cr(H,0)4]Cl; Cr(H,0)* dmoneToBbIn
CrCI(H,O):]Cl,-H,O [CrCI(H,O):]**  cBeTno-3eneHbin
CrCl,(H,0),]CI-2H,0 [CrCl,(H,0),]* TemHo-3eneHbIn
CrCl;(H,0),]:3H,0  [CrCl;(H,0);]°  KpacHbIN

Cr(OH), + 3HCI + H,O = [CrCl,(H,0),]* + CI-

XpoMoKanueBble KBacLbl.
K,Cr,O, + 35S0, + H,SO, + 23H,0 =2 KCr(SO4)2-12HZO¢

KCr(SO,), 12H,0 = [K(H,0)4][Cr(H,0):](SO,),



Komnnekcbl Cr(lll)

A e 3 3 (t. 3
E g Crev d® (ty4°)
| Bce Komnsiekcbl yCTONYMBLI U
[Cr(H,O)¢]3* Ao NHEPTHBbI
b4y Uem Oonblue Ay, TEM BbiLLe
T YCTONYMNBOCTb
Log

BbiTecHeHMe rmapaTHOW BOAb!:

‘;}}:i 4 ‘\I

[CrCl,(H,0),ICl + 6KCN = K,[Cr(CN)] + 3KCI + 4H,0
JiMraHad CUJ1IbHOTO nong!



Komnnekcbl Cr(lll)

2. AMMnakarbl
CrCl; + 6NH; (k) = [Cr(NH,;)6]Cl;  »xenTbin
[Cr(NH;)6]Cl; + 3HNO; (koHY) = [Cr(NH3)¢](NO;); + 3HCI
[Cr(NH;3)6]Cl; 100 °C [CrCl;(NH),] + 3NH; 3eneHbin

4[Cr(NH;)¢]Cl, + O, + 2NH,CI = 2[Cr,(OH)(NH;),,]Cl: + 6NH,
PO30BbLIN

[Cr,(OH)(NH;),,]Cl; + KOH = [Cr,O(NH;),,]Cl, + KCI + H,0
CUHUN

[Cr,(OH)(NH,),,JCl: + HCI = 2[CrCI(NH,)]Cl, + H,O  KkpacHblil

444

mpaHc-[CrCl,(NH3),]"* [Cry(OH)(NH3) 0> [Cr3(OH),(NH3)0]°*




Komnnekcbl Cr(lll)
3. XernaTtHble KOMMMeKChl

YCTONYMBOCTL KOMMJIEKCOB YBENUYMBAETCA Npu
BKITIOYEHUU OU- U NONMAEHTATHbIX NUraHaoB

K,Cr,0O- + 2K,C,0, + 7TH,C,0, = 2K;[Cr(C,0,)4] + 6CO, + 7H,O
K,Cr,O, + 7TH,C,0, = 2K[Cr(C,0,),(H,0),] +6CO, + 3H,0
2K[Cr(C,0,),(H,0),] + 2KOH = K,[Cr,(OH),(C,0,),] + 2H,0 gumep
HanbonbLyo yCTONMYNMBOCTb UMEKOT 5- N B-YSIEHHbIE LMKIbI
3CrCl; + 9Na(ac) + 4H,0 = Cr;O(CH;COO0),-3H,0 + 9NaCl + 2H(ac)

[Cr,O(CH,COO0)]*



CoenunHeHuns Cr(ll)

y — dp2
1. Okeug = _1_dxzz y
CrO yvepHbIin, cTpykTypa NaCl t 4 dy dy;
1
3Cr0 700 °C Cr203 + Cr _1_ de

2. [lony4yeHune B pacTBope

Cr,(SO,), + Zn -1 Znso, + 2crso, E| —T_— dye

3. OkucneHume

2CrSO, + 2H,0 = 2Cr(OH)SO, + H,

4[Cr(H,O)¢]?* + 4H* + O, = 4[Cr(H,O)¢]** + 2H,0



CoeaunHenuna Cr(ll)

4. ['mpgpokecug n conu
Cr(OH), XenTblW, TONIbKO OCHOBHbIE CBOUCTBA

CrCl, + 2NaOH = Cr(OH), + 2NaCl
6e3 gocTtyna Bo3ayxa

Cr(OH), + H,SO, = CrSO, + 2H,0
rony6bon [Cr(H,0)¢]%*

CrCl, + 2Na(cp) = Cr(cp), + 2NaCl
KOPUYHEBLIN




CoeaunHenunsa Cr(ll)

5. Auetat xpoma(ll)

2CrCl, + 4NaCH,;COO = CrZ(CH3COO)4-2HZO¢ + 4NaCl
KpacCHbIU




CoenuHeHuns Cr(0)

1. KapboHun 5
THF ciﬁ:f*
CrCl, (t8) + Al (TB) + CO Cr(CO), + AlCI ‘

3 3 Cr
Cr(CO), = Cr + 6CO pasnoxeHue (200 °C) "O/t\’
MOJTEKYIIAPHOE CTPOEHNE, DECLIBETHbLIN

Cr(CO);(CgHe)

Cro () .CO (x6)

Cr(CO), t}"_ 'T'—'T'l— XX XX XX XX XX c&é&‘
4s 4p :}

Cr(CgHp),

2. IndenHsonxpom

CrCl; (1B) + Al (TB) + 2C;H,; = Cr(CgzHg), + AlCI,
KOPUYHEBLIN



Onarpamma ®pocta ana Mo, W




CoeguHeHna Mo(VI), W(VI)

1. Hanbonee yctonumeas c.o. ansa W
2. Tpuokeuabl MoO, T.nn. 796 °C, WO, 1.nn. 1472 °C

CBETINO-XEeNTble, criouctas cTpyktypa MoO,, kapkacHas
cTpykTypa WO, — okTasgpbl MOg; HepacTBOpMMbI B BOAE

MO, + 2KOH = K,MO, + H,O M = Mo, W

K,MO, + 2HCI = H,MO,{ + 2KCI o4yeHb cnabble KUCroThi
K,MO, + 2HCI (koHw) = MO,Cl, + 2H,0  pH <0
K,M00, + 2AgNO; = Ag,M0o0,{ + 2KNO,

(400 °C)




CoeguHeHna Mo(VI), W(VI)

3. [anoreHngbl MX;
MOneKynsapHasa CTpyKTypa, rMrpoCKONUYHbI

MoF, — becuBeTHasa XNOKOCTb
WF, — cBeTno-xenrtas XnakocTb
WClg; — TeMHO-CUHKME KpucTansbl

WCl; + 3H,0 = WO, + 6HCI
WF; + 2HF = H,[WF]
4. INepokcunapbl

M0O, + 2KOH + 4H,0, = K,Mo(0,), + 5H,0

K,M0(0O,), KpacHbIU; K,W(O,), XenTbin



CoeguHeHna Mo(VI), W(VI)

5. [ponsBoaHble MonnbaeHuna, Bonbgpamnna
MoO,%* monnbaeHun, WO,2* Bonbdpamur oe o
wcl, + 2H,0 —FCl . wo,cl, + 4HCl
MoO, + 2HCI = M0oO,Cl, + H,O

S T ]2-
M003 + H2804 - MOOZ(SO4) + Hzo S Mo 1
2CsCl + MoO; + 2HCI = Cs,[M00,Cl,] + H,O “—¢

14 [MoS(S,),1*
6. Tnoconu

Viver & Ak Mgk Chemier

(NH,)¢Mo-0,, + 21H,S + 3H,SO, = 7MoS,{ + 3(NH,),SO,
+ 24H,0

K,WO, + 4H,S KOH K WS, + 4H,0  (+ HCl »> WS,!)
Na,MoO, + 4Na,S, + S + 4H,0 = Na,[MoS(S,),] + 8NaOH




CoeguHeHna Mo(VI), W(VI)

7. Nonnmepusaymsa monndaaTos, BorbgppamaToB

7M00,2~ + 8H* & M0,0,,5 + 4H,0 pH ~ 7
8M0,0,,5~ + 20H* < 7M0z0,4 + 10H,O  pH=~ 4
M0gO,+ + 4H* + 6H,0 < 8H,M00,v pH ~ 1

Mo,0,,%" MogO,* H,W,,0,,10-
12W0,2- + 14H* < H,W,,0,,1% + 6H,0 pH ~ 6
H,W,,0,,1% + 4H* < H,W;,0,,5~+2H,0  pH =3
5H,W,,0,,%~ + 6H* < 6W,,0,,% + 8H,0 pH ~ 2
W,,04,% + 4H* + 8H,0 < 10H,WO 4 pH ~ 1



CoeguHeHuna Mo(VI), W(VI)

7. Monmn A LN
>
IMoO,E |
8M0,00 |

3
Mo,O,, 5
g2 2




[eTepononuncoegnHenna Mo(VI), W(VI)

1. AHMOHBbI KerrmHa

12(NH,)sM0,0,, + 51HNO; + 7H;PO, =
7(NH4)3[PM012040]'2H20\L + 51NH4NO3 + 22H20

12Na,WO, + Na,SiO, + 22HNO, =

KM. (E)=4

AHnoHbI KerrnHa: [EM,04]™ M = Mo, W K.4. (M) =6
E=P As n=3
E=Si n=4
E=B n=>5

PO,

MoO




[eTepononuncoegnHenna Mo(VI), W(VI)

2. AHMOHBI [loycoHa
18Na,WO, + 32H;PO, = Na,[P,W,30,,] + 30NaH,PO, + 18H,0
«yOBOEHMe» aHMOHOB KerrmHa
3. AHNOHbI AHOEpPCOHa
9(NH,);M0-,0,, + 7TNISO, + 7H,0, = 7(NH,)s[NIM0,O,,| +
H,S0, + 6H,0 + 6(NH,),S0O,
Ni* — Ni**  okTasgp d® (t,,°)

d6

T

[P,W,506,]° [NiM0gO3,]°%-



[eTepononuncoegnHenna Mo(VI), W(VI)

4. Pa3Hoobpasue nonnokcometannatoB (P,As)/Mo

{P,Mo,,}

o-[P'Mo",,0,]"  A-a-[P'M0"s0,]" B-o-[P'Mo",0,,]"
a-{PMo,,} A-a-{PMo,} B-o-{PMo,}



BocctaHoBneHue coeanHennn Mo(VI), W(VI)

BoccTtaHoBneHne BO3MOXXHO TOMNbKO B KUCINOW cpeae



MonnbaoeHoBble CUHU

5Na,Mo0, + H,S + 10HCI = Mo:;0,4 + S + 6H,0 + 10NaCl

5Na,MoQ, + SnCl, + 12HCI = Mo:0,,4 + Na,SnCl, + 6H,0 +
8NacCl

5Na,Mo0, + 12HCI + Zn = Mo:O,,I + ZnCl, + 10NaCl + 6H,0
OCHOBHbIle cocTaBbl cuHen:  Mo:O,,, M0yO,,

Mo:O,, = 3M0O;-Mo,0O.

AHanornyHbole coegnHeHns W HensBecTHbI!



BonbdpamoBbie OpOH3bI

WO, + xNa L Na, WO, CTPYKTypa NepoBCKUTA
3xNa,WO, + (6-4x)WO, + xW Y, 6Na WO,
Na,WO, ) y

Na,W,0,, -— —— NaWO,

Na;oH,W 1,040

.-"\;_:

x=0

doNONETOBLIN
($2)
2
< | KpacHbIn
Z
XKEnTbIn

x=1




CoeguHeHna Mo(V,IV) n W(V,1V)

1. Okcunabl U TMAPOKCUObI

(NH,)sM0,0,, + 20HCI + 7Zn + 4H,0 = M0O,-2H,04 +
6NH,CI + 7ZnCl,

WO, + H, = WO, + H,0 600 °C

MoQO,, WO, NCKaXKeHHaa CTPYKTypa pyTuna
TOJIbKO OCHOBHbl€ CBOUCTBA

Kpuctannuyeckas
CTPYKTypa pyTuna




CoeguHeHna Mo(V,IV) n W(V,1V)

2. Komnnekcsl

3M00, + 2H,C,0, + K,C,0, + H,0 =
K5[M030,4(C,0,)3(H,0),]

Haunbonee ycton4mBbl KOMMNIEKCHI C
nuraHgamMmn CUSTbHOro MosisA UMM XernaTHbIMU

[M0Y(CN)g]*-, [Mo"(CN)g]*, [W;30,(CH3;COO)s(H,0),]+

MoO(HSO,)(SO,)




CoeguHeHna Mo(V,IV) n W(V,1V)

3. [[anoreHnabl U okcorarnoreHnabl

MoF; MoF, WF. WF,

MoCl; MoCl, WCI. WCI, Bce rurpockonuyHel,
MoBr, WBr; WBr, K.4. =6 (okTasap)

Wi,

2WCl, + H, 22°2°C  2wcCl, + 2HCI

MoO, + CCl, -*2“. mocl, + CO,
H

W(CO)6 + 2C| 6 WC' + CO [MOOC|5]2_

2(NH,){Mo0-0,, + 16NH,I + 70HCI = 14(NH,),[MoOCI,] +
+ 71, + 34H,0 + 2HI

Ce



CoeguHeHna Mo(V,IV) n W(V,1V)
4. Cynbdoumabl
2K,[MoOCI] + 5H,S = M0,S:{ + 4KCI + 6HCI + 2H,0
Mo +S, -© , MoS,

2WO, + 7S ££5:, 2WS, + 380,

MoS,, WS, criouctada cTpykTypa,
NonynpoBOAHMKN, TBepAdad cMa3ka




CoeguHenuna Mo(lll), W(IlI)

1. bonee yctonumebl coegnHeHnsa Mo(lll), okcuabl HEU3BECTHbI

2. N\3BecTHbI Bce MX;, Kpome W,
MoCl; + H, = MoCl; + 2HCI (250 °C)
2Mo + 3Br, = 2MoBr, (350 °C) *
2W(CO)g + 31, = 2WI; + 12CO (150 °C) MoBr,

3. [[anoreHnaHble KOMNIeKChbl

2Mo0O,Cl, + 8HCI + Zn = 2H;MoCl; + 3ZnCl, + 4H,0

2Na,Mo0O, + 16HCI + 3Zn = 2Na,[MoCI;(H,0)] + 6H,0 +
3ZnCl,

2WClI; + 3CsClI = Cs;W,.Clq
4. [lpyrne KoMnnekcol d° oktasap tp,°

[Mo(H,0)¢]**,  [Mo(HCOO)g]*-
[Mo,(HPO,),]%~,  [Mo(SCN)g]*-




Hu3wwne c.o. Mo, W

1. OKkcmabl 1 OKCOKOMMIIEKCbl HEU3BECTHbI
2. KnactepHble ranoreHugbl Mo, W

Mo + COCI, = MoCl, + CO [Mo.Cl]Cl,
6MoCl, + 4AgNO,; = [Mo;Clg](NO,), + 4AgCl
6WCL, + 2Cl, —2 W.Cl,. [W.Cl,,]Cl,

6MoCl, + 2CsCl 2. Cs,M0,Cl,, [M0,Clg]Cle2




Hu3wwne c.o. Mo, W

3. CoeagnHeHuns ¢ KpaTHbIMU CBA3SAMU
Mo,(CH,CO0), + 4KCl + 4HCI = K,[M0,Cl] + 4CH,COOH
K,[Mo,Cly] + 4H,PO, = K,[Mo,(HPO,),] + 8HCI

+ 2KCl + H,0O

CH5CO,

Mo,** Kk.c.=4
d(Mo—Mo) = 210 nm

Mo,°* Kk.c.=3
d(Mo—Mo) = 225 nm

Mo,(CH;CQOO0),
T.cyon. = 320 °C



Hu3wwne c.o. Mo, W

4. KapboHun monnbdaeHa
Mo(CO),: T.nn. 150 °C, T.kmn. 156 °C

MoO; + 9CO = Mo(CO), + 3CO, (P, T)
YCTOWUYNB, MIOX0 pacTBOPUM

2Mo(CO), + 4CH,COOH = Mo,(CH;COO0), + 2H, + 12CO
Mo(CO), + I, = Mol, + 6CO (Et,O, 25°C)
2Mo(CO), + 2Na = Na,[Mo,(CO),,] + 2CO




Pa3Hoobpa3une xumum Mo

a) Dinitrogen, ethylene and carbon dioxide complexes

(PMe3)3
(PMe,);

b) Examples of unusual acyl structures and of oxo and imido complexes

MOLYBDENUM

X =H, CH,, C,Hs

E. Carmona, Chem. Eur. J. 2019, 25, 11-12



buonornyeckasa pons Mo, W

1. Mo: kaTtanus nepeHoca Kucropoaa Boabl AnA OKUCINEeHUs

CynbdUTOB, apceHnToB, ansgerngos, CO
S0

0
. , \ AP
« °| 0 i
N (P s || o
[ wZ C N
S S/

AUTUoneH |\

S—C)IS..,_Ll \S—Cys,‘ll
. J
nTepuH H +e 4—4 Mol k K J " :2)02
| s \ i N =
0 0
S\ |/0|-| 5< ”/0"'2
| M | Mo,
p. 0\ /" e
S S—Cys,_% S S Cys,t%
EPR detectable (d") J ; 1 )
Mo(V) H + e Mo(IV)

Cynbdutokcuaasa



buonornyeckas ponb Mo, W

2. Mo: kKaTanna nepeHoca K1cnopoaa npyv BOCCTaHOBNEHUN
HUTPAaTOB
EO(NO,7/NO,") =+0.40 B npu pH =7
3. Mo: B cocTaBe HUTpOreHasbl Ansa dukcaunm asorta

4. W: katanu3 obpasoBaHus cea3n C—H npmn HedbOTOCUMHTE3HOM
nornoweHumn CO, npocTenInMm opraHmamamu

>
/ Homocitrate

P-cluster
[8Fe-75] HutporeHasa Fe-Mo

6
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



TokcunyHocTb W

MeTtaBornbdpamar (goaakasonibdpamar)
H, W ,0,4,%~ TOKCu4eH

», [lpoHMKaEeT B BoAY Yepes rno4ysy
(HaTpueBas Cosib), MOXET 3aMellaTb
MOSMOAEH B 3H3MMaX 1 3axBaTbiBaTb
docdhaT nnu cunukat, odbpasys

LienoveYyHble reTepononmBonbdpamarhl
H




TeHaoeHUMn B 6 rpynne

CeouctBa Cr otnuyatotca ot cBomncte Mo, W, KOTopble MeHee
CcXoXu, yem Zr, Hf nnn Nb, Ta

BHM3 no rpynne yCTOM4MBOCTb C.0. 6 YBENMNYMBAETCS, @ HU3LLUX
C.0. YMeHbluaeTca. Mo nposiBnsgeT Hanbornbllee pa3Hoobpasmne
C.O.

C yMeHblUeHMeM C.0. yCuUnmearTCAa OoCHOBHble cBoucTtBa, Cr(VI)
npodaBideT TOSIbKO KUCMOTHble csoncTtea, Mo, W (I, IlI, 1IV) —
TONbKO OCHOBHbIE.

BHM3 no rpynne ymMeHbLUaeTCsl OKUCNUTESNIbHass CNOCOBHOCTb
9NIEMEHTOB B C.0. +6 U YyBENUYMBAETCHA BOCCTaHOBUTENbHAS
CMOCOOHOCTb B C.0. +2.

B BbiCLIMX C.0. Hanbornee ycTon4YmMBbl KOMMIIEKCblI C JOHOPHbLIMU
nuraHgamu F, O, B HU3Wwnx — c C, N, CI.

B BbicluMx c.0. coeguHeHuna Mo, W ctabunmanpyrotca
obpa3oBaHMEM M30- U TETEPONONUCOEAUHEHNN, B HU3LWINX —
obpa3oBaHMEM KNacTepoB U KpaTHbIX cBA3en M—M.
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