IdnemeHTbl 51 rpynnol




loarpynna BaHagus

3 4 5 6 14 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

V — BaHaaun, Nb — HMobun, Ta — TaHTan




loarpynna BaHagus

V Nb
23 41
3d34s? 4d45st
134 147
6.75 6.76
14.71 14.30
63.3 50.5
1.45 1.23

(2),3.45 (2),(3),(4),5

Ta
73
414503652

147
7.95
16.20
45.0
1.33

(3).(4),5



loarpynna BaHagus

V Nb Ta
AT. Ne 17_2(:ER)
9n. KoHo 1_40_: v
R(aT.), nn . Ta
1, 98 1.30- ND
l,, aB T 7r Hf
- 9B 1,251 I I I
(AR 1 2 s N
C.O. (2),3,45 (2),(3),4),5 (3),(4),5



CBouncTtBa MeTanioB

V Nb
T.nn., °C 1920 2470
T.kun., °C 3400 4760
A HC, kx/Mosb 458.6 696.6
d, r/’cm3 6.11 8.57
EO(M>*/MY), B —0.25 —0.65
h
agl\ N
g - e
“,,’ ./
o — A

Ta
2996
5500
753.1
16.65
—-0.81

CTPYKTYpHbIM TUN o-Fe

pelleTka Kybunyeckas
00bEMOLIEHTPNPOBaHHAS



Xummndeckume ceouctea V, Nb, Ta

. MeTannbl yCTOM4YMBLI K KOPPO3UUN — NOKPbITbI OKCUAHOW
NeHKoun

. He pacTtBopsawTcs B Lienovax
N KUCNOTax-HEeOKNCNUTENAX

. PactBopumebl B cmecn HNO, (koHU) 1 HF

3Nb + 5HNO, + 21HF = 3H,[NbF.] + 5NO + 10H,0

V, Nb pacTBopuMbI B LLlapCKOU BOAKE

3NDb + 5HNO, + 18HCI = 3H[NbCI ] + 5NO + 10H,0

.V, Nb, Ta okucnsaTca Kncnopogom npu BbICOKOMU
Temneparype (900-1000 °C)

AM + 50, = 2M,0Ox



Xummndeckume ceouctea V, Nb, Ta

6. Tonbko V pactBopum B HF  (komnnekcoobpasoBaHue)

2V + 12HF = 2H,[VF ] + 3H, V3

/. Tonbko V pacteopum B KoHU. HNO; 1 H,SO, npu
HarpeBaHUU:

V + 3H,S0, = VOSO, + 2S0, + 3H,0 V4

aHanornyHo geuncteytot koHu. HCIO,, HCIO,
V + 6HNO; = VO,NO; + 5NO, + 3H,0 \/ot

8. Tonbko V pearupyet ¢ N,O,:

V +2N,0, = VO,NO; + 3BNO (B pactBope CH,CN) V>*



Xumundeckume ceouctea V, Nb, Ta
9. Tonbko V pacTtBopuM B LLENOYHbIX pacnnaBax

2V + 6KOH + 5KNO, = 2K,VO, + 5KNO, + 3H,0

10. V, Nb, Ta pearnpytoT c ranoreHamu

2Ta + 5Cl, = 2TaCl; NbCl;, TaCls,
V + 2Cl, = VCl, Ho VCl,
2V + 3l, = 2V,

11. V pearnpyet c ammMmnakom, cepoBogopoaom npu to

2V + 2NH, = 2VN + 3H,

V3
2V + 3H,S = V.S, + 3H,

12. Ta yCcTOM4YMB NO OTHOLLUEHUIO K KNCITOTaM-OKUCIIUTENAM,
BKIoYaaA LapCKylo BOOKY



lonyyeHue V, Nb, Ta

PacnpoctpaHeHHOCTb (Mac.%):
V 0.014; Nb 0.002; Ta 0.0002

Nb, Ta — paccesiHHbIE 3NEMEHTbI

OcHOBHble MUHepanbl V: natpoHuT VS,
BaHaaunuut Pb.(VO,),Cl, kapHotut K,(UO,),(VO,),-3H,0

Nb, Ta: MmuHepan konymout (taHtanur) (Fe,Mn)(Nb,Ta),O4

E>xerogHoe npon3BoACTBO:

100 TbIC. T. V; 60-65 ThiC. T. Nb; 1-1.5 ThIC. T. T



lonyyeHue V, Nb, Ta

OCHOBHOW MeTO/, MONy4YeHNst — N3 0TXO040B NPOU3BOACTBA
TUTaHa UNK Xxenesa:

[V,O.] + Na,CO, —Y+2NaVvO, + CO,

NaVO, + 3NH,-H,O = (NH,),VO,4 + NaOH + H,O
2(NH,),VO, —+ V,0, + 6NH, + 3H,0

V,0; + 5Ca = 5Ca0 + 2V

OuncTKa 9NEeKTPOSINTUYECKMM METOAOM UM NOAUOHbLIM NO
BaH Apkento-Lle bypy

2V + 31, = 2V,




lonyyeHue V, Nb, Ta

4FeNb,Og + 64HF + O, = 4H,[FeF;] + 8H,[NbOF;] +
18H,0

4FeTa,O4 + 80HF + O, = 4H,[FeF;] + 8H,[TaF,] + 26H,0

Pasnenenne H,[NbOFg] n H,[TaF,] —
MeHbLLlasa pacTBopumMocTb K,[TakF,]

K,[TaF] + 5Na = Ta + 2KF + 5NaF

} BOCCTaHOBMNeHue
Nb,O; + 5C = 2Nb + 5CO

O4yncTKa 30HHOM MNaBKOW — E====p>
unun no BaH Apkento-Lle bypy:

2Nb + 5I, = 2Nbl,

| | JF



[TpumeHeHune V, Nb, Ta
V.
B metannyprum onsa nermposaHus ctaneu

(dbeppoBaHagmMn n xpomBaHagmeBas ctanp) — 4
85% Bcero V

B Xxumnyeckom npombILLSIEHHOCTU B KA4YeCcTBe
kaTanunsatopos — V,0.

B xumunyeckmx nctovHmkax toka — \V,0.

bpoHAa TaHKa —
«BaHagwueBas cTtalnb»




[TpumeHeHune V, Nb, Ta

Nb:

B metannypruu, B coOcTaBe CBEPXMNPOYHbIX U YNPYrnx
CMNaBoB

B agepHoOM TEXHMKE ONA XpaHEHUS pagMoaKTUBHbLIX OTXOO0B
B anekTpoTexHuKe anga nponu3sBoacTBa cynepmMarHMToB
Ta:

B xumnyeckom npombILLNIEHHOCTN U MeguLnHeE Ons
N3roTOBIIEHUA KOPPO3MOHHO-CTOMKOW annapaTypsl,
MHCTPYMEHTOB U UMMNAHTATOB




ng,V

Onarpamma ®pocta ana Vv

0.0
0.5-
1.0-
15
—2.0-
—2.5-

-3.0

V2

pH=0

VO,*

VO?*
V3t




Okeung V(V)

1. V,0; pacTtBopsaeTCs B LLenovyax N KNCIoTax:

V0. + 6KOH = 2K,VO, + 3H,0
V0. + 2HNO, = 2VO,NO, + H,O

2. V,0; — cnabblv okucnnTens
V,0O. + 6HCI (koHu) = 2VOCI, + Cl, + 3H,0

3. V,O; pasnaraetcsa, BocCTaHaBNMBaeTCA Npu
HarpesaHuu

3V,0; = V0,5 + O, 2V;0,5 = 12VO0O, + O,
6e3 gocTtyna Bo3ayxa

4. V,0; — aHrugpug BaHagmMeBou KUCNOThI
2HVO,; = V,0O; + H,0




CoeauHeHunsa V(V)

5. OCHOBHblEe paBHOBECUSI B BOAHOM pPaCcTBOpE:

VO, + H,0 = HVO,?>” + OH"- 1 & pH=14
2HVO,2- = V,0.4 + H,0 >§ pH =11
3V,0,4 + 6H* = 2,043 + 3H,0 J R | pH=8
10V,043" + 22H* = 3H,V,,0,s* + 6H,0 ) % pH =3
H,V10026" + 4H" = HgV 100 >§ pH =1
HeV100s5g + 10H* + 32H,0 = 10[VO,(H,0),]*) ¥ PH=0




CoeauHeHunsa V(V)
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CoegunHeHusa V(V)
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CoeauHeHunsa V(V)

6. [lepokcuaHble coegnHeHnsd
VO,NO; + H,0, = VO;NO4; + H,0O KpacHbIN, pH<2
KVO; + 2H,0, = KH,VO4 + H,0O Xentbin, pH = 3-9
K;VO, + 4H,0, = K;VOq4 + 4H,0 dumonetosbin, pH>10

VO(O,)]* nepokcoBaHaguH
VO(O,),(H,0)] avnepokcoaksaBaHagar
V(0O,)4]* TeTpanepokcoBaHaaat

[VO(O,),(NH3)]



CoegunHeHusa V(V)

/. [anoreHnpoun3BogHbLIe
N3BecTeH Tonbko VF¢, T.nn. = 20 °C, T.knn. = 48 °C
VF. + KF = K[VF{]

VF; + 6NaOH = NaVvVO,; + 5NaF + 3H,0

OkcoranoreHugbl (tonbko F, Cl)
V,0O¢ + 6HF (ra3) = 2VOF; + 3H,0
V,0O¢ + 6HCI (ra3) = 2VOCI,; + 3H,0
2VOCI,; + ClI,0 = 2VO,CI + 3Cl,
VOCI; + 2H,0 = HVO, + 3HCI

n

- ¥
.
VOCI,~




BocctaHoBneHue coeanHeHunn V(V)

1. [lencTBME LUMHKaA B KUCIION cpeae:

2KVO,; + 8HCI + Zn = 2VOCI, + ZnCl, + 2KCI| + 4H,0

4+
KVO3; + 6HCI + Zn = VCI; + ZnCl, + KC| + 3H,0
V3*
2KVO, + 12HCI + 3Zn = 2VCI, + 3ZnCl, + 2KCI + 6H,0
V2*

V4* ronybown, V3* TeMHO-3eneHbin, V2" rnoneToBbIN

N3bupartenbHoe BOCCTaHOBIEHNE LIMHKOM HEBO3MOXKHO!



BocctaHoBneHue coeanHeHunn V(V)

2. N13bupaTtenbHoe BOCCTaHOBIIEHME B KUCIOW cpeae:

4NaVvO, + N,H, + 6H,S0, = 4VOSO, + N, + 2Na,SO, + 8H,0
V4

NaVO, + 2Nal + 6HC| = VCI; + |, + 3NaCl + 3H,0
V3t

NaVO, + 3Na/Hg + 6HCI = VCI, + 4NaCl + 3Hg + 3H,0
V2+

3. BoccTtaHoBneHme B LWENOYHOU cpeae:

6Na,VO, + 3Na,SO, + 7H,0 = 2Na,V,0 + 3Na,SO,
\/+ + 14NaOH



CoeguHeHunsa V(1V)

1. Okeung VO, T.nn. 1545 °C
NCKaXXeHHas CTpykTypa pyTtuna, d(V-V) = 262 nm

V,0¢ + H,C,0, —"+ 2VO, + 2CO, + H,0
VO, + H,S0, = VOSO, + H,0
3VO, + 2KOH = K,V,0, + H,0

2. [[anoreHnabl n rafioreHnpon3BoaHble

vocl, + 2kcl -1k vocl,]

V+2Cl,=VCl, T1nn.-28°C V,0,2" =
[V1604,]**

3. OkucneHve n BoCCTaHOBNEHUe
2VOCI, + 6HCI + SnCl, = 2VCl, + H,SnCl, + 2H,0
2VO(OH), + 8KOH + Br, = 2K,VO, + 2KBr + 6H,0



Komnnekcsl V(IV)

. BaHagunbHble komnnekcol, VO2*

@)
[VO(H,0),]?* KY. =5 H0 | MO
[VO(H,0)s]?* k4. =6 ;VV
. Mon VO2* ycTonume "0 H,0
VOSO, + 4HCI = H,[VOCI,] + H,SO, [VO(H,0),)**

VOSO, + 2H,acac = H,[VO(acac),] + H,SO,

. ®TOPUAHbLIE KOMMIEKCHI
VO(NO,), + 6CsF + H,0O = Cs,[VF{] + 2CsNO; + 2CsOH

[VFg]* E4 E |

- — [VO(H0),)*
1 ) B

: + d,




CoegunHeHnunsa V(III), V(II)

1. Okeuabl V,0,, VO: TONbKO OCHOBHbIE CBOMCTBA
V,05 + 3H,S0, = V,(SO,); + 3H,0
V,(S0O,); + 6NaOH = 2V(OH), + 3Na,S0O,
VO + H,S50, =VSO, + H,0

V50,

2. NanoreHngb! V(II1). 3BeCTHbI Bce VX,
VF; — HepacTBopuM, 3eneHbln, ocTanbHbl€ TMIPOCKOMUYHbI

VCI; (T8) + 6H,0 = [V(H,0),]** + 3CI-
VCl, + 7KCN = K,[V(CN),]¥ + 3KCI
3. CoegunHenmna V(II), V(Il) nerko okncnarTcs
3VCl; + 2KMnO, + 10KOH = 3KVO; + MnO,, + 9KCI| + 5H,0
2VSO, + H,SO, = V,(SO,); + H, (MeaneHHo)



AKBaKoMMMeKcbl BaHagus

V(H,0)s" VO(H,0)s*" VO,(H,0),"

—_

V(H,O)g]?* cunbHBIA BOCCTAaHOBUTEND
V(H,O)g]** cnabbin BocCTaHOBUTEND

VO(H,0):]?" HeT red/ox akTUBHOCTM

VO,(H,0),]* cnabbin okmcnurtens



[leHTaranoreHngbl Nb(V), Ta(V)
NbF. NbCl. NbBr Nbl

becuBETHbIN  XENTbIN OpPaHXeBbIN KOPUYHEBLIN
T.nn. 80°C  T.nn. 205°C T.nn. 268°C T.pa3n. 321°C
T.kmn. 235°C  T.kmn. 254°C T.kun. 362°C

TaF TaCl, TaBr; Tal
OecuBeTHbI OeCUBETHbIA  XenTbIn KOPUYHEBLIN
T.nn. 97°C  T.nn. 217°C T.nn. 266°C T.nn. 496°C
T.kmn. 230°C T.kmn. 239°C T.kun. 349°C T.kun. 43°C




[TlenTaranorenmnabl Nb(V), Ta(V)

1. Nony4eHue
Nb,O; + 5C + 5Cl, = 2NbCl; + 5CO 2Nb + 5Cl, = 2NbCl;
TaCl; + Bl; = Tal; + BCl,
2. 'ngponus
2NDbClI; + 6H,0 = Nb,O:-H,O + 10HCI
3. Knucnothl Jlbtonca
TaF: + BrF; = [BrF, ][ TaF] TaCl; + bipy = [TaCl;(bipy)]
NbF. + 2KF = K,[NbF-] TaF; + 3KF = K;[TaFg]
4. OkcoranoreHngbl
2NbCI; + O, = 2NbOCl, + 2Cl,
2NbOCI; + 4H,0 = Nb,0O:-H,0 + 6HCI

[TaFg]*-



[TlenTaranorennabl Nb(V), Ta(V)

1. Nony4eHue

Solution ‘ Ta,O; + HF \
v'v IOrg:emi(:

Crystal l pKa: 4.23 ! pKa: 7.14

[TaF]|

2NbOCl, + 4H,0 = Nb,O¢-H,0 + 6HCI



OkconpounssogHbie Nb(V), Ta(V)

1. HnobumneBaa v TaHTanoBasa KUCMNOThbI
2NbCl, + 5Na,CO; + H,0 = Nb,O:'H,O + 5CO, + 10NaCl
Nb,O¢-H,O + 3H,C,0, + 3K,C,0, = 2K,[NbO(C,0,),] + 4H,0

2. Okenabl
tO
Ta,0;,'H,0 —, Ta,0O¢ + H,0 T.nn. Nb,O, = 1490 °C
Nb,O. aHanornyHo T.nn. Ta,O; = 1870 °C

PactBopuMbl TOnbko B HF

Nb,O; + 12HF = 2H[NbF] + 5H,0




OkconpounssogHbie Nb(V), Ta(V)

3. Hnobatbl, TaHTanaTthl

Ta,0¢ + 2KOH = 2KTaO, + H,O (900 °C)
CTPYKTYpa NepoBcKMTa

KNbO, + K,CO, = K;NbO, + CO, (1300 °C)
NbO,3 + 2H,0 <> [NbO,(OH),]3-

6[NDO,(OH),J> + 10H* < Nb O, +
17H,0

4. Nepokcuasbl
KNbO; + H,0, = KNbO, + H,O NbgO 14"
2KNbO, + H,SO, + 2H,0, = Nb,0,-2H,0 + K,SO, + H,O



Ok

nuclearity

4

conpounssogHblie Nb(V), Ta(V)

-
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Ok

T

conpounssogHblie Nb(V), Ta(V)

[Nb';0,,]"
{Nbg}

[Nb",,0,]" [Nb",0,,]"
{Nb,.} {Nb,}

6 7 8 9 10 11

12

[Nb',,0,,H,]""

{Nb,}

13 14

Chem. Soc. Rev., 2020, 49, 7568--7601



CoeguHeHunsa Nb(1V), Ta(lV)
1. Okcunapbl

Nb,O. + H,1000°C, 5NbO, + H,O  (TaO,)
NbO, + Nb -L700°C, 5NpO

2. Hnobatnbl (IV) n Hnobuesbie OPOH3LI

25rCO; + Nb,O¢ + H 1000 < > 2SrNbO, + 2CO, + H,0
SrO + NbO, 1390°C, Srl\lbo3
Sr,NbO, X=0.8 > X=1
TEMHO-CUHUU KpaCHbu‘/'l

NbO, NbO




CoeguHeHunsa Nb(1V), Ta(lV)

3. BocctaHoBneHne Nb(V) B kucnou cpege
2KNbO; + Zn + 4HCI = 2NbO,-H,0 + 2KCI + ZnCl,
4. lanoreHnabl
N3BecTHbl Bce MX, (kpome TaF,): TeMHbIe, TMrpOCKOMNUYHbIE
ANDbCI; + Nb = 5NbCl,
NbCl, + 4H,0 + 40, = 2Nb,0O<-H,O + 4HCI
LOucnponopumoHunpytoT (kpome NbF,)
2NbCl, = NbCl; + NbClI,
3BeCTHbI OKCcoranoreHnabl
2TaCl; + Ta,0O, + Ta = 5TaOCl,



Huswune ranoreHnabl Nb, Ta

1. TpeyronbHble Knactepbl M;Xg
8NDCI; + 7Nb = 5Nb;Cl, Nb,8*

2. OkTtasgpuyeckue knacrepbl [MgX,,]™

[Nb6C|12]2+ 0.83 B’[Nb6C|1z]3+ 1.12 B, [Nb6C|12]4+

[TagCly,]#* 0.49 B, [TagCly,]°* 0.83B, [TagCly,]*
Ta,Cls + FeCl; = Ta,Cl,; + FeCl,
Ta,Cls + InCl = Ta,Cl,, + InCl,
Ta,Cl,s + 3CsCl = Cs;[Ta,Cl ]




TeHgeHUMn B 5 rpynne

Ceonctea V otnuyatotca ot cBouctB Nb, Ta, KoTopble
MOXOXWN

BHM3 no rpynne yBenuymBaeTcs YCTOMYMBOCTb C.0. O,
YCTOMYMBOCTb HU3LWKMX C.0. YMeHbllaetca U ana Nb, Ta
ctabununsnpyertcs ceasamm M—M

C yMeHblLleHNneM C.0. YCUINMBAIOTCA OCHOBHbIE CBOWCTBA, B
HM3Wmux c.o. Nb, Ta B BOOHbIX pacTBopax YyCTONYMBbLI TOMBbKO
knactepbl MgX,,

Tonbko V(V) nposBnaeTr OKUCNUTESNbHbIE CBOWCTBA, C
YMEeHbLUEHNEM  C.0. BO3pacTaeT BOCCTaHOBUTEsbHas
aKTUBHOCTb

Hanbornee ycton4mBbl KOMMMEKCHI C AOHOPHBIMX aTOMaMu
O, F, BHM3 MO rpynne yBennuymBarTCA XapakTepHble K.4. — OT
4 no 8
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