Xumunga anemeHTtoB VIIIA rpynnbl
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Kr

Xe
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PacnpoctpaHeHue Ng

1. He — 211 no pacnpocTpaHeHHOCTU anemMeHT BceneHHou
Bcerga npucytctByeT B NpUpoaHOM rase B pesynbTaTe o-
pacnaga, o 7 06.%

2. Ar—0.93% B atmocdepe
3. Ne, Kr, Xe — cnegoBble KonnyecTtea B atTMmocdepe

4. Rn — B npoaykTax pacnaga 38U

ConepxaHune Ng B atmocaepe, % 1 06. %
He  0.00052 Gt
Ne  0.0018 sl
Ar 0.93 1E-3
Kr 0.0011 1E4
Xe 0.0000087 1E-5

He Ne Ar Kr Xe



OTtkpbiTUEe Ng

AproH (neHuBbIN, HegeATENbHbIN)
HernpopearnpoBasLLNMA OCTATOK BO3yXa
Pamcan, Panen, 1892

['enun (CornHeYHbIn)
aHanus conHe4vHoro cnekrtpa. Jlokbep, 1894

KpunToH (CKPbITHbLINA, CEKPETHbIN)
dpakunoHupoBaHue Bosgyxa. Pamcan, 1898

HeoH (HOBbIN)
crnekTparnbHbI aHann3 opakuMoOHNPOBAHHOIO BO3ayXa
Pamcan, 1898

KCeHOH (4y>KOWU, CTPaHHbIN)
crnekTparnbHbI aHanu3 opakuMoOHNPOBAHHOIO BO3ayXa
Pamcan, 1898

PagoH (aHanor pagus)
B NpoayKkTax pacnaga pagus. Pesepdopa, Cogan, 1901



MNony4yeHue u npumeHeHue Ng

1. He, Ar 13 MPUPOLHOro rasa, nocrie CXXMmKeHUs
ocTanbHbIX KOMMOHEHTOB

2. Ne OCTaTOK MOCIIe CXWMKEHUNA BO3ayXa

3. Kr, Xe cenekTuBHas agcopdbuusi Bosgyxa yrnem

1. He, Ar — co3gaHue nHepTHon atMmocdepsbl B nabopatopum v
Ha NPou3BOACTBE

2. He — KaK nerkum, HEropro4ymn ras, oxnaguternb, B AblXaTenbHON
cMmecu ans rnybokoBogHbIX paboT

3. Ne, Kr, Xe — B pa3psagHbIX namnax

4. Ar — HaNnonNHUTEeNb NamMn HakanMBaHUsa
5. Rn — B MeguuuHe

6. XeF, — kak nabopaTopHbI/ OKUCIUTENb

/.Xe—B pPakKeTHOM TOorsimBe HOBOI'O MNOKOJ1IEHUA



MHEPTHDbIE IN'A3bl

He | Ne | Ar | Kr | Xe | Rn
Jn.koHpurypanus | 142 IlSzllp6
I,3B 24.6/21.6| 15.8 | 14.0| 12.1 | 10.8
JHeprus
BO30Y:KIEeHUSA
yiekTpoHa Ha |19.3(16.6| 11.5| 9.9 | 8.3 | 6.8
YPOBEHb

(n+1)s, 3B




He | Ne | Ar | Kr | Xe | Rn

1,3B 24.6(21.6| 15.8 | 14.0 | 12.1 | 10.8

19

3naveHusi [ CAMIIKOM BeJIMKH, YTOOBI 3aTPaThI
JHEPruyM Ha o00pa3oBaHHe KaTHOHA '  ObLLIH
KOMIICHCHUPOBAHbI JHEPrue, BbIICJAMOINECHCH TMpH
00pa3oBaHUH OOBIYHON XMMHUUYECKOH CBA3HU (< 4-9 3B).

OOpa3oBaHye KATUOHOB MHEPTHBIX ra30B BO3MOKHO B
YCJIOBUAX (PUIMIECKOT0 IKCIIEPUMEHTA
(3JIeKTpUYeCKHil pa3psaa, YCKOPHUTEb, AAePHasi peaKkius ).

Hanpumep: Oo-yacTuna - gHez"'




He | Ne | Ar | Kr | Xe | Rn

JHeprus 193|166 | 115 | 99 | 83 | 6.8

BO30YKIeHUS
3JICKTPOHA HA
ypoBeHb (n+1)s,
3B

JHeprusi BO30Y:KICHUSI TAaKkKe BeJHNKa, HO YiKe
CPaBHUMA C JHeprueil HEKOTOPbIX KOBAJEHTHBIX
ceazeil. Hampumep: B N, oHeprus ceasu E_ ~9.53B.

BoiBoa: [Ona bnaropogHbIX ra3oB crneayer
oXuaatb obpaszoBaHMe NpenMyLLeCTBEHHO
KOBarieHTHbIX coeaAUHEeHUMN.



B npupoae nHepTHble ra3bl 0O6pa3ytoTcs B
pe3ynbraTte pasnnyHbIX A0ePHbIX peakuun.
YacTb MHEPTHbIX ra30B UMEET KOCMOreHHoe

MPOUCXOXKAEHME.

MIcTo4HMKOM nonyyeHua Rn cnyXkaT pagmoakTUBHbIE
npenapartbl ypaHa, He — npupoaHbIN roprovnn ras,
ocTalbHble MHEPTHbIE rasbl Nony4arT U3 BO3ayxa.




CoeaAnHeHUs C KOBarMeHTHbIMW
cBA3AMM Xe—=J

CnocoOHOCTH MHEPTHBIX I'a30B K 00Pa30BAHHUIO
XUMHYECKHX COeIMHEHHI OTKPHITA CPABHUTEIbHO
HeIaBHO.

B HacTosilee BpeMs Jiydlle U3yuYeHa XUMUA KCeHOHA (Xe),
xy:xe kpunrona (Kr) u pagona (Rn).
Kr — 00J1ee HHEPTEH 10 CPABHEHHUIO ¢ KCEHOHOM,
Rn — paagnoakTuBeH, HaudoJ1ee JOJT0KUBYIIUNA U30TOII
222Rn nMeeT nmepuon noaypacnaga — 3.825 aueii.



CoeauHeHUA KCeHOHa

KceHOH — nmepBbIi paspyiuuna MU@ 0 XUuMUYECKOU
MHEPTHOCTH 0JIArOPOJAHBIX Ira30B.
IlepBble COeTUHEHUS MOJTYYCHBI

Husnom baprierrom (Nil Bartlett) B 1962 roay

BAPTJIETT Hun — aHrmunucknn n amepukaHcKnm

0 XMMUK-HeopraHuk. Y4nncs Xummm B KUHr3-

konneox, dapem (AHrMnS), roe nonyyumn

OOKTOPCKYHO cTerneHb. OCHOBHbIE Tpyabl — MO

XUMUN COeANHEHNN C aTOMaMW B HEOObIYHbIX

&= cTeneHsx okucneHunsa. OH nepBbIM (B MtoHe 1962 T.)

¥ CcuHTe3npoBan UCTUHHOE XMMUYECKoe coeauHEeHne
.| WHepTHOro rasa — rekcadTopnnaTHaT KCeHoHa

25 XePtF,.




CoeanHeHUSA KCeHOHa

U3syuast peakuuio
O, + PtF,
bapTieTT yCTaHOBUJI, YTO B Hel o0pa3syercs

+,
COJIb KATHOHA TMOKCUIeHHJIA ()2 :

Vip — + A\ —
0, +Pt"'F = O "[PtF ]

arokcureHuiarekcadroporuiatuHat(Vv)



CoeanHeHUSA KCeHOHa

,Z[a.uee OH 06paTm1 BHUMAHHUC HA TO, YTO IIOTCHITHAJI
HOHHU3AINN TUKHCJI0POAA U KCCHOHA OYCHD O0JIM3KH MO

snavenno:  1(0,) =12.2 3B
I(Xe) =12.1 3B

BMecTO KHCJI0PO/a B PEeaKIUI0 ObLJI BBEIE€H KCEHOH:
Xe + PtF, = Xe'[PtF |

Xe — 0ecuBeTHBIN ra3

PtK — TeMHO-KpacHBIU ra3

Xe[PtF | — keaTbIit mOpomok

ITO0 ObLIIO MEePBOE CEHCAIMOHHOE COOOIeHUe
0 COeTMHEHUSIX KCEHOHA.



CoeanHeHUSA KCeHOHa

Ilo3aHee ObLIM YTOYHEHbI CTPOCHHE M COCTAB 3TOU
cou. Ha camom jesie (B COOTBETCTBHMHM C HAIIUM
HAYAJBbHBIM BBIBOAOM O MNPEeINOYTHTEIHLHOCTH
KOBAJIEHTHBIX CO€IMHEHUH) B HEell UMeeTCsl KATHOH C
KOBAJICHTHOM CBA3bI0 Xe—F:

0
Xe + PtF_ 2 C 5 [XeF|'[PtF,|"

[XeF]*[PtF | 60°C s [XeF|*[PtF |




CoeaAnHeHUA KCeHOHa

AHAJOTHYHbIE COeITMHECHHUS MOJTYYEHbI AJIA 1eJI0ro paaa
[epexXoaHbIX METAJJIOB M 3JIEMEHTOB IVIABHBIX
noarpynn. Hanpumep: [XeF]"[RuF |". Kpome [XeF]"

+
CYIHEeCTBYIOT U JIPyIrUe KATUOHBI TUIIA [XexFy]



PTOopuAabl KCEHOHAa

Ha cerogugimanm 1eHb N3BECTHBHI:

XeF, XeF, XeF, Xel' Xe,F'
OecBeTHbIE KPHCTAJLIBI TOJIBKO YIIOMHHAETCSI O
CYIL[ECTBOBAHUU
T =129 117 49.6 °C
JJUHEMHAsl | KBaJ- | TeTrpamMep
par (XeF)),




MeToabl cuHTE3a (bTOPUAOB
KCeHOHa

Xe + F, = XeF,
(cmech Xe/F, —1:2, hv, 25 °C)

Xe + 2F, = XeF,
(6 atm, Xe/F, — 1:5, 400 °C)

Xe +3F, = XeF
(> 50 aT™m, 6oabmul U30bITOK F,, > 250 °C)



XnMmmnyeckue csonctaa ptopmnaos
KCeHOHa

Okucnumesnvhble céoucCmea: CuibLHbIC OKUCINTEIU

Xer(aq) +2H" + 2e = Xe + 2HF(aq)
°=+2.64B
Npu KOMHaATHOWU TemMneparype
XeF, + BrO,” + H,O — BrO,” + Xe + 2HF

oXeF, + 2Mn#* + 8H,0 — 2MnO,” + 5Xe + 10HF + 6H"



CoeauHeHUs APYTUX
0J1aropoaHBIX Ia3oB



CoeauHeHMs KPUIITOHA

CoequHEeHUs KPUIITOHA MEHEE YCTOUYHUBBI, YEM
KCeHoHa. Hanpumep:

Xel, — Tepmon. crabuien (\H? = 105/ / morb).

Kl‘F2 - TepMOJ1. HecTaOMIEH ( AH? = +63k [ / Monb).



CoeauHeHMs KPUIITOHA

I(I'F2 MEIJIEHHO pa3jaraercs IpU KOMHATHOM TeMIIepaType.

IT0 TpedyeT 0c000ro, HeTPAAUIIMOHHOIO, IMMOAX0AA K
CHUHTE3y!
Jas noaydenne Krk, ucnons3yior peakuuio Kr u F, npu
—183 °C (skmakmii a30T), HO HHULHUHAPYEMYIO
ICKTPUUYECKUM Pa3psaaoM

I(I‘F2 SABJISCTCH CHJILHBIM OKHCINTEIIEM:

2Au + SKrF2 —> 2AuF5 + SKr



HpI/IMEHEHI/Ie MHCPTHbLIX I'a30B







2) razopa3psaHbIC JaMIbL, J1a3€PHl.
IiBera:

Ia3 He | Ne Ar Kr | Xe

roiayboe | JIMJIOBaro-
3eJIEHOE

HBeT JKEJITOE
CBCUYUCHUA




3) reJJUM-KUCJIOPOAHBbIE AbIXaTeJbHbIE

CMECH MJiA MOABOIHUKOB

(remun B oOTnNMYMe OT as3oTa MNPaAKTUYECKU He

pacTBoOpsieTcA B Nia3Me KpoBU U He AaeT KeCCOHHOMN
oone3Hun)




Crpykrypa I1C

Main elements (s, p)

I \]

3456 78 9101112
Transition metals

VI

i v v viviis
1314 1516 17

I
1

Typical
elements
R

Periods

~No oA ON -

d block

T

s block Lanthanides

Actinides

f block
NNanTaHuabl (naHTaHouAbl) — 4f-anemeHTbl (U0 — OT rped. criedyruwuu 3a;

oud — OT rped. rnoOobHbIN).
AHanorM4yHo aktTuHnAabl (aKTMHONAbI) — 5f-aNIeMeHTLI.

FanoreHbl — anemeHTbI 17 rpynnbl.
XanbKoreHbl — anemMeHTbl 16 rpynnbl.
NMHUKTOreHbl — anemMeHTbI 15 rpynnbl



Iociie10BaTEIbHOCTD 3aM0JHEHUA OpOUTAaIeH

IlpaBniao Kiie4koBCKOro: opouTaabHast SHEPrus MOCIEA0BaTEIbHO
MOBBIIIAETCS MO MEpPE YBEIMYCHHS CYMMBbl IJIABHOTO KBAaHTOBOI'O
qyyciaa # U OpOMTAIbHOrO KBaHTOBOro uucia I, T.e. (n + [I), npuuém
Opd OJHOM M TOM K€ 3HAQUEHUM OTOM CYMMbl OTHOCHUTEIILHO
MEHBIIIEH AHEepruen 001a1acT aToMHasi OpOUTaJIb C MEHBIIIUM A.

1s <25 <2p <35 <Ip<4s<3d<4p<Hs<4d<Hp<bs<4f=bd<bp<Ts<OHf=6d<Tp<8s

n 1 2 3 4 5 6 7

S —*S S

l/l ////

AN\




JANeKTPOHbLI B aTOMe

KaxabIi aneKTpPoH B aTOMe XapakTepusyeTcsl YeTbiPpbMsi KBAHTOBbIMU

S NMpuHumaembie
Ha3sBaHue O6o03Ha4eH P
ne 3Ha4eHusA
maBHoOe
- n
KBaHTOBOE YMCIO OTi1p0
OpbutanbHoe
KBaAaHTOBOE YUCIIO [ OT 0 Ao n'1
MarHutHoe
KBaHTOBOE YUCIIO m OT -¢ Ao + £
CnuHoBOE€
. | 1
KBaHTOBOE YMCHO S /2 nnn +1/2

MpuHUumn laynu: B ogHOM aToMe He MOXET ObITb ABYX
3NIeKTPOHOB C OAMHAKOBLIM HAabOPOM
KBaHTOBbLIX Yyucen!!!




JANeKTPOHbLI B aTOMe

'maBHOe KBaAHTOBOE

1.9%pReTBpM3yeT 3HEPruo B3aMMoAencTBUSA_3M1IEKTPOHA C
AOpoMm

OpbouTtanbHoe KBaHTOBOE

1HK§§H?<¥épM3yeT cdbopmy aneKTpoOHHOro

obnaka
_Z,GthLB_as_T_HQM.Qp_aummuugm
AR 0 | 1| 2 3

O603HavYeHue S P d f g




IlepexoaHbple 2JIEMEHTBI — 3JIEMEHTHI, PACIOI0KECHHBIC B
OOOYHBIX NOATPYMIIax OOJIBIINX IepHOI0B
EePUOINYSCKOM CUCTEMBI; ABIAIOTCS d- 1 f-311emenTamu.

rPYIIIBI
NEPHOJDBI |PA/IbI
Al /all 8/allls/aXVs/aV 5/aVIs B

2 LB 0’| € wll N st O 1
25%2p' 25%2p° 252p? 2s2p" i
5 Yraepoa|2 Asor Km‘)wpoul Mopg Heon
3 Al xsa| S1 ot S neliCl e | ACmse
i e e -

*JlanTasm/an! (TaHTAHOM/b)

FFARTUHMBE (AKTHHOM/DY)




2 onpeaesieHUe NepexoaHbIX 3J1eMEeHTOB

2) IlepexogHbl€ DJIEMEHTBI — BJIEMEHTBI, B aTOMax WJIH
MOHAX KOTOpbIX d- wiu f~-nonypoBan YACTHUYHO
3aII0JIHEHBI JIEKTPOHAMM.

Zn, Cd u Hg, umeromue ns(n-1)d'Y snexrponnyto koHburypauuto,
SBJISIIOTCS d-32J1€MEHTaMM, HO HE SIBIISIFOTCS IEPEXOIHBIMH.

i e [ o[ | d =-3N1IeMeHTbI
Li | Be B|{C|N|O|F|Ne
TREETTR KA Wiy 2
il G3 G124 5w TE s lNepexoaHble
Na | Mg Al| Si| P | S Ar
— o ANNEeMEHTbI
19 20 21 34 36
3d | K |ca Sc Se Kr
A | aue uzm | ne e e MoHeTHbIe
4 d 37 38 39 52 54
Rb | Sr Y Te Xe
85.468 37.62 55 S0 £1.224 G2 S 0604 5] LX) 10291 1w 4. A0 RT 112.41 114.82 118.71 121.76 127.60 126.90 131.29 M eTann bl
caesium barium Tutetiom Tatniom tantalim tnasten rheniom aEmilm iricliom platinam okl [EEE thallium lead bismuth polonium astatine radon
55 56 57-70 kel 72 73 74 S 76 Tl 78 79 80 81 82 83 84 85 86
9d |cs|Ba| * |Lu| Hf [ Ta| W [RelOs| Ir | Pt JAul Hg| T1 | Pb | Bi | Po | At |Rn MNnaTMHoBbLIE
132.91 137.33 174.97 1754 1R0A5 123584 RE | DTRREL DAORAD oLl s 20059 204.38 207.2 208.98 [209] [210] [222]
francium radium lawrencium therfordi dubniurm seaborgium bohrium I =101 L ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr |Ra|**| Lr | Rf | Db | Sg | Bh| Hs | Mt [Uun[UuulUub|  |Uugq MeTannbl
[223] [226] [262] [261] [262] [266] [264] [269] [268] [271] [272] [277] [289]
lanthanum cerium e neodymium | promethium | samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium
*| anthanide series 57 58 59 60 61 62 63 64 65 66 67 68 69 70
La|Ce| Pr{Nd({Pm|{Sm|Eu|Gd|Tb | Dy |Ho| Er [Tm| Yb
138.91 14012 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04
actinium thoriom | protactinium | uranium neptuniom | plutonium | americium curiam berkelium | californium | einsteinium | fermium | mendelevium| nobelium
** Actinide series 89 90 91 92 93 94 95 96 97 98 99 100 101 102
Ac|Th|Pa| U |[Np|Pu|Am|(Cm|Bk | Cf | Es |Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243] [247] [247] [251] [252] [257] [258] [259]

[1Cpeaun nepexogHblX areMeHTOB BblAeNnAT MOHETHble meTannbl (Cu, Ag, Au) n
bnaropogHble (nnatnHosblie) meTannbl (Ru, Rh, Pd, Os, Ir, Pt).



HexkoTopblie 0CO0CHHOCTH NEePeXOaHbIX 3JIEMEHTOB

B To BpemMsa Kak HenepexodHble 3MNeMeHTbl B KaxaoMm
nepnoge U3MeHsTCa OT MeTansioB K Hemetannam, Bce
nepexoaHble 3fieMeHTbl SABMKAKOTCA MeTannaMmm m  Kak
CneacTBMe Xopowo npoBoAAaAT TOK, Tenno U MOryT
obpa3oBbIBaTb ChaBbl;

BonblWMHCTBO  COeOMHEHU  MepexodHbix  MeTansnoB
OKpallieHbl, B TO BpPeMsi Kak OONbLUMHCTBO COEOMHEHWUN
HenepexoaHbIX aNeMeHToB OecLBETHbI;

Bce nepexogHble MeTannbl 00pa3yloT KOMMMNEKCHble
(KOOpAWHALMOHHbIE) COEANHEHUS.



3anojiHeHUe BAJIEHTHOIO YpoBHs B 3d 3j1ieMeHTaX

Sc

Ti

Vv

Cr

Mn

Fe

Co

Ni

Cu

/n

4s 3d

X 7

™ T

X T 17

i T[T
T T
N N7
T N7
T NN N T T
T TN T T
T TN T T

Sc Ti ¥V CrvMn Fe Co Ni Cu Z2n

Oxidation State
o = N W & 01O~ o

N
=

25 30

KpacHbie TOUKHM noka3biBatoT yctouussie CO

Uncno HecnapeHHbIX 9rNeKTPOHOB BO3pacTaeT B NepBol NOMoBUHE paaa U

NOHWM>XXaETCA BO BTOpOI7I NOoJ1IOBUHE.



Sc
Ti

Cr
Mn
Fe
Co
Ni
Cu
Zn

Pa3HooOpa3ue creneHel OKMCJAeHUs

Y

3)

KosimuecTBo BO3MOXHBIX
CO Bo3pacraer oT Sc k Mn.
Jliit Mn peanusyrorcs Bce
BOo3MOkHEBIE CO;
KosimuecTBo BO3MOXHBIX
CO ymenbmaercs or Mn kK
/n 110 NIPUYUHE CIIApUBAHUSA
d-3JIEKTPOHOB;
YcronunBocTh Beicmnx CO
B Py SC-Zn YMEHBIAETCH.
Mn(VII) n Fe(VI) cunbHbie
OKMCJIMTEIIH.



TenaeHuuM B psiiax nmepexogHbIX 3J1eMEHTOB

21 22 23

24 25 26 27 28 29
Sc|Ti|V|Cr|{Mn|Fe|[Co| Ni|Cul|Zn
51,9605 54965 55,845 53,00% G360 G256 39

44955 47867 S04

1,565 5.5 55,5445 5,035 5203
«dtriom Zireonium nickiom [ molvbdzsnum] teehnetiom | rotheniom rheediom pallacivm silzer cadmium

43 44

[loBbiLLIEeHEe YCTOMYMBOCTU BbICLUEN | v | 7 | Nb|Mo| Te | Ru| Rh | Pd | Ag| Cd

T 112.41
ackl [ ry

y .22 R [5)
Iut=tinm hafniun tantakinm tundsten rhenium asmidm

cTeneHn okucrieHuns (ocrnabneHue e e e A
o R (R R = EOR A R ) Ho

OKUCINUTENbHON CNOCOOHOCTN) W{Re[Os| Ir | Pt|Au|Hg

iriclinm il ::linum
77

[NoBbILLEHME OKUCIUTENBHOIO NoTeHunana anga aadHHomn CO

[TOHMXXEeHMEe YCTONYMBOCTU BbICLLEN CTEMEHN OKUCIIEHUSA (YCUITEHMN
OKUCINUTENBHOMN CNOCOBHOCTK)

HeKOTOpOG NnoBbllLEHNE 3NNEKTPOOTPULATESIBHOCTU N aHeprwﬁ
MOHN3aUnNn

[ToBbILLEHNE aTMOCHEPHON YCTOUYNBOCTU

OTO BCcero nulb obline TeHgeHunn. BetpeyatoTest NCKnioyeHus!




KoopanHalMOHHbBIE COEAUHEHM S

IHHCPCXOAHbIX MCTAJIJIOB



Teopuss Bepaepa

* CoennHEeHUsA, COCTOAIINE U3 IPYTUX,
0oJIee IPOCTHIX COCAMHEHMUI HAa3bIBAIOTCS
KOMNJIEKCHbIMU.

* lleHTpaJbHBIK aTOM — OKPYKEH

Anbdpen Bepuep ~ MOJIEKYIaMH WIXA HOHAMH (TU2AHOAMU).

(1866-1919)
e Koopounauuonnoe uucio - 4ucio

HobeneBckas JIUTaHJI0B BO BHYTPEHHEN
npemus 1913 r. .
pe 913 KOOPJIMHAITMOHHOM chepe KOMILICKCa.



KomMnnekc o3Havaer LleHTpaﬂbeIVI aToOM UIMn NOoH
MeETarlna, Opr)KeHHbIVI H860pOM NNraHgoB.

[Co(NH3)6]3+ — KoMmnJieKc (KaTUOHHbIU KOMIMJIEKC);
[Co(NH,).]Cl, — komnnekcHoe coeanHeHue (conb).
[Fe(CO),] — komnnekc n komnnekcHoe coeAuHEHMUe.



CrpoeHHe KOMILJIEKCHOI'O COeIHMHEHUS

Baemmasasa

chepa BayTpeHHss cepa

~. ! —
K, [Fe(CN) |

KOOpJ:[HHauHOHHoe
/ \ qUucCJIo

M OH-KOMILJIEKCOOOpa30BaTEIb JIuranapl

(LleHTpaIbHBINA aTOM) T ::;H';'gzre CBA3bLIBATH,




CTpoeHre KOMILIEKCHOIO COeIUHEHUS
KoMILIeKCcHOe CoOeNMHEeHNEe COCTOUT M3
1) BHyTpeHHEN CHEPHI | KOMIIEKC |
2) BHEMIHEH C(epbl (IIPOTUBOHOH)

IIpuMephl:
[Ni(NH,),ICl, [Cr(CO)]
: | : \ Y ’ Buem.chepbl
Buytp.cdepa |  Buem.chepa Briyrp.chepa HET
K4\[Fe(CN)6]l :‘Ni(NH3) 6],2[Fe(CN)6]
| Y
Breni.cdepa ST HeeEE) BryTp.cepa Brenr.cdepa

\ J
|

Breni.cdepa BuyTp.chepa




JNluraHg — WOH wMNN HenTpanbHas MOJIeKyna, KOTOpble
CBsi3aHbl C LEHTparibHbIM aTtOMOM W MOTYT CYLLECTBOBaTb
He3aBMCMMO OT KOMMJeKca.

JOHOPHLIN aTOM — atoM B nuraHge, KOTOpPbIn
HENOCpPEeACTBEHHO CBSI3aH C LIeHTparibHbIM aTOMOM.

KoopguHauuoHHoe u4ucno (KY) — u4ncno [OOHOPHbIX
aTOMOB, KOTOpPble CBA3aHbl C LleHTPalibHbIM aTOMOM.

Fe C O

[Co(NH,) ]** [Fe(CO),]



e [1OHOPHO-aKLEeNTOPHbLIN MeXaHU3M: nuraHg
NPeaoCTaBNAET 3MEKTPOHHYK Mapy, a LUeHTpanbHbIN
aTOM — BaKaHTHY opbuTtansb.

i B
H—N—H + H'CI- — H—N—H|CI"
. H
Honop Axyenmop Hon
aMMHAaK COJIAHAA aMMOHUSA

KHCJIOTa

e KoopoguHauuoHHble (KOMMJIEKCHble) coeaAuHEeHUs
O0COOEeHHO xapakTtepHbl And d- u f-anemeHTOB
(NepexogHbIX 3NEMEHTOB), Y KOTOPbIX €CTb BaKaHTHbIE
opbutanu, N OHM CNOCOOHbLI NPUHUMATL 3NEKTPOHHYIO

Nnapy ot IraHga.



IlpuMepsbl JUTaHI0B

AHNOHBbI 6E€CKUCNOPOAHbIX KUCTIIOT:
F~; CI7; Br; I (pTOopo-nurang n t.4.)...
Mpumep: K,[Hgl,] - mempauodomepkypam(ll) kanus

OcTaTtkm (aHMOHbI) KUCcnopoacoaepaLmx KNUCNOT:
CH,COO™ - auetaTo-nuraHa;

CO,* — kap6oHaTo-nurang;

C,0 32‘ — oKcanaTo-nuraHp;

SO, — cynbdaTto-nuraHa...

Mpumep: K [Fe(C,0,),] -
mpuokcanamodgpeppam(lll) kanus

ANEeKTOPOHENTParibHbIe MOJIeKYrbl:
H,O — akBa-nuraHp;

NH, — ammuH (nuraHp);

R-NH, — amuH (nuranp)...

[Fe(H,0)](CIO,), — nepxnmopam 2cexcaakeaxene3sa(lll)



NMonupeHTaTHbIE NUraHAabl (dentis — nam. «3y6»)— coaepxar
HECKONbKO AOHOPHbLIX aTOMOB U 3aHMMAaIOT HECKONbKO NO3MLUUA B
KoopAWHaUNOHHOM chepe.

NMonunaeHTaTHbIe NUraHabl YacTo obpa3yroT XeriaThbl (om epev.
«KJTeWHSI») — KOMMNEKCbl, B KOTOPbIX JIUraHA4 U UeHTPanbHbIX aTOM
oOpa3yroT LUMKII.

3tuneHgunammu (C,H,(NH,),)



JTUNeHAnaMmMHTETPayKCyCcHasa KMcnorTa.
JTuneHanammHTtepaauetaTto (edta)-nuraHg.

6 LOHOPHbLIX aTOMOB!

0O o
\!

0O OH C—o0

OH l
/\/N Ox 0 1

xc
HO
o OH




N30Mepust KOMILIEKCHBIX COCIMHCHUHA

N3OMEPUA
(OT Ap.-Tpeu. 100C — «paBHbINY», JEPOC — «O0NS, YacTby»)
ABneHuve, 3akno4varoLleecs B CyLLLECTBOBAHNM
XUMWUYECKNX COEOAUHEHNIN (M30MEPOB),
OOMHAKOBbIX MO COCTaBY U MOJIEKYIISIPHOU Macce,
HO pa3/InYyaroLUNXCH MO CTPOEHUIO UIU
pPacnonoXeHN0 aToMoB B MPOCTPAHCTBE
1, BCNeacTene 3Toro, No CBOUCTBaM.




I eoMmeTpuueckass H3oMmepus

N o
Pt
[MnunH / \

(aMMHochyCHaﬂ KVICﬂOTa)

N
/Pt\
N N
[Pt(Gly),] — duanuyunamonnamuta (1l)

TpaHc- MeHee pacTBOpUM B BoAe, YeM
Luc-u3omep.

H,N

Lunc- n TpaHc- nsomepsl,
ANA KBagpaTHbIX YacTul.



HUCIIJIATUH

O06namaeT BeIpaKEHHBIMHU IIUTOTOKCUYECKUMU, OAKTEPUIIMAHBIMU U MyTareHHbIMHU
cBoMCTBaMHU. B 0CHOBE OMOJIOTMYECKUX CBOMCTB, 110 OOIIENPHU3HAHHOMY MHEHHIO,

JIEKHUT CIIOCOOHOCTh COSIMHEHMST 00Pa30BBIBATh IPOYHBIC CIEHU(DUUYECCKUE CBS3U
¢ JIHK.

C|///, Pt\\\\ NH,
Cl”  NH,

DTOT KOMILIEKC IUIATUHEI B HACTOSIIIEE BPEMS IITUPOKO IMIPUMEHSIETCS B MEAULIMHE
KaK IPOTUBOPAKOBOE cpeAcTBO. [IpoTuBOpaKkoBast akTHBHOCTD LIMCIIATHHA ObLIa
obHapyxeHa B 1969 roxuy.




I eoMmeTpuueckass H3oMmepus

[1ns okTasgpuyeckux yacTtuy

[Pt(NH,),Cl,]

uuc- (cis-) TpaHc- (trans-)

[Co(NH,),Cl]

oc- (mer-) pebepHbIN rpaH- (fac-) rpaHeBoun



HMoHM3aIIMOHHAA M30MepH

Jluranabl BO BHYTPEeHHEN U BHELWHEeU KoopaAMHauuoHHoun cchepe
MEHSATCA MeCTaMMm.

[Co(NH,).CI]CN — nenmaammunxnopoko6ansm (ll) yuaHuo
[Co(NH,).CN]CI - nenmaammuryuaroko6ansm (ll) xnopud

YacTHbIN criydyan MOHU3AUMOHHOWN U3OMEPUUN —
rmapaTtHasa usomepusa
CrCl,:6H,0 — Tpu usomepa (pasnuyHbie xumuyeckue ceoucmea)

CoeauHeHue LiBeT

[Cr(H,0)]CI, PurnonetoBbIN

[Cr(H,O).CI]CI,-H,O CBeTno-3eneHbIn

[Cr(H,O),CL]CI-2H,0 TeMHO-3eneHbIn




CBszeBasi u3oMepus

XapaKTepHa Onga KOMMNIeKkcoB ¢ ambuageHTaMHbIMU nMraHgamMu.

AMOUMOEHTaTHbIN NUraHg — nNUraHg, KOTopbiu MOXeT
ObITb CBfi3aH C KOMIMJieKcooOpa3oBaTenemMm 4epes
pa3Hble aTOMbl, BXoAsiLLue B ero cocTasB.

OcTaToK a30TUCTOMN KUCNOTbI — HUTPUT UOH

NO, -

Hutpo- I-?MTpMTo-

o \
~cl S/ Sl 0
1N T



KoopauHanMoOHHAA U30Mepus

AnsAa KOMMNeKCHbIX conel‘/'l, B KOTOPbIX U KATUOH N aHNOH
ABINAKOTCA KOMMJIEKCHbIMU

(CuPt(NH,),CI,)

3)a

[Cu(NH,) J[PtCI,] — cdononeToBbLIM LBET
mempaxJsiopornsiamuHam mempaammuHa meou(ll)

[Pt(NH,),][CuCl,] — xenTo-kOpU4HEBbLIW LBET
mempaxsiopokyrnpam mempaamMmmMmuHa rnnamuHbi(ll)



TEPMOJUHAMUNYECKUE CBOUCTBA

KOMIIJVIEKCOB
Cd?* +4CN- = [Cd(CN),]*

Cd?* + CN- = [Cd(CN)T*
Cd(CN)]* + CN- =[Cd(CN),]

Cd(CN),] + CN- =[Cd(CN),I"

Cd(CN),7] + CN- =[Cd(CN),*-

K, =

K, =

K,

K,=

[Cd(CN)*J/[Cd**][CN"];
[Cd(CN),J/[ CA(CN)*][CN];

Cd(CN), V[Cd(CN),J[CNT;

Cd(CN),2}/[ Cd(CN), J[CN-].

K., K2 UT. O — KOHCTaHTbl CTYNEeHYaToro KommnrieKkcooopasoBaHUs

1

B, - cyMmapHas (nonHas) KOHCTaHTa 0bpa3oBaHUA

B, =K B,=KK,; B, = KKK, B, = KKKK,=[Cd(CN),2)[Cd*][CNT*

1" 2 73

AG° = -RTInK

AG < 0 — ycnoBrMe camonpoun3BOSIbHOTO NPOTeKaHUS peaKkuum



TEPMOJUHAMUNYECKUE CBOUCTBA
KOMIVIEKCOB

KoHcTaHTa obpa3oBaHuA XapakrtepusyeTt
YCTOUYUBOCTb KOMMMEKCOB (B BOAHbIX pacTBOpax).

KoHcTaHTa oOpa3oBaHUA XapakTtepusyeT MNPOYHOCTb
CBA3bIBaHUA NuUraHga ¢ MeTansioM Mo CPaBHEHUK C
NPOYHOCTbLIO CBA3bIBAHUA BOAbl C MeTansioMm.

OBbI4YHO: K, > K, > K, v Tak panee

Bbonee cTtporas (6onee nonHasn) chopma 3anucu:
[M(H,O),] +L =[M(H,0).L]+H,0

[M(H,O).L] +L =[M(H,O),L,]+H,0
[M(H,O),L,] +L =[M(H,0),L.]+H,0




Kogepmenr — I'eMorJI00MH
BHTAMUH B12

NMopcdpnprHOBLIN LUK, FeMOBOE XXere30
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PepkosemenbHble 3rieMeHTbl (P33)

Penko3eMenbHble af1ieMeHThI (P33) — d-anemeHThl Sc,
Y, La (ckaHaHWIA, UTTPURN, NaHTaH) I/I 14 naHTaHOMﬂ'OB (4f- 3ﬂeMeHTb|),
Ac 1 14 aktnHomaos (5f anemMeHThl) — paanoaKTUBHLI.

JTaHTaHOMAbLI — NOAOOHbIe La (wm nanTaruas! — crenyronue 3a La)
AKTUHOUALI — I10F|,06H ble Ac (W1 aKTUHUJBI — CIEAYIOIIME 3a AcC)

HasBaHue «penko3emMeribHble» OaHO B CBA3UM C TEM,
YTO  OHW, BO-NEPBLIX, CPaABHUTENbHO  pedko
BCTpe4yawTcad B  3eMHOM  Kope  (coaepxxaHue
(1,6-1,7)x107%% no macce) W, BO-BTOPbIX, 06Gpa3yioT
TyronnaBkue, NpakTU4eCcKn He pacTBOpMMble B BOAeE
okcuabl (Takme okcuabl B Hadane XIX Beka U paHee
Ha3bIBalMMCb «3EeMIAMUNY ).



ScnP33

M3 R, M3*(A) (k.u. 6) |E® (M3*/M), B
Sc |[Ar] 0,89 —2,08
Y |[Kr] 1,04 —2,37
La |[Xe] 1,18 —2,38
Ce | [Xe]4f' 1,15 —2,34
Lu |[Xe]4f' 1,00 -2,30

1) AKTUBHbIEe MeTansbl
29 + 6H,0 = 23(OH), + 3H,

2) lNnaBHoe yMmeHblweHMe R (Ha 15%) B paay
rlaHTaHOMAOB — NaHTaHOMAHOEe cXaTue

3) OcHOoBHasf cTeneHb OKUCIeHusa 3+

La Ce‘Pr Gd‘Tb‘Dy Ho

Nd Pm Sm

Eu

Er

Tm ‘ Yb | Lu




JlTaHTaHOMOHOEe cXaTue

Y naHtaHonagoB (Kak U y akTUHOMAOB) yBENUYEHUE aTOMHOIO
HOMepa npuBOAUT He K MNOBbIWEHUD, a K MOHUXEHUIO
pasMepoB aTtoMOB W WOHOB. [lpnynHa 3TOrO HABMEHUA,
Ha3blBAEMOIro JflaHTaHOUAHbLIM  CXaTWEM, — HEMNosHoe
9KpaHupoBaHne  gobaBoyHbIMM  4f-3anIeKTpOHaMK  yxe
nvewwmxca 4f-anektpoHos. C pocToM atoMHOro Homepa
P30 yBenuumBaetcA  3(PPEKTUBHbIN  3apad  84pa,
BO3OENUCTBYIOLWNN HA KaXXabl U3 f-ONEeKTPOHOB, a HEMOJSIHOE
9KpaHUpoOBaHMe nocrnegHux BbI3bIBAET cMelLeHune
ANIEKTPOHHBLIX 0D0NoYeKk atoMoB brivke K aapy.

Tm | Yb l Lu

Gd[Tb‘Dy‘Ho Er

Sm Eu

Nd Pm

l La e Pr




CoaepskaHue B 3¢eMHOU Kope M
MHUHEPAaJIbI

* Sc¢ — 36 mecto. ToprBedTHT ((SC,Y),S1,0,) H
CTePPEeTTHT (Sc[PO,]-2H, 0).
e Y — 30 MmecTO. AHAJIOT JIAaHTAHAa, IOYTH BCeraa

COJEPKUTCSI BMeECTE € JIJAHTAHOMAAMM B
MHHepaJax.

e La—29 mecTo. OTHOCHTCH K HaM0oOJI€e pacup.
P33. Bmecre ¢ apyrumu P39 copepkurcs B
MOHANMTeE ((Ce,La,Nd, Th)PO,), DacTHE3UTE
((Ce,La,Y)CO3F), JoInmapurte ((Na,Ce,Ca,Sr,Th)(Ti,Nb,Fe)O3)
u anmaTure (Ca[PO,],(F,.CLOH)).



OTKpbITHE 3JIECMCHTOB

* Sc —3jeMeHT ObLI npeackazan MeHaeaeBbIM
(kak 3Ka-00p) m oTKPHIT B 1879 rony mBeackum
xuMmukoMm Huiabconom. Ha3BaH B uecThb
CranauHaBuM.

* Y —-—81794 1. bunH I'agoavH BbIAEJINT U3
MHHepaJja uTTepoOurTa. HazBaH 1o Ha3BaHHI0
IIBEACKOr0 HACEJEHHOro nyHKkTa UTTepoIo0.

 La— B 1839 . mBex Mocanaep. HazBanue
IPOUCXOAUT OT JAP.-TPeU. «KCKPbIBAIOCH,
«TAKCh).



IIpocThie Bemecrsa

Tnn.’ °C kvn.’ > d, rlcm’
Sc 1541 2837 3,0
Y 1528 3320 4,5
La 920 3447 6,2




N3MeHeHue CBOHCTB

* S¢(OH), [ La(OH), yBennueHne OCHOBHBIX
CBOMCTB.

IlpuMepsl:
25¢(OH), + 3H, SO, = Sc¢,(SO,), + 3H,0;
Sc(OH), + NaOHKOHH. = Na,[Sc(OH), | ckannar;

2La(OH), + 3H,S0O, = La,(S0,), + 3H,0;
La(OH), + NaOH p-p = Het peakiuu



[lony4yeHue n cBOUCTBA

1) 2MCI3 + 3Ca = 3CaCI2 + 2M - KanbuueTepmMus
2) M203 + 6HF = 2MF, + 3H,O (Harpes)

Anektponus pacnnaea MF, unu MCI,
B BOOHOM p-pe Henb3{, T.K. BoccTtaHaBnuBaetcsa BOOA!

Cepebpucro-dbenbie metannbl, TyronnaBkue,
peakuMOHHOCMNOCOOHbLIE:

Nerko pacTtBopumMbl B pasbaeneHHbIx kucnortax: HNO,,
H,SO,, HCI, CH,COOH

2M + 6HCI = 2MCI, + 3H,



XnmMmmnyecKkue cBOUCTBA

flpko BbipaXXeHbl OCHOBHbLIe CBOUCTBA.
UcknioyeHune — ckaHanm (B ropsiuen, KOHL,. LWerioYn):
2Sc + 6NaOH + 3H,0 = 2Na,[Sc(OH) ] + 3H,

[Mpn HarpeBaHUM B3auMoOencTBYIOT
c O, (ropsaT),H,,N,, Cl,,C, S, P

2Y +3Cl,=2YCI, (200 °C)
2La+N,=2LaN (1050 °C)
(ON + 3H,0 = 3(OH), +NH,)

La+2C=LaC, (1000 °C)
(3C, + H,0 = 3(OH), + CH, + H,)



OCHOBHbIe coeaAHEeHUs

Okcuabl M, O, — Tyronnaekue, ny1oxo pacTBOpUMbI B
BOoAe, paCTBOPUMbI B KUCNOTaX

Ho: La,O, + 3H,0 = 2La(OH), (6ypHo)

Mornowator CO, n H,O0 n3 Bo3pyxa [ La,(CO,),, La(OH),

'mapokcuabl M(OH)3 — NSIOXOpacTBOpPUMbIe OCHOBaHWUS
cpeaHeun cunbl

PacTBopuMble conu — ranoreHnabl, HUTpPaThbl, aleTaThbl,
nepxnoparsbil

[Mnoxo pacTBopumMbIe cornu — KapoboHaTbl, ¢pocdaThl,
oKcanarthbl, a TaKkke pTtopmnabl (ManeHbKUU KaTUOH U
MarieHbKMN aHNOH)



KomMnnekcbl naHTaHOUOoB

 AKBakKomMmnneKkcbl [M(H20)9]3+ nadbunbHbI (3amMeLlieHue
nuradpos 3a 107" - 10~° ¢)

e MpegnoynTaroT KOOPAUHALMIO MO KUcnopoay

* BbicOoKkne KoopamHaLMOHHbIE Yucna U MHoroobpasue
KOOpPANHALMOHHbLIX NONU3APOB

ManeHbkui Sc**: [Sc(acac),], KM = 6
Cpeanuit Y**: [Y(acac),(H,0)], KM =7
Bonbwoi La**: [La(acac),(H,0),], KM =8



[TpuMmeHeHune P33

LaNi, — xpaHeHne BoaopoAa B akkyMynsitopax;
Y — B AAepHbIX peaKkTopax;

LnBa,Cu,0, - cBepnpoBOAHUKAX;

Cmecb oKCMOoOB — nNonsapuT — abpas3us;

Okcuabl TyronnaBKU — OrHeyrnopHasi npo3payvHas
KepaMuKa;

JlazepHble KpucTannbl.



MupoBoe npounssogcteo P33
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Figure 1. Global rare-earth-oxide production trends. The Mountain Pass deposit is in California, U.S.A. Graph from D.J. Cordier (U.S. Geological
Survey, written commun., 2011) was updated from Haxel and others (2002, fig. 1).
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JJIeMeHThI 4 rpynnsbl

3n. koHd. | r, M° | r, M* | x_ CTeneHb OKUCNEHUS
A) | (A)
Ti 3d%4s® |1,45|0,60 1,32 +4, +3, (+2), 0
Zr 4d%5s®* [1,60|0,72 (1,22 +4,(+3), 0
Hf 5d“6s® |1,59|0,71 1,23 +4,(+3), 0

CBoucTtBa Zr n Hf oueHb NOXOXW.

XapaKTepHbl BbICLLUME CTENEHU OKUCIIEHUS.
BoccTtaHoBrneHHble dopMbl boriee xapakTepHbl Ana Ti




CoaepskaHue B 3¢eMHOU Kope M
MHUHEPAaJIbI

* Ti — 9 mecro, pyTni (TiO,), HALMEHHUT
(FeTiO,), MEPOBCKHUT (CaTiO,)

e 7Zr — 18 MecTO, paccesiH M peaKui,
Oapgesent (Zr0,), MUPKOH (ZrSiO,)

e Hf — 44 mecTO, HET COOCTBEHHBIX
MHUHEPAaJIoB, 2% B MuUHepaJgax Zr




OTKpbITHE 3JIECMCHTOB

e Ti—B 1791 r. anri. I'perop, B 1795 1. Hem.
Kianpor. Turanbl — B rpedyeckor MUGOJI0ruu
neru 0orunu 3emuin I'em u 0ora Heda 3eBca.

e Zr — B 1789 1. Hemen Kitanpor M3 moJjy-
APAroeHHOr0 KaMHa MUPKOH, 30JJ0TUCTHIH
(mepcUaCKHUN).

e Hf — B 1922 . B Konnenrarene KocrepH u
XeBelu, Jgar. «Hafnia» - Ha3BaHue CTOJIHIBI
Jlanumn.



IIpocThie Bemecrsa

T ,°C s °C d, rlcm®
Ti 1800 3330 4,5
Zr 1857 4340 6,5
Hf 2227 4620 13,1

[Nlony4yeHue cnoxHoe,

MO, + 2C + 2CI, = MCI, + 2CO

MC, + 2Mg = M + 2MgCl, (900 °C, Ar)

npo6bnema pasgenexHun Zr n Hf

Cl'lﬂaBbl, NMOKPbITUA, KOHCTPYKUMNOHHbIE

MaTtepuanbl




CBoiicTBAa MPOCTHIX BEIECTB

M+ H, = MH, (npu BbIc. T)
- YCTOMYHUBBI

M + C = MC (npu BbIC. T)

Cmias HIC-4TiC camoe TyromiaBkoe B-BO
(T. 1. 3990 °C)

2Ti + N, = 2TiN (>1100 °C)




CBoiicTBAa MPOCTHIX BEIECTB

M + 02 (wmna 28) = MO, (unm MS)) (npu narpesanuu noponikos)

Ti+ 20 =Til,
(T = F (150 °C), CI (300 °C), Br (360 °C), I (550 °C))

2Ti+ 6HCl = 2TiCl, + 3H, (npu HarpeBaHuN)

M + 6HF = H,|[MF | + 2H, (xommni1ekcoodpa3oBanmue)
M + SH, SO tconm, H,IM(SO,)),] + 280, +4H,0

Ti + 4HNO3K0HH. + (n-2)H,0 = TiO, nH, O (p) + 4NO,

B-TUTAaHOBBIE KUCJIOTHI, HEPACTBOPUMbI B KHCJI0TAX U
[eJa04ax

Ti + 2NaOH + H O =Na,TiO, +2H
KOHII. 2 2 3 2



CaBoiicTBa npocThix BemecTB (Zr u HY)

(KOMILIEKCO00pa3oBaHue)
M + 6HF = H,[MF | + 3H,
M + 4CH,COOH + 6F = [MF |*~ + 4CH,COO™ + 2H,

M +5H,S0,  =H,[M(SO,),] +2S0,+4H,0

3M + 4HNO, + 18HF = 3H_[MF | + 4NO + 8H,0



Oxcuabl M**

MO, — 6ecuBeTHble, Tyronnaekue, He
pacTBOpUMbIe B BOAe, XMM. UHEepPTHbIe

TiO, — THTaHOBbLIE Oenuna
ZrO, — nmuTtaTop SpunnuaHToB (huaHuT)

TiO, — pyTun (kpacHoBaTbIN), aHaTa3 U OPYKUT

| o —




«Kucaors» 1 «coam»y M
CaQ + TiO, = CaTiO, (nepoBcKuT)

TiO, + K,CO, = K, TiO, + CO,

Turanarel, HIUPKOHATHI, raHATHI:

1 1
M'30,, M' 20,

TuTaHaTsl MOJHOCTHIO THAPOJIM3YIOTCH:
K,TiO, + (n+1)H, 0 = TiO,nH,O0 | (a) + ZKOH

o [P (Hpn CTOSTHMH, IIPHU T)
o -¢popmMa pacTBOpUMA B
KHCJI0TAX U B HI€J10YaX

B

LY B

‘\____




[ToBenenne B BOAHBIX p-pax M**

TiO, + H,80,  =TiOSO,+H,0
TiOSO, + (x+1)H,0 = TiO, xH 0 | (B)+H,SO, (npu T)
MCl, + H,0 = MOCL, + 2HCI

Couin TuTtanuja ( ).

MOCI,8H,0 (M = Zr, Hf)
coaepxart
[M,(OH),(H,0),]* &
KpuUcTannax u B pacteope




I1o0o4yHas moarpynmna
V rpynnsl I1C

IHepunoanueckas cucrema yieMeHToB JI. 1. MenaeneeBa (yimHHasa popma)

% I'pynmbi 3JieMeHT 0B
on| 1 2 | 3 ] 4 5] 6] 7] 89 [10 ][ 11 12]13]14]15]16] 17 18
Bl| 1A | 1A | 1B [ IVB | VB | VIB | VIIB VIIIB IB | IIB | IIIA | IVA | VA | VIA [ VIIA [VIIIA
1| H)
2| 3Li | 4Be
3 | uNa ;Mg
4| 19K [20Ca|21S¢|22Ti| 23V |24CrpsMn|26Fe |27Co|25Ni 39Cu
5 |37Rb |38Sr| 30Y |40Zr |41 NbysMo| 43T ¢|4Ruj4sRh| 4sPd | ;7Ag
6 | 55Cs |seBajs;La’|»nHf|713Ta| 74W |75Re|760s| 771Ir | 78Pt [70Au
7 | 87Fr |ssRajgoAc|104Db| 105J1| 106RF|107Bhl108HRl100MY 110 | 111

s | S |d | & & & &£ |d ]| & &

S d
*JIaHTAaHOMADbI

ssCe |soPr |goNd |s1Pm |2Sm [gsEu [|64Gd [6sTb [66Dy |s7Ho |ssEr |s9Tm |70Yb |71Lu

%
AKTHHOHADBI

golh o1Pa U oNp osPU  9sAm  4Cm Bk 3Cf  oEs  190FmM 1g;Md ;N0 jo3Lr




JJIeMEeHThI S rpynnbl

3n. koHd. | r, M | x_ Crenenu
(A) OKUCNeHnd

V | 3d%s? | 1,36 |1,45| +5,+4 (+3),(+2),0
Nb | 4d*5s' | 1,46 [1,23] +5, +4, (+3)
Ta | 5d%s? | 1,46 [1,33| +5, +4, (+3)

CBouctea Nb 1 Ta o4yeHb NOXOXW, CUNbHO OTNINYaKOTCH
OT CBOUCTB V.

B pany V-Nb-Ta ctabunnamnpyrotca BbICLUME CTEMNEHMN
OKUCINEHUA.




Coaep:xanue B 3eMHOU Kope H
MUHEPAJIbI

* V —20 mecro, paccesit, VS, 'V, S, — MAaTPOHHUT.
JI0OBIBAIOT U3 JKEJIE3HBIX PYI.

* Nb — 34 mecro, paccestn u penxuii, M(NbO,),
(M = Mn, Fe) — konymMOHT.

* Ta — 52 MeCTO, pacCEesiH U PEIKUH, M(Ta() ), M
= Mn, Fe) — TaHTaIUT.




OTKpbITHE 3JIECMCHTOB

e V-8 1801 . Mmekcukanen Jleas Puo, 3arem B
1830 r. mBex CedcrpéM. «Banagucy — qpeBHe-
MCJIaHACKasi OOTUHS KPaCOTHI.

e Nb — 1801 r. anrmuruyanuH XaTr4eT B MUHEPAJIE

KOJIYMOWUT Y Ha3BaHHUE KOJIYMOUM;

1844 r. — vemen Po3e nepemMeHOBaN B «HHOOHI» OT
rpeueckoro «Huobes» — mousr TanTana.

e Ta — 1802 r. mBex Ikedepr, M0 UMEHU I'PEYECKOTO
noxyoora TaHrarna.



IIpocThie BelecTBa

. °C _°C | D,r/cm®
V 1920 3400 6,1
Nb 2500 4930 8,6
Ta 2996 5500 16,6

[Tony4eHune crnoxHoe, npobnema pasgeneHmns Nb u Ta
M,O_+ 5Ca = 5Ca0 + 2M

V — cTtanu, TaHKkoBasi bpoHS

Nb, Ta — xumumnyeckas
annaparypa

13 N AN
§ Vg ﬁ"\,’,_’"

@

Ta — KOCTHas n nnacTuyeckasi XMpyprusi



N3BeCTHbIN "aBTOMODOUNBHBIN KOopornb" eHpn dopa ckasan:
"Ecnn Obl He ObIno BaHaausa" - He ObINo O6bl aBTOMOOUNA".
HesHauutenobHaa pobaeka (0,2 %) BaHagna K OObIMHOM
ctanu coobwaer en uenbii psag  UEHHbIX CBOWUCTB:
yBENUYNBAETCHA €€ YrpyrocTb, MPOYHOCTbL Ha UCTUPaAHME U
COMPOTUBIIEHNE Pa3pbiBY, YTO OCODEHHO BaXXHO ANsl TaKUX
OTBETCTBEHHbIX 4acTen aBTOMODWUNS, Kak pPeccopbl, OCw,
Banbl, wWwectepHn. W3 BaHagmeBon cCTann WU3roTOBASAIOT
camble BaxHble OeTann  aBTOMOOWUIMbHBLIX  MOTOPOB,
LUMNMHOPbLI BbICOKOrO OaBneHusi, TOPMO3Hble KONoaKu. Ecnu
Obl He BaHagueBasa cTanb, aBTOMOOMNbL Becun Obl B ABa
pasa Oonblle, B [ABa pasa yeBenuuunca Obl pacxon
roptodero, M3HOC TOKPbILWEK, COKPaTUNCsl CPOK CIyXObl
OOPOXKHOIO NMOKPbLITUS.



IIpocThie BemecTBa

XMMHYECKM HHEPTHDBIE

2V + 12HF = 2H[VF | + SH,

V + 6HNO3K0HH. =|VO,]NO, +5NO, +3H,0

3V + SHNO, +3HC1 =3|VO,|Cl + SNO+ 4H,0
Nb,Ta + napckas Bogka = HeT peaKkiuu

Nb + SHNO, + 7THF = H,[NbF.] + SNO, + 5H,O

+50,=4KM

pacmnJjiaB



BAHAIUU

2+ VO } ocHoBHBIE VSO,
3+ V.0, cBoricTBa V. (SO,),

H.SO

2224+—1VOISO, cyabgpar Banagnia
4+ VO,

Ifgl_\l/' O BAHAIUT KAJIUS

4 49

vOjel  [VQIGL + Cl,
5+ V,0, |

K[%IQVO ) BAHAIATHI



Kucaoponubie coequuenns V>*

VvV, 0.+ H,0=2HVO, (V,0,xH,0))
(paBHOBecCHE BJICBO)

V,0, +2NaOH = 2NaVvO, + H,O (mensienHo B
pacTtBope, ObIcTpO B pacmiase), Na, VO,

2HVO, +2HX,  =2[VO,]X +2H,0
X = %S0,*, NO,"

Karanuzatopsl Ha ocHoBe V0, 3aMeHNIN NIATHHY NPH

IPOU3BOICTBE CEPHON KUCJIOThI



