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JUis cTyIeHTOB, 00y4JaroIUXCsl 10 HApPaBICHUIO IO OTOBKU
020100 «Xumus» u crermanbHocTIM 020101 «Xumus»,
240306 «XuMHu4YeCcKasi TEXHOJIOTHS MOHOKPUCTAJIOB, MATEPHAIIOB U U3ACIUI
AJIEKTPOHHON TEXHUKH»
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VJIK 541.15
BEK 24

NHEPTHBIE I'A3bI: CoctaBurens: Cubupkun A.A. KoHCHEKT JieKIuil 1o
Kypcy Heopranuueckoi xumun. — Hwkuuit Hosropon, 2014. —c.

Peneunsenr:

B Meroanueckoii pa3paboTke TMpeACTaBICH MPOTrpaMMHBIN MaTepual,
OTHOCSIIUHNCS K XUMUU UHEPTHBIX Ta30B U UX COCTUHCHHM.

KoHncniekT neknuii npeanaznaven s cryaentoB HHIY, oOyuaromuxcs mo
HampaBieHuto noaroroBku 020100 “Xwmmsa” wu  cnemumanpHOcTaM 020101
“Xumusa”’, 240306 “Xwumudeckas TEXHOJIOTHS MOHOKPHUCTAIOB, MAaTEpUAIOB U
U3JICJIUN 3JIEKTPOHHON TEXHUKH .
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HNuepTHble (01aropoaHblie) ra3pl
I'esmit
HcTopusi OTKPBITHSI H HCCIIET0BAHNS

'enuid OTKPBIT METOAOM CHEKTpajJbHOrO aHanus3a Ha CoyHuEe Mo
KEJITOW JIMHUHU, COCEICTBYIONIEH C KEJITOW JIMHUEW HaTpusd. ITO
OOCTOSITEIIbCTBO OTPEISITHIIO Ha3BaHUE HOBOTO dJIeMEHTa (epeu. NMog —
conmHedHbIi). OTKpbiTHE NpuHAMICKUAT J[x.JIokbepy, HaOMOAABIIEMY
xpomochepy Connma B 1868 romy B mepuoj; COJHEUYHOTO 3aTMEHHS.
[To3gHee HalieH Ha 3emile B CHEKTPE BYJIKAHMYECKUX Tra3oB Besysus
(JL.ITamemuepu, 1881). Halinen B atmocdepe 3emmnn Y .Pam3aem.

CTpOQHI’Ie aToOMa U BAJICHTHBIC BO3MOKHOCTHU

3aBepiieHHass BajJeHTHas 000JI0YKa 1"  06BsCHSCT HU3KYIO
XUMHUYECKYI0 aKTUBHOCTb. SIBJsIETCA HAMMEHEE PEaKIIMOHHOCTIOCOOHBIM
U3 BCEX U3BECTHBIX XUMUYECKHUX 3JIEMEHTOB.

HN30TONMHBINA COCTAB

[IpupoHbIi TeNnii COCTOUT U3 JIBYX CTAOMJIBHBIX M30TOIOB He
(ocroBHOiT m3orom) u “He (0.00014 %). Slmpa “He (a—wactuiibi)
ABJISIFOTCS MTPOAYKTAMH pacrajia saep paJluOaKTUBHBIX 3JIEMEHTOB.

Haxo:xaenue B mpupojae

3aHMMaeT BTOPOE MECTO (mocie BOJIOPO/IA) 11 ()
pacnpoctpaneHHocTd Bo Bcenennoit. IlpeacraBnen B aTtMocdepax
ropsauux 3Be3q, B aTrMocepax HEKoTopbix IaHer. OOpa3yercsa 1O
TEPMOSIEPHON pEAKIINU

4'H — He+2B" +2v"

Comepxanne B armocdepe  3emmu 5.2 10* % (06.).
HakannmmBaercs B auTocdepe, IPOHUKAs B MECTOPOKICHUS IPUPOTHOTO
raza M3 pPaguOAKTUBHBIX MHHEPAJOB, CO3/JaBas B HEM KOHIICHTpAIlUU
1o 2 %.

N3oton 3He oOpasyeTcs B pe3yabTaTe SACPHBIX peEakiuid B
aTMocdepe, BEI3BIBAEMBIX KOCMHUYECKUM U3Ty4YCHUCM:

1N + 1n — 2C + 3-|-, 3T L 3He+ 5.

© 2013-2014 A.A.Cubupkun



IIpocToe BemecTBo resimi
Hoanyyenue

1. IIpombinuieHHBIM crioco0. BrigeneHne U3 Ta30BBIX cMecei
TUCTWIIAIIMEH  TOoCiAe  HUX  TIIYOOKOro OXJIAKJICHUS. ['enun
HaKaIjMBaeTca B HauOosee JIeTydux (Qpakiusx HPUPOJHOro raza Hu
Bo3ayxa. IlpuponHbplii roprouuii ra3 OCBOOOXKIAIOT OT JHUOKCHAA
yriaepoja JCHCTBHEM  H3BECTKOBOrO MOJIOKa (BOAHOW  B3BECH
THJIPOKCUAA KaJIbIHs), BBICYIIUBAIOT CHJIMKAreJeM W OXJIKIAIOT
KHITSAIIUM 10T BAKYyMOM JKHAKHAM a30ToM a0 Temmepatypbl —205 °C).
Conepxanue renus B cmecu npesbimaet 90 %. Coaepixamuecs B rejiuu
pUMECH aICOPOUPYIOT YIJIEM IMPHU 3TOM U 00Jee HU3KOW TeMIepaType.
Ocraronryrocsi OpuMech BOJOpPOAA OTHAEINSIOT, MPOMYyCKas Trejluil Haj
pazorpetbiM okcugom meau mpu 400 — 500 °C.

2. JlJabopaTopHbIii Croco0. HarpeBanue MHUHEPAJIOB
paIMOaKTHBHBIX JJeMEHTOB (KJI€BeuTa, MOHAIUTAa, TOPHAHHUTA),
COJICpIKAIlMX aTOMBI Ieivs, BHEAPEHHBIC B KPUCTAIUNIMUYECKYIO PEIIETKY .
N3 1 kr munaepanos nonxydaercs 10 10 i renus.

Crtpoenue

OpnoatomHasi MoJieKyJla ¢ HauOosnee cinadblM Cpeau  BceX
U3BECTHBIX BEIECTB MEKMOJEKYJISIPHBIM B3aumojaeictsuem. O6nanaer
CaMbIMHM HU3KUMH TeMIIEpaTypaMy KUTICHUS U TUTABJICHHUS.

dusndyeckKke CBOMCTBA

Becuseruniii raz 0e3 3amaxa. Iln. —271.2 °C, xwum. —268.9 °C.
Kpucrannusyercs npu JaBI€HUH CBBIIIE 25 aTM.

O6nagaeT camoil Majoll mJis Tra3oB PacTBOPUMOCTBIO B BOJE
(10mn ma 1 Bomer mpu O0°C). AmcopOupyercs B 3aMETHBIX
KOJIMYECTBAX MPH TEMIIEpaType KumeHus xujakoro azora (—196 °C).

AKugkuii renmuii — KBaHTOBAas KUJAKOCTh, NPOSBIAIOMIAA B
MaKpOCKOIIUYECKOM 00BbEME KBAHTOBBIE CBOWCTBAa €€ aroMoB. Ilpu
2.17 K nperepneBaer (pa3zoBblii Mepexoi BTOPOTO poja, CKaYKooOpa3HO
U3MEHSS  TEIJIOEMKOCTh,  IUIOTHOCTB,  BSI3KOCTh  (mpmoOpeTaeT
CBEPXTEKYyUeCTh — CIIOCOOHOCTh MPOHUKATH O€3 TpEHUs B Y3KHUE
KaITUJUISPHI).

© 2013-2014 A.A.Cubupkun
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Bricokoii MPOHUKAIOIIEH CIIOCOOHOCTHIO oOnagaeT u
ra3o000pa3Hbli reiaui, Jerko AMdPyHaupys yepes3 miacTMacchl, CTEKJIO,
HEKOTOPbIE METAJLIIBI.

XHUMHYECKHE CBOMCTBA

HanmeHee peaklIMOHHOCIIOCOOHOE BEUIECTBO M3 BCEX H3BECTHBIX
BelecTB. He oOpasyer coeaqHeHuid ¢ TpaJuMOHHBIMU, XapaKTEPHBIMU
JUisi OOJIBIIMHCTBA AJIEMEHTOB XMMHUYECKUMH CBsi3siMu. He oOpasyer
KJIaTpaToB (COCMTWHEHWH BKIIOYEHHS) C BOJAOW M OpTraHUYECKHMH
COEMHEHUSIMU, KOTOPBIEC XapaKTEPHBI JIsl IPYTUX UHEPTHBIX Ta30B.

['enuit cnocoOeH 00pa3oBbIBaTh SKCUMEPHBIE MOJEKYJIbl C
BO30YK/JICHHBIMM aTOMaMH HEKOTOPBIX 3JEMEHTOB. Takue MOJEKYJIbI
00pa3yroTcs MOJ AEUCTBUEM AJIEKTPOHHOIO MyYKa, YJIbTPAPUOIETOBOrO
U3JIYyYCHUSI WIM DJIEKTPUYECKOrO paspsia Ha MHEPTHBIEC ra3bl WIM HUX
CMECH C BOJOPOAOM HWJIM rajJOr€HAMMU.

B ycnoBusax BO30YXIeHHS aTOM Telidsd MEepelaeT 3JIEKTPOHHYIO
nmapy moHy H', o0pa3ys KoBaJeHTHYIO CBf3b C HHUM. llomyueHHas
monekyna HeH" crmoco6Ha cymectBoBaTs 6Gmarofapst TOMy, 9TO B Hei
YHUCJIO DJIKTPOHOB Ha CBA3BIBAIOIIEH MOJEKYISIPHOM OpOUTAIN Gog
pPaBHO 2, a Ha Pa3PBIXJISIONICH 025* AJIEKTPOHOB HET. KpaTHOCTH CBsI3M
pasHa 1. ITo Toif se MpHYMHE MOXKET CYIIECTBOBATh HOH-pagukan He,' ¢
IBYMsI D3JIGKTPOHaMH Ha CBS3bIBAIOLIEH OpOUTAIM M OJHUM — Ha
paspsixisttonieii. KpatHocts cBszu paBHa 1/2. Kcratu, mosekyna He, He
CYILLECTBYET, ITOCKOJBKY YHCJIO CBS3BIBAIOUIUX H Pa3pbhIXJIONINX
AJIEKTPOHOB PABHO 2.

IIpumenenue

1. 3amurHas cpeaa s CBApKH, PE3KM M IUIABKH METAJUIOB,
NepeKavYMBaHUU PAKETHOTO TOIUIMBA, U3TOTOBJICHUS TEITOBBIACIISIIOIINX
AJIIEMEHTOB aTOMHBIX PEaKTOpPOB, npu IPOU3BOJICTBE
MOJIYITPOBOJHUKOBBIX MaTEpPHUAJIOB.

2. Jlns nmeaspanus pacTBOpOB, B TOM YHUCJE MPU KOHCEPBALUU
NUIIEBBIX NPOIYKTOB.

3. TennoHOCHUTENb B BICOKOTEMIIEPATYPHBIX SJEPHBIX PEAKTOPaX.

4. B BakyyMHOW TeXHUKE i1 OOHApYKEHUs TEYeH TeJIMeBbIM
TEYEUCKATEIIEM.

5. Pabouee Teno (KOMIIOHEHT Cpelbl) ra3oBoro Jiasepa (reuid-
HEOHOBBIN Ja3ep, 633 HMm).

© 2013-2014 A.A.Cubupkun
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6. ['a3-HOoCcUTENb B Ta30BOM U ra30-KUJIKOCTHOM XpoMarorpaduu.

7. TepmomeTpuYECKOE BEIIECTBO B TA30BbIX HU3KOTEMIIEPATYPHBIX
ATaJIOHHBIX TEPMOMETPAX.

8. KoMmmoHeHT JpIXaTeNnbHBIX CMeced ISl TIyOOKOBOJHOIO
norpykenust (renueBblii Bo3ayx). ['enwii MeHee pacTBOPHM B KPOBH,
yeM a30T. Huskas pacTBOPUMOCTH reifidsi B KPOBH CBOJUT K MUHUMYMY
ra3oBBIICICHUE, KOTOPOE MPOUCXOAMUT B Cllydae a30Ta, Korja BOJ0Ja3
MPOXOJUT JEKOMIIPECCHIO.

9. XKuakwmii rennii — XJag0areHT B SKCIIEPUMEHTAIBHON (DHU3UKE U
tepmoxumun  (oxmaxknaenue g0 4K wu HWKE), B TOM 4HCIE A
UCIIOJIb30BaHUs B CIEKTpOMETpax u Tomorpadax AMP.

10. KoMmioHeHT cMmecel JyIsl 3amoHeHHs AUproKabiien, adpocTaToB
Y METEOPOJIOTHYECKUX 30HIOB.

11. HarotHeHHE peKJIaMHBIX JIaMIT (KEJITOe CBEUCHHE).

© 2013-2014 A.A.Cubupkun



Heon

HUcTopusi OTKPHITHA U MCCIACT0BAHUS

Beigenen VY.Pam3zaem u M.TpaBepcoM NEPErOHKOU KHUIKOTO
Bo3nyxa B 1898 romy m oxapakTepu3oBaH CHEKTPaIbHBIMH METOJIAMHU.
Ha3Banue npoucxoauT OT rped. VEOV — HOBBIM.

Crtpoenne atoma

6
BEpILICHHAs BaJICHTHAas J04 00yCIIOBIMBAET

3aBeplicHHAs BaleHTHas 060Jouka 1572572 oy
HA3KYK0) XUMHYECKYI0 aKTUBHOCTh M OTCYTCTBUE COCIUHECHUU C
TPaJUIIMOHHBIMU XUMUUYECKUMU CBSI3SIMU.

MN30TONMHBINA COCTAB

[IpupoaHBIl HEOH COCTOMT M3 Tpex wu3oromoB ~°Ne (90.92 %),
“!Ne (0.257 %) u “Ne (8.82 %).

Haxo:xaenue B mpupojae
Conepxanne B armocdepe 3emun 1.82-107° % (06.), B 3eMHOI
xope 7 - 10 ° r/t. [IpeicTaBieH B ropsdux 3Be3aX — KPACHBIX TUTAHTaX,

ra3oBbIX TYyMaHHOCTsIX, B atMmocdepax IOmnwurepa, CartypnHa, Ypana,
Henryna, [InyTona.

© 2013-2014 A.A.Cubupkun



IIpocToe BemecTBO HEOH

Hoanyyenue

OCHOBHBIM HCTOYHHKOM HEOHa SIBIsieTCS aTMOCcGhepHBI Bo3ayx. [Ipu
(GpakIMOHHON TIEPETOHKE JKUIAKOTO BO3JyXa HEOH BMECTE C TelueM
o0pa3yroT (PpakIuio caMbIX JIETKOKHUIIAIMIAX Ta30B. Ee 0CBOOOXIAIOT OT
3HAYNTEJBHBIX KOJWYECTB a30Ta aJAcopOIuell aKTHBHUPOBAHHBIM YTJICM.
HecopOupoBaHHbIi ras (reauii-HeoHOBaAs CMEChH, cojJiepxKamas
40 — 60 % HeoHa) ABISACTCS TOBAPHBIM MTPOIYKTOM.

Otnenenne  HEOHa  OT  Teldus  BBIIOJHSIOT  ajcopOruen
aKTUBUPOBAHHBIM yriiem mipu Temmepatype —205 °C. ['enuii He copOupyeTcs.
[TormomieHHbIN yraeM HEOH IecOpOMpyeTcsl Mpu HEOOJBIIOM IOBBIIIEHUN
TEMITePaTyPHI.

Crpoenune

OnHoatoMHass MoOJEeKyJla CcO  CjlIa0bIM  MEXMOJIEKYJISPHBIM
B3aUMOJIEICTBUEM.

duzndyeckue CBOMCTBA

becuBernsiii ra3 0e3 3amaxa. 1. —248.6 °C, kun. —245.9 °C.

XHMHYECKHE CBOMCTBA

1. B oramyue OT renus CrnocoOeH K 00pa3oBaHMIO KiaTpara ¢
Bojoli mpu cBepxBbicokux AaBneHMsAX (3000 atMm), KOTOpBIA TpH
YMEHBIIICHUH JIaBJICHUS pa3jiaraceTcs 1o oOpaTHON peaKinH.

8Ne + 46H,0 — 8Ne - 46 H,0.

2. O0pa3oBanue, TOAOOHO TEIHI0, DKCUMEPHBIX  MOJICKY,
manpumep, Ne,” u NeF. Yactumel NeF* 3a cueT Hakayku obpasyercs B
skcumepHoMm naszepe. IIpu ux pacnmane Ha atombl reHepupyercsa Y O-
u3nydeHue ¢ auHou BosHbl 105 HM. DTO omHO U3 Hanbojee KECTKUX
Ja3epHBIX U3IydYeHUN. UeM MeHbIIe JIMHA BOJIHBI, TeM OOJIbIlIe SHEPTUsI
KBaHTa CBETA.

IHpumenenue

Hcnonb3yercs B WHAWBUAYAIBHOM COCTOSIHUM M B COCTaBE TEIIHil-
HEOHOBOM CMeCH Kak pabouyro cpely Ta30BbIX J1a3epoB, ISl HAMOJTHEHUS
ra3opaspsHbIX HCTOYHHUKOB CBETA, CUTHAJIBHBIX, WHAUKATOPHBIX W
AJIEKTPOHHBIX JIAMII, KaK XJIQJI0areHT B TEXHUKE HU3KUX TEMIIEpaTyp.

© 2013-2014 A.A.Cubupkun



Aproxs
Hcropusi OTKPHITHA U MCCACA0BAHUSA

IIpu BBITIOJIHEHUU TOYHBIX U3MEPEHUN TUIOTHOCTU ra3oB Y .Pam3zan
(1895) ycraHOBWJ, YTO IIOTHOCTH a30Ta, MOJIYYCHHOT'O W3 BO3IyXa
IOIJIOIIEHUEM BOJASHOIO Mapa, YIVIEKHCJIOrO0 Tra3a MW KUCIopoJa
XAMUYECKUMHU  pe€arcHTaM, NOPEeBOCXOAUT  IUIOTHOCTh  a30Ta,
00pa3ylolerocss Mpu TEPMUUYECKOM pa3JIOKEHUU HUTPUTA AMMOHMS.
D10 HaONIOJeHUE OBbLUIO MM CBS3aHO C COJECpP)KAHUEM B aTMOChEepHOM
BO3/lyX€ HOBOI'O MHEPTHOI'O KOMIIOHEHTA, KOTOPBIX IOJIy4YUJ HA3BAHUE
aprona (epeu. opyov — JICHUBBIH, HeJeATeIbHbIN). HOBBIM 3J1eMEHT ObLI
BBIICJIEH M OXapakTEPU30BaH B BHUJE IPOCTOTO BELIECTBA IIOCIIE
MOTJIOMIEHUST a30Ta pa3orperbiM mMarHuem B Buae MQsN,. OtkpbitThe
aproHa, BTOPOro mocjie OTKPBITOIO PaHee reyiusl MHEPTHOIO ras3a, CTajio
BECKMM OCHOBAaHUEM BBEICHUS B IEPUOAUYECKYIO CUCTEMY XUMHUUYECKUX
AJIEMEHTOB HOBOM MOATPYIIIIHI.

Crtpoenune atoma

ATOM C 3aBEpIICHHBIM AJICKTPOHHBIM MOAYPOBHEM. DJICKTPOHHAS
6

KOH(pUTyparus 35’3p°. He oOpa3yeT 4dYacTull C KIaCCUYECKUMU
XUMUYECKHUMU CBS3SIMH.

HN30TONMHBINA COCTAB

IIpUpOIHBIA aproH COCTOMT M3 Tpex u3oromoB —CAr (0.337 %),
BAr (0.063%) u “°Ar (99.600 %). IIpeoGnaganue THKEIOrO H30TONA
00YCJIOBJICHO TPOIIECCOM PaJMOAKTUBHOTO MPEBPAIICHHS HPUPOTHOIO
M30TOIA KaJIus, 3aKII0YAIONIMMCS B 3aXBaTE JJIEKTPOHA U3 DJICKTPOHHOM
000JI04YKH aTOMHBIM siipoM (K-3axBar):

K +e - PAr+y.

Haxo:xaenue B mpupojae

Apron — HauOosiee pPacHpOCTPAHEHHBIMW B 3E€MHOU  KOpe
Oonmaroponubiii raz. B armocdepe coaepxkurca 0.934 % (06.), B
murocepe 4 - 107° % (macc.)

© 2013-2014 A.A.Cubupkun
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IIpocToe BemecTBo aprox
Hoayyenue

VIcTOYHUKOM aproHa B TEXHHUKE SBISICTCS aTMOC(EpPHBIH BO3IYX.
['myOoKkUM OXJIaXKJEHUEM BO3[yXa IMONMYYaloT XHUAKYI0 CMECh a3oTa
(T. kum. —196 °C), aprona (1. kum. —186 °C) U KHUCJIOpoJa
(T. kum. —183 °C). Ilocne otnmeneHus a3zoTa peKTU(HUKAIMEH TOTYyYarOT
aprOHO-KHUCIOPOAHYI0 (paKIHio, KOTOPYIO TIOJBEPraroT IOBTOPHOMN
pektudukanuu. bonee neryyas gpakius OpeacTaBisieT cO00M aproH ¢
NPUMECHhI0  KHCIOpPOJaa, KOTOPYHO OTICISIIOT THIPHUPOBAHUEM B
NPUCYTCTBUU IUIaTUHOBOTO Katanuzatopa npu 60 — 70 °C. [Ipu ouunctke
aprona (C IMEIbI0 TOJYyYCHHS aproHa OCOOOW YHCTOTHI) OTHCICHUE
IpUMECH a30Ta MPOBOJAT PEKTU(PUKAIMEH WIX C  TOMOIIBIO
AKTUBHPOBAHHOI'O YIJISl MUIH MOJICKYJISPHBIX CHT.

Taxxe apro moiay4aroT Kak MOOOYHBIH TMPOIYKT B KOJOHHAX IS
CHHTE€3a amMMHuaka. A30T U3 BO3IyXa, COJAEPKAIIEero  aproH,
IPEBPAIIACTCSA B aMMHAK, YTO MPUBOIUT K KOHIICHTPUPOBAHHIO aproHa.

Crtpoenue

OmDHOaTOMHEIII Ta3 € MajJlodl XWUMHWYECKOW AaKTUBHOCTEIO.
BcenenctBue Oosbliero, 4emM y TelIWss M HEOHA, pajauyca aroMa
(MOJICKyIBI) aproH MpOSBISECT  OOJBIIYID  MOJIPU3YEeMOCTh U
OOYCJIOBIICHHYIO eil Oonee CUJIBHOE MEXMOJIEKYJISIPHOE
B3aMMOJICUCTBUE. DTO MPOSBISIETCA B 00Jiee BBICOKUX TeMIepaTypax
IJIABJICHUS W KHUIIEHMS, B 00pa3oBaHMU OOJIBIIETO YHCJAa COCAUHEHUM
BKJIFOUCHHUS.

dusndyecKke CBOMCTBA

Becuserusiii ra3 0e3 3amaxa. [1in. —189.4 °C, xun. —185.9 °C.

XHMHYECKHE CBOMCTBA

1. OGpazyer coeaWHEHUS BKJIIOUYCHHS C BOJIOM, AalleTOHOM,
(eHOJIOM, TUIPOXUHOHOM. Y CTOWYMBOCTh O0Opa3yeMbIX aprOHOM TAKUX
COCIMHEHUN CYIIECTBEHHO OOJblle, 4YeM Mg Teauss W HEeoHa.
CoenuHeHus BKIIOUCHHS 00pa3yloTcsl MpU OXJIKJIEHUHU CMEceil aproHa
C  MOJIEKYJSIDHBIMU  COEQUHEHUSMU TpPU  aTMOCEPHOM  WIH

ITOBBIINICHHOM J1aBJICHHUMN.
© 2013-2014 A.A.Cubupkun
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8Ar + 46H,0 — 8Ar - 46H,0,
Ar + 2CH3COCH3 +17/H,0O — Ar- 2CH3COCH3 : 17H201
Ar + 4C6H5OH — Ar- 4C6H5OH,
Ar + 3C6H4(OH)2 — Ar - 3C6H4(OH)2,
Ar + 2HCI — Ar - 2HCI,
Ar + 2HBr — Ar - 2HBr.

2. O6pa3oBaHKe YKCUMEPHBIX MOJIEKYJ U3 BO30YKJICHHBIX aTOMOB,
PaznoxeHrne 3KCUMEpPHBIX MOJIEKYJI COIMPOBOXKAACTCS H3IYUYEHUEM C
Manmoi JiuHOM BosHbL. Ha »3ToM »3ddekTe paboTaror nazepsl,
reaepupyromue m3nydeHue 193 am (ArF) u 558 am (ArO).

IHpumenenue

Hcnonb3yloT B KauecTBE 3alllUTHON arMoc(ephl MpU CBapKe, MpHU
MOJIYYCHUH METAJUIOB U JIPYTMX METALIYPrHYECKHUX MPOLEeccax, Kak
HAIOJHUTEIb B Ta30pa3psIHbIX TPYOKaX M JIOMHUHECIICHTHBIX JaMIIaxX, B
TUPATPOHAX, B MOHU3ALMOHHBIX CYETUMKAX, B KAUECTBE ra3a-HOCUTEIS B
ra3oBOM M ra30-XKUIKOCTHOU XpoMatorpaduu.

© 2013-2014 A.A.Cubupkun
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Kpunron
Hcropusi OTKPBITHA U UCCIACA0BAHUSA

Boeimenen B 1898 romy VY.Pam3zaem wum M.TpaBepcom mu3
CKMKEHHOTO BO3ayxa. Has3BaHue mnpoucXoauT OT Tped. KPLITOV —
CKPBITBIN, CIIPATAHHBIMN.

CTpOGHI/Ie aToMa U BAJICHTHBIC BO3MOKHOCTHU

OnekTpoHHass KOH(Urypamus 45" 4p6. JlocTaTo4HO  OOJIBIION
pa3Mep aTomMa IO CpPaBHEHHMIO C aTOMaMHu Tejusl, HEOHa W aproHa
JIOITyCKaeT BO3MOXHOCTh IepemMenieHus 4p-anekrpora Ha 4d-opOutaisb.
Omna peanau3yeTcsi Ipy 00pa30BaHUH IIPOU3BOIHBIX KpHunToHA (+2).

_____ S
ﬁ%%ﬂ_ 4dd s %%4?4_ dd

HN30TONMHBINA COCTAB

IIpupoaHBI  KPUNTOH  COCTOMT M3  LIECTHU  M30TOIOB:
®Kr(0.354 %), PKr(2.27%), %Kr(11.56%), %Kr (11.55 %),
¥Kr(56.90%) u ®Kr(17.37%). Dtu u apyrue, pagMoOAKTHBHbIC,

M30TONBI KPUNTOHA 00Pa3yloTCs MPU CIIOHTAHHOM JCJICHUU sIAep ypaHa
235 ) ,; 238

Haxo:xaenue B mpupojae

Conepxurcst B armochepe 1.14- 10 *% (06.). Berpeuaercs B
razax ypaHcojaepxanmx MmuHepaios (2.5 — 3 %).
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IIpocToe BemecTBO KPUNTOH
Hoanyyenue

[TonydaroT  (QpakMOHHON TEPEroHKOM JKUIAKOTO  BO3ayXa.
HakannuBaercss B )KMJIKOM KHCIOPOJE TMPH OTACICHUW OT HEro a3oTa.
[Ipu oOTroHke KuCIOpOJa KPUNTOH M KCEHOH HAKaIUIMBAIOTCS B
OCTaBIIMXCS  BBICOKOKHILIIMX  (pakmusx  (KPpUNTOH-KCCHOHOBBIN
KOHIIEHTPAT). OTOT KOHIICHTPAT pa3orpeBalOT, ¢ TEM YTOOBI
OCTaBIIMHCA B KPHUNTOH-KCEHOHOBOM CMECH KHCJIOPOJ OKHCIIHUII
HAKOIMBIITMECS B 3TOM CMECH YTIJIEBOJOPOJBI JIO YIJICKHUCIOrO Tasa.
[Tocnie ormenenust CO, nelicTBHEM MIEIOYEH CMECHh OXJIAXKIAIOT [0
—80°C wu mpomyckaloT dYepe3 CJIOM aKTUBUpPOBAaHHOTO yrisg. U3
ajcopOepa  BBIXOJHWT  OYMINCHHBIM  KpUNTOH. JlOMOTHUTEIBHOES
KOJIMYECTBO KPUITOHA TOJIydaeTcs mpu (GpakIMOHHOW JecopOIuH,
IIPOBOJIMMOE ITOCTETICHHBIM MOBBIIICHHEM TeMITEPaTypPhl TOTJIOTUTES.

Crtpoenune

OnHoaTOMHAst MOJIEKYJIA.

duzuyecKue CBOMCTBA

Becuserusiii ra3 0e3 3amaxa. [1in. —157.3 °C, xun. —153.2 °C.
XnMHUYeCKHe CBOMCTBA

1. OGpazoBanue  COCAMHEHMM  BKJIIOUEHHS C  BOJOW W
OpraHUYE€CKUMH PACTBOPUTEIISIMHU.

8Kr + 46H,0 — 8Kr - 46H,0 (15 arm npu O °C, pazn. —28 °C),
2.14Kr + 12C¢HsOH — 2.14Kr - 12CgHs0OH,
2Kr + CC|4 + 17H,0 — 2Kr - CC|4 - 17H,0.

2. O0pa3zoBaHHe IKCHUMEPHBIX MOJIEKyd. VX caMompou3BOJIBHOE
Pa3JIOKEHHUE HA aTOMbI CONPOBOKIAECTCS U3IYYEHUEM C JJIMHOM BOJIHBI

222 um  (KrCl*), 248 um (KrF*), 420uam (KrF*). Dt npomecchl
UCIIOJIE3YIOTCS B 9KCHMEPHBIX JIa3epax.

© 2013-2014 A.A.Cubupkun
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3. BoccranoButenbHbie CBOMCTBA. [IpOSABISIIOTCS IO OTHOIIECHHUIO K
propy.
Kr+F, — KrF, (amxe —78 °C, snexrpuueckuii paspsin)

IHpumenenue

Kpunton wucnonp3yrOT Aji HANOJIHEHUS JIaMIl HaKaJWBaHUA,
ra3opas3ps/IHbIX U PEHTICHOBCKUX TPYOOK. PalMOaKTUBHBIN U30TOII ®Kr
UCMOJIB3YIOT KaK HCTOYHUK  [B-U3JIydyeHUs B  MEJUIMHE, IS
OOHapy>XEeHHSI TE€YM B BaKyYyMHBIX YCTaHOBKaX, KaK HW30TOIHBIN
VHIAKATOP IIPU MCCJIEIOBAHWMU KOPPO3UM METAJIOB, UISI KOHTPOJIS
W3HOCA JeTalcH.

© 2013-2014 A.A.Cubupkun
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CoenquHennsi kpunrtoHa (+2)

KrF, KrF* Kr2F3+
audropua POU3BOJIHBIE IIPOU3BOIHBIC
KPHUIITOHA dropoxpunTonus (I1) tpudTopoaukpuntonus (I1)
IHosxyuyenue
1. Bzanmoneiicteue IPOCTBIX BEIIECTB B YCIIOBUAX

yIbTPaPUOIETOBOTO OOJTYyUYEHUs] WM DJICKTPUUECKOTO paspsiaa Ipu
TeMIIepaType KUMeHus xkuakoro azora (—196 °C).

Kr+F, — Krk.

2. OOMeHHbBIC peaknuu ¢ OWHApHBIMH (PTOpUIAMU DJIEMEHTOB,
00JIaIafOIIIUMK  CHJIBHBIMU ~ AJIEKTPOHOAKIICITOPHBIMA ~ CBOMCTBaMU
(kucmotamu Jlbionca). B pe3ynbrare B3aMMOACHCTBUSA OT MOJICKYJIBI
KrF, otmennsercs non F , koTtopslii mepexoauT B coctaB aHuoHa. C
3TUM aHHOHOM 06pa3yeT HOHHYIO CBsI3b ocTaBmascs actuna KrF.

AsFs (KrF)[AsFs |
SbF (KrF)[SbFs ]
SbFs (KrF)[SbFyy ] (-20°C)
NbFs — (KrF)[Nb.F;; ] (—20°C)
TaFs (KrF)[TaFy ] (-20°C)
BrF (KrF)[BrFs |

KrF, +

CuHTE3 MpOTEKaeT NMpU JOBEACHUU CHIIBHO OXJIAXIECHHOM CMECH
UCXOJHBIX OWHApHBIX (TOpPHUIOB JO yKa3zaHHOW (KOMHATHOW TIO
YMOJTYaHUIO) TEMIICPATYPHI.

M36bToKk  KrF, crocoOcTByeT  MOJYYEHHUIO  IMPOU3BOJIHBIC
tpudropomukpuntorus (11)  KrFs',  sBasiomerocs  mpoayKToM
npucoenunenns KrF, k nory KrF'.

KIF, + Asks (KV2F3:)[ASF6:]
SoFs (KraF3")[SbFs ]

3. MlelictBue mudTopHaa KPHUITOHA HA MAJOAKTHBHBLIE METAJLIEI
IOPUBOJUT K OOpa3OBaHUIO Ha MEPBOM CTagud WX ()TOPUIOB, YacCTO B
YHUKAJILHO BEICOKUX CTENEHsAX OKuciaeHus. OOpasyroluecs Ha TOM
srane OuHapHble (GTOPUALI MPOSBISAIOT 3a CYET BHICOKOW CTEINEHH

© 2013-2014 A.A.Cubupkun
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OKHUCJICHUsS  MeE€Tajyla  CBOWCTBA KHUCJIOT JIbrOMCa U BCTYNAKOT Jajiee
BO B3aMMOJCHCTBUE ¢ (DTOPHIOM KPUNTOHA, MPOSBISIOMIMM (DYHKIIHIO
ocHoBanus Jlprouca (cm.m.2). OOmUM pe3ylnbTaTOM  SBJISETCS
oOpa3oBaHue MPOU3BOIHBIX GTopokputitorus (I1).

7KrF, + 2Au — 2(KrF)[AuFg] + 5Kr (20 °C, B 6e3BogHoM HF)
Crpoenune

JludTopua KpUNTOoHA — JIMHEHHAsT MoJieKkyna. Takoe (akcHambHOE)
pacCIoNOKEHUE aTOMOB O0OECIEUMBAIOT TPU AJEKTPOHHBIE Maphl aToma
KPUNTOHA, 3aHUMAIOIIHE PKBATOPUATIBHBIC MOJ0KEHHUS, UTO TTOJTHOCTHIO
COOTBETCTBYET IMpeACTaBlIeHUsIM [wnecnu. B KpUCTAIUNIMYECKOU
TeTparoHajIbHOMU perieTke Mojekysbl KrF, oopasyroT ciou.

Js TIPOM3BOIHBIX dropokpuntonus (1) u
tpudTopoaukpuntonus (1) xapakrepHo 00pa3oBaHHE WOHHOW CBSI3H.
[IepBbIii UX 3TUX KATUOHOB SIBJISIETCS JINHEUHBIM, TAK KAK OH COCTOUT U3
JIBYX aTOMOB. BTOpoll KaTHOH, coryiacHO mojaenu ['miutectu, TOKEH
COJIepKaTh MOCTHKOBBI aTOM (TOpa B COCTOSIHHH SP -THOPUIM3ALH,
yTo 0OyCNOBIMBAaeT yraoBylo ¢opmy katmoHa KrF3'. Tpu
AJICKTPOHHBIC TIaphl aTOMa KPUIITOHA 00ECTIEYNBAIOT PA3BEPHYTHIN Yro
csi3u F—Kr—F.

& — _\\—,
|Iir _£| kr\

AHHMOHBI 3TUX HOHHBIX MPOU3BOJHBIX MPEJICTABISAIOT COOOH B
OCHOBHOM  H30JMPOBAaHHBIC OKTa’Apbl, Hampumep, SbFg, wmm
CABOCHHBIE OKTadAPhI C 00IIEH BEpIIMHON, HarIpuMep, | aFi; .

duzndyeckue CBOMCTBA

@topun kpuntoHa KrF, — OeclBETHbIE KpPUCTAIIBI C PE3KUM
3anaxom, Bo3r. —40 °C. PactBopsiercs B xxuakux HF u Brks.

[TpousBoanbie propokpurnrtonus (I1) u rpudropoaukpuntonus (I1)
HECKOJIbKO ©Oojiee ycToWuMBBI, uYeM audTopuj KpumntoHa. Tak,
(KrF)[AuFg] xentoro nBera pasnaraercs npu 47 °C.

© 2013-2014 A.A.Cubupkun
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XHUMHUYECKHE CBOMCTBA

1. OOMennble peakuuu. JudTopua KpunToHa — BEHIECTBO
ocHOBHOH (o Jlptoncy m YcaHOBHYY) MPHUPOIBI. ITO OOYCIOBICHO
HEBBICOKHMM TOJIOKUTEJIBHBIM YCJIOBHBIM 3apsiloM aToMa KPHUIITTOHA
Kr+2, MOJJOOHBIM OOJIBIIIMHCTBY KATHOHOB METAJIJIOB.

la. [IIpoueccsl  B3auMojeWcTBUs  AUPTOpUIA  KPUIITOHA,
MPOSIBJISIONICTO CBOMCTBA OCHOBHOrO (PTOpHIa, MO OTHOUIEHHUIO K
droprmaM W OKCOPTOpHUIAM dJIEMEHTOB, BBICTYIAIOIINX B POJH
KHCIIOTHOTO Hayajia. [IpumedarenbHO, 4TO B COCTaBE OKCOMTOPHIHBIX
KOMILUIEKCaX ¢ K.4. aHH0H006ga3y}01uero AJIEMEHTa, pPaBHBIM O,
coxpansercs atom kuciopoma O °, He 3aTpOHYTHIH OKHCIeHHEM. CM.
TaKKe MOJTydeHre Ipon3BogHbx Krie, m. 2.

ShF (KrFH[SbFs ]
SbFs (KrF")[SbaFiy ]
KrF,+ MnF, — (KrF)[MnFg ]
MoOF, (KrF")[MoOFs ]
WOF, (KrF)[WOFs ]

16. 3amenienue atoMoB PTopa Ha TedaaTHbI aHnoH. [lonyueHHoe
COEJIMHEHUE Pa3araercs ¢ BbIACICHUEM KPUIITOHA!

3KrF, + 2B(OTeFs); — 3Kr[OTeFg], + 2BF;,
Kr[OTeFs], — Kr + FsTeOOTeFs.

2. OkucnutenbHble  cBoiictBa.  Judrtopun  kpunrtoHa - —
CUJIbHEUIIINN OKUCIUTENb, 4YaCTO MPEBOCXOASIUNA F,. DTO 00yClIOBIIEHO
€ro CIOCOOHOCTBIO pasiaratbcsi ¢ 00pa3oBaHHEM aToOMOB (ropa.
[IpoyKTOM BOCCTAHOBICHHs NpPoM3BOAHBIX Kr'“ sBisiercss mpocroe
BEIIECTBO KPUNTOH HE3aBUCUMO OT CHJIbI BOCCTAHOBUTEIS.

2a. BuyTpumonekynspHOe OKHCICHHE-BOCCTaHOBJIEHHE. Tak
MPOTEKACT TEPMUUECKOE pa3JIoKeHHe audTopua KPUITOHA M €ro
KaTHOHHBIX TPOM3BOJHBIX. TepMHUECKHM pacmaj oOHapyKHBaeT
MPEXKJIE BCETO HEYCTOMYHUBOCTH IPOU3BOIHBIX Kr, B 1o BpeMsI Kak
oOpasyromirecs: (GTOPUILI DJIEMEHTOB B PEKOPJIHO BBICOKUX CTEIEHSIX
OKHUCJICHUSI ~ COXPAHAIOTCS  HepasnoxuBmumucs.  [lo-BuaumMomy,
BBIJICTISIFOIIMIACS TIPU Pa3lokeHUH (PTOpP CHOCOOCTBYET JajbHEUIIEMY
OKHCJIEHUIO LIEHTPAJIbHOTO aTOMa aHUOHA.
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KrF, —» Kr + F, (mpu moctmkeruu 20 °C),
(KrF)[AuFg] —» AuFs + Kr+F,  (Beimie 47 °C),
(KrF)[Pt™Fg] — PtFs + Kr + F».

. —2
20. OkwucneHue coeauHeHUM, coaepxkammx artombl O %, 1o
+2
IIPOCTOTO BemecTBa Kuciopoaa. IlpousBogusie Kr'“ He COBMECTUMBI C
BOJION U IIEJI09aMH, OY€Hb SHEPTUYHO PEarupyroT ¢ HUMHU.

H,0 HF

KrFo+ Naon 7 KM+ Q2% a4 1,0

Okuciienue, Mo KpakHEH MEpe 4YaCTUYHOE, BOZMOXHO JIJI1 aTOMOB
2
kuciopoaa O “ B cocTaBe OKCODTOPHIOB.

(KrF)[AUF6] + 2XeOF; — [XeOF4 . X@Fs] [AUF@] + Kr + 1%0,.

2B. OKHCIIEHHUE MPOCTHIX BEHIECTB U HM3IIMX (ropunos. [Iponecc
OOBIYHO TPOBOJAT IPU HEMOCPEACTBEHHOM KOHTAKTE PEArcHTOB WJIU B
o0e3BogHOM XuakoMm HF.

Xe XekFg
Au AUFsg
Krk, + Pr — Kr + PrF,
B 1=
AgF AgF;
KrFa+ e, K™ MnR,
CIF, CIF:
K2t ce v ase, KT (CR)[ASH]

(KrF)[AUF6] +0, - Og[AUF@;] + Kr+F (20 OC)

IIpumenenue

@Topun kpuntoHa Krk, — okucnurens U (QTOPUPYIONIMN areHTt
NpY TOXYYCHUH COCTUHEHUM APYTUX DJIEMEHTOB B Hamboyiee BBICOKUX
cTeneHsax okuciaeHus (Hanpumep, AUFs), HCTOYHHUK aTOMapHOTO (Topa.
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KceHoH
HUcTopusi OTKPHITHSA U MCCTCI0BAHUS

Boeimenen B 1898 romy VY.Pam3zaem wum M.TpaBepcom mu3
CXKMKEHHOTO BO3ayxa. Has3BaHue MPOUCXOAUT OT rped. EEvov —
YYXKIbIM, CTPAHHBIM.

KceHon sBisiercsi HauOosiee PpeakIMOHHOCIOCOOHBIM — Cpeau
MPUPOJHBIX HEPAAMOAKTHUBHBIX HWHEPTHBIX Tra3oB. MIMEHHO 11 3TOro
3JIEMEHTA BIIEPBBIE JJIsi HHEPTHBIX Ta30B ObLUINA MOJYYEHBI COCTUHEHUS C
TPaIUIIMOHHBIMU XUMHYeckuMU cBsi3simu (H.baptiert, 1962).

CTpOQHI’Ie aTOMa U BAJICHTHBIC BO3MOKHOCTHU

DIIEKTpOHHAs KOH(Urypaus 5s” 5p6 XapaKTEpU3yeTC
3aBEpILICHHBIM JJIEKTPOHHBIM YpPOBHEM. bonpmion pasmep aroma
JOITYCKAaeT BO3MOXXHOCTb MEPEMEIICHUS DP-3JICKTPOHOB M, Jaliee, OS-
tekTpoHa Ha 5Sd-opOutanbe. OHa peanusyeTcs TpH 0Opa3oBaHUU
IPOU3BOJHBIX KCeHOHA (+2). ATOM KCEHOHa Xe"? obmanaer TpeMs
HETOJICJICHHBIMU ~ DJICKTPOHHBIMU  TIapaMHM W MOXET 00pa30BaTh
KOBAJICHTHBIE CBSI3U C AIBYMS aTOMaMH.

[TpousBoaHbIe KceHOHA (+4) 00pa3yrOTCs MPHU paclapuBaHUU JIBYX
JIEKTPOHOB. ATOM KCeHOHa X&' 06IazaeT ABYMs HEIOACICHHBIMH
JNIEKTPOHHBIMHU TIapaMUd W MOXET 00pa3oBaTh KOBAJCHTHBIE CBS3H C
YETHIPEMSI AaTOMaMH.

_____ _1_4____
g LT e

[TpousBoaHbIe KceHOHA (+6) 00pa3yroTCs MpU pacIiapuBaHUK TPEX
AJIEKTPOHOB. ATOM KCEHOHA Xe'® o0lagaeT OJHOM HEMOEIEHHOU
AJIEKTPOHHOW TMapod U MOXET 00pa3oBaTh KOBAJICHTHBIE CBSI3U C
HIECThIO0 ATOMaMH.
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T s .
% Sa

pppFHE—

[TpousBoaHbIe KceHOHA (+8) 00pa3yroTCs MpH pacapuBaHUU BCEX
JIEKTPOHOB. ATOM KCeHOHa X€'° He WHMeeT HeOACICHHbIX
3JICKTPOHHBIX MMAp M, HECMOTPS Ha TO, YTO OH MOYKET 068p2130BaTb
KOBAJIEHTHBIE CBSI3U C BOCEMbIO aTOMAaMH, YHCIO coceaeil X€™ 0ObIuHO
HE MPEBBIIIACT IIECTH.

————— TR
%%%% Sd — _1_4_4_4_ Sd

Sp

HN30TONMHBINA COCTAB

IIpupomHBII  KCEHOH  COCTOMT M3  JEBATH  HU30TOIIOB!
"% e (0.096 %), **Xe(0.090%), Xe(1.92%), *Xe(26.44 %),
0% e (4.08 %), 'Xe(21.18%), **Xe(26.89 %), *'Xe(10.44%) u
1% e (8.87%). DOtu m apyrme, paaHoOaKTHBHBIC, HU30TONBI KCEHOHA
0o0pa3yroTcsl MpU CIIOHTAHHOM JICJICHUU SIAEpP ypaHa U u “U npu
SJICPHBIX B3PhIBAX.

Haxosxkaenue B npupoje
B armocepe comepxurcs 8.6 107°% (06.). Comepkurcs B

ra30BbIX BKIIIOUEHUSAX YPAHCOAEPKAIIMX MHUHEPAIOB M B OOIy4EHHOM
TOIUIUBE SJIEPHBIX PEAKTOPOB.
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IIpocToe BemecTBO KCEHOH
Hoanyyenue
Briaensror u3 KPUITOH-KCEHOHOBOI'O KOHIIEHTpATa,
TOJYYaloOMerocss W3 JKUJIKOTO BO3ayxa (CM. TOTyYeHHE KPUITOHA).
[Iponykt, modaydeHHbIM JecopOuMeil U3 aKTUBUPOBAHHOIO  YIJIA,
IIOJABEPraroT JOMOJIHUTEIBHON TUCTUIIALIMOHHON OYNUCTKE.
Crtpoenue

OnHoaTOMHAst MOJIEKYJIA.

du3nyecKue CBOMCTBA

Becuernsblii ra3 6e3 3anaxa. [, —111.9 °C, xun. —108.1 °C.
XnMHUYeCKHe CBOMCTBA

1. OGpazoBanue KjaTpaTOB C BOAOM M  OPraHUYECKUMU
BEIIIECTBAMM.

8Xe + 46H,0 — 8Xe - 46H,0 (-3 °C, 1 atm),
4Xe + 3C6H5OH — 4Xe - 3C6H5OH

2. O0pa3oBaHMe SKCUMEPHBIX MOJIEKYJ. DTO — aKTHBHas cpena
Ja3epoB, TCHEPUPYIOMKX U3IyYEeHHE ¢ JUIMHOW BOJHBI 352 HM U 484 HM
(XeF*), 282um (XeBr*). Jlpyrue wusBecTHble 3KcuMepnl: XeO*,
XeOH*, Xey*.

3. BoccraHoBuTenbHbIE CBOWCTBA. OTH CBOMCTBA BBIPAXKEHBI
cinabo. [TposBisitOTCS B IPUCYTCTBUM CUIIBHBIX OKUCTUTENIEH.

3a. BzaumopeiicTBrEe ¢ MPOCTHIMU BEIIECTBAMH.

F, XeF, (20 °C, YD-006myueHue)
F, XeF, (300—-500°C,5-150arm, Xe:F,=1:2)
Xe+ F, — Xek, (400 °C, 6 atm, Xe:F,=1:5)

F, XeFg (200 — 250 °C, 50 at™m, Xe: F,=1: 20)
Cl, XeCl, (=230 — 20 °C, anexTpudecKuii pa3psin)
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36. Oxwucrnenne  (QTOPUAHBIMH  TPOU3BOJHBIMH  IUTATHHBI.
[IpuBOANT K 0OPAa3OBAHMIO MPOM3BOHBIX KCEHOHa X€ B OOBIYHBIX
ycIoBUsAX M X€'° B Golee KECTKHX. B YCIOBHSX OIBITA YacTO ITH
IIPOU3BOJIHBIE COMMYTCTBYIOT ApyT apyry (H.bapraert, 1962).

Xe+ PRy — XefPUF  (20-60°C, s anw. SFy

Xe + 2PtFg — Xe™“[Pt™Fg], (165 °C)
Xe + 2PtFg — Xe[Pt™,Fyo] + F; (165 °C)
Xe+ ZOZ[P“:G] — XE[PtFe;]Z + 202 (20 OC)

3B. B3aumoaelicTue C CUWJIBbHENIIINMU OKHUCJIUTCISIMU,
MPOU3BOJAIIMMU  (TOpUPYIOLIEE ACHCTBHE, MPUBOJUT K MOJYUYCHHIO
MIPOU3BOJHBIX Xe®. Dro smuasercs MIPU3HAKOM  OIPEIIECIEHHON
YCTOMYUBOCTH MNPOU3BOJIHBIX Xe+6, AHAJIOTUYHBIX COOTBETCTBYIOIIUM
COEeIUHEHUSIM 1> u Te™,

Xe+ O,F, . XeO,F, (20 °C)
KrF, Xekg + Kr (20 OC)

3r. OKUCJICHUE MPOU3BOHBIMU X g™ IPHUBOJIUT K IPOU3BOIHBIM
nukcenonus (1), comepkaiuM HOH Xe,'. B omiamune ot MOJICKYJIBI X €&,
3TOT MOJICKYJISIPHBIN KaTHOH YCTOWYHB, IIOCKOJIBKY YHCJIO SJICKTPOHOB B
HEM Ha pa3phIXJAIOMIMX MOJCKYJISPHBIX OpOUTAIIX HA CIAMHMILY
MEHBIIIE, YEM Ha CBA3BIBAIOIINX. B 72TOM KarhoHe HAOIIOIacTCA
peKopAHas 10 JJIMHE KOBAJICHTHAs CBS3b W3 BCEX M3BECTHBIX

(0.3087 um).

3Xe + (XeF)[SbFg] + SbFs — 2(Xey)[SbFe] (20 °C)
3Xe + (XeF)[SbyFy1] + 6SbFs — 2Xe,[ShuFz] (<30 °C, B HF)

IIpumenenue
HNcronb3yrOT [y HANOJHEHUs JIaMIl HaKaJMBAaHUS, MOUIHBIX
ra3opas3psIHbIX M MMITYJIbCHBIX HCTOYHHKOB CBeTa (BBICOKAs MOJISpHAs

Macca KCEHOHa MPEMATCTBYET HMCIAPCHUIO BOJb(ppaMa ¢ MOBEPXHOCTH
HUTH).
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CoenuHennsi kKceHoHa (+1)

Xeg[PtFg] XeRuFg] XeRhFg]  Xey[SiFg]
Hoanyyenue

1. BzaumopeiicTBUE KCEHOHA C BHICHIMMHU (PTOpUIAMHU.
Xe+ PtFg — Xe[PtRg] (20—-60 °C, B at™. SFg)
ITo 3TO¥ peakuuu OBLIO MOIYYEHO MEPBOE COEAMHEHHE OJaropoJHBIX

razoB H.baptierr (N.Bartlett, 1962).

2. JlelicTBME KCEHOHA Ha COCIUMHEHHS IMKUCIOPOAA C TEM XKe
aHuoHoM. KaTumoH aukuciopoga o0iagaeT CpPOJACTBOM K DJIEKTPOHY,
MPUMEPHO PaBHBIM KCEHOHY. OJTO CO3Ja€T BO3MOXKHOCTb HOHY
JTUKHUCIOPOJIa OTIICTIUTh AIEKTPOH OT KCEHOHA ¢ 00pa3oBaHWEM KaTHOHA
X€", KOTopHIif 06pa3yeT HOHHYIO CBSI3b C AHUOHOM.

Xe+ Oz[Pth] — Xe[PtFG] + 02 (20 OC)

Crtpoenue

Nonnoe crpoenne X€'[PtFg]”. MMerorcs HaHHBIE B IOIB3Y
JIPYroro pacnpenejieHuss aToMoB (Topa B (QOPMYJIBHON €IUHULIE:

+
(XeF)[PtFs].

du3nyecKue CBOMCTBA

['ekcadroportatmHatr kceHoHa X€[PtFg] — TBepmoe BemecTBO
OpaHXEBOT'0 I[BETa, BO3TOHSAETCS B BAKyyMe.

XumMuveckue CBOMCTBA

XapakTepHbl OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIC MTPEBPAIIICHHUSI .

o +1
1. CunpHble OKHCIWUTEIBHBIE CBOMCTBA 3a CcUyeT Xe .
BoccTranaBnuBaeTcst 10 MpOCTOro BEIIECTRA.

la. HecoBmecTuMBl ¢ BOJOM, paspyumiatorcs menoyamu. [Ipogykr
OKHUCJICHUS — [IPOCTOE BELIECTBO KUCIOPOL.
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H-O
XgPtFg) + H,O —
NaOH

PtO, HF (Boma, 20 °C)
— Xe+0O,+ HyPtFg] + HF (koHm. HF)
Nay[ Pt(OH)g] NaF + H,O  (konm. NaOH)

16. B3aumoaeiicTBre ¢ CUJIBHBIMH BOCCTAHOBUTEISIMU BBI3ZHIBAET
HE TOJBKO BOCCTAaHOBJIEHME aTOMa KCEHOHA, HO W IPEBpALICHUE
LIEHTPAJIbHOIO aTOMa aHUOHA!

Xeg[PtFg] + 3H, — Xe+ Pt + 6HF (marpeBanme)

2. JucnponopuuonupoBanue. I[IpoTekaeT npw HarpeBaHuUU B
OTCYTCTBUE peareHTOB. IlepBblii 1yTh TEPMUYECKOrO pacraja.
[IpoayKTel AUCIPONIOPLIMOHUPOBAHUS — COCIUHEHUS Xe? u IIPOCTOE
BEILECTBO XE€.

2X e[ PtFg] — Xe™[Pt™Fg], + Xe (165 °C)

+1 +2
3. Okucnenue Xe€ = g0 X€'°, B TOM 4YHCJE 3a CUET IIEHTPAIBLHOIO
aToMa aHHOHa (BTOpOE HaIlpaBICHHE TCPMHUCCKOTO Pa3I0KCHHUS):

2X e [Pt™Fg] — Xe™[Pt™,Fyg] + Xe“F, (165 °C)

IIpumenenue

['ekcadroporuiaruaar kceHona X€PtFg] — xummueckas dopma
yJIABIUBAHUS PAJUOAKTUBHBIX HM30TONOB Ta3000pa3HOTO KCEHOHA,
BBIJICIISIONINXCS TTPH paboTe SIEPHBIX PEAKTOPOB.
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CoenuHennsi KceHOHA (+2)

+ +
XeF, XeF XeFs
aUTOPHU TIPOU3BOTHBIC TIPOU3BOTHBIC
KCEHOHA dropokcenonus (1) tpudTopoaukceHonus (1)
FXeR XeR,
KOBAJICHTHBIC KOBaJICHTHBIC
TIPOM3BOJIHBIC KCEHOHA IPOU3BOHBIEC KCEHOHA C
¢ GTOPOM | JIpyTrUM APYTUMH aTOMaMH, KpOME
aTOMOM dTopa
Hoanyyenue

1. B3auMoieiicTBuEM POCTHIX BEIIECTB.

Fo _ XeR (400 °C, 200 kIla, Xe: F,=2:1)

Xe+ Cl, XeCl, (—230 °C, anexTpuyeckuii paspsin)

2. OKucleHne KCEHOHA BBICIIUMH (PTOpUJIAMHU DJIEMEHTOB, B TOM
yrcie u Gpropugamu KceHoHa (peakKiusi KOHITPOITOPIIMOHUPOBAHHUS ).

Xe+ 2Ag|:2 + 2BF; — 2XeF, + 2AgBF4,
Xe+ XekF, — 2Xek.

3. AucnponopiiioHUpOBaHNE COCTMHEHUM KCEHOHA Xe*.
2X e PtFg] — Xe[PtRe), + Xe (165 °C).

4. OOMEHHbIE peaKIuu. 3aMelleHHe aToMoB (Topa Ha aTOMBI
XJOpa MNOPOXOJUAT TPHU JIEUCTBUM KOBAICHTHBIX HEOPraHUYECKHUX
XJOpPUAOB, YCTOMYMBBIX K OKHCIEHHIO. Jlpyras rpymnma peakuud —
3aMENICHHE TMOJBMKHOIO aTOMa BOJOpPOJA B KOHUEHTPUPOBAHHBIX
KucioTax Ha XeF —rpymnmy.

XeF2 + CCI4 — XeC|2 + CF4,
XeF, + HC|O4 — erOC|03 + HF.
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Crtpoenune

Hudropua KceHOHa — JIMHEHHAs MoOJIeKyla. AKCHalIbHOE
PaCIIOJIOKEHHE aTOMOB OOECIEUMBAIOT TPU AJIEKTPOHHBIE Mapbl aTroMa
KCEHOHA, 3aHUMAIOIINE DKBATOPUAJIBHBIC ITOJIOKEHUS, YTO COTJIACyeTCs
c npexacraBieHusM [wmnecnu. Monekynsl Xe€F, ynakoBBIBAIOTCS B
TETPAarOHaJbHYIO KPUCTAUNIMYECKYIO PELIETKY.

AToMBl (pTOpa MOIrYT 3aMeIaTbCid HA ATOMBl KHCIOPOJAA WIH
a30Ta, YTO NPUBOJUT K MTOJTYUYECHUIO KOBAICHTHBIX MPOU3BOIHBIX Xe™.

Jst TPOU3BOHBIX dropoxcenonus (I1) u
tpudTopoaukceHonwus (I1) xapakrepHo oOpa3oBaHWE HMOHHOW CBS3H.
[IepBbIi UX 3TUX KATUOHOB SIBIIAETCS JIUHEUHBIM, TaK KAK OH COCTOUT U3
nByx aroMoB. CTpoeHHe BTOPOro KaTHOHAa COOTBETCTBYET MOJACIH
[I'mnnecniu. OH COAEPKUT MOCTHUKOBBIA aToM (pTOopa B COCTOSHUU Sp3-
rHOPUAN3AINHN, 9TO 00YCIOBIMBAET YIIoBYI (GopMy KaTtHoHa Xe&Fs'.
Tpu sneKTpoHHBIE Napbl aTOMa KPUIITOHA 00ECTIEYMBAIOT PA3BEPHYTHIM
yrou cBsizu F—Xe—F. Ctpoenue aHanoru4Ho MOJIMUOAUA-UOHY |5 .

F|
. —F|
s I e X

N

| 2]

AHHOHBI 3THUX HWOHHBIX NPOU3BOAHBIX TPEICTABISAIOT COOOH B
OCHOBHOM H30JIMPOBAaHHBIC OKTadIphI, Haripumep, ShFg .

dusndyeckue CBOMCTBA

Hudropun kcenona XeF, — 6ecusetHbie kpuctamisl, mi. 136 °C,
kurn. 338 °C. Pactopsiercsa B xuakux HF, SO,, Bri;, Brks. CoBmectum
C BOJIOM, JOCTATOYHO XOPOUIIO PACTBOPUM B HEil. PacTBOpBI MOTYT OBITh
UCIOJIb30BaHbl B TEUEHHUE HECKOJIBKUX 4acoB. B mpucyTcTBUU 1Ienouei
OblcTpo paznararorcs. [Ipu mpoBeeHUN OKHUCIICHHS B LIEIOYHOM Cpefe
N00aBIISIETCS B PEAKIIMOHHYIO CMECH B TIOCIIETHIOIO 0UEPEIb.

dTopcynbhonar FXeOSO,F — 1. 36 °C, MemyieHHO pasiaraercs
npu 20 °C, ycToiiuuB B TeueHUE HecKobkux Heaenb npu 0 °C.
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XHMHYECKHE CBOMCTBA

1. OKucaUTENbHO-BOCCTAHOBUTENBHBIE  INpeBpamieHus.  Spko
BBIPAKEHBI OKMCIIUTEIbHBIC CBOVCTBA.

la. BoccraHoBneHne 10  mpoctoro  BemectBa.  Haubonee
XapakTepHOE CBOMCTBO audropuaa kceHoHa. [Iporekaer ¢ ydactuem
OOnpIIMHCTBA  BOccTaHoBUTENeH. IIpomykramMu  peakuumd  4acTo
OKa3bIBAKOTCA (PTOPU/IBI 3JIEMEHTOB B BHICHIEM COCTOSIHUM OKUCIICHHUS.

H,O O, HF
NaOH O, NaF + H,0O

AgF AgF;

CoF, Col5

HCI Cl, HF

SiCl, Cl, SiF,
HBrO; HBrO, HF

Xek; + st — Xe+ SF6 + HF
S Ske

NO, FNO,

SO, O, S F4T

T@Oz 02 TEFGT

WO, 0, WFe!
CrO.F, O, CrOF,

Mn(N03)2 + H,0O HMnO, HF + HNO;

Takum pe3yabTaTOM 3aKaHYMBAETCA IMOMNBITKA 3aMECTUTh JBa aTOMa
dbTopa Ha OJIUH aTOM Kuchopoaa. OKCUIHOE MPOU3BOAHOE KCEHOHA Xe™
HE TMOJIy4aeTCsl, XOTS U3BECTHBI M 0XapaKTEPU30BaHbI OKCHIbI KCEHOHA B
00Jiee BBICOKOM COCTOSIHUU OKUCIEHHUS. [10710)KUTETbHBIA MOMEHT 371€CH
3aKJIF0YAETCS B BO3MOXKHOCTH TMEPEBECTH HEJIETYUYHE OKCHIIBI B JICTy4HE
bTopuaLI, UYTO MCIHOJB3YETCS JUII  aHAJUTUYECKOTO  BCKPBITHUS
MPUPOJIHBIX MUHEPATIOB.

+ )
16. Boccranosnenue 110 Xe JIEUCTBUEM cl1a0bIX
BOCCTAaHOBUTEJIEN B IPUCYTCTBUU KUCIIOT JIbrouca.

4XeF, + 3CO + ZSbF5 — Z(Xez)[SbFB] + 3COF,
3Xe + (XEF)[SbFe] + SHFs — 2(X&)[SbE] (20 °C)
3Xe + (XeF)[ShyF1y] + 6SbFs — 2Xe[ShuFr] (=30 °C B HF)
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1B. BHyTpuMOIEKyIspHOE OKHMCJICHUE-BOCCTAaHOBJICHHUE.
[IpuBoIUT K 0Opa30BaHUIO MTPOCTOTO BEIIECTBA KCEHOHA. Tak MpoTeKaeT
TEPMUYECKUN pacraj IMPOU3BOIHBIX Xe™? B OTCYTCTBUE PEATCHTOB.
[TepcneKTUBHBIN METOJ MOJYYEHUS] CUIIbHBIX OKUCIIMTEJIENW, HAIIPUMED,
HEKOTOPBIX NEPEKUCHBIX COCAUHEHUM.

XeF, —» Xe+ F, (600 OC)
Xe(OAc), — Xe+ AcOOAC (mepekuch areTuia)
2FXe0SO,F — XeF; + Xe + FSO,00SO,F  (nmepekuch hropocynbhonust)

1r. BHYTpUMOJIEKYJISIPHOE OKHCJIEHUE-BOCCTAHOBIICHHE
mudTopyuaa KCEHOHAa B MPUCYTCTBUM HAMOOJIEE CUIIBHBIX KHCIIOT
o +
JIpronca NpuBOJMT K MOJYYEHUIO COEAUHEHUN X €, .

4XeF, + 8SbFs — 2(Xey)[ShyF,] + 3F, (3 at™m, u3bsiTok ShFs)

1n. HucnponopimonupoBanue. I[lo 3ToMy mnyTd nOpOTEKaer
TEPMHUUECKOE Pa3sIoKeHHEe TU(TOpHUIa KCEHOHA B BaKyyMe.

2XeF, —» Xe + XekF, (Bermre 100 °C B Bakyyme)

2. ObmenHbple peaknuu. He cambiii XapakTepHbIH, HO JOCTATOYHO

HIUPOKO MPEACTABIICHHBIM  MyTh  XUMHWYECKUX  IPEBPAILCHUN
o +2
COeOIUHEHUIN X€e °.

2a. 3amerieHre aToMOB ()TOpa Ha aTOMBI XJI0pa.

2XeF, + CCl, — 2XeCl, + CFy4 (20 °C, Y®-00yueHue)

20. B3aumopeiictBre ¢ kuciaoTamu. [loaBMKHBIN aTOM BOAOpOA B
O€3BOJIHBIX WJIM KOHIIEHTPUPOBAHHBIX KUCJIOTaX 3aMEIaeTCsl Ha TPYIITY
aToMoB X€F wim aTtoM KceHoHa.

Xek, + HC|O4 — erOC|03 + HF,
XeF, + 2HCI O4 - Xe(CIO4)2 + 2HF,
Xek, + HN(SOzF)z — FXGN(SOzF)z (H(CHTBIﬁ) + HF,
XeF, + HOAc — FXeOAc + HF,
XeF, + 2HOAC — Xe(OAC), + 2HF.
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2B. 3amenieHue aroma gropa Ha AHWOH HEOPTraHUYECKOU
KHCJIOThI, BHOCHUMBII B PEAKIHOHHYIO CMECh B BHJE CMEIIAaHHOTO
aHruaApua OOPHON KUCIIOTHI.

3Xek, + B(OSC)2CF3)3 — 3FXe0S0O,CF; + BF5,
3XeF, + 2B(OCOCF3); — 3X&(OCOCF,), + 2BFs,

2r. BzanmoneiictBue ¢ kuciotamu Jlptonca. Tak mposBisercs

o o +2 o

OCHOBHBIM  XapakTep COEAUHEHUH KceHOHa Xe€ %,  MOJ00HbIMI
AHAJIOTUYHBIM COCIUHECHUSIM KPUIITOHA.

XeF, + Asks — (XeF)[Ask],
2X€F2 + ASF5 — (Xeng)[ASF(;]

IHpumenenue

Hudtopun kcenona XeF, —  @ropupyrommii areHtr B
HEOPraHM4YEeCKOM H OpraHM4ecKOM cuHTe3e. [lelcTByeT BecpMa
arpecCUBHO, MOJ00HO MoJeKysipHOMy (Topy. B ornuuue ot ¢ropa
OOBIYHO BBOJIUTCSI B PEAKIIMOHHYIO CUCTEMY B KOHJICHCUPOBAHHOU (paze
(B BHjIC TBEPIOTO BEIIECTBA WJIM PAacTBOpPA), YTO MO3BOJISET MOBBICUTH
KOHILIEHTPAllMI0 3TOr0 BEIIECTBA W YCHWIHTh €ro OKHCIUTEIbHOE
NEUCTBHE.

Hudropun kcenona XeF, —  dropupyrommii areHr B
AHAUTUTUYECKON XUMHUU. VICTIONb3yeTCs ISl yIaJIEeHUSI OKCUITHOM OCHOBBI
(mampumep, SO, B Buae naerydero SF,;) W KOHIEGHTPUPOBAHHS
MHUKPOITPUMECEM.

© 2013-2014 A.A.Cubupkun



30

CoennneHnusi kceHona (+4)

+
Xek, XeR, Xek;
KOBAJICHTHBIC
TeTpadTopu MOHHBIE POU3BOTHBIC
IPOU3BOIHBIC
KCEHOHA tpudropokcenonwus (1V)

kcenoHa (1V)

XeOF, Xe(OH),4
okcoaudTOpUI TUJIPOKCH]T
KCEHOHa kcenoHa (1V)
Hoayyenue

1. B3auMoieiicTBME MPOCTHIX BEIIECTB.
Xe+ 2F, — XeF, (Xe:F,=1:5, 6arm, 400 °C)
2. JlucriponopIimOHUPOBaHNUE COeAMHEHUH KceHoHa(+2)
2XeF, —» Xe+ XeF, (Boimre 100 °C B BakyyMme)

3. OOMeHHbIE  peaknuu. Tak  TOJIydYarOTCsl  KOBAJICHTHBIC
+4
IIPOM3BOJIHBIC KceHOHa X€  (okcomaudTopua, Terparediar).

XeF4 + Hzo — erF2 + 2HF (_80 OC)
3Xek, + 4B(OT€F5)3 — 3X e(OTeF5)4 +4BF;.

Crtpoenue

Monekyna XeF; wumeer d¢opmy miockoro kBaapara. JlBe
AJIEKTPOHHBIE TAPhl aTOMa KCEHOHA, PACMOJ0XKEHHBIE IPYr HANpOTHUB
apyra oOyCJIOBIMBAIOT 3Ty TreoMmeTpuueckyro (opmy. IlomoOGHBIM
CTpOCHHEM 00JIafaeT N303JIEKTPOHHAs yacTuiia — uoH |k, .

BepinHbl KBajpaTa 3aHMMAlOT aTOMBI KHCJIOPOJA B MOJIEKYJIE
Xe(OTeFs)s. DTu TOUKH ABISIOTCS Takxke BepimHamu okradapa OTeks.

Oxcomudropun kcenona XeOF, oOpazoBaH memnsMu KBaApaToB
XeOy5F> ¢ MOCTHKOBBIMU aTOMaMU KHCJIOPO/IA.
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dusndyeckKke CBOMCTBA

Terpadtopun kcenona XeF; — OeclUBETHbIE KPUCTAILIBI,
1. 135 °C.

Oxkcomudtopun kceHoHa XeOF, — CBETIIO-KENThble KPHUCTAJLIH,
1. 90 °C co B3phIBOM.

I'mapokcun  kcenona Xe(OH), — OecuBeTHbIE KPHUCTAILIBI,
1. 90 °C, kum. 115 °C co B3peIBOM.

Terparedpnmar kceHona Xe(OTeFs); — kenaTble KPHCTAILIHI,
wi1. /2 °C.

XuMHYeCKHE CBOMCTBA
1. OOMeHHbIE peaKIIui HEMHOTOYKMCIICHHBI.

la. 3amerenue aTtoMoB (PTOpa HAa aTOMBI KHCJIOpPOJa, HapPUMED,
no peakuuu ruaponusa. llpupoma MPOAYKTOB — OmpeaesseTcs
TEMIIEPATYPOU PEAKLINMU.

XeF; + HO — XeOF, + 2HF  (Bomsnoii nap, —80 °C)
XeF, + 4H,0 — Xe(OH), + 4HF (20 °C)

[Iporecc 3amemieHusi IByX aToMoB ()Topa Ha OJWH aTOM KHCJIOPOja

KOHKYPHPYET C IMPOIECCOM JIUCIPOIOPIIMOHUPOBAHMS Ha IPOCTOC
+6

BEIIECTBO M MPOM3BOAHOE X€ ~ (CM. maiee).

16. 3amemenne aToMOB (TOpa HA AHUOH HEOPTaHMYECKOU
KHUCIJIOTHI ICUCTBUEM CMEIIIAHHOTO aHTHAPU/Ia OOPHON KUCIIOTHI.

3XeF, + 4B(OTeF5)3 — 3Xe(OTeF5)4 +4BF.

1s. BsammopnenctBue c¢ xucioramu Jlbronmca. YkaspIBaeT Ha
HaJM4YMe€ OCHOBHBIX CBOWCTB TeTpadropuaa KceHoHa. (OCHOBHBIM
xapaktep XekF,; npossisiercs cinadee, yeM y XeF,, MoCKoibKy CTENeHb
OKHCJICHHS] KCEHOHA BBIIIE, U aTOM KCEHOHa MO3TOMY SIBJsieTcsl Oojiee
cnabbiM  JOHOpOM (pTopun-uoHOB. TerpadTopus KCEHOHA MOITOMY
pearupyeT TOJBKO C CHJIBHBIMH KucioTamMu Jlbtonca. YBennueHwue
CTEIICHU OKHCJICHHUS COMPOBOXKIAETCS CHIYKEHUEM OCHOBHBIX CBOWCTB U
YBEIIUYECHUEM KUCITOTHBIX.

Xek, + SbF5 — (X eF3+)[SbF6_] )
Xek, + 28bF5 — (XeF3+)[Sb2F11_] .
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2. OKUCIUTETHLHO-BOCCTAHOBUTEILHBIE TIPEBPAIIICHUS.

2a. BoccranoBnenne 1m0 mpocroro BemecTBa. OUeHb CHIbHBIN
OKUCIUTENb. [IpOMyKTOM OKHCIEHUS 4YacTO OKa3blBaeTcsa (Topun
AJIEMEHTA B BBICIIEW CTEIEHU OKUCIICHUS.

H, HF
H,O O, + HF
Pt PtF,4
XekF, + SF4 — Xe + SF6
Hg HgF,
Kl I, + KF
Ag+HyO AgO + HF

20. Oxucnenue 10 MpOU3BOIHBIX Xe'®,

XeF, + F, — XeFg (300 °C, katanuzatop NiF,)

2B. JluciponopiinOHUPOBAHNE B OTCYTCTBHE BOCCTAHOBUTENCH B
HEUTpaJbHOW WM KHUCIOW CpelAe Ha IPOCTOE BEIIECTBO X€ W
IIPOU3BOJHOE Xe®. KoHkypupyer ¢ mnpoueccaMu 3aMEIICHUs aTOMOB
¢bTOpa Ha aTOMBI KHUCIIOPO/A.

3Xek,; + 2H,0 — 2XeOF, + Xe + 4HF (BomsHo# map, 20 °C)
3XeF, + 6H,O — 2XeO5; + Xe + 12HF (BomstHOI Map, 40 °C)
3XekF, + SIOZ — 2XeOF, + Xe + S|F4

2r. JlucriponopIiimoOHUPOBaHUE B OTCYTCTBHUE BOCCTAHOBUTEJEH B
HIEJIOYHOM Cpelie Ha MPOCTOE BEIIECTBO XE€ W MIPOU3BOJHOE Xe'®.
@DaKTUYECKH OTPa)¥)aeT TEHJICHUUK K JIACHPONOPIUOHUPOBAHUIO
MIPOU3BOIHBIX Xe'®, KOTOpBIE 00pa3yroTCsl Ha MEPBOU CTaJAUU U Cpasy
K€ MPETEPIECBAIOT HOBOE JUCTIPONOPIIMOHUPOBAHUE.

2XeF, + 10NaOH — Xe + NaH,XeOg + 8NaF + 4H,0 (pa36. NaOH)

IHpumenenue

Terpadtopun «kcenona XeF, — ¢dropupyrommii  areHT B
HEOPTaHUYECKOM CHHTE3E.
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CoennHeHnust KceHoHa (+6)

Xekg XeF5+ XeO;
rekcaTopu MTPOU3BO/IHBIC OHOKCHT KCEHOMA
KCEHOHa nearadropokceronus (V1) P A
X eOF, XeF, I:';Xe‘éof
X eO,F, X eFg® V 60424_
OKCO(TOPHIBI kcenonoas (V1)
kcenoHa (V1) dropunoxcenarst (V) KHUCJIOTa, KCCHATBI
Hoanyyenue

1. lelicTBHE CHJIBHBIX OKHUCIWTEJEH Ha MPOCTOE BEIIECT BO
KCEHOH.

Xe+ F, —» XeFg (Xe:F=1:20, 300°C, 60arm)
Xe+ OF, —» XeO,F, (20 OC)

2. Oxucnenue TerpadTopua KCeHOHa GTOPOM.

XeF, + F, —» XeFg (300 °C, xarammu3arop NiF,)

o +4
3. AucnponopuuoHUpoBaHUE COEIMHEHHM KceHOHa X€ B
HEUTPaIbHOU WU KUCIIOM CPENI€ WU B OTCYTCTBUE PACTBOPHUTEIIS.

3XeF, + 2H,0 — 2XeOF, + Xe + 4HF (BomstHOI Map, 20 °C)
3Xek, + 6H,O — 2XeO3 + Xe + 12HF (BomsHo# map, 40 °C)
3XekF, + SlOz — 2XeOF, + Xe + S|F4

4. Paznoxenne GTOPUIOKCEHATOB.

2RbX e, — Xekg + szxng (BI)IHIC 20 OC)
2CsXeF; — XeFg + Cs,XeFg (Beim1e 50 °C)
Cs,XekFg — Xekg + 2CsF (400 °C)

Peakums wcnons3zyercs mis BelaelieHuss XeFg U3 cmecn ¢ Apyrumu
dropugaMu KCEHOHa, 0Opa30BaBIIMMHCS OpHU cuHTE3e. ['ekcadropun
KCEHOHAa — E€IUHCTBEHHBIM M3 (TOPUIOB KCEHOHA, PEarupyroluil c
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dbTopunom Hatpus. [lomywarommuiics NapXekg
paziaraercs Ipyu HarpeBaHWU, OCBOOOXK1ast YMCThIA X ek,

NayXeFs — 2NaF + XeFs (100 — 120 °C)

5. OOMeHHbIC peakIuu. 3aMmelleHHe aToMoB (Topa Ha aTOMBI
KMCJIOpO/ia.

2X€F6 + SlOZ — 2XeOF, + S”:4,
XeFg + 3H,0 — XeO; + 6HF (B pactBope HF).

Crtpoenune

Monekyna XeFs B razoBoil (¢aze npeacraBiaseT  coOoi
UCKOKEHHBIM  OkTa’Ap. CeapMyro, JIONOJHUTENIbHYIO, BEpPUIMHY
3aHUMAaET HEMOJIeJICHHAas JIEKTPOHHAS Mapa aToMa KceHoHa. B TBepaom
COCTOSIHMM IIPEACTABJIEH TETpaMepaMy U reKcaMepaMu, COCTaBIICHHBIMU
W3 KBajApaTHeIX Tpamua XeFs', COeIMHEHHBIX MOCTHKOBBIMH
noHamu F .

XeOF, obOpasyer mosiekysny B GopMe KBaApaTHOW MUpPaMUIbI, B
LIEHTPE KOTOPOW HAXOJIMUTCS aTOM KCEHOHA. B BepIIMHE 3TOM UPAMUIBI
HAaXOJIUTCSI aTOM KHUCJIOpOJa, HANpOTUB KOTOPOro pa3MellaeTcs
HEMOEIICHHAs AIEKTPOHHAs [1apa aToMa KCEHOHA.

Monekyna  XeO,F, mpencraBiaser  co00H  HMCKaXEHHYIO
TPUTOHANIbHYIO OWUMHUpaMHUay, B OCHOBAaHUM KOTOPOW HaxoOMASTCS JABa
aToMa KUCJIOpOJa U AJIEKTPOHHAs Iapa aToMa KCEHOHa.

Monekyna XeOs; mnpeacraBisieT cCOOOW HMCKAKEHHBIM TETpadJip.
Hemnockas crpykrypa o0OyCIIOBII€HAa HEMOJAEICHHOW JJIECKTPOHHOU
I1apoy Ha aTOME KCEHOHA, HAIIPABJICHHOU K BEPILIMHE TETPAdAPA.

Annon XeOsF oOpasyeT 1enu MCKaKEHHBIX OKTadJpoB C
MOCTUKOBEIMH  atromamu  (ropa [XeEOsF,,], wuon  XeOF5-
IOPEACTABISAET COOOW H30JMPOBAHHBIE HMCKAaKCHHbIC IEHTArOHAJbHbIE
ourmmpamu;iel [ X eEOFs].

Coenunenust Xe' XapaKTEPU3YIOTCA JJIEKTPOHHOM aHAJIOTUEN C
coenuuenmsivu | i Te™, uro oTpaxkaeTcst B XapakTepe X XHMHUUYECKHX
MIPEBPAILICHUM.

dusndyeckKkue CBOMCTBA

['excadropun kcenona Xekg — OecuBeTHBIE KpucTaiibl, 1. 49 °C,

kum. 76 °C.
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Tpuokcun kceHoHa Xe€O3;— OecCIBETHbIE KPUCTAILIBI, pasil. CO
B3pbIBOM. OOYyCIOBIMBAIOT HAUOOIBIIYI0O OMACHOCTH MpHU paboTe C
COCMHEHUSIMU C COCIMHEHUSIMUA KCEHOHA.

Oxkcoterpadtopun kceHoHa XeOF,; — OeciBeTHas KUJKOCTb,
wi1. —41 °C, pazn. Beime 300 °C. PactBopuma B 6e3BoaHom HF.

Hunokcomudropua kceHoHa XeO,F, — OecrBeTHbIE KpPHCTAJUIH,
1. 31 °C.

dTOpUIOKCEHATHI — TBEP/IbIE BEIIECTBA, Pa3araloTcs, He MIaBsCh.
RbXeF; — 6ecusernsiii, CsXeF; — xenreiii, Rb,XeF; — OecuserHsii,
Cs,Xelg — 0ecliBETHBIMN.

XHMHYECKHE CBOMCTBA

1.00MeHHbIE  peakluu. XapakTepHbIH MyThb  XHUMHYECKUX
IIPEBPAILICHUM.

la. Kucnotueie cBoiictBa okcmma X€Oz; m ruapokcuga HoXeOy,,
CYIIECTBYIOIIIETO TOJIBKO B pactBope. lIposBistorcss B oOpa3oBaHHH
OKCOKMCJIOT U UX COJIEU.

NaOH nenocratok NaHXeO,
+ NaOH u36erTok  — NapXeO, + HO
Ba(OH)2 KOHI] BagX eOGl

XeO3
H,XeO,

16. OOpazoBanue cojeid  (TOpP3aMENIEHHBIX  OKCOKHCIIOT.
[Iporexkaer mnpu pAeiictBuu (TOPUAOB METAUIOB HA OKCHUJ WJIHU
+6
okco(Topuipl Xe .

X@Og + Csk — CS[X€O3F]

1B. 3amenieHue aToMoB (Topa Ha aToMbl Kuciaopoja. [Ipoagykramu
peakiuu SBISAIOTCS 0OBIYHO OKCOPTOPUJIBI KCEHOHA.

XeFg + 3H,0 — XeO3 + 6HF  (XeFg, yBiaekaemsbrit Ny, ropsiuast Boaa)
XeFg + H,O — XeOF, + 2HF (BoasHOM map B Hepoctatke, 20 °C)
2Xekg + SlOz — 2XeOF, + S|F4
X@Og + XeOF4 - 2X602F2
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Ir. 3amemenue  atomoB (¢Topa Ha  TedaaT-uOH  IpHU
nerictBuu Tedarta dopa:

3x302|:2 + B(OTeF5)3 - 3X902(OTeF5)2 + ZBFg

1n. CaMmouoHUM3aIuMsl B pacijlaBeé M JIUCCOLMALMS B PacTBOPE B
+6
xugkoM HF. Atombl Xe~ o00pa3yloT KaTHOHBI M aQHUOHBI, YTO
CBUJIETEJLCTBYET 00 aM(pOTEpHOI MpUpoAe TeKcadpTopuaa KCEHOHA.

2X e — [X eF5+] + [X er_]

[XeFs'] + [HF ]

XeFg + HF— [XeF,] [HoF']

KuCI0THO-OCHOBHBIN ~ XapakTep rekcaropuaa KceHOHa MOA00€H
dTopuny 6poma BrFs, anasormaHOoMy 1Mo cTpoeHHt0 (M303JEKTPOHHBIC
YaCTHUIbl, BBICOKAsl CTEIEHb OKHUCIECHUS OpoMa M KCEHOHA, HaJu4yue
aKLIENTOPHBIX aTOMOB (TOpa, HAJIMYUE OJHOW DJIEKTPOHHOW Mapbl y
IICHTPAJILHOI'O aTOMA).

CSQ[ X ng]
CS[ X eF7]

A SF5 R (X eF5+) [A SFG_]
SbF (XeFs")[SbFs |

XeF6 + CskF —

Xekg +

2. OKUCAUTENBHO-BOCCTAHOBUTEIBHBIE TPEBPAIICHUS.

2a. BryTtpumoiekynsapHoe OKHCJIEHUE-BOCCTAHOBJICHUE.
XapakTepHO U1 B3aUMOJCUCTBUS BELIECTB B OTCYTCTBUE OKUCIIUTEIIEH
M BOCCTaHOBHUTENEU. Tak MPOTEKAOT MPOUECChl TEPMHUUECKOrO
pa3yoKEHUS.

XeFg — XeF,+ F,  (Boime 76 °C)
2Xe0; — 2Xe + 30, (70 °C)

20. JlucnponopiuuoHupoBaHUE B BOJHOM PAacTBOpPE B OTCYTCTBHUE
OKHUCIIMTENIEM W  BOCCTaHoBUTENEU. lIporekaer 1ipu  neucTBUH
KOHIICHTPUPOBAHHOW  IEJIOYM NpU  HarpeBaHuu. [Ipoaykramwu
JMCTIPOTIOPIIOHNPOBAHMS ABIAIOTCS NPOU3BOAHEIE XE€° M IpocToe
BEIIECTBO XE.
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4XeO3 + 12NaOH — 3Na,XeOg + Xe + 6H,0,
4ANaHXeO, + 8NaOH — 3Na,XeOg + Xe + 6H,0,
4XekFg + 36NaOH — 3Na,XeOg + Xe + 24NaF +18H,0.

[Iporecc aHamoruyeH AUCIPONOPIIMOHUPOBAHUIO, MPOTEKAIOIIEMY MPH
TEPMHUYECKOM PA3JI0OKEHUU XJIOpaToB (Ha XJIOPHABI U TIEPXJIOPAThl) U
cynb(huToB (Ha cyabhuasl U cynbdaTsl). Bo BceX 3THX clydasx 4acTh
aTOMOB KCEHOHA, XJIOpa, CEPhl MOBBIIIAET CTENEHb OKHCJICHHUS Ha 2, a
Ipyrasi — TOHM)XaeT CTENeHb OKUCIICHUS Ha O.

2B.  BbIpakeHHbIE  OKUCIUTEIbHBIE  CBOWCTBA, KOTOPBIM
COCOOCTBYET  KHUCjlasi cpeda  pacTBopa.  XapakKTepHbIM  TUM
IPEBPALLICHUN  COCAMHEHUM Xe'®, IIPOJAYKTOM  BOCCTAHOBJICHUS
KOTOPOTr0 OOBIYHO SIBJISIETCSA MPOCTOE BenlecTBO. [loHMXkeHue creneHu
OKHCJICHHSI KCEHOHa Ha 0 U JIOCTHKEHUE HH3IIET0 COCTOSHUS
OKUCJICHUS SIBISETCS AHAJOrOM BOCCTAaHOBJIEHUS CYJIb(QUTOB [0
CyJb(QUAOB U XJIOPATOB 10 XJIOPHUIOB.

MnO, + H,0O HMnO,
X@Og + Hg + H,S0O, — Xe+ Hg2504 + H,0
FeSO4 + H2804 FeZ(SO4)3 + HZO

. +6
2r. BoccTaHOBHUTENBHBIE CBOMCTBA JJIsi NMPOM3BOJHBIX XE€ HE
18 .
xapakTepHbl. OKUCIIEHUE 10 TPOU3BOJHBIX X€ =~ BO3MOXHO JCHCTBHUEM
Han0oJiee CUIIbHBIX OKUCIUTEIEH.

X€Og + 4KOH + 03 — K4erG + 02 + 2H20
IIpumenenue

['ekcadropun kceHoHa XeFg NMPUMEHSIETCS B HEOPraHUYECKOM
CUHTE3€ KaK CHJIbHBIN OKUCIIUTENb.
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Coennnenusi kceHona (+8)

XeO, H,XeOg H3XeOg
kcerHonosas (V1I1) H,XeOg"
TETPAOKCHUJ KCEHOHA KHcoTa HXeOg*
XeOsF, XeOs™
TPUOKCOAUDTOPHUL MEPKCEHATHI
KCEHOHA
Hoanyyenue

+6
1. OkwucieHue MOPOU3BOAHBIX X€ HanOoJie€  CUJIbHBIMU
OKHUCIIUTEIISIMU.

XeOg + 4KOH + 03 - K4erG + 02 + 2H20

o +4 +6
2. JluctponopuuoHupoBaHue coeauHeHuit Xe  u  Xe
LIEJIOYHOU Cperie.

2XeF, + 10NaOH — Xe + NagH,XeOg + 8NaF + 4H,0,
4Xe0; + 12NaOH — 3Na,XeOg + Xe + 6H,0,
4X eFs + 36NaOH — 3NaXeOg + Xe + 24NaF +18H.,0.

3. OOMeHHbBIE peaKInu.

XeO4 + 2H20 — H4erG,
H4X€OG + ZBa(OH)z — BazerGl,
Ba,XeOg + 2H,S0O, xonr — 2BaS0O, + XeO, + 2H,0.

Crtpoenue

Terpaokcun kcenona XeO, o0pa3yeT MOJEKYyJdy MpaBUIbHOU
TeTpadapuueckor  ¢opmel. Ta ke ¢opma  xapakrepHa IS
M302JIEKTPOHHOTO TETPAOKCHY KCEHOHA MepXJIopaT-uoHY.

ITepkcenat-uoH XeOg" MpEeACTaBIsIET CO00M  IpaBWIbHBIN
OKTad/Ip, MOJAOOHBIN MEPHOIAT-UOHY IOGEr U TEJUTypaT-uoOHY TeOG&.

duzndyeckue CBOMCTBA

Terpaokcua kceHoHa Xe€O,; — CBETIO-KENTHIN Ta3, Bo3r. —196 °C,
1. —36 °C.
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Kcenonosas (V1) xucnora HyXeOg m3BecTHa B pacTBOpe H
ABJSCTCSA KUCJIOTOU MO APPEHUYCY CPEIHEN CHIIBI IO MEPBOM CTYICHU
(Ko = 10°°) u cimaboit mo ocranpubiM crynessm (Kgp = 107°, K = 1071,
Jlucconmanus mo 4YEeTBEPTOM CTYIIEHM B PACTBOpPE HE OTMEuYeHa. B
BOJHOM pPacTBOpE IIpM KOMHATHOM TEMIIEpAType IPOUCXOIUT
IIOCTEIIEHHOE OKUCIICHUE BOJIBI.

Ilepkcenatsl — TBepAple BewlecrBa. PacTBOpuMBl B BOJE
TIEPKCEHATHI TSDKENBIX IMICTOYHBIX METAIOB (Kamwsi, pyOunus, 1e3us).
ManopacTBOpUMBI U ITPAKTUYECKU HEPACTBOPHUMBI B BOJE MEPKCEHATHI
IuTHUs, HATpus, Oapus, cepedpa, IMHKA, CBUHIIA, JaHTaHa U 30y0Ta. [Ipu
HarpeBaHuM PasJlararoTcs, HE IUIABACH.

XumMuuyeckKue CBOMCTBA
1. OOMeHHBIE peaKInH.

la. KucioTHbIA XapakTep OKCHUJIA U TUIPOKCHUAA MPOSBISIETCS B
IPOIECCAaX B3aUMHOI'0 MPEBPALIEHUS] OKCHJIA, KUCIIOTHI U COJIEH.

K4XeOg + ZBa(OH)z — BazerGl + 4KOH,
BagerG + 2H2804 KOHI[ — ZBaSO4 + XeO4 + 2H20,
XeO4 + 2H20 — H4erG,

H,XeOg + ZBa(OH)z — BazerGl,

H4XeOg + 2NaOH pa36 — Nap,H>XeOg + 2H50,
H4X606 + 3NaOH ko — NangeO6 + 3H,0.

16. 3amelienre aToMa KUCaopoja Ha JBa aroma (ropa.

XeO4 + Xekg — XeO3F2 + erF4

2. OKUCINUTEILHO-BOCCTAHOBHUTEILHEIE pCaKkuuun.

+8 .
2a. 3a cuer aTOMOB X€ ~ HEBO3MOKHBI MPOIECCHl JalbHEHIIEro

OKUCJIEHUS W JHUCHPONOPLUOHMPOBAHMS. OTO — BBICHIAS CTEICHb
OKHUCJICHUS.
20. CunbHble  OKUCIUTEIbHbIE  cBoMcTBa.  IIpomykrom

Y +6
BOCCTAHOBJICHUs ABJIIIOTCA 110 KpPAaMHCHU MCPC COCIAHMHCHUA Xe y

OTJIMYAIOIIMECs 3HAYUTEJIbHO OOJIbIIEH  yCTOMYMBOCTBIO. Takoe
HampaBJICHUE BOCCTAHOBIICHUS (MPUCOCIMHEHUE JBYX DSJICKTPOHOB)
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aHAJIOTMYHO BOCCTAaHOBUTEJILHBIM IE€pexojaM OJIM3KUX [0 CHJE K
+8 . oyt +5 (+7 +5 — 46 +4
Xe " okuchourenen. Br' —-Br -, 1" — |17, Te” —> Te .

2H4XeO6 — 2X603 + 02 + 2H20 (20 OC)
XeO,; — 2XeO3+ O, (Beimze 20 °C)

H4XeOg + HIO; Hsl Og
XeO4 + Hzo MnSO4 HMnO4 + H2804

Xe0, + NaOH + 2Co(OH), — NaHXeO, + 2CoO0H + H,0.

B  npucyrctBuM  CHIBHBIX ~ BOCCTAHOBHUTEIIEM  IPOLIECC
3aKaHUYUBACTCSI OOBIYHO HgOCTHM BEIIECTBOM — HU3IIEH 71 KCEHOHA
CTEMEHbIO OKUCICHUSI X€. DTOT MPOILIECC MMEET aHAJOTHI0 B XUMHUU
rajJoréeHOB M  XaJbKOr€HOB. EMYy  COOTBETCTBYIOT  MEPEXOMBI
OKCOAHUOHOB TaJIOT€HOB B COCTOSSHUU OKHCJIEHHS +/ U XaJIbKOT€HOB B
COCTOSTHUM OKHUCJICHHS +6 70 TaJOTCHHJIOB W XaJbKOTCHUIOB (MM HX
THIPHUIIOB B KHCIOW cpexae). bomee riry0OkoMy BOCCTaHOBJICHHIO
CIIOCOOCTBYET TaKXkKe KUCJasg cpesia pacTBOpA.

NaXeOg — Xe + 2Na,0 + 20, (360 °C)
XeO4 + 8FeSO4 + 4H2804 — Xe+ 4F€2(SO4)3 + 4H20 (paCTBOp, 20 OC)

IHpumenenue

He mnaxomsr. Terpaokcug kceHoHa u HyXeOg MoryT OBITh
TOJIE3HBI B HEOPTaHWYECKOM CHHTE3€ KaK CUJIbHBIE W eMkue (Zg = 8)
OKHUCJIUTEIN B pacTBOpe, eciau TpeOyercs, 4ToObl MPOIYKTHl CHUHTE3a
ObLTM  CBOOOJHBI MO  OKOHYAHWM  pEaKIMu OT  MPOJYKTOB
BOCCTaHOBJICHUS (KCEHOH yIalisieTCs B ra30ByIO (asy).
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