bnaropogHble rasbol
2nemeHTbl 18 rpynnbl

Jlekunga 27



JnemMeHTbl 18 rpynnbl

1 2 13 14 15 16 17 18
H (H) | He
[1 | Be B|C|N|]O]|F |[Ne

Na | Mg Al S1 | P | S | Cl | Ar
K | Ca Ga|Ge | As | Se | Br | Kr
Rb| Sr | d-block | In | Sn | Sb | Te | I | Xe
Cs | Ba Tl | Pb | B1 | Po | At |Rn
IFr | Ra

He — rennn, Ne — HEOH, Ar — aproH,

Kr — KPUNTOH, Xe& — KCEeHOH, RN — padoH




He
AT. N 2
on. 1s?
KOHA.
Paguyc 122
M
I, (eB)  24.60
l, (eB) 54.42
AR 5.50
C.O. 0

CBoucTBa 3N1eMeHTOB

Ne

10
25%2p°

160

21.56
40.96
4.84
0

Ar

18
3s23p°

192

15.75
27.63
3.20
0

Kr

36

3d104s24p® 4d105s25p6  4fl45d106526p°

198

14.02
24.36
2.94
0,(2)

Xe

o4

218

12.13
21.20
2.40
0,2,4,6,8

Rn

86

220

10.75
21.80
2.06
0,2,(4),(6)



CBoucTBa 3N1eMeHTOB

He Ne Ar Kr Xe Rn

AT. N 2 10 18 36 54 86
on. 1s?2  2s22p% 3s23pb® 3d194s24p6 4di05s25p6 A4f145d10652605
! _
[ 2.2- R, A 2|
: 2.0+ 21 |

181 >
| =] © - 18 F

=

1.6 , I

I | y 15- H
1.4 _

R 12 \-\
1.2- I

He Ne Ar Kr Xe Rn He Ne Ar Kr Xe Rn




CBoucTBa 3N1eMeHTOB

He Ne Ar Kr Xe RN
XAR

5.5
AT. N 2 5.0- 86
an. 1s2 2 %] - 25p°  4fl45d106526p°
KOHA. w07

3.54 @)
Pagunyc 122 3_0:_‘ N 220
"M 2.5- =
, (3B) 24.60  20] 3 10.75
, (3B) 54.42 file e ar e e W gy 21.80
AR 5.50 4.84 3.20 2.94 2.40 2.06

C.0. 0 0 0 0,(2) 0,2,4,6,8 0,2,(4),(6)



Punsnyeckue ceomcrtea Ng

He

T.nn. (°C) —
T.kun. (°C) -268.94

AVHObp 0.08
kK[>X/Morb

d, r/n (H.y.) 0.18

pacTBOPUMOCTbL 8.6
B BOOE NPU H.y.
(mn/kr H,0O)

Ne

-269
-246
1.71

0.90
10.5

Ar

-189
-185
6.43

1.78
33.6

Kr

-157
-153
9.08

3.75
59.4

Xe

-112
-108
12.62

5.90
108.0

Rn

-/1
-62
18.0

9.73
230



Punsnyeckue ceomcrtea Ng

He Ne Ar Kr Xe Rn
f.nn. 5041, °C 1 207 A,HC,, kbx/Morb 1
T.knn _100_' 1 16- 62
AVHOb _150_- 6 12 80
KK/ N
-200- |
d, r/n : | . 4 73
-250- -
pace &< ¢ 3 LT 30
B BOJ He Ne Ar Kr Xe Rn He Ne Ar Kr Xe Rn

(mn/kr H,0O)



Punsnyeckue ceomcrtea Ng

He Ne Ar Kr Xe RN
T.nn. (°C) — -269 -189 -157 -112 -71
T.kun. (°C) -268.94  -246 -185 -153 -108 -62
AHY, 0.08 1.71 6.43 9.08 12.62 18.0
kK[>X/Morb
d, r/n (H.y.) 0.18 0.90 1.78 3.75 5.90 9.73

pacTBopuMoCTb 8.6 10.5 33.6 59.4 108.0 230
B BOAE MNMpPU H.Y.

29 v
(mn/kr H,O) 2y T 2 Ng 0OAHOATOMHbI B ra30BOW U
{Q‘ ‘\;f 0 XUOKOW dpasax, umetoT
o e KPUCTaNNMYECKYIo peLeTky Meam

B TBepAou goase.



OcobeHHOCTU He

He npemMoHCTpupyeT ocobbi TN NOBEAEHUS NPU HU3KUX t°

A p, aT™M

TBEPABIN
30  He

20
10F

O-BapuaHTHble | C: He-l,, He-ll , TB
paBHOBECUS: A: He-l,, He-ll ,, ras3 A-todka (2.19 K)

He-ll — cBepxTeKky4yecCTb, BbiICOKas TENNonpoBOAHOCTb



OTkpbIiTUE Ng

ApProH (NneHunBbIN, HegesaTeNbHbIN)
HernpopearnpoBaBLUMA OCTATOK BO3adyxXa
Pamcan, Panen, 1892

[enunin (CONHEYHbIN)
aHanus cosiHe4vHoro criektpa. Jlokbep, 1894

KpunToH (CKPbITHbIW, CEKPETHBLIN)
dopakunoHmposaHme sosgyxa. Pamcan, 1898

HeoH (HOBbIN)
cnekTparibHbI aHanM3 ppakLMOHMPOBAHHOIO BO3ayXa
Pamcan, 1898

KCceHOH (4y>Xoin, CTpaHHbIN)
cnekTparsibHbI aHanM3 pakLMOHMPOBAHHOIO BO3ayXa
Pamcan, 1898

PagoH (aHanor pagus)
B NpoaykTax pacnaga paaus. Pesepdopa, Coaan, 1901



PacnpocTtpaHeHue Ng

1. He — 21 no pacnpocTpaHeHHOCTU aneMeHT BceneHHou
Bcerga npucytcTeyeT B NpUpoagHOM rase B
pesyneraTe a-pacnaga, ao 7 06.%

2. Ar — 0.93% B atmocdepe

3. Ne, Kr, Xe — cnenoBble Konn4yecTtsa B aTtmocdepe

4. Rn — B npoaykTax pacnaga 28U
{ 06. %

ConepxaHue Ng B aTMocdepe, % 01,

He  0.00052
Ne  0.0018
Ar 0.93

Kr 0.0011

Xe  0.0000087

1

0.01-
1E-3-
1E-41

1E-51

He Ne Ar Kr Xe



[Mony4yeHune n npumeHeHue Ng

1. He, Ar N3 NMPUPOAHOIo ra3a, rnocie CXmxeHusd
ocTalbHbIX KOMMNOHEHTOB

2. Ne OCTaTOK MNocIie CXMKEHNA BO3gyxa

3. Kr, Xe cerekTnBHasi agcopbumsa Bosayxa yrrem

1. He, Ar — co3gaHne nHepTHom atMmocdepbl B nabopaTtopun
N Ha NPOU3BOACTBE

2. He — KakK nerkumn, Heropro4mmn ras, oxnaguTens, B
OblXaTerbHOM cMecu anga rnybokoBOAHbIX paboT

3. Ne, Kr, Xe — B pa3psaaHbIxX rnamnax

4. Ar — HaNonNHUTENb Namn HakanBaHu4

5. Rn — B megnumHe

6. XeF, — kak nabopaTtopHbIN OKUCNUTENb

/. Xe — B pakeTHOM TOMn/iMBe HOBOIO MOKOJIeHNsA



CoeguHeHus Ng

1. KopoTkoxumByLime MoHbl, cogepxawmne Ng. CywectsyroT
TOMbKO B ra3oBou dpase npu NoOHMXeHHOM OaBfieHUN

2. Knatpatbl Ng. YctonuuBbl npu H.y. He copgepxar
XMMUYECKOU CBA3NM Mexay atomMamMmu Ng U KnaTpaTHOU
pPeLLETKON, KpoMe BaH-Aep-BaanbcoBa B3anMogencTeusS.

3. WCTUHHbIE Xumunyeckme coeamHeHnsa. ObpasoBaHbl B
OCHOBHOM Xe ¢ Haubonee anekTpooTpuuaTenbHbIMU
anemeHtamu — F, O, pexe — N, Cl, C.




KopoTKoxusyuwme noHbl Ng

1. HeH”* Bnepsble nonyyeH B 1925 .
Et —* K.c. = 1, HO:
Marasi yCTOM4YMBOCTb U3-3a

/ —1s  manown nonsipusyemocTu

1sH~ ﬂ

‘H"GCB cTpemreHue K pacnagy
0
He HeH* H* c obpasoBaHuem He

2. [omMmoaToMHble KaTUOHBbI

E

228.0 130.9 122.2 110.9 99.2

aunce.

k[k/Monb >

YMEHbLUEHNE YCTONUYMBOCTH



KnaTtpatbl Ng

1. Knatpatbl NOCTPOEHbI MO TUMY «TOCTb-XO3ANH»

Ng — rocTb, 3aKnOYEHHbIN B PELLETKY X0381MHA, He
CBSI3aHHbI C HAM KOBaIEHTHbIMU CBA3SIMU

2. Tunbl kNaTtpartoB NQ:

a) c Bogou 24Ng@136H,0 Ar—Rn
8Ng@46H,0 Ar—Rn
6) ¢ rMapoOXnMHOHOM Ng@3C;H,(OH), Ar—Xe
B) C eHOMNOM Ng@4C H-OH Xe, Rn
Ng@3C;HOH Ar, Kr
r) c napa-xnopgeHoniom Ng@3C;H,CI(OH) Xe, Rn

1) C TOnyomnom Ng@2C;H-CH, Rn



KnanaTblNg

1. KnatpaTtbl NOCTPOEHbI MO T | ‘5’ L L
Ng — rocTb, 3aKknto4eH \‘.{3@'\\ DAy He

y -\
CBSI3aHHbIN C HUM KOBX 1

Sos Y N & &
- G\ W Ul T

2. Tunbl kNaTtpartoB NQ:

24Ng@136H,0
SNg@46H,0

Ng@3CgH,(OH),

Ng@4C¢H-OH
Ng@3C¢H-OH

Ng@3C¢H,CI(OH)

OanuH HO.A.
Ng@2C¢H;CH, (1935-2002)




KnaTtpatbl Ng

3. ObpasoBaHMe U YCTOMYNBOCTL KNaTpaToB OnpeaenaeTcs
KOMIIEMEHMAaPHOCMbIO FTOCTHA U XO3MHa

[na knatpaTtoB Ng:

KomMmnnemeHTapHOCTb — COOTBETCTBUE (POPMbI U
pa3mMepa NonocTu KapKaca Xo3dauHa pasmepy cpepumyeckoro
atoma Ng

4. YctonymBocTtb SNg@46H,0
Ar Kr Xe RN

>
p, MM Hg 08 145 1.15 04
npu 0 °C

yBennyeHne yCTon4mBocTH
5. lNonyyeHue:
COBMECTHas Kpucrtannusauua npu BbICOKOM AaBlieHUM



OTKpbITHE XMumn Xe

1. NepBoe nctnHHoe coeanHeHne Ng (baptnett, 1962)
Xe + Ptk = Xe[PtF,]  (okasanock cmechio [XeF][Pt,F] + ...)
[lo aHanoruu c O, + Ptk = [O,][PtF]
l,(Xe) = E(O, > O,%) = 12.1 3B

OKCNEPUMEHT
baptnetTa




PTopuabl Xe

2. DTopuabl Xe — Hanbonee ctaburnbHble coeauHEHUA Xe

XeF, XekF, XeFg
T.nn., °C 140 117 49
AHOSgg, KK/MONE =109 —216 —294
d(Xe—F), nm 200 195 189
MOJIeKyrnsipHas NIMHENHas KBagpaTHad oKTasgpuyeckas

reomeTpus

!
F - \'(
" i "'



PTopuabl Xe

3. lNonyyeHne

20 °C XeF
Vo eF, (TB)

AH%gs = =175 k[x/mMonb

Xe (ras) + F, (ras)

NiF, 100 °C

\

Xe + 3F, XeF,

Bcerga ¢ npumecsto

f XeF,

NiF, 300 °C
Xe + 2F2 2 >

XekF,



PTopuabl Xe

4. PazpeneHue

XeF, ) [ [Xe,F;][AsF]
AsF
XeF, p——° _.{ XeF,
BrF; (k)
XeF; | . [XeF:][AsFg]
5. 'magponns
2XeF, + 2H,0 = 2Xe + 4HF + O, MeaneHHo

6XeF, + 12H,0 = 2Xe0, + 4Xe + 24HF + 30,
XeF, + 3H,0 = XeO, + 6HF



PTopuabl Xe

6. dTOPUpPYIOLLIME areHTbl, OKUCITUTENW

XeF, > XeF, > XeF, TONbLKO B naboparopum

S + 3xeF, HEGK)

> Sk, + 3Xe

HF (%)
2Ir + 5XeF, > 2IrF; + 5Xe

5XeF, + 2MnS0O, + 2H,0 = 5Xe + 2HMnO, + 10HF + 2H,S0,
RCOOH + XeF, = RF + Xe + CO, + HF
2XeF; + SIO, = 2XeOF, + SiF, He red/ox !




PTopuabl Xe

7. CTpoeHne XeF,
CTpoeHue Bcex propmnaoB Xe — metoq [mnnecnu

“*“"7" MoHnsaumsa noag AgaBneHuem




PTOopoKOMNNEeKCbl Xe
1. dTOpPOKATMOHLI Xe

2XeF, + ShF; = [Xe,F,][SbF]
XeF + SbF; = [XeF][SbF]
XeF, + HCIO, = [XeF]CIO, + HF
XeF, + 2BiFs = [XeF][Bi,Fy]

Xe g8
1.909(6) <)178.9

@ [XeF][Bi,Fq]

-0 0

Xe, k3"

(77 K)

Mg(XeF,)(XeF,)(AsF),



PTOopoKOMNNEeKCbl Xe

Rb[XeFs](SbF), [Xe,F|SbF,



PTOopoKOMNNEeKCbl Xe

b \L__J/
%W%W [XeFs],[SngF,]



PTOopoKOMNNEeKCbl Xe

[Bi(XeF,)3](BIFe);



PTOopoKOMNNEeKCbl Xe

2. Okcodptopunabl Xe

HF
XeF, + H,O— XeOF, + 2HF  XeOF,

HF
XeF, + H,0 — —XeOF, + 2HF

CsF + XeQO, Ak, Cs[XeO;F] yCTONYNB
'\‘ /

,/Xe":sz_
7\

3. ®TOpOKCEHAaThI ¢ =

2CsF + XeF; = Cs,[XeFg] T.paan. = 450 °C
2CsF + XeF, = Cs,[XeF4] T.pa3n. = 600 °C



KucnopogHble coeagnHeHUsa Xe

1. Okengbl Xe
XeO, XeO,
becuBeTHble KpUCTansibl  CBETNO-XEeNTbIN ras
HeneTy4 HeyCTONYuMB

AHO,9q = +402 k[x/Monb  AHY,gq = +642 k[K/MOMb
OYeHb B3pblBYaTble BeLecTsa !

(0

Xe

XeO3 XeO,
d(Xe-O) =176 nm d(Xe-O) =174 nm
Z(0—Xe-0) = 103° Z(0—Xe-0) = 109.45°



KucnopogHblie coeanHeHus Xe

2. [Nony4yeHne

XeFg + 3H,0 = XeO; + 6HF

K,XeOg + 4H,S0, (koHu) = XeO, + 4KHSO, + 2H,0
3. CBounctea

XeO4 + KOH = K[HXeO,] rmgpokcokceHar

2K[HXeO,] + 2KOH (k) = Xe + O, + K,XeO, + 2H,0
nepkceHar

4XeF, + 18Ba(OH), = 3Ba,XeO4 + Xe + 12BaF, + 18H,0
K,XeO, + 2Na,SO, + 8H,0 = Na,XeO,-8H,0 + 2K,SO,



KucnopogHblie coeanHeHus Xe

4. Okucnutenu
5XeO; + 6MnSO, + 9H,0 = 5Xe + 6HMnO, + 6H,SO,
K,XeO4 + 4MNnO, + 4KOH = 4K,MnO, + Xe + 2H,0
H,XeOq

18-+ NEO°
15{
121

©c W o o
ol Ilna flna Jlog

o 2 4 6 8
cmerneHb OKUCEHUS



KucnopoaHble coeanHeHna Xe

(CH,CH,0):-XeO,

Okucnurtenb, HO He B3pbiBYaT!

Angew. Chem. Int. Ed. 2018, 57, 12448-12452



Opyrue coeanHeHusn Xe
1. Conun Xe?*
[XeF]CIO, + HCIO, (koHu) = Xe(CIlO,), + HF
XeF, + HSO,F = Xe(SO;F),
2. CoeanHeHus co cBaA3bio Xe—Cl, Xe—N
XeF, + NaCl + 2SbF. = [XeCl][Sb,F;] + NaF
XeF, + HN(SO,F), = FXeN(SO,F), + HF

FXQN(SOzF )2



Opyrue coeanHeHusn Xe

3. KoMmnnekcHble coeguHeHus
(CoF<)4B + 3XeF, — [CFXe](BF,) + 2[C.F-Xe]F
C<F.BF, + XeF, + 2HF = [C,F.XeF,](BF,)-2HF

[CeFsXeF.][BF,]-2HF

Inorg. Chem. 2014, 53, 11640-11661



Opyrue coeanHeHun Xe

4. CoeanHeHunsa c d-metannamu

[AuXe,][Sb,F4],

5. Komnnekcbl Xe,* d(Au—Xe) = 274 nm

Xe,[SbyFy]
Xe," d(Xe—Xe) = 309 nwm
napamarHuTeH
yctonume go —60 °C

6. «[ngpnabl» Xe




CoeaunHeHusa Kr, Rn

1. Ons Kr n3BecTHbl TONbKO AndTOpPUA 1 €ro Npomn3BogHbIe

2.

KrF, — 6enbin, TBepabIn, T.pasn. = 25 °C
YO, 77 K
Kr +F, > KrF, x

HF (k)

KrF, + MnF, >MnF, + Kr x%

7K, + Au = 2[KrF][AuF,] + 5Kr KrF,

KrF, + SbF; —HE(K) | [KrF][Sb,F,,] + [Kr,F3][SbF]

3. CoeanHeHns Rn mano nayyeHsi

RN — a-oaMUTTEP ——> pasnaraeTt coegnHeHuns
3Rn + 2CIF; = 3RnF, + 2Cl,  ©ecuBeTHbIN, HENeTy4Yui



CoeaunHeHusa Kr, Rn

1. D'nﬂ Kr S a e om omepmy yn ) e ey s eem  emy aela e s 8 e 2 s e e e oy aen e e Hble
2. KrF,—¢ C

Kr- Cr(1) k

KrH
7K F(6) KrF,-CrOF, F(3) o(1) KKer

KrF, + SbF, —HEOK) | [KrF][Sb,F,,] + [Kr,F4][SbF]
3. CoeanHeHnss Rn mano n3y4eHsol
RN — a-oaMUTTEP ——> pasnaraeTt coegnHeHuns
3Rn + 2CIF; = 3RnF, + 2Cl,  GecuBeTHbIN, HENETYYNN
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