Descriptive Chemistry

Visual Elements Periodic Table

The Royal Society of Chemistry's interactive periodic table which includes Murray [ 7 8 9
Robertson’s Visual Elements artwork. = C N (0] Ne \
Hover over the elements to see key facts and the supply risk which highlights elements ——
where limited abundance may hinder the production of new technologies. = = S5 aa g =
Click the elements for interesting facts atom|c data, isotopes and more. X 4 L
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The Periodic Properties S
of the Elements

T ASSRRRP S RKRR

(1) sX(s-block): [ #BESMAE T ] + nst ------ 1A
[ M H AT ] + ns? ------- 1A
(2) pX(p-block): [FBESAEEFHA] + ns?2npl-S-—-1HIAVIHA B{E3)

(3) d[X (d-block): (n - 1)d*nsl®

a. x+sFEHET$H=3>7, & IIB—> VIIB
b. x+s FEHHET% =8. 9. 10, N VIIB

(5) fIX (f-block): (n— 2)f%-%4(n—1)d 0-2ns2, 4f— i FRILE, SF—PIRILE.
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sXApXtEHFES T

Introduction of the Chemistry of s and p Elements

> 711t (Atomic Radii) « &% (lonization Energy) « HT3=MAE
(Electron Affinity) Ffie 11 (Electronegativity) [1J& #1422t =Chapter 7

> sHIpIX LR HIEAA (Oxidation State of s and p Element)
The Energy Difference (eV) of the Outer s and p Orbital in the Main Subgroups

2™ period Li Be B C N O F Ne
1.9 2.8 4.6 53 6.0 149 204 268

3 period Na Mg \ ] Si P S Cl Ar
2.1 2.7 6 9.8 116 125

4™ period K Ca S Se Br Kr
- - 3 104 120 132

5 period In 1 Sb Te I Xe

5.2 5.8 6.6 8.8 10.1 —
Mﬁs"’ip{$E45"'4P}M55“’5p At Rn

(7) 9) (10) (12  (16) -

6™ period



sXApXtEHFES T

Introduction of the Chemistry of s and p Elements

>sHIpIX LR ML (Coordination Numbers of s and p Elements)

1. Fluoro and oxy complexes of selected elements)
2nd period BeF,~ BEF, CF, NF,
3rd period AlF;~ SiFg~ PF, SF, CIF;
4th period GaF,-  GeF,”  AsF SeF,
2nd period BO::T_ CO?:__ NO;
3rd period Si0;” PO, SO;” Clo,
4th period GeO}” AsOy” SeO” BrO,
5th period SnO; SbO,” TeOy 10, XeOpg

>TRTR N BRI, B K

> AR TR 5 AREAARAL, BodARRER)N, B A Bua R



> ML SR FHIEFEW (The theory of molecular

orbital of covalent compounds)

D s. pXILEMrELIE (valence orbital) £ 4MNEREZ, Hins. np#liE.
BARNEE =BT G, TR AMANPINdZHE, HiEREndEL
ETALRERS A 275, PABUE b 28 ) n] BE A 257N .
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| , W= P, Py ﬁ
; 1 . S EARhE
W , | Pea ||_,: ,_ 1 Tﬂjqj" D‘E' E%iﬁ-iﬁ
L r"-.l_ ) Pz
i S g
W= Wa T e w+=¥:lm+¥]g:
P 0 P T =Pl Y H T
(two-centre two-electron, 2c-2e) (three-centre four-electrons, 3c-4e )

GEFLHEE, hypervalence bond)
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Chapter 10 The Rare Gases

Helium (He) Neon (Ne) Argon (Ar)
R, AFH o BT &, s
Krypton (Kr) Xenon (Xe) Radon (Rn)

s eI ., FEAEH o KIGH




T %4
“noble gases”fE T JUth &84 = K R B LK, HH TR N AR G4 I
[IE2/ G &2
> Wi 54K (rare gases) : B AWZEZFIANENTZIRFE LT . Ak, XFiik
HiEHHEAFE e, FHAEFEEIRD . Hlana < (Ar, argon) fEHERKS)ZE
158 150.9%, Mt~k MEA (He, helium) ZERWEBR KA JZE B0 265
R, BEFHENZMAEM, B5825%, (KT E.

>EMHAER (XHREIA, inertgases) : KT MNHEIRIL, AELEHRF
B EYE . TR E I FAE B EYRFEITR R TSR, X uRL2l
BAMELL T3 A . A, Bt fs BT R AR HAh e K S A e &Y (it
BiMa St &) , RafmEaENTEBI 77 .

> o AR (ORISR, S SR B = 75544, noble gases) : IX/MHRIF IR
H 5 Y Edelgas T # K1), 2 HW R B S 1898 FETE . “noble” 53
SN ‘e B, BRENAZG KAENERN, HEIFEAE ML E
Ml o

> R AR R RS T1991FE AT (b)) H ikl
HE “rare gases"Fr N A AR —1d . ,




He: &0

186848 H18H, FIE/R-ibfx (Janssen) F1Z)EE ki S -1 7o IR AE M
MR EERZRS, KL T —MoR et f s ke iy m, fdd 1ty
Fidr4ah “R”7 (EE: hélium. JEiE: helium) , ZiAVE E % R iEAGNog,
BN CCRMH” .
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AT R I —/NEY R o = A B A
Ttk LR miE SRR E s 2 B A . 17854, Cavendish
7E B kAL AR B N E BB & A A O SR AR, 4k XA E NG
W ICEM R, = DNEMEA MRS TR, R TITWEH “GiF” Wids, &
BB U1200950 . XX IRIREM, 52 “RXNTELRRE, A
R— IR, BNAEM AR KICEA R B R ES.” B R “ X2

TR AT IRFNE AT PRI o ok, S5
EF|1892 4E, WY Rayleigh Ffk2:% e oo

Ramsay /i 1 B2 70 i Hi k& &+ 1.25079,
i H— A AR A H 1.2565g, FHZEN]

) = = %yj & /= » < i William Rams
5.8mg FHIEE%R, MmN “@” (argon,
> =z Y > R 13 oo o e s n e scovery of o e
JE I /'é,l\ ﬁ T*ﬁ l[%: E@ JE’\ IE[E\ L] ) ﬁ %ﬁ % k j\j :'as:::s elemengs in air, ::d his derermi:ti; of | :h::"r ;;:E in the
periodic system’.
{4 Mz Sl — [, ”» £f{¥ The Nobel Prize in Physics 1904
NG S =L ER] e

The Nobel Prize in
Physics 1904
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WA T % H B SR a6 &
RS Y E S

K &

A

TR TAEA B O S AER D B s
4.2K (-268.95° C) .

FRRAUETE A (RIS WA

> RN SAE A JE 2 AR BT ROV R P BLIR, E R /K R
FOPEIR AR TP ACE R/ T IR AR N I A D
R T T TR ) R R R

> 7K IR AR P 7K s B B K AR T8 A

> 5 G [RIAL ZR FE R 27 b A5 SR 5 o 1 i 2 AT A 7
Thag, THRBR R il

> F A HIEAZ S N HE FHAZ SRR ) 3 78 AR

>RSI WK RN, RE
KPR 1% 11£8.6%

> T HROGES: ROV BT B AR O ES

- (excimer) .
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— . General properties:
1. EAEREET T

(monoatomic molecular), ZEiE %

T, BNHAESE, WRAE
S 4K (noble or inert gases)

2+ R, TEIKF IR E DA A

B REARN, HHEERET R
BE DT HT T o

3. HTFWHESEKSNETEEFH
ﬁ@fﬂﬂﬁéﬁﬁ (octet rule, J\P&
HTRE) , XFHEFEHRHESERE
XE I, %?%A%%T%ﬁ?g
Wﬁﬂ%ﬂﬁ@%ﬁ‘ﬁﬁ%#}

Z || BTFHHIBETE
2 |H
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, 8,18, 32,18, 8
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T Helum

E | ¢ Heon

U

2.3 pArgen

[1T] sErFpton

s | i Xenon

& 10 - - | f . pRadon

a ]| T3 . -t

E - &

E - . S —
=) - '—
[~ | I I I — — T—— . T———|

o 10 an 30 &0 50 (1] 7o B0 50 100

Atomic Mumber
X E TR E . ERiRRr o
AR i S RE R Y .

4, FERFAFHIGM: ERITHIRREH T

SH, 1000 S HFLAF9.3AE. 18EF
A SEFAA. 1ZFEFNO08FR, FrLLBSE
S[SERBEE SEREEER,

B A il i = i i
KBHZR (AR Rixtbr) 4 2343 | 2148 | 0.1025 5515 x 107°|5.391 x 107° -
WiER KA (B, #fr: ppm) 1691] 520 | 18.20 (934000  1.10 0.09  (0.06-18) x 10~ 1966]
Kker JRESE, A6 ppm) P91 |3 x1073|7 x 107°/4 x 1072 - - 1.7 x 10710
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il
> He: #HHRARN:

K—"}

s

> Ne. Ar. Kr. Xe: \ZESHERHASEBARTE
RER, TBEMSAEB, BRER SRR

#, RBESWDERA

R 4

> Ra: MEWEWBUT

AR 2004

R R T

EMES (E0m3) [67]

4.20-4.90
22.30-44.90
2.70-8.50
60-120
400-500
4000-5000

I

x.
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Chemical properties of Xenon

1. XePtFg NAEHRI) --- BANWE BN ED
#®B YT ANEERE X chv'iEJL)

Xe + PtF; — XePtF,

Coordination Chemistry Rev REVIEWS

ELSEV]ER 197 (2000) 32 ] 334

19624E3H 22 H T 46/ 454 Bartlett N |
AN (- = o Rl - Concerning the nature of XePtF,"
%—‘ l Xj“gﬁj l% EE —L{Zk 7[: %;“Bg{/h%ﬁ Lionell Graham *. Oliver Graudejus *. Narendra K. Jha ",
Neil Bartlett &#b*

A !
: Xe Pt F6 (ﬁﬁ@, E W) ! & Department of Chemistry and Chemical Sciences Division, Lav e Berkeley National Laboratory

'J'ren::.'..:'}rr_r. L‘r: f(- o B ‘,?(_k f{ b( 4194?20 LS:]?(_ Canada V6T 121
BER: NIRIH & HEh&9: o -
0, (g) + PtF(s) = O,*[PtF](s)

{02 O,"+e  1,=1180 kJ-mol* r,.=201 pm
Xe Xe'+e  |,=1170 kJ-mol? R_.=210 pm

2XePtF+6H,0—2Xe1+0,1+2PtO,+12HF




.+ Chemical properties of Xenon

> AN I—— XeO,;. XeO,
> A ) —— XeOF,. XeOF,.

XeO,F,. XeO4F,. XeO,F,
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— + Chemical properties of Xenon

2. TMEIEALY) Fluoride of Xenon

(1) preparation

Xe + F2 XeF2 (s)
( merﬂlerﬁyﬂb I\Abn“\‘)i)ﬁ-Z) WENRAENER. EAS o
Xe +2F2 XeF4 (S) —/ IR R R A R S .
BOHE, FEmEEFAFTImAXeRF(1:5)BEY, JL
RN PR b IEER
Xe +3F2 XeFs Xe:F2=1:20
i XeFs +F2 XeFs (UV, Fi&)

XeFa M4k, — R R BIHA S
SR A

17



Irradiating a xenon-fluorine mixture
with ultra-violet light at ordinary
temperature produces XeF2(together

with some XeFs (“windowsill”

synthesis)

Nt aXe5FRBEMRAERILE, BENTE

SEEHAEE RS
XeE KD,
&%i*@F

\I'JL

R Xe L &2
X TR BRAERAREIRTS,

Zié:: F, %%ﬁﬁ%ﬁ%ﬁ ER—E NiF,
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(2) Properties

a. 57K x

(i) XeF2AE/KH

/

N (ESKRMN, {EHIEHEANFE
RIBERR. £

1 IR TR

[ —

1 )

R 1

W T KFERE , EHERMEER T KERR:
2XeF2 + 2H20 = 2Xe + 4HF + O2

< XeF, + H,O0 > XeO + 2HF
XeO + H,0 - Xe + H,0,
XeF, + H,0, > Xe + 2HF + O,

> XeF2LEB It
XeF, + 20H" =

Rl

R E

EOX-Red&;

W :

Xe + 1/20, + 2F + H,0

19



(ii) XeFsfEKH BER B4k,

PN A EMY

S /\)&}K_{Z:

6XeFs + 12H20 = 2XeOs + 4Xe + 302 + 24HF
fER: 3XeF, + 6H20 = 3Xe + 302 + 12HF
3XeFs4 + 6H20 = 2Xe0O3 + Xe + 12HF

B B3R,

Ox-Red PA & 57K K1 E A1

/

(SEfr EIXR— N EAELS

N7 TR R & XeF &)
i)

FHITTFERD

BERz585%
FEER o

(iii) XeFs + H20 = XeOF4 + 2HF (F47Kf#)
XeOF4 + 2H20 = XeOz + 4HF (52 &/Kf#)

20



b. AR &AL

XeFs + 8NH3z = Xe + N2 + 6NH4F
(BTEALCI-, Ce(lll), Co(ll))

XeFelt M FRIEFTEIR, ER25ARKRM:

2XeF4 (g) + SiO2 (s) = 2XeOF4 (1) + SiF4(g)

MY, :

XeFeth BER WAL R BM:

4XeFs + 18Ba(OH)2 = 3Ba,XeOs + Xe + 12BaF2+18H20

AR R R I I AL

RbF + XeFs = RbXeF~
XeF2 + SbFs = [XeF][SbFs]

S

C.

wainp
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2. mHIEAY) Oxide of Xenon
(1) Preparation:
a. XeOsH XeFaRIXeFs/K i 15 ,
6XeF,+ 12H,0 — 2XeO; + 4Xe + 24HF+ 30,

b. XeOsH XeFsfEBa(OH)27 B4k, 1] 758 i) T i BR L

BazXeOs 55 IR 2 ML 15-

Ba2XeOs(s)+2H2S504(aq)=2BaS04(s)+XeO4(g)+2H20(l)

X XeO — Sk , ZEBSBEXe0,f10, . HXeO,
B E = IR T HR R AERE

5]

AT,
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(2) Properties:
a. f& 52t (stabilization)

TR, XeOsfE/KF e, HEBSKXeOs
SREBIE. BEEOHNMRFEHHXeO, BT
XeO; + OH™ = HXeO,~
WE T RAEZE B (disproportion)fF 3] XeOg*
80H™ + 4HXeO,™ = Xe + 3XeO 4 + 6H,0

B
2HXeO, + 20H™ = XeOg* +Xe + O, + 2H,0

l

23



A& E
Xe(VIEE; T

{tE R

Bt

AR

HXe(V

ﬂ] m:[t’:

L
RS
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HIHI'

b. Ebtk: BRREREENEMNFZ—. B
BEREMN 2 EALERMNO,,~, #CIO, AL CIO,

c. FERMBER T, RTRENEERLAR
HXeOg, BEBI/KEZEIEIR , AT AERR R H:

Reduction is almost instantaneous:

H,XeOg + H* = HXeO,” + H,O + 1/20,

and the hydroxyl radical is involved as an
Intermediate.

25



Xenon compounds: follow-up reactions

XekF4
XeF, ‘//'

H,O SO
Xe— 2> XeFg O XeOF 4—> XeOz—> HXeO4 " —Hy XeOs -2y Bay,XeOg :; XeOy

26



3. MR EAY) Oxyfluoride of Xenon |
a. XeFe N Te /KM, 7=119XeOF, P
XeFg + 3H,0 — XeOF, + 6HF

SCIENCE VOL 290 6 OCTOBER 2000  xez (&
Xenon as a Complex Ligand:
The Tetra Xenono Gold(ll) . s/ B e
. ® 2+ —_ B \\ ',"
Cation in AuXe, " (Sb,F,,7),

4 . ﬁ; H‘Jélﬁ %é% Stefan Seidel and Konrad Seppei*

e [AuXe,]?*([Sb,F;]), (Science 2000)

o [AuXe,|?*([Sb,F;4])s; [AUX92]2+([SbF6] )25 [Au,Xe,F ]3+([SbF6] )3’
[AuXe,F]?*[SbF¢][Sb. \

e (Angew.Chem.2002)
COMMUNICATIONS.

Gold - Xenon
Complexes™*

Thomas Drews, Stefan Seidel,
anl Konrad Seppelt™
2+ -
Angew. Chem. Int. Ed. 2002, 41, No. 3 [Auer] ([SbZFll] )2 27
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Rare gas-based Endohedral fullerenes (P #% E #4%)

Vol 259. no. 5100, pp. 1428 - 1430
DOI: 10.1126/science 259.5100.1428

ARTICLES -
- TIGHT FIT A xenon atom occupies
. / “~. much of the cavity inside a C,
Stable Compounds of Helium and Neon: He@C, and , (\I cage, and its'"Xe NMR chemical
- : shift has been measured for

the first time.
Martin Saunders 1, Hugo A. Jiménez-Vazquez !, R. James Cross 1, and
Robert J. Poreda 2

1 Department of Chemistry, Yale University, New Haven, CT 06511
2 Department of Geology, University of Rochester, Rochester, NY 14627

{ CHEMISTRY

Scientists are making headway in exploring and exploiting the unique

properties of endohedral fullerenes
IMAGE BY DENIS DSTROVSKY

C&EN News 2002, 80, 32.

J. Am. Chem. Soc. 1994, 116, 2193-2194

Incorporation of Helium, Neon, Argon, Krypton, and
Xenon into Fullerenes using High Pressure

Martin Saunders,” Hugo A. Jiménez-V4zquez, and
R. James Cross



—. The stereo structures of Xenon compounds
1. fF5VSEPR¥ #®(valence shell electron pair

repulsion)
XeF2 AB2E3 sp3d HegR
XeFa AB4E sp3d? TR PO 75
XeOs AB3E sp3 =HER
XeO4 AB4 sp3 IE MY 44
XeOFa4 ABs sp3d? U5 R
XeOzF2 AB4E sp3d S AN gz
XeOg* ABs sp3d? ISYANTE

29



N

SR 2
Xe,F;+ 2XeF, + Ask. = [Xe,F; ][AsF4T]

X/\F)&]iA F(3)
7% 151° TONL90R

F F

B.A. Fir et al. /Journal of Fluorine Chemistry 105 (2000) 159-167

Electronic Structures of [Xe,F;]" and XelF;. Examples of 5¢,6e Hypervalent Bonding

David A. Dixon,* Anthony J. Arduengo, III, and William B. Farnham
Inorg. Chem. 1989, 28, 4589-4593
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(@) lone pair emerging through edge
of the octahedron C,, symmetry

(b) lone pair emerging through face
of the octahedron C;, symmetry
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Chapter 9. #H S 4 (P51)

4\ 5\ 6\ 7\ 8
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