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The Chemistry of the Noble Gases

It was a shock when, in 1962, we learned that the noble gases were
not chemically inert as our chemistry professors had taught us.
Xenon at the very least was found to form compounds! The first was
an ionic compound, now known to be XeF*'Pt;F,; . However, this
was followed shortly thereafter with the discovery of a large num-
ber of covalently bonded compounds, including XeF,, XeFs, XeOF,,
and Xe0s;.
Since 1962, the field of noble gas chemistry has expanded with
the discovery of such interesting molecules as FXeOXeF and, at low

temperatures, species such as HArF, HXeH, HXeCl, and even HKrF.

White crystals of xenon difluoride, XeF,, form when a mixture of Xe and F,
gases is irradiated with UV light.

F—Xe—F

Initially, xenon compounds were thought to form only under the
most severe conditions. Therefore, it was again a surprise when it
was learned that irradiating a mixture of xenon and fluorine gases at

room temperature gave crystals of XeF, (as seen in the photo).
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Ex: XeF,
F ;
,Iclca'v
F, 3
F Xe F D4h — X *Ca <:
£ b
/7
F
TABLE I: Determination of T'y;; for XeF,”
E 2C4 CQ 202’ 202” 1 284 O 20’1;7 20'(1,”
Vise 16 1 -1 -3 -1 -3 -1 5 3 1
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[” Moton | Ag | A | Big | By | E ‘ A | s By | B | Eg | Total |
| Cartesian 3N 1 1] 1 1 1 0 2 0 1 3 1
‘ Translation (x,y,z) 0 0 0 0 0 0 1 0 0 1 2
‘ Rotation (Ry,Ry,R;) | 0 1 0 0 1 0 0 0 0 0 2
| Vibration 1 0: 1 1 0 0 ! 0 1 2 7

I'3yg=1A;,+1B;,+1B,, +1A, +1B,,+2E,
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Ex: XeF,
) | linear functions, | quadratic
. a . >
Dan |E [2C4 (@) |C2|2C | 2C i 1254 On) 20y |29 rotations functions
Ajg |+1|+1 +1[+1 |+ [ # [+ L+ - x2+y2, 22
Agg [+1[+1 S0 U S R 5 O O O S B 1 -
Big [+1|-1 Sn 8 o W 5 T 5 U I U 3 (5 R S O x2y?
Byg |+1-1 +1(-1 |+1 [+1]-1 [+1 -1 [+1 |- Xy
Eg [+20 200 |o |#20 [2 0 [0 |(RgRy (xz, yz)
A |+l +1 +1(+1 [+1 |-1}-1 |-1 -1 |-1 |- -
Agy |+l +1 +1-1 |-l -1 |-1 | -1 |+1 |+1 |z -
By [+1 -1 +1 [+ -1 -1 41 -1 -1 |+l |- -
By |+1 -1 FL)-1 +1 |-1 | +1 -1 |+1 -1 |- -
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Simbolos de Mulliken

* A: simétrico em relagdo ao eixo principal;
B: antissimétrico em rela¢ao ao eixo principal

* 1: simétrico em relacdo a um eixo perpendicular (ou um plano vertical);

2: antissimétrico em relacdao a um eixo perpendicular (ou um plano vertical)

* g: simétrico em relacdo ao centro de inversao (i)

u: antissimétrico em relacdo ao centro de inversao (i)

* ": simétrico em relagdo ao plano horizontal ()

"' antissimétrico em relagdo ao plano horizontal (G,)
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Ex: XeF,
: : Decomposition into Irreducible representations :
‘ Motion Agg : Ay Big Bag Eg A A | Bp ‘ Bay Ey Total
| Cartesian 3N 1) 1 1 1 1 0 2| 0 1 3 1
‘ Translation (x.y.z) 0| 0 0 0 0 0 1] n‘ 0 | 2
‘ Rotation (Ry,Ry.R;) ] : 1 1] 0 1 0 0] 0 ‘ 0 ] 2
| Vibration 1 0 ! ! 0 0 1 0| 1 2 7
I'3ng=1A,+1B,+1B,,+1A, +1B,,+2E,

~ I / \ /

ativo Raman ativo IR
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Ex: XeF,
[neg=1A+1 B|1g+1/Bzg+1A2u+ 1B, +/2 E,

\ \
[ ] [ ]
ativo Raman ativo IR
XeF, - Raman 456 XeF, - IR >08
>
£ 425 3
s s
£ 2
g 2
E <
14
232
176 - J
A
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Wavenumber / cm™ Wavenumber / cm™
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Ex: XeF,

|
122 cm (E,)
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Ex: XeF,

132 cm™ (B,,)
(inativo R e IR)

176 cm' (B,,)
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Ex: XeF,

J—$—) d »—4— 2
9

232.cm1 (A,,)

425 cm (B,,)
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Ex: XeF,

@I
J

456 cm™ (A,,)
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Ex: XeF,

508 cm (E,)
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Ex: XeF,
I'3ng=1A;,+1B,+1B,, +1A, +1B,,;+2E,
~ I / \ /
ativo Raman ativo IR

XeF, - IR 508 (A,,)

XeF, - Raman 456 (A;)

425 (B,,)

Raman intensity
Absorbance

1766, 232 (E,)
2
A k 122 (E,) }\ ) \

100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Wavenumber / cm™ Wavenumber / cm™
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Espectroscopia Vibracional
Infravermelho | Raman
I
* Absorc¢ao (ressonancia) : * Espalhamento (inel3stico)
* Fonte (continua) : * Fonte (monocromatica)
* Esp. estritamente vibracional : * Esp. vibracional/vibrénica
P I
[a_ﬂJ .0 :
Q 0 (mom. de dipolo) |
I
via) I
I
I
I
I
I
I
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Vantagens / Desvantagens

Infravermelho

Vantagens

* Alta secdo de choque

* Custo baixo

Desvantagens
* Interferéncia de H,0O
* Limitacao - tipo de amostra

* Esp. estritamente vibracional

Raman

Desvantagens

* Baixa sec¢do de choque

e Custo alto

Vantagens

* Ndo ha interferéncia de H,0
* Tipo de amostra (lim. fisica)
* Efeitos de intensificacdo (ex:

Raman ressonante e SERS)

84
r ]
Analise de espectros - IR
INTRODUCTIO AN
- —~ &0 8 § SPECTROMETRIC
®  IDENTIFICATION
OF
ORGANIC
j COMPOUNDS
I Robert M. Silverstein
Francis X. Webster
David J. Kiemle
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Frequéncias caracteristicas — Estiramentos

FREQUENCY {cm™ ')

4000 2500 2000 1800 1650 1550 650
O—-H C—H Cc=C VERY C=0 C=N c—Cl
FEW c-O
C=N BANDS C—N
N-H Cc=C c-C
X=C=Y
(C,O,N,S) N=I 0 N=I 0
1
25 4 5 5.5 6.1 6.5 15.4
WAVELENGTH (u)
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Frequenaas caracteristicas
C—H stretching C—H bending
~3000 cm™ ~1340 cm™
MICRONS
80
g 60 long-chain
) CH3(CHj),CHg CHg bend band
% :: CH, bend
‘Z ¥~ sp” C—H stretch ik i
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-")
FIGURE 2.7 The infrared spectrum of decane (neat liquid, KBr plates).
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10023

80
80

Frequéncias caracteristicas

Ex: Cicloexano

MICRONS
7

3 4 5 6 8 9 10 1 12 13 14 15 16 19 25
i i 1 i 1 i h X i h 1 v 0 h )

g 2 no long-chain
;:25 80 band
% . O
4
= 40
. CH, bend
e 30
20
10 w. . sp® C—H stretch
?1000 3600 3200 : 2800 ' 2400 2000 1800 1600 *1400 : 1200 1000 : : 800 600 400
WAVENUMBERS (CM-")
FIGURE 2.9 The infrared spectrum of cyclohexane (neat liquid, KBr plates).
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Frequéncias caracteristicas
Ex: 1-Hexeno
MICRONS
10028 3 4 3 ¢ {8 8 ®© m 2 @ w1 19 3
90
BO
w 70 overtone
E 60 of 910 cm™'
2 50 H H
2 N /
= a0 /CEC\
£ 30 L H (CH2)30H3
20 Sp2 3 _
C-H sp? C—H C=C
°  streteh ~—— stretch |uRin vinyl 0op
04000 3600 3200 2800 2400 2000 11800 I1600 IMD‘U 1200 10(‘10 : 800 I : 600 400
WAVENUMBERS (CM-1)
FIGURE 2.10 The infrared spectrum of 1-hexene (neat liquid, KBr plates).
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Frequéncias caracteristicas
Ex: 1-Octino

MICRONS
25 3 4 5 (-] 7 8 9 10 1 12 13 14 15 186 19 25
i i i i i i 1 i i 1 i i i i L i )

C=C stretch

% TRANSMITTANCE
@
=}

Hene H-C=C(CHj).CHa

o stretch =C-H bend

i sp® C-H stretch
1 ] 1 1 I 1

0 1
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-1)

FIGURE 2.14 The infrared spectrum of 1-octyne (neat liquid, KBr plates).
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Frequéncias caracteristicas
Ex: 4-Octino

90

80

70
s No C=C
g stretch
g 50
-4
= 40
# a0 sp® C-H
N stretch CH3CH,CHy—C=C~CH,CH,CHg
10
0 I I | M | 1 | |
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-')
FIGURE 2.15 The infrared spectrum of 4-octyne (neat liquid, KBr plates).
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em-!
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MICRONS
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Frequéncias caracteristicas
Ex: 2-Metil-2-butanona

MICRONS

25 3 : ? ¢

8 9 10 1 12 13 14 15 186 19 25
i i i i i i 1 i h i )

w
Q
E 60
E O
% 50 Il
: & CH3-C-CH-CHg
= I
S CHj

20

= sp® C-H stretch

0 I C= O lStretch | | I | 1 1

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400

WAVENUMBERS (CM-")
FIGURE 2.4 The infrared spectrum of 3-methyl-2-butanone (neat liquid. KBr plates).
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Frequéncias caracteristicas

MICRONS

i i i i

5
100 !

% TRANSMITTANCE

0 1 1 1liiiy
2000 1800 1600 1400 1200 1000
WAVENUMBERS (CM-")

FIGURE 2.5 A comparison of the intensities of the C=0 and C=C absorption bands.
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Frequéncias caracteristicas

MICRONS MICRONS
5 4
1002\3 3< i | 1002'.5 :.3 4| |
20 90
80 80
w 70 w 70
o o
Z 60 Z 60
E E
§ 50 § 50
= 40 T 4
= -
o N [
* a0 ¢ 30 C=H
20 O H 20 e~
10 10 NH2
0 1 1 C-H 0 1 I
4000 3600 3200 2800 2400 4000 3600 3200 2800 2400
WAVENUMBERS (CM-) WAVENUMBERS (CM-)

FIGURE 2.6 A comparison of the shapes of the absorption bands for the O—H and N—H groups.

96
Frequéncias caracteristicas
Ex: Tolueno
MICRONS

‘0025 3 A‘I 5 6 7 8 9 !P 1 1‘2 1‘3 14 15 16 19 25

20

B8O
g mono subst.
% 60
E
. CHs
2 w0
o
5 sp°C-H

stretch 3
20 sp"G—H mono subst.
stretch Uy gy 00p
10 aromatic C=C stretch sy =)
l1(}09 3600 3200 : 2800 2400 2000 1800 16'00 ' 140‘0 1200 : IIDUO 800 b 600 : 400
WAVENUMBERS (CM-")
FIGURE 2.23 The infrared spectrum of toluene (neat liquid, KBr plates).
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Frequéncias caracteristicas

Ex: orto-dietilbenzeno

MICRONS

25

80
w 70
o
g 60
s %
Z
g sp? C-H
* % stretch ——
20 \ aromatic ortho subst.
=2 00
N sp® C-H C=C stretch p
] I Stretch I 1 1 I { I | 1
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-1)
FIGURE 2.24 Theinfrared spectrum of ortho-diethylbenzene (neat liquid, KBr plates).
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Frequéncias caracteristicas
Ex: meta-dietilbenzeno
MICRONS
1002-5 :“ 4 '5 ‘6 7 ] 10 |II 12 13 1.4 IIS |§ 19 2|5
20
80
Wy ™ meta
Z . subst.
E” CHoCHg
% 50
=
= o
® % sp2 C~H
- stretch CHoCH3 LYy
gy aromatic ——
10 *__sp” C-H C=C stretch meta subst. 0op
0 StretCh 1 1 1 | 1 1 1
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-)
FIGURE 2.25 The infrared spectrum of meta-diethylbenzene (neat liquid, KBr plates).
99

15



4/10/2023

Frequéncias caracteristicas

Ex: para-dietilbenzeno

MICRONS
7

3 4 5 6
3 I T i

B 9 25
T i )

§ CHECHQ para
E® subst.
2 s
4
= 4w
& 30 2
. Sgire?c_hH CH2CH3 para subst.
. *__sp’C-H aromatic Qop
stretch C=C stretch
Cf1000 3600 3200 2800 2400 2000 1800 1600 : IIJO:) 1200 ' IODOE IEOU 600 : 400
WAVENUMBERS (CM-1)
FIGURE 2.26 The infrared spectrum of para-diethylbenzene (neat liquid, KBr plates).
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Frequéncias caracteristicas
Ex: 1-hexanol
MICRONS
10025 3 4 5 7 8 9 10 1n 12 13 14 |=5 16 18 2;)
90
80
w 70
2
E 60
= 50 CHj5(CH,),CH,OH
z . 3(CH2),CH, CHz bend long-chain
E CH, bend band
& 30
26 /' C-0O stretch
O-H stretch
©  H-bonded e
= i , sp? C—H stretch St i |
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-')
FIGURE 2.29 The infrared spectrum of 1-hexanol (neat liquid, KBr plates).
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Frequéncias caracteristicas

Compostos carbonilicos

AN

W

1810 1800 1760 1735
Anhydride  Acid Anhydride Ester
(band 1) chloride (band 2)

1725

Aldehyde

1715 1710 1675
Ketone  Carboxylic Amide
acid

FIGURE 2.35 Normal base values for the C=0 stretching vibrations for carbonyl groups.
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Electron-withdrawing effect raises
C==0 frequency

Frequéncias caracteristicas

Compostos carbonilicos

Amide
- - -
y. é
¥\
2 N %
R ITI—R — R \ITI+—R
R R

Resonance effect lowers C==0 frequency
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Frequéncias caracteristicas

Ex: butilamina

MICRONS
IOGZS 3 4 5 (-] 7 8 9 10 n 12 13 14 175 16 19 25
80
80
8 70
=
E” NHZ/)‘ N-H oy C-N
] stretch /H 3 stretch
g w overtone CHSCHQCHQCHQ_N\ CH,
2 30 of 1600 cm™! H
" bends N-H oop
10
. C—H stretch | : St
1 1
4000 3600 3200 2800 2400 2000 1800 1600 : 140;) 1200 1000 800 600 400
WAVENUMBERS (CM-")
FIGURE 2.58 The infrared spectrum of butylamine (neat liquid, KBr plates).
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Frequéncias caracteristicas
Ex: dibutilamina
MICRONS
IO()ES 3 4 5 [-] 7 8 9 10 n 12 13 14 15 186 19 25
20
80
8 70 N_H
g 80 stretch
% 50
-4
2w (CH3CHoCH2CHo)oNH
# a0 N-H oop
20 C-N
1 stretch
) C—H stretch CH, bend
04000 3600 3200 : 2800 2400 2000 1800 1600 IMOIO 11200 b 1000 BIOO : 600 400
WAVENUMBERS (CM-")
FIGURE 2.59 The infrared spectrum of dibutylamine (neat liquid. KBr plates).
105

18



4/10/2023

Frequéncias caracteristicas

Ex: tributilamina

MICRONS
‘0025 3 4 5 7 8 9 1:0 n 12 13 14 15 16 19 25
90
80
w 70
Q
E 60
3 (CHaCHoCHaCH,),N
o 40
# 30 é:Hé C-N
” CH,P¢n stretch
bend
10 C—H stretch
W0 3600 om0 280 2400 2000 1800 1600 1400 1200 1000 oo 600 400
WAVENUMBERS (CM-")
FIGURE 2.60 The infrared spectrum of tributylamine (neat liquid, KBr plates).
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Ex: benzonitrila
MICRONS
w23 3 4 5 6 7 8 9 10 1 213 14 15 16 19 25
B |
80
w N
8 70 CoH i
g stretch &
= s0
2
g 40
arom. C=C
10 C=N streich
, stretch mona subst. oop
4000 3600 3200I 2800 2400 : 2000 1800 16‘IDD I140‘{) 1200 1\000 : 800 : 600 400

WAVENUMBERS (CM-1)

FIGURE 2.63 Theinfrared spectrum of benzonitrile (neat liquid, KBr plates).
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% TRANSMITTANCE
&

Frequéncias caracteristicas

Ex: benzonitrila

MICRONS
7 8 9 10 n 12 13 14 15 16 19

mono subst.

S-H S—H

stretch  Stretch

25

30
2 c=C mono subst.
10 oop
0 1 I et i aed i iiig I
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
WAVENUMBERS (CM-')
FIGURE 2.68 The infrared spectrum of benzenethiol (neat liquid, KBr plates).
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Site - Exercicios

http://www.cheminfo.org/Spectra/IR/Exercises/Browse Spectra/index.html
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Grau de insaturacao
Alcanos: C_H,,,,
Alcoois: C_H,_,,0,

Aminas: C_ H N

2n+2+x" Vx
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