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PeakunoHHas cnocobHOCTb onpenensieTcs
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CBouCTBa BaneHTHbIX 3NeKTPOHHbIX ypoBHeu (10 —
15 3B HUXe ypoeHss Pepmu) N BaKaHTHbIX
9NIeKTPOHHLIX ypoBHen (10 — 15 aB Bhille ypoeHs
depmu) onpenenarotT 60NbLLLNHCTBO NPaKTUYECKM
Ba)XXHbIX CBOMCTB aTOMOB, MOJSIEKYI N BELLECTB —

- peakumoHHasa CrnOoCOOHOCTD,
- AneKkTpodnlnyeckmne CBOUNCTBA,
- MarHUTHblIe CBOUCTBA,

- OKpacka u T.A.



OyeBUgHo,

YTO peakUMOHHAsA CMMOCOOHOCTb MOJIEKY/

3aBUCUT OT pacnosioXxeHus (T.e. aHeprun)
MO

LEASH REACTIVITY
RlQ] -._ b

Hado moJsibKO oce0600umb MoOJsieKyny,
«omrnycmumb» rpuesi3b



SHepruto nepexoaoB mexay MO MOXHO
OLUEHUTb MO cnekTpaJibHbIM AAHHbLIM

0 [1ns OCHOBHOIO COCTOSAAHUA — camMad cTabunbHast ANeKTPoHHas KoHurypaums
0  @otoHbl UV, VIS n UK obnactn Bo3byxgatoT Monekyny

Ey = Ground electronic states

High energy UV, X-ray
photons may cause e-
emission (ionization)

E, = First electronic excited states
E, = Second electronic excited states

<

i

IR photons have much
less energy, vibrate
molecules

AE = Visible light absorption
AE = Infrared light absorption

—_—

Figure 8.2 Energy levels in a molecule and three types of absorption spectrometry. AE
is the radiation absorbed by a molecule




UV-Visible + IR Spectroscopic Methods

Introduction to the Principles of Spectroscopy
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Figure 8.3 Molecular responses to radiations of various wavelength ranges (not to scale)
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4 N3ameHeHne E (anekTpoHHas)

LY o
o — o*-Ubergang : z.B. CHy 122 nm
_________________ z.B. CH3—CHg 135 nm
L
A
o~ )
n — o*-Ubergang : z.B. CHz3-O-H 177 nm
zB. CHyg-O-CHs 184 nm
Ly
A o”
— n—n*-Ubergang
’max [NmM] € max
z.B. CHo=CHo 163 15'000
________________ (CH3)2 C=C(CHg) 2 197 11'000




N3meHeHne E (anekTpoHHas)

O
Il
Hypothetische Carbonylgruppe R —C—R’

E

z.B.

n —n" -Ubergang: 304 nm (¢=18)
n—sn* -Ubergang: 208 nm
n —»o* -Ubergang: vermutlich um 180 nm




4.4.2.

UV-Absorption

einfacher Chromophore

Chromophor Verbindung Ubergang Kiriane G Losungsmiltel
[nm]
c-C CH;—CH IS o~ 135 slark Gas
C—H CH, IS o~ 122 sltark Gas
CcO CH5 OH n o~ A TT 200 Hexan
CHL;—O—CHgy n o 184 2500 Gas
C—N (CoHg)NH n o 193 2500 Hexan
(CH3) 3N n (m i 199 14000 Hexan
cSs CHSSH n " 195 1800 Gas
n o 235 180 Gas
CoH—S—C_Hg n o* 194 4500 Gas
n o 225 1800 Gas
S-S C2H5 s S (:2H5 n IS o 194 5500 Hexan
n 5" 250 380
Cc—ClI CH5CI n 'S 2 173 200 Hexan
Cc—Br n-CgH-Br n o” 208 300 Hexan
C—I CHgl n o” 259 400 Hexan
Cc=C CHo=CHy, s ) Aol 162.5 15000 Heptan
(CH3)2C_—C(CH3)2 T | Aad 196.5 11500 Heplan
C=0 (CH3), C=0 n o 166 16000 Gas
J ) A 189 900 Hexan
n ™ 279 15 Hexan
(@]
1]
EHg—C—0H n ™ 200 50 Gas
(&)
[ 1]
Ghlg—E—00s Hg n T 210 50 Gas
O
[ 1}
CHg—C—©ONa n > 210 150 Wasser
(@]
[ 1}
CHg—C—NH> n ™ 220 63 wWasser
z©
CHz - G o
I NH n Tt 191 15200 Acelonitril




Ubergang

Chromophor Verbindung AMmax €max Losungsmittel
[nm]
NH
1l
HN=C=NH_ - HCI
=N = & 265 15 Wasser
(CHS)ZC;NOH 193 2000 Ethanol
(CH3),C=NONa 265 200 Ethanol
N=N CH3—N=N—CH3 n— x* 340 16 Ethanol
N=O (CHS)SC—NO n— x* 300 100 Ether
665 20
(CHZ)3C—NO, 276 27 Ethanol
n-C,Hg—O-NO 218 1050
313-384 20-40 Ethanol
CEHS—O—NO2 260 15 Ethanol
S
]|
C=s CHg=C=CHg 460 schwach
s
4195 schwach Ethanol
C=C HC=CH 173 6000 Ges
n-CgH, ;—C=C—CHg 1775 10000 Hexan
196 2000
222.5 160
=N CH3—CEN <190
X=C=Y CH2=C=CH2 170 4000
227 630
(CoHER),C=C=0 227 360
375 20
C2H5—N=C=N—CZH5 230 4000
270 25
CEH5—N=C=S 250 1200 Hexan
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e = 7 A kon jaq ey stenel L, .

200 400 600 nm a) langstwelliges Absorptionsmaximum

Espaw, = (v1 + %) hvmitv=0, 1, 2...

Ekoneb = (v2 + %2) hvmitv=0, 1, 2...
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HEKOTOpble NPMMEPbLI NPOTEKaHNSA peakumin 6e3
n3amMeHeHns cTpykTypbsl MO

H- + Cl- =>HCI
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MeTuneH (KapbeH) KaKk peakUMOHHasa YacTuua
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MeTtuneH (kapbeH) Kak peakuMoHHaa YyacTmua
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llpucoeduHeHuUe cuHannemHou ¢popmbil KapbeHa rno
d8OUHOU c8s13U npoucxodum, cmpo20
cmepeocrneyugu4Ho.



lpucoeduHeHue mpunsnemHou ¢hopmMmbi KapbeHa rno deoluHoU
cesi3u npoucxodum, He cmepeocreyuguyHO.
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B3anmoagencreme aTuneHa ¢ MeTuneHom (Kapo6eHom)
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B3anmoagencreme aTuneHa ¢ MeTuneHom (Kapo6eHom)
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Dimerization of Ethylene

2+2 Themally Forbidden
Photochemically Allowed
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[nmvepunsauunsa aTuneHa




The rate of the thermal reaction of ethylene to form cyclobutane has been measured
over the temperature range 723°-786°K and at pressures between 300 and 1300 torr.
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Example of a Thermally Allowed 2+2

CN

CN
/ 2+2

Bonding in the

Allene HOMO Tranisition State

Acrylnitrile LUMO
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Reaction will proceed thermally.

Correlation Diagrams C734b 2008 17



Orbitals of the Same Symmetry Can Interact

L & L L2

Butadiene HOMO
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Purturbation Theory:
Orbitals Closer in Energy, Interact Stronger
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OaHako,

peakuMOHHaA CNOCOOHOCTb MOJIEKY
3aBUCUT He TONbKO OT pacnonoxeHna MO,
HO U OT UX CTPOEHMUSA

Heobxoanmo
AononHuTenbLHoe | . .4
BO3GyxaeHue anst ... . s f 1§
nepectpouku MO amﬂsal

leads o

reactwuv’?




HEeKOTOpPbIE MPUMEPbDI MPOTEKAHUS

peakuun ¢ USMeHeHNeM CTPYKTYpb!
MO



PeakunoHHasi cCnoCcoOHOCTb MeTaHa
(/N

\ »

® LUMO I

«(poHTanbHbIE» («rPaAHUYHbIE» OpbUTanu crnmwKkom Anddy3Hbl, NO3TOMY
nepeKkpbiBaHME UX C NTOKaNM30BaHHbIMW OpOUTanNsAMM peareHTa CruLIKOM
Marno, T.e. Man BbIUIPbILL B 3HEPTMM NPU 00pa3oBaHUN «aKTUBUPOBAHHOIO»
KOMMJieKca, Monekyoa B OCHOBHOM COCTOSIHUM UHEPTHa.



PeakumoHHas cnocobHOCTb MeTaHa

\_ BpalueHne monekyrbl He MOXET Bbl3BaTb
I N3MeHeHNe reomeTpun opbuTtanen (B JaHHOM
o NN cliydyae — nsMeHeHune nx onpdysHoCcTH

.‘ OpgHako konebaHus YacTten MosieKyrbl 4OSTKHO
| NpPUBOAUTb K UBMEHEHNIO CTPOEHUS opOuTanemn

%

SHeprmo N3IMEHEHNA TEOMETPUN op6|/|Tane|7| MOAHO OUEeHUTDb MO CNneKkTpasyibHbiM AaHHbLIM
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Potential energy (kdmaol)

CHa-H potential energy diagram
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Relative Intensity

So 3000 cm-1 => 3,3 microns

Methane spectrum
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HekoTopble peakLUMOHHble OpOuTanmn opraHNYecKnx Morekyrn
















