Properties of Excited State




Excited State Properties: Geometry of Excited Molecules

Time resolved spectrum

High resolution absorption spectrum (vibrational, rotationtional,
resonance raman) obtnd with laser flash photolysis.

Acetylene

210~250nm (f~10-4)
» T —> T*
» ground state geometry : linear

» excited state geometry :transoid planar trigonal
» => geometryJt U &et overlapOl & L0 LIX|
o= O}
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Excited stated state0ii A= 90%
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n* & transitiong 22 216l
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Excited State Properties: Geometry of Excited Molecules

«Ground state (B X) -> excited state (bent)

e (n,m*)2 (n,m*) A C-O Z& Z0|E HlwdtAt.

e C-0O (n,n*) < C-0O (m,n*)

Ols= ()M E n 8XIE LO0IUA=
j'OID} BC (m,n*) = & X+ XHAIDF O




Excited State Properties: Geometry of Excited Molecules

HlEa7 &0 x5 2x 0lsotH a2 MAE X St

EtA 9| p—orbitalO] 19 G 218t A1 | AL
et A: pseudo sp3 structure € 2t=C}. (tetrahedral structure)
WO RXJF HEICE




Excited State Properties: Acid — Base Properties

« Acid - Base Properties — naphthol

fl.
— > hv=360 nm (acidic)

fl.
— > hv=430 nm (basic)

11 0.15 M HCIO,

intensity

2:0.04 M HCIO,
: pH =5~6

4 :0.02M ACOH +0.02M NaOAc
: 0.02 M NaOH

|Isosbestic point : % Z0f ¢
Xl 2042 S &0 =S




Excited State Properties: Acid — Base Properties

fl.

» Acid - Base Properties R e s
—— > hv=430 nm (basic)

Ground state 2} excited
State2| equilibrium
At=JF CHE2 D] TR0

Excited stateil A= & J|
g XA=a0t JIol & anion
o2 ZMo6t,

Ground statel A= OH
GroupO| JAHE &X.




Excited State Properties: Acid — Base Properties

« Acid - Base Properties

1 AEy, — AE,_ = AH® — AHO*

. AG° — AGo* = 2.86 X 10—3 Ave (cm™)

« (assumption: dissociation entropie of ground and excited are the same)

AE,, —AE, 0.625
SoHA T CmA T8I N,
2.303RT T

ApKa = pKa™ — pKa =
Av, :Ground 2t Excited E. X} 0| 2 2 HpKaE - &

Fluorescence intensityJ} Bte & U= [
basicX24fl. PH = pKa




Excited State Properties: Acid — Base Properties
e Singletilt triplet &4 Ef 2] pKa H| 1! — 2—naphthol

pKa (S,) pKa (S,) pKa (T,)
9.5 2.5~3.4 [.7~8.1

o F2:

diradical character (502 spinO| correlatedT HH A &2 spacell
U2 £ QL) 20 M XS 0|=0| E26HA L0 At &
A SOLUA &S CH et M acidityg 2.




Excited State Properties: Acid — Base Properties

« pKa* of benzoic acid @_Z
OH

CetA:

Ground State pKa 2(0] 4 & C}t. H acidic.




Excited State Properties: Dipole Moments

Dipole moments uy=q X /

»

1) WA MI|E

2) solvent effects on excited
states

Liquid sampleOl A 2 &t electric fieldE Z2H =8 2XI2| line
spectrumO| shift ot Hl = C}.




Excited State Properties: Dipole Moments

« Z0l 215l EDG HIAH EWGZ & X} transition0| 0|0 &IC}.
Transition dipole moment2 = At AHAI2l dipole moment Jb € Xl.




Excited State Properties: Dipole Moments — polarization

e M highly dipolar molecules= £ 1] E field Jt&tC}.

Random orientation
Polarized flu. Spectra & =L}.

" Flu. polarization w/ E field

.- Flu. polarization w/o E field
. E field strength.




Excited State Properties: Dipole Moments — polarization

SIIE ol A2 Ol Xl st

AE; = -1, F cosa,
AE, =—u,F, cosa,




Excited State Properties: Dipole Moments

w1
l, +1, 20

(3cos® @—1)(u; /KT)?F,’

p, : polarization & &

@ :angle b/w 1, and M (transition mtm)

S>3,

)0 =0, p, =%<u: /KT)2F.’

p.2tFt 2 2H 1=




Excited State Properties: dipole — solvation

e (D] AEHS dipolel] H 2 &E=:

Solvent shift ( )= [dispersive interactions] + [ static dipole
interactions]

Dispersive interaction2 dynamic ot reaction field 0l depend.




Excited State Properties: dipole — solvation

=[dispersive interaction] + [solute dipole — induced solvent dipole]
[ ux — solvent dipole]

| solvent dipole — induced solute dipole]
[H-bonding : CT interaction ; etc]

_{zul :uO) }( D-1 N _1)

2D +1 2n° +1

a: Onsager cavity radius (III’% =1 Ml = cavity: +, — charges
increase the size of cavity.)
D : static dielectric constant

: refractive index n2 : optical dielectric constant

H-bonding, CT S0l HXIH &2 2100t S &AL




dialkylamino—nitrobenzene
(m* Scale)

Betain
(ET scale)




Excited State Properties: Excited dipole moment

Tips for Excited State Dipole Moment
b, < px Gr,nt) - px ("n,m)
bo — w* (In,m

Solvent sensitivity I} ux ('w,7*)
B0l = triplet0] 2 3R &

Triplet lifetimeOl 2 Ct. Solvent & Y& 0| 2t=2 £ QUL

c = T

Exmted state2| dipole moment 2t 211 = solvent polarity effectE & =
L. = staticst effect BF OFLI 1), dynamic effect& 2240l OF StLC}.
Solvent reorganization2 <f 100 pseCOﬂ 2! L.

deq Lt lifetimeO] 2% H2k=40| G HE == UL




Excited State Properties: Excited dipole moment

Conjugation length and Excited State Dipole Moment

It Hel ikt Ols=?




Photochemical Technique: Singlet — triplet

Electron spin

Ll Length
Of vector Ot vector

on z axis (s)




Photochemical Technique: Singlet — triplet

. Electron spin

Triplet Singlet

S

Sy

= $=0
M.=0 M.=0

S,
Sp
S=
M =1
e
In the same space :

Cannot be in the same space - Paramagnetlc Diamagnetic




Photochemical Technique: Triplet

Fermi hole

anti— symmetric St
2E0AH &=0[  O|LCh.

() ()= (o ()

w,=0 MetH y,” =0




Photochemical Technique: Triplet

- BIIES &

|Isotropic dipolar  anisotropic dipolar
spin magnetic spin magnetic External magnetic
interaction interaction Field H

|sotropicOld= Ml JHE T 25 &2 [ Xl &EH0 QUCE.
Magnetic field 3 I|0l CetA AELLSl 3I(OF Eet&ICEH
ESR 2 triplet= detect & = A1 0|0 2HE A& Jis.




Photochemical Technique: Triplet —-Singlet Energy

E(S,) =0 :bydefinition

eZ
E.=E_+E, +<—>
r12

=E +E +J  +K_

2

3 =<¢m Do, (1)(:—g0n (2)o, (2)> . Coulombic integral

12

2

K = <<om W9, e o, (1)> . Exchange integral

12
E, =E +E,+J,,—K,, SingetOll A=
. Eq—E;=2K_ >0
. Eg>E;




Photochemical Technique: Triplet =Singlet Energy

(n,z*) 8 B 2K, ~ 10 kcal/mole

(m,n*) & B 2K .~ 30 kcal/mole




