4. Electric Dipole Moment and Molecular Structure

4.1 Electric dipole moment (B 7-#0K)

Definition of electric dipole moment
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Dipole moment directs from — to + !!!

Units of electric dipole moment
Cm or D (Debye)
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Electric dipole moment and intermolecular interactions (47 f+HAAEH)
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Intermolecular interactions (5> BEAEH)
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Cf. Infrared electroabsorption spectroscopy
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{ Observed electroabsorption shift 0.01~0.1cm™
Solvent shift 10cm™

Solvent field is much higher than the external field !!!



Molecular symmetry and electric dipole moment

Molecules with inversion symmetry i (%FrH L)
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A head-to-tail structure determined with
infrared electroabsorption spectroscopy !!
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4.2 Electric dipole moments of diatomic molecules

a) NacCl (a high temperature molecule =&y 7)

{ Hobs = 30.02 % 10_30 Cm « determined with microwave spectroscopy

Fobs = 2.36A =236 x 107" m  — determined with microwave spectroscopy
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c) lonicity of abond (B ¥-J%)
W(HCI) = aw(H : Cl) + by(H*CI")

H—J N _J
covalency (JLME#EEE)  iconicity (BfE1-EE)

o ( ) HOl g, = fu/*(H . Cl) ji y(H : Clydr = 0
® . wor = f W (HCI™) ji w(HCI)dr = R

i = fd/*(HCl),& Y(HCldr
= a@* f w*(H : Cl) i y(H : Clydr
5B f *(H : Cl) i y(H*Cl)dr
} Neglect these cross terms
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= b*eR b =
H eR
u/1073°Cm R/A b
HF 6.09 0.917 0.41
HCI 3.70 1.274 0.18
HBr 2.76 1.414 0.12
HI 1.49 1.609 0.057

lonicity b? decreases on going from HF to HI. HI is almost completely covalent !!
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4.3 Electric dipole moments of polyatomic molecules and bond moments

a) H,O
Mobs = 6.46 x 10_30 Cm

. H2 Hobs = M1 + H2
/ﬂ/z tao = 5.2 % 107 Cm

bond moment of HO

b) Bond moments (positive atom first like HO and C=N)

HC 1.3 x 107%* Cm

CN 0.7 %
CO 25
CS 3.0
Cl 4.0
CBr 4.6
CCl 49
CF 4.7
C=N 3.0
C=0 7.7
C=S 87
C=N 117
CH,CI Uobs = 6.31 x 107 Cm
M = Hcc1 + fuac + HaCc + HHC
M = Mdccr + Hac = 49+1.3=6.2
MHC Ho
H\ ‘i‘ Hs cl
Huoc G /ﬂHC
1 Hccl i "
H : COSH:E
Cl /

6 = 70.53°



CHCL, Uobs = 3.47 x 107°° Cm

Clo M = Hic + Hcecl + Hecl t Hecl
Ch + ClIs (= peer + e = 4.9+ 1.3 = 6.2
1

C
|

/ CI-C-Cl angle is much larger than the tetrahedral angle !!!

H

¢) Dynamic polarization and fluctuating dipole moments (BhREZ5#R)

HsC, CH:
AN /6 obs = 1.2 X 107 Cm
” in the gaseous phase
6_

MD simulation of acetone in acetonitrile
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5. Dielectric Polarization and Dielectric Constant

5.1 Dielectric material and dielectric constant

A capacitor in vacuo
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E : canal field
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D : gap field

CICKCECHCXOIO) divD = p (Maxwell eq.)
DA = O'()A
D =0y
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Total polarization

PxAd=o0pdxd Id

P:O'p

Polarization:
Dipole moment induced in a unit volume

D=gE+P

Dielectric constant : proportional constant between D and E

D = <E P oc E (linear polarization)
= 80E + P
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Relative permeability or dielectric constant
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Measurement of dielectric constant
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g=CV (¢ :charge (&Efj) C
C :capacity (&) F=CV~!
I/ : potential difference  (FENr7=, EEE) V = ED

With dielectric medium

In vacuo
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L : inductance

Measurement of o with a resonant circuit with known L gives the value of C.
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5.2 Lorentz field £;

Afield that is experienced by a molecule in a dielectric medium
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Electric field for —z direction that is produced by the charge induced on an area element ¢ A
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Electric field for —z direction that is produced by the charge induced on the total sphere
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Lorentz field is in between
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5.3 Molecular polarization (%+f#{k)

Molecular polarization
P=Py+P,+Pp cm? cm-m>°

Pr : Electronic polarization (%8 7-#i{l)
P : Atomic polarization  (J5-1-ffk)
Po : Orientational polarization — (J5 [484k)

Electronic polarization: polarization due to the distortion of the electron cloud
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Dipole moment induced on one molecule p
u=eoapky

Q'E : electronic polarizability m?>
f: Cm
SoEL Cl‘l‘l

A metal sphere in a uniform electric field
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PE = NSOG’EEL N : number of molecule in a unit volume
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Atomic polarization: polarization due to the distortion of molecular structure
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Q4 : atomic polarizability
ay << ag

(g = 0.05ar)

Orientational polarization: polarization due to molecular orientation

Only for polar molecules

/Jz
P, = N—F
Y A

M : molecular dipole moment
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http://zh.wikipedia.org/wiki/%E4%BB%8B%E9%9B%BB%E8%B3%AA
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http://zh.wikipedia.org/wiki/%E4%BB%8B%E9%9B%BB%E8%B3%AA
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Molecular polarization and dielectric constant (Clausius-Mossoti formula)
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Determination of dipole moments !!!
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4.4 Dielectric dispersion

e+ P4+ Po

Rotation Vibration Electronic motion
1 010 1 01'.3 1 OH
Microwave Infrared Visible and Ultraviolet

4.5 Non-linear polarization

P =y iE + 2 E? + 3 E°
H_J N Y

Linear Non-linear

Vibration
Linear optics «— X1 &;

Light propagation, emission, absorption

Non-linear optics «— X2, X3

Sum and difference frequency generation: X,
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Py = o FL
:XQE?ES COS w1 fw»t
|

= E/yzE?Eg{cos(wl + W)t + cos(w; — w))1}

CARS X3

Coherent Anti-Stokes Raman Scattering
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