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▫ Surface Sum-Frequency Vibrational Spectroscopy 



▫ Sum-Frequency Vibrational Spectra of water
- Vapor/Water Interfaces

In the form of a mixed ordered and 
disordered  hydrogen-bonding network
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▫ Sum-Frequency Vibrational Spectra of water
- Vapor/Water Interfaces

The 3600cm-1 peak can be assigned mainly 
to the bonded OH stretch mode of surface 
water molecules with one bonded OH and 
one dangling OH.
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▫ Sum-Frequency Vibrational Spectra of water
- Vapor/Water Interfaces

For solution of HBr and HI, both icelike
and liquidlike peaks show significant  
enhanced.

Surface field created by excess negative 
ions at the interface.

The free OH peaks for the acidic solutions 
are weaker duo to hydronium ions at the 
interface.



▫ Sum-Frequency Vibrational Spectra of water
- Hydrophilic Solid/Water interfaces

SiOH ↔ SiO- + H+

The free OH peak is missing

The high pH is better polar ordered  
network at high pH.

It is phase changed by 180 deg. if the 
net polar orientation of interfacial 
water molecules when the bulk pH 
switches from low to high value.

It need an interference measurement 
on the SF output.
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▫ Sum-Frequency Vibrational Spectra of water
- Hydrophobic Interfaces

Rigid wall could force the interfacial 
water molecules to form a more 
ordered bonding network.

The water interfacial is not rigid.
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▫ Phase-Sensitive Sum-Frequency vibrational Spectroscopy

The phase measurement can be achieved by an interference method.



▫ Phase-Sensitive Sum-Frequency vibrational Spectroscopy

is the wave-vector mismatch of  SFG along the surface normal 
direction.

(2)
(2) (2)

( )
b

eff s i k
χχ χ= + Δ

HJJJG

, ,vis z IR z zk k k kΔ = + −

is the relative phase of        with respect to      ( )ωΦ (2)
sχ

2 2(2) (2) (2) (2)2(2) (2)( ) 2 sin ( )( ) ( ) ( )
b b s b

s sS i k i k k
χ χ χ χω χ χ ω∝ + = + − ΦΔ Δ Δ

(2)
bχ

1
1

2

( ) ( ) ( )( ) sin
2[ ( ) ( )]

SB S B

S B

S S S

S S

ω ω ωω
ω ω

−
⎧ ⎫− −⎪ ⎪Φ = −⎨ ⎬
⎪ ⎪⎩ ⎭



▫ Phase-Sensitive Sum-Frequency vibrational Spectroscopy

Using 3-fold symmetry of quartz, small angle       from S polarization. γ±
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▫ Phase-Sensitive Sum-Frequency vibrational Spectroscopy 
on Quartz/water Interface
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