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SHG system based on fs Laser (Saykally Group)

Home-built Ti:Sa oscillator 
(pumped by Millenia 5)

Nd:YLF Lasers work as 
Pump beam: Evolution X

Commercial Ti:Sa amplifier 
(Spitfire / 2W, 1kHz, 70fs)

Commercial OPA (TOPAS /sig: 1170-
1600nm and idle: 1600-2400nm)

Adding optional NLO crystal 
(TOPAS #1: 295~1150nm –
FHG of sig)
(TOPAS #2: 3~10um – DFG 
btw idle and pump)

386nm, 45deg incident angle, 
f=10cm

UV grade 
fused silica 
prism

Two dicholoic mirrors

PMT (R7154)

petri dish on 
aluminum block

N2 pursing / K-type 
thermocouple

e

g

CTTS real 
energy level



Resonant SHG response from charge-transfer-to-solvent 

*Charge-transfer-to-solvent : release of a electron from      
anion (usually halide ions) occurred by photochemical reaction

¶ General pathways : 

1) Radical formation

2) Direction release

Chem. Rev. 70, 59–93 (1970).
Solute: 
N(CH3)4

+SCN-

Solvent-H2O

Solvent-
CH3CH2CN

Solvent-
(CH3CH2)3PO4

Absorption 
band is 

sensitively 
dependent on 
surrounding 

molecules



Surface adsorption model – Langmuir adsorption

*Originated from adsorption of atoms or molecules on solid 
substrates

: occupied site (S1)

: Vacancy (So=S- S1)

S: total number 
of binding sites

ad ad or k PS=
Space for binding

Encounter probability

Interaction between adsorbent and substrate  
(adhesion or repulsion)

In equilibrium, 1 0 1( )de de ad adr k S k PS k P S S= = = -



Surface adsorption model – Langmuir adsorption

1 0 1( )de de ad adr k S k PS k P S S= = = -

By rewriting               (fraction of coverage) and                  (Langmuir constant)                      1S
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: Langmuir adsorption equation
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Typical Langmuir isotherm curve *In the solution, P can be 
replaced by concentration, c.
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Thermodynamic quantities: How to deduce DG and DS ? 

*Like a chemical reaction, binding of adsorbent can be represented as,

Des

Ads
AB A B¾¾® +¬¾¾

Butt, H.J.; Graf, K.; Kappl,M. 
Physics and Chemistry of Interfaces (2006). DrG

o
m= -RTlnKad
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where the adsorption equilibrium constant Kad is,
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Experimental result of SCN- ion adsorption

*Fitting equation of SHG intensity can be represented as following procedure,
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Lower with increasing 
temperature, but negligible.

Spectral peak shifts 
to low frequency.
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Experimental result of SCN- ion adsorption

AC B+ A BC+A C B+ +¾¾®¬¾¾ ¾¾®¬¾¾

Desorption 
of water 

Adsorption 
of solute

Exchange between a solute and  a 
solvent molecule 



Experimental result of SCN- ion adsorption

Experimentally measured Gibbs free energy and entropy 
were both negative.

DrG
o
m= -RTlnKad = DrH-TDrS



Prediction from the simulation – interaction E of water  



Prediction from the simulation – Estimation of the entropy

/ ln lnB j j
j

H S k P P= = W = -å



Summary

*Surface adsorption of thiocyanate ions were observed by SHG signal
from CTTS process.

*Measured thermodynamic parameters, DrH and DrS are both
negative.

*From the simulation, it was suggested that DrH and DrS of the
system have minimum at several angstrom below the Gibbs dividing
surface.



Prediction from simulation – interaction E of water 


