
  S1

Supplemental Information  

Electric Double Layer Structure Modulates Poly-dT25 Conformation 
and Adsorption Kinetics at Cationic Lipid Bilayer Interface 

PengHua Li,a, b Yang Shen,b LiQun Wang,c WangTing Lu,a WenHui Li,a Kun 

Chen,a YouHua Zhou, b Lei Shen,*, d Feng Wei, *, a and WanQuan Zhenga, e  

  

   



  S2

1. SFG-VS spectra of lipid bilayer in various salt solution. 

 

Figure S1 SFG spectra of DMTAP bilayer collected in the wavenumber range of 2800-3800 cm-1 

at various Ctris. A TrisC  = 0.1 mM; B . TrisC  = 5 mM; C . TrisC  = 10 mM; D. TrisC  = 25 mM; E. TrisC  = 

75 mM. 
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Figure S2 SFG spectra of (C16H33)2PO4Cl bilayer collected in the wavenumber range of 2800-

3800 cm-1 at various Ctris. 

 

Figure S3 SFG spectra of DMTAP bilayer collected in the wavenumber range of 2800-3800 cm-1 

at various CMgCl2. 

 

2. SFG intensity ratio of poly-dT25 adsorption process 
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Figure S4. Time dependence of SFG signal ratio(Ippp/Issp) during the adsorption of poly-dT25 

molecules on to DMTAP bilayer at different buffer concentration. A: TrisC  = 0.1 mM; B: TrisC  = 5 

mM; C: TrisC  = 10 mM; D: TrisC  = 25 mM. E: TrisC  = 75 mM; F: 
2MgCl

C = 10 mM. 

3. Fitting of SFG-VS Signals 

As described in detail elsewhere, the intensity of the SFG light is proportional to the square 

of the sample’s second-order nonlinear susceptibility( )2(
eff ), and the intensity of the two input 
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fields )(1 visI   and )(2 IRI  , see eq. (S1). )2(
eff  vanishes when the structure of contributing 

molecules/medium has an inversion symmetry.5-11 

)()()( 21

2)2(
IRviseffSFG III             (S1) 

where visIRSFG   . As the IR beam frequency is tuned over a vibrational resonance of 

surface/interface molecules, the effective surface nonlinear susceptibility can be greatly enhanced. 

By assuming the frequency dependence of )2(
eff  at the charged surface in ionic solution can be 

described is described by eq. (S2) 
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where 
(2)
NR  

(2)
s and 

(2)
EDL are he non-resonant response, the response of molecules on surface, and 

the response of molecules in electric double layer respectively. If we assume the molecules on 

surface and the molecules in electric double layer has same vibrational resonance. 
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where  , and   are the resonant frequency, and damping coefficient of the vibrational mode(), 

respectively. (2)
sA , (3)

BA are the amplitudes of second order susceptibility of the surface and third 
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order susceptibility of the EDL. 1/ k , 1 / zk , 0 are the Debye screening length of the surface 

potential in the electronic diffuse layer (EDL), coherent length of the SFG process and the surface 

potential at the charged surface respectively.   

1
0

0

2
sinh

8000
sumB

B A r

k T

e k TN C


 


 

    
 

   (S6) 

 
1

2
0.304

1/ 8 B salt

salt

k L c nm
c

    (S7) 

where sum  is the summation of surface charge density, ,B Ak N  are the Boltzmann constant and 

the Avogadro constant, r and 0 	relative dielectric constant, dielectric constant in vacuum, C is 

the molar electrolyte constant. The fitting parameters( 1/ k , 1 / zk , 0 ) in different salt 

concentration are listed in Table S1.The plot of SFG signal vs. the IR input frequency shows a 

polarization-dependent vibrational spectrum of the molecules at surface or interface. A ,  , and 

  can be extracted by fitting the spectrum using eq.S2. 

 

Table S1. The fitting parameters in different salt concentration. 

Concentration 
Mol/L 

1/ k  
nm 

1/ zk  
nm 

0  

mV 
F1 F2 

0.0001 30.4 43 0.309 0.6769 0.4677 
0.005 4.30 43 0.209 0.9905 0.0968 
0.01 3.04 43 0.191 0.9952 0.0688 
0.025 1.92 43 0.167 0.9981 0.0436 
0.075 1.11 43 0.139 0.9994 0.0252 

 

Table S2. The fitting parameters and calculated tilt angles of thymine groups of poly-dT25 
molecules. 

Solution Concentration (mM) 0.1 5 10 25 75 

Tris 
buffer 

  1659.8 1665.1 1661.1 1661.1 1662.6 

 24.7 20.5 18.0 18.0 15.0 
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(2)
ppp /

(2)
ssp  0.97 1.31 1.72 1.18 1.32 

Tilt Angle (º) 42.9 36.7 29.8 38.9 36.5 

MgCl2 

  1662.0 1669.3 1664.1 1661.7 1666.6 

 21.3 20.5 20.0 20.1 24.7 

(2)
ppp /

(2)
ssp

 0.81 1.06 1.07 1.72 0.68 

Tilt Angle (º) 46.3 41.2 41 29.9 49.3 

 

4. Function for diffusion kinetics. 

For the adsorption kinetic of oligonucleotides molecule from bulk solution to surface, 
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For charged surface (where 0
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) , the increasing of adsorbed oligonucleotide can be 

described as combination of diffusion from two sources, Bc c , 1x x , 2x x . 
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For OH signals in the wavenumber range of 2800-3800, 
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For dT signals in the wavenumber range of 2800-3800, 
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4. Susceptibilities of molecular groups 

     The molecular orientation information can be obtained by relating SFG susceptibility tensor 

elements ),,,,( zyxkjiijk   in the laboratory frame to the SFG molecular hyperpolarizability 

tensor elements ),,,,( cbanmllmn  in the molecular frame via the Euler transformation.3,4 The 

Euler transformation used here follows the z-x-y convention, which has a matrix in the form shown 

in eq.S4.  

qlmnknjmil
nml

sqijk RRRN ,
,,

)2(
,                                        (S13) 
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The components of 
 
of ssp, and ppp polarization combinations are given in equations 

(S5)-(S6) in the lab coordinate system which is defined as the z-axis being along the surface normal 

and the x-axis being in the incident plane.5-9 
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where SF, Vis and IR are the angles between the surface normal and the sum frequency beam, the 

input visible beam, and the input IR beam, respectively. Lii (i = x, y or z) denotes the Fresnel 

coefficients. 

2.1 Thymine C4=O & C5=C6 in phase stretching 

After considering the Fresnel coefficient constants under this experimental geometry, 

eqs.(S5-S6) are then given by   

(2) (2)
eff,ssp yyz1.319                                                      (S17) 

(2) (2) (2) (2) (2)
eff,ppp xxz xzx zxx zzz0.110 00.1 .105 1.17 43 8                                    (S18) 

Because )2(
xxz  equals to )2(

yyz  for C∞ symmetry, the )2(
xxz and (2)

zzz susceptibility components 

are the main contributors to the ssp and ppp signals, respectively. With an azimuthal symmetry of 

the molecules at the interface, the dependence of )2(
xxz and (2)

zzz susceptibility components on the 

molecular hyperpolarizability can be described by the following equations. 5-10 
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where   is the twisting angle of thymine group.  
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According to eqs.(S18) and (S19), the deduced susceptibility ratio (2) (2)
ppp,thymine ssp,thymine/   at 

0   can be plotted as a function of the tilt angle (shown in Figure S3).  
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Figure S5 Simulated tile angle dependence of susceptibility ratio (2) (2)
ppp ssp/   C4=O & C5=C6 in 

phase stretching of thymine group. 

The Raman tensors of thymidine groups at 1665 cm-1 has been reported in previous literatures(C1 

coordinates, 
(2)

(2)
aa

cc




 = 4.31, 
(2)

(2)
bb

cc




= 0.25).7 The molecular coordinate is determined by taking the 

plane of thymine aromatic ring as bc plane and taking the 
4C O



 vector as c-axis. The IR dipole 

moment at wavenumber of C4=O & C5=C6 in phase mode either can be the same as the vector of 

C4=O bond or can be calculated using the vibration displacements of each atom (
x

Q




,
y

Q




,
z

Q




 ) 

listed in the Guassian output file (*.out or *.gjy). 14 
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Where nM  is the relative mass of each atom, n

x




, n

y




 and n

z




 are the dipole derivatives of 

each atom listed at the end of Guassian output file. 

 Table S3. Derivatives of Raman tensors and IR transition dipoles of C4=O & C5=C6 in phase 

stretching mode at 1665 cm-1. 

Vibrational mode Raman

Q




  IR

Q




  
Transformation Matrix 

Data from Ref. 7 

1
0 0

4.31
0.25

0 0
4.31

0 0 1

 
0

0

1

 

0 0 1

0 1 0

1 0 0

 

Calculated Results* 

0.329 0.137 0.283

0.137 0.127 0.142

0.283 0.142 0.834




 

 

0

0

1

 

0.067 0.014 0.998

0.220 0.975 0.029

0.973 0.222 0.062

 
 

 
*The derivatives of IR dipole of Thymidine groups was calculated by Guassian 09 using Hartree-
fork method with 3-21G+** basis.14  
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