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(I) Methods: H2O-D2O Kinetic Exchange 

 

 

 

 

 

Figure S1. Schematic view (a) from the side and (b) from above of the experimental setup used 
for all H2O-D2O exchange experiments. 



(II) Supplementary Data 

 

Samples Parameters Fittings Assignments 

(L-) LK7b 
(Figure 1) 

c(2)
NR (a.u.) 0.02 ± 0.01  

w1 (cm-1) 1565 ± 2  
A1 (a.u.) -1.76 ± 0.32 Amide II (LK7b) 
G1 (cm-1) 16.16 ± 3.66  
w2 (cm-1) 1618 ± 1  
A2 (a.u.) 10.86 ± 0.10 Amide I, B2 (LK7b) 
G2 (cm-1) 11.66 ± 0.22  
w3 (cm-1) 1687 ± 2 

Amide I, B1 (LK7b) A3 (a.u.) 0.83 ± 0.07 
G3 (cm-1) 8.45 ± 2.16 

 

Table S1. Fitting parameters and vibrational mode assignments for (L-) LK7b, pH 7 in Figure 1. 

 

 

 

Figure S2. Chiral VSFG spectra in the O-H/N-H region for (L-Leu)/(D-Lys) LK7b prepared as 
hydrated thin-film with H2O at the air-glass interface. The chiral O-H stretch and chiral N-H stretch 
peaks are muted due to the absence of anti-parallel b-sheet secondary structure. 



 

 

Figure S3. Component peak fittings (gray) for the chiral VSFG spectra with highest relative HOD 
content in Figure 4a. Overlay of spectra for volumetric ratios (gray) 1:0 and (blue) 1:4 H2O:D2O. 
The spectrum of 1:4 H2O:D2O has been scaled for comparison. The fitting parameters and 
assignments are given below in Table S2.  

 

Samples Parameters Fittings Assignments 

H2O:HOD:D2O 
1:8:16 

(Figure S4) 

c(2)
NR (a.u.) 0.01 ± 0.01 - 

w1 (cm-1) 3208 ± 1 
O-H (H2O) A1 (a.u.) 1.57 ± 0.26 

G1 (cm-1) 29.81 ± 2.74 
w2 (cm-1) 3279 ± 1 

N-H (LK7b) A2 (a.u.) 2.07 ± 0.83 
G2 (cm-1) 23.70 ± 3.01 
w3 (cm-1) 3304 ± 5 

O-H (HOD) A3 (a.u.) 3.49 ± 1.18 
G3 (cm-1) 41.14 ± 3.64 

 

Table S2. Fitting parameters and vibrational mode assignments for the isotopic dilution spectra 
(blue) 1:4 H2O:D2O in Figures 4 and S4. 



 

 

 

 

 

 

Figure S4. H2O-to-D2O exchange via the vapor phase monitored by chiral VSFG over time. The 
spectra shown here for the (left) O-H/N-H and (right) O-D regions were fit to equation 1. The 
amplitude values from the fits give the data reported in Figures 5b and 5d in the main text. 

 

 

 

 



 

Figure S5. Component peak fittings (gray) for the chiral VSFG spectra in Figure 5a of the main 
text. The spectra were taken with an integration time of 10 minutes. 

 

Samples Parameters Fittings Assignments 

t = 0 min 
(Figure 5a,red) 

c(2)NR (a.u.) 0.01 ± 0.01 - 
w1 (cm-1) 3190 ± 1  
A1 (a.u.) 1.89 ± 0.17 O-H (H2O) 
G1 (cm-1) 44.95 ± 2.37  
w2 (cm-1) 3268 ± 1  
A2 (a.u.) 5.34 ± 0.07 N-H (LK7b) 
G2 (cm-1) 27.51 ± 0.16  

t > 35 min 
(Figure 5a,blue) 

c(2)NR (a.u.) 0.01 ± 0.01  
w1 (cm-1) 3190 ± 0*  
A1 (a.u.) 0.69 ± 0.27 O-H (H2O) 
G1 (cm-1) 44.95 ± 0.00*  
w2 (cm-1) 3267 ± 1  
A2 (a.u.) 5.37 ± 0.16 N-H (LK7b) 
G2 (cm-1) 28.27 ± 0.74  

t > 35 min 
(Figure 5c,blue) 

c(2)NR (a.u.) 0.2 ± 0.02 - 
w1 (cm-1) 2410 ± 2  
A1 (a.u.) 25.31 ± 6.36 O-D (D2O) 
G1 (cm-1) 27.08 ± 1.29  
w2 (cm-1) 2464 ± 4  
A2 (a.u.) 6.56 ± 2.40 O-D (D2O) 
G2 (cm-1) 24.97 ± 4.38  

*Parameters held during fitting. 

Table S3. Fitting parameters and values for the chiral VSFG spectra of H2O-D2O exchange in 
Figures 5a and 5c of the main text. 



(III) Theoretical Background of Chiral SFG Spectroscopy 

Polarization settings and measurements of second-order susceptibility elements. SFG 
experiments are often set up in reflection geometry (Figure S1). The SFG intensity (ISFG) is linked 
to the optical electric field (ESFG) (1-3):  

𝑰𝑺𝑭𝑮 = &𝑬((⃗ 𝑺𝑭𝑮&
𝟐
 

𝑬((⃗ 𝑺𝑭𝑮 = 𝑬𝑺𝑭𝑮𝒙 𝒙, + 𝑬𝑺𝑭𝑮
𝒚 𝒚, + 𝑬𝑺𝑭𝑮𝒛 𝒛0 

where 𝒙,, 𝒚,, and 𝒛0 are unit vectors. The ESFG field is related to the incident optical electric fields of 
the visible (Evis) and IR (EIR) beams via second-order susceptibility 𝝌𝒊𝒋𝒌

(𝟐): 

𝑬𝑺𝑭𝑮𝒊 =7𝝌𝒊𝒋𝒌
(𝟐)

𝒋𝒌

𝑬𝒗𝒊𝒔
𝒋 𝑬𝑰𝑹𝒌  

where i, j, k = x, y, or z are the laboratory coordinates (see Figure S1 for definition). Hence, 𝜒<=>
(?)	 

is a 27-element tensor containing chemical and structural information. The 27-element 𝜒(?) tensor 
describes the electric dipole responses along three Cartesian coordinates providing enough 
dimension to describe molecular chirality. Thus, unlike linear chiral optical method, e.g., vibrational 
circular dichroism (VCD) and Raman optical activity (ROA), chiral SFG does not rely on magnetic 
dipole and/or electric quadruple responses that are generally weak. Hence, chiral SFG has 
relatively high sensitivity in detecting molecular chirality. (4-6)  

 

Figure S6. The psp polarization setting of SFG experiments in reflection geometry, where p-
polarized SFG is detected and s-polarized visible and p-polarized infrared beams are used. 
Laboratory coordinates are defined with the x-y plane as sample surface and the x-z plane as 
incident plane. 



By selecting linear polarizations of the two incident beams and the SFG output signal (Figure S1), 
a single or a combination of the 27 tensor elements can be measured. The polarization plane can 
be perpendicular (s-polarized) or parallel to the incident plane (p-polarized) while the s- or p-
polarized SFG signal can be measured. Under the condition that the visible incident frequency is 
far from resonance with the electronic transitions of the molecular system, the psp polarization 
(p-polarized SFG, s-polarized visible, and polarized IR) measures only the 𝜒ABC

(?)  element, where 
𝜒<D=D>
(?)  is an orthogonal second-order susceptibility element. (5,6) The orthogonal element is 

characteristic to chiral molecular systems, which is zero for achiral molecular systems. For 
isotropic chiral media (e.g., chiral liquid), the orthogonal element is generally small and requires 
electronic resonance to be detected. (7,8) However, for anisotropic chiral molecular systems, the 
orthogonal 𝜒ABC

(?)  element can be comparable to other 𝜒(?)  elements, giving detectable SFG 
signals even without electronic resonance. For such systems, an observation of chiral SFG 
signals from achiral molecular entities indicates these achiral molecular entities form 
macromolecular or supermolecular chiral structures, e.g., amide groups in protein secondary 
structures (9) and water molecules embedded in the minor groove of dsDNA. (10)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(IV) Polarized ATR-FTIR Experiments 

Methods. The LK7b films were prepared on glass in the same manner as for SFG experiments 
(see Methods). Polarized ATR-FTIR data were measured with a Nicolet FTIR with diamond ATR 
SmartOrbit accessory (ThermoElectron Corporation), polarizer accessory (ThermoElectron 
Corporation), and ZnSe wire-grid polarizer (Edmund Optics). The acquisition time was 15 minutes 
using a resolution of 8 cm-1. The experiment was reproduced with three independent samples. 

Analysis. The polarization dependent absorbance (dichroic ratio) of the Amide I mode (nC=O of 
the peptide backbone) at 1625 cm-1 and Amide II mode (nC-N of the peptide backbone) at 1538 
cm-1 were compared. Different dichroic ratios for Amide I and Amide II modes should indicate a 
non-random (anisotropic) orientation of the b-sheets. (11)  

Measurement of the Amide II dichroic ratio reveals the bulk average orientation of the b-strand 
axis of LK7b. According to the analysis of Marsh, (12) the Amide II dichroic ratio depends on the 
average tilt (g) of the b-strand axis relative to surface normal according to: 

𝑅FG<HIJJFKL = 𝐴 +
2𝐵𝑐𝑜𝑠?(𝛾)
1 − 2𝑐𝑜𝑠?(𝛾)

 

where, considering the x,y,z components of the electric field E of the incident IR beam, A is 
(Ex

2/Ey
2) and B is (Ez

2/Ey
2). Calculation of A and B depend on the incident angle of the IR beam 

(45°) and the refractive indices of the ATR-FTIR crystal (ndiamond=2.42) and protein (nprotein=1.4). 

Results. The dichroic ratio of the Amide I mode (nC=O of the peptide backbone) at 1625 cm-1 is 
𝑹𝑨𝒎𝒊𝒅𝒆𝑰𝑨𝑻𝑹  = A0°/A90° = 1.06 ± 0.04. The dichroic ratio of the Amide II mode (nC-N of the peptide 
backbone) at 1538 cm-1 is 𝑹𝑨𝒎𝒊𝒅𝒆𝑰𝑰𝑨𝑻𝑹  = A0°/A90° = 1.27 ± 0.02. 

According to the result, the b-strands demonstrate an average tilt away from the surface normal 
by g = 63° ± 1°. This result agrees with MD simulations of LK7b at the air-water interface carried 
out by Weidner and co-workers, who reported an average orientation of LK7b of g = 62° ± 39°. 
(13)  

 

Figure S7. ATR-FTIR polarization dependence of LK7b hydrated thin-films adsorbed on glass. 
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