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Supporting Information
1. Attenuated Total Reflection (ATR) Correction Method

The absorbance of IR radiation by the molecules present in the sample solution can be defined by

Beer-Lambert law, given as:

I
Absorbance = log(%j = log(Toj =ecL (1)

where, T is transmittance, /, and / are the transmitted intensity of the empty cell (ATR
background) and cell filled with sample (sample spectra), respectively, € is the molar extinction

coefficient or molar absorptivity, c is molar concentration and L is sample path length.

In ATR-FTIR process, the IR beam is allowed to incident on face of the crystal surface at an
angle grater then critical angle (in our case the incident angle is 45°) reflects at the interface
between crystal and sample. The transmitted IR beam penetrates into the sample and generate an
evanescent wave perpendicular to the total internal surface of the crystal.! The electric field

component of the evanescent wave follows an exponential decay profile at the interface and

defined as:2

E=E,expl-z/d,) )

where, E is the amplitude of electric field at a penetration distance of z, £, is amplitude of
electric field at interface between crystal and sample, and d,, is the distance, where the amplitude
of the electromagnetic radiation falls (1/e) of the original value, called penetration depth defined

as:2>
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where, A is the wavelength of incident radiation beam, 4 is effective angle of incidence, n; and n,

are the refractive indices of the ATR crystal) and the sample, respectively.

Since the incident IR radiation has electromagnetic field £ that induces polarization P.
Then the relation between incident electromagnetic field £ and induced polarization P is
considered upon linear and nonlinear optical interactions of light in bulk as well as surface, and

given as:6

P=¢,x"E +%gox(2)EE +%80X(3)EEE +... 4)

where g represents vacuum permittivity and y(”, y@, ¥, ... are first, second, third order electric
susceptibilities and so on. In the present study we are keen to observe the IR absorption events
dominated by linear optical interactions. For which the ATR-FTIR spectroscopic tool is used for
performing experiments. So in the present study, the contributions from higher order
susceptibility terms are negligible. The absorption of molecules is specified by imaginary part of
the linear susceptibility. In addition the imaginary spectra directly related to the concentration of
sample molecules in the solution. So we are interested to obtain Im[(1] line shapes instead of
[xV|. For retrieving Im[y"] data, raw absorption data treated with ATR correction. The ATR

correction factor (catg) is given as:>6
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where, o is frequency of IR radiation beam, Ny is total number of reflections in contact with

sample and imaginary part of linear susceptibility defined as:

Im[y"]=c

ATR

A (6)

where, Aatr is the raw absorption data obtained from ATR-FTIR experiment. In our current
study the ATR correction were performed by taking the dispersion data for ZnSe crystal from
Connolly et al.’, for diamond crystal from Phillip et al.® , and for water from Segelstein’. Our
experimental results from the above method were in good agreement with the recently published

data by Roy et al. for the evanescent wave penetration depth.°

2. Supporting figures
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Figure S1. Penetration depth profile evanescent wave in pristine water at (A) ZnSe ATR crystal,

and (B) diamond ATR crystal as a function IR radiation at an effective angle of incidence 45°.



Figure S2. Optical microscopic images of the dried L-Phe samples prepared from the pH 5.8
aqueous solutions at 50 mM concentration. Samples were dried at room temperature (panel a)

and at 50 °C in the oven (panel b), represented by 50um white scale bars, respectively.

Figure S3. Morphology by SEM images of DL-Phe amino acid at various concentrations.
Images represent the morphology of DL-Phe dried samples at pH 5.8 for (A) 0.01 mM, (B) 0.5
mM, (C) 1 mM, (D) 5 mM, (E) 50 mM, and (F) 150 mM. Scale bars shown in white for (A), (C),

and (D) SEM images are 2um; 10um for (B), (E) and (F), respectively.
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Figure S4. ATR-FTIR absorption spectra at ZnSe-water interface for various DL-Phe
concentrations from 0.01 to 50 mM at pH 5.8. Dashed lines represent the various characteristic

vibrational frequencies of amine and carboxylate groups.
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Figure S5. Comparison of ATR-FTIR vibrational spectral signatures of L- and DL-Phe in

aqueous solution at 100 mM and 50 mM, respectively.



Table S1. Energy difference between the individual peak positions of respective aromatic
protons for the three different pH environments.

pH variation H, (Ha; — Ha,)? peak position (ppm) difference (ppm)
1.5 7.345 - 7.328 0.017
5.8 7.339 - 7.320 0.019
12.2 7.293 - 7.275 0.018

pH variation H, (Ha, — Ha;3)? peak position (ppm) difference (ppm)
1.5 7.328 - 7.309 0.019
5.8 7.320 - 7.304 0.016
12.2 7.275 - 7.256 0.019

pH variation H, (Hy; — Hyp)? peak position (ppm) difference (ppm)
1.5 7.297 - 7.280 0.017
5.8 7.284 - 7.266 0.018
12.2 7.218 - 7.200 0.018

pH variation H. (H¢; — Hep)® peak position (ppm) difference (ppm)
1.5 7.232-7.217 0.015
5.8 7.225 -7.208 0.017
12.2 7.182 -7.165 0.017

pH variation H, (Ha3) — Hy, (Hy;) peak position (ppm) difference (ppm)
1.5 7.309 - 7.297 0.012
5.8 7.304 - 7.284 0.020
12.2 7.256 - 7.218 0.038

pH variation H, (Hy;) — He (H,) peak position (ppm) difference (ppm)
1.5 7.297 - 7.232 0.065
5.8 7.284 - 7.225 0.059
12.2 7.218 - 7.182 0.036

2 Ha,, Ha,, and Ha; are the peak positions correspond to aromatic proton H,.

b Hy,; and Hy, are the peak positions correspond to aromatic proton Hy,

¢ H.and H,, are the peak positions correspond to aromatic proton H..




Figure S6. Structural morphology of the dried aqueous samples at three different pH values
without the presence of L-Phe. SEM images of the dried samples at (A) pH 1.5; (B) pH 5.8; and
(C) pH 12.2, represented with 2um scale bars.
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