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The comparison of fifteen (15) feature selection methods based on partial least squares (PLS)

regression for biodiesel analysis. The results are presented for density, viscosity, water content, and

methanol content. Thick horizontal lines represent full-spectrum PLS data, and dotted horizontal lines

represent full-spectrum artificial neural network (ANN) results. The RMSEP for density and viscosity

prediction is multiplied by 100 and 500, respectively, to permit plotting these results with water and
Analytica Chimica Acta 692 (2011) 63-72  methanol errors.
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SPECTRAL ANALYSIS with CHEMOMETRICS and U
MULTIVARIATE ANALYSIS,BAND ASSIGNMENT Funconalle
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BhiLAf

-~

pu|
I3
N

WAMACS

1336-1348 nm (V3o s s firsisizh)
1360-1366 M (OH-(H;0)1 5.4 cortiorer )

1370-1376 nm (V1+V3 pmpmmssemont otz )
1380-1388 nm (OH-(H,0), 4); O,-(H,0),)

1398-1418 nm (S,),

1421-1430 nm (H-OH bend, O-H...0O),
1432-1444 nm (S,)

1448-1454 nm (OH-(H,0),5)
1458-1468 nm (S,)

1472-1482 nm (S,)

1495 nm (S,)

Wavelength (nm)

1333.3 1379.3 1428.6 1481.5 15638.5
“\L4 A WAMACS
. " Ay Make the Identifying of
> . |:> the rest of the
\ Y molecules it surrounds
: m possible
cs 2
S

Water spectra analyzed by Multvariats

analysis

ater absorbance bandsin VIS-NIR range
04 .
7500

I 1 1
7000 6750 6500

Wavenumber (cm™")

1
7250

W4T AMEE KOG EE 4 2, Progress in Chemistry, 2015,27: 242-250



C1 C2 C3 C4 C5 C6é c7 C8 C9 C10 C11 C12

1336 1360 1370 1380 1398 1421 1432 1448 1458 1472 1482 1506 WS,:0H-(H,0)n
(nm) SOXn:0,-(H,0),
Eﬁmm‘uwl\ 1348 1366 1376 1388 1418 1430 1444 1454 1468 1482 1495 1516 (n=1,2,...5)
I\Iﬂ ' I (assignment) v3 WS 24 v1+v3 \évg;(: So g:gt‘_gend S WSi;s S, S; S viv2 System Perturbation
- lllumination
= Water Temperature

Time (vapor)

1 HAS concentration high
®  Protein HAS concentration low
] Globulin concentration low
K PrP
0 PrP (Cu)
u Prion protein PrP (Mn)
] Water (Mn)
e —_— . Health
. 4 Cow’s milk protein Mastitig
€ # Cow's milk cell count Mastitis
[ ] ; Healthy
_____ = Quarter milk Mastitis
J:d e Health
| y
_____ g Sowsmik Mastitis
Commercial milk Composition
""" ] Healthy
(] Blood Mastitis
| : Healthy
o Urine Mastitis
_____ B Particle Polysyrene
u Protein
o PSI (kemel texture)
o Wheat MH (kemel texture)
Water (kemel texture)
"B Sugar Concentration
o Moisture Concentration
o u Protein Concentration
""" I Maize Moisture
4 Moisture (1% loading)
Flour Moisture (2 loading)
n Protein (concentration)
a Ash (concentration)
Ll B Undamaged
¥ Mushrooms Damaged (vibrations)
1 o Damaged(time)

JEALAM G AKOLIE AL, Progress in Chemistry, 2015,27: 242-250 1330 1350 1370 1390 1410 1430 1450 1470 1490 1510



®m Mechanical filtration phase m Reverse osmosis phase

m Waste water @ Storage phase @ Polishing phase - Final product

Talanta 2020, 206:120253
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NIR spectra methanol-YPD with a concentration range
from 0.1% to 2.5% (v/v) after pre-processing.
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The attribution of the characteristic peaks of water in NIR region

—u—0.1%

7149cm™ —e—0.2% Wavenumber Attribution
6400cm!  0-0004 7082cm’™! A 03% (em)
" 0. 0002 T T
e 0-5:/° 1 7149 The band located between 7168 and 7128 em! was
3 8:3‘2 called "dehydration band".
. 2 7082, 6702, 6954  The wavenumbers 7082 cm’! and 6702 cm’!
—e—1.0% represented two major water species with weaker and
—o—1.1% stronger hydrogen bonds, respectively. A third species
-1 _fj :;://" whose concentration was relatively constant as a
4% function of temperature was located at 6954 cm™'.
1.5% .
—1—1.6% 3 7070 There were no hydrogen bonds in the water
—a—1.7% molecules-(H20) 0.
1.8%
1.9% 4 6940 Water clusters contained one hydrogen bonds-(H20)1.
v—2.0%
2.1% 5 6900 A broad peak centered near 6900 cm™ consisted of
2.2% . .
2.3% many overlapping bands due to the combinations of
6836cm™ —e—2.4% OH antisymmetric and symmetric stretching modes.
—*—2.5%
6 6836, 6711 Water clusters contained two or three hydrogen
Aquagrams on the spectra between 7600 and 6250 bonds-(H20)2-3.
7 6667 Absorption bands below 6667 cm™ represented

-1 _ .
cm! of methanol-aqueous solutions. highly organized water structures with strong H-

bonds.
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Correlation coefficients between the absorbance values of the
specific wavenumber and the actual concentration of methanol

wavenumber (cm?)  correlation coefficient wavenumber (em?)  correlation coefficient 12/\7J‘( )—FFf :l:*j" '6‘ {& }_‘_‘ _:Iify_l E ﬁ} E]/J sz r

7149 0.997 6836 0.972
7082 0.967 6773 0.978
6954 0.985 6702 0.985
6940 0.986 6667 0.988
6900 0.979 6509 0.995
performance of model with different preprocessing method
6871 0.969 6400 0.976
Preprocessing Model performance

methods RMSEC RMSECV  RMSEP R R.2 R’ RPD

autoscaling 0.045 0.052 0.118 0.996 0.995 0.988 6.093

mean center 0.041 0.050 0.123 0.997 0.995 0.988 5.846

FRAL TR v B T &5 SNVe 0.529 0.657 0.424 0.481 0339 0.651 1.696

i{ﬂ_ﬁ'*% MScC? 0.530 0.688 0.426 0.479 0.337 0.653 1.688

SG(13,1,1)~°® 0.017 0.044 0.035 0.999 0.996 0.999 20.543

SG(25,22)*°® 0.014 0.038 0.047 1.000 0.997 0.999 15.298
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Alcohol and water undergo incomplete or non-ideal
mixing, as shown by the anomalous thermodynamics or
physicochemical properties changing nonlinearly with

alcohol-water mixing ratio.

A deep understanding of the microscopic behavior of
agueous alcohol solution is indispensable for many

chemical and biological processes

Spectrochimica Acta Part A:Molecular and Biomolecular Spectroscopy 222 (2019) 117183
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Ethanol-water mixtures of 0-10% with the increment of 1% and 10-100%
Samples with 5% increment were prepared using deionized water.

10000 to 4000 cm™ , 1 mm cuvette, 4 cm! resolution; both an air reference and
its spectra were measured, with a scan number of 64. The spectrum of each
sample was collected triples and averaged as final spectrum

NIR
collection

E _ A
Data £ == —,
processing (1) Excess spectrum,; d(C1+C2)

(2) Gaussian fitting based on aquaphtomics;
(3) 2D-COS;

— (%181 + x,&3)
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w
1

‘)'5_
g °f o0 el 7300-6200 cm! : the combinations of O-H
gusp . . . .
2 antisymmetric and symmetric stretching modes of
I_
ost various water species and the first overtones of O-H
10000 9000 3000 7000 6000 5000 2000 StretChing modes of free and hydrogen bonded

Wavenumber (cm‘l )

ethanol.
Fig. 1. NIR spectra of ethanol-water mixtures measured over the ethanol concentration

of 0-100% (from top to bottom, the spectrum changed from blue to red indicating an

increase in ethanol concentration.)«
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Analysis of ethanol-water mixtures in the range of 0-10%
ethanol concentration

6890 cm™t
1.8 »>
A 0% ethanol £ 0.06 .
Lof 0107 cthanol f 7080 cmr! : free O-H in water molecules.
0.05
14
812 "5 0.04 £ i
E 6730 cmr! : first overtone of hydrogen bonded
= 1.0 2 0.03 L
Z E = O-H of cthanol,
0.8 S0 T -
0.6
0.01
04 = 6420 cm:maybe from the O-H of ethanol-water
U.Rzﬂﬂ() 7500 700 6500 6000 8000 7500 7000 6500 6000 aSSOClateS

Wavenumber ((.'[11'1) Wavenumber (:.‘111'1]

Fig. 2 NIR (a) and excess NIR (b) spectra of the ethanol-water
mixtures in the range of the first overtone of O-H groups.
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Analysis of ethanol-water mixtures in the range of 0-10%
ethanol concentration

N\ N\
7085 @ ; 6800 b
- 6750
7080 . .
- = 7007 dramatic changes when adding ethanol to 5% and
57078 S \ 4% respectively;
= £ 6600
£ 7070 Besso |
2 2 ¢sool while ethanol concentration continues to increase,
7065 o . .. .
6450 the positions of the positive and negative peaks
7060 — - : : m 6400 — " p . 0 remain almost

Concentration (% ) Concentration (% )

Figure 3. Variation of position for the excess peaks at

around 7080 cm-1 (a) and 6730 cm-1 (b) in Fig. 2(b)
with ethanol concentration
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Fig. 5. Variation of the relative intensities for the spectral components including Sr (a), SO (b), S1 (c), S2 (d), S3 (e), and S4 (f) in ethanol-water mixtures with different concentrations of ethanol.
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Yoy T
S A HE R

N\
a) 0.314 (b} 0.288
oo 'é‘naos £
g 2 ' go‘zso .
g0 Zom £ when a small amount of ethanol (<5%) is added
0.027 ) 0272 . . . .
: - - 5 : . : . into water, hydrophobic hydration plays a major role.
Concentration (%) Congcentration (%) Concentration (%)
0.208 A
() (6]
2 frd 0124 200657
5 o2 S g . S;, S, and S;: located outside the ethanol hydration shell
E E E L0646
0.196 0.104 0.0635
0 5 10 0 5 10 n 5 10
Concentration (%) Concentration (%) Concentration (%)

Figure 5. Variation of the intensities for the spectral

components including S; (a), S, (b), S, (¢), S, (d), S5 (e), and
S, (f) in the mixtures with different concentrations of ethanol.

The Journal of Chemical Physics 134(5):054702
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Analysis of ethanol-water mixtures in the range of 10-100% ethanol concentration

6890 cm'L
1.8
(a)
1.6 A
'[| 10-100% ethanol 78\ 0.15 1 |
A _ _ 6867 cm”! {m 6730cm
g12 5 o E
= - “
5 E 5
E ; 2
<08 =005 <
0.6 “
04 o= 7080 cm™: fixed position
0.2 I
8000 7500 7000 6500 6000 8000 7500 7000 (:Sﬂh 6000

-1 -1
Wavenumber (cm™) Wavenumber (cm™ )

6420 cm™! : O-H absorption of

Figure 6. NIR (a) and excess NIR (b) spectra of ethanol-water ethanol-water associates.

mixture. From the blue to red, the volume fraction of ethanol
increases from 10 to 100 % with an increment of 5% in (a) and (b).
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Analysis of ethanol-water mixtures in the range of 10-100% ethanol concentration

x107
-0.004 Ha) . (b)
EEZZ ) The result indicates that the free O-H in water is
2 o0 2 least in 40% ethanol-water mixtures and O-H in water
2-0-0*2 £ achieves the maximum participation in hydrogen

oo bonding interaction. The hydrogen bonding strength
-0.016 . . .
in the mixtures reaches the maximum at 40% ethanol
. ; ; concentration and is almost constant in 40-60%
20 40 60 80 100 20 40 60 80 100 .
Concentration (%) Concentration (%) mixtures.

%}

-0.018 0

-0.02

Figure 7. The intensity variation of the excess peaks at 7080
cm-1 (a) and 6420 cm-1 (b) with ethanol concentration.
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Fig.8 Synchronous (1) and asynchronous (2) 2D correlation
spectra of 10-40% (a), 40-60% (b), and 60-100% (c) ethanol-

water mixtures. The solid red lines denote the positive sign and
the dashed blue lines denote the negative sign.

Various studies have reported anomalous properties of
some of the parameters in ethanol-water mixtures
around 40% concentration, such as excess mixing
enthalpies,  negative  adiabatic =~ compressibility
coefficient and fluorescence quenching. Presumably, the
maximum involvement of O-H groups of water in
hydrogen bonding and the self-association in ethanol
molecules may be the reason of these anomalous
properties.
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»
amyloid fibrils

native insulin | partially unfolded monomers / oligomers / nuclei

(equilibrium)

In the nucleation phase, free water
molecules and hydrating water onto
protein molecules are dominated
initially, but afterwards hydrogen-
bonded water networks are
developed, which is considered
essential  for  nucleation by
interlinking ~ protein  molecules
softly. In the elongation phase, the
hydrogen bonds were decayed
gradually towards the

Figure: Schematic illustration representing multi-step transformation of water structures during the fibril formation.

Chatani E, Tsuchisaka Y, Masuda Y, Tsenkova R (2014) Water molecular system dynamics associated with amyloidogenic nucleation as revealed by real time near infrared spectroscopy and aquaphotomics.PLoS ONE

9(7): €101997. doi:10.1371/journal.pone.0101997
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Sci Rep 2, 856 (2012) doi:10.1038/srep00856
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