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Results on the studies of kernels and their structural parts: endosperm, pericarp and
the germ of the maize hybrid ZP 633 that is very desirable for human consump-
tion are presented. For the first time, the method of infrared spectroscopy was
apply to record and study all spectral bands (of very high, high, low and very low
intensity) of the infrared spectrum of maize hybrid kernels, endosperm, pericarp
and the germ. Based on performed studies it can be stated that infrared spectra of
maize hybrid kernels, endosperm, pericarp and the germ are characterised by all
their spectral bands and several parameters: number, intensity, kinetics and the dis-
tribution of the site of origin in the wavenumber range of 400�4000 cm�1. These
parameters were particularly observed for both kernels and their parts (endosperm,
pericap and the germ). Spectral bands of very high and high intensity are also cha-
racterised by the stated parameters: the number that usually ranges from 3 to 5,
intensity, various kinetic forms, as well as the distribution of their origin within the
wavenumber range. These spectral bands make possible the identification of orga-
nic compounds, their fragments and molecular structures that determine them. In
case of spectral bands for the kernel, endosperm, pericarp and the germ with very
high and high intensity, organic compounds can be identified as: proteins, lipids,
sugars, esters, amides, ketones, aldehydes, carboxylic acids, ethers, phenols, alco-
hols, aromatic carbohydrates, acyclic compounds, alkenes, alkanes, and alkynes.
Spectral bands of the kernel, endosperm, pericarp and the germ of low and very
low intensity are also characterised by the stated parameters: the number that can
differ, low intensity, the distribution of sites of their origin, and especially the fre-
quency of vibrations of valence bonds of functional groups of organic molecules.
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Spectral bands of the kernel, endosperm, pericarp and the germ of low and very
low intensity, also provide the possibility to identify the excited state of molecular
structures and valence bonds of functional groups of organic compounds. The
excited state of molecular structures and valence bonds of functional groups of
organic compounds is expressee in different forms of vibration movements: sym-
metric and asymmetric valence vibration (stretching), deformation vibration of
valence bonds and molecular structures (scissoring), rocking of valence bonds and
molecular structures (rocking), wagging of valence bonds and molecular structures
(wagging), twisting of valence bonds and molecular structures (twisting), trembling
of valence bonds and molecular structures (trembling).

Key words: Zea mays L., hybrid, kernel, pericarp, endosperm, germ, infrared spec-
trum, spectral band, organic molecule, functional group, excited state, vibration of
chemical bonds.

Today�s comprehension of modern biophysical and biophysical-chemical
studies of plant systems necessarily implies the inclusion of the method of
infrared spectroscopy. This essentially provides the breakthrough in the
diagnosis of the state and the function of individual plant organs at the
molecular level. By the application of infrared spectroscopy, particularly
with the up-to-date techniques, it is possible to identify the vibration cha-
racteristics of organic compounds, their fragments and functional groups
that originate from the oscillation of chemical bonds of functional groups
of organic compounds and vibrations within them. Its successful applica-
tion provides a number of other relevant results. Of these, the identifica-
tion of organic compounds, the structure of organic molecules, their pro-
perties and other parameters depending on the distribution of spectral
bands along the wavenumber, stand out. In addition, the results on the
nature, quality and a vital function of plant organs that have been increas-
ingly studied, are important [1�6].

The aim of this study was to develop the methodology for analyses of
all spectral bands of very high, high, low and very low intensity, of diffe-
rent shapes and kinetics and the distribution of sites of their origin, in order
to identify not only organic compounds, but also functional groups, and to
determine the nature of their excited state in the maize hybrid kernel,
endosperm, pericarp and the germ.

Materials and Methods

Plant material. Kernels of high yielding, chemically enriched and out-
standing quality maize hybrid ZP 633, were used as a material for studying
infrared spectra and all spectral bands of different properties: intensity,
kinetics and the site of origin. This hybrid is also very suitable for human
consumption (standard for nutrition of children, elderly, and in certain
cases athletes) [7]. The outstanding quality maize hybrid ZP 633 has been
developed at and is the property of the Maize Research Institute, Zemun
Polje, Belgrade, Serbia.

Moreover, the structural parts of the maize hybrid kernels,
endosperm, pericarp and the germ were used in the studies (Fig. 1). The
method of their separation from the kernels was done under laboratory
conditions [8], and it was expressed in percents [9]. It was determined that
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kernels of the maize hybrid ZP 633 contained 83.80 % endosperm, 11.14 %
germ and 5.06 % pericarp.

Agronomic, morphological, chemical and physiological traits of this
hybrid, including its relevant breeding and seed production properties, were
described more detail in the [7].

Methods. The method of infrared spectroscopy applied to the kernels
of maize hybrid, as well as to their parts: endosperm, pericarp and the
germ, includes spectrophotometers used in the infrared spectrum region. In
principle, they do not differ from spectrophotometers in the ultraviolet-vi-
sible spectrum. Specificities exist in the performance of operations of spec-
trophotometers. Possible differences can occur in the radiation sources, the
nature of samples, the principle of the radiation absorption, as well as the
use of different thermal and photo-detectors [10, 11].

In recent times, a special type of spectrophotometers, based on the
principles of interferometry has been used. Interferometers do not produce
the spectrum itself, but an interferogram, which is then processed by a
computer into a common spectral shape. This is co-called Fourier trans-
formation, and hence the name Fourier Transform Spectroscopy (FTS).
These devices are especially suitable for the use in the far-infrared region
and are characterised by good resolution [3, 5].

In order to record the infrared spectrum of the observed maize hybrid
kernels, endosperm, pericarp and the germ was done by the use of the
ATR-FTIR spectra. They were recorded in an ATR compartment con-
nected to a Thermo Scientific Nicolet iS10 FT-IR spectrometer. Spectra
were recorded as an average of 64 scans with 4 cm�1 resolution within the
range of 4000�525 cm�1. Diamond was used as the ATR-reflecting ele-
ment. A background spectrum was taken prior to each sample, using the
same settings as for the sample acquisition but with a completely clean
stage.

Thirty kernels of the observed hybrid were selected by the method of
random sampling. In order to record the infrared spectrum of maize ker-
nel samples and its parts (endosperm, pericarp and germ), kernels were
ground and homogenised. Dried sample (1�10 mg) was placed upon the
crystal stage of the instrument, ensuring that the entirety of the crystal was
covered. In order for the ATR to resemble reference transmission spectra,
advanced ATR correction implemented in the Omnic 9.0 software
(ThermoScientific, USA) was applied. A refractive index of 1.5 was used
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Fig. 1. The outstanding quality maize hybrid ZP 633 and the structural parts of its kernels:
endosperm, pericarp and germ



for all the samples. The instrument stage was cleaned with ethanol and
dried between samples.

Technical tips. The primary processing of infrared spectra was done by
the program package OriginPro, 2017 (OriginLab Corporation, USA).

The calculations were performed using the Microsoft software package
Excel 2013 (Microsoft Corporation USA).

The majority of statistical programs were performed using the software
package Statistica, vers. 10 (StatSoft, Inc, USA).

Results and Discussion

Infrared spectrum of kernels of the maize hybrid ZP 633. Kernels of the stu-
died high yielding, chemically enriched and outstanding quality maize
hybrid, that is also highly desirable for human consumption, were
homogenised and prepared to record the infrared spectrum with all spec-
tral bands.

In general, the observed infrared spectrum of kernels of the maize
hybrid ZP 633 is characterised by all its 24 spectral bands, which differ
from each other in the intensity, kinetic forms and range (400�
4000 cm�1). The intensity of spectral bands of kernels of the maize hybrid
can be (cm�1): very high (3298, 2925, 1648, 1016), high (1745, 1150, 1077),
low (2854, 1540, 1457, 766) and very low (3011, 2162, 1980, 1415, 1364,
1341, 1241, 1211, 930, 863, 711, 607, 576) (Fig. 2, Tables 1 and 2).

Spectral bands of very high and high intensities have been initially
observed in our studies [3�5]. However, in this study, in addition to these
intensities, spectral bands of low and very low intensities, individual or
grouped and often of complex nature, were also recorded in the infrared
spectrum of kernels of the maize hybrid ZP 633. Such spectral bands have
not been mentioned in the literature nor studied. Due to it, besides very
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Fig. 2. Infrared spectrum of kernels of the maize hybrid ZP 633 with all spectral bands
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TABLE 1. Properties of spectral bands of infrared spectra of kernels of the maize hybrid ZP 633 and
their structural parts: endosperm, pericarp and the germ

Sequence
of

recording
spectral
bands

Spectral band
intensity (%)

Wave number
(cm�1)*

Spectral bands of
kernels of very high and
high intensity provide
the identification of
classes of organic

molecules (or organic
compounds)

Spectral bands of kernels of
low and very low intensity

provide the identification of
excited state of functional

groups � forms of vibrations
of valence bonds

1 2 3 4 5

Features of spectral bands of kernels of maize hybrid ZP 633

1 20.0 3298

2 0.4 3011

3 11.0 2925

4 1.9 2854

5 0.2 2162

6 0.2 1980

7 5.2 1745

8 6.2 1648

9 1.7 1540

10 0.2 1457

11 0.2 1415

12 0.2 1364

13 0.2 1341

14 0.1 1241

15 0.2 1211

16 2.4 1150

17 6.2 1074

18 8.9 1016

19 0.2 930

20 0.3 863

21 0.2 766

22 0.2 711

23 0.2 607

24 0.2 576

Alkanes,
alkenes,
alkynes,

acyclic compounds,
aromatic carbohydrates,

alcohols,
phenols,
ethers,
amines,

nitro compounds,
aldehydes,
ketones,
amides,
esters,
sugars,

proteins,
lipids,

carboxylic acids

- Symmetric and asymmetric
valence vibration (stretching),

- Deformation vibration of
valence bonds and molecular

structures (scissoring),

- Rocking of valence bonds
and molecular structures

(rocking),

- Wagging of valence bonds
and molecular structures

(wagging),

- Twisting of valence bonds
and molecular structures

(twisting),

- Trembling of valence bonds
and molecular structures

(trembling)

Features of spectral bands of kernel endosperms of maize hybrid ZP 633

1 18.1 3284

2 5.8 2925

3 6.0 1646

4 1.1 1534

5 0.2 1413

6 0.6 1452

7 0.2 1249

8 8.0 1208

9 0.2 1149

10 6.0 1075

11 10.1 1014

Alkanes,
alkenes,
alkynes,

acyclic compounds,
aromatic carbohydrates,

alcohols,
phenols,
ethers,
amines,

nitro compounds,
aldehydes,
ketones,
amides,
esters,
sugars,

proteins,

- Symmetric and asymmetric
valence vibration (stretching),

- Deformation vibration of
valence bonds and molecular

structures (scissoring),

- Rocking of valence bonds
and molecular structures

(rocking),

- Wagging of valence bonds
and molecular structures

(wagging),

- Twisting of valence bonds
and molecular structures

(twisting),
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Continuation of TABLE 1

1 2 3 4 5

12 0.2 1000

13 0.2 924

14 1.0 857

15 0.6 768

16 0.2 696

lipids,
carboxylic acids

- Trembling of valence bonds
and molecular structures

(trembling)

Features of spectral bands of kernel pericarps of maize hybrid ZP 633

1 14.0 3343

2 5.1 2921

3 0.2 2846

4 5.0 1734

5 2.1 1644

6 1.1 1517

7 0.2 1423

8 1.1 1378

9 0.2 1329

10 2.4 1241

11 3.1 1157

12 0.2 1073

13 4.0 1037

Alkanes,
alkenes,
alkynes,
alcohols,
phenols,
ethers,
amines,

aldehydes,
ketones,
amides,
esters,
sugars,

proteins,
lipids

- Symmetric and asymmetric
valence vibration (stretching),

- Deformation vibration of
valence bonds and molecular

structures (scissoring),

- Rocking of valence bonds
and molecular structures

(rocking),

- Wagging of valence bonds
and molecular structures

(wagging),

- Twisting of valence bonds
and molecular structures

(twisting),

- Trembling of valence bonds
and molecular structures

(trembling)

Features of spectral bands of kernel germs of maize hybrid ZP 633

1 9.1 3302

2 6.1 3009

3 8.0 2932

4 6.0 2858

5 12.8 1747

6 6.0 1649

7 0.6 1544

8 3.6 1460

9 0.2 1423

10 0.2 1397

11 0.2 1374

12 1.6 1241

13 0.2 1157

14 0.4 1100

15 0.2 1075

16 0.4 1045

17 0.3 996

18 0.6 930

19 0.2 852

20 0.2 719

Alkanes,
alkenes,
alkynes,
alcohols,
phenols,
ethres,
amines,

aldehydes,
ketones,
amides,
esthers,
sugars,

proteins,
lipids

- Symmetric and asymmetric
valence vibration (stretching),

- Deformation vibration of
valence bonds and molecular

structures (scissoring),

- Rocking of valence bonds
and molecular structures

(rocking),

- Wagging of valence bonds
and molecular structures

(wagging),

- Twisting of valence bonds
and molecular structures

(twisting),

- Trembling of valence bonds
and molecular structures

(trembling)

*Sources: [12], [13], [11], [14].



high and high intensity spectral bands, the attention in this study was also
paid to low and very low intensity spectral bands and bands with specific
kinetic forms (Fig. 2, Tables 1 and 2).

Infrared spectrum of kernel endosperms of the maize hybrid ZP 633. The
endosperm of the maize hybrid kernels, having been extracted and
homogenised by the laboratory procedure, was ready for recording the
infrared spectrum with all spectral bands.

The recorded spectral bands of kernel endosperms of the maize
hybrid, in comparison with spectral bands of kernels of this hybrid, differed
in the kinetic form, intensity and their origin. Thus, the intensity of
endosperm spectral bands can be (cm�1): very high (3284, 2925, 1646, 1208,
1461, 1014), high (1534, 854, 768), low (1413, 1352, 1249) and very low
(1534, 1413, 1352, 1208, 1000, 924, 768, 695) (Fig. 3, Tables 1 and 2).
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TABLE 2. Types of vibrations of valence bonds and molecular structures of functional groups of 
organic compounds in low and very low intensity spectral bands in kernels, endosperms, pericarps and 
germs of the maize hybrid ZP 633 

Wave number, cm�1* 

Kernels Endosperm Pericarp Germ 
Types of vibrations of valence bonds of 
functional groups of organic molecules 

3298 3284 3343 3302 

3011 2925 2921 3009 

2925 1646 2846 2932 

2854 1534 1734 2858 

2162 1413 1644 1747 

1980 1452 1517 1649 

1745 1249 1423 1544 

1648 1208 1378 1460 

1540 1149 1329 1423 

1457 1075 1241 1397 

1415 1014 1157 1374 

1364 1000 1073 1241 

1341 924 1037 1157 

1241 857 � 1100 

1211 768 � 1075 

1150 696 � 1045 

1074 � � 996 

1016 � � 930 

930 � � 852 

863 � � 719 

766 � � � 

711 � � � 

607 � � � 

576 � � � 

Alcohols (O H), 
amines (N H), (C H), 
alkynes (C N, C C), 

ketones ( C O), 
alkenes (C C), 
ester (O CH2 ), 
lipids (C O), 

carbonyl group (C O) (ester), 
amides (N CH2 , CO N ), 

nitrogen-hydrogen group ( NH ), 
primary amines ( CONH2), 
carboxylic acids ( CO2H), 

imides ( CO N CO ), 
acid chlorides ( COCl), 

nitrites ( C N), 
amides (N CH2 ), 

carbonyl group (C O) (amide), 
aliphatic carbon-hydrogen bond, 

aldehydes ( CHO) 

*Sources: [11], [13], [14]. 



Infrared spectrum of kernel pericarps of the maize hybrid ZP 633. Kernel
pericarps of the maize hybrid were prepared according to the identical pro-
cedures as those applied in endosperms.

The intensity of spectral bands of kernel pericarp of the maize hybrid
ZP 633 ranges from very high (3343, 2921, 1734 and 1241cm�1), over high
(2846, 1644, 1241, 1157 and 1037cm�1), and low (1517 and 1376 cm�1) to
very low (1423, 1329 and 1073 cm�1) (Fig. 4, Tables 1 and 2).
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Fig. 3. Infrared spectrum of kernel endosperms of the maize hybrid ZP 633 with all spectral
bands
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Fig. 4. Infrared spectrum of kernel pericarps of the maize hybrid ZP 633 with all spectral
bands
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Infrared spectrum of kernel germs of the maize hybrid ZP 633. Prior to
recording the infrared spectrum, kernel germs of the maize hybrid were
prepared according to the identical procedures as those applied in
endosperms and pericarps. Large differences are immediately noticeable, in
terms of intensity, origin and kinetics of the spectral bands of maize hybrid
kernel germs.

The intensity of spectral bands of kernel germs of the maize hybrid
was (cm�1): very high (3302, 2932, 2858, 1747, 1649, 1544), high (3009,
1544, 1241), low (1374, 1241, 1157, 1045) and very low (1460, 1423, 1397,
1374, 1100, 1075, 1045, 996, 930, 852, 719) (Fig. 5, Tables 1 and 2).

As already stated, spectral bands of very high and high intensity of the
maize hybrid ZP 633 kernels including their structural parts: endosperm, peri-
carp and the germ make the identification of organic compounds and their
fragments possible: amines, proteins, lipids, ethers, sugars, ketones, aldehydes
and others (Table 1). Since the maize hybrid ZP 633 is desirable for human
consumption, the existence of organic compounds is very significant.

On the other hand, the low and very low intensity spectral bands of
the maize hybrid ZP 633 kernels and their structural parts (endosperm,
pericarp and germ), provide the possibility of identifying the excited state
of valence bonds and molecular structures of functional groups of organic
compounds (Table 2). This excited state is expressed in different forms of
vibration movements:

- Symmetric and asymmetric valence vibration (stretching);
- Deformation vibration of valence bonds and molecular structures

(scissoring);
- Rocking of valence bonds and molecular structures (rocking);
- Wagging of valence bonds and molecular structures (wagging);
- Twisting of valence bonds and molecular structures (twisting);
- Trembling of valence bonds and molecular structures (trembling).
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Fig. 5. Infrared spectrum of kernel germs of the maize hybrid ZP 633 with all spectral bands
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This last form of vibration movement of valence bonds and molecular
structures was initially discovered in medicine. In this study, this form of
vibration movement was also observed in low and very low intensity spec-
tral bands of the maize hybrid kernels (Table 2).

Thus, according to our hypothesis, low and very low intensity spectral
bands with different kinetic parameters of complex nature, provide the pos-
sibility of identifying the unstable (excited) state of functional groups of
organic compounds, their fragments, but also biological systems [15�19].
It should not be forgotten that unstable states of biological systems (tissue,
cell, membrane) are a consequence of the excited state of organic com-
pounds, molecules, radicals, atoms or ions, and that they are inevitably
caused by the occurrence of kinetic energy and their different movement
modes (oscillations, vibrations, rotations and translations), which can cause
the decrease or increase of spectral bands intensities, and often the unequal
kinetic form and different sites of origin. This behaviour is primarily found
in the low and very low intensity spectral bands of kernels, endosperm,
percarp and the germ. The similar events happen in the process of the ion
oscillatory transport through the excited cell membrane [15, 16, 18, 19].

Based on everything stated above, two questions may be posed. First,
how to obtain reliable information on the existence of different com-
pounds, and possibly their fragments, whose specific activity causes the
occurrence of different spectral bands of kernels, endosperm pericarp and
the germ of low and very low intensity, different kinetic form, unequal site
of origin, and various vibration movements of valence bonds of functional
groups of organic compounds?

The second question would refer to the nature of the creation of the
excited state of functional groups, and possibly molecular structures, whose
valence bonds are characterised by various vibration movements, which is
inevitably transferred to low and very low intensity spectral bands, which
occur in certain regions of the infrared spectrum of kernels, endosperms, peri-
carps and germs. The issue of the distribution of the regions of formation of
all spectral bands of very high, high, low and very low intensity, depending
on the object (kernels, endosperms, pericarps and germs) of recording of the
infrared spectrum can also be analysed. Moreover, the issue of the distribu-
tion of regions of the formation of low and very low intensity spectral bands
is questionable. It has at least two aspects. The first refers to the functio-
nal role of certain structural parts of the kernel that carry out life functions
[18], while the second aspect refers to the quality of structural parts of ker-
nels, and finally to the need for human nutrition [7, 19].

Conclusions. For the first time, the method of infrared spectroscopy
was used to record and study very high, high, low and very low intensity
spectral bands of kernels, endosperms, pericarps, and germs of the maize
hybrid. Based on all performed studies, it was possible to determine the fol-
lowing.

Infrared spectra of maize hybrid kernels and their structural parts
(endosperm, pericarp and germ) are characterised by all their spectral
bands with several parameters: number, intensity, kinetics and the distri-
bution of sites of origin, range of the wavenumber (400�4000 cm�1). These
parameters were fully observed for both kernels and their structural parts
(endosperm, pericarp and germ).
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Spectral bands of high and very high intensity are also characterised
by stated parameters: the number that usually ranges from 3 to 5, intensi-
ty, various kinetic forms, as well as the distribution of their origin in the
wavenumber range. These spectral bands make possible the identification
of organic compounds, their determinable fragments and molecular struc-
tures. In case of spectral bands for the kernel, endosperm, pericarp and the
germ with very high and high intensity, organic compounds can be identi-
fied as: proteins, lipids, sugars, esters, amides, ketones, aldehydes, car-
boxylic acids, ethers, phenols, alcohols, aromatic carbohydrates, acyclic
compounds, alkenes, alkanes, and alkynes.

Spectral bands of kernels and their parts (endosperm, pericarp and the
germ) of low and very low intensity are also characterised by the stated
parameters: the number, different intensity, the distribution of their origin,
and especially the frequency of vibrations of valence bonds of functional
groups and molecular structures of organic compounds. Spectral bands of
kernels, endosperms, pericarps and germs of low and very low intensity,
also provide the possibility to identify the excited state of molecular struc-
tures and valence bonds of functional groups of organic compounds.

The excited state of molecular structures and valence bonds of func-
tional groups of organic compounds is expressed in different forms of
vibration movements: symmetric and asymmetric valence vibration
(stretching), deformation vibration of valence bonds and molecular struc-
tures (scissoring), rocking of valence bonds and molecular structures (ro-
cking), wagging of valence bonds and molecular structures (wagging),
twisting of valence bonds and molecular structures (twisting), trembling of
valence bonds and molecular structures (trembling).

The excited state of molecular structures and valence bonds of func-
tional groups of organic molecules can be supported by the following
examples: alcohols (O�H), amines (N�H), (C�H), alkynes (C N, C C),
ketones (=C=O), alkenes (C=C), ester (O�CH2�), lipids (C=O), car-
bonyl group (C=O) (ester), amides (N�CH2�, �CO�N=), nitrogen-
hydrogen group (�NH�), primary amines (�CONH2), carboxylic acids
(�CO2H), imides (�CO�N�CO�), acid chlorides (�COCl), nitrites
(�C N), amides (N�CH2�), carbonyl group (C=O) (amide), aliphatic
carbon-hydrogen bond, aldehydes (�CHO).
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Ó ðîáîò³ ïðåäñòàâëåí³ ðåçóëüòàòè äîñë³äæåíü çåðíà òà éîãî ñòðóêòóðíèõ ÷àñòèí: åíäî-
ñïåðìó, ïåðèêàðï³þ òà çàðîäêà ã³áðèäà êóêóðóäçè ZP 633, ùî º äóæå áàæàíèì äëÿ
ñïîæèâàííÿ ëþäèíîþ. Âïåðøå ìåòîä ³íôðà÷åðâîíî¿ ñïåêòðîñêîï³¿ áóâ çàñòîñîâàíèé
äëÿ ðåºñòðàö³¿ òà âèâ÷åííÿ âñ³õ ñïåêòðàëüíèõ ñìóã (äóæå âèñîêî¿, âèñîêî¿, íèçüêî¿ òà
äóæå íèçüêî¿ ³íòåíñèâíîñò³) ³íôðà÷åðâîíîãî ñïåêòðà ã³áðèäíèõ çåðåí êóêóðóäçè,
åíäîñïåðìó, ïåðèêàðï³þ òà çàðîäêà. Íà îñíîâ³ ïðîâåäåíèõ äîñë³äæåíü ìîæíà ñòâåð-
äæóâàòè, ùî ³íôðà÷åðâîí³ ñïåêòðè çåðíà, åíäîñïåðìó, ïåðèêàðï³þ òà çàðîäêà õàðàê-
òåðèçóþòüñÿ âñ³ìà ¿õí³ìè ñïåêòðàëüíèìè ñìóãàìè òà ê³ëüêîìà ïàðàìåòðàìè:
ê³ëüê³ñòþ, ³íòåíñèâí³ñòþ, ê³íåòèêîþ òà ðîçïîä³ëîì ì³ñöÿ ïîõîäæåííÿ â ä³àïàçîí³
õâèëüîâîãî ÷èñëà 400�4000 ñì�1. Ö³ ïàðàìåòðè îñîáëèâî ñïîñòåð³ãàëèñü ÿê äëÿ çåð-
íà, òàê ³ äëÿ éîãî ÷àñòèí (åíäîñïåðìó, ïåðèêàðï³þ òà çàðîäêà). Ñïåêòðàëüí³ ñìóãè äó-
æå âèñîêî¿ òà âèñîêî¿ ³íòåíñèâíîñò³ òàêîæ õàðàêòåðèçóþòüñÿ òàêèìè ïàðàìåòðàìè:
÷èñëîì, ÿêå çàçâè÷àé êîëèâàºòüñÿ â³ä 3 äî 5, ³íòåíñèâí³ñòþ, ð³çíèìè ê³íåòè÷íèìè
ôîðìàìè, à òàêîæ ðîçïîä³ëîì ¿õ ïîõîäæåííÿ â ä³àïàçîí³ õâèëüîâîãî ÷èñëà. Ö³ ñïåêò-
ðàëüí³ ñìóãè äàþòü çìîãó ³äåíòèô³êóâàòè îðãàí³÷í³ ñïîëóêè, ¿õí³ ôðàãìåíòè òà ìîëå-
êóëÿðí³ ñòðóêòóðè, ÿê³ ¿õ âèçíà÷àþòü. Ó âèïàäêó ñïåêòðàëüíèõ ñìóã ³ç äóæå âèñîêîþ
é âèñîêîþ ³íòåíñèâí³ñòþ äëÿ çåðíà, åíäîñïåðìó, ïåðèêàðï³þ òà çàðîäêà îðãàí³÷í³
ñïîëóêè ìîæíà ³äåíòèô³êóâàòè ÿê: á³ëêè, ë³ï³äè, öóêðè, åñòåðè, àì³äè, êåòîíè, àëü-
äåã³äè, êàðáîíîâ³ êèñëîòè, åòåðè, ôåíîëè, ñïèðòè, àðîìàòè÷í³ âóãëåâîäè, àöèêë³÷í³
ñïîëóêè, àëêåíè, àëêàíè, àëê³íè. Ñïåêòðàëüí³ ñìóãè çåðíà, åíäîñïåðìó, ïåðèêàðï³þ
òà çàðîäêà íèçüêî¿ é äóæå íèçüêî¿ ³íòåíñèâíîñò³ õàðàêòåðèçóþòüñÿ òàêèìè ïàðàìåò-
ðàìè: ê³ëüê³ñòþ, ÿêà ìîæå â³äð³çíÿòèñÿ, íèçüêîþ ³íòåíñèâí³ñòþ, ðîçïîä³ëîì ì³ñöü ¿õ
ïîõîäæåííÿ, à îñîáëèâî ÷àñòîòîþ â³áðàö³é âàëåíòíèõ çâ�ÿçê³â ôóíêö³îíàëüíèõ ãðóï
îðãàí³÷íèõ ìîëåêóë. Ñïåêòðàëüí³ ñìóãè çåðíà, åíäîñïåðìó, ïåðèêàðï³þ òà çàðîäêà
íèçüêî¿ é äóæå íèçüêî¿ ³íòåíñèâíîñò³ òàêîæ äàþòü ìîæëèâ³ñòü ³äåíòèô³êóâàòè çáóä-
æåíèé ñòàí ìîëåêóëÿðíèõ ñòðóêòóð òà âàëåíòí³ çâ�ÿçêè ôóíêö³îíàëüíèõ ãðóï îð-
ãàí³÷íèõ ñïîëóê. Çáóäæåíèé ñòàí ìîëåêóëÿðíèõ ñòðóêòóð ³ âàëåíòíèõ çâ�ÿçê³â
ôóíêö³îíàëüíèõ ãðóï îðãàí³÷íèõ ñïîëóê âèðàæàºòüñÿ â ð³çíèõ ôîðìàõ â³áðàö³éíèõ
ðóõ³â: ñèìåòðè÷íèõ ³ àñèìåòðè÷íèõ âàëåíòíèõ â³áðàö³ÿõ (ðîçòÿãóâàííÿ), äåôîð-
ìàö³éíèõ â³áðàö³ÿõ âàëåíòíèõ çâ�ÿçê³â ³ ìîëåêóëÿðíèõ ñòðóêòóð (ñõîäæåííÿ ³ ðîçõîä-
æåííÿ), ðîçãîéäóâàíí³ âàëåíòíèõ çâ�ÿçê³â ³ ìîëåêóëÿðíèõ ñòðóêòóð (êîëèâàííÿ), îñ-
öèëÿö³¿ âàëåíòíèõ çâ�ÿçê³â òà ìîëåêóëÿðíèõ ñòðóêòóð (îñöèëÿö³ÿ), ñêðó÷óâàíí³
âàëåíòíèõ çâ�ÿçê³â ³ ìîëåêóëÿðíèõ ñòðóêòóð (ñêðó÷óâàííÿ), â³áðàö³¿ âàëåíòíèõ çâ�ÿçê³â
òà ìîëåêóëÿðíèõ ñòðóêòóð (â³áðàö³ÿ).
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