47
EAsT EUROPEAN JOURNAL OF PHYSICS
East Eur. J. Phys. 4.47-57 (2019) DOI:10.26565/2312-4334-2019-4-05

PACS: 40

EFFECT OF THE OSCILLATING ELECTRIC FIELD DUE TO THE OSCILLATING
ELECTRIC DIPOLE ON RAMAN LINES

Khanna M. Kapil'*, ““’ Murei K. Gilbert?
!Department of Physics, University of Eldoret
P.O Box 1125-30100, Eldoret, Kenya
’Department of Physics, Laikipia University
P.O. Box 1100-20300, Nyahururu, Kenya
E-mail: "*khannak700@gmail.com, *gmurei@laikipia.ac.ke
Received September 16, 2019; revised November 22, 2019; accepted November 22, 2019

Raman Effect is the measurement of the intensity and wavelength of the inelastically scattered radiation that falls on a molecule. The
electric field of the incident radiation polarizes the molecule on which it falls and this leads to the creation of an oscillating dipole. The
incident polarized laser light is inelastically scattered by the molecular sample. The scattered light contains modified wavelengths
called the Stokes and anti-Stokes lines or wavelengths. The oscillating electric dipole, created by the incident radiation, creates an
oscillating electric field around it. Since the oscillating electric field of the incident radiation creates an oscillating electric dipole that
create an oscillating electric field around it, it was surmised that this oscillating electric field can affect the frequency of vibration or
oscillation of the oscillating electric dipole that produces it. This novel effect will change the frequency (frequencies) of the scattered
radiation resulting in Stokes and anti-Stokes lines with modified frequencies. This theoretical research and its importance can be
understood like this. For instance, if there are two cells or molecules, side by side, in which one is a healthy cell and the other is
cancerous, or two different types of molecules are sitting side by side, this types of scattering should be able to distinguish one from
the other since the Stokes and anti-Stokes lines from the two molecules will not be identical. Thus, the incident radiation of angular
frequency w1 polarizes the charges of the molecule on which it falls and this leads to the creation of an oscillating dipole of frequency
2. The oscillating dipole creates an oscillating electric field that can create additional frequency of the oscillating dipole that created
it, and let this be wp. Then the Raman lines can have frequencies (w1+w2+wp), (Wi1+w2-wp), (Wi-W2twp), and (W1-wW2-WD).
Depending on the relative magnitudes of w2 and wp, Raman lines will be designated as Stokes and Anti-Stokes lines. Due to the law
of conservation of energy, wpwill be less thanw: since an oscillating dipole cannot create field of frequency more than its own
frequency. Hence the frequencies (wi-w2+twp) and (wi-w2-wp) correspond to Stokes lines, and frequencies. (wi1+w2twp) and
(w1+tm2-wp) will correspond to Anti-Stokes lines. Calculations for Stokes and Anti-stokes lines have been done for some molecules,
namely Ammonia compound (NH3), Nitrousoxide compound (N20), Water (H20), Sulphur dioxide compound (SO2), Ozone compound
(O3). Calculations have also been done for compounds containing carbon, such as Dichloromethane compound (CH4Clz), Formic acid
compound (CH202), Methanol compound (CH40), Benzene compound (CsHs), Propane compound (C3Hs), and Carbonyl chloride
compound (Cl2CO). The theory developed predicts new phenomena of getting Stokes and anti-Stokes lines with modified wavelengths
which have not been observed experimentally as of to-day.
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Inelastic scattering of light by a molecular sample was first predicted theoretically by Adolf Smekel [1]in 1923. The
phenomenon was experimentally discovered in 1928 by an Indian Scientist C.V Raman [2,3]. He discovered the
phenomena using filtered sunlight as a monochromatic source of photons, a colored filter as a monochromator, and a
human eye as a detector. Originally Raman and Krishna observed the scattering of spectrally filtered sunlight from a
liquid and observed that the scattered light contained very weak signals of light that had slightly different frequencies
compared to the frequency of the incoming light. Some of the incident photons are elastically scattered (Rayleigh
scattering), and it is found that hardly 1 in 107 incident photons are elastically scattered. The number of inelastically
scattered photons is much less. Quantum-mechanically, this process of scattering is interpreted as the shifted quantum
states of the molecule. However, the intensity of the Raman signal is very low since hardly in 1 in 10® incident photons
are inelastically scattered. The shifted quantum states lead to shifted frequencies in the scattering process, and these appear
symmetrically around the frequency of the exciting radiation. This leads to the conclusion that the molecule may be either
excited or de-excited during the scattering process. If the molecule is excited before the scattering event, it leads to Stokes
scattering i.e., if wiaser is the frequency of the incident light and ws is the frequency of the scattered light, then the Raman
shift in frequency (Stokes lines) is Aw=wiaser-s Which is positive. However, when the molecule is de-excited, the Raman
shift in the frequency will be such that ws>miaser, and these Raman lines are called anti-Stokes lines. Hence, the frequencies
of the Raman lines depend on the states of excitation of the molecule on which the incident radiation falls.

Now it is well known that when light falls on a molecule, the molecule is polarized by the electric field of the incident
radiation (also called the incident field). Both linear and nonlinear optical effects can be understood as resulting from the
interaction of the electric field component of the incident electromagnetic radiation with the charged particles of the
molecule or material. In general, an applied electric field moves positive charges in the direction of the electric field, and
negative charges in the opposite direction. The electric field associated with the visible and near-infrared range of the
electromagnetic spectrum oscillates at frequencies in the range of the 103 THz. These driving frequencies are quite large
such that light particles, like electrons in the molecules or material follow the rapid oscillations of the driving field. This
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is not the case for nuclei that are heavy particles. As a result of the driving fields, the bound electrons are slightly displaced
from their equilibrium position. This process creates induced oscillating dipole that creates oscillating electric field. This
oscillating electric field can affect the state of polarization of the molecule that created it, and also the quantum states of
the molecule. It is this phenomenon that motivated us to study its effect on the frequencies of the resulting Stokes and
anti-Stokes lines. It needs to be emphasized that the spectroscopic technique based on Raman scattering has been widely
used in chemical analysis, study of biomolecules, crystals and powders, food industry, medical and environmental
applications. The greatest advantage of this technique is that it requires very little or no sample preparation. The theory
developed in this manuscript and the experimental techniques that may be developed in future could be very useful in
medical science since the technique could be used to locate the disease in hidden parts of the body without destroying or
affecting any internal structure or organs of the body [4].

We will now describe the basic ideas that will lead to the development of the theory suggested in this paper. It is
well known that a dipole creates an electric field, say Ea, that polarizes the solid [5-7]. If all the molecules of the system
are at one place, they all get polarized (i.e. each molecule acquires an induced dipole moment) and each causes an electric
field at some point ro where the local field is calculated. An oscillating molecule under the action of an electric field (Ei)
from the incident radiation will develop an oscillating dipole resulting in the creation of an oscillating electric field (EL).
The magnitude of the molecular response is proportional to the sum of all the fields (Eit+EL) acting at the same or some
point ro, and the sum of these fields is called primary field. More explicitly we write the fields at the position ro at the
time t as, Ei(ro, t) and EL(ro,t), and the primary field say,

Ep(ro,t):Ei(ro,t)+EL(I‘o,t). ( 1)

Now if @, is the frequency of the incident radiation, w> is the frequency of vibration of the induced of the molecule
receiving the incident radiation (the frequency of the induced dipole is not to be confused with the natural frequency of
vibration of the molecule), and wp is the frequency of the oscillating electric field created by the oscillating molecular
dipole, then the frequencies of the Raman scattering or Raman lines or Raman scattered radiation can be,

®+Wrtep, (2)
®1+w2-0p, 3)
®1-WyT0p, “)
W[-02-Wp. &)

Depending on the relative magnitudes of @2 and wp with respect to w1, we can get Stokes and anti-Stokes lines. If
w2>0p, then the following frequencies will correspond to anti-Stokes lines, i.e.

w;+twrtwp and w;+w:-wp, (6)
whereas the following will correspond to Stokes lines
W-02+wp and W;-w2-wp. 7

Now w1 is the frequency of the incident radiation and this will be known since the frequency of the selected incident
light radiation for the experiment will be known. Then w2 is the frequency of oscillation of the induced dipole and this
will also be known for a given molecule. Now to calculate wp, we have to first calculate the oscillating electric field (EL)
of the oscillating dipole of the molecule, and then calculate the energy due to this oscillating electric field. If this energy
is denoted by U, then U=hwp will give the value of wp.

Some of the important objectives of this research are as follows:

(1) Since the incident radiation creates oscillating dipole, and the oscillating dipole creates oscillating electric field,
it must therefore affect the oscillating dipole. This in turn leads us to wp that results in Stokes and anti-Stokes lines with
new frequencies.

(i1) Electromagnetic field emitted or scattered by molecules located in close proximity can be used in areas such as
chemical and material science art restorations, military, plasmonics nanoparticles, the existence of cancerous and healthy
cells, infections and hereditary diseases [8-15].

(iii) It may motivate scientist to develop intense electric field lasers so that the value of wp can be increased such
that the phenomena can be easily observed experimentally.

As usual there could be a larger or small gap between the proposed theory and the design of an experiment that can
lead to the observation of the phenomena. For instance, Raman scattering was theoretically proposed in 1923, but
discovered in 1928 [1,2]. The theory of simulated emission was proposed by Albert Einstein in 1917, but laser was
discovered in 1960. Quite a few examples such, assuperconductivity, can be worth mentioning.
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FORMULATION
We have to calculate the oscillating electric field (Ev) of a dipole (oscillating dipole) when the charge at its two ends
is alternating with the angular frequency w (w=27f). Thus we have alternating charges *q andq such that,

q = Qcoswt, (8)

where Q — Is the maximum value of the charge on either sides.

Now to calculate the value of the oscillating electric field (EL) at the point of observation P, we have to know the
value of the electric field at point P due to both charges, *q and "q. Thus to know the value of E; at P due to the charges,
we must consider that the apparent value of the charge is not q given as by Eqn. (8), but the value of q at some earlier
moment. This is the moment at which a disturbance would have had to be emitted by the charge, and travelling at the

speed of light ¢, to reach at the point P. The time of delay is %, and hence the apparent value of the charge will be

q1 = Qcosw(t—%), )

where ri- distance between the center of the dipole and the point of observation P.
Similarly, for the charge q,, we write

q, =—0Q cosa)(t—%). (10)

It should be noted that the apparent charge is a function of its distance from the observer (point P), and this is clear
from Eqn. (9) and Eqn. (10). Secondly, with the oscillating dipole, the amount of this time delay is different for the two
charges since they are at different distances (r;#r2) from P(only when © = 90° = g,that r1=r2). Thus viewed in this way,

the apparent total charge on the dipole is not zero (qi#qz) but fluctuates between positive and negative values. The
apparent charge qapp can be written as,

Qapp = Q1+ 42 = Q[COSw(t—Z—l) —cosw(t—%z)]

. T\ .. wl
=-2Q smw(t—;) sin (Zcos 9), (11)
where it is assumed that > [, and
r= %(7‘1 +rp)andr; — 1, = —lcos#, (12)

where [ is the distance between the charges *q and q.

We should note that when w = 0 (static dipole), qapp = 0, the field is localized and no oscillations. Now since @ is
finite and the apparent value of the total charge is not zero, the field has a longer range, and falls off less rapidly with the
distance. Assuming that the length of the dipole is very short compared to the wavelength, A, of the disturbance it sends
out, we can write,

S=2«i (Az?z%). (13)
Using Eqn. (13) in Eqn. (11), we can write sin 8 = 6 when 8 is very small, and hence Eqn. (11) can be written as,
Qapp = —%IQ cos@.sina)(t—g). (14)
Here Q! is the maximum value of the dipole moment p, of the dipole, such that we can write,
Po = QL, 15)
and
Qapp = —%cose.sinw(t—g). (16)

We have now to evaluate the potential, v, which the dipole produces at the point P. If v, is the potential at P due to
the upper charge, and v, is the potential at P due to the lower charge, then,

V=1 + vy, (17)
where
41
V1= amegry’ (18)
v, = 22— (19)

amegry’
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Combining Eqns. (9), (10), (17), (18) and (19), we can write,
Q [COS a)(t—%) cos (A)(t—r?z)]. (20)

U=U1+V2=

41E T1 T

Assuming that the size of the dipole, [ is very small compared to r; and 1> then r; and 1, may be almost equal to each
other. Using the approximations, we get,

v=-—

Ql i[cosw(t—g)]. o

4mey 02 r

Eqn. (21) gives the basic formula for the potential due to the oscillating dipole. By putting w = 0, we get the potential for
a stationary dipole. Eqn. (21) can be rewritten as,

T
v=— Ql i cosw(t—z) 6_7“
4mEy OT r 0z’

0l F] cosw(t—g)

Amey’ “or r

r2 c r

_Ql cos @. [cos w(t—g) _ gsin(u(t—g)]. (22)

Here in Eqn. (22), the first term refers to the static potential (w = 0), and the second term gives the electrostatic
potential that would be produced by the apparent charge qq,,, given by Eqn. (16). In order to get the limiting form of v for
large distances, r. It is evident that the second term in Eqn. (22) becomes quite large compared to the first term (since the
second term has r in the denominator, and the first term has r in the denominator). Thus the asymptotic value of v can be
written as,

Qlw sin a)(t—g)
4megc :

v — (23)

From Eqn. (23) we can calculate the electric field strength E in polar coordinates r, 8, @. It can be shown that at large
distance r, the components of E that are denoted by E; (in the direction of increasing r), Ep, (in the direction of
increasing 6), and Ej, (in the direction of increasing @) have different values. In fact,

E, =0 and Ey = 0, (24)
whereas,
- Qlw? cosw(t—g)
Eq = pr— . (25)

Eqn. (25) shows that at large distances from the dipole the electric field E (= Eg) becomes entirely transverse, at
whatever direction relative to the dipole it is measured, and transversality is a necessary condition for the plane
electromagnetic radiation. (At large distances from the source, any wave become a plane wave).

It is important to understand that Raman Effect is a result of inelastic interaction between light and matter. This
interaction can in turn, generate linear and nonlinear optical phenomena,depending on the strength of the applied electric
field and the nature of the sample on which light falls. For instance, the electric field intensities must be higher than
typically 10° V/m to make the contributions of the induced dipole moment large enough to create a nonlinear effect in the
medium [16]. Such high electric field intensities can be obtained by using giant- pulse lasers. In fact, linear scattering can
be obtained when the frequency of the incident light (stream of photons) wy is far away from the molecular electronic
absorption frequency w; such that w, <€ wy < w,, where w,, is the vibrational frequency of the molecule. This is in line
with the restriction of photon wavelength (energy) which lies in between the visible and near-visible regions and
corresponds to vibrational and electronic molecular excitation energies. In this case, the photon transfers its energy
(hwg) to the whole molecule in order to displace the electron and produce an induced dipole moment. However, the
electron remains bound since the large mass of the molecule does not allow such a transition. Hence, most of the incident
light (photon) is transmitted without change of frequency and this type of scattering is called Rayleigh scattering, and is
also known as elastic scattering.

It is necessary to understand that the origin of the Stokes and anti-Stokes scattering can be explained in terms of
energy transfer between the incident light (photons) and the scattering system. When the molecule is initially excited to
a level above the ground state, the scattered photon will gain energy and this scattering is termed as anti-Stokes scattering
when the energy of the scattered radiation is #(w, + w,,). However, if the molecule is initially at the lowest level (the
ground state), the scattered photon will lose energy and is called Stokes scattering whose energy is h(wy — w,) [17].

The magnetic field associated with the radiation emitted by the oscillating dipole is, B, i.c.
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2 _r
B =29 gin 9.l (26)
4mEGC

Now Eg and B are at right angles to r, and at right angles to each other. The power radiated by the oscillating dipole
will begiven by the Pointing vector ‘S’ [18] which is,
S = ui(ExB), 27)
0

where
1

goc?’

4y = (28)

The average total power radiated is the surface integral of S over a sphere of radius r, and hence we get [6],

4,2
S = % Whire po = Ql 29)
w*pd
T 12megc3 30)

If wp is the angular frequency (wp = 2mfp ) associated with this field, then we can write,

S = hwp. (€29)
Between Eqns. (30) and (31), we get,
_ w'pd
Wp = 12megc3h’ (32)

Another method of calculating the energy, U, associated with the electric field E, will be to calculate the work done
by the electricfield E in the displacement of the charge say Q, i.e.,

U=Ey.q.7 (33)
__ Qqlw?sin® T
T 4meqc? [COS w (t C)] (34)
Now
x%  x*
cosx=1—;+;+, 35)
and for small x, we can approximate,
JCZ
cosx = (1 - 2—) (36)
and hence U becomes,
_ Qqlw?sin@ _ Qqlw?sing® 5 T 2
U= amegc? amege? w (t c) ’ G7)

Under initial conditions at just t = 0, the second term will have c¢* in the denominator, and this term will be very
small compared to the first term that will have ¢? in the denominator. Thus Eqn. (37) gives U as,

_ Qqlw?sin®

U (38)

4TTEqC?
Generally, the observations are made perpendicular to the z-axis, 8 = 90°, sin @ = 1, and hence,

y = Qal? (39)

4TEgC2

= Z0 (py = QD) (40)

4megc?

here Q=charge of one end of the electric dipole, g=electron charge.
Now if wp, is the angular frequency associated with this energy, then,
2
U = hwp oer=%=L::’EL0Cgh (41)
Now energy S given by Eqn. (30) is the energy radiated by the oscillating dipole, whereas the energy U given by
Eqn. (40) is the energy fed into the oscillating dipole that was responsible for the creation of the oscillating electric field.
It is this energy that can contribute to the Raman-shifted-frequencies or Raman scattering. Hence wp given by Eqn. (41)
will affect the Stokes and anti-Stokes frequencies or lines.

RESULTS
Equations (41) have been used to determine angular frequency wp for some compounds whose Electric dipole
moments and their angular frequency of vibration of the molecule were obtained from literature [19].
We considered krypton laser of the following wavelength (in nm):799.3, 752.5, 728.7, 676.4, 647.1, 632.8, 568.2, 530.9,
514.5,488.0,454.6,and 416.0, as incident radiation. The results of each compound considered are given in their respective
tables below:
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Ammonia compound (NH3)

Electric dipole moment (p,) = 1.4718 Debye

Angular frequency of vibration of the molecule (w2) = 6.2907x10s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 1.9405x10s"!

[ RS 104! W+ 0Wr+wp W1+ 0W2-wWp W1-W2-Wp W1-WrTwp
45.3173 53.5485 49.6675 37.0861 40.9671
41.4694 49.7006 45.8196 33.2382 37.1192
38.6311 46.8623 42.9813 30.3999 34.2809
36.6414 44.8726 40.9916 28.4102 32.2912
35.5095 43.7407 39.8597 27.2783 31.1593
33.1785 41.4097 37.5287 24.9473 28.8283
29.7914 38.0226 34.1416 21.5602 25.4412
29.1331 37.3643 33.4833 20.9019 24.7829
27.8711 36.1023 32.2213 19.6399 23.5209
25.8707 34.1019 30.2209 17.6395 21.5205
25.0525 33.2837 29.4027 16.8213 20.7023
23.8564 32.0876 28.2066 15.6252 19.5062

Nitrous Oxide (N20) compound

Electric dipole moment (p,) = 0.16083 Debye
Angular frequency of vibration of the molecule () = 4.1927x10%s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 1.4217x103s"

W x10Ms! ®Twtwp W TwW2-wp W-02-Wp ®W-W2twp
45.3173 49.6522 49.3678 40.9824 41.2668
41.4694 45.8043 45.5199 37.1345 37.4189
38.6311 42.9660 42.6816 34.2962 34.5806
36.6414 40.9763 40.6919 32.3065 32.5909
35.5095 39.8444 39.5600 31.1746 31.4590
33.1785 37.5134 37.2290 28.8436 29.1280
29.7914 34.1263 33.8419 25.4565 25.7409
29.1331 33.4680 33.1836 24.7982 25.0826
27.8711 32.2060 31.9216 23.5362 23.8206
25.8707 30.2056 29.9212 21.5358 21.8202
25.0525 29.3874 29.3874 20.7176 21.0020
23.8564 28.1919 27.9069 19.2515 19.8059

Water (H20) compound

Electric dipole moment (p,) = 1.8546 Debye
Angular frequency of vibration of the molecule (w) = 6.8941x10s!,
Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 4.4327x10%s!-

wx10Ms! w1 +wtwp ®W+wW-mp W1-02-Wp W1-Wr+wp
453173 56.6441 47.7787 33.9905 42.8559
41.4694 52.7962 43.9308 30.1426 39.0080
38.6311 49.9579 41.0925 27.3043 36.1697
36.6414 47.9682 39.1028 25.3146 34.1800
35.5095 46.8363 37.9709 24.1827 33.0481
33.1785 44.5053 35.6399 21.8517 30.7171
29.7914 41.1182 32.2528 18.4646 27.3300
29.1331 40.4599 31.5945 17.8063 26.6717
27.8711 39.1979 30.3325 16.5443 25.4097
25.8707 37.1975 28.3321 14.5439 23.4093
25.0525 36.3793 27.5139 13.7257 22.5911
23.8564 35.1832 26.3178 12.5296 21.3950
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Sulphur dioxide (SO2) compound
Electric dipole moment (p,) = 1.63Debye

Angular frequency of vibration of the molecule (w2) = 2.1699x10s!,
Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 3.859x10"3s!

wx10Ms! w1 +wtwp w1 +w-wp W1-02-Wp W1-Wr+wp
453173 47.8731 47.1013 42.7615 43,5333
41.4694 44.0252 43.2534 38.9136 39.6854
38.6311 41.1869 40.4151 36.0753 36.8471
36.6414 39.1972 38.4254 34.0856 34.8574
35.5095 38.0675 37.2935 32.9537 33.7255
33.1785 35.7343 34.9625 30.6227 31.3945
29.7914 32.3472 31.5754 27.2356 28.0074
29.1331 31.6889 30.9171 26.5773 27.3491
27.8711 30.4269 29.6551 25.3153 26.0871
25.8707 28.4265 27.6547 23.3149 24.0867
25.0525 27.6083 26.8365 22.4967 23.2685
23.8564 26.4122 25.6404 21.3006 22.0724

Ozone (O3) compound

Electric dipole moment (p,) = 0.5337 Debye
Angular frequency of vibration of the molecule (w2) = 2.0794x10%s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 1.161x10%3s

w;x10"s! w1 +wr+wp 0 +@-Wp W (-W2-Wp W-W2+wWp
453173 475128 47.2806 43,1218 43.3540
41.4694 43.6649 43.4327 39.2739 39.5061
38.6311 40.8266 405944 36.4356 36.6678
36.6414 38.8369 38.6047 34.4459 34.6781
35.5095 37.7045 37.4725 33.3140 33.5462
33.1785 35.3740 35.1415 30.9830 31.2152
29.7914 31.9869 31.7547 27.5959 27.8281
29.1331 31.3286 31.0961 26.9376 27.1698
27.8711 30.0666 29.8344 25.6756 25.6756
25.8707 28.0662 27.8340 23.6752 23.9074
25.0525 27.2480 27.0158 22.8570 23.0892
23.8564 26.0519 25.8197 21.6609 21.8931

Compounds with Carbon

Dichloromethane (CH4CL:2) compound
Electric dipole moment (p,) = 1.60 Debye

Angular frequency of vibration of the molecule () = 5.6537x10's"!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 2.5719x10s!-

wx10Ms! w1 +wtwp ®W+wW-mp W1-02-Wp W1-Wr+wp
453173 53.5429 48.3991 37.0917 42.2355
41.4694 49.6950 44,5512 33.2438 38.3876
38.6311 46.8567 41.8129 30.4055 35.5493
36.6414 44.8670 39.7232 28.4158 33.5596
35.5095 43,7351 38.5913 27.2839 32.4277
33.1785 41.4041 36.2605 249529 30.0967
29.7914 38.0170 32.8732 21.5658 26.7096
29.1331 37.3587 32.2149 20.9075 26.0513
27.8711 36.0967 30.9529 19.6455 24,7893
25.8707 34.0963 28.9525 17.6451 22.7889
25.0525 33.2781 28.1343 16.8269 21.9707
23.8564 32.0820 26.9382 15.6308 20.7746
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Formic acid (CH202) compound
Electric dipole moment (p,) = 1.425 Debye

Angular frequency of vibration of the molecule (w2) = 4.9618x10s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 1.7642x10s!-

[ RS 104! W+ 0Wr+wp W1+ 0W2-wWp W1-W2-Wp W1-WrTwp

45.3173 52.0433 48.5149 38.5913 42.1197
41.4694 48.1954 44.6670 34.7434 38.2718
38.6311 45.3571 41.8287 31.9051 35.4335
36.6414 43.3674 39.8390 29.9154 33.4438
35.5095 42.2355 38.7071 28.7835 32.3119
33.1785 39.9045 36.3761 26.4525 29.9809
29.7914 36.5174 32.9890 23.0654 26.5938
29.1331 35.8591 32.3307 224071 25.9355
27.8711 35.5971 31.0687 21.1451 24.6735
25.8707 32.5967 29.0683 19.1447 22.6731
25.0525 31.7785 28.2501 18.3265 21.8549
23.8564 30.5824 27.0540 17.1304 20.6588

Methanol (CH4+0) compound

Electric dipole moment (p,) = 1.7 Debye

Angular frequency of vibration of the molecule (@) = 6.9394x10's™!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 4.1168x10's!-

[ RS 104! W+0Wr+wp W+ 0W2-wWp W1-W2-Wp W1-WrTwp

45.3173 56.3735 48.1399 34,2611 42.4947
41.4694 52.5256 44.2920 30.4132 38.6468
38.6311 49.6873 41.4537 27.5785 35.8085
36.6414 37.6976 39.4640 25.5852 33.8188
35.5095 46.5657 38.3321 24.4533 32.6869
33.1785 44.2347 36.0011 22.1223 30.3559
29.7914 40.8476 32.6140 18.7352 26.9688
29.1331 40.1893 31.9557 18.0769 26.3105
27.8711 38.9273 30.6937 16.8149 25.0485
25.8707 36.9269 28.6933 14.8145 23.0481
25.0525 36.1087 27.8751 13.9963 22.2299
23.8564 349126 26.6790 12.8004 21.0338

Benzene (CéHs) compound

Electric dipole moment (p,) = 0.4236 Debye

Angular frequency of vibration of the molecule (w>) = 4.3228x10s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 3.9806x10"3s!-

wx10Ms! w1 +wtwp ®W+wW-mp W1-02-Wp W-Wr+wp
453173 50.0382 49.2420 40.5964 41.3926
41.4694 46.1903 45.3941 36.7485 37.5447
38.6311 43.3520 42.5558 33.9102 34.7064
36.6414 41.3623 40.5661 31.9205 32.7167
35.5095 40.2304 39.4342 30.7886 31.5848
33.1785 37.8994 37.1032 28.4576 29.2538
29.7914 34.5123 33,7161 25.0705 25.8667
29.1331 33.8540 33.0578 24.4122 25.2084
27.8711 32.5920 31.7958 23.1502 23.9464
25.8707 30.5916 29.7954 21.1498 21.9460
25.0525 29.7734 28.9772 20.3316 21.1278
23.8564 28.5773 27.7811 19.1355 19.9317
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Propane (C3Hs) compound

Electric dipole moment (p,) = 0.084 Debye

Angular frequency of vibration of the molecule (w2) = 5.6065x10s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 1.3278x10"3s!-

wx10Ms! w1 +wtwp w1 +w-mWp W1-02-Wp W-Wr+wp
453173 51.0566 50.7910 39.5780 39.8436
41.4694 47.2087 46.9431 35.7301 35.9957
38.6311 44.3704 44,1048 32.8918 33.1574
36.6414 42.3807 421151 30.9021 31.1677
35.5095 41.2488 40.9832 29.7702 30.0358
33.1785 399178 38.6522 27.4392 27.7048
29.7914 35.5307 35.2651 24.0521 243177
29.1331 34.8724 34.6068 23.3938 23.6594
27.8711 33.6104 33.3448 22.1318 22.3974
25.8707 31.6100 31.3444 20.1314 20.3970
25.0525 30.7918 30.5262 19.3132 19.5788
23.8564 29.5957 29.3301 18.1171 18.3827

Carbonyl chloride (C12CO) compound

Electric dipole moment (p,) = 1.17 Debye.

Angular frequency of vibration of the molecule (w;) = 1.0689x10'4s!,

Angular frequency due to the electric dipole created by the vibrating molecule (wp) = 6.72x10'2s7

X 10'4g! W twWTwp W twW-Wp W1-W2-Wp W-WrTwp
45.3173 46.4534 46.3190 44.1812 44.3156
41.4694 42.6055 42.4711 40.3333 40.4677
38.6311 39.7672 39.6328 37.4950 37.6294
36.6414 37.7775 37.6431 35.5053 35.6397
35.5095 36.6456 36.5112 34.3734 34.5078
33.1785 34.3146 34.1802 32.0424 32.1768
29.7914 30.9275 30.7931 28.6553 28.7897
29.1331 30.2692 30.1348 27.9970 28.1314
27.8711 29.0072 28.8728 26.7350 26.8694
25.8707 27.0068 26.8724 24.7346 24.8690
25.0525 26.1886 26.0542 23.9164 24.0508
23.8564 24.9925 24.8581 22.7203 22.8547

DISCUSSION AND SUMMARY

There are a number of important reasons as to why the development of Raman spectroscopy was very slow. An
important reason is that the Raman Effect is very weak [20]. Hardly one part in a million of the total intensity of the
incident light is elastically scattered (Rayleigh scattering), whereas for Raman scattering this value is one part in 108 of
the incident light intensity [21]. This is also the most important reason that the discovery of Raman Effect was delayed.
Even the discovery of laser was delayed up to 1960, but once a large number of lasers with powerful beams were
discovered, new laser techniques stimulated the field of molecular spectroscopy and Raman spectroscopy.

Raman Effect arises when a photon is incident on a molecule, and it interacts with the dipole created by the electric
field of the incident light radiation. In fact, an oscillating dipole is created. Now an oscillating dipole creates an oscillating
electric field, and in this manuscript it is assumed that the oscillating electric field, created by the oscillating dipole can
affect the frequency scattered due to the Raman Effect. The modification in the frequency of the Stokes and anti-Stokes
lines due to this effect is calculated and is denoted as wp. The values of wp for different molecules have been calculated.
These values are different for different molecules and are smaller than w1 and w2 by a factor of roughly 10. We
emphatically believe that it should be possible to measure the value of wp by an appropriate experimental design and by
using an intense electric field laser. One method could be that two laser beams are used. First a Q-switched laser beam
(pulse of a beam) is projected on the molecule and then a continuous wave (CW) laser beam be projected on the same
molecules. This process of getting Stokes and anti-Stokes lines may help in getting a specific value for wp for different
molecules. This process can be called double beam Raman scattering. It is not easy to surmise how soon the exact value
of wp can be measured since the gap between theoretical prediction and experimental observation has beengenerally
large. Moreover, an intense electric field laser can lead to larger wp values that can be measured. Intense electric field
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can affect wp, but larger number of photons in the laser beam will affect the intensity of Raman lines. Typical electric
field intensities of order of 10'°V/m or more may be required to obtain values of wp that can be measured.

Raman spectroscopy provides a unique biochemical study capable of identifying and characterizing the structure of
molecules, tissues, and cells. In identifying cervical cancer, it is established that it is a promising biochemical tool due to
its ability to detect pre-malignancy and early malignancy stages [11-13, 22-25]. Raman lines differ between normal and
malignant biopsy samples. In our case it is the value of wp that will differ between normal and malignant biopsy samples.

A greater body of experimental evidence may be needed in future to establish the validity of the theory developed
in this manuscript. However, the fact remains that the type of Raman scattering proposed in this manuscript can be
observed experimentally, and it can become a promising biomedical tool, especially by obtaining Raman lines after
radiotherapy cycles and so on.

The concept in this manuscript is that the molecule may be excited not only by the incident laser radiation but also
by the oscillating electric field created by the oscillating dipole. It is quite possible that our study can be used in the study
of Four-Wave mixing microscopy of nanostructures [26], and Surface-Enhanced Raman Spectroscopy (SERS), and
Coherent Raman Spectroscopy (CARS) [27-30,]. We are not competent to say how the experiments may be designed to
observe these phenomena.

We must point out that we have not been able to find out any theoretical and or experimental observations on these
lines in literature. From the above results, it shows that the theory developed predicts new phenomena of getting Stokes
and anti-Stokes lines with modified wavelengths. It is proposed that such a phenomenon may be observed experimentally
by using intense electric field laser.
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BII/IMB OCHUJIIOIOYOI'O EJIEKTPHYHOT'O ITOJISA
YEPE3 OCIAJLISANIT EJEKTPHYHOI'O IUIIOJISA HA PAMAHIBCBKI JITHIT
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Edexr Pamana nonsirae y BUMipIOBaHHI iHTEHCHBHOCTI Ta OBXHWHH XBHJIb HEMPYXKHO PO3CISTHOTO BHIIPOMIHIOBAaHHS, sIKE MaJa€ Ha
MoueKyity. EnekTpruHe mosie BUIIPOMiHIOBAaHHS HOJISIPU3Y€ MOJICKYJLY, Ha SIKY BOHA MaJae, 1 e MPU3BONTD 10 CTBOPCHHS KOJIMBAaHb
qurnoss. [Tonspu3oBane J1a3epHe CBITIIO, IO MaJla€, HEMPY KHO PO3CIIOETHCS MOJIEKYISIPHAM 3pa3KkoM. Po3cisiHe CBITIIO MiCTHTH 3MiHEH1
JOBXXMHHM XBWJIb, AKi Ha3uBalOTbCd CTOKCIBCBKUMH Ta aHTH-CTOKCIBCBKMMHU IOBXHHAMU XBWJIb. EJEKTpUMYHMH AWNONb, IO
KOJIMBAETHCS BHACIIIOK Maal0q0r0 BUIIPOMIHIOBAHHS, CTBOPIOE HABKOJIO ceOe KoNMBaIbHE elNeKTpHyHe rnojie. OCKUTbKY KOMNBAIbHE
SJICKTPUYHE MOJIC IaJafodor0 BHIIPOMIHIOBAHHS CTBOPIOE KOJIHMBAIBHHI EJICKTPHYHUH JUIIONb, SIKMH CTBOPIOE HABKOJO HBOTO
KOJIMBAJbHE EJICKTPHYHE I10JI€, TO BBAXKAETHCS, 110 L€ KOJIMBAJbHE EJICKTPUYHE 10JI€ MOXKE BIUIMBATH HA YAaCTOTY KOJNUBaHb abo
KOJINBAHHS €JIEKTPHYHOTO AUTIONS, IKUI Horo BUpoOsise. Lleit HoBHit e(eKT 3MIHUTH YaCTOTY (4aCTOTH) PO3CISTHOTO BUITPOMIHIOBAHHS,
mo npu3Bene 0 mosBu JiHid Ctokca Ta anTH-CTOKCa 31 3MiHEHMMH YacToTaMHu. lle TeopeTHYHe MOCHIIKEHHS Ta HOro 3HAYCHHS
MOJXKHA TTOSICHUTH HACTYITHUM YHHOM. Hampukias, sKIo € JBi KIITHHU a00 MOJIEKYJIH OPYY, Y SKHX OJIHA € 370POBOIO KIIITHHOIO, &
1HIIIA — paKOBOIO, a00 J1Ba Pi3HUX THUIIIB MOJIEKYJ IO 3HAXOJATHCS MOPSII, el THIT pO3CiIOBaHHS IMIOBHHEH OYyTH B 3MO31 PO3PI3HUTH
OJIHY CHUTYyaIlifo Bix iHImoi, ockinbku ninii CTokca i anTH-CTOKCa BiJ JBOX MOJIEKYJI HE OyAyTh iTeHTHYHIMH. TakuM YHHOM ITafarode
BUIIPOMIHIOBaHHS KyTOBOI YacTOTH w1 IOJSIpH3ye MONEKYIy, Ha SKy BOHA Iajae, i Iie IPU3BOIUTE J0 CTBOPEHHS KOJNMBAJIHHOTO
JUTIONS 4acToTH 2. KonmuBanbHMI JWIONL CTBOPIOE KOJMBAJIBbHE ENEKTPUYHE I0JIe, SIKE MOXKE CTBOPUTH JOJATKOBY YacTOTY
KOJIMBAJIBHOTO JAWMONA, KUK Horo cTBOpWB, i1 Hexail me Oyne wD. Toxi nminii Pamana MoxyTs Maté 4acTotH (wl+w2+wD),
(w1l+w2-wD), (w1-w2+wD) Ta (w1-w2-wD). 3anexHo Bix BITHOCHUX BeTHYUH w2 i wD, niHii Pamana Oy 1y Ts mo3HavyaTHCA K JiHIT
Crokca i anTu-CToKca. Uepes 3akoH 30epeskeHHsI eHeprii wD Oye MeHIe Hixk w2, OCKITBKH KOJTHBATGHUH TUTIONb HE MOXKE CTBOPHTH
TI0JIe YaCTOTH OiJIbIIe cBOET BacHOi 9acToT. OTke, 4acToTH (w1-w2+wD) 1 (w1-w2-wD) BigmosinaoTs miHisM CTOKca 1 4acTOTaM.
(wl+w2+wD) i (wl+w2-wD) 6yxyTs Bixnosixaryu mniHisM anTH-Crokca. Po3paxynku miniit Crokca Ta antu-Crokca Oyiu 3pobieHi
Ui aeskux Mojekyn: amiaky (NHs), okcuay asoty (N20), Bogu (H20), miokcuay cipku (SO2), (O3). Po3paxyHku Takox Oynu
MPOBEJEHI ISl CIOJYK, IO MIiCTATh ByrJielb, Takux sk auxiaopmeran (CH4Clz), mypammnoi kucnotn (CH202), meranony (CH40),
oenzony (CsHs), mponany (CsHs) ta kapboninxmopuny (Cl2CO). Po3pobiieHa Teopis nependadae HOBI SBHINA ISl OTPUMAaHHS JTiHIN
Crokca Ta anTu-CToKca 31 3MIHEHOIO JJOBXXHUHOIO XBUIII, SIKI HE CIIOCTEPIrajiicsi eKCIepUMEHTAIBHO Ha ChOTOJHILIHIH JeHb.
KJIFOUYOBI CJIOBA: enexTpy4HUii AUMOIb, JiHil Pamana, miHii Ctokca, anTu-CTOKCa, KOJMBAIBHUHN SISKTPUIHUHA ANUIOTH
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Oddext Pamana cocTonT B M3MEPEeHWH MHTCHCHBHOCTH M JUIMHBI BOJIH HEYNPYTO PAcCESHHOTO M3IydeHHs, KOTOpOoe MagaeT Ha
MOJIEKYJTy. DIEKTPUIECKOE IT0JIe H3ITyYSHUS TOJISIPU3YeT MOJIEKYJLy, Ha KOTOPYIO OHa MaJIaeT, ¥ 9TO IPHBOJIHUT K CO3JIaHUIO KOJIeOaHHi
qumnons. [lonspru3oBaHHBIN JIa3epHBIH CBET, MAAAalOUIMH HE YNPYro pacceuBaeTcsi MOJIEKYJSpHBIM 00pasily. PaccesHHblil cBer
COJICPKUT M3MEHEHBI JUIMHBI BOJH, KOTOPbIe Ha3bIBArOTCsl CTOKCOBCKUMHU M aHTU-CTOKCOBCKMMH UTMHAMH BOJH. DIEKTPUYECKHI
JIUIIONB, KOTOPBIA KOJEOJEeTCs BCJISACTBUE IMAJAIOLIEro M3JIyYeHHUs, CO3JaeT BOKPYTr cebs KojebaTenbHOE DIIEKTPUYECKOe IOJIe.
ITockonbKy KonebaTeTbHOE IEKTPHUECKOE T0JI€ MAJA0IIET0 U3ITydeH s CO3aeT KOneOaTeNbHbIH JMEKTPUIECKUil TUITOb, KOTOPHBIi
C03JaeT BOKPYT HETO KoJIeOaTeIbHOE AEKTPHIECKOE TI0JIE, TO CIUTACTCS, YTO 3TO KOJIeOaTeIbHOE IEKTPHIECKOE MO MOXKET BIUSTh
Ha YacTOTy KoJjeOaHUH WM KOJIeOaHHUs 3JIEKTPUUECKOTO JIHIOISI, KOTOPBIH €ro MPOU3BOAUT. DTOT HOBBIH 3P (EeKT M3MEHUT 4acToTy
(JacTOTHI) PacCEsIHHOTO U3IIy4YeHHs, YTO MpUBEAET K MosBaeHHIo uHnil CTtokca n aHTH-CTOoKCa ¢ M3MEHEHHBIMU YacTOTaMH. DTO
TEOPETHIECKOe HCCIISIOBAaHNEe M €T0 3HaUYCHHE MOXKHO OOBSICHHUTH clieqylomuM obpazom. Hampumep, ecnm ecTh ABe KIETKH HIN
MOJIEKYJIBI PSIOM, B KOTOPBIX OJHA SIBIISIETCS 3J0POBOM KJIETKOH, a JApyras - pakoBO WM J(Ba Pa3IMYHBIX THUIIOB MOJIEKYII,
HaXOAAIMINXCS PSIIOM, 3TOT THI PACCESHUs JOJKEH OBITh B COCTOSHHU Pa3UYUTh OAHY CHTYAIMIO OT JIPYToi, MOCKONBKY JTUHHUU
Crokca u aHTH-CTOKCa OT JBYX MOJIEKYN He OyIyT MAEHTHYHBIMU. TakuM 00pa3oM Majarolmiee M3IydeHHe yTIIOBOH JacTOTH ®l
TIOJISIPU3YET MOJIEKYITy, Ha KOTOPYIO OHA ITaJlaeT, ¥ 3TO MPUBOANT K CO3/IaHMIO KOJIeOAaTeILHOTO JUITONA YacToThl 2. KonebarenpHbIi
JMIIONB CO3/aeT KojaebaTeIbHOe IEKTPUUECKOE MoJIe, KOTOPOE MOXKET CO3/1aTh AOMOTHUTENBHYIO YaCTOTY KOoneOaTenbHOro AUMOIs,
KOTOPBIN €ro co3nal, u mMycTh 370 Oynetr wD. Torna muann Pamana moryT uMeTh 9acToThl (01+m02+w@D), (01+w02-0D), (01-02+nD)
1 (01-w2-0D). B 3aBHCEMOCTH OT OTHOCHTEIBHBIX BeNINH 2 1 oD, mnann Pamana Oy ayT o603Hauatscst kak imHIE CTOKCa M aHTH-
Crokca. Yepes 3ak0oH coxpaHeHUs 3Hepruu oD OyneT MeHbIe YeM ®2, IOCKONbKY KoJeOaTenbHbIH AUMONb HE MOXKET CO31aTh IoJIe
4acTOThl OoJbIIe cBOei coOcTBeHHON dacToThl. UTak, wacToThl (wl-w2+wD) u (wl-w2-wD) coorBercTByroT nuHUsAM CTOKCAa U
gactotaM. (01+02+wD) n (01+w02-oD) OyxyT cooTBeTcTBOBaTH MHHIAM aHTH-CTOKCa. Pacuers! muHuit Ctokca 1 anTH-CTOKCA OBUTH
clIeTaHbl U HeKOTOphIX MoJiekyn: ammuaka (NH3), okcuaa azora (N20), Bomst (H20), auokcuna cepsl (SOz2), o3oHa (O3). Pacuers
TaKke OBUTH MPOBEICHBI I COeUHEHUH, COAepKaIIUX yriaepo, Takux kak auxiopmerad (CH4Clz), mypaBeunas kucnora (CH20z),
metanona coequHenue (CH40), 6enzona (CeHe), npomana (CsHs) u xkap6onmmxiopuna (C2CO). PaspaboTannas Teopus npeamonaraer
HOBBIE SIBICHUWS Uil moiydeHus: juHUH Crtokca W aHTH-CTOKCAa € W3MEHEHHOW MJIMHOM BOJIHBI, 4TO HE HaOJIoJaINCh
9KCTIEPUMEHTAIBHO Ha CETOAHSIIHNH IEHb.

KJIFOUYEBBIE CJIOBA: siekTpu4ecKuil Turmoiis, TuHnd Pamana, muaun Ctokca, aHTH-CTOKCa, KOJIeOATeIbHBIA DIICKTPUUCCKHIA
JIUTIONB


https://chem.libretexts.org/Bookshelves/Analytical_Chemistry/Map%3A_Principles_of_Instrumental_Analysis_(Skoog_et_al.)/18%3A_Raman_Spectroscopy/18.1%3A_Theory_of_Raman_Spectroscopy

