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Abstract
The current examination deals with a detailed investigation on the 
computational study of 5-(4-chlorophenyl)-3-(3,4-dimethoxyphenyl)-1-phenyl-
4,5-dihydro-1H-pyrazole (CPMPP) by using density functional theory (DFT). 
CPMPP is synthesized and characterized by UV-Visible, FT-IR, 1H NMR, 
and 13C NMR spectroscopic methods. The molecular structure, optimized 
geometrical parameters, and vibrational assignments have been established 
employing the DFT method, the B3LYP method, and the 6-311++G (d,p) 
basis set. Frontier molecular orbital (FMO) analysis and various global 
reactivity parameters are also discussed for the better comprehension of 
the chemical reactivity. Theoretical and Experimental; UV-Visible analysis is 
compared and a good deal of agreement is found. Experimental vibrational 
frequencies were compared with the theoretical IR spectrum to mark the 
correct vibrational assignments. Molecular electrostatic surface potential 
(MESP) and Mulliken atomic charges are computed at the same level of 
theory to locate the charge density. Absorption energies, excitation energy, 
oscillator strength, and transitions have been computed at TD-B3LYP/6-
311++G (d,p) level of theory for B3LYP/6-311++G (d,p) optimized geometry.
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Introduction
Pyrazoles are five-membered heterocycles that 
establish a class of heterocyclic compounds 
especially valuable in organic synthesis. Pyrazoline 
is one of the imperative synthons in therapeutic 
science and has played a crucial role in the 
development of heterocyclic compounds. The 
chalcones are significant intermediates for the 
synthesis of various heterocyclic compounds 
including pyrazolines. Pyrazole frameworks have 
pulled in more consideration because of their 
fascinating pharmacological properties.1-3 The wide 
range of biological properties includes anticancer 
activity,4 anti-tubercular,5 antibacterial,6 antifungal 

,7 anti-inflammatory,8 analgesic,9 anti-viral activity,10 

anti-diabetic,101 anti-malarial,12 etc. Few examples 
of biologically potent drugs containing pyrazole 
structure are given in Figure 1. Lonazolac is found 
to show excellent anti-inflammatory activity in 
disease treatments whereas fezolamine shows 
anti-depressant and difenamizole shows analgesic 
activity. The green chemistry has advanced in recent 
years and explored for the synthesis of variety of 
organic compounds having potential biological 
applications.13-20 The PEG solvents have been used 
to increase environmental sustainability and energy-
efficient reactions.21-23

Graphical abstract

Fig.1: Biologically potent drug containing pyrazole structure
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Theoretical chemistry based on DFT can predict 
various molecular properties. By virtue of DFT, 
different spectroscopic assessments can be 
achieved; UV-Visible spectra, IR and Raman 
frequencies, NMR chemical shifts, and spin-spin 
coupling constants.24-32 Also, DFT calculations 
can anticipate FMO energies, bond lengths, bond 
angles, dihedral angles, absorption energies,  
etc.33-45 The comparison of theoretical calculations 
with experimental outcomes gives decent information. 
Critically, the examination of the reaction mechanisms 
is made simpler because of calculation estimations 
in view of DFT. Considering all these critical angles 
and continuation of our enthusiasm for synthesizing 
heterocyclic compounds, we wish to report synthesis 
and density functional theory investigation of 
5-(4-chlorophenyl)-3-(3,4-dimethoxyphenyl)-1-
phenyl-4,5-dihydro-1H-pyrazole. In the current 
investigation various structural, spectroscopic, and 
quantum chemical facets of title compound have 
been revealed.

Experimental
Material and Methods
All the chemicals needed for synthesis were obtained 
from a commercial source (AR grade with purity > 
99%) and used without further purification. Melting 
points of the compounds were determined in an open 
capillary tube and is uncorrected, IR spectra were 
recorded on the Shimadzu FT-IR spectrometer using 
potassium bromide pellets. 1H NMR was determined 

on Bruker Advance II 500 MHz spectrometer using 
DMSO as a solvent. The UV-Visible analysis was 
performed within 200 to 800 nm range in the DMSO 
solvent. The reactions were monitored by thin-layer 
chromatography (TLC, Merck) using aluminum 
sheets coated with silica gel by using n-hexane and 
ethyl acetate as an eluent. 

Synthesis of Chalcone
An equimolar mixture of 3,4-dimethoxy acetophenone 
(1, 0.01 mol) and 4-chloro benzaldehyde (2, 0.01 
mol), and 10 % NaOH (10 mL) in ethanol (15 
mL) was stirred together for 14 hours at room 
temperature. The completion of the reaction was 
monitored by TLC. Then the reaction mixture was 
poured into crushed ice and acidified with dilute 
HCl. The solid obtained was filtered, washed with 
water, dried, and recrystallized from ethanol to obtain 
desire chalcone.

Synthesis of CPMPP 
The solution of chalcone 3 (20 mmol) and 
phenylhydrazine (20 mmol), and 10% NaOH in 
PEG-200 (10 mL) were refluxed for 2 hours at 70-
80°C. The completion of the reaction was monitored 
by TLC. After completion of the reaction, the reaction 
mixture was poured into crushed ice and precipitate 
obtained was filtered under vacuum, washed with 
water, dried, and recrystallized from ethanol to 
furnish the title compound 4. The overall reaction is 
given in Scheme 1.

Scheme 1: Synthesis of CPMPP
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Physicochemical and Spectral Analysis
Light yellowish solid; Yield: 92 %; m.p. 140-142 °C. 
FT-IR (KBr, in cm-1): 1596 (C=N str), 2917 (Ar-H str), 
1495 (Aro. C=C str), 816 (Ar-Cl str); 1H NMR (500 
MHz, CDCl3) δ: 7.49 (d, J = 2.0 Hz, 1H), 7.30 (d, J 
= 8.5 Hz, 2H), 7.26 (d, J = 6.5 Hz, 2H), 7.20 – 7.16 
(m, 2H), 7.02 (m, 3H), 6.84 (d, J = 8.4 Hz, 1H), 
6.82 – 6.75 (m, 1H), 5.21 (dd, J = 12.3, 7.2 Hz, 1H), 
3.98 (s, 3H), 3.90 (s, 3H), 3.82 (dd, J = 16.9, 12.3 
Hz, 1H), 3.08 (dd, J = 16.9, 7.2 Hz, 1H); 13C NMR 
(126 MHz, CDCl3) δ (ppm): 150.01, 149.17, 146.90, 
144.88, 141.20, 133.30, 129.35, 128.98, 127.36, 
125.57, 119.19, 119.11, 113.32, 110.62, 108.09, 
63.93, 55.97, 43.68.

Computational Details
All the computational calculations are determined in 
the gas phase by the DFT method using Gaussian-
03(W) software. To analyze the theoretical parameters 
of the titled compound, geometry was optimized by 
DFT/B3LYP method with a 6-311++G (d,p) basis 
set [46]. The optimized structure of compounds 
was used for the calculation of thermodynamic 
parameters, global chemical reactivity parameters, 

frontier molecular orbital analysis, and plotting 
the molecular electrostatic potentials. Absorption 
energies, excitation energy, oscillator strength, and 
transitions have been computed at TD-B3LYP/6-
311++G (d,p) level of theory for B3LYP/6-311++G 
(d,p) optimized geometry.

Results and Discussion
Structural Analysis
The optimized molecular structure of the CPMPP 
is given in Figure 2. Optimized bond lengths and 
bond angles of CPMPP at B3LYP/6-311++G (d,p) 
are presented in Table 1. The CPMPP possesses 
aromatic C=C bond lengths from 1.38 Å to 1.40 Å. 
The azo group (N7-N8) bond is 1.3708 Å long and 
the imine (C1=N8) bond is 1.2887 Å in length. The 
dipole moment of the CPMPP is 4.59 Debye with C1 
point group symmetry and -1609.51 a.u. E(B3LYP) 
energy. The bond angles N8-C1-C20, C1-N8-N7, 
O40-C45-H47, and C32-C36-Cl49 are 122.6027°, 
110.3769°, 111.2483°, and 119.4557° respectively. 
Other bond length and bond angle data are also in 
good agreement.				  

Fig.2: Optimized structure with atomic labeling

Table 1: Optimized bond lengths and bond 
angles at B3LYP/6-311++G (d,p) level 

Bond length (Å)

C1-C2	 1.5164	 C12-C16	 1.3919	 C29-C31	 1.3970
C1-N8	 1.2887	 C12-H17	 1.0846	 C30-C32	 1.3933
C1-C20	 1.4612	 C14-C16	 1.3960	 C30-H33	 1.0857
C2-C3	 1.5542	 C14-H18	 1.0847	 C31-C34	 1.3923
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C2-H4	 1.0930	 C16-H19	 1.0835	 C31-H35	 1.0840
C2-H5	 1.0931	 C20-C21	 1.4084	 C32-C36	 1.3904
C3-H6	 1.0962	 C20-C22	 1.3977	 C32-H37	 1.0825
C3-N7	 1.4793	 C21-C23	 1.3820	 C34-C36	 1.3915
C3-C29	 1.5202	 C21-H24	 1.0824	 C34-H38	 1.0826
N7-N8	 1.3708	 C22-C25	 1.3960	 C36-Cl49	 1.7595
N7-C9	 1.3987	 C22-H26	 1.0835	 O39-C41	 1.4325
C9-C10	 1.4051	 C23-C27	 1.4165	 O40-C45	 1.4223
C9-C11	 1.4070	 C23-O39	 1.3718	 C41-H42	 1.0895
C10-C12	 1.3932	 C25-C27	 1.3936	 C41-H43	 1.0920
C10-H13	 1.0815	 C25-H28	 1.0817	 C41-H44	 1.0957
C11-C14	 1.3889	 C27-O40	 1.3616	 C45-H46	 1.0886
C11-H15	 1.0805	 C29-C30	 1.3969	 C45-H47	 1.0950
-	 -	 -	 -	 C45-H48	 1.0953

Bond angle (°)

C2-C1-N8	 112.7333	 C10-C12-H17	 118.9366	 C29-C30-C32	 121.1396
C2-C1-C20	 124.662	 C16-C12-H17	 120.0987	 C29-C30-H33	 119.8456
N8-C1-C20	 122.6027	 C11-C14-C16	 121.1398	 C32-C30-H33	 119.0141
C1-C2-C3	 102.4226	 C11-C14-H18	 118.9236	 C29-C31-C34	 120.8973
C1-C2-H4	 111.7172	 C16-C14-H18	 119.9358	 C29-C31-H35	 119.5406
C1-C2-H5	 111.6775	 C12-C16-C14	 118.7769	 C34-C31-H35	 119.5533
C3-C2-H4	 112.2421	 C12-C16-H19	 120.5992	 C30-C32-C36	 118.9867
C3-C2-H5	 111.3691	 C14-C16-H19	 120.6239	 C30-C32-H37	 120.8066
H4-C2-H5	 107.4636	 C1-C20-C21	 120.9602	 C36-C32-H37	 120.2055
C2-C3-H6	 110.4550	 C1-C20-C22	 121.0493	 C31-C34-C36	 119.2429
C2-C3-N7	 101.8185	 C21-C20-C22	 117.9901	 C31-C34-H38	 120.6664
C2-C3-C29	 112.9459	 C20-C21-C23	 121.5549	 C36-C34-H38	 120.0897
H6-C3-N7	 109.1755	 C20-C21-H24	 120.0735	 C32-C36-C34	 121.0291
H6-C3-C29	 108.6815	 C23-C21-H24	 118.3982	 C32-C36-Cl49	 119.4557
N7-C3-C29	 113.5987	 C20-C22-C25	 121.0966	 C34-C36-Cl49	 119.5142
C3-N7-N8	 112.5815	 C20-C22-H26	 120.4259	 C23-O39-C41	 116.2329
C3-N7-C9	 124.3649	 C25-C22-H26	 118.4773	 C27-O40-C45	 118.5520
N8-N7-C9	 119.4649	 C21-C23-C27	 119.8929	 O39-C41-H42	 105.9929
C1-N8-N7	 110.3769	 C21-C23-O39	 118.8338	 O39-C41-H43	 111.3279
N7-C9-C10	 120.5477	 C27-C23-O39	 121.1526	 O39-C41-H44	 110.4094
N7-C9-C11	 120.6239	 C22-C25-C27	 120.5002	 H42-C41-H43	 109.6557
C10-C9-C11	 118.8234	 C22-C25-H28	 119.0783	 H42-C41-H44	 109.3871
C9-C10-C12	 120.2049	 C27-C25-H28	 120.4191	 H43-C41-H44	 109.9796
C9-C10-H13	 120.6123	 C23-C27-C25	 118.9595	 O40-C45-H46	 105.7824
C12-C10-H13	 119.1746	 C23-C27-O40	 116.2956	 O40-C45-H47	 111.2483
C9-C11-C14	 120.0902	 C25-C27-O40	 124.7425	 O40-C45-H48	 111.4068
C9-C11-H15	 119.1303	 C3-C29-C30	 119.9300	 H46-C45-H47	 109.3764
C14-C11-H15	 120.7787	 C3-C29-C31	 121.3116	 H46-C45-H48	 109.3962
C10-C12-C16	 120.9644	 C30-C29-C31	 118.7030	 H47-C45-H48	 109.5428

Charge Density Distribution Study
Mulliken atomic charges and molecular electrostatic 
surface potential are studied for the investigation of 

a charge density distribution study. Mulliken atomic 
charges are presented in Table 2 and Figure 3. The 
C2 carbon atom is the most electronegative with a 
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charge density of -1.06730 whereas C20 carbon 
atom is the most electropositive carbon atom with 

charge density of 0.90122. Talking about hydrogen 
atoms, all hydrogen atoms are electropositive.

Table 2: Mulliken atomic charges

Atom	 Charge	 Atom	 Charge	 Atom	 Charge

C1	 -0.47944	 H18	 0.17408	 H35	 0.19404
C2	 -1.06730	 H19	 0.14055	 C36	 0.25209
C3	 0.22775	 C20	 0.90122	 H37	 0.20442
H4	 0.18280	 C21	 -0.29498	 H38	 0.20834
H5	 0.18648	 C22	 -0.27261	 O39	 -0.12454
H6	 0.21757	 C23	 -0.49427	 O40	 -0.18626
N7	 0.15700	 H24	 0.23809	 C41	 -0.30824
N8	 0.51666	 C25	 -0.18568	 H42	 0.15422
C9	 -0.31043	 H26	 0.17104	 H43	 0.15928
C10	 -0.30652	 C27	 0.16294	 H44	 0.13171
C11	 0.05379	 H28	 0.18358	 C45	 -0.31298
C12	 -0.23681	 C29	 0.42632	 H46	 0.18028
H13	 0.10948	 C30	 -0.22009	 H47	 0.15328
C14	 -0.16792	 C31	 -0.49845	 H48	 0.16010
H15	 0.19277	 C32	 -0.38618	 Cl49	 0.46538
C16	 -0.30929	 H33	 0.16241	 -	 -
H17	 0.17885	 C34	 -0.68456	 -	 -

Fig. 3: Mulliken charge distribution

The MESP plot is depicted in Figure 4. The molecular 
electrostatic potential surface analysis could provide 
information about the crucial molecular properties 
like dipole moment, partial charges, and chemical 
reactivity of the molecules. The presence of various 
distinct colors indicates the variation in the electron 
density distribution. The red and yellow colors speak 
about high electron density, blue and green colors 

indicate regions with positive and zero electrostatic 
potentials respectively. The present study of the 
MESP plot indicates that the phenyl ring attached 
to a nitrogen atom is highly susceptible to react with 
the electrophilic reagents and therefore the molecule 
could undergo electrophilic aromatic substitution 
reactions at the phenyl ring attached to a nitrogen 
atom. 
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Fig. 4: Mulliken charge distribution

FMO, Electronic and Chemical Reactivity Studies
The pictorial representation of the HOMO-LUMO of 
the title compound is given in Figure 5. The data of 
the electronic parameters and the global reactivity 
descriptors are given in Table 3. The HOMO-LUMO 
orbitals are called as Frontier Molecular Orbitals 
(FMO). The energy gap between HOMO-LUMO 
is a fundamental pointer of kinetic stability. The 
assessment of the wave function indicates that the 
electron absorption corresponds to the transition 
from the HOMO to the LUMO and is mostly 

portrayed by one electron promotion. The Koopmans' 
hypothesis has been utilized for the examination 
of the global reactivity descriptor parameters and 
because of frontier molecular orbital energies, the 
different parameters such as ionization potential (I), 
electron affinity (A), band gap (Eg), electronegativity 
(χ), absolute hardness (ɳ),  global softness (S),  
global electrophilicity (ω), chemical potential  (µ),  
and maximum no. of electron transferred (ΔNmax) 
have been built up. 

Fig. 5: Frontier molecular orbitals 

Table 3: Global chemical reactivity descriptors

Molecular Properties	 Value  

EHOMO	 -5.1838 eV
ELUMO	 -1.3954 eV
∆E (ELUMO-EHOMO)	 3.7884 eV
Ionisation energy (I)	 5.1838 eV
Electron affinity (EA)	 1.3954 eV
Electronegativity (χ)	 3.2896 eV
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Table 4: Absorption energies (λ in nm), oscillator strength (ƒ), and transitions computed at TD-
DFT B3LYP/6-311++G (d,p) level of theory and experimental UV-Visible wavelength 

(given in bracket and made bold)

                               Gas phase	                                                             DMSO

Config	 Coefficient	 f	 λ, nm	 Config	 Coefficient	 f	 λ, nm

103 ->104	 0.69812	 0.4625  	 372.49	 103 ->104	 0.69414	 0.3611  	 371.88
							       (382.07)

Config – Configuration

Chemical hardness (η)	 1.8942 eV
Chemical softness (S)	 0.5279 eV-1
Chemical potential (µ)	 -3.2896 eV
Global electrophilicity index (ω)	 2.8565 eV
Maximum number of electrons	 1.7367 eV
transferred (∆Nmax)

Fig. 6A: Theoretical UV-Visible 
spectrum in gas phase

Fig. 6B: Theoretical UV-Visible 
spectrum in DMSO solvent

Fig. 6C: Experimental UV-Visible spectrum in DMSO solvent
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The exploration suggests that the title compound has 
a low band energy gap and therefore will ease in the 
charge transfer phenomenon within the molecule. 
The maximum charge transfer is occurring in the 
molecule is 1.7367 eV. The global electrophilicity 
index is = 2.8565 eV. Absorption energies (λ in nm), 
excitation energy (eV), oscillator strength (ƒ) and 
transitions have been established by computing the 
results at TD-B3LYP/6-311++G (d,p) level of theory 
for B3LYP/6-311++G (d,p) optimized geometries and 
this data is furnished in Table 4. The theoretical UV-
Visible spectrum is given in Figure 6A (gas phase) 
and Figure 6B (DMSO). The experimental UV-Visible 
spectrum is recorded in the DMSO solvent and 
depicted in Figure 6C. From the computed UV-Visible 
analysis, it can be concluded here that the DMSO 
solvent has a blueshift effect on the absorption 
wavelength of the title compound. The bandgap 
in the DMSO solvent is higher than the gas phase 
UV-Visible spectrum. The theoretical absorption 
wavelength in the DMSO solvent is 371.88 nm 
and the experimental absorption wavelength in 

the DMSO solvent is 382.07 nm. There is good 
agreement between the theoretical UV-Visible 
spectrum (DMSO) and the experimental UV-Visible 
spectrum (DMSO).

Vibrational Assignments and Thermochemical 
Study
The theoretical and experimental IR spectra of 
CPMPP molecule are represented in Figure 7A 
and 7B respectively. The comparative investigations 
between the scaled theoretical and experimental 
IR frequencies are tabulated in Table 5. The total 
numbers of atoms in the titled molecule are 49 
and therefore it will have 141 fundamental modes 
of vibrations. The point group symmetry is C1. The 
DFT computed IR spectrum overestimates the 
vibrational frequencies and therefore a scaling factor 
of 0.9613 has been used to correct the vibrational 
assignments. The results obtained in the theoretical 
results are showing good agreement with those 
obtained in experimental data.

Fig. 7A: Experimental FT-IR spectrum

Fig. 7B: Experimental FT-IR spectrum
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Table 5: Selected experimental and theoretical vibrational assignments of studied compound 
calculated at B3LYP/6-311++ G (d,p) level

Mode	 Computed scaled	 IR Intensity	 Experimental 	 Assignment
	 frequencies (cm-1)	  (km) mol-1	 frequencies (cm-1)	

75	 1057	 69.76	 1020	 Ar-Cl str
91	 1242	 244.74	 1240	 Ring C Ar-H ip bend
98	 1307	 12.75	 -	 Ring A Ar-H ip bend
100	 1343	 318.17	 1318	 C9-N7 str
101	 1381	 14.73	 1382	 C3-H6 ip bend
106	 1430	 10.22	 1425	 C41-H42, C41-H44 ip bend
113	 1479	 103.56	 1495	 Ring C aro C=C str
115	 1549	 17.72	 -	 Ring A aro C=C str
116	 1551	 2.50	 -	 Ring B aro C=C str
120	 1583	 41.79	 1596	 C=N str
122	 2891	 24.92	 2844	 C3-H6 str
130	 3036	 8.15	 2917	 C30-H33 str
131	 3039	 4.84	 -	 C14-H18, C16-H19, C12-H17 str
138	 3081	 4.70	 -	 Ring C Ar-H str

Abbreviations: Ar-aryl, str-stretching, ip bend- in plane bending, aro- aromatic, Ring A: phenyl ring, 
Ring B: 4-chlorophenyl ring, Ring C: 3,4-dimethoxyphenyl ring. 

Table 6: Thermochemical parameters by 
DFT/B3LYP with 6-311++G (d,p) basis set

Parameters	 Value

Total E Thermal kcal/mol	 259.79           
Translational	 0.889              
Rotational	 0.889              
Vibrational	 258.01             
Total Molar capacity at constant volume	 95.52           
(Cv) Cal mol-1Kelvin-1

Translational	 2.98 
Rotational	 2.98  
Vibrational	 89.56             
Total entropy (S) Cal mol-1Kelvin-1	 177.67
Translational	 43.79
Rotational	 36.99
Vibrational	 96.897
Zero-point vibrational energy (kcal/mol)	 244.14
Rotational Constant (GHz)	 0.21726     
	 0.07687     
	 0.06175
E (RB3LYP) (a.u.)	 -1609.51
Dipole moment (Debye)	 4.59
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Various thermodynamic functions have been 
obtained from the harmonic vibrational frequencies 
and are presented in the Table 6. The thermochemical 
parameters like Total energy (thermal), total molar 
heat capacity (Cv), total entropy (S), zero-point 
vibrational energy, and rotational constants have 
been established. Importantly, on the basis of 
the data provided in this, one can estimate other 
thermodynamic function with the help of their 
thermodynamic relationships.

Conclusion
In summary, pyrazoline derivative is synthesized from 
chalcones. For a detailed structural examination, 
spectroscopic, and quantum chemical analysis 
density functional theory (DFT) method with a 
basis set 6-311++G (d,p) has been employed. The 
geometry of the molecule was optimized by using 
a 6-311++G (d,p) basis set and the geometrical 
parameters like bond lengths and bond angles have 
been computed at the same level of theory. The 
frontier molecular orbital study has been effectively 
presented to analyze the chemical reactivity of the 
molecule. By using HOMO-LUMO energies various 
electron and quantum chemical parameters have 
been established. Absorption energies, oscillator 
strength, and electronic excitations have been 
calculated at TD-6-311++G (d,p) level of theory 
for 6-311++G (d,p) optimized geometries. The 

UV-Visible analysis suggests that there is good 
agreement between the theoretical UV-Visible 
spectrum (DMSO) and the experimental one. The 
C2 carbon atom is the most electronegative whereas 
C20 carbon atom is the most electropositive carbon 
atom. The scaled theoretical vibrational bands have 
been compared with the experimental frequencies 
and a good deal of agreement has found. 
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