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Abstract: 
The state of the intermolecular hydrogen bond of the PVPH hydroxyl group 
and the ether oxygen of PEO was  determined; it was as we can see from 
the results of the calculations for the two polymers PVPH and PVPH-PEO. 
The results of stability, absorbance, and polar moment were [ E-DFT = -
771.801858  Hartree - Dipole Moment = 4.377541 Debye - Uv-vis 
Absorbance = 835.68 nm,  E(TD-HF/TD-DFT) = -616.000585 Hartree - 
Dipole Moment = 6.341427 Debye - Uv-vis Absorbance = 740.64 nm 
respectively ] that the polar moment of PVPH-PEO is higher than that of 
PVPH, thus PVPH is -PEO is more cohesive and highly flexible, but in the 
case of the first polymer it has a high internal energy, which gives it a high 
toughness that tends to break due to the decrease in the polar moment, 
which is the main reason that will facilitate its bonds to be broken easily, 
and with this, we qualify PVPH-PEO as a case Better in its specifications 
than PVPH. 

Keywords: PVPH, PVPH-PEO, E-DFT, Dipole Moment and Uv-vis 

Absorbance. 

Introduction: 
Physical elasticity resulting from the value of the dipole moment between 
hydrogen atoms is the term used to describe the located changes in 
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residences of polymer materials as a stability function, at a temperature 
under the glass transition[1]. For amorphous polymers, a quench from 
above Tg into the glassy country introduces a non-equilibrium structure 
which, on annealing at constant temperature will method with time to an 
equilibrium country at that temperature.  Physical getting old may be 
detected via the time evolution of thermodynamic properties along with the 
unique extent or enthalpy, in addition to the mechanical, dielectric, or other 
bodily homes. The time dependence of material residences could have a 
vast impact on the use and top-rated application of polymers and requires 
a better knowledge of this time-established behavior.  It's far crucial so 
that you can are expecting lengthy-time period homes from quick-term 
checks.  Bodily getting old of amorphous polymer blends has been 
extensively pronounced inside the literature the usage of techniques 
together with enthalpy relaxation, quantity rest, and strain relaxation   [2-13]. 

O

H

O

Figure 1: PVPH/PEO 
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Experimental Methods 

PEO is one of the Low molecular mass polymers of ethylene oxide is a 
transparent, essentially colorless liquid, and becomes partially crystalline 
solids at a molecular mass of ca. 800. As the molecular mass increases, 
they change from soft waxy solids to hard waxes. 

At high molecular mass, they are rigid thermoplastics. Polyoxyethylenes of 
less than ca.20 000 number-average molecular mass are usually referred 
to as poly(ethylene glycols). The crystalline polymer is spherulitic with four 
molecular chains, and has a fiber identity period of seven repeat units in 
two helical turns. The molecules are in an array of dihedral symmetry with 
twofold axes. One axis bisects the carbon–carbon bond and the other 
passes through the ether oxygens. 

The glass transition temperature of PEO is listed as � 52 C in Table 1; 
however, this is the value for a high molecular mass, partially crystalline 
polymer. This parameter is complicated by crystallinity in the molecular 
mass range 103 –105 [14], and abnormal values as high as 17 C is found 
for the polymer with M¼6000, which is known to have the highest 
crystallinity (ca. 95 %). Macrospherulites or spherulites that can be seen 
without magnification have been prepared [15]. PEO is soluble in water, 
chlorinated hydrocarbons, aromatic hydrocarbons, methyl ethyl ketone, 2-
ethoxyethyl acetate, butyl acetate, cy-clohexanone, esters, 
dimethylformamide, and other solvents [16]. 

PVP is commonly prepared by unfastened radical polymerization of four-
vinylphenol or a included shape of four-vinylphenol.[17] The included 
monomers can be organized from 4-hydroxybenzaldehyde, through 
vinylation of phenols, or acylation of polystyrene followed by way of 
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oxidation at room temperature. If poly(4-methoxystyrene) is produced, the 
methoxy institution can be cleaved through treating it with 
trimethylsilyliodide. There are numerous patents at the synthesis of 4-
hydroxystyrene due its importance within the improvement of photoresist 
materials. RAFT polymerization may be used to prepare nicely-described 
PVP chains. This could be performed by mediating free radical 
polymerization of acetoxystyrene, which is then followed by way of 
deacetylation. Nitroxide mediated polymerization can also be used to 
prepare polyacetoxystyrene, which can converted in polyphenols by using 
UV irradiation. ATRP also can be used for the guidance of described block 
copolymers of PVP, by way of polymerization of four-acetoxystyrene that 
is ultimately selectively hydrolysed.[17] 

Computational Methods 

Gaussian 06 

It is an electronic structure package capable of predicting many properties 
of atoms, molecules, interactive systems, drawing compounds, calculating 
bond lengths and angles, and calculating the bonding energies of 
compounds using the method of functional density theory, semi-
experimental, molecular mechanics, and hybrid methods. [18]

 Geometry Optimization 

It is the process of finding the best arrangement in space for a group of 
atoms to give the best computational geometry by adjusting the lengths of 
the bonds and angles of the atoms that make up the compound depending 
on the electronic density of each atom, where the net atomic force on each 
atom according to computer modeling is close to zero point on the surface 
of the potential energy. 
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DFT 

It is a very commonly used method that specializes in calculating the 
electronic density around all compounds to be calculated for their energy 
so that it makes a lot of computational mathematical estimates on some 
information very important in computational chemistry for the treatment of 
large molecules, and the DFT method is one of the quantum chemistry 
methods that rely on the Schrodinger equation.[19]  

B3LYP) 

It is the most widespread method and is very popular in all chemical 
systems and is more accurate than other tools in determining the final form 
of the compound, the approximate structural formula, and the final energy, 
and it is also the most important in calculating the lengths of internal bonds 
and angles as a whole.  

Technical details 

User computer features: hp manufacturer Installed memory (RAM) 8 GB 
bit Windows 10 Processor Intel CORE i7.  

How it works 

Build with Gauss View: Instead of writing all the theoretical coordinates, 
the base of the set, etc. The calculation is determined by pointing and 
clicking to build the molecule, also using drop-down menus to determine 
the calculation type, theory level with basis. Gauss View generates a 
Gaussian input file, and Gauss can run without returning to Unix urgently. 
Gauss View enables us to use to read Gaussian, output final files, and 
visualize the results.[20]  
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Results & Discussion 

The computational results indicated the strength of the PEO/PVPh 
elasticity than PVPh and this was through the DFT result. 

Table 1: Shows the values of electronic, transitional, rotational and 
vibrational energies of a polymer PEO. 

Figure 2: PVPH/PEO chemical structure. 
E(TD-HF/TD-DFT) = -616.000585 Hartree 
Dipole Moment = 6.341427 Debye 

E (Thermal) CV (Cal/Mol-Kelvin) S (Cal/Mol-Kelvin) 

Total 158.333 37.960 101.392 

Electronic 0.000 0.000 0.000 
Translational 0.889 2.981 41.537 
Rotational 0.889 2.981 32.308 
Vibrational 156.555 31.999 27.547 
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Figure 3: Uv-vis Absorbance curve of PVPH/PEO 

Uv-vis Absorbance = 740.64 nm 

From Figures 2 and 3 of the PEO polymer, can see that the effect of the 
dipole moment in its absorption of ultraviolet rays reaches a maximum of 
740.64 nm, which is a high absorbance as a good computational 
specification for this polymer. 

KE  =  6.089387755218×102 Kcal/Mol 
Zero-point vibrational energy =152.2543   Hartree 
Zero-point Energies        =       -612.43433  Hartree 
Thermal Energies            =      -612.42465  Hartree 
Thermal Enthalpies         =      -612.42370  Hartree 
Thermal Free Energies    =      -612.47188 Hartree 
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As we can see from the kinetic energy, it is high due to the elasticity and 
stability force of the compound, while the results of the other energies are 
energy at zero point, thermal energy, enthalpy, and gypsum-free energy 
are close to the value of = - 612.40000 Kcal/Mol. 

Table 2: Shows the values of electronic, transitional, rotational and 
vibrational energies of a polymer PVPH. 

Figure 4: PVPH chemical structure. 
E(TD-HF/TD-DFT) = -771.801858  Hartree 
Dipole Moment = 4.377541 Debye 

E (Thermal) CV (Cal/Mol-
Kelvin) 

S (Cal/Mol-
Kelvin) 

Total 209.285 54.792 117.239 
Electronic 0.000 0.000 0.000 

Translational 0.889 2.981 42.379 
Rotational 0.889 2.981 34.377 
Vibrational 207.508 48.830 40.483 
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Figure 5: Uv-vis Absorbance curve of PVPH. 
Uv-vis Absorbance = 835.68 nm 

From Figures 4 and 5 of the PVPH polymer, we see the extension of the 
effect of the internal energy very low and with high stability, which gave it a 
high absorption of ultraviolet rays up to a maximum of 835.68 nm, but its 
polar moment remains low, which harms its high hardness and easy 
breaking of its hydrogen bonds for this PVPH polymer compared to the 
PVPH/PEO polymer. 
KE= 7.625192157726×102 Kcal/Mol 
Zero-point vibrational energy =     200.91926 (Kcal/Mol) 
Zero-point Energies=              -767.349583 Hartree 
Thermal Energies=                  -767.336250 Hartree 
Thermal Enthalpies=               -767.335306 Hartree 
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Thermal Free Energies=         -767.391010 Hartree 

As we can see from the kinetic energy, it is high due to the internal energy 
with high stability of the compound, while the results of the other energies 
are energy at zero point, thermal energy, enthalpy, and gypsum free 
energy are close at the value of     = -767.30000 Hartree. 
CONCLUSION 
We conclude from the calculations of the PVPH-PEO, PVPH polymers that 
the stability, absorbency, and dipole moment of the first polymer PVPH-
PEO are higher than that of the second polymer PVPH, thus the first 
polymer is more cohesive also it is internal energy is higher than the 
second polymer, which gives it the characteristic of flexibility for the bond, 
also increased the hydrogenation associated with it increases of PEO in 
the polymer, but in the case of the second polymer, it has less internal 
energy, also more rigidity, stability, but it has a less dipole moment, 
instead, its hardness will qualify it to easily break its bonds, so we qualify 
the first polymer PVPH-PEO as a better condition in its specifications than 
The second polymer PVPH. 
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 بولي فینیل فینول / (PEO) لمز�ج من أكسید البولي إیثیلین دالة الكثافة الوظ�ف�ة دراسة
(PVPH) 

 :الملخص
 الأثیر والأكسجین PVPH هیدروكسیل مجموعة جزیئات بین الهیدروجین رابطة حالة تحدید تم    

حیث . PVPH-PEO و PVPH للبولیمرین الحسابات نتائج حیث تمكَنا من رؤیة ؛ PEO لـ
 - E-DFT = -771.801858 Hartree[ القطبي والعزم والامتصاص الاستقرار نتائج كانت

Dipole Moment = 4.377541 Debye - Uv-vis Absorbance = 835.68 nm، E 
(TD-HF / TD-DFT) = -616.000585 Hartree - Dipole 6.341427=  لحظة 

Debye - أنو تم تحدید ] التوالي على نانومتر 740.64=  البنفسجیة فوق الأشعة امتصاص 
 PVPH-PEO فإن وبالتالي ، PVPH بـ الخاصة تلك من ىأعل PVPH-PEO لـ القطبي العزم
 ، عالیة داخلیة طاقة لدیه  PVPHالثاني  البولیمر حالة في ولكن للغایة، ومرونة تماسكًا أكثر هو
 الرئیسي السبب وهو ، القطبي العزم انخفاض بسبب الانكسار إلى تمیل عالیة صلابة یمنحه مما

 من مواصفاتها في أفضل حالة PVPH-PEO نعتبر وبهذا ، بسهولة روابطه كسر سیسهل الذي
PVPH. 

بولي فینیل  ،/ (PVPH -PEO) أكسید البولي إیثیليدالة الكثافة الوظیفیة، : الكلمات المفتاح�ة
، امتصاصیة الأشعة الفوق بنفسجیة، العزم القطبي.PVPH) فینول
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