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Abstract: Internal Functionalized Dendrimers (IFDs) are a highly complex and productive class of
dendrimer chemistry. The 4-Arm Poly (Ethylene Glycol) PEG core IFD and Poly (Aryl Ether)
(PAE)IFD are IFDs offering potential, biological, and medicinal applications such as drug delivery,
medical imaging, catalysis, and many more. PEG is utilized in COVID-19 Vaccine, but few allergic
reactions are noticed in some patients. PAE is widely used in multi-chromophoric light-harvesting
systems, but the production process needs high stability and repeatability. Physio-chemical properties
need to be analyzed to overcome these challenges, which require labor and cost. In this article, a
theoretical and comparative analysis of the physio-chemical properties, such as their standard enthalpy
of vaporization, Log P value, total surface area, enthalpy of vaporization, relative retention time, and
heat capacity, is performed using degree-based topological indices for after mentioned IFDs and the
results are visually contrasted. This comparative analysis would aid the chemist in virtually screening
the potent drugs by validation of data in QSAR /QSPR.

Keywords: degree-based topological indices; Adriatic indices; physio-chemical properties; 4-
arm PEG core IFD; poly(Aryl Ether)IFD.
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1. Introduction

A unique class of synthetic polymers with well-defined hyperbranched molecular
architectures are called dendrimers[1]. The term "dendrimer" is a combination of the Greek
words "dendron” (tree) and "meros" (part), emphasizing the molecules' dendritic structures[2].
Vogtle described the first dendrimers in 1978, referring to them as "cascade molecules"[3].
This is defined by the shape, molecular weight, and adaptability of successive generations.
These are nanometric in size, with a highly defined globular structure and multiple surface
functional groups, making them suitable for drug delivery. These are innovative materials with
biomedicine and pharmaceutical science applications offering potential in biosensors,
therapeutics for drug-resistant diseases, catalysis, gene transfection, nano-devices, diagnosis,
therapeutics, and various medical applications[4,5]. Various types of dendrimers exist, namely
Polypropylene Imine dendrimers (PPI), Poly-I-lysine dendrimers, Core-shell to dendrimers,
Chiral dendrimers, Frechet’s dendrimers, Hybrid dendrimers, Peptide dendrimers, Glyco-
dendrimers, PAMAM dendrimer, internally functionalized dendrimers, etc.[6]. This study
focuses on internally functionalized Dentists (IFDs), which have potential applications in the
biomedical field.
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Due to their advanced structures and functionality, the dendrimer group has recently
focused on IFDs. Among these various IFDs,4-arm poly (ethylene glycol) core in hydrophilic
IFD and Poly (Aryl Ether) IFD have diversified applications. However, little research is needed
to address some of the challenges in producing and using these IFDs. Plenty of data is not
available to overcome these challenges. So, PEG IFD and PAE IFD's physio-chemical
properties are predicted using Topological Indices and their corresponding entropy measures.

2. Materials and Methods

2.1. Internally functionalized dendrimers (IFDs).

The dendrimer group has currently concentrated on IFDs owing to their advanced
structures and functionality. Internal functionalization significantly increases the complexity
that can be executed into a dendrimer macromolecule. These are a challenging yet highly
complex and productive class of dendrimer chemistry. While mainly concentrated on
biological and medicinal applications, such as protein and enzyme mimicry, antimicrobial
activity, and drug delivery, the translational studies on dendrimers expand to the design of
solubility enhancers, coatings, and catalysts[7]. These hold great promise in photochemical and
catalytic systems. These are capable of being utilized as multi-chromophoric light-harvesting
systems, and their internal functionalization facilitates the construction of intricate energy
gradients.

Various IFDS exist, namely Hydrophilic IFDs, Lipophilic IFDs, peptide IFDs, etc [8].
This study focuses on a 4-arm Poly (Ethylene Glycol) Core in hydrophilic IFD and Poly(Aryl
Ether) IFD. It has many important applications; however, due to the issues listed in the
following phrases, they are not utilized to their full potential. High stability and repeatability
are required when producing large quantities of dendrimers. Reducing toxicity by altering
dendrimer size and surface functionalization and integrating dendrimers with other materials
to create composite formulations are some challenges in creating safe and biocompatible
dendrimers for medical applications[9-11]. Additional functional units in IFD lead to distinct
dynamics and eigenmodes, which can affect their properties and behavior[12,13]. These
difficulties emphasize the necessity of more study and development in the synthesis and
description of IFD. Researchers are currently focusing on using topological perspectives and
molecular descriptors to characterize the molecular structure.

2.1.1. 4-arm poly (ethylene glycol) (PEG) core IFD.

The bioactivity of cationic dendrimers with PEG cores is enhanced by internal
functionalization. An accelerated dendritic growth approach using an initial tetravalent PEG
core, a fourth-generation dendrimer with 40 internal hydroxy functional groups and 64 chain-
end amino groups, the structure is represented in Figure 1[14].

In addition, the only purification methods that can be used with the high-molecular-
weight 4-Arm PEG core are precipitation or dialysis, which dramatically streamlines the
synthesis process. These hybrid dendrimers, synthesized utilizing an accelerated dendritic
growth approach, demonstrated enhanced biological activity with increased cell internalization
and low cytotoxicity[13]. The 4-arm-based dendrimer appeared to have notably improved
DNA binding and gene transfection capabilities in comparison with the 2-arm derivative[8].
PEG is utilized in the pharmaceutical industry for many different purposes, such as plasticizing,
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ointment bases, solvents, and the formulation of tablets and capsules[15]. One of the most
important medical uses for PEG is in the area of drug delivery[16,17].
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Figure 1. Structure of 4-arm PEG Core.

2.1.2. Poly (aryl ether) (PAE)IFD.

A Poly (aryl ether) dendrimer with 22 allyl groups across the molecule was created
utilizing a convergent synthetic technique, as shown in Figure 2[18]. A single source of
dendrimer can be used to access many interior environments in a single step due to the great
tolerance of cross-metathesis to various functional groups. This allows for the inclusion of a
wide range of molecules. Polymers were cross-linked to improve their physical properties and

increase their everyday usability significantly.
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Figure 2. Structure of PAE dendrimer.

A pyrene derivative was chosen for integration into the dendrimer because its UV
absorbance was used to monitor and measure its loading into the dendrimer. Similarly, with
generations 3 and 5 dendrimers, the covalent attachment of a catalytic molecule, an allyl
imidazolidinone derivative helpful in the catalysis of Diels-Alder processes, was investigated
[19,20]. This test revealed that the imidazolidinone-IFD conjugate had the same catalytic
activity as free imidazolidinone in this specific process, highlighting its potential for use in
catalytic applications[18].

2.2. Demand for additional research.

The dendrimer research is currently focusing on IFDs because of their superior design
and usefulness. IFD synthesis is trusted with advanced orthogonal chemistries protection
techniques and is fully purified lower composition and molecular weight polydispersity[8].

PEG is not used for prospective commercial purposes. Since its clinical transformation
has not yet occurred. The reason for this is a paucity of data in data sets such as PubChem,
ChemSpider, etc. PEGs and immunogenicity are challenges for pharmaceutical companies,
making it hard for biopharma to advance clinically[21,22]. This advancement through
experiments is a lengthy and costly process. PEG is an ingredient in the Pfizer-BioNTech and
Moderna COVID-19 vaccines[23-25]. PEG is also utilized in cosmetics, skincare, laxatives,
and pharmaceuticals[15,26,27]. While hypersensitivity to PEG resulting in severe allergic
reactions has been described, it is uncommon. Further investigation is needed to reduce allergic
reactions and ensure a safe vaccine[28,29].

PAE conjugated to sulfone, nitrile, ketone, benzimidazole, etc[30-33]. It is utilized in
various sectors, including aerospace, medicine, electronic information, and other sectors.
Recent advances and problems are in creating low-dielectric constant PAE for the 5G
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communication era[34]. PAE dendrimer is a potential deliverer of anticancer drugs that also
exhibit biodegradability, lesser toxicity, and high stability[35].

The dimension, hydrophilic properties, shape, flexibility, surface modification features,
intracellular transit, therapeutic impact, and contact directly influence the drug's interactions
with immune cells[36-38].

The surface area to volume proportion rises with decreasing particle size. This leads to
an upsurge in the rate and volume of absorption by cells[39]. Hence, the size of any specific
nanostructure needs to be optimized based on the rate of cellular uptake, intracellular
trafficking, cytotoxicity, tumor penetration, blood circulation half-time, etc.[40].

Dendrimers are highly customizable and designed to have specific sizes and shapes,
functionalities, and drug-loading capacities. The stability and reproducibility of nanoparticles
should solve challenges for translation into medicine[41].

Researchers and pharma companies are testing innovative approaches to drug delivery
for cancer therapy. Because currently approved anticancer drugs have many limitations, special
delivery systems improving their chemical and physical properties are needed [42]. Hence,
systematic analysis of the physicochemical properties of the drug delivery vehicles will
accelerate the development of its medicine translation[36].

PEG IFD and PAE IFD have less data available about their characteristics. The physio-
chemical characteristics of both IFDs must be understood in order to conduct this research. It
can be applied in experimental research to lower labor expenses. So, The physio-chemical
properties of PEG IFD and PAE IFD are predicted using DBTIs.

2.3. Literature survey.

Topological indices (TI’s) were utilized to explore the physio-chemical attributes of
various dendrimer types theoretically. Numerous research studies have employed Tls as a
theoretical predictor of the physiological chemical features of various types of dendrimers. The
PAMAM dendrimer[43], zinc porphyrin dendrimers and polypropylene imine[44], Pyrene
cored dendrimers[45], triazine-dendrimer[46], polyphenylene dendrimer[47], conjugated
dendrimer[48], polyphenylene dendrimer[49], nanostar dendrimers[50], some families of
dendrimers[51] are among few compounds that are examined using different molecular
descriptors recently. The Tls utilized to investigate dendrimers are namely wiener and wiener
polarity indices, distance-based indices corresponding entropies, M polynomial, discrete
Adriatic indices, quotient graphs, Zagreb indices and Zagreb indices via line graphs, forgotten
index, sum-connectivity index and several indices with corresponding entropies. However, the
aforementioned PEG/PAE IFD has yet to be evaluated with any topological indices.

Hence, in this article, a theoretical analysis via TI’s is performed regarding the
physicochemical properties necessary for compatibility and efficacy utilizing the molecular
structure in medical applications.

2.4. Topological indices (TI).

Chem informatics is another emerging field in which quantitative structure-activity
(QSAR) and structure-property (QSPR) relationships predict the biological activities and
properties of nano-materials[52,53]. In these studies, some physio-chemical properties and Tls
are used to predict the bioactivity of the chemical compounds and are crucial for predicting the
material properties.
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Numerous topological indices have been identified, and many were utilized as models
for the chemical, medicinal, and other characteristics of molecules. TIs are numerical
descriptors that provide a numerical value for the relationship between atom arrangement and
intrinsic physical attributes of any chemical structure[54,55]. These indices provide scientific
information to predict properties like viscosity, the radius of gyrations, and boiling points. They
are invariant numerical fields of a graph that give facts about the structure of graphs[56,57].
These indices are numerical and characterize the topology of different molecular structures like
dendrimers. They can be used to predict their properties without performing experiments in the
wet lab. Topological indices provide information about the molecular structure, including the
branching patterns and connectivity of the dendrimers[58,59]. By calculating and comparing
these indices for different dendrimers, it is possible to understand their distinct properties.

This article attempts to predict the physio-chemical properties of 4-arm PEG IFD and
PAE IFD utilizing some degree-based topological and Adriatic indices.

2.4.1. Degree-based topological indices (DBTI).

Degree-based topological indices are the most studied type of topological indices, and
they play an important role in the field of molecular graph theory or molecular topology
because the concept of degree is closely related to the concept of valence bonding chemistry.
Around 3000 indices exist as of now. From those indices, sixteen DBTIs are selected based on
their applications[60-62].

DBTI, which are based on the degrees of a graph's vertices, are among the most
extensively researched types of TI’s used in mathematical chemistry[63,64]. In this article,J
denotes the chemical graph, E and V stand for the edge set and the vertex set, respectively. The
number of edges that are adjacent to a vertex in a graphS, determines that vertex's degree. The
degree of a vertex is denoted as d,,, where u € V.

They have been defined as a way of generalizing some molecular descriptors and have
been analyzed as significant predictors of physicochemical properties. These indices are used
to research graph-theoretical properties of molecular graphs and compute exact formulas for
certain families of dendrimers.

DBTIs are good predictors of boiling point, n-electron energy, Kovats constants, vapor
pressure parameters, chromatographic retention times, formation enthalpies, and others needed
for drug deliveries, identifying and optimizing lead compounds, and other medical
applications. Table 1 narrates the abbreviations and formulations of the DBTIs[55,65,66].

Table 1. The abbreviation and formulation of DBTIs.

S. No. DBTIs Abbreviation Formula
1
1 Sum-connectivity index SCI(S) R
HwEE(Z) V TH @
L d, +dy,—2
2 Atom bond connectivity ABC( ) _
d,.d,
HWEE(J)
3 First Zagreb index FZ(S) Z (dy +do)
HWEE(J)
4 Second Zagreb index SZ(%) Z dy ~dy
HWEE(J)
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S. No. DBTIs Abbreviation Formula
1
5 Second Modified Zagreb index SM(J) d -d
o U w
HWEE(J)
d,+d,
6 Shigehalli And Kanabur index SK(3) -
HOEE(J)
d,-d,
7 First Shigehalli and Kanabur index SK; () -
HWEE(J)
o . dy +do\*
8 Second Shigehalli and Kanabur index SK, () Z —
HWEE(S)
2,/d,d,
9 Geometric Arithmetic index GA(D) 7 +d.
o wt de
HWEE(T)
(d,%+d,?)
10 Forgotten index FI(J) 3 w
HOEE(3)
11 Albertson index AI(S) Z |du - dw|
HWEE(J)
12 Irregularity index () [dy = dy]?
HWEE(J)
. dy. ' da) :
13 Augmented Zagreb index AZ() —
d,+d,—2
HWEE(J)
1
14 Randic index RI(J) -
wict Ve do
15 Hyper Zagreb index HZ(S) Z (dy +d,)?
HWEE(T)
16 Sombar index SI() Z < /duz + dwz)
HWEE(J)

2.4.2. Adriatic topological indices (ADTIS).

ADTIs were introduced by Vukicevic and Gasperov in 2010[67]. There are 148 discrete
adriatic indices in a subclass of these descriptors. For this study, a subset of 15 indices is
selected, and their properties are discussed. These ATIs accurately predict density, biological
activity, enthalpy of vaporization, heat capacity, total surface area (TSA), standard enthalpy of
vaporization, relative retention time, and log p value. They are useful for a multitude of medical
applications, such as drug delivery. The ADTIs' formulation and abbreviation are narrated in
Table 2[68-70].

Table 2. The abbreviation and formulation of some ADTIs.

S.No. ADTIs Abbreviation Formula
1 Randic type lodeg Index RLI(S) Z In(d,).In (d)
HWEE(T)
d,-dg,
2 Inverse Sum Indeg Index ISI() Z
d, +d,
HWEE(T)
3 Sum lordeg Index SLI() Z ( /ln (dy) ++/In (dw))
HOEE(J)
4 Misbalance lodeg index MLI() Z |in (d,) = In (do)]
HWEE(J)
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<min(dﬂ, d,) )2

5 Min-max sdi index MMSI(3) N m—ax(d#,dm)
UWEE(J)
1 1
6 Misbalance irdeg index MIRI(Z) T
HOEE(J) ‘/d_" o
1 1
7 Misbalance indeg index MII(Z) d, d.
AT R
8 Misbalance Rodeg index MRI(S) Z \/dj‘ - dw|
HWEE(F)
N e
9 Misbalance Hadeg index MHI(3) Z (5) - (E)
LWEE ()

. ) min(d,, d,)
10 Min-Max Rodeg index MMRI(J) Z —
max(d,,d,)
HWEE(S)

) ) max(dy, dy)

11 Max-min rodeg index MMRDI(T) Z —

min(dy, d,)

HWEE(J)

Z max(d,, d,)

12 Max-min deg index MMDI(3) min(d,, dg,)
PWEE(S) v
) _ max(d,, d,)\’
13 Max-min sdeg index MMSDI(J) m
HWEE(S) woe
" s - division deq ind - max(d,,d,) min(d, d,)
ymmetric division deg index SDI( -
WS min(d,, d,) max(dy,dg)
1
15 Inverse sum lordeg index ISLI(3) Z
meE(S)‘”n(dV-)-i— In(d,)

2.5. Entropy measures.

Entropy measures provide a quantitative indicator of the complexity and structural
information of chemical compounds and networks. They are used to assess the randomness,
disorder, and diversity of configurations in molecular systems[71-73]. The entropy measure
for the topological index (TI) is defined by[74].

ENT[3]= = ) pylog ()
HWEE(T)

f(®) _f®
Ypwei) f @) 3()

where the function p, is given by p, =

Therefore,

1
ENTIS]= ~ ) polog () = log [S0)] ~ s
HWEE(T) HWEE(T)

f(®) log f ()

In this article, the entropy of topological indices is evaluated to better understand the
physio-chemical characteristics of the 4-arm PEG core IFD and PAE IFD.

2.6. Edge partition.

These edge partitions have been computed according to the degrees of each end vertices
of edges. By edge partitioning technique  is partitioned into six categories for 4-arm PEG
Core and five categories for PAE IFD. The number of edges in each partition is stated in Tables
3 and 4 as follows.
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Table 3. Edge partition of 4-Arm PEG core IFD.

S. No. E(d, dy,) No. of Edges
1 E (1,2) 8 x 2¢
2 E (1,3) 5 x 2¢
3 E (2,2) 40 x 2¢
4 E (2,3) (31x2Y) -4
5 E (3,3) 2¢
6 E (2,4) 2t —4
Table 4. Edge partition of PAE IFD.
S.No. E(d,d,) No. of Edges
1 E (1,2) 17e -1
2 E (1,3) -3
3 E (2,2) 101¢
4 E (2,3) (67)¢—3
5 E (3,3) (a11ne-1

3. Results and Discussions

In this section, we computed the edge partition and two categories of TIs with entropy
measures for 4-arm PEG Core IFD and PAE IFD.

3.1. Theorem.

The DBTIs of the molecular structure 4-arm PEG Core IFD  as, with £ > 1, are:
SCI()=(41.7988)2¢ — 3.4219

ABC(3) = 61.3178(2%) —

FZ() = 371(2%) — 44
SZ() = (394)2¢ — 56
SM( ) = (21.06951)2¢ —
SK( %)= (185.5)2¢ — 22
SK,(3) = 197(2%) —28

5.6568

1.1667

SK,(3) = (409.75)2¢ — 61

GA(J) = (84.189)2¢ — 7.6
FI(3) = (851)(2%) — 132
AI() = 51(2%) — 12

H(3) = 63(2% — 20

AZ() = 380.2656(2¢) —
RI() = 41.88.49(2%) — 3
HZ(3) = 1639(2%) — 244

904

64

0472

SI () = 267.3239(2%) — 32.3107

Proof:
SCH(P= Y
umEE(S)m
_ 802" (ﬁ) +5029 J%) +40(29 (ﬁlﬁ)

+ (3129 - 4)(

https://nanobioletters.com/
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+2f’(#)+(2"—4)( ! )
V3+3 V2 +4
= [8(0.5774) + 5(0.5) + 40(0.5) + 31(0.4472) + 0.4082 + 0.4082]2™ — [1.7889
+ 1.6330]
= (41.7988)2¢ — 3.4219
The same procedure can be used to derive all other indices.

3.2. Theorem.

The Discrete ADTIs of the molecular structure 4-arm PEG Core IFD J as, with € > 1,
are:

RLI(J) = 44.9943(2¢) — 6.8896
ISI(J) = 89 - 1166(2Y) — 10 - 1339
SLI(J) = 28-395(2%) — 15.4848
MLI( ) = 24.3014(2°%) — 4 - 3944
MMSI(3) = 64.4732(2%) — 3.668
MIRI( ) = 8.684(2%) — 1.3472
MII(3) = 1.275(2%) — 1.6667
MRI(3) = 17.416(2%) — 3.616
MHI(S) = 7.9375(2%) — 1.25
MMRI( ) = 82.06721(2%) — 0.0944
MMRDI( ) = 100.3553(2¢) —10.5558
MMDI(J) = 120.5(2¢) — 14
MMSDI(3) = 191.75(2%) — 25
SDI( X)=185.6333(2¢) — 18.6667
ISLI( ) = 55.8594(2%) — 4.1168
Proof:
RLI(Y) = Yuwerpn (dy)in (dy,))
=829 [In(1) In(2)] + 529 (In (1)In (3)]+40(2%) [In (2)In (2)] + (31(2%) — 4)
[In (2)In (D)] + 2¢ [In (3)In (3)] + [2¢ — 4] [In (2)In (4)]
=19.22(2%) + 23 - 6065(2%) —3- 046 + 1 - 20691(2¢) + (0.9609)(2%) — 38436
= 44.9943(2%) — 6.8896
The same procedure can be used to derive all other indices.

3.3. Theorem.

The Entropy Measures of the DBTIs of the molecular structure 4-arm PEG Core IFD
¥ as, with £ > 1, are:

ENT(SCI(Y)) = log(41.7988(2%) — 3.4219)- [

—13.037(24’)+1.2605]
41.7988(2%)—3.4219

_ E1
ENT(ABC(3)) = log(61.3178(2¢) — 5.6568) — [ 8.990%(2 ”"'85“]

61.3178(2%)-5.6568
237.5118(2")—32.6568)]
371(2%)-44
266.8661(2%) —47.576
394(2%) — 56 l
https://nanobioletters.com/ 10 of 23
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’ —12.259(2%) + 0.9704
ENT(SM(S)) = log (21.06951(2%) — 1.1667) —

21.06951(2¢) — 1.1667
61.001(2%) — 9.7042]

185.5(2¢) — 22
91.6409(2")—54.0039]
197(2%)-28

286.0968(2¢) — 54.2487
409.75(2%) — 61
—269.6786(2") + 34.8308

84.189(2°%) — 7.6904

oy
ENT(FI( 3))=log(851(2¢) — 132) — [864.486551((223)_116322.0028]

3.612(2") — 2.408
51(2¢) — 12

14.4504(2*’)—9.6336]
6.3(2%)-20

ENT(SK(S)) = log (185.5(2¢) — 22) — [

ENT(SK,(3)=log(197(2) — 28) - |

ENT(SK,(3)) = log(409.75(2¢) — 61) — [

ENT(GA(J)) = log (84.189(2%) — 7.6904) —

ENT(AI(S)) = log(51(2%) — 12) — [

ENT(II( 3))=log(63(2") — 20) — |

598.9333(2")—57.7984]
380.2656(27)—64

ENT(AZ( 3))=log(380.2656(2%) — 64) — [

~ —-12.8026(29)+1.2739
ENT(RI(J)) = log (41.88.49(2£) —3.0472) — [41_88_49(2{,)_3.0472]

1156.0805(2‘3)—363.8972]
1639(2¢)-244

132.8221(2‘)) — 18.6839
267.3239(2") —32.3107

ENT(HZ(J)) = log (1639(2%) — 244) — [

ENT(SI()) = log (267.3239(2%) — 32.3107) — l

Proof:
ENT(SCI(3)) = log [SCI(3)] — [SCI(D] ™" [Xpwerc) f(?) log f(d)]

=log(41.7988(2*’)—3.4219)—[(41.7988(2{’)—3.4219)‘1[8(2")( ! )log( ! )
1

v1+2 1+2

+529) (\/%) log (\/11_+3> +40(29) <\/21_+2) log( — 2)

+ (3120 - 4) <\/21_+3) log (x/21_+3> + <\/31?> g ( 31+ 3>

1 1
+ (2t -4 ( )10 ( )]
( )\/2+4 g\/2+4 )
= log(41.7988(2%) — 3.4219) — [(41.7988(2%)-3.4219)"1(—13.037(2%) + 1.2605)]
The proof of other entropies is similar to the ENT of SCI.

3.4. Theorem.

The Entropy Measures of the Discrete ADTIs of the molecular structure 4-arm PEG
Core IFD J as, with £ > 1, are:

ENT [RLI( 3)]=log [44.9943(2%) — 6.8896] — [

-8.8288(2%) +0.3728
44.9943(2%)-6.8896

£y
ENT [ISI () ]= log [89.1162(2¢) — 10.1339] —[ 1.3699(2 )-1.0468 ]

89-1166(27)-10-1339
31.5984(2™)—4.5012
28-395(2%)—15.4848

ENT [SLI(3)]=log [28 - 395(2%) — 15.4848] — [

https://nanobioletters.com/ 11 of 23
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_ k4
ENT [MLI()]= log [24.0314(2¢) — 4 - 3944] — [ 5.6965(2 )“"’m]

24.3014(2%)-4-3944
—5.5244(2")+1.0717]
64.4732(2%)-3.668

¢
ENT [MIRI(3)] = log [8.684(2°) —1.3742]— [5'785(2 )“'0267]

8.684(2¢)-1.3742

—5.9625(2%) + 1.1209]

ENT [MMSI(3) = log [64.4732(2%) — 3.668] — [

12.75(2%) + 1.6667
—-6.8057(2) + 1.1769]
17.416(2%) — 3.616
5.6388(2%) + 0.9969]

7.9375(2¢) — 1.25

ENT[MII( )] = log[12.75(2¢) + 1.6667] — [

ENT[MRI(3)] = log[17.416(2") — 3.616] — [

ENT[MHI(J)] = log[7.9375(2¢) — 1.25] — I

17.6437 (2%) — 3.5916
ENT[MMRI(S)]=log[82.06721(2f’)—0.0944]—I () l

82.06721(2%) — 0.0944

7.3229(2%) —1.2824 ]
100.3553(2¢)-10.5558

20.7632(2%) — 1.3514
120.5 (2¢) — 14
89.1806 (2°) —12.8034]

191.75(2¢)-25

ENT [MMRDI( 3)] = log [100.3553(2¢) —10.5558] [

ENT [MMDI( 3)] = log [120.5 (2¢) — 14] — l

ENT [MMSDI( J)] = log [191.75(2¢) — 25] — [

’ 64.9046(2¢) — 6.8893
ENT [SDI( 3)] = log [185.6333(2") — 18.6667] —

185.6333( 2¢) — 18.6667
4.3527(2%) +1.1868
55.8594(2¢) — 4.1168

ENT [ISLI( 3)] = log [55.8594(2¢) — 4.1168] — l

Proof:
ENT [RLI(3)]= [log [RLI(3)] — [RLICI)] ™ [Epwerc) f (@) log f ()]
= log[44.9943(2%) — 6.8896] — [44.9943(2¢) — 6.8896]71[8(2¢)(In(1) In(2))
log[in(1) In(2)] + 5(2°) (In(1) In(3) log[in(1) In(3)] +
4029 (In (2)In (2)) log[in(2) In(2)] + (31(2%) — 4)(In(2) In(4)) log[In(2) In(4)] +
2¢(In(3) In(3))
log [In (3)In (3)] + [2¢ — 4](In (2)In (4))log [In (2)In(4)]

- (1
= log [449943(2?) _ 68896] _ [ 8-8288(2 ) +0.3728]

44.9943(2%)-6.8896
The proof of other entropies is similar to the ENT of RLI.

3.5. Theorem.

The DBTIs of the molecular structure PAE IFD J as, with £ > 1, are:
SCI(Z) = (95.2684)¢ — 3.8272
ABC(J) = (138.9637)¢ — 5.9446
FZ(3) = (860)¢ — 36
SZ(3) = (942)¢ — 38
SM(J) = (46.4743)¢ — 2.1111
SK(J) = (429.8)¢ — 18
SK,(3) = (471)¢ — 19
SK,(3) = (964)¢ — 42
https://nanobioletters.com/ 12 of 23
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GA(S) = (194.5402)¢ — 7.4802
FI(3) = (1972)¢ — 92

AI(S) = (86)¢ — 10

I11(3) = (88)¢ — 16

AZ(3) = (1609.0466)¢ — 54.6406
RI() = (94.1138)¢ — 3.9972
HZ(S) = (3856)¢ — 168

SI(S) = (615.0882)¢ — 26.7824

Proof:
N _
SCI(J) = Ll d,
1 1 1 !
_ (17{—1)(\/1__|_Z)+({’—3)(\/1_+3>+101€(m)+(67£—3)(\/2—+3)
+ (114 -1) (\/31?)

= (9.8158 + 0.5 + 50.5 + 29.9624 + 4.4902)¢ — (0.5774 + 1.5 + 1.3416 + 0.4082)
= (95.2684)¢ — 3.8272
The same procedure can be used to derive all other indices.

3.6. Theorem.

The Discrete ADTIs of the molecular structure PAE IFD J as, with £ > 1, are:
RLI(3) = (212.8269)¢ — 3.4914
ISI(S) = (209.9839)¢ — 8.0167
SLI(S) = (317.1949)¢ — 7.7384
MLI(3) = (40.0498)¢ — 5.2054
MMSI(3) = (161.03)¢ — 3.5834
MIRI(Z) = (14.0985)¢ — 1.9501
MII(S) = (20.3356)¢ — 3.0002
MRI(3) = (29.0661)¢ — 3.5639
MHI(3) = (13)¢ — 1.75
MMRI(J) = (179.3036)¢ — 5.8888
MMRDI(3) = (219.8284)¢ — 11.2846
MMDI(S) = (249.5)¢ — 16.5
MMSDI(J3) = (339.75)¢ — 38.75
SDI(J) = (415.0022)¢ — 1.0002
ISLI(J) = (67.5893)¢ — 2.7543
Proof:
RLI(S) = Zuveren(n (d,)in (dy))
=174 —-D[In(D)In@R)]+ (£ —-3)(In (Din 3)]+(101)[In (2)In (2)] + (67 — 3)
[In (2)In 3)]+ (11¢ — D[In (3)In (3)]
= (48.5305 + 51.0205 + 13.2759) £ — (2.2845 + 1.2069)

= (212.8269)¢ — 3.4914
The same procedure can be used to derive all other indices.
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3.7. Theorem.

The entropy measures of the DBTIs of the molecular structure PAE IFD J as, with £ >

1, are:
—(29.9111)¢ + 1.2169
(95.2684)¢ — 3.8272
—(21.0508)¢ + 0.7587
(138.9637)¢ — 5.9446
(555.515)¢ — 23.8107

(860)¢ — 36
(662.2159)¢ — 27.4913
(942)¢ — 38
—(27.7782)¢ + 1.1228
(46.4743)¢ — 2.1111
(148.2872)¢ — 6.4858

ENT(SCI(S)) = log((95.2684)¢ — 3.8272) —

ENT(ABC(S)) = log((138.9637)¢ — 5.9446) —

ENT(FZ()) = log((860)¢ — 36) —

ENT(SZ()) = log((942)¢ — 38) —

ENT(SM(3)) = log((46.4743)¢ — 2.1111) —

ENT(SK(S)) = log((429.8)¢ — 18) —

(429.8)¢ — 18
c» (189.2965)¢ — 8.0258
ENT(SK,(3)) = log((471)¢ — 19) — TS
ENT(SK, (%)) = log((964)¢ — 42) — BBO.B774)E + 315286
(964)¢ — 42

—(1.0487)¢ + 0.2127

(194.5402)¢ — 7.4802
(2017.8761)¢ — 99.5325

ENT(GA(R)) = log((194.5402)¢ — 7.4802) —

ENT(FI(S)) = log((1972)¢ — 92) —

(1972)¢ — 92
ENT(AI(S)) = log((86)¢ — 10) — (0.602)¢ — 1.806
(86)¢ — 10
ENT(I(S)) = log((88)¢ — 16) — (2.4084)¢ — 7.2252
(88)¢ — 16

(147.1164)¢ — 47.3909
(1609.0466)¢ — 54.6406
—(29.5382)¢ + 1.155

(94.1138)¢ — 3.9972
(5068.8611)¢ — 227.2539
(3856)¢ — 168
(307.6927)¢ — 14.2125
(615.0882)¢ — 26.7824

ENT(AZ(S)) = log((1609.0466)¢ — 54.6406) —

ENT(RI()) = log((94.1138)¢ — 3.9972) —

ENT(HZ(S)) = log((3856)¢ — 168) —

ENT(SI(3)) = log((615.0882)¢ — 26.7824) —

Proof:
1. ENT(SCI(J)) = log [SCI(F)] — [SCI(I)] ™" [Zpwerc) f () log f(d)]
=log ((95.2684)¢ — 3.8272) — ((95.2684)¢ — 3.8272)"1 [(17¢ — 1)

(7) 109 (775) + € = 3) (355) 109 (75) + (1010) (55 Lo (75) +

(67¢ - 3) (=) log (=) + (112 - 1) (=) log (=)
—(29.9111)¢ + 1.2169
(95.2684)¢ — 3.8272

The proof of other entropies is similar to the ENT of SCI.

= l0g((95.2684)¢ — 3.8272) —
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3.8. Theorem.
The Entropy Measures of the Discrete ADTIs of the molecular structure PAE IFD J

as, with £ > 1, are:
(—20.3984)¢ + 0.1717

ENT(RLI(3)) = log((2128269)¢ ~ 34914) ~ ooz s
ENT(ISI(S)) = Log((209.9839)¢ — 8.0167) — 0010 = 01509
(209.9839)¢ — 8.0167
~ (79.2113)¢ — 2.2216
ENT(SLI(3)) = log((317.1949)¢ — 7.7384) — 51719497 — 77384
ENT(MLIS)) = log((40.0498)¢ — 5.2054) — 281 + 04518
(40.0498)7 — 5.2054
ENT(MMSI(S)) = log((161.03)¢ — 3.5834) — 021 1)¢ + 08208
(161.03)7 — 3.5834
, (~10.4953)¢ + 0.8819
ENT(MIRI(S)) = log((14.0985)¢ ~ 19501) ~ s
, (~11.3653)¢ + 0.8918
ENTAMITE)) = log (20:3356)6 = 30002 =~ 3356)¢ — 3.0002
ENT(MRI(S)) = log((29.0661)¢ — 3.5639) — o0t 1)E + 0.662
(29.0661)% — 3.5639
ENTOMHICS)) = log((13)6 — 1.75) — (10:2822)¢ + 0.9685
(13)f - 1.75
ENT(MMRI(S)) = log((179.3036)¢ — 5.8888) — o 01)¢ ¥ 07353
(179.3036)¢ — 5.8888
ENT(MMRDI(S)) = log ((219.8284)¢ — 11.2846) — —maoe)t — 17759
(219.8284)¢ — 11.2846
ENT(MMDI(S)) — lOg((2495)£ . 165) _ (293634)3 - 56884
(2495)¢ — 165
ENT(MMSDI(S)) = log((339.75)¢ — 38.75) — 0x6248)¢ — 305492
(339.75)¢ — 38.75
N (134.8255)¢ — 9.0084
ENT(SDI(S)) = log((415.0022)¢ ~ 1.0002) ~ czoe oy
c~ (~31.293)¢ + 1.2682
ENT(SLI(Y)) = log((67.5893)¢ ~ 2.7543) ~ oy e

Proof:
ENT [RLI(3)]= [log [RLI(3)] — [RLICI)] ™ [Epwerc f (@) log f(?)]

= log[(212.8269)¢ — 3.4914] — [(212.8269)¢ — 3.4914] " [(17¢ —
D(n(1) In(2))

log[in(1) In(2)] + (£ — 3)(In(1) In(3) log[In(1) In(3)] +
(1014)(In (2)In (2)) log[in(2) In(2)] + (67¢ — 3)(In(2) In(3)) log[In(2) In(3)] +

(11¢ — 1)(In(3) In(3))

log [In (3)In (3)]
(=20.3984)¢ + 0.1717

=10g((212.8269)¢ — 3.4914) — (212.8269)7 — 3.4914
The proof of other entropies is similar to the ENT of RLI.
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3.9. Discussion.

The 4-arm PEG CORE IFD and PAE IFD have several applications in various fields
like catalysis, material science, and drug delivery. Even though the aforementioned IFD
possesses many potential applications, their clinical and industrial uses are limited due to the
limited availability of data about their characteristics. To address these challenges theoretically
in this paper, the physio-chemical properties of IFDs are predicted using DBTIs and ADTIs.

In this article, 31 indices are computed and compared for 4-arm PEG CORE IFD and
PAE IFD. The numerals derived for Tls are represented graphically for better interpretation.
The Tls are presented as a set in the graphical representations from Figure 3 to Figure 10.

DBTI

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

2 3
e 5C|] =@ SC|-2 ABC-] ==@== ABC-2
e [/-] em@em [7-) efe—S-] =@ S7-)

Figure 3. Graphical interpretation of DBTI comparison.

10000 DBTI

8000 -

-0
6000 _,--"'"
- = ®
- —
4000 .__,-- -_._____.-—
-

— )

0 = - - L]
1 2 3 -
e S]] == @ SM-2 SK-1 e=@== SK-2

e SK1-] e @ SK] -2 eon@e— S -] =@ S -2

Figure 4. Graphical interpretation of DBTI comparison.

DBTI
12000
7000
2000
1 2 3 4

-3000

——GA-1 == GA2 FrL FI-2

Al-1 Al-2 —— -1 ——|I-2

Figure 5. Graphical interpretation of DBTI comparison.
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DBTI

25000

20000
15000

e /-] =@ A7-) el |-] =@ R]-2
e H/-] =@ H) e—]-] =@ 5|2

Figure 6. Graphical interpretation of DBTI comparison.

ADTI
3300

2800
2300
1800
1300

e RL|-1 =@ e RLI-2 ISI-1 -md e |S|-2
e S| -1 -t = S|-2 e -1 -t e ML|-2

Figure 7. Graphical interpretation of ADTIs comparison.

ADTI

1200

1000

800

600

400

200

e MMS -] w @ VMS]-2 e V][R|-] o @ MIRI-2

e M1 =@ M2 one—R]-1 @ RI-2

Figure 8. Graphical interpretation of ADTIs comparison.

ADTI

3500
3000
2500
2000
1500
1000
500

o= MHEL  e=@a= MHE2 MMRI-1 ==@== NMMRI-2

=== NMRDI-1 ==@= MMRDI|-2 ==@um= NMMD|-1 ==@== MMDI-2

Figure 9. Graphical interpretation of ADTIs comparison.
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ADTI
5000
4000
3000
2000
1000 I )
.L — = ®
0
1 2 3 4
s MVISDI- 1 @ e MMSDI-2 SDI-1 SDI-2 ISLI-1 ISLI-2

Figure 10. Graphical interpretation of ADTIs comparison.

From the above figures, it can be observed that PAE IFD exhibits a higher value for
SCI, ABC, FZ, Sz, SK, SK;, SK,, GA, FI, AZ, Rl, HZ, Sl in DBTIs and exhibit a higher value
for RLI, ISI, SLI, MLSI, MIRI, MIl, MRI, MMRI, MMRDI, MMDI, MMSDI, ISLI in ADTIs.
RI, 11, Al, SM in DBTIs and MLI, and MHI in ADTIs exhibit the nearest same value in both
IFDs. Whereas other Tls exhibit different behavior.

These entropy measures are also presented graphically in Figure 11 and Figure 12.

—8—ENT(SCH1)
Entropy measures for DBTIs —e—ENT(SCI2)
700 ENT(ABC-1)
=8 ENT(ABC-2)
650 —8—ENT(FZ-1)
—8—ENT(FZ-2)
500 —8—ENT(52-1)
—8—ENT(5Z-2)
550 ENT(SM-1)
== ENT(SM-2)
500 e ENT(SK-1)
=8 ENT(5K-2)
450 ENT(SK1-1)
ENT(SK1-2)
400 ENT(SK2-1)
350 —8—ENT(5K2-2)
== ENT(GA-1)
300 —8—ENT(GA-2)
—&—ENT(F11)
250 ==@=ENT(FI-2)
— ENT(AI-1)
200 — —8—ENT(AI2)
—=O=—ENT(II-1)
150 —8—ENT(II-2)
ENT(AZ-1)
100 ENT(AZ-2)
ENT(RI-1)
50 —=@=ENT(RI-2)
) } —8—ENT(HZ-1)
ENT(HZ-2)
0 1 2 3 4 —8—ENT(S11)
—8—ENT(5-2)

Figure 11. Graphical interpretation of entropy measures for DBTIs comparison.

ENT(ISLI-2)

Entropy measures for ADTI ENT(ISLI-1)
: ENT(SDI-2)

75 — ENT(SDI-1)
S ENT(MMSDI-2)
ENT(MMSDI-1)
—
IR
S——

55 == ENT(MMDI-2)
=== ENT(MMDI-1)
] =@ ENT(MMRDI-2)
55 — —8—[NT(MMRDI-1)
- === ENT(MMRI-2)
== ENT(MMRI-1)

45 ENT(MHI-2)
ENT(MHI-1)
—0 === ENT(MRI-2

)
35 — ENT(MRI-1)
- —o—ENT(MII-2)
g— == ENT(MII-1)
— —8—ENT(MIRI2)
— ’4 — ] === ENT(MIRI-1)
15 — = =@ ENT(MMSI-2)
== ENT(MMSH1)
=@ ENT(MLI-2)
—@—ENT(MLI-1)
— ENT(SLI-2)
. —8—ENT(SLI1)
- == ENT(ISI-2)

25 o 2

5

-5 [ 4

ENT(ISI-1)
=== ENT(RLI-2)
=@ ENT(RLI-1)

-15

Figure 12. Graphical Interpretation of Entropy Measures for ADTIs comparison.
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This graphical representation gives the following observations.

The complexity predicted using the entropy measures is high for 4-arm PEG Core IFD
in MMRDI, MMDI, ISI, and SLI and high for PAE IFD in RLI, MLI, MMSI, MIRI, MIl, MRI,
MHI, MMRI, SDI, ISLI.

For SCI, ABC, FZ, SZ, SM, SK, SK;, SK,, Fl, Rl, HZ, and Sl in DBTIs, all the values
exhibit around -0.3 to 9.5 in both IFDs.

However, GA, Il, and Al exhibit higher values in PAE IFD, and AZ in PAE IFD
exhibits the lowest value compared to all.

These results interpret the behavior and dendrimers used for drug targeting. Therefore,
higher Tls reflect the more connectivity among the atoms of a molecule. Our predicted results
aid in a better understanding of the topology and physical properties of the 4-arm PEG Core
IFD and PAE IFD.

4. Conclusions

In this article, the physio-chemical properties of PEG and PAE are predicted and
comparatively analyzed using DBTIs and entropy measures. The computed numerical from the
derived analytical expressions are interpreted graphically. The results can aid pharmacists in
understanding the complexity while performing a greater variety of chemical reactions and
interactions. Also, the findings would help the pharmacist derive the properties of associated
analogous structures. Therefore, the anticipated physio-chemical properties would make a
deeper comprehension of the IFD in QSAR/QSPR possible.
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