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Abstract

Dendrimers have unique structures, a wide range of properties and extensive application in
chemistry, thus it obtaining much attention in many disciplines. In the context of delivery and
design of drugs, dendrimer serves as a catalyst. The relationship between the structure and
properties of chemical compounds are analysed using the topological descriptor. A graphical
representation of the molecular descriptor is plotted by numerical results of chiral PAMAM
dendrimer and compared with each index.
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1. Introduction

Scientists from chemistry, chemical
engineering and medicine are working
together to develop nanoparticles that
enables drug delivery. A polymer has
become the forerunner in the chase to
discover the ideal carrier, due to their
adaptability and deliver the drug to
specific parts of the body. Using covalent
conjugation, it is possible to deliver drug
molecules across the cell membrane in a
targeted manner (for example, against
cancer cells using folic acid). A unique
structure, dendrimers are developed by
Vogtle and his co-workers in 1978.
Dendrimer are hyper branched polymer
materials with single molecular weight. A
dendrimer contains a single core, and
various interior layers composed of
iterating units and active amine groups at
the end. The extension of dendrimer is
predictable even though they have a
branching architecture. Dendrimers are
generated in two methods: divergent
method, starts from the core and develop
the generation and convergent method,
synthesis from surface and ends at the
core. Because of a unique characteristic of
dendrimers such as unimolecular micelles,
polyvalency, electrostatic inter-actions, it
is a great carrier in nanomedicine field. In
gene delivery system dendrimer plays a
vital role due to its high functionality [1].

In graph theory, the chemical compounds
are described as graphs where atoms are
defined as vertices and bonds are indicated
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as edges. Cheminformatics is a unification
of mathematics and medicinal chemistry.
In medicinal chemistry, it is critical to
know the properties of the drugs, in order
to track the process and operational
efficiency. A topological index describes a
physicochemical property of compounds.
In QSAR/QSPRs study, the properties of
molecular structures such as
photochemical, pharmacologic,
pharmacodynamic and pharmacogenomics
are evaluated by structural
characterisation. The molecular properties
namely boiling point, flash point, molar
refraction, critical pressure, osmotic
coefficients, polarizability etc., can be
evaluated by topological indices [2, 3].
Topological indices can therefore be used
to quantitatively analyse and understand
different chemical structures and chemical
networks [4]. Thus, topological indices
enable to evaluate and compute the
chemical structure and its networks in
more detail.

PAMAM  structures have both light-
emitting and electrodeposition properties
due to their achiral and hydrophobic
surfaces [5]. As shown in Figure 1, the
core of Chiral PAMAM dendrimer is
tetracarboxylic, with four branches used in
nano catalysis [6]. Chiral PAMAM
dendrimer's n'" generation is denoted as
CD,: n<1. The reverse degree-based
topological descriptor for CD, can be
determined. We suggest the readers to refer
[7, 8, 9, 10] for recent papers in reverse
topological indices.
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Figure 1: The molecular structure of Chiral PAMAM dendrimer with generation 3.

2.  Mathematical Terminologies

Let 6 = (V, E) where V indicates the set of
vertices and [E represent the set of edges
respectively. Let ¢ € V(§), then the degree
of  is the number of edges incident to the

introduced the concept, reverse vertex
degree (R(Q)) defined as: R(Q) =1-—
I'(Q) + A(8), where A is the highest degree
in a graph. As result of randic degree-
based indices, introduced by Milan Randic
[12] and its reverse Randic index can be

vertex ¢, denoted as I Kulli [11] stated as follows:

RR&(8) = Xgze (5)(R(Q) X R(8)), a=-,--,1,-1

Atom bond connectivity (ABC) index was introduced by Estrada et al. [13] and its reverse is
presented as:

(RO +R®) -2
RABC(6) = j
il RO XRE)

Geometric arithmetic (GA) index was presented by Vukicevic and Furtula in [14], whose
reverse index as:

2\(R(@Q) x R(®))

RGA(S) =
e RO TRE)

Gutman etal. [15, 16] introduced the first and second Zagreb indices and the reverse first
Zagreb index and the reverse second Zagreb index is defined as:

RM,@) = ) (R +RE)
GEE E(8)

RM,(8) = (R xR(®))
GEE E(5)

A hyper Zagreb (HM) index was presented by shirdel etal. in [17] and its reverse is defined
as:

RHM(S) = Z (R + R(¥)?

(8 E(5)

Furtula and Gutman [18] presented the forgotten index and the reverse forgotten index is
given as:
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R = ) (REQ”+RE®?)
(8 E(8)

Furtula et al. introduced augumented Zagreb index in [19] and its reverse index as:

RAZI(S) =

(EEE(8)

< R x R(E) )3
R@Q +R(E®) -2

First redefined, second redefined and third redefined Zagreb indices was introduced by
Ranjini et al. [20] and the reverse first redefined, reverse second redefined and reverse third
redefined Zagreb indices is given as:

R + R(E)
RReZG,(6) = (—)
R X R
RReZG,(6) = (—)
s RO+ R(®

RReZG,(8) = ) (R +RE®)(RQ X RE)
CEE E(8)

3. Results For Chiral Pamam Dendrimer

Let Chiral PAMAM dendrimer be the chemical graph, { = CD,, has 42 x 2"*1 — 31 vertices
and 22 x 2°%2 — 32 edges [6]. In CD,, degree for 5 X 2"*2 — 91 vertices, degree 2 for
13 x 28%2 — 15 vertices and degree 1 for 6 X 2°+1 — 7 vertices. The vertex set of CD,, is
given in Table 1. From Figure 2, four classes of edge partition are obtained by considering the
degree of the end vertices. 20X 2°*1 — 14 edges (&, where 7 = 3 and It = 2 contained in the
first edge partition. 16X 2°%1 — 8 edges (&, where [; = 2 and [§ = 2 are in the second edge
partition. 2"*2 — 3 edges (&, where [; = 3 and I} = 3 contained in the third edge partition
and 6x 28%1 — 7 edges €, where I[; = 3 and It = 1 contained in the fourth edge partition.

€ = {(Tp Te)I G € E(S)}
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Figure 2: Edge partition of chiral PAMAM dendrimer, CD,.

r, [3 2 1

| 5x 212 -9 13 x 212 — 15 6 x 2t 7

Table 1: Vertex set of chiral PAMAM dendrimer CD,,

@éi |@£§| Set of edges
(3,2) 20 X 21 — 14 G5,
(2,2) 16 x 2"+l — 8 &),
(3.3) 20+t 3 G5 5
31 6 x 20+l — 7 G5,
Table 2: Edge partition of CD,, based on degree nodes
XR@),R(®) |(5’(§| Set of edges
(1,2) 20 x 21 — 14 Xia
(2,2) 16 x 2"t — 8 X2
(1,1) 2"+t — 3 X1
(1,3) 6x 2" -7 X1,.3

Table 3: Reverse degree-based edge partition of CD,
In Table 2, the edge partition based on the end vertices degree is given. In CD,, the maximum

degree is 3. Based on the reverse vertex degree definition, R(Q) = 1 — I'(Q) + A(S8). Table 3
shows the reverse degree-based edge partition of CD,,.

Xz@.r@ = (RO, R(®)| & € E(5)}
Reverse general Randic index
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1 1
RR(B) = ) ROXREF,  a=3-71-1

(EC E(5)
— 1 .
o= E, 1
RR1®) = > (RQXRE)
g TEEXR@Q)R(®)
= Ygge x1, VRO X R(E) + Xzge x,, VRO X R(E) + Xz 5, VRO X R(E)
+ Nggexs VRO X R(E)
=/2(20 x 201 — 14) + 2(16 x 20*1 — 8) + 20+1 — 3 4 \/3(6 x 20+1 — 7)
=402 x 2" — 74/3 — 1442 + 124/3 x 2™ + 68 x 2™ — 19
J— 1 .
oa=— E ; .
RRL@®) = > (RQXREO)?
g (8E XR(@Q)R(®)
_ 1 1 1
= Lze iz \/ae(oxae(? + Lgge e TROR® L35e 1. JRQXRE)
T Lzge s JRQXRE)

1 n+ 1 n+ n+ 1 n+
-5(20x2 L—14) +-(16 X 2" - 8) + 2 1—3+ﬁ(6x2 1_7)
=20\/Ex2n—%§—7\/§+4\/§x2n+20x2n—7

oa=1;
RO = ) (RQXRE)
TEE XR(Q,R(®)
= 2gte x1.,(R(Q) X R(E)) + Lite y,, (R X R(¥)) + Xz x, ,(R(D X R(B))
+ Nge x15(R(Q) X R(B))
=2(20 X 201 — 14) + 4(16 x 201 — 8) + 20+1 — 3 4 3(6 x 20+ — 7)
— 62 x 21+2 _ g4
oa=-—1;
RRL@® = Y (ROXRE)
GEE XR(Q,R(®)

o 1 1 1
= Xgge RORED T Xgge xaz ROR® T Xgge xia RQXR(E)
1

+ e xus R(QOXR(E)

=2(20 X 271 — 14) + 2 (16 X 27*1 — 8) + 201 — 34+ 2 (6 x 271 - 7)

—gx2ntz 2
3
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Reverse Atom Bond Connectivity Index

) (R@) +R(®)) -2
RABC(8) = \/ (R x R(¥))
GEE XR@QR(®

_ (R@Q+R(®)-2 (R@Q+R(®)-2 (R@Q+R(®)-2
e X1.2 ] RQ*R(E) + Lgge e RO<RE) T L3511 RO<RE) T
5 (R@Q+R(®)-2
EEXL3 | (RQXR®)
— i n+1 __ i n+1 __ n+1 __ Q n+1 __
(20 % 2 14) + 5 (16 x 2 8) + 2 3+5(6x2 7)
=36x/§x2n—%€—11\/§+4«/€x2n

Reverse Geometric Arithmetic Index

zJ (R x R(®)

RGA®) = (RO + RO)

TEE XR(Q,R(®)

5 2/ROXEE) | 5 2/RORE) | 5 2/ROEE) | 5 2/ROXRE®)
Bxz R@Q+RE) | “HEXz @@Q+RE) | CEENT RQRE) | AREXIT ROQRE)

=%7(20x2“+1—14)+(16x2“+1—8)+2“+1—3+§(6x2“+1—7)

=9><2n+2+§(6x2n+1—7)+%§(20x2n+1—14)—11

Reverse First Zagreb Index

RML@ = > (RO +RE)

GEE XR(D,R(®)

= Yt xio (R + R(®) + Tzey,, (R + R(E) + ey, (RQ + R(®)

+ Z(EE X1,2 (R(O + R(E))
=3(20 x 2"*1 — 14) + 4(16 X 2"*! — 8) +2(2"*! — 3) + 4(6 x 2" — 7)
=76 x 2"*2 — 108

Reverse Second Zagreb Index

RO = > (RO xRE)

TEE XR(Q,R(®)

- ZCEE X1,2 (‘(R(O X R(E)) + Z(EE X2,2 (‘(R(O X ‘(R(E)) + Z(EE X1,2 (:R(O X :R(E))
 Zggex, (R X R(D)

Eur. Chem. Bull. 2023, 12 (s3), 4974 — 4985 4980



Reverse degree-based topological descriptors of Chiral PAMAM dendrimer Section A-Research paper

= 2(20 X 271 — 14) + 4(16 x 27*1 — 8) + 1(2"*1 — 3) + 3(6 x 2"*1 — 7)
=62 x 2"*2 — 84

Reverse Hyper Zagreb Index

RHM@) = ) RQ) +RE)’
G8E XR(Q,R(®)

= Yte 1 (R@ + R®)’ + gge i, (RO +R®)" + Tz, ,(RQ +R®)
+ Yte i, (R + R(®)?

=9(20 x 21 — 14) 4+ 16(16 x 21 — 8) 4+ 4(2"*1 — 3) 4+ 16(6 x 2"*1 —7)

=270 x 21+2 _ 378

Reverse Forgotten Index

RE®) = Y (RQ+REOD

GEE XR(Q,R(®)

= Yttex1, (RO + R(E?) + Tge ., (R(D? + R + Tge y,, (R + R(D?)
+ Ygge xR + R(D?)

=5(20 x 27+1 — 14) + 8(16 x 21+1 — 8) 4+ 2(21+1 — 3) 4+ 10(6 x 2"+1 — 7)

= 146 x 2"2 — 210

Reverse Augmented Zagreb Index

RAZI(S) =
GEE XR(QR(®)

_ RQOXRE 3 RQXRE) \3 RQOXRE 3
= Lgexas (ve(om(z)—z) + Lgge i, (ve(om(z)—z) + Lgge s (mom(z)—z)

REQOXRE \3
+ Lgge (92(()+32(§)—2)

3
= 8(20 x 2" — 14) + 8(16 x 2" = 8) + (3) (6 x 2" - 7)
_ 1233x20*2 1597

8 8

( R(Q x R(®) )3
R@Q +R(E®) -2

Reverse First Redefined Zagreb Index

R + R(E))
RReZG,(8) = <—
! R X R(®)
BEXR@)R®)
_ RQ+R(E) RQ+R(E) RQ+R(E)
= Xggens (moxaz(z)) + Lgge ., (R@)xm)) + Lgge i, (oe@)x:R(E))
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RQ+RE®
* Lggexs (R(Z)xR(E))
= (2) 20 x 271 — 14) + (16 x 2" — 8) + 2(2" = 3) + (5) (6 x 2" - 7)

=29 x 2n+z — 222
3

Reverse Second Redefined Zagreb Index

RReZG,(8) =
GEE XR(@Q)R(®)

_ RQXR(E) RQXR(E) RQXR(E)
= 2g€ 0. (R@m(s)) T e (mom(z)) R (R(cme(a)

R(QXR(E)
+ ZZEE X1,2 (R(()+R(§))

=(3)@ox2 —14) + (16 x 21 - 8) + () 2" = 3) + (3) (6 x 271 = 7)

_209x2P*2 289

12 12

<R(Z) X R(E))
RO +R®)

Reverse Third Redefined Zagreb Index

RReZG,(8) = (R +R®)(R@Q x R(®))

GEE XR(Q),R(®)

= Yate 1, (R + RE®)(RQ) X R(®)) + Tzzey,,(R(D + R(E®))(R(D) x R(®)) +

Yree 11, (R + RE®) (R X R(®)) + Xze y,,(RD + R(E®))(R(D) X R(B))
=6(20 X 2"*1 — 14) + 16(16 x 21 — 8) + 2(2"*1 — 3) + 12(6 x 21 — 7)
=146 x 2M*2 — 210

4 Numerical
Comparsion

And Graphical indices, reverse hyper Zagreb
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reverse forgotten index, reverse first,

In this section, all indices whose analytical
expressions are determined are given
numerically. Refer to Table 4 for the same.
The graphical comparison among reverse
randic index, reverse atom bond
connectivity index, reverse geometric
index, reverse first and second Zagreb

second and third redefined Zagreb indices
and reverse augmented Zagreb index helps
to predict the molecular structure and
examine its properties. Refer to Figure 3
and 4 for the same. MATLAB has been
used to plot the topological indices.

Indices n=1 n=2 n=3 n=4 n=5
iRRl((S) 239.78296 530.4893 1111.9019 2274.7271 4600.3775
2
RRl(é‘) 89.484 199.9086 420.7588 862.4586 1745.8582
2
RR,(6) 412 908 1900 3884 7852
RR_,(6) 57.6667 129.6667 273.6667 561.6667 1137.6667
RReZG,(6) 187.6667 419.6667 883.6667 1711.6666 3667.6667
RReZG,(5) 115.25 254.58333 533.25 1090.58333 2205.25
RReZG5(5) 1506 3314 6930 14162 28626
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Table 4: Numerical value of RR1(5), RR1(6), RR1(5), RR_1(6), RReZG,(5), RReZG,(5)
2

2
and RReZG5(5)

Indices n=1 n=2 n=3 n=4 n=>5
RABC(6) 100.1475 221.5668 464.4054 950.0825 1921.4369
RRGA(S) 137.9478 306.1572 642.5758 1315.4132 2661.0878

RM,(6) 500 1108 2324 4756 9620
RM,(5) 412 908 1900 3884 7852
RHM(6) 1782 3942 8262 16902 34182
RF(5) 958 2126 4462 9134 18478
RAZI(5) 1033.375 2266.375 4732.375 9664.375 19528.375
Table 5: Numerical value of RABC(5), RRGA(S), RM,(6), RM,(65), RHM(5), RF(5) and
RAZI(5)
35 10" . : :
Reverse atom Bond Connectivity index
Reverse Geometric Arithmetic index
A Reverse First Zagreb index |
Reverse Second Zagreb index
25| Reverse Hyper Zagreb index i

Indices

-Reverse Forgotten index
Reverse Augmented Zagreb index

Figure 3: Graphical comparison of RABC(5), RRGA(6), RM,(5), RM,(8), RHM(S),

RF(8) and RAZI(S) for CD,,.
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- 10* ' : :
Reverse Randic index for 1
Reverse Randic index for -1
25 Reverse Randic index for 1/2 .
Reverse Randic index for -1/2
Reverse Redefined First Zagreb index
2 ]

Indices
(8]

0.5

-Reverse Redefined Second Zagreb index
Reverse Redefined Third Zagreb index

Figure 4: Graphical comparison of RR1(8) iRRl(S) RR,(6), RR_;(8), RReZG,(6),
RReZG,(8) and RReZG3(6) for CD,,

4.  Conclusion

In this article, reverse degree-based
topological descriptors namely reverse
randic index, reverse redefined Zagreb
indices, reverse Zagreb indices, reverse
forgotten index, reverse  geometric
arithmetic index and reverse atom bond
connectivity index for chiral PAMAM
dendrimer, CD,, have been evaluated. It is
possible that the computed results could
gain a deeper understanding of the nature
and behaviour of Chiral PAMAM
dendrimer. The graphical representation of
the numerical values identifies indices
with similar behaviours.
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