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Abstract

In this project | started studying about dendrimers, their chemistry and their
physics. After studying the dendrimer and its mechanism in light harvesting, the focus
turned into simulating it. Using Visual Basic’s graphical capabilities, | have designed
some programs to simulate the growth of the dendrimers. This will allow the user to

easily understand and visualize the characteristics that make the dendrimer unique.



Introduction

Dendrimer chemistry was first introduced in 1978 by Fritz Vogtle and coworkers
[1]. He synthesized the first “cascade molecules”, today known as dendritic molecules.
In 1985, Donald A. Tomalia, working in the field of polymer chemistry, synthesized the
first family of dendrimers [13]. These contributions to the field have paved the way for
continuing research in this promising area.

During the past couple of years, there has been an intensifying interest in
dendrimer chemistry. The word “dendrimer” originated from two words, the Greek word
dendron, meaning tree, and meros, meaning part. A dendrimer (Figure 1) is a synthetic,
man-made, 3-dimensional macromolecule, which is prepared in a series of repetitive
reactions from simple branched monomer units [2]. The synthesis used for dendrimer
preparation permit almost entire control over the critical molecular design parameters
such as size, shape, surface/interior chemistry, flexibility, and topology [2].
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Figure 1: A diagram of a dendrimer showing its unique structural characteristics.
This figure was copied from [15].

This leads to molecules that have the exact required structure, composition, and

molecular weight. The dendrimer’s unique chemical structure, the way all chemical



bonds can be accurately described, and its high degree of symmetry is what separates it
from other hyper-branched polymers. This is also what makes it the ideal building block

for the next industrial revolution, which is nanotechnology [3].

Synthesis:

There are two major synthetic procedures in which dendrimers can be prepared.
They are divergent and convergent synthesis (Figure 2). In divergent synthesis, the
synthesis starts at the core and works its way out to the periphery. The core consists of
multiple reaction sites. This core is treated with an excess of the first monomer reacting
with all the cores reaction sites. This monomer also has reactive groups that are ready to
react. An excess of a second monomer is reacted with the half generation (core and
monomer), giving rise to the first generation. A continuation of this iterative reaction
procedure leads to the second and third generations where none of the unique
characteristics are yet noticeable.
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Figure 2: Schematic representation of Divergent and Convergent growth. This
figure was copied from [15].



It is not till the fourth generation where the dendrimer becomes a highly structured
sphere. Beyond the fifth generation steric overcrowding could occur, and prevent
complete reaction of the molecule. This also damages the dendrimers uniform structure
and leads to defects inside the molecule. In convergent synthesis these problems are
avoided by starting synthesis at the peripheral and concluding at the core. Here dendron
segments are constructed and then assembled around the core. Only two reactions are
required at each step of the growth process, and not simultaneous reactions creating a
uniform final product. Convergent synthesis makes it easier to yield the desired

dendrimer and have complete control over all molecular design parameters [12].

Light Harvesting:

The dendrimer uniqueness makes it the building block for many potential
applications. Such applications include light harvesting, drug delivery, catalysis, data
storage, chemical sensors, and more. Light harvesting is the trapping of energy via
peripheral chromophores and funneling to a central point where it is converted back into
visible light. The dendrimer possesses the properties that facilitate such a conversion.
These properties include its tree-like structure that acts as an energy gradient for the
funneling of energy. The large amount of absorbing units on the periphery, gives the
high probability of capture of light. The relatively short distance from the periphery to the
core allows for high efficiency energy transfer [4]. This high efficiency has been shown
to be as high as 98% in a phenylacetylene dendrimer as done by Jeffrey S. Moore and

coworkers [5,8].



The main goal in researching light harvesting in dendrimers was to understand the
mechanism involved. The mechanism begins with the periphery chromophore molecules
capturing the energy of photons from light. These photons excite the electrons in the
molecules and raise them from their ground state to their excited state. Interchromophore
energy transfer then occurs in one of two ways, Dexter excitation transfer, or Forster
excitation transfer. In Dexter excitation transfer the energy is transferred through-bond
electron exchange. This electron exchange requires a strong donor to acceptor orbital
overlap and is therefore a short-range interaction (<10 A) according to [6]. In Forster
excitation transfer the energy is transferred through-space dipole-dipole interaction. In
this case, the donor to acceptor orbital overlap is not necessary, allowing the
chromophores to be separated by larger distances (10-100 A) [6]. Depending on the
monomers used to synthesize the dendrimer that will affect the energy transfer
mechanism utilized. Using any of the above energy transfer mechanisms, the energy is
channeled to the core where it is converted into visible light. Refer to figure 3 for flow

chart representation of this mechanism.

Figure 3: Flow chart representation of the light harvesting mechanism.



Procedure and Modeling

In order to better represent the growth in dendrimers, | have developed a couple
of computer programs. All these programs were done in the computer programming
language of Visual Basic. The computer programs capture the complexity of dendrimer
growth. The programs developed during this project are included in Appendix A of this
report.

The first program, Dendrimer_Growth1, the user has the ability to input the
generation desired for viewing. A 2-dimensional representation of the dendrimer is
displayed. As the user enters a low generation number (0-3), the dendrimers structural
characteristics will not be yet seen. As a higher generation number is entered (4-7), the
structural characteristics of a dendrimer begin to take shape. The program will only show
up to generation 7 because this is where steric crowding occurs. Any request for a higher
generation number than the 7, will default to the 7™ generation.

The second program, Dendrimer_Growth2, displays the convergent growth of the
dendrimer. Starting at the core, branches grow exponentially until they become so
densely packed that a globular conformation is formed. It is here where no further
growth is allowed and the program automatically restarts itself back at the core. This
program will continue to run until it is terminated.

The third program, Dedrimer_Growth3, allows the user to select a specific core of
a dendrimer from a drop down menu. The selection will then execute the divergent
growth of the selected core. Once steric overcrowding occurs, the program will stop to
show that stage. In addition, the user has the flexibility to reselect any other available

cores in the drop down menu. The available cores listed in the drop down menu are NHs,



N2H4, C4N2H1,, and C,N,Hg. Each core was reacted in a divergent approach to produce
the simulated growth. NHs, N2H4, and C;N,Hg are all reacted with acrylic acid followed
by the amidation of ethylenediamine [1]. The core molecule, C4N2H;», is reacted with
acrylonitrile followed by a reduction to yield the initial functional groups [1]. It should

be noted that nowhere in the program are reactions shown, only the stages that follow

such reactions. Figures 4-6 show the results of running programs.
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Figure 6:The last stage of the simulated growth of a
polypropylene imine dendrimer as shown in the
program Dendrimer_Growth3.



Conclusion and Recommendations

Throughout this research project the aim has been to gain understanding of the
dendrimer and how it grows. The intent of the work presented here is to allow
inexperienced readers to fully grasp the complexities of the dendrimer. The programs
were created to facilitate the understanding of dendrimer growth via visual simulation.
These programs will make the simulation of the dendrimer more palpable.

This research presents avenues for further research. The program
Dendrimer_Growth3 could be further developed to include cores other than the four
mentioned. A program could be designed to predict light harvesting capabilities of
dendrimers. Prediction of the efficiency of energy transfer form the peripheral to the core

in the dendrimer could be the subject of another program.
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Appendix A

Dendrimer_Growth1:

Projectl I izual Bagic {desgn} - {Form]  (Tode]]

I~ File Edt Yiew Project Format Debug Run Tools Add-Ins Window Help

[-a-Fer =2 o =] ) o u/BE S8R 0L
Iy =
Generall

I(General) j I(Declara‘(iuns}

bptlnn Explicit
Private Const PI = 3.14152

Priwvate Const LENGTH_SCALE = 0.75
Private Const DTHETA = PI / &

'
Priwvate 3ub Drawlendrimer (ByVal generation As Integer, ByWVal x As 3tring, ByVal v As 3tring, ByVal length
Dim H1 As Integer
Dim ¥1 As Integer

X1 = ®x + lengch / Z * Cos(theca
¥l = v + length / 2 * Sinitheta)

pichendrimer.Line (X, ¥)-(X1, ¥1)

If generation > 1 Then

Drawlendrimer generation - 1, X1, Y1, length * LENGTH_SCALE, theca + DTHETA
Drawbendrimer generation - 1, X1, Y1, length * LENGTH_SCALE, theta - DTHETL
End If

End Sub

Private Sub cmdGo Clickl()
Dim generation As Integer

If txtGeneration.Text > 7 Then
txtGeneration. Text = "7"
End If

L=
=

5 L
@ O ue

generation = Int(txtGeneration)

Dim hegin_lengthl Ais Single
Dim hegin_lengthZ As Single
Dim hegin_lengthid As Single
Dim hegin_length4 Ais Single

g

piclendrimer.Cls

'This creates the top portion of the dendrimer.
begin lengthl = (picDendrimer.ScaleHeight - 100) / ({1 - LENGTH 3CALE * (generation + 3)) / (1 - LENGTH_SC
DrawDendrimer generation, picDendrimer.ScaleWidth / 2, picDendrimer.3caleHeight - Z500, hegin_lengthl, -PI

'This creates the bottom/ right portion of the dendrimer.
begin length2 = (picDendrimer.ScaleHeight - 100) / ({1 - LENGTH SCALE * (generation + 1)) / (1 - LENGTH_SC
DrawDendrimer generation, picDendrimer.ScaleWidth / 2, picDendrimer.3caleHeight - Z500, begin_lengthz, PI

'This creates the bottom/ left portion of the dendrimer.
begin length3 = (picDendrimer.ScaleHeight - 100) / ({1 - LENGTH 3CALE * (generation + 1)) / (1 - LENGTH_SC
DrawDendrimer generation, picDendrimer.ScaleWidth / 2, picDendrimer.3caleHeight - Z500, begin_lengthi, PI

'This creates the right portion of the dendrimer.
begin length4 = (picDendrimer.ScaleHeight - 100) / ({1 - LENGTH 3CALE * (generation + 1)) / (1 - LENGTH_SC

DrawDendrimer generation, picDendrimer.ScaleWidth / 2, picDendrimer.3caleHeight - Z500, begin_length4, PI

End Sub
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Dendrimer_Growth2:

)

L3
% [abl
[ =
~ o
=B =8
ﬂﬂ;‘
=l
T
[E1]

ITimer1

j ITimer

Priwvace Sub Timerl Timer ()
Static indicator As Integer
'The indicator determines the generation
LoEvents
If indicator = 0O Then
imgWisikbhle (0] .Picture = Imsge0(0) .Picture
ElselIf indicator = 1 Then
imgWisikble (0] .Picture = Imsgel(l) .Picture

El=seIf indicator = Z Then
imgVWisikble (0) .Picture = ImageZ (1) .Picture

ElseIf indicator = 3 Then
imgWisikble (0) .Picture = Image3 (1) .Picture

ElseIf indicator = 4 Then
imgWi=sikble(0) .Picture = Imaged (l) .Picture

ElseIf indicator = 5 Then
imgWi=sikble(0) .Picture = ImageS5S(1l) .Picture

ElseIf indicator = § Then
imgWisible(0) .Picture = Images(l) .Picture
ElzelIf indicator = 7 Then
imgWisikbhle(0) .Picture = Image7 (1) .Picture

End I

' and the program will continue

+ 1
indicator = 0O

indicator
indicator > 7 Then

indicator =
It

End Suk

endrimer_Growth3:

When the indicator reaches seven it will reset the
indefinitely.

that will he displayed.

Drogram
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[option Explicitc
FPukblic indicator A= Integer
Priwvate Sub cmbBox_ Clicki)
If cwkhBox.Text = "IHH3™ Then
Z=:l11l Timerl Timer
Timerl.Enakbled = Trues
Timerz .Enabled = False
Tim=er3 .Enalbled = False
Timer4.Enabled = False
indicator = 0O
ElselIf crmbBox.Text = "LNZH412"™ Then
C:ll TimerzZ Timer
Timerl.Enakbled = False
TimserZ . Enakbled = Trus
Timers .Enakbled = False
Timer4.Enabled = False
indicator = 0O
ElselIf cmbEBox.Text = TC4NZH1=2" Then
C:ll Timeri Timer
Timserl.Enakbled = False
Timerz .Enabled = False
Timers3 .Enakbled = Trues
Timer4.Enabled = False
indicator = 0O
ElselIf crmbEBox.Text = TCZMNzZ2HS™ Then
CTsll Timerd Timer
Timerl.Enakbled = False
Timerz .Enabled = False
Timers .Enakbled = False
Timser<4d.Enakbled = Trus



= 1 Priwvate Zub Form Losdi()
crbBox.AddItem "IHH3™
| crbBox . AddItem "HN2ZH4™
crbhBox. AddTtcem "C4NzZH1zZ™
EE EE crbBox .. AddTItem "CENZHS™
=] End Zub
LES =
= Priwvate Sub Timerl Timer ()
" THIS TIMER IS FOR IHS.
o If indieator = O Then
1] imyWisible.Picture = img0ONHI.Picture
ElselIf indicator = 1 Then
imgWi=zible.Picture = imglMHI.Picture
ElselIf indicstor = Z Then
imgWisibhle.Picture = imgzZWHI .Picture
ElzelIf indicator = 3 Then
imgWizikble.Picture = imgiMNHI.Picture
ElseIf indicator = 4 Then
imgWi=sible.Picture = imgd4MNHI.Picture
El=self indicastor = 5 Then
imgyWisible.Picture = imgSHHI.Picture
ElselIf indicator = 6 Then
imgWi=zible.Picture = imgelMNHI.Picture
End If
indicator = indicator + 1
taeneral I
End Sub
L~
f& EET Friwvate Sub TimerZ Timer ()
= { ' THIS TIMER IS FOR NzZH=2.
| I If indicator = O Then
[fE imgWizsikble.Picture = imgOMNZH4.Picture
Al = ElseIf indicator = 1 Then
=l imgWisible.Picture = imglMNZH4.Picture
=
ElseIf indicator = Z Then
imgWisikble.Piccure = imgzNzH4.Ficture
- ElseIf indicator = 3 Then
| | imgWisikble.Picture = img3IMNZH4.Picture

ElselIf indicator = 4
imgWi=sible.Picture =

ElselIf indicator = 5
imgvWisikble.Picture =

Then
irmgd4MNZzH4 . Picture

Then
imgSHNZzHd . Picture

ElseIf indicator = & Then
imgWisikble.Ficture = imgoHzZzH4.FPicture
End If

indicator =

End Sub

indicator + 1

FPriwvace Sub Timer3_ Timer ()

'THIS TIMEER IS FOR C4NzH1z.
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General'

L3
2 [apl
[ =
I &
Ef =8
TR
5 =
3 =
[
|Co]

If indicator =
imgWisible.Picture

ElzeIf indicator =
imgWisible.Picture

ElseIf indicator =
imgWisikle.Picture

ElseIf indicator =
imgwWisikle.Picture

ElseIf indicatcor =
imgWisikble.Picture

ElseIf indicatcor =
imgwWi=sible.FPicture

End If

indicator =

End Subk

0 Then

= imgOC4MNZH1Z .Picture
1 Then

= imglC4NZH1Z.Picture
Z Then

= img2C4NZH1Z.Picture
3 Then

= img3C4NZH1:Z .Picture
4 Then

= imga4C4MNZH1Z.Picture
5 Then

= img5C4NzZzH1zZ.Picture

indicator + 1

If indicator =
imgWisible.FPicture

ElzeIf indicator =
imgVisikble.Picture

ElseIf indicator =
imgvVi=sible.FPicture

ElzeIf indicastor =
imgvWisible.Picture

ElzeIf indicator =
imgVisikble.FPicture

ElselIf indicator =
imgvWi=zible.Picture

End If

indicatcor =

End Sul

== 1 |

Priwvate Subk Timerd Timer ()
'THI3 TIMER IS FOR C4NZHS.

0 Then

= imgOCZNZHS.FPicture

1 Then

= imglCZMNZHS.Picture
=2 Then

= imgZCZMNZHS.Picture
3 Then

= img3CZMNZHS.Ficture
4 Then

= imgdCZNZHS.Picture
5 Then

= imgSC4MNZHS.Picture

indicacor + 1
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