
Colloidal and 
Supramolecular Drug 
Delivery Systems 



 



Colloidal and 
Supramolecular Drug 
Delivery Systems 

By 

Seema Rohilla 
 
 



Colloidal and Supramolecular Drug Delivery Systems 
 
By Seema Rohilla 
 
This book first published 2024  
 
Cambridge Scholars Publishing 
 
Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK 
 
British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 
 
Copyright © 2024 by Seema Rohilla  
 
All rights for this book reserved. No part of this book may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, recording or otherwise, without 
the prior permission of the copyright owner. 
 
ISBN: 978-1-0364-1001-8 
ISBN (Ebook): 978-1-0364-1002-5 



TABLE OF CONTENTS 
 
 
 
List of Tables ............................................................................................. vii 
 
List of Figures ........................................................................................... viii 
 
Chapter 1  .................................................................................................... 1 
Introduction 
 
Chapter 2  .................................................................................................... 9 
Classification of Colloidal and Supramolecular Drug Delivery System  
 
Chapter 3  .................................................................................................. 20 
Different Types of Colloidal and Supramolecular Drug Delivery System 

3-i. Nanogels ........................................................................................ 20 
3-ii. Microparticles or Microsphere ..................................................... 33 
3-iii. Microemulsions and Nanoemulsions .......................................... 46 
3-iv Nanosuspensions .......................................................................... 51 
3-v Nanodiamonds ............................................................................... 58 
3-vi Nanocapsules and Bionanocapsules ............................................. 66 
3-vii Micelles ....................................................................................... 70 
3-viii Nanoparticles .............................................................................. 73 
3-ix Nanoshells .................................................................................... 97 
3-x Carbon Nanotubes ......................................................................... 99 
3-xi Dendrimers ................................................................................. 102 
3-xii Quantum Dots ............................................................................ 108 
3-xiii Liposomes and Other Somes .................................................... 112 
 

Chapter 4 ................................................................................................. 200 
Characterization of Colloidal Carrier System 
 
Chapter 5  ................................................................................................ 229 
Applications of Colloidal Carrier System 
 
Chapter 6  ................................................................................................ 249 
Marketed Preparations 
  



Table of Contents 
 

vi

Chapter 7 ................................................................................................. 271 
Regulatory Affairs 
 
Chapter 8 ................................................................................................. 282 
Challenges 
 
Chapter 9 ................................................................................................. 292 
Future Prospects 
 
Chapter 10 ............................................................................................... 306 
Conclusion 
 
 
 
 
 
 



LIST OF TABLES 
 
 
 
1-1 Advantages of colloidal and supramolecular drug delivery system 
2-1 Colloidal carrier systems 
3-1 Multiparticulate systems with product examples 
3-2 Advantages of nanoemulsion 
3-3 Advantages of nanocapsules 
3-4 Mechanisms of toxicity for nanoparticles 
3-5 Applications of SPIONs 
3-6 Performance of some polymer nanocomposites in dye removal 
3-7 Performance of some polymer nanocomposites in metal ion removal 
3-8 Performance of some polymer nanocomposites in sensors 
3-9 Application of nanoshells 
3-10 Advantages of liposomes 
3-11 Advantages of nanoliposomes 
3-12 Advantages of niosomes 
3-13 Properties of cubasomes 
4-1 List of all chemical groups present in vibrational spectroscopy with 

their wavelength and wavenumber 
6-1 Market accessible nanosystems based cosmetic products for hairs 
6-2 Market accessible nanosystems based cosmetic products for skin 
6-3 Market accessible anticancer products with nanosystems 
6-4 Commercially approved lipid-based nanoparticles 
6-5 Commercially approved polymer-based nanoparticles 
6-6 Commercially approved drug entrapped crystalline nanoparticles 
6-7 Nanomedicines for occular disease 
6-8 Marketed formulations containing nanomedicines 
6-9 Nanomedicines under clinical trial 



LIST OF FIGURES 
 
 
 
2-1 Schematic representation of classification of colloidal carrier systems. 
3-1 Schematic representation of application of nanoemulsions 
3-2 TEM images of D-NDs (A) and HPHT-NDs (B) 
3-3 Illustration of the synthesis and post-synthetic treatments in the 

preparation of D-NDs and HPHT-NDs. 
3-4 Schematic representation of methods of preparation of nanocapsules 
3-5 Schematic representation of various methods for preparation of 

nanoparticles 
3-6 Schematic representation of application of lipoparticles 
3-7 Schematic illustration for the in situ polymerization method 
3-8 Schematic illustration for the solution mixing method 
3-9 Schematic representation for preparing polymer nanocomposites by 

melt blending 
3-10 The set-up of electrospinning technique 
3-11 Schematic representation of application of dendrimers 
3-12 Schematic representation of methods of preparation of liposomes 
3-13 Schematic representation of various methods for preparation of 

nanoliposomes 
3-14 Schimatic representation of various methods for the preparation of 

niosomes 
3-15 Schematic representation of application of niosomes 
4-1 Schematic representation of characterization of colloidal carrier 

system 
4-2 Schematic representation of physical characterization of colloidal 

carrier system 
4-3 Schematic representation of IR Spectroscopy 
4-4 Schematic representation of Dynamic light scattering 
4-5 Schematic representation of photon correlation spectroscopy 
4-6 Representation of optical microscope 
4-7 Schematic representation of working of scanning tunneling 

microscopy 
 



1 

INTRODUCTION 
 
 
 
Colloidal dispersions fall somewhere between real solutions and coarse 
dispersions in terms of dimension. The word "colloidal" is typically used 
to describe systems where the particle size of the dispersed phase is in 
nanometer size range. For pharmaceutical applications, the nanoparticles 
were dispersed in liquid and aqueous polymer dispersions to form 
colloidal systems [Dickinson 2015, 211-33]. Nanoparticles have the ability 
to create three-dimensional multi-component structures that lead to the 
design of drug delivery systems with abundant desired properties, like the 
ability to deliver hydrophobic drugs [Gelderblom, Verweij, Nooter, 
Sparreboomet al. 2001, 1590-1598], to cross the natal barricades [Dong 
and Mumper 2010, 597-615] and to selectively target these nanomedicines 
at desired site in the body [Nkansah, Antipas, Lu, Varma et al.2013, 150-
161]. 

The modern era of medical science offers fresh opportunities for probing 
the essential functions of the human body. The fundamental aim of 
delivering drugs via innovative systems is to achieve uniform blood or 
tissue level that is valuable and non-toxic over a comprehensive period of 
time. The objectives of cutting-edge medicines have been hampered due to 
the development of nanotechnology. Nanotechnology is a collection of 
atomic, molecular, or macromolecular scale procedures and techniques 
that guarantee the controlled creation and application of nanometer-scale 
objects, devices, or systems [Salata 2004, 3]. The method through which a 
medicine is administered to the body has an impact on its efficacy. The 
principle drug delivery system distributed drugs at a desired rate in the 
body during treatment and shows their actions at the target site only. 
Recently, no drug delivery system has been able to attain all these goals. 

These innovative drug delivery systems (DDS) were developed by 
combining knowledge from several fields, including polymer science, 
bioconjugate chemistry, molecular biology, and pharmaceutics. 
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A supramolecular system is a self-assembled system in which noncovalent 
bonds help to join the molecular units together to form a complex 
structure. Examples of these noncovalent interactions include metal 
coordination, hydrogen bonding, van der Waals forces, hydrophobic 
attractions, electrostatic, and π-π interactions [Kato and Bara 2008, 128]. 
Thus, supramolecular chemistry involves the study of amassed molecules 
or ions that are joined by noncovalent relations, like electrostatic 
interactions, dispersion interactions, and solvophobic effects [Steed, 
Turner DR, and Wallace 2007]. The requirement for energy depends on 
the driving force. The amphiphilic nature of the component molecules 
acted as the driving force to form the lipid bilayer structure. Thus, various 
supramolecular structures can be created by different types of amphiphile 
molecules using the principles of supramolecular chemistry [Yoon and 
Jang 2010, 211-222; Kumar, Sharma, Singh, Singh et al. 2012, 474830]. 

Different supramolecular structures, like liposomes, microemulsions, 
surfactant/polymer micelles, etc., have the potential to act as drug carriers 
to amend the pharmacokinetic and physicochemical characteristics of 
drugs. Among those liposomes are already commercialized as formulations 
like Doxil for the management of Kaposi's sarcoma, ambisome as an 
antifungal agent, visudyne for age-related macular degeneration and 
choroidal neovascularization. Scantily soluble drugs can be delivered 
orally in the form of microemulsions due to changes in bioavailability and 
expected absorption behavior. An immune suppressant like neural is used 
after transplant operations in the form of a microemulsion. Numerous 
formulations of polymer micelles have already been evaluated in clinical 
studies and are being researched as potential drug carriers. Supramolecular 
systems can be customised by designing the molecular components with 
effective drug delivery to specify body regions [Kawakami, Ebara, Izawa, 
Sanchez-Ballester et al. 2012, 2388-2398]. 

Colloidal and supramolecular drug delivery systems have found wide 
applications in drug delivery [Zhang and Ma 2013,1215-1233], gene 
therapy [Mellet, Fernandez, Benito 2011, 1586-1608], and medical 
imaging [van de Manakker, Vermonden, van Nostrum and Hennink 2009, 
3157-3175; Zhang and Ma 2013, 1-39]. These new drug delivery systems 
(DDS) have various advantages that are listed in table1-1. These 
innovative drug delivery systems (DDS) were developed by combining 
knowledge from several fields, including polymer science, bioconjugate 
chemistry, molecular biology, and pharmaceutics. The following is a list 
of the desirable characteristics of a novel drug delivery system to be used 
for therapeutic purposes [Desai 2012, 282-295]: 
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1. Complete knowledge of essential elements and how they work 
together. 

2. A description of important traits and how performance is affected 
by them. 

3. The capacity to mimic important properties throughout production. 
4. Simple to create in sterile form. 
5. Ability to penetrate constrictive biological barriers and target or 

accumulate at the intended place of action. 
6. It is reliable to use, stable, and simple to administer and store. 

Why Colloidal and Supramolecular Drug Delivery 
Systems Were Created 

The ability of nanoparticles to create three-dimensional multi-component 
structures may accomplish copious required properties for pioneering 
systems of drug delivery, such as the ability to cross biological barriers to 
deliver hydrophobic drugs and the potential to selectively target these 
nanomedicines at a selected site in the body. 

1. Biological barriers to drug delivery: A drug has to navigate 
several biological barriers to reach successfully to its targeted disease 
sites. To achieve high systemic bioavailability, oral medications need to 
penetrate deeply into the intestinal epithelium and remain stable in the 
gastrointestinal tract [Alonso 2004, 168-172]. 

As the blood-brain barrier (BBB) prevents numerous hydrophilic compounds 
from diffusing into the cerebrospinal fluid, it acts as a significant obstacle 
in curing many CNS and brain illnesses. Several nanoparticle-based 
approaches, including nanospheres, liposomes, and cationic albumin 
nanoparticles, are designed to carry medications over the BBB to solve 
this issue [Silva 2008, S4]. 

The tumour is diversified in nature [Jang, Wientjes, Lu and Au 2003, 
1337-1350]. The existence of collagen in the tumour extracellular matrix 
[Netti, Berk, Swartz, Grodzinsky et al. 2000, 2497-2503] and injured 
lymphatic drainage [Maeda, Sawa, and Konno 2001, 47-61] are the main 
barriers to drug delivery. For both nanoparticles and macromolecules, high 
permeability and retention effects in the microenvironment of tumours are 
engaged to augment the delivery of tumour medication [Greish 2007, 457-
464].  
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2. Delivery of hydrophobic drugs: The pharmaceutical industry 
has to face many challenges for the effective and secure delivery of 
hydrophobic medicinal molecules. Toxic solvents and surfactants are 
required for the manufacture of a suitable dosage form for hydrophobic 
drugs, which compromises the drug distribution and leads to severe 
adverse effects [Gelderblom, Verweij, Nooter, and Sparreboom 2001, 
1590-1598]. Nab-paclitaxel is an albumin-bound chemotherapeutic 
nanoparticle formulation that does not contain cremophor. It eliminates the 
cremophor ethanol vehicle to prevent hypersensitivity reactions caused by 
solvents. Since micelle entrapment with solvent-based paclitaxel cannot 
occur, nabpaclitaxel also displays linear pharmacokinetics. 

3. Desire for targeting: Targeting improves effectiveness, lowers 
adverse effects, and decreases systemic medication exposures to 
undesirable regions. Therapeutic drugs can be delivered more precisely 
and with less toxicity by incorporating prearranged structures of 
nanoparticles into different moieties for targeted delivery [Lammers, 
Hennink, Storm 2008, 392-397]. Targeting molecules for receptors, 
peptides, proteins, and antibodies make up the majority of nanoparticles' 
active targeting components [Duncan 2006, 688-701]. A few 
nanomedicines are also made to specifically target tumour endothelial 
cells [Danhier, Vroman, Lecouturier, Crokart et al. 2009, 166-173]. A 
common technique to solve the solubility issue with pharmaceuticals is 
nanonization, which produces drug nanocrystals. Various techniques, like 
precipitation, milling, self-assembly, and high-pressure homogenization 
produced drug particles in the nano range [Nkansah, Antipas, Lu, Varma 
et al. 2013, 150-161]. 
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Table 1-1: Advantages of colloidal and supramolecular drug delivery 
system. 

S.No. Advantages of colloidal and supramolecular drug 
delivery system 

1. The solubility issue related to a drug can be solved by entrapping 
it in nanoparticles. Depending on the design of nanoparticles 
prepared to increase solubility and control drug administration, 
different nanoparticles have distinct pharmacokinetic characteristics 
[Vega-Villa, Takemoto, Yanez, Remsberg et al. 2008, 929-938]. 

2. To improve the therapeutic efficacy or lessen unfavourable side 
effects, nanoparticles can be targeted at specific cells of the human 
body [Italia, Bhatt, Bhardwaj, Tikoo et al. 2007, 197-206]. 

3. Lower dose frequency and dosage are necessary to maintain the 
appropriate therapeutic response. 

4. The amount of drug administered during drug rehabilitation is 
reduced. 

5. Multiple dosages of standard dosage forms cause fluctuations in 
drug levels in the blood, which a novel drug delivery mechanism 
helps to prevent. 

6. There are fewer negative effects as a result of high plasma 
concentrations [Moghimi, Hunter, and Murray 2005, 311-330]. 

7. The degradation of drugs in the first pass of metabolism and due 
to the digestive system is reduced. 

8. The maximum therapeutic effect is observed at minimum dose of 
a drug. 

9. High-potency medications' safety margins can be raised [Vega-
Villa, Takemoto, Yanez, Remsberg et al. 2008, 929-938]. 

10. When a medication molecule is specifically focused on a 
particular tissue or organ, normal tissues are unaffected [Italia, 
Bhatt, Bhardwaj, Tikoo et al. 2007, 197-206]. 

11. Enhanced patient compliance by: 
 Site-specific medication delivery 
 Increased drug efficacy. 
 Improved convenience. 
 Lessen toxicity / side effects. 
 A shorter stay in the hospital. 
 Effective therapies for diseases those were once incurable. 
 Potential for preventative use. 
 Decreased long-term and short-term health care costs. 
 Improved patient compliance. 
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2 

CLASSIFICATION OF COLLOIDAL AND 
SUPRAMOLECULAR DRUG DELIVERY SYSTEM 

 
 
 
Colloidal carrier system includes different carriers which are shown in Fig. 
2-1. Details of some colloidal carrier systems are shown in table 2-1. 
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Fig. 2-1: Schematic representation of classification of colloidal carrier systems. 
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c c
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t b
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 d
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 re
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 p
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ra
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 d
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ra
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at
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 d
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 c
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r d

el
iv

er
y 

of
 d

ru
g 

in
to

 
sy

ste
m

ic
 c
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 c
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 d
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 c
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 d
ru

g 
co

at
in

g.
 T

he
 in

or
ga

ni
c 

co
re

s a
re

 c
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 c
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 D
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s r
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 m
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 m
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 
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 c
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 b
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 
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id
iz

at
io

n 
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N
an

oe
m

ul
sio

ns
 ar
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 p
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s c
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 d
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e 

ep
ith

el
iu

m
 la

ye
r 

El
na

gg
ar

, E
l-
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e 

 
 
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at
io

n-
ev

ap
or

at
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 
Li

pi
d 
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ye
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 
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et
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 
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d 
 

 
Et
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l m
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 
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g 
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d 
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an

ol
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 o
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N

an
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at
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, l
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at
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 p
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s d
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 c
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 p
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, p
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 c
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er

m
od

yn
am

ic
al

ly
 

se
cu

re
 b
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at
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or
ga

ni
sm

s, 
ca

nc
er

 
ce

lls
, t

um
or

s, 
an

tib
od

ie
s 

G
he

or
gh

, C
ui

, 
K

ar
m

on
ik

, 
Br

az
de

ik
is 

et
 a

l. 
20

11
, 5

54
 

13
. 

N
an

os
ph

er
es

 
(2

5-
11

5 
nm

) 
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 d
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t d

ru
g 

di
sp

os
se

ss
io

n,
 

m
et

ab
ol

ism
 a

nd
 c

el
lu

la
r 

ef
flu

x.
  

H
ol

lo
w

 n
an

os
ph

er
es

 a
re

 
us

ed
 a

s e
le

ct
ro

ni
c,

 
op

tic
al

, m
ag

ne
tic

 a
nd

 
co

nt
ro

lle
d 

dr
ug

-d
el

iv
er

y 
ca

rri
er

s, 
th

ei
r 

an
tio

xi
da

nt
 p

ro
pe

rti
es

 
ca

n 
co

un
te

rb
al

an
ce

 th
e 

sid
e 

ef
fe

ct
s o

f 
ch

em
ot

he
ra

pe
ut

ic
s a

nd
 

ot
he

r c
yt

ot
ox

ic
 d

ru
gs

 o
n 

no
rm

al
 c

el
ls 

an
d 

tis
su

es
, 

al
so

 u
se

d 
to

 p
re

pa
re

 
bo

th
 n

an
oc

ap
su

le
s a

nd
 

na
no

sp
he

re
s 

W
an

g,
 L

uo
, S

ha
o,

 
an

d 
Zh

ou
 2

01
0,

 
37

6-
38

3 

 
 



Ch
ap

te
r 2

 
16

 

14
.  

Bi
on

an
oc

ap
su

le
s 

(8
0-

10
0 

nm
) 

    

Bi
on

an
oc

ap
su

le
s a

re
 

sp
he

ric
al

 n
an

op
ar

tic
le

s. 
D

ue
 to

 p
re

se
nc

e 
of

 th
e 

pr
e-

S1
 p

ep
tid

e 
at

 th
ei

r 
ex

te
rio

r, 
th

ey
 h

av
e 

a 
sp

ec
ia

l a
ffi

ni
ty

 fo
r 

hu
m

an
 h

ep
at

oc
yt

es
. 

Th
ey

 e
ffe

ct
iv

el
y 

tra
ns

fe
rre

d 
ge

ne
s, 

pe
pt

id
es

, a
nd

 si
RN

A
 to

 
th

e 
liv

er
 w

ith
ou

t 
in

du
ci

ng
 a

ny
 im

pa
ct

 o
n 

th
e 

br
ai

n.
 

us
ed

 to
 d

el
iv

er
 

re
co

m
bi

na
nt

 h
ep

at
iti

s B
 

va
cc

in
e,

 a
nd

 in
 th

e 
tre

at
m

en
t o

f b
ra

in
 

tu
m

or
s 

Sh
ish

id
o,

 M
ie

da
, 

H
w

an
g,

 
N

ish
im

ur
a 

et
 a

l. 
20

10
, 5

72
6-

57
31

 

15
. 

N
an

oc
ap

su
le

s 
(8

0-
10

0 
nm

) 
 

N
an

op
re

ci
pi

ta
tio

n 
 

D
ou

bl
e 

em
ul

sif
ic

at
io

n 
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3 

DIFFERENT TYPES OF COLLOIDAL  
AND SUPRAMOLECULAR DRUG DELIVERY 

SYSTEM 
 
 
 

3-i. Nanogels 
Nanogels are water-based dispersions of hydrogels formed from nanosized 
physically or chemically cross-linked frameworks of polymers. Nanogels 
are a promising technology that is being researched to help in the healing 
process of wounds. They have the capacity to encapsulate a variety of 
merchandise, including growth hormones required to promote the creation 
of new blood vessels and tissues, as well as anti-inflammatory and 
antibacterial medications. Due to their amazing stability in the environment 
and high loading capacity, nanogels are used as carriers to deliver drugs to 
the target site. Unloaded nanogels swell due to the entrapment of a large 
amount of water. Nanogels collapsed to form stable nanoparticles that 
entrapped biological agents instinctively through electrostatic, vanderwaals, 
and hydrophobic interactions between the agent and the polymer matrix. 

The agglomeration of nanogels can be avoided by using poly(ethylnene 
glycol) (PEG) during their formulation to form a defensive hydrophilic 
layer around them. Due to their remarkable stability, these nanogels guard 
against biological agent deficiency via cellular metabolic processes. 
Overall, nanogels have excellent potential for circulatory drug delivery 
and improving oral and cerebral accessibility of biomacromolecules, as 
well as lowering the molecular weight of medications. 

Preparation of Nanogels 

The following methods are used to make nanogels: 

(i) Physical self-assembly of interactive polymers  
(ii) Chemical cross-linking of preformed polymers  
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(iii) Polymerization of monomers in a homogeneous phase or in a 
micro- or nano-heterogeneous environment  

(iv) Template-assisted nanofabrication of nanogel particles 

1. Physical Self-Assembly 

In this technique, the nanogels are prepared in aqueous media under mild 
conditions. Self-associating hydrophilic polymers can encapsulate 
biomacromolecules like proteins through hydrogen bonding and electrostatic 
interactions with each other [Akiyoshi, Kobayashi, Shichibe, Mix et al. 
1998, 313-320]. Through proper selection of polymer concentration and 
environmental parameters, the size of self-assembled nanogels can be 
controlled upto 120-150 nm [Yu, Yao, Jiang, Zhang et al. 2006, 148-158; 
Yu, Hu, Pan, Yao et al. 2006, 2754-2759]. The resulting nanogels are 
stable. 

2. Chemical Synthesis 

Chemical syntheses are carried out in heterogeneous colloidal environments 
to produce variations in nanogel structure and properties. Speiseret al. 
performed the copolymerization of monomers, which are solubilized in 
reverse micelles [Speiser 1984, 339-346]. Some scientists consider this 
strategy to be complete for covalently immobilising the enzymes in 
nanogranules made of various granules [Khmelnitsky, Neverova, Gedrovich, 
Polyakov et al. 1992, 751-757]. Consequently, DeSimone et al. prepared 
cationic nanogels using PEGbisacrylate as a bifunctional cross-linker with 
inverse microemulsion polymerization technique [Sahiner, Godbey, 
McPherson, and John 2006, 1121-1129]. Copolymerization in an inverse 
microemulsion can also be used to prepare anionic nanogel with particles 
of nanorange [Kaneda, Sogabe, and Nakajima 2004, 450-457]. During 
polymerization labile bonds are incorporated into nanogels to assist release 
of drug and make them easily degradable.  

3. Polymerization Reactions 

In this method, the polymerization reactions are performed in aqueous 
suspensions or o/w emulsions for the preparation of nanogels. The 
polymerization is initiated in an aqueous solution of hydrophilic monomers 
to form a colloidal suspension of polymers. During this process, the 
covalent cross-linking of already prepared polymeric chains produces 
nanogels of enormous pores [Hennink and van Nostrum 2002, 13-36]. The 
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cross-linking method synthesizes nanogels with different functional 
groups for the delivery of different drugs [Vinogradov, Batrakova, and 
Kabanov 1999, 291-304]. Bronich and coworkers discovered a procedure 
to prepare the nanogels. This process involves the self-assembly of ionic 
sections of double-block copolymers combined with a condensing agent of 
complementary charge to create polyion-complex micelles. The ionic 
subunits are chemically cross-linked in the core, and the extra condensing 
agent is eliminated [Bronich, Keifer, Shlyakhtenko, and Kabanov 2005, 
8236-8237]. The resulting nanogels incorporated hydrophilic medicines 
expanded in water due to their cross-linked hydrophilic ionic interior and 
hydrophilic PEG enclosure [Bontha, Kabanov and Bronich 2006, 163-
174]. 

4. Template-Assisted Nanofabrication of Nanogels Particles 

Rollandet al., devised a brand-new technique for creating polymeric 
particles that can be dispensed by incorporating in nanogels [Rolland, 
Maynor, Euliss, Exner et al. 2005, 10096-10100]. "PRINT" (Particle 
replication in non-wetting templates) is an imprint photolithographic 
process that was employed. In this method, perfluoropolyether oligomers 
that had been functionalized with dimethacrylate were photochemically 
cross-linked to create non-wetting elastomeric moulds of low surface 
energy and their networks were formed on patterned silicon master 
templates. In order to create monodisperse, shape-specific nanoparticles 
from a wide range of organic precursors, non-wetting moulds are used 
(Fig. 4). This prevents the formation of a residual linking film between 
moulded objects. Using this technique, medicinal substances and 
biomacromolecules are enclosed in nanocarriers with the necessary 
dimensions, configurations, chemical make-up, and surface properties. For 
instance, UV-induced copolymerization of numerous vinyl-monomers 
such as PEG monomethyl ether monomethacrylate, PEG triacrylate, and p-
hydroxystyrene, was used to create monodisperse 200 nm PEG-based 
swellable particles utilising the PRINT approach [Gratton, Pohlhaus, Lee, 
Guo et al. 2007, 10-18]. 

In general, many investigations have generated increasingly complex 
forms of nanogels using the fundamental techniques outlined above. For 
instance, Richtering and colleagues created thermosensitive core-shel 
materials by using the layer-by-layer depositing polyelectrolyte multilayers 
technique on the surface of an anionic poly-(N-isopropylacrylamide-co-
methacrylic acid) nanogel [Wong, Muller, Laschewsky, and Richtering 
2007, 8527-8531]. Numerous materials like magnetic nanoparticles can be 


