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Abstract Benzyl alcohol and Rose Bengal were loaded and
entrapped using linear—dendritic macromolecules by two
procedures. In the first procedure, benzyl alcohol was attached
to the end functional groups of linear—dendritic macromol-
ecules by ester bonds to afford linear—dendritic—host conju-
gates. In the second procedure, entrapment was based on
physical interactions between Rose Bengal and linear—dendrit-
ic macromolecules; this procedure is known as complexation
method. Loading and binding capacity of different linear—
dendritic macromolecules was investigated using "H nuclear
magnetic resonance (NMR) and UV spectroscopy methods. It
was found the loading or binding capacity of linear—dendritic
macromolecules depends on their generation, so that higher
generations have higher loading or binding capacity. Diameter
of nanocarriers was investigated using dynamic light scatter-
ing (DLS) experiments, and it was between 16 and 50 nm for
different nanocarriers. Release of guest molecules from nano-
carriers was evaluated at pH 1, 7.4, and 10.
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Introduction

Dendrimers are a new class of macromolecules which are
able to load and transport small molecules such as drugs.
They transport drug molecules at least in three ways:

(1) Encapsulation in internal cavity to afford host-guest
systems

(2) Attachment to the functional groups to afford den-
drimer—guest conjugates

(3) Physical interaction between guest molecule and
dendrimer to afford dendrimer—guest complexes

The internal “cavity” of dendritic macromolecules could
be used for entrapment of guest molecules to afford host—
guest systems [l1—12]. There are three strategies for
encapsulation of guest molecules by dendritic macromole-
cules. The first strategy is physical encapsulation which has
been reported by Meijer et al. [1, 2]. The second strategy is
based on multiple noncovalent chemical interactions, such
as hydrogen bonding between guest molecules and the
dendritic structure reported by Newkome et al. [3, 4]. The
third strategy is interaction between amphiphilic dendritic
macromolecules and guest molecules to behave as micelles,
which are capable to dissolve various hydrophobic com-
pounds in aqueous solutions [5—12].

The simplest way to prepare dendrimer—drug conjugates is
to couple drug molecules directly to the “surface” of the
dendrimer. Because of its multiple surface functionalities, one
dendrimer molecule is able to transport multiple drug
molecules, and the number of drug molecules per conjugate
can be varied by using different generations of dendrimers or
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by changing the coupling conditions. Poly(amidoamine)
(PAMAM) and poly(aryl ether) dendrimers are two types of
dendritic macromolecules which are used for preparation the
dendrimer—drug conjugates more than other dendritic macro-
molecules [13, 14]. For example, folic acid and 5-fluoroura-
cil are attached to PAMAM dendrimers to form conjugates
[15, 16]. In addition, capability of poly(aryl ether) and
peptide dendrimers for delivery of some drugs and model
drugs is investigated [17—-19]. On the other hand, recently,
Gao et al. [20] have reported conjugation of some small
guest molecules on the surface functional groups of hyper-
branched polymers.

Another way for entrapment and transport of the guest
molecules by dendritic macromolecules is complexation.
Complexation is different from above-mentioned amphiphilic
systems because here, dendrimers are not amphiphilic [21, 22].

However, it is clear that dendrimers are of high interest for
application in drug delivery systems. An important factor for
all mentioned ways to load and transport drugs by dendrimers
is quality of release. An ideal drug-delivery system releases
the drug in the desirable time and place. Several independent
groups (de Groot et al., Amir et al., and Li et al.) have reported
new drug delivery systems based on tailored dendrimers [24—
26]. Their goal is to achieve total and simultaneous release of
active agents through changing an environmental factor such
as pH. In the developed systems by the mentioned groups,
effective release of drugs is based on the fact that the
dendrimer skeleton can be constructed in such a way that it
can be made to disintegrate into known molecular fragments
once the disintegration process has been initiated. A brief
review about reported works by these groups is published by
Meijer and van Genderen [27].

Linear—dendritic macromolecules are hybrid large mol-
ecules containing dendrimers and linear polymers. Interest-
ing properties of this type of dendritic macromolecules
have stimulated investigation in this area [28-36].

We have reported synthesis of some of linear—dendritic
macromolecules and their application for encapsulation and
release of some of guest molecules previously [45].
Dendritic citric acid macromolecules are water soluble
and biocompatible compounds; hence, they are good
candidates for application as drug-delivery systems [46].
In this work, some small guest molecules are delivered
using these dendritic macromolecules by two procedures.

Experimental

Materials Poly(ethylene glycol) 600 diacid (acid number
175, 96-98%, from Fluka) was dried over Na,SQO,. Citric
acid and Dicyclohexyl carbodiimide (DCC) were purchased
from Merck. Thionyl chloride (from Merck) was refluxed
on linseed oil for 2 h.
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Instrumental measurements Fourier transform infrared (FT-
IR) spectra were recorded on a Shimadzu Model FT-IR-
8101M spectrometer. 'H nuclear magnetic resonance (NMR)
spectra were recorded on FT-NMR (500 MHz) Bruker in
CDCl; and DMSO-dg. UV spectra were recorded using 2100
Shimadzu spectrophotometer. The zeta potential, static and
dynamic light scattering experiments were done by a com-
mercially available equipment Zetasizer Nano from Malvern
using a 4-mW He-Ne laser (633 nm wavelength) with a
fixed detector angle of 173°. The molecular weight
distributions were determined by size exclusion chromatog-
raphy (SEC) using 100A column connected to a differential
refractometer, refractive index (RI) and UV detector with N,
N-dimethyl formamide (DMF) as the mobile phase at 25 °C.
Poly(styrene) standard samples were used for calibration.

Preparation of linear—dendritic macromolecules

Linear—dendritic macromolecules were prepared according to
the reported procedure [46]. Briefly, G; was prepared through
reaction between poly(ethylene glycol) diacyl halide and
citric acid. Reaction of G; with citric acid in the presence of
DCC leaded to G,. G; was also prepared through reaction
between citric acid and activated G, by DCC.

General procedure for preparation of G,, (,=_3-benzyl
alcohol conjugates

Different generation of linear—dendritic macromolecules
(Gy, Gy, and Gj; 1.451 mmol) and benzyl alcohol (excess)
were transferred into a flask equipped with vacuum inlet
and magnetic stirrer. Mixture was stirred at 130 °C for
1.5 h. Water as a byproduct was removed from reaction
flask using vacuum pump during the reaction. Then,
mixture was dried by vacuum oven at 80 °C for 6 h. Crude
product was dissolved in tetrahydrofuran (THF) and
precipitated in n-hexane. Finally, product was added to
5 ml distilled water, and mixture was poured into a
cellophane membrane dialysis bag, and it was dialyzed for
1 h. Product was dried using vacuum oven at 40 °C for 6 h.
Yield for G, G,, and Gz—benzyl alcohol conjugates was 68,
50, and 15%, respectively.

G,-benzyl alcohol conjugated: 'H NMR (400 MHz,
5, ppm): 7.1-7.3 (aromatic protons); 5-5.2 (benzylic
protons); 3.6 [polyethylene glycol (PEG)] protons; 2.8-2.9
(citric acid protons). '*C NMR (125.721 MHz, 6, ppm): 175,
172 and 171 (C=0); 139, 127, 125, and 124 (aromatic
carbons); 69 and 70 (PEG carbons); 74 (benzylic carbon); 25
and 30 (citric acid carbons). Infrared (IR): 3,370 (vo_p);
3,035 and 2,780 (vcp); 1,765 (ve-o); 1,660 and 1,565
(ve=c); 1,098 (Vo) cm . Gy-benzyl alcohol conjugated:
'"H NMR (400 MHz, &, ppm): 7.2-7.3 (aromatic protons);
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5-5.16 (benzylic protons); 3.6 (PEG) protons; 2.8-2.9 (citric
acid protons). '*C NMR (125.721 MHz, &, ppm): 175, 172,
and 171 (C=0); 139, 127, 125, and 124 (aromatic carbons);
69 and 70 (PEG carbons); 74 (benzylic carbon); 25 and 30
(citric acid carbons). IR: 3,420 (vo_g); 3,030 and 2,760
(’Vc_H); 1,760 (’VC:()); 1,660 and 1,565 (’chc); 1,090 ('Vc_o)
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Scheme 1 a Synthesis of G,—benzyl alcohol conjugate. b Preparation of G,/Rose Bengal complex
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acid carbons). IR: 3,450 (vo_p); 3,020 and 2,750 (vc_p);
1,760 (Vc—o); 1,650 and 1,555 (vec); 1,090 (ve_o) em .

Preparation of G,, (,—1_3y/Rose Bengal complexes

Rose Bengal (excess) was added to a chloroform solution
of linear—dendritic macromolecules. Mixture was stirred for
2 h at room temperature. Then, it was filtered by micro-
filters, and solvent was evaporated. Crude compound was
dissolved in chloroform, then it was centrifuged at
10,000 rpm for 10 min, and clear solution was decanted.

General procedures for release of guest molecules
from linear—dendritic macromolecules

An amount of 30 mg of dried nanocarrier containing guest
molecule was added to 5 ml of aqueous buffered solution
(pH 10, 7.4, and 1) at 37 °C. Mixture was poured into a
cellophane membrane dialysis bag. The bag was closed and
transferred into a flask containing 20 ml of the same
buffered solution maintained at 37 °C. The external buffer
solution was continuously stirred, and 3 ml samples were
removed at selected intervals, and 3 ml of buffer was
replaced. Release was detected by UV spectrometer and
determined from the calibration curve obtained previously
under the same conditions.

Preparation of samples for UV experiments

A solution of nanocarrier was prepared and left at room
temperature overnight; then it was filtered by microfilters.
Each sample was ten times diluted and transferred to the
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Fig. 1 "H NMR spectra of G,—benzyl alcohol conjugate in CDCly
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Table 1 Loading capacity of G;—, G,—, and Gs—benzyl alcohol
conjugates and G, G, and G3/Rose Bengal complexes

Compound Loading or binding
capacity

G;—-benzyl alcohol conjugate 5

G,—benzyl alcohol conjugate 10

G;—-benzyl alcohol conjugate 19

G,/Rose Bengal 2

G,/Rose Bengal 5

Gs/Rose Bengal 8

cell of spectrophotometer. UV spectra were recorded at
25 °C, and calibration curve was used for determining the
loading capacity.

Preparation of samples for NMR experiments

A clear solution of nanocarriers was prepared, and it was
transferred to the NMR tube. 'H-NMR spectra were recorded
in CDCl; and DMSO-d¢ solvents on a Bruker DRX 500
(500 MHz) apparatus, with the solvent proton signal as a
reference. '>C-NMR spectra were recorded at 125,721 MHz
on the same instrument using the solvent carbon signal as a
reference. All linear—dendritic macromolecule NMR spectra
were recorded on 25 mg/ml of sample.

Particle size analysis

Dynamic light scattering (DLS) experiments were per-
formed by an equipment, Zetasizer Nano, from Malvern
using a 4-mW He—Ne laser (633 nm wavelength) with a
fixed detector angle of 173°. Samples were dissolved in
distilled water, and measurement was performed at 25 °C
and was started 10 min after the cuvette was placed in the
DLS apparatus to allow the temperature to equilibrate.
About 1 ml of the sample was transferred to a special dust-
free light-scattering cell. The temperature was controlled to
within £0.02 °C.

G3 G2 G1

8 9 10 1 12 13 14
Elution time (min)
Fig. 2 GPC diagram of G;—, G,—, and G3—benzyl alcohol conjugates
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F

Fig. 3 Photograph of G;, G,, and G;/Rose Bengal complexes in
chloroform

Results and discussion

Benzyl alcohol was easily conjugated to the surface
functional groups of linear—dendritic macromolecules by
melting esterification reaction (Scheme 1).

Conjugation was evaluated using 'H NMR experiments.
Figure 1 shows "H NMR spectra of G,—benzyl alcohol. In
this figure, signals that appeared at 2.8-2.9, 3.6, 5-5.2, and
7.1-7.3 ppm are related to the CH, groups of citric acid,
PEG, benzylic, and aromatic protons, respectively. Compar-
ison of the '"H NMR spectra of G, and G,—benzyl alcohol
shows that the signals of methylene groups of citric acid
have shifted from 2.6-2.9 ppm (for G,) to 2.8-2.9 ppm (for
Gy-benzyl alcohol conjugate), confirming the conjugation
of benzyl alcohol to the linear—dendritic macromolecule.

Loading capacity of G, (,=;_3~benzyl alcohol conju-
gates was calculated using "H NMR spectra. Peak area ratio
of poly(ethylene glycol) or citric acid protons to benzylic
protons could be used to determine the number of
conjugated benzyl alcohol molecules.

0.2
0.15

0.1+

Absorbance

400 45‘30 5(‘)0 55‘0 6(;0 65‘0 7(;0 75‘0 8(;0
Wavelength (nm)
Fig. 4 UV spectra of trapped Rose Bengal by G;, G,, and G3 in
chloroform

—G1
— G2
—G3

Class % [Intensity]

0 T T R | T
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“Ho000 10000
Diameter [nm]

Fig. 5 Dynamic light scattering diagrams of G;—, G,—, and G;—benzyl

alcohol conjugates

According to "H NMR spectra, all functional groups of
G, were reacted to benzyl alcohol; hence, conjugation
efficiency of G, is almost equal to its functionality. Because
of crowding on the surface of G, and Gj;, some of their
functional groups remained unreacted, hence their conju-
gation efficiency is not equal to their functionality. Table 1
shows the loading capacity of G, (,-1_3~benzyl alcohol
conjugates. A direct relationship between conjugation
efficiency and generation of linear—dendritic macromole-
cules can be seen in this table.

Although gel permeation chromatography (GPC) is not a
suitable method for determination of the molecular weight
of linear—dendritic macromolecules and star polymers, it
can be used to compare the molecular weights of G;—, Go—,
and Gz—benzyl alcohol conjugates. Figure 2 shows the GPC
diagram of linear—dendritic conjugates. In this diagram,
molecular weight is increased as generation increases.

In many cases, conjugation is not a favorable method for
loading and transportation of the guest molecules. For
example, when the guest molecule is not containing a
suitable functional group or it is containing more than one
reactive functional group or it is not stable in the
conjugation condition, loading through physical interac-

Table 2 Diameter of nanocarriers obtained using DLS

Compound Diameter (nm)
G;—-benzyl alcohol 16
G,—benzyl alcohol 20
G;-benzyl alcohol 45
Gy/Rose Bengal 18
G,/Rose Bengal 38
G;/Rose Bengal 50
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G1

——PH=1
—B-PH=74
30 PH =10

cumulative release %

or T T )
0 5 10 15

Time (h)
Fig. 6 Release of benzyl alcohol from G;—benzyl alcohol conjugate,
pH 1, 7.4, and 10

tions such as complexation is preferred. In this work,
complexation of Rose Bengal and linear—dendritic macro-
molecules is investigated. Loading of Rose Bengal was
carried out through addition of excess Rose Bengal to a
chloroform solution of linear—dendritic macromolecules.

Loading of Rose Bengal by linear—dendritic macro-
molecules can be understood visually because chloroform
solution of linear—dendritic macromolecules is colorless,
whereas complexation changes it to red (Fig. 3). On the
other hand, enhancement of intensity of red color from G,
to Gz/Rose Bengal implies increasing of the amount of
loaded Rose Bengal from G; to Gs.

Complexation of Rose Bengal to the linear—dendritic
macromolecules was also investigated using UV experiments.
Figure 4 shows the UV spectra of chloroform solution of Gy,
G,, and G;/Rose Bengal complexes. In these spectra, Anax
of Rose Bengal is shifted to the higher wavelengths
(bathochromic shift) of the free Rose Bengal (in water
solution). Increasing the intensity of A, of trapped Rose
Bengal from G; to G; shows a direct relationship between
generation and amount of loaded Rose Bengal.

Loading capacity of Gj, Gy, and Gz is given in Table 1.
Again loading capacity of linear—dendritic macromolecules
directly depends on generation. However, loading capaci-
ties of linear—dendritic macromolecules in this case is lower
than conjugation method.

G2
s 100
& 80
% 60 ) —e—pH 1
o -—=a—pH7.4
2 40
£ pH 10
S 20
£
3 0 ‘ ‘ ‘
0 5 10 15
Time (h)

Fig. 7 Release of benzyl alcohol from G,—benzyl alcohol conjugate,
pH 1, 7.4, and 10
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Fig. 8 Release of benzyl alcohol from G;—benzyl alcohol conjugate,
pH 1, 7.4, and 10

Size of nanocarriers in distilled water was investigated
using DLS experiments. Diameter of G;—, G,—, and G;—
benzyl alcohol conjugates was 16, 20, and 45 nm,
respectively (Fig. 5). Diameter of G, G,, and G;/Rose
Bengal complexes was 18, 38, and 50 nm, respectively
(Table 2). According to DLS experiments, diameter of
complexes was bigger than conjugates.

Due to their biocompatibility and water solubility,
linear—dendritic macromolecules are good candidates for
drug delivery.

To study the potential application of the first, second, and
third generations of linear—dendritic macromolecules as
pharmaceutically potentially active compounds, the hydrolytic
behavior of the conjugates and release behavior of complexes
in different pH values (pH 1, 7.4, and 10 and 37 °C) was
studied. Hydrolysis was carried out in cellophane membrane
bags permeable to low molecular weight compounds. The
released drug passed through the high molecular weight
linear—dendritic macromolecules into the external buffer
solution and was detected by UV spectrometer.

Figure 6 displays the release profile of conjugated benzyl
alcohol from Gy, at pH 1, 7.4, and 10. In this figure, highest
rate of release of benzyl alcohol from G is related to pH 10
because hydrolysis of ester bond in basic medium is faster
than at other pH values. Figures 7 and 8 display the release
of benzyl alcohol in the same pH values from G,— and G3—

pH 10
100 -
DN
® 80 %
3
3 60 / ——Gi
2 0 / —=—G2
£ G3
S
£ 20
3
0 T T T 1
0 20 40 60 80
Time (min)

Fig. 9 Release of Rose Bengal from G, G, and Gs, and pH 10
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benzyl alcohol conjugates, respectively. Again, in this
paper, highest rate of release of guest molecules from
linear—dendritic macromolecules is related to the pH 10.
Furthermore, there is a direct relationship between gener-
ation and rate of release especially in the primary times
(supporting information Figs. 1, 2, and 3).

Release of Rose Bengal from complexes was also
investigated. Rate of release of Rose Bengal from linear—
dendritic macromolecules was high due to weak physical
interactions. In this case, release was very fast as shown in
Fig. 9, and obvious differences between different pH values
and generations was not detectable (supporting information
Figs. 4, 5, 6, 7, 8, and 9).

Conclusion

Linear—dendritic macromolecules are able to load and
entrap guest molecules by conjugation and complexation
methods; hence, these systems may have potential applica-
tion in transport. Because of biocompatibility and water
solubility of poly(ethylene glycol) and citric acid, synthe-
sized linear—dendritic macromolecules are good candidates
for application in biological systems.

Rate of release of guest molecules from linear—dendritic
macromolecules depends on several factors, such as type of
interaction between host and guest molecules (physical
interactions or chemical bonding), generation of linear—
dendritic macromolecules, and pH.

References

1. Jansen JFGA, de Brabander-van den Berg EMM, Meijer EW
(1994) Science 266:1226
2. Jansen JFGA, Meijer EW, de Brabander-van den Berg EMM
(1995) J Am Chem Soc 117:4417
3. Newkome GR, Woosley BD, He E, Moorefield CN, Giither R,
Baker GR, Escamilla GH, Merrill J, Luftmann H (1996) J Chem
Soc Chem Commun 2737
4. Liu C, Gao C, Yan D (2006) Macromolecules 39:8102
5. Newkome GR, Moorefield CN, Baker GR, Johnson AL, Behera
RK (1991) Angew Chem Int Ed Engl 30:1176
. Namazi H, Adeli M (2005) J Polym Sci A: Polym Chem 43:28
. Namazi H, Adeli M (2005) Polymer 45:10788
8. Watkins DM, Sayed-Sweet Y, Klimash JW, Turro NJ, Tomalia DA
(1997) Langmuir 13:3136
9. Hawker CJ, Wooley KL, Fréchet JMJ (1993) J Chem Soc Perkin
Trans 1:1287
10. Vutukuri DR, Basu S, Thayumanavan S (2004) J Am Chem Soc
126:15636

~N N

11.

12.
13.

14.

15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.
30.
31

32.
33.

34.

35.

36.

37.

38.
39.

40.

41.

42.
43.
44.
45.
46.

Paleos CM, Tsiourvas D, Sideratou Z, Tziveleka L (2004)
Biomacromolecules 5:524

Lim J, Simanek EE (2005) Mol Pharmaceutics 2:273

Malik N, Evagorou EG, Duncan R (1997) Proc Int Symp Control
Release Bioact Mater 24:107

Chandrasekar D, Sistla R, Ahmad FJ, Khar RK, Diwan PV (2007)
Biomaterials 28:504

Zhuo RX, Du B, Lu ZR (1999) J Control Release 57:249
Chandrasekara D, Sistlaa R, Ahmadb FJ, Kharb RK, Diwan PV
(2007) Biomaterials 28:504

Leon JW, Kawa M, Fréchet JMJ (1996) J Am Chem Soc
118:8847

Liu KK, Fréchet IMJ (1998) Polym Mater Sci Eng 79:269
Darbre T, Reymond J-L (2006) Acc Chem Res 39:925

Gao C, Hou J, Yan D, Wang Z (2004) React Funct Polym 58:65
Twyman LJ, Beezer AE, Esfand R, Hardy MJ, Mitchell J (1999)
Tetrahedron Lett 40:1743

Choi JS, Lee EJ, Choi YH, Jeong YJ, Park JS (1999) Bioconjug
Chem 10:62

Kim T-I, Seo HJ, Choi JS, Yoon JK, Baek J-u, Kim K, Park J-S
(2005) Bioconjug Chem 16:1140

de Groot FMH, Albrecht C, Koekkoek R, Beusker PH, Scheeren
HW (2003) Angew Chem Int Ed Engl 42:0490

Amir RJ, Pessah N, Shamis M, Shabat D (2003) Angew Chem Int
Ed Engl 42:4494

Li S, Szalai ML, Kevwitch RM, McGrath DV (2003) J Am Chem
Soc 125:10516

Meijer EW, van Genderen MHP (2003) Nature 426:128

Gitsov 1, (2002) Linear—dendritic block copolymers. Synthesis
and characterization, “Advances in dendritic macromolecules”,
Newkome, GR, Ed., Elsevier Science, Amsterdam, 5:45

Gitsov I, Fréchet JMJ (1993) Macromolecules 26:6536

Fréchet IMJ, Gitsov 1 (1995) Macromol Symp 98:441

Johnson MA, Iyer J, Hammond PT (2004) Macromolecules
37:2490

Gitsov I, Zhu C (2003) J Am Chem Soc 125:11228

Glauser T, Stancik CM, Moller M, Voytek S, Gast AP, Hedrick JL
(2002) Macromolecules 35:5774

Carnahan MA, Middleton C, Kim J, Kim T, Grinstaff MW (2002)
J Am Chem Soc 124:5291

Johnson MA, Santini CMB, lyer J, Satija S, Ivkov R, Hammond
PT (2002) Macromolecules 35:231

Waursch A, Moller M, Glauser T, Lim LS, Voytek SB, Hedrick JL,
Frank CW, Hilborn JG (2001) Macromolecules 34:6601

Gitsov I, Lys T, Zhu C (2002) Amphiphilic hydrogels with highly
ordered hydrophobic dendritic domains. In: Bohidar HB, Dubin,
P, Osada Y(eds) Polymer gels. Fundamentals and applications,
ACS Symposium Series Vol. 833. American Chemical Society,
Washington DC, pp 218

Gitsov I, Zhu C (2002) Macromolecules 35:8418

Gitsov I, Wooley KL, Fréchet M (1992) Angew Chem Int Ed
Engl 31:1200

Fréchet JMJ, Gitsov I, Monteil Th, Rochat S, Sassi JF, Vergelati
C, Yu D (1999) Chem Mater 11:1267

Gitsov I, Lambrych KR, Remnant VA, Pracitto R (2000) J Polym
Sci A: Polym Chem 38:2711

Gitsov I, Fréchet JMJ (1996) J Am Chem Soc 118:3785
Lambrych KR, Gitsov I (2003) Macromolecules 36:1068

Chang Y, Kim C (2001) J Polym Sci A: Polym Chem 39:918
Namazi H, Adeli M (2003) Eur Polym J 39:1491

Namazi H, Adeli M (2005) Biomaterials 26:1175

@ Springer



	Encapsulation of nanoparticles using linear–dendritic macromolecules
	Abstract
	Introduction
	Experimental
	Preparation of linear–dendritic macromolecules
	General procedure for preparation of Gn (n = 1–3)–benzyl alcohol conjugates
	Preparation of Gn (n = 1–3)/Rose Bengal complexes
	General procedures for release of guest molecules from linear–dendritic macromolecules
	Preparation of samples for UV experiments
	Preparation of samples for NMR experiments
	Particle size analysis

	Results and discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


