wo 2011/126199 A1 IO OO0 O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00100 000 0
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
13 October 2011 (13.10.2011) WO 2011/126199 A1l

(51) International Patent Classification: (74) Agent: HALLA PATENT & LAW FIRM; 9th FL.,

CO7F 9/24 (2006.01) B82B 3/00 (2006.01) KAMCO Yangjae Tower, 949-3 Dogok-dong, Gangnam-

135-270 (KR).

(21) International Application Number: gu, Seoul 70 (KR)
PCT/KR2010/008588 (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(22) International Filing Date:2 b ber 2010 (0212010 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
ecember 2010 (02.12.2010) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
10-2010-0032851 9 April 2010 (09.04.2010) KR NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,

(71) Applicant (for all designated States except US): AJOU TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

UNIVERSITY INDUSTRY-ACADEMIC COOPERA- . o
TION FOUNDATION [KR/KR]; San-5, Woncheon- (84) Designated States (unless otherwise indicated, for every

dong, Yeongtong-gu Suwon-si, Gyeonggi-do 443-749 kind of regional protection available): ARIPO (BW, GH,

(KR). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventor; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(75) Inventor/Applicant (for US ornly): KIM, Sang Wook EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
[KR/KR]; 112-601, Park Rio Apt., Jamsil 4-dong Song- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

pa-gu, Seoul 138-930 (KR).

[Continued on next page]

(54) Title: SURFACTANTS FOR WATER DISPERSING OF NANOPARTICLES

(57) Abstract: A surfactant capable of stably dispersing nanopar-
ticles in water is disclosed. The disclosed surfactant is capable of
stably dispersing a variety of nanoparticles in water while main-
taining their physical properties. It is applicable to various
nanoparticles such as metals, metal oxides, quantum dots, and so
forth.

[Fig. 2]

b OGH
3 e




WO 2011/126199 A1 0000 ) A0 A AU

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,  _ before the expiration of the time limit for amending the

GW, ML, MR, NE, SN, TD, TG). claims and to be republished in the event of receipt of
Published: amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))



WO 2011/126199 PCT/KR2010/008588

Description

Title of Invention: SURFACTANTS FOR WATER DISPERSING

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

OF NANOPARTICLES
Technical Field

The present disclosure relates to a surfactant capable of stably dispersing

nanoparticles in water.

Background Art

Nanoparticles have a high surface area to volume ratio and exhibit properties quite
different from those of the bulk material due to the quantum confinement effect
[Alivisatos, A. P. Science, 271: 933 (1996)]. Among various nanoparticles, fluorescent
quantum dots and magnetic iron oxide nanoparticles may be used for biological
imaging applications. For this, the nanoparticles need to have uniform size and be
water-soluble [Gao, X. et al., S. Nat. Biotechnol., 22: 969-976 (2004); Bruchez, J. M.
etal., A. P. Science, 281: 2013-2016 (1998); Chan, W. C. W. et al., S. Science, 281:
2016-2018 (1998); and Weissleder, R. et al., L. Nat. Biotechnol., 23: 1418 (1998)]. In
this context, the most pertinent way may be to produce the nanoparticles in water.
However, it is impossible to form uniform nanoparticles in water with the synthesis
method known thus far. As for the quantum dots, they give too low a quantum yield
when they are synthesized in water, making them inapplicable to actual imaging. Also,
there is no case of producing uniform iron oxide nanoparticles in water reported.

Accordingly, in general, the process of synthesizing uniform quantum dots or iron
oxide nanoparticles in an organic solvent and then transferring them to water is
required.

Recently, synthesis techniques for uniform quantum dots such as cadmium selenide
(CdSe) and cadmium telluride (CdTe) and magnetic nanoparticles such as iron oxide,
iron-platinum (FePt) and cobalt have been developed, and several surfactants for
making them water-soluble have been reported.

In order to water-soluble quantum dots, water-soluble polymers, lipids or thiol
ligands such as thiol dendrimers and dithiols have been used. Further,
4-(dimethylamino)pyridine has been used to transfer various metal nanoparticles to the
water phase. For iron oxide, Weissleder et al. could dissolve iron oxide nanoparticles
of various sizes in water using dextran and used them for magnetic resonance imaging
(MRI). In addition, use of a polymer having a cyclodextran or maleic anhydride
backbone to dissolve various nanoparticles in water has been reported.

Although a surfactant capable of dissolving iron oxide, quantum dots and various
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metals in water was reported, there remains the problem of quantum yield and stability.
As for the quantum dots, if the quantum yield in an organic solvent is 50%, dis-

solution of them in water using a surfactant results in a yield only about 50 to 60% of
that in the organic solvent (i.e. the final yield is only 25 to 30%).

As for the iron oxide nanoparticles, there are few researches about solubilization in
water in spite of the necessity. In most cases, phospholipids or dextrans have been used
to form vesicles and thereby dissolve them in water. However, in this case, aggregation
may occur at low concentrations. This phenomenon is more distinct with magnetic
nanoparticles probably because of stronger attractions between them than other

nanoparticles.

Summary of Invention

Technical Problem

The inventors have worked to improve quantum yield and stability of nanoparticles
in water. As a result, they have developed a novel surfactant for dispersing in water
and found out that, when the novel surfactant for dispersing in water is used, a variety
of nanoparticles may be stably dispersed in water without aggregation and solvent re-
placement is possible at room temperature, thereby overcoming the quantum yield
problem for quantum dots.

Thus, the present disclosure is directed to providing a novel surfactant for dispersing
nanoparticles in water capable of solving the quantum yield and stability problems of

the nanoparticles.

Solution to Problem
In an aspect, the present disclosure provides a surfactant for dispersing nanoparticles

in water represented by Chemical Formula 1:

0
I
P
ReN" o O oR,
H OR,
(1)

wherein n is from 1 to 500; R; is C-C;4 alkyl; R, is hydrogen or C;-Cs, alkyl; and R;
is hydrogen or C;-Cs alkyl.

Advantageous Effects of Invention
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The surfactant for dispersing nanoparticles in water according to the present
disclosure is capable of stably dispersing a variety of nanoparticles in water while
maintaining their physical properties. Hence, it will be widely applicable to various

nanoparticles including metals, metal oxides, quantum dots, and so forth.
The quantum dots made water-soluble using the surfactant according to the present

disclosure may be introduced into an organism to monitor biological metabolisms or
diagnose various diseases including cancer macroscopically, and may be introduced
into cells to study various cellular mechanisms microscopically. Since the surfactant
can be synthesized in large scale very economically, it will be able to replace the
expensive phospholipids currently used to obtain water-soluble nanoparticles.

In addition, the magnetic nanoparticles made water-soluble may be utilized for
magnetic resonance imaging (MRI).

Brief Description of Drawings

The above and other objects, features and advantages of the present disclosure will
become apparent from the following description of certain exemplary embodiments
given in conjunction with the accompanying drawings, in which:

Fig. 1 shows a result of measuring hydrated radius by gel-filtration chromatography
(left) and light scattering (right);

Fig. 2 schematically illustrates the transfer of nanoparticles from a dichloromethane
(MC) solvent to water using a surfactant (top) and the transfer of nanoparticles to water
using oleic acid, oleylamine or trioctylphosphine (TOP)/trioctylphosphine oxide
(TOPO) as a stabilizer (bottom);

Fig. 3 shows MALDI-TOF analysis result of polyethylene glycol methyl ether
(mPEG, M, =2000), an intermediate and a final product, from top to bottom;

Fig. 4 shows '"H NMR analysis result of an intermediate (top) and a final product
(bottom);

In Fig. 5, (a) shows Fe,Os; nanoparticles dissolved in hexane, (b) shows Fe,0O,
nanoparticles dispersed in water using a surfactant (using mPEG with M, = 5000)
according to an embodiment of the present disclosure, (c) shows Fe,O; nanoparticles
dispersed in water using a surfactant (using mPEG with M, = 2000) according to
another embodiment of the present disclosure, (d) shows Fe,O; nanoparticles dispersed
in water using a surfactant (using mPEG with M, = 750) according to another em-
bodiment of the present disclosure, (e) shows Fe,O; nanoparticles dispersed in water
using a difmPEG)-monoalkyl type surfactant, and (f) shows Fe,O, nanoparticles
dispersed in water using a mono(mPEG)-dialkyl type surfactant;

Fig. 6 shows nanoparticles dissolved in hexane (left) or in water (right) [(a) shows
CdSe/ZnS nanoparticles observed under UV light (The image inserted at the left



WO 2011/126199 PCT/KR2010/008588

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

bottom shows the nanoparticles observed under visible light, and the image inserted at
the right bottom is a TEM image of the nanoparticles in water.), (b) shows InP/ZnS
nanoparticles (The graph inserted at the right bottom shows fluorescence intensity of
the nanoparticles in hexane and water.), (c) shows Au nanoparticles (The image
inserted at the right top is a TEM image of the nanoparticles, and the graph inserted at
the left bottom shows absorbance of the nanoparticles in water (red) or hexane (blue).),
and (d) shows Fe,Os nanoparticles (The image inserted at the left top is a TEM image
of the nanoparticles in water, and the image inserted at the right bottom shows the

nanoparticles in water under a magnetic field).];
Fig. 7 shows nanoparticles used as a magnetic resonance imaging (MRI) imaging

agent dispersed in water using a surfactant according to an embodiment of the present
disclosure (It can be seen that the role as the MRI imaging agent is retained.);

Fig. 8 shows absorption spectrum of Au nanoparticles synthesized in an organic
solvent and then dispersed in water; and

Fig. 9 shows CdSe/ZnS, InP/ZnS, Au and Fe,0O; nanoparticles, from left to right,
dispersed in hexane (left), and the nanoparticles dispersed in water using a surfactant
according to an embodiment of the present disclosure (right) (In each image, the lower

layer is a water layer and the upper layer is a hexane layer.).

Best Mode for Carrying out the Invention

Hereinafter, the embodiments of the present disclosure will be described in detail
with reference to accompanying drawings.

The present disclosure relates to a novel surfactant for dispersing nanoparticles in
water, more particularly to a surfactant for dispersing nanoparticles in water rep-

resented by Chemical Formula 1:

O

Il
Ren ot Oior,
H OR,

(1)

wherein n is from 1 to 500; R; is C-C;4 alkyl; R, is hydrogen or C;-Cs, alkyl; and R;
is hydrogen or C;-Cs alkyl.

In the context of the present disclosure, the nanoparticles refer to general
nanoparticles, for example, metals such as gold (Au) and palladium (Pd), magnetic
oxides such as Fe,O; and Fe;O, or quantum dots such as CdSe, InP/ZnS and CdSe/ZnS
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core-shell nanoparticles.
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The surfactant represented by Chemical Formula 1 may be synthesized using

Q
X F>x

2)

(3)
R2 _N H 2
4)
R3_O H
(5)
Q
/P
X )'(\o/f\/O\%“OFq
(6)
@
ReN o O or,
H x
(7)
[Scheme 1]

compounds represented by Chemical Formulae 2 to 7 according to Scheme 1.
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O O
I HO OR; I R,-NH,
. ;
2\”/ \\OWOVK\OFQ Ray \\o/%v OVK\OR1
X H OR;

In Chemical Formulae 2 to 7 and Scheme 1, n is from 1 to 500; R, is C,-C5, alkyl; R,
is hydrogen or C;-Cs alkyl; Rs is hydrogen or C,-C5 alkyl; and X is F, CI, Br or L.

The surfactant for dispersing nanoparticles in water represented by Chemical
Formula 1 may be prepared by a process including:

(a) reacting a compound represented by Chemical Formula 2 with a compound rep-
resented by Chemical Formula 3 at 10 to 200 °C for 1 to 24 hours to prepare a
compound represented by Chemical Formula 6;

(b) reacting the resulting compound represented by Chemical Formula 6 with a
compound represented by Chemical Formula 4 at 10 to 200 °C for 0.5 to 48 hours to
prepare a compound represented by Chemical Formula 7; and

(c) reacting the resulting compound represented by Chemical Formula 7 with a
compound represented by Chemical Formula 5 at 10 to 200 °C for 1 to 48 hours:

All the reactions in the above steps are nucleophilic substitution reactions.

First, in the compound represented by Chemical Formula 2 of the step (a), X may be
a halogen element such as F, Cl, Br or I. Specifically, it may be CI.

In the compound represented by Chemical Formula 3, R; may be C, ¢ alkyl.
Specifically, it may be C;-Cs alkyl. For example, the compound represented by
Chemical Formula 3 may be methoxy-PEG, ethoxy-PEG, or the like. And, n may be
from 1 to 500, specifically from 10 to 200.

In the step (a), the compound represented by Chemical Formula 2 may be added in
excess to achieve 1 : 1 reaction. Otherwise, the compound represented by Chemical
Formula 3 may be substituted with the compound represented by Chemical Formula 2
two or more times and the reaction may not proceed to the next step.

In the compound represented by Chemical Formula 4 of the step (b), R, may be
hydrogen or C,;-Cs, alkyl. Specifically, it may be C;-Cy, alkyl. For example, the
compound represented by Chemical Formula 4 may be hexadecylamine (HDA), oc-
tadecylamine (ODA), or the like.

In the compound represented by Chemical Formula 5 of the step (c), Rsmay be
hydrogen or C,;-Cs alkyl. Specifically, it may be C;-Cs alkyl. For example, the
compound represented by Chemical Formula 5 may be methanol, ethanol, isopropanol,

butanol, or the like.
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In the step (c), the halogen of the compound represented by Chemical Formula 7 is
substituted with the compound represented by Chemical Formula 5, thereby resulting

in a non-toxic surfactant for dispersing nanoparticles in water.
In order to substitute the compound represented by Chemical Formula 7 with the

compound represented by Chemical Formula 5 to a higher degree, the step (c) may be
repeated several times. It is because the substitution with the compound represented by
Chemical Formula does not occur easily if the compound represented by Chemical
Formula 4 has a long alkyl chain and thus is strongly nonpolar.

All the reactions in the above steps are carried out at 30 to 60 °C under nitrogen at-
mosphere. It is because the moisture included in the air may act as a nucleophile and
interfere with the reactions. In the reactions, an aprotic solvent such as tetrahydrofuran
(THF) may be used.

Unlike other surfactants for dispersing in water, the surfactant for dispersing
nanoparticles in water prepared in accordance with the present disclosure allows
solvent replacement at room temperature. Although quantum dots generally experience
decrease in quantum yield when they are transferred from an organic solvent to water,
due to heating at high temperature, the surfactant according to the present disclosure
experiences little change in quantum yield since the solvent can be replaced at room

temperature.

Mode for the Invention

The examples and experiments will now be described. The following examples and
experiments are for illustrative purposes only and not intended to limit the scope of the
present disclosure.

Example 1: Preparation ofsurfactant for dispersing nanoparticles in water

Dried polyethylene glycol methyl ether (mPEG, M, = 2000, 2 g, 1 mmol) and POCl,
(0.5 mL) were dissolved in anhydrous THF (20 mL) in a 250 mL flask. Then, reaction
was performed at 40 °C for 12 hours. 1 mmol of mPEG was reacted with 5 mmol of
POCI; in order to achieve 1:1 reaction. In order to remove unreacted POCl; and HCI
resulting from the reaction, the reaction mixture was dried in vacuum at 40 °C for 2
hours and then dissolved in anhydrous THF (15 mL).

Hexadecylamine (HDA, 0.241 g, 1 mmol) was dried in vacuum at 120 °C for 2 hours,
dissolved in THF (3 mL), and then added to the 250 mL flask containing the reaction
mixture. After reaction for 24 hours, HCl and THF were removed by drying in vacuum
for 2 hours. Then, addition of MeOH (5 mL), reaction at 60 °C for 1 hour and removal
of MeOH was repeated 3 times to accomplish complete substitution with MeOH. It is

because, since the alkyl chain of HDA is nonpolar, a complete substitution with MeOH
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is not easy. Finally, in order to remove HCI, ethylenediamine (EDA, 1 mL) was added
and stirred for 30 minutes to form salt. Then, THF and EDA were removed by drying
in vacuum. After dissolving in dichloromethane (MC), which is less polar than THF,
HCI salt was removed by centrifugation and only the final product dissolved in the su-
pernatant was collected. Structure analysis was carried out by 3'P NMR, 'H NMR and
MALDI-TOF.

The reaction procedure is summarized in Scheme 2 below. MALDI-TOF result is
shown in Fig. 3, and '"H NMR result is shown in Fig. 4. Fig. 3 shows MALDI-TOF
analysis result of mPEG (M, = 2000), an intermediate formed from the reaction of
mPEG with POCl,and a final product, from top to bottom. The shift of mass peaks
reveals that the substitution reaction occurred successfully. In the early stage of the
reaction, mono-mPEG-substituted intermediate was produced because POCl; was used
in excess of mPEG. In the later stage of the reaction, only monoalkyl-substituted, not
dialkyl-substituted, intermediate was produced, because of low reactivity of Cl.

'H NMR analysis result of the final product shown in Fig. 4 confirms the presence of
mono-mPEG- and monoalkyl-substituted compounds. The ethylene peak of mPEG was
observed at 3.6 ppm and the terminal -OCH; peak of mPEG was identified at 3.382
ppm. The three broad peaks at 1.76 ppm, 1.23 ppm and 0.88 ppm are due to -CH, NHP-
, -CH,- and terminal -CH; of HDA.

3P NMR data also confirms the successful reaction.

[Scheme 2]
(@] 0]
HO. ) _.OCH
AN o 0% 2 O CI/' So O ocH
cf' & C > cl'd O ) OCH3 N2 /\}\/OCH33
1 = HCl n
1
=N HDA A A e \e O\/)/\ 1L
CI/' ot O hocH, leg ”uo TR 00, AR 0O o,
+ HCI HN
5
2 o
(@]
A~ F"\ O. M» P TS P\ O~ + 1
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Example 2: Comparison of performance of surfactant for dispersing nanoparticles in

water depending on molecular weight ofmPEG
In order to find a surfactant for dispersing nanoparticles in water with optimized per-

formance, experiment was carried out while changing the molecular weight of mPEG.
Performance of the surfactants synthesized using mPEG with a molecular weight of
750, 2000 and 5000 was compared. For mPEG with a molecular weight of 750 (mPEG
750), the surfactant was synthesized by dissolving dried mPEG (M, =750, 0.75 g, 1
mmol) and POCl; (0.5 mL) in anhydrous THF (10 mL) in a 250 mL flask and reacting

at room temperature for 12 hours, with the remaining procedure being identical to that
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of Example 1. For mPEG with a molecular weight of 2000 (mPEG 2000), the
surfactant was synthesized in the same manner as Example 1. For mPEG with a
molecular weight of 5000 (mPEG 5000), the surfactant was synthesized by dissolving
dried mPEG (M, = 5000, 5 g, 1 mmol) and POCl; (0.5 mL) in anhydrous THF (20 mL)
in a 250 mL flask and reacting at 60 °C for 12 hours, with the remaining procedure
being identical to that of Example 1. Fe,Os;nanoparticles of the same amount (5
equivalents) were mixed in dichloromethane with each of the surfactants. After
completely evaporating the solvent at room temperature for 15 to 20 minutes, the
remaining mixture was dispersed again in water. The nanoparticles were dispersed well
in water when mPEG 5000 or mPEG 2000 was used. But, they were not dispersed well
when mPEG 750 was used.

The result is shown in Fig. 5 [(b) M, = 5000, (¢) M, = 2000, (d) M, = 750].

The Fe content in each sample was measured using inductively coupled plasma
(ICP). The contents were 0.203 mg/mL., 0.148 mg/mL and 0.010 mg/mL for (b), (c)
and (d), respectively. L.e., the amount of the Fe,O; nanoparticles dispersed in water
increased as the molecular weight of mPEG increased. Thus, it can be concluded that a
long hydrophilic group is required to disperse nanoparticles in water.

[Table 1]

Comparison of performance of surfactant for dispersing nanoparticles in water

depending on molecular weight of mPEG

Molecular weight of mPEG Fe content measured using ICP (mg/mL)
M, = 5000 0.203
M, = 2000 0.148
M, =750 0.010

Example 3:Comparison of performance of surfactant for dispersing nanoparticles in

waterdepending on structure
In order to study the performance depending on the surfactant structure,

di(mPEG)-monoalkyl and mono(mPEG)-dialkyl type surfactants were synthesized and
tested, rather than the common mono(mPEG)-monoalkyl-substituted surfactant. mPEG
2000 was used and each surfactant was prepared in the same manner as Example 1. Fe,
Osnanoparticles of the same amount (5 equivalents) were mixed in dichloromethane
with each of the surfactants. After completely evaporating the solvent at room tem-
perature for 15 to 20 minutes, the remaining mixture was dispersed again in water.

The result is shown in Fig. 5 (c), (e) and (f). (e) and (f) showed very poor ability to

disperse the nanoparticles in water.
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[Table 2]

Comparison of performance of surfactant for dispersing nanoparticles in water

depending on structure

Surfactant structure Ability to disperse nanoparticles in water
Mono(mPEG)-monoalkyl [Fig. 5 (c)] Good
Di(mPEG)-monoalkyl [Fig. 5 (e)] Poor
Mono(mPEG)-dialkyl [Fig. 5 (f)] Poor

From Examples 2 and 3, it can be concluded that a
mono(mPEG)-monoalkyl-substituted surfactant using mPEG with M,, = 5000 has the

best ability to disperse nanoparticles in water.

Example 4:Comparison of performance of surfactant for dispersing nanoparticles in

waterdepending on original stabilizer of nanoparticles
3S'P-NMR reveals that the surfactant forms micelles around the nanoparticles - (the

same phosphate peaks are found both in water andhexane). This is due to the attraction
with the original stabilizer - (the original stabilizerrefers to the stabilizer onthe surface
of the nanoparticles.Nanoparticles tend to aggregate because of largesurface energy.
The stabilizer stabilizes the surface of the nanoparticles in solvents and thereby pre-
ventsaggregation. )- oleic acid, oleylamine or trioctylphosphine oxide (TOPO), which
are used to stabilize the alkyl moiety of the surfactant and the nanoparticles in solvents.
Accordingly, the versatility of the surfactant depends on the structure of the original
stabilizer.

Three commonly used stabilizers oleic acid, oleylamine and TOP/TOPO were tested.
In general, oleic acid is used for Pd, Fe,O; and InP/ZnS nanoparticles, oleylamine is
used for Au nanoparticles, and TOP/TOPO is used for CdSe/ZnS nanoparticles. They
were synthesized referring to the following literatures [(a) N. R. Jana, Y. Chen and X.
Peng, Chem. Mater., 2004, 16, 3931; (b) J. Park, K. An, Y. Hwang, J.-G. Park, H.-J.
Noh, J.-Y. Kim, J.-H. Park, N.-M. Hwang and T. Hyeon, Nat. Mater., 2004, 3, 891; (c)
F. X. Redl, C. T. Black, G. C. Papaefthymiou, R. L. Sandstorm, M. Yin, H. Zeng, C.
B. Murray and S. P. O'Brien, J. Am. Chem. Soc., 2004, 126, 14583]. The individual
nanoparticles were transferred from the organic solvent to water in the same manner as
Example 2. The result is shown in Fig. 6. Fig. 6 shows that the nanoparticles were suc-
cessfully transferred from hexane to water. The nanoparticles were dispersed well in
water, with no change in physical properties. In case of Fig. 6 (a) and (b), the photolu-
minescence peak did not change after transfer to water. The quantum yield in water
was about 65% of that in hexane. When a surfactant with mPEG 5000 was used, the
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quantum yield was as high as about 70%.

The quantum yield was calculated from the absorption spectrum and fluorescence
spectrum of CdSe/ZnS nanoparticles when they were dispersed in hexane or water.
The absorption spectrum was measured using a UV-Vis spectrophotometer, and the
fluorescence spectrum was measured using a fluorescence spectrophotometer.
Rhodamine 590 was used as a reference organic dye. The quantum yield of the dye in
ethanol was 95%. The quantum yield was calculated according to the following
equation (Q = quantum yield, A = area under fluorescence peak, I = absorbance at ex-

citation wavelength, n = refractive index of solvent, a = CdSe/ZnS, b = organic dye).

2
I XA, Xn,

= X
Qa Qb ]aXAaXTLg

The graph inserted in Fig. 6 (c) shows optical absorption of Au nanoparticles in
water (red) or in hexane (blue). Both exhibit the same surface plasmon resonance at
530 nm. Fig. 6 (d) shows that Fe,O; nanoparticles dispersed in water at high con-

centration exhibits a ferrofluid state and thus is applicable to various fields.

Example 5:Measurement of quantum yield when surfactant for dispersing

nanoparticles in water was used
Fe,Osnanoparticles of the same amount (5 equivalents) were mixed in

dichloromethane with each of the synthesized surfactants. After completely
evaporating the solvent at room temperature for 15 to 20 minutes, the remaining
mixture was dispersed again in water. The quantum yield was calculated from the ab-
sorption spectrum and fluorescence spectrum of CdSe/ZnS nanoparticles when they
were dispersed in hexane or water. The absorption spectrum was measured using a
UV-Vis spectrophotometer, and the fluorescence spectrum was measured using a fluo-
rescence spectrophotometer. Rhodamine 590 was used as a reference organic dye. The
quantum yield of the dye in ethanol was 95%. The quantum yield was calculated
according to the following equation [Q = quantum yield, A = area under fluorescence
peak, I = absorbance at excitation wavelength, n = refractive index of solvent, a =
CdSe/ZnS, b = organic dye (Rhodamine 590)]. The quantum yield was about 70-80%

of that in hexane.

2
I XA, Xn;

= X
Qa Qb ]CLXAGJXTI%

When mercaptopropionic acid or phospholipid, which is commonly used to disperse

nanoparticles in water, is used, the quantum yield is only about 50% of that in hexanes.
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In contrast, when the surfactant according to the present disclosure was used, the
quantum yield was about 70-80% of that in hexane. This is because the dispersing in
water is performed at room temperature without heating.

Example 6:Test of applicability of surfactant for dispersing nanoparticles in water

fornanoimaging
In order to test whether the surfactant for dispersing nanoparticles in water according

to the present disclosure is applicable to nanobioimaging, hydrated radius was
measured by light scattering and gel-filtration chromatography. As seen in Fig. 1,
hydrated radius was measured as 12 nm by gel-filtration chromatography, and as 15
nm by light scattering. For nanoimaging, the hydrated radius is a very important factor.
For example, in sentinel lymph node mapping, if the hydrated radius is smaller than 5
nm, the nanoparticles diffuse into the blood vessels. If the hydrated radius is 5 to 10
nm, they do not stop at the sentinel lymph node but pass by to the next lymph node.
Meanwhile, if the hydrated radius is larger than 300 nm, the nanoparticles cannot
move. In MRI imaging, a hydrated radius which is smaller than 30 nm is required for
introduction into cells. The hydrated radius is not the simple addition of the size of the
nanoparticle with that of the surfactant in water, but depends on relative binding and
3-dimensional structure.

Fig. 7 shows nanoparticles used as an MRI imaging agent dispersed in water using
the surfactant according to the present disclosure. It can be seen that the role as the
MRI imaging agent is retained. The images are T,-weighted images actually used for
clinical diagnosis and treatment, obtained at room temperature with 1.5 T.

The present application contains subject matter related to Korean Patent Application
No. 10-2010-0032851, filed in the Korean Intellectual Property Office on April 9,
2010, the entire contents of which is incorporated herein by reference.

Those skilled in the art will appreciate that the conceptions and specific embodiments
disclosed in the foregoing description may be readily utilized as a basis for modifying
or designing other embodiments for carrying out the same purposes of the present
disclosure. Those skilled in the art will also appreciate that such equivalent em-
bodiments do not depart from the spirit and scope of the disclosure as set forth in the

appended claims.

Industrial Applicability
The surfactant for dispersing nanoparticles in water according to the present
disclosure will to be useful in nanobioimaging applications, for example, as an MRI

imaging agent.
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Claims

A surfactant for dispersing nanoparticles in water represented by

Chemical Formula 1:

O

1
Rz‘”’ﬁ\oﬁbo\ﬁﬁo&

OR;

(1)

wherein n is from 1 to 500; R, is C,-C5 alkyl; R, is hydrogen or C,-Cs,
alkyl; and Rj is hydrogen or C;-Cs alkyl.

The surfactant for dispersing nanoparticles in water according to claim
1, wherein the nanoparticles are gold (Au) nanoparticles, palladium
(Pd) nanoparticles, Fe,O; nanoparticles, Fe;O4 nanoparticles, CdSe
nanoparticles, InP/ZnS nanoparticles or CdSe/ZnS nanoparticles.

The surfactant for dispersing nanoparticles in water according to claim
1, wherein, in Chemical Formula 1, n is from 10 to 200; R, is C;-C;
alkyl; R, is C;-Cy alkyl; and R; is C;-Cs alkyl.

A method for preparing a surfactant for dispersing nanoparticles in
water represented by Chemical Formula 1, comprising:

reacting a compound represented by Chemical Formula 2 with a
compound represented by Chemical Formula 3 at 10 to 200 °C for 1 to
24 hours to prepare a compound represented by Chemical Formula 6;
reacting the resulting compound represented by Chemical Formula 6
with a compound represented by Chemical Formula 4 at 10 to 200 °C
for 0.5 to 48 hours to prepare a compound represented by Chemical
Formula 7; and

reacting the resulting compound represented by Chemical Formula 7
with a compound represented by Chemical Formula 5 at 10 to 200 °C
for 1 to 48 hours:
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X

wherein n is from 1 to 500; R, is C,-C5 alkyl; R, is hydrogen or C;-C5
alkyl; R is hydrogen or C;-C;4 alkyl; and X is F, CI, Br or L.

[Claim 5] The surfactant for dispersing nanoparticles in water represented by
Chemical Formula 1 according to claim 4, wherein, in Chemical
Formula 1, n is from 10 to 200; R, is C;-Cs alkyl; R, is C;-Csq alkyl;
and Rj is C;-Cs alkyl.
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[Fig. 7]
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