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Styrene polymerization in ternary microemulsions: 
effects of water-soluble and oil-soluble initiators 
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Abstract: The polymerization of styrene in ternary microemulsions stabilized 
by the cationic surfactant tetradecyltrimethylammonium bromide was studied 
as a function of concentrations of water-soluble (potassium persulfate, KPS) 
and oil-soluble (AIBN) initiators. At a particular molar ratio of the initiators, 
similar maximum rates of polymerization can be achieved from using both 
types of the initiators: In addition, both initiated systems produced micro- 
latexes with similar hydrodynamic radius, number of polymer particles, mo- 
lecular weight of polystyrene and number of polymer chain per latex particle. 
But the dependencies of these latex parameters on concentrations of KPS and 
AIBN may not be the same. The polymerization mechanism appears to be 
similar, irrespective of using KPS or AIBN. It is discussed in terms of "effective 
radicals" produced for the polymerization. While the different dependencies of 
some latex parameters on concentrations of the initiators are attributed to the 
different efficiencies of the initiators in producing "effective radicals". 
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Introduction 

During the past decade, most of microemulsion 
polymerization of styrene and methyl methac- 
rylate have been carried out  in four-component  
(o/w) microemulsions [1-11]  consisting of water, 
monomer ,  surfactant and cosurfactant which is 
often a short-chain alcohol. Since 1989, polym- 
erization of oil-soluble monomers  have also been 
successfully conducted in three-component  (o/w) 
microemulsions [12-20]  without a cosurfactant. 

The microemulsion polymerization of styrene 
in a four-component  system [-3, 4] exhibits only 
two rate intervals: an interval of increasing rate of 
polymerization due to the nucleation of polymer 
particles followed by an interval of decreasing rate 
due to polymer growth. A thermodynamic  model 
[21] has recently been used to predict the de- 
pletion of oii cores of microemulsion droplets at 
about  4% of monomer  conversion during poly- 
merization. In addition, the average size of the 

monomer-swollen polymer particles at that level 
of monomer  conversion will be at its maximum 
and then it decreases on further polymerization. 
This prediction has been experimentally verified 
by our study on styrene polymerization in ternary 
(o/w) microemulsions [22] which are stabilized by 
s tearyl t r imethylammonium chloride (STAC) or 
te t radecyl t r imethylammonium bromide (TTAB). 

The recent paper by Puig et al. [23] on styrene 
polymerization in a three-component microemul- 
sion suggests that particle size and molecular 
weight of polymers correlate with initiator 
concentration, but are independent of whether 
oil-soluble (AIBN) or water-soluble (K2S208) 
initiators are used. This interesting observation is 
further discussed in this paper. We also at tempt to 
analyze the effects of AIBN and KPS on styrene 
polymerization in ternary microemulsions in 
terms of different "efficiencies" of the initiators in 
producing "'effective radicals" for the polymeri- 
zation. 

N 385 
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Experimental section 

Materials 

Tetradecyltrimethylammonium bromide 
(TTAB) from Tokyo Chemical Industry (TCI) 
was recrystallized from a mixture of ethanol- 
acetone (1 : 3 by volume). Styrene (Fluka) was vac- 
uum distilled to remove the inhibitor. Potassium 
persulphate (K25208, KPS) from Fluka and 2,2'- 
azobisisobutyronitrile (AIBN) from TCI were rec- 
rystallized from distilled water and methanol re- 
spectively. 

Polymerization 

The polymerization of styrene in a transparent 
ternary microemulsion was carried out in a glass 
dilatometer which was immersed in a 60 _+ 0.1 ~ 
water bath. After degassing at 10 Torr for one 
freeze-thaw cycle, the microemulsion was directly 
introduced into a dilatometer attached to a vac- 
uum line. The change of liquid level in the capil- 
lary of the dilatometer as a function of time was 
monitored using a cathetometer. The fractional 
conversion of styrene was determined from the 
volume change which was calculated from the 
liquid-height change in the capillary. After poly- 
merization, polystyrene was precipitated in 
a large quantity of distilled methanol. T h e  poly- 
mer was repeatedly washed with methanol and 
water respectively, and dried under reduced pres- 
sure at 60 ~ 

Molecular weight 

Molecular weights of polystyrene were deter- 
mined by gel permeation chromatography (GPC) 
using a Varian 5500 liquid chromatography sys- 
tem equipped with a RI-3 detector. The columns 
used were Varian micropale TSK 7000 H and 
GMH6 in series and eluent was the degassed 
tetrahydrofuran (THF). Polystyrene standards 
(0.2 mg /mL in THF) from Polyscience were used 
for the calibration. 

Particle size 

Particle sizes (hydrodynamic radius, Rh) of 
microlatexes were determined by photon correla- 
tion spectroscopy (PCS) using Malvern 4700 light 
scattering spectrophotometer. Prior to measure- 

ments, the latexes were diluted with distilled water 
until the volume fractions of particles were in 
the range of 0.01 to 0.1. An average Rh was calcu- 
lated from the intrinsic diffusion coefficient (Do) 
via the well-known Stokes-Einstein equation: 
Rh = kT/6rctlDo, where r/ is the viscosity of the 
dispersion medium. 

The latexes were also examined by a JEOL 
JEM-100CX electron microscope. One drop of 
the latex was thoroughly mixed with 2 mL of 
0.2% phosphotungstic acid (PTA). A drop of the 
mixture was then put on a copper grid coated 
with a thin layer of Formvar. | 

Results 

Kinetics of styrene polymerization 

The compositions of ternary microemulsions 
selected for the detailed study are listed in Table 1. 
The latexes initiated by KPS and AIBN are coded 
by symbols K and A respectively. The numbers 
after K or A denote the concentration (mM) of 
KPS or AIBN based on water content used in 
each microemulsion. For example, K24 represents 
the system in which 0.24 mM KPS was used. 
Figs. la and lb show the conversion-time plots 
with the increasing concentrations of KPS and 
AIBN respectively. The variations of the rate of 
polymerization (Rp) as a function of polymer con- 
versions are depicted in the insets of Fig. 1. For 
both series K and A, all rates of polymerization 
first increase to their respective maxima at about 
15% polymer conversion and  then decrease on 
further polymerization. The plots of log Rp 

Table 1. Compositions of microemulsions 

Microemulsion*) Latex code  KPS (mM) AIBN (mM) 

7 wt% Styrene 
9 wt% TTAB 
84 wt% Water 

K24 0.24 
K31 0.31 
K42 0.42 

A33 
A58 
A86 

m 

0.33 
0.58 
0.86 

*) The concentrations of KPS and AIBN are all based on the 
water content used in microemulsions which were poly- 
merized at 60 ~ 
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Fig. 1. The styrene polymerization curves at 60 ~ for micro- 
emulsions containing 7wt% styrene, 9wt% TTAB and 
84 wt% water: (a) Variation with KPS concentration, (b) 
Variation with AIBN concentration 

against % conversion are very similar between 
series K and A. At lower concentrations of in- 
itiators, especially for sample A33, there seems to 
be a rather constant Rp around 10% conversion. 
But the rather constant Rp regions become max- 
imum peaks at higher concentrations of both in- 
itiators. Three pairs of similar maximum Rp (Rpm) 
were obtained for samples K24 and A33, K31 and 

A58 or K42 and A86 as listed in Table 2. This 
shows that Rpm of about 3.5 x l0  -4 mol /L/s  for 
microemulsion polymerization of styrene at 60 ~ 
can be achieved using either 0.24 mM KPS or 
0.33 mM AIBN. Similarly, Rpm of approximately 
4.2 x l0  -4 mol /L /s  can also be obtained from us- 
ing 0.31 mM KPS or 0.58 mM AIBN, while the 
use of 0.42 mM KPS or 0.86 m M  AIBN can yield 
Rpm of about 5.1 x l0  -4 mol/L/s .  

The effect of concentrations of both initiators 
on the maximum rate of polymerization (Rpm) is 
shown in Fig. 2. It is found that the initial rate of 
polymerization at about 5% conversion (Rpi) is 
proportional to the 0.48 power of [KPS-] and to 
the 0.40 power of [AIBN]. From the Arrhenius 
plots, the overall activation energies of 95 and 
48 kJ/mol  were obtained for the polymerizations 
initiated by KPS and AIBN respectively. Similar 
results on the activation energy of polymerization 
and the dependence of Rp on the initiator concen- 
tration have also been reported [4, 11] for styrene 
polymerization in four-component microemul- 
sions containing a short-chain alcohol as a cosur- 
factant. 

Features of the microlatexes 

Based on the similar maximum rates of styrene 
polymerization (Rpm) obtained from KPS- and 
AIBN-initiated systems (Fig. 2), the features of 
three similar pairs (K24/A33, K31/A58 and 
K42/A86) are analyzed. Table 2 shows the aver- 
age hydrodynamic radius (Rh) of latex particles, 
number of polymer particles per mL latex (Na), 
molecular weight of polystyrene (/~rw), number of 
polymer chain per latex particle (Np) and R_p m. 
There are striking similarities in Rh, Na, Mw, 
/~w//~, ,  Np and Rpm among three pairs of latexes, 
i.e., K24 vs A33, K31 vs A58 and K42 vs A86. It 
implies that these features are independent of the 
type of initiator used, but only dependent on the 
specific molar ratios of AIBN and KPS used as 
shown in Table 4. 

Fig. 3 shows that Rh, Mw and Np decrease, 
whereas Rpm, Na and 2~rw/i~r, increase with the 
increase of initiator concentration. For the plots, 
the concentrations of initiators are expressed in 
mole per mole of styrene. The dependencies of )~rw 
and Rh on both initiator concentrations (Table 3) 
are in close agreement with that reported by Puig 
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Table 2. Some features of polystyrene microlatexes 

Features Latex Code 

K24 A33 K31 A58 K42 A86 

Rh (nm) 33.4 34,3 30.9 31.0 29.7 29.7 
Ne (10t'~/mL) 9.4 8,6 12.0 12,0 15. [ t5.1 
Mw(10 v) 3.35 3,39 2,88 2.80 2.71 2,57 
/~%/M. 3.36 3.43 4.23 4.13 4.91 4.82 
N*) 1.40 1.46 1.23 1.29 t.05 1.09 
Rpm (10- 4 tool/L/s) 3.53 3.42 4.23 4.19 5.06 5.16 

*) Np: number of polymer chain per latex particle 
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Fig. 2. Effects of initiator concentrations on rates of styrene 
polymerization 

et al. [23], but )~rw is inconsistent with that 
(Mw oc [ I ] -~176 obtained from the four-compon- 
ent microemulsion polymerization of styrene [4]. 
The effect of initiator concentration on Rh and 
Mw appears to be less dependent on the type of 
initiator used, but Na, Np and Rpi are rather 
strongly dependent on the type of initiator. 

The TEMs (Fig. 4) show spherical latex par- 
ticles of various sizes for all samples. The particle 
sizes range from about 20 to 60 nm in diameter 
with a majority at about 40 nm. There is no con- 
clusive evidence to show the effects of type and 
concentration of initiators on particle sizes. 

Discussion 

The rates of styrene polymerization in ternary 
microemulsions are much higher for KPS-in- 
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Fig. 3. Effects of KPS (black symbols) and AIBN concentra- 
tion (in moles per mole of styrene) on various properties of 
polystyrene [atexes 

itiated systems than those of AIBN at several 
equal concentrations of initiators as revealed in 
Fig. 2. Similar observations have also been re- 
ported for KPS- and AIBN-initiated polymeri- 
zation of styrene and methyl methacrylate in four- 
component  microemulsions [7, 11] and ternary 
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Table 3. Relationships of some properties of microlatexes 
and concentrations of initiators 

Properties Relationships 

Present results Ref. 23 

Rh oc [ K P S ] - ~ 1 7 6  oc [I]--0'20 
oc [AIBN]  -~ 

Na oc [KPS]  T M  - 
oc [AIBN]  ~ 

Mw oc [KPS]  -0.32 Mp oc [I] -0.40 
oc [AIBN]  -~176 

Np oc [KPS]  - o.so _ 
oc [AIBN]  -~ 

Rpi oc [KPS]  ~ - 
oc [AIBN]  ~176 

Fig. 4. T E M  of microemulsion polystyrene latexes with 
phosphotungstic  acid negative staining: (a) A33 and (b) K42 

microemulsions [16]. However, Puig et al. [23] 
observed faster polymerization rates with AIBN 
than with KPS in a ternary microemulsion con- 
taining 6 w t %  styrene, 14.1wt% dodecyl- 
t r imethylammonium bromide (DTAB) and 
79.9 wt% water. The only difference is that they 
used a much higher concentration of DTAB 
which is also more water-soluble than TTAB and 
CTAB. 

The following discussion may provide some 
explanation for the similar latex features obtained 
from using KPS- and AIBN-initiated polymeri- 
zation of styrene in ternary microemulsions. The 
decomposition rate constants (ka) for KPS in 
water and AIBN in styrene at 60 ~ are not read- 
ily available for calculation of the rate of radical 
generation. Based on kd obtained at other temper- 
atures [24], it is estimated that ka for AIBN in 
styrene at 60~ is 1.2 xl0-S s-1 and 
3.2x10 -6 s -1 for KPS in water at 60~ These 
two ka values are subsequently used for calcu- 
lations. The estimation of these ka values is based 
on an approximately linear relationship between 
kd and temperature as it is true for AIBN in 
toluene (37 to 70~ and KPS in 0.1 M NaOH 
solution (50 to 70 ~ 

Table 4 shows the calculated rates of radicals 
generated by various concentrations of KPS in 
water and AIBN in styrene for the microemul- 
sions. Latexes of similar features could be pre- 
pared from the microemulsions using certain 
molar ratios of AIBN to KPS. The molar ratio 
increases nonlinearly from 1.38, 1.87 to 2.05 for 
similar pairs of A33/K24, A58/K31 and A86/K42 
respectively. In terms of radical generation, the 
respective pairs would produce 5.2, 7.1 and 7.8 
times more AIBN radicals than those of KPS. 
Based on the similar Rpm (Table 2), this may be 
interpreted in terms of effective polymerization 
that each KPS radical being equivalent to 5.2 
AIBN radicals at 0.33 mM AIBN concentration, 
7.1 at 0.58 mM AIBN and 7.8 at 0.86 mM AIBN. 
In other words, only about 19, 14 and 13% of 
AIBN radicals generated by the respective 0.33, 
0.58 and 0.86 m M  AIBN are as effective as KPS 
radicals for the polymerization. The efficiency of 
AIBN for the polymerization is also decreasing 
with the increase of the initiator concentration. 

Since AIBN is soluble in oil, it dissolves mainly 
in the microemulsion droplets and only about 
9 x l0  -3 m M  AIBN is found to be solubilized in 
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Table 4. Calcula ted ratios of free radicals generated by similar pairs of K P S  and A i B N  in microemuls ions  at 60 ~ 

System Rate  of free radical Calculated ratio of radical Actual  mola r  ratio of AIBN 
genera t ion  (10 -9  m o l / L / s )  p roduced  by A IBN  and  K P S  and K P S  added 

K24 1.29 - - 
A33 6.75 - - 
A33 /K24  - 5.20 1.38 

K31 1.67 - - 
A58 11.8 
A58/K31 - 7.10 1.87 

K42 2.26 - - 
A86 17.6 - - 
A8 6 /K4 2  - 7.78 2.05 

the aqueous phase. From quasielastic light scat- 
tering measurements, the average size of un- 
polymerized microemulsion droplets is estimated 
to be 16.2 nm in hydrodynamic radius (Rh) and 
the calculated number of microemulsion droplets 
per mL is 8 x 10 x 5. Hence a microemulsion droplet 
may contain as many as 22, 38 and 59 AIBN 
molecules in systems A33, A58 and A86 respec- 
tively. However, the efficiency of AIBN for effec- 
tive polymerization (Rp) is low as compared with 
that of KPS. This is attributed to its high rate of 
autotermination of radical pairs generated in such 
small microemulsion droplets populated with 
AIBN molecules. 

It is also believed that some AIBN molecules 
are preferably located at microemulsion droplet- 
water interfaces due to the polar nature of AIBN. 
Hence a small fraction of AIBN radicals gener- 
ated near the interfaces of microemulsion droplets 
may diffuse out the droplets into the aqueous 
phase. Some of the exiled radicals may re-enter 
the droplets for polymerization. It is also possible 
that only one of two radicals (generated in pair) 
diffuses out a droplet, while the other single 
radical remains in the droplet to initiate the 
polymerization. 

Total concentration of "effective AIBN rad- 
icals" available for the polymerization may be 
from three sources: (i) those generated in the aque- 
ous phase (dissolved AIBN) and entered the drop- 
lets [25], (ii) those exiled from and re-entered the 
droplets, and (iii) those single radicals still re- 
mained in the droplets. The formation of radicals 
from the first source depends only on the solubil- 
ity of AIBN in the aqueous phase, while radicals 
from the other two sources are deemed to be 

dependent on the concentration of AIBN. In con- 
trast to AIBN initiated microemulsion polymeri- 
zation of styrene, KPS radicals generated in the 
vast aqueous medium of a microemulsion are less 
likely to be autoterminated. They could therefore 
effectively enter the microemulsion droplets for 
the polymerization. 

It is generally believed that the loci of styrene 
polymerization initiated by either water-or oil- 
soluble initiators are in the microemulsion drop- 
lets [23]. The polymerization rate is thus mainly 
dependent on the concentration of "effective rad- 
icals" available for polymerization, irrespective of 
the type of initiators used. In the case of radicals 
(either AIBN or KPS) available in the aqueous 
phase, the dissolved styrene in the aqueous phase 
(ca. 0.012 M) may first be reacted with the radicals 
to form oligomeric radicals of higher hydropho- 
bicities [26, 27]. It is these oligomeric radicals 
that diffuse more favourably to the microemul- 
sion droplet-water interfaces where more styrene 
molecules are available for further polymeri- 
zation. On the other hand, the direct initiation 
of styrene polymerization by radicals of both ini- 
tiators may be equally important at the micro- 
emulsion droplet-water interfaces. This is espe- 
cially so for anionic KPS radicals which may be 
electrostatically attracted by cationic surfactant 
ions at the interfaces. In addition, the direct poly- 
merization by radicals which are produced by 
a fraction of AIBN solubilized inside the micro- 
emulsion droplets also cannot be ruled out [28]. 

The features of three similar pairs of latexes 
prepared by KPS- and AIBN-initiated micro- 
emulsions strongly suggest that the mechanisms 
of initiation and polymer particle growth for both 
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systems are similar at an equivalent concentration 
of the "effective radicals" generated by either KPS 
or AIBN. Once microemulsion droplets are being 
initiated by either KPS- or AIBN-derived rad- 
icals, the polymer particles grow by recruiting 
monomer and surfactant from uninitiated swollen 
droplets. The only difference is that KPS is more 
efficient in producing "effective radicals" than that 
of AIBN at an equimolar concentration of the 
initiators. In emulsion polymerization of styrene 
at 60 ~ it has been found [29] that only 3 to 5% 
of the radicals produced by AIBN are effective for 
particle nucleation. 

The different dependencies of some latex fea- 
tures (Table 3) on concentrations of KPS and 
AIBN are due to different efficiencies of the in- 
itiators in producing "effective radicals" for poly- 
merization. It shows that Nd, Np and Rpi exhibit 
stronger dependencies on the concentration of 
KPS than that of AIBN. 

Although KPS is more efficient than AIBN in 
producing "effective radicals" for polymerization, 
the overall activation energy of polymerization 
for KPS-system is much higher (95 kJ/mol) than 
that of AIBN (48 kJ/mol). Since the decomposi- 
tion energies for both initiators are about the 
same (130kJ/mol), the significant difference in 
activation energy of polymerization may be due 
to the electrostatic interactions between anionic- 
oligomeric free radicals of SO2 and positively 
charged surfactant ions at the interfaces of micro- 
emulsion droplets. This would result in a higher 
energy barrier at the interfaces for anionic-oligo- 
meric radicals to enter the microemulsion drop- 
lets or latex particles, allowing propagation to 
ensue therein. For styrene emulsion polymeriz- 
ation initiated by persulfate, the critical oligomer 
size for entry to latex particles is reported to be 
dimeric [26]. On the other hand, the uncharged 
radicals and oligomeric radicals of AIBN would 
experience a lower energy barrier at the positively 
charged interfaces. 

Conclusions 

Styrene polymerization in transparent micro- 
emulsions of TTAB/water/styrene using either 
KPS or AIBN produces stable, bluish-translucent 
microlatexes. Three similar pairs of microlatexes 
(K24/A33, K33/A58 and K42/A86) were ob- 

tained from using different molar ratios of KPS 
and AIBN. The microlatexes of similar pairs show 
striking similarities in Rpm , Rh, Nd, Mw, Mw/Mn 
and Np. These results suggest that the mechanism 
of styrene polymerization is similar in the ternary 
microemulsions initiated either by KPS or AIBN. 
The only difference is that KPS produces more 
"effective radicals" for polymerization than that 
of AIBN at an equimolar concentration of the 
hinitiators. However, it is due to the different 
efficiencies of the initiators in producing "effective 
radicals" for polymerization, so that Na, Np and 
Rpi show stronger dependencies on the concentra- 
tion of KPS than that of AIBN. 

Acknowledgements 

The support of the National University of Singapore 
through grant RP890638 is gratefully acknowledged. The 
authors also wish to thank Mdm. G.L. Loy of the Zoology 
Department for her help in taking transmission electron 
micrographs. 

References 

1. Stoffer JO, Bone T (1980) Dispersion Sci Technol 1:37 
2. Johnson PL, Gulari E (1984) J Polym Sci Polym Chem 

22:2367 
3. Kuo PL Turro NJ, Tseng CM, E1-Aasser MS, Vander- 

hoff JW (1987) Macromolecules 20:1216 
4. Guo JS, E1-Aasser MS, Vanderhoff JW (1989) J Polym 

Sci Polym Chem 27:691 
5. Guo JS, E1-Aasser MS, Sudol ED, Yue HJ, Vanderhoff 

JW (1990) Colloid Interface Sci 140:175 
6. Holdcroff S, Guillet JE (1990) J Polym Sci Polym Chem 

28:1823 
7. Feng L, Ng KYS (1990) Macromolecules 23:1048 
8. Guo JS, Sudol ED, Vanderhoff JW, Yue HJ, E1-Aasser 

MS (1992) Colloid Interface Sci 149:184 
9. Atik SS, Thomas JK (1981) J Am Chem Soc 103:4279 

10. Gan LM, Chew CH, Lye I, Imae T (1991) Polymer Bull 
25:193 

11. Gan LM, Chew CH, Lye I (1992) Markromol Chem 
193:1249 

12. P~rez-Luna VH, Puig JE, Castano VM, Rodriguez BE, 
Murthy AK, Kaler EW (1990) Langmuir 6:1040 

13. Antonietti M, Bremser W, Miischenborn-D, Rosenaur C, 
Schupp B, Schmidt M (1991) Macromolecules 24:6636 

14. Antonietti M, Lohmann S, Van Niel C (1992) Macro- 
molecules 25:1139 

15. Ferrick MR, Murtagh J, Thomas JK (1989) Macro- 
molecules 22:1515 

16. Gun LM, Chew CH, Ng SC, Lee KC (1993) Polymer 
34:3064 

17. Larpent C, Tadros TF (1991) Colloid Polym Sci 269:t 171 



Gan et al., MicroemuIsion Polymerization 1089 

18. Texter J, Oppenheimer LE, Minter JR (1992) Polym Bull 
27:487 

19. Full AP, Puig JE, Gron LU, Kaler EW, Minter JR, 
Mourey TH, Texter J (1992) Macromolecules 25:5157 

20. Yang YT, Engberts JBFN (1992) Eur Polym J 28:881 
21. Guo LM, Sudol ED, Vanderhoff JW, E1-Aasser MS 

(1992) J Polym Sci Polym Chem 30:691 and 703 
22. Gan LM, Chew CH, Lee KC, Ng SC Polymer (submitted 

for publication) 
23. Puig JE, P6rez-Luna VH, P6rez-Gonzfilez M, Macias 

ER, Rodriguez BE, Kaler EW (1993) Colloid Polym Sci 
271:114 

24. Brandup J, Immergut EH (1989) Polymer Handbook 
John Wiley, New York 

25. Barton J, Karpatyova A (1987) Makromol Chem 188:693 
26. Maxwell IA, Morrison BR, Napper DH, Gilbert RG 

(1991) Macromolecules 24:1629 

27. Normula M, Ikoma J, Fujita K (1993) J Polym Sci 
Polym Chem 31:2103 

28. Asua JM, Rodriguez VS, Sudol ED, E1-Aasser MS (1989) 
J Polym Sci Polym Chem 27:3569 

29. A1-Shabib WA, Dunn AS (1980) Polymer 21:429 

Received September 8, 1993; 
accepted January 19, 1994 

Authors' address: 

Prof. L.M. Gan 
Department of Chemistry 
National University of Singapore 
Singapore 0511 
Republic of Singapore 


