
FLUORESCENCE NEWS ARTICLE

Solvent and pH Effects of Coumarin-Terminated Monolayer
on Silver Particles

Issha Nadirah Ismail1 & Nurul Izzatil Aisya Asri1 &

Hairul Anuar Tajuddin1
& Zanariah Abdullah1

Received: 9 February 2015 /Accepted: 26 May 2015 /Published online: 9 June 2015
# Springer Science+Business Media New York 2015

Abstract A coumarin-terminated self-assembled monolayer
on silver particles (C-SAM) from the reduction of silver ions
in the presence of compound 3 was successfully prepared by
utilizing phase transfer method, and analyzed by FTIR, SEM-
EDS, UV-Visible and a particle sizer. The fluorescence behav-
ior of coumarin termini was carried out in ethanol and chlo-
roform with emission wavelength determined at 386 nm, sug-
gesting an interaction between the carbonyl group and the
solvent media. The dispersion was then investigated in acidic
and basic conditions, showing a direct proportional correlation
between the emission and the pH of the aqueous. These results
were consistent for interpreting hydrogen bonds, particularly
between the carbonyl group with either proton of the alcohol
(C=O——H-O-R) or positive species in acidic conditions
(C=O——H+). The interactions were possible only when the
coumarin terminal rearranged in the monolayer and the car-
bonyl exerted towards the solvent media, while the rest of the
molecules were separated from the solvents.
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Introduction

Coumarin is one of the aromatic compounds under the hetero-
cyclic category that exhibits photoluminescence behavior.
There are numerous coumarin derivatives mainly with various
substituted groups at different positions that are potentially
useful for many purposes. These include the control of cell
cancer [1, 2], as a P-glycoprotein inhibitor [3], an iodine sen-
sor [4], a fluorescence probe in thiol-disulfide exchange [5]
and in the development of highly sensitive sensors [6]. The
compound has also been incorporated in polymer matrices,
demonstrating a fluorescence enhancement due to the stiffen-
ing of the dye structure and the intermolecular dipole-dipole
interaction between the dopant and matrix [7]. In a more in-
novative way, coumarin has been used as a side-chain in
polysiloxanes that photochemically alters the refractive index
of the polymers [8]. This shows that coumarin would be a
good candidate in a heterogeneous condition despite its simple
fused aromatic structure.

The interesting function of coumarin has also been rolled
out within self-assembled monolayers. There are examples of
adsorbates with coumarin terminals directly assembling into a
monolayer on polycrystalline gold substrate [9] and silicon
wafer [10]. Chemical modification employing Cu(I)-catalyzed
cycloaddition has produced similar monolayers [11]. Mixed
monolayers partially containing coumarin on gold nanorods
have been successfully produced from ligand exchange [12].
These have shown attempts to self-organize the coumarin into
a more rigid structure. The overall flexibility of the assembled
molecule may be reduced but such surfaces have been report-
ed as an anisotropic phase, suggesting the importance of in-
termolecular and molecular packing [13–17].

The functionalization of self-assembled monolayers with
coumarin derivatives is of interest due to their robust chromo-
phore and tunable photodimerization at selected wavelengths
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[9, 10]. The presence of coumarin chromophores on gold sub-
strate was revealed by emission at 384 nm upon an excitation
at 320 nm, suggesting that the fluorescence of coumarin is not
quenched by electronic transition with the gold surface [9].
These findings are supported by the role of approximation of
reactive groups withinmixed self-assembledmonolayers [18],
and by fluorescence as an indicator of surface reactivity [19].
Besides, there must be chemical expressions other than
photodimerization that display the potential of the structure
as a part of a sensitive surface. For example, the fluorescence
of metal-coumarin complexes has been investigated where the
lactone of the coumarin is one of the chelation sites [6, 20]. It
has been reported that the fluorescence of amino-coumarin
derivatives is affected by the solute-solvent interaction [21].
In a different report, intermolecular and intramolecular hydro-
gen bonding has been suggested as a key factor in the fluores-
cence enhancement of aminobenzoic acid compounds [22].
However, evidence of the possible interaction occurring spe-
cifically between the lactone of the coumarin and its environ-
ment is still rather weak.

In this report, coumarin-terminated monolayer on silver
was prepared from the chemisorption procedure in colloidal
form. The arrangement of coumarin in a monolayer could
form a relatively higher crystalline order of the moiety that
would exert the lactone group away from the silver core. The
lactone would thus be directly exposed to the solvent medium,
while the rest of the molecule would be hindered from the
environment (Scheme 1). Silver was chosen as a non-
fluoresce particle with a high affinity surface for the formation

of monolayers from alkyl disulphide compounds. Hypotheti-
cally, the emitted fluorescence from the coumarin termini
could be tuned from the specifically accessible carbonyl group
of the lactone with electrophilic or polar species.

Monolayer-protected silver particles were synthesized, as
reported elsewhere, with minor modification [23]. The adsor-
bates were synthesized and purified as shown in Schemes 2
and 3 prior to the monolayer preparation procedure. The prod-
ucts were further analyzed to confirm the presence of an or-
ganic layer with coumarin moiety on silver particles. The
fluorescence behavior of the colloidal sample was studied in
different dispersion concentrations, solvents and pH.

Materials and Methods

Chemicals 11-bromoundecan-1-ol (97 %), potassium
thioacetate (98 %), potassium hydroxide (99 %), sodium bo-
rohydride (96 %), tetradodecylammonium bromide (TDABr)
(99.00 %) and silver nitrate (99.85 %) were purchased from
Sigma Aldrich. Absolute ethanol, methanol, sodium sulphate
anhydrous, magnesium sulphate anhydrous, sodium hydrogen
carbonate, 7-hydroxycoumarin (98 %), 1,6-dibromohexane
(97 %), hydrogen peroxide 30 %, acetone and toluene were
purchased from Merck. Potassium carbonate (99.5 %) was
purchased from R&M Chemicals. All chemicals were used
as received.

Synthesis of 7-(6-bromohexyl-1-oxy)-2H-chromen-2-one
(1) A mixture of 7-hydroxycoumarin (5.35 g, 33.0 mmol),
1,6-dibromohexane (8.05 g, 33.0 mmol) and potassium car-
bonate anhydrous (6.84 g, 49.5mmol) in 150 ml dried acetone
was refluxed overnight. The solvent was removed under vac-
uum. The crude product was washed with water and extracted
with dichloromethane. The organic layer was dried over an-
hydrous magnesium sulphate and excess solvent was removed
under vacuum. The crude was further purified over a silica gel
column chromatograph with 1:1 chloroform-hexane eluent to
afford 3.7 g (36 % yield) of a white solid. Rf=0.71 (1:1
hexane:ethyl acetate), m.p.: 53–55 °C. 1H NMR (400 MHz,
CDCl3): δ 7.6 (d, J=9.5 Hz, ArH, 1H) 7.3 (d, J=8.6 Hz, ArH,
1H), 6.8 (dd, J=6.4 Hz, ArH, 1H), 6.7 (d, J=2.2 Hz, ArH,
1H), 6.2 (d, J=9.3 Hz, ArH 1H), 3.9 (t, J=6.3 Hz, CH2O,
2H), 3.4 (t, J=6.8 Hz,CH2Br, 2H) 1.2–1.9 (m,CH2, 8H).

13C
NMR (400 MHz, CDCl3): 162.3, 161.2, 155.9, 143.4, 128.7,
114.9, 112.9, 112.6, 101.3, 68.4, 33.7, 32.6, 28.8, 27.9, 25.4.
FTIR (cm−1): 2943(s), 2864 (s), 1706 (s), 1613(s), 1468(s),
1131 (s). A.

Synthesis of 6-coumarinylhexylthiolate (2) A mixture of
compound 1 (3.0 g, 9 mmol) and potassium thioacetate
(1.26 g, 11 mmol) was stirred in 50 ml absolute ethanol for
24 h under nitrogen. The solvent was then removed under

Scheme 1 Coumarin-terminated monolayer accommodates the carbonyl
group closer to the solvent medium
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vacuum and the crude was dissolved in dichloromethane and
washed with distilled water. The organic layer was dried over
anhydrous magnesium sulphate. The excess solvent was re-
moved under vacuum to produce 1.4 g (83 % yield) of white
solid. Rf=0.87 (3:1 hexane:ethyl acetate), m.p.: 140–142 °C.
1H NMR (400 MHz, CDCl3): δ 7.5 (d, J=9.2 Hz, ArH, 1H)
7.3 (d, J=8.8 Hz, ArH, 1H), 6.8 (dd, J=8.4 Hz, ArH, 1H), 6.7
(d, J=1.6 Hz, ArH, 1H), 6.2 (d, J=9.6 Hz, ArH 1H), 3.9 (t,
J=6.8 Hz, CH2O, 2H), 2.8 (t, J=7.6 Hz, CH2SCOCH3, 2H),
2.3 (s, SCOCH3, 3H), 1.1–1.6 (m, CH2, 8H). FTIR (cm−1):
2937 (s), 2858 (s), 1708 (s), 1610(s), 1428 (s) 1124(s),
1016(s).

Synthesis of Bis(6-coumarinylhexyl) Disulfide (3)
Compound 2 (0.5 g, 1.5 mmol) was dissolved in 10ml solvent
mixture (4:1 methanol-water) in the presence of 0.65 g
(5 mmol) potassium carbonate, and stirred over 2 days, at
room temperature. The solvent was then removed under vac-
uum and the residue was dissolved in 70 ml dichloromethane.
The organic layer was washed with 100 ml of water a couple
of times. The organic layer was dried over anhydrous magne-
sium sulphate. The excess solvent was removed under vacu-
um to obtain 0.2 g of white solid (48 % yield). Rf=0.4 (2:1
hexane:ethyl acetate), m.p.: 120–122 °C. 1H NMR (400MHz,
CDCl3): δ 7.6 (d, J=9.5 Hz, ArH, 2H) 7.4 (d, J=8.6 Hz, ArH,
2H), 6.8 (dd, J=8.6 Hz, ArH, 2H), 6.7 (d, J=2.2 Hz, ArH,
2H), 6.2 (d, J=9.5 Hz, ArH 2H), 3.9 (t, J=6.6 Hz, CH2O,
4H), 2.6 (t, J=7.3 Hz, CH2S, 4H), 1.2–1.8 (m, CH2, 16H).
13C NMR (400 MHz, CDCl3): 162.3, 161.3, 155.9, 143.4,
128.7, 113.0, 112.5, 101.3, 68.4, 50.0, 38.9, 29.0, 28.9, 28.2,
25.7. FTIR (cm−1): 2930 (s), 2856 (s), 1699 (s), 1603(s), 1433
(s) 1125 (s). LCMS: m/z 555 [M+H+]. Anal. Calcd. for
C30H34O6S2: C, 64.96; H, 6.18; O, 17.31; S, 11.56. Found:
C, 64.19; H, 6.29; S, 11.50.

Synthesis of 11-thioacetylundecan-1-ol (4) A mixture of 1-
bromoundecanol (5 g, 0.02 mol) and potassium thioacetate
(2 g, 0.02 mol) was dissolved in 100 ml absolute ethanol
and stirred at room temperature for 48 h. The crude was col-
lected from solvent evaporation and dispersed in a buffer so-
lution of sodium hydrogen carbonate (100 ml). The product
was extracted from 100 ml diethyl ether 3 times. The organic
layer was washed with distilled water (100 ml×2) and dried
over sodium sulphate anhydrous. The excess solvent was re-
moved unde r vacuum to ob t a i n 4 .89 g o f 11 -
thioacetylundecan-1-ol (97.8 % yield). Rf=0.74 (1:1
hexane:ethyl acetate), m.p.: 105–107 °C. 1H NMR
(400 MHz, CDCl3): δ 3.6 (t, J=6 Hz, CH2OH, 2H), 2.8 (t,
J=7.6 Hz, CH2SOCH3, 2H), 2.3 (s, CH3O, 3H), 1.4–1.2 (m,
CH2, 18H). FTIR (cm−1): 3369 (br), 2920 (s), 2851 (s), 1688
(s), 1466 (s). Anal. Calcd. for C13H26O2S: C, 63.37; H, 10.64;
O, 12.99; S, 13.01. Found: C, 62.67; H, 10.71; S, 12.06.

Synthesis of Bis(11-hydroxyundecyl) Disulfide (5) 11-
thioacetylundecan-1-ol (9) (4 g, 16 mmol) was mixed with a
solution of potassium hydroxide (2 g, 37 mmol) in methanol
(30 ml). Then, 30 % hydrogen peroxide solution (4 g,
117 mmol) was added to the mixture and stirred at 50 °C for
1 h. When the mixture had cooled down to room temperature,
the compound was extracted with diethyl ether (3×10 ml) and
washed with 5 % HCl aqueous solution (2×10 ml). The or-
ganic solution was dried up over anhydrous sodium sulphate.
Evaporation of the solvent yielded 2.13 g white solid (53 %
yield). Rf=0.37 (2:1 hexane:ethyl acetate), m.p: 64–66 °C. 1H
NMR (400 MHz, CDCl3): δ 3.6 (t, J=6.6 Hz, CH2OH, 4H),
2.6 (t, J=7.4 Hz, CH2S, 4H), 1.2–1.6 (m, CH2, 36H).

13C
NMR (400 MHz, CDCl3): 63.1 (CH2OH), 39.2 (CH2S),
32.8–25.7 (CH2). FTIR (cm−1): 3367(br), 2918 (s), 2850 (s),
1470 (s). LCMS: m/z 407 [M+H+]. Anal. Calcd. for

Scheme 2 Reaction pathway for
the synthesis of bis(6-
coumarinylhexyl) disulphide (3)
from 7-hydroxylcoumarin. (i) 1,6-
dibromohexane, K2CO3, dry
acetone, r.t., overnight (ii)
KSOCH3, absolute ethanol, r.t.,
12 h (iii) K2CO3, methanol-water
mixture, r.t., 48 h

Scheme 3 Preparation of bis(11-hydroxyundecyl) disulfide (5) begin from 11-bromoundecan-1-ol as a pre-cursor. (i) KSOCH3, ethanol, under nitrogen,
r.t., 48 h and (ii) KOH, H2O2, 50 °C, 1 h
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C22H46O2S2: C, 64.97; H, 11.40; O, 7.87; S, 15.77. Found: C,
64.87; H, 12.26; S, 15.38.

Preparation of Coumarinyl-Terminated Self-Assembled
Monolayer (C-SAM) An appropria te amount of
tetradodecylammonium bromide was dissolved in 6 ml tolu-
ene to produce approximately 0.1 M of surfactant solution.
The solution was added into a vigorously-stirred silver nitrate
aqueous solution (10 ml, 0.03 M). The upper layer turned into
a cloudy light yellow solution. The mixture was then repeat-
edly shaken to reduce the size of the water droplets. The layers
were left to settle and the organic phase collected. A solution
of compound 3 (0.062 mmol, 0.0344 g) in 5 ml toluene was
injected into the organic phase, followed by sodium borohy-
dride aqueous solution (8 ml, 0.4 M). The reaction mixture
was further stirred for 24 h in ambient condition. The organic
phase was collected and concentrated to about 5 ml under
vacuum. 250 ml methanol was added to the mixture and re-
frigerated overnight for effective precipitation of silver nano-
particles. The black suspension was separated after being cen-
trifuged for 10 mins at 6000 rpm. The crude was washed with
ethanol and centrifuged again to collect 0.02 g of particle.

Preparation of Hydroxyl-Terminated Self-Assembled
Monolayer (H-SAM) A similar procedure to the above was
applied to produce H-SAM, with compound 3 replaced by
compound 5. In this preparation, a solution of compound 5
(0.12 mmol, 0.0491 g) in 12ml methanol was injected into the
organic phase followed by the reduction procedure.

Instrumentations and Sample Preparations The IR ab-
sorption spectra of all samples were recorded on Perkin Elmer
RX1 spectrophotometer with the assistance of ATR sampling
technique. The UV-Visible absorptions were carried out using
Cary 60 UV-vis spectrophotometer at room temperature in a
standard 1-cm quartz cell. The sample absorptions were deter-
mined at a concentration of 0.25 mg/ml. The average size of
the dispersed particles was determined using Malvern
Zetasizer Nano Z. The samples used for particle size were
prepared at 0.01 mg/ml in ethanol. The morphological and
elemental studies of the samples were examined using a scan-
ning electron microscope (model FEI Quanta 450FEG)
equipped with energy-dispersive Spectrometer (model Oxford
Aztec).

The fluorescence data of the samples with various disper-
sion concentrations were collected using a Cary Eclipse Fluo-
rescence spectrophotometer at room temperature, with stan-
dard 4 windows 1-cm quartz cuvette. The excitation wave-
lengths of the samples were acquired from dispersions at
0.01 mg/ml in ethanol and chloroform under Cary 60 UV-
Visible spectrophotometer. All samples for different disper-
sion concentrations were prepared in ethanol and chloroform
in a 5-ml volumetric flask from the initially-prepared stock

dispersion solution (0.25 mg/ml). A series of samples was
prepared with different pH at 0.01 mg/ml from stock solution
(0.02 mg/ml) in an equal volume of distilled water-ethanol.
The pH of the samples was adjusted by adding hydrochloric
acid (0.01 M) and sodium chloride (0.01 M) while directly
probed under a pH meter. The width for excitation and emis-
sion slits used for all fluorescence measurement was 10 nm.

Results and Discussion

Formation of Coumarin-Terminated Monolayer on Silver
Particles (C-SAM)

Products of the reduction of silver ions in the presence of
disulphide compounds using phase transfer method [24] were
analyzed under FTIR prior to the preparation of dispersion. A
signal at 1708 cm−1 was assigned for C=O stretching, while
the signal at around 1600 cm−1 indicated the presence of C=C
stretching from the aromatic group. Such a signal was not
observed in H-SAM. The signals at 2914 and 2846 cm−1 in-
dicated the presence of C-H vibration in both C-SAM andH-
SAM. It has been reported that the determination of
crystalline-ordered saturated alkyl chain on flat self-
assembled monolayer requires a higher transmittance frequen-
cy of about 2920 cm−1 due to the domination of trans--
conformation [25]. Although the adsorbate compound 3 had
bulky coumarin, the C-SAM product showed the consistency
of an acceptable crystalline order of an organic monolayer. A
significant decrement of signals at 616 and 604 cm−1 in both
C-SAM and H-SAM respectively most probably indicated
the absent of S-S stretching that initially observed in their
respective adsorbates [26]. In order to further justify the for-
mation of Ag-S, the samples were analyzed under ordinary
Raman in between 200 and 300 cm−1. The spikes at 297 and
215 cm−1 indicated the presence of Ag-S stretching in bothC-
SAM and H-SAM [27]. This was an early indication of the
chemisorption of disulphide compounds on the silver
particles.

C-SAM was further analyzed under SEM-EDS. The mi-
crograph of C-SAM particles showed the clusters of particle
with various diameters (Fig. 1). However, the size distribution
of the particles was determined by particle sizer and not by this
technique. The spherical shape of the C-SAM particles was
noticeable, indicating less interaction between the particles in
the target product. This was possibly due to the presence of
heterocyclic terminal of the coumarin in C-SAM. Although
there was no further evidence of the diameter range of both
particles obtained from this technique, silver particles of a
reasonable size for the formation of self-assembled monolayer
had been successfully produced.

The atomic percentage of carbon, oxygen, sulfur and silver
ofC-SAMwas identified from EDS. The average reading was
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obtained from at least five points of measurement. Sulfur with
4.16 %±0.44 was chosen as a reference element because each
adsorbate molecule in the monolayer should contain a single
sulfur atom anchored to a silver atom. 47.87 %±0.44 carbon
atoms were determined with 11.5 carbon to sulfur ratio. Oxy-
gen and silver were determined as 4 units (17.21%±0.72) and
7.4 units (30.96 %±1.71) respectively. The results were also
consistent with the measurement from the weight percentage.
The ratio of carbon to sulfur was 12.4 (14.13 %±1.18), oxy-
gen to sulfur 4.4 (6.74 %±0.42) and silver to sulfur 7.4
(76.09 %±0.71). The weight percentage of the sulfur was
detected as 3.03 %±0.09. All ratios of the organic part were
determined from atomic and weight percentages and very
close to the calculated ratio (C15O3S). The results also re-
vealed that the particle consisted of 7-fold higher atomic silver
than did the adsorbate molecule. These results suggested that
the adsorbates were successfully chemisorbed onto the silver
particles with a reasonable size of the particles in order to form
a protective organic layer with coumarin terminal.

The following analyses were carried out for the particles in
dispersion form under a particle sizer and UV-visible spectro-
photometer. The average sizes of C-SAM and H-SAM were
determined at 138.4 nm and 131.7 nm respectively. Both sus-
pensions showed a moderate polydispersity index of 0.393 for
C-SAM. These results showed good agreement with the mi-
crograph SEM image and the broadened absorption UV-
visible spectra of the dispersion. The absorption observed
for C-SAM was 508 nm, higher than the 462 nm wavelength
recorded for H-SAM (Fig. 2). There were reports on a quali-
tative relation between the size of particles and the width of
absorbance peak, where narrower absorption peak denoted
smaller diameter silver particles [28, 29]. It had also been
reported earlier that the dispersion of monolayer on silver
particles exhibited an absorption band in the range of 400
and 500 nm, while unprotected silver nanoparticles were

known to exhibit a maximum absorption band of about
390 nm [30]. The shift in the maximum wavelengths was
due to the surface plasmon band of the particles resulting from
the bond formation of the Ag clusters and the ligands. It was
found that the shifting of the maximum wavelength was com-
parable for C-SAM and H-SAM, apparently because of the
presence of heterocyclic coumarin within the monolayer on
the silver surface. No further analysis was carried out to ob-
serve the particular shifting associated with the coumarin
terminal.

These results showed good agreement with the broad ab-
sorption UV-visible spectra. The growth of the silver particles
was successfully controlled and stabilized by the improvised
size of the particles. Tetraoctylammonium bromide involved

Fig. 2 UV-visible spectra showed absorption of silver nanoparticles with
the monolayer of compound 3 (C-SAM) (top) and silver nanoparticles
with the monolayer of compound 5 (H-SAM) (bottom)

Fig. 1 SEM images of silver particles produced in the presence of
compound 3

Fig. 3 The fluorescence emission spectra of C-SAM at different
suspension concentrations
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in the preparation of monolayer protected silver nanoparticles
would control the growth rate, shape and size of particles [31].
The role of tetradodecylammonium bromide in the phase
transfer process was pronounced but the mechanistic aspect
to produce smaller water droplets and preventing them from
fusing with each other could be improved, especially with
regard to the preparation and condition. It clearly indicated
that the addition of disulfide compounds during the prepara-
tion would further sustain the size of silver particles by
forming an excellent protective organic layer.

Fluorescence Emission of C-SAM

The fluorescence behavior of C-SAM was investigated in
dispersion form. The fluorescence emission of C-SAM was
observed at 386 nm when excited at 320 nm (Fig. 3). The
Stokes shift for C-SAM was calculated as 66 nm. It had been
previously reported that the maximum emission wavelength
of coumarin red shifted by 10 nm, due to the dimerization
process after irradiation at 300 nm [9], thus eliminating any
possibility of photodimerization of the coumarin. This

suggested that the unaffected emission wavelength with lower
intensity was caused by the arrangement of coumarin terminal
as a result of monolayer formation. The maximum emission
wavelength also retained upon the dilution, implying that the
emission was directly related to the amount of particles with-
out affecting the conformation and interaction between the
coumarin moieties.

Since there was also no irradiation to promote dimerization
in this experiment, lower fluorescence intensity emitted from
C-SAM was probably the translation of coumarin congrega-
tion in themonolayer. There have been reports thatH-type dyes
arrangement would quench the fluorescence emission such as
for porphyrin derivatives [32] and perylenetetracarboxylic am-
phiphiles [33]. The coumarin groups ofC-SAMwould behave
in a similar way by π−π stacking interaction. Despite the for-
mation of moderately-packed self-assembled monolayer, a
closer distance amongst the coumarin groups could allow them
to reach one another and favor an H-type arrangement.

Solvents Effect on the Absorption of C-SAM

The absorption spectra of C-SAM in two different solvents
were recorded and displayed as shown in Fig. 4. Only ethanol

Fig. 5 Series of fluorescence of C-SAM were measured at different concentrations in ethanol (left) and in chloroform (right)

Fig. 6 Fluorescence of C-SAM was unaffected by the dispersion
concentrations especially in chloroform

Fig. 4 Absorption spectra of C-SAM in different solvents
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and chloroform were used for the analysis due to the poor
solubility of C-SAM in other less polar solvents. Absorption
of the dispersion in chloroform was found to be much higher
than it was in ethanol. Although both solvents could be good
dispersion media for the particles, ethanol molecules could
have better interaction with the carbonyl group. Two signals
were observed from the spectra of C-SAM at about 284 and
320 nm, reflecting the aromatic and lactone groups respective-
ly. The latter was chosen as an excitation wavelength in the
fluorescence investigation because it promoted higher emis-
sion intensity.

Fluorescence of the samples was excited at 320 and 324 nm
in ethanol and chloroform respectively. It was found that both
the maximum fluorescence wavelengths in the two solvents
were shown as a single band in the range of 380–390 nm
(Fig. 5). The observed fluorescence emission trend of C-
SAM in ethanol was similar to the fluorescence of C-SAM
in ethanol but the fluorescence intensity of the sample at
0.01 mg/ml in chloroform was 3-fold higher than in ethanol
in similar concentrations.

The intensity of the maximum emission from C-SAM in
different solvents was plotted upon the dispersion concentra-
tion (Fig. 6). It has been well accepted that emission of solute
from organic fluorescent usually quenched at a higher

concentration. In this case, the intensity of samples in both
solvents was almost directly proportionate to the concentra-
tion of the dispersion, even at higher concentrations. These
probably indicated that the emission of coumarin in monolay-
er was not affected by the aggregation and collision behaviour
of the particles.

The emissions intensities of C-SAM in the two solvents
however, did not match. All emission intensities of the sam-
ples in ethanol were lower than those in chloroform. This was
probably due to the quenching effect of a polar and a protic
solvent, causing the formation of hydrogen bonding between
the coumarin in monolayer and in ethanol. A protic polar
solvent could form a strong hydrogen bond with lone electron
pairs in solute [34]. This phenomenon favored the low-lying
n→π* transitions, which referred to the excitation of a non-
bonding electron as an anti-bonding orbital. Thus, it propelled
the excited state of the fluorophore into a higher energy level.

pH Effect on the Fluorescence of C-SAM

The results from UV-visible absorption and fluorescence
emission of the C-SAM in organic solvents have directed
our verdict on the role of interaction between the carbonyl
group and the environment especially in hydrogen bonding.
These triggered our curiosity to investigate dispersion in acid
and base conditions. The fluorescence emissions of C-SAM
in different pH were recorded and the emission intensity
against pH was plotted as shown in Fig. 7. The intensity of
the emission of C-SAM dispersion at pH neutral showed at
about 250 a.u., close to the intensity from C-SAM in ethanol.
This suggested that the mixed aqueous-alcohol medium at
neutral would have a similar effect on ethanol environment.

The emission intensity of the C-SAM was lower in acidic
than in basic, indicating a strong correlation to the amount of
proton (H+) in the solution. The proton species more easily
interacted with the carbonyl group to form hydrogen bonding
provided the lactone was elevated on the monolayer surface
towards the aqueous medium. Therefore, the protonation of

Fig. 7 Emission intensity of C-SAM increased from acidic to basic
condition

Fig. 8 Coumarin-terminated
monolayer on silver particles may
represent a well-arranged and
localized heterocyclic group that
restricted the carbonyl to interact
with the solvent environment
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non-bonded electrons from the carbonyl could be considered
for the fluorescence quenching in acidic condition. A similar
reason could be given for the C-SAM in basic condition
where the interaction between the carbonyl and the positive
species reduced gradually from the surface of the monolayer.

The results have indicated that a heterocyclic terminated
monolayer with lactone moiety like coumarin could be self-
assembled and well-organized on metallic particles (Fig. 8).
The localized arrangement divided the monolayer into a sim-
ple region: the internal monolayer and the outer layer. The
latter would be the region that primarily bore with the envi-
ronment. The finding has shown the potential of carbonyl to
interact strongly with the solvent environment. These situa-
tions should be taken into consideration when developing a
sensitive device or sensor-based self-assembled monolayer
especially involving analytes in a protic solvent or an aqueous
media.

Conclusion

The formation of monolayers with heterocyclic and aromatic
terminal on a metal surface has been demonstrated by using
coumarin on silver particles. The arrangement of coumarin as
a fluorescent terminal within the monolayer exerted the car-
bonyl group to the outer region that exposed them to the sol-
vent environment. Hydrogen bonds between the exposed car-
bonyl and a protic solvent or proton in an aqueous would
reduce fluorescence emission while the maximum emission
wavelength was preserved. The elimination of the interaction
from the surface of a monolayer, such as the dispersion in
chloroform, would be an alternative to improve fluorescence
properties in the selection of suitable polymers for composite
formulation, in designing a fluorescence-based sensor and for
developing fluorescent-doped pigments.
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