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Luminescent water-soluble CdTe quantum dots (QDs) capped with different thiol carboxylic acids were
synthesized in aqueous medium and then cross linked to bovine serum albumin (BSA) with 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC). Enhancement of fluorescence emission
intensity occurred for QDs in the presence of bovine serum albumin (BSA, mixed or linked) signifying
inhibition of non-radiative recombination of the surface vacancies. Fluorescence studies reveal a positive
deviation behaviour suggesting the occurrence of static and dynamic mechanisms of quenching together
which was accounted for by the modified Stern-Volmer equation.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Quantum dots (QDs) have gained a lot of attention in the past
decade. The quantum confinement of their electronic states makes
them quite attractive, showing some unique optical properties such
as high quantum yield, symmetrical emission spectra, broad-band
excitation, photostability, and readily tunable spectra [1-4] com-
pared to conventional dyes.

QDs and their molecular conjugates are becoming increasingly
important for a wide range of applications in biotechnology, and
medicine [5-12]. Silica and metal nanoparticles [13-15] have been
applied for detection of proteins and for clinical diagnosis but the
use of QDs in imaging and as phototherapeutic agents is becoming
common.

Bovine serum albumin (BSA) is the most studied protein having
a high percentage of the total plasma protein. Serum albumins play
an important role in the transport of many exogenous and endoge-
nous ligands, binding covalently or reversibly to these ligands and
increasing the tumor selectivity of the ligands by enhanced perme-
ation and retention effect [16-19]. Therefore, binding of ligands to
serum albumin is an important determinant of their distribution
and fate in the body [20]. BSA has been widely used in this regard
[21,22] due to its unusual binding properties [23].
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The interaction of cadmium sulphide (CdS) quantum dots with
BSA has been studied in reverse micelles [24] due to the insolubil-
ity of CdS QDs in aqueous medium. However, for cell applications,
water solubility is necessary, so, it is desirable to study the inter-
action of BSA with water-soluble CdTe QDs capped with carboxylic
thiols. Studying the interaction of CdTe quantum dots with BSA in
aqueous medium, will give a representative model of the effect of
CdTe QDs on cells in in vivo studies. Chemically reduced BSA has
been employed to modify the surface of QDs [25,26]. Such dena-
tured BSA conjugates to the surface of the CdTe QDs, improving
their chemical stability and photolumiscence [26]. The improve-
ment in the latter could lead to an increase in applications of the
QDs such as in fluorescence imaging and other biological applica-
tions such as pathogen and toxin detection [27]. The current work
aims at studying the effect of BSA on QDs without prior chemical
reduction of the former.

Also, having a crosslinker between BSA and CdTe QDs will give
an understanding of the capabilities of biomolecules-QDs cou-
pling techniques. Bifunctional reagents like glutaraldehyde has
been widely used in crosslinking of biomaterials, however, a
negative effect on their biocompatibility can hardly be avoided
[28]. Ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochlo-
ride (EDC) [27,29,30] has been found to be comparable to
glutaraldehyde as a crosslinker, hence, our choice of EDC as a cou-
pling agent for the coordination of CdTe QDs (through carboxylic
acid groups) to the amino group of BSA.

In this work, we report on the spectroscopic investigation
of the interaction of water-soluble CdTe quantum dots with
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BSA. The effect of QDs on the BSA fluorescence quenching was
investigated.

2. Experimental
2.1. Materials

CdCl,-H,0, tellurium powder (200 mesh), thioglycolic acid,
3-mercaptopropionic acid, L-cysteine, bovine serum albumin,
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDC) and Rhodamine 6G were obtained from Sigma-Aldrich.
NaBH4 NaOH and H;SO4 were obtained from SAARCHEM. Ultra
pure water was obtained from a Milli-Q Water System (Millipore
Corp., Bedford, MA, USA). Phosphate buffer saline (PBS) solution
(0.01 M, pH 7.4) was employed.

2.2. Synthesis of quantum dots

The preparation of thiol capped QD was via a modified method
adopted from literature [31,32]. Briefly, 2.35 mmol of CdCl,-H,0
was dissolved in 125 ml of water and 5.7 mmol of the respective
carboxylic thiol (thioglycolic acid (TGA), 3-mercaptopropionic acid
(MPA) or L-cysteine (CYS)) was added under stirring. The solution
was adjusted to pH 12 with 1M NaOH. Nitrogen gas was bub-
bled through the solution for about 1 h. The aqueous solution was
reacted with H,Te gas. H,Te gas being generated by the reaction of
NaBH4 with Te powder in the presence of 0.5 M H,SO4 under a flow
of nitrogen gas. A change of colour of the solution containing CdCl,
and the thiol was observed on addition of H,Te gas. The solution
was then refluxed under air at 100 °C for different times to control
the size of the CdTe QDs. On cooling, the QDs were precipitated out
from solution using excess ethanol; the solutions were then cen-
trifuged to harvest the QDs. The structures of the thiols (thioglycolic
acid (TGA), 3-mercaptopropionic acid (MPA) and L-cysteine (CYS))
used to cap QDs are shown in Fig. 1 (Inset). The synthesized QDs
are: (i) MPA capped CdTe with emission peak at 550 nm (QD (MPA)),
(ii) TGA capped CdTe with emission peak at 587 nm (QD (TGA)) and
(iii) CYS capped CdTe with emission peak at 567 nm (QD (CYS)).

2.3. Conjugation of CdTe QDs to BSA

Carboxylic thiol capped CdTe QDs were linked to BSA using EDC
as a crosslinker in aqueous medium (PBS pH 7.4). Briefly, 3 x 107 M
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Fig. 1. Absorption and Emission spectra of CdTe quantum dots capped with different
thiol carboxylic acids. QD (CYS): L-cysteine; QD (MPA): 3-mercaptopropionic acid
and QD (TGA): thioglycolic acid capped CdTe QDs. Inset shows molecular structures
of carboxylic thiol-ligands used in capping CdTe quantum dots.

CdTe QDs and 1.04 x 10~> M EDC were reacted together for 5 min at
room temperature to allow for activation of the carboxylic end of
the QDs, then; 3 x 10-¢ M BSA was added into the reaction mixture
and incubated for 2 h. Under the same conditions, a mixture of the
CdTe QDs solution and BSA without EDC was made as a control
experiment.

2.4. Equipment

Fluorescence excitation and emission spectra were recorded
on a Varian Eclipse spectrofluoremeter. UV-visible spectra were
recorded on a Varian 500UV-Vis/NIR spectrophotometer. X-ray
powder diffraction patterns were recorded on a Phillips PW1050
goniometer equipped with a proportional counter, using Cu Ko
radiation (X =1.5405A, nickel filter). Data were collected in the
range from 26=5° to 60°, scanning at 1min~! with a filter time-
constant of 1s. Samples were placed on a glass slide, on a thin
layer of petroleum grease where necessary, and a paper spacer
was placed between the slide and the goniometer head to compen-
sate for the thickness of the grease layer. The X-ray diffraction data
were treated using the freely-available Fityk curve fitting software.
Baseline correction was performed on each diffraction pattern by
subtracting a spline fitted to the curved background, the control
points having been selected manually by inspection. Pearson7-type
curves were fitted to the raw data, having been found to provide
the best fit, and the full-width at half-maximum values used in
this study were obtained from the fitted curves. IR spectra were
recorded on a Perkin-Elmer spectrum 2000 FTIR spectrometer.

2.5. Fluorescence studies
Fluorescence quantum yields (@f) were determined by compar-
ative method [33] using Eq. (1),

FARTl2
FRATIIZe

(1)

Pr = Pry)

where F is the area under the fluorescence curves, A is the opti-
cal density at the excitation wavelength, and n is the refractive
index of the solvent used. R refers to the reference fluorophore
with known quantum yield. Rhodamine 6G with @r=0.94 [34,35]
in ethanol was employed as the standard. @ was determined for
both QDs and BSA in aqueous medium (pH 7.4 buffer). At least three
independent experiments were performed for the quantum yield
determinations. Both the sample and the reference were excited at
the same relevant wavelength.

The determined fluorescence quantum yield values of QDs and
BSA were employed in determining the fluorescence quantum
yields of BSA and QD in each mixture (®MiX = and @Mix yand in

. : F(BSA) F(QD)
the linked form (qﬁlE‘(%‘;fS and qﬁ%‘(‘a‘sﬁ) using a modified form of Eq.

(1) as shown by Eq. (2a) and (2b).

: F
M QD—BSA
¢F(3D) = Pp(qp) 4FQD (2a)

where ®gqp is the fluorescence quantum yield of the QDs alone,
and was used as standard, Fgp-_psa is the fluorescence intensity of
the QD in the mixture and Fqp is the fluorescence intensity of the
QD alone. Excitations were done at 450 nm.

. F

M BSA—QD
Pripsa) = Pr(sa) Faca (2b)
where ®gpsp) is the fluorescence quantum yield of the BSA alone,
and was used as standard, Fgsa_qp is the fluorescence intensity of
the BSA in the mixture and Fggj is the fluorescence intensity of the
BSA alone. Excitations were done at 280 nm.
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Table 1

Spectral properties of thiol capped CdTe quantum dots (pH 7.4 PBS buffer)

Capping thiol? Size (nm) Absorption maxima (nm) Emission (max) (nm) Band gap (eV) FWHMP (nm)
MPA 23 500 550 2.25 49

CYS 3.0 530 567 217 54

TGA 32 550 587 2.11 59

2 CYS: L-cysteine; MPA: 3-mercaptopropionic acid and TGA: thioglycolic acid.
b FWHM: full-width at half maximum (FWHM).

Linked Linked : ;
The @F(BSA) and @F(QD) were determined in the same manner

except the mixed forms, (<D}’('g‘s A and <1>FM(iQXD)) were replaced by the

linked forms (@E(réléid) and @%i(‘(‘lkgf) in Eq. (2).

2.6. Interaction of BSA with QD

The interaction of the BSA with QDs was studied by spectroflu-
orometry at room temperature. An aqueous solution of BSA (fixed
concentration 3.0 x 106 M) was titrated with increasing concen-
trations (0 to 9.7 x 107 M) of the respective QD solution. BSA
was excited at 280 nm and fluorescence spectra recorded between
290 nm and 500 nm. The steady decrease in the intrinsic fluores-
cence of tryptophan residues in BSA was noted and related to QDs
concentration by the Stern-Volmer's plot [36] (Eq. (3)):

0 _ 14 ksviQp) 3)

where Fg and F are the fluorescence intensities of BSA in the absence
and presence of the QDs, respectively. QD is the concentration of
the respective QDs and Ky is the Stern—Volmer constant. The ratios
Fo[F were calculated and plotted against QD according to Eq. (3).

3. Results and discussion
3.1. Spectral characterization of CdTe quantum dots

Typical normalized absorption and photoluminescence spectra
of the synthesized quantum dots stabilized with different car-
boxylic thiol derivatives are shown in Fig. 1. The synthesized QDs
are represented after the capping thiols as QD (CYS), QD (MPA), and
QD (TGA). The absorption spectra of the QDs show typical broad
peaks in the visible region with tails extending to about 700 nm
similar to those previously reported for thiol stabilized CdTe QDs
[9,31]. The absorption spectra of the synthesized QDs indicate that
the CdTe QDs have a wide range of absorption with their absorp-
tion peak maxima ranging from 500 nm to 550 nm as shown in Fig. 1
(and Table 1). The absorbance maxima are well resolved, inferring
narrow size distribution of the synthesized QDs.

The emission spectra of the QDs, overlaid with the absorption
spectrain Fig. 1, were measured from prepared QDs solution diluted
with water to absorbance of ~0.05 (at the excitation wavelength,
450 nm) appropriate for emission studies. The emission spectra are
characterized by good symmetry, and are sufficiently narrow with
full width at half maximum (FWHM) ranging from 49 nm to 59 nm
as shown in Table 1 for the different QDs. The QDs are photolumi-
nescent in the visible region with maxima ranging from 550 nm to
587 nm, Table 1. The size of the quantum dots increase with increase
in reaction time resulting in shift in emission spectra to the red.
Stokes shift ranged from 37 nm to 50 nm for the QDs in Table 1.
Their band gap energies further proves the quantum confinement
effect in QDs.

X-ray powder diffraction (XRPD) can provide information both
about the crystal-structure and nanocrystalline properties of the
QDs. Fig. 2 shows the X-ray diffraction patterns of the synthesized
CdTe QD nanoparticles. The diffraction peaks are broad and weak,

but the main peaks centred at approximately 26 =25°, 40° and 47°
correspond well to the three most intense peaks for bulk CdTe (ZnS-
type structure, 26 =23.8°, 39.3°, and 46.5°) as they appear on the
simulated pattern obtained from crystal structure data using PLA-
TON [37]. Following literature methods [38], the particle-diameter
d, was estimated using the Scherrer Eq. (4):

0 kA
d(a) = BCosH

where k is an empirical constant equal to 0.9, A is the wavelength
of the X-ray source, (1.5405 A), B is the full width at half maxi-
mum of the diffraction peak, and 6 is the angular position of the
peak. The particle-sizes determined by XRPD, using the peak at
25°, were 2.2nm, 2.7 nm and 2.2 nm, for QDs capped with MPA,
CYS and TGA, respectively. The values for the MPA- and CYS-capped
QDs are in reasonable agreement with the particle-sizes obtained
by polynomial fitting function, Eq (5) [39].

D = (9.8127 x 10~7)A3 — (1.7147 x 10~3)A2 + (1.0064)A
—(194.84) (5)

(4)

Using this polynomial fitting, the particle sizes were 2.3 nm
(MPA), 3.0nm (CYS) and 3.2nm (TGA). Thus the value of the
TGA-capped thiol is much smaller when determined by the XPRD
method compared to estimation by the polynomial fitting.

3.2. Conjugation of CdTe QDs to BSA

The thiol groups located on the surface of CdTe QDs were linked
to BSA by coordination of the carboxylic group of the thiol with
the amine group on BSA. EDC was used to activate the carboxylic
acid group of the thiol capping the QDs to facilitate linking with the
amine group of BSA, Scheme 1. The intensity of QDs emission peaks
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[
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o
QD (CYS)
I T T T
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Fig. 2. X-ray diffractograms of the different thiol carboxylic acid stabilized CdTe
quantum dots samples.
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Scheme 1. BSA and QD linking process. QD: Quantum dots, BSA: Bovine serum albumin.

(excitation 280 nm) during the EDC activated coupling of CdTe QDs
to BSA was monitored at fixed time intervals of 10 minutes each.
The intensity of emission peaks of the QDs increased with time with
all the QDs and then slowed or decreased slightly after 120 min
Fig. 3. Thus all the data reported in this work was for QDs-BSA
conjugates with a reaction time of 120 min. This time is a compro-
mise between optimum formation of the conjugate and length of
synthesis.

The increase in emission intensity of QDs observed in Fig. 3 may
be due to the fact that the interaction of QDs with BSA passivates
the surface of QDs and inhibits the radiationless recombination
at the surface vacancies as it has been discussed before [40] and
this kind of interaction is very useful in enhancing fluorescence
intensity.

To establish our assumption of the formation of a link (amide
bond), between the QDs and BSA, IR spectroscopy was carried
out. In the linked QD-BSA form, there was an indication of an
amide bond with the band at 3400 cm~! (vyy (CONH)), while the
mixed form showed a broad-band around 3300 cm~'. Characteris-
tic amide band was also observed at 1654 cm~! in the linked, but
this was not observed in the mixed where there is no amide bond.

3.3. Emission spectra of the interaction between CdTe QDs and
BSA

Fig. 4 compares the absorption spectra of the BSA-QDs conju-
gates (linked or mixed) with that of QDs or BSA alone. There was a
small decrease in the intensity of the QDs absorption on linking to
BSA which was not observed in the mixture. In the emission spectra,
a shift occurred in the wavelength of the QDs both in the mixture
of CdTe QDs with BSA (Fig. 5, curves (iii) and CdTe QDs linked to
BSA (Fig. 5, curves (iv) with excitation at 280 or 450 nm. Excita-
tion at 280 nm, excites both BSA and QDs, however, this does not
affect BSA emission since QDs emission is observed at much longer
wavelengths. Fig. 5 shows that the shift in emission of QDs in the
presence of BSA was to shorter wavelength while for the linked,
there was a shift to longer wavelength. The blue shiftin the emission
maximum of QDs has been documented before in the interaction

800 -
Maximum intensity
a
600 -
=y b
W
g
= 400 1
= c
200 4
0 T T 1
0 100 200 300

Time of reaction (minutes)

Fig. 3. Effect of time on conjugate formation: (a) QD (TGA); (b) QD (MPA); (c) QD
(CYS). Excitation wavelength =280 nm.

of QDs with silica coatings on its surface [41] and was explained to
be due to the corrosion of the QDs during deposition on its surface.
The blue shift in spectra was also reported when denatured BSA
was used to modify the surface of CdTe QDs [26] and was explained
in terms of possible shell of CdTe-BSA which leads to decrease in
the CdTe inner core. The blue shift was also observed on excitation
at 450 nm, Fig. 5a (inset). On the other hand, the red shift observed
for the linked may be a result of amide bond formation as against
corrosion (removal of QDs surface ligands) in the mixture of QDs
and BSA. An increase in the emission intensity of QDs in a mixture
(or linked) compared to equimolar concentration of QDs alone was
observed in Fig. 5 on excitation at 280 nm (where both BSA and QDs
absorb). However, this increase was also observed on excitation of
the mixture (or linked complex) at the QDs wavelength only, i.e.
at 450 nm excitation, Fig. 5a (inset), suggesting that the increase
is not due to energy transfer from BSA to QDs. The enhancement
in the photoluminescence of QDs in the presence of BSA has also
been reported before [42] and used in the quantification of BSA.
The concentration of BSA-QDs conjugate was kept the same as that
of BSA alone or BSA in a mixture. The increase in intensity of the
QDs emission in the presence of BSA could be due to passivation of
the surface of QDs by BSA which increases fluorescence intensity
as discussed above.

There was a complete collapse of the emission intensity of BSA
in the presence of QDs on exciting at 280 nm (hence exciting both
BSA and QDs), for QD (MPA) and QD (TGA) and a large reduction
in intensity for QD (CYS), Fig. 5. The decrease (or complete disap-
pearance) in BSA emission in the presence of QDs could be due to
radiationless quenching of BSA fluorescence by QDs.

3.4. Fluorescence quenching of BSA by QDs

An efficient overlap between the absorption spectrum of the
QDs with the emission spectra of BSA, (Fig. 6), was observed.
This would normally be associated with a good energy transfer
between the donor (BSA)and the acceptor (QDs). However, as stated
above, there was no evidence that the increase in intensity of the
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Fig. 4. UV-Vis absorption spectra of (a) BSA alone, (b) QD (MPA) alone, (¢) QD
(MPA) and BSA mixed and (d) QD (MPA) and BSA (linked). ([QD (MPA)]=3 x 10-7 M;
[BSA] =3 x 10-6 M). Inset shows absorbance spectra in the 500 nm region enlarged.
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Fig. 5. Fluorescence spectra of (i) BSA, (ii) CdTe QD, (iii) BSA+CdTe QD
and (iv) BSA+CdTe QD+EDC. Excitation wavelength =280nm. [QD]=3 x 10-" M
[BSA]=3 x 10-6 M kept constant for all experiments. (a) QD (MPA), (b) QD (TGA)
and (c) QD (CYS). Inset in (a) shows (ii), (iii), and (iv) QD (MPA) at excitation of
450 nm.

emission of QDs in the presence of BSA is due to energy trans-
fer.

Fluorescence quantum yield (&) values for the CdTe QDs alone
were calculated using Eq. (1) and listed in Table 2. The QDs have
relatively high quantum yields compared to conventional dyes with
QD (MPA) having the lowest @f of 0.19. There is some correlation
between the @ and the sizes of the QDs in Table 2, since the QDs
with the highest @r are also one of the large ones. The differences in
@r values for the QDs may be ascribed to the structural differences
in the different cappings used.

Fluorescence quantum yields of the QDs and BSA (452’('3‘])) and

(DFM(E‘SA)) in the mixture and the linked form (@E(‘g‘g)d and ¢E(fl‘3‘§‘j\d))

were determined using (Eq. (2a) and (2b)). Excitation at 280 nm,
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Fig. 6. Spectral overlap of (a) BSA fluorescence emission with (b) QD (MPA) absorp-
tion.

Table 2
Fluorescence quantum yields of QDs? and BSA in the mixed and linked forms, pH
7.4 PBS buffer

Capping® thiol “Prap) <PFM(3‘D) 47%‘('3‘5)‘1 q)FM(g‘S A) q)‘Lr‘(‘l‘;‘g‘j\d)
MPA 0.19 0.20 0.22 0.009 0.0015
CYS 0.41 0.58 0.64 0.032 0.0064
TGA 0.30 0.69 0.82 0.007 0.0012

2 @rqp): Fluorescence quantum yield of QDs alone; q@gm: fluorescence quantum
yield of QD in the mixture with BSA, Aexc =450 nm; CD‘LE‘('S‘S)“: fluorescence quantum
yield of QD when linked with BSA, Aexc =450 nm; (DFM(‘;‘SA): fluorescence quantum
yield of BSA in the mixture with QD (Aexc =280 nm); @;‘(ré‘gid): fluorescence quantum
yield of BSA when linked with QD (Aexc =280 nm).

b CYS: L-cysteine; MPA: 3-mercaptopropionic acid and TGA: thioglycolic acid.

¢ Pppsa)=0.118 [44].

excites both BSA and QDs, however, BSA and QDs emit at different
wavelengths. Hence the fluorescence quantum yields determined
in the mixture and linked for BSA are not affected by QDs emission.

Table 2 shows there is a decrease in @I’E’(IE‘SA) and dﬁg(‘é‘g;d) for all the

conjugates compared to @pgsa) of BSA alone, indicating the inter-
action occurring between the QDs and BSA results in quenching
of the fluorescence of the latter. There was an increase in @FM(SD)

and <DE(T(‘1'§)" (Table 2) compared to ®pqp) of the respective QDs. The

error in @ values shown in Table 2 is +10%.
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Fig. 7. Change in fluorescence intensity of BSA with QD (MPA). [QD
(MPA)]=0-9.7 x 10-7, [BSA]=3 x 106 M. Inset shows positive deviation from
expected Stern-Volmer's plot for BSA quenching by increasing [QD].
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Table 3

Quenching parameters for BSA-QD interactions in pH 7.4 PBS buffer

Capping thiol? Ksv (10-6M~1) Ka (10-°M~1) Ks (10-M-1)
MPA 1.20 7.22 2.11

CYS 1.79 12.2 3.55

TGA 2.84 27.7 8.41

2 CYS: L-cysteine; MPA: 3-mercaptopropionic acid and TGA: thioglycolic acid.

Fig. 7 shows the fluorescence emission spectra of BSA
(30x10°°M) in the presence of varying concentrations
(0-9.7 x 10~7 M) of the QD (MPA). BSA’s fluorescence was found to
decrease progressively with increasing concentration of QDs. This
was also observed for all the other QDs. A positive deviation (with
a concave towards the y axis) Fig. 7 inset from the Stern-Volmer’s
relationship was observed from the plot of Fy/F against [QD] for
the quenching of BSA’s fluorescence with QD, within investigated
range of concentrations, suggesting that static and dynamic
quenching may be occurring together. In order to accommodate
both types of quenching, a modified Stern-Volmer’s equation,
Eq. (6) [34,43], which has been derived before is introduced. The
deviation allows for an additional term to be introduced into the
Stern-Volmer’s equation.

Fo

F = (1+Ksv[QDI)(T + Ka[QD]) (6)

The first term is the original Stern-Volmer’'s equation, Eq.
(3), which accounts for the dynamic quenching, the second term
accounts for the upward curvature (static quenching). The quench-
ing constant for the second term (K,) is termed association
constant. To solve for K, apparent values of Ksy (Kapp) were cal-
culated at each quencher (QD) concentration using Eq. (3), plotted
against [QD] and extrapolated to [QD] =0 to obtain Ksy. Plotting
Fo/F(1+Ksy[QD]) against [QD] (figure not shown), gave K,, accord-
ing to Eq. (6).

Ksy and K, values were quite high as listed in Table 3 with QD
(TGA) having the highest values; this may explain why the rate of
quenching is quite high in these samples. Ksy and K; decreased in
the order QD (TGA)>QD (CYS)>QD (MPA). MPA QDs are smaller
in size hence resulting in lower values of the constants. The lack
of shift in the absorption spectra of the QDs in the presence of BSA
(Fig. 4) suggests that there is no significant association between the
QDs and BSA in the ground state, and that the static component of
the interaction of BSA with the QDs is from close proximity of the
QD and BSA at the moment of excitation. This type of apparent static
quenching constant (Ks) value is usually determined by plotting In
(Fo/F(1+Ksy [QD]) against [QD] which is a modified Stern-Volmer’s
plot [34,43]. Ks values from the plot are listed in Table 3 and
they represent the apparent quenching constant due to interac-
tion of the fluorophore (BSA) and quencher (QD) at the excited
state.

4. Conclusions

Luminescent CdTe (QDs) were synthesized in aqueous medium
and conveniently cross linked to BSA. Emission enhancement was
observed in the QDs when in the mixture with BSA or when linked
due to radiationless recombination at the surface vacancies. A pos-
itive deviation from linearity of the Stern-Volmer plots in the

quenching studies was attributed to dynamic and static mecha-
nisms of quenching occurring together.
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