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This study presents a quadruple core/shell nanostructure of Ag@SiO2@Eu3+(tta)3Phen@Protein with both excellent fluorescent property
and blood compatibility. Surface-plasma resonance (SPR) was utilised to enhance the fluorescence of europium (Eu3+) complexes. In this
situation, the fluorescence of Eu3+(tta)3Phen in the triple Ag@SiO2@Eu3+(tta)3Phen nanostructure is greatly enhanced. To increase the
biocompatibility in blood, lysozyme was used to modify the surface of the above triple nanostructure to get the quadruple nanostructure
of Ag@SiO2@Eu3+(tta)3Phen@lysozyme. Then, through the clinical anti-coagulation tests in human blood, the blood compatibility of
Ag@SiO2@Eu3+(tta)3Phen@lysozyme is largely improved comparing with the triple nanostructure of Ag@SiO2@Eu3+(tta)3Phen, and the
values of PT-S, APTT-S, TT-S, and AT-III of quadruple nanostructure blood sample with the modification of protein have the high
correlation coefficients, 0.993–0.994, which means that the quadruple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysozyme is close to
the anti-coagulation property of physiological saline state (0.9% NaCl aqueous solution). Thus, this work provides two key properties of
the quadruple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysozyme: the excellent fluorescence and the outstanding blood compatibility.
This nanomaterial can be applied to bio-imaging and bio-sensing in blood.
1. Introduction: Europium(III) (Eu3+) included materials have
sharp emission and long lifetime because of its forbidden f–f trans-
itions [1, 2]. However, the weak interaction with its environment
is a disadvantage. Therefore, ‘photon antenna’ is required to
capture incoming photons to broaden its light absorption range
and enhance its luminescent intensity [3, 4]. The compound to
enhance the photo-acceptor is named ‘antenna’ [5]. A series of
ligands with rare earth ions can be applied in the field of clinical
medicine antibacterial and biological fluorescence labelling [6–8]
As effective one, the β-diketonates have been intensively studied
to apply for Eu3+ luminescent materials because of their coordin-
ation characteristic of the di-dentate structure of carboxyl group
[9, 10]. 2-Thenoyltri-fluoroacetone (TTA) belongs to β-diketonate
compounds, which can coordinate with Eu3+ and obtain red electro-
luminescent (emission peak about 610 nm) because their excited
triplet energy level can match the f-electron energy level of Eu3+

at excited state well [11, 12]. The use of 1,10-phenanthroline mono-
hydrate (Phen) can stabilise the complex structure and reduce the
non-radiative de-excitation [13, 14]. Therefore, Eu3+(tta)3Phen
complex is an effective red light luminescent material. However,
the incident light of light source may bleach the fluorescent emis-
sion in the application, and thus the further fluorescent enhance-
ment is needed normally. Substantial research efforts have shown
that the metallic nanoparticles can enhance the fluorescence inten-
sities of Eu3+ [15], through which the radiative decay rates can be
extended and fluorescence quantum yields of lanthanide complexes
can be greatly enhanced by the surface plasmon resonance(SPR)
effect of metallic nanoparticles. Unfortunately, researchers reported
that naked metallic nanoparticles have a negative influence to it
[16, 17]. In some studies, it revealed that encapsulating the metallic
nanoparticles with a dielectric material (SiO2) is a useful way
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to prohibit this electron transfer [14]. The thickness of 10–25 nm
can achieve the most suitable fluorescence enhancement effect
[18, 19]. Based on the core/shell structure of Ag@SiO2,
Eu3+(tta)3Phen complex can further modify at the SiO2 surface as
the second shell, in which the fluorescence of Eu3+(tta)3Phen
complex can be enhanced by the SPR effect of nanosilver [20, 21].

The enhanced fluorescence of Ag@SiO2@Eu3+(tta)3Phen nano-
particles have a widely potential bio-imaging application [22, 23].
However, a series of difficulties need to be overcome. First, the
surface property of Ag@SiO2@ Eu3+(tta)3Phen determines their
dispersion in blood or in tissues. Second, the negative effects
of blood and tissues should be avoided [24, 25]. Therefore, the
surface modifications are the way of what researches do currently.
Compared with Deng’s team [26], our study focuses on using
cheaper ligand materials to obtain the nanoparticles with a fluor-
escence enhancement effect and excellent anti-hemagglutination.

What we think to make biocompatible Ag@SiO2@-
Eu3+(tta)3Phen nanoparticles is to use protein as a modification
agent. Lysozyme is a popular protein, which can behave anti-
bacterial, anti-inflammatory and antiviral effects [27, 28]. On
the other hand, the grafting of lysozyme onto the surface of
Ag@SiO2@Eu3+(tta)3Phen nanoparticles is possible because the
functional groups in lysozyme structure can form coordination
interaction with Eu3+ ions at the surface of above triple core/shell
nanoparticles, Ag@SiO2@Eu3+(tta)3Phen [29]. First, in the struc-
ture of the Eu3+(tta)3Phen, the TTA and Phen can form the first
shell to cover the surface of the Eu3+, which make the conjugated
group of the TTA and Phen have the org–org interaction with the
amide bond of lysozyme [30, 31]. At the same time, the polar nitro-
gen and fluorine atom of the ligands can also produce the polar–
polar interaction with the lysozyme [32, 33].
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In this work, we present a quadruple core/shell nanostructure
of Ag@SiO2@Eu3+(tta)3Phen@Protein with both good fluorescent
property and blood compatibility. Through the measurements of
anti-coagulation for clinical human blood, this quadruple nano-
structure shows very close correlation coefficients with the referring
agent of the physiological saline state (0.9% NaCl aqueous solu-
tion), which means the good blood compatibility.

2. Materials and methods
2.1. Materials: Eu2O3 (99.99%), ammonia (NH3·H2O, 25–28%),
AgNO3, polyvinylpyrrolidone (PVP), glucose, sodium citrate,
tetraethoxysilane (TEOS), ethanol, 2-thenoyltrifluoroacetone
(TTA), 1,10-phenanthroline monohydrate (Phen), methanol,
dimethyl sulfoxide (DMSO), phosphate buffered saline buffer
(PBS, PH= 7.2), were purchased from Sinopharm Chemical
Reagent Co. Ltd., China. Lyophilised hen egg white lysozyme
(HEWL, HR7-110,) was purchased from Hampton Research, USA.

2.2. Methods
2.2.1. Preparation of Ag@SiO2 nanoparticles: The experimental
process is shown in Fig. 1a. 0.159 g PVP, 0.051 g sodium citrate
and 0.083 g glucose were added to 30 ml water. After heated to
103°C, 5 ml AgNO3 aqueous solution (3 × 10−4 mol/l) was added
to the solution stirring for 2 h. Silver nanoparticles were obtained
after cooling.

The Ag@SiO2 core/shell nanoparticles can be obtained by the
modified Stöber method [33]. 7.2 ml of silver colloid containing
80 ml ethanol, 2.7 ml ammonia and 9.2 ml water was heated to
40°C. 1 ml 10 mmol/l TEOS ethanol solution was added within
2 h under vigorous stirring. The Ag@SiO2 nanoparticles were col-
lected by centrifugation.
2.2.2. Preparation of triple nanostructure of Ag@SiO2@
Eu3+(tta)3Phen: Europium chloride (EuCl3·6H2O) was prepared by
the previous article [34]. The EuCl3·6H2O was dissolved to get
the 2 × 10−3 mol/l solution in the methanol. The methanol solutions
of TTA (6× 10−5 mol) and Phen (2× 10−5 mol) were obtained.
Then, we took TTA and Phen solutions and dropwise into 9 ml
methanol. After adjusting pH to 7.5, 200 μl EuCl3·6H2O solution
(2× 10−3 mol/l) was added to the solution. After stirred for 1 h at
40°C, Eu(tta)3Phen complex solution was obtained. The structure
of the Eu(tta)3Phen is shown in Fig. 1b. Then 1 ml Ag@SiO2

core/shell nanoparticle solution (1.6× 10−5 mol) was added. After
the process, the solution was heated at 40°C for 3 h under stirring.
Fig. 1 Synthesis scheme of quadruple core/shell nanostructure of
Ag@SiO2@Eu3+(tta)3Phen@lysozyme complexes
a Synthetic procedure of the Ag@SiO2@Eu3+(tta)3Phen@lysozyme
b Structure of the Eu3+(tta)3Phen complexes
c Structure diagram of lysozyme
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2.2.3. Preparation of quadruple core/shell nanostructures
of Ag@SiO2@Eu3+(tta)3Phen@lysozyme: The structure of
the lysozyme is shown in Fig. 1c. The prepared
Ag@SiO2@Eu3+(tta)3Phen nanoparticles (3.7 × 10−6 M) were
centrifuged to obtain the precipitate and then dissolved in
20% PBS solution in DMSO by ultrasonic vibration. Then
1 ml lysozyme solution (3.57 × 10−5 M) was added. The mixture
was stirred at room temperature for 6 h and finally, the
Ag@SiO2@Eu3+(tta)3Phen@lysozyme were obtained.

2.3. Characterisation: The fluorescent property was evaluated
on a fluorescent spectrometer (Hitachi U-4100, Japan). The
nanostructure of Ag@SiO2, Ag@SiO2@Eu3+(tta)3Phen and
Ag@SiO2@Eu3+(tta)3Phen@lysozyme was characterised by
transmission electron microscopy (TEM, JEOL 2011, Japan) and
high-resolution transmission electron microscopy (HRTEM,
JEM-2100F, Japan). UV-visible spectrometer (Lambda 750, USA
was used for UV–vis absorptions of samples. D8 (Bruker,
Germany) X-ray diffractometer with graphite monochromator
Cu Kα radiation (λ= 1.54056 nm) for the XRD test. Fourier
Transform Infrared Spectrometer (NICOLET IS 50 FT-IR, U.S.A)
was employed for the component measurement.

2.4. Blood compatibility test: Automatic hemagglutination
analyser (ACLTOP 700, USA) was used for testing the
blood compatibility of Ag@SiO2@Eu3+(tta)3Phen and
Ag@SiO2@Eu3+(tta)3Phen@lysozyme. First, 450 μl of fresh
human blood plasma containing 50 μl 0.9%NaCl aqueous solution,
sodium phosphate buffer, Ag@SiO2@Eu3+(tta)3Phen and
Ag@SiO2@Eu3+(tta)3Phen@lysozyme compound was prepared.
To avoid accidental errors, all test groups contain six test
samples. After a two-hour reaction at 37°C, four full automatic
clotting tests (prothrombin time, PT-S; partial thromboplastin
time, APTT-S; thrombin time, TT-S; antithrombin-III time,
AT-III) were performed. The blood plasma containing 0.9%NaCl
aqueous solution is as a blank control group, the other three
samples containing phosphate buffer, Ag@SiO2@Eu3+(tta)3Phen
and Ag@SiO2@Eu3+(tta)3Phen@lysozyme were subjected to
compared samples to be tested.

3. Results and discussion
3.1. Morphological structures of Ag@SiO2, Ag@SiO2@Eu3+(tta)3-
Phen and Ag@SiO2@ Eu3+(tta)3Phen@lysozyme: Fig. 2a shows
Fig. 2 TEM images of
a nanoAg
b Size distribution of Ag nanoparticles
c Ag@SiO2nanospheres
d TEM image of Ag@SiO2@Eu(tta)3Phen
e HRTEM of Ag@SiO2@ Eu3+(tta)3Phen nanospheres
f EDS analysis the surface of Ag@SiO2@ Eu3+(tta)3Phen
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the silver nanoparticles (nanoAg). The shapes are nearly spherical
with the average diameter of 50–60 nm in Figs. 2a, c and d.
Then, a layer of SiO2 on the Ag cluster was achieved by in-situ
hydrolysis and condensation of metal alkoxide precursors of
tetraethoxysilane (TEOS). The TEOS molecules would interact
rapidly with the water molecules inside the reverse micelles,
forming partially hydrolysed species. Then these hydrolysed
species would keep bound to the micelles due to their enhanced
amphiphilic character brought about by the formation of silanol
groups. The negative charge of the silica particles under alkaline
conditions induces growth of the aggregate only around the edges
of the Ag nanoparticles [35, 36]. Fig. 2c shows that the structure
of SiO2-covered nanoAg (Ag@SiO2) has the coated-layer
thickness of 25 nm. Therefore, the Ag@SiO2 nanoparticles have
the diameter of about 100 nm by using 50–60 nm nanoAg as cores.
Based on the indication of our publication [14], SiO2 can hackle

the electron transfer from the surface of nanoAg to its environment.
Therefore, we can get the chance to make Eu3+ complex coverage at
the surface of SiO2 as a spacer. When the Eu3+(tta)3Phen was added
into the Ag@SiO2 nanoparticles, the −OH groups of electron
donors can have the interaction with the electron acceptor Eu3+ of
complexes. Therefore, the Eu complex can be covalently linked
to the silica shell [37]. Fig. 2d shows the TEM image of the
triple nanostructure of Ag@SiO2@Eu3+(tta)3Phen. The attachment
of Eu3+(tta)3Phen is stable at the surface of Ag@SiO2. To prove this
expectation, a high-resolution transmission electron microscope
(HRTEM) test was carried out. As shown in Figs. 2e and f, the
single Eu3+(tta)3Phen behaves the crystal structure (Fig. 2e) and
also EDS spectrum indicates the existence of C, O, Si, Ag and
Eu3+(Fig. 2f ), which not only associates with the presence of
nanoAg and SiO2 spacer but also confirms the existence of Eu3+

in Eu3+(tta)3Phen. To impart the triple nanostructure biocompatible
property, such as blood compatibility, this triple nanostructure was
modified by a chosen protein, lysozyme. When we got the quadru-
ple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysozyme,the
amino acids of the lysozyme can incorporate with the Eu3+. At
the same time, the SiO2 can also become the convenient carrier
of proteins through the direct adsorption of lysozyme on silica
Fig. 3 Nanostructural and compositional analyses of quadruple
Ag@SiO2@Eu3+(tta)3Phen@lysozyme
a TEM image of Ag@SiO2@Eu3+(tta)3Phen@lysozyme
b HRTEM of Ag@SiO2@Eu3+(tta)3Phen@lysozyme nanoparticles
c EDS analysis the surface of Ag@SiO2@Eu3+(tta)3Phen@lysozyme
nanoparticles
d Infrared spectroscopies: (curve a)Ag@SiO2@Eu3+(tta)3Phen, (curve b)
Ag@SiO2@ Eu3+(tta)3Phen@lysozyme and (curve c)
Ag@SiO2@Eu3+(tta)3Phen@lysozyme after centrifugation
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surface [37]. Fig. 3a shows that there are obvious lysozyme floc-
cules on the surface of the Ag@SiO2@ Eu3+(tta)3Phen nanoparti-
cles, we think Ag@SiO2@ Eu3+(tta)3Phen@lysozyme was
developed. Compared with Fig. 2d, it is believed that the lysozyme
exists successfully on the surface of Ag@SiO2@Eu3+(tta)3Phen.
Fig. 3b presents an image of HRTEM for this quadruple nanostruc-
ture, in which the crystal lattice can be found. Thinking the possible
reason, the lattice should from the crystalline of Eu3+(tta)3Phen
complex based on the observed interplanar space, i.e. 0.3 nm
is the same as interplanar spacing data in Fig. 2e. Also, we
infer this interplanar space is neither from protein, lysozyme nor
from SiO2. The former, lysozyme, shows the interplanar space,
1.8 nm [38, 39]. The later, SiO2 is not crystalline as shown in
Fig. 2e. The EDS data was shown in Fig. 3c and the existence
of Eu3+ can be confirmed in this quadruple nanostructure,
Ag@SiO2@Eu3+(tta)3Phen@lysozyme. The peaks between 200
and 400 keV in Fig. 3c represent the Cl, K and S elements in lyso-
zyme and buffer.

Fig. 3d shows the infrared spectra of Ag@SiO2@Eu3+(tta)3Phen
(curve a), Ag@SiO2@ Eu3+(tta)3Phen@lysozyme (curve b) and the
centrifugalised sample of Ag@SiO2@Eu3+(tta)3Phen@lysozyme
(curve c). First, the curves a, b and c have a strong and sharp
band at 1050 cm−1, which indicates the asymmetrical vibration
of Si–O–Si in SiO2. The broad peak near 3375 cm−1 is assigned
to the O–H characteristic peak of water. Then, the band near
1420 cm−1 is C–F telescopic vibration of TTA. The peak at
628 cm−1 is assigned to the telescopic vibration of Eu–O. Both
of them are assigned to the Eu3+(tta)3Phen complex.
Correspondingly, compared with curve a, curve b has the typical
absorption peak of the amide bond of lysozyme at 1660 cm−1,
which is assigned to the C=O telescopic vibration of the amide
bond. The peak at 1309 cm−1 is the C–O telescopic vibration
of the apical carboxyl group of lysozyme. At the same time,
the peak at 709 cm−1 is the N–H external deformation vibration
of lysozyme. All of them indicate the existence of the lysozyme.
To dispel the influence of dissolved lysozyme in a solvent,
Ag@SiO2@Eu3+(tta)3Phen@lysozyme was collected by centrifu-
gation and was re-dissolved in a solvent (curve c in Fig. 3d ). The
typical characteristic peaks of lysozyme still exist at 1660 and
1309 cm−1.

The XRD date was taken for the 2θ range of 10–80°. Fig. 4
shows the XRD patterns of the nanoAg, Ag@SiO2.and
Ag@SiO2@Eu3+(tta)3Phen. The diffractogram has been compared
with the standard powder diffraction card of JCPDS, silver Card
No. 04-0783. Four peaks at 2θ values of 34.743°, 41.147°,
61.556°, and 74.945° in the experimental diffractogram have
been identified to be due to silver metal and corresponding to
(hkl) values (111), (200), (220) and (311) planes of silver [40].
In the Ag@SiO2@Eu3+(tta)3Phen, the new peaks at 17.559,
Fig. 4 XRD test of nanoAg, Ag@SiO2 and Ag@SiO2@Eu3+(tta)3Phen
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19.449 and 20.999 were the typical peaks of the Eu complex, which
are consistent with the previous report [41].
3.2. UV–vis absorption of Ag@SiO2@Eu3+(tta)3Phen: Fig. 5
presents the UV–vis characteristic absorptions of nanoAg
(spectrum a), Ag@SiO2 (spectrum b), Ag@SiO2@Eu3+(tta)3Phen
(spectrum c). We can find that nanoAg has a maximum absorption
at 456 nm (spectrum a), whereas Ag@SiO2 has the maximum
adsorption at 480 nm (spectrum b), that red-shifts 24 nm
comparing the adsorption with naked nanoAg because SiO2

covering makes the stabilisation effect. The large difference
is in spectrum c, which is the characteristic adsorption of
Ag@SiO2@Eu3+(tta)3Phen. When Eu3+(tta)3Phen shells the
Ag@SiO2 nanoparticles, the absorption peaks at 260 and 342 nm
occur, which is attributed to the adsorption of organic light
antenna TTA and Phen. Correspondingly, the adsorption of
Ag@SiO2 at 480 nm shows a much broadened peak.
Fig. 6 Schematic energy level diagram showing energy transfer process
and different transitions in the. Eu3+(tta)3Phen; the enhanced fluorescence
schematic graph of the core–shell nanoparticle (embedded)

Fig. 7 Excitation and emission fluorescent spectra
a Excitation spectra
b Emission spectra.
In both (a) and (b), curve a, curve b and curve c spectra correspond the
samples of Eu3+(tta)3Phen, Ag@SiO2@Eu3+(tta)3Phen and
Ag@SiO2@Eu3+(tta)3Phen@lysozyme, respectively
3.3. Investigation of fluorescent property of Ag@SiO2@Eu3+(tta)3-
Phen and Ag@SiO2@ Eu3+(tta)3Phen@lysozyme: As expected,
due to the very weak emission of Eu3+Cl3·6H2O, the antenna
effect of TTA and Phen is needed to enhance both excitation and
emission, which means the co-antenna effect of TTA and Phen.

As shown in Fig. 6, TTA and Phen as incident light harvesting
compounds accept light energy and were excited into their singlet
states, S1TTA and S1Phen levels. After they experienced the transform
from singlet states to triplet states T1TTA and T1Phen, the energy
harvested by TTA and Phen was transferred to the excited state
of Eu3+, 5D0. Through these energy transfer processes, the emission
of Eu3+ was enhanced largely. TTA and Phen molecules signific-
antly reduce the non-radiative channels by replacing water mol-
ecules [42]. When the Ag@SiO2@Eu3+(tta)3Phen nanoparticle
was obtained, the SiO2 shell can prevent nanoAg from interfering
with the environment and hinder the oxidation of the Ag surface
and nanoparticle aggregation. It significantly improves the fluores-
cence intensity by MEF effect (embedded figure of Fig. 6).

Based on the excitation and emission characteristics of
Eu3+(tta)3Phen complex, SPR-effect from nanoAg was further
introduced into this complex system. Because the naked nanoAg
is harmful to the fluorescent property of Eu3+(tta)3Phen complex
[15], the SiO2-covered nanoAg, was introduced. Figs. 7a and b
present the excitation and emission spectra of (a) Eu3+(tta)3Phen,
(b) Ag@SiO2@Eu3+(tta)3Phen and (c) Ag@SiO2@Eu3+(tta)3-
Phen@lysozyme. We can find that Ag@SiO2 core/shell nano-
structure can largely enhance both of excitation and emission
spectra of Eu3+(tta)3Phen complex in triple nanostructure of
Fig. 5 UV–vis spectra
a Ag nanoparticles
b Ag@SiO2 particles
c Ag@SiO2@ Eu3+(tta)3Phen
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Ag@SiO2@Eu3+(tta)3Phen in spectrum b in Figs. 7a and b
correspondingly.

Furthermore, in spectrum c of Figs. 7a and b, when lysozyme
was attached at the surface of Eu3+(tta)3Phen to develop into the
quadruple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysozyme,
both the excitation and emission intensities slightly decreased
by about 10%. This can be attributed to the multi-washing and
centrifugation for solvent change in the preparation process of the
quadruple nanostructure. In the measurement of excitation and
emission Figs. 7a and b, the optimal excitation wavelengths were
obtained by scanning with a maximum emission wavelength of
Eu

3+

emission at 615 nm, correspondingly, the optimal emission
spectra were obtained by the optimal excitation wavelength at
342 nm. Both the emission and excitation slits are 5 nm. Because
the extremely low concentration of the complexes, the enhancement
effect of the Ag@SiO2@Eu3+(tta)3Phen is not satisfactory. We
hope to solve this defect in the subsequent study.

3.4. Evaluations of anti-coagulation of human blood plasma:
Prothrombin time (PT) referring to the time needed for the
plasma coagulation after prothrombin is converted into thrombin
in the plasma without blood platelet. Its clinical reference value
is 8–14 s. We used the human blood plasma as a test system
Micro & Nano Letters, 2018, Vol. 13, Iss. 10, pp. 1447–1452
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Table 1 Correlation coefficientsa of blood plasmas containing
phosphate buffer (solvent), Ag@SiO2@Eu3+(tta)3Phen (sample I),
Ag@SiO2@ Eu3+(tta)3Phen@lysozyme (sample II)

Project Solvent Sample I Sample II

PT-S 0.984 0.796 0.994
APTT-S 0.986 0.715 0.987
TT-S 0.982 0.674 0.967
AT-III 0.946 0.975 0.963

aNote: The values are to correlate to the physiological saline state (0.9%
NaCl aqueous solution).
and the PT-S values of 0.9%NaCl aqueous solution and phosphate
buffer as reference additives, in which the former is the clinical anti-
coagulation agent and the latter is our solvent system of the quad-
ruple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysosyme. As
we can see from Fig. 8a, the PT-S values of blood plasmas with
the additions of 0.9%NaCl aqueous solution and phosphate buffer
are close, but the value of blood plasma with the addition of
Ag@SiO2@Eu3+(tta)3Phen has longer time that indicated its nega-
tive effect, which should be caused by the Eu3+(tta)3Phen surface
nature. However, in Fig. 8e, when Ag@SiO2@Eu3+(tta)3Phen
was modified by lysozyme (a popular protein) to form the quadru-
ple nanostructure of Ag@SiO2@Eu3+(tta)3Phen @lysozyme, the
PT-S value is fairly close to the values of 0.9%NaCl aqueous solu-
tion and phosphate buffer as reference additives. The correlation co-
efficient is 0.994 referring to sample II in Table 1. This result
confirms that protein (lysozyme) makes the surface of the quadruple
nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysosyme has
good blood compatibility. The second parameter that is normally
evaluated is APTT-S, which is the standard activated partial
thromboplastin time, whose clinical reference value is 24–42%.
Fig. 8 Evaluations of anti-coagulation of human blood plasma with PT-S,
APTT-S, TT-S and AT-III
a–d Results of Ag@SiO2@Eu3+(tta)3Phen sample, in which curve a is the
reference physiological saline state (0.9%NaCl aqueous solution, curve b
is the solvent of lysozyme: phosphate buffer and curve c is the
Ag@SiO2@Eu3+(tta)3Phen sample
e–h Results of Ag@SiO2@ Eu3+(tta)3Phen@lysozyme sample, in which
curve a is the reference physiological saline state (0.9%NaCl aqueous
solution, curve b is the solvent of lysozyme: phosphate buffer and curve c
is the Ag@SiO2@ Eu3+(tta)3Phen@lysozyme sample
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We can see from Fig. 8b that the value of blood plasma with the
addition of Ag@SiO2@Eu3+(tta)3Phen (sample I in Table 1)
diverges from the values of blood plasma including 0.9%NaCl
aqueous solution and phosphate buffer. Whereas, in Fig. 8f,
the value of APTT-S regarding the blood plasma including quad-
ruple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysosyme
has a high consistency with the values in the physiological saline
state(0.9%NaCl aqueous solution), which shows the high antithro-
mbinability. The third parameter to be observed is TT-S (thrombin
time) refers to the time that fibrinogen turns into fibrin. In Figs. 8c
and g, the TT-S value of Ag@SiO2@Eu3+(tta)3Phen@lysozyme
sample shows a better anastomotic behaviour than the value of
Ag@SiO2@Eu3+(tta)3Phen sample. The fourth parameter is
AT-III that is mainly secreted by hepatocytes and vascular
endothelial cells. It is the main physiological anticoagulant in
human plasma, which accounts for 50–70% of the total plasma
antithrombin activity. Figs. 8d and g indicate the distributions of
Ag@SiO2@Eu3+(tta)3Phen and Ag@SiO2@Eu3+(tta)3Phen@-
lysozyme samples referring to the 0.9% NaCl aqueous sol-
ution and phosphate buffer, obviously, the sample of
Ag@SiO2@Eu3+(tta)3Phen@lysozyme has better anastomose in
total six measurements, although the correlation coefficient is a
little bit lower (in Table 1). All the correlation coefficients were
listed in Table 1, and we can find that the blood plasma containing
Ag@SiO2@Eu3+(tta)3Phen@lysozyme has better correlation
parameters and the values are much closer to the values of the
physiological saline state (0.9% NaCl aqueous solution). As the
comment, protein modified quadruple nanostructure has good
blood compatibility and it can be applied in human blood system
to work for bio-imaging or to develop new generation sensors
such as metal ion detection and temperature induction sensors
[41, 42]. At the same time, a series of excellent properties of rare
earth ions such as Tm, Tb, Er, Dy have the property of different
emission spectra and sharp peak, which is hopeful to be used in
the field of biosensor applications [43].
4. Conclusion: To increase the luminescent property of Eu3+(tta)3-
Phen, triple nanostructure, Ag@SiO2@Eu3+(tta)3Phen, was
designed to utilise the SPR effect. As results, the fluorescence
intensities of the triple nanostructure of Ag@SiO2@Eu3+(tta)3Phen
and quadruple nanostructure of Ag@SiO2@Eu3+(tta)3Phen@-
lysozyme were significantly enhanced. Especially, the modification
of lysozyme at the surface of the triple nanostructure, Ag@SiO2@-
Eu3+(tta)3Phen can implement to enhance the biocompatibility of
final quadruple nanostructure. Very importantly, the anticoagulant
tests with the parameters of PT-S, APTT-S, TT-S and AT-III
indicated the excellent anticoagulant effect of the quadruple
nanostructure of Ag@SiO2@Eu3+(tta)3Phen@lysozyme. Therefore,
we can expect the great potential applications in the field of
biological protein detection technology, such as bio-imaging and
bio-sensing in in vivo body.
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