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ARTICLE INFO ABSTRACT

Keywords:

This work designs an ascorbic acid (AA)-responsive chemo-chromic SERS sensing chip (C-SERS chip) for syn-
ergistic dual-modal on-site analysis. This chip can be easily prepared by immobilizing a new kind of core-shell
nanoparticles named AuNSs-MBN@Ag@PB on flat filter membrane via vacuum filtration. The reduction of
Prussian blue (PB) shell by AA can rapidly change the chip color and enhance SERS signal of 4-mercaptobenzo-
nitrile (MBN), which leads to a synergistic dual-modal sensing strategy for rapid colorimetric screening and SERS
quantification of AA-related analytes. Under optimal parameters, the C-SERS chip shows rapid colorimetric
response and linear SERS response to AA concentration ranging from 0.5 to 100 pM. The limit of detection for AA
is 0.24 pM. The good reproducibility, stability and robustness of the chip and its selectivity to AA demonstrate its
practical application in food and biomedical analysis. Using alkaline phosphatase (ALP) as a model analyte, the
proposed method with the help of 2-phosphate-L-ascorbic acid shows linear SERS response in the range of
0.5-100 U/L ALP. The excellent specificity, high accuracy, satisfactory recovery and convenient operation
indicate the potential of the miniaturizable C-SERS chip in high-throughput on-site colorimetric screening and

Surface-enhanced Raman scattering (SERS)
SERS sensing

Chip

Colorimetry

Core-shell nanoparticles

On-site analysis

quantitative analysis by combining with a portable Raman spectrometer.

1. Introduction

On-site analysis aiming at real time readout, field deployment and
easy usage has attracted a lot of attention, especially facing the threaten
from COVID-19 [1], and been applied in numerous areas [2]. A qualified
analytical strategy for on-site testing needs to be rapid, simple and
portable, preferably cost-effective and nondestructive without pre-
treatment. To meet these requirements, many techniques including
colorimetry [3], fluorescence [4], near infrared (NIR) spectroscopy [5],
electrochemistry [6] and surface-enhanced Raman scattering (SERS) [7]
have been employed in the design of testing schemes. Colorimetry offers
rapid and easy-to-read results in low-cost manner but relatively poor
sensitivity and quantification performance originated from ambient
light interference and inhomogeneous color appearance in the assay
regions [8]. SERS represents outstanding sensitivity and selectivity, but
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it suffers from relatively expensive instruments, long acquisition time
and complicated signals for reading [9]. Moreover, most of existing
works only use SERS to validate the outcome from other methods and do
not let each modality perform its own duty for complementary advan-
tages [10-14]. Thus, the multimodal strategy that integrates these
technologies for different purposes of analysis, such as rapid screening
and accurate quantification with reduced workload and cost, is an ur-
gent need in on-site analysis [15].

Ascorbic acid (AA), as a well-known vitamin, plays an important role
in many biological processes [16]. It can act as strong reducing agent,
coenzyme and essential nutritional factor production of certain neuro-
transmitters [17], and has become a common additive in food, medicine,
cosmetics and many other fields [18,19]. Moreover, it can be employed
as a reductive component in sensor designs, which are able to extend to
monitor other disease biomarkers like alkaline phosphatase (ALP)
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[20-22], acid phosphatase (ACP) [23] and ascorbic acid oxidase (AAOx)
[24]. Therefore, developing fast and sensitive detection methods for AA
is of great significance. This work designs an AA-responsive chemo--
chromic SERS sensing chip (C-SERS chip) by immobilizing a new kind of
core-shell nanoparticles named AuNSs-MBN@Ag@PB (Scheme 1a) on a
filter membrane for synergistic dual-modal on-site analysis.

In the core-shell AuNSs-MBN@Ag@PB, 4-mercaptobenzonitrile
(MBN) is assembled on gold nanostars (AuNSs) to offer distinct Raman
peak of nitrile group (-C=N), and the presence of Ag nanoparticles not
only enhances the SERS signal of MBN due to the Au/Ag hot spots, but
also isolates SERS reporter from external interference. Furthermore, the
layer-by-layer assembly of nanoparticles can address the limitations
resulting from aggregation or deaggregation to SERS sensing [7,25,26].
Prussian blue (PB) as colorimetric reporter is used as the response
interface. The AuNSs-MBN@Ag@PB can be densely immobilized on
aluminum oxide (AAO) filter membrane to obtain a C-SERS chip. In the
presence of AA, the color of C-SERS chip can rapidly change from dark
blue to light cyan due to the reduction of PB to colorless Prussian white
(PW) [27]. Considering the strong absorption of PB from 650 to 800 nm
and its ability to convert light into other forms like thermal energy [28,
29], the outer PB nanoshell of AuNSs-MBN@Ag@PB consumes 785-nm
laser and weakens the SERS excitation effect to inner reporter MBN.
Thus, the PB-to-PW conversion can also boost the SERS signal intensity
of MBN via significantly reducing the absorption of PB [27], leading to
the synergistic dual-modal sensing strategy (Scheme 1b). Moreover, the
universal AA-responsive chip can be extended to measure other
AA-related analytes, such as reactants and corresponding catalysts.
Using ALP, the hydrolase of 2-phosphate-L-ascorbic acid (AAP), as a
model analyte, the analytical results of practical serum samples
demonstrate the application of the C-SERS chip with good reproduc-
ibility, stability and robustness, and excellent selectivity to targets. The
whole analysis process can be completed with a portable Raman spec-
trometer within 6 min for AA in beverages and 40 min for ALP in serum
samples. Thus, this work provides a miniaturizable C-SERS chip for
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high-throughput on-site colorimetric screening and quantitative anal-
ysis in food and clinical diagnosis fields.

2. Experimental section
2.1. Fabrication of C-SERS chip

The detailed information of AuNSs-MBN@Ag@PB synthesis and
characterization are described in the Supplementary materials. Similar
to the previous work [26], the C-SERS Chip was prepared by uniformly
dropping 100 pL AuNSs-MBN@Ag@PB in ethanol with certain concen-
trations on AAO filter membrane (pore diameter: 20 nm), which was
previously rinsed with ethanol, dried in air and put into a sand cored
funnel (G2 porosity). The solvent was pumped out by vacuum suction
for 20 s to form a layer of AuNSs-MBN@Ag@PB. After the membrane
was washed with ethanol and dried in air, the C-SERS chip was obtained.

2.2. SERS characterization of C-SERS chip

The SERS data were collected and analyzed by a Renishaw inVia
confocal Raman microscope with accumulation of 1. The SERS signals of
AuNSs-MBN, AuNSs-MBN@Ag and AuNSs-MBN@Ag@PB were recor-
ded at random spots on liquid sample under 785 nm at a laser power of
50 mW and exposure time of 10s. The time series SERS signals for
evaluating the stability of AuNSs-MBN@Ag@PB against laser irradia-
tion were collected with an interval of 10 s at one spot on liquid sample
under 785 nm laser irradiation for 600 s at a laser power of 500 mW and
exposure time of 1 s. The SERS imaging data for evaluating the signal
uniformity and reproducibility of C-SERS chip were collected at random
areas of 100 um x 100 yum on chip surface from 2125 to 2200 cm™!
using a signal-to-baseline map review mode with exposure time of 1 s.
The relative standard deviation (RSD) and average signal intensity were
calculated from 441 collection points in each imaging graph.

PB coating <

AuNSs-MBN@Ag AuNSs-MBN@Ag@PB

PW shell ~ ‘

Rapid
screening

Precise

quantification

Scheme 1. Schematic illustration of (a) preparation of AuNSs-MBN@Ag@PB and (b) synergistic colorimetry and SERS dual-modal on-site analysis.



J. Guo et al.

2.3. Colorimetric and SERS sensing of AA
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nanoparticles were then washed three times by centrifugation
(6000 rpm, 10 min) and redispersed in water for subsequent

The colorimetric and SERS responses of AuNSs-MBN@Ag@PB to AA characterizations.
were examined by mixing 100 pM of AA with AuNSs-MBN@Ag@PB in For evaluating the sensing performance of the C-SERS chip, it was
PBS (pH 7.4) to react for 5min under room temperature. The directly immersed in PBS (pH 7.4) containing certain concentration of
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Fig. 1. Characterization of AuNSs-
MBN@Ag@PB. TEM images of AuNSs-
MBN@Ag@PB in (a) low and (b) high
magnification. (¢) HAADF-STEM image
of AuNSs-MBN@Ag@PB and corre-
sponding EDX elemental mapping of
Au, S, Ag and Fe, and the merged image.
(d) UV-vis spectra of AuNSs-MBN (i),
AuNSs-MBN@Ag (ii) and AuNSs-
MBN@Ag@PB (iii). (e) Hydrodynamic
diameters of i, ii and iii. The error bars
indicate means =+ s.d. (n = 3). (f) XPS
survey spectrum, (g) Fe 2p XPS spec-
trum, and (h, i) typical SERS spectra of
AuNSs-MBN@Ag@PB. The red and blue
regions indicate the characteristic peaks
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AA for 5 min under room temperature. The chip was then washed with
water and ethanol successively for subsequent dual-model signal
readout. The same procedures were used for evaluating the selectivity of
C-SERS chip. To detect the AA content in beverages, the samples were
diluted 20 times with PBS (pH 7.4) to perform the same procedures. The
optical images of chips were taken with an iPhone 12 Pro Max smart-
phone without using flash light. The focusing point was manually set at
the chip center, and the shooting parameters like the contrast and
brightness values were automatically set by the phone. For reliable
colorimetric assays, the shooting position and ambient light were
consistent on each photograph and the gray values were analyzed with
Image J software. The SERS data were collected at random spots on chip
surface by a Portman785 Portable Raman spectrometer under 785 nm at
a laser power of 50 mW and an exposure time of 1s with 5
accumulations.

2.4. Colorimetric and SERS sensing of ALP

The sample containing ALP was firstly mixed with 1 mM AAP in tris-
HCI buffer (pH 8.0) to react for 30 min under 37 °C. Afterward, the chip
was directly immersed in the mixture for 5 min, and washed with
ethanol and water successively for subsequent dual-model signal
readout. For the detection of ALP in human serums, the serum samples
were diluted 2 times with tris-HCI buffer (pH 8.0) to perform the same
procedures. The SERS data were collected at random spots on chip
surface by a Portman785 Portable Raman spectrometer under 785 nm at
a laser power of 50 mW and an exposure time of 1s with 5
accumulations.

3. Results and discussion
3.1. Preparation and characterization of AuNSs-MBN@Ag@PB

The presence of nitrile group (-C=N) in MBN molecule offers distinct
Raman peak in biosilent region, which is very suitable to SERS reporter
for reducing the interference from sample matrix [30]. Due to the
outstanding SERS performance that originates from the sharp tips [31],
AuNSs were chosen as SERS substrate to assemble MBN via Au-S
bonding. Under optimal MBN concentration for modification and
thickness of Ag shell (Figs. S1-S3), the obtained AuNSs-MBN@Ag
showed the maximal peak intensity at 2228 cm™! (Fig. S4).
AuNSs-MBN@Ag@PB could be easily prepared by adding precursors of
FeCl3/K4[Fe(CN)g] into AuNSs-MBN@Ag for forming PB shell as color-
imetric reporter. It owned well-defined core-shell structure and uniform
size about 120 nm in diameter (Fig. 1a and b). The typical core-shell
morphology with Au and S atoms in the core, and Ag and Fe atoms
homogeneously covering the core in sequence matched well with its
nanostructure (Fig. 1c¢). The ICP-AES analysis also confirmed the pres-
ence of Au, S, Ag and Fe elements in the nanoparticles (Table S1).

AuNSs-MBN showed an absorbance peak at 709 nm, which obviously
blue-shifted to 679 nm after Ag coating (Fig. 1d). Interestingly, the
absorbance peak of the nanoparticles was broadened and red-shifted to
763 nm after PB coating, which could be attributed to the mixed-valence
charge-transfer absorbance around 700 nm of the polymeric [Fe"-C=N-
Fe] in PB [32]. The successive formation of Ag and PB shells increased
the hydrodynamic diameter from 72.9 nm of AuNSs-MBN, 76.8 nm of
AuNSs-MBN@Ag to 147.8 nm of AuNSs-MBN@Ag@PB (Fig. le).

The X-ray photoelectron spectrum (XPS) of AuNSs-MBN@Ag@PB
showed the presence of Fe element (Fig. 1f) with two states, Fel at ca
0.708.3 €V and ca 0.721.5eV, and Fe' at ca 0.711.6 eV and ca
0.725.2 eV (Fig. 1g), indicating the existence of PB shell [33,34]. The
AuNSs-MBN@Ag@PB represented the strong SERS peaks of MBN at
1076 (v(C-S) of aromatic ring), 1178 (§(C-H) of aromatic ring), 1480 and
1586 (v(C-C) of aromatic ring), and 2228 cm~! (W(C=N)) [35], as well
as SERS peaks of PB at 2150 cm ™! (v(Fe!'-C=N-Fe!))) (Fig. 1h and 1i)
[36]. These results verified the successful preparation of
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AuNSs-MBN@Ag@PB. It is worth noting that the outer shell could
isolate the inner SERS reporter from external chemical environment and
maintain signal reproducibility and stability against interferences, such
as photothermal damage during laser irradiation. Thus, the MBN signal
fluctuation of AuNSs-MBN@Ag@PB was very little, which showed an
RSD of only 6.73% under continuous 785 nm laser irradiation with
500 mW for 600 s (Fig. S5). This impressive signal stability guaranteed
the high-quality SERS measurements for target quantification.

3.2. Feasibility of dual-modal responses of AuNSs-MBN@Ag@PB to AA

The feasibility of AuNSs-MBN@Ag@PB responsive to AA was eval-
uated by mixing 100 pM of AA and AuNSs-MBN@Ag@PB. After mixing
two solutions for only 5 min, the dark blue solution faded and the broad
absorbance around 763 nm reduced to 43.54% (Fig. 2a and b), implying
the conversion of PB to colorless PW due to the reduction of PB by AA
[37], providing a colorimetric method for AA screening. Meanwhile, a
shoulder SERS peak assigned to v(Fe'-C=N-Fe"") appeared at 2120 cm™*
and a weak peak related to PW also occurred at 2095 cm ™! after adding
100 pM AA [38,39], which further confirmed the AA-induced PB-to-PW
conversion (Fig. 2c). After this conversion, the core-shell nanostructure
of AuNSs-MBN@Ag@PB could be maintained (Fig. S6). More impor-
tantly, the conversion could sensitively boost the SERS signal intensity
of inner reporter MBN at different peak positions including 2228 cm™?
(Fig. 2d). The rapid and significant response to AA observed by naked
eyes and portable Raman spectrometer provides a possibility to using
AuNSs-MBN@Ag@PB for dual-modal on-site analysis.

3.3. Characterization of C-SERS chip

A dense nanoparticle layer on AAO filter membrane could be rapidly
obtained via vacuum filtration [26]. Thus, it was used to fabricate
C-SERS chip for dual-modal analysis. Considering the effect of color
shade on colorimetric results, the amount of AuNSs-MBN@Ag@PB for
C-SERS chip fabrication was firstly optimized to be 20 fmol, at which the
obtained chip showed uniform dark blue of PB shell (Fig. 3a), and the
maximal color difference upon reaction with 100 pM of AA (Fig. S7).
The chip also owned distinct SERS peaks of MBN at 1072, 1182, 1489,
1582 and 2220 cm’l, as well as PB at 2138 cm ™! (Fig. 3b). The little
difference of peak positions to colloid AuNSs-MBN@Ag@PB may due to
the dense aggregation state on AAO membrane.

As a practical sensor for on-site analysis, the signal uniformity,
reproducibility, stability and robustness of C-SERS chip was further
evaluated. The chips fabricated from three batches displayed similar
appearance and the average SERS signal intensity of PB at 2138 cm™.
Each one of the chips also presented satisfied signal uniformity with RSD
of 13.1 %, 13.7 % and 13.0 % in 100 ym x 100 um area, respectively
(Fig. S8). Furthermore, no obvious SERS signal change of the chip was
observed after one week of storage under room temperature or succes-
sively rinsing with water and ethanol for 30 s, indicating potential
durability for deploying on field (Fig. S9).

3.4. Colorimetric and SERS sensing of AA with C-SERS chip

To assess the performance of C-SERS chip for AA detection, it was
directly immersed in buffer solution spiked with different concentra-
tions of AA to react for only 5 min. With the increasing AA concentration
from 0 to 200 pM, the color of C-SERS chip gradually faded and changed
from dark blue to light cyan (Fig. 3¢), which could conveniently be used
to notify the presence of AA and evaluate the concentration variation of
AA by naked eyes or colorimetric measurements of average gray values,
which showed a linear correlation ranging from 5.0 to 100 uM with R? of
0.9705 (Fig. S10). The chip color hardly changed when AA concentra-
tion was larger than 200 pM.

The SERS peak intensity at 2220 cm™! of MBN increased with the
increasing AA concentration and tended to saturation until 200 pM of
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Fig. 2. Feasibility of AuNSs-MBN@Ag@PB response to AA. (a) Optical image, (b) UV-vis spectra and (c, d) typical SERS spectra of AuNSs-MBN@Ag@PB in absence
or presence of 100 pM AA. The red, blue and gray regions indicate the characteristic peaks of MBN, PB and PW, respectively. Excitation laser: 785 nm; laser power:
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AA, leading to a good linear range from 0.5 to 100 uM with R? of 0.9933
(Fig. 3d and e). As expected, all SERS peaks of MBN were gradually
enhanced with the increasing AA concentration, verifying the boosted
SERS signal intensity since PB-to-PW conversion (Fig. S11). The limit of
detection (LOD) for AA was calculated to be 0.24 pM, which was com-
parable or lower than many recent strategies based on electrochemistry
[40], fluorescence [18], photothermal [41] or even SERS [19]. This
superior performance originated from the interference-free signals of
MBN embedded into hot spots of nanoparticles. It is worth noting that
the SERS represented much better signal reproducibility and sensitivity
than colorimetric results, which was more qualified for precise
quantification.

Various potential coexisting interferents, including metal ions such
as Na®, Kt and Ca?", carbohydrates such as glucose and fructose, amino
acids such as L-serine (L-Ser), L-glutamic acid (L-Glu) and L-histidine (L-
His), and other reductants such as glutathione, uric acid, dopamine and
salicylic acid, were employed to test the specificity of C-SERS chip. As
shown in Fig. 3f, the significant changes of color and SERS peak intensity
only appeared for AA, indicating impressive selectivity to the target.

The practical application of C-SERS chip was demonstrated by
detecting AA contents in beverages without pretreatment. As illustrated
in Table 1, the presence and content difference of AA could be easily
screened by chip colors, which showcased the similar cyan for Minute
Maid® “Qing Qing De Ning” and “Guo Li Cheng”, whereas lighter cyan
for Nongfu Spring® “C100”. SERS was responsible for the further precise
quantification of AA, and the test results were in good agreement with
the nutrition facts labels. After spiking certain concentrations of AA in
these samples, satisfactory recoveries of 96.9-104.6 % with RSD less
than 4.94 % were achieved. The colorimetric screening within 5 min
combined with sensitive and portable SERS quantification offered a
comprehensive testing scheme for AA on-site analysis.

3.5. Colorimetric and SERS sensing of ALP with C-SERS ship

Considering the sensitive and selective response to AA, C-SERS chip
can also extend to analyze other targets like ALP, which is capable to
specifically hydrolyze AAP into AA. The feasibility was verified via
directly immersing the chip into the buffer solution containing ALP and/
or AAP, which was incubated under 37 °C for 30 min beforehand. After
5-min immersion, the chip color faded and SERS peak intensity of MBN
increased only when ALP and AAP co-existed (Fig. 4a-c). To obtain the
best sensing performance of ALP, the concentration of AAP used in
measurements was optimized to be 1 mM (Fig. S12), at which the color
of C-SERS chip gradually changed from dark blue to almost gray, and the
SERS peak intensity of MBN at 2220 cm ™! increased with the increasing
ALP concentration from 0 to 100 U/L (Fig. 4d-f). The plot of SERS peak
intensity vs ALP concentration showed a good linearity in the range of
0.5-100 U/L with R? of 0.9895. The LOD was calculated to be 0.35 U/L,
which was totally enough to analyze real human samples (38-126 U/L)
and comparable to many reported works [20,21,42]. The C-SERS chip
also owned excellent selectivity for dual-modal detection of ALP when it
faced potential interferents such as bovine serum albumin (BSA),
glucose oxidase (GOx), horseradish peroxidase (HRP) and lysozyme
(Fig. 4g). Besides, no obvious detachment of AuNSs-MBN@Ag@PB from
chip surface was observed after the chip was immersed in AA or ALP
solutions, guaranteeing the reliability for testing samples (Fig. S13).

The potential of the proposed method in on-site analysis of ALP level
in real samples was demonstrated. As expected, the chip could not only
verify the presence of ALP but also distinguish the normal from
abnormal samples by naked eyes, which was very meaningful for rapid
screening (Table 2). The precise quantification of ALP activity was
achieved with SERS measurements and the test results were in good
agreement with the traditional photometry carried out by clinicians. The
results showed satisfactory recoveries of about 97 % with RSDs less than
5.53 %. It is worth stressing that the whole analytical procedure could be
completed within 40 min, the equipment used for fabrication and
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measurements was simple, and the chip was miniaturizable, which
manifested the strong ability for point-of-care testing (Fig. S14).

4. Conclusion

This work designs a synergistic dual-modal C-SERS chip by conve-
niently immobilizing novel core-shell nanoparticles named AuNSs-
MBN@Ag@PB on AAO filter membrane for on-site analysis. The
AuNSs-MBN@Ag@PB can be easily synthesized by assembling MBN on
AuNSs via Au-S bonding, and successively depositing Ag and PB shell on
AuNSs-MBN. Due to the PB-to-PW conversion resulted from PB reduc-
tion by AA, the color of this chip can rapidly change and the SERS signal
of inner MBN simultaneously enhances, which leads to a dual-modal

sensing strategy integrating rapid colorimetric screening and SERS
quantification for AA detection. This strategy possesses good extendi-
bility for AA-related analytes, such as reactants and corresponding cat-
alysts, which has been demonstrated with a proposed detection method
for ALP. The C-SERS chip represents good reproducibility, stability,
robustness, and excellent selectivity toward AA. The analytical results of
the real samples like beverages and human serums demonstrate the
promising potential of the proposed chip and dual-modal strategy in on-
site analysis of food and clinical diagnosis fields.
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Table 1

Detection of AA content in beverages with C-SERS chip.

Sensors and Actuators: B. Chemical 371 (2022) 132527

Beverage sample

Founded (mg/100 mL)

Spiked (mg/100 mL)

Measured value (mg/100 mL)

Recovery (%)

RSD (n =5, %)

Optical image

Blank 0 0 - - - ‘
Minute Maid® 7.5 0 7.9 - 3.93
“Qing Qing De Ning” ‘
7.0 14.6 101.2 454 -
14.0 21.8 1025 4.83 -
21.0 28.1 97.9 2.42 -
Minute Maid® 7.5 0 7.3 - 2.49
“Guo Li Cheng” ‘
7.0 14.4 98.3 4.94 -
14.0 21.9 103.5 2.72 -
21.0 28.0 97.7 4.67 -
Nongfu Spring® 22.5 0 23.0 - 4.49 &T
“C100" %
7.0 29.8 104.6 2.40 -
14.0 36.1 96.9 2.96 -
21.0 43.6 100.8 3.52 -
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Fig. 4. Dual-modal sensing of ALP with C-SERS chip. (a) Optical images, (b) SERS spectra, and (c) SERS peak intensity at 2220 cm ! responding to blank, 100 U/L
ALP, 1 mM AAP or mixture of 100 U/L ALP and 1 mM AAP. (d) Optical images and (e) SERS spectra of C-SERS chip responding to ALP from 0 to 150 U/L in presence
of 1 mM AAP. (f) Plot of SERS peak intensity at 2220 cm ™! vs ALP concentration. (g) Optical images and SERS peak intensity at 2220 cm ™! responding to 1 x PBS as
blank, 100 U/L ALP, 1 mg/mL BSA, 1000 U/L GOx, 1000 U/L HRP and 1000 U/L lysozyme (i-vi). The red region indicates the characteristic peak of MBN. The error
bars indicate means + s.d. (n = 5). Excitation laser: 785 nm; laser power: 50 mW; exposure time: 1 s; accumulation: 5.
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Table 2
Evaluation of ALP levels in human serum samples with C-SERS chip.

Sensors and Actuators: B. Chemical 371 (2022) 132527

Serum samples Founded (U/L) Spiked (U/L)

Measured value (U/L)

Recovery (%) RSD (n = 3, %) Optical image

Blank 0 0 -

1 (Male) 107 0 110
2 (Male) 107 75 179
3 (Female) 65 0 68
4 (Female) 65 100 163

| | .
- 5.53 .
96.2 4.09 g
- 5.01 .
96.9 4.48 .
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