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ABSTRACT

Dark-field microscopy allows highly sensitive detection of metal nanoparticles that exhibit surface
plasmon resonance (SPR) scattering by exclusively collecting scattered light. Here, we report a dark-field
smartphone microscope with single nanoparticle resolution for point-of-care testing (POCT). A simple
flat-lens LED is coupled to transparent substrate to generate total internal reflection (TIR) and evanescent
field for surface-confined illumination, which scatters at nanoparticles. The scattering light is detected
using smartphone camera through an external lens attachment. Dark-field smartphone microscope will
facilitate the rapid translation of sensitive nanoparticle-based bioassays to point-of-care testing (POCT).
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INTRODUCTION

Smartphone-based diagnostic platform takes advantage of biotechnology (BT) and information
technology (IT) [1,2]. Recently, fluorescence-based nanoparticle detection was reported using smartphone
[2], adding nanotechnology (NT) to smartphone-based imaging methods. With dark-field microscopy,
SPR scattering at the surface of metal nanoparticles can be imaged. Since gold or silver nanoparticles are
versatile substrate for various surface conjugations of biomolecules and offers enhanced signal due to
plasmon-resonance, bioassays based on metal nanoparticles for medical diagnosis are being developed to
produce highly sensitive assays [3]. As the type of bioassays grow that rely on plasmon-resonance
particles, dark-field smartphone microscope will allow the use of existing bioassays in remote sites.

EXPERIMENTAL

Smartphone is converted to a dark-field microscope by an attachment that consists of dark-field
illumination and external lens for magnification, shown in Figure la. An external lens (f = 3 mm) is
attached and aligned to the smartphone camera to magnify and capture scattering light from nanoparticles.
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Figure 1: Dark-field smartphone microscope. (a) Dark-field illumination is based on evanescent field
generated by LED total internal reflection (TIR). The scattered light at the surface of nanoparticle is
collected without any background due to short penetration depth of evanescent field. (b) Photograph of
smartphone inserted into dark-field microscope attachment.

Unlike oblique dark-field illumination that requires condenser and spider light stop, we use evanescent
field to avoid complexity of the system and create highly localized illumination (fixed z) at the surface of
specimen slide (Figure la). And also, TIR illumination yields higher signal-to-noise ratio (SNR =
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Intensity/cyoise) than that of oblique illumination, 19.3 and 12.5 respectively, for surface nanoparticle
analysis (Figure 2).
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Figure 2: Comparison of dark-field illumination methods. For a specimen slide populated with gold
nanoparticles, the SPR scattering images are taken after (a) oblique illumination and (b) LED TIR

illumination. (c) TIR illumination yields higher signal-to-noise ratio (19.3) for surface plasmon-
resonance analysis .

Thus, LED TIR is used for dark-field illumination in the smartphone attachment with its high SNR for
sensitive imaging and compactness for portability.

RESULTS AND DISCUSSION
With the LED illumination and an external lens, single nanoparticle resolution is accomplished and
shown by imaging 150-nm gold nanoparticles in Figure 3a.
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Figure 3: Single nanoparticle resolution of dark-field smartphone microscope. (a) A smartphone image of
150-nm gold nanospheres on specimen slide is shown. (b) Single nanoparticles of 80-nm gold nano-
sphere, 100-nm gold nanosphere, and 150-nm gold nanoparticle are detected and the colors of nanopar-
ticle represent the SPR wavelength of each particles. (c) A wide range of SPR wavelengths from gold na-

norods (red), silver nanosphere (blue), and gold nanosphere (green) are detected by smartphone RBG
camera.

In Figure 3b, single gold nanoparticles are imaged in other sizes. With color image sensor in smartphone,
the difference in SPR wavelength for different types of nanoparticle are detectable (Figure 3¢). Three mi-
crofluidic channel loaded with gold nanorods, silver nanosphere, and gold nanosphere are illuminated us-
ing the same LED TIR and this resulted in a strong scattering of red, blue, and green for each respective
particles. The capability to differentiate various plasmon-resonance wavelengths can potentially be useful
to multiplex assays.
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Figure 4: SPR wavelength shift by gold nanoparticle aggregation is detected using dark-field
smartphone microscope. (a) Gold nanoparticles (80-nm) coated with biotin exhibit SPR wavelength in
green. And (b) when gold nanoparticles (40-nm) coated with streptavidin is introduced, gold nanoparti-
cles start to aggregate due to strong interaction of biotin-streptavidin and SPR wavelength shifts from (c)
green to (d) orange color.

For initial proof-of-concept, a bioassay of gold aggregation from biotin-streptavidin interaction is
performed under the dark-field smartphone microscope, shown in Figure 4. Gold nanoparticles that are
coated with biotin exhibited a SPR wavelength near green and once 40-nm gold nanoparticles coated with
streptavidin is introduced, SPR wavelength shifted to orange indicating the aggregation of gold
nanoparticles by biotin-streptavidin interaction.

CONCLUSION

We report dark-field smartphone microscope that consists of TIR illumination and simple external
lens. This device will allow gold or silver nanoparticle-based bioassays to be easily converted into POCT
systems. Due to the single nanoparticle resolution, extreme detection limits (single molecule) accom-
plished by existing bioassays may be brought to resource-limited settings.
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