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Introduction 

NanoSense Nanoporous Anodic Aluminum 

Oxide (NAAO) sensing chips are fabricated using an 

inexpensive electrochemical method where self-ordered 

nanopore growth occurs upon the anodic oxidation of 

pure aluminum. NAAOs offer promising sensing 

advantages such as high surface area to volume ratio, 

chemical resistance, thermal stability, durability and 

robustness, and biocompatibility. When combined with 

spectroscopy, the optical response of the NAAOs can 

serve as a highly sensitive probe to monitor the 

chemical environment in the nanopores 

Here, we use a glucose-water molecular system 

to test the sensing capabilities of our NAAO chips using 

Reflectometric Interference Spectroscopy (RIfS)1. We 

demonstrate the ability of our NAAOs to sense changes 

in glucose concentration and to differentiate between 

each sample using the wavelength shift (∆λ) of the 

Fabry-Perot interference.  

 

Figure 1. Illustration of Reflectometric Interference 

Spectroscopy experiment using a NAAO chip as 

the sensing substrate. A UV-Vis light source 

connected to one end of a backscatter optical 

probe. The reflected light was collected with the 

same probe connected to a miniature 

spectrometer.    
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. Experimental Section 

The NAAO sensing chips were fabricated by 

the mild anodization2 of pure aluminum foil (99.99%, 

0.25 mm) in a cooled acidic solution. Prior to 

anodization, aluminum sheets (100 x 100 mm, 250 

µm thick) were first cleaned, dried, and 

electropolished to remove most of the irregularities on 

the Al surface. The final NAAO sheets were then 

reduced in size to 7 x 7 mm chips for the reflectance 

studies. Nanopore formation was confirmed with 

scanning electron microscopy (SEM) (JEOL 

IT700HR). 

Aqueous solutions of glucose were prepared 

at the following concentrations: 25, 50, 100, 200, and 

400 mg/dL. Microliter volumes were pipetted onto the 

NAAO, and the measurements were collected 

immediately after loading the sample while still wet.  

Reflectometric Interference Spectroscopy 

(RIfS) measurements were carried out using a UV-Vis 

light source (Ocean Tungsten Halogen HL-2000) 

connected to one end of a UV-Visible 

reflectance/backscatter optical probe (Ocean R200). 

The reflected light was collected with the same probe 

connected to a miniature spectrometer (Ocean Flame 

UV-Vis). For comparison, each sample spectrum was 

collected under the same detection parameters. 

 

 

 

 

 

 

 

 

 

 

Results and Discussions 

The optical characterization of a solution-free 

NAAO chip was first carried out using UV-Visible 

reflectometric interference spectroscopy (RIfS). 

(Figure 2). Within the spectral range 300 nm – 1000 

nm, the characteristic Fabry-Perot (FP) interference 

oscillations are observed, beginning at approximately 

425 nm and persisting into the NIR. These 

interference fringes are caused by a superposition of 

partially reflected beams occurring at the air/NAAO 

and NAAO/Al interfaces. Changes in the optical 

thickness of the layers (e.g., surface coating, 

molecular adsorption) modulates the spectral position 

of the interference pattern. Therefore, the wavelength 

peak position of the interference fringes will be used 

as a spectroscopic handle to monitor the presence of 

glucose molecules.  

 

 

 

 

SEM image of our NAAOs collected using the 

JEOL IT700HR 

Glucose-NAAO samples were prepared by 

pipetting 40 uL of an aqueous solution (25, 50, 100, 

and 400 mg/dL) onto individual NAAO chips. The 

physical description here is that the glucose 

molecules enter the nanocavity through the porous 

surface altering the optical thickness which causes a 

wavelength shift (∆λ) in the reflectance spectrum. The 

overlayed reflectance spectra (650-690 nm) for three 

of the samples show a wavelength shift with respect 

to the 25 mg/dL sample (Figure 3, dashed).  

  

 

 

Figure 2. Reflectance spectrum collected for the 

bare NAAO, prior to adding glucose solution.  
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Figure 3. Reflectance spectrum for 25, 50, and 100 

mg/dL shows a shift of the fringe peaks with 

increasing concentrations.  

 

Figure 4. Calibration curve for the glucose-NAAO 

sensor.  The data was best fit with a linear function 

resulting in a coefficient of determination, R2 = 

0.9911 

 

An increase in concentration to 50 mg/dL induces a 

red shift of the peak formally at 660 nm (25 mg/dL) 

to 665 nm. The peak continues to red shift to 675 nm 

at 100 mg/dL which suggests that the glucose is 

changing the optical thickness of the nanopore layer. 

Although not shown, for clarity, the reflectance peak 

for the 200 mg/dL and 400 mg/dL sample were 

shifted to 686 nm and 693 nm, respectfully.  

To further examine the detection ability of the 

glucose-NAAO sensor, the variation in ∆λ of the FP 

mode was plotted with respect to the 

log([glucose](mg/dL)]. This concentration range was 

best fit with a linear function resulting in a superb 

coefficient of determination, R2 = 0.9911. This shift in 

the FP mode of our NAAOs successfully acts as a 

spectroscopic handle to identify the amount of 

glucose in a water solution.  

 

Conclusion 

In this study we have demonstrated a glucose 

sensor based on NAAO sensing chips that can 

successfully measure changes in glucose 

concentration within the range 25 – 400 mg/dL. The 

presence of the glucose-water solution changes the 

optical thickness allowing us to quantify the 

concentration using FP mode spectral shifts.   
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