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1. Synthesis and Characterization of Amine-Functionalized Graphene Oxide (NH2-GO) 

The graphite was first converted to graphene oxide (GO) using a modification in Hummer’s 

method [1]. For the synthesis of amine functionalized graphene oxide, an adapted version of the 

previous method was used [2,3] to explore the use of amino-terephthalic acid as a potential source 

for amine groups. A dispersion of graphene oxide prepared in deionized water (1 mg·mL−1) was 

subjected to probe sonication followed by addition of amino-terephthalic acid prepared in deionized 

water (1 mg·mL−1). This mixture was stirred at 60 °C for 16 h. After stirring, the solution was 

centrifuged at 7000 rpm for 15 min and washed several times with water via sonication, followed by 

air drying. This material is referred as NH2-GO in the manuscript. 

For functional group verification, the synthesized NH2-GO was characterized via UV/vis (U-

3900H, Hitachi, Japan) in the 200-500 nm range, FT-IR (Perkin Elmer Spectrum II, Massachusetts, 

USA) in the 4000-400 cm−1 wavenumber range and Raman spectroscopy (Spectral Analyzer, 

Renishaw, Wotton-under-Edge, UK) in the 1300-1600 cm−1 range. For UV/vis spectroscopy, 1 mg·mL−1 

of GO, NH2-BDC and NH2-GO were prepared in Milli-Q water and spectra was recorded with Milli-

Q water for baseline correction. For FT-IR measurements, 1 mg of GO, NH2-BDC and NH2-GO were 

pelleted with IR grade potassium bromide. For Raman measurements, the samples were placed onto 

the glass slide and their Raman signal was recorded. The crystal structures of GO, NH2-BDC and 

NH2-GO were studied via XRD (Bruker D8 Advance, Germany) over the 5° to 50° 2θ range. TEM 

images (JEOL, JEM 2010, Japan) were recorded to understand the morphology of the synthesized 

material. For sample preparation, NH2-GO was dispersed in Milli-Q water and sonicated for 30 min 

prior to drop casting onto a lacy carbon TEM grid and left for air dry. 

The amine functionalized graphene oxide material was analyzed via UV/vis absorbance  

(Figure S1), FTIR (Figure S2), Raman (Figure S3), XRD (figure S4) and TEM (figure S5). 
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Figure S1. UV/vis absorption of graphene oxide (GO), NH2-BDC and amine functionalized graphene 

oxide (NH2-GO), showing the absorbance peaks of individual material. In case of GO, the π- π* 

transitions occurring in aromatic C–C bonds gives peak at around 230 nm whereas a faint shoulder 

at around 300 nm is characteristic of the n- π * transitions of C═O bonds [4]. NH2-BDC gives peak at 

around 350 nm which matches well with previous report [5]. In case of NH2-GO, it displays a UV/vis 

spectrum which encompasses peaks both from GO and NH2-BDC showing the successful synthesis 

and functionalization of the material. 
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Figure S2. FTIR spectra of graphene oxide (GO), NH2-BDC, and amine functionalized graphene oxide 

(NH2-GO), showing functional groups present in these samples. Graphene oxide has functional 

groups such as O-H, C=C and C=O at around 3402, 1624 and 1726 cm−1, respectively [6]. NH2-BDC 

contributes additional functional groups such as N-H and C-N which gives peaks at 3385 and 1226 

cm−1 [5]. The NH2-GO has N-H, C=O, O-H and C-N functional groups at 3385, 1692, 3504 and 1226 

cm−1, respectively [7]. All these functional groups are essential for facilitating the binding of the 

antibody on the material. It is clearly evident that the amino-terephthalic acid was able to 

functionalize the graphene oxide.  
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Figure S3. Raman spectroscopy of graphene oxide (GO) and amine functionalized graphene oxide 

(NH2-GO), showing characteristic D (defects) and G (graphene) bands at 1342 and 1536 cm−1, 

respectively [8]. The ID/IG ratio for GO was calculated to be 1.180, which increased to 1.208 after its 

amine functionalization. This might be due to the introduction of nitrogen in the graphene structure, 

thus leading to generation of more defects. With increase in defects, the signal of D band increases [9]. 
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Figure S4. XRD analysis of graphene oxide (GO), amine BDC (NH2-BDC), and amine functionalized 

graphene oxide (NH2-GO). A sharp peak at around 10.8° and 42.5°, corresponding to the (002) and 

(101) plane, respectively, was observed in the GO, in compliance with previous reports [10]. These 

peaks were also observed in the NH2-GO along with some other peaks, contributed to the presence 

of amino-terephthalic acid. The interlayer spacing (d) was calculated using Bragg’s Law  

(d= λ/(2sinθ)), where d is the inter-layer spacing, λ is the wavelength of the X-ray (1.54060 Å ) and θ is 

the diffraction angle) [11]. The interlayer spacing for GO and NH2-GO was found to be 8.753 Å  and 

8.185 Å , respectively. These interlayer spacing values for GO are in line with the previous reports [12]. 

The decrease in the values of interlayer spacing can be due to the decomposition of some groups from 

the graphene oxide which leads to a more ordered graphene structure [13]. Using molecular 

modeling, Cunha et.al. showed that at some concentrations of functionalization, the interlayer spacing 

decreases. It is because to accommodate the functional groups, the graphene sheets flex, thereby leading 

to a decrease in the interlayer spacing value [14]. The crystallite size (calculated using Debye-Scherrer 

equation) [15] of GO and NH2-GO is calculated to be 126.04 Å  and 111.45 Å , respectively. 
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Figure S5. Two TEM images of NH2-GO showing presence of thin sheets. 1 mg·mL−1 of NH2-GO 

prepared in deionized water was dispersed in Milli Q water and sonicated for 30 min prior to drop 

casting onto the lacy carbon TEM grid. The suspension of the sample was drop casted on the grid and 

was allowed to air dry. Graphene oxide has a characteristic sheet like structure which is also evident 

from the current TEM images [16]. This image shows that the material has the appearance of thin 

sheets which matches with the reported nature of graphene oxide. The TEM image of the research 

reported done by Caliman et al. also showed that the amine functionalized graphene oxide material 

shows a lesser degree of aggregation as compared to the unfunctionalized graphene oxide [17]. 
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2. Effect of scan rate 

 

Figure S6. (a-c) Effect of scan rate for bare SPCE showing (a) cyclic voltammograms, (b) a plot of 

current versus scan rate and (c) a plot of current versus square root of scan rate. (d-f) Effect of scan 

rate for NH2-GO@SPCE showing (d) cyclic voltammograms, (e) a plot of current versus scan rate and 

(f) a plot of current versus square root of scan rate. (g-i) Effect of scan rate for Ab/NH2-GO@SPCE 

showing (g) cyclic voltammograms, (h) a plot of current versus scan rate and (i) a plot of current 

versus square root of scan rate. 
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3. Effect of Flow Rate 

 

Figure S7. Figure shows the trend of ratio of the anodic to the cathodic current (Ipa/Ipc) at different 

flow rates. 

 

4. Calibration Curve from Commercial ELISA Kit 

 

Figure S8. Linear response of ELISA in the concentration range of 0-1500 ng·mL−1 with an R2 value of 

0.966. 
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