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SUPPORTING INFORMATION

Ultra Sensitive Detection of Leukemia by Graphene

Figure Sla and Figure S2A present typical AFM images of the GONPs (used in the guanine
extraction) and GO sheets (applied in fabrication of the rtGONW electrodes) on the Si(100) substrates,
respectively. The GONPs with lateral dimensions of ~20-200 nm and knife-like edges are clearly
observable in Figure Sla. The GO sheets with lateral dimensions ~1 pm are also distinguishable in
Figure S2A. The height profile distributions of the nanoplatelets and sheets are also shown in Figure
S1b and Figure S2B. It is well-known that typical thicknesses of monolayer (ML) GO is ~0.8 nm, i.e.
~0.44 nm thicker than the thickness of graphene (~0.36 nm), because of the presence of the oxygen
bonds on the both sides.!3 In each height profile distribution, the minimum fluctuations which are
related to the roughness of the background surface were set to zero. Hence, the first peaks after the
fluctuations (here, located at ~0.8 nm) can be assigned to the thickness of single-layer GO deposited on
the Si substrate. The next peaks located at ~1.6 and 2.4 nm can be attributed to the double- and triplet-
layer GO. These results indicate that the graphene nanoplatelets and sheets composed of <2 and 4
layers, respectively.

Figure S2C-E show scanning electron microscope (SEM) images of the rGONWSs deposited on
surface of a graphite electrode by EPD. A nest-like porous nanostructure constructed by graphene
nanowalls with ultra sharp edges (<10 nm edge thicknesses), lateral dimensions of ~100—500 nm, and
nearly vertical orientations with respect to the substrate are seen. Such porous graphene electrodes
would provide unique electrochemical properties, because of their large surface area and excellent
capability in charge transferring through the ultra sharp edges of the vertical nanowalls.

Raman spectroscopy was utilized to investigate about the carbon structure of the GONPs and

rGONW electrodes. The famous bands of carbon in Raman spectra, i.e., the G band (~1585 cm™)



resulted from the first-order scattering of the E,g phonons of graphitic structure of carbon and the D
band (~1350 cm™) resulted from a breathing mode of k-point phonons of A;g symmetry of structural
defects induced by, e.g., hyrodxyl and/or epoxide bonds [4], are seen in Figure S1c and Figure S2F. The
I/Ip ratio, which is a measure of the sp?> domain size in a carbon structure containing sp® and sp? bonds,
was found 0.74 for the GONPs, 1.37 for the GONW and 1.11 for the rGONW electrodes. The lower
I/Ip ratio of the GONPs than the typical ratio for the GO sheets (~0.85)° can be attributed to the smaller
lateral dimension of the former resulting in higher edge defects. For the graphene nanowall electrodes,
although the edge defects/disorders of the nanowalls would result in low Ig/I ratios (with values < 1), ¢
the Ig/Ip ratios > 1 were assigned to graphitic structure of the substrate, consistent with our previous
report.”’

Raman spectroscopy is also known as an effective technique to discriminate the single- and
multi-layer characteristics of graphene, because the 2D band is highly sensitive to the layer stacking.?
For example, single-layer graphene present a 2D band at 2679 cm™!, whilst the 2D band of multi-layer
graphene (including 2—4 layers) appears as a widened peak at higher wavenumbers (by 19 cm™).? In
addition, the typical I,p/Ig intensity ratio of single-, double-, triple- and multi- (>4) layer graphene is
>1.6, ~0.8, ~0.30 and ~0.07, respectively (see, e.g., [10-1112]). In this work, the I,p/I; intensity ratio of
GONPs was found ~0.47. This reconfirmed the single- and double-layer structure of GONPs (consistent
with the results of the AFM analysis).

Figure S1d and Figure S2G show peak deconvolution of C(1s) core level of XPS of the GONPs
and graphene nanowall electrodes (the GONW and rGONW electrodes), respectively. In the peak
deconvolution, the peaks located at 285.0 eV was assigned to the C—C and C=C bonds. The other
deconvoluted peaks located at the binding energies of 286.5, 287.2, 288.3 and 289.4 eV were attributed
to the C-OH, C-O-C, C=0, and O=C-OH oxygen-containing functional groups, respectively (see, for
example, [13,14]). The sample reduced by hydrazine (the rGONW electrode) shows another peak
component at 285.9 eV which can be attributed to formation of C-N bonds.!> Based on the XPS

analysis, it was found that reduction pf the GONWSs into the rGONWSs resulted in decreasing the O/C



atomic ratio from 0.44 to 0.17, indicating substantial deoxygenation of the GONWs (~60%) under the

reduction condition.
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Figure S1. a) AFM image, b) height profile distribution, ¢) Raman spectrum and d) XPS of GONPs.
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Figure S2. A) AFM image and B) height profile distribution of GO sheets used in the EPD, SEM images
of rtGONWSs deposited on a graphite rod in various magnifications: a) 10,000 (a wide windo with scale
bar of 3 um), b) 50,000 (a closed up widow with scale bar of 600 nm) and c) 80,000 (a tilted situation
with scale bar of 375 nm), F) Raman spectra and h) deconvoluted C(1s) core level of XPS of a) GONW

and b) rtGONW electrodes.
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