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1. The Power Supply Unit of GO-functionalized Fiber Preparation

The copper electrode was tightly and evenly wrapped around the outside of the quartz tube. A
miniaturized ac power supply (NGB408BL) bought from Jinshi Electronic Equipment Factory
(Guangzhou, China) was connected to the electrodes to provide high voltage for the generation of the
DBD plasma. The discharge voltage was controlled by a variable transformer (TPGC2J-1) obtained
from Shanghai Pafe Electronic Equipment Ltd. Co. (Shanghai, China). The transformer was connected
to the power supply.

2. Typical Operation Parameters of GF-AAS
Table S1. Operating conditions and graphite furnace temperature program for the determination of Cd

Instrumental conditions

Wavelength (nm) Cd:228.8
Spectral bandwidth (nm) 0.5

Lamp current (mA) 4
Integration mode Peak height
Sample volume (uL) 15
Background correction Zeeman

Graphite furnace temperature program

Step Temperature Argon flow rate (L mint)
Dry; 85 0.3

Dry, 95 0.3

Drys 120 0.3

Pyrolysis 250 0.3

Atomization 1800 0

Clean 1800 0.3
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3. Optimization of Experimental Parameters for Preparation of
GO-Functionalized Pencil Lead Fiber

3.1 Effect of Discharge Time

To investigate the influence of discharge time on the morphology of pencil lead, pencil lead was

treated with air plasma at various time (Fig. S1). As increasing plasma-etching time, the surface of
the pencil lead became rougher, with more generated micro/nanosheets. After 40 min of air plasma
treatment, the P-PL surface was densely coated by highly porous GO nanosheets. However, the
produced surface pores showed no differences if the treatment time exceeded 40 min. Thus, 40 min
was selected as the discharge time for subsequent experiments.

Fig. S1. Effect of discharge time on the preparation of P-PL fiber.(a) 0 min, (b) 30 min, (c) 40 min, (d) 50 min, (e) 60 min.

Experimental conditions: type of pencil lead : 2B from Pencil Co.; and discharge voltage, 1.45 kV.

3.2 Effect of Discharge Voltage
\oltage is another discharge condition that affects the structure and morphology of the
synthesized fiber. As shown in Fig. S2, the roughness of the surface of the pencil lead increased
with voltage increased from 1.09 kV to 1.45kV. When the discharge voltage was lower than 1.45
kV, only striped and dotted protrusions were observed rather than porous structure. Besides, lower
discharge voltage did not generate and maintain a stable plasma, whereas the stability of plasma
deteriorated when a higher voltage was used. A 1.45 kV of ac power supply was chosen as the

optimal voltage to form a rich porous structure that can provide more binding sites to cadmium
ions.

Fig. S2. Effect of discharge voltage on the preparation of P-PL fiber.(a, d) 1.09 kV, (b, e) 1.27 kV, (c, f) 1.45 kV. Experimental

conditions: type of pencil lead : 2B from Duogi Pencil Co.; and discharge time, 40 min.
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3.3 Effect of the type of pencil lead

The type of raw pencil lead plays an important role in fabricating porous P-PL fibers due to the
different content of graphite. We have tested pure graphite fiber and pencil leads of different
types from 2H to 2B as raw materials. The content of graphite in pencil lead increases in the
following order: 2H < HB < 2B. As shown in Fig. S3, no porous structure was observed on the
surface of pure graphite fiber after plasma treating. With pencil lead fiber bought from Mitsubishi
Pencil Co., only HB pencil lead had a partially uneven porous structure. For 2B pencil lead, it had
a similar small hollow bump as 2B pencil lead bought from Duoqi Stationery Factory at lower
discharge voltage. Therefore, it is possible that the plasma energy maybe not enough to make a
porous structure for those with a higher yield of graphene. Additionally, different morphology
generated on PLs (2B) from different manufacturers indicates that the other components in pencil
lead may help to form the porous structure of the fiber.

400 im

Fig. S3. Effect of the type of pencil lead on the preparation of P-PL fiber.(a, b) 2H from Mitsubishi Pencil Co., (c, d) HB from
Mitsubishi Pencil Co., (e, f) 2B from Mitsubishi Pencil Co., (g, h) 2B from Duogi. Pencil Co., (i, j) graphite rod. Experimental

conditions: discharge voltage, 1.45 kV; and discharge time, 40 min
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4. Elemental Composition of 2B Pencil Lead from Different Manufacturers

Table S2. Elemental composition of 2B pencil lead from Mitsubishi Pencil Co. characterized by EDX

element Weight percent (%) Atom percent (%)
C 94.15 96.00

0] 4.39 3.36

Si 1.34 0.58

Al 0.12 0.05

Table S3. Elemental composition of 2B pencil lead from Duogi Stationery Factory

element Weight percent (%) Atom percent (%)
C 62.80 73.44

0 24.02 21.09

Si 5.34 2.67

Fe 4.04 1.02

Al 2.43 1.27

Ca 0.50 0.18

Ti 0.44 0.13

Mg 0.26 0.15

K 0.16 0.06

5. Pencil Lead Fibers Treated with N2 and Oz Plasma

The two most dominant components in dry air are 21% (by volume) oxygen and 78% (by volume)
nitrogen. To investigate their roles in forming P-PL, both pure O, and N, were used as discharge gas
and the results are shown in Fig. S4. Under the reaction of oxygen plasma, the pencil lead turned white
which was similar to the color obtained by air plasma, whereas it became black under N, plasma. This
phenomenon indicates that the process of air plasma treating was mainly an oxidation process, although
O, accounts for a smaller proportion of air compared to N,. Meanwhile, SEM images show porous
structure under all tested gases. However, surprisingly, the product morphologies varied significantly
when different discharge gases were used. Lamellar loose accumulation, large, and rich pore structures
were produced with O, as discharge gas, compared with shallow and small pores using N». The dense
and deep pore structure generated by the air plasma indicates that it may be caused by both N2 and Oo.
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Fig. S4. Photographs of pencil lead fiber with different discharge gases: (a) Nz, (b) O,; SEM images of pencil lead fiber with

different discharge gases: (a) N, (b) O,. Experimental conditions: discharge voltage, 1.45 kV; and time, 40 min.

6. Characterization of Fibers

EDX measurement is shown in Fig. S5a and S5b, the carbon to oxygen ratio (C/O, atom) of the inner
black section of the P-PL fiber was higher than that of the outer white layer, indicating higher oxidation
of graphite. The O1s peak (Figure S5c¢) indicates the content of carboxyl group or oxygen double bond
and, in particular, the content of COO- and O=C-O increased after plasma-etching, which is consistent
with the results from the high-resolution spectra of Cl1s. To further confirm the structure of P-PL,
Raman spectroscopy was carried out (Fig. S5d). The bands at around 1580 and 1350 cm™ are generally
assigned as the G band (associated with the vibration of sp? carbon atoms in a graphitic 2D hexagonal
lattice) and D band (related to the vibrations of sp® carbon atoms of defects and disorder). The weak
and broad 2D peak at 2700 cm™* is another indication of the disorder, due to the out of plane vibrational
mode. The integrated intensity ratio of the D peak to the G peak (ID/IG) is usually used to evaluate the
degree of disorder of carbon materials. The spectra of PL and P-PL have all these three bands. However,
the D/G intensity ratio increased after air plasma treatment, which indicates an increase in defects,
consistent with the results from the high-resolution spectra of C1s. Although the degree of the disorder
has increased, the content of graphitized carbon is still greater than the content of amorphous carbon.
The main carbon-containing compound on P-PL is GO.
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Fig. S5. EDX spectrum of (a) the inner and (b) the outer of pencil lead treated by air plasma; Comparison of various
characterization results of PL and P-PL (c) high-resolution spectra of the Ol1s XPS peak ; (f) Raman spectra. Experimental

conditions: discharge voltage, 1.45 kV; and time, 40 min.
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Fig. S6. EDX element mapping images of the cross-section of a cut fiber in P-PL.

7. Optimization of Experimental Parameters for Cd Extraction and Desorption

All experimental conditions were optimized to obtain optimum response (Fig. S7). According to
previous reports [1,2], cadmium ions in water solution can be present in various forms at different pH
values:

Cd?* < Cd(OH)* +> Cd(OH); «> Cd(OH)3™ < ...

Therefore, pH of solution plays an important role in adsorption of cadmium ions on P-PL fiber. The
high pH is beneficial for the ionization of the oxygen-containing functional groups on the surface of
P-PL fiber. On the other hand, at high pH values, metal hydroxides can form precipitates or anionic
species can be predominant. Fig. S7a shows the effect of pH on cadmium sorption on the P-PL. The pH
values of the aqueous solution were adjusted with 0.1 M nitric acid and ammonium hydroxide. The
absorbance value of cadmium increased slowly at pH < 6, sharply increased at pH 6-8, and then
decreases at pH > 8, indicating the sorption of cadmium reached its maximum at pH 8. At pH < 8.0, the
predominant Cd(11) species is Cd?*. From the precipitation constant of Cd(OH)2(s) (Ksp = 2.50 x 10%),
at a Cd(ll) initial concentration (0.2 pug L1), cadmium ions begins to form precipitation at pH~11.6.
Thereby it is not easy to form a precipitation at pH 2-11. At low pH, the surface charge of P-PL is
positive because of the protonation reaction (=SOH + H* — SOH?*, where =S represents the
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surface of P-PL, and —OH represents the oxygen-containing functional groups). The positive cadmium
ions are difficult to adsorb on the positively charged surface of P-PL because of the electrostatic
repulsion. With increasing pH, the surface charge of P-PL becomes negative because of the
deprotonation reaction (=SOH — SO + H¥). The solution pH affected the degree of deprotonation
and the speciation of the surface functional groups. At higher pH, the surface charge is more negative
and the electrostatic interactions between the Cd?* and P-PL become stronger, and thereby result in the
increase of Cd?* sorption. A decrease in the analytical signal at pH higher than 8, probably due to the
formation of hydroxide species, such as Cd(OH)*, Cd(OH), and Cd(OH) .

Extraction time is another important parameter for cadmium absorption efficiency with P-PL. Fig.
S7b indicates that the amount of metal extracted increased dramatically from 10 min to 20 min and
then rose slowly. The adsorption showed slow kinetics. To compromise between high extraction
efficiency and fast extraction time, the adsorption time was set to 20 min in all subsequent experiments.

For GF-AAS analysis, HNOs; was used as the eluent in this work. Thus, its concentration is
important for the desorption of the cadmium from the P-PL, and it was studied in detail. The results
show that 0.10 mol L' HNO; was sufficient for the desorption of cadmium from the surface of the fiber
(Fig. S7c). Considering analyte concentration as high as possible, the size of the fiber, and the craft of
making glass tubes for collecting eluent, 150 pL of 0.10 M HNO3 was used as a reagent for desorption.

Desorption time influences the degree of desorption and cross-contamination from reuse, so it was
investigated and the results are shown in Fig. S7d. In contrast to absorption time, desorption in acid
conditions was relatively fast with maximum response reached in less than 8 minutes. To ensure
complete desorption, 10 min was selected as the optimum desorption time. It is important to note that
shorter sorption and desorption time are possible to reduce the overall analysis time.
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Fig. S7. Optimization of experimental parameters for Cd Extraction and Desorption (a) pH, (b) extraction time, (¢) HNO;

concentration, (d) desorption time. Cadmium standard solution, 0.2 ug L.
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8. The Reusability of the GO-functionalized Pencil Lead Fiber

To evaluate the stability and reusability of the GO-functionalized pencil lead fiber, 100 replicate
extractions of an aqueous sample (15 mL) containing 0.2 pg L* were performed. After each
microextraction experiment, the proposed fiber was inserted into 150 puL 0.1 M HNOs; solution for
desorption, washed twice with 0.1 M HNOj3 and then with distilled water. Figure S8 illustrates 100
measurements of standard addition recoveries obtained for the cadmium ions using the
GO-functionalized pencil lead fiber DI-SPME-GF AAS, yielding good recoveries ranging from 85 to
102%.
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Fig. S8. The obtained recovery for 100 cycles extraction and desorption using GO-functionalized pencil lead fiber DI-SPME-GF
AAS. Spiked cadmium standard solution, 0.2 pg L.

9. The Adsorption Capacity of the GO-functionalized Pencil Lead Fiber toward
Cadmium lon

The adsorption capacity is an important parameter that determines maximum cadmium concentration
in the sample solution that quantitative recovery can still be obtained by using this fiber. In order to test
the adsorption capacity of the proposed fiber, 15 mL sample solution containing 10 mg L of cadmium
ion was adjusted to pH 8. Then, the recommended SPME procedure was applied. Finally, the
concentrations of analytes were diluted and determined by ICP-MS. The amount of cadmium ions
adsorbed on GO-functionalized pencil lead fiber (mg g*) was calculated from the difference between
the initial concentration Co (mg L) in aqueous solution and the equilibrium concentration C. (mg L)
determined in solution: Qe = (Co — C¢)V/W, where W (g) and V (L) are the amount of the adsorbent (1
cm GO-functionalized fiber part , 8.62 mg) and volume of sample solution (15 mL), respectively. As a
result of the study, the adsorption capacity for cadmium was found to be 1.5 mg g*. The amount of
cadmium ions adsorbed on one GO-functionalized pencil lead fiber was 12.93 ug.
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