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MATERIALS AND METHODS

Synthesis can be found in main paper.

Suspension measurements.

Absorbance and emission, and fluorescence lifetime analysis.

The as prepared aqueous carbon nanofiber aqueous suspension was measured in a low volume (500 uL) quartz
cuvette. Slit width for excitation and emission data was 5 mm and 5 mm. Absorbance was measured on a Cary

60 and excitation and emission were measured on a Cary Eclipse.

Fluorescence lifetime measurements.

The as prepared aqueous carbon nanofiber aqueous suspension was measured in a low volume (500 uL) quartz
cuvette. Excitation was 400 nm, collection wavelength was 450 nm. The Instrument Response Frequency was
found using Ludox colloidal silica in water.

Quantum yield measurements.

The as prepared aqueous carbon nanofiber aqueous suspension was measured in a 3 mL quartz cuvette. The
baseline was take with deionized H,0 and an integration sphere was used to collect the absorbance and emission
counts.

pH sensing.

Emission spectra for suspensions of carbon fibers (absorbance at 350 nm at 0.1) were taken. These carbon fiber
suspensions were spun down via centrifugation and resuspended in buffers of known pH (pH 1, pH 3, pH 5, pH
7, pH 9 and pH 11), and the emission spectra was repeated.

For emission switching, the emission spectrum was taken a suspension of carbon fibers in water (pH7). Conc.
HCI was added resulting in pH of one (emission spectrum was taken) followed by addition of conc. NaOH until
the pH had reached 11 (emission spectrum was taken).

Metal ion sensing.

Metal ion sensing measurements are described in the main paper.

Deposited measurements

Bright field/ epifluorecence microscopy imaging.

A glass microscope slide was soaked in methanol for 1 h and rinsed in ethanol followed by deionized H,0 at least
three times and dried under a stream of nitrogen to clean. 10 pL of the prepared fiber sample was deposited on
this cleaned slide and left to dry in air. Epifluorescent images were taken at 390 nm, with a 10 s integration time
on an Olympus BX51 microscope system.

AFM.

A glass microscope slide was soaked in methanol for 1 h and rinsed in ethanol followed by deionized H,0 at least

three times and dried under a stream of nitrogen to clean. 30 pL of the aqueous sample was dropped onto the



glass slide and allowed to dry at room temperature. AFM images were taken in amplitude modulation mode in
air using an Asylum Research MFP-3D with a PPP-NCH tip (Nanosensors, Switzerland). The instrument was
Asylum Research MFP-3D Classic AFM, at a scan rate of 1 Hz.

Raman.

The Raman study was performed on a SENTERRA dispersive Raman microscope (Brunker optics) with a 785 nm
laser. Settings applied were 1 mW power, 10 second collection times and 10 accumulations. The sample was
deposited from aqueous suspension onto a cleaned CaF, plate, a total of 6 mL as prepared nanofiber was

dropped sequentially onto the same area in 10 pL aliquots

XPS.

The sample holder was sonicated in ethanol for 30 min, and dried in air to clean. 10 uL of the carbon fiber
suspension at a time were deposited into the middle of the sample holder and dried in air at 60 °C. This was
repeated until a total of 3 mL was deposited and dried to ensure no gaps between the fibers, revealing the
sample holder.

FTIR.

A CaF; plate was washed in ethanol and dried in air and 10 pL of the prepared fiber suspension was deposited
on this and left to dry in air. IR images were acquired using a Nicolet iN10 MX Imaging system by Thermo
Scientific (Madison, WI, USA). The detector used was an MCTA point array detector, which was liquid Nitrogen
cooled. Regions of the IR image corresponding to the fibers were selected by thresholding a principal component
scores image that segregated them from the CaF; slide background. The mean spectrum of the fiber regions was
then calculated.

SEM.

Once the membrane was removed from the microwave and dried in air, the ‘top side’ was identified (more
uniform pore distribution in anodizing process —appears shinier) and this side was scratched only. The underside
was stuck to an adhesive carbon pad and approx. 100 pL 3 mol L' NaOH was dropped onto the membrane and
left for 25 min. The membrane (still attached to the pad) was then rinsed with clean deionized H,0 and left to
dry. The carbon pad was then stuck to a sample holder.

Samples were sputter coated with gold, using a Emitech K575X Sputter CoatingUnit, to prevent surface charging
by the electron beam. Images were taken using a FEI Quanta 3D FEG DualBeam (FEI Ltd,Hillsboro, USA).
TEM/STEM.

Transmission Electron Microscope (TEM) and Scanning Transmission Electron Microscope (STEM) images were
recorded on a FEI TITAN TEM/STEM at acceleration voltage 300 kV. The nanofibers were deposited from
aqueous suspension onto a holey carbon substrate and dried under a stream of N,.

Deposited lifetime measurements.

A glass microscope slide was soaked in methanol for 1 h and rinsed in ethanol followed by deionized H,0 at least
three times and dried under a stream of nitrogen to clean. 10 pL of the prepared carbon nanofiber sample was

deposited on this cleaned slide and left to dry in air.



Lifetime measurements were taken on a constructed system with 405 nm excitation laser, and collection at all
wavelengths. Lifetime was taken to 1000 counts over various regions of the carbon nanofiber sample and the
results presented here are the average of all of these measurements. Instrument Response Frequency was Ludox
colloidal silica in water.

Single fiber ion sensing.

Single nanowire photoluminescence imaging was undertaken using a home-built wide-field epi-fluorescence
microscopy system consisting of inverted microscope (IX71°, Olympus, Inc.) equipped with a 404 nm diode laser
(iBeamsmart 405-S, TOPTICA Photonics AG), an electron multiplying charge-coupled device (EMCCD) camera
(Evolve™ 512, Photometrics), and a 100 x oil immersion objective lens (1.45 NA; UPLSAPO 100XO, Olympus,
Inc.) in combination with a 1.6 x tube lens. Samples were prepared by drop casting the carbon nanofiber
suspension in uncoated, sterile, 96 well p-plate (ibidi GmbH). To acquire photoluminescence images, each
sample was illuminated at 404 nm at an excitation intensity of 42.8 W cm and 100 / 1,000 frames for imaging
were acquired with an exposure time of 20 ms at an electron multiplication gain of 200. 50 pL of DI water was
first added in to the sample well and 100 frames imaging were acquired after. Then another 50 pL of Fe(lll) ion
solution was added into the same sample well and 1,000 frames images were acquired. Approximately 10 s in
between every two imaging acquirements without under any light exposure. Metamorph® Microscopy
Automation & Image Analysis Software (Molecular Devices, Inc.) was used to control the imaging system.
Acquired image stacks were subsequently analyzed using Image-Pro® Plus (Media Cybernetics, Inc.), and plotted

using Origin® 8.1 (OriginLab Corp.).
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Figure S1 A SEM images of empty anodized alumina templates as used in the synthesis of carbon fibers. B Size
distribution of the diameter of the pore size determined from the SEM images, n = 1087.

Figure S2 A Appearance of membrane prior to microwave reaction. B Appearance of membrane following
microwave reaction.
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Figure S.3 Time dependent absorbance (350 nm) of a carbon nanofiber suspension in aqueous solution at 20°C
recorded at 20 min intervals over 12 h.



Figure S4 A-F SEM of various regions of a membrane following microwave reaction and digestion, showing close
packing of multiple fibers in all areas.
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Figure S5. A-C. TEM images at various magnifications of the edge region of a luminescent carbon fiber deposited
on holey carbon. D-F STEM images at various magnifications of the edge region of a luminescent carbon fiber
deposited on holey carbon.
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Figure S.6 Complementary epifluorescent (Aex= 390 nm) and bright field images (x100 magnification) of carbon
fibers.
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Figure S7. A Example of the AFM height trace, at lower concentration of carbon fibers. B Line profiles extracted
from AFM height traces used to determine fiber diameter distribution. C D Zoom image of undivided fibers

showing the surface morphology
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Figure S.8 Raman spectra of luminescent carbon nanofibers deposited from aqueous

suspension onto a CaF; substrate compared to the CaF, substrate background. Recorded at 1
mW with 785 nm source.
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Figure S.9 Excitation dependent emission at 5 nm intervals from 290 nm to 450 nm in aqueous suspension in
quartz cuvette.
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Figure S.10 Excitation dependent emission in 5 nm increments from 220 nm to 300 nm, in agueous suspension.

200 500
A —pH1lex B J —pH1
400 -
E e
s = 300 4
2 2
5 £ 200 -
E £
--_////Af\’\ 100 4
0 ' L] ' v l T ' T ' v ' v
300 350 400 400 450 500 550 600

Wavelength (nm) Wavelength (nm)

Figure S.11 A Excitation spectra for each of the triplicate pH dependent emission studies in aqueous buffer
solutions for emission at 450 nm B Emission spectra for each of the triplicate pH dependent emission studies in
aqueous buffer solutions excited at 350 nm.
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Figure S.12 Emission spectra of carbon fibers in aqueous suspension with the pH being sequentially changed to
show switchable pH dependent emission. From pH 7 to pH 1 to pH 12.
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Figure S.13 Excitation spectra of carbon fibers (for 450 nm emission) under various concentrations of metal ions
(Fe(I1) Fe(l) and Zn(l1)) in water, showing no shift under various concentrations of quenching.
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Figure S.14 Overlay of emission spectra in suspension, deposited few fibers (aggregate) and deposited single
fiber.
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Figure S.15 Photostability in water of a range of single fibers.
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Figure S.16 Examples of single fiber quenching of luminescence of a carbon fiber deposited on glass and covered
in water (red) and after the introduction of Fe(lll) (blue), the resulting concentration being 1 mM.
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Table S1: Values used for percentage yield calculations

Number of pores per membrane

1.84x10° + 0.22x10°

Pore length

60 um (as listed)

Pore diameter

0.24 +0.03 um

Pore volume

1.9x10%8 +0.23x10® m?

Volume per membrane

3.5x10° + 0.4x10° m?

Density of amorphous carbon

2g.cm?

Mass carbon per membrane

6.9 +0.8 mg.mL*

Actual mass of carbon

0.7 £0.4 mg.mL*

Table S2: Carbon fiber dimensions

SEM AFM Bright Field
nm pum um
Carbon fiber diameter 237.7 £39.2 206.9 +40.5 -
n=110 n=>54
Carbon fiber length - - 10.5 £5.3
n=1250
Membrane pore opening 212.9+30.6 - -
diameter n=1087
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Table S3: Peak analysis for XPS
Spectrum Peak position Assignment
(eV)
XPS Full spectrum 284.8 C
400.6 N
531.9 o]
XPS C1S 284.9 C-C/c=C
286.3 C-O/C-N
288.1 Cc=0
XPS 0O1S 531.5 Cc-0
532.8 Cc=0
XPS N1S 400.6 Amino N
401.3 Pyrrolic N
Table S4: Peak analysis for IR
Peak position (cm™) Assignment Description
3356 O-H Alcohol stretch, H-bonded — broadened
3293 N-H Aliphatic amine stretch (symmetric)
2931 C-H Alkane stretch (asymmetric)
2850 O-H Acid stretch
1635 Cc=0 Amide stretch
1570 C=C Aromatic stretch
1404 C-H Alkane bend
1258 C-O0/C-N Ether stretch /Amine stretch
1111 Cc-0 Alcohol stretch

Table S5: Suspension lifetime measurements

T1 %

T2

%

1.02 ns 69

9.01 ns

31

15.44
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Table S.6 Optical properties of various synthesis of similarly prepared carbon dots

Precursor Method of Diame | Emissio | Stokes | Quantum | Fluorescence Ref.
s carbonizatio ter n peak shift yield lifetime
n
(nm) (nm) (nm)
Citricacid | Microwave 200 450 nm 100 5% 1.02 ns (69 %) This work
/ PEI nm nm 9.01 ns (31 %)
Citric Microwave | 2.2-3.0 | 460nm | 100 30.2% 15.90 ns 1(57)
acid/ EDA nm nm
hydrotherma
|
Citric Microwave | 12nm | 445nm | 95nm 30% 11.550.22 ns 2 (69)
acid/ PEl | hydrotherma 3.070.19 ns
| 0.54 0.06 ns
Citric hydrotherma | 0.8-2.8 | 437 nm | 77nm 83% N/A 3 (65)
acid/ | nm
EDA/
Mg(OH),
Citric hydrotherma | 2-6 nm | 443 nm | 83 nm 80% 7.8 ns (ca. 20 4 (58)
acid/ EDA | %) and
0.9 ns (ca. 80
%)
Citric pyrolysis 2 nm 450 nm | 90 nm 64% 35.3 ps (43%) 5(70)
acid/ 57.6 ps (57%)
DETA/ o-
PA
Citric hydrotherma | 3.5nm | 450 nm 110 22% 0.19 ns 6(71)
acid/ EDA | nm 1.67 ns
6.52 ns
Citric hydrotherma | N/A | 440 nm 100 52% (or 7.3 ns 7(72)
acid/ EDA | nm 7%)
(or TEA)
Citric hydrotherma | <1nm | 440nm | 80nm | 35.1% (at N/A 8(67)
Acid/ | pH 7)
Urea
Citric hydrotherma | 1-3nm | 450nm | 130 37.4% N/A 9(34)
Acid/ LEPI | nm

*Reference number for main text in parenthesis.
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Table S7. pH dependent emission and excitation shifts.

pH A Of maximum excitation (nm) A of maximum emission(nm)
1 359 471

3 356 467

5 346 455

7 345 447

9 345 449

11 346 449

Table S8: Deposited lifetime measurements

T1

% T2 % xz

1.35ns

76.3 |53ns |23.7 | 0.97
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Table S. 9 Literature comparison (for carbon dots) of metal ion quenching trends.

Precursor Method of Sensitivit | Percentage Conc. Comments /further Ref.
s carbonization y to quenched analysis
Citric acid Hydrothermal Cu(ll), 75% LOD Cu(ll) 6 Linear range from O- 10 (80)
/ BPEI Hg(ll) 25% nM 11uM shown (pH4) for
cu(i).
Detection in spiked river
water.
Citric Hydrothermal Fe(lll) 99% LOD 1ppm Lifetime changes show 4 (58)
acid/ EDA Fe(ll),Cu(l Others (spectra dynamic quenching
1), Zn(ll), | mentioned shown)
Co(ll), as ‘less”
Hg(ll)
Citric Hydrothermal Hg(ll) 70% 20 uM Full quenching by 12 uM, 11 (81)
acid/ EDA (bomb) linear range (decrease)
shown.
Turns back on after EDTA
Citric Hydrothermal Be(ll), 96% 10°M Linear range from 0-1mM | 12 (82)
acid/ urea (bomb) Fe(lll) 98% and 0.1 mM shown
(respectively). Fe (lI1)
trend is similar to this
work)
Citric Bomb Fe(lll), 80% 500 uM 13 (83)
acid/ No solvent Fe(ll) 30% In cell detection
PEG-
diamine
Citric Acid | Heating mantle. Cl, 75% LOD 0.05 uM Real tap water samples 14 (84)
No solvent,
NaOH addition
Citric Acid Thermal Fe (ll1), 80% LOD: Sensitivity dependant on 15 (85)
pyrolysis Hg(Il), 70% 2.8 uM buffer systems
Pb(1l) 50% 5.7 uM
7.2 uM,
Rice Microwave Fe (111) 90% LOD: Increase of emission 16 (78)
Zn (1) -150% 0.78x10-7 M seen in Zn(ll)
1.63x10-7 M

*Reference number for main text in parenthesis.
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