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Figure S1. (a) Transmission electron microscope (TEM) image of as-purchased (raw) single-
walled carbon nanotubes (SWNTs).  Scale bar is 1.0 µm.  (b) TEM image of acid-cut SWNTs.  
Scale bar is 1.0 µm.   (c) TEM image of nanographene oxide (NGO).  Scale bar is 500 nm. 

(c) 
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Figure S2. (a) Length distributions of raw SWNTs (black) and acid-cut SWNTs (red).  The raw 
SWNTs are 4.0 ± 1.7 um long, whereas the cut SWNTs are 1.1 ± 0.4 µm long.  The solid lines 
are Gaussian fits to guide the eye. (b) Length distribution of SWNT-PEG, which are 1.1 ± 0.6 
µm long. 
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Figure S3.  Size distributions of (a) NGO and (b) NGO-PEG.  The colors indicate the probability 
of measuring that dimension.  Red is zero probability, orange and yellow are low probability, 
green is medium probability, and blue is high probability.  For NGO, the average dimensions are 
by 86 ± 51nm by 25 ± 13 nm, and for NGO-PEG, the average dimensions are 69 ± 32 nm by 33 
± 16 nm. 
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Figure S4.  Relative bacteria growth of (a) DH5α exposed to SWNT-PEG, (b) DH5α–pBR322 
exposed to SWNT-PEG, (c) DH5α exposed to NGO-PEG, (d) DH5α -pBR322 exposed to NGO-
PEG.  In each figure, the maximum concentration of nanomaterial is equal to or greater than its 
highest concentration in other experiments in this work.  This demonstrates that the 
nanomaterials do not significantly inhibit bacterial growth. 
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Table S1.  Results of viable count experiments for DH5α and DH5α–pBR322 exposed to 
SWNT-PEG and NGO-PEG.  (TNTC = too numerous to count)  The number of counted colonies 
for bacteria exposed to nanomaterials is statistically the same as non-exposed bacteria, indicating 
that exposure to nanomaterials does not negatively impact the viability of the bacteria. 
 

DH5α Exposure Dilution Factor 

 
1 10-5 10-6 10-7 10-8 

 
 

Nothing 

TNTC TNTC TNTC 42 4 

TNTC TNTC TNTC 39 2 

TNTC TNTC TNTC 28 4 

 
 

SWNT-PEG 
(100 µg/mL) 

TNTC TNTC TNTC 41 6 

TNTC TNTC TNTC 45 3 

TNTC TNTC TNTC 49 7 

 
 

NGO-PEG 
(100 µg/mL) 

TNTC TNTC TNTC 30 2 

TNTC TNTC TNTC 42 10 

TNTC TNTC TNTC 49 4 
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DH5α-pBR322 
Exposure 

Dilution Factor 

 
1 10-5 10-6 10-7 10-8 

Nothing TNTC TNTC TNTC 63 2 

TNTC TNTC TNTC 53 6 

TNTC TNTC TNTC 50 6 

 
 

SWNT-PEG 
(100 µg/mL) 

TNTC TNTC TNTC 45 3 

TNTC TNTC TNTC 44 2 

TNTC TNTC TNTC 44 5 

 
NGO-PEG 

(100 µg/mL) 

TNTC TNTC TNTC 51 8 

TNTC TNTC TNTC 56 3 

TNTC TNTC TNTC 63 1 
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Figure S5.  LDH activity assay results for (a) DH5α and (b) DH5α -pBR322 exposed to water 
control, SWNT-PEG, and NGO-PEG.  In both cases, there is no evidence for increased LDH 
activity over the water control, indicating that the nanomaterials do not cause release of LDH 
from within the bacteria. 
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Figure S6. 1H Nuclear Magnetic Resonance (NMR) spectrum of TET, SWNT-PEG, SWNT-
PEG-TET, and NGO-PEG-TET at 300 MHz in CD3COCD3.  (a) full spectrum, (b) low-shift 
region, (c) high-shift region.  The peak at 5.04 ppm is from the DMSO solvent.  The peak at 3.33 
ppm is from HOD that results from residual water in the sample after filtration and is also 
present in the DMSO solvent.  This peak also coincides with a TET peak.  The other peaks agree 
with literature values1 and the spectrum of our own TET.  The peak at 2.51 ppm is from the 
PEG.2  See Table S2 for more information. 
 
Table S2. 1H NMR chemical shifts for tetracycline from the literature,1 our own spectrum of 
TET, and TET attached to the nanomaterials.  The peaks are characterized in the same manner as 
were those in the literature:  t = triplet, d = doublet, bs = broad singlet, s = singlet.  The excellent 
agreement between our peak values and those in the literature indicate that the TET is unchanged 
upon attachment to the nanomaterials. 

Compound Chemical Shifts (ppm) 

Literature1 7.5t 7.1 6.9d 1.5bs 2.5s 9.1 8.6 11.9 3.3 

TET 7.55t 7.13d 6.93d 1.53s 2.50s 9.14 8.70 11.91 3.36 

SWNT-PEG-TET 7.54t 7.13d 6.92d 1.52s 2.50s 9.14 8.70 11.89 3.33 

NGO-PEG-TET 7.54t 7.14d 6.93d 1.53s 2.51s 9.13 8.70 11.92 3.35 
 



S15 
 

 
Figure S7.  FTIR spectra of TET, SWNT-PEG-TET, and NGO-PEG-TET.  The peak at 
~1650cm-1 indicates a C=O, which is present in TET, NGO and SWNT. The N-H stretch at 
~3300cm-1, C-H peaks at ~2900cm-1, and the C-O peak at ~1300cm-1 all confirm the presence of 
PEG on the NGO and SWNT.  The TET peaks are broadened on the SWNT and broadened and 
shifted on NGO as a result of adsorption.  These results, together with the NMR results, indicate 
the presence of TET on the nanomaterials. 
 

Determination of TET Loading of SWNT-PEG and NGO-PEG 
 
As described in the Methods section, SWNT-PEG or NGO-PEG was stirred in a TET solution  at 
4 °C overnight.  The nanomaterials were filtered out, and the filtrate was analyzed by UV-Vis 
spectroscopy to determine the amount of TET in the filtrate.  This amount was subtracted from 
the original amount of TET in the reaction mixture to yield the amount of TET attached to the 
nanomaterial.  Data and calculations for SWNT-PEG are shown below, and the same process 
was performed for NGO-PEG.  For this experiment, 0.0741 g of SWNT-PEG was mixed with 
0.1112 g of TET and then filtered. 
 
Standard tetracycline solutions of known concentrations were made through serial dilutions.  The 
absorbances of these solutions at 358 nm were measured and graphed.  The data fit very well to a 
line, and the equation of the line was used to calculate the concentration of TET in the filtrate, as 
described below. 
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Figure S8.  Calibration curve of standard tetracycline solutions. 
 
The filtrate had a volume of 3.9 mL.  1.00 mL of it was pipetted into a 50.0-mL volumetric flask 
and diluted to 50.0 mL.  The absorbance of this solution at 358 nm was measured to be 0.51636. 

0.51636 = 21878x + 0.0072287 
x = 2.3271×10–5 g/mL This is the concentration of the diluted TET. 

Multiply by 50: x = 0.0011636 g/mL This is the concentration of TET in the filtrate. 
Multiply by 3.9 mL, the volume of the filtrate: x = 0.0045 g This is the mass of TET in the 

filtrate. 
TET attached = 0.1112 g - 0.0045 g = 0.107 g 

Mass Percent of TET in SWNT-PEG-TET = 0.107 g TET0.107 g TET + 0.0741 g SWNT-
PEG100% = 59.1% TET 

 
For five trials, the average mass percent of TET in SWNT-PEG-TET was 55%.  For NGO-PEG-
TET, the average was 50%. 
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Figure S9. Relative survival after 24-h incubation for separate additions of SWNT-PEG and 
NGO-PEG and then TET 1h later for (a) DH5α and (b) DH5α-pBR322 strains of bacteria. The 
TET inhibited the DH5α strain, indicating that the presence of the nanomaterials does not hinder 
the action of the TET.  However, the DH5α-pBR322 strain was only slightly inhibited.  The 
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extent of inhibition of the resistant strain is similar to that of just TET, indicating that adding 
nanomaterials separately from the TET does not lead to significant inhibition of the resistant 
bacteria. 
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