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é Aqueous suspensions of 13C-enriched C,, were
Coupled Processes progressively oxidized by artificial sunlight.

é CO, volume and isotopic composition was
determined with a trace-gas analyzer
interfaced to an isotope ratio mass

spectrometer
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XPS Analysis shows that
aggregation is driven by a loss of
oxygen from the CNT surface
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Absorbance at 350nm
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Dissolved oxygen does not affect the kinetics

Suggests Direct Decarboxylation
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Indirect Photo-Oxidation of Unfunctionalized
Carbon Nanotubes

Light absorption at photon Nanotubes designated (n,m) obtained
energy E,, followed by by rolling sheet from (0,0) to (n,m)
fluorescence emission at E along with chiral vector
Only the

semiconducting
tubes fluoresce.
(2/3 of all chiralities)

Image from Bachilo et al., 2002




Hydroxyl Radicals Ll — )

6 Second-order rate constants for reaction with organic
compounds are in the range of 107-10%° M- sec™! (Buxton et al., 1988).

6 Plays a significant role in the phototransformation of

organic compounds in natural waters.

Water body NOy DOC [ *OH ] Data from:
(mg of N/L) (mg/L) (M) *Zepp atal. (1987)
Small lake such as bPatrick et al. (1998)
: 1.4 4 2.5x 1016
Geifensee @
Shallow water body, rich in
NO;, such as water with 14 2 5% 1015
large groundwater input 2
Blue Earth River ® 8.8 4.19 09 x 1016
Lake Minnetonka ® 0.27 7.45 3.1x 1017
Lake Nichols ® 0.13 6.23 2.5% 1017




Hydroxyl Radical Steady-State Concentration (w/ SDS)

0.4 Irradiated pristine SG-65 in 0.5% SDS ,100 mM H,0, (™)
Dark control of pristine sg-65 in 0.5 % SDS, 100 mM H,0, (P)
0.3 - Irradiated 0.5% SDS, 100 mM H,O, (4)
$ecopge & 8 3
% :D o g Dark control of 0.5 % SDS, 100 mM H,0, (A)
g 02 =
@ ‘. . d[pCBA]
& A u T kKoupcral- OH]ss [PCBA]
0.1 - A, “ =
4 d[pCBA]
N . ‘ _ 4 .‘ T ar kexp [pCBA]
0 30 60 90 120 150 K
Time (hrs) [ OH) = —F
koupcBa
Sample information Irradiation period (hrs) [ *OH ], (M)
SG-65 in 0.5% SDS 124 4.17 x 10-16
0.5 % SDS 124 1.01 x 1015







Surfactant-free unfunctionalized SG65
w/ hydrogen peroxide

(a) (b)

a) 68 days, dark control
b) 68 days, with light irradiation



Excitation wavelength (nm)
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Bleaching after 93 days irradiation with hydrogen peroxide
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XPS shows changes in oxygen content of photo-
irradiated tubes with hydrogen peroxide

Sample ID Total % O 9%O(C-OH) %O(COOH) %0 (C=0) O(other)
as-received SG65 4.4 0.7 1.4 2.5 -0.2
dark control SG65 w/ H,0O, 1.7 1.9 0.8 3.4 5.6
irradiated SG65 w/o H,O, 11.0 2.1 1.9 3.0 4.0
T
irradiated SG65 w/ H,0, 16.5 2.6 0.8 3.3 (9.8 >

Oxygen-containing functional groups such as
ethers, esters, and epoxides show highest increase

98 days irradiation Data provided by:
Surfactant-free experiment Julie Bitter and Howard Fairbrother (JHU)



Reactions during Indirect Photolysis
of CNTs with Hydroxyl Radical
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Carboxylated Single-Walled Carbon Nanotubes

(Direct)
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TIC 3oday =0.01231 mg
TC,=0.45 mg (in 10 mL)
~2.7% of carbon is
converted to CO,



& 13C(vpdb)

13C Isotope Ratio (613Csample/PDB)

Irradiation Time (days)
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Dark Reactions of Carboxylated SWNTs
Redox level equilibration of NADH, SWNT, O,

Without SWNT With SWNT
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Oxidation of Electron Donors by C-SWNT

C-SWNT = Carboxylated SWCT
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O, ~ Production in C-SWNT Suspensions
NADH as an Electron Donor

0.7 1.0

= NADH = C-SWRT =50D NADH(0.2mM)+C-SWNT
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Next Step (Reaction of superoxide anion)

Route 1: scavenged by SWNT Route 2: disproportionation
0;~ + SWNT™ - SWNT®D- 4 0, 0;” +HO; + H" > Hy0, + 0,

Measurement of H, 0, concentration in NADH solution

1. In-solution concentration

N NS (not accumulative)
© H,0, +HRP © ‘ 2. No interference of scavengers
NADH '
N, Nz i 0.8 - 551 nm
DPD DPD'* .

300 350 400 450 500 550 600

Bader et al. Water Research. 1988, 22, 1109-1115 Wavelength



[H,0,] in C-SWNT Suspensions w/NADH

0.4
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Catalase was used to quench H,O, before dosing DPD, HRP
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DNA-Cleaving Activity in C-SWCNT/NADH
(pBR322 DNA)
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0;" +M** > M* +0,

H,0, + Mt - M?* +- OH + OH™







