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Investigation of thermodynamics of interaction between humic acids and
CNTs with various oxygen contents by isothermal titration calorimetry

ZHOU Chaoqun, SHENG Guoping

(CAS Key Laboratory of Urban Pollutant Conversion . Department of Chemistry .,
University of Science and Technology of China, Hefei 230026, China)

Abstract: The interaction between carbon nanotubes (CNTs) with various oxygen contents and humic acids
(HA) was studied through batch adsorption experiments and the isothermal titration calorimetry (ITC)
technique. The effects of CNTs surface chemistry and solution ionic strength were evaluated. Adsorption
results show that the binding strength between CNTs and HA and equilibrium adsorption capacity of HA
increase with the decrease in CNTs’ oxygen content decreases and the increase in ionic strength, implying
that hydrophobic interaction could be one of the main interaction forces between CNTs and HA. ITC
results indicate that interaction between CNTs and HA is exothermic and that a stable CNT-HA complex
could be formed. CNTs solutions become more ordered after binding with HA. The negative enthalpy and
entropy changes obtained from the I'TC analysis imply the existence of hydrogen bonds between CNT's and

Wi B 2014-10-22; 1 B A #7:2014-11-11

HETH . BR RIS (21377123,51322802) ¥ B.

{EE TS R 20, 1988 A Wi, W9 7 ) 15 9435 il4k . E-mail;: zchaoqun@mail. ustc. edu. cn
BIEE  BRESE, 4/ #d%. E-mail; gpsheng@ustc. edu. cn



118 T EAFHARAREFR

# A5 %

HA. This could provide a better understanding of interactions between humic substances and CNTs, and

thus the migration and fate of CNTs in natural environments.

Key words: carbon nanotube (CNT); humic acid (HA); interaction; isothermal titration calorimetry

(ITC); oxygen content
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Fig. 1 XPS spectra of CNIS with various oxygen contents (a), and deconvolution of the XPS C 1s (b) and O 1s (¢) peaks of CNI-3



120 T EAFHARAREFR

# A5 %

(1) XPS [ 2 A BR vk JBE 938 i+ OT's 1658 5 & i
SRR BRI KA 14 25 S A I Y 2. 25 063 K 3]
8. 11%, KW AR Z 3 K (2 1. L CNT-3 K
B 48 C 1s 3% (& 1) AT O 1s % (E 1)) 5051k
A I n LAARE] CNT o C. O SR 15
B:285.0 eV AbJE CNT 4 SB 45 M CC I,
286. 2 eV AbEFIEH) C—O 1%, 287. 8 eV 4b & >C
=0 I&,289.2 eV S EFR HIE;531. 6 eV Fil 533.2
eV 4t C—O BRI C=0 g8,
x1 BAKESEENLRAR
Tab.1 The oxygen contents and BET surface areas

of various CNTs

P-CNT CNT-1 CNT-2 CNT-3
O&R/ % 2.25 4,04  6.99 811
BET surface area (m? « g 1) 182.96 186.16 203.42 242.36
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Fig. 2 FTIR spectra of CNTs with various oxygen contents
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Tab.2 Adsorption parameters of HA onto CNTs

at various conditions using Langmuir isotherms

I KL Gmax

CNTs /(mmol « L1  /(L+mg D) /(mg e+ g 1) r
CNT-1 100 4,58 X10—1 94. 30 0. 988
CNT-2 100 1.83X10—1 83.02 0.976
CNT-3 100 7.76X10—2 51. 00 0. 982
CNT-2 1 4,44X10—3 137. 83 0. 970
CNT-2 10 1.32X10—2 106. 82 0.977

O! * 1 mmol/L

* 10 mmol/L
60} 4 100 mmol/L

Ce/ (mgL™)

B3 BEFSRE 100 mmol/L TAREEREMMKE X EHEBRHRMERL (2)
0 CNT-2 EA[E & F5R B T X E E R IR B iR 2k (b)

Fig.3 Adsorption isotherms of HA adsorption onto CNTs with various oxygen contents at I=100 mmol/L (a);

and onto CNT-2 at various ionic strengths (b)
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Fig. 4 Thermogram of HA binding to CNT-2 at pH=7 and I =10 mmol/L (a);
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Tab.3 Thermodynamic parameters of the interaction between CNTs
with various oxygen contents and HA using ITC technique
ONT I sH N K G as R
/(mmol « L71) /(k] « mol™1) /(X1073) /(L emol™) /(kJ *mol™') /(k]+mol™!+«K™1)
CNT-1 100 —9 119 11. 63 1. 62106 —35.42 —30.48 0.963
CNT-2 100 —5522 8.72 3.72X106 —37.48 —18.40 0. 978
CNT-3 100 —6 697 18. 16 1. 42X106 —35.09 —22. 36 0. 996
CNT-2 1 —3 728 39. 96 4. 54105 —32.28 —12.40 0. 986
CNT-2 10 —4 220 32.48 1. 49106 —35.22 —14.04 0. 999
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