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GREEN PREPARATION OF SINGLE-WALLED CARBON NANOTUBES/GOLD
NANOCOMPOSITES AND STUDY ON THE DETECTION OF INDIGO BLUE

Abstract. Single-walled carbon nanotubes (SWNTSs) have attracted more and more attention due to their
unique structure and excellent properties. In this paper, single-walled carbon nanotubes /gold (SWNTs/Au)
nanocomposites were prepared by a green and simple method, and a highly sensitive indigo blue sensor
was constructed based on the nanocomposites. The results showed that the optimum pH of indigo blue (1B)
was 5 and the optimum enrichment time was 270s. The reaction was controlled by surface adsorption.
The unique feature of this method is that no toxic reducing agents or surfactants are added during the
preparation process, which is environmentally friendly and sensitive to the detection of IB based on the
nanocomposite modified electrode. Compared with gold nanomaterials, single-wall carbon nanotube-gold
nanocomposites are more sensitive to IB. Comparing the current response signals of different pH values,
0.1mol/LPBS solution with pH=5 was selected as the test solution. When the enrichment time reaches 270s,
the IB adsorbed on the electrode surface tends to be saturated, so the optimal enrichment time is 270s. The
above experiments show that the nanocomposite material has a good electrocatalytic ability for 1B, and the
detection limit (3S/N) is 0.02umol/L. The modified electrode has a short response time, a wide linear range,
a low detection limit, good selectivity and high stability.
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Introduction

As one of the thinnest known materials with
relatively large specific surface area, strong electrical
conductivity and super high strength, carbon nanotubes
have brought revolutionary progress in the
semiconductor industry, Li ion batteries, aerospace and
so on [1-4]. The physicochemical properties, preparation
methods and nanomaterials of carbon nanotubes have
attracted more and more attention [5 — 9]. The research
on carbon nanotubes in China mainly focuses on the
preparation and application of single-walled carbon
nanotubes composites [10 — 12]. One or more efficient,
environmentally friendly and low-cost production
methods provide an important direction for the research
of single-walled carbon nanotubes and their composites.

This paper mainly focuses on the preparation of
single-walled carbon nanotubes/gold nanocomposites by
a new green reduction method. The composite was
prepared under mild experimental conditions. Instead of
the traditional toxic hydrazine reduction at 24h, the
mixture reaction of chlorogold acid and single-walled
carbon nanotubes was carried out under alkaline heating
condition, and a new single-walled carbon
nanotubes/gold nanocomposites was prepared by this
method. The electrochemical behavior of the
nanocomposites was analyzed. Cyclic voltammetry (CV)
was used to optimize the experimental conditions and
discuss the optimal reaction conditions and mechanism.

The results show that the nanocomposite has good
electrocatalytic ability for 1B, a food additive.

Experimental Part

Preparation of single-walled carbon
nanotubes/gold nanocomposites

21mg single-wall carbon nanotubes were accurately
weighed with an electronic balance, and 10mL deionized
water was added into a round-bottom flask for 5min of
ultrasonic oscillation. Add 20uL 0.024mol/L HAuCl4
solution, adjust pH to 13 with 0.5mol/L NaOH solution;
The prepared solution was heated in an oil bath for about
3 hours at a temperature of 98-100°C.After the oil bath,
take out the flask and conduct ultrasonic oscillation to
prepare the required product SWNTs/Au compound, and
pour it into 10mL plastic tube for reserve. If the product
is too thin, centrifuge concentration can be carried out.

Preparation of modified Electrode

First, glassy carbon electrode (GCE) with a
diameter of 3mm was polished on suede, and then
polished to mirror surface on Al203 of 1.0 and 0.3um.
Ultrasonic treatment was conducted in water and ethanol
for 2min, respectively, and nitrogen was used to blow
dry. Finally, 5p | 0.1MgML-1 single-walled carbon
nanotubes/gold nanocomposite dispersed droplets were
coated on the polished electrode and dried at room
temperature to obtain GCE modified by single-walled
carbon nanotubes/gold nanocomposite. In order to
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conduct comparative experiments, single-walled carbon
nanotubes and gold nanoparticles modified electrodes
were also prepared by a similar method. The modified
electrode was used to detect (IB) electrochemically.

Analysis Methods

Electrochemical Test Analysis The electrochemical
experiment was conducted with a three-electrode system:
glassy carbon electrode as the working electrode,
platinum electrode as the counter electrode, and Ag/AgCl
as the reference electrode. Cyclic voltammetry (CV) is
one of the methods used in electrochemical testing.

Results and Discussion
UV Characterization

Figure 1 shows the UV-visible absorption spectra of
SWNTs, SWNTs/Au composite and chlorauric acid.
Curve a shows the absorption spectra of SWNTs
dispersion with a strong absorption peak at 220nm. Curve
b shows the absorption spectra of SWNTs/Au composite.
Curve c is the absorption spectrum curve of HAuUCI,
dispersion. From the comparison of curves a and b, it can
be seen that the absorption peak of the prepared
SWNTs/Au composite appears at about 270nm,
indicating that the reduction of single-walled carbon
nanotubes is complete. In addition, curves b and ¢ have a
relatively wide absorption peak near the wavelength of
270nm, which is consistent with the conclusion of the
absorption peak of chlorauric acid at about 280nm in the
literature, indicating that the single-walled carbon
nanotubes/gold nanocomposites have been successfully
prepared.
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Figure 1 — UV-vis absorption spectra of SWNTSs (a),
SWNTs/Au composites (b) and HauCla (c)

Electrochemical Behavior
of modified Electrodes

The electrochemical properties of modified
electrodes with different materials were studied by cyclic
voltammetry. Figure 2 shows the cyclic voltammetry of
the composite modified electrode in blank and
0.1mol/LPBS buffer containing 50pumol/LIB (pH7.0).

As can be seen from the comparison in Figure 2,
SWNTS-Au /GCE did not produce any peak for the blank
solution. After IB was added, a large reversible reduction
peak appeared at 0.77V, which could be used to quantify
the concentration of IB. Figure 3 shows the cyclic
voltammetry of different modified electrodes in
0.1mol/LPBS buffer solution (pH7.0) containing
50umol/L indigo blue (IB). The peak current of Au/GCE
(Curve b) is almost zero, and the peak current of
SWNTS-Au /GCE (Curve c) is the largest. This is
because SWNTSs has certain defects on its surface, so it is
easy to chemically modify the surface of gold
nanoparticles and form a strong force between each
other. This interaction and the good dispersion of gold
nanoparticles on the surface of SWNTs make
SWNTs/Au complex have good electrocatalytic
performance for 1B, which also indicates the successful
preparation of SWNTs/Au nanomaterials in the
experiment.
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Figure 2 — SWNTS-Au /GCE is not in the cyclic voltammetry
of 0.1 M PBS (buffer (cyclic diagram in pH 7.0)
with IB(a) free and with 50 uM IB(b)
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Figure 3 — GCE(a), Au/GCE(b), SWNTS-Au /GCE(c)

contained in a 0.1m PBS flush containing 50 uM IB,

sweep rate: 100 mV/s

Influence of pH

Figure 4A is the cyclic voltammetry of
SWNTs/Au/GCE in PBS buffer solutions with different
pH, and Figure 4B is the relationship between peak
current and pH. It can be seen from the figure that pH has
A great influence on the electrochemical determination
of IB.
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Figure 4 — (A) 5ul SWNTS-Au /GCE in 0.1 mol/L PBS at different pH: a — F (3.0, 4.0, 5.0, 6.0, 7.0, 8.0),
the cyclic voltammetry of 50 umol/L IB was measured in buffer solution (cyclic voltammetry obtained by detection;
(B) peak current the change of peak current relative to pH

The peak potential of IB shifted negatively with the
increase of pH, while the peak current increased with the
increase of pH. When pH exceeded 5.0, the peak current
decreased with the increase of pH. Therefore, PBS with
pH5.0 was selected as the buffer solution.

Influence of scanning speed

Figure 5 (A) is the cyclic voltammetry diagram of
5uL SWNTS-Au /GCE in PBS buffer solution pH5.0 at
different scanning rates. It can be seen from the figure
that the peak current of IB increases with the increase of
scanning speed, and the peak current is linear with
scanning speed in the range of scanning speed 5-

500MVS-1. The linear equation is y=0.64+0.118x, and
120
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the linear correlation coefficient R=0.9946 (Figure 5B),
indicating that the reaction is controlled by surface
adsorption.

Influence of interset shadow enrichment time

Figure 6 (A) is the cyclic voltammetry of 5uL
SWNTS-Au /GCE buffer solution with 0.1MPBS
(pH5.0) at 50umol/LIB at different enrichment times,
and (B) is the curve of peak current with enrichment time
It can be seen from the figure that the electrochemical
behavior of the modified electrode is affected by the
enrichment time, and the peak current reaches the
maximum when the enrichment time is 270s.
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Figure 5 (A) 5uL SWNTS-Au /GCE unscanned cyclic voltammetry of 50 umol/L IB rows in 0.1M PBS (medium solution, pH
5.0) at different scanning rates from to, and scanning speed from inside to outside:5, 10, 20, 40, 80, 100, 120, 150, 200, 250,
300, 350, 400, 450, 500mV s-1; (B) electrical scanning peak current changes with the scanning speed
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Figure 6(A) — Cyclic voltammetry of 5 uL SWNTS-Au /GCE in 0.1 mol/L PBS (medium solution, pH 5.0) in 50
umol/L IB with cyclic ampere:, sweep speed.: 100 mV S-1 rich from:, enrichment time from inside to outside:
Peak current of 0, 30, 60, 90, 120, 180, 210, 240, 270 s; B peak flow rich curve with enrichment time curve
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When the enrichment time exceeds 270s, the peak
current tends to be stable, indicating that the 1B adsorbed
on the electrode surface reaches saturation. Therefore,
the optimal enrichment time selected in the experiment is
270s.

Sample analysis and recovery experiment

In order to evaluate the practical application value
of the method, the modified electrode was used to

Conclusion

In this paper, a novel single-walled carbon
nanotube/gold nanocomposite was prepared using single-
walled carbon nanotube as the starting point. The
electrochemical analysis of the prepared nanocomposite
was carried out, and the highly sensitive IB
electrochemical sensor was constructed by modification
of the nanocomposite onto the electrode surface.

1. Compared with gold nanomaterials, single-wall
carbon nanotube-gold nanocomposites are more sensitive
to 1B;

2. Comparing the current response signals of
different pH values, 0.1mol/LPBS solution with pH=5
was selected as the test solution;

3. When the enrichment time reaches 270s, the IB
adsorbed on the electrode surface tends to be saturated,
so the optimal enrichment time is 270s.The above

measure IB in real fruit grains and the experiment of
standard recovery was carried out. In table, the
concentration of 1B measured was 8.5mmol/L, which
was close to the 6.2mmol/L indicated by IB in the
purchased real fruit. It can be used for the detection and
quality control of food additives.

Table — Determination of IB
in carbonated beverages (Yanzhong)

Sample, Add, Found, R experiments show that the nanocomposite material has a
uL umol/L umol/L ecovery good electrocatalytic ability for 1B, and the detection
5 10 14.51 96.73% limit (3S/N) is 0.02umol/L. The modified electrode has a
20 24.44 97.76% short response time, a wide linear range, a low detection
30 35.16 100.05% limit, good selectivity and high stability.
40 44.75 99.44%
50 55.19 100.03%
References

1. Cheng, H M, Li, F, Su, G et al. (1998). Large-scale and low-cost IBnthesis of single-walled carbon nanotubes by the
catalytic pyrolysis of hydrocarbons. [J]. Appl Phys Lett, 72(25), 3282-3284.

2. Journet, M. K., Bernier, C. (1997). Large scale production of sing lewalled carbon nanotubes by the electricarc technique.
[J]. Nature, 388, 756.

3. lijima, S. (1991). Helical microtubules of graphitic carbon. [J]. Nature, 354—-356.

4. Thess, A., Lee, R., Nikolaev, P., Dai, H. (1996). Crystalline Ropes of Metallic Carbon Nanotubes. [J]. Science,
273(5274), 483-487.

5. Colomer, J. F., Bister, G., Willems, I. et al. (1999). Ibn thesis of single-welled carbon nanotubes catalytic decomposition
of hydrocarbons. [J]. Chem. Commun., 1343-1344.

6. Sun, L. F., Mao, J. M., Pan, z. W. et al. (1999). Growth of straight nanotubes with a cobalt-nickel catalyst by chemical
vapor deposition. [J]. Appl. Phys. Lett., 74, 644-646.

7. Chang, T. (2008). Dominoes in Carbon Nanotubes. [J]. Phys. Rev. Lett., 101(17), 5501.

8. Terrones, M., Hsu, W. K., Hare, J. P. (1996). Metal particle catalysed production of nanoscale BN structures. [J]. Chem
Phys Lett, 259, 568-573.

9. Li,Y.L,Yu,Y.D,liang, Y. (1997). A novel method for IBnthesis of carbon nanotubes: Low temperature solid pyrolysis.
[J]. J Mater Res, 12, 1678-1680.

10. Vander Wal, R L., Ticich, T M., Curtis, V E. (2000). Diffusion flame I1Bnthesis of single-walled carbon Nanotubes. J.
Chem Phys Lett, 323(3), 217-223.

11. Conway, B. E. (1999). Electrochemical supercapacitors, scientific fundamentals and technological applications. Kluwer
Academic Publishers, Plenum Press, New York, 321, 56-60.

12. Stoller, M. D., Park, S., Zhu, Y., An, J., Ruoff, R. S. (2008). Graphene-based ultracapacitors. [J]. Nano Lett., 8,
3498-3502.

Received 28.11.2021

163



Ynpaeninua mexnonociunumu npoyecamu

Yeur Beiixya
IMpodecis: ximiuHa imxenepis, orcid.org/0000-0003-2681-2341
Tonimexuiunuii koneoxc Anvuen, Lllxona meduyunu ma 300pog s, Kumai

3EJIEHA IIAI'OTOBKA OJHOCTIHHUX BYIVIEBOBUX HAHOTPYBOK / HAHOKOMIIO3UTIB 30JI0TA
TA JOCJII/UKEHHA HA BUSIBJIEHHS CUHBOI'O IHAUI'O

Anomauia. Oonocminni gyeneyesi nanompyoxu (OCBHT) npusepmatoms 6ce Oinvuie yéasu 3a60AKU CE0ill YHIKANbHI
CMPYKMypi ma 4yooeum e1acmusocmsam. Y yii pobomi HaHOKOMNO3umu 3 00HOCMIHHUMU GY2lleYe8UMU HAHOMPYOKaMU / 3010MOM
(SWNTs / Au) 6ynu eueomogieni cmiikum i npoCmum MemoooM, a Ha OCHOBI YUX HAHOKOMNO3UMIE CMBOPEHO BUCOKOYYMIIUGUIL
0amuuK CuHb020 KOIbOpY I[HOueo. Pezynomamu 3aceiouwunu, wo onmumanvuui pH cunvoco inouco (IB) cmamoeue 5, a
onmumanvHull yac 36aeavenna cmanosug 270 c. Peaxkyito Konmponiosanu nogepxuesoio adcopoyicio. Yuikaroha ocobausicmo
Yb020 MemoOy Noasae 8 MOMY, WO 6 Npoyeci NPULOMYBAHHA He 000aIMbC MOKCUUHT BIOHOGHUKU ADO NOBEPXHEBO-AKMUBHI
PEHOBUHU, WO € eKONOZIHHO YUCIUM | YYMAUBUM 00 BUABNEHHS [HOULO CUHBO2O HA OCHO8I MOOUDIKOBAHO20 HAHOKOMNOSUMHUM
eneKkmpooom. Y nopieHauni 3 HaHomamepianamu 3010ma, 0OHOCMIHHI gyeneyesi HaHOMPYOKU-3010mi HAHOKOMNO3umuy OLibu
yymaugi 00 cuHbo2o iHoueo. IlopisHioouu nomouni cueHaiu 6i0no6iodi pisHux 3HaueHv pH, ax docnidxcyeanuil po3uun Oyio
subpano 0,1 mons / LPBS posyun 3 pH = 5. Koau uac 36azauenns docseae 270 ¢, |B, adcopbosanuii na nogepxni enexkmpooa, mae
MeHOeHYil0 00 HACUYEHHS, MOMY ONMUMANbHULl Yac 36azauenns cmanosums 270 c. Haseleni excnepumenmu 00600simb, o
HAHOKOMROZUMHUL MAMepian Mae 0o0py erekmpoKamaiimuyny 30amuicms woodo iHou2o cunvozo, a mexca susgaenns (3S/N)
cmarosums 0,02 mxmonv/1. Moougixosanuii enekmpoo Mae KOPOmMKULl 4ac 6i02yKy, WUPOKULL JIHIUHUL OiANA30H, HU3LKY MelCy
8UABLEHHS, 000Dy CeNeKMUBHICMb | BUCOKY CIAOIIbHICTNG.

Knrouogi cnosa: 00nocminni gyeneyesi HAHOMPYOKU; HAHOUACMUHKY 30J10MA; CUHIL IHOUZ0; eleKmPOXIMIUHULl 0amyuK
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