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Experimental section

Materials. Hydrogen tetrachloroaurate(III) hydrate was purchased form Kojima Chemicals Co. (Sayama,
Saitama, Japan). Hexadecyl-trimethylammonium bromide (CTAB) was purchased form Acros (New
jersey, USA). L-(+)-Ascorbic acid was purchased from Alfa Aesar (Massachusetts, USA). 1-
Pyrenemethylamine hydrochloride (PMA), acetone, ferrocene and thiophene were purchased from
Aldrich Chemical Co. (Milwaukee, WI). Sodium borohydride was purchased from Samchun (Seoul,

Korea). Sodium citrate dehydrate, nitric acid and ethanol were purchased from Daejung (Siheung, Korea).

Synthesis of 5 nm-sized Au nanoparticles. 20 mL of 0.25 mM HAuCl, and 0.25 mM tri-sodium citrate

was prepared in a conical tube. 0.6 mL of 0.1 M NaBH, was added to the solution once with shaking.

Synthesis of 15 nm-sized Au nanoparticles. 50 mL of water was mixed with 50 uL of 250 mM HAuCl,4
and the mixture was heated until boiling under stirring. 780 pL of 34 mM tri-sodium citrated solution was

added to boiling solution at once and reaction was kept for 15 min.

Synthesis of 40 nm-sized Au nanoparticles. 50 mL of water was mixed with 50 uL of 250 mM HAuCl,
and the mixture was heated until boiling under stirring. 350 pL of 34 mM tri-sodium citrated solution was

added to boiling solution at once and reaction was kept for 15 min.
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Figure S1. (a) FT-IR spectrum of pristine CNT fiber and (b) PMA@CNT fiber. FT-IR spectrum of

pristine CNT fiber showed almost featureless signal. By contrast, the PMA@CNT fiber showed highly

increased signal at 2846 and 2915 cm'! from aliphatic C-H stretching and appearance of signal at 1257

cm! from C-N stretching. This result indicated the surface of CNT fiber was modified with PMA

molecules.
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Figure S2. SEM images of PMA@CNT fibers with different magnifications.
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Figure S3. TEM images (left column) and UV-Vis spectra (light column) of 5 (a), 15 (b) and 40

nm (c) sized Au seeds.
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Figure S4. SEM images of Au seed@CNT fibers prepared by using 5 (a), 15 (b) and 40 nm (c)
sized Au seeds. d) Tensile strength of PMA-CNT and Au seed@CNT fibers prepared with 5, 15
and 40 nm sized Au seeds. The tensile strength of PMA-CNT fibers (136 MPa) increased to 157
and 172 MPa with 5 nm- and 15 nm-sized Au seeds, respectively (Figure S4d), but 40 nm-sized
Au seeds did not affect the tensile strength of PMA-CNT fibers. These result indicated that 15
nm-sized Au seeds provided efficient penetration into porous structure of PMA-CNT fibers and
acted as a bridge to inter-connect PMA-CNT fibers. 5 nm-sized Au seeds might be too small to
inter-connect PMA-CNT fibers and 40 nm-sized Au seeds cannot efficiently penetrate into the

porous structure of CNT fibers
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Figure S5. a) SEM images, tensile strength (b) and electrical conductivity (c) of Au seed@CNT
fibers prepared by using 15 nm sized Au seeds with different incubation time (0.5, 1.0, 3.0, 6.0
and 12.0 h). It was found that the Au seeds tended to form aggregated structures on PMA-CNT
fibers with incubation time (Figure S5a), and thus the enhancement of tensile strength and
electrical conductivity of PMA-CNT fibers reached to plateau (172 MPa and 1797 S cm™) after 1
h incubation. Further incubation lead to slight decrease of tensile strength and electrical
conductivity of Au seed@CNT fibers. These results indicated that the formation of aggregated
structures of Au seeds diminished the reinforcement effect of Au seeds for PMA-CNT fibers.
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Figure S6. SEM images of pristine CNT (a) and nitric acid treated CNT fibers (b). (c) stress strain curves,

(d) tensile modulus and (e) electrical conductivity of pristine and nitric acid treated CNT fibers.
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Figure S7. a) Raman spectra of pristine CNT and HNOj; treated CNT fibers. b) C 1s XPS spectrum of
HNOj; treated CNT fibers. By the HNOj; treatment, the I5/Ip of CNT fibers decreased and oxygen-

containing functional groups were formed on the surface of CNT fibers.



Figure S8. TEM images of Au NP@CNT fiber with different magnifications.



g 10 um

b)

il le/lp =543 £ 0.74

Intensity (a. u.)

L —mmmeer

1000 1200 1400 1600 1800 2000
Wavenumber (cm)

Figure S9. a) SEM images (b) Raman spectrum of CNT fiber incubated in growing solution

without PMA modification and Au seed immobilization.
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Figure S10. a) Raman spectra and (b) Ig/Ip values of CNT, Au grown@CNT and Au NP@CNT fibers.
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Figure S11. a) Stress-strain curve, (b) tensile modulus and (c) strength of pristine CNT and

knotted CNT fibers.
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Figure S12. The optimized structures of simulated CNT-PMA (a), CNT-PMAH" (b), PMA-
Citrate (c¢), PMAH"-Citrate (d), PMA-Gold (e), PMAH"-Gold (f), 7,7,5-tube-PMA (g), and 7,7,5-
tube-PMAHT™ (h).
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Figure S13. A schematic diagram of the suggested interfacing structure of Au grown@CNT fibers by

quantum chemical simulations.



