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SUPPLEMENT MEASUREMENTS AND RESULTS 
In Fig. S1g, STS exhibits a band gap of about 3.3 eV for rutile TiO2 (110) surface 1-5. 

     

 
Fig. S1. STM images of a clean rutile TiO2 (110) surface; (a) The distance between the brightest and 

darkest points (Z-height) = 1.32 nm, Vs = -1 V, It = 10 pA. (b) Z-height = 0.80 nm, Vs = -1 V, It = 10 

pA. (c) Z-height = 0.25 nm, Vs = -1 V, It = 10 pA. (d) An STM image of a DBTP monolayer after 

deposition at room temperature on a rutile TiO2 surface; Z-height = 1.44 nm, Vs = -1 V, It = 10 pA. 

STM acquisition temperature: 77 K. (1×1) LEED patterns of a clean rutile TiO2 (110) surface with (e) 
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ELEED = 60 eV and (f) ELEED = 90 eV. (g) Tunneling spectra of rutile TiO2 (110). STM / STS data 

acquisition at T=77 K. 
 

 
Fig. S2. Bias-dependent STM images of DBTP dimers after annealing at 400 K on a rutile TiO2(110) 

surface and subsequent coupling. (a) Z-height = 0.22 nm, Vs = -1.5 V, It = 10 pA. (b) Z-height = 0.22 

nm, Vs = -2 V, It = 10 pA. (c) Z-height = 0.22 nm, Vs = -2.5 V, It = 10 pA. (d) Z-height = 0.22 nm, Vs 

= 1 V, It = 10 pA. STM acquisition temperature: 77 K. 
 

 
Fig. S3. Bias-dependent STM images of 3AGNRs after annealing at 600 K on a rutile TiO2 (110) 

surface. (a) Z-height = 0.56 nm, Vs = -1 V, It = 10 pA. (b) Z-height = 0.65 nm, Vs = -1.5 V, It = 10 pA. 

(c) Z-height = 0.64 nm, Vs = -0.5 V, It = 10 pA. (d) Z-height = 0.71 nm, Vs = -0.5 V, It = 10 pA. (e) Z-

height = 0.66 nm, Vs = -2 V, It = 10 pA. (f) Z-height = 0.61 nm, Vs = -2.5 V, It = 10 pA. STM acquisition 

temperature: 77 K. 
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Fig. S4. An STM image of a 2×1 defect on rutile TiO2 after annealing at 600 K. (a) Z-height = 0.59 nm, 

Vs = -1 V, It = 10 pA. STM images of a clean rutile TiO2 (110) surface; (b) Z-height = 0.16 nm, Vs = -

1 V, It = 10 pA. (c) Z-height = 0.12 nm, Vs = -1 V, It = 10 pA. An STM image of a 3AGNR on a clean 

rutile TiO2 (110) surface after annealing at 600 K; (d) Z-height = 0.39 nm, Vs = -0.5 V, It = 10 pA. (e) 

An STM image of DBTP molecules on a clean rutile TiO2 (110) surface after annealing at 100 ˚C; Z-

height = 0.61 nm, Vs = -1 V, It = 10 pA. (f) An STM image of rutile TiO2 (110) after Fe atoms deposition 

on this surface; Z-height = 0.89 nm, Vs = -1 V, It = 10 pA. (g) An STM image of 3AGNRs on rutile 

TiO2 (110) after Fe atoms and DBTP molecules deposition on this surface (sample temperature ≤ 0 ˚C) 

and irradiation by a Xe lamp (filter: 240-395 nm); Z-height = 0.80 nm, Vs = -1 V, It = 10 pA. (h) An 

STM image of PPP wires on a clean rutile TiO2 (110) surface after annealing a DBTP multilayer at 600 

K, in the absence of Fe ad-atoms; Z-height = 0.94 nm, Vs = -1 V, It = 10 pA. (i) STM images and the 

corresponding height profiles of PPP wires on the rutile TiO2(110) surface after annealing at 500 K (z-

height = 0.31 nm). The wider, brighter feature (width ≈ 0.6 nm) corresponds to a flat PPP wire, while 

the thinner, darker features (width ≈  0.4 nm) correspond to tilted PPP wires. STM acquisition 

temperature: 77 K. 
 

In Fig. S5, annealing DBTP molecules on TiO2 surfaces leads to the breaking of C-halogen bonds, which 

are replaced by C-C coupling with lower binding energies. Furthermore, the presence of oxygen 

vacancies leads to turning Ti+4 cations into Ti+3 cations, which can be detected by the related shoulder 

in XPS spectra 6. 
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Fig. S5. (a) Br 3d, (b) O 1s, and (c) Ti 2p narrow region XP spectra of a rutile TiO2 (110) surface after 

deposition of a DBTP monolayer and annealing the monolayer at different temperatures. (d) O 1s and 

(d) Ti 2p narrow region XP-spectra of a rutile TiO2 (110) surface after deposition of a DBTP monolayer 

and sub-monolayer coverage of Fe atoms (coverages of 10% and 20% ML) and annealing at different 

temperatures. (f) Temperature-programmed TP-XPS contour of the zoomed-in C 1s core level region 

after deposition of DBTP molecules on the surface without Fe atoms. (g) Br 3d narrow region XP 

spectra of a rutile TiO2 (110) surface after cleaning. XPS acquisition temperature: 77 K. 
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