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Material characterisation – O 1s core line analysis (XPS)
O 1s binding energies tend to fall in a relatively narrow range for a wide variety of metal oxides. ( J. Adhes., 2008, 84, 368–388. 37; Langmuir, 2001, 17, 2664–2669. Smart, Appl. Surf. Sci., 2010, 257, 887–898). As such, a reasonable assumption to make is that a given oxide’s O 1s core level energy is unaffected by modification e.g by light substitutional doping or by forming a junction with another material (J. Mater. Chem. A, 2016, 4, 6946–6954). Changes O 1s binding energies (defined as the difference between the core level energy and the Fermi level energy) of oxide core levels can therefore be used to measure changes in fermi level energy that occur upon modifying an oxide (see J. Mater. Chem. A, 2016, 4, 6946–6954 for a detailed discussion of this technique).
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[bookmark: _Ref462068526]Figure S1. Photocatalytic gas-solid reactor setup used to evaluate photocatalytic CO2 reduction: 1) CO2 cylinder, 2) H2 generator, 3) mass flow controllers, 4) non‑return valves, 5) H2O saturator, 6) photoreactor, 7) xenon arc lamp, 8) pressure transducer, 9) gas chromatograph, 10) vacuum pump.
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Figure S2. a)XPS Survey spectra of the prepared materials, b) core level XPS spectra of the pure prepared materials in the N 1s region.


[image: \\icnas4.cc.ic.ac.uk\agc10\PhD\Exp Data\Material Characterisation\TiO2 CN\TGA\MatlabfigCN5.tif][image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\TGA\MatlabfigCN6zoom.tif]
Figure S3. Thermogravimetric analysis of g-C3N4, CNNS, TiO2, and TiO2/CNNS composites under nitrogen (100 ml min-1) heating rate 10°C min-1.


[image: \\icnas4.cc.ic.ac.uk\agc10\PhD\Exp Data\Material Characterisation\TiO2 CN\TEM\PSD\PSD1.tif]
Figure S4. TEM histogram data of TiO2-NS (average particle size 20 nm) and TiO2-ISO (average particle size 15 nm). Data from measurement of 100 TiO2 particles.



[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\N2 Sorption\N2 sorptionCN7a.tif]
[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\N2 Sorption\N2 sorptionCN7b.tif]
[bookmark: _Ref476837280]Figure S5. N2 adsorption-desorption isotherms at -196 °C of a) g-C3N4,  and TiO2, and b) CNNS and TiO2/CNNS composites.


[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\CO2 Sorption\CO2 SORPTION8.tif]
Figure S6. CO2 adsorption-desorption isotherms at 25 °C of g-C3N4, CNNS, TiO2, and TiO2/CNNS composites.


[image: \\icnas4.cc.ic.ac.uk\agc10\PhD\Exp Data\Material Characterisation\TiO2 CN\UV-Vis\uv-vis42.tif]
Figure S7. Kubelka-Munk UV-Vis light absorption plot of the g-C3N4, CNNS, TiO2, and TiO2/CNNS composites.


[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\Isotopic\ISO29_1.tif]
Figure S8. Mass spectrometer chromatographs (29 m/z) of evolved gases using 13CO2 and 12CO2 with photocatalyst Ti-NS/CN.
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Figure S9. Characterization analyses of Ti-NS/CN before and after 3 photocatalytic CO2 reduction testing cycles: a) XRD patterns, b) N2 adsorption-desorption isotherms at 77 K, c) Kubelka-Munk UV-Vis light absorption plots, and d) ATR FTIR spectra.


[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\TAS\Figures\Origin Tiffs 2\Spectra TiO2-CNx.tif]
Figure S10. TAS spectra of powdered Ti-NS/CN composite sample at different delay times following 355 nm photoexcitation.


[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\TAS\Figures\Origin Tiffs 2\Spectra CNx.tif]
Figure S11. TAS spectra of powdered CNNS sample at different delay times following 355 nm photoexcitation.


[image: H:\PhD\Exp Data\Material Characterisation\TiO2 CN\TAS\Figures\Origin Tiffs 2\Spectra TiO2-CNx no capping.tif]
Figure S12. TAS spectra of powdered Ti-ISO/CN at different delay times following 355 nm photoexcitation.


	[image: ](a)

	[image: ](b)


	[image: ](c)
	(d)[image: ]


Figure S13. X-ray photoemission spectra of anatase nanosheets (Ti-NS).
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Figure S14 – X-ray photoemission spectra of carbon nitride nanosheets (CNNS).
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Figure S15. X-ray photoemission spectra of the Ti-NS/CN composite.
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[bookmark: _Hlk526079805]	Figure S16.  (a) Comparison of the valence band photoemission spectrum of Ti-NS, CNNS, and the Ti-NS/CN shows a composite VB spectrum strongly similar to the Ti-NS. (b) Comparison of the O 1s spectrum of Ti-NS to the Ti-NS/CNNS composite show identical environments and binding energies. This indicates that little or no Fermi level shift occurs in the Ti-NS upon composite formation.
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Figure S17. Band alignment constructed from literature values for TiO2 (The Journal of Physical Chemistry B 103.43 (1999), pp. 9328–9332), X-ray photoemission and optical absorption data. The error associated with these measurements is 0.15 eV. 




Table S1. Textural parameters derived from N2 sorption isotherms at -196 oC, CO2 adsorption capacities at 1 bara and 25 oC, and CNNS content of the composites.
	[bookmark: _Hlk489449482]Photocatalyst
	BET
(m2 g-1)
	VTota 
(cm3 g-1)
	VMesob 
(cm3 g-1)
	VMicroc 
(cm3 g-1)
	CO2 add 
(mmol g-1)
	CNNS contente (%wt)

	TiO2-NS
	50
	0.085
	0.085
	0.016
	0.167
	

	TiO2-ISO
	115
	0.332
	0.300
	0.032
	0.294
	

	Ti-NS/CN
	174
	0.294
	0.242
	0.052
	0.488
	96.2

	Ti-ISO/CN
	119
	0.334
	0.299
	0.035
	0.521
	97.1

	CNNS
	53
	0.141
	0.125
	0.016
	0.294
	

	g-C3N4
	17
	0.058
	0.058
	-
	0.060
	


a. Calculated from the volume adsorbed at P/P0 = 0.97, b. Calculated from Vmeso = Vtotal - Vmicro, c. Calculated from the Dubinin-Radushkevich method. d. CO2 adsorption capacity measured at 25 °C and 1 bara, e. CNNS content calculated from TGA.



Table S2. Photocatalyst bandgaps derived from the Kubelka-Munk UV‑vis absorption.
	Photocatalyst
	Eg (eV)
	Eg (nm)

	TiO2-NS
	3.17
	391

	TiO2-ISO
	3.20
	388

	CNNS
	2.86
	434

	g-C3N4
	2.77
	448






Table S3. Photocatalytic evolution tests under UV illumination
	Entry
	Photocatalyst
	CO Evolution 
(µmol g-1 h-1)
	CO Evolution 
(µmol m-2 h-1)
	TONc

	1
	TiO2-NS
	0.16
	4
	7

	2
	TiO2-ISO
	1.32
	34
	52

	3
	Ti-NS/CN
	2.04
	53
	83

	5
	Ti-ISO/CN
	1.55
	40
	63

	6
	CNNS
	0.19
	5
	18

	7
	g-C3N4
	0.10
	3
	9

	8
	P25
	1.49
	39
	59

	9a

	[bookmark: _GoBack]Ti-NS and CNNS (physical mixture)
	0.12

	4
	5

	10b
	Ti-NS/CN
	n.d
	n.d
	n.d

	11c
	Ti-NS/CN
	0.80
	21
	32


a.Physical mixture of Ti‑NS (96%wt) and CNNS (4%wt), b.N2 and H2 atmosphere control test, c. H2O as sacrificial agent, c TON = (number of reacted photoelectrons) / (number of exposed catalytic sites)
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