	Appendix Table 5: Tungsten species from published Raman spectroscopic studies
	
	

	THIS WORK
	Bilal et al., 1986
	Barré et al., 2005
	Redkin and Bondarenko, 2010
	
Picquart et al., 2000
	Ng and Gulari, 1983
	Himeno et al., 2000
	Ross-Medgaarden and Wachs, 2007
	Wong et al., 2019 (a)

	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)
	Assign.
	(cm-1)

	A:  C or D 
as W=O
	
	
	
	(WO5)4-
	880
	(W12O41)10-
	900
	
	
	unknown
	890-895
	
	
	
	
	
	

	T=25°C
	889-892
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T=300°C
	none
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	B: (WO4)2-
(s W=O)
	
	WO42-
	930
	WO42-
	930-950
	(WO4)2- or H2WO4
(low pH)
	930
	WO42-
	930
	WO42-
	930
	WO42-
	932
	WO42-
	945
	WO42-
	930

	T=25°C
	912-923
	
	
	(W2O7)2-
	930
	
	
	
	
	
	
	
	
	
	
	
	

	T=300°C
	915-939
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	C: (W7O24)6-
(s W=O)
	
	
	
	unknown
	960
	(W7O24)6-
Fuchs and Flindt, 1979
960
	(W12O39)6-
	961
	(HW6O21)5-
	960-965
	
	
	(HW6O21)5-
	955
	(HWO4)5-
	955

	T=25°C
	952-962
	
	
	
	
	
	
	
	(W12O36(OH)10))10-
	960-965
	(W7O24)6-
	955
	
	
	
	

	T=300°C
	945-952
	
	
	
	
	
	
	
	(W24O72(OH)12))12-
	960-965
	
	
	
	
	
	

	D: (W10O32)4-
(s W=O)
	
	
	
	
	
	
	
	
	
	
	
	
	
	(W12O42)12-
	976
	
	

	T=25°C
	969-979
	
	
	
	
	
	
	
	
	
	
	(H2W12O40)6-
	976
	
	
	
	

	T=300°C
	966-970
	(W10O32)4-
	965
	
	
	(W12O39)6
	975-978
	
	
	
	
	
	
	
	
	
	

	E: (H2W12O40)6-
(s W=O)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T=25°C
	none
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	T=300°C
	983-988
	(H3W12O40)5-
	980
	unknown
	995
	
	
	(W10O32)4
	995
	
	
	(W10O32)4-
	993
	
	
	
	






Appendix Table 6: Tungsten species from published different techniques studies
	THIS WORK
	Arnek and Sasaki, 1974
	Duncan and Kepert, 1961
	Wood, 1992
	Wesolowski et al., 1984

	Raman

	Potentiometric and enthalpimetric titrations
	Paper Chromatography
	Solubility of WO3 (s)
Scheelite Solubility
	Potentiometric titrations

	Assign.
	T(°C)
	pH
	Assign.
	pH
	Assign.
	pH
	Assign.
	T (°C)
	Assign.
	T (°C)
	[W]

	A:  C or D 
as W=O
	25
	0.15-7
	H2WO4
(W6O21)6-
	
	
	
	
	
	
	
	

	
	200
	0.15-3
	(HW6O21)5-
	
	(WO4)2-
	>9
	
	
	(WO4)2-
	150
	0.01
0.001

	B: (WO4)2-
(s W=O)
	25
	0.15-13.02
	
	
	
	
	
	
	(WO4)2-
	290
	0.01
0.001

	
	200
	0.15-13.02
	
	
	
	
	
	
	
	
	

	
	400
	1.1-13.02
	
	
	(WO4)2-
(HW6O21)5-
	6.7
	
	
	
	
	

	C: (W7O24)6-
(s W=O)
	25
	0.15-10
	
	
	
	
	(HWO4)-
	300-600
	(HWO4)-
	150
	0.01
0.001

	
	200
	0.15-10
	
	
	
	
	
	
	(HWO4)-
	290
	0.01
0.001

	
	400
	3-10
	
	
	
	
	
	
	
	
	

	D: (W10O32)4-
(s W=O)
	25
	0.15-10
	
	
	
	
	
	
	H7(WO4)65-
	150
	0.01
0.001

	
	200
	0.15-10
	(W12O41)10-
	
	
	
	
	
	H7(WO4)65-
	290
	0.01

	
	400
	3-7
	
	
	
	
	
	
	H18(WO4)126-
	150
	0.01
0.001

	E: (H2W12O40)6-
(s W=O)
	200
	4-7
	
	
	(HW6O21)5-
(H3W6O21)3-
	1-5
	
	
	H10(WO4)62-
	150
	0.01
0.001

	
	400
	3?
	
	
	precipitation
	1
	
	
	H10(WO4)62-
	290
	0.01
0.001
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Appendix Table 7: Tungsten species from published Raman spectroscopic studies
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