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Fig. S1. Density of state (DOS) of WO3 obtained from (a) LDA (b) GGA.
1 Optical properties of Mo doped WO3
In bleached state, it is demonstrated (Fig. S2 (a) and (b)) that Mo doping shows little effect on the optical properties in infrared area, as a result of the similar band structure of pure WO3 and Mo0.125W0.875O3. In the visible light region (Fig. S2 (c) and (d)), since the Mo doping has introduced few carriers in the system, the reflectivity does not change much. However, the Mo doping slightly narrows the band-gap of the system, which results in a higher absorption. Hence Mo doping does not affect much of optical properties in the infrared region but it leads to a slight enhancement of the absorption in the visible light region. 
In colored state, (Fig. S2 (e) and (f)), contrary to Li0.25WO3, Mo doping Li0.25Mo0.125W0.875O3 has a higher absorption and reflectivity in the infrared region and the transmissivity decreases. While with a larger Eg=1.313 eV, the absorption in two infrared atmospheric windows, whose energy is lower than Eg, should not be considered as intrinsic absorption. If , the absorption may be attributed to exciton, free carrier or dopant atoms. As Mo atoms are introduced into the system, several states may appear under the top of the valence band Ev, electrons are considered to be excited between them. According to the equation of coloration efficiency (Equation 4), the value of  has been enhanced in the infrared region.
Mo doping also causes an enhance of absorption and a slight decrease of reflectivity in the visible light region, which indicates that with Mo atom (Fig. S2 (g) and (h)), Li0.25Mo0.125W0.875O3 has a deeper color than Li0.25WO3.
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Fig. S2. The absorption and reflectivity spectrum of Mo0.125W0.875O3 in the infrared region and visible light region ((a)-(d): bleached state; (e)-(h): colored state).
2 Optical properties of Nb, Ta, V doped WO3
In bleached state (Fig. S3 (a) and (b)), Nb, Ta, V doping results in an enhancement of absorption in infrared region while the reflectivity is enhanced in both thermal infrared region (0.104-0.155 eV) and medium infrared region (0.248-0.414 eV), which indicates that Nb, Ta, V doping may cause a degradation of the penetration of light in infrared area. Despite the similar tendency, Nb doping causes a slighter change in absorption and reflectivity than Ta/V doping. This is because Nb possesses a 4d45s1 outer-electron and reflectivity involves the charge carrier if the wavelength is lower than Eg and more carriers can result in a higher reflectivity. As we can see (Fig. 4 (c), (d) and (e)) that Nb/Ta/V doping causes an EFermi on Ev and the Eg of each system can be sorted as Ta > Nb >V, which results in the local energy level in the crystal, thus in the visible light region (Fig. S3 (c) and (d)), Nb, Ta, V doping WO3 demonstrate a low absorption which indicates that Nb, Ta, V doped WO3 tend to absorb light with higher energy.
In colored state (in Fig. S3 (e) and (f)), an enhancement of absorption and reflectivity in the infrared region resulted from Nb, Ta, V doping. In contrast to bleached state, we conclude that both in bleached and colored state, M0.125W0.875O3 (M=Nb, Ta, V) have a low transmissivity in the infrared region despite that in the colored state the system still had a lower one. However, it can be found (Fig. S3 (g) and (h)) that the system still had a modulation in the visible light region, which means that M0.125W0.875O3 (M=Nb, Ta, V) is nearly transparent in bleached state and colored in colored state. It is opaque with almost no influence in the infrared region. Hence Nb, Ta, V doping may lead WO3 to become a material with little modulation of infrared light, however, the modulation of visible light still exists.
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Fig. S3. The absorption and reflectivity spectrum of M0.125W0.875O3 (M=Nb, Ta, V) in the infrared region and the visible light region ((a)-(d): bleached state; (e)-(h): colored state).

3 Optical properties of Ti doped WO3
As it is demonstrated (Fig. S4 (a) and (b)), Ti doping system performs a high absorption and reflectivity in the infrared region in bleached state, which indicates that Ti0.125W0.875O3 has a low transmissivity. Moreover, in the visible light region (Fig. S4 (c) and (d)), Ti doping resulted in the reversed phenomenon. As in Ti doping system, the band structure showed that Ti doped WO3 is a degenerate semiconductor with a deeper Fermi energy EFermi position in the valence band, the Ti0.125W0.875O3 possess many metallic properties so that it has a high absorption and reflectivity in the infrared region and in the visible light region, the absorption descends because of a large Eg. 
In colored state, as it is shown (Fig. S4 (e) and (f)), in the infrared region, although Li atoms are inserted in the system, the Li0.25Ti0.125W0.875O3 still keeps nearly transparent, speculated from its spectrum and band structure. In the visible light region (Fig. S4 (g) and (h)), the transmissivity is also higher than Li0.25WO3. Contrary to other systems, the Ti doping system has almost no modulation of visible light which suggests that the existence of Ti makes the WO3 become an electrochromic material with modulation only in the infrared region. 
Thus, Ti0.125W0.875O3 is a material with a high transmissivity of infrared light in bleached state and low transmissivity of infrared light in colored state. To the visible light, Ti0.125W0.875O3 has little change of color during coloration process. 
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Fig. S4. The absorption and reflectivity spectrum of Ti0.125W0.875O3 in the infrared region and the visible light region ((a)-(d): bleached state; (e)-(h): colored state).
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