Supplementary Material

1. NRLMOL results for vibrational modes of Pyramidal and Quasi-tetrahedral local structures in binary As–S glasses 
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Fig S1. Eigenvectors of the Raman- and IR active vibrational modes of PYR and QT local structures obtained by NRLMOL calculations. The figure is taken from ref. P. Chen et al. (Chen et al., 2008) 

2. Compositional trends in Population of S=As(S1/2)3 QT local structures in AsxS100-x glasses
We have tracked the scattering strength variation of the 537 cm-1 Raman mode QT S=As(S1/2)3 local structures in AsxS100-x glasses as a function of glass composition in the present homogenized and then Tg cycled glasses. The FT-Raman spectra were normalized to the highest scattering strength mode near 335 cm-1. These trends are plotted in Figure S2a, and compared with the corresponding trends in the signal of the QT Se=P(Se1/2)3 local structure from 31P NMR signal from the work of Lathrop et al. (Lathrop and Eckert, 1991). In fig S2 (a) and (b) we have also projected the Intermediate Phase (IP) composition range in respective binary glasses. The Quasi-Tetrahedral local structures in both group V chalcogenides are formed precursive to the IP. The IP is stabilized by the high configurational entropy (Sc) resulting from presence of both Pyramidal (As(S1/2)3) and Quasi-Tetrahedral (Se=P(Se1/2)3) local structures in the resulting network backbone as illustrated in Fig. 13b (shows Sc maximizing in the IP) of the main paper. 
It is difficult to analyze the Raman lineshapes at higher As content (x >24%) in the present glasses, in large part because of the overlap of the Orpiment-like modes formed at higher x (> 24%) from the modes of the QT ones formed at x < 24%, as discussed in the text associated with Fig.8.    
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Fig.S2. Compositional trends in (a) the normalized Raman Scattering strength of the 537 cm-1 of the Quasi-Tetrahedral (Se=P(Se1/2)3) local structures and (b) 31P NMR signal of Quasi-Tetrahedral (Se=P(Se1/2)3) local structures in binary P-Se glasses. Note both maxima are precursive to respective Intermediate Phases. (Georgiev et al., 2003a)
3. The Molecular origin of the 490 cm-1 vibrational excitation in AsxS100-x glasses
The molecular origin of the 490 cm-1 mode in Raman scattering on AsxS100-x glasses has been speculative. Several researchers (Bychkov et al., 2006; Golovchak et al., 2010; Hannon, 2015)    have suggested that the mode be identified with S–S dimer in AsxS100-x glasses, and have referenced the work of Ward (Ward, 1968). In the paper of Dr. Ward, only comment we have on the mode is, “The broad, near – featureless band centered at 340 cm-1 in the spectra of the arsenic-sulfur glasses is clearly attributable to a polymeric species probably related to the layer lattice existing in As2S3 crystal. The weaker peaks at 140, 189, 230, and 490 cm-1 are probably also associated with this polymeric lattice”. There is no explicit identification of the 490 cm-1 to S–S dimer. 
Here we analyze our Raman scattering results on As–S glasses to establish scattering strength ratio R(x) of the 490 cm-1 mode to the Sn chain mode near 461 cm-1 as a function of As-content x in Fig. S2. The red data points describe the observed trend. The blue line describes how the normalized scattering strength of 1/I(Sn) would vary with x, with that data normalized to match the result x = 33%. Clearly as x increases to 40%, the Sn chain mode scattering strength, I(Sn) vanishes leading the 1/Sn to display a singularity. In fact, the increase in the observed ratio R at x>28%, can be seen as resulting due to the term in the denominator of the ratio R decreasing. The black curve represents the difference signal between the red and blue curves. The black curve shows the scattering strength variation of the numerator in the ratio R, and it displays a maximum near x = 25%.
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Fig.S3a. The observed scattering strength ratio R = I(D)/I(Sn) of modes centered 490cm-1 and near 461 cm-1 shown by the (●) data points and the smooth red line in FT–Raman scattering of AsxS100-x glasses as a function of As content of glasses. Raman lineshape deconvolution of spectra of these glasses are available in Fig. 9. The ratio R increases with x as x increases to 33%. The blue curve plots the chain fraction I(Sn) normalized to the value at x = 33% concentration, and its rapid increase reflects the loss of Sn chains as x increases to the near stoichiometric composition (x = 33%). The black line is the difference between the red- and blue- line and gives the contribution of the D – mode scattering strength. The latter displays a local maximum near x = 25%. We obtain the blackline which shows a maximum near 25%. Fig.S3b illustrates S-S contacts evolving between AsS3 pyramidal units in the glass backbone. See text. 
On purely statistical considerations, one expects the S–S pair contacts to display a maximum near x = 25% corresponding to a glass composed largely of AsS3 pyramids linked by S–S contact. Thus, the observation of the peak in the black curve near x = 25% is suggestive that the 490 cm-1 mode originates from the S–S mode between the AsS3 pyramids.
4. The Molecular origin of the 490 cm-1 vibrational excitation in GexS100-x glasses
Stimulated by the results of Fig.S3, we have also examined the scattering strength variation of a parallel mode observed in Raman scattering of GexS100-x glasses examined recently by S. 
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Fig. S4a. The observed scattering strength ratio R = I(D)/I(Sn) of modes centered near 490cm-1 and near 461 cm-1 shown by the (●) data points and the smooth red line in FT–Raman scattering of GexS100-x glasses as a function of Ge content of glasses. The ratio R increases with x as x increases to 25%. The blue curve plots the chain fraction I(Sn) normalized to the x = 25% concentration, and its rapid increase reflects the loss of Sn chains as x increases to the composition x = 25%. The black line is the difference between the red- and blue-line and gives the contribution of the D-mode scattering strength. The latter displays a local maximum near x = 20%. (b) illustrates S-S contacts emerging between GeS4 tetrahedra while (c) illustrates the Raman spectrum of a Ge15S85 bulk glass taken from Chakraborty and Boolchand (Chakraborty and Boolchand, 2014) and the results appear in Fig. S4 below. 
On statistical considerations one expects the S–S contacts in the GexS100-x binary to show a maximum near x = 20%, since such a glass may be viewed as made up of GeS4 tetrahedra linked by S–S contacts. The observed results of a maximum in the contribution of the I(D) near x = 20% is in harmony with that expectation and serves to confirm that the 490 cm-1 mode is, indeed, a mode related to the S–S dimer mode in binary Ge–S glasses. These Raman scattering results on both Ge–S and As–S binary glasses are persuasive in suggesting the molecular origin of the 490 cm-1 mode does come from S–S contacts in both binary glasses

5. Dilatometric measurement of fragility index of As2S3 melt 
Several groups have reported Tg of As2S3 glass, and a summary of these results appears in the plot Fig.S5.
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Fig S5. The comparison of Tg’s for As2S3 glass samples from present work with previously reported Tg values of (a) (Malek, 1997) (b) (Nemilov, 1964) (c) (Wang et al., 2015) (d) (Chen et al., 2008) (e) (Cerqua-Richardson et al., 1998) (f) (Georgiev et al., 2003b) (g) Present work (h) (Wagner et al., 1998) and (i) (Mamedov et al., 2003)
The results d-i (except e) have emerged from MDSC measurements, and one can see these center around the presently measured value of 210˚C in red with a spread of about 5˚C. The spread is largely due to whether one measured the mean value of Tg from a heating followed by a cooling scan, or merely the Tg was recorded from the heating scan. The measurements c emerged from a DSC measurement. Its low value in relation to the MDSC results does suggest the sample is As-deficient. The measurement a and b have come from Dilatometric measurements and are measurably lower. In the present work, melts were quenched from 50˚C above the liquidus (Tl = 310˚C). Melts quenched from T far above Tl will display increasing amounts of As4S4 monomer decoupled from the backbone rendering the latter S-rich, or As deficient, thus possessing a lower Tg. A simple Raman scattering measurement would directly establish the degree of NSPS. 
In the dilatometric experiments of Malek (Malek, 1997), melts were alloyed at 950˚C for 12 hours and then air cooled. The resulting glass was thermally equilibrated at 188˚C for 1 hour after the air quench. It is unclear if the lower Tg of 185˚C is due to NSPS or intrinsic to the definition of Tg used in dilatometric measurements. The results of the dilatometric measurements revealed a fragility index, m = 31 for As2S3 glass. This may be compared to a value of m = 25 deduced from the MDSC experiments in the present work as shown in the plot of Fig. 12A.
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