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Figure S1. Inverse gas chromatography results for n-alkanes (top left) polar vapors (top right) and total 
surface energy profile (bottom left) as well as wettability (bottom right). The lack of dependence on 
fractional surface coverage exhibited by PS387k is indicative of a homogeneous surface profile in which 
all adsorption sites are of similar energy. The more heterogeneous surface exhibited by PS109k could be 
due to it having much larger dispersity. The wettability results support the sorption results; both indicate 
that the custom PS387k is a more hydrophilic polymer than the commercial PS109k. 
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Figure S2. Plots of the water diffusion coefficient, D, from fits to transient water sorption data as a 
function of the average water activity, average aw, of the measurement for the four grades of PS 
investigated in this study, at temperatures ranging from 35 °C to 75 °C. 
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Figure S3. DSC thermograms of PS160k as a function of water activity for heating (left) and cooling (right). 
Each curve was taken at a rate of 5 °C/min and is offset for clarity. 
 
 
Table S1. Effect of casting solvent on PS109k Tg, as measured by DSC. 

aw 
PS109k (Toulene) PS109k (NMP) 
Tg (°C) error Tg (°C) error 

0 98.86 0.09 98.19 1.60 
0.05 97.50 0.75 96.97 0.72 
0.22 95.93 0.68 95.52 0.55 
0.56 94.57 0.30 95.01 0.05 
0.75 95.06 0.95 94.28 0.41 
0.85 93.74 0.18 93.58 0.75 
0.95 92.74 0.18 92.36 0.40 
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Theoretical predictions based on thermodynamics have been derived for plasticizer-based Tg depression 
that require only composition, Tg of each component, and the heat capacity difference between liquid and 
glassy states (at Tg for each component, denoted ΔCP,i).[1] In the limit of small mole fraction of diluent, x2, 
ten Brinke, Karasz, and Ellis predict the slope of Tg versus x2, where x2 is the mole fraction of plasticizer.[1] 

∆ ,

∆ ,
𝑇 , 𝑇 ,   (S1) 

This assumes the absence of specific interactions and phase separation, which can increase or decrease the 
degree of plasticization, respectively.[1] When specific interactions such as hydrogen bonding are present, 
the linear prediction of Tg on composition can breakdown.[2] This has been observed for PS and toluene,[3] 
where presumably pi-pi interactions are at play.  It has also been observed in PS and 
triphenylmethylchloride (TPMC), where it was suggested that the "cusp" where the discontinuous slope 
occurs is related to the onset of immiscibility.[4] Kovacs has described it theoretically as the point at which 
the excess free volume of the polymer goes to zero.[5] In theta solvents, such as cyclohexane, liquid-liquid 
coexistence has been observed in PS below the theta temperature. This causes Tg depression to cease with 
increasing solvent volume fraction. Thus, interesting behavior has been observed in both good and theta 
solvents, but in the limit of pure polymer the thermodynamic prediction of ten Brinke and coauthors holds 
true.[1] A poor diluent system such as PS/water is of particular interest because the magnitude of poor 
diluent that sorbs into a polymer at equilibrium is much less than good solvent. Thus, data in the limit of 
pure polymer are readily accessible to examine the universality of the thermodynamic prediction. 

The model used here is based on mole fractions, xi, where styrene monomers are considered component 1 
and diluent (water) is considered component 2. Water uptake can be converted to molar ratio, X = 
MstyreneΩ/MH2O, using the molar mass of each component (Mstyrene = 104 g/mol and MH2O = 18 g/mol). Then 
water mole fraction is  

𝑥 .     (S2) 

The most reliable slope (dTg/dx2) is from DMA for PS160k. This value, -2080 °C/(molH2O/molTotal), 
compares reasonably well with the prediction of ten Brinke and coworkers, dTg/dx2 = -1748 K.[1] The 
experimental result was calculated from the DMA data of PS160k at 20 %RH and 40 %RH. The prediction 
was calculated using the values reported in Table S2.  

Table S2. Physical constants reported by ten Brinke and coworkers and used to predict Tg depression.[1] 
Component ΔCp 

(J/g K) 
Tg 
(K) 

(1) PS 0.27 380 
(2) H2O 1.94 134 

 

To put our results in the context of literature, Figure S4 presents our results along with several results from 
literature in which Tg and ΔCp of both components were reported. In this figure a normalized Tg depression 
is reported, where 

Δ𝑇 ,
, ,

, ,
  and  (S3) 

Δ𝑇 ,
,

, ,
 .  (S4) 

When the glass transition temperature of the mixture, Tg,mix, approaches that of the polymer, Tg,1, ΔTg,expt 
approaches zero. This tends to occur at low solvent contents. Conversely, when Tg,mix approaches that of 



6 

the solvent, Tg,2, ΔTg,expt approaches one. This occurs at high solvent content. First, it can be seen that 
significant deviations from the theory occur above approximately 0.2. Second, the PS160k/water data from 
the current study fill a gap at the lowest values in Figure S4.   

 

 

Figure S4. Comparison of predicted Tg depression, ΔTg,calc, and measured Tg depression, ΔTg,expt, for 
systems reported in literature in which the heat capacity difference is available:  PS/Water,This study 
Epoxy/Water,[6] PS/Ethylbenzene,[7] PS/Toluene,[8] PS/TPMC (triphenylmethylchloride).[4] 
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