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SI Section 1. Determination of shift factors. 

Empirically, we find that the smectic q-spacing data is well-fit by a 2nd-order polynomial. The 

best fit was determined iteratively by the following procedure: 

1. Data is shifted by a coarse range of shift factors, from 0.1 to 0.6 decades K -1. Three 

factors across the range are shown in Figure S1, with data shown as hollow symbols. 

2. Each shifted dataset is fit to a 2nd-order polynomial, with example fits shown as solid 

lines in Figure S1. The sum of squares of the residuals is plotted vs. shift factor in Figure 

S2. Sums from Figure S1 are shown in red. 

3. We refined the range of shift factors near the minimum, and repeated steps 1 and 2 to find 

best fit. Resulting sums are shown in Figures S2 and S3. 

4. The shift factor with the lowest residual sum of squares is the final shift factor. Because 

the minimum in residual sum of squares is somewhat shallow, we report the shift factor 

only to two significant digits 
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SI Figure 1. Raw data shifted by three possible shift factors in the first step of fitting. 2nd-order 

polynomial fits are shown as solid lines. 
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SI Figure 2. Fitting error as a function of possible shift factors. Example values from data shown 

in Figure S1 are shown in color; boxed region is shown in more detail in Figure S3. 
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SI Figure 3. Detail of minimum shown in Figure S2. 

To test that each shift factor is unique to its corresponding structural parameter, we show both 

datasets shifted by the other shift factor. 
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SI Figure 4. Testing the uniqueness of the birefringence shift factor. On the left, effective 

deposition rate has been calculated using the 0.196 decades K -1 factor; it is the same data as 

shown in Figure 1d. On the right, effective deposition rate is calculated using the 0.47 decades K-

1 factor determined by the smectic q-spacing, which does not create a good superposition. 
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SI Figure 5. Testing the uniqueness of the smectic q-spacing shift factor. On the left, effective 

deposition rate has been calculated using the 0.47 decades K-1 factor; it is the same data as shown 

in Figure 3e. On the right, effective deposition rate is calculated using the 0.196 decades K -1 

factor determined by the birefringence, which does not create a good superposition. 

 

SI Section 2. Fitting procedure for birefringence vs. deposition rate data. 

The fitting procedure is adapted from Y.Z. Chua, M. Ahrenberg, M. Tylinski, M.D. Ediger, and 

C. Schick. J. Chem. Phys. 142, 054506 (2015). 

We fit the data to a KWW equation of the form 

∆𝑛 = 𝐴 ∗ exp (− (
𝑡

𝜏
)

𝛽

) + 𝐶  

using Levenberg-Marquardt Algorithm in Origin 9.1. 

First, the master data curve (in units of effective surface residence time) is fit to the KWW to 

determine values of A and C, as shown in Figure S6. 
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SI Figure 6. All shifted birefringence data fit to a KWW function to determine fixed values of A 

and C. 

Data at each substrate temperature was then individually fit to a KWW function with A and C 

fixed to -0.230 and 0.149, respectively. Only 320 and 325K converged to a reasonable fit, as they 

are the two data sets with the most features in the range of accessible depositions.  

Fitting was done again for each substrate temperature with β fixed at 0.26, 0.28, and 0.30. A and 

C remained fixed at -0.230 and 0.149. Resulting τ values for each fit are shown in Figure S8. 
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SI Figure 7. Variation in τ values for different choices of β.  

 



 

 

 

SI Section 3. Vogel-Fulcher-Tammann(VFT) fitting. 

To construct Figure 4c, we fit Tarnacka et. al.’s data to VFT equations. Additionally, we fit the 

δ-mode dielectric data including our bulk aging experiments. We fit the equation: 

𝜏 = 𝜏∞ 𝑒𝑥𝑝 (
𝐷𝑇𝑇0

𝑇 −  𝑇0

) 

Resulting fits are shown in SI Figure 8, and fit parameters are shown in SI Table 1. 

Mode DT DT  err T0 (K) T0 err (K) log τ∞ log τ∞ err 

α (Tarnacka) 2.04 0.13 306.1 1.0 -9.79 0.28 

δ (Tarnacka) 24.6 12.5 212.9 26.7 -18.09 0.91 

δ (combined) 12.8 3.0 245.6 9.8 -14.57 0.60 

SI Table 1. 

We fit the δ mode first with only Tarnacka’s data; this is the fit that is shown in Figure 4c. In the 

other “δ mode” fit, we include the three τ values determined from molecular orientation bulk 

aging measurements in this work. These points were included because they appear to coincide 

with a reasonable extrapolation of the δ mode.  
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SI Figure 8. Bulk relaxation times for itraconazole from Tarnacka et. al.[1] and this work, along 

with corresponding VFT fits. 



SI section 4. Determination of surface relaxation time for smectic q-spacing. 

We estimate that at Tg, the surface relaxation time associated with the development of smectic 

layer distance q-spacing is approximately half an order of magnitude slower than the relaxation 

that is responsible for molecular orientation at the surface. To make this estimate, we examine 

graphs of structural parameters vs effective deposition rate at Tg. We define the range of all 

possible values for each structural parameter, then find 10% of that range (shown schematically 

in Figures S8 and S9) to define the “near equilibrium” structure. We take the point at which the 

value of the structural parameter crosses into this range to signify how slowly one must deposit 

at Tg in order to achieve equilibrium. The difference between these points in the plots provides 

the half-decade difference in the absolute relaxation times. From the shift factor, we know the 

temperature dependence of the surface τ values that govern the smectic q-spacing of the vapor-

deposited glass: 2.1 K decade-1.  

 

-5 0 5 10 15

-0.10

-0.05

0.00

0.05

0.10

0.15 10%

log(effective deposition rate at T
g
(Å/s))

 310K

 320K

 325K

 328K

 330K

 335K

 2 Å/s,

         many T
sub

Range

(1.48, 0.138)

10% crossover

 

SI Figure 9. Determination of crossover for birefringence. This data has a known τ value, so it 

can be used to anchor the q-spacing crossover. 
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SI Figure 10. Determination of crossover for q-spacing. Data crosses over approximately half a 

magnitude lower than the birefringence data; therefore, it should be half a magnitude slower. 
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