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Supplementary Note 1: Thermal Simulation
In order to simulate the heat transfer between the chamber and the solution at different positions, Ansys 

Fluent was used to better understand temperature changes. For this purpose, 49% DMSO was used as 

our sample solution for the simulation. We note that this simulation is intended to capture representative 

scaling of the heat transfer involved in the small-organic-molecule solutions of interest here, as opposed to 

an accurate estimation of the of the empirical behavior of 49% DSMO specifically.

The primary heat transfer mechanism in the model is conduction. However, the model does not take into 

account the heat generated due to viscous dissipation. This is because the heat generated by viscous 

dissipation is insignificant compared to the overall heat transfer process. Hence, the following equation is 

used for analysis (1):

                                                                        (1)𝜌𝐶𝑝�̇� =  ∇. (𝑘∇𝑇)

In this equation, k represents the thermal conductivity, ρ represents the density of the material, Cp 

represents the specific heat at constant pressure, and T represents the temperature. 

The correlations for density ρ (kg/m3) that are dependent on temperature can be found here (2):

𝜌 = 𝑏2𝑇2 + 𝑏1𝑇 + 𝑏0 (2)

The relevant constants needed are listed in Table S1.

Table S1. Parameters for the temperature-dependent densities of DMSO solutions of different 

concentrations (2).

Solution 𝑏0 × 10 ‒ 3 𝑏1 × 10 𝑏2 × 103

7.05 M DMSO 1.090 -6.922 0.257

Experimental DSC data was used to obtain a polynomial correlation for the specific heat [J/(Kg.C)]  of 

49% DMSO over a temperature range of -150°C to 0°C. The correlation achieved an R² value of 0.82.



Figure S1. Polynomial-fitted specific heat capacity of 49% DMSO, R²=0.82 compared to experimental 

DSC data.

   =   (3)𝐶𝑝 ≅𝐶𝑉 𝑐1𝑇6 + 𝑐2𝑇5 + 𝑐3𝑇4 + 𝑐4𝑇3 +  𝑐5𝑇2 +  𝑐6𝑇 + 𝑐7

The obtained coefficients are illustrated in Table S2.

Table S2. Coefficient for specific heat [J/(Kg.C)].

Coefficient of Specific Heat 7.05 M DMSO

c1 6.42 × 10 ‒ 8

c2 3.05 × 10 ‒ 5

c3 5.48 × 10 ‒ 3

c4 4.64 × 10 ‒ 1

c5 18.78

c6 336.31

c7 6478.96

Morover, based on the experimental DSC data, a latent heat of 20536.8 J/kg is obtained for the temperature 

range between -125°C to -132°C, where the glass transition occurs. This latent heat value is used as an 

input for simulation.



Thermal conductivity (W/m.K) of DMSO for different temperatures is calculated using the correlation of 

Ehrlich et al. (3). 

   (4)
𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑊

𝑚
.𝐾) =  𝑎1𝑇4 + 𝑎2𝑇3 + 𝑎3𝑇2 + 𝑎4𝑇 + 𝑎5

The coefficients can be found in Table S3.
    

Table S3. Polynomial Approximation of thermal conductivity (3).

Coefficient of Thermal Expansion 7.05 M DMSO 

a1 ‒ 2.95 × 10 ‒ 10

a2 ‒ 6.87 × 10 ‒ 8

a3 ‒ 1.29 × 10 ‒ 6

a4 7.42 × 10 ‒ 4

a5 3.56 × 10 ‒ 1

Figure S2 displays the cooling and warming temperature over time, and Table 4 shows the rate of cooling 

and warming in oC/s and oC/minute. These measurements were taken for a solution containing 49% DMSO, 

and the results are comparable to other solutions examined in this study. It is worth noting that the warming 

temperature serves as a transient boundary condition at the chamber wall to ensure accurate simulation 

results.



Figure S2.  Temperatures of 49% DMSO at different times during cooling in liquid nitrogen and subsequent 

warming in the environment.

Table S4. the rate of cooling and warming in °C/s and °C/minute.

Unit Cooling rate Warming rate

°C/s 3.2790 0.0837

°C/Minute 196.7429 5.0247

Supplementary Note 2: Glass transition detection function
The following are the steps to develop a function in MATLAB to detect the glass transition point based on 
the average intensity curves obtained by the CLI isovitriscope method or DSC curves:

1. Data Smoothing using LOESS: 

Before processing the data, noise is reduced using the Locally Estimated Scatterplot Smoothing 
(LOESS) method (4). This method helps in refining the data, making it more suitable for analysis. This 
can be represented by:

  (5)𝑦'
𝑖 = 𝐿𝑂𝐸𝑆𝑆(𝑦𝑖)

where 𝑦𝑖 are the original data points and  are the smoothed data points.𝑦'
𝑖

2. Calculating the Tangent Slopes: 
For each temperature point 𝑇𝑖 within a defined range, the function calculates the slopes of lines tangent 
to the curve at points 𝑇𝑖−a to 𝑇𝑖+a. This involves computing the first derivative, approximated as follows:

      (6)
𝑓'(𝑇𝑖) ≈

𝑦𝑖 + 𝑎 ‒ 𝑦𝑖 ‒ 𝑎

𝑇𝑖 + 𝑎 ‒ 𝑇𝑖 ‒ 𝑎

Here,  and  are the smoothed intensity values at temperatures  and , respectively. The 𝑦𝑖 + 𝑎 𝑦𝑖 ‒ 𝑎 𝑇𝑖 + 𝑎 𝑇𝑖 ‒ 𝑎

parameter 𝑎 a represents the number of steps before and after each temperature point. The choice of 𝑎 
=10 in our study is based on several considerations including the resolution of data, and the balance 
between accuracy and smoothness. Also, it was found that a=10 is effective in accurately capturing the 
changes in slope that indicate a glass transition without being overly sensitive to minor fluctuations.

3. Difference of Tangent Slopes: 
The function then calculates the differences between the tangent slopes at adjacent points along the 
temperature axis. This calculation helps identify significant changes in the slope:



      (7)Δ𝑓'(𝑇𝑖) = 𝑓'(𝑇𝑖 + 1) ‒ 𝑓'(𝑇𝑖 ‒ 1)

This difference approximates the second derivative, 𝑓′′(𝑇𝑖), highlighting inflection points or maximum rate 
changes in the curve.

4. Identifying the Glass Transition Point:
The glass transition point is identified as the temperature at which the difference between subsequent 
tangent slopes (Δ𝑓′(𝑇𝑖)) is maximized:

    (8)𝑇𝑔 = arg 𝑚𝑎𝑥𝑇𝑖|Δ𝑓'(𝑇𝑖)|

This is where the maximum change in the derivative occurs, signifying the glass transition temperature.

Supplementary Note 3: Additional timelapse images

Figure S3 The representative timelapse recorded using DLI monitoring after vitrification at a cooling rate 
of ~120°C/min, shown in the glass transition temperature range for 79% Glycerol.



Figure S4 The representative timelapse recorded using DLI monitoring after vitrification at a cooling rate 
of ~120°C/min, shown in the glass transition temperature range for 59% EG.

Supplementary Note 4: Measured glass transition 
temperatures

Table S5. Comparison of the measured glass transition temperature through constant light intensity and 
DSC method with the literature (5-8).

Isovitriscope Tg (°C) DSC Tg (°C)

Sample

Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3

Literature 
Temp (°C) 

(5-8)

~5 °C/min 
cooling rate

-131.35 -131.29 -131.82 -130.96 -129.49 -130.46

49% 
DMSO

~200 °C/min 
cooling rate

-129.52 -130.68 -129.07 - - -
-132

59% EG ~5 °C/min 
-128.19 -129.18 -130.67 -129.71 -129.29 -129.28 -128



cooling rate

~200 °C/min 
cooling rate

-128.01 -128.04 -129.83 - - -

~5 °C/min 
cooling rate

-101.88 -99.01 -102.66 -103.84 -101.36 -101.39

79% 
Glycerol

~200 °C/min 
cooling rate

-100.62 -98.06 -100.20 - - -
-101

Supplementary Note 5: Raman measurements
Raman setup
The custom optical system to measure the Raman scattering signal from the ishochoric chamber containg 
the binary solutions is presented in Figure S.5.1. A continuous wave (C.W) laser at λ=532 nm, with a 
laser power of 25 mW, was focused into a ~60 µm spot size, using  a 10X microscope objective with a 
focal distance f= 11 mm in the center of the chamber. Both Raman and Rayleigh scattering light where 
collected and collimated by a lens of f=30 mm  and focused to a multimode optical fiber, connected to a 
VIS-NIR spectrometer (Ocena Insight HR400 ). A dichroic mirror with a transmision band from 535 to 
1200 nm and double notch filter were placed before the optical fiber to reduce as much as possible the 
Rayleigh scattering from the solution emission. The spectra were colected using OceanView software 
after removing the background intensity from ambient illumination.  The Raman spectrum was recorded 
with 10 seconds of acquisition time, while 12 measurements were averaged internally with the software.

Figure S.5.1 Custom Raman system to study the phenomenology of glass formation and rewarming 
under isochoric conditions of binary solutions.
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The Raman spectra (from 200 to 4000 ) for 45% DMSO, 79% Glycerol and 59% EG showing the 𝑐𝑚 ‒ 1

chemical composition at room temperature of these solutions is shown in Figure S.5.2. The spectra show 
the principal modes that all the solutions have in common (  bending,  stretching and  𝐶𝐻3 𝐶𝐻3 𝑂𝐻
stretching mode).

Figure S.5.2 Raman spectra for 45% DMSO, 79% Glycerol and 59% EG.
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