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Supplementary Methods 

A. Instrumentation 

Experiments were performed with a modified JEOL 2010F transmission electron microscope (Fig. S1a) that 

we have previously described1,2. Water in no man’s land is prepared in situ by melting a sample of 

amorphous solid water (ASW) on a holey gold film with a shaped microsecond laser pulse (532 nm), which 

is obtained by modulating the output of a continuous laser with an acousto-optic modulator. The laser beam 

is directed at the sample with a mirror mounted above the upper pole piece of the objective lens, so that it 

strikes the sample at close to normal incidence. The laser beam is focused to a spot size of 38 µm FWHM 

in the sample plane, as determined from an image of the laser beam recorded with a CCD camera that is 

placed in a conjugate plane. 

 

Figure S1b displays the shape of a typical laser pulse that we use to prepare water in no man’s land, as 

recorded with a fast photodiode. A 30 µs rectangular pulse is used to heat the sample of ASW to a 

temperature of over 300 K, after which the laser power is reduced, here to 40 %, in order to rapidly supercool 

the liquid to a well-defined temperature. The rise and fall times of the laser pulse are 250 ns, as determined 

from Fig. S1b. Note that in order to achieve faster cooling, we initially reduce the laser power by twice the 

desired amount for a duration of 3 µs. For final laser powers of 50 % or less, we switch the laser off entirely 

for the same duration. At a delay of 15 µs after reducing the laser power, when the temperature of the liquid 

has stabilized, we capture a time-resolved diffraction pattern with an intense, high-brightness electron pulse 

of 6 µs duration as indicated with a blue rectangle in Fig. S1b. We generate such electron pulses as 

previously described, by temporarily boosting the emission from the Schottky emitter of our microscope to 

near its limit1,2. To this end, we briefly heat the emitter tip to extreme temperatures through irradiation with 

a microsecond laser pulse (532 nm, 1.5 W, 17 µm FWHM spot size at the tip, 150 µs pulse duration, as 

obtained by chopping the output of a continuous laser with an acousto-optic modulator), which causes the 

emission current to increase by up to 3.7 times. An electrostatic deflector is then used to slice a 6 µs electron 

pulse out of the boosted electron beam. As illustrated in Fig. 1a-c, time-resolved electron diffraction patterns 

are collected from within the central hole of a grid square, with the electron beam converged to a disk of 
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about 1.5 µm diameter. The diffraction patterns are recorded with a TVIPS XF416 electron camera. The 

camera length is calibrated with the diffraction pattern of the polycrystalline holey gold film3. 

 

 

B. Fabrication of sample supports 

Sample supports are fabricated with the process illustrated in Fig. S2. A holey gold film is prepared by vapor 

depositing 50 nm of gold onto a holey carbon specimen grid (QUANTIFOIL N1-C15nCu20-01) which 

consists of a 12 nm holey carbon film (2 µm diameter holes with 1 µm spacing) on a 200 mesh copper grid 

(Fig. S2a,b). The copper mesh is then etched away by floating the grid on an ammonium persulfate solution, 

until only the holey thin film is left (Fig. S2c). The remaining etchant is removed in three washing steps, 

each consisting in transferring the thin film to a fresh bath of deionized water for approximately 10 min. The 

holey thin film is then transferred onto a 600 mesh gold grid (Plano, 13.5 µm bar width and 8.75 µm bar 

height) by submerging the grid into the water bath and using it to gently pick up the film (Fig. S2d). The 

assembly is placed onto a hot plate (50 °C) for up to 2 hours to evaporate any remaining water. In the final 

step, multilayer graphene is transferred onto the grid assembly. To this end, 6-8 layer graphene on copper 

foil (Graphene Supermarket) is floated on an ammonium persulfate solution until the copper has dissolved. 

The multilayer graphene film, which remains floating on the etchant, is then washed three times by 

transferring it to a fresh bath of distilled water for 10 min each. Finally, the graphene layer is transferred 

onto the holey gold film by gently picking it up with the specimen grid (Fig. S2e). Before use, the completed 

assembly is cleaned for 40 seconds in a hydrogen plasma (Pelco Easiglow, negative polarity, 20 mA 

current, 0.5 mbar). 

 

 

C. Deposition of ASW 

The sample support is loaded into the microscope with a single tilt cryo specimen holder (Gatan 914), which 

is then filled with liquid nitrogen to cool the sample to a temperature of 101±1 K, which is continuously 

monitored during the experiment. Amorphous solid water is deposited by leaking water vapor into the 

column of the microscope through a leak valve that we installed on our instrument for this purpose. 
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Deionized water (15 MΩ cm) is placed in a stainless-steel reservoir that is water cooled to a temperature 

of 290 K. After filling the reservoir, the water is degassed by evacuating the reservoir for 5 minutes with a 

membrane pump. The water vapor in the reservoir is then leaked into the microscope through a gas dosing 

valve (Balzers UDV235) that is connected to a 60 cm long stainless-steel tube. The end of the tube 

protrudes into the cold shield, a small metal enclosure between the pole pieces of the objective lens that 

surrounds the sample, which is ordinarily cooled to liquid nitrogen temperature to serve as a cryo pump, 

but in our experiments is held at ambient temperature. The nozzle of the tube has an inner diameter of 

1 mm and terminates at approximately 10 mm from the edge of the sample holder. Since the nozzle lies in 

the sample plane, no direct line of sight exists between the tube and the sample. Water molecules must 

therefore first undergo collisions with surfaces before they can reach the specimen grid. Accordingly, we 

find that the deposition rate does not vary across the specimen support. The sample region is pumped 

through openings in the cold shield, with the surrounding volume of the microscope column evacuated to a 

pressure of 2･10-7 mbar by a 150 L ion pump when no water is being leaked into the microscope. We adjust 

the deposition rate, typically about 82 nm/min, by monitoring the pressure on the low-pressure side of the 

leak valve. 

 

The following procedure is used to control the thickness of the ASW layer that is freshly deposited for each 

experiment. Before beginning an experimental run, the deposition rate is determined by recording diffraction 

patterns as a function of deposition time, which are then analyzed as described in section G (Analysis of 

the diffraction patterns). As shown in Fig. S3, the relative intensity of the diffraction pattern initially increases 

linearly with the deposition time, but then goes through a maximum as the sample grows thicker and multiple 

scattering as well as inelastic interactions become more important. By comparing this curve to a reference, 

we can deduce the deposition rate (typically 82 nm/min) and thus adjust the deposition time (typically 

around 2 min) to obtain a sample thickness of 176 nm (blue arrow in Fig. S3) with a variation in thickness 

of approximately 12%. Experiments are only started once the deposition rate has stabilized. The deposition 

rate is remeasured approximately every 2 h, and the deposition time is adjusted accordingly. 
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The absolute sample thickness was determined with the log-ratio method4,5. A calibration sample was 

grown to a thickness of 299 nm (black arrow in Fig. S3) and transferred to a JEOL 2200FS transmission 

electron microscope, which is equipped with an energy filter, allowing us to record energy loss spectra of 

the ASW sample6. The sample thickness 𝑑 is obtained from the ratio of the total electron beam intensity 𝐼! 

to the intensity of the zero loss peak 𝐼",  

 

 𝑑 = 𝜆 ⋅ ln #!
#"

 . (1) 

 

Here, 𝜆 is the electron inelastic mean free path, which can be calculated according to  

 

 𝜆 ≈ $"%	'	("
(# )*+$%&"&#

,
 , (2) 

 

where 𝐹 = 0.618 is a relativistic factor, 𝐸" the accelerating voltage in keV, 𝛽 = 10 the collection angle in 

mrad, and 𝐸- = 7.12 the average energy loss in eV5. The value for 𝐸- was interpolated from recent 

measurements on thin liquid water films7. We obtain a thickness of 299 nm for the calibration sample, which 

yields a thickness of 176 nm for the samples used in our experiments. 

 

 

D. Time-resolved diffraction experiments 

The following procedure is adopted to establish suitable experimental parameters. As illustrated in 

Fig. 1a-c, time-resolved electron diffraction patterns are collected from within the central hole of a grid 

square, with the electron beam converged to a disk of about 1.5 µm diameter. Care is taken to choose a 

sample area without any tears in the graphene film. The laser beam is centered onto the same hole in the 

gold film using the method previously described8. Once the deposition rate has been established 

(section C), a 176 nm thick layer of ASW is deposited, and the approximate minimum laser power is 

determined (100 mW), with which this layer can be successfully melted and revitrified with a 30 µs laser 

pulse8. The sample is then irradiated with a 1 s laser pulse of approximately 85 mW power to evaporate 
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any ice within the grid square under observation. Finally, the sample is irradiated with another 3 s laser 

pulse from a second laser (405 nm, 150 mW, and a beam diameter of approximately 70 µm in the sample 

plane, centered on the area under observation) in order to also evaporate the ice in adjacent grid squares. 

 

Once the experimental parameters have been established, time-resolved experiments are performed with 

an automated procedure. A fresh layer of ASW is deposited, and a diffraction pattern is recorded 

(20 boosted electron pulses of 6 µs duration, fired at 10 Hz repetition rate) which is later used to accurately 

determine the camera length in each experiment (section G) and normalize the intensity of the time-

resolved diffraction pattern. The sample is then irradiated with a shaped microsecond laser pulse in order 

to prepare water in no man’s land, and its structure is probed by capturing a diffraction pattern with a 

boosted electron pulse of 6 µs duration (section A). 

 

Due to evaporation in the vacuum of the microscope, the sample thickness decreases during the laser 

pulse. Based on experimental data, we estimate that this decrease is on the order of 100 nm. This leads to 

a pressure rise on the order of 10-5 Pa at the time we collect the diffraction pattern (15 µs after the laser 

power is reduced). 

 

Occasionally, diffraction patterns are obtained that feature diffraction spots, indicating that the sample has 

partially crystallized. In this case, the diffraction pattern is discarded, and the experiment is repeated. If 

crystallization occurs again, the experiment is repeated once more with the electron pulse duration reduced 

to 3 µs. Out of the 148 diffraction patterns included in our analysis, 10 were recorded with a 3 μs electron 

pulse. Note that we can identify even faint diffraction spots by comparing with a static diffraction pattern 

that we record after the experiment (20 boosted electron pulses of 6 µs duration, fired at 10 Hz repetition 

rate). Crystallites that give rise to diffraction spots usually grow in size after the time-resolved diffraction 

pattern has been recorded, so that the corresponding diffraction features become very prominent in the 

static diffraction pattern. This makes the identification of crystalline features in the time-resolved diffraction 

patterns straightforward. We estimate that with this procedure we can detect crystallites as small as a few 

nanometers. We note that in our experiment, we observed the shortest crystallization times at temperatures 
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above 253 K, which is likely due to the fact that the nucleation process is dominated by heterogeneous 

nucleation on the sample support. At lower temperatures, we did not have to reject any of the diffraction 

patterns due to crystallization. It is therefore unlikely that the data taken in no man’s land are affected by 

the presence of crystallites. 

 

Finally, the ice in the grid square under observation as well as in adjacent grid squares is evaporated as 

described above. A fresh layer of ASW is then deposited, and the experiment is repeated. 

 

The evolution of the diffraction pattern of water between cryogenic temperature and room temperature was 

scanned five times (see Fig. S8). In each scan, the laser power in the second part of the shaped laser 

pulse, during which the diffraction pattern is captured, was increased in small steps. A total of about 

30 steps were recorded per scan. The temperature range between about 200 K and 290 K was sampled 

more finely, with an average step size of about 4 K. The diffraction patterns were then analyzed as 

described in section G (Analysis of the diffraction patterns) and a temperature calibration was obtained for 

each scan as detailed in section F (Determination of sample temperature). The five scans were then 

averaged to obtain the temperature evolution of the diffraction pattern presented in Fig. 3 and Fig. S10. 

 

 

E. Simulation of the temperature evolution of the sample 

Finite element heat transfer simulations of the temperature evolution of the sample under illumination with 

microsecond laser pulses are performed using COMSOL Multiphysics. The simulation geometry is 

illustrated in Fig. S4. A 600 mesh gold grid (13.5 µm wide and 8.75 µm thick bars, 27 µm × 27 µm viewing 

area) supports a thin film of 50 nm gold on 12 nm amorphous carbon that features a square pattern of holes 

(2 µm diameter, 1 µm separation) and is covered with a film of 7-layer graphene (2.415 nm thickness). The 

holey thin film and graphene are covered on both sides by an 88 nm thick layer of ice, for a total of 176 nm. 

To reduce the computational cost, the graphene film is omitted outside of a 9 μm × 9 µm square area in the 

center of the geometry, and the extent of the ice-covered holey gold/carbon film is limited to a square of 
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125 µm side length. To account for the large heat capacity of the specimen grid, the gold bars of the 

supporting mesh extend another 42.5 µm beyond this square. 

 

The material parameters used in our simulations are listed in Table S1. We use literature values for the 

temperature-dependent heat capacity and thermal conductivity of amorphous carbon9, gold10,11, and 

graphene12,13. Since reliable low-temperature values for the heat capacity of amorphous carbon are not 

available14, we use its room temperature value15 and extrapolate it to low temperatures by assuming that 

the temperature dependence is the same as for graphite12. Experimental values for the heat capacity and 

thermal conductivity of bulk supercooled water in no man’s land are largely not available16,17. For the heat 

capacity of water, we use experimental values between 227 K and 350 K (Ref. 18–20) as well as between 

100 K and 136 K (Ref. 21). The heat capacity at intermediate temperatures is obtained from a spline 

interpolation. For the thermal conductivity of water, we use its room temperature value, which is similar to 

that of amorphous ice at low temperatures22. 

 

The temperature of the entire sample is initially set to 100 K. We simulate heating with a shaped 

microsecond laser pulse by placing two Gaussian surface heat sources (38 µm FWHM) in the center of the 

simulation geometry. In order to account for the different absorption of the graphene covered gold film and 

of the free-standing graphene areas (46 % and 12.5 % of the incident laser radiation, respectively), one 

heat source is placed on top of the gold film and one on top of the free-standing graphene. The absorbed 

fractions were determined with the help of a multilayer thin film transfer matrix calculator23, using the 

complex refractive indices of amorphous ice24, graphene25, gold26, and amorphous carbon27. The heating 

rates of the Gaussian surface heat sources are calculated from the absorbed fractions and the incident 

laser power. The temporal profile of the simulated laser pulse closely mimics that in the experiment (section 

A). We use error functions to simulate the rise and fall times of 250 ns. To account for evaporative cooling, 

we place negative heat sources on the top and on the bottom surface of the water film. The cooling rate is 

determined from the temperature-dependent enthalpy of evaporation28 and the temperature-dependent 

evaporation rate of water, as calculated with the formula in Table S1 (Ref. 29). The temperature of the ice 

is probed within the hole of the gold film that is located in the center of the geometry. We report the average 
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temperature and its standard deviation during the electron pulse within a cylindrical volume of 1.5 µm 

diameter that spans the entire thickness of the ice film and that is centered on the central hole. 

 

 

F. Determination of the sample temperature 

As detailed in section D (Time-resolved diffraction experiments), the evolution of the diffraction pattern of 

water between cryogenic temperature and room temperature was scanned five times. In order to obtain a 

temperature calibration for each scan, we make use of the fact that the plateau temperature of the sample 

during the second part of the shaped laser pulse increases linearly with laser power for temperatures below 

the melting point (Fig. 2b). This linear dependence can be understood by considering that the temperature 

is stable when the heating rate, which is proportional to the laser power, equals the rate of heat dissipation. 

The latter is proportional to the temperature difference between the area under observation and the grid 

bars, which remain at cryogenic temperature. As a result, the plateau temperature increases linearly with 

laser power as long as evaporative cooling is negligible. We can therefore calibrate the scan in this linear 

range by determining the plateau temperature at two different laser powers and interpolating linearly — at 

zero laser power (i.e. the laser is switched off entirely after 30 µs) as well as at high laser power. At zero 

laser power, the temperature is close to that of the sample before the laser pulse, with a small offset that 

we determine from simulations. The high temperature calibration point is obtained by comparison with x-ray 

data. As described below, we reduce the error of our calibration by also including data points above the 

melting point, where evaporative cooling causes deviations from linearity (Fig. 2b). We are able to do so by 

correcting for the effect of evaporative cooling, which effectively reduces the laser power available to heat 

the sample. 

 

Simulations show that the sample temperature at zero laser power is slightly higher than 100 K, the 

temperature of the sample before the laser pulse. This is due to the finite heat capacity of the sample 

support, which slightly warms up under laser irradiation. We determine the sample temperature at zero 

laser power from our heat transfer simulations. As shown in Fig. S5, this temperature (~110 K) slightly 

increases with the temperature that the sample reaches at maximum laser power. We therefore determine 
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the temperature at zero laser power iteratively. Using an initial guess for the plateau temperature at zero 

laser power, we obtain a temperature calibration as described below, which yields the temperature at 

maximum laser power. We then update the temperature at zero laser power accordingly, using the data 

from Fig. S5, and repeat until the solution converges. Note that any systematic error in the determination 

of the sample temperature at zero laser power that might potentially arise from discrepancies between 

simulation and experiment leads to a much smaller error at higher temperatures. For example, one can 

estimate that the error at 230 K is about 5 times smaller than the error of the plateau temperature at zero 

laser power. 

 

The temperature of the sample at high laser power is determined by comparing the position of the first 

diffraction maximum in our experiment with x-ray diffraction data for bulk water at ambient temperature and 

in the mildly supercooled regime, which were obtained by cooling a water sample in a cryostat (green 

squares in Fig. S10, Ref. 16). We do not use the position of the second diffraction maximum in our 

calibration since it is less sensitive to temperature changes. Moreover, it contains a small contribution from 

hydrocarbon contaminations on the graphene support, which appears to affect the peak position at high 

temperatures. 

 

Note that electron and x-ray diffraction yield small differences in the positions of the diffraction maxima, 

which largely arise from differences in the diffraction background that is obtained with either method30. In 

order to make it possible to compare the electron and x-ray diffraction data, the momentum transfer axes 

are adjusted linearly as shown in Fig. S10, so that the peak positions of amorphous ice in both experiments 

coincide (horizontal black lines in Fig. S10). For the x-ray data, we use the peak positions of low density 

amorphous ice31, which are compared to the peak positions of HGW in our experiment. 

 

The following procedure is used to correct for the effect of evaporative cooling, which sets in at elevated 

temperatures, causing the plateau temperature of the sample to rise more slowly with laser power and to 

deviate from linearity (Fig. 2b). Evaporative cooling effectively reduces the laser power 𝑃./012 that is 

available to heat the sample. The effective heating power 𝑃31/! that is available therefore becomes 
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 𝑃31/! = 𝑃./012 − 𝑎 ⋅ 𝑃455.(𝑇) (3) 
 

where 𝑃455.(𝑇) is the effective power of evaporative cooling, which we determine from our simulations. The 

relationship between the laser power 𝑃./012, the power of evaporative cooling 𝑃455.(𝑇), and the effective 

heating power 𝑃31/! is illustrated in Fig. S7. The fit parameter 𝑎 accounts for discrepancies between the 

simulations and the experiment with respect to the absolute laser power that is required to reach a given 

plateau temperature. These discrepancies likely arise from differences between the actual and simulated 

absorption coefficients and heat conductivities. 

 

The plateau temperature of the sample 𝑇0/-6.1 depends linearly on the effectively available heating 

power 𝑃31/! (Fig. S7), so that 

 

 𝑇0/-6.1 = 𝑇" + 𝑏 ⋅ 𝑃31/! (4) 

 

where 𝑇" is the plateau temperature of the sample at zero laser power, which we determine as described 

above, and 𝑏 is a fit parameter. We can therefore obtain a calibration of the sample temperature 𝑇0/-6.1 by 

varying the parameters 𝑎 and 𝑏 to optimize the agreement (least squares fitting of the position of the first 

diffraction maximum) between our electron diffraction data and the x-ray diffraction data for bulk water at 

high temperatures (green squares in Fig. S10, Ref. 16). We estimate the errors of the temperature 

calibration from the standard errors of the fit parameters using error propagation. Figure S8a shows the 

positions of the diffraction maxima for each scan after temperature calibration. The errors of the temperature 

calibration are shown in Fig. S8b. 

 

We note that while the inclusion of data points at high temperature reduces the temperature error, it only 

nominally affects the calibration. We obtain virtually the same calibration if we only use the three x-ray data 

points with the lowest temperature (251 K, 253 K, and 258 K, where evaporative cooling is small). The 

same is true if we additionally neglect the evaporation correction entirely. 
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G. Analysis of the diffraction patterns 

Both time-resolved and static diffraction patterns are analyzed with the following procedure. We first 

determine the center of each diffraction pattern from the center of mass of the direct beam and then correct 

for the ellipticity of the diffraction pattern (typically about 1 %). In each experimental run, the distortion is 

determined from a diffraction pattern of the polycrystalline holey gold film of the sample support, which we 

record under identical conditions. The distortion parameters are extracted in analogy to a frequently used 

method for determining the magnification distortion of electron micrographs from their diffractograms32. We 

then azimuthally average the diffraction patterns and subtract the diffraction background, which consists of 

the atomic scattering, contributions from inelastic and multiple scattering, as well as the instrument 

background30. The diffraction background is determined from a logarithmic spline of the diffraction intensity. 

For each time-resolved diffraction pattern, the camera length is determined from the static diffraction pattern 

of the ASW sample that we record before the time-resolved experiment. In order to account for variations 

in sample thickness, we normalize the intensity of the time-resolved diffraction pattern on the intensity of 

this static diffraction pattern, which typically varies by 5 %. When recorded with 3 μs electron pulses, the 

intensity of this static diffraction pattern varies by 11%.  

 

The positions of the first two diffraction maxima indicated in Fig. 3 are determined from polynomial fits. For 

temperatures below ~200 K, the first two diffraction maxima are well separated, allowing us to fit them 

individually with a 7th order polynomial. At higher temperatures, we fit both maxima together, using an 

8th order polynomial. The errors of the positions of the diffraction maxima reported in Fig. S8 are obtained 

from the standard errors of the fit parameters through error propagation. The error bars shown in Fig. 3 and 

Fig. S10 represent the standard error of the average peak position of the five scans recorded.  

 

The inflection point of the temperature evolution of the first diffraction maximum (243±2 K) was obtained by 

calculating the numerical derivative of a smoothing spline (MATLAB function: csaps, smoothing parameter: 
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0.05, weight: standard error of the peak position) of the data in Fig. 3. The standard error was estimated 

from the scatter of the values obtained for each of the five scans of the temperature evolution. 

 

Supplementary Notes 

H. Measurement of the cooling time 

As illustrated in Fig. 2a, we prepare supercooled water by irradiating a sample of ASW with a shaped 

microsecond laser. The sample is initially heated to room temperature with a 30 µs laser pulse, after which 

the laser power is reduced to rapidly supercool the liquid. At a time delay of 15 µs, we then probe the 

structure of the liquid with a 6 µs electron pulse. Time-resolved measurements confirm that at this point in 

time, the sample temperature has stabilized, allowing us to probe the structure at one unique temperature. 

Figure S9a shows the evolution of the diffraction pattern of water that ensues when the heating laser is 

switched off entirely after 30 µs. As the liquid rapidly cools to a temperature of about 110 K, we probe its 

structural evolution with 2 µs electron pulses. The positions of the first two diffraction maxima are indicated 

with black dots. The error bars indicate the uncertainty of the fit and are obtained from the standard errors 

of the fit parameters through error propagation (section G). For comparison, the peak positions of HGW are 

indicated with horizontal lines. The experiment reveals that the liquid cools so rapidly that at about 40 µs, 

the structure of water has approached that of HGW, after which it does not change significantly anymore. 

In the experiment of Fig. 3, the structure of water is probed later, at 45 µs. The timing of the 6 µs electron 

pulse is indicated with two vertical lines.  

 

In the experiment of Fig. S9b, the laser power is reduced to 40 %, instead of switching it off entirely, so that 

the sample cools to a temperature of about 235 K. As described in section A (Instrumentation), we initially 

reduce the laser power to zero for a duration of 3 µs, so as to achieve faster cooling. Fig. S9b reveals that 

during the time window of the 6 µs electron pulse in the experiment in Fig. 3, the sample temperature has 

stabilized. We determine a 1/e cooling time of 11 μs in good agreement with simulations. Note that our 

simulations show that the longest cooling time occurs for plateau temperatures near 228 K, where the heat 

capacity of supercooled water has a maximum. Therefore, for most other plateau temperatures, cooling will 

be faster than in Fig. S9b.  
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I. Temperature evolution of the diffraction pattern of water from Fig. 3, showing a wider temperature 

range, and comparison with x-ray data 

Figure S10 shows the evolution of the diffraction pattern of water between 110 K and 315 K. For 

comparison, the peak positions measured previously with x-ray diffraction are also shown. Details are given 

in the caption. 

 

J. Determination of the location of the hypothetical Widom line 

We determine the location of the hypothetical Widom line following the procedure in Ref. 33. We fit the 

temperature evolution of the first diffraction maximum 𝑞(𝑇) with a sigmoid of the form 

 𝑞(𝑇) = 𝑎$ ⋅ 𝑠(𝑇) + (𝑎7 + 𝑏8 ⋅ 𝑇) ⋅ (1 − 𝑠(𝑇)),			with	𝑠(𝑇) = 	
1

1 + 𝑒
9.;<9(>?>")

∆>

 (5) 

where 𝑎$, 𝑎7, 𝑏8 , 𝑇", and ∆𝑇 are fit parameters, with 𝑇" the location of the hypothetical Widom line, which we 

determine to be 234 ± 1 K. The fit parameter values and the corresponding standard errors are given in the 

following table: 

Fit parameter  

𝑎$ 1.732 ± 0.001 Å-1 

𝑎7 1.484 ± 0.031 Å-1 

𝑏8 0.0021 ± 0.0001 K-1 

∆𝑇 44.5 ± 1.6 K 

𝑇" 234 ± 1 K 
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Supplementary Figure 1 | Illustration of the time-resolved electron microscope and typical shape of 

the laser pulse used to prepare water in no man’s land. a, Illustration of the time-resolved electron 

microscope. Water in no man’s land is prepared in situ by melting a sample of ASW with a shaped 

microsecond laser pulse. Its structure is then probed by recording a time-resolved diffraction pattern with 

an intense, high-brightness electron pulse of microsecond duration. b, Typical laser pulse shape used to 

prepare water in no man’s land, as recorded with a fast photodiode. The timing of the electron pulse is 

indicated schematically. 
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Supplementary Figure 2 | Fabrication of the sample support. a-b, A holey gold thin film is fabricated by 

depositing gold onto a holey carbon film on a copper mesh. c-e, After etching away the copper, the holey 

gold film is picked up with a 600 mesh gold grid, and multilayer graphene is transferred onto the assembly. 
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Supplementary Figure 3 | Relative intensity of the diffraction pattern of water as a function of 

deposition time. The corresponding sample thickness is indicated on the top axis, as determined from a 

calibration experiment. The thickness of the calibration sample (299 nm) as well as the sample thickness 

in our experiment (176 nm) are marked with black and blue arrows, respectively. The solid line is a spline 

of the data that includes the origin. 
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Supplementary Figure 4 | Sample geometry used in the heat transfer simulations. a, Top view. The 

laser is centered on the simulation geometry, with the FWHM of the Gaussian laser spot indicated by a red 

circle. b, Side view. 
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Supplementary Figure 5 | Simulated plateau temperature at zero laser power as a function of 

maximum temperature reached.  
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Supplementary Figure 6 | Comparison of the diffraction patterns of ASW and the bare graphene 

support. The diffraction patterns were recorded at a temperature of 101 K and are shown without the 

background subtracted. The pattern of the graphene support exhibits a feature at 3.05 Å-1 that arises from 

hydrocarbon contaminations on its surface. Since this feature overlaps with the second diffraction maximum 

of water, we do not include the temperature evolution of this maximum in the interpretation of our data. Note 

that the diffraction pattern of the graphene support also shows a faint peak at the location of the first 

diffraction maximum of ASW. This peak arises from a small amount of ASW that has already been deposited 

on the graphene support. 
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Supplementary Figure 7 | Simulation of the plateau temperature of the sample as a function of laser 

power from Fig. 2b and illustration of the relationship between the laser power 𝑷𝒍𝒂𝒔𝒆𝒓, the power of 

evaporative cooling 𝑷𝒄𝒐𝒐𝒍(𝑻), and the effective heating power 𝑷𝒉𝒆𝒂𝒕. The power that is effectively 

available to heat the sample 𝑃31/! is the difference of the laser power 𝑃./012 and the cooling power 𝑃455.(𝑇) 

that is associated with evaporative cooling.  
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Supplementary Figure 8 | Positions of the diffraction maxima of water for each scan after 

temperature calibration as well as errors of the temperature calibration. a, Evolution of the peak 

positions as a function of sample temperature. The error bars are derived as detailed in section G (Analysis 

of the diffraction patterns). b, Errors of the temperature calibration. 
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Supplementary Figure 9 | Temporal evolution of the diffraction pattern of water after the laser power 

is reduced to rapidly cool the liquid. As shown in Fig. 2a, the sample is initially heated with a 30 μs laser 

pulse and reaches a temperature close to room temperature, after which the laser power is reduced. As 

the liquid rapidly cools, we probe its structural evolution with 2 μs electron pulses. a, The laser is switched 

off entirely, and the sample rapidly cools to a temperature of about 110 K. The positions of the first two 

diffraction maxima are indicated with black dots, with the error bars determined from the errors of the fit 

parameters using error propagation. The peak positions of HGW are indicated with horizontal lines. The 

timing of the 6 μs electron pulses used to probe the structure of water in Fig. 3 is indicated with two vertical 

lines. b, The laser power is reduced to 40 %, so that the sample cools to a temperature of about 235 K. 

  



 24 

 

  

Supplementary Figure 10 | Evolution of the diffraction pattern of water between 110 K and 315 K. 

The positions of the first two diffraction maxima are indicated with black dots. The error bars 

correspond to the standard error of the mean of five measurements. The grey lines provide a guide to the 

eye and are derived from splines. For comparison, the positions of the diffraction maximum as previously 

obtained from x-ray diffraction are also shown. Green squares correspond to a measurement in which water 

was cooled with a cryostat to reach the supercooled regime16, while blue diamonds16, green triangles16, 

closed circles16 and open red circles34 refer to measurements on evaporatively cooled microdroplets. Note 

that electron and x-ray diffraction yield small differences in the positions of the diffraction maxima, which 

largely arise from differences in the diffraction background that is obtained with either method. In order to 

make it possible to compare the electron and x-ray diffraction data, the momentum transfer axes (electron 

left, x-rays right) are adjusted linearly such that the peak positions of amorphous ice in both experiments 

coincide (horizontal black lines). For our electron diffraction data, we use the peak positions of HGW, which 
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we obtain in our experiment when we rapidly cool the sample to cryogenic temperature. For the x-ray data, 

we use peak positions from Ref. 31. Source data are provided as a Source Data file. 
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Property Value Ref. 

Heat capacity of gold 38.5679 + 1.2434∙T – 7.137∙10-3∙T2 + 1.9237∙10-5∙T3 – 
1.9801∙10-8∙T4 (J/kg∙K) 

10 

Thermal conductivity of 

gold 
320.973 – 0.0111∙T – 2.747∙10-5∙T2 – 4.048∙10-9∙T3 (W/m∙K) 11 

Heat capacity of 

graphene 
Data from Table 2 of Ref. 12 12 

Thermal conductivity 
of graphene 

Data for supported graphene from Fig. 3a of Ref. 13 13 

Heat capacity of water Splined data from Ref. 18–21 18–21 

Thermal conductivity 

of water 
0.6 W/(m∙K) 22 

Absorption of thin film 

(ice – graphene – gold – 

carbon – ice) 

46 % at 532 nm 

Refractive indices used in calculating the absorption 

ice 1.30, graphene 2.67 + i1.34, gold 0.47 + i2.17, carbon 2.28 + 
i0.63 

24–27 

Absorption of free-

standing graphene 

(ice – graphene – ice) 

12.5 % at 532 nm for 7 layer graphene (2.415 nm thickness) 24,25 

Enthalpy of evaporation 
of water 

2.498∙106 – 3.369∙103∙T (J/kg) 28 

Evaporation rate 𝐽4,5L0 = 𝛾1𝐽1,-/M =
NO"

P7Q-R'>
, where 𝛾1	= 1.0 (Eq. 2 of Ref. 29) 29 

Vapor pressure of water Equation 1 on page 350 of Ref. 35 35 

 

Supplementary Table 1 | Material properties used in the heat transfer simulations. 
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