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This application note uses the Ultravap® Mistral blowdown evaporator (Porvair Sciences product 
code: 500149) which directs heated gas, typically nitrogen, through a needle head down onto 
the sample surface to provide gentle evaporation of the solvent. This results in lower thermal 
degradation of samples since only the surface is heated, with the greater proportion of the sample 
remaining at ambient temperature. The evaporator consists of several controllable parameters 
such as gas temperature, gas fl ow rate and needle position; each of which can be adjusted over 
time to fi t the desired evaporation application. 

The Ultravap® Mistral uses heated gas to displace the solvent surface, providing a large 
surface area for evaporation. Knudsen-Langmuir’s equations [5]  show surface area is directly 
proportional to the rate of evaporation, therefore providing maximum surface area is key for 
effi cient evaporation (equation 1). The needle height of the Ultravap® Mistral can be modifi ed to 
keep a set distance away from the surface as the solvent evaporates. By tracking the height of the 
liquid surface during evaporation, maximum displacement can be achieved throughout the entire 
evaporation run. 

Blowdown evaporation provides suffi cient 
kinetic energy directly to the upper surface 
molecules, allowing them to overcome the 
enthalpy of vaporization. Consequently, this 
allows evaporation to occur signifi cantly 
below the boiling point of the bulk solvent. 
Therefore, the gas temperature can be set 
considerably lower than the boiling point, 
unlike bulk evaporation techniques which 
provide heat to the entire volume of solvent 
being evaporated. The rate of evaporation is 
strongly dependent on the vapour pressure, 
enthalpy of vaporization and viscosity of 
the solvent rather than the boiling point. 
An example of this is hexane which has a 
relatively high boiling point (69°C) [6], but 
readily evaporates at room temperature due 
to the very small enthalpy of vaporization 
(31.5 kJ/mol @ 25°C) [7] and high vapour 
pressure (20.1 kPa @ 25°C) [8]. 

Predicting the effect that gas temperature and gas fl ow have on the evaporation rate can be 
challenging. This study was conducted to assess the effect of different conditions on the 
evaporation rate of a range of solvents. The rate of evaporation was quantitatively assessed and 
compared through testing a range of temperatures (30, 60 and 80°C), gas fl ow rates (55 and 75 L/
min) to evaporate a range of solvents. Thus, providing insight into effi cient and effective evaporation 
methods with exact needle heights and optimal conditions for fast solvent evaporation. 

Method
To determine the rate of solvent evaporation, a non-intrusive method was required subsequently 
a gravimetric approach was selected. Firstly, the mass of an empty 96 well square 2 mL 
polypropylene (PP) deep well collection plate (Porvair Sciences product code: 219009) and 
silicone cap mat (Porvair Sciences product code: 997075SW-96) was measured to 4 decimal 
places. The cap mat was used to eliminate any unwanted evaporation during the weighing 
process providing a more accurate measurement. 

The Ultravap® Mistral was pre-heated to the desired temperature prior to commencing each 
experiment, which minimised any temperature differences between tests. 1 mL of solvent was 
added to the collection plate. The mass of the plate, seal and solvent was determined before 
placing the plate in the Ultravap® Mistral. The initial needle position was set to be approximately 
10 mm above the solvent surface, with a value between 27 mm – 28.5 mm depending on the 
expansion properties of the solvent. The initial temperature of the solvent, at T = 0 min, was also 
assumed to be ambient (23°C). A fi xed height evaporation method was created for the Ultravap®

Mistral in which the needle height would be constant throughout the evaporation run. 

After 2-15 minutes, slower evaporating solvents had a longer elapsed time between measurements, the 
instrument would be stopped, the plate sealed and the mass of the remaining solvent determined. After 
which, the plate would be placed back into the evaporator and the needle height modifi ed, if necessary, 
to keep the distance around 10 mm from the surface. 

This process was repeated until all the solvent had evaporated. This procedure was repeated 
using different gas fl ow rates, temperatures and solvents. 

Once all experiments were completed, the plate mass values at each time point were converted to 
an average volume of solvent per well using equation 2. When plotted against time, the gradient 
gave an overall average rate of evaporation.

Due to the shape of the collection plate wells, this evaporation rate was subsequently broken down 
into a top “cuboid” section (section 1) and a lower “cone” section (section 2) (Figure 1). 

Figure 1: A schematic of the collection plate well including dimensions used to calculate solvent 
height and subsequently needle heights. Yellow = Section 1 & Green = Section 2

Solvent volume was converted to height of solvent within the collection plate. This allowed the 
vertical height of the solvent surface to be monitored over-time. The total internal volume of the 2 
mL PP deep well collection plate is 2,300 mm3, with section 1 equalling 2,150 mm3 and section 2 
equalling 150 mm3. For volumes greater than 150 µL, the vertical height was found using equation 3. 

A different method was required for calculating the height of the solvent surface for volumes 
below 150 µL, due to the inverted cone shape of the wells. A standard cone volume calculation 
was not suitable for the calculation as the diameter changes with reducing volume. Due to the 
symmetrical shape of the cone, the ratio of the height to radius will remain constant, hence a 
vertical height was calculated using equation 4.

The total evaporation time was determined for each solvent from the x-intercept on each 
evaporation rate plot, calculated by extrapolation. Figure 2 is an example evaporation rate plot for 
100% methanol at 80°C and 55 L/min. 

The predicted evaporation time for each water-organic solvent mixture was calculated using 
the gradient and y-intercept from the evaporation rate plots and the respective volumes of the 
mixtures and inserted into equation 5.

Enhancing evaporation effi ciency: the impact 
of temperature and gas fl ow on blowdown evaporation

Application note

Evaporation is an endothermic process undergone by all liquids. This physical state change occurs when the surface molecules gain suffi cient 
kinetic energy to overcome the enthalpy of vaporization. This change is entropically favourable, allowing evaporation to occur below the boiling 
point of the liquid. In a laboratory environment, evaporation is used to separate, concentrate and purify compounds [1]. Techniques such as 
distillation and rotary evaporation [2] rely solely upon the evaporation of solvents and their respective properties. 

Solvent evaporation is used extensively in sample preparation for chromatography. Solid Phase Extraction (SPE) is a common sample 
preparation technique [3] where the fi nal eluent is often evaporated [4]. This evaporation step has several benefi ts for analysis - samples can 
be reconstituted in a lower volume of solvent which will increase the sensitivity of the method, solvent composition can be modifi ed to improve 
peak shapes on chromatographic methods and volatile interferences may be evaporated off improving the cleanliness of a sample. These 
advantages lead to a cleaner, more concentrated sample with less interfering compounds, providing better sensitivity and selectivity. 

The requirements for evaporation are broad and some traditional techniques and instruments are not fl exible enough to meet the demands. 
Evaporation in a lab environment has several requirements - being able to work with different numbers of well plates (24, 48, 96, 384 wells), 
dealing with compounds which are sensitive to heat or atmospheric conditions, as well as a need for sample cleanliness. 

Equation 1: Knudsen-Langmuir’s equation 
describing the rate of evaporation of molecules 
from a surface based on kinetic theory. 

A Surface area (in m2)

N Number of gas molecules

t Time (s)

φ Flux of the gas molecules (m−2 s−1)

α Sticking coeffi cient of the gas molecules onto 
the surface, 0 ≤ α ≤ 1

p The gas pressure (Pa)

M Molar mass (kg mol−1)

m Mass of a particle (kg)

kB Boltzmann constant

T Temperature (in K)

R Gas constant (J mol−1 K−1)

NA Avogadro constant (mol−1)

Equation 2: Shows how the average solvent volume per well was calculated using the empty and 
measured plate mass (g) along with the number of wells (96), divided by the solvent density in g/µL

D 8.25 ± 0.05 mm

H1 31.58 ± 0.10 mm

H2 40.02 ± 0.10 mm

H2-H1 8.44 ± 0.10 mm

Equation 3: Shows how the solvent height was calculated for solvent volumes 
of greater than 150 µL 

Equation 4: Shows how the solvent height 
was calculated for solvent volumes of less 
than 150 µL 
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The following approximations and assumptions were made to allow interpretation of the data:

- The solvent composition was constant throughout the experiment with no change in density 
- There was no evaporation during the weighing process
- The cumulative evaporation time, including pauses for weighing, was comparable to uninterrupted  
 evaporation 
- The mass of the plate and seal was constant throughout the experiment
- Each well evaporated at the same rate
- The initial temperature of the solvent was the same for all experiments

Solvents used in the study are detailed in Table 1 below: 

Results and discussion
Effect of temperature
A higher temperature yielded a faster overall rate of evaporation than a lower temperature for every 
solvent tested at both gas fl ow rates (55 L/min and 75 L/min). An example of this trend, using 55 
L/min gas fl ow rate data, is shown in fi gure 3 and table 2.  Figure 3: Chart showing the evaporation 
rate in µL/min at three gas temperatures (30, 60 and 80°C) at a gas fl ow rate of 55 L/min

When comparing the percentage increase in evaporation rates between the 30°C to 60°C and 
60°C to 80°C ranges at a gas fl ow rate of 55 L/min (fi gure 4 and table 3), the increase from 30°C 
to 60°C was generally much larger. This remains true even when accounting for the increase per 
°C. This trend is likely because the larger increase from 30°C to 60°C introduces a larger relative 
amount of kinetic energy to the molecules. In contrast, at 60°C to 80°C, the solvent molecules 
already have a signifi cant amount of kinetic energy, so the increase in rate is not as high. This 
same trend was seen at a gas fl ow rate of 75 L/min.

This trend did not apply to methanol, this is likely due to the large increase in vapour pressure at 
75°C, compared to 25°C (table 1). This is much larger than any of the other solvents tested and 
would explain the higher increase in evaporation rate at the higher temperature compared to the 
other solvents. This observation was also seen at 75 L/min.

Effect of gas fl ow rate
An increase in gas fl ow rate yielded a faster overall rate of evaporation than a lower fl ow rate at every 
temperature (30, 60 and 80°C). An example of the data at 60°C is shown in fi gure 5 and table 4. 

For mixtures containing 75%, 50%, and 25% methanol, the data at all temperatures indicated that 
increasing the gas fl ow rate from 55 L/min to 75 L/min had less impact on the evaporation rate 
compared to pure methanol. This is likely linked to the viscosity of the solution - the higher the 
viscosity, the less impact the fl ow rate had. A higher viscosity solution requires a higher force 
to displace the surface of the liquid. Therefore, increasing the fl ow rate would result in less 
displacement and surface area for evaporation, lowering the rate of evaporation. 

Figure 2: Evaporation rate plot of the average solvent volume per well (µL) against time (min) 
for 100% methanol at 80°C and 55 L/min. Orange line = extrapolation to measure the total 
evaporation time  
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Equation 5: Shows how the approximate total evaporation times for the mixture of two pure 
solvents was calculated using the pure solvent evaporation rate plots

α_1=volume of solvent α in fi nal mixture β_1=volume of solvent β in fi nal mixture

α_(y-intercept)= pure solvent α y-intercept β_(y-intercept)= pure solvent β y-intercept

α_gradient= pure solvent α gradient β_gradient= pure solvent β gradient

Solvent
Surface 

Tension 25°C 
-75°C (mN/m)

Dynamic 
Viscosity 25°C 

– 75°C (cP)

Enthalpy of 
Vaporization 
25°C – 75°C 

(kJ/mol)

Vapour 
Pressure 

25°C – 75°C 
(kPa)

Boiling Point 
(°C)

Methanol 22.31 – 18.45 0.543 – 0.294 37.5 – 34.5 16.86 – 150.33 64.7

Acetonitrile 287 - <287* 0.334 - <0.334* 37.2 – 30.5 11.76 – 81.17 82

Water 71.99 – 63.58 0.890 – 0.377 44.0 – 41.8 3.12 – 38.53 100

Table 1: Chemical and physical properties of methanol, acetonitrile and water at 25°C and 75°C[9]-
[28] *Data could not be sourced so an assumption was made that these values would decrease in 
line with the other solvents

Figure 3: Chart showing the evaporation rate in µL/min at three gas temperatures (30, 60 and 
80°C) at a gas fl ow rate of 55 L/min

Temp. (°C) Evaporation Rate (µL/min)

100% 
Methanol

75% 
Methanol

50% 
Methanol

25% 
Methanol

100% Water 100% 
Acetonitrile

30 16.2 7.2 4.7 3.8 3.4 18.9

60 19.8 9.7 8.6 7 6.1 30.8

80 26.1 12.1 11.3 8.9 7.8 36.1

Table 2: Evaporation rate data for different solvents at three gas temperatures (30, 60 and 80°C) 
at 55 L/min

Figure 4: Chart showing the percentage difference in evaporation rate as a result of increasing the 
gas temperature from 30°C to 60°C and 60°C to 80°C at a gas fl ow rate of 55 L/min

Gas Temp.
Setting Percentage Difference

100% 
Methanol

75% 
Methanol

50% 
Methanol

25% 
Methanol 100% Water 100% 

Acetonitrile

30°C to 60°C 22.2 34.7 83.0 84.2 79.4 63.0

60°C to 80°C 31.8 24.7 31.4 27.1 27.9 17.2

30°C to 60°C 
(per °C) 0.7 1.2 2.8 2.8 2.6 2.1

60°C to 80°C
 (per °C) 1.6 1.2 1.6 1.4 1.4 0.9

Table 3: Percentage difference of evaporation rates at the two temperature increases 
(30°C to 60°C and 60°C to 80°C), with per °C values

Figure 5: Chart showing the difference in evaporation rate at the two different gas fl ow rates (55 
and 75 L/min) at 60°C

008-011 - Porvair App Note.indd   9 26/08/2026   09:34



International CONNECTING SCIENCE, BRIDGING INNOVATION

INTERNATIONAL LABMATE - SEPTEMBER 202610

Acetonitrile vs Methanol
An interesting finding of this study was how differently water interacts with methanol compared 
with acetonitrile during evaporation. Figure 6 shows that for acetonitrile, two linear sections of 
evaporation are observed – between 0 and ~16 minutes and from ~16 minutes until ~78 minutes. 
This suggested acetonitrile evaporated off first, followed by water which evaporates at a slower 
rate reducing the overall evaporation rate. However, for methanol-water mixtures a curve can 
be seen. The reason for this difference could be the water hydrogen bonding to the methanol, 
forming clusters [29] and larger hydrogen bonded species. This would increase the energy 
required to break the hydrogen bonds to allow solvent to evaporate. Whereas acetonitrile-water 
solutions form stronger [30], but fewer hydrogen bonds, resulting in weaker cluster formation.

Mixtures of solvents
It was hypothesised that evaporation times for mixtures of solvents could be predicted through 
extrapolation of the pure solvent evaporation rates and calculated using equation 5.

In the case of an acetonitrile-water solution, this gives a reasonable estimate of the evaporation time 
(figure 7A) where there is only a 6.3% difference in time between the predicted and experimental 
values. However, with a methanol-water mixture, this was not the case with it taking longer for 
the mixtures to evaporate compared to the predicted evaporation time (figure 7B). A percentage 
difference of 28.0% was observed between theoretical and experimental values. This shows that 
a prediction is not simple due to the different interactions between the two solvents which have 
been outlined above - the increase in viscosity combined with hydrogen bonding which results in a 
slower than expected evaporation time. Further to this, acetonitrile had the same difference between 
predicted and experimental values at all concentrations. However, methanol differed more from the 
predicted value the higher the percentage of methanol in the solution (table 5).

Conclusions
Evaporation rates of common chromatography solvents using the Ultravap® Mistral blowdown 
evaporator were evaluated at a range of temperatures and gas flow rates. The results showed 
that temperature significantly increases the evaporation rate, while higher gas flow rates also 
contribute, albeit to a lesser extent. Additionally, the study highlighted differences in evaporation 
dynamics between solvent mixtures, acetonitrile-water and methanol-water, likely due to the 
interaction between methanol and water. The data collected can be used to optimise evaporation 
methods, such as needle height settings, temperature and flow rate conditions on the Ultravap®

Mistral, and to improve the prediction of solvent evaporation times for different solvent and 
solvent-water mixtures.
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Figure 6: A plot to compare the volume of solvent left in the plate over time following evaporation 
at 80°C at 55 L/min. The orange trace = 50% methanol and blue trace = 50% acetonitrile

Figure 7: Predicted evaporation times (calculated using equation 5 for 50% acetonitrile and 
50% methanol versus the experimental time measured in this study. The experimental data was 
performed at 80°C and 75 L/min 

Flow rate Evaporation rate (µL/min)

100% 
Methanol

75% 
Methanol

50% 
Methanol

25% 
Methanol 100% 100% 

Acetonitrile

Water 100% 
Acetonitrile 34.7 83.0 84.2 79.4 63.0

55 L/min 19.8 9.7 8.6 7 6.1 30.8

75 L/min 24.8 11.7 9.9 8.6 7.8 41.1

Percentage 
difference 25.3 20.6 15.1 22.9 27.9 33.4

Viscosity of 
the solution 

(cP) [18]
0.6 1.2 1.5 1.4 0.9 0.3

Table 4: Evaporation rate data performed at 60°C at the two evaporation rates (55 and 75 L/min), 
percentage difference of the evaporation rates at the two flow rates and viscosity of the solutions

Organic solvent per cent (%) Percentage difference (predicted vs experimental evaporation time)

Acetonitrile Methanol

25 5.3 20.5

50 6.3 28.0

75 5.2 32.7

Table 5: Percentage difference between the predicted and experimental evaporation time values 
for different mixtures of acetonitrile and methanol in water. The experimental data was performed 
at 80°C and 75 L/min 
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Solvent Temp (°C) Gas Flow Rate 
(L/min)

Total Evaporation Time 
(min)

Total Evaporation 
Rate (µL/min)

Evaporation 
Rate Section 1 (µL/

min)

Evaporation Rate
Section 2 
(µL/min)

100% 
methanol

80 75 30.8 32.3 34.0 23.4

80 55 37.9 26.1 28.1 18.1

60 75 39.2 24.8 26.1 17.4

60 55 49.8 19.8 20.8 14.2

30 75 45.8 21.2 23.8 9.7

30 55 61.2 16.2 17.7 9.2

75% 
methanol

80 75 60.8 15.7 21.5 6.3

80 55 76.3 12.1 16.5 5.8

60 75 77.8 11.7 16.9 5.3

60 55 97.1 9.7 13.1 4.6

30 75 136.5 6.6 9.9 2.9

30 55 130.9 7.2 10.2 3.0

50% 
methanol

80 75 81.4 12.1 15.1 5.8

80 55 85.1 11.3 13.3 6.5

60 75 93.3 9.9 12.0 5.1

60 55 109.1 8.6 10.4 5.0

30 75 166.6 5.6 6.4 3.1

25% 
methanol

80 75 98.0 10.0 11.3 5.3

80 55 108.7 8.9 9.9 6.7

60 75 114.2 8.6 9.6 5.0

60 55 140.2 7.0 7.5 4.6

30 75 217.8 4.5 5.0 2.5

30 55 246.8 3.8 4.4 2.5

100% 
water

80 75 103.7 9.8 10.5 5.8

80 55 126.9 7.8 8.6 5.4

60 75 131.0 7.8 8.1 5.4

60 55 166.0 6.1 6.4 4.5

30 75 249.3 4.1 4.4 2.2

30 55 309.9 3.4 3.6 1.8

100% 
acetonitrile

80 75 24.0 40.7 44.1 27.1

80 55 27.4 36.1 39.8 25.9

60 75 24.4 41.1 44.0 29.1

60 55 32.1 30.8 33.2 21.7

30 75 41.4 23.9 26.9 12.3

30 55 52.5 18.9 21.5 7.4

Appendix 2a: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for 100% methanol at three gas 
temperatures (30, 60 and 80°C) and two gas fl ow rates 
(55 and 75 L/min)

Appendix 2b: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for 75% methanol at three gas 
temperatures (30, 60 and 80°C) and two gas fl ow rates 
(55 and 75 L/min)

Appendix 2c: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for 50% methanol at three gas 
temperatures (30, 60 and 80°C) and two gas fl ow rates 
(55 and 75 L/min)

Appendix 2d: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for 25% methanol at three gas 
temperatures (30, 60 and 80°C) and two gas fl ow rates 
(55 and 75 L/min)

Appendix 2f: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for 100% acetonitrile at three gas 
temperatures (30, 60 and 80°C) and two gas fl ow rates 
(55 and 75 L/min)

Appendix 2h: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for methanol mixtures at 80°C 
and 75 L/min

Appendix 2e: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for 100% water at three gas 
temperatures (30, 60 and 80°C) and two gas fl ow rates 
(55 and 75 L/min)

Appendix 2g: Evaporation rate plot of the average solvent volume 
per well (µL) against time (min) for acetonitrile mixtures at 80°C 
and 75 L/min

Appendix 2 – Evaporation rate plots Appendix 1 – Temperature and fl ow rate evaporation data

Appendix 1a: Evaporation rate data for the different solvents at three gas temperatures (30, 60 and 80°C) and two gas fl ow rates (55 and 75 L/min)
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