
application note

Evaporation rates of each component in a hexane/isopropyl alcohol 
mixture were observed using time-resolved Attenuated Total Reflection 
(ATR) spectroscopy. Absorbance changes associated with the decreasing 
concentration of the faster evaporating hexane were observed when using 
a liquids retainer open to the atmosphere. Outfitting the liquids retainer with 
a volatiles cover prevented evaporation of each component ensuring stable 
concentration ratios during the IR measurement.
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Introduction
Quantitative measurements of liquid mixtures 
require that care be taken to ensure component 
concentrations do not change over the course of 
sample preparation, distribution, and measurement. 
Volatile liquids, such as many organic solvents, are 
particularly prone to evaporation while analytical 
measurements are being conducted. For neat 
solvents this is not an issue because the relative 
concentration of the chemical component does 
not change while the sample volume decreases. In 

contrast, liquid mixtures containing 
chemical components with non-equal 
evaporation rates exhibit dynamic 

component concentrations for 
open sample cells, leading 
to measurement values 
misrepresentative of  
the original sample  
mixture concentrations.

Here we use the IRIS Monolithic Diamond ATR 
to observe the evolution of the component 
concentrations of a hexane/isopropyl alcohol (IPA) 
mixture for open and closed sample cells via time-
resolved ATR, highlighting the importance of using 
enclosed samples cells when analyzing liquid 
mixtures of volatile components.

Figure 1. The IRIS Diamond ATR with Liquids Retainer Attachment
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Experimental Methods
An 83 vol% hexane / 17 vol% IPA mixture was 
prepared. Using a commercial FTIR spectrometer 
fitted with the IRIS diamond ATR, time-resolved 
ATR spectra were collected. Runs were made using 
IRIS’ liquid retainer equipped with and without the 
a volatile liquids cover. The C-H band amplitudes 
of hexane and isopropyl alcohol at 725 cm-1 and 
950 cm-1, respectively, were ratioed to monitor the 
concentration changes of the mixture.

Results and Discussion
Vapor pressure (Pvap) is an important physical property 
governing liquid evaporation rate, with higher vapor 
pressures corresponding to higher evaporation rates. 
Table 1 shows the Pvap of hexane and IPA.

Hexane exhibits an approximately 3.5x greater Pvap 
than IPA, indicating its higher evaporate rate in an 
open liquids retainer. As depicted in Figure 2, over 
time, the initial concentration of hexane, [hexane(t0)], 
will decrease as a function of time, such that 
[hexane(t)] < [hexane(t0)] and [IPA(t)] > [IPA(t0)]. 

Figure 2. Microscopic depiction of the time-dependent increase in isopropyl alcohol (IPA) concentration and decrease in 
hexane concentration for a hexane/IPA mixture evaporating in an open container.

Figure 3. Absorbance spectra neat hexane (blue) and neat isopropyl 
alcohol (pink). The vertical black, red, and blue dashed lines denote 
the 950 cm-1, 816 cm-1, and 725 cm-1 spectral bands of interest.

Component Pvap (mbar)
hexane 200.3
isopropyl alcohol 57.7

Table 1. Room temperature (298 K) vapor pressures 
of liquid mixture components.
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ATR spectra of neat hexane and IPA are shown in 
Figure 3 along with dashed lines highlighting the 
spectral bands of interest for amplitude ratio tracking.

The time-resolved ATR spectra of the hexane/IPA 
mixture are shown in Figure 4. The primary time-
dependent changes due to the evaporation of hexane 
appear in Figure 4a as a ΔAbsorbance decrease 
of the hexane spectral bands and a ΔAbsorbance 
increase of the IPA spectral bands. The ATR spectra 
collected in the absence of a volatiles cover, showed 
decreased amplitude of the hexane C-H bend band at 
725 cm-1 relative to the IPA C-H bend at 950 cm-1.

Figure 5 shows the ratio of the 725 cm-1 hexane band 
amplitude to that of the IPA 950 cm-1 band as the blue 
line for each liquids retainer configuration. The red 
line shows that the ratio of the IPA band amplitudes 
at 816 cm-1 and 950 cm-1 remains constant. The 
time-resolved ATR spectra collected in the absence 

of a volatiles cover, Figure 5a, shows decreased 
amplitude of the hexane C-H bend band at 725 cm-1 
relative to the IPA C-H bend at 950 cm-1, indicating 
that hexane is evaporating at a higher rate than IPA, 
as is expected based on the higher room temperature 
vapor pressure of hexane. In contrast, the ratio of the 
hexane to IPA spectral bands remains constant when 
the liquids retainer is used with the volatiles cover, as 
shown in Figure 5b.

As illustrated in this application note, quantitative 
analysis of liquid mixtures containing volatile 
components require extra care to prevent component 
concentration changes via component-dependent 
evaporation rates. A simple method to eliminate 
component concentration changes prior to analysis 
is to keep liquid mixtures enclosed in an airtight 
container with minimal headspace.

Figure 4. Time-resolved ΔAbsorbance ATR spectra for an 83 vol% 
hexane / 17 vol% isopropyl alcohol mixture using an open (a) and 
enclosed (b) liquids retainer.

Figure 5. Time-resolved ∆Absorbance /∆Absorbance950 cm-1 spectral 
slices for an 83 vol% hexane / 17 vol% IPA mixture using an open 
liquids retainer (a) and the volatiles cover closed liquids retainer (b).
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Conclusion
When preparing and analyzing liquid mixtures 
composed of volatile components, it is important 
to minimize the amount of time the liquid mixture 
container is open to maintain a stable concentration 
of each component. During long IR data collection 
time, as shown here, liquid mixtures of components 
of disparate volatilities can be properly analyzed with 
minimal evaporation by covering or sealing the liquid 
mixture prior to and during analysis.
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