
application note

The dissolution of polystyrene was investigated using 
time-resolved Attenuated Total Reflection (ATR) 
spectroscopy. Absorbance changes resulting from 
the time-dependent increase in polystyrene 
concentration were analyzed.
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Introduction

Chemical compatibility of materials with various 
organic solvents is a critical aspect of safely handling 
these solvents without compromising the purity of 
the solvent or degrading the structural integrity of 
materials used for handling and storage.

ATR spectroscopy is a powerful tool for 
understanding the chemical structure of samples. 
Although ATR is most frequently used to analyze 
equilibrium chemical systems, it can also be used 
to analyze non-equilibrium systems, such as the 
dissolution of solid materials by organic solvents. 
Here we use the IRIS Monolithic Diamond ATR 
to observe the dissolution of polystyrene in liquid 
acetone. This method can be applied to observe 
the leaching of any solid species into a solvent for 
chemical compatibility testing.

Solid polystyrene derives its mechanical strength 
and rigidity from the intermolecular forces of the 
phenyl groups, shown in Figure 2 [1]. Dissolution 
of polystyrene in a solvent occurs when the solvent Figure 1. IRIS Monolithic Diamond 
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molecules surround the phenyl groups, effectively 
shielding the interaction between adjacent intrachain 
phenyl groups and interchain phenyl groups.

Figure 2. Chemical structure of polystyrene.

Experimental Methods
The dissolution of polystyrene in acetone was 
investigated using the IRIS ATR accessory outfitted 
with the Flow-Through Attachment, shown in Figure 
1. Initially, pure acetone was injected into the Flow-
Through Attachment. A background spectrum of 
the pure acetone solution was collected and used 
during time-resolved ATR measurements. Time-
resolved ATR spectra were collected at 4 s intervals. 
Spectra were collected on a commercial FTIR 
spectrometer, equipped with a DTGS detector. The 
spectral resolution was 4 cm-1 and 4 scans per time 
interval was used to provide a balance between time 
resolution and signal averaging.

Pure acetone was flowed over the ATR crystal for 100 
s, prior to introducing 750 mg of solid polystyrene 
pellets. The time resolved ATR measurement was 
acquired for an additional 400 s over the course of the 
polystyrene dissolution time (tD).

Results
The ATR spectra of pure acetone, at tD = -100 s, and 
dissolved polystyrene in acetone, at tD = 300 s, are 
shown in Figure 3. The time dependent change 
in polystyrene absorbance is shown as a time, 
wavenumber, ΔAbsorbance contour plot in Figure 4, 
emphasizing the multidimensionality of the time-
resolved dataset and the temporal progression of the 
dissolution process.

A series of spectral band shape changes occur 
across the 500-1750 cm-1 spectral region, as shown 
in Figure 4. After the introduction of solid polystyrene, 

a monotonically increasing ΔAbsorbance feature 
appears near 702 cm-1, consistent with an increase 
in the out-of-plane bend of the =C-H groups of 
the phenyl ring of styrene [2]. Figure 5 shows the 
temporal ΔAbsorbance slice at 702 cm-1, illustrating 
the increasing ΔAbsorbance of the 702 cm-1 spectral 
band at tD > 0 s.

Figure 3. Absorbance spectra pure acetone (red) and dissolved 
polystyrene-acetone solution (blue) collected with the IRIS 
Monolithic Diamond ATR.

Figure 4. ΔAbsorbance ATR spectra of the polystyrene dissolution 
into acetone. The horizontal gray line denotes the introduction of 
solid polystyrene into the flow cell.
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Conclusion
The IRIS Monolithic Diamond ATR accessory 
provides high optical throughput over the spectral 
region of critical absorbing species present in 
polymers. By performing a time-resolved ATR 
investigation of a polystyrene dissolution, the rate 
at which polystyrene dissolves into acetone was 
observed. This method can be extended to other 
materials to quantitate the degree to which a solid is 
dissolved by a given solvent and whether a molecular 
reaction occurs during dissolution. 
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Figure 5. ΔAbsorbance increase at 702 cm-1 associated with the out-
of-plane bend of the =C-H groups of the phenyl ring of styrene.
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