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As shown in Supporting Information Figure S1, glutaraldehyde solutions from varying 

sources/vendors display very similar Raman spectra. On the other hand, Figure S1 also reveals 

that simply diluting a 25% solution (~2.5 M) to 1 M has a distinct effect on the relative 

intensities of peaks in the 1600 cm-1 region (water stretching frequency)  as well as in the most 

notable bands specific to glutaraldehyde (801, 1444 and 1716 cm-1). This may be linked with the 

equilibria inherent to glutaraldehyde in water solutions – which are bound to be concentration-

dependent. 

 



 

 

Figure S1. Top panel: Raman spectra of 1M glutaraldehyde. Stock 1-glutaraldehyde solution 

25% Sigma-Aldrich 30.06.2016, stock 2- glutaraldehyde solution 25% Alfa-Aesar 12.09.2018, 

stock 3- glutaraldehyde solution 25% Sigma-Aldrich. Bottom panel: Raman spectra of 25% and 

1 M glutaraldehyde. The 1 M spectrum is normalized to the 25% spectrum. 

 

  

400 600 800 1000 1200 1400 1600 1800
cm-1

stock 1
stock 2
stock 3

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
cm-1

25%

1 M



 

Figure S2. Raman spectra of glutaraldehyde at two different concentrations – 25% (2.82 M) and 

1 M. Conditions as in Figure S1. 
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Figure S3. Raman spectra of glutaraldehyde and its derivatives, and representations of the 

molecular vibrations corresponding to the two most intense regions in the 1000-2000 cm-1 for 

glutaraldehyde, as computed at the B3LYP/6-311+G** level of theory. 
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Figure S4. NMR spectra of GA before and after incubation for a week at room temperature. 

 

Table S1. NMR signals (ppm) for the glutaraldehyde and other products computed at the 

B3LYP/6-311+G** level of theory. 

Proton type GA Cyclic 
GA GA hydrate Aldolic dimer Crotonic 

dimer 

Aldehyde region 10.2  10.2 10.3, 10.1 10.3, 10.2, 
10.1 

Unsaturated region 4.7 5.1 4.0 6.0 
Highest at aliphatic 

region 2.2 1.7 2.4, 2.3 2.6, 2.4 3.5, 2.8, 2.7, 
2.5, 2.4 

Rest of aliphatic 
region 1.8 1.5, 

1.4, 1.3 
1.9, 1.6, 1.5, 1.5, 

1.4, 1.3 
1.8, 1.7, 1.6, 1.3, 

1.2, 0.7 
2.0, 1.8, 1.5, 

1.4 
 

11.21.41.61.822.22.42.62.83

GA-RT-week1

GA-2.5%



 

 

 

 

Figure S5. LC-MS data for a GA sample incubated 4 weeks at 40°C (at 0.3 M GL). 

 



 

 

 

Figure S6. LC-MS data for the control sample before incubation for 4 weeks at 40°C (at 0.3 M 

GA). 

 



 

 

 

Figure S7. LC-MS data for the 25% (2.5 M) GA stock solution. 



 

 

 

Figure S8. LC-MS data for the 25% (2.5 M) GA stock solution after incubation at 70°C for 5 

hours. 

 



 

 

 

Figure S9. Top panel calibration curve at 270 nm, using 32 mM glycine and varying 

concentrations of glutaraldehyde (1.2-3.2 mM). Middle panel: UV-vis spectra of glycine, GA 
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and glycine-GA mixtures at indicated concentrations. Bottom panel: evolution of absorption at 

270 nm for three different GA concentrations (indicated in Figure). All spectra are collected in 

water, at room temperature. 

 

 

Figure S10. UV-vis spectra of 28.2 mM glutaraldehyde, at room temperature and 40°C, for 8 

weeks.  

 

Figure S11. UV-vis spectra of 28.2 mM glutaraldehyde, 1.2% isopropanol, at room temperature 

and 40°C, for 8 weeks. 

 



 

Figure S12. UvV-vis spectra of 28.2 mM glutaraldehyde, 1% n-cetyl-trimethylammonium 

bromide, at room temperature and 40°C, for 8 weeks. 

 

Figure S13. UV-vis spectra of 10 mM glutaraldehyde, in time, A) at pH 2 (100 mM 

monosodium phosphate), B) water, C) at pH 7 (100 mM disodium phosphate) and D) at pH 11 

(100 mM trisodium phosphate). 



 

Figure S14. 12% SDS-PAGE of 1.5 mM myoglobin polymerization with varying concentrations 

of glutaraldehyde: 1: 5 mM, 2: 8 mM, 3: 10 mM, 4: 8 mM, 5h, 5: 8 mM, 20h, 6: 8 mM, 24h, 7: 8 

mM, 1,2% isopropanol, t0, 8: 8 mM, isopropanol, 5h, 9: 8 mM, isopropanol, 20h, 10: 8 mM, 

isopropanol, 24h.  

 

 
Figure S15. Evolution of absorbance in the UV-vis spectra of GA, at 60°C, for 24h. 

  



 

Table S2.  The four main orbitals contributing to the lowest energy transition in the UV-vis 

spectrum: 4.33 eV, 0.0004 oscillator strength, as computed at the B3LYP/6-311G++ level of 

theory. The HOMO-1->LUMO and HOMO->LUMO+1 excitations have essentially equal 

contributions to the 290 nm band.  
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Redox reactivity 

 Redox reactivity of the GA solutions was measured using the Folin-Ciocalteu method, in 

view of the fact that the aldehyde groups, as well as some of the functional groups in the 

degradation products, may display such reactivity. Sample of 10 mM glutaraldehyde from t0 and 

after 7 and 8 weeks incubated at 40°C were analyzed. The redox reactivity was determined using 

the equation obtained from the calibration curve of gallic acid (R2=0.998). The resulting data, 

showing 16.24 ± 0.52, 22.02 ± 0.80, and 26.38 ± 0.62 µg GAE/mg GA for the samples at t0, 7 

weeks and 8 weeks respectively, reveal a weak increase in redox reactivity. As such, they offer 

no direct measure of the GA concentration – but only one further confirmation of the change in 

the chemical composition of the GA solution over time. 
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