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Abstract  Short chain salicylate esters naturally occur in a variety of foods, from blackberries and pineapple to 
mint and teas. They are also common additives to fragrances, flavoring agents, and topical analgesics. However, 
methyl salicylate is a potential allergen and is toxic in high doses, so identifying and quantifying it, particularly in 
goods intended for human consumption or pharmaceutical use, is crucial. Since short chain salicylate esters share 
similar structures, they can prove challenging to differentiate in mixtures. In this study, gas chromatography with 
flame ionization detection (GC–FID) along with quantitative proton nuclear magnetic resonance (1H NMR) and 
Fourier-transform infrared (FTIR) spectroscopies were utilized to not only distinguish between these compounds, 
but also to quantify their relative concentrations when present simultaneously. GC-FID chromatograms and 1H 
NMR and FTIR spectra were first obtained for neat methyl salicylate (MS), ethyl salicylate (ES), propyl salicylate 
(PS), and butyl salicylate (BS), and then for binary mixtures of varying weight percent. GC-FID produced fully 
resolved chromatograms for all samples. 1H NMR spectra showed hydroxyl resonances at different frequencies for 
each compound and unique peaks for the hydrogens along each alkyl chain. A deconvolution script was applied for 
peaks that were not fully resolved. FTIR spectra displayed unique peaks in the fingerprint region for three out of the 
four compounds. Integrated peaks in the chromatograms and spectra were then used to quantify the relative 
concentrations of the components in binary mixtures to a high degree of accuracy. These results confirm the use of 
GC-FID, 1H NMR, and FTIR in the identification and quantification of these organic compounds. 
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1. Introduction 

Salicylate esters occur naturally in a variety of plant-
derived materials including foods, herbs, and spices like 
berries, pineapple, mint, cinnamon, cumin and tea. [1,2,3] 
Their pungent, mint-like, “wintergreen” aroma also makes 
them attractive as additives in perfumes [4,5,6,7] and 
artificial flavors, [1,8] while their rubefacient and analgesic 
properties coupled with high dermal absorbability have long 
made them ubiquitous ingredients in over-the-counter gels, 
creams, and patches marketed for the topical treatment of 
muscle aches and pains. [9,10,11] Figure 1 below shows a 
simple organic reaction by which synthetic salicylate esters 
may be produced for a variety of uses. 

However, some individuals have salicylate sensitivities 
and some salicylates - methyl salicylate in particular - 
have been identified as possible allergens. [12] Methyl 
salicylate is also known to be toxic in high doses, with 

doses as small as one teaspoon leading to fatalities. [13] In 
one well-publicized, fairly recent event, a high-school 
athlete’s sudden death was attributed to over-use of a 
methyl-salicylate containing topical pain reliever. Since 
these compounds are both widely used and potentially 
harmful, identifying and quantifying them, especially in 
goods intended for human consumption or pharmaceutical 
use, is crucial – both the US and EU have strict labelling 
and usage limitations on methyl salicylate. [14,15,16] 
Complicating this analysis, though, is that fact that short 
chain salicylate esters share similar structures, making 
them somewhat challenging to differentiate in mixtures. 

It is not surprising, therefore, that articles describing the 
identification, separation and/or quantification of 
salicylate esters in the context of foods, perfumes, or 
topical pain relievers appear regularly in the literature. 
[17,18,19,20] [21,22,23] [24,25,26] Many of these studies 
leverage the power of methods like gas or liquid 
chromatography (GC or LC). Additionally, FITR and 1H 
NMR techniques have been successfully employed for 
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similar analyses of comparable organic compounds such 
as short-chain phenyl esters, oleate esters, benzyl esters, 
cinnamyl esters, et al. [27,28,29,30,31,32,33]  

 
Figure 1. Acid-catalyzed, Fischer esterification of salicylic acid with an 
alcohol to produce a generic salicylate ester, where R represents an alkyl 
substituent 

 
Figure 2. Structures of the four salicylate esters used in the current study 

In the current study, we tested the efficacy of three 
instrumental methods: GC, proton nuclear magnetic 
resonance spectroscopy (1H NMR), and Fourier-
Transform infrared spectroscopy (FTIR) in determining 
relative concentrations and identifying components of 
binary mixtures of the four salicylic acid derivatives 
shown in Figure 2: methyl salicylate (MS), ethyl salicylate 
(ES), propyl salicylate (PS), and butyl salicylate (BS). The 
results confirm the utility of GC, 1H NMR, and FTIR in 
the identification and quantification of these organic 
compounds.  

2. Materials and Methods 

2.1. Experimental Materials 
All the salicylate esters were purchased as anhydrous 

liquids from TCI Chemical. The percent purity was 99% 
for methyl, ethyl, and butyl salicylates, and 98% for 
propyl salicylate. All four reagents were pipetted directly 
from their containers and utilized without further 
purification. 

2.2. Sample Preparation 
Twenty-four 5 mL binary mixtures of methyl salicylate, 

ethyl salicylate, propyl salicylate, and butyl salicylate 
were prepared in labeled 7 mL vials as outlined in Table 1. 
All of the dry, labeled 7 mL vials were weighed before 
adding any of the salicylates. Each salicylate was added 
with the use of an Eppendorf series 2100 research 500 – 
5000 µL pipette. After adding the respective amount of 
salicylate, the vials mass was recorded with an analytical 
balance with 0.1-mg precision. These masses were then 
used to calculate the weight percent composition of each 

component in the binary mixtures using the following 
equation: 

 % 100x

x y

M
composition

M M
= ×

+
 (1) 

where Mx and My are gravimetrically determined masses 
of each component of a binary mixture.  

Table 1. Salicylate Ester Binary Mixtures 

Volume Ratio Gravimetric Weight Percent 
MS : ES MS ES 

1 mL: 4 mL 21.02% 78.98% 
2 mL: 3 mL 41.46% 58.54% 
3 mL: 2 mL 60.82% 39.18% 
4 mL: 1 mL 80.33% 19.67% 

MS : PS MS PS 
1 mL: 4 mL 21.33% 78.67% 
2 mL: 3 mL 41.03% 58.97% 
3 mL: 2 mL 62.10% 37.90% 
4 mL: 1 mL 81.51% 18.49% 

MS : BS MS BS 
1 mL: 4 mL 21.78% 78.22% 
2 mL: 3 mL 44.27% 55.73% 
3 mL: 2 mL 62.99% 37.01% 
4 mL: 1 mL 81.86% 18.14% 

ES : PS ES PS 
1 mL: 4 mL 20.92% 79.08% 
2 mL: 3 mL 40.46% 59.54% 
3 mL: 2 mL 61.45% 38.55% 
4 mL: 1 mL 80.42% 19.58% 

ES : BS ES BS 
1 mL: 4 mL 21.49% 78.51% 
2 mL: 3 mL 41.71% 58.29% 
3 mL: 2 mL 61.66% 38.34% 
4 mL: 1 mL 80.82% 19.18% 

PS : BS PS BS 
1 mL: 4 mL 20.42% 79.58% 
2 mL: 3 mL 39.88% 60.12% 
3 mL: 2 mL 60.94% 39.06% 
4 mL: 1 mL 79.71% 20.29% 

 
Six one to one binary mixtures of MS:ES, MS:PS, 

MS:BS, ES:PS, ES:BS, and PS:BS were also prepared to 
serve as “unknowns” as shown in Table 2. 

Table 2. Salicylate Ester Binary Mixtures Serving as “Unknowns” 

Volume Ratio Gravimetric Weight Percent 
MS : ES MS ES 

1.5 mL: 1.5 mL 51.35% 48.65% 
MS : PS MS PS 

1.5 mL: 1.5 mL 52.30% 47.70% 
MS : BS MS BS 

1.5 mL: 1.5 mL 53.03% 46.97% 
ES : PS ES PS 

1.5 mL: 1.5 mL 50.08% 49.92% 
ES : BS ES BS 

1.5 mL: 1.5 mL 51.02% 48.98% 
PS : BS PS BS 

1.5 mL: 1.5 mL 49.84% 50.16% 
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2.3. Gas Chromatography – Flame Ionization 
Detection (GC-FID) 

An Agilent 6890N GC-FID equipped with a 19091J-
413 HP-5 Agilent capillary column (30 m × 0.32 mm × 
0.25 µm) with a 5% phenyl 95% methyl siloxane 
stationary phase was used to obtain chromatograms for all 
samples. The carrier gas was helium with a constant flow 
of 4.0 mL/min. The front inlet had a split, and the initial 
temperature was 225ºC with the pressure at 19.4 psi. The 
split ratio was 10:1 with a flow rate of 39.9 mL/min. The 
total flow was 46.6 mL/min. The oven had an 
equilibration time of 1.00 min and an initial temperature 
of 100ºC. The temperature program used a ramp of 5.00ºC 
per minute with the final temperature at 170ºC. The final 
temperature was held for 1.00 min. The total run time was 
16.00 minutes. The flame ionization detector (FID) was 
set at a temperature of 250ºC, hydrogen flow at 30.0 
mL/min, and air flow of 400.0 mL/min. The FID had a 
constant makeup flow at 25.0 mL/min with nitrogen gas. 
The detector signal had a data rate of 20 Hz. Data was 
collected using Agilent OpenLab CDS software. Relative 
concentrations of components of binary mixtures were 
calculated using the formula: 

 % " " 100x

x y

A
component x

A A
= ×

+
 (2) 

where Ax and Ay are the area under the peak for each 
component of the binary mixture based on the GC 
chromatogram.  

2.4. Proton Nuclear Magnetic Resonance 
Spectroscopy (1H NMR) 

1H NMR spectra were obtained using a 400 MHz JEOL 
model ECS–400 NMR spectrometer. Each sample was run 
neat with no deuterated solvent. Prior to running the 
samples, the NMR was gradient shimmed on ethyl 
benzene (5%) in CDCl3 standard. A single-pulse 
experiment was used for all samples with a 90º pulse 
width of 12.51 ms and a relaxation delay of 5 s. Each 
sample underwent 16 scans. The acquisition time was 2.73 
s. JEOL Delta NMR Processing and Control Software 
version 6.0.0 (Mac OSX) and a MATLAB 2024a script 
developed in-house that takes a raw FID and performs a 
Fourier transform, peak picking routine, and peak 
integration were used to analyze each spectrum. A 
secondary script was used for spectral deconvolution and 
individual integration of non-resolved peaks by fitting 
them to theoretical Lorentzian curves. Relative 
concentrations of the components of the binary mixtures 
were calculated using the formula: 

 % " " 100x

x y

I
component x

I I
= ×

+
 (3) 

where Ix and Iy are the value of the integral for peaks 
corresponding to equivalent functional groups (hydroxyl 
or terminal methyl) from each component of the binary 
mixture based on the processed NMR spectrum.  

2.5. Fourier Transform Infrared 
Spectroscopy (FTIR) 

All salicylate ester samples were analyzed using a 
Bruker Alpha-P FT-IR spectrometer with a Platinum® 
attenuated total internal reflectance (ATR) quick snap 
module with a diamond crystal. The Alpha-P had a 
Michelson Interferometer with a SiC globar as the IR 
source, and the time dependence of the IR intensity was 
measured with a pyroelectric DTGS detector. The data 
analyses were done using the Bruker OPUS® software 
version 7.0.122. Background measurements were 
conducted with 48 scans and a resolution of 2 cm-1. 
Approximately 10 μL of each sample was analyzed by 
pressing the droplet between the anvil and diamond crystal. 
Each measurement represents the average spectrum of the 
48 scans after a background measurement (ambient air) 
was subtracted. Spectra were processed using a MATLAB 
2024a script developed in-house Relative concentrations 
of components of binary mixtures were calculated using 
the formula: 

 % " " 100x

x y

H
component x

H H
= ×

+
 (4) 

where Hx and Hy are the heights of selected peaks unique 
to each component of the binary mixture based on the 
FTIR spectrum.  

2.6. Hazards 
All the salicylate esters are liquids at room temperature. 

All have been used as fragrances and flavors ingredients 
and have been generally recognized as safe in small 
quantities as a flavor ingredient by the USDA. All can 
cause mild skin irritation on contact, so wear gloves and 
work in the hood area as much as possible. An advantage 
of this experiment, particularly for working with 
undergraduate research assistants, is that all samples were 
run neat with no deuterated or halogenated solvents such 
as CDCl3, reducing safety hazards, costs, and 
environmental impact.   

3. Results and Discussion 

3.1. Gas Chromatography – Flame Ionization 
Detection 

Using the retention times determined for each 
compound when run as a neat, standard sample, well-
resolved peaks for each component in chromatograms of 
all binary mixtures were identified. Methyl salicylate had 
a retention time of 3.520 minutes; ethyl salicylate had a 
retention time of 4.606 minutes; propyl salicylate had a 
retention time of 6.250 minutes; and butyl salicylate had a 
retention time of 8.263 minutes. The retention times of 
each of these salicylate esters increased with increasing 
alkyl chain length, because as the molar mass of the 
molecule increased, the boiling point increased.  
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Additionally, as a nonpolar column was used, the 
molecules that are more nonpolar will have a longer 
retention time than those that are more polar.  

The retention times of the four alkyl salicylate esters 
were well-resolved enough to easily analyze the GC-FID 
determined peak areas, allowing straightforward 
quantification of relative concentrations of the 
components in binary mixtures by their relative peak areas. 
Example gas chromatograms for the pure compounds MS, 
ES, PS, and BS are shown overlapped in Figure 3. 

Peak areas were used to quantify the amount of one 
salicylate ester in each binary mixture. Validation of the 
ratios calculated from the GC-FID determined peak areas 
was performed by plotting them against the 

gravimetrically determined weight percentage for the 
components of each binary mixture. Figures 4, 5, and 6 
illustrate the peak area vs. gravimetric weight percentage 
plots for the two components in MS:ES, ES:PS, and 
PS:BS binary mixtures, respectively. The high R2 values 
(0.99996, 0.99921, and 0.9984, respectively) for the 
trendlines in all plots indicate a strong correlation between 
the gravimetric weight percentage and the GC-derived 
calculated values. Similar results were also obtained for 
MS:PS, MS:BS, and ES:BS mixtures. The quality of the 
data obtained using the GC-FID method underscores its 
acceptance as the method of choice for analyzing mixtures 
involving salicylate esters. 

 
Figure 3. Stacked GC-FID chromatograms for pure short chain (C1–C4) alkyl salicylate esters. MS, ES, PS, and BS are represented by red, blue, green, 
and black lines, respectively. The retention times for neat MS, ES, PS, and BS were 3.520, 4.606, 6.250, and 8.263 min. respectively 

 
Figure 4. Calculated percentage of methyl (red, closed circles) and ethyl (blue, open circles) salicylate in MS:ES binary mixtures determined from GC–
FID peak area vs. known MS gravimetric weight percentage. The R2 value of 0.99996 indicates a strong degree of correlation between the 
chromatographic- and mass-derived values. 
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Figure 5. Calculated percentage of ethyl (blue, closed circles) and propyl (green, open circles) salicylate in ES:PS binary mixtures determined from 
GC–FID peak area vs. known ES gravimetric weight percentage. The R2 value of 0.99921 indicates a strong degree of correlation between the 
chromatographic- and mass-derived values. 

 
Figure 6. Calculated percentage of propyl (green, closed circles) and butyl (black, open circles) salicylate in PS:BS binary mixtures determined from 
GC–FID peak area vs. known PS gravimetric weight percentage. The R2 value of 0.9984 indicates a strong degree of correlation between the 
chromatographic- and mass-derived values. 

 
Figure 7. Stacked NMR spectra for pure short chain (C1–C4) alkyl salicylate esters. MS, ES, PS, and BS are represented by red, blue, green, and black 
lines, respectively. The inset shows a magnified view of the region containing the hydroxyl peaks (observed at 10.7710 ppm, 10.9233 ppm, 10.9382 
ppm, and 10.9497 ppm in the standard spectra for MS, ES, PS, and BS, respectively) used for quantification 
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3.2. Proton Nuclear Magnetic Resonance 
Spectroscopy 

As shown by the overlapped spectra for pure MS, ES, 
PS, and BS in Figure 7, all spectra exhibited a singlet 
correlating to the hydroxyl proton near 10.9 ppm, a cluster 
of multiplets between 6.5 ppm and 8.0 ppm correlating to 
the ring, and a variety of peaks produced by the protons in 
the unique alkyl chains. Each salicylate ester differs in the 
number of carbons attached to the terminal oxygen of the 
ester group. Methyl salicylate has a singlet peak at 3.6586 
ppm, ethyl salicylate has a triplet at 1.2298 ppm and a 
quartet at 4.1964 ppm, propyl salicylate has a triplet at 
0.9106 ppm, a multiplet at 1.6471 ppm, and a triplet at 
4.1329 ppm, and butyl salicylate has a triplet at 0.9049 
ppm, a multiplet at 1.3505 ppm, a multiplet at 1.6506 ppm, 
and a triplet at 4.1997 ppm. Collectively, these peaks 
correspond to the alkyl groups of each salicylate ester, 
with slight variations in chemical shifts attributed to the 
structural differences between each of the compounds.  

 
Figure 8. Hydroxyl and methyl peaks in the 1H NMR spectra for four 
MS:ES binary mixtures. Spectra were collected using a JEOL 400 MHz 
NMR spectrometer and processed in MATLAB 

 
Figure 9. Calculated percentage of methyl (red, closed circles) and ethyl 
(blue, open circles) salicylate in MS:ES binary mixtures determined from 
the integrated NMR hydroxyl peak vs. known MS gravimetric weight 
percentage. The R2 value of 0.99862 indicates a strong degree of 
correlation between the spectroscopic- and mass-derived values 

 
Figure 10. Calculated percentage of methyl (red, closed circles) and 
ethyl (blue, open circles) salicylate in MS:ES binary mixtures determined 
from the integrated NMR terminal methyl peak vs. known MS 
gravimetric weight percentage. The R2 value of 0.99926 indicates a 
strong degree of correlation between the spectroscopic- and mass-derived 
values, better than that calculated for the hydroxyl peaks 

The hydroxyl proton peak was used to quantify the 
salicylate esters as it appears in every structure and was 
the easiest to isolate with minimal overlap. The hydroxyl 
proton was observed at 10.7710 ppm, 10.9233 ppm, 
10.9382 ppm, and 10.9497 ppm in the standard spectra for 
methyl, ethyl, propyl, and butyl salicylates, respectively. 
As the length of the alkyl group increased, the hydroxyl 
proton signal shifted slightly downfield. Furthermore, 
the proton peaks for the terminal methyl groups of 
methyl, ethyl, and propyl salicylates were resolved 
enough to be isolated and integrated. The integral values 
for these peaks could also be used for quantification 
when it proved difficult to determine the hydroxyl proton 
peak integrals or to corroborate the hydroxyl peak-
derived ratios. The terminal methyl group proton peaks 
were found at approximately 3.5 ppm, 1.2 ppm, and 0.9 
ppm for methyl, ethyl, and propyl salicylates, 
respectively. Unfortunately, the methyl group proton 
peak for butyl salicylate is found near 0.9 ppm as well, 
so the methyl group proton peaks were less helpful for 
use in quantifying the mixture components in the PS:BS 
binary mixtures due to the overlap. 

All binary mixtures containing methyl salicylate had 
perfectly resolved hydroxyl peaks, as depicted in the 
example spectra for the MS:ES binary mixtures in Figure 
8, so straightforward integration ratios were used to 
quantify the relative concentrations of their components. 
The trendlines of the plot in Figure 9 indicate the strong 
correlation (R2 = 0.9986) between component percentages 
calculated from hydroxyl peak integration data for the 
MS:ES binary mixtures. Similar results were obtained for 
MS:PS (R2 = 0.9995) and MS:BS (R2 = 0.9975). However, 
as the alkyl chain length increased, the signals for the 
hydroxyl proton occurred at frequencies too close to 
produce fully resolved peaks, as can be seen in Figures 11 
and 14. Therefore, a deconvolution script was used to 
resolve these peaks. This script performed spectral 
deconvolution and integrated overlapping peaks separately 
by fitting them to theoretical Lorentzian curves. 
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The ethyl salicylate and butyl salicylate ester hydroxyl 
proton peaks were able to be easily deconvoluted to obtain 
their integrations for quantification, except for the 3 to 2 
mixture in which the spectral resolution was particularly 
poor (R2 = 0.9959, omitting the value for 3 to 2). 
Deconvoluting the ES:PS binary mixtures’ hydroxyl 
proton peaks also proved to be a challenge, as although 
the peaks were able to be deconvoluted, their fitted values 
were as not always accurate, as shown in Figure 12 (R2 = 
0.5815). This issue was likely due to the asymmetry in the 
peaks caused by imperfect shimming; the lack of 
deuterated solvent in the sample made it impossible to 
shim on the sample itself. Since these peaks are not 
perfect Lorentzian peaks, the deconvolution script 
produced fitted theoretical peaks that were too wide, and 
there was a margin of error regarding their accuracy when 
using the peak integrations to calculate the percentage of 
each component. As an alternative, the terminal methyl 
group protons for each ester were integrated for 
quantification as they did not overlap with each other. 
These values were closer to the expected values, as shown 
in Figure 13 (R2 = 0.9998), so they were more useful for 
performing accurate quantification.  

Analyzing the PS:BS binary mixtures also proved to be 
challenging as the hydroxyl protons were very close to 
each other and were difficult to deconvolute, as shown in 
Figure 14. The terminal methyl group proton peaks could 
not be used either as they fully overlapped. This left the 
hydroxyl peak integrations the only data to be extracted 
from the spectra to allow quantification, leading to poor 
correlation (R2 = 0.5156) between gravimetric weight 
percent and spectroscopically-derived component 
percentage, as shown in Figure 15. 

When considering the “unknowns” (1:1 binary 
mixtures), all of the mixtures with methyl salicylate were 
again easy to analyze. Deconvolution was used for the rest 
of the mixtures and the values were reasonable. However, 
when observing ES:BS 1 to 1, it was difficult to isolate the 
hydroxyl proton peaks because there was again an issue 
with the shimming. Due to the shimming being poor, this 
spectrum had a significant amount of noise and 
asymmetry.  

 
Figure 11. Hydroxyl and methyl peaks in the 1H NMR spectra for four 
ES:PS binary mixtures. Spectra were collected using a JEOL 400 MHz 
NMR spectrometer and processed in MATLAB 

 
Figure 12. Calculated percentage of ethyl (blue, closed circles) and 
propyl (green, open circles) salicylate in ES:PS binary mixtures 
determined from the integrated NMR hydroxyl peak vs. known ES 
gravimetric weight percentage. The R2 value for these lines of best fit is 
poor, reflecting difficulties in deconvoluting overlapping peaks 

 
Figure 13. Calculated percentage of ethyl (blue, closed circles) and 
propyl (green, open circles) salicylate in ES:PS binary mixtures 
determined from the integrated NMR terminal methyl peak vs. known 
ES gravimetric weight percentage. The high R2 value for these lines of 
best fit reflect the high correlation between the two data sets. The 
excellent peak resolution aids the data quality 

 
Figure 14. Hydroxyl and methyl peaks in the 1H NMR spectra for four 
PS:BS binary mixtures. Spectra were collected using a JEOL 400 MHz 
NMR spectrometer and processed in MATLAB. 
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Figure 16. Stacked FTIR spectra for pure short chain (C1–C4) alkyl salicylate esters showing the fingerprint region only. MS, ES, PS, and BS are 
represented by red, blue, green, and black lines, respectively. The absorbance bands unique to methyl, ethyl, and propyl salicylates used for 
quantification (labelled and filled in) are between 1435–1445 cm-1, 1365–1375 cm-1, and 930–940 cm-1, respectively 

 
Figure 15. Calculated percentage of propyl (green, closed circles) and 
butyl (black, open circles) salicylate in PS:BS binary mixtures 
determined from the integrated NMR hydroxyl peak vs. known PS 
gravimetric weight percentage. The R2 value for these lines of best fit is 
poor, reflecting difficulties in deconvoluting overlapping peaks. 
Furthermore, since the methyl peaks for these two compounds are not 
resolved, no usable data could be extracted from that region. 

3.3. Fourier-Transform Infrared 
Spectroscopy 

All FTIR spectra have a broad peak corresponding to an 
O–H stretch between 3100-3000 cm-1, a methyl C–H 
stretch around 2950 cm-1, a C=O stretch around 1680 cm-1, 
and a C=C stretch of the aromatic ring near 1600 cm-1. As 
shown by the overlapped spectra for pure MS, ES, PS, and 
BS in Figure 16, distinct peaks were found for methyl, 
ethyl, and propyl salicylates within the fingerprint region 
between 1435–1445 cm-1, 1365–1375 cm-1, and 930–940 
cm-1, respectively. These peaks were visualized and 
analyzed using a MATLAB script developed in-house. 
Overlapped spectra showing the changes in peak intensity 
in MS:ES and ES:PS mixtures of varying composition are 
shown in Figures 17 and 19, respectively. Butyl salicylate 
did not have any useful distinct peaks in the fingerprint 
region, so it was omitted from FTIR analysis.  

The theoretical weight percentages calculated from the 
unique peak ratios had good accuracy for mixtures of 
methyl, ethyl, and propyl salicylates. On the scatter plot in 
Figures 18 and 20, fractions of MS and ES and ES and PS 

derived from relative peak intensities in the FTIR 
absorbance spectra of the MS:ES and ES:PS binary 
mixtures are compared to the gravimetrically determined  

 
Figure 17. Peaks unique to ES (~1370 cm-1) and MS (~1440 cm-1) in the 
FTIR spectra for four MS:ES binary mixtures. Spectra were collected 
using a Bruker Alpha-P FTIR spectrometer and processed in MATLAB 

 
Figure 18. Calculated ratios of methyl (red, closed circles) and ethyl 
(blue, open circles) salicylate in MS:ES binary mixtures determined from 
the FTIR peak amplitudes vs. known MS gravimetric weight percentage. 
The R2 value of 0.99782 indicates a strong degree of correlation between 
the spectroscopic- and mass-derived values 
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weight percentages. The R2 values of 0.9978 and 0.9666 
for the lines of best fit of the MS:ES and ES:PS mixtures, 
respectively, indicate a strong correlation between the 
peak intensity ratios and the gravimetric weight 
percentages. Similar results were obtained for MS:PS 
binary mixtures (R2 = 0.9615). Despite the strong 
correlation between the gravimetric weight percentage and 
the spectroscopically-derived calculated ratios, the 
trendline does not have the expected slope of 
approximately one as observed for the GC-FID and 1H 
NMR data. This likely reflects the contributions of 
neighboring peaks to the intensities of the peaks of interest 
used for quantification, causing a non-zero baseline. 

Each method has its own strengths and weaknesses. 
GC-FID yielded highly effective results as the data for 
each set of binary mixtures had a strong linear correlation 
with high R2 values. There was no problem with 
separating and quantifying the salicylate esters with longer 
alkyl chains. 1H NMR worked exceptionally well for the 
compounds with fully resolved peaks, however, when 
deconvoluting some of the peaks, the data was not as 
accurate. Issues pertaining to the instrument in terms of  

 
Figure 19. Peaks unique to PS (~935 cm-1) and ES (~1370 cm-1) in the 
FTIR spectra for four ES:PS binary mixtures. Spectra were collected 
using a Bruker Alpha-P FTIR spectrometer and processed in MATLAB 

 

Figure 20. Calculated ratios of ethyl (blue, closed circles) and propyl 
(green, open circles) salicylate in ES:PS binary mixtures determined 
from the FTIR peak amplitudes vs. known ES gravimetric weight 
percentage. The R2 value of 0.96655 indicates a strong degree of 
correlation between the spectroscopic- and mass-derived values 

shimming and referencing played a role in producing 
imperfect peaks. As the alkyl chain length increased, it 
became more and more challenging to have fully resolved 
peaks without any overlap. Thus, this made it difficult to 
quantify the propyl salicylate and butyl salicylate binary 
mixtures. Lastly, using FTIR proved to be tricky because 
the unique peaks were located in the fingerprint region 
and when comparing the butyl salicylate ester spectrum to 
those of the three other compounds, no unique peaks were 
able to be identified. Therefore, butyl salicylate needed to 
be removed from the analysis of binary mixtures using 
FTIR, resulting in this technique only being useful for 
analyzing only three of the six mixtures used in this study. 
For the salicylates that had unique peaks, the data 
illustrated strong linear correlations with high R2 values.  

4. Conclusions 

Short chain salicylate esters were identified and 
quantified using GC–FID, 1H NMR, and FTIR 
spectroscopy. GC-FID produced fully resolved 
chromatograms for all samples, which ensured that both 
components in the binary mixtures could be easily 
analyzed. 1H NMR spectra depicted hydroxyl resonance at 
different frequencies for each compound and unique peaks 
for the hydrogens along each alkyl chain. For the peaks 
that were not fully resolved, a deconvolution script was 
applied. Additionally, terminal methyl group proton peaks 
that experienced no overlap could also be used to confirm 
the quantifications of the binary mixtures. FTIR spectra 
displayed unique peaks in the fingerprint region for three 
out of the four compounds. The integrated peaks in the 
spectra and the chromatograms were then used to quantify 
the relative concentrations of the individual components in 
the binary mixtures to a high degree of accuracy. The 
peaks in the NMR and IR spectra and the GC-FID 
chromatograms were able to quantify the relative 
concentrations of each of the salicylate esters when 
present in the binary mixtures simultaneously. These 
results confirm the use of GC-FID, 1H NMR, and FTIR in 
the identification and quantification of Methyl Salicylate 
(MS), Ethyl Salicylate (ES), Propyl Salicylate (PS), and 
Butyl Salicylate (BS). 
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