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The optimized analytical methodology described herein is based on an ion exchange column and an H;PO, solution (pH 2.24) as the
mobile phase, with a flow rate of 0.4 mL min™' and refractive index detection (RID). On applying the methodology, it was possible
to identify 7 products obtained from the oxidation of glycerol with an analysis time of 27 min. The developed method was validated
through the evaluation of a series of analytical parameters. The results obtained were evaluated considering the peak area and peak
height. The analytical curves showed a correlation coefficient of > 0.986. The coefficient of variation values obtained were < 3.60%
for instrumental precision, < 19.36% for intermediate precision in LOQ (1.25 pg mL"') and < 17.93% for repeatability in LOQ
(1.25 pg mL™") and different days. The limit of quantification established for all compounds was 1.25 ug mL"' obtained through the
parameters of the analytical curve. The accuracy of the method showed recovery values of 85.6 to 112.3% for real fortified sample at
3 concentration levels. Two different samples of glycerol oxidation products were applied to the validated methodology; one obtained
from AuNP/SiO, as catalyst (conversion of 62.42%), and other using AuUNP/MWCNT (conversion of 89.5%).
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INTRODUCTION

Glycerol, or propane-1,2,3-triol, is usually found in nature
in the form of triacylglycerides, that are the main component of
vegetable and animal oils and fats.! The term glycerin is normally
used to commercial products with glycerol contents higher than
95%.* Usually, glycerol is obtained from soap or biodiesel industry
as co-product,® but with the expansion of the biodiesel industry
worldwide* with consequent increase of the glycerol supply in the
market, that problems of disposal of the exceeding of glycerol and
opportunities to find new applications for it arise.>® Glycerol is already
extensively employed in the personal care, cosmetics, pharmaceutical,
and food industries, but extend the uses of glycerol in these areas
will not solve the exceeding problem.> However, additional fields
of application and new options to transform glycerol as a useful
supply to the production of high value chemicals are now envisage.”
Particularly, the products of glycerol oxidation are very attractive,
since many of them are essential intermediate to obtain fine chemicals.
However, glycerol oxidation follow a complex pathway of reactions
that can lead to a large number of products, and even for very selective
glycerol oxidation reactions several compounds can be identified
in the final product.’ Thus, due the diversity of compounds which
can be attained during glycerol oxidation, it is necessary to develop
analytical methodologies that can be routinely used, exhibiting
precision and accuracy of results required by regulatory standards.
In this case, chromatography is the technique that must be applied by
excellence.!’ A wide identification and quantification of the products
is not just important for the characterization of the system, but can
help researchers in the elucidation of the reaction mechanism involved
in the catalytic transformation, in the proposition of active sites, etc.
However, despite the importance of the chromatography in this field,
only few works have been carried out exploring the whole potential
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of the chromatography in the field of glycerol oxidation. HPLC
technique has been used to identify the products of glycerol oxidation
reaction since 1993.!"! Later studies improved the method, but the
focus was on the oxidation of glycerol rather than the use of different
types of catalysts and reaction media, and relevant aspects regarding
the validation of the methodologies were not addressed.'*** Among
the methods reported so far, only Beltran-Pietro and co-workers*!
validated the chromatographic method, using an aminex HPX-87C
ion exchange column at a temperature of 70 °C, an RID detector
(refractive index) coupled to the UV (ultraviolet) detector and a
mobile phase composed of 3 mmol L' sulfuric acid (H,SO,, pH 2.00),
with a flow rate of 0.5 mL min’', an analysis time of 30 minutes.
In this case, it was possible to identify six compounds (mesoxalic
acid, tartronic acid, glyceraldehyde, glyceric acid, glycolic acid, and
dihydroxyacetone) in the working range of 1000-10000 pug mL".
However, the coelution of glyceraldehyde, glyceric acid and glycerol
(starting compound) occurred. It can also be observed that in the
concentrations of the mobile phase studied (i.e., from 1 mmol L' to
10 mmol L' H,SO,) the coelution of at least two compounds occurs,
which compromises both the identification and the quantification
of the compounds of interest, for which the developed method was
proposed. On applying the proposed methods, where an ultraviolet
detector is used, it is not possible to identify glycerol, which is the
precursor for obtaining the products of interest. Many of the studies
reported involve the use of two detectors in series,* an ion exchange
column, and a mobile phase composed of H,SO, or H;PO,. This
allows the identification of several compounds, such as tartronic
acid, oxalic acid, formic acid, glycolic acid, glacial acetic acid, and
glyceraldehyde. Indeed, the use of two detectors in series is a good
option, but it is limited by instrumental availability in research and/or
industrial laboratories. Another validated method to determine organic
acids derived from lignocellulosic biomass was developed by Ibafiez
and Bauer,”® employing mass spectrometry. In such method, it was
possible to identify 24 organic acids. Despite the large applicability
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accuracy of mass spectroscopy techniques to identification of organic
compounds, they still not present in most of research and industrial
laboratories, mainly due to costs and maintenance.

In this context, in order to give more analytical options, we
developed an alternative method to identify the main products of
glycerol oxidation, by HPLC techniques using a single detector,
RID. Our method are in according to the procedures and parameters
validated and stablished by INMETRO* and EURACHEM/CITAC.?

EXPERIMENTAL
Chemicals and reagents

The deionized water used in the experiments was obtained from
a MilliQ-Plus filtration system, Millipore® (USA), with a resistivity
18 MQ cm at 25 °C. The reagents, phosphoric acid and standards
(tartronic acid, oxalic acid, glyceraldehyde, glycerol, acetic acid,
glycolic acid, lactic acid and formic acid) were obtained from Sigma-
Aldrich (Brazil).

Standard solutions

A standard stock solution of 4000 ug mL"! was prepared in
H,PO, solution (mobile phase) by placing 0.0200 g of each analytical
standard (tartronic acid, oxalic acid, formic acid, glycolic acid, glacial
acetic acid, lactic acid, glyceraldehyde and glycerol) in a 5 mL
volumetric flask. The standards were dissolved in a H,PO, solution
(mobile phase) to give the respective concentrations and stirred in a
vortex mixer (Quimis Brazil).

Instrumentation

The analysis was performed on a Shimadzu liquid chromatograph,
model Prominence (Japan), with an isocratic pump, RID-10A
refractive index detector and manual injection system with a
sampling loop of 20 uL. A Varian® MetaCarb H Plus 300x7.8mm
chromatography column and Varian® MetaCarb H Plus guard column
was purchased from Varian® (USA). The chromatograms obtained
were treated using LabSolutions software, Shimadzu Corporation®
2010. Data processing was performed using the software OriginLab®
Corporation, version 6.1 (Copyright 1999-2000).

Validation

The compounds tartronic acid, oxalic acid, formic acid, glycolic
acid, glacial acetic acid, lactic acid, glyceraldehyde, and glycerol were
identified by injecting the corresponding analytical standards into
HPLC and determining retention times. The validation of the method
was performed considering the area and height of the peak, since at
resolutions below 1.25 itis possible to identify these compounds only
by the height of the peak.

The validation parameters applied in this study were based on
INMETRO? and EURACHEM/CITAC? standards. The selectivity
of the method was evaluated by comparing the free matrix of the
substances of interest (containing 480 mg of NaOH, 8.2 mg of
catalyst, 10 mL of deionized water, with oxygen pressurizing, 5 bar,
and reaction time of 1 hours), with the matrix fortified with the
standards. The selectivity was confirmed by calculating the separation
factor, “o” (Equation 1) which was calculated by the ratio between
the respective retention factors “’k,” e “’k,”, where k, is the compound
with the longest retention time.?**

o = ky/k, (1)
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The selectivity was also evaluated by comparing two calibration
curves, one being prepared on the matrix in six concentration levels.
The F test was applied to the deviations of the slopes of the two
calibration curves. The linearity of the analytical curves and the
coefficient of correlation were obtained by linear regression analysis
(least squares method). The LOQ e LOD values of the method were
determined based on parameters obtained from the calibration curve
for each standard. These values were obtained from equations 2 and
3 where “s” is the estimate of the standard deviation of the response
obtained from the linear regression equation, and “S” is the angular
coefficient of the analytical curve.

LOD=3.3s/S )
LOQ=10s/S 3)

The instrumental precision of the method was evaluated through
10 injections of a sample (500 pug mL™"), with the determination
of the standard deviation and coefficient of variation, and the
repeatability was evaluated by the injection of 10 samples
(500 pg mL!' and LOQ 1.25 ug mL') prepared separately.
Intermediate precision was evaluated with a standard sample at a
concentration of 20 pg mL™! prepared 10 times by a different analyst
and a concentration of 1.25 pg mL! prepared 4 times at different days.
The accuracy of the method was evaluated through the recovery test,
where a sample obtained from the oxidation of glycerol containing
the 7 oxidation products in different concentrations was fortified at
3 concentration levels and each level was analyzed in triplicate. The
relative standard deviation (RSD) of the concentrations obtained were
then determined from the triplicates. The robustness of the method
was evaluated through the variation of the parameters studied in the
development of the method.

Application of the methodology

For the evaluation of the method, real samples of oxidation of
glycerol reaction were obtained through adapted methodologies,*'*?
using as catalyst gold nanoparticles supported on silica (AuNP/
Si0,) or on multiple-walled carbon nanotubes (AuNP/MWCNT).
For that, reactions were carried out using a stainless-steel reactor
in oil bath and an aqueous solution containig NaOH (0.8 mol L")
and glycerol (0.4 mol L*). For AuNP/SiO, a molar ratio of
NaOH:glycerol:Au = 2:1:0.001 was employed and the solution was
added into the reactor, witch was pressurised with oxygen (5 bar),
and reaction mixture was stirred during 3 h at 130 °C. In the case of
AuNP/MWCNT the molar ratio was NaOH:glycerol:Au = 2:1:0.0009,
5 bar of oxygen, at 80 °C and 1h. The reactor was cooled to room
temperature and the reaction mixture was analysed by HPLC.

RESULTS AND DISCUSSION

The parameters optimization of the chromatographic method
(flow rate, column temperature, detector temperature and mobile
phase pH) was performed univariably. The parameters were evaluated
in the range of 2.14 to 2.50 for the pH of the mobile phase, 0.3
to 0.4 mL min™ of flow, 30 to 40 °C for column temperature and
finally 35 to 45 °C for detector temperature. The optimized HPLC
conditions were: mobile phase at pH 2.24, flow rate 0.40 mL min’',
column temperature 40 °C and detector temperature 35 °C. The
method presented selectivity, verifying that the matrix without the
analytes does not interfere in the analysis (Figure 1), according to the
requirements required by the regulatory bodies.”’® It is important to
highlight that a chromatographic resolution of >1.25 was attained,
indicating the required separation between the analytes.'’
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Figure 1. Chromatogram obtained from the analysis of the analytical standards of 800 ug mL' under the ideal conditions established and for matrix without the
analytes: 1-oxalic acid (10.04), 2-tartronic acid (13.12), 3-glyceraldehyde (20.06), 4-glycolic acid (22.06), 5-lactic acid (22.87), 6-glycerol (23.64), 7-formic
acid (24.47), 8-acetic acid (26.79)

Table 1. Coefficient of correlation and linear equations obtained from the analytical curves for the analytical standards

T

Linear Regression Equations

Compound Selectivity o
Area Height Height Area

Oxalic acid - 0.997 0.999 y =10.379x + 27.121 y =169.39x — 2240.20
Tartronic acid 1.31 0.994 0.999 y =3.9331x + 15.053 y =67.535x — 468.37
Glyceraldehyde 1.53 0.987 1.000 y =19.046x — 59.782 y =419.94x - 1944
Glycolic acid 1.10 0.999 1.000 y = 11.595x — 56.765 y =270.53x — 1205.10
Lactic acid 1.04 0.999 0.998 y =7.6317x —29.99 y =159.99x - 675.60
Glycerol 1.03 0.991 1.000 y =9.7828x —40.078 y =209.56x — 965.23
Formic acid 1.04 0.999 0.998 y =5.7986x — 28.073 y =130.19x — 731.99
Acetic acid 1.09 0.990 0.986 y=7.1689x — 31.415 y =193.96x — 953.30

Table 1 shows the selectivity values obtained from the retention
factor calculations for the compounds analysed. Selectivity values
above 1 indicate good separation between compounds.

In addition, according to the retention times observed for
each analyte (Figure 1), it is possible to affirm that the proposed
methodology can be used to identify and quantify 7 possible products
of the glycerol oxidation reaction with an analysis time of 27 min.
These compounds were applied in the method development because
they are the major compounds found in the glycerol oxidation
reactions, according to the selectivity of the catalytic systems
employed in this work.

The determination of the selectivity through the construction of
the calibration curves showed that there is no significant difference
between the curves (with and without matrix) as shown in Table 1S
in the supplementary material. The tabulated F obtained from the
degree of freedom of the curves was 5.05. In the evaluation of the
curves by the area as well as by the height of the peak, values of F
were obtained in the range of 1.04 to 4.88, which proves that the
method developed is selective.

The linearity values for the 8 compounds identified in the
proposed method presented coefficient of correlation (r) in the range
of 0.986 — 1.000 according to Table 1, indicating that the adopted
working range is linear (1.25 to 1000 ug mL™"). Table 2 shows the
values obtained for the LOD and LOQ from the parameters of the
curve, considering the area and height of the chromatographic peaks.
When peak height was used as response, values > 0.06 ug mL! were
found for LOQ and >0.02 pg mL'for LOD and for the peak area
the values found were >0.07 ug mL"' for LOQ and > 0.02 pg mL"!
for LOD.

Table 3 shows the standard deviation and coefficients of variation
(CV) obtained for the instrumental accuracy, which indicate that the

Table 2. LOD and LOQ calculated from the analytical curve parameters

Compound LOQ (ug mL") LOD (ug mL")
area height area height

Oxalic acid 0.32 0.46 0.11 0.15
Tartronic acid 0.07 0.23 0.02 0.08
Glyceraldehyde 0.39 0.06 0.13 0.02
Glycolic acid 1.25 0.54 0.41 0.18
Lactic acid 1.12 0.79 0.37 0.26
Glycerol 0.41 0.07 0.14 0.02
Formic acid 0.35 0.81 0.11 0.27
Acetic acid 0.86 0.37 0.28 0.12

proposed methodology is accurate, since they are < 1.11 and < 3.60,
respectively.

The CV values obtained in the repeatability assay (500 pg mL™"),
considering both peak area and height, were < 8.98% as shown
in Table 4. These results show that the proposed methodology is
accurate, since the values for the standard deviation and CV obtained
were <2.64 and < 3.54, respectively, indicating a homogeneous set of
data for these parameters. In the repeatability tests carried out in the
concentration range of the quantification limit (1.25 pg mL™") values
of CV £17.93% were obtained, being in agreement with the data of
Horwitz Trump for this level of concentration.*

In the determination of the intermediate precision for different
analysts and different days, the deviations calculated were <2.30 and
<0.32 and the CV values considering both peak area and height were
<9.34% and < 19.36%, respectively as shown in Table 5.
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Table 3. Instrumental accuracy evaluated through the injection of a sample
(500 ug mL") 10 times

Peak area Peak height
Oxalic acid 1.11 3.60 0.83 2.69
Tartronic acid 1.09 3.59 0.90 2.87
Glyceraldehyde 0.86 2.86 0.76 2.69
Glycolic acid 0.87 2.68 0.79 2.49
Lactic acid 0.93 3.00 0.87 2.81
Glycerol 0.85 2.67 0.85 2.70
Formic acid 1.00 3.27 0.88 2.83
Acetic acid 1.04 3.37 0.81 2.60

The accuracy was verified through the F test, where the
F-tabulated for different analyst and different days (n-1) in this
dataset is 3.18 and 9.28, respectively. Table 6 shows that the variances
obtained are considered equal and are consistent with the confidence
intervals established for the different analyst and different days, since
the values obtained for F-calculated were lower than the F-tabulated
values (< 2.96 and < 7.92, respectively.

Table 7 shows the values obtained for the accuracy of the
method based on recovery experiments, considering the peak area
and height for a sample containing oxalic acid (19.81 ug mL™),

Giertyas et al.
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tartronic acid (71.93 ug mL"), glyceraldehyde (286.88 pug mL™"),
glycolic acid (87.51 pg mL™"), lactic acid (354.67 ug mL™"), glycerol
(294.67 ug mL") and formic acid (54.46 ng mL"') spiked with three
concentrations of the standard. Recovery values were obtained in the
range of 85.6 £ 0.18 to 112.3 + 0.11%, according to Table 7.

For the robustness of the method, the parameters were evaluated
in univariate form (Table 8 and 2S). These parameters were studied
by evaluating the variation in the peak areas and heights (Table 8),
in addition to a resolution considered satisfactory (= 1,25) for the
quantification of the compounds of interest (Supplementary Material
Table 2S).

According to the data of area and height reported in Table 8 only
occurred variation in relation to the pH of the mobile phase. Larger
changes were observed when the studied pH was 2.34, that is, when
we increase the pH. Higher variations were observed both in the
areas and in the heights of the compounds tartronic acid, glycerol
and formic acid.

According to the data reported in Table 2S, the variation in the
temperature column (+ 5 °C), led to changes in the resolution of
the glycerol and formic acid compounds. In relation to the pH of
the mobile phase, changes were observed when the studied pH was
2.34, compromising the resolution of the glycerol and formic acid
compound. The flow modifications studied altered only the analysis
time. The proposed method is thus robust in terms of variations in
the flow and detector temperature, with a mobile phase at pH 2.14.

After validation of the method, oxidation reactions of glycerol
were carried out using two catalysts (AuNP/SiO, and AuNP/

Table 4. Repeatability of the method obtained through the preparation of different solutions at 500 ug mL"'and 1.25 ug mL"!

Peak area Peak height
Compownd G VE i OV dviion V% geaien OV
1.25 ug mL*! 500 pg mL! 1.25 ug mL*! 500 pg mL!
Oxalic acid 0.10 14.92 1.29 3.57 0.21 14.58 2.29 6.44
Tartronic acid 0.26 8.40 1.59 7.18 0.20 8.32 1.54 6.53
Glyceraldehyde 0.07 3.60 2.20 6.68 0.08 0.71 1.88 6.10
Glycolic acid 0.12 11.43 1.97 6.12 0.09 3.64 1.98 5.88
Lactic acid 0.72 16.81 2.58 8.98 0.65 12.25 3.14 8.09
Glycerol 0.11 4.66 1.67 6.88 0.16 1.45 1.38 6.28
Formic acid 0.22 3.68 1.88 5.43 0.33 17.93 1.98 5.51
Acetic acid 0.45 3.77 2.01 8.62 0.28 3.45 2.34 6.57
Table 5. Intermediate precision obtained through the injection of the sample by different analysts (20 pg mL™") and different days (1.25 ug mL™")
Analisty 1T

Compound Peak area Peak height Peak area Peak height

soaion V% g V% e A
Oxalic acid 1.73 8.87 1.81 4.16 0.21 13.16 0.20 19.06
Tartronic acid 1.64 7.58 1.13 5.25 0.23 14.13 0.19 12.74
Glyceraldehyde 1.79 8.86 1.45 7.21 0.16 8.89 0.16 11.33
Glycolic acid 1.71 7.64 1.24 5.66 0.15 11.48 0.25 18.61
Lactic acid 2.30 9.24 1.89 7.48 0.26 12.38 0.30 14.33
Glycerol 1.26 7.72 1.30 7.14 0.23 15.89 0.26 18.21
Formic acid 1.59 8.29 1.38 7.51 0.32 19.36 0.13 8.43
Acetic acid 1.72 9.34 1.36 7.49 0.25 15.29 0.20 8.49
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Table 6. Fisher test value for different analyst (n=10 and 20 ug mL") and Table 7. Recovery test with sample fortification obtained in the oxidation of
different days (n=4 and 1.25 ug mL"") glycerol at 3 concentration levels, in triplicate, with the determination of the
standard deviation
c d Analysts (20 ug mL™") Days (1.25 pg.mL")
ompoun
Peak area  Peak height ~ Peak area  Peak height Compound Adedd (ug mL") ARCCOVCTY iR-SDﬁ(%)h
Oxalic acid 1.80 1.60 442 114 e cleht
L. 2.5 929+ 1.72 96.7 £ 1.10
Tartronic acid 1.06 1.86 1.33 1.15
Oxalic acid 50 97.8 £0.62 104.2 £0.24
Glyceraldehyde 1.51 1.68 5.38 3.96
500 1123 +£0.11 108.9 +£0.48
Glycolic acid 1.33 2.55 1.57 7.84
2.5 94.5+0.93 96.1 £0.98
Lactic acid 1.26 2.76 7.92 4.81 L
Tartronic acid 50 95.3+091 103.5 £ 0.50
Gl 1 1.76 1.13 443 2.66
yeero 500 8984205 1049107
Formic acid 1.40 2.06 2.16 6.16 25 1012 + 0.86 96.2 £ 0.99
Acetic acid 1.37 2.96 317 1.87 Glyceraldehyde 50 103.7+040  85.6+0.18
500 104.5 = 1.62 98.1 £0.76
MWCNT), according to conditiqns presented at experimental 25 96.6 + 0.79 96.1 + 0.79
section, and samples were analyzed in order to evaluate the proposed Glycolic acid 50 955 +0.59 972 +0.58
methodology (Figure 2).
The reaction in the presence of AuNP/SiO, showed a conversion 500 98.2+047 101.3 +0.36
of 62.42% of the glycerol, forming 5 products: tartronic acid, 17.8%, 2.5 96.2 + 1.09 95.9 £ 0.99
glyceraldehyde, 18.3%, glycolic acid, 18.0%, lactic acid, 3.5% and Lactic acid 50 99.3+ 0.56 99.5 + 0.38
formic acid, 14.8.%. The reaction performed V.Vlth AuNP/MWCNT 500 107.5 £ 0.25 1094 + 0.27
showed a conversion of glycerol of 89.5%, forming 6 products: oxalic
acid, 2.2%, tartronic acid, 15.6%, glyceraldehyde, 33.5%, glycolic 2.5 96.3+0.94 96.1+0.93
acid, 12.7%, lactic acid, 8.6% and formic acid, 15.7%. It was also Glycerol 50 97.5+£0.57 97.4£0.39
found unknown compounds (Figure 2), that is, compounds formed 500 08.2+0.34 97.7+0.31
in Fhe 9x1dat10n reaction of glycero.l and that were no.t used in the 25 93.9 = 1.64 96.4 = 2.00
validation of the methodology, which proves that this method is o
selective. In addition, acetic acid was only identified in the samples Formic acid 30 87.7+0.50 89.0x0.80
and not quantified, this due to the low concentration that is below 500 99.4 £1.52 103.5 £1.12
the quantification limit of the analytical curve. Both the presence of 25 97.2 +0.99 947 +1.18
unknown compounds and ‘thathof acetlc. acid were observed in the two Acetic acid 50 99.3 £ 0.75 109.9 £ 0.51
samples, that is, for the oxidation reactions using the two catalysts. It
500 106.5 £2.22 110.5 = 1.08

is important to mention that the formation of these glycerol oxidation

Table 8. Robustness of the method obtained using area and height. The standard (S) HPLC conditions were: mobile phase at pH 2.24, flow rate 0.40 mL min’',
column temperature 40 °C and detector temperature 35 °C

Flow (mL min™) pH mobile phase Temperature column (°C)  Temperature detector (°C)
S(0.40) 0.32 038 S(2.24) 2.14 234  S(40.0) 350 45.0 S(35.00 30.0 40.0
(areax 2097) 73662 77390 75803 59545 60017 60266 72506 73022 74602 67073 66149 65035
(height + 264) 5102 5317 5125 4075 4529 4528 5269 5199 5310 3974 4425 4426
(area+ 2135) 32121 34393 35175 27588 28371 22429 40444 36937 40765 31506 33193 31232
(height + 148) 2286 2424 2331 1801 1913 1323 2677 2432 2565 1899 1982 1978
(area+ 10213) 175360 191026 186508 166110 182871 157650 177711 178630 179041 177118 180909 181460
(height + 474) 8299 8417 8252 7317 8242 7524 8413 8397 8455 7807 8061 8123
(areax 5644) 111741 113710 115667 95831 104453 97844 116894 106742 120029 102640 104503 102233
(height + 268) 5433 5441 5346 4413 4826 4638 5595 5283 5611 4730 4740 4741
(areax 5091) 117971 125271 122371 76716 84862 81468 116578 111673 121721 80309 85161 83784
(height + 254) 5786 5868 5713 3663 4039 4124 5774 5269 6103 3883 3970 3987
(area+ 5420) 101560 103295 103265 65057 73383 41020 101455 92431 94836 70689 73071 71131
(height + 241) 4870 4790 4756 3158 3524 2230 4929 4636 4714 3390 3436 3444
(areax 3841) 71203 69206 72777 49206 53353 14870 75594 80411 68116 56252 54299 53701
(height + 158) 3126 2897 3042 2232 2431 1154 3028 3182 2752 2509 2534 2418
(area+ 4747) 92755 89083 93749 74261 82410 78061 88849 93534 89690 81781 85269 82495
(height + 177) 3488 3351 3391 2785 3062 2956 3446 3576 3417 3063 3110 3055

Compound Condition

Oxalic acid

Tartronic acid

Glyceraldehyde

Glycolic acid

Lactic acid

Glycerol

Formic acid

Acetic acid
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Figure 2. Chromatogram obtained from the analysis of samples of the oxidation reactions of glycerol by applying the AuNP/SiO, and AuNP/MWCNT catalysts.

1- oxalic acid, 2- tartronic acid, 3- glyceraldehyde, 4- glycolic acid, 5- lactic acid, 6- glycerol, 7- formic acid, 8- acetic acid and *unknown compounds

products is in accordance with the routes proposed in the literature
for these types of catalytic system.?!*

Concerning the characterization results, the optimized and
validated methodology is efficient and can be applied to follow the
evolution of oxidation reactions.

CONCLUSIONS

The proposed method, based on the use of a single detector
(RID), provided reliable results for the determination of the glycerol
oxidation reaction products tested, and it is possible to simultaneously
identify and quantify seven products of the glycerol oxidation
reaction. The proposed methodology was found to be sensitive and
precise for the range of concentrations applied (1.25 to 1000 ug
mL"). Additionally, it was possible to analyze efficiently the real
samples containing the glycerol oxidation products. Another great
advantage of the present method is the possibility to quantify the
products using peak area and peak height. So, when the natural aging
of the column takes place and, consequently, causes a decrease of
the chromatographic efficiency leading to resolutions smaller than
1.25, it is still possible to identify and quantify with precision these
compounds using just the height of the chromatographic peak.

SUPPLEMENTARY MATERIAL

Tables 1S and 28 are freely available at http://quimicanova.sbq.
org.br in PDF format.
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