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TECHNICAL NOTE

A new procedure for on field and indirect photometric determination of
water in ethanol fuel

Gabriela Furlan Giordano,*" Danielle Cristhina Melo Ferreira,’ Thiago Ribeiro de Carvalho,® Luis Carlos
Silveira Vieira,” Maria Helena de Oliveira Piazzetta,” Renato Sousa Lima,**" and Angelo Luiz Gobbi®

This technical note addresses the development of a simple, fast, portable, inexpensive, and indirect method for determination of
water in ethanol fuel. The excessive addition of water is the most easy and usual adulteration way of these fuels, damaging the vehicle
performance. The developed system relies on a homemade photometry device to monitor complexation reactions between ethanol
and cerium (IV). Such reactions generate deep orange-red solutions. The parameters of limit of detection and analytical sensitivity
were estimated to be 0.22% v/v (water in ethanol) and 0.11 (% v/v)?, respectively. The developed platform exhibited satisfactory
robustness concerning the changes in temperature and storage stability of the reagents. Additionally, the measurements were
accurate in relation to the data obtained by Karl Fisher titration at 95% confidence level.

. s literature, including:i) near infrared spectrometty®!* ii)
Introduction w conductometry, iii) enthalpimetry?® iv) cyclic voltammetry'®
s V) photothermal detectdf,vi) ultrasonic propagation velocity,
In recent years, the production of biofuels hasnbee s andvii) evanescent field absorption spectroscBpy.
encouraged and promoted pwblic authorities to reduce the 47 Spectroscopy methods were also developed to eealster
dependence on the petroleum and emission of greeehgas. 4 content in organic solvents such as biodi€selgetoné? and
Additional reasons include the oil depletion andrgy security 4 fugacillin? In this paper, we report a new alternative for
concerns-? Ethanol is the most produced biofuel in the world, so indirect determination of water in HEAF. The methetles on
reaching approximately 90 billion liters in 201%uch energy = colorimetric complexation reactions between ethamoid
matrix is a great alternative in relation to theigaives of the  s2 cerium (IV) that generate deep orange-red solufibfisThe
petroleum because it is achieved from renewablercesu sz photometry is a potential approach because it naesisnple
including sugarcane, corn, wheat, beet, and cadsava s« and portable instrumentation, as well as provides Belective,
In Europe, USA, Brazil, and other countries such asss sensitive, and robust experimefitsTherefore, the method
Argentina, Japan, India, and Mexico, anhydrous rethas ss herein reported is promising for the developmentrabid
added in gasoline to improve the fuel performanceerating s7 testing tools by compromising ease in prototypiagalytical
as octane boostéf.In Brazil, hydrous ethanol is used like fuel ss performance, portability (key aspects in the res@artow cost,
since 1975. Currently, the hydrated ethyl alcohel fiHEAF) s and reliability in use (concerns in industry).
is the second most consumed fuel (in volume) famdportation o The following tests were included hereip:optimization of
purpose owing to the growing sales of flexible f(feéx-fuel) s1 the reagent concentrationsi) evaluation of the method
vehicles (FFVs§.’ s2 performance by obtaining analytical curvié$,tests of stability
Concerning the consumption of HEAFs, its adulteratiy s Of the complex formation and reagents, @)dapplication to
adding species that are foreign or above their ipincontent ¢« determine water in ethanol fuel samples.
has also increaséd. The most common and easy adulteration es
is the excessive addition of water in HEAF samplesause the
attained mixtures are colorless, visibly undetectati do not .
present a distinctive smélP.It can melt the heads of piston EXPerlmental methods
damaging the motor and generating a poor vehicle
performance, including loss of engine power andease in the
fuel consumption rat¥. es Ceric ammonium nitrate [(NHLCe(NOy)¢] was purchased from
The maximum of water concentration in HEAF estdids o Vetec (Rio de Janeiro, Brazil). Nitric acid (HMGand ethanol

67 Chemicals and reagents

by Brazilian regulatory agencyA¢éncia Nacional do Petroleo 7 were supplied from Merck (Darmstadt, Germany). The

ANP) is 4.9% (viv)' Herein, the major quantification 72 chemicals were of analytical reagent grade. Alihef solutions
techniques ard) glass densimeter aiijl Karl-Fischer titration. 72 were freshly prepared using deionized water (Pbrefd. GA)
Despite their high simplicity, the density measueets are not 7 with resistivity no less than 18 Mcm™.

specific for water as well as their data can bdéeasasked by 74

the addition of foreign speciéd? The Karl-Fischer titration, in s Home-made photometry system

turn, has been used as a standard method becaesebies ;. The components and assembled version of the phaiome
simple measurement of water content with high @mur . gystem are shown ifig. 1. The device is composed by layers
selectivity, and wide linear rané%NevertheIess, this standard 2 in acrylic mechanically connected. In addition emsirs, light
approach requires dedicated appliance and consama@ge of . gource, and detector make up the platform. It allow
chemicals, yi_eld4ir71g assays of high-cost and incdibfgafor in- automatically moving an acrylic piece (through apgeer
situ monitoring." Consequently, several methods for the ., 505 that presents reservoirs for the samplefacititates a
determination of water in HEAF were addressed i® th . \erical alignment between the solution, light smyrand

This journal is © The Royal Society of Chemistry [2014] Analytical Methods, 2014, [vol], 00-00 | 1
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detector improving the precision of the method. Téservoirs s
(reaction zones) were engraved on a dark acrycep(124 x 36
21 x 4 mm) by using CQaser with 1000 W power, 500 Hz
frequency, 2000 mm mihspeed, and 0.1 mm spot beam size.
Such piece contained six reservoirs (7 mm diarmaatedr4 mm s
deep) and it was fixed on a glass slide of 1 mnokthéss 3o
(reservoir bottom) by employing adhesive. Electtsnin turn, 2
was made according to the paper reported by Eteebel®®
Its leading components atig:RGB light-emitting diode (LED),
i) integrated switch to select a specific coliy, photodiode (9
mn?¥ active area), aniV) filter tuned at 2 kHz to minimize the
effects of the external light on the analyses. Ehectronic
circuit is illustrated inFig. S1 (Supplementary Information).
The analytical responses are relative to the LEMDtedlight
that is converted in voltage signal by the photddicAnalog-
to-digital converter (National InstrumefitsAustin, TX) was
employed to transform the voltage analog signaigital code.
The system was controlled by Labvigw (National
Instrument8) software. A blue LED with wavelength of 470 +
10 nm was selected as light source. This fact gexithe more
sensible data because it corresponds approximatelyhe
complementary color of the produced orange complex54
solutions?’ %

41

o
P O © ©

56
Analytical routine 57
For indirect analysis of ethanol, a solution camitay Ce(IV) %

and HNQ reagents was initially added to the reservoir.riThe %
ethanol aqueous solutions (standard or real sampkae %
prepared at concentrations from 0.2 up to 5.0% whare o
transferred with aid of micropipette. In both thases, the Z

introduced volume was 7. Upon rapid mixture by using the
micropipette tips, the reactions occur immediateith a color
change from yellow to orange. The absorbance wizsilated
by using logarithmic ratios involving the peak Hegobtained

in detector response for ethanden) and blank Hbiank)
according to the Beer’s Laff:

Hewon
A= —logm = ebc 1)
wherein A is absorbanceg is the molar absorptivity of the
formed complex,b is path length, andc is the analyte
concentration.
Optimization of the reagent concentrations

Different concentrations of the colorimetric reatge(Ce(IV)
and HNQ, seeTable 1) were tested aiming to improve the
detectability, sensitivity, and linearity. The pH all these
solutions was measured with values lower than is ttue to
high HNG; concentrations. This investigation was performed
taking into account the parameteistimit of detection LOD);

i) analytical sensitivityS); iii) limit of linearity (LOL ), andiv)
correlation coefficient R2). For this, analytical curves were
attained for ethanol standards using all of theedtigated
conditions. Three measurements were conducted éoh e
concentration of ethanoh (= 3). The signal/noise ratio method
was adopted to calculate theD.

Stability of the complex and reagents

The ideal concentrations for the colorimetric redgewere
used to test the produced complex stability afarction with
ethanol. For such, the intensity of color was numeitl during
three hours for solutions of 0.2, 0.6, and 1.0% ettvanol in
water 6 = 3). The analytical signals were recorded to €ach
and 10 min up to 30 and, then, 180 min. Furthermtre
storage stability of the reagent solution (Ce(IVYl &NO;) was
tested. It was stored in three conditions, namelyom

temperature (23 °C), refrigerated media (4 °C), and

thermostatic bath (30 °C).

Fig. 1 Home-made photometry system. Components of the developed platform (a) and the assembled device (b). 1, blue LED (light source); 2, sample
reservoir (reaction zone); and 3, photodiode (detector). These three parts are vertically aligned. Features not drawn to scale.

This journal is © The Royal Society of Chemistry [2014]

Analytical Methods, 2014, [vol], 00-00 | 2
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The photometry responses were achieved during $8 fia
0.6% v/v ethanol solutiom(= 3).

Determination of water in HEAF

The indirect determination of water in ethanol fis@mples
were made in order to assess the accuracy of thieedeerein
reported. Real samples were acquired from distiastsgations.
All these samples were previously diluted 150 timéth water
and, then, analyzed by the photometric platfornehSdilution
factor was considered to express the final contesults. The
water concentrations were compared to those reddrgdlarl-
Fischer titration (Metrohm, Titrando 890, Herisau,
Switzerland), which acted as reference method.latter is an
official technique established by the ARP. Three
measurements for each sample were performed. titatis
evaluation between the data achieved by both tblenigues
was realized using Student's t-tests at 95% confidelevel.
Lastly, the conductivity values of the real samplesre
measured by using an AJ Micronal AJX-522 (Sao PRaulo
Brazil) system.

The reaction

In this technical note, we address a simple platfoio
indirectly determine water contents in ethanol fuels based
on colorimetric reactions among Ce(lV) reagent atichreol.
Ce(lV) is a versatile single electron oxidant addpfer the
oxidation of alcohols and-hydroxy acids such as lactic, malic,
and tartaric acid®?® It forms red complexes with compounds
which contain alcoholic hydroxyl groups (-OH). Wheellow
ceric ammonium solutions are mixed with ethanoldesep
orange-red color immediately appears owing to faionaof
1:1 Ce(IV)-ethanol complexes as follows:

K.
ce(lv)(yellow) + C2H50H cot0urless) = Ce(lV) —
C2H50H(orange-red) (2)

According to Young and Trahanovsi/ceric ammonium
nitrate has six nitrate ions surround each Ce(I\9matThe
nitrates are coordinated to cerium in a bidentashibn so that
the cerium coordination number is 12. After addatiganol, its
replaces one of the Ce-O bonds producing monodenitaste.
Therefore, the generated complex contains fivertiate nitrate
groups with one monodentate nitrate group and doehal
chain. More recently, Brioigt al?* utilized time-resolved X-
ray absorption spectroscopy combined with UV-Vid &aman
spectroscopies to research the complex structiney Tonfirm
the 12-fold oxygen coordination sphere of the Cegthanol
complex. Nonetheless, the number of bidentate taitgaoups
were found to be only two instead of five. Accoglithese
authors, the Ce(lV)-ethanol complex is stemming from
nucleophilic substitution reactions of water by #eohol.

Results and discussion

Optimization of the reagent concentrations

The influence of the concentrations of Ce(lV) compénd
HNO; was investigated aiming to improve the signal/aoétio

53
54
55
56
57
58
59
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63
64
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67

68

69
70
71
72

and, thus, to raise the sensitivity and detectgbiiif the
method. The studied conditions are showmahle 1.

According to Pinyouet al,?? the reagent solution must be
acidified with HNQ, concentrations above 0.2 mof lin order
the formation of aqueous complexes (CegNO (H,O)™)
instead of species with hydroxide groups (CegN@H )™,

In the first situation, the nucleophilic reactiom® easier than
the second one, favoring the formation of Ce(IV)aethi
complexes and improving the sensitivity for ethaziwlysis.

Table 1 Analytical curve parameters for the different content
conditions of the colorimetric reagents. Units: mol L™ for [Ce(IV)] and
[HNO,], % v/v for LOL and LOD, and (% v/v)™ for S

Condition [Ce(IV)] [HNO g R2 LOL LOD S
A 0.4 0.4 0.9913 1.90 0.21 0.14
B 0.2 0.4 0.9928 2.40 0.20 0.12
(o 0.2 0.2 0.9880 2.25 1.13 0.14
D 0.4 0.2 0.9656 2.25 0.21 0.21
___ 018
=
9 0.15
[ ]
S
Q. 0.12-
(7))
& 4
= 0.00-
o .
T
@ 0.06-
]
[))
Q 003 :
0 80
0.35
0.30-
o
O 0.25-
s
2 020
a 4
2 0.15-
< 4
0.10-
0'05- L} L} L} L} L} L}
04 08 12 16 20 24
[Ethanol] (% viv)

Fig. 2 Detector response obtained for ethanol solutions (a) and
analytical curve (n = 3) for condition B (b). Ethanol concentrations in
figure (A): 0.0 (==); 0.5 (==); 1.0 (==); 1.5 (==); and 2.0 % v/v ethanol in
water (==).

This journal is © The Royal Society of Chemistry [2014]
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The light transmitted through each reservoir resuft a
detector response as depicted Filg. 2 A. Such profile is
because the change in area of the sample thatpissed to
photodiode (detection zone) when the acrylic piscenoved
during the assay. The peak height correspondsetonttidle of
the reservoirs, where the detector is covering timysample.
The analytical signal was obtained from the peaightefor
analyte and blank according to the equafibn The analytical
parametersR?, LOL, LOD, andS) recorded for each condition
are presented ifiable 1.

ConditionsC and D generated non-linear data according to
F-test®® Conversely, the linear fitting was validated fore th
other conditions. As expected, the poorer limitiefection was
attained forC, where we have the lowest Ce(lV) and HNO
contents. Conditioné& andB exhibited similar sensitivity and
detectability. The latter was used for the nextegipents due
to its higher linear range. The analytical curviatedl to such

o
2

condition is shown itFig. 2 B. The other curves are depicted in .

Supplementary Information.

Stability of the complex formation and reagents

According to the articles published by Ddylend Brioiset
al.,?* the complex is not stable for long time. Alcoholthe 1:1
Ce(lV) complex is oxidized to aldehyde and, then, to
carboxylic acid. The Ce(lV), in turn, is reduced Ge(lll) at
room temperature as a slow electron transfer ackke
presented in equatio(8). The rate constank, for Ce(lV)
reduction is assumed to be dependent only on ctratem of
ethanol and Ce(IV}®

k,slow
Ce(lV) - CZHSOH(orange—red) — Ce(lll)(colourless) +
CH3C00H(colourless) (3)

The formation of the colourless Ce(lll) was monitbruring
180 min for three different ethanol concentratiassshown in
Fig. 3.

The results were in agreement with the previousnsp*?®
For higher concentration of ethanol (1.0%), the De(l
formation was faster with respect to the lowestcemtrations
(0.2 and 0.6% v/v ethanol to water), taking inteamt the
angular coefficients presentedHiy. 3 Inset. For 0.6 and 1.0%
vlv, the response decreased linearly with timefdgyreximately
60 min of reaction as illustrated iRig. 3 Inset. In these
concentrations, the absorbance decreased aboufrbf¥dive
to ten minutes. However, the change in color was no
measurable for 0.2% v/v until 25 min, then, thenalg
decreased until 60 min. After 60 min, the colorsdified
progressively towards yellow, and, then, colorlas480 min.
Negative signals were recorded owing to the foromtf the
colourless Ce(lll). It producedewon < Hbank generating a
negative signal (see equati¢n)). The colors of the solutions
for 1.0% v/v ethanol are shown Fig. 3 Inset; the results for
other concentrations are Bupplementary Information. It
should be noticed that the degradation of the Ceg¢tifanol
complexes is not a drawback for analytical usehef method.
This is because such approach involves rapid meamnts
which can be performed in less than five minutes.
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Fig. 3 Monitoring of the reaction during 180 min for three
concentrations of ethanol: 0.2% (=), 0.6% (==) and 1.0% v/v ethanol
to water (=) (n = 3). Insets: 1, signals until 60 min (angular
coefficients are highlighted) and 2, photos showing the formed
complexes with 1.0% v/v ethanol to water after o, 10, 60, and 180 min
of reaction, respectively. R* values in Inset 1: 0.9786 (0.2%), 0.9749
(0.6%), and 0.9869 (1.0% v/v ethanol to water).

Regarding the storage stability test of the reagetfts
absorbances obtained for ethanol 0.6% v/v for 3¢s dare
shown inFig. S4 (Supplementary Information). The RSD
values of the responses were equal to 11.2 anfbi7r@agents
stored at 23 and 4 °C, respectively. The RSD fogests
stored at 30 °C was 5.9% in 15 days. After thisiqogrthe
signal decreased with a RSD of 23.8%. These reshitte that
the storage stability of the reagent (Ce(lV) and HN®@as
good, in special when stored at refrigerator anth@tmostatic
bath by 15 days. Such data show that the methpdtentially
robust concerning the changes in temperature kedideg
simple and rapid. This is crucia,g, for the development of
point-of-use testing and commercial kits of thetfplan.

Application

The results of water concentration for standardreatisamples
are shown irTable 2. The latter presented a conductivity of
1.28 cm', whereas it was only 0.37 pS ¢rfor pure ethanol.
Based on Student’s t-tests at 95% confidence ldhel,data
achieved by the colorimetric platform were in agneet with
those recorded by the reference technique. Heneeaw state
that there were not statistically significant difaces between
the data presented by Karl Fischer titration ane device
herein reported despite the conductivity of thé samples and
the dilution protocol.Analyses disclosed the presence of
several ions in the samples, such as;NK', C&* (0.49 to
3.51 mg [Y),** CW**, zr**, Ni**, and F&" (8 to 57 mg [}).%

In general, as observed Trable 3, our set up is a potential
tool to analyze the adulteration of ethanol fuel ‘ater
considering, in special, parameters such as aoalytequency,
portability, and cost. Besides the analysis of ethéanalyte),
the systems reported in literature can to act ligrdening the
concentration of water in the HEAF.

This journal is © The Royal Society of Chemistry [2014]

Analytical Methods, 2014, [vol], 00-00 | 4
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Table 2 Application of the device to H,0O level in ethanol (%
v/v) determined by the Karl Fischer (n = 4) and photometric (n
= 3) methods. Synthetic samples: S;, 5.5%; S;, 9.0%; and S,
17.0%; H,0 in ethanol. Real samples: R;-Rs.

Samples Karl-Fischer Photometry
S 52+0.2 49+05
S 85+0.1 8.9+0.4
S; 17.2+0.2 17.5+0.9
R 52+0.2 56+04
R, 50+0.3 51+0.2
R3 48+0.2 50+0.3
Other studies reported in literature describe

determination of water
spectrophotometry reatioh%?! For instance, Pereirat al®
determined water in biodiesel through color fadifighe cobalt
cholorocomplex. It generated a limit of detection Water, 2.5

10* % v/v with waste of 75QL per determination. The waste

produced by our method is only 14D per determination.

Conclusions

A simple, fast, portable, and inexpensive procedwas

developed for determination of water contents maeol fuel.
The method is a potential alternative for the depelent ofin-

situ analytical platforms, bypassing the necessity fihee

qualified operators or sophisticated equipmentsthieamore,
the photometric platform provided precise, robast accurate
data with reduced chemical consumption and sat@fatevels
of detectability and sensitivity for determinatiai water in

ethanol fuel. The results reported in this technivate had
good robustness regarding the changes in temperatnd
storage stability of the reagents. Considering thmewing

demand for HEAF in countries like Brazil and USA, baieve
the technology addressed herein is promising teroate the
adulteration of these fuels by water. Lastly, tHetpmetric
system could be applied for other analytes and sy just
modifying the reagents.

in organic media directly by

w
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Table 3 Comparison of analytical parameters reported for analysis of the ethanol fuel adulteration by water
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