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Abstract: we address in this work potential alternative for development of point-geutechnologies. Our
method was based on smartphone for turbidimetrfea®n and control of turbulent microfluidic sgp-aiming
a total automation of microemulsification-based moet (MEC). The method showed simplicity, autonaesl;
time result recording, and ability for remote datansmission. The device was fabricated by polyra&dn and
scaffold removal (PSRhethod to provide harsh flow rate-assisted turbaéerSuch fully automatic microfluidic
platform was applied in determination of ethanobammercial alcoholic beverages. The accuracy rdngem
95.0 to 104.2%.
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Introduction: our research group has proposed in 2014 a potaitéahative for the development of point-of-use
technologies that ensures cheap, fast, portabdenatrument-free experiments bypassing the ndgessiskilled
userst* Called MEC (microemulsification-based methdhis technique relies on thermodynamic stabilizaté
emulsions toward analytical determinations, preocis@reliminary. More specifically, such technigudies on
the effect of the analyte over the entropy of wat@phiphile-oil (W-AP-O) emulsions, changing thenmmum
volume of AP necessary for thermodynamically staioig) these dispersions for a fixed W-O ratio. Thiscess
leads to the formation of microemulsions (ME) alné fraction of such minimum volume of AP is the Isttieal
response of the MEC. The analyte can be presewit,dd, or AP phase and the detection of this resp@based
on a binary chemical information: the cloudy-toasparent conversion that acts like a turning pioititrations.
Despite its advantages for in-situ analyses, th€MEows poor analysis velocity. In this regard yweee intended
to make an easy-to-use and ‘all-in-one’ (AlO) deMiy performing a smartphone-mediated full autoomatif the
MEC in microfluidics. This platform takes advantagd the smartphone (user-friendly and widesprezetation,
low cost, portability, and computational capab)lignd microscale flow devices (low consumption loémicals
and high precision and analytical frequency) fesitu and rapid analyses. The dispersion phases mied by
turbulence at harsh flow rates into the microcltiiyas were composed of a single piece of PDMS.hdldanalytical
routines were realized by the smartphone throughdévelopment of applicative (App) in Android. More
specifically, the smartphone controlled the pungesformed the detection by turbidimetry, and trdatee data
in real time. This platform was applied in the detimation of ethanol in standard samples and alkioheverages.

Experimental: the approach to fabricate the chip relied on setiplesteps of polymerization and scaffold removal
(PSR) using nylon as scaffold as detailed in ttezdiure> The microfluidic device presented three inlet aiela
and consisted of a bulky piece of polydimethylsilo® (PDMS), tolerating harsh flow rates neededettegate
turbulence in microfluidicsKig. 1(a)). The platform consisted of syringe-pumps, hoséf, and smartphone
(Fig. 1(b)). For microemulsification, the dispersions werdexngW), oleic acid (O), and ethanol (AP phaseble T
analyte was ethanol, added in the W phase at diffaroncentrations. The analyte concentration wpsessed as
volume fraction of ethanol to wateb£). The water and oil phases were simultaneouslygaahinto the device
at a flow rate each of 5.0 mL minproducing a total flow of 10.0 mL min Conversely, the AP flow rate was
gradually increased until the generation of ME. Tdtal flow rates ranged from 14.0 up to 24 mL Hhi@ne user-
friendly Android App was deployed for conductingithe analytical operation. For this purpose, thitveare was
responsible for setting experimental parameteth@Byringe pumps, turn on and turn off the pummmitoring
the cloudy-to-transparent transition by recording RGB values at the outlet of the chip (detecdone), and
real-time acquiring and processing the analytigatals showing the obtained spectrum (signal asation of
the AP flow rate, called mecogram) after the analybhis analytical signal (swas calculated by the App from
a linear combination of R, G, and B. Importantlye tests were divided into two steps: exploratony precise
analyses. In the first case, the AP flow rate waslgally increased in increments of 1.0 mL adter 3 s in order
rapidly to localize the region of cloudy-to-transpat transition. In the precise analysis, the in@ts in this flow
rate were reduced to 0.2 mL mirThis stage was intended to determine with bestigion and accuracy the MEC
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Fig. 1. Full automation of MEC using smartphone and miciidft setup. Chiga), platform(b), workflow of App including
the configuration of experimental parameters, aitjion of photos by smartphone, and mecog¢enresults (mecograms) to
standards of ethanol in watgl), analytical curvee), accuracy for the alcoholic beveradBs and concentrations of ethanol
(% v/v) in these commercial samples<5) (g). In (f,g), the samples are relateddachaca(A and C) and vodka (B and D).
Photo(a) shows optical fibers integrated to the PSR chip¢chvivere used to guide radiation of a LED/photodisgstem with
the intend to perform turbidimetry (data not shown)

analytical response, namely, the minimum AP flote reecessary to generate Mimd). This value was attained
from the cloudy-to-transparent transition that ddiiee a turning point in titration. Considering analytical curve
composed ofme vs.®g, the amounts of ethanol found in the beveragesawtmsnatically shown in the smartphone
display fig. 1(c)) when the method was applied to the real samplesse values abe were compared with the
concentrations of ethanol illustrated in the begerabels and also determined by gas chromatognajthylame
ionizing detector (GC-FID).

Resultsand discussion: from the mecogram to ethanol standafelg.(1(d)), dme was observed in total flow rates
higher than 18 mL mik Reynolds number was estimated to be 1107, iridizétte presence of turbulence inside
the PSR microchannels (400-um diameterjgorous mixings were necessary because the nmuusification
needs a strong decrease in interfacial tension-6f iMerfaces. The creation of high flow rate-assigurbulence
in microchannels was only recently addressedendtture>® This flow solves a crucial bottleneck in microfligs:
the generation of high throughput homogeneous m#ifihe analytical curvé-(g. 1(e)) presented a wide linear
(R? > 0.99) with limit of linearity of 40.0% v/®e and analytical sensitivity equal to 0.3. The splashe was
successfully applied in determination of ethanadammercial alcoholic beverages. Assumingdetermined by
GC-FID as reference values, the levels of accufacjyour samples ranged from 95.0 to 104.2ig( 1(f)). In
addition, the data obtained by the smartphone \weegreement with both those concentrations showthé
sample labels and determined by GC-FID accordir§ttolent’s t-test at 95% confidence levék 1(g)).

Conclusion: The automatic AlO platform herein shown greatlypinves the precision and analytical frequency
of MEC, a potential alternative toward point-of-wggplications. Such feature contributes to the egmpent of
this technology by non-specialist people, providimgitu measurements and real time readout.
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