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Abstract.

Gamma Hydroxybutyric Acid (GHB), when studied iplatinum electrode using cyclic
voltammetry, presented three oxidation peaks id golutions that correspond to the
oxidation of the alcohol group to the correspondaidehyde and carboxylic acid
(succinic acid). An anodic scan of GHB yielded twbaracteristic waves, which
indicates an oxidation process dependent on th@ichéenvironment on the surface of
the electrode. The cathodic scan presented amt@avexidation peak with an onset
partially overlapping with the tail of the-cathogieak for the reduction of the platinum
oxide formed initially during the anodic scan. Tmserted peak can be observed at a
potential close to +0.2V (vs Ag/AgCI at pH 2) argparated 0.4 and 0.8 V from the two
other oxidation peaks obtained during the anodansand in such conditions that the
surface is particularly activated to favour thieatochemical process. The response
obtained in the electronic current for the diffarpeaks when GHB concentration and
scan rate were changed allows inferring that tlaesehe result of a potential dependent

mechanism.
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1. Introduction

Gamma-hydroxy butyric acid (GHB) is a simple molecwith a four-carbon backbone
and two functional groups: a hydroxyl group andaaboxylic acid. The chemical
simplicity of the molecule highly contrasts withetltomplexity of its physiological
activity, the difficulties to detect it in the bodnd the almost inexistent literature

explaining its behaviour from an electrochemicahpof view.

GHB, that can be found in the body naturally inyiag concentrations.and in urine
these values have been found to be between 1.46 [itigio 6.63 mg/L [2] . It can be

also present in alcoholic beverages and other fatida small amounts [3] and it has
become sadly famous as it is frequently used ag dfiabuse in clubs and pubs [4].
Used in low concentration (30-100 mg/L) this drugpduces euphoria and lack of
inhibitions [5] but if the concentration exceedsO5@g/L mg amnesia, drowsiness,
visual impairment and unconsciousness are obtanstdad [6] and even death in the

most critical cases (over 500mg/L).

GHB has an average half-life of around 20-53 mihictv seems to increase at higher
GHB concentration [7]. This means that after 3-8ireo(10 half-life) only 0.097% of
the original drug concentration remains. This naranalysis window and the small
amounts occurring in the body naturally make veffycdlt a positive identification and
to document any .potential offense if not recordethiw the first 8 hours after

administration.

The most effective way to detect GHB in biologiftalds (blood, plasma or urine) is by
means of gas chromatography-mass spectrometry [@@h or without derivatisation
[10] or using liquid chromatography mass spectroyngtl]. All these methods are
sensitive and provide with enough analytical power detect the drug and its

metabolites but they are expensive to purchasewndnd they are not portable.

New simple and portable methods are needed totdétdB in situ and as quick as
possible. In this sense the only previously pulgitsigualitative method found in the
literature meeting these requirements is basednaples and quick microcrystalline tests
[12].



In this work an electrochemical study of GHB on latipum electrode in acidic

solutions by cyclic voltammetry has been perform&d.the best of our knowledge
there are no previous studies of the electrochdrbef@aviour of GHB in the literature.

This study opens a window of opportunity for theeotlochemical study of this

molecule in order to understand its reactivity xpe&imental conditions close to
physiological ones and in aqueous solution. Irs thénse the data obtained will
demonstrate that the hydroxyl group of the mole¢sé® schematic 1) is oxidised in an
acidic medium to succinic acid under a wide ranfypatentials. The electrochemical
characterisation of this process can be of grepbrtance as it allows the detection of
this drug using electrochemical sensors in a qarckreliable way:

Schematic 1

2. Experimental

GHB was prepared by slow addition of freshly prepaf.2 M aqueous solution of
NaOH (50 mL) to a commerecial sample of Gamma-hydrbutyric lactone (GBL

reagent, minimum 99% purity, 0.86 g, 0.01 mol) &€ @nder magnetic stirring. The
solution was stirred at room temperature for 30.Mime product was concentrated and
recrystallized three“times using hot ethanol. Idieation by infrared measurements
using a Brucker Alpha T spectrometer showed thegmee of GHB as the only product

of the reaction.
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As supporting electrolyte, 0.1 M perchloric acidldAch), 0.2 M sulphuric acid
(Merck) and and 0.1 M phosphoric acid (Merck) weased.

The absorbance spectra of the prepared solutions reeorded using a Jasco V-570
UV-vis spectrophotometer.

Cyclic Voltammetry (CV) analyses were performedhaat Autolab (Ecochemie model
Pgstat3) instrument attached to a PC with propftwace (GPES) for the total control
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of the experiments and data acquisition. A threectedde configuration was used:
platinum electrode acting as working electrode géAyCl used as a reference electrode
and a platinum electrode acted as a counter etkrtibhe working electrode used for
the different experiments were a 1.6 mm diameteatipim electrode from
Bioanalytical Systems (Kenilworth, UK). The workietectrode was polished with 0.05
um Al,Os slurry, rinsed and sonicated in 18 MMIlli-Q water (Millipore, Maryland,
US) and dried before use. The area of the electwate calculated experimentally by
CV using a KFe(CN} 1mM solution in KCI 1 M obtaining a value of-0.(40.0017
cn?, which is in good agreement with the geometrigalaaof 0.0201 cfa All the
intensity of current values given, normalized tosider the surface electrode, has been
calculated using the geometric area. Nitrogen wdsbled in the electrochemical cell

for 20 min before analysis.
3. Results and discussion.
3.1. General behaviour.

Figure 1 shows the cyclic voltammograms (CV) of ®®1 GHB in 0.1M HCIQ
together with the curve in the absence of GHB atstan rate of 0.01 V/s. The typical
CV for a polycrystalline platinum surface in 0.1MCHD, shows three potential regions:
(a) the hydrogen region (-0.2 to +0.15 V) charazser by the presence of adsorbed
hydrogen on the" electrode surface that shows peaiksesponding to the
adsorption/desorption of hydrogen atoms with défer energies. At E < -0.2 V
hydrogen evolution occurs; (b) the platinum oxidgion at E > 0.65 V where a
platinum oxide layer starts to form with increagyngositive potential; this layer is
subsequently electroreduced during the reversepswél the development of a peak
centred at 0.45 V and, (c) the double-layer regmotine potential range of 0.15 - 0.65 V
during the positive run and narrower in the catbhaiieep. In this region neithep,H
nor Q,q Species are present at the surface.

Some important changes in the CV are obtainedampthsence of GHB. In the positive
going potential sweep (PGPS) a partial suppressiahe desorption hydrogen peaks
that become at the same level of current in thébldolayer region, is observed. At E >
0.37 V, an onset of oxidation is seen (peak A) tbkdbllowed by a wave of higher

current intensity coinciding with the region of fpteum oxide formation (peak B). It is
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interesting to note that the threshold potential daidation is below the onset for
platinum oxide formation. In the negative goingeital sweep (NGPS) the reduction
of the platinum surface oxide develops but, aféarching the maximum peak potential
the current suddenly drops up to values of positiueents higher than that obtained in
the PGPS producing an unique peak (peak C). Thak peobserved in the potential
interval from 0.4 to 0.0 V and from this point ateadic contribution develops. The
features observed in the CV are similar to thodaionbed for the electro-oxidation of 1-
butanol under the same experimental conditions1H]3-The 1-butanol molecule has
the same chemical structure of GHB except for #Hrbaxylic acid group in the position
4. Thus, in a first approximation we can expect tha oxidation process observed in
the present experiment corresponds to the alcotmlpgin the molecule. Moreover,
similar voltammetric features have been obtainedttie oxidation of other aliphatic
mono- and di-alcohol derivatives of different chkength and the conclusions about the
mechanism are more o less the same, the differdreiag related with the higher or

lower oxidation currents and the preferred pathwags18].

Figure 1

Figure 2 shows the CV of 25 mM GHB in a 0.1 M pHuse buffer solution at the scan
rate of 0.01 V/s. It can be observed that the ir&file is very similar to that of the
Figure 1. We have also recorded the CV in 0.2 Nbrsudic acid with analogous results.
Though there is known that electrolytes like ph@dpland sulfate adsorb on the surface
of platinum [19,20], our results indicate that tleectrochemical response of
electrooxidation of GHB is not appreciably deperidam the nature of the electrolyte
and, thus, the GHB molecules adsorb to the platisurface from the first contact at
negative potentials. This is evidenced by the irtgyar suppression of the hydrogen
adsorption/desortion peaks in the lower potenéglan.

Figure 2

The chemistry of GHB in aqueous solution is coodiéd by a double equilibrium. On
one hand, the cyclization reaction to yield thetdae (GBL) and, on the other, the
acid/base equilibrium in which the carboxylic aétdm is dissociated into the ionic

form with a pk, = 4.6 [21]. The conversion speed into lactone ielatively slow
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process in moderately acidic media and it requaréme frame of hours at pH2 [22].
In highly acidic media the formation of the lactome a homogeneous medium is
catalysed by H

GHB %7 GLB + H,0

We have carried out a study of the ciclyzation «tef GHB in the pH interval
between 0.8 and 3 by UV-visible spectroscopy ineori establish the experimental
conditions for an unequivocal electrochemical cbimdzation of GHB in acid
solutions. In the figur@A we observe the evolution of the UV-visible specifaGHB
with the time at pH 1.5 (in the inset the curve %&5HKs time is shown by
measurements at 192 nm corresponding to the maainttze UV _spectrum of GBL).
The main feature is that at pH 1.5 and on the gbikeralues the level of GHB within
of the two first hours is higher than the 98%. Tigare 3B shows the I-E curves by CV
of blank electrolyte and GBL at pH 1.5 from solatidreshly prepared. We can
conclude that GBL is electroinactive and that &lé tpeaks described previously
correspond to GHB's oxidation.

Figure 3

We have undertaken a study by CV. in different pHiemys solutions in 0.1M
phosphoric acid in the presence of 25mM GHB (sohdifreshly prepared) and at the
scan rate of 0.01 V/s. For other scan rates, simekults were obtained.

As can be observed-in Figure 4, peak B is veryigseado the H concentration. The
shift towards lower - potentials with increasing piHcompatible with the oxidation of
hydroxyl group.in a dependent fashion. Alkyl alctshg di-alcohols get oxidised to
yield the correspandent carboxylic acid accordmthe reaction [13-15]:

R-CH,OH + HbLO® R-COOH + 4H + 4¢
Figure 4

The peak potential follows a linear trend with aps of -74mV/pH (Figure 5), which is
compatible with the oxidation scheme proposed presily for alcohols.
Peak C follows the same trend shifting towards noatbodic values (lower potentials)

with increasing pH. Peak potentials are influenbgdthe shift of the cathodic peak
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associated with the reduction of the platinum sigfaxide and follows a linear
representation with a slope of -61 mV/pH.

In Figure 5, the influence of pH in the currenteim$ities associated to peaks B and C
are also plotted. For peak B the intensity doeschange considerably at pH1 and
only a slight drop can be observed at higher pHclvicould be explained due to the
proximity to the pkK for GHB as the pH gets to pH = 4.6. In highly acichedia the
intensity diminishes due to the formation of thet¢ee in a homogeneous medium and
catalysed by Has we have shown above.

The current intensity of peak C is more influengetihe pH. Again, this fact can be
explained by the strong influence of the peak aased to the platinum oxide
reduction. The optimum current is obtained at pblad 1.5, as a‘compromise between
the lactone formation and the apparition of negativarge in the carboxylic group.

Figure 5

An important finding in the electrooxidation of GHIB platinum is that the CV is
maintained invariant upon cycling and no decreaseurrent is observed after ten
potential scans (Figure 6). As observed there imndification in any of the oxidation
peaks for GHB, which suggests that, under this sataand experimental conditions
(similar behaviour is observed at \0.1 V/s and ¢ 25 mM), an equilibrium controlled
by mass transport is reached. Moreover, it cannberred that the kinetics of the
adsorption-desorption stages involved in the glabattrochemical mechanism are fast
when compared to that of diffusion. This resulttcast with the fact that the hydrogen
adsorption/desorption peaks are suppressed inrésemce of GHB that means that the
molecule adsorbs to the surface at the initial mcaeof the scan. It has been described
that the alcohol group interacts with the platinsanface by a dissociative adsorption
process that produce G4 and the alkane derivative molecule. The j®@emains
adsorbed up to potentials positive enough to pred@&. However, at higher
potentials the oxidation of the alcohol group teegeither the aldehyde (peak A) or the
carboxylic acid takes place. Thus, it can be cateduthat the anodic peak obtained in
the NGPS takes place in a clean platinum surfaakishgenerated upon platinum oxide
reduction.
The current density for peak B is close torB0cm?, which is similar to that obtained
by other authors [16,17] in the oxidation of diodhen studied under the same
7



conditions: 25 mM and v = 0.01 V/s (Figure 2). Tfast also agrees with a very similar
electrochemical oxidation process for GHB corresjiog with the oxidation of the
alcohol group to aldehyde and to the carboxylid &giobtain succinic acid.

As general remark, the presence of three oxidgteaks in GHB on platinum electrode
can be the result of the different nature of metadurface that is dependent on the

potential and the experimental conditions of solsipreparations.

Figure 6

3.2. Influence of the scan rate

The influence of the scan rate on the electrochanoixidation processes was conducted
in the interval from 0.005 to 0.2 V/s. This stuags also performed at different GHB

concentrations in 0.1M phosphoric acid bufferedeagis solutions. Figure 7 shows the
variation of peaks B and C with the scan ratecatt be appreciated that the potential of
peak B increases towards more anodic values witteasing scan rate with a slope of
64 mV/dec. This behaviour is compatible with aewersible oxidation process with a

slow first electronic transfer. This"value Is sianilfor the different concentrations

examined, with a lower limit of 55 'mV/dec at theviest concentrations and a maximum
limit of 68 mV/dec at the highest concentration.

The potential trend observed for peak C in theamithscan is opposite to that for peak
B as the peak potential decreases with increasiag sates with a slope of -54 mV/dec.

This behaviour.is parallel to that of the peak g#sd to the platinum oxide reduction.

Thus, peak C should have a strong influence froenléter and the cathodic current

obtained in this reduction process.

The results for peak A are difficult to analyze doethe fact that it presents a low

intensity and also because it appears as a shafltlee peak B.

Figure 7

Finally, the slope of the scan rate dependenc@dak B current (logarithmic plots) is
0.63 and 0.56 at low and high GHB concentratiospeetively, indicating that the
kinetic control is a mixture of diffusion and adgtion processes including of GHB

oxidation and platinum surface oxidation.



The typical current density values for an oxidatelectrochemical process involving
the oxidation of an alcohol group to an aldehydd &m a carboxylic acid entirely
controlled by diffusion should be in the range frdnto 100 mA/crh for a 25 mM
solution at the scan rates examined. The valuesrdat for GHB are much lower than
these, which seems to indicate that the GHB odaticcurs through a complex
surface process where platinum hydroxides play mportant role since has been
described by several authors (16, 17, 23-26).

Peak C current diminishes with increasing scansrafée can explain. this result by
taking into account that upon increasing the sede, ithe time window_in which the
oxidation of GHB occurs is shorter giving the appeae of a slower process. This
means that, in this electrochemical process, tfiestton-controlled adsorption of GHB

on the platinum active surface is required.

3.3. GHB concentration influence.

Figure 8 shows CVs at different GHB concentration8.1M phosphoric acid pH 2 at

the scan rate of 0.01 V/s. As expected, all oxmatgpeaks of GHB increase with

increasing concentrations of the drug. The curdamisities corresponding to the peak
potential for peak B when plotted in a graph lgg vs. log c yields a linear

representation with a slope of 0.94 in agreemetit wireaction order of one in respect
to GHB concentration. Increasing scan rates yieldel values indicating a greater
contribution of the"wave of platinum oxidation ihet observed current intensity
(analysing the results obtained at a scan ratelo¥(¥ the slope is 0.87).

It is also important to point out that the curreaft peak C increases with GHB

concentration up to a saturation value, which cordi that the GHB oxidation at

potential values close to 0.2V is linked to an ap8on mechanism in which the active
surface produced by the reduction of the platinuade play an important role. This

behaviour can be observed at all the scan ratdgestu

Figure 8

Figure 9 shows the variation of the normalised entrintensity for peak C vs. GHB

concentration at three different scan rates, 00005 y 0.1 V/s. The current increases



sharply at lower concentrations reaching a limitvadue at higher concentrations. This

behaviour is consistent with a like Langmuir isethegiving by equation (1),

I, Bc
I 1+ Bc

©

(1)

o

where } is the actual current at the GHB concentratican, B and J- are the apparent
adsorption coefficient and the limiting currentwel respectively. The non-linear fits of
the experimental data to this equation give vafoespparent adsorption coefficient of
peak B of 489, 203 and 79Mor 0.01, 0.05 y 0.1 V/s, respectively. Also itsiitted

the \DL value respect of which the current intensity wasmalized. The dependence of
B with the scan rate supports the hypothesis ti@atadsorption process, associated to
the GHB oxidation in peak C, is controlled by th#usion of the electroactive species
to the electrode. The shortening of the time windionits the saturation process on the

electrode surface.

Figure 9

4. Conclusions

The GHB oxidation process in platinum electrodeaadic pHs is a complex process
involving the interaction of the molecule with teerface of the electrode. An anodic
scan of GHB presents.two characteristic peaks aidron the chemical environment
on the platinum surface. The cathodic scan yieMdsmain peaks: one corresponding
to the reduction of the platinum oxides formed dgrihe anodic scan and one inverted
oxidation peak with an onset partially overlappimgh the tail of the reduction peak
associated to the oxidation of the hydroxyl groéithe GHB. This behaviour is similar
to the otheralcohols as butanol and ethanol wigslranisms of oxidation reactions that
are still object of studies on platinum and modiffet electrodes [15, 18, 23-26]. Also,
the oxidation process is influenced by pH and GHmcentration, which can be
potentially used for its identification and in sendesign.

The study of the electrochemical behaviour of GHiespnted here will trigger
additional investigations of the electrocatalysishos drug. In this sense, a study by

other complementary methods as espectroelectrochét@chniques that could give
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information of the interaction of GHB with platinuare considered at present in our

laboratory.
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Figures and captions

Figure 1. Cyclic voltammograms in 0.1 M perchlawmd for Pt electrode¥%4 ) in the
presence of 50 mM GHB, (----) in the absence of GB8an rate 0.01 V/s.

Figure 2. Cyclic voltammograms in 0.1 M phosphaad for Pt electrode¥4%4 ) in
the presence of 25 mM GHB, (----) in the absenc&ldB. Scan rate 0.01 V/s.

Figure 3. (A) Absortion spectra of 12.5 mM GHB i99M phosphoric acid at several
time: 30, 60, 90, 130, 150, 1140, 5400 y 7200 mash line: spectra of GHB (bottom)
and GBL (top) in freshly solution. Inset: Plot %GHNBt at pH=1.5; (O) experimental
values ¥.% ) theoretical curve according to A=B equilibriurB) (Cyclic
voltammograms in 0.1 M phosphoric acid for Pt etsbé¢. 2% ) in the presence of 25
mM GBL, (----) in the absence of GBL. Scan ratelOvs.

Figure 4. Cyclic voltammograms for GHB 25 mM in Q41phosphoric acid for Pt
electrode. Scan rate 0.01 V/s. pH=-() 1.2, ¢4% ) 1.4, &¥2.7,(---) 3.2.

Figure 5. (A) Plot potential peak B vs pH. (B) Ptotrent intensity vs pH!Ypeak B,
(-) peak C. GHB 25 mM in 0.1 M phosphoric acid forekectrode. Scan rate 0.01 V/s.

Figure 6. Consecutive scan of GHB 25 mM in 0.1 $phoric acid pH 1.5. Scan rate
0.05 Vi/s.

Figure 7. Peak potential vs. log v for GHB 25 mMid M phosphoric acid pH 2.0 for
Pt electrode.

Figure 8. Cyclic voltammograms in 0.1 M phosphaad pH 2.0 for Pt electrode (---)
4 mM; (---) 25 mM; ¥% ) 50'mM. Scan rate 0.1 V/s.

Figure 9. Normalized current intensity vs concatinn for peak C of GHB in

phosphoric acid pH2.0 for Pt electrode. Scan (rat®.01 V/s, () 0.05 V/s, () 0.1
V/s. Curve line according to the like Langmuir isetm equation (1).
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