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TECHNICAL NOTE
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The Extraction and Infrared Identification of
Gamma-Hydroxybutyric Acid (GHB) from
Aqueous Solutions

ABSTRACT: The chemical analysis of gamma-hydroxybutyric acid (GHB) in most forensic laboratories is complicated by the highly polar nature
of the GHB molecule, which makes it unsuitable for direct analysis by gas chromatography (GC). Consequently, a popular analytical approach is to
convert GHB into the corresponding lactone or a derivative compound that is then identified by mass spectrometry employed in conjunction with GC
(GC/MS). An alternative approach is presented here where GHB may be isolated as a free acid specie from complex aqueous solutions employing a
liquid–liquid extraction technique. This approach can yield a relatively pure residue of GHB that presents an infrared transmission spectrum that is
sufficiently distinct for identification purposes. Infrared spectroscopy (IR) is a very popular technique that is available to most crime laboratories.
The liquid–liquid extraction behavior of GHB is examined in detail and the uniqueness of the infrared spectrum is discussed.
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Gamma-hydroxybutyric acid (GHB) has a history of abuse that
dates back over 20 years. In the early1980s, GHB was first alleged
to provide anabolic benefits following a study that showed GHB
stimulated the release of plasma growth hormone (1). The ability of
GHB to significantly increase muscle mass has since been disputed
(2); however, the potential of GHB to produce euphoric effects in
its users was discovered. An increase in GHB abuse followed, and
by 1990 the Food and Drug Administration issued warnings of its
use (3) coinciding with reports of medical emergencies involving
GHB (4). Subsequently, GHB has become a part of the “rave” party
culture, and its abuse has escalated (5). In the year 2000, GHB was
federally controlled and designated a Schedule I depressant as an
amendment to the Controlled Substances Act (6).

The chemical analysis of GHB is greatly influenced by its high
polarity and thermal sensitivity, which prevents its direct detec-
tion by gas chromatographic (GC) instrumental techniques. Conse-
quently, GHB analyses are largely restricted to approaches that rely
on the chemical conversion of GHB into the corresponding lactone
compound, gamma-butyrolactone (GBL) (7–9) or into derivative
compounds (10–13) that are suitable for gas chromatographic anal-
ysis. The preparation of the trimethylsilyl (TMS) derivative of GHB
is commonly employed for a GC-type analysis and specifically for
identification by gas chromatography/mass spectrometry (GC/MS)
(10–12). Derivatization methods are also desirable for toxicological
analyses, where the low concentrations of GHB in complex biolog-
ical fluids (blood, urine, etc.) require the selectivity and sensitivity
of mass spectrometry detection. In contrast, GHB may be identi-
fied directly by a few other techniques, such as high-performance
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liquid chromatography with mass spectrometry (HPLC/MS) (14)
or nuclear magnetic resonance (NMR) (15), but these instrumental
techniques are not widely available to many forensic analysts.

An alternative approach is to employ infrared spectroscopy (IR),
which is available in most crime laboratories. Infrared spectroscopy
may be readily applied to relatively pure, solid samples of the salts
of GHB (16,17). Unfortunately, this technique is not generally ap-
plicable to illicit solutions of GHB since isolation of the salts of
GHB from aqueous matrices is problematic (18). However, rela-
tively little attention has been given to the direct detection of the
free acid specie, possibly due to the misconception that the free acid
is not sufficiently stable to be isolated (or is too difficult to isolate)
from aqueous solutions (19). In fact, the liquid–liquid extraction
of the free acid specie has been exploited by one method for the
analysis of biological fluids (12); however, this aspect to the solu-
tion chemistry of GHB has received little detailed attention in the
forensic literature. The present study has examined the liquid–liquid
extraction of GHB at the higher concentrations typically encoun-
tered in illicit samples and found that the free acid may be collected
as a relatively pure substance from complex aqueous solutions. In
addition, GHB presents an infrared transmission spectrum that is
sufficiently distinct to serve as a means of identification. This ap-
proach allows for the direct identification of GHB recovered from
illicit aqueous samples by instrumentation familiar to most crime
laboratories without the need for derivatization. The infrared iden-
tification of the free acid of GHB and its liquid–liquid extraction
from aqueous solutions is examined in greater detail in this paper.

Methods and Materials

Recovery studies examining the efficiency of the liquid–liquid
extraction of GHB from aqueous solutions were conducted with
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several water-immiscible organic solvents and as a function of aque-
ous solution pH. The organic liquids included methyl and ethyl
acetate, diethyl ether, n-butanol, chloroform, and n-hexane. Aque-
ous solutions of GHB were prepared with the sodium salt of GHB
(NaGHB) at a concentration of 0.08 M (10 mg of NaGHB per mL).
The ionic strength of these solutions was established at approx-
imately 1 and 5 M by the addition of an appropriate amount of
NaCl. The solution pH was maintained with a dilute buffer system
at a formal concentration of approximately 0.1 M . The buffers em-
ployed were either composed of phosphate (for pH values 1.0, 2.0,
and 3.0) or bicarbonate (for pH values 4.0 and 5.0), where the pH
was adjusted by the addition of HCl or NaOH. The organic extrac-
tion solvents, buffer agents, and other chemicals were all of reagent
or higher grade. The sodium salt of GHB was acquired from Fluka
Chemical Company. The pH value was measured with a Beckman
model �32 pH meter.

Extraction entailed mixing an aliquot (3 to 5 mL) of the aqueous
test solution of GHB with an equivalent volume of the organic sol-
vent under study and vigorously shaking the two immiscible liquids
together for 30 s. Once the two liquid phases separated, the organic
extraction solution was physically removed (by Pasteur pipette) and
transferred to a new container. The extraction efficiency was deter-
mined by a quantitative analysis of the organic extraction solution,
whereby the organic solution was then mixed with an equal volume
of an aqueous solution buffered to a pH of 6.5 and shaken for 30 s.
This last step served to quantitatively extract GHB (greater than
99%) from the organic solution into an aqueous mobile phase suit-
able for quantitation by HPLC (20). The mobile phase consisted of
0.1 M sodium dihydrogen phosphate (NaH2PO4) and 0.005 M tetra-
butylammonium hydrogen sulfate (TBAS), adjusted to pH 6.5 with
NaOH. The quantitative measurements were made with a Hewlett-
Packard model 1090 HPLC, employing a Phenomenex Aqua col-
umn (250 mm in length, 4.60 mm internal diameter, 5-µm particle
size). The mobile phase was pumped at a flow of 1.2 mL per min
at a temperature of 30◦C. An ultraviolet diode array detector moni-
tored the elution of GHB and GBL at a wavelength of 202 nm with
a bandwidth of 6 nm. The quantitative method met a set of vali-
dation criteria that included linearity (linear response with correla-
tion coefficient greater than 0.998) and precision (relative standard
deviation less than 3%). The extraction studies were performed a
minimum of three times, and their quantitative results exhibited a
relative standard deviation of 10% or less.

Studies to isolate GHB and other similar hydroxy-carboxylic
acids entailed conducting a liquid–liquid extraction of the acids
from aqueous solutions with ethyl acetate. The acids were gen-
erated from the corresponding lactone compounds, since these
compounds are commercially available from Sigma-Aldrich Com-
pany. Specifically, the compounds included beta-propiolactone,
beta-butyrolactone, gamma-valerolactone, delta-valerolactone, and
GBL. A sample (50 mg) of each of the lactones was hydrolyzed in
aqueous solution (2 mL) by the addition of NaOH. Based on studies
of GBL (21), hydrolysis is rapid in strongly basic aqueous solutions
(pH > 12), occurring within a few minutes. After 15 min, the lac-
tone is completely converted into the dissolved sodium salt of the
corresponding hydroxy-carboxylic acid. The pH of the solution was
then adjusted with HCl to a value between 2 and 3 to convert the
carboxylate anion into the free acid specie (pH adjustment was sim-
ply monitored with pH test paper or strips). As a precaution, this
solution was extracted with chloroform to remove any residual lac-
tone that could be present. The aqueous phase was separated from
the chloroform by pipette and placed in a new container with ap-
proximately 1 g of NaCl. The contents were thoroughly mixed until
NaCl no longer dissolved into the aqueous solution. Approximately

10 mL of ethyl acetate was then introduced to the aqueous solution
and shaken vigorously for 30 s. The ethyl acetate extract solution
was isolated and passed over a column of anhydrous sodium sul-
fate to remove water that remained suspended or dissolved in the
solution. This solution was then evaporated on a steam bath under a
stream of air until ethyl acetate was no longer evident. A clear oily
residue remained, which was examined by infrared spectroscopy.
The residues were examined neat by placing a droplet between two
potassium bromide disks (25 mm in diameter, 5 mm in thickness)
and pressing the disks together to form a liquid film. The infrared
transmission spectra were collected as an average of 16 scans with a
Nicolet model Avatar 360 Fourier-transform spectrometer at 4 cm−1

resolution.
The free acid preparations of GHB and the other hydroxy-

carboxylic acids were further characterized by the preparation of
their TMS derivatives. A small sample (approximately 1 mg) of
the pure liquid residue was dissolved into chloroform. Approxi-
mately 50 µL of bis-(trimethylsilyl)-trifluoroacetamide (BSTFA)
with 1% trimethylchlorosilane (TMCS) was introduced to the chlo-
roform solution to prepare the TMS derivative. The BSTFA reagent
was acquired from Pierce Chemical. The solution was then exam-
ined by GC/MS to acquire the electron-impact mass spectrum for
the derivative compound. The GC/MS instrument consisted of an
Agilent model 6890 gas chromatograph fitted with an HP-1 capil-
lary column (12 m length, 0.20 mm internal diameter) containing a
cross-linked 1% phenyl methyl silicone stationary phase (0.33 µm
phase thickness). Helium was employed as the carrier gas with a
column flow of 1.0 mL per minute and a split vent flow of 50 mL
per minute (split injection mode with split ratio of 50:1). Detection
of the column eluant was made with an Agilent model 5973 mass
selective detector set to scan mass fragments from 40 to 400 amu.
The temperature of the GC inlet and the MS interface transfer line
were maintained at 250 and 280◦C, respectively. The GC oven tem-
perature was initially held at 70◦C for 1.2 min, increased to 280◦C
at 20◦C/min, and then held for 2.3 min (total program time 14 min).

Studies were also conducted to assess the stability of GHB iso-
lated as a pure substance, as well as in an ethyl acetate solution. The
free acid of GHB was prepared from GBL as described previously
for the infrared studies. The stability of the pure substance was mon-
itored by sampling small portions (3 to 6 mg) of the oily liquid as
the substance aged under ambient conditions (22◦C, approximately
50% RH). The samples were examined qualitatively by both IR and
HPLC to detect degradation of GHB. The stability of GHB in ethyl
acetate solution was also considered by preparing a stock solution
of GHB at a concentration of approximately 2 mg per mL. Aliquots
of this solution were periodically withdrawn as the solution aged at
room temperature, followed by evaporation of the sample to collect
the oily liquid residue. An HPLC analysis of the residue then served
to monitor GHB degradation, including GBL formation since the
HPLC method resolves GBL from GHB (20).

Lastly, the extraction of GHB from several familiar beverages
was examined. Samples of the beverages were spiked with NaGHB
at a concentration of 0.08 M [approximating the level commonly
encountered in illicit samples (19,21)]. An extraction scheme was
then applied to an aliquot (3 to 4 mL) of the spiked beverage after
the pH was adjusted to a value between 2 and 3 with HCl. The
aliquot was first extracted with approximately 5 mL of chloroform
to remove any neutral organic compounds that could be present.
This extraction step is also effective in removing any GBL that
may be present in equilibrium with GHB. The aqueous solution
was transferred to a new container, saturated with NaCl, and then
extracted with ethyl acetate (10 mL) by vigorous shaking. Once the
immiscible liquids separated, the ethyl acetate solution was isolated
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and passed through a column of anhydrous sodium sulfate. The ethyl
acetate solution was collected into a scintillation glass vial and the
solvent evaporated to recover the residue for infrared examination.

Results and Discussion

Solution Chemistry of GHB

The chemistry of GHB in aqueous solution is essentially de-
scribed by two equilibria. Since GHB is an acidic compound, the
free acid may dissociate into an anionic specie (GHB−) and a sol-
vated proton (H+):

(1)

The acid dissociation constant Ka for this process is estimated to
be near 2.5 × 10−5 L/mol−1 (or a pKa value of 4.6) (21). This
value implies that the free acid specie predominates over the anion
specie in acidic aqueous solutions of pH less than 4.0. At higher
pH, dissociation is favored and the anion becomes established to an
extent that the concentration of the free acid specie is negligible for
pH values above 7.0.

The free acid of GHB may also undergo further reaction and
convert into the corresponding lactone compound, GBL,

(2)

where GHB self condenses to form a cyclic ester. GBL is particu-
larly stable among the family of lactone compounds and therefore
plays an important role in the solution chemistry of GHB (19,21).
The rate of this reaction, however, is relatively slow in mildly acidic
solutions, and significant conversion of GHB into GBL requires a
time scale of several hours (or longer) for solutions of pH 2.0 or
greater. Consequently, the free acid specie of GHB is sufficiently
stable in moderately acidic solutions (2.0 ≤ pH ≤ 4.0) to allow its
separation from aqueous solutions by an extraction procedure.

The liquid–liquid extraction of GHB from aqueous solution may
be treated as a simple equilibrium of the free acid specie between
two immiscible liquid phases. This equilibrium is classically de-
scribed by a partition coefficient Porg,

Porg = [GHB]org ÷ [GHB]aq (3)

where the concentration of GHB in the organic liquid [GHB]org is
proportional to that in the aqueous solution [GHB]aq at equilibrium.
Since the anion GHB− does not partition to any significant extent
into most water-immiscible organic solvents, any appreciable parti-
tion of the free acid into the organic solvent may provide a basis for
a clean extraction of GHB. The efficiency of the extraction is then
determined by the magnitude of Porg for a given organic solvent.

Extraction of the Free Acid

To assess the effectiveness of a liquid–liquid extraction proce-
dure, a variety of water-immiscible organic solvents were employed
in the extraction of aqueous solutions of GHB at a pH of 2.0 and at
either a 1.0 or 5.0 M (saturated) concentration of NaCl. The results
of these tests are displayed in Table 1. The partition coefficient of

TABLE 1—GHB free acid extraction by several common organic solvents.
partition coefficient.∗

Solvent 1 M NaCl Saturated NaCl

Ethyl acetate 0.17 0.26
Ethyl acetate ∼0.3† ∼0.5†
n-butanol 0.78 0.96
Diethyl ether 0.065 0.11
Chloroform <0.005 <0.005
n-hexane <0.005 <0.005

∗ The partition coefficient Porg (defined by Eq 3) was measured following
extraction of an aqueous solution of GHB (initial concentration 80 mM) at
pH 2.0.

†Value of Porg is approximate due to significant water solubility within the
methyl acetate extract solution.

the GHB extraction varies widely among the solvents, ranging from
negligible to a value of nearly 1. The effectiveness of the solvents
to extract GHB is dictated by several chemical factors, although
the relative affinity of GHB to dissolve into a particular solvent is
a primary issue. For GHB, the solvating interactions are strongly
influenced by the potential of the solvent to hydrogen bond to GHB,
which largely favors solvation into aqueous solutions, and therefore
the extraction efficiencies of most of the organic solvents are rel-
atively low. However, some organic solvents perform significantly
better than others, which likely bears some relation to their respec-
tive functional groups. As shown in Table 1, the solvents with an
oxygen functionality demonstrated a higher capacity to extract GHB
from an aqueous solution. Specifically, n-butanol and the acetate
esters exhibited the greatest extraction of GHB among the solvents
considered. This is likely attributable to the hydrogen-bonding po-
tential of the hydroxyl or the carbonyl groups of these respective
solvents. In contrast, the purely hydrocarbon solvent of n-hexane
exhibited negligible extraction of GHB, as may be expected due to
its nonpolar character. Interestingly, chloroform also demonstrated
little affinity to extract GHB despite its significant polarity. This
finding suggests that the nature of the hydrogen bond formed with
oxygen-containing functional groups is more significant to the sol-
vation of GHB than the generic polar interaction presented by a
chlorinated hydrocarbon.

An appreciable enhancement of GHB extraction is observed upon
saturation of the aqueous solution with sodium chloride. This ef-
fect, due to an increase in the ionic strength of the aqueous solution,
derives from an increase in the activity coefficient of GHB. As a
result, the partition coefficient (as defined by Eq 3) only approxi-
mates the equilibrium constant and becomes more a function of the
solution ionic strength.

The magnitude of the partition coefficient observed for three of
the organic test solvents is sufficient to enable an effective extraction
of GHB for a qualitative analysis. However, some of the solvents
are not suitable for this methodology since a relatively volatile sol-
vent is necessary. Specifically, n-butanol has a normal boiling point
above 100◦C and is not readily evaporated on a steam bath. An-
other concern is the limited solubility of water in the extraction
solvent. Methyl acetate dissolves a detectable amount of water and
therefore leaves a particularly wet residue of GHB following evap-
oration of the solvent. Consequently, ethyl acetate was selected as
the most appropriate extraction solvent to recover GHB as a pure
residue.

The extraction of GHB was also examined as a function of solu-
tion pH. The recovery of GHB from an ethyl acetate extraction of
buffered aqueous solutions is shown in Fig. 1. Two sets of data are
presented, where the solution ionic strength was adjusted to 1 M
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FIG. 1—The GHB concentration of an ethyl acetate extract solution [GHB]EtOAc following from the equal volume extraction of an aqueous solution
of GHB (initial concentration 80 mM) as a function of the aqueous solution pH. Two aqueous solutions are considered: one solution composed of 1 M
NaCl (data points represented by +), the other solution saturated with NaCl (data points represented by ×). The GHB concentration in the extract solution
exhibits a pH dependence that correlates with the behavior predicted for the free acid specie (solid lines).

(1 M NaCl) and approximately 5 M (saturated NaCl). Both sets
of data exhibit a similar dependence on the aqueous solution pH,
where the greatest recovery of GHB is observed below a pH value
of 3. Above this pH value, the extracted GHB concentration steadily
decreases to the point where above pH 5 the recovery of GHB is
minimal. This functional dependence on solution pH appears to be
proportional to the concentration of the free acid specie as predicted
from the acid dissociation constant for GHB (21). This relationship
is illustrated by the solid lines plotted in Fig. 1, which are derived
from the calculated concentration of the free acid specie based on
the acid dissociation constant (2.5 × 10−5 L/mol−1) and partition
coefficients in Table 1. The one significant deviation from the cal-
culated recovery occurs at a solution pH of 1.0. This effect is likely
due to lactonization of GHB (Eq 2), which is sufficiently fast at pH
1.0 that detectable reaction may occur over the time period of the
extraction procedure (i.e., several minutes) (21).

The free acid specie of GHB may be collected as a relatively
pure residue by the evaporation of the extraction solvent under a
stream of air and with gentle heating over a steam bath. A colorless,
viscous liquid remains once ethyl acetate is removed. The stabil-
ity of this form of GHB under ambient conditions was considered
by examining preparations of the free acid as a function of time.
Studies by IR indicated that the free acid slowly degrades to GBL,
as evident by the appearance of several weak spectral features (ab-
sorption peaks near 1770, 1170, 1036, and 992 cm−1) attributable to
the formation of the lactone. The lactone features were not initially
detected for several hours following evaporation of ethyl acetate,
although these peaks intensified over a period of several weeks as
the liquid aged at room temperature. HPLC analysis of samples
taken from the free acid preparation confirmed the slow formation
of GBL, where approximately 3% of the GHB converted into GBL
after the first day. This conversion is not observed in solutions of
the free acid in ethyl acetate for over several weeks at room temper-
ature. Upon evaporation of the solvent, however, equilibrium with
an ambient atmosphere apparently allows for the release of water
and thereby favors the condensation of the free acid into GBL (this
conversion may be additionally driven by the affinity of pure GHB
to absorb water and generate a dehydrating environment in the pure
liquid). Heating the free acid also activates this reaction, and so
excessive heating of the free acid residue was avoided following
solvent evaporation. IR studies detected degradation of the pure
liquid after heating on a steam bath for approximately 30 min.

Infrared Identification of the Free Acid

The infrared transmission spectrum of the GHB residue collected
from the evaporation of ethyl acetate extraction solutions is dis-
played in Fig. 2 along with the spectra of GBL and NaGHB. In
contrast to the spectra of the lactone and the sodium salt, relatively
broad absorption peaks characterize the spectrum of GHB. This
general appearance is consistent with that expected for GHB, where
strong intermolecular (and likely intramolecular) hydrogen bonds
occur among the carboxylic and hydroxyl groups of the molecule in
a condensed state (22,23). Several of these features overlap with the
absorption bands of ethyl acetate, although the neat infrared spec-
trum of ethyl acetate also exhibits a strong, sharp peak (1372 cm−1)
and several weaker peaks (845, 632, and 606 cm−1) that are absent
in the spectrum of GHB, indicating any residual ethyl acetate is
minimal in this manner of preparation. One prominent feature of
the spectrum is the strong absorption peak at 1709 cm−1 due to
the carbonyl-stretching mode. The position of this peak occurs at
a lower wave number than the corresponding peak in the lactone
spectrum (1770 cm−1), a general effect observed among carboxylic
acids due to a weakening of the carbonyl bond from hydrogen bonds
in the condensed state (22). This effect is amplified in the crystalline
state of the sodium salt due to the formation of the carboxylate an-
ion, where delocalization of the carbonyl pi-bond further lowers the
stretching frequency of the carbon–oxygen bond (1560 cm−1).

Another strong feature of the spectrum of GHB is the broad ab-
sorption envelope between 3600 and 2400 cm−1. This absorption
band primarily arises from the hydrogen-stretching modes of the
hydroxyl and carboxyl groups, which is extremely broadened by hy-
drogen bond formation (23). Typically, a carboxylic acid presents a
broad band centered near 3000 cm−1 due to a dimer arrangement in
the condensed state, where the carboxylic groups of two molecules
form a symmetric pair of hydrogen bonds. In GHB, a hydroxyl group
also contributes a broad band near 3400 cm−1, which together with
the carboxyl mode accounts for the strong and broad absorption
over this region. The smaller absorption feature at 2956 cm−1 is
due to the carbon-hydrogen stretching motions.

The remaining features of the GHB spectrum are largely at-
tributable to other modes of the carboxyl and hydroxyl groups. This
includes the broad absorption feature between 1450 and 1150 cm−1

(assignable to both the in-plane deformation of the carboxyl hy-
drogen and stretching of the carbon–oxygen bond in the carboxyl
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FIG. 2—Infrared transmission spectra (4 cm−1 resolution) for gamma-
hydroxybutyric acid (neat between KBr disks), gamma-butyrolactone (neat
between KBr disks), and sodium gamma-hydroxybutyrate (powder dis-
persed in a KBr matrix).

group) and the single strong peak at 1055 cm−1 (due to the stretching
mode of the carbon–oxygen bond of the terminal hydroxyl group).
The series of weaker peaks below 1000 cm−1 derive from out-of-
plane deformation modes of both the carboxyl and hydroxyl hydro-
gen atoms, since these bending motions become viable vibrations
in a hydrogen-bonded condensed state (24). These bending motions
are expected to absorb between 950 and 900 cm−1 for the carboxyl
group and near 650 cm−1 for the hydroxyl group.

The general appearance observed for the infrared transmission
spectrum of GHB is quite similar to that observed for some
other short-chain hydroxy-carboxylic acids that may be regarded
as analogues of GHB. The spectra for delta-hydroxyvaleric (5-
hydroxypentanoic) acid and beta-hydroxypropionic (3-hydroxy-
propanoic) acid are shown in Fig. 3 alongside GHB (4-hydroxy-
butanoic acid). All three compounds possess a terminal hydroxyl
group and only differ by the length of the carbon chain in
their molecular structure. The three spectra display the prominent
carbonyl-stretching band (approximately 1710 cm−1) and broad ab-
sorption envelope (between 3600 and 2400 cm−1) that are charac-
teristic of a hydrogen-bonded carboxylic acid. Similar absorption
features are also present throughout the remaining spectrum, al-
though some distinguishable differences are evident. Interestingly,

FIG. 3—Infrared transmission spectra (4 cm−1 resolution) for gamma-
hydroxybutyric acid, delta-hydroxyvaleric acid, and beta-hydroxypropionic
acid, each examined neat between KBr disks.

these differences are most apparent with the pattern of bands within
the region between 1000 and 800 cm−1, which are attributable to
the out-of-plane deformation of the carboxyl hydrogen. Hydrogen-
bonding interactions in the condensed state may produce these spec-
tral differences since the geometry of the interactions may be in-
fluenced by the skeletal structure of these molecules (including the
length of the carbon chain) (24). In theory, these effects may ap-
ply to any of the vibrational modes of the carboxyl or hydroxyl
hydrogen atoms, although, depending upon the relative strength of
the interactions, some vibrational modes may be more sensitive
than others. The out-of-plane deformations of the carboxyl hydro-
gen may also appear the most distinctive since their absorption in
the spectral region between 1000 to 800 cm−1 does not coincide
with other stronger absorption bands, which is an issue with many
of the other modes.

As a further comparison, the spectrum of GHB is shown with
those of gamma-hydroxyvaleric (4-hydroxypentanoic) acid and
beta-hydroxybutyric (3-hydroxybutanoic) acid in Fig. 4. Unlike
GHB, the hydroxyl group for both of these compounds is attached
to the carbon chain at the site adjacent to the terminal carbon. As
a result, a secondary alcohol with a terminal methyl group charac-
terizes their molecular structures. The infrared spectra reflect this
difference in structure with some additional features to the generic
pattern of bands observed in Fig. 3. Specifically, a pair of peaks
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FIG. 4—Infrared transmission spectra (4 cm−1 resolution) for gamma-
hydroxybutyric acid, gamma-hydroxyvaleric acid, and beta-hydroxybutyric
acid, each examined neat between KBr disks.

occurs between 1150 and 1000 cm−1, where before a single peak
was observed. The appearance of a band at a higher wave number
is consistent with the carbon–oxygen stretching mode of a sec-
ondary alcohol (22). Small but significant changes to the shape of
the broad absorption envelope between 1450 and 1150 cm−1 are
also apparent, likely due to the carbon–hydrogen deformations of
the terminal methyl group. Significant differences in the pattern
of peaks between 1000 and 800 cm−1 are also observed. All five
spectra in Figs. 3 and 4 are therefore distinguishable in spite of
a general similarity over much of the mid-infrared region. Given
these observations, the infrared spectra of the free acid of GHB and
other potential analog compounds appear suitably distinct for the
purpose of identification.

The identity of the free acid preparations of GHB and the other
hydroxy-carboxylic acids was further confirmed by the preparation
of their TMS derivatives. The GC/MS analysis of the derivative
preparations showed the presence of a compound consistent with the
di-substituted TMS derivative for each of the hydroxy-carboxylic
acids. The mass spectrum observed for the free acid preparation of
GHB exhibited the same prominent mass fragments reported previ-
ously for GHB (10). The mass spectra for all five of the derivative
compounds displayed a base peak with a mass-to-charge ratio (m/z)
of 147 amu, commonly observed for di-substituted TMS derivatives.
Each of the spectra also exhibited a prominent mass fragment with

an m/z value consistent with M-15, where M is the molecular mass
of the di-substituted TMS derivative. Specifically, this mass frag-
ment observed in the respective spectra was 219 amu for the beta-
hydroxypropionic acid derivative (M = 234 amu), 233 amu for the
beta- and gamma-hydroxybutyric acid derivatives (M = 248 amu),
and 247 amu for the gamma- and delta-hydroxyvaleric acid deriva-
tives (M = 262 amu). The M-15 mass fragment (due to the loss of a
methyl group) is recognized as a prominent feature of TMS deriva-
tive mass spectra, since the molecular ion is often too weak for
detection (10). Notably, the mass spectra of all five TMS derivative
compounds exhibited mass fragmentation patterns that are readily
distinguishable from one another.

Extraction of the Free Acid from Familiar Beverages

The liquid–liquid extraction of GHB was examined for a vari-
ety of beverages using ethyl acetate as the extraction solvent. The
beverages included familiar carbonated soft drinks (Coca-Cola R©,
Sprite R©), sport drinks (Gatorade R©), fruit juices (cranberry, orange)
and alcoholic drinks (vodka, rum, beer, wine). In spite of the com-
plexity of many of these aqueous matrices, the extraction scheme
(see Materials and Methods) proved effective at isolating the free
acid in a relatively pure form from all the beverages. This obser-
vation is illustrated in Fig. 5, where the infrared spectra for two

FIG. 5—Infrared transmission spectra (4 cm−1 resolution) for gamma-
hydroxybutyric acid and residues extracted from two spiked beverages
(Coca Cola R© and red wine), each examined neat between KBr disks.
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examples are shown with the spectrum of GHB. For several of
the beverages (soft drinks, cranberry juice, vodka, rum, beer), the
spectra exhibited good agreement with that of the free acid (by
an overlay comparison) as illustrated by the case of a soft drink
(Coca-Cola R© ) in Fig. 5. The extraction from some other beve-
rages (some sport drinks, orange juice, red wine) gave spectra that
were readily recognizable as composed of the free acid but dis-
played some weak spectral features that deviated from that of the
free acid. The most significant differences were observed with red
wine, as shown in Fig. 5. The deviations are presumably due to
the extraction of one or more ingredients that compose the beve-
rages, albeit at a low concentration relative to the amount of GHB
present.

The infrared identification of GHB via the extraction scheme is
dependent upon the appreciable concentration of GHB (0.08 M)
introduced into the beverages. The extraction is applicable to solu-
tions of much lower concentrations, as has been demonstrated with
biological fluids with GHB concentrations below 0.1 mM (12).
However, at GHB levels less than 0.01 M , the actual quantity of
GHB collected by this extraction scheme (less than 1 mg) may be-
come impractical for an infrared analysis. For these cases where
the extract residue is of insufficient quantity or not suitably pure
to identify by infrared spectroscopy the extraction still serves to
separate GHB from the original aqueous solution for an alterna-
tive analysis. This manner of preparation is particularly suited for
derivatization techniques that require a solvent that is nonprotic.
As discussed earlier, the TMS derivative may be readily prepared
from the free acid preparation and identified by GC/MS. The liquid–
liquid extraction of the free acid and subsequent TMS derivatization
is commonly practiced in this laboratory as a complementary test
for the identification of GHB.

It should be noted that an essential step to this extraction scheme
is the preliminary extraction of the aqueous sample with chloroform
(or methylene chloride). This step may not only remove some ex-
traneous organic components of the beverage, but also effectively
removes any GBL that may be present in equilibrium with GHB.
The level of GBL may be highly variable in illicit preparations,
depending upon a variety of factors, including whether the solu-
tion was initially spiked with GBL or a GHB salt, the solution pH,
and age of the solution. GBL may also convert to GHB follow-
ing adjustment of the sample to an acidic pH, although the rate of
conversion is very slow for a solution pH between 2 and 3 (con-
version of 1% GBL into GHB is estimated to require an excess of
1 h (21)). Therefore, a preliminary extraction of the sample with
chloroform is recommended to eliminate the possibility of a false
positive detection of GHB.

Conclusions

In summary, GHB may be readily extracted from aqueous solu-
tions as the free acid specie, which offers a reasonably rapid and
simple means of detecting GHB that does not require conversion to
GBL. The liquid–liquid extraction is not a quantitative separation
because the partition coefficient observed for some appropriate or-
ganic solvents ranges from 0.1 to 0.5. The extraction, however, is
sufficient for most qualitative analyses since the concentration of
most illicit solutions is adequate to acquire a suitable quantity of
GHB.

A comparison of the infrared transmission spectrum of GHB with
that of other similar hydroxy-carboxylic acids reveals spectral dif-
ferences that are suitably distinct to allow an unambiguous identifi-
cation of GHB. When applied to several familiar beverages spiked

with GHB, the liquid–liquid extraction technique was effective at
isolating GHB as a relative pure substance. The infrared spectrum
of this residue was suitable for infrared identification in several
examples, but not for all aqueous matrices. In these latter cases,
the extraction is still an effective means to separate GHB from the
aqueous matrix for analysis by other techniques. The liquid–liquid
extraction is also applicable to analog compounds of GHB (other
short-chain, hydroxy-carboxylic acids), which may also be subject
to abuse (25).
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