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Abstract

A fast derivatization procedure, carried out directly on agueous solutions of highly hydrophilic substances, has been
modified and improved in order to determine amino alcohols, hydroxylamines, aminophenols and other aminic substances in
water. Aqueous samples were mixed with n-hexyl chloroformate under sonication and subsequently added to the catalyst, a
saturated pyridine solution of dicyclohexylcarbodiimide. The n-hexane extracts were analyzed by GC—MS in the positive
chemical ionization mode. Detection limits on the non-concentrated extracts (1:1, v/v vs. the sample) were in the 10-100
rg/l range, depending on the analyte. [0 1998 Elsevier Science BYV.
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1. Introduction

The analytical determination of small and highly
hydrophilic compounds in water is usualy difficult,
since they generally do not contain chromophores for
direct HPLC—photometric or fluorimetric detection,
they can not easily be extracted from the agueous
matrix and their direct derivatization in water is
prevented by fast hydrolysis of most derivatizing
agents. Typical examples of such molecules are
hydroxylamine, hydrazine, ethylene glycol and malic
acid.

Derivatization with alkyl chloroformates of akyl
carboxylic acids [1,2], 2-hydroxy-alkyl carboxylic
acids [3-5], phenalic acids [6] proved to be efficient
even in the presence of moderate amounts of water

* Corresponding author.

in the reaction solvent. More recently, we demon-
strated [7] that the direct derivatization of (poly)hy-
droxy-(poly)carboxylic acids, glycols and polyhydro-
xybenzenes is achievable in pure agueous solutions,
provided that an hydrophobic chloroformate is used,
such as n-hexyl chloroformate, whose hydrolysis
kinetics is slowed by the poor solubility of the
derivatizing agent in water. The derivatization with
n-hexyl chloroformate alowed us to detect a large
variety of highly hydrophilic substances even at trace
levels and in complex matrices such as wine [8],
salty water [7] and river water [9]. All the deriva
tives could be extracted in n-hexane and determined
by gas chromatography—mass spectrometry (GC—
MS) in the chemical ionization (Cl) mode (positive
ions) at the 100 wg/l level.

Besides hydroxylic and carboxylic derivatives, the
amine group also proved to be susceptible to de-
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rivatization by alkyl chloroformates [10-13]. Actual-
ly, most of the analytical applications of derivatiza-
tions with alkyl chloroformates, for GC or GC-MS
detection, have been devoted to the determination of
amino acids [14-18]. More recently, many analytical
determinations of amino acids and amines in a
variety of matrices are routinely carried out by
derivatization with 9-fluorenylmethyl chloroformate
or 1-(9-fluorenyl)ethyl chloroformate, followed by
HPLC analysis with fluorimetric detection [19-28].
Occasionally, derivatization of amines and amino
acids has been accomplished by using trichloroethyl
[29], 2,2,2-trifluoroethyl [30] and pentafluorobenzyl
[31,32] chloroformates. We also had preliminary
evidence that the amine group could be derivatized
by n-hexyl chloroformate when we determined two
hydroxycarbamates in aqueous matrices [9].

In the present work, we subjected a number of
aminophenols, amino alcohols, hydroxylamines and
some other small amines (aniline, hydrazine) to the
derivatizing procedure with n-hexyl chloroformate
formerly described [7]. As the reaction yields ap-
peared to be quite low for some of the compounds
tested, and a few of them did not undergo de-
rivatization at al, we reconsidered the procedure
steps and the experimental parameters involved, and
introduced two fundamental modifications to the
method, that substantially increased the derivatiza-
tion yields (by factors of 10 to 100), allowing the
determination of almost al the compounds tested at
the 100 wg/l level or below. The modifications of
the method proved to be beneficial also for the
determination of the analytes previously considered
[7] (especidly for glycols and polyhydroxybenzenes)
whose detection limits could be substantially re-
duced.

2. Experimental
2.1. Materials

n-Hexyl chloroformate (97%), pyridine, 2-amino-
ethanol, 3-aminopropanol, aniline, o-, m- and p-
aminophenols, hydrazine, N-methyl- and O-
methylhydroxylamine, N,N-dimethylhydroxylamine,
N-phenylhydroxylamine,  acetohydroxamic acid,
ethyl carbamate, hydroxyurethane, n-hexane, di- and

triethylene glycols and methoxyethoxyethanol were
purchased from Aldrich (Steinheim, Germany). Hy-
droguinone and hydroxylamine were from Merck
(Darmstadt, Germany). Ethylene glycol was from
Carlo Erba (Milan, Italy). N,N-Dicyclohexylcar-
bodiimide was from Fluka (Buchs, Switzerland).

2.2. Derivatization procedure

Concentrated agueous solutions (1 g/l) of each
standard analyte were prepared using bidistilled
water. Analytical solutions with concentrations rang-
ing from 300 ng/I to 30 mg/l were freshly prepared
before the experiment by progressive dilution with
bidistilled water of the concentrated solutions.

A 300-p! volume of analytical agueous solution
was introduced into a 1-ml conica flask and trans-
ferred into an ultrasonic bath (Branson, model 2200)
maintained at 30°C. n-Hexyl chloroformate (15 wl)
was added during sonication. Then, 30 pl of a
pyridine solution of N,N-dicyclohexylcarbodiimide
(400 g/1) were added with a microsyringe, while
maintaining the mixture under ultrasonic shaking.
The reaction was alowed to proceed for 60 s and
then 300 wl of n-hexane were added. The ultrasonic
bath was switched off after a further 60 s, and the
two phases were alowed to separate. One pl of the
hexane layer was immediately injected into the GC—
MS instrument for the analysis. In a few experi-
ments, the hexane extract was separated and concen-
trated up to 30 timesin a conical vial under a stream
of nitrogen, leaving a pyridine solution.

2.3 Instrumentation and analysis

Two different GC-MS instruments were utilized.
A Finnigan-MAT 95Q (Bremen, Germany) hybrid
mass spectrometer, with BEQ geometry, was
equipped with a Varian 3400 gas chromatograph
(Palo Alto, CA, USA). The ions were collected at the
first dynode-electron multiplier detector, located after
the magnetic and electrostatic analyzers. The mag-
netic mass analyzer was utilized under continuous
scanning, but the mass range and the scan speed
were regulated according to the aim of the analysis.
Qualitative investigations were typically run using a
large mass range, while for target quantitative de-
terminations short and frequent scans around the
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ion-mass of interest were utilized (for example, 50—
200uin 05 59).

Positive chemical ionization (Cl) conditions were
established by admitting isobutane in the ion source,
as the reagent gas, at a pressure of 50 Pa (0.5 mbar).
With this pressure, the ratio between m/z 57 and m/z
43 peaks was 10:1. The electron energy was set to
200 &/ and the electron current to 0.2 mA. The
resolution was set to m/Am 1000 (5% valley) and
the ion source temperature to 220°C. The Varian GC
system was equipped with a bonded-phase DB-5-MS
(5% diphenyl dimethyl siloxane) capillary column
(J&W, Folsom, CA, USA), 30 mx0.25 mm I.D.,
0.25 pm film thickness. A 1-pl volume of sample
was introduced in the split/splitless injector, kept at
300°C and working in the splitless mode for 30 s.
The carrier gas (helium) inlet pressure was main-
tained constant at 13 p.si. (=90 000 Pa) The oven
temperature was programmed as follows: isothermal
at 50°C for 3 min, from 50°C to 300°C at 20°C/min
and held at 300°C for 10 min.

The second GC—-MS instrument used was a Hew-
lett-Packard HP 5972 quadrupole mass detector, with
a HP 5890 Series Il Plus gas chromatograph. This
instrument was used for quantitative determinations
only and, therefore was programmed in the selected
ion monitoring mode, using each time the mass
signals typical for the specific analyte tested. Positive
Cl was achieved using again isobutane as the reagent
gas. Since actual pressure reading was not available,
ionization conditions identical to those of the mag-
netic instrument, were obtained by adjusting the
isobutane pressure so as to get a 10:1 abundance
ratio between m/z 57 and m/z 43 ions. The electron
energy was set at 70 e/ and the electron current at
0.05 mA. An HP5-MS capillary column was used,
having features similar to those of the J&W column
previously described, except for the internal diam-
eter, which was 0.21 mm. Also the oven temperature
programming was the same as described above, but
not the injection and carrier gas pressure conditions.
Splitless (60 s) injection was performed under pres-
sure pulse programming, by keeping the carrier gas
inlet pressure at 30 p.si during the splitless time.
Subsequently, the pressure was lowered to about 10
p.s.i. and then gradually increased, so as to maintain
a constant gas flow (1.0 ml/min) during the entire
oven temperature programming. These conditions

assured more efficient sample injection into the GC
column and produced slightly shorter retention times.

3. Results and discussion

3.1. Applicability of the method with the improved
procedure

In our previous papers [7-9] the derivatization
with n-hexyl chloroformate was directly applied to
aqueous solutions of (poly)hydroxy-(poly)carboxylic
acids, polyhydroxybenzenes, glycoals, and two carba-
mates. Hydroxylic and aminic groups react with
n-hexyl chloroformate by eliminating one molecule
of HCI, yielding carbonates and carbamates, respec-
tively. In the derivatization of the carboxylic group
n-hexyl esters are produced, either by elimination of
CO, from an n-hexyl anhydride intermediate or,
more likely [17], by reaction of the same inter-
mediate with n-hexyl acohol (formed from the
hydrolysis of chloroformate). The three overall re-
actions are schematized as follows:

R-OH + CI—COOCgH;y —= R—O—CO—OCgHy + HCI

R\ R\
gONH + CI—COOCeHyy —= _N-CO—OCHy + HCI

R—COOH + CI—COOCgH;; —= R—COOCgH;; + HCl + CO,

Unlike shorter alkyl chloroformates, n-hexyl chlo-
roformate derivatized compounds containing a
combination of the preceding functional groups in a
purely aqueous medium. Even though the unequivoc-
al reasons for this different behavior have not been
demonstrated, it can be advanced that the kinetics for
the hydrolysis of the n-hexyl chloroformate are
substantially slower than that for the other chloro-
formates, given its low solubility in water. This
provides more time for the analytes to react at the
interface between the two separated phases (water
and n-hexyl chloroformate, the latter acting also as
an extraction medium for the derivative). In any
case, n-hexyl chloroformate is finally hydrolyzed
itself, yielding di-n-hexyl carbonate as the main
reaction byproduct, as verified by GC-MS. The
derivatization yields for the various analytes are
likely to depend on the relative kinetics for the two
competing reactions, namely the derivatization of the
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analyte and the hydrolysis of the chloroformate, as
proved by Ahnfelt and Hertvig [33], even though in
the absence of the pyridine catalyst.

While the applicability of the derivatization pro-
cedure to a variety of highly hydrophilic compounds
carrying a combination of hydroxylic and carboxylic
functional groups has been considered, in the present
study we explored the applicability of the same
procedure to substances carrying one or more aminic
groups in combination with other substituents. To
this purpose, we determined several aminophenols,
amino alcohols, hydroxylamines and some other
functionalized amines, listed in Table 1.

Standard solutions of each of the substances listed
were derivatized according to the procedure de-
scribed in Ref. [7]. While some of the aminic
compounds considered appeared to react very effi-
ciently producing a high abundance of the deri-
vatization product (as determined by GC-MS in
positive ion chemical ionization), others failed to
exhibit in the chromatographic profile any peak
which could be positively attributed to a derivatiza-
tion product. Thus, the influence of a change in the
experimental parameters (temperature, pH, presence
of co-solvents or co-catalysts, amount of the catalyst

and the derivatizing agent) was re-evaluated using
the unreactive compounds together with other com-
pounds, on which experience was gained in the
course of the preceding studies [7—9]. Details of this
study are reported elsewhere [34].

The exact reaction yields cannot be determined,
since authentic standards for the derivatization prod-
ucts are not available. However, approximate re-
action yields could be estimated by the size of the
GC peak for the derivatization product relative to
that of a structurally similar compound of known
concentration [7]. The relative derivatization yields
for isomeric analytes (i.e, o-, m- and p-amino-
phenol) are also easily obtained.

Among the experimental parameters which proved
to have an unequivocal effect on the derivatization
efficiency, only two of them provided a significant
and generalized improvement of the reaction yield
for al the analytes tested. These are (1) the addition
to the pyridine of a small amount of dicyclohex-
ylcarbodiimide (DCC), acting as co-catalyst for the
reaction and (2) the inversion in the order of
introduction of the reagents into the reaction flask.

DCC is a common dehydrating and coupling agent
in organic synthesis, where it plays an active role in

Table 1

Analytes tested, grouped in four classes, and their chemical structures — useful derivatization products were obtained for al analytes, except
ethyl carbamate

Analyte Structure Useful ions
Amino alcohols

2-Aminoethanol NH,—CH,—CH,—OH 172 (318)
3-Aminopropanol NH,—-CH,—CH,—CH,—OH 186 (332)
Aromatic amines

Aniline 222
0-Aminophenol 264, 494
m-Aminophenol 264 (366)
p-Aminophenol 264 (366)
Hydroxylamines and hydrazine

Hydroxylamine NH,—OH 418
N-Methylhydroxylamine CH,—NH-OH 304
O-Methylhydroxylamine NH,—O—-CH, 176
N,N-Dimethylhydroxylamine (CH,),N-OH 190
N-Phenylhydroxylamine Ph—NH-OH 264 (366)
Hydrazine NH,-NH, 289
Carbamates and amides

Acetohydroxamic acid HO-NH-CO-CH, 332, 204

Ethyl carbamate (urethane)
Hydroxyurethane

NH,—COO-C,H,
HO-NH—-COO-C,H, 362
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the elimination of small molecules, such as water or
HCl [35]. The similarity between some of these
syntheses [35] and the present derivatization re-
actions suggested testing DCC as a co-catayst, by
dissolving it in the usua catalyst (pyridine). This
innovation permitted the derivatization of analytes
reluctant to react under the previous conditions (for
example N,N-dimethylhydroxylamine) and produced
a significant and generalized improvement of the
derivatization yields. The extent of such improve-
ment is evidenced in Table 2, where the increment of
the analytical signal is calculated by the ratio of
integrated GC peaks obtained by the new and the old
procedures, in consecutive and replicated experi-
ments.

In the published procedure [7], the chloroformate
was introduced after the catalyst, under sonication,
and just before the extraction solvent. The second
innovation consisted of introducing into the reaction
flask first the agueous sample solution, secondly the
chloroformate, and lastly (under sonication) the
catalyst. Then, the reaction products were extracted
in n-hexane. This inversion produced a drastic
improvement in the derivatization yields and their
increased reproducibility. It also demonstrated that
neither the derivatization nor the hydrolysis of the
chloroformate proceeds until the catalyst is added.
The reason for this improvement is likely to be a
closer and more homogeneous contact between the
aqueous and the organic phases at the moment when
the reaction takes place. This is evidently an im-

Table 2

Ratio (Rpccpy/Rp,) between the integrated GC peaks of the
derivatives in consecutive experiments where, respectively,
dicyclohexylcarbodiimide (DCC) was added or not added to the
pyridine catalyst

Analyte Rocc.py/Rey
0-Aminophenol 5x1
m-Aminophenol 80+9
p-Aminophenol 32+7
Aniline 20+3
Hydroxylamine 35+5
N,N-Dimethylhydroxylamine 0
Hydroquinone 4+1
Ethylene glycol 10+3
Diethylene glycol 5+1
Triethylene glycol 8x1
M ethoxyethoxyethanol 120+23

portant factor for a reaction occurring at the inter-
face.

For several analytes, the combined effect of the
two innovations made the derivatization yields in-
crease by two orders of magnitude, resulting in
detection limits in the low g/l range, after con-
centration of the extracts. Once implemented, the
modified procedure was applied again to the com-
plete range of compounds listed in Table 1, at
different concentrations. It turned out that al aro-
matic amines, hydroxylamines and amino alcohols
were efficiently derivatized and the reaction products
could be easily detected in the GC trace even at low
analyte concentration.

Among the remaining anaytes tested, hydroxy-
urethane, acetohydroxamic acid and hydrazine un-
derwent derivatization with high yields, while
urethane failed to exhibit any useful derivatization
product in the GC profile. The reactivity difference
between urethane and hydroxyurethane, whose struc-
tures are very similar, is likely due to the electron-
donor hydroxylic substituent which activates the
derivatization of carbamic hydrogens.

3.2, Mass spectra and ion chromatograms

It has been observed [7] that electron impact (EI)
mass spectra are of little use in the identification and
detection of the n-hexyl chloroformate derivatization
products, since the presence of rather weak bonds in
the structure of the derivatives generally brings about
an extensive and unspecific fragmentation. Also
flame ionization detection (FID) is not ideal, since a
series of derivatization by-products
[(CO),(OC¢H,;),] tend to make the GC profile
rather complicated. In contrast, gas chromatography—
(positive ion) chemical ionization mass spectrometry
(GC—CI-MS) proved to be the detection method of
choice for these compounds. The number and identi-
ty of the derivatives produced by each analyte were
determined by varying the analyte concentration. All
the GC peaks whose abundance varied proportionally
to the concentration could be positively identified as
derivatives. Even if most of the anaytes were
converted to only one product, in a few cases two
derivatives with a different number of substituted
hydrogens were formed. For example, thisis the case
for the amino alcohols (2-aminoethanol and 3-
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aminopropanol), which produced both the mono- and
the bi-derivatized products in approximate 40:60
yields (a constant ratio for the entire calibration
range), as deduced by the intensity of the two GC
peaks.

For analytical purposes, the polysubstituted de-
rivatives are more vauable because their higher
molecular mass and GC retention time make them
generally less subjected to interferences. The CI-MS
mass spectrum of the bi-derivatized product of 3-
aminopropanol is depicted in Fig. 1a. The protonated
molecular ion is evident at m/z 332, but it is not the
one exhibiting the largest abundance. Severa frag-
ment ions are present in the spectrum: the peak at
m/z 230 corresponds to neutral loss of 1-hexanol
from the protonated molecular ion; the one at m/z
186 (base peak) is likely to originate from m/z 230
by aloss of CO,; the peak at m/z 102 corresponds to
1-hexanol and m/z 85 is the n-hexyl radical ion. This
extensive fragmentation is relatively common for Cl
mass spectra of the n-hexyl chloroformate deriva
tives obtained by using isobutane as the reagent gas.
The fragmentation can be drasticaly reduced by
using ammonia as the reagent gas [8], but the
sensitivity is generally lower than with isobutane.

The results obtained for the derivatization of the
three aminophenol isomers are quite peculiar. While
m- and p-aminophenols yielded the N,O-bisubsti-
tuted derivative as the main product and small
amount of the mono-derivative, o-aminophenol gave
some percentage (=25%) of the tri-substituted de-
rivative and large abundance of a more complex
product, likely arising from the bi-derivative by the
loss of a n-hexanol molecule. For o-aminophenol the
following overall reaction can be proposed:

OH O,
COOCH, 3
+ CI-COOCGH;; —= =0 +
N _COOCgH,3
NH, \ N

COOCgH43 (ltoocﬁHﬂ
75% 25%

As the cyclic derivative is produced in constant
and very high yield, it can be conveniently used for
the analytical determinations. Low detection limits
(see below) could be obtained, using its protonated
molecular ion at m/z 264, amost a unique signal in
the Cl mass spectrum. The same ion also represents
the base peak in the mass spectra of m-aminophenal,
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Fig. 1. Positive Cl mass spectra (recorded by the magnetic
instrument) of the derivatization products obtained from different
analytes. (@ 3-Aminopropanal; (b) o-aminophenol; as the proton-
ated molecular ion is an even-electron species, fragmentation takes
place by loss of neutral molecules accompanied by transposition
of one hydrogen atom, such as losses of COOC.H,, (128),
CeH,,0H (102) and C¢H,, (84). (c) Hydroxylamine; protonation
at the nitrogen atom activates the dissociation of both N—C and
N-O bonds with transposition of one hydrogen atom, corre-
sponding to neutral losses of COOCiH,, (m/z 290) and
OCOOCgH,, (m/z 274), respectively.
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p-aminophenol and N-phenylhydroxylamine bi-sub-
stituted derivatives. Therefore, the same ion chro-
matogram (m/z 264) (Fig. 2) can be utilized for the
detection of the all aminophenol isomers and N-
phenylhydroxylamine, even if the more compact
chemical structure makes the GC retention time for
the o-aminophenol derivative (tx=14.12 min) con-
siderably shorter than that for m- and p- amino-
phenol (t;=18.10 min and t;,=18.28 min, respec-
tively, under the present experimental conditions)
and N-phenylhydroxylamine (t; =16.38 min) bi-sub-
stituted derivatives ((MH] " m/z 366). From Fig. 2 it
is evident that, besides m/z 264, also the protonated
molecular ion [MH] " (m/z 494) of o-aminophenol
tri-substituted derivative can be utilized for the
analytical determination of such compounds, despite
the incomplete (25%) conversion yield. To compen-

m/z 264
1007 0-AP 51x107
507
PhH p-AP 0-AP
1 LA
1007 m/z 366 [37x10°
501
1007 m/z 494 —2_2x107
sol
1007 Ric 0-AP '2.3)(109
501 0-AP
PhH p-AP L
. Lok
4 15 16 17 18 19 20 min.

Fig. 2. Reconstructed total ion current (RIC) and reconstructed ion
chromatograms (m/z 264, 366 and 494) obtained from an experi-
ment where a 30 mg/l mixture of phenylhydroxylamine, o-
aminophenol and p-aminophenol was derivatized. The magnetic
mass analyzer was continuously scanned from m/z 150 to m/z
560. Besides the derivatization products, in the RIC trace are
evident some pesks relative to chloroformate byproducts. The
numbers on the right side of GC traces are ion current counts, an
arbitrary scale proportiona to the intensity of the signal.

sate this effect, good sensitivity is assured by the
small chance of chemical interferences from reaction
byproducts in both the high mass and the high
retention time, as is evident from Fig. 2. In par-
ticular, the mass spectrum of o- aminophenol tri-
derivative (Fig. 1b) is characterized by an abundant
protonated molecular ion and very little fragmenta-
tion, with no fragment peak exceeding 25% relative
intensity.

All the active hydrogens of hydroxylamine and
substituted hydroxylamines undergo derivatization
by n-hexyl chloroformate. So, from hydroxylamine
the tri-substituted derivative is obtained, while
methyl- and phenyl-hydroxylamines yield the bi-
substituted derivative and N,N-dimethylhydroxyl-
amine the mono-derivatized product. The case of
hydroxylamine is particularly interesting for the
analytical applications. In fact, this is an extremely
hydrophilic molecule, which cannot be extracted
from the agueous phase without modifying its struc-
ture by some form of derivatization. Moreover,
hydroxylamine does not contain chromophores and
its low molecular mass (M,=33) makes the de-
termination by mass spectrometric methods difficult.
The derivatization with n-hexyl chloroformate con-
verts hydroxylamine into an extremely hydrophobic
structure, which can be quantitatively extracted into
n-hexane. With a single and rapid reaction, its
molecular mass is increased from M, 33 to M, 417,
and the derivative is eluted from the GC column at a
convenient retention time (t; = 16.43 min), yielding a
narrow and symmetrical peak that can be determined
with high sensitivity. The mass spectrum of the
hydroxylamine derivative is shown in Fig. 1c. The
protonated molecular ion [MH] ", a m/z 418, pro-
vides the base peak of the spectrum and only little
fragmentation (details are reported in figure) is
observed. Thus, as for Fig. 1b, amost the entire
analytical signal is concentrated in a single mass
peak, located in the high mass range, where interfer-
ences are seldom encountered.

Also the direct derivatization of N-phenylhydrox-
ylamine (a relatively labile molecule) in water has
interesting analytical applications. We were able to
identify it, at tens of micrograms/litre concentration,
as an unstable intermediate in the photocatalytic
interconversion of nitrosobenzene and aniline in
aqueous dlurries [36].
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With regard to the remaining analytes considered
(Table 1), hydroxyurethane and acetohydroxamic
acid have been considered in detail elsewhere [9].
Hydrazine undergoes double derivatization, under
the present experimental conditions. It is not clear at
the moment why complete (quadruple) derivatization
is not achieved for this molecule, unlike hydroxyl-
amine. Steric hindrance cannot be invoked as an
explanation, since we obtained quadruple derivatiza-
tion of hydrazine with even more bulky substituents
[34]. However, the substitution of two active hydro-
gens with n-hexylcarboxylic groups proved sufficient
to make the derivative easily extractable from the
aqueous phase into n-hexane. The Cl mass spectrum
of such compound is similar to that of the hydroxyl-
amine derivative, as it is characterized by an abun-
dant protonated molecular ion [MH] ", at m/z 289,
and little fragmentation. Quite alarge signal could be
obtained in the m/z 289 ion chromatogram.

3.3 Analytical performance

The analytical performances of the new derivatiza-
tion procedure have been tested by using various
detection conditions, in order to ascertain the general
applicability of the method. Two different mass
spectrometers were utilized, namely a large magnetic
instrument and a small benchtop quadrupole mass-

detector. With the magnetic mass spectrometer, we
operated in the scan mode, while the quadrupole
mass-detector was mainly utilized in the selected ion
monitoring mode, for quantitation purposes. Quite
obvioudly, the overall sensitivity of the method
depended not only on the intrinsic efficiency of the
derivatization procedure, but also on the instrument
and detection conditions chosen for the analysis.
However, we did not notice significant differences in
the ion chromatograms obtained by running the
guadrupole mass-detector in the SIM mode and those
reconstructed from mass spectra obtained by fast
scanning the magnetic mass-analyser over small
mass ranges (50-200 u). The detection limits dis-
cussed in the forthcoming paragraphs can be referred
to any of these conditions.

The second element considerably affecting the
sensitivity of the method is the concentration factor.
In our standardized procedure, equal volumes of the
aqueous sample solution and the extraction solvent
were utilized. However, if the initial solution is quite
clean, as in our case, the hexane solution to be
analysed can be concentrated up to 30 times, re-
sulting in much lower detection limits. As the
practicality of the procedure has to be checked, we
measured all detection limits without any concen-
tration of the extracts. The detection limits for all the
analytes tested are indicated in Table 3. For ethylene

Table 3
Detection limits (D.L., calculated on the basis of a 5:10 S/N ratio) and calibration curve parameters for ten analytes
Analyte D.L. m=Am Am r
(pgf/l) (SE) (95% ClI)
2-Aminoethanol 100 0.77%+0.08 +0.26 0.988
3-Aminopropanol 100 0.83+0.03 +0.08 0.998
0-Aminophenol 10 0.83+0.07 +0.24 0.988
m-Aminophenol 100 0.81+0.07 +0.23 0.989
p-Aminophenol 30 1.11+0.06 +0.18 0.992
Aniline 30 1.27+0.07 +0.22 0.990
Hydroxylamine 10 0.90+0.08* +0.27° 0.992%
N,N-Dimethylhydroxylamine 100 0.76+0.03 +0.09 0.998
Hydroxyurethane 100 1.15+0.04 +0.11 0.998
Acetohydroxamic acid 100 1.28+0.06 +0.17 0.992

“ Calculated without considering the 30 mg/l point, for which saturation of the signal was observed.
Detection limits are obtained from 1 wl injection of non-concentrated extracts, at the same dilution as the starting aqueous solutions.
Angular (m) and correlation (r) coefficients refer to bilogarithmic plots of integrated selected ion current vs. concentration in the range

0.1-30 mg/l (6 points), unless specified otherwise.

The standard error Am (S.E.), is expressed as the square root of the variance of the angular coefficient.
Am (95% Cl) is the confidence interval qualified by 95% confidence level. Calibration curves were obtained by operating the quadrupole

mass-detector in SIM mode.
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glycol and hydroquinone, the detection limits previ-
oudly indicated [7] have been improved to 100 wg/|
and 30 pg/l, respectively. Detection limits are
different for the various compounds (Table 3),
because they depend on (i) the derivatization yield,
(ii) the response factor for the ion selected to
represent the derivative, (iii) the interferences pres-
ent in the ion-chromatogram at retention times close
to that of the analyte. Fig. 3 reports the m/z 418
ion-chromatogram relative to the tri-derivative ob-
tained from a 10 pg/l solution of hydroxylamine.
The effect of a 30X concentration of the hexane
extract is shown in Fig. 4, which reports the m/z
222+ 264 ion-chromatogram obtained from a 1 pg/|
solution of aniline and 2-aminophenol. Upon 30X
concentration of the extracts, detection limits of 300
ng/l were obtained for both 2-aminophenol and
hydroxylamine.

Calibration curves were calculated in bi-logarith-
mic plots, in order to have homogeneous distribution
of data-points along the graph. The experimental
angular coefficients are reported in Table 3 aong
with their errors. Linear relationship between the
integrated peak in the ion-chromatogram and the
analyte concentration were found for all compounds
tested in the 100 wg/1-30 mg/Il range. Most angular
coefficients are close to one, as expected. Positive
deviations are associated with partial loss of signal in
the low concentration range, usualy due to a noisy
background. Negative deviations are possibly due to
incomplete derivatization at the highest concentra-

100 1 -
m/z 418 23x10°

50 1

Fig. 3. Reconstructed ion-chromatogram of m/z 418, evidencing
the GC peak relative to the tri-substituted derivative of hydroxyl-
amine, obtained from a 10 pg/l water solution, without con-
centration of the extract. The magnetic instrument under continu-
ous scanning was utilized.

p-Aminophenol

1300 m/z 264
1200
1100
1000
900
800
7001 Aniline
600 m/z 222
500 /-
400~M
300

12.50 13.00 13.50 min. 14.00

Fig. 4. Sum of the m/z 222 and m/z 264 ion-chromatograms,
relative to the derivatization products of aniline and o-amino-
phenol. The injected sample was obtained from a 1 ng/l water
solution of each analyte, which was derivatized, extracted in
hexane and concentrated 30X before the analysis. The analysis
was executed by the quadrupole mass detector under SIM
conditions.

tions or to saturation effects. Intercepts are of little
significance in hilogarithmic plots and, therefore, are
not reported in Table 3. Repeatability is excellent
under dtrictly controlled and constant operating
conditions, during both the derivatization steps
(times, volumes, etc.) and the analysis (pressure of
the Cl reagent gas, temperature of the ion-source,
etc.).

4. Conclusions

In the present study, it was demonstrated that the
procedure, previously developed to derivatize poly-
carboxylic and polyhydroxylic substances directly in
water, is effective also in the derivatization of amino
alcohols, aminophenols and hydroxylamines. All
these highly hydrophilic compounds could be con-
verted into hydrophobic derivatives and then ex-
tracted from water and analyzed by a sequence of
simple and very rapid steps (2—-3 min, excluding the
analysis time).

In order to increase the derivatization yields,
important improvements have been introduced in the
procedure with respect to the conditions previously
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published. These involved a different sequence of the
procedure steps and the introduction of dicyclohex-
ylcarbodiimide as co-catalyst for the derivatization.
These innovations also proved advantageous for the
classes of compounds considered in the previous
studies, resulting in lower detection limits and a
wider applicability.

The general applicability of this procedure is
unique, as compared to more conventional derivati-
zations, and alows direct treatment of the aqueous
matrix, with good sensitivity. Even if we believe that
the most effective employment of this method is for
the quantitative determination of pre-defined ana-
lytes, interesting applications might also be found in
the identification of unknown components of agque-
ous solutions, such as, for example, water treatment
byproducts in potable water.

Acknowledgements

The financial support of the Project ‘Sistema
Lagunare Veneziano’, Regione Piemonte, M.U.R.S.T.
and C.N.R. is gratefully acknowledged.

References

[1] P. HuSek, J. Chromatogr. 547 (1991) 307.

[2] A. Carlson, O. Gyllenhaal, J. Chromatogr. 508 (1990) 333.

[3] P HuSek, J. High Resolut. Chromatogr. 13 (1990) 633.

[4] H.M. Liebich, E. Gesele, H.G. Wahl, C. Wirth, J. Wall, P
Husek, J. Chromatogr. 626 (1992) 289.

[5] P. HuSek, J. Chromatogr. 630 (1993) 429.

[6] P. HuSek, Z.-H. Huang, C.C. Sweeley, Anal. Chim. Acta 259
(1992) 185.

[7] C. Minero, M. Vincenti, S. Lago, E. Pelizzetti, Fresenius J.
Anal. Chem. 350 (1994) 403.

[8] C. Minero, M.Vincenti, E. Pelizzetti, Ann. Chim. (Rome) 83
(1993) 511.

[9] M.Vincenti, C. Minero, S. Lago, C. Rovida, J. High Resolut.
Chromatogr. 18 (1995) 359.

[10] O. Gyllenhaal, L. Johansson, J.Vessman, J. Chromatogr. 190
(1980) 347.

[11] A.RPI.M. DeJong, C.A. Cramers, J. Chromatogr. 276 (1983)
267.

[12] P. Husek, C.C. Sweeley, J. High Resolut. Chromatogr. 14
(1991) 751.

[13] P Husek, J. Chromatogr. B 669 (1995) 352.

[14] M. Makita, S. Yamamoto, M. Kono, J. Chromatogr. 120
(1976) 129.

[15] M. Makita, S. Yamamoto, S. Kiyama, J. Chromatogr. 237
(1982) 279.

[16] P. Husek, J. Chromatogr. 552 (1991) 289.

[17] J. Wang, Z.-H. Huang, D.A. Gage, J.T. Watson, J. Chroma-
togr. A 663 (1994) 71.

[18] H. Takaoka, K. Takagi, M. Makita, J. Chromatogr. B 664
(1995) 421.

[19] JV. Sancho, F.J. Lopez, F. Hernandez, E.A. Hogendoorn, P.
van Zoonen, J. Chromatogr. A 678 (1994) 59.

[20] J. Kirschbaum, B. Luckas, W.D. Beinert, Am. Lab. 26 (1994)
28C.

[21] E. Okuma, H. Abe, J. Chromatogr. B 660 (1994) 243.

[22] G. Huhn, J. Mattusch, H. Schulz, Fresenius' J. Anal. Chem.
351 (1995) 563.

[23] H. Wan, PE. Andersson, A. Engstroam, L.G. Blomberg, J.
Chromatogr. A 704 (1995) 179.

[24] D.A. Stead, R.M.E. Richards, J. Chromatogr. B 675 (1996)
295.

[25] K. Ou, M.R. Wilkins, JX. Yan, A.A. Gooley, Y. Fung, D.
Sheumack, K.L. Williams, J. Chromatogr. A 723 (1996) 219.

[26] R. Herraez Hernandez, P. Campins Falco, A. Sevillano
Cabeza, J. Chromatogr. B 679 (1996) 609.

[27] JB. Jahnel, H.F. Frimmel, Fresenius J. Ana. Chem. 354
(1996) 886.

[28] JM. Roturier, D. Le Bars, J.C. Gripon, J. Chromatogr. A 696
(1995) 209.

[29] J. Pietsch, S. Hampel, W. Schmidt, H. Brauch, E. Worch,
Fresenius' J. Anal. Chem. 355 (1996) 164.

[30] I. Abe, N. Fujimoto, T. Nishiyama, K. Terada, T. Nakahara,
J. Chromatogr. A 722 (1996) 221.

[31] JT. Simpson, D.S. Torok, S.P. Markey, J. Am. Soc. Mass
Spectrom. 6 (1995) 525.

[32] JT. Simpson, D.S. Torok, JE. Girard, S.P. Markey, Anal.
Biochem. 233 (1996) 58.

[33] N.O. Ahnfelt, P. Hertvig, Acta Pharm. Suec. 17 (1980) 307.

[34] V. Maurino, S. Angelino, C. Minero, E. Pelizzetti, M.
Vincenti, in preparation.

[35] J. March, Advanced Organic Chemistry: Reactions, Mecha
nisms and Structure, McGraw—Hill, Tokyo, 2nd ed., 1977,
pp. 364, 384.

[36] P Piccinini, C. Minero, M. Vincenti, E. Pelizzetti, J. Chem.
Soc., Faraday Trans. 93 (1997) 1993.



