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Mixing Water and Gas:

The Quantitative Measurement

of Water by Gas Chromatography
Using Ionic Liquid Capillary Columns

by Leonard M. Sidisky, Gustavo Serrano, James L. Desorcie, Katherine K. Stenerson, Greg Baney, Michael Halpenny and Michael D. Buchanan
MilliporeSigma, 595 N. Harrison Road, Bellefonte, PA 16823, USA

The determination of water content in solvents, alcoholic beverages and various consumer products such as foods, pharmaceuticals, fuels, and
petroleum products is one of the most common types of chemical testing. Many techniques such as gravimetric analysis, Karl Fischer Titration,

near infra-red spectroscopy, gas chromatography (GC) and others have been used for water quantification with good results [1]. However, the
limitations of these approaches can include high limits of detection, large sample sizes required for trace analysis, side reactions, the use of
expensive consumables, and the production of chemical waste. Previous work by Professor Daniel Armstrong and co-workers has described the
use of ionic liquid GC capillary columns for the trace analysis of the water content in a wide variety of solvents [2]. These columns were capable of
providing a rapid and quantitative determination of water content using very small sample amounts. This paper further examines the characteristics

of ionic liquid capillary columns for the GC measurement of water.

lonic liquid stationary phases have been Watercol™ 1460 - Tri(tripropylphosphoniumhexamido) triethylamine trifluioromethanesulfonate
@ discussed in a series of papers over the @

years describing the unique selectivity and

ability to tune the properties of the phases T T

for a number of different applications [3, \/\P’/\/\/YN\/\N/\/N\”/\/\/\P’/\/

4,5, 6,7]. Presently, a series of three ionic o o

liquid capillary GC columns of different

selectivities are characterised by their ability ﬂ

to produce a sharp peak shape for water

and other small polar analytes. The water

peak produced by these columns is sharp

enough to allow for proper integration

and subsequent quantitation. Due to the

high polarity of the ionic liquid stationary

phases, water also does not interfere o o ﬁ cFs

chromatographically with the analysis I _\_ \ﬁ/

of many other small aliphatic and polar o

analytes. The three phase chemistries of Watercol™ 1900 — 1, 11 Di(3-methylimidazolium) 3,6,9 trioxaundecane trifluioromethanesulfonate

these columns are available under the

names Watercol™1460, Watercol™1900 and

Watercol™1910. Figure 1 shows the structure
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of each of the chemistries. The composition \;,_J o (|)| cF, FiC ﬁ o \2/

of all three phases demonstrates the g7 g

unique combinations of cations and ol (|)

anions that can be used to prepare ionic

liquid phases. The Watercol™1460 phase Watercol™ 1910- 1,11-Di(3-hydroxyethylmidazolium) 3,6,9-trioxaundecane trifluioromethanesulfonate
is tricationic phosphonium based, while o o

the Watercol™1900 and Watercol™ 1910 HO\/\N/\N‘/\/ NN \/\N‘AN/\/OH
phases are both dicationic imidazolium \_,:._/ ° ﬁ oF G ﬁ o =

based with differing pendant groups. N N

These pendant groups contribute to the (|3 ll,

Figure 1: Structures of Watercol Phases
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Figure 2: Selectivivity Comparison of Watercol Phases using Water as an Analyte

Conditions

column: Watercol™ 1460, 30 m x 0.25 mm [.D., 0.20 um (29695-U)
column: Watercol™ 1900, 30 m x 0.25 mm I.D., 0.20 um (29761-U)
column: Watercol™ 1910, 30 m x 0.25 mm .D., 0.20 um (29711-U)
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Figure 3: Water as the Injection Solvent

Conditions

column: Watercol™ 1460, 30 m x 0.25 mm 1.D., 0.20 pm (29695-U)
column: Watercol™ 1900, 30 m x 0.25 mm 1.D., 0.20 um (29761-U)
column: Watercol™ 1910, 30 m x 0.25 mm 1.D., 0.20 pym (29711-U)
oven temp: 35°C, 4 °C/min to 125°C (2 min)

oven temp: 96°C

inj. temp.: 250°C

detector: TCD, 200°C

carrier gas: helium, 26 cm/sec
injection: 1 uL, 100:1 split

liner: 4 mm I.D., split type, cup design
sample: 6 analytes in acetone

selectivity difference. All three phases
contain trifluoromethanesulfonate as the
anion. The descriptive numbers for each
phase (1460, 1900, and 1910) indicates the
Kovats Retention Index (KRI) value of water
determined on each at 100°C isothermal

oven temperature.

Selectivity Comparison

To show the sharp peak shape obtained

for water, and also highlight selectivity
differences, a QC test mix containing

water was analysed on each column under
identical run conditions. The resulting
chromatograms are presented in Figure

2. As shown, each column is capable of
producing a water peak that is sharp enough
to be properly integrated. The retention of
water (peak 2) is lowest on Watercol 1460
and greatest on Watercol 1910. Conversely,
retention of the tridecane, an n-alkane (peak
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inj. temp.: 250°C
detector: TCD, 300°C

carrier gas: helium, 25 cm/sec

injection: 1 uL, 100:1 split

liner: 4 mm I.D., split type, cup design
sample: 8-component solvent mix in water

1), and naphthalene, an aromatic (peak 6)
is greatest on Watercol 1460 and lowest on
Watercol 1910.

Selectivity Comparison 2

Differences in selectivity are also revealed
when water is the injection solvent. To
demonstrate this, an 8-component solvent
mix in water was analysed on each column
under identical run conditions. Figure 3
shows the resulting chromatograms. A low
initial oven temperature of 35°C allowed
the small polar analytes to partition into the
stationary phase. A final oven temperature
of 125°C ensured that the water was

completely eluted from the column.

Calibration for Water

A 5-point calibration curve for water using
standards prepared in absolute ethanol

was generated on Watercol 1460. Both

FID and TCD were used, which allowed
the calibration curve to be subsequently
used to quantify water in gasoline. The
concentration range covered 0.05% to 1%
(v/v). Concentration was plotted against
TCD response of the water peak (as area
counts). A blank ethanol sample was also
analysed, which was used to blank correct
each calibration point. The resulting chart is
displayed in Figure 4. The r? value of 0.9961
indicates good linearity across this range.

Water in Gasoline

Residual moisture in fuel is very undesirable
because it reduces the heat of combustion
which increases engine stress. It can also
corrode fuel system components, permit
gelling of fuel in cold temperatures through
ice crystal formation/nucleation, and
accelerate the growth of microbial colonies
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Figure 4: Water Calibration Curve (0.05-1%) on Watercol™ 1460

Conditions

column: Watercol™ 1460, 30 m x 0.25 mm [.D., 0.20 um (29695-U);
two identical columns installed in the same inlet using a 2 hole ferrule,
each going to a separate detector.
oven temp:45°C (4 min), 5°C/min to 75°C, 10°C/min to 220°C (10 min)
inj. temp.: 250°C
detector: FID, 250°C
detector: TCD, 200°C
carrier gas: helium, 20 cm/sec (measured in each column at an oven temperature of 135°C)
injection: 1 uL, 50:1 split
liner: 4 mm 1.D., split/splitless type, wool packed single taper FocusLiner™ design
sample: 5 standards, water at 0.05, 0.1, 0.25, 0.5, and 1% (v/v), each in ethanol
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Figure 5: Spiked Gasoline
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Conditions

sample: unleaded gasoline, spiked with water at 0.25% (v/v)
All other condition the same as Figure 4
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which can clog fuel systems. Watercol

1460 was evaluated for the suitability to
perform the analysis of water in gasoline. In
addition to producing a sharp water peak, its
selectivity results in elution of the water peak
free from most other constituents present

in gasoline. Plus, its maximum temperature
of 260°C allows for timely elution of the
heaviest gasoline components.

Two identical columns were installed in

a single inlet using a 2-hole ferrule. Each
column was connected to a separate
detector to permit the simultaneous
detection of gasoline components as well
as water. Triplicate samples of unleaded
gasoline were analysed, both “as is” and
spiked with water at 0.25% (v/v). Figure

5 shows representative chromatograms.
Reproducibility was very good (RSD <5%)
for the spiked gasoline replicates. The
calibration curve shown in Figure 4 was
used for quantitation. The average response
factor calculated from each point of the
curve had an RSD value of <20%, thus it
was used to calculate the amount of water
in the gasoline samples. The average
concentration found in the unspiked
gasoline replicates was subsequently
subtracted from the average concentration
measured in the spiked replicates. The blank
corrected method accuracy was determined
to be 79% at the spike level used.

Aroma Fusel
Alcohols in Tequila

Fusel alcohols are by-products of the
fermentation process. Four of these
(n-propanol, isobutanol, active amyl
alcohol, and isoamyl alcohol) are important
to alcoholic beverage manufacturers

due to their contributions to the aroma
characteristics. A tequila sample was
analysed for the presence of aroma fusel
alcohols using an FID and TCD detectors.
The FID yielded greater responses for the
alcohols, whereas the TCD produced a
response for water. As shown in Figure 6,
all four aroma fusel alcohols were detected
in the tequila sample. Good peak shapes
and resolution were obtained, allowing for
distinct detection of these compounds.

In addition, the selectivity of the phase
resulted in elution of both ethanol and water

free from all other analytes.

Conclusions

lonic liquid GC phases based on new
selective combinations of cations and
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anions have been tailored to produce 1. Ethyl acetate
. 2. Ethanol
capillary columns that can be used for . 3 ,,_pff,‘;’ano.
Ep H 4. Isobutanol
the quantitative measurement of water in 5. Active amyl alcohol (2-Methyl-1-butanol)
various samples. Three new selectivities have 6. :soamyl alalu)hol (3-Methyl-1-butanol;
. . sopentano
been demonstrated, offering the ability to 7. Water
resolve water and other organic compounds
in a wide variety of sample types. This makes
GC a viable approach for the measurement
of water, giving laboratories the option to W
avoid the use of techniques which produce ”1
chemical waste and/or are more expensive | : : : : : : : : |
0 2 4 6 8 10
to perform. 2 2
References
[1.]S. Inagaki, et. al., Anal. Methods, 2015, 7, oD
4816-4820 __________4_~_A-————J 34 »5\./6
[2.] R. Woods, et.al., LCGC Europe, Vol. 24, M T T T T T T T T |
0 2 4 6 8 10
Issue 10, 2011 Min
[3.] D.W. Armstrong, et. al., J.Am.Chem.Soc., Figure 6: Tequila Composition
2005, 127, 593-604 Conditions
[4] C. Cagliero, et. al., J. Chromatogr. A, column: Watercol™ 1910, 30 m x 0.25 mm I.D., 0.20 ym (29711-U); two identical columns installed in the same inlet
(2012), 1268, 130 using a 2 hole ferrule, each going to a separate detector
! ! oven temp: 50°C (1 min), 5°C/min to 180°C (3 min)
[5] C. Ragonese, et. al., Anal. Chem., (2011), inj. temp.: 250°C
83,7947 detector: FID, 200°C
detector: TCD, 200°C
[6] C. Poole, et. al., J. Chromatogr. A, (2014), carrier gas: helium, 25 cm/sec (measured in each column at an oven temperature of 125°C)
1357, 87-109 injection: 1 pL, 100:1 split

) liner: 4 mm 1.D., split/splitless type, wool packed single taper FocusLiner™ design
[7]1 C. Kulsing, et. al., LC-GC Europe, August sample: tequila, neat

@ 2015, 434-440 @

New Clinical, Forensic and Bioanalysis
LC & LC-MS Applications Guide

To coincide with the

8th Annual Conference Ac EE

UHPLC and HPLC Columns
of Mass Spectrometry:

L. Clinical, Forensic and Bioanalysis Applications Guide
Advances to the Clinical s

Lab (MSACL), which takes
place on 21st — 25th
February 2016 in California,

Advanced Chromatography The future of sample management

U-2D" 96 WELL PLATES

The U-2D™ 96 Well Plate System offers users unprecedented
sample management control. The patent pending design
allows removal of the “Rack” containing AQ™ precision glass
inserts from the plastic base. Users can see the samples in
the inserts and return the rack to the base. Inserts can be
removed from the rack and placed in a standard vial.

Technologies (ACT) have = =1 \\\\,@@‘i\\‘,_
published a new Clinical, 4
Forensic and Bioanalysis LC
Applications Guide. This new
guide brings together over
100 of the latest and hottest
LC and LC-MS related

applications, covering over
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500 analytes including drugs
of abuse, thyroid hormones, catecholamines, alcohol biomarkers, U_2D-P|utes.c0m THERMAL CONTROL
disease biomarkers, 25-hydroxy vitamin D, oxysterols, defensins and
hydroxychloroquine. Order from: COMPATIBILITY
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For your free copy, or for further information on any ACE product, %}@ E:{.] ‘VA

contact ACE or visit the website www,ace.hp|c.com Leaders in Separation & Purification Technologies
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