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ABSTRACT

KEYWORDS

A simple method has been developed for the indirect determination of the
trace water content in various organic solvents using reaction of water with
calcium carbideto convert to acetylene. The sample and calcium carbide are
placed in a closed sampling vessel, heated using a known temperature
profile, and the acetylene in the vessel is sampled for analysis. Gas-tight
syringe headspace-gas chromatography is used for determination of acety-
lene. Optimum extraction conditions have been evaluated with respect to
temperature, calcium carbide, and stirring rate. In our experiments, good
linearity (r2=0.9947) and precision (R.S.D. < 10%, n= 3) wereachieved. The
limit of detection (LOD) and the limit of quantification (LOQ) were 54 and
181 mg L-1, respectively. Thistechniqueisapromising pre-treatment method
for the simple, rapid, accurate and precise analysis of water content in
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INTRODUCTION

Thewater content in organic solventsisoften able
to obvioudy affect thereactionsof organic compounds,
and it even makes adecisiveinfluence on the produc-
tions, yield and sel ectivity of thereactions. Inmodern
synthetic chemistry, significant effort may beexpended
to excdudemoisturefromreactions. Inmedicines, chemi-
cal products, foodsand synthetic fibers, water content
isoneof theimportant characteristic data. Analytical
testing for the presence and concentration of water is
one of the most frequent, important, and ubiquitous
measurementsmadein modernindustrid society. Thus,
aversatile, smple, and efficient andytica techniquefor

theaccurate quantification of water isimperdive. There-
fore, determining water content in organic solventsis
not only often encountered but al so animportant prob-
lem. Water content often has a great importance on
organic reactions, and even deci desthereaction prod-
ucts, yield or sdlectivity. TheKarl Fischer™, gas chro-
matography!?, fluorine nuclear magnetic resonance
spectroscopy (F-NMR) spectroscopy™ and spectro-
scopi ¢ method“®! are often empl oyed in determining
water content. But themethods havedi sadvantages such
aslow reaction velocity, being easily disturbed, bad
precision, low sengtivity, timeconsuming, high cost or
toxicity.

Existing physica and chemical methodsfor quan-
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titative measurement of water in organic solventsare
not well suited for rapid trace water analysis at the
scale (1 mL total solvent volume). Sample prepara-
tionisanecessary part of any analytical procedure.
Headspace gas chromatography isthe analysis of the
volatile and semi-volatile organic compoundsin the
gas headspace above asamplein achromatography
vial. 0.1-10 gramsor millilitersisthetypical sample
sizefor headspaceanalysis, and virtually any sample
that’s not highly volatile can be tested. In static
headspace anaysis, aliquid or solid sampleisplaced
inavial, sealed and heated to a specific temperature
so that the volatile components escape into the
headspace above the sample. The headspacegasis
then injected into agas chromatograph which sepa-
ratesthevarious components of the sample based on
Szeand polarity. Static headspace andysisisided for
andyzing volatile compoundssuch asresdud solvents
or low molecular weight additives. Developing versa
tile, rapid, and accurate ana ytical techniquesfor the
detection and quantification of water in avariety of
materid sremainsanimportant and ubiquitousanalyti-
cal problem. Derivatizationisanother technique that
can beused toincrease sensitivity and chromatographic
performancefor specific compounds. This paper sug-
geststheuseof indirect detection (that is, reactingwater
with cacium carbideto convert to acetylene) of water
content of organic solvents and static headspace de-
termination of produced acetyl ene by gas chromatog-
raphy flameionization detector.

MATERIALSAND METHODS

Reagents

Benzene, cyclohexan, isooctane, heptanes, ethyl
methyl ketone, propanol, methanol, 1-butanol, amyl a-
cohoal, toluene and para-xylene were purchased from
Merck. All the solvents and reagentswere anal ytical
grade. Toluenewas used asinternal standard. Techni-
cal grade Calcium carbide (~80%) prepared from
Sigma-Aldrich Company. Water waspurified by aDi-
rect-Q 3UV withapump system (Millipore, Molshein,
France). Stock solutions containing 20000.0 mg L of
water was prepared in dried para-xylene. Theworking
solutions were prepared in para-xylene daily by ap-
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propriatedilution of the stock solution.

Apparatus

A DANI GC system with split—splitless injection
port wasusedin al experiments. The GC system was
equipped with an flameionization detector. Thefused
silicaCP wax 52 column used was 50 m length, 0.32
mm diameter with 0.2 um filmthickness. Theinjector
port was operated with split ratio of 15 and tempera-
turewaskept at 250 °C, whilethe detector tempera-
turewas maintained at 300 °C. The column oven tem-
peraturewas 100 °C. High purity nitrogen wasused as
carrier gas (1.0 mL min™) and make-up gas (30 mL
min?). Hydrogen and air were used as detector gases
at 30 mL mint and 400 mL min?, respectively. A 100.0
uL gastight microsyringewith abevel needletipwas
used for theinjection.

Samplepreparation method

A 6.0mL portion of thesamplesolution, 0.5 mL of
toluene (interna standard) and 0.07 g calcium carbide
weretransferredintoal0-mL glassvia withaPTFE-
slicon septum (Supelco) containingal2 mmx 1.5 mm
magnetic stirring bar. The samplevia was maintained
a aconstant temperature using awater bath. Oncethe
ample hasreached equilibrium, the 100.0 uL diquotis
taken from the headspace using the gas-tight syringe,
andwasinjectedinto the GC.

RESULTSAND DISCUSSIONS

When calcium carbide comes into contact with
water, achemica reactionimmediately begins, which
yieldstwo new compounds, one of whichisacetylene.
CaC,+H,0 C,H, + Ca(OH),

Accordingto Henry’s law the solubility ofa gasin a
liquidisdirectly proportiona to the partial pressure of
the gasabovetheliquid. Henry’s law can be put into
mathematica terms(at constant temperature) as
p=kye
wherepisthepartia pressureof the soluteinthegas
abovethe solution, cisthe concentration of the solute
and k, isaconstant with the dimensions of pressure
divided by concentration. The constant, known asthe
Henry’s law constant, depends on the solute, the sol-
vent and thetemperature.
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The rate at which acetylene partition out of the
samplematrix and into the headspace, aswell asthe
equilibrium concentration of acetylenein the headspace
dependson severd parameters. Temperature, amount
of cacium carbide, and mixing can be used toimprove
the transfer of acetylene from the sample into the
headspace of thevidl.

Effect of temperature

Extraction temperature should be optimized first
sinceit playsthemost important rolein theextraction
processby controlling thediffus onrateof andytesinto
the headspace. Thetemperature of equilibrationhad a
dramatic effect onthe FID responsefor acetylene. The
effect of temperaturewas studied in therange of 28-
48°C, and theresultsareshowninFigure 1. increasing
thetemperaturetill 39°C improved pesk areaof acety-
lene. Because solubility of permanent gasesusualy de-
creaseswithincreasing temperatureat around theroom
temperature, the partial pressure agiven gas concen-
tration hasin liquid must increase. At higher tempera-
tures, according to Henry’s constant, the pressure of
vial wasincreased and, consequently the septum was
damaged. Thus, the optimum extraction efficiency was
achieved at 39°C and this temperature was selected
for the subsequent experiments.

Amount of calcium carbide

Theeffect of amount of calcium carbideintherange
of 0.03t00.07 gwasstudied. Anincreasein calcium
carbide produces an increase in acetylene peak area
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Figurel: Effect of temperatur eon headspace extraction of
acetylene. conditions: volumeof sample: 7.0 mL, volume of
toluene(inter nal sandard): 0.50 mL, amount of calcium car -
bide: 0.05¢, stirringrate: 300 RPM.
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Sirringrate

Thedtirring rate of the solution isanimportant pa-
rameter that affectsthetimeprofileof static headspace.
In gtati c heedspace the sample solution should be stirred
vigorously with aconstant ratein all experiments. Fig-
ure 3 shows that the relative peak area of acetylene
increaseby increasing stirring rate. Thestirring rate of f
400 rpm was considered adequateand wasusedinal
subsequent experiments.
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Figure2: Effect of amount of calcium car bideon headspace
extraction of acetylene. conditions: volume of sample: 7.0
mL , volumeof toluene (internal standard): 0.5mL, stirring
rate: 300 RPM, temperature: 30°C
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Figure 3 : Effect of amount of stirring rate on headspace

extraction of acetylene. conditions: volumeof sample: 7.0mL,

volumeof toluene(inter nal sandard): 0.5mL ,amount of cal-

cium carbide: 0.05g, temperature: 38°C

Analytical performance
Seven organic solutions (7.0 mL) containing water
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from 100.0to 1000.0 mg L* (0.01 to 0.1%) were sub-
mitted to thewholeand ytica procedure. The peak area
of the acetylenerelativetotoluene, asan internal stan-
dard, wasused for quantitative analyses. Theresults
obtained showed that linearity wereexcellent for water
with correlation coefficient of 0.9947 whichindicates
that agood linear regress on wasestablished.. Thelimit
of detection (LOD) andthelimit of quantification (LOQ)
were cal culated usng thefollowing equations:
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LOD=

where S, =the standard deviation (SD) of theresponse
and m = the slope of the calibration plot. The S is
normally obtained fromthe SD of theblank sample. As
itisimpossibleto obtain asamplewithout water, the
first point of the cdibration plot, whereno added water
isused astheblank sampleand its SD wasused as S,
The d opewas obtained from theregression andysisof

LOD _3S water_. _The_limit of detection (LOD), and thelimit of
m quantification (LOQ) were54 and 181 mg L, respec-
TABLE 1: Figureof meritsobtained for water content in or ganic solvent (xylene) deter mination
Equation Coefficient of variation LOD (mgL™) LOQ (mgL™
Area= 0.0067 C + 1.5041 0.9947 54 181

TABLE 2: Recovery of water obtained from proposed method
for dried organic solvent samples

TABLE 3: Detection of water content in 11 or ganic solvent
(proticand apr otic) using proposed method

Certified Water Recovery
Sample L L
value/ mgL™ found/mgL™ % +RSD%
200.0 210 105+6
Para-xylene
1000.0 901 90=+1
200.0 208 104+6
Heptane
1000.0 909 91+2
_ 200.0 196 98+ 5
isooctane
1000.0 1007 101+1
tively.

The performance of the method was evaluated
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Sample Water /mgL™
Para-xylene <LOD
Cyclohexane <LOD
Heptane <LOD
Methyl ethyl ketone 59
Heptane <LOD
Benzene <LOD
| so-octane <LOD
1-propanol 835
Amyl acohol <LOD
Methanol 600
1-butanol <LOD
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Figure4: Typical chromatogram obtained by headspace gaschromatogr aphy viareaction of water content with calcium

carbidein par axylenesolvent
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through theanaysisof different organic solventsanda
recovery study was performed spiking sampleswith
theanaytesat two different concentrations (200.0 and
1000.0 mg L ). Theaveragerecovery valuesranged
from 90 to 105% as can be seen in TABLE 2. The
inter-day relative standard deviations (repeatability)
resulting to bein therangefrom 4-6% and 1-2%, re-
gpectively (TABLE 2). Theintera-day relative standard
deviations(repeatability) resultingto beintherangefrom
9-13% and 9-15%, respectivey. Asshown, satisfac-
tory resultswere obtained in therecovery tests. Chro-
matograms of water content of xylene after reaction
with calcium carbide (acetylene) spiking at the concen-
trationlevel 100.0mg Lt isshowninFigure4.

CONCLUSION

Headspace extraction providesasmple, low-cost
aternativemethod for theanalysis of water content in
organic solventsafter reaction of water and calcium
carbide.
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