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Application Note—

Process Analytical Systems

A Word (or Two) About On-Line NIR Water Measurements in Liquid Samples

Introduction: Water is per- y
haps the most common meas-
urement made in the near- T
infrared (NIR). This is due to
its strong effect on product
properties and chemical reac-
tivity of the starting materials.
From an analytical perspec-
tive, water is easy to analyze
due to its relatively strong
signal compared to the hydro-
carbon background.  More-
over, because water is com-
monly analyzed with a single
wavelength, photometers are
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arrive at recommending a system, that is, a photometer with the
proper wavelengths and a fiber optic probe with an appropriate
sample path length.

Factors to Consider: (1) background hydrocarbon spectral char-
acteristics, (2) concentration range of water and desired analytical
precision, (3) potential interference from hydroxyl, (4) sample tem-
perature variations, and (5) sample clarity. These considerations
affect the choice (and price) of the appropriate photometer and
probe system.

Analytical Goals: (1) provide maximum sensitivity, (2) select
wavelength(s) to keep the absorbance below 1.2 Absorbance
Units (AU), (3) minimize interferences due to background hydro-
carbon variations and sample temperature changes, and (4) use
an optical path of >1 mm in the fiber optic probe for ease of clean-
ing and minimal entrapment of bubbles and particles.

Rule-of-Thumb: The 1900 nm region is generally used for <1%
water. In a ChemView®photometer, a precision near +20 ppm
can be achieved. The 1400 nm region is used for >1% water and
a precision of near £100 ppm is attainable. For process analyz-
ers, long-term (monthly) photometric drift is the most meaningful
measure of “precision”. In ChemView®this is typically 1-2 mAU.

OH vs. H20: The 1400 nm region contains the 1st overtone of the
O-H stretch in water and hydroxyl, as shown above for water and
ethylene glycol. Mixtures of water and alcohols, therefore, have
over-lapping features due to water and hydroxyl in this region.
Water additionally has a unique peak near 1900 nm due to a com-
bination of its O-H stretch and its H-O-H bending. The large peak
near 2100 nm is a combination of O-H and C-H in the glycol.
Notice that this pure glycol lacks an appreciable peak near 1900
nm where molecular water absorbs. With equivalent optical paths,
you can see how much stronger water is compared to the C-H
features.

Precision: The water peak at 1900 nm is about five times as large
as its peak at 1430 nm. For example, 1 mAU in the 1900 nm re-
gion for n-propanol corresponds to about 20 ppm water for a 1 cm
optical path, and about 90 ppm near 1430 nm. For water in
methyl-isobutyl ketone (MIBK) or tetrahydrofuran (THF) these
values are about 12 and 85 ppm/mAU, respectively. By doubling
the optical path to 2 cm, if possible (see below), the precision is
also doubled. Take a conservative 3s drift of 3 mAU for a Chem-
View®, and we arrive at +40 (0.004%) at 1900 nm and +250
(0.025%) ppm at 1430 nm with a 1 cm probe.
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Spectral Background and Path Length: The absorbance from
an organic liquid near 1900 nm is highly variable. CCls has no
appreciable absorbance in this region. Optical paths from 10 to 20
cm can be used to achieve <1 ppm precision. In contrast, many
alcohols have significant absorbance. For example, ethylene gly-
col at 1900 nm has about 1.4 AU for a 1 cm optical path. There-
fore, we could use a 5 mm optical path in a fiber optic probe to
provide a 0.7 AU “baseline” absorbance in ethylene glycol. At 5
mm, the precision for water in ethylene glycol is about 24 ppm/
mAU, so 1% water would add about 0.4 AU to the 0.7 AU resulting
in an absorbance near 1.1 AU. You can see that adding >1%
water to ethylene glycol, even in a 5 mm probe, would lead to an
absorbance larger than our 1.2 AU desired limit. Thus, 2% water
in ethylene glycol is measured with a shorter path, such as 2 or 3
mm, with some sacrifice in precision to achieve the greater con-
centration range.

Temperature  Effects: 64
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the 1900 nm peak shown
on the previous page. This means that different temperatures
have different calibration curves. In some of our studies of percent
water in acids in the 1400 nm region, a 1 °C change can lead to a
0.1% (1000 ppm) change in the calculated water concentration.
There are several methods to minimize sample temperature ef-
fects. The piping in a side stream can be heat traced or the wave-
length at the spectral intersection point can be used for the calibra-
tion. Perhaps the most common solution is to measure the sample
temperature with an RTD sensor or thermocouple near the probe
and send the signal back to a ChemView® or ClearView™ pho-
tometer. The software in both analyzers is equipped to correct
water calibrations for sample temperature variations.

Sample Clarity: A photometer computes the absorbance be-
tween the water wavelength and a “reference” wavelength (= -log
Water/Reference) and converts that into water concentration. The
“reference” wavelength is typically chosen in a “valley” which has

little absorbance change, such as 1300 nm. The presence of light
scattering entities entrained in the sample stream, such as bub-
bles, particles or immiscible phases, can “tilt" the entire spectrum
between the water and “reference” wavelengths. Since we are
already quantifying mAU changes at the water peak, it does not
take much of a “tilt" to significantly impair a water calibration. The
greater the wavelength difference, the more the effect, such as at
1900 nm. We can always choose a “reference” wavelength on
either side of the 1900 nm water to minimize this effect, but it is
still important to install particle filters and sample temperature
control. We use the voltage from the detector at the “reference”
wavelength to indicate sample clarity. It can be sent to your DCS
as a 4-20 mA analog output and monitored continuously.

ChemView® vs. ClearView™: ClearView™ started as a dedicated
color and turbidity analyzer for analyses in the visible region at
<$20,000 with a fiber optic probe, fiber optic cables and analyzer
in a Class 1, Division 1, non-purged enclosure. We have ex-
tended its capability to include the water near 1400 nm. It is an
ideal low-cost option for 0 to 2% water in ethylene glycol, or 10%
water in acetic acid, for example. ChemView® covers hoth re-
gions, and is the choice for the more sensitive region near 1900
nm for ppm water measurements.

Conclusions: By considering the issues raised above, we can
provide you with a cost-effective solution to obtain the desired
sensitivity for water over the concentration range of interest in
most organic liquids.
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