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Measurement of Ice Fraction in NaCl Solution with FTIR
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Infrared spectra of 0.12 mm thick frozen NaCl
solution from 1600 to 4000 cm_1 were obtained at sub-zero
temperature with a FTIR spectrometer. The transmittance
of the sample decreased sensitively with decreasing
temperature around the frequency of 2700 cm_1. The volume
fraction of ice in the NaCl solution, calculated from the
absorbance at 2700 cm—1, agreed well with the wvalues

predicted from a phase diagram of the system HZO—NaCl.

Infrared spectroscopy method is wuseful for studies on the
structure of ice, 1liquid water and absorbed water on clay

1,2) Absorption peaks of infrared are different for liquid

particles.
water and ice.3) Therefore, if the difference in the peak between liquid
and ice are observed for a frozen sample, the method can be used to
determine ice content in the sample. For infrared spectrum of water,
normally, attention is given to the frequencies of OH stretching or OH
bending bands. However, Dbecause several absorption peaks of both
liquid water and ice coexist at the narrow range of each frequency, it
is difficult to distinguish the peaks and to analyze them quantitatively.
In addition, the absorptions at the frequencies of OH stretching and OH
bending bands are so intensive that only a thin sample containing less
water must be prepared for the measurement of the absorption peaks. For
such a thin sample, however, it is difficult not only to distinguish
ice from liquid water but also to determine the water content in the
sample. In this study, a new infrared spectroscopic method 1is
presented to determine the ice fraction in a thicker frozen sample of

NaCl solution. Then the method is shown to be promising for the
measurement of ice fraction in a frozen sample.

The absorbance of a frozen sample, A can be expressed by the Beer-

fl
Lamber's law:

Ag = uL(mL/V)l + ui(mi/V)l + uc(mc/V)l (1)
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= (uLl/VL)(mLVL/V) + (uillvi)(miGi/V) ; (uCl/VC)(mCVc/V) (2)
where U is the mass absorption coefficient (cm“/g), m is the mass of
constituent (g), V is the total volume of the sample (cm3), v is the
partial specific volume (cm3/g), and 1 is the the thickness of the
sample (cm). The subscripts L, i and s indicate liquid water, ice and
solute, respectively. To apply Eg. 2 to the measurement of ice content,
we define here the specific absorbance which is determined experimentally
for each specific constituent with the thickness of 1, namely,

L—uLl/v Aiiui1/6i,, ACEuCl/GC. (3)
Since mv/V in Eg. 2 is equal to the volume fraction of each constituent,

6 , Eg. 2 becomes:

A_ =2A6_ + 2.0, + A6 . (4)
f LL ii c c
The sum of the volume fraction of each constituent must be unique;
that is,
0 S 8 =
Lt Y9+ 1. (5)
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8. Dry air 9. Cooling liquid 10. Thermocouples to Potentiometer
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17. 0.06 mm thick copper spacer 18. 1 mm thick IRTRAN-2 window
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Eliminating OL from Egs. 4 and 5 gives the volume fraction of ice in
the frozen sample:
Aeg - By Ao = By

6, = — - ( ———— )6 _. (6)

Ai - AL Ai._ AL
The samples used in this experiment were (1) distilled water and (2)
NaCl solution which had the concentration of 1 g NaCl per 100 g water,
namely 1.0 % by weight. For the measurement of IR spectrum at sub-zero
temperature, a specially designed apparatus as shown in Fig. 1,
Variable temperature Unit (Beckman VLT-2), was used with a FTIR
spectrometer (Perkin Elmer Model 1800). After the sample was frozen with

liquid nitrogen, the temperature
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then the IR spectrum was 8 1
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Figure 3 shows the

absorbances in the NaCl solution 1.0 4 5 & s S

as a function of sub-zero
temperature at 2700 cm”'. The
symbols of triangle and solid

square are the experimental

o
.
w

results, and two solid 1lines
are the values approximated from

the results, respectively. The

absorbance of the NacCl 0

Volume fraction of ice

-4 -2 0
with increasing temperature and Temperature/OC

solution decreased gradually

became constant at the . Fig.4. Volume fraction of ice
temperature over -0.57 oC. in the NaCl solution.
These results are attributed to the freezing point depression of solution;
as temperature increases, the ice thaws up to the concentration in the
residual solution reaches the concentration related to the temperature.
Since ec in Eq. 6 is negligible small for the 1% NaCl solution, the
volume fraction of ice, Gi, is calculated from the absorbance given in
Fig.3. Figure 4 shows the relationship between ei and temperature. The
symbols of triangle and solid square are the calculated values, 2?d a dot
of the

system HZO—NaCl, respectively. The calculated and predicted values are in

and a solid lines are the values predicted from a phase diagram

excellent agreement. Consequently, it was concluded that the present
method of using 2700 cm-1 is very promising to determine the volume
fraction of ice in frozen samples.
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