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Abstract 

Experiments were carried out to study the feasibility of 
using a gas-liquid chromatograph for measuring humidity of 
small samples. The system employed a thermal conductivity 
cell for detection and a digital integrator to measure the peak 
areas. A number of column packings were tried, and 2% 
Carbowax on Haloport F was selected because i t  caused rela- 
tively little tailing. 

Water peak areas were found to vary almost linearly 
with humidity level. Air and water peak areas varied with 
sample size; both decreased markedly with increased carrier 
gas flow rate, and both decreased with a decrease in  filament 
current. 

Accuracy ranged from about 2 1 1 4  C deg dew-point at  
21°C dew-point temperature to &1 C deg a t  -18°C dew-point 
temperature for sample sizes ranging from 4.9 to 15.9 cm3. 
Because of the small amounts of water involved, sorption on 
tubing walls can constitute an  important source of error. 

Gas liquid chromatography has been used to meas- 
ure the moisture content of a variety of liquids (1-4) 
and of air (5,6). I t  affords a method of measuring 
small quantities of moisture and is of interest in the 
present case because it constitutes a possible method 
of determining the properties of small samples of 
moist air withdrawn from spaces in building compo- 
nents or laboratory specimens and equipment. 

The literature contains little detailed information 
about the use of GLC for hygrometric work. Experi- 
ments were undertaken, therefore, to determine the 
character of the air and water signals as affected by 

15.9, 8.2 and 4.9 cm3 were used. The volumes of the 
sample chambers were measured by determining the 
amount of water required to fill them. The additional 
volume contributed by the Beckman valve was esti- 
mated to be 0.2 cm3. The entire Beckman valve was 
heated to about 110°C because sorption on the meter- 
ing chamber walls at room temperature was sufficient 
to produce a marked effect on the results. 

A number of column packings were tried. These 
included calcium carbide to produce acetylene, which 
could then be detected, Poropak R@, (Waters Assoc., 
Framingham, Mass.), Ucon 550 on Haloport, Chromo- 
sorb W, and Carbowax on Haloport F. On the basis 
of the observed reproducibility and tailing, 2% Carbo- 
wax on Haloport F was selected as the most suitable 
for work in the range of interest. The packing material 
was chilled to -30°C to simplify loading, and the 
column (stainless steel tube, 1/4 in., i.d., and 9 ft 6 in. 
long) was vibrated to improve the uniformity of pack- 
ing. The column was operated at  approximately 90°C. 

The sensing element was a thermal conductivity 
cell with a four-filament bridge in a system similar 
to that discussed by Lawson and Miller (8) .  Results 
appeared to be more reproducible when a constant 
current was supplied to the bridge, and this procedure 
was employed in the tests. 

The electrical output from the thermal conductivity 
cell was transmitted to an Aerograph 470 digital inte- 
grator, which gave the areas of the air and water peaks 
separately in digital form, the units being millivolt- 
seconds (mV-sec) . The water peak areas at  low dew- 
point temperatwes were so small that it was not - 

sample size, humidity level, sensor current, carrier gas 
flow rate and column temperature, and to evaluate 
the attainable accuracy and sensitivity of the method. 

Method 

During the initial stages of the investigation sam- 
ples of moist air were introduced into a chromatograph 
by means of a syringe with a volume of less than 5 
cm3. Reproducibility was poor, possibly owing to the 
effects of sorption on the walls of the syringe, and 
the method was abandoned in favor of a system that 
would avoid this difficulty. 

Room air was pumped through a saturator, which 
produced a humidity level known to within 0.1 C deg 
dew-point (7) ,  to a Beckman valve that allowed air 
samples of known volume to be metered into the 
carrier gas stream and analysed. Sample chambers of 
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Table I .  Test Series. 

Column Filament Helium 
Dew-Point Temp Current Flow 

Investigation Sample Size "C "C mA cmvmin Remarks 

Reproducibility 15.9 -18 7 1 240 50 C, = 4.37% 
8.2 21 9 0 190 50 C, = 1.70% 
4.9 21 90 190 50 C, = 1.75% 

Sample Size 15.9 -18 to 21 90 240 180 50 Area Ratio decreased 
Filament Current 8.2 -18 to 21 90 240 180 50 nonlinearly with decreasing 
and Humidity Ratio 4.9 4.5 to 21 9 0 240 50 sample size and filament 

Changes current; linear with 
humidity ratio 

Helium Flow Rate 8.2 15.5 9 0 197 50 43 32 Area Ratio independent 
4.9 15.5 90 197 50 43 32 of helium flow 

Column Temperature 15.9 21 99 77 202 50 Area Ratio independent 
8.2 21 99 77 202 50 of column temperature 

C, = COEFFICIENT OF VARIATION = Standard deviationlmean reading 
BECKMAN VALVE TEMPERATURE 110" ALL TESTS 

Figure l a .  Air and water peak areas versus humidity ratio 
for three sample sizes and two detector filament currents. 
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possible to measure them accurately by manual means, 
and the integrator was essential for these measure- 
ments. Despite the large difference in the areas of the 
air and water peaks, satisfactory measurements were 
obtained without attenuating the air peak. 

Results and Discussion 
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Table I gives the operating conditions selected for 
each test and a brief summary of the results. In the 
studies on reproducibility, twenty-four 15.9-cm3 sam- 
ples of air at -18°C dew-point temperature (0.000787 
humidity ratio a t  STP) were tested. The peak area 
ratios showed a coefficient of variability of 4.4%. At 
a dew-point temperature of 21°C a similar series of 
tests with 8.9-cm3 and 4.9-cm3 samples gave a coeffi- 
cient of variability of 1.7%. Nearly all of the varia- 
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Figure lb .  Air and  water peak areas versus filament current. 

bility occurred in the measurement of the humidity 
component. 

Figures la, l b  and l c  contain data taken from the 
same set of results plotted in three different ways. In  
Figure l a  the peak areas for air and water vapor are 
plotted separately against humidity ratio for two fila- 
ment currents and several sample sizes. The air peak 
areas are substantially constant; the amount of air in 
the samples changes very little, but the water peak 
areas decline in an apparently linear manner as the 
humidity ratio is decreased. 

Figure l b  illustrates the areas again plotted against 
filament current a t  two humidity ratios. Changing the 
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o-?,hil SAMPLE SIZE-C~ ' (A IR 8 WATER VAPOR AT 21'C D P )  

111 WATER PEAK AREA, m V  SECX 

IIIIWATER/AIR PEAK AREA RATIO X 10' 

Figure lc. Air and  water peak areas and the waterlair peak 
area ratio versus sample size for two filament currents. 
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Figure 2. Air  and  water peak areas and the waterlair peak 
area ratio versus helium flow rate for two sample sizes. 

filament current from 180 to 240 mA increased sensi- 
tivity to air by about 5% and sensitivity to water 
vapor by about 100%; thus, under these conditions at 
least, higher filament currents will increase the size of 
the water peak in relation to that of the air peak. 
Schmauch and Dinerstein (9) also found that variation 
in filament current caused substantial variation in the 
response for n-hexane and methanol. 

Individual areas and ratio of water vapor to air 
are plotted against sample size in Figure lc. The area 
for air decreases with sample size, but linear extra- 
polations of the lines do not pass through the origin 
of the plot. Although the plot of water area is linear 
and extrapolates nearly through the origin, the ratio 

I I IAREA RATIOX l o 2  
I l i lA lR PEAK AREA, m V  SEC x10-' 

Figure 3. Air  and water peak areas and the waterlair peak 
area ratio versus column temperature for two sampling sizes. 

HUMIDITY RATIO X 100 

Figure 4. Waterlair peak area ratio versus humidity ratio for 
several sample sizes and two detector filament currents 

of water to air areas is non-linear. Some of the factors 
that could contribute to non-linearity are: varying 
thermal conductivity with concentration, varying con- 
centrations with time, and time lag in the sensing 
elements. 

The ratio of the areas of air and water peaks was 
unaffected by a change in helium flow despite the 
change in their absolute values (Figure 2). Too small 
a helium flow rate caused tailing. Reducing the col- 
umn temperature increased the area of water vapor 
peak and air peak slightly while retaining the same 
ratio, but eventually the lower column temperature 
produced tailing of the water peak (Figure 3 ) .  

Peak area ratios are plotted against humidity ratio 
in Figure 4, demonstrating the type of calibration 

9. Schmauch, L. J., and Dinerstein, R. A., Anal. Chem. 32, 
343 (1960). 
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curves needed when such an instrument is used to 
test an unknown sample. 

Conclusions 

Using gas chromatography to determine the hu- 
midity ratio of moist air in the range of 21°C to -18°C 
dew-point, a nearly linear relation was found to exist 
between peak area ratio and humidity ratio when other 
operating variables are fixed. 

The investigation indicates that: 
1. calibration curves showing the relation between 

area ratio and humidity must be obtained at a fixed 
sample size and filament current, because the two 
variables cause considerable variation; 

2. a lower dew-point temperature requires a larger 
sample to retain the same precision as the higher 
dew-points; 

3. the tailing problem is markedly reduced when col- 
umn packing materials and operating conditions 
are carefully selected; 

4. problems of reproducibility were solved by heating 
the Beckman valve and using an automatic inte- 

grator and constant filament current supply. 
The GLC system of measuring humidity ratio (us- 

ing a Beckman valve) can produce results accurate to 
X0C at 21°C dew-point and better than 1°C at -18°C 
dew-point. The present system does not permit the 
measurement of humidity using small samples ob- 
tained with a syringe, but the development of a suit- 
able sampling technique would permit this system of 
humidity measurement to be more versatile. 
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