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ABSTRACT

Spherical soap bubbles and planar soap solution films were studied for their
analytical applications, taking advantage of the extreme thinness of such films, the

ability to dissolve solutes regardless of polarity and ease of fabrication.

Soap bubbles can be created from small amounts of liquid and provide
relatively high surface area per unit liquid volume. A device was set up to prepare
and hold a stationary spherical soap bubble. The arrangement was studied as a gas
sampling interface. A spherical soap bubble was made under computer control: A
fixed volume of 2% v/v Triton X-100 (TX-100) was delivered to the annular tubular
bubble head by a solenoid valve. A measured amount of gas was then delivered to
form the bubble. The bubble could be formed reproducibly (diameter 41.7 + 0.8 mm,
1.9 % rsd. (n=74)) and maintained without breakage for more than 10 minutes by

keeping the relative humidity in the bubble chamber high. The soap bubble film
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thickness depends on time and on the precise location where it is measured. The
measured thickness at an “equatorial” location 5 minutes after the bubble was first

formed was measured to be 1.6 £ 0.2 pm.

A theoretical model was developed for the measured conductance of the
bubble across polar cap electrodes given the bubble dimensions and the specific
conductance of the film forming solution. The specific conductance of the film
forming solution was deliberately varied by adding H,SO,; the measured conductance
of the soap bubble agreed well with those calculated from the theoretical model. The
conductance does decrease with time because the bubble film gradually becomes thin
as liquid accumulates as a drop at the bottom of the bubble. However, this behavior is
reproducible and it is possible to get reproducible data at fixed time windows. We
were also able to use the soap bubble as a flow-through cell by placing a drain tube at
the bottom of the bubble. A soap solution was pumped continuously after forming the
initial bubble, this basically resulted in flow across the bubble surface, and the
conductance was continuously monitored. Injection of sulfuric acid in the flow

stream resulted in well defined conductance peaks.

The soap bubble, composed of a thin soap film, was used as the sampling
interface for SO, gas determination. Hydrogen peroxide (0.3% v/v) was added to the
bubble making solution. Sulfur dioxide gas, down to sub-parts per million by volume
(ppmv) levels, was made to flow around the bubble whereupon it was captured by the
bubble efficiently and converted to H,SOy, raising the conductance of the bubble.

Gas sampling rate did influence the gas capture efficiency by the soap bubble.
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However, at the desired flow rate of 350 mL/min, the conductance signal increased
linearly with sampling time. The bubble conductance signal at a specific time (10
min of sampling) vs the known SO, concentration, (measured by capture in a bubbler,
oxidation to sulfate and measurement by ion chromatography) was linear from the
detection limit (LOD, calculated from 3 times of S/N of blank to be 37 ppbv) up to
several ppmv. With SO, being sampled for only 30 s, although the LOD is higher, a
linear response was observed and this can be developed to be a near real time analysis
system. Sequential injection architecture can provide full automation of such a

system.

In separate experiments, TX-100 soap solution was used to make planar soap
films manually on a plastic frame. Such films were used to study the permeation of
both enantiomers of o-pinene in vapor form in a flow system.  The soap film
separated a chamber into 2 compartments, donor and receptor. The influence of
composition of the soap solution, placement of the soap film, and gas flow direction,
were investigated. A soap film composed of 10% glycerol and 5% TX-100 with
horizontal placement and the donor chamber being the bottom chamber resulted in the
longest lasting bubbles. Two enantiomeric forms (+ and -) of chiral a-pinene vapor,
generated by gravimetrically calibrated diffusion tubes were used for investigating
differential permeation through the film. After the soap film was manually put in
place, the a-pinene vapor was allowed to flow through the donor side for 1 min. The
a-pinene permeated across the soap film were collected by sampling with 100-um
polydimethylsiloxane (PDMS) coated solid phase micro extraction (SPME) fibers for

30 s. The collected material was then analyzed by gas chromatography on a Cyclosil
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B chiral column capable of resolving the two enatiomers after first calibrating the
SPME/GC collection/analysis process with known a-pinene vapor concentrations
under the same sampling conditions as in the soap film permeation cell. This enabled
calculation of absolute transfer flux and separation factors. Concentrations of TX-100
in the soap film were varied over a concentration range of 0.05-5 % v/v. The higher
the TX-100 content, the higher was the transport flux of a-pinene across soap film.
These results support a transport mechanism where a-pinene dissolves in the TX-100
micelle and is diffusively transported by the concentration gradient across the soap
film to the receptor side. When the soap film was modified by incorporating o.-
cyclodextrin, differential transport of the + and - chiral a-pinene enantiomers was
observed. The separation factor of the two forms of a- pinene increased with
increasing o-cyclodextrin content in soap solution. A soap film barrier containing a
selector host is thus a promising tool for separation, especially of

isomeric/enantiomeric gases or vapors.
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