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The Journal of Chemical Education has presented articles
describing the construction of inexpensive yet effective dry
(glove) boxes (I-3). These are used in academe where workers
cannot afford the cost and storage of large stainless steel-type
apparatus (). After working with numerous water- and air-
sensitive materials, we found it imperative to construct a box
of this sort. Herein we describe a modern approach to the
fabrication of an inexpensive yet effective dry-box.

Historically, inexpensive dry-box construction has in-
corporated the chemist’s creativity as well as practicality, as
demonstrated by Weyland and Schwartz (7). They utilized a
discarded soda-pop cooler and fit it with a Plexiglas face.
Bunce (2) built a box using plywood coated with epoxy
varnish, and Shore (3) kept it simple by assembling a poly-
ethylene bag over a rectangular framework. Our box consists
of a silicone-bonded acrylic frame, PVC-pipe fittings, draw
hasps, and polyethylene gloves.

The UCSC Econo-Box has numerous advantages over its
predecessors. First, its rigid acrylic design provides easy visu-
alization and manipulation of objects. Second, its removable
top and large chamber allow for the installation of analytical
and top-loading balances. Third, its disposable polyethylene
gloves not only maximize cleanliness and minimize contami-
nation, but are also available in bulk at low cost. Finally, the
system can readily be purged with inert gas to provide the
appropriate atmosphere. Of course, the main advantage is the
cost: $200. Table 1 compares the prices of commercially avail-
able dry-boxes. We have managed to build a box comparable
in performance to ScienceWare’s budget-priced glove box for
10% of their cost.

Table 1. Comparison of Commercially Available Boxes

Box Type Material LDlmV?/nziar}in, E”;e{
Plas-Labs anaerobic chamber Acrylic  35x55x38 8,850
Plas-Labs basic glove box Acrylic  35x55x27 4,675
Plas-Labs analytical balance chamber  Acrylic 24 x 43 x 31 4,575
ScienceWare budget-priced glove box Plexiglas 20 x 36 x 26 2,018
UCSC Econo-Box Acrylic  17x24.5x15.5 200

Table 2 lists our materials and their cost. Note that
everything except the gloves (available from Fisher) and needle
valves (available from a welding shop or industrial tool shop)
was purchased at the local hardware store.

Construction of the box is as follows (see Fig. 1).

Cut acrylic and bore holes with drill saw.

2. Mount PVC parts and needle valves with silicone
adhesive.

3. Glue walls together and bore a #6 hole at the corner
of each intersection; fill holes with silicone and care-
fully screw in #6 (1-in.) screws.

4. Install draw hasps on top panel.

5. Apply Y4-in. weather stripping on top of frame.

6. Apply vacuum grease between test plug and PVC fitting
clean-out adapter to ensure proper seal.

7. Cut polyethylene gloves to appropriate length, wrap them
around the male PVC adapter, and screw the female
PVC adapter in place.

Table 2. UCSC Econo-Box Materials and Their Cost

Brand Name Item olr\lxnr:\l;i:ﬂ Unlij.g.%st/
U-Brand Corp. 4-in. diam PVC (drain-waste-vent) male adapter 2 5.37
U-Brand Corp. 4-in. diam PVC (drain-waste-vent) female adapter 2 4.45
U-Brand Corp. 4-in. diam PVC fitting cleanout adapter 1 5.57
Charlotte Plastics ~ Test plug, 4-in. diam knockout 1 0.79
National 2%,-in. draw hasp 4 3.59
Optix Acrylic safety glazing 12 sqft 5.20
Ace Self-adhesive %-in. vinyl bumpers 1 pack 2.39
MD Heavy duty door & window weatherstrip, waterproof & 1 1.35
airtight foam tape, 4-in. thick, 1/4-in. wide, 17t long
MD Silicone adhesive 1 4.99
Thrush Fasteners #6, 1-in. round head brass wood screws, slotted 2 packs 1.45
General Vy-in. drill saw 1 5.50
Vermont American  Screw pilot, #6 1 3.50
Western Enterprises Brass needle valves 2 30.00
Fisher Shoulder-length polyethylene gloves (cat. #18-999-1027) 1 pack (100) 15.12
Total Price of Box 198
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Note that the use of a screw pilot was critical in drilling
through the acrylic. Attempts to use a standard drill bit
resulted in splitting.

Methodology

Evaluation

Two experiments were performed to determine the oxygen
and water content within the box. First, the box was purged
with inert gas (argon or nitrogen) for one hour. Two trays
were each charged with 20 g of Drierite containing indicator.
One tray was placed inside the box and the other outside
the box. After one hour, the sample within the box remained
blue, while the sample outside the box became entirely pink,
indicating the adsorption of water. The sample within the
box required 72 hours to turn pink.

In the second experiment, the oxygen content was deter-
mined using the reagent prescribed by Sekutowski et al. (5).

First, the box was purged with argon for one hour. A dark
blue solution of [Cp, TiCICI]ZnCl,-2THF was then prepared
and syringed onto a glass plate within the dry-box. After 10
min, during evaporation of the THE, the solution became
olive green, indicating >5 ppm of oxygen. After 20 min the
solution became deep orange, indicating a >20 ppm oxygen
content. Since the moisture test indicated the absence of water
for more than three days whereas the oxygen test indicated
the presence of oxygen within 20 min, the gloves must be
semipermeable to oxygen but impermeable to water. There-
fore, an improvement in this box would be to incorporate
neoprene or equivalent dry-box gloves. These range in price
from $100 to $200.

Daily Use

As an organic chemistry lab, we utilize materials such as
acyl chlorides and boronate esters. Oftentimes it is necessary
to isolate these compounds to obtain percent yield and
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Figure 1. Schematic of UCSC Econo-Box.

1514 Journal of Chemical Educafion e [Vol. 78 No. TT November 200T] ® JChemEd.chem.wisc.ed{



http://jchemed.chem.wisc.edu/
http://jchemed.chem.wisc.edu/Journal/
http://jchemed.chem.wisc.edu/Journal/Issues/2001/Nov/

characterization data. However, since they are highly sensitive
to moisture and can be hydrolyzed in open air, their clean
isolation can be a challenge. Thus, our main intent in designing
a dry box was to make possible the isolation of moisture- and
air-sensitive compounds. After using the box for 12 months,
we present the best methodology for its use for this purpose.

First, the gloves are cut and attached to the PVC fittings.
A watch glass containing 20 g of Drierite is then placed within
the box through the PVC porthole. The moisture-sensitive
material (e.g., a powder in a round-bottom flask sealed with
a septum) is also transferred to the box along with any other
necessary items. Vacuum grease is applied to the adapter and
the porthole is sealed. If necessary, the removable top panel
is also properly attached and sealed. At this point there should
be no leaks or exposure to outside air. To purge the box, the
needle valve, attached to house vacuum, is slowly opened and
the inert gas valve is opened simultaneously. The rate of inert
gas insertion is then adjusted to be greater than the rate of
evacuation, so that the gloves are expelled, balloon-like, to the
exterior of the box. This allows for removal of unwanted air
as well as introduction of inert gas. It is recommended that
the optimum rates be determined by observation of the box
itself. For example, it will begin to collapse if the vacuum is too
high and expand if the vacuum is too low. The positive and
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negative pressures need not be extreme: our house vacuum
typically pulls down to 200 Torr and our inert gas pressure does
not exceed 10 psi. After purging for 30 min, the moisture-
sensitive material is manipulated appropriately.

Conclusions

The UCSC Econo-Box has proved to be an effective tool
in the handling of hygroscopic and air-sensitive materials. Its
readily available and inexpensive components make its con-
struction and assembly possible in one day, and its size renders
it an alternative to the large industrial-type boxes. For us, this
box has provided a comfortable, relatively inert, moisture-
free atmosphere—and at a low cost. For academe, that is most
often the bottom line. Thus, it is our hope that you find it
equally useful.
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