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Safe Use of Water Condensers and Their Alternatives
in Research Labs

Water cooling is essential in many chemical manipulations and processes, particularly in solvent
distillation and purifications, refluxing, and prolonged heating experiments. However, the
effectiveness of cooling relies on proper setup and secure connections. Unsafe (loose) tubing
connections and water leaks can lead to costly damage and dangerous conditions in the lab.
Laboratory personnel can minimize these risks and ensure smooth and safe chemical
manipulations by taking necessary safety measures and providing hands-on training on the proper
setup, monitoring, and maintenance of cooling systems.

Alternatives to traditional water condenser setups, such as Findensers,™ water pumps and
recirculating chillers, offer considerable advantages in water conservation, safety, and operational
efficiency. These systems are designed to reduce reliance on a continuous water supply, which
helps mitigate risks like flooding and water-related accidents in laboratory environments.

On our campus, like most research institutions, there have been several instances of water leaks
from condensers. When a cooling system fails, it can cascade into a series of unexpected
consequences, from chemical contamination to hazardous reactions to widespread building floods.
To prevent similar incidents, it's critical to establish rigorous safety protocols, ensure routine
inspections, and train personnel on the proper handling of both condensers and chemical
manipulations. By incorporating preventive measures, regular checks, and emergency
preparedness into daily laboratory operations, you can reduce the likelihood of such incidents
occurring again and mitigate the impact of any unforeseen issues that arise.

Connecting Tubing to Glass Condensers

Softening the tubing end is an important step to prevent both glass cuts and damage to the
condenser. By softening the Tygon tubing’s end with a heat gun before inserting it into the
condenser port, it is easier to achieve a tight, secure fit while maintaining the integrity of the tubing
and condenser. (Fig. 1). Never insert tubing with too much force; doing so will damage the
condenser and can risk breaking glass and puncturing the skin. It is recommended that you use cut-
resistant gloves when doing this or any other task involving force and glassware. Use doubled-
back copper wire (wrap-around, twist over, wrap back, twist to tightness), a well-secured plastic
zip tie (pull tight with pliers), or a clamp to hold the connection once the tubing has attached to the
condenser port; otherwise, it may pop off once the water pressure within the building rises. Due to
decreased water use in the building at night, water pressure typically rises. It is important to choose
a ridged connector port rather than a smooth one (Fig. 1).
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Fig. 1: Safe insertion and removal of a Tygon tubing into a glass connector

Safe Operation of Water Condensers

e Provide comprehensive hands-on training for all lab personnel on properly handling water
condensers used for chemical manipulations and emergency procedures. Ensure they are
familiar with the potential risks of specific systems and chemicals.

o Establish clear SOPs for the use and maintenance of condensers, including step-by-step
instructions on setting up the cooling water system, checking connections, and safely handling
the equipment. Regular reviews and updates to these procedures can help prevent accidents.

e Over time, even glass or metal condensers can suffer from wear, corrosion, or cracks. Regular
visual inspections can help detect any early signs of damage that could compromise the
system’s performance and unwanted events in the lab.

Copper wire

Fig. 2. A copper and stainless steel tubing clamp
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o Copper wiring, a plastic zip tie or a stainless-steel clamp (Fig. 2) should be installed on
connections to prevent the tubes from falling apart or bursting the condenser in case of a
sudden increase in water pressure. Be cautious when using a clamp, as over-tightening the
clamp may crack the condenser port.

e Copper wire is good for hose barbs if you a) use a suitable gauge wire and b) don’t twist
so much that you slip over a hump of the barb as you tighten it. We recommend using 14-
gauge copper wire for this purpose, which is likely thick enough to provide a strong, secure
hold without being too stiff to manipulate. Twisting the wire too much can create hitches
when tightening it, as it could cause the wire to slip over the barb or create bumps that
make securing it harder. Bending the twisted portion of the wire over after cutting it short
is a good safety measure to reduce the risk of injury, ensuring there are no sharp ends that
could cause cuts or snags.

e Use tubing with an appropriate diameter and thickness made of Tygon or rubber on all
water-cooled systems. Over time, Tygon can become more brittle or less pliable, which
can impact its performance in applications such as water transport, or laboratory settings.
So, researchers should replace Tygon water tubing every few years.

o Some glass condensers feature easy-to-remove hose barbs, which are handy when setting
up and removing distillations routinely (Fig. 3). After the barb has been wired or clamped
once, any screw-equipped condenser can be readily connected.

Easy-to-remove hose barbs

Fig. 3. A condenser with easy-to-remove hose barbs

o Ensure the water enters the lower end of the condenser and exits from the upper end. This
maximizes the heat exchange efficiency by allowing the water to flow in the same direction
to the vapor, promoting better cooling and prevent air gaps.

e Avoid using joints, like two-way plastic connectors, between the condenser and the chilled
water source (Fig. 4). These connectors are prone to detachment, which can disrupt the
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flow and function of the system. Instead of connectors, it's recommended to use a single
length of Tygon tubing without any joints. Position the reaction assembly as close to the
water source as possible. This minimizes the need for long tubing runs and helps to avoid
the use of connectors altogether.

NO plastic connectors
for connecting two tubings!

Avoid squeezing the discharge
tubing to restrict the water flow
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W

Fig. 4. A proper reaction set-up inside a chemical fume hood showing correct clamping
of Tygon tubing

hood cup sink—>._

e Make sure the chemical fume hood cup sink is not clogged with unwanted materials
every time you use a water condenser.

e Do not rely on Parafilm® for securing Tygon tubing connections.

o For unattended reactions, laboratory lights should be left on, and “Safe Operation Card”
signs should be posted near the experiment identifying the nature of the experiment and
hazardous substances in use.

e Maintain a modest flow of chilled water throughout the reaction and check the condition
of the chilled water tap's valve regularly. Because the facility is not utilized as frequently,
the water pressure is low during the day and increases at night.

e Running cold water through the condenser slowly also reduces water use.

e When using a hot plate or an oil bath, make sure that the tubing is not touching the hot
surface of the plate. The tubing will melt, and water will flood in the lab.

o Ensure all condensers, tubing, and cooling systems are regularly inspected for wear, leaks,
or damage. Set up a scheduled checklist for daily, weekly, and monthly checks, depending
on the equipment's usage. Tubing is very affordable; replace it at the first signs of wear.
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Alternatives to Water Condensers in Research Labs

There are a few substitutes for water condensers, such as Findensers™, localized water pumps and
recirculating chillers (Fig. 5 & 6).

Fig. 5. A Findenser

Findensers™ are specialized condensers designed to efficiently reduce the amount of coolant used
for chemical reactions, especially when larger-size flasks or high-boiling solvents are involved.
Their design uses no external fluid and improves cooling efficiency by combining glass and
aluminum components. The Findenser's main component is a standard glass condenser tube. This
glass tube provides the vapor with the surface area to condense as it cools. A metal jacket with fins
surrounds the glass tube. These fins are crucial because they expand the surface area of the
aluminum jacket, improving its ability to disperse heat. The sealed space between the internal glass
condenser and the exterior aluminum jacket contains a minimal amount of fluid (Table 1). Due to
this design, Findensers are particularly effective when dealing with large volumes of high-boiling
solvents.

However, Findensers™ may not be suitable for low-boiling solvents like diethyl ether (boiling
point ~34-36 °C) and pentane (boiling point ~35-36 °C). If the condenser cannot maintain a
sufficiently low temperature, the vapor may escape without effectively condensing, leading to
solvent loss. Since the fluid is sealed within the system and doesn't need to be constantly
replenished, water consumption is eliminated, which can be especially important in settings where
water conservation is a priority and to prevent water flooding from water-cooled condensers.
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Localized water pumps allow for the use of small volumes of water contained within a closed
system. For example, a recirculating pump can be placed in a bucket of ice water to circulate cool
water through the condenser. These pumps are typically submersible due to their internal sealing.
These pumps significantly reduce the risk of flooding in the laboratory (Fig. 6). Traditional water
condensers often rely on open water flow, which, if improperly connected or uncontrolled, can
lead to overflows or leaks. In contrast, the localized system is typically sealed, and any excess
coolant can be contained or recycled within the loop.

Fig. 6. A small water pump

The localized water pump system can succeed in short duration experiments requiring precise
temperature control because of its small-scale, self-contained design. This is accomplished by
controlling the temperature of the contained water. This is particularly true for procedures that
need precise temperature control, such as product purifications and solvent distillations. By
directly cooling parts, the pump helps maximize performance without overcooling or wasting
energy.

Recirculating chillers avoid nearly all the problems of water condensers, Findensers™, and
simple water pumps but require considerable initial investment (thousands of dollars). In these
systems a working fluid (usually water or water/ethylene glycol mixtures) is circulated through
tubing to a glassware condenser. The electric chiller unit can be set to a fixed temperature, and it
is often possible to set it below ambient (down to -20 °C is a common class of chiller). In the event
of a leak in the system, risk for flooding is minimal due to lower total volume, but risks for the
chemistry remain (only Findensers™ are truly passive). In an academic setting, appropriately
sizing the chiller cooling capacity rarely poses a problem. Take care that operating below ambient
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with regular tubing can lead to ice accumulation on the tubing; aiming for a temperature around 0
to —10 °C is usually optimal.

Table 1: Comparison Table Findenser™ vs Water Condenser

Feature Findenser™ Water condenser

Efficiency Less efficient (lower heat capacity of air). More efficient (higher heat capacity of
water).

Size Findensers™ are surprisingly heavy, and this | More compact for similar performance.

difference needs to be considered in setting up | Standard technique in organic syntheses.
an experiment. It cannot be dried easily for
anhydrous reactions because of the size and

fins.
Water None. Requires constant water supply from
Consumption source (possibility of water flooding).
Applications Small-scale or air-cooled systems Small, large-scale industrial or lab
systems.
Maintenance Low; Findensers™ cannot be cleaned using Higher (water treatment and scale
an acid wash because they contain metal. management).
Environmental | None. High consumption of water.
Impact
Failure Mode Medium. High.

Training

The laboratory personnel should be trained to use any cooling system before conducting any work
with chemical manipulations. The principal investigator (PI) or lab manager must provide training
to his or her laboratory personnel specific to proper reaction set-up, the hazards involved with
chemical manipulation, work area decontamination, and emergency procedures.

Personnel should be trained on how to correctly set up and maintain cooling systems, including
water condensers or their alternatives. This includes ensuring secure connections, checking for
leaks, and confirming proper water flow rates or the operation of alternative cooling methods (e.g.,
Findensers™ or water pumps).
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