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School of Chemistry
SAFETY MANUAL FOR THE USE 

OF ULTRA-VIOLET LIGHT
No researcher should perform a reaction using an ultra-violet light source unless they have read and understood these notes and have agreed to abide by the recommendations, protocols and prohibitions contained herein. Your research supervisor must be aware that you are engaged in such work, and other occupants of the laboratory should also be informed. The protocols outlined in this manual constitute a COSHH assessment.
2013
Ultra-Violet Light
1.
Hazards

There are two main hazards that arise when using UV lamps for photochemical reactions:

· Mercury arc lamps produce a lot of heat and there is a fire hazard with volatile and flammable solvents, especially in the case of the internal probe-type lamps.
· Exposure of the skin or eyes to unfiltered UV B light can lead to severe and irreparable damage.

The wavelength and intensity of the light emitted by a mercury lamp depends upon the pressure of the mercury vapour inside the lamp, and the material type of lamp bulb. Mercury arc lamps commonly output some of the following wavelengths; 254, 265, 297, 302, 313, 365, 405, 436, 546 and 578 nm. The UV range – the dangerous part of the spectrum – covers wavelengths < 400 nm. "Health-type" UV lamps, e.g. those with the mushroom-shaped bulb and which do not require any starter gear, output a small amount of light at 297 nm, and substantial amounts of light at 302, 313, 365 and 405 nm, as well as a substantial visible radiation at 436, 546 and 578 nm. In fact, the peak intensity is at 365 nm with another significant output peak at 313 nm.

The transparency, or otherwise, of glassy materials towards UV light depends on the nature of the material and its thickness. For a typical thickness for a spectacle lens, flask wall, or glass screen of 1–4 mm, transmittance of UV light is readily checked. The following data were obtained by direct measurement using a Pye-Unicam 800 Spectrophotometer (G. B. Gill, University of Nottingham, unpublished results):

Fused Silica:
80% transmittance at 200 nm and essentially 100% transmittance in the range 225–400 nm.

Glass Spectacle Lens:
100% absorbance in the range 200–265 nm; >90% transmittance in the range 330–400 nm. Transmittance values at 285, 294, 303, 312 and 322 nm were 3, 10, 26, 45 and 63%.

Pyrex and Soda Glass:
100% absorbance in the range 200–290 nm; >90% transmittance in the range 340–400 nm. Transmittance values at 303, 312, 322 and 333 nm were 8, 30, 50 and 70%.

Polycarbonate Safety Glasses:
100% absorbance in the range 200–310 nm; >90% transmittance only above 400 nm. Transmittance values at 322, 333, 344 and 357 were 3, 10, 25 and 42%.

Polycarbonate UV Glasses:
100% absorbance in the range 200–408 nm; >90% transmittance above 435 nm.

2.
Eye Protection

As shown by the data above users of mercury vapour lamps, of whatever type, must wear polycarbonate UV grade safety spectacles whilst working in the vicinity of the photochemical apparatus.
3.
Skin Protection

Skin must be protected as far as possible from the effects of direct irradiation by UV light; UV B light is particularly associated with the development of skin cancer. Tender areas of skin are at particular risk including the face and neck, and forearms.

Since it may not be practicable to keep all such areas of skin covered-up and because other personnel working in the vicinity have also to be considered, the best remedy is to ensure that the UV source is adequately and effectively shrouded (see below). In the routine inspections of the experiment, the operator must keep personal exposure to UV radiation to an absolute minimum (i.e. a few seconds).

4.
Shrouding of UV Apparatus

Personnel working near a photochemical experiment must be protected from the effects of stray UV light, whether direct or reflected. Consequently, photochemical equipment must be properly and effectively shrouded when in use. Aluminium foil may be used to great effect, but additional screens of thick polycarbonate sheeting are also advisable.

5.
General Protocols


Danger arises largely from the failure of the water supply. If water flow to the cooling jacket of a probe-type lamp fails, the water rapidly heats up and siphons out of the outlet tube. The organic solvent will then vaporise and ignite in the very hot envelope of the mercury vapour lamp.  
Reactions involving the use of mercury arc lamps

You and your supervisor must carefully assess the proposed experiment and take account of the serious fire risk involved.  The experiment must be monitored regularly.
Internal probe-type and external health-type lamps

These experiments are allowed in the research laboratories provided that:

· The user wears UV-grade polycarbonate safety spectacles.

· The equipment is sited away from facilities required by other personnel.

· The experiment is monitored regularly.

· The water-cooling is adequate.

· Other personnel are protected from stray light by adequate and effective shielding.

· Health lamps must be placed at a safe distance away from the reaction flask (in case the water supply should fail).

· Combustible material must not be in the direct beam of the lamp.

· Experiments performed using the probe-type arcs must not be left unattended unless a ‘fail-safe’ water and electricity supply is used.

Note:


External lamps must not be enclosed in a combustible box because the bulb produces a great deal of heat and the box will become very hot.  

Rayonet-type reactors (Luzchem chamber)
The following protocol must be observed:

· The lamps do generate some heat and so one should not perform irradiations using low-boiling solvents such as diethyl ether, dichloromethane or pentane – as a general rule, the solvent used should have a boiling point of at least 50 °C.

· Irradiation of open samples is not permitted and all samples must be sealed with a septum or a well-fitting stopper.

· If you use the carousel, check that it operates correctly before starting the irradiation.

· Prepare your sample and the carousel, close the door of the irradiation chamber, then start the lamps.

· The timer function can be used for irradiations of pre-determined length.

· The apparatus may only be left on overnight if the experiment has been properly assessed by you and your supervisor.

· Never view the reaction vessel when the lamps are lit.
· UV-grade polycarbonate safety glasses must be used if any adjustments are made while the lamps are switched on. 
· Make sure nobody else looks at the lamps with unprotected eyes.
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