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   School of Chemistry
   SAFETY MANUAL FOR THE HANDLING AND
   REACTIONS OF CONCENTRATED (> 30%)
   SOLUTIONS OF HYDROGEN PEROXIDE
   No researcher should use concentrated solutions of hydrogen peroxide
   unless they have read and understood these notes [including the book
   chapter titled Introduction to the Preparation and Properties of
   Hydrogen Peroxide and Vogel's Textbook of Practical Organic Chemistry,
   5th Edition, Longman (1989) pp 36–37 and 439–440] and agree to abide
   by the general recommendations, protocols and prohibitions contained
   therein. Your research supervisor must be aware that you are using
   hydrogen peroxide. The protocols outlined in this manual constitute a
   COSHH assessment.
   2013
   Hydrogen Peroxide
   Hydrogen peroxide (H2O2) is available commercially as an aqueous
   solution in strengths up to 85% by weight. More concentrated (>85%)
   solutions of hydrogen peroxide are only available by special
   arrangement with Solvay Interox Chemicals Ltd. in Warrington and are
   not available from other chemical suppliers.
   Uncontaminated hydrogen peroxide is stable when stored at temperatures
   in the range 0–20 °C, but is rendered unstable by a wide variety of
   contaminants, particularly at higher temperatures. Decomposition
   results in the liberation of energy in the form of heat and a large
   quantity of O2 gas. Cleanliness, good housekeeping, and proper storage
   are therefore essential when dealing with hydrogen peroxide.
   Although hydrogen peroxide may be used to oxidise organic compounds
   under mild conditions, it is a reactive and powerful oxidant. Some of
   its simple derivatives [e.g. dialkoyl peroxides RC(O)OOC(O)R, and the
   lower aliphatic ketone peroxides] are sensitive detonators and are
   exceedingly dangerous compounds to handle.
   Provided that concentrated hydrogen peroxide is handled with care and
   with scrupulous attention to detail, reactions may be conducted
   safely. In the research environment it is especially important to be
   fully aware of the chemical consequences of the reaction being
   studied.
   Warning:
   Some literature procedures that involve the use of concentrated
   hydrogen peroxide are potentially dangerous. Although it is usual to
   add hydrogen peroxide to the material being oxidised in order to avoid
   entering the concentration region in which detonation can occur,
   inverse addition must be applied when trifluoroperacetic acid is
   prepared from hydrogen peroxide and trifluoroacetic anhydride,
   otherwise highly dangerous trifluoroacetyl peroxide [CF3C(O)OO.C(O)CF3]
   can form.
   1. Preparing and Planning an Experiment
     * 
       Research the literature thoroughly.
     * 
       Read the book chapter titled Introduction to the Preparation and
       Properties of Hydrogen Peroxide and Vogel's Textbook of Practical
       Organic Chemistry, 5th Edition, Longman (1989) pp 36–37 and
       439–440. Before handling hydrogen peroxide solutions with
       concentration of 70% or less, read the Interox Technical Data
       Sheet.
     * 
       Discuss your plans with both your supervisor and the Organic
       Section Safety Officer before commencing any experimental work.
     * 
       Experiments involving new chemistry must be conducted on small
       scale (i.e. on    2. Potential Hazards
   Health hazards
     * 
       Concentrated hydrogen peroxide causes irritating burns and
       whitening of the skin.
     * 
       Eye splashes may result in severe and permanent corneal damage.
     * 
       Ingestion can burn the oesophagus and stomach and cause internal
       bleeding. The rapid evolution of O2 causes gastric distension.
     * 
       Inhalation of the vapours or mists results in irritation of the
       respiratory tract.
   Fire hazards
     * 
       The catalysed decomposition of concentrated hydrogen peroxide
       leads to the evolution of a large volume of oxygen gas.
     * 
       In certain circumstances, evolution of oxygen can lead to
       spontaneous ignition and vigorous combustion of other material(s).
   Explosion hazards
   Read the book chapter titled Introduction to the Preparation and
   Properties of Hydrogen Peroxide pp 21–33. The common situations in
   which an explosion can occur are as follows:
   (a) Allowing the reaction to assume a composition that is too rich in
   hydrogen peroxide such that detonation becomes physically possible.
   (b) Inadvertently synthesising a peroxygen compound that possesses
   detonator properties. Many highly oxidised compounds are potential
   explosives but relatively few are easily detonated. It is most
   important that you familiarise yourself with the structures of risk
   compounds.
   (c) Performing the work-up a product mixture containing peroxygen
   compounds in an inappropriate manner (e.g. trying to distil a mixture
   of compounds containing peroxides) or by allowing the original
   reaction of hydrogen peroxide with an organic substrate (usually an
   exothermic process) to get out of control.
   3. Personal Protection
     * 
       Wear safety glasses at all times. If you intend to use much more
       than 10 mL of 85% hydrogen peroxide, use a full face mask.
     * 
       Always wear gloves whilst dispensing or transferring hydrogen
       peroxide.
     * 
       Always wear a laboratory coat; body protection should be
       supplemented with a plastic apron if there is any danger of
       splashing.
     * 
       All glass ware should be cleaned with detergent immediately prior
       to use to ensure that traces of metal ions are removed (do not use
       metal bottle brushes).
     * 
       The apparatus in which the reaction is to be performed should be
       placed behind safety screens in a fume cupboard.
     * 
       In the event of contact of concentrated hydrogen peroxide with the
       skin or clothing, it is essential that the parts affected be
       washed immediately with water.
     * 
       In the highly unlikely event of eye contact, irrigation with
       clean, cold water must be prompt and sustained for at least 20
       minutes. Professional medical attention must be obtained
       thereafter.
     * 
       Combustible materials (oxidisable organic substances such as wood,
       paper, cotton wool, tissues etc., metals and metalloids in powder
       form) must be cleared away from the working area before commencing
       the experiment.
     * 
       Do not store concentrated hydrogen peroxide below 0 °C (e.g. in a
       freezer) – the material can solidify at temperatures of < 0 °C.
     * 
       Never return unused hydrogen peroxide to the storage bottle, but
       instead dilute any residual reagent with at least a 20-fold excess
       of cold water, then flush it down the sink.
   4. Dispensing Hydrogen Peroxide
   Concentrated solutions of hydrogen peroxide should be kept in a cold
   store in vented polythene bottles and the bottles should be kept
   inside separate cans which afford additional protection. Concentrated
   solutions of hydrogen peroxide are stable provided that contamination
   by metallic impurities or oxidisable organic matter is strictly
   avoided. Never return unused material to the stock bottle and clear up
   any spillage immediately by washing with plenty of water. Never use
   acetone or the lower molecular weight ketones as reaction solvent or
   for extractions because they are converted into explosive ketone
   peroxides on contact with hydrogen peroxide.
   The following protocol must be observed:
     * 
       All glassware must be thoroughly washed with water and little
       detergent, and then rinsed. Rinse well with water for the final
       washings, and drain. If necessary, oven-dry the glassware.
     * 
       Small quantities (~10 mL) of hydrogen peroxide are most
       conveniently drawn from the stock bottle by using a thoroughly
       clean graduated pipette equipped with a mechanical filler.
     * 
       Discharge the pipette into a clean flask. The work area must be
       clean; avoid contaminating the stock bottle contents with
       particulate matter.
     * 
       For larger quantities of hydrogen peroxide, first clean the
       outside of the stock bottle with a damp cloth to remove any dust
       particles. Wear gloves and make sure that the work area is clean.
       Pour the required quantity of hydrogen peroxide carefully into a
       clean measuring cylinder and avoid contaminating the stock bottle
       during this process.
     * 
       Immediately after dispensing the hydrogen peroxide, re-cap the
       stock bottle and replace it inside its protective container.
     * 
       Protect the dispensed hydrogen peroxide in the flask or measuring
       cylinder from extraneous dust particles. Use Nescofilm (parafilm)
       to cover the mouth of the flask / measuring cylinder and do not
       use a glass stopper because hydrogen peroxide containers must
       possess a vent. Keep the hydrogen peroxide cool and use it in the
       projected experiment as soon as possible.
   5. Performing the Experiment
   All new experiment must be conducted on a small scale (i.e. < 1g)
   first.
   Apparatus
     * 
       All glassware must be thoroughly cleaned as noted under the
       Section 4 ‘Dispensing Hydrogen Peroxide’.
     * 
       Stirrer bars must be constructed of glass or Teflon.
     * 
       Do not use metal stirrer bars or probes.
     * 
       Use an alcohol rather than mercury thermometer.
     * 
       The reactor must have a vent.
     * 
       Set up the apparatus in a fume hood and use the safety screens.
   Solvents
     * 
       Chlorinated solvents, esters and alcohols may be employed.
     * 
       Never use acetone or a low molecular weight ketone as the reaction
       solvent.
   Heat control
     * 
       Reactions involving hydrogen peroxide or percarboxylic acids are
       exothermic. As a consequence, even with compositions not in the
       detonable area, appreciable temperature rises can occur.
     * 
       To obtain high product yields and prevent side reactions, it is
       desirable to carry out reactions in a controlled manner and
       maintain peroxygen content at as low a level as possible.¶
     * 
       The temperature should be monitored using an internal thermometer
       and controlled by adequate but not overcooling; a slight exotherm
       is useful to ensure that reaction is occurring. It is also
       advisable to preheat reactor contents to ca. 5 °C below the
       proposed operating temperature before adding the peroxygen
       compound.¶ This will prevent peroxygen compounds building up at
       low temperatures before the reaction initiates, preventing the
       occurrence of possible subsequent rapid and out-of-control
       reactions.
     * 
       For unfamiliar reactions it is also advisable to analyse the
       reaction mixture for peroxygen content during the addition
       process.
     * 
       Incidents have arisen through increasing reaction temperatures
       after the completion of the addition of the peroxy compound when
       no reaction had taken place. In such circumstances the reaction
       should be abandoned,# and a further experiment carried out at a
       higher operating temperature.
     * 
       A means of fast-cooling the reaction mixture must be to hand to
       prevent incidents occurring due to runaway reactions.
   Notes:
   ¶ During the preparation of pertrifluoroacetic acid (CF3CO3H) from
   trifluoroacetic anhydride and hydrogen peroxide, inverse addition must
   be used in order to avoid the formation of detonable trifluoroacetyl
   peroxide (CF3CO.OO.OCCF3). In this specific case, the reagents are
   added to the solution of hydrogen peroxide.
   # Quench the reaction mixture by adding a large excess (e.g. 20-fold)
   of an inert solvent (usually water) and then deal with the residues in
   the appropriate manner.
   6. Hazardous Products
   The major hazard to avoid is the preparation of a sensitive detonable
   compound. Sensitivity towards detonation (for a given material)
   increases with it increasing concentration; neat liquids or
   crystalline solids are especially hazardous.
   The following classes of peroxygen compounds should never be prepared:
     * 
       Acetyl peroxide and dialkoyl peroxides (RCO.OO.COR).
     * 
       Peroxides derived from lower molecular weight ketones.
     * 
       Polymeric phthaloyl peroxide
     * 
       3,5-Dinitroperoxybenzoic acid. This compound has been advocated as
       a powerful epoxidising reagent and may be handled safely in
       solution or when de-sensitized with an inert solid diluent (e.g.
       MgSO4). If you really do need to employ this particular peracid
       then discuss matters with the Organic Section Safety Officer.
   Notes:
     * 
       Solid diaroyl peroxides – ArC(O)OOC(O)Ar – must be stored wetted
       with water. Two dry crystals rubbing together may be sufficient to
       initiate a detonation.
     * 
       Most percarboxylic acids should not be stored for longer than 6
       months.
     * 
       Do not store peroxygen compounds in flasks or bottles fitted with
       ground glass stoppers (friction can cause detonation!).
     * 
       All such compounds should be kept cool and out of direct sunlight.
   7. Work-up and Purification Procedures
   Adequate precautions must be taken during work-up and purification,
   particularly in the case of purification by distillation or
   evaporative crystallization, to prevent concentration of peroxidic
   species. The reaction product must always be analysed for peroxygen
   compounds, and any such compounds present removed or destroyed.
   Peroxygen compounds can be destroyed reductively by aqueous or
   alcoholic iodide ion,† by bisulfite‡ or iron(II) salts. If the
   addition of water or iodide interferes with a further work-up, then a
   reductive destruction by hydrazine, thioacetic acid, phosphine, or
   with gaseous SO2, or a catalytic decomposition with platinum catalyst
   is recommended. In the case of catalytic decomposition, the formation
   of gaseous oxygen must be taken into consideration.
   Notes:
   † Reaction may be slow or incomplete with some peroxides – e.g.
   dialkyl peroxides (ROOR).
   ‡ Sulfite or bisulfite can react with peracids to give dialkoyl
   peroxides which are not reduced by sulfite, and the presence of excess
   sulfite invalidates the iodide colour test for peroxide (see T.D.
   Manly, Chem. in Britain, May 1982, 341). Always add the peracid to the
   sulfite to prevent peroxide formation. Stannous chloride may also be
   used as a reducing agent and it is appropriate to add the peracid to
   an excess of this reagent.
   6
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