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Working with organic peroxides in the academic lab
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The author has no formal training in chemical safety; the following guide is based upon more
than two decades of academic lab work with organic peroxides. Suggestions or corrections are

welcomed at pdussault1@unl.edu.

ABSTRACT: The following is a brief introduction to peroxide safety from the viewpoint of a
synthetic chemist. Major topics include: classes of organic peroxides; peroxide reactivity; hazard
identification and minimization; reaction monitoring; and, hazards associated with auto-oxidation

of peroxidizable solvents.

KEYWORDS: peroxide, hydroperoxide, hydroperoxyacetal, ozonide, perester, dihydroperoxide,
monoperoxyacetal, active oxygen, peroxide strips, TLC indicator, self-accelerating

decomposition, radical, exothermicity, transition metals.
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1. Resources

A selection of reviews or monographs related to organic peroxides and/or peroxide reactivity are
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described here; some references focused on peroxide safety are found within individual
sections of this document. Readers noting the omission of a favorite review our source are

encouraged to send suggestions to the e-mail listed on the first page.

Swern's three-volume series on organic peroxides, although dated, remains an excellent
resource.” A 1988 offering in the Houben-Weyl Methoden series (forerunner of Science of
Synthesis) provides a comprehensive introduction into peroxides and their reactions. Multiple
volumes of the Patai Functional Group series address peroxides.® A major technical
encyclopedia includes an informative chapter on organic peroxides.* Several references are

provided related to peroxide reactivity and the hazardous materials literature.> ®

Suppliers of organic peroxides offer very useful information, much of it safety-related, on their
web sites.”®?'° The Organic Peroxide Producers Safety Division, a plastics-related trade
organization that includes the suppliers described above, also maintains a web site offering a

number of useful links and documents."
2. Major Classes of Peroxides.

Some common peroxide classes are illustrated in Figure 1, along with some general
information (often representing typical ranges within the class) about typical self-accelerating
decomposition temperatures (SADT)'? and idea of thermal stability.™ ™ > Web-published
guides from major vendors, while limited to commercially available material, can be useful in

assessing thermal stability by and within class.”®

3. Why are peroxides so reactive?

The O-O bond dissociation energies of peroxides, which fall in the 30-40 kcal/mol, are much
weaker than O-H (>105), C-O (80-85), and C=0 pi (80-85) bonds. While behavior can vary
widely even within classes, particularly with changes in active oxygen content (see below), a
general observation is that peroxide decompositions are often highly exothermic and proceed
with a low activation barrier. As a result, experimenters must always be aware of the
potential for self-accelerating and exothermic processes. Peroxides have been described as
presenting greater handling risk than commercial explosives.” A review describing hazards
of commercially available peroxides and peroxide-containing compositions towards

detonation, deflagration, or fire is dated but still informative."
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Figure 1. Common classes of organic peroxides

Class R...O. R...O ) 0-0
O H O R
s o-OH {o?
Alkyl dialkyl peroxide peracid ozonide
hydroperoxide
Common t-BuOOH t-BuOO1Bu peracetic acid Usually less
example | gADT 88 °C (70% SADT 80 °C (neat) SADT 55°C (as | | Stable than
aq.) dilute soln) bisperoxyacetal
Temperature 133-172 °C 117-133 °C stability varies
for 10 hr widely with
half-life structure and
formulation
Class HOO_ OOH o) o)
0] .
R™ >(R,R) Et/)n R)LO,OR
n
gem or 1,1- cyclic peroxide, peresters cyclic ketone
dihydroperoxide ~endoperoxide peroxides
Common 1,1-dihydroperoxy - t-butyl 3,6,9-Triethyl-
example cyclohexane perbenzoate 3,6,9-trimethyl-
SADT 63 °C 1,4,7- '
(neat) triperoxonane;
SADT 125 °C
Temperature - - varies with 90-110 °C
for 10 hr structure: 49- (listed example
half-life 107 °C is 115 when
dissolved in oil
Class R"'"O_ OOH tBuOO_ OOtBu )OJ\
R™ R R™ R R o‘o\[(R'
o)
hydroperoxyacetal bisperoxyacetal acyl peroxide
Common - 1,1-di-t-butyl benzoyl
example a peroxycyclohexane peroxide
SADT 68 °C
(solid)
typical temp, - 92-115°C 20-75°C
10 hr half-
life
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4. Determination of reactivity and minimization of hazard. '"'>"""®

Steps to take before an experiment (or before scaling up):

Determine active oxygen content. “Active” oxygen (A.Q.) content refers to the mass fraction
of the active, or peroxide, oxygen." For example, hydrogen peroxide (H.O,) and water (H,0)
have 47% and 0% A.O., respectively. Low A.O. does not

guarantee safety (more on this below) but a high value /\/\/\O/O\H

alerts you to possible danger. For example, MeOOH compared to ™ think of as

"active" oxygen

(33% A.O.) can spontaneously detonate, while octyl e
H

hydroperoxide (11% A.O.) is easily handled in small .
no active oxygen

amounts. A rough guideline: Try to work with organic
peroxides in which the nonperoxidic portion of the molecule has at least six carbons (or the
equivalent mass). We make exceptions to this only for molecules whose behavior is well

established, for example, t-butyl hydroperoxide.

Active Oxygen (A.O.) as an approximate guideline for precautions

< 5%: Example: A C18 fatty acid hydroperoxide. Usually safe. Normal precautions

unless special factors (e.g., very large scale)

5-10%: Example: benzoyl peroxide. Caution warranted when: multigram scale; known
issues with the substrate class; reaction will involve heating concentrated solutions of

peroxides or exposing concentrated solutions to redox-active transition metals.

10-15%: Examples: many peracids, ozonides of Cs-Cg alkenes. Caution warranted even
on gram scale. On multigram scale, consider use of shields or more formal protective
devices. Consider preliminary thermal analysis on large scale. Cumene hydroperoxide, a

relatively "tame" hydroperoxide on laboratory scale, offers an instructive example.19

>15%: Examples: "acetone peroxides", ozonides of < 5C, peracetic acid. Assume the

material may detonate or deflagrate without warning. For example, 2-methoxyprop-2-yl

hydroperoxide (A.O. ~15%),% a reagent developed in our lab and used by others without

event, has nonetheless been observed to deflagrate on a scale of 10-20 mmol.

Dilution (with a material inert to the peroxide) effectively lowers active oxygen and the risk

of SADT. For example, peracetic acid cannot be sold as a pure material but can be sold

and transported as 30-40% solutions.
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Look for literature on the molecule or close relatives: Has this or a similar molecule been
reported to explode or undergo violent decomposition?'® Structure is important. tert-Butyl
hydroperoxide (18% active oxygen) is generally stable on moderate scale unless "provoked"
(see below) while triacetone triperoxide (A.O. ~ 20%) is an easily detonated (friction, heat,
spark, shock) high explosive.?’ The CAMEO Chemicals database, supported by the US
National Oceanographic and Atmospheric Administration (NOAA), includes a substantial
grouping of safety sheets for organic peroxides.? References to temperature dependent half-

lives of several classes of common peroxides are provided. * 7823

Conduct thermal analysis: Once you have some initial examples of a target, thermal data is
easily obtained using a scanning calorimeter (DSC or DSC/TGA). Pay attention to the onset
of decomposition and the amount of heat released.?* References to examples of thermal

analysis are provided. %

Minimizing Danger During Reactions

Minimize scale: Reactions of peroxides are often associated with substantial exothermicity.
For example, a formal 2 H*/2e™ reduction of H,0, is associated with an enthalpy change of
approximately 75 kcal/mole. Particularly with low molecular weight peroxides (this includes
concentrated solutions of H,O,!), minimize scale. An explosion on 1-2 mmol may result in a
good "lab" story; an explosion on multigram scales can produce serious injury. This point is
valid even with some familiar peroxides. Benzoyl peroxide (A.O. < 7%), a common initiator
used in both academic and industrial settings, undergoes auto ignition at 80 °C and has been

known to explode violently upon exposure to heat, friction, or flammable organics.s’27

Distance/Protection: An explosion at the end of a clamp, or better yet, behind a shield, is

better than one in the hand.
Avoid provoking decomposition reactions:

* If you must heat peroxides and do not have experience or literature evidence for thermal
stability, conduct an initial calorimetric survey (see above) and/or take extra safety

precautions (distance, shield).

*Be very careful about storing, transporting, or heating relatively reactive peroxides
(peracids, hydroperoxides, 1,1-dihydroperoxides, peresters) in the presence of oxidizable

solvents or materials (wood, paper).
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*Be very cautious in exposing hydroperoxides, dihydroperoxides, peracids, peresters,
diacyl peroxides, or ozonides to redox active metals (for example: Cr, W, Mn, Fe, Cu, Ni,
among others). This concern is obviously greatest for neat samples or concentrated
solutions of high A.O. and is minimal for small amounts of unstrained dialkyl peroxides;
however, caution is nonetheless called for, particular for reactions on large scales or

involving high concentrations.

Never allow redox-active metals or metal tools (spatula, needle) to come into contact
stock or concentrated solutions of H,O, or tBuOOH. % A best practice, especially on large
scale, is to use Teflon needles/plastic syringes for liquid transfers and Teflon, glass, or
polyethylene scoops for solid transfers. In a pinch, one can place a minimal amount of

the reagent into a glass vial and syringe from this.
«A number of peroxides can decompose violently in the presence of strong acids.”

*Fe(ll) salts react with even hindered peroxides to generate reactive radicals. In the case of

strained peroxides, even traces of ferrous iron can lead to exothermic decomposition.*

*Hydrogen peroxide or low molecular weight hydroperoxides (e.g., tBuOOH) should be

washed out of reaction mixtures prior to concentration.

H,O, will generally wash out with water. Small molecular weight hydroperoxides (pKa

~ 12) can be washed out with very strong base (e.g. 4N NaOH).

A final rinse with sulfite or bisulfite will remove most remaining hydroperoxides but

will not attack dialkyl peroxides and will rarely attack ozonides.

The removal of hydrogen peroxide or hydroperoxides can be monitored using peroxide

indicator strips or the redox-active indicator (both discussed below).

* Reduction of dialkyl peroxides and related species (e.g., bisperoxyacetals) will require

stronger reducing agents such as triphenyl phosphine or Zn/HOAc.*’
*Procedures for decomposition of ozonides are summarized in a recent review.*?

Monitoring reactions:

Overview: An older but still useful monograph contains many useful methods for analysis and
titration/quantification of organic peroxides;* a more truncated set of information can be

found in the Methoden review.?

TLC: The formation or loss of peroxides is easily monitored using a TLC dip based upon
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N,N’-dimethyl-p-phenylenediamine.* Unhindered ozonides, hydroperoxides, peracids, and
hydroperoxyacetals give a dark magenta color upon dipping; less reactive dialkyl or alkyl/silyl

peroxides will generally show a color change only after heating.

Peroxide test strips: Commercially available colorimetric indicators, while designed to
quantitate H,O; in aqueous media, can be employed for reasonably accurate determination
of the concentration of H,O, or alkyl hydroperoxides in ethereal solvents or alcohols.*® For
low-boiling solvents, place a drop or two of the sample to be tested on the indicating pad, and
blow (exhale) across the pad to remove solvent and supply necessary moisture.  See

http://www.sigmaaldrich.com/chemistry/solvents/learning-center/peroxide-formation.html

Isolated peroxides. Working with isolated peroxides requires additional care; there is no

solvent to slow reaction rate and buffer temperature rise. Crystalline peroxides should be
regarded as particularly dangerous. If you unexpectedly isolate a crystalline peroxide,
particularly if high A. O. content, put the sample behind a shield and try to get it back into
solution without a If you must work with crystalline peroxides, test a small amount for shock
sensitivity as follows. Using a plastic or glass spatula, carefully place 10-15 mg on some
weighing paper, place the folded paper on a concrete surface, and then tap it with a hammer.
In our experience, an obvious reaction (pop, or flame) is sign of a highly shock-sensitive
peroxide. Do not subject crystalline peroxides to friction (spatula, screw top of a vial) or
expose to any metal implements (use a porcelain or Teflon spatula). Avoid mixtures of low
molecular ketones, acids, and hydrogen peroxide, which can readily produce crystalline
1,2,4,5-tetraoxanes, 1,2,4,5,7,8-hexaoxanonanes, and polymeric peroxides. Hydrogen
peroxide should never be used in ketone solvents or stored in the presence of aliphatic

ketones or almost any aldehydes.**>"3®

5. Toxicity.

Some classes of peroxides have significant exposure risks. Avoid breathing high

concentrations of vapors from volatile peroxides. This includes odorless H,O,, which is

39

considered to hold immediate danger to life and health (IDLH) at 75 ppm. Reactive

peroxides are destructive to biological tissues and ingestion or contact, particularly with the
eye,”’ must be avoided.*' For example, peracetic acid, a common industrial and sanitizing
chemical, carries serious GHS hazard categories for skin corrosion (1) and eye damage

(1A),*? and a recommended limit for prolonged exposure of only 0.17 ppm.** Hydroperoxides
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are relatively irritating.11 Some peroxides have shown activity as tumor promoters in a mouse

skin model.*

6. Peroxidizable substrates (auto-oxidation).

The spontaneous generation of peroxides from oxidation of organics under air, often
described as auto-oxidation, is a significant, but easily preventable, hazard. The usual rate-
limiting step, abstraction of a hydrogen atom by a peroxyl radical, is most favorable for
substrates where the derived carbon radical is allylic or benzylic (cumene, ethyl benzene) or
else substituted by a neighboring ether oxygen or amide nitrogen (e.g., THF, ether). The

following references identify common materials susceptible to peroxide formation. 83 4546

Even if autoxidation does occur, the resulting solutions are rarely dangerous to handle unless
the peroxides precipitate as crystals (common for diisopropyl ether) or when the solutions are
concentrated. The latter is a common problem for aged solutions of THF or ether;
evaporation or distillation concentrates the higher boiling hydroperoxide to levels where

violent explosions occur without warning.

In an incident from my own department, an attempt to distill approximately four liters of
aged tetrahydrofuran (THF) under air and in the absence of any effective reducing agent
resulted in an explosion that was so violent that some portion of the apparatus was

ejected through the hood sash, injuring the experimenter.

Testing: Test older supplies with the peroxide test strips (above). If the stock solvent (for
example, ether or THF) shows any significant blue coloration, you should consider either:
purifying the solvent from a still that will decompose peroxides (for example

Na/benzophenone under N, or Ar) or disposing of the solvent.

Prevention:  Date containers of peroxidizable solvents (examples: ether, THF, 1,4-dioxane,
cumene) upon opening. If a significant period of time has elapsed since the can or bottle was
first opened (my university recommends six months) the solvent should be checked before
use (see testing-previous paragraph). Avoid storage of peroxidizable solvents in clear
bottles. Avoid having a headspace of air; if you must store ethereal solvents under a

significant headspace, consider blanketing with some nitrogen or argon.

7. Handling and transport.



Working with organic peroxides- 7/31/2018

Guidelines for handling of peroxides are provided from both academic and industrial
sources.”"*" Lead references are provided for issues related to transport of organic
peroxides,*® and to spill cleanup.** Note that nearly all peroxides are considered hazardous
materials for shipment by air and that a number of reactive peroxides may require special
handling (refrigerated transport) packaging or formulation (e.g., presence of diluents) for

ground transport.

Acknowledgments.

Funding for our research into oxidation and peroxide chemistry has been provided by the
National Science Foundation (CHE-0749916, -1057982, -1469414). Prof. Paul Royster, UNL
Libraries provided assistance in making the material available via the Digital Commons.

Alissa Horn and Moriah Locklear helped edit earlier versions of this document.

' a. Organic Peroxides, vol. 1, Swern, Daniel. ed. John Wiley & Sons: New York; 1970. b.
Organic Peroxides, vol. 2, Swern, Daniel. ed, John Wiley & Sons: New York; 1971. c.
Organic Peroxides, vol. 3, Swern, Daniel. ed. John Wiley & Sons: New York; 1972.

2 Houben-Weyl Methoden Der Organischen Chemie (4th edition), v. E13, Organische
Peroxo-verbindungen (Organic peroxide compounds) Kropf, H., ed. George Thieme Verlag.
Stuttgart, 1988. A comprehensive overview of peroxide functional groups (part 1) and their
reactivity (part 2).

® Patai's Chemistry of Functional Groups: Peroxides, Vol 1 (1983), Patai, S. ed. John Wiley
& Sons, Chichester. 1983 Available online through Wiley: Online ISBN:9780470771730.

The Chemistry of Peroxides (volume 2; two parts) Rappoport, Z, ed. John Wiley & Sons
Ltd.: Chichester; 2006.

The Chemistry of Peroxides (Volume 3; two parts), Greer, A., and Liebman, J. F. eds. John
Wiley & Sons, Chichester, 2014.

* Sanchez, J.; Myer, T. N. "Peroxides and Peroxide Compounds, Organic Peroxides", in Kirk-
Othmer Encyclopedia of Chemical Technology, Wiley,, 2001.
https://doi.org/10.1002/0471238961.1518070119011403.a01

5

a. "Reactions of Hydroperoxides and Peroxides" Dussault, P. in Active Oxygen In
Chemistry, Chapman & Hall, London, 1995, pp141-203; b. Yaremenko, I. A.; Vil', V. A;



Working with organic peroxides- 7/31/2018

Demchuk, D. V.; Terent’ev, A. O. "Rearrangement of organic peroxides and related
processes" Beilstein J. Org. Chem. 2016, 12, 1647-1748. doi:10.3762/bjoc.12.162

® Patnaik, P. A. Comprehensive Guide to the Hazardous Properties of Chemical Substances,
3rd ed.; John Wiley & Sons: Hoboken, NJ, 2007.

" (Arkema) https://www.arkema.com/en/products/product-families/organic-peroxydes/; also
https://www.luperox.com/en/safety/. (Accessed August 2018)

8 (Akzo-Nobel) https://polymerchemistry.akzonobel.com/safety-services/organic-peroxides/
(Accessed August 2018)

® (Pergan) https:/pergan.com/en/safety.html (Accessed August 2018)
10
(

United Initators) https://www.united-initiators.com/our-products/organic-peroxides
(Accessed August 2018)

" http://www.plasticsindustry.org/supply-chain/material-suppliers/organic-peroxide-
producers-safety-division-oppsd (Accessed August 2018)

'2 Self-accelerating decomposition temperature is defined as the temperature at which a
material will experience spontaneous and accelerating self-heating resulting in
decomposition. In the case of peroxides, these decompositions can be violent: see
references 7, 8, and 11. Note that stability of peroxides can be further diminished by contact
with redox-active metals or oxidizable materials, including container materials.

'3 https://polymerchemistry.akzonobel.com/siteassets/brochures/brochure-safety-of-organic-
peroxides; https://polymerchemistry.akzonobel.com/siteassets/brochures/brochure-initiators-
for-acrylics-manufacturing (Accessed August 2018)

' a. Sanchez, J.; Myers, T. N. “Organic Peroxides” In Kirk-Othmer Encyclopedia of Chemical
Technology, 5th ed.; John Wiley & Sons: Hoboken, NJ, 2006; vol. 18, pp 489-496; b. Klenk,
H.; Goétz, P. H.; Siegmeier, R.; Mayr, W. “Peroxy Compounds, Organic” In Ullmann’s
Encyclopedia of Industrial Chemistry, Wiley-VCH Verlag: Weinheim, 2012; doi
10.1002/14356007.a19_199.

'* "Organic Peroxides: Their Safe Handling and Use" Arkema, 2001;
http://www.luperox.com/export/sites/organicperoxide/.content/medias/downloads/literature/th
eir-safe-handling-and-use.pdf (accessed August 2018)

® Kozak, G. D.; Tsvigunov, A. N.; Akinin, N. |. "Similarities and Differences in Explosion
Hazards of Organic Peroxides and High Explosives: an Experimental Study" Cent. Eur. J.
Energetic Mat. 2011, 8, 249-260.

" "A Relative Hazard Classification of Organic Peroxides" Noller, D. C.; Mazurowski, S. J.;
Linden, G. F. De Leeuw, F. J. G.; Mageli, O. L. Ind. Eng. Chem. 1964, 64, 18-27.

'® Clark, D. E. “Peroxides and Peroxide-forming Compounds” J. Chem. Health Safety 2001,
8, 12-21; Zabicky, J. “Analytical and Safety Aspects of Organic Peroxides and Related
Functional Groups.” In The Chemistry of the Peroxide Group; Rappoport, Z., Ed.; John Wiley
& Sons: Chichester, 2006; pt 2, pp 597-773.

' Francisco, M. A. "Cumene hydroperoxide explosion" Chem. Eng. News. 1993, 71, 4.

10



Working with organic peroxides- 7/31/2018

% Dussault, P. "Potential hazard with 2-methoxyprop-2-yl hydroperoxide" Chem. & Eng.
News. 1993, 71, 2.

2 Oxley, J.; Smith, J., "Peroxide Explosives" in Detection and Disposal of Improvised
Explosives, H. Schubert and A. Kuznetsov, eds.; Springer, Netherlands: 2006; 113—-121.

2 http://cameochemicals.noaa.gov/react/30 (accessed August 2018)

% Thaworn, K.; Buahom, P.; Areerat, S. "Effects of Organic Peroxides on the Curing Behavior
of EVA Encapsulant Resin" Open J. Polym. Chem. 2012, 2, 77-85.
http://dx.doi.org/10.4236/ojpchem.2012.22010

4 For examples of DSC/TGA traces for peroxides, see: J. Org. Chem, 2012, 77, 1233; J.
Org. Chem. 2013, 78, 3452.

% a.Yeh, P.Y.; Shu, C.M.; Duh, Y.S. "Thermal hazard analysis of methyl ethyl ketone
peroxide." Ind. Eng. Chem. Res. 2003, 42, 1-5; b. Wu, S.H., et al, "Thermal hazard analyses
of organic peroxides and inorganic peroxides by calorimetric approaches." J. Therm. Anal.
Calor. 2011, 109, 355.

c. "Thermal Hazard Evaluations of Peracetic Acid by DSC and AKTS" Lin, J. R. et al, 6th
International Conference on Process Systems Engineering (PSE ASIA), 25 - 27 June 2013,
Kuala Lumpur. http://epublication.cheme.utm.my/id/eprint/281f

% Hida, T.; Kikuchi, J.; Kakinuma, M.; Nogusa, H. "Risk Assessment and Safety Evaluation
Study for Ozonolysis of B-Pinene: Raw Material of a Novel Prostaglandin D2 Receptor
Antagonist S-5751" Org. Proc. Res. Dev. 2010, 14, 1485; doi: 10.1021/0p100065d; Ragan, J.
A., et al, "Safe Execution of a Large-Scale Ozonolysis: Preparation of the Bisulfite Adduct of
2-Hydroxyindan-2-carboxaldehyde and Its Utility in a Reductive Amination" Org. Process
Res. Dev. 2003, 7, 155; doi: 10.1021/0p0202235.

%" Steere, N. V. "Benzoyl peroxide requires special handling and storage" J. Chem. Ed.
1964, 41, A445. DOI: 10.1021/ed041pA445.1; b. " Fire and Explosion: Hazards of Benzoyl
Peroxide" Caste Study: U.S. Chemical Safety and Hazard Investigation Board, 2003 (2003-
03-C-OH); http://lwww.csb.gov/assets/1/19/Catalyst_Report.pdf

Bhttp://www.luperox.com/export/sites/organicperoxide/.content/medias/downloads/literature/
material-incompatible-with-organic-peroxides.pdf (accessed August 2018)

% Chou, H.-C., et al, "Thermal hazard evaluation of tert-butyl hydroperoxide mixed with four
acids using calorimetric approaches" J. Therm. Anal. Calorim. 2014, 117, 851-5.
DOI:10.1007/s10973-014-3777-4

% For a leading reference to reactions of organic peroxides and Fe(ll), see: O'Neill, P. M.;
Chadwick, J.; Rawe, S. L. “Biomimetic Fe(ll) chemistry and synthetic studies on antimalarial
and antitumour endoperoxides” in The Chemistry of Peroxides (v. 2), John Wiley & Sons,
Chichester, 2006, p 1279.

% Dai, P.; Dussault, P. H.; Trullinger, T. K. “Magnesium/Methanol: An Effective Reducing
Agent for Peroxides and Ozonides” J. Org. Chem. 2004, 69, 2851-2. 10.1021/jo035191d.

11



Working with organic peroxides- 7/31/2018

32 Fisher, T. J.; Dussault, P. H. "Alkene ozonolysis" Tetrahedron, 2017, 73, 4233-4258;
https://doi.org/10.1016/j.tet.2017.03.039.

¥ The Determination of Organic Peroxides, Johnson, R. M.; Siddiqi, I. W. Pergamon Press,
Oxford, 1970, 119 pages.

% Smith, L. L.; Hill, F. L. “Detection of sterol hydroperoxides on thin-layer chromatography by
means of the Wirster dyes” J. Chromatogr. 1972, 66, 101.

% Mirafzal, G.; Baumgarten, H. E. "Control of peroxidizable compounds: an addendum", J.
Chem. Ed. 1988, 65, A226-9.

% Story, P R.; Lee, B.; Denson, D. D; Busch, P. B. J. Org. Chem. 1970, 35, 3059, and
references within.

3 Oxley, J.C., Brady, J., Wilson, S.A. and Smith, J.L., 2012. The risk of mixing dilute
hydrogen peroxide and acetone solutions. J. Chem. Health Safety 2012, 19, 27-33;

¥ "A facile catalyst-free synthesis of gem-dihydroperoxides with aqueous hydrogen peroxide"
Tada, N.; Cui, L.; Okubo, H.; Miura, T.; ltoh, A. Chem. Commun. 2010, 46, 1772-4; see also
Espinosa-Fuentes, E.A., Pacheco-Londono, L.C., Barreto-Caban, M.A. and Hernandez-

Rivera, S.P., 2012. Novel uncatalyzed synthesis and characterization of diacetone
diperoxide. Propellants, Explosives, Pyrotechnics, 2012, 37, 413-421.

¥ a. "Medical Management Guidelines for Hydrogen Peroxide" ATSDR Toxic Substances
Portal, https://www.atsdr.cdc.gov/mmg/mmg.asp?id=304&tid=55 (accessed August 2018)

b. "Immediately Dangerous To Life or Health (IDLH) Values" the National Institute for
Occupational Health and Safety (NIOSH); http://www.cdc.gov/niosh/idlh/intridl4.html
(accessed August 2018)

0 a. https://www.osha.gov/pls/imis/accidentsearch.html (accessed August 2018); b.
Sreeram, S. R.; Singh, P.; Thomas, P.; Unni, K. N.; Tharani, S. "Management of 35 %
hydrogen peroxide exposure to naked eyes: a case report and review" Int. J. Pharma Bio
Sci., 2015, 6, 417-420; c. Greene, B.; Baker, D. L.; Frazier, "Hydrogen Peroxide Accidents
And Incidents: What We Can Learn From History" 2004, White Sands Test Facility internal
document https://ntrs.nasa.gov/search.jsp?R=20050217417 (accessed August 2018); d.
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/337708/Hydro
gen_Peroxide_Toxicological_Overview_phe_v1.pdf (accessed August 2018)

1 Liyanage, I. K., et al, "A case of methyl ethyl ketone peroxide poisoning and a review of
complications and their management. " J. Occup. Med. Tox., 2015, 10, 26.

“2 https://cameochemicals.noaa.gov/chemical/5112 (accessed August 2018)

3 National Research Council (US) Committee on Acute Exposure Guideline Levels. Acute
Exposure Guideline Levels for Selected Airborne Chemicals: Volume 8. Washington (DC):
National Academies Press (US); 2010. 7, Peracetic Acid Acute Exposure Guideline Levels.
Available from: http://www.ncbi.nIm.nih.gov/books/NBK220001/

“4 Hanausek, M., et al, "Exposure of mouse skin to organic peroxides: subchronic effects
related to carcinogenic potential." Carcinogenesis, 2004, 25, 431.

12



Working with organic peroxides- 7/31/2018

%5 a. "Use and Storage of Peroxide-Forming Chemicals (includes discussion of peroxizables)

https://ehs.unl.edu/sop/s-peroxides.pdf (Accessed August 2018); b (nice short list)
"Peroxizable Chemicals" http://rehs.rutgers.edu/pdf_files/prxdcmps.pdf (Accessed August
2018)

“ Kelly, R. J. "Review of Safety Guidelines for Peroxidizable Organic Chemicals" Chem.
Health & Safety, 1996, 3, 28-36; available at https://ehs.ucsd.edu/lab/pdf/kelly _peroxides.pdf

“"https://www.ehs.uci.edu/programs/sop_library/SOP%20process/Banded%20SOP%20templ
ates/Secondary%20bands/Organic%20Peroxides%20&%20Self-
Reactive%20Chemicals.docx (accessed August 2018).

“8 a. "Safe Transport of Organic Peroxides" European Organic Peroxide Safety Group"
https://www.pergan.com/de/sicherheit.html?file=files/downloads/EOPSG.pdf (accessed
August 2018). b."49 CFR 173.225 - Packaging requirements and other provisions for organic
peroxides" Legal Information Institute: https://www.law.cornell.edu/cfr/text/49/173.225
(accessed August 2018).

“https://www.luperox.com/export/sites/organicperoxide/.content/medias/downloads/literature/
organic-peroxides-spill-clean-up.pdf (accessed August 2018).

13



	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	7-31-2018

	Working with organic peroxides in the academic lab
	Patrick Dussault

	Working_with_organic_peroxides_1Aug2018

