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Pyrolytic Graphite Hectrode Information

Productlé sting and Mate rials Disclaimer

Inportantinformation about Pine Re search lhstrume ntation pyrolytic grap hite electrodes. Ple ase review
thisinformation priorto use. Contact Pine with any que stions.

1. Matenal Source Disclaimer

Pyrolytic graphite (PG) is a highly ordented form of graphite materal manufactured through chemical vapor
deposition. Chemical vapor deposition is a process by which molecules are grown atom-by-atom; for PG, sp?
hybridized carbon atoms form covalent bonds with othersp? hybridized carthbon atomsto make a flat, hexagonal
struc ture called a graphene sheet. Multiple layersof graphene sheetsare constructed durng the process, and the
layers are held togetherthronugh weakinteractions between unhybrdized p, —-otitals of adjoining carbon atoms.
The PG electrodes from Pine Research Instrumentation are manufactured from large pieces of PG and cleaved
eitheralong the basaloredge plane (see Fgure 1).

Basal Plane

Edge Plane

Figure 1.Pyrolytic Graphite Basal and Edge Planes

When PG matenalis manufactured into electodes, the possbility always exists that the composition may notbe
entire ly uniform overthe entire electrode surface. Inperfectionsin the chemicalvapordeposition processlead to
some covalent bonding between graphene sheets, though the number of imperfections is very small Iarger
differencesin surface composition arise asa consequence ofgraphite’s strong anisotopy in the areasofbonding,
struc ture, and electronics. Forexample, edge plane PG matenalsundergo heterogeneouselection transferfaster
than basal plane PG materals due to a largerlocal density of states available forelecton transfer. In addition,
impurnties atedge planes, especially oxygen-containing functional groupsthat spontaneously form underaerbic
conditions, have a high impact on the local density of states available for electron transfer. As a result, the
voltammetrc behaviorofa PG electiode is known to change depending upon the teatment received by the
electrode surface priorto use (some treatmentsare knownto preserve basalplanesand othertreatmentsintroduce
edge planesand varying levels o fsurface impurties).

In general, PG electrodes fom Pine Research Instrumentation are shipped with a sub-micron finish ac hieved by
using sub-micn alumina powder. Given that there exists a wide body of literature and lore descrnbing vanous
procedurs, ntuals,and recipesfor“activating” the sufface ofa PG electnde, some researchersmayoptto further
prepare the surface ofa PG electrode prorto use.

Pine Research Instrumentation recognizes that in some electmchemical applications, a researcher may require
more control over the matenal used to manufacture a PG electinde. In these situations, Pine Researxch
Instrumentation is usually able to fabrcate custom electrodes from matenal supplied by the researcher Contact
Pine Research Instrume ntation forfurtherdetails.
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. Info:
In light of the discussion above, Pine Research Instrumentation makes no wamanty,
express or implied, regarding the sufface characterstics, suiface chemistry, or
— suface morphology of pyrlytic graphite electrodes.

2. Product Use Waming

Pyrlytic graphite is a brttle maternal that requires additional stabilization to maintain the disk-like shape of an
electrode. Forthisreason, Pine Resear h Instrumentation encapsulates allofits PG electindesin epoxy. Polonged
exposure of epoxy to non-aqueoussolventscausesitto swelland break. Therefore, PG electrodes should only be
used in aqueous so lutio ns.

Chemical Compatibility:

— )
@ Pyrolytic graphite electrodes are for aqueous use only. Using pyrolytic graphite
electrodes in non-aqueous systems willcause the epoxy encapsulation to swelland

— break.

Researchers are wamed that PG electrodes should not be used at highly oxidative potentials forlong perodsof
time (forexample, +2V in 1.0 M H,S0, for days) as this may pemanently and imeversbly damage the pymwlytic
graphite. Hectindes damaged in the manner descibed here cannot typically be repaired nor their surface
regenerated through traditional polishing methods.

Caution:

Do not use pymwlytic graphite electrodes at highly oxidative potentials for long
periods of time, as this will ime versibly damage them.

—"

3. Pyrolytic Graphite Ee ctrode Manufac turing Evaluation

Pine Researc h Instrumentation o utinely evaluatesevery pemanent (fixed disk) pywlytic graphite electrode aspart
of the manufacturng pmwcess. Only those that pass our electrochemical and visual inspections are sold to
customes. The cyclic voltammogram obtained using the electionde isexamined, and features such asthe cunment
magnitude, peak curment and position, zero cunent crossover, and capacitive hysteresis are evaluated. 'his
evaluation assuresthatthere isno solutionleakage around the shroud/epoxy/electwde interface. Visualinspection
assuresthat any surface defectsobserved are within typicallimitsforcommercially available PG.

3.1 Hectrochemical Testing

Pine Research Instrumentation typically evaluates PG electrodes in an aerbic sulfuric acid solution at mom
temperature; a cyclic votammogram thatisfree of redox peaks (otherthan oxygen) is desired (see Hgure 2). A
copy ofthistestis provided with the purc hase of allpemanent (fixed disk) pywlytic graphite electrodes.
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Figure 2. Pyrolytic Graphite Cyclic Votammogram Test with a) Basal Plane and b) Edge Plane Eectrodes

3.2 Visual Inspection

Al PG surfacesmust exhibit fewerthan x defectswhen viewed under25x magnification (see Figure 3).

Figure 3. Suface Magnification of a) Basal Plane and b) Edge Plane Eectiodes

4. Support

Ifyou have any questions about the pywlytic graphite electrodes descnbed in thisdocument, please contact us

via the meansprovided below:

4.1 Email

Reach usbyemailing the entire salesdepartment: pinewire @pineinst.com.

4.2 Website

There isa contactusform on ourwebsite. There may also be additionalresourcesforthe productsmentioned here:

http://www.pineresearc h.com
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