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Use of carbon black to eliminate surface charging effects in photoelectron
spectroscopy measurements of powders
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The photoelectron spectra of SiOn silicon powder is measured with and without the addition of
carbon black. Samples without carbon black show significant charging and peak deformation due to
photoelectron emission. Samples containing carbon black show no evidence of charging.
Furthermore, the contribution from carbon black can be subtracted from the overall signal in the
valence band region to give valence band spectra of insulating powders. It is suggested that mixing
carbon black with nonconducting powders may be an effective way to eliminate surface charging
effects while at the same time providing a useful calibration standard19@¥ American Institute

of Physics[S0003-695097)00742-0

Photoelectron spectroscodPES is a powerful tech- particles in an electrically conducting network.
nigue to study the electronic properties of materials. Ideally, As previously mentioned, carbon in its graphitic form
samples for PES analysis are flat, conducting single crystalfias been mixed with samples as a means of calibration. It has
However, many industrially relevant materials exist as nonbeen suggested that “in addition to serving as a calibration
conducting polycrystalline powders. It is well known that standard, the graphite also ought to reduce surface-charge
photoemission from nonconducting materials causes a posbuildup on poorly conducting samples.n this letter, we
tive surface charge which can shift electron energy distribusuggest mixing carbon black with poorly conducting powder
tion peaks to higher binding energies by many electron voltssamples as a convenient way to eliminate the surface charge
Furthermore, irregular surfaces may charge nonuniformlycompletely.
causing considerable peak deformattohlany techniques Photoelectron spectroscopy studies were carried out at
have been developed to deal with surface charging and atbe Canadian Grasshopper beamline located at the Synchro-
reviewed in Ref. 2. These techniques can be categorized intoon Radiation Center of the University of Wisconsin at
two basic approaches. Madison. The synchrotron beam was monochromatized by a
The first approach is the use of reference peaks to caliMark IV Grasshopper grazing incidence monochromator,
brate the sample spectrum. Many reference lines have beevith an energy range of 50—-800 eV. The dispersion of the
suggested for this purpose. One of the most widely usethonochromator with the smallest slit setting is 0.03 A. The
references is the C 1s line because carbon is often present potoelectrons were detected with a Leybold 180° hemi-
samples as an impurity. Graphitic carbon has also beegpherical electron energy analyzer. It has a resolution of 0.8
mixed directly with samples as a source of carbon because @V with 100 eV pass energy. Details of the beamline can be
its chemical inertness to many materiaté.Unfortunately, ~ found elsewheré.
these calibration methods do not address the problem of non- Silicon, obtained from Fisher as large chunks, was
uniform charging. ground in air into a fine powder before use. Anhydrous LiOH
The second approach is to eliminate the surface chargglohnson and Matthey, 99.95%was used as obtained.
completely. This may be accomplished by simply using thinSamples were prepared by thoroughly mixing an approxi-
film samples, if the material allows it. However, even then itmately 50/50 volume mixture of the sample powder and Su-
is questionable whether the thin film accurately representger S Carbon BlackChemetals, Ing. This worked out to
the bulk material. Low energy electron bombardment byapproximately 8% carbon black by weight for both the Si
means of a flood gun may also be effectively used to neuand the LIOH samples. The powder samples were then
tralize the surface charge. However, nonuniform chargingnounted with copper electrical tape onto a stainless steel
can still occur with samples having an irregular surfaceblock, which was grounded throughout the measurement.
morphology* Measurements were carried out under ultra high vacuum
The removal of charge from insulating electrode pow-COﬂditiOﬂS with the measurement chamber typically at 2—4
ders has also been a problem in the battery inddstigis X 10~° Torr. Sample charging was detected by observing
has been remedied by the use of electrically conducting ad?€ak shifts when the incident photon flux was changed.
ditives, the most common being carbon blacks. Carbon Figure Xa) shows the Si P spectra of silicon powder
blacks differ from graphite in that smatL0 nm particles are  samples with and without carbon black which we will call
linked to form long chain§. When ground together with Samples A and B, respectively. The dashed lines in the figure

powders, the carbon black intimately connects the powdeghow the results of measurements taken with higher incident
photon flux. Sample A shows two peaks at about 99 and 103

EMC Corp., Lithium Division, Bessemer City, North Carolina 28016. eV due to the silicon substrate and an §@|rface Iayer’

YDepartments of Physics and Chemistry, Dalhousie University, HaIifax,reSpeCtiV9|Y-_ Only one broaq peak _Shifted by about 10 eV
Nova Scotia, B3H 3J5, Canada. due to charging can be seen in the $ispectra of sample B.
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FIG. 3. Valence band PES spectrahat=130 eV of silicon powder pre-

) » ) pared with carbon blacksample A and without carbon blacksample B.
FIG. 1. (&) Si 2p spectra of silicon powders prepared with carbon black ginging energies are measured from the top of the carbon black valence
(sample A and without carbon blacksample B. (h»=170eV) (b) Li 1s band. The valence band of carbon black has been subtracted from the spec-

spectrum of LiOH powder mixed with carbon blackiy=130eV) mea-  trym of sample A. The spectrum of sample B has been shifted by 16 eV to
surements taken at increased incident photon flux are shown with a dotteghmpensate for sample charging.

line.

) o in Fig. 2b). There is good agreement between the carbon
The spectrum of sample B taken at a higher incident photopjack  spectrum and previous XPS measurements of

flux is markedly shifted to higher binding energy, thus i“di'graphite? if one takes cross sections into accoliftigure
cating sample charging. Very little sample charging is appary(c) was obtained by subtracting the appropriate amount of
ent in the sample prepared with carbon black. the carbon black valence band spectrum from the spectrum
We have also done some preliminary PES measurement sample A, so that the carbon black peaks at 3.3, 13.8, and
on ionic alkali powders. Figure(B) shows the Li 5 spec- 17 g eV are no longer visible. We believe Figcpis a good
trum of LIOH powder mixed with carbon black. Very little representation of the SiOvalence band spectrum, and it

evidence of charging was found in the sample. agrees well with earlier valence band measurements of more
Figure Za) shows the valence band spectrum of 5amp|ecarefu|ly prepared Si@sampleé.o'“

A. The valence band spectrum of pure carbon black is shown Figure 3 compares the valence band spectrum of sample
A, with the carbon black peaks subtracted out, with the spec-
trum of sample B. The spectrum of sample B was shifted by
Alr-Exposed Si Pow der(a) 16 eV to c_ompensate sample charging. No charging could be
With Carbon Black detected in sample A. Compared to sample B, the spectrum
of sample A is much sharper and more features are visible.

In conclusion we have shown that effects of sample
_ . | . charging in photoemission measurements of powder samples

! ' ! ! ) can be significantly reduced by the addition of carbon black,
Carbon Black enabling more detailed studies. This technique is especially

useful for measuring core levels where there are no overlap-
ping carbon features. The technique may also be applied to
valence band measurements. However, in this region there
| : | : | : are intervening features from carbon black. Thus measure-
Derived SiOp Valence Band " ments, under identical conditions, of carbon black standards
must be made in order to subtract the carbon black features
from those of the sample. Besides silicon, we have also done
photoelectron studies on powder samples of transition metal

. | | . oxide insulators mixed with carbon black that show no evi-

0 10 20 30 dence of charging. It should be noted that, in addition to

BINDING ENERGY (eV) removing the surface charge, the @ line of carbon black
may also be a useful calibration standard.
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FIG. 2. Valence band PES spectrahai=130 eV of (a) silicon powder

mixed with carbon blacksample A and(b) pure carbon black. Figure@
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