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Activity Report 2012

Discovering the Imperfection in Diamonds

This report features the work of Bing-Ming Cheng and his co-workers published in Anal. Chem. 84, 9596 (2012).

Diamond not only is a precious gem in human life
but also plays an important role in scientific activity
through its possession of extreme properties, such as its
large thermal conductivity, small thermal expansion,
etc. Pure diamond is colorless, rare and precious as a
gemstone, whereas natural diamond is typically impure,
being embedded with hydrogen, boron, nitrogen and
other elements. The impurities and defects in diamond
affect its properties such as diverse color, other optical
properties, and thermal conductivity; these properties
are important in geology, electronics, the synthesis
of diamond, and its value as a gem. Diamond has
become highly attractive for quantum spintronics in
solid-state electronics. With the advance of this tech-
nique, its application might lead to the development of
a practical quantum computer. The key function of dia-
mond for quantum spintronics is doping with a nitrogen
impurity; the doping procedures and identification of
the nature of the doping thus become important.

Nitrogen is the most common impurity element in
diamond; many forms of diamond result from adjacent
nitrogen atoms in varied proportion. About 98 % of
natural diamond contains nitrogen at a concentration
detectable through optical measurements. The impuri-
ties in diamonds are generally distinguished according
to their absorption spectra, which have hence served
to characterize and to identify gem diamonds, pow-
dered diamonds and synthetic samples. A classification
of diamond is thus based on the optical absorption of
its impurities. Because diamond is the hardest natural
material and cannot be dissolved in any solvent, these
properties obstruct the measurement of absorption
spectra; a sample must thus generally be treated as a
film, pellet or parallel disk. Photoluminescence (PL) is
a major technique for an optical characterization of the
impurities and defects in diamond. Both emission and
excitation spectra of diamonds have been measured for
samples under diverse conditions, such as in chemical
vapor disposition (CVD), thin film, and natural gem,
and in infrared, visible, ultraviolet and X-ray regions,
but few reports exist of PL spectra excited at wave-
lengths less than 250 nm or further into the vacuum
ultraviolet (VUV) region. Dr. Cheng and his co-workers
opened a new window to identify diamond defects by
utilizing synchrotron radiation near and in the VUV
region; they measured the PL of natural diamonds upon
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excitation with radiation in the wavelength range 150
- 260 nm at beamline BLO3A1 in NSRRC."” These sci-
entists identified, for the first time, PL excitation spectra
of natural diamonds associated with nitrogen defects
in the VUV region. They measured the PL spectral fea-
tures that are instructive, and serve to identify nitrogen
defects in diamonds of various forms, described as fol-
lows.

The defects in diamond are identified from PL
excited in the range 150 — 260 nm. The red and blue
curves in Fig. 1 are typical PL spectra of natural dia-
mond powder at 300 K and at 13 K. Progressions A
and B are associated with centers N2 and N4 of nitro-
gen defects, respectively; still other features are associ-
ated with other defects. An infrared (IR) spectrum from
the diffuse reflectance of diamond powder exhibits two
lines at 1282 and 1177 cm™ associated with defects
corresponding to centers N2 and N4, respectively.

The emission spectra of diamond powder vary with
the photon energy of excitation. Upon excitation with
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Fig. 1: PL excitation spectra of natural diamond powder at 300 K
(red curve) and 13 K (blue curve), monitored at 490 nm. The
resolution is 0.1 nm in the spectral region 150 - 260 nm. The
spectra are offset vertically for clarity. Progressions A and
B are marked. This figure has been redrawn by Dr. Cheng’s
group.
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light at 222 nm corresponding to excitation feature A(0) Energy (eV)
in Fig. 1, emission bands have maxima centered at ~ 4 35 3 25
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420 and 469 nm, observed at both 300 and 13 K, that [ N3
are associated with defects N2 and N4, respectively. A 2000 B
narrow emission line at 491.2 nm is observed at 13 K but - °

it is weak, not easily assigned. When the wavelength
of exciting radiation is altered to 175 nm, many distinct
emission lines superimposed on a continuum curve
are observed at 13 K. Figure 2 shows emission spectra, I L
excited at 175 nm, of diamond powder at 300 and 13 500 F ]
K. The emission spectrum at 300 K strongly resembles 300 K 13K
that excited at 222 nm; the differences are thus readily
distinguished on comparing the red and blue curves in
Fig. 2. Besides the common nitrogen center defects N2
and N4, center defects B’ and N3 are also recognized.
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Fig. 2: Emission spectra of diamond powder at 300 K (red curve)

Th h b d that th d and 13 K (blue curve), measured on excitation at 175 nm;
ese authors observed that the greatest advantage the spectra were recorded at resolution 0.5 nm with scan-

of this analytical technique is the lack of necessity of ning steps 0.2 nm. Emission systems B’ and N3 are identi-

further preparation of samples for diamonds in various fied. This figure has been redrawn by Dr. Cheng’s group.

forms.” The PL spectra of diamonds of size from 0.5 pm

to T mm, or even a diamond ring of mass 1.15 carats,

were found to resemble each other. During an analysis

of PL, a diamond remains intact and entirely undam- References

aged, which is especially important for precious gems 1. H.-C. Luand B"Mj Cheng, Anal. Chem. 83, 6539 (2011).

as samples. Further details of defects or even new 2. H-C. Lu, M. Lin, S.-L. Chou, Y.-C. Peng, ].-I. Lo, and B.-M.
. ) = Cheng, Anal. Chem. 84, 9596 (2012).

defects might be revealed on varying the excitation en-

ergy and the sample temperature; for instance, defects

N3 and B’ are clearly identified when a sample at 13 K

is excited at 175 nm, as the blue curve in Fig. 2 shows.
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