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The sharp peak in the second-order Raman spectrum of diamond has been studied at temperatures between
4 and 300°K. We find its width to be 4.2+ 1 cm™' and its peak intensity, relative to the second-order
feature at 2450 cm™! to be 0.37 +0.01, both being temperature independent. These results are in good
agreement with recent predictions of Tubino and Birman deduced from the bond polarizability model without

anharmonicity.

In 1970, Solin and Ramdas reported a detailed
Raman-scattering study of diamond.? They found
that at 300 °K, the sharp peak near the high-fre-
quency cutoff of the second-order Raman spectrum,
whose existence has first been noted by Krishnan
in 1946, occurs at 2667 cm™, approximately 2
cm™ higher than twice the fréquency of the first-
order Raman line at 1332 cm™. They found that the
éharp peak is strongly polarized with symmetry
T'}, depends linearly on the scattering volume, and
is qualitatively independent of temperature between
20 and 300 °K. (Solin also found that the sharp peak
still appears at 1200 °K.)3

Cohen and Ruvalds interpreted the sharp peak as
a two-phonon bound state, split off the top of the
two-phonon continuum by repulsive anharmonic
phonon-phonon interactions.* This interpretation
was further discussed by Ruvalds and Zawadow-
sky.® Recently, however, the two-phonon bound-
state interpretation has been questioned, and the
possibility has been raised that the sharp peak may
be an ordinary two-phonon overtone, reflecting the
detailed structure of the two-phonon density of
states.®

Bond-polarizability calculations by Go, Bilz, and
Cardona’ and by Tubino and Piseri® predicted a
sharp peak at the cutoff of the two-phonon spectrum
without inclusion of anharmonicity. Go, Bilz, and
Cardona asserted that “our calculation represents
well the frequency of the experimental peak (slight-
ly above 2wg,,.,) @S well as its shape,” although
from their histogram, the grid of the calculation
appears to have been too coarse to justify this as-
sertion. Tubino and Birman®!° subsequently com-
puted the dispersion curves predicted by the bond-
polarizability model, and found that, although the
phonon energy rises by about 2-cm™ at ¢/ Omax
~0.3 in the [100] direction, the predicted sharp
peak is preduced by a fluted F, critical point at the
I" point, and therefore corresponds to a pair of
zone-center I';; phonons. In this harmonic calcu-
lation, the position of the predicted sharp peak was
exactly twice the one-phonon frequency, leaving the
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source of the 2-cm™ shift unresolved, but presum-
ably due to anharmonicity.®

Tubino and Birman have refined their calcula-
tion, and computed the second-order Raman spec-
trum with a resolution of 0.67 cm™, indicating a
width for the sharp peak of ~5 cm™ and a peak in-
tensity relative to the two-phonon feature at 2450
em™ of about 3.%!!

Since the temperature dependence of the sharp
peak should be an important experimental param-
eter against which to test the competing theories,
and no quantitative linewidth measurements have
been reported in the literature, we have measured
the linewidth and intensity of the sharp peak at
several temperatures between 4 and 300 °K. Our
experiments were performed on a 2X 2X5 mm
South African type-I natural diamond cut along
principal axes. The sample was mounted on the
cold finger of an Air Products “cryo-tip” Dewar.
Raman spectra were taken in a right-angle scat-
tering geometry, using 150 mW of 4880 -A laser
excitation propagating parallel to the 5-mm axis.
The Raman scattered light was analyzed using a
Spex 1401 double-grating spectrometer and photon
counting electronics, and recorded on a strip-
chart recorder. The frequency shift and shape of
the first-order Raman line and the sharp peak in
the second-order spectrum were measured at
room, liquid nitrogen, and liquid helium tempera-
tures. A resolution of 0.5 cm™ was used to mea-
sure the first-order line, and a resolution of 1.8
cm™ was used for the sharp peak.

TABLE 1. Temperature dependence of the half width
and position of the first-order Raman line of diamond.

Line position Uncorrected Corrected

Temperature (cm™1) width width @
Room 1333.0£0.5 1.7+0.1 1.2+£0.2
Liquid nitrogen 1333.5+0.5 1.7+0.1 1.2+0.2
Liquid helium 1333.5+0.5 1.7+0.1 1.2£0.2

2Corrected by simple subtraction of instrumental width
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TABLE II. Temperature dependence of the half width
and position of the second-order Raman line of diamond.

Line position Uncorrected Corrected

Temperature (cm™) width width
Room 2669 +1 6.0+1 4.2+1
Liquid nitrogen 2770 +1 6.0+1 4.2+1
Liquid helium 2770+ 1 6.0+1 4.2+1

The results of our measurements are shown in
Tables I and II, and Figs. 1 and 2. A frequency of
1333.0+0.5 cm™ and a full width at half-maximum
of 1.7+0.1 cm™ was measured for the first-order
line at room temperature. These results are in
good agreement with the values 1332.5+0.5 cm™
and 1.65+0.02 cm™ obtained by Solin and Ramdas®
at room temperature, using a resolution of 0.4
cm™,

In Fig. 2, three spectra of the sharp peak are
shown, indicating a width at half-maximum of ap-
proximately 6 cm™ and a center frequency of 2269
+1 em™ at 300 °K, which is 3 cm™ higher than
twice the measured frequency of the first-order
line. Within our experimental accuracy, very little
change in the shape, frequency, or relative inten-
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FIG. 1. Raman spectrum of the first-order line in
diamond, taken with an instrumental resolution of 0.5
m"! at room temperature, showing a line positon of
1333 cm™ ! and an uncorrected width of 1.7 ecm= 1.
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FIG. 2. Three Raman spectra of the sharp peak in the
second-order spectrum of diamond taken with an instru-
mental resolution of 1.8 cm™!, approximately at: (a)
room temperature, (b) liquid-nitrogen temperature, and
(c) liquid-helium temperature. The spectra are dis-
placed vertically with respect to each other for clarity.
A(0), B(0), and C(0) indicate the zero-point reference.
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FIG. 3. Experimental Raman spectrum of diamond at
4.2 °K in the cutoff region compared with theoretical
histogram of Tubino and Birman (Ref. 11). Experimen-
tal rlesolution: 1.8 cm™ !, Theoretical resolution: 0.67
cm™1, '
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sity with respect to other second-order Raman
features was observed as a function of tempera-
ture. The intensity of the sharp peak relative to
the second-order feature at 2450 cm™ was re-
markably constant at 0.37 0.1 between 4.2 and

300 °K. In Fig. 3, we compare the 4.2 °K spectrum
in the region of the high-frequency cutoff with the
theoretical prediction of Tubino and Birman.!* The
agreement, although not perfect, is quite good.

In conclusion, we have found that the linewidth
and intensity of the sharp peak in the second-order
Raman spectrum of diamond are effectively tem-
perature independent between 4 and 300 °K, a re-
sult which appears difficult to reconcile with the
bound two-phonon picture which includes a binding
energy of only 2.5 °K.'* On the other hand, al-

though our results are in good agreement with
many of the predictions of the bond-polarizability
calculation, it remains to be seen whether these
calculations can be refined sufficiently to explain
the 3-cm™! shift between the sharp peak and twice
the first order Raman frequency.
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