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Zonal distribution of A andB1 crystal
structure defects, revealed by FTIR, is observetheén
majority of natural diamonds. Change of concerdrati
ratio of A andB1 defects (nitrogen aggregation stage)
inside diamonds points to the change of temperature
duration of their annealing. However separate
determinations of duration and annealing tempegatur
are still impossible on the base of nitrogen agatieg
measurements. There are other defects of crystal
structure - "platelets", basing on the researctwluth
it is also possible to perform temperature-kinetic
reconstructions.

Introduction

"Platelets" are large planar {100} defects,
with linear dimensions from first nanometers up to
several micrometers, with the thickness of somenato
layers (Barry, 1991). They are diagnosed on an
absorption band with a maximum in 1358 - 1378'sm
range. The position of maximum is defined by linear
dimensions of defects (Clackson, 1990). Interstitia
carbon atoms |, appearing during formation Bi
defects, are the structural basis of defeB® -
"platelets” (Goss J.P., 2003):

2N, (A) - B1 (N4V) +l

We offer to consider “platelets” formation on
the basis of the theory of oversaturated solid tawiu
decomposition. The main idea is the assumption that
concentration of defect82 is defined by initial
oversaturation on interstitial atoms of carbon.tte
basic model of such concept (Volmer, 1936) the
platelets concentration is a function of supersdion
by the interstitial carbon atoms @nd the temperature
at the initial stage of annealing:

Ngz =C exp (—E2/KT)

where B, — energy of formation of the B2
center of critical size. The subsequent annealiogsd
not influence the platelets concentration but ises
the increase of their linear dimensions. The elgpiilm
concentration of interstitial carbon atoms is ngigly
low, and their mobility is very high. That is why
interstitials concentration is proportional to tiBl
defects forming rate, having second order Kkinetics
(Taylor W. R., 1990):

C = dG/dt =-Y4 dCNyy/dt =~ C’\exp(-Es:/KT)

Iti‘s important to note the differences between the
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concentration of "platelets" and the amount of adm
these defects. The ratio for estimation of tempreat
change of crystals’ growth has been received after
transformation of previous equations

T/Tmax= I (Cu/N2) madIn (Cn/Ng2)
T - temperature of diamonds’ growtlqy — total
nitrogen concentration, g - concentration ofB2
defects. The index "max" corresponds to the ar¢han
specimen with maximum rati6%,Ng,. Concentration
of B2 defects is defined on absorption spectrgs N
K/ op(v)R%, (v)dv. Where og(v) - contour of
absorption ban®82 with compensation of the base line,
K - the factor considering cross-sectionB# defects
absorption and concentration of interstitial atamg,
Rg2 (V) is dependence between the absorption band
frequency and the size of defects, received by
interpolation of literary data (Clackson, 1990; Sdan
N., 1988; Kiflawi 1.,1998 et al). Integration was
performed in 1350 — 1380 Shlimits. This approach
allows to assess the change of temperature, whah t
place during the growth of diamond. Having the
change of temperature, it is not difficult to assése
change of growth rate of diamonds, on kinetic eiquat
of B1 defects formation. The approach is applicable
only to investigation of nitrogen-bearing diamorids
which destruction of "platelets" has not begun.
Conformity of "regular" spectra to type (Woods, 698
or availability of absorption bands with maxima abo
1425, 1450 sth may be criterion of diamonds’ fithess
to interpretation with such approach (Vasilyev E, A
2005). These bands point to incompleteness of
"platelets" formation.

M ethods and specimens

For revealing of the AB1 andB2 centers’
distribution three plates of diamonds of about
3x4x0,4m size, cut out of octahedrons of kimberlite
pipe "Mir" in plane (100), have been investigated.
Figure 1 contains photos of the investigated spengn
in crossed polarizers.

Specimens 1 and 3 represent a quarter of a
crystal cross-section, the growth center is in rigat
bottom angle. The growth center of the specimen 5
crystal is located in the right part of the photo.
Determination of nitrogen concentration in the foof
A andB1 defects, and position of the maximumB#
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band, is performed across the plates. Absorption
spectra in IR range were recorded on FTIR
spectrometer FSM-1201 with an attachment -
microscopeMIK15 with 4 sm' resolution. The spectra
were recorded from sections of 0.3 mm diameter at
overlapping of analyzed areas. Concentration of
nitrogen in the form of A andBl defects were
computed by known way (Boyd et. al., 1994, 1995).
The root-mean-square deviation at determination of
nitrogen concentration in the form of A aBd defects
constituted 6 and 13 % correspondingly, of thegrak
absorbance d82 band is 5 %.

Results of research

As it is seen from figure 1, selected specimens
have zonal structure. There are no zones and sector
with normal mechanism of growth, boundary lines of
dissolution in specimens.
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Fig. 1. Photos of diamond plates in cross polasized

core-rim traverses of total nitrogem)( nitrogen in B1

defects¢) and B2 absorption band maximum

position(A).

Figure 1 contains profiles of distribution in
volume of the investigated specimens of total
concentration of nitrogen in defects A aBd (Cy),

degree of aggregation - share of nitrogen in them fof
B1 defects Cne1)Cn 100 %), and positions of B2 band
maximum.

For demonstration on one diagram nitrogen
aggregation degree is increased ten times. Assiéés
from Fig. 1, greater values of temperature or tiohe
annealing correspond to the central areas of the
crystals. Deviations from this regularity are withthe
limits of the lapse of definition of aggregationgdee
for all specimens. Decrease of aggregation degfee o
nitrogen from the center of crystals to periphery
testifies, that formation from 15 up to 75 % Bi
defects in the investigated specimens occurrechguri
growth of crystals the temperature which provides
sufficient speed of the process. Thus, one cangudg
about temperature and duration of post-growth
annealing only by degree of aggregation of nitrogen
near-surface area of the crystals.

Alteration diagrams of T/J.x by volume of
investigated specimens are given in figure 2. Malim
value of G/Ng, corresponds to high-nitrogen part of
specimen PL5. Having accepted the maximum
temperature of diamond growth as 1700 K, according
to the results of investigation of impurities irmdionds
of kimberlite pipe "Mir* (Bulanova G. P., 1993), ig
possible to assess absolute changes of tempeiature
growth of crystals.
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Fig. 2. Core-rim traverses of relative grows

temperatures for diamond plates.

Lets temperature 1700 K corresponds to the
growth center in specimen PL5, and therefore the
minimal temperature corresponding to periphery is
1560 K. Specimen PL3 grew at temperature about 1630
K, and its variations did not exceed 20 K. Gradual
decrease of growth temperature from 1660 up to 1440
K is noted in specimen PL1. It is noticeable tha t
change of nitrogen concentration on the investijate
plates is not accompanied by the change of growth
temperature, as it is seen on example PL5. Asviallo
from figure 2, decrease of temperature is not th&d
reason of diamonds growth termination, as
temperatures of growth of peripheral areas in wario
specimens differ, but more detailed investigatiofs
near-surface layers of diamonds are necessary for
verifying this assumption.

Having assessed values of growth temperature
of diamonds, it is possible to restore duration of
annealing of each investigated area of diamonds fro
periphery to growth center, using parameters oéticn
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equation found by TaylorTaylor W. R., 1990) Grows
time for plates of diamond, reconstructed as time,
needed to achieve nitrogen aggregation stage at
temperatures is shown on diagram of figure 3. Some
experimental points are not shown on fig.3 duéh@irt
negative value. It is take place because of local
"anomalous" nitrogen aggregation stage decrease (se
fig. 1). We assume it to experimental error end som
overlapping of analyzed areas. Certainly, calcdlate
time and temperature values are not true, they show
only a possible range of temperature changing and
dynamics of diamond grows.
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Fig 3. Grows time diagrams for plates of diamond,
reconstructed as time, needed to achieve nitrogen
aggregation stage at temperatures of fig2.

Estimated grows time of shown diamonds is
about ten Ma, and dramatically increase with
increasing of crystal dimensions. But for diamownds
2-3 mm in size the grows rate is not vary signifitya
For sample PL1 we can see a delay of grows without
any significant temperature changing in fig2. Thaist
also confirms the suggestion that temperature ts no
only one main parameter, controlling carbon
oversaturation and diamond grows rate.

Conclusion

Investigation of volume distribution of A1
defects and2 in of crystals of octahedral habit from
kimberlite pipe "Mir" allowed to state, that fornwat
of B1 defects from A defects occurred at annealing
during growth of these diamonds. We assume, tleat th
amount of “platelets” is defined by concentratioh o

nitrogen in diamond and initial temperature of
annealing. The received results indicate that
digfribution of size ofB2 defects from the growth
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center to periphery of crystals can be considesctha
sensitive indicator of temperature alteration @fnddnd
formation environment. That is why further
investigation directed on the development of
mineralogical geothermometer on the basis of FTIR
data: “platelets” characteristics, A and B1 defects
concentrations is considered perspective.

References

Barry J.C. 1991 HRTEM of {100} platelets in naturgpé la
diamond at 1.7 A resolution: A defect structure
refinement. Phil. Mag A.V 64. P.111-135.

Boyd S. R., Kiflawi I., Woods G. S. 1994. The relaship
between infrared absorption and the A defect
concentration in diamond. Phil. Mag. B. V.69. P.1149
1153.

Boyd. S. R, Kiflawi I., Woods G. S. 1995.Infrared
absorption by the B nitrogen aggregate in diamond.
Phil. Mag. B. V. 72. P. 351-361.

Bulanova G. P. 1993. In Natural diamond — genefeets.
Novosibirsk, 167 p.

Clackson S. G. Moore M., Walmsley J. C. et. al. 199@
relationship between platelet size and the freqgesruf
the B’ infrared absorption peak in type la diamond.
Phil. Mag. B.. V.62. P. 115-128.

Evans T., Kiflawi I., Luiten W. et. al. 1995. Cons&m of
platelets into dislocation loops and voidite forioatin
type laB diamonds. Proc. R. Soc. Lond, A. V.449. P.
295-313.

Goss J. P., Coomer B. J., Jones R. et. al. 2000. Self-
interstitial aggregation in diamond. J. Phys.: Caorzde
Matter.. V. 12. P.10257-10261.

Goss J.P., Coomer B.J., Jones R., et. al. 2003. Eedend
defects in diamond: the interstitial platelet. Phiggv.

B. V. 67. pp.art. 165208.

Kiflawi I., Bruley J., Luiten W., et. al. 1998. 'Natl' and
'man-made’ platelets in type-la diamonds. Phil. Mag
V. 78. N3. P.299-314.

Sumida N., Lang A. R. 1988. On the measurement of
population density and size of platelets in type la
diamond and its implication for platelets structure
models. Proc. R. Soc. Lond. A. V.419. P. 235 — 257.

Taylor W. R., Jaques A.L., Ridd M. 1990. Nitrogenetef
aggregation characteristics of some Australasian
diamonds: time-temperature constraints on the gourc
regions of pipe and alluvial diamonds. Am. Mineral.
V. 75. P. 1290-1310.

Vasilyev E. A. , lvanov-Omskii V. .. Bogush |. 260
Interstitial carbon showing up in the absorptioecpa
of natural diamonds. Technical Physics, Vol. 50, 6lo
2005, pp. 711-714.

Volmer M. N. Kinetic of new phase generation. Léipz
1939.

Woods G. S. Platelets and IR absorption of typddendnd
1986. Proc. R. Soc. Lond., A 407. P. 219-238.

Extended Abstract 3



