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A tentative discussion on coloration genesis and color change mechanism
of HPHT synthetic diamond

XUE Yuan', HE Xue-mei'*? and XIE Tian-qi'
(1. School of Gemology, China University of Geosciences, Beijing 100083, China; 2. National Laboratory of Mineral
Materials, China University of Geosciences, Beijing 100083, China)

Abstract: In order to investigate coloration genesis and color change mechanism of HPHT synthetic diamond in
a dynamic process, the authors conducted a HPHT experiment on yellow diamonds synthesized under the condi-
tion of high temperature and high pressure. IR spectra, low temperature PL spectra and DiamondView ™ images
tested before and after the HPHT treatment show that, due to the limitations of the synthesis method, HPHT
synthetic diamond has various kinds of defects, such as stress defect, vacancy and impurity elements like N and
Ni. These defects greatly affect the quality and color of HPHT synthetic diamonds. The color centers of the
tested samples before and after HPHT experiment are (N-V)~, (N-V), H3, C center, (Ni-V)~, Ni-N com-
plexes and Ni~ . The experimental physical conditions (7 GPa, 1 480°C ) we adopted contribute to accumulation
of nitrogen in diamond crystal. And this accumulation reaction leads to the transformation of diamond type from
I b (with a bit A aggregation)to | b+ [ aA mixed type and is also helpful to the change of synthetic diamond’s
color.
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Fig. 1 Pictures of samples before and after HPHT treatment

HERETIERXMGET, B3R R/
HY LA B 32 46, A ZRE iy i B R, ) 2
iR, G AREHER LS, ANRARIHR A
R A BB FBEEREHL A REAE R
KRS .

B2 ERXMETB+E"REHEL
Fig. 2 “Dark cross” anomalous extinction

FR T MR ARKERNT 2R BRMER
B, TR R EES ISR 1 b B ERERS
AT ERIHE. RICHEMIERS R KB (365
nmDJRST T R BRI, T (254 nm)#E
AT I B S A ROk T I UK R
N SRR H-5 AT LA BLSR BTN AT 2808 5
g, AT ARIER B,

2 WRATER LR EAF

RiFEEERRATRRNEEEMHERER
SREHFERERE— ANIIRBE R 5
H-1.H-3 1 H4 #1777 il ER 2%, H2
H-5 1% R AR EAT . SKRBHEIMR 2 F
FiRy



122 33
1
Table 1 Basic gemological characteristics of diamond samples
ct
H-1 0.189 LW SW -
H-2 0.216 LW SwW -
H-3 0.166 Lw - SW -
H-4 0.171 LW SW - *
HS 0.182 LW sw
2
Table 2 Physics parameters of HPHT experiment
T GPa min
H-1 N+N, 1 480 7 30
H-3 N+N, 1480 7 30
H-4 N+N, 1 480 7 30
2 cm ! 220V
3 5 3
3
3.1 3.2.1
HPHT 1350~400 cm ! Alan
H-1 H-3 H-4  etal. 2000 1131 em ! 1344
em ! Ib
1 1282 cm! A
3.2 FTIR [ aA 1131 em™!
1282 cm !
Nicolet 6700 A Ib
400~4 000 cm ! 16 1975~2500 cm ™! c—C
H5
H4
H3
<
® H2
pa]
w
H1
4000 3(;00 20|00 10|00
W4/ om!
3

Fig.3 The FTIR spectra of diamonds before HPHT treatment
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Table 3 The FTIR spectra of HPHT synthetic diamonds
H-1 845s 1130s 1283w 1344s 1967s 2025s 2158s 2363w 2497m 2844w 2915w 3200m 3626 w
H-2 841s 1132s 1295w 1344s 1971s 2029s 2157s 2363w 2444m 2846w 2925w 3187w 365lm
H-3 841s 1129s 1287w 1344s 1971s 2028s 2158s 2367w 2507m 2849w 2918w 3239w 3630w
H-4 841 s 1128 s 1283w 13445 970 s 2028 s 2158s 2362w 2490m 2845w 2912w 3208w 3674w
H-5 845s 1132s 1292w 1344s 1967s 2021s 2158s 2362w 2488 m 2845w 2916w 3221w 3648s
H-1 H-3 H4
1975 em ™! L.O.+T.A. 2027 cm ™! 2851 2923 cm ™!
T.O.+T.A. 2160 cm ! L.O. +L. 2785 2854 2923 em !
A. 2427 cm™! 2T.O. T.A.
L.A. T.O. L.O. 3.2.2
2002 HPHT H-1 H3 H4
H H-1
3637 cm ! H,O 3200 cm ! 4
—OH A
2005 C—H 4
2918 em™ ' 2850 cm™'
2010
2004 1100~1500 ecm™!
998 992
989 854 787 cm 850 cm ™! 1131 1344 em™!
854 cm ! 1282 cm™!

L%

1
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£ 3.
20 134338 1282.17 L3R
1129.97 :
10 s
1 1 1 1 1
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FHH/em™?
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Fig. 4 Comparison of FTIR spectrum of sample H-1 before and after HPHT treatment
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Table 4 Comparison of nitrogen absorption intensity

before and after HPHT treatment

Ne Na Ne Na
H-1 1.16 H-5 1.18
H-2 1.17 H-1 1.08
H-3 1.51 H-3 1.29
H-4 1.54 H-4 1.27
Ne 1130 em™! Np 1282 cm™!
4
4 HPHT 3
C A
1480C
C
A Yelisseyev 2003 Shigley
2004
2200C A
A
Ib Ib+ 1 aA 5
4 2918 2850 cm !
C—H —CH;
C—H —CH;
2002 2007
2010 C—H
>C=CH, 2002
3.3
PL
77 K Reinshawl000
532 nm 50 ~6475 cm™!
H-1 H-3 H4 H-2 H-5
5 5
5 HPHT
PL
1 532 nm
1332 em™! 572.7 nm
HPHT 572.7 nm
2 HPHT ZPL
575 nm 637 nm 637 nm
575 nm HPHT

A 575 nm +
N-V 2010
637 nm + N-V ~
Ib 600
~800C 2007
HPHT Ib
HPHT
N-V ~ N-V
- 5
530 nm H3
A N-V-N
H3 503 nm 529
nm  De Weerdt and Van Royen 2000
H3
N-V ~ la
800°C A
2010 5 741 nm
GR1
NV NSV A
1282 cm™! H3
A
PL GRI1

TS

11 JL 1 H1
600 550

AL e il l

L L
800 750 700 650
PH/nm

5
Fig. 5 Low temperature PL spectrum of synthetic

diamond samples
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Table 5 Low temperature PL spectrum of samples
H-1 572.3 572.7s 575w 607 w 623w 637 m 659 w 734 m 807 w
H-2 548 w 572.7s 575w 607 w 637 s 659 s 68l's 737m
H-3 572.3 572.7s 575w 607 w 637 s 659 w
H-4 572.7s 575w 59w 607w 623w 637s 639w 659m 679m 738m 800w 808w
H-5 548 w 572.3 572.7s 575w 607 w 637 s 659m 68lw 731w
3 ZPL 658 Ni~
nm 548 nm Ni-V. = Ni-N 1% ~2% NEA4 2005
2005 2004 PL
Ni~ 494 nm >50%x10°°
Ni-V 658.4 nm 4 HPHT
2005 - PL PL
633 nm 540 nm 5 HPHT 5
548 nm
2005 2006 HPHT H-2 H-5 548
- nm
658 691 713 733 nm 548 nm Ni-N
Fe Co 2005 2006
Ni 2004 1480TC Ni-V
734 nm 2005
Ni  Hiroshi 1700C
Kitawaki  Junko Shida 2001 Ni Ni~
HPHT Ni*
859 844 836 822 814 808 800 793 774 747 615 NE4 Ni-N
598 nm 808 800 599 2005
nm 3 Ni HPHT N-V
PL
<10%x10°° N-V
Ni* NE4 EPR NIRIM2
g=2.3285
884.9  §883.0 nm 688.8 nm H3 H4 Ni HPHT
484.3 > 50 X HPHT N3
10°°
Ni~ 3.4 DiamondView™
658.4  493.9 nm 1332 em™! DiamondView ™
EPR g=2.0319
885.6 nm <230 nm
658.4 2005 6
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Fig.6 DiamondView™ images of samples
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2012
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