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F oo WA AL A5, A9, B3, ASA, S, A 5 1 49
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Colored quartzes found in nature are categorized into 6 kinds such as amethyst, smoky
quartz, citrine, blue quartz, green quartz, and rose quartz by their color. The coloration
mechanisms of them comprise color center, transition metal impurity, scattering, and
charge transfer. Natural colored quartzes were thought to be recrystallized from high tem-
perature, high pressure hydrothermal solution in magma. Synthetic colored quartzes also
can be grown artificially by similar growth process of natural quartz. However, some kind
of colored quartzes are difficult to introduce coloring elements during growth. Similar color
could be realized by introducing other elements. The effects of an impurity element, the
site and the valence state of it on the color of synthetic colored quartz are discussed.
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Table 1. Mechanisms of color cause of the colored quartzes”

Color Cause

Minerals (silica varieties)

Formalism

transition metal compound
transition metal impurities

synthetic blue quartz
citrine, green quartz,

crystal field theory
crystal field theory

natural blue quartz (type I,

color centers

charge transfer rose guartz

scattering

amethyst, smoky quartz

natural blue quartz (type 1)

crystal field theory
molecular orbital theory

physical optics
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#(rose quartz), A-EH44 Sol g}, Nassau"2]
Fipell &ety f-Aaagde] whaell = 45771 2Ll
] Table 1o +Fehf et

FrAA e Al e A4lE vk 23y e
o EAsle BoE5 AEA, HelF: E5F,
A&} o] F, Al 52 EFfo] 235k #o|m AAlE
= AA 24% A Aste EeEed AR
g 9 x]ell E98 F FA2E FEhe] A 53
YN EE sl 7o) B fedAd s D et
gl upa 7)o WA 4l =9l vy ) SR E] TR
g AL 59 A% A Adasks

o chahe] marslsc,

Lo

e

b=

2. ghMgla|

2-1, A= Al(color center)

AZA]-2 SiAkel el M* (M=Fe, Al) o[&e] Z}u}
A3} 7He o Aol mEFHo] MY R A8 A &
2 =75l MR FhedE o] HRsE 7)ol
t}, et o) At R M7 ek 2gshs Al
iAol wld v A M7 MTR @5 w
Helsl Axle A8 Aol Sl M| ¥4
Heo] MY 2 gzl

2-1-1. <4 (amethyst)

Cohen®} Hassan® S17l2]9] %3 Fe'':
16712]2] A48 Fe¥oll 98] 9x7}7} BAME 3 o
=2 Agte] AppA BFA] A3 (precursor)?]
T ob52] Ao e A el Adcky
A gkataint. o]7)4 S1 xlelgh 288 Fe* 7| Sif
Akl ell )3k o] BAF 2124 e 419 o)
9] Ab2Z YA s} 262 e el AgEln
oli= Aelels [6 Allzt WaE S A (Si0) A
< 7l Al el

(Fea+)sub+(Fes+)mt (1)

= hole center(Fe*")+trapped electron(Fe®*)

7 % Cohen™ ArAlel] EAlsk= 2vke] AL
oA AL skt AlY] §abe] Feo| §9
S Z2IEE FAe] AL Wubs AME alalE
AL (D) fel® A3k AlF Feld ota) o)
| ApAle] Aol sedshs die A& o)
9} o] Alaks}gict.

1) Al-O° = Al-Q™e (2183 A4l hole 34
H4l)

=3
>,

i



A9E 27, 1998 A FEe EA 7% AR 161

2) Na"™+e = Na’(hole 4 & 34517
Ze] o] 22 B41)

3) Fe'' = Fe'"+e (31913 Fe] 413}
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Fig. 1. The optical absorption spectrum of a synthetic
amethyst.™
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Fig. 2. Spectrum of synthetic fron-containing yellow-
brown quartz."”
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Fig. 3. Spectrum of natural® (a) and synthetic” (b)
Co-doped blue guartz.
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Fig. 4. Hydrothermal autoclave for colored quariz
growing (volume of 0.2 L).
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Table 2. Dopants for synthetic colored quartz

Colored quartz Dopant Post-treatment

Amethyst Fe™ y-ray irradiation
Citrine Fe*
Green quartz Fe**
Blue quartz Co™

Smoky quartz AP Y-ray irradiation

Rose quartz Ti** - Fe'  Heat treatment

o
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7 X
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Fig. 5. Seed for the growth of colored quartz.
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Fig. 6. Projection of the structure of left-handed o
quartz along with c-axis,”®
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= d=d ai) A
HT npeh glo] A wAgdons Agals]
ool Fr-Apad ] Qe e g-go] 7hgEl),

ApAE A3l oq g 5] dl-Ee A}
P43 Fo] (0111) W8] 2A2HL ALg-de}
g}, Azro] Ei 4418 autoclavedd) ) 353519
I AL Bosirl, s eAlS A} ehEst
A2 et A E slof A4 9L
Tk {0001) WY FAldHgom A
ZAnbd A2]sbE Fig, 79 +89) -8 ojdnte)
Ao Wil vz i
g Folr.

A5 o] A Ale| 2 Al i Sl e
Z NaOHE A2 AMgho). 452 Hefe=

13

Q = [
HEL Bl Al

-

(OH)s& AHEE 7% sh2be] E9e] ol 4 3l
B2 Al 34 22he] Agdsirh $aldAe] e
ol whe} o] (OL11)E ARS3c). Al 022
Fe o]-&3= 28| +3719 kst Alshiente) &
Astrz Lx 26 2|3 pHel 40 B agich
2

[ -

5.4

A A AL Al F-9 e A Y99S
IR 2g-abe] Agialea] ARkd 4= 9l F
8 WgRe FAEA S kg, S5 Ak,
FeA 2 F57, AREE o] gler o]Ee] Wil
off met Ao o1& FA 9] Ae] Zhgelgn)

Fe: Ab3labe] & H<=2-9) $]A]d] me} A5,
A, Hrdlen BREW ZEA]L Fe't o]
o} ApAlof 2J3h wbAl, Fp) 2 Rt o] 22 A4)
o EoE aw), B Fet o] 29 A3 B
E A ofsf g}, maba] AL (01110
2} AA, AEFRA7](320°C o)Ake] ARk, 7
vhA 27} 8 ey, FAL (0001) A}
24, AEREZ7E 8 #lepe)w, e
(0111) FA2A, #14-9171(310°C o)5he) Al
=)7} Fa Heyrl

A Ale] 391 AL zhubad Me]sto
dow FAEA L (0001) WS AElE s o9y
o] olfA o wWaly (0111) W3S AMe-sd
A7t A& AeA-E AR S glede



AoA 2%, 1998

A AL Co?| Tfre AR L glox
2 TAAA 2] W9l (0001)E AHESHE 352
Ego] 2o ZA e wome AW L%
ZAe] ey}

eS|

1} K. Nassan, Am. Mineralogist, 63, 219-229 (1978).

2) A. ]. Cohen and F. Hassan, Am. Mineralogist,
59, 719-728 (1974).

3) A. J. Cohen, Am. Mineralogist, 70, 1180-1185
(1985).

4) M. O'Brien and M. Pryce, Report of the con-
ference on defects in crystalline solids, Bristol,
The Physical Society, London, pp. 88-91 (1955).

5) J. H. Mackey, J. Chem. Phys., 39, 74-83 (1963).

6) J. A. Wiel, A review of EPR spectroscopy of
the point defect in o-quartz: the decade 1982-
1992. In: C. R. Helms(Ed) Plenum Press, New
York, pp. 131-144 (1993).

7) K. Schmetzer, J. Gemology, 21, 368-391 (1989).

8) G. Lebmann and W. J. Moore, . Chem. Phys.,
44, 1741-1745 (1966).

9) D. L. Wood and A. A. Ballman, Am. Min-
eralogist, 51, 216-220 (1966).

10) E. F. Holden, Am. Mineralogist, 9, 75-88
(1924).
11) Jv. Vultée and J. Lietz, N. Jb. Min. Monat., 3,

HO

4 e FA ol % 4G 167

49-58 (1956).

12) G. Lehmann, N. Jb. Min. Monat., 1969, 222-
225 (1969).

13) G. Lehmann and H. U. Bambauer, Angew.
Chem., 85, 281-289 (1973).

14) G. Smith, E. R. Vance, Z. Hasan, A. Edgar
and W. A. Runcimnan, Phys. stat. sol. {a), 46,
pp. K135-K140.

15) N. Jarayaman, Proc. Indign Acad. Sci., A9,
265-285 (1939).

16) Y. K. Lee et af, Korean J. Cryst, 1, 61-65
(1990).

17) Y. K. Lee et al, Korean J. Cryst, 2, 23-26
(1991),

18) Y. K. Lee ef al, Korean J. Cryst., 1, 813
{1990).

19) Y. K. Lee & al, J. Cryst. Growth, in press
(1998).

20} F. Iwasaki e al, Jpn. J. Appl. Phys., 29(6),
1139-1142 (1990).

21) C. K. Suzuki e al, 40th Ann. Freq Cont.
Swm., pp. 47-53 (1986).

22) A. F. Armington and J. J. Larkin, J. Cryst.
Growth, T1, 799-802 (1985),

23) V. S. Valitsky, J. Cryst. Growth, 41, 100-102
(1977).

24) P. ]. Heaney, Reviews in Mineralogy, 29, 11
(1994).



