CHAPTER IV

ABSORPTION SPECTRA

4.1 Cause of color

Nassau (1978), Fritsch et al. (1987) and GAGTL (2001) reported about

the causes of colors in gemstones such as crystal field theory, charge transfer or

*’f}l optics. Causes of color in corundum

molecular orbital theory, band theo

can be explained by two theor

is caused by transitio tals” and /1 roduced by color centers. The

ersed transition ions with

The unpaired ele f ’_' foduced color by light absorption into
excited states does not have o n the ‘ransition element ion; under certain
circumstances it can be located»o:f--éw | as a missing ion. This can be

the cause of color cerérswhich-created-yellow-colo; E"“““,:i‘ (Nassau, 1978).

4.1.2 Metm— metél' charge transfer: In blue &)phire, with both Fe and Ti
trace elements, ?jh of the"la ﬁ ions can éxist in two valence states, and therefore
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A single electron can be transfer from the Fe to the Ti by light absorption
and back again. The transition from Fe** + Ti*" to Fe** + Ti*" involves the absorption of
energy, producing a broad intense absorption band at the red end of the spectrum and
resulting in the deep blue color. Anoth_er charge transfer process involving only Fe as:
Fe*" + Fe*" and Fe*' + F&*' can also occur, this process produces absorption only in the

infrared in sapphire (Nassau, 1978).
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As basis of the molecular structure and chromophoric element contained
in structure, spectroscopic methods are applied to investigate corundum samples and
their colors. The absorption spectra over UV-VIS-NIR range and transmission spectra
covering near to far infrared region of 45 samples were observed before heating and

after each step of heating.

4.2 UV-VIS-NIR Absorption Spectra

UV-VIS-NIR Speotro&&TWr contains a light source generating
N
wavelengths over the range of uWigl{ /ﬂ)ight (VIS) and near infrared (NIR).
\_ :
Absorption spectra are detam' phe})oelﬁﬂ signal is transferred to display

on monitor. UV-VIS-NIR G gives i_ﬁf%out the absorption spectra in

this range, which in turn

Figure 4.1 Hitachi UV-VIS-NIR Spectrophotometer (Model U-4001) at GIT

The oriented sample was fixed in the middle of a black plate with 0.25

mm diameter slit and placed in a cell holder. Each sample was measured twice:
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perpendicular to c-axis for ordinary ray (o ray) and parallel to c-axis for extraordinary ray
(e ray). A polarizing filter was used to obtain the o-ray and e-ray. The absorption spectra
of the sapphires were examined between 250 and 1500 nanometers (nm) with spectral

resolution of 2 nm.

Typical examples of the UV-VIS-NIR spectra of unheated sapphires are
displayed in Figures 4.2 to 4.9. All absorption peaks are related to transition ions (e.g.

cr, Fe', Ti*"or V*'). Blue sapphires us

how Fe*'/Fe’" pairs absorption peaks at
377 and 450 nm, Fe*" absorpti ;

n.and Fe”'/Ti*" absorption peaks at
useig b i*" intervalence charge transfer
1 T —

(IVCT) process (Themelis 1992)"Th intensit: of blue.color is directly related to the

about 588 nm. Typical blue

es 4.2 to 4.5). The blue sapphires
with color-change effect i 2 3 I \o\. s at 412 and 694 nm apart

412, 555 and 694 nm, Fe /Fe pﬁtion peaks at 377 and 450 nm, Fe™*

absorption peaks at 388 nm bsorptien peaks at 588 nm (Figures 4.7 and
4.8).

similar to those of the violgsapphires wi ange effﬂ; however Fe*'/Fe** peak

is disappear (Figure 4.9). Schmetzer et al. (1980) cited in Fritsch and Rossman (1988)

reported a partim% %ﬂfgnmﬂmf@aﬂﬁﬂﬂ o‘iahedral coordination

is the cause of color-change effect in cafundum.

RIAINTUNNIINY1A L



32

04/09/02 16:32

IDB 6

o-ray

e-ray

o p——t

.00 1400.0C
1500.00
nm

ohire from llakaka-Sakaraha,

Madagascar

Abs . 30/08/02 15:24
4.000 +—p—
3.500 | o
3.000 { ||Fe (4H
_— -
2.500 1 ! & v_ gl l Incandescent light |
{ 'l r|
2.000 (412 | . i BBS
(694)
1.500
ﬂﬂ’&‘i’lﬂ‘lﬂﬁﬂ BUINT ™
0.500 -

waﬁ«aﬁmmmwmmg .

Figure 4.3 UV-VIS-NIR spectra of unheated dark blue sapphire with color-change

effect from llakaka-Sakaraha, Madagascar
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Figure 4.5 UV-VIS-NIR spectra of unheated very light blue sapphire from llakaka-

Sakaraha, Madagascar
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Figure 4.7 UV-VIS-NIR Spectra of unheated dark violet sapphire with color-change effect

from llakaka-Sakaraha, Madagascar
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Figure 4.9 UV-VIS-NIR Spectra of unheated light violet sapphire from llakaka-Sakaraha,

Madagascar
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4.4 Fourier Transform Infrared (FTIR) Spectra

Fourier Transform Infrared (FTIR) spectrometer can be used for
recording the absorption or transmission spectra in the range of near to far infrared. The
infrared spectra give information about the structures and bonding in mineral specimen.
The transition responsible for IR band is related to molecular vibrations (stretching or
bending of bonds) (Field et al., 2002). The infrared absorption is caused by structural

vibration determined by bond lengths and bond angles between atoms (Yan et al.,

1995). Measuring of transmission: ép\(“ id infrared range (400 — 4000 cm’
b i SRicol pectroph
wavenumber) was carried ou . Nicole ctrophotometer (model NEXUS

D
—

Forty-five poli ! a\‘wthe near - to mid — infrared

in.the.middle of a plate with 0.3 mm

670) at GIT (Figure 4.10).

spectral region. Each
diameter slit and placed’ bé@md/as allowed to pass through

\ !
ndum is dominated by absorption

Figure 4.10 Fourier Transform Infrared (FTIR) Spectrophotometer (Nicolet model NEXUS
670 belong to GIT)
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The infrared spectrum is indication of vibration energy levels in atomic
structure of the sapphire samples. FTIR spectra of some unheated blue sapphires from
llakaka-Sakaraha were displayed in Figures 4.11 to 4.17. They show absorption peaks at
3900 — 3400 cm” caused by moisture (H,0), 2925 — 2918 and 2852 — 2850 cm " resulted
from C-H stretching, 2365 — 2360 and 2350 — 2340 cm’' due to CO, (Smith, 1995). Some
samples also show very weak absorption peaks of O-H stretching at 3309 cm’ (Volynets

etal., 1972).
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Figure 4.13 FTIR Spectra of unheated very light blue sapphires
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Figure 4.15 FTIR Spectra of unheated dark violet sapphires
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Figure 4.17 FTIR Spectra of unheated light violet sapphires
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