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Application of FTIR on the Study of Spectroscopic Chracteristics
on Emerald from Itabira, Brazile
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ABSTRACT : Emerald deposit located on Itabira, Brazil is one of the major one in the world. We
applied three different analytical approaches on Ttabira emerald samples, (1) perpendicular to the c-axis,
(2) parallel to the c-axis, (3) emerald pallet mixed with KBr, using Fourier Transform Infrared (FTIR)
spectroscopy, to understand and compare spectroscopic characteristics of three Itabira emerald samples.
Occurrence of 5,271 cm’ and 1,638 cm’ absorption peaks within H;O-related range indicates that the
samples belong to Type-Il emerald. These emerald samples also display strong absorption peak
generated from Type-Ila emerald preserving HyO-Na-H,O sequence. CO»- and Cl-related absorption
peaks observed within specific range except for H,O-related range. These observations and results
suggest that FTIR analysis can be used for not only classification of emerald types, but also prediction
of Na,O content within the emerald through comparison of relative peak intensity.
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@ oA Itabira A9 F8G w4t
A2 Ag Fopha vk AMBEY EHY
HA 2 AF50le FEulol W T Y o
TE gol o zojgou Al M BES FaF
UAR A2 Foba 9l Ttabira 219 of v
Zed Y@ A= obg vu@ Agelth

dulZEE vl E(bery)®] HF(variety)o]H, o
o] FrARE wF YR g FEH9) o}
ofvel, BEMS ZAUlE, B9 mA o]
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agel WALl FHHE WL FANE A%
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daze 72 Uy Adde g HO0E £
3 Y EF CO9 ¢ZEl o] &(alkali ion)&
A e AR ETgst Ut o] o
M2 24 Wi Fid H09 wgdeet
¢y FF o Fol wet Type-Id Typell2 &
F3tal JtHDamon and Kulp, 1958; Gibbs er
al,, 1968; Wood and Nassau, 1968; Aurisicchio
et al, 1994). M E =9 515242 Be;ALSisOs
2, 2%A FzxE A9H A9 Sios AHAR
TA4E P(ring) o] MERE Hol 9oy ¢
< et ol HE Y Fo QLI F 1). 9
HE g2 F Y Al ZuAC o3 9AHT
Al A9 E5t23 Be AtHEA O 23] 41929l
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Fig. 1. Crystal structure of emerald viewed from an
angle oblique to the c-axis. Visible structural chan-
nels are a result of the ring-shaped arrangement of
SiOy tetrahedra (Giuliani e al., 2002).

T22 QA9 Ao o4 A 0%l
of o8] AgH 3 Be¥ol &2 vl A9 070l
ol&) Z¢¥H(Bragg and West, 1926; Bragg and
Claringbull, 1965; Belov and Matveeva, 1950;
Gibbs et al., 1968; Giuliani et al., 2002). dldZ
T AR R Ad gl Y Y2ENa,
[OHT, H:0, COz, & %9 YAE:Ca”, Mn’,
Mg”, Fe¥', K', Li', Cs', Rb', F, ', Ti")o) &
A9 vk oH% A FEAY §HOE 9
3 oMEE AA Lo FAHE A AL 1
&o] Hlo] YAY tE o2& A A |
TH(Bragg and West, 1926; Schmetzer and Kiefer,
1990; Wood and Nassau, 1968). dlm@= ZAH
W Ad <tellA 4 HI-EA HAEE HO
€ HAE 394 EA=ZA Vo g 2EGA
(symmetric stretching)d B, V,¢] 3 W (sym-
metric bending) 3 Hl, 121 V;9] HUA ~EF
%) (asymmetric stretching)3 el 2] 7] 2A<Q 3719
s REE 7HAH CO= AEEARA 71EF
A 37 WERE vt A EAE ZTHE
47019 AFREE 7FA 3 )t (Nakamoto, 1963;
Nassau, 2001). A2 o] A& H,0 &A= F
2 2EYA AF5L 3l v I uld 4
net A F 7HA Typel 2 U TH( ¥
2(A), (B)). Type-l IL,O= AW Z= F= Ad ¢
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Fig. 2. Cross-section of the structural channels in beryl showing two orientations of water molecules. Section is
along c-axis. (A) : Channel configuration of alkali-free beryl, with type-1 of HoO (symmetry axis of molecule is
perpendicular to Cs) and vacancies. (B) : Channel configuration of alkali-bearing beryl, with type-II of 0
(symmetry axis of molecule is parallel to Cg). (C) : Channel configuration of alkali-bearing beryl as the
sequence H;O-Na-[]. (D) : Channel configuration of alkali-bearing beryl as the sequence OH-Na-[] (-
Vacancy. Modified after Wood and Nassau, 1967, 1968; Lodzinski, 2005)

L3
o] e M09 AT Uzl o9 ANA
a3 o3 H09 AF tAZo] C-Fof 49
WA 90° 3 AH C-Foll HYY 1F A
%< 7HtH(Wood and Nassau, 1968; Kodaira ef
al., 1982; Lodziniski e al., 2005). Type-II HoO=
A Typellast TypellbZ Y& 4 9ok
Type-lla®] H,O& A£2 Q1 H,0-Na- H,0 #j 4 S
ZFA™(ZE 2(B)), Type-IIbe] H,O+ OH 185
< d£Hd HONall (I3 20)
OH-Na-[] W9 E(28 2(D), [J ; vacancy) ZA4
sted, OH 1§& wagd #H#Eo =Eh
(Bernard ef al., 1996; Schmetzer and Kiefert, 1990).
A owlgso] EAef tste] BFstAA o
He o] &3 qAd3 A7 s A Foln,
AN BFEAE o] 43 oW FEe Bx) 1%
of et sfXHe FEE W AT HFr} Jus
e w2 YR A 52 Eag

T
e

He}d o] Minas Gerais (MG)FoA od 2t

o] A2 Silveira (1926)0] 93 ALo7 AHF
H L, Itabira AHol A& 1978\ v @ =7}
Hz2 T Ah(Preinfalk ef al., 2002).

Itabira A &2 FA = AFEYo A +
7HA AT AARA 719k (Série pré-Minas)
3 WA FH A YT (Supergroup Minas)S 2 FA|
g 4 S th(Pflug, 1968).

olgbul gt A Hol A w2 FF(Supergroup
Minas)2 SH-oll 4] A2 F3Hul¢k(paragneisses),
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7 2 Piracicaba FT L2 o] Fo A Ut}

T FEEe 7F 2 HALE EdEd 9
8} 714k (Sériepré-Minas) & ZHE] FE|H, &
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stone)?] WA ZgoZ A HAT Caracam
< SEFEH AFY A L(phyllites) > & 74
A, TtabiraT -2 A Z A ZH(hematite-iron)3 4t
O & Hyx $2TM AAFer M Fa3
HEo|t}, Piracicaba & 7Y, A&, A
g o2 FAH ATt

nus FE7E 8 32 g3 ke F
TS e F3F0] BHHs 728 EA S
A, A A Y WA FEE wsit
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o] 750~1,2007H A= HH, ¢ Hope
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Fig. 3. Regional geology of the emerald occurrences
at Itabira, Minas Gerais, Brazil (Hénni, 1987).

"ot nEA 44 g4 o] HIdE AsA
S35 o £I2L gutzgoz HoA &
T Wao|tt. Hulehay Yo XY (quartz)d 1
Y E(kaolin)® FHU HEHZE ZL #HIrjelolE
0] b LAdET. o] dantelo]EEL H
npba} ek Atole] HFEHO o, b &
H vl Ex ¢ 10 m 9 dHozx #Hu}
¢33 AY F2E AZoz Adsn Y. #ul
dol= WME offolAU L Ff3te Hante
o|E7} tE BAHIE FAW du T iA
HA geo davteelE 7Y ¢ dugs
T ZFA @2 davtelolEs gIRE e
TEE AEET. 28 5 4R dHE £& 14
Ao AAA FHA 7L Q& obFoir AR BA L}
E7} AT duEcst gl #anteoE
dAE 1WA FAE oy £HFow A
9HE B3y, olg Audg wa s
H ANF o] AEEy, MAL o} 3ojg)
= Xde &E(mica)’t FZHT}H(Preinfalk er
al, 2002). @A) AHTEE A2 B 5o
el 1Y, 54 Y4 #HY 32 1¥3E o

j‘\_
oP(HddE davtetolE)A AEHT. o

Fig. 4. Photograph of the emerald samples. (A, B, C,
D) : Photograph before cutting of emerald samples.
(@ : Empa-01, Cut parallelly to the C-axis. (b) :
Empa-02, Cut parallelly to the C-axis. (¢) : Empe-01,
Cut perpendicularly to the C-axis. (d) : Empe-02, Cut
perpendicularly to the C-axis.

Table 1. Proceeding methods of the emerald samples

Localization ~ Sample number Methods
Empa-01 Plate, parallel to the
. Empa-02 C-axis
(5a r;izrl;) Empe-01  Plate, perpendicular to
Empe-02 the C-axis
Em KBr pellet

2EE FF AWy Y=o EY
2ol deH, AT A2 49 dojgd &
fHo BV = o

Al =

Hetdo Ibia AN H 22 HE o
co 233y 54 978 A3 NEE ¥ A

oz FHl SHTHE 1). AA, o4 FE
o MBS AR = ko] BE HT RS

A3t oMEE A4S C-Soll Y AH 2
g FAY HHE 47 A93td 1.0 mm A%
FAE ¥H Avt AR FAHIE 4). A, A
d 72 Yo EAste £ #6dE Y §F
WME oA Itabira AW ZE ASel] th A
g% F A3 AAY F2E FHE7] Y5
KBr (potassium bromide)Z %= ¥ pellet AFEE
ZH S JdAgEE SRy BApde) ¥
of £¢ =¥ £ AU 1:100 (IHZE :
KBr)o] HEE ¢ 1 mge odZ=9 o 100
mg®] KBr& £3% & 1¢ o0& =3t pellet
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Uzt

d7]M a, b, e A ¥HE 09 #AHF HY
2 1 F b¥49e HoU ouvt 2EHA
(stretching mode)?] &%< 31 o & of &
2 T4 (Wavenumber)$! e%“—"%oﬂ AE H07F g
g el (bending mode)d] &< 3t $TH(Bernard
et al., 1996; Lodzinski, 2005). o= ~EHA &
SR WY 259 § g4 o] Yntr o o
goung e H0 FYolu T2 FFoAE

Absorbance(A.U.}
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Fig. 5. FT-IR absorption spectra of Itabira emerald in
the region of 6000~400 em’. (a) : IO absorption
spectra in the region of 5500~ 5000 em’. (b) : Stret-
ching mode of H.O in the region of 3800~3500
em”. (¢) : ClI (chlorine) absorption spectra in the
region of 3100~2500 em’. (d) : Asymmetric stret-
ching mode of CO, in the region of 2400~2300
cm’. (e) : Bending mode of H;O in the region of
1700 ~1500 cm™. (f) : Absorption spectra in the
region of 1400~400 cm’.
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Fig. 6. FT-IR absorption spectra of Itabira emerald in
the range of H,O.
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H0 38 ¥9E =A 5500~5000 cm’’, 1700
~1500 cm”, 3800~3500 cm'S] A WY Z U
o{ [,

A% ANgd fig Age AAF A3 5500~
5000 cm" WS ANE C-Zo) BYPF ANBS 5
el Ag BEAA 5271 em” F A7 FEHA
A Ve 9om, 1700~1500 cm” FG oA
 C-Z HP AR HT 1638 em™e H =
b BEHANLEY 6). o)A FEQ duZe
o C-Ff F3A ABANE FES vt sy
o] 1B H o-ray AT EBHSA FHi C-=9
B3] NBAAE FEd 322 YA Wo)
EZHE 4OHA oray, erayd F 7HA FAo]
5 #35A B hH(Nesse, 2004). Wood and Nassau
(1967)9] WEH 1638 cm” A AL erayol A T
ZE e Ha® C-Fo $3A $EAME o-ray
B0 B B2 1638 cm” A7} e
UA e A0Z ASHY, o oy FE
% o] WhE o7t J&E HFa .

H,0 #HeME= H09 wig g oz
GF o Fo wel dWHORE T JHA] TypelZ
T2 Type- & €79 AFAFHo YA &
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Absorbanse{A.U)
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Fig. 7. FT-IR absorption spectrum of Itabira emerald
from KBr pellet in the range of the stretching modes
of 0. (A) = 3694 cm’, HO type-l. (B) = 3596
cm”, HyO type-IL (C) = 3656 em’, Hz0 type-IL

Type-lIs ¢z sl A#Eo 9ov H09
E OAZo| C-So Holt},

Wood and Nassau (1968)9] @WZ® 5271 cm’
939 1638 em” HIAE TypelIE AAsHE o
Fo|t}. Typelldl 3@3tE 5271 cm’, 1638
em’! 337 YEYE A0 2 Bol ltabira W&
cE dzyel AfE Typello] 3L &<
& & Q)i

3800~3500 cm” ¢ E£F H00 dFste
BT H00l W& Typed 77 7tedith 2
Y 1.0 mm FA2 Az o= 3800~
3500 cm” WYl H09 He 3T Qs
H0 #39 A& A9 725 oir)r}
Ao E7lsdld ougs B2 o] &% KBr
pellet® THEO] XN BEFEAN YL AAF
Aot pellet A2 #4 F LG22 AUs) KBre
=3 QB JFET E(matrix) S| 1F
Hol H0 YoM H&3 F4 928 IS
g ARTHEA A 9, 1998).

Itabira oW & =9] H09 OH 2E#HH WY
2l 3800~3500 cm ol Al Al 7R EA A 3694
em’ (A), 3656 cm” (C), 3596 ecm™ (B) I A7}
FHHAHLE 7). Bernard et al. (1996)8+ Sch-
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Table 2. Analysed trace element of Itabira emerald
by ICP-MS

Concentration (Unit : ppm)

Element Itabira emerald
Na 4851
Ca 641
Cs 10
Li 36
Rb 3
K 298
Mg 3340
Mn 7
Fe 4854
Cr 1827
v 95

metzer and Kiefert (1990)] 28t (B) d 2+
%22 H,0-Na-H,O W ¥2 7+ Type-llaZ,
(C) M2+ d44A H0-Na-[] £ OH-Na-[]
(1 : vacancy) M1 E& 7HA = Type-lIbE A5
o] Zt} Itabira AWZE A|SoAM Type-lla°l
A Fst= (B) ¥ 27k ok ZFetAl el Al
2 Ho} Jtabira W= 72 AE W Navt F
2 9439 H,0-Na-H,0 el sjdel Zes
AsH.
3800~3500 cm” WY T 2HEY A%
HRE 53t Eldlel EFRT oflg ¢z
?}E“ﬂ ek ARE A8 4 AT} Itabira o H
= Type-I3} Type-ll 5 7FA] 9] 2&E 2% 7}
A3 o Type-lld] (B) =7} ofF =A o}
BluE 9bE TypeIo (A) HIAE ofF 3
Uetldes AS 32T 4 ok mebA Ttabira ol
e l_%-% G FEFe VR oM EgEd S
, 94 AR wE &g 3
] sk ICP-MS E41& A A
A3 HE& Nafs HET v Ca, Cs, Li,
Rb, K«] 47y FEFe A ARYS Fd T
AATHE 2).
de Schmetzer and Kiefert (1990)2] 7 ol
9]} Ttabira oHlBEE B>C>AY AEE
7FA & NayO ol B 1.0~2.0 wi%d =2
aZe FEFS 7 W E =) I EFI(E 3).
ICP-MS 24 A#4E EE NaO TS ALk

G

0

A
o
rulm .
k
_E

Table 3. Classification of natural and synthetic emer-
alds according to spectroscopic features in the in-
frared from 3500 to 3800 cm’ (Schmetzer and Kie-
fert, 1990)

Absorption bands
and intensity ratios

Group Chemical properties

no distinct
absorption bands

flux-grown synthetic
emeralds

synthetic emeralds grown
hydrothermally from
alkali-free media

synthetic hydrothermally-
grown emeralds, sodium
contents ranging from
approx. 0.03~0.05 wt%
NazO

medium alkali-bearing
natural emeralds, sodium
contents ranging from
approx. 0.5~1.0 wt% Na,O

I A

I A>B>C

B>A>C

I B>A=C

high alkali-bearing natural
emeralds, sodium contents
ranging from approx.
1.0~2.0 wt% NaO

high alkali-bearing natural
emeralds, sodium contents
ranging from approx.
1.5~2.5 wt% Na,O

A23694 cm’, B23592 cm”, C23655 cm’')

B>C>A

v B>C>A

(Note :

A3} labira AW ZEE oF 1.3 wit%d Na,O

742 v EEE JA 93 A 8
E3 Na,O 3%Fo] Schmetzer and Kiefert
(1990)4 A4 A3 WYel ddete 1.0~2.0
wt%o] AFEE A T & AT o= 3800
~3500 cm” Mo 9= 4L 53t H,0 EF
Qo RFmur olydl NaO §F EF 93 7}
T8 Ao ASHT

EX ¥ &4 I3

Ttabira ol W & 4 H0 #d HAE As
w2 E4 Wl &4 Has w%E I
Taulg 9ol 1400~400 cm” MY, CO.9

ﬂram 2400~2300 cm” W9, Clg #EE 3100
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Fig. 8. FT-IR absorption spectra of Itabira emerald
from KBr pellet in the region of 1400~400 cm’.

~2500 cm™ MY E Yol

2EHA 53 A#E 1400~400 cm” M
dAs 2 71A EAFH dAEo #FFHI 9
THH 8). Itabira °ﬂ“ﬂ%5-°/] & 389 3
A AFE 95t ZE Z W) theja L)
A AZE pelletd] §4 AHEH S 319 73
& 24390 1200~900 cm'Y WY E=
Si-0¢] 2E# 4 53 d#9 1192 em’, 1017
em’, 953 cm? # 3, Be-O0 2EHH AEH} A
¥ 804 cm”, 680 cm™” F9) A, ALO 2EHH
A5 A#H 519 cm?, 492 em'e) ¥ =37} BF
H 1 JYti(Lodzinski, 2005). &, W T 38
TE4(BesALSic015)2] 718 T4 A& 33}
© 8i-0, Be-O, Al-O A7}t #F H1 9o,
1400~400 cm™ B9 9] 33 #AL E351o o
FEE AANdE IHEF AIYL A £
AUt

CO, &8 W99l 2400~2300 cm’'oA 2382
cm’', 2360 cm™, 2342 cm? M| 7}A) =7 UE
ok I oM 2360 em’e A co, W=t
HEHY JhY 9).

Bernard et al. (1996)%] WEZW E (electric
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Empa-01

Empe02

I ‘ 1 l i [ 1 [ : L) ' 1 ‘ i ‘ L
2700 2600 2500 2400 2300 2200 2100
Wavenumber(cm-1)
Fig. 9. CO, related absorption peaks in the 2400~
2300 cm’.
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A7} ASA E (electn'c vector)9 C-Z¢] HHgf
o] &2 ) 2360 cm” ¥ A} io] L}EME}.
mebA B AR YERE 2360 cm” CO, &5
N3 EA= Co, 49 gy 2EHY BF

Fo] C-Fol £ dgoz wWjdA HAoFE A}
SHh

C13} #EE 3100~2500 cm” HY M E 2960
em’, 2928 cm’, 2854 cm'9] ®oFE W I7} B
ZH3 glon A5 & W wE Aol <l
gte] C-ZFo H3AY v 2671 cm’, 2638 cm’'9
Z714Q W=7 #FE T Yoh(P 10). €1 F
d el A 3t FEu Ayt BAH wi
Itabira W Z T o}F 4% C1& ZFsn
e Ao A}E%E}.

z e

Itbira A ¥ w2 =9 EQ EF
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Fig. 10. Cl related absorption ‘peaks in the 3100~
2500 cm’.
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Ze|7b 238 Type-Ilol dlgsts A2de &
& 4 AT H,0 #E Y9l 3800~3500
em” WA= 3694 cm’!, 3596 cm”, 3656 cm’!
o) A 7hA A7t #2E 1 lt). Schmetzer and
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