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FTIR investigations of OH defects in clinopyroxenes at varying
temperatures and their incorporation mechanisms
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Science and Technology of China Hefei 230026 China

Abstract Based on FTIR experiments of diopsides and omphacites at varying temperatures this paper discussed
the incorporation mechanisms of OH defects in clinopyroxene minerals from a new point of view i.e. thermal
expansion. There are three groups of OH absorption bands in clinopyroxene minerals namely 3 600 ~
3620 cm ! 3500~3 540 cm ™! and 3 445~3 465 cm . The OH incorporation mode of Group 1 bands is
S*"+ O +1 2H, < AP" + OH  while the M2 vacancy is responsible for the OH incorporation mode of
Group 3 bands. The OH incorporation mode of Group 2 bands is complex and might be related to several differ-
ent positions. The OH dipole vibration direction of Group 2 bands is the same as that of Group 3 bands along
the shared edge of M1 and M2 polyhedra O2—O1. And the OH dipole of Group 1 bands vibrates between O2
and O3 along the edge of M2 polyhedron.
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Table 1 Relevant data of diopsides from Hannuoba peridotite xenoliths
P2 P4 P6 P14 P17
AV apfu 0.08 0.05 0.09 0.09 0.07 0.08
Na apfu 0.08 0.05 0.07 0.08 0.07 0.07
H apfu 0.002 174 0.001 164 0.003 694 0.003 465 0.003 835 0.003
dv dT 0.101 55 0.087 98 0.099 44 0.104 42 0.097 87 0.098 25
Al Al dv dT 3600~3620 cm™! em ! C
2
Table 2 Relevant data of omphacites from Dabieshan eclogites
SH5 SH6 SH9 SH14 BXLO1
ANV apfu L 0.006 0.012 ~0.003 0.011 0.013 0.008
M2 apfu —0.003 0.003 0.013 0.002 0.011 0.005
dv dT 3520 em™! 0.016 88 0.016 39 0.0156 0.014 49 0.019 69 0.016 61
dv dT 3450 cm ™! 0.011 82 0.007 34 0.006 98 0.006 37 0.004 25 0.007 35
Al Al dv dT OH em ' C
Nicolet 5700 continuum
KBr
MCT 25 pmX25 pm 50 pm X 50 pm 2
128 4 em™! 4 000
~2500 cm ! 2.1
0° 30° 60° 90° OH 3
180° 0°  90° 3600~3620 cm ™' 3500 ~3 540 ecm” ' 3445~
3465 cm ! 1 1
1 OH
Linkam THM600
Linkam TMS94 0.1C 2 1
100C 500C
10C min 2007
20 min 3
Al Na
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Fig. 1 Representative IR spectrum of diopside at room Fig. 3 Wavenumber chz}ﬂge of Group 1 bands of diopsides at
varying temperatures

temperature
2.2
0.55R P2 3 OH
2 3
3500~3540 crn” ' 3445~3465 cm !
1 3600~3620 cm ™! 5
2 3 OH
6
1 1 1 1 1 7 8 M2
0.20
3800 3600 3400 3200 3000 3
B /e 9a SH14
2 0° 30° 60° 90° 180° OH
Fig. 2 IR spectra of diopsides at varying temperatures 0° 90°
9b
oook @ . 0.080}
0.075}
0.08} .
= = 0.070}
o o
Z0.07f . = 0.065
< z
0.060}
0.06}
0.055}
0.051 0.050}
0.086 0.090 0.094 0.098 0.102 0.106 0.086 0.090 0.094 0.098 0.102 0.106
U7 [ 3 B8 5 B B s /om- 1! U7 [ 3 5 % 5 B B BB/ o 1!
4 Al a2 Na' b 1

Fig. 4 Correlations of wavenumber change grads of Group 1 bands and Al a and Na' b in diopsides
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Fig. 5 Representative IR spectrum of omphacite at room temperature
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Fig. 8 Correlation of wavenumber change grads of Group 3

bands and M2 vacancy in omphacites

3700 3600

6
Fig. 6

3500 3400
E#/cm

3300

3458 " o= SIS
-v—SH6
i —*—SH9
3436 —+=SH14
-a-BXLO01
3454}F
£ .
w 2452F s
%
=

3448f

:?X\\\

3446 0 T00

3 b

2.3 3
10

200

300
B &/ C

Wavenumber change of Group 2 a and 3 b bands of omphacites at varying temperatures

3600~3620 cm !

"3200

IR spectra of omphacites at varying temperatures

dvdT= -0.09~—-0.lem ' C

dv dT 3520 cm ™!

~=0.02cm ' C dv dT 345 0cm ™!

~-0.0lem™ ' C

2

=-0.01
= —0.004



5 OH 433
0.085}
0.075}F
0.065L
E
§ 0.055E
0.045}F
0.035}
0.025E
posL—— . 1sc_ A
’ 3800 3600 3400 3200 3000 3700 3600 3500 3400 3300 3200 3100
¥/ cm! %/ cm!
9 a b SH14
Fig. 9 Polarized IR spectra of omphacite SH14 at room temperature a and varying temperatures b
3640} ® 3620 cm! I 2 031 011 02
* 3450 cm- 1§
3620 © 3520 cm’! b 3.2 3 OH
3600} H
3580} H H O—H
7 35601 Pauling
2 L O H
B 3540
3520 e . 02 H 02
3500F O—H Cameron and Pipike 1980  Pauling
3480} H
Me00 Ft + 7
ALY n * * * 2+ - QA - 3+
3440 100 200 300 400 300 600 +1 2H,<oFe" +OH™ Sit7 + O +1 2H, < Al
mEC +OH™ M Si*t Libowitzky and Beran
10 3 2006 OH
Fig. 10 Comparison of wavenumber change grads of the 0—0O Bromiley et al. 2004

three groups of bands

2007 3
3.1
C, ¢
@) charge-balanced 01
underbonded 02 over
bonded 03 03 T
M1 M2
M1 4
012 02 MI—O M1
M2 2 01 2
022~4 03 M2—O M1 M2
T

Sitt—O< Cr T —O<Fe " —0
<APT—O< Fe'—O < Na'—O < Mg?'—0 <
Ca>* —O< Li"—O Cameron and Pipike 1981

O—H
OH
O—H OH
O0—0O Libowitzkey

1999



434 26
H H OH H 32 OH
3.2.1 3600~3620 cm ™! OH O 2.85A OH
10 Ml M2 —O01
O—H O 3.2.3 3445~3465 cm™! OH
O—H O—H 9 3500~3 540 cm ™!
OH
4a 10
H 3500~3540 cm !
ST+ O +1 2H, < AP + OH™ 1
AN H' O—H M1
o M2 O2—01
O O—H AN H
O O—H 3445~3 465 cm !
Skogby 1990 1994 H 02—O01
Al H M2 M2
4b Na* H M2
0—0 M2
Na* M2 M2 02—O03
O2—H 8
Libowitzkey
1999 H 02 OH ¢) 4
3.5A OH
M2 02—03 Bromiley 2004
Skogby 1990
OH M2 O2—03 3 OH
3.2.2 3500~3540 cm ! OH 1 3 OH
10 3500~3 540 cm ! 3600~3620 cm ™!
O—H ) 3500~3540 cm ™! 3445~
O—H 0—0O 3465 cm ™!
OH 0—O0
3600~3620 cm ! 2
3600~3 620 cm !
OH OH S*HT+ O +1 2H,«
Skogby 1990 1994 APT+0OH  3445~3465 cm ! OH
Fe H M2 3500~3 540 cm !
Peslier 2002 Al Al+ Cr + Fe OH
Koch-Miiller 2004 2 3 OH M1
M2 O02—01 1 OH
Libowitzkey 1999 M2 0O2—0O3



435

References

Bromiley GD Keppler H Cameron M et al. 2004. Hydrogen solubil-
ity and speciation in natural gem-quality chromian diopside ] .
American Mineralogist 89 941~949.

Cameron M and Pipike J J. 1980. Crystal chemistry of silicate pyroxenes

J . Rev. Mineral 7 5~92.

Cameron M and Pipike J J. 1981. Structural and chemical variations in
pyroxenes J . American Mineralogist 66 1~350.

Hao Yaotao Xia Qunke Zhi Xiachen ez al. 2007. Water in minerals
from peridotite xenoliths of basalts Hebei China micro-FTIR re-
sults J . Acta Petrologica et Mineralogica 26 2 130~ 140 in
Chinese with English abstract .

Koch-Miiler M Matsyuk S and Wirth B. 2004. Hydroxyl in omphacites
and omphacitic clinopyroxenes of upper mantle to lower crystal ori-
gin beneath the Siberian platform ] . Americam Mineralogist 89
921~931.

Libowetzky E. 1999. Correlation of O-H stretching frequencies and
O-H...O hydrogen bond lengths in minerals ] Monatsh.
Chem. 130 1047~1059.

Libowetzky E and Beran A. 2006. The structure of hydrous species in
nominally anhydrous minerals J . Reviews in Mineralogy and GGeo-
chemistry 62 29~52.

Peslier A H Luhr J F and Post J

2002. Low water contents in pyrox-

enes from spinel-peridotites of the oxidized sub-arc mantle wedge

J . Earth and Planetary Science Letters 201 69~86.

Sheng Yingming Xia Qunke Hao Yantao et al. 2005. Water in UHP
eclogites at Shuanghe Dabieshan Micro-FTIR analysis J . Earth
Science 30 6 673~684 in Chinese with English abstract .

Skogby H. 1994. OH incorporation in synthetic clinopyroxene ] .
American Mineralogist 79 240~249.

Skogby H Bell D R and Rossman G R. 1990. Hydroxide in pyroxene
variations in the natural environment J . American Mineralogist
75 767~774.

Smyth ] R and Jacobsen S D. 2007. Nominally anhydrous minerals and
Earth’ s deep water cycle A . Jacobsen S D and van der Lee S.
AGU Monograph C 168 1~11.

Yang Yan Xia Qunke LiPei et al. 2007. A preliminary FTIR study
of structural hydroxyl in pyroxenes at varying temperatures J .
Acta Petrologica et Mineralogica 26 4 355~339 in Chinese with

English abstract .

. 2007.
] .
26 2 130~140.
.2005.
J. 30 6 673—~684.
. 2007.
J. 26 4 335~339.



