
)����� �	�
��:��/�/����
��� ���� :��/�/��(

÷

���� ������	
 ���
�� �������� �� ����������� ������� ����� )MW-IR(
)����� ����
 :!��
�� � "���#������(

$%�� &�'( 

�� 
� �!�"#�$%& �!�"#�$%& $'�( ���)*� ��+, -�./��� ��
�0 123# -$4/��� ��*�%5 67�+ -( 8 

)*�+,:9(�:7; 	 <�=2> 0 �& �?%*@ *(���7� (MW-IR) ��A&�<-( 8 +� �
�/8A�� <� & $%B��2> �*� ���C �� ��24�2� <�=�=.
9�E>�� <+�*��45, +� -��FG*� �& 9(� 6
��=< 	 H
 ; +� �B>� �-( 8 �I�*�%5 �JKL $%
���C �� ��24�2� <�= ( �GM�* 64B� �� �=

N=� 	 ��$E� ��2� +� <+�	 �*� & �� �� 1+O <�=��C(+�*��$%C .���
69(� -�>2C P 5 +� Q0 �����IR���C +� -( 8 (� ��� �=
�7'��<@ *( 	�� �*� & $�25 :�(:7; �� �7%7�2I�C R2� 677E>OH ���C 6
�)- G�8 3700 – 3400 cm-1 ( �> A
� S��T ��

!� U*2G�)m.( µ630<�*�� V
 �� ( W%*�(-��� (� ��G	�<+� ��$E� S�%& C �� �7�3C ( �7�2�(� X��5 �E7"; <�=
- G�8<2000 - 600 cm-1 .�2I�C7+2�� !� �3Y�F> :7; +� -��FG*� �& W%* �*�� !� S��T �� �2L2� �7%�(Fireclay)677E> 

5$.S�%& C&�L �=��L
�� ��/� JKL :7; �� Z2� �$#  [� +� �� �\�/� �H
 ; +� 1(A� S�2] �� �C $%=�^ Z�$%��� ����2>
�	�
 �*� A7� �BC �*� & V
 �& .

+-%����./�,�:@ *( 	 <�=2> 0���7� (MW-IR)_+�	 �*� &<_� 2> 0 9� 0 
Q`_�$E� ��2� �_�� * 7a.

��,0� 
�*� & N= ��$E� ��2� +� b*�%� -��FG*� ( �M�%5 cd& ��

 �BC �
 �F7C �e �<+�	)� 77f> ( ��$E� ��2� b7C > 677E> S
�, (< \%# �*� & N= () ]�%# �$5 ��> ( �%g(h�� �

�B��*� & ����=<�M�5�G5� ( 67�+ 123# �$EG� <�= <�=
�
 .( V
�A� �G�&�(i�M  7[� �F
� V7�� * ( �*�%5 

�� $%%C]�.[&�GE%] !� l�M +� -��FG*� �� m�n� ��2%#�
V7�� * $7�2> <� &�� * ( �*� <�=7a�=<(
� * �-o�7a

pM�5 �
�#� �+2�� �E%] (  L, �E%] ���BGM�*�& <�=7��
-��� 6
� b7C > S�"qr ( ��GM�* �� S(�FG�<( ���A�� 1�M 

�*�  
K0�� J�%GL� .(
8o��=<GE%]�( �� ^ a/M  7[� 
s�tE�� ��I� .��(� u�2MK0
 <�3=( �� J(T ��G	� ( ��0 �

& m(� �u2\M�&*(7�3<^ >7���C b�� ��= �� ���C  = �" 
E> -� B= �3;�& ��2� ( 1�M -���77� 6�$�25 .�& �L2> �&

�A	�
pM�5 +� ��[G�� h^ <$%&7F��(� ��2� �� 7�� * �7( a
1 L �=);23����(� ��2� +� 7"; �7E�
#2%\� ��(m G%^ �

^7$"> m�' �� �7�(� ��2�  & �F
, 	 �� ��$5 X
��7�& $7�2> $%
��  [� �& <�( Y$*� .-+�$��  & -()# �C �%E� 6
� �&<S��T 

 E>
^ ( -$5 :7F7^ > �75 b7B7��
�(� ��2� 7��2� b7C > ��
�$E��8$%^� 0  G����0 +� ( �&�r ��4�O� �G' $
�& A7� ���, �

∗6F3> �m2v�� -$%�
2� :wxyzzy{|zx}`7�( G`�� ��0 ��:j.tarrah@yahoo.de 

( ��7& m�*N?%0 ���& �m(� ~��B5 ����dF] +� ����>��

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

13
96

.2
5.

1.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

16
 ]

 

                             1 / 10

https://dor.isc.ac/dor/20.1001.1.17263689.1396.25.1.3.2
http://ijcm.ir/article-1-38-en.html


P� ; m�BL �� 
� �*�%5 ���^ ( �*�%5�23& �3?� ��

�2	 $5�& ����2M & N^ -��E��]�.[�
�7B75 �*� & �47��' ��
 �> :
 � ( $%B��2> �=�.G*� S�A7�?> �&  [� ��2� ��$E� ��2�

 NC ��7�& ( �IAL $')�0�0�&(�*� & ��*� m2\' X&��
�	 /70 �2L( �& <+�	 � &��C ( 9(� �� �[')� X&�� <�=

9(�9� 0 $%��� m2BE� <�= �& ��%�B= Q4
� 2> 0 �%*
�
�($d� �L�2� �I�=�� �3BL �, +� �C �*� �"*�d� +� ��2>

 JKL b
 Y ��2B� �� �� L�����C �d7L > h
��, ( 6.B= -
� & 1�� �=]�. [
�
�G�h=(o0�=<�G	 8 1�?���=� �� �& �G5K8 <�=&2M�
�� ��/����C �*� & �C $%=� ��2� b7C > 677E> ( �*�%5

�.G�"B= �&�
�� ���$E��7B75  ]�%# 67& �2L2� <�= ��

 �5�"����> (�
�7B75 b7C > ��  77f> �
 ( ���, +� ��E& �$5

���C�=����C J��G'� ( < \%# �*� & �& ��%> �
�G� +� �=
�"*�d� 9(� �& �
�7B75 �*� &<��7�  �7� ���$��G*� 

]��z�|[�
�7B75 b7C > �� � 
+ �&7 G/���C ��^ $%��� �=�-
��*2� ( S� 77f> �*� <�=�=<��7�& -$=�/� X&�� <��
+ 

�*� .�
�0  & ��*�*� ���$��G*� S�"*�d�<-�2��� S�Y( F� 
� &<���C �B75 b7C > G� ( ��C X\'�� �C �$���2G*� �=7�?
�&7�($d� ���*�.

-o
2& ( �/"t� �24*( 47� �& �*� & 9(� �� 
� ��
9(��=<�7�(� ��2� �M�%5 <� & Q4
� 2> 0 9� 0 :3G�� �

-�.
�LB����� u�\GM� �2M �& �� -��FG*� �47��' �� �$%=�
<$%B��2> �2L( �& @ *( 	 �2� +� ��# * �� ��
+ ��7�& <�=

<��\G�� A7� ( O�& ��G"�� ��� ��7*��' h�� ��$%e ���2&  >
�B� �F
� �] # 6
� �� �
�A�&$%C .& 9(� 6
� 123# Q4#

h=(o0 �� �O2]� �B75 �& �2& � <�=�G�&�(123# �& ( 67�+ 
�G5� +�  .
� <��7�& �*$%�� <�=�G�&�( ( V7�� * $%��� 

h��2& �GM�%5�� ��L �& N= ( �*� �GM�%5�� ��"
 �> N= +2��
��C �2G*� ��  GBC .+� �*� S��"# h=(o0 6
� +� s$= �K�

���C ( ��$E� ��2� �F7C �M�%5:7; VBC �& �= �� <��.�
- G�8<@ *( 	 <�=2> 0 ���7�(MW-IR)  & �G"�� �C �

6
� �2L2� S���4�� !�*�*� &��.�2.e ( -�2& <��2� 
G�
�$%e R2� 677E> �(polymorph) �*� & A7� ( �7%7�2I�C 

-��� (�<S�%& C +� ��$E� �E7"; <�=)�7�3C ( �7�2�(� (

�G/�� ���� X��5 �� �&2*� <�=�25 .��+�g,  [� �& 1+O 
�� ��\GM� �& $%e  = $*�.�2.e�:7; ��C(+�* �& �?%*

h=(o0 �� h=�.
�L ( @ *( 	 <�=2> 0123# �& �G�&�( <�= -
67�+)���C ( �*�%5�23& ��*�%5 (...�25 �( � -$%��2M <� &.

��� 
�� 

�� ����1��IR 

�-��� �& �2� X&��G�  7r�> +� -$
$0 �3BL +� �\�/� �4
A7	 <�=
�J�>+�& ��  =�� JKL ( �8$%C� 0 C $�25 9(� !�*� �
:7;  & @ *( 	 �7'�� �� �?%*G5 *�-�2& ��2G*� �2� JKL 

�t&�� (<.%>�.%> ����C ��24�2� ��BGM�* �& ���� �= .s ]
���C �($d� <��$E> +�  [� b3g� ���2
 �4"5 ��GM�* �& �=

���C +� �E7"; �� �2L2� <�=�	�"B=�=$%��� ��24�2� SO4
-2 

�CO3
-2 (SiO4

-4 �270 �&�� X74/> �C� G5� ��"��g <�= $-
$�25 .m24�2� ���=�N>� X]�2	 �7= �& �= �&�r �L(�7$%G� �

 G/7& X]�2	 6
� �43&$�(�<�� h
�B� �& �� ����E> $���K8
 �($�� ��24�2� �(�� S�5�E>�� �%7E� $' �� ���, m2' �C

���25 .- G�8<$���& 9�E>�� ��2.%
� �=<�� ��24�2� �(�� 
 G�8-<�=$���&<�L2� m2; �� ���7� @ *( 	 <�=2> 0 
 &� &�/��>�� G�( 47� )cm-1 �������� (���� �� �]�.[

�2	 ��C(+�* �C  [� �, +� :7; +� �7'�� 6
� �� ��7�� -��E��
�GM�* +� �M�%5 <� &��� N=� 	 m24�2� �& ��%> �� �$%C ��2%#

h=(o0 �� ��4�� X&��  7g <��A&��* <�=m24�2� <��GM �� �=
�	 /70 �& �43& ��*� P t� �B75 N3# �3B# ( V
�2v> <�=

 �B75 ( V
A7	 �� -$5 X]�'>�� �� �2M <�L �G���2
h=(o0  G/7& �e  = A7� 67�+ 123# �� <��7%& ( <� &��C <�=
$%C +�& .�� ��">�� 6
� �� <+�	 �*� & ��4�� �& -()# ��2>

���C �=]�[R2Y2� �C�
6�������*� +� <��7�& �& *� &�-
�=<m�* ��  .
� -� G�8 �%7�+ �� �3BL +�  7M� <�=<

-( 8 X74/><�= OH �� �7�2� +�	 �� .�2.e�$7�2> 
V7�� *]�[-$
$0 �*� & �<��/G�� ���C �� ���*$3	 <�=]�[

�23�� <�=�23& �� -$%%C �C��/� X��# <�=( 8 677E> (
�GE%]�0 &
�<:7; %*�@ *( 	 2> 0 �& �? )(IR (:7; �
-

�
�2	 m��G�� <��.�<@ *( 	 (FT-)IR � C -��5� ]�.[

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

13
96

.2
5.

1.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

16
 ]

 

                             2 / 10

https://dor.isc.ac/dor/20.1001.1.17263689.1396.25.1.3.2
http://ijcm.ir/article-1-38-en.html


$3L��-��B5 �����& ����� ���C �I�*�%5 9(� �& �=:7;�7'�� �� �?%* @ *( 	 <�=2> 0 <. . .��

+���2���'� �1�� 
:7; 9(� �& �7'�� �� �?%*<��2B� �@ *( 	 <�=2> 0 

�� �� � h
��+, ��2� $��L ( �
�� �+�8 X45 �*  = �& $��2>
 � 78]����.[
� +� 1�$C  = <� & ��2B� �� C -���, �X45 �* 6

�G�&�( 9(����� �� �2M �& .��2� �*� & �� �C �*� ��
$&
 �47�� * ( ��$E�9(� � &��C $��L 1��L� �& �2& � ���� .+�

9(� ��7� -���, <� & :3G�� <�= h
��+, ��L ��2B� �� C 
)�&2*� ��2B� V
 �)n�(�9(�u � �& �* 0 KBr )KBr 

pellet ( � &��C&7 G/<5 �C ������ -��� P �25 :����
& Q�* ( � qM ��2B�-+�$�� �<)m( µ2<5 ��20$-�.�, ( -

�&KBr -��� ��2%E& p��M <V
 �� �%7�+ �& S�8, �(�=
B= S�2] 6.�� �23���25 .67& $
�& ��2B� �[3g�/��>�
$5�& $]�� .��� ��/	 �� �23�� 6
� +� 1 8 �37� t/cm2�� 
�($' �����7�� u � S�2] �& �&7��s�F5 ( i+�� -� /	

-$5�� �"r �, :7; h&�>  7�� �� 6G	 8 �� � �& Q�* (-
�25.+� -��FG*�KBr �	�� b7C > 6
� �C �*� X7�� 6
� �& 

�& J, JKL��7X��2
 $�270 s�F5 @ *( 	 2> 0 �� 9� 

��2%# �& ( -�2&�+7�%(matrix)�B� JKL �� �=2> 0 6
� %C$.

���'����
 ���� ����
� &<�*� & (��2� �F7C  [� ��2� �*�� ( �>�%& C ��2B� �* 

J��G��  
+ P 5 �& W%*5$�$ .
��2B�<y:W%* �*�� V
 ��2B� 6
� < G�C�M @ B7� +�

 m�GM�"�>��25I(Schwarzbachtal I) -�2& �*�)X45�.(
<� & @ B7� 6
�*� &��=<���C ( �
�7B752I� HB# +� �*�%5

�� �> ��� ��B�, s�($3*(�  �5 � 5 m�B5 �� < G� 
<��F'$5]��.[����2	 P2t* +� �C W%* �*�� 6
� +�

 @ B7� [� ��2�HB# �� �� G� ���� �2&S��T 
mµ0.63<)U*2G� ( A
� !� -�� (�&+� -��FG*�
aAC �

 �$L A
 8�2& -$5 .5 -��� �7Y2> �)"� �C �5(� �& Q�* $
u � V
 KBr �[3g �& 0.5 %:7; ( �7�> OH �7%7�2I�C

 ���7'��<3700-3500 cm-1)�//C S�5�E>�� ��t%�OH (
 �"r5$.- G�8 67B= �����2B� <R�2�� +� ���$��G*� 

�7%7�2I�C �"r A7� ���, :7; ( J��G�� ��
��� <� & �=5$.

34	5�/�� <��t%� �*�%5 67�+ <��2� *� &�)+� !�"G�� (  77f> �& ]yy[(��2B� �5�� & <� &ym�GM�"�>��25 @ B7� +� I)●(

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

13
96

.2
5.

1.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

16
 ]

 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.17263689.1396.25.1.3.2
http://ijcm.ir/article-1-38-en.html


P� ; m�BL �� 
� �*�%5 ���^ ( �*�%5�23& �3?� ��

 ��2B�<�= A1(:F 6
� ��& ��/7� $�+�* +� �>�%& C ��2B�

 !�"#�$%& J g m�B5 �� VG�& �� 67/70 6*27�  &� & �%*
 $�$5 �5�� &)X45�.(

6
� +���& < \%# �*� & �
�G� ��2B� XRF �*� & (<+�	

 �&XRD  �*� �2L2�]��.[��2B�) A1 VG�& J g m�B5 �
X45�(��$�� +���%( �7�2�(��%-$5 X74/> +)C2
�)0

�*� .��2B�F)VG�& � 5 m�B5�X45�(���C +� ���B>
�*� -$5 X74/> �7�3C .6
� <� &�u � A7� ��2B� �&

V�
�KBr �%E
 � GBC �G[3g �&0.2%�:7; ( �7�> 

�� @ *( 	�7'�� <2000 – 600 cm-1 $
� 8 �"r.-���,-

��2B� <+�*:7; ( �=�, +� <��.� �B752I� <2G7��� �� �=

 6.%7>28 -�./���)��B�, ($5 1�?�� .:7; +� -��FG*� ��2� �%*

�C 5Perklin Elmer  m$� 6830 �& 67& Z2� �$# +� �/52

4000 – 200 cm-1�*� -�2& .

����
 � 67
 
e:7; �& �$5 -��5� �)"� �4��% �@ *( 	 �2� �& ��24�2� �
�B�

  = �/.��  r� ��2%# �& �%5(� �& ��24�2� �(�� S�5�E>��

 JKL ��2� S�2] �& :7; �� m24�2�(Absorption Band) 
 =�� ��$�25 .���C �C �?�, +� m24�2� +� �G5�"�� �= �$%G�= �=

:7; �& �� ��24�2� �
�B� �& N7��2>���C b7C > ��2B� V
 <�=
�0 N
 "& .��2B� :7; �
 ( ���2B� �2[%� 6
� <� &  [� ��2� <

���C +� �\�/� b7C > �C �� :7; �
 ( ���2B� �& -�2& �= <�=
���C ��
��� -$5 �GM�%5 ( 123E� <�= H
 ; 6
� +� (
���C �� -��� p7�/> ��2B� �(�� <�=$�25.

34	8�/��67�+ <��t%� �*�%5 �*� & ��2� <)+� !�"G�� (  77f> �&]y�( [�●:��2B� �5�� & Xd� A1 (F.

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

13
96

.2
5.

1.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

16
 ]

 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.17263689.1396.25.1.3.2
http://ijcm.ir/article-1-38-en.html


$3L��-��B5 �����& ����� ���C �I�*�%5 9(� �& �=:7;�7'�� �� �?%* @ *( 	 <�=2> 0 <. . .��

��� OH����"���#���� 9�� :��;� � <� ��� 
���C -( 8 6
 GB�� +� �4
-�� �*� <�=<�*� �7%7�2I�C 

�7�(� ��2� +� �C<�M�5 +� <��7�& �� �*�*� +� �E%] <�=
 J2�d� +2�� �E%] �3BL���25]�z.[�& ����� 6
� ��

G�
�$%e R2� 677E> �.�2.e �*� & �7%7�2I�C ���C �

�� �GM�� 0�25 .���C �M�%5 <� & :7; +� �O2]� �*� <�=
OH ���C 6
��7'�� �� �=<3700-3400 cm-1)��t%�<

�//C S�5�E>��OH ( $5 -��FG*�]��.[m($L�<�=��2� 
JKL� +� N�� ���C $%e <� & !�=�7'�� �� �� <S�5�E>�� 

�//COH�� ��/� $=� .&� & -()# �7%7�2I�C m�n� ��2%#
 ��2� V
 �& �:7EY ��2� �*S�$� 0 �� JKL 3694 cm-1 (

��2� V
 �& ��%> �73
�S�$� 0 �� cm-13622��  =��$�25 .

��2B�<S��T �� W%* �*�� mµ0.63<�7%7�2I�C  & -()# 
(K)�$�� �& �73
� ���C +�  G/7& <�(I) �*� -� B= A7� )X`5

�:��.(+� �7%7�2I�C ( �73
� �3]� ��2� ��2& V
�A� �& �L2> �&
�25 sK' �73
� ���C  7r�> $
�& �Z2� �$# �7E�2�  [�.<� &

 �2[%� 6
�:7; 9(� @ *( 	 <�=2> 0 �7'�� �� <��.�)IR(
�& �� �&2M ��7�& ��C(+�*9(�:7; F> �?%*�� N=� 	 �3Y�-

$%C .u � V
 ���� �� � �& KBr <��$�� �& �73
� ���C <(�'

��2B� �� �73
� �&  &� & ��"
 �><�2�  7�� �� �h
��+, ��2� 
$=�5� 7r�> �� sK' �73
� ���C�� X��$' �& �
 ( �25 $*�

)X`5�J.(�3Y�F> :7; 6
���7%7�2I�C +� �E��( �
�B� 
��2B� �� �2L2�<�*�� �*� W%* .�� �2%C� :7; 6
� ��2>

�7%7�2I�C R�2�� :7; �& �� 6
� +� ( � C ��
��� ���$��G*� <�=

� & �0 ��2B� �� �7%7�2I�C �G�
�$%e R2� �& H
 ; .6
� <� &
 :7; �2[%�OH �2& � �&���2B� <���E� +� ���$��G*� 

��B�, �� :3G��)�7%7�2I�C(���� 	 �)�3C 
�	(�4
 �, �
)�C�
A7I2��= ( �7%7�2I (V
A4� ()�74
� (X45 ���X&�� 

�*� -$=�/� .S��T �� �2L2� �7%7�2I�C +� ��
��� V
 
0.63mµ<��2B� <:7; �& W%* �*�� X45 <�=�&%5(� ��
�� ��/���2B� !� S��T �� �2L2� �7%7�2I�C �C $=�<

-��B5<��3C 
�	 R2� +� �*� .B= �C <�2L( �& � e �C 6
� �

6
���$%G�= �7%7�2I�C -( 8 +� ���$��G*� ��2B� �(���

�7'��<OH �& u2\�& ���7X��=��2� ��$E> �&JKL :7;
 S(�FG��
-$��$�25 ��$E> �C �*� �7E��( 6
� +� �5��

N>� �+(  & -()# S�5�E>�����, 67& �
�7B75 $�270 ( �=��&

N>� 1�[G�� �.�2.e� ( m24�2� �(�� �� �= ���, �2�� 70 U7d
���� �.G�& A7� .& �7%7�2I�C ��2� �� �<�2L( �& �m�n� ��2%#

 �C.�2.e�N>� < 78�� � �
O X74/> ( �=�4737* <�=S(
���C ���B> �� �7�"78 S(�F> ��( ��*� ���4
 -( 8 6
� <�=
���( ��GM�* �� �BC S��T X45 ( -+�$�� �<��
-$���25 

]��.[&�N>� �74
� ���C �� m�n� �2; �� ���(  = <�=
��2�B=�N>� �& X��C 7� 6
 
+ ���( <�=$%G�.

@ B7� �C �*� �L2> �2M��Schwarzbachtal I  [� +�
��t%� �� ( ���7� 67�(� �� �%* ( A���
� 67& ��K8 <

���� �� � N�7	�2��G� .X`5 +� �t
� 5 67%e �� ��>$#�� ( < 78
���C X��4>�%5 J, �& h%C�(  r� �� �7%7�2I�C ���C ��GM

W%* X�3�> <��	 �� �2L2��& �= �73
� ���C �& ( �*� S�"r

�� X
$"> �
 3C �
�25 ]��.[�� � ���
+ m�BG'� �& 6
� &�%&
 X�3�> 6G5�� ( @ B7� ����2	 P2t* �� W%* �*�� 6G5��

�� ���
+ ( A���
� ��0 U
� 5 �� �C $%5�& �3��2# $%��2> T2F� �&
J,���C  .
� +� �7%7�2I�C �K	�� <$7*� <�= �=)���*$3	 $%��� (

$
, �2L( �& .�& �BC A7���,  r� �� �7%7�2I�C ��$��IR ��2B� ��
 V��&)+�  G4e2C��37�  G� ( & ���&�%-( 8 �� ( �*� 

0.63mµ<�& y�%�� h
�A	� $&�
]��.[�4
< > & +� <�=

:7; 9(� > 0 �& �?%* �
 * �I�*�%5 �@ *( 	 <�=2
 �
 3C ��%C �� �$]�� $' �� NC !�7�� �� �G' ��7%7�2I�C

 �*�]�.[9(� �& X&��� �� X7�� �& �Q4
� 2> 0 9� 0 <�=
 67�(� 67& ���520 N= -$
$0J�>+�&  37� pM�5 �& �7%7�2I�C 

(001) 67�(� (J�>+�&  37� pM�5 �& �
 3C (002) p7�/> �

6
����& ���C ��7�  
K0 1�?�� ��2.

���C ��2� �� m($L ��  .
� !� <�=���L2> �& �� � �& 

������ 6
� J2e��e �� 6G5�$���\GM� �& �& �G4� $%e �& 
�� -��5� �7B=��25 .m($L �� �4��%e��� -$
� ��25
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P� ; m�BL �� 
� �*�%5 ���^ ( �*�%5�23& �3?� ��

�7�23
�2� ��2� p7�/> �7'�� �� �//C S�5�E>�� <OH �& 

���C 6
� JKL ��2� 6G	 8 �� �)cm-1(3624 ��2� �& V
�A�
��4�� ��73
� JKL��7�  
K0 . ;�M �& $
�5 -$
$0 6
�
�4"5 ���4
 ��GM�* <T – O –T)��L(��e ��/=��L(�

��L(��e ((� 6
� ������C +� -( 8 �& �C �$5�& �*� <�=
�4"5 ��GM�* X7��!� +� (�  = �<� <�=�:�)V
 �& (� (�&

�� J��'$%
, .� & �K� JKL +� $
�& ��73
� �2L( +� ��%7B;� <
$���& �� ���C 6
�752 cm-1 �25 -��FG*� ]��[�2& � �C 

�� 9�E>�� �& �25 Al-OH�/= �
O ����L( .�2M�� �G4�

 �*� �7�( G��� ���C �& �2& � �L2> 6=,  \%# 6G5�� �& �C

�/= �
O ��  GBC $���& �� JKL ( ��L()cm-13560(+�
�2� ���C -( 8 N= �7�23
�2� ��2� +� ���*, �& ��7�23
�2� �

�2M)�7G4B*� -( 8 (�*� �M�%5 X&��)m($L�.(��2� ��

���C6=, R�2�� A7� �
 3C <�=N
A7%� R�2�� +� ��2�* �& ��� ���
�� -��� p7�/>$�25 .�� �5�� �3C X]� 6
� +� ���2� 6
� -

%# �B>� �$#  & -()# 9�E>�� $���& �C $�25 S�$� �&  ]�
 s� ;� <��	 �.�2.e �& A7� ( ���, 67& �
�7B75 $�270

m24�2����� �.G�& <�23& �4"5 �� �= .

&�,(5$���&)Z2� �$# (���C +� �=( 8 �� !� <�=�7'�� �//C S�5�E>�� <OH ]��[.

!� ���C 
�//C S�5�E>�� Z2� �$#OH (cm-1)

)]� ��2� �& �2& � Z2� �$# h
�B�-�7* N3� �& JKL �3(

�7%7�2I�C ���� ���� ���� z��y 

�73
� ���� 

�7�23
�2� ��2� z��� 

�7�( G��� ���� 

��� N
A7%� �
 3C)C 3C 2%73(
��� 6=, �
 3C)�
�$7*( 	,(

���� ���� 
���� ���� 

3)	=:7; IR ��2B� +� ��7'�� �� <(3800-3400cm-1) OH ::�� (�7%7�2I�^ 7r�>(K)�73
� �& (I)  (J($=�5 h&�>�� �73
� sK' .
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$3L��-��B5 �����& ����� ���C �I�*�%5 9(� �& �=:7;�7'�� �� �?%* @ *( 	 <�=2> 0 <. . .��

34	>@ * ( 	 :7;)IR ( ��2B� $%e +� ���C <� & ���$��G*� <�7'�� �� �
A7I2��= ( �74
� ��3C 
�	 ��7%7�2I�C <�= �//C S�5�E>�� <OH 
)(3700-3500cm-1.

����
���?./ @A( �"��#�� �"�
���C>�%& C <�=�V=, b��g �� & �E7"; <�= �-� G�8 �2;�<

( +2�� ���B7* �3BL +� :3G�� �
�%] �� -��FG*� - 7g 
�� $�25]��[.���C 6
���24�2� -( 8 <� & �=CO3

-2 <�=��2�
 :7; �� �� �\�/� JKLIR �2M +�� ��/��$%=� .�& ���,

 ��7�& JKL ��2� V
$5
$6�0 (67& 1480-1410 cm-1 �
67& V
��& U*2G� JKL ��2� V
890 – 850 cm-1 & (�- MO

67& V
��& :7EY JKL ��2� V
750-710 cm-1 p�/� 
�� $�25)m($L�.(m($L����C �B= +� �7�3C -( 8 <�=

 & �� �� �
+( C(�� ( �
 4�, �3BL B��� 78.S(�F> ��$#� 
m($L �� Z�$%��C (� �� :7EY ��2� <� & ( �7�3C ���

�7�2�(� y16 cm-�*� . [� �� $
�&�5�� ���C �� �C 
�7�2�(���27>�C +� �B7� �7�3C ���C �& �"�� �=+�N
A7%� 

`/>7-$5 X$�� .V"*N>� ��2&  >N>� �& ��
��� �� N
A7%� <�=-
�& �5�E>�� �N7�3C <�=$���& ��  G/7& bL2���6
� �C �25

&�L b"* R2Y2���2� �
�L �L2� �$# <2�& �7�2�(� JKL �
 G8�A&�*� -$5 .& -$
$0 6
�&2M ��X45 �� �:7; �C IR 

�7�2�(� ��2B� (�(A1)  �7�3C ((F)�7'�� �� �� <2000–

600 cm-1 ���/���$=�&�X&�� :7EY ��2� <� & -o
(
�*� -$=�/�.

S�%& C ���B> m($L <�=�R2� +� ��7�28��, +�  7g �& 
�= �7�3C�*� �?%^ �* ���, <�23& NG�7* �C $%G .�K�

 �& �G�& ��7��r ( �*�  &� & �O(� ���, JKL �3]� <�=��2� ��$E>

N>� �+(�� ��/� �2M +� �� < 7fG� $���& ��2L2� <�=$=� .
�%��� S� 77f> 6
� < 0 ��2� ��2� �� -o
( �& �C -�2& :3G��

S�%& C U*2G� ( S�$���=�&�&2M-$=�/����25 :�
A%8��
 �& �
�$7* ( $���& 6
 G/7& N
A7%� �%E
  \%# 6
 G4"* �&

67.%* ��2%# �& 6=, m($L �� ���( < * ��  \%# 6
 >��
�� ��/� �2M +� �� $���& 6
 GBC$=� .��2� �� R2Y2� 6
�

 �
�$7* <� & �4
�2; �& ��*� -� B= �
�($d� �& :7EY ��2�
� 67& �7E�2�  [� +� ��2� 6
����� �� � �
A%8�� ( �7�2�( .

�� ��/� �
�G��L�� �%d%� N*� �& �C $%=� J��G�� ( <$%&
6�0 �C b*�%� JKL ��2� V
 ��4�� �$=� ��/� �BC �8$5

�� N=� 	 A7� �BC �*� &�25 .
�� �23"G� �52.G*�� NG�7* �� �7�28��, ���C �� ( �25

�*� ����2M &  .
� �B>� 1�[G�� V
 +� �?7G� .��� �2M ���C 6

 :7; ��IR�7'�� �� �	�Y� JKL ��2� (� �& <1084(
700 cm-1�� ��/� $=� .��
��� <�
28 �7�28��, ( �7�3C <

N>� 1�[G�� �.�2.e ( <�23& NG�7* h�� �� s� ;� U7d� ( �=
�*� JKL <�=��2� ��$E> ���(, �2L2& �� �m24�2�.

"	%��
 

:7; 9(� �& ��7'�� �� �?%*> 0 <@ �*( 	 <��=2 (IR) ��& (
:��7; h���& �� �3��Y�F> 9(� +� -��FG��*�OH )���7'��<

3700 – 3500 cm-1 ( A�
� S��T �� �7%7�2I�C �G�
�$%e R2�
 $���5 67���7E> W%���* ����*�� V���
 �� !� U���*2G� ����> .
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P� ; m�BL �� 
� �*�%5 ���^ ( �*�%5�23& �3?� ��

&�,(8Q��C 	 )Z2� �$# (���C�� �7�28��, +�	 ( �7�3C -( 8 <�= �7'�� 2000–600 cm-1 ]��.[

���� �,B C��(cm-1)

�7�3C ���� ��� ��� 

�7�2�(� ���� ��� ��� 

�
A%8�� ���� ��� ��� 

�
�$7* ���� ��� ��� 

�7�28��, ���� ���� ��� ��� ��� 

34	D�7�3C JKL :7; (Al) �7�2�(� ((F)- G�8 �� @ *( 	 <�=2> 0 �& <2000 - 600 cm-1.

�;2& � �7%7�2I�C +�	 �3^ 
�	)+2�� i�M (�*� .9(� �& <�=

 Q4
� 2> 0 9� 0(XRD)-$
$0 �&  [� N= <���520 67& 

 37� pM�5 �& �7%7�2I�C J�>+�& 67�(�(001) J�>+�& 67�(� (

 37� pM�5 �& �
 3C(002) 6
� p7�/> ����2�* �& ���C 

1�?����7�  
K0 .9(� 67& ��
��� �� 6
� p7�/> ��=�+� +�	 

!� �& JKL :7; �� �=IR �� 1�?�� ��*, ��7�&�25 .:7; ��

OH L ��2� 6
 G
2� ��7%7�2I�C �($' �� JK3692 cm-1 

��  =�� �G�& JKL ��2� 6
� �
 3C ���C �� �47��' �� ��25

- G�8 �� ���C 6
� �
�7B75 b7C > �& <cm-1 3570 –

3548���� �� � .+� <A7e�� ��7�& ��$�� �G' b7> > 6
� �&

 X&�� Q4# & �
 ( �
 3C <��
+ <��$�� ��%C �� �7%7�2I�C

�*� �I�*�%5 .

���C <�=>�%& C��7�3C -( 8 �� �
 <�23& ��GM�*  [> +� 

)NG�7*�*?%^�(�7�28��, -( 8 �� �
 ()�52.G*�� NG�"* (

�� �� �$� 78 .&�L +��S�%& C �� JKL <�=��2� p�/� �I�L-

- G�8 �� �7�3C R2� <�=<2000-600 cm-1 ���C R2� �

�*� �M�%5 X&�� ��*, ��7�& S�%& C .S�2] �� 67%�B=

A��� 1(H
 ; +� ��2>���� ^ Z�$% 6
� �� �BC A7���, V
 �& 

S�%& C�	�
 �*� �= .�B>� �$# V
 �& �27>�C R2� �C �?�, +�

 �/�� u�M�&�7E�2� �� �7B=� $���&�� ����� 9�E>�� G��[
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�� �(� 6
� �C&�L��I�L- G�8 �� �&KL <�=<+� �\�/� 

$���&$=�/� X&�� A7� �7�28��, -( 8 �� $5�& -.

��%��,E 

��+� �� �2M �����$� ( !��* b>� � :� �B752I� <2G7���

 6.%7>28 -�./���)��B�,(N=� 	  ;�M �& �� ^ <�=��C 

:7; ( �=�./
��+,7� ( <��.�A�3?� 1 Gd� ���(�� +� <�23& 

�� +� &� �� 
� �*�%5 ���C ( �*�%5����.
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