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(-"%),&#!'*+$(�&# 200050)� �� 0t�OiÆ��/U!Æ2z (bi) �;�H��CW�OH�z (mB); kD 0 � 1Q�z 0B � 1B w 23 $7E�#��/`�W`�6 (U) ��#�S�(9 (λ) ���8!�UW*�q�W8�/zt% 0.96904 � 0.98523 � 0.99185 � 0.97635, (3m9.�9"+�x9 d>�#��/`�S�(9W2t�U ^ I��#�S�(9�`�6�U!Æ2z��OH�z���PjX�O6, O7 ��?xr�A
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F_p-&[Xgl
VllpnbI7XD0�p℄�T_Vg{
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-Eglo� �{
�%�T�);ya�X(R6> a�W
Z+9� [1]. P.W.Black[2] � A.R.HiltonZ [3] 2&J}�a{I5�v0��)�0{ZLfZtVg��*y%�-sX�0
PVgW�e�7�B
IXXq
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pV [4] �B�a�7y�%�T�);�CX
��0
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2 �\�b�DH (λ) �gTt (U)NmqOpV	Q�)���%�a�j
E�bh)6NnuBa0��℄N�5lSRNjX�-s
�XM>yo
m [7]:

λo =
hc0

Eg
(1)yRwv� 2005–11–23, yK�QRwv�2006–02–20 �℄d� Oq. (1980– ), 3�*oUfg� E-mail:jmxuexx@eyou.com



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1302 & 2 / � P � 21 mLV (E#
 h !A�z8{
 c0 !�|#X��
 Eg !0�X℄N�f). i�G�0a�jW
}h)6��'�.�M
a�X�%�T�);Nnu1�a�
d-s (f0-s). �	&Vg#yW!�a�5X1�
d0+uE�
d0Xi: [8]. _b�T
a�#X
d��fR
d0 �R
d0�%0m
fR
d0,yXp~��℄"r<_X���d

E+6h=6j
+,y�)lh="
�R
d0,yXp~�5+�~0�CX9i
d
76hy�)lh="X=6j
6h�-s��X7M
d>$! [9]:

ω0 =

[

2β
m1 + m2

m1m2

]0.5

=

[

2
β

µ

]0.5

(2)E#
 β !�
08{
 m1, m2 !�%6}X~0�
 µ p"�
0 (\=�("�

µ = m1m2

m1+m2

). iu�0a�
 ω0 X�℄�� 1013Hz 8r
��Du%�M
�igX�%�T�);!�
λ =

√
2πc0

[

µ

β

]0.5

(3)_m#
�
08{ (β) p��G!�
$5 [4] ��B�
08{ (β) ya�7 (U) �0X1C_
��
08{ (β) :!�g�
�PI
�a�7 (U) y�%�T�); (λ) �CX	&
��0�
lgλ = lgk +

1

2
lg

µ

U
(4)E#
 k ^~s:+�0�!(X8{


3 gTt (U) �g~No_Æ�z (mB)NVnAJ���{m�v0W
yEI"�0Vg�{#l)�&[:l
E#glM!�pXpo Randic[10] 	B
 Kier[11] ZV\℄-l�X�PI�{ (mX), ��l�$��Æ�v0Xv�K�
E$Lm!�
mX =

∑

(δν
i × δν

j × δν
k × · · ·)−0.5 (5)m#
_B δν

i hpiv0���#Xb_v`S^�
δν
i =

Zν
i − hi

Zi − Zν
i − 1

(6)E#� Zi � Zν
i � hi ^I!~0 i X2a0{�Ba0{7y~0 i G"XJ~0{
��$!�
l���{m�Vg�%��0a�XW
yI"�CX�0
3�$5

[12] J~� Randic X δi X3{$L
I
DX�0W"�3{ (bi):

bi =

[

Z4
i × χpi

ni + n−1
i

]0.5

(7)m# Zi � ni � χpi v&p~0 (�0) Xa�{�)�0{� Pauling a{I� (ni + n−1
i ) yE~0�d ri �9� [12]. 3{ bi 7Ænj>G~0XB��-ea07�ZW
��
`
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6 B Np-� ;��/`��#�S�(9W�?Te 1303� 1 �Z�k�e|LeSs (U) ��Z�`�BF (λ) � 0B � 1B L�U

Table 1 Correlativity among lattice energy(U), long wavelength limit(λ) of transparent

ionic crystals and 0B, 1B

U/kJ·mol−1 λ/µm
Crystal µ 0B 1B

Exp.[6,13,14] Cal. Exp.[3,15∼17] Cal.

LiF 5.1 1.914538 0.888807 1020 1035 9 11

NaF 10.4 1.850051 0.81637 928 972 15 17

NaCl 14 1.713515 0.717139 786 885 25 22

KCl 18.6 1.649498 0.653971 716 829 32 27

TlCl 30.2 1.745133 0.748337 680 912 27 32

AgCl 26.7 1.767267 0.770177 729 931 28 30

KBr 26.3 1.576296 0.605455 677 787 38 33

CsBr 49.9 1.511802 0.546537 635 735 48 48

TlBr 57.4 1.67193 0.69282 652 864 34 47

KI 29.9 7 1.508466 0.5605 646 747 45 36

CsI 64.9 1.443972 0.505957 590 699 70 58

BeO 5.8 3.94654 3.856599 4527 3638 5 6

ZnS 21.6 3.454639 2.961549 3591 2853 14 14

CdS 24.9 3.386007 2.832801 3458 2740 18 16

CdSe 46.3 3.270307 2.658084 3308 2587 25 23

MgO 9.6 3.749667 3.430147 3791 3264 8.5 8.7

MgF2 10.6 3.830085 3.557492 2957 3375 10 9

BaF2 16.7 3.47927 2.769368 2314 2684 13.5 13.2

CaF2 12.9 3.639489 3.12931 2611 3000 12 11

CdF2 16.3 3.756631 3.392475 2772 3231 11 11

SrF2 15.6 3.554104 2.937486 2460 2832 10.5 12

SiO2 10.2 7.807852 15.05717 12951 13461 4.5 4.2

TiO2 12 7.435698 13.4449 12316 12047 6 5

Mg2+ !�
?�E������
bi =

[

Z4
i × χpi

ni + n−1
i

]0.5

=

[

24 × 1.31

3 + 3−1

]0.5

= 2.507588 (8)�`v0�X�Pj�!1C
I
W"��PI�{ (mB):

mB =
∑

(bi × bj × bk × · · ·)0.5 (9)E#
 0 R; (0B) � 1 R; (1B) X?�
m!�
0B =

∑

(bi)
0.5 (10)
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1304 & 2 / � P � 21 m
1B =

∑

(bi × bj)
0.5 (11)m (10) #� ∑ �pi'3v0X(Rm#�pX~0L 
m (11) #� ∑ ��pi(Rm#Q.(ROG (i�0G��BG`7 σ G� π G+vMv) L 
MN 23 %8FX�%��0a�:!Z�
JEa�7� [6,13,14], `7om (10)� (11)?�VSX 0B  1B ��u$ 1, l7>k?m�9" U � 0B  1B, VS`1℄�+�rA�^℄�rA
 U [y 0B ���

U = −2815.37467+1864.247450B (12)

N = 23 SD = 845.87579 R = 0.96904 P < 0.0001m# N � SD � R � P ^I!Z�{��?#,*5�9�0{��$� (1�).^k�rA
 U y 0B  1B |&���
U = −244.69507+290.45754+747.909611B (13)

N = 23 SD = 426.55485 R = 0.98523 P < 0.0001^℄�rA
 U [y 1B ���
U=255.92174+877.029131B (14)

N = 23 SD = 436.53324 R = 0.99185 P < 0.0001yF
 (14) mX9�I7�
! R=0.99185,vun:9� (R ≥0.99). (12) � (13) mX R oLS�:9�X#, (0.99> R ≥0.95). }/p 1B i: U X)[
�
l (14) m��� U�
W� kX�M�%" (F$Æ). �Z
 (14) m8pnMXa�7 (U) ya�X�PI�{ (1B) X
��0$Lm

4 �\�b�DH (λ) �g~No_Æ�z (mB)o (14) my (4) myF
a�7 (U) �ya�X�%�T�); (λ) p�
sya�X�PI�{ (1B) p�
=Oa�7 (U) �℄�g�
8y�PVS�%�T�); (λ) ya�X�PI�{ (1B) X�0�

logλ = logk +
1

2
log

µ

255.92174 + 877.02913×1 B
(15)�ZhJ	&_,y� logλ y log µ

255.92174+877.02913×1B
�CK�7I�0
!R
8{ logk, '\℄-X� (15) mXyvI
�k$5 [3,15∼17] �BX�%a�X�%�T�); (λ)(F$Æ), l7>k?mi logλ y log µ

255.92174+877.02913×1B
\G9"VSY1+�rA�

logλ = 2.32435 + 0.54627× log
µ

255.92174 + 877.02913×1 B
(16)

N = 23 SD = 0.07239 R = 0.97635 P < 0.0001
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6 B Np-� ;��/`��#�S�(9W�?Te 1305_m+PR
� logk=2.32435, �!&[Xp�JkX_�k� (15) mX�RI
�j*aS
m (15)  m (16) #
log µ

255.92174+877.02913×1B
;X0{%p5&
��p	&�RykX?��CK�*5Xnj
lm (16) ��� λ �
W� kX�%"M� (F$Æ); �Æ!E9"7I���


5 
WY{q\G)"W
yI"�0VgX�G-(p)"W
��X	N'v`�(
���{m�pG�p?X$Lrm
�`v0�!1C
��I
���{�k4iW
��X
�$L

H
�R
v0�#_ �X���j
g`��i:)"	(I"X
�!,

� 1 �#��/`�W�#�S�(9w�OH�zW�/
Fig. 1 Relationship between long wavelength

limit and connectivity index of transparent ionic

crystals in infrared range�$	Bnja�7M>XW"�3{ (bi) ���0a�{��0�d`7 Pauling a{I℄�
�
�0Xa�{y�0�dpi:a�7X
�
yoE�Xa�7?�
mVSf�
J Pauling a{I\W
pa�7Xi:
�
~
�ua{I�<p��'3)X#,h><I
X
j#,h><���a�7# [18]. �%~0 (/�0) Xa{I�)�0{7Ea�{+_9�
oH�?�XW"�3{ bi \+��\8 bi k4�i~0/�0X�℄I$L
+�a���X~0%��{2+�
o bi 
IX mB \+,9�
8i�%��0a�pW
M�I
LS�
�($�
�$?�M�Xa�Z�
7 7 %d�0 18 %Y�0
�p)5}�\pz5}�
IJ^kS^#'Copv,
a�W
��a�� NaCl F�3B�F�hiF�Y%iFZ;%`F�F
a�7�o 590∼12951kJ·mol−1, ~f�MM
�℄%)"Xa�74
� (/?��) �+�X$5#��pMMXBZ
8 YH
m (14) X9�0{XL R=0.99185, vun:9� (R ≥0.99). K[}/Xp
[�P1l$5 [12] I
X3{9"�$X 23 %a�
7� R=0.97923,v�:9�#,`#LSn:9�
�e}/�$I
X���{ (mB) �7Ænji:�%��0a�a�7 (U) M>X�"
�
a�X�%�T�);Nnua�
dXrm G\
a�
d�ya�X(R6> W
+H9�
E��$4hpa�7XM>
�`
�%�T�);ya�7\jy�PI�{ (mB) `7�("� (µ) p��
�$#
7a�X�%�T�);�J 4.5µm!(� 70µm, ~fMM��kAa�#
sK�sDA
d
R o1�a�
d-sn
X�%�T�);uS+�AfXi:
��
�epR m (16) 9�0{ (R=0.97635)�m (14) 9�0{ (R=0.99185) [X~

Pm (16) X)4�:9� (0.99> R ≥0.95) X#,
1_yF
m (16) �:!i�0a��%�T�);��y|4jpM�XyvI
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6 
q�PI�{ (mB) p℄�E.�Mw|X���{
lp��XW
M�I 9�I
Nn�i:�%��0a��%�T�);X�"
�
�$9"X;�+�rA
E9�0{o >0.95, vun:/�:#,
yl:e? |4�%��0a�I7j,
�v,X3u^k
Ei�
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Topological Research on Long Wavelength Limit of Transparent Ionic

Crystals in Infrared Range

XUE Jun-Ming, LIU Qian

(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050,China )

Abstract: A novel connectivity topological index(mB) based on the adjacency matrix and the

ionic parameter of binding force(bi) was derived in the present paper. The 0 and 1 order indexes
0B and 1B of mB were derived to correlate the long wavelength limit(λ) and the lattice energy

(U) of 23 different types of transparent ionic crystals in infrared range. The relative coefficients

(R=0.96904, 0.98523, 0.99185, 0.97635) of the derived equations are all in the range of higher level

standards. Therefore, the results of present research could be useful for the design and evaluation

of the long wavelength limit of ionic crystals.

Key words long wavelength limit; binding force parameter; lattice energy; connectivity index


