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Magnesium fluoride is a tetragonal material with TiO2 (rutile) structure. 
The space group is D 14 4h or P42/mnm. The unit cell contains two formula 
units (six atoms). Dimensions of the cell (at 27 ~ are 0.4623 nm along the 
a axis and 0.3052 nm along the c axis [1, also see 2]. Theoretical density is 
3.177 g/cm 3 and melting point is 1528 _+ 3 K [2]. A melting point of 1543 K 
is also reported [3]. 

Magnesium ions occupy octahedral sites with Dzh point symmetry. Six 
fluorine ions at sites with Czv symmetry surround each magnesium ion. 
Fluorine-ion positions in the unit cell are known from X-ray diffraction 
measurements [1, 2]. 

A wide transparency range from 0.12 to 8 ~tm [2], good mechanical 
properties, and low optical index of refraction make magnesium fluoride a 
desirable material for coatings and interference filters. MgF2 is a positive 
uniaxial material, with its highest birefringence in the UV. Except for 
lithium fluoride, MgF2 has the shortest wavelength cutoff of any common 
optical material. 

Magnesium fluoride occurs naturally as the mineral selliate [3]. 
Single-crystal MgF2 [3, 4] is widely used for windows, lenses, polarizers, 
and other optical components. Optical-quality, hot-pressed polycrystalline 
MgF2 is also used for optical components, particularly in the infrared. 
IRTRAN 1 [5] is a trade name for hot-pressed MgF2 made by Kodak; 
KO-1 is an equivalent Soviet material [6]. Olsen and McBride [7] compare 
properties of IRTRAN 1 and single-crystal magnesium fluoride. 

MgF2 has been used as a divalent-ion host material for solid-state lasers. 
Vanadium, nickel, and cobalt have been used as dopants to produce 
tunable solid-state lasers in the infrared [8, 9]. 

The UV and IR transparency of magnesium fluoride lends itself to many 
applications. MgF2 has been used as a window material for UV detectors in 
space applications [10, 11]. The birefringence is used to polarize light in the 
UV [12-14]. One such polarizer, operating from the UV to the IR, has 
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been constructed [15]. The low index of MgF2 in the IR led to its use as a 
Soleil compensator in the IR [16]. Magnesium fluoride is also used as a thin 
film to coat aluminum mirrors for enhanced reflectivity in the vacuum UV 
[17, 18]. Because of the relatively low index, magnesium fluoride is also 
used as an antireflection coating for lenses and as a low-index layer in 
dielectric interference filters. 

Magnesium fluoride has a band gap of approximately 11.8 eV. Optical 
constants from the UV through the XUV have been measured for single- 
crystal magnesium fluoride [19-22]. The lowest-energy electronic feature 
of the magnesium fluoride spectrum is an exciton peak centered near 
l l . 8 e V  [20,21]. This is due to an exciton peak at l l . 6 e V  for the 
extraordinary component and at 12.2 eV for the ordinary component [22]. 
The exciton peak obscures the UV absorption edge in this region, mea- 
sured at 10.9 eV [20]. Although an absorption band beginning at 1320/~ 
has been observed, the transmission does not drop significantly until 
1150/k (10.8 eV) [2], which is close to the measured absorption edge. The 
interband transitions begin near 12.2 eV [21], at 12.4 eV for the extra- 
ordinary and 12.6eV for the ordinary ray [22]. The extraordinary-ray 
absorption curve has structure at 18.6 eV and the ordinary ray at 15 and 
20.5 eV [22]. Broad absorption structure near 20.8eV is attributed to 
interband transitions [20]. These transitions are believed to arise from 
transitions from the upper valence band of fluorine (2p 6) to the conduction 
band of magnesium (3s + 3p) [21]. A peak at 24.5 eV is attributed to a 
plasmon [20, 21]. The plasmon peak is composed of an extraordinary-ray 
component at 24.3 eV and an ordinary-ray component at 24.6eV [22]. 
Structure seen in the absorption coefficient from 27-40 eV is attributed to 
interband transitions 2s: level of the fluorine ion to the conduction band 
[19, 21]. In the 40-56 eV region, two absorption peaks exist: an absorption 
peak at 47.5 eV caused by a double plasmon and a peak at 54.6eV 
attributed to an exciton [19]. Structure from 56-62eV is attributed to 
transitions of 2p 6 electrons of magnesium to the conduction band [19]. 

Refractive-index data for the MgF2 transparent region from the UV 
through the IR are given by many sources [2, 12, 23-27]. Dodge [27] fitted 
index data (at 19~ to a Sellmeier-type dispersion relationship of the form 

2.5903553 x 10 l~ 4.4543708 • 10 9 4.0838897 • 105 
2 1= (la) 

n o -  (230,499.30) 2 -  v 2 + (105,692.13) 2 -  v 2 + (420.28101) 2 -  v 2 

and 

3.0458725 • 10 ~~ 6.1300694 X 10 9 4.4070997 • 105 

n 2 - 1 = (271,424.78) 2 -  v 2 + (110, 178.73) 2 -  v 2 + (420.66305) 2 -  v 2' (lb) 

where v is the frequency in wave numbers. Equation 1 represents electro- 
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nic resonances with the first two terms and all IR resonances with the third 
term. These terms fall in the middle of the measured electronic transitions 
and lattice vibrations, respectively. The overall accuracy of index calcu- 
lated from Eq. 1 is quoted as better than 2x10  -5 over the 1400- 
50,000 cm- 1 range. 

Change in the index of refraction with temperature, pressure, and stress 
is available. Thermo-optic data are given by many sources [2, 28-30] 
without good agreement; data from the National Bureau of Standards [28] 
are considered comprehensive, cover a wide temperature range, and agree 
well with recent measurements of the temperature dependence of optical 
dispersion [30]. The elastic properties of MgF2 have been reported in the 
form of elastic constants, photoelastic constants, and piezoelectric con- 
stants [31, 32]. 

Optical properties of thin films of magnesium fluoride have been studied 
extensively. Much disparity exists between published data due to variations 
of the conditions and method of preparation of the sample under study 
[33-37]. In addition, thin-film properties usually do not match single- 
crystal properties [19,20]. Consequently, this article concentrates on 
properties of single crystals. 

Radiation damage of MgF2 is described elsewhere [38]. Studies of 
radiation effects on the absorption of magnesium fluoride have revealed 
absorption bands in the UV. Three prominent absorption peaks at 117, 
260, and 370 nm develop, which can be attributed to the creation of F 
centers by radiation [38]. No observations of IR absorption due to 
radiation have been reported [38]. The characterization of the fluorescence 
of MgF2 has also been undertaken [38, 39]. 

Absorption at the IR edge of transparency is dominated by multiphonon 
absorption [40]. A model of multiphonon absorption [41] has been deve- 
loped and confirmed with experimental data over a wide temperature 
range. Model constants for the ordinary ray of MgF2 are given by Thomas 
and Joseph [42]. 

The fundamental (one-phonon) lattice vibrations occur in the 
250-625 cm-1 spectral region. Group theory predicts the following phonon 
modes for MgF2 [43-46]: 

[' = Alg + A2g 4-A2u + Big + B2g + 2Blu Jr- Eg 4- 3E., (2) 

where the A2g and B1, modes are optically inactive, the A2u (Ellc) and E, 
(E _L c) modes are IR-active, and the remaining modes are Rarnan-active. 
Table I lists the IR modes as determined by Barker [44], Thomas and 
Joseph [42], and Giordano and Benoit [46]. Locations of the Raman modes 
are given by Porto et al. [45] as 92 (Big), 295 (Eg), 410 (Alu), and 515 (Bzg) 

- 1  cm . 
Table I also lists both the transverse and longitudinal optical frequen- 
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cies. The transverse optical frequencies are the mode locations; the 
maximum longitudinal-mode frequency is an important parameter in the 
multiphonon-absorption model [41], since it designates the maximum 
phonon frequency. 

At frequencies below the lowest-frequency transverse optical mode, 
absorption decreases and the material becomes transparent. The magni- 
tude of absorption is thought to be a combination of contributions from 
both the tail of the fundamental lattice vibrations and various multiphonon 
difference bands. The index of refraction now also includes the effect of 
lattice vibrations. Estimates of low-frequency absorption made from the 
red wing of the fundamental modes (Table I) for MgF2 are about 60% of 
the ordinary-ray imaginary index of refraction and 95% of the 
extraordinary-ray values determined by Bystrov et al. [47] in the 
10-23 cm -1 region. Measurements of two different sintered samples of 
polycrystalline MgF2 by Stead and Simonis [48] showed yet higher absorp- 
tion. 

The low-frequency index of refraction of magnesium fluoride is given by 
Fontanella et al. [49] at 1000 Hz and by Bystrov et al. [47] for the 300- 
700 GHz range. These data agree with each other and with the data in 
Table I except for the slightly higher extraordinary-ray value given by 
Fontanella et al. [49]. No temperature-dependent low-frequency index 
data were found, but pressure dependence is given by Link e ta! .  [50]. 

Table II was constructed from measurements reported in the literature 
as well as model predictions [51]. Real-index data (n) from 10-83 eV and 
imaginary-index (k) data from 11-83 eV are taken from several sources 
[19-22]. The measurements by Hanson et al. [19], Williams et al. [20], and 
Stephan et al. [21] did not distinguish between ordinary- and extraordinary- 
ray components. These data can be considered to be an "average" for the 
crystal. Thomas et al . 's  [22] measurement of ordinary- and extraordinary- 
ray optical constants for the 11-28 eV region are also included. 

Ordinary-ray index data in the 0.115-0.200 ~tm region are taken from 
Williams and Arakawa [23], supplemented by measurements of Steinmetz 
et al. [12]. Extraordinary-ray data for this region are obtained by combin- 
ing ordinary-ray data with the anomalous dispersion data of 
Chandrasekharan and Damany [24]. Both ordinary- and extraordinary-ray 
data in the 1400-50,000cm -1 range are calculated from the Sellmeier 
dispersion relationships (Eq. 1) of Dodge [27]. One value of ordinary-ray 
absorption coefficient is given by Steinmetz et al. [12]. 

Single [51] and multiphonon [41] lattice-vibration models are used to 
estimate the complex index of refraction for wavelengths of 7.41 ~tm and 
longer. Measurements of Bystrov et al. [47], and Fontanella et al. [49] are 
the best available low-frequency index data. 

The accuracy of index measurements in the electronic region is relatively 
poor; estimated errors are approximately 10%. Data from Hanson et al. 
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[19] and Williams et al. [20] agree well in the overlap region (20-27 eV). 
Data from Stephan et al. [21] have consistently lower n and higher k 
compared with other sources [19, 20]. Data from Thomas et al. [22] have 
precision on the order of +5%. 

The real-index data from 0.115-0.200 ~tm have a quoted accuracy of 
+0.002; the dispersion formula of Dodge [27] represents the data from 
0.2-7.0 ~tm within +0.00002. The accuracy of complex-index data at longer 
wavelength is unknown, but uncertainty in the values is probably in the 
least-significant digit reported in Table II (that is, n accurate to _+0.01 and 
k to about 5%). Low-frequency real-index measurements of Fontanella et 
al. [49] are given an accuracy of _+0.001. Bystrov et al. [47] states the 
accuracy of n to be +0.005 and k to be within _+5%. 

Figures 1 and 2 show a composite of the complex index of refraction 
based on the data of Table II. Figure 1 gives the ordinary-ray index and 
Fig. 2 shows the extraordinary-ray properties. Complex index-of-refraction 
data for the electronic region (wavelengths below 0.05 ~tm) derived from 
unpolarized measurements with an unknown mix of ordinary- and 
extraordinary-ray index are included in Fig. 1. 

Tables III and IV give temperature dependence for the real part of the 
index of refraction. Measurements of d n / d T b y  Feldman et al. [28] typically 
have a standard deviation to a linear temperature-dependence fit of 
0.1 • 10 -6 /K.  
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Fig. 1. Log-log plot of no (solid line) and ko (dashed line) versus wavelength in micro- 
meters for the ordinary ray of magnesium fluoride. Data below 0.05 ~tm (electronic region) 
are combined ordinary- and extraordinary-ray results. 
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Fig. 2. Log-log plot of n e (solid line) and k e (dashed line) versus wavelength in micro- 
meters for the extraordinary ray of magnesium fluoride. 
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TABLE I 

Fundamental  Infrared Lattice Vibration Parameters for MgF2 ~ 

Transverse Longitudinal 
optical optical 

frequency Normalized frequency 
Mode (cm -~) Strength width (cm -1) Refs. 

E _L c axis (ordinary ray) 

1 247 2.22 0.014 303 [44] 
2 410 0.19 0.033 415 [44] 
3 450 1.14 0.058 617 [44] 

Total = 3.55 

1 248 2.23 0.0115 302 [51] 
2 408.5 0.22 0.0165 414 [51] 
3 447 1.10 0.025 ~ 621 [51] 
4 e 535 0.05 0.3 ~ [51] 

T o t a l =  3.60 

1 251 304 [461 
2 413 422 [461 
3 452 610 [46] 

Total = 3.38 

E II c axis (extraordinary ray) 

1 399 2.7 0.048 ~ [44] 
2" 556 0.01 0.08 { 625 

Total = 2.71 

1 404 2.69 626 [46] 

"The frequency 09) is the location of the mode (transverse optical fre- 
quency). The strength (Aq) is the contribution of the mode to the dielec- 
tric constant. The normalized width (39) is the mode width divided by the 
mode frequency. The complex dielectric constant (e) is then modeled as a 
function of frequency (v) by: 

2 j~ A 9 vj 

e (P)  = Coo + - P j2 __ p2 + its vjv ' 

where the eoo term (= 1.886 for E • c and 1.918 for E II c axis) represents 
the electronic contributions to the dielectric constant (plus one). 
eMode 4 (E_L c) is probably caused by an impurity. 
"Barker [44] identifies this as a weak forbidden mode. 
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TABLE II 

Values of n and k Obtained from Various References for Magnesium Fluoride a 

eV cm - 1 #m n k n k 

83.0 6 6 9 6 0 8  0.0149 0.906 [19] 0.046 
78.5 6 3 3 5 1 1  0.0158 0.912 0.070 
76.9 6 2 0 3 3 6  0 . 0 1 6 1  0.906 0.064 
75.5  6 0 8 7 1 4  0.0164 0.906 0.081 
74.2 5 9 8 8 0 9  0.0167 0.902 0.083 
72.3  5 8 3 0 7 4  0.0172 0.918 0.095 
68.5 5 5 2 1 9 1  0 . 0 1 8 1  0.902 0.055 
66.0 5 3 2 3 2 2  0.0188 0.915 0.073 
65.0 5 2 4 2 5 6  0 . 0 1 9 1  0.917 0.076 
64.0 5 1 6 1 9 1  0.0194 0.919 0.079 
63.0 5 0 8 1 2 5  0.0197 0.921 0.083 
62.0 5 0 0 0 6 0  0.0200 0.923 0.090 
61.0 4 9 1 9 9 4  0 . 0 2 0 3  0.924 0.095 
60.0 4 8 3 9 2 9  0.0207 0.926 0.096 
59.0 4 7 5 8 6 3  0.0210 0.926 0.093 
58.0 4 6 7 7 9 8  0.0214 0.925 0.090 
57.0 4 5 9 7 3 2  0 . 0 2 1 8  0.925 0.092 
56.0 4 5 1 6 6 7  0 . 0 2 2 1  0.913 0.094 
55.0 4 4 3 6 0 1  0 . 0 2 2 5  0.936 0.165 
54.0 4 3 5 5 3 6  0.0230 0.940 0.103 
53.0 4 2 7 4 7 0  0.0234 0.934 0.098 
52.0 4 1 9 4 0 5  0.0238 0.930 0.098 
51.0 4 1 1 3 3 9  0.0243 0.927 0.100 
50.0 4 0 3 2 7 4  0.0248 0.925 0.103 
49.0 3 9 5 2 0 9  0 . 0 2 5 3  0.922 0.107 
48.0 3 8 7 1 4 3  0.0258 0.920 O. 111 
47.5 3 8 3 1 1 0  0 . 0 2 6 1  0.920 0.113 
47.0 3 7 9 0 7 8  0.0264 0.919 0. I 15 
46.5 3 7 5 0 4 5  0.0267 0.919 0.118 
46.0 3 7 1 0 1 2  0.0270 0.919 0.120 
45.5 3 6 6 9 7 9  0.0272 0.918 0.122 
45.0 3 6 2 9 4 7  0.0276 0.918 0.125 
44.5 3 5 8 9 1 4  0.0279 0.918 0.128 
44.0 3 5 4 8 8 1  0.0282 0.918 O. 131 
43.5 3 5 0 8 4 8  0.0285 0.918 0.134 
43.0 3 4 6 8 1 6  0.0288 0.918 0.137 
42.5 3 4 2 7 8 3  0.0292 0.918 O. 142 
42.0 3 3 8 7 5 0  0 . 0 2 9 5  0.918 0.145 
41.5 3 3 4 7 1 7  0.0299 0.918 0.150 
41.0 3 3 0 6 8 5  0.0302 0.919 0.154 
40.5 3 2 6 6 5 2  0.0306 0.919 0.159 
40.0 3 2 2 6 1 9  0.0310 0.919 0.163 
39.5 3 1 8 5 8 6  0.0314 0.919 0.167 
39.0 3 1 4 5 5 4  0.0318 0.920 0.171 

[19] 

0.957 [21] 0.092 [21] 
0.956 0.096 
0.955 0.099 
0.954 0.103 
0.952 0.107 
0.949 O.110 
0.949 O.114 
0.947 0.119 
0.942 0.125 
0.936 0.130 
0.929 0.129 
0.922 0.129 
0.914 0.129 
0.907 0.131 
0.899 0.139 
0.885 0.149 
0.894 0.158 
0.894 0.169 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm - l  gm n k n k 

38.5 3 1 0 5 2 1  0.0322 0.921 0.172 0.898 0.170 
38.0 3 0 6 4 8 8  0.0326 0.922 O. 173 0.902 O. 168 
37.5 302456 0.0331 0.923 0.174 0.901 0.165 
37.0 2 9 8 4 2 3  0.0335 0.924 0.175 0.900 0.162 
36.5 294390 0.0340 0.921 0.175 0.899 0.160 
36.0 290357 0.0344 0.925 0.175 0.896 0.159 
35.5 2 8 6 3 2 5  0.0349 0.925 0.175 0.897 0.159 
35.0 282292 0.0354 0.925 0.175 0.898 0.162 
34.5 278259 0.0359 0.918 0.177 0.899 0.166 
34.0 274226 0.0365 0.904 O. 179 0.893 O. 176 
33.5 270194 0.0370 0.898 0.183 0.890 0.188 
33.0 2 6 6 1 6 1  0.0376 0.893 0.190 0.888 0.206 
32.5 262128 0.0381 0.891 0.200 0.887 0.224 
32.0 2 5 8 0 9 5  0.0387 0.897 0.210 0.880 0.221 
31.5 254063 0.0394 0.904 0.219 0.867 0.199 
31.0 250030 0.0400 0.910 0.228 0.858 0.200 
30.5 245997 0.0407 0.910 0.232 0.857 0.235 
30.0 241964 0.0413 0.907 0.228 0.865 0.283 
29.5 237932 0.0420 0.898 0.224 0.876 0.273 
29.0 233899 0.0428 0.885 0.221 0.873 0.184 
28.5 229866 0.0435 0.875 0.234 0.850 0.164 
28.0 2 2 5 8 3 3  0.0443 0.865 0.254 0.842 0.200 
27.5 2 2 1 8 0 1  0.0451 0.855 0.264 0.841 0.232 
27.0 217768 0.0459 0.842 0.272 0.822 0.227 
26.5 2 1 3 7 3 5  0.0468 0.824 0.282 0.812 0.246 
26.0 209702 0.0477 0.805 0.308 0.801 0.267 
25.5 205670 0.0486 0.789 0.336 0.787 0.294 
25.0 201637 0.0496 0.779 0.384 0.771 0.324 
24.5 1 9 7 6 0 4  0.0506 0.769 0.443 0.758 0.361 
24.0 1 9 3 5 7 2  0.0517 0.788 0.524 0.736 0.410 
23.5 1 8 9 5 3 9  0.0528 0.816 0.610 0.742 0.445 
23.0 1 8 5 5 0 6  0.0539 0.856 0.666 0.765 0.475 
22.5 1 8 1 4 7 3  0.0551 0.900 0.729 0.820 0.546 
22.0 1 7 7 4 4 1  0.0564 0.946 0.771 0.849 0.564 
21.5 1 7 3 4 0 8  0.0577 1.012 0.807 0.898 0.624 
21.0 1 6 9 3 7 5  0.0590 1.102 0.819 0.891 0.616 
20.5 1 6 5 3 4 2  0.0605 1.184 0.805 0.965 0.643 
20.0 1 6 1 3 1 0  0.0620 1.266 0.767 0.981 0.646 
19 .8  1 5 9 6 9 7  0.0626 0.995 0.642 
19 .6  1 5 8 0 8 3  0.0633 1.000 0.645 
19 .4  1 5 6 4 7 0  0.0639 0.996 0.615 
19 .2  1 5 4 8 5 7  0.0646 1.001 0.605 
19 .0  1 5 3 2 4 4  0.0653 1.012 0.615 
18 .8  1 5 1 6 3 1  0.0659 1.021 0.618 

(continued) 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -1 #m n k n k 

18 .6  1 5 0 0 1 8  0.0667 1.034 0.626 
18 .4  1 4 8 4 0 5  0.0674 1.048 0.636 
18 .2  1 4 6 7 9 2  0.0681 1.072 0.661 
18 .0  1 4 5 1 7 9  0.0689 1 .322 [20] 0.671 [20] 1.093 0.651 
17 .8  1 4 3 5 6 6  0.0697 1.337 0.658 1.095 0.654 
17 .6  1 4 1 9 5 2  0.0704 1.347 0.657 1.103 0.661 
17 .4  1 4 0 3 3 9  0.0713 1.356 0.660 1.114 0.660 
17 .2  1 3 8 7 2 6  0.0721 1.359 0.665 1.090 0.665 
17.0 1 3 7 1 1 3  0.0729 1.354 0.661 1.080 0.663 
16 .8  1 3 5 5 0 0  0.0738 1.348 0.605 1.108 0.670 
16 .6  1 3 3 8 8 7  0.0747 1.346 0.631 1.143 0.676 
16 .4  1 3 2 2 7 4  0.0756 1.369 0.606 1.180 0.689 
16 .2  1 3 0 6 6 1  0.0765 1.387 0.575 1.195 0.664 
16.0 1 2 9 0 4 8  0.0775 1.435 0.547 1.196 0.639 
15.9 1 2 8 2 4 1  0.0780 1.449 0.539 1.195 0.630 
15 .8  1 2 7 4 3 5  0.0785 1.457 0.533 1.195 0.625 
15 .7  1 2 6 6 2 8  0.0790 1.465 0.528 1.193 0.623 
15 .6  1 2 5 8 2 1  0.0795 1.474 0.529 1.191 0.620 
15.5  1 2 5 0 1 5  0.0800 1.483 0.529 1.190 0.617 
15 .4  1 2 4 2 0 8  0.0805 1.490 0.531 1.196 0.623 
15.3  1 2 3 4 0 2  0.0810 1.495 0.533 1.209 0.631 
15 .2  1 2 2 5 9 5  0.0816 1.500 0.536 1.228 0.635 
15.1 1 2 1 7 8 9  0.0821 1.505 0.538 1.248 0.638 
15.0 1 2 0 9 8 2  0.0827 1.508 0.533 1.256 0.630 
14 .9  1 2 0 1 7 6  0.0832 1.510 0.520 1.257 0.622 
14 .8  1 1 9 3 6 9  0.0838 1.512 0.510 1.257 0.614 
14.7  1 1 8 5 6 3  0.0843 1.513 0.501 1.257 0.608 
14 .6  1 1 7 7 5 6  0.0849 1.508 0.501 1.258 0.602 
14.5  1 1 6 9 4 9  0.0855 1.498 0.502 1.262 0.600 
14 .4  1 1 6 1 4 3  0.0861 1.488 0.504 1.268 0.596 
14.3  1 1 5 3 3 6  0.0867 1.481 0.514 1.268 0.595 
14 .2  1 1 4 5 3 0  0.0873 1.470 0.518 1.260 0.598 
14.1 1 1 3 7 2 3  0.0879 1.473 0.517 1.250 0.602 
14.0 1 1 2 9 1 7  0.0886 1.496 0.507 1.237 0.607 
13 .9  1 1 2 1 1 0  0.0892 1.520 0.496 1.234 0.607 
13 .8  1 1 1 3 0 4  0.0898 1.541 0.484 1.231 0.608 
13 .7  1 1 0 4 9 7  0.0905 1.561 0.473 1.236 0.605 
13 .6  1 0 9 6 9 1  0.0912 1.573 0.463 1.239 0.606 
13.5  1 0 8 8 8 4  0.0918 1.584 0.453 1.242 0.606 
13 .4  1 0 8 0 7 7  0.0925 1.588 0.444 1.235 0.603 
13.3  1 0 7 2 7 1  0.0932 1.585 0.448 1.225 0.594 
13.2 1 0 6 4 6 4  0.0939 1.562 0.453 1.215 0.585 
13 .1  1 0 5 6 5 8  0.0946 1.555 0.454 1.202 0.577 
13.0 1 0 4 8 5 1  0.0954 1.561 0.429 1.192 0.568 

(continued) 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -1 gm n k n k 

12.9 104045 0.0961 1.566 0.393 1.192 0.553 
12.8 103238 0.0969 1.579 0.357 1.240 0.530 
12.7 102432 0.0976 1.574 0.332 1.297 0.526 
12.6 1 0 1 6 2 5  0.0984 1.501 0.329 1.272 0.558 
12.5 100818 0.0992 1.409 0.364 1.258 0.593 
12.4 100012 0.1000 1.330 0.409 1.232 0.636 
12.3 99205 0.1008 1.269 0.451 1.212 0.676 
12.2 98399 0.1016 1.231 0.491 1.194 0.717 
12.1 97592 0.1025 1.207 0.542 1.177 0.758 
12.0 96786 0.1033 1.351 0.723 1.176 0.790 
11.9 95979 0.1042 1.603 0.953 1.235 0.828 
11.8 95173 0.1051 1.759 1.073 1.343 0.834 
11.7 94366 0.1060 1.872 1.024 1.477 0.831 
11.6 93560 0.1069 2.201 0.807 1.573 0.822 
11.5 92753 0.1078 2.258 0.683 1.617 0.826 
11.4 91946 0.1088 2.245 0.524 1.645 0.793 
11.3 91140 0.1097 2.219 0.332 1.689 0.640 
11.2 90333 0.1107 2.123 0.220 1.671 0.478 
11.1 89527 0.1117 2.010 0.110 1.590 0.341 
11.0 88720 0.1127 1.956 0.058 1.519 0.197 
10.9 87914 0.1137 1.904 1.490 0.028 
10.8 87107 0.1148 1.883 1.480 
10.7 86301 0.1159 1.812 1.469 
10.6 85494 0.1170 1.773 1.463 
10.5 84688 0.1181 1.734 1.459 
10.4 83881 0.1192 1.694 1.456 
10.3 83074 0.1204 1.660 1.453 
10.2 82268 0.1216 1.630 1.449 
10.1 81461 0.1228 1.615 1.446 
10.0 80655 0.1240 1.601 1.443 

eV cm -~ gm no ko ne k e 

27.0 217768 0.0459 0.811 [22]  0.214 [22 ]  0.832 [22]  0.214 [22] 
26.5 213735 0.0468 0.796 0.240 0.816 0.223 
26.0 209702 0.0477 0.784 0.282 0.803 0.241 
25.5 205670 0.0486 0.770 0.322 0.790 0.261 
25.0 201637 0.0496 0.765 0.361 0.794 0.289 
24.5 197604 0.0506 0.756 0.398 0.799 0.332 
24.0 193572 0.0517 0.763 0.422 0.807 0.369 
23.5 189539 0.0528 0.774 0.441 0.816 0.405 
23.0 185506 0.0539 0.790 0.456 0.827 0.441 
22.5 181473 0.0551 0.809 0.469 0.837 0.468 
22.0 17744 1 0.0564 0.837 0.493 0.847 0.598 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -1 #m no ko tie k e 

21.5 173408 0.0577 0.886 0.545 0.866 0.588 
21.0 169375 0.0590 0.959 0.600 0.881 0.614 
20.5 165342 0.0605 1.003 0.607 0.894 0.612 
20.0 1 6 1 3 1 0  0.0620 1.010 0.610 0.905 0.607 
19.5 157277 0.0636 1.006 0.541 0.919 0.607 
19.0 1 5 3 2 4 4  0.0653 1.000 0.540 0.983 0.623 
18.5 149211 0.0670 1.008 0.572 1.117 0.652 
1 8 . 0  1 4 5 1 7 9  0.0689 1.080 0.604 1.151 0.652 
1 7 . 5  1 4 1 1 4 6  0.0708 1.180 0.627 1.264 0.620 
17.0 137113 0.0729 1.189 0.632 1.317 0.575 
1 6 . 5  1 3 3 0 8 0  0.0751 1.186 0.626 1.353 0.561 
1 6 . 0  1 2 9 0 4 8  0.0775 1.184 0.608 1.416 0.556 
15.5 125015 0.0800 1.192 0.581 1.513 0.496 
15.0 1 2 0 9 8 2  0.0827 1.354 0.555 1.387 0.508 
1 4 . 5  1 1 6 9 4 9  0.0855 1.342 0.548 1.299 0.550 
14.0 1 1 2 9 1 7  0.0886 1.257 0.529 1.272 0.520 
1 3 . 5  1 0 8 8 8 4  0.0918 1.343 0.514 1.348 0.538 
13.0 104851 0.0954 1.546 0.467 1.449 0.504 
1 2 . 8  1 0 3 2 3 8  0.0969 1.281 0.386 1.423 0.463 
12.6 101625 0.0984 1.162 0.405 1.419 0.485 
1 2 . 4  1 0 0 0 1 2  0.1000 1.222 0.545 1.470 0.224 
12.2 98399 0.1016 1.465 0.709 1.346 0.151 
12.0 96786 0.1033 1.693 0.714 1.223 0.462 
11.8 95173 0.1051 1.923 0.620 1.343 0.752 
11.6 93560 0.1069 1.943 0.515 1.636 0.777 
11.4 91946 0.1088 1.834 0.380 1.911 0.612 
11.2 90333 0~1107 1.701 0.241 1.988 0.401 
11.0 88720 0.1127 1.538 0.063 1.931 0.054 
10.9 87914 0.1137 1.892 
10.8 87107 0.1148 1.776 
10.781 8 6 9 5 7  0.115 1.714 [23] 1.694 b 
10.7 86301 0.1159 1.657 [22] 
10.332 8 3 3 3 3  0.120 1.626 1.626 b 
10.230 8 2 5 0 8  0.1212 3.3.10-6112] 
9.919 80000 0.125 1.588 1.5970 
9.537 7 6 9 2 3  0.130 1.555 1.567 b 
8.856 71429 0.140 1.513 1.527 b 
8.266 66667 O. 150 1.484 1.498 b 
7.749 62500 0.160 1.464 1.4780 
7.293 58824 0.170 1.451 1.465 b 
6.965 56180 0.1780 1.43975 [12] 1.45365 [12] 
6.888 55556 0.180 1.440 [23] 
6.702 54054 0.1850 1.43424 [12] 1.44797 
6.526 52632 0.190 1.430 [23] 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -~ ~m no ko ne k e 

6.199 5 0 0 0 0  0.200 1.42309 [27] 1.43657 
5.904 4 7 6 1 9  0.210 1.41754 1.43085 
5.636 45455 0.220 1.41291 1.42608 
5.391 43478 0.230 1.40900 1.42204 
5.166 41667 0.240 1.40567 1.41859 
4.959 4 0 0 0 0  0.250 1.40280 1.41562 
4.769 3 8 4 6 2  0.260 1.40030 1.41303 
4.592 37037 0.270 1.39812 1.41077 
4.428 3 5 7 1 4  0.280 1.39620 1.40877 
4.275 34483 0.290 1.39450 1.40700 
4.133 33333 0.300 1.39298 1.40543 
4.000 32258 0.310 1.39162 1.40402 
3.875 3 1 2 5 0  0.320 1.39040 1.40275 
3.757 30303 0.330 1.38930 1.40160 
3.647 29412 0.340 1.38830 1.40056 
3.542 28571 0.350 1.38739 1.39961 
3.444 2 7 7 7 8  0.360 1.38656 1.39875 
3.351 27027 0.370 1.38580 1.39796 
3.263 2 6 3 1 6  0.380 1.38510 1.39723 
3.179 25641 0.390 1.38446 1.39656 
3.100 2 5 0 0 0  0.400 1.38387 1.39594 
2.952 2 3 8 1 0  0.420 1.38281 1.39484 
2.818 22727 0.440 1.38189 1.39389 
2.695 2 1 7 3 9  0.460 1.38110 1.39306 
2.583 20833 0.480 1.38040 1.39233 
2.480 2 0 0 0 0  0.500 1.37978 1.39168 
2.384 19231 0.520 1.37923 1.39111 
2.296 18519 0.540 1.37873 1.39059 
2.214 17857 0.560 1.37829 1.39013 
2.138 17241 0.580 1.37789 1.38971 
2.066 16667 0.600 1.37752 1.38932 
2.000 1 6 1 2 9  0.620 1.37718 1.38897 
1.937 15625 0.640 1.37688 1.38865 
1.879 1 5 1 5 2  0.660 1.37659 1.38835 
1.823 14706 0.680 1.37633 1.38808 
1.771 14286 0.700 1.37608 1.38782 
1.722 1 3 8 8 9  0.720 1.37585 1.38758 
1.675 13514 0.740 1.37563 1.38735 
1.631 13158 0.760 1.37543 1.38714 
1.590 12821 0.780 1.37524 1.38693 
1.550 1 2 5 0 0  0.800 1.37506 1.38674 
1.512 12195 0.820 1.37488 1.38656 
1.476 11905 0.840 1.37472 1.38639 
1.442 11628 0.860 1.37456 1.38622 

[27] 

(continued) 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm - 1 #m no ko ne ke 

1.409 11364 0.880 1.37440 1.38606 
1.378 11111 0.900 1.37426 1.38590 
1.348 10870 0.920 1.37411 1.38575 
1.319 10638 0.940 1.37398 1.38561 
1.292 10417 0.960 1.37384 1.38546 
1.265 10204 0.980 1.37371 1.38533 
1.240 10000 1 . 0 0 0 0  1.37358 1.38519 
1.215 9800 1 . 0 2 0 4  1.37346 1.38506 
1.190 9600 1 . 0 4 1 7  1.37333 1.38492 
1.165 9400 1 . 0 6 3 8  1.37319 1.38478 
1.141 9200  1 . 0 8 7 0  1.37306 1.38464 
1.116 9000  1 . 1 1 1 1  1.37292 1.38449 
1.091 8800 1 . 1 3 6 4  1.37277 1,38434 
1.066 8600 1 . 1 6 2 8  1.37263 1.38418 
1.041 8400 1 . 1 9 0 5  1.37247 1.38402 
1.017 8200 1 . 2 1 9 5  1.37231 1.38385 
0.9919 8000 1 . 2 5 0 0  1.37215 1.38367 
0.9671 7800  1 . 2 8 2 1  1.37197 1.38349 
0.9423 7600 1 . 3 1 5 8  1.37179 1.38329 
0.9175 7400 1 . 3 5 1 4  1.37160 1.38309 
0.8927 7200 1 . 3 8 8 9  1.37140 1.38287 
0.8679 7000  1 . 4 2 8 6  1.37118 1.38265 
0.8431 6800 1 . 4 7 0 6  1.37096 1.38240 
0.8183 6600 1 . 5 1 5 2  1.37071 1.38214 
0.7935 6400  1 . 5 6 2 5  1.37045 1.38186 
0.7687 6200 1 . 6 1 2 9  1.37017 1.38156 
0.7439 6000 1 . 6 6 6 7  1.36986 1.38124 
0.7191 5800 1 . 7 2 4 1  1.36953 1.38088 
0.6943 5600 1 . 7 8 5 7  1.36917 1.38049 
0.6695 5400 1 . 8 5 1 9  1.36877 1.38007 
0.6447 5200 1 . 9 2 3 1  1.36833 1.37960 
0.6199 5000 2.0000 1.36784 1.37907 
0.6075 4900 2 . 0 4 0 8  1.36757 1.37879 
0.5951 4800 2 . 0 8 3 3  1.36729 1.37849 
0.5827 4700 2 . 1 2 7 7  1.36699 1.37817 
0.5703 4600 2.1739 1.36667 1.37783 
0.5579 4500 2.2222 1.36633 1.37747 
0.5455 4400 2 . 2 7 2 7  1.36597 1.37708 
0.5331 4300 2.3256 1.36559 1.37667 
0.5207 4200 2.3810 1.36518 1.37623 
0.5083 4100 2.4390 1.36474 1.37576 
0.4959 4000 2.5000 1.36426 1.37525 
0.4835 3900 2 . 5 6 4 1  1.36375 1.37471 
0.4711 3800 2.6316 1.36320 1.37412 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -~ ~m no ko ne k e 

0.4587 3700 2.7027 , 1.36261 1.37348 
0.4463 3600 2.7778 1.36196 1.37279 
0.4339 3500 2.8571 1.36126 1.37204 
0.4215 3400 2.9412 1.36049 1.37122 
0.4092 3300 3.0303 1.35966 1.37033 
0.3968 3200 3.1250 1.35874 1.36934 
0.3844 3100 3.2258 1.35773 1.36827 
0.3720 3000 3.3333 1.35662 1.36707 
0.3596 2900 3.4483 1.35539 1.36575 
0.3472 2800 3.5714 1.35402 1.36429 
0.3348 2700 3.7037 1.35249 1.36265 
0.3224 2600 3.8462 1.35077 1.36080 
0.3100 2500 4.0000 1.34883 1.35873 
0.2976 2400 4.1667 1.34663 1.35637 
0.2852 2300 4.3478 1.34412 1.35369 
0.2728 2200 4.5455 1.34125 1.35060 
0.2604 2100 4.7619 1.33792 1.34704 
0.2480 2000 5.0000 1.33404 4.2.10 -v [51] 1.34288 
0.2418 1950 5.1282 1.33186 6.0.10 -v 1.34054 
0.2356 1900 5.2632 1.32948 8.5.10 -v 1.33799 
0.2294 1850 5.4054 1.32689 1.2.10 -6 1.33521 
0.2232 1800 5.5556 1.32406 1.7.10 -6 1.33217 
0.2170 1750 5.7143 1.32096 2.5.10 -6 1.32885 
0.2108 1700 5.8824 1.31754 3.6-10 -6 1.32518 
0.2046 1650 6.0606 1.31378 5.1.10 -6 1.32114 
0.1984 1600 6.2500 1.30961 7.4.10 -6 1.31666 
0.1922 1550 6.4516 1.30497 1.1.10 -5 1.31168 
0.1860 1500 6.6667 1.29978 1.6.10- 5 1.30611 
0.1798 1450 6.8966 1.29396 2.4.10 -5 1.29986 
0.1736 1400 7.1429 1.28740 3.7-10 -5 1.29280 
0.1674 1350 7.4074 1.281 [51] 5.7.10 -5 1.288 [51] 
0.1612 1300 7.6923 1.273 8.6.10 -5 1.279 
0.1550 1250 8.0000 1.264 1.3-10 -4 1.269 
0.1488 1200 8.3333 1.252 1.9-10 -4 1.257 
0.1426 1150 8.6957 1.240 2.8-10 -4 1.243 
0.1364 1100 9.0909 1.224 4.4.10 -4 1.227 
0.1302 1050 9.5238 1.206 7.1.10 -4 1.208 
0.1240 1000 10.0000 1.18 1.2.10 -3 1.18 
0.1215 980 10.204 1.17 1.5.10 -3 1.17 
0.1190 960 10.417 1.16 1.9.10 -3 1.16 
0.1165 940 10.638 1.15 2.4.10 -3 1.15 
0.1141 920 10.870 1.14 3.0.10 -3 1.13 
0.1116 900 11.111 1.12 3.7.10 -3 1.12 
0.1091 880 11.364 1.11 4.6.10 -3 1.10 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -l tzm no ko ne ke 

0.1066 860 11.628 1.09 5.7.10 -3 1.08 
0.1041 840 11.905 1.07 6.9.10 -3 1.06 
0.1017 820 12.195 1.04 8.4.10 -3 1.04 
0.0992 800 12.500 1.02 0.010 1.01 
0.0967 780 12.821 0.99 0.012 0.98 
0.0942 760 13.158 0.95 0.015 0.94 
0.0917 740 13.514 0.91 0.018 0.89 
0.0893 720 13.889 0.86 0.022 0.84 7.2.10 -3 [51] 
0.0868 700 14.286 0.79 0.029 0.78 0.012 
0.0843 680 14.706 0.71 0.041 0.69 0.021 
0.0818 660 15.152 0.61 0.062 0.58 0.039 
0.0794 640 15.625 0.47 0.11 0.43 0.084 
0.0769 620 16.129 0.28 0.24 0.22 0.26 
0.0744 600 16.667 0.17 0.50 0.14 0.53 
0.0719 580 17.241 0.14 0.73 0.14 0.76 
0.0694 560 17.857 O. 14 0.96 O. 16 0.95 
0.0670 540 18.519 0.14 1.2 0.15 1.1 
0.0645 520 19.231 0.15 1.5 0.14 1.4 
0.0620 500 20.000 0.17 1.9 0.15 1.7 
0.0608 490 20.408 0.21 2.2 0.17 1.8 
0.0595 480 20.833 0.27 2.5 0.19 2.0 
0.0583 470 21.277 0.42 3.1 0.23 2.2 
0.0570 460 21.739 0.86 4.0 0.27 2.5 
0.0558 450 22.222 3.11 5.3 0.34 2.8 
0.0546 440 22.727 4.97 1.8 0.46 3.2 
0.0533 430 23.256 3.58 0.68 0.66 3.7 
0.0521 420 23.810 2.59 0.58 1.08 4.4 
0.0508 410 24.390 2.70 2.2 2.19 5.5 
0.0496 400 25.000 3.30 0.39 5.09 5.5 
0.0484 390 25.641 2.74 0.17 6.07 2.5 
0.0471 380 26.316 2.43 0.12 5.15 1.1 
0.0459 370 27.027 2.21 0.091 4.45 0.62 
0.0446 360 27.778 2.02 0.078 3.98 0.40 
0.0434 350 28.571 1.84 0.070 3.65 0.28 
0.0422 340 29.412 1.66 0.068 3.41 0.21 
0.0409 330 30.303 1.46 0.071 3.22 0.16 
0.0397 320 31.250 1.20 0.083 3.07 0.13 
0.0384 310 32.258 0.81 0.13 2.95 0.11 
0.0372 300 33.333 O. 18 0.64 2.85 0.090 
0.0360 290 34.483 O. 11 1.3 2.76 0.076 
0.0347 280 35.714 0~11 2.0 2.69 0.065 
0.0335 270 37.037 0.15 2.8 2.63 0.057 
0.0322 260 38.462 0.32 4.3 2.57 0.050 
0.0310 250 40.000 3.25 9.9 2.52 0.044 

(continued) 
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TABLE II (Continued) 

Magnesium Fluoride 

eV cm -z ~m no ko ne ke 

0.0298 240 41.667 6.19 0.49 2.48 0.039 
0.0285 230 43.478 4.43 0.14 2.44 0.034 
0.0273 220 45.455 3.76 0.072 2.41 0.031 
0.0260 210 47.619 3.40 0.045 2.38 0.027 
0.0248 200 50.000 3.16 0.032 2.35 0.025 
0.0236 190 52.632 2.99 0.024 2.33 0.022 
0.0223 180 55.556 2.87 0.019 2.31 0.020 
0.0211 170 58.824 2.78 0.015 2.29 0.018 
0.0198 160 62.500 2.70 0.013 2.27 0.016 
0.0186 150 66.667 2.64 0.011 2.25 0.015 
0.0174 140 71.429 2.59 9.3.10 -3 2.24 0.013 
0.0161 130 76.923 2.54 8.0.10 -3 2.22 0.012 
0.0149 120 83.333 2.51 7.0.10 -3 2.21 0.011 
0.0136 110 90.909 2.48 6.1.10 -3 2.20 9.5.10 -3 
0.0124 100 100.00 2.45 5.2.10 -3 2.19 8.5.10 -3 
0.0112 90 111.11 2.43 4.5.10 -3 2.18 7.5.10 -3 
0.0099 80 125.00 2.41 3.9.10 -3 2.18 6.5.10 -3 
0.0087 70 142.86 2.39 3.3.10 -3 2.17 5.6.10 -3 
0.0074 60 166.67 2.38 2.8-10 -3 2.17 4.7.10 -3 
0.0062 50 200.00 2.37 2.3.10 -3 2.16 3.9.10 -3 
0.0050 40 250.00 2.36 1.8.10 -3 2.16 3.1.10 -3 
0.0037 30 333.33 2.35 1.3.10 -3 2.15 2.3.10 -3 
0.0029 23.3 428.57 2.354 [47] 2.4.10 -3 [47]  2.190 [47]  2.8.10 -3 [47] 
0.0025 20 500.0 2.35 [51 ]  8.7.10 -4 [51]  2.15 [ 5 1 ]  1.5.10 -3 [51] 
0.0021 16.7 600.0 2.345 [47]  1.4.10 -3 [47]  2.181 [ 4 7 ]  1.7.10 -3 [47] 
0.0019 15 666.67 2.34 [51 ]  6.5.10 -4 [51]  2.15 [ 5 1 ]  1.1.10 -3 [51] 
0.0012 10 1000.0 2.335 [47] 7.0.10 -4 [47]  2.173 [47]  8.0.10 -4 [47] 

2.34 [51]  4.3.10 -4 [51]  2.15 [ 5 1 ]  7.6.10 -4 [51] 
0.0006 5 2000.0 2.34 2.2.10 -4 2.15 3.8.10 -4 
O.O0(K) = 0  - -  2.34 0 2.15 0 

2.345 [49] 2.197 [49] 

aReferences are indicated in brackets.  
bOrdinary data from Williams and Arakawa  [23] and anomalous  dispersion data 

from Chandrasekharan  and Damany  [24] are combined to est imate extraordinary- 
ray index. 
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TABLE III 

Values of dno/dT Obtained from Various References for Magnesium Fluoride 

eV cm -1 tzm dno/dT ( l /K) Notes 

2.708 21839 0.4579 1.47.10 -6 20~ [28] 
1.959 15803 0.6328 1.12.10 -6 20~ [28] 
1.078 8696 1.15 0.88.10 -6 20~ [28] 
0.366 2950 3.39 1.1.10 -6 20~ [28] 
0.0 - 0  - -  1.0.10 - 4  Our data [51] 

TABLE IV 

Values of dneldT Obtained from Various References for Magnesium Fluoride 

eV cm -! #m dn e/dT (1/K) Notes 

2.708 21839 0.4579 0.86.10 -6 20~ [28] 
1.959 15803 0.6328 0.58.10 -6 20~ [28] 
1.078 8696 1.15 0.32.10 -6 20~ [28] 
0.366 2950 3.39 0.6.10 -6 20~ [28] 


