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OPTICAL PROPERTIES AND X-RAY DIFFRACTION DATA 

FQR SOME INORGANIC FLUORIDE AND CHLORIDE ~O~~~~~~~ 

H .  Insley, ConsuEtarnt 

R. E ,  Thoma, Chemistry Division 
@ .  D, White, Metaliurgy Division 

T. N .  McVag, Consultant 

ABSTRACT 

O p t i c a l  properties and X-ray diffraction ats are l i s t e d  
for v a r i o u s  inorganic flusride and chloride compounds. This 
publication extends and replaces QRNL-1712, Pxwperties of Some 
Ino rgan ic  Fluoride and Chlor ide  Compounds, by T. N .  McBTay and 
6 .  D .  White. 

Optical and X-ray diffraction data have been collected f o r  
many compounds whose existence was not known prior to their dis- 
covery incidental t o  the phase equilibrium studies made i n  the 
High Temperature Section of t h e  Chemistry Division. 4 few COM- 

pounds are listed and mentioned in t h e  footnotes  whose i n i t i a l  
discov;ery w a s  no t  made at OWL; however, t h e  original optical 
measurements on these compounds were made by H ,  InsSey, 
T. N .  McVay, and G. D.  White o f  the C e r a m i c s  Laboratory, 
Metallurgy Division. 

The s t a n d a r d  X-ray diffraction patterns included herein 
were derived, in general, from the same samples on which the 
optical data were t aken .  Standard patterns were made from 
powder samples w i t h  a Norelco-Phillips h igh  angle diffraeto- 
meter, using Cez K, filtered radiation f r o m  a General Electr ic  
CA-7 X-ray tube. The diffractometes w a s  equipped with a Geiger 
Mulier tube counting arrangement. The X-ray data  have n o t  been 
corrected for absorption. Values  for interplanar distances 
(d, measured in Angstrom units) and relative i n t e n s i t i e s  of 
diffracting maxima conform Lo the conventions used in t h e  A3TM 
X-ray diffraction data cards. 

The refractive indices of t h e  compounds included are  be- 
lieved to be precise ts * 0.003; t h e  optic angles of biaxiad 
crystals were estimated. 
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T h i s  p u b l i c a t i o n  is d i v i d e d  i n t o  Part x ( o p t i c a i  p r o p e r t i e s )  
and P a r t  I 1  (X-ray d i f f r a c t i o n  d a t a ) .  The t h r e e  s t r o n g e s t  
X-ray l i n e s  accompany t h e  o p t i c a l  d a t a  of each compound foro 
which ASTM X-ray  d i f f r a c t i o n  d a t a  are  no t  a v a i l a b l e ,  i f  Lhose 
X-ray d a t a  wcbre d e r i v e d  a t  ORNX,. X-ray d i f f r a c t i o n  d a t a  i n  
Part XI arc  s e p a r a t e d  acco rd ing  t o  t h e  p u r i t y  of t h e  samples 
used f o r  s t a n d a r d s .  P a t t e r n s  for t h e  coinpounds i n  t h e  f i r s t  
s e c t i o n  w e r e  d e r i v e d  from s ing le -phase  samples of known 
chemical a n a i y s i s  which had met o p t i c a l  s t a n d a r d s .  I n  t h e  
second s e c t i o n  are listed data on compounds whose p u r i t y  has  
n o t  been a b s o l u t e l y  e s t a b l i s h e d  a 
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Ammonium beryllium f l u o r i d e ,  2 N€&.BeFZ 

Uniaxial +- 
n = 1.319 
Low b i r e f r i n g e n c e  
Colorl ess 
Questionable. National Research Council Bulletin 118 
describes it as rhombic. 

Beryllium fluoride, BeF, 

Uniaxial + 
n = 1.325 
Low birefringence estimated .006 
Quartz form 
C o l  o r1  ess 
Sample prepared at Mound Laboratory, 

Beryllium lead fluoride, BeFz *PbF2 

Biaxial - 2V = 70° 
tu = 1.602 Y = 1 .627  
C o P a r P e s s  

Cesium beryllium f luoride,  2 CsF.BeF, 

n = 1 .452  
Very low birefringence 
Colorless e 

Cesium beryllium fluoride, CsF.BeF, 

n = 2.382 
Low birefringence 
Length slow. Parallel extinction. 
C o l o r l e s s .  

Cesium lanthanum Blucc-ide,  3 CsF.LaF, 

Cubic 
n = 1.462 
COP or less 
X-ray l i n e s :  3 . 4 9 ,  2.478,  2 .021.  

Cesium uranium fluoride, CsF.W4 

Biaxial +- 2v = 45O 
CY = 1 . 5 5 3  7’ = 1.560 
Polysynthetic twinning XAC = 10° Z = sky blue 
X = greenish blue 
X-ray lines: 7.31, 4 . 0 0 ,  3 . 6 2  
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Cesium uranium f l u o r i d e ,  2 C s F .  UF, 

0 
B i a x i a l  1- 2v = 45 

X = l i g h t  g r e e n i s h  blue z = l i g h t  b l u e  
= 1 . 5 1 6  7 I= 1.524 

X-ray l i n e s :  6 . 1 9 ,  3 . 5 5 ,  3 . 4 4 .  

Cesium z i n c  I ” luo r ide ,  2 CsF-ZnF, 

B i a x i a l  + 
6y = 1 , 4 4 4  
C0101’ 1 ess 

2v = s m a l l  
y = 1 , 4 5 8  

Cesium zirconium f l u o r i d e ,  CsF.  ZrF4 

B i a x i a l  - 2V = 20°-450 ( v a r i e s )  
CY = 1 .464  Y = 1.476 
C o l o r l e s s  
X-ray P i n e s :  3 . 7 3 ,  3 . 6 2 ,  3 - 2 6  

C e s i u m  z i rconium f l u o r i d e ,  2 CsF.ZrF4 

Uniax ia l  - e =  1 . 4 6 0  
LJ = P . 4 8 2  
Colorless 
X-ray l i n e s :  3 .73,  3 . 2 0 ,  2 .430.  

Chromium f l u o r i d e  C r F ,  

B iax ia l  + 2v = l o o  
Monoclinic XAC = 38O 
CY = 1 , 5 1 1  Y = 1.525 
Gray g r e e n  
X-ray l i n e s :  3 , 5 3 ,  2 . 9 7 ,  2 . 8 0 5  

I ron f l u o r i d e ,  PeF, 

Un iax ia l  + 
w = 1 , 5 2 4  
BI-0Wl-l 

Iron zirconium f l u o r i d e ,  FeFz . Z r F 4  

E =  1 . 5 4 0  

C u b  i c 
n = 1 ,432  
X-ray l i n e s :  4 .04 ,  2 . 0 1 6 ,  1 .805  



Lanthanum fluoride, LaF, 

Uniaxial - 
Hexagona P 
W =  1.605 
L e n g t h  fast 
Prism t i c  
Colorless. 

e = 1.594 

Lanthanum zirconium uraBium fluoride, LaF3 + 6ZrFd UF4 

Biaxial. + 
a = 1 . 5 2 8  
L i g h t  green. 

2v = 7 0 0  
Y f 1.545 

Lead uranium fluoride, PbF, . UF4 

Uniaxial - 
Green. 

1.750 

Lead uranium fluoride, 6 PbF,-W4 

Cubic 
n = 1 . 7 7  
Light  blue. 

L i t h i u m  beryllium fluoride, 2 LiF-BeF2 

Uniaxial + 
td= 1,312 
Calorless. 

e= 1.730 

l5== 1.319 

Lithium cesium fluoride, LiFgCsF 

Biaxial + 2V =: small 
n = P,458 
Estimated birefringence 0 .a04 
C a l o r  Less 

Lithium chromium fluoride, 3 LIFeCrF3 

2 V  = 40° Biaxial - 
Q = 1,444 7 = 1.464 
G r e e n  
X-ray lines: 4 . 2 9 ,  4.16, 2.176. 
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Lithium rubidium fluoride, LiF-RbF 

Biaxial + 
or t har h ornb s. c 
la = 1 . 3 9 6  
Low birefringence 
Colorless 

Lithium sodium beryllium fluoride, LiF*2Na,F.2BeFZ 

Uniaxial - 
n = 2.311 
Low birefringence 
Colorless, 

Lithium ummiuna fluoride 4LiF.UF4 

Biaxial + 2v = 4 5 O  
Q = 1 . 4 6 0  y 2= 1.472 
x = light green Z = dark green  
X-ray lines: 5 . 1 3 ,  4.93, 4,44, 

Lithium uranium fluoride, 7LiF36UFa 

Uniaxial - 
GJ- 1,554 E =  1.551 
Deep green 
X-ray linzs: 5.24, 3-33, 2 , $ 9 .  

Lithium uranium f l u o r i d e ,  LiF.4UF4 

Biaxial - 2v = I O 0  
01 = 1,584 Y = 1,600 
Yellowish green 
X-ray lines: 4 2 5 ,  3 , 7 8 ,  3-52. 

Lithium zirconium fluoride, LiF.ZrF4 

Biaxial. + 2V = 30° 
ff = 1 . 4 6 8  Y = 1.476 
Co 1 or 3- es  s 
Quench determinations s h o w  this phase to have 
compositions 3LiF-4Z19F4 with biaxial +. 
X-ray lines: 3 . 9 0 ,  3.33, 3 , 1 6 .  

Lithium zirconium fluoride, 3LiF- 4 Z r F 4  

Biaxial -: 2v = 3 0 0  
Q = 1 . 4 6 3  "y = 1.473 
Color1ess 
x-ray lines: 3 . 9 0 ,  3 . 3 3 ,  3.16. 
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Lithium zirconium fluoride, 2 Lip-ZrF4 

Uniax ia l  + 
GI= 1.468 Ci  = 1.478 
ColorXess 
X-ray lines: 4,29, 3.15, 2.19 

Lithium zirconium flusride, 3 LiF.ZrF4 

Biaxial - zv = 3 0 s  
€f = 1.445 Y = 1 , 4 6 5  
C o l  or1 ess 
X-ray Lines: 5.49, 4.88, 2 . 0 7  

Manganese f l u ~ ~ i e l e ,  MnF2 

Uniax ia l  3- 
= 1 . 4 7 6  

x = coZorless 

Nickel fluoride, N i F 2  

U n i a x i a l  + 
w 1 , 5 2 6  
E i g h t  greenish yellow, 

Nickel ziresniium fluoride, N i F Z  -ZrF4 

E = 1,504 
z = gray 

e = P .56Q 

n = 1.442 
Very 3 . 0 ~  birefringence 
X-ray Pines: 3 - 7 1 ,  2,964, 1 . 7 6 7 .  

Potassium aPwninum f l u o r i d e ,  3 KF-AIFs 

Cubic 
n = 1 . 3 7 6  
Colorless D 

Potassium beryllium fluoride, 3 KFoBeF, 

Uniax ia l  i- 
m =  1 . 3 5 7  E = 1.366 
ColCWleSS 
X-ray l i n e s :  2 . 9 8 ,  2 . 3 Y a  2 . 2 7 .  

Potassium bery-12iuan fluoride, 2KFaBeF2 

Biaxial c 2v = 3oo 
cy = 1 , 3 5 7  Y = 1.366 
Probably monseliaic 
XAC = 40" 
Color less  
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Po-tassium beryllium fluoride, KF.BeF2 

Biaxial - 2v = 4 5 O  
Q = 1.319 7’ = 1.323 
Colorless 
X-ray lines: 5.99, 3.33, 3.01. 

Potassium beryllium fluoride, KF.2BeF2 

Uniaxial - 
W =  1.319 e = 1.312 
Color 1 ess 
X-ray lines: 3,31, 3.00, 2 . 2 9 .  

P~tassium chromium fluoride, 3 K F .  @rF3 

Cubic 
n = 1.422 
Green 
X-ray lines: 4.95, 3.03, 2.35, 

Potassium fluoride acid, KF-’HF 

Uniaxial - .  Some crystals have a small optic angle. 
(r3= 1.354 E = 1.331 

Potassium iron chloride, KCP -FeC1, 

Biaxial + 
cr = 1.700 0.005 
Colorless. 

Potassium iron chloride, 2 KCl-FeCl, 

Uniaxial -I- 
= 1.600 

Colorless. 

0 2v = 2 0  
y = 1.740 2 0.005 

E = 1.636 

Potassium lanthanum fluoride, KF-LaF, 

Uniaxial + 
(d= 1.493 = 1.510 
Colorless 
X-ray lines: 7.77, 2.747, 1.857. 

Potassium nickel fluoride, 2 KF.NiFz 

Uniaxial - 
Tetragonal 
w =  1.434 E = 1.426 
Yellow 
X-ray lines: 6.51, 2.94, 2.173. 
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Pcrtasvittrri sadiuan iron fluoride, 2 KF'*NaFeFeF, 

Cubic 
n = 1.414 
Colorless  

potassim sodium zirconium fluoride, 3 KF. 3RaF*2ZrFB 

Biaxial + ZV = 3Q0 
= 2,410 Y = 1.421 

COLQX'lesS 
X-ray fines: 4.90, 4:.Qq, 2 , 9 7 ,  

Potassiw srrdixm zircorrium f Istoride, KF -NaF-Zr-F4 

Biax3.al - ZV = 600 
a = 1 , 3 1 8  p. = 1.385 
Colorless 
Often fibrous or prismtic 
X-ray l ines :  4,85,  4 - 0 9 ?  3.34 

Potassium sodium zirconium fluoride, 3KF+2NaF*52rF4 

Biaxial. w 2v = about 80" 

Color L e s s  
= 1-478 Y = 1.488 

b l y  monoclinic: 
d cleavage;. ZA elang, about 70 

X-ray l ines :  8-51, 7,7D, 3 - 8 6 .  

Potassium tellurium fluoride, meF5 -Hz 0 

Biaxial + zv = 300 
cr = 1,436 Y = 1.460 
Cof oslsss 
X-ray lines: 5,64$ 4.27, 3 . 5 7 5 .  

Potassirun thorium fluoride, 3 KF+ThF4 

Cubic! 
n = 1,424 
Colorless 
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Potassium uranium chloride, KCl-UCI, 

Biaxial + 
cr = 1.692 
X = gray 

2v = small 
p = 1.705 
Z = blue green 

Potassium uranium fluoride, 7 Kxi.6 UP4 

Uniaxial - 
b~ =-- 1.510 G = 1.504 
Green 
X-ray lines: 4.82, 3.44, 1.793 

Potassium uranium fluoride KF-UF3 

I S Q ~ ~ X - ~ ~ O U S  with NaF-UF, 
Similar optical properties, 

Potassium uranium fluoride, KF.2UF4 

Biaxial - 
cy = 1.520 
Green. 

Potassium uranium fluoride, 2 KF-UF4 

TJniaxial c 

Light olive drab: 
W 1 .4.84 

Potassium zinc fluoride, KF-ZnF, 

Cubic 
n = 1.462 
Colorless 1 

Potassium zinc fluoride, 2 KF*ZnFz 

Uniaxial - 
LO = 1.4116 

Potassium zirconium fluoride, 2 KF*ZrF, 

2v = 1 5 O  
= 1.584 

e = 1,512 

e = 1.410 

y = 1.759 

"Low temperature" form 

a = 1,412 7 = 1.424 
Polysynthetic twinning frequent 
Colorless. 

Biaxial + 2v = 100 
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Potassium zirconium fluoride, aW*ZrF4 

Biaxial - 2v = 80" 
EY = 1 . 4 1 2  Y = 1,428 
Colorless 
X-ray lines: 5.83, 4.40, 3.86, 

Potassium zirconium fluoride, /3KF*ZrF, 

Biaxial -t 2v = 75" 
Q = 1.488 7' = 1,504 
Colorless 
X-ray lines: 6.32, 3.29, 3.15, 

Rubidium beryllium fluoride, RbF*ZBeF, 

Biaxial - 2v = 70° 
n = 1,333 
Birefringence about 0.008 
Colorless 

Rubidium cerium fluoride, RbFeCeP3 

Biaxial + 
& = 1,500 

2v = 750 
?' = 1.520 

Rubidium lanthanum fluoride, RbF.LaF, 

Biaxial. c 2v = 70" 
(I. = L.498 ? '=  1.519 
Colorless 
X-ray lines: 3 , 4 3 ,  2.25, 1.~90. 

Rubidium lanthanum fluoride, 3 RbF.LaF3 

Cubic 
n = P .424 
Color P ess 
X-ray lines: 3.30, 2.821, 3 .3 .1 .  

Rubidium sodium beryllium fluoride, RbF62NaFmBeF, 

Cubic 
n = 1.374 
Color less 
X-ray lines: 2 , 9 9 ,  2.875, 2,494. 

Rubidium sodium uranium fluoride, RbF-NaF-UF4 

Uniaxial -I- 

Anomafous purple interference color characteristic. 
Pale green 
X-ray l i n e s :  8.12, 3 . 2 6 ,  2.034. 

= 1.484 E = 1.486 
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Rubidium uranium fluoride, 3 RbF.UF4 

Cubic 
n = 1,438 
Green 
X-ray lines: 5.56, 3,40, 1 . 9 5 9 .  

Rubidium uranium fluoride, RbF.UF4 

Biaxial - zv = 7 5 0  
(;Y = 1.514 7’ = 1.528 
Polysynthetic twinning 
H A C  = 2 0 0  
Lath-shaped crystals 
X = green Z = blue 
Marked dispersion of optic axes 
X-ray  lines: 6.86, 3.46, 3.43. 

Rubidium uranium fluoride, 2 RbF-UF4 

Biaxial + 2 V  = 70° 
@ = 1.473 7’ = 1.487 
X = light green Z = light violet 
Polysynthetic twinning common 
X-ray lines: 6.03; 3.49, 2.008. 

Rubidium uranium fluoride, 7 RbF.6 UF4 

Uniaxial - 
LL I -  1.518 E = 1.512 
X-ray lines: 3.51, 2.140, 1.835. 

Rubidium uranium fluoride, 2 RbF.3 UF4 

Biaxial - 2V = 60° 
cy = 1.542 Y = 1,550 
Iincl ined extinction 
Pleochroic, bluish green and pale violet-green 
X-ray lines: 5.80, 3-50, 2.038. 

Rubidium uranium fluoride, RbF.3UF4 

Biaxial -!- 2Y = 70° 
cy r. 1.588 7’ = 1.598 
Yellow green with slight dichroism 
Strong dispersion of optic axes 
Anomalous dispersion of birefringence in purplish r e d  
X-ray lines: 3.52, 3 . 3 6 ,  2.002. 
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Rubidium uranium fluoride, RbF-&UF, 

Uniaxial - 
Probably tetragonal 
EA) = 1,596 c = 1,584 
Deep green 
X-ray l i n e s :  4,13, 3 & 4 7 ,  2.049 

Rubidium uranium fluoride, 3RbF-UF3 

Cubic 
n = 1,440 approximte 
Pinkish brom e 

Rubidium zirconium fluoride, 3RbF-ZrF4 

Cubic 
n = 1.420 
Colorless 
X-ray lines: 3 . 2 9 0 ,  2 . 2 3 6 ,  l i W 0  

Rubidium zirconium fluoride, 2 RbFeZrF, 

Uniaxial - (low temperatwe form) 
w =  1.440 B = L.426 
C-oLorfess 
X-ray lfnes: 3 , 5 9 0 ,  3 . 0 8 0 ,  2,338. 

Rubidium zirconium fluoride, 5 RbF+4ZrFA 

Biaxial - 2v about SEj0 
ar = 1,442 "d = 1,452 
Col O T l  ess 
X-ray l i n e s :  3-44, 3 . 3 6 ,  3 , 2 9 ,  

Rubidium zirconium fluoride, RbF-ZrF, 

Biaxial - zv = about 75' 
& = 1.490 Y == 1.502 
Elang. fast extinction about 20 
X-ray l ines:  3-42, 3 . 3 6 ,  3.325, 

Sodium BerylPiu'rs fluaride, NaP.BeF2 

Biaxial 
n = 1.312 
LOW birefringence 
Length slow 
color less  

2V 2 large 
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Sodium beryllium fluoride, 2 NaF.BeF2 

Low temperature 
Biaxial 
n = 1 . 3 0 3  
Low birefringence 
Yllc 
Colorless 
Sometimes twinned 

Sodium beryllium fluoride, 2 NaF.BeF2 

High temperature form. 
Cubic 
n = 1,333 
Colorless, 

Sodium cerium fluoride, NaF-CeF3 

Uniaxial + 
LL) = 1.493 G = 1.514 
X-ray lines: 3 . 0 9 ,  2.57, 1.777. 

Sodium chromium fluoride, 3 NaF.CrF, 

Cubic 
n = 1.411 
Green 

Sodium fluoride acid, NaF. HF 

Uniaxial + 
k, = 1,263. 
Colorless 

G = 1.328 

Sodium lanthanum fluoride, NaF.LaF, 

Uniaxial -t 
a =  1.486 6: = 1 . 5 0 0  
X-ray lines: 3.11, 3 . 0 9 ,  2.194. 

Sodium thorium fluoride, 2 NaF.ThF4 

Uniaxial -+ 
G, = 1.464 C =I 1.496 
Colorless 
X-ray lines: 5 . 1 7 ,  2.99, 1.742 
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P 

Sodium uranium chlor ide,  2 NaCl-UCI4 

U n i a x i a l  
id= 1.664 & = 1.652 
Pale green 

Uniaxial + 
Cz, = 1.552 6 = 1,564 
Dark blue 
X-ray l i nes :  3 . 0 9 ,  2.179, 1 * 7 7 9 *  

Sodium uranium fluoride, 2 NaF.UF4. 

Uniaxial - 
Green 
X-ray Sines: 7.25, 4 . 2 8 ,  Za99. 

(nB = 1.495 E = 1.490 

Sodium uranium fluoride, 8 2 ,  2Na;hi’*W4 

Uniaxial t 
1 3 5  1.484 
X = greenish-tan 

6 = 1,522 
2 = gray-tan 

Sodium uranium f luo r ide ,  3NaF a W4 

Uniaxial - 
Greenish blue 
1*) = 1.417 E; = 9 , 4 1 1  

X-ray l i n e s :  5 , 1 5 ,  2 - 9 7 ,  2,102,  

Sodium uranium fluoride, 5MaFd3UF4 

Cubic 
n = 9.475 
Green 
X-ray l i n e s :  3 * 1 9 $  1.964,  P.684. 

Sodium uranium f l u o r i d e ,  NaP*2UF4 

Biaxial - ZV = 60* 
Orthorhombic 
CY = 1.516 y = 1 . 5 8 4  
Yellowish g r e e n  
X-ray lines: 5.61,  3 . 2 6 ,  3 , c ) 8 .  



-18- 

Sodium uranium fluoride, 7 NaF-6 UF4 

Uniaxial - 
b = 1.520 = 1.512 
Green 
X-ray lines: 4.32, 3.33, 3.25. 

Sodium zinc fluoride, 2 NaF-ZnF2 

Uniaxial - 
Tetragonal 
W =  1,418 
Colorless 

E = 1.410 

Sodium zirconium fluoride, 3 NaF-4 ZrF4 

Biaxial + 2V = 30° 
cy = 1.420 Y = 1.432 
Colorless 
X-ray lines: 4.115, 3.36, 2.074. 

Sodium zirconium fluoride, NaPeZrF, 

Metastable phase 
Uniaxial + 
b =  1.417 G = 1.446 
Colorless 
X-ray lines: 3 , 3 7 ,  3,86, 2.09. 

Sodium zirconium fluoride, 7 NaF.6 ZrF,  

Uniaxial - 
& =  1.508 6 = 1.500 
Indices depend on composition 

Some solid solution in this area 
X-ray lines: 3.13, 1.92, 1-91. 

cQ%Orlk?SS 

Sodium zirconium fluoride, 2 NaF.ZrF4 

"& ' I  form 
Uniaxial + 
W = 1,406 C = 1.408 
Colorless 
Partially miscible w i k h  3 NaF-ZrF, 
X-ray lines: 5-15, 3.09, 1.890. 



Sodium zirconium fluoride, 2 NaF-ZrF4 

Biaxial - 2v = 7 5 O  
a = 3.412 Y = 1,419 

"& r'  form 
Colorless 

X-ray lines: 5 ,47 ,  3 , U ,  l.932. 

Sodium zirconium fluoride, 2 NaF-ZrF4 

7 + f 3 3 7 f  farm, stable  5O0-53Oo apprsx. 
Uniaxial +- 
L o =  1.376 e = 1 . 3 8 6  
co1cpraess 
X-ray l i n e s :  4 - 5 5 ,  2 . 8 9 3 ,  1,894. 

Sodium zirconium fluoride, 2 NaF-ZsF, 

'v  form 
Biaxial + zv = 7s0 
EY = 1.408 Y = l.412 
Colarless 
X-ray fines: 5 , P 2 ,  3.83, 3.25. 

'f 7'' form 
Biaxial - 2v > 7 0 0  
tu = 2,420 Y = 1,429" 
Colo r l e s s  
PoPysynthetic twinning common 
X-ray lines: 4.98, 4,199 3.07. 

Sodium zirconium fluoride, 3 NaFbZrF, 

Uniaxial - 
Co%orless  
X-ray lines: 4.75 ,  3 , 0 6 ,  9 . 8 7 .  

Lo= 1 . 3 8 6  e .=  31.381 

Thorium fluoride, ThF4 

Biaxial - 
a = 1.500 
C € d O X = E e S S  

ZV = 60" 
Y = 1.534 
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Uranium chloride, UCP, 

Uniaxial probably - 
High n 2 , 0 4  
Dark brownish red 

Uranium chloride, UCl, 

Uniaxial - 
b =  2-03 
X =: light brownish green 

Yttrium fluoride, PF3 

Biaxial 
cy = 1.536 
Color less 

Z i n c  fluoride, ZmF, 

Uniaxial + 
G,= 1.501 
Colorless 

Zinc zirconium fluoride, ZnF, . Z r F ,  

Cubic 
n = 1,434 
Colorless f 

Zirconium chloi- ide,  ZrC1, 

Probably monoclinic 
Biaxial 
(Y = 1-76 

Colorless 
ZAC 22O 

Low n 1 - 9 4  

€ = 1-95 
Z = greenish brown 

2 V m  9Q0 
Y = 1,568 

Zirconium uranium fluoride, 3 ZrF4 .UF3 

E -  1.526 

2V = Large 
y = 1.83 

Biaxial 2 V  = Large 
n = 1.560 approximate average 
Red 
X-ray lines: 4.11J 3 , 7 2 ,  2.06 
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PART r I  

X-RAY DIFFRACTION DATA 
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A .  X-ray diffraction patterns f o r  t h e  compcaunds listed 
below are included in t h i s  sec t ion :  
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B e r y l l i u m  Fluoride, BeF, (1) C e s i u m  B e r y l l i u m  Fluorid.e,  2CsF.BeF2 

4 . 0 9  
3 . 2 1  
2 367  
2 . I 8 9  
2 . 1 5 4  
1 . 9 0 5  
1 . 7 4 8  
1 . 6 0 6  
1 . 5 9 1  
1 . 5 5 0  
1 .484 
1 . 3 2 0  
1 . 2 3 3  
I. . 2 0 8  

70 
1 0 0  
1 0 0  
1 0 0  
1 0 0  

70  
50 
35 
20 
30 
30 
30 
1 5  
15  

1 0 0  
1 0 1  
1 1 0  
1 0 2  
111 
2 0 1  
1 1 2  
202  
1 0  3 
210 
2 1 1  
2 0 3  
1 0 4  
302 

5 . 3 4  
4 . 4 6  
4 . 0 2  
3 . 8 0  
3 . 6 2  
3 . 4 0  
3 . 2 8  
3 . 2 3  
3 . 0 8  
2 . 8 7 1  
2 -685  
2 . 6 3 6  
2 . 5 4 3  
2 . 3 9 8  
2 . 3 5 5  
2 . 2 4 2  
2 . 1 6 4  
2 . 1 0 6  
2 . 0 7 9  
2 . 0 2 5  
2 . o o o  
1 . 9 5 9  
1 . 9 0 1  
1 . 8 2 2  
1 . 8 0 5  
1 . 7 7 0  
1 . 7 2 4  
1 . 6 7 3  
1 . 6 2 0  
1 . 5 8 4  
1 . 5 4 1  

1 0  
25  
1 5  
1s 
60 
30 
1 0  

1 0 0  
80 
1 0  
1 0  
35 
20 
20 
1 5  
20 
1 5  
20  
1 5  
1 5  
1 0  
1 0  
30 
1 0  

5 
1 0  
1 5  
1 0  

5 
5 

1 0  
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Cesium Beryllium Fluoride,  
CsF -Bel', 

I/ I1 

5 a 9 9  10 
5 . 4 3  50 
4.25 5 
3 . 9 8  PO 
3.85 35 
3'60 30 
3.55 35 
3.47 85 
3.33. 10 
3 . 2 0  1100 
3 .OO 4 0  
2.822 10 
2 . 5 6 7  5 
2 . 6 2 2  PO 
2.413 10 
2 . 3 6 7  25 
2.184 PO 
2.130 20 
2 . 1 1 5  PO 
1 * 975 10 
1 . 9 2 8  5 
1.8L2 L5 
1 . 7 7 9  10 
1 , 5 9 9  10 

_I__ 

d 6) 

Cesium Lanthanum Fluoride,  
3CsF.LaF3 

I/ 11 

3.49 900 
2.478 35 
2 . o z 1  6 0  
P , 7 5 1  2 0  
1.569 12 

- d (11) 

Cesium Uranium Fluoride 
2 CSF UF4 

I/ I1 

6 . 9 2  Pi; 
6-19 50 
4 * 90 1 5  
4.04 10 
3.98 BO 
3.93 35 
3.80 2 5  
3 . 6 5  35 
3 - 5 9  45 
3.55 3-00 
3 -44 100 
3 . 3 1  15 
3.29 115 
3.09 15 
3 - 0 0  %D 
2.93 5 
2 . 8 9  10 
2.814 20 
2.731 115 
2 . 6 5 2  EO 
2.475 2 0  
2.453 20 
2 .286  1 5  
2 . 2 2 6  10 
2.101 20  
2 .os0 40 
2 -034  55 
x * 955 10 
1.815 5 
3 . .  776 20 
1 . 7 7 0  20 
1 .708  19  
1 . 6 4 0  5 
1,503. 10 

P 
- d (2) 



C e s i u m  Uranium Fluoride, 
CSF UF,: 

di (An)  
8 . 0 4  
7 . 3 1  
5.80 
5 . 3 0  
5 -13 
4.48 
4 . 3 5  
4 . 1 5  
4.00 
3 . 7 8  
3 . 6 2  
3.55 
3.25 
3 .17  
2 . 8 7 5  
2 . 8 2 2  
2 . 7 3 9  
2 ,660  
2 .615  
2 . 4 1 0  

2 . 2 4 4  
2 . 1 8 9  
2 . 1 1 1  
2 4 6 9  
2.025 
2 .ooo 
1 . 9 1 6  
1 . 8 9 0  
1 ,805  
1 . 7 5 7  
1 . 6 7 9  
1 .654  
1 . 6 0 8  
1 . 5 3 8  
1 .532  
1 . 5 2 0  
1 .485  

2.292 

1 I/ I 

45 
70 
20 
1 0  

5 
1 0  

5 
2 0  
80 
1 5  

1 0 0  
70 
20 
1 0  
40 
1 0  

5 
2 0  

5 
35 
1 0  
10 
LO 

5 
35 
25 
30 
1 9  

5 
6 0  

5 
5 

3.9 
10 

5 
5 
5 
5 

Cesium Zirconium Fluoride, 
2CsF. ZrF4 

4.11 
3 a8 

3 . 7 3  
3 . 5 4  
3 e 3 4  
3 . 2 0  
2 .96  
2 . 7 7 1  
2 - 6 8 7  
2 . 5 2 9  
2 . 5 0 1  
2 . 4 3 0  
2 . 2 8 6  
2 . 1 4 0  
2 . 0 5 6  
1 932 
1 . 8 5 7  
1 . 7 7 9  
1 . 7 7 3  
3. ,667 
1.609 
1.691 
1.480 

I/ I1 

35 
5 

1 0 0  
1 0  

5 
40  
1 0  
1 0  
10 

5 
10 
40 
20 

5 
5 

20 
20 

5 
5 

1 0  
10 
1 0  
1 0  



-27- 

C e s i u m  Zirconium Fluor ide  Chromium (11) Fluoride 
C S F - Z ~ P F ~  CP"F2 

d (8) 
6 . 7 6  
6 .30  
5 .87  
5 . 4 5  
5 . 0 7  
4.80 
4 . 3 7  
4 .33  
4 . 0 0  
3 . 9 1  
3 .85  
3 . 7 3  
3 .62  
3 . 4 2  
3 . 2 6  
3 . 1 2  
2 . 5 9 3  
2 . 3 3 3  
2 . 2 6 4  
2 . 2 2 2  
2 . I 6 4  
2 . 0 7 9  
1 . 9 3 2  
1 . 8 7 9  
1 , 6 5 8  
1 , 5 4 3  

I/ I1 

35 
1 5  
1 0  
1 0  
1 5  
80  
2 0  
20 
1 5  
25  
15 

PO0 
85  
5 0  
85 
40  
15 
PO 
15 
25  
10 
15 
1 5  
1 5  
10 
1 5  

3.490 
3.56 
3 . 3 5  
3 - 2 8  
3.10 
2 , 9 7  
2 , 8 0 5  
2 .660  
2 . 5 0 8  
2 . 3 9 8  
2 . 3 5 5  
2 . 3 2 2  
2 - 0 7 4  
1.884 
1.843 
1 . 7 6 3  
1 1743 
1 . 6 6 5  
1.594 

20 
5 

50 
25 
90 

3100 
30 

5 
15 
10 
1 0  

5 
1 0  
15 
PO 
15 
10 
10 
10 

Chromium(1II) Fluor ide  
CrF3 

4 . 0 0  
3 . 6 2  
2 . 9 1  
2 . 8 8 5  
2 . 6 2 2  
2 . 5 0 1  
2 , 4 1 0  
2 - 1 6 9  
2 - 0 0 4  

1.809 
I. .64q 
1 . 6 2 2  
1.586 
1.543 

1 . 8 2 9  

30 
1 0 0  

5 
5 

2 5  
10 
PO  
25  

5 
10 
20 
30 
5 

2 0  
PO 



Chromiwii Zirconium F l u o r i d e ,  
CrP, 'ZrF4 

4 72, 
4.55 
4 -41 
4 , 0 9  
4 - 0 0  
3 . 8 8  
2 . 8 6 4  
2 - 2 7 5  
2 - 0 4 5  
1 . 9 9 9  
1 . 8 2 9  
1" 799 
1 , 6 6 7  

3.0 
30 
1 0  

1 0 0  
45 

5 
2 5  
1 5  
6 5  
2 5  
2 5  
1 5  
1 0  

Iron Zirconium Fluoride 
PeP, *ZrF4 

d cw> 
4 , 9 5  
4.65 
4 .48  
4 . 3 5  
4 .04  
3 . 1 6  
2 , 8 5 7  
2 . 4 3 6  
2 , 2 3 3  
2 . 0 1 6  
1 . 9 9 7  
1 805  
1 .649  
1 . 4 8 9  
1 . 4 2 6  
1 - 4 1 ?  

1 0  
40 
45 

8 
1 0 0  

1 5  
45 

8 
15  
50 
2 5  
65 
2 5  
P5 
10 
1 5  

4.29 
4 , 1 6  
3 . 4 5  
2 6 7  
2,212 
2 1 7 6  
2 1 4 0  
2 . 0 3 2  
2, . O r 1 8  
P .7s6  
1. 730  
1 I712 

4,831 
3 . 0 6  
2,508 
2.074 
2 . O L 6  
1 , 5 9 9  
1 , 4 7 0  
1 -426 
1 . 4 0 5  
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Lithium Uranium Fluoride 
4 L i  F * VF, 

5.67 
5.46 
5 .P3 
4 * 9 3  
4.55  
4.44 
4.23 
3.82 
3 .55  
3 - 0 3  
2 . 8 9  
2 . 8 6 6  
2 - 7 4 7  
2 , 4 6 8  
2 .398  
2 . 2 2 1  
2 .167 
2 $ 0 7 4  
2 . 0 2 5  
1.872 
1 836 

20 
25 
70 

1 0 0  
45 

100 
7 

40 
30 
50 
25 
30 
50 
40 
20  
40 
75 
20  
20 
2 0  
25 

4 - 9 8  
4 .80  
4 . 4 1  
4 0 34 
3 . 9 8  
3 0 91 
3 , 6 5  
3 - 4 0  
3*14  
3 - 0 7  
2 , 8 4  
2 . 7 7 8  
2 . 5 2 9  
2,169 
2 - 0 8 3  
2 .055  
i. $43 
1 . 9 1 3  
1 * 861 
1 D 7 5 1  
P . 7 2 3  
1 , 6 8 5  
3. .662  
B 0 646 
1 , 5 9 9  

1/31 
P 

20 
1 5  

100  
PO0 

15 
8 

80 
1 0  
25 
50 
80 
30 
35 
15 
75 
35 
5 0  
2.5 
30 
25 
25  
25  

8 
2 0  
8 
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Lithium Uranium Fluor ide  
7 ~ i F -  6UF4 

d (2) 
6 . 6 1  
5 , 9 7  
5 . 8 2  
5 . 2 4  
5 . 1 5  
4 . 6 5  
4 . 3 7  
3 - 9 5  
3 . 8 5  
3 , 6 8  
3 , 4 9  
3 . 3 3  
3 . 1 5  
3 . 0 7  
2 . 9 9  
2 " 771  
2 . 7 0 7  
2 . 5 4 2  
2 . 3 5 0  
2 . 2 8 6  
2 . 2 6 4  
2 . 1 8 4  
2 - 0 9 7  
2 . 0 6 0  
2 . 0 4 7  
1 , 9 9 3  
1 e 972 
1 . 9 4 7  

1 + 9 0 9  
1 . 8 5 4  
1 . 8 2 5  
1 . 7 7 3  
1.75'7 
1 . 7 0 9  
1 680 
1 . 6 2 5  
1 . 5 7 9  
1 . 5 6 2  

1 . 9 2 4  

I/ 11 

6 
20 
1 5  
90 
1 0  
1 0  
1 3  
55 
1 3  
20  
75 
90 
70 
1 0  
95 
30 
30 
25 
1 3  
25  
1 3  
PO 
30 
30 
75 
25 
20 
25 
1 5  
30 
45 
20 
20 
25 
1 5  
1 5  
1 5  
25 

8 

Lithium Uranium F l u o r i d e  
LiF-4UF4 

d (2) 
7.02$ 
6 . 3 3  
6 .o ' i  
5 . 7 3  
4 . 9 8  
4 . 7 0  
4 . 2 5  
3 . 8 8  
3 . 7 8  
3 . 5 2  
3 . l 6  
3 . 1 3  
3 .06  
2 . 8 4  
2 - 771  
2 542 
2 - 350 
2 e 310 
2 . 2 2 6  
2 " 0 0 0  
2 . 0 8 8  
2 . 0 1 6  
1 . 9 9 1  
1 e 888 
1 . 8 1 9  
1 e 767 

I/ El 

8 
1 2  

5 
2 5  

8 
2 5  
90 
20 

100  
90 

8 
8 

1 2  
4 0  
55  

8 
10 
1 0  

8 
1 0  
35 
60 
50 
20 

8 
25 
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Lithium Zirconium FPuc~ride 
(low temperature f o r m )  

3LiF’ZPaFd 

5 . 4 9  
5 .40  
4 ,88  
3 , 6 7  
3 . 4 3  
2 . 9 1  
2 . 7 9  
2 . 6 7  
2 . 4 0  
2 - 0 7  
1.44 
1 . 8 2  
1 , 8 0  
1 * 7 8  
1 . 6 5  
8 , 5 9  
1 . 5 7  

55 
35  
5 0  
2 5  

5 
1 5  

8 
1 5  

5 
1 0 0  

20 
25 
1.2 
12 

5 
5 
5 

L i t h i u r n  Zirconium Fluor ide  
(high temperature form) 

3LiP*ZrF* 

d G I  1/11 

7 . 2  
6 - 4 2  
5 , 6 8  
4 . 5 8  
3 . 7 5  
3 . 6 8  
3 . 4 3  
3 . 2 4  
3.15 
2 - 8 4  
2 . 4 3  
2 . 5 3 5  
2 I 3 6 1  
2 . 2 0  
2 , 0 4 7  
1.847 

2 5  
I5 
l 5  

100 
15  
1 2  
1 5  
3 0  
60  
40  
2 0  
20 
1 5  
18 
65 
2 0  

5 .14  
4 . 7 5  
4 , 5 2  
4 . 2 9  
3 .15  
2 - 7 5  
2, .4q 
k - 4 2  
2 - 3 8  
2 . 2 6  
2 .I? 
2 , P 5  
2 .Q5 
1 - 0 5  
l * 7 0  
1 . 6 3  
1,523 
1 . 5 4  
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Lithium Zirconium Fluoride 
3 E i F  e 4 Z r P d  

6 . 1 1  
5 . 2 4  
4 - 9 0  
4 - 2 1  
4 . 0 0  
3 . 9 0  
3 .77  
3 .69  
3 . 3 3  
3 . 2 9  
3 - 2 6  
3 . 1 6  
2 . 6 i 5  
2 e 303 
2 2 4 8  
2 . 2 2 7  

2 . I 5 9  
2 . 0 4 3  
2 . 1 3 0  

2 .194  

1 . 9 4 7  
1.912 
1 , 8 8 3  
1.721.  

I/ El 

25  
35 
1 5  
30 
i o  
95 
20  

5 
60 
2 0  
20 

1 0 0  
15 
1 0  
1 0  

5 
85 
1 5  
1 2  
35 
35 
20  
1 0  
1 0  

Nickel Zirconium Fluoride 
MiFZ -ZrF4 

4.88 
4 .50  
3 . 9 1  
2 . 8 0 5  
2 . 7 6 3  
2 . 3 6 7  
2 . 1 7 4  
1 . 9 6 4  
1 . 7 6 7  
1 . 7 4 5  
1 . 6 2 2  
1 . 5 9 6  

1/11 

15 
5 

100 
50 
1 0  
15  

5 
50 
55 
1 5  
1 0  
1 0  

Potassium Beryllium Fluoride 
3KF'BeFZ 

1/11 ___.I.... 
d (3 
3 - 4 2  
3 .30  
3 " 0 7  
2 , 9 8  
2 * 84. 
2 , 6 4  
2 -54 
2 . 5 1  
2 . 3 9  
2 . 2 7  
2 - 0 4  
1 . 9 6  
1 . 8 5  
1 . 7 8  
1 - 7 3  
1 , 7 2  
1 . 6 9  
1 . 6 0  
1 + 5 6  
l n 5 4  

5 
7 

2 5  
75 
1 0  
30 
35 
1 5  

PO0 
70 

5 
5 

1 2  
1 2  
i o  
1 0  

7 
5 
5 
5 
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Potassium Beryllium Fluor ide  
H(1F .Bel?, 

0 

d ( A )  1/11 

6 . 6 5  1 5  
5 . 9 9  60  
3 . 6 9  5 
3 . 5 8  1 0  
3 . 3 3  90 
3 . 2 3  35 
3 . 0 1  1 0 0  
2 -9.2 5 
2 . 7 3 4  115 
2 . 6 3 6  20 
2 . 5 4 2  5 
2 - 4 4 2  5 
2 . 4 1 0  5 
2 . 2 9 2  1 5  
2 . 2 2 0  7 
2 . 1 9 0  5 
2 . 0 1 0  35 
1 . 9 7 9  25 
a .  745 7 
1 , 6 4 1  10 

Potassium B e r y l l i u m  Fluoride 
KF * 2BeF2 

d (3 I/ 11 

5 0 9 9  P O  
3 .66  3.5 
3 . 3 1  60 
3 . 0 0  P O 0  
2 . 6 5  5 
2 . 5 5  5 
2 -44  5 
2 . 3 9  i5 
2 . 3 7  5 
2 . 2 9  1 5  
2 . 2 1  1 5  
2 *14  1 5  
2 . 0 8  5 
2 . 0 1  5 
2 - 0 0  5 
1 . 8 3  5 
1 . 7 8  10 
1 . 6 0  5 

4 . 9 5  
4 . 2 6  
3 % 35 
3 . 0 3  
2 . 4 7 5  
2 . 1 5 4  
2 . 1 3 5  
1 . 7 4 3  
1 . 5 1 6  

35 
15 
35 

1 0 0  
25 
2 0  
55 
1 5  
1 5  

Potassium Lanthanum Fluor ide  
KF LaF, 

7 e 77  
5 . 6 1  
4 .90  
3 , 3 2  
3 .26  
3 . 1 5  
2 * 747 
2 . 2 0 9  
1 . 9 5 1  
1 . 9 2 0  
P. 894 
1.883 
1.857 
P ,662. 
1 , 6 4 1  
1 . 5 7 7  

I/ 11 

1 0 0  
7 0  
3 5  
40  
6 0  
65  

1 0 0  
40 
2 5  
20 
12 
30 
65 
2 0  

5 
20 
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Potassium Sodium Uranium Pluor i  de (6 > Potassium N i c k e l  P iuor ide  
2KF*NiF, KF*2NZiF.UF, 

~ . -  d (E> -- I/ 11 dl (A01 

6 . 5 1  1 0 0  8 . 6 4  
5 . 8 5  4 5  7 .80  
3 .83  10 6 - 0 0  
2 . 9 4  55  5 .42  
2 . 8 3 0  35 4 . 9 3  
2 * 344 5 4 . 4 4  
2 -212  1 0  3 . 5 1  
2 . 1 7 3  2.00 3 . 4 6  
2 - 1 3 5  1 5  3 - 1 6  
1 * 999 55  3 . 1 3  
1 . 9 0 9  1 5  2 .90  
1 . 8 0 5  L O  2 , 8 3 0  
1 . 7 3 0  30 2 . 7 1 0  
P e 654  i o  2 - 5 9 3  
1 . 6 3 3  35 2 . 5 5 7  
i a 594  i o  2 . 4 6 2  
1 . 4 7 4  20 2 . 4 4 3  

2 344 
Potassium Sodium Beryllium Fluor ide  2 e 3 2 1  

2 1 1 8 9  
d (A>  I/ 11 2 . 1 5 6  

2 . 0 7 4  
7 . 0 8  5 2 . 0 4 7  

KP-WaF-BeF, 2 . 2 2 2  

3.85 2 5  1 - 995 
3 . 1 7  1 5  I .  977 
3 . 0 8  30 1. e947 
2 . 8 6 6  60  1 e 8 7 2  
2 . 7 8 6  100  1 . 8 3 3  
2 . 6 7 5  1 0  1 . 8 0 9  
2 - 6 2 6  60 1 . 7 7 6  
2 . 5 9 3  1 0  1 . 7 5 4  
2 . 5 2 8  1 5  1 . 7 2 7  
2 . 4 1 0  1 0  1 . 6 5 4  
2 . 3 6 7  1 0 0  1 . 6 0 6  
2 . 2 8 7  70 1 . 5 7 9  
2 . 2 1 2  1 5  1 . 5 6 0  
2 . 1 8 9  1 0  
2 . 1 5 9  1 0  
2 . 1 2 5  5 
1 . 9 9 5  60 
1 . 9 6 7  1 0  
i .  si9 5 
1 . 8 0 6  5 
1 . 7 7 7  25  
1 . 6 9 1  1 0  
1 . 6 2 0  1 0  
1 . 6 0 5  1 5  

I/ 

25 
80 
15  
65  
30 
90 
4 0  
25  

100  

35 
5 

1 0  
20 
20 

5 
20 

5 
80 

5 
5 
5 

1 0  
25  
25  
20 
20 
20 
65  

5 
1 5  

5 
25 
1 5  
1 0  
1 5  

100 

20 . 
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Potassium Sodium Zirconium 
Fiuoride, 3KF.3MaF-2ZrF4 

I/ I1 

6.11 15 
4.90 PO0 
4.82 25 
4.55 15 
4.27 55 
4.09 75 
3.78 82 
3.40 20 
3.28 20 
2.99 20 
2.97 40 
2.72 22 
2.682 12 
2 -585 5 
2.455 25 
2.417 20 
2.368 12 
2.270 25 
2.226 50 
2 , 1 3 5  40 
2.051 50 
1.931 15 
1.822 40 
1.748 2 0  
1.721 25 

- d (A01 

Potassium Sodium Zirecdnium 
Fluoride,  3RF a 2NaF 5 Z r F k  

d (8) 

8.53. 
7 70 
6.20 
5 3 7  
5-15 
5 . 0 1  
4.77 
4.65 
4.29 
3.86 
3.75 
3.50 
3.40 
3.23 
3.17 
3 . 0 9  
2.87 
2 $80 
2.58 
2.47 
2-39 
2.33 
2.19 
2.16 
2.14 
2.09 
2 . 0 6  
1.95 
1*94 
1 . 9 1  
1 . 8 9  
1.88 
1.84 
1.81 

1-70 
1 . 7 6  

I/ I1 

PO0 
PO0 

3 
5 
8 
20 
8 
35 
40 
100 
15 
15 
50 
5 
60 
35 
5 

PO 
5 
5 
8 
8 
5 
8 
50 
8 
8 
30 
90 
1 0  
10 
15 
7 
7 
8 
13 



Potassium Sodienn: Zirconium 
Fluor  idc E@ 0 NaF -ZrFg 

0 

I___ 

Cj ( A )  

5 0 ? g  1 0  
5 ..37 50 
4 - 9 8  1 5  
4,85 68 
4 " 5 0  50 
4.11 4 
4 . 2 5  30  
4 , 0 9  65 
3 . 6 9  30 
3 .60  I2 
3 a 5 2  5 
3 Y 34 L O 0  
3 2 6  45 
3 . 1 8  40  
3 , 1 L  I k  
3 - 0 7  1 2  
3 , O l  40 
2 0 747 5 
2 . 6 9 0  2 5  
2 , 5 5 6  20  
f?+ .489 2 5  
2 , 4 0 5  2 0  
2 . 2 5 8  2 0  
2 -15.2, 1 6  
2 , 2 1 5  2 0  
2 .050  35 
i,q47 2 0  
i o y 2 a  12 
1 886 1 2  
P 1 -I 9 <# 1 5  
I ' 4 3  L O  
r 0 ; L ! 2  2 5  
l " t 9 4  5 
1 6 5 1  I i  5 

_- 
5 , 6 4  
4,61 
4,27  
3 , 9 5  
3 , 5 7 5  
3,170 
2 . 9 1 0  
2 . 8 0 5  
2 ,303  
2 . 1 3 4  
2 , 0 3 4  
1 . 9 6 3  
1 .872  
1 . 8 1 2  
1 . 7 7 9  
1 * 7 4 2  
1 a 641 
1 .606  

100 
6 0  

100  
i o  
75 
15  
25 
50 
25 
1 0  
10 
45 
20 
10 
10. 
15  

5 
PO 



(4b) Potassium Uranium Flusride 
7W.6UF4 

0 

I/ 11 
P 

Cl ( A )  

8 , 1 1  50 
7.50 20 
5.54 15 
4.93 PO 
4.82 60 
4.46 50 
4.35 30 
4.17 io 
4.06 15 
3.78 55 
3,58 20 
3.44 BOO 
3.29 15 
3.12 PO 
2 . 9 7  65 
2.885 1 5  
2.858 20 
2 e 710  95 
2.550 1 0  
2,515 PO 
2 -409  PO 
2.368 10 
2.333 20 
2.328 25 
2.298 25 
2,243 15 
2 -200 30 
2 .I40 15 
2.111 70 
2.094 80 
2.047 80 
2.030 3.0 
1 995 25 
1 f 987 40 
1.983 40 
1 . 9 5 9  LO 
1.913 PO 
1 I896 3.0 
1,861 90 
1.840 PO 
1.802 45 
1.793 70 
P .  789 70 
1 s 7 5 7  10 
1 . 7 3 0  10 

d (XI I/ I1 

1.715 38 
1.654 10 
8,606 20 
1 , 5 8 9  1 0  
1,582,  10 
2,553 i o  

Potassitam Zirconium Fluor ide  
3MF42ZrF4 

I/ 11 

7 , 3 7  10 
4-56 20 
5 . 9 5  75 
5.54 7 0  
5 * 0 9  3.5 
4.95 25 
4 - 9 0  20 
4.39 40 
3.97 2 0 0  
3.83 10 
3.72 20 
3.66 20 
3.56 1 5  
3.45 15 
3,33 p00 
3.31 85 
3,IP 75 
2.571. 10 
2 "550 15 
2,270 15 
2 -214 25 
2.200 65 
2,111 10 
1,979 100 
1.883 PO 
I. 842 25 
1 u 739 90 
1 705 2 0  
B o  673 20 

__. 
d iA0) 
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Potassium Zirconium Fluoride 
(Y- KF Zr F4 

5 . 8 3  
4 .89  
4 . 4 0  
4 . 2 9  
4 . 0 7  
3.86 
3 . 0 8  
2 , 9 0  
2 - 5 2  
2 . 4 7 5  
2 . 2 3 2  
2 .200  
2 . 1 4 0  
2 . 0 8 8  
2 , 0 4 3  
2. 016  
1 . 9 1 2  
1 850 
1 779 

60 
35 
80 
20  

5 
1 0 0  

20 
1 0  

5 
1 5  

5 
20 
1 5  
1 0  

5 
1 0  

5 
1 0  

5 

Potassium Zirconium Fluoride 
p- MF - Z r  Fd, 

8 . 2 6  
6 . 9 7  
6 . 3 2  
5 .50  
5 . 3 1  
3 . 9 3  
3 . 4 9  
3 .36  
3 . 2 9  
3 .15  
2 . 7 6 3  
2 7 3 1  
2 . 3 9 2  
2 332 
2 . 1 7 9  
2 . 1 2 0  
2 . 1 0 6  
2 . 0 6 5  
1 . 9 6 7  
1 . 9 1 6  
1 . 8 6 5  
1 8 4 3  
1 . 7 4 8  
1 . 6 6 5  
1 . 5 7 9  

I/ 11 

7 
50 

100  
1 5  
30 
1 5  
40  
35 
60 

1 0 0  
7 

10  
1 5  
1 5  
1 2  
1 2  
40 
15 
1 0  
60 
1 5  
35 
1 5  

5 
70 
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Rubidium Beryllium Fluoride 
3RbF BeFZ 

3 , 8 3  
3.55 
3 * 4 5  
3,ZP 
3,lP 
2 " 9 5  
2 * 7 5 5  
2 , 6 5 5  
2 , 6 2 9  
2 , 4 8 8  
2 3 373  
2 , P 2 5  
2 047 
1 . 9 8 7  
B e  920 
1 .809  
1 * 7 9 9  
1 , 6 8 8  
1 I 5 7 7  
1,531 
P ,425  
1 . 4 2 1  
1 , 3 2 8  

I/ 11 - 
1 0  
PO 
35 
B O  
10 
60 
1 0  

5 
5 

55  
5 

25 
1 5  

5 
PO 
l5 
1% 
40 
35 

5 
100  
PO0 
10 

Rubidium Beryllium Fluor ide  
ZRbF -BeF,  

I/'& d G I  -__ 
5 c PO lo 
4 2 5  20 
3 98 5 
3 82 4 5  
3 5 9  10 
3 45 50 
3 40 2 5  
3 , % 6  38 
3 , E Z  10 
3,fP 1 5  
3 " 0 7  E80 
z , q 5  1 0 0  
2 , 8 2 2  1 5  
2 747  1 0  
2 I, 691 2 0  
2 , 5 9 2  .I 

2 "556  90 
2 . 4 8 2  6 0  
2 423  a0 
2 3 350 5 
2 3 3 8  5 
2 . 2 7 5  2 5  
2 ,242  8 5  
2,1125 2 5  
2 , > 0 g 7  5 
2 i 065 5 
2,047 5 0  
P I >  975 10 
10 $28 25 
B ,897 30 
1 8 6 8  2 5  
1 . 7 9 9  2 0  
1 . 7 3 0  35 
1 , 6 9 9  15. 
1 .A41 PO 
1 , 5 9 9  5 
P .. 472 20 
I a 468 10 

r 
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Rubidium Beryllium Fluoride 
RbF-BeF, 

d 

6.28 
5.24 
4.70 
4.49 
4.24 
4.17 
3,85 
3 e 74 
3.62 
3 . 5 8  
3.46 
3.38 
3.24 
3.18 
3.12 
3.03 
2.96 
2.87 
2.739 
2.564 
2 -521 
2 -496  
2.482 
2.430 
2.394 
2 . 3 6 7  
2.332 
2.300 
2.275 
2 e 104 
2 a 0 7 6  
2,052 
1.947 
1. a 920 
1 e 883 
1.861 
1.825 
lo 802 
1 735 
1.723 
1.699 
1 680 
1.630 
1.614 
1.578 
1.557 
1.552 

I/ I1 

5 
20 
5 
5 
20 
10 
20 
45 
10 
5 

100 
100 
10 
10 
100 
10 
15 
20 
25 
5 
10 
10 
5 
10 
10 
5 
15 
35 
45 
15 
100 
35 
10 
10 
10 
10 
15 
10 
15 
15 
30 
10 
10 
10 
10 
35 
25 

Rubidium Beryllium Fluoride 
RbF 2BeF, 

0 

d (A)  I/ 11 

6.16 
3.39 
3.31 
3.10 
2,715 
2.475 
2.410 
2.327 
2.201 
2 149 
1 e 876 
1.852 
1.819 
1 552 

70 
40 
20 
100 

5 
35 
15 
10 
5 
20 
5 
10 
15 
15 

Rubidium Chromium Fluoride 
3RbF + CrF3 

3.47 
3.16 
3.13 
3.11 
2.98 
2.57 
2.468 
2.350 
2.315 
2.264 
2.208 
2.149 
2.088 
1.829 
1.813 
1.805 
1.625 
1.582 
1.582 

1/11 

12 
100 
55 
55 
12 
15 
12 
5 
10 
20 
40 
10 
10 
10 
10 
25 
10 
25 
25 
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Rubidium Lanthanum Fluoride 
RbF LaF, 

d & I/ 11 

25 
1 5  

8 
LOO 

2 5  
40 
1 5  
15 
40 
1 2  
1 5  
15  
8 

Rubidium Sodium Uranium. B;"Sessri.de 
RbF NaF c UFi"$ 

8,162 
7 " 2 0  
6 , 4 8  
5"43 
5 , 0 2  
4 ,55  
3 , 9 ?  
3 , 2 6  
3.15 
2 0 94 
2 0 862 
2 , 7 2 3  
2 . 5 8 8  
2 , 5 0 8  
2,430 
2,264 
2.23.1 
2 .not, 
2 . 0 5 P  
2,834 
1 . 4  99s 
9 0 920 

1 , 8 3 8  
1 "  815 
10799 
1" " 3 3  
1 e 7 0 1  
1 n &as 
9 D 574 
P D 555 



Rubidium Sodium Zirconium 
Fluoride, 3RbF. 3NaF02ZrF4 (’1 

4 , 3 2  
4,15 
3 . 5 7  
3 - 3 3  
3.22 
3.09 
3 . O O  
2 0 747 
2,4811 
2,450 
2,281 
2 e 164  
2 R 1 2 5  
2 0 7 9  

1 a 868 
1,767 
1.742 
1 5 0 0  

1.920 

55 
30 
2 0  
20 
55 
1 5  

1 0 0  
10 
10 
3.0 
30 
25 

9 
30 
15 
30 
15 
25 
25 

Rubidium Uranium Fluoride 
3RbF” UF* 

8-43 
6.03 
5 3 6  
5.13 
4,83 
3.80 
3,72 
3,58 
3.48 
3,40 
3.24 
3.01 
2 , S 9  
2.593 
2,521 
2.482 
2 * 398 
2,275 
2.1194 
2 140 
2,101 
1.959 
1.912 
1 897 
1 844 
1 , 6 9 4  
1 . 6 2 3  

7 
PO 
35 

5 
10 
10 
10 
1 0  
15 

i o 0  
20 

7 
15 
7 

1 0  
7 

30 
5 

1 0  
7 

1 5  
60 

5 
5 

1 0  
15 

7 
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Rubidium Uranium Fluoride 
(low temperature f o r m )  

2RbF 3 UFd 

__I- d (51) x/ Ip 
L o 3  1 0 0  
4 - 7 5  1 5  
3.49 1 0 0  
3 , 2 3  25 
3 - 1 7  10 
3,02 20 
2 a 814 10 
2 Y 367 20  
2 282 10 
2 ,184  45 
2 . 0 0 8  65 
1 , 9 6 3  10 
1 s 947 35 
1 909 5 
k * 740 1 5  
1 699 1 5  
p. 6 7 3  1 5  
1 , 6 3 5  25 
1 584 5 
1 , 5 3 8  5 
1 ,511  5 
2 , 4 7 6  1 0  

Rubidium Uranium Fluoride 
7RbF 6Ux1'4 

8 , 3 5  
4 ' 9 8  
4 * 5 7  
4 " 4 6  
4 - 1 7  
3 , 8 5  
3 , 6 8  
3 , 5 8  
3 , 5 1  
3 .05  
2 , 2 5 9  
R 
2 * 140 
2 . 0 3 0  
1 I) 890 
1. 854  
1 .i 835 
1 786 
1 ,751 
1 , 5 2 2  

l / r i  
I__ 

15 
1 5  
1 5  

7 
5 

10 
5 

20 
1 0 0  

4 5  
7 

25 
50 

7 
I 5  
P5 
45 

7 
20 
1 5  

Rubidium Usaniurn Fjbuori 
RbF " UF4 

d 6 1  
cII_ 

8 , 2 6  
7 - 5 6  
6,868 
4 .44  
4,O2 
3 . 9 6  
3 . 8 5  
3 - 7 9  
3,516 
3,46 
3 " 4 3  
3 , 2 5  
3 , 0 4  
2 I 6 3 0  
2 607  
2.52'7 
2 " 3 1 5  
2 , 2 8 6  
2 , 2 0 1  
2 164 
2 , 1 3 0  
2 . 0 0 8  
P I  987 
1 916 
1 v 901 
1 , 8 6 5  
E I 850 
1 e 829 
1 , 7 3 3  
E 714 
L . 5 7 9  
I d 518 

I/ PI, 
_I____ 

5 
PO 

800 
1 5  
1 5  
80  

5 
5 

10 
50 

100 
5 

12 
5 

10  
80 

5 
20 
PO 

a 
7 
5 

30 
5 

20 
5 
5 
5 
5 

25 
5 
5 



Rub i d i urn Ur an i urn Fluor i de 
2RbF ' 3UF4 

d (A> -._ .. 

6 - 3 9  
5,80 
5 , 0 4  
4 , 1 8  
3 , 8 6 1  
3 . 5 0  
3 , 2 2  
3 , 0 7  
2 780  
2 0 6154 
2 , 4 1 9  
z 3 6 1  
2 d2bj9 
2 184 
2 . 0 3 8  
1 , 9 4 3  
1 9'35 
1 8 4 3  
1 805  
1 7 7 3  

I/ 1 1  

1 2  
4 5  

7 
7 

40 
1 0 0  

1 5  
5 

1 0  
1 5  
1 0  
1 0  
2 5  
30 
60 
1 0  

5 
1 0  
1 0  

7 

7 . 9 7  
' 7 - 6 3  
7 , 3 1  
6 ' 7 1  
6 32 
5 80 
5,57 
5 . 5 0  
5 , 3 8  
5 , 0 1  
4,55 
4,4P 
4 2 3 1  
4.23 
4 . 9 5  
4 . 0 9  
4 . 0 4  
3 . 9 9  
3 , 8 8  
3 , 7 3  
3 , b o  

60  
1 0  
1 5  
10 

5 
5 

1 0  
20 
PO 
1 0  
30 
1 5  

5 
2 5  
1 5  

5 
1 0  
2 0  
2 5  
40 
55 

3 5 9  
3 . 5 2  
3 43 
3 36 
3 34 
3 2 4  
3 1 0  
3 00  
2 9s 
2 " 90 
2 I 848 
2 "  736 
2 , 7 0 6  
2 , 6 6 7  
2 . 6 2 9  
2 . 5 3 1  
2 501  
2 , 4 6 9  
2 4 3 3  
2 . 4 0 4  
2 ;I 341 
2 "  315 
2 . 2 4 7  
2 . 2 3 7  
a. , 2 1 6  
2 159 
2 Ill 
2 0 8 8  
2 0 9 0  
2 043  
2 , 0 3 4  
2 II 02.5 
2 0 0 2  
1 951 
1 __ 903  
1 883 
1 8 7 0  
1" 8 4 7  
1 , 8 3 1  
% , S O 9  
1 ~ 789 
3. 757 
11 7 2 0  
1 559 
I 614 
1 594 
1 , 5 8 9  
a 577  
1 564 
1 , 5 5 0  

I/ I1 _- - ____ 

1 5  
I 0 0  

1 0  
80 
35 
40 
35 

5 
E, 

40 
1 0  
1 0  
20 
1 0  
2 0  
15 
1 0  
PO 

5 
I 5  
1 5  

5 
15 
1 5  
40 
20 

5 
2 0  
1 0  
1 5  
20  
80 

1 0 0  
6 0  
1 0  
PO 
40 
15  
30 
1 0  
1 0  
2 5  
35 
2 5  
1 0  
2 0  
1 5  

5 
1 0  
2 0  



ium Uranium Fluoride 

B 

10 
34  
5 

40 
2 0  
15 
l 5  
1% 

8 

b 



<s> 
5.87 
5 . 6 1  
5.04 
4 . 7 7  
4.50 
4 . 2 9  
3 .98  
3.82 
3 . 7 8  
3 e 72. 
3 0 (93 
3.59  
3,52  
3.44 
3.42 
3 .36  
3 . zq  
3 . 0 5  
2.60 
2 . 5 0 8  
2 386 
2, 350 
2 . 2 8 1  
2 .275 
2 - 2 6 0  
z . 2 5 3  
2 . 2 4 5  
2.226 
2 152 
2 - 0 6 7  
2 . 0 2 7  
1 .959  
1 . 9 3 2  
1 . 8 9 7  
1 0 8 6 8  
1 . 8 3 3  
1 . 7 7 0  
1 . 7 6 3  
1 6 7 9  

I/ a, 
l o  
1 8  
10 
1 5  
12 
65 
25  
30 
1 5  
1 5  
30 
$5 

8 
1 0 0  
1 0 0  
100 
1 0 0  

1 2  
2 5  
30 
1 2  
7 5  
PO 
Pa, 
1 2  
1 2  
8 
12 
45 
12, 
1 2  
30 
30 
I 5  
2 0  
2 0  
30 
30 
1 2 ,  

- dl 6) 
7,13 
5 * 95 
4 . 2 8  
4 - , 0 2  
3 . 8 3  
3 , 6 9  
3 . 5 9  
3,45  
3 - 4 2  
3 .34  
3 . 0 7  
3.01 
2 0 6 9 9  
2.622 
2,574 
2 .550  
2 .450 
2 ,423 
2 . 3 2 7  
2 . 2 2 6  
2 , 1 8 4  
2 149  
2 . 1 1 8  
2 . 0 5 6  
10 991  
1 e 95'9 
L 9 2 8  
i o  go5 
1 c 858 
1 e 812, 
1" 7 8 2  
1 , 7 6 3  
3, e 742, 
1 , 6 7 0  
It 6 1 1  
1 e 547 
l o  5 0 2  

I/ 1, -__^. " 

4 0 
R O  
1 0  
1 0  
80 
2 5  

5 
100 
1.00 
1 0 0  
15 
1 0  
10 
1 0  
20 

a 
10 
2 5  
14 
1 0  
10 
1 0  
1 0  
25  
1 0  
2 5  
1 0  
2 0  
1 5  
15 
1 0  
1 0  
10  
15 
1 0  
1 0  
1 5  
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Rubidium Zirconium Fluoride 
B-RbF. ZrF4 

7.3'7 
6 .&Et 
6 e 32 
5 - 5 3  
5,17 
5.01 
4 , 6 7  
4.54 
4,46 
4-35 
309% 
3 , 8 8  
3 * 7 7  
3 . 7 2  
3 * & 9  
3.61 
3.42, 
3 , 3 6  
3 325 
3 . 0 9 0  
3 , 0 6 0  
2 9 960 
2 * 900 
2, a22 
2 I( 788 
2 - 7 6 7  
2.678 
2 * 614 
2,564 
2,514 
2 ., 50f. 
2.482 
2 - 4 5 5  
2 . 4 3 3  
2 . 4 2 3  
2 a 398 
2 380 
2 e 355  
2 e 344 
2 . 3 0 9  
2 . 2 9 2  
2 2 5 3  
2.240 
2.211 
2 2 0 6  

1/11 
_I_ 

12 
40 

5 
5 
5 

20 
5 
5 
5 

12 
12 

5 
30 
35 
40 
40 

LQO 
100 
190 

1 0  
1 5  
5 
5 
5 

40 
45 
5 
5 
5 
8 
8 
5 
5 
5 
5 
5 

10 
LO 
10 

5 
8 
5 

12 
15 
15 

I/ 1; 
I- 

30 
40 
1 0  

5 
30 
50 
50 
50  
55 
30 

Ea 
12  
1 0  
1 0  

5 
5 
5 
5 

1 5  
1 5  
24 
15 
15 
PO 
1 0  
20 

5 
280 
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Rubidium Sodium Zirconium 
Fluoride, 3RbF-3NaF*4ZrP4 

d (8) 
6.77 
6,ll 
5 e 72 
5.37 
4,67 
4.21 
4.11 
3.98 
3,82 
3 , 7 2  
3.56 
3,50 
3.44 
3,31 
3.22 
3,17 
3.11 
3-07 
3.01 
2.95 
2,571 
2 -482 
2 356 
2,243 
2 164 
2,111 
2.088 
2,060 
2.025 
2,004 
1 976 
1 947 

\ 1 909 
1 .1 861 
1 812 
1 " 727 
1 , 6 3 8  
1,591 

I/ 1 1  

5 
15 
15 
30 

9 
35 
10 
15 
2 0  
30 
5 
10 
100 
8 
30 
65 
100 

5 
20 
5 
10 
8 
8 
8 

1 0  
15 
15 
35 
30 
8 
8 
30 
2 0  
85 
5 
10 
10 
10 

Rub i d i urn Sod i urn Z i 1- coni  urn 
Fluoride, RbF.NaF-2ZrF4 

d (8) 
7 -43 
6 7 1  
6.54 
5 I91 
4.55 
4,4P 
4"13 
3-90 
3.71 
3,52 
3-40 
3,35 
3.29 
3.23 
3,13 
2,826 
2 -481 
2 "430 
2 e 392 
2 e 380 
2 " 344 
2,286 
2,237 
2,134 
2 i 159  
2 142 
2.083 
2,060 
1 983 
1,963 
1 943 
1 935 
1 9 2 0  
1 854 
1 836 
1 7 5 7  
1.754 
1.694 
1,476 
1 670 

-.-___ I/ I, 
~ _ I  

5 
5 
5 
40 
20 
5 
50 
8 
60 
45 
8 

100 
12 
10 
12 
20 
5 
5 
5 
5 
5 
5 
5 

110 
20 
PO 
5 
10 
8 
12 
15 
25 
5 
8 
8 

40 
45 

8 
40 
30 
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Rubidium Sodium F l u o r i d e  
RbF . NaF ’ ZrF, 

166 I-, 
__1_ 

10 
5 

40 
45 
315 

5 
1 0  
6 5  
1 0  
28 
3 5 
PO 

8 
15 
30 
30 

$00 
$ 0 0  
f O  
20 

8 

Rubidium Uranium FPuoride 
BbF UF; 

30 
I 5  

7 
1 0 0  

2 5  
40 
1 5  
1.2 
40 
40 
1 5  
1% 

8 

Sodiun cerium Fluori 
NILF CcF, 
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Sodium Hafnium F l u o r i d e  
3NaF -HfF4 

5 - 2 7  
4 . 2 7  
3 .77  
3 .07  
2 0 94 
1 . 9 6 7  
1 a 8 8 3  
1 . 8 7 2  
1 . 7 7 0  
1 . 6 0 3  
1 .586  

55 
90 
5 0  

i o 0  
4 0  
30 
10 
75 
15  
50 

5 

Sodium Hafnium F l u o r i d e  
NaF e HfF4 

I/ 11 d <% -I- 

7.37  30 
5 . 6 1  1 0 0  
5 , 3 7  80 
5 , 0 4  1 5  
4 * 3 7  30 
4 . 1 7  20 
4 . 0 5  45 
3 - 9 8  60  
3,87 100  
3 .69  1 0  
3 , 4 5  15  
3 - 3 5  20 
3 , 3 1  1 5  
3 . 2 6  1 5  
3 . 1 3  85 
3 . 0 3  20 
2 E 85 20 
2 .82  20  
2 . 7 5  1 5  
2 . 7 1  40 
2 , 6 2  1 0  
2 - 5 1  35 
2 = 4 9  15 
2 , 2 8  40 
2 . 2 1  40 
2 - 0 3  10 
2 " 0 2  1 0  
l a 9 9  1 5  
1 * 95 1 5  
1 * 9 l  60 
1 . 8 6  35 
1.84 1 0  
1 .81  110 
1 . 7 8  35 
1 . 7 3  15  
1.71 40 
1 - 6 6  25 
l , 6 5  55 
1 . 6 3  65 
1 . 6 1  5 
1 . 5 8  1 0  
1 .56 1 5  
1 - 5 5  15  



65 
3.00 
X O Q  

95  
20 
90 
15 
15 
80 
E 5  
12 
10 
20 



-52- 

Sodium Nickel Fluoride 
NaF'NiF, 

d (81 I/ I1 

4.25 
3,85 
3.45 
3.33 
3.05 
3,Ol 
2,764 
2,723 
2.682 
2 e 398 
2.327 
2.309 
2.130 
2.070 
2.034 
1 924 
1.796 
1.757 
1,742 
1 720 
1.697 
1.586 
1,579 
1.557 

10 
100 
8 
5 
5 
10 
35 
50 
20 
10 
LO 
25 
15 
10 
25 
100 
5 
20 
35 
30 
10 
20 
20 
40 

(4a) Sodium Thorium Fluoride 
2NaF .  ThF4 

d (2) 
6.22 
5.72 
5,38 
5-17 
4.53 
4.11 
3'83 
3,69 
3.65 
3.40 
3.31 
3.07 
2.99 
2.863 
2.590 
2 "442 
2.374 
2 "352 
2,197 
2,056 
1 ., 987 
1 < 955 
1,928 
1.909 
1.793 
1.742 
1. 724 
1 + 705 

1,572 
1.609 

I/ 11 --. 

10 
45 
10 
100 
10 
20 
5 
5 
5 
10 
15 
35 
70 
20 
55 
5 
10 
20 
40 
5 
5 
15 
15 
10 
10 
55 
20 
5 
5 
5 



d 

5 - 4 7  
4.87 
3 ,85  
3 , 1 5  
3 - 0 3  
2 0 721 
2.435 
2 a 378  
2,224, 
2,022 
8 . 0  926 
P p 895 
P D 791 
E -722 
10 642 
1 L1574 
1 e 519. 
1,498 
1,457 

I d  1 1  

3 5  
100  

50 
75 
30 
30 
3 0 
25 
30 
15 
45 
25 
30 
35 
30 
15 
1 5  
1 5  
15 
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P O D  
P O  
8 5 
40 
35 
55 
$0 
3 5  
E 4  
1 5  
I10 8 
1 5  
E5 
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7 - 2 5  
5 , 3 1  
4 , 2 8  
3 , 0 6  
2 . 9 9  
2 , 8 1 7  
2 644 
2.488 
2 " 4 1 0  
2 I 338 
2 . I 9 4  
2 , 1 3 5  
1 * 999 
1 , 9 2 8  
1 890 
1 , 8 0 9  
1 a 7 8 3  
1 760 
1 748 
P p_ 712 
1 555 
1 , 5 3 5  
1 5 2 7  
1 " 4 9 1  
1 , 4 3 6  
1 . 4 2 2  
1 1394 
1 , 3 5 8  
1 c 340 

1 0 0  
20 
7 5  
35 
60 
1 0  

5 
1 5  
20 

5 
1 0  
35 

5 
1 5  
1 5  
20 

5 
1 5  
25 
1 5  
1 0  

5 
5 
5 
5 
5 

1 5  
5 
5 

0 0 1  
1 0 0  
1 0 1  
1 1 0  
1 0 2  
111 
200  
2 0 1  
0 0 3  
1 1 2  
1 0 3  
202 
210  
2 1 1  
1 1 3  
0 0 4  
2 0 3  
300 
212 
1 0 4  
114 
2 1 3  
220 
2 2 1 ,  2 0 4  
311 
30 3 
1 0 5  
312 
214  

5 . 7 9  
4,92 
3 , 7 8  
3,24 
3 . 1 7  
2 . 9 1  
2 , 8 3 1  
2 767  
2 5 0 1  
2 , 2 3 5  
2 , 1 7 3  
2 u 1 5 1  
2 , 0 0 3  
1 . 9 6 7  
1 947 
1 896 
1 860 
1 * 826 

1 e 669 
1 a 6 9 6  

50 
1 0 0  

40 
50 
70 
20 
40  
30 
20 
50 
50  
50 
50 

1 0 0  
20 
20 
30 
20 
1 0  
80  



(4c ,5Q Sodium Uranium Fluoride 
5NaF. 3UF4 

BO 0  
30 
65 
65 
L5 
95 



d ____I- (8) 
7.80 
6 , 6 1  
6 , 1 9  
6 - 0 3  
5 - 6 1  
5,.47 
5 . 2 1  
4,98 
4 . 9 2  
4 . 8 0  
4 ,&5  
4 . 3 3  
4 ,09  
4 . 0 4  
3.91. 
3 . 8 0  
3 . 6 9  
3 . 6 0  
3 , 5 l  
3 . 4 3  
3 - 4 2  
3 . 4 1  
3 , 3 0  
3 , 2 6  
3 . 1 5  
3 . 1 2  
3 . 0 8  
2 , g e  
2 , 9 0  
2 , 8 7  
2 . 8 1 3  
2 747 
2,731 
2 , 6 7 5  
2 622 
2 , 6 0 0  

I/ 11 

8 
8 

2 0 
20  

1 0 0  
2.5; 
1 2  
1 0  
1 0  

8 
2 5 
35 
10 
1 5  
1.5 

8 
5 0  
15 
15  
2 0  
2 0  
20  
45 
70  
a0 

8 
65 

8 
8 

1 0  
4 5  

8 
8 
8 
8 
8 

NaF - 2UP4 
d &> 
2.449 
2.4l% 
2 Y 355 
2 . 2 9 0  
2 ,250  
2 . 2 1 1  
2,184 
2.152 
2 144 
2 . 1 3 7  
2 . 1 2 8  

2, -065  
2 .034  
2.010 
1 . 9 8 3  
1.94% 
1. s 939 
1 9 3 1  
1 . 9 1 2  
1 865 
1 840 
1 ., 817 
1.0 79.2 
1,790 
1 0  754  
1 . 0  742 
1 . 7 3 0  
10 7 2 0  
1 . 6 4 3  
1 . 6 3 8  
1 . 5 8 6  
1 5 8 4  
10 5 7 6  
le572 
2.554 

2,090 

I/ 11 

8 
8 

10 
1 0  

8 
8 
8 
8 
8 
8 

2 5  
8 

30 
1 5  
10  
1 5  
1 5  
20 
30 
35 
10 

8 
25 

8 
8 

1- 0 
18 
2 0  
15 
1 5  
10 
1’5 
10 
15 
15  
2 0  



Sodium Zirconium F l u o r i d e  
3NaF a ZrF,  ( 3 9 

5,25 
4 , 7 5  
3 ? ? 5  
3 * 0 6  
2 * 9 3  
2 . 3 2  
1 , 9 7  
1 .88  
1 , 8 7  
1 " 7 7  
1 , 6 0  
1 , 5 9  
P " 4 6  

1/13 
P 

35 
75 
2 0  

1 0 0  
1 0  
1 0  

5 
2 0  
35 

5 
1 5  

5 
5 

Sodium Zirconium Fluoride 
0-1 2NaF ,ZrF,  ( 3 )  

5 . 4 5  
5 - 1 5  
4 , 7 3  
4 - 0 6  
3 . 8 3  
3 7 2  
3 .48  
3 > 4 3  
3 . 1 5  
3 , 0 9  
2 , 8 3 9  
2 * 682 
2 , 5 9 3  
2 3 2 7  
2 3 2 3 7  
2 , 2 0 6  
2 1 6 9  
2 n 088 
2 0 038 
1 , 9 9 5  
1 , 9 5 1  
1 . 8 9 0  
1 , 8 4 7  
l0812 
P o  776  
P ,  a l l  
1 , 6 8 8  
1 , 6 3 0  
1 . 6 1 1  

P/I, 
I_- 

I O  
55  
2 5  
1 5  

5 
4 0  
1 5  
5 
5 

100 
5 

1 0  
5 

1 0  
5 

PO 
5 

18 
1 5  
1 0  

6 
P O 0  

5 
5 

P O  
5 
5 
5 

45 

Sodium Zireolmium F l u o r i d e  
8 - 2  2NaFoZrF, ( 3 !  

0 
el( A )  I / Ip  

5 , 7 E  
5"47 
5 " % 8  
3 7 8  
3 . 3 1  
3 i i l  
2 I 6-75 
2 e 410  
2 , 2 1 6  
2 ~ 043  
1 . 9 1 2  
P 1897 
1 , 7 9 3  
1 . 6 4 5  
8 . 0  617  
1 , 5 5 7  

2 0  
8 0  
5 0  
8 0  
LO 

1 0 0  
to 
20 
L O  
2 0  

1 0 0  
R O  
E O  
L O  
50 
1 0  

Sodium Zirconium F l u o r i d e  
8-3 EN%F.ZPF, ( 3 1  

5 1 2  
4 - 8 0  
4 . 5 5  
4 - 0 0  
3 8 9  
3 . 6 0  
3 . 2 4  
3.PL 
3 , 0 4  
z 95 
2 . 8 9 3  
2 Y 553 
2 , 5 5 0  
2 , 4 7 5  
2 2 7 5  
6 , 2 2 1  
2 0 085 
9 , 8 9 4  
1 , 7 9 9  
B T O 8  
1 , 6 0 8  
1 5 4 3  

I/lB 
I ~ -  

100 
1 0  

LOO 
5 

1 0  
9 0  
25 
1 0  
1 0  
40 

1 0 0  
1 0  
P O  
4 0  
30  
3 0  
PO 

p00 
30 
$ 0  

6 
20 
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Sodium Zirconium F l u o r i d e  
/3-4 ZMaF0ZrF4 

7 93 
5 r 54 
5 1.2 
4 , 8 8  
4 , 4 8  
4 3 3  
4 , O O  
3.83 
3 u 2 5  
3"12 
3 0 0 4  
2 , e p  
2,759 
2 666 
2 , 5 6 4  
Z , 3 9 8  
2,361 
2 0 3 2 7  
2 034 
1,979 
1.935 
I., 912 
l - 7 9 6  
1,751 
1-711 
1 , 6 1 9  
1 , 5 9 6  
1,574 

1/11 

35  
1 5  
8 0  
65 
15 
2 0  
7 0  
7 0  

100 
50 
48 
15 
25 
2 0  
20 
15 
15 
15 
20 
15 
20 
58 
1 5  
1 0  
2 0  
10 
2 0  
15 

Sodium Zi rcon  ium F l u  0x9  ide 
d 2NaF,ZrF, 

4 , 9 8  
4.37 
4,19 
3 0 96 
3 D 45 
3 " 3 6  
3 0 1 6  
3 * 0 7  
2 , 8 3 9  
1 0 843 

I/Z p 

1 0 0  
5 0  
$ 0  
50 
5 0  
6 0  
48 
8 0  
7 0  
5 0  

Sodium Zirconium E l i i o r i d e  
7NaF 6Zr-F, i 5 J  
0 

dl[ A i  

7 c 39  
6 86 
5 07 
4,55 
4 3 7  
4 06 
3 , 9 8  
3 . 6 9  
3 55 
3 45 
3 c 25 
3 " . 1 3  
2 - 8 5  
2 , 7 2  
2 , 6 4  
2 . 3 7  
2 132 
2 19 
2 , 0 9  
2 , 0 3  
2"OO 
1 , 9 5  
1-92 
11,9P 
P , 8 6  
1 , 8 B  
1 0 7 9  
1 74 
1,70 
1,688 
1-63 
1 , 6 1  
P , 5 8  
1 , 5 6  
1 " 5 1  
P"48 

' 0  
1 0  
1 0  
5 

2 8  
2 3  

5 
1 0  

5 
4 0  
5 

1 0 0  
5 

15 
5 
5 
5 
5 

L O  
10 
1 5  
15  

1 0 0  
PO@ 
15 
18 
1 0  
10 
10 
10 
50 
5 
5 

1 0  
15 
1 0  



Sodium Zirconium Fluoride 
3MaF.4ZrF4 ( 5 1  
0 

d (  Aq 
I_- 

7 * 5 6  1 5  
7 42  45 
5 . 4 7  l.5 
4 , 1 5  1 0 0  
3 , 7 8  2 0  
3 . 7 4  2 0  
3 42 2 5  
3 > 3 9  3 5  
3 . 3 6  $ 0  
2 Y 6 3 0  15 
2 0 0 7 4  7 5  
P 935 PZ 
1 , 7 6 6  5 0  
1 , 5 6 6  E5 
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Zinc Zirconium F l u o r i d e  
ZnF, "ZPF, 

d (  2, z / i  1 

4 .68  
4 , 4 9  
4 , 1 5  
4 - 0 6  
3 0 5 5  
3 . 1 5  
z, 0 $52 
z 0 2 2 6  
z 0 008 
1 , 9 8 9  
1 .815  
1 , 7 9 6  
1 , 7 9 3  
1 , 6 3 8  

5 
.3 5 

1 0 0  
15 
1 5  
5 0  
1 5  
35 
2 0  
1 0  
6 5  
5 0  
3 0  

r; 
d 
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B .  X-ray diffraction patterns for  t h e  compounds below are 
listed in this section, The purity of these compounds has never  
been absolutely established, nor have these compounds 
Pated as single phases. 
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Potassium L i t h i u m  Chromium 
F l u o r i d e  2 K P ~ L i F - C r P 3  

4 . 6 1  
3 . 3 3  
2 . 9 5  
2 8 2 2  
2 . 4 4 7  
2 482 
2 407 
2 . 3 2 7  
2 , 3 0 3  
2 . 0 1 2  
1 , 9 9 3  
1 , 6 7 2  
1 , 6 2 8  
1 , 5 3 6  

1/11 

75 
20  
1 5  
90 
1s 
1 5  
30 
30  
90 
45  

1 0 0  
1 5  
4 0  
1 5  

Potassium Sodium Chromium ( 1 1 1 )  
F l u o r i d e  2KF 0 NaF CrF, 

( 1 1 1 )  Potassium Sodium L i t h i u m  Chro- 
m i u m  ( 1'11)  F l u o r i d e  

K F  0 NaF - L i F a  CrF, 

1/11 
_I d (  51, ______ 
4 . 7 4  45 
4 , 0 9  1 0  
2 . 9 0  1 0 0  
2 , 4 7 8  15  
2 , 3 7 3  5 5  
2 . 3 2 1  20 
2 . 0 5 2  8 5  
2 . 0 1 0  30  
1 , 6 7 6  4 0  
1 . 5 8 2  1 0  

4 . 7 8  
4 , 1 4  
2 0 93 
2 . 4 9 5  
2 385  
2 . 2 9 2  
2 , 0 6 9  
1 , 6 8 8  

30  
2 0  
95 
1 0  
6 5  

5 
1 0 0  

5 5  

PO t ass ium ur a n  ium P l u o r  i d e  
3KF r ZUP, 

5 . 3 7  
4 , 6 7  
3 . 4 3  
3 , 2 5  
2 . 9 7  
2 . 7 9  
2 . 7 3  
2 , 3 3  
2 . 1 0  
1 . 9 8  
1 . 7 9  
1 . 7 1  
1 . 5 3  
1 . 3 6  

6 0  
25 
90  

1 0 0  
6 0  
2 0  
20 
20 
8 0  
4 0  
75  
2 0  
20  
35  
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Potassium Uranium Fluoride 
3KP0UP3 

d( 8) 
n 27 

5 , 6 8  
5,24 
3 0 6 9  
3047 
3,24 
2 , 8 8  
2 , 6 0  
2 , 5 0  
2,164 
2,074 
1,955 
1,928 
1,840 
1 , 7 3 0  

1/11 -- 
7 0  
3 0  

100 
7 0  
40 
5 0  
20  
8 0  
2 0  
30  
1 5  
2 0  
30 
25 
2 0  

Rubidium Cerium Fluoride 
3RbF 0 CeP, 

_L d( Ba P/I p 

5,91 15 
4 , 9 3  15 
3.68 2 5  
3 - 5 8  2 0  
3 * 4 5  45 
3.31 100 
3 * 2 4  55 
3.21 35 
3.05 1 5  
2 608  15 
2 I 522 40 
2 355 45 
2 . 2 9 6  2 0  
2 , 0 8 8  10 
2,060 10 
1 , 9 6 8  1 0  
1.943 P O  
1,924 25 
1 , 9 0 5  15 
1,882 25 
1 840 15 
1,812 15 
1.,78? P O  
1,694 15 

Rubidium Lanthanu.m Fluor. ide 
3RbF " LaF, 

4 , 9 3  
3,66 
3 - 4 7  
3 . 4 0  
3-30 
301.1 
2 , 8 2 1  
2 D 344 
2 , 2 3 7  
2 Y 2 0 6  
2 1 8 4  
I 9 9 1  
n 0 9 0 5  
I d  70.1 
1hz7 

3 0  
3 0  
2 0  
2 0  
9 0  
6 0  

1 0 0  
4 0  
2 0  
15 
2 0  
40 
3 8  
46  
2 0  
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Uranium Zirconium Fluor ida 
UF, 0 UP, 0 Z r F ,  

6 , 4 2  
4 " 0 7  
3 D 98  
3 * 5 8  
3 0 3 9  
3 2 2  
3 . 0 1  
2 " 6 3  
2 , 0 8  
2 0 2  
1" 98 
1 - 9 4  

8 9  
1 " 8 0  
1 " 5 4  

1 5  
1 0 0  

65  
1 2  
40 
3 0  
40  
2 6  
S O  
l 2  
1 5  
3.2 
5 0  
2 5  
2 0  

Uranium 

4,, 05  
3 0 9 8  
3 . 5 8  
3 0 3 9  
3 " 2 X  
3 0 0 0  
2 , 6 3  
2 , 0 7  
z 0 0 2  
1,94 
1 , 8 9  
1 - 8 4  
1 ; 7 9  

Z i r c o n i u m  F l u o r i d e  
ZUF, -ZrF,  

1.0 0 
25  
15 
40  
35 
40  
1 5  
40 
1 2  
3 0  
40  
12 
2 5  



, 

1. T h i s  compound is rhombohedral and is isastructural with S i 0  

2 ,  T h i s  compound h a s  o n l y  metastable e x i s t e n c e  i n  a s y s t e m  of 
i ts  own composi t ion  

3 ,  The original measurements on t h i s  material  were made by 
P a  A. Agron (Chemis t ry  B S .  B o r i e  Sr., and 
R .  M o  S t e e l e  ( M e t a l l u r g y  

4 ,  a, T h i s  C O I B ~ Q U ~ ~  has been reported by  W, W. Z a c h a r i a s e n ,  
J. A m ,  Chem, So@ 2 1 4 3 - 5 l  ( 1 9 4 8 ~  

b .  T h i s  co rnpounZXs  FFported by W H .  Zachariasen, __- idem., 

c ,  T h i s  cornpound was r e p o r t e d  by W ,  H. Z a c h a r i a s e n ,  idem, 

d. This compound was r e p o r t e d  by W B. Zachariasen, idem. 

to be KF,UF,. 
-_ 

to be a-ZNaFoUF, e 

t o  be NaF UF4 

5 .  The original ORNL measurements on t h i s  material w e r e  made by 
I?. A .  Agron (Chemis t ry  D i v i s i o n ) ,  E3 S.  Borie ,  J r o 9  and 
R. M. S t e e l e  ( M e t a l l u r g y  Division) The compound formula 
was  e s t a b l i s h e d  a t  a l a te r  da t e  by t h e  a u t h o r s ,  

6 ,  A g r a p h i c a l  r e p r e s e n t a t i o n  of a Debye-Scherrer pattern for 
t h i s  compound is r e p o r t e d  by Wagner and  B a d z ,  Z o  E lec t ro -  
chem, 5 6 ,  5 7 6  ( E q S Z ;  - -  




















