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The entha lpy of a high-purity sample of anhydrous c rys talline a luminum trifluoride, AIF", re lative 
to that at 0 °C (273.15 OK), was prec ise ly measured with an ice ca lorimete r and a " drop" method at 
18 te mperatures s tarting at 50 °C and proceeding in 50-deg s te ps to 900 °C (1173.15 OK). Thirtyad· 
ditional e nthalpy mea sure ment s betwee n 450 and 453 °C re vealed a gradual transition. A s imple 
ge ne ral re lation for the progress of transition when impurity is in so lid solution is de rived. The re­
latio n fit s the observe d transition da ta and indicates a fir s t-order tran sition temperature of 455 °C 
(728 OK). X-ray powder patterns on the sa mple, measure d in the Crys tal lography Sec tion of the NBS, 
es tablis hed the ex is tence of a phase transition by showing not onl y the known hexagonal s truc ture at 
room te mperature (even afte r viole nt qu enching from above the tra nsition te mpera ture region) but a 
new, s imple-cubi c s tru cture at 570 °C (843 OK). The s mooth hea t·capacity curve formulate d from the 
data me rges ve ry s moothl y with tha t representing published prec ise low·tempe ra ture data. The 
co mmon the rmod ynamic properti es were de rived , and a re tabulated at a nd above 273,] 5 OK, with ex· 
tra polation up to 1600 oK. 

Key Words : Aluminum trifluoride, drop ca lo rime try, e nth alpy measure ment s, high-te mperature 
ca lorim etry, phase transition , pre transition phenomena , spec ifI c heat , thermod y­
nam ic prope rties. 

1. Introduction 

During the past several years the National Bureau 
of Standards has conduc ted a comprehensive program 
of research to determine accurately the thermody­
namic properti es of s ubstances that are important in 
high-temperature appli cations, such as chemical 
propulsion , yet for which accurate data have been 
lacking. Aluminum trifluoride, AIF3 , is a key example 
of prime importance in thi s area. In thi s research 
program the hea t of formation a t room temperature 
[IF and the vapor pressures at elevated te mperatures 
[2] of AIF3 have been acc urately measured, and a 
current thermodynamic study of the AIF3-AICh 
system involving vaporization equilibrium is in prog­
ress. Reliable thermodynamic properties of the soli d 
up to high temperatures are needed, not on ly to obtain 
heats of formation and reac tion at such tem peratures 
but also to interpret acc urately such vaporization data 
as those just referred to. 

Low-temperature heat-capacity measurements 
(from 54 to 298 OK) on AIF 3, believed to be accurate, 

t This work was sponsored by-the U.S. Air Force, Office of Scientific Research, under 
Order No. OAR ISSA 65-8. 

2 Figures in bracke ts indica te the lite rat ure refe rences at the end 01 thi s paper. 

have been re ported by King [3J. Lyas he nko [4] meas­
ured the high-te mperature enthalpy from 290 to 1305 
oK. O'Brie n and Kelley [5J re peate d these meas ure­
ments and extended the m to 1401 oK. Though the 
res ults of these inves tigation s did not differ seriously , 
those of O'Brien and Kelley have bee n regarded as 
somewhat more reliable. (For one thing, Lyashenko 
failed to detec t the transition found by O'Brien and 
Kelley.) However, Frank [6] noted systematic dif­
ferences between the results of O'Brien and Kelley 
and those of others for two other substances measured 
at the same time as the aluminum fluoride, and, con­
cluding that O'Brien and Kelley's recorded tempera­
tures were too high by amounts up to 20° at 1373 OK, 
made an adjustment of their smoothed data on AIF:! 
which leads to corrected heat capacities in poor 
agreement with King's . 

Because of the need for accurate high-temperature 
e nthalpies of AIF 3 and the uncertaintie s in the existing 
data, the meas ure men ts re ported in the present paper 
were undertaken. 

2. Sample 

The sample of aluminum fluoride was supplied by 
the Alcoa Research Laboratories of the Aluminum 
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Company of America, New Kensington , Pa., who had 
purified it by sublimation at 1050 °C in a nickel retort. 
It was in the form of a fine white crystalline powder. 

Specimens were analyzed che mically for aluminum 
and fluorine in the Applied Analytical Research Section 
of the NBS , and spectrochemically for a number of 
heavier chemical elements by a general qualitative 
method in the Spectrochemistry Section of the NBS. 
The results of these analyses are given in table 1. 
The supplier had indicated that the sample would 
contain "a small amount of aluminum oxide and a 
spectroscopic amount of nickel," and it will be noted 
that no analysis for oxygen was made. However, the 
percentages of aluminum and fluorine in table 1 agree 
with the theore tical composition within the precision 
of analysis, and hence no corrections for impurity were 
made other than adjustment of the enthalpy near the 
transition temperature as described in section 4. 

TABLE 1. Chemical composition of the sample of aluminum tri­
fluoride as determined by chemical and qualitative spectrochemical 
analysis 

Pe rcentage by weight 

Element Found 
Theore tica l 

Individual Mean 
a nalysis 

{ 32.13 

} Ai 32.15 32.15 32.13 
32.17 

{ 
68.00 

} F 67.66 67.76 67.87 
67.61 

Mg 0.01-0.1 0 
Ca, Cu, Fe, Mn, Ni. Si " 0.001-0.01 0 

Cr, V 

} 
"0.0001-0.001 0 Ag, As, Au, B, Ba, Be. Bi, Cd . Ce, Co. Ga , Ge, Hr, 

Hg, In. lr . La. Mo. Nb, Os. P. Pb. Pd. Pt . Rh. Ru. Undetec ted 0 
Sb. Se. Su, Sr. Ta , Te. Th , Ti. TI. U, W. Y. Zn. Zr 

" For each of the element s li s ted. 

3. Calorimetric Procedure and Thermal Data 

The enthalpy measurements were made by a "drop" 
method employing a silver-core furnace and a precision 
ice calorimeter. The temperature of the furnace core , 
held cons tan t to ± 0.01 deg during a measurement, was 
meas ured up to 500°C by a platinum resistance ther­
mometer (ice-point resistance, about 25 n) that had 
been calibrated at the NBS and whose ice-point 
resistance was frequently rechecked. Above 500°C 
the furnace temperatures were measured by two 
Pt-Pt-lO percent Rh thermocouples whose independ­
ent NBS calibrations were slightly adjusted to make 
them exactly concordant with the resistance ther­
mometer below 500°C when compared with it in the 
furnace of the calorimetric apparatus. The mass of 
the sample-plus -container was periodically checked 
for constancy during the series of measurements. 
Other details of the method and apparatus are dis­
cussed extensively in an earlier publication r7l. 

All the enthalpy measurements were made on a 
single specimen ("sample") of aluminum fluoride 

weighing about 5 g. The cylindrical sample container 
(wall thickness, about 0.015 in) was fabricated from 
annealed 99.9 percent-pure silver. One end was 
drawn down to a narrow neck, and , after introduction 
of the sample in the air atmosphere of a dry box at 
room temperature, the container was evacuated and 
filled with helium to a few torr pressure before pinching 
the nec k and sealing if off with a torch. 

The individual enthalpy measurements on the 
sample·plus·container, the corresponding mean net 
relative enthalpy of the sample at each temperature, 
and the deviations of these means from the empirical 
equations derived to represent them (sec. 5), are given 
in table 2 for the various furnace temperatures ar­
ranged in increasing order. Although the enthalpy 
measurements at a given furnace temperature are 
listed in chronological order, the temperatures them­
selves (particularly from 720 to 726 OK) are not. (The 
details of the empty-container measurements that were 
used to complete these calculations are given in 
another paper [8].) The tabulated values are those 
after correction for small differences betwee n parts 
of the sample container and the empty container. 
The vapor pressure of aluminum fluoride at the highest 
furnace temperature involved , 900 °C, is only about 
1 torr, and it can be shown that at this temperature the 
heat of evaporation to saturate the 3 c m3 of gas space 
in the sample container was negligible (about 0.003 cal). 

The enthalpy values of table 2 are further treated 
in sections 4 and 5. 

4. Phase Transition 

It is known that AIF3 undergoes a solid-state transi­
tion , though the authors are unaware that anyone has 
previously investigated the nature of the structural 
c hange. O 'Brien and Kelley's [5] enthalpy meas ure­
men ts showed a s mall but de finit e en thalpy increment 
(150 cal/mol), and over so small a te mperature interval 
that it was attributed to a first-order transition reported 
to occur at 727 oK. 

The present investi gation likewise shows a transition 
with a heat and te mperature approximately in agree­
ment with the above values; so, in addition to a series 
of enthalpy measurements at furnace temperatures 
every 50 deg from 273 to 1173 OK, a special ser ies of 
en thalpy values was de termined at close ly spaced 
temperatures between 722 and 727 OK, in an effort to 
di s tinguish be tween a first- and a second-order transi­
tion and also to define as closely as possible the true 
(equilibrium) transition temperature (or temperature 
range). 

The individual unsmoothed enthalpy values obtained 
in this small range are shown in fi gure 1. The frame 
of reference which gives these points significance with 
regard to the transition is afforded by the two solid 
c urves, calculated from the empirical equations de­
rived later (sec. 5) . The lower curve is part of that 
fitting closely all the values at and below 723 OK (except 
three values approached from higher temperatures , 
presently to be discussed), and the upper curve simi­
larly fit s closely the values from 773 to 1173 oK. Asso-
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TABLE 2. High-temperature enthalpy measurements on aluminum 
trifluoride, AlF 3 

H r - H 'l7'J. 15 of AIF'3(·d 
Furnact: Measured heat 

temperatu re.. (sample plus 
T' containe r) b,t Individual Mean Mean ob· 

measurement I' observed served-
s moothed I 

oK cal cal mol - I col mol - I cal m.ol - I 

323. 15 '{ 
90.52 898.6 
90.66 901.0 899.6 +3. 1 
90.56 899.3 

373. 15 { 
186.12 1873.5 
186.05 1872.3 1871.8 +2.2 
185.89 1869.6 

285.05 2896.9 
423. is 284.79 2892.6 2894.4 - 4.1 

284.86 2893.8 

386.95 3963.5 
473.15 387.08 3965.7 3965.0 -3.2 

387.09 3965.9 

491.35 5066.0 
523.15 491.70 5071.9 5069.5 - 0.2 

491.63 5070.7 

573. 15 
598.42 6207.0 

6206.~ + 6.H 
598.39 6206.5 

623.F5 f 706.54 7359.4 
706.85 7364.5 7363.1 +1.2 

l 706.91 7365.6 

817.61 8554.4 
673.15 817.73 8556.4 8556.7 -7.3 

817.90 8559.3 

719.78 ' 934,92 ' 9892. 1 

';1 
721.89 930.44 9788.8 .. 
722.13 ~9F·~ 9800.7 . ........ ... 

722.16 • 940.87 '9959.6 . .. ... .... 
723.06 ' 943.25 '9987.2 . . ..... . ., . 
723.59 934.56 9834.9 . ............... 
723.76 • 943.79 '9986.9 . ..........•..• ' 
723.77 935.01 9840. 1 ........... ... ... 
723.84 936.30 9860.7 . ............... 
723.90' 936.22 9858.5 . ... ........... 
723.9.1 • 943.27 '9976.2 ... 
724.04 936.82 9866.7 . . . . . . . . . . . . . .. See figure I. • 

724.30 937.62 9876.6 . . . . . . . . . . . . . . . . 
724.33 .~~:~~ 

9894. 1 ............... 
724.40 '9982.4 ... ...... . 
724.52 938.33 9885.4 ... ........... .. 
724.80 939.72 9905.0 ... 
724.96 941.15 9926.4 . 
725.18 943.44 9962.1 . . . . . . . . . . . . . . . . 
725.20 942.77 9950.4 . ..... .. . ...... 
725.24 943.62 9964.1 ........ ...... 
725.27 943.37 9959.6. .... .... ..... .. 
!25 . ~~ '947.21 ' 10023.3 . .... .. ..... ... 

7~:i ~;.QT 996H •. ... ... -7 2. 3.97 ~i ; .. ...... 

ciating these two curves with, respectively, the low­
temperature (a) and high-temperature (f3) forms of 
AIF 3, it is natural to take the vertical position of any 
point between as a linear measure (within the experi­
mental precision) of the fraction of the sample which 
has converted from a to f3 , provided the sample can be 
assumed to have always reverted to the same state 
when cooled in thp. calorimeter to 273.15 oK. 

On this basis the intermediate points approached 
from lower temperatures ("by heating") indicate a 
gradual transition between 723 and 726 OK, and it is 
believed that these represent approximately true equi­
librium because two pairs of points involved equilibra­
tion times within the furnace which differed by factors 
of 4 and 10, respectively, without appreciably changing 
the enthalpy found. On the other hand the points 
approached by cooling after first heating above 726 OK 

~~~'-"------

TABLE 2-Continued 

Furnace "Measured heat 
Hr-H2 7'J. U of AIF3c, d 

temperature (sample plus 
T" container) b. c Individual Mean Mean ob-

lmeasurement e observed scrvcd-
smoothed r 

725.44 945.04 9985.2 .... 
725.54 945 .57 9992.7 .. .......... 
725.60 946.56 10008.4 .. .. 
725.+CJ 947.01 10014.8 ... pee figure 1 
725.89 947.71 10024.0 ....... 
726.08 948.73 10038.3 ... . 
726.64 949.96 10051.4 .... 

733.00 963.89 10198.6 10198.6 - 0.1 
742.00 983.87 10411 ,2 10411.2 +2.3 
763.06 1030.64 10908.2 10908.2 +6.5 

773. 15 { 
1052.60 11138.2 } 
1052.92 11J43 .5 11140.5 +2.2 
1052.69 111 39.7 

783.22 1074.69 11370.5 11 370.5 -4.2 
793.3i 1097.28 11 6 10 .$ 116 10.5 - 1.9 
8O~.2('. 1118.7 1 11 833 ,6 11833.6 - 11. 2 
8 12.99 1141.13 12074.2 12074.2 - 1.3 
818.07 1152.66 12197.2 12197 .2 + 1.8 
820.84 1157.74 12244.0 12260.8 - 16.8 

823.15 { 
1164.08 12318.2 } 
1163.69 12311.7 123 15.0 - 0.3 
1163.89 12315.1 

873.15 { 
1275.81 13494.3 ) 13494.0 -5.7 1275.77 13493.6 

923. 15 { 
1389.25 14690.2 } 
1389.31 14691.2 14691 .8 + 0.8 
1389.48 14694.1 

973 .15 { 
1503.59 15892.2 } 
1503.41 15889.2 15891.1 + 1.9 
1503.57 15891.9 

1023. 1.> { 
1619.16 17105.0 1 
1618.78 17098.7 J 17100.0 + 6. 1 
1618 .63 17096.2 

1073. 15 { 
1734.09 18297.0 } 
1734.35 18301.3 18300.6 - 4.5 
1734.49 18303.6 

11 23. 1~ { 
1851.71 19523.3 } 
1851.41 195 18.3 19521.1 . - 1.4 
1851.61 19521.6 

1173. 15 { 
1969.75 20745.7 } 
1970.00 20749.1f 20747.1 + 1.0 
1969.76 20745.8. 

1\ in ternat ional Temperature Scale of 1948. as modified in 1954 . 
O °C~ 273. 15 oK. 

II Sa mple mass = 5.0248 g . 
< 1 cal (defi ned)~4. 1840 J. 
d Molecular wei~hl = 83.9767. 
e In calculating the net heat due to the sample. the gross heat (column 

2) was decreased by the smoothed empty-container heat calculated from 
the equation 

HT - H""" ~ O. 761S2(T- 273.15) + 2.3649(10- ')(T- 273. 15)' 

+ 0.42246(!0-')(T-273.15)'-8.9987 [(T-273.151ITI cal at TOK. 

The observed values which this equation represents are given in tabie 
3 of referf'nce (8). 

r The smootned values b~low 728 OK ~ere calculated from eq (14) and 
tho.e above 728 OK from eln1S); . 

II In determming the en"thalpy values so indicated in columns 2 and 3. 
the final sample temperature (column 1) was approached by cooling after 
first heating above 726 OK. In de termining all other enthalpy values in 
th is tab le. the final sample temperature was approached by heating only. 

(i.e., " by cooling") lie along the upper curve. It is 
believed that in these latter cases the sample com­
pletely converted to the f3 form but failed to revert 
partially to a (until quenched in the calorimeter). 
These points would then not correspond to phase 
equilibrium, and will not be discussed further. 
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FIGURE 1. Observed enthalpy of the sample of aluminum fluoride 
near the transition temperature. 
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It may be noted that the sharp upturn in the enthalpy 
between 723 and 726 OK, which would correspond to a 
hump in the heat-capacity curve , is in strong contrast 
to the gradual upward curvature of the heat-capacity 
curve over some 200 deg below 723 OK (fig. 3), so that 
the two phenomena appear to be of different origin. 
In order to throw light on the nature of the 3-deg upturn, 
x-ray powder patterns were taken in the Crystallog­
raphy Section of the · NBS on three specimens of the 
same aluminum-fluoride sample. These specimens 
were, respectively, one not used in the enthalpy 
measurements, one that had been heated well above 
726 OK and then cooled slowly over two days to room 
temperature, and one that, after similar heating, had 
then been quenched in liquid nitrogen (i.e., much more 
drastically quenched than in the ice calorimeter)_ All 
three specimens gave at room temperature the same 
known pattern associated with the room-temperature 
hexagonal structure of AlF3 [9]; it was therefore con­
cluded that in all the enthalpy measurements the 
sample probably returned to this same form in the 
calorimeter, and consequently that the points in figure 
1 are true measures of the relative enthalpy under the 
furnace conditions. 

Additional x-ray patterns, however, were taken on 
one of the specimens while at approximately 840 OK, 
well above the transition region. In these cases the 
hexagonal pattern was missing, being replaced by a 
new pattern interpreted as due to a primitive (simple) 
cubic structure having a cell dimension of 3.580 A 
(or possibly some multiple thereof)_ (TaF3 is said to 
show a similar structure at certain temperatures.) 
From this result it is concluded that the transition in 
AIF3 at about 726 OK involves a change in crystal struc­
ture. Since a true second-order transition is only 
compatible with a continuous change in structure not 
readily conceivable for most pairs of well-defined 

(See text for de finition s ,)f symbols.) 

structures, the conclusion is that pure AlF3 exhibits a 
true first-order transition. A quantitative explanation 
of the observed 3-deg transition is offered below after 
postulating the presence of impurity soluble in both 
forms of AIF3 and then treating the sample as a two­
component system. 

Two-component systems which exhibit both appre­
ciable solid solubility and a first-order transition of 
one component are very common, and enthalpy data 
on some such systems have been interpreted in accord­
ance with these characteristics with as much care as 
the very common treatment of premelting. However, 
no one treatment is equally appropriate in every case, 
as in each one approximations must be made that are 
consistent with the amount and quality of the informa­
tion available. With this fact in mind, the following 
very simple treatment was developed for application 
to the present case; obviously, it can be more generally 
applied.3 

The situation tentatively assumed to exist is illus­
trated by the type of phase diagram shown in figure 2 
(whose specific detail s are those subseque ntly derived 
for the present sample) . For simpli city the principal 
component is assumed to be contaminated with a 
single co mponent whose overall mole fraction , N2 , is 
so small that the temperature-composition phase 
boundaries may be taken as strai ght lin es in thi s region . 
Also for si mplicity, maintenance of complete phase 
equilibrium is assumed. In the exa mple illus trated , 
the impurity de presses the transition temperature of 
the pure sub stance, TIc. to a finit e te mperature interval 
TI to T2 , the sample at any intermediate temperature 

3 A similar treatment has been publi shed by Mastrangelo and Dornle [12]. Their final 
equations, while derived for the fu s ion process onl y and expressed in term s of slightly less 
general parameters , can be s hown to be equivalent 10 eqs (9) a nd (11) be low. 
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T consisting of ex and f3 phases of compositions N~ and 
N~ res pectively. Though in most known cases of this 
type the impurity does depress the transition tempe ra· 
ture (as i·n fig. 2), some cases are known where this is 
e levated, but the following equations are equally 
applicable to both situations. 

The two phase boundaries may be defined by 

N~ =A(T- Ttr); 

N~=B(T- Ttr), (2) 

where A and B are constants. The limits of the two· 
phase temperature region are the n obviously given by 

(3) 

(4) 

If at te mpe rature T each mole of the principal compo­
nen t is di stributed with n' moles in the ex solid solution 
and n" moles in the {3 solid so lution , the overall mole 
balance of each compone nt gives the well-known 
" le ver" relations; on assuming that N~, N; , and N~; 
are negli gible co m pared to unity , these rel~tion s ar~ 

n 
, N~-N; 

(5) 
N~-N~' 

" 
N2-N2 

n 
m-N~ 

(6) 

It is convenient to define a constant param eter k by 

B /A = k. 

From these equations then follow the two relations 

" [ (T2 - T) J - I 
n = T-TI k+l ; 

T~-TI 
Tt = T,+---' 

r - k-l 

(7) 

(8) 

(9) 

If 6.Ht" is the molal heat of tran sition , the molal 
enthalpy of the sample n"6.Htr at T in excess of that of 
the pure ex phase may be calculated from eq (8); eq (9) 
gives the transition temperature corrected for the 
impurity. A well-known relation 4 applicable to dilute 
solution s exhibiting miscibility in both phases is, in 
the present notation (and with R as the gas constant), 

~ See. for example. refe rence 1101. 

N~-N~ 6.H II. 

T-Ttr Rn ' 
(10) 

a?d this may be combined with previous equation s to 
glve the amount of impurity in the sample, N~, causi ng 
the transition over the interval TI to T2 : 

N, = k(T2 - TI )6.Htr . 
- (l-k)2RTfr 

(11) 

If T I , T2 , k, and 6.Htr can be evaluated from the thermal 
data su?h as that shown in figure 1, eq (9) and (11) may 
be readlly solved. 

Close examination of eq (8) shows, however , that 
some measure of the curvature of the "excess en­
~halpy" c.urve in the transition region (n"6.Htr versus T) 
IS essentlal to assigning a value to k and he nce usin a 

eq (9) and (11) signifi cantly. If the impurity e l evate~ 
the transition te mperature (Til' < TIl, the n k < 1 and 
this curve is concave downward; but if th e trans iti on 
temperature is depressed (T,l' > T2 ) , then k > 1 and 
the c urve is concave upward. In either eve nt the 
c urve begins (at TI ) and ends (at T2) with finite positive 
slope. 

The enthalpy values of figure 1 (excludin a the points 
" by cooling"), though subject to apparentl; consider­
able ~catter which is a result of the unusually small 
~llagllJtude of the heat of transition and the corres pond­
l~gly expanded scale of this plot ,5 were dee med suffi­
clen tiy numerous and interconsis tent to apply the 
above relation s . An approximation to th e bes t fit to 
the data gave 

TI = 723.2 OK 

T2 = 725.85 OK 

k=2.5 

from which were calculated 

Ttr = 727.6 OK 
N2 = 0.0004 

(12) 

} (13) 

and the dashed curve drawn through the transJtlOn 
region in figure 1. This curve fit s the points within 
their precision , and it may be added that a value 
N2 = 0.0004 is plausible (e .g., if due to MgF2 , thi s 
would correspond to 0.01 weight pe rce nt of Ma which 
is consistent with table 1). Thi s ex planatio;' of th e 
o~served transition data is thus regarded as acceptable, 
wJth the transition te mperature of pure AIF3 lyin a 

above 726 oK. Since the valu e derived above for th~ 
transition te mperature must be considered uncertain 
by the order of 1 deg, it will be rounded to 728 OK for 
calculations on pure AIF3 • 

., Note that in !i~ure 1 the total ordinat e distance between Iile two so lid c urves is e quivale nt 
10 only about l.~ pe rcent uf the measured re lative enthalpy which determines anyone point. 
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TABU 3. Thermodynamic functions for aluminum trifluoride, AlF 3, solid phases (in terms of defined calories per mole) 
(I cal = 4.1840 J; T ' K= t'C+273.I5;lmole-83.9767 g .) . 

T Co 
p (H~:-H~) (H~-H~)/T S~ -(G,.-H~) -(G;-H~)/T 

oK cal deg- ' mol- I cal mol- I cal deg- ' mol- I cal deg- ' mol- I cal mol- I cal deg- ' mol- I 

Alpha Phase 

273.15 17.045 2340.5 8.569 14.357 1581.2 5.789 
298.15 17.957 2778.2 9.318 15.1190 1959.4 6.572 
300.00 18.021 2811.5 9.372 16.001 1988.9 6.630 
325.00 18.828 3272.4 10.069 17.476 2407.5 7.408 
350,.00 19.526 3752.0 10.720 18.898 2862.3 8.178 
375.00 20.119 4247.7 11.327 20.266 3352.0 8:938: 
400.00 20.623 4757.2 11.893 21.581 3875.2 9.688 
425.00 21.053 5278.3 ,12.420 22.844 4430.6 10.425 

450"00 21.426 5809.4 12.910 24.059 5017.0 11.149 
475.00 21.754 6349.2 13.367 25.226 5633.1 11.859 
500.00 22.054 6896.9 13.794 26.350 6277.9 12.556 
550.00 22.625 8013.8 14.571 28.478 7649.2 ' 13.908 
600·.00 23.258 9160.4 15.267 30.473 9123.5 15.206 
650'.00 24.071 10343. 15.912 32.365 ,10695. 16.454 
700.00 25.181 11572. 16.532 34.188 12369. 17.656 
728.00 25.978 12288. 16.880 35.190 13330. 18.311 

Beta Phase 

728.00 23.322 12423. Tn)6~ 35.375 13330. 18.311 
750.00 23.392 12937. :17.24~ 36.071 14116. 18.821 
800.00 23.546 14110. 17.638 37.585 15958. 19.947 
850.00 23.693 15291. .17.990 39.017 17873. 21.027 
900.00 23.833 16480. 18.311 40.375 19858. 22.065 
950.00 23.968 17675. 18.605 41.668 21910. 23.063 

1000.00 24.099 18876. 18.876 42.900 24024. 24.0"24 
1050.00 24.227 20084. 19.128 44.079 26199. 24.951 
1100.00 24.353 21299. 119.363 45.209 28431. 25.847 
1150.00 24.476 22520. '19.582 46.294 30719. 26.712 
1200.00 24.598 23747. '19.789 47.339 33060. 27.550 
1250.00 24.718 24979. 19.984 48.345 35452. 28.362 
1300.00 , 24.837 26218. i20.168 49.317 37894. 29.149 
1350.00 24.954 27463. 20.343 50.257 40383. 29.914 
1400.00 25.071 28714. 20.510 5 l.l 66 42919. 30.656 
1450.00 25.187 29970. 20.669 52.048 45500. 31.379 
1500.00 25.302 31232. 20.822 52.904 48123. 32.082 
1550.00 25.417 32500. 120.968 53.735 50790. 32.767 
1600.00 25.531 33774. :21.109 54.544 53497. I 33.435 

H~ is the enthalpy of the ex form at 0 OK (and 1 atm pressure). Values for temperatures higher than 1150 OK are by extrapolation beyond 
the measuring range. 
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ApPENDIX. Thermodynamic functions for aluminum trifluoride, AlF 3, solid phases (in terms of joules per mole) 
ITOK ~ 1 ' C + 273.15: I mole ~83.9767 g.) 

T Co v (H~-H~) (H~- H~)/T So 
T -(G~- H~) -(G~-H~)/T 

oK ] deg- I mo]- I J mol - I J deg- I mol- I J deg- I mol- I J mol- I J deg- I mo] -I 

Alpha Phase 

273.15 71.316 9792.6 35 .853 60.070 66J5.7 24.221 
298.15 75. 132 11624. 38.986 66.484 8198.1 27.497 
300.00 75.400 11763. 39.212 66.948 8321.6 27.740 
325.00 78.776 13692. 42 .1 29 73.120 10073. 30.995 
350.00 81.697 15698. 44.852 79.069 11976. 34.217 
375.00 84.178 17772. 47.392 84.793 14025. 37.397 
400.00 86.287 19904. 49.760 90.295 16214. 40.535 
425.00 88.086 22084. 51.965 95.579 18538. 43.618 
450.00 89.646 24306. 54.015 100.66 20991. 46.647 
475.00 91.019 26565. 55.928 105.54 23569. 49.618 
500.00 92.274 28857. 57.714 llO.25 26267. 52.534 
550.00 94.663 33530. 60.965 119.15 32004. 58.191 
600.00 97.312 38327. 63.877 127.50 38173. 63.622 
650.00 100.71 43275. 66.576 135.42 44748. 68.844 
700.00 105.36 48417. 69.170 143.04 51752. 73.873 
728.00 108.69 51413. 70.626 147.24 55773. 76.613 

Bela Phase 

728.00 97.579 51978. 71.400 148.01 55773. 76.613 
750.00 97.872 54128. 72.170 150.92 5906l. 78.747 
800.00 98.516 59036. 73.797 157.26 66768. 83.458 
850.00 99.132 63978. 75.270 163.25 74781. 87.977 
900.00 99.717 68952. 76.613 168.93 83086. 92.320 
950.00 100.28 73952. 77.843 174.34 91671. 96.496 

1000.00 100.83 78977. 78.977 l79.49 100520. 100.52 
1050.00 101.36 84031. 80.032 184.43 109620. 104.40 
1100.00 101.89 89115. 81.015 189.15 118960. 108.14 
1150.00 102.41 94224. 81.931 193.69 128530. 111.76 
1200.00 102.92 99357. 82.797 198.07 138320. 115.27 
1250.00 103.42 104512. 83.613 202.28 148330. 118.67 
1300.00 103.92 109696. 84.383 206.34 158550. 121.96 
1350.00 104.41 114905. 85.115 210.28 168960. 125.16 
1400.00 104.90 120139. 85.814 214.09 179570. 128.26 
1450.00 105.38 125394. 86.479 217.77 190370. 131.29 
1500.00 105.86 130675. 87.119 221.35 201350. 134.23 
1550.00 106.34 135980. 87.730 224.83 212500. 137.10 
1600.00 106.82 141310. 88.320 228.21 223830. 139.89 

H~ is the ent halpy of the a form at 0 OK (l atm pressure). Values for temperat ures higher than 1150 OK are by ex trapolation beyond Ihe 

measuring range. 
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5. Data-Smoothing; Derived Thermodynamic 
Functions 

Pure aluminum Auoride was assumed to have a first­
order tran sition at 728 oK, as derived in section 4, and 
two separate e mpirical equations were derived by the 
method of leas t squares to fit the observed enthalpy 
values as fun ction s of temperature below and above 
this tran sition temperature_ In this fitting, only the 
mean enthalpy values (given equal weight) at tempera­
tures exactly 50 deg apart, from 323_15 to 1173_15 OK, 
were usedY After so trying several forms of equation 
to obtain acceptable smooth fits, the equations selected· 
were as follows (with the enthalpy and standard devia­
tion, a, in cal mol - I at T OK, relative to that of the 
a form at To=273.15 OK). Note that eq (15) is not 
intended to be applicable down to 273.15 OK. 

a-AIF3 (273 -728 OK): 

Hr - Hro =- 6.27678'(T-To)+7.05597(10 - 2)(T2 -Tij) 

- 8.25715(10- 5) (P -T3) + 3. 93984(1O- 8 )(T4 - T3) 

a(a) = 5.58 (14) 

HT ({3) - Hro(a)=22.1387(T- To) + 1.08571(1O- 3)(TLT~) 

+2.1078(105 ) (~- ~J 

a(f3) = 4.09 (15) 

Smooth high-temperature thermodynamic functions 
of aluminum triAuoride that represent the present 
work and merge smoothly with those given by King's 
low-temperature heat capacities [3] are given in table 3 
in terms of defined calories, and in the table in the 
appendix in joules. As a step in generating this table, 
a smooth heat capacity function was first evaluated 
from King's results alone, using a computer code which 
employs four-point Lagrangian interpolation and em­
ploying King's combination of Debye and Einstein 
functions 7 for temperatures below his range of meas­
urement (below 51 OK). This procedure gave a Third­
Law value for Sf~)8.15 of 15.890 cal deg- I mol - I (King 
gave 15.89 ±0.08). The value of C~(298.15) given by 
King (17.95 cal mol - I deg - ' ) is the same as that 
derived from eq (14) (which fits the high-temperature 
data of the present work alone). The smooth repre­
sentation of King's heat capacity data was then joined 
to the high-temperature heat capacity derived from 
eq (14). In order to ensure a continuous temperature 

6 Th c measure me nt s a t 72 1.89 and 722. 13 OK were used 10 comput e the mean e nthalpy 
at 723. 15 OK. 

7 Kin g sl ates t hai thi s fun c ti o n fil s hi s hea l capacit ies to within 0.8 pe rcent from 5 1 to 
298 OK. 

derivative of heat capacity in the region of joining, 
minor adjustm ents were made to the smoothed high­
temperature heat capacity data below 360 oK. The 
net result of these adjustments was to increase the 
enthalpy increme nt (Hl60 -- H 27:1. 15 OK) by less than 0.02 
percent. The thermodynami c function s up to the 
transition point were generated using King's smoothed 
heat capacity data and heat capacity values deter­
mined from eq (14), adjusted below 360 oK. 

Above the transition temperature eq (15) was used , 
the necessary integration constants being required 
to be consistent with the heat of transition, 134.6 
cal mol - I, given by the difference of eq (14) and (15) 
at the transition temperature, 728 OK. 

6 . Discussion 

The heat capacities of a- and f3-AIFa above 145 OK 
are shown as functions of temperature in figure 3. 
The high temperature experimental points were calcu­
lated in each case from the original enthalpy data 
employing a curvature correction according to a for­
mula of Osborne et al. [13]. The smoothed results of 
O'Brien and Kelley were derived from their published 
enthalpy equation [5]. Lyashenko's smoothed values 
were derived from an enthalpy function which fit his 
observed data to 1.5 percent (several equations were 
tried, but none fit his data more closely). Over most 
of the temperature range, the solid curve, which repre­
sents the smoothed results of the present work (eq (14) 
or (15), or table 3), lies between that for O'Brien and 
Kelley's original work [5] and that for their results 
as adjusted by Frank [6]. King's values merge very 
smoothly with the authors' curve and nearly as well 
with O'Brien and Kelley's , but definitely not with 
Frank's. The authors' curve for the f3 form is closer 
to O'Brien and Kelley's than to Frank's. These con­
siderations, taken together with the fact that Frank's 
adjustment of O'Brien and Kelley's data lowers the 
apparent a-f3 transition temperature by 9 °C (whereas 
the present work predicts a transition temperature 
essentially in agreement with that of O'Brien and 
Kelley), lead the authors to conclude that Frank's cor­
rections to the AIF a data are completely invalid. 

Just previous to the authors' measurements on AIF3 
they made checks on the calorimetric apparatus by 
repeating measurements of the enthalpy of Calorime­
try-Conference standard-sample synthetic sapphire 
(AhOa) at 373, 773, and 1173 OK relative to 273 oK. At 
all these temperatures the agreement with earlier 
work at the NBS using the same sample and the same 
apparatus was within 0.2 percent, which is within the 
present precision at 373 and 773 OK but slightly outside 
it at 1173 oK. Because the calorimetric apparatus 
used to measure AIFa was very recently used also to 
measure BeO . AlzOa and BeO . 3Ah03 over the same 
temperature range and with the same high precision, 
the authors feel that their general discussion of accu­
racy for the latter two substances [8, 11] is equally 
applicable to AlF3• The actually observed enthalpy 
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FIGURE 3. Comparison of the heat capacity o} ex- and .a-AlF3 determined by independent investLgatwlts. 
For derivation of the c unp.8 (which reoresent smooth values), see text. • . King;. adiabatic method [3]; 0, NBS drop methoti (thi !1l work);- . 
table 3 (thi. work); 0=-- "" O'tlrien andYeUey [5]; "'--. O'Brien and Kelley a. adJUsted-by hanK [6J; - - - - - -, l.. LyashenKo14l-

of the sample very near the transition temperature is, 
of course, subject to additional uncertainty owing to 
the possibility of incomplete phase equilibrium, but 
for other temperatures this introduces no uncertainty 
into the enthalpy and very little mto the entropy. 

The gradual upturn of the heat-capacity curve for 
about 200 deg below the transition temperature is 
interesting (fig. 3). Many solids show this behavior 
below their melting points or transition temperatures, 
and it is usually attributed to some type of disorder 
(of which lattice vacancies form a special case). 
Despite the x·ray diffraction results summarized in 
section 4, not enough structural data are presently 
available on ,B-AlF3 to suggest how the lattice may tend 
to rearrange near the transition temperature. 

The authors acknowledge the particularly helpful 
contnnutions of the followmg persons. George Long, 
of the Alcoa Research Laboratories, Aluminum Com­
pany of America, furnished the sample. It was 
analvzed by members of the National Bureau of Stand­
ards: for aluminum by E. June Maienthal, for fluorine 
by Rolf A. Paulson, and spectrochemically by Eliza­
beth K. Hubbard. Howard E. Swanson, also of the 

NBS , carried out the x-ray examinations and made the 
structural interpre tations of the m. 
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