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. ABSTRACT
'The meltihg point of stannous fluoride was determined to be 1488.2°
+ 59K,
| The vapof preséure of stannous fluoride was measured in the
temperature range 532° to 670°K by the torsion effﬁsion method. The
equilibrium pressuré is represénted by the expression
16310 P

atm': -(6.951 ¢ 033) + 6.726 £+ ,055

where the quoted errors are the standard deviations from the least
squares fit.‘ ﬁifh use of this expression for the total preSSufe and
the relative pressures meaSured Sy K; Zmbov, J. W. Hastie and J. L.
Margrave, heats of vaporlzatlon at 600°K for the monomer, dimer, and

trimer were found to be 31.8 t 3, 30 3 + 3, and k2. 0 * 5 kcal/mole,

| respectively.
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I. INTRODUCTION

Despite severél investigations of the thermochemicél pfoperties
of stannous fiﬁoridé,l—3 the mélting point‘and vapor pressure are
still not well known. Melting points have been repofted 5y Nebergall,
Muhler and Dayl and Zmbov, Hastie and Margravg2 to be about-h88°K with
an uncertainty of'gboui 3 degrees.

The vapor pressure of gtaﬁnous_fluoride has been detefmined over‘
the temperature range 769°vto 1106°K by Fischer and Petzeld using'the
"Bell method". Zmbdv, et al.? ﬁa&e mgésqred the relative‘intensities of
SnFZ(g), SnyFy(g) and én3F6(g) with«a mﬁss spectrdmeter énd have used
théAinformation with.an extrapolation of Fiseher‘and Petzel's'data to
calculate the partial pressures of the vaporizing species.

This paper reports measureméhts of the melting point of étannous
fluoride and of the equilibrium vapor pressufe‘at S32° to 6706K. From
the vapor pressure measufements and the relative intensity measurements
of Zmbov et &l., the heat of sublimation for each épecies was calculated

at 600°K.



. EXPERIMENTAL
The stannous fluoride used in thls study.was obtained from K and
K Laboratories Incorporated Xray diffraction analy51s showed SnF2
to be the major constituent and spectrographic analy81s showed .06%
of iron to be the maJor metallic impurity
The meltlng p01nt of stannous fluoride was measured by heating

and cooling curve methods with a chromel—alumel thermocouple. 'Forv‘

jthe measurements, samples of about 50 gm were heated in closed graphite'

';cruc1bles in @ vertlcal tube furnace._ A 2 1nch diameter alumina tube

1th 3/8 1nch wall thlckness and 6 inches of alumina bubble 1nsulat10n

h; gave the furnace a’ relatively high heat capacity ‘The thermocouple
-was‘standardlzed both-before‘and after-the'stannous fluoride runsiby’ )
:{idetermining the melting p01nts of tin and cadmium in the same furnace
=.u51ng 51m11ar crucibles.; These calibrations established the fact that;f
*he tnermocOuple temperature was correct to 0 l°K at the melting p01nt3:,

of stannous fluorlde,

‘The tor31on—effuslon technique which was used- to study the vapor

pressure of SnFjp, is. fully described by Freeman.h In brief the method »
' .ylelds values of the pressure in a tor31on effusion cell from the

vq followlng,relationship:_

B et

'where 6 is the angle through which the cell is tw1sted D is the tor31on*-:
¥ gconstant of the f1ber from which the cell is suspended q is the momenti

. arm of orifice i from the suspending fiber, a.i is the area of orifice



i and fi is the Freeman-Searcy 9

_correction factor for the finite
channel length of en orifice.

The apparatus used in the present study had previously been used

by B. Blank.10 The system was modified by replacement of the pyrex

column which had enclosed. the suspension system with a copper column

and by the insertipn inside the heating elements of a copper can 2-1/2 -
inches inrdiameter‘and.3-1/2 inches longvto'enclese‘the:dummy-and' |
effueion cells. The can improved the temperaturevunifo}mity in the

zone of the cells.

Tungsfen_euspensionvwires 30 em long and 1.5 and 2 mills in diameter
were used. Torsion constanﬁs were‘approximately l.l2}and 3.00 dyne-
cm/rad. respectively, with an estimated error of $0.5%.

The torsion celIS'whieh were aﬁout 3,0 ch’in length, 1.3 cﬁ in
width, snd 1.9 cm in height, were made of National Carbon 2T 101 grade
graphite; Table i gives orifice dimensions and correction factors.:

The aﬁgle of eeilkrotation was determined by a nullvtechniquet
A modified goniometer was uéed to rotate the-upper part of fhe suspensioﬁ
in the &ifection‘oppOSite to that of the cell rofation &nd the measure
the angie ef twist necessafy to return the cell_to ite posiﬁion befofe;
heating. |

Tempersature measurements were made with a chromel-alumel thermo-

couple placed in a dummy cell directly below the effusion cell.

Temperatures of the dummy cell had been calibratedvagainst temperatures

of an éffusion cell into which a thermocouple had been inserted. All

'thermocouples'Were calibrated by heating and cooling through cadmium



e slowly heated to at least f1fty degrees above the hlghest p01nt at B vp’

. fAHzge = -31, 15 . .19 kcal/mole.v The- value selected by Hultgren et al.”

'_and antimony-melting'points.

When a run was started the sample was 1n1t1ally heated to about

'-500°K for several hours to remove water of hydratlon and was then

_,whlch date would be taken in order to remove volatlle 1mpur1t1es. The{ ' o

sample was then cooled and reheated keeplng -pressures below 2'x lO 75

torr whlleﬁmeasurements wereamade. Elghty five readlngs were taken in

ten separate runs}

' The equllibrlum vapor pressure of zinc was measured to test for

- any systematlc errors. .From 21 measurements at 588° to 706°K the

bhlrd law heat of subllmatlon of zinc at 298°K was - determlned as . » »
11 :

from collected studles is AHzge = -31 2 kcal/mole.
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III. RESULTS AND DISCUSSION

Difficulty was-encountered in obtaining an arrest in the heating or
cooling curveé of SnF,, prdbably because of low heat conductivity through
the sample and beéause the matgrial readily supercooled. Superqooling
of 10° was easily 6b$erved. To reduce these problems, heating and
cooling rates were decreased to appfoximately'2° per minute, and melts
were seeded when they héd cooled to the apparent melting p@int.

Heating curves with clear arrests wéré never obtained. The melting
point was determined from coqling curves whichvsupercooledvno more than
0.5° and then gave a constant reading for periods of 0.5 to 1.5 minutes.
The melting point was found‘fo‘be‘h88,2 t ,15°K where the error is the

standard deviation. Data are summarized in Table II. With allowance

for errors in standardization and for semple impurities, a total

. uncertainty of 0.5° is estimated, The value previously reported was

.
4L88 £ 3°K.~
The results of the Knudsen equilibrium vépor pressure data collected .

in the range 432.1° to 670.5°K yielded the equation

- .
logig P, = ~(6.951 * 0,033) 2& + (6.726 + .055)

-where the errors are standard deviations. Figure 1 is a plot of pressure’

versue 1/T and the experimental data are presented iﬁ Tables III, IV and
V. |

Molecular flow éonditiohs of a gas through an orifice have been
shown to'applj only when the méan~free path of the vapor is greater

than some critical vélue'depending on the effusion orifice dimensions.l‘?’13



' In order to insure nolecular flow:conditions,_data'pointsvwitﬁlvalues of.

~ the mean free path to‘Orifice'dfameter, 1/d, less than 0.5, 8§ calculated

' by the hard sphere aPProxlmatlon,lh'wereenot included in'thevflnal.\r
:calculatlons. No dev1ations were found by Mar and Searcy6 Wlth r/d
5ratlos.as low as 0 h In the present study, pressures obtalned under
lcondltlons for Wthh T/d was calculated to be less than 0 2 to- O 3 fell
:above the extrapolated pressure curve by more than the calculated
_standard deV1at10n (c.f. Flg l) |

-'The'heat of vaporlzatlon tO'the equllibriun‘mlxture'of‘vapor
l5pec1es was’ calculated to be 31 80 s 0 15 kcal/mole at 600°K by the

.‘second law method 15 '

ExPerlmental'errors in orifice and cell measurements, determinations .

of torsion constants_and'of deflection'angles.lead to an‘estimated

vxerror of . 17 1n AHT Assumption of a max1mum systematlc temperature

error of +h° at ‘the upper end and -h° at the lower end of the temperature |

range leads to a calculated error of 1 6 kcal/mole for the second 1aw

3_ calculatlon. The - heat of vaporlzatlon at 600°K can therefore be estlmated

" to be correct’w1th1n *3vkcal/nole.

Using the equation

- I(snFy)
82T rtenFy) . I(SmpFi)  I(SngFy)
o "

"7"Q T
..v'ﬁhere'PT is the total pressure determined,in:thiS'work andvais'the,.
: ‘relative-intensity of the ions from anov,:et al;e The pressures and

second law heats were calculated_for the'monomer,-dimer and trimer.‘

I
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A comparisonvof the temperature dependence for the total pressures

was made by applying to the data of Zmbov, et al., the equation-

+

| IT A
Pagy G

where I is the ion current, A is the’appeafance potential for the ion,
E‘is the electron energy at which the measurement was made, o is the
cross section for the ion and y is the multiblier efficiency teken here
as one. The cross section was calculated using values from Otvos
and Stévenson.16 _Vélues of I+, T, A and E'frdm Zmbov;_et al. were used
to calculate relative‘pressures'of'the species, which were.thén éummed
to give a value for the total pressure. |

Results of the.three'separate vapor pressure studiés are compared
in Figure 2 aﬁd Table VI, Fischer and Petzel's extrapolated pressures.
are abéut a factor’of 2 hiéhef than méasﬁred in this work. Zmbov, et
al. used the measured‘temperature dependences of Fischer and Petzel
rather ﬁhan their own coﬁéiderably steeper temperature dependences in

calculating partial pressures from their mass. spectrometer intensities,

presumably because their own temperature calibrations were somewhat

uncertain.
Beqausé of the high feproducibility.of déta collected in the préseﬁt |
study with cells of different orifice areas and with wires of différentv
torsion constants and espeéiall& because of the vefy careful tempéfaturé
calibrations, the total pressure data obtained should be the Best néw
available. The most reliable estimateé ofvpartial pressures should

be those given by combining the total pressures of this study with the



',felative'p?essureﬂﬁefaeef Zmbev}-Hastie and Méegfave. ASome'subpert

fo this aséegtionbié profided By ﬁhe:close egreement betveen the measurede
entropy Qfethe reaction.ShFé(i)‘¥ ShF2(g).et>6OQ°K and the vaiue 33.5.?

6 eu estimated by adoptiné ASzge = h6.h for'San(s) = SﬁF (-g)l7 and ;e:b.¥ -
estlmatlng that the entropy of fusion is 6 eu and ACp for vaporlzatlon f"e !
“eof both solid and llquld San is =10 cal/deg. On the assumptlon ‘that. the -
 Ientropy of the reactlon 25nFy(g) = Snqu(g) at 600°K is the same as |
estlmated18 for 2 BFz(g) BzFu(g) at 600°,. the entr0py of subllmatlon

vto SnzFu 1s calculated to be 25 5 t 10 found also to agree well w1th

the experlmental value.

SN
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Table I. Orifice dimensions

Cell Orifice Diameter (mm) Channel Length (um)
(a) (b) - (a) (b)

Correction Factors

(a)

(v)

1 1.010 1.018 , 1.516 1.555

- .L720 .L676
2 2.011  2.013  .972 .988 .6795 L6761
Table II. Melting point data

Run - .Averﬁge Thefmocoupie Readings at Arreét>
(Millivolts)
1 8.735
2 . 8.739
3 8.753
4 8.747
5 8.748
6 8.739

8.744 + .006 M.V. = 488.3°¢ 0.16°K

Corrected Value 488.2 * 0.16°K
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. Table III. Temperature and pressure data
for 1 mm orifice and 2 mill wire

Temperature’(?K)v. 'Pfessure{(atm). |
606.7 1.893 x 1075
1 613.5 2.675 % 1075
61k.5 "2.545 x 1075
U 619.7 13.228 x 1075
623.0 3673 x 1075
628.6 4,649 x 1075
632.7 5.408 x 1075
635.7 6.115 x 1075
638.6 7.432 x 1075
639.5 7.029 x 1075
645.5 9.037 x 1075
647.5 - 9.541 x 1075
649.0 - 1.037 x 1074
652.7 1.200 x 107
657.2 1.111 x 107
657.2 . . 1.405 x 1074
o 659.0 1.669 x 1074 -
66,0 2.038 x 1074
. 668.7 2,158 x 107%
670.5" 2.322 x 1074
. 676.2% 2.903 x 107
6777 3.039 x 1074
679, 7% ©3.238 x-10°%.
686.0% 4169 x 1074
688.2% C b.433 x 2074
690.7* ’5.63h-x_1of&
690.7% . 5.521 x 10°4
. 693.2% . 5.521 x 1074
- 69L. 5% . 6.270 x 1074

*1/a > .5, not used to calculate heats . -

' ‘4‘. T
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Table IV.
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2 mm orifice and 2 mill wire.

Temperature and pressure data for

Temperature (°K) Pressure (atm)
57h.2 4,396 x 1076
580.7 5.47h x 107®

584.7 6.691 x 107°
5882 7.978 x 1076
590.0 9.237 x 10°°
594,0 1.037 x 1079
595.6 1.259 x 107°
597.2 1.187 x 107°
600.5 1.352 x 107°
603.0 ©1.543 x 107>
607.2 1.831 x 107 °
607.8 2.156 x 107°
609.0 1.960 x 107°
613.0 2.291 x 10°°
61L.0 - 2,560 x 1073
615.2 2.918 x 1075
617.6 2,783 x 1075
619.0 2.98k x 1075
619.2 3.439 x 107°
620.7 '3.192 x 1079
622.5 3.469 x 107°
624 .2 © 3.739 x 1078
629.5 4.590 x 1075

- 633.0 5,270 x 107°
63k.5 5.652 x 10 °
636.7 6.186 x 107°
637.2 6.376 x 1075

638.2 © 6.660 x 107°
639.2 © 6.988 x 1075

0 x

6L0.

| 7.

1k7

1073




. 'Table V. 'Temperéture and pressure data
for -2 mm orifice and 1.5 mill wire -

Temperature (°K) ,Pressufg (atm) 
5321 4824 x 1077
534.5 5.118 x.10 7
535.0 1,836 x 1077
538.5 5,381 x 1077
539.2 - 7:189 x 1077
TR 7.7 x 2077
.5h2.2 7.287 x 1077
C5h3.T 8.090 x 1077
SUT.5 1.074 x 1076
550.5 © 1.226 x 1076
550.7 1,180 x 1076
S5k - 1755 x 1078
556.5 1.624 x 1076
558.5 ' ;{Syo‘x'lo‘ﬁ
559.0 2.4k2 x 1076
563.0 2.566 x 1076
565.0 , 3.213 x 1076
568.5 13.1490 x 1076
571.2 4.086 x 1076
575.h k972 x 1078
577.2 | 5.261 x 1076
© 581.0 - 6.090 x 1076
- s8k.2 © 7.148 x 1076
0 589.0". 8446 x 1076
1593.2. 9977 x 1076
1

600.7

.350 x 1075

G

e
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Table VI. Heats of Sublimation for Reactions Involving SnF
‘Reaction Zmbov et al. This Work Estimated
' °x AHT(kcal/mole)' . %k AHT(kcal/mole)‘ AS(eu) - 2S(eu)
SnF,(1) + SnF,(g) 570 38.8 0.6 600  31.9 £ 3 30.7 * 3 33.5 % 5
28nF, (1) + SnpFy(g) 570 $38.5 0.6 600 30.0 ¢ 3 23.6 3  25.5% 10
25nF, (1) + SngFglg) 610 49.0 ¢ 5 600 © L41.8t5 3775
Total Pressure AH at 600°K  AS at 600°K
. Fischer & Petzel 27.4 ’ L 24.8
This Work 31.8 t 3 . 30.9 ¢ 3
Zmbov et al. 40.3 o L5, 0%

#Normalized using the total pressure found in this work at 600°K

“ET'
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Vapor Pressure (atm) =

1076

1077

1073

A 1 mn orifice 2 mill wire-

‘0 2 mm orifice 2 mill»wife

not used to calculate heaf

1075

1l ' 15 . B 16 T . S L
o coy/roe a0t (khye ’

¥

_'~:”fFigureAl,ffyapoiizatiQn daﬁa.fpr San . C

o 2 mm orifice 1.5 mill wir¢

' Points above dashed line |

"
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Vapor Pressure (atm)

-15-

107°
1076
‘ Fischer et al.
‘_\\\\(extrapolated)
. .
1077 - \\\
this
‘work
N\ &nF, h
'\ IP Margrave .
(normalized to
agree at mid-
point of this
_ work)
10 8 4 . SngyFy,
Sn3F6
-q _
10 . ' ) T L) L
ik o116 | T 18 : 19 - 20

Sy ;‘10“»{°K“1)

Figure 2. Comparison of slopés, total and

partial pressures
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