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4BSTR.CT

The recent direct determinations of the energy of dissociation
of ClF iato atoms nccessitates a ncw value for the encrgy of
dissociation of the Fluorine Molccule. It is shown that the new valuc
of D(F2) = 32,6 k.cals/mol. is qualitatively supported by bond encrgics
and bond distanccs in certain compounds and a possible rcason for tnis
very low cnergy is suggested. This new valuc lcads to considerable
chonges in the valuc of D(HF) and the strength of the carbon-fluorinc
bond in CFj. Suggestions for furthor work to confirm this new valuc
arc nadc.
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1. Introduction

Whilst making an assessunent of the use of Fluorine and its
compounds in the field of rocket propellants, a brief survey cf the
theriochemnistry of fluorine was undertaken. The previously accepted
values are rcasonably self-consistent as can be seen from the following;-

z F2 3 F -2 D(Fp)
HF 33 Fo + % Hp + AHf‘Eg) (2P)

2 H -0
- o O 3
HF “H+ F -h{,tﬂHf () (HF) - 2D(F2) - D(Ho) J

Thus  D(HF) = 2D(F2) + #D(Hp) - ﬁch()g) (HF). (The sign conventions
adopted are given in the .ppendix.

The previously accepted valucs (1) for these quantitics arc
D(Fp) = 64.5 kecals/mol D(Hy) = 103.2 k.cals/ml and &Hflz y(HF) = =64e2
k.cals/m0l, (of which the vafuc for D(Hp) is quite certai ?, thus D(HF),
calculated froa the above equation, is 148 k.cals/mol. This value is‘a
little higher than the value of 140 k.cal/mol obtaincd by a lincar Birge-
Sponcr cxtrapolution of the vibrational levcls of the ground stotc which
is rather surprising (vide infra), but, since thc bond in HF is not
purcly covalcnt, too much wcight could not be placcd on this cxtrapolction
and thc figurc of 148 k,cals/mol., was accepted (c.g. Herzberg (2)).

The value of D(C1F) can be obtained as follows:-
ClF
3612
FFo_=F_ -2D(F) _
OlF = Gl + F + 5Hf?g)(01F) - 2(a1,) - %D(Fz)]
The value for D(Cl;) is 58,02 kec8lg/mol,cand the, previously i
accepted value forzA I-szg (C1F), given by Ruff and ienzel (3), is =25.7
k.,cals/mol, From thes %‘igures we get a value of D(C1F) of 87.0 k.cals/mol.
Recently, however, new experimental valucs for D(CLF) of about 60 k.cals/mol.
and for A HFY (ch) of about =15 k.cals/mol., havc bcen obtaincd and thus

it is clear t a critical consideration of all tnis date must be under-
taken,

2Clp + 2F2 + AHE(g)(LE)
cl -:D(cl,)

Il

2, The valuc of D(F2)

Tho valuc acccpted by Herzberg (2) for D(Fo) is 2.8 o.V,/mol. i.c.
6L4.5 k.culs/mol. The absorption spectra of Fluorinc shows no banded
structurc and thus it is not possible to find D(Fp) from a convergence
limit, Wartcnberg, Sprenger and Taylor (4) comparcd the wavelongths of
the maxima in the absorption spectra of thc halogens with the valucs for
the encrgics of dissociation ond obtaincd o value D(Fz) = 63.3. This
method hos no theoretical bosis and the figure was acecpted teocousec it
sccmcd to fit in with the D volues (referred to OOK) of thc other hulogens
viz:-

D(I2) = 35.55 kecals/mol.
D = L5.44 k.CE‘.ls/ﬁDl.
D(clp) = 57.08 k.cols/mol,

/Bodenstein



Bodenstein, Jockusch and Shing Hou Chong (5) have repeated the work
on the absorption spectra and have slightly modified the results of
Wfartenberg et alia (4) on the position of the absorption maximum of fluorine.
s value of D(Fy) = 70 = 1 kecals/mol, was obtained but again by an extra-
polation which is theoretically unjustifiable.

Gaydon (6) refers to some measureuents by Desai (7) in which the long
wave absorption liwmits of LiF, NaF and KF were measured., Tnesc, when
combined with reccnt thermochcmical measurcments, give valucs for D(Fp) of
2, 48 and 62 k,cals/mol. respectively (Desai gave D(Fp) = 76 kecals/mol.
but this is bascd on discreditcd thermel data). Finally, Lederle (6) gives
a veluc of D(Fp) = 66.8 k.cols/mol. from an cxtrapolotion of clectron
affinity data.

It is clear that the previously accepted value of D(Fp) = 6L4.5 k.cals/hol.

is not reliable; the work of Desai suggests the possibility of lower values.

......

The measureaent of the heat of formation of HF is a rcliable one, the
carly figurcs being due to Vfartenberg and Fitzner (9) and Ruff and Laas (10).
The thermal data must be corrccted for the polymerisation of HF in the vapour
phasc ssee Simons and Hildebrand (11). Ruff and Menzel (3) and Benesi and
Smyth lZ))but this correction is small, Wartenberg and Schulza (15) have
carricd out mcasurcicnts at 100°C and have obtained a valuc which is very
closc to thc provious ones. Recently Wartcnberg (14) has slightly modificd
this voluc ond finds Aﬁf‘fg) = 64.5 £ 0.2 kecals/mol, e shall take tho
values given in Ref, 1 viz:-

dchEg) = =0L4e2 lc.cals/:nol. Ref.l also gives ﬁchEg) = =426,0 lc.c::.ls/:no]..

for (HF)6:
from vhich it can be seen thot any corrcctions for polymcrisation arc smell.

4 The velue of D(CLE)

It was shown in the Introduction that, with the previously accepted
values for D(Fp), D(Clp) and A HEG )(HE'), the value of D(CIF) was 87.0
k.cals/mol. Recently, however, tl‘té absorption spectrun of ClF has becen
exanined and a band system found which exhibits a very clear convergence
linit. ‘ahrhaftig (15) has obtained in this way thc value D(CLF) = 60.31
kecals/mol. and Schaitz and Schumacher (16), thc valuc D(CIF) = 60.3
t 0.5 kocal/mol. Both authors assumc that dissociation produces an excitcd
fluorine aton (in 2Pf state) with an cxcitation cncrgy of 1.16 k.cals/atom.
There may thus be solic uncertainty as to the stotc of the atoms formcd on
dissociation but this cannot lecd to an crror greater thon 1 or 2 k.cals/yol.
/e shall ccceot this value D(CIF) = 60e3 kecols/mol. as docs Goydon (6)e

5. The Hoat of Formation of CIF

Fredenhogen cnd Krefft (17, cstimated by ¢ comporison of the hoot
evolvcd in the rcoctions between Cly + F2 and Hp + Fp thot the heat of tac
foracr rcoction wes not less tihcn 22 cols/mol.
(iegs =.0HEQg) (CIF) > 22 k.cals/mol.).

The rcaction is certoinly cxothermic and often occurs cxplosively.
Ruff cnd Leas (10) meosurcd the heat evolved in the rcoction

ClF + Hy 3 HCL + HF + 58.6 k.cols
which gives o voluc of&H:E'%g) (CIF) = =27.5 k.cols/mol.

/Recently



Recently Schmitz and Schumncher (18) obtoined a value of Hf‘g (c1r)
= -15.0 ¥ 0.6 k.cols/mol. from the heat chonge in the following r E):tions:-

NaCl + ZF, 3 NaF + 3Cly + 39.5 ¥ 0.5 kecals

NoCl 4 CLF * NaF + CGlp + 25 % 0.1 kecals

‘...,--4 -

2C1p + %Fz + C1F + 15.0 £ 0,6 kycols

Wicke (19), in the course of a discussion on the bond onerglos of fluorinc
co:npounds, mentions thot he has determined the value of AHEY | (CIF) =
11,6 £ 044 kocals/mol. by direct cozbination of the elcmcntsgggut does
not give details,

These rccent values ore quite incompatible with that of Ruff and
ILaas (10) (AHf(g (F) =- -27.5 k.cols/mol.) and fovour o distinetly lower
valuec for AHf)T{CLF). We shall therefore accept the veluc of AHE, | (CLF) =
-15.0 * 0.6 k.éﬁs/:nol. although it hos been stated (20) that the rtggtltion
between Fp ond NaCl is difficult to initicte and maintain,

6. Reconsideration of the value for D(Fp) and D(HF)

For the purpose of discussion we shall accept the following values viz:=-

D(C1F) = 60.3 kocals/mol.
ARfQpy(O0F) =150 "
f-\HI‘{g) (HF) =642 " "

p(cly) =57.2 *® "

D(Hy) =103.2 " "

With these we can determine the value of D(Fz) as follows:=

ClF 3 CL+F - 60e3 kecals
cL = 2 -+ 29-0 .
%Glz + zFp ¥ CIF + 15.0 -

W, 3P =163 "

thus D(F,) = 32.6 k.ca.ls/:nol. It should be noticed that the value of

Ruff and Laas (10) of AEF? g = w27.5 kecals/mol. is quite impossible

if we accept D(CIF) = 60.5 g.s then D(F2) = 7+6 k.cals/mol, On the other

hand a value of = (C1F <15 kecals/mol. is extremely unlikely

&s ClF is a stable, alth th very reactive compound, and its formation

from its elements can bc mildly explosive. We arc thus led to the conclusion
that if D(CIF) = 60.3 ke.cals/mol. a low value for D(Fp) must be accepted.

From the equations

H 2 lHz + 51.6 k.cals
F # 2Fp + 165 ™
Hp + 47y 3HR 3 64.2 "

H + PIHF « 132,17

we obtain a value of D(HF) = 132,1 ke.cals/mol. Gaydon (6) has compared
the spectroscopic values with the thermochemical values of D(HX), whore

X is a halogen., The spcctroscopic values were obtained by a linear
Birge-Sponcr cxtrapolation and arc compared with the thermochcical values

-3 - /in
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in the following Table. The thermochemical values were obtiincd froa
A H‘f:;(g (HX) (dircct measurcment) and D(Xp) and D(Hp) derived from roliakble
spec copic acasurcuents,

TABLE T

[yt

e )

.. Molecule 7T "Whermcchemical " | " " Spectroscopic T
HI : 71.5 ' 96.8 ?
HBr 87.4 [ 110.7
HCl ; 102.3 1245 :
HF : 18 (a) ! 138.3 -
: 132 bj
1

- et )

(a) previously accepted value
(b) value sreferred in this note

It will be noted that the spectroscopic values (l1inear Birge-Sponer
extrapolation) are higher than the true values for HI, HBr and HCl.
Surprisingly the old value for D(HF) = 148 k.cals/mol. was higher than the
extrapolated figurc. The value of D(HF) = 132 k.cals/mol thus brings HF
into line with the other hydrogen halides. This is, unfortunatcly, not
conciusive as, in some cases, the linear extrapolation gives valucs lower
than the true oncs (Ref.6.Ch.V) but it is indicative as, in general, the
cxtrapolatcd arc higher than the true valucs.

Thorc is indcpondent support for thc lower valuc of D(Fp) in tho bond
distances of ccrtain bonds. Pauling (21) quotes 0.6ks as the bond radius
of covalent fluorine and this should lead to valucs of 1.28i for tho F-F
bond and 1.304 for the F=0 bond. The valucs actually found arc l.4354 for
P-F (Ref.24) in F,, l.u4li for O-F in Fy0, and l.42a for O-F in FCNO5
(Ref.21.p.1356). 8n the other hend the values for HF (calculated 0.9k,
ncasurcd 0.924i) and GE (eallovletted Y .65, neasured! 1.634), dgres very wells

seme. Filguires Haor bond enerygics Gre) given S pablel T S s the  difference”
imbend snergy betweon Pdnds kfith Fland cl. ¥

T.EIE I

e — i b e A A e —— =

H-F 132.1I F-F | 32.6] c-F 88.0 { N-F 53.9 565.2); 0-F 42.65
H=Cl 102.?| F-Cl ' 60.3 ! 0-Cl 66.5 ° N-Cl1 38.4 (46.2) :0-Cl 43¢5

P,
Lu-. e ~,..‘P_..‘h_ g sl 5 - YR PR - '

e S
"

4 { Pri
A+ 29.4 A=27.7F &+ 25 A + 15.5 (19.0) A -6.5
Cl-F | 60.3 | SiF 130.8 - 5-F 68,85
Cl"Cll 58-0 i SiCl 8?0"4‘ o S"C:L 66.1

R Rt ST e e W WS Il-,..,.‘}_ ITPEDUUEUI AR S e S R R ’-'.1 - .-u--..i
slas t B+ b3 b+ 275

. RS N ST S

The volues gciven in Teble IT agree with those of Pauling (21) and
Skinnor (26) when the Pouling-Skinner velucs are corrccted for the new

/velue
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value of D(Fp). The values for N-F and N-Cl in brackets are those
preferred by Skinner. If we now compare these figures with ‘the values

of the bond radii given by Pauling (2l. p.164), the results in t ;
table are obtained, ( P )s g in the following

.- .

PR ———— ]

U e e S S A Wacare
' APy L= -{ H F -[ 0 N} oG

Cl] S l Si '
LR . - ; |
_Bond radius | 0,30 | 0.64 | 0.661 0701 0.7 | 0,991 L.ow!1.27;

B=(amR)=(amCL) | 42944 =27.7

I :
=645 | #1525 | 42Le5 42,3 1 4275 lehdu b

; rcalc.i ©oW94 ! 1,28 ) 1.30! = Ll | 65 i~ < FDLETAS
1 1 . r . ‘ .

. T exXpe P92 % 1.435° 1l.42% = ! 1,368 1,63 - | 1l.54

bl 150 DRRRNE R T SR NG R T ST

In this Table, and the preceding one, Ais the differcnce in bond
energy between 4F and 4Cl. With the exception of HF, it can be scon that
the value of 4 increascs with incrcase ip the sigze, gbu (i.c. covalent
bond radius) and that the larger 4 is tEe §¥tercnce between the calculated
and cxperimcntal bond distance. .t first sight it might be imagined that
fluorine would fora stronger bonds than chlorine in corresponding compounds
on account of its greater electroncgativity. Pauling (21,p.225 et seq.) has
discussed this question and shown that the groatcr clectronegativity of ©
fluorine might lead to greoter doublc bond contribution with fluorine compounds,
than with ichlorine. compoundss The marlcdtdifference between-the bond Strengths
of tG~Cl7and Si+6l conpared with"C=F and Si-F is probably. ddects this catses.
However, Walsh (25) has pointed out that, in bonds between small atoms, a
large electronegativity in one of the atoms xay lead to repulsion between the
bonding electrons and other electron orbitals and it is supgested that this
is the cause of the unexpectedly low bond strengths of F-F and FP-0. These
conclusions are also supported by the differences in calculated and mcasured
bond distances. The fact that H-F has the cxpected high bond strength nay
be ascribed to the fact that there is no other elcctron orvital in thc H
atom to lead to a repulsive force whicn would reducc the bond strongthe
Thus considcration of bond distances and bond strength qualitatively supports
the new low valuc of D(F,) = 32.6 k.cals/mol.

There is onc other indication of a low cnergy of dissociation of
Fluorine. Stacey (30) makes the following stateuent, ".... undor norzaal
conditions of temperaturc and pressurc, gaseous fluorine acts in the foram
of molceular fluorine but at higher teaperaturcs and particulcrly wacen
rcleascd from UFg, »gFp and CoF3, it rcacts otomictllyesse™

7. The Strength of the C-F Bond

pauling (21) gives o veiue of 107 k.cals for the strengthiof the
corbon=fluorine bond. This is bascd on a hect of sublinction of ccxrbon
of 124.3 k.cels/mol, ond the value D(Fz) = 6345 kecals/mol. He shows thot
this oprecs woll with other thermoche.ical doto. Skimner (26) gives o
sliphtly diffcrent volue of L 3.75 ke.cals/mol. The heat of foraotion of
CF), given in Ref.l, is -53H§§8%(CF ) = 162,5 k.cols/mol., This, with the
volue of 124.3 kecols/mol. £ he ﬁcat of sublimotion of corbon and the
now volue of D(F,) = 32.6 k.cols/mol., loads to o volue for the bond
streppth of C-F of 88.0 k.cols/mol. Further, from the veluc of -
) Hf?g)(cng) - 240 keccls/mol.(l) and the velue of the C-C bond, given

G T /oy



by Poeuling (21) os 50.6 ke.cols/mol.c velue for the carbon-fluorine bond
strecngth of 88,0 keccls is obtained. Thus the volues ore consistent. Therc
cre, however, difficultics. Firstly the bond strensth of tihc corbon-hycrocen
bond is 87.3 k.cols (21) or 87.75 k.cals (26) which is aluost the scme veluo
os tgnt for C-F. CF, is scid to be stable at tcuperaturcs of tic opder of
1000°C (22) whercas CH), broaks down into carbon and hydrogen at 1200°C (27).
Thiz, however, way not be & serious objection cs, cven if CF, werc theraclly
dissocicted at 1200°C, it would clmost ccrtainly be formed a%;in on cooling,
unless special precautions were taken e.p. pyrolysis in an ctmosphere of
hydrogen when HF would probebly be formed. It is unlikely thot CH, would be
re-formed so easily., In any casc, there is no direct corrclation between
theraochemical bond enercies and the cnergics ncecescary to break bonds in
polyatomic molccules.

The sccond difficulty is, howcver, more weighty. e have shown that
the bond strength of C-F in CoFg is 38,0 kecals if the C-C bond strength is
58.6 k.cals. Brockway (23) has shown that the C-C bond distance in CpFg is
1.45. a8 compared with that of 1,544 in CgHGe This must mean that the C-C
bond is much stronger in hexafluorcthanc than in cthane. This sccus probable
in view of thc wecll cstablished grcater thermal stability of fully fluorinatcd
hydrocarbons in comparison with normal hydrocarbons but is incompatible with
the heats of formation quoted above, It should be noted that the sclection of
another valuc for the heat of sublimstion of carbon, e.g. 170 k.cals/qgr.atom,
will not altcr this situation. In this case the bond encrgies bocome:~ C-H =
9807 k.c&l& ) C=F = 99.11' k.cals, C=C = 81 kecals,

Wicke (19) has quoted a velus for -AHE \(C®,) = 231 £ 3 k.cals/mol.
This is stated to be unpublished work of v.Wﬁglonberg but no details aro givecne
This new value leads to a bond cnergy of 105¢3 kecals for the C-F bond which
is, howover, quitc incompatible with the valuc of 240 kecals/mol. for

- aHf?z) (coF6).

Thus, to sun up, the values for the heats of formation of CF, and
CoFg lend to o value for the strongth of the C-F bond which may b accoptoblo
bt doos not exploin the considorcble shortoning of the C-C bond in CoFg ond
tho greater thormal stability of fluorinated hydrocorbons comperod wifh norucl
hydrocarbons. .. smell increase in the velue of —aﬁHf? (chzg would bo
sufficient, however, to give o noteworthy increcse in %gu C~C bond strength
in CpFg Gep. o voluo of =-AHES )(C2F6) = 250 k.cals/mol, would give & value
for the C=-C bond of 68,4 k.caié.

8. Recommendctions

In the date so for discussed, it has been seen that the new velue for
D(F5) exploins some old facts but leads to difficulties with the hect of
formction of CoFg)s There is, however, one other difficulty. Fluorine
vepour shows no bond structure in the visible spectrum cccording to Goydon
(6), clthouci bends hove been reported by wllmond wnd laddison (28)¢ a
dissociction encrgy of 32.6 kecols/mol. corrcsponds to = wave-length of
cbout 8,500. cnd thorcfore fluorine might have an absorption spectrun in
the very near infro-red. This is a subject for experimentol investipotion.

according to Bodenstein et alia (5) there is no thermcl or photocheiical
recction between hydrogen ond fluorine in o mognesium vessel at room
teaperaturc. This vessel gave o very slow rote for the Ho/Clo rcoction mnd
the nuthors beclieved thot the wells of the magnesium vesscl acted as very
efficicnt chain breclers. They did obscrve recction in a platinum vesscl
at =78 C ond olso a slight photochemical effect. Thesc rcmarks orc quoted
from Noycs ond Leighton (29). If the valuc of D(F2) = 32.6 kecals/mole
is correct, it micht be possible to bring about the photochemnical
dissociation of Fo with rcd light ond this should have o morked effect on
the HZ/F2 rcoction,

/It



It is possible to account for the non-appearance of an absorption
spectrum in the very near infra-red if the first excited state of the F2
melecule is either very much above the ground state, which is not considered
very probable, or else is such that transitions from the ground state' can
only occur with much higher ener;ies than 32.6 k.cals/mol. This would
require a very steep repulsion curve, or one with a very shallow minimum,
for the excited state. This is possible but it must be rcalised that the
absence of absorption in the ncar infra-red would also imply that the Hp/Pp
reaction cannot be photochemically sensitised by light of such wavelengths,

It should be possible to measure experimentally the thermal
dissociation of fluorine from pressure changes as a function of temperature
in a closed system. (c.f. iodine)., Admittedly, this is experimentally very
difficult but it would give unambiguous evidence if thermal dissociation
were obscrved.

Finally, it may be possible to get the value indirectly as suggested
by Gaydon (6) e.g.

Na(s) + '%FZ(g) "4N8F(s) + Ql

NeF(s) + BBy = 82
NaF(g) s Ne(g) + P(g) + Q3
Na(g) e e .1

Fo(g) 2 F(g) +U+QR+BG+Y

The data lacking are Qo and Q3. The measurement of Qo involves the
measurement of the vapour pressure of NaF( ). This can be done but there
is some evidence that such molecules as (ﬁa} 2 may be formed which would
lead to some awbiguity in interpretation (31). Q3 could be determined
spectroscopically e,g. atomic fluorescence.
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APPENDIX

L a—————)

SIGN CONVENTIONS FOR THERMCDYNAMIC GUANTITIES

0

(2) The heat of formation, A HFf, is defined as the difference
between the total heat content, H, of the products and thet
of the rcoactants in their "stondard states" as defined by
Lewis & Rendall (32).

A + B 3B
thc heat of formation of the molecule 4B is
)
AHf (aB) = Hp - (H, + Hy)
It is clear froa this that the heat of rcactiog » is equal to

- Hf. Thus, the heat of foruantion of HF, AHf (HF), is equal
to =64,2 k.cols/mol. but the heat evolved in the rcaction

ZHo + 2Fo 3 HF + Q
is Q = + 64e2 k,cols/mol,
(b) The heat of dissociction of the diatomic moleculc ap, is written
D(ap) cnd is the energy required to dissociate this molecule
in its ground state into atoms in the ground stoate; thus
D(cl2) = 58,02 k,ccls/mol, at 5000K and the dissociction recction
con be written

dlz % 201 - 58,02 k,cals

(c) The thermodynamic quantities refer to a reference temperature
of 300°K.

S.89
e 232/49



SWGARY
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A study of the thermal and spectroscopic data on thallium
fluoride leads to the evaluation of Dy(Fp) as < 32 * 10 kklgals/mol,

INTRODUCTION

The problen of deciding between the two possible values for
Do(F5)", (&) 2.8 ev (63.3 k,ealdfucy)defivedifitonsintensityidusteibation in
the Fp continuum, and (b)~1.4 eV ( ~33. k/eals/mols)derivedefrom recent
spectroscopic and thermochemical data on ClF; has been considered in
E.R.D.E., Tech, Memo. No.6/1i/49; the evidence appears to favour strongly
the lower value. '

Furtacr evidence for D(Fg) ~ 33 E.cals/mol,can be. obtained fromspectrospic
and thermal data on thalliun fluoride, T1F, by means of a simple
thermochemical cycle.

Data on Thalliun fluoride

The cnergy (H) levels of the TLF system involved arc shown in
Fig.l.

Fiq I

-CP)+ F (*P)

DR £ D(F) +L(Te)

TL +3F (')
(emysty) = v
H T H=E $75)
@

l@g’ (1)

Qf.?n F)“l q‘k(m:)“"r N (T )yt

TLE N2
TFE L T STTREY




UNCLASSIFIED

The Qf tcras and the § termarc (-AH) torms, heat liboratcd by the
systcm reckoned positive; all the other terms arc (Z&HJ terms, heat
absorbcd by the systcm reckoned positive.

The siaplest possible cycle based on thesc T1F cnergy lovels

cives
D(11-F)g = D(Fp) + L(TL) + QF°"(11-F)
i.c. D(Fp) = 2 D(TL-F), - L(11) - ar®® (11-F),,
Now:

(i) Do(T1-F), the dissociation encrgery of TLl=F,< 4.7 cV(108 kicalsy/mol)(1,2)

(i1) L(Tl), t 3 latent heat of sublimation of Tl,...q, = 40 k/atom.
at 298°%k )

(iii) QESt (T1-F)y, the heat of formation of gaseous T1-F from
standard state elements, at 298°K, is not known. The closest
approach to this term yet practicable coues from the e xpression

t t
a (Tl"F)g = Qfs (TlF)aq i S(TlF)cryst - ?\,(TlF)cryst

wnere

1) QfSt(Tm)aq, the heat of formation of' agueous (TlFE%G‘ Y =
77.5 k.cals/modliat 298°K,

(i1) § (T1F)crysts the heat of solution of crystalline TIF in
water has not been measured,

We arxe oreparlng thalliun fluoride for a direct determination
of 8 (TlF)cr ste In the meantime an cstimate of the value
of this term can be obtaincd by analogy v 351 the heats of
solution of (ﬁ?e other ha.llczgsv of thall:l.um and the halides
of rubidium and caesium Table I, (the corresponding
salts of thallium, rubidium a.nd caesiun show closc resemblance
in physical properties).

.......

A _h,ﬂs,fffﬂ‘@“_gﬁyst (- AHags, k_-ﬁci;t_fj/;}ol
M=R ! M=0Cs , M= Tl

e NN .40 S RO .- S SRR

F + 5-9 :' + 805 E ?
S— ’ —— j : "“"F“

i r

cl - bk - 45 - 10.3
s B I R e e o - B - 1:

Br - 5.9 - 6.6 - 13.7
............ . e « Yoo v e

I - 6.5 - 8.1 - 17.7

It scens that § (T1F) will be in the range 0 £ 5 k.cals/mol,

UNCLASSIFIED
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UNCLASSIFIED

' (iii) M (T2F) , the heat of, ubli-m(?:' on of crystalline
l TiF, = Eg?itﬂpwﬂhﬁﬁféiids,‘?%ok R _
-
Conclusions

We have, thus, data of vurying but assessable accuracy for
the cvaluction of D(F2) by the expression

st
D(F2) = 2| D(T1-F),-L(T1)-QE™" (T1F) o +8(TIF) cryst + ?\.(TlF)cryst}
The combined errors in the evaluations of the L, S and Mterms arc
alnost certainly within the range * 10 k,'caly/fiole(Theresaro. smsllrerrors .
negligible in comparison with those considered above, in the direct
cozbination of % AHpgg torms (L, Qf, S and A) with8H, terms (D)).
The T1F data thercforc lead to

Do(Fp) €32 % 10 kimals/mol.

- UNCLASSIFIED
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