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Table 20
ax ¥in 8, r
Set &
. L ——
5 8443 (1.869)
4 1C.4C (1.558)
4 18,28 (1.853)
5 14,36 1.838
5 18.87 1.839
6 18,18 1.642
8 20.17 1.834
7 i ———
7 - -
Average 1.838 * £.002
Set B
2 2,99 (1.501
2 4.5 (1.698)
3 8,55 (1.870)
3 8.60 1.835
4 10,47 1.645
4 12.62 1.514
5 14.36 1.638
8 18,47 1.619
8 18.30 1.629
6 20,47 1.510
7 22,20 1.627
7 24,23 1.621
8 26,5 (1.61)
8 28,2 S (1.82)

Average = 1.6268 £ 0.009



Table 21

Hax Min a4 1 Gy %/@o
2a 7 .46 «20 20 —-—
o 12.9 19 18 ——
2b 14.8 -2 2 e
oh 17.2 4 4 e
3 21.4 -20 17 {1.029)
3 27 O 20 15 1.007
4 32,5 =20 +14 1.C00
4 38.1 23 14 C.992
5 44,92 -13 (6) ——
5 50.7 15 (B) —
6 57 .4 -20 3 C.094
A 62.5 20 5 0.998
7 B7.7 ~18 8 0.997
7 T8 45 19 3 0.996
8 78.8 -18 2 —
g 83.8 +16 1 ——
Average = 0.998
1* 2.40 30 30
' E¥ 43 .4 -3
' 45,0 -3
g 49,6 2
51.4 4

*Values used in calculating the radial distribution function.
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Pp

2
coefficlients of the radiasl distribution function are listed in the

. £

wer parv ol

O

column heasded ¢, . In the 1

the teble are given the values

Lo

and I assuwaed for the first maximum as used in the radial dist-

3

q
o

ribution function. The fifth minimum and maximum were each rerre-
sented by the two peaks listed in the lower section of the table as

esent the nature of the observed

)
(

it was possible thereby to better rep

my
& L1

D
o
Q
-
Q
<
—
o

features of the photogranhs. ated radial distribution curve,
- o
ReD. of Figure 8, has strongs nreaks a2t r ecual to 1.9 and 2.31 A, and
> H & L % J
small peaks, which may or may not have significance, at 2.69, 3.35

and 3.68 A. The last peak listed cannot have significance for any

&

q

structure having the three fluorine atoms about a central chlorine
atom.

It is obvious that the distances 1.82 and 2.31 must correspond
to e chlorine~fluorine and fluorine-fluorine distances, respectively,
giving a bond ancle of 87°. Reduced theoretical curves were calcul-
ated for symmetrical pyramidal structures with F-Cl-F bond angles of

o 5

[] o =] =0 N .
84~, 85,57, 877, 88,5  end 20 . These are the curves marked & in

Ficure 8. The curves were calculated using the equation

Ity
. 01 . m F % o 1t
L( \ =3 sin iﬁ qlhlm + 7 I sin 75 ¢ 1z,
Y Lo1-7 v F~F 2 ~f :
N c1 /c1
“01

where 47 is the distance betwsen the ith and jth atoms, Zi is the

atomic number of the ith atonh,/i igs the X=-ray scattering factor as

S

- . o ; 10 40 .
calculated by Pauling and Sherman, and g = ol jr sin 99 2
1

(p = scattering angle. *
The spprearance of the photographs is best re resented by the cuve

A=87, with A-85.5 only slightly less satisfactory. The doublet apuear-

ance of the second meximum, represented by measurements 22 and 2b in
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o

A==Symmetrical pyramidal wmodel with indi
bond angle.

e}
o

B-~Asymmetricael pyramidel model-—
) o

twe F~C1-F bond angles = 87
5 1 (=]

one F=-Cl-F bond angle = 1C5
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Table 21, is definitely not indicated by the curves 4=-20° or A-88,5°
curve. The apvearance of the fifth maximum on the photographs indicates
this feature is broad, with the pezk displaced Lo large g. This ex~
cludes the A=84° structure.

From these and other less obvious deviations of observed and

.

1

calculated curves, it can be said that if chlorine trifluoride has
the symmetricel pyramide/ structure, the F-Cl-F bond angle is 86.5° &
s 0

However, there 1s no simple theoretical reason which requires that
the structure of chlorine trifluoride have the above symmetry. It
night be assumed that one of the two subsidiary peaks in the radial

~

[=}
distribution fuanction, at 2.69 or 3.38A, has meaning. Thus one ob=-

(o]

tains the unsymmetrical pyramidal structure (8) having two F-C1-F
(=] i (<] .

angles of 877, giving a 174  angle between the outer fluorines. In

. Q
both these structures the Cl-F distances are all assumed to be 1.69A
The reduced theoretical curves for these structures, labeled B and C
are given in Figure 7. The second maximum on curve B does not agree
with the photographs, nor does the fifth minimum and maximum on curve
C. However, the deviations are small and it is not possible at pre-
sent to exclude all the non-symmetrical structures which night be ob-
tained by slight modification of models 3 or C.

m

In the last colum of Tabl

0]

21 are given the values for %/60;
as it is egual to one within experimentel efror, the radial distrib-
ution function peaks give fhe correct internuclear distances.

The final result then is:-

If the chlorine trifluoride molecule has = three-fold axis, the

=]
C1-F distance is 1.69 % C.OlA and the F-Cl-F bond angle is 86.5 x1.5°.



69.
If the chlorine trifluoride molecule does not have a three=fold
axis, the mean of the Cl=F distances is 1.69&, and there are at least
two F-F distances of approximately Z.SIK.

e}

It is seen thalt the effect of having three fluorine atoms bonded
to one chlorine atom is to increase the Cl-F distence from 1.83 to
o ° . . bl
1.694, or C.08A, which is a reasonable amount. Thes bond angle, only
o . & % B . .
87, is rather surprising. Lowever, the bond orbitals for this case

have not been studied sufficiently for one to say what is a recason-

able value for the bond angle.
O
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The Absorption Spectra of Liquid HF and of its Aqueous Solution in the Region >\)\8000—11,000

The absorption spectra of liquid HF and of HF in
aqueous solution have been photographed in the region
A8000-11,000 with a dispersion of about 60A per mm.
In the case of the anhydrous HF a copper cell was used,
with windows of MgO (artificial crystal) clamped directly
onto the ends of the tube. The MgO is not attacked by
anhydrous HF and appears to have greater mechanical
strength than glass. ;

The absorption band of anhydrous HF in the liquid
state is very similar to the band of liquid water at \9722
as reported by Badger and Bauer,! though it is somewhat
broader. The position of the band maximum determined at
_several temperatures is given in the following table. The
large probable error indicated arises from the difficulty
in estimating the maximum of a broad band in this region
where the trend in plate sensitivity is large.

TABLE 1. The maxtmum of the band of liquid HF as a
function of lemperature.

$(°C) Amax(A)
19 9940 £75
0 9990
—30 10140
—60 10300
=75 10380

Salant and Kirkpatrick? have found that the third
harmonic band of unassociated HF gas is located at A8790.

From the data just given it is evident that the frequency -

decrease in going from the gas to the liquid is very large

even at the boiling point, namely about 1320 cm™. This &
shift in the HF frequency, which must be due mainly to the ' ¢
formation of hydrogen bonds of the type F—=H---F, is
large in comparison with the shift in OH frequency on the
formation of the O—H- - -O linkage. The third harmonic
OH band of methyl alcohol, for example, is found at
9490 in.the vapor?® and at 10,070 in the liquid,! so that the
frequency shift is about 600 cm™. ;

The large difference in the magnitudes of the frequency
shifts just mentioned is very interesting in view of the
fact that the energies of the hydrogen bonds in associated
HF and CH;OH are so nearly the same, being 6.7 and
6.2 kcal. per mole,* respectively.

The absorption spectrum.of HF in aqueous solution has
also been examined at HF concentrations of 25 and 50
percent and at 0° and at 25°C. In no case does a cursory
examination reveal any significant difference between the
solution band and the A\9722 band of water in either
position or shape.

x
3
s

AvusTIN L. WAHRHAFTIG

Gates and Crellin Laboratories of Chemistry,
California Institute of Technology,
Pasadena, California,
March 11, 1940.

1 Badger and Bauer, J. Chem. Phys. 5, 840 (1937).

2 Salant and Kirkpatrick, Phys. Rev. 48, 945 (1935).

3 Badger and Bauer, J. Chem. Phys. 4, 469 (1936).

4 1. Pauling, The Nature of the Chemical Bond (Cornell University
Press, 1939), p. 313. 3




Summary

Chlorine fluoride and chlorine trifluoride have been prepared,
their absorption spectra in the region A144SCC - 5500 examined, and
their molecular structures investigated by the electron diffraction
method.,.

Chlorine fluoride gives a band system with single F and R branches

' ; 3 + ~F o s o
resulting from a ;7 o <~ 'Z7 trensition with the convergence limit

3 =1 e St
for the progression v' <« C at 21507.8 = 2 em ~. The dissociation

m

‘)
products are probably Cl(“Pa/Z) + F<2PL/2>' he values of the various

0

pectroscopic constants are:-

DO" = 21101 £ 2 em = 2.818 volts, Do' = 2048 50 cmﬂl = 0.385 volts
De" = 21495 & 3cm_1 = 2.865 volts, D_ ' = 2790 & 50 em T = 0.346 volts
3" = 0.,5183 £ 0.001 om T, B! = 0.372 om *
0%" = 00,0062 £ 0.002 Cm—l, O%' = 0.0138 cm
r ' = 1.6255 % 0.002%, r' = 1.92 eu ©
o
rO" = 1.8304 £ 0.CO1A
w" = 795.9 - ! = 3137484 -1
e e 9\.»’4»... cn 3 we = 3;3.-8: cm
~ W Q =L ! ' = o 17 =]
Wex, = 9.9 em 7, Cg x B = 2.217 cm
Vse ¥ = y 0N sl
aé T = -C.40C cm

Chlorine trifluoride has no absorption bands of aprreclable in-
tensity in the region AA 48C0 - 555C.
The electron diffraction investigation of chlorine fluoride yields
=]
r = 1,83 £ 0.01l4, in excellent agreement with the spectroscopic value.
The electron diffraction investigation of chlorine trifluoride

indicates that if the structure of the molecule is symmetrieazl pyram-



(=]
idal, the Cl-F distance is 1.89 % C.ClA and the F-Cl-F angle is
86.5° + 1,5°. If the structure does not have the above symmetry, the

o
nean of the Cl=F distance is 1.86%A and there are at least two F=F

o
distances equal to about 2.31A.

The absorption spectrum of liquid hydrogen fluoride and of its

aqueous solution have been investizated in the region )RABCOC -

11000.



hysical Constents

The values for the physical constants used in this thesis

Q
were taken from Herzberg” . He gives:-

D
N
-

0
(@]
Do
Ne]
*
[
(@]
D
.
Q
L]
o
.

Electronic charge

=27
FPlenck's constant h 6.626.1 erg. sec.

2.99776.ld+1ocm. sec.

%/16 rass of the 0'¢ =2tom ¥ 1.6600.10-24gm.

-t
=
a
it
O
o
de
(55
5
(0]
H
'_J
-3
[
+
o

Conversion factors:=

; =1
Unit cm erg molecule cal mole Cle%Ton‘
5 volt
=1 =15 . -4
Cm 1 1.9863.10 28581 1.2398.10

1 erg per

- 15 16 11
molecule 5.0344,10 0

£.2416,10

}.J
Pad
L]

NS
6]
[80]
o]
@

—
G

cel per 17 -5
mole 034988 £.9498.10 °° 1 4 3378410
1 elzectron ~19
volt 80588 .0 1.6022,10 7 23,063 1
mlmg
/Q'= reguced mess.

m1 +m?

¥

A, = reduced mass in atomie weight units.

} arnly® w % = 5.8204.107% w “a

r o= L C = 5,8894,] dyne em
- % e A& *

-0
k. . 27.994.10 <D

2 I
B¢ 94re e

L)
V)
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Inys., 6,10 (1938).
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A consideration of the relative rates of the forward an

W
.

reactions in the equilibrium

v o 3

{with internal H bond) = ii(no internal H bond)

a

sads to an explanati of the obssrvation that five-meumbered rings
leads to an explanation g
containing a2 hydrogen bond are more stable than six membered rings

containing a hydrogzea hond.

A . . : - - 1
9. Cne should not be surrrised, as are Buswesll, laycock, and Redebush™,

)

at the lack of an zssociation bond in thce absorption sy

10

hydrogen fluoride in carbon tetrachloride solution.

134 Chlorine Trifluoride, the perfect oxidant for rocket engines.
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