
























































































































































silicon. These 12..tter impurities are surely not rresent in the 

chlorine trifluoride because of the very larre differences in boiling 

Chlorine Fluoride. 

The photographs of chlorine fluoride, as has been mentioned, show 

S<?von 11essure ble r:i.ngs were obs "'::rved, 

for which the s 
0 

correspond.in:; to the maxima and 

ninime. are civen in Table 20. sets of are listed, set 

A the of on three photo3raphs, set B tbs &verage 

nine after ttosc of set A. In last of J.'3_blc 20 

v:=i.l of r -, in te rnuc 1 (; a:r d.istsnc& in chlorine: .fTJ.or-

cuterJ..a.ost fss..tures in on elcctroG diffraction r;hotograi:h arc often t.m-

reliable. ths3e extreme ons the avera;cs 

given in Te.ble .20 for t;2.Ch of ths sets of .::i.e3)3U.rc::1snts, or combining 

the tv10., 
0 

r = 1.63 C.OlA 
0 

8..tion., ·,·fr1cre it found fox· the lov1est vibr8.tional level in the 

grou.nd sts.tc., r = 1.6304 + 0.001. 
0 

The is excellsnt. 

Ghlo:cine Trifluoride. 

The photogrs.phs of chlorine trifluoride arc; :1uits s·:;tisf2cto:cy., 

ts.vine: seven rings. The r:,,essured a 
J.O 

/ lC , 
\ q = -fF s) 

si·c z;iven in Table 21. c sti:nated intsns i ti es of tte; vJ..rious 

r.c:e. and i:::iinina. a:rc giv011 in the ·coh.L'Tirl he9cled I, 2.nd the corrc:srondi:'.lg 



,s. 

Table 20 

~·fax ~.··~ in 8 r 
0 

.Set A 

3 

3 8.43 ( 1.669) 

4 10.4:0 ( 1.656) 

4 12.32 ( 1.653) 

5 l ·'± .36 1.638 

5 16 .27 1.639 

6 18.15 1.642 

6 20.17 1.634 

7 

7 

Average 1.638 ± 0.002 

Set B 

2 2 .. 99 ( 1.501) 

2 ·L55 ( 1.698) 

3 S.53 ( 1.670) 

3 8 .6C1 1.635 

4 10.47 1.645 

4 1 2 .62 1.614 

,5 H .. 36 1.638 

5 16 .47 1.619 

6 18 .30 1.629 

6 20.47 1.610 

7 22.20 1.627 

7 24.23 1.621 

8 213.3 (1.61) 

8 28.2 (1.62) 

Average = 1.626 ± 0.009 
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Table 21 

i-~a.x ~: in qo J ck o/qo 

2a 7.46 1111 20 20 

2a 12.9 19 18 

2b 14.8 -2 2 

2b 17.2 4 4 

3 21.4 -20 17 ( 1.029) 

3 27.0 20 15 1.007 

4 32.5 -20 +14 1.000 

4 38.1 23 14 0.992 

5 44.2 -13 ( 6) 

5 50.7 15 ( 6) 

6 57 . 4: -20 6 0 .994: 

6 62.5 20 5 0.998 

7 67.7 -18 3 0.997 

7 73.3 19 3 0.996 

8 1s.0 -16 2 

8 83.8 +16 1 

Average = 0.998 

l* 2.40 30 30 

5* 43.4 -3 

45.0 -3 

5* 49.6 2 

51.4 4 

*Values used in ca lcul atin:::; the radi8.l distribution function. 
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co effici ents 0f the r adi8.l dis tri bution func tion29 a r e l is t ed in the 

co lu..mn h e a d e d c
1 

• I n the lO'i!er part of the t abl e a r e g iven the va lues 
_( 

of q and I assurned for t he first r.'.la.x i rn.um a s used in the r adial dist­
o 

r ibution function . The f i fth minimum aJ1.d maximum we r e each r e :r:: r e-

sented by the t wo peaks listed in the lower s ection of the t able as 

i t was poss ibl e ther eby t o better repr es ent t he nature of the observed 

f eatur es of the photo8;raphs. The calcul at ed rad i a l dis tribution curve, 

0 

R.D. of Fi gure 8 , ha s stronz ~:: eaks at r equal to 1.69 and 2 .31 A, and 

sma.11 p ea}:: s , which may or may not have significance, at 2 . 69 , 3 .36 
0 

and 3.66 A. The l as t peak listed cannot have significance f or any 

str ucture having the t hr ee fluorine atoms s bout a central chlorine 

atom . 

It i s obvious that the d i stances 1 . 69 and 2.3 1 mus t corres pond 

to •- chlorine-fluorine and f l uo r inc-fl uor ine dis t anc es , res pe cti ve ly, 

giving a bond angle of 87 ° . Reduced theor e ti cal c 1rve s were ca lcul-

a.ted for symmetrica l pyr 2..mida l str1.Jctures wit h F-Cl- F bond angles of 

84°, 85.5°, 87°, 88 .5 ° and 90°. These a r e the curves mar ked A in 

Fi e;ure 8 . The curves wer e c 3.lcul a t ed using the equation 

vrher e ]. . 
lj 

I( \ q; 

z z 
Cl ·'\ l + __ F_ ZF 

= ] Cl !j1 sin 10 q ClF l r:i'- F z fr 
- J: J.- __Q_l- Cl 

is the d istanc e between the ith a.ncl jth atoms , Z. 
'-' 

. n 1 
srn 10 q FF 

i s the 

a to;:nic nu.rnb e r of the ith a tom, /. i s the X-ray sc atte r i n g f a ctor as 

"' 
calcul ated by Pauling and Sherman, and. q = 10 

s = \ 0 
sin sP / 2, 

rt I\ 

'f = scatte ring angl e . 

The app e a r ance of the photogr aphs i s best r e ~· r es ented by t he cuve 

A-87, with A-85 . 5 only slis h tly l ess satisfactory. T~1e doubl e t ap~j ea.r-

a.nee of the s e cond max i mu:'.n, rep r es ented by rn ea.surements 2a and 2b in 



0 

67a. 

l 2. 3 4 

RD 

A 94 • 

85.5 

87 

88.5. 

90 · 

B 

c 

30 

Figu.re 8 

Curve RD - The r adial distribution function fo:c ClF'7. 
v 

Curves A, B, C - Reduced theor etica l intensity cu r v0s fo r ClF 

A--Sy;:D.Yaetrical pyra::-"idal model ~·!i th indicated F-Cl-F 
bond angle . 

B--Asynnne tr ice l pyramidal rwc.e 1-­
h:o F-01-F bond a.n ~,. l0s = 87° 
one F-Cl- F bond angle = 1C5° 

C-~Flanar mociel- -two F-Cl-F bond angl es= 87°. 
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Tab le 21, is definitely not indicated by the curv8s A-90° or A-88.5° 

curve. The ap:?earance of the fifth maxirm .. un on the photogra1'Jhs indicates 

this feature is broad, \·dth the pe2k displaced ~.JO large q. This ex-

eludes the . .A.-81i 0 structure. 

From these and other less obvious deviations of observed and 

calculated curves, it can be said that if chlorine trifluoride has 

the syrm::.etric2~l pyramidal structure, the F-Cl-F bond angle is 86 .5° ±. 

1.5°. 

However, there is no siapl e theoretical rea son vrhi ch i-·equires that 

the structur0 of chlorine trifluoride have the abov e symrn.etry. It 

r.light be ass·lk"'Yled that one of the two subsidiary peaks in the radial 

0 
distribution function, at 2 .69 or 3 .36A, has :aeaning. Thus o:ne ob-

ta.ins the unsymmetrical pyramidal structure (B) having two F-Cl-F 

a 174° angle between the outer fluorines. In 
0 

both these structures the 01-F distances are a.11 assU:ned to be l.69A 

The reduced theoretical curves for these structures, labeled B and C 

are given· in Figure 7. The second max:i.mum on curve B does not agree 

with the photographs, nor does the fifth mini::num and maximu..rn on curve 

C. However, the deviations ar e small a_~d it is not possible at pre-

sent to exclude all the non-syrnrr.ietr ica.l structures which ;.aight be ob-

ta.ined by slight rn.odifica.tion of models B or C. 

In the la.st colu.:-nn of Ta ble 21 a.re g iven the values for q /q · Vl.jo / 

as it is equal to one within experimental error, the r adia l distrib-

ution function ye~\. s give the correct internuclear distances. 

The final result then is:-

If t he chlorine trifluoride molecule has a three--fold a.xis, the 

0 

Cl-F distance is 1.69 ± O.OlA and the F-Cl-F bond angle is 86 .5 ±1.5°. 
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If the chlorine trifluoride molecule does not have a three-fold 

0 
a.xis, the mean of the 01-F distances is l.69A, and there are at least 

0 
two F-F distances of ap proximately 2 .311\ .• 

It is seen that the effect of having three fluorine atoms bonded 

to one chlorine atom is to increase the Cl-F distance from 1.63 to 

0 0 
l.69A, or 0.06A, v1hich is a. reasonabl e a..rnount. The bond angle, only 

8'7° . th . . ,~ is ra·, er surprising. However, the bond orbitals for this ca.se 

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

able value fo:r the bond angle. 

Ackx1owl edgem.ents 

I wish to thank Professor .t~. M. Badger for the many helpful 

suggestions he has ma.de and the continued interest he has shown in my 

work. I arn indebted to Dr •. L • .R. Zurn.wa.l t, D:i:. .L!.. H. 11.'yster and 1-lr. R. 

S. Rasmussen for much helpful discussion. The assistance given by 

Dr. V. F. H. Scho::naker was largely responsibl e fo r the completion 

of the electron diffraction work . lJ!.uch valuable advi.ce on the handling 

of fluorine was obtained from Professor D. M. Yost, who also kindly 

loaned the fluorine generator us ·sd in this research. The stands.rd 

tapers of copper prepared by ~r. Alex Logatcheff greatly expedited the 

ex;erimental work. 



Reprinted from T11c Jou irnAL or- C H1·::-.1rcAL P1-1ys1cs, Vol. 8, No. 4, 349-350, April, 1940 
Printed in U. S. A. ' 

The Absorption Spectra of Liquid HF and of its Aqueous Solution in t!ie Region Ai\8000-11,000 

The absorption spectra of liquid HF and of HF in 
aqueous solution have been photographed in the region 
/../..8000-11 ,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 (artificia l 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,1 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 thi s region 
where the trend in plate sensitivity is large. 

TABLE I . T he maximum of the band of liquid I-IF as a 
function of temperature . 

t<°C) 

19 
0 

-30 
-60 
-75 

Amax(A) 

9940±75 
9990 

10140 
10300 
10380 

Salant and Kirkpa trick2 have found that the third 
harmonic band of unassociated HF gas is located a t /..8790. 
From the data just given it is evidept that the freq uency 
decrease in going from the gas to the liquid is very large 

even at the boiling point, namely a bout 1320 cm- 1• 

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 
forma tion of the 0-H · · · 0 linkage. The third .harmonic 
OH band of methyl alcohol, for example, is found at 

· /..9490 in.the vapor3 and at /..10,070 in the liquid,1 so tha~ the 
frequency shift is about 600 cm-1• · · 

The large difference in the magnitudes of th.e frequency 
shifts just mentioned is very interesting in view of the 
fact that the energies of the hydrogen bonds in associated 
HF and CH aOH a re so nearly. the same, being 6.7 and 
6.2 kcal. per mole,4 respectively. 

The absorption spectrum,of HF in aq ueous solution has 
also. been examined at HF conc~ntrations of 25 and 50 
percent and at 0° and at 25°C._ in no case does a cursory 
~xam,ination reveal any significant difference betweE;n the 
solution band and the /..9722 band of water in: either 
position or shape. 

AUSTIN L. vV AHRHAFTIG 

Gates and Crellin Laboratories of Chemistry, 
California Institute of Technology , 

Pasadena, California, ' 
March H, ·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). 

L. Pauling, The N ature of the Chemical Bond (Cornell University. •· 
Press, 1939), p. 313. 



Summary 

Chlorine fluoride and chlorine t rifluoride have been prepar e d, 

the ir absorption spectra i n the r eg i on A A 4500 - 5500 exrunined , and 

t he ir mol e cular structur es investigated by the el ectron diffract i on 

nethod . 

Chlorine fluoride gives a band system with singl e F and R bran ches 

resul t ing fror.1 a 3 TT + ~ ' }:+ t r a.ns i tion with the conve r gence 1 i mi t 
0 

for the pr ogre ssion v 1 +- 0 at 21507 . 8 ± 2 cm-
1

• Tl1e dis sociation 

products are probably Cl( 
2

P 3/
2
) + F( 

2
P 1/

2
) • The val ues of t he various 

s pe ctroscopic constants a.r e : -

D II - 21101 + 2 cm = 2. 6 16 volts , 
0 

T"' I = 2946 
_,_ 

50 
- 1 = 0 . 36 5 volts J.J Cr.:l 

0 

D II 21495 + - 1 2.665 vol t s, i:::: 3cm = 
e 

D I 2790 + 50 
-1 

.:;: 0 .346 volts cm 
e 

:, II :::: 0 . 51 83 + C.001 
- 1 

~' cm B I C. 372 - 1 
;:;; cm e e 

'\; ll 0 .0062 ± 0 .002 
- 1 cm (X. ' = 0 . 0138 

- 1 
cm 

e 

ll 
0 

r 1.6255 ± 0 .002 ., 
e 

I 1.92 
-1 

r cm e 

II 
0 

r :::: 1 .. 630·4 ± O. OO l A 
0 

w n = 793 .. 2 -1 cm 
e 

ti) I = 313 . 484 - 1 
cm 

G 

II = 9 .. 9 
-1 

fA_;exe cm W 1 x I 2. 217 -1 cm 
e e 

W ' y I -G.400 
-1 

cm 
e e 

Chlorine trifluoride has no absorption bands of aprre ciabl e in-

tens ity in the region ,A). 48CO - 5550 . 

The el ectron diffra ct"on investigat i on of chlor i ne fl uoride yi e l ds 
0 

r ~ 1.63 ± O. OlA, in ex ce ll ent agr eement with the s pe ctros cop ic va lue . 

The el ect r on diffraction investigation of chlorine trifluoride 

indicates t hat if t he s t r u ct u r e of t he 1.1ol e cul e is sy1~7!letrical pyr am-



0 

idal, the Cl-F distanc e is 1.69 ~ C.OlA and tl e F-Cl-F angle is 

86 .5° + 1.5°. If the struct u r e doe s not have the above symmetry, t he 

0 

mean of the Cl-F distance is l.69A and there a r e at least two F-F 

0 

distances equal to about 2 . 31A. 

The absorption s pe ctrum of liquid hydr ogen fluoride e,nd of i ts 

aqueous solution have been investigated in the region ~~8000 -

11000 . 



Physica l Conste.nts 

The va lues for the physica l constants us ed in this thesis 

Yo 9 were t 9Jzei1 from Lierz ber t:: • He g: i ves: -

2 l octronic charge e 

Planck's constant h 

Velocity of light 

1 16 mass of the 0 I 16 gt.om 

Boltzmann' s constant k 

Conve rsion f a ctors:-

Unit 

('. -1 
'-''m 

1 erg pe :r 
molecule 

1 ca l per 
mole 

l el e ctron 
volt 

- 1 
cm 

1 

i::: 0...,.14 11"'\ 15 
.__: • j L:.. • V 

0.34988 

8066.0 

erg molecul e 

J_.9863.10- 16 

, 
-'-

a a , -17 6 • .;i4._,8..J.0 

-] ') 

1..6022 .10 - ;~ 

r e du ced r..1ass. 

h reduc ed r1ass in atomic we i r:ht lm j ts . 
/"/.\. 

B ::: h 
e 

5 8894 1 1"'\~2 2d 
, • . -• . u -U, W ~vn c 

/-! ~ '.. e '"' 

-4.0 
27.994.10 ~· -

I 
e 

-10 4. 8029.10 e.s.u. 

C' ,, 26 1 0~27 o . o , • ..1.. e r .'.; . sec. 

2.99776.lO+lOcm. s e c. 

cm. 

-24 
J..6600.10 gm. 

1 rzpf\7 10-16 
• D .. _; v a erg . 

cal mole 

2.8581 

1 .4389.10
16 

1 

23,053 

de gr ee • 

c l e r-tron­
vott 

-LL 
L 2398 .10 A 

~ 2Ll 16 l('\11 
~· ·- ~· • u 

-5 
4.3378.10 

1 
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Frcrno s i tion.s 

di still i n.;; L1 anhydr ou~;;; hydr oger.. £T .. 1or i ch~ th::;.n to use the EJ.G thods 

;revic~sly sug~s sted . 

2 . Usin.g tb.s c l ectrcn d i~fr a. ct.1 icr1 VL~. l~e f oy- t he F -F diste~ncc i:n 

chlorine tr i fluoride , it can be sxgued tha~ th~ structure of this 

·no l c cul e is v s ry l:Lke ly not sy~·nrnetric8l pyrarnidal. 

3 . T1-:,:; a.pp lic:s:!:..icl'l of t he: ? rs.J1ck- Con.clon l.Ti:'.lcipl c t.c ~1 8.. lue s of r ! - rl! 

~ . 

1 
~2 .. lcu l a t e d fro;J. 3 1 V3.lu·,::; s as is do:ic b:/ ii . c3 . Brm'm s.nd G. s . Gibson ..!. 

v 

ir:. their discussion of' t~1e i .o dLi-:; ch l oride sr:c ctrum i s ':fH,ho 1J.t 

Their , , 
oc::n.as as a s e ~~ a r ate 

syst -::~. is un.nc c c: ss-?ry s..nd sure ly i ncor r e ct. 

1 ·-·· =i ~ !'"\ h r: 9 ( , () '="' 2' • .i.·' r1ys . J:\ 8 V . ~' . ..; :::, ~ 1 . .:;1 '-' ... 1 • 

consid eration of the work of Badge r on the Sf ect r wu of ~ethyl 
, 

s.l soho l vc.r~oi~ i n. t hs )hotographic L.1::-'rs.-r c d ..i.. 8l1c:l the i.-ro:ck of Eo:cdsn 

<') 

::' . .nd 31 :r~:e r ""' on -:.he f a r i r.. ::'r a.-rcd :~bso :c pt ion L1 8. i cc.t e: tb.:i.. t it i'lou ld 

a longer a bsorpt i on ;at h . 

, J . Chern .• ·r--hys ., 4 8. ( 1936) J... _, 
2e J. Chem. Phys ., ,... c:'. C '7 I, 07.P' 2..1 ....;.._;~, \ J. ~· v -- ) 

6 ~ A vacu' .. .l['J t:J.h e 9..i;ipl ifis r C9.n be d0s 2. ,::;ne d to opero.t c a. ::.'.lc chan ics.l 

r c co r dsr dirvctly frorn. a thermocoupie without U i. 6 u.ss of ? l1J' 

gal vo.no·,:ic t cr- . It should b~ possib l e to obta i n j us t as gr eat 

s ensitivi t y as i 3 pos sib l e with any other nethod . 

7 • . The 3-bsorpticn 3iJ8 Ctru1:0. of cyc lopro) enE:; i n the pl'lOtographic infra -

r e d i s inte r f.=: sting in tha t the " e thylene band 11 does not appe3r , but 



two strong bands s.re oos s rved at longer vmve length s. 

1. ~. H. qste r. J. Chei:i . I hys ., §_,10 (193 8). 

8. Ii. consideration of t h e relativ.:::: r o..t c s of the forward an d r overs 8 

reactions in the equil ibrium 

J.
7,i ( w_··,+ul,.l i·"' .. . i·.RY'rJal T-1T bond\, - : '' ( '" '..., 1'nt c. r·:1~1 Lr:; 'oo..,..,d) ., L '! ~ -4 _ • . - ~·J. J."''-' , v i a . .1. ci 

leads to an exp l ru1.at ion of th·s o o s ::::rvation that fiv e- membered rings 

containing a hydrogen bond are ;'10r e stabl e thm1. s ix membe r ed rings 

conta.inin g s hydrozcn bond. 

9. Cne should Dot b e suq:: ris e d, as ar e 3usv1e ll, l:: '3..ycock, end :ledebush
1

, 

a t the l a ck o:f' an as::;ocia.tion bond in t h e a.bsorption s::;.,e ctrurn. of 

hydrosen fluorid e i~ carbon tetra ch loride solution . 

13~C Ch l or i ne Tr ifluoride , the perf ect oxidant for rocket eng i nes . 

S-l. J. Chem Phys. 11.., .96Z (1940) 




