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§ and YHYCL the 4-0 band of *H™Br and *H*'Br, and the 4-0 band of *H'*] were photo- = differes
'; gﬂpl?cd under great dim-l:rsim} in the infra-red. The moleculir constants have been ACCura
&l calculated and are surnmarized 1 a table. = results
; __E T e ~ constar
‘ : Th
': §1. INTRODUCTION . constar
X E N the course of a research programme on the structure of polvatomic molecules, to vacuy
T i whose vibration-rotation spectrz in the phétographic infra-red permit 2 = accurat
definite interpretation of the geometric configuration of the individual z2toms here.
in the molecular system, we have zlso photographed a number of unknown
§ harmonic bands of the diatomic molecules 1HY¥F, 1H®Cl, TH¥C], *H™*Br, '"H5 [ir 2
4 and 71 1t seemed valuable to us to ealeulate the constants of these molecules i Bes
again from the new and improved data. ?HHC*{'
It The bands were photographed in the first and partly also in the second order in the i
5 of a 6-metre grating on specizl re-sensitized infra-red plates. The dispersion was by Cze
4 b 2-6 A. in the first and 1-3 A. per mm. in the second order. The lighi-source was 2-0 bar
[ 24 either a 1,000-watt pointohte or the sun, using a heliostat. A special mirror analyse:
4 b arrangement and an infra-red filter was used. A 12-metre long galvanized tube the pho
which consisted of several lengths which could be put together served as absorption Our
tube. The light could be sent by mirrors backwards and forwards through
s the tube up to seven times, su that the maximum length or the absorption path was
P 84 metres.* The steel tube was clesed at both ends by windows of Plexiglass 1
| §B which 1s very resistant to the hvdrogen halides. The hydrogen halides diffusc =
! 1‘ Iittle into the surface of the windows but cause no fogging of the windows, Care
i' i had, however, to be taken that when the gases were changed the windows were
ot 5 either replaced or the plates cleaned. This was best accomplished by turning
3 off the first few layers in a lathe and repolishing the surface. The exposures
e lasted up to 60 hours. The photographs were taken at room temperature {(28°c.}).
The wavelengths were determined by measuring the plates against iron Tab.
5 standard hnes photographed in the third or fourth orders of the graing. The J
3 : accuracy of the determinations may have reached = 0-01cm~?; the third decimal 0
g places are, however, given in the tables,  Itis difhicult to draw definite conclusions 1
g about a possible temnperature shift of the Fe lines (photographed at the start) 2
b relative to the absorption lines during the long exposure times. It is believed e
! £ that this possible source of error is not important in this case. 3
'i g * We arc preparing a 23-m.-long absorption tube which will aliow a light beamn 1o traverse it f_'
: & up to 40 tmez. This =il correspond to an absorption path of 1,000 m. 4
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The atmospheric bands which lie in the photographic infra-red region were
photographed separately. In this way these lines could be eliminated and a
definite determination of the partly superposed absorption bands was greatly
simplified.

The gases were prepared according to the usual methods and were purified
by repeated re-distillation, and were finally distilled into an evacuated absorption
nibe. '

The 2-0, 3-0 and 4-0) bands of the H™F, the 40 and 5-0 bands of the [1*C]
and 'H*CL the 4-0 bands of the *HPBr and By, and the 40 band of the
'H'7| were photographed for the first time.  On the other hand, the attempt to
find the corresponding harmonic bands of CO failed.

For each molecule the wave-numbers of the new lines, the combination
differences for the ground state of all known bands, which gives 2 measure of the
accuracy of the measurcments, the calculated vibration levels together with the
results of previous investigations and a summary of the newly determined molecular
constants are given in the tables. :

The molecular constants are caleulated with the new values of the fundamental
constants according to Birge (1941). Values of wave-numbers are corrected
to vacuum. It is belicved that the results given nere are in some cascs more
accurate than those published previously owing to the greater dispersion employed
here.

$2. HYDROGEN FLUORIDE

Besides the vibration-rotation absorption spectra of the diatomic molecules
TH%(l and *H*¥ (], the spectrum of *IH{™F has been investigated most thoroughly
in the mfra-red. The 1-0 band was measured by Imes (1919) and: recalenlated
by Czerny (1927).  Schaefer and Thomas {1923) found that the centre of the
2-0 band, which could not be resolved by them, lies at 1-27x.  There also exist
analyses by Kirkpatrick and Salant {1935) of the 3-0 and 4-0 bands which lic in
the photographic infra-red.

Our results for the 2-0, 3-0 and 4-0 bands are given in Tables 1, 2 and 3.

Table 1. 2-0 Band of *H"F

b BT PLT)

0 TERY-FI0 —_

1 TR24-T42 TT10.824

2 TEEO-RI3 TohH 326

3 PRE5-804 TE19-488

1 7911830 TH6E9-704
Table 2, 3-0 Band of 1H!%F Table 3. 4-0 Band of 'HYF
J R(J) PLT) J R P(T)
0 11409047 8 0 14866625 —
1 11441205 11331-161 1 14895680 14790435
2 11465-679 11255-843 2 14918594 14745420
3 11491444 11235:948 3 14935320 14650427
£ 11509490 11181330 + 14946702 14631771
5 11522781 11122-98% 3 14951 654 14567358
£ 11531-282 11060-232
7 11534920 —

e
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Table 4. Combination Differences for the Ground State, »=0, 1HI9F,
AJF(T) =R(J - 1) = P(7 +1)

' = Kirkpatrick Czerny
: ! o erer ! i
J Naudé and Verlege: S e
2-0 30} 40 3-40 40} 1-0
1 123-204 123204 123205 123-21 123-20 12292
2 25-256 205-258 205-233 20523 20(5-24 205-21
3 287129 287-129 287123 286935 2ET06 28608
4 - 3664060 368-462 368-27 36832 36650
3 — +4%-258 449260 44437 — 44678
Table 5. Position of the Vibration Levels, 1H@F
Naudé and Kirkpatrick Czerny Schasfer
T Verleger and Salant and Irmes and Thomas
i 3962900 3962-565 o
2 TT31-7066 e - TE74-02
3 11373-574 11372-88 — =
4 148371-550 14531-68 — —

Molecular Constants of 1THMF

Jo=1-3385 » 10" grem?®
Fe=0"9179 % 108 em.
e, =4143-01 cmm™?
%, =91 69
vy =1-03
B ==9-08 x 10% dynefom.

Table 4.

By=205352 cm-?
B,=19-7870
B, =16-0249
B =18-28%4
Ly=17-5604
B, = 209093
Th= 0-00108
e = (7482
_l'.:;,:.r ﬂ'DOD2

Bizsoc. eneroy o : : 2
] £y | =336 keal/mal.chem,
feomputed from = R ¥

(U, ad,]

The discrepancy between the results of Schaefer and Thomas (1923) and ours
for the 2-0 band can only be ascribed to the small sensitivity of the method of

registration used by them,

$3. HYDROGEXN CHLORIDE

The 1-0 and 2-0 bands of both isotope molecules in the thermal infra-red
were measured by Meyer and Levin (1929). Herzberg and Spinks (1934}
studied the 3-0 band in the photographic infra-red. This was the first vibration—
rotation spectrum of a diatomic molecule to be thoroughly investigated in this
region, Cleaves and Edwards {1935) announced in 2 short paper the photography
of the 4-0 band, but gave no analysis.  Lindholm ( 1942) investigated the pressure
broadening of this band without giving detailed data about the molecular constants.
Table 8. 5-0 Band of "H#Cl

Table 7. 4-0 Band of 1H35(]

f BRIy P 1 R Fun

i 10541 -276 — 0l 13413-117 e

1 10957320 108901 -01% i 13427059 13374363
2 10971 -00% 0878608 2 13439-830 5 13350-453
3 109522585 10852957 3 13448-721 13323-358
4 10091-217 10824972 4 13454-632 13293683
2 10997 801 10794591 5 13457-586 13260927
¥ (11002001 10762-103 s=superposad,

1
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Table 9. 4-0 Band of TH¥CI Table 10, 5-0 Band of 'H®CL
¥ R P J ROJ) PLI
i L0933-759 — [ 13404128, -
1 1049 -H04 10894 204 L 13413970 13305-472
2y L0965 451 10871232 2 134300-840 13341603
3 NT4TIS 10E45 -394 3 13439743 5 13313-757
4 10983 664 10817361 4 13445080 13285005
5 10590220 LO787-188 s =superposed.

Tahle 11. Combination Differences for the Ground State, p=0, LH3(]

Herehers

e Mever and Levin
& =

Maudé and Verleger

J -0 -0 340 14 2-0

1 HZ-568 H2 604 62626 f2-6Y 6300
i 104372 104411 104-311 104-29 104+10
3 14i5-037 146147 145994 14603 14604
4 157397 187794 TET 507 187-45 18761
3 220-114 — 2289494 22887 22554

Table 12. Combination Differences for the Ground State, =0, 1H¥C]

Herzbery Mayer and Levin

Naudé and Verleger i il
7] 40 50 3-0 1-0 2-0
1 G2-527 R2-520 H2-399 G257 A2-0G
9 10210 1015 104132 10413 10403
3 143-890 143-835 1453-7580 14583 14602
4 1a7-530 —c 187-233 18731 187-32
Table 13, Paosition Table 14. Position
of Vibration Levels, TH3(1 af Vibration Lewels, TH37(I
audé Herzherg Mewver Mancé Herzhery Mever
T Cand anl and o and and aric
YVerleger Spinks Levin YVerleger Spinks Levin
1 2REG 194 T 288588 1 2RB3-473 — FREZEY
2 36a8:326 — SHET 06 2 hA3-8E1 s 366396
3 AR4T 19 3472000 — 3 G341-182 5341-155 —
4 10922636 o — 4 109153-332 -— -
30 13393204 oy E_ 5 133862388 i 2ol

Both the isotope molecules "H*Cl and "H*Cl, which differ in their masses
but not in their atomic numbers, must have the same force constants and nuclear
distances owing to the identity of the electron motions. -~ On the other hand the
vibrational frequencies and the rotational terms must be different as a result of

their different masses. :
In the case of the isotope effect observed here, one has to deal essentialiy with

a vibrational isotope effect on which is superposed a much smaller rotational

isntope effect. ;
By introducing a factor p=+/(u/) the isotope shift due to the vibration can

he calculated from
Av,=vi—v, =(p— D [(v' +5) = (" +3)] = (p* — Dewp[(2' +1)* — (" +1)°],

where », and 1! indicate the frequency of the corresponding bands.

. iL,“;;=-? 'i{%}‘u Rz

et
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Table 15. - Molecular Constants for 1H#Cl and 1H37C]
IR CL THEI(]
B, _ 10-4440 e =) 104204 em
B, 10-1445 10-1213
B, Q.8450 G-5221
By 9:3343 g-3230
H, Q-2615 91273
H, £94n2 59197
E. 10-3937 105700
£ O-00H3333 0000332
Ly (12905 (1-2992
i DeO00004 O-000004
1 26405 2 1079 gm o 26477 % 101 o om®
e 1-2744 = 10-% o 12730 % 1078 cim.
T 2990-37 cm ! 2986-30 cm-7
e 3226 51-50
[FE O-06 — ({1
f2a 3+16210% dynefem. 515 » 10° dj.p-s,ucm
Thasoe, energy I 122-28 keal/meol. chem. 123-73 Lcn] mol. chern,
- (from g, weiry) | 530 ev, 5-37

For the rotational part of the isotope effect, which has the result that the isotope
effect of corresponding band lines are not the same but are increasingly shifted,
ane gets

By == v (g2 <)o, — Bef( + D 32— (2 4+ I + 1
\ I L 144 " 47
TDel_iJ s 2':' (7 +'}£} J]'
v, denotes the rotational portion of the wave number of a line.
The good agreement of the isotope shifts can be seen from the mlimaidg table,

where the average of the measured displacements for all the lines of the 1-(, 2—(),
3-0, 4-0 and 3-0 bands are compared with the theoretical displacements.

Table 16. Observed and Calculated Vibrational Isotope Shifts in the

Infra-red Hydrogen Chloride Bands

Band Ohbserved Caloulated Observer

14} 2 205 Mewver and Levin
2 4000 L053 Mever and Levin
3ot 3-B34 3834 Herzberg and Spinks
4] 450 7-481 MNauddé and Verleger
-0 A-gay a-G0T Naudé and Verleser

By determining the factor p = 4/ {1/p,) it is possible to obtain an accurate value
for the mass ratio of the participating molecules and to compare the value dbtained
with Aston’s value, This determination can be made from the vibrational or
the rotational isotope effect, but can also be found by comparison of the molecular
-constants, for we have, for example,

BJ=PEH' j_,_:ﬁBi.

A simple computation shows that Aston’s values are verified by the observed
isotope effects and, furthermore, that his values are more accurate than assumed
by him. Hcrzb-:,rg and Spinks (1934), as well as Jenkins and MecKellar (1932),

have pointed this out before.
We intend to investigate the isotope effects of the deuterium halides separately.
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§+ HYDRSGEN BROMIDE

Fivler and Barker (1933) have photographed and analysed the 1-0 and 2-0
bands of the HBr molecule most recently.  The resolution of their arrangement
did not, however, suffice to establish independent equations for the isotopic
molecules *H™Br and H5'Br.

The 40 band was the only one which we could photograph with the isotope
effect clearly visible. Of the 3-0 band at 13500 a. only two to three lines of the
R branch could be observed, and we could find no absorption of the 5-0 band
which lies at 8130 a.

Tabie 17. 4-0 Band of *H™Br Table 18. 4-0 Band of "H™Br

J R{J) PiJ) J RiJ) P

L 9709-392 - L) 9708 -020 —

i 9722-501 Q6TT-T6S 1 9721-123 9676-3403
2 0733817 9639-230 2 97324584 09657-878
3 0743-151 9635-393 3 9742-048 9637554

Table 19. Combination Differences for the Ground State v =0, 1H™"Br

and *H*Br
INaudé and Verleger Plyler and Barker
J +0 ("HBr) 4-0 (*H*Br) 1-0 ("H™% k) 2-0 (\H™"RBr)
1 50-162 50-142 50-04 49-97
2 83-603 83-569 83-37 83-30

‘Table 20. Molecular Constants of ‘H™Br and 'H#Br

I Br " Br
v (40 9604495 em ™! 9693151 em~—t
.H“ 5-360 8 3 5?
B, 7-434 7439
i 5473 8471
'Y 0-226 0-229
n, 0-000372 0-000378
8, 0-000002 0-000003
I, 3-303 x 10— gm.cm? 3-304 2 10 gm.cm?
ra 1-414 % 10— om. 1-414 < 10~* cm.

The w,, w,x, and w_y, values cannot be computed on the basis of these bands,
because the data of Plyler and Barker (1933) for the 1-0 and 2-0 bands correspond
to an average value for the two bromine isotopes. If one assumes w, =2649-67
and w,x, =45-21 according to Plyler and Barker, one gets »=%9694-3 for the 4-0
band, which corresponds to the value found for *H™Br.

The computed vibrational isotope shift is 1-34cm™!, whereas the average
taken over all the lines of the 4-0 band amounts to 1-35 cm™,

§5. HYDROGEXN I10DIDE

The 1-0 and 2-0 bands of *H'**I were investigated successfully by A. H. and
H. H. Nielsen (1935). Just as in the case of the hydrogen bromides, only a few

lines of the 4-0 band could be photographed on account of the strong decrease

in the intensity of the harmonic bands. Together with the results of Nielsen and

Nielsen they suffice, however, to carry out a calculation of the molecular constants,







