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INTRODUCTION 



AN EJERThtTAL DETERMINATION OF THE ABSORPTION BANDS 
OF THTh C}ORIDE AND DEUTERIUM OXIDE IN THE 

REGION LYING BETWEEN i LND MICRONS 

INTRODUCTION 

The experimental work has consisted in determining the 

mfra-red absorption spectra of deuterium oxide and methyl 

chloride in the region lying between i and ¿ microns. No 

attempt is made to analyze the bands in either case al- 

though Drs. Norris and Unger (i) have analyzed. the one band. 

found. for deuterium oxide at Nothing has been done 

to date with the methyl chloride, 
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APPARATUS AND EXPERILNTAL PROCEDURE 

The apparatus, ?ig. 1, used in this work is a Littrow 

spectrometer constructed by Dr. E. D. MeAlister. The beam 

off light from the source enters the instrument through the 

lens at A and. strikes upon the mirror M1 to be reflected 

through the collimating slit S1 which lies in the focal 

plane of the lens at A as well as in that of the parabo- 

loital mirror M2 . The parallel beam from M4 then passes 

through the train of prisms and returns to M2 to be re- 

flected through the slit S4 which also lies in the focal 

plane of M2 A concave mirror M3 focuses this diverging 

beam upon the element of the thermocouple T. 

The train of prisms consists of two fixed sixty degree 

prisms, P1 and P4 , and a thirty degree prism, P3 , which 

may 'be rotated about a vertical axis in order to sweep the 

spectrum across the thermocouple element. The back of this 

third. prism serves as a reflector in order to return the 

beam to the mirror M4 . All are set for minimum deviation. 

This system is equivalent to one consisting of five sixty 

degree prisms. 

T is a cold junction Bi, Bi-3n vacuum thermocouple. 

The receiver is a strip of tinfoil coated with lamp black 

on one side and. is 4.0 mm. long and 0.1 mm. in width. The 

wires are approximately 0.01 min. in diameter. 
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The thermocouple is connected. to a galvanometer situ- 

ated about five meters from the photographic drum D. This 

drum is rotated simultaneously with the excursion of the 

rocker arm R which rotates the prism P3 . One revolution 

of the drum covers a range of about O. and. ordinarily 

two hours are used to complete one rotation. 

The material to be tested. was at first introduced. di- 

reotly into the spectrometer housing but later an absorp- 

tion cell C was added.. This is about 92 cm. long and ¿.5 cm. 

in diameter and. equipped. with quartz windows. Since the 

general apparatus cannot be evacuated., water vapor, which 

has several strong absorption bands in this region, is 

always present. While this is troublesome at times, it is 

also of use in the calibration of the instrument. In ad- 

dition to the water vapor absorption spectrum the mercury 

emission spectrum is used. for calibration purposes. 

For a detailed. description of the apparatus see kè) 

and. of the thermocouple see (3). 

The methyl chloride was introduced into the absorption 

cell after it had been evacuated and dried. The test run 

was made at atmospheric pressure and. room temperature. 

In the case of the deuterium oxide a heating coil was 

placed around the absorption cell and. the temperature main- 

tained at approximately 100'C. The pressure was not 

determined. Maximum absorption was only about 5 The 



sample as obtained. from the manufacturer had. a concen- 

tration of 99.5 'f o 
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THEORETICAL CONSID]RATION3 

Molecular spectra fall into three distinct groups 

experimentally as well as theoretically. The first of 

these consists of pure rotation spectra, d.ue to changes 

in the rotational energy of the molecule, and lies in the 

far mfra-red. The second comprises the vibration-rotation 

spectra which lie in the near mfra-red and. are caused by 

simultaneous changes in the rotational and vibrational 

energies of the molecule. The third lies in the visible 

and ultra-violet and is due to simultaneous changes in the 

rotational, vibrational, and electronic energies of the 

molecule. This thesis is centered primarily in the second 

group: the vibration-rotation spectra. 

According to the old quantum theory (4) a molecule 

may exhibit only one discrete set of energy levels. Only 

those orbits are permitted for which 

Jpdq=jh l) 

qis the generalized position coorainate, c, is the 
k 

corresponding momentum coordinate, j is the so-called quan- 

turn number, and h is Planck's constant. Radiation is 

emitted only when the molecule passes from a state of 

higher energy to a state of lower energy. The frequency 

of the emitted radiation is given by the relation 
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where 13 is the energy of the higher level, that of the 

lower, and. z' is the frequency. The reverse is true of 

absorption. 

According to the classical theory the frequency of 

the emitted. radiation is the same as the orbital frequency 

of the oscillator. In order to account for the intensity 

of the emitted. radiation the assumption is made that the 

intensity depends upon the frequency of the transitions 

and. that an asymptotic relation exists between this fre- 

quency and the amplitude of the radiation as calculated. 

on classical principles. This is known as the corre 

spondence principle. 

The simplest type of molecule exhibiting rotational 

phenomena is the diatomic one which has the shape of a 

dumb-bell. HC1 is an example. Consider the pure rotation 

spectrum of such a molecule regarded. as a rigid rotator 

with the nuclei as point masses. In this oases there will 

be but one moment of inertia, that due to rotation about 

an axis perpendicular to the axis of figure and passing 

through the center of mass. The energy is all kinetic and. 

the energy expression becomes 

ZLZ 
- J f' (3) 

82I 
where I is the moment of inertia of the molecule. 

Since the molecule cannot be considered rigid. the 



rotation will give rise to a slight separation of the 

nuclei. As a first approximation the force acting between 

the nuclei is assumed to be harmonic and the energy ex- 

pression is modified to 

E=80hcj2(/,z,2) (4) 

where 02 
uh2 h 
47y2ZJ< 8ir2f0c 

I, is the moment of inertia of the non-rotating molecule, 

is the reduced mass, and k is the force constant. By 

applying the correspondence principle it is found that j 

can change only by -1 in emission and +1 in absorption. 

It is also possible for the molecule to oscillate 

along the axis of figure at the same time that it rotates. 

The total energy now is E2r22*V (5) 

Here V represents the potential energy function, r the dis- 

tance between the nuclei, and the angular coordinate. 

V is assumed to have the form 

v-c c3[ r_ro]3+[r_ro]4) (6) 
- 7- 7i* 

in whioh C, k, 03 , and c4 are constants. This leads to a 

law of force for an anharmonic oscillator. The energy 

expression becomes 



(3Ic3cc3J 
81T210cij0 

//? 3h2J-/7 (,3)__ + 'I _____ 
8 irZ0 32 T1212 w0 

where - _ W0-2y r 

is the frequency of vibration for an infinitesimal ampli- 

tude. I0is the moment of inertiq, of the molecule at rest. 

In the case of a harmonic oscillator only the funda- 

mental frequency of vibration occurs and. according to the 

correspond.ance principle only this frequency will be 

emitted. In the case of the anharmonic oscillator overtones 

also occur so the frequenoiesw,± )2wv± etc. 

now appear. 

Now consider the d.iatomic rigid rotator in terms of 

the new mechanics. Schroedinger's wave equation has the 

fo mi 

s 2m ([ y) ' = o 'y 
where is the total energy and. V is the potential energy. 

For the diatomic molecule, using polar coordinates, 

this equation becomes 

J e) I 

L/) 

I aZy, a72EIL 15in * . 

2e ;jz* h2 
° 

5/t7& dØ & S/f? 



where I is the moment of inertia of the molecule. A solu- 

tion of this equation gives the energy expression as 

z 

E - (i'M (io) 

8i72Z 
This is the same as the energy expression obtained by 

the old. mechanics except that j4 has been replaced by 

j(.j + i). This formula is in much better accord with ex- 

perimental results than equation (3) above. Actually equa- 

tion (3) was later used. by replacing j by (j + i/e) arbi- 

trarily. Since 

jQ#i) -(j*,)2Y 

the difference Is only a constant which drops out in taking 

the difference between two energy terms. 

The application of the new mechanics to the problem of 

the rotating-vibrating diatomic molecule gives practically 

the same results as obtained by the older method except 

that j is replaced by (j + 1/2) and. n is replaced by 

(n + 1/2), or j4 is replaced by j(j + i) and n2 by n(n + 1), 

throughout. 

The difficulty of the older quantum theory using whole 

quantum numbers lay in the fact that it failed to account 

for a missing line in the center of the band.. 

Equation (7 ) may be written 

£ thc (,-xn,)*80h12- a,.7hj Z (ii) 
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and in a transition from an energy state to an energy 

state E2 this yields 

'u +& (j2g)_(a,2 - (ia) 

According to the selection principle j may change only 

by +1 or -1. However, il' j is held. constant, the frequency 

of the emittãd. line is ii,,. This is called, the c, or zero, 

branch. Since j is not permitted to remain constant, this 

line will not appear in the spectra of diatomic molecules. 

In the case of emission, if there is a deorease in 

the energy of rotation such that , a series of 

lines on the high frequency side of 'v,7is obtained. This 

is called the R branch. Similarly, if =j2-i , a series 

of lines on the low frequency side of i is obtained. 

This is the P bi'anch. The line "V,.7 lies midway between the 

first line of each branch. 

The difficulty, however, lies in the fact that not 

only v,7 is missing but also the firat line oÍ' the R branch. 

It was for this reason the whole quantum numbers that 

appear in the old quantum theory were arbitrarily replaced 

with the half quantum numbers which later resulted di- 

reetly from the wave mechanical treatment. This again 

places the branch midway between the P and R branches 

but with double the spacing between the first lines of each 

series. 
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In the case of polyatomic molecules the energy 

exoressions and. consequently the band. structure become 

consid.erably more complicated.. This is true because the 

molecule may have only one or, more often, no axis of 

symme try. 

The water molecule, for example, is assumed. to have 

the shape of an isosceles triangle with the oxygen occu- 

pying one vertex. Methyl chloride has the shape of a 

tetrahedron with the carbon atom lying within the three 

hydrogen atoms and the chlorine atom being at the corners. 



RESULTS 
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RESUlTS 

In the case of deuterium oxide only one absorption 

band was found. in the region lying between i and ¿ microns. 

The experimental data obtained are given in Table 1. 

Column 1 lists the wave lengths of the lines within the 

band. in microns; column , the corresponding wave numbers; 

and. column 3, the wave number differences between adjacent 

lines. Fig. ¿ shows the band as obtained by the spectro- 

graph. 

The effect of the double weight hydrogen nuclei is to 

alter the moments of inertia of the molecule and to cause 

a shift in the position of the band relative to the corre- 

sponding water vapor band. 

The spectrum of methyl chloride shows two distinct 

bands. One of those, however, falls on the short wave 

length side of the l.38 water vapor band and. no attempt 

has been made at separation. Fig. 3 shows this band to- 

gether with the corresponding water vapor band with no 

methyl chloride present. 

Table 2 gives similar information regarding the sepa- 

rations of the lines in the methyl chloride band at 1.66,,«. 

The corresponding trace is shown in Fig. 4. Nielsen and 

Barker (5) have reported. and. analyzed this band. The present 

paper, however, reports nine additional lines on the short 
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wave length side and. fifty five additional lines on the 

long wave length side of this band. 

Nielsen and. Barker also report a strong methyl ohio- 

ride band. at l.8,» ; 
of this no trace was found in the 

present experimental work. Fig. 5 shows the water vapor 

band in this region and also the same region with both 

water vapor and methyl chloride present. 



TABLE I 

DEUTERIUM OXIDE 

No. 

1 1.5090 6626.8 
12.]. 

2 1.5118 6614.7 
7.1 

3 1.5134 6607.6 
10,0 

4 1.5157 6597,6 
11.7 

5 1.5184 6585.9 
9.9 

6 1.5207 6576.0 
17.7 

7 1.5248 6558.3 
18.6 

8 1.5291 6539,7 
27.1 

9 1.5355 6512.6 
9.3 

10 1.5377 6503.3 
11,4 

11 1.5404 6491.9 
12.7 

12 1.5434 6479,2 

+Bd center 
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TABLE II 

NETHYL CHLORIDE 

No. z, dV No. & ii 4l. 

i 1,6123 6202.3 24 1.6773 5962.0 

1].1 7.6 

2 1.6152 6191.2 25 1.6795 5954,2 

9.2 7.5 

3 1.6176 6182.0 26 1.6816 5946.7 

9.9 8.1 

4 1.6202 6172.1 27 1.6839 5938.6 

9.5 8.8 

5 1.6227 6162.6 28 1.6864 5929.8 

10.6 8.4 

6 1.6255 6152.0 29 1.6888 5921.4 

9..5 8.4 

7 1.6280 6142.5 30 1.6912 5913.0 

9.8 6.3 

8 1.6306 6132.7 31 1.6930 5906.7 

11.3 9.1 

9 1.6336 6121.4 32 1.6956 5897.6 
10,8 6.9 

10 1.6365 6110.6 33 1.6976 5890.7 

3.4 8.7 
11 1.6374 6107.2 34 1.7001 5882.0 

8.2 10.4 

12 1.6396 6099.0 35 1,7031 5871.6 
3.3 7.9 

13 1.6405 6095.7 36 1.7054 5863.7 
8.2 8.2 

14 1.6427 6087.5 37 1.7078 5855.5 
3.7 6.5 

15 1.6437 6083.8 38 1.7097 5849.0 
11.8 5.5 

16 1.6469 6072.0 39 1.7113 5843.5 
11.4 6.5 

17 1.6500 6060.6 40 1.7132 5837.0 
12.5 6.4 

18 1.6534 6048.1 41 1.7151 5830.6 
32.3 9.2 

19 1.6623 6015.8 42 1.7178 5821.4 
23.1 8.5 

20 1.6687 5992.7 43 1.7203 5812.9 
4.3 8.1 

21 1.6699 5988.4 44 1.7227 5804.8 
10.8 9.7 

22 1.6729 5977.6 45 1.7256 5795.1 
7,8 10.4 

23 1.6751 5969.8 46 1.7287 5784,7 
7.8 11.0 
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TFYL CHLORIDE 
(Conkinued) 

O. .g, No. 4' y 

47 1.7320 5773.7 62 1.7668 5660.0 

10.0 9.0 

48 1.7350 5763.7 63 1.7696 5651.0 

5.0 6.7 

49 1.7365 5758.7 64 1.7717 5644.3 

6.0 5.7 

50 1.7383 5752.7 65 1.7735 5638.6 
4.6 8.9 

51 1.7397 5748.1 66 1.7763 5629.7 

9.5 4.8 

52 1.7426 5738.6 67 1.7778 5624.9 

7.3 8.5 

53 1.7448 5731.3 68 1.7805 5616.4 
5.2 5.4 

54 1.7464 5726.1 69 1.7822 5611.0 

5.3 5.6 

55 1.7480 5720.8 70 1.7840 5605.4 
8.5 5.7 

.56 1.7506 5712.3 '71 1.7858 5599.7 
8.1 5.0 

57 1.7531 5704.2 72 1.7874 5594.7 

7.5 5.6 

.58 1,7554 5696.7 73 1.7892 5589.1 
9.7 5.6 

59 1.7584 5687.0 74 1.7910 5583.5 

12.3 5.6 

60 1.7622 5674.7 75 1.7928 .5577.9 

7.7 

61 1.7646 5667.0 
7.0 



Deuterium Oxide Bend 
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Fig. 2 



1.66,12 Methyl Chloride Band 
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Fig. 3 
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l.8 Water Vapor Band 

Center 

Water Vapor Band with Methyl Chloride Present 
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