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Fine Structure in Some Infrared Bands of Methylene 
Halides 

Earle K. Plyler and W. So Benedict 

The infrared absorption spec t ra of met hy le ne chloride, met hylene bro mochloride, a nd 
methyle ne bromide have been studied with a high-re~olu t ion grat in g ~ pectrome te r in the 
region from 1.6 to 2.3 microns. The purpose of these meas uremen ts was to dete rmi ne t.he 
molecular cons tants of t hese molecules from t heir s pect ra . Us ing; the sat urated vapor in a 
cell 60 cen t imeters long, it was possible to resolve the fin e stru cture in th ree to five ba nd s of 
each molecu le. All t he r eso lved bands a re ove rton es and combinat ion~ o f fundam ental 
vibrations local ized in t he methylene radical, a nd hence appear at nearly t he sa m e fre
qu encies for each molecule. Bands wi t h () branc hes (symmet ry t ypes Band C) and witho ut 
t hat fea t ure appear. Appl ica t ion of comb inat ion relat·ions t o a ll bands of a give n molecu le 
yield ro ta t ional s pacings of t,he ground state agreeing within 0 .5 percen t. The s pac in gs, 
[A" - (B " + C") /2], are, respectively , for CH,CI" 0.955 cm- I ; CH,BrCl , 0.898 cne l ; a nd 
CH2B r2, 0.821 cm- I . 

The molec ula r d im ensio ns cannot be uniquely de term in ed fro m t hese da ta a lon e, b ut if 
t et rahed ra l a ngles are assumed, they lead to improbab ly low values of t he C - haloge n 
distance, namely, 1.70 A for C - C I a nd 1.83 A fo r C - Br. If the ha logell - C - halogen 
angle is incl"'lased to 1l2°, a s found by e lect ron diffrac t ion , the C - C I distan ce is in good agree
m en t wi t h t he elect ron d iffraction distan ce 1.766 A, and C - Br becomes l.907 A in CH2BrZ 
and 1.91l in CJ-I , BrC I. 

The vibrational bands of methy lene chloride, 
methylene bromochloride, and methylene bromid e 
have been meas ured in the infrared region , and the 
bands have been ass igned to various modes of 
motion. l In the spectra of these molecules several 
over tone and combination bands were observed in 
the region l.6 to 2.3 iJ. . This region is well suited 
for observations with the 15,000-line-per-inch grat
ing instrument, using a lead-sulfide delector. A 
detailed description of this instrument is given in 
a previous paper.2 

The purpose of this investigation was to observe 
and analyze the rotat ional fine s tructure of the 
overtone and combination bands. From S Uell data, 
i t is possible to draw certain conclusions concerning 
the interatomic dimensions in the vibrationl ess 
ground state of these th ree closel." rela ted molecules, 
and to demonstrate the marked simi larities in tb e 
interactions of vibration and rotation in the bands 
in qu es tion . 

A tungsten-ribbon-filament lamp, with currents 
from 35 to 40 amperes, was used as th e source. 
The spectral sli t width was abo ut 0.15 cm- l in the 
regions of l.6 and 2.2 iJ.. The absorption cell was 
60 cm in length , and the vapors were allowed to 
enter the evacuated cell until a saturated state 
'I-as reached at room temperature. For the more 
in tense bands, the pressure was red uced. The 
condi lions of pressure for each measuremen t are 
given in the captions of th e figures. 

In order to obtain a good ac c urac)~ in the meas ure
menl of the wavelengths of tb e rotational bands of 
these molecul es, atomic emission lines of kt·.'~p ton , 
argon, and neon were superimposed on th e recorded 
chaIt sim ul taneously with the recording of the 
absorplion spectra. A fairly large number of lines 

I Earle K. Plyler and W . S. Benedict , J. Research XBS 47, 202 ( 1951) R P2245. 
2 Ea-Ie K. Pl yler and Xorman Gailar, J . Research XBS 47, 218 (195l) HP2249. 

were available, because the firs t , second, and third 
orders of certain wavelengths would be superimposed 
on th e first-ord er region under s tudy. ' iVhen the 
standard lines were within 80A of each otber, it 
was found that measurements on lines between the 
standards could be repeated on separate nms to 
0.5 A, or 0.1 cm- t, in the 2.2- iJ. region . All other 
rotational lines were measured by means of a 
dispersion curve , which was determined by plotting 
th e known wavelengths as a function of th e coun ter 
number , and which ind icates th e position of the 
grating. From this relationship the wavelength of 
any line could be determined . Although thi 
method of measuremen t docs not yi eld as grea t 
accuracy as the measurem ents oJ the lines, which. 
arc close by a superimpo ed standard , it was found 
th at the ,,-ave numbers of any line in a band never 
varied over 0.3 cm- 1 on separate runs, and usually 
much less than this amount. 

Typical experimen tal r esults are shown in figures 
1 to 4, inclusive. A number of add itional tracings 
were obtained and measured, revealing additional 
weaker bands \I-hose fine s tructure could be inter
preted in part, but these are not reproduced . Figures 
1 and 2 presen t four b ands of CH2C12 ; figure 3, 
t ll-O bands of CI-I2BrCl, and figure 4, fOLlr bands 
of CH?B r? It will be noted that th e bands of all 
three iil olccules are roughly similar in posi tion and 
strue lure, ancl tha t the fine s tructure is of two 
t.'~ pes : (1) bands wi th a cenlral () branch , fl anked 
by fairh~ broad bu t r ead ily resol veel " lines" wh ose 
a~erage· spacing is approximately 1.64 cm- l in 
CH 2Bl"2, l.80 cm- 1 in CH2BrCl, and 1.91 cm- l 

in CH 2CI2, and (2) bands whose resol verl "lines" 
show iden tical spacings wi th those just listed, bu t 
,,-ilh the central () branch absent. 

F rom lhe approxima le ,oalues of the interatomic 
distances a!l.cl fL'lgles (C - H = 1.09 A, C - Cl = l.76 
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FIGUR E 1. The i nfrared absorption spectra of CH2CI, vapor f or the bands Wn+ W3, W6+ 2w3, and W6 + Wj . 

Saturated vapor, 40 em, was measured in a 60 em cell. 
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FIGU R E 2. The sp ectrum of the 2 W6 band of CH,Cl, . 
Saturated vapor at room temperature was used with a 60 em cell. 

A, C - Br = l.90 A, tetrahedral angles) character
is tic of halogenated methanes, it is possible to calcu
late trial momen ts of inertia . For all tlll'ee molecules 
the axis of least moment is roughly parallel to the 
halogen-halogen line (for the symmetrical mole
cules, i t is precisely parallel to this line) , and the 
two other momen ts are much larger in magnitude 
and approximately equal. Accordingly, the asym
metry parameter o= (B -C) j (A - C) is qui te small , 
taking the valu es 0.002 , 0.004 , and 0.010 , r espective
ly, for CH2Br2, CH2ClBr, and CH 2C12. Under these 
circumstances, the ro tational structure will approxi
mate tha t of a symmetric top, and the familiar com
bination relations for determining the molecular con
stants may be applied . The t wo types of observed 
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bands men tioned above are types B and C bands, 
respectively, of the asymmetric rotor , with the change 
of dipole momen t along the intermediate and greates t 
axis of inertia , both of which in the limiting case of 
the symmetric rotor (when B = C, or 0= 0) become 
" perpendicular" bands. The obser ved " lines" are 
RQ and P Q zero branches, each consisting of a number 
of lines with t::.J= 0, f::.K= ± l. These are super
posed 0 n the unresol ved background of lines wi th 
f::.J = ± 1, t..K = ± 1. The peaks are broadened by 
several causes (a) the small degree of as}7mmetry 
splits the lines of different J . This effect is most 
pronounced fol' the lines of low K , near the band 
cen ter , and makes it difficult to dis tinguish the 
lines with K < 2; (b) the differen t moments of iner tia 
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FIGURE 3, The W6 + W3 and 2wc abs01'ption bands of CH,BrCl, with a path of 60 em and saturated vap01' pl'essw 'e at Toom 
temperatuTe, 
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FIG U R], 4 . The W6+ W3, W6 + W I, 2wJ and 2wG absorption bands of CH2Br~ , 

The cell length was 60 cm J and the saturated vapor pressure was '14 mm. 

in the upper and lower vibrational states, as well as 
thc centrifugal distortions of the molecules, also 
shift the positions of the lines of different J, These 
cffccts are most pronounced at high K; and (c) the 
molecules with chlorine and bromine atoms of dift'er
cnt isotopic weights will have slightly different 
momenLs of inertia, and hence their lines will be 
somewhat displaced, leading to broadening. Quan-
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titati ve estimates of the importance of all these 
effects have been made, It is concluded that they 
are relatively unimportant , and t]1at it is permissible 
to apply the symmetric rotor formulas to the " lines" 
of K > 2, thereby deriving moments of incrtia refer
ring to molecules with "average" 01 and Br atomic 
weights, 

The wa\Telengths and wave numbers of the lines 



used to d erive the band ongms and effective rota
tional constan ts are given in tables 1 to 3. The 
observed values are compared with \falues calculated 
from the formula for a perpendicular band of a 
symmetric top, 

wh ere Vo is the band origin, U= A'-(B' + (" )/2, 

L = A" - ( E" + (I" ) /2, and K is the quantum nu m
bel' for th e lower state. The + sig n is taken for the 
RQ branch frequency v1 , and the - sign is for . the 
PQ frequenc~T , vi. Since each band of a. gl \~en 
molecu} e has a common lower state, the cOmbl11atlOn 
differe1.\ces t::,. 2 F" (K) = v~ _ 1 - V~ + 1 =4LK should be 
equal, and should be a linear function of K. '.I'hese 
clifferen ces, divid ed by K , are plotted as a func.tlOn of 
K in fig m e 5. It will be no ted that the pomts m 
figure 5 are essentially constant, and that th~ agree
ment of obser ved and calculated frequ enc16s IS good. 
The constants are collected in table 4. The limits 
of error cited are esti mated fr~m the scatter of the 
points, and result fro m. a combination ~f the exp.er
imental error in Icc'/}. tmg and meaSUrIng the lwe 
positions and the theoreticaI app~'oximations mac~ e 
in redu cing data for a nonnglcl , . shght~~- as.vmm~~nc 
ro tating molecul~ of compoun.d~lso toplC CO~lposltlOn 
by formulas apphcable to a n gld, symmetn c mono
iso topic molecule. 

Table 4 also gives o the!' 'per tinen t dat~ for th e 
bands namely th e banel ongm Vo and the Vlbl'atlOnal 
conve;·gen ce ·U-L. These were obtained from th e 
relation 
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F I GURE 5. .A plot of t:.2 F"( K )/4K as a function of J{ for each 
of the molecll ies CH2CI2, CI-I 2BrCl, and CI-I2Br,. 
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lIo (K) = ( v~ + v~ + j )/2= vo + (U - L )/2+ (U - L )K (K + 1) ~ ~ 

The straigh t line resulting from a plot of .1I0(K ) c1
1 against K (K+ l) has as slope (U- L ) and as mter- I 

ccpt 110 + (U- L )/2. I 

Included in table 4 are the vibrational data for each 
band in terms of the combina tion, or overtone, 
frequ'ency involved (th e mlmbering is that used and 
described in the article cited in footnote 1); the rota
tional ~Y1?e , which c~)]lfil'~s this assign~e~t , and ~he 
dynamIC mtel'pretatlOn o~ the frequencIes m qu e~tIOn 
are also included . It WIll be noted that the VIbra
tional mo tions all involve the methylene group; VRa 

and IIR s bein cr the asymmetric 'and symmetric 
s tretching freq~encies, and OHs is the symmetric CH2 

deformation. When the combination s + a is asym-
metric, we have type C; when it is symmetric < 
(2s or 2a), we have type B . The fact that corre
sponding transitions appear at nearly th~ same fre-
q Llency in the three mol ecules, and WIth closely 
corresponding values of the conv~rgen?e U - L ,. IS 
further indication of how well the VIbratIOnal motlOn 
is localized in the meth ylene radical. This has the 
further result that there is very little vibrational 

TA B LE 1. Obse1ved and calculated wave n1!mbe1'S of the lines 
of three bands of methylene chlori de (CI-I,CI2) 

The observed values only are listed [or the band w,+2W3. 

W6+ W3 w 6+Wl I 2wJ I w6+2w3 
---- --- - -----------

J( 
Ob- Ca lcu- Ob- Calcu- Ob- calcu- Iobscn ,cd 

served lated served latcd ser ved lated 
---------------------------

cm- 1 cm- 1 cm- 1 cm- 1 cm- 1 cm- 1 cm- 1 

P20 4428.6 4428.6 5896.5 5896. 1 ------ -- - --- ------
19 4430.7 4430.6 5898.5 5898. 1 ----- - --- --- ------
18 4432.9 4432.7 5900. 6 5900.2 - ----- --- --- - --- -. 
17 4434.8 4434.7 5902. 4 5902. 3 -- ._-- ------ - ----. 
16 4436.6 4436. 8 5901.3 5904. 2 .- ---- ------ -- ---. 

15 4438.6 4438. 8 5906.6 5906.2 6029.6 6029.5 ---- --
14 4440. 7 4440.8 590S.5 590S.3 603 1. 8 6031.4 ------
13 4442. 7 4442.8 5910.4 5910.3 6033.7 6033.5 -. _---
12 4444.6 4444.7 59 12. 4 5912.3 6035. 7 603.1. 5 --- ---
Jl 4446.7 4446. 7 5914 . 5 59 14 . 2 60.37. 6 6037.5 ------
10 4448.9 4448.6 5916.5 59 16.2 6039.5 6039.5 - - ----
9 4450.6 4450.6 5918.3 59 18.2 6041. 5 604 1. 5 ------
8 4452. 5 4452. 6 5920_ 4 5920.2 6043.6 6043.5 5843.2 
7 4454.5 4454.5 5922.2 5922. I 6045. 5 6015.5 5845.3 
6 4456_ 4 4456.5 5924.4 5924. 1 6047. 4 6047.4 5847.0 

5 4458.3 4458.4 5926.2 5926. 0 6049. 3 6049. 4 5848. 7 
4 4460_ 2 4460. 3 5928.0 5927.9 6051. 3 6051.3 5850.9 
:1 4462. 4 4462.3 5929.8 5929.9 ------ --- -.- 5852.6 
2 44134.5 4464.3 - -- --- ----- - - -.-.- ----.- --- ---
j ---- - - --.--- - -- --- ------ - ----- ------ --- --. 

RO ------ ------ - _. --- - ----- - -- - -- ------ -- ----
I ------ ----- - - -- --- ------ - - - - -- --- --- - - ----
2 4471. 8 4471. 8 59~9. 3 5939.4 ------ --- --- ------
;J 4473.8 4473.8 594 1. 2 594 1. 3 6054. 0 6064 . 7 5868. 0 
4 44 75. 7 4475.7 5943. 1 594:3. 1 6056.5 6056.5 5870. 0 
5 4477. 5 4477. 5 5945.0 5945. 0 6068. 4 6058. 4 5871. 7 

6 4479. 5 4479.4 5946.6 5946. 9 6070. 4 6070. 2 5873. 6 
7 4481. 5 448 1. 4 5943.6 5948.7 6072. 1 6072. 1 .1875. 5 
8 448:3. ~ 4483. 2 5950. 4 5950.6 6074 . 1 6073_ 9 5877. ~ 
9 4485.2 4485.2 5952. 3 5952. 4 607.5.9 6075. 7 5879. 1 

10 4487. 0 4486. 9 59.04.4 5954. 2 6077. 7 6077.5 5880. 9 

11 4488. 9 4488. 7 5955. 2 5955. 0 6079. " 6079.3 ----.-
12 4490. 7 4490.5 5958. 0 59.57.9 6081. 2 608 1. J ------
13 4492.6 4492.3 5959. 8 5959_ 7 6Ol3.0 6982.9 .. _---
14 4494 .4 4494.3 5961. 6 59(i l. ,I ------ ------ --- ---
15 4496. 1 4496.1 5903. 2 5903.2 ------ ------ ------

15 4497. S 4497. 7 5965.1 5965.0 ------ - ----- --- - --
17 4499.5 4499. 7 5966.6 5966.9 - - - --- --- --- --.---

I 

18 450 1. 5 4501. 5 5968.6 596l.6 - -- - -- --- --- ------
19 4503. 1 4503.2 5970.0 5970_ 3 

I 
---- -- --- --- ---_ .. 

~O 450-1. 8 4505.0 _.- -.- ... -.- --- --- ------ .. _._-

1 
I 

J 
I 
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TA B LE 2. Observed (/n d calC1l1oted wave n1l1nbers of lhe lines TABL~j 3. Observed and calculated wave n umbers of the lines of 
oj two bands of m ethyLene bromochloride (CFl,BrCI ) three bands oj meth1,lene hTomide (CH 2Br2) 

'l'hc observed va lu e's onl y a r'J listen for the band w6+Wl. 

2w, w6+W3 

j( 

-obs:ved r CalclJ-
----1-;::- 2w, WO+W 3 W O+WI 2W6 

___ J _____ ~~ ~bser vc~ _ Ia ted K 
Ob· I Calctl· Ob· Calctl· Ob· CalolJ · 01)· 

em-I em- I cm-1 em- I scr:(~~~ served lawd sen 'eel iaLeci served 

1"20 4430.2 4430.2 -- ---------------

19 4432.2 4432. J 
J8 4434.0 4434.0 cm- 1 cm- 1 em- I cm- 1 cm- 1 cm- i em- I 

17 4435. 8 4435.9 P 20 

J6 4437.9 4437.8 19 
18 4432. 1 4432.3 

15 4439.8 4439. 7 17 4433.6 4434.0 

14 4441. 5 4441. 5 16 4435.6 4435. 7 

13 6068.2 6068.4 4443. 6 4443.4 
12 6070.0 6070.2 4445. 4 4445.3 ] 5 4437.4 4437. 5 

11 6071. 9 6072. 1 4447.3 4447. I 14 4439. I 4439.2 
13 4440. 8 4440.9 6092. 4 6092.4 

10 6073.8 6013. 9 4449. 1 4449.0 J2 59 13. (j 59 13.8 4442.6 4442. (i 6094. 0 6094.0 

9 6075. 7 6075. 7 4451. 0 4450.9 11 5915.3 59 15.5 4444.2 4444 .3 6095.7 6095.7 

8 6077.9 6077. 4 4452.8 4452. 7 
5916.9 59 17.2 4446.0 4446.0 6097. " 6097.4 

7 6079. 1 (i079.3 4454. 6 4454.6 10 

6 608 1. 0 608 1. 1 44 56. 4 44 56. 4 9 5918.5 5918.8 4447. 7 4447. 7 6099. I 6099. 1 
8 5920.2 5920.5 4449.5 4449. '1 6100.8 6100.8 

5 6082.7 6082.9 44 58.2 44 58.2 5922.0 5922.2 4451. 1 445J. 0 6102.6 6 102.5 5953.8 

4 6084. 7 60S4. 7 4459.9 4460.0 5923. 7 592:3. 8 4452.8 4452.8 e104.2 6104.2 5955.4 

:l 6086. 4 (i086. 5 446 1. 9 4461. 8 
2 

5 .-)925.5 592.5.4 44.54 .3 H54.4 (;l05.9 6105. n 5957.2 

1 
4 5927.2 5927.2 4456.0 4456.1 6107. 7 6107.5 5958.8 

3 59(;(1.6 

RO 2 

1 
1 

2 4470.6 4470.8 
3 4472.5 4472. () RO 
4 6099.0 6099 1 4474. :l 4474.4 1 

6100.8 6 100.9 44 76. 1 4476. I 2 4465.8 44G6.0 5968. (j 

3 5938. 7 5938.6 4467.5 4467.6 611 9.0 (i I1 8.9 5970.4 

6 6102.6 6 102.7 4477.8 4477.8 4 5910.2 5940.2 4469.0 4469. 1 (mo. 5 G120.6 5972.0 

7 6 104.3 Gl04.5 4479.7 4479.6 5942.0 5941. 8 4470.8 4470.8 6122.0 6122. 1 5973.6 

8 (HOG. 1 6106.2 448 1. 5 448 1. ;j 
5943.6 5975.2 

9 6 107.8 (il07.9 448:1.2 448:3. 1 5943. ~ 4472.4 4"172.4 612:3. 7 61n 8 

10 6 109. (j G109.7 4484.9 4484.8 7 5945.2 5915. 0 4474.0 4474.0 6125.3 6125. :3 597H.9 

8 .5946 H 5946. 7 4475.5 4475. (j 612H,9 (il27.0 5978.4 

11 6 111.4 (i l l I. 5 4486.6 4486 . .) n 5948. (j 59'18.2 1477.2 7744. I 6128.5 6128.6 5980.0 

12 6 112.9 (i I1 3.4 4488. :l 4488. :l 10 5950.3 5949.8 44 78.8 4478.8 6130.0 6 130. I 598 1 (j 

13 6114.7 6 11 5. 0 4490.0 4490.0 
14 6 11 6.3 6 11 6.8 4491. 7 449 1. 7 11 .1952.0 595 1. 5 4480.4 1180.3 613 1. 7 013 1. 7 598:!.1 

15 6 1J 8.0 6 118.6 4493.4 4493. :! 12 595:!. R .595:!.0 448 1. 9 '148 1. 8 598'1. 4 
1:3 5955.4 5954. {j 4483.6 4483 .. 1 

16 61 19.5 6120.3 4495. 1 4495.0 14 4485. I 4485.0 

17 44 96.7 4'191i.7 15 448G. G 4486.5 

18 4498.4 4498.4 
19 4500. 1 4500.1 Hi 4488. 1 4488.1 

20 450 1. 7 450 1. H 17 4489.7 4489. (j 

18 449 1. 2 449J. 1 
19 4192.7 4492. (j ___ •• • • 

20 4494.2 4494. 1 1 ___ ... . 

21 4495.6 4495.7 __ •• _ .• 

T AB LE ·J.. CO l/ slants fol' the m olecules of m ethylene chloride, 
methylene bromoch/o1'ide, and methylene bromide 

Molecule ... 

L =A"- ( B"+C") /2, 0111-' 

C IJ,CJ, 

0.955 ± O.003 

C II,C lBr 

0.89S ±O.OO:l 0.821 ±0.003 

Band Vihra tion C'- L Vo U- L Vo cr- L Vo 

----- - - --- -------- ----- ----- ----- ----- ~----- -----

w 6+ W1 (' v HR+b fI ~ - 0.004 
W6+ W l C Ulla+VI-h - . 003 

2W6 B 2u H tI. - . 004 
2Wl 13 2u II ~ 

w6+2w3 C U 11 9. +25 1-1& 

isotopic shift due to the Cl or Br iso Lopes. Calcula
lion predicts that the PH'S should be shifted by less 
than 0.01 cm- I , and Df{ b~' less than 0.1 cm-1, which 
is in accOl'dance with the failure to observe any 
iso lopic shifts. " 

The determination of a single ground-state rota
Lional constant, AI/-(BI/ + CI/ )/2, in this work can
not, of course, lead to a determination of the molecular 
(limen ions. These depend on foUl' or five param-

cm- J crn- 1 cm- 1 

4467. 2 - 0.004 44G6. :3 - 0.004 4461. 7 
5934.6 - .004 5964.8 
6057.0 0.003 6090.9 - .004 611 3.4 

5932. 9 
585S. 0 

5 

eters. The data clo , however, I'es tnlin lhe limits 
within which the dimensions must lie . Th e C- 1-1 
distance and rICH angle do not app reciably affect 
the moments, and ma.,- safely be Laken as 1.093 X 10- 8 

em , as generall.,' observed in methane and iLs deriva
tives, and tetrflhedl'al HCH angle. The observed 
AI/ -(BI/ + CI/) /2 then leads to a uniqu e relation 
between XCX angle and C - X distance for CH2Cl2 

and CHzBr2' Ass uming tetrahedral angles, the 

---, 



C-Cl and C-Br distances would be, r espectively, 
1.70 and l.83 A, improbably low values . If the 
angle is widened to 112°, as found by electron dif
fraction,3 the C-Cl distance becomes l.766 A, and 
C-Br is l.907 A in CH2BrZ ' With this same value, 
112° for BrCCl, and 1.766 A for C-Cl, the C-Br 
distan ce is l.911 A. Our fine-structure spacings are 
thus entirely consistent with th e electron diffraction 
data, and confirm th e fact that th e halogen-C-hal
ogen angle is appreciably greater than tetrahedral. 

Since th e completion of this work, a preliminary 
3 L . O. Brockwa y, Rev. Modern Phys. 8, 231 (1936). 

6 

acco unt of a complete structLU'al determination of 
CHzClz from microwave spectra has been reportecl,4 
The structural conclusions reached are the same as 
ours, and the A" - (B" + 0 " )/2 obtained from these 
more accurate data, 0.96097 ern- I, is in reasonable 
agreement with th e r esults reported h ere. 

• W. D . Gw inn and R. J. Myers, Symposium on Molecular St ructure, Ohio 
State Uni versity, JUlle (1951). 

W ASHINGTON, April 1, 1952 . 
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