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Absorption bands of carbon disulfide have been m easured with high resolution in t h e 
regions of 2180 and 2900 em- I. Bands have been observed due to several isotopic species. 
By combining the observed bands with those previously measured, a set of harm on icity 
constants for 12C3282 has been obtained in cm- I as follows : Xli, - 1.070 ; X n , 0.126; X 33. 
- 6.54; X 12, 0.860; X 13, - 7.86; X 23, - 6.45; g Z2, 0 .656. 

1. Introduction 

The vibrational spectrum of carbon disulfide has 
already been extensively studied ; the most recen t 
work (in which earlier refer ences arc listed ) is that 
of Stoicheff [1 ]2 on the gaseous Raman spectrum, 
Sclu'otter [2] on the liquid Ranum spectrum, and 
th e infrar ed investigations bjr. \ Allen , Plyler, and 
Blaine [3], Guen ther , Wiggins ,?,nd R ank [4], and 
Guenth er [5]. 

The spectra of CS2 are of interest because (a) it 
is possible to observe the frequ'encies due to several 
isotopic species [12C32Sz, ",,90%; 12C32S34S, ",,8%; 
13C32S2 "" 1 % ]; (b) with sufficiently high resolu tion 
th e I-type splitting in t he 7r - 7r bands can be obtained; 
in the symmetrical isotopic species alternate lin es 
of the 7r+ ( 7rc) and 7r-(7ra) subbands are missing; the 
consequen t staggering of the rotational lines can be 
measur ed , though the actual eparation of the dou­
blets (such as would occur in th e non symmetrical 
species) would need much greater r esolving power ; 
this gives an experinl ental value of the splitting 
constant qH; (c) F ermi resonance occurs between 
levels such as 100 and 02°0; from the experimental 
data some information about the positions of the 
unperturbed levels and the value of the interaction 
energy can be estimated. 

The main purpose of the present work is to study 
a number of 7r - 7r bands and their I-type splitting. 
The three combination bands of 12C32S2, VI + V3 , 

2/11 + /13, and VI + 2/18+ /13, previously analyzed (see ref. 
[3]) were reinvestigated and their assignments 
checked , as there had been some criticism (see r e1'. 
[1]) of the derived rotational cons Lan t s. The corre­
spondlO g hot bands 1 PI - OliO, 2111 - 01 10, and 1311-
0110 were identified and analyzed , and gave values 
of the splitting constan t qH and the rotational 

1 Present address, Newnhanl CollcgC', Cambrid ge, ]~ngland. 
' F igures ill brackets indicate the lite ratu re reCe rences at the end of this paper. 

constant at. One very ,veak band due to 13C32S2 was 
also successfully investigated. 

Using the previously published work and Lhe 
present analyses together with some unpublished 
results kindly provided by Dr. G. R Wilkinson [6], it 
was possible to calculate a eompleLe set of anhar­
monic constan ts which appe u,l' lo be more reliable 
than those already available. Thcre arc now suffi­
cient data to plovide some checks on Lheir values 
corrected for Fermi rosonance. 

2 . Experimental Method 

The infrared spectrum of CS2 was measured in two 
region s by the use of a high resolu tion grating 
spectrometer [7] . Precise values or th e positions of 
the individual lines were obtained b~' using the frin ge 
system or a F abry-Perot in lerieroJileter for calibra­
tion [8]. 

A sample of reagent grade carbon disulfide was 
obtained from the Allied Chemical and D:\'e Corpora­
tion . The only impurity observed in the in rrared 
sp ectrum was a band of low intensity at 2062 cm- 1 

which, by its spacing and position , was identifi.ed as 
OCS. However , no lines were observed in the two 
regions studied which could not be attribu ted to CS2• 

The region from 2165 to 2200 cm - 1 was measured 
with a 7500 lines/in . grating used sin gle pass, and a 
cooled lead selenide cell was used as the detector. 
For the region from 2165 to2200 em - I, as shown in 
figure 1, a 6 m cell was used with a pressure or lhe 
CS2 gas or 3 mm (Hg) . 

In the regions from 2784 to 2845 and 2940 to 
2980 cm- I the measurement of the spectrum was 
obtained with a 10,000 lines/in . grating used double 
pass. The detector was a cooled lead sulfide cell and 
a resolution of about 0.03 cm- I was obta,ined. A 6 
m cell was used with a gas pressure of CS2 of 25 mm 
(Hg). An example or the spectrum in this region is 
shown in figure 2. 
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FIGUR E 1. The VI + V3 band of CS2 and the corresponding hot band. 

The cell length was 6 m and the gas pressure was 3 mm (Hg). 
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FIG U R E 2. The vI+ 2vg+ V3 band of CS2 with the overlapping hot band vI + 3v~+ V3- V~ . 

'l'be identification of the li nes is shown below the spectrum. T he celllcngth was 6 m and the gas pressure was 25 mm (fIg). 

3 . Determination of Molecular Constants 

In the absence of resonance, the vibrational term 
values of a linear triatomic molecule (with respect to 
the lowest vibrational s ta te) are given by the 
expression : 

GO[V1, V2,Va]= w7vl + wgv2+ wgva 

+ X llvi+ X22V~+ Xa3V~+ X 12V 1l"2 

+X23V2Va+XlaVIVa+ g22 1 ~ (1) 

where 12 is the quantum number of the vibrational 
angular momentum about the symmetry axis (l2= 
V2, v2- 2,. . 1 or 0) . The rotational energy is 
given by: 

F (J )=[J (J + l )] B v- [J (J + l ) ]Dv (2) 

branches are represented by the equation: 

p= vo + (B~+B~)m+ (B;T-B~)m2-- (D~-D~)m2 

- 2 (D~ +D~)m3- (D~-D~)m4 (3) 

where m= - J for the P branch, and m = J + 1 for 
the R branch. From eq (3) the following combina­
tion relationships are obtained: 

t12F"[J] = R (J - 1)-P (J + 1) 

= [4B~-6D~](J +~)-8D~(J + t)3 (4) 

R (J) + P (J ) =2110+ [2B~-4D~] + 2[ (B~-B~) 

- 6D~]J(J+ 1)- 2 (D~-D~)J2(J+ 1)2 (5) 

t12F' (J ) = R (J )-P(J) = [4B~ 

- 6D;T](J+ ~) -8D~(J + ~) 3 . (6) 
with the condition that J>l2. For nondegen erate 
vibrations the positions of the lines in the P and R Previous investigations of CS2 suggest that it is 
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reasonable, as a first approximation , to put 
D~"-'D~-=Do, eqs (3) to (6) then simplify to : 

v= vo+(B~ +B;;) m+(B~-B;;)m2-4Dom3 (7) 

/j. 2F" (J ) = B ;;[4J + 2] - 4Do[2J + 1j[J 2+J + 1] (8) 

R (J ) + P (J ) =2vo+2B~+2 [B~-B ;;]J(J + 1) 

- 4Dol3J 2 + 3J + 1] (9) 

/j.2F' (J ) =B~[4J + 2]-4Do[2J + IJ[J2+ J + 1]. (10) 

For the symmetrical isotopic species 12C3282 and 
13C3282 only (4), (5), and (6) or (8), (9), and (10) can 
be used, since t he levels corresponding to odd J-values 
are unpopulated. 

Thehot bands analyzed in the present work are all of 
the 7r - 7r type with l2= 1 in both the upper and lower 
states. The rotational levels are split, th e l-ty pe 
doubling, and the r esultant absorption corresponds 
to two subbands which are convention ally labeled 
7r+(7rc) and 7r - (7ra), each of which has its own set of 
molecular constan ts. Assuming that the centrifugal 
distortion constants, D o, arc the same in both states 
the lin es or ei ther subband arc given by the formula: 

V= Vo - (B~-B;;) + (B~+ B ;;]m 

+(B~-B;;)m2-4Dom3 (11 ) 

where di is the degeneracy. . 
Each of the ro tational constants a i can be consId­

ered to be made up from three contributions: 

ai = ai (harm .) + ai (anharmon.) + ai (COriolis) . 

The relevant formulae for the linear XY2 molecule 
are conveniently tabulated by H erzberg [~, p . . 376]. 

The l- type splitting in a degenerate 7r vlbratlOnal 
state (l2= 1) is given by Nielsen [10]: 

so that 
/j.V = qN(V2+ l )J (J + 1) 

/j.v = 2qNJ(J+ 1) when V2= 1. (16) 

H erzberg [11] originally suggested that for such a 
state: 

(17) 

(18) 

qu being one h ~lf of qN (~ee ref. [9], p. 3~7-:8). 3 .. 
The general formulas for t be l-type sJ)littmgs of the 

deo'enerate vibrational states of any lIneal' molecule 
ar~ summarised by Nielsen . The shifts of ~h c 
per turbed levels from the unperturbed va~ues of a 
linear XY2 molecule in a 7r s tate (l2= 1) with v2= 1 
arc: 

(19) 

from which the following approximate combination where 
relationships [corresponding to (8), (9), and (10)] 
are cieri \Ted: 

/j. zF" (J ) -= R (J - 1)-P (J + 1) 

= B;: [4J + 2] - 4DoJ(J + 1) (2J + 1) (12) 

R (J) + P (J ) = 2vo+ 2B;: 

(Nielsen, Arnat, and Goldsmi th [12]); this implies that 
/j.v=-4qoJ (J + 1)=qfIJ (J + l ) and t be H erzberg qlI 
IS: 

(20) 

+2lB~-B;; ]J (J+ 1)- 12DoJ(J+ 1) (13) in agreement with his original suggestion . 

/j. 2F' (J) -=R(J ) - P (J ) 

= B;,[4J + 2] - 4DoJ (J + 1) (2J + 1) . (14) 4 . Experimental Results 

In the P and R branch es the transitions occur be­
tween 7r+(7rc) or 7r-(7ra) levels in both upper and lower 
states givin g the two subbands. The weak Q branch 
arises from 7r+(7r c) (upper)- 7r-(7rd) (lower) transi­
tions or vice versa. Ro tational lines corresponding 
to J < l (i.e., Q(O), R (O), and P (l) in the present in­
stan ce) are absent. For the symmetrical isotopic 
species (only bands due to 12C3282 were analyzed ) 
alternate lines of each subband arc missing (J odd 
for 7r-(7ra), J even for 7r+(7rc ) giving a characteristic 
staggering of the lines of the complete band. Were 
the Q-branch resolvable a similar staggering 0[" the 
lines would be observed. The resolu tion available is 
inadequate to separate the doublets which should be 
observed for such unsymmetrical species as 12C328318. 

After analysis of the data by standard methods 
the value of B. (and h ence r.) can be obtained using 
the relationship: 

B v=B e-~a;[Vi+dJ2] (15) 

Three main regions of absorption of C82 have 
been investigated; the resul ts arc collected in table 1 
which also includes some previousl:v published data 
on 12C3282. In th e spectral range 2135 to 2199 cm- 1 

the band VI + V3 and the corresponding ho t band 
1iI1 - 0110 of 12C3282 have been identified. To­
gether these account for nearly all the lines observed. 
Those remaining a,re ,veak and may belon g to the 
VI + V3 band of 13C3282, which should also fall in this 
region. The absorption between 2222 to 2266 
cm- 1 is due to the 2V~+ V3 band of 13C3282, which 
was analyzed withou t difficulty as there is li ttle 
in terference from other bands. The region 2784 
to 2845 cm- 1 is rather complex; it includes the 
2Vl + V3 band and the hot band 2]11-0110 of 
12C3282, and the 3Vl + V3 - VI band of 12C3282, all of which 

3 The splitti ng constant qH is given by (Bv-Bt) [i.e .• by (B~-Bf, )J; this 
notation is also used hy Guenther et aI., and Tidwell, Plyler, and Benedict 
[13J working with N ,O. 
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TABLE 1. S ummary of the constants of some inf rared bands of caTbon di sulfide 

Band PO cm-l B"cmo- t R'- R" B'cm- 1 D"cm-1 D'- D" D' cm- 1 Bvd-- Rvc~ 
Il B cm- 1 C1D cm- 1 qll 

Vl+P3 21S5. 492 O. 10912 -S.6,X IO-· 0.IOS25, 1. 3SX IO-' ~O 1. 3SX IO-s ---- --- ------- -- (a) 

11' 1- 01 '0 2lil. 42 
.. +c (odd) 

. 10940 -S.5,X IO-· . IOS54, ~2XIO-S ~O ~2X IQ-' q"~IXIQ-' (a) 

11' 1- 01 '0 217!. 42 . 10950 -S. 4,X IO-j .10S65; ~2XIO-' ~O ~2X IQ-' q'~1. 13 XI Q-· (a) 
.. - d (even) 

2 Vl+V3 2S33. 191 .109071 -1. 003 X 10-3 . 10S068 0.8X IQ-s +0. llSX IO-' 0.92X IO-B -- -- -- - - ------- - (a) 
± 2X IO-6 

21'1- 01'0 2SII. 350 . 10940 -S.8;X IO-· . 10S51, ~3XIO-' ~O ~3X lO-' q"~IXIO-' (a) 
.. +c (odd) 

21' 1- 01'0 2SI1.350 
.. -d (even) 

. 10950 -S. i , XIO- j . 10862, ~3XIO-' ~O ~3X IQ-' q '~I.IX IQ-· (a) 

vl+2/1g+V3 2961. 791 .109040 -4. 562XIO- ' . IOS584 O.88XIO-' < 5X IQ-ll O.88X IQ-' --- - - - ----- - ---- (a) 
±0.0016 ± I X IQ-' ±. 134XIQ-' ±. 134X IQ-' 

13'1- 01 '0 2959. 117 0. 10940 -5. 2X IO- · . 10888 
.. +0 (odd) 

~4X IO-' ~ ~4XIQ-' q"~IX IQ-' (a) 

13'1- 01' 0 2959. 117 . 10950 -4. 4X IO- j . 10906 
.. - d (even) 

~3X IO- S ~O ~3XIQ-S q'~I. SXIQ-4 (a) 

3'3 4566. 810 . 109099 2.133XIO-3 . 10691)6 I. 05XlO-s + 0. 03XlO-' 1. 08XIO-s --- ------- - ---- - (b) 
± 2. 3XIO-' ± 2X IO-' ± 0.36XIQ-S ± 0.33X IO-s 

01'3-01'0 4547. 464 0. 109321 2. 126XIO-3 O. 107195 1. I X IO-s ~O 1.1XIQ-s q"~6.7XIQ-' (0) 
.. +c (odd) 

01'3- 01 '0 4547. 464 . 109388 2. 129X IO-3 .10i259 
.. -d (even) 

1. I X 10- 8 ~O 1. I X IQ-S q" = 6. 4XI0-' (0) 

Pure Rotation -._------- .10910 - ----- ---- ------ - - ---------- 1. OX 10-' ----- --- --- --.-- -------------- ---------------- (,) 
(Rama n) ± 5X IQ-' 

1 2250. 15, 1 O. 10908 - 3. 48XIO-' 1 .IOS73 I 1.0SXIO-' 1 1.0SXlO-' 1 _________ _ ____ _ _ 1 (a) 

a. Present work. 
b A. H. Guenther, T. A. Wiggins, and D . H . R ank, J . Chem. Phys. 28, 682- 7 (1958) . 
' B. P. Stoichefl , Can. J . Pbys. 36, 218-230 (195S). 

overlap. These account for nearly all the prominent 
lines, though some weak lines are also observed which 
were not assigned. The absorption in the region 
2931 to 2999 cm- 1 corresponds to the vI + 2"~+ "3 
band and the hot band 1311- 0PO of l2032S2, with 
the band 2vI + 2"2+"3- VI of 12032S2 at the lower end of 
the range. Most of the observed lines have been 
assigned except rather \veak ones at lower frequencies. 

The data presented in table 1 show that there is 
reasonable agreement between the values of the 
ground state constant Rooo of 12032S2 as determined 
from fom infrared bands and t he pure rotational 
Raman spectrum . In particul ar the values derived 
from t he revised analyses of "1 + V3, 2"1 + "3, and 
111 + 2v~+ "3 now fall in line with those of other 
investigators, though perhaps 0.10904 cm- l for the 
latter band is rather small. It appears tha t 0.10910 
cm- 1 is a reliable value for R ooo; this makes the O- S 
distance 1'0= 1.5545 A as proposed previously 
[Guenther et al.]. The calculated value of D ooo 
[4Bg/wi] is 1.20 X lO-s cm- 1 [Guenther et aI., 
Stoicheff]; the experimental determinations arc 
scattered about this :5.gm e. From these, a value of 
D ooo = 1.02 ± 0.3 X 10- s em- 1 would seem probable. 

The situation is less satisfactory for t he OliO levels , 
which have also been observed in four different 
bands. The present results (th ree bands) are C011-

sis tent among themselves [though the B" values from 
the 21 11- 0PO, and 1311- 0110 bands were used effec­
tively to analyze the 1111- 01 10 band, for which the 
experimental da ta were less precise], but they are 
larger than those derived from t he 0113- 0110 band by 
Guenther et aI. , and these constants are probably Dot 
so accurate. Further, the results obtained for D ooo 
in the presen t analyses are somewhat larger than 
would b e expected. 

The present values of the splitting constants q'r'I and 
q~I are all about 1 X 10- 4 cm- I for levels in which 
12=v2= 1. This is of the right order of magnitude, 
the calculated value being qH= 7.74 X 10- 5 em -I 
(using v3= 1535.35 cm- I ) and those previously pub­
lished being 6.4 and6 .7X 10- 5 cm- 1 (Guenther et al. ). 
The theoretical treatment suggests that all 7r states 
(12= 1) with "2= 1 should have the same qH and this 
appears to be the case. Th e only other level ob­
served (1311) has a larger value for t hi s constant. 
It is about twice as large as the qH for a Vz = 1 and 
l2= 1 state as would be expected from eq (16). 

The values of a j for 120 32S2 are obtained using eq 
(15) ; those already available are a l = l.55 X 10- 4 cm- I 

[Stoicheff], and a3= 7.11 X 10- 4 cm- I [Guenther et al.]. 
The experimental figure for al + a3, 8.65 X I0- 4 em , 
derived from t:.B of 111 + "3, is in excellent agreement 
with t hat calcula,tecl from the published values, 
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.66 X 10- 4 em - I. For 2vd' V3, th e observed figure for 
20'1 + 0'3 is ·1.035 X lO- 4 em- I, compared wiLh tb e cal­
culated value of 1.021 X 10- 4 cm- 1; the ag reement in 
this case is adequate. For the vI+ 2v~+ V3 band 
/:"B is 4.562 X 10- 4 cm- 1, so t hat u ing th e published 
values of 0'1 fwd 0'3, O'~ co nl.es ouL at - 2.05 X 10- 4 

C lll.- I; this is in good agreem en t with th e result de­
rived by Wilh::inson from unpublished observations. 
I t would seem t herefore that the present figure of 
4.562 X 10- 4 for 0'1+ 20'~+ 0'3 can b e confidently u sed 
to ealculate B e, which with B o= 0.10910 em- I, is 
0.109328 cm - 1. The corresponding value for re is 
1.5529 A. 

The r esults of th e calculations for the O' i derived 
from observations on the hot b ands are shown in 
table 2, which includes those previously publish ed. 
The present m easurements for these bands are less 
precise and the agreement is probably as good as 
can b e expected. 

T able 1 also includes the results of the an alyses of 
one very weak band of the isotopic species 130 3282. 
The -valu e of the growJd state eonstant R ooo is 0.1090 
cm - 1, which h ardly differs from that of 120 3282, as 
would b e expected ; the cOl'l'esponding value of ro 
is 1.5546 A. Isotopi c snbs ti tution has not alter ed 
the equilibrium O-S internuclear distan ce [compare 
the resul ts of Guen th er (see ref [5]), on the species 
1203283'18 J. 

The allharmonicity constants derived from eq (1) 
were calculated for 120 3282 using the ten frequencies 
shown by (b) in table 3. The five Raman frequencies 
are the sa,me as those used by 8toich eff (see ref ll )) , 
and so the co rresponding a nh arillonicity constants 
are identical. The five infrared frequencies were 
chosen to give the best all round agreement between 
the observed and cetlculated flgures for the four teen 
remaining bands. It is unJorLunate that there is no 
recent determination flvaihble for v~, which must b e 
used to calculaLe g22 . The values computed for the 
constants are (in cm- I) : 

w~= 659 . 23 ; X 1!=-1.25; XI2=- 7.74; 

w~= 396.55; X 22 = + 2.25; X 23= - 6.44; 

w~= 1 54 1. 82 ; X 33=- 6.52 ; XI3=-7.79 ; g22=- 2.00, 

where only the values of X 23 an d X 33 are no t affected 
by Fermi resonance. 

T a ble 3 shows tl1fl t the differences b etween the 
observed and calculated frequencies are no t too se ri­
O Li S excep t for t lt e vI+ 2v~+ v z ewd 1311- 0110 b ands. 
The other disC'l'epancies arc explicable either because 
Q oranch measurem ents were u sed Jor most of th e 
R aman lin es, or more probn,bly because of F ermi 
resonance between mnnv of t he levels. 

Fermi resonnnce occurs betwee n m any of t he 
vibrational levels of 082 ,1, l1d helS already 'been dis­
cussed in detail by 8toich eff (1958). He used the 
frequencies denoted by c in Lable 3 to evaluate 
w~, w~ , X11, X22, X12, g22 , together with 0 (the separation 
of the unper tmbed levels 100 and 02°0) , andW, 
the matrix clement, of the cubic term 0'122 in t he 
potential en ergy, which gives rise to the per tmba-

TABLE 2. The constants <Xi derived fr om the hot bands 
[in uni ts of 10- 4 em- I] 

n~ II;; A\"erage 

101- 000 (a,+a3) =8.65 
11' 1-01'0 (a ,+a ,)+=8.58 (a,+a ,) - =8.45 (a ,+a ,)±=8.52 

a ,+=-3.8 a ,-= -3.8 a,±=-3.8 

201- 000 (2a,+ a 3) =10.35 
11' 1-01'0 (2 £1,+£1,)+=8.85 (2a,+ a ,) - =8.75 (2a,+ a ,)±=8.80 

Cl2+=-3.3 a,-=-4.3 a,±=-3.8 

12°1-000 (a,+2a,0+a,) = 
4.562 

13'1-01'0 (a ,+2a,+a ,)+ (a,+2a,+a,)- (a,+2a ,+a3)± 
=+5.2 = 4.4 = 4.8 

Cl2+= -3.6 a,-=-4.6 (a,±) = -4.1 

003-000 a,=7.11 
01 '3-01'0 a ,+=7.087 a,-=7.096 a ,±=7.09 

a'2+=-2.22 a,-=-2.89 QZ±=-2.56 

a Prescn t work. 

(a) 
(.) 

(a) 
(a) 

(a) 

(a) 

(b) 
(b) 

b A. H . Gucnther, T . A. Wiggins & D. H . Hank, J . Chern. Phys. 28, 682-7 
(1958). 

T A BLE 3A. Observed and calculated frequencies of 120 328 , 

1. Rs manlines 

Assignment pobs. , cm- 1 peale. , cm- 1 6 J1o bs. calc., cm- 1 

1310-0310 637. 76 634. 76 + 3.0 
1220-02'0 '643.64 642.50 + 1.14 
1200-0200 '645. 02 642. 50 +2.52 
2l 'O-Ol '0 648. 01 647.75 + 0.26 
11 1O-Ol 'O 0650.24 (b) 
200-100 ' 655.49 (b) 
100-000 a c 657.98 (b) 

0200-000 0802. 11 (b) 
03'0-01'0 0811. 12 (b) 
0{OO-o200 o 818. 15 820. 13 - 1. 98 
04'0-0220 ' 819. 18 820. 13 - 0.95 

All Haman data, B. P. StoichciI, Can. J . Phys. 36, 21&-30 (1958) . 'l'his part 
of the tahle is the same as that given by him. 

a Band origin ; a ll otber obscn' ed frequcncies are mcasurcments of sharp C) 
branches. 

b Frequencics used to calculate the anharm onic constants. 
c Frequencies used to calcul ate the anbarmoni c con stants corrected for Fermi 

resonance. 

TABL E 3B. Obse7'ved and calcu lated jTequencies of 120 328 2 

Infrared bands 

Ass ignment vobs., ClU- 1 veale., cm- 1 ~vobs-cal e., em-I 

396.8 (Q)" 01'0-000 (.) 
877. 37 OOl- 100 77. 32 +0. 05 

1535.35" 001-000 1535.30 + 0.05 
2171. 42 1111-0110 2171. 31 + O. ll 
2185. 92" 101-000 (.) 
2324. 54 ** 02°1-000 2324.53 +0. 01 
2811. 350 2l 11-0l 10 2811. 268 0. 082 
2833. 191 201- 000 (.) 
2959. IJ 7 13' 1-0110 2954. 063 +5. 054 
2961. 791 12°1-000 2959.236 +2.555 
4528.09 (cst) 0223-02'0 4528. 15 - 0.06 
4547. 464" Ol '3-01 IO (.) 
4566. 860" 003-000 (.) 

o G. H erzberg, In[ra-red and Raman Spectra, 1'. 277 (1945). 
b G. R Wilkinson, unpublished rcsnlts. 

(x) 

(0) 
(h) 
(b) 
(0) 
(,) 
(b) 
(,) 
(0) 
(0) 
(0) 
(d) 
(d) 
(d) 

c P resent work. 
d A. H . Gucnther, '1' . A. Wiggi ns and D . II. Hank, J. Chcm. P h)'s. 28, 6S2- i 

(1958) . 
E xce pt in the cases indicated, thc frcqllencies quoted are band origins. For' 

and ", see band c, respectively, in table 3A. 

tion between the 100, and 02°0 levels . The sign 
of W was found from the experimental value of the 
rotational constant 0'2. Using the sam e data and 
m ethods it seems t ha t sligh t modifications are needed 
for some of the constan ts (t.able 4) . 
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TABLE 4. Freq1iencies for infinitesimal amplit1ides and 
vibrational constants of 12C 32S2 [in em-I ) 

W, =672.86 (671.36); 
~" =398.51 (398.62); 
W3 = 1558.81 (1551.92); 

xlI=-1.070 (-1.05,); 
x,,=O.l26 (0.12,); 
x33=-6.54 (-5.13,); 
g,,=0.656 (0.67,); 

w,O=668.72 (668.69); 
w,o= 395.97 (395.97); 
w30= 1541.89 (1537.64) 

xl2=0.860 (0.86,); 
xl3=-7.86 ( -4.9,); 
x23=-6,45 (-6.67); 
W =-36.05 (-36.05); 
5 = 124.80 (124.80). 

Figures in parentheses are those calculated by Stoicheff. 

The frequencies 3V3, 3J13 + JI~- V~ and V3 are used 
to obtain w~, X33 and X23;4 all these are uncomplicated 
by Fermi resonance. Since new and improved 
infrared data are now available, the present values 
are more reliable than those listed by Stoicheff. 
To calculate XI3 Stoicheff was forced to assume 
that the diad (VI + Jl3), (2v~ + V3) could be described by 
the same values of 0 and TV as VI and 2v~. The 
frequency of (2J1~ + V3) is now available, and it 
appears that this assumption is not correct. The 
value of Xl3 can be calculated directly from the sum 
of the two frequencies (JlI + Jl3) + (2J1~+ V3) = 4510.032 
cm- 1 and is seen to differ significantly from that 
proposed earlier. T able 4 also includes revised 
values for the frequencies at infinitesimal amplitudes. 

The twelve constants in table 4 are derived from 
nine Raman and six infrared frequencies; of the 
remaining nine frequencies, only one 0223-02 20 
(obs. (est). 4528.09 cm-t, calc., 4528 .12 em- I) is not 
affected by Fermi resonance. The other eight fre­
quencies are all members of incomplete Fermi 
poly ads, so that it is unfortunately not possible to 

• In table 3 V,+V3 was used instead of V3 to get these constants as at that ti me no 
figure was available for the latter frequency; the two sets of values are nea rl y 
identical. 

get any ch ecks on the constants corrected for Fermi 
interaction. 

The Fermi r esonance between the levels VI and 
2v~ (and corresponding levels) in CS2 is quite weak 
(0= 124.80 em- I) and is not as important as in the 
analogous molecule CO2 (compare Courtoy [14]). 
Even so, the shift of the observed levels (± 9.67 
em - I for 2v~ and VI) is quite large, and the calculated 
values of the anharmonic constants, taking the inter­
action into account, differ, in most cases, markedly 
from the uncorrected values. New observations on 
other frequencies and more accurate data on JI~ 
would be most desirable to provide checks on the 
values of the constants listed in table 4. 
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The syste ms of e lectrical uni ts, F. B. Si lsbre, N B S J. R esearch 
66C (Eng. and Inst?·.) No.2 (Apr.- J une 1962) 75 cents. 

The various syste ms of measurement, with t hei r r espective 
set s of units, used in the literature on electricity and mag­
netis m a re desc ribed in detail. Their historical deve lopment 
is summa rized. The mann er in which each is de ri ved from 
either of t he two alternati ve points of view of the expel'i­
mentalist and the t heoretici a n is co mpa red a nd contrasted. 
The desirability of r ecognizing bot h poin ts of view in inter­
national stand ardization, particularly when disc uss ing ratio n­
alization, is pointed out. The present status of the absolute 
measurements on which all electrical units are based is 
reported, and tables are included for t he conve rsion of equa­
t ions a nd numerical values frOlTl one system to another. 

Currents induced on the surface of a conduc ting circula r 
cylinder by a s lot, G . I-Iasserji an a nd A. Is him a ru , J. Research 
NBS 66D (Radio Prop. ) No.3 (May- J une 1962) 70 cents. 

This paper is a partial stud y of currents induced on circulfL r, 
co nducti ng cyl inders by narrow radiating slots. Fi r'st, a brief 
and general formulation of t he radiation fields of slots on 
cylinders is made. The n, the problem of an infini te axial 
slot is examined t horoughly for all cylinder sizes. An expan­
sion for t he fi elds, very close to t he slot, on la rge mdius cy l in­
ders, is also obtained . Sa mpl e com pu tations a re made, for 
various ra nges of cylinder r adius, a nd the order of t he errors 
is discussed. 
The problem of a ci rcumferential slot, of constant excitation , 
is also considered . An asy mptotic expansion obtained for 
t his case yields th e surface current distribu tion for valu es 0 
axial distanccs that are smaller than the squ a re of the ci r­
cu mference of t he cylinder. 
Since one of t he objecti ves of this stud y is to determin e mu t ual 
coupling betwee n two slots on a cylinder, the last section 
presents a fo rmul ation of the equivalen t network in t e rms of 
t he sUl'face a nd feed Ii ne cu rrents. 

Preparatio n, tra nsfe r , and d ilu tion of a 50% sodium hy­
droxide solu tion, R. G. Bates, Chem.-Anal. 50, No.4, 117-
118 (Dec. 1961). 
An arrangement for t h e ha ndling of 50-percent sodium hy­
droxide solution without co nta mination by ca rbon dioxide 
and s ilica is described . The apparatus u tilized polyethylene 
vessels and a sintered filter cru cible of stainless st eel. 

Relative inte nsities for the arc spectra of seventy eleme nts, 
W. F. Meggers, C. H. Corliss, and B. F . Scribner, SpectTo­
chim. Acta 17, No. 11, 11 37-11 72 (Nov. 1961). 
The relative intensities, or radiant powers, of 39,000 spectra l 
lines with wavelengths between 2000 and 9000 A have been 
determined on a uniform energy scale for seventy chemical 
elements. This was don e by mixing 0-1 at. percent of each 
element in powdered copper, pressing t he powder mixture to 
form solid electrodes which were burned in a 10- A, 220- V 
d .c . a rc, and photographing t he spectra with a s tigmatic 
concave grating while a step- cctor was rotating in ~ront. of 
the slit. The sectored s pectrograms faCIl Itated t he estImatIOn 
of intensities of all ele ment lines relative to copper lines which 
were t hen calibrated on an energy scale provided by stand­
ardized lamps, a nd all estimated line intensities were finall y 
adjusted to fit this ca l ~br,:tio ~l.. Compari son~ ,,:ith other 
in tensity meas Ul'ements 111 mdlvldual spectra ll1dlCate t hat 
t he spectral-line intensities may have errors of 20 percent, 
but t hey first of all provide uniform quantitative values for 
t he seventy chemical elements commonly determined by spec­
trochemist s. 

Th e complete data are being published as a National Bureau 
of Standa rds Monograph. About 1100 of the lines a re pre­
se nted in t his paper as a li st of the strong lines of each ele ment. 
Energy levels a nd term combinations a re given for each clfls ­
sified line. 

Calibra tion of vibratio n pi ckups at large a mpli tud es, E. J ones, 
S. Edelma n, a nd Ie. S. Sizemore, J . A coust. Soc. Am. 33, 
No. 11,1462-1466 (Nov. 1961). 
Axial resonances of long rods and t ubes were used to ge nerate 
motion for accurate calibration of vibratio n pickups over the 
frequency range from below 1 to above 20 kc at flcceleratioll 
levels up to I2,000g. The r esonators were driven by an 
electro magnetic sha ker at low frequencies and by a piezo­
electric ceramic stack shaker at high frequencies. Vibration 
ampli t ude was measured optically by means of a microscope 
using stroboscopic light a nd by means of t h e interfe rence 
fringe disappeara nce technique. Adequate overlap betwee n 
t he t wo methods was achieved by going up to the 60th dis­
appeara nce of t he fringes . A simple, direct measurement of 
t he phase a ngle between th e pickup signal and t he motion is 
described. Co nstruction details of a s mall, light pi ckup 11-hich 
is una ffected by t he high acceleration levels are given. 

I nfrared spectrum of acetylene, T . A. Wiggins, E. I\: . Plyler, 
a nd E. D . T idwell, Opt. Soc. Am. 51 , No. 11 , 1219- 1225 
(Nov. 1961). 
The infra red absorption spectrum ')f C2H 2 has been studi ed 
in t he region from 2500 to '1150 <:m- 1. Nineteen bands were 
observed of whi ch eleven were suffi ciently intense and well 
resolved to permit rotational a nalysis. Five ba nds involvi ng 
t he ground vibrat ional state were analyzed giving th c rota­
t ional constants B o 1.17654 ± 0.00004 a nd D o- l. 51 ± 0.03 
X 10- 6 cm- I • 

The I-doubling constants for t he degc nerate mod es were de­
termi ned to be q<1= 5.2" qs= 4.63 X 10- 3 cm- I. Th e rotational 
co nstants determined for the vario us obse rved states clearly 
show t hat addition al data wi ll be needed a nd du e account 
taken of reso na nces to obtain a satisfactory set of rotational 
constants . 
The use of difference bands in volving t he v,= llevcl permi t~ 
t lle determina tion of the yibration al frequ ency of that leve l 
to be 612.88 cm- I • 

A status repor t on Algol-SO, J. H . Wegstein, Datamation, p. 
24 (1961). 
The present status of t h e ALGOL--60 co mpu ter language is 
indicated by refer ring to t he numerous pubJications on t he 
language, t he compilers, and t he aJgori t hms . Main te nance 
organizations are described and an indica tion of the co m piler­
writing effort is given. 

A m ethod for the st udy of vector veloci ty dis tribu tion of low 
density molecular beams, L . Marton, S. R Mielczarek, and 
D. C. Shubert, Book, RaTefied Gas Dynamics, pp. 61- 65 (Aca­
demic PTess, Inc., New YOTlc , N.L , 1961). 
It i s possible to detect th e presence of a rarefi ed gas beam by 
mealis of the electron optical seh ila ren method . Certain 
modifications of this method a re described by means of which 
t he ins trument yields data of t he vector velocity d istribution 
of a molecular beam before and after interactio n with a sur­
face. With t his information , one ea n eompute the th ermal 
acco m modation and viscous sli p coe fTici en ts in th e interactio n. 
The principle of the modified electron optical schilaren 
method is explained, and a schematic diagram of the appa­
ratus is shown. 

Rate of vaporization of refractory substances, J . J . Diamond, 
J. Efimenko, R . F. H ampso n, and R . F. Walker, J . H . de 
Boer , et al. (Editors) R eactivity of Solids PTOC. Fourth I ntern. 
Symp. , AmsteTdam, 1960, 725-34 (1960). 
The more important factors a ffecting t he rate of vaporization 
of solid systems are summarized . Techniqu es for measuring 
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the rates of vaporization of refrac tory substances at tempera­
t ures in t he 1600- 3000 ° C range are briefly described. The 
techniques p ertain t o measurements both in vacuum and in 
the presence of foreign gases . Some of the factors and the 
experimental techniques are illustrated by brief reference to 
studies of t h e vaporization of plat inum and aluminum oxide. 

The effect of lithium bromide on the structural transition of 
ribonuclease in solution, L. Mandelkern and D. E. Roberts 
J. A. m. Chem. Soc. 83, 4292 (1961). 
The specifi c rotation as a func tion of temperature for dilute 
aqueous LiBr solu t ions of ribonuclease was measured. 
Though t he low rotation decreased with increasing LiBr 
concentration the ordered structures present in the native 
protein became thermodynamically less stable. Conse­
quently t he apparent discrep ancy t hat existed between the 
previous interpretation given to the optical rotatory d ata and 
the behavior of the fibrou s proteins immersed in aqueous LiBr 
solutions is remo ved . 

Lower bounds for eigenvalues of Schrodinger's equation , N. 
W . Bazley and D. W. Fox, Phys. R ev. 124, No.2, 483-492 
(Oct. 1961). 
This paper gives new results t hat are useful in estin"lation of 
eigenvalucs of Schrodinger 's equation. Numerical applica­
t ions are made for the helium atom, an anharmonic oscillator, 
and a radial Schrodinger equation . 

Polymorphism of AB03 type rare ear th borates, E. M . Levin, 
Roth, and J . B. M artin, Am. Mineralogist 46, 1030- 1055 R. S. 
(S ept. 1961) . 
Polymorphic relationships as a function of temperature and 
ionic radius were investigated for thirteen AB03-type borates, 
including all of the normally t rivalent rare eart h ions as well 
as La+3, Y+3, In+3, and Mn+3. The mel t ing points of t he 
compounds varied irregularly from 1660 0 C for LaB03 to 
1540° C for EuB03. In general, the borate compounds exhibi t­
ed the same structure types as the three form s of CaC03, i. e., 
aragonite, vateri te, and calcite. Compounds of t he larger 
ions, LaB03 and N dB03, showed the aragonite-type struct ure 
at low temperature. These compounds were found to have a 
reversible transformation at 1488° C and 1090° C, respec­
tively. The high-temperature form s were different from each 
other, and both exhibited low symm etry. The following 
borates showed a stable vaterite-typ e phase: 5mB03, EuB03, 
GdB03, DyB03, YB03, HoB03, E rB0 3, TmB03, YbB03, and 
LuB03• Above 1285 0 C, 5mB03 in ver ted to the high-NdB0 3 

type polym.orph. Below 1310 ° C. LuBOJiormed the caleite­
t ype structure. No polymorphism was observed in the eight 
intermediate borates. Indium borate showed only the caleite­
ty pe structure. A discussion of t he factors affecting poly­
morphism, such as radius ratio, density, and pressure, in 
addition to interpretation of infra-red and structure data may 
explain why the vaterite-type structure is more stable in t he 
borates than in the carbo nates. Unit cell dimensions are 
listed for indexed X -ray diffraction powder patterns, together 
with limited optical data. Published X-ray powder data for 
vaterite are compared. 

Dielectric properties of solid polymers, A. J . Curtis, SP E 
Trans., 82-85 (Jan. 1962). 
The general dielectric properties of solid polymers are dis­
cussed in terms of molecular structure and degree of am or­
phi city. In general, both in amorphous and in semicrys talline 
polar polymers, a dielectric relaxation process is observed 
which is related to t he onset of molecular motions in th e r egion 
of the so-called glass transformation. In many amorphous 
materials at least one other relaxation process has been ob­
served at lower temperatures. In many cases, e.g. , t h e 
polyacrylates, the low temperature relaxation process has 
been attributed to rotation of polar side groups. However, 
in some cases, such as poly (vinyl chloride), no polar side 
groups are known to exist. The relaxation spectrum of 
semicrystallin e materials is generally more complex: some 
materials are known t o exhibit as many as four separate 
relaxation processes. Measurements of several polymers 
demonstrating t hese phenomena are described . Possible 
interpretations in terms of multiple phases and discrete modes 
of motion are described which are consistent with the di-

electric results as well as dynamic mechanical and NMR 
measurements . 

Chemica ls reactions at very low temperatures, A. Thomas, 
T rans. Faraday Soc. 57, 1679-1685 (Oct . 1961). 
It is not normally possible to conduct free radical reactions 
so that only a single elementary step in t he r eaction sequence 
takes place, because t he products of reaction are extremely 
reactive. In an attempt to control t hese reactions more 
closely and to preserve the very reactive radical chain car­
riers as products of primary reaction, a novel reactor has 
been designed and constructed for use of t he temperature of 
liquid helium. The two participants in a reaction are laid 
down as alternate solid layers on top of each other ; t he more 
reactive species being deposited as a fraction of a mono-Ia~-er 
sandwiched between several monolayers of the less reactive 
material. The reactants are condensed on t he outside sur­
face of a spinning r efrigerated drum to produce multilayer 
deposits about 0.1 to 0.5 mm t hi ck . 
Preliminary results suggest t hat HCO was preserved when 
hydrogen atoms were deposited between layers of solid 
carbon monoxide, but no evidence of t h e existence of H02 
was found when hydrogen atoms were intersp ersed between 
layers of oxygen molecules. 

Departure from the Saha equation for ionized h elium II. 
Atmospheric thicknesses too small to satisfy detail ed balance 
in the resonance lines, It. ~ . Thomas and J. B. Zirkel', 
Astrophys. J . 134, 740-746 (Nov. 1961). 
The results of the preceding paper for t he variat ion of t he 
source-function in a finite atmosphere are applied to the case 
of He II . A two-level atom is shown t o be adequate for the 
t reatment of the ionization equilibrium. Some comment is 
made on the observed values of Lya, Ly/3, and A4686. 

E lectron diffraction studies on solid a -nitrogen, E. M . Hor! 
and L. Marton, A cta Cryst. 14, No. 11, Pt. 1 (Jan . 1961) . 
A technique was developed for studying t hin film s of solidifi ed 
p ermanent gases by means of electron t ransmission diffraction . 
It was applied to the investigation of thin films of solid a.~ 
nitrogen fit 4 and 20 OK. The orientation of the mjcro­
crystallites on al uminum and Formvar substrates was investi­
gated as a function of bot h t he temperature of the substrate 
and the intensity of t he molecular nitrogen beam during 
deposit ion . Further, the crystal structure and t he cell 
dimensions of a-ni t rogen were reinvestigated. F aults in the 
stacking sequ ence of (111) planes, detected unde r certain 
conditions, were studied in some detail. Preferential crystal 
growth processes were observed to be induced by electron 
bombardment. The influence of conditions of deposition on 
these processes was also investigated. 

Franck-Condon factor s and the shape of ionization e ffici ency 
curves, M. E. vVacks and :\1. Krauss, J. Chem. Phys. 35, No. 
5 ,1902- 1903 (Nov. 1961) . 
Franck-Condon factors for the t r ansitions 

02[X3~g v'-oJ1l---+02+[X,a, A, bl 
NO[X2IIv _'o)---+NO+[X,A) 
CO[X '1;+ v'_o)---+CO+[X,A,Bl 

were computed on the 704 at NBS. vVith these factors the 
ionization efficiency curves were synt h esized for O2 and NO 
and compared with previously published experimental curves 
of other a ut hors . 

Memory effects in irreversible thermodynamics, R . Zwanzig, 
Phys, R ev. 124, No.4, 983- 992 (Nov. 15, 1961). 
A new generalization of Onsager' s t heory of irreversible 
processes is presented . The main purpose is to allow for 
memory effects or causal t ime behavior, so that the response 
t o a thermodynamic force comes later than t he application 
of the force. This is accomplished by a stat ical mechanical 
derivation of an exact non-Markoffian kin etic equat ion for t he 
probability distrubution in t he space of macroscopic state 
variables. The memory effect in the resulting t ransport 
equations is represented by a time con volution of the thermo­
dy namic forces with memory functions. The latter are time­
correlation functions in the rates of change of t he phase func­
tions corresponding to macroscopic qu antities. The resulting 
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1l'ansporL cquaLions a rc not r est ricted to s m:!ll de\'ialions 
from thermal equilibrium. Onsager's Lheory is shown Lo be 
t he low frequency limit of our causal theory. 

Drift mobi li ty of an ionic impuri ty in a n e lectric fi e ld , J . n.. 
M annillg, Phys. R ev . 125, No.1 , 103-108 (J an. 196,2) . 
The effect of an electric field on t he diffusion of an ionic 
impurity is studied from a n atomisLic vie wpoint. Wh en 
diffu sion occurs by either a vacancy or inLersLi tialcy mecha­
nis m, t here will be two effects of t he field on t he diffusio n 
process. First, t he field will exert a direct force on t he 
elect rically charged ions. This will cffectively change th e 
energy of motion for an iOll jump in t h e direction of the fi eld . 
Secolldly, the field will give rise to a n et flow of vacancies or 
interstitialcies. This will cause the vacancies or inter­
stitialcies to approach a n ion more frequently from o ne direc­
t ion and less freq uently from t he opposite direc(,ion. As a 
r es ult the frequency of diffusive jumps in one d irection will 
be i n~Teased and t hat in the opposite d irection will be 
deCl·eased. It is shown that t he drift mob ili ty J.I. of an ioni c 
impurity in an electric field can b e found frolll cons ideration 
of t hese t wo effects, with JL being r elated to D *, the t racer 
diffusion coeffici en t of the impurity in t he absence of an 
electri c fi eld. Explicit expressions arc deri ved giving t h e 
value of J.I./ D * for various cubic lattices. Bot h vacancy and 
interst it ialcy mechan isms arc t reated . 

Some ~bservati o ns of m etal distri bu!i.o n, F. Ogburn and 
jVr. A. 10rris, Plating Mag. 49 , No.1 , 72-75 (J an 1962) . 
Experimcntal data are gi ven which demon strate t he effect of 
current de nsity on metal distribu tion on a macro scale. 
D ecreasin" t he cu rre nt density leads to more uniform m etal 
distrib uti;n of copper de posited from an acid copper olution 
and of nickel from a Wat ts nicke l solution. For an acid 
copper bath wHh 0.01 g/Iite r of a nimal glu e, a low curren t 
density yields depos iLs whi ch may be t hinner on corners than 
on adj ace nt fla t smfaces. 

O ther NBS Publica tions 

Jou rna l of Research 66 e (Eng. a nd Instr.) No. 2 (Apr.- Jun e 
1962) 75 ce nts. 
Effect of vib r'ation a nd shock on unsaturated stand ard cell s. 

R . J . Brodd and W. U. Eicke, J r. 
Experiments on lhe ~urning of cross piles of wood . D. G r~ss. 
T ransfer of KBS X-ray bea m caltbra llons. J. S. Prui tt, 

A. All isy, U . J oyet,' W. PohE t, ::Vr. Tubiana, a nd C. 
Zupan~i e. 

Ident ification of metallu rgical reactions and t heir effect on 
t he mechanical prope rties of 17- 7 PH stainless s teel. 
H . C. Burnet t , n.. H . Duff, and H . C. Vacher. 

The ideal Lovibond color system. D. B . Judd , G. J . 
Chamberlin , and G. IV. H aup t. 

Syste ms of electrical u ni ts. F. B . Si lsbee. (Sec above 
a bstract.) 

Journal of Research 66D (R ad io P rop.) No.3 (May- Jun e 
1962) 70 ce nts. 

A t heory of radar reflec tions from a rough moon. D. F 
Win t er. 

A lunar t heo ry reasser ted. Ie M. Siegel and T . B . A. Senior. 
Statistical dis tribution of t he ampli t ude a nd phase of a 

multiply scatte red fi eld. P. Beckmann . 
Amplitude distrib uLion for radio sig nals reflected by m eteor 

t rails, II. A. D. \;Vh eelon. 
High resolu t ion pulse measure ments of m eteor-bUl'st propa­

gation at 41 Mc/s over a 1,295-km path. n.. J . Carp enter 
and Gerard R . Ochs. 

Ionospheri c irregula rities a nd long-distance r adio prop aga­
t ion . H . A. Wh ale. 

On the role of the process of reflecLion in radio wave propaga­
tion. F. dn Castel, P . Mi s me, A. Spizzichino, and J. Voge . 

Correlatio n betwee n hourly medi a n scattered s ignals and 
simple refrac tivity parameters. A. S. D ennis . 

Observations of rad io wave phase characteris t ics on a high­
frequ ency auroral path. J . W. Koch and W . M . Beery. 

Diurnal a nd seasonal changes in structme of t he mid-latitude 
quiet ionosphere. J . W. Wright. 

Schu mann resonallces of t he earLh-ionosphere cavity-ex­
t re mely 10\\' freq uency recep(,ion at Kingston, R. 1. C . 
Polk a nd F. Fitchen , 

Propagation of p la ne electromagneLic waves past a shoreliJle. 
J . Bazer and S. N. l\:arp. 

Currents indu ced on the surface of a condu cLing circuhr 
cylind er by a slot. G . H asserj ian a nd A. l shimaru. (Sec 
a bove abstract) 

R search highlights of t he National Bureau of Standards, 
Ann ual R eport, fi scal year 1961. BS Misc. Pub!. 242 
(D ec. 196]) 75 ccnts. 
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