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Al tion bende of carbon disulfide have been rpeasured with high resolution in the
regions of 2180 and 2900 om—!. PBands have besh observed due to several isotopic species.

By sombining the cbeerved banda with those

viously measured, a set of harmonicity

conetanta for WOHE; hae been obtained in emT as follows: Xy, —1.070; X, 0.126; 3o
—B.54; Xy, 0.860; Xy5, —7.86; X, —6.45; ger, 0.656.

1. Introduction

The vibrational specirum of ¢arbon disulfide has
already heen extensively sfudied; the most recent
work {in which earlier references are listed) iz that
of Stoicheff [1]2 on the gaseous Raman spectrum,
Sehrotter [2] en the ligmd Baman aspectrum, and
the infrared investigntions by Allen, Plyler, and
Blainae [3], Guenther, Wiggina] kud Rank [4], and
Guenther [5). o

The spectra of C3; are of interest hecanse (a) it
is pnaaib?e t0 observe the frequencies due to several
imotopic species [PORS,, ~009;; 'ACHEEME, ~807.
PME ~19%]; (b) with sufficiently high resolution
the f-typa aplitting in the -—x bunds can be obtuined ;
in tha sImmatrical isotopic species alternate lines
of the r*{x.} and r~{xs) subbande are missing; the
consequent sbagfring of the rotational lines can ba
measured, though the actual separation of the dou-
blets (such as would occur in the nonsyrmmetrical
gpeciea) would need much greater resolving power;
this pives an experimental value of the splitfing
constant ¢y} (¢} Fermi resonance cccurs between
levels such ag 100 and 02°0; from the experiinental
date some information wbout the positions of the
unperturbed levels and the value of the interaction
en can ba estimatad.

The main purpese of the present work is to stedy
a number of x—« bands and their Hype splitting.
The three combination bands of "C¥S,;, w4,
27+, and »,+-2+84-»;, previcusly analyzed (see ref.
3]y were reinvestigated and their assignments
checked, as there had been some criticisin (see rof.
1]} of the derived rotational constants. The corre-
sponding hot bands 1110170, 2111 — 010, and 13'1—
01'0 were identified and analyzed, and gave values
of the splitting constant gz sand the rotational

' Fresent address, Mewnbam Collore, Cambrldge, England,
1 Fipues in bpachets Indioats the liberatere refromes 2t the eod of this paper,

constant &, One very weak band due to ®C*3; was
alao successfully investigated.

Using the previously published work and the
present an together with somec unpublished
resulés kindly provided by Dr. G, B, Wilkinson [6], it
was possible to caleulate & complete set of anhar-
monie constants which appear to be more reliahle
than those already availa%f: There are now suill-
rovide gome checks on their volues
ermi Tes0nance.

cient data to
corrected for

2. Experimental Method

The infrared apectrum of CS; was measured in two
regions by the use of a high resolulion pratin

ectrometer [7].  Precise values of the positions o
the individual lines were obtained by using the fringe
system of s Fabry-Perot interferometar for calibra-
tion [8].

A sagmple of reagent grade carbon disulfide was
obtained from the Allied %hcmica] und Dve Corpora-
tion. The only impurity observed in the infrared
spectrum was a band of low intenaity at 2062 em™!
which, by its spacing and position, was identified as
Q3. However, no lines were observed in the two
regions studied which could not be altmbuted to OF;.

he region from 2165 to 2200 ¢n™! was meadured
with a 7500 lines/fin, grating used eingle pass, and &
cotled lond selenide cell waz usad as the detactor.
For the regon from 2165 to 2200 em~?, as shown in
figure 1, & 6 m cell was used with a pressure of the
5 gas of 3 mm (Hg). :

In the ions from 2784 to 2845 and 2040 to
2080 em~' the measurement of the spectrum was
obtained with a 10,000 linesfin. %:r&ting used double
paes. The detector was a cooled lead sulfide cell and
a resolytion of about 0.03 em™ was obtained. A 6
m c#il was used with a ﬁas pressure of C3; of 25 mnr
{(Hg). An example of ihe spectrum in this region is
shown in figure 2.
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The v+ 2685wy band of O8; with the sverlapping Aol band w4+ 3+ 1—al.

‘The ldenification of the Jinet 13 shown halew the speclum,  The cell length was 6 m and the gas prasagne was 25 mm (Hg),

3. Determination of Molecular Constants

In the absenece of resonance, the vibrational term
values of s linear triatomic molecule (with reapect to
the lowest vibrational state) are given by the
expresaion:

G [01,72, 73] = wimy Fwive +wley
4 X+ Yotz + Xped - Xz,
+ Xt Koot gl (1)
where i; is the quantum number of the vibrational
angular momentum about the sywmmetry axis (L=

te,:—2, . .. 1 or 0). The rotational energy is
given by:

FO=I T+ DB JT+1)iDy  (2)

with the condition that J>Z. For nond
vibratione the positions of the lines in the

enorabo

and B

branches are represented by the equation:

y=rg+(Bp+ By ym+{(By— Bym?— (D\y— Dy ym?
=2+ Iym— (D —Dr)m* (3)

where m=-—J for the P branch, and m=J+1 for
the & branch. From aeq (3} the following combina-
tion relationships are obiained:

S F MR (J=1—PLI+1)
=B/ — 6N+ —8D7 T+ @)

RN +P =20+ [2By— 4Dy ]+ 2By — Bv)
— 8IS+ D =20 D— IR T+ 1) (5)

&.F Iy =mB(J)—FP(J)=[4By
=B8IN|(J+3) BT+, (B)

Previows investigetions of O3, suggest that it is
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reasonable, as a first approximation, to put
Dz ~De=1), eqa (3) to (6) then simplify to:

y=w+(By+Bytm+(By—By)m'—4Dym*  (7)

8. F77 (Jy=BylaJ+2]— 4D 2T +1][P+F+1]  (8)

RGN+ PN =22+ 28,+2[By— By J(J +1)
—AD 37 +3F 11 {9)

8o ()= By[4d +- 2| —4Dy2 +-1][ P+ J+1). (A0

For the symmetrical isotopic species C*3, and
RCE5; only (4), (5), and (6} or (8), (9), and (10) can
he used, since the levels correzponding to odd J-values
are unpopulated.

Thehot bands analyzed in the present, work are ail of
the x—x t with =1 in both the upper and lower
states, The rotational levels are aplit, the itype
doubling, and the resultsnt absorption correspends
to two subbands which are conventionally laheled
-:r+&-r‘] and x~{ry), cach of which has its own set of
molecular constants.  Assuming that the centrifugml
distortion constants, I, are the same in both states
the lines of either subband are given by the formula:

v=vy—{(By—By) -+ (Bo-+Billm

+{By— Bymr—aDm® (11}
from which the following approximate combination
ralariior}shi [corresponding to (8}, {9), and {10}]
ArIc CAerived:

B F' () MR (T —1) —P(T+1)
— By 42 —4DJ T+ 1} 2T +1)  {12)

R{J)+P(J)=2u12By
+2[Br— By (S +1) 12D J( T +1)  (13)
A F () =Ry —PLT)
=Bp[4J+2)—4D,J (J+ 1) (2J+1). (14)

In the P and R branches the transitions occur be-
tween £7(x.) or £~ (7} levels in both upper and lower
atates giving the two subbands. The wealk £ branch
arisea from »t(r.) (upperl—r{rg (dower) tranai-
tione or viee versa. lgot.atiﬂna.l lines eorresponding
to J<C1 Goe,, 000, B(0), and F(1)in the prosent in-
stance) are pbzent. For the symmetrical i=zotopic
speciez (only bands due to "WCM5; were analyzed)
alternate lines of each subband are missing {F odd
for = {xy), J even for =*{r.}) giving a characteristic
staggering of the lines of the complete band. Wers
the ¢-branch resolvable & similar staggering of the
lines would be obaerved. The resolution available is
inadequate to separate the doublets which should be
ohserved for such unsymmetrical species ag B3,

After znalysis of the data by standard methods
the value of B, (and hence #,) can be oltained using
the relationship:

BV=-Be"2ﬂa‘ [V:‘I“fnm] {15}

where d; is the degeneracy. .
Each of the rotationsl constants a; can be consid-
ered to be made up from three contributions:

o, ==y, DALY | o fanharmon.) 1 g (eoriolls}

The relevant formulae for the linear XY molecule
are conveniently tabulated by Herzberg [#, p. 376).
The I-t¥pe Bp]itting in # degenerate x vikbrational

state (fi=1) is given by Nielsen [10]:

Sr—glm+ DT 1)
Av=2qpJ{J+ 1} when nx=1.
Herzberg (11] originally suggested that for such a
atate:

Av—gud (J41) an

= 2[ex, mm..ﬁ_i_alfmlom:l] (1 &

s0 that
{16)

gx being ono half of g (see ref. [9], p. 377-8).°
The garteral faﬂnugs for the &-typa splittings of the
degenernte vibrational states of any linear molecule
are summarised hy Nielsen. The shifts of the
erturbed levels from the unperturbed values of a
inear XY: molecule in & = state (i;=1) with w=1
are:

. ".!'+
shift w}}=i2g°J{J+ 1) {19}

whers

g§°=— B2t +daif (uf— )]

{Nielsen, Amat, and Goldsmith [22]); this implies that
Av=—4g°J(J+ 1) =gaJ(J 4 1) and the Herzberg ¢
is:

gr=2Bey+ BB {wi—wl) (20)

in agreement with his original suggeation.

4, Experimental Results

Thres main regions of absorption of (5, have
been investigated ; the resulta are collected in table 1
whieh also ineludes some previously published data
on Y8, In the smntr£ range 2135 o 2199 em™!
the band » 4w and the corresponding hot band
11101 of 23S, have been identifed. To-
gether these account for nearly all the lines observed.
Chose remaining are wenk and may belong to the
-+ band of ‘%‘Sﬂ which should slso fall in thia
region. The absorption between 2222 to 2266
cn~! iz due to the 234w, band of (W, which
was snalyzed without difficaliy as there 15 little
interference from other bands. The region 2734
to 2845 cm' iz rather complex; it includes the
2 +w: band and the hot band 21110110 of
1G4S, and the 314 v—ay band of 2C35,, all of which

(B 55 31; tnin

A The gplitting swstant gr s plven by [(Bv— gy Da.,
. aud Heoadict

potabicm 18 alse waed by Cdutmthey ef wl, and Tidwell, FI
[15) working with Maf.
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TabrLk 1. Summary of the constands of some infrared bands of corfon disulfide
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131-m0 250, 117 0. 10844 — 5. B - 1058 AT ] g EAt i) e 1Ka0r | (%)
r+r (odd}
1310040 11 P « 10050 — Ll . 10608 T IO ] I [ gt BRI | (W
-l fevEm)
Ty 4004, 2l . i R et ., LinFaE 10510 | oot LB [cimasreacaneanea]| (B
£ 3R W £ 0. 38100 <. 33X L
OB 4047 464 | 0 LOB2L 3110 | 0 1T19S 1 LK el Liwnr? | gred TR gl
e (odd)
U300 4547404 « LRy Sarlird | L1072 1 AX2Hre il LIXIEY | = 3000 [ (R
Td tavah)
Fuare RBobsdoen | _____. B L1 [P 0 )c 1 oL PRI (VR [ — I L
[P =
11 oo,
aHn 2350, 15¢ | 01060 —F 4 . T ] 1. 08 10 i} I IR —
o ATE Giyenther, 7, A, Wigglns, ud D, H, Rauk, J. Chea, Fhys. 28, 627 (1)
. Ojenther, T, A, tay, . H. Bank, J. m. Phys. .
4 B, P, Swichel, Can. J, Phys, 30, 2152500 (10685,

overlap. Theae nccount for nearly all the prominent
lines, though some weak lines are also observed which
were not assigned. The sbsorption in the region
2031 to 2999 o™ corresponds to the v+ 265+
band snd the hot band 13110110 of BOS. with
the band 2v + 2vg =+ 13—z of PC%S, at the Jower end of
the range. DMoat of the observed lines have been
assigned except rather wenk ¢nes at lower frequencies.
The data presented in table 1 show that there is
reasonable agreement between the values of the
ound state constant Hy, of (%8, as determined
rom four infrared bands and the pure rotationsl
Baman spectrum. In particular the values derived
from the revised analyses of v 4w, 2w+, and
»+23+ now fall in line with those of other
investigntors, though perhaps 0.10904 cm™' for the
latter band is Tather small. It appears that (10910
cm~! 15 8 reliable value for By, this makes the -5
distence r,=15545 A s propesed previously
[Guenther et al]. The calenlated valuc of Doy
[MB¥Vad]l i 1.20107F g™l [Guenther et al,
Stoichefl]; the experimental determinations are
seatiered about this fdgure. From these, a value of
Dypo=1.02140.3X10~% em~! would seem prohable.
The situation iz less satisfactory for the 01'0 levels,
which have also been observed in four different

bands. The present resultz (three bands) are con-

sistent among themselves [though the B values from
the 21'11—019, and 13'1—01'0 bands were used effec-
tively to analyze the 1171—01"0 band, for which the
expetimental data were less pracise], but thay are
larger than those derived from the 01'3—01'0 hand by
(Guenther ot al., and thesa constants are probably not
50 moemrate,  Further, the results obtained for D
in the present anslyses are somewhat larger than
wolld be expected.

The present values of the splitting constants gir and
i are all about 1X10°* em™ for levels in which

=t,=1. Thi iz of the right order of magnitude,
the galeulated wvalue bein =774 107 em™!
fusing #=1535.35 em™! ang bﬁgﬁse reviously pub-
lished being 6.4 and 6.7 1078 em ™! {(Goensher et al. ).
The theorctical treatment suggests that all x statea
fli=1) with wy=1 should have the same gz and this
appears to be the cage. The only other level ob-
gerved (13'1) has a larger value for this constant.
It is about fwice as large as the gu for a s,=1 and
;=1 state as wounld be expected from eq (16).

The values of «, lor '*O?*SB are obtained using e
(15); those already available are o, =1.55 < 1074 em~
Stoicheff], and oy,=7.11x 107 em ! {Guenther et al.].

he experimental figure for o+, 8.65<107% cm,
derived from A of w+w, iz in excellent agreement
with that caleulated from the published wvaluea,
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5.66 X 10~ *em~". For 2w 4 v;, the obzerved fgure for
20+ ay 19 1.035 < 107* cm?, comparad with the cal-
culated value of 1.021X107* em~Y; the agreement in
this case is ade@uate. For the v-+2v;+v; band
AR is 4.662>(107* em ™, 2o that uzing the published
values of @ and &y, oz comes out at —205x10-*
em~Y; thiz 13 in good agreement with the resolt de-
rived hy Wilkinson from unpublished observations.
It would seein therefore that the present re of
4.562 ¢ 107* for o+ 2e;+ o can be confidently used
to calculate B, which with B,=0.10810 cm™!, is
0.10932% em™. The corresponding value for r, is
1.5520 A,

The results of tha caleulations for the o, derived
from observations on the hot bands are shown in
table 2, which inciudes those previously published.
‘The present measurements for these bands are less
precise and the sgreement in probably az good as
cah be expected.

Table 1 also includes the results of the analyses of
one very weak band of the isotopic species BC#S,,
The valua of the pround state constant Py, i= 0.1090
cm~!, which ha.rd%;o differs from that of BPCWE, as
would be expected; the corresponding value of =
1B 1.554y A, Isotopic substitution has not altered
tha equﬂlbﬁ m C-5 internuclear distance [compare
the tesults of Guenther (zee ref [5]), on the species
L3agug),

The anharmeonicity constants decved from eg {1)
were calculated for "C*3; using the ten frequencics
shown by {h) in table 3. The five Raman frequencies
are the snme as those used by Stoicheff {gee rof |173,
and eo the corresponding snharmonicity constants
are idenfical. The five infrared frequencies were
chosan to give the best ail round ngrestment betwesn
the observed snd caleulated figurea for the fourteen
remaining bands. It iz unfortunate that there is no
recent determination available for »l, which must be
used to calculute gy, The values computed for the
conatants are (in e~

Wi=659.23; X =—125; Xp=—7.74;
Wi =396.55;, Xp=-42.25; Xu=—044;
wi=1541.82; Xppe=—86.52; Xja=—7.70; gou=—2.00,

where only the valuea of X,y and X ave not affected
ky Fermi rescnanca.

Table 3 shows that the differences between the
obszerved and caleulated frequencies ave not too seri-
ous except for the »42¥i+v; and 131—01'0 banda.
The other dizerepancies are explicable cither hecansa
@ branch measuremnents were uzed for most of the
Kaman lines, or more probably becavse of Fermi
resonnnce between many of the levela.

Fermi resonance occurs hetween many of the
vibrational levele of O3 and has already been dis-
cussed in detail hy Stoicheff (1958). & Used the
frequencies denoted by ¢ in table 3 Lo evaluate
i, @5 Xi1, Xggy Xre, I, together with & {the separation
of the unperturbed levels 100 and 02°0), and W,
the matrix element, of the cubic torm oy in the
potentinl energy, which pives rize to the perturba-

TapLe 2. The conalants ay derived from the hot bonds
[in wnite of 10—+ om]
n ! oz ATerage
Frtve fay-fan) =858 .45 i ;u.gsﬂ o
- — i - u
l::‘i-h-'ﬂ.ﬁ gltﬂ.ﬂ Elﬂ;tltw =h4 {J
10 fartad=1nss | 63
-1 {Zaton) =B | (Zoqtay—=Bib (o oa) =150 u
il g it iy 3
1251000 {a;ﬁzu“m- (s}
171010 | — E] u)
u:_'-l-m+ds}+ {m_-lfg:-l—u} tn:lf;u—!—mﬁ {=
gt =g oy ==15 [t = =41
=500 aym ¥ 1l {b}
H"-1's ag+ =T 06 o =T A ik =704 %]
oyt (2 oy =—2Ef eyt =T
® Tk wiin|

kK
b A. B, Guanther, T. & Wigglns & D H. Rark, J, Coem. Fhyz, 1, 8827

+

Tasre 3A. Observed and solreloted frequeneies of DOTE,

I. BEaman linea
Apsignment robiE., CIm! roala, oo k dunba. oale, am—F

TAL=cAn) GHY, ' M, T 5.0
1IN “ 844, B4 5. 60 +1.14
1 v s 02 4, 5 —+2. 52
2L a6, 0L 54, T =),
LR ogsl, It ¥

20— 100 < §55 49 [

JCCHN) * o G, i

00 o i 11 it

X001 € 81112 [

I o RE 16 a0, 13 —1-%
D * UL 1K i 13 =, 33

All Heman deta, B. F. Btolebofl, Can. 7. Fhys. TR0 (1933, This k
ol the tuhls k8 the ayme a3 that gven by him, 38, (s pe
+ Band origin; gll ofher obgerte] Mequencies 4me measurements of sharp &

s,
* Fregménales used to caleulate the snharmonic oonstants.

+ Frequenpied nded. ko caloalate the anharmaniy sonatangs sorreated e Permi
LRSS,

Tarrxe 3B. Observed and coleulofed frequencies of 1#0M3,

Intrared bands

Apolgnoent roltd., co-? rogle, cml | Awplsscale, cmtl | (x)
.8 [ QLI *) "}

K7T. 57 < DL-14K el il E"}
1530 Af+ DL-000 1335 30 b, 5 il
1178 114018 217 3 1 ]
2185, o2t TOL-NK {* 3]
X M D000 2324, 53 =i, 1 ik}
2411, 3N H-a Bl 6 0. De2 [
2833 1oL LT R &) L
. 1LT 11100 a5 L °§
21, T 125 -0 ol 238 —+32.585 o
2524, (i {eat} 4322, 15 —0. 08 E‘J
4547 M AR 5] :ﬂ
4506, Ba0=+ 005000 1] L

= {1, Hevzherg, Infra-red and Raman Spectra, 0 277 {143}
b 3, R. WHkinzen, i peblshsg cesulis,
o Frepent work,
[1;.'311 H, Guengher, T. A. Wligglna snd P, T, Rank, . Chem. FPhiya, 28, sg2-7
Except in the cases Indicuted, the frequenelet quolad ars bend ocleins. For *
and ** oo boaod e, respeccively, in 18ble FA,

tion between the 100, and 02°0 lavels. The sign
of W was found from the experimental value of the
rotational conatant «; Using the sane data and
methods it seems that slight modifications are needed
for some of the constants (table 4).
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TasLe 4. Freguencies for infindlesimal  amplifndss  apd

ribrational conztantzs of U B3, [in em1)

wy =GR A (671.00); ooy AR, 7R (R, 80
oy =06 AL b3R5 7 (205.97);
wy = LE5E,EL {1551, EZ}I, ol m ] L B9 (1 T4
Eprm =] 0 (=100} 1w DO (LB };
Iy=0126 0 1), Xu=—7.50 E—‘.-ﬁ:?
In=—i, 5 (—41h); L= —fbr);
=001 (460 T =08 (—300H5);
3 =124E0 (124600,

‘Figures o parentlvises qra tlooe calulated by Htodobed.

The frequencies 3vy, 3m+x—it and wm are used
0 obtain wi, Xx and X ;ﬁ these are uncomplicated
by Fermi resonance. Singe new and improved
infrared data are now available, the present values
are more reliable than those listed hy Stoicheit.
To colenlate x; Stoicheff was forced to sssume
that the diad (s, +2), {2+ could be deseribed by

the samc values of & and W as » and 2¢. The
frequency of (2p7-4r) is now availabla, a.ndT hlt
e

ap that this sssumption is not -::ﬂrrect

afue of X3 can ba caleulated directly from the sum
of the two frequencies {z+»;)+ (27 ) =4510.032
em™! and is seen to differ sighificantly from that
proposed earlier, Table 4 ulso inchudes revised
valyes Tor the frequencies at infinitesimal amplitudes.

The twelve constants in table 4 are derived from
nine Raman and gix infrared frequencies; of tha
remaining nine frequencies, only one 02°3—02%
{nba. (est). 4528.09 em™, cale., 4528.12 ein™!) is not
affected by Fermi vesenance. The other gight fre-
quencies arc all members of incomplete Fermi
polyads, 20 that it is unfortunately not possible to

+ Ik B e s iaed inctead of s b0 get thesr conatants as ad ghal Hoe no
iﬂdi.‘alil?lcm wra.l]uﬂ]e for the Intter froqibenkd; koo (W setd nl valbes dro beocly
al

get any checks on the constants cotrected for Fermi
mteraciion.

The Fermi resonance between the levels » and
253 (and correspending levels) in C8; is quite weak
{6=124.80 ¢m~*) and iz not a8 important as in the
analogous molecule CO; (compare Courtoy [14]).
Even ro, the shift of the observed levels (+0.67
em™! for 2v; and ) 6 quite large, and the caleuwlated
values of the anharmonic constants, taking the inter-
actlon nto account, differ, in most cases, markedly
from the uncorrected valnes. New cbservations on
other frequencies and more accurate data on v
would be mosi desirable to provide checks on the
walues of the constanis listed in table 4.
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