
JOURNAL OF MOLECULAK SPECTROSCOPY 45, 82-98 (1973 I 

Absorption Spectrum of BS, at 4°K 

J. M. BROM, JR. AND W. WELTNER, JR. 

IIepartment of Chemistry, Unipersily 01 Florida, Gainesz’ille, I;loridu 326111 

BE-&, trapped in neon matrices at 4’K, exhibits extensive progressions in the AZ& +-X211, 

and BB,+ + XQ, systems. From these transitions, those observed in the infrared, and a 

reinterpretation of gas-phase data, the following molecular constants (in solid neon) are 

obtained for linear symmetric “BS2 (in cm-‘) : 

B?Z”+ To = 24,072 Y, = 516 

‘MI,, To = 13,766 ~1 = 506 

Ao = - 263 Yp = 311 

YS = 153.i 

SZrI, A, = - 440 Y, = 510 

Y? = -120 

Ye = 1015 

Vibronic coupling (Renner-Teller effect), although present in the .izlI,, state, is small, 

as are also any Fermi resonance effects. 

Johns (1) has made a detailed spectroscopic investigation of the BOz molecule in 

the gas phase. From a rotational analysis of the two electronic transitions, A%, +- X2& 

and B*Z,+ +-X*II~, observed in absorption, he has shown that the molecule is linear 

and symmetric in all the observed states. Both II states exhibit vibronic coupling in- 

volving the bending frequency vz (Renner-Teller effect), in addition to spin-orbit 
interaction. As has generally been found to be true of symmetric triatomics with 15 
valence electrons (2) the vibronic interaction in the excited Q state is much smaller 

than in the ground state. 

BS2 is expected to be similar but with larger spin-orbit coupling constants in the 

II states. However, only sketchy reports of spectroscopic investigations of boron sulfide 

molecules are available in the literature (3-j). All the previous studies involved obser- 

vations of the complex vapor over some condensed phase at high temperatures and 
were therefore difficult to analyze. 

A remarkably detailed absorption spectrum of the BS2 molecule, containing man!- 
analyzable progressions in the region of 7200 to 4000 8, is reported here. Along with 
the IR spectrum of the ground state molecule, these data confirm the expected similarit)- 
to BO? and yield extensive information about its vibrational, vibronic, and spin-orbit 
properties in the various statps. 
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IL should also Ix munlioned tht IiS2 hits a role in the. high Icmpcrature chemisl r! 

of the boron-sulfur vapor system. Vaporization studies of sulfur rich samples of B&(s) 

(6) and B&(s) (7) have shown that the polymers (BS2). are major constituents of the 

vapor so that the monomer, BS?, can serve as a starting point in understanding such 
cwnple~ systems. 

The liquid helium Dewar and furnace arrangement used for the matrix isolation WJrk 

h‘ ,tve been described previously (8). BS?(g) molecules were produced by vaporizing zinc 

sulfide and boron mistures in a double Knudsen cell made of tungsten, shown in Fig. 1. 

‘The &S-B sample was heated in the cooler portion of the cell at temperatures near 

900°C. Mass spectrometric studies (4) have shown that the vapor species Zn, BS2, B&. 

and B& are thus produced in the approximate ratio of 30: 1:2:8. Enhancement of 
the BS2 partial pressure in the effusing molecular beam was accomplished by passing 

the saturated vapor through the hotter ceil, independentI!- heated to about l’iSO”(‘. 

The ZnS powder (Matheson, Coleman, and Bell, reagent grade) and isotopicall> 

enriched B powder (Union Carbide Nuclear Company! -9.5% enrichment of l”B and 

of “B) were used without further purification except for outgassing at several hundred 
degrees prior to an esperiment. 

Neon matrices were prepared b!, the simultaneous deposition of the boron sulfides 

and rare gas upon a (‘~1 window cooled to 1°K. ‘The neon flow rate was maintained at 
-0.5 I atm/h, and the gas was preconled with ;I liquid nitrogrn bath immediateI\. 

before entering the Dcwar. 

t )ptical spectra were recorded over the range 3500 A--12,000 A. A Jarrell-Ash 0.5 I~I 
Ebert scanning spct rophotometer with gratings blazed at 5000 and 10,000 A, anti 
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FIG. 2. Absorption spectrum of the A system of “BS2 isolated in Ne at 4°K. Wavelengths are in d. 

equipped with RCA 931A or 7102 photomultiplier tubes, was used in the regions 

3500-7500 A and 7000-12,000 A, respectively. A tungsten lamp was used as the con- 

tinuum light source. Relative band positions are generally measureable to f0.5 A 

although absolute positions as determined by Hg arc lines are considered accurate to 

about fl A. Infrared spectra were recorded from 4000-200 cm-l using a Perkin-Elmer 

621 grating spectrophotometer. 
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FIG. 3. Expanded scale spectrum of the “B.‘& 6507.8 and 6462.8 IP bands showing sub-bands due to 

multiple trapping sites in Neat 4’K. The weak band labeled with an asterisk is due to “VS in the sample. 
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iL Hand positions are for sub-band b due to BBS2 in the predominant trapping site. 

IS Approximate intensities frnm peak height measurements are given relative to the 6962.5 _i 1~1~1. 

I< I-SIXTS 

I. C.isible :I bsorpliotl Spectru 

The observed visible spectra of BS? consist of two s! stems designated A and I3 in 

;tnalog!- with HO? (I) : system ,4 beginning at 7200 .k with xn cztensive series of pro- 
jpssions developed out to 5100 A; svstem H at Allh A and extending to 30.72 A. 

e-l- 

5254 

7-e r -5293 
5392 

6720., 6726 



SO 

1, ba Intensitiesh A, da 
~~~ ~~..~ .~. _._._~ 

7210.0 0.93 6104.8 
6956.8 1.00 6062.3 
6883.9 0.16 6007.0 
6766.8 0.01 5923.5 
6719.8 0.91 5859.7 
6657.9 0.21 5756.3 
6580.5 0.01 5694.0 
6549.3 0.01 5652.7 
6.5015 0.80 5537.9 
6446.4 0.15 5502.5 
6376.8 0.01 5391.7 
6344.5 0.01 5360.2 
6296.0 0.36 5253.5 
6248.5 0.08 5224.i 

6185.8 0.01 5121.5 
6153.5 0.00 5098.5 

J Band positions are for sub-hand b due to BSz in the predominant trapping site. 
b The relative intensities observed were similar to the “BSI bands and are listed as such. 
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A system. Figure 2 shows a spectrum of the A system obtained from vaporizing a 

ZnS-“I3 sample into a neon matrix at 4°K. The shape of each band in the system is 

very similar and consists of a group of four or five sharp peaks. These sub-bands are 

attributed to multiple trapping sites of the BS2 molecule in the solid neon matrix. 

An expanded view of the site splitting of the 6462.8 and 6507.8 w bands is shown in 

Fig. 3. Absorption peaks due to sites labeled a to d were observed for medium to strong 

intensity bands. An additional sub-band e was observed for very strong intensity bands. 
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.\USVKPTIUN BANDS OF BS2 B SVSTEM IN NEON AT 4°K 

n Isotope shifts between 1oBS~p11BS2 were not measured. 

b See analysis in lexl for explanation. 

c SOS cm-l in gas phase spectra of (5). 

The weaker bands in the system showed only the peak due to the predominant trapping 
site b. The bandwidths observed were 4-8 cm-’ and allowed peak positions to be mea- 

sured within +O.S A (or l-2 cm-l). Progressions formed from the various sub-bands 

belonging to I he different sites all gave uniform term separations. As such, we shall 
only refer to the predominant site sub-band in further ;mal!sis. Table 1 lists the al)- 

sorption bands observed for “BSz trapped in site b. 

Similar spectra were obtained using ZnS-‘“B samples, and the appearances of thy 

bands due to multiple trapping sites of ‘OBSZ in neon were the same as for “BS2. Figure 

-l shows the spectrum observed when a boron sample containing approximately equal 

proportions of ‘“B and llB was used. The important result here is that the absorption 

bands are grouped into doublets. This is the expected isotope effect for a transition 
belonging to a molecule containing a single B atom, namely ‘OBS2 and “BSz. The posi- 

t ions of the bands for ‘OBSz in the predon&ant site in neon at 4°K are listed in Table I I. 

H system. The spectrum of BSZ observed in the 4100 A region is shown in Fig. 5. At 
higher resolution the shape of the bands indicate the presence of multiple site effects. 

although not as pronounced as for the A system bands. Isotope shifts between the 

‘OBS2 and “BSs bands were not determined due to their small magnitude and to un- 
certainties from site splittings. An estimated upper limit for the l”R-llR shift in the 

1116 A band is 6 cn-I. Table III lists the observed band positions. 

I,‘rlitlerltifietl &z&s. Analysis of the visible spectra, as given below, has shown that all 

but a few of the large number of bands observed throughout the region 3X%12,000 .& 

can be assigned to the two systems of BSz. Occasionally, weak bands were measured at 

4750: 1563, MOO, 4367, 4354, 4045, and 4021 a that remain unidentified. Although BS2 

is the predominant molecule in the matrix, the IR spectra reveal that several additional 

molecules are present so that added absorption bands are not unexpected. The concen- 

tration of Zn atoms in the matris ought to be high ($) ; however, the spectrum expected 
for Zn lies in the ultraviolet (9). 

The analysis of the visible spectrum of BS2 parallels that of the gas phase spectrum 
of B( )z (I). Supported by the analysis presented here, we may assume that the electronic 
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configurations giving rise to the ground a.nd excited states of I& are the same as those 

for BOz: 

and 
. . . . . . . . (u,)~(u,)~(x,)~(T,)~, B’Z,,+. 

The 7200 A and 4100 A systems of HS2 are then assigned to A*II,,-X?II, and H?Z,+- 

X2& transitions, respectively. 

At 4OK each band is considered to arise in transition from the zero-point “II,,; vibronic 

level of the ground state. The bands are identified by (VI’, vir, ~3’) which designates 

the particular 211,,; or *Z,+ vibronic levels of the A211, or B2Z,+ excited states, respec- 

tively, where I is the angular momentum quantum number associated with the bending 

vibration of a linear triatomic molecule. By the Franck-Condon principle for 
linear-linear transitions, the ~1’ progressions involving the symmetric stretching vibra- 

tion are strongly allowed, whereas progressions of the 2~2’ bending and 2v3’ antisym- 

metric stretching vibrations are espected to be weak. 

.J system. The strongest bands in the A system form the (VI’, O”, 0) progression, as 

expected, and the isotopic data support this assignment. Table IV lists the (VI’, O”, 0) 

bands and gives the resulting vibrational constants for ‘OBS2 and “BSs. There is no iso- 

tope shift predicted for the symmetric stretching frequencies, and the w?’ values are 

observed to be the same for both molecules. 

“‘B& 

A, b Y, cm-’ !Vl’, 00, 0) AG, cm-l 
~ ._~ ~~~~_~ 

7210.0 13,866 (0, 00, OJ 
505 

6956.8 14,371 Cf. w. 0) 
506 

6719.8 14,877 (2, 8, 0) 
500 

6501.5 15,377 (3, @, 01 
501 

6296.0 15,8?fi (4, w, 0) 
498 

6104.X 16,376 (5, 00, 0) 
501 

5923.6 16,877 (6, O”, 0) 
490 

5756.3 17,367 (7, 00, 0) 

~~0’ = 506(i) cm+ 
X,,O’ = -l(l) cm-l 

_.~ 

A. 4 Y, cm-’ !VI’, 00, 0) AG, cm-’ 
_ ~~... 

7216.0 13,854 (0, 00, 0) 
505 

6962.5 14,359 (I ( O’, 0) 

5O.i 

6725.8 14,864 (2. 00, 0) 
498 

6507.8 15,362 (3, ou, 0) 
499 

6302.8 15,861 t-1, 00, 01 
498 

6111.2 16,359 (5, 00. 0.J 
497 

5931 .O 16,856 (6, @‘, 0) 
489 

.5763.8 17,345 (7, 00, 0) 

~~0’ = .506(l) cm-’ 
X,,O’ = -l(l) cm-l 
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For the two nontotally symmetric vibrations, v2 and ~3, the ratio of the isotopic fre- 
quencies of “‘B!% to “BEG is calculated to be 1.04158 in the harmonic approximation 
and in the absence of Fe;mi resonance effects. The bands at 6883.9 and 6903.3 J% arc’ 

then assigned to the (0, 2O, 0) transition of lnBS2 and lIBS2, respectively, because the 

resulting 2~’ values of 655(2) cm- 1 (lOBS2) and 629(2) cm-’ (“BS,), as averaged from 
all the sub-bands, give an observed isotopic ratio of 1.041(3) and are the right order of 

magnitude to be espected for bending frequencies. The (0, 2”, 0) bands are also the 

origin of another progression, namely (VI’, 2O, 0), as listed in Table V. Similar considcr- 

xtions Apple* to the weak bands at 5859.7 and 5907.3 A, that are assigned to the (0, lr’, 2) 

transition of “‘B!G and llBS?, respectiveljr. The average 2~’ values are then 3102(3) 

~~11 -I (“‘HS.J and 1069(2) cm-’ (“BSJ with an observed isotopic ratio of 1.0401((~). 
The (0, O”, 2) bands also serve as the origin of the (vl’, (I”, 2) progressions which ;lr(’ 
included in Table V. 

\.ery weak bands are observed at 5652.7 and 5704.5 A which are 625 and 601 cm I 
:~bove the (0, O”, 2) bands af ‘“BS? and “BSZ, respectively. These are assigned as the 
(0, 2”, 2) transitions, and they are the origins for another progression in v1), the (vI’, 2”, 2) 
I)rogrc*ssion which is listed in Tnhlr VT. Similnrl\~. wc~nk t)ands at 6580.5 ;tntl 6600.3 :i 



(v,‘, 2”, 2) I’K~GKESSION~ 0E 1uBS2 ANU WSz 

‘OBS? 

x, d Y, cm-’ (VI’, 20, 2) AG; cm-’ 
_____ 

5652.7 17,686 10, 20, 2) 

483 

5502.S 18,16Y (1, 20, 2) 
482 

5360.2 18,651 (2, 20, 2) 

484 

5224.7 19,135 (3, 20, 2) 
473 

SOY8.5 lY,608 (4, 20, 2) 

“B& 

A, ii Y, cm-’ (v,‘, 2O, 2) AG, cm-l 

5704.5 l?,S25 (0, 2”, 21 
483 

S551.7 18,008 (1, z”, 2) 
481 

5407.0 18,48Y (2, 20, 2) 
483 

5269.5 18,972 (3, 20, 2) 
478 

5140.0 19,450 (4, 2”: 2) 

are 669 and 644 cm-’ above the (0, 2”, 0) bands of ‘“BSZ and “B&. respectively, The 

intensities and wavenumber shifts suggest that these are the (0, 4O, 0) bands. Weak 

intensity progressions are also observed and assigned to (vi’, 4O, 0) bands, as listed in 

Table VII. 

As observed, the (0, 2”, 0) and (0, 4O, 0) bands imply that the wzo’ values are 324(2) 

and 311(2) cm-‘, with X,t”’ anharmonicity constants of +2(l) cm-’ for l”BS2 and 

“BS2 respectively. These results give an isotopic ratio of 1.040(3) cbmpared to the 
calculated value of 1.04158. 

A large number of bands in system A have been assigned without necessary considera- 
tion of spin-orbit or vibronic (Renner-Teller) interactions. In the absence of any 

Renner-Teller effect the spin-orbit effects should not be observed since it is presumed 

that all BS2 molecules are present in the 211s level of the ground state at 4°K and the 
selection rule AZ = 0 holds for Hund’s case a coupling (10). With vibronic interaction 

the selection rule AP = 0, where Y = I A + I + Z 1, allows a transition from the (0, O”, 0) 

TAB I,E VII 

(vl’, 4O, 0) PKO~~RESSIONS OF l”BS2 AND l*BSe 

x, i Y, cm-’ (VI’, 40, 0) AC, cm-’ 

6580.5 15,192 (0, 40, 0) 
486 

6376.8 15,678 (1, 4”, (1) 
484 

6185.8 16,162 (2, 40, 01 
.1X1 

6007.0 16,643 (3, 4”, 0) 

6609.3 15,126 (0, 40, 0) 
484 

6404.5 15,610 (1, 4”, w 
485 

6211.5 16,095 (2, 40, 0) 
J86 

ooLY.3 16.58 I (3, 4”, 0) 



1. .\ Y, ,lK1 I\.,', 29, 0) AG, cn-' 

6766.X 14,774 IO. 22, 0) 

101 

f~.W..i l5,26.i II. 23, 0) 

102 

O.W..i l.i.i.iT (2, F, 0) 

4x0 

015.3.5 IO.246 (3: 22, 0) 

X. i Y. t rim1 iv,'. 2". 0, XG, cn1- ’ 

hi84..3 11.T30 IO 1-1 12 0) 
401 

0565.5 I.T,LLT 1.1. 2". 0) 

-MY 

6361 .3 I .5,; I 6 t.2. 2', 0) 

4, I 
0 16X.5 16,2Oi (3, 22. 0) 

‘11; vibronic level of the ground state to the (0, 2’, 0) ‘11% vibronic level of the ,4*11; 

excited state (1). Again, the transition intensity is predicted to be weak by the Franck- 

Condon principle. The weak bands at 6766.8 and 6784.3 A in the “‘BSr and “B& spectra. 

respectively, are assigned as the (0, 22, 0) bands and a progression of (VI’, 2”, 0) bands 
is also observed as listed in Table VIII. The splitting of the (0, 2”, 0) and (0, 2”, 0) 

bands is due to the combined effects of spin-orbit and vibronic interactions (11). 

However, the vibronic interaction parameter, t&, in the excited state is likely to be 

small (I) compared to the bending frequency and the spin-orbit constant. Then the 

(0, 2, 0) band splitting gives an approximate value for the spin-orbit splitting of the 

r\‘II, state of -2.53 cn?. The observation of weak bands due to vibronic interactions 

gives support to the assignment of the excited state of the A svstem as a degenerate 

electronic state. Support for this value of the spinorbit constant of the AW, state is 

ills0 derived from the analysis of a very weak system assigned to the AW~X”lI~ 

t mnsition, as presented below. 



A schematic of the overall spectrum of the A system is shown in Fig. 6. All of the 

progressions in v[ are remarkably regular and are consistent with the derived vibrational 

constants. In each progression the band having VI’ = 1 is the most intense indicating a 
substantial change in the B-S bond length between the two states. 

B system. Only three bands are observed in the B system spectrum of BSr. The bands 

fit a progression and the absence of an isotope shift along with the similarity of the term 

separations with the symmetric stretching frequency of the A%, state allows them to be 
assigned as the (VI’, On, 0) progression, as listed in Table III. The vibrational constants 
obtained for the B%,,+ state are then w/l = 516 cm-’ and .YJ” = -7 cm-‘. This 

assignment is in agreement with ~1’ = 505 UC’ given b!. KorJxzhkin and Mal’tsev (5) 

from gas phase spectra (see Discussion). 

A%-X*II; system. As mentioned above, the A~II,,,+-X’II,,; transition is not allowed 

in case a coupling due to the selection rule L - V - 0. However, for large values of the 

spin-orbit constant in one of the II states the coupling may approach case C, and then 

the 2Q-211+ transition becomes weakly allowed (10). Very weak intensity bands are 

observed at 7076 and 6831 A in the lDBS? spectrum, and at 7081 and 6837 A in the “I%’ 

spectrum which may be discerned in Fig. 2. The 7076 and 7081 A bands are assigned to 

the (0, O”, 0) *IIt transitions giving a spin-orbit constant of -263(2) cn? for the 

A*II, state. The 6831 and 6837 A bands are then the (1, GO, 0) ‘11; bands at 507(2) and 

.504(2) cm -l above the (0, O”, 0) ?II+ bands of “‘BS:! and “B&, respectively.. 

The true spin-orbit constant determined here is close to the value, -2253 cn-l, esti- 

mated from the separation of the (0, 2”, 0) ?II; and (0, 2”, 0) 9; bands. It would be 

expected that the splitting of the (0, 2l, 0) bands would be larger in absolute value than 

the spin-orbit splitting if vibronic effects occur (II), as in ljOz. This ma!. be seen from 

1320 1220 IhO Id20 

v (cm-‘) 

I’IG. 7. Infrared absorpLion spectra of B-S samples isolated in Ne al 4’K: A, samples containing 

twedominanlly “R isotope; R, samples containing predominantly ‘“R isotope. 



Eq. 1 of Johns (I) which shows that an!. value fJf the Renner parameter, to’, will in- 

crease the effective A’ value, since states with the same 1’ quantum number repel each 

other. The fact that the splitting is smaller in absolute magnitude than -2263 cn~’ 
indicates on]!- a small degree of vibronic coupling in the A’II,, state. Fermi resonance 

t.ffects (II’) might explain the smaller value since in BO? vl’ > 2v?‘, whereas here ~1’ < 

2~’ and the resonance would shift the (0, 2”, 0) 1 eve1 closer to the (0, 2”, 0). However. 

the splittings of all the (vl’, 2l, 0) “11; bands are ver>. regular, and indeed the lack oi 
irregularities in each of the observed progressions would seem to indicate that I;crnli 

resonance effects in the A?II, state are quite small. The change in the spin-orbit splitting 

111ay then reflect a small variation of the A’ value with the bending vibrational quantum 
number, although the esact waj- that A’ should vary with v~’ is not known (II). Of 

course, the other indications demonstrate that vibronic interaction is present, but it 

must be hidden here b!. these other small effects. Note that the intcnsit!, of the (0, 2”, 0) 

‘II; band is larger than that of the (0, O”, 0) ‘II+ or (1, O”, 0) “II; bands indicating that 
Ihe transition allowed by vihronic interaction is stronger than that allnw~d b!. th< 

approach to ~;ISC (- coupling. 

I II. I rlfraretl .1 hsorptiorr .Spectru 

Sumerous absorption bands were observed in the 1000 1325 cn-’ region of the II< 

sl)ectrum. Spectra obtained when samples containing predominantI!, the “13 or “‘13 

isotope were used indicated several isotopic pairs of bands, as shown in Fig. 7 and listed 

in Table IX. The spectrum of a sample containing approximately equal amounts of “3 
and “I3, shown in Fig. 8, was interesting since it indicated that the isotopic spectra werr 

illITlCJSt additive. So stroq bands due to a mixed ‘OB-l’B species were observed. 

HS? spectrzinz. The very strong bands at 1014.6 and 1056.7 cnl--l are assigned to the 

asymmetric stretching frequency, v3, of ‘*BSz and ‘“BS,, respectively-. Although the 
absolute frequencies are measured to f0.5 cm- I, the relative frequencies have an un- 
certainty of fO.2 cm-l. The observed frequency ratio for the isotopic bands is 1.0415(j) 
and is in reasonable agreement with the Teller-Redlich ratio of 1.04158 calculated for 
linear symmetric BSa. The symmetric stretching band of linear BS2 is forbidden in the 
IR, and the bending vibration is estimated to lie below the 200 cm+ limit of the spec- 
t rometer (see Discussion). 
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E‘IG. 8. Infrared absorption spectrum of B-S sample conlaining equal amounts of 1°B and “B isotopes. 

The v3 frequency measured here may be compared to a tentative value of 910 cm-l 

assigned to BS2 by Greene (13). Sommer, Walsh, and White (4) observed bands at 993 

and 1052 cm-’ in IR emission from the gas phase over heated “B-ZnS and ‘“B-Z& 

samples, respectively. The bands were assigned to a B-S stretching frequency although 

it was uncertain whether they belonged to BS2 or to B&. Their bands are fairly close 
to the 1014.6 and 1056.7 cm-l bands observed here for BS!. 

BS and B$s spectrum. Weak bands observed at 1165.3 and 1207.3 cn-l are assigned 

to “BS and ‘“BS, respectively (14, 1.5). Similarly, weak bands observed at 1211.2 and 

1254.8 cm-’ are assigned to the asymmetric stretching frequency of linear symmetric 

“B!& and 1°B&, respectively-. The observed frequency ratio is 1.0360(5) which is close 

to the value calculated by the Teller-Redlich rule of 1.03635. The band due to the mixed 

species l”BuBS~ is observed at 1230.6 cm+ (this was the only band which was assignable 

to a l”B-llB species in the spectrum shown in Fig. 8). These B& data are in agreement 

with the gas phase results of Sommer, Walsh, and White (4). 

BzS3( ?) spectrum. In the 1250 and 1300 cm-’ regions several bands of strong to medium 

intensity were observed for llB and l”B samples, respectively. The l”B group consists of 
bands at 1294.0, 1304.2, 1312.4, and 1318.4 cm+ while a similar group for llB samples 

appears at 1244.5, 1254.8 (overlapped with ‘OB& band), 1261.3, and 1266.5 cm-‘. 

These bands are in the region where vibrations of B& would be expected to appear 
(3,4,13), and the bands at 1294.0 and 1312.4 cm-l and at 1244.5 and 1261.3 cm+ can 

be assigned to vr (B = S sym. str.) and v6 (B = S asym. str.) of ‘OB& and 11B2S3, re- 

spectively, by analogy with BsO3 studies (8, 16). However, there are difficulties with 

this assignment since the mixed isotope spectrum shows no strong bands due to l”B1lBSs; 
however, a similar situation did occur in the IR study of B20s. Also, there should be 
several additional bands due to BzS3 in other regions of the IR spectrum which are not 
observed. These assignments must then be considered tentative until additional data 
can clarify the situation. 

IV. Visible Emission Spectrum 

Attempts to observe the optical emission spectra in the usual manner were not per- 
formed in this series of experiments. However, a weak emission band, shown in Fig. 9, 



was consistently observed at 7493 A during the recording of the absorption spectra. 

The 510 cm-’ separation to longer wavelengths suggests that the emission is due to the 

transition from the (0, O”, 0) level of the A%, state to the (1, C”, 0) level of the ground 

state. If this is correct then the symmetric stretching frequency for each of the three 
observed states of BS? is about the same, a result similar to that found for HO? (I). 

The analysis of the BS2 spectrum presented here differs from the conclusions given 1,~. 

lioryazhkin and Mal’tsev (KM) (5). These authors observed the electronic spectrum of 

the vapors over B&(s), B(s) + S(s), or B?Os(s) + Al&(s) samples heated to 900- 

1200°C. Similarly, they recorded bands in the 8000-6100 A and 4100 A regions which 

they assigned to A%,-X2ffI, and B2Z .+-XII, transitions of BS2, respectively. Their B 

system bands at 4095 and 4012 A agree well with our matrix results, and they have 

assigned them similarly. They also observed a band at 4171 A which they assigned 
to a (0, O”, 0)-(1, O”, 0) transition. However, the 4lil A band is 440 cm-r to 

the red of the 4095 A (0, O”, 0) V-(0, O”, 2) %I band, and it is more likely that tht 
former is a (0, O”, 0) B2Z+-(0, O”, 0) X2& hot band. If this is correct then the spin 

orbit splitting in the X%, state of BS2 would be -440 cm-l, a value which is in agree 

ment with that for CSZ+ in its ground state, as determined by Callomon (17). This is 

in accord with the similar findings of Johns (1, 16) when comparing the isoelectronic 

BOZ and CO?+ molecules. The a, molecular orbital of BS2 is essentially pure S(3ps) 

since it is nonbonding, and Callomon (17) has shown that the spin-orbit splitting of 

-150 cn-l in the X*11, state of C!$+ is consistent with this fact. Excitation to a bonding 

K,, orbital, involving both B(2p ) 7r and S(3pr), as occurs in the A211,, state of US,. 
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TABLE S 

COMPARISON OF GAS PHASE AND KEON MATRIX SPECTRA OF llBS? 

Transition Matrix,8 i AG, cm-’ Gas,b i AG, cm-’ 

(0, 00, 0) 7216.0 6923.7 
505 -196 

(1. 8.0) 6962.5 6693.7 
505 192 

(2, (Y’, 0) 6725.8 6481.2 
408 4i.i 

(3, 00, 0) 6.507.X 62XT 
499 490 

(4, 00, 0) 6302.8 .Y -6100 

a Data here are same as those in Table IV. 
h Reinterpretation of data presented hy Koryazhkin and Mal’tsev (51. 

should lead to a decrease in spin-orbit splitting because of the smaller constant for 

boron and our measured value of -263 cm-’ reflects this. 
Furthermore, KM have interpreted their A sJ,stem spectrum to present evidence 

that BS2 is bent in either the A%, or X2& state, but their analysis of the A system con- 

tains several inconsistencies. A reinterpretation of their data can reasonably be given 

which brings their results into much closer agreement with ours. Such a reinterpretation 

is presented in Table X along with a comparison with the matrix data. Their intense 

6923.7 I% band is there reassigned as the (0, O”, 0) 211s band to obtain a (VI’, Go, 0) pro- 

gression consistent with ours. We would then assign their 7004.2 A band as a hot band 

due to the (0, O”, 0) A%-(0, O”, 0) X2H; transition ; the shoulders observed on their 

(vi, 0, O”) 211+ progression then belong to the (VI’, O”, 0) *II; progression. (Other hot 

bands involving the bending frequency of the X2& state are also likely in their spectra 

and probably contribute to the width of their bands.) The above interpretation of their 
data implies that the difference in the spin-orbit splitting of the two II states is -166 

cm+ compared to our estimate of - 177 cm -I. The ill-defined bands in the 7200-8000 A 

TABLE XI 

VIBKATIONAL I~KEQUENCIES AND FORCE CONSTANTS OF “BSZ 

NW, .\W,, 

VI @,+,* 5 10 506 
v2 @“I -120 311 
Y1 (z”+, 1015 1.535 
fib 3.9 5.i 

fI/rZ f 0.02 1.0 
- 

0.9 0.11 

* Frequencies are in cm-‘. 
h Force constants are in mdyn/b 
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region of their spectrum are probabl\. due to other sljecies in the vapor over their 

samples. 

All of the vibrational frequencies in the A%, state, and all but the bending freyuenc!. 

in the X211, state have been measured directly from the observed spectra ; Table XI 

lists the results. A reliable estimate of the bending frequency in the ground state is 

available from the isotope shift in the (0, V, 0) band of system :I. Assuming that 
v~(“‘I~S~)IY”(“BS~) = 1.C116, the data gives v~(“RS$ 2 120 cm-‘. .4 larger value for 

the bending frequent!. in the A%, state is consistent with the stabilizing influence 

Ihal the number of rg electrons has on the linear conformation of the molecule. as 

tliscussed by Herzberg (2). 

Force constants have been calculated from the observed frequencies in thy two best 
states of US, and are included in Table XI. The magnitude offr allows an estimate to be 
made for the B-S bond distance in the molecule, for both electronic states, by using tht 

appropriate Laurie-Herschbach relation (IO) 

Y = 2.02 - 0.53 logj‘V. 

The values obtained for r(B-S) are 1.7 and 1.6 A in the X’II, and AW, states, respec- 

tively. (Similar calculations using the BOZ data (I) give r(B-0) distances within 0.1 x 

of the observed va1ues.j The BS? bond distances are consistent with the signs and 

magnitudes of the frr interaction constants calculated in the two different electronic 

states. If the dissociation products of BSC are given b>. 

HS:,(X’II,) + M(X”\‘) + S(“P) 

I = 1.7 r = 1.6 Jr = +0.1, 

antl 

BS2(A”II”) + 13S(h”IIi) + s (“I’) 

r = 1.6 r = 1.8 .b = --0.2. 

then the correlation (‘0) between the sign of thef,, constant and the change in bond 

length as the triatomic molecule dissociates to the diatomic does predict a rather large 

positive and negative interaction constant in the XSII, and A%, state, respectiveI!.. 

as observed 
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