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‘THE uv SPECTRUM OF AsO.
. .
Beat Meyer

Inorganlc Naterlals Research DlVlSlon, Lawrence Radlatlon Laboratory

' Un1vers1ty of California, Berkeley, Callfornla

' ABSTRACT

The emission spectrnm of Asl60 and Asl80 was excxted in low pressure
- vapors and photographed with dlsper51ons between 2.5 and 0.1 A/mm Vi-
e brational isotope analysis confirmed the earlier assignment of bands,inA

- the. systems A and B, but lead to a new assignment of bands belcnging to -

: 'f;the'C-X and D-X system. A rotational analy51s of the B-X system 1nd1catea:‘A

that the‘transition is 25"PH(a) with B' = 0.525 em 1 ana B" = 0. u92 em™t
18

A strong predlssoc1atﬂon in state B at v=0. and N = 20 (As 0~ N= 23) -

1nd1cates that the dissociation energy of Aso is. > MOlOO em” (M.O8 ev).
i;FTom partlal analys1s of flne structure it was concluded that the character

_ ftcf states A and D i nAT 2 and D2A w1th a - BA ~ O h6 and By~ O h5 em™t

* Permanent'adaress Chemlst*y Department Un1vers1ty of Washlngton,
Seattle, 98105, Washlngton L R NI




© and B (Te ~39900 cm’l) were 2Z+,-while the ground state X (Te ~0, and

- -e-

I. INTRODUCTION

Bands of spectra éssignedlto.arsenic‘monoxide”have been correlated

%o ﬁransitions bgtﬁeen six excited eiectronic energy levels and the

‘ground. state. fwb of these transitions,'A—X’énd B-X, consist of very
étiong pairs of double headed bands. ABoth have been vibrationally analyzed
L»twice and independentlyl’gand it was aséumed that both;.A (Te”~51700,cm_l)
' ‘1025), in agreement with NO, almost certainly must be'eﬂ(a). The baﬁds

; bf transition B-X are blue degraded, and B is, therefore, a Rydberg

- :76 »state. In recent'years_some weaker bands were reported and vibrationally

* assigned to transitions from states C and D,3 one probably 2H, the other
- A

”',: A,‘ahd to two states E and }3‘,)+ both probably'eﬂf

" The purpose of the present work was o confirm the assignment of the’

 ’31 new bands to AsO, to confirm vibrational numbering and to study the ro-

tational fine structure of selected bands. It was also hoped that rota-
tional constants, at least for the ground state, could be cémputed,‘since'

'EbAsO is_the last V-row oxide for which_the'internuclear3distance.is not -

U yet availeble.



" II. EXPERIMENTAL

‘ 8. . o »
The emissilon spectrum of Asl6o and Asl 0 was excited in an'electrode-

' less dlscnarge with a 2L50-Mc/sec microvave generator. Sealed quartz

tubes, 12 cm long and 8 or 12 mm in dlameter, contalnlng 100pg or less

arsenic oxide and a pressure of 0.1 m Hg of krypton, served as light

source. The tubes were prepared by outgassing the quartz at 1000°C and

a preSsure below 10_6 mm Hg. The arsenic oxide was produced in the tubes

‘ ' . L 16
by burning 100 pg arsenic metal (99.9999+%) in an oxygen (99.999+% O,
or 98.+%1802) atmosphere at a pressure of 10 mm Hg. ter removal of

the okygen excess, and after addition of 0.1 mm Hg krypton as starter

’”’; fgas, the tubes were'sealed._ Tubes prepared in this way were. free from

impurities for 12 ‘or more hours of operation. At room temperature the

"_‘emission was mainly from arsenic atoms, Opulmum.emlss1on from diatomics

1,was obtained by heatlng the tubes to 300 C. Spectra were recorded on

- three spectrometers: (1) low dispersion spectra (2.5 A/mm) for the

measurement of band heads and vibrational isotope shifts were photographed
on a Jarrell-Ash 3.4 Wadsmorth 1nstrument u51ng an iron arc as wavelength

"standard (2) nigh dlspers1on spectra for anaLy51s of high vibrational

“;levels were recorded in the thlrd order of a 21 ft. Paschen instrument

:i_with concave grating, giving a dispersion of 0.4 Afmm; and (3) high

':passvng the llgau; before entrance into the spectrometer, through a

dispersion spectra for the anaiysis of fine structure and band heads were

‘. studied in the.lBth to‘25rd order of a éo'ft. Czerny-Turner spectrometer
"57;equipped with a‘5u in harrrson gratlng blazed for eLh° R glVlng a dlsper51on

" of 0.15 to OLlO A/mm The 1solatlon of hlgh orders was concrolled by _*w

f*fpredlspers1ng set up conslstlng of an adJuSuable slit, a 60 quartz '



-

prism and three lenses. Thorium lines were used as waveleugth standards
on instrument (2) and (3). All spectra were recorded on 103a-0 Kodak

spectroscopic plates with exposure times varying between 10 sec and

_50 min.
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III. RESULTS AND INTERPRETATION

A. System BQZ?-XQH(a)

While Conmlly‘2 observed this system up to high v', Jenkins and
Stralt, using‘loﬁ pressure sources, found ﬁo'indication of levels with
vt > 0. They also concluded that a strong predisse-’ lon was responsible
for an anomalous intensity distribution bgtween Hl/2 and H3/2' In Table

8

. . P4
I, band heads for AleO and Asl 0, and measured as well as computed
isotope shifts are listed., We could not observe v' = 1 or higher, con-

'firming Jenkins andetrait‘sl observation. High dispersion spectra of

.{(0.0) Hl/é and (O;O)H5/2 showed tha’t each double headed band consists of

'  ':four branches. The rotational ahalysis indicated that the long wavelength

P

"band head Hl/2 is formed by Pl}linés, while the head toﬁards shorter wave-

' length:éontaiﬁs Qiland R, lines (Fig. l); The SR lines are ?ery weak, and
the QP'a‘nd RQ lines are eithef too weak for;obégrﬁation or coincide with
the corresponding‘Ql;and Rl lines.‘The.ﬁE)z-héads'afé mﬁch étronger»and - o
'éonsiSt,iat lénger‘wavelengthé; of 2 p head,vand; at shorter wavelengths, .
of P, head._:The."Q2 andﬁRé linéé are'aiso verj gtrong, while the satellites

T Q and QR are missing;—;This‘analysis indicétes that thé upper state of
the transitiqn is o5 Table IT lists theﬁstronger.iines of the (0.0)1/2
‘vhead'at 2504 K. It can be séen that lines to levels with ‘Ni‘Z'QO are
"ﬁissing.' In Asl80 the predissociation'starts at levels withAv’_; 0 and
"N' > 25..  The lack of lineszitﬁ N‘.Z€20~f»and'525; respectively makes:a
 rotational aﬁalyéis at mediuﬁ diépersiQﬁ impossiﬁle, and even at ,;

;d = Q.l2 ﬁ/ﬁm only 10 Q linéé‘aie Sufficienélyiresolvéd for measurement,
but the‘predissociafioﬁ'helped,iﬁ'éstab%ishing the relative numbering of

" lines in the different branches. = The B values deduced from'AlF and AF



differ less than 0.2%, indicating that the rotational levels are unper-

e

- turbed below the predissociation limit.. The effective BO value of th

I and II /2 components are, within experimental limits, the same

1/2 3
with BY_ . = 0.ho2 em™ and B' = 0.525 cm™t.

B. The Dissociation Energy of AsC

Ffoﬁ the-pfedissociation v =0 N = 20 of the B.sﬁate conclusions
Jabout the dissociatién energy of arsenic oxide can be drawn. .Siﬁce
 “1ines with N > 20 are missing or too weak for observation, it can be
B concluded from Kroﬁié‘s rules that the predissociation is caused by a
) state.with AN= %1 and probably the same muitiplicity aé the pertu?bed
‘B state which has QZf-character.A The pfedissociation is, theréfore,
iikeiy o be caused by‘a 2H or a 22? state. The combined ground state
_ _,atoms,As(us) and O(?P) fofm,_besides several quartet and seXtet states;
‘only one oy and one % each; the °n state being the ground state of -
the mbieCule. The perturber'ﬁight,,therefore, be 22?. This conclusion
agrees well with the fact that the D state (see below), presumed to be'
QA, does not predissociate at energies as high as HS;OOO §m~l. The

. ’ . ' -+ ) o . : . . : )
perturbihg 22 state arises from a molecular orbital configuration:

2 N

-+ (o2p)" (map) Tap

"ahd corresponds to the repulsive A' state in the elecfronically isovalent.
molecule NO__.5 The upper limit for the dissociation energy of AsO is,

-f_therefore,;Dg'S Lo, 100 cm-l (4.98 ev).



E

" R, and Ry lines, using the ground state B

C. System A-X

s 1,2
The vibrational analy31s of the A-X system was reported earlier.™

Teble III lists some strong bands and includes the corresponding heads

18

of As™ 0, together w1th measured and calculated 1sotpoe shifts. The

transition was assumed £o be -Z - H, the»ground state being the X_state

" since the bands appear in paris separated by 1025 em™t.  The splitting

-_also indicates that the upper state, A, has no or only a very small

1

.[multiplef separation. ngh dlsper51on pnotOGraphs show - that the strong:
.‘-'double heads aré accompanied on the low wavelength side by at: least ored‘
;'aweak safellite'nof listed;in.Table‘III.j'The rotational lines anw
.‘d  doubling iﬁ all brandheg; The doUbling dncreaséé in the (0.0) band
- .‘llnearly Wluh N with a 7y value of ~ 0.013 cm l. ‘fﬁis large splitting o
could be due to the 1arge magnetlc moment caused by the contrlbutlon of
5?ithe close by_E_H state to the electronic orbital anguler momentun. An_"'

° approximete effective B value for the A state was deduced from averaged

= 0.hg2 en™" as obtained
-1

0.

o ?.dﬁfrom the B-X’system.'TThus B was determined to be ~ 0.45 cm ~. A de-

h*ﬂf_tailed'anaIYSis of fhis band system is with'thé present.excitation not

A

- 3p0331b1e, but since the line doubllng 1ncreases llnearly with N, 1t is

I

”f{probable that. the state A is 1ndeed Z

' D. System D-X and C-X -

Weak bands héve'beendrecently reported; which fit in a vibrational

‘analy51s for two new states of AsO. 1In the present workvsome of these
v,bands were also obse ved, and isotope shifts were measured. Fig. 2 shows ;fd
"i-some of the bands of system C which overlaps system D.

Two sets of'baﬁds were observed: (1) Sharp doubleAheadeddbands with =



A

strong Q heads forming and extended system, and (2) bands consisting of
.strongly blended overlapping heads. The latter resolved, in high dis-
persion, into e large number of wealk branches. The true band heads of
this system were very Weak, and the low dispersion heads proved to be -
'apparent heads only, formed by coinciding‘étrong lines of different

'branches. The isotope and Deslandres correlation of bands belonging to

- the blended systém was therefore, much lesé accurate tﬁan the‘plate |
v:~ measurements, and bands of the weak system are not included in Table Iv.
;Isétope-shifts indicated that the prigin of both systems are very close.
The origin of the band system of Table IV is at appréximately 37600 cm~;.
'Theilisted heads are probably transitions of‘an'upbéf state wifh,small
fjdoublet éplittiﬁg,ipérhaps é ?2; to éne comPOnenf of the X2H groﬁnd state
of Asd,N;A diffefeﬂt.excitation-oftsystéms C and D is:needéd before a

fotational analysis becomes' feasable..

¢ .



TV. CONCLUSION -

i

Ih the present work isotopic substitutién was used to confirm the
.v1braulonal ana lysis of bando bc:lorlo'lnrr to the systems A-X and B-X. A’
"?otational analysi; of the B—X system was‘performed and Bo and ro were
.deduced for the staﬁesixzﬂ(a)'and the B Rydberg state which was shown to
';T have 22+'character. ‘Approximate B values were also deduced for the' |
,fstates A and D, usihg the B values of the ground state and averaged R
 i,branchés, of the\(0.0) and (0.1) heads.> The bands belonging to the
B system D were newly assigned, teking into éccoﬁntlthe isotope shifts
k pobserved for Aslgo. The character of_the’not yet fully analyzed-states
J=  A, C, and D could not be coﬁclusively deduced, but the states seem to
25 and 2. | "
35,6

From Flg 3, and molecular orbital comparlsons it seems

'l likeLy that the Rydberg state B correspondsAtO'state A of PO and, pro-
.; .bably;vA of NO. The Asé ;s.’.c'et’c'e'E,)-L whiéh was not reinvestigated during"
this work, correlates most probébly,'to the B state of NO and NS. ‘The
qfkﬂ-aﬁ‘sfate also correlates nicely with the states A of NS and B' of NO.
", EThe correiafion of the two 22 states A andAC is not clear at this time,'l
jand it ;s, in view of the uncertainty of the characUer ass1gnment pre- _”
‘;:'mature to dlscuss thelr relative posluloﬁ.‘ N
ther analy51s of the 11 electron oxides woula bé'greatly'helped{ ”'
Q‘f€'ﬁ‘ f ;1f llght sources could be found vwhich give selectLve excitution. Pre-

.

Iminary exoerlments 1nalcate that a0u1ve oxygen flames mlght prove helpful,:
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Teble I. Strong Fand Heads of 5 — XT(a)
Transition :
o o v; ~ branch energy in cm_l(a) Z;SEO%SjShle no
" Multiplet ? forming 16 18
- head As™ 0 . AsT70 obs. comp.
1/2 0.0 @ - 39997 39235 .62 - (e)
’ . 39913.9 - 39910.6 3.3
3/2 0.0 B : 38900.4 ' -38899.1 .» 9.1 - (c)
% 38885.0 388%2.0 3.2 ¢
12 o Q '38970.0  39010.0 ko~ . b5
‘ ' P, . 38956.0  389T.0 k.
- I S B, - 37945.0° "37980.1 k0 45
o % 379310 37973.7 ke
”:1/2 o2 Qi 38022.0 - 38107.5 8 - . 88
" | Py ‘ ) 38996.3 "
32 o2 B, 36999.0. 3708: . 8 - 88
' Op 37071 - N

(a) #0.2 em™ for (0.0), for all others *1 cm

(v) £0.5 for (0.0), for all others *2 cm™~.

(c) .the (0.0) isotope shift was used to compute the experimentally not

observed‘wé = 1095 %= 2 cm~;i




-13-

' ' 24 LD , '
Table II. Strong Lines of (0.0) B S —»X IL/2 Head
. - . .

.~ (energies * O.5cm_l)

.
O

B
n

O D W = Ul Oy ] D\

bR 0, P,
39933 .66 39912.18
19 39953.78 - 32.95 15.50
18 5e.12 - 32.30 15.77
17, 50.49 o3 1.1k
16 4895 | 31.22 . 1h4.56
15 kT 30.82 15.07 .
T w00 30.75 15.64 -
13- o0 sk - . 30.39 16.21
s 329 . 30.00 16.82
o o 29.96 17.60
10 k084 29.68 1837
. 39.68 - 29.49 19.21
38,61 - - 29.57 ' 20.17
- 37.5%6 Co21.0k
" 36.61 |
35.70
348k
- 3h.ob
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Table III. - Strongest Band Heads of AEQZ] - X II(a)

X°I Energy in em” (a) ~ Isotope Shift, ip.pm—l (v)
multiplet v’,v”'r : Asl6o 18  obs. ‘ computed
1/2 0.0 51551 | T
| | 31515 |
3/2 0.0 30505.4  30510.0. 5 7
o . 30487.3  30L93.9 : 7 , _
. 1/2 B _ 31236 - 31256 . 20 R 21
- .. .31220.6 . 312h1.1 0 21 o o
3/2 0 1.nC 30211.6 - 30230.7° 19 . 21
B - ’ 30196.7 . 30216.8 - 20 . . . o
/2 e g0 o oesols 3T . . 36
- 3/2 Le.2 29893 . 29931 . 38 36
120 20 32195 32167 26 . . 26
oozt ozewsk 25
5/2° . 1.0 . 31166 . 31k .22 o 26
- ' DR 31152.6 . 3113k 0 219t
12 C 0.1t BOMgL . BOshL - S0 . 55
, S - 30k69 3053L . - 052 .
. 3/2 0.1 295kg 29600 s 5B
- o © 29529 . 29582 53 .t
(a) l cm l,i;b 2 cm"l if adaltlonal dlth is llsted ‘The bands are:

: Lj weak, but dlSulﬁctlve SateLllbe heaas, approx1mately 10- 15 cm %

above the hlgh energy head.
(b)*E em
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Strong Heads of D — X Systenm

Table'IV.
(Energies in cm—l)
Ay , Asl6o (a) -Asl8o () AL Vi, v
measured calculated
596 | Lok26 40308 - 118 | 120 5.0
£o0 39830 - 39751 99 100 1.0
603 39250 39158 T2 75 3.0
38627 38580 W7 50 2.0

-1
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Table V. Molecular Constents of [“As™ 0
DS < 40100 cn™t (4.98 eV)
T w W x B r
e e e e} o

275 30865 1098 0.525 1.561
D[] < 37600 610 L 0.46

2-\ ' /‘ | |
(2] -~ 37500 660
A ['22 ] 31655 1685 ~5 0.43
[ EI ] . 27000 71k |
x I 1025 967 0.bg92 . 1.612
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