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The emission spectrum of VN has been investigated in the 3400-19 400region using a Fourier transform spectrometer.
The bands were observed from the reaction of V{3@por with active nitrogen. In addition to the previously known transitions
of VN, several new bands observed in the visible and near infrared have been classified into two new electronic transitions,
e'fl-a'A andd = *—b=+. Four bands with origins near 5267.49, 5290.48, 5318.86, and 5349 45have been identified
as the 0-0, 1-1, 2-2, and 3-3 bands, respectively, ofl the—b X+ transition. The excited X+ state is known from the
d X +-X %A, transition observed previously by B. Simard, C. Masoni, and P. A. Hacke#td|. Spectroscl36, 44-55 (1989)).
Thed = *+-X %A, transition has also been observed in our spectra. Another band witR tiveo Q, and twoR branches and
band origin near 14 292.77 cthhas been assigned as thd1-a'A transition. A rotational analysis of bands of the three
transitions has been carried out and the spectroscopic constants have been evaluated. The principal spectroscopic constants f
thea A state, which is most probably the lowest singlet state of VNBgre: 0.634 804(31) cm?, Dy = 9.03(14) x 10" cm™?,

andro = 1.554 891(38)&, while the equilibrium rotational constants for théx+ state areB, = 0.617 896(26) cm?, ae =
0.004 148(19) cm!, andr, = 1.576 022(33) A Thed =~ state is affected by interactions with a close-lying perturbing
state. © 2001 Elsevier Science

INTRODUCTION tion technique and observed three transiticisSA, 3I1-°A,
and'= +—3A; with their 0—0 bands near 700, 624, and 616 nm, re

Transition-metal-containing molecules have been the focsigectively. Simaret al. (36) also obtained a rotational analysis
of recent investigations because of their importance in astaf-the 0-0 band of th&+—2A, intercombination transition and
physics (), catalysis, and organometallic chemist®4). The labeled itd = *—X 3A;. The 624-nm transition was later studied
study of these molecules provides important data needed iima molecular beam source using laser-induced fluorescence
the understanding of catalytic processes and chemical bondBalfouretal. (37), who labeled this transitioB 31X 3A. Inthis
in simple metal systems3( 4). Transition metal nitrides, for work the spectra were recorded at sub-Doppler resolution a
example, are important in the fixation of nitrogen in industriathe hyperfine structure of the three subbands of the 0—0 banc
inorganic, and biological systents, ©). Because of high cosmic this transition was observed. Balfoetral. (37) provided precise
abundances of transition metal elements éeveral transition- rotational and hyperfine constants for fhélT and X A states.
metal-containing diatomic species (oxides and hydrides) haveThe reaction of laser-ablated first-row transition metal aton
been observed in the spectra of cool M and S type sBafkl]. with N, has been investigated by Andrews and co-workges (
There is a possibility that transition metal nitride molecules may0) and matrix spectra for molecules such\alsl andM N, have
also be found. If detected, their spectra might provide informheen observed. A sharp VN peak at 1026.2 tmbserved in
tion on the abundance of nitrogen in the atmospheres of caolid argon has been assigned as the fundamental vibratio
stars. Precise spectroscopic data on these species are needdxifat of VN, in reasonable agreement with the available g
a search. Over the past decade, considerable progress has pkase value of 1026 5 cn? (36). The spectroscopic prop-
made in the characterization of the interaction of transition metatties of the low-lying electronic states of VN have also bee
atoms with nitrogen and several theoretidd{23) and experi- calculated recenthy, 17). The first calculations were reported
mental studiesq1-31) have been advanced to achieve this godby Mattar and Dolemari), who performed multireference Cl

Among the vanadium-containing molecules, the electrondalculations on a few triplet states of VN while, more recently
spectra of VO are the most extensively studig®-34), and the Harrison (L7) has predicted the spectroscopic properties of mo
spectra of VN 85-37) and VCI (38) have also been charac-of the low-lying singlet and triplet states using MCSCF and mul
terized recently. Peter and DunB85] observed the emissiontireference Chb initio calculations.
spectrum of &® —3A transition with the 0-0 band near 700 nm, Recently the permanent electric dipole moments in the grout
which was labeled a83®—X 3A. In the same year, Simaedal. and excited states of VN and CrN have been measured ¢
(36) produced VN in a molecular beam using the laser vaporizgerimentally by Steimleet al. (41). They have recorded the
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1{-X3A,, P(1) spectrum of VN and, from the observed StarRhese transitions were labeled Asd-X 3A (35, 39, D 31—
splitting, they have obtained a dipole moment of 3.07(7) D foX %A (37), andd = *—X 3A; (36). The electronic structure of
the X 3A; state, compared to the theoretical valuget 2.77 D VN is expected to be very similar to that of Ti@4, 45 and
calculated by Harrisonl(7). NbN (46-48), for which the low-lying electronic states are re-
In the present investigation we have recorded the emissilatively well characterized and several singlet and triplet stat
spectrum of VN in the 3400-19400 cthregion and have are known experimentally. For VN, however, only tHéx*
observed two new electronic transitiofid-'A and'+-1x*, state has been experimentally observed in the singlet manifo
in the singlet manifold, in addition to the transitions observed ecent theoretical studies of VN.{) predict the presence of
previous workers35-37). We have also seen tlie's+—X 3A;  several additional low-lying electronic states. For example,
transition of VN, previously observed by Simaed al. (36). lowest3X ~ excited state, analogous to tAe’s ~ state of NbN
The excited’x state of our newx+-=* transition is in (46-48), has been predicted in the triplet manifold of VINY.
common with the excited state of tlie's+—X 3A; transition. So far this state has not been experimentally observed for Ti
In this paper we will report the rotational analysis of the 0—@ur present observations provide data for several new low-lyir
1-1, 2-2, and 3-3 bands of the* = * transition and the 0—0 singlet statesa'A, b'x*, ande'IT of VN, consistent with pre-

bands of thélI-A andd = +t-X 3A transitions of VN. dictions of Harrison17) and available results for TiGt4, 45
and NbN @6-48). In this paper, therefore, we have taken this
EXPERIMENTAL opportunity to update the energy level diagram of VN based ¢

our experimental results and the most recninitio calcula-

The VO, VN, and VCI bands were observed in the same etiens (17). The updated energy level diagram of the low-lying
periment from the reaction of flowing VOgVapor and active electronic states of VN is presented in Fig. 1, where we ha
nitrogen. The details of the experimental setup are providedlibeled the lowest~ state as $£~ and the lowest singlet
our recent paper on VQIR). In brief, active nitrogen was pro- excited state asA.
duced in a short quartz tube attached to the reaction cell by
flowing N, through a microwave discharge. The active nitrogerg,
then reacted with VOGIvapor introduced at room temperature
through another side tube whose inlet was located near the acti
nitrogen inlet. The intensity of the discharge was controlled bjeln
cooling the reaction tube with vapor from liquid nitrogen in a
styrofoam container beneath the main reaction tube. d'T _-16220

The spectra were recorded with the 1-m Fourier transforrys;—
spectrometer associated with the McMath—Pierce telescope
the National Solar Observatory at Kitt Peak. The spectra iae 14313
the interval 3400—-19400 cm were recorded in two parts,
3400-14 700 cmt and 8700—19 400 cm, by coadding 29 and
4 scans at a resolution of 0.02 and 0.015 émespectively. The
spectrometer was equipped with a Gdleam splitter. Liquid-
nitrogen-cooled InSb and midrange photodiode detectors we®
used in recording the spectra in the two regions.

In addition to VO, VN, and VCI molecular lines, the spectra
also contained CO 2-0 overtone lines present as an impurit
The spectrum was calibrated using the measurements of the 2
overtone lines of CO provided by Maki and Wel3}. The
molecular lines of VN have a typical width of 0.032 chand
appear with a maximum signal-to-noise ratio of 8:1 so tha -
the best line positions are expected to be accurate to abc
+0.002 cntt. However, the lines of the[I-a'A transition
are frequently overlapped with much stronger lines ofAlié—

X 3A transition; therefore, the uncertainty in the measuremer
of lines of thee 'M-a *A transition may be somewhat higher.
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Three.eleCtroniC transitions of VN are k!']own tq qate fro_m FIG.1. Aschematic energy level diagram for the low-lying electronic state
the previous analyses of bands observed in the visible regiefivN. The new transitions are drawn by bold solid arrows.
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The ground state of VN arises from thd&34so ! configura- (A) The d*x*—b=* Transition

tion (17, 3537), while the I°5" and the previously observed A group of four bands with open rotational structure has bee

A% andD 31 states of VN (Fig. 1) arise fromd3?, 3ds*3r?, . . .
and 3161371 configurations, respectively. In the singlet manipbserved in the region 5200-5400 tiOnly bands in the

fhecrderng e iate sprdictedtab (s, < 0 HTCE I poeh obeeret 1 ot pect, T
b=+ (4s0?), ¢ (3ds?), d =+ (3ds?), e T (3dst3dr?), and " 9

: ; i i Iy
f 1@ (3ds*3d?). All the singlet electronic states shown in the Pranch without any doubling, consistent with L

. . . . . assignment.
energy diagram (Fig. 1) were predicted in #iginitio calcula- The lowest wavenumber band with a band origin ne
tion of VN by Harrison (7), except the &' state. The exper- 267 cnt! has been identified as the 0-0 band. This band
mentally observed electronic states of VN have been drawn é_\( htly weaker in intensity than the 11 band an. dis free fror
solid lines and the states predicted (but not observed yet) h:f\(\)/g

) . ... Jocal perturbations, although the effect of interactions in the e
been drawn by broken lines. The previously observed transmonF . : ;
cited state is reflected by the abnormally large distortion con

are _drawn k_))_/ normal solid arrows in Fig. 1 while the new ele?- nts. Rotational lines up #&(38) andP(41) have been observed
tronic transitions observed in this work are drawn by bold sollIn this band
arrows. The next band with an origin near 5290 chhas been iden-
tified as the 1-1 band of tht'>+—b X+ transition. A part of
the 1-1 band is presented in Fig. 2, in which sdfknes have

been marked. The rotational lines upRg6) andP(56) have

The spectra were measured using a program called geen identified in this band, which is also free from local pe!
DECOMP developed by J. Brault at Kitt Peak. The peak p(r)urbations. The next two higher wavenumber bands, with the
sitions were determined by fitting a \oigt line shape function {3/19ins near 5319 and 5349 cth have been identified as the 2-2

each spectral feature and the branches were sorted using a ¢t 3—3 bands of the T by transition. These bands are
Loomis—Wood program running on a PC computer. The Specﬁgected by Ioca_l perturbations in the excited state léar 27
are full of strong bands belonging to VO and VN. In the regiofind 20, respectively. _ ,
6000—7300 cmt, our previously reported [@] *A—X °A tran- A comparison of thle rotational congt_ants from the analysis «
sition of VCI (38) is also present with moderate intensity. In thée 0—0 band of thel 'x"—b 75 transmoln with the constants
near infrared a new3d—12A transition of VO has also been ob-Of the v =0 vibrational level of thed '£™ state indicates
served for the first time; the analysis will be published elsewheif@@t this 3transmor_1_has an excited state in common with tr
(42). Our Loomis—Wood program was very helpful in identifyd > —X “Az transition.
ing the lines, particularly in the weaker and overlapped band ..
Our present spectra consist of a number of new bands othﬁ%) The d"Z¥-X"A, Transition
the region 5200—14 400 crh, which have been assigned to the The 0-0 band of thd 1= *—X 3A; transition is located near
dx+t-b!x* andefT-a'A electronic transitions following the 16 220 cntl. This transition was previously measured by
notation for the electronic states provided in Fig. 1. The rot&imardet al. (36) by laser-induced fluorescence in a molecula
tional analysis of these two transitions, along with an extendedam and was named the'x+—X 3A; transition. We will
analysis of thed 'x+—X 3A; transition, near 16 220 cm (36), retain this notation. This transition consists of singleP, and
will be presented in this paper. Q branches with th& branch being the strongest in intensity.

OBSERVATIONS
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FIG. 2. An expanded portion of the 1-1 band of ithést—b s+ transition of VN near thé® head.
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FIG. 3. A compressed portion of the spectrum in the region ofAf®—X A transition of VN with the heads of the!'lT-a A transition marked.

Because of the similar magnitudes of the rotational constantsNo off diagonal bands of th@'=t—b =+, d = *-X A4, and

in the upper and lower states, this transition also has an op€i—a A transitions of VN have been observed in our spectr:

structure and all of th® lines are piled up in a narrow region ofso none of the vibrational intervals of the singlet electronic stat

about four wavenumbers. Our measurements of the rotatiogalild be determined.

lines of this transition agree well with the measurements of

Simardet al. (36) within the experimental uncertainty. In our RESULTS AND DISCUSSION

work we have extended the observations to include the lines

up to R(26), P(27), andQ(31) of the 0-0 band compared to Although the first lines were generally not identified, ther

R(17), P(21), andQ(21) observed in the previous analysis. Nés no doubt in the assignment of tlie's *—b X+ transition

other vibrational bands have been identified because of the@cause the upper state is common to the singlet—triplet int

very weak intensity. combination transition measured by Simatdl. (36). The ro-

tational analysis of the 'IT-a A transition is secure because of

1 » the presence o) branches. The observed line positions of the

(C) The €fl-a’A Transition dizt-bix+, d Iz t-X 3A4, ande 1-a !A transitions of VN are
The 0-0 band of the'IT-a A transition ha®Q andR heads provided in Table 1. The molecular constants were determin

near 14 293 and 14 317 crh respectively. This band is heavilyby fitting the observed line positions with the customary energ

overlapped by bands of the stroAgd—X 3A transition. At first level expressions:

glance (Fig. 3) thegll'[—alA transition is not O.bVIOUS in our (for I+, 1A, andA, states)

spectra. The Loomis—Wood program was again very helpful in

identifying this transition, in spite of heavy overlapping. The F(J) =T +BJI(J+1)- DIV + 1)

0-0 band consists of twR, two P, and twoQ branches with 3

negligibleA-doubling in the lower state. This transition has been RO+ [1]

assigned as thelT-a A transition of VN. The 1-1 and other (for 11 state)

higher vibrational bands could not be identified because of their

weaker intensity and strong overlapping from the bands of the ~ Fv(J) = Ty + B,J(J + 1) — Dy[I(J + 1)I?

A%P-X 3A transition. A part of the compressed spectrum of VN 3

AP-X °A transition. A mpressed +H[I( + 1)]

in theeTI-a *A region is presented in Fig. 3, with tli@andR ,

heads marked. +1/2[qyI(I + 1) +aov(I(I + 1)) [2]
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TABLE 1
Observed Line Positions (in cm~!) for the d 'S+t-pb! X+, d 'S+t-X 3A, and e 'TT-a 'A Transitions of VN
J RJ OC PJ) OC RJ OC PJ) OC RJ) OC PJ)  OC
d'zr - bzt 0-0 d'Tr - p'Zt 1-1 d'Zt-plzt 2-2
2 5265.051 3 5322.627 2
3 5272.628 1 5263.862 3 5286.873 6 5323.912 -7 5315.281 5
4 5273.961 -2 5262.688 -2 5296.892 0 5285.699 -4 5325.234 1 5314.121 1
5 5275.317 -1 5261.538 -5 5298.239 6 5284.562 2 5326.569 3 5312.985 1
6 5276.689 -4 5260.411 -5 5299.603 7 5283.439 3 5327.926 7 5311.873 4
7 5259.308 -1 5300.981 4 5282332 -0 5329.291 0 5310.776 4
8 5279.499 -1 5258.221 -1 5302.380 1 5281.249 0 5330.681 -0 5309.686 -10
9 5280.931 0 5257.155 1 5303.802 2 5280.185 0 5332.093 2 5308.637 -2
10 5282.378 0 5256.114 8 5305.241 1 5279.142 1 5333.519 -2 5307.603 1
11 5283.840 -2 5255.073 -2 5306.701 -1 5278.119 1 5334.966 -3 5306.581 -3
12 5285.319 -1 5254.066 4 5308.181 -0 5277.115 -0 5336.433 -2 5305.585 -1
13 5286.818 5 5253.070 5 5309.686 6 5276.131 -0 5337.916 -4 5304.605 -2
14 5288.322 2 5252.089 4 5311.198 -2 5275.168 -1 5339.419 -4 5303.643 -4
15 5289.840 1 5251.126 7 5312.738 -1 5274.224 -2 5340.941 -3 5302.703 -4
16 5291.374 4 5250.170 4 5314.295 -2 5273.305 1 5342.482 -1 5301.782 -3
17 5292.910 -0 5249.230 1 5315.874 -0 5272.401 -0 5344.039 -1 5300.879 -3
18 5294.460 -0 5248.293 -9 5317.464 -8 5271.521 2 5345.616 2 5299.996 -2
19 5296.017 -1 5247.388 1 5319.088 -0 5270.657 -1 5347.209 4 5299.138 6
20 5297.584 0 5246.485 4 5320.721 -4 5269.812 -4 5348.819 5 5298.285 1
21 5245.585 -0 5322377 -4 5268.996 1 5350.442 4 5297.460 5
22 5300.727 -3 5244.696 -1 5324.053 -2 5268.190 -4 5352.082 2 5296.645 2
23 5302.307 -2 5243.813 -2 5325747 -3 5267.413 -0 5353.738 -0 5295.852 3
24 5303.886 -5 5242.936 -3 5327.461 -2 5266.652 -2 5355.407 -4 5295.077 4
25 5305.474 0 5242.068 -0 5329.195 -1 5265911 -3 5357.089 -10 5294.314 1
26 5307.055 -1 5241.200 -1 5330.945 -3 5265.191 -4 5358.775 -28 a 5293.565 -6
27 5308.637 -1 5240.332 -3 5332.715 -4 5264.497 1 5360.464 -58 a 5292.829 -16
28 5310.215 -2 5239.469 -1 5334507 -4 5263.816 -2 5362.146 -109 a 5292.105 -30 a
29 5311.793 0 5238.609 3 5336.310 -10 5263.158 -2 5363.819 -184 a 5291374 -68 a
30 5313.363 -2 5237.739 -2 5338.157 8 5262.521 -2 5365.440 -325 a 5290.656 -108 a
31 5314.933 2 5236.876 2 5340.001 3 5261.898 -8 5289915 -187 a
32 5316.496 4 5236.006 2 5341.868 2 5261.319 9 5289.137 -319 a
33 5318.043 -3 5235.134 4 5343.750 -3 5260.739 3
34 5319.593 0 5234.254 2 5345.660 2 5260.182 2
35 5321.131 -0 5233.364 -4 5347.580 -4 5259.647 1
36 5322.665 5 5349.534 7 5259.133 0
37 5324.180 -2 5231.585 3 5351.495 4 5258.638 -2
38 5325.693 -1 5230.678 -2 5353.471 -1 5258.176 8
39 5229.767 -3 5355.477 3 5257.720 3
40 5228.853 1 5357.499 5 5257.288 2
41 5227.927 -0 5359.532 -1 5256.879 2
42 5361.590 -1 5256.488 1
43 5363.669 1 5256.114 -5
44 5365.766 1 5255768 -3
45 5367.867 -12 5255.449 4
46 5370.015 1 5255.139 -1
47 5372.171 6 5254.856 1
48 5374.335 -2 5254.593 2
49 5376.523 -5 5254.349 -0
50 5378.740 4 5254.133 5
51 5380.961 -4 5253925 -2
52 5383.212 1 5253.746 -1
53 5253.589 0
54 5387.761 1 5253.449 -3
55 5390.063 -0 5253.333 -2
56 5392.382 -2 5253.241 1

Note.Lines marked by “a” are perturbed lines and O-C are observed minus calculated wavenumbers in unteof 10
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TABLE 1—Contiuned

J R() o-C P() o-C RUJ) 0-C 120)) o-C QW) 0-C
d'L-p'st 33 d'Zr-X3A, 0-0
1 16222.707 1 16220.193 -7
2 16223.988 4 16217.719 -2 16220.223 -4
3 5345.890 -2 16225.274 -2 16216.506 -1 16220.263 -2
4 5344.749 4 16226.582 3 16215.302 -5 16220.321 4
5 5357.089 -12 5343.624 7 16227.893 -1 16214.122 3 16220.385 4
6 5358.440 -4 16229.217 -4 16212.944 0 16220.464 7
7 5359.800 -4 5341.422 4 16230.558 -1 16211.771 -8 16220.546 2
8 5361.185 1 5340.350 2 16231.906 1 16210.630 2 16220.640 -2
9 5362.580 -2 5339.303 6 16233.268 6 16209.488 2 16220.749 -0
10 5363.995 -3 5338.261 -5 16234.638 11 16208.366 10 16220.869 1
11 5365.440 7 5337.248 -5 16236.001 0 16207.236 1 16220.999 5
12 5366.884 -0 5336.258 -1 16237.382 2 16206.124 2 16221.138 10
13 5368.350 -3 5335.276 -7 16238.758 -8 16205.027 9 16221.270 1
14 5369.843 3 5334.324 -2 16240.158 2 16203.919 -1 16221.416 -1
15 5371.350 6 5333.386 -1 16241.551 1 16202.830 -0 16221.569 -0
16 5372.869 5 5332.466 1 16242.950 3 16201.739 -6 16221.722 -3
17 5374.402 2 5331.564 3 16244.336 -9 16200.667 3 16221.885 0
18 5375.943 -9 5330.681 6 16245.743 -0 16199.592 7 16222.045 -0
19 5377.459 -60 a 5329.803 -3 16247.149 9 16198.517 8 16222.201 -0
20 5378.968 -134 a 5328.940 -12 16248.533 -3 16197.445 11 16222.381 13
21 5328.050 -66 a2 16249.921 -6 16196.356 -2 16222.524 -2
22 16251.312 -1 16195.291 10 16222.684 3
23 5384.411 477 a 16252.692 -2 16194.198 -2 16222.832 -0
24 5386.045 474 a 16254.067 0 16193.117 1 16222985 8
25 5387.720 500 a 5325.396 473 a 16255432 1 16192.028 2 16223.122 7
26 5389.431 548 a 5324.630 469 a  16256.788 4 16190.935 6 16223.253 8
27 5391.164 608 a 5323912 498 a 16189.819 -6 16223.374 10
28 5392914 674 a 5323.220 540 a 16223.488 15
29 5394.686 751 a 5322.560 603 a 16223.565 -5
30 5396.470 830 a 5321.923 676 a 16223.655 2
31 5398.272 920 a 5321.297 748 a 16223.719 -3
32 5320.721 859 a
33 5402.057 1254 a 5320.150 965 a
34 5403.915 1376 a 5319.593 1075 a
35 5405.804 1522 a 5319.088 1228 a
36 5407.722 1692 a 5318.583 1372 a
37 5409.654 1871 a 5318.094 1525 a
38 5317.621 1686 a
39 5317.174 1866 a
40 5316.741 2056 a
41 5316.336 2268 a
J R OC P,(J) O-C RyJ) O-C Pid) OC Q4fJ) OC Qud) 0O-C
e'Il-a'A 0-0
5 14299.725 -12 14299.725 7 14292.291 -14 14292.291 -0
6 14300.790 1 14284702 14 14300.790 26 14292.103 -16 14292.103 3
7 14301.785 -26 14283.217 -16 14301.785 7 14283.217 2 14291.882 -22 14291.882 3
8 14302.758 -44 a 14281.728 -20 14302.758 -4 a 14281.728 5 14291.637 -20 14291.637 13
9 14280.207 -25 a 14280.207 7
10 14304.708 18 14304.649 18
11 14305.539 21 14290.747 18 14290.688 18
12 14306.455 1 14306.376 4 14290.366 8 14290.298 9
13 14307.284 -5 14273.871 10 14307.169 -26 14273.804 12 14289.959 3 14289.882 6
14 14308.106 14 14272.186 -6 14307.984 -2 14272.109 -2 14289.523 -1 14289.434 3
15 14308.858 -8 14270.493 0 14308.742 -2 14270.404 5 14289.057 -4 14288.953 -1
16 14309.603 -4 14268.760 -2 14309.489 18 14268.645 -10 14288.556 -10 14288.443 -2
17 14310.324 7 14266.873 -7 14288.044 3
18 14310.991 -4 14265.219 10 14310.832 5 14287.495 10 14287.345 12
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TABLE 1—Contiuned

J R ) OC P OC R(J) O-C P)) OC Q) O0C Q) 0C

e'Tl-a'A 0-0

19 14311.639 -4 14263403 15 14311451 -5 14263.248 12 14286.901 4 14286.725 -4
20 14312254 -5 14261.538 4 14312.049 -5 14261.374 8 14286279 -1  14286.099 6
21 14312.827 -16  14259.650 -1 14312.609 -10  14259.467 2 14285.625 -5 14285423 -2
22 14313346 -49 a 14257734 -4  14313.108 -43 a 14257530 -3  14284.932 -18a 14284702 -24a

23 14313971 54 a 14255782 -11 14255.562 -7  14284.191 -47a 14283.968 -26a
24 14314416 11 14253.784 -33 a 14314.135 16  14253.545 -29 a 14283.551 55a 14283.217 -14
25 14314873 11 14251.868 56 a 14314.564 11 14282.733 12 14282.453 17
26 14249.793 18 14314.952 -4  14249.508 19  14281.921 5 14281.609 1

27 14315.666 -14  14247.712 4 14315322 -3 14247.404 5 14281.074 -5  14280.751 4
28 14316.034 -7 14245613 3 14315.666 6 14245280 2 14280.207 -4  14279.854 -1
29 14316326 -43 a 14243479 -1 14315936 -27 a 14243.122 -3 14279.298 -13  14278.927 -3
30 14316.662 -2 14241311 -9 14316246 14 14240935 -4 14278346 -33a 14277943 -29a
31 14316.931 4 14239.091 -37 a 14316.470 3 14277.420 6 14276.992 10
32 14317.154 -2 14236917 12  14316.662 -6  14236.478 6 14276431 13 14275958 -0
33 14317.358 6  14234.651 0 14316.835 -1 14234180 -11 14275386 -2 14274.899 -3

34 14317512 -1 14232.363 -1 14231.873 -3 14274.322 -5 14273.804 -7
35 14317.649 8  14230.043 3 14317.045 -22  14229.532 2 14273.228 -5 14272.683 -4
36 14227.699 5 14227.131  -19  14272.109 S 14271.525 -5
37 14225.300 -12 14224731 -6 14270934 -8  14270.332 -5
38 14222.900 4 14222288 -2 14269.747 0 14269.109 -1
39 14220.457 10 14219.813 3 14268.518 1 14267.830 -18
40 14217.947 -17 14217.290 -5  14267.257 5 14266.554 3
4] 14215.447 -1 14214.755 8  14265.959 7 14265219 1
42 14212.901 4 14212.169 6 14264.624 6 14263.853 3
43 14210.318 6 14209.552 8  14263.248 1 14262.445 2
44 14206.894 5 14261.841 3 14261.004 4
45 14260.388 -5 14259.521 2
46 14258900 -9  14257.991 -9

In the final fit the blended lines were given a reduced weightingo singlet transitions have been observed vidthialues of the
and badly overlapped lines were excluded in order to improeeder of ~0.53 cnt! (49). The electronic spectra of VC are
the standard deviation of the fit. The perturbed lines in the 2Bt known yet and it is very unlikely that this molecule would
and 3-3 bands of the'x+—b 2+ transition were also heavily have formed under our experimental conditions. Moreover, tt
deweighted. The bands of tie'=s*—b =+ andd 'z +-X3A; new near infrared transition at 5267 chrhas an excited state
transitions were initially fitted separately but in the final fit thén common with thed *=+—X 3A; transition VN, first observed
0-0 bands of the two transitions were combined to determibg Simardet al.(36). This removes any doubt about the identity
a single set of molecular constants for the= 0 vibrational of the carrier of the new infrared bands. The 14 293 tivand,
level of thed 'z + state. We have observed additional higler assigned here as tleell-a'A transition, has upper and lower
lines in thed = *—X 3A, transition than previously reported bystateB values of 0.62 and 0.64 cm, respectively. The states
Simardet al. (36) and this has provided improved constants faof this transition are also of odd multiplicity and their rotationa
thed = * state. The molecular constants obtained from the finebnstants are again too big for molecules like VO and'VO
fits are provided in Table 2. Because off-diagonal bands were not observed in any of t
The carrier of the new bands was established on the basisrahsitions reported in this paper, the vibrational intervals re
the experimental evidence and by comparison with the knowtain unknown for the observed singlet electronic states of VI
spectra of VO, VN, and VO. The magnitude of th® values However, the observation of the 1-1, 2—2, and 3-3 bands
of the observed states was very helpful in making a definifgidition to the 0-0 band of thex*—b ¥+ transition has en-
identification. The upper and lower states of the new transitioabled us to determine equilibrium rotational constants for tr
reported here are fitted as odd multiplicity states and ®e@l- d X+ andb’x+ states (Table 3). As can be noted in Table 2, th
ues are-0.61 cnt!, while the VO states have even multiplicityrotational constants for tHe's * state vary relatively smoothly
with B values of~0.55 cnt!. The B values of our new tran- with v, indicating that this state is free from interactions. The ro
sitions are also inconsistent with the Y@olecule, for which tational constants of Table 2 provid = 0.617 896(26) cm*
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TABLE 2
Molecular Constants? (in cm~!) for VN

State v T, B, 10°x D, 10 x H, 10* x q, 108 % qp,
el 0 a+14292.7689(17)  0.619123(33)  0.858(18) -0.618(29) 4.492(34) -1.32(22)

3 d+5349.4533(17) 0.613061(60) 1.77(12)

2 ¢+5318.8615(11) 0.617422(37) 1.433(43)

1 b+5290.47700(61)  0.621621(11) 0.9298(26) - - -
d's 0 16220.18732(56) 0.626412(14)  4.082(11) 4.048(43) - -

3 d 0.603273(63)  0.939(13)

2 c 0.607521(37)  0.955(41)

1 b 0.611683(11)  0.9308(27)
b'E* 0 10952.6975(10) 0.615811(14)  0.9249(73)
a'A 0 a 0.634804(31)  0.903(14) -
XA, 0 0 0.619857(14) 0.6644(92)

a Numbers in parentheses are one standard deviation in the last digits quoted.

andae = 0.0041 48(19) cm? for theb X+ state. As has been have been obtained for thie's+ andb '+ states, respectively.
mentioned previously, thé'x* state is affected by interactionsFor theaA ande™T states the respectivg bond lengths of
with some unknown state (or states). A careful inspection of theb54 891(38) and 1.574 459(4R&)were obtained experimen-
constants of Table 2 shows that the= 0, 2, and 3 vibrational tally. These values can be compared with the theoretical valu
levels of thed X+ state are affected by these interactions. Abf ro = 1.596 A (a'A) andre = 1.594 A (e'[1) obtained by
though no local perturbations have been observed imtaed Harrison (7).
vibrational level of thel 1=+ state, the distortion constants have
unexpectedly large magnitudes. The valueBg# 4.082(11)x CONCLUSION
10-%cm~tandHy = 4.048(43)x 10 °cm! were determined
for v = O and they are an order of magnitude bigger than the val-The emission spectrum of VN has been investigated in tt
ues expected for an isolated level of the VN molecule. The effectgjion extending from the near infrared to the visible usin
of interactions are clearly visible in the= 2 and 3 vibrational a Fourier transform spectrometer. The new bands observed
levels of thed '=* state in which local perturbations have beethe region 5200-14400 crh have been assigned to two new
observed ad = 27 and 20, respectively. Because of these integtectronic transitions] = +-b >+ andeT-a 'A, adopting the
actions, the rotational constants for the fowe 0, 1, 2, and 3) notation for the isovalent NoN molecule and the energy leve
vibrational levels vary somewhat irregularly (see Table 2). Thitagram for VN provided in Fig. 1. Thd 1= +t-X3A transi-
constants of Table 2 provide equilibrium rotational constants tén previously observed by Simaed al.(36) has also been ob-
B. = 0.62861(21) cm* and ae = 0.00459(15) cm? for the served. A rotational analysis of the 0-0, 11, 2—2, and 3—-3 bar
d!x* state (See Table 3). The equilibrium rotational constant$thed *x+—b = * transition and the 0—0 band of te&1-a A
for theb’s" andd '=™* states have been used to calculate theansition has been carried out and the molecular constants
equilibrium bond lengths of 1.576 022(33) and 1.562 53¢6) termined. The analysis of the previously obsersés *—X A4
respectively. The theoretical valuesrgf= 1.598 and 1.632\  transition has also been extended by including the igines
observed in our spectra. The present observations indicate t
thed = state of VN is affected by local perturbations in the

TABLE 3 v = 2and 3 vibrational levels nedf = 27 and 20, respectively.
Equilibrium Constants (in cm™") for VN The nature of the perturbing state could not be ascertained frc
Constants B, a, .(A) our present observations and more experimental work is neec
to draw a definite conclusion about the nature of the perturbir
el 0.619123(33)* - 1.574459(42)° state (or states). Some additiora initio predictions for the
ax’ 0.6286121) ~ 0.00455(13) ~ 1.56253(26) low-lying states would also be most welcome.
b'Et 0.617896(26)  0.004148(19)  1.576022(33)
alA 0.634804(31)° - 1.554891(38)
XA 0.619857(14)* - 1.573527(18)° ACKNOWLEDGMENTS
2By values. We thank J. Wagner and C. Plymate of the National Solar Observatory for e
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