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The laser-induced fluorescence excitation spectrum of jet-cooled NiF in the 425000 cnm® region has

been recorded and analyzed, in which the NiF molecule was produced by the reaction of the sputtered nickel
atoms with Sk under discharge conditions. Numerous bands are observed. With the help of the isotopic shift
measurements and vibrational constants determined by B. Pinchemel’s group, 26 bands have been vibrationally
assigned. Twelve rotationally resolved transitions were found to originate from the ground state and terminate
in different vibrational levels of four electronic states, [18A},, [20.0] ?Asj, [20.3] Q = %/,, and [22.9]

°[T;, respectively. The molecular constants of these four upper states are determined. In addition, lifetime
measurements of the four excited states were carried out under collision-free conditions. On the basis of the
spectroscopic data and lifetime measurements, the electronic structure and interactions of these high-lying
electronic states are discussed.

1. Introduction 2. Experiment

Diatomic transition metal atom containing radicals, such as  The DC discharge/reaction free jet expansion apparatus has
hydrides, oxides, and halides have received much attentionPeen described in the earlier publicatidf& The NiF molecules
during the past 50 yeats* Gas-phase data of these species Were produced by the reaction of sputtered nickel atoms with
are helpful in understanding the complex role of the d electrons SF/Ar mixture under discharge conditions. The sample gas,
in bonding. Among the first-row transition metal halides, nickel Seeded in Ar at a stagnation pressure of 5 atm, passed through
monofluoride provides a simple model for the study of ionic @ Pulsed nozzle (General Valve) of 0.5 mm orifice diameter at
bonding due to the strong electronegativity of the fluorine atom. @ repetition rate of 10 Hz into the vacuum chamber.2 The

The complex electronic spectra of NiF have been studied in backgroundspressures Of. the vacuum chamber Wekem
the visible spectral regiorfs1® Many strong bands observed and 2x 10° Pa, respectively, with and without operation of

. . . - - the free jet.

in this region have been rotationally analyzed or tentatively .

identified, and 10 electronic states were identified and sum- . The laser be‘?‘m IS _the output of a tunable dye laser (I__umon-
marized in an energy-level diagrafrby Pinchemel’s group. |cfs. HT-500) V\gtg a I'r’ll%_w'ggl Olf 0.1 crf and apphuls_e W'dth R

They predicted the molecular energy levels of electronic states © 5ns pumped by a N G aser (Spectra yS|cs.. GCR-
of NiF on the basis of a ligand field model and compared it 170) 1o excite the jet-cooled NiF molecules. The Nd: YAG

- - . laser and valve system were operated at 10 Hz. The dyes used
with the experimental observatiofsAs the weakAv = 0\ oo c540a 500, €480, C460, C440, and EXA428 dye,
transitions in the emission spectra are often complex with

. . which cover the 406580 nm spectral region. The timing of
complicated, overlapped band structure, most of the rotationally .
. the nozzle, discharge, and laser were controlled by a homemade
analyzed bands reported so far arebands. In this work,
. o . pulse generator.
the laser-induced fluorescence excitation spectrum of jet-cooled

NiF in the 17508-25000 cn1® region has been recorded and The laser-induced fluorescence from the excited NiF mol-
analyzed. With the help of the isotopic shift and vibrational ecules was collected by means of a lens system, passed through

constants determined by B. Pinchemel's group, 26 bands & cutoff filter, and detected by a photomultiplier tube (GDB-

N . L . 56, Beijing). The signal was input to a computer for recording
recorded in this region were vibrationally assigned. Most of the X S .
bands areAv > 0 bands. Twelve bands involving different the spectrum, or to a transient digitizer (Tektronics TDS 380)

N ) 2 for measuring the lifetime. For the calibration of the laser
Elzlgrg?c;;]alzliflzr?;f?zuzr.g]pzrl)_if S;ﬁ;e;’“[algfg]aﬁ’ d[zs(t)a(t)t]azélszz wavelength, we used optogalvanically active neon lines.
have been rotationally analyzed. The molecular constants of
these four high-lying excited states are determined for the first
time. In addition, the lifetimes of the four excited states are  The excitation spectrum of jet-cooled NiF was recorded in
measured under collision-free conditions, which gives evidence the 17506-25000 cnt! region. Numerous bands are observed,
for the assignment of the electronic structures of these four in which eight bands involving three high-lyin@ = 3,

3. Results and Analysis

electronic states. character states, [19.7113,, [20.3] Q = 3/5, and [22.9F 13,
and two lower states, the ground-statI%, and the low-lying
* Corresponding author. E-mail: cxchen@ustc.edu.cn. Fag6-551- state [0.25]°Z, have been rotationally analyzed in our recent
3607084 papert® and most of the transitions analyzed areQ0bands. In
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Figure 1. LIF excitation spectrum of NiF in the 1999@1600 cnT? region.
this work, we rotationally analyze 12 electronic transitions 40— Q
involving different vibrational levels of four upper states, [18.1] w0 p %03 215 R
?Aspz, [20.0] 2Aspz, [20.3] Q = ¥, and [22.9]°IT;, and the s e e el 1555 65 Tos
ground-state X1, Most of these aré\v > 0 bands, which 204

makes it possible to obtain the complete molecular constants ~ 1o}
of these four high-lying electronic states, including vibrational ]
constantswe and weye, rotational constant8. and a., and
internuclear distancBe. In addition, the lifetimes of these four
excited states are measured under collision-free conditions for — -20-

Experimental
LMMMMMMAMM%
WWW\WWWW/S;Td
(b)
the first time. This is of great help in assigning the electronic
structures of the excited states of NiF. ol

3.1. Determination of the Symmetry of Upper Electronic 19950 | 19560 | 19570 19880 | 19880 20000 20010
States.It is well-known that the open d shell of transition metal
atoms is generally responsible for the presence of low-lying
states in corresponding diatomic molecules. NiF is one of the
3d-transition-metal atom containing species for which at least
six low-lying electronic states have been observed in the first
2500 cnr! above the ground stafel® Both theoretical and identification of the thredI character states, [19.71]I3/2, [20.3]
experimental evidence exists which indicates that tREl3% Q = 3/,, and [22.9]711; has been explained in detail in our
state is the ground state with a very close-lying state251 previous papet?
cm~1 abovel?-19 These two low-lying states are very close and 3.2. Vibrational Analysis and Isotopic Shift. Among the
can be populated simultaneously even at quite low temperature.numerous bands recorded, there are six strong bands located at
As a result, the transitions with 251 ctninterval linking with 18 107, 19 719, 19 983, 20 282, 22 955, and 23 498'ciAn
these two low-lying states were observed in the laser-inducedthe basis of the intensities of the bands recorded (see Table 1),
fluorescence spectrdm'® (see Figure 1). Because of the we tentatively assigned these six strong transitions-#sifands.
supersonic cooling associated with the experimental technique,To the blue side of every strong-@ transition, there is at least
only the ground state and the low-lying [0.25] state are one or more weak transitions with about 650 ¢nmnterval,
populated. This allows us to determine the symmetry of the exhibiting similar spectral features (see Figure 1). As the
upper state easif. According to the selection rulyA = 0, vibrational constants of the high-lying electronic states deter-
+1, andAS = 0, the upper state may BE, 211, or 2A, which mined by C. Focsa et al. are around 645 &A% we attributed
will result in the transitions with different spectral features (for these weak transitions to-D, 2—0, and 3-0 bands relative to
details see ref 19). For the bands which lack satellite transitions the strong transition. Also, the intensities of the®@ 1—-0, 2—0,
lying 251 cnt! to the red, we can conclude that the symmetry and 3-0 bands of one vibrational sequence are gradually
of the upper state i3A. The two strong transitions at 18 108 decreasing, which is consistent with the vibrational analysis (see
and 19 983 cm! belong to such cases. They only link with the Table 1).
ground XI5, state. As &A state is always in Hund’s case (a) The vibrational assignment is further supported by the
coupling, the selection rule determines that the strong transitionsvibrational isotopic shifts observed in the weak = 0 bands.
recorded should béAs, — X?I13, transitions. The presence It is well-known that nickel has two stable isotop&%\i and
of strong Q branches in their rotational structures confirms this Ni with a natural abundance ratio of about 2.6/1. Because of
assignment (see Figure 2). Therefore, the two upper states, [18.1the rather large abundance®éifli, the band lines and band heads
2Aspp and [20.0]2As,, are identified, in which [18.1FAs; is of the isotopic molecul&NiF should appear with considerable
consistent with the Pinchemel’s reddland [20.0]2As; is intensity. As expected, the strong-0 band always shows a
reassigned. It had formerly been assigned?Hs;,.!® The negligible isotopic shift in moderate resolution, while the weaker

ntensity(arb

=304

Wavenumber(cm’")

Figure 2. LIF spectrum of the 60 band of the [20.03As, — X1z,
transition of NiF. (a) The upper trace is the experimental spectrum,
and (b) the lower trace is the simulated spectrum.
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TABLE 1: Assigned Vibrational Bands of NiF

transition band AVexp AVeal

(cm™) (nm) v—u (cm™) (cm™) intensity
[18.1] 2As;, — X213

18107.2 552.3 80 0 0.03(1) 30

18763.7 533.0 10 2.72(3) 2.71(3) 5

19415 515 1
[20.0] 2As;p — X131

19983.5 500.4 60 0 0.02(1) 35

20639.0 484.5 10 2.71(3) 2.69(3) 17

21286.9 469.8 20 5.34(7) 5.36(4) 8

21927.0 456.0 30 8.1(2) 8.02(6) 3
[19.7] 13, — X213

19719 507 60 (02 0.01(1y 80

20406 490 10 1.93(4% 2.65(4} 15

21066 474.7 20 4.5(2) 5.30(5) 2

[197] 21_13/2 e [025] 22
19468 513.7 60 0 15
20155 496.0 10 1.9(1) 7
[203] Q= 3/2 e X2H3/2

20282 493 60 0.86(6} 0.02(2y 35

20910 478 10 3.76(8) 2.67(4) 15

21536 464 20 6.5(1) 5.33(5) 5

[20.3]Q = ¥,—[0.25]2y
20031 499 60  0.9(1) 5

[22.9] ATa, — X Tap

22955 4356 60 0 0.02(2) 90

23612 4235 10  260(6)  2.69(3) 30

24260 4121 20  537(9)  5.36(4) 10
[229] 2H3/2 - [025] Zz

22703 4405 60 0 40

23361 428.1 10 3

[23.5] 2112 — X Tap

23498 4255 60 0 0.01(2) 60

24149 4140 10  2.6(1) 2.66(8) 12

24793 4033 20  5.002) 5.31(9) 2
[23.5] 21y, — [0.25] 25

23247 430.1 60 7

23898 4184 10 1

aFrom ref 19;avcq refers to theé®NiF—NiF isotopic shift calculated
by eq 1 (see text).
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Figure 3. LIF spectrum of the £0 band of the [20.3R = 3%/, —

X2II3p, transition of NiF. (a) The experimental spectrum, rotational lines

belonging to isotopome®NiF are easily recognized in',AQ, and R
branches. (b) The simulated spectrum éiF.
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Figure 4. LIF spectrum of the 0 band of the [23.5{I1, — X132
transition of NiF. (a) The experimental spectrum;iQthe Q head
belonging to isotopomef°NiF. (b) The simulated spectra for the
58NiF and ®°NiF isotopomers.

wherep = [u(®8NiF)/u(5°NiF)]¥2 ~ 0.99588. The vibrational
isotopic shifts due to the two main Ni isotopes are calculated
using the vibrational constants in the Table 1 of ref 13 and listed
in Table 1 of this work. In the calculation, we used an average
value 645 cn! for the newly reported [20.32 = 3/, state.

We noticed that most of the measured isotopic shifts are
consistent with the calculated ones, but some discrepancies exist
in the transitions with upper state [19 ][5, and [20.3]Q =

3/,, which will be discussed in section 4.3.

3.3. Rotational Analysis and Simulation.From the above
analysis, the six bands located at 18 107, 18 763, 19 983, 20 639,
21287, and 21 927 cm are assigned adAs, — X2l3p
transitions. They all exhibit regular P and R branches and a
strong Q branch (see Figure 2a). The rotational analysis shows
that the first R lines of all transitions correspondJdto= 3/,
implying that the lower state of these transitions Eas= %/,.

This is consistent with the fact that the lower state is the ground
X2I13, state. The presence of a strong Q branch and the first P
lines corresponding td" = 7/, indicates that these transitions
are 2Asjp — X?I13p, transitions. Fine structure is observed in
the P branch of the strong-® band ofAs;, — X?I 13, transition

(see Figure 2a). The splittings increase proportionall? twhen

J = 22.5 in the two intense 18 107 and 19 983 ¢énbands.
This is due to lambda doubling in the?Ms,, state. Splittings

of the lines in the weakekv = 0 bands are not observed clearly,
due to the weaker intensities of these futures and the isotope
shift.

Four weaker bands at 20 910, 21 536, 23 612, and 24 260
cm1 are assigned a1z, — X213, transition. They exhibit
strong P and R branches and a weak blended Q branchvAs
= 0 bands, rotational lines belonging to tf#iF isotopomer
are easily recognized in some lines of P, Q, and R branches
(see Figure 3a). The first observed lines of the R and P branches
are R(1.5) and P(2.5), respectively, indicatingar= 3, — Q
= 39/, transition. All these spectroscopic characteristics are
consistent with those of 8lls, — X213, transition. It is
possible that the upper [20.8) = %/, state is &Ag; State or
primarily quartet in character, as is discussed more fully in
section 4.2. The two bands at 23 498 and 24 149 care
assigned adlly; — X213, transitions. Both of them show P

1-0, 2-0, and 3-0 bands present observable and gradually ang R branches and a strong Q branch, exhibiting fine structure.
increasing isotopic shifts (see Figures 3 and 4). The measuredryg parameters are necessary to account for this fine structure.

isotopic shifts between the Q headS#iF and®°NiF are listed

The presence of a linear with parameter suggests that the

by the following equatior??

av=v—v =(1-p) [wv+ 1/2)— o v+ 1/2)] (1)

axis is equal td'/,. The second parameter increased wih
caused by the lambda doubling in thélk, state. In addition,
the transition lying 251 crrt to the red of 23 498 cri transition
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TABLE 2: Rotational Constants (in cm™1) for the Twelve Transitions of NiF?2

state v T, B, Dy (x10°9) a(x10%/p
[23.5] 21y, 0 23498.50(8) 0.3793(1) 0.47(5) —0.154(4)
23498.60(2) 0.37922(3) 0.47(2p —0.152(2Y
1 24149.50(8) 0.3761(2) 0.47(6) —0.135(6)
1 24147.20(9) 0.3730(2) - -
[22.9] 213, 0 22955.05(8) 0.3794(19 0.47(3y o°
22955.12(2) 0.37928(3) 0.469(3)
1 23611.80(8) 0.3760(2) 0.47(3) 0
1 23609.20(9) 0.3729(3) - -
2 24260.22(9) 0.3729(2) 0.46(5) 0
2 24254.85(9) 0.3700(3) - -
[20.3]Q =%, 0 20281.96(7) 0.3844(19 0.65(5% —0.06(2y
o 20281.10(2) 0.3807(4) 0.64(8° -
1 20910.46(2) 0.3811(2) 0.60(5) —0.05(2)
1 20906.7(1) 0.3777(3) - -
2 21536.32(2) 0.3778(2) 0.60(5) 0
2 21529.76(2) 0.3746(4) - -
[20.0]2As2 0 19983.46(2) 0.3795(1) 0.45(1)
19983.453(6) 0.379484(4 0.446(1y
1 20639.08(2) 0.3764(1) 0.45(2)
1 20636.37(2) 0.3732(2) -
2 21286.90(2) 0.3734(2) 0.40(5)
2 21281.56(2) 0.3700(3) -
3 21927.45(5) 0.3702(2) 0.4(1)
[18.1] %As2 0 18107.25(2) 0.3790(1) 0.46(2)
18107.55(19 0.379058(3) 0.459(1¥
1 18763.72(2) 0.3760(1) 0.45(2)
1 18761.00(3) 0.3728(2) -
X2[y, 0 0 0.3877(1) 0.55(3) —0.10(1)
0 0.38774(49 0.551(2} —0.1045(1Y
o] 0 0.3845(2) 0.54(5) -

a" refers to isotopomeNiF. 2 From ref 15.> From ref 19.° From ref 14.

shows a typical pattern of &1, — 2= transition. So we think sion 3 and the Hal—London factors for th\A = 0, AQ =0

the experimentalQ = 1/, state (23498 cm') may be the transition were used for th&1z, — X213, transition. The
theoretically calculatedIly,, (23504 cn1).1” As the ground simulated spectra of these transitions are shown in Figure 2b
state is a pure Hund's case @], state, the transition occurs  and Figure 3 b, which are in good agreement with the

because the upper [23.8]1y/, state is mixed via spinorbit experimental ones. Expressions 4 and 3 and thel-Hoondon
interaction with &= state. The identification of the [23.8[1y, factors for theAA = 0, AQ = —1 transition were used for the
state is consistent with the Pinchemel's restil€ Figure 4a [Ty, — X2l transition (see Figure 4b). The rotational
presents the LIF spectrum of the-@ band of the [23.5{T11/, constants derived from the simulation are summarized in Table
— X2[gp, transition of NiF, in which the Q head belonging to 2. |n addition, in the wealv = 0 bands, some rotational lines
the ®NiF isotopomer is readily recognizable. corresponding to the secofNi isotope appear, whose intensi-

Rotational simulations were carried out to determine the tjes are in agreement with the natural abundance. The rotational
spectroscopic constants of the upper and lower states of each,gnstants of the isotopic specié®iF obtained from the
transition. We use the f(gllowmg expression EZIi)r the upper  gimulations are listed in Table 2, which are in good agreement
Aspz, the expression [3)° for the upperTls, and“Ily, states,  \ith the values calculated individually by the equatidsi: =
and the expression [4P for the uppePIly; in Hund’s case (a) 2B, wherep = [(®*NiF)/u(®NiF)]¥2 ~ 0.99588.

couplin . . . . .
upiing Now, 12 bands involving different vibrational levels of four

2 —3
T =T 4+BJJ+1)—D.JXJ+ 17 2 upper states, [18.2\s/2, [20.0]2As),, [20.3] Q = 3/, and [22.9]
eort= v+ B ) W ) 2) 2[T;, and the ground-state?Kis, have been rotationally analyzed
and their rotational constants are derived. The line positions of

2 2
Teori =T, +BJIJ+1) - DI +1y + the transitions are collected in Table 5S. As the most bands
a(J — 1/2)J + 1/2)Q + 3/2) (3) analyzed aré\v> 0 bands, combined with the previous results
of the 0—-0 bands'? the molecular constants of these four high-
Toors=T, + BJJ + 1) — DJJ + 1)* + 1/2p(J + 1/2) lying excited states including vibrational constamtsandweye,

4) rotational constantBe ando,, and internuclear distand® are

where the plus and minus signs refer to the e and f rotational determined for the first time and listed in Table 3.

levels, respectively. And expression 3 is also used for the 3.4. Lifetime Measurement. The lifetimes of different
ground-state X1z, which is near Hund’s case (a) coupling. In  Vibrational levels of the five upper states, [18?Ns, [19.7]

the simulation, the line shape was convoluted with a Lorentzian [Tz [20.0]?Asp, [20.3]€2 = %5, and [22.9F1T;, were measured
function and the intensities of the rotational lines in each band by using a pulsed dye laser excitation. For each sub-band, we

were given by the combination of the HleLondon factof®21 selected one rotational level. To avoid fluctuations and improve
and the Boltzmann distributionT; about 95 K). Expressions  the signal-to-noise ratio, the fluorescence decay profiles were
2 and 3, and the Hi—London factors foAA =1, AQ =1 averaged over 256 laser shots. As the NiF radical is present in

transition were used for thi\s,, — X?I13, transition. Expres- the supersonic jet, the excited state lifetime measurement may
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TABLE 3: Molecular Constants (in cm~1) for the Four
Excited States of NiP

state Te We WeYe Be de Re(A)

[23.5] 1142 23498.5 658.50 3.75 0.3807 3.1 1.759
23498.60 643.28

[23.5]2I14/4 23498.5 656.30 3.80

[22.9] 0132 22955.06 665.06 4.16 0.3809 3.25 1.758
22955.12 648.23

[22.9] 13/ 22955.1 662.63 4.25 0.3773 2.9 1.758

[20.3]Q =%/, 20281.96 631.14 1.32 0.3860 3.3 1.747

[20.3]Q =%, 20281.08 628.18 1.28 0.3823 3.05 1.748

[20.0]2As/2 19983.46 663.35 3.88 0.3810 3.1 1.758
19983.458 647.55

[20.0]?As/d 19983.5 660.63 3.86 0.3780 3.2 1.758

[18.1] 2As2 18107.25 661.62 2.58 0.3805 3.0 1.759

18107.58 651.3F7 0.66

a“j” refers to isotopomefNiF. ® From ref 15.¢ From ref 16.9 From
ref 14,

TABLE 4: Lifetime (in us) of the Different Vibrational
Levels of the Five Excited States in NiF

state To(cm™®) /=0 =1 /=2 =3
[23.5] 1y, 234985  0.45(2) 0.46(2)
[22.9]215,  22955.0 0.36(2) 0.38(2) 0.41(2)
[203]Q =3, 20281.96 1.8(1) 1.8(1) 1.9(1)
[19.7] 2013, 19719.0 1.6(1) 1.5(1) 1.6(1)
[20.0]2As 199835  1.7(1) 1.3(1) 1.4(1) 1.2(2)
[18.1]2Asp, 18107.25 3.3(1)  3.4(1)

be considered as occurring under collision-free conditions.
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Figure 5. Typical fluorescence decay curve, recorded following
excitation of the 6-0 band of the [22.9%[15,, — X?I15, transition of
NiF.

(ID)4s, 2D atomic ion limit. Theoretical calculations show that
there are only twd2 = %/, states, onéllz;, and one?Azp, in
the 17006-22000 cntt energy region, associated wih ionic
limit.1” The experimental [19.73I13, state has already been
identified as the theoretically calculat@Hlz, (19120 cnr?)
statel*17.18g0 the newly identified [20.32 = 3/, state may be
a ?Azp state. In addition, the intensity of the-0 band of
[20.3]Q = 3/, — X213, transition is less than a half of that of
the [19.7]2I15, — X?I13, 0—0 band. This also indicates that
the upper state may be’As), state. The oscillator strength that
makes a forbiddeRAz, — X213, transition derives from an

Therefore, the radiative lifetime of the excited state can be admixture oIz, character in the upper stat&ln this case, it
directly derived from the decay of the fluorescence signal. Figure is the nearby [19. 73113, state which is undoubtedly mixed with

5 illustrates a typical fluorescence decay curve obtained fol-

lowing excitation of the 6-0 band of the [22.9T13/, — X 2132

the [20.3]Q = 3, state. If we consider that the true molecular
states of NiF molecules are arising from a set of Hund’s case a

transition. The lifetime of the upper state of each band could basis states that are coupled via the sgirbit interaction, then

be easily derived by fitting the signal to a monoexponential

the possible candidates which can mix with gy, state that

decay and are listed in Table 4. The lifetimes of different excited provides the source of the oscillator strength for this transition

electronic states are noticeably different. The [22[9] state
of NiF has the shortest lifetime, only about Q:4, while the
[18.1] 2As), state has the longest, arounds3 The remaining
three states, [19. P13, [20.0]2As2, and [20.3f2 = 3/,, have
similar lifetimes, near 1.Gs.

4. Discussion

4.1. Excited States, Lifetimes, and Electronic Structure.

could be?Azp, 43y, I3y, and*Asz according to the following
selection rules:AS= 0, +1; AA = 0, £1; AX = 0, 12 Of
these possibilities, it is more likely that this [20Q]= 3/, state
could be theQ = 3/, component of the [20.0As/, state, since
this 2Az), state would fluoresce to thd1;, component of the
ground state with a fluorescence rate similar to that of the [20.0]
2As); state to the X[13, component of the ground state. On the
other hand, the [20.3P = ¥/, state is unusual, having molecular
constants and internuclear distances that are significantly

On the basis of the spectroscopic data, the reported theoreticabjifferent from those of doublet electronic states nearby (see
calculations” and lifetime measurements, we may conjecture Table 3). Because of this, we think it is possible that the upper

the electronic structure of the five excited states, [18Al,
[19.7] 23, [20.0] 2Aspp, [20.3]Q = 3/2, and [22.9F1T;. All

[20.3]1 Q = 3/, state is primarily quartet in character, since the
theoretical calculatiodgshow that there is d13, state (19030

these five excited electronic states correspond to electroncm-1) near aZls;, state in the 1700022000 cni! energy

configurations of 3#s! on the Nit ion. Compared to the
theoretical result’ the [22.9]217; state with the shortest lifetimes
in the range of 0.350.5 us could derive from the 3¢P)4s,

2P atomic ion limit. Three excited states with similar lifetimes
(1.2-1.9us), [19.7]2I1352, [20.0]2Asy, and [20.3]Q = 3/2, all
derive from the 3§(D)4s!, 2D atomic ion limit. The remaining
[18.1] ?As/, states having the longest lifetime (3:3.4us) may
derive from the 3&(F)4s, 2F Ni* ionic limit. If the above

region.

4.3. Interaction between [19.7 A3, and [20.3] @ = 3/,
SstatesFrom Table 1, it can be seen that the measured isotopic
shifts in they = 1 andv = 2 levels of the [19.7FI13; state,
and thes’ = 0, 1, and 2 levels of the [20.3p = ¥/, state are
significantly different from the calculated ones. In addition, the
AGy, value of the [19.7FI13), state is unusually large, about
688 cnt?, compared to other high-lying electronic states of NiF.

assignment is true, we may conclude that the states with differentAs we know, the vibrational constants of high-lying excited

excited-state lifetimes correlate with different'Nbnic limits
while the states with similar excited-state lifetimes all derive
from the same Ni atomic term.

4.2. Possible Candidates of [20.3p = 3/, State. From the
former analysid? the 20 282 cn1! transition has been assigned
as the [20.3K2 = 3/2 — X213, transition, and the upper state
is well characterized bR’ = 3/2 and may correlate to the 8d

states of NiF are generally similar and are around 650crh
Assuming that the [19.7Al13, v = 1 level is not perturbed by
any other level, it should lie near 20370 th and the
separation between the [194]l3> v = 1 and the [20.3R2 =

8/ v = 0 level would be less than 100 ch As the two
vibrational levels of the two excited states are very close, the
large interaction between them causes the unusual isotopic shifts
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resulting in an unusually larg&G;, for the [19.7]%I13; state. reviewer of this paper for his kind revisions and enlightening
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2[13, has not been observed experimentally. We also noticed
that the rotational constant of the= 1 level of the [19.7F 13 Supporting Information Available: The line positions of
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transition involving the [23.5F14/, spin—orbit component of 77, 29.
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Therefore, we may conclude that the former may follow Hund’s _ (11) Dufour, C.; Carette, P.; Pinchemel, BMol. Spectroscl991, 148
case a coupling, while the latter displays a tendency toward 303.

. h . 12) Dufour, C.; Hikmet, I.; Pinchemel, B. Mol. Spectrosc1993 15
Hund’s case ¢ coupling, wher&X = 0 is not a good selection 39§_ ) Dufou ! ' P 3158

rule, butAQ =0, £1 is. (13) Dufour, C.; Hikmet, I.; Pinchemel, B. Mol. Spectroscl994 165,
398.

5. Conclusion (14) Bouddou, A.; Dufour, C.; Pinchemel, B. Mol. Spectrosc1994
168 477.

With the help of the isotopic shift measurements in this work  (15) Dufour, C.; Pinchemel, Bl. Mol. Spectrosc1995 173 70.
and vibrational constants determined by B. Pinchemel’s group, 5(16) Focsa, C.; Dufour, C.; Pinchemel, B.Mol. Spectrosc1997 182,
the vibrational a313|gnments of numerous bancjs recorded in (17) Carette, P.: Dufour, C.: Pinchemel, BMol. Spectrosc1993 161,
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determined for the first time. In addition, the lifetimes of the (21) Bernath, P. FSpectra of Atoms and Molecuj@éew York, Oxford,
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