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The near ultraviolet rotation-vibration spectrum of water
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A new ab initio linelist of water vibration-rotation transitions extending up to 26 000 tris
presented. This linelist is used to analyze the near-ultraviolet portion of the long pathlength water
absorption spectrum of Carleet al.[J. Chem. Physl11, 2444(1999]. A total of 299 of the 568
observed transitions between 21 400 and 25 232'are assigned. These transitions belong to eight
excited vibrational states: (4,21, (7,0)'0, (7,0) 0, (6,0)"2, (6,0) 2, (7,0) 1, (8,0 0, and
(8,0)0, in local mode notation. Only three of these states have been observed previously. Observed
and calculated energy levels are presented for these vibrational states and the band origins are
determined. ©2000 American Institute of Physid$s0021-960600)01020-5

I. INTRODUCTION recent paper, henceforth refered to as |, Carkseal° re-
ported the measurement of long pathlength water absorption
Water vapor is responsible for 70% of the known ab-spectra in the 13098—-25 320 chregion. While the great
sorption of sunlight in the Earth’s atmosphere. However, it ismajority of lines measured in | lie below 21 400 ch 599
now firmly establishetithat there is a serious problem with lie above this wave number.
missing absorption in all models of the Earth’s atmosphere. In | analysis of the new measurements was restricted to
The search for the missing absorber has led to number afave numbers below 21400 érh because the available
laboratory campaigns to measure the many weak water alfinelists were found to be inadequate for wave numbers
sorptions that occur in the near-infrared and throughout th@igher than this. Here we report the calculation of a naw,
visible region. These studies are bolstered by new theoreticahitio linelist which covers the near-ultraviolet region. With
techniques which use high accuracy variational methods age aid of this linelist we are able to make 241 new line
the basis for making spectral assignnfefitand modeling  assignments in this region. These assignments not only ex-
radiative transfef:® tend our knowledge of the three vibrational states analyzed
The weakest water absorptions measured to date lie iny Camy-Peyreeet al,® but give information on five new
the near ultraviolet region of the spectrum. This region wasyibrational states.
studied by Camy-Peyret al’ who measured 199 absorption Two of the vibrational states form part of the ®olyad.
lines in the spectral range 21400-25 230 ¢mof which  This polyad is of interest because theoretical studies have
they were able to assign 59 to transitions of'®D. In a  suggested that its vibrational states should show considerable
deviation from conventional spectral pattefhs.

dpermanent address: Institute of Applied Physics, Russian Academy of Sci- The paper is _Orgamzed as_follows. In the next two sec-
ence, Uljanov Street 46, Nizhnii Novgorod, Russia 603024. tions we summarize the experimental results and report the

0021-9606/2000/113(4)/1546/7/$17.00 1546 © 2000 American Institute of Physics

Downloaded 14 Nov 2008 to 129.97.47.146. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



J. Chem. Phys., Vol. 113, No. 4, 22 July 2000 Near UV spectrum of water 1547

TABLE I. Summary of newly assigned transitions. refining the surface to reproduce known spectroscopic data.
. 2 .
Eand PreviousRef. 9 This work - Pgrtndge ar_ld Schwenk®9“ computed a high accura@ab _
Band origin  initio potential energy surface for water and we employ their
Local Normal Normal Lines Levels Lines Levels (cm™?) V5Z+ AV Born—-Oppenheimer surface. However, PS
mode mode mode a b used this surface as the starting point for refining a spectro-
(4271 (119 9 1 5 22513. scopic potential. The linelist generated by'f8sing their
(7,00 (700 (502 5 2 8l 9 39 22529296 gpectroscopic potential reproduces room temperature experi-
(7,00 0 (60y (409 42 20 54 3 15 22529445 mant tg very high accuracy throughout the infrared and into
(6,072 (620 5 1 3 22628. the visibl ion. As is di d bel h thei
(60)2 (520 11 5 10 99 630, e visible region. As is discussed below, however, their pre-
(7,001 (611 12 4 10 23 947. dictions become very erratic in the near-ultraviolet region of
(8,0°0 (800 8 16 20 25120. concern to us here.
(80)0 (700 (503 12 6 8 15 18 25120278 Conversely, experienté® has shown that purelgb ini-
aassignments confirmed by combination differences. t!o procedures extrapolate much more reliably th_an caIcuIa.—
PAssignments made only by comparison with calculated linelists. tions based on spectroscopically adjusted potentials. For this

reason we chose to employ the best currently available

initio approach in our calculations. PS’s Born—Oppenheimer
calculation of our new linelist. Section IV presents and dis-surface was augmented by the adiabatic correction of Zobov
cusses our spectral analysis; conclusions are given in Sec. ¥t al*® and the electronic relativistic correction of Gga

et all” Some allowance was made for nonadiabatic effects

II. EXPERIMENTAL MEASUREMENTS by using a hydrogen mass midway between the mass of a
roton and a hydrogen atotf.Inclusion of the relativistic

The measurements were performed using the Bruker 'Fgorrection is particularly important for getting a good repre-
120M high resolution Fourier transform spectrometer of theggnation of states with high stretching excitation, which are
Laboratoire de Chimie Physique Maldaire (UniversiteLi- the ones which concern us here.
bre de Bruxellesusing 12 traversals of the 50 m base length Tests have showh that this procedure reproduces the
White-type rpqltiple r’eflec_tion absorption_cell of the Gr(,)upe known vibrational band origins of 160 with a standard
de Spectroriteie Moléeculaire et Atmosplwique (Universite yeviation of 10.5 crit. The major underlying problem with
de Reims giving an absorption path of 602.32 m. A 450 W s notential is in the bending mode. The addition of a
xenon arc lamp was used as light source. Two deted®rs gy e two parameter bend only function improves the vibra-
Si- and a GaF-diodewere used to record the spectral région o standard deviation to 1.4 ¢th®® It is this improved
up to 30000 cm?, although no water absorption features potential that we use here.

were identified above 25 232 ¢rh Spectra were recorded at So far the linelist extends up to up =14, which is

18°C and a water pressure of 18.5 hPa. i more than adequate for the near-ultraviolet region where
In the blue-near-ultraviolet par7 700-30000 cM)  gyen the lowd transitions are weak. The calculations were
of the spgctru_m, the co-addition of 4096 mtt_arferogramls_h performed within a discrete variable representatibVR)
of recording time proved necessary to attain a S/N ratio of using the DVR3D program suidin Radau coordinates with
2500. Line positions and other parameters were measured,,ic embedded as the bisector of the HOH angle. As
using prograrTSPECTRALZ which fits each feature to a Voigt paf6e20 \ve used 40 Gauss—Laguerre DVR points based on
profile. After removing features whose widths were t00 nar-qse oscillatorlike functions for the radial functions. How-
row fo be genuine, 541 lines were measured in the 21408yey  following comments on the lack of angular conver-
and 25232 cm- region, with an estimate error in the line gonce of previous studiéd 44 GausstassociaterLegendre
positions of 0.004 cm'. Further details of the experimental DVR points were used in the angular coordinate. DVR3D
procedure can be found in Table 1. A full list of these lines, seq 5 two-step procedure for considering rotational excita-
mcludmg the Ilnew|dth, I|n_e intensityin rela_tlve unity, and  4ion- 300x (J+ 1) functions from the first “vibrational” step
approximate equivalent width can be obtained from the eIeC\Nere used to diagonalize the full, exact kinetic energy opera-

tronic archive(EPAPS. tor, rotation-vibration Hamiltonian.
Energies up to 26 000 cm above the ground state were
Ill. CALCULATIONS considered. Transition dipoles were computed using PS’s di-

To enable us to assign the near-ultraviolet spectrum iPO|e surface and programpPoLE3 As_we are concerned W.'t.h
room temperature spectra, only intensities for transitions

was necessary to compute a new set of water vibrationt ting f levels below 9000 G tall
rotation energy levels and associated transitions. If, as herg 211N Trom energy levels below chwere actually

one solves the nuclear motion ScHirmger equation using a computed.
variational procedure, the accuracy of the calculation is de-

termined by the quality of the potential energy surface usedl.v' SPECTRAL ANALYSIS

Additional errors are possible from the failure of the Born— As most of the transitions observed by Camy-Peyret
Oppenheimer approximation, which is implicit in the use ofet al® remain unassigned, we considered their data alongside
such a potential. ours. There are 17 lines observed by Camy-Pegtet. not

There are two routes for constructing a potential: one isseen in the present study, giving us a dataset of 558 lines in
via ab initio electronic structure calculations, the other is bythe 21 400 and 25232 ¢ region.
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Our method of assigning lines was similar to, but notTABLE Il. Assigned transitions in the near-ultraviolet. Intensities are given
quite the same as, those used in previous stddié$°First, 1 arbitrary units.

t_he observed spectrum was scanned for partigularly Strong  yem* It K, K. J' K, K, Band
lines. These strong lines were then matched with candid t321 40530 o241 3 3 L 2 GO ®
transitions in ﬁur Comfputed I|l?ellst. Suph tentaUyg assign- o) oc'coss 000124 2 2 3 o2 1 503 °
ments were t t_an c_:on |r_med If appropriate trangltlons Pre- 552495727 000125 5 1 6 5 2 (7,000 2@
dicted by combination differences were present in the spec-22254.9605 00008 8 1 8 9 0 9 (7,050 @
trum. This procedure was repeated until transitions to several22275.6114 0.0008 3 3 0 4 4 1 (7,000 ?
rotational levels of the same excited vibrational state had g; ;;g-gg;; 8-8818 g’ i g 2 Z ; (;878 .
been assigned. As for every vibrational band, the error in the 999600806 000086 2 5 7 2 & 57’();0 a
calcqlated energy is more or Igss unifofsee Tab!e )] it. is 222045051 000346 1 5 7 2 & (710)0 ab
possible to identify a systematic band error. Using this band 22294.8905 000125 4 1 5 5 0 (7,00 2P
error additional, often weaker, transitions associated with the 22296.0493 000296 2 5 7 1 6 (7.0j0 a“;
. . . . a,
same excited vibrational state could be assigned. Where pos22300.1327 000126 3 4 6 4 3 (700 *
sible these were also confirmed using combination differ- 22 5129601 000245236 2 4 (7,000~
i 9 22319.2594 000254 4 0 5 4 1 (7,000 2°
ences. So far we have assigned nearly all the strong transio> 3194385 000104 4 1 5 4 2 (7,000
tions in the spectrum; only two remain unassigned, i.e., the 223229149 000116 4 3 7 3 4 (7,000 2
lines at 22 476.152 and 22 636.069 ¢mMany weaker tran- ~ 22323.6211 0.0018 5 1 4 6 2 5 (7,00 :*’
sitions have also been assigned. 22329.3680 000156 1 6 7 1 7 (700 °
Our analysis has assigned 241 new transitions in the 22330.2459 000066 0 6 7 1 7 (100
\aly : 9 > 223305237 000276 1 6 7 O 7 (7,000 2°
near-ultraviolet region. A summary of these assignments arez23322433 000575 2 4 6 2 5 (7,000 2P
given in Table | and a full list is given in Table II. All the  22333.1594 000235 1 4 6 1 5 (7,000 2°
transitions start from the grount00), vibrational state. We ~ 223425642 000085 2 4 6 1 6 (7,000 :z
find transitions to eight distinct excited vibrational states, a 223451026 00026 4 3 2 5 3 3 (7000 a
i q he th b d by C P 223453482 000125 3 3 5 4 2 (7,000
5|gn|9|cant advance on the three observed by Camy-Peyret,; 3509795 000305 3 2 5 4 1 (7.000 *b
etal. 22352.0423 000142 2 1 3 3 0 (700 @
How these excited states are designated is not com-22352.6943 000055 3 3 6 2 4 (7,00 @2
pletely straightforward, as witnessed by the model calcula- g; ggg-iggg 8-8818 g 1 2 2 2 j (;vgfg .
tions of Rose and KellmaH.In | we found it more satisfac- : : (7.0) ab
. i 223575484 00038 4 2 2 5 2 3 (7000 @
tory to label stretching states above about 15 OQOJCIBII"Ig 223624272 000124 3 1 4 4 0 (7050 @
local modes rather than the more conventional normal 223649192 000895 0 5 6 1 6 (7,00 2P
modes. Furthermore this change led to relabeling many of22366.1994 000175 1 5 6 0 6 (7,000 *°
the normal mode state designations. A similar situation exists 2; ggi-gggz g-ggig i g ‘3‘ g i i g-ggg b
her_el. Wg believe that V|bra.t|0nallstates in the 20000 plus 223903897 00010 6 2 4 6 3 3 (7.000 2
cm -~ region are local modelike, with the possible exception 253949823 000103 1 2 3 3 1 (7,000 2
of predominantly bending statésvhich we do not observe. 223954433 000214 0 4 5 1 5 (7,0f0 &b
The standard mapping between local and normal mode labels?22396.1039 0.00635 5 1 5 5 0 (7,000 a“b’
. . a,
also strongly suggests that the normal mode vibrational la- 22396.7560 001454 1 4 5 0 5 (7050 ab
bels used by Camy-Peyret al® are not the correct ones. We 22 oo/-1103 000554 14 5 15 (r0y0 =
y y-rey - : corre - 22397.7935 00006 6 2 5 6 2 4 (7,000 2
have, therefore, relabeled their excited vibrational states ac-22401.2457 000454 2 3 4 3 2 (7,0f0 2P
cordingly; see Table I. We should stress that this is just a 22402.4106 0.0011 4 3 2 5 2 3 (7,0§0 2
relabeling exercise and our analysis fully supports the as-22407.0498 000395 2 3 5 3 2 (7,00 :'b
signments of Camy-Peyret al, with only one exception. 224084312 000095 3 2 6 2 5 (7000 a
h d b irs of vibrational 22412.6790 000093 2 2 4 2 3 (421
The near-degeneracy etween pairs of vi ratlona g,tates22 4233617 000534 0 4 4 2 3 (7.000 2P
that only differ by the parity of the local mode combination, 224259154 000832 2 0 3 2 1 (42)1 2b
as denoted by the superscripted sign, is a strong indicator22426.1718 0.00445 4 2 5 4 1 (7,000 2P
. .. b
that our local mode labeling is indeed correct. Furthermore, 2; gg-iggi 8-8822 g 1 i ‘3‘ 2 ‘2" ((Zglol ;
the states we observe are the local mode excitations oneg2 4208060 000183 0 3 4 0 4 (700 @
would expect to be _the strongest. - 224300134 000645 1 4 5 2 3 (7.0/0 b
Using the transitions assigned here and previously by 224307769 000312 2 1 3 2 2 (42)1 @b
Camy-Peyreet al, it is possible to build up tables of energy 22439.5119 0.00192 2 1 3 2 2 (7,000 a'z
. . a,
levels for the excited states. Such tables are important for agé jjé-‘s‘gg g-géi; ‘3‘ g g ;‘ ‘2‘ ; g'ggg .
n.umber of appllcat|ons,.|nclud|ng r_naklng further spectral as- 224465734 00018 4 O 4 4 1 3 (700 @
signments and developing theoretical models. Tables Ill pre- 55 4476685 000242 0 2 3 1 3 (7050 @
sents our energy levels along with those derived by Camy-22453.2708 000314 1 3 4 2 2 (7,060 @
Peyretet al. For the new assignments the tables give the 22460.3440 000112 1 2 3 0 3 (7,000 ?
. . a
number of assigned transitions to each of the energy Ievels.gg jg?-gggg g-gggg g z g j j (1) g'gg .
Assignments of transitions to levels reached by more than 224677539 001103 1 2 3 2 1 (7.0/0

one transition can be regarded as secure. In some cases we
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TABLE Il. (Continued. TABLE Il. (Continued.
viem™? Int J° KI KI J K, K. Band viem™t Int J” K., K! J K., K. Band
22 470.2540 0.0004 6 1 6 5 2 3 ¢0to =@ 22587.9456 0.0032 6 1 5 5 2 4 (7,000 a
22 470.6876 0.0009 1 0 1 2 1 2 (00 2 22588.9142 0.0041 8 1 8 7 0 7 (7,000 ab
22 473.2122 0.0010 5 3 2 4 4 1 @70'o0 2 22589.2473 0.0053 6 1 6 5 1 5 (7,000 ab
22 474.9909 0.0090 3 0 3 3 1 2 [@0)f0 @b 22590.1046 0.0063 6 0 6 5 1 5 (7,000 ab
22 475.1601 0.0027 2 1 1 2 2 0 (0% ab 22590.6050 0.0090 7 1 7 6 1 6 (7,000 b
22 478.5947 0.0016 3 1 3 3 1 2 {¢o0o =@ 22590.7830 0.0033 5 1 5 4 0 4 (7,000 =@
22 479.6443 0.0051 3 3 0 3 3 1 @00 2P 22591.0989 0.0102 7 0 7 6 1 6 (7,000 °
22 489.2081 0.0007 5 5 1 6 3 4 {00 7 22591.4129 0.0051 6 1 6 5 0 5 (7,050 ab
22492.1588 0.0010 0 0 0 1 1 1 @0 22591.9649 0.0034 4 2 2 3 2 1 (7,000 @
22 494.7394 0.0022 2 0 2 2 1 1 ¢0'o 2 22593.3185 0.0015 1 1 1 2 1 2 (6,002
22 495.6555 0.0013 6 1 5 5 3 2 {00 ¢ 22595.1003 0.0084 2 2 1 1 1 0 (7,0/0 &P
22 496.5758 0.0010 4 2 2 4 2 3 @271 =@ 22599.9421 0.0017 5 2 3 4 2 2 (7,000 a
22 497.2641 0.0026 2 1 2 3 2 1 602 =@ 22600.5728 0.0015 5 1 4 4 1 3 (7,000 @
22498.3380 0.0013 4 2 3 3 3 0 (00 2 22 600.8026 0.0013 6 2 5 5 1 4 (7,000 2
22499.1709 0.0015 6 2 4 6 2 5 g0 o0 =@ 22601.3800 0.0021 2 2 0 1 1 1 (7,050 a
224995281 0.0010 5 2 3 5 2 4 g0 0 @ 22 605.0187 0.0107 6 1 5 5 1 4 (7,000 2P
22500.7030 0.0030 3 1 2 4 2 3 6072 2 22 605.6031 0.0042 6 2 4 5 2 3 (7,000 ab
22500.9131 0.0061 2 2 1 2 2 0 ¢271 =@ 22 606.5691 0.0023 3 2 2 2 1 1 (7,0j0 2
22501.3470 0.0010 2 2 0 3 0 3 ¢271 =@ 22609.9781 0.0056 5 2 4 4 1 3 (7,000 ab
22502.0842 0.0021 2 1 2 2 1 1 00 *? 22610.3977 0.0156 4 2 3 3 1 2 (7,000 2b
22503.1693 0.0172 2 2 0 2 2 1 6271 ab 22614.2816 0.0012 2 2 0 1 0 1 421 a
22503.7061 0.0026 4 2 2 4 2 3 g0 o =@ 22622.7290 0.0011 2 2 0 1 0 1 (7,000 a
225039111 000356 3 4 6 2 5 (@00 2 22627.2807 000443 2 1 2 1 2 (7,0f0 @b
22507.8119 0.0114 1 0 1 1 1 0 (0% ab 22628.8083 0.0120 3 3 0 2 2 1 (7,050 ab
22509.6428 0.0043 2 2 1 2 2 0 @00 2 22636.7515 0.0127 4 3 2 3 2 1 (7,000 2P
22514.8273 0.0013 5 3 2 5 2 3 00 2 22639.6868 0.0035 5 3 3 4 2 2 (7,000 2b
22516.4063 0.0012 5 2 3 5 1 4 @00 2 22644.2991 0.0116 4 4 1 3 3 0 (7,00 °®
22533.3423 0.0034 3 2 1 3 1 2 00 2 22 650.1270 0.0062 5 5 0 4 4 1 (700 °
22537.9262 0.0027 3 1 2 3 1 3 @0 o =@ 22 651.3529 0.0010 2 2 1 2 2 0 (6,002 a
22 540.2440 0.0013 3 1 3 4 1 4 6,002 22 652.8079 0.0029 5 4 2 4 3 1 (7,050
22541.0852 0.0059 1 1 0 1 0 1 0% b 22653.8481 0.0012 2 2 0 2 2 1 (6,002 a
22541.2380 0.0016 2 1 1 2 0 2 [¢0to =@ 22 654.4493 0.0070 5 4 1 4 3 2 (7,00 ab
22543.1420 0.0028 3 1 2 3 0 3 ¢0'0 2 22 656.4593 0.0043 6 4 3 5 3 2 (7,000 ab
22543.3501 0.0007 2 2 0 2 1 1 ¢o'o @ 22 660.9624 0.0050 5 3 2 4 2 3 (7,00 3P
225449047 0.0045 4 1 3 4 1 4 {070 @b 22 664.3027 0.0016 3 1 2 3 0 3 (6052 ab
22 545.0079 0.0052 3 1 2 2 2 1 70'o 2 22 669.7629 0.0008 2 0 2 1 0 1 (6,002 a
22547.9679 0.0012 6 2 4 5 3 3 {00 2 22677.2480 0.0034 4 3 1 3 1 2 (7,000 ab
22 548.3908 0.0009 5 4 2 4 4 1 00 2?2 22686.1266 0.0016 2 1 1 1 1 0 (6,002 a
22549.4416 0.0013 5 1 4 5 1 5 ¢0o0 *@ 22693.6840 0.0008 5 2 3 4 0 4 (7,000 @
22551.9663 0.0008 3 2 2 4 2 3 6072 =@ 22698.5935 0.0030 4 0 4 3 0 3 (602 °
22 553.0155 0.0017 6 2 5 6 1 6 {070 ab 22706.7604 0.0010 3 1 2 2 1 1 (6,002
22 555.1497 0.0009 2 1 1 3 1 2 6072 =@ 22715.8443 0.0011 4 2 3 4 0 4 (6,002 a
22556.8315 0.0009 2 0 2 3 0 3 6,02 22717.4402 0.0018 3 2 2 2 2 1 (6,002 a
22557.4110 0.0012 6 1 5 6 0 6 (00 2 22 725.3790 0.0011 6 2 4 5 1 5 (7,000 2
22559.5088 0.0025 3 2 2 3 1 3 00 2 22731.6523 0.0018 4 2 3 3 2 2 (6,002 a
22559.8039 0.0027 5 2 4 5 0 5 g0 o0 *@ 22736.1488 0.0024 5 4 2 4 2 3 (7,000 ¢
22562.7524 0.0037 4 1 3 3 2 2 00 2 22 755.6682 0.0008 5 5 1 4 3 2 (700 @
22563.8255 0.0036 4 3 2 3 3 1 00 *? 23850.7596 0.0013 3 1 3 4 1 4 (7,001 a
22572.6426 0.0010 2 1 2 3 0 3 6072 2 23860.9078 0.0016 2 2 0 3 2 1 (7,001 @
22573.3331 0.0223 2 1 2 1 0 1 0" ab 23861.4523 0.0012 2 1 1 3 1 2 (7,001 a
225745219 0.0021 2 1 2 2 2 1 602 2 23873.1922 0.0022 2 0 2 3 0 3 (7,001 *?
22575.7319 0.0012 2 2 1 2 0 2 @00 ab 23902.2549 0.0016 1 1 1 2 1 2 (7,001 a
22576.1709 0.0153 5 1 4 4 2 3 [g0fo ab 23935.1844 0.0012 2 2 1 2 2 o (701 ¢
22576.6045 000092 2 0 3 2 1 072 °2 239381576 000242 2 0 2 2 1 (7,001 @b
22578.3430 0.0038 3 1 3 2 0 2 (0% 23939.3805 0.0013 1 1 1 1 1 0 (7,001 ab
22579.7949 0.0123 4 0 4 3 1 3 (.0' ab 23981.2542 0.0016 2 1 2 1 1 1 (7,01
22580.6797 0.0045 3 0 3 3 1 2 6,072 23986.1588 0.0014 2 0 2 1 0 1 (7,01 a
22581.1562 0.0015 2 2 1 3 2 2 602 ¢ 23992.4560 0.0016 2 1 1 1 1 o (7,01 @
22581.4765 0.0007 4 1 4 3 1 3 ¢o0o =@ 23996.0773 0.0012 3 1 3 2 1 2 (7001 a
22581.7696 0.0125 3 0 3 2 0 2 (@00 ab 24 001.2503 0.0017 2 2 1 2 0 2 (701 ¢
225843524 000346 2 5 5 2 4 (@00 °2 240033134 000103 2 2 2 2 1 (7,001
22584.7462 0.0015 4 2 2 3 2 1 4271 *° 24 005.4788 0.0018 4 0 4 3 0 3 (7,001
22584.8113 0.0013 5 2 4 4 2 3 {00 *¢ 24913.1414 0.0018 6 1 6 7 0 7 (8,00 2
22585.3419 0.0013 4 1 4 3 0 3 00 2 24949.4844 0.0023 5 0 5 6 1 6 (8,050 a
22 586.3755 0.0066 4 1 3 3 1 2 @00 2 24 953.8392 0.0033 4 1 3 5 1 4 (8,000 ¢
22587.2939 0.0020 5 0 5 4 1 4 700 *° 24979.1229 0.0018 3 2 1 4 2 2 (8,000
22587.4951 0.0058 7 1 6 6 2 5 (¢o0'0 ° 24983.3085 0.0028 4 1 4 5 0 5 (8,00 °
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TABLE II. (Continued. TABLE Ill. H, 0 vibration-rotation energy levels in crhderived using
experimental data. “o-c” gives the difference between observed andlour
viem™t Int J K, K{ J K, K; Band initio prediction. “N” gives the number of transitions observed to a particu-

lar level, if no number is specified the level is taken from Camy-Pestref.

24986.8783 0.0018 4 2 3 4 3 2 0’0 2 (Ref. 9.
24988.8638 000453 2 2 4 2 3 00 °
24991.0094 000163 1 2 4 1 3 @00 ° (4271 oc N (7000 oc N (7,000 o< N
25000.0821 0.0016 4 2 2 4 3 1 @00
250007843 00022 4 O 4 4 2 3 @0)0 =ab 000 22529.445 5.3 22529.295 5.0 1
25011.6134 0.00223 0 3 4 1 4 800 101 22550.317 5.2 22550.183 5.0 2
25015.0147 000633 1 3 4 1 4 o0 ° 111 22560.267 5.2
25017.3822 000312 2 0 3 2 1 @O0 2 110 22565.039 22564.879 1
25022.2382 00024 4 4 0 4 4 1 00 P 202 22590.688 5.2 22589.946 4.7 2
250432547 00069 2 1 2 3 0 3 @0)‘0 ab 212 22597.260 5.3 22597.128 5.3
25054.3275 0.0039 3 1 2 3 2 1 800 P 211 22601554 3.7 1 22611512 5.2 22611.328 53 2
250627781 000493 3 1 3 3 0 B0)0 ° 221 22637.077 3.7 2 22645806 1.9 3 22637.471 4.2 2
250631642 000243 3 0 3 3 1 @00 ° 220 22638.071 35 4 22646514 2.1 22638516 4.1 2
250705266 000241 0 1 2 0 2 @00 P 303 22651.860 5.3 3 22648.361 4.8
25077.0840 000183 2 2 3 2 1 @00 2?2 313 22651.958 5.2 22648.433 5.2 2
25092.1389 0.0029 2 2 1 2 2 0 800 P 312 22680.201 4.9 22679.909 51 3
25094.6448 0.0067 2 2 0 2 2 1 80)0 ab 322 22713.069 46 2 22700.581 5.5 22701.787 57 2
250064841 000490 O O 1 0 1 @O0 ° 321 22706.707 4.9 2
251175098 000291 1 0 1 1 1 00 331 22764.558 6.7
251315763 000245 1 4 5 1 5 B0)0 330 22764.860 6.7 22763.710 5.1 2
251428786 000215 2 4 5 0 5 80)0 404 22723.717 6.6 22722073 32 3
25154.2984 0.0017 3 2 2 2 2 1 800 2 414 22723.735 6.5 2 22722103 34 2
25156.2144 0.0042 2 1 2 1 0 1 go00 2 413 22769.738 6.3 22769.050 5.1 3
25157.7674 0.00325 1 4 4 2 3 80’0 ° 423 22783762 47 4
25161.7007 00037 7 1 6 6 2 5 @00 422 22796.902 42 2 22804.121 50 3
251625304 00058 6 1 5 5 2 4 @00 ° 432 22849.044 4.8 3 22848.907 51 2
25165.4523 000357 2 6 6 2 5 OO0 °P 431 22850.604 4.8 22850.561 5.1 1
251663508 000313 0 3 2 0 2 800 ° 441 22929552 51 1 22929717 51 1
25169.7733 000284 0 4 3 1 3 @O0 ° 440 22929585 5.1 2
251703754 00036 7 O 7 6 1 6 @00 ©P 505 22812.250 5.6 22812.171 6.0 2
25171.8302 000225 O 5 4 1 4 @go‘o @ 515 22811510 4.6 22812.835 6.4 2
251724958 000226 O 6 5 1 5 @070 514 22876.067 4.8 3 22876.533 5.1 3
251740285 00050 6 1 6 5 0 5 @00 ab 524 22885154 5.0 3 22885.475 57 3
251746946 000205 1 5 4 0 4 800 523 22915.721 49 3 22915863 50 2
25179.9438 0.0024 4 1 3 3 1 2 @O0 2 533 22955466 5.1 4
251859342 000396 1 5 5 1 4 @00 ° 532 22961.338 52 5
251924960 00006 5 2 4 4 1 3 go0)'0 b 542 23036.512 52 4 23036.650 52 1
25194.0657 000193 2 2 2 1 1 @00 541 23036.965 5.2 2
25196.0385 0.0047 4 2 3 3 1 2 B00 2P 551 22138.185 52 4 23138234 5.2
252120501 000243 3 1 2 2 0 @00 550 22138.185 23138.234 52 1
25219.0955 00042 4 3 2 3 2 1 B0O'0 ° 606 22917.405 4.0 22916.749 4.7 2
252248963 0.00284 4 1 3 3 0 8070 616 22915.872 55 2 22916.760 53 3
615 23004.476 4.6 23004.107 5.2 3
@Assignments confirmed by combination differences. 625 23000.561 54 3 23000.260 5.0 3
PTransition also observed by Camy-Peyeetal. (Ref. 9. 624 23052.082 5.7 2 23052.004 50 3
634 23056.857 5.6 2
633
have made assignments which have not been confirmed t?,ygg 32 égg:ggi g:g i
combination differences. We are confident that most of these1 7 23037.857 6.0 1
assignments are correct but they cannot be regarded as cont 6 23140.406 6.1 1
firmed. 808

Also given in Tables Ill are the errors in oab initio 818 23175157 61 2

energy levels for each of the observed states. These errors (6002 oc N (6802 oc N (7001 o<c N
are quite large, up to 10 cm, too large for the calculated 000

transition wave numbers to be used for assignments simplyg 1

by attempting a direct spectral match. However, for a giver 11 22672.814 31 1 23981.751 3.4 2
vibrational band the variation in the error between levels ist 10

fairly small, often less than 1 cii for the entire band. In 292 22693593 2.8 2 24009.953 2.8 2

. . . 212 22709423 32 3 24018.391 3.6 1
this context it should be noted that the energy levels given i | | 22728515 3.3 2 24034817 3.0 2
Tables Il are predicted by the spectroscopically determined 5 1 22787516 6.3 2 24071348 3.1 2
PS linelist with errors of 20—150 cm and that errors vary- 220 22788749 6.7 2 24073.059 3.2 2

ing by up to 100 crn' are found within one vibrational band. 303 22754.044 32 1

The summary Table | also gives band origins for the313 22765082 32 1 24075573 2.0 2
Lo 312 22801.070 32 2 22801936 3.6 1
vibrational states we observe. In three cases, (10)
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TABLE lll. (Continued. of these lines are weak and their sparseness makes them hard
322 22852342 60 2 24138215 57 1 © analy;e with our procedure. . . .

404 22835355 3.7 1 24142240 20 1 At high wave numbers we observe an increasing discrep-
414 ancy between our calculated intensities and the measured
413 ones. This problem appears to be caused by our choice of
423 22937.953 6.2 2 dipole surface and is currently being investigated.

(800 oc N (800 o-c N

V. CONCLUSIONS
000 25120.278 83 1

101 25140617 83 1 A newly recorded, long pathlength, room temperature,
111 25150149 7.9 rotation-vibration spectrum of water in the near-ultraviolet

110 25154.646 1 . .
202 25180795 9.0 has been presented. This spectrum has been analyzed using a

212 25180008 1.9 2 newly computedab initio linelist. As a result, five new vi-
211 25199.784 8.3 brational bands of water have been observed for the first
221 25228302 83 1 time. One of each of these new states belongs to the previ-
ggg ;g ggg-iﬁ g-; i 05236451 82 1 ously unobserved &+ & and 7v+ & polyads, two belong to
313 25239852 83 1 ' ‘ the 7v polyad, and one to ther8olyad. However, it should
312 25266.476 84 1 25266.483 8.0 1 be noted that according to the analysis of Rose :?md
322 25289.200 8.0 3 25289.241 83 1 Kellman2! the polyad structure of water has started breaking
321 25294902 80 1 down in the energy region studied here.

ggé ;g gjg-gg; g-g i 25348214 83 1 We anticipate that our new data will be of interest for
404 25310132 80 25312051 9.9 1 scientists working on atmog,pherlc studies, which usually ne-
414 25308.656 8.0 1 glect many of the weak lines of water because they are
413 25353.309 8.0 2 poorly characterized and difficult to analyze. Furthermore,
423 25369.403 8.0 2 the high-lying energy levels obtained here are important in-
422 25383924 80 1 put data for assessing and refiniteffective) potential en-
432 25431.251 80 1 U

431 ergy surfaces for water which, in turn, can themselves be
441 25510288 8.0 1 used for further spectroscopic analysis.

440 25510.345 80 1
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