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Contributions to the krnowledge of the
molybdenum-nitrogen and the tungsten-
nitrogen systems.
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i/ Nitride and oxide bands of molybdenum. John C. Howard
tand John G. Conway (Univ. of California; Berkeley)., J.: -

- Chem."Phys."43(9), 3055-7(1965)(Eng). Investigation of the’

‘orange system bands (5990-6300 A.) produced»,by_a,Mo‘arcf

+in_air shows.that they, are a nitride system, and not an oxide as'
previously...reported. Isotope shifts by using ¥N and BN ;
‘are given. Eyidence is presented that other bands, less con-:
: spicuous and hitherto unidentified, occurring in the red are an;
'oxide of Mo, together with confirmation that the near-ir bands‘i
\formeftydttnbuted to an oxide are such. : RCIO !

,



Mo %

'V 9 J1169. ChekTpbl HMTPMAA M  OKCHAA MOAHGAEHA.,
Howard John C, Conway John G. Nitride and.

oxide bands of mol
J\" 9 305"\—3037 (a

ybdenum «J. Chem. Phys» 1965, 43,
HIJL)
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(NHg)2WO,S, (1) (B Tabn. KBF) i TpeiioKeHo oTHece-'

‘B AMMHHOBOJAHOBYI0 06/1acTh, B TO BpeMsa Kak Aaas v M—S
" nabmofaercs ofparHas 3akoHoMepHOCTb. ComocTaBiaeHle,

-! JI1B178.  Xaaxorewomeranatsl. 1L Koneﬁarénsilbtic /966

cnekTpel HoHOB Mo00,S2— u W0,S,2-. Miiller A
tow G. Uber Chalkogenometallate. I11. Die Schwingungs-
“spekiren der Mo0,S,>~ — und W0,S,2~ — Ionen. «Z. anor-

_gan. und allgem. Chem.», 1966, 348, Ne 1—2, 71—76 (§\

(nex.; pes. anrn) P s
ITonyyenst . MK-cmextpet (NH4)2Mo0,S, (1) n’ i

alremomoe (aast 1 u 11 coors.): v60Mo 305 1 303 cu=1;

vi(cum.) Mo 836 u 858 ca—!; v(acim.) Mo 800 u 805 cu"‘ v
v(cum.) MS i 480 ca—l; v(acu\x) MS 488 u 465 cu-l.
Ilpu nepexone MO2-—>MO0,S,2-—~MS,2= v MO cyemaercs:

-?agw

BeJHYHH CHJIOBBIX KOHCTAHT MOKa3blBAaeT, YTo NpPH BCTYM.Ie-,
HHH ABYX atoMoB B HoH MO,2~ npounocts ¢Bs3H M—O
ymeﬂbmae'rcsl Coo6u. II oM. P}K‘(u\x, '1966, 95370.

e R ) Con M, lIeuq\xeucrep

o 19621 o - ®



NH, M, Oy F 8P-Vil-6572 19%2
Mottes R, wléiblve Cmdot
.4 - wwnd olly. Chom, 1932

@ f) 385, w2, 1349 -18% (kews)

®
boe. Geetr. 1972196 829
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\ 10 1374 Jlazepubie cnekTpol Komﬁuuauuouuoro pac-:
- cestHus Moo MoS,2-, WS-, MoOS;*~ u WOz2- BBOJ-|
“HBIX PACTBOPAX M COOTBETCTBYIOUIMX KPHCTAJJIHYECKHX lie- |
aounsix coaeit. Miller A, Weinstock N, Schul-
zc¢ H. Laser-Raman-Spektren der Ionen MoSs-, WS;2—,
Mo0S;2- und WOSs?~ in wissriger Losung sowie der
entsprechenden kristallinen Alkalisalze. «Spectrochim. ac-
ta», 1972, A28, Ne 6, 1075—1082 (nem.; pe3. aur.z.)
Hcenenoarst CreKTpel KOoMG. pac, (KP) n HUK-cnextput
coteit M.MoS, (I), M.WS; (II), MoMoOS; (III) u !
M:WOS5(IV); tne M=NHg, K, Rb 1 Cs, B BOAHbIX pac- .
- TBOPAX~T B TBEpPAOM COCTONHHH, B~ CneKTpax BOamblX pac- @

tBopoB I u 1l mnabnomaercst CHIbHAS TOMAPH3OBaHHAS

P © - N
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THHHSA, HACHTHOHUHpPOBAHHAS KaK Y1 (A1) noamocny. man.
:KOa. monon MoSg2- (458 cm~1) n WS,2- (479 cM-1), o
ACNO.IAPHIOBANHAS JIHHHS, OTHECCHHASI K KOMGHHALHH Ko-
-1e6aumit vz (E) +vq(Fz). KouseGane vs3(Fz2) mnpossaserca
B Diie mieya na monoce vi(A). B cnektpax KP Boanwix
‘pactsopos Il u IV nommocny. sar. xon, MoS n WS
 MACHTHOHUHDPOBANKL Kak va (E) xone6anus, a x KOJIeGaHHIo
vi(A1) oTHeccno Bawm. kox, v(Mo—0), caa6as T0JpH30-
‘BalHAS JAUHMSI: KOTOPOTO  JeRHT ~855 cn-—! (1)
880 cm-t (IV), B CIICKTPAX . KPHCTALTHY. CoJIelt na6aio- |
AacTest MyJbTHIJCTHOE pacluenJeHue psga mosoc, Tpuse- |
ACHL CNIEKTPLI 31 TaGaHUbl yacToT. BuGa. 19. d. B. B.
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87: 175304a Electronic absorption spectyum of molyhe,.
nitride (Mo:N). TR
Kuzyakov, Yu. Ya. (Mosk. Gos. Univ., Moscow, (.,
Vestn. Mosk. Univ., Ser. 2: Khim. 1977, 18(3), 362-5 (1.
The absorption spectra of Mo:N was measured in the pe... .
5900-6400 A. The Mo:N was prepd. by flash discharge tb,,,
gaseous mixts. of MoCls contg. N2. The red region syster -
analyzed as 2¥ <~ X?II electronic transitions. The values o
(675 cm-), v3 (286 cm-1), w'-w2" (82 cm-1) and ¢y (16 s
were calcd. :

C oA S LE

Kabankova, N. N.; Moskvitina,

2



Mo, o

3 B5178. JJCKTPOHHBIT CNCKTP MOIVIOUICHHS HUTPHAA
moaubaena. K a6anxona H.H, MockBurtuua E.H., °
Kyssxos l0. §I. «Becri. Mock. yu-ta. Xumus», 1977,
18, Ne 3, 362—365 (pes. anrJ.) ‘

= C noMouiblo HMITYJIbCHOTO HCTOYIIKA HCNPCPLIBHOrO M3-
ayuenust (AAuTEAbHOCTb HMTyabca 30 MKCEK) H3MepeHb
3/JeKTPOHNbIE CNEKPHl TOTJIOULCHHS TPOAYKTOB, 0Opasylo-
IHXCSl TNPH  TPOXOXKJEIUHH HMIIYJIbCHOTO pPa3psaa uepes
cMecb TapoB TEHTaxJopHuaa Moaudiena u asora (AMmiTelb-
noctb cpeuennst 200 Mkeex, MNa, N 1 ux cvmecs 1:1).
CnexTpbl H3MEPAMI NPH Pa3anuiioil BPEMEHHOI 3amepiKke
MEXKIY HMOyJbcaMil paspsia M ucTouhika. B odaacrti
5900—6400 A oGunapy:kena cicteMa I0JOC ¢ KPaCHLIM
orreneineyM. Ha ocuopanni anadnsa H30TOMIBIX €1ABHron
no 'I5N ycrauosseno, 4TO MOJEKY.1d COACPKHMT  omitif
atom asoTa_(npeanogaraercs, uro 3710 Mo2N). IToaouxere

2, 7474 13



Hada101aeMBIX  T10.10¢C (3 A) u XTOUTACCCINIG:.  noJsoca .
000—000, nmepexox 28—2[I3/,, R — xanr — 6220,38, Q —
Kant — 6244,68 1 6245,98; 010—010 — 2[1—2% 6248,77 (R), -
6263,69 (Q), 2II—2A, 6256,25 (R), 6276,67 (Q), [M—23,
6264,83 (R), 6284,0 (Q); 020—020—22—211, 6272,24 (R),
62928 (Q), 030—030 — 2[I—2%, 6297,2, 6299,9, 63022 -
R), 1%, 6319 (R); 100—000, *X—°II3,5, 5955,08 (R),
5991,91 (Q); 110—010, AT—28, 5990,72 (R), 6020,9 (Q);
011—010, 2I1—2%, 6123,82 (R), 614834 (Q); 001—000,
23 —2[1y/, 6110,70, 6123,56 (R), 613522 (Q); 002—000,
285 —13,,, 6009,6, 6011,6 (R). Pacuweniemie B nomoce
010—010 cas3vizaercst ¢ sddexrom Peunepa — Teanepa,
€w,”"=16 cm~!, UacToTbl TOJHOCHMM. H aHTHCHMM. KoJc-
Ganiil B BO30Y:KIEHHOM COCTOSIHINM paBHLI €OOTB. 675 1
286 oM, Avgep.=v—v"=82 cu-L B. M. Kosp6a



: CISTN7LEC/A" SIS e - T N
(//«/ CCITPB170.  Cnextpsl NOTJOWEHHSI JABYXaTOMHBIX MOJIC-\ ‘9
O ~KyaA HHTPHAA ~ moanbpena . (MoN) okcuaa moaubreHaisy
Wo0O) n aumepa Mo.nuﬁngﬁ_a“_gqg}r_ylsonupoaaullux B {?
;gr, N u Kr-matpuuax. Bates J.-K.,=Gr u@y D. M.
_-{.f\b~sorlg§égn]'spectra' of diatomiic -molybdenum ~nitride
(MoN) mollybdenuiﬁ ‘oxide '(Mb'(.)'-)'p;xi:i— ifl;isfbdenum di-
ﬁ 0 mer (Moj) molecules isolated in Ar, Ne, and Kr matri-
g ?cs. «.)I. Mol. .Spectrosc.», 1979, 78, Ne 2, 284—297
ar. I e
; I}I\incpeum CHEKTpbI TOF IOl eHIS moxeky1 MoN, MoO
s i Mo, ‘u cnextp ncmyckamus MoN, H30mMpOBanHbIX
&W/C/k ! MaTpuue (Ne, Ar, Kr T=4,2 u 13K). ll.rmp nonyqle\m(z
/M?-Z ,© MoJeKyn MoN,; MoO u Mo, HCnoJab30BaH METOJR KaToj-
c ﬂc’g’ woro pacmuiiennst (Mo-xaton, Pt-amox, ras—pacnbian-
0' ' Tenb—apron ¢ goGaskamit '*Ny, 15N, nm 1°0,, 180,)
{ B cnextpe mnorjouennst MoN Beigenenst Tpi CHCTe b
M0J10C, OTHECCHHBIX_ K NepeXxonaM B*E—X“Zl‘/q 0—0,1— .

. i
@ jii 0_,2—0, 420 —465 um), A‘I‘Ilﬂ-—X"’Elﬁ (0—0,1—0
E b ST B V& v 3 B,

2AH 7T




580—620 i) Wt AMMIy,— X3, (0--0,1—0, 570—

635 nm). 3nauemis AG;;/'2 xns- MoN(Ar) ,‘p.a‘nﬂbr,‘,_.:_oorn., ]

949, 954 n 971 eM-1; AGy, (B—X)=936 cn-' " Uacts |

|
nosnoc Jexauux B o6nacti 600—655" M ue  oTHeceHa.
[Tonoxenne # OTHOCHT. HHTCHCHBHOCTH IOJIOC CYIIECTBCH-
HO 3aBHCAT OT MaTpHuwl IlpuBegena cxema MO Momexy- |
ast MoN n cxema yposueit asueprun MoN no 3KcmepHM. |
RaHHbIM 178 raszosoit ¢assl. - OGCy2KAaloTCs BO3MOXHBIE |
{ TNepexonb, THM OCHOBHOIO 3JEKTPOHHOTO COCTOSHHS MO-
- qekyast MoN. M3 cmekTpa HchmycKaumus NOJydeHO 3Haue- |
. HHe uactorhl:KoseGauisg MoON(Ar) B OCHOBHOM 3JCKTPOH- :
HOM cocTosiHHH, ®e=1040 cM—!, K-poe coriacyercs ¢ yue- :
TOM MaTPHYHOrO CABHra C OLEHKOit caesaHHoit ¢!
nomouibio cootnourennss Kparuepa. B cnexrpe MoO  na6aio-
Jarock aBa Ay6aera— B oGaactn 690—700 um n 650— !
660 nm orcroswHX APYr OT Apyra Ha ~855 cM~l:H MH-
TapnpeTHPOBaHHBIX Kak modockl 0—O0 u 1—0, coors. Ka- |
Koit JiH0O onpejeseHHOi KOPPENsLHH MEXAY ‘MOJYyYeHHH-
MH NOJIOCAMH H CNIEeKTPOM ra3oBoii ()asel NpOBecTH He '
. YyRanoce. B HK-cnektpe MoO HaGmonannch  IOJOCH '
893,5 (Mo'*0) u 850 cm—! (Mo'80). B cnmexTpe MOJCKY-
A Mo, (Ar, Kr-matpuusl) na6monanach nporpeccust mno-
| Joc B oGmactiH 500—544 umM, AG~181 cm~!. B cnexrpe|
. Moy(Ne) naGmonanach TONBKO (jHAa OYeHb HHTEHCHBHAS !
wJl00ca 515 HM. C B. M. Kos6a'




U XET() 7977
/s /’ 5 11335.  CnexkTpsl MOTVIOWEHHS JABYXATOMHBIX MOJEKYJ V
b/[[/i MoN, MoO u Moy, H30IHPOBAHHBIX B Ar-, Ne- u Kr-mar-

punax.  Absorptton spectra of diatomic molybdenum nit-

i ride (MoN), molybdenum oxide (MoO), and molybdenum
(/%V// dimer (Moj) molccules isolated in Ar, Ne, and Kr matri{ =
ces. Bates J. K, Gruen D. M. «J. Mol. Spectrosc.»
1979, 78, Ne 2, 284—297 (aHra.)
‘4[ B BupuMmofi oGnacti cmektpa (15000—25000 cm-!)
v 2. TNONyueHbl CIMEKTPHl TMOIVIOMICHISE ABYXATOMHHX MOJeEKY.T

Mo, MoO 1 Mo,, nsonnposannnix B Ar-, Ne- 1 Kr-matpu-
nax npu T-pax 4,2 n 13°K. OGpasoBanue HCCJCHOBAHHBIX
MOJIEKYJl Iepel BHeJpeHHEM B MAaTpHHY MPOHCXOANIO B

paspse C MOJBIM KaTofoM. B cmekTpax maeHTHQHUNpPOBa-
(/, HBl TOJIOCH, OTHOCAUINECS K CHCTEMe NepexofoB Adm—

W 7 i —X43—(a) u B*Z—>X*=-(a) mosekyasr MoN. Ycranosaeno
/ / 3HaucHHe napaMerpa ®. IS MoN B OCHOBHOM COCTOSHHE
LL}’ X4¥—-: 1040 cM~! B Ar-maTpuue, a TaKiKc MNOJYUYCHLI He-

KOTOpHIC CNEKTPOCKOMHY. KOHCTAHTHI, ~XapAKTCPH3YIOuke
& mostekyast MoO 1 Mo, B Matpuuax (sueprii nepexonos,
A " KosebGaTeabHbie 4acToThl H Ap.). OTMeueHO, uTO AaHHble,
. /f/ﬂ//y’w MOJIy4eHHBIC ISt Mo.N XOpOUIO KOPPCJHPYIOT C pe3y.ip-
'7775f TaTaMH HCCJIEJOBAHHI 3TOH MOJEKYJb B Tas3oBoil ¢aase.
buba. 27. o . _— . M. T.

I




92: 131815 Absorption speetra of diatomic molybdenum

nitride (MoN), molybdenum oxide (Mo0), and molybdenum

Y dimezr (Moa) molecules isolated jn arson, neon, and krypton,

Bates, J. K.; . Gruen, D, M. (Chem. Div., Argonne Natl. Lab.,

Argonae, IL 60439 USA).  J. Mol Spectrosc. = 1979, 78(2),

284-97 (Iing). MoN and Ms0 mols. produced in a hollow

”/ﬂ cathode discharge were trap(i)cd in Ne, Ar, and Kr matrixes at
4.2and 13 K an investigate by optical absorption spectroscopy,

Bands attributed to MoN swere identificd in the red and blge

spectral regions and assigned by comparison with $2s phage
ﬂ results to the A4J] — X42- (a) and e - A2 (a) transitions,

resp. The ground state of MolN was identified 25 42 with ¢, =
1040 em-1 in an Ar matrix. Absorptions assigrier] vy MoO in the
red spectral region form the (0-0) and (1~ haneis of at least 1
electronic transition, but could not definitely be g e Yd with

the gas phase results, The zround state vibrationsl fr veey for
vons

Mo1O In an Ar matrix is 893.5 cm-L - Addnl, Mo, ain
[vZ/, }Q centered at 19,305 eme1 were part of a vibrations] progezeion

with dn av. spacing of 181 cm-1,

CHGPOF 42
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19 5262. Hceaenosanns merogom IMP MoN u -aTo-

MoB Mo B MaTpHuax Heona, aprona M KpuntoHa, Hcrmoam-
30BaHHE HCTOYHHKOB HOHHOrO PACNBIJEHHsI C NMOJBIM KaTo-

Aom pasa akcnepumentos P ¢ m3oasuueii B MaTpHUAX.

Knight Lon- B, Steadman Jhobe, ESR investi-

‘gation of MoN and Mo atoms in neon, argon, and kryp- .

ton matrices: utilization of a hollow cathode ion spufter
source for ESR matrix experiments. «J. Chem. Phys.»,
1982, 76, Ne 7, 3378—3384 (anra.) ;

‘JIA8 MOMYYeHHS H HCCACXOBANHS HHTPHAOB MeTaJJIOB M’
Ap. panukaaos Meroxom IIIP ¢ usonsuieii 8 MaTpuuax'
(IPHMEHeH HCTOYHHK HOHHOTO pAaCNBbLICHHS € TIOABIM KaTO-

aoM. ITonyuennnie cnextpet SITP MoN CBHETEeNbCTBYIOT
B I0JIb3y NPEANOJIOKEHHST 06 OCHOBHOM 3JEKTPOHHOM CO-
CTOsiHHM. 43, XOTsl HaGaiogaeMble HeOGbIUNble T-pHble 3¢-

b/ »ée [ﬂ{’ /C.q)emu He HCKJIIOYAIOT BO3MOXKHOCTb CYIICGCTBOBaHHSI OYCHD
MH3KO DACNOMOIKCHHBIX BO30YKACHHBIX. _cocTosthnil, Ilpo-

X./98%, /2 N/2



‘aHasn3npoansl  Bennunubl konctant CTC B cmekTpax
9%MoN u 9YMoN B HeOHOBOIi, aproHoBOii H KPHITOHOBOI
Matphuax, B caysae ®*MoN npn 4 K B neonosoit Matpu-,
ue napamerpu cnektpa IIIP  cocrasasior: g1 =1,969,
A_L (QSMO) —_—506,3, A" (QSMO) =480, A|130=498, Ai“nT——
=—9 MTIu. dnexTponnas CTpyktypa MoN conocraBjena
CO CTPYKTYpORt H303JeKTpoHHbIX pannkanos NbO u VO..
AtoMpl Mo nosyyeHsl KaK TEPMHY. METOJAOM, TaK H MCTO-:
J/I0OM HOHHOrO PacnbljicHus. BesHulHa NapaMeTpoB CHEKT-
pos JIIP %Mo B ocHoBHOM cocrosiiHn Sy npu 10 K B
aproHopoit MaTpHue cocraBiser: g=2,000; A=237 MTu.
S T e v . U3 pesome

/HOh
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1 B39. * KsautopoxuMuueckoe u3yuenme B3aMMOAENCT-
BUS MOJIeKyanl Ny € ABYXBSILEPHBIMH KJAACTEPAMH MOJHO-
Aena. Ilyxkapen A, B, Kopoabkos . B. «Becru.
JITY», 1982, Ne 16, 40—47 (pes. aura.) ‘

[Monyamnupny.  Meromom Madankena — BoabdceGepra —
TenbMrosbja  paccuHTana TOBEPXHOCTb — MOTCHUHAJBHOMN
SHCPrHH B3aHMONCHCTBHS MOJEKyJn Ny € ABYXbsiACpHBIM
KaactepoM Moz A1 «cmipo-QopMbl» MOJAEABHOrO KOMIICK.
ca _Moy... N, ITokasano, uto npu Taxoi ' KOOpAHHAUHH
MOJICKYJBl Nz "Ha Kaactepe ¢ 3((EKTHBHLIMH 3JIeKTpoN-
HblMH - B3anMofeitetBaM M'—M nponcxoant ce paspy-
IICHHE C MaJBIMIl DHEPrCTHtY. 3aTPATAMIf; OLCHEHHAs 3Hep-
THsT aKTHBaUMH MPHOAH3HTebHO paBHa 10 kkan/MoJb. Be-
Aylas poJb KpaTHbIX cBsdefi M—M ‘B asyxbssepuom
KOMILICKCE NePeXOAHOro MeTasia («KJAacTepHbli a(dekTs»)

‘B Ipouecce paspyLUeHHsT MOJEKYJIbl Nz NOATBepKAeHa pe-
‘3yJbTaTaMH pacucTroB SJICKTPOHHO}.[ CTPYKTYphI ABYX'bsANEp-

HBIX KOMIJICKCOB MoJjekyasipHoro asora [P.CIRe(N,)Mo-
OCly] 6e3 cesizeit M —M 1 [Mo,Clg(N2)]3- ¢ kpatnoit
cpsiabio M — M, . ABTope(bepa-q

1 CAn . - ~

‘/{, /!C/JXS’/ ﬁ/ /\// -
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100: 12894r The lower electronic states of molybdenum mono='
nitride.  Allison, Janet N.; Goddard, William A., III (Arthur Amos:
Noyes Lab. Chem. Phys,, California Inst. Technol.,, Pasadena, CA}
01125 USA). Chem. Phys. 1933, 81(3), 263~71 (Eng). Generalized-VI3
calens, showed that the ground state of MoN(*2-) has n covalent!
triple bond, where the o bond is dilike on the Mo, leading to a
quartet state with unpaired electrons in the Mo 5s, Mo 4désy, and
Mo ddbs2y2 orbitals.  The first excited state (411) corresponds to the
5px == bs excitation. The caled. properties of Re = 1.60 A, we = 1100
emt, De = 4.07 eV, and AE (4II=4Y) = 2,128 eV agree with recent
exptl, results (R, = 163 A and AE = 2.011.eV), Particularly
interesting is a. dramatic non-monotonic chmlge of the dipole
moment with distance (1 = -3.123 D at R, = 1.60 A, -5.982 D at R ="
260 A, and u = -0.176 D at R = 5.0 A). This effect is explained. -

@ A 198Y, 0o, nd ®
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3 145.  Huawme onektponnse cocrosuus MoN. The
lower eclectronic states of MoN. Allison*Tamet N,
Goddard William A, III. «Chem. Phys.», 1983
81, Ne 3, 263—271 (aura.)
O606ulenHHM METOZOM BaseHTHHX CBsi3efi nocJjenyio-

‘LIHM YYCTOM OTPaHHYEHHOro KOH(HIYpal. B3aHMOAENCTBHS

PacCYHTAHH MOTEHUHAJbHHE KPHBHE H CNEKTPOCKONHY, MO-
CTOSIHHHE HH3WHX cocrosanuit ‘- u 4II Monekyaer MoN.
Ina atoma Mo B pacyeTe HCMOJB30BaJCs 3 dekTHBHHIT
DCAATHBHCTCKHA OCTOBHMI moTeHunan. Basuc AO prmovan
HaGOpH  CrPYNNHPOBaHHHX TIayCCOBHX ¢-unit — [3s4p2d]
Ha Mo u "[3s2p] ma N. Hafzeno, uto cocrosmume 43—~
ABJIAETCs; OCHOBHBIM H HMeeT mapaMeTpu: R,=1,60 A o,=
=1100 cm~!, D.=4,07 3B. Tepm 4II pacnonosen BHILIe
43- na 2,128 3B. Kpome TOro, aJs 06oux COCTOSIHHA pac-
CYHTAHH (-UHH JHNONBHOTO MOMEHTAa, MOKa3WBalHe

' aHOMAJIbHO CHJbHOE H3MEeHeHHe IHMOJLHOro MOMeHTa npH

BapHALHH MEXDAJAEPHOTO PaCCTOSHHS, NOCTPOEHH KOHTYD-
HHC KapTH OPGHTaJbHHX  3JIEKTPOHHHX IUIOTHOCTER ¥
chy‘m;uena TpHpoRa xuMuu. cBisn. - A. H. Ilemcursen




Sl - Im- JF905 /983

) 6 51012.  Huxuue 9J1ex1ponubx§__ci_9lggﬂgmn_w. The
lower electronic sates of MoN. Allison Janet N,
Goddard III William A. «<Chem. Phys.», 1983, 81,

Ne 3, 263—271 (auru.) )
Metogamu CCIT MO JIKAO, 0GoGIICHHBIX BaJCHTHHIX
cxem (OBC), OBC c¢ wuanayumnm  cnapusannem (OBC
HC) n OBC c orpanuyeHHLIM YY€TOM  B3alMOAeiiCTBHs
kondurypaunit (OBC KB)  paccuntausl  anekTpomnoe
- ﬁl CTPOCHHE, NOTCHUIAJbHBIE KpHBbIE Il CHCKTPOCKOMHY. TMo-
/},[u?/mm lcTosmubie HuswHx 3NECKTPOHHBIX COCTOsIHMIT 4Z— 1 4T wmo-
) Jgekyast MoN. Bo Bcex BbLILEYNOMSIHYTBIX METOZaX He-
/) . \nosb3osano npuGiKeniie peAsSTHBICTCKOro 3¢bpeKTiBHOoro
u{/( . OCTOBHOro mnoTteHuHasda - aas atoMa Mo. B  pesyabrate
ananu3a zacenennocreii MO 1 KOHTYDPHBIX KapT BaJeHTHBLIX
op6uTasieil yCTAaHOBJEHO, YTO OCHOBHOE  COCTOsIHNC 43—
XapaxkTepusyeTcss KOBaJIeHTHOI TpOJiHON CBSI3bIO C Hecna-
_PEHHBIMH _3J1ex1'iona.\m na opGutannx Mo 5s, Mo 4d 6.,

X./98Y, 19~ 6




11 Mo 4d §x3—y5. Coctosumiie Il o6ycioBacHo 5osGyskacHi-
eM 5p ;w<5s. Bbluica. cNeKTPOCKOMHY. MOCTOSHHBIC OCHOB-
Horo cocrosnust MoN R,=1,60 A, 0,=1100 cm~!, D,=
=4,07 3B u osueprus -Bo3byxmenis A E({II—432-)=
=2,128 3B XOpOIIO COMIACYIOTCS C SKCIEPHM. 3HAUCHHSMH
R.=1,63 A, AE=2,011 3B. Jdas cocrosmmuii 43— n 11
HCCJICL0BAaHA 3aBHCHMOCTb  JHINOJLHOTO MOMEHTa [ OT
MEXKDbSIAEpHOro pacctostiust R. OGHapy KeHbl HeMOHOTOHHBIC
H3MCHEHHST |4 C paccTOsiHeM R, uTO OGBSCHEHO CyLecT-
BEHHBIMI! nepepacnpesielcHHsAMHI 3apsiia NpH H3MeHekiH R.
R ST T ... K. A. Tonons

@
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~4 92 ST R A (R o e ey
Z= //42/ =2 18 B1217. " dortoxumuueckue 06pa3oBanHe W JHCCOLMA-
; IMSL JMHUTPOA30TMOJHGACHOBLIX KOMIJICKCOB B KPHNTOHO-
U [vﬂ - Bbix matpuuax. Photochemical formation and dissociation
/ of molybdenum-dinitrogen complexes in krypton matrices.

Foosnaes T, Pellin M.J, Gruen D. M. «J. Chem.

Phys.», 1983, 78, Ne 6, Pt 1, 2889—2898 (aurx.) :

ITonyyener xommiekcet Mo(Nz), Mox(N;) 1 Mo(Nj)a

(rae x=1, 2, 3) B Kr-matpr T K X
OCATKAEHIT MU B NOTOKE Kr 11 Nz Il OOGJAYYEHHH CBETOM

Hg-namnu momnoctsio 1 xBr. Haentndukaumo oGpasyio-

@//A: M, LIHXCS YaCTHI NPOH3BOAMJN IO CHNEKTPaM JIOIJIOUICHHS B
7 ) Y®-, UK- 1 Buanmoit 06/1acTsIX CNEKTPa . IPH HCMNOJbL3O-
& » BaHiH H3oTonos asora 'SNp, MN,. OGpasopamie Kommiex-
f(j* ML///J coB B Kr-martpuue njer, no-BHAHMOMY, C yuacTHeM (OTO-
, BO30yxaeHHLIX aToMoB Mo* (pesonancuuit nepexom 'SP
npu 355 Hm). ITo cnmekTpaM paccyHTaHH CHJAQBBIC KOHCTAM-

X. /983, /9 w!$



T, paBuele 17,214-0,02 maun/A  aas MoN, u fr=!
=18,72 maun/A n f[rr=036 maun/A T aas__ Mo(N,)s.
Heanaunr. 006pa3oBaniie KOMIVIEKCOB HAET H B TpOLNECCE
coocaxjicnist B oTcyTcTBHE 0Gayuenns. Ilorsomense ceera
B 3/JCKTPOHHHX I10JIOCAX TOIMOUIECHHS  HHAHBHAYAJbHBIX:

KOMILJIEKCOB npnaomrr K HX CEJIeKTHBHOI (poronuccounauml
- .. K._JlaBpoBckas
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\ 10 1555. " doroxumuueckoe o6pa3oBanie M JHCCOUHa-
L5t 1HA30-KOMNJIEKCOB MOJHG/IEHA B KPHNTOHOBHX MaTpH-
Yax. Photochemical formation and dissociation of molyb-
denum—dinitrogen complexes in krypton matrices.
Foosnaes T, Pellin M. J,, Gruen D. M. «J. Chem.
Phys.», 1983, 78, Ne 6, Pt 1, 2889—2898 (aura.) ™

B oGaactu 200—600 HM NOMyYeHH CNEKTPH IOrJolie-
Hist nsoanposannbix B Kr-maTpuuax xommiexcos MoN,,
Mox (N;) u Mo (N;)s. OGpasopain {IIEKCOB" “TIpoHe—
XOIAT B pe3yJbTaTe OUJyYeHHss CMecH OXJIaXKJAEHHBIX 10
14 K atoMoB Mo u Monekyn asora, PaCTBOPeHHBIX" B
Marpuue, csetom Hg-Aamnu. C ncnosbsobanuem msoton-
HOro aggekta onpeneseHH CHIOBHE KOHCTAHTH  CBsizel
Mo—N. VYcranosneno, uto™ obiyueHie KOMMICKCOB—E ix
T0JIOCAaX HOTJIOMeHHS! NMPHBOAHT K oTomuccounamu. Ilo
SKCMEPHM. NaHHHIM TOCTPOEHHI KOPPeNsLHOHHbIE 3aBHCH-~
MOCTH MEXIy HHTEHCHBHOCTBIO NOTJIOMEHHS KOMMmIeKcaMmH

0./983, /8, N10



B Y®-, suaumoit # MK-oGnactsax cnektpa. 3TH Koppeas-
LHH OGCY»KJeHbl C TOUKH 3PeHHsT POCTa KOHIU-HH M pacna-

3 HCCJICNOBAaHHLIX KOMIJIEKCOB B MaTpHuax. bBuon. 31.
M. T.
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) 9J1238. Amanuz ' BpaulaTenbHoli CTPYKTYpbl CrieKTpa
Henyckanus HuTpuaa moanbaena (MoN) B kpacHoit o6aa-.
cti. Rotational analysis of the red electronic emission
spectrum of molybdenum nitride: (MoN). Carl-
son R. C, Bates J. K,, Dunn T. M. «J. Mol. Spectrosc.»,
1985, 110, Ne 2, 215—241 (awura.) . g
Hsyyena BpamartespHas CTPYKTYPa CHCTEMBI KPaCHBIX
IMHCCHOHHBIX noJjoc MoN, oGpasyiollerocst npir MEKPOBOJH. '
Bo3Gyxkaeuun cMecn 9*MoCls (oGorawenne 85%) c asotoM,
5N, B nortoxe Gydeproro rennus. Ilokasano, uto mosock
£~ 'jj”} B COeKTpax  C Makcumymamu Ha 6305, 6245, 6123 u
) 6996 ‘A sBasiorcs xommonentamu (0,0)-nosoch mepexoama:
‘II(a)—>*Z~(a). OtmecucHa GoJblIasi BeJHYIHA HYJCBOTO
pacwenyennst (~86 cm~!') Tepma *E— MoN. OGcy:xnaena
BO3MOZKHOCTb HCI0JIb30BaHIsI MOJYUCHHLIX Pe3Y/bTaTOB A
HICHTH(HKAWKKH HHTPHAA MoJHGACHA B CHeKTpax ]:Euc:l;)a
M- u_S-tuna. BuGa. 40. ° : B,
¥ (] ' 25




ﬂ&/y ‘ IEEIQI)S Bpawarenbnbiit aHANH3 3MEKTPOHHOro crex-

TPa HCNyCKaHus HHTpHAa moanbaena (MoN) B Kpachoii
-o6nacti. Rolational analysis of the red electronic emis-
sion spectrum- of molybdenum nitride (MoN). Carl-
son R. C, Bates J. K, Dunn T. M. «J. Mol. Spec-
trosc.», 1985, 110, Ne 2, 215—241 (anrn) |
CdororpacupoBan cnekTp HCMyCKaHHsi MoJeKyasl MoN,
B030y:xnaemblit B MB-paspsaiHOM HCTOYHHKE, colepiKalueM
MoCls (~85% %Mo) u 'Nz(*N,).. Cucrema nosoc 8
o6, 600—635 um orHeceha K mepexoay ‘II(a) (v'=0)—
ﬂﬁ) X*Z-(a) (v"=0) (a—Tun cBsizn no Iynay). OrMeuena
GoJblIast BENHYHHA PACLICIVICHHS  MEXAY KOMIOHEHTaMH
‘Z=30 1 42y (83,9 cM~') M HeperyasipHblit XapakTep
MYJIbTHIJICTHOTO pacineiseHnst B cocrosuun 4I1. MaMepena
‘M NpoaHaJH3HpOBaHA BpaulaT. CTPyKTypa mosoc. [Tpusene-
'HH 3HayekH7 BpallaT. NOCTOAHHBIX (B, D), napamerpos
Q- m A-yneocuust (p, g,0), CnHH-CIHHOBOrO (g, &) H CHHH-

X-71986, 19, ~v/8




BpamaT (‘Y) ‘B3aHMOMEHCTBHST JJIS YKa3aHHbIX HOACOCTO-

sidiA, Mounek. nocrosannsie MoN(YII) (B cvM—!): T_ /o=

=15898,84, T/2=15963,26, T,/,=16282,73, T5/2—
—1671848 B=0,50380, a——0152655 o= 20096 p=
=0, 0"59/0 q=—1, 9445.10-4 A y—-—O 0/4118 An-—4 0295-
10—‘ D= 48072 10“ . _ B. M. Kos6a

t
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102: 175470¢ Rotational analysis of the red electronic emission

g spectrum of molgqbdenum nitride (MoN). Carlson, R. C.; Bates,
J. K.; Dunn, T. M. (Dep. Chem., Univ. Michigan, Ann Arbor, MI

48109 USA). J. Mol. J}c_ctrou. 1985, - 110(2), 216-41 (Eng).

A system of emission bands in the red rcg'on of the optical spectrum

was identified s due to the species MoN. The aystem wns generated

) by the microwave (2450 MHz) excitation of a ﬂowjng mixt. of MoCls

1 and mol. N in a stream of He, but is also obsd, in a d.c. arc in nir.
9 y between Mo electrodes. One of the Q-form branches has previously.

% 2 *_Jbeen assumed to be an at. line of Mo 1. The system was assigned as
. th;: 0.0 bmla_d }of a 111(%) —5 ){‘E'(a() tg&nmtmlr)l. w;th a llnrge zr.\x'o-[’iel;ll

splitting of the ground 4Z- term (~86 cm-1). ‘A preliminary search,

f ;LMM ° was made to detect the presence of MoN in M-type stars. _ o)

wearsy
10 @
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/956
/V 2/ 7J1220." KoneGarensnmit anamus 3JEKTPOHHOrO mepe-,

ona *TII—*3 moaekyant MoN. ITa3ok E. A., MOCKBHTH-|
Ha E. H. Kysaxos 10. §l.; Pen. x.». Bectn. MTY. Xu-'
Mus, M. 1986, 14 c. BaGaworp. 7 nass. Pyc. (Pykonich'
zen. 8 BUHUTH 02.04.86, Ne 2270-B)

Ionyyen 31eKTPOKHBIT CNEKTP MNOMIOWIGHHS MOJEKYJIHL;
MoN B oGaactit 550—700 HM BHICOKOS((MEKTHBHLIM MeTO-
AOM BHYTDPHPC30HATOPHOI J1a3epHOfi cnekTpockonun. TToay-'
ueHo 48 mosoc, oTHeceHHbX K mepexoay ‘II—*E. Tlpose-'
ZeH KoseGaTeJbHBIT aHaJM3 NAHHOTO NEPexoAa u onpele-
V - 7"’ Jelibl MOJICKYMISpHBIC  NMocTosinnble: 0’ =1106,7 cu—1,.
/ Z 0. "X"=63 v, ©,=980,9 cM~!, 0/ Xe=37, ey~
Onpenenenbl SHaueHHs MYJbTHINCTHOrO pacIleneHHs B .

ocHoBHOM (‘Z). u Bo3GyxaennoM .(*II) COCTOSIHHSIX.
- ol ‘ Astopedepar,

oo /'9166’/ f_(f/ N 77
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107: 144040p Experimental and theorctical investigations of.
clectronic structure and spcctra of molybdenum mononitride.
Pazyuk, E. A; Moskvitina, E. N; Kovba, V. M. Topol, 1. A,
(Mosk. Gos. Univ., Moscow, USSR). Zh. Strukt. Khim. 1987, 28(2),"
10-16 (Russ). By the method of intraresonator laser spectroscopy
the electronic absorption spectra was measured of ‘MoN and by tRe
Xa-RV method, and its electronic structure was caled. - - €

(reznp)

C.A-198% Jof, n /G
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16 B1015.  DKCnepHMEHTaJAbHOE H TEOPETHUECKOE HCCJe-
ZOBaHHE 3JNEKTPOHHON CTPYKTYPHl M CHEKTPOB MOJNEKYABE
MaoN, [Taswox E. A, Mocksutun E. H., Kos6a B. M.,
Tomons M. A: K. crpyktyp. xumuu», 1987, 28, Ne 2,
10—16
MeToOM BHYTPHPE3OHATOPHON Ja3CPHON CNEKTPOCKOMHH
H3MepeHbl 3/eKTPOHHEIC CIEKTPhl MOJIOWEHHS MOJeKyJas
MoN u MeTonOoM Xq-pacCestHHBIX BOJIH PacCyHTAHA e€ 3JeK-
véd ~// . TPOHHAs CTPYKTVDA. .. Pesome

X /98%, (9~ /6 ®
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£ 81313. DKcnepHMEHTANbHOE M TEOPETHYECKOE HCCJe-
ZOBaHHE IJCKTPOHHON CTPYKTYPBl M CMEKTPOB MOJEKY.bl
,11\9_9[& ITasiok E. A, Mocksutuua E. H., KosGa B. M.,
onoib M. A. K. crpyxkryp. xumuu», 1987, 28, Ne 2,
10—16 .

MerozoM BHYTpHDE3OHATOPHON J1a3ePHOft  CMCKTPOCKO-
MHH H3MCPEHLI 3JICKTPOHHBIC CNCKTPHI MOTJIOLLCHHS MOJe-
Kyas . MoN u merogom Xa—PB paccunrana ce saektpon-
Hasi_CTPYKTypa. Pesiome

T e e g o e 5 5 e o g
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109: 1552893 The Adp-X4y
(DMoN) n.olecule. Pazyuk, |
Yu. (Dep. Chem.* Moscow M,
Moscow, L‘SISR). Spectrosc. Lott,
Fhe alrorption spectrum of MoN vas obtaine:d

Intracavity luser thectroscopy.,  Vibrational i,
trabsition was cocricd out,  Mal, consty, for the
ground (C44%) states were dotd,

svatem of the molybdenum nitride
<A Moshviting, B, § s .Kuzyakov, Yu.
Lomonosoy St Uniy,, 119599 !
C1988, 2100, A17-64 (line),
4 HL0-6T0 by ¢
dooof Ai“—:\'*':i'
Gpper (As1) und

C. /4. /988, (09 N I8
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+ 18 B1170 HEN. Anaaus koaeGatembHoii CTPYKTYpHI
OPaHXKeBOif  cHCTeMB  moJoc Mojekyniu MoN / Bepe-
sun A. B, [Hmutpyk C. A, Karaes L. W. /] Pen. x.
Becrn. MIY. Xumus— M, 1989.— 7 c.— BuGanorp.:
3 nasp.— Pyc.— Jlen. 8 BUHUTHU 14.06.89, Ne 3981-B89

B nasepnom dakene noayuenm Mosekynn MoN. ®ayo-
PCCLCHTHHIM METO/IOM BHINOJHEH aHAMH3 KojeGar. CTPYK-
Typsl cucteMu nojoc ‘II—*Z-MoN B 06x1. 560—670 HM,

Brinenenst 8 moxcucrem g0 v'=9 y v”=—3, Ipusencua
Tabauua 76 kaurtos MOANOJIOC, MHOTHE — C H30TONHONR
CTPYKTypoOii- mo MoauGmeny, - _ Astopedepar



Mol

M1 -

¢b./989, NG

- H30TOMHOIt CTPYKTYpOi MO MOJHGAeHY.

/1989

D 9J1231 NEMN. ‘AHanus  KoneGaTeNbHOR  CTPYKTYph
OpaH}KEBOA  CHCTEMB moaoc Moaekyan  MoN. / Bepe-
aun A. B., Omurpyk C. A., Karaes I. U.; Pen. x. Becr.
MTIY. Xumua— M., 1989 r.— 7 c.— Bubanorp.: 3 mnass.
— Pyc.— Jen. B BUHHUTH 14.06.89, Ne 3981—B89

B nasepHoM daxesne noayueHn Monexyan MoN. ®ayo-
DECLEHTHHM METOJOM BHIMOJHEH aHAJH3  KOJeGaTebHOlt
cTpykTyps cucreMu mnoioc ‘II—*Z- MoN B o6nactu
560—670 M. Bumenenn 8 moxacuereM a0 v'=2 u v”=3,
IMpusenena TaGnuua 76 KaHTOB ~MOANOJOC, MHOTHe —cC

_AsTopedepar
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r 13: 873958 Applicetion cf lazer flusrcacence to motzcular-=.
specirum analysis. The crunge systers of melvhdenwn moncnitrida
molecule. Berezin, A. B.; Dmitrak, S. A; Kataev, D. 1, (USSR).
Opt. Spektrosh. 1990, 68(3), 5338 (Russ). Fluorescence spectra
‘and fluorescence excitation spectra were used for anal. of muol.
spectrum of MoN. The wings of the eight 0-0 forbidden subsystems
were obtained including a serics of subbands to #i = 2 aad g = 3.
v ‘The contours of the 4lg—Xzy- subbands were of the same type, while
/] — y’-’ these of 4Mo—Zy/2- strongly depended on the differance of the
A cffective rotational consts.  Electronic terms and vibrational consts,
“were detd. for 93MoN. - The MoN mecls. were produced by laser
evapn. of Mo in low pressure N. : :

N0 - /5% %/7.
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119: 1911018 Molacular beam opticel Stark lp«imcopy o
molybdennm nitride (MoN). Fletcher, D. A.: Jung, 3
Steimle, T. C. (D:}o Chem., Arizona State Lm\ Tempe, AL,
85287-1604 USA). Chem. Phn 1993, 99(2). S01-5 (Exgl !
A high resoln. optical spectroscoplc study of s molybdezza!
monenitride, MoN, supersonic mol. beam sample has heen performed. |
The Re (0.5) branch feature of the (0,00 A oIly X 4T; 5~ band!
system fm "\lo‘J was recorded as a function of static elec. ﬁv-dv

._nngthx “of up to 3.5 kV/em. The splittings and “shifta weve
gnalyzed to produce values of the perpianent slec. dipole moment of
¢3619) and 3.38(7)D for the A ¢Ily;2 a§d X Ils/2 and X ‘..l 7° states,

#- g J o f resp. The field free splittings for te #MoN and v’ MoN isotopic
__% 2_7 t.rrzs were interpreted as arising froh X ¢Sy magnetic hyperfine
/ 1

rects and the resulting spin d. of 5.09/§) a.u.-3 was detd. Compamona
rtn predictions from theor. models arp given. ;

. A /993 /19 n/§
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121: 68578s Rotational analysis of the AII~X¢} - band system"
jof molybdenum. nitride (MoN). Jung, K. Y; Fletcher, D. A.i:
Steimle, T. C. (Dep. Chem. Biochem., Arizona State Univ., Tempe,
AZ 85287-1604 USA). J. Mol. Spectrosc. 1994, 165(2), 448-56
(Eng). The high-resoln. laser-induced fluorescence spectrum of a
supersonic mol. beam sample of molybdenum nitride, MoN, was,
recorded in the 596- to 633-nm spectral range. The A¢Il~ X4Y -
band system of the 92Mo, %Mo, %Mo, %Mo, and %Mo isotopic forms
was analyzed to produce an improved set of spectroscopic parameters. :
The isotopic dependence of the parameters is discussed and a:
,comparison with a previous rotational anal. is given. . o mn #

. N 199 1. wé
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F: MoN
P:3
2B1211. JlazepHoe CMCKTPOCKOMHYECKOE HCCIIEMOBAHIE NEPCXOaa A{4}TIN"-
X{4}'CUI'MA'{-} MoN. Laser spectroscopic study of the A{4}TIH" '
X{4}'CUTMA'{-} transition of MoN / Sze N. S..K., Cheung A. S.-C. // J.
Quant. Spectrosc. and Radiat. Transfer. - 1994. - 52, N 2. - C. 145-150. - Anr.
. B obnact 599-633 HM METOIOM Ja3cpHOii (IyOpeCUCHUHH HCCICMOBAHBI
nepexompl A{4}'HI/I'(v'=0)-X{4}’Cl/Il"MA‘{-} (v"=0-2) nATH H3OTOMHBIX
Momdkaumii Monexymst MoN (£92,94,96,}98,100MoN). 3naueHus ‘omera'{e} -
"y ‘omerafe]x[e] (8 cm{-1}) A yKa3aHHLIX H3OTOIOMEPOB B OCHOBHOM
' 3IEKTPOHHOM COCTOSIHHH X{4}'CUI'MA'{-}: 1059,2; 1057,0; 1055,8; 1053,7;
1052,5; 4,8; 4,7; 4,5; 4,4. Monexymst MoN nomyyami npH B3aHMOEiiCTBHH
napos  MoCI[5] ¢ a3soToM, NpcABAPHTEILHO — NPOMYLCHHBIM yepes
MHKPOBOJIHOBBIiT paspsn. )

e s et
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/ 121: 240933s Laser spectroscopic study of the A‘II-X4Z- transition
of MoN. Sze, N. S.-K.; Cheung, A. S.-C. (Department of
Chemistgy, University of Hong Kong, Hong Kong, Hong Kong). J.
Quant. Spectrosc. Radiat. Transfer 1994, 52 2), 145-50 (Eng).

. A¢II-X4Z- transitions, (0, 0), (0, 1) and (0, 2) of MoN betwee
5990-6330 A were studied &sxw wavelg%gt;gegolved laser-induced
~ fluorescence spectroscopy. MoN was produ y reacting vaporized
¥ _ I/ : MoCls with microwave discharged Nz gas. The ground state X43-
/ ; vibrational consts. we and wexs of different isotopic mols. were detd.
(cm) is 1059.2, 1057.0, 1055.8, 1053.7, 1052.5, and wexe (CM-1) is 4.8,

4.7, 4.7, 4.5, 4.4, for 2MoN, %MoN, %MoN, %8MoN, 100 oN, resp.
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123: 211858g Laser induced fluorescence spectrum of the’

AdI-X4=- (0,0) band of MoN. Sze, N. S-K.; Cheung, A. S-C.

(Dep. Chem., Univ. Hong Kong, Hong Kong, Hong Kong). J. Mol.'
Spectrosc. 1995, 173(1), 194-204 (Eng). The A¢II-X+¢Z- (0,0) band -

o{) MoN between 5990 and 6350 A has been studied using laser’

induced fluorescence spectroscopy. In addn. to observing the

stronger AZ = 0 transitions, the weaker AY - %1 transitions have

also been recorded and analyzed. The %Mo and %Mo nuclear

" hyperfine structures (I = 5‘2) give considerable broadening to the F,

and F¢ branches with six hyperfine components of a rotational line

/ y l{ -\ spread more than 0.1 cm-!. The hyperfine linewidths vary with J in .
4 /7—' X Z )t e manner expected for spin uncoupling from case (as) to case (ba)
in a high multiplicity state. A merged least-squares fit of the

resent data and the earlier work yielded improved mol. consts. of

th the a¢Il and X4Z- states of the seven isotopic mols.

C. A 1995 /23 N 14



” 11B5124T.  CrnexTp na:epnox @nyopecneuuun
nonocur (0, 0) mepexona A‘l—X*T~ MoN. Laser
induced fluorescence spectrum of the AYII—X%L- (o, 0)

band of MoN / Sze N. S.-K., Cheung A. S.-C. // J. Mol.
Spectrosc.— 1995 .— 173, N'1.— C.194—204 .— Anra.
C paspeurenneM, OrpaHMYEHHREIM NONMJICPOBCKHM yumpe-'

HMEeM, H3MepeHa cTpykTypa mnosiockl 0—0 nepexona At—

XL~ B cnexTpe nasepuoit dayopecueniuun MoN B obma-
ctit 593—635 nm. B nononuenue x panece HaGTIORABIUMMCS
nonnepexonaM ¢ AX=0 nabmonanu MaJOMHTEHCHBHEIE IOX-
nepexonn ¢ AX=zx1. Paccqm‘anu M NpHBENEHH 3HAYeHHS
V[[ /] * Monexynxpuux nocrosunnx B, D, A, v, Ap u vp B cocTo-!
s XAZ7 n Tn, B, D, ¥, AD, (o+p+4q), (p+24q), q, Ap
B coctosnun A*Il ceMi H30TOMHEIX MOIXM(PUKALMIT MONEKY B -
MoN(%2:94-98100g) PE M, Kooba

X /G9% v /AT
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131: 51262t Reactions of Laser—Ablated Molybdenum and Tung-
sten Atoms with Nitric Oxide. Infrared Spectra of the MN, NMO,
and M-p!~MNO), (x = 1, 2, 3, 4) Molecules and (NO);* and (NO);~
Ions in Solid Argon.  Andrews, Lester; Zhou, Mingfei (Department
of Chemistry, University of Virginia, Charlottesville, VA 22901 USA). J.
Phys. Chem. A:1999, 103(21), 4167—4173 (Eng), American Chemical
Society. Laser—ablated Mo and W atoms react with NO to give primarily
the nitride—oxide insertion products NMoO and NWO, but weak MoN
and WN absorptions are also obsd. The NMoO and NWO ‘mols. are
identified from isotopic substitution (Mo, TN, T80) and d. functional
theory (DFT) calecns. The M=N and M-O stretching frequencies of the

WD (it enety, i)

Ko(W Oy, LN D)y ‘//M eneeny, Sy
C.B, 1999, 1/ 4%



2A' state NMoO and NWO mols. are predicted by DFT (scale factors'
0.936 = 0.004 and 0.966 + 0.005, resp.), but more importantly, the isotopic’
shifts (and normal modes) are well-described by DFT isotopic frequen-
cies. The higher energy MoNO isomer is obsd., but WNO and the M—p2—
NO complexes are not found. The M—(72-NO), (x = 2, 3, 4) complexes !
are obsd.: mixed isotopic splittings indicate that Mo(NO), is tetrahedral, |
like C{NO),, but the spectra show that W(NO),"Ts distorted to Co, sym- i
metry. A weak 3643.5 cm~1 combination band and strong 1589.3 cm—? |
fundamental for (NO),* and the strong fundamentals for cis— and trans— |
_(NO),~ were obsd. e
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131 108391 Reactlons of Laser-Ablated Mo and W Atoms
with Dinitrogen: Infrar%f Metal Nitrides,
Dinitrides, and Complexes in Solid Argon and Nitrogen.

Andrews, Lester; Souter, Philip F.:; Bare,
William D.; ' Liang, Binyong (Department of Chemistry,
University of Virginia, Charlottesville, VA 22901, USA).
J. Phys. Chem. A, 103(24), 4649-4658 (English) 1999

Laser-ablated Mo and W atoms react with N2 in:
excess N and Ar to form the metal nitrides, MN, and]
ligated complexes, (NN)xMN, the metal dinitrides, NMN,'
and ligated complexes, (NN)xMN2, and several complexes
M(NN)x leading up to the octahedral species with x = 6.
From the resoln. of natural abundance Mo isotopes and
15N substitution, the open, bent NMo mol. valence angle
is 106 .+-. 3.degree.. The dinitride mols. are formed!
both by direct insertion of metastable metal atoms into’
dinitrogen and by the addn. of at. N_to the mononitride;

“mol.; ‘

C.A.1955, 13/
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132:185600 Computational study of the geometric

and electronic structures MN2 (M = Mo or U). Brown,

————

Katherine L.; Kaltsoyannis, Nikolas Department of

Chemistry, University College London London WC1H
0AJ, UK J. Chem. Soc., Dalton Trans., (24),
4425-4430 (English) 1999 The geometric

and electronic structures of singlet, triplet,
quintet, an septet MN2 (M = Mo or U) were calcd.
using quasi-relativistic, non-local functional
theory. The distribution of the MoN2 structures
over the spin agrees well with previous theor.
data, as do the relative energies and vibrational
wavenumbers of the min. Six true min. energy
stationary poin structures were located. Whereas

()
C. /268D, /32



all of the MoN2 structures are less sta than the Mo + N2
asymptote, all of the UN2 min. are stable with respect t°
dissocn. to metal + N2. Singlet linear NUN is found to
be the most stabl structure at the scalar relativistic
level, the inclusion of spin-orbit ¢ does not
significantly affect the NUN energy with respect to the
U + N2 asymptote. The bonding in all of the UN2
structures was analyzed. The U interaction in the
quintet and septet narrow angle side-on triangular geo
is a mixt. of U 5f N2 .pi.g .delta. and .pi. back-
bonding, with the latte component being much the more
significant. U.fwdarw.N2 .pi. back-bonding also found
to be the principal U-N2 interaction in triplet and
septet 1lin end-on UN2. The U-N Mulliken overlap
populations are largest for the wid triangular and
linear NUN structures, consistent with the much shorter
U- lengths in these geometries in comparison with the
narrow angle side-on a linear end-on min. The agreement
between the calcd. and exptl. vibration wavenumbers for
linear NUN is very good, and is superior to previous |

theo studies. The relevance of the present work to
previous computational investigations of the U-N2-G;
1 bonding in [{(NH2)3(NH3)U}2(.mu.-.eta.2:.eta is}

 S—

discussed. i
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F: MoN

P: 3

T132:143629 Fine and hyperfine interactions in
CrN and MoN. Namiki, Kei-ic C.; Steimle, Timothy
Cs Department of Chemistry and Biochemistry,
Arizona State University Tempe, AZ 85287-1604,
USA J. Chem. Phys., 111(14), 6385-6395 (English)
1999 Pure rotational transitions of 52Crl4N and

98Mol4N radicals in their X4.SIGMA.- state were
recorded using pump/probe microwave-optical double
resonance from which the hyperfine parameters of

C A 100, 134,




14N (I = 1) were precise detd. The (0,0) A4.PI.-
X4.SIGMA. band system of 53CrN was recorded from
which the hyperfine parameters of 53Cr (I = 3/2)°
were detd. The newly de hyperfine interactions for
53Cr and 14N in CrN and 14N in MoN and the:
previously detd. hyperfine interactions for other
early transition metal mononitrides were analyzed
using a simple, single configurational model.,
improved set of fine structure parameters for CrN
and MoN are discussed i terms of possible
electronic state distributions. ;
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130:257513 All electron ab initio
investigations of the electronic states the MoN
molecule. Shim, I.; Gingerich, K. A. (Dep.

Appl. Chem., DTU 375, Technical Univ. of Denmark,
Lyngby DK2800, Den.). THEOCHEM, 460, 123-136
(English) 1999 The low 1lying electronic
states of the mol. MoN were investigated by
performing all electron ab initio multi-
configuration self-consistent-fie (CASSCF) calcns.
The relativistic corrections for the one electron
Darwi contact term and the relativistic mass-
velocity correction were detd. in perturbation
calcns. The electronic ground state was confirmed
to be 4.s The chem. bond of MoN has a triple-bond
character because of the approx. occupied
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delocalized bonding .pi. and .sigma. orbitals.
The spectroscopi consts. for the ground state
and ten excited states were derived. The ex
doublet states 2.sum.-, 2.GAMMA., 2.DELTA.,
and 2.sum.+ were found to be lying than the
4.pI. state that was investigated exptl.
Elaborate multi- configuration CI (MRCI)
calens. were carried out for the states
4.sum.- a 4.PI. using various basis sets. The
spectroscopic consts. for the 4.sum. ground
state and 4.PI. state were detd.: re=1.636 ,
.omega.e=1109 cm-1; r A and .omega.e=941 cm-1,
resp. The values for the ground state are in
ex agreement with available exptl. data. The
MoN mol. is polar with a charg transfer from
Mo to N. The dipole moment was calcd. to be
2.11 D in the state and 4.60 D in the 4.PI.
state. These values agree well with the re
exptl. values detd. from  mol. Stark :
spectroscopic measurements. The diss energy,§
De, is 5.17 eV; DO is 5.10 eV. ‘
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134: 78102q ' High~resolution spcctréscdpy of the Atr, — X1z~ k

A band system of MoN. Andersson, Nils; Minaev, Boris (Department
\ of Physics, Stockholm University, S—11385 Stockholm, Swed.). Phys.

Scr. 2000, 62(5), 417-424 (Eng), Royal Swedish Academy of Sciences. |
The emission spectrum of MoN between 13,200 and 18,400 cm~! was '
recorded by a microwave discharge and a Fourier Transform spectropho-
tometer (FTS). The transition A%z, — X4=- was rotationally analyzed. '
. A (/ <= ~= ) Spin—orbit coupling consts. wege detd. for the A1z, state. A no. of states '
‘{' - Z were studied by the multiconfiguration SCF (MCSCF) method with linear
‘I _é response (LR) technique and with account of spin—orbit coupling (SOC) i
as a perturbation. Besides that the multireference CI (MRCI) + SOC !
£ matrix was diagonalized. Deviation from an equidistant splitting of the
o Adx, state and the large spin—sublevel splitting of the ground state were
qual. explained as due to 2nd—order SOoC. .
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133:111689 Hyperfine structure in the

A4.PI..CHI.4.SIGMA.- (0,0) band of MoN. Jiang, He;

Chan, C. M.-T.; Cheung, A. S.-C. Dep. Chem., Univ. '
Hong Kong Hong Kong, Hong Kong J. Mol. -

Spectrosc., 202(1), 144-154 (English) 2000. The (0,0)

pand of the A4.PI.-.CHI.4.SIGMA.- transition of MoN, |
between 590 and 635 nm, was studied using the sub- '

Doppler technique of intermodulated laser-induced
fluorescence spectroscopy. Spectra taken at a resoln.

of ~60 MHz showed magnetic moment of the 4295Mo and .
_4297Mo nuclei with rn_ucleax: spin I = 5/2. The hyperfine

N



structures of the ground state vary with J in the manner
expected for spin uncoupling from case (a.beta.) to case
(b.beta.J). This band is notable for its complex '
appearance due to a combination of the high-spin .
multiplicity transition and the presence of seven .
isotopic species. Least-squares - fits of the obsd. |
hyperfine line positions have yielded comprehensive sets
of rotational, spin, and hyperfine parameters for the
A4.PI. and .CHI.4.SIGMA.- states of 95MoN and 97MoN.
The hyperfine parameters are interpreted and give:
information about the electron distribution in the mol.
Improved mol. consts. of other isotopomers with zero Mo
_nuclear spin are also reported.
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