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9. RESEARCH OBJECTIVES

1. Characterization of molecular species which are important because of

(a) their occurrence in high-temperature environments, as for example in
the vapor over refractory solids, and in combustion, flames, and
propellant burning.

(b) their relevance to clarification and/or extension of the basic theory
of molecular properties.

Such species are usually highly reactive and often inaccessible for study
by the usual gas phase methods.

2. Exploitation of the matrix-isolation technique to allow the experimental
investigation of molecules that are presently impossible or very difficult to
study spectroscopically in the gas phase, particularly via electron-spin-
resonance (ESR). In this technique the vapor species are trapped in solid neon
or argon on a transparent window or dielectric surface at 40K. The essential
virtues of this procedure are (i) the long lifetime of the metastable species
in such an inert rigid environment and at such a low temperature, and (ii) the
population of only the zero-point vibrational level of the ground electron state
of the molecule at 40K.

10. ACCOMPLISHMENTS

Optical and ESR spectroscopy, and theory, have been applied to characterize
a wide variety of small molecules meeting the above criteria. Generally these
are the hydride, fluoride, and oxide molecules of the transition and rare-earth
metals (usually of high spin), but radicals such as CH2, BeOH, B2, and SiCO
have also been studied. Abstracts of most of the papers dealing with these
molecules are given on the next few pages.

B atoms, B2 and 1-213O molecules: ESR and optical
spectra at 4 OK*

W. R. M. Graham' and W. Weitner, Jr.
"!pri i C :'::r Ut ,, Slit- of Ffirida, Gaim %vilIh. I-hwrtd,, 32611I

"o:c~c .; \h rli I,-)

IcI'niiIa bortniu ha% bei %aip:ruc:d anrd trapperd ii: solid a:rgoni al 4-10'K I3 I Dtnlgkls I ICr/herv
tranitmio of H 11 as beeni ,:hs~jsd III absi opi :: al AMY10 A al 10I K, Indicating tin hat i ttel~~r 1.st Itc I,
the~ ground eI: crr:ni siw Ifo~mkocr, It \Nas t oibscrved \a [SR. which is :;:terpretcd a% stor fo:'ri rI
'I, groundi~ s % h a icr.:.tield sphinin greater tha:: aboin 4 cin ' rather than '!: Li::rt-l 1' ,\. a l ill

calk:tlht:o:s I lic I ',I, spectrum: ot'l a toms i: o:lujl argon il us: ditct,. It csl::h:: .iusil sIllnicil% an

omlr I: iI (wenini. l:II f03 hes :rh:ia *::w:,3.r il:ornc:: u::: of the 'P, free' atoin. suth 2 I 4~ 3 Oh4~1  I Ile s::::p:e cr.\sta3 field ini el ha.s liell applied in the Initerp~retationl ofh 1we 1: Ii'. kpsrfiie
is isorsanzd com:pir~sn matie %kifi ml and 6 i i:argon, as studied h) Aninieter iand Schiliosagle I3 li SR
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ESR of C12 - in various !on pairs at 4 *K and the theory
of V centers

J. V. Martinez de Pinillos* and W. Weitner, Jr!4

Department of Ciremiwrr. Lriveio'iy of Florida. Gurnesvill. Florida .,201

(Received 21 July 11476)

ESR spectra hase beenr measured of"WICl. ton pair% trapped in solid argon at 4*K. where m Mg. Ca.
Sr, Ba. Li. Na, arid K. The derived g arid hypcrtirie tensors of Cl;, are interpreted usinig the simple crvsral
field mnodel of Schemicraker. and the spin densites arid crystal field parameters E. are comnpired ii ith those
for V' centers in alkali halide cry-stals. Frornt matrix data, it is proposed that tile isotiropic hyperfi ne
coupling parameter A, for interaction with "Cl in psrudo--free" C), be talen as 37: 1 I , A discussion is
given pointing out an approximate linear correlation between the nearest intereatron distance (d) arid Ag,
(or A4,) amrong all the V, centers. Constraints imposed by lattices of varying M /CI radius ratios cause
variations in d and in the x/p: character in the antibonditig C1.1 electron, leading to correspondinig change
in A, and inverse changes in Ag V', centers, with minimium constraints, have nnaxinnuni %alues of A_,

SiCr> SiN',,and SI(CO)2 Molecules: Electron Spin
Resonanlce and Optical Spectra at 4 K

1'. R. LetnI~e. R. F. Fer, amne. and W. Weitner, Jr.*t1
( ,,urjbution Inm nthet, I)i-paritn of (te~rui r . ( iiiir.sm iti I Florida.
(;1,jii'.tijWe. florida 3261 / . R,-ci'iied ugida! 2. 19Y76

Abstract: The '! molecules ca rbohirn I I n Si( 0, inil djia ai erie SiN N. havi: been re pa red b% lie sd porn /,ion and reaction
of'silicon atoms w Aiti N iior CO aind Ira pped i) va riius mra trices ai 4 1K. Sonic or d sties in sotme mt ricesi irud UIsI hlit bcnd-
ig itU the molecules. Isotopic sub.stitutont ii "C'. "0, "N, and "'Si was ciiiplo ' ed tio obtaiii li% pi-tine coupling dmita iti the
[SR and shifts, in the optical sp,-ctro. In solid twin, assuming. g g ,. _) = 2.2S and 2.3n3 cnur for SIN- and SiCO. re-
spctivek . I pctrfirte splittinog, cinfirmn the (NDo valeitlatd rcstilts Mmn tic n idicaite that in bothi molecules tie clectron spin',
are Ia rlek in the pir or bita Is of Si. OpticAl ira nsi tirts with si brational progrecssioi.s mmcrc observed beg inin rg at t36(iS anrd 31018
A for Si N, and at 4 1( \b for SiCO. I R spectra %%ere iibtaiinei and st reching force constants calculated. An amitetpt mm as tiade
to correlate thc~e vibrational a ni electrinic dataij ith thiise Ifr CCO antd (CNN. Anncalnini airgini ritrix conimim!u SiCO
to 35 K led to the i bse va rio i I; the I R of ~2Si ( CO) I silIicon couniiterpa rt iiica rbi n su bo\ idc...A cirrespontlin t reat ment
of a SiN matrix did not produce thle N&NSi mrolcule. tnir m as thle N 'SiCO noiccule obisered s% hliri bothI licands %%ere
present.

Ti H, and TiF M3Nolecules: [Icci ron Spin Resonance
Spectra In Rare-Gas Matrices at 4 K

1'. ( . Dkc irt d W. \% eltiivr, Jr.*

( mribtin ln~ the in 1 pn Iiprtmnhmof m ( 6.,.in 'In t I ii rsiti it of I bn/ii.

(iane it. it/f. /* lori./nj 3201/. Reti'ii id 1'i'root . 1/977

Absurac: Til and .Iii Ii moctin,i. pronduiced is thle vipori/at ion mit siilid I' li iir *i niire oif t t.itiii and aI siiliil fluoride.
5"erc tripped in neon rri .irvn ni iriccs it 4 11) K. I-SR IPcctrt irtdriciiicdi ri , his a tritimml~ m% trsit" *i lrrnetr~ sm\ith kj
= I S910 (t2tirin(] q~ 1.9912 1. rind h~scitline tcitsor cmpnntris11 li) = -P'C') 12). It ItI -17x,2(_21')jI (I<II =
47'1) (2). Ind I I . Il = 11, i \1Ii (tir solid iteirn. It was cnmiiied thi~it Id if t a '.\, n'rnnind stat \mith ihtw odd eec-
tron in a h~ Iri/uId -, .inil Id Ii mi rbitil perr~cttdiciil.ir toifthe pirtir t/? s morilecule. I lic ecited 'I " state lies -2000tl
Cm - hieher. rll: I SK pern ITCL TUl OlI I s %IS thi oI o nonlinearr tripiet rmccule. Its nta ' ncte piraititrsire i: = 1 9141)1(2),
g, = I. '22') (2'). ind ig. = 1s~ 106 (. siher tre: ;rivs is riallcl t,, thre I I idirection. I he /erm tneldillt title p~inieters Ire
InI = tt.1V72 ( ') cin ' id It Ii 1102 1 ItI cmr1 I he itres were braid.irid rnm h\Ipcrtur structure %%.s rcsonlsi'l Theoiretical

considerations Indicate th~it the r'indi state is I~ %Isut thre unpinned rmit icciipinv csscriiallk innboiidnu dl orintut on ira-
mrunm._____________
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YbH and YbD molecules: ESR and optical spectroscopy in
argon matrices at 40Ka)

Richard J. Van Zee, Mikell L. Seely, and W. Weitner, Jr.

Departmtent of Cheiniitry. L'niversiti, of Florida. Gaiesville. Florida 32611
(Received 3 Starch 1977)

Ybl and YbD molecules have been prepared by tire reaction of Yb and ID) atoms during the formation

of an argon matrix at 4*K. Yb atomn and YhHi absorption and emission spectra were observed. The
magnetic parameter, of Ybt( were determned fromt the ESR spectrum of the '! molecule% (with Yb

nuclear spin I1 0 and I = 1/2) to be g. 1.9953(4), g, 1.9402(2), A. , 01) = 226 Mhiz .4A,01 = 224

MHLi. A[.Y (I = 112)] = 5266 Mlz, A,[ t Yb (I1 /2) - 5724 MI-z. The hyperfinec parameters
indicate that the spin density is less than 20% on the hydrogen and that the bonding is largely Yb' H.
By comparison of experimental parameters with calculated Yb and Yb' data it is deduced that the
unpaired electron occupies predominately the 6aor orbital on Yb* with smaller contributions of 6 po,
(Yb') and Is or (H-~

ESR spectra of the MnO, MnO,, MWO 3, and MnO,
molecules at 4'Ka)

R. F. Ferrante, J. L. Wilkerson,' W. R. M. Graham,') and W. Weitner, Jr.

DeParrtnrni of (herni.str. L niersir of Florida. (3ainecsvilk. Florida 3261)
(Recetsrd 15 August 19?77

The molecule-sM MnMni N11i0,, and Mn'.), hase been prepared hy the saporizatiin and teaictioit of

used to deti coil i n agiet ic parameters Mulicht ace iiiterpreted sit termis of niiikcu lar gcelrv on.)

ceirtiic structure. \I~i() IsI coiirited to hav~e a rr-T 2
& ' grouiid state %%it y- = 1.0;i ')assutiing

g - g, I anId a /ero -field splimn ti zi acord %%liit Iitire gas phase value D - .,2 cmit.I~pri;

splittings due ito tilt- "%li ( 512) nucleus :ire .4 17105) and A - 44(1 ) Mili,. Milo) is a

linear . - rtiiieulle "o ih prohajhL conirinuatioit c,6, D =1.13 cmi I is1utinIg, -tz OfY2'31

.4 3 5- 31 1 . .1 = 73 1(I I ) *,l I/. NnO, exhibts very large hf splittiogs .4 17-01) and
A.= 15320P.'1111l iitdi-.iti of a %d,, hi hrtd :A, groutid state of D, silihtr% 'III,,spcctrutt
%tio, is co nsisieunt %% II a C, Miolec ule distorted from a 1 1 electronic stuite tit tet rahedral s~nimir: by it

static Jah n "Idler eflc t it. ItiA tetisors are slight]\' atiisotropic: g,,= 2010,Wi) ), Q.O'9( j
.A, 252(3). -I - iobSt kill/. The electron hole is almost eittirely ill itt 0X\ ti b. i dol -[11111
orbital sit h i tie eti atomii displaced alontg its NI n-fl bonid axis.

Electron Spin Resonance of the Ytterbiumn Fluoride Molecule at 4 K

R. J. Van Zee, M. L. Seely, T. C. DeVore, and W. Weitner, Jr.'

Oeriartmnent of Ct'emistry. University of Florida. Gainesville, Florida 321611 (Received August 4. 1977)

Piuoication costs assisted by the Air Force Office of Scientific Research and the National Science Foundation

Thei electro n wpint reso nan lce slxut runt (il if e m li~)nolecule iiat rix-isoilted in si ddarg on has been observed
at I K. g tenisoir and Ih'ylierline le-ristir vttipliiets have been mieasuredl: g , 1954(5), g~ = 1.9975(5), All F)
= '220(12) MIH. A , F) =14(2) MHz, A IjtYh(1 = /-2)1 = -IB'22kt3) MHz, A =ii~ 1/2)) = 7513(5) MHz.

Thet hNlterli e pl ittintgs indlic-at e (hat the spin rI tisilv itt fluori ne is only abo ut 2%,- indicat ing (hat the miolecule
is fsetitiillv ;in ion lir Yh*F . Abotil SOl', of I li spin is in a Y1t (isa orhiltil and the remainder in 5da and

61) o t 1i a ionl. I-run Ag -. the spitn ri '(atmnn constant is estimated ti us e +0.0034 cm 1
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High spin molecules: ESR of MnF and MnF2 at 40K

T. C. DeVore~a) R. J. Van Zee, and W. Weltner, Jr.")

Department ,f Churmisrt-. C ni ersiiv of Flrida, Gaines nih. Florida 3261 1
IRcceised 14 Nosembher 1977)

ESR spectra of the Nin) and Mniii molecules trapped in neon and argon matrices have been ohsersed at

4'K. 'Ail AF~a, found to hiave a 2 . ground state %k ithb the following magnetic paranmeter% in solid icon

(assumntg g = 2002): g, = D =1'~I. - 0.0107(l) cmn' 1A, (M10-' 40()5).
.4(Mn~418(l. (F) = 60(l). and A1 W) - 1,5(2) Mfiti. MnF is then highly ionic with

the spin density on each F- piohablY less than about 5i7- TIhe %in* ion exhibits about 60O'1 of thes

character of the free ion. MnF : is linear s it h at 'I,~ ground staie smitli magnetic parameters lit so~d neoti

(assuming g = 2.002): g. 11NQ4(). 1) =0.171(3) cm ', 4A (Mn) - 153(6),

.4, (.\it) =124(0), ..t F) = 19(l) MAtli. Corr, irisoi of these parameters is made with those

obtatined earlier from crystalline MnF2, aindl sijiliif 1agnetic crystals.

Proc. bVMp). on High Temperature
Metal Hailide Chemistry (Edited by

D.L. Hildenbrand and D.D.
Cubicciotti) Proceedings Vol. 78-1
Pages 187-193 (The Electrocheo.
Soc. Inc., 1978).

AN 'EST !GAT ION OF THE FIRST R0' TRANSITION-METAL FLUORIDE MOLECULES

IuSiN; l:SR SPECTROSCOPY

T.C. DcVore,. P.J. Van Zee, an~d W~. Weitner, Jr.

tIPcgirtement of Chemistry, James Mad ison University', Hlarrisonbuirg,

VA, 22ShLI'D

Dor.irtment it Clscai-,Atrv. Univ~rs it v of Florida, 6inesville, FL. 32611

M CST RACT

ihc.'c~round state electronic configurat ion and magnetic parameters

ha'',' been ,ioteryi aed for se'veral1 first row. transi tion metal mono-,

li-, ind tni-flujoride molecules from their 1ESR spectra at 4
0 K. The

n:l;uls rudicd havec high spin electronic configurations with less

[ than T2of the free electron spin density residing on the fluorine(s),
in,'icitive of hizhtv ionic bonding. Theorv and experiment have been
correlated to, estahl ieh or predicr their -round electronic states and

High spin molecules: ESR and optical spectroscopy of
MnH (74, and MnH2 (6A1) at 4*Ka)

R. J. Van Zee, T. C. DeVoreY1) J. L. Wilkerson,cl and W. Weltner, Jr.

De'partmnt of Chienostrv. I niv'enii (if Flo~rida. fGui i.'sill,', Florida 312611
lReCrtsed 6 April 11478)

%i till and Mn il. ino lecules, and their druterated coiutterparts. has e been tripped tin argon aiid tiron

mat ices at 4'K ind i,srsed taj itntrarud, s isiblc. and electron .spin-resonance tie;iisiS I. tL 1i sr

Mi support the pgis-pils 2 gt ounti tae assienieit aiid tecld t he mnagnet ic patrameter, .401I) 120,

. 111 32(bt- . I(n)- g0121Ml .g 2 itllI (assuniig .9, , . 1) -- -0tX2(

cm I lie (ersed M(10 description is tit esetil agreement wtth the ubs ofii calcultiotoit ofIeus atid

Schlaefer lItrared diita iid icate that %iI[( is heiit .at ai intd angle of I 17 t 30%. atd %I retchiic force

coni aiits are dens ed l-SR spectrai sariations %%ith Ptle niatri etiusd aiid 4it h issitopic substitution itndicate

miotional ettects in sor.. matrtces. It is contcluded that the ground state is '.1, subi 1) - 022(2)

cm anmd stit the probable b~perimie parameters AI (II 36., .4.,0t0n) = 73 %il/. %~here At, is

in average axts perpendi.cuiar to the If-If directioni The bent mnolecule is jusitied hi Wlilslttpc thesor)
applied to tranitittieal dih~dridis 1 here are indicimttotss thait the MnilI moleIcule maN base also, been

observ ed
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THE Fcll MOLECULE AT 4 K
A. DENDRANIs, R. J. VAN ZEE, AN!) W'. Wrur,-NI It, JR.

Department of Chemistry, University of Florida
1?CeCC&Ld 1

9 7
8~ Vot-ember 9: 1ccepted 197Y Fecbrury .5

ABSTRACT

Fell and FeD molecules have been trapped in solid argon at 4 K. From the observed infrared
frequencies, corrected for small solid-state effects, the gas-phase vibrational properties are
predicted to be wue" =1764 (10) and vex," 46(5) cm - . D,) is found to be 2.0 eV from the
Birge-Sponer approximation, but is more likely near 1.7 eV on the basis of the application of
that approximation to other diatomic hydrides. Five w\eak electronic transitions (suggesting
low grJ values) observed in absorption in the 4000--5000 A region are probably counterparts of
the blue and green band systems in the gas-phase laboratory and stellar spectra. The strongest
band occurs at 4190 A. suggesting that the 4288 A band studied by Heimer be reinvestigated.
Failure to observe an LSR spectrum of FeHl in the solid is interpreted as support for an orbitally
degenerate !!round electronic state, in agreement \\ith the theoretically derived 'A ground state.
Subject hieadigs: molecular Processes - transition probabilities

CrH and CrH2 molecules: ESR and optical spectroscopy at
40K

R. J. Van Zee, T C. DeVore,a) and W. Weltner, Jr b) .

Depart ment of (heistrv. UnitrsiO of Florida. Gainiesville, Florida 32611
(Received 20 Mlarch 1979; accepted 24 Slay t970)

Cri! and Cr!) molecules have been trapped in solid argon at 4'K. infrared spectra, when the large
anharmoicrtv i% accounted for, yield predicted gas phase vibrational parameters iii the ground state W,

ltd 5 cm anid to,%, [7 cm 1. [SR spectra clearly establish that the molecule has a 'I ground -.tate
w~ith icro-ticld-phlltng .D (10340l) cmu in solid argon and approximate hivperfine coupling constants

A (If - 490() M~tz. -.1(" Cr 5R(5) NMt!;, and g, zg = g, Several "extra lilies" (oIT-principal-
axts absorpions) in tlie FSR support the assigmuent. Cr!!, (and Cr!) 2 , Crtll) was observedj itt the IR
spccra and mwa also have been detected in the [SR. which tentatively suggest a S 2 molecule with
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National Bureau of Standards Special Publication 5.61, Proceedings of the 10th Materials
Research Symposium on Characterization of High Temperature Vapor,, arid Gases held at NBS,
Gaithersburg, Maryland, September 18-22, 1978. Issued October 1979.

TRANSITION-METAL MOLECULES AND WALSH'S RULES--RATIONALIZATION

OF OPTICAL AND [SR DATA

William Weitner, Jr.

Department of Chemistry

University of Florida

Gainesville, FL 32611

The electronic and molecular structures of the transition-metal

difluoride, dioxide, and dihydride molecules are rationalized or

predicted from proposed molecular orbitals and Walsh-type diagrams

based upon optical and [SR spectroscopic data.

ESR of matrix isolated bromine atoms produced in the
H+Br 2 reaction a)

S. V. Bhat' and W. Weltner, Jr.
Depari nit! oj( hv nuvri. Iivii) oty oid ua. Gainesville, Floida 32611
(Received 31 Octorber 1979: accpted I Mayr 1980)

The product% of the I I(D) 1 X, reaction, where X is 11r. Cl, or F. hiave been trapped in solid argon at 4 'K
and oibserved s a ESR. With li r. as reactant [ihe ohsersed spectra are attributed to Hr ainnis elect ronicall'

queinched in anr axvial crsa ri- 'Ilie spectra obtained using the otiher halogens "ere niot clearl ' attributable
to quenched itoilis.Ihc ESR of mat ri s-isolated H~ratoin Itas not beent observed pres ions)., IWhinle thins paper
%as being~ res e-wed. It. %I ito anid L. 1). K ispcrt observed the ESR spectrurn of partially, quenched Hratomns
in x-irradiatcd N-brioini succinrimide single cryst als 1i. Cbemn. 1'hiv%. 72, 23() (19'$))l Ibut their nuagnet ic
properties are simnilair it) those recently observed by I asaki. Tomrina, anid Muitui for I atoms, quenched in
%olid WcIWrI. I[Or Hir: = 2.6s4t(), g -- 1.550)4 1ii1137(20) M11r 4 1- 423( 10) Kilhz. andl Q - 115110)
NI lt, Conipirisotn was made withI crude axvial cr~ sial field predictiiins denseu using tie niagietic pa railiciers
tif the gas-phase atonis.


