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I. SWLARY
1. Pprefaos

Five previous oomprehenaive Techniocal Reports have been is-
sued: a Quarterly Report for the period 1 June 1947 to 31 August 1547;
an Annual Report (in two parts) for the period from 1 September 1947
to 31 august 1948; a Report (in two parts) for the period 1 September
1948 to 31 liay 1949; a Report (in two parts) for the period 1 June
1949 to 31 liarch 1950; and a Report (in two parts) for the period 1
April 1950 to 31 Liarch 1981, The present Report (also in two parts)
brings tne record up to date as of 31 liarch 1952, It includes: (a)
complete texts of finished manusgoripte and articles now in press or
reoently »Hublighed, covering vork partly or *holly supported by the
contraot and not included in previous Reports; (b) summeries of addi-
tional work in progress,

For an aooount of the general program and of avallable equip=
ment, reference may be nade to the Re»ort for the neriod 1 Septenmber
1948 to 31 Lay 1949, Part I, In addition, the 2l=foot vasuun speotro=-
graph kindly given to us by Professor G. R, Harrison of the liassaochuset
Ingtitute of Technology has been in suoccessful operation for nearly a
year uging an ordinary 15,000-1line/inch speculum grating; a 30,000-
1ine/inoh grating ruled on an .luminum surfaoe with the blaze at suit-
able angle has just been obt.ined irom Bausch and Lomb, and re are
looking forviard to improved intonsities ith its use, Further, the
Division of Physioal Scienoces has also recently purchased a Perkine-
Elmer Lodel 120 Infrared Speotrophotometer to vhich we have aoccess. &
new Beokman IR3 Infrared 8pectrophotomster is also available on campus

for our ugse when needed.
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2: Subpary of Papphd in Prosent Report

Paper 1 shows how one can determine rhether the excited gtate
of a synmetric aromatic molecule is even or odd by exanination of the
change of absorption intensity resulting from substitutior in a sub-
stituted molecule. Paper 2 is an applioation o this theory to the
speotra of stilbene derivatives recently studied by Beale .nd Roe,
vhiich permits one to establish unequivooally that the firgt exocited
state of stilbene is 0dd and that the intensity contributions for sub-
gstitution at different positions are additive,

Paper 3 1s a general examination of the ;»rotiem of finding
the bes?! emnirical {ormulas for the heats of formatlon, the molar vol-
umes, boiling noints, molar refractivities, and heats of vaporization
cf the isomeric paraffins through the ootanes. 8Some *best" formulas
are adopted whioh appear to predict all of these properties exoept yhe
boiling pointas within experinental error.

Paper A describes a successful . ttenpt to purify hydrooarbon
solvents for the vacuum ultraviolet so thot they transmit to 1,7503 in
s=inoh cells, They also form transparent glasses at liquid-nitrogen
tenper..tures vith a slight i.provement in tr.nsnission. This vork re-
presents an extension of about 5003 in the transmission limit of sol-
vents ror oells of this thiokness.

In Paper B, ifocConnell proposes a new explanation of the oca=~
talysis of cis-trans isomerization by narcmagnetioc substanoes. He
points out that the cauge of the catalysis may be the faot that the
spin () of the paramagnetic substance nugt cause mixing of the singlet
ground state and excited trinlet state vavefunoctions during twisting of

the moleocule about a double bond. This mixing should permit ocis-trans

1soiierization via the triplet state, vhich is believed to have a lower
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energy at 90° tvigt than the singlet atcte.

Paper 4 by .ulliken conteins a iurther Csvslopment of ideas
pregented in earlier pupers on molecular compounds and their spectra.
An enlarged and refined classifioation of eleotron donors and acceptors
into types is ziven. Ixamples of these ond of their modes of inter-
aotion are tabulated, The interactions :re in sone oases dlssocliative
(that is, a chenical cisnlacement reaction oocurs) and in others asgoe
oiative (a molscular coiaplex or counound is formed). A listing of
probable linorm charge~tronsfer speotra of molesulcr couislexes 1s given.,
Finally, the formation by a donor-aoceptor pair alternatively of an
"outer corplex® (a loose associative complex) or of an "inner conplex®
(usually an ion-pair structure), or sometines of & "middle complex®,
1s disoussed,

raper 5 is a review in sinople style covering sone of the
earlier ‘rork by iiulliken on overlap integrals and chemical binding (see
1949-60 and 1950-51 Reports) cond also some of the "magio fornula® work
(see Paper 6 of mggReport), to which it forms a convenient introduc-
tion,

Poper 6 deals '"ith a semi-em»iriccl *magio fommula® for bond
ener;les, based on rough theoretioal considerations derived from LCAO
molecular orbital theory but transferred into the framework of valence-
bond theory. This fits obgerved bond ener-:ies for a number of simole
nolecules ‘rithin atoutilO%. Perhaps its ohief interest, hovever, is
the ingight it gives into the various nositive and negative terms vhial
go to make up the total bond energy of ony molecule. In perticular,
1t indicates that (a) nonbonded repulsions, including those involving
inner-ghell electrons, are very inportent; (9) hybridization, often

even in relatively small omounts, is very irportent in increasing bonad
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exceedingly strong at short interat.m:o cistuances, as in N2 or 0232
vaere they are thie eseential boading terasg.

Concerning Item 7, gee Sevsion 3 of tils Summary.

Paper 8 by R;denberg on the two-center exchanye integrels is
based on the theory develoned by :he sane author in a previous papor,
The nethod of evaluation is claborated {or the essential, but very
compliocated, cuxiliary ‘unotions, “ith the aim of stuondordizing the
nunerical ork and faollitating it by a systematio earrangenent. The
proposed oHrocedure has veen sucoessfully used by several covorkers,
Paper 9 by the s.ume author decls with the three- and four-center inte-
¢rils, vwhose evaluation constitutes the last but also ths most diffi-
cult integrol problem to be solveds A new nwroocedure is »Hronoged in
tds first nots. The nathod is being further elaborated and tested in
cooperation ~ith Professor Harrison Shull at Iova State Colleje, &nd
it 18 hopel to zive a more substuntial account in the near futurs,

Itens 10 and 1l are corrigencea ior the articles nublished by
loothaan and R&denberg in the December, 1951, JOUi'AL OF CHE ICAL
PHYSICS, '"iich apoeared under the title, ®A Study of Two-Center Inte-
grales Useful in Caloculations on ..olecular Structure," The corrigenda

here precgented pertoin to the printed versions of these articles, and

not to vorsions of the scne articles vhich appeared in last yeor's
Teohnical eport.

In Paper 12 by Tanaka, & revort is made of his investigation
of the NO enission epeot:rum in the far-ultrnviolet region, using CEen
and 2l=foot normal-incidence vaocuum spectrorr .phs, The existence of

the ¢-syetem 1s confirned. The B'-bands cre reinvestizeated, ond a

curious cpore.rance ™23 observed in the (4,0) band., ilew bands +hich

have an apnearance similcr to the ﬁ’-bands are observed in the region

of l,SOOR, and tentcotive cnalysis is made,
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Paper 13 reports the absorption spectis of & series of fluor-
$nated bengenss to 1,7008 With djscussion of the theoretioal impiioca-
tiong of their wavelength shifts and intensity ohanzes as different
positions are zubstituted,

Paper 14 ghows that the rod shift or blue shift of absorptior
gpectra in going from a nonpolar to a polar solvent 1s a reliable inde:
of the transition type and is a qualitative measure of the change of
dipole monent of the molecule in the exocited state compared to the
ground state,

In Paper 15 by Lavrey and LicConnell, tne establishment of a
1:1 molecular oomplex bstveen benzene and g-trinitrobenzene is reported
with an equilibrium constant of 4.1 in n-hevbtine solution. 7The spec-
trun of the oomplex is established down to A2,100.

Paper 16 records a study by J. 8, Ham in ‘'hich equilibrium
constants are determined for molecular conplexes of iodine 71ith ethyl
ether and rith g§-butyl alcohol, cnhd identifications of ultraviolet
peaks as chorje-transfer speotra of the respective coiplexes are nade,

Paper 17 presents tvo new smpiric.l relations connecting
vavelengths of the so-oalled charge-tiansfer spectra of moleoular com-
plexes with the ionization potenticls of the Conor molz2cule and show%né
1ts relative independencs of the acceptor molecule. These data make
untenable several theories of these spectra, and leave only %o oom-
peting theories in the [{ield of vhich the recent theory of iLiulliken is
more stronzly favored,

Paper 18 ;ives a general--2ltiiough not risorous--analysis of
the internal structure of n-paraneter continuous groups, deriving in

articular for conpact zroujs the procecure of invariant integration,
and eatablieiing the orthosonelity relations analozous to these for

finite groups. In Paper 19, these uatters are discussed extensively
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Tor the s»ecial ccge of the orthogonal groups of cCimensions 2 and 3.
These two papers constitnute the preliiinary form of two chapters in a

pronosed textbock on group theory and its hysisal applicatlons.

S« Sheltor Island Conference

A conference on "Quantun~iiechanical tiethods in Valenoce
Theory®?, gupported by the ONR through our nroject, was organized by iir.
liulliken and held 7-10 Septenber 1951 under the sponsorship of the Na~
tional Acadeny of Sciences at Bhelter Island, Long Island, New York.
kiegors. lulliken, Roothean, and R;denberg of our _roup took part in the
conference, &s ¢&i1d algo Professors Je. E. layor and G, %', ‘helend of the
Chenistry Departnent of the University of Chiocago. Profesasors J. E.
Lennard~jones and C, a. Coulson, Dr, 7, iioffitt, and lLir, M. P. Barnett
sass fron mzngland, and Professor i, Kotany fronm Japan, Dre L. E. Sut-
ton of Oxford, ingland, and Dr, P.-0, ngdin of Uppsala, Sweden, vwho
vere already in this ocountry, also took pert. Profesgor D. R, Hartree
and Dr. H. C. Longuet-Higzine from :England and Dr. R. Daudel from Paris
vare unable to attend. The remaining conference menbers came fron this
country.

Professor R G. Parr of the Chenlstry Department, Carnegle
Institute of Tcohnology, and Professor B, L. Crawford, Jr., of the
Chenistry Department, University of iinneaota, "ho '1ere cmong those pre-
sent, acted as confercnoe secretaries and have prepared & Sumnary of the

oconference for publication in the June, 1952, Proceedings of the Na-

tional Acedeny of Sciences. Several other conference papers are being

publighed in the iiarch, April, hLay, c<nd June, 1952, issues of the Pro-
ceedings. «all the conference papers, fornal and informal, together with
d¢isoussion cornents, Sunnary, ond some additional nreviously »ublished

pajers and nuneriocal tables, so as to make up ¢ mnified hole, are being
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issued soon a8 an ONR Revort, of ~hioh coples may ba obtained, while
the supply lostd, fron Lr. L. ii. lloKenzie, Head, Physios Branoh, Offioe
of Naval Research, ‘ashington, D. C.

The UNR Report on the Shelter Island oconference inoludes 54
geparate papers and notes, Hlus gome éisousaion oonnents, Reference
should be made to that Report for several rapers and notes vhich, be-

oause of their inolusion there, are omitted here. The following nay dbe

partioularly noted; the nunbers are those given to the papers in the
OlIR Shelter Island Report:
16. "Comnents on the iieaning of Bond Orders®, R. S. lLiulliken,
25. ®The Interaction of Electron Donors and Accepters* (oontain-
ing material larzely but not entirely inoluded in Paper 8 of
1950-1 Techniocal Report of this Laboratory .nd Paper 4 of
present Report), R. 8. kulliken.
32, "A Comparative Sunmary of Approximate Ground State Vave
funotions of Heliun aton and Hydrogen loclascule" (nlszo in
Proo. Nat. Acad. Soi., 38, 160 (1962)), R. 8, iulliken.

28, "On the lLiethods of Numerioal Integration Used in Determining
Self-Consistent Fields", P,-O. Lwdin,

4. Tork in Progress

“Tork with the 21-foot vacuum grating spectrosraph, supvle-
nented by the 84-om vacuuvm grating spectrosreph, nainly on diatonio
snectra (NC, NS, Na*z eto.) is continuing actively (Taneka, &ssisted by
Stgrin). Experimental znd theoretioal "'ork on moleocular conplexes and
their speotra, cnd on other aspeots of solution spectra is continuing.

Theoretiocal work on the evoluation of the two-oenter hybrid

[
intezrals i1s approaching ooupletion (Rudenberg, Jaunzemis); pillot-vlant

coloulations direoted towerd selting up the auxiliary funotions of the
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twc-ocenter sxchange interrcols for IBID coaputations ore ectively in pro-
gress (Rﬁdenberg, Kinyon). Arrangements ior IR conutations on the
trvo-center Coulonb integrals, to be carried out at the IHIi center at
Iovra State College, are being concluded (Roothaan)., Other ‘ork on
problens of molecular elestronic structure, and on the interpretation
of moieoular eleotronic spectra, is continuing (ilullikxen, Platt, Root-

haan, Rudenberg).

5. issociated Tork

Dr, Harden .icConnell, National Research Council Fellow, hns
been cooperating actively, especially in the rork on spectra and struo-
ture of molecular ocomplexes .nd on numcrous aspests of solution aspcotre
His work has been in port jointly vwith ONR »ersonnel or suprort, in
part indepencent of ONR. (See Papers B, 14, 15, und 17).

*h,D, sgtudents and AEC Predoctorel Fellows !¢ Js Potts, Jr.,
(Chemistry) and J. S, ilam (Physics) have been torking respectively on
low=tenperature phosgphorence, fluorzssccnee, ..nd "bsorntion spectra
(see Paper A; Ifurtier papers ore in course of preparation), and on
nolecular complexes and their spectra in experiment and theory (esee
Papers 16, 17; iir, Han 1s continuing further work including lov-temper-
ature and infra-red spectra of rolecular conplexes).

PheD. students C, /. Scherr (Chemistry) and J, E. Faulkner
(Physics) are carrying on quantum-mechanical studies on simple mole-
cules (Hz, Liz). lire Scherr, making use of computational results ob-
tained last fall by Dr, P.-0. LSwdin during his tenure as an ONR Re-
secrah Assooiate i1s olgo preparing & paper on a sinnlified adproximate
nethod of using self-~consisteni-field @data which will apnear in a later

Techniccl Report of tnis Laboratory.
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